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CllAPTER t. 
INTRODUCTJON. 

During. recent years the sugar industry has experienced a very. rapid 
expansion and this has encouraged the investigation of the problems of sugar 
manufacture. One such problem which was investigated by the author is the 
problem of the manufacture of white sugar by the sulphitation process from 
coloured canes, especially from the cane Purple Mauritius. This cane has 
for several years been a favourite with the ryot on account of its heavy yield 
per acre and also because by simple liming and skimming, the ryot is able. 
to obtain from it a hard jaggery of good appearance. Unfortunately, however, 
in the vacuum pan factory, where juice sulphitation is generally employed for 
the manufacture of white sugar, the cane is not popular. 

The juice of the Purple Mauritius does not clarify at the usual degree of 
liming and sulphuring. The clarified juice has an inknse red' colour and the 
quality of sugar manufactured from it is dark brown. It was therefore felt 
that an investigation conducted with a view to discovering to what extent 
it is possible to manufacture brilliant white sugar from the cane Purple Mauri
tius and employing sulphitation process. would be of value to~ the industry. 
The restriction of the investigation to a sulphita~ion process was nllde because 
the equipment of the ordinarysmallsulphitation factory is pot suitable for ~~y 
other process without the provision of extra plant. Processes such as carbo
natation, char filtration preceded by simple lime defecation, and others. employ
ing the more recent application of active carbons were accordingly excluded. 
The investigation described in this paper is therefore confined to sulphitation 
among the chemical processes and to Purple Mauritius among the coloured 
canes. 

Nothing definite is known about the origin of the Purple Mauritius except 
that it was first introduced into the Sugar Cane Research Station, Samalkot, 
by the late Dr. Barber in 1902. Cultivation of the cane has spread rapidly 
in this district and extends today over several thousands of acres of land. 
The cane thrives well in rich and well drained soils under long rotation, yielding 
upto 15,000 lbs. of jaggery per acre under these conditions. Under· short 
rotation, however, it deteriorates. It responds to heavy manuring, wrapping 
and propping being essential; it is tall and stout and vigorous in growth. 
The local yield of cane per acre is 30 to 40 tons. 

The cane is exceptionally rich in sucrose-13·5 to 14'5% on the cane; 
it is rather soft in texture, and contains about 11% of fibre. The purity of the 
juice is high as will be seen from the table given below :-

8N:. 
17'92 
20'94 
18002 
21'27 
111007 

TABLE I. 
Purity of the juices of the Purple Mauritius Canp. 

SIUf'OIle. 
16 '16 
19 '44 
16'51 
19'56 
16'03 

Purity. 
90'1 
92'8 
91'62 
91'94 
88'80 
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The heavy yield per acre, the soft texture of the cane and the high co
efficient of purity of the juice would make the Purple Mauritius an attractive 
raw material for sugar manufacture, if some means c01iId be found to overcome 
the colour difficulty. 

Little can be said regarding the classification of this cane as the literature 
available on the subject of sugar-cane classification is scanty, but Noel Deerrl 

definitely places the variety under the darkest coloured canes. In spite of the 
obscurity of its origin and classification, however, the cane has one outstand
.ing characteristic, namely, jts intensely coloured rind. It is this rind, as will 
.be shown later, which presents such difficulties to the manufacture of white 
sugar from the· Purple Mauritius by the usual sulphitat10n process. 

The paper is divided into :

(1) Reviews of literature on 

The Sulphitation Process, and 

The Sulphitation Process in relation to Coloured Canes. 

(2) Laboratory experiments with the Purple. Mauritius Cane, and 

(3) Large-scale experiments with the Purple Mauritius Cane. 

References to literature are given as foot-notes to each page and an appen
dix at the end of t.he paper furnishes information on the methods .of analysis 
ad.opted, and .on the c.ompositi.on .of the materials used. 

1. Noel DealT-International Sugar Journal, 1909, 9. 29. 
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CHAPTER II. 

REVIEW OJ' LITERATURE ON THE SULPHITATxON PROCESS. 

According to MaxwelP, the use of sulphur compounds as purifying agents' 
in the manufacture of white sugar dates as far back as 1792, when Archard,.: 
the founder of the beet sugar industry, first applied a dilute solution of sul~ 
phuric acid in ortier to precipitate albuminoids, the free acids being subse~ 
quently neutralised with lime before heating the juice. This method did not 
work well and simple lime defecation was preferred by many manufacturers .. 
In 1810, Proust, the French Chemist, proposed the use of sulphurous acid as a 
purifying agent, and a year later Depriez took out the first patent for its appli
cation to the manufacture of white sugar. The patented process of Dubrunfaut. 
(1829), employing the use of lime, sulphurous acid and sulphuric acid, was not. 
successful in its practical application. Strole, (1833), obtained again a patent 
for the application of sulphurous acid on the ground of its decoloiuizing pro
perties and as a probable substitute for animal charcoal. Nelson's, (1849), 
application of different sulphites to raw juice clarification did not produce. 
satisfactory results. 

So far as the application of sulphitation to cane sugar is concerned, the first 
successful application appears to have been made by Dr. Icr~y, (1865), in Mauri
tius. His method of sulphitation rapidly spread to Java and other cane sugar 
producing countries. . 

Seyferth's, (1869), syrup sulphitation process operating directly in the 
vacuum pan, which temporarily held the field, was finally abandoned owing to 
certain technical difficulties. Subsequently, the problem of sulphitation 
engaged' the attention of numerous chemists, prominent among them being 
Basset, Fradiss and Schwzle. It was only in 1884 that the sulphitation process 
was finally established as a successful technical operation in white sugar 
manufacture. 

In sugar-cane countries, the process made rapid strides and it is to-day 
playing an important part in the production of superior white plantation 
sugar. Ever since its establishment in 1884 it has been the subject of extensive 
research, experiment and improvement. During recent years, knowledge 
of this process has been considerably extended as a result of the researches of 
Dr. Zerban, Harloff and others. 

Technique of the procus : Action of sulphurous acid.-When raw juice, as 
it comes from the mills, is sulpbited, purification, deoolourization, reduction in 
viscosity and sterilization are the effects that clm be noted. All these effects 
are usually attributed to sulphur dioxide, although its effect on Teducing the 
viscosity of sugar solutions is not universally conceded. 

MaxwellS considers juice, sulphitation ~om two points of view, t~z., sul: 
phitation after tempering (liming) and sulphitation before tempering~ The 
former practice is in vogue in Java, and the latter in Mauritius, ·Natal and 
Louisiana. 

'. Maxwell Franc~" SulphitatioD in White Sugar Manufac~ure' ", 1920, pp. 1·2. : 
.~ MaxwelJ Franm.--"lSulrhi~tiQD in,..Wltite Su~ar Manl!fl!Cmre' ", 1920, pp.2"~ 



Sulphitation after tempering: Action of lime.-The first action of lime jR 
to neutJ.'alisethe organic .a,cids present in the juices, fo:qning calci\lll! sa.lts. - The 
phosphoric acid present _ in the juices may be precipitated as a- tri-calcium. 
phosphate which is of a flocculent nature. Lime also acts on the albuminoids, 
pectins, and gummy substances, which are partly thrown down as precipitates. 
Albumin, which' is in a gelatinous condition,' is coagulated by -the combined 
effect of lime and heat. 

With regard to the action of lime- on' gummy substances, the opinion of 
investigators seems to be divided. Maxwell (loe. cit.) found that -a large 
quantity of gums was separated by cold liming. Pectins combine with lime, 
forming both, soluble and insoluble compounds, which are eliminated later 
to some extent duriiig defecation. Oolouring substances, such as chlorophyll 
and-anthocyanin, are precipitated by sufficient tempering. The sucrose 'com
bines with lime; forming saccharates so long as the juice is not heated. In 
addition to the gummy matter; reducing sugars also are obnoxious substances 
which play an important role in the'manufacture of white cane-sugar. They 
are often referred to collectively under'the term' glucose '. ' Lime, like other 
alkalis, acts on the reducing sugars in the cold and formsglucosates, which, 
being unstable, are easily decomposed. At low temperatures the chief product 
is lactic acid, and as this is comparatively stable, it does not spontaneously 

_ decompose. At temperatures higher than 55°0, however, dark coloured lim!3 
salts of organic acids especially gluccinic and saccharic. are formed. These 
lime salts readily decompose to form acid substances, which maY,cause inver
sion and retard evaporation and crystallisation. Their viscosity is well-known 
to cause considerable trouble at the boiling and curing stations. 

Sulphitation of the limed juiee.-c-Mter tempering, sulphitation or satura
tion with sulphur dioxide commences. During this operation, the lime is
converted into insoluble calcium sulphite which is finally eliminated during 
the heating process, entangling with it slimy particles which impart cloudiness 
to the juice. In this case, sulphur dioxide is, used, mainly as a neutralising 
a-gent. If sulphiiation is carried on beyond the neutral point,soluble bisul
phite of calcium is formed which splits up during evaporation into 802 and 
Oa808 • The former increases the risk of sucrose inversion and contributes 
to the corrosion of the apparatus. The latter forms heavy scale on the heating 
elements of the juice heaters and evaporators, thus retarding heat transmission. 
Over-sulphitation should, therefore, be carefully avoided. ,,' - , 

In addition to the chemical action of lime and sulphur dioxide, there is 
always to be foUnd a secondary or mechanical'action consequent on the absorp
tion of colloidal and slimy particles by the surface energy of the calcium sul
phite formed in the heart of the juice. The clear juice from the defecators 
should be a light olive colour, quite transparent and 'completely devoid of 
suspended matter which will impart cloudiness to it. 

, Sulphitation before tempering.-In this process the juice from the niills is 
directly sulphited to an acidity of about 1 %, and after this the juice is treated 
with lime to neutrality. Mter sulphitation the juice is partly dccolourised 
with the separation of organic sediment, which, onsub~equent neutralisation 
with lime, partly redissolves, the juice, once more attaining ,its- -'original 
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dark colour. If the precipitate formed could be separated by . filtration, 
the method would be of great value, but the slimy' nature of the Ip.3terial 
renders filtration 'practically out of the question. The only dlect of the sulphur . 
. dioxide in this system of pre-sulphitation is to render the mill juice more and 
more acidic, and for the neutralisation of the juice a greater quantity of lime 
is required than for the original raw juice. Moreover, the purifying action of 
lime is not allowed to play its part fully before being rendered ineffective by the 
formation of lime salts. 

Compa;rison of pre-sulphitation and after-sulphitation processes.-Maxwelp 
observes that the sulphitation-liming of juice is decidedly inferior to the liming
sulphitation of juice, both as regards the brilliance and clarity of the juice after 
treatment, although the same light olive colour may be obtained in both cases. 
This peculiar characteristic of the juice of pre-sulphitation could, not be 
improved. Still, under abnormal conditions, as mentioned hereunde, pre
sulphitation may be justifiable or advisable. 

For instance, in juices containing high percentages of reducing sugars, 
sulphitation before liming eliminates the destructive action of lime on glucose 
and its disastrous effects. Again, in cases where dextrin fermentation is 
troublesome, sulphitation before liming is a d~cided advantage. This fermen
tation is brought about by certain bacteria Leuconostic mesenteriodes, which 
require an alkaline medium for their growth. By sulphuring before liming 
it is likely that their growth is effectively checked. Except under these cir
cumstances' liming-sulphitation is always superior. to, sulphitation before 
liming, or pre-sulphitation. 

Other modifications of the sUlphitation proces8.-Amollg other modifications 
vf the sulphitation .process there is one which is extensively used in Java called 
'Hot Sulphitation' which is most effective for producing brilliant, clarified 
juices. According to Geerligs2, it is an advantage to heat the juice during 
intermittent sulphitatiori to a temperature not exceeding 60°C. It is found 
that this temperature is not high enough for the development of colour 
consequent on the destruction of glucose by lime. The high temperature 
favours the rapid absorption of sulphur dioxide by the lhned juice and at the 
same time promotes a thorough precipitation of calcium sulphite in the liming 
tanks themselves and not in the juice heaters as in the cold 8ulphitl,l.tioIJ. process. 

Another modification of hot sulphitation which, according to Harloff3, 

is practised in Java, employs simultaneously lime and sulphur dioxide, the 
juice being heated to 80-85°C. The sulphitation is started and sufficient 
lime cream immediately added so that the reaction of the juice is neutral, or 
nearly so. If glucose is high it is better to keep the juice acidic to avoid its 
destruction by lime. At the end of the process, neutrality is always brought 
about. In this process of clarification the advantages are avoidance of scale 
formation in the juice heaters, very rapid settling, and clear light coloured 
juice. 

1. Maxwell Francis......,." Sulphitation in White Sugar Manufacture n, 1920, pp. 29-.'l5. 
~. Geerliga Prinaon, H. C.-" Practical White S~a,r ~il'nufa,cttlr!l n, 1915, p. 19. 
, !!!'.~loffr W, ]I, ',l'h,. ~. Planter. 1920, 64, 14; . 
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A recent and admirable contribution to the technique of sulphitatioll is 
What is known as the ",Acid Thin Juice Process" of Java which was developed 
and successfully applied to carbonatation juices by Harloff. Owing to the 
brilliant results obtained without appreciable inversion or corrosion of the metal 
plates of the plant, its use had rapidly spread to sulphitation factories also. 
Hazewinkle1 describes the process thus :-

Cane juice after carbonatation is subjected to sulphitation to distinct acidity 
After filtration, sulphitation is carried far enough to give well decolourised 
juices but not so far as to endanger loss by inversion, or corrosion of the_plant 
by the acid vapours evolved during evaporation. The sulphitation may be 
stopped when 100 c. c. ofthe juice require 48 c. c. ofN/lOO NaOH for neutralisa
tion against phenolphthalein, the corresponding SOl! content being 150 milli
grams per litre. Mter evaporation, the syrup is slightly sulphited. On grain
ing, ~ery light coloured massecuites are obtained and the resultant sugar is 
exceptionally brilliant. Careful tests showed that there was little inversion 
and still less corrosion. The striking advantages are the production of a better 
quality of superior white sugar, and easy boiling and crystallisation. 

The control of the sulphitation process and several of its modifications 
has advanced considerably with the introduction of the control of the hydro
gen-ion concentration in sugar manufacture. The pH value up to which the 
raw juice is to be limed is chiefly determined by the quality of the juice and its 
nature. The criteria are, the avoidance of the destruction of the reducing 
sugars,and the obtaining of the minimum amount of scum and the largest 
possible quantity of clear brilliant juice, consistent with rapidity and ease 
of settling and rise in purity. These results are usually obtained by liming 
the juice between the limits 8· 5 to 9 pH for the sulphitation process. During 
sulphitation, reaction of the clear juice is always kept in the neighbourhood 
of neutrality, a pH value of 6·8 being most suitable for white sugar manufac
ture. In Natal and. Mauritius, according to Farnell! the hydrogen-ion conCEn
tration is around 6'9to 7'OpH, value the average practice being 6·8, although 
he advocates 7· 6 to 7· 8 pH for the maximum precipitation of calcium sulphite. 
In most cases the juice is limed to a pH value of 8·3 to 9·0 and sulphitfd 
back to neutrality, pH value of 6·8 being preferred. 

1. Hazewinakle, J. J.-Archief, 1911, 19, 123·29. 
I. F,amell, R. C. W.-InternauonaJ Sugar Journal, 1926. 28.36-48. 



7" 

CHAPTER III. 

REVIEW OF LITERATURE ON THE SULPHITATION PROCESS IN RELATION TO 

COLOURED CANES. 

The sulphitation process of juice refining is cheap and efficient but it 
appears to work successfully, as will be shown later, only with light-coloured 
and yellow canes. Where dark coloured canes are concerned, the sulphitation 
process does not seem to find successful application in the industry, and the 
scope of the process is thus restricted. From Harloff, (1914), to Spencer, (1929), 
workers have associated anthocyanin pigments with coloured canes and show 
how, under the manufacturing conditions obtaining in the sulphitation process, 
these pigments escape precipitation by lime and decolourization· by sulphur 
dioxide. This unfortunate circumstance, they point out, accounts for the un
suitability of coloured canes for treatment by the sulphitation process. The 
question of dealing with anthocyanin pigments in juice sulphitation does not 
appear to have r~eived the attention it deserves. 

Harloffl found much anthocyanin in the rind cells of purple and red~ 
coloured canes as contrasted with green and yellow canes where the pigment is 
entirely abs.ent. This colouring matter is extremely soluble in water and 
easily finds its way in to the juices, thus accounting for their dark colour, and 
it influences the colour of the sulphitation sugar produced. An excess of lime 
completely precipitates the pigment so that the colour difficulty can be elimi
nated in the carb"nation process, but in the sulphitation process all the antho
cyanin remains in the juice because the quantity of lime employed is insufficient 
to cause precipitation. 

Muller2 observed anthocyanin pigments in addition to chlorophyll and 
sacchratin in red canes indigenous to Egypt. He isolated anthocyanin pigment 
f~om red beets, and stated that an alcoholic solution gave the following reac-
t:ons:- . 

1. Sulphur dioxide and sulphates cause~ but little decolourization. 
2. Hydrogen sulphide: yellow colour in neutral medium, the colour 

changing to green on heating. 
3. The colouring matter was partly precipitated by phosphoric acid. 
4. Hydrogen peroxide with heat brought about a complete and per

manent decolourization of the pigment. 
5. Animal charcoal and zinc powder had but a feeble decolourizing 

action. 
The findings of Crosss are entirely in agreement with those of Harloff, 

and Muller. Schmidt and Harloff' have emphasised that anthocyanin, 
the colouring matter of purple canes, is eliminated only in very high alkalinity 
such as is obtained in the carbonatation process where 6 % lime cream, 20oB6 
is added on the volume of the juice. The pigment completely escapes elimina
tion In the sulphitation process. 

1. Harloff. W. H.-Th., Internationa.l Sugar Journa.l, 1914. 16. 116.20. 
". Muller. C.,-International Suga.r Journal, 1914, 16, 224·5. 
". Cross, W. E.,-Intemationa.l Suga.r Journa.l, 1914. 16. 312·16 • 
•• Solunidta.nd Harloff.~" Planta.tiOIl White Sugar Ma.nufa.cture " (translated by OgilY1e) 

120. p.7. 
lfiOOIBD 
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From Louisiana Pwrp'(e, Brewsterl attempted to isolate anthocyanin. 
pigment. He found that the pigment is sC!luble in ethyl and methyl alcoholS' 
and does not, like anthocyanin, form stable oxonium salts. His precipitate· 
contained nitrogen and ash, and he therefore concludes that this pigment 
may be a tannin and not anthocyanin, as the colouration disappears when 
the cane is milled. Harriot2 and Geerligs3 record I}imilar observations OIi 

coloured canes and anthocyanin pigments and conclude that a complete elimi
nation of the pigment can be brought about only in the carbonatation process. 
where a large excess of lime is employed. 

Van-der Jagt' while comparing the carbonatation and sulphitation processeS' 
of white sugar manufacture emphasised the need of taking into account the 
influence exerted by the well-known pigment (anthocyanin) of the coloured. 
canes and the quality of the finished sugar produced by sulphitation. Hom~ 
Archief, (1909), found that the sugar crystallised from mQther liquor in which 
anthocyanin was present has considerable colour, not removed by wash 
water, since it has penetrated to the heart of the crystal. Spencer5 observed 
that there was a considerable difference of opinion regarding the possibility 
of making as white a product from very dark-coloured canes as from light
coloured canes and that the best. white sugar was probably produced from the 
light-coloured canes. There do not appear to be any more contributions. 
to our knowledge on this subject. 

The literature cited above makes it abundantly clear that anthocyanin 
pigments are present in significant quantities in dark coloured canes and that 
they are not eliminated by the lime nor decolourized by the sulphur dioxide 
employed in the sulphitation process of sugar manufacture. 

Now with regard to the actual pigments present in the Purple Mauritius 
and other highly coloured canes the following may be noted. According to 
Hardy6, chlorophyll, sacchratin, anthocyanins and tannins are to be encountered 
as naturally existing colouring matters; and although tannins are not true 
colouring bodies they possess the property of iron greening, but according t() 
-Harloff7 the colouration so deveroped can easily be bleached by sulphur dioxide. 

Sacchratin, an ill-defined pigment, which might originate from the 
lignin component of cane fibre, is very harmless in sugar manufacture, as it has 
but a pale colour when bleached with sulphur dioxide. It is probable that the 
characteristic yellow colour of the juices of the sulphitation process is due t<>
this pigment. Chlorophyll being insoluble in water and in cane juices does 
not play an important role, and what little remains in suspension in the juice can 
easily be·eliminated during liming. The only pigment requiring special treat
ment, therefore, appears to be the anthocyanin which, as has been stated 
already, is the pigment responsible for the colour of the sugar produced from 
coloured canes by means of the sulphitation process. 

~----~~----------------------_. 
1. Brewster. J. F.,-International Sugar Journal, 1923, 25, 593. 
'. Harriot, T. P. H.,-" Manufacturing of Sugar from the Cane of the Beet," 1920, p.-131. 
I. Geerligs, P. H. C.,-" Cane Su~er and its ~Ianufacture," )924, p. 58 . 
•• Van·der Jagt,-International Sugar Journal, 1927, 29. 326. 
'. Spencer, G. L.,-" Handbook for Cane Sugar Manufacturers or their Chemists," 1919. 

p.67 • 
•• Hardy, F.,-Tropical Agriculture, 1927, 9, 39.40. 
'. Harlo1f, W. H.-Th.,-International Sugar Journal, 1919, 22, 574. 
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CHAPTER IV. 

LABORATORY EXPERIMENTS WITH THE PURPLE MAURITIUS CANE. 

Presence of pigments in tke rind of tke Purple Mauritius.-The colouring 
matter from the rind was carefully scraped and soaked in water over-night. The 
next morning the liquid was filtered under suction and lead acetate added to 
the filtrate until precipitation was complete. The lead precipitate obtained 
was filtered under suction and the cake decomposed with 10 per cent. sulphuric 
acid. The bright red solution of the colouring matter gave the following 
reactions ;-

Reagent added. 

1. Dilute acids 

2. Caustic soda 

3. Lime 

4. Lead acetate 

fl. Zinc dust 

6. Sulphur dioxide 

7. Alumina cream 

8. Active carbon 

9. Carbon disulpbide 

10. Ether and chloroform 

11. Absolute alcohol 

Ellect. 

Bright red colour. 

.• Greenish'yellow. 

. • Greenish yellow. 

Rose red precipitate. 

Decolourized. 

No ellec_t. 

The pigment is separated as a redsedimpnt. 

•. :Decolourised completely. 

Does not du.'solve. 

Colouring matter is insolnble. 

Mixes in all proportions but [no reduction 
noted. 

These qualitative -reactions, which are generally associated with impure
anthocyanin pigment at once suggest the presence of the pigment in the rind 
of the Purple Mauritius, a fact which would account for the resultant brown 
sugar obtained from this cane by the usual sulphitation process. While it m 
true that a qualitative study of this kind does not definitely establish or prove 
the' presence of anthocyanin in the rind, of the cane, it nevertheless indicates 
the presence of a pigment of a stubborn type, resistant to the action of sulphur 
dioxide, and the similarity to anthocyanin cannot be overlooked. Moreover, 
this investigation is not concerned with definitely proving the identity of the 
pigment, but with eliminating it, and accordingly no attempt was made to 
isolate. the pigment in a state of purity and to determine its physical and 
chemical properties and structure, etc. 

The effect of sulphitation on the pigment of the Purple Mauritius cane.-The 
usual practice in the sulphitation process is to lime the juices to a pH value of 
8·0 to 8·5 and. to sulphur back to neutrality;and this generally brings about 
good clarification, a characteristic light yellow colour and a complete absence 
of suspended impurities. With most sugar canes this clarified juice produces 
brilliant white sugar, but in the case of the Purple Mauritius the juice is brown 
red in colour -and the sugar made from it is also brown. That the pigment; 
escapes complete elimination in the sulphitation process of juice clarification 
is shown by the expeliment described below. . 
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A sample of the clarifie.d juice was treated with neutral acetate of lead until 
the precipitation was complete,and the whole material was then filtered under 
suction. The lead cake obtained was decomposed with 10 per cent. dilute 
sulphuric acid and a deep orange red solution obtained. The effect of ordinary 
reagents on this extract is shown below;-

Reagent added. 

1. Dilute acids .•• 

2. Alkali 

3. Ferric chloride 

4. Zinc dust 

5. Lead acetate 

6. Alumini1Ul1 hydroxide 

7. Sulphur dioxide 

8. Carbon disulphide 

9. Chloroform 

10. Ether 

Effect observed. 

Deep orange red. 

Brown yellowish green. 

Brown red. 

Decolourized. 

Grey coloured precipitate. 

Light grey coloured, precipitate. 

No effect. 

Insoluble. 

Insoluble. 

Insoluble. 

The pigment of the Purple Mauritius therefore escapes complete precipitation 
during the sulphitation process and the juice is coloured deep red by it. 

When the juice is concentrated to syrup and worked into sugar the pigment 
finds its way into this also.' For confirmation, sugar produced by the usual 
sulphitation method was dissolved in water and lead acetate solution added 
until precipitation was complete. The l~ad was precipitated under vacuum 
md the cake decomposed with 10 per cent. sulphuric acid. A deep yellow 
pigment which gave the following reactions was obtained. . 

Reagent added. 

1. Mineral acids 

2. Alkali 

3. Lead acid 

4. Aluminium hydroxide 

o. Sulphur dioxide 

6. Zinc dust 

7. Carbon disulphide. chloroform and ether. 

Effect observed. 

Deep yellow. 

Light yello,\". 

Yellow precipitate. 

Yellow precipitate. 

No effect. 

Decolourized. 

No effect. 

Judging from the difference' in colour of the extracts it appears that'during 
evaporation, sugar boiling and storage the pigment may undergo certain 
changes; nevertheless; its resistance to sulphur dioxide is a point to be noted. 

The depth of colour of the pigments from the rind of the Purple Mauritius 
and from the subsequent sugar are shown in figures 1 and 2. In J>oth cases the 
medium is acidic. Thus the rind of the Purple Mauritius contains a pigment, 
probably, anthocyanin, which being soluble in water finds an easy.entrance 
into the juice. The pigment is not precipitated by adding lime to a pH value 
of 8·9, nor is it decolourized by sulphur dioxide. It persists right through 
the various stages of manufacture. and ultimately finds a way into the 
finished sugar. This cane does not, therefore, appear to be suitable for the 
usual sulphitation process. . 



Fig. 1. 
Pigment from the 

rind of Purple 
Maurftiua. 

Fig. 2. 
Pigment from the 

8ugar produced by 
the aulphitatioll 

proceaa. 
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Effect of increased liming on the elimination of the pigment.-Although, in the 
sulphitation process never more than 1 per cent. of lime cream 15°Be. is added 
to the juice during clarificat~on, the effect of increasing the quantity of lime on 
the precipitation of the pigment was studied and the results are noted below. 

To 50 C.c. of rind extract quantities of lime between 0·75 and 7· 5 grammes 
were added and the solutions boiled and filtered; and one gramme of kieselguhr 
added in each case. This range corresponds to from 1·0 per cent. to 10 per cent. 
of 15°Be. lime cream on the volume of the rind extract. The colour eliminated 
was determined in a Duboscq colorimeter taking 1 per cent. treated filtrate as 
the standard. 

TABLE II. 
I 

Effect of increasing quantities of lime on the elimination of anthocyanin pigments 
from the rind extract of the Purple Mauritius cane. 

Perrent lime I5°Be. Percent colour in the Alkalinity of the filtrate . 
added on the volume filtrate. Per cent colour elimi- in terms of N/IO acid 

of extract. nated. against phenolphthalein. 

100 Nil. 4·4c.o. 

2 85·15 14'85 4·4 C.o. 

3 46·6 53·4 4·4 C.o. 

4 31·4 68·6 4·5c.o. 

5 13·6 86·4 4·80.c. 

6 1·3 98·7 4·7 c.o. 

7 100 

By increesing the quantity of lime, therefore, an increasing elimination of 
the pigment may be obtained, 6 to 7 per cent. on the volume of the rind extract 
being just fUfficient for complete elimination. The result is shown graphically 
in fi~ure 3. These results are in agreement with the observations of Schmidt 
and Harloffl, who record that anthccyanin pigments are completely eliminated 
from even the darkest coloured canes when 6 per cep.t. lime cream of 20oBe. is 
added on the volume of the juice. 

At present not more than 1 per cent. of lime cream 15°Be, calculated on the 
volume of the juice, is employed in the sulphitation process. Any readjus~ 
ment requiring more lime than this is unsuitable, for ~he following. reasons :-

Too much lime, according to Spencer, causes darkening of the juice, increase 
of gummy substances, increase of ash due to diss9lved lime salts, and high 
molasses output. The colloids eliminated in the process of defecation are 
largely of the irreversible type, the reversible type passing through untouched. 
With increased lime salts in the juice these reversible colloids increase in direct 
linear proportion. Excess of lime in defecation has long been known to yield 
poor, low-grade material in the boiling house and dark coloured, gummy sugars. 

1. Schmidt and Harloff,-" Plantation White Sugar ManW:aoture," 1920 (translated· hy 
Ogilvill).1 
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Again it has been observed that increase of lime during sulphitation retards 
the filtration as is shown below :-

TABLE III. 

I njluerwe of increasing quantities of lime on fiUerability. 

Description. 
Time of filtration in 

minutes under the same 
conditions (500 C.o 
of muddy juice). 

Rate of filtration. 

1. Juice treate!i with 1 per cent. lime and 8ul. 
pbited to neutrality. 

!. Juice treated with 1'0 per cent. lime and 
sulpbited to neutrality. 

- 3. Juice treated with 2 per cent. lime and 
sulpbited to neutrality. \ 

4. Juice treated with 2'0 per cent. lime and 
sulpbited to neutrality. 

10·20 1·0 

10·75 1·03 

23·23 1·45 

22'5 1·67 

5. Juice treated with 3 per cent. lime and 27·66 1· 81 
sulpbited to neutrality. 

Thus the time of filtration increases with an increase of lime content, alid 
clearly with 6 per cent. lime cream on the volume of the juice there will be a 
serious overloading of the filters and a dislocation of the continuity of the 
plant. Finally, the economic aspect of the question due to the increased lime 
during sulphitation should be kept in view. Maxwelll shows that 0·03 per cent. 
is the norma I sulphur consumption on the weight of the cane when the usua 
quantity of lime is employed, this being based on the assumption that about 
50 per cent. of the lime is used for neutralising the free acids of the juice, the 
rest being neutralised by sulphur dioxide. When 6 per cent. lime is employed 
an excess of 0·3 per cent. of sulphur based on the weight of the cane would be 
required to neutralise" the lime, the total consumption being 0·33 per cent. 
The sulphur consumption is, therefore, increased to eleven times normal and the 
lime consumption to six times normal. Thus the anthocyanin pigments of the 
Purple Mauritius cane can be eliminated by employing a large excess of lime, 
but this method has serious drawbacks due to the deleterious influence of the 
excess of lime on the sugar by darkening the juice and increasing the formation 
of gum, and also on account of the increased cost due to the large quantities of 
lime and sulphur clioxide required. " 

Effeots of hot and cold liming and pre-sulphitation.-In chapters II and III 
the evolution of the sulphitation process and its modifications have been briefly 
described. Although cold sulphitation is a failure when applied to the Purple 
Mauritius cane, it was thought that possibly other modifications of the sulphita
tion process, such as liming hot and cold to various pH values, andpre-sulphita
tion might improve the colour of the juice. To decide this point, certain 
experiments were carried out and the results obtained are summarised below :-:-

For the cold liming and sulphitation treatment, the raw juice was limed 
to pH values of 8·4,8'8 and 9·3 and then sulphited back to neutrality, and 
the juice afterwards boiled and filtered. In hot liming and sulphitation to 

--- ---------
1. Haz_lI Francis,-" Sulphitation in White Sugar Manufao~ure." 1920. 



different pH values the raw juice was heated to 55-60°C. and limed to pH values 
of 8·3,9·0 and 9·6. The limed juice was then carefully sulphited to neutrality, 
boiled, and filtered. For pre-sulphitation the juice was sulphited to a pH value 
of 3·8, limed back to neutrality (7·0 pH),. boiled, and filtered. 

TABLE IV. 

Effect on the elimination of pigments of cold liming to various pH values and 
sulphitation to neutrality. 

Brix. Sucrose. Purity. Glucose. Remarks.' 

1. Rawjuice .. 11·2 9·68 86·43 1·34 Juice coloured. 
2. Juice limed to 8·4 pH and sulphited ll'O 9-48 86·18 1·38 Do. 

to 7·0 pH. 

3. Juice limed to 8·8 pH and sulphited 11·4 9·60 84·21 1·35 Do. 
to 7·0 pH. 

4. Juice limed to 9· 6 pH and sulphit-
edto 7·0 pH. 

11·5 9·55 83·05 1·37 Do. 

II. First sulphited to 3·8 pH and limed 
back to 7·0 pH. 

11·2 9·6 84·73 ] ·S7 Do. 

TABLE V. 

Effect on the elimination of pigments of hot liming to various pH values and sul
phitation to neutrality. 

Brix. Sucrose. Purity. Glucose. Remarks. 

1. Rawjuice .. 13·0 

2. Juice heated to 55°0. limed to 8·3 14·2 
pH and neutralised. 

3. Juice heated to 55°0. limed to 9·0 14·4 
pH and neutralis<>d. 

9·4 

10·52 

10·66 

72·3 2·59 

73·37 2·53 

74·03 2·55 

4. Juice heated to 55°0. limed to 9·6 14·6 10'59 72-69 2·59 
pH and sulphited to neutrality. 

Juice coloured. 

Do. 

Do. 

Do. 

Experience with other types of canes has shown that, for the manufacture 
of white sugar by the sulphitation process, the clarified juice should be of a light 
yellow colour and completely devoid of suspended matter. From the above 
consideration the persistence of the red colour in the clarified juice in all the 
cases shown above suggested that neither liming the juice, hot or cold, to the 
various pH values tried, nor pre-sulphitation offer a solution to the problem 
of manufacturing white sugar from the Purple Mauritius cane by the sulphita
tion process. The modifications of the sulphitation process just described 
are no more effective in the elimination of the pigment than ordinary cold 
sulphitation. 

In discussing the action of common reagents on the elimination of pigments 
from the rind of the Purple Mauritius it was previously mentioned' that, 
although sulphur dioxide is ineffective, norit, a variety of activated carbon 
completely decolourizes the pigment, and that aluminium hydroxide precipi-
tates the pigment completely from the rind extracts. . 

Although the application of active carbons like norit to the manufacture 
of white sugar has received considerable attention during recent years, their 
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prohibitive cost on one hand and the additional equipment required on the 
other are two formidable hindrances to their general use in India. When these 
carbons are applied to the juice the whole material requires to be completely 
filtered through a suitable filtering apparatus. In the usual sulphitation 
factory which is equipped for scum filtration only, the use of these carbons is 
out of the question. There still remains one more substance, aluminium 
hydroxide, which is effective in eliminating the pigments from the rind of the 
Purple Mauritius cane, and there are several ways of applying this substance to 
sugar-cane, juices. Aluminium hydroxide can be directly added to the juice, 
or the acidity of the juice can first be neutrali'led with lime and then the 
hydroxide added, or this material may be formed in the juice itself by adding 
saturated solution of alum until neutrality is obtained. Finally, the juice may 
be clarified by lime and sulphur dioxide as in the sulphitation process and 
aluminium hydroxide added to the clarified juice. The experiments carried 
out in this connection are described in the following chapter. 
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'CHAPTER,'Y' 

LABORATORY EXPERIMENTS WITH ALUMINIUM: HYDROXIDE AND THB JUICE 
OF THE PURPLE MAURITIUS CANE. 

, Table VI below shows the effect of clarifYing the juice with aluminium 
hydroxide alone :-

TABLE VI. 
Effect of aluminium hydroxide alone on the juice of Purple Mauritius Cane. 

Brix. Sucl'O'le. Purity. Glucose. 

1. Rawjuices .. .... 13·6 10'31 75·81 2.14, 
2. Raw juice and 5 c.C. ofalumiuium hydroxide 14·0 10·47 74·77 2'11 

per 200 c.c. of the juioo. 
3. Raw juice and 10 C.c. of aluminium hydroxide 14·2 10·60 74·64 2.22 

per 200 C.c. of juice. 
4. Raw juice and 15 c.c.ofaluminiumhydroxi<Jo 14·2 10·15 71'47 2.14 

per 200 C.c. of juice. 

In each case there was a total absence of red colour in the treated juice, indicat
ing a thorough elimination of anthocyanin pigments. In the first case, how
ever, the juice was still turbid, showing a deficiency of aluminium hydroxide 
but the characteristic light yellow colour was in evidence. When 10 C.c. of 
aluminium cream were used the turbidity completely vanished and clear light 
yellow juice resulted. In each case the juices were boiled and the supernatant 
liquid examined for composition. When 15 C.c. of aluminium cream were used, 
correspondingly enhanced effects were not observed, indicating that with 
about 5 per cent. aliminium cream the optimum results are obtained. 

, One important point may be noted from these results, i.e;, high acidity an4 
the low pH value in each case. In actual sugar manufacture the reaction for 
the clarified juice is kept in the neighbourhood of 7· 0 pH and therefore this 
high acidity is never encountered. Even though perceptible inversion was not 
found in the laboratory scale tests, inversion would be sure to occur if the 
process were carried out on a factory scale. Direct clarification of the juice with 

. aluminium hydroxide alone, therefore, is not a solution to the probl~m. 
The next step taken cousisted of first neutralising the acidity of the juice 

with lime, as in the simple defecation process, and then adding alumina cream. 
The results obtained are shown in table YII below :-

TABLE VII. 
The effect of neutralising the acidity of the juice of the Purple Mauritius with 

lime and then clarifying with aluminium hydroxide. 

Acidity in 
-Brix. Sucrose. Purity. Glucose. pH. terms of 

N/I0NaOH 

1. Raw juice . . . . . . 13·6 10·31 75·81 2·14 4·8 20 c.o. 
2. Juice limed to 7·0 pH and clarified 14·4 10·72 75·49 2·22 6·6 7 C.c. 

with 5 C.c. of aluminium hydroxide 
for each 500 c.c of the juice. 

3. Juioolimed to 7·0 pH and 10 c.c. 
of aluminium hydroxide added to 

14·4 10·79 74·93 2·19 • 6·6 60.Cl. 

each 200 C.c. of the juioo. 
4. Juioolimedto 7·0 pH and 15 c.c. 15·4 11·21 72·14 2·22 6·6 7 c.o. 

aluminium hydroxide added to each 
200 C.o of the juioo. 
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In eaoh ease the jwce, after defecation with lime,was treated with the speci.6.e<l 
quantities of aluminium hydroxide. It was then boiled and the supernatant 
liquid analysed. There was total absence of red colLur, but the quantity 
of aluminium hydroxide required for effecting good clarification is about 5 per 
cent. of the volume of the juice. The addition of alumina in appreciable quan
tities retards filtration, as will be seen from the following table, and therefore 
the smaller the quantity employed the better ::-

TABLE VIII. 

Description of juice filtered. Time of filtration (500 c.c. through Buchn&r 
funnel 9 em. diameter under vacuum). 

1. 500 !l.C. of limE'd or sulphitcd juke 

2. 500 C.c. of limed or sulphited juiCE' 1,lus 5c.c. 
aluminium hydroxide. 

20'5 minutes. 

25·1 minutes. 

Apart from the filtration difficulties, the cost of aliminium hydroxide is a factor 
of importance and the method cannot therefore be regarded as suitable for large 
scale working. It next remained to be decided whether it would be advantage
ous to clarify the juice with aluminium hydroxide by forming this in the juice, 
and the following experiments were undertaken for this purpose :-

200 C.c. of the juice were added to 10, 20, 30 and 40c.c. of saturated solution 
of alum and the total acidity reduced with lime, the reaction C!f the juice being 
maintained at neutral point. In each case the supernatant juice after boiling 
was analysed for composition. There was a total absence of fed colour in the 
treated juice, indicating the elimination of anthocyanin pigments. The results 
a.re shown in table IX below :-

TABLE IX. 

Oomposition of juices of the Purple Mauritius cane wkm treateJl witl& w~ 
quantities of aluminium hydroxide formed in the juice. 

Treatment. Brix. Sucro .... Purity. Gluoose. 

1. Raw juice 14·2 9·67 68·09 2·27 

2. Juice treated with 10 C.c. of Mturatcd alum 14·4 9·72 66·57 2·23 
solution and neutraliRed with lime. 

3. Juice treated with 20 c.C. of saturated alum 14'4 9·96 69·18 2·05 
solution and neutralised with lime. 

4. Juioo treated with 30 C.c. of saturated alum 13·8 9·62 69·71 1l-l4 
solution and nE'utralised with lime. 

5. Juice treated with 40 C.c. of saturated alum 14·0 9·47 67·64 2·05 
solution and neutralised with lime • . 
Although the red colour was eliminated in each case, the calcium sulphate 

formed as a result of the double decomposition is an objectionable impurity 
from the point of view of sugar manufacture, as this substance forms heavy 
1Ic&1e in the juice heaters and evaporators. 



Finally, therefore, the aluminium hydroxide obtained from soluble sulphates. 
was applied to the juice, which was first clarified with lime and sulphur dioxide 
as in the normal sulphitation process. The results of these experiments are 
shown below. The juice in each case was first limed to a pH value of8·5 and 
neutralised with sulphur dioxide, and then 2·0 C.c. of aluminium hydroxide 
were a~plied to 200 C.c. of the juice, which was th~n boiled and analysed. 

TABLE X. 

Effect of aluminium hydroxide on juice of the Purple Mauritius Cane which has 
been limed and sulphited. 

Treatment. Brix. Sucrose. Glucose. Purity. Glucose. 
ratio. 

1. Control juice treated with lime and 14·2 11·36 1·76 SO·O 15·49 
SO •. 

2. Juice treated with lime, SO. and 14·2 11·53 1.,78 81·19 15·43 
2 c.c. of aluminium hydroxied for 
each 200 c.c. of juice. 

3. Juice treated with lime, SO., and 14·4 ll'56 ] ·78 80·27 ).5·40 
2 c.c. of aluminium hydroxide for 
each 200 c.c. of juice. 

4. Juice treated with lime, SO. and 14·4 ll·56 1·78 80·27 15·4 
2 c.c. of aluminium hydroxide for 
each 200 c.c. of juice. 

In all cases after treatment with aluminium hydroxide, after first liming and 
sulphiting, there was a complete absence of red colour, a slight increase in 
purity, and a constancy in glucose ratio, indicating that inversion was not 
taking place. Wheil. the clear juice from the alumina treatment was precipitat
ed with lead acetate and the lead cake decomposed with sulphuric acid, rio 
red colour could be observed showing that the anthocyanin pigments are 
completely eliminated by applying about 1 per cent. of alumina cream to 
limed and sulphited juice. When lime and E.ulphur dioxide are first utilised to 
remove the major impurities from the juice, the quall;tity of alumina cream 
required to remove the anthocyanin pigments alone is very small, and, there
fore, this method appears to be the most economic way of dealing with the 
problem of colour elimination. 

Before proceeding to describe the use of aluminium hydroxide in large
scale sugar making, it is necessary to mention the experiments made to investi
gate the mechanism of the formation of this material from alum and alkalis. 
Table XI below shows the results of these experiments. The results were 
obtained by adding to 50 C.c. of alum solution of 1/10 normal strength increasing 
quantities, from 10 to 60 C.c., of· N/10 sodium hydroxide. The solutions 
were then boiled, cooled and filtered, and the precipitates dried at 100° to 105°0 
for six hours and weighed. 
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TABLE XI. 
Formation of aluminium hydroxide with varying quantities of NaOH. 

-----------:---::-------~--------.. 
Weight .of Equal Weight of pH value of 

Conditions. NaOH add· weight precipitate supernatant 
ed. of CaO. formed. liquid. 

1. 60 c.c. of N/IO alum solution and 10 0·04 gm. 0·028 gm. 0·028 gm. 
c.c. of N/I0 NaOH. 

2. 60 c.c. of N/I0 alum solution and 0·08 gm. 0·056 gm. 0·0930 gm. 
20,c.c. of N/I0 NaOH. 

3.60 c.c. of N/I0 alum solution and 0·12 gm. 0·084gm. 0·1532gm. 
SO c.c. of N/IO NaOH. 

4.60 C.D. of N/IO alum solution and 0·16 gni. 0·112gm. 0·2190 gm. 
40 c.c. of N/IO NaOH. 

6'4 

5.60 c.c.ofN/lO alum solution and O·20gm. O·l40gm. 0·1540gm. 
60 D.C. of N/IO NaOH. 

8·S 

6.60 c.c. of N/IO alum solution and 0'24 gm. 0·168gm. 
. 60 C.c. of N/IO NaOH. 

0·0932gm. 9·4 

It will be seen that the quantity of alum being constant, an increasing quantity 
of aluminium hydroxide was formed by adding increasing quantities of alkali 
up to the point at which the supernatant liquid attained neutrality. Beyond 
this point the formation of aluminium hydroxide became less and less with the 
formation of a soluble aluminate, as the supernatant liquid became increasingly 
alkaline. The results are shown grailhically in figure 4. 

For the large·scale manufacture of alumina cream, the quantities of alum 
solution and alkali should be adjusted so that the supernatant liquid has a 
pH value of about 6·4 to 6·5 to 'obtain maximum precipitation. . 

Hardy finds that the iso-electric point for hydrated alumina is 6· 5 pH. 
and at this reaction the material, by virtue of its amphoteric nature, absorbs 
colloids, both positive and negative. It is a fortunate coincidence that at this 
pH value the maximum precipitation takes place and the greatest possible 
quantity of alumina is thus obtainable free from colloidal admixture, a factor 
which can be taken advantage of in large-scale manufactUre. . . 

The production of aluminium hydroxide on the site of a factory is a 
simple operation. Commercial potash alum sells in the market at the rate of I 
anna to 1 anna per lb., and its decomposition with lime, in place of caustic soda, 
which is always available in any sugar factory results in the formation of a 
bulky precipitate of alumina cream. In the laboratory experiments no differ
ence could be observed between alumina cream prepared from potash alum 
with ammonia or lime, as far as their efficiency as clarifying agents for the 
pigments of the rind of the Purple Mauritius were concerned. It is, therefore, 
suggested that the alumina cream be produced by decomposing commercial 
potash alum with ime, as this method is the least expensive. But the calcium 
sulphate that is formed as a product of the double decomposition is an undesira
ble impurity and tends to form heavy scale on the heating elements of the 
evaporators. It will, therefore, be necessary to wash repeatedly the bulky 
cream of alumina with clean fresh water in order to eliminate the 
calcim.n sulphate completely. In the large-scale experiments to be des9ribed 
later this method of producing aluminium hydroxide was adopted. 
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CHAPTER VI. 

REVIEW OF .LITERATURE ON THE USE OF ALUMINIUM ConOUNDS IN SUGAR 
MANuFACTURE. 

Q;:.There is nothing unusual in suggesting the use of aluminium compounds 
in sugar manufacture. The use of these compounds in the manufacture of 
white sugar was advocated as far back as 1876, and their efficic3cy for the 
clarification of cane juices is widely recognised. -

Newlands1 applied aluminium sulphate for the removal of the potash 
salts from sugar solutions, and Hunt! claims that the application of basic 
sulphate of aluminium eliminates gums, albuminoids, etc., from sugar solu
tions during refining. Classen'ss researches on the flltration of sugar solutions 
through a· double silicate of aluminium and calcium show that alkalis are 
eliminated with the reduction of ash content. But Jos. Smahel' objects to 
the process on the ground that lime salts are needlessly introduced into the 
juices. Janet6, by applying a barium aluminate at the rate of 0·05 to 0·2 
grammes per litre, obtained brilliant decolourized syrup which filtered easily. 
When the same material was used in Louisiana6 a 50 per cent. reduction in 
lime consumption, increased purity and decolouration of the juices were 
observed, but the material did not find favour owing to its heavy cost and the 
undesirability of introducing barium compounds. Durieux7 developed a 
patented process for the use of aluminium bisulphide .. on the grounds of its' 
decolourizing properties and the de-incrustating effect it had on the brass 
tubes of the evaporators. LeidnorB obtained a good direct consumption sugar 
with colloidal alumina, while Hood9 suggested aluminina filtration for the 
decolorization of sugar solutions. Istwan Hunyady and Milan Malbaski10 
employed in a patented process basic aluminium carbonate and obtained clear 
juices, although slightly alkaline. Emil Barnertll produced a direct consump
tion white bleached sugar, which did not require washing or steaming in the 
centrifugal, by employing aluminium sulphate with carbonatation process. 
Komn'slS patented p:rocess aims at applying colloidal alumina not. to the 
juices but to slices after pulping, and thus obtains a juice which requires no 
further treatment except filtration. He claims low cost of manufacture 
and rise in purity for the juice by 4 to 5 degrees. Viswanath and Nayar11! 
successfully applied potash alumina to the clarification of. palmyra juice. 
Clifton'su laboratory experiments in Mexico on the application of colloidal 

1. Newlands, A. R.,-Bugarcane, 1876, 8, 395-409. 
". Hunt, E.,-Bugarca.ne, 1881, 13, 188-89. 
I. Classen, H.,-International Sugar Journal, 1907, 9, 540-46 and 605-12. 
'. Smahel, Jos.,-International Sugar Journal, 1909, 11, 252-53. 
". Janet, J., -International Sugar Journal, 1908,10, 406. . 
'. Louisiana Bulletin No. 103, abstracted in International Sugar Journal, 1908, 10, 249-50. 
'. Durieux, O.,-International Sugar Journal, 1911, 13, 512. . • 
". Leidnor, M.,-International Sugar Journal, 1914, 15, 128. 
'. Hood, J. J.,-International Sugar Journal, 1920,24,220. • 

, 10. Hnnyady, I. and Malbaski; M.,-Hungarian Patent Nos.-234 and 485; International 
Sugar Journal, 1922, 24, 220. 

11. Bamert, E.,-Austrian Patent Nos. 364 and 424 (1929) ; International Sugar Journal. 
1923,25,446. 

11. Komn, E.,-International Sugar Journal, 1926, 28, 668. 
11. Viswanath, B. and Nayar, K. G.,-Agricultural JournlW. of India, 1924. 
". Cliftoa, H. We1I8..-La Planter, 1924,-71, 394-95. 
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aluminium silicate, showed that pre-liming the juice to neutrality is an essential 
condition before neutralising the electrical charges on the colloids of the juice. 
He obtained a brilliant juice with an, increase of 2 degrees in' purity, ' easy 
filterability, elimination of lime salts by about o· 5 per cent. and reduction of 
gums: and suggested the possibility of introducing continuous clarifiers of the 
Dorr types. Singh and Majithia1 suggest the formation of aluminium hydro
xide in the heart of the alkali juice by adding to it a soluble salt of aluminium. 
After heating and separating the sediments they propose, according to their 
patented process, to treat the clear juice with aluminium for clarification 
at the rate of O· 2 to 0·6 Ibs. per thousand gallons and to lime to a pH value 
of 8· 6. The result is claimed to be a brilliant clarified juice and about 15 to 20 
per'cent. scum. 

Among' recent contributions the experiments of Hardyll on the effects 
of ignited bauxite on sugar cane juices are noteworthy. Although his trials 
were confined to the laboratory, the results obtained are interesting and instruc
tive. Bauxite in this respect resembles a high class keiselguhr, and the com
plications consequent on the use of lime, viz.; the formation of dark coloured 
froth-formiitg bodies derived from the carbohydrate acids produced by glucose 
decomposition; are avoided by its use. It eliminates the formation of the 
hydrolysis products between cellulose and lime and insoluble scale-forming 
lime salts. The only disadvantage is the large quantity required, less than 
4: 'per cent. on the volunie of the juice not being very effective. Fabbrinis 
recognised the powerful decolourizing properties of aluminillII! hydroxide in 
sugar refining, and obtained good results of a practical nature by mixing it 
with an equal quantity of carboraffin. Fleshman' finds sodium alumina 
useful in handling r~actory juices but notes the filtration difficulties. 

Waterman" describes his ~xperiences in Java with the use of "sulfosol'~~ 
a compound prepared by treating aluminium hydroxide gel with sulphur 
dioxide until it passes into the solution stage. The colour of the clarified juice, 
he observes, is 'about 16 per cent. darker than the carbonatationjuice, although 
the finished sugar made by the two processes is approximately the same. There 
is & considerable ~ving in lime by applying cc sulfosol", but its use requires 
larger filtering ,area, and the saving in lime does not compensate for the 
cost of" sulfosol" in Java. 

The use of aluminium compounds in sugar manufacture ,has thus engaged 
the attention of scientific workers for many years. A variety of aluminium 
compounds have been proposed from time to time, such as colloidal or non
colloidal, aluminium hydroxide, aluminate of soda and barium, sl,llphate of 

1. Singh. P. and Majithia, S. K. S., -International Sugar Journal. 1926,28, 170. ' 

t. Hardy, F.,-International Sugar Journal, 1933, 85, 64-68. 

'. Fabbrini, V.,-International Sugar Journal. 1934, 36, 447-48.. 
&. Fleshman, U. S.,-International Sugar JoUl'llllJ. 1935, 37, 158. 

'. WaWman, J. E.,-International Sugar Jo~ 1935, ,8~" 307. 
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aluminium, etc. Several of these preparations are costly, though efficient, 
and, therefore, do not find favour with practical sugar manufacturers 
Aluminium hydroxide is the cheapest of them and possesses decolourizing and 
adsorptive properties -of a high order. AccOrding to Hardy (loc. cit.),. this 
material has specific adsorptive properties for many ions, simple and colloidal, 
exhibiting iso-electric beh/l.viour by virtue of its amphoteric nature. Its 
iso-electric point is at the pH value of 6·5, so that it tends to adsorb electro
negative ions most readily from solutions acidic in reaction (with _respect. to 
theiso-electric point) and cations from alkaline solutions. This behaviour 
explains the high . efficiency of hydrated alumina 111 colour and colloidal elimi
nation. 



CHAPTER VIL 

LARGE BCALE EXPERIMENTS WITH THE CANE OF THE PuRPLE MAURITIUS. 

The factory where 'the laboratory findings were tested was equipped with a 
small sulphitation plant. There was no provision, however, for accurately 
weighing the juice, and also there was a considerable difference in milling 
efficiency during the two seasons when the usual and the new method of sulphi
tation were tested. Accurate comparative information on the respective 
yields of sugar 'Could not therefore be obtained. However, the data that is 
availabl~ shows that inversion is not caused by applying alumina to the juice 
Under factory conditions. 

The juice was found to settle with appreciable rapidity when limed in 
the cold to a pH value of 8·8, and, therefore, this reaction point was chosen 
for the liming during the 1935 season. After thoroughly stirring the juice, 
sulphitation was carried on to neutrality, and at this stage alumina cream was 
added at the rate of one quarter to a. half gallon per 200 gallons of limed and 
sulphited juice, and the whole thoroughly mixed. The concentrated juice 
was sulphited to a pH value of 6·0 to 6·5, and boiled to grain with half to one 
pound of sodium hydrosulphide per ton of sugar produced. When the masse
cuite was spun at the centrifugal the results surpassed all expectations. Bril
liant light yellow coloured juice was obtained, which, after concentration and 
boiling in the pan, yielded bright lustrous sugar. The laboratory observations 
whicli indicated the total elimination of anthocyanin pigments by applying 
alumina to the limed and sulphited juice completely agreed with the results 
of the large-scale trials, which extended over eight days. It can now definitely' 
be stated that aluminium hydroxide is a powerful decolourizer for the juice 
of the Purple Mauritius cane, and when judiciously applied to limed and 
sulphited juice produces excellent sugar. Table XII below gives the results of 
these experiments:-

TABLE XII. 
Oomposition of raw juice and corresponding clarified juice produced willi. limAJ, 

sulphur dioxide and alumina cream i"1 factory scale trials during the 1935 
season. 

pH 
value 

BriI. Sucrose. Purity • Acidity • Glucose. Glucose for 
ratio. clarified 

C.c. juice. 

Raw juioe (Average of three 
experiments) 19'89 17'98 89'39 13 '6 0'65 3'65 

Correspondinl cWified juioe 20'3 17'89 88'12 3 0'70 3'85 700 
Raw juioe ( verage of three 

experiments) • • • • 19'56 16'92 86'50 12'3 0'60 3·1)4 
Corresponding clarifioo juice •• 20'9 17'87 85'51 4 0'59 3'30 7'1 
Raw juioe (Average of three 

experiments) 20'01 17'58 87'90 14 0'70 3'92 
Corresponding clarified juioe .• 21'14 18'30 86'5 3 0'71 3'98 6'8 
Ra.w juioe (Average of three 

experiments) • • • • 19'80 17 '50 88'33 14 0'50 3003 
Corresponding cl&rified juioe •• 20'50 18003 87'95 2 0'56 3'11 6'8 
Raw juioe (Average of three 

experiments) • • • • 19'68 17-44 88'65 13'6 0'39 2'29 
Corresponding ol&rified juioe •• 20'4 17'66 86'60 0'38 2'15 11'11 
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The data presented show that the juices underwent no appreciable chemi~ 
cal changes. The small variations of impurity and glucose ratio may be 
due to errors in sampling. The juice obtained after treatment was markedly 
decolourized, and had a light yellow colour characteristic- of sulphitation 
juices. To expedite settling a little di-calcium phosphate at the rate of half a 
pound per two hundred gallons of juice, was applied in the eliminators. This 
was not really necessary, however, as the settling was normal; where large 
settling capacity exists the usa of this chemical may be dispensed with. When 
the alumina cream was first introduced the normal filterability of the scums 
was slightly disturbed, but this was restored by introducing into the scums a 
suitable quantity of kieselguhr. 

The sugar produced was bright, lustrous, absolutely transparent and 
completely devoid of colouring material and colloidal particles. Photographs 
of the two sugars are shown in figures 5 and 6. From an examination of the 
photographs of the sugar crystals and solutions (figures 7 and 8)', it is apparent 
that the alumina treated sugar is more transparent and larger in size than the 
untreated sugar. 

The application of alumina to sugar manufacture is quite practicable 
economically, as on an average only one pound of commercial al~ was re
quired per ton of cane ground, and the cost of this material during 1935 was 
only one anna per pound. It is probable that the use of this material renders 
the sulphitation process independent of the variety of cane treated, as it has 
been found definitely to eliminate the pigment from the Purple Mauritius 
cane, and there is no reason to suppose that it will not be equally effective 
with other coloured canes. 
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APPENDIX. 

Methods of analy8i8 and composition material8. 

The analytical methods described in " A Handbook for Cane Sugar Manufacturers and their 
Chemists," 1929, by G. L. Spencer, 7th edition, Rev-ised by G. P. Meade, were followed through. 
out the investigations, as specified hereunder :-

1. Total Solids.-Except in the laboratory tests, the (degree brix) or total solids was deter· 
mined with a standard hydrometer (Brix spindle, standardised at 20°C). In the 
laboratory tests the total solids were determined with a Zeiss Refractometer 
(Table model D.254 and 267). 

2. Sucroae.-This term is used throughout to indicate aprarent sucrose, as determined 
by Schmidt and Haensch's single polarisation, half·shadow polariscope, and not 
by Clerget's method of double polarisation. The purity, therefore, relates to 
apparent purity and not to real purity. 

3. Reducing Sugars.-Glucose was determined volumetrically by the Eynon.Lane method, 
using methylene blue as the internal indicator (D.250-252) . 

•. Acidity.-Whenever acidity was determined, phenolphthalein was used as the indicator, 
and the result expressed as so many c.c. of N/IO NaOH required for 100 c.c. of the 
juice, and not 10 C.c. 

5. pH value of the juice.-This was determined by a colorimetric method with a Hellige 
amparator on the original juice at room temperature without dilution. 

The chemical materials used were of Merck's manufacture, and of A. R. quality (certified 
by the manufacturers). 

The alumina cream used was prepared from potash alum and ammonia, as described by 
Spencer, p. 410. 

The lime used for the sugar manufacture was analysed by methods outlined in D.391 to 
394 and 398. 

The composition of shells from which lime' was obtained by burning at site was as follows :-

Insolubles in HOI 

FeIO. plu8 AI.Oa 

Lime as Cacoa 
MgO 

% 
2'79 

0'44 

90'16 

0'55 

The roll sulphur used for the sugar manufacture was of Japanese origin and about 99% 
pure, but not more than 55 % of it could be oxidised by bromine water. 

The dicalcium phosphate which was used for producing subsidence contained 30-32% of 
free phosphoric a.cid calculated as P 10 •. 
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CHAPTER l. 

THE DEVELOPMENT OF THE INDIAN SOAP MANuFACTURING INDUSTRY. 

Intl'oduction.-Toilet articles used in ancient India are described by va
rious writers, and their writings record that these articles included various 
detergent substances and perfumery products. Soap such as is now in general 
use does not find a place in the list, although the cleansing agents popular in 
olden times possessed all the attributes of a well-made modern toilet soap. 
Powders and decoctions of certain barks, leaves, pods, pulses, seeds, nuts, 
oil cakes, and alkaline earths formed the principal materials used for cleansing 
the body. Soapnuts, different species of the Sapindacew, barks, and pods of 
different varieties of acacia trees and of Albizzia lebbek, are even now used in 
various parts of India, as are also oil cakes such as mowrah and mustard cake. 
Sandal, khus, lodhra, lotus and neem leaves, agaru, and various other kinds of 
indigenous materials, all properly blended, were used as deodorants and per
fumes. 

According to Pliny the Elder (A.D. 23-79) soap is said to have been the 
invention of the Gauls, although mention is made of soap in the Bible, which 
indicates that it was known as early as 1500 B.C. Remnants of soaps are said 
to have been unearthed amongst the ruins of Pompeii, which, a,s history records, 
was destroyed by the disastrous eruption of Vesuvius in A.D. 79. The 
foundations of modern soap factory were presumably laid, however, by 
the housewife of antiquity who accidentally mixed in the refuse pit the waste 
materials of the kitchen such ¥ goat's fat, bone grease, olive kernel oil, etc., 
which combined with the wood ashes and formed a crude soap. 

The scientific basis of soap making did not begin to form, however, until 
the beginning of the 19th century A.D., when Chevreul described the results 
of his researches on the constitution of oils and fats and Leblanc prepared 
alkali from common salt. The soap industry thereafter progressed by leaps 
and bounds in England, and in due course spread to other parts of the world. 
Soap making in a crude way appears to have been practised in India over 100 
years ago, as remnants of old soap-making establishments are still met with in 
different parts of India, and the progress made in the soap industry. in India 
during recent years is described in the following pages. 

Thejirst modern Soap Factories in India.-The first soap factory in India 
designed to work on modern lines was erected at Meerut by the North West 
Soap Co. in 1879, and another factory was subsequently built by the same 
firm in Calcutta. These factories have had a chequered existence, the pro
prietorship having changed hands several. times, and the Calcutta factory is 
now under the management of Messrs. Lever Bros., the well known English 
combine. With the advent of the Swadeshi movement in 1905, however,' 
an impetus was again given to the soap industry in ~ndia, and several factori~ 
were started, particularly in Bengal, at about that tIme; but most of them did 
not flourish for one reason or another, the failures being generally attributable 
to lack of techillcal knowledge or lack of capital or both. 
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The next period in which the industry established itself fairly securely 
was during the Great War (1914-18). The import of soap during the war and 
for some time afterwards was seriously restricted, but there was a large internal 
demand for soap, and the military requirements were considerable. It was 
during this period that .the foundation of the industry was securely laid in the 
Madras Presidency as a result of the steps taken by Government to establish 
it, at the instance of the late Sir Frederick Nicholson. A small factory was 
started in the fishing village of Tanur on the Malabar Coast in 1914, which was 
transferred to Calicut a few years later, and at that time the new factory 
(Kerala Soap Institute) was built and fully equipped with modern plant; the 
Mysore and Hyderabad States in due course follow!ld the example. The 
Kerala Soap Institute began to undertake the training of students in soap
making in 1927, and since then several batches of students from all parts of 
India have passed through its courses of instruction and have acquired the 
requisite knowledge and experience in the art of soap making. A large number 
of these students are now employed in private factories in India, Burma, Ceylon, 
and elsewhere. 

Sir Frederick Nicholson, while speaking on" Soap'" about 22 years ago 
to a Madras audience, remarked that India imported about t lb. of soap 
per head per annum, i.e., about 18,500 tons of soap per annum, worth about £th 
of a crare of rupees, and stated that there was enormous scope for its developed 
use. He expressed the hope that at the rate of increase at that time, namely, 
some 15 per cent. per annum, the quantity required would be doubled in the 
next few years. This prophecy has been more than fulfilled, as, although the 
imports have shown a considerable decline, which will be evident from examina
tion of the import statistics quoted below, the Indian output of soap has almost 
trebled; moreover most of it is consumed locally, excepting some exported to 
Iraq, Ceylon, Aden and other adjoining territories. 

Imports.-Examination of the returns of the foreign trade of India during 
the past 60 years, shews that.the value of the imports of soap in 1876-77 was 
about Rs. 3,30,000; in 1896-97 it was Rs. 11,70,000, while in 1905-06, it was 
about Rs. 32,00,000. In the year 1920-21 it had reached the figure of 
Rs. 2,04,30,000. There has subsequently been a steady decline in the import 
of soaps into India. 

The following statement shows the quantity and value of (a) Household 
and laundry soap in bars or tablets, (b) Toilet soap, and (c) other sorts, imported 
by sea into British India (including Burma) from abroad during the five 
financial years ending 31st March 1937. 

Type of soap. 1932·33. 1933·34. 1934·35. 1935·36. 1936·37. 

Quantity. 
Cwts. Cwts. Cwts. " Cwts. Cwts. 

(/.I) Household and laundry soap in 
157,246 12,464 10,216 bars or tablets . . • • 244,730 244,874 

(6) Toiletsoap .. .. .. 43,812 52,016 44,628 41,438 32,684 
(c) OtheJ: sorta •. .. .. ,7,799 6,523 4,933 5,615 4,692 

-
Total .. 296,341 303,413 206,807 59.51'1 47.592 

-
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Type of soap. 1932-33. 1933-34.1 ' 1934-35. 1935-36. 1936-37. 

I Value. 
Rs. Rs. I Ra. Ra. Rs. 

(a) Household and laundry soap 
in bars or tablets .. .. 48,69,170 44,40,268 30,34,320 2,89,382 2,10,473 

(6) Toilet soap .. .. 30,86,666 31,97,099 31,41,979 29,66,660 23,30,622 

(c) Other sorts .. .. 3,07,036 1,99,995 1,44,499 1,71,219 1,44,537 

Total .. 82,62,872 78,37,362 63,20,798 34,27,261 126,85,632 

The United Kingdom heads the list of countries supplying soaps tc 
India, while Japan, which before the war shared only 3 per cent. of the Indiall 
business, came ~o the front during and after the war. While in the year 1913-14 
the import from Japan was barely 1,000 cwts., the Japanese share increased iII 
the next few years and reached a peak in 1933, when the imports of Japanese 
soaps of all kinds totalled approximately 30,000 cwts. 

. The popularity of the Japanese soaps is now waning, however, partly due 
to the increases in the prices of their soaps as landed in India but chiefly on 
account of the indifferent quality of the soaps, particularly the toilet varieties, 
notwithstanding the most attractive and elegant way in which they are packed 
for sale, and attempts are now being made by the Japanese factories to rectify 
the defects, so as to hold the Indian market. The bulk of the soap imports 
into India from the-United Kingdom consisted until very recently of house
hold and laundry varieties; at present the import from the United King
dom and other foreign countries is almost entirely of toilet soaps. 

The present position.-In 1918, according to the statistics prepared by the 
Indian Munitions Board, the number of factories in India producing over 600 
tons of soap per annum number~d 11 in British India, exclusive of the Indian 
States, and those producing below 400 tons per annum numb~ed 46, excluding 
the many small cottage establishments of a nondescript character. The total 
estimated output of Indian factories in 1918 was about 22,000 tons, and it was 
anticipated that there would be an additional output of another 15 thousand tons 
from factories then about to be started. The output of toilet soaps was esti
mated at the same time to be about 710 tons per annum. The impetus gtven 
to the soap industry in India during and after the war must 'be regarded as 
remarkable, as a large number of factories were established throughout India, 
while the quality of the products was greatly improved. 

. It has not been possible to obtain correct data as to the quantity and 
value of soaps now made in the various Provinces in India, as unfortunately 
the information received from various official and private sources does not 
appear to be entirely reliable. The tota.l present outpu~ of Indian factories, 
inclusive of those in the Indian States lB, however, estImated to be about 
75 000 tons and the number of factories, large and small, is of the order of a 
th~usand . thus in the Madras Presidency alone there are over a huridred fac
tories; of ,~hich about half a dozen may be considered to be of fair size, w¥-e 
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the rest are comparatively small. In the Bombay Presidency, Bengal, the 
Punjab, and the United Provinces, soap factories on modern lines have been 
started, and numerous smaller factories are also in existence. The' factory of 
Messrs. Lever Bros. in Bombay, which has now been in operation for over a 
year, is sa,id to be turning out about 500 tons of soap per week, mainly of 
washing soap, corresponding to an output of over 20,000 tons per annum. 

. Of the total combined annual output of the Indian factories estimated at 
about 75,000 tons, about 50,000 tons may be classed as household and laundry 
soaps, 15,000 tons as toilet soaps, ,and the rest, amounting to about 10,000 
tons, as industrial soaps, the aggregate approximate value of each being as 
follows:-

50,000 tons of household soap, @ Re. 400 per ton 

15,000 tons of toilet soap, @ Rs. 750 per ton 

10,000 tona of industrial soap, @ Rs. 300 

Total 

Rs. 

20,000,000 

11,250,000 

3,000,000 

33,250,000 
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CHAPTER II. 

FATS AND OILS USED FOR SOAP-MAKING. 

Soap is a chemical product formed by the combination of fatty materials, 
or rather fatty acids, with solutions of caustic soda or caustic potash. The 
saponification of an oil with a solution of caustic soda or caustic potash results 
in soap-the sodium or potassium salt of the fatty acids. The fatty acids 
found in oils and fats are numerous, the important ones being the oleic, linolic, 
linolenic, lauric, palmitic and stearic acids. These acids react with alkali, 
yielding different products, thus the stearic and palmitic acids found in tallow 
and similar hard fats produce a hard soap, whereas the oleic acid in olive oil, 
or the linolenic acid in linseed oil yields a comparatively soft soap, soft to the 
touch and easily soluble in ~ater. When the saponification with the caustic 
soda or potash solution has been effected, the glycerine present in the oil 
remains in the soap lyes in the case of soda soaps, whereas no such separation 
takes place in the case of potash or soft soaps. Saponifiable oils contain about 
10 per cent. of glycerine or glycerol as it is often called. 

Oils and fats form the most important raw materials, as over 60 per cent. 
of a genuine soap consists of fatty acids. All the oils of the vegetable and 
animal kingdom are suitable for making into one or other ~d of soap, i.e., 
hard or soft, according to the characteristics of the oils, but the selection of the 
oils to produce a particular kind of soap is determined by the comparative, 
price of such oils and the quality of the soap to be produced, as it would be 
uneconomical to utilise, for example, refined tallow or purified cO,conut oil for. 
making cheap household soaps, for the preparation of 'which any ordinary fat 
or low grades of coconut oil would suffice. Similarly, inferior grades and 
residual oils should not be used if it is planned to produce superior toilet soaps. 
The compounding of any mixture of oils for any particular soap should receive 
careful attention at the hands of the manufacturer, quality and price of the 
materials and of the resulting soap being the guiding factors. 

Besides oils and fats, any saponifiable substance such as rosin (colophony) 
is suitable for the preparation of soaps, thus rosin, although dissimilar in 
constitution to any ordinary oil in that it contains no glycerol, contains rosin 
acids which are acted upon by alkali and thereby form soaps. Certain waxy 
substances which are only slightly saponifiable are also used in soap making, 
merely as super-fatting agents, however, and not as intrinsic ingredients. 

New saponifiable s~bstances are being .disc~vered. from time to time ~nd 
brought into service, o.WIng to ~~e comparatIve high .pllC~ of the be~er known 
fats and oils such as pnme qualitIes of tallow, lard, olive oil, coconut oil, sesame 
oil etc. which are being increasingly used for the manufacture of margarine 
and vegetable butter. Due to the shortage and high price of dairy butter, 
the demand for butter substitutes derived from vegetable oils is increasing 
yearly in Europe and Ame~ca, with ~he re~ult that the researchel') of vegetable 
'oil chemists and technologlBts are bemg directed more and more towards the 
refining and purmciation of vegetable oils to render them suitable for edible 
purposes. The soap maker is. consequently being compelled more and more 
to fall back upon such oils as still defy the chemists' skill to render them edible. 
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There are, fortunately' for the soap maker, a large variety of oils which, 
by reason of their peculiar co~titution and properties, can only be improved 
or altered to suit edible requirements with considerable difficulty. Moreover, 
in India the output of oil seeds of difierent kinds is enormous, and the soap
maker in this country is in the fortunate position of being able to purchase or 
prepare his own oils comparatively cheaply; he has also the advantage of 
being able to obtain them in a fresh state and before acidity and rancidity have 
commenced to develop. He is therefore very favourably placed as compared 
with foreign soap makers, who have mainly to depend upon imports from other 
countries for the bulk of their requirements. 

Although oils and fats are technically classified as drying, semi-drying and 
non-drying, they can be brought under four main heads as follows. 

(koup (a).-Hard or semi-hard fats and oils, such as tallow, dupa fat 
(Vateria indica), mowrah oil, palm oil, hardened oils (both vegetable oils and 
fish oils), which impart firmness and body to the soap and produce a soap with 
a fairly thick lather and moderate solubility. . 

(koup (b).-Vegetable oils like coconut oil, palm kernel oil, etc;, yielding 
hard soaps which lather quickly and freely due to being very 'soluble in water. 

(koup (c).-Vegetable oils such as groundnut oil, olive oil, gingelly oil, 
cotton seed oil, soya bean oil, etc., which yield Joft-bodied soaps with weaker 
lathering and solubility properties than coconut oil soaps. 

(koup id).-Oils like linseed oil, ganja seed oil (Oannabis sativa), fish oil, 
etc., yielding very soft and translucent soaps which are readily soluble in water. 

In the following pages of this chapter, the commoner fats and oils are 
grouped on the basis of the above classification, and the main physical and 
chemical characteristics are also stated as they will be found to be of some 
assistance to the soap-maker in computing his costs of materials for making 
any particular kind of soap. Substitutions of any oil or fat can be made within 
a particular group Without materially altering the general character of the soaps 
produced by the type of materials in the group. 

(koup (a). 

TaUow-

Tallow is the principal raw material used by soap makers in Europe. It 
yields a hard soap of poor lathering quality, but when mixed with vegetable 
oils it forms an admirable base for toilet and household soaps. .It is the fat 
obtained from various parts of sheep and oxen, but the term is now loosely 
applied to all hard fats of animal or vegetable origin, and includes, for example, 
.horse tallow, fish tallow, Chinese vegetable tallow. Mutton and beef tallow 
are, however, the most commonly known, mutton tallow being generally some
what harder and brighter than beef tallow, but the characteristics of the fat 
depend upon the source of supply and the chemical treatment it has undergone 
during preparation. In Europe, tallow rendering and refining are carried out 
on up-to-date lines and in well-equipped factories; the products obtained are 
of fine quality and are used chiefly for edible purposes, the lower grades, only. 
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being employed for industrial purposes. Australia, New Zealand, and North 
and South America export large quantities of tallow to other parts of the world. 

In India, owing to the leanness of Indian cattle and to the mainly vege
tarian diet adopted by the people, tallow is not a common article of commerce ; 
nevertheless there is a limited trade-mostly internal-in this qommodity. 
Some Yell-rs ago, tallow was being exported to England from Bombay, but the 
demand for this substance in India is now considerable and is growing steadily 
as a result of the development. of textile, leather, soap, and other industries 
which require it. Unfortunately the tallow made in this country is invariably 
of poor qUhlity at present, and its adulteration with such substances a.o; starch, 
tapioca, rice meal, clay, etc., is not uncommon. Country tallow should there
fore invariably be purified by melting and treatment ~h brine to remove such 
foreign matter before use. According to the eensuses of I.ive Stock in India, 
there are about 160 million heads of cattle, i.e., oxen and buffaloes,· and about 
40 million goa.ts and sheep in British India and Indian States. H we assume the 
average annual mortality among these animals from all causes to be about 
20 per cent. the number of carcases available for fat rendering is about 40 
million. Reckoning the fat available from these to be, on an average, about 
1 lb. per head, the total quantity available per annum from thIs source is 
about 18,000 tons. This is only a rough estimate, but it will sufficiently indi
cate what an enormous source of fat lies available in this direction. .No doubt 
most of the fat obtained from animals killed for food is utilised for domestic 
purposes, but there is ample scope for recovering fat from the carcases of 
deceased animals, which are now left to rot in the fields. Up-to-date plant for 
recovering wastes of this kind might be installed with profit in several parts 
of India. 

Tallow from goats is said to be inferior to beef tallow as a material for 
toilet soap making, owing to its tendency to tum rancid, but this defect is not 
indicated by test characteristics, which are given below, and it is therefore 
difficult to difEerentiate between them. For this reason it is advisable to use 
mixed tallow to produce the best results:-

Specific gravity at 15°C. 
Melting point .. 
Saponification value 
Iodine value 

Goat tallow • 
. . 0·937-0·953 

44-45°C. 
.. 192-195 

35-46 

Beef ta.llow. 
0·945-0·952 

4():.-...45°C. 
193-200. 
3S-46 

Inferior grades of grease such as bone fat, kitchen grease, etc., are used for 
making tow grade soaps. Fat rendering, as carried out in Europe and America, 
is unknown in India. 

Lard, 07' Pig fat-
The United States of America are the largest producers of this fat. It is 

widely used in the manufacture of soap, but the better grades are used for the 
. production of margarine and are also uSed, per se, for edible and culinary pur
poses. Lard gives a rather hard soap but one softer than that produced from 
tallow, as defined above, owing to its titre* being lower than that of tallow. 

• The titre of a fa' or an oil is the solidifying point of its fatty acids. 

M23ISD B 



8 

The fine varieties are used for the preparation of superior toilet soaps and 
shaving soaps. Its characteristics are as follows:-

Specific gravity at i5·0. 
Melting point 

Saponifi!,ation value 

Iodine value 

Ohinese vegetable taflow-

0·93~·938 

36-40°0. 
195·4 

50-70 

This is prepared from the fruit flesh of the tree Stillingia sebifera, grown 
largely in China and also met with in. India. The seeds yield stillingia oil, 
which has a high iodine value (160), and is used in the manufacture of paints 
and varnishes and as a substitute for tung oil. The solid fat is largely used in 
Europe for soap making, although in India it is seldom used for this purpose 
owing to its scarcity. 

The characteristics of this vegetable fat are as follows :-
Speoific gravity at 100·0./15·0. 
Melting point 

Saponification value 

Iodine value 

Dupafat-

0'8648 

37'8°0. 
203·2 
31·3 

This fat, also known as Malabar tallow, is obtained from the seeds of 
Vateria indica, a large ever-green tree chiefly found in Mysore, South Kanara, 
Malabar, and Travancore~ The seeds yield, on boiling with water, about 20 
per cent. of a solid greenish-white fat, with a pleasant flavour and agreeable 
taste, which is used mainly for edible purposes in South Kanara. This fat 
used to be exported to Europe some years ago from Mangalore for use as a 
chocolate fat. Second quality fat unfit for export was used and found to make 
excellent toilet soap at the Kerala Soap Institute. Dupa fat, when used with 
soft oils, produces an excellent toilet base. A solvent extraction process, 
utilising benzine and trichlorethylene, was followed at a factory near l\langa
lore, which ceased work during the Great War; the yield of fat, when such 
a process is used, is of course greater than in the case of the more usual type of 
boiling process, but some resinous matter is invariably extracted with the oil 
and this necessitates slight subsequent refining. Dupa fat can replace tallow 
in the preparation of household and good toilet soaps. Its characteristics are 
as given below:~ 

Specific gravity at 15°0. •. 
Melting point •• 

Saponification value 

Iodine value 

Kokumfat-, 

... 0·915 

37°0. 
188·7 
37·8 

. This is similar in appearance and properties to dupa fat, which has been 
described above. It is obtained from the seeds of Garcinia indica, a tree 
which is found to a considerable extent on the West Coast of India between 



Daman and Goa, and also in Travancore and Mysore, and the seeds contain. 
about 25-30 per cent~ of a solid fat. Several soap ·factories in Bombay Ul!e 
this fat instead of tallow for making washing and toilet soaps. The charac
teristics are as follows ;-

Specific gravity at 40°C. 
Melting point 
Saponification value .. 
Iodine value 

Palm oil-

0·8952 
41·42°C. 

187·191 
33·6 

This is prepared from the fleshy portion of the ripe fruit of the palm tree 
(Elaeis guineensis). The tree is a native of East and West Africa, but it has 
been introduced into other parts of the world and attempts have recently been 
made to grow the tree in Cochin, Travancore, p~rts of the Madras Presidency 
and Ceylon. The oil has a yellow colour, a fairly thick consistency, and a 
pleasant smell recalling that of violets. It is easily bleached and the bleached 
oil is available in the market, though commercial varieties of the oil are some
times adulterated. The kernel contains a different oil, with characteristics 
similar to cconut oil. Palm oil extracted at the Kerala Soap Institute from 
fruits obtained from Trichur gave -the following analytical figures, the figures 
for the African oil· being also noted for c0I?-parison;-

Specific gravity at 15°C. 
Melting point 
Saponification value .. 
Iodine value 

Ellupa oil (Mowrak oil)-

Trichur. 
0·923 
31°C. 
197 

48·9 

Mrican. 
0·9210---{)·9245 

27-42. 5°C. 
196-202 

61·5 

This oil has a semi-solid consistency arid is known generally as Bassia fat 
in Europe, there being two or three varieties of J3assia. The tree is found in 
all parts of India, chiefly in small groups in the forests or on the road-side in 
the plains. In northern India the species commonly met with is 'butyracea', 
while in central India it is 'latifolia' and in the Madras Presidency 
, longifolia " and there are slight differences in the characteristics of the oils 
obtained from these different species. The oil produced in the country ghan
nies or expellers generally contains a certain amount of albuminous and other 
impurities, which, however, should be'removed by refining processes, other
wise they will appear as dark spots in soaps. Mowrah oil contains a high 
percentage of solid fatty acids such as palmitic and stearic acids, and, as a 
result, the oil deposits stearine in the cold weather. This oil yields a fairly 
hard soap when used alone, but it is generally used in admixture with other 
oils. Being a semi-solid fat, it can be and is used to some extent to replace 
tallow in the preparation of household and toil~t soaps, especially in 
districts where the religious tenets of the people demand that they shall 
use soap having a pure vegetable basis. This oil has the following charac
teristics ;-

Specific gravity at 15°C. 
Melting point .. 
Saponification value 
Iodine value 

H23ISD 

0·9176 
42°C. 
188·192 
50·63 
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Pongam oil (Karanj)- \ 

This oil is obtained frop!. the seeds of Pongamia g'iabra, a tree which is 
foUnd chiefly in central and southern India. As an ingredient of good wash
ing soaps, this oil may be ruled out, owing to its peculiar odour and the liability 
of the soap to colour changes. Refining of the oil improves it to some extent, 
but the cost of the oil is also thereby increased. The oil is said to be good for 
cutaneous affections; and for making technical soaps such as soaps for saddlery 
and disinfectants, where colour and smell are a minor consideration, this oil 
can be extensively used as it yields a fairly hard soap. The characteristics 
are as follows :-

Specific gravity at 15°0. 

Saponification value 

Iodine value 

Oocculus I ndicus oil-

0·9367 

.. 185·1 

89·4 

This is the commercial synonym for the oil or fat obtained from the seeds 
of the shrub, Anamirta cocculus. The oil is of thick consistency, and batches 
of household and toilet soaps made from it, as a substitute for tallow, at the 
KeraIa Soap Institute have been found satisfactory in every respect. Regular 
I!upplies of the oil are, however, not available at present. The characteristics 
of this oil are given below:-

Specific gravity at 20°0. 

Melting point 

Saponification value .. 

Iodine value 

Hardened oils-

0·9258 

40°0. 

.. 189·8 

47·7 

Oils containing unsaturated fatty acids can be hardened to any required 
consistency by the process of hydrogenation, but linseed oil, groundnut oil, 
and fish oils, are generally used for this purpose. When subjected to this pro
cess, oils, in addition to being solidified, lose their characteristic odour, and the 
resulting fats also acquire a, slight yellowish to white colour, depending upon 
the degree of refining and hardening. If oils are hardened to a melting point 
over 35°0., the inherent odour of the original oil may not show itself in the soap 
made from it. The blending of hardened oils with soft oils should be carefully 
performed when it is required to produce soaps of suitable hardness and lather
ing quality. Hardened fish oils made in Japan were popular a few years ago 
on account of their low price. Hardened vegetable oils are now being produced 
in Ernakulam and Bombay, and also in northern India. The following 
figures show the characteristics of typical products of this type. 

Melting Saponifieation Iodine 
point. value. value. 

Japanese hardened fish oil 51°C.' 186-189 15-1& 

English hardened vegetable oil 51-52°0. 189·7 14'1 

Indian hardened vegetable oil 36--51°0. ' 188-204 16-113 
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(hoop (b). 

Ooconut oil (00C08 ntWiJera)-

Of the vegetable oils, the oil universally used by soap makers in India is 
coconut oil, this being used in the preparation of soaps made by all the processes. 
Coconut oil imyarts hardness and lathering qualities to soap, and is indispensa
ble for the prllduction of good soap by cold processes. It should be added only 
in moderate quantities--say about 20 per cent.-in toilet soaps, as excess will 
produce irritating effects on delicate skins. Coconut oil is available in differ
ent qualities, the best being Cochin oil the second quality being the oil obtamed 
by pressing or extracting inferior grades of copra. Ceylon is now exp,orting 
considerable quantities of coconut oil of good quality to India, as the supply 
from the West Qoast is not enough to meet the demand. 

The characteristics of good quality oil of this. kind are :-

Specific gravity at 40°C. 

Saponification value •• 

Iodine value 

Palm kernel oiTr---

0·9115 

.. 246-260 

8-9·5 

This is obtained from the kernels of the African palm nut, and is entirely 
different from the palm oil derived from the outer fruit pulp described on 
page 9 above.' Palm kernel oil is similar to coconut oil in its physical and 
chemical characteristics and is used in. large quantities in Europe for soap 
making and for edible purposes. The percentage of oil in the kernel varies 
from 43 to 50, and the oil has the following characteristics : 

Specific gravity at 15°C. 

Saponification value 

Iodine value 

Oli'1J6 oiTr---
(houp (c). 

0·9520 

242--250 

13·14 

This oil is obtained from the fruit of the olive tree (Olea europea, sativa L) 
The tree grows extensively in southern Europe and in the countries bordering 
on the Mediterranean Sea. Several attempts have been made to cultivate' 
the olive tree in the North-West Frontier Province of India, hitherto with 
indifferent success as regards the yield of oil, although the tree grows well 
and thrives and the wild olive (Olea cuspidata), is common in the Himalayan 
foot-hills. Olive oil was at one time used exclusively for the manufacture of the 
well-known Castille soap in Europe, but mixtures of oils are now used. Olive 
oil soap is used as·a. basis for high-class dentifrioes, toilet creams, and similar 
preparations and soft soap made from olive oil is used for pharmaceutical pur
poses. Owing to the very high price of good quality genuine olive oil, which is 
extensively used as salad oil, jt is seldom used for soaps, the demand for the 
purpose being met by inferior grades. Its place as a soap oil has been taken 
by groundnut oil, and soaps made with groundnut oil have been passed oft 
by various makers as pure olive 0'. soaps. 
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The characteristics of genuine olive oil are as follows :-
Specific gravity at 15°0. 

Saponifiation value 

Iodine value 

Poovam oil (Macassar oil)-

0·91~·918 

185-196 

79-88 

This is another of the oils which have been successfully ~ed for experi
mental soap making at the Kerala Soap Institute, It is obtained from the 
seeds of Schleichera trijuga (the Kusum tree), and a fairly hard soap is obtained 
from the oil. The difficulty is to secure a good and regular supply of this oil, 
as the trees are felled for the valuable timber. The oil is claimed to promote 
the growth of hair and it has the following characteristics :-

Specific gravity 

Saponification value 

Iodine value 

Neem oil (Margosa oil)-

,0·924 

215·3-230 

48·3-69·1 

This oil is obtained from the seeds of the neem (Melia azadirachta)-& 
large tree found throughout the greater part of India and Burma. The oil 
is greenish brown in colour and pos!lesses a strong garlic odour. It is prescribed 
by Indian physicians as a cure for skin diseases, and the oil has of late found 
extended application in the manufacture of neem toilet soap, which is marketed 
under different trade names by several soap manufacturers. The refined oil 
freed from impurities is generally used for the manufacture of soap, although 
some makers use the crude oil without preliminary treatment or purification. 

The characteristics of the oil are as follows :-
Specifio gravity at 16°0. 

Saponification value 

Iodine value 

N akor seed oiTr-

0·9142 

195·9 

69·6 

This oil is obtained from the seeds of Mesua ferrea, a large tree found in 
different parts of India, particularly in • .t\.ssam, and which is much valued for 
its timber. The seeds are rich in oil which has a slight reddish colour, due to the 
presence of resinous matter. The oil can be used in admixture with other 
oils for soap making, but the cost of collecting the seed from the forests appears 
to be high. This oil has the following characteristics :-. ' 

Specifio gravity at 15' 5°/15' 5°0. 0·935 

Saponifica.tion value 

Iodine value 

Oastor oiTr-

196-227 

79--96 

This well-known oil is obtained from the seeds of the castor plant (Ricinus 
communis), which grows in many parts of India. The cold-pressed oil is colour
less or of pale green colour has a characteristic smell and taste, and is used for 
medicinal purposes. Lower grades of the oil are obtained by second and 
third pressings and by extraction with solvents and these are used for technical 
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purposes, the colour of the oil being reddish in some cases. Owing to the pecu
liar characteristic smell of. the oil which may revive in a cold process soap some 
months after its manufacture, and the large quantity of salt required for 
salting out in the process of soap making, this oil is used in admixtures with 
other oils up to 20% only. Owing to the transparency it imparts to soaps, 
castor oil is largely used for preparing transparent soap, the smell of the oils 
in the case of these preparations being well masked by the liberal use of per
fumes. The characteristics are as follows:-

Specific gravity at 15·5'C •.. 
Saponification value 
Iodine value 

Groundnut oil (Arachis oil)-

o· 96(J().......{)· 9679 
183-186 
83-86 

This is obtained from the seeds of Arachis hypogfBQ" the seed being 
variously known as groundnut, earth-nut, pea-nut or monkey-nut. EXQellent 
edible oil is obtained from the nut by expression in the cold; the oil is nearly 
colourless, has an agreeabl~ taste, and is much used as salad oil in place of 
olive oil. Hot pressed oils, when properly purified, can be used for edible 
purpos~ but lower grades of these are fit only for soap making. Groundnut 
oil forms a good basis for soaps; it gives a fairly good body, but is seldom used 
alone for hard soaps. 

The following figures show briefly the characteristics of this oil :-
Specific gravity at 15'C. 
Saponification value 
Iodine value 

Punna oil-

0·917~·920 

185·6---194·8 
83·3-100 

Puilna oil is obtained from the seeds of OalophyUum inophyllum. This 
is an ever-green tree found in different parts of India, particularly in sandy and 
marshy localities on the east and west coasts. The oil is somewhat greenish 
to yellowish brown in colour, and has a peculiar odour not always pleasant~ 
The oil contains resinous matter, which often amounts to 15%. This oil 
was first introduced as a soap oil by the Kerala Soap Institute about 20 years 
ago. The green colour is altered to yellow by the action of caustic soda. 
A somewhat hard soap is obtained, as the oil is fairly thick, and the soap has 
a peculiar smell recalling that of the oil, which is difficult to mask by cheap 
perfumes. The oil should therefore undergo a process of refining so as to make 
it lighter in colour and less odorous, but it is not worth while, to use this 
oil unless the price of other vegetable oils such as groundnut oil is unduly high. 
The characteristics are as follows :~ 

Specific gravity at 15'C. 
Saponification value 
Iodine value 

Rape oil group-

0·9415 
198·7 
95·3 

Oils of the rape oil group are obtained from the various species of Brassioa. 
In India such oils are indifferently called' mustard oil,' whereas in other coun
tries some distinction is made. Rape oil is known in Europe as . Colza oil. 
Tori, and Sarson are common names for this oil in northern India. 
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Rape oil has a bright yellowish colour, and is used for edible purposes a8 
well as for soap making. The general characteristics of this type of oil are as 
given below:- . 

Specific gravity at 15· 5°C. •. 

Saponification value 

Iodine value 

Mustard seed oil-

0·913~·9168' 

170--179 

94-102 

This oil is obtained from Sinapis nigra, and is used to a considerable extent 
in northern India for edible and soap-making purposes. In the case of this oil 
the characteristics are :-

Specifio gravity at 30°C./30°C. 

Saponification va.lue 

Iodine va.lue 

Jambaoil-

0·9110 

176·2 

120 

This is pressed from the seeds of Eruca sativa, which grows largely in 
northern India and Sind. The oil is used as a hair oil and for soap making. 

The characteristics are :-
Specifio gravity at 15' 5°C. •. 

Saponification va.lue 

Iodine va.lue 

Curcas oil, (Jungle castor oil)-

0·9154 

172·5 

95·4 

This oil is obtained from the so-called. pllrging nut, (jatropha curcas and 
glandulifera), the seed of a plant which is used for hedges in southern India and 
elsewhere. The oil obtained from the white soft kernels is sometimes confused 
with ordinary castor oil pressed from Ricinus communis, but curcas oil is 
entirely different from castor oil in its phYilical and chemical characteristics. 
The oil has been used at the Kerala Soap Institute for soap making, and yields 
a fairly hard soap without the bad odour associated with ordinary castor oil. 
The characteristics of this oil are as follows :-

Specifio gravity at 15' 5°C./15· 5°C. •• 

Saponification va.lue 

Iodineva.lue 

Maroti oil-

0·981~·921 

189-194·5 

96-104 

This is obtained from the seeds of Hydnocarpus wig7.eiana a tree commonly 
found in the southern districts of the Madras Presidency. The Kerala Soap 
Institute first introduced this oil for soap making about 20 years ago. The 
oil is known nowadays as Indian chaulmoogra oil; it is widely used as a remedy 
for leprosy, and, owing to its medicinal qualities, the use of this oil is recommend
ed for the preparation of germicidal and disinfectant soaps.· The soap obtained 
by using this oil is fairly hard. The oil has the following characteristics: 

.Specifio gravity at 25°C. 

Saponifiootion va.lue 

Iodine va.lue 

0·958 

207 

101· 3--102·5 
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Sesame oil, or Gingelli oil-
This oil is obtained from the seed of the plant Se3alll/,ttm -indicum (Sesamum 

orientale). In India, sesame oil is widely used for edible purposes, owing to 
its pleasant flavour, as a hair oil, for toilet purposes, and as lamp oil in temples. 
In Europe, sesame oil is an important ingredient of margarine and vegetable 
butters. Inferior grades are used for soap making, especially in the south 
of France, but in India, owing to the availability of cheaper oils, sesame oil is 
seldom used in the manufacture of soap, and the bazaar quality is often adulte
rated with groundnut oil. 

The characteristics are as given below ;-
Specific gravity at 15°0. 

Saponi6.lItion va.lue 

I~dine va.lue 

Cotton 6eed oil-

0·9230-0·9237 

189-193 

103-108 

This is obtained from the seed of the various varieties of the cotton plant 
Gossypium. America, Egypt, and India are the largest producers of cotton 
seed, but the seeds vary considerably in their oil content and other properties 
according to the soil, the locality and the climatic conditions. The oil obtained 
by pressing the seed has a dark colour, and such oil cannot be used without 
refining. If the price of the refined oil falls below that of groun_dnt oil, it can 
be used economically for the manufacture of soap, otherwise there is no advan
tage in using the oil in India, except in places where no other cheap oil is 
available. 

The characteristics are as follows;-
Specific gravity at .15°0. 

Saponi6.e&tion va.lue 

Iodine va.lue 

Maize oil (Corn oil)-

0·9220-0·9250 

193-195 

108-110 

This oil is obtained from maize or corn, and is used as an edible oil in some 
countries. A company has recently been formed in Calcutta to build a large 
maize-starch factory in the Ambala district, Punjab, and maize oil may be 
obtained as a bye-product and used for the manufacture of soap, as-a good 
soap can be produced from it. The characteristics are :-

Specific gravity at 15·5°0 • •• 

Saponfie&tion va.lue 

Iodme va.lue 

Soya bean oil-

0·9213 -0·9253 

1118-193 

113-125 

There are many varieties of the soya bean plant.' It is indigenous to 
China (Manchuria), and attempts have been made with partial success to grow 
Boya bean in central and southern India, but the -present production is very 
small. The yield of oil from Indian seed is rather low, and even the Manchur~an 
bean yields only about 15%. In countries where there is a scarcity of oleagi
nous raw materials, as in Japan, this oil may serve as a soap oil, but in India, 
with its variety and quantity of oil seeds the prospects of soya bean cultivation 
for its oil for the purpose of soap-making are doubtful. A fairly hard soap-cap 
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be produced with the oil, next only to that produced from cottonseed oil in 
point of hardness and it can be used also for making soft soaps. The oil has 
the following characteristics :-

Specifi~gravity at 15°0 ' 

Saponification value 

Iodine va.lue 

Nigar seed oil--

0·9242~·9270 

192·7 

121·7 

This oil is obtained from the seeds of Guizotia ahyssinica, which is grown on a 
considerable scale in India. The oil is used mainly for edible purposes, 
and the lower qualities are used for soap making. The characteristics of the 
oil are as follows :- • 

Specifio gravity at 15· 5°0./15' 5°0. 

Saponification va.lue 

Iodine va.lue 

AmoO'l'a oil--

0·9248--0·9263 

188-191 

126--138 

This oil is obtained from the seeds of Amoora rohituka, a tree found in 
Bengal and elsewhere in north-eastern India and also on the Western Ghats. 
It is used commonly as a burning oil but of late it has been used in admixture 
with other oils for soap making. Its characteristics are as stated below:-

Specific gravit,y at 15·5°0 ... 

Saponification va.lue 

Iodine value 

Safflower seed oil--

.. -
0·9386 

189·7 

134-100 

This oil is obtained from the seeds of Carthamus tinctorius. The oil is 
generally used for edible purposes, but is also suitable for soap making. It has 
the following characteristics :-

Specifir gravity at 15·5°0/15·5°C. 

Saponification va.lue 

Iodine value 

Group (d). 

Linseed oil--

0·9253-0·9280 

186-192 

130-149 

The flax plant, Linum usitatissimum, from which linseed is obtained, is a 
natifle of India, Argentine, the United States of America, Russia and elsewhere. 
The chief uses of linseed oil are in the manufacture of paints and varnishes, 
linoleum, oiled fabrics, imitation leather, etc., owing to the excellent drying 
properties possessed by this oil. For the manufacture of soft soap there is no 
oil to excel linseed oil, as it yields soap of the finest quality, lustrous, transparent, 
and readily soluble, and' figging' will not develop, even on storage in cold 
climates. The price of linseed oil precludes it, however, from use in the, prepa-
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ration of cheap soft soaps at present, and substitutes are employed except in 
the case of certain special preparations. The oil has the following general 
characteristics :-

Specific gravity at 15·C. 

Saponification value 

Iodine value 

Ganja seed oil (Hemp seed oil)-

0·9315-0·9345 

192--195 

171-201. 

This oil is obtained from the seeds of Oannabis sativa. This seed is covered 
by a Government mo~opoly, and excess over the requirements for raising crops 
is pressed to produce oil by the Excise Department in Madras. The oil is of 
light brown colour and is similar to linseed oil in appearance and general propeJ:.
ties. The characteristics are as follows:- . 

Specific gravity at 29·0. 

Saponfication value 

Iodine value 

Fish oils-

f. 

0·9210 

191-193 

147·5-160 

Whale oil, cod liver oil, sardine oil, shark oil, etc., obtained from various 
marine fauna, are used in the manufacture of soap. Ordinary qualities are 
used for making soft soap, saddle soap and other varieties, and refined oils 
can be used for better classes of soap, i.e., for household and domestic soaps. 
Deodorised and de-colourised oils, transformed into solid fats by hydrogenation 
processes, can be used for "making superior household and toilet-soaps and 
can be utilised to replace tallow without interfering with the lathering and other 
properties of the product. Hardened fish oils have a great future in India" 
especially in the Madras Presidency, owing to the large quantity of fish oil
sardine oil (from Olupea longiceps)-available in the west coast districts. 
According to the estimates made by the late Sir Frederick Nicholson, the 
quantity of oil which could be obtained from this source in a good year is about 
10,000 tons. Excellent qualities of sardine oil are now being prepared by 
numerous private factories scattered along the Malabar Coast, but the catches 
of sardines have been poor of recent years, resulting in poor outturn of fish 
oil. Sardine oil is used for making soft soaps and insecticidal soaps, and also 
as a cheap raw material for paints. 

The characteristics of sardine oil (Olupea longiceps) are:-

Specific gravity •• 

Saponification value 

Iodine value 

•. 0·9241~·9251 

•. 194·7-195·9 

•• 165'5-173'2 

Most of the important fats and oils used or usable for the manufacture of 
soaps in India have been described above, but the survey has not been exhaus
tive and with the advance of researches into the domain of oleaginous materials 
new. sources of supply are likely to be tapped. Thus oils from tea seed, rubber 
seed, tung seed, and several other lesser known oil seeds are available for soap 
maikng, but only in limited quantities, and the properties and characteristics 



18 

of a number of oils from sources found in the Madras Presidency, and not 
hitherto used for this purpose, were determined by the author in 1910 and the 
results subsequently published. More recently the suitability of several other 
oils for the manufacture of soaps has been tested on a semi-commercial scale 
at the Kerala Soap Institute. In Bulletin No. 10 of the series of Bulletins of 
Indian Industrial Research, entitled" Indian Vegetable Oils," N. Brodie has 
collated information regarding the uses and detailed characteristics of almost all 
the Indian oil seeds 80 far published, and this publication forms a convenient 
book of reference for those interested in Indian oil seeds and oils. 

Continuous investigation is required in order to bring to light the character
istics an.d uses of all the available oil seed resources of India, as the potentialities 
of these resources are immense. This is sufficiently shown by the fact that the 
annual production of oilseeds in India is estimated at over 5,000,000 tons the 
aggregate value of this being £50,000,000 and the export in an average year 
being equivalent in quantity and value to one third of these totals. 
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CHAPTER m. 
ACID OILS (FATTY ACIDS). 

As a result of researches on the de-glycerination of oils and fats, the use 
of fatty acids for the manufacture of soaps has been developed in a number of 
countries in, place of the fixed i.e., neutral oils. This involves less labour, and 
also the percentage of glycerine recovered is higher than is obtained by treating 
soap Iyes. The manufacturing operations are simplified by the use of fatty 
acids, as the saponification process is quickened and completed within a shorter 
time, moreover the use of fatty acids enables sodium carbonate to be used 
instead of the more expensive caustic soda. It is, however, maintained by 
many soap makers and chemists that fatty acids do not lend themselves to 
the production of such high class soaps as do the neutral (fixed) oils, and that 
the appearance and feel of the soaps produced therefrom are also inferior. In 
the experience of the author, however, soaps made from fatty acids are of 
good appearance and can hardly be distinguished from soaps made entirely 
from neutral oils. 

Ordinarily, only household soaps are prepared with the aid of fatty acids, 
toilet soaps of the best colour and appearance being made from the neutral 
fats and oils; but distilled fatty acids from inferior grades of oils and fats 
are now being used to an increasing extent in the manufacture of toilet soaps 
in Europe. The manufacture of soap from fatty 'acids has to be carefully con
ducted as there is considerable frothing up and boiling over, due to the libera
tion of carbon-dioxide, when the fatty acids combine with the soda ash 
Iyes. ' 

There are three processes in use commercially by which fat splitting for 
the production of fatty acids is carried out, namely : 

1. The' Autoclave process. 

2. Twitchell's process. 

3. The Ferment process. 

By the first process mentioned above, the fats are hydrolysed under a pre!l
sure of 5 to 8 atmospheres in an autoclave in the presence of a base such as lime, 
magnesia or zinc oxide. The fatty acids 9btained by this process are usually 
discoloured, but this can be avoided by reducing the pressure, which has, 
however, the effect of reducing the output of fatty acids. 

The second process consists in the use of a sulphur aromatic compound 
invented by Twitchell, which hydrolyses the oil when added in small quantities 
not exceeding 2·5 per cent. of the weight of oils treated. The hydrolysis ill 
effected quickly, and de-glycerination is complete within 24 to 48 hours. The 
fatty acids obtained by means of this process become oxidised rapidly when 
exposed, and the greatest care is therefore necessary to exclude air as far as 
possible, also they do not withstand storage satisfactorily, as they darken on 
keeping; batches of oil should therefore be treated to meet immediate require
ments only. Twitchell fatty acids are in general use for the manufacture of 
ordinary soaps, both hard and soft. 
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The third process consists in the use of ferments for effecting the decom
position of the oil. Castor seed plays an important part in this process, oWing 
to the peculiar properties'possessed by the castor lipase or ferment in emulsi
fying and splitting the oil. When this method was first introduced the pro
cedure followed was to . add well-mashed castor seed to the oil, this effected 
hydrolysis, but the products were contaminated with the husk and albumi
nous substances contained in the seed. Decorticated seeds were subsequently 
used, but without much improvement. The hydrolysing agent, however, 
is now satisfactorily prepared from a mixture of well-ground castor kernel and 
some castor oil or cottonseed oil, the mixture being then passed through a 
centrifuge. The ferment mixture which forms the middle layer holds the real 
hydrolysing agent. 

'Several modifications of the process have been introduced so as to 
enhan~e the action of or to activate the lipolytic ferment. Generally approxi
mately ~ per cent. of the ferment and 0·2 per cent. of manganese sulphate 
are in+'roduced into the vat or pan (usually lead lined) containing the oil, 
and the mixture is then well agitated by air jets so as to form an emulsion. 
The oil should be in a liquid state and fairly warm. After the mixture has 
been well stirred, it is allowed to stand a day or two in order to allow fermen
tation to proceed. The emulsion, once formed, should not be allowed to 
separate, and the mixture needs careful watching in this connection. Samples of 
the fatty acids are taken from time to time and examined so as to ascertain the 
extent of hydrolysis, 'and when the action has reached the stage of completion, , 
the mixture is heated by steam to a temperature of about 80°C---85°C .. Strong 
sulphuric acid-less than 5 per cent.-is then introduced and the mixture is 
again agitated by air jets, after which it is allowed to stand. 

A glycerine-water mixtUIe then falls to the bottom of the vat, a clear layer 
of fatty acids forms on the top, and in the middle is suspended a mixture of 
fatty acids, glycerine, water, and the albuminous bodies contained in the oil 
treated. These layers are drawn off and separate a. by decantation, after which 
the middle layer is again treated to separate the fatty acids and glycerine from 
the other contents; for this purpose heat is applied, which breaks up the mixture 
and enables the separation to be readily effected. 

The ferment bacillus is destroyed at temperatures above 42°C, hence solid 
fats of higher melting points, e.g., higher than 42°C, cannot be split by this 
process. Judicious mixtures of oils and fats should be made so as to overcome 
this difficulty. 

Large quantities 01 common oils and fats are treated in Europe, especi~lly 
in Germany, by this process for the production of fatty acids and glyce.rme. 
The fatty acids obtained thereby have a much better appearance than eIther 
of the products obtaine4 from the first two processes. 
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CHAPTER IV. 

REFINING OF OILS. 

Simple, though rough and ready, methods of refining oils and removing 
. their rancidity are practised by most small soap factories which have a steam 

supply available. Thus oils can be refined and deodorised to a certain extent 
by blowing steam through them, and rancid oils may be neutralised to a consi
derable extent by treatment with caustic soda or preferably soda asn solu
tions, the free fatty acids content of the. oil being first determined and the 
appropriate quantity and strength of solution being added to neutralise this. 

During this neutralising operation a considerablE quantity of soda soap in 
intimate admixture with the oil is produced, and this product, which is called 
soap ~tock, is largely 1JSed for the preparation of cheap household soaps. 
The removal of free fatty acids from rancid. oils is of special importance in 
connection with the preparation .of soaps by the " Cold" process, wlllch is 
described in detail in Chapter VII below. 

• 
The treated oils resulting from the above operations willbe found suitable 

for the manufacture of soaps of ordinary quality, but if the oil requires to be 
bleached, i.e., the colour changed from yellow or dark to white or yellow
ish white and at the same time deodorised, more complex methods become 
necessary which entail the use of more complex plant and operations. There 
are different processes. One process may be suitable for one kind of oil, whereas 
quite a different process will be required for another, according to the nature, 
composition, and condition of the oil to be treated. It is advisable to make 
small-scale experiments in the laboratory and ascertain the best method 
before carrying it out on a commecrial scale. The following methods are com
monly followed :-

(i) Clarification by Fuller's Earth.-Oils made in the .country chekkus 
always contain an appreciable quantity of moisture, resinous and . albuminous 
matter, and portions of the Grushed meal (poonac) ; on that account such oils 
are generally opaque and cloudy in appearance. To remove these defects and 
to make the oil clear and bright is a fairly easy matter. The crude oil is placed 
in an iron pan, preferably cylindrical shape with a conical bottom, provided 
with one or two exit cocks on the side and bottom. Solid impurities, if any, 
will settle to the bottom of the pan and can be drawn out before treatment. 
It is sometimes advisable and necessary to transfer the clear oil freed from 
sediment to another pan of .similar construction and to conduct therein the 
further operations. Susp~nded impurities and mucilage, etc., will take long 
to settle and this is accelerated and finally completely effected by the addition 
of Fuller's Earth, of which 2-5 per cent. is added to the oil. .The oil is then 
heated to about 150°F (66°C), and this temperature maintained for at least an 
hour, the contents of the pan being well stirred, after which they are allowed to 
rest for 24 hours. The Fuller's Earth will carry down with it the moisture, 
impurities, and foreign matter, and at the same time, by absorbing the 
colouring matter if any, leave the oil of fine colour and appearanc.e. The 
bleached and purified oil can then be decanted or removed through the cocks, 
and finally filtered through a filter press if necessary. The Fuller's Earth carries 
down with it a certain amount of the oil, and this can be recovered either by 
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steatning or by extr!lcting with solvents, but the oil thus obtained will be found 
to be of poor quality and fit to be used only for technical purposes. Other 
clar fying agents which ,are used are china clay, animal charcoal, etc., which 
have more or less similar properties. 

(ii) Refining by sulphuric acUZ.-Owing to its great affinity for water, 
sulphuric acid exerts a powerful action on all organic bodies. If any crude 
vegetable or animal oil is treated with small quantities of this acid, the vege
table or,animal matter found in such oils is very readily acted upon by it. Acid 
sHould be added very carefully and in small quantities only, and excess of acid 
should be avoided as it has a charring effect which will tell upon the quality 
and output of the purified oil. The oil is placed in a suitable pan, preferably 
lead-lined, raised to a temperature of about 1l0-120°F., and about 1 or 2 
per cent. of strong acid, previously diluted with an equal volume of 'Yater, is 
added in a thin stream and the contents well stirred for a short time. Undi
luted acid should never be used, nor should the quantity of acid exceed 3 per 
ce~t. of the weight of the oil to be treated. After allowing the contents to rest 
for a day, about 50 per cent. of warm water is added to the oil, so as to remove 
the excess acid, after which the oil will appear at the top and the acid water 
separates at the bottom. The oil is tp.en recovered by decan~,ation, and finally 
given repeated washings so as to remove the last traces of acid. The resi
dual oil will be found to be very light in colour, devoid of much odour, and 
suitable for ordinary purposes. This treatment is used to purify rank fish oil, 
and can also pe applied to several kinds, of vegetable oils and animal fats. 

(iii) Bichromate of pota.sh process.-This consists in oxidising the impuri
ties in the oil by means of bichromate of potash and sulphuric or hydrochloric 
acid. The oil to be bleached is heated to about 120°F. to 130°F., and about 1 per 
cent. of bichromate previously dissolved in water to form a thin solution is 
added. About It to 2 per cent. of concentrated hydrochloric acid or sulphuric 
acid, diluted with an equal volume of water, is then added to the mixture, 
after which the whole should be well agitated for about 10-20 minutes. The 
reddish brown colour of the bichromate solution will change to green, when the 
reaction is complete, at which stage the mixture is allowed to rest for some time 
and finally washed free from acid and chromium salts. It may require two or 
three washings to remove the last traces of the green colour. This process is 
best suited for bleaching tallow and similar fats 

(iv) Bleaching po'wder process.-The expensive bichromate method has 
been substituted in some places by the hleaching powder process, which is 
more or less the same as the former except that only hydrochloric acid can be 
used with the latter. The process should be carried out cautiously and with 
great care, as chlorine gas, if applied in excess, will act injuriously on the bils. 
Or~rily, about t per cent. of fresh bleaching powder will suffice, but it is 
found that this powder loses strength on exposure, hence quantities required 
should be adjusted after determining the available chlorine content of the 
bleaching powder which will be used. The oil is first heated as usual to 120°-
130°F., and the required amount of bleaching powder mixed with two or three 
times its quantity of acid is added and the mixture well stirred. The chlorine 
gas which is evolved acts as a bleaching agent as well as a deodorizer. .After 
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a few hours, when the reaction is completely 'finished, the oil is washed free 
from the chemical and removed as usual. In the case of off-coloured oils ahd 
fats, it is better to put them through a second treatment, as the result will be 
more satisfactory than that obtained by a siIigle treatment. Chlorine bleach
ing is applied generally to the treatment of oils and fats which are not meant 
for edible purposes, as the smell and taste of chlorine is said to persist in the 
oil even after repeated washings. .. 

(v) Bleaching by means of hot air.-This is a simple process adapted parti
cularly for bleaching palm oil, which is deep yellow in colour. The oil to be 
treated is first clarified by means of sulphuric acid so as to remove any extra
neous vegetable matter. The clarified oil is then transferred to a cylindrical 
tank, with a coniqal bottom and fitted with dry and wet steam coils, and heated 
by dry steain to a high temperature, say, about 1500 -lS0°F. A current of air is 
subsequently injected into the pan by means of an air compressor and allowed 
to play on the heated oil for two or three hours. The oil becomes gradually 
bleached from yellow to white, and then looks quite a different product. For 
further details, the following books may be consulted:-

.. ' 1. Chemical Technology and Analysis of Oils, Fats and Waxes. By 
Dr. J. Lewkowitsch, (3 vols.), Macmillan and Co., Ltd., London. 

2. Animal and Vegetable Oils, Fats and Waxes. By Dr. G. Martin' 
Crosby Lockwood & Son, London, E. C. 4. 

3. Vegetable Fats and Oils by L. E. Andes; translated by C. Slatter, 
Scott, Green,,!ood & Son, London, E. C. 4. 

M23ISD 
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CHAPTER V. 
ROSIN OR COLOPHONY. 

This substance is' the residue left after turpentine is distilled ofi from the 
oleo-resin which exudes from the wood of certain species of pine tree. Rosin 
has a transparent and vitreous appearance and is very brittle; inferior grades 
are lacking in lustre and are only faintly transparent, in such cases the material 
contains a considerable amount of extraneous unsaponifiable matter. Consi
derable quantities of rosin were 'at one time imported into India from France 
and America, but since 1914 rosin of fine quality has been produced by factories 
in India, namely, the Jallo Rosin and Turpentine factories at Lahore, Punjab, 
and at Bareilly in 'the United Provinces. 

Statistics relating to the quantity of rosin and turpentine imported in 
India, the quantity produced in India, and that exported by the Indian 
factories during the last 5 years, have been kindly furnished by Mr. Guest of 
Messrs. Guest & Co., Managing Agents of the Jallo Rosin and Turpentint' 
Factory, and are given below. 

Imports.-{Rosin and Turpentine). 
C&1endar 

year. 

1932 .. 
1933 .. 
1934 .. 
1935 .. 
1936 •• 

Year. 
Production. 

Rosin Turpen-
Mds. tine 

Galls. 

Rosin 
Cwts. 

17,769 
29,947 
82,805 
62,931 
41,080 

Indian Sales. 

Rosin Turpen-
Mds. tine 

Galls. 

Turpentine 
Galls. 

27.167 
31;512 
51,194 
38,060 
38,207 

Exports. 

Rosin Turpen-
Mds. tine 

Ge.lls. 

1932-33 1,18,042 2,72,268 1,11,255 1,39,569 28,394 2,59,747 
1933-34 1,34,656 3,06,760 1,06,967 1,45,460 14,157 58,842 
1934-35 1,28,061 2,92,972 1,17,786 1,35,117 15,981 1,50,080 
1935-36 1,34,563 3,07,699 1,20,097 1,58,003 13,019 1,68,946 
1936-37 1,25,422 2,86,199 1,52,000 1,69,000 30,000 39,000 

Rosin is not a true and normal glyceride like an oil or fat, as it lacks the 
glycerol radical, though it is saponifiable. It has, however, come to be legiti
mately classed as a raw material for the manufacture of soaps, as it is readily 
acted upon by soua ash or caustic soda and then yields a lathering product, and 
is now widely used as a cheapener 1l.L..:l also as a binding material owing to its 
cohesive property. Fine water-white qualities in small proportion only should be 
used in toilet soaps, as excess of rosin is likely to make the soap unduly adherant 
to the skin. It forms a useful ingredient of household soaps, as it masks by its 
somewhat aromatic odour, the disagreeable emell of cheap fats and greases_ 
It is also used in transparent soaps, but should be excluded from textile and 
special industrial soaps and soap powders. There are several grades of rosin, 
such as A. 1 ; WW; lOG; and many others, and the characteristics vary consi
derably. The general characteristics of the Jallo material are as follows :-

SpecifiogravityatI5·5°C l'OHol'08 Acid value .. 165-175 
Meltin~ point . . Over 100°C. Unsaponifiable matter " 3--5 % 
Saponification value . • 175-185 



CHAPTER VI. 

CAUSTIC ALKALI, SALTS, FILLERS AND WATER. 

Next in importance to oils and fats as an intrinsic ingredient in soaps is 
caustic alkali. Soaps produced commercially contain caustic soda or caustic 
potash and soda ash, and the development of the soap industry has followed 
the discoveries and improvements effected.in the manW"acture of alkalis. 

Caustic Soda-
The Le Blanc process of converting sodium chloride or common salt into 

caustic soda was the most important, and this method of manufacture was .the 
only one in use for a long time. This process involved three stages, namely, 
(1) the conversion of sodium chloride into sodium sulphate, (2) the preparation 
of crude sodium carbonate or black ash from sodium sulphate, by heating with 
coal and limestone, (3) the manufacture of caustic soda from the soda ash 
obtained from (2). 

Subsequently, however, other processes have been developed, the chief of 
these being the Solvay process, in which bicarbonate of soda is prepared from 
common salt and ammonia in the presence .of carbonic acid gas, the soda 
obtained from this being known as ammonia soda.' This process is largely 
employed in many alkali works, in England, Europe and America. These 
processes are not within the reach of small soap makers, but they are able to 
purchase finished caustic soda or prepare their own caustic liquor from soda 
ash, which is available for purchase in a high state of purity. 

Caustic soda is now largely prepared by the electrolytic process from brine. 
It is best for small soap factories to buy solid caustic soda, which is sold in 
different strengths and forms, flake solid and powder, and put up in convenient 
packages from lIb. to 10 cwts. The grade or quality of the substance is maJ;"ked 
on the drums or easily ascertained by simple tests. . 

Caustic soda is sold in different grades or strengths, namely 60°, 70°, 74°, 
76°_77°, these grades indicating in each case the percentage of sodium oxide 
contained therein; thus 76-77° caustic soda, the highest grade, contains about 
100% of sodium hydroxide, 74° about 95·5%, 70° about 90·32%, and 60° 
about 77·5%. Soap factories which have to depend upon imported caustic soda 
find it advantageous and economical to use the higher strengths, as sea and 
railway freights and other incidental charges are the same for a low grade as for 
a high grade material of equal weight or measurement. 

Inferior grades contain impurities and extraneous substances such as 
chloride, carbonate and sulphate of soda, which are simply thrown out with the 
lyes or lost on boiling. The quantities of lower grades of caustic soda equiva
lent to one ton of pure 76-77° caustic soda are as follows :-

Cwta qr. IbB. 

74" 20 2 19 

70" 21 3 12 

60" 26 2 0 
02 
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The percentages of sodium hydroxide held by lyes prepared from differ
ent grades of caustic sqda are shown in the table at Appendix A. 

Caustic soda can be made from soda ash (sodium carbonate) by soap fac
tori<:lS which are able :to obtain cheap and plentiful supplies of lime and soda 
ash of good quality, as the plant required is fairly simple. Since the caustic 
soda is used in the form of a solution, the commercial quality requires to be , 
dissolved in water, and this entails a certain amount of labour for breaking the 
material, as received, into small pieces. The caustic soda prepared from soda 
ash is produced, however, in a dilute form, and this can be used straight away for 
certain soaps and in a slightly more concentrated form for the preparation of 
cold process soaps, which.require stronger lyes. The cost of concentrating the 
caustic liquor to obtain it in solid form, and the labour and other charges for 
dissolving it at the soap factory, can be eliminatd and appreciable saving thereby 
effected. It is therefore advantageous for a factory to prepare its own 
caustic liquor from soda ash-especially if it is to obtain the other materials 
required at favourable rates. 

During the Great War, when caustic soda from England was unobtainable 
the Kerala Soap Institute made its own caustic soda from soda ash, which 
could be imported though at prohibitive prices, and a few cottage factories also 
resorted to this practice. It frequently happened in these cases, however, 
that the calcium carbonate was not separated but used with the lyes and added 
to the materials in the soap pan, thus contaminating the soap with this undesi
rable compound. 

A crude and rather unsatisfactory but easy method of preparing caustic 
lyes is to spread alternate layers of quicklime and soda ash ina tank, and then 
allow water to percolate through the mass. Chemical action then takes place 
between the two substances, producing caustic soda liquor. The quantities 
of materials required should be calculated with reference to the strength of the 
soda ash and that of the lime used. The ly6s collect at the bottom and are run 
out through a cock, but they are likely to be contaminated with particles of 
free lime and soda ash. The boiling method of causticising soda ash is superior 
to the other processes. Most of the caustic soda used by Indian soap factories 
is imported. 

In India, a crude form of sodium carbonate is found in certain parts of 
central and northern India as incrustations and efflorescent deposits on ' Ussr ' 
lands. Such deposits are known as "Reh " or" Sajji Matti". They contain 
widely varying mixtures of sodium carbonate, sodium sulphate, sodium 
chloride, sand, and other substances. The soluble matter fmms about 5 to. 
15 per cent. of the whole mass, which in its turn contains about 85 to 90% 
of sodium carbonate; bad samples contain more of sodium sulphate and 
chloride and less of carbonate. Soda ash is prepared from those deposits by a 
series of Iixiviating and settling operations, whereby the clear soluble matter is 
recovered. The sodium carbonate is crystallised out of the sodium chloride 
and sodium sulphate, and the sodium sulphate on being heated with lime and 
charcoal, yields a crude form of soda ash which can be lixiviated to produce 
sodium carbonate. This process has been found, however, to be uneconomical. 
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About 20,000 tons of caustic soda, of the value of about Rs. 42 lakhs, are 
imported annually into India, most of whioh is consumed by soap factories, 
and the imports of this substance have been steadily increasing during recent 
years. With the establishment of factories in India by the Mettur Chemical 
and Industrial Corporation, Ltd., and Messrs. Imperial Chemical Industries, 
Ltd., and other firms which are contemplating manufacturing it, however, it is 
to be anticipated that imports will decrease. 

Oaustic Potash--

fotassium carbonate, obtained from sea-weeds and other vegetable 
substances, was the alkali employed by soap makers in the early days of the 
soap industry. The carbonate was converted into caustic potash by the action 
of lime, and this was used for saponifying crude fats, the resultant tloap being 
partly turned to soda soap in the process of salting out with common salt. At 
the present time, the ashes from land and marine plants provide about one half 
of the total output of potash, and Canada and Germany produce large quanti
ties from these sources. Potash is also obtained from potassium sulphate 
produced by the decomposition of the natural chloride with sulphuric acid. 
Other sources of potash are the beet-root, molasses, suint or exudation from 
the wool of sheep, and several forms of silicates containing potash salts. The 
Stassfurt deposits of Germany consist mainly of chloride of potassium and 
chloride of magnesium, and these are present in enormous quantities yielding 
annually many thousands of tons of caustic potash. The potassium chloride 
is leached and precipitated, and is then converted into the form of carbonate, 
from which, by the action of lime, caustic potash is prepared. 

Potash is used largely for the preparation of soft soap, and to a limited 
extent in the preparation of toilet soaps, shaving soaps, and liquid soaps. 
Pearl ash, which is the trade name for potassium carbonate, is added, to improve 
the tran!'parency and smoothness of soaps. I 

Oommon Salt-

Salt or sodium chloride plays an important part in soap manufacture. It 
is added either in the solid state or as solution at the appropriate stage of soap 
preparation in order to effect separation of the impurities and glycerine, as 
ordinary soap!! are insoluble in salt solutions. Salt is also added as a filler to 
coconut oil soaps, owing to its low price. Salt is prepared from sea-water in 
large quantities in India, but magnesium chloride and other substances are 
found in admixture with sodium chloride in sea-water and these require to be 
removed by settling and precipitation, in order to obtain the sodium chlorid.e in 
a sufficiently pure state. It is essential that the salt used for soap manufacture 
is not contaminated with'magnesium chloride, as the latter substance is a prime 
cause of sweating in soaps. Most of the salt used in the soap-making process 
is recovered in the subsequent process of glycerine refining, and is then avail
able for re-use. 

The precentage of salt contained in different strellgths of brine is given in 
the table at Appendix B. 
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Fillers-

Other materials, though n~t essential for the production of soaps, a.re 
often added to increase the detergent qualities or to act as filling substances, 
substances of this kind being sodium and potassium silicate, borax, talc and 
glauber's salt. Of these, sodium silicate or water glass is widely used, this 
substance being obtained by the fusion of fine sand with caustic soda or soda ' 
ash at a high temperature. The commercial article is a thick viscous liquid 
of about 60oBe, of the following composition :-

Silica .• 

Soda .• 

Other soda salts 

Water .. 

Per cent. 

32·0to33·0 

16·0to16·5 

2·5to 3·0 

4S·0to49·0 

The silicate has an alkaline reaction and should be used in small quantities 
only, in good washing soaps. A small percentage of sodium silicate and sodium 
carbonate improves the hardening and detergent qualities of the soap, but larger 
quantities are mainly added to make weight. The soap is rendered wasteful 
in use if unduly loaded with such substances. 

Wate,.-
A supply of good water is most necessary for soap manufactUre and should 

be available in the soap factory. The water should be as free as possible from 
salts of lime and magnesia, as insoluble soaps will be formed by the combina
tion of such salts with soda soaps and will result in much unnecessary waste of 
material. 
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PLATE 1. 
The cold process room

-. JCerala Soa~ Institute, Calicut, 
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UJiApTER VII. 

SOAP MANuFACTURING PROCESSES. 

Three processes for the manufacture of soap are practised in india. These 
are the following :-

1. The " Cold" Process, including the Modified " Cold " ProCess-. 

2. The" Semi"boiling " Proce~s, 

3. The" Boiling ~, ProcesS, 

The .1 Cold" Process. 

The" cold" process, as the name implies, does not require the application 
of heat at any stage, the operations being carried out at the o~dinary air. tempe
rature of about 90°F-120°F. The plant required is cheap and of the simplest 
description, usually comprising a small pan, preferably of iron, and a small 
cooling frame or box made of wood or iron. The size of the frame most suitable 
is one capable of holding about 2 to 21 cwts. of soap, and is broad and shallow 
instead of narrow and deep. The frames used at the Kerala Soap Institute for 
this process are 21" long, 151" broad and 19" deep, and these have been found; 
by experience, to be the most suitable size. The sides are secured by means of 
screws and bolts, and they fit properly on to a bottom plate arranged so as to 
make the assemb.Ied frame water-tight. For convenience in moving the frall:).e, 
four wheels are provided. The soap pan is made of cast or wrought iron, those 
in use at the Kerala Soap Institute being made of cast-iron, 31" diameter and 
241" deep, and holding about 500 lbs. of materials. 

The oil par excellence for making cold process soap is coconut oil, as this oil 
and other oils of this group (vide Chapter II) possess the property of combinllig 
with strong solutions of caustic soda at ordinary atmospheric temperatures, the 
resultant product being a hard soap. This oil has not only the property of 
re~dily uniting with caustic soda, but also of inducing other oils and" fats to 
become saponifiable in the cold, and this property, therefore, is utilised to enable 
other oils such as groundnut, castor, mowrah, etc., and tallow, to be used in 
the manufacture of soaps by this process. The addition of such oils should, 
however, be limited to certain proportions compatible with the hardness, odour 
and other properties of the required product. Generally speaking, about 
50% of oils other than coconut oil can be added, but in good practice smaller 
percentages are used. ' 

The following description indicates the procedure followed in this process. 
The correctly weighed quantity of oil: or miiture of oils is transferred into the 
pan, and a solution of caustic soda of 36°Be-38°Be stre~gth-the exact quan
tity required being ascertained by reference to the saponification value of the oil 
or miiture of oils used-is then gradually run into the pan with the aid of a 
ladle, after which the contents are well stirred by means of a Blllall wooden bat. 
The temperature of the oil may be anything between 75°F and 120°F, but if it is 
much above 120°F, there will be considerable difficulty in effecting combination, 
as the oil then has a tendency to separate from the caustic lye. 
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Coconut oil is fluid at ordinary temperatures in the plains ofIndia, but when 
solid and semi-solid fats are to be used, such as tallow, mowrah oil, etc., these 
should be brought into a liquid condition so as to facilitate saponification. 
Such fats may be melted in different containers and brought to the mixing pan 
or, if sufficiently pure and free from impurities, can be melted in the mixing 
pan itself, in which case suitable heating arrangements should be provided 
and the pan mounted on a masonry foundation, with a suitable fireplace to 
burn wood or coal. 

The temperature of the caustic lye should not differ very much from that 
of the oil used, for if too cold it might chill the oil, and if too hot it may not 
combine with the oil at all or will do so only after much delay. 

When the contents of the pan have been stirred for a few minutes, a thick 
emulsion forms, indicating that the required combination is taking place, and at 
this stage the contents are transferred to the frame by means of ladles, stirring 
being continued in the frame to ensure proper inter-action of the materials. 
Perfumes and colouring materials, if required, are usually added to the contents 
of the pan before the mixture is transferred to the frame. 

When the contents of the pan have bee~ completely transferred and well 
stirred in the frame, the mass will thicken in consistency, and at this stage the 
frame should be covered with a lid and allowed to stand without further 
disturbance. Chemical action then tak~~ place with evolution of heat, the 
temperature of the mixture rising to about 180°F in the course of a few hours, 
and saponification is complete within 24 hours and sometimes within a shorter 
period. Usually the frame is then allowed to rest for one day, after which the 
sides of the frame are removed and the soap is cut into slabs and cakes, and 
finally stamped. 

If the oil!; and fats are rancid, then the combination of the alkali with the 
oil takes place rapidly, on account of the avidity of the free fatty acids for 
caustic alkali. In that case, the saponification will be imperfect and irregular, 
due to portions of the caustic lye being entangled in the mixture side by side with 
some unsaponified oil. In order to obtain satisfactory results it is therefore 
necessary that the fatty materials used should not be rancid; a slight acidity in 
the oil is, however, somewhat advantageous as it assists in starting s,aponifica
tion, since completely neutral oils take a longer time to combine with the 
alkali. When the oils are rancid, the extent of the acidity should be ascertained 
by analysis, and the oil freed of its excess of free fatty acids by treatment with 
the required quantity of caustic soda solution or preferably that of soda ash 
(sodium carbonate), after whic:' thl' refined oil can be used with satisfatory 
results. 

Since no separation of the glycerine is effected by means of salt in this 
process, and as all the materials added are retained in the soap, it is imperative 
that they should be as free as possible from dirt and impurities. Moreover, as 
already stated, the temperature of the oils should initially never exceed 120°F, as 
otherwise combination will be difficult or even practically impossible to effect. 
The stirring oftte oil and caustic soda solution mixture should be carried out 
slowly and carefully, as too vigorous an action tends to prevent saponification, 
by separating the oil and caustic lye into two layers, 
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Although this process seems simple and within the easy reach of everyone, 
it can cause considerable trouble if attention is not paid to the manipulative de
tails. In fact it is so simple that untrained workers generally do not appreciate 
the importance of detail, with the result that the soaps turned out by them are 
often of indifferent quality. If a slight excess of caustic soda is left in the soap, 
it will be very harmful to clothes or the skin, and if there. is a deficiency of caustic, 
the result is equally bad, as unsaponified oil makes the product greasy and liable 
to turn rancid, on keeping, within a short period of time. The cold process 
enables unscrupulous persons to turn out adulterated soaps, as water and worth
less filling materials can be readily incorporated with the soap since coconut oil 
has the property of making such soaps hard. Soaps have in fact been made 
and put on the market which contain less than 10% fatty acids, the rest being 
mostly water, carbonate and silicate of soda, talc, starch, etc., most of which 
substances are useless as cleansing agents; such soaps are merely "water 
made to stand up-right", and the poor quality can be judged by the fact that 
genuine soap contains about 60% offatty acids. 

Pure soaps of the type of " Vegetol " soap, made by the Kerala Soad 
Institute from coconut oil, can be used even as toilet soaps. The soaps made 
from coconut oil have the unique property of lathering in hard and brackish 
waters, as such soaps dissolve appreciably in such waters, unlike soaps made 
from other oils and tallow. Coconut oil soaps can therefore be used satisfacto
rily in localities where ordinary soaps are almost useless, but on the other hand 
the coconut oil soap will lather too freely in soft waters and may occasionally be 
very wasteful under such conditions. 

Cold process soap contaiD.ing coconut oil is liable to sweat when exposed 
to humid atmosphere, due partly to the constitution of the fatty acids and to 
the glycerine retained in the soap. What might also be regarded as a further , 
disadvantage is the loss of glycerine, which is a valuable bye-product; oils and 
rats contain usually about 10% of glycerine-coconut oil contains 12% and 
this is not recovered. A point for consideration is that since coconut oil is the 
principal oil used, the soap maker will be handicapped if, for any reason, this oil 
is not available owing to its high price, as he would then either have to stop 
making good soap or resort to adulteration. 

The chief advantages of this 'Process lie in the cheapness of the plant required 
!l.nd the simplicity and the quickness oftheoperation.'!I. Whereas to finish a soap 
oy the boiling process takes about a week to ten days, it requires only a day or 
~wo by the cold process, the capital required is small, and small quantities of 
!oapT say 1 cwt. or less, can be economically tUrned out, thisbeing impossible 
oy any other process. Where there is no plant to recover the glycerine, the 
cold process is the most suitable, since all the glycerine will be left in the soap 
thus adding to its weight, whereas in the case of boiled soaps it is removed with 
the Iyes. The popularity of this process is, however, waning owing to the diffi
culty of obtaining cheap oils, and liability of th soaps produced by it to turn 
bad unless great care is taken during manufacture. There is, moreover, not 
much demand for cold process soaps for toilet purposes, since the market is now 
glutted with perfectly milled and agreeably scented soaps which are more 
durable and satisfactory. 
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A few recipes for making cold process soaps are given below: perfumes may 
be added as required :-

Lb,s. Lbs. 

tI) Coconut oil so (5) Coconut oil 50 
l\Iaroti oil 20 Tallow .. 50 
NaOH solution, 3soBe 53 NaOH solution, 3So Be 49 

(2) Coconut oil 60 (6) Coconut oil 70 
Mowrah oil 20 Hardened vegetable oil 20 
Groundnut oil 20 Groundnut oil 10 
NaOH solution. 3soBe 50 NaOH solution, 38°Be 51 

(3) Coconut oil 75 (7) Coconut oil 60 
Castor oil 15 Soya bean oil 20 
Groundnut oil 10 Mustard oil 10 
NaOH solution, 38°Be 52 Jungle castor oil .. 10 

(4) Coconut oil 50 NaOH solution, 3soBe 49i 
Tallow, mixed 30 (8) Mowrah oil 50 
Cotton seed oil, refined 10 Coconut oil 35 
Mowrahoil 10 Groundnut oil 15 
NaOH solution, 38°Be 49 NaOH solution, 38°Be 46 

Modified" Cold" Proce8s-

Ordinarily, rosin is not used as an ingredient in cold process soaps, owing to 
, certain difficulties experienced in mixing it and the patchy appearance it imparts 
to the soap. The process therefore requires to be modified to produce suitable 
results when rosin is to be used. In that case the rosin is melted with the 
oil stock, any impurities present being removed by straining through cloth, after 
which caustic lye is added of the required strength and quantity and the con
tents of the pan kept well stirred. Solutions of silicate of soda, carbonate of 
soda and other filling materials can be mixed with the caustic lyes before they are 
added to the oil-rosin mixture, or these can be added after the mixture has 
become somewhat thickened. Fairly good qualities of laundry soap, carbolic 
soap, etc., of good appearance can be made by this process, and a few recipes for 
-making such modified "~old" process soaps are given below:-

Lbs. Lbs. 

(1) Mowra.h oil 50 (4) Mowrah oil 30 
Coconut oil 40 Coconut oil 20 
Rosin 10 Castor oil 15 
NaOH solution, 38°Be 47i 

Punnaoil(C~phyUum Silicate of soda 1 
Water .. 6 inophyllum,) 10 

(2) Cooonut oil 30 Groundnut oil 10 
Pongam oil 30 . Rosin .. 15 
Groundnut oil 20 NaOH solution, 38°Be 44 
Mowrahoil 10 Soda ash 2 
Rosin 10 

Water 10 NaOH solution, 38°Be 46 .. 
(3) Cotton seed oil 30 (5) Mowrah oil 30 

Coconut oil 20 Coconut oil 20 
Tallow .• 20 Groundnut oil 20 
Soya bean oil 20 Maroti oil 10 
Rosin 10 Pongamoil 10 
NaOH solution, 38°Be 45 
Silicate of soda 2 Rosin .. 10 
Water .. S NaOH solution, 38°Be 45 



PLATE 2. 
The semi.boiling process room

-Kerala Soal' Institute, Cali cut. 
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The " Semi-bQiling" Process. 

In this process, the materials used are subjected to heating either by open 
fire or by steam for a short time, but the process differs from the "boiling" 
process in that the operations are finished within a few hours, and also the pro
cess does not include a salting out operation for the separation of the glycerine. 
This process is generally employed for making cheap filled soaps, and due to the 
fact that the materials are heated, large quantities of soap can be turned out. 
It difiers, therefore, from the cold process in the following respects :-

1. The oils and alkali are subjected toheat for about 3 to 6 hours. 

2. The materials used need not contain any coconut oil, but generally 
some coconut oil is added. 

3. Fatty acids can be employed, whereas in the cold process, the fatty 
materials require to be almost neutral. 

4. Much larger quantities of soap can be made at a time than is possible 
in the case of the cold process. . 

5. The soaps turned out are seldom used for toilet purposes. 

6. Rosin can be added in fairly large quantities. 

The plant required is somewhat more elaborate and larger than is needed 
in the case of the cold process, and the pan, kettle, or copper as it is technically 
termed, should be of a much larger size, constructed preferably of wrought iron 
plates, although cast iron pans were originally Used and are still employed 
by some makers. When no steam supply is available and the pans have to be 
heated by fire, they must be suitably mounted on masonry supports fitted 
with fire-place and the necessary flues, chimney, etc., but where steam is avail
able, provision requires to be made for passing both wet and dry steam. The 
capacity of the pan may be anything from 5 cwts. to 50 tons, and it has been 
found that fair sized ones, say of 5, 10, Or 20 tons capacity; are easier to operate 
and more economical than smaller sizes. . . 

The oils are stored in overhead tanks provided with gauges to indicate the 
quantities in each of them, and the oils are run into the pan by means of pipes 
or shoots connected to the bottoms of the tanks. The contents are brought to 
the boil, after which caustic lye of the required strength, kept ready at hand in 
tanks, is also let in as required, together with water in the necessary quantity. 
Within a short time saponification commences, and boiling is then suspended 
for a short interval to allow saponification to develop. Boiling is repeated 
and sometimes continued for 3 or 4 hours until samples taken out and tested are 
found to be right. Colours may be added during the boiling operation, especially 
in the last stages of the boil, and also perfumes, and where any perfume materials 
are to be added, the temperature of the soap should first be allowed to fall to 
about 160°F to 170°F. Filling materials, such as silicate and carbonate of soda, 
salt, talc, and similar substances, may be added in any desired quantity; usually 
these are boiled in, but may also be mixed in a crutching machine such as is 
described below in the description of the "boiling" process. 
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'The soap is allowed to repose in the pan for a day or two, and then placed 
in frames to set. The frames are of different sizes, usually having a capacity of 
about 10 to 12'cwts. each, and being made of cast or wrought iron and also of 
wood. A description of these is given below. The subsequent operations of 
slabbing, barring, cutting and stamping are similar to those described in connec
tion with the" boiling" process below. 

Perfectly good laundry soaps can be made by this process but highly adul
terated soaps can likewise be prepared. A large variety of cheap yellow bar 
soaps made in India come under the latter category, and as these contain 
excess of water and other filling materials they lack the ability to keep satis
factorily for any length of time; such bars shrink and distort considerably 
due to the evaporation of moisture, and also develop white effiorescent crystals 
if excess of alkaline salts is present in the soap. Low grade soaps made by this 
process have been analysed and found to contain as low as lO% of fatty acids. 
Glycerine contained in the oils is not recovered and remains in the soap. 

The materials used should be comparatively free from dirt and impurities, as 
there is no separation of these by salting out. In this connection it may be 
mentioned that if colour of some sort is to be added, it will mask a certaiJJ 
amount of dirt. Several recipes for making soaps by this process are givell 
below. In this connection it is of interest to note that soft soaps are generally 
made by this process. 

Lbs. Lbs. 

(I) Coconut oil 50 (5) Hardened vegetable oil . 30 
Mowrah oil 20 
Groundnut oil 20 Coconut oil 30 
Rosin .. .. 10 

Pongam oil NaOH solution, 3SaBe 49 30 
Sod&&ah S Rosin 10 .. 

(2) Coconut oil 100 NaOH solution, 3SaBe 46 
NaOH solution, 3SaBe 56 
Sod&ash 4 Sod&ash S 

(3) Tallow •• 30 Sodium silicatt' 4 

Coconut oil 20 
Cotton seed oil 20 (6) Coconut oil 40 Castor oil 15 
Rosin 15 Punnaoil 10 
NaOH solution, 3SaBe 45 
Sod&ash 6 Ma.rgosa oil 10 
Sodium silicate 6 

Mowrah oil 10 
(4) Mowrah oil 30 

Coconut oil 20 Maroti oil 10 
Groundnut oil 15 

Rosin Maroti oil 15 .. 10 
Macassar oil (Kusum) 10 Croton oil 10 Rosin 10 
NaOH solution, 3SaBe 46 NaOH solution, 3SaBe 48 
Sod&ash 5 
Sodium silicate .. 10 Sod&ash 8 
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Soft soaps-
Lbs. Lbs. 

(1) Linseed oil 100 (5) Sardine oil 60 
LOH solution, 35°Be 57 

Rosin 
K.CO. (P .... rl ash) 2 

.. 10 

(dissolved in 8 lbs. of water). Punna oil 10 

(2) Linseed oil 70 Groundnut oil 20 
Fish (sardine) oil 30 NaOH solution, 38°Be 24 
KOH solution,,;l5°Be 57 
KsCO. (P .... rl ash) 2 KOH solution, 35°BtI 25 

(dissolved in 8 lbs. of water). 

(3) Groundnut oil 60 (6) Sesame oil 20 
Sesame oil 25 Amoora oil 15 
Rosin .. 15 
NaOH solution, 38° Be 20 Linseed oil 40 

KOH solution, 35°BtI 30 Castor oil 15 
(4) Linseed oil 45 Rosin .. 10 

Ganja seed oil 40 
KOH solution, 35°B,; Rosin 15 56 .. 

NaOH solution 38°Be 41 K.CO. (Pearl ash) 3 

Pot Moulded Soap-Dacca Soap-
This crude soap has been made in Bengal and other Provinces of India for 

a very long time, and is popular in many households. It is made by the" semi
boiling" process-in small iron pots-from various oils and fats, and some
times the soap produced is salted out. Specimen soaps produced by this 
method which the author has seen were in no way comparable with well made 
boiled soaps. The fat charge was made apparently without regard to the odour 
left on clothes washed with soaps containing such fats, while t.he process of 
manufacture witnessed wa~ laborious and uneconomical. 

The method employed comprises the follown{g operations. Oils and fats 
are boiled with caustic soda lyes in iron pans of anything between 3 and 10 cwts. 
capacity, and after the oils are considered to be adequatlly saponified the soap is 
salted out to separate the glycerine and impurities as far as possible. The mass 
of soap is then allowed to cool for some time, to allow the lyes to separate and 
sink, after which the soap is ladled into small earthen pots where it cools ra
pidly. The next day the soap is taken out with a knife or spoon and the 
surface smoothed, no cutting, stamping or other finishing operation being 
employed. 

Almost invariably such soaps are heavily adulterated with fillings, the 
fillings being added in a separate pan into which the soap from the first pan is 
emptied. Here silicate of soda, soap-stone, starch, and such substances are 
added and the mixture boiled over a gentle fire. When the soap is finished it is 
transferred to pots or frames as the case may be. 

The best soaps of this class contain 40-50% of fatty acids, while the 
cheapest varieties such as are sold in some of the markets of Bengal and Assam 
are reported to have only 4-5% of fatty acid content. Such soaps are de
cidedly wasteful, and even the best varieties are most imperfectly made and 
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finished from the point of view of modern pan practice and in comparison 
with well boiled laundry soaps. The salting outoperation, as conducted by 
people without adequate knowledge of soap boiling, is a sheer waste of time and 
material, as a better class of soap can be easily made by the ordinary semi
boiling process, and in less time. Some of the best pot moulded soaps examin
ed by the writer have contained as much as 5% of salt, when the permissible 
minimum in a good laundry soap is below 0·5%. Moreover, the high salt 
content renders such soaps highly hygroscopic, this being a serious defect in any 
soap. 

BallSoap--

Ball soap is made in and around Bombay from mowrah oil and coconut 
oil. It is highly silicated and is more or less of the same class as pot moulded 
soap containing about 20% of fatty matter. The soap is made by the semi
boiling process, and when finished, one man scoops out about 2-4 oz. of the 
hot soap and throws it on a scale while others provided with cotton gloves sit 
near by and take one portion at a time, blow on it, roll, and rotate it till it assumes 
the shape of a ball, after which a boy presses a monogram thereon to imprint 
the name or mark. The product is then ready for the market. 

The " Boiling" Process. 

Unlike the other two processes described above, indefinite quantities of 
materials and caustic lye can be mixed together in the preliminary stage of this 
process, as the operations are completely under the control of the soap boiler, 
who can judge the condition of the soap as it forms during boiling in the pan 
by its appearance, feel, and taste. Almost all vegetable and animal oils and 
fats can be utilised for making boiled soaps, and usually a mixture of oils or oils 
and fats is used, dependent upon the prices of the oils and fats, and on the hard
ness and other qualities of the soap required to be produced. 

For household soaps, tallow, cotton seed oil, mowrah oil, groundnut oil, 
coconut oil, etc., in different proportions is nsed. Coconut oil imparts a lather
ing quality to such soaps and also hardness. Rosin or colophony is invariably 
employed as an ingre!lient in household soaps, primarily as a cheapener, due to 
the fact that rosin of ordinary quality is almost the cheapest raw material 
available to the soap maker. Moreover, rosin acts as a binder of the materials 
and also imparts to the finished soap the property of remaining reasonably 
soft and plastic in storage, while at the same time It increases the lathering 
and detergent properties of the soap to some extent. When rancid or bad 
smelling fats are used the piny odour of rosin counteracts the bad odour to 
some extent. 

In the process of boiling the soap, salt is added to separate the excess of water 
and also the glycerine in the soap paste, and consequently any dirt or impurities 
present in the oils are partially removed in the spent and half spent Iyes, the rest 
being left in suspension in the nigre*. This process therefore permits the use of 
oils and fats which may not be free from impurities, bu~ nevertheless it is advan-

• Nigre is the liquor which sepe.rates in the pe.n e.nd settles e.t the bottom on completion of the 
boiling prooess. It oontains the gree.ter portion of the impurities originally present in them" 
me.terials. together with solutions of se.lt. soda. e.nd caustio sode.. 
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tageous to use only pure materials, as the outturn of soap will be reduced in 
proportion to the foreign matter present in the stock used. 

. For making a toilet soap base, special care should be taken to employ only 
first class materials, but rancid or dirty oils and fats may be utilised after being 
refined. When rosin is added, this should not ordinarily exceed 10% of the 
weight of the stock, and only the water-white quality should be used, as darker 
varieties of rosin will impart a slight dark brown colour to the base and cause 
dark specks to appear in the finished soap, moreover excess of rosin will 
make the soap sticky. 

Toilet soaps can be made by this method without using any animal fat, 
as there are several kinds of vegetable fats such as dupa fat, kokum butter, 
mowrah oil, Chinese vegetable tallow, and hardened vegetable oils from which 
a choice can be made. The higher the melting-point of the fat used the harder 
and more durable the soap is, by reason of its weak solubility and corresponding 
decrease in lathering property. U, on the other hand, a high percentage of 
liquid oils is_ used, including coconut oil, the soap produced, though hard to the 
touch, will lather profusely and wear out quickly. The skill of the soap maker 
lies in so blending the oils and fats that the cost of the materials is not lost sight 
of, while at the same time the products turned out are satisfactory as regards . 
price, hardness, durability, lathering qualities, and other desirable- characteris
tics. 

The plant and machinery required for :r;naking hard soaps, including toilet 
soap, is elaborate and expensive. The main item is the soap pan which is 
known in the industry as a 'copper', as the original soap pans were madeof 
copper, though pans made of cast iron were also in vogue. These pans are 
mounted on masonry foundations and fitted with fire-places and fiues to trans
mit the heat uniformly to the pan; open. fire heating has several disadvantages, 
thus the pans sometimes crack owing to over-heating and there is considerable 
difficulty in controlling the boiling, and should the heat be excessive, the soap may 
boil over and cause injury to persons around. Steam boiling is to be preferred 
and is now followed in all modern factories. With the aid of steam the heat 
supply to the pan can be properly regulated, and the capacity of the pan can be 
increased, while its shape may be oval, rectangular, or cylindrical. Wet and 
dry steam coils are fitted to such pans so that the operations can be conveniently 
carried out. -Dry steam is essential for making certain classes of soaps, such as 
curd and mottle, and plain pipe-coils with suitable outlets for condensed steam 
are provided for its supply, whereas in the case of the wet steam supply the pipe
coils are perforated at intervals so as to enable the steam to pass out into the 
liquid contents of the pan and be condensed thereby. The pans are almost in
variably of rivetted steel plate construction. 

The boiling operations are conducted ill the following manner. The fats 
and oils are brought to a liquid state and gradually run into a pan along with a 
weak solution of caustic soda of about 11 °Be, after which the mixture in the pan 
is boiled by means of the steam supply or the fire. Within a short time, emulsi
fication takes place and a thin paste forms. A slightly stronger lye may now be 
added, and more of the oils may be introduced. 

When the mixture has boiled for some time, samples are taken 'out at inter
vals and tested, generally by means of feel and taste; thus if the sample is hard 
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and sticks somewhat to the fingers it is a sign that saponification is progressing, 
whereas if it is soft and greasy and does not give a bite to the tongue on tasting, 
it is an indication that more lyes should be added. On the other hand, if the 
mixture runs out on a trowel in detached portions it shows the presence of 
excess caustic, in which case more oil should be run in. Experience alone will 
indicate when the entire stock has been' killed', which is the technical term for 
the completion of combination of the oil with the lye. 

When this stage has been reached, water is added at intervals to the pan to 
keep the soap in a pasty condition, and some salt is also sprinkled during the 
boiling. When all the oils have been added and the saponification is completed, 
more salt, or preferably brine of sp. gr. 24°Be (saturated), is added gradually to 
the mixture and the steam again turned on, the purpose of this being to • cut' the 
soap so as to rem!'ve the excess of moisture, separate out dirt and impurities, 
and, more especially,·to separate the glycerine which has hitherto been mixed 
with the soap. The quantity of salt to be added depends on several factors 
such as the nature of the oils used and the percentage of water in the soap, thus 
coconut oil requires more salt than other oils due to coconut oil soaps being 
appreciably soluble in weak brine, but usually the quantity of salt required is 
about 10% of the weight of the fatty materials employed. The salt or brine 
should be added gradually, and sufficient time allowed for it to dissolve. Too 
much salt should be avoided, as this will cause the soap to be • cut' into thick 
curds which will interfere with the proper saponification of further batches of oil 
which are admitted before the soap first formed is removed, and with the suc
ceeding operations. 

If a sample taken on a small trowel shows patches of soap on the surface 
leaving a clear solution, it is an indication that the soap has been properly • cut' 
but the operation should not be brought to the • cut' stage until it is certain 
that no free alkali is present. When the soap is properly • cut', steam is shut 
off and the contents of the pan are allowed to rest for 2 or 3 hours. The clear 
soap, containing about 40% of water, will meanwhile have separated, while the 
spent lyes, containing most ot the glycerine present in the oils and also any 
carbonate and impurities in the lyes and much of the salt, will have settled at the 
bottom. The causticity of the lyes should be tested, and if by any chance it is 
excessive the lyes may be used for saponifying a further batch of oil; the 
presence of too much salt in the lyes is, however, a disadvantage, as it tends to 
retard saponification. 

IT the causticity is normal the lyes are drained from the pan and run into 
special tanks called spent lye tanks, and thence transferred to the glycerine 
recovery room for further treatment. More oil is then admitted to the pan and 
saponified by a repetition of the first operation, sufficient quantity of water 
being added from time to time so that the mixture does not get too lumpy; at 
the same time too much water should be avoided as otherwise the soap will be 
much diluted and will require the addition of more salt than is necessary under 
ordinary circumstances. 

IT rosin is to be added this is generally done when all the oils have been 
saponified and the spent lyes removed, as otherwise the lyes will be contaminated 
with the impurities and colouring matter present in the rosin. 
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After all the stock has been' killed' and the spent lyes removed, the mixture 
is put through what is called the' strength ' operation, the pUrpose of this being 
to ensure that the oil or fat has been thoroughly saponified. CaustiQ lye 
of about 12-15°Be' is gradually run in, and the contents of the pan then kept in 
vigorous boil for about 2 to 3 hours with repeated alternative additions of caus
tic lye and water, the soap being meanwhile tested every now and then to see 
that it gives a good bite to the tongue, and eventually the clear lyes should 
separate out from the soap. Stronger lyes may be added to effect this re
sult. 

These lyes are known as ' half spent' lyes as they contain some unspent 
caustic soda, and also most of the salt which has been added in the course of the 

. operations. Such lyes are generally stored and re-used for killing further 
stock of oil for second quality soaps. 

The next operation is the"mostimportant and is called finishing or i fitting'. 
After the half spent lyes are removed, the steam is again turned on and the soap 
boiled vigorously. The contents of the pan should assume a homogeneous 
appearance and gradually rise ifin proper condition. Small samples are taken 
on a trowel and if correctly finished, the soap will slip off the trowel at two or 
three points when the latter is tilted into a slanting position without sticking to 
'the metallic surface. If, however, the soap breaks up into several small por
tions and lyes are visible on the surfaces of these, the soap should be again boiled, 
with further addition of water if necessary. On the other hand, if parlioles of 
soap stick to the trowel and spread out in pasty patches, it is an indication that 
excess water is present, in which case strong lyes, about 25°Be, may be 
judiciously added to the contents of the pan so as to effect separation of the 
excess of water; brine may also be added for the same purpose. 

When the finishing or "fitting" has been carefully and satisfactorily 
completed, the pan is covered up and allowed to remain undisturbed, the time 
allowed for testing depending upon the size of the pan and the quality of the 
soap required; thus if the quantity of soap is only about 3 to 10 tons, one or two 
days' rest will be sufficient, whereas for larger quantities about 3 to 4 days and 
sometimes a week should be allowed. 

When the lid is eventually removed, the level of the soap will be found to 
have gone down considerably, although towards the end of the" fitting" 
operation the level of the soap may have approached the top of the pan. It will 
be found that the soap will have separated into the following three layers in "the 
pan:-

l. A top layer of thin brittle soap or ' fob', which is produced by the air 
bubbles entangled with the soap endeavouring to escape. 

2. A middle layer of good or ' neat' soap, which will occupy about 
tths of the depth of the pan: 

3. A bottom layer of impure soap or 'nigre' which holds all the im
purities present in the original materials together with solution 
of salt, carbonate, and some caustic soda. 

If the 'fit' is too " coarse ", the quantity of soap obtained is larger and 
coarser than if the' fit' is " close", i.e., completed with an excess of water. If 
he fit is too close or fine the soap. will bevery fine but of small outturn, with a 
M23ISD JJ 
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proportionate increase ip the C nigre" The experience of the soap boiler should 
guide him in the matter of giving the correct C fit " as soaps require different 
treatments in this respect., • 

The C fob' and top layer of soap are removed, leaving below a clear translu
cent mass of soap. This is. either taken out by means of a swivel pipe attached 
to the pan, or through cocks suitably arranged on the sides ofthe pan. General
ly the soap is run into crutchers, which are placed underneath the pan for this 
purpose. or it is raised by means of buckets and put into the crutchers. 

The crutcher or mixing machine is a very convenient piece of apparatus 
which enables the soap maker to add and incorporate colouring matter, per
fumes and fi.llings with the soap. Sometimes the soap is run straight into 
frames and crutched in the frames, but this method is usually unsatisfactory as 
hand crutching cannot effect proper admixture of the materials added. The 
crutcher is usually a wrought iron pot, about 10 to 12 cwts. capacity and fitted 
with a set of paddles arranged in such a way as to effect thorough mixing when 
the paddles are set in motion, these being usually driven by means of a small 
engine attached to the side of the crutcher. To keep t.he soap in a soft condi
tion and thereby facilitate the absorption of the perfumes and colouring matter 
uniformly, the crutcher is provided with a steam jacket. When the soap has 
been properly crutched, it is emptied out of the' crutcher into cooling frames 
placed underneath 

The frames were originally made of cast iron, but frames constructed of this 
metal are now giving place to frames made of wrought iron plates, which are 
considerably lighter and easier to handle. The dimensions of the frames ordi
narily used are 45 inches long and 15 inches broad, and about 50 inches 
to 60 inches high, but these can be altered to suit any special requirements. 
Wooden frames are also much used, the frame being built up of several sections 
of rectangular boxes all held together by long iron rods, the ends of which 
are screwed and provided with bolts to enable the sections to be held tightly 
together. In this way frames to the height of 20 ft. to 30 ft. can be made, 
but such frames~are used only for special soaps such as mottled varieties, 
which require long .settling. . 

The soap remains in the frame from 3 to 7 days and even longer, so as to 
cool and solidify, and when the soap is firm, the bolts and frame sections are 
removed, revealing a big block of soap. Such blocks are generally about 10 
to 12'cwts. in weight, and to facilitate the cutting of these into slabs of the 
required thickness, a mark is made by means of a gauge, lines are drawn, and 
a steel wire held. by two men is passed through this line, thereby cutting 
the soap into neat fiat slabs. The slabs are then removed and stored for a 
few days so as to harden, especially when they are too soft td be cut into 
bars immediately, after which the slabs are cut into bars in suitable bar cut
ting machines, a typical example of which is shown in Plate No.3. The 
machine consists essentially of a set of steel wires through which the slab of 
soap is made to pass by turning the handle of a wheel, the slab being thereby 
cut into bars of the required measurements. These bars can be subse
quently cut into smaller portions or cakes by passing these again through 
another set of wires arranged suitably as sh~wn.. When the soap iii freshly 
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. cut, it is soft and sticky and will not take a clear impression when 
stamped, and it is therefore necessary to dry the bars or cakes by exposing them 
to warm dry air. The temperature of the air should be such that it does not 
exceed the melting point of the soap, and there should be free ventilation to 
remove the moisture. 

Special steam heated drying chambers are also used, fitted with racks for 
stacking the bars and cakes, exhaust fans being usually provided to facilitate the 
removal of moisture from the chamber. When steam is not available, slow 
combustion stoves burning firewood or charcoal can be used, the heat being com
municated to the soaps by means of pipes radiating from the stoves. By 
these means, the moisture is made to evaporate from the surface of the soap, 
making it outwardly dry and hard, and when in this condition, which will 
be attained usually within two or three days, the bars or cakes are stamped. 

StaJ;llping may be carried out by means of wooden-hand stampers, on which 
may be fixed a plate showing the trade-name of the soap and the name of the 
manufacturer, these being struck against the bar of soap to produce a clear 
impression. Various forms of stamping machines may also be obtained, arrang
ed to be worked by hand as well as by power. The bar or tablet can be made in 
different sizes; the household bar soaps are generally sold in bars of It to 3 
bs. in weight, and better quantities in 8 oz. and 4 oz. twin tablets and smaller 
akes. Household soaps of the Marseilles type, in 8 oz. and 4 oz. cubes, have 

. ecently been introduced by several factories in India. 

Toilet soaps, which are harder than household soaps, require more powerful 
presses for stamping. Power presses are best suited for this class of work, as the 
output can be increased, and the tablets will have a glossy appearance. 

D2 
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CHAPTER VIII . 

.... OILET AND WASHING SOAPS. 

There are many varieties of soaps such as curd, mottled, soft, textile, 
powder, shaving, liquid, shampoo, transparent, disinfectant, medicated, in
secticidal, etc., used for special purposes, which it is not the intention of the 
author to discuss in detail. It may, however, be mentioned that they can be 
prepared by any of the processes above described, with suitable modifications. 
The process of preparing milled toilet soaps, which are becoming increasingly 
popular in India, is, however, of general interest and a detailed description of 
suitable methods of preparation is therefore given. . 

Only the best class of-materials should be used in the preparation of toilet 
soaps and the soap should be finished with great care. The base substance 
should be as free as possible from free alkali and unsaponified fat, salt, and 
o.thE)J" phemicals and impurities. The soap is taken out of the pan in the usual 
IIlQ.Dller and allowed to cool in the frame, after which the block of soap is cut 
into I!labs and bars. The bars are slightly dried by exposure for a few days, 
and then cut into·chips or shreds as explained below. A milled toilet soap 
differs primarily from an ordinary household soap in its water content, thus 
whereas the percentage of water in household soap is about 30, a toilet soap of 
the milled quality contains barely 10 to 12%, which accounts for its hardness 
and durability. The purpose of cutting the soap into chips is to facilitate 
removal of the moisture, as a larger surface is exposed and drying is more uni~ • 
f~~Dl than ~s the case when the soap is dried in the bar form. 

ThE\ chipp~g is effected by a machine consisting essentially of sets of.knife 
cutters,which are fixed to a disc so that the bar of soap as it comes in contact 
with the cutters of tlie revolving disc is cut into small strips. These chips are 
collected and put on racks to be dried in a drying chamber, which is usually fitted 
with a steam coil and ventilating fans; but the chips can be dried also with 
the aid of the sun, in which case the chips are spread on mats placed on a bar
beque, which is a platform made of bamboo poles tied together, and exposure 
for a day is sufficient to dry the chips satisfactorily. Care should be taken 
not to expose the chips to the direct rayS of the sun, lest they soften by excessive 
heat. The required temperature should be ascertained with reference to the 
melting-point of the oils used and also that of the soap to be dried. 

The next operation is the mixing of perfume and colour with the chips, 
and this is generally effected in a roller mill, which consists of contiguous cylin
drical rollers made of steel or granite, granite being more satisfactory though 
rustless steel is now being largely used. The chips, together with the colour 
and perfume material, are run through a hopper from which they drop down on 
to the rollers and are carried round thereby for a considerable time, as a result 
of which the soap and added ingredients get thoroughly ground together into a 
homogeneous paste. The soap paste is then cut by a sharp serrated knife into 
thi.)) ribbons or shavings as it issues from the last roller, the shavings bemg 
tra:i:isferred to a "plodding~' machine or squeezer where they are compacted 
by high pressure which may be 3,000 to 4,000 lbs. per square inch. The soap 
eventually is forced out through the nozzle of the machine in the form of a hard 
smooth bar, which is cut into any desired length, the shape of the bar being 



PLATE 4. 

The toilet soap milling room; 

showing a shaving milling machine, and a plodder

-Kerala Soap Institute, Callcut. 
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determined by a detachable mouth-piece attached to the nozzle, which may be 
round, oval or rectangular. The bar is then cut up by means of a cutting 
machine to form cakes of the required size, and these are finally stamped. A 
good appearance is most essential in the case of a toilet soap cake, and the 
greatest attention should therefore be given to the stamping and packing. 
Well run soap factories in India are able to ·produce excellent specimens of toilet 
soaps, the tablets being of appropriate shapes and the wrappers and boxes of 
the most attractive designs. 

In large factories, where time and space are important factors to be con
stantly borne in mind and where the output of toilet soaps may be in terms of 

• tons per week, the various operations of chipping, drying, and milling, etc., 
are combined into one by means of a special plant such as that invented and 
manufactured by Messrs. A. & E. Des Cressonieres, a Belgian firm. By 
means of a plant of this kind, the milled soap is ready for the squeezer in 
about 5 to 6 hours after the soap is removed from the soap pan, thus saving 
several days of work. 

The perfumes to be used for scenting toilet soaps require to be selected 
with great care. Several firms of perfumers specialise in soap perfumery com
pounds, and it is well worth while for a small soap factory to purchase such 
eompounds direct. Where the output is large, however, and economy is to be 
cffected, it is preferable to blend compounds from the large range of essential 
oils and synthetic chemicals available for this purpose. 

The colouring of toilet soaps is another important matter which requires 
to be studied, for it is essential that the colour as well as the perfume should, 
as far as possible, match the characteristics of the flower or the substance after 
which the soap may be named. A wide range of aniline dyes which will give 
any desired shade are now available at comparatively small cost, and only 
very small quantities of such colours, say 2-6 grams, are required for colouring 
I cwt. of soap. 

A number of recipes for the preparation of washing soaps and also toilet 
soaps by means of the fully boiled and settled process just described are quoted 
below:--'-

Washing soap type. 
(1) Mowrahoil 35 parts. (3) Coconut oil 35 parts. 

Coconut oil 25 Vegetable tallow 20 
Tallow 10 Groundnut oil 15 
Cotton seed oil .. 10 Pongam oil 10 
Rosin •• 12 Gingelly oil 5 
Groundnut oil 8 Rosin •. 15 
NaOH solution, 38°Be' .. 45 NaOH solution, 38°Be' 46 

(2) Coconut oil 20 parts. (4) Coconut oil 30 parts. 
Marotioil 20 Hardened oil 20 
Mowrahoil 20 Mowrahoil 20 
Pongam oil 10 Castor oil 5 
Macassar oil 10 MargOBaoil 5 
Castor oil 10 Punna oil 5 
Rosin •. 10 

" Rosin •. 15 
NaOH solution, 38° Be' '. 45 NaOH solution, 38° Be' 35 
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(15) Coconut oil 30 pa.rts. (6) Coconut oil 20 parts. 

Mowrahoil 30 Palm oil 20 

Groundnut oil 9 
Meaua ferrea oil 15 

Mowrahoil .15 
TaJlow 9 .. Punnaoil 10 
Curcasoil 6 Gr~undnut oil 10 

Rosin .. 16 .. Rosin •• 10 

NaOH solution, 3S·Be' 45 ' NaOH solution, 3S·Be' 44 

Toilet soap type. 

(1) TaJlow 70 parts. (3) Mow.rahoil 40 pa.rts. 

Coconut oil 30 
Coconut oil 25 

Hardened oil 25 

Rosin .. 5 Rosin .. 5 

NaOH solution, 3S·Be' 46 
NaOH solution,3S·Be' 46 

(4) Tallow 40 

(2) Hardened oil 50 Coconut oil 20 

Mowrahoil 30 
Coconut oil 45 Other Oils such as castor, 

Rosin •. 
groundnut, gingelly 7 

5 
Rosin •• 3 

NaOH solution, 3S·Be' 48 . Caustic soda, solid 14·6 

NOTE.-In all the above formulae, the quantities of caustic soda which have been 
specified are the theoretically calculated amounts; in actual practice, however, extra quantities 
are required to make up for losses in the preliminary operations. 
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CHAPTER IX. 
RECOVERY OF GLYCERINE. 

Intimately con.nected with soap manufacture is the recovery and refining 
of gly~rine, a substance which is present in, all saponifiable oils and fats. T~e 
followm,g table shows the percentage of glycerine in some of the common oils 
and fats :-

Coconut oil .. 12-1 

Palm kernel oil .. n·t 
Olive oil .. IO---ll 
Groundnut oil .. .. Io---n 
Gingelly oil .. 10 

Tallow 9-10 

Cotton seed oil .• 9'5 

Linseed oil 9'4 

C&Storoil g'l 

Fish oil 9·5 

The glycerine is found in the spent lyes, after the oils have been saponified and 
the soap' cut' by means of brine or salt. The percentage of the glycerine 
content varies according to the number of brine washes to which the soap has 
been subjected, but about 4% of glycerine may be taken as an average content 
in the spent lyes, the remainder being water, sodium chloride, sodium carbonate, 
and traces of caustic soda. To remove all these impurities the.lyes are heated 
and neutralised with acid, and then concentrated in a vacuum evaporator which 
is provided with a salt box, so as to enable the salt which separates during evapo
ration to be recovered and re-used. The recovered glycerine is in a crude state 
and of a dark brown colour, and may consist of approximately 80-84% of 
glycerine, 10-11% of inorganic salts, mainly sodium chloride, and the rest 
water and a small amount of organic matter. The crude glycerine is subse-

- quently distilled in special distilling plants, and certain. superior grades known 
as commercial, dynamite, and chemically pure glycerine are produced. The 
chemically pure quality has a specific gravity of 1· 260, and is entirely free from 
impurities. 

A crude glycerine plant attached to the Kerala Soap Institute was worked 
to the full capacity during the Great War, but after the war, it fell into disuse 
owing to the fall in the price of glycerine and the high cost of evaporation. 
Manufacturing conditions at present are favourable, however, as there is a 
keen demand in Europe for all grades of glycerine at remunerative rates, and 
a number of soap factories in. India have already installed glycerine plants for 
the production of both crude and distilled qualities. The Tata Oil Mills Co., 
Ltd., at Tatapuram, Cochin, are reported to be working a plant to the maximum 
capacity (aqout 20 tons per month) and are considering the installation of addi
tional plant. A crude glycerine plant has recently been installed at the Mysore 
Government Soap Factory, and the plant at the Kerala Soap Institute is also 
being again. brought into commission. Messrs. Lever Bros., at Bombay, are 
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reported to be refining and distilling glycerine, but particulars regarding their 
output and plans are not available. It is also said that several factories in 
Calcutta are working up their glycerine lyes. 

There is always a demand in India for dynamite glycerine from the Govern
ment Cordite Factories and for other grades for industrial and medicinal pur
poses, most or all of which are at present imported. The recovery of glycerine 
is not a matter which can be undertaken economically by small soap factories, 
but they could arrange to sell their partly evaporated (in the sun) lyes to a 
central refinery which would help to improve their profits. The present moment 
is most opportune for soap factories in India to take concerted action in this 
respect. 

At the beginning of 1936, English quotations for glycerine were asfol
lows :-Crude, 80%, £37 to £38 per ton; and chemically pure, sp. gr. 1· 260, 
£52 ·10 f. o. b. British ports; those for intermediate grades being in proportion. 
The prices have since steadily advanced owing to the war clouds in Europe, 
and at present they are as follow :- ' 

80%, crude, £63 to £65. 

Chemically pure, £102 to £104. 
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CHAPTER X. 
PROBLEMS CONNECTED WITH SOAP MANUFACTURE IN INDIA. 

There are three main problems on which development work and research 
~re necessary in order to enable improvements to be effected in the products 
.f the industry. These three problems are:- . 

I. ,The selection of soap stock. 

2. The cause and cure of sweating of soaps. 

3. The cause and cure o( rancidity in soaps. 

;election of Soap Stock. 

Much progress has been made in the manufacture of soap, as the industry 
s now guided and operated on a fairly sound technical basis, moreover the 
;echnique is comparatively simple as compared with that in many other 
)ranches of industry. The simplicity of the processes has, on the other hand, 
)rought within the fold of soap-makers a large number of uneducated and 
mtrained men who employ crude rule-of-thumb methods. The ordinary 
worker-the baz3arman-ah:Q.ost invariably adopts the cold process and the 
lemi-boiling process as these involve practically no outlay on plant, thus small 
Pin pots and wooden cases are all that is necessary to enable him to make 
!mall batches of soap, and he needs to use only a few oils which are readily 
~vailable locally or can be bought cheaply from outside. Moreover, he has 
00 regard for the quality of the products, all that he is concerned with being 
phe profit he Inay he able to make, if necessary by grossly adulterating his 
[>roduct. 

To those who have had no training in the art of soap making, especially 
with reference to the materials to he used for the preparation of various soaps, 
phe only guide-which at best is arbitrary-is the theory propounded by 
Webb, from which was evolved the I. N. S. Factor and the Solubility Ratio. 
rhese certainly give partial guidance as regards the choice of materials, but 
~annot be applied blindly, as they are largely based on empirical data proc-

vided by certain stocks commonly used by soap makers. When dealing with 
[lils and allied. substances outside the range of those which provided this 
empirical data, these factors prove misleading, particularly is this the case 
when hardened oils are used in place of tallow for the manufacture of both 
b.ousehold and toilet soaps. What is needed is a revision of the system 
based on the ahove theory, and this can only be carried out after closely 
studying the behaviour of all the common oils and fats used for various soaps, 
The results of such an examination could theij be made available to all soap. 
makers, to guide them in the choice of materials. 

The hardness of the soap and certain other physical characteristics may 
he controlled by following such theories, but these are not the only desirable 
characteristics in soap, thus smell, lathering quality, sweating tendency,' 
durability, etc., are more important. For instance even refined Punna oil 
(Oalophyllum inophyllum), Pongam oil (Pongamia glabra), maroti oil' (lIyd'no
carpus wightiana), and others impart a bad smell to- soaps, although additions 
of such stock may satisfy Webb's criterion.. The "Hardness Number" 
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is another factor which some workers have elaborated, but this also is 
unreliable as a guide to the selection of fat stock. In this connection it may 
be mentioned that the author receives many enquiries from persons interest
ed in soap making requesting information as to where olive oil, palm oil, 
lard, etc., may be obtained, as these are mentioned in foreign text books 
as raw materials fOl soaps. In India, however, one can get suitable 
substitutes at cheaper rates, thus groundnut oil can ordinarily take the 
place of olive oil, similarly mowrah oil and other semi-solid oils can replace 
palm oil and lard. The physical and chemical characteristics of the various 
oils should be carefully noted, as they form the principal guide in the selec
tion of stock. 

The cause and cure of sweating of soaps. 

Various theories have been propounded and published in the technical 
press in connection with this defect. All soaps sweat when exposed to humid 
weather, and the writer has found this to·be the case at ,Calicut whether the 
soap is of Indian or foreign manufacture, and whether it is household soap 
or toilet soap. Differences in the degree of sweating are, however, a 
common experience. Soaps containing glycerine are liable to sweat 
more than those containing little or none of this substance. 'V egetol ' 
soap, made from coconut oil by the cold process whereby the whole of the 
glycerine is retained in the soap, sweats profusely during rainy seasons, 
whereas boiled soaps, like' Washwell', ' Sunlight', and toilet soaps, sweat 
only after continuous exposure for a number of days. Soaps wrapped iri 
butter-paper or oiled paper and outer covers resist sweating for some time, 
and those kept away from moisture seldom sweat. 

The presence in the soap of salt and free caustic alkali, which are highly 
hygroscopic substances, is conducive to sweating, while excess moisture also 
tends to the same result: 

The percentage of magnesium salts in common salt has been found to 
play an important part in connection with this tendency, and as most of the 
salt produced on the coastal regions in India from sea water is not entirely 
separated from the "bitterns ", it is evident that the salt supplied to soap 
factories is not always free from magnesium chloride. Various brands of 
Indian and foreign salts have been tested as regards this point at the Kerala 
Soap Institute, and the minimum percentage of MgCla content found in 
samples was o· 2, the sample having this low magnesium chloride content 
being a Cheshire salt. Tlie lowest percentage found in an Indian salt was 
O~7, whereas the highest figure recorded in an Indian salt was 3·03 per cent. 
Unless great care is taken in the manufacturing operations, in the case of 
Indian salts, the product from the salt pans is likely to be contaminated with 
a high percentage of MgCla, and special' precautions therefore require 
to be taken to ensure that this is abstracted to as great an extent as possible 
and the salt adequately purified. Rock salt is likely to plove the best for 
soap manufacture, owing to its comparative freedom from magnesium salt. 

The fact that soaps of foreign makes of good quality do not sweat to 
an excessive degree can be attributed principally to the superior quality of the 
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salt Used in their production, to their careful packing, and also tQ. the dry 
condition of the soaps, particularly toilet soaps, when packed. 

Some attribute the sweating of soap to the presence of salts of misaturat
ed fatty acids in the soap .. Thus one observer who analysed an isolated 
sample of soap sweat found it to contain 24·22 per cent. of moisture, as com
pared with a moisture content of 23·07 per cent. in the soap' itself. The 
petroleum ether extract of the sweat was 6·99 per cent., the fatty acids 
were found to be unsaturated, and the soap in the sweat amounted to more 
than· 50 per cent~' ' 

It can be definitely stated that the hygroscopic property of a soap is in 
direct 'proportion to its solubUity. Consequently the more liquid and un
saturated the fatty acids are, the greater the tendency to sweating, and mce 
verB,a. 

On the other hand, certain chemists hold the view that sweating ,is due 
to the exudation of moisture from within the soap itself. This, theory is 
questionable, if one considers the case of soaps in a dry condition, as the hard 
skin or surface crust of soap prevents the moisture inside the soap from 
penetrating through to the outside. If soap, originally dry, has been 
exposed, however, and has absorbed outside moisture, the exterior of the soap 
becomes softened, and it is then possible for the internal moisture to escape 
through the softened crust. 

It will be evident, therefore, that sweating to a greater or less extent is 
unavoidable, but the tendency can be minimi,sed if suitable precautions 
are taken during the appropriate manufacturing operations. There are at 
present no known means whereby a tendency to considerable sweating can 
be eradicated in the case of cold process soaps made from vegetable oils, 
particularly coconut oil. In the case of boiled soaps, however, the ten
dency to sweating is less pronounced, partly due to the fact that the 
glycerine is removed by the repeated operation of washing the soap with 
brine. Thus soaps madein factories where glycerine is recovered only. 
contain traces of glycerine, and-one principal cause of sweating is thereby 
eliminated. 

Samples of soaps-laundry and toilet types-from various sources tested 
at the Kerala Institute Laboratory contained percentages of salt as shown 
below:-

English laundry soap 0·38 0·45 0·55· 

English and Foreign toilet Boa pB 0'14 0'31 0'35 0'37 

Indian laundry soap 0'46 0'52 0·65 0 .. 76 

3·4 3·5 4·9 

Indian toilet soap •• 0·20 0·34 0'35 0·43 

0·49 0'41 0'47 

It will be ~oticed that the English and Indian made laundry soaps, and 
a few brands of Indian toilet soaps contain a comparatively high percentage 
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of salt. The small percentage of salt in the EnglisJi and foreigil' toilet soap!! 
is attributable to:-

(a) The larger percentage of semi-solid fats such as tallow used in such 
soaps. 

(b) The better quality of s~lt used-;;alt free from magnesiUIil saltS. 

(a) The elimination of glycerine by repeated washings. 

The percentages of salt in well made· laundry soaps, both Indian and 
foreign, are generally similar, but certain Bengal moulded soaps were foUli.d 
to contain unduly large amounts of salt, viz., 3·4 to 4·9 per cent., due to 
inherent defect in their manufacture. Most superior laundry soaps are 
made from oil stock, occasionally pale bar soaps are found which have & 

tallow-rosin composition. Some of the soaps prepared from the lower fatty 
acids-especially of coconut oil-are soluble in weak brine, hence heavy 
salting is required to effect adequate graining of the soap; consequently 
the finished soap retains a larger percentage of salt than is the case when the 
charge is a mixture mainly of hard fats with lesser proportions of oils, sUch 
as is universally used for the manufacture of toilet soaps. 

In the case of soaps made by semi-boiling processes, in which no separa~ 
tion of glycerine is effected by the operation of graining the soap, sweating 
invariably occurs, though to a smaller extent than in the case of cold process 
soaps. 

Soaps containing caustic potash are also found to have a greater ten!1ency 
to sweat than soaps prepared with soda. Potash soaps are chiefly confined 
to -soft soaps, and not ordinarily used for toilet purposes, however, anet 
hence the defect in the case of this class of soaps is of lesser importance. 

The cause and cure of rancidity in soaps. 

Rancidity is of common occurrence in ,badly made soaps, and even wett 
made soaps are occasionally found with this defect. Rancidity develops
as a result of the oxidation of the unsaturated fatty acids at the double 
bonds, followed by the combined action of water and ozone on the already 
oxidised acids, resulting in the formation of aldehydes and ketones~ Traces' 
of metallic salts, especially those of copper and iron, and actiye light rays 
together with moisture and bacteria greatly accelerate th~ reaction. 

The chief causes of rancidity are :-

(1) the presence of traces of metallic salts, such as those of copper, 
cobalt, iron and nickel derived either from the soap boiling 
pans, frames, stamping dies, pipes conveying water and steam, 
from hydrogenated fats due to incomplete removal' of the 
cata1yst, or from sodium hydroxide; 

(2) the use of rancid oiJ.s and fats ; 

(3) the inclusion of a large proportion of oils containing unsaturated 
fatty acids ; 

(4) incomplete or improper' saponification; 
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(5) excessi ve exposure of the so~p tQ light and air ; 
(6) careless drying of soap chips; 
(7) the action of carbon-dioxide in the air while the soap is being 

dried; 
(8) the acidic nature of certain perfumes; 
(9) the temperature effect during storage; • 
(10) the, considerable amount of unsaponifiable matter present jn, 

certain oils such as mowrah oil, if used in the crude state. 

In the majority of cases, all or most of the above factors must be acting 
conjointly; hence the cause of rancidity cannot be attributed to any parti~ 
cula~ factor. 

The best remedy is, of course, prevention, and the soap maker should, 
therefore study the predisposing causes of rancidity and pay special attention 
to avoiding them. The following points are impo~aIi.t :-

(1) the proper choice of materials-the stock should be as free from 
'unsaturated and rancid oils as possible; rosin in small quantities 

iwts as a preventer ;' ~ 

(2) ~horough saponification-some free a,lkali being left ~ the soap 
if necessary, instead of free fat; , 

(3) cp'wplete elimination of metallic salts-this can be effected by the 
l!Be of cm-omium plated pans, frames, and dies, ellpecially 
in the case of toilet soaps.; this is not, however, within the easy 
reach of small soap makers, ' 

(4) the protection pf !loap froyV. light, air, and carbon dioxide. 

Cllrtam an#-~~dlltnts ha,ve ber,n, tried and !tre claimed to be partly success-
fl'l, T1WI!e w.cl~de t~~ foUQwing sllbstances;-:, ' 

SPdillID l'hiosulphate. 
'Sod.ium Sulphite. 
Sodium Beuzoa,1;Il. 
Borax. 
Aminosulphonic acid. 
:t..IlQ~t@l, 
Methylhydroxybenzoate. 
lIex~me~hyle~etetramw.e., 
Sodium chlorate. 
'f~taniwn. P#,Qil., 
Glycerine ~nd, TrisodiUII\ phosphate. 
Sexmca,rbjloZide hy<p:o(l1l19~~de fl.nd. sod,ium ste~l\.te. 
HydraziI\e sulphate. 
Hydroxilamine hydrochloride. 
S~thetic camphor. 
Gossypol (from cotton seed). 
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CHAPTER XI. 

ESSENTIAL OILS, AUXILIARY INDUSTRIES AND RESEARCH. 

Essential Oils.-In the matter of essential oils for scents a~d perfumes, 
sandalwood oil, geranium oil, vetivert oil, palmarosa oil, linaloe (Mexican 
quality) oil, citronella oil, lemon grass oil, eucalyptus oil and others are now 
produced and distilled in India. Factories' have been started in different 
parts of the country to distil other available perfumery raw materials and 
also to manufacture certain synthetic aromatic chemicals. Such of the 
synthetic substances as caIl.)1ot be made in India will have to continue to be 
imported, but they form only a small fraction of the soap makers' require
ments and much can be done to develop the production of essential oils in 
India, as will be evident from comparison of the following satatistics of 
imports and exports. 

Statistics of imports of ztssential Oils into India. 
1934-35. 1935·36. 1936·37. 

Quantity . . 59,718 gallons. 67,164 gallons. .. 54,355 gallons. 
Value. • Rs. 12,98,983 Rs. 15,43,278 .. Rs. 14,43,469 

Statistics of exports of essential Oils from India. 
Quantity 98.896 g~llons •. 123,521 gallons. Sandalwood oil 124 

124,619 lbs. 
Other sorts of essential 

oils 101,7II galls. 

Value Re.24,64,308 ". Rs.27,12,013 Re.24,68,375. 

The United Kingdom's share of the imports of essential oils into India is 
about 20 per cent. of the total. On the other hand, India exports about 60,000 
gallons of essential oils every year to the United Kingdom. 

An impetus has been given to the cUltivation of essential oil yielding 
plants and trees in different parts of the country, due to the increasing 
demand for essential oils for use in the soap and perfumery industry. 

Auxiliary Industries.-The development of the indigenous soap industry 
has undoubtedly stimulated various subsidiary industries in the country, 
of which the following may be mentioned-

(a) oilseed crushing, 
(b) manufacture of paper and paste board for m:appers, ca,$>ns 

boxes, etc., 

(c) the printing trade engaged in producing attractive labels, posters 
and advertisement literature, 

(d) the timber trade and sawing industry; considerable amounts of 
soft wood are consumed for making packing cases, etc. 

Another noteworthy feature is the improvement in the construction of 
soap plants and the manufacture of accessories such as dies for stamping 
I!joaps. A few workshops, especially in south India, have begun to specialise 
in the production of soap machinery for soap milling and other operations, 
and their machines can stand comparison with foreign makes. both as regards 
price and quality of design and workmanship. . 
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Research.-At the instance of the . Industrial Research Council, an Oils 
and Soap Committee, consisting of technical representatives of the 
Government of India and also of Provincial and State Governments 
concerned, was formed to survey the research work which has been conduct
ed in India in the past and also that in progress on fatty oils, soaps, and 
eBSential oils, and secondly to make recommendations as regards the co-ordi
nation of such research and in particular on the allocation of future research 
to suitable centres. 

This Committee submitted its report to the Industrial Research Council 
in June 1936. It showed that a considerable amount of work in connection 
with the soap-making industry and its indigeno.us oils and fats had b,een 
carried out in the past. It also recommended that researches on a number 
of subjects connected with the soap-making industry should be ini1jiated, 
and made proposals regarding the allocation of this work to various Govern
ment and State Laboratories. These subjects included the following :-

(a) The rancidity of oils. 

(b) The study of sulphonated oils (castor, fish, til, and groundnut) 
and their use in soaps. 

(c) The splitting of oils (both by Twichell's and the Autoclave pro-
cesses). 

(d) The preparation of polymerised oils. 

(e) The study of decolourisers and adsorbents. 

(f) The selection of soap-stocks. 

(g) Investigations on the causes and cures of sweating of soaps. 

(h) The causes and cures of rancidity in soaps. 

(i) The study of the detergency of soap~. 

(j) Soap perfumes. 

(k) Essential oils. 

A considerable proportion of this work has been already taken up by 
the laboratories to which the investigations were allotted, and the progress 
made is considered periodically by the Industrial Research Council. It is 
to be hoped that in view of the industrial importance of this work, every 
effort will be made to improve the existing facilities for carrying out investi
gations of this kind in India., 
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CHAPTER XII. 

PRESENT PRICES, QUALITY AND PROSPECTS. 

Prices.-There has been a wide fluctuation in the prices of imported soaps, 
both household and toilet types, during the past 25 years. Thus in the year 
before the Great War, the c.i.f. price of " all soaps together" (mainly household 
and washing types) was about £1-7-0 per cwt., and this reached £2-13-0 in 
1917-18. Subsequently the prices declined, as a resUlt of the reduction in 
prices of raw materials on the one hand and the competition of Indian made 
soaps on the other. The best class of imported washing soap, packed in 
cartons, was selling about 20 years ago at Rs. 45 per cwt. whereas the prices 
are now bordering on Rs. 25 per cwt., which represents a drop of nearly 45% 
in the wholesale price. The price of household soap imported from the United 
Kingd,om was Rs. 23 per cwt. in 1934, with slight variations in the succeeding 
years. Japanese w';tshing soaps were selling a year ago in Indian 'J?azaars at 
Rs. 12 per case of 144-8 oz. twin tablets.~" 

• As regards toilet. soaps, t~e resUlt has been that high class English toilet 
soap which used to be sold at about Rs. 1-6-0 a box of 3 cakes, is now available 
at about Re. 0-14-0 a box. Japanese soaps of similar weight are now available 
at 6 to 8 annas a box. Japan is still ecporting small quantities of toilet soaps 
to India, the wholesale price averaging Rs. 30 per cwt., while the average 
wholesale price of toilet soaps imported from the United Kingdom is about 
Rs. 80 per cwt. 

Quality.-The quality of most of the Indian made soaps prior to the year 
19] 5 was anything but satisfactory, as the factories in India were run by men 
who had received no instruction in the art of soap making. Washing soaps 
were generally grossly adUlterated with water, and also with carbonate and 
silicate 'of soda .. Such soaps, it is regrettabl& to say, are still being made in 
many parts of India, either owing to lack of knowledge or by design. There 
are several imported brands of washing soaps which also must be regarded as 
grossly adUlterated, as the fatty (soapy) matter forms only about 20 per cent. 
of the total, the rest being mere fillings. Such liquored soaps lose their weight 
by the loss of. water as they dry, and simUltaneously suffer severe distortion. 

The filling materials, such as carbonate of soda, which are added to give 
weight, are subsequently thrown out as white feathery crystals, and it woUld 
after some time be difficUlt for anyone to identify these objects as soaps. In 
a fresh state, the bar or cake appears to be satisfactory, and poor people 

. are tempted by the low price. Such soap, however, dissolves rapidly in water 
and quickly rubs away, while the injury done to clothes is too well known to 
require mention. Soaps are now available in tM bazaar-long bars in attractive 
colours-at Rs. 3 per case of 60 bars, each bar when packed weighing about 
Ii to 2 Ibs., whereas the price of better class bar soap ranges from Rs. 10 
to Rs. 20 per case, the price and quality being governed by those of the im
ported brands ofrepute long established in the markets. It has, however, come 
to the notice of the author that the quality of one well-known imported soap 
has deteriorated considerably, the fatty acids having dropped from 45 per cent. 
to 30 pet cent. in proportion to the reduction in price rendered necessary by 
local competition. 
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Toilet soaps made in· India 25 years ago lacked finish and durability, 
while some contained excess caustic' alkali or uncombined fat or both. Such 
defects are being gradually rectified, however, and there has been an all-round 
improvement since the establishinent of the Kerala Soap Institute at Calicut, 
and of modem factories and research institutes at Mysore, Emakulam, Cawn
pore, Benares, Calcutta, Lahore and other centres. 

Prospects.-The establishment of numbers of factories-large and small 
-in every quarter ofIndia owing to the spread of the" soap and water habit" , 
even in remote villages where soap was once considered a luxury, has con
tributed in no small measure to the remarkable fall in the volume of soap 
imports. Although the indigenous substances such as soapnut, pulses etc., 
have excellent detergent and emollient properties, the modem tendency of 
the people is to use soap for toilet purposes, on account of its being readily 
obtainable everywhere in a handy form. Nevertheless'the per capita annual 
consumption of soap in India is still very low, being about t lb. as against, 
approximately 25 Ibs. in the United States of America, 24 Ibs. in Holland, 
22 lbs. in Denmark and 20 Ibs. in Great Britain. 

The possibility of increasing the demand for soap in India, and the pros
pects of development of the industry therefore appear to be bright. More
over, India will be in a still more satisfactory position as far as the major raw 
materials for the soap industry are concerned, when the proposed new caustio 
soda factories which are being constructed in Bengal and Madras commence 
production. 

The All-India Soap Makers' Association was formed in Calcutta about 
three years ago, and it now numbers amongst its members the principal soap 
makers and others interested in the industry. The Indian Soap Journal, 
the technical periodical of this Association, is published once a month, and 
contains useful information on matters of interest to those engaged in the 
soap-making and allied industries. The main objects of this Association 
are to strengthen the present favourable position and to ensure further expan
sion of the soap-manufacturing industry of India. 
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APPENDIX' A'. 

PM BpUi~ gratJitiu ol.80lutioruJ 01 ca1l8lic soda 0/ varying mength&., 

Lb. of actuaJ. NaOH contained in 
1 gaJIon of lye made from oom· 

Degrees Apecific Per cent. by weight of 
merciaJ. caustio of grade. 

Twaddell. gravity. 
Na.O. NaOH. 77" 74" 70" 

I 1·005 0·368 0·474 0·048 0·046 0·043 

·2 1·010 0·742 0·957 0·097 0·092 0·087 

3 1·015 1·114 1·436 0·146 0·131 0'129 

4 1·020 1·480 1·909 0·194 0·185 0·180 

5 1·025 (834 2·365 0·243 0·231 0·219 

8 1·030 2·194 2·830 0·291 0·278 0·262 

7 1·035 2'521 3·252 0·335 0·320 0'303 

8 1·040 2·964 3'746, 0·389 0'371 0·350 

9 1·045 3·244 4·184 0·438 0·417 0·393 

10 1·050 3.590 4·631 0·486 0·461 0'438 . 
11 1·055 3·943 5·086 0·536 0·510 0'483 

12 1·060 4·292 5·536 0·586 0·658 0·528 

13 1·065 4·638 5·982 0·636 0·607 0'573 

14 1·070 4·972 6·413 • 0·680 0·653 0·617 

15 1-075 5·311 6·9H 0·742 0·707 0·668 

16 1·080 5·648 7·285 0·786 0·749 0·709 

17 1·085 5·981 7·715 0·836 0·798 0·755 

18 1·090 6·311 8·140 0·886 0·845 0·800 

19 1'095 6·639 8·564 0·937 0·894 0·846 

20 1·100 6·954 8·970 0·986 0·941 0·890 

21 1·105 7·276 9·386 1'037 0·989 0·938 

22 1·110 7·544, 9·796 1·087 1·037 0·981 

23 1-115 7·910 10·203 1'137 1-123 d'026 

24 1·120 8·223 10·607 1·187 1·175 1·071 

25 1·125 8·533 11·107 1-238 1-181 1'117 

26 1-130 8·893 11'471 1-296 1·237 1'170 

27 1·135 9·251 11·933 1·354 1·292 1·222 

28 1·140 9·614 12·401 1·413 1·350 1-277 

29 1-145 9·965 12·844 1·470 1-413 1-337 

30 1·150 10·313 13·303 1·529 1·460 1-381 

31 1-155 10·666 13·859 1-600 1-528 1-445 

32 1·150 11·008 14·190 1·646 1-541 1-456 

33 1-165 11·347 14·637 1·705 1·627 1'539 

34 1·170 11·691 15·081 1·764 1·684 1-593 

35 1·175 12·025 15'512 1·822 1·739 1-645 

36 1·180 12·356 16·129 1·904 1-817 i'719 

37 1·185 12'1)92 16·372 1·942 1·853 1-753 
lU3ISD 
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Per cent. by weight of 
Lb. of actual 'NaOH contained in 

I gallon of lye made from com-

Degrees Specific 
mercial caustic of grade. 

. Twaddell. gravity. 
Na.O HaOH 77° 74° 70° 

38 1·190 13·016 16·794 1·998 1·887 1:804 
39 1'195 13·339 17·203 2·055 1·962 1·856 
40 1·200 13·660 17·629 2·122 2·026 1'916 
41 ..1·205 14·058 18·133 2·185 2·085 1;973 
42 1·210 14·438 18·618 2·252 . 2·147 2·033 
43 1:215 14·823 ,19'121 2'323 2·221 2·097 
44 1:220 15'~24 19·613 2·392 2·280 2·161 
45 1·225 ·15·502 19·997 2·«4 2·338 2·206 
46 1·230 15·959- .20·586 2·562 2·417 2·285 
(7 1·235 16·299 20·996 2·593 2·475 2·341 
(8 1·240 16·692 21·532 2·669 2·548 2·410 

49 1·245 17·060 22·008 2·739 2·615 2·474 

50 1·250 17·424 22·476 2·809 2·681 2·536 

.51 1·255 17·800 22·962 2·881 2·750 2'602 

52 1·260 18·166 23·433 2·952 2·fU8 2·666 

53 1·265 18·529 23·901 3·020 2·886 2·730 

54 1·270 18·897 24·376 3·095 2·955 2·795 

55 1·275 19·255 24·858 3'171 3·027 2·863 

56 1·280 19·609 25·295 3·237 3·090 2'932 

57 1·285 111,961 25·750 3·308 3·158 2·988 

58 1·290 20·318 26·210 3·381 3·227 3·051 

119 1·295 20·655 26·658 3'452 3·364 3·117 

60 1·300 21·156 27·110 3'524 3·394 3·182 

61 1·305 21·405 27·611 3·603 3·439 3·253 

62 1·310 21'785 28·105 3·682 3·514 3·224 

63 1·315 22·168 28·595 3·760 3·593 3·395 

64 1·320 22·556 29·161 3·849 3·674 3·475 

65 1·325 22·926 29·574 3·919 3·742 3·539 

66 • 1·330 23·310 30·058 3·997 3·816 3·610 

67 1·335 23·670 30'535 4·072 3·891 3·681 

68 1·340 24·046 31·018 4·156 3·967 3·754 

69 1·345 24·410 31·490 4·232 4·042 3·824 

70 1·350 24·765 31·948 3·312 4·116 3·894 

71 1·355 25·152 32·446 4·396 4·196 3·970 

72 1·360 25·526 32·930 4·478 4·274 4·043 

73 1·365 25·901 33·415 4·561 4·354 4·109 

74 1·370 26·285 I 33·905 4·645 4'434 4·194 

75 1·375 26·650 34·382 4·728 4·513 4·269 -
Figures taken from " A practical manual of the manufacture of domestic, toilet, and other 

loaps" by George H. Hurst.. . 
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APPENDIX' B'. 

Table &lwwifl{l ,,'" peroentagu of IIQ,U con~inetl in soZutioM oJ tJI16'1Ji.ng qluiftc gt"atJitll_ 

Specific gravity_ Degrees Percent. 
Twaddell. of salt. 

1-00725 _. 1-4 . 1 

1-01450 2-9 2 

1-02174 _. 4-3 3 

1-02899 5-8 4 

1-03624 7-2 6 

1·04336 8·7 6 

1-05108 10·2 7 

1-05861 11·7 8 

1·06593 . l3-2 9 

1·07335 14·7 10 

1-08097 16-2 .II 

1 -08859-:' __ 17-7 12 

1-09622 -- 19-2 .13 

1-10384 -- 20-7 ·14 

1-11146 22-3 ·15 

1-11938 -- 23-8 ·16 

1-12730 25-5. 17 

1-13523 -- 27-4 18 

1-14315 28-6 19 

1-15107 -- 30-2 20 

1-15931 31-8 21 

1-16755 33-5 22 

1-17580 35-.1 23 

1-18404 36·8 24 

1-19228 -- 38-4 25 

1-20098 -- W-! 28 
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APPENDIX' C'. 

Amounts of caustic soda 80lutionB required to saponify oils and fats. (Lew1cowitsck). 

Gallons of solution of caustic soda, 37·8·Be (S.G.-l·355). 

For saponifying oils and fats For saponifying oils and 
Weight offat in ton. of mean molecular weight fats of mean molecular 

670. (Coconut oil, palm weight. 860. (Tallow, cott(\n 
kernel oil, etc.) seed oil, groundnut oil, etc.) 

·05 4·59 3'57 

·1 9·18 7·15 

·15 13·76 10·72 

·2 18·35 14·30 

·25 22·94 17-87 

·3 27'53 21·« 

·35 32·11 25·02 

·4 36·70 28·59 

·45 41·29 32·17 

·5 45·88 35·74 

·55 50·46 39·31 

·6 55·05 42·89 

·65 59-64 46·46 

·7 '.' 64·23 50·04 

·75 68·81 53·61 

·8 73·40 57·18 

·85 77·99 60·76 

'·9 82·58 64·33 

·95 87·16 67·91 

1·0 91·75 71·48 
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APPENDIX 'D '. 

p~ oj ca""'ic lIOd4 aM ca""'ic poIa8A itl 19u. (Lewl-owiIBcA). 

Percentage by weight of 

Degree Degree Specific Caustic soda.. Caustic potash. 
Baume. Twaddell. gravity. 

1 1·4 l-(lO7 0·61 0·90 

2 2·8 1·014 1·20 1·70 

3 4·4 1·022 2·00 2·60 

4 5·8 1·029 2·71 3·50 

Ii 7·4 1'037 3·35 4'50 

6 9·0 1·045 4·00 5·60 

7 10·4 1·052 4·64 6·40 

8 12·0 1·060 5·29 7·40 

9 13·4 1·067 5·87 8·20 

10 15·0 1·075 6·55 9·20 

11 16·6 1·083 7'31 10·10 

12 18·2 1·091 8·00 10·90 

13 20·0 1·100 8·68 12·00 

14 • 21·6 1·108 9·42 12·90 

15 23·2 1·116 10·06 13·80 

16 25·0 1·125 10·97 14·80 

17 26·8 1·134 11·84 15·70 

18 28·4 1·142 12·64 16·50 

19 30·4 1·152 13·66 17·60 

20 32'4 1·162 14·37 18·60 

21 34·2 1·171 15·13 19·50 

22 36·0 1·1SO 16·91 20·50 

23 38·0 1·190 16·77 21·40 

24 40·0 1·200 17·67 22·50 

25 42·0 1·210 18·58 23·30 

26 «·0 1·220 19·58 24·20 

27 46·2 1·231 20·59 25·10 

28 48·2 1·241 21·42 26·10 

29 50·4 1·252 22·64 27·00 

30 52'6 1·263 23·67 28·00 

31 64·8 1·274 24·81 2~·90 

32 57'0 1·285 25·80 29·SO 

33 59·4 1·297 26'83 30·70 

34 61·6 1·308 27'80 31·SO 

35 64·0 1·320 28·83 32·70 

36 66·4 1'332 29'93 33·70 

37 69·0 1·345 31·22 34·90 
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Percentage by weight of 

Degree Degree Specific 
Ba.ume. Twe.ddell. gra.vity. Caustic soda. Ca.ustic potash. 

38 71·4 1·357 32·47 35-90 

39 74·0 1'370 33·69 36·90 

40 76·6 1·383 34·96 37·80 

41 79·4 1·397 36-25 38-90 
42 82-0 1-410 37-52 39-90 

43 84-8 1-424 38-80 40-90 

44 87-6 1-438 39-99 42-10 

45 90-6 1-453 41-41 43-40 

46 93-6 1-468 42-83 44-60 

47 96-6 1-483 44-38 45-80 

48 99-6 1-498 46-15 47-10 
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APPENDIX • E '. 

1 nft_ oJ tt.mperalfJre on the Bpooijic Jl"amties of soZuli0ft8 of caU8tic coda (Lewkowitdck). 

25°C. 30°C. 35°C. 40°C. 45°C. 50°C. 

~pecifio gravity 1·355 1·353 1-350 1·348 1-345 1-342 
Baume 37·8 37-7 37-4 37-3 37-0 36-8 

Specific gravity 1 '345 1-343 1-340 1·337 1-335 1-332 
Baume 37-0 36-9 36-6 36·4 36-2 36-0 

Specific gravity 1-336 1·333 1-330 1'327 1-325 1-322 
Baume 36-3 36-1 35-8 35-6 35·4 35-2 

Specific gravity 1-325 1·323 1-320 1-317 1·315 1·312 
Baume 35-4 35-3 35-0 34·8 34-6 34-3 

Specific gravity 1-315 1-313 1-310 1-307 1-305 1-302 
Baume 34-6 34-4 34·2 33-9 33-7 33-5 

Specifio gravity 1-305 1-303 1·300 1-297 1-294 1·292 
Baume 33·7 33-5 33-3 33·0 32-8 32-6 

Specific gravity 1-294 1-292 1·289 1·287 1-284 1-282 
Baume 32-8 32-6 32-3 32-2 31-9 31-7 

Specific gravity 1-284 1-282 1-279 1-277 1-274 1-272 
Baume 31·9 31-7 31·5 31-3 31-0 30-8 

Specifio gravity 1·274 1-272 1·269 1-267 1-264 1-262 
Baume •• 31-0 30-8 30-5 30-4 30-1 29-9 

Specific gravity 1-265 1-262 1-260 1·258 1-255 1-252 
Baume 30-2 29-9 29·' 29·5 29-3 29-0 

M:23ISD-900-21-7·38-GIl'S 
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AUTHORS' FOREWORD. 

In compiling the information and data contained in this bulletin, three 
objectives were held in view, namely to show the present state and importance 
of the mustard and rape seed industry in India, to present the technical data 
on which an All-India standard specification for mustard oil may be based, 
and to show that ~ustard oil of equal pungency and of superior yield to that 
given by the indigenous ghannis, can be obtained from modern plant when 
suitably operated. 

The differing specification standards at present enforced by various Go
vernment authorities in India are shown in Table IV on page 5. These 
differing standards have been the cause of much trouble and trading difficult
ies to the oil millers of the United Provinces and elsewhere, as they lead to 
the anomalous position that oil accepted as genuine in one Province is liable 
~o be reported as being adulterated in another. 

The seed used by the agriculturist is almost invariably a mixture: in vary-
ing proportions, of the several species of the Brassica family found in India, 
and consequently the oil produced from his crops may have -characteristics 
which cover the whole range of variation of the characteristics of the several 
species. It therefore frequently happens that the oil produced from genuine 
mixed seoo. of Brassica has characteristics which fall outside the permissible 
range of certain Provincial specifications, owing to the wide variations in 
proportions of the various species which might- have been present in the seed 
from which the oil was crushed; In these circumstances the oil is liable to 
be declared to have been adulterated. 

A study of the several species of Brassica seed and of the oils from them 
which has been carried out has enabled information bearing on this question 
to be collected and this is recorded in this bulletin in a readily available form ; 
the authors hope that the facts now available will assist towards the gaining 
of the objectives contemplated. 

The authors wish to thank Mr. T. S. Sabnis, Economic Botanist .(Fibres, 
Millets, and Oilseeds) to the Government of the United Provinces and his 
staff for kindly undertaking the necessary botanical examination of mustard 
and rape seeds in connection with thes~ investigations. They also thank the 
Director, Imperial Agricultural Research Institute, New Delhi, the Directors 
of Provincial Agricultural Departments, and various oil millers of the Pro
vinces concerned for sending seeds and giving va~uable information regard
ing them. 

The acknowledgement of the authors is also due to the Government publica
tion " Field and Garden Crops of the North West Frontier and Oudh, Part 
I", from which the photographs used to prepare Plates Nos. I, III, V and VII 
were taken. 



CHAPTER r. 
BTAT!STICS OJ' INDIAN PRODUOTION, OONSUMPToN, ~'EXPORTS 0]' MUSTARD 

A:ND RAPE SEEDS.-

India is a large and important producer of mustard and rape seed, about 
one million tons of. these seeds being harvested annually and nearly six million 
acres of land being cultivated for their production. 

This crop, though .second in order of importance to groundnut, is certainly 
the most valuable seed so far as utilisation in: this country is concerned, as 
over 90% of the crop is consumed for domestic requirements. Mustard and 
rape seeds are extensively grown all over northern India, from the Punjab 
to Assam. The area under cultivation of these seeds and the yield of the cr9P 
have remained fairly constant during the last 37 years, as is shown by the data 
in Table I below. . 

TABLE I. 

Area 'U/nileJr cultivation, yieW" export, and local consumption of mustard and 
rape seeds if!, India. 

Yield of Sellds & nil-
Are&under Exports &ble for 10c&1 

Period. . eu1tiv&tion seeds \ fromIndi& consumption 
.- (&cres). (tons) • (tons). (tons). 

Anr&gll of 10 ye&r&- . 
1900-01 to 1909-10 .. .. 6,827,000 1,001,000 .. .. 
1910-11 to 1919-20 .. .. 6,292,000 1,149,000 174,000 976,000, 

1920-21 to 1929-30 .. .. 6,023,000 1,036,000 159,000 877,000 

1930-31 .. .. .. '6,632,000 988,000 36,000 963,000 

1931-32 ... .. .. -6,220,000 1,025,000 67,000 968,000 

1931-13 .. .. .. 8,094,000. 1,042,000 117,000 926,000 

1933-34 .. .. .. 6,034,000 943,000 76,000 867,000 

1934-35 .. .. .. 6,338,000 900,000 40,000 I 860,000 

1935-36 .. .. .. 5,333,000 957,000 21,000 936,000 

1936-37 .. .. .. 6,818,000 976,000 40,000 936,000 . 
The average consumption of mustard and rape seeds outside India js 

nearly 296,000 tons per annum (average from 1925 to 1936, column 5 of Table 
II below), and the production in other countries is supplemented by an· aver
age export from India of 81,000 tons per year. The quantity exported thus 
amount. to about 8% of India's average production of these seeds .. -



TABLE n. 
Oomparative statement showing "epfYl'ted.area \ under cultivation and yield of 

,.ape seeil in foreign co'IJmtrieS from 1924 to 1936 and export of mustard and 
,,.ape seeds/rom India during this perl:ocl. ' i' ";',''-'''''';'Yi 

Total 
Area under Yield of Export from requirement 

Period. cultivation aeed India of seed hi:' 
(acres). (tons). (tons). 'foreign .:': 

co.untriea 
(tons). , ,. 

(1) (2) (3) (4) (5) 

, . 
i924 .. .. .. . . 591,000 155,000 265,000 420,O~0 ; . , 

<! 1925 .. .. .. 617,000 185,000 115,000 300,000 

1926 .. .. .. .. 563,000 163,000 95,000 , 258,~0?, 

1927 .. .. .. .. 497,000 195,000 68,000 263,000 

J.928 . . .. .. " . 637,000 220,000 81,000 301,000 

1929 .. .. .. .. 476,000 187,000 , 
47,000 234,000 , 

-.----- _. _. ---
1930 .. .. .. ., ' 582,000 218,000 35,000 

, ' 
.253,QOO' :. 

1931 .. .. .. .. 600,000 213,000 57,000' 270,000 

1932 .. .. .. .. 499,000 176,000 '117,000 293,000 
", .. 

1933 . , .. ", ... 449,OQO 176,000 76,000 , .252,000 

1934 .. .. .. .. 648,000 237,000 40,OO~ 277,000 

1935 -._,- .. .. .. 946,000 344,000 21,000 ,:365.~000 

1936 
. , .. .. .. .. 784,000 322,000 40,000 362;000 

,. 

: ,. . 
NOTB.-Figures in column (4) show the export for the year from 1st April to 31st M;arch. 

The entire northern belt of India, consisting of the. United Provinces; 
the Punjab, Bihar, Bengal and Assam, yields more ,than 90% of the total: 
production of mustard and rape seeds in India. This is shown by thestatis-: 
tics record~ in Table III below. : .' ' 



TABLE III. 
Area and yield of mustard and rape seet1s in various Provinces and States of India (area is given in thousands of acres and yield in 

. thousands of tons). " 

1932.33. 1933.34. 1934·35. 1935·36. 1936.37. -

Province or State. 
, 

Are •• Yield. Area. Yield. Area. Yield. Are •• Yield • Are •• Yieldt .. ~ . . 
... -.. .. .. . . ... . ... - --_ . -. -- . - .'----' 

-Bnlialllndian ProWncu. ;. 

Aaeam .. .. . . :271 43 329 57 345 .54 363 45 401 .57. 

:Bengal .. .. .. 716 154 693 1M 724 180 711 157 740 180 

:Bihar and Orillla .... .'.' 627 14Q 598 135 600 137 576 113 557 127 

:Bombay and Sind ... .... 190 23 185 19 145 IJ 144 16 158 17· 

Central ProVince. -.!. . .. 71 15 74 16 71 17 68 13 71 17: , 

Delhi ... ... . .. "8 (6) 4 (6) 5 1 4 (b) 10 2; ... 

N. W. F. Province .. .. 126 7 112 9 65 6 93 8 72 10 

Punjab .. .1,158 
: 

151 1,099 131 673 101 705 U3 949 154 . ... " . u. .. 

{ 327 58 219 31 206 30 248 46 271 41 
United Provinces (a)* .. 

2,484 438 2,594 372 2,444 357 2,330 433 2,499 357 

Total :Britiell. Indian Provinces 5,978 ·1,029 5,907 934 5,278 894 5,242 944 5,728 .. -962·· 

". .. 
(a) *These figures relate to the Umted Provmces and indicate mixed crop, u., seed sown m the same field With other crops. The estunates of the 

mixed crop of the United Provinces 8.l'!l highly conjectural, and hence are shown separa~ly. 
(b) 500 tona or below. . . 



TABLE I1I-conclcl. 

1932.33. 1933·34. 1934·35. 1935·36. 1936.37 • 
.. .. 

Province or State. 

Area. Yield. Area. Yield. Area. Yield. Area. Yield. Area . Yield. 

. 
Indian Blatu. 

:Baroda ... .. .. 20 2 40 3 15 1 13 2 11 1 

:Bombay and Sind States .. 46 6 37 5 13 3 16 2 12 I. 

Ryderabad •• .. .. 10 (6) 12 (6) 12 (6) 13 1 11 1 , 
RajputaDa "1 .. .. 40 5 38 1 20 2 49 8 56 10 

Total Indian States .. 116 13 127 9 60 6 91 13 90 14. 

GauD TOTAL .. 6,094 1,042 6,034 943 5,338 900 5,333 957 5,818 976 
-

(b) 500 tonB or below. 
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CHAPTER II. 

MUSrARD OIL SPECIFICATIONS IN USE IN INDIA, AND COMPARISON WITH 

.CHARACTERISTICS OJ!' SEED AND OIL OJ!' THE PRINCIPAL COMMERCIAL SEED 

SPECIES. 

Mustard and rape seeds produced and retained in India are crushed by the 
oil millers and village oil-seed crushers or telies· for the production of mustard 
oil. Due to the good demand for this oil and the slightly better priCElS obtained 
for it in the market as compared with other edible oils, there is a strong induce
ment to adulterate it. Various Provincial Governments have therefore laid 
down technical standards for mustard oil under the provisions of the Indian 
Food Adulteration Act. Generally those samples of oil which have physical 
and chemical characteristics lying within the permitted range are regarded as 
genuine, and those that show values outside the range are reported as adult
erated. Typical standard values fixed by various authorities are stated in the 
following Table. 

TABLE IV. 
M UBtard oil starulards fixed by various Proviru:ial Governmems and' other authori-

ties in India. . 

Saponifi-
Province or authority. cation Iodine Remarks. 

value. value. , 
Bengal •. .. .. 169-175 96--104 No. 1977-P. H., dated 24th July 1930. 

Bihar and Orissa .. 169-176 96-108 No. 9363-L. S. G., dated 16th December 
1924. 

United Provinces .. .. 169-176 96-108 lNo.1037/XVI (P. H.)--322, dated ~2nd 
December 1930. 

Central Provinces .. 169-176 96~108 .... 
Punjab •• .. .. 170-180 93--105 No. 37202-P. H., dated 10th December 

1931. 
N. W.E.Province .. 170-180 93-105 Punjab Sta.ndardsfollowed. . 
Indian Stores Department 170-178 93--108 I. S. D. Specification 

(1937). 
No. G/0-I0l/73 

, 

The mustard oil produced m India lB generally obtamed from seeds ohhe 
BrassWa group. This group comprises the folloWing main species of seed :-

(1). Brassioa campestris Yellow and brown Sarson, 
(2) Brassioa junoea Rai, and 
(3) Brassioa napus Tori. . 

These main species are found inextricably mixed in widely varying proportions 
in the seed supplies which come to market, due to the fact that the seed itself 
which is used by the agriculturist or ryot for the propagation of crl?Ps consists 
of a mixture of the several species in equally widely varying proportIOns. 

The result is that oil millers are generally unable to purchase pure unmixed 
seed of any of the Brassioa species, as under whatever name the seed is sold 
commercially it will almost invariably be found to be a mixture. The oils from 
these mixtures are known indiscriminately in India.as mustard oil.. . 
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COIDIiderable variation in'.the: physical and chemical characteristics of 
_commercial samples ?fmustard oil is therefore a common experience, and in 
the following pages a,re recorded the results of investigation of the Characteris
tics of specially selected samples of seeds' of each of the main Brassica species 
and of the oils expressed therefrom, together with the results of investigation 
'of the proportloIDI' in which the main species occur "in samples from normal 
commercial supplies of seed and of the characteristics of the oils obtained from 
them, in order to throw light on to this matter. 
"Examination of seeds of pure species of " Brassica," and of the oils obtained from 

them. 
1. Brassica campestris.-The seed of this species has various local names, 

typical local names are :-
Sarson, Pila-sarsori, Shwet-rai, Shwet-sarisha, Pivali-rai, 
Sarson~zard,. Banga-sarson, Rara, Rada, and Rara-sarson. 

This species of Brassica is mainly grown in the United Provinces, Bihar, 
and Bengal. The seeds are bold, i.e., of large size, and yellow, brown, or dark
brown in colour, round in shape, and have a smooth smace. The plant is 
shown in Plate I "and the surface of the seed-coat, as seen under a microscope, 
in Plate II. The oil content of the seed varies from 35 per cent. to 48 per cent. 
(50 samples of seed examined). The yellow sarSon gives slightly higher oi 
yield than the brown variety. " 

Table V below records the physical and chemical characteristics of oils 
obtained from the seeds of Brassica campestris grown in various Provinces 
and districts, the purity of the seed used, as determined by preliminary bota
nical examination, being 100 per cent. 

TABLE V. 
Physical and chemical characteristics of oilsfrom seeds of" Brassica campestris.'-

Specific Gr. I Refractive Sa ponifica- Iodine 
Name and plaoe of origin. at 15·5°C./ index at tion value. 

15·6°C. 40°C. • value. 

Bf'tJ8McG eampeatri.t (Yellow 
Sarson) from-

Aligarh .. .. 0·914 1·4645 169·S 99·0 
Cawnpore .. .. 0·915 1'4635 169·1 99·19 
Cawnpore .. .. "0·915 1·4640 170·1 l00·S 
Pussa. •• ., .. 0·915 1·4640 169·S 100·75 
Bengal .. .. 0·916 " 1·4652 170·1 99·9 
Bihar •• .. .. 0·916 1·4664 170'5 100·1 

(Brown Sarson) from- , 

Aligarh .. .. 0·914 1·4640 174·2 101·1 
"Cawnpore .. .. 0·916 1·4642 173'4 100·S 
Bihar •. .. . . 0·916 1·4649 174·7 101·5 
Bengal .. ., 0·916 1'4645 174·5 100·0 
Central Provinces ., 0·915 1·4643 .. 173·3 102·S 

• 
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PLATE I. 
Brassica campestris 

(Sarson). 
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PLATE II. 
Photo-micrograph of the seed-coat of 

Brassica campestria 
(Sarson). 
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PLATE III. 
Brasaica juncea 

(Rai). 
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PLATE IV. 
Photo-micrograph of the seed-coat of 

Brasaica juncea 
(Rai). 
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PLATE V. 
Brassica napus 

(Tori). 

• 

- - _ .. __. __ . 

• 

-

PLATE VI. 
Photo-micrograph of the seed-coat of 

Brassica napus 
(Tori). 



2. Brassica juncea.-The seeds of this. species are known locally as Rai, 
Sarson-rai, Lahi, Sarson-lahi, Gohna-sarson,' Badi-rai, Batlai, BadshahiIai; Shah-
zada-rai, and Khas-rai. . 

This species is grown throughout India. The seeds are comparatIvely 
small in: size, are spherical or ovoid in shape, and h~ve. a ~tinctly ru~ose 
surface. The plant is shown in Plate III and the appearance of the sUrlace of 
the seed-coat under the microscope in Plate IV. 

Rai yields leal'!" oihhan Saison; the air content of the seed vaiymg !rom. 
30-38 per cent. (60 samples examined). The p4ysical and chemical charac
teristics of oils expressed from seeds of this spec~es from various Provinces and 
districts are shown in Table VI, preliminary botanical exam.i.rui.tion confirm
ing that the purity of the seed samples used was 100 per cent. 

. . 

TABLE. VI. 

Physical and chemical characteristics of oils obtained from pure varieties of 
" Brassica juncea." -_. 

Specific 'Refractive 
, 

Name and place of origin. Gravity at index Saponifica- Iodine 
15'5°C/ at 40°C. tion value. value. 
15·5°C. 

-Bra8Bica Juncea ,(Rail from-

Cawnpore .. .. 0·917 1·4654 174·2 110·5 

Cawnpore .. .. 0·916 1·4650 173·8 106·2 

. Pussa. .• .. . . 0·915 1·4650 172·2. 111·1 

Bengal .. .. 0·916 1·4656 175·5 111·9 

Bihar •• .. . . 0·916 1·4658 173·5 114·3 

3. Brassica napus.-Seeds of this lipeclesof Brassica are called locally 
Kali-sarson, Lahasta, Laita, Janya, Jadiya, Sanchi;Surchi, Sada-rayee; Tori, 
Toria, Khetia, Lai, and Dain. 

The seeds are largely grown in the Punjab, Bengal, Assam, and the Sub· 
Himalayan tracts of the United Provinces, and are slightly smaller than those 
'of Sarson. Theyare spherical or ovoid in shape, and have slightly rugose 
surfaces, the colour of the seeds being reddish or dark brpwn.Theplaniis 
shown in Plate V, and· the surlace of the seed as seen under the microscope in 
Plate VI. The oil content of the seed varies from 33-46 per cent. (30 'samples 
examined). ~he physical. and .chemical characteristics of oils obtained. from 
this variety of seed from variouS localities are recorded in Table VII, the purity 
of the seed used in this ~ase,. p.lso, b~ing confirm.~d by p~~liminary botanical 
examination. 



TABLE VII. 
Physical and chemiCal characteristics of oil obtained from pure varieties of 

"Brassica napus." 

Specifio Refractive 
Name and place of origin. Gravity at index Saponifica- Iodine 

15·5°C.1 at 40°C. tion value . value. . , 15·5°C. 

Bras.Hca Mpua (Tori) from....,. 
Cawnpore .. .. 0·917 1·4639 172:,3 100·9 . 
Nepalganj .. .. 0'913 1'4645 172'5 102·2 

Bihar •. ' .. .. 0·913 1'4655 172·8 103·0 

Lya.llpur (Punjab) .. 0·917 . 1'4642 173·4 102·7 

Lya.llpur (Punjab) .. 1),916 1·4640 173·2 102'5 

.. 
In additIon to the Brass~ca family, the speCIes Ef"UC(}, sat~va is also worthy 

of consideration, as it is produced to a very large extent in the United Pro
vinces, the'Punjab, and Bihar. 

Ef"UC(}, sativa.-This species is also variously known locally as Duan, 
Sahwan, Tira, Tara, Taramira, Dua, Chara, etc. 

The 'seeds are light reddish brown, and have a smooth surface They can 
be readily distinguished from Sarson, as they are not round but distinctly ovoid, 
and have a characteristic colour. The plant is shown in Plate VII, and the 
appearance of the surface as seen under the microscope is shown in Plate VIII. 
The oil content of the seed varies from 30 per cent. to 35 per cent. (20 samples 
examined). The characteristics of 100 per cent. pure seeds from various Pro
vinces and districts are shown in the following table, the purity of the se'ed 
having been confirmed by preliminary botanical examination. 

TABLE VIII. 

Physical and chemical characteristics of oils obtained from pure varieties of. 
"Eruca sativa." 

Specifio Refractive 
Name and plaoe of origin. Gravity at index Saponifica- Iodine 

15·5°C.' at 40°C. tion value. value. 
15' 5°C. 

-
Erma Batim( Duan) from-

United Provinces .. 0·916 1·4659 174'5 99·4 

United Provinces .. 0·917 1'4655 174·4 99·0 

Punjab .. .. 0·917 1'4655 174·7 100·0 

Cawnpore .. .. 0'~17 1'4657 175·5 100'0 , 
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PLATE VII. 
Er'Uca sativa 

(Duan, Taramira). 
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PLATE VIII. 
• 

Photo-micrograph of the seed-coat of 
Er'Uca sativa 

(Duan, Taramira). 

, 

• 



9 

From an examination of the oils from the pure seeds of Brassica species 
and Eruca 8ativa, the following conclusions can be drawn :-

1. Seeds ~f Brassica campestris, (Sarson), give oils having saponifica
tion values between 169 and 175, and iodine values between 
99 and 103. 

2. Seeds of Brassica juncea, (Rai), give oils having saponification 
values between 172 and 176, and iodine values between 106 and 
114. 

3. Seeds of Brassica napus, (Tori), give oils having saponification 
values between 172 and 174, and iodine values between 101 and 
103. i 

4. Seeds of·Eruca sativa, (Duan), give oils having saponification values 
between 175 and 176, and iodine values between 99 and 101. 

5. The high iodine values of the oils obtained from mixed Brassica 
see4s are due to the presence of seeds of Brassica juJl,Cea, (R3.i). 

6. The seeds of Sarson, Rai, and Tori can be readily distinguished and 
separated by means of microscopic examination, the distinctive 
appearance of their surfaces is clearly shown in Plates II, IV 
and VI. Seeds of Eruca sativa can also be distinguished by their 
shape, which is. quite distinct from that of Sarson, Rai, or Tori, 
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CHAPTER III. 

INVESTIGATION OF PROPORTIONS IN WHICH MAIN SPECIES OF. SEED OCCUR IN 

COMMERCIAL SUPPLIES, AND OF THE CORRESPONDING VARIATIONS IN 

CHARACTERISTICS OF THE OILS. 

Samples of seeds collected from oil mills of various Provinces were 
examined under the microscope, and by this means Borted to determine the 
proportions in which the three principal species, viz., Sarson, Rai and Tori 
(Rape), were present. The composition has been shown in Table IX below 
in the form of percentage by weight. The procedure adopted was as follows. 

The sample was cleaned mechanically to remove dust and foreign seeds. 
A small quantity of the cleaned seed, about 2· 0 gms. in weight, was placed in. a 
petri dish /illd sepa.rated first on a colour basis, yellow mustard seed being 
removed, a·nd then weighed. The remaining seeds werf" then examined under 
the microscope for identification, so as to enable them to be separated as 
Sarson, Rai and Tori. This can be readily done after a little practir.e, as each 
species has a distinctive surface appearance (Plates II, IV and VI). The 
weights of all these separated species were then taken and the results, expressed 
as percentage composition, are recorded in the Table. 

These samples were further examined by actual sowing of the seeds, the 
composition of the original mixture being calculated from the number of plants 
of the different species found in the resulting crop. 

The seeds so examined were then pressed in the Laboratory and th,. oils 
obtained from them subsequently analysed to determine their physical and. 
chemical characteristics. These characteristics are also recorded in Table IX 
below. 

From the figures in the Table it will be observed that the results of both 
the examinations agree within the permissible limits of experimental error, 
thus showing that the microscope examination can be relied upon for estimating 
the composition of mixtures of mustard seeds. In this connection it should be 
noted that the chemical analysis shows that wherever the proportion of Rai, 
i.e., Brassica juncea, is large, the iodine value is high. 



TABLE IX. 

Results of microscopic and botanical examinations of market samples of " Brassica • .. and the physical and chemical characteristics 
of oils Dbtained from them. 

Composition by microscopic Composition by botanical Physical and chemical oh ....... teristios .. examin&tion. es:amination . of oil from the sample. 
Prinoipal 

. No. PIOvinoe and Distriot.; B .... sioa. 
BrassiC/J C/Jmpes· Br(J8· B ..... B .... sioa BrIJ8sioa BrIJ8sioa species Sp. gr. at Refractive Saponi· 
IriB (Sarson). sioa sioa campeslris. jU1U)"". .... puo. in the 15.5° 0/. index . fioation Iodine 

3U1U)"'" .... puo. oample. 15.5°C, aUOo O. value. val .... 
Yellow. Brown. (Rai). (Tori). (Sarson). (Rai). (Tori). 

-----'- .. 

1 United Pro· (Cawnpore) •• 1 2'5 90·0 6·5 .. .. .. Rai .. 0·917 1·4652 172·2 105·0 
viDoea. 

2 . .. .. .. .. 3 1·5 95·5 .. 3·1 96'9 .. .. .. 0·916 1·4659 170·1 105'5 

8 .. .. .. .. 12·5 .. 87'5 . .. 10 90 .. .. .. 0·915 1·4658 172·8 106·4 , .. .. .. .. 8·6 .. 91·4 .. 6 94 .. .. .. 0·917 1·4657 171·4. 106·1 

IS .. .. .. .. 99·2 ·8 .. .. 100 .. .. Sa1'8on 0·916 1·4652 170·1 99'9 

6 .. .. .. .. 10'5 .. 89·5 .. 9 90·6 '4 Rai .. 0·913 1·4670 172·9 106'2 ., .. .. .. .. .. 99·2 .. ·8 100 .. .. Sarson 0·916 1·4652 170·5 100·1 

8 .. .. .. .. 96·8 3'/1 .. .. 98 2 .. .. .. 0·913 1·4655 170·9 99'5 

9 .. .. (Etawah) .. 7·4 .. 90·6 2 .6 93 1 Rai .. 0·914 1·4658 172·9 107·4 

.10 .. .. .. .. 2·4 11:8 85·8 .. 15 83 2 " .. 0·913 1·4670 173·9 105·2 

11 .. .. .. .. 3'5 .. 96'5 .. 2 97·8 ·2 " .. 0·912 1·4670 172·8. 107·2 . 
12 .. .. .. .. 1 96 .. 3 .. .. .. Sarson 0·914 1·4640 174·2 101·1 

13 .. .. (Aligarh) .. 1 97 .. 2 96·4 3·0 ·6 " ..I 0·913 1·4640 174·5 100'2 

.... ..... 



TABLE IX-contd. 

Composition by microscopic 
examination. 

Composition by botanical 
examination. 

Physical and chemical cha.ra.eteristic8 
of oil from the sample. 

Principal 

No. Province and Diatrid BrGloica camp .. - BraBBica I Iris BrGl- BrGl- BrtJ88ic4 BrGloica BrGl8ica species Sp. gr. at Refnwti!e Saponi-

(Samon.) 8ica 8ica camp_is. j1JlTl«lJ. 1IGpU8. in the 15.5° C., index fication Iodine 
junctIJ. 1IGpU8. sample. 15.5°C. at40°C. valae. valae. 

. ' 
B;own. 

(Rai). (Tori) • (&.raon). (Rai). (Tori). 
Yellow. 

14 .. .. .. .. 100 .. . . .. 99·4 ·6 .. 
R;n 

. . 0·913 1·4645 169·8 99·0 

15 .. .. .. ., 1·5 . . 98·5 .. 3 97 .. . . 0·913 1·4655 175·1 105·3 

16 .. .. 
(A8m) 

.. 98·5 1·5 .. .. .. .. .. Sarson 0·914 1·4640 170·2 100 

17 .. .. .. 2·3 ' .. 97·7 . . 1 98·5 ·5 Rai . . 0·914 1·4670 172·6, 106·6 

18 .. .. 
(F;""bad) :: 

2·5 7·8 e9·7 .. 7 92 1 .. .. 0·913 1·4669 174·1 105·(} 

19 .. .. 15·2 3·5 81·3 .. 19 80·1 ·9 .. .. 0·916 1·4657 171·3 104'5 

20 .. .. 
(:sahmich): : 

.. 1·6 ' .. 98·4 .. ·7 99·3 Tori .. 0'913 1·4656 173·0 103,0 

21 . .. .. 7·9 .. 10 82·1 7 13 80 .. . . 0·912 1·4645 174·1 102·4 

22 .. .. .. .. .. 1·5 . . 98·5 ·2 5 94·8 
&.i 

.. 0·913 1·4655 173·] 102·9 

23 Bibr .. .. .. .. 10·5 89·5 .. . . .. . . . . 0·916 1·4667 173·1 104·5 

24 " .. 7·5 .. 12·5 80 8 13 79 Tori .. 0'913 1·4648 173·8 102·5 

25 .. .. .. 99·2 .. ·8 100 .. . . Sarson 0·916 1·4655 174'0 100·2 

26 .. .. .. 16 4 80 .. 18 82 .. Rai . . 0·916 1·4656 172·4 104·9 

27 " 
.. .. 7·5 .. 92·6 .. 7 92 1 .. .. 0'917 1·4658 172·2 105'8 

28 Bengal .. .. 93·8 6·2 .. . . 98 2 . . Sarson 0·913 1·4655 172·9 99·5 

29 .. .. .. 2 94 4 .. .. .. . . 
&'i " 0·914 1·4642 174·0 101·4 

30 .. .. .. 17'6 .. 82·6 " 16 83 1 .. 0·915 1·4655 173·0 105·2 

81 .. .. .. 8 .. ",8·5 83·5 6'5 11·6 82 Tori .. 0·913 1·4648 174·3 102·8 

32 Punjab " .. .. " 2 98 ·5 .. 99'6 .. .. 0·913 1·4650 172·8 102·3 

33 .. .. .. . . 1 .. 99 .. . . 100 .. .. 0·913 1·4646 172·6 102·2 

84 .. .. .. . . 1'5 2 96·6 ·2 6 94·8 
T~ri 

.. 0·913 1·4655 173·1 102·9 

36 .. .. .. ·6 ·2 50 49·3 ·2 49·8 60 0·912 1·4650 173·6 . 106·2 
& Rai. 

,-

j -
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CHAPTER IV. 

CHARACTERISTICS OF GENUINE MUSTARD (RAPE) OILS FROM OIL MILLS IN 
VARIOUS PROVINCES, AND DISCUSSION OF RESULTS. 

Samples of genuine mustard oils, pressed from mixed Brassica seeds in 
,the mills of different Provinces, have been collected and examined in order 
to ascertain the variations in the characteristics of pure oils from commercial 
supplies and the results of this examinatiJn are shown in Table X below. 

TABLE X. 

Physical and chemical constants of mustard oils from mixed " Brassioa " seeds 
obtained from oil mills of different Provinces. 

No. 

1 

2 

3 

4 

5 

8 

7 

8 

9 

1.0 

11 

12 

13 

14 

15 

18 

17 

18 

19 

2.0 

Province. 

U. P. 

.. 
" , 

" .. 
.. 
.. 
.. 
.. 
.. 

Bihar 

.. 

.. 
Bengal 

.. 

.. 

.. 
Punjab 

.. 
II. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
,. 

.. 
" 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

Specific 

Place. 
Gravity 

at 
15·5°C., 

,15·5°C. 

(Cawnpore) •. .0·917 

" 
.. .0'915 

" 
.. .0·913 

" 
.. .0·914 

(Agra) .. .0'915 

" 
.. .0·918 

" 
.. .0·915 

(Aligarh) , . .0·916 

" 
.. .0·915 

.. .. .0·915 

.. .0·918 

.. .0'914 

.. .0'914 

.. .0·914 

.. .0·915 

.. .0·915 
• .. .0'917 

.. .0·913 

.. 0'914 

.. .0'917 

Refractive 
index Saponifica- Iodine 

at tion value, 
40°C. value. 

1·4648 172·9 1.05·2 

1·4633 176·4 103·8 

1·4645 17.0·5 99·5 

1·4646 173·5 102·6 

1·4664 176·1 106·2 

1'4663 175'7 1.05'8 

1·4656 175·2 1.04'3 

1·4657 175·.0 1.02·2 

1·4655 174·5 1.03'5 

1·4651 173·6 1.02·.0 

1'466.0 176·5 1.06·5 . 
1'4658 176·.0 1.03·2 

1'465.0 174·.0 103·8 

1·4638 172·8 1.01·2 

1·4656 174·9 1.05·6 

1·4641 176·6 1.06·7 

1'4637 173·7 '1.02'8 

'1·4655 174·2 1.02·5 

1·4648 173·8 1.03·2 

1·4652 172'1 1.05·5 
-- --
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There is now sufficient information about the chemical and physical con
stants of oils from various species of pure Brassica, as well as of oilS obtained 
from mixed seeds available in the different Provincial markets, to enable certain 
definite conclusions to be reached which may be utilised to fix:~standards for 
pure mustard oil. > 

The adulterants which are commonly used for the sophistication of mustard 
oil are sesame oil, linseed oil, arachis oil, and, occasionally, niger seed oil. 
With the exception of niger seed oil, which, if present, will give the oil sample 
high iodine and saponification values, it is possible to detect all these adulter
ants without difficulty, thus the iodine value of niger seed oil is between 
126-134, and the saponification value is between 188-192·5. 

Sesame oil can be detected by the well-known Boudouin test, linseed oil 
by Hexabromide estimation, arachis oil by Renard's test and its modification 
by Dr. Brahmachari, and mineral oil by Holde's test, its estimation being made 
by isolating the unsaponifiable matter . 

• TABLE XJ. 

Variations of physical and chemical characteristits of mustard oils, and com
parison with the requirements of different specifications. 

Specifio gravity Refractive Saponification Iodine value. 
No. Varietiee. at index at value. 

15.5°0./15.5°0. (0°0. 
• 

1 Bra.oicG eamp .. ' .... (Yellow 0'914-0'916 1'4635-1'4654 16~171 9~IOI 
Sarson) (Table V) • 

2 Brwtw:" eamp .. ' .... (Brown 0'914-0'916 I' 464()-1 . 4649 173-175 10()-103 

3 
S .... on) (Table V). 

Brwt,,;ca i- (Rai) (Table 0'915-0'917 1'465()-1'4658 172-176 105-IU 
(VI). 

1'463~1'4655 172-174 101-103 , BrwtoicG .... pu (Tori or Rape) 0'913-0'917 
(Table Vll). 

0'912-0'917 1'464()-1'4670 16~175.1 9~107·' 5 Bra80icG muetl (Table IX) .. 
.>' 

6 Oils /rom mills (Table X) .. 0'913-0'917 I' 4633-1' 4664 17()-176.6 99'5-106'7 

7 Variation as per LewleorcitscA .. I' 463-1' 468 171-176 93'5-103'6 

.' 
8 Variation as per Milc1lell .. 0'914-0'916 " 17()-175 97-105 

9 Variation as per BoUon ,.nd 
BevY . 

0'913-0'917 .. 168-178 94-104 

10 Variation as per Frye, ,.nd 0'914-0'917 1'465()-1'4665 17()-177 97-105 
Weston. 

11 Variation as per Dr. B,ahma· 0'9~3-0'918 .. 17()-176'6 96.6-109 
ok,.,;. 

12 Br. Standard Specification' •• 0'913-0'916 1'4648-1'4665 17()-178 .97-107 

13 I. S. D. Specification- .. 0'905-0'909 .. 17()-178 93-108 
(at 30°0./30°0.) 

16~176 96-104 U Bengal Speoification .. " .. 
15 U. P., C. P. and Bihar .. .. .. 169-176 96-108 . 
16 Punjab and N •• W. F. .. .. .. 17()-180 93-105 

.. .. 
eNo. 0./0.101/73 of 1937. 
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The data summarised. in Table XI above shows that as a result of the wide 
variation of proportions of seeds of the several Bras~ species commonly 
found in commercial supplies of mustard (rape) seed, there is a considerable 
range of variation in the principal physical and chemical characteristics of pure 
mustard oils produced in India. 

It will be observed also that the requirements of certain mustard oil 
specifications in force in India need to be relaxed. in order that they may admit 
all genuine qils having characteristics within the ranges of variation shown 
to be a feature of commercial supplies of genuine seeds and oil. 

The desirability of all specifications drawn up in India for mustard (rape) 
oil being prepared on an All-India basis is also indicated. Such an All-India 
basis would be established by the general adoption of the following standards 
in the case of the requirements of Indian specifications for mustard (rape) 
oil:-

1. The specific gravity of the oil at 15·5°C./15·5°C. shall not be lower 
than 0·912 nor higher than 0'916, when compared with water 
at the same temperature. 

2. The refractive index of the oil for D lines at 40°C. shall not be less 
'than l' 463 nor higher than 1· 467. 

3. The saponification value of the oil shall not be less than 169 nor 
higher than 178. -

4. The iodine value of the oil shall not be less -than 96 nor higher than 
108. 

5. The oil shall not contain more than 1·5% of unsaponi:fiable matter. 

6. The acid value of the oil shall not exceed 5, i.e., free fatty acids 
calculated as oleic acid shall not exceed 2·5%. 

7. Insoluble bromides shall not be present in amounts exceeding 0·5%. 

8. The oil shall not contain any admixture of sesame oil. 

9. The oil shall be free of arachidic acid. 

:M531SD 
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.OHAPTER V; 
, 

PUNGENOY IN MUSTARD OIL AND THE EFFEOT OF VARIATION OJ' OIL JrULL 

TEOHNIQUE WHEN USING MODERN PLANT. 

Edible mustard oil is manufactured in India from the' seeds of BrQ8sica. 
The fixed vegetable oil obtained from the seed is tasteless and nearly odour
less, bilt the Indian market demands a strong pungent-smelling mustard oil 
for edible purposes and to comply with this req uiremf'nt, the essential oil of 
mustard, with its characteristic pungent odour, is caused to develop in the 
seed by fermentation, as it is not present in the fresh seed as a separate oonsti
tuent. 

The seeds contain the glucoside potassium myronate (sinigrin), which 
under the influence of a ferment, myrosin, also present in 1 he seed and of 
water, is decomposed into .A1lyl-:iso-thio-cyanate (essential oil of mustard), 
glucose, and potassium acid sulphate, in accordance with the following formula !-

(
OSOIOK 

CaH&NC +Hs0 = OsII.;NOS OOH120 6 K H S 04 
S OoHUO& 

Sinigrin Potassium Water Allyl-iso- Glucose Potasbium 
myron ate thio-cyanate acid sulphate. 

The hydrolysis proceeds favourably in the presence of water and between 
the temperature of 30°--45°0., the time required for the hydrolysis to be 
completed being nearly 80 minutes and varying v.ith the reaction temperature. 
At a temperature of 70°0. and above, fermentation cannot take place, as the 
ferment myrosin coagulates and becomes inactive ; it is for this reason that 
mustard oil obtained by hot pressing in modern oil milling plant is almost 
entirely lacking in pungency, as the rolled meal prior to pressing is cooked 
with open and close stE-am in ~ettles at a temperature of 90°-95°0. 

The various species of BrQ8sica have been examined to determine the 
essential oil yield, the method employed for estimation being as follows. 

Five grams of thoroughly crushed seed were mixed with about 1 gram of 
kieselguhr and the mixture t.ransferred to a 400 c. c. flask; 100 C.c. of water at a 
temperature of about 30°0. were added and the whole then mixed by shaking. 
The temperaturt' was maintained at 30°0. for 4 hours, during which period 
20 C.c. of alcohol were added to prevent frothing, and 50 to 60 C.c. of the mixture 
were then distilled as rapidly as possible into 10 C.c. of 10 per cent. ammonia; 
20 C.c. of N/IO silver nitrate were next added and the mixtlUf then heated on 
the water bath for 1 hour, after which the volume was made up to 100 c.c. 
and the silver sulphide produced was separated by filtration. To 50 C.c. of 
the filtrate 6 C.c. of nitric acid were added, and the excess of silver then titrated 
with N/1O ammonium thiocyanate solution. 

% of Allyl-iso-thio-cyanate=20X ·004956(20-twice the volume of 
ammonium thiocyanate solution used). 

The essential oil contents of various species of BrQ8sica and of Eroca 
sativa, determined by the , above method, are shown in Table XII below. 



TABLE XII. 

E"ential oil CO'I'Ilem oj the vanotU species oj cr Brassica" and " Eruca sativa" •. 

No. Name of seed. 
\ Essential . 

oil%. ' Rema.rks. 

I -
1 BrIU8i«J CMIIpUtriB (Yellow Sarson) .. ·27 Average of 5 samples 

2 .. (Brown Slll'BOn) .. ·35 .. 5 .. 
3 .. ju_(Rai) ., .. .. ·45 .. 4 .. 
4 .. taapII8 (Tori) .. .. ·14 

" 
4 

" 
Ii •• "igra (Benarsi Rai, Mohari. Asal ·68 

I 
" 4 

" Rai, Multa.ni Rai) 

8 ErtIIJIJ ""itHJ (Ta.ramira) .. .. '43 " 4 .. 
These figures show that Brassica nigra has the maximum percentage of essen
tial oil. but this seed is used as a spice and is not pressed for oil on a large scale. 
In order of essential oil content the other seeds of the Brassica family may be 
arranged thus :-Brassica juncea, Brassica campestns, brown and yellow, 
and Brassica napus Eruca sativc:. (Taramira), contains the same percentage 
of essential oil as Brassica jllncea (Rai), though its characteristic smell is. 
slightly different from that of the Brassica, 

The old method of producing pungent mustard oil consists in pressing the 
moistened seeds in primitive ghanni mills, this method of pressing usually 
yielding about 30-33% of oil and requiring the addition of 2-4% of water. 
The temperature of the meal during the pressing process, due to friction of the 
pestle and mortar of the ghanni, reaches about 38°-40°C., which is approxi
mately the optimum temperature required for the development of the odour. 
The time of pressing varies from Ii hours to 3 hours, depending on the 
type of glw:nni used.(power or bullook driven), and it will be observed that the 
time-factor is also favourable, as complete hydrolysis also requires a period 
of 1-2 hours. 

As the ghanni is worked, the essential oil formed gradually by hydrolysis 
of the glucoside is absorbed by the vegetable oil of the seed, which is simul
taneously being ~owly pressed out. The oil thus produced is consequently 
rich in essential oil content. It may be noted that if mustard seed is pressed 
in a gbanni orin any other type of machinery without being moistened, or if 
the seed is heated above 70°C., the oil obtained lacks the f'ssential mustard 
amell. . . 

The Harcourt Butler Technological Institute, Cawnpore, has carried out a 
oonsiderable amount of investigation since 1922 with a view to determining 
methods of improving the pungency of the oil produced by modem oil mill 
machinery. such as hydraulic presses and expellers. The methods tried have 
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been ~electe~ with a view to, reproducing closely the operations practised in 
ghann'l pressmg so far as the development of pungency and the quality of oil 
were concerned. In addition to improving the output, special attention has 
been devoted to utilising the existing types of oil machinery with as little 
alteration and addition as possible, as the average oil mill requires general 
purpose machinery suitable for pressing all types of oilseeds and not machines 
set apart for particular kind of seed. . 

, It. has been found as a result of these investigations that m~tard oil 
haVIng a smell and flavour equal to that produced in the ordinarv ghanni, 
can bp obtained by means of both the following mfthods :-- . 

I. For oil mills having hydraulic presses or expellers with a suitable 
type of cooking kettle and other preparatory machines, the process of working 
the mustard seed should be as. follows :-

(1) The seed is first passed through a seed cleaning machine. 

(2) The cleaned seed is then passed through a set of'Five-High Anglo
American Rolls. These rolls should preferably be of a heavy 
type so as to mill the seed thoroughly, the smallest size of rolls 
for satisfactory milling is 16" in diameter and 30" in length. 

(3) The milled seed is next passed to a double kettle having two com
partments. In the upper compartment, 3--4% of moisture is 
incorporated by means of a fine spray of water and continuous 
stirring. The moistened meal is then passed to the lower com
partment, and the upper one is again filled with a fresh charge. 
The meal is continuously stirred in this lower compartment and 
arranged to cook at a temperature of 40°--45°0. by means of a 
steam or hot water jacket for a period of 45 minutes. (The 
capacity of the kettle should be such as to provide sufficient 
meal for feeding the pressing equipment of the mill for 45 
minutes). 

(4) The meal is then pressed in the hydraulic presses or expellers. 

The meal so treated requires to be pressed twice in order to obtain the 
:maximum yield of oil. During the first pressing 27-28% of oil, calculated 
-on the weight of seed, is extracted, and the cake produced is :then disintegrated, 
-rolled, and· pressed for a second time. 

II. In the case of oil mills equipped with power-driven ghannis, these 
should be converted into combination units of ghannis and expellers or 
.hydraulic presses, and the following'working process adopted :-

(1) The seed is worked in the ghannis with the addition of 3--4% of 
moisture for 45-60 minutes. During this time, due to hydroly
sis at 40°--45°0., the maximum development of pungency is 
effected and about 25% of oil, calculated on the weight of seed, 
is extracted. 
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(2) The meal is then passed through the disintegrator and then through 
the rolls, after which it is cooked ,at ,a ,very low.temperature. 
The cooked, meal is subsequently. passed through the expellers 
or hydraulic presses in order to extract the remaining quantity 
of oil. 

In a power-driven gltanni mill the period .of working the seed per charge 
is I! hours, but if the method described above is put into. practice, the 
crushirig period is reduced to 45--60 minutes. The introduction of an expeller 
for the second pressmg increases the output of the mill from Ii. to 2 times, 
resulting in a considerable saving of power and considerable improvement in 
efficiency as compared with the ordinary power-driven ghanni mill; , 

The processes described ~bove yield 2-21% more o~" calculated on 
the weight of seed, as compared with the yield obtained with power-driven 
ghannia alone, and about 4% more than with country bullock-driven ghannis. 
The average oil contents of the cakes from various oil crushing units are' 
detailed below and they give a fair idea of the efficiency of the various plants 
used in Indian oil, IIlills. 

TABLE XIII. 

Oil contents ()f mustard cake from various, ~hing units. 

Oil content I,~f). of sa.mples 
No. Type of plant. of the cake. ' examined. 

1 Bullock.cJriven wooden glia/M' .. "- 13-lIi 10 

2 Power·driven Bengal type gkann' •• 10'5-11'0 30 -
" 

3 Combination of ghtmniB and expellers ... '1-8'0 20 

4 Hydraulio preBS cake (2nd preBBing) ,. '1-8 4 

0 Expellers cake ,(2nd preBBing) .. .. 7-8'0 4 

The Allyl-iso-thio-cyanate contents of the oils obtained from both first 
and second pressing in an expeller after following the process No. I described 
above were determined, and also that of the oil obtained from a rotary ghanni. 
The figures obtained were as follows :-

Nature of the oil. Allyl.iso.thio-o,Yld1&1B 
. oontent. 

Oil obtained from the g1la.nM 1'45% 
Oil obtained from the expeller (1st pressing) 1.56% 

Oil obtained from the expeller (2nd preBSing) 1.30% 

The mixture of the oil obtained from the expeller after .the first ,aD:d"~e~pn~,,,. 
pressings gave the same essential oil. content as the oil froriithe ghannt,. ., , . 



From these investigatioilll the folloWing con<:lUsionscan be -drawn :-

1. Pungency in edible mustard . oil depends on hydrolysis of the glu
coside present in the seed, and the optimum temperature for 
the reaction is between40o~5°C. , 

2. An addition of about 4% of moisture to the seed is necessary in 
order that the hydrolysis.may take place. 

S. The time required for the development of pungency is about 45 
minutes, provided that the'moisture is thoroughly incorporated 
with the seed meal meanwhile. 

4:. The seeds of Brassica can b!l arranged,_ in order of pungency as 
Brassica juncea (Rai) ; Brassica campestris brown and yellow 
(brown Sarson and yellow Sarson), and Brassica napus (Tori). 

6. Eruca sativa (Taramira), though it possesses the same amount of 
pungency as Rai, has a -characteristic smell of its own. which 
differs from that of Rai., 

6. Modern oil milling plant can produce edible mustard oil as pungent 
as ghanni-pressed oil if operated in accordance with the methods 
described above. 

7. T.heyeild of oil from modern pressing units when properly operated 
is 2- 21% greater than that obtained from power-driven 
ghanniB and 4% more than that obtainable with country bullock 
driven ghannis. 

S. -Modern oil milling machines are more economical in power consump
- tion than, power-driven ghanni units of the types availa ble .. -

:m.:...a60-12-10-38-GIPS 
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AUTHOR'S FOREWORD. 

No attempt has yet been made to recover Titanium Oxide from the residual 
mud which remains after treating bauxite with sulphuric acid during the 
manufacture of Alumina-Ferric, probably because the normal American -and 
European bauxite ores do not contain a very high percentage of titanium. 
On the other hand, Indian bauxites are comparatively rich in their titanium 
contents as against American and European ores. 

It is the object of this publication to describe a method suitable f~r use 
in the industrial recovery of titanium oxide from the bauxite residual-mud 
produced in the manufacture of alumina-ferric.- The process is an adaptation 
of that employed in the manufacture of titanium oxide from ilmenite; the 
-only difference lies in the fact that while in the ilmenite process the main 
difficulty to be overcome is involved in the separation of the titanium oxide 
from iron, in the process described herein the main difficulty to be overcome 
is the separation of titanium oxide from aluminium oxide and to a It'sser degree 
from iron oxide. 

Successful application of the process will help a manufacturer of alumina
ferric to reduce substantially the cost of the latter by enabling him to recover 
the valuable by-product, titanium oxide, the various uses of which as a paint 
pigment, in soap manufacture, and for other purposes are well known. 



RECOVERY OF TITANIUM-OXIDE AS A BY-PRODUCT IN THE MAW- , 
FACTURE OF ALUMINA-FERRIC FROM BAUXITE. 

INTRoDuc'noN. 

In India there are many industrial'~ncerns that manufacture Alumina
Ferric (commercial aluminium sulphate contaminated with a little iron sulphate) 
on. a fairly, large scale, the raw materials used in almost all cases being bauite 
and sulphuric fl.cid. The process of manufacture of alumina-femc consists 
in digesting powdered bauxite ore with dilute sulphuric acid, the reaction mass 
being subsequently diluted and. allowed to settle. The supernatent clear 
liquor is then decanted off for concentration, and the mud settling at the bottom 
is washed thoroughly to recover the remaining aluminiUlJl sulphate, after 
which it is thrown away. 

Now, Indian bauxites generally (more pa.rti~ularly the pisolitic ores) 
contaiD p. fair amount of titanium, the content generally ranging bet~en 9 
and 12 per cent. of the ore. The mud, referred to above, which is evidently 
'very rich in titanium oxide and composed mainly of Ti02,SiOll, Fell0., an4 
unreacted bauxite, has not hitherto been utilized for any purpose, but ;the 
titanium oxide can be profitably recovered from the mud in the manner Q8I
cribed below, I!ond in fact several attempts to do so are also described. 

To begin with it will be of interest to compare the compositions 01 
various bauxites, and these are therefore given in the following table 1 :-. 

Locality. Al,O,. Fe,O •• R,O •. SiO I • TiOI • CaO :algo. 

--.------- -
V' OgeIsberg .. .. 50·92 15·70 28·60 1·10 3-20 ()-80 0-16 

Monte Turohio, .. 55·01 24·29 12·72 3-05 2·,* 0·68 .·21i 

Peaoin& .. .. 41·13 24·81 17·31 6·28 2·70 8·24 .. 
Villeveyrao .. .. 115·00 17·60 14·00 1·90 1·50 .. .. 
Villeveyrac .. .. 76·90 0·10 15·80 2·20 4·00 .. .. 
Thoronet .. .. 69·30 12·90 14·10' 0·30 3·40 .. .. 
W. Australia .. .. 44·66 19·08 27·02 5·96 3·10 .. .. 
oOOrgia .. .. 52·94 12·29 28·40 2·83 3·78 .. . . 

I 

AJ,bllllM .. .. 46·44 22·15 26·68 4·89 .'. .. .. 
ArkuBa.a .. .. 62·05 1·66 30·31 2·00 3·50 .. .. 

, 1. ltIellol'-A ComprehenaiveTreatise on lDorg&ni.e au.d Tlaeomili&l CIl.aiAry,(111211) 
VoL.V, p. 250. 
M~D 



, Looality. 

~ . ~.,. . . . '-" \' '( " 

Gold Coast 

Dalmatia, .-. ,~·:r ... 
~~~and ;0$>,;",;'" 
lpel&lid(2nd}' ~. ' 
"", , . 
'TIj'~iu~, {3,rd}, , ," , 

'Bi~ (g'rey~ I,' 
> ' , 

!3lhar 'Iraqi , .... ': "\ .... 

Katni 

• ' .• ~ I 

~ }O ~ 

.. 

2 

Al~Oa. 

60·65 ~'76 26,'69, 

57·90 24·3~ 12·00 

53·83 I-57 29·27 

52·00 4·57 24·00 

,.46·13 16'14 23·39 

69·00 3:CO : 'l6-00 

55·60 . 25·30 11·00 

65·48 3-77 19'311 

TiO I • ' CaO. M~:_ 
., '.i. 

":':'.':!,:,;' 

1·42 2·21 0',73 ," ' .. 
1·20 4·20 0·30 

8·67 6·80 0.62 O.lS;' 
',' 

12·00 6'20 .: 0"79 . ' 0-20 
,,' 

10·40 4·21 0·18 0'26~ '. 
12'00 , 

"'.'-

3·00 

0·38 11·61 

it,:will he seen that the ore last-named in the table contains a far higher per
centage of TiOa than any of the rest, and moreover that· it is of Indian origin. 
In,t~ connection the followirig table gives the compositions of a ,number of 
In.dia.n bauxites which have been determined by the author:-

LooaJi$;y'and Su:ppliers. 
Ala

O
.' Fe.O •. ' HIO , SiO._ TiO •• CaO. ~O, 

, , 
,-, .. -.---,-.- ---..--'- .~ 

Oentral Provincu-

M!lBII1'lI' G. H. Coo)r. &Co. 60·0 2·9 22·7 3·13 11·76 0·10 

- 'M_1'8; O;,L, Pathak, & _.' 
Co. 67·8 2·7. 23~7 1$·36 10·1 0·21 ,1)·10 

jlj . 

Mes8l'II~ McPherson & 
;" 'Co. 61·7 3-1 22·9 3·0 9·86 .. 
'Mes8l'II. P; C; Dutt & Co. 69·6 3·!; 24'0 3·3 ,9-9 ·0·16 " .. 

Bilulr-

Mes8l'II; BalcJwin & Co. 61'3 6·3, 19;4 1'2 12-1 .. ' " 

Bomba~ " 

Messrsi KillickNi~en' & 
,eo. 65·9 1·6, 23·4 7·1 11·4 0·62 0'21,' 

(, 

These figures are such as to indicate that it might be economically practicable 
to attempt the manufacture of titanium oxide from Indian bauxites, but it is 
the object of this paper to describe a method for the recovery of the titaniun:l 
oxide as aby~product in the manufacture of alumina-ferric, an~p.o~ ~ investi-
gate'the possibilities of an independent industry. .. r.' ',. ' 
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COMMERCIAL METHODS OF REOOVERING TITANIUM OxIDE. 

. Commercial titanium oxide is almost universally manufactured from 
ilmenite (FeO. ,TiOg), the richest and most abundant natural source of : this 
substance. It will, therefore, not be out of place to describe briefly the process 
pf ita manufacture from ilmenite, which is as followsl :-

The worked-up ore is decomposed with concentrated sulphuric acid; during 
which the iron andtitanilim pass into solution as soluble sulphates while the 
gangue. remains behind as residue. Mter taking off the soluble product ~ 
water the ferric iron still present is reduced to the ferrous state, a part of the 
iron is.frozen. out as. FeSOc' 7HI O, and then the titanium is precipitated: by 
hydrolysis. The latter is filtered, washed till rree from iron, and the)]. calcine<L 
Nearly all titanium oxide commercially available is manufactured from ilmemte 
by the above or almost similar processes, and it should be noted that a speci8.I 
featwe of the process is the separation of the titanium oxide from iron-a sligh~ 
trace of the latter being sufficient to tint the precipitated titanium .oxide brown 
or yellow. . 

The following alternative methods of recovering titanium oxide y, a . by. 
product in manufactures where bauxite is the raw material are also. described 
in technical literature on this subject :-

A red slag residue is obtained during the preparation. of pure alumina 
fortha production of aluminium metal. The bauxite-(evidently European 
01' American)-employed for the purpose contains 1·0-4·5 per cent. of TiO.a. 
The residue in question, when dried at 100°C., has the follOWing" composition: 
Fe.0.-50%, Ti02-7%, CaO-13%, AliOs -10%, 8ilica-5%. 

(A) It has been suggestedB that the titanium oxide could be recovered 
from this residue by treating it with concentrated sulphuric acid and then 
hydrolysing the resulting solution, but the method is not very satisfactory 
industrially, chiefly because the TiO:! content is too small and also .:because 
large amounts of other substances are generally associated with it. 

(B) According to German Patent D. R. P. 525908 of Lauta"werk8, Lausitz, 
the extraction of titanium oxide from 'the above kind of slag beComes fairly 
simple if it is first gradually heated with coal to a temperature of 850°C;~900°C., 
and then treated with dilute sulphuric acid. The greater part olthe iron then 
goes into solution, and the residue is brought into solution by treating it again 
with concentrated sulphuric acid. The titanium sulphate which is thus fotItled 
is then' hydrolysed according to known processes. 

(C) According to German. Patent D. R. P. 478740 of Metallgesellschaft, 
Frankfurt, sulphur dioxide is passed into a suspension of the red slag in water, 
and the greater portion. of iron and titanium is thereby brought into solution. 
The titanic acid is precipitated by hydrolysis and then dissolved in concentrated 
sulphuric acid, I!Jld pure titanium oxide is finally recovered from this latter 
solution. . 

2. Chemical Trade Journal, 1931, 88, 29. 
, 3. Parben-Chemiker, 1932, 3. 34. 

'. , 
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It will have been obse~ed that the three methods described above are 
all concerned with the recovery of titanium oxide from a bauxite residue, and 
this residue is far poorer in TiOs--content and more impure in· composition 
(as is shown below) than those with which this paper is mainly concerned.·· . 

In the case of the latter the method most suitable for the recoverY of 
titanium oxide from the bauxite-mud referred to on page r of the. 
, Introduction' of this paper, has been found to be briefly as follows :-

The mud, while still in the wet condition, is treated with dilute sulphuric 
acid, and parts of the iron and aluminium go into solution. The residue, 
which has become very rich in titanium oxide, is thoroughly washed with water 
and then dried in air. The dried mud is next powdered and then decomposed 
with concentrated sulphuric acid, after which the reaction-mass is dissolved 
in. water, the resulting titanium sulphate solution (containing iron and alumi
nium sulphates also) being then allowed to settle. When settlement is com
plete, the clear liquor is drawn off, and enough scrap iron is added to the re
maining sludge to ensure the reduction of all the iron present to the ferrous 
state. The reduced sludge is then hydrolysed by simple heating and the pre
cipitated meta-titanic acid is thoroughly washed free from iron. and fre~ acid, 
after which the precipitate is finally dried and ignited. 

Detailed Description of tM Proposed Method. 
The experiments on which this proposed method is based have been con

ducted on a semi-commercial scale with pilot plant giving a production of 14 
Ibs. of titanium oxide daily. 

For convenience of description, the process may be regarded as comprising 
the following operations :-

(1) Preparation of the mud . 
. (2) Decomposition of the prepared mud. 

(3) Solution and
l 
clarification. 

(4) Reduction. 
(5) Hydrolysis. 
(6) Washing of the meta-titanic acid. 
(7) Drying and ignition. 

1. Preparation of tM mua.-Numerous samples of the mud-water. that 
is obtained in the manufacture of alumina-ferric, have been analysed, and the 
following table shows a few of the results :-

Samples. TiO •. AI.O,. Fe.O •. R.O. BiO •• CaO. MgO. 

-_.-----------_.-
Air-dried mud (I) .. 35·10 20·40 4·10 20·30 15·30 0·26 0·10 

Air-dried mud (II) -- 31·50 22·20 2·114 32·00 11·70 0·20 O·.u 
Air-dried mud (III) .. 38·00 27·10 4·90 13·20 16·70 0·40 0·14 

Mud dried at 100°C. .. 41·00 28·80 3·43 11·10 15·20 0·45 0·20 

Wet mud .. .. 20·00 14·60 1·20 57·50 6·50 .. .--



Ii will be seen from these that the air-dried mud has be~n found-to contain oD. -
an average about 34 per cent. of titanium oxide, and that the ratio of TiO. 
content to AlsO. content is roughly 3 to 2; It has also been found, however, 
that the meta-titanic component precipitated during hydrolysis is contaminated, 
with aluminium hydroxide, evidently due to the presence of so much alumina. _ 
Moreover, the pigmentive property of the titanium oxide appears to suffer if 
hydrolysis is conducted in the presence of an appreciable amount of aluminium 
salts. 

The object at this step of the procedure is therefore to raLo;e the TiOs : AIa0.' 
ratio as far as possible. To effect this take 500 lbs. of the wet mud, place it in' 
a lead-lined vat, and treat it with 250 Ibs. of sulphuric acid (S. G. 1'6)., Inject 
steam into the mixture through a lead pipe for six hours, The reaction 
mixture should then be diluted to 15°Tw (S. G. 1'075), subsequently heated 
with steam for a further 2 hours, and then allowed to settle, any titanium 
sulphate that might be formed being thereby hydrolytic ally precipitated. 
The supernatant solution of aluminium sulphate, containing also a little iron 
sulphate, is then syphoned off for concentration as alumina-ferric. The residue 
is washed several times with water, the first washings being also transferred 
to the alumina-ferric plant, and the wet residue is then placed in a' shallow 
brick-built reservoir, exposed to the wind and sun, where it dries to a soft 
cake. Analysis of typical dry residues obtained in this way gave the following 
results :-

Samples. TiO. Al.O •. Fe.O •• ' H.O. SiO •• CaO. MgO. 

I . , .. . . 60·80 20·20 1·20 8·80 19·20 -0·30 .. 
n; .. .. . . 55'(() 16·80 1·10 10'(() 17·00 .. .. 

m .. .. .. 51·30 19·70 1·50 9·50 18·10 0·25 .. 

2. Decomposition of the prepared fflud.-l0 Ibs. of the dry residue from 
operation (1) is placed after powdering (10 mesh), ~ a!1.~art~eI!war~ potof 
4 gaDOtiB capacity. Suitable pots are those used for distilling rotricaCId (frO~ 
salt and sulphuric acid) by some manufacturers. About 18 Ibs. of -concen
trated sulphuric acid (S. G. 1'8) is th~ ~dde?- to. t~e dry residue, after which 
the pot is heated as in the case of rotric aCId distillatIOn. _ The temperature 
of the reaction-mass should be maintained almost. throughout the process 
within a range of 180°C.-210°C. The reaction takes 4-:--Q hours to complete, 
and dense white fumes then come copiously from the mouth of the pot. It 
has been '_ found that about 90 per cent. of the titanium' oxide in the mud is 
bro.ught to' a soluble condition during the reaction. The USe of dilute -acid 
haS also been tried with a view to effecting satisfactory decomposition, but 
without snccess. 

In commercial scale operations this decomposition might be effeCted in 
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,..' i~~~. pf ,the ~~ve~perat~ly' t~e' With i~ bed 'in~.de' ora~ "acid-tel\istfug 
.. maiena1. "( .... ,." .'", ... ~',' """'::',.;:~, !~;:,,'~:,'.':";::::I.~·;,i·j( ~'::';. 
(;. '3; SoMionand --elarijicatfon.'""'-The 'product ;from -:operatiori,(2).isJ( $, "Soft 
'caKe: which -is broken easily. 'The cakes ar~rilmoved. from thepots·andl~· 
'wch cabs put into 'a lead-lined V'at1 w,here chamber acid {abouHI2:lb8JS~.Q. 
1'6) is added to it and steam then injected until the '·temperature of the 
inixture rises to a.bout 60°C. It should not. be aillowed to appreciably exceed' 

,this, as a higher temperature may induce hydrolysis. The cakes disintegrate' 
after a time, and ,when this has taken place, ~nough water (about 100 gallons) 
sho'uldbe' added to bring the sp~cificgravity of the solution between ~;175:;-· 
1-200 (35°-40oTw).The additionofthe,acid should be so fegulated ~ha.~the 
free HgSO. oontento{ the resulting .solutionis. between, .10()"-J150 gms . 

. per litre, ~nd this point is most important as the pigmentive q~ality, of the 
precipitated meta-titanic acid depends largely on'the free-acid-content of~h.e 
solution from which it is precipitated4• The solution of titanium, sulphate 
thus obtained is then allowed to settle .. ', It does not al}Vays clarify ~asily and; 
qUickly, however, and a small amount of milk of lime, if mixed)Vith the sOlution. 

,before settling, has been found to coagulate the.colloidal siliciQ acid and other, 
suspended matter quickly. Typical solutions obtained gave, ()n analysis,the 
following results :-

. ,.; 
TiO. . Al.O, Fe.O. FreeH,SO, 

Samples. . .. 
per litre. Per ,litre. Per litre jlerlitre. 

. , 
.:1, 

I Mgm~ 2ogm. 1·1 gm. 150 gm. 

n 49gm. ;21gm. Q·9gm. 137~gm. 

m 57gm. 24gm. ()·96 gm. 114gm: 

.1\ 
·1" . _. 

4. Reduction.-About 100' gallonS of the clear liquor from operation (3) 
,~re ~yPhoned o~~to another lead-lined vat~ ,where enough fat-free scrap
lIon 18 ~dded to It m order to reduce all the iron present into the felToua ~tate . 
. ~ fen:lc s~phll:te .h!1s . a tende~cy to hydrolyse and b.e precipitated along with 
meta-tltamc aCId, It 18 essentIal that there should be no trace of ferric iron 
p~esentin solution. This could be easily ensured ,by simply observing the 
cplour of ~he red~ced solution which should. be tinged violet showing the pre
sence of titailous IOns; for as long as there IS an excess of titanous salts in the 
solution, all the iron salts in it must needs remain in the ferrous state. .After 
reduction the sol,ution is further allow~d to clarify over-night by settling .. , . 

. .' 5 .. ~y~~oly~:-~,¥s 'is the. mostO~elicl!-~ of th~ \~~~le series pf ~pe~ations, 
, for the ptgmentlve property . ~nd the YIeld of tItaD11,lID o~de obtained are 
." ,,', ',. • . .• '. ,"<' "'", 

4. Teclmische l!'~chritts~erichte;Band 37,Tit8.n~eW;~: 19~" 
6~ Chemi<'&! TracIe Journal, 1931, '88, 29. ' .... ' 



.'1 

8. Teolmilclae ForteQhri~taberiohte. Band 37. 'l'ik1nreiaa,;p.19, 20.,,' . 
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, "',,he, dry cakes are then ignited in a quartz basin piaced in 'an Iron kx the 
latt;erbeing heated, ~ redness., The ignited cakes after cooling are e~sily 
~integ~ate,d.,tQ an. Impa!pable powder between the fingers, 'A, One gallon 
9apacity,quartz basm similar to those used in cascade system sulphuric acid 
c.?~c~~tfaU?rs h~s been found suitable when carrying out the small-scale work; 

. ,. ,Yield of Titanium Oxide obtained in ~ilot Plant operations. 
:,' I' ", .. : '., , ~ 

" .. From teD: charges of the mud, about 100 gallons of titanium sulphate liquor 
~re 'obta~ed; and this was hydrolysed in four operations, taking 25 gallonS 
each time', The total yield was 42 lbs, of titanium oxide. 

,;::Th~:~roduct was very pure, and contained 98-99% of'titanium ·oxide. 
~y. a ~ace of iron was present (about ·009 per cent.), whereas commercial 
titanium pxide, " extra white" grade, contains about ,0028-,007 per cent. 

, 1)" 

"Analytical Methods Wled in oonnection with these investigatioos. 
",t ,. .' '. ..... . 

. ' :, Ip, ,the, experiments described above, AlgOa, FeaOa, and TiOg contents were 
aetirmiiied ,gravimetrically according to the method of Gooch? The iron 
0#4econtent was also determined volumetrically? and the titanium oxid(l 
content~19rimetrically?: I • 

Free acid in the liquor was determined by mixing the solution with neutral 
potassium Houride solution and then. titrating with caustic sodaS. 

:'" }'Xgeneral scheme of analysis which, was followed for rapid estimation of 
the 'ore or mud was as follows :~ 

- ,~ ", I' " • 

Ore or Mud 
, {nsed with KHSO,. 

+ Reeidue, (Silioa). + Solution. 

I t +NH.OH 

TiO.+Fe.O.+Al.O •• 

+ NaOH. 

i 
Residue. 

~+HCl. 
Solution. 

~ +NH,O~: 
'TiO.+Fe,.O •• 

:+ 
Solution. 

t 
Al.O •. 

+Tartario acid. ' 
+NH.OH. 
+H.s. 

7. Analytical Chemistry, Vol. II. Trea!iwell. and ~all. (pp. 12~:1~2. o91.o9~ •. 1~10~) .. 

8. Jour. Soo. Chem. Industry. 1911.184. 
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Cost of production of Titanium Oxide by the proposed mefhod. 

'. The probable cost of titanium oxide when manufactured according to 
this process, based on the results of the semi-commercial scale experiments 
described above would be as follows :~ , 

Materials-
Prepared mud . • • • 100 lba. •• @ nil (at present a waste product). 

Sulphuric acid (S. G. 1·8) 180Iba... @ Rs. 4 per cwt ... Ra. 6 8 0 

Sulphurio acid (S.G. 1·6) 112 lba. .• @ RH. 2 per owt. .• RH.2 O. 0 RH. 8 8 O. 

P,oces, items-' 
Labour, et<l. 

Steam, etc. 

Overhead Chargee 

Leas for acid. recovered •• 

.. 0·1·0 per lb. of yield .• 

0-1·0 per lb. of yield 

. . 0·1·0 per lb. of yield " 

Yield-42 lbs: of titanium oxide. 

Cost--0-4-9 per lb. or say, 0-5-0 per lb., i.e., Rs. 35 per cwt. 

Market Pric~Rs. 56 per cwt. 

.. RM.2 10 0 

RB.210 0 
.. RB.210 0 

:a.. 16 6 0 
.. RH.4o 0 0 

RB.12 6 0 

It appears' froI,Il this that a manufacturer, producing about 1,200 tons 
of alumina-ferric annually, in the production of which about 400 toni! of bauxite 
would be consumed, should be able to recover about 30 tons of titanium oxide. 
This would bring in a net profit of Rs. 12,000 annually, or, in other words, 
the cost of his alumina-ferric could be reduced by Rs. 10 per ton. 

Titanium oXide is now used industrially in considerable quantities as a 
pigment for paint, as a. component in vitrified enamels for iron and steel, in 
soap-making and in ceramics and the demand is steadily increasing. 
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SYNOPSIS 

Liquid gold is a dark, oily, viscous substance containing resinates of gold 
and of other suitable metals dissolved in essential oils. It is used for the 
decoration of glass-ware and ceramic-ware and is imported at present into 
India from abroad. The process for the manufacture of liquid gold has been 
developed and is explained in detail. The decorative design produced with 
its aid is air-dried and the decorated article fired in a suitable muflle furnace 
at a gradually rising temperature up to about 650---700°C. During firing, 
the organic matter burns off, leaving a bright film of metallic gold. The 
necessary conditions and precautions to be observed in order to obtain a film 
having a proper degree of lustre and adhesion are described. The product 
compares favourably with the best imported material. Semi-commercial 
scale batches have. also been successfully p~epared. . 

The possibilities of its manufacture in India have been discussed under 
pre-war and war-time market conditions,:and it has been shown that a commer
cial enterprise should make considerable profit by manufacture under peace
time conditions and even more so under the present war-time conditions. 



PREPARATION AND APPLICATION OF LIQUID GOLD IN INDIA 

INTRODUCTION 

The manufacture of glass bangles constitutes an important and significant 
part of the Indian glass industry. In spite of the backward state of the glass 
industry in India, as a whole the glass bangle manufacturers have improved 
and developed their technique fairly well. Practically all the bangles sold in 
India are of the decorated type. The decorative designs on the bangles are 
executed with the aid of China glass, coral glass, liquid gold, etc. At present 
all these enamels are imported into India, and they are sold at a fairly 
high priCEr, whereas imported decorated glass bangles are sold comparatively 
cheaply. The necessity for manufacturing decorating materials in India is, 
therefore, apparent. 

The present investigation deals with the manufacture of liquid gold~ 
decorating material very extensively used in the Indian glass bap.gle industry 
as well as by manufacturers of ceramics. 

Liquid gold was first prepared by Kuhn in 128. For a long time the 
technique of its production remained a trade secret of porcelain.manufacturers, 
but it now forms one of the most widely used decorating materials for ceramics 
and glassware. It is a dark, viscous, oily substance containing organic 
compounds of gold and certain other suitable metals dissolved in essential 
oils. 

It is applied to the glass and ceramic articles to be decorated by means 
of a feather or a fine brush, either as such but usually after dilution with essen
tial oils. After drying, which usually takes about an hour, the articles are 
carefully fired in a muffle furnace in such a manner that the temperature rises 
gradually and uniformly. For this purpose, the use of a channel type of 
furnace in conjunction with a conveyer in which the suitable temperature 
gradients could easily be maintained is desirable. 

Ordinarily, in Indian factories, the furnaces used for this purpose are 
divided into three compartments, the temperatures of which are maintained 
at different levels, for example, at about 300°, 500° and '650°C respectively. 
The decorated articles are successively fired in these compartments, beginning 
with that at the lowest temperature, for ab(lut one to two minutes in each, 
depending upon the quality of the glass. When they have been fired at 650°C, 
they are gradually brought down to r~om te~perature by ~ollo~g the same 
procedure in the reverse order. Durmg firmg, the orgaruc portIOn of the 
liquid gold is lost, and a lustrous film of metallic gold which adheres firmly 
and cannot be easily removed is deposited on each article. 

( 5 ) 
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MANuFACTURE OF LIQUID GOLD 

With regard to its preparation, several methods and recipes are found in 
uterature on the subject, almost all of which are of an empirical character. 
The various methods of preparation recommended by Schwarz!, Duterte l , 

Carre3, Boudnikoft" and Chemnitius5 have been carefully examined, and that 
recommended by Chemnitius having been found to be more satisfactory than 
the others, was, therefore, used as a starting point for the investigations which 
resulted in the development of the technique described in the following pages. 

In liquid gold, the gold and the other necessary metals are present in the 
form of resinates, which can be prepared either by interaction between the 
metal chloride and the sulphur-turpentine compound or by heating together 
the oxide of the metal with Venetian turpentine at the boiling point of the 
latter. The sulphur-turpentine compound is an oily dark brown liquid, pre
pared by heating flowers of sulphur with a mixture of Venetian turpentine 
and oil of turpentine. 

The mechanism of the reaction of sulphur with turpentine at the boiling 
point of the latter is not yet clearly understood, but it is believed that an 
additive compound of turpentine with sulphur is formed at this temperature. 
Boudnikoft' and SchilowO are of the opinion that sulphur forIns a sulphide with 
turpentine according to the fOImula C1Ji16S, as this with methyl iodide 
gives a sulphonium compound. The exact chemical nature of the product is, 
however, still obscure. 

The presence of minor constituents, such as bismuth chromium and 
rhodium resinates, has an important bearing on the physical properties of 
liquid gold. The function of bismuth resinate, which forIns bismuth oxide 
on burning, is to fasten the gold film to the glass or porcelain surface to which 
it is applied. Chromium resinate present in liquid gold plays a role probably 
similar to that of bismuth resinate. The chief function of rhodium resinate 
is, however, to make the film of metallic gold lustrous. 

Brief descriptions of the methods of preparation of each of the consti
tuents of liquid gold will first be given before the final compounding of the 
product is discussed. The quantities of materials and the size or apparatus 
described below are those required to prepare a batch of liquid gold starting 
with 20 tolas (233, 3 gIns.) of metallic gold. 

Sulphur-Turpentine Oompound. 
In a distillation flask (capacity 4litres) a mixture of Venetian turpentine, 

. I turpentine and sulphur in the following proportions is heated on a sand bath 
V at about ~. 

Venetian turpentine 450 gIns. 
Turpentine 850 gIns. 
Flowers of sulphur 120 gIns. 

Turpentinel which begins to distil at this temperature, is collected in a receiver 
which may conveniently be a distillation flask. In order to facilitate the 

1· Dingler" poly/echo J.,197, 243. 
I. Dingle" 8 poly tech. J., 161, 44. 
I. Salvetat in Brogn,art Tr., n, 721. 
I. Barichte deB 'Poly tech. Z'U Iwanowo, Wosenssensk, No.6, 211 • 
•• J./ur prakt. Ohem.117 (2), 245,1927. 
e· Ber. dar deutBhen OhemiBchefi Guall8chaft, Abt. B, Band m, 3842.3853, 1922. 
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distillation of turpentine, the receiver should be connected to a water pump 
and a few hol611 bored in the cork fitted to the diStillation flask containing the 
mixture, so that the turpentine vapours will be sucked into the receiver with 
a current of air and the distillation flask remain at normal atmospheric pressure. 
The rate of distillation should be so adjusted that about 60 gms. of turpen
tine distil in one hour. After 250 gms. of turpentine have distilled over, the 
heating is discontinued, and the distillation flask allowed to cool slo'rly. 
The dark bruwn viscous liquid which remains in the flask is the sulphur" 
turpentine compound, used in the preparation of most of the metallic 
resinates present in liquid gold. 

The sulphur content of this compound may be determined by oxidising 
a carefully weighed quantity with concentrated nitric acid, whereby the sul
phur present in the compound is converted to sulphuric acid which can be. 
precipitated with barium chloride as barium sulphate.' It was found by 
experience that compound having a sulphur content of 9-10 per cent. gave 
satisfactory results. 

GoldResinate 

Metallic gold, which is sold commercially in the form of bars, is first beaten 
and rolled into thin sheets and then cut into small pieces with a view to faci
litating its solution in aqua regia. 20 tolas (233·3 gms.) of the metal pieces 
are dissolved in a mixture of 1000 cc. of concentrated hydrochloric acid and 
400 cc. of nitric acid in a porcelain dish. After complete dissolution of thB 
metal in the acids, the solution of gold chloride should be filtered in order to 
remove any silver chloride which may have formed as a result of the presence 
of silver as an impurity in the gold, and to the clear solution of gold chloride 
80 obtained are added 150 gms. of potassium chloride dissolved in about 300 
cc. of distilled water, after which t.he whole nUxture is evaporated to dryness 
on a water-bath. The orange yellow crystals of potassium-auric chloride so 

. formed should then be dissolved in about two kiIogrammes of pure methyl 
alcohol* and filtered to remove the unreacted potassium chloride. This solu
tion of potassium-auric chloride in methyl alcohol is then ready for the pre
paration of gold resinate. 

One kiIogramme of the sulphur-turpentine compound is added slowly to 
the solution of potassium-auric chloride, the rate of adnUxture being so adjust
ed as to avoid an excessive rise in temperature. After complete miXing of the 
contents, the container and the contents should be weighed, and then heated 
on a water-bath till the weight is reduced by 1600 gms. To ensure rapid evapo
ration of the methyl alcohol, the mixture should be occasionally stirred during 
heating. Instead of evaporating off the alcohol, it may be recovered, frac
tionally distilled, and purified for re-use, but owing to the fact that it carries 
with it a certain amount of turpentine compounds, its purification is more 
difficult than is ordinarily the case. 

The thick mixture of gold resinate and unreacted sulphur-turpentine com
pound should Jlext be dissolved in 1000 gms. of pure chloroform, and the 

-The methyl alcohol used in this reaction and in those described lster was a highly purified 
materyal obtained by adding fu.~d calcium chloride to commercial methyl alcohol to the extent 
of 10 per cent. by weight, keeping the _ll·.tirred mixture for twenty·four hours at least and 
then distilling it on water· bath. 
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solution neutralised with about 150 gros. of pure sodium carbonate, added 
gradually till the reaction becomes faintly alkaline to litmus. To ensure com
plete neutralisation, the contents should then be left for about twenty-four 

. hours and the solution tested once again for acidity with litmus paper. More 
sodium carbonate should be added if it is still found to be acidic. 

The chloroform solution is next filtered to remove the potassium chloride, 
excess of sodium carbonate, and any gold metal which might have been formed 
during the reaction. The residue on the filter paper should be washed with 
chloroform several times to remove as much of the soluble gold resinate as 
possible, the residues from this as well as other subsequent operations being 
kept aside for the recovery of the gold content. 

In order to obtain pure dry gold resinate, the filtered chloroform solution 
is added drop by drop to 3 kilogrammes of methyl alcohol which is kept con
tinually stirred, and in this way the gold resinate is precipitated. The preci
pitated resinate is filtered and washed thoroughly with methyl alcohol, after 
which it is dried by spreading the filter paper at room temperature, and the 
dried resinate finally powdered and kept in a well-stoppered bottle. 

The gold content of the resinate varies from 47% to 52% and this may be 
determined by igniting a weighed amount of tlle resinate and weighing the re
sulting metallic gold. It has been found by experience that the yield of resi
nate should be about 75%-80%, calculated on the basis or the amount of 
metallic gold initially used. The remainder is recovered from the residue of the 
chloroform solution in the manner described later. In spite of the precautions 
taken, however, the loss of gold amounts to about 1%. .: 

Great care must be taken in the preparation of the gold resinate, as other
wise the liquid gold made from it will be found to have deteriorated after stor
age for even a few days. Such deterioration in quality was actually experi
enced with the liquid gold produced in one experiment, resulting in t.he deposi
tion on the article decorated of a film of dull appearance having a reddish brown 
tinge and non-uniform texture. Sometimes the deterioration was found to 
take the form of rendering the dry resinate insoluble. 

The causes of deterioration in the quality of liquid gold and also of dry 
resinate on storage were investigated, and from the results obtained it would 
appear that such deterioration is most probably caused by decomposition of 
the resinate owing to the presence of minute traces of impurities which remain 
adsorbed in the gold resinate during preparation. The precautionary measures 
that need to be taken to avoid such decomposition are, firstly, prevention of 
the dust from the atmosphere from coming into contact with the chloroform 
solution of the gold resinate, and, secondly,. washing of the precipitated resi
nate very thoroughly with methyl alcohol before drying. The washilfg of the 
resin ate with methyl alcohol should be carried on till the filtrate is colourless. 
Once the dried resinate has been freed from impurities, it keeps well and the 
liquid gold prepared from it does not show any sign of deterioration. 

Investigation was also carried out along other lines to determine the 
cause or causes of deterioration. The possibilities considered were the de
composition of gold resinate due to the wall reaction of the glass container, 
the reduction of gold resinate owing to the unsaturated llature of the essential 
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oils, and prevention of decomposition of gold resinate by means of external 
stabilizers. The effect of various essential oils such as rosemary oil, ilaichi 
oil, citronella oil, lavender oil, cedar wood oil, etc., and of nitrobenzene as 

• solvents was tried as regards improvement of keeping quality, ~ut they 
appeared to have no specific effect. The various experiments showed clearly, 
however, that if all the component resinates, especially the gold resinate, are 
well washed and purified, there is little likelihood of subsequent deterioration 
of the liquid gold. 

In order to recover the gold which remains in the washings, filter papers, 
residues, etc., the latter are collected together and burnt to destroy the organic 
matter, and after complete combustion the mass is lixiviated with water and 
filtered to remove most of the soluble salts such as sodium carbonate, and 
potassium chloride. The residue is dissolved in aqua regia, as a result of which 
all the gold goes into solution together with bismuth oxide, etc., and from this 
solution the pure metallic gold is precipitated (in the form of a fine browniSh 
powder) by adding sulphurous acid or by passing sulphur dioxide into it,.leav
ing the impurities behind in solution. The recovered gold Is washed and can 
then be again used for the preparation of gold resinate. 

Bism'/lJ,h Resinate 
Bismuth oxide, which is employed in the preparation of this resinate, 

may first be prepared from bismuth nitrate as follows :-
100 gms. of the bismuth nitrate are dissolved in 200 cc. of water con

taining 20 cc. of concentrated nitric acid, and the Solution then heated on 
a' water-bath. To this solution is next added 90 gms., of pure potassium 
hydroxide dissolved in 100 cc. of hot water. An orange yellow precipitate 
of bismuth oxide is produced thereby, and this should be washed free from 
alkali and dried in an air-oven at about 70°0. 

To prepare the bismuth resinate, 50 gms. of the dry bismuth oxide are 
mixed with 150 gms. of fresh Venetian turpentine and the mixture heated on 
a sand-bath for forty-five minutes, the temperature being carefully controlled 
so as not to exceed 160°0. The mixture is then dissolved in about 100 cc. of 
chloroform, thoroughly shaken, and filtered to separate the unreacted bis
muth oxide. The bismuth resinate is precipitated from the chloroform solu
tion by adding it drop by drop to 400 ce. of methyl alcohol which is continually 
stirred. The resinate is finally filtered, dried at room temperature, powdered 
and stored in a stoppered bottle. Experience has shewn that ,the yield of 
rcsinate is about one fifth of the amount of bismuth nitrate used; The bis
muth oxide content of the resinate, which should be 20-60%, may be deter
mined by igniting a known weight of the resinate and weighing the amount of 
bismuth oxide formed. , 

Ohromium Resinate 
The starting material for the preparation of this substance is chromic acid, 

5 gms. of which should be dissolved in 10 cc. of water in a porcelain dish, 
and to this should be added 16 gms. of the sulphur-turpentine compound, 
the mixture being stirred continually. A considerable rise of temperature 
will be found to take plaee due to the oxidation of the turpentine com
pound by chromic acid. After about half an hour, the mixture is heated on 
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a water-bath to remove the water as far as possible, the loss in weight being 
about 8 gms. The partially dehydrated mixture is then dissolved in 30 cc. 
of chloroform and the solution subsequently filtered to separate the chromium 
resinate from the chromium oxide formed during the reaction. From th~ 
chloroform solution, the resinate is precipitated by adding" the solution drop 
by drop to 100 cc. of methyl alcohol, which should be stirred continually during 
the operation. The resinate is finally filtered and dried at room temperature, 
after which the dried resinate, which is dark grey in colour, should be powdered 
and stored-in a well-stoppered bottle. The chromium oxide content of the 
resinate varies from 16% to 20% and this may be determined by igniting a 
known weight of the resinate and weighing the amount of chromium oxide 
thus formed. The yield of the resinate varies considerably, as it is dependent 
upon the oxidation of the turpentine compound by the chromic acid. 

Rhodium ReIJinate 

The starting material for the preparation of~his resinate is sodium-rhodium 
chloride, NaaRhCIo' 9HaO, a double salt of rhodium and sodium chloride 
having a rhodium content of 16-17%. To prepare the resinate 10 gms. of 
this salt are dissolved in 50 cc. of distilled water and to the resulting bright 
red solution are added 12 gIllS. of barium hydroxide dissolved in 20 cc. of hot 
water, whereby brick-red coloured rhodium hydroxide is precipitated. With
out filtering the precipitate, the whole mixture is next heated on a water-bath 
until perfectly dry, at which stage the rhodium hydroxide assumes a dirty 
yellow colour. It is then washed with hot water to remove the excess of bari
um hydroxide and sodium chloride. The pure rhodium hydroxide so obtained 
is converted into chloride by dissolving it in 10 gms. of concentrated hydro
chloric acid, when it will assume a brilliant rose ruby colour. The solution 
of the chloride should then be evaporated oil the water-bath to remove the 
excess hydrochloric acid and when fumes cease to be given off it is dissolved 
in 60 gms. of methyl alcohol. 

"-
To prepare the rhodium resinate, 50 gms. of sulphur-turpentine compound 

are added to the methyl alcoholic solution of rhodium chloride, while conti
nually stirring, and after about half an hour the methyl alcohol is evaporated 
from the mixture to the extent of 50 gIllS. The mixture, consisting of rhodi
um resinate and unreacted sulphur-turpentine compound, is dissolved in chloro
form, just sufficient in quantity for the purpose. It may be found to contain 
some hydrochloric acid set free during the reaction, and this must be neutralised, 
the chloroform solution being, therefore, shaken thoroughly at this stage with 
10 gIllS. of sodium carbonate, after which it should be left for twenty-four 
hours to ensure complete neutralisation. The neutralised solution should 
then be filtered and washed with some more chloroform, after which th~ filtrate 
is added, drop by drop, with continuous stirring, to 300 gIllS. of methyl alcohol 
to precipitate the rhodium resinate, which will be rose-red in colour. The 
precipitate is washed well with methyl alcohol and allowed to dry at room tem
perature by spreading the filter paper, after which the dry resinate should be 
powdered and stored in a well-stoppered bottle. 

The yield of resinate is about 60%, calculated on the basis of the rhodium 
metal used. The residues, waste filter papers, etc., containing rhodium 
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should be burnt to destroy the organic matter, and the mass so obtained Iixi~ 
viated with water to remove the soluble salts. The residue which remains 
after lixiviation contains rhodium in metallic form, but its conversion into 
sodium-rhodium chloride involves considerable difficulty. It is advisable. 
therefore, to arrange to sell the metallic residues to the suppliers of the sodium
rhodium chloride. 

Rosin Solution 

Rosin solution is used for adjusting the gold content of liquid gold to the 
usual commercial proportion which is generally 12·1%. To prepare this solu
tion, 200 gms. of powdered rosin (ash content not more than 0'05%) are dis
solved in 135 gms. of turpentine, with the aid of slight warming on a water
bath. The solution should be allowed to settle for about three days, and during 
this time it must be kept well covered to avoid dust particles. The clear 
supernatant liquid is finally decanted off and stored in a stoppered bottle. 

Bitumen Solution 

This solution is used to adjust the consistency and gold content of the 
liquid gold. Incidentally it also imparts a darker shade to the product. For 
its preparation 50 gms. of pure bitumen are dissolved in about 100 gms. of 
chloroform and refiuxed for about half an hour on a water-bath. On cooling, 
the solution is filtered to separate any impurities that may be present, after 
which 50 gms. of nitrobenzene are added to the filtrate and the mixture heated 
in a beaker on the water-bath to remove the chloroform. When there is no 
more smell of chloroform the solution of bitumen in nitrobenzene is removed 
from the water-bath and placed for storage in a stoppered bottle. 

Compounding of Liquid Gold 

. In the foregoing pages the methods to be used for the peparation of the 
different components constituting liquid gold have been described. When 
all these constituents are available, the required final product is prepared by 
combining them in certain proportions. .After a large number of trials of 
mixtures containing the components in varying proportions, the following 
mixture has been found to be the most. satisfactory ;-

Gold resinate. Resinate containing 100 gms. of metallic gold. 
RhodiUIQ. ..." ,,0·55 gms. of metallic rhodium. 
Chromium..." ,,0' 45 gms. of Cl'aOa' 
Bismuth ..." .. 2·5 gms. of BiaOa; 
llaichi oil " • 230 gms. 

The mixture of the dry resinates should be ground with ilaichi oil in a porce
lain mortar, so that it becomes perfectly homogeneous, care being taken to 

• avoid dust particles, as these adversely affect the storage properties ofthe final 
product. When the' mixture is ready it is mixed with a separately prepared 
mixture of rosin and bitumen solution having the following composition ;-

Bitumen solution 95 gms. 

Rosin solution 285 gms. 
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Wben the final mixture has been thoroughly homogenized, the ash content 
(metallic gold and other metals) 'should be checked by igniting a sample of 
known weight at a -temperature not higher than 700°C. The ash content 
should be approximately 12·5 per cent. corresponding to mebllic... gold 
content of 12·1 per cent. to ]2·2 per cent. If the ash content i~ more tuan 
this, an additional quantity of oil requires to be added to bring the gold 
content to the de~iredproportion. 

The mixture should then be allowed to settle under cover for about two 
days, so that any undissolved particles which may be present can settle. When 
adjusting the oil content, allowance should be rrade for the oil which may 
be lost by evaporation during settling. Mter settling, the liquid gold is 
carefully decanted and bottled. 

NATURE OF LIQUID GOLD FILMS 

Liquid gold is applied to ceramic and glass articles at the original con-
centration stated above, or diluted with an additional quantity of essential 

o oils, usually ilaichi oil. The dilution normally used is one to one, but may vary 
up to a ratio of 1 part of liquid gold to 2 parts of oil depending on the quality 
of the liquid gold itself as well as on the nature of the decorative effect desired. 
Consequently, in the trade the quality of liquid gold is sometimes determined 
by the amount of dilution it will tolerate without making the final gold film 
useless for decorative purpose, this being due to the fact that as the dilution 
increases the film which is deposited becomes correspondingly thinner and 
may be so thinned that it loses its characteristic gold colour and metallic 
lustre. . 

The drying time of a liquid gold film in the open air varies from about 
20 minutes to one hour, depending on the extent of dilution, atmospheric, 
and other couditions. Mter the film has dried, the decorated article is.1ired 
in a mufHe furnace at a gradually increasing temperature, the highest tempera
ture to which the article may be raised depending both upon the nature of the 
material composing the art·icle it.'\elf and on the type of liquid gold used,. but 
generally speaking, the highest temperature lies between 650°C. and 700°C. 
The duration of firing IUSO has a considerable effect on the film characteristic 
such as its adherance and its general tone, and it is, therefore, recommended 
that the optimum temperature and duration of fuoing required to giye the most 
satisfactory results should be ascertained by a few preliminaty practical tests 
in the case of each individual combination of a particular batch of liquid -gold 
and decorated article. 

A properly applied and well fired gold film should possesS the metallic 
lustre, of a well polished surface, and should have a pale ycllow gold-like 
colour, uniform thickness, soft texture, good adherance to the base, 'and free
dom from cracks and blotches. With regard to the relationship between th. 
nature of the glass or ceramic matelial and the satisfll'Ctory character of tJl(, 

film, it may be added that the brilliance of the gold film and its adherance to 
t.he ceramic article are improved if the decorated article is fired at the 
temperature at which it just begins to soften at the surface without under
going bodily deformation. 
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On the other hand, if the temperature of firing is lower than the soften
ing temperature of the base material, a comparatively poor adhesion of the 
fired gold film to the decorated article results, and this may sometimes cause 
prejudice against even a good sample of liquid gold. It is necessary to bear 
in mind that glasses with a high softening temperature require a higher 
temperature for fuing, and this is liable to cause the gold film to lose its 
optimum lustre, which is generally developed at an optimum firing tempera
"ture of about 700°C. Moreover, poor quality glasses generally soften at a 
very low temperature, and have also been found to give films lacking in lustre. 
It appears, therefore, that glasses having softening temperatures which are 
neither too high nor too low are the most suitable for the purpose of decoration 
with the type of liquid gold under consideration. Similar considerations 
apparently apply alsO to enamels used in the ceramic industry, on the surfaces 
of which liquid gold decorations are often applied. 

In applying the liquid gold, care should be taken to ensure that the result
ing film is not too thick, otherwL.."6, on firing, it will develop cracks and lose 
adherance. Adequate dilution with essential oils helps to avoid this condition. 
Too high a dilution, on the other hand, will tend to cause the film to spread 
on the glass surface without control, resulting in a very thin film often devoid 
of characteristic metallic gold appearance. It is necessary, therefore, that the 
proper dilution be determined by a few preliminary trial!! for every combina
tion of glass and liquid gold in order to ensure the best results. 

SEMI-COMMERCIAL SCALE EXPERTMENTS 

Aftet a lengthy series of preliminary laboratory experiments, and when 
it was' felt that the various chemical aspects of the process of manufacture 
had been sufficiently mastered, semi-commercial scale experiments were carried 
out with a view, firstly, to discovering what difficulties, if any, might arise 
w~n enlarging the scale of operations and how they might be overcome, and 
secondly, to collecting the necessary data to enable the cost of production on a 
commercial scale to be estimated. 

• The first semi-commercial scale batch involved the use of 20 tolas of 
metallic gold, and the details of manufacture given in the foregoing pages 
cover the data obtained during the preparation of tltis particular batch. The 
product obtained amounted to 45 ounces of liquid gold, having the standard 
metallic content of 12·1 per cent., on the basis of metallic gold used and the 
proportion aciu.ally converted into liquid gold, the overall-yield amounting to 
66·2 per cent. The product was found to be satisfactory as regards the 
decorative films made and the films compared favourably with those obtained 
from the 'best quality imported German material available on the market. 

,AAfter a short period of storage, i.e., about a month, however, the product 
began "to show signs of deterioration, such as deposition of particles, subse
quently found to be reduced .gold, at the bottom of the bottles in which the 
liquid gold was being stored, reduction of lustre in the film prepared from it, 
and sometimes the presence of minute specks in the films. These defects 
had not been" observed in the case of the small laboratory-scale batches pre
viously prepared, even after storage for over a year, and it became necessary 
to investigate the causes which had contributed to this deterioration. 

. I 
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The results of these investigations have already been incorporated in the 
descriptions of the technique of manufacture given on the earlier pages, where 
the various precautions necessary to avoid deteriorations have been described 
in detail. The speck formation in the films was found to be due to the reduced 
metallic gold particles, the presence of which was observed in the form of 
deposit at the bottom of the bottles. Loss of lustre can doubtless also be 
attributed to the existence of conditions which tend to reduce the resinate to 
the metallic state. In the light of the experience gained during these investi
gations another semi-commercial scale batch of liquid gold was prepared, this 
time starting with 13 tolas of gold, the result being a yield of 33·5 ounces of 
liquid gold of standard 12·1 per cent. metallic content, equivalent to an 
overall yield of 75 per cent. Improvement in yield from 66·2 per cent. 
in the 20 tolas batch to 75 per cent. in the 13 tolas batch indicates, 
in view of the smaller scale of the latter batch, that further improvement in 
yield is likely in larger commercial scale operations, and an expectation of 80 
per cent. may not be unduly optimistic. For the purpose of cost.estimation, 
however, the 75 per cent. figure has been used where this matter is discussed 
in following pages. 

The quality of the second batch of liquid gold was found to be quite satis
factory and compared favourably with well known high-grade German product. 
The material was kept in storage under normal conditions and checked 
monthly over a period of ~ight months, at the end of which there was no 
serious deposit in the bottles nor was any deterioration in the film producing 
properties observed when tested practically. 

COMMERCIAL POSSmILITIES 

The question of the successful manufacture of liquid gold as a commercial 
proposition in India may now be examined. 

From statistics collected by the Director of Industries of the United Pro
vinces in 1936, it appeared that the consumption of liquid gold at Ferozabad 
(Agra district, U.P.) alone, which is the principal centre of glass-bangle 
manufacture in India, was at that time about 50 oz. per day. Its selling 
price at Ferozabad varied from Rs. 16 to Rs. 18 per ounce (pre-war prices), 
depending upon the q1fality, the high-grade German product mentioned 
above being the most popular and fetching the highest price. 

Its annual consumption at Ferozabad alone may,_ therefore, be estimated 
at approximately 18,000 ozs., worth more than three lakhs of rupees. Glass 
bangle manufacturers in other parts of the country and also the ceramic 
industry make use of this material. Roughly speaking, therefore, a minimum 
consumption of 20,000 ozs. of liquid gold per annum in the whole of India may 
be taken as the figure for estimating purposes, and the noteworthy point is 
that the whole of this quantity has hitherto been imported. . 

In making the following' estimate of the cost of production of liquid 
gold, it has been assumed that manufacture might be started on a moderate 
scale producing about half the total requirement of the country in the first 
instance. On this basis a factory would require a total floor area of about 1,500 
sq. ft., including offices and laboratories. No special machinery will be 
required, but the usual laboratory equipment and apparatus, such as working 
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tables, fume cupboards, water supply, electricity and gas connections, a 
number of large flasks, porcelain basins, beakers, funnels, etc., must be pro

"vided. 

The estimates given below are based on pre-war market prices, since the 
unsettled and quickly fluctuating conditions of the present day make it other
wise impossible to estimate the cost of production with any degree of accuracy. 
The effect of the current price level on the final cost of production figure is 
also discussed subsequently. 

The basic assumptions on which the cost of production are based are as 
follows :-

I. CapitalIntJUI~-

(a) Working Capital (equivalent to 3 months expenditure) 

(b) Building •• 

(e) Laboratory and Office equipment 

(d) Apparatus 

2. Rate 0/ intereat on investment 

3. Rale8 and P""'/l8, etc. 

4. Insurance (against theft, fire and accidents) 

5. I>epreciation

(a) Building •• 

(b) Laboratory and office equipment 

(e) Apparatus 

6. Staff-
(a) Laboratory staff-

One Managing Chemist 

Two Assistant Chemists 

Three Laboratory Assistants 

Four Bearers 

Total per year 

(b) Office staff-

ToW 

ToW 

Managing Chemist (already provided for above). 

Oneolerk 

One Bearer 

Two Guards 

One Sweeper 

Total per year 

Total 

Re. 

53,000 

ll,ooo 
4,000 

2,000 

70,000 

5 per cent. per annum. 

I . 25 per cent. on build
ing investment. 

Re. 1,000 per annum. 

5 per cent. per annum: 

10 per cent. per annum. 

25 per cent. per annum. 

Re. 
@ 250 permensem. 

@ 200 permensem. 

@ 90 permensem. 

@ 60 permensem. 

600 permensem. 

7,200 

Rs. 
@ 40 permensem. 

@ 15 permensem. 

@ 40 permensem. 

@ 10 permensem. 

105 permensem. 

1,260 
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7. MiBcel1aneOUB.-(Inclurung correspondence, stationery, . 
travelling expenses, eta.) •• . 

8. Working days in a year •• 

Rs. 1,000 per anilUm. 

300 

It has been estimated that under normal oircumstances the above techni
cal staff should be able to convert about 5,000 tolas of gold per year. The 
total yield of liquid gold, calculated at an average of 75 per cent., will in that 
case be about 12,750 ozs. per annum. It may be possible to improve upon 
this figure, after sufficient experience has been gained by the staff concerned, 
and improvement may take place in two directions, firstly, the percentage 
yield on gold basis may be improved upon, secondly, the various manufactur
ing operations may be better organized, which will enable the staff to handle 
larger quantities of gold during the year.' 

On the above assumption, the over-head cost of production per year may 
now be calculated as in Table I below: -

TABLE 1. 

Estimn-te of overhead cost. 

1. Interest on capital investment •• 

2. Ta.xes, etc. • • 

3. Insurance against theft, fire and accident 

4. Depreciation-

Rs. 

3,500 

140 

1,000 

(a) Building 550 

(b) Laboratory and office equipment 400 

(e) Apparatus lioo 
Ii. Staff-

(a) Laboratory staff 7,200 

(b) Office staff 1,260 

6. Miscellaneous 1.000 

Total overhead costs per year for 12,750 ozs. of liquid gold 15.550 

:~ Overhead cost per oz.. • Re. 1·3·6 

With regard to the material cost, Table II below gives the estimate based 
on the experience gained in the semi-commercial ~cale experiments. In this 
connection it is to be observed that in actual factory operation, this cost may 
be expected to be less than that given in Table II, since, in processing large 
batches, the amount of certain of the chemicals consumed will be somewhat 
less than that used in a smaller scale experiment. Also, the prices given are 
retail prices current in the Calcutta retail market. It will be seen, there
fore, that the calculations are to a certain extent on the liberal side. 
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TABLE II. 
Estimate of cost of chemicals and other materials required to prepare a batch 

of liquid gold starting with 20 tows (222'3 !P,'I8.) of metallic gold. 
' •• 4 _ 

Substance Amount Rate Price 

Rs. a. p. Re. a. p. 

Methyl alcohol (including cost of dehydra-
tion and distillation). 

10 Ibs. 014 o per lb. 812 0 

Chloroform .. .. .. .. 4·5 .. 1 8 0 .. 612 0 

IIaichi oil .. .. .. .. 0·5 .. 3 0 0 
" 1 8 0 

Hydrochloric acid, C.P. (chemically pure) 3·5 
" 0 9 0 

" 1 15 6 

Nitric acid, C.P. .. .. .. 1·5 .. 012 0 .. 1 2 0 .. 
Sodium.rhodium chloride, C.P. .. 9 gms • 3 0 o "pergm. 27 0 0 

Turpentine, C.P. .. .. . . 3 1m. 0 4 o per lb. 012 0 

Venetian turpentine, C.P'- .. .. 1·5' .. 3 8 0 .. 5 4 0 

Sulphur, C.P. .. .. . . 0·25 .. 0 8 0 .. 0 2 0 

Nitrobenzene, C.P. .. .. .. 0·1 .. 1 8 0 .. 0 2 6 

Bismuth nitrate, C.P. .. .. 55 gma. 2 5 0 per 110 1 2 6 

Potassium chloride, A.R. .. .. 150 .. 2 8 
gms. 

o per 440 013 6 
gms. 

Sodium carbonate, C.P. .. .. 150 .. o 12 0 .. 0 4 0 

Potassium hydroxide, C.P. .. .. 45 .. 2 0 0 .. 0 3 3 

Minor chemicals, such as chromic acid, .. .' 010 0 
rosin, bitumen, etc. 

Filter papers, etc. .. .. .. .. . . 0 9 0 

Fuel, water, electricity, etc. .. .. .. .' 2 0 0 

Packing materials (bottles, corks, labels, . .. . . 3 0 0 
etc.). 

Total, excluding gold •• .. ., 51 ozs. (L.G.) 1 3 6 62 0 3 

Gold lost during the process, 
. tolas. 

1% of 20 0·2 tola 36 4 o per tola 7 4 0 

Gold converted into liquid gold on the 15tolas 36 4 
basis of the semi-commercial batch, 

0 pertola 543 12 0 

(75% of total). I 

Total cost of gold alone .. .. 51 ozs. (L.G.) 10 12 10 551 0 0 

Total Material cost of liquid gold .. 51ozs. 12 0 4 613 0 3 
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It will be noted that for the purpose of this estimate 750/. yield on the 
basis of metallic gold and 1% loss of gold has been assumed, which assumption 
is based on the results of experience gained with the semi-commercial scale 
batches. The remaining 24% can be recovert'd as described in the earlier 
parts of the paper by burning the residues, and used over again for the produc
tion of gold resinate in the succeeding batches. Thus, only the cost of recovery 
need be included in the cost estimation, and this has been done under the item 
concerning fuel cost. 

The total cost of manufacture per oz. may now be estimated as in Table 
III below. I " 

TABLE III. 
Estimate of total cost of manufacture for pre-war conditions. 

Item Cost Per cent 

Rs. A.. P. 
(1) Overhead .. .. .. 1 3 6 9·2 

(2) Chemicals (other than gold) .. 1 3 6 9·2 

(3) Gold .. .. .. .. 10 12 10 81·6 

Total .. 13 3 10 100·0 

The estimated cost of production, Rs. 13-3-10 per oz. based on pre-war 
rates, may be regarded as the upper limit, on account of the fact that liberal 
figures have been used throughout. The sale price, as stated above, varied 
before the war from Rs. 16 to Rs. 18 per oz. at Ferozabad, depending on quality. 
The quality of the liquid gold prepared in these laboratory eiperiments is such 
that a net factory sale price of at least Rs. 16 per oz. could easily be demanded, 
which should be sufficient to allow a safe margin for retailer's profit and sale
man's commission, etc. Thus the net profit to the factory would be at least 
Rs. 2-12-2 per oz., which, for a production of 12,750 ounces, amounts to more 
than Rs. 35,000 per annum. This means a net profit of 50% on an invest
ment of Rs. 70,000, after paying 'all the interest, depreciation, and other 
charges excepting income tax. 

At first sight this may appear to be too optimistic an estimate, but it must 
be remembered that the profit depends to a large extent on the total produc
tion of liquid gold per annum which is assumed for estimating purposes, under 
efficient working conditions. Assuming the production per annum to be only 
half of that estimated and leaving the investment at the same figure, which 
may well be the case in the earlier stages of working, the overhead cost will be 
doubled but other items will remain constant. In that case the total cost of 
production would be Rs. 14-7-4, and even at this figure the profit will amount 
to roughly Rs. 20,000, i.e., about 28% on the total estimated investment; more
over, during this period, only half the working capital investment would be 
required, giving a total investment of Rs. 43,500 instead of Rs. 70,000 and a 
net profit at the rate of approximately 46%. 

As soon as the manufacture of liquid gold has been commenced in India 
to the extent of 50% of the country's requirements, the market of necessity 
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must find a new level, even under normal peace conditions. Calculated profit 
figures are, therefore, liable to be considerably affected. In view of the 25% 
duty payable on the imported material, however, the foreign products caunot 
afford to under-sell the indigenous preparations, especially if the gold content 
is maintained at the standard level of 12·1%. 

The cost of gold alone, as has been demonstrated, amounts to roughly 
82% of the total cost of the product, and, therefore, if it is assumed that the 
imported liquid gold prices are cut to such an extent as to bring them down 
to the level of the cost of production of the material in India, the foreign manu
facturer will receive, after paying duty, only 80% of this price. This would 
be lust sufficient to cover the cost of the metallic gold content, leaving no margin 
for the production and import charges and the other costs. It would, there
fore, appear that, even under peace-time conditions, the enterprise, if oper
ated efficiently, has the prospect of making a. fair profit. 

A word in regard to the most suitable location for starting a factory may 
not be out of place. Ferozabad appears to be a desirable place from the stand
point of the availability of a ready market for the product, but it has the dis
advantage of being an isolated town far removed from industrial centres where 
raw materials of the type required would be readily available. Bombay and 
Calcutta, on the other hand,· offer the latter advantages, besides being larger 
market centres for precious metals. From the industrial point of view, there
fore, the latter locations are to be preferred. 

EFFECT OF W AR-TlME CONDITIONS 

The cost of manufacture of liquid gold as estimated in the previous pages 
was based on prices of gold and other chemicals current in the Calcutta retail 
market before the ~tbreak of war, and the possibilities of successful commer
cial manufacture was discussed in the light of peace-time conditions. Since 
the outbreak of war, however, the prices of gold and chemicals have increased 
considerably and the trade conditions have materially altered. 

At the same time, the sale price of liquid gold has also risen, and shortly 
after the outbreak of war it was reported to have increased by 50%. Later 
reports indicate that it is now settled down again to roughly 30% higher, than 
pre-war price in the case of liquid gold manufactured in countries other than 
Germany, while stocks of German liquid gold have been completely exhausted. 
It is important, therefore, that the possibilities of liquid gold manufacture be 
freshly examined in the light of current conditions. 

The first important question that arises concerns the availability of raw 
materials. Enquiries from Calcutta firms dealing in chemicals brought out 
the fact that almost all the chemicals required can be had from Indian stocks, 
although at times it will be necessary to import certain of the chemicals from 
abroad, which may involve a delay of four or more months., These remarks 
do not apply to sodium-rhodium chloride, which requires to be specially import
ed even under peace-time conditions, but the quantities of this material re
quired are so small that it may be imported even by .A.jr Mail without 
materially affecting the final price of the liquid gold. 

Prices of chemicals required have risen in different proportions in different 
cases, but in no case have they increased to more than double the pre-;war p~ce 
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level.· If it is assumed, therefore, that all the chemicals have doubled in price, 
the estimate Will be liberal. . 

Gold has increased fro~ Rs. 36-4-0 per tola to Re. 41-13-6 per tola 
(i.e. about 15 % higher), at wEich level it has been more or less steady for some 
time. . 

The overhead charges may also be somewhat affected, but not materially. 
Stocks of chemicals Will have to be kept for longer periods of-time, the salaries 
paid may be about 10% higher, the costs of building and apparatus may be 
affected to some extent. On the whole, if 25% increase in overhead charges 
is assumed, it will more than cover the requirements. 

The final cost of production may, therefore, be re-calculated to take 
account of the present position as in Table IV below: 

TABLE IV 
Estimate of cost per oz. of liquid gold durin,q war time conditions 

"" 

Pre-War Present 

Item. Cost Per cent Cost Per cent. Per cent. 
0 (ofP.-W.) (Present). 

Re. A. P. Rs. A. P. 
1) Overhead .. 1 3 6 9·2 1 8 5 .11'5 9·3 

2) Chemicals (other 1 3 6 9·2 2 7 Q 18·4 14·8 
than Gold). 

3) Gold .. .. 10 12 10 81·6 12 7 7 94·1 75·9 

Total .. 13 3 10 100·0 16 7 0 1~.0 100.0 

Thus the cost of production wl)uld be 24% higher under the war-time condi
tions, i.e., Rs. 16-7-0 per oz. instead ofRs.13-3-10. The cheapest liquid gold 
which was sold before the war at Rs. 16 per oz. now sells at Rs. 20-8-0 per oz. 
or more. It has been already stated that the liquid gold manufactured in the 
laboratory is equal to German liquid gold of the highest quality and price, 
and, therefore, it could be sold in competition with the best liquid gold now on 
the market. If the sale price were the same as that of the good imported mate
rial now on the market and allowing Re. 1 per ounce for sales charges, com
missions, etc., the factory should be able to realize at least Rs. 19-8-0 per oz., 
giving a net profit oiRs. 3-1-0 per oz. 

It is apparent, therefore, that the present war-time conditions are favour
able for the commercial success of the enterprise. 
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SYNOPSIS. 

With a view to developing a process for the manufacture of china glass, an 
opaque white glass used for decorating bangles in India, a number of labora
tory scale lead glass batches were prepared, using various opacifying agenta 
such as cryolite, felspar, arsenious oxide, antimony oxide, titania, etc., 
employed singly and also in combination with each other. Arsenious oxide 
was found to be an effective opacifier in concentrations of about 4" 0 %. Small 
quantities of cryolite, antimony oxide, and titania used in addition. to arsenious 
oxide improved the opacity, whiteness and gloss of the product. Composi
tion No.6 in Table I represents the formula which gave the most satisfactory 
type of china glass, this comparing favourably with the imported material in 
all respects. 

A factory scale batch of 200 lbs. was prepared successfully. On the basis 
of experience thus gained, the econOInic possibilities of the manufacture of 
china glass in India were investigated, and it was sllOwn that the enterprise 
can be profitable in peace time as well as under war-time conditions. 



MANUFACTURE OF CHINA GLASS. 

INTRODUCTION. 

The decora~on of glass bangles constitutes an important section of the 
Indian glass bangle industry. The artistic designs on the bangles are usually 
accomplished by enamelling them with low-temperature-melting opaque glassea 
of different colours, such as china glass, coral red, etc., and also with liquid 
enamels, such as liquid gold. At present most of these materials are imported 
into India and are sold at fairly high prices, whilst the imported decorated glass 
bangles themselves sell at comparatively low prices. It was, therefore, consid· 
ered desirable to investigate the possibility of manufacturing these opaque 
glasses in India at a reasonable cost. The investigations described below deal 
with the preparation of opaque white glass (china glass). 

CoMPOSITION OF OPAQUE GLASSES. 

As far back as 18601, hot cast porcelain (an opaque white glass) was manu
factured in Philadelphia by the Hot Cast Porcelain Factory, from sand, cryo
lite and zinc oxide. During recent years, the preparation of these glasses has 
assumed considerable importance on account of their use as enamels and also in 
the manufacture of lamp shades and other fancy glassware. 

Numerous substances are known which may be used to proudce opacity in 
glasses under suitable conditions; among these mention may be made of oxides of 
tin, antimony, zinc, aluminium, titanium, zirconium and arsenic, calcium phos
phate, asbestos, kaolin, felspar, cryolite, fluorspar and fluosilicates. Several of 
these, however, may be eliminated on account of their cost, these including 
zirconium oxide, fluosilicates, and others. Calcium phosphate, moreover, though 
an excellent opacifier is somewhat unsuited to Indian conditions, since consider
able prejudice is likely to prevail, especially amongst Hindus, against the 
purchase of glass bangles decorated with enamels containing bone ash· as the 
opacifying agentl. Antimony oxide is also exclud d because it pro
duces a yellowish tinge in opaque glasses, and mOle so in lead glasses due to the 
formation of lead antimoniate. The reason why attention has been confined to 
lead glasses for the purpose in view is discussed below. 

Arsenious oxide is in common use in glass factories to assist in the fining of 
glass, i.e., the removal of the minute gas bubbles occluded during the course of 
melting, and has been observed to have a decolorising effect by way of reducing 
the greenish tinge in glasses produced by the presence of iron compounds. 
Fuwa8 has reported the use of a very high percentage of arsenious oxide (15 %) 
as an opacifier in soda-lime silica and boro-silicate glasses. It is, moreover, 
cheaper than either cryolite or tin oxide, both o~ which are extensively employed 
as opacifying agents in the manufacture of white opaque glasses and enamels, 
hence it was considered desirable to investigate its use as an opacifier for 
the preparation of cheap white enamels. 

1. Smull," Causes of Opacity in Glass n, J. Soc. Chem. Ind., 34, 402, (1915). 
2. Dixon. .. A survey of Indian Glass Industry n, Bull. Indian ] .. duslrial BrA_cia, No.2. 

p. 8 (1936). 
3. K. Fu_ .. Colouriog Glaas with Arsenious Acid", J. Jop. Ce ...... , .A.8Oft., a2, 469 

(19U). 
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Since the glass articles to be decorated with these white enamels have to be 
reheated in a muffle furnace, it is necessary that the melting temperature of 
these enamels should be as low as possible; otherwise the decorated article is 
likely to be deformed. In order that a glass should have a low melting tempe-

. rature, it should contain a comparatively high percentage of either alkali or 
lead oxide. It is well-known, however, that a high alkali glass has very poor 
durability, and, that being so, its enamelled designs may develop a dull appear
ance on exposure to the atmosphere. Consequently, the present investigation 
was confined to glasses containing a high percentage of lead. 

LABORATORY EXPERIMENTS. 

A number of high lead glasses were prepared, using cryolitE', arsenious oxide, 
alumina, antimony oxide, titania and their combinations as the opacifying 
agents. In the preparation of these glasses, Barhgarh sand * having particle size 
between 50 and 100me,h (B. S. sieve) was used, all the raw materials of the batch 
being thoroughly mixed before fusion. The glass batches, amounting to about 
100 gms. each, were heated in small fireclay crucibles at about 900°C for about 
one hour in a gas-fired laboratory furnace, when the different ingredients of the 
batch melted to a feitted mass. The temperature wa'! then slowly raised to 
1250° C and maintained for about 2 hours, during this period the molten mass 
became sufficiently mobile and was occasionally stirred by means of an iron rod. 
After this operation, when the mass appeared quite homogeneous, the tempera
ture was lowered to about 1000°C and maintained at this point for about one 
hour, after which the molten glass was poured out in the form of discs and 
allowed to cool slowly in a muffle furnace. It was observed that for the develop
ment of maximum opacity, the arsenious oxide glasses had to be cooled 
gradually, whereas the other batches did not particularly require slow cooling. 

Each glass sample was next finely powdered, the fine powder being then 
converted into a thick paste with water, the consistency o'fthe paste being kept 
almost the same in all cases. The paste was carefully applied ona transparent 
cc;>lourless glass slide (4 w X 1 N) in the' shape of dots by means of a steel pen, and, 
after drying, the slides were gradually heated in a muffle furnace to about 650°C, 
maintained at that temperature for about five to seven minutes and finally 
slowly cooled. The enamelled designs on the slides were subsequently visu
ally examined and tested for adhesion 9Y scratching with a pen-knife. For 
comparative experiments, different samples were applied on the same slide_ 
In Table I are summarised some of the results obtained with different composi-
tions. ' 

·A II&mple ofthis sa.nd W&8 found to have the following ccmposition:-

Loss on ignition .. 
SiO 
Fe,b, 
AllO, 
TiU, 
GaO __ 
MgO _. 
K,OandNa,O 

Total 

% 
0·62 

97-10 
0-03 
1-09 
0-12 
Trace. 
0-16 
0·80 

99'92 



TABLE I. 

Composition of various opaque gla.9Se8 and results of practical tests. 

Batch composition expressed in puts by weight. Results of praotioa.l tests. 

e ~ 
Remarks. 

~ 1 1 ! 
IS • 9<l ~ = . 

:§ 0" 
" 

. 0-8 
...§ <l 'a:a f' .§·H 

~ ." 
~ J ~ ~ ~ lo ~ e:;0 e ~o Opacity. Colour. Adhe- Gloss. 

0 sion. 
III III IIIl ~ 

----------------------
I 38·5 50 9'5 .. :t·O 1·5 4·0 .. .. . . . . Poor Greyish white .. Good Nil. 

2 30 50 7·5 12·5 .. 1·5 4·0 .. .. .. .. Good White .. Good Poor 

3 30 50 7·5 12'0 .. 1·5 4-0 4·0 .. .. .. Good White .. Good Poor The enamelled 
design oon. 
tracted some· 
what on beini 
fired. 

4 30 50 7·5 12·5 .. 1'0 4·0 .. .. .. 0·1 Good White .. Good Good. 

/) 30 50 7·/) 12·5 .. 1·5 4·0 .. 0·07 .. 0·1 Good Whiter than Good Good. 
No.4 

6 30 00 7·8 12·5 .. I·/) 4·0 .. 0·07 1'0 0·1 Good Slightly whiter Good Good. 
than No. 5. 

7 30 50 7·/) 12·5 .. 1·5 .. .. .. 8·0 .. Poor White with a Good Nil. 
greenish tinge. . -

8 30 /)0 7'0 12·5 .. 1·5 0·25 .. .. 8·0 .. Poor Greyish white Good Nil. 

. 
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The loss of arsenious oxide due to its volatility was found to be about 20 per 
cent. as revealed by chemical analysis of the finished opaque glass No.6, whilst 
the amount of fluorine finally present in the glass was found to be negligible. 
It is very likely that the fluorine originally present in the batch was lost as a 
result of the formation of silicon tetrafluoride, which is volatile. The addition 
of a small quantity (1 %), of cryolite appeared to improve the whiteness of the 
product. 

DISCUSSION. 

From an examination of the results summarised in Table I, the following 
conclusions may be drawn with regard to the preparation of white opaque 
glasses :-, 

1. Felspars produced a more dense opaque glass than either kaolin or 
pure alumina, although the aluminium oxide content might be 
the same in all cases. 

2. The addition of titanium oxide in small amounts seemed to improve 
both opacity and whiteness, but it should be used in very small 
proportions in the preparation oflow-temperature-melting glasses, 
since its presence in larger amounts raises the melting point of the 
resulting glass. 

3. ,The presence of small amounts of antimony oxide appeared to improve 
the gloss of the enamelled design to an appreciable extent. 

4. Opal glasses containing cryolite as the major opacifying agent did not 
appear to be very suitable for use as decorative enamels for 
glassware. 

From the results of practical tests, it was evident that glass No.6 in Table I 
compared favourably with the comparison sample of imported china glass and 
could be successfully used as a decorative enamel. It appeared that arsenious 
oxide was a better opacifying agent than cryolite, so far as opacity and white
ness of the film on the decorated glass article were concerned. It may be pos
sible that arsenious oxide improves the whiteness of these glasses by virtue of 
its decolorising action. 

It may be pointed out that in India arsenious oxide is cheaper than either 
cryolite or tin oxide. Also, the amount of. arsenious oxide to bring about the 
same degree of opacity is smaller than that of either of the two above mentioned 
substances. It is, therefore, specially suited for use as an opacifying agent for 
the preparation of cheap white enamels containing a high percentage of lead 
oxide. 

It is generally believed that opacity in opalescent glasses is brought about 
by their structural characteristics. "6 In certain cases. for example in the case 
of glasses containing stannic oxide as opacmer, there exists solid particles of the 
latter dispersed throughout the mass, and these absorb the transmitted light 

4. Scholes ... Modern Glass Practice", (Industrial Publications, Chicago), 224 (1935). 

5. Bodkin & Coueen ... A Text-book of Glaas Technology," (Constable, London), 124 
(1925). 



thereby causing opacity. This type of glass is termed SolidSuspenBionType. 
In others, the effect is mainly due to scattering of light by minute scattering 
centres possessing different compositions and having different refractive indices 
from that of the main bulk. Two types are generally recognised under this 
head, namely, 

Deoitrijication and Emulsion Types.-The devitrification type of glasses 
includes those in which cryolite or a mixture of alkali fluorides and felspars is 
used, and it is believed that the scattering centres in this type consist of precipi
tated alumina or silica. In this, as well as in the solid suspension type of 
glasses, the rate of cooling is known to have little effect on the final opacity. 

Finally, as regards the emulsion type of glasses, such as phosphate opals, 
it is believed that there exist two distinct phases, one dispersed in the other in 
the form of fine particles of colloidal dimensions, which act as scattering centres 
of light. The size, number and probably also the chemical composition of these 
scattering particles are not only dependent on the chemical constitution of the 
batch, but also to a large extent on the rate of cooling of the melt. 

The observation made regarding the necessity of slow cooling of arsenious 
oxide glasses indicates that these probably belong to the category of emulsion 
type glasses. 

INDUSTRIAL SCALE EXPERIMENT. 

In the preceding pages it has been shown that opaque white glass similar 
in practical characteristics to imported china glass can be successfully prepared 
in the laboratory. In order to investigate its industrial possibilities, it was con
sidered desirable to prepare a factory scale batch. With this object in view a 
200-lbs. batch, corresponding in composition to glass No.6 in Table I, was melt
ed in an 800-lbs. pot of a so called Japanese type glass furnace of the kind 
commonly used in India. The ingredients of the batc\l after being thoroughly 
mixed were introduced into the pot while it was at a temperature of about 1,000° 
O. The temperature of the pot was maintained at this figure for about two and a 
half hours; during this period the difIerent ingredients fused together, but the 
molten mass had a comparatively high viscosity and was full of gas bubbles. 
The temperature was then gradually raised to about 1,250°0 and maintained at 
that level for nearly two hours, and the viscous molten mass now became appre
ciably mobile, thus facilitating the removal of the gas bubbles. The melt was 
stirred several times by means of an iron rod to ensure complete homogeneity. 

When the glass had become practically free from bubbles, which stage,was 
usually reached about four to five hours from the start, the temperature was 
gradually lowered to about 1,000°0, and the glass was then laddled out on to a 
thick iron sheet to form thick discs about 6 to 8 inches in diameter. . 

In order to study the effect of rate of cooling on the development of opacity. 
the importance of which was indicated by the laboratory experiments, these 
discs were cooled under the following different conditions :-

(a) Discs about 1/2 inch thick were allowed to cool in air. 

(b) Discs about Ii inches thick were allowed to cool in air. 



·. (c) Discs ahout 1/2 inch thick were allowed to cool slowly in an annealing 
. lehr from about 650°C to room temperature in 24 hours. 

(d) Discs about 11 inches thick were allowed to coolsJowly in an anneal
ing lehr as in case (c). 

On examining and comparing the products obtained by the above methods 
of cooling, no significant differences were observed in their opacities. They 
were all found to compare favourably with the imported china glass in their 
decorative qualities, such as whiteness, gloss, opacity, adhesion and melting 
point. It is apparent that 1/2 inch thick discs would cool more quickly than 
those It inches thick. On the other hand, even 1/2 inch thick discs, about 6-8 
inches in diameter, would cool considerably more slowly than a disc made from a 
small laboratory batch weighing about 100 gms. It is, therefore, not surprising 
that laboratory experiments gave apparently different results than the large 
scale experiment. 

There is, however, another aspect to be considered in connection with the 
cooling of discs of china glass during large scale production. When allowed to 
cool in air they show a tendency to crack and shatter into small pieces and this is 
not only wasteful oflabour, but can be actually dangerous in a factory. It is, 
therefore, considered advisable that the discs be cooled gradually in a lehr, such 
as is commonly used for annealing other glassware. 

ECONOMIC CONSIDERATIONS. 

According to statistics collected in 1935-36 by the Director of Industries, 
United Provinces, the daily consumption of china glass as a decorative enamel 
for glass bangles at Firozabad, U. P., was about 1 cwt. Its price at Firozabad 
in 1936 was about Rs. 53 per cwt., and hence the value of this material con
sumed annually at Firozabad alone was roughly Rs. 20,000. Bangle and 
glass manufacturers in other parts of the country also use this material, but 
unfortunately, figures rela.ting to its total annual consumption in India are not 
available; it may, however, be conservatively estimated to be about Rs. 25,000 
to Rs. 30,000 annually. 

In view of the proportionately high consumption of this material at Firoz
abad, this place appears to be the most suitable centre for its manufacture. Its 
preparation does not require any special type of plant equipment, and the usual 
pot furnaces and annealing lehrs employed in Indian glass factories have been 
found to be quite adequate for its production; it is even possible for individual 
glass bangle manufacturers to prepare it according to their requirements. 

In making an estimate of the cost of production of china glass it must be 
borne in mind that its present consumption in India is relatively small, accord
ing to the above figures approximately 30 tons a. year. Any estimate of cost 
should, therefore, be based on a relatively small-scale production. In the 
following calculations the data obtained from a Calcutta factory has been used, 
and the raw material cost is also based on Calcutta market prices. It has been 
assumed that a small glass factory working four furnaces of 10 pots each may 
employ one of the pots for the production of china glass, thus only the propor
tionate capital investment, labour and depreciation charges would require to 
be charged to determine the cost of production of china glass. 
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The assumptions .enumerated below are based on' conditions prevailing 
during the year 1937 :-

1. Capital Investment, including

(a) Site 

(b) Fa.ctory and office buildinga and equipment, etc. 

Total 
2. Rate of interest on investment 

3. Depreciation of buildings, etc. 

4. Rates and taxes, etc., calculated on capital investment at .. 

ll. Number of furnaces in the fllolltory 

6. Life of a furnace 

7. Coat of a furnace :

Initial ooat •• 
Repairs 

8. Number of pots per furnace 

9. Life of a pot· 

10. Coat per pot 

n. Capacity per potU 

12. Output per charge •• 

Total 

Re. 

• 
4,(),000 

60,000 

1,00,000 

5 % per annum. 

5 % per annum. 

1· 25 % per annum. 

4 furnaces. 

1 year. 

3,000 

1,000 

4,000 

10 pote. 

40 charges. 

Rs.45 

800 Ibe. 

7501bs. 

13. Output per year based on 3 charges per day of 24 hours 
and 300 working days per year 300 tons. 

14. Amount of coal consumed per 24.hour.day per furnace 

Ill. Amount of coal consumed per 24.hour.day per annealing 
lehr 

16. Cost of coal per ton 

17. Coat of labour attending one furnace per year of 300 work· 
ing days based on 3 firemen at Re. 3 per day and 16 
coolies at Re. 12 per day working in 3 shifts 

18. Staft'-

One Manager at 

One foreman at 

Three Clerks at 

Four menials at 

Stationery and other office expenses 

3 tons. 

1 ton. 

Rs.n. 

Rs.4,1l00 

Rs. 400 per month. 

Rs. 100 per month. 

Rs. 1110 per month. 

Rs. 60 per month. 

Rs. 90 per month. 

Total 

Total per year 

Re. 800 per month • 

.. Rs.9,600. 

• Life of a pot is considerably longer when used for melting soda lime glass • 

•• Capa.city of 800 Ibs. is based on ordinary aoda lime glass; the specific gravity of lead 
glus being lUuch higher, the output of 750 Ibs. of china glass is much more liberal 
than it- appears. 



· On the basis of the above figures, the cost of production excluding the cost 
of raw materials, may now be calculated. Each item of cost would represent in 
round figures the expenses chargeable to one pot, that is one fortieth of the 
total runnmg cost per year for the whole factory, or one tenth of the total runn
ing cost per year of one furnace. 

1. Interest on capital investment 

2. Rates and taxes, etc. .. 

3. Depreciation on buildings, etc. 

4. Cost of furnace 

5. Cost of pots (25 per year) 

6. Cost of coal burnt in the furnace 

7. Cost of coal burnt in the lehr (1/5 ofa lehr assigned to each pot) _ 

8. Labour charges 

9. Stall 

Total production cost per year for 300 tons of china glass 

Rs. 
125 

30 

75 

400 

.. 1,125 

990 

660 

450 

240 

.. 4,095 
Therefore, the production cost per cwt. works out to be 10 annasll pies, or 

say .. 11 annas. 

With regard to material costs, the calculations may be based on the com
position of glass No.6, Table I, and Table II below gives the estimate of material 
cost for this formula calculated on the basis of market prices at Calcutta pre
vailing during 1937. 

TABLE II. 

Cost of raw materials required to produce 1 cwt. of finished china glass (1937.) 

Raw Materials. Quantity Rate. Per. Cost. 
in Ibs. 

&S. A. P. &S. A. P. 

Sand .. .. .. .. 33·6 0 6 6 Md. 0 2 9 

Red lead .. .. .. 56·0 23 0 0 owt. 11 8 0 

Soda ash .. .. .. 8·1 5 8 0 cwt. 0 6 3 

Felspar (Imported) .. .. 13·6 7 4 0 cwt. o 13 6 

Lime .. .. .. .. 1·7 1 10 0 md. 0 0 6 

Arsenious oxide .. .. .. 4·5 20 0 0 owt. 013 0 

Cryolite .. .. .. 1·1 45 0 0 ewt. 0 6 6 

Titanium Oxide .. .. .. 0·1 .. ..} 0 2 0 
Antimony Oxide .. .. .. 0·11 .. .. 

Total .. 118·81 .. .. 14 4 6 
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A further allowance in material cost of say 10% may be made to cover 
the pos3ibility of loss in handling, breakage of pots, and other uncovered 
items, after which the total cost at factory of making one cwt. of china glass 
would work out to be ;-

Material cost •• 
Allowance fo~ losses (10%) 
Production cost . 

Re. A. P. 

14 4 8 
1 6 10 
01011 

Total cost per cwt. 16 6 3 

Thus the cost of production at Calcutta works out to be more than sixteen 
and a half rupees per cwt. and at Firozabad, it is not likely to be appreciably 
in excess of this figure. Even if the market price of imported china glass,-i.e., 
Rs. 53 per cwt., as reported by the Director of Industries, U. P.,-dropped to 
one half, there should remain a considerable margin of profit for the Indian . 
manufacturer. 

EFFECT OF WAR-TIME CONDITIONS. 

The cost of production of china glass and the question of its successful 
manufacture in India have been discussed in the previous pages on the basis 
of prices of raw materials current in the Calcutta retail market in 1937, before 
the outbreak of war. Since the outbreak of war, however, the prices of raw 
materials have increased and the question of their availability during the war 
period has become an important factor. The sale price of china glass has also 
undergone a material change. It is, therefore, desirable to re-examine this 
question in the light of these developments. 

Regarding the production cost, there has not been any appreciable change 
so far, with the exception that the-price of pots has increased from Rs. 45 to 
Rs. 60.· However, to be on the safe side it is advisable to assume an overall 
increase of 10% on the production cost, which will, therefore, be about twelve 
annas per cwt. 

In Table III below the cost of raw materials is shown on the basis of prices • 
current in the Calcutta market since the outbreak of war :-

TABLE III. 

Raw Material. 
Qua.ntity Rats. Per. Cost. 

in Ibs. 

. 
Re. A. P. Re. A. P. 

Band .. .. 33·6 0 6 6 md •. 0·2 9 .. .. 
66·0 25 0 0 cwt. 12 8 0 Red Lea.d .. .. .. 
8·1 612 0 cwt. 0 7 9 Soda Ash .. .. .. 

13·6 7 4 0 cwt. 013 6 Felspar •• .. .. . . 
1 10 0 md .. 0 0 6 Lime .. 1·7 .. . , .. 

4·5 30 0 0 cwt. 1 3 6-Arsenious oxide .. .. .. 
1·1 73 0 0 cwt. 010 6 Cryolite .. .. .. 
0·1 Titanium oxide .. .. .. ..} .. 

0·11 0 2 0 Antimony oxide •• .. .. .. .. 
Total .. 118'81 .. .. 16 0 6 
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Making a further allowance in material cost of 10% to provide for the 
breakage of pots, etc., the total cost of manufacture of china glass per cwt. 
will be found to be :-

}Iaterial cost .• 
Allowance for ioss, 100/.,' 
Production co"st 

Re. A. P. 

16 0 6 
196 
o 12 0 

Total eost per em. 18 6 2 

Under the present abnormal conditions, therefore, the total cost of manu
facture of china glass at Calcutta would be no more than eighteen and a half 
rupees, as against sixteen and a half rupees before the outbreak of war, i.e., 
an increase of about 12'5%. It is expected that the cost of manufacture at 
Firozabad will not be very much in excess of that at Calcutta. 

From enquiries made from Calcutta firms dealing in chemicals, it has 
been ascertained that almost all the chemicals required in the manufacture 
of china glass can be obtained in India, although at times a certain amount of 
delay in supply may occur. 

The sale price of imported china glass has, however, decreased from Rs. 53 
per cwt. in 1936 to about Rs. 38-8-0 in 1940, according to prices ascertained from 
the Director of Industries, U. P., the Glass Technologist to U. P. Government, 
and certain Firozabad fi ms dealing in this product. This is not surprising 
in view of the fact that several glass factories in India have already started 
the manufacture of china glass according to the process described in this paper, 
on the basis of information already supplied through the Provincial Directors 
of Industries. The result is that the sale price of imported material in com
petition with the indigenous product, the price of which is stated to be about 
Rs. 34-8-0 per cwt., has decreased. With the production cost at about eigthecn 
and a half rupees and the present sale price of indigenous product at Rs. 34-8-0 
per cwt. there appears still to be an appreciable margin of profit for the Indian 
manufacturer, and during the war period, it does not appear to be likely that 
the price of the imported product will be reduced any further. 

From these considerations it would appear that there is ample scope for 
the successful production of china. glass in India, both under peace and war
time conditions, and the possibility of the manufacture of china glass in 
India being a successful commercial proposition as envisaged in 1937 does not 
appear to have been materially lessened by the present war-time conditions. 
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SYNOPSIS. 
\ " 

With a view to devising vegetable oil blends ..suitable {or' use as lubricants 
tor internal combustion engines, a large number of substances has been exam
ined as regards their stabilizing effect on castor, groundnut, cotton seed 
and rape oils. The laboratory procedure developed in the course of the investi
gations utilized the Air Ministry oxidation test technique which was modified 
in such a manner as to accelerate oxidation. Changes in the viscosity, acid 
value and Conradson carbon residue Were determined before and after oxida
tion. 

A number ot substances Was found to be effective stabilizers for castor oil. 
Stabilizers were fOllnd to be less effective in the case of rape oil and still less so 
in the case of groundnut oil. Most of the stabilizers were found ineffective 
towards cotton seed oil. 

It appears that the extent of unsaturation of a given oil, its acidic con
fltituents and the constitution of the various glyceride molecules along with the 
\lnsaponifiable constituents determine whether or not the oil may be effectively 
stabilized. Out of the different types of substances tried, compounds having, 
lJhenolic or amino groups attached to more than one ben.zene nucleus have been 
generally found to exert a stronger stabilizing action. 

Table X gives a summary Of the quantitative data in the case of tb,w most 
effective stabilizers so far found for the four oils studied. 

Further work along these lines and also the results of engine trials using 
atabiLized vegetable oils will form the subjact matter of separate papers. 

(~) 



UTILIZATION OF INDIAN VEGETABLE OILS AS LUBRICANTS IN, 
INJ:ERNAL COMBUSTION ENGINES. 

PART I. 

INTRODUCTION. 

The employment of internal combustion engines for purposes of traffio, 
and transpprt is very rapidly ,increasing in almost every parti of the world.; 
Moreover, 10 the modem type of highly mechanized warfare, whether on land,. 
sea or air, internal combustion engines are indispensable. Along with the, 
development of internal combustion engines to suit various requirements, 
numerous researches are in progress which aim at the production of lubricants: 
most suited for their efficient performance. ' . 

Mineral lubricating oils have so far been mainly used for purposes of: 
internal combustion engines. Compared with certain other countries, India, 
produces relatively small quantities of mineral oils (about 311 million gallons), 
which represent only 0· 54 per cent. of the total crU'ie oil production of the 
world. This output is quite ina1equate for the needs of the country, as may be 
judged from the import figures given below :- ' 

Import of ~iMrallubT~cating oil; (other tl,/.In bllt~hing oils) into British India. 
Quantity VaJU8 

Year. in in 
gallons. rupees. 

193!·311 1,02,91,076 9~91,735 

19311·36 1,09,14,680 95,64,,269 

1931·36 1,09;23,267 1,00,11 ,687 

1936·3'7 1,94,27,9~0 l,83,65,lOS 

1938.39 1,62,96,40() 1,55,12,34G 

Moreover, the mineral oil resources of the world, though of large dimensions, 
are not evenly distributed. It is also believed that the world's mineral oil 
reserves cannot indefinitely cope with the ever increasing demand for lubri·. 
('-ating oils and that a shortage will make itself felt in the course of time. It is 
not surprisin<1, therefore, to find that serious efforts are being ma.de in several 
countries to ftnd suitable substitutes for mineral lubricating oils. 

One of the obvious solutions that present themselves involves the use of 
vegetable oils as lubricants. In India the production of oil seeds" such as 
castor, sesame, rape, mustard, groundnnt, cotton, linseed, ;m0'Yah and niger, 
even at a conservative estimate, exceeds 70,00,000 tons which 18 worth about 
Rs. 77,30,00,000 .. In. the year 1937, the ngures for the production of oil seeds j · 

expressed in million tons were :-India 8-0, China 7·0, U. S. A. 4·3, Argentina 
2.'0, U. S. S. Rl-9, Nigeria 1-0, Dutch East Indies 0·6. Thus India, being the 
premier oil seed producer should naturally be intere3ted in finding new fields, 
of applications for t~is commoditf· 
)f24CD 
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This paper is the first of a series which win deal with the tesults oC tM 

i~v~~~igationscarried out with a. view to developing interna.l combustion engine 
lubrIcants based oIl. vegetable oils. 

In the working of a.n interna.l combU':ltion engine the lubri:::ating oils serve;s 
a two-fold purpose, namely, that of lubrication and that of heat dissipation. 
Consequently, the most important requirements of lubricants for internal 
'Combustion engines include chemical stability under working conditions, a 
high degree of oilness, and a low coefficient of static friction. In the latter 
two respects vegetable oils have been found to be bettef than minerallubricat
ing oils 1, II, II,'. Furthermore, a lubricating oil is required in an internal 
-combustion engine to perform its functions at temperatures covering a very 
wide range. It is important, therefore, that the viscosit1 of the oil should 
change as little' as possible with changes in temperature. In other words, 
the" viscosity index" of the oil should be high. In this respect also, vegetabls 
oils in general compare favourably with mineral oils I, CI, 1. Owing to its 
8atisfying the above exacting .requirements to . a considerable extent, castor 
oil is regarded as being one of the best lubricants known 8 and has in the past 
been employed on a considerable scale in aeroplane engines .,10,11. 

Rene Chefneux U prepared an oil for internal combustion engines con
taining 50-96 per cent. castor oil, with which were incorporated colloidal 
graphite, to increase its lubricating quality, and tallow ouand com oil, to 
suppress the odour and reduce the viscosity. 

Various patents have been taken out dealing with rendering castar oil 
lIoluble in mineral oils so as to inurease the viscosity and lubrica,ting power 
<If. the latter 18, Ie, li. ViIliers lCl patented a process for using castor oil, as 
lubricant after mixing it with a s~all proportion of alkali soap to increase its 
viscosity and reduce its susceptibility to carbonisation. " , , 

Champsaur 8, 17 in a discllssion on, the merits of~egetabie oils-parti~ 
cularly olive, colza and peanut oiIs-:--for lubrication of aeropllui.e and auto
mobile engines under working conditions, stated that engines developed more 
power with such oils than with mineral oils. ., 

, . Bastet18, by compara.tive bench tests, found that the use oC olive oil, 
though· more unstable both physically and chemically than mineral oils, re~ 
wlted in an increase in power of more than 10 per cent. and a.n appreciable 
decrease in wear of the engine, but that in order to guard against the effdcts 
of the development of acidity. sludge, and corrosion it was necessary to change 
the oil at short intervals. For similar reasons olive oil has also been recom
mended oy DevezlD, Angla20, and Condelli21. Methods of increasing the 
viscosity of rape seed oil for use in the production of mixed mineral oil 
hlends Ill, 13, H have been patented, and linseed oil 15 and neatsfoot oil II have 
also been suggested for such purposes. . 
. .It is important that lu.bricating oil should alter as little as possible in use, 

not only from the point ot view of economy and convenience out also for 
certa.in technical reasons. }~or ex:ample. an oil requiring frequent changes 
is liable to form deposits, the· effect of which is to choke the oil feeds and 
thus, by preventing free lubrication, to cause breakdGWD,.rapid wear, or ring. 
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eticking. So~e ot these defects were obserVed by Toma~i 51, when an auto~ 
mobile was run on crude olive oil. The cylinder a'ld the piston are the two' 
principal'points w~ere the oil may suffer both physcal and chemica.l changest 
on account of the high t!mper~trucs (200"-4000 C) 27, 211 prevailing atthese points, 
38 at temperatrues of this order the cracking of the oil can easily 
occru. 

. Vegetable oils have, in general, a lower cracking tempera-true than minerar 
oils, for instance ca~r oil decomposes at about 250°C and olive oil at 310°, 
while pure mineral Oil decomposes at about 380° C28, but Weiss and Maillard2~ 
have come to the conclusion that. pyrolysis, although accruing to some extent 
in the combustion chamber, does not play an important part in the alteration 
of the oil, at any rate not in an engine of ordinary design. 

Deterioration of oil is mainly caused by oxidation, the most dangerous' 
products being sludge constituents insoluble in' hot oil. It is now generally 
accepted that the origin of the sludge is the lubricating oil and not'the fueL 
Incomplete combustion products of the fuel, however, may in some cases be 
found in the oil. From the sludg{s it has been possible to isolate substances 
~uch as aldehydes' a.nd phenols, which are capable of forming resins; moreover, 
vegetable oils, on account of their chemical constitution, are more sllSceptibl<:l 
to oxidation changes than mineral oils, and consequently they are more liable 
to give rise to acids which corrode the metals of the engine and lead. to wear 
and tear. 

An investigationO was undertaken by the various flying serviC3S in Am 1rica. 
to determine the relative merits of rasror oil and a minoral oil (Liberty Aero 
'Oil) as lubricants in various aeroplanes. It was found that casror oil produced 
... heavy shellac-like deposit and the mineral oil a light flaky one, that the 
engine ran more easily on mineral oil, and that castor oil absorbed· gasoline, 
while the mineral oil did not. As a result of these experiments it was 
~stablished that, if castor oil was to be used, it must be changed at frequent 
intenals. 

PeruM from his practical engine tests, found that considerable corrosion 
of the engine parts occurred even when only 20 p.Jr cent. olive was oil mixed 
with a mineral lubricating oil, that the oil consumption was greater than when 
mineral oil alone was used, and tJ.at an objectionable odour· was noticeable 
even after a comparatively short run. Balala's 81, 32, 33, U extensive work 
on rape oil and rap~-mineral oil mixtrues for lubricating' purposes led to similar' 
-oonclusions. He found. that rape seed oil when mixed with mineral oil is 
unstable, developes e.eidity, induces corrosion, increases in viscosity and 
~mulsifies. In the motor, it increases oil consumption, clog~ the filter, covers 
the . piston rings, deposits carbon, and ·forms agglutinous coatings. An' 
automobile lubricated with a mixture of 90 per cent. mineral oil and 10 per cent. 
rape oil required general repairing af~r a run of 10,000 kilomete~s; . A lubricant 
~onsisting of 70 per cent. mineral 011 and 3~ .pex-cent. ra~~ oil did not allow 
a 5,000 kilometers run. A 0·5 per cent. additIOn of a stabilizer (pyrogallol, 0(. 

naphthol.o( -naphthylamine) did not improve the lubricating quality of the 
above oils. In the Air Ministry oxidation test of mineral oil containing 5-50 
per cent •. of rape oil, Balada found that after 12 horus ,U the mixtures. were 



solid c;>r sticky and gelatinous. These investigations also indicated the undesir~ 
ability of mixing 5-50 per cent. soya bean oil or linseed oil with a mineral 
lubricating oil. _ 

It is perhaps due to rancidity that benoil, which was formerly highly 
valued as a lubricant for delicate machinery, is now gradually being replaced 
by minHal oils so. 

Th& literature on this,subject, which has been referred to ~bove, indicates 
that it is mnialy t~e oxidation of the lubricating oi1.~ brought about by the high 
temperaturcs prevailing in internal combustion engines that causes deterio~ 
ration of the oil, increases its viscosity, produces carbon, gum and sludge and 
forms the acidic compounds which lead to corrosion of various parts of the 
engine. Mineral lubricating oils are ma,de resistant to- the above oxidation 
changes, firstly, by refining so !',s to remove as much of the asphaltic and 
unsaturated materials as possible, and secondly, by adding to the refined 
oils certain anti-oxidants, by virtue of which the oils become stable to oxida
tion changes 38. 

In the case of refined vegetable oils, with the exception of some re':!cnr 
work of Freund a1\1 Thamm &3 no systematic and detailel investigation app%rs 
to have been published. These investigators te3t)U the eifd'Jts of o· [) ptlr cilnt. 
of the following oxidation inhibitors on rapeoil :-pyrogallol, 1 : [)-dihydroxy 
naphthalene ; o"e~hoxy phenol, o-amino phenol, dimethyl-p-phenylene diamille, 
p-hydroxy phenyl morpholitLJ, benz 11 aminophenol and dib:mzyl aminopheJ.ol. 
Oxidation changes were sturli)d by submitting the oil mixture to a laboratory 
oxidation tcst involving th:J passing of oxygen for five hoars at the rat3 or 
2 bubbles per second through the oil at 200°C. They found that the increase 
in acid numbe: was~he m9st characteristic indi'Jation of oxidation of the 
oil. The aeid number iU0rc;;'3ed much more in yegetable oils with inhibitors. 
than in mineral oi;s. -The latter, however, formed sediments during oxidation. 
whilst the vegeta':le oils did not do so. Resinification was slight. 0Ii"(3 
oil, castor oil and linseed were also submitted to the above oxida.t.ion t33t:'l. 
In practical engine tests a blend compri,ing a mixtura of ordinary an:l blown 
rape oil wit,hout any inhibitor increased in viscosity in 25 hours' run up t() 
34'OoE and in aeill number up to 8·06. In presence of inhibitors, these values 
increased aft.er ,1,5 hours' run to 12'2"E and 4· Hi respectively. A mixtu:e of 
50 per c~nt. mineral oil and 50 per cent. rape oil in presence of inhilitors was 
found s;;~ti"factory. 

. It may b3 pointed out that the use of antioxidants, for vegetable oils first 
oricrinr.tcd with the c!.vBical researche3 of l\Ioureau and Dufraisse 03. A. 
n:l~ber vi organic compouJ.2s ta be used as antioxidants for rap3 oil and casto~ 
oil Wjlre found out by Cald-:rdil and Dye u, and Inman 65 respectively. But 
Mder the special conditions prevailing in iIlternal combustion engines, the 
addition of an antioxidant is not sufficient to stablize a lubricatiQ.g oil; the 
compound added should also .nave an anti-polymerising effect. ) 

In order to investigate systematical1y the possibilities of using vegetable
oils lI.S lubricants, therefore, the line of attack that first suggests itself is that 
which will include a study of the processes of refining and stabilizing followed' 
by eng~e tests. So far as refining iB,~oncerned. the-various ptocesses now in. 



MUlnion use m:ly be considered as satisfactory, until ~ a result of further studielf 
fa(!tors are brought to light which may demand modificatiolls or improvem4mts 
in the existing processes in order to produce satisfactory oils for use as .lubricants. 
The work then reduces itself to investigation of methods of stabiliza
tion of oils against polymerisation and oxidation followed by practical engIne 
trials. This paper will deal with the stabilization investigations, while the 
engine trials will be dealt with in a subsequent paper. 

DEVELOPMENT OF EXPERIMENTAL PROCEDU:tE: 

With a view to ascertaining the degree. of stability of oils in the laboratory 
without running engine tests, several methods 37 have been, proposed, which 
are claimed to give an indication as to how an oil will behave in an engine. 
These methods in general include ;--. 

(1) volatility tests, 
(2) coking test~, and 
(3) oxidation tests. 

Since vegetable oils are fixed oiL~; the "-oJatility test may be left out of 
consideration. For the coking test, the Conradson carbon residue method and 
for the oxidation test the British Air Ministry test method 38 have been 
generally adopted. The latter involves the passing of air at a rate of 15 litre;; 
per hour through ·10 C.cs. of the oil at 2000 C for t~o pai'iods of six hours on 
consecutive days. The extent of oxidation is judged by the incleases in vis
cosity and coke number. This procedure, it will be evident, takes a long 
time, and comideration led to the oonclusion that oxidation could perhaps 
be accelerated by the use of oxygen in plaoe of air without appreoiably chang
ing the processeil of oxidation. Comparative experiments were, therefore, 
carried out on rffW castoc oil ana a good quality commercial mineral luhricating 
oil (designated as ' A' in the text below) 1:'0 determine the· length ortime requi
red when using oxygen, to give an equivalent degree of oxidation. The results 
are tabulated in Tables I and II below. 

TABL-m I. 
Comparaitive oxidation teats in Air Ministry Apparatus ·witlt air and oxygen 

on castor oil. 

Oil. air 
Oil,oXygen.blown tor 

Ratlo ot oxygen va-
blown lues to l<ir valued 
for 12 at 

Characteristics. Original hours 
oi.!. (stan-

dard 2·5 3·0 3·6 2·5 3·9 3'5 
test.) hours. hours. hours. hours. hours. hours. 

Specific gravity 
0·9766 0·9809 0·9811 0·988 0·993 '0·994 l00"F/l00°F. 0·9479 0·9870 

Viscosity atlOO° F 
1310·6 1851 2951·7 ·0·625 0·884 1·41 (cemistokes). 285·0 2096 

Acid value 4·3 4·8 0·7 6·4 6·72. 1·19 1-3+ 1·40 
Saponification 

value •• 177·3 190·7 193·2 194·4 196·4 1·01 1·02 1·03-
Iodine value 87·16 . ·78·17 .78·2 "16·85 75·78 1·00 0·984 0·970 
Coke number ·0·2 0·52 0'55 '''0·64 0·955 1·06 1·23 l·86 . - ~ - . _. 



JABLE II. 
Comparative oxidation test in Ai, Ministry Apparatus with air and oxyg~K • 

on mineral oil' A '. .. 
, Oil, oxygen-blown Ratio of oxygen 

Oil, atr for. values to air ",lues 
Characteristics. ort~nal blown for at 

, 011. 12 hours 
. 

(Sta.ndard 3·0 3·1i 3-0 :\'5 
test). hours. hollI'l. hours. htillI'l. 

,I , . -, . 
Specific gravity 0·8700 0'8710 0-8702 0-8706 0-999 1-00 

100· F/l00°F .. 
Viscosity at 100· It 

157·3 ( centistokes) II 12~-8 132-0 136'" 0-838 0-868 
Coke number II 0-37 0-57 0-506 0'55 0-888 0-965 -

The last three columns in Ta)Jle I indicate that 3 houts' oxidation with 
oxygen appro:tima~d much mOla closely to 1~ hours' air oxidation valuell 
than values obtained at either 2·5 or 3-5 hours, The correspondence was 
much closer as regards specific gravity, iodine value and saponification valua 
than it was in the case of acid value and ;~oke number. It will be observed 
that, at :s· 0 hoW's, although the -coke number and arid value had undergone 

. excessive change the viscosit.y increase had not quite come up to the valua 
corresponding ~o 12 hours \vith !Ur_ In the case of mineral oil, both ,iscosity 
and coke number were lower, not only at 3·0 but also at 3·5houts, but the 
difference between the 3'0 and 3·5 hours figures was small. Specific gravity 
did not suffer much change either with air or oxygen. 

On the whole, it appeared that 3 hours' . oxidation with oxygen would 
suffice to reproduce approximately the . conditions required for oxidation tests 
on vegetable oils, and this procedUle was, therefore, 'adopted, that is, keeping 
all the conditions of the Air l'Ilinistry oxidation test as specified, air was rerlaced 
by oxygen and the duration of mtidation reduced from 12 to 3 hours. In 
addition, another minor change was introduced namely that 50 C.c. of oil 
sample instead of 40 c.c. was used, in order to obtain sufficient oil for vis, 
cosity measurement. Subject to these variations, the results of the first set; 
of tests on raw castor oiloflow acid value, 1,lSing a number of antioxidants, 
are summarised in Table III., ' , 

TABLE III. 
Elfect oJ variOU$ $tabilizers on raw.castor oil when ~itted to modified oxida· 
. ilion test 'USing oxygen instead oj 'air. ' 

, - - .< , 

,I , StabUlze~. 
Viscosity Ratio of' 

. , , I at\lOO· F :Viscosity Cob Remarb. 
,No. Name. Amount cent!. IJIcres.se. number. 

% 'stokes. - I .i i P ~ 

1 Original oil (unblown) .. .. , 285 I .. 0-2 
.2 No atabiUzer ,. ,. .'. '1~52 

I 
6·5 0·64 

.... _3 ____ . - ' - j 



TABLE HI-oontd . 
-;II. • - .. C :t.- ;I - '::::::51 . ,.- - -- . 

Stabilizer, Viscosity Ratio or 
No. - . at 100° viscosity Coke 

Amount 
centi· increaae. number. Remarka. 

Name. stokes. 
% . 'C ~ . . 

3 Thymol .. .. 2'0 11137 ,,·6 0·76 Slight black , Orcinol 1'0 (;-4 
deposit. .. .. 1555 0·68 

IS iao-Eugenol .. .. 1·0 1167 ;./1 0'68 

8 HytiruqUinone .. 0'25 1178 4'1 0·67 

'i • .. .. 0·5 863 lJ·O 0·'4 

8 .. .. .. .. 1·0 745 2--6 0·74 Black taI"rJ' 
II ~'Naphthol 

deposit. .. •• 1·0 970 8'4 0·73 

10 f. .. .. 2·0 825 2·9 0·64 

11 Jl-Aminbphenol .. b'5 912 3·2 0·7 Black dep08i .. 

12 .. .. .. 1·0 '195 2·8 0·76 Hard bfaek 
i3 N.p~nyl ? .naphthyl. 2·0 852 3·0 0·66 

deposit. 

amlne. 
14 Acetyl phenyl hydra zine 2·0 856 3·0 0·65 

15 ~.Naphthylamble .. 0-5 1066 3·7 0'65 Slight black 

io deposit. .. .. .. 1-0 856 8·0 0·68 Black tarrr 
17 Dipm,~ylamlne deposit. .. 0·5 1318 4·6 0·64 

• 8 n ... .. 1·0 950 3·3 0·65 

19 .. .. .. 2·0 842 t·9 . . 
20 Bydroquinonne and 0·5 795 2·8 .. Less blaek 

/3.naphthylamine. each. deposit. 
21 .. .. .. 1·0 600 2·1 0·78 Much black 

each. depolit. 
22 ~.Naphthol and ~.naph. 1·0 ," 2·6 0·65 

thylamine. each. 
23 iI·Naphthylamine and 0·5 767 2·7 .. Black depoei, 

Catechol. each. 
24 Till oleate .. 

" 1·0 1519 0·3 0'85 

25 Tin linolcate .. .. 1·0 1682 5·9 '0·66 , 
26 't'm naphthenate .- 1·0 1320 4·6 0·64 

27 Chromium oleate .. 1·0 1508 5'3 0·67 

28 Chromium naphthenalle 1·0 1169 4·1 0·64 

.29 Cyclohexanol .. 2·0 1604 5·2 0·66 Oonsiderable 
browngumm 
deposit. 

30 Clove oil - .. 1·0 2169 7·G 0'67 Gummy d 

'1 

posit. 



I 

-It'is likely that in the nresence ofiron the oxidation process may be 9Om~ •. 
. what modified. Several workers have investigated the effect of various metals 

Oll the oxidation' of mineral oils. Thus Mardtes find Ramsbottom 30, when 
determinillgthe action of sunac!;ls on the rate of oxygen absorption, found that 
tin dust exerted inhibitory action, gold had little or no effect, whilst iron and 
aluminium increased the rate of oxidation. Kalichevskv 40 states that 
the comparison of the results of oxidation tests perform~d in the presence 

: and 'absence of certain metals often reveal considerable discrepancies, as oils 
; stable in the absence of these metals may deteriorate relatively fast in their 
presence. In this connection it is of interest to note that the well-known 
";iife' test for transformer oils is now practically discarded by the industry 
:as 'an indication test of the stability of oils in service, and other tests employ~ 
ing metals are now being employed in its place. 

Evans and Kelman 41 remarks that the reaction between oil and oxygen 
1n a glass container must be modified if better correlation between the labora~ 
1my test and engine tests is to be obtained. It was suggested by them that' 
this may be done by heating the oil in presence of metallic iron in a Petri 
dish. Whilst the increase of acidity a.nd of solid oxidation products are of 
practical importance, the viscosity 'of the oil after oxidation appears to give 
close correlation with engine results; on similar grounds Barr 42 advocates 
the use of metal instead of glass apparatus in view of the negative effect of 
the latter on the oxidatiQn of mineral oils. 

With a view to studying the effect of iron in the modified Air Ministry 
oxidation test described above, preliminary experiments were carried out on 
raw and heated castor oils* in the presence and ahsence of anti-oxidants as 
well as on two mineral lubricating oil, one of which was the same as used in 
the early experiments, while the other (designated' B ') is a somewhat cheaper 
grade of commercial oil. To obtain the iron effect, when required, one hundred 
l/SM diameter of steel balls were introduced into the oxidation tubes, and all the 
other conditions were kept constant. The results obtained are auintnarised 
in Table IV. 

The results in Table IV indicate that that treatment makes' castor oil 
much more susceptible to oxidation, especially in the presence of iron, although 
it brings down the viscosity to the neighbourhood of that Buitable for use in 
internal combustion engines. In the case of raw castor oil, also, iron definitely 
promotes oxidation, but in the case of mineral oils iron appears to affect the 
oxidation very little. 

For the purpose of'the investigation in hand, it was considered advisable, 
therefore, that the laboratory experiments be carried out in tIle presence of 
iron. Consequently the fin~l procedure adopted was as follows :-

Suitable vegetable oils of refined quality, having low acid values, were 
treated with numerous anti-oxidants or stabilizers; and their viscosities, acid 
values, and ConradsoIi carbon residues were determined before and after sub
jecting them to the finally modified Air Ministry oxidation test. 

H('at.rd ('astOr oil W,\" pl'f'pnl'<'ri by 8ubj('lcting rRW ell"tOr oil to a temp<"ratul't" of 280· to 
310·C until "'1 pllr I'.'nt. of its W'I'ight was lost.. • 
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The modifications therefore finally involved :

(1)- The use of oxygen in place of air. 

(2) An oxidation period of 3 henri instead of 12 hOllfll. 

(3) The volume of the sample 50 ':.0. instead of 40 C.c. 

(4) The introduction in the oxidation tube of 100 clean steel balls of l/S'" 
diameter. 

Reference may be made to Air Ministry General Specification No. D. T. D. 109 
for details of the apparatus and method of operation. 



:riG, Oil. 

j 

1 Raw castor oil 

J Raw ca.stGr GiJ 

3 Raw castor oil 

4 Ra.w cBstor oil 

.r; Heated castor oil 

I) Heated caster oil 

., Heated castor oil 

8 Mineral Gil ' A • 

9 Mineral 01" A' 

10 Mineral oil ' B • 

11 Mineral Cl>il ' B' 

UBLE IV. 

Effect oj presence oj iron on oils sulJjected to modified Air Ministry oxidation fest. 

I ! Without ·iron. With. iron. 
, 

.bti-oxidant. Viscosity Viscosity Aeid Conradson Viscosity Viscosity Acid :Conradl 
lOO°F. dncrease lVa.lue. oCaroon. 100°F_ increase value. carbon. 

! e.S. ratio. e.S. ratio. 
I 

, 

1 

.. Original (unoxidized) 2S2 1-0 .1-7 CHS .. .. .. , .. 

.. None .. .. 1833 Ci\·5 4·9 1-27 2010 '1'·1 4·1 '-72 

.. 10/. pyrogalldl .. 8S2 3-13 1i·6 1-6 892 3-16 -1\·6 1·75 
, .. 10/. Benzidine .. 792 2-8 4-2 1·88 :BSIS 2·1 4·2 1·91l 

.. Original (unoxidized) 133 1·0 15·4 0·17 .. .. .. .. 

.. None .. .. 12374 93-3 '-7 1-12 Became «'Dainou8 rubbery maS8. 

.. 1% pyrogallol .. 109S S'3 1\·2 1·99 1354 lQ·2 .g·0 2·25 

.. Origi~ (unoxidized) 122·6 1·0 0-0 0-19 .. .. ..... . . 

.. None .. .. 131-15 1-07 0·4 0-26 132·&1 I-OS 0-5 0-.21 

... Original (nnoxiili1.ed) __ 134-0 1-0 0-1 O-OS .. .. .. .. 
.. None .. .. 21S-3 1-62 1-9 1·10 210-9 I-59 1·5 1-09 

.... 
o 



II 

RESULTS OF EXI'ERIMENTAL 'W ORK. 

The results of oxidation test under these conditions on castor, groundnut, 
cotton seed and rape oils when treated with various staLlizcrs ,lIe presented 
in T."bles V, VI. VII and VIII respectively. 

TABLE V. 
Effect of various stabilizers on Castor Oil 

Stabilizer. Vi"co· Visco- Con. 
sity sity, rad. 

No. lOO°F. increase Acid Bon Remarks. 
Quan., c(.'nti- ratio, value. carbon. 

Name. tity Btocks. Blown: 
% original. 

-

-1 Originaloq .. .. 281·7 .. 3·7 0·18 . 
~ None .. .. .. 2010·0 7·1 4·1 1·72 

Phenolic tJOmpaunda. 

3 Phenol .. .. 1·0 1303·6 4·6 3·8 0·93 , c;( .Naphthol .. 1·0 737·0 2·6 4·6 1·7 

6 ~.Naphthol .. 2·0 865·0 3·07 5·4 1·2 

6 Nitrose c( .naphthol.. 1·0 785·0 2·78 6·5 1·7 

7 Nitroso ~.naphthol .. 1·0 ll21·8 3·98 6·2 1·5 

8 Guaiacol .. .. 1·0 1260·0 4·47 4·6 0·87 Black de.-

9 Thymol .. .. 2·0 1337·0 4·7 .. 0·67 
posit. 

10 Yo.Eugenol .. 1·0 2167·0 7·7 .. 0·68 

11 &licylaldehyde .. 1·0 1832·0 6·5 4·5 0·9 

12 Methyl salicylate .. 1·0 1327·6 4·7 3·6 0·82 

IS Di.c;(.napththol azo 1·0 1067'0 3·78 .·3 0·07 
p.phenylene , 

H Di.c;(.naphthol 
l'-diphenyl. 

KO 1·0 1056·0 3·74 4,2 1·2 

15 c;(.NaphthQl ",0 1·0 734·0 2·6, 6·' 0·94 
".naphthalene. 

16 Hydroquinone .. 1·0 762·4 2·7 5·9 1·2 

17' Orcinol .. 1·0 1555·0 5·5 .. 0·66 .. 
18 04:' DiOIl' diphenyl 1·0 ll78'0 .·18 5·5 1'35 

, 
892·0 3·16 1i·6 i 1·75 19 Pyrogallol •• .. 1·0 , 
~ 

1·18 JO Phloroglucinol .. 1·0 666·6 2·36 5·6 
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Stabilizer. Visco· Visco· Con. 
sity sity rad. 

No. 100°F. inerease Acid son Remarks. 
Quan. oonti- ratio, value. Cl&rbon. 

Name. tity stokes. Blown: 
% original. 

- - -
21 Gallic acid •• .. 1'0 900'5 3·2 0·8 1·28 

22 Methyl gaJlate .. 1'0 949·8 3·38 0" 1'15. 

23 Gallic anilide .. . 1'0 958·0 3·~ 0'4 1·28 

24 Cresylio acid 1'0 1705'0 e·!) ,·If 0·67 

25 Creosote from beach tar 1·0 1273·0 '·5 ,., 0·62 

Amino compov1lU. 

26 Aniline .. .. 1'0 1116·2 3·9 ,,(1 I·Of 

27 Oi. .Naphthylamine .. 1'0 767'0 :2-7 /S'O 1·41 

28 !3.Naphtbylamine .. 1'0 '137'0 2·8 1S''1 1·40 

29 N·Phenyl 0\. .naphthy. 1'0 '196·0 2'8 /5'0 ·O·M 
lamine. 

30 p.Toluidine •• .. 1'0 '155" 2·67 "3 1·0 

31 p.Anisidine .. 1·0 821'6 2·9 5·' 1·08 

32 p.Amino aoet-anilide 1·0 895'0 3·1 5·0 1'4:1 

33 p.AnlitlO&zobonzene •• 1'0 940·6 3'.33 6·8 2'0 

3' 'l'rietbanolamine .. 1-0 1135·9 "03 6·0 1·3 Slight blactR 

35 Urethane .. .. 1'0 1252·9 ,., '·3 
deposit. 

0·68 

36 Glycine .. .. 1-0 1198·0 '·2 '·1 1·06 Parti .. ny' 
soluble. 

lI't Glutamio acid .. 1'0 1179'6 ,·18 "3 0·69 Do. . .. 
38 Pyridine .. .. 1'0 1402'0 4·97 . ,·2 0'74 

39 Piperidine .. .. 1·0 989'3 3·1 ,·1 0·8 

40 Dibenzyl p.amitlophe. 1'0 958'0 3·' '·8 1·0 
Dol. 

41 I.Amino.'.naphthol 0·/5 1127" "0 II·IS 1'6 Partially' 
hydrochloride. soluble. 

brown. 
gummy 
deposit.· 

43 Benzidine .. .. 1·0 885'0 3-1 4·2 1'j)6 

43 Q.Tolidine .. .. 1·0 928·0 3·3 '·3 1'69 .. 

" p.Phenylene diamine 1·0 824·0 2·9 '·3 1·11 



-- - - ,- , 

Stabilizer. Visco. Visco· Con. 
sity sity rad. 

No. lOO°F. increase Acid son Rematks. 
Quan. . centi· ratio,. value. carbon, 

Name. tity stokes. blown I 

% original. 

- ~ ---~-
45 Phenyl hydrazine .. 1'0 989-3 3'5 '·5 1·16 

46 1U&ynI. Diphenyl hy. 1'0 786'" 2·78 5·6 1·:l 
drazine. 

47 Diphenylamine .. 1·0 845'0 3,0- 5·8 1'02 

48 p.p.Diamino diphenyl. ~·o 930'0 3'3 5'6 0'95 Black de. 
amine sulphate. pOSit. 

49 p.p.Diamino dihpenyl. 1'0 699·0 2·48 0·9 0'82 Partially 
amine. soluble. 

60 Do. .. 0'0 868'0 3'08 6'0 O·g Do. 

61 Urea .. .. 1·0 1344·0 '4·77 3·8 0·6 

62 n.n.Diphenyl urea. .. 1·0 1133'0 4'04 4'1 -1,1 Pal"tiaUy 
soluble. 

53 'Cricacid .. .. 1·0 1624·9 6'76 4·0 I-I Sparingl)' 
soluhle. 

M Alloxan .. .. 1·0 1139·0 4'04 4·3 0·84 Partially 
solub!e. 

55 Diphenyl guanidine •• 1'0 1106·3 3'92 6·0 1'14 

66 Hexamine •• .. 1·0 935·8 3'3 6·6 0'69 Partially 
. soluble, 

brown 

-
(Jrgan;c.i..eIaUic com· 

gummy-
deposit. 

pOf.l.w18. 

67 Tin oleate •• .. 0·1 1214·0 4·3 3'9 0·1 Sparingly 
solUble. 

68 Tin linoloate .. 0·1 1247·0 4·4 3·g 1·0 

69 Chromium oleate .. 0·1 1214·8 4'3 3'8 0·77 

60 Nickel oleate .. 0'1 1217·6 4·3 3·7 0·8; Partially . soluble. 

In Lead oleate .. 0·1 1274·0 4'5 3·9 1'06 Vety spa. 
ringly 
'soluble. 

112 Tetraethyl lead .. 1'0 1296·6 4·6 4·4 "2·2 

8.uphul' comPOf.l.M8. 

63 p.Tolouyl sulphonyl' 1·0 3819·0 13·5 8·2 1·5 Mu!'h black 
_ chloride. deposits. 

64 Diamyl disulphide .. 1'0 1268;0 4·5 3·6 1·4 Bro .... nish ; 
black de· 
posit. 

, 
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.-. . ...... -._. f 

"' . '''' 
Stabili:ter. • Visco. Vi.co· Con. 

sity sity tad. 
No. 100°F. increase -Acid son Remarks. 

Quan. centi· ratio, value. carbon. 
Name. tity stokt'.8. blown: 

% onginal. 

-
6/5 Allyl isothio~yanata· .• 1·0 1152·8 4·1 5·3 1·5 Black tlLrr1 

dt'p08i~ 
.lfi8~Uaneou, 8"b,lancu. 

86 Oildag .. .. 2·0 1514 6·3 3·6 l·a 

117 Furfural .. .. 1·0 H69 5'! a·96 I ':f .. 
68 Camphor .. .. 1·0 1589·' 5·64 5-1 0'· oS 

N ixture 0/ variotU 
1JUb8tallcu. 

69 Hydroquinone and 0·5 718·7 2·55 5·1 0'95 
~.liaphthylamine. each. 

'10 Hydroquinone and 0·1i 
, 

734-11 2·6 6·1 1·8 
"".naphthol. each. 

'11 p.Naphthylamine and 0·5 775·1 , 2·75 5·6 1'1 
Q\. .naphthol. I each. 

'12 Tin <lleate and 0·1 737·0 2·6 4'9 1'5 
~.Jiapthol, and 

}·O. 

73 Tin linoleate and 0·1 735·' 2·6 4·3 1·9 
Q\. .napththol, and 

1·0. 

'14 Chtomitlm olc-ate and 0·1 737·0 2·6 4'4 1·6 
Q\. .naphthol. and 

}·o. 

76 Nickel oleat!> I!.nd 0·1 745·0 2·6 4'5 1'42 
OI,..naphthol. and '. 

1·0. 

'16 Lead oloate and 0·1 739·8 2·6 4'0 1'51 
o\'.nnpththoI. and 

l·d. 
'17 Aluminium stearate O·} 792'0 2'8 4'6 1·4 Partially. 

and ..... naphthol. and soluble. 
}·O. 

78 Iron oleate and 2·0 948·0 3·36 6·3 1·5 Partially 
c{.napthtaol. and soluble, 

1·0. and redish 
brown 

c(.Naphthol and 1·0 2·6 4·0 1'55 
deposit. 

79 731·0 
oildag. and 

2·0. 
80 c( .Naphthylamine and 1·0 764·0 2·7 4·8 1·34, 

oiloog. and 
2·0. 



15 

TABLE VI. 
EJ!ecl& oj various $tabilizers on groudntd oil_ 

, Stabilizer. Visco- Visco. Con. 
sity sitT r&d· 

No. 100°F. increase Acid Bon Remarb. 
Quan. conti· ratio, 'faIue. earbon. 

Name. tity stokes. blown ': 
% original. 

- ~ , 

I OrigiDai oil .. .- 41'1 .. 1'5 0'3 

~ NOlle .. .. 1_ 377'5 "2 2'7 0·85 

PM~UmplJlani& 

3 ..\. -Naplltlui .. 1·0 198·0 4·8 3'8 1-6' 

4 "" .Naph\hol .- 2'0 1'75'0 
\ 

4·2 3·6 2'3 

6 .I)-Naphthol .. 0·5 317'3 8'4 3'2 1'03 

6 /!-Napllthol .. 1·0 302-8 7'3 3·2 )'2 ., ~ .- .. 1·0 ' 3407-6 8-4 2'7 0'8 

8 ElIIenol .. .. 1·0 339·0 8·2 a·o J-l 
11 -iaDEugenoi. .. 1·0 295·8 7'2 2·6 0'91 

10 Sa~ayl aldehyde .. 1-0 360'4 8·7 2'3 0·70 

11 Cabdtol .. .. 1·0 292·5 7-1 3'1 1·8 

12 ~rclnol .. .. 1·0 273-1 G·6 2'9 1·1 Black de. 
- posit. 

13 HydroquinoJllll .. 1-0 220'5 ~:3 4-0 1'4 Sparingly 
soluble. 

14 OroiDol .. . - 1·0 ~'3 6·4 3'4 1·37 Slight 
brownish. 
black d&l 

213-8 6·6 3-5 
posit.: 

10 Pyqa1lo1 __ -- 1·0 loS Slight 
black d&l 

U PhlorogluoiDoi .- 1-0 !OS'4 4'9 '3-5 1~4 
posit. 

Sparingly 
soluble. 

17 Methyl gallate .. 0-1 S77'5 9'2 2'9 0-9 

,I. ",,-Naphthol a ... • -- 1·0 2'8'0 41'03 3-3 1-7, Sparingly 
.... -naphthalene soluble. 

AmaRO comPOUM& 

It o..Naphthyl&mine .. I-I) 227-0 5-. 3-1 1-21 
~ 

20 ?Naphthylamine .. 1-0 233-6 0'7 ~(06 1·5 

21 n-phenyl-
Q,.-naphthylamiDlI. -- 1-0 212-4 0'1 3-3 1-28 

'22 p-Toluidin& " -- 1-0 236'4 ii-7 4-0 0-99 

-
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Stabffizer. Visco. Visco-
, 

'Con-
- sity sity - rad-

Jl'o. lOO°F. increase Acid soh Remarks. 
Qnan. centi- ratio, value. carbon. 

Name. tity , stokes. blown-; 
% original. 

~ -
J3 p-Amino acet-anJ,lide 1'0 330'8 '8·0 2·8 0·76 

24 p-Aminophenol .. 0'5 378'4 9·2 2'7 0'7~ Partially 
soluble. 

25 Diphenyl-amine .. 1-0 ~ 300'0 7-3 3·06 Q·76 Slight black 
deposit. 

:.!6 N .• Acet.yl dipheuyl. 1'0 347-9 8'4 2·3 0-81 
amine. 

~7 p-p-Diamino di- 0'5 . 294·0 7'1 4·4 1-09 Partially 
pheny.lamine. soluble. 

:.!8 Glycine .. .. i-O 295·3 7'1 3·6 1-3 Partially 
soluble, 
slight 31-

:.!9 Diethylaniline .. 2'0 279'4 6·7 2·6 0-9 
posit. 

Partially 
soluble. 

30 ",-phenylenediamine 1-0 300·3 7'3 .2·7 1-3 Partially 
soluble, 
slight black 
deposit. 

31 p-phenylenediamille •• (HS 287-2 7'0 2·7 1·56 Slight 
black de. 
posit. 

32 p-phenylenediamine •• 1'0 282·5 6'8. 2·9 1·6 Partially 
soluble, 
black ha rd 
deposit. 

.33 Benzidine .. .. 0'5 313·0 7·6 2·8 1·3~ 

34 o-Tolidine .. .. 0'5 376·9 9·1 3·0 1-39 

35 Phenyl hydrazine .. 1-0 257·8 6-2 2'4 I-I 

36 Acetyl phenyl 1-0 258·2 6·2 2'8 1·1 PartiaDy 
hydrazine. soluble, 

slight blae k 
deposit • 

37 .ABBym. Diphenyl 
hydrazine. 

1'0 233·0. 6·6 3·3 1·1 

'Org(mic-melallic com. 
pO'U1UU· 

38 Chromium naphthenate 1'0 439·8 10·7 2·7 1·02 } Slight 
gummy 

39 Chromium oleate .. 1'0 520·8 12·6 2·7 . 1·28 deposit. 
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Stabilizer.. Visco. Visco. Con. .. sity eify rad· 
No. 11-0°F. increase Adlf' son Remarks.. 

Quan. centi. ratio, value. carlion. 
Name. tity .tokes~ blown : 

% original. 

~ -, 
J 

40 Tin litloleate .. 1·0 502·8 12'"2 4·6 1"32 

41 Tin napbththenate .. H) 492·1; ll-'O 3·4 2·7 -
42 Tin oleate .. .. 1'0 394'0 9·6 3·4 1,,6 Partially !iO~-

43 Chromium oleaie .. 0>1 ~63'~ 
lable.-

8·8 3·5 0·7 

44 Tin litloleate .. 0'1 380·6 9·2 3·4,. , 0·8 

4li Tin oleate .. .. 0·1 384'4, 9·3 3·48 ]",0 

M iacella1lWU8 6!dI. 
staru:e&. , 

46 Oildag .. .. 2·0 354'0 , 8·6 4<8 1·12 

47 Indigo . , .. 1'0 273·2 6·6 2'0 0·92 Partially so.-
luble. 

48 Citrio acid .. .. 1'0 506·2 12·3 2·2 0'7 -. 

49 Tartaric acid .. 1'0 - 374·4 9·1 2·9 1·08 _ 

00 Phthalic anhydride 1·0 430·0 10·0 : 3·4 0-92, .. 
01 Benzophenone ., 1·0 393·0 9·5 2·7 0'83, 

i 

02 Farfural .. .. 1·0 320-0 7-7 2·2 O'71~ 

63 Vanillitle .. .. 1·0 360·0 8·7 3'3 0'82 • 

M ':dures oj IJGIrWus 
$1.Ibslancu. 

64 Hydroquinone and 0·5 205·0 0-0 3·6 1·1 Slight black 
~ .naphthylamine. each. deposit: 

65 Do. .. .. 1·0 166·2 4·0 4·3 2·1 Black depo.-
each. sit • 

. 
66 Hydrequinone and 0'0 190·6 4·6 4'0 0·72 Slight black 

... .naphthol. - each. deposit. 

67 ~ .Naphthylamine and 0·5 211·2 5·J 3·9 1·4 
o(.naphthol. each. 

68 Chromium oleate and 0-1 200·3 "8 4·8 1·7 

'" .naphthol •. and 
1·0 , 

69 Tin linoleate and 0·1 209·3 5·0 4·J 1·75 
CI".naphthol. and 

1'0 

60 Oildag and c(.naph. 2·0 197·8 4·8 1)01 1,,-<7' 

thoI. . and 
1·0 

, 
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TABLE VII. 
Effect of ~"'-rii;us stabilizers on cotton set'd ot7. 

Stabilizer. Visco- Visco- Con-
'sity sity rad-Bo. 100°.!!'. increase Acid son Remarks. Qua.n. centi- ratio, value. Mrbon. 

Name •. tity stokes. 
, 

blown: 
% original. - - ---

I Original oil .. .. 37-38 .. 0'15 0·23 

: None .. .. ,' . 450·6 12 1'8 1'07 

Phenolic compcmds. 

21 c(-Naphthol .. 1'0 244·2 6'5 2'0: 1'6 

4- ~-Na.phthol .. 1·0 276·0 7·3 1'6 1'05 -
/; Nitroseo c( -na.phthol 1·0 288',4 '1·7 2'4 1·16 

tI Nitrose ~-~aphthol .. 1·0 381'6 10·6 2'1 1'0 , Guaiacol .. .. 1·0 409·9 11·0 1'7 1'06 

8 Thymol .. .. 1·0 445·4 n'8 1'6 1·24 

9 Catechol .. .. 1·0 378'8 10·1 1'9 1·4 

10 Resorcinol '. .. 1'0 317'7 8'4 2'1 I'3~ 

11 Hydroquinone .. 1·0 280·3 7'5 2'1 1'4 

12 Oroonil .. .. 1·0 337·0 9·0 I'9 1'4 . Slight gum-

13 Pyrogallol " .. 1'0 324'0 8·6 1'8 , 1·7 
mydep08it. 

14 Gallic acid .• .. 1·0 334·0 8·9 2'7 1·21 Sparingly'" 
soluble. 

15 Methyl gallate .. 1·0 420·6 n'2 2'2 0·9: 

16 Gallio anilide .. 1'0 301·1 8'0 2'9 1·4 

AmiM compoundB. 

1'1 c( -Naphthylamine .. 1·0 242·0 6·47 2'1 1·3, , 
18 8-Naphthylamine .. 1'0 270'4 7·2 1'9 1·3< 

19 N-phenyI • 
Q\. -na. ph tbylamine 

1·0 305·3 8·1 2'8 1·7 

20 p-Anisidine .. 1'0 350·8 9·3 ~'3 1·7 Very slight 
brown de. 

2·.1 
posit. 

21 p·Animophenol .. 1·0 470·4 12·5 2'4 Partially SDo 

luble. 
22 Diphenylamine .. 1·0 337·0 9·0 2'0 1·2f 

23 N-Aoetyl 
diphenylamine 

\ 1·0 404·0 10·8 1·3 0·93 

. , 
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- __ A. 

Stabilizpr. Visco. Visco. Con-
sity sity . rad-

No. 100>F. increase Acid 80n Remarks. 
Qual!- centi- ratio, value. ca.rbQn. 

Name .. tity stokes. blown : 
% original. 

24 4:4'-Diamino diphe- 1,0 472·8 12·6 2·5 0·72 Insoluble, 
nylamine sulphate. black tarry 

25 p.Aminoazobenzene •• 1·0 391'8 
deposit. -

10·4 1·3 1·13 Slight brow. 

26 p-Amino aeet·anilide 1·0 404·6 10'!! 1·92 0·98 

nish gum: 
mydil'posit. 

27 Pyridine .. .. 1·0 467·8 12·5 1·6 0·92 

28 Piperidine •• .. 1·0 340·8 9·1 1·9 1·1 Black de. 

29 Tri·ethanolamine .. 1·0 514·0 .13·7 1·7 0·87 
posit. 

30 p.Phenylenedi&mine 1·0 433·9 'I, -6 2·4 1'43 Partially so-
luble , lot 
of black 

449·1 12·0 
d"posit. 

31 Benzidine .. .. 1·0 2·2 2·1 Partially so-
I luble; 

brown de-

32 o-Tolidine .. .. 1·0 450·1 12·0 1·9 
deposit. 

1·7 

33 Phenylhydrazine. .. 1·0 407·4 10·9 1·3 0·8 

34 Acetyl phenylhydra- l·Q 281·9 7·5 1·8 1·3 Partially 
zine. soluble, 

brownish 
black de· 

3~ Diphenyl guanidine .. 1,0 456·0 12·2 1·9 1·2 
posit. 

Slight black 

537·3 14·2 
deopsit. 

36 Urethane .. .. 1·9 1·6 0·8 Do. 

37 Hel[&min~ .. 1·0 486·8 13'0 1·5 1·16 Sparingly 
soluble, . 
much black 
deposit. 

Sulphur eompou'llll8. 

38 Allyl isothiocyanate •• 1·0 420·2 1l·2 2·4 '1·28 Black de. 

Mizture 01 phenol and 
posit. 

amine. 

39 DC-Naphthol and 0·5 267·6 7·16 2·3 1·79 
Ql-naphthyiamiLe. 'each. , . . 
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TABLE VIII. 
Eff xl of var~8 strlbilizers on rape oit . 

.. ... - "" 
Stahilizer. Visno.· Visco· Can. 

sity sity rad. 
No. lCO"F. increase Acid son P.emarb, 

Quan. centi· ratio, value. carbon. 
Name. tity stokE's. blown: ... % original. 

1. Orifinaloil .. .. 46·9 .. 0·52 0·28 

2. None .. .. .. 360·6 7·47 4·1 1·25 . 
'. 

Phenoliecompounda, 

3 " .naphthol .. ,. 1·0 170'4 3·6 4·6 ' 1·7 

4 B-naphthol .. }·O 173·2 3·7 '4·9 1·25 

0 Nitrose 0... .naphthol •• }·o 170'4 3·6 3·6 2'8 

6 Nitroso ~.naphthol .. l·o 215·5 4·6 3·6 2·5 

'l Eugenol .. .. 1·0 224·9 4·8 4·5 1·5 

8 wo-Eugenol .. 1·0 206'0 4·4 0·2 }·95 

9 Guaiacol .. .. 1·0 232·0 4·9 4·6 2·1 

10 Thymol .. .. }·O 237·7 0·0 5·1 1'8 

11 Methyl sa.lil'ylate .. 1·0 245·0 5·2 4',6 1·.6a 

12 Salicylaldehyde .. }·O 226·0 ,4·6 3·6 1·2a 

13 ~ -Naphthol azo .. 1·0 210·7 4·5 4·3 1·83 Partially M04 

, ...... naphthalene. luble. 

14 Di- "" -naphthol azo 
p-diphenyl. 

.. 1·0 297·6 6'34 3·4 2--23 Do. 

III Di· ..... -naphtholll.·.o .. 1·0 250'0 03 2·89 l·56 Do. 
p-phenylene 

16 Catechol .. .. 1·3 190'0 4·05 4·8 1·75 

17 Rcsor"inol •• .. 1·0 168·6 3·58 1·7 1·7 Sparitlgly 
soluUt'. 

18 H1droquinone .. 1·0 170·2 3·6 4·9 1·7 

)9 Orcinol .. .. 1·0 183·7 3·9 4·2 2·08 

20 0.0' .Dinxy diphenyl '-' 1·0 205·8 4·37 0·05 1·75 

21 Pyroga.llol .'. .. 1·0 219·3 4·66 4·7 1·9 Spa.ringly. 
. soluble. 

22 Phloroglucinol .. 1·0 165·0 3·5 4·2 2·0 Do. 

23 Gallic a.cid .. 1·0 234·7 0·0 3·77 1·6 Very 
sparingly 

.i.o 
poJuble. 

24 Methyl gallate .. 224·8 4·8 4·0 1·63 Spariugly 
Boluble. 
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, 
Stabilizer. Visco. Viseo. Con. 

sity .ity rad. 
Nb; 100°F. increase Acid son Remarklr. 

Quan. eenti- ratio, value. earbon. 
Name. tity stok"<I. blown: 

% original., 

25 Gallic anilide _ .. 1·0 230·1 4·9 3·77 1'56 Sparingly 

Amino compounds • 
soluble. 

. 
26 '" -Naplithylamine .. 1·0 169·4 3·6 4·2 2·:J 

2' .. ;Naphthflamine .. 1·0 173·2 8·69 4·05 2·3 

'28 N-Phenyl .. , .haphthyl. 1·0 165·~ 8·5 4·5 1·9 Slightly 
amine. • I!()luble • 

29 p-Toluidine •• .. 1·0 191·5 '·08 4·1 2·2 

'30 p-Anisidine .. 1·0 196·2 4·18 ·4·3 -1·0 

~I p-Aminopbenol .. 1·0 206·2 ,., 0·0 1·45 Sparingly 
/ 'soluble. 

32 Dibenzrl-p-amino- 1·6 365·5 Hi 2·1 '2-·0 , Do. 
pheno. 

33 Glycine .. .. 1·0 185·6 ;4,·0 4·8 1·43 Partially 
I!()luble. 

34 Glutamic aeid .. 1·0 302·5 6·4 4·8 1·45 Do. . 
3'5 Anthranilic acid .. 1·0 277·6 IHi 4·8 "-1·37 

36 p.Aminoazobenzene •• 1·0 224·9 4·8 3·25 1·9 

37 p-Amino acetanilide, ' 1'0 310·8 6·6 3·0 1·5 Slightly . soluble • 
38 Quinoline .. .. 1·0 294·9 6·3 3·g 1·66 

-

~9 
, 

Pyridine .. .. 1·0 353·6 7·5 3·26 1·97 

40 Piperidine .. .. 1·0 300·6 6·4 4·1 1·9 

41 Tri-ethanolamine .. 1·0 362'11 7·7 3·33 1·28 

42 Urethane .. .. 1·0 286·0 6·1 4·26 2·05 -

43 J?iphenyJamine .. 1·0 147·2 3·13 3·75 1·28 

44 N.AcetyJ diphenyl- 1·0 312·3 6·6 ·3·1 1·5 
amine. 

45 4:4' -Diamino diphenyl 0·5 217·0 4·6 4·2 2·9 Partially 
amine. soluble. 

46 p-Phenylenediamine 1·0 232·8 4·96 3·0 1·87 Do. 
, 

47 Benzidine " .. 1·0 215·4 4·58 3·75 2·75 Sparingly 
soluble. 

48 o-Tolidine .. .. 1·0 200·7 4·27 4·2 2·7 Very sp .... 
.ringly 
soluble. 

4~ Pyenylhydrazine .. 1·0 256·0 5·45 3·7 1·9 
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Stabilizer. Visco· Visco· Con. 
sity sity rad· 

No. 100°F. increase Acid son Remarks. 
I Quan. centi. ratio value. ,carbon. 

Name. tity stokes. blown : , 
% originaL 

-
1i0 Acetyl phenylhydrazine 1·0 232·0 4·94 3·05 1·43 

iiI assym. Diphenylhydra. '0·5 211·8 4·1i 4;9 1·7 
zine, 

62 Do. .. 1·0 130·9 2·8 5·0 1·85 

1i3 Diphenyl urea .. 1·0 271·0 5·77 3·6 1·05 Sparingly 
, soluble. 

64 Alloxan ., •• .. 1·0 313·8 6·7 4·03 Hi! Mostly in-
soluble. 

liS Dipbenyl guanidine .. ,1·0 267·9 5·7 4·0 1·7 Do. 

66 Uric aoid .. ~ . 1·0 412·5 8·7 4·45 1·63 Very little - soluble. 
67 Hexamine .. .. 1·0 350·6 7·4 3·47 1·7 

1i8 Tet' a :nethyl diamino. 
dipuenYl methane. 

l~O 203·3 4·3 4·43 1·51 

1i9 I·Amino 4-naphthol 0·5 424·3 9·0 2·3 2·66 Partially 
hydrochloride soluble. 

60 Semica.rbazide hydro. 1·0 631·9 11',3 2·48 2·46 Sparingly 
loride. soluble. 

Orgalllc.metallic. com· -
pouwla. 

61 Chromium oleate .. 1·0 645·3 13·7 3·85 2·6 Not entirely 
soluble., 

62 Tin linoleate ". 1·0 455·3 9·6 4·7 2·18 . 
Sulphur compound.!. 

63 Diamyl dislliphide .. 1·0 300·6 6·4 4·1 2·3 

64 Allyli8othiocya~ate .. 1·0 321·2 6·8 3·4 2·3 

M i8cellaneoIU ,uba. 
/ancel. 

65 Oildag .. .. 2·0 371·3 7·9 3·25 2·23 

66 Ben: o.>henone .. 1·0 280·0 6·0 3·86 2·09 

67 Vanilline .. .. 1·0 259·3 5·5 4·7 2·16 

68 Furfural .. .. 1·0 275·6 5·87 4'~ 1·34 
, 

69 Camphor .. " 1·0 256·0 5·45 '3'0 
., 

1·43 

Mixture oJ amine and 
p1l.enol. 

176·2 3·7 3·85 2·6 Not entirely 70 0( .Naphthyiamine aJld Q·5, 
Oo".napbthol. eaoh. Boluble. 
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n may 'be mllntloned that in the case of rape oil, some black gummy 
tleposits were almost always found in the oxidation tubes, (of. Table VIII). 
Since such black deposits were always obtaineCl in the case of castor, groundnut 
and cotton !reed oils, when they were subjected to the oxidation tests in the 
presence of stabilizers containing sulphur, it was thought that the tape oil 
deposits might be due to the presence of allyl isothiocyanate. To remove 
aHyl isothiocynate trom rape oil, the fqllowing methods were adopted :-

{a) Rape oil was extracted several timM with alcohol. The residue was 
heated at 100° D. to remove any dissolved alcohol. 

(b) Rape 0il was distilled in steam till no more oily globules were removed. 
The ramaining oil was separated from water and dried at 100-1l0°C. 

Both the oil samples so obtained, when. subjected to oxidation test, gave 
I!imilar black deposits in the oxidation tubes. These oils exhibited rather a 
greater tendency to oxidation than the original oil, as may be seen from the 
results mentioned in. the following table. 

TABLE IX. 

-E,ffects oj various treatments on oxiduiion behaviour of refitted rape oil • 
. J 

Viscosity Viscosity Conrad-
No. Oil. lOO·F. inllrease Acid son Remarks_ 

centi- ratio. value. carbon. 
stokes. 

-
1 Original oil (unblawn) 46·9 -- 0·02 0·28 

2 Original oil (blown) .• 350·6 7·47 4·1 1·25 

3 Aloohol extracwd oil 367·3 7·83 2·7 l·S 
, 

(blown). 

4 Stea.1Il -distilled ail 400·$ 10·6 3-47 - 1·85 
(blown). 

The effect appears to be due to the removal of naturally occuring anti-
db h · . 60 oxidants, BU'ch~ have been observe y ot er lllvestlgator • _ 

DISCUSI:lION. 

An examination of Tables V,VI, VII and VIII will show that a large 
'Proportion of the substances tried fail to serve as efficien: stabilizers. Never
theless there are Borne which may be regarded as satISfactory. The data
'Concercina such il1aterials has been collected in Table X .for 1IlJ *he four oils. 

o 
lI24CD 
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No. 

-
1 

2 

3 

" 5 

6 

7 

8 

II 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

. 

TABLE 

Summary of oxidation test resuUs witl. more ltfficient stabilizers 

8m bilizer. C8Btor oiL 

Viscosity Acid Conradson Viscosity 
Name. Quantity. increase va.lue carbon inCre&Be 

% ratio. increase. incre8Be. ratio. 

None .. .. .. 7-1 0'4 1·54~ 7·47 

o(.Naphthol . , .. 1·0 2·6 0·9 1'52 3·6 

o(-Naphthylamine .. 1'0 2'7 1·3 1·23 3·6 

Phloroglucinol .. 1·0 2'36 1'9 1'0 3·5 

f! .Naphthylamine .. 1'0 2'6 2·0 1·22 3·69 

Hydroquinone .. 1'0 2·7 2·2 1·02 3·6 
I 

a88!f171. Disphenyl hydra- 1'0 2·78 1'9 1'02 2·8 
WIe. I 

N-Phenyl 
0... -JlILphthylamine .. 1·0 2·8 1·8 0'67 3·5 

Nitroso::i. -naphthol .. 1'0 2·8 2·8 1'52 3·6 

Diphenylamine .. 1'0 3'0 2·1 0·84 ~3·l3 

p.ToI¢dine .. .. 1·0 2·67 0·6 0'82 .. 
p.p'-Diamino diphenyl 1·0 2'48 2·3 0·64 .. 

amine.· 

o(-Naphthol M!() .. 
o(.naphthalene .. 1'0 2·6. 1·7 0·76 .. 
p-Anisidine .. .. 1'0 2'9 1·7 0·90 .. 
1'.Phenyienediamine .. 1'0 2'9 0·6 1'32 .. 
{i-Napthol .. .. 1'0 .. .. 3·7 . 
Resorcinol .. .. 1·0 .. I .. .. 3'58 

Nos. 5 an 6 .. .. 0·5 2·55 1·4 .0'77 .. 
each. 

No •• 2 andS .. .. 0·5 2·' 1·4 1·62 .. 
each. 

Nos. 2 and 5 .. .. 0·5 -2,75 1'9 0·92 ... 
each. 

Nos. 2 and 3 .. '.' 0'5 .... .. .. 3·7 
t'SCh . 

# 
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x. 
for castor, rape. ground nut and cotton seei1 oifa. 

Rape oil I Ground nut oil • Cotton seed oil. 

. -
Acid Conradson Viscosity Acid Conradson VIScosity Acid Conradson 
value carbon increase value carbon increase value carbon 

increase. increse. ratio. increase. increase. ratio. increase. increase. 
, 
~ 

3·58 0·97 9·2 1'2 '0'55 12'0 1'65. 0'8'& 

4·08 1·42 4·8 2'3 1·3 6·5 1·88 1·37 

3·68 2'02 5·5 2·2 0·91 6-47 l'95 I·U 

3·68 1-62 4·9 2·0 I-I .. .. -
3·53 2·02 0-7 1·56 1·2 .. .. -
4·38 1'42 5·3 2·5 1·1 .. .. ; .. 
4·48 I-57 5·6 1-8 0·8 .. .. .. 

, . 
3·98 1-62 Ii-! l-g 0-98 _ .. .. .... 

3'08 2-02 .. .. .. . .. .. -
3·113 1-00 .. _. .. .. .. -.. .. fl-7 2·5 0-69 .. .. -... . . .. _ . .. . . .. -
.. .. .. . ., .. .. .. -, .. .. .. " .. .. .. . . 
.. .- .. .. .. .. .. -
4·38 0-97 ... .. .. .. .. .. 
'·38 1-42 .. _. .. _ . .. .. , 

.. ........ 0-0 2·1 0·8 .. .. .. 

. , .. 4-6 2-5 0-42 .. .. .... 
; 

1·1 .. .. 0-1 2-4 .. - ,-
4-45 2-02 - .. .. .. -~ 

. . -~ 
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Comparing the results obtained in tests of th~ vegetdbI~ "its with thOS"~ 
of the two mineral lubricating oils dealt with in Table IV, it will be seen that 
the vegetable oils, especially in the presence of iron, poIymeri~ much more 
readily than the' mineral oils, and even in the presence of st:l.bilizers they 
become more acidic and give higher Conradson carbon re!}idues than the 
mineral oils. It may be pointed out incidentally that, contrary to the con
Clusions of Balada", the Conrlldson carbon test would appear to be appIicauIe 
up.der these conditioM ta vegetable' oils. Thus, although vegetable ails as 
such give little Conradson carbon residue, yet after the oxidation test they 
ge~erally showed more residue than mineral oils treated similarly. 

The large increase in polymerisation and oxidation of the veg~table oiTs 
as compared with the mineral oils may be due to two,reasons:-

(1) Difference due to chemical consitution: Vegetable oils, being 
esters by nature, are more prone to undergo various' chemical 
changes, such as oxidation, hydrolysis, condensation, etc, than 
mineral oils, which are mainly paraffin, naphthenic and aroma
tic hydrocarbons . 

.. (2} Unsaturation = Mineral oils are less unsaturated than'vegetahle 
oils. That, is undonbtedly one of the'reasons why ilie follrmel" 
undergo less change after the oxidation test than the latter. 

Comparing the ,unsaturatioli or the two mineral oils, the characteristic 
of WAich are given in Table IV, it will be lloted that-oil' B' has. a higher iodine 
value (25·6) than oil ' A ' (11·3), in fact the former polymerised to a great,er' 
extent than the la.:tter. As regards the unEaturation of the four vegetable 
oils ihat were exhaustively subjected to the oxication tests, it wiII be seen that
cott~n-seed oil possesses the greatest iodine value (103-115), while' eastor
oil s\t~ws the least (82-90). Here again irrespective of the fatty acid contentS' 
of the four oils, the oxidation test results show that the polymerisation or 
cotton-seed oil was the greatest, even in the presence of stab!lizers, while in 
the case of castor oil it was the least. ' 

l 

'Of all the·stabilizer$ found effective for- castor oil; an appreciable mnnbe.r 
proved satisfactory for rape and groundnut oils, while very few of these were' 
effe{.'tive in the case of- cotton seed oil. Stated in another way, the larges 
number of substances proved to be effective in t,he case of castor oil and th~ 
least number for cotton seed oil. These results are cOlToborated by 
Lewicowitsch 48. Unfortunately-low iodine value ve.getabfe oils such as
coconut oil and various vegetable tallows are solid at ordinary temperatures
and in order to make use of them as lubricants methods would need to be 
founa to keep' them liquid at sufficiently low temperatures. 

The above observations lead to the conclusion that, besides unsatura
tion: the effectiveness of various stabilizers towards the above four' vegetable 
oils depeuds on the nature of fatty acids, the constitution Qf the glycerides . 
a'ld' 'the unsa,ponifiable· matter present in them. For wherea!l" the difThtence 
between the iodino values of rape oil (91-105) and cotton seed oil (103-115} 
is wry small; t.he former can be" stabilized . much betrl:er by a -greater number 
d staliilizcP:3 thun the l<.lttCT. Similarly, castor oil lenw itself to far bet~ 
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stabilization than groundnht oil, although both of them have neatly identical 
iodine values (82-90 and 83-95 respectively). Moreover, although the iodine 
value of rape oil (94-105) is slightly higher than that of the groundnut oil 
(83-95), the fonner has been stabilized more e£rectively than the latter. 

Although castor oil has proved to be the most satisfactory oil 80 far tried 
Par:sh' anrlseveral other investigators have found that castor oil, when used 
as a lubricant in aeroplane engines, produces a heavy shellac-like dejJosit. 
Twtl was. probably due to the abSence \ of an effective stabiliez.A.s pointed 
out by BalUnanand Zamyshlyaeva ", the deposits may be due to the decom
position of ricinoleic acid to Me (CHz'& CH : CH • cn :, cn {CnZ)1' COOR, 
which is very easily polymerised. 

Taking into consideration t1e various stabilizers that ha.ve been tried so 
far on the fOllr vegetable oils, it will be seen that the choice of types of com
pounds toO be used as stabilizers is very much more restricted in the ca.se 
of vegetale oils than in th~ case of mineral oi18. Tin \Jompounds4s and other 
organo-metalEc compounds 36 that have been proved to possess pronounced 
anti-oxidant pfopert'es in the case of mineral oi18 are of little value in the case 
of vegetable oils. Chromium and tin compounds (which ha.ve been subjects 
of patents-the fOrIDer by Griffith and Helmore'~ dnd the latter by Helmore 
and Mardles"-as anti-oxidants for mineral oils), have proved· to be pro
oxidants with refined ground nut oil (Table VI, compare items 2 apd 38 to 42) 
and rape oil (Table VIII, compare items 2 and 61-62). Similarly colloidal gra.
phite, fonnd to act as a good ant:-oxidant for mineral lubricants by Weiss ami 
Maillard2", was found to be milch less effective in the case of veget,a ble oils. 

. The organic sulphur compounds on ,,'mch man,y pat,ent"U, '9, S(J have 
been taken out, based on claims as to their beneficial effect in ullleral lubri
cating oils re(lWred to operate under high pressures, high templ'ifature, high 
speed conditions, and as protecting agents against ox:dation, bave been found 
to be of very little value as sta.bilizcrs in the case of vegetable oils. They 
generally resulted in a quantity of black tarry 4.eposit in the oxidation tubes in 
the ,experiments describE)d above. 

Generally speaking, the stablilizers which have' proved to be the most 
effective are the phenols and the aromatic amino compounds, but it appears 
that neither the phenolic hydroxyl groups nor the amino groups are by them· 
selves responsible lor the anti-oxidant properties. Had such been the ca~e,. 
compounds having three phenolic hydroxy! groups, such as pyrogallol, and thoS'& 
having two amino group~, such as p-phenylenediamine, would have proved to 
be the best stabilizers. 

It can, however, be stated that the effect appears to be, to some extent, 
due to the inherent constitution of the co~pounds having such groups. It 
also appears to depend upon the position of the groups in the molecule, as will 
be seen from the fact that oCnaphthol proved to be one of the best stabilizers 
so far tried for all the four oils, while ,8-naphth91 showed only aJeeble stailiz

,ing effect except in case of rape oil. Similarly, hydro quinone and. pholoro-
.glucinol proved quite good stabilizer, v;~e:eas catechol, resorcinol, and pyro. 
gallal 'Were generally not so effective. Anot4er.conclul?ion.. that ~y be drawn 



from the list of th" tnost effective stabilizers (Table X) is that most of them 
are compounds oontaining more that one benzene nucleus .. 

Comparing the increase in acid value and in Conradson carbon residue f 

it will be seen that they bear no relationship to the viscosity ratio figures. 
Substances resulting in the least increase in the acid value and carbon residue 
may give high viscosity increasse ratios. - It appears, 'therefore, that the best 
plan would be to use such mixtures of stabilizers as would help .to stablize 
the viscosity as 'well as other characteristics. 

Several theories h~ve been proposed to explain the mechanism of the ac~ 
tion of anti-oxidants on fats and oils. Lea60 gives a brief discussion of some of 
these theories. Moureau and Dufraisse 53 presume that the peroxides of oils
formed as It result of the action of oxygen may be reduced by the anti-oxidant 
directly or alternatively, oil peroxides and anti-oxidant peroxides react t.o reduce 
each other in a somewhat analogous manner to that of ozone and hydrogen 
peroxide. In other words the various reactiolls postulated may be expr~8Sed 
as follows :-

F+OIl-~FOR 
FOa+ A.--~F 4-lAOg 
FOI + A-~FO + AO-~ F + A + 0:1 
FO. + A02-~F + A + 208 

where F represents oil and A the anti-oxidant. 

The reactions prcsume that the anti-oxidant is regenerated again and again, 
but experimental evidence exists 58, 69 to the contrary which' shows that anti
oxidant actually gets consumed and that it chiefly functions as an enhancer 
of induction period. Thus the chain theory of Christiansen 87 carries a con~ 
siderahle weight, in which chain reactions of the following type are postulat
ed:-

F + encrgj'-~ F* 
F* + Oll-~ FOI 
FO*. + F-,~ FOil + F* 
F* + 0. --~ ............... -.etc. 

where Ii< indicates activated molecule. 

In ordinary cases such chains may be thousands of niolecules long. But 
with the introduction of a small quantity of anti-oxidant the chain may be 
abruptly terminated thus: 

FO*lI + A-~FOI + A* 
A* + Oll-~ AOa stop. 

Dhar 68 has put forward similar ideas to explain the phenomenon in terms 
.of negative catalysis, with the further addition that activated molecules by 
the anti-oxidant may combine with activated molecules of the oil to form addi. 
,tin .or a~orptive comp-our.:J-



All thcse theOl ieg 'ha,ve beim confined to the discuss:on of' anti-oxidan.ts 
wherea~ the present work is chiefly concerned with substances which may more 
adequately be t~rmed stabili7.ers i.nasmuch as they are expected to ~erve a two
fold function-·that of an anti-oxidant and th~t of an anti-polymerizin@: agent. 
It i'l clear, however, that, so far as these theones are concernei, they will apply 
equally well to the consideration of anti-polymerization effect,. if oxygen mole
clue was replaced by another molecule of the oil. Furthermore, -poiymeriza
tion may also be thought to take place through the oxiclised positions of the 
oil molecule, in which case, strictly speaking, the reaction should be consider
ed as a condensation reaction; Twofold. functions of the stabilizer would 
naturally limit the choice of the number of substances, which may be capable 
of performing efficiently in both directions. 

It will be noted that most of the stabilizers fOlInd to be effective in these 
investigations are slIchas may be easily oxidised. This is in accordance with 
the chain theory of Christiansen and anti-catalyst theory of Dhar. Further 
weight is lent to these theories from the results obtained in actual engine trials, 
which show that the effect of st,abilizers is mainly involved in increasing the 
induction pCliod. 

Tn addition to the des:rabiEty of stabilizing the lubricant, it is important 
that, in Itn engine under'l1mning conditions, the lubricant should npt attack 
the variollR engine partR, tl:ns phenols being acidic in character may attack 
the metal of the enginp-. It may be possible in some cases, howevel;, to inhibit 
the corrosive properties of a stabilizer without impairing its efl'ectivenrss. 

Another consideration that reqnires to be taken into ac~ount when ~lectjng 
a stabilizer is its tendency to lead to gum formation and ring stickiIig. The 
substances shewn in Table X are thQse which showed 1;10 slIch tendency-in 
the laboratory tests, but engine tests wo~d Mally decide whether or not 
they are really effective from this point of view under actual working condi* 
tiona. 
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·tOREWORT' 
< 

(TQ.3R~EDITI(>N) 

Fuel oil conStitutes one of the serious' shortage created py .wartime con-' 
ditiol).S, in India. andelsewheie; Such a contingency waS one of the factors. 
which hac! been f'oresee~ at ~he time of initiation 'of investigations. in India 
dealing with .the application 'of vegetable. oils to" powe.generlrtioJi.This 
included development of IUQricantsfor internai comolistiqn engines and fuels 

,'for Diesel en~es. Th~ present bulletin dealing with the latter subject has been 
in such II.. demand that a third editiohhas been called for within a comparatively 
short-period.. - , '~.'.~.. - . . 

The timeliness of the buiIetin is cominented upon by Seddon XGltS ahd oil, 
Power, June. 1942) :~' Indeed, I dOubt.whether any articie oJ.the-kindon such" 
an.imp·ortan~ matter' has been published at a more 'oppertune time:'. / An ' 
editorial in May klsue' of the same. Journal states.' " ' .. 

. " The report in question is an~~able docWnent, truly'9bj¢ctive, 
practical" and with a maximum amount of iirl'ormativeIiess with. a mimmum 
expenditure of words and papy; in fact, it is a technical report whIch many 
of our own conipilersofsimilar documents c~UJ.d studi'withprofit ......... ~-.. 
~Thereis no doubt that India has immense potential sourcesfor '-' home grown " 
diesel fue41 ;.and the '}Vork in this report has 'all ~dded practical interest 'at the 
moment 'which ,canno~ be over-estimated ...................... ; .... A. 
readily convertible. gas-oil engine . capable .of using these Indian" fuels would, 
in our view, represent a~gb)y desirable prime mover formany Indian Industrial' 
purposes as welt as forriv~r craft apd much of the immense volume ofIildian, 
coasta.i shipping". . ',,' . .-

. The. editorial goeS on -to impress upon the British manutactur~rs of diesel 
engines t~e desirability of' developing such 'prime-movers andsofving the 
probl?ms indi9at~d br the autho.r~ as a r?sult of. their'inv~tigation contained,. 
wthis bulletIJ1. Those enterprlSlng Indian .manu.flJ,cturers. who have lately 
interested themselves in the manufacture of oil engines should make. a note of, 
this and try to take advantage of the pioneering developments. that hive. been 
and still are taking place ill the country for the utiliza1;ion. of vegetaple oil fuels 
for internal combustion engines. '. . . 

As a direct result of the stimulus given bYthe publication ofthis'work, 
a.- large number of Users of engines, producers of vegetable oils and laborll:tory 
workers all over India have turned their actiye g,ttention to. th ~,practical ' 
application .ofthese researches. Afthough only, a -small proportion of these 
attempts have found tneir way into print)t may be safely stated that'consider
able amount of vegetable-nil is being actually'emplOyed at present in .this 
country as diesel fuel. . Some of thepublijilied and otherwise available data _ 
has been ~ummariSed in. the appendix..of this editgn of the bulletin, while· among 
the unpublished woik mention must be made' of the experiments p1tiducted at. 

- tM Madras E!l.gineermg Col!ege, Guindy, those sponseredbv the Hydel'a~ad ' 
( iv') 



Board of Scientific and Industrial Research and the Dfreetors of IndustrieS' 
of various provinces. In the. last category special mention must be made of . 
the Director of Industries, U. P., whose. ~i'ganization at Harcourt Butler 
T~chnological Institute, CaWnpore, under the guidance of Dr. Athwale has been/ 
vigorously pushing the practical application of vegetable oils not only as Diesel 
fuels but also in various other, directions. ' 

Side by -side with the practical application, it is highly important that / .. 
serious attention be paid to .thenumerous outstanding problems connected:, 
with this application, most of which havebeenpomted out in the text oObis 
bulletin. Thes~ inchide, mInimization of carbon deposits, ·eliir!inatiQi). of· 
cylinder "'.Far, . ab1.>lute ~reventio~ of con:osi~n Qf m~tallic parts, r~~uct~o~.of 

• fuel consumptIOn by ratIonal engme and deSIgn, study of the atoIDlZatlon of' 
injecte~ .fuel and of inje~ti?n p~essure .and timing, me~nso( proridiD.geao/ " 
.startability e~c. Unfortl:illat,ely the pr~s,e~t. a~thors.have .. b~en e~aged .. m 
many other-urgent problems ill the recent yeats andconsequenay hat~ little . 
to repo~ in the way of fundamental advances of knowledge; but 'there'i~ little 
doubt that other investigators -are int~resting themselv~ ,in these p~Qblems. ' 

, . , • , ". ,.J._\~.' , \ • . ' .' .,. • "t', .... "'.;. 

( v.) 



, S"fNOPSIS 

.. The importance of utilizing vegetable oils 118 Diesel Engme. fueTh froin th. 
national and also the -wider-points !)f view is discussed. The literature-on the 
Bubjeetis briefly reviewed and the divergence of results '()Dtained1}y' varioUs 
investigators on different aspects of the subject ~ pointed 'out. - The chemical 
and physical' charaeteristics of Diesel fuels and their relationship -with engine 
performance, fuel !mndIing, etc., are disc1l$!Eld. -
. - 'The experimental plant used in thepresentinvestigationsconsisted"ofan, 
8 H. P. Die:;el engine and electric dynamometer unit, with accessories alid 
controls to3acilitate running under- standardized conditions. The chemical 
and physical characteriStics of -11 'vegetable oils' of Indian origin -and a 
high-speed mineral Deisel oil wer~ detertnined._' 

Preliminary.runs of short duration on all these oils were carried out on 
the experimental plant under previoUsly standardized' conditions of operation . 
.b a-result of these runs, startability, stability of operation, nature of exhaust 
and maxim1lII¥obtainable horse-power were 'deternUned tor each ofthese oils. 
- Prolonged ru:ils of 50 hours duratioILwere alBo carne¥ out Oldive of, the 

vegetable oils and _two similar runs on a high-speed_ mineral Dieseloil. .Other 
oils will be taken up .for similar investigation as and when convenient. These 
runs, besides coJ!fumingthe results of the preli:oiinary runs, gave information 
regarding the specific fuel consumption, per -cent. brake- th.ermal efficiency, 
characteJ: of resulting depOSIts, and corrosion, if any,. of the engine:part8. 

Briefly speaking, the resUlts obtained _indicate that most of the vegetable 
oils may be successfully employed as Diesel fUels; some do not require any 
modificatiQn8 in the engine except n:iinoradj1lS1;ments~ these 'including gro:und-
nut oil, cotton-seed oil, an~ rape-seed oil, while'oth,ers, such aspolang oil, 
may require certain, engine_parts to be'built of Corrosion resist,ant il.lloys. 

The performances obtained from almost all ~he oils. tried were compara~~e 
with that of mineral Diesel oil, with the exception that castor oil (andpGrhaps 
coconut oil also) may require a certain amount of pre-heating in order to obtain 
better smoothness of running. _ 

As compared !rith nlinetal Diesel.J)j}, the vegetale oils gave, in general j 
approximately the. same power output; a slightly higher fu.eI consumpt:on, 
better brake thermal efficiency, ana slightly more, but not; excessive, deposits. 
- Cotton-seed oil gave an exceptional performance in- that its consumpti0l! 
was definitely less than that of mineral oils and its efficiency appreciably liigher . 
while the power output was equal to that ob~ined in the case of the mineral, 
oil,' - -

(yi T 
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INDIAN VEGETABLE 'OILS AS FUELS FOR 'DIE8.F;L E~GINES 

, . -
liqUid fuels in all forms have in the past been used in internal oonibustioll, 

1lngines. . At. the presel!t time,' however, the most important liquid fuels" are 
'Petrol and· fuel oilfp...both 'of which. are obtained from pertoleum. The former 
is used in ordinary f2ark-iginition carbiU'ettor type eAginellof comparatively 
low oompression ratio, and the latter in: Diesel engines (or what are popularlY 
known as "crude oil engines ") of relatively high compression ratio; The 
popularity of the ~tter type of engines is due to the fact that they are simpler 
.and more rugged in construction, arid utilize cheaper grades offuels, giving 
lrigher therma.l efficiency. Engines working on .the Diesel cycle have the 
highest thermal efficiency ever achieved hitherto with any type' of heat· 
engine. 
. Higher thermal efficiency; in terms of ordinary usage, means that more 

economical consumption of fuel results for If given load, th1l£l gasoline (i.e., 
. petrol) engines ~onsume approximately 25 to 30% more fuel than. Diesel en
. gines. As an example. the figures' published for a recent trial by Yuasa1 

are interesting, as it was shown tl1at the consumption Of fuel by a Diesel t!ngine 
was 170 gII2.S. per B.H. P. hour as against 270 gms. per B. H. P. hour in the 
'Case of a gas~lin6' engine ~ivihg the same power output. . 

. The fact that a. Diesel·engine consumes a fuel which is not dangerously 
inflammable renders i, a'dditionallyattract~ve in many applications such as, for 
example, in aircraft and for small pleasu+e and utility crafts on the water, 
where fire hazard$ require to be seriously considered; The higher. degree of 
.a.fety. also results in the storage, handling and transport being more free from 
those restrictions and .~egulations which have to be imposed in the case of 
petrol and benzol . - . 

The increising popularity of Diesel engmes for road transport Will be evi;. 
dent from the fact that in 1932 there were, on the roads of Great Britain.. fewer 
than 100 Diesel engines; five years later there were abouU5,OOO and the number 
was recently estimated ~ be increasing at the rate of 800 per m<;lnth.' Several 
leading firms have -ceasel to build petrol engirles eJ!:cept to speCial order2. . 

It will be readily appreciated that countries which do not possess' any 
petroleftm deposits have, of necessity, to depend for their supplies of fuel for 

- Diesel engines on those-which hav~ extensive sources of petroleum. To render 
themeselves independent· in' this res~ct, attempts are being made. by several· 
nations of the world to 'find other suitable alternative f!lels, thus production of 
petrol by hydrogenation of coal or coal products, m~olid. liquid, and gaseous 
forms, and- the use of gas producers on'transport vehicles burning wood, coal; 
Cloke, charcoal, and other types of fuels are two of the best known attempts in 
this direction. .... - . 

Attention has also been directed in various countries towards the direct 
. litjization of vegetable products, such ·as vegetable oils, asfuels in Diesel en
gines in place of ~eral oils. The countries that are comparatively poor in 
1412DofS&IRDelhi . 
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mineral oil reSOUTcelf and richiri. agricultural resources will naturally benefit liY' 
stich developil1ent, and the extent to lVhich vegetable oils can be produc!ld-de
p~ri.ds Iar.gelyon the advances made in sCientific methods of agriculture. . Thee. 
possibility ofjltiliiation of vegetable oils was recognizedby the original inventor 
of Diesel engines as far back as 19113, and he visualized tllat, when resources. 
. of mineral oil Qecome deplete-d, as they inevitably must in the not too distant _ 
future at the pres<;llt enormous rate of world consumption, the Bun'S railiant 
encrgywill still be available to produce,vegetable oils froin. t1!e soil for use in 
Diesel engines. ..... . . 

According to-certain authorities'; t:he~mineral oil resources of the world~ 
if they continue to be exploited at the present late; would last only about 
another 18 years. Even if this estimate prove. to be W1:.,ong by a consi~erable 
margin, it can hardly be doubted that the day is not far off when the power 
production indus~ry will be obliged to divert its attention to vegetable, prodnct~ 
the supply of which is not limited!Ls are mineral oil deposits: 

, VEGETABLE OILS AS DiESEL FUELS,· FROM THE lNDAli POINT OF VIEW ... 

. Oil bearing seeds are producedunder a wide ra,nge of climates, but most of 
the oil' s~eds of major commercial importance grow in tropical oisub~tropical 
countries. The Clima.te of India being well adapteq to oil seed production, this 
oountry Mnks at present as one of the premier oil-seed producing are as in the 
worlet, the 'annual production being about eight million tons5• The most 
important oil-seeds of India are cotton,_ rape (including lIlustard), sesame, 
cgconut, groundnut and castor. In addition to these, India produces many 
minor . oil 'seeds of varying importance. A large proportion of th,.e o,ils pro-, 
duced from them are consumed locally for ~dible purposes, burning, soap 
making, etc., aecording to the type of oil concerned and its ~ndustrial utility. 

After satisfying local re'quirem~nts, India is able to export 'annually vcge-;
table oils to the extent nearly . half a crore of rupees.-' In addition_to the 
oils, India exports a larg~ quantity of oils seeds and oil cake, the values of whicft 
are' nearly twent.Y erores 'alid two and a half crore of rupees respectivley6. 

The export of se,eds iS'considered by many-to constitute, a. great economic loss. 
j;o the country., " ' . . . " " 
_ At present the market pl'ices of yegetable oils, jn general are higher tha~ 
those of mineral Diesel oil~, but it may be anticipat(ld that ip. due course the cost 

, will 'be reduced as. aresvJt of systematic and scientific agriculturll! deve
loplnentll combined with the' development of more dficient oil eXtraction 
methods. Even now it is possible in certain localities to purchase a. number of 
the non-edible oilS1l.t fairly cheap ra,tes, which goes to s,how that it may become 
possible to'reduce the cost ot such oils ~o a'S to compete with mineral Diesel oit . 

. t)1l the other hand,nllneral oil prices may rise ab6"e the limit of those oi. 
v('get.agle oils, .as the supply of the fom~rbecomes more restricted with time. 
Furt.hermore, the utilization o(some of these oils may IDE'an the utilisation of 8;.. 

fairly large quantity of what are nowrcgarded as forest wastes. 
. There is another point in connection with the cost question 'which tlhould 

~e kept in mind, namely, th'at mineral Diesel oils are not available in ~he
int~riof Qf the country at the' cheap'rates prevailing in .:the port tC,nyns. on. 
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accouni(of railway freight charges .. Vegetable oiIS, which may be extracted' 
locally, are therefore better placed for compe}wg. w'j,th mineral Diesel oilS in . 
the. interioJ," . of the country'. . . 

BRIEF SURVEY 'OF PREViOUS WORK. 

Gautier7 appea~ to have been the first to undert~ke a detailed' ~xamina- . 
tion of the possibilities of utilising' vegetable oikas fue~. for. Diesel' engines 
(both high and low speed types); andM' described the results ofhiS work, 
carried out on groundnut, palm and castqr oils. From1!is experiments he· 
concluded generally that vegetable oils maybe considered to'be quitel'tatiS. 
factory fuels for Diesel engines. '. - . c .' . . 

Schniidt8, tested pea-hut (i.e;, gro¥dI!ut),. soya-b~an and palm oilain a 
small Diesel. engine., The erigine. ran satisf~ctorily,but difiiQulty was sOme
times experienced in starting~ this coUld be obviated: by_starting on mineral 
oil.' -_The' engine developed considerably less power with vegetable C?il (15 .h. p. r 
than with .gas oil.(24 h.p;), and Schmidt ascribed .this to". the lowercalorioo 
value. and higher-visc08i~y of the vegetable oils, 'the latter 'pre-y:enting proper 
atomisation and thus causing-imperfect- combustiQp. ... '. " 

Chang-Ming-Tu and 'Tsu-Tze-Ku9£ou~d that Wxtures. of 70% -.cotton 
!!led oil With 30% Diesel oil or 90% cotton seed 9il with 10% gasoline or 80% 
cotton seed oil with 20% kerosene conformed closely to. the s,tan..dard viscos}'ty . 
~nd soJidifyin,g-requirelJlents of Diesel fuels. These aut1iors,.hO\v£ver,made no 
engine tests. . _ ' ~ -" .. .. 

Howes1o, Hubner and. Egloffll tried -p,ea-nlit;coc9nut, soya"bel!n,and 
palm oils as Diesel fuels and reported starting difficultfes, low l,l0we:J;olltput· 
and high fuel consumption. .., - ~: 

ManzellaIa 'tried pea-nut, oil in a 2-cycle . engine. of' 12 h. p;running-af;, 
520 r.p.m:. His conclusions,were that (a) operatIon with pea-nut oil offer'no 

',difficulty or' drawbacks ~. (b). the fuel consumption was higher than when using 
mineral oil at normal loads but was lower atreduced loads, in spite ofthe -fact 
that pea-nut oil had a lower calorific value; (c) the-efficiency in: _all cases was 
greater than when !1SIDg inineraloil ;. (d) . igp.iti~I!was somewlfafretard.ed as 

. compared with mineral oil; but this feature was of aClvantage, in that thepres-
_ sure rose more gradually and consequently the maximumpress*e was lowered. 

l\Ianzella13 found that the calorific '\1.alue of raising-seed oil,was approximately 
.that of-mineral Diesel oil; and engine tests with this -()il and alSo' with a 1 : 1 
mixtnre with Diesel oiJ:-'-showed,siniilar performarce as regards indicator 
diagrams, specific fuel consumption, etc.,exce,pt th~tJ;here was ~ome ~fficuly 
in starting :and mOl;edepositS' were formed in the combustion chamb~r. . 

Gauppif. tried plant' oils such as'soya-pean, sesame, pea-nllt,palin~ aD,d 
sun-flower seed oils and shea butter. H& concluded tl;tat,:under propel! condi~ 
tiona, the use of vegetable _oils as Diesel fuels Was possible without dj,fficwty~ 
Gauppli recently reported test on. vegetable oil' fuels in II; ,four:stroke twin
~ylinder ante-chamber Mercedes-Benz oil' engine having a.compression ratio
:If 14'5_= 1, aspee<i'of75Q r.p.m., and an output of 25b.p., R,esultsshowed that 
there was little difference between the output obtaiaed with vegetable oil fuels 
~nd with gas oil. The consumption of fuel,however, was 12 ~o151Yo higher 
Ml2DofS&lRDelhi 



, than when using gas oil, and in this respect palm and groundnut oils were' 
slightly superior' to soya-beap. and sesame oils. With, vegetable oil& certaiq 
metals showed a tendency to corrode., Gaupp concluded that, in or<Jer to 
o1)tain satisfactory operatIng conditions with vegetable oils, the, engine 
should be started with mineral oil, 'the vegetable oil should be filtered, the 
fuel must be 'pre-heated, the combustion chamber, etc., should be decar
bonised'" more frequently than with mineral oil, and that it was- desirable, to 
run on mineral oil just before stopping, in order to ensure that miner~d oil 

,was in ,the fuel ~ne ready for restarting. ' , 
Tatti and Sirtori18 used pea-nut oif as a Diesel fuel Il,nd compared the 

performance' of the ~ngine with that when using gas-oil. At tempe~atUi.'eS 
below 10,oC., the viscosity of the' oil became very high rendering atonuzation 

, difficult. They also found that pett-nut oil attacked copper and therefore 
copper pipings should not be employed. ' 

. Palm oil was' tried by a mining company in West Mrica17, where this 
oil could be purchased ,at a quarter of the price of Diesel oil. The organiza
tion concerned had a nun:lber of engines of various makes installed, the total 
horse-p~wer involved being about 500.' The power reduction on palm oiJ was 
found to be nearly 20% and the specific fU,el consumption increased by approxi
mately 20% on fullioali and 25% o~ three-quarter load. Pre-heating had to 
be resorted to and starting had to be effected on gas:-oil. Although the palm 
oil contained a certam amount of free acids, no ill effects on the, engine parIJI 
}Vere)'6ported and there were no iII effects from the products of combustio!,-. 

, Walton18 exami.Ued the possibility of using a wide variety,.of vegetable 
oils as Diesel fuels. Of these, palm oil, cotton-seed oil, groundnut oil, and, iii 
particular, soya-bean oil appeared to be the' most promising. Pre-heating 
was employed in most cases, but no insuperable difficulties were experienced. 
A standard type 6-cylinder Diesel engine ran with a clean exhaust on palm 
oil, but pre-heating was necessary. Fuel consumption was 10% above that 
when using gas oil during a run of 3,000 miles on the :toad. No particular
iIamage was done to the engiD.e. but the pmiip elements suffered from poor 
filtration. Similar results were obtained with cotton-seed oil, groundnut oil 
md soya-bea~ oil, the power output being 91% of that when using Diesel oil.
[t was emphasised that the exhaust was invariably clean and that Diesel knock 
was viitually eliminated. 

Walton also found that the effect of vegetable oil fuels on lubricating oil 
was that tlie higher iodine value of the former resulted in greater sludge forma
;ion in the latter. Among other vegetable oils examined, about which no 
;echnical information was given exce,Pt tha\ they were usable as Diesel fuels, 
lI'er6 the following :- - , , ~ 

- -(1) Castor. (~ Pea. 
(2) Grape seed. (10) Poppy seed. 
(3) Maize. (11) Hemp. 
(4) CaD).eline. ' (12) Linseed. 
(5) Pumpkin seed. (13) Chestnut., 
(6) Beech-nut. (14) SunHower. 
(7) Rape. 115) Olive. ' 
(8) Lupin. (16) Shea Butter.' 
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Cerche.t19, in discUssing alternative fuels for- Roumlnia, stipported th~ 
direct use of vegetable oils in place of Diesel 'oil! although. the former ha< 
several considerable disadvantages such as poor atomillation, in the absence 0: 
pre-heating, and lower calorific values'

L 
' . 

Experiments were also undertaken li.t'Brussels22, with a fuel resulting 
from'treatment of palm oil With eythyl alcohol, in an_ omnibus--i.-unnittg on a 
regular passenger service frOIl!- Brussels to Louya,in, the total distance covered 

. exceeding 20,000 kilometres. The results were' I}uite satisfactorY. . 
Hamabe and Nagao21 rece~tly inves~igate<f the perfoman~e of a 10/12 

.B.H.P. single cylinder Diesel engine, having a bore <# 150mm. and stroke of 
240 mni., runilingat Mo r.p.m. and using soya-hean oil and also gas-oil as 
fuels. They found that the output and thermal efficiency were nearly ~lie sam ~ 
as wft4 gas-oil, but that the fuel consumption was higher. Diesel knock 
"'W~ found to be less in the case of soya-ohean oil-and the-ignition lag, as fomil 
from indicator diagrams; was also smaller. Starting was found to be easier 
in the: case of ~oya.-bean QU. . I I ~ -

The brief reE!um6 .ofthe- recorded work ~hic:6. is given.' above" indicates 
that the degree pf agreeme~t between various workers is not very high. The 
results obtaine.d by: different investigators presumably differ owing to the com
plexity 'of the proolem of fuel· utilization in, Diesel engines. . The ef:ficient 
utilisation of a fuel in an engine is not only dependept, on the .characteristics 
of the oil itself. but is alsq greatly affected by the design and construction of 
the atomiser and the engine, the \iarioUs adjustments of the operating parts 
and the prevailmg atmospheric conditions. Conseq~ently it is not surprising; 
to find that the results which, have been obtained by differenti;nvestigators 
vary as milch as they do, but!t is an encoUrag~g sign that' a certain degree of 
agreement exists. The varipua points of interest in,relation to engine oPElra
tion will be taken up in detail under the heading ,. Discussion" at a later stage, 
but it will'be of interest at. this stage to note the general requirements that 
Diesel engine fuels should. be expected. to satisfy. _. 

. GENERL REQllREMENTS OF DIESEL FUEI;S. 
! . - '. . , 

'The general characteristics22 ,and properties ·of Diesel fuels can 'be divided-
into'those concerned with :- - . 

- (1) handling, storage, pumping and atomisation' of the fuels.; 
(2) ignition and combustioD of the fuel after inj ection into the combus-

tion space of the engine: . . 
It is usu8.l -to include a- niunber of th,ese properties in specifications, 

although it is impossible to define with aIlf exactitude the Ill:erit of a Diesel 
fuel by reference to specificatiop. characteristics. - . - . 

Conditions under (1) are nil!-inly covered by the following' character-
,istics :- . 

..(a) Flash. point. 
(b) Specific gravity . 
. (c) Viscosity. 
(d) Setting point. 
(e) Impuritiea. 
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Conditions under .(2), are similarly coyered by the follmyjng :-' -. 
. (a) Calorific value. ' 

'(0) Chemical constitution. 
,(c) Carbon residue.' 

• _' We shall take up each of th~ above characteristics and' disc~~ 1i.ow far-
vegetable oils compare with rllineral Diesel oih~ " 

Flash point. 

The flash point· js important chie.try as a safeguard against fire risks when 
handling and during tIansportation and! storage of the fuel,. but it has no effect 
either op. ignition or combustion of th~ fuel in the engine. ,Generally, the 
II;linim.!lm specitiedvalue for flash point is 15QPF. All vegetable oils-have a flash 
point much higher than thls value.,,,~ . - . 
Specific' Gravity; . 

1:'he ~pecific gravity ofa fuel h~no direct influence on its behavioUr in the 
engine, but it is useful for identificatio,!l, pp.rposes and affords a simple meanS 
by which t4e purchaser may check uniformity oIfuel supplies. 

, Viscosity. ./ 
. The property oIviscosity is of great importanCe as it affects the flow of the 

fuel fro;m' the storage tank to the fuel . injection valve as well as the correct 
atomisation of the fuel when leaving ~the nozzle, of the atomiser' inside. the 
combustion chamber. When fuels of high viscosity' are used, it becomes 
necessary to .reduce. their viscosity either by heating the fuel pipe or by 
adm~ng a fuel of lower vi:!cosity so that they flow freely through the pump 
and the injector. The rate of burning and completeness of combUstion al:cr 
eonsequently the maximum pO"'er output, is largely dependent on the fineness 
and proper atomisation of the injeCted fuel which, in turn, is largely influenced 
by the viscosity of the fuel. _ While vegetable oils, in -general, are considerabIy 
more viscous than petreleum-Diesel fuels, some of them can be used undiluted 
to produce the maxllnum output and a clean exhaust; while in,the case of 
others, it'becom~s necessary to beat. the fuelJlipe or to have recourse to. blend
jng oi dilution with a less viscous oiL 

Setting 1 oint~ 
The " Setting Poin~ " of a Diesel fuel fiecomes important wnen the fuel 

has to -be used under low temperature conditions. So far as the operation of 
engines is concerned, it.is necessary to take thiS. pr:operty iIitoaccountso as to 
ensur!l that, under all possible-conditions, the f\lel is readily capabl~ of being 
pumped. Certain of the veget.able oils set at ordinary -winter temperatures '; 
arrangements, t;,herefore, may require to be· made to ensiIIe proper ftuidJty by 
pre-heating when they are l.J.sed. ., . . 

bnpurit1:es. 
All D:·ce.eI fu~ls are Ii!tbfe to ~ontain sman quantities of water and also ci. 

solid materials which are partly or'wh:911y ineomblfstible. These incombus-
tible mater.ial.s· are indieated by the "ash" 'Content, and ar~ ·usually. present 
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~n extr~mely~a.ll quantities~in most commercial piesel Iueis .. it. isver: 
lmportant that. the ash cO,ntent should be low, as.porti.ons .of any incombustibl 
material must ineVitably-tend to clog_the filters, pump valves.and injecto 
llozzles, and, if they reach the cylinder liner walls, ~w'ith the lubricating oi 

' .. ;and cause increased cylinder liner and piston wear. In addition, ~t also. tend 
· to reduce the· life of piston rings and exhiw.st valves. As hi-gh compression lia 

.. 1;0 be maintained for the sucCessful running of Diesel engines; the. question 0 
iW"ear is a very important one. ".' - . . . . . 

In the case of vegetable oils~ the chief iillpurities }>resent are :-
(i) Dirt and' other. foreign matter. 

C ii) Solid ~a.tter, from ,the seeds. 
(iii) Mucilage" . 
. (iv) Free fatty ~cids~ 
. (v) Colouring matter .. 
(vi) Substanc~ imparling.tasteand·sniell to theo:I. 

(vii) Moisture._ . . 

.' MO!'!t of these are taken care of ahd elimin/)<ted by ordi~ary conimercia 
refining methOds; and sOIl1e of them can also bea.e~lt with- by means of th 
:special fuel oil filters rwrmallyprovided on modern Diesel engines. Themos 
important consideratien'fromthe point' of view of Diesel en~ine opera.tioD. isth 
corrosive effect of free fatty acids_in these oils,' Although such oils may no 
· cauSe trouble under ordinary conditions, ~he acids are liable to be dissociated ~ 
t~etemperature of combustion and may cause 'pitting ol ex~au:st valve' seats 
p18tonsurfaces; and other .component parts o~ the combustIon spaQe surfaces 
Gautier7 gives 20% as the acidity, limit {equivalent to an acid value of 40) 
which !Day be tolerated. / 

Calorifiovalue .. _ . 

. , Tn all fuel pr~ble~~, the calorific value of t:6.e fuel is an importaIJ.t consi 
· deration, and a distinction must 'be made in this conneqtion between gross' aIle 
· net calorific v!;tlues .. The, gross calorific-value represents- the total quanti) 
cl heat in a standardwei,ght of fuel,· assuming that all the combustible compo; 
nents yield their full heat value on burning in,a calorimeter and the Pl'oducts 0 

~om'>ustion are cooled to the room--temperatore. As,however, thehydiogel 
'eomponent is converted into steam, which, in an engine eylind~r, leaves withou\ 

giving up its latent heat, it is necessary to subtract the lat~nt heat ,of thi: 
pottionjn ordel"to arriv&at the net useful he,a,t :nput of the fuel used. Expert 
.mental determination of the gross calorific value is made in a suitable ,calori 
meter, and the'net calorific value is obtained from the gross value by deductin~ 
600 calories per' gram of water formed during "combus~on, or M. <cal~!-,ies ~o! 
each '1% of hydrogen in ~hefuel thus . .', 

. Net calorific value = Gross calorific value-:-54.H, 
where H= % hydrogen in the. fuel. 

It may. be mentioned that it isconveiitioI¥11 amongst the Ieadingsc:entif¥ 
.societies'to base engine thermal ~ffieiency ~n, th~ gross cal~iific yalu~ of t~,\ 
fuel.· . , '. . . -,. ,.'. , . ' ,-: 

)i1.2DafS&IRD~lbi 
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Ohemical Oonstitution. 
, 'Fhe chemfc31 constitution' of an oil in1Iuencesvery ~onsiderably its qualities 
as a fuel as it not only affects its calorific value but also determines, though in 
lin unknown manner, whathas been termed the i~tion ,quality of a fuel. All 
Diesel fuels prq~uced from crude petroleum consist chiefly of carbon, hydrogen 
and asmaU percentage 9f sulphur, the proportipns: depending on the source of 
the crude oiL· The' hydrocarb(l)nS are present in, the fuel in various proportion~ 
and may be divided into three main groups known 3s..paraffins, naphthene.s and: 
,aromatics. . Of these, the pataffinichydrocarbo:tls are. generally preferred as, 
DieseLfuel cOJlsti~uents from the point of view ofignibion quality, while the 
aromatics are considered to be relatively poorin~his :respect. 

It lias. been found by various 'Y\'orkers ~hat the HC ratio of a fuel is generally 
, ~ 

a good index of the degree t>f completeness of' combustion which can be 
attai~ed in practice .. Dr., Schweitzer of the' PennSylvania State College23 

subjected to statistical a,nalysis the data. obtained by LeMesurier and 
Stansfield24·in tneir investigation of fourteen fuels' with respect to their 

behaviour inDies:! engines. From thisanalJ1!is it was"fuund that ;h~ ~. 
ratio of a fuel showed fairly good c~rrelation with its self-ignition temperature, 

t~e latter decr~asing with incr~g ,:alues of ~: The explanation off~red, 
for this fact is that ignition is ordinarily initiated, by rapid peroxide formation 
and that the. hydrogen atoms; which split off easily, are the on,es wliich faci-
litate thi3 formation. ' " , 

It has'~tsob~en fo~n~ 'that the .~ ra~io can ,be correlated with the 

delay angle, that is, . the interval between the opening of tne fuel valve and 
the point of oommencement of the pressure- rise due to combustion. In other 

words, a high' ~' ratio fu~l will give' a sh01:tel; dehy 'period and hence more: 

rapid and generally. smoother operation. . Aromaticlt and. naphthenes as ,a, 

rule have low ~ ratios. 

The ignition quality of ~ fuel is generally measured,UJ, terms of 1J;te delay 
periodol'igniti,on lag .. The larger the quantity of fuet present.iD. the cylinder 
before ignition takes place,-and' this' depends on' th~ delay period-the. 
greater will be the shock pressqre, I,t ~ this shock pressure which is respon
sible for rough operation-::-$e SIiI called" Diesel Knock ,f. _ According t() 
Brerlage and Broeze2J! the delay period . governs- the roughness of running" 
ignition" production of smoke and offensive exhaust, and, in sllme cases; 
piston gummillg. -

V;'get,able oils consis~ essentially ~f the glycerides. of sat'!ll'~ted. aid, 
unsatur!1ted, fatty acid lI.J;ld contain, beside, carbon and hydrogen, a consider- . 
4)Jle l?ro~ortion of: o~Y~l\n., ~¥~ re4~ces t4~ ~et ~~lor.ifiQ va)ue 'of the £ue~ 
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as compared with mineral fuels, owing presumably to a portion of its ,com~ 
bllBtJible 'material being already combined with oxygen in the ,fuel, molecule 
itself and consequently not beingavailabIe for producing neat as, a result, of 

ox!dation with air: The '~ ratios o£ these o~ are, howev~r, ~ene:ally higher 

~th~n those of mineral oils, as a result o{ which more complete combustion is 
likely to take place and thistend,s tocompensate'to someextentfor'llhe lower 
calorific value. " , 

As~gards the delay period jD. the caSe of vegetable ~ils,exce.pt..for on~ or 
two determinationS, no work appears to have been dlme. It has 'been observed 
by ~any investigators' i:n this line, however,' that' the operation, of engfues 
with vegetable oils was no more rough than with mineral oils, -On the contrary 
some have stated that" Diesel Knock" was Vir.t;ually eliminated when running 
on vegetable. oils. ~ 

Carbon residue. 

Diesel fuelsvaty cOnsiderably' in t1!.eir- carbon-forming tendencies as 
shown by the internal condition ohn engine after a perit)dof running. Carbon 
m~y 'commence to form 'on the fuel injection nozzle, 'and the consequent m
terference ,with spray ,formation m~y' rapidly lead to falling off in 'power 
output and a smoky exhaust. As an indication of carbon-formfug tendencies 
either the Conradson or the, RamsbottOm test is' generally adopted, and, a' 
number of workers have found a fair agreement between carbon deposits in 
the engine aniJ.-the Conradsoncarbon ;residue in many cases. yegetable oils 
generally, give a higher Coni'adson residue than mineral Diesel oils... ' 

• .' _. I , 

EXPERIMENTAL PLANT. . , 

The equipment used in the investigations described in thillpaper c6nsis_~ed 
chiefly of an 8 H.P. Diesel engine coupled to an 'electric dynamometer, shown 
diagramatically in Fig. 1. -, 

ll';he-engine was'a single cylinder Lister Diesel engine having -the following 
specification :~ _ " ' 

, Rated Power .. ,8 H. P., . 
Rated Speed .. ,1200 R.P.M. 
Bore' .: , 4tins. ~ 

Stroke . 41 ins" 
OperatingCo~presJi~n Ratio ~.' 15:-~ 

. Starting COmpresSion Ratio .• .. 19: J. 
'The engine w~supplied 'equipped with the following :-, 

One-:-Type B.P.F.,:IJosch fuel.pump. _ 
On~Model S,Bosch injector with a lIingle ~ole., . 
On~Centrif\lgal governor with speed control, device for regulatin3' 

. the flow of fuel, designed to maintain tlte speed constau.t at all 
loads. . 
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The-engine when purchased was an ordinary coIllIrierCi~r unit, anq if, 
was necessary -to introduce certain modifications with a view .to faci1itatirig 
the_control of operating condit.ions and maintuining them constant. The 
modifications includ~d the, following items :--' 

(1) The thermo-sypoon cooling water circulation system was feplaced 
by a pump operated water circulation -system. A centrifugal 
pump (Fig. 1) was installed at the outlet from ~he .cylinder 
he.l1d, a. V -groove belt and pulley being provided for driving this 
'pump~, ' 

(2) The taWator was installed outside the laboratory wjth a view to 
avoiding unecessary heating of the laboratory. It was 
connected to the engine jacket inlet and pump t)utlet through 
large diameter pipes (11i.' ., 

~) An eiectri0 fan was p~vided to produce the necessary cooling air 
draft for the radiator. the fan speed being qontrolled from inside . 
the laboratory· (see Fig. I), 'through a control rheostat of slide 
type mounted on the switch-board. The adjustment of fan 
speed was made in ~ccordance. with the temperatill'e., of th.e 
circulating. water. . . , '-

.' ... . 
'(4) Two thermometer pockets (Fig. 1) were provided, one at theinlel> 

, and the other at the outlet of the water jacket circulation system. 

, (5) In order to maintain the temperature of the engine intake air ' 
constant a 1 K. W. 'electric heater was mounted in are-entrant 
type of manifold installed between the "air filter and the air 
inlet port of the engine (Fig. 1). The heater was provided with 
a three heat switch, and with a rheostat and ammeter mounted ' 
on the switch-board' for control purposes. . ' 

(6) A thermometer pocket was .ins~lled in, their intake port of the 
engine >to enable the air temperature ~o be indicated ~nd can-
tr<?lled. , 

The engine was coupl~d to the dynamometer. through III flexible .rubber 
canvas Hardy type disc, coupling •. The dynamometer was arranged so that it 
eould'be used as a motor for staI1;~ng the engine or as!l. generator for delivering 
the pow6.!" toa load dissipating resistance through .suitable measuriRg instru
ments (see :Fig. 1 for electrical c'onnectiOll.s). The' aynamometer was of the -
trunnion' mounted yoke type, the YOKe being provided with' two cantilever.
arms, .one connected tO& weighted centre zero balance with a hand-wheel 
operated positioning gear and the other to' an oil dash-pot. The dynamometer 
was also provid.ed. with a-revolution c~unter. - ' 

The 'engine-dynamometer assembly was mount.'d on a ~hanneI·iron l?a:se 
franie anchored:.to a reinforced c()ncrete bed, which was isolated from the 
laboratory floor. Between 'the floor arid the concrete, bed was provided a 
clearance of 1/2" all around, which was filled with pitch, thus the electrical" 
instruments mounted oh the switch·board, anchored to the laboratory, floor 
'were protected against excessive vibration from the power upit. In ·Fig. 2 
is given's general view of the installa.tion. . 
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Fig. 1. 
Diagrammatic Layoutipf .the Experimental Plant, showing essential details of the ~:ster Diesel Engine, the Dynamometer, 

.... nn the F-lentl'inal control circuits. 



Fig. 2. 
General View of ,the Eng'ne-Dynamometer Equipment with Switch-board in the background. 



EXPERIMENTAl;' PROci:DU~E mREsULrs; 
" " 

:Sto,'nilara Condition" 
The engine waarun in "f6! i.~peri~d:of twentycfiVe hours at approximately' 

th.ree-q1l&~r full 10ad at normal rated ~ee"d before undertaking prelimiliary 
trial' expenmenta. " 

A number of prellininary.trial eXperiments were .then. made, usit!g mineral 
"Diesel?ilandaf~w_~~get~b~e~ils, with th? ohiect,of'~sc.ertaining the normal 

cperatmg conditlons under which the vano~ '~uel oila might conveniently 
he subjected'to comparative and extended tests. As's result of theseexp'eri-

/ ments, the following conditions were stlindardiz,ed ~;.".- ',' 
(1) Injection Nozz!e Opening PressUre " 12501bs, per sq. in. 
(2) Injection Advance . •.• 2~o. beforeT. D. C. 
(3}Jacket~t~r Temperatur~ Outle1r:-170±2°F, 
(4) Sp~ , " . 'f ...1200'R..P.:M:. 
{~ Power 9utpu~ .. M~uni Available' 

(at 1200 R.P.M.). 
(6J Fuel Tllnlperature: Starting' 

, Operating 
(7) -Intake.Air~Tempeiat~e,.;.- , ' 

• . To suit' requirements. 
4-tmospheric. 

'.; ·Atmospheric (inmost. 
cases), 150°,F. (ill 
~Jaterexperimeri.t~). 

, ~Ordinl!-r~y, ~t~out the heatet: being-turned:op. and ~nder steady conditi':>n~ 
\he intake air before entering the combustion chamber was found to 4eat up 
considerably in ·pasaing through the. cylinder- head port. ' This temp~ratUle 
rise amounted to about 26°FwheIIthe. atm<?spheric temperature was 90°F 
'and the engine' was running under full load. In the early experiments, when 
the ~ heater' was .under:construction, : theetp~rinlents' ·~re: carried out' under 
these conditions and the temperAture of intake air a,llowed. to ,vary. according) 
to the" prevailing atmospheric conditions. -
. Later,however, when the heater became av~itA1ile 'it was foUnd'tJiit witli 

the. heating cJlrrent atjts mi~um value, (l:l,aIp.ps),a ~~J;llperature-riseof 
28" io~ I1~C 'resulted when theenginew~s runn'ng, under" standard-conditions-. 
Thus, assuming that the maximum air terp.perature Qid, nqt e:x;.cee4 105°F:, 
in Calcutta;, the miniinum contro&.ble t'empera~ilre'fc)raH weatherS:'would 'be' 

'146°F., ,With.a vie~_ to prov:iCUng a certain a.mount .0£ fl~xibility;ill control~ 
a'teniperatute of 150°F. Was'standardized for"the 'intake ,air:' "". 

" The. ,IIlinimumcont~"Qliabl~;temperature;as ch.osen as th.~ :stan~~r~asit I 
was f~und ~~at,with,inc~al!l! of. intaKe· air te!riperatjJ.rel the pow.er ()U~ pub Ofi' 

the ~ngind decreased. t::urve ,A in Fii: 3 -shows, tb;e Tt\13tion b~tween :t~e; 
manmum power output obtalJ}able wlth cocoIIUt-',oil, run, under ',otherwlS6 
standardcooiditionsi 'aIid'the-temperatm:e' of'intake 'are" . , . ',' 

. '. . Decr~asij' iri power::Wit.Jl~ in~rea~in~te~:(>~r~t.irr~) Ihay b~ '~xp~Ci~d:~n v~e,!,' 
. or the' fact that tIle'; qUantlty" 'of air'takElIi iIi pel" stroke' decreases" 1D.,' Inverse! 
" proportiontd the 'absolute timlperature:" Curve B:' Fig; 3, snows the ~alcu1ated' 

decrease whichniay be'exijected 'on thiS basis: It' will besee!lthat thhetUali' 



.decrea~e is le.ss than. thi.s aD:lou~t"the r~son for which is to.be sought in the. 
fact that the quantity of air per stroke allowed for in the engine' design is . 

. generally in c0n.siderable excess Qf the theor~tical amount required fof: 
·complete combust~on of ~h~. fuel charged per stroke. . 

:0.: 9 . .:c ~ 
t- .. 

'::» 
0..1 .... 
:l 
0 

~ 

1"" '0 
It 
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leo -'%0 140 160 - , 180 

. -
INTAKE. AIR TEMPERATURE eF., 

Fig. 3. 

Relation between 'powu output and· intake air t~mperature when Using: 
coconut oil .as fuel.-·, .' ........ ' . 

Curve A~Eq>erimental. 

Curve B-Ca.lculated on theb~ of quantity of air taken in per ~tJ:oke •. , 

Chemical and PhysicfiZ Oharacteristics. \ . 

The chemical and physical characteristics of the eleven vegetable- oils: 
and one high-speed mineral Diesel-oil uSed in this investigation we!l' determined, 
and the results obtained are sununarised in Table I. Cpmbustion analyses. ' 
'Were also carried out ,and the -hydr<>:ge~-carbon ratios ~etermined. These: 
Jesults arl' given in Table II. - . . ' 

It will be Been that a wide variety of oils are mcluded in the li.st, and tha. 
the characteristics of the oils ClOver Ii. considerable range. In general, the 
viscosity. flash-point, acid value, ash content, Conradson carbon,residue and 
llydrogen-carbon ratio are invariably higher for vegetable oils th&ll in tho 
Ca:3Q of the mine~al 0i16 but th~ ~lo~c !al.ue is. inv~iabillowef. .. . 



T'ABLE 1.' 

PhysiCal and Chemical Cha~r;derisiiclJ' of. ()i(B~' • 

:No. 
; ~, 

Commeroial name 
moil. 

Killom .. 

.noe. 

Speoi~o ti~ 
Appear. , Co~ ••. gravity viBcoai· 

at' t,y.lt I 

l00°l!' 100°F _ 

Calorifio valne in 
cal/gm. 

Acid 
",rune. 

Alh' 
%.' 

~, . Co~rad. 
Settins' '80n 
,point 'oarban 

Botanio..t 
.. name "rtlm 

plant, , pro· 
du.mgth. 

aee4_ '100°F in centi· , .. 
I strokes. 

, OF. res~!oe 

-I--.,.-"---'--I------I·---~· -. ,-,'-' _,_L-:- ____ -~:~-, -,---'-,-~~ -.. ·,1'-'---1.----,;.".. 

iri~b .pe~mn:~III) Clear .. Yellow .. ' 1):8492 ,3·90 ·jOSlO.770 10.,lU Nil 11.;1; '26 
dieilel. . " 

:;"'. 
I~taohis (grouudnot) 

, ' 
• ~araoj .. 

, Ponna! or r'udi ' 

\' ~ .... : 
,. Polang 

• Cast.n' •• 

7 ~ap~k 
8 Mahoa 

'-

II Cotton aeed' 

Atachlde hy' ClondJ1 
pogea. 

Pongamia , ~ear .. 
'glabra. , " .. ' 

Callophyllum- Slightly 
i~nopqyllum. :, tllrbid~ .' 

Do. ,H :' n,. 

Ri~In~. Com· 
mtm~ , 

Bombbma. 
\ hba.riQi'm. 
Gass,ialatilo. ' 
<-lia,.etc~ 
Go .. ~pium ",' 

Clear 

CI;'" 
gear 
Cl~ 

10 Rape seed (M';'tard). Braasia Jun.oa 'SlightJ, 
" tllrhid. 

11 COI<Iuut ',. Cocos nncifeta. 'Cl~ar 

12 riI (So ... ",.) lie.amaln indio Clear 
cum. 

M12DofS&IR Deihl 

Pal. 0',9028 40· ~9 
,¥.,llow; 
DeepRe~ 0'9215 44·7 

Blnish: •• , .0:924'1" '~"'87' 

Brown 

, 
f 

Dark 0·94711 '29~·' 
)~·.ellow, 
Dark Red o· 9Q42 : '1~ 73 

Palo . '.' 0'8991' • \t5·63 
Yellow. 

Pt.l.· O' 0125 36'70 
Brown., 

Brownish 0:9072 '49·7 
Vellow. 

,Colourless 0·9170 29" 

"Yellow •• 0·9148 . 3\,2 

1117 9,~44 

,205 9,311; 

201 

260' 

230 : 

214 

.275 

~21 

, 226'5, 

28]5,5 

8,875 

9,892 

9,464 

11,599 

9,856 

9;285 
, I..> 

9,696, 

.~~ ~ 

8,9!lS' ' ~'-4-3 ,0·010 36 

'8,705 5.·6, 0:056 47 

8..721 20:0: k62- "ill, 

'8,734 • 2)'6 ,0·018 -,3· I! 

8,295 ',6, 

11,788 :45·" 

8,838 24-112 

Nil Below' 
• -2 " 

':0·097 56'0' 
}Iii 67·0 

8,955 ·0,,'085 0'005 ' 2~ 

,:. 
9,095, 

. .;,-
5·a. ,0'37, 

9'52 0·016, :Beil'w 
, ,,-12.' 

1·6 '0·17, Below' 
,,9, 

\' ·16, 

,d,ol 

11"30 
6·42 " 

1.71; nil Ii, iI.. Dlt 
extrarted from 

, , seeds grCl)"n. jb 
, We.tern Gbata. ' 

'f·o ihis is' ~be; oil 
'extracted from I 

Reed_ ' IIrown in, 
On,"I'" , 

O'I~' \ 

,1)07 
I ' 
0·10 
\ 
/)·23 

0·28 

b'1" 
0·37. 
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No. Name of oil. 
-

i High speed mineral diesel. •• 

'. 2 .Arac.his (Gronndnut) _ .. , 
3 ,Karanj .. .. .. , 

-4, Panna! or Undi ,. .. " 

IS Polang ..• .. , 

6 . Castor .. .. .. 
7 Kapok .. .. .. -
8 Mabua 

.~ .. .. .. 
9 Cottonseed ... .. - \ 

10 Rape (Mustard) .. .. , 

.11 Cooonut ," ... .. 
12 Til (Sesame) .. ." 

~6 

TABLE II. 
-

I, -
, Percentage compositiollll. 

Carbon. Hydrogen 0xYgen_ , 
\ I 

, I 

., 86:9 12·4 0·7 , . . 76·74 11·59 n'67 

.. 76·92 U·3 ' 11·.78' 

'. , 76·36 10·43 13·21' 

.. 78·06 10·81 11-13' 

.. "13'84 10·75 15·41 

.. 76'18 11·18 12·64 

77·06 .11·6 "- 1l·34 .. 
.. - 77'23 11·93. 10·84 

.. 76·73 11·48 11·79 

.. 73·21 11·25 15·54 . . .. . 77'94 1l·52 10·54 
• . . 

----

H 
C-

Ratio. 
. 

' 0:14~ 

'0·154 

0·147. 

0·137 

0·139,. 

G·146 . 

" 0·147 

0·150 

0'154. 

0·150 , 
0·153 

0·148 

Preliminary Runs. 

Preliminary l'1lIlB of short dUration were carrIed out under standard eon:.. 
ditions usmg each. of the .oils, with' & view to determining certain general 
operating characteristics suc~ as :- . 

(a) StartabiZity, that is,ease ofstarling frQm cold; Ifthe'engine started 
'. from cold IlWrely by hand cranking the startability was recorded 

as being easy, while if, in ~ddition, it required a certain amount 
of heating 'of the fuel adjacent to the injector before starting, 

. the startability was termed medium., With certain fuels it was 
found to be impoSsible ~o shirt the ~ngine by hand cranking and 
that resort had to be made to the use of the dynamometer for 
motoring the engine at comparatively high s~ed. If the engine 
could be started by motoring alone, the startability was termed 
di.fficult, while if it required the heating of the fuel .. in addition 

,to motoring. the startability was termed very difficult:. 
. . _ l 

(b) Operation stability. or the smoothness' of running, ~as determined . 
• by carefully listening periodically to the ryhthm of firing. If 

any mis-firing' was noticeq during the whole run, lasting about 
10 hours or so, the operation was cOIU>idered to be unsteady ; 
otherwise it was termed smooth.. -
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(c) Nature 'of Exhaust.-The appearance ,of eXllaUI!];, M:' J cOlOurle!'!B 01' 

smoky" was noted. ' 

(d) Maximum Power Outi~t was d~term.ined byme'ana ~(ihe inStru-
\ ments Rndequipment already' described,. ~ ./ 

The results of the prelimina;ry runs ai~ summarised 'in Table III. "It will be 
seen that in the case <if the v€gdable 9ils the startability was generally medium 
or dijJicult, 'Cx;cepttn the .case of groundnut oil, which gave~asy 'starling. 
Operation was usuapy smooth, excep! with castor and coconut oils"j ,the'exhaust 

.' was colourless in most c,ases" except in the casepf castor oil, and the, maJcimum 
power'output was invariably less with the veg€table oils than witlr,the mineral 
oil,exce..P!in the case of cotton-seed oil, in which.case it was found to be of a 
similar order of magnitude., The greatest pO/Wir loss occurred in the' case of 
castor oil, viz., 13% and this oil also resulted in unsteady ,aper~tion. smoky 

'e.xhaust, and di,fficult startability. • 

TABL~ III 

~ Results of Preliminary Runs. 
,~ , . \ 

I - , . 

Nature 
, ¥axinUiDJ, 

• " Room Air power 
Tempera:. intake, Start· , Operation. of- output in 

: No. Name ofoil.' turf>. tempera- " ability. Exhaust. h.p.·~~ 
" 

ture. ~ 1200 , . 
" R.P.M • \ , , 

-
High speed min. 

, 
Easy Smooth 1 "69°F .. .. Colour· 7·85 

eraI diesel. . 
I , , 

l~. , 
" 

2 GroUlldnut .. 69°F .. " - ,i, 
, 

." . 7'6 
: 

Medium 7~a a Karanj .. neE:, .. ., u 
" , 

, ~ , Pimnal or Undi 
.. 

70°F .. DifficuU' .. .. ,'1-21 
, , 

Ii Polang .. 94°F i34~F .. .. .. 7·2 
, 

.fl Castor ... " 7~oF .. .. Unsteady Smo~ . 6·S , 

" • :'1 Kapok 93°F '! .. Smooth " Colour. 6'9: 
lesB. 

, 

95°F 7;05 8 Mah_ .:,,- 126°F .. ' .. .. 
II Cottonseed , .87"l!' 115°F , Medium .. .. , "'.8, 

,C 

10 'R~pe (Mustard), 83°F lisoF .. .. .. 7'1 

II Coconut !l8°F 114°F .. , Unsteady .. 7'6, .. 
III , ,Til (S~.ame~ .. 78·~ 1I8°F .. Smooth .. "hi 

( I 
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p,-,?Zonged Runs • 

. The prQlonged runs involved . operating the engine fully loaged-under 
..... standard conditi,ons during a total'peripd of 50 hours for about 6 to, "r hours 

daily, The daily heating-up period, required to reach steady . temperature
conditions., a,lIl,ounted.tQ _about 1/2. hour, but full load' was applied "30 
nii,mitesafter'startingthe engine/in case of early runs (Nos. 1-'-5, Table IV) 
and .21 nlinutes incase of later IUns. In the latter case the lOad was brought. 
up from zerotoJ~ load ip seven equal st~ps !1t-~ minutes;' interval. Care 
was· tallen that tile-'total -number. of heating-up period in all the tuns, ~as 

"the same.' . ..... .. 

. Thechll:racteriSticsd,oternrlned duriDg the prolonge~ nms inc1ud~d ~-=-
'. (ar 4verage PQ'U!er Output~-This was only slightly less than the maximum 
obtainable powel',1;>u:t certain daily fl.uctRations tOQk place Q.ue to atmospheric 
conditionS and other factors. Necessary corrections were also Diade for .. the 
daily starting up periods, during whic~the load~as applied gradually' in 
.steps: - . . - . ~ r-

(b) SpecificFue~ Oon,m.mption.~This was calcutlj,ted from the total fuel 
<lonsuined and the totalllOrse-power-hours' of -energy delivered. 

..(0) Br~ke Therm~l Efficwniy.-:-This ~~s· based on tile groS8,~al~rific value 
.4)f the fuel and~,he specific fu~l consumpti?D.. . . 

(d):Qeposits-on various parts coniingin conta.ct wlth the -fuel and 
-products of combustion:-- These-incl\lded'the piston top, cylinder-head, com,.. 
bustion-chamber, ihjector nozzle, and the i!Jlet'and exhaust valves.-The 

'. character and appearance 'of the' deposits were carefully noted,· aIid-wIierevei· 
. the ~II}ount was appreciable the deposits were also scrapped ~ffand :weighed. 

(e) Oorrosion of engine parts ,~oming i~ 'co~tact with the fuel a~d its com-
b\llition products. ' -

_ . ;. ,in 'table IV a~ summaried the re.sults of 'seven prolonged tuns c~rried. 
out when using the most profuising oi}s. Runs Nos. f and 6 relate to the high-
8p~ed nuneral piesel Oil, which was US'Ld as a general reference standard: . The 
'aecond l1Pl 'with Diesel oil was undertaken 'with a view to providing a check 
to take into aCCOllD.t the mochanical. changes which .might . have t!l-ken -pJace 

/ as.~fCsult of the\ruimin~-inof t~e engine dll.~ing ,the, i!lterval an~ ~lso to-take 
note of the-effect of tb,e mtake ~ll' heater which: was Jnstalled at ·this . stage. 
It:will be se.en that the averag~pmyer output decreased, duepersumably to the 
en-oct. Qf the heated intake air, while the' specific fuel consumptiond~creas€d. 
doubtlesii due..to the engine ioperation having become easier alj a result of the 
fll!lning which had been carri(d out. _,_~- . 

Du~ to this effect of running-in on COllsU¢ption ~and efficiency-·mg~res 
&I).d.perhapii on other factors also, comparison between oils run cOfiseoutively 
may be ~egarded. as giving a more reliable picture of their perferill:ance, than 
that between others; thus the runs Iisteain Table IV being in chrono16gical 
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.Fig.4. 

Pitting of tl:e cylinder head and exhaust valve seat (R. H. npper) after running on 
Po~ang oil for a period of 50 holirs. 
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Fig.5. 

Pitting of the exhaust valve seat (R. H. u:pper) after 50 hours' run on Karan~ oit 
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~raer -ins, for instance, more !ellabie to compare l'\1l1S 1 and S with run 2, and 
:run 7 -with run 6, than to c()mpar~ run 5 with run ~:_ . 

'/ These being the first seven prolonged ,run~ on a new engine; this kind of 
difficulty is almo~t unavoidable, It is hoped that in futUre runs check runs 
ori1Jiesel fuels will give-more comparable results, in which case such limi,tati<)lls 
.for comparison of data _wo_uld be eliminated. _. .' . 

, - It-wijl be observed fr()m Table IV ~ha:t,in e6mParison with mineral oil,'the 
vllgetable oils in general· give ,?omparable a.verage powe~ output, somewhat 
high fuel consumpti?Ii,and'somewhat superior thermal efficiency;-The de-
posits.are,aIso somewhat greater, and in some instances harder.. . . 

As regards cOlToBion, polang, karanj. ~nd cottoJ;l-see'a.-oils'a)one were 
found to cause corrosion to varyin~ degre~ of severity. _ With polang' oil; severe 
pitting Qf the cylinder head and exhaust valve seat was observed', the repro-· 

, duction 'ofa photo.of this is sheWIi iii Fig~ 4. . Theexhitust portis on the right 
top, and inlet on the left, while the D-shap~~-hole connects ,with the combtis~ 
,tien chamber,in which the injection nozzle isJocated .. 1t wiU be observed that 
£o:uosion did not take place in the central position .around the D~P9'rt biIt~wa!! 
-distributed more .or le~ in:a circular pattei'D. shifted somewhit:to~ardsthe 
-exhaust.port. This' indicates~tha:t corrosion was due m()J,;e to .11hecombUi!~ 
tim), products than to .the oil itself and took place maiIily _on,the_relativ'elyhot, 
portiops ofthecoIJ).oustion ~ace; . , . 

_ the ;~rroded cylinder head was replaced by a new onehefore subsequent-' 
runs were , undertaken. In Fig. 5, is reprod~ced t~eph()tograph showing the 

... pitting 'Of the exhaust valve seat with karanj oiL The pitting. in this ()ase' 
and in the following eli.se was not :serious. enough to.reqiliiea change of the' 

. cylind3r head. The valve" sea~ "":'Ils, recla~ed by grinding!l-nd t~e test 
. continued. Fig 6. sho.ws the plt~Ulg ofth~ exhaust valve seat whiclr re

sulted from the-1II.se of ~otton-seed-oil.c In:this case the pitting was eveu)ess 
s~rious and it will b~ ~served that-it is diffi.cult~o discern it ~n ~e :i,lluspa- . 
slOn... ". '. 

. It may be mentioned that acid values oftb.e t~e:oils pro'ducing corrosl~n-
. were 21·u, 5-6;' and 0·085 respectively,. iIi o,1derof the severity of corrosion~- -
, From this it wOllh'lappcar that, theaCld value may be. Gonnected with the . 
. .(lprrosion, prod!lced, but it will also .. be observed .that arachis oil and rape 

fleed oil, having acid values -of 1· 43 and O· 52 respectiv:eJy~ p~oduced no corro
aion, while cotton-seed oilwmch had even-less acidity (i.€., O.:Otl5) W:)S resp6il' 
sible for some corrosion. _ The formation of.the.pattern in Fjg. 4 show~ .... more
over, that the combustiol). products were more responsible for producingcorro. 
slon than,t~e oil itself. It would therefore appear.thatJ!thoughthe acid value 
may be a f:1C~or to beconsidere~~n this conne.ctrou, !t is~_not the; only facto); 
which de.termineswhether corr9810U would or wOl).,Id n<;>tt~ke p,ace with a 
given oil~. the chemical ~onstitution oft?e. oil,ttudthe n~t~re of the-combustioll 
pr6ducts.,:-which may l~elude fattl aClus of a etlrroslvenature"":"also play Ij. 
I:lonsiderable pa.rtin t~s connectl<~,n. . 



"TABLE IV. 

Results of Prolonged Runs of 50 H mirs' Durq,tion. 
-...... , 

,8. j' J:I 
a . .s ,~ .. 
a 1~ 

.; 
2~ " Naml"ofOll., g :so~ 

.. 
liIo. p;' 

Ii t~ ~ .. t~ 
"'" ~l '1: 1>" ~I:Q 

< "'I. < < 

> • 

i 0 Deposita. ' c 
.iIl 

Ji.: 
0 

III .. .. 
. 8 is iii g= 1 Pi,ton Cylinder Combust\on Injectnr Inlet Exhust CorroaioIL 
:s.p; e . ~p. head. 'chamber. nozzle. valve. vlllve. 

.. = '" I 

a~· 1~ '. 
8 I:Q \ 

.. 
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Thel'act that pitting ~ccurr~d only o~ portions ~f the,cyImaer head and 
not at all on, th~ piston, the cylinder walls or the valves,' show that the. cast
,iron from which the cylinder head walil made was-n,?~ sufficiently corrosion
resista~t for use with.v~g~table oils wi~h c3IT?sive tendencie~. It LS.n"at impossi
ble, however,to obtaIn sUltablematenals whwhW(mJd be free ~~m the sUscepti
bility to attack from, such oils. The faot is that the. metallurgicaI'problem 
h!J.s not yet received attention as regards' this question., ~ , . ,'.,' ' 

:Reverting to T~le IV, it Will be se~~ that the l(}w~st c~~~ption and the. 
highest effiQiencywere obtained when uSing cotton-seed oil, out of all.the oils 
tested, including the mineral Diesel ?il. ~itli a view of confirm' ng these results 
.check runs· of short duiat:ons. were undertaken.:on three of the oils, nam!lly 
cotton-seed, groundnu~ and mineral Diesel, andth~ results:of these tests a.re 
givenin TableV. ' "',' . , . ' 

TABLE V. 

Results of chec~ tests on three of the tri~Z oils. 
Duration of Ru~' H ours, Intake 4ir Tem/I!eraty,re--:-Atrn,ospheric. 

, ( 

Sp.ci~r Fuel Brake' 
.9i1~ . Poser PollSUml'tion ' Therm~~ 

DIltput H.P. the. per· EfficieJley 
::8. H. P. Hr. ·do. 

Minoral Di~sel 7·85 . .. 0,61)0 21·8 
, 

Gronnd!'ut .. " 7·4 . D·n3S 23·] .. 
Cotio~,"""d :.- 7·8 0·584 . I 24·9 

It will be seen that the figures obtained in the test of cotton-seed oil are 
practically the sanie as obtained in the 50 hoUrs run: (vide Table IV), but both. 
mineral Diesel and groundnut oils ha.ve improved somewh,at in consumption 
arid efficiency; due doubtless to the fact that ~he engine at this -stage had been 
run in to a greater extent than in the former tests. -

','The exact reasons underlying the fact that superior perfomiance 'f&.S· 

obtained when using cotton-seed oil than when operating on mineral oil, from 
the point of view of fuetconsumption and overall efficiency, have not ~et been 
fully established, but it is presUIJ).ed that the explanation iii to be foUnd in the 
combustion mechanism of the oil, appropriate engine adjustments, and injector 
details. These points can be studied only with the !telpof a cathode ray indicat-
or equipment. ' .. 

DISCUSSION. 

From the 'results.of the eXperiments described above and the revi~w' of tlfe 
literature on this subject, it would appear that from purely'technical considera
tions the lise' of .vegetable oils .as Diesel fuels holds considerable promise, but 
that there still remains a number.of intricate technical problems which require 
to be solved. Some, but not aU of these couid be settled by laboratory tests, 
while others rllquire prolonged service experience anddevelopmerit for satis
factory elucidation. _ 



25 

Fig. 6. 

~Pitting of . .tbe exhaust 'Ialve seat· {R. -H. qp.per)· after a· 50 ·lwurS' -r1Ul, 'using 06tt6n"~~il. 
. . ~ 
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Fig. 7. 
Maximum power output for various oils plotted against net calo'rific . value; figures in brackets 
indicate percentage loss in power on the basis of mineral Diesel oil as standard. The straight 
line drawn through the mineral oil point represents the rate at which th~ power output should 
ilecrease if it were proportional. to calorifio value. 
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The. following list gives thename~ of all vegetable oils, which 'tave 
received consideration by one. or more investigato~s. together with the 
relevant reference :~ 

Oil. 

. (1) Groundnut 

(2) Plam ~. 

(3) Sora-bean 

(4) Cocon~t 

(5) sesame, 

(6) Castor .. 

(7) Cotton-seed 

(8) ,Rape .. --
(9) S~flower seed .. 

lteference$. • 

•• ' (7),'(8); (10), (H), (14), (15), (16), (18)~(P). 
(7), (~), (10),:(11), (14), (15), (17),{18),,(20), 

'.. '(8)" (10); (11); (14), (15). (18), (21)-. . ~ . 
(10), (11); (P). 

,.. (4),(15), (P). 

• .(7), (P). 

· . (18), (~).' 

, .. (18), (P): 

.. (14:), (18). 

(10) Rasin-seed or' grape::seed (13), (18)~. 

{Il) S~ea ~utter (14), (18). 

(12) Maize .. (18). 

(13) Cameline (18). 

(i4) P1impkin-see~ '. -- (IS): 

(l5) Beech-nut (18). 

(16) Lupin .•• ... .. . (18)~ 

(17) Pea " .. · . (18). 

(18) Poppy-seeJl, · . (18). 

'(19) Hemp ", · ", (18). . 
(20) Linseed - , .-, (18) •. 

(21) ,Chestnut, (18). 

(22~ Olive ' .. •• (18). 

(23) karanj " .. (P). 

.(24) PunnaL (P) • 

(25) Polang •• , · . (P). 

(26) Kap,ok •• (P). 

(2~ Mahua •• . . ' ... (P) • 

• . N01'll--(P) deaignatoe oils examined in ttw,preient ulveatiaatiq,JI.· 
, M12DofS&ffiDelhi . , "" . ' . , . 
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Of these oils the first three {groundnut, palm and soya:bean oils) have 
.received the most attention from inv~tigatqrs, and opinion 'is . practically 
agreed that they form satisfactory fuels.. Cotton-sero oil, on the other hand, 
has not received-as much'attention as it would appear to meritin view of its 
performance recorded aoo'Ve. ..., ' . ..' , ' ~ , 

Ir may be ~rUiterest to discuss the results of investigations on the various 
Qils in the light of theii: various operating characteristICS, such as:- , 

'(lJ Startability or operation. . ' . , .. . 

{2) Smoo~hnessof J;unning; 
(3) Nature of, exhaust. 
(4) Power output. . . 

.. (5) Specific fuel consumption. 
(6) Brake thermal efficiimcy~ _ 
(7) Deposits. , 
(8) Oorrosion., 

Startaln1ity oj operation; 
It willbe seen from the data,inTable IIi, that no.difficulty was experienced' 

~th groundnut oil a.~ regards starting from cold, while with other oils, such as; 
karanj, cotton-seed,' rape, coconut and sesame, only a· slight warming of the 
ruelline was sufltcient to facilitate starting by hl).n<i.crankj.ng. Three of the oils 
castor, kapok and mahua caused difficulty in starting an~ motoring became 
necessary. It must be remembe~d iII. thil! connection that due to the warm 
climat~ startability will natl!l'ally be better in the tropics than in colder coun
tries; It has, however, been observed in J apanthat· on soya-bean oil the start
. ability was better tnan with gas oil 2l, while in England it was necessary to 
~tart on miner81 oil in or~er to, run the engine subsequently on soya-bean. 
DillS •.. Difference8 of this nature are bound to exist since even in the same 
loclility' the temperature £ondition,s vary fJ:om time ,to time, and -6lso the 
differences between engines and fuel, injectors render comp!U'ison· between 
results almost impossible. . 

'.Examination of Tables i and III revealS that it is not possible to correlate 
the startability with any of the chemical or physical characteristics which have 
been studied, and actu81 experience is consequently the' only guide. Opinion 
is more or less agreed, 8,16,1'1' that from . the operating point of view 
when running on vegetabl. oils, it is best to provide for starting the engine on 
gas oil and then to turn over ~o the vegetable oil. This is a fairly simple matter 
~o -arrange. • ' 

Smoothness oj Ru!,-ning. 
In discussing smoothness ofrun,ning, distjnction must be 'made between 

unsteady operation, implying variation in speed and torque from cycle to cycle, 
and roughness of operation, implying the presence of.a steady knock. None
of the vegetable oils experimented with gave rise. to roughness of operation, a, 
judged by the. unaided ear but, in respect of steadiness of operation, castor and 
CO~Oll.ut oils app~r~d to ~e so~\what defective as compared with others which 
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ga.ve' perfeetly smooth operation. The'difficultywJ.th. the formerwas probably 
due to its high ~cosity,. andjn~he ca~e o( th? lat~r the 'dtlfec~ was ~bss~bly ~h~ 
result of the relatIvely-high settmg pomt, ~hich nught h.ave gIvep. :(lse tosolldl. 
tied particles in the body of the .o.il.Botho~ these properties maygiv:e.rise to 
non-unif?rm atomisation and hence unsteady op~atiOIt.-, -

These difficulties could readily. be. overcome by making suitabie arrange"- ~ 
ments for pre:.heatingtlte fuel With the waste hea~ in the exhaust gas~s'as' has 
been adv,ocatea by several workersl5, 17,~18, How.far pre"he&ting'impioves 
other fuels, which ordinarily cause no .difficulty of tills nature is a matter 
fOl" fll{therinvestigatiOJL 

, -With regard to. ignition . a'g which i~ now definite!y krio)V1i to b~coITelate<i 
with roughIiess of running no :systematic studies of this character'st'c in the
.case of vegetable oils appear to hav~ been Undertaken or published hitherto' 
but it has been recorded that, in comparison with mineral oil; the lag is greater . 
with· ground' nut oill !, is. of the s~me order with a1: ,l.roixtlire of mineral 
ana raisin-seed oil 13; and is less' with soya·bel¢' oil. Even. in . cases where: 
longer lags are suspected, however; it is found-tha.t operation is -~moot1J; aile 
presuri:la:bly to the progressive manner in-which tM pressure-rise takes place, 

,il ature, of Exhrrust, 

ColourleSs exhaust is an ind:cation 9f completeness of comhustion. , It 
will be seen that it is recorded in Table III that the exhaust was colourless in 
all cases except w~n using castor "oil when the incomplete"combustion,was possi
bly connected with:unsteady opefationin the. folIoww..,gchain of cause and 
effect: high viscosity~-poor atomization:""'incomplete combustion--;-unsteady 
operation 'and dirty.exhaust-;. Most otler workers are agreed that, under 
iluitable conditions; ~olourless exhaust is obtained with vegetable oils although, 
in soine cases, the-exhaust may possess an unpleasant smelP8~ " 

Power Outl'ut. 

. The power output figures (Tables III and IV) show tnat, thou'gh vegetable 
oils developed some~hat less pOWer thantne ~eral oil; the differences were 
inmost cases not large. The maximum loss of p()w~robserved was 13% in 
the case of castor oil, while whim using cottol1rsecd oil the loss was' very- small 
namely O·6CY.o:-. . . ~ , / .. ' < " • _. ' , . ' 

The expentmces ofotherin"estigat~s'varya great ~dealandlDss figures 
are given by thein which vary from. practically no loss 15, 21 to as .high as 
37% 10ss8., Other recorded figuFe~ include losses ,of 9% ~8,lj.nd 20%\78. 
Whl!e some loss in power appears to be inevitable, .:Owing. to factor~ 
such as the lower·caiorific valuel of vegetable oils, it is possible that large losses 
Q( the order of 2& to 37%, could be avoided by proper adj1Jstm~nt of operating 
conditions, such as injection timing, pre-heating, and selection ofa suitable 
injector .to suit the particular oil un~er trial. ,Faetors connected with' engine 
.design s~ch as the shape of the_combustion cha~ber, may also have consider. 
able effect in the case 0' Yflgetable oil!3 andrequiIe ,~pec:al investigation and 
~v~loJ>ment: - "-
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In· Fig. 7, are plotted, the data coruiec~ing the maximum power Qutputf§ 

obtainable with the calorific values of the various oils. Through the mineral 
oil point is drawn a st:raight line, which represen.t'3 proportionate relationship 
between power and calorific value. All the points for vegetable oils lie al?ove .• 
this line, indicating that thll loss in power for these oils is not so great as might. 
have been expected on the assumption ~hat the power would decrease in pro
portion to the calorific value. . . ~ 

As :,tlready discu~sed on pages 8 and 9, a higher hychogen-carbon ratio has 
been found. to be connected with a better burning fuel 23, and, since most of 
the vegetable oils tested have a high value for -this' ratio (Table II) the .st~te 
of affairs illus~rated in Fig. 7, becomes understandable.. 'The available data 
:fte, however, insufficient to esta~lish, at ~his stage, the exact relationship 
~etwcen power output, calorific value, and-HIC ratio, and it has therefore not. 
been attempted. 

8Jecific Fuel O~nsumption. 

'Tb:eresults recorded in Table IV sho:ws that the specific fuel consumption 
i~, in general somewhat higher for vegetable oils than for the mineral oil. This 
is to be expected in.. view of the lower calorific values of the former, but when. 
wmpared with.,the figures for the mineral oil, it appear3 that the cons~ption 
figures for the vegetable oils are not so excessive as might be expected on the 
basis of calorific values alone. This fact appears to indicate that· combustion 
in the case of the vegetable oils was better than that of the mineral Oll and this 
is a!so supported by the efficiency figures. . 

It,IIlIty be observed, however, that the consumption figures are generally 
tligh in the .case of aU the oils when. considered in the I'ght of ord'nary Diesel 
mgine practice, this being due to the test engine being comparatively small in. 
!ize. '_ 

The comparatively low consumption figure for ~otton-seeds oil ~eserves. 
special mention. As already discussed, the exact explanatiQn of this superi-' 
ority requires futther detailed investigations of the combustion mechanism. 

; , 

. As in other respects, th~ experience'o{ <?ther workersa~ regard fuel con- . 
sumption has also varied widely; for instance, Manzella III found that .the 
consumption of grOundnllt oil was higher than that of mineral oil at full load 
and less at ~duced loads, while others 17 have found that consumption 
when using palm oil is 20 per cent. higher than that of mineral oil at filII load 
and 25 per cent. higher at ! load. Soya-bean oil has been observed to give 
a consumption figure ofthe Same order' as. mineral oil,n and also 10-11) 
per Qent. higher 15, 18, 21. Hereagain similar remarks apply JlS in. the 
case of power output,namely that in general, higher consumption to the ex~ 
tent of 10-15 per cent. may beexpectea, but it need not necessarily be higher 
than that of mineral oil in all cases .. I(very much higher figures are obtained' 
il is likely that they can be considerably reduced by readjustment of operating 
conditions. . . . 



llrttTte TAetmal EjJlcietU'1/ • 
. The brake thermal efficienc~ -is j good ov~rall inrucl!-torol'/uel perfo:t1l1 .. ' 

8nce, since it expresses the n,et power output in terms of the total 'heab 
energy ~put. The figures in Table :tv show-that in no case was 'the efficien~y 
of a vegetable oil less than that oftha DliJ?eral oil, and that in 'the case of 
~ottou-seed' oil it was. apllreciabty higher~ Manzella " Ill. found 8. higIler 
efficiency for pea-nut oill!-lso. It can be satelystated, ~erefore, that when. 
running Diesel engines on vegetable oils,wi~hQut. any appreciable chan~e in. ' 
design it is possibl~ to ~et£linltlal\ or stlperiQr,efilciency to that.obtain:ed~nEin 
using mineral oil. .A more detailed study of the combustion process of ,vege
table -oils may-lead to the discovery. of e,ertain design features which_ may' 
render it possible to utilisevegetavle oils to aiill better advaniage in..:. this 
respect. It; is necessary tobe~ inDlind it): this connection thetremendou~ 
d,ifierence in' the characte~istics of vegetable and mineral oils and the fact that' 
normal DioSel type engines are design~~osuit the ~raLoils 'only. ~ 

Deposits. 

The observations tec(n:ded in 1a.ble IV.shoW' that, ill geileraJ; rlJ.~h~rlnore 
deposits formed when operating on., vegetable_{)ih!' than when running with 
'mineral oils, but in no instance could they be regarded as exce~siye or ob~, 
jectionable in character . Although the duration of runs in these investigations 
was -comparatively 8hort (50 hours), . othor-experiIil,enters 13; IS, 1,7; 18 

who have obtained data from . longer and larger engines- appear to. agre~ that. 
the deposits, though Dlore~ are not I*Irious in.eharicter. _~. ; .' 

Here again, by~tudying design problems ofDiesef engines with special 
regard to the' combustion mechanism, it may be-possible to elimin!tte or to 

, r~du.ce considerably .the' extenfiof deposits ~cow:.ring ~hen using veget(l.bls' 
oilS. -

Corrosi(Wl,. 

The vario.us corrosion ,effects eX1>eritncedinthese trials have aready 'ii.etili 
discussed in an ,earlier section of this paper;SUffice.-it to say here that, as ;!. 
result of 450 -hours run on vegetable ~ils ha;ving- acid values varying from b:. 08 
to ~5'4 and 15Q hours' runon Inineral Diesel oil, the-cylin~eI wear amounted 
to O'0012"~ which is quite comp~rabl8 with that likely to develop when using ,a 

. mineral oil fuel on this type of engine; ,- -- -, . 

Apart .from attack on copper parts 15, io, which can easily b~ ~linll. 
'nated, U() seriouS corrosive tendency in the case of vegetaple oils has been 
reco.rded by...other investigators in this fiel.d. On the contrary, certain workers 7,. 

17 have pointed out that. oils, havi.ri.g- Comparatively higf acid . values can 
be ,used without serious efiegt, a~d, Walton: 18 haS cons~dered the' question 
of using free fatty aoids a~ fuels, OIl-aCcount of their relatit-e cheapness. _ But 
unfortunately no work in. this llirectionap'pears to have. bef;ln published. 
Moreover, copper and other materials susceptible to cOQ;osign can be el',minated 
from the engine parts if it be desired 'to use oilsofa. corro;>ive nature,sucb. 
8S polang oil, of high acid value. ' ' 
hl1.2DofSI&RDeihi . ' 
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·.APPENDIX •. 

BrieJsummaries oj the work done elsewere on vegetable oils a~ fuels !or.DieseZ 
.. . ' . Engines.···· . 

Some of the work towards practical application of the authors' results, 
done elsewhere sinc~ ·the publication of the First Edition, i~i suinmarised be-. 
low". ' ... ... ..~. 1 - ,_ 

I. T1te tests on Diesel Loco 'when fired Wit'" vegetable_oiZ and mineral oil.
This work was undertaken' at ~e invitation of this Department at the Tata 
Iron and Steel Co. Ltd., Jamshedpur in September 1941. The II.1ain function 
of the Diesel Loco used in the tests was.to transport iron ladles from the Blast 
Funlaces to the Steel Melting shop and 1;Q other places. It was to be determined 
whether the Dieser Loco would be capable of doing the same am.ount of work .. 
when fired with groundnut oil a~ it normally did when tism,g m.ilieral oil. The· 
description of the fuco is as fonows :-

Weight oftheLoco-

Weight.ofthe Lo~o in working conditions 

Type '" .. 
Diameter of t4e cylinder. 

Stroke ofthe cylinder 

Number of cylinders 
. 

Speed 

Cycle 

H.P. oftlie engine 

Lubrication 

Coupling 

", 

.. 
... 

••.. 53..3 tons. 

••. 60·0 tons~ 

single unit. 

..... 10 ins • 

..... 12 ins. 

6 

> .• 500R.P.M. 

4 stroke. 
., 

.3OOH.I!..-

forced. 

Willison Couplers. 

ID. order to get a proper comparisQn between the two fuels tipte studies we~ 
. ma.d.e. 'Fo get an idea of the serviceability, the nUmber of full and empty iro~ 
hdles transported per shift between the various places was noted and by multi
plying the number of ladles transported per shift by . the distance over which 
t.a·eh ladle WAS transported, th~ total ladle nUteage was arrived at. - . 

The total time for transp?rting the. full· and _empty iron ladles was 
noted. 

Further the fuel oil consumption was checked once each· shift and 
\he Indle mileage' per ga!Ion pm; shift was figuxed out.--
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The average figures of allthe observationS whim'the "nieselLoco was start
oed with Diesel mineral oil and groundnut oil are given in the table below :~ 

Summ1ry Dj"the 'results ofDiesd Loco 'lJJhen 'startdwitk Diesel miner~l oil and 
with-yroutulnut oil. < 

Testa; 

, A. Ladie tran8porl~ 
(a). _ 

1. Total No. of iron ladles (full) per shift 
2.' Total full iron ladle mileage per shift, ' 

(b). 
- 1. Total No. of iron ladles..{empty) per shift 

2. Total empty iron ladle mileage per shift 
(e) Total ladle mileage/shift 
;JJ: TimeAnalysi8. 

;Minntes/~hia. 
(I) Transport time for iron ladles (full) 
(2) Transport time for 4"on ladles (empty) . *" -. ' 
(3) Total time Cor Iadie transport pef .hift 
(4) Average time p~r Jadle miJo 
t5) Shlpltjng tjme 
l6) Diesel Loco moving tbne-'-

' .. 

20·25 

2r·50 
,24·58. 

90:34 

.. ,188·04 

.. 5·21 
86'00 

- • (i) with load .'. . 181·14 
(ii) withQut load 51'03 ' 

(7} Idle running (engine on) , •• )11'95 
(8) Time for weighment 31'83' 

Loco running 
, A . 

17·39 
18·42 

19,07 
~1;34 

39,76 

88·65 
98·46 

-.-'-,-., 
- '187·11 

6·00 
107·86 

J11H;5 
56·92 

·30·46 
C. Fuol Oil consumptlon •• 27· 70' ga~on8 28· 00 gallol)s. 
D. Ladle mileage per gallon . 1· 6 .l' ~ . 

The above observa.tions led to the following results :-

" The total number of lull ladles transported/per shift in case of mill-er~l an4-' 
1V'egetable oils.did not differ much. The total full-iron ladle-mi1eage seem to 
be about the same in either' case.. . If the figures in some case ~ are. on the lower 
Ilide, it must ballOted that at times th~ engine covered the same distance wit4 
Jess number of ladles ~han on other.occasions. The transport of empty ladl~s 
by Diesel Loco ~ <;ase of vegetable oil \va.!) not in 'any way,inferior ~o'tha:t:done 
by the same el1gine when fired with mineraJ-Ojl", ' 

" The,above t~bla ~lso shows' th~t. the traB8p()rt~of ladleS, fun and empty 
was a little less in ca,se of vegetable oil. This .was due ,to oper_ation co:qditio~ 
which in fact had nothing to do with the fuel useJi ". . 

In two shifts it was noted that the Diesel Loco carried 18 fuH ladles and 22 
~mpty ladles and did a total mileage of 48 .. 53, showmg that if th.e engine was 
, called upon to do more work, it could do so ~ven when fired-' with vegetable-
oil. ' ' 

"'The ~bove tabl~-item B (4) ,shows'theaverage'time' per ladle mile'is & 

bit more in case of veg~table oil.because th~ engine di4 more 'of shnntingworl!;, .9 will be Been from the item No. B (5)" fhl} ~otal Bhuntin? t~~,." ", 
~l~Do~S&IRpolhi 



".The full Qonsw;nption (item C) in either case did~ot differ mucli; wlierea-s. 
,the ladle·milell.ge 'per gallon (item D) was less in case of vegetable oil. The
reason for this canaIso be found in the aoove' mentioned· fact, 'ie., that tli:, . 
engine did 1Jlore of .shunting work. Since iI).. case. of vegetable oil, the totaP 
.number of ladles transported was less, it affected the flgp.re of ladle:mileage, 
which in turn ga~ less ladle mileage per galIon. Further, due to lower heating 
value of the vegetable oil, the distance covered per gallon of oil will na~urally b"" 
~ess " . 

. " AU these obserVations ~howed that the' performance- of Diesel Loco -with. 
vegetable oilwas in no way inferior.to-that.ob1iained when mineral oil was £.reiL 
The Diesel Loco when working with vegetable oil was made to carry 7 f:ull ladlei, 
at the same spee-I at. whichit was capable of doing the same penorm:ance.wheIL 
fired with mineral oil ". '.'. " . . . 

II. Groundnu! oilfor Diesel Engines : current science, 19'42, Vol. ll, No. 10 .. ·· 
403 by llharave R. U., ~"Ulingdon College, Sangli and Amr-o.lte. P. V., Jubilee-. 
Electric Works, Sangli. . .. . . '. 

Thi.s work Wl!cS conducted in order to' supplein:ent the information contained 
in the,present bulletin by results obtained under actual working conditioll3: . 
The experiments were Gonducted at the local power heuse eqtiiped with twO' 

" Dentz, 4 cylinder diesel engines of th~ follnwing specifications.:'-
Rated-power. , 

Rated speed' .: 

Cylinder bore 
- Stroke t. 

165B.H.P. 

•• SOOR.P.:t.I. 

220mm. 

360mm; 

Each of the engine was coupled to a three ph.ase ~A.C.Generator: 

WithOut disturbing the routine work, one .of. these engines was ~un on. 
groundriut oil fOr'lOdays~ It was also possible to run this engine for a short 
while on 103· K. W., its n(}rmalload when the consumption -came out to be 
0:452 pounds per E:wh ... Takingthe efficieiicyof the generator as 90 per cent; 
it works out as 0-303 Ibs.. per B.H.P:-hr. ,. -:. 

'. .. The makers l1lcommended: light. diesel oil (eomn.:ronly ~own_ as ',' A • 
grade) for this engine and the test c.ertificate, of the engine gives 0·384 Ibs/ 
B.}f.P.:hr.1\s the ccmsumption offuel. Presmnably'the test is carried out with 
a fuel similar to' A • grade oil, and comparing these results it can be seen tha\' 
th~ grouridnut oil bids fair to be a substitute for "A " gra.de ()riide oil. -How· 
ever from the end of 1939- up to this day~ only' B" grade crude, oil has been used 
and now a c;omparison.with this oil shows the 'f'ollowingin fa~our of .groundnu1( 
oil:- -

(1) Absence ofblack_smoke from'tb.e exhaust., 

(2) Less "arbon' deposit on the piston top' or ill the combustion .,<ham'... 
ber .. 

• ,-A~!ight' d.eposit of o.rg:mic ml\tterwas observ~d ~ou~d the spray :ttozzl~ . 
bnt it did not tnte!fel'e With the working of the englll!!" III any way. The COQ.-. 

lsumption oil an average loau of 64; k.w. <ijd not ~!lterially difIer iA ~PEl C~,Se ot· 
~e ·two· fue~. ""'. . . · 
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III. V egetahleoiZI1 in:co1mnercial t)ehicles.~-Gas ana Oil Powe1,";1942, 13S:, 
_by Seddon, ,R. H. ,Director, Foster' and.fleddon, Ltd., Salford, 6,Lanca .. 
shire. c " "',,' 

The abr,ve company isthe ma~ufacturerof ~heSeddon Vommerciaf vehicle' 
of 6-tons capacity, fitted with a PerkinS 'P 6' d~esel engin!l, which develops'85 
B.H.P. Itt 2,600 R.P.l\f. iri six-cylinders 86·9'mm. bor~ by 127 IDIIl. strok~ 
,The work was carried o~t )V~h the object of designingsUitableeqUipment.for 
deali~g ~th ye~eta~le oils as diesel fuel 6specialIyiri ~he vehicles employed for: 
the tm mmers In NIgeria. A seriouspositiQn'would occUr if,byany{lhance, 
supplies of minoral diesel fuel f:riled to reach them from overSeaS:" It may be' 
noted that in t.J:Us country t,he growth' of oil-producing vegetation iiprolific II:nd 

, Jlp till recently, thousands of tollS of oil bearing seeds was burnt or ,thrown. orr 
,the land as mallUre;, ',,' 

.. The ~uthor considers two main -prob'ema to be soived before a road-vehiCle '" 
eanbe efficientlY,run on vegetable oil fuels ; they: are; (1) the effic~erit filtering, 

-of the fuel aM (2) the heating 'of the fuelsD that it will pass reid,ilythrough the 
filter, fuel pipes., injection'pump andcnozzles. :Tneaddition of a taDk to the. 
vehicle on the above lines has ,b~eI1 patented'bytheauthor. It is-divideCl 
into two compartments. The main section contains, the fuel suppiy to which all 
air pressure of ...... Ibs. per.-sq. in. i~ applied while att1le- front end-is a BmaU 
chaIE-ber to accommodltte the ,stream line filte!:' Outside-this chamber. is fornf-. 
ed an expansion chambci.and into this are led the exhaust gases., An-auxiliary 
tank of 51 gallons capacity is fitt~uon the dll.sh-board to contain gas oil which 
is necc:;:;ary to start phe engine before tw:ning ovell to -vegetabledil: ',rhis . 
e~uipmen~ was fitted to.a, ~e~d.on ty~e A~L~13 ft. 6in~ wheelbaseve~icle, 
WIth Pel'kms P 6 compreSSIOn 19rutIOJl, engme. The-grosS"\VeIght: of the . vehIcle, ' 
without driver and observe:r, wasS tons, 3,cwt, The test involved a run of 46,6 
miles through town road with traffic lights and other stoppagesreqiIi!ingJow 
gear -work. ' , '. - '. 

Thefollo.wing f~els were 'used ;~l) 'Gas- oil or standard high speed diesel' 
engine fuel (2) heat~d gas oil(3} groundflut oil. (4) p~oil (5) oot:to~-seed oil and 
(6) Catton see9 oil. . -

Test No.1.-'-Standardiliesel fuei fed from'tlie auxiliary tank wis usel, 
This test was taken as a standard Jor' camparing the 'vegetable oilS, as .fuels 
The weatJler was cold witli a high wjnd-andrain fell d.uring most ofihe't,::p. 
The' vehicle performance was norma] and the fuel consumptipn 17'0-1 m.p.g; 
Time ~ hours 10 minutes. . _ . 0 ,.-

Test No. 2.~tandarddiesel fnel heated up in the maintank used.. Mtel' 
about 12 miles; the fuel began to boil in the he,ater ta~.andcaused oQcasionaI 
vapour locks-in the fuel line. The performanQe of the engine' was milCh smoot· 
her with the wahlled fuel up toa certain tempe:t;ature. This teshhowed that tlae,-

, 4lxhaust ga~s would have to b~ by-passed if the tank had. to pe used- for standa~a 
diesel fuel. Fuel c6.nsumption was exactly the same as In Test No .. I, although 

. 11 certa-in amount muSt have been IOB.t by evappration when the fuelJ:lOiled. 

Test No'.3.-This '-t~st was Il).ade ~n groundnut oil. The weather was 
dry, but a cold h'Sh wind persisted.,. After about 10 Illinute~ ~iJg Wh,()ll the 
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fuel had got thoroughly warmed, the differ~nce on the engine was most-, mark
ed. SittiIig in the driver's cab one c!>u)d tell the moment that the, groundn\l.t 
oil had replaced the mineral, diesel oil at the nozzles because the typical diesel 
knock ,gradually failed out until it -was almost inaudible Except' under heavy' 
,load or when accelarating, diesel knock had almost entirely disappeared; and 
with the engine running at a little over ,idling speed it would have,been difficult 
to tell whether o~ nor it was a petrol engine. The performance was~ equal to 
that'on cold diesel fuel. Taking everything into consideration,this was, with
out doubt, the best ~est of the series.' Fuel conSumption 14'7 m.p.g. Running 
time, 2 hours 6 minutes. 

Test N Q. 4,.-..:.The palm oil for this test, was warmed, UIitil it would flow 
and then measured into the tank. The engine was started with diesel fuel and ran , 

," for 10 minutes. For the first_two miles the exhaust was smoky and the engine ' 
r~ther sluggish. -Smoking stopped and the engine performance improyedat the' 
same time. From ,this ,it was concluded th,at palm oil required greater heat 
ind a longer time, to ~eat up than the other fuels tried, and no doubt this is due 
to. it~ h'gher viscosityj·and the same reason a higher air pressure is required 
in: the tank. The perfon;nance was not quite s~ good as on col~ diesel fuel or 
gr~undnut 0:1. The consumption figure was slightly better,liowever, heing 15·4 
m.p.g. for the run of 23·2 miles. Running time for the whole jOUJ:ney WMI 2' 
hqurs 15 minutes: There waS a high wind with fre,9.uent heavy showers. 
of rain on that day. ' ' 

TeiN o. 5 . ..-Cotton seed oil was used. Due ,to, the failur~ of injectol' 
:nozzle~ which was ,not due to the fuel, ~he test could not; be_ completed. 

. Test No. 6.-This run was also undertaken with cotton-seed oil. The 
weather was slightly warmer and 'dry although the wind was still fairly strong. 
The test was successful in every respect ... Fuel consumption was 14·5 m.p.g. 
and running time ,2 hours..:,: minutes. ' 

, Fro:ul the above trials it appeared that-long runs 200 to 300 miles could be 
expected before the filter required ~leaning with compressed. air, if vegetable 
fu~ls -were efficiently filtered t efore use. 

The author, from the above exPeriments, concludes that yegetable oils are 
a complete success as diesel fuel, but further information is required in respect 
of the effect of the acid content of the fuel on metals and oli. the lubricating oil 
in the engine sump. , -

, IV. Trials on Di~el Engines in V.P. using mustard oifas Dieseljuel.-(from 
the reports of discussions at the meetings of the U. P. Techn'cal .committee 
Oils and Lubricants held at the H. B, Technical Institute, Cawnpore). ' 

, I' 

Trials have been taktn,on mustard oil as fuel for Diesel Engines at the 
N aini Central Jail and, two other engines-belonging to the Depart~ent of Indust· 
ries. 

The results of the triaJs are as under :-

- At Naini Central Jail, there is i7 B.H.P. Rustom Engine for pump'ng 
water for the jail'requirements. This engine was 'nrst'tried on 50% m.ustard 
and 50% diesel oil for a day and thereafter workeli on 100% mustard oil' for 

, ' .' ~ . . -



two days. The tesu1t~ of the w'Qrkfng ate satisfactory. The e'rigineaffer work
ing-for a dayon mustard oil ~tarted Without any difficulty next day when 
cold. • 

The consumption of fuel, i.e. -mustafd oil for the same load was, however; 
8% higher. than ,diesel ,?il by w~ight. - ' 

The SuperinU;ndent, C~ntraIJail,NaW is satisfied with the result and 
remarks, .. The working has be~n explained and demon§trated to our pUmp 
mistri who understood it well.- _ At pres~nt there, aPi>earsw-b~ no difficufti 
,in using mustard oil in place of Dies~l oil ... ~ .. ".- ' _ _ -

In addition to this, two Departmental Diesel Engines 12 and 15. B.H.P. 
II Hindustan" havebeen-mven trials on mustard 'oil as fliel.~he results ar£! 
satisfactory, both the engines took the load orB aJid 10 ghimies respectively 
and~onsumed ~1lStard o.irnearly 9% higher by weight thandieseloilreq~ecL 

. - . ~.. . . 
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SYNOPSIS. 

A series of Air Ministry Oxidation Tests (modified) was undertaken on 
various oils- castor, groundnut, cotton seed and rape with and without the 
admixture of stabilizers-with a view to determining the physico-chemical 
ehanges which take place in oils 'when subjected to severe oxidation conditions. 
As a result of this work a number of effective stabilizers was discovered for va
rious oils. Based on these results, which were published in Part I of this 
Beries of papers, a number of blends of different oils was developed, having the 
requisite viscosity characteristics for use as lubricants in internal combustion 
engines . 

•• ' The engine equipment consisted of a 3 H:P. single cylinder petrol engine, 
and a 16 H. P. 4-cylinder petrol engine, both coupled to· electric generators 
for the purpose ofloading. Both these engines, particularly the larger one, were 
suitably modified and a number of test accessories was provided to obtain ade
quate control of the various operating conditions, such as power output, speed, 
cooling water temperature, intake mixture temperature, oil pressure, ignition 
advance, etc. 

Preliminary tests of 100 hour~' duration were carried out in the small 
engine on 2 vegetable-mineral oil. blends and 7 vegetable .oil blends. Of 
these, the blen~ that were fonnd to be highly satisfactory were tried in 
the larger engine for 100 hours. For comparison, runs w:ere also mane in both 
engines with two well known makes of mineral oils. Oil sampleS 'were with
drawn from the crank case at intervals during the :run and at the ~it.d of the 
run ; these were thoroughly examined for the vario~s chemico-physical (;:hangeIJ, 
sludge production, iron contamination, etc. Engine parts were carefully mea
sured to an accuracy of±O'OOOl" before and after the runs, with a view to deter
mining wear. The wear of the top piston ring was determined by weighing 
with the same end in view .. Carbonaceous and' other deposits, formed on 
various parts of the engines were carefully observed and recorded. 

After a thorough examination of all the data ,oollected it was found that 
satisfactory vegetable oil blends could be prepar~d which would compare fa
vourably with mineral oil lubricants in almost all respects, with the exception 
perhaps of the carbon deposit on piston top, etc., which was slightly more in the 
case of vegetable oil blends than in the case of mineral oj.ls. But this is not 
considered a serious drawback, as it dl)es not interfere with the smooth op~ra
tion of the engine. One of the vegetable oil blends tried actually proved superior 
to mineral oil in respect of sludge formation and iron dissdlution :from ellf;ine 
parts. Furthermore, two blends also gave less incre(lsein viscosity than the 
reference milleral oil. 

As a result of.these ~vest~gat~ons, two types 0.£ blend~can be confidently 
suggested for use m medium SIZe mternal combustIOn engmes, namely, castor 
oil-rape oil blends and castor oil-groundnut oil blends. ' It is important that 
the oils before blending be thoroughly refined and freed from alkli soaps. 

(iv) 



For a good stabilizer for these. blends, c( -naphthylamine is recommended. 
which should be used in proportion of not less than 1 %.. The proportions of 
the two oils to be used to form the blend· wUl dep l nd on the viscosity of the 
lubricant required. Generally, for medium size en&,ines requiring a medium 
grade of oil, about 60-55% of castor oil to 40-i5 % of rape or grouhdnut 
oil would be appropriate. 



'UTILIZATION OF INDIAN VEGETABLE OILS .AS LUBRICANTS m· 
INTERNAL COMBUSTION ENGINES--P ART II. 

INTRODUCTION. 

The present paper constitutes the second of a series dealing with a syste
matic investigation into the possibility of utilising Indian vegetable oils. as. 
lubricants for internal combnstion engines, the first one being devoted mainly to. 
a discussion of the previons work in the field, the general consideration of the 
factors which might contribute to the successful solution of the problem and th& 
oxidation stability and other characteristics of different vegetable oils or their 
blends with or without the addition of stabilisers. 

The satisfactory operation of a properly designed I. C. engine depends 
primarily on the characteristics of the fuel as well as of the lubricant. 
Extensive research work has been carried out during the last few years on the 
development of suitable fuels for nse in aircraft and other high compression 
engines; and suitable laboratory tests have been devised which correlate to a 
reasonable degree of accuracy, with the behaviour of fuels in actual service. 
Similarly, work on mineral lubricaiVng oils for I. C. engines has led to the 
development of improved methods of refming and treatment which, in con-· 
junction with a number of laboratory tests and actual field or bench tests in 
engines, have resulted in the markedly improved qualities of the mineral 
lubrioating oils, now available in all parts of the world. No systematic work, 
on the other hand, appears to have been done on the development of vegetable 
oil blends as lubricants for nse in I. C. engines, although Bome attempts, as 
referred to in the first paper of the a series, have been made by certain workerl 
to use I. a. " Ih e, " 8 either a mixture of mineral .and vegetable oils or vegetable 
oils as such, for example, castor, rape, olive oil, etc., mostly without the addi
tion of any antioxidants or stabilizers. 

The only systematio investigations of any importance, which have been 
recently carried out but not mentioned in first edition of Part 1*, are those of 
the Hungarian workers, Mihaly and Istvan. II· It is of interest to metion that 
their work has been somewhat on the lines followed by the authors of this 
paper, but not so comprehensive as the investigation under discnssion. They 
carried out laboratory oxidation tests on Rumanian mineral oil, and castor, 
linseed and oli17e oils. Rape oil alone was subjected to oxidation tests with the 
addition of o· 5 % of each of the following antioxi dants :- . 

Ca} Pyrogallol, 
(b) 1: 5-Dihydroxynaphthalin. 
Ce} o-Ethoxyphenol. 
Cd} o-Aminophenol. 
(e) Dinaphthyl-p-phenylen~e. 
(j) ~enzylaminophenol. 
(g) p-Hydroxyphenyl morpholene.
(A) Dibenzylaminophenol. 

• A second edition of pari I is being published &II Bulletin No. IS, which includes 
reference to this work. • 
lUGGeD 
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The oil before treatment had a density of 0·911 at 20"C, a viscosity of 4'810:& 
atoOOD, an acid value 0£1·62--3·11, and Conradson carbon residue of 0-32.' 
After the oxidation test of the treated oil, the values were respectively 0·911, 
5· 31-7' 43"E, 3 ·11-=-5· 35 and O· 56. The acid value increase was much more 
than in the case of the mineral oil. The mineral oils, however, formed !lIudge 
during oxidation, while the vegetable oils did not do so. In practical engine 
test in a 3 H. P. single cylinder engine (1300 R.P.M.), a mixture of ordinary and 
blown rape oils considerably thickened (34, O"B) and gave rise to a considerable 
increase in acid value (8' 06) without the use of antioxidants. But the addition, 
of an antioxidant (not mentioned) rendered the oil much more stable and thq 
viscosity and acid value increased to 12'2°E and 4·16 respectively. The 
favourable change was also apparent from the operating results, because, with 
the oil containing antioxidant there was no trouble even after 45 hours' opera· 
t~on. Without the antioxidant, the engine worked only for 24 hours and if4 
output came down from 2·9 to 2·4 H. P. and before it could be'shut down, the 
qutput fell off considerably all of a sudden. A 50 : 50 mixture of mineral and 
rape oil with inhibitors also gave satisfactory performance. The consumption 
of fuel and oil were the same as when mineral oil was used. , ' , 

The conclusions of Balada8, as a reSult of extensive research work on 
mineral and rape oil mixtures, on the other hand, are quite contrary to the abov., 
findings, although Ba.lada generally agrees with Miha'ly Freund and hi~ co-
worker regarding the behaviour of untreated rape oil in engine tests 

One of the main reasons why those countries, which are deficient in mineral 
Qil supplies but are comparatively rich in vegetable oil resources, have not taken 
up the problem appears to lie in the fact that the vegetable oils, being mainly 
v.nsaturated glycerides of fatty acids, as distinct from the mineral lubricating 
Qils which are mostly mixtures of saturated hydrocarbons, are relatively una .. 
table and liable to oxidation, polymerization a.nd even cracking at a lower 
~emperature, resulting in the formation of sludge and gummy substances, 
1¥hich are detrimenta.l to the proper functioning of the engine. 

Against the serious disadvantages as mentioned above, there is, however, 
a certain valuable property, known as oiliness, which is possessed by the fatty 
oils 10' 11 to a marked degree and which makes them eminently suitable as lub
ricants under 8uch ~onditions as render the existence of full fluid film between 
the bearing surfaces difficult. It is now well established that the piston 
friction 11 accounts for practically 70% of the total friction losses in an engine 
and, therefore, the study of cylinder lubrication has engaged the serious atten· 
'lion of physicists, engineers and chemists in increasing numbers, and exha~ 
iive research work on cylinder lubrication is being carried out by several organi· 
zations, particularly by. the Research Departments of the Institution of Auto-
mobile Engineers, London, and other similar engineering bodies. 

The question is whether the lubrication between the cylinder walls and the 
outer surface of the piston rings is of the fluid or of the boundary type. There 
are material differences in the answers given to this question bY' differen' 
workers in the field, but it is generally recognized that both types of lubrication 

_13' 16' 18 with gradual change from one type to the other, exist between the 
oylinder wall f.!!d piliton rings. There is definite evidence ~'- to show 'that 
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tht lubrication between the cylinder and the piston tends towards the boundary 
type near the top dead centre, where the piston speed is low and the high gas 
pressure exerted behind the rings largely increases the normal presaure between 
them imd the cylinder wall. To a less degree, the same thing ocours near the 
bottom dead centre at the end of the stroke, when the piston velooity again drops 
to zero~ During the central part of the stroke where the piston speed is higher; 
full fluid film lubrication is liable to be established and the frictional force is 
largely unaffected by the surface condition of the metal and the oil. To what 
extent and at what points these conditions are likely to prevail will depend 
to a large extent on a number of variables, such as the amount of oil supplied, 
the speed, temperature, load etc. There will, however, be some boundary lub
rication in the vicinity of the dead centres owing to the very low velocity of the 
piston at these parts of the stroke. The boundary lubrication conditions may 
also obtain at the moment of starting and stopping the engine or when the vis
cosity of the oil is too low or excessively reduced by heat preventing the forma
tion or persistence of a sufficiently thick layer of the lubricant. 

Dickinson and Bridgeman 18 have very aptly observed that the modern . 
conditions of load, speed and viscosity approach the critical point between 
viscous and boundary lubrication. We may, therefore, definitely conclude 
that, though by far the major portion of the friction losses in an internal com
bustion engine is caused by the fluid type of friction, the safety of the engine 
from undue wear or even seizure cannot, by any means, be independent of the 
characteristics of the oil under boundary conditions. The work of Langmuir, 
Adam and a number of other investigators 17, 18, 19 has thrown a flood of light on 
the mechanism of lubrication under the above conditions, and it has been 
proved beyond doubt that the fa tty oils, in general, on account of their superior 
oiliness, consequent on the formation of adsorbed film on the bearing surfaces 
by virtue of their polar groups, develop less friction; and to that extent the 
conditions are favourable for reducing wear and preventing bearing seizure. 

Until recently, it has been generally assumed that direct abrasion between 
the piston and cylinder walls is wholly responsible for cylinder wear. The recent 
investigations of the Institution of Automobile Engineers 20' 21 (London) 
have definitely shown that it is also, to a large extent, the result of corrosion 
from the products of combustion and that the major part of the wear occurs 
during the starting and warming up period before the cylinder walls have a 
chance of attaining a sufficiently high temperature to prevent condensation of 
water on the surface. This is also confirmed by the work of other invetigators. 
Everett and Stewart IB and Keller 13 carrying out the determination of wear 
by the iron content of the crankcase oil found that iron was removed from the 
engine practically four times as fast in the first hour as in the succeeding five 
hours. 

It has also been proved by the investigation of the Institute of Automobile 
Engineers 1& that though pure paraffin is a poor lubricant and gives inade
quate protection from corrosion under cold running conditions, the presence of a 
small percentage of fatty acids or oils greatly improved the resistance to corr~ 
sion with consequent reduction in wear. It is, therefore, quite evident that the 
small percentage of fatty oils, which is added to the mineral lubricant, by form .. 
ing a strongly adsorbed film on the surface of the cylinder, serves as an effective 
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protection from the corrosion products of combustion and of ~:rldation of the 
mineral oil. If, however, the mineral oil is completely replaced by vegetable 
oil, it remains to be Been whether the adsorbed film will be any more efiective to 
afford protection from the pr.oducta of combustion and also from the products 
of oxidation and decomposition of the vegetabe oil,· which are likely to be 
acidic in character. . 
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n:ElQUIREMENTS OFA GOOD LUBRICANT. 

So~e ot the essential requirements whicl! a succe3sful lubricant ntligt 
lIatisfy may be stated as follows :-

(1) It must remain stable and undergo as little change in its physical and. 
.ohemical characteristics as possible under the widest range of operating condi· 
tions prevalent in internal combustion engines of varying types and capacities. 

(2) It should be free from inorganic acidity and should not show ,more 
than a very small degree of organic acidity. 

(3) It should prevent the Wear of the bearing parts and reduce friction 
losses to a minimum eVen under boundary conditions of lubrication. I , 

(4) It should serve as an Mective protection against corrosion wear, par· 
ticularly during low temperature running conditions. . 

(5) Oil consumption should be minimum consistent with adequate lubri. 
'Cation. 

STABILITY. 

It is well known that the vegetable oils are less stable than the mineral 
oils. When, therefore, we take into consideration the fact that the tempera. 
ture of the cylinder walIs may reach a value well over 200°0., and that the oil 
film on it may also be subjected to a scorching temperature of 1000°-2000°0 • 

. during every alternate revolution, leading to oxidation and cracking of the oil 
film, the difficulty of using vegetable oils as lubricants under the above condi. 
tions of operation would be apparent. It must, however, be borne in mind 
that the untreated mineral oils, which are mixtures of hydrocarbon molecules 
of extreme complexity and variety, contain also from 20 to 40 per cent. of 
unsaturated hydrocarbons II and it is only by the . elimination of most of these 
unsaturated compounds by new and improved methods of refining, addition 
of suitable stabilizer, and various addition agents that the modem mineral 
lubricating oils of commerce have attained their present position. With the 
vegetable oils, therefore, which are of comparatively known and constan~ 
oomposition, it is considered, that with suitable stabilizers and addition agents, 
it should not be impossible to produce suitable bleads which would compare 
favourably with the varioUl'l grades of existing lubricants. 

ACIDITY. 

The presence of:free inorganic acids in mineral oils is very rare, although 
traces of sulphurio acid may be left after refining. Free fa~ty' acids are, how. 
~ver, almost always present in oompounded lubrioating oils in small amounts 
end free petroleum acid may also be present in traces. In the case of th~ 
vegetable oils, it should also be possible by suitable refining methods to pro
duce a blend having a very low acid value, and the possibility of development; 
1)f further acidity in storage or use might b~ taken care of by the choice of 
suitable stabilizers. 



WEAR (ABRASIOlf). 

With regard to wear, while there is hardly anything to choose between 
the vegetable oil and the mineral oil so long as full fluid film is mainta.ined, the 
vegetable oils, as previously explained, owfug to their active polar groups act 
88 effective boundary lubricants and, therefore, caUSe less wear in those parts 
where this condition is likely to obtain and ensure a. longer life of the engine. 

CORROSION. 

The effeot of oorrosion, particularly under oold running oonditions, has 
already been discussed (see page 3), and it has been pointed out how far 
vegetable oils are likely to be able to withstand these conditions as well as 
the mineral oils. 

• 
CONBUJ4PTlON. 

The vegetable oils being fixed oils are non-volatile in character, and, if 
-suitably stabilized so as to prevent formation of carbonaceous and gummy 
substances or sludge, are expected to show less or, at least, no higher consump
tion than is the case with mineral oils. 
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LABORATORY TESTS. 

The various laborabry t.}sts that ha~e been deVised for determining -the- , 
general suitability of a lubricating oil for a particular purpose or· for identify~ . 
ing the soutee of the oil may be divided into the following two classes :-

(1) Those that are carried out for measuring the oxidation Btab~ty of an : 
oil. 

(2) Those that are carried. out for determining the various physico
chemical cha-actedsticl, of whioh the following are. some of _ the more 
common:-

(i) Acid value: 

(ii) Viscosity and viscosity index; 

(iii) Carbon residue; 

(iv) Pour point; 

(v) Flash point; 

(vi) Specific gravity; 

(vit) Oilines!l j 

(viii) Saponification value j and 

(ix) Iodine value. 

OXIDATlON TESTS. 

The importance oI stability has already been discus3ed, but it may again' 
be emphasised that it is .the most important requirement of a lubricant fot. 
internal combustion engines. It h usually measured by the changes in the 
charaoteristics of the oil, such as Viscosity, acid value, carbon residue and 
eludge formed, on subjecting it to oxidation testil. Various laboratory 
oxidation tests have been.prop0ge~ ~romtime to time to reproduce what may 
happen under actual engme conditions, but none, so far, oan be oonsidered 
as giving exact information on the changes likely to take place in the oharao-
teristi08 of the· oil, although the Air Ministry Oxidation Test, Indiana. Test 01 
the Sligh Tesll furnishes information whioh may serve as a valuable guide in 
this respeot. The laboretory oxidation tests fail to assess the. quality of a 
lubrioating oil, ohiefly beoau8e they oannot possibly reproduce the various 
changes in operating oonditions which an engine has to encounter in actual 
service and the changes in the charaoteris~ics of the oil, partioularly, the 
formation of the different types of sludge whioh is governed by the conditioll8 
of operation, that is, whether an engine is running under low temperature 
conditions which result ma.inly in the formation of the emulsion II type of 
sludge, or under normal or high temperature oonditions· which. reault in what 
is called 'oxidation sludge'. 

For the purpose of the present investigation, modified Air Ministry Oxida. 
tion Test, as developed in this laboratory, was found to give fairly reproduoible 
results although, of course, it can cla.im no better correlation with. the actual 
engine'teats than any other similar omation test. . 
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ACID VALV!: • 

. 'rhe. determination of acid value is of particular importance in the case
of vegetable oils, which are likely to develop free acids not only by oxidation 
and thermal decomposition under engine operating conditions, but also under 
storage conditions. It must, however, be pointed out that it is not only the 
quantity of acids, but also the nature of. aoids, . which is important' in the 
corrosion . of engine parts. 

VISCOSITY AND VISCOSITY IND;ElX. 

Of all the major requirements of a lubricating oil, the one that Is directly' 
related to the performance of a lubricant in actual service is the satisfactory 
viscosity-temperature characteristics, as it not only influences the losses in 
the various bearing parts, the rate of flow of oil and oil consumption, but 
also, the starting torque or the ease of starting, partioularly during the cold 
weather. A satisfactory lubri<.:ant is one which shows a relatively small 
change in visoosity with temperature, so that once the l'iscosity is adjusted 
to suit a specific engine design, there should be no difficulty in starting 
owing to high viscosity when the engine is cold. Nor should the reduction 
of viscosity as a result of high temperature during normal running be 
Buch as to cause rupture of the film.. In the case of the mineral oils, 
it is only by the development of neWer methods of refining and the selec· 
tion of proper crudes and suitable addition agents that it has now been possible 
to produce oils of sufficient high l'iscosity index, while most of the vegetable 
oils, in the. untreated condition, are appreciably better in this respect than 
even the treated mineral oils. In evaluating the performance of a lubricating 
oil, it is, therefore, of importance not only to determine the initial viscosity 
and viscosity-temperature oharacteristics of the oil, hut also to carry out
these determinations at intervals during the progress of the engine tests, in 
order to study the progressive deterioration of the oil as '" result of oxidation, 
thermal decomposition or other chemical reactions. 

CARBON RESID'l"E. 

The deposits in the different engine parts, which are generally classified. 
under the name of " Carbon" are generally formed by the oxidation and 
breakdown of the oil or sometimes by the incomplete combustion of the fuel 
in the combustion space. 

The various factors which influenoe the formation of carbon deposits in 
gasoline engines have been summe.d-up by Gruse 27 as follows :

(1) Engine running oonditions i 
(2) Oil consumption; 
(3) Time since cleaning': 
(4) Amount of dust in air; 
(5) Air-fuel mixture ratio; . 
(6) Engine design and condition: 
(7) Characteristics of the fu.el; and 
(8) Characteristics. ~£: the dl. 



It should appear from the numerous factors whicil influence the forma
tion of carbon deposits in the various parts of an internal combustion engine 
that it is well-nigh impossihle to devise any single laboratory test or group of 
tests which can correlate with the actual engine performance in this respect 
with any reasonable degree of accuracy. A number of physical and chemical 
tests, however, h:lve been proposed from time to time for estimating the 
carbonizing tendency of the lubricating oils, the most important among them 
being the coking tests, such as Carbon residue or Conradson Carbon and the 
Coke number or the Ramspottom tests, but there is a material difference in 
the ext,ent of correlation between the laboratory tests and the actual e~gine 
l>erformance, obtained by the different workers. Another test which claims 
better correlation 28 is the Vaccuum Distillation Test, which measures the 
temperature of the 90 per cent. distilled point at an absolute pressurll. of 
1 mm. mercury. This test, however, cannot be diretly applicable to the case 
of the vegetable oils which are fixed oils. 

It may be pointed out that although some workers have found a good 
correlation between the above t.ests and the engine deposits in the case of oils 
of similar origin, others have failed to do so when testing oils from different 
Bources or subjected to different treatments. 29· . 

These deposits which vary in character from the hard asph&ltic to the 
Boft. gummy type are found in the-

(1) Combustion chamber, comprising the piston top and cylinder head. 
(2) Shoulder and stems of the valves and valve seats. 
(3) Underside of the piston. 
(4) Piston ring grooves and ripg lands. 
(5) Piston ring slots and drain holes on the scraper ring groove. 

The effect of excesRive deposits on the various parts, as outlined above, is too 
well known to need anv further elaboration. While the mineral oils are not 
altogether free from the tendency of producing carbon, the problem of using 
vegetable oils as lubricants in an internal combustion engine is the more 
complicated by the severity and complexity of operation in an engine and also 
by the fact that the vegetable oils, in general, have a higher carbonizing 
tendency than most of the mineral lubriclLnts.· 

POUR POINT. 

. This test is carried out to determine the ability of an oil to flow at low 
temperatures. In view of the fact that some of the low iodine value vegetable 
oils, such as oooonut oil, set at even ordinary winter temperatures, this value is 
of importance in deoiding whether a particular oil should be used as a lubricant. 

FLASK POINT AND SPECIFIC GRAVITY. 

These tests have their chief value in being useful for identifying an oil or 
aiding the refinery control. They do not, however, give any indication of the 
lubricating quality of an oil, although it would not be unreasonablf to suppose 
that a higher flash point might mean greater resistanc8 to the oil being burned 
on cylinder walls on th.e explosioll stroke. 
MIG6CD 
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OILI1!i'ES!. 

The significance of this property in a lubricating oil has already been "dealt 
with at length, but while its determination is of importance in the case of the 
mineral oils; which are generally deficient in this property, it was not 'consi
dered necessary to undertake the determination of this property in the present 
investigation in view of the markedly superior oiliness possessed by the fatty 
oils in general. 

SAPONIFICATION VALVE. 

The saponification value of an oil serves as a valuable guide to its indenti
fication or to determining its purity. Although it is not a fixed value, it varies 
within narrow limits and hence, in conjunction with other characteristics, it 
~ Useful for purposes of identification.. In the present investigation, the 
determination of this characteriBtic at different stages of the run served the 
useful purpose of indicating the rate of decomposition or oxidation (and/or 
polymerisation) of the oils. A decrease in saponification value indicates the 
formation of hydrocarbons or other neutral products and a rise in saponifica-
tion value indicates the formation of more acidic components. 

IODINE VALUE. 

Although iodine value is not considered to be a very reliable guide to un
aaturation in the case of mineral oils, it is considered to be sufficiently 
indicative of the degree of unsaturation in the case of fatty oils 30. The 
determination of this value in the case of the vegetable oils may, therefore, be 
considered to be of importanc~ as throwing some light. on the extent of satura!.-
tion acquired by the lubricant at different stages during the progress of the 
run. 
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ENGINE TESTS. 

As indicated. earli~r, no single physical or chemical test or group of tests 
hAs been developed uptil nQw, which can predict the behaviour of an oil under 
actual service conditions, even in an approximate manner. The actual engine 
test is, therefore, considered to be the only reliable means of determining the 
suitability or otherwise of a lubricating oil. Now, the engine tests may 
comprise either actual road tests or bench tests under carefully controlled 
oonditions to represent the average road conditions so far as the average 
operating temperature, load and speed are concerned. When, however, it is 
realised that the range of operating conditions encountered in actual service 
is practically unlimited, one might th.4lk that the reswts of tests under these 
conditions would hardly apply to those obtained with bench tests. On the 
other hand, the field tests giving dependa.ble and reproducible data are too 
expensive and r3ther difficwt to carry out. Under the circumstances, th~ 
dynamometer tests under carefully controlled conditions are generally adopted 
and considered to be good enough for evaluating the performance of an oil 
under service conditions. 

The problem, therefore, reduces itself to the-

(1) Developm®t of suitable vegetable oil 4nd mineral-vegetable oil 
blends of required viscosity and the selection of th~ suitably stabilized ones 
for engine tests, on the basis of oxidation and other laboratory tests on the 
individual oils as well as on their mixtures. 

(2) Development of suitable engine equipment. 

(3) Sta.ndardization of the various test-conditions. 

(4) Assessing the results of tests on the various vegetable oil blends' in 
comparison with those obtained with the reference lubricant (such as a reputed 
make of mineral oil). 

DEVELOPMENT OF BLEND'!. 

Extensive Air Ministry Oxidation Tests (modified) were undertaken on 
castor, ground nut and cotton .seed oils in conjunction with a very la.rge 
number of stabilizers in contact with steel in order to select those oils that are 
likely to prove satisfactory in actual engine tests. A number of effective 
stabilizers were found for each of the oils, the degree of stabilization that could 
be effected being the maximum in the case of castor oil and the minimum in 
the case of cotton seed oil. It was brought out by these experiments that the 
most effective stabilizers found for the cotton seed oil were not effective 
enough, and even the best stabilizers for ground nut oil were not as effective 
as those found for castor oil. The reswts of these investigations have been 
described in detail in P,ut I of this series of papers. It was decided to confirie 
engine tests, in the initial stage, to castor and ground nut oils and prepare 
their mixtures in varying proportions to adjust the viscosity within the 
limits specified by B. S. Specification No. 210-1930 for medium lubricating 
oils for internal combustion engines, recommended by the makers of the 
engines in which tests were carried out. The following two mixtures which 
satisfied the specification requirements as regards viscosity were agaiJl 
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.ubjected to a series of Air Ministry Oxidation Tests (modified) in conjunc
tion with the most effective stabilizers found for the individua.l oils. 

Castor oil . . 60% 40% 
Groundnut oil 40% 60% 

The effects of the v'l.riotls stabilizers on these two blends are shown in 
Tables I and II below. 

TABLE I. 
Effect of various stabili~ers on a blend of castor oil 60% and gtiJUndnu!, 011 40% 

when subjected to modified Air Mini8try Oxidation Test. 

Stabilizer. 
Vis· Vie- Conrad· 

Serial eosityat oosity Acid .son Remarks. 
No. Quan. 100°F. increase value. carbon. 

Name. tity. Icenti· ratio. residue. 
% stokes). 

1 Original (unblown) .. .. 122·1 .. 2·5 , 0·27 

11 No stabilizer •• .. .. 893·8 7·3 4·2 0·97 

8 c..Naphthol .• .. 1·0 424·9 3·5 4·0 1·29 . : , c(.Naphthol and .. 0·4 428·4 3·5 4·5 1·0 
~.Naphthol •• .. 1·2 

II 0. .Naphthol and .. 0·4 483·4 3·9 2·4 1'0 Slight brow-
Pyrogallol .. .. 0·6 nish black 

deposit. 
S 0( .Naphthol and .. 0·5 482·0 3·9 4·3 1·27 Slight black 

Hydroquinone .. 0'0 deposit. 

7 Hydroquinone and .. 0·5 425·5 3·5 4·2 1·26 Black de-
P..Naphthylsmine .. 0·5 posit. 

8 c(.Naphthol and .. 0·4 470·7 3·85 3·1 1·1 Do. 
p.Phenylenediamine .. 0·6 . 

9 «.Naphthol, .• .. 0·2 472·1 3·86 5·05 J·43 Do. 
~.Naphthol •• .. 0·2 
Hydroquinone, .. 0·2 
f. .Naphthylamine and 0·2 
p.Phenylonediomine .. 0·4 

10 0( .Naphthol, .• .. 0·4 
Hydroquinone and 0·3 459·4 3·74 4·4- 1·1 Do, 
f.·Naphthylamine .. 0·3 

11 0' .Naphthol and .. 0·4 546·8 4·5 3·64 1·35 
Benzidine .. .. 0·6 

111 c( .Naphthylamine .. 1·0 442 3·6 4·8 1·22 

13 (3.Napbthylamine .. 1·0 454 3'7 . '·4 i·25 

U. O(.Naphthylamine. and 0·6 451 3·7 4·4 1·24 
(3.Naphthylamine .. 0·4 

ill c( .Naphthylamine and 0·4 448 3·65. 4·3 1·3 
~ .Naphthylamine .. 0·6 

16 p.Toluidine .. .. 1'0 lin 4,·43· 3'6 '.1-17 

-



TA1;3LE.II. 

P.Jfects of various stahili:ers on a ble~ of castor oil 40% and gr.oundnut oil 80% 
when subjected to mod;i.fied Air Ministry Oxida.tion Test... , 

Stabilizer. Vis. 
Serial cosity Vis· Conrad· 
No. at cosity Acid Ion . Remarks. " 

Name. 
Quan. lOO°F. increase value. carbon. 
tity. (centi. ratio. residue. 

% stokes). 

- ---- '. 
1 Origill!'l (unblown) .. .. 83'7 .. 2·5 0·29 

2 No stabilizeI' •• .. .. 687·1 8·2 4'~' 1·03 

3 '" .Naphthol •• .. 1'0· 352·3 4·2 4·1 1'.15 

4 C(.Naphthol and .. 0·4 356·5 4·2 4·2 '0-89 
p..Naphthol .. .. 0·2 

Ii o(.Naphthol and ., 0·4 423·4 5·0 2·1 1·41 Brownish 
Pyrogallol .. .. 0·6 black de-

e Oi..Naphthol anel 0·5 360·8 4'3 
posit. 

.. 4·0. 1·0 Sli!dlt . black 
Hydroquinone .. 0·5 deposit • 

., Hydroquinone and .. 0·5 355·8 4·2 4·4 1·23 . Black ·de-
~.Naphthylamine .. 0·5 posit.· 

a Oi. .Naphthol and ... 0'6 443·9 5'3 2·9 1:0 . Considera. -
fl·Phenylenedia.mine. ble black , ." deposit. 

D o(.Naphtho!. .. 0·2 
~.Naphthol ••• .. 0·2 
Hydroqninone. .. 0·2 427'3 5·1 4·6 1·4 : ,Black' de· 
P..Naphthylamine and 0·2 , posit. 
fl. Phenylenediamine .. 0" 

10 C(.Naphthol. .. 0" 
Hydroqninone and .. 0·3 377'9 '·5 '·3 1·' Do. 
~.Naphthylamin. .. 0'3 

! .' 

n o(.Naphthol and 0·' 464·9 5·5 ,., 1·39 
Benzidine .. 0·6 , ; 

From the result of tests summarised in Tables I and II ~t will be s~n thai 
the blend containiDg 60% of castor oil' and 40% of groundnut oil showed, in 
general, better stabilization than that containing 40% of castor oil and 60% of 
groundnut oil. The former blend Was therefore adopted as a standard mix
ture for engine test.. In order, however, to obviate any possible risk or damage 
to the engine, it was considered desirable to try mineral oil and castor oil, J;D.i.x
tures to start with, and then gradually to substitute purely vegetable oil 
blends. This necessitated the development of a suitable process for rendering 
castor oil miscible with mineral oil. Although.a. number of such processes 
was developed, they had their difficulties, and therefore on this . ground and 
alao on the ground of economy"it was decided ultimately to introduce a c9mm 



percentage of ground nut oil ~hich would render castor oil miscible with mineral 
oil Without any special treatment. One such blend which was quite stable 
,and did not separate on standing was a mixture containing 40 parts of ground 
nut oil, 40 parts of castor oil and 20 parts of mineral oil " A ". The resulting 
viscosity was also well within the limits of viscosity for medium lubricating 
oils for internal combustion engines. The engine test was, therefore, initiated 
with this blend in conjunction with 2 parts by weight of ,a-naphthol, which, 
on the basis of laboratory tests carried out so far, gave an indication of the like· 
lihood of satisfactory behaviour in the engine tests. This was followed by 
Blend No.' 2, which was composed of 60 parts of blown groundnut oil and 40 
parts of mineral oil " A II with 2% ,a-naphthol and 0'2% tin-naphthenate as 
-stabIlizers. The results of engine tests on these blends, as shown later on, 
being generally statisfactory, several pure vegetable oil blends were developed 
as a result of extensive laboratory tests on the individual oils and on their 
blends with 'various stabilizers. The composition of the various blends tried 
and the results of modified Air Ministry Oxidation Tests are given in 
Tables III and IV respectively. 

TABLE III. 

Oomposition of blends. 

Mineral Castor Ground 
Blend lubriClmt oil nut oil Rape Stabilizer. Remarks. 
·No. "A". %. %. oiL 

- ---------
I 20 40 40 .. f.-Naphthol 2% " Unrefined vegeta. 

ble oils. 

2 40 .. 60 .. ~-Naphthol 2% and Do. 
(blown) Tin·naphthenate 0- 2%. 

3 .. 60 40 .. o..-Naphthol 1% .. Unrefined oils. , .. 60 40 .. No stabilisers .. Do. 

II .. 60 40 .. o..-Naphthol 1% .. "'Refined oils; soap 
oontent-{j·11l7o/. 

6 .. 60 40 .. o..-Naphtholl% .. Refined oils = soap 
oontent-O'0195% 

7 .. 60 40 .. o(-Naphthylamine 1% Refined oils; 

8 .. 60 40 .. o(-Naphthylamine 1% 
Chromium oleate 0·1 %. 

Do. 

9 .. 110 .. 50 c(-Naphthylamine 1% Do. 
I 

10 .. 50 .. 50 ~-Naphthylamine 0·5%. Do. 

Diphenylamine 0-5%. 
, 
. .The refining of the oils W&8 carried out by the ordinary.' alkali refining process,· ·the 
iUjPoDtity C)f~ceaa IOap be~ conirolled by repeated ~~ wi\ll hQ$ W&$er' , 
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TABLE IV. 
Results oJ Modified Air Ministry OxidaJ,ion Test on the mineralanavegetabk 

cn"l blends. 

Acid nlue. Qmradson Carbon Residue. 
Viscosity I .. 

Dlend NOI. Increase 

I 
Ratio. Initia.l. Final Initial Filial. 

1 5·5 .. .. 0·35 0'97 

2 '5·3 .. ... 0·56 1·27 

3 3·5 ll-5 4·0 0·27 1·29: 

4 7·3 2·5 4·2 0·27. 0·97 

6 3:8 0·86 2·6' 0·27 1'58"· 

6 3·9 0·88 3·5 0·22 1·47 

'7 4·4 1·0 3·1 0·18 1·56 

8 4·0 1·1 3·4 0·21 1~21, 

9 4'6. 1·2 4·4 0·20. .. .0·96 

10 4·8 1·6 4·1 0·22 r;l' . 

Minera.lLu- 1·08 0·0 0'6 0·21' 0·26 
bricant 
"A". 

. 
. . 

Minera.ILu. 1·59 0·1 1·5 0·08 .l:09 
brica.nt 
tlBtI. 

.---. 

EXPERIMENTAL PLANTS.· 

, 

, 

With a view to obviating any risk or damage to a larger engine in which 
the severity of operating conditions is bound to be excessive, it was planned 
to carry out the preliminary engine tests in a single cylinder 3 H.P .. Petrol 
Engine and to have the . blends that behaved satisfactorily in this unit to be 
subjected subsequently to more severe operating conditions in a 16 H.P. 
4-cylinder Morris Industrial Petrol Engine. . 

The description of the engines, and. their auxiliary equipment is giyen 
below:-

(1) 1·5 K. W. • Lister • Petrol Engine-Dynamo Set. 
This unit consisted of a 3 B.H.P. vertical single cylinder 4-stroke \vater

cooled petrol engine, 4" bore and 41" stroke, rated at 700 R.P.M .. and direct· 
ly coupled by means of a flexible coupling, to a 110 volt compound wound D. C. 
generator of the enclosed ventilated type, both being mounted on a cast irOll 
bed plate. The engine was delivered fitted with a Lister Patent flood'prooJ 
type carburetter, a Lister Patent centrifugal type of governor and high tensioI 
magneto ignition system. The jacket cooling arrangement comprised a- radio 
.'or cooled by a fan, driven from the shaft by means of a belt; 
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The lubrication of the bearing parts with the exception of main bearings 
~,s effeot~d by means of splash from the oil trough at the bottom of the crank 
case, the latter being lubricated by oiler rings dipping into the same trough. 
, The engine was loaded by the generator, the output of which was arranged 

to be dissipated in a suitable water cooled resistance through a switch board 
with the electrical control instruments, etc. (Fig. 1). 

In order to reoord the running temperature of the crank case oil, a mer. 
cury-in-glass thermometer was inserted through a suitably drilled hole in' tHe, 
crank case dram hole plug. A similar thermometer was inserted through the 
top cover of the radiator for ineasuring the temperature of the cooling :water 
which was kept COIll!tant at 205 ± 2°F during these investigations. The 
temperature control was effected by putting the radiator fan out of action 
by removing the belt between the fan pulley and the shaft, admitting a control
led stream of cold water into the inlet side of the cylinder jacket and letting 
a controlled quantity of hot water overflow through the radiator overflow 
tube. 
(2) Morris IndustriaZ Engine--Dynamometer set. 

This unit consisted chiefly of a 16 H.P. Morris Industrial Petrol Engine 
coupled to an electric dynamometer (Fig. 3). 

The engine was a 4-cylinder petrol engine having the following specifica
tions.;::-

Rated Power 
Rated speed 
Bore 

( Stroke .. 

.. \ 16 H.P . 
1500 R.P.M. 
2·75" 
4·0" 

The lubrication of the crank-shaft bearings is effected by a pressure feed 
eystem,whereas,the lubrication of all other internal parts is provided for by 
splash from the oil trough. ' The engine as 8upplied was equipped with the 
following :....,... 

(i) One centrifugal water circulating pump on the water jacket outlet. ' 
(ii) One spring loaded centrifugal type of governor with speed control 
" device, regulating thecarburettor throttle a.nd' designed to 

maintain the speed constant at all loads. 
The engine as purchased was of the commercial type, but it was converted 

into an experimental unit by introducing certain modifications with a view, 
to running it under strictly controlled conditions. The modifications includ
ed the following items :-

(1) The radiator, which was mounted close to the engine on the same chan
nel base, was dismantled and installed outside the laboratory. It was con
nected to the outlet of the circulating pump and the inlet of the cooling 
water jacket by means of lr pipes. ' 

(2) An electrio fan was provided for cooling the radiator and adjusting, 
the temperature of the circulating water; the speed of the fan being controll~d ' 
f~om inside the laboratory by means of a rheostat mounted on the switchboard. 
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FIG. I. 

General view of Lister Petrol Engine-Dynamo set with switchboard a)'ld 
water cooled dissipating resistance in the background. 
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Diagrammatio Layout of the Experimental Plant showing essential details of the Morris Petrol Ellgine, the 
Dynamometer and the eleotrioal oontrol oirouits. 
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(3) Two thermom~ter pockets (Fig. 2) were provided, one at the inlet 
and the other at the outlet of the cooling water jacket. 

(4) In order to maintain the temperature of the intake mixture constant 
a 1· 5 K. W. electric heater was introduced into a re-entrant type of manifold 
between the carburetterarid the intake manifold of the engine (Fig. 2). The 
heater was provided with a three-heat switch and a reheosta.t and ammeter 
mounted on the switchboard for accurate temperature control, the tempera
ture 'being indicated by a thermometer located in a pocket provided at the 
intake port. 

(5) One neon tube spark ignition indicator was provided to indicate the 
nact angle before T. D. C. at which the ignition took pla~. 

(6) For adjusting the ignition angle, a convenient control was provided at 
~e magneto. 

. . (7) One oil pressure regulating valve designed to control the oil pressure . 
in the lubrication system was installed in the oil feed line. 

(8) One copper-collstantan thermocouple, which was suitably insulated, 
was inserted through a suitably drilled hole along the length of the oil dip
stick for measuring the crank case oil temperature. 

The engine was coupled to the dynamometer through a flexible rubber 
Canvas disc coupling of the Hardy type. The dynamometer W&9. of the usual 
trunnion mounted yoke type and was provided with two cantilever arms, one 
connected toa weighted centre-zero spring balance with hand. wheel po~i
tioning gear, and the other to an oil dashpot, which served to damp out the 
~bra.tioD.s. The length of the lever arm was so designed tha.t the torque 
delivered by the engine could be easily calculated by multiplying the spring 
balance reading with a simple multiplier. The .unit was also provided with 
a revolution counter. 

The engine-dynamometer assembly was mounted on ~ pair of channel 
pieces, anchored to a. reinforced concrete bed, which was isolated from the 
laboratory floor by proviJing a clearance of 3/4' between the bed and floor 
all around and filling up the gap with pitch. . 

The dynamometer could be used as a. motor for starting the en",crine or as 
,a generator for delivering ilie power output to a load re3i~tance t:Uough suitable 
'measuring instruments (see Fig. 2 for electriCal connections and other ~etails). 

ExPERIMENTAL PnOCEDURE. 

Belore undertaking actual engine tests on the various oils or their blends, 
. ,both the engines, which were new, were run in for a sufficient length of time 
on mineral lubricating oil for the proper bedding of bearings. For this purpose, 
the Lister petrol Engine-Dy1li1illO Sot was run at approximately half load 
{0'75kw) and full-speed (700 R.P.M.) for 30 houril, followed by another 100 
hours' run at full load and full speed. 

The total running in period for the Morris engine, was of 100 hours' dura
tion, the first 50 hours' run being conducted at approximately half load 
(7 D.H.P.) and three quarters maximum speed (1,300 R.P.M.) and the sub
sequent 50 hours' run •• t approximately full load (14 B.H.P.) and full speed. 
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FIG. 3. 

General view of the Morris Engine Dynamometer equipment with switchboard and dis
sipating Resistance Bank in the background. 
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At the conclusion of the running-in period, a series of trial runs was carried 
out, ~~rticu1arIy with ~he Morris ~ngine, for standar.:lising the various operating 
conditions under which the engme tests could be conveniently carried out. 
As ~ result of these experiments, following engine aonditions were stand
ardlSed:-- . 

Lister Pd19l Engine.D'!J"YI4mo Set. 

(i) Engine Speed .• 

(ii) Power output 

(iii) Radiator water temperature 

Mortis Industrial E'l'tgine. 

(i) Engine speed 

(ii) Power output 

(iii) Jacket. water temperature at the outlet 

(iv) Spark advance 

(v) Intake 'Ilii.xture temperature 

(vi) Oil pressure ., 

700 RP.M, 
I,SH.P. 

~5° ± 2°F. 

1,500 RP.M. 

14 B.H.P. 

1700 ± lOF. 

30° before T.D.C. 
1200 ± lOF. 

15 ± 2 Ibs. per 
square inch. 

It blaT bt pointed out that tha maxiDlUlIl power output available und~t 
the above standardised conditions of operation averaged at 14 B.H.P. approxi. 
mately as against the rated output of 16 B.H.P. specmed by the makers. This 
is approximately what may be expected due to poWer reduction caused by the 
heating of the intake mixture' to a high temperature and also maintainkg the 
jaaket water temperature at a fairly high value. 

STANDARDIZATION DUNS • 

.After the standardization of the various operating conditiona under which 
the engine tests were to be ()Qltied out, both the engines Were op~ned up .fQr 
thorough examination of the various parts and measurement of cylinders, 
pistons, bearings, etc., with a view to determining the wear and other changes 
that might take place as a result of subsequent runs. After reallsembling, 
a 100 hours' standardiaation run was undertaken on eaah unit with one of the 
reputed proprietary brands of mineral lubrroant, which will be referred to 
as reference lubricant" A" in this paper. Engine test was also carried ouf! 
with another mineral lubricant which has been designated as minerallubricanf; 
II B ". In order 1K> obtain results of adequate precision it was proposed to carry 
out standardization. runs at intervala to take into account the variation of 
test conditions due ~ mechanical changes and wear of the engine parts which 
would enable the results of engine tests at different stages of the investiiatiOll 
to be properly assessed. 
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lIAKx-ul' oIL. 

. Prioi' to the commencement of each day's run, the make-up 011 Was a.ddetl 
to,bring the level of the crank case oil in tho Morris engine to a fixed mark on 
the dip stick, as recommended by the makers of the engine. In the case of 
the smaller engine (Lister), the makMlp oil was added till the oU in the trough 
just overflowed. Some inaccuracy exists in the make-up oil figures for the 
smaller engine due to some of the oil used for lubricating tappets and governor 
finding its way into the crank case, but this is not considered to be serious, 
as the ultimate suitability of the various blends is to be determined by tesUt 
in the larger engine (~lor'ris) where this possibility is practically tuled out. 

SU1IP OIL TEMPltRATUR:I. 

The equilibrium temperature of the crank case oil was recorded daily 
during the progress of the engine test. This was done by means of a copperJ 

constantan thermocouple, already described. 

MOTORING' TXI!T. 

In order to determ.ine the progressive changes, if any, in frictional 103se8 
owing to alteration in characteristics of the oil under the operating conditions, 
a motoring test was periodically carried out at the endofa day's run when the 
engine was thoroughly hot and the operating conditions stable. The change
over from generating to motoring was effected with as little delay as possible 
and without any effective change of speed, care being taken to cut off the fuel 
supply and to switch off the ignition as soon as the carburetter ran dry. 

SAlIl'UNG OJ' CRANK CASK oIL. 

In order to determine the changes in physical and chemical charaoteris
tics of the oil, as also the iron content (both in solution as well as insoluble 
residue along with the sludge) during the progress of the run, 50 c.c. samples 
of the crank case oil were drawn at intervals of 25 hours approximately. The 
sampling was done by me3.ns of a pipette during the run or immediately after 
it before the sludge content of the oil or other suspended matter had a chance 
of settling down, so that the sample was thoroughly representative of tAe 
main iulk of the crank .ase oil. 



E~l?En.ThtENTAL RESUtTS. 

Thl! resu11iS of the engine tests with the various blends, which W'er~ deve
loped in this LaboratOry, as well as those obtained from the use of the mineral 
oil, which was taken as a reference lubricant for comparative study, are sum
marized under the following two heads :-

(i) Preliminary engine tests, •. e., tests carried out in the l' 5 KW. 
Lister petrol engine-dynamo set. 

(ii) Final engine tests, i.e., tests carried out in the 16 H.P. Morris 
industrial engine-dynamometer set. 

PRELIMINARY ENGlNE TEST. 

In Table V are sUlIlInarised the variations in the IIlore m;.p~rtant charac
teristics of the oils or their blends with engine operation, which more or less 
give indication of the oxidation and thermal stability of the oils under.engine 
operating conditions. 

In Table VI are summarised some characteristics other than those shown 
in Table V and their vairations with cOhditions of engine operation, which, 
though not important from the point of view of judging the suitability of the 
oils as regards their lubricating quality, throw. a gOQd deal of light on the 
character of the changes taking place in the oils a~d, consequently supply' 
data on which attempts at improvement of quality of the oil may be based. 

In Table VII are summarised the data which are directly or indirectly 
related to the friction losses and wear in the more important engine parts as 
a result of the deterioration of the oil and abrasion or corrosion or both. 

In Table VIII are summarised the results of examination of the engine 
parts after .each run and the nature and amount of deposits on piston, cylinder 
head, valves, ete.,. the deposits being carefully scraped off, collected and 
weighed wherever they ocCur in appreciable amount. 



TABLE V. 
OMnges oJ lubricating oil, characteristics showing oxidation and lltermcd 

stability under engine operating conditions, in 1'0 K.W. lister set. 
(three Dgurea under any head correspond rellpectively to 0, 50 and 

100 hours· operation). 

:No. Vis· 
of cOslt;y Rise Visco. Acid Con· Total Crank 

,tun. Blend. at in sity value. radson Amount case 
140°F. visco· indelt. carbon of dilution 
(centi. sity residue sludge %. 
ltokes). %. %. (grams). 

- ~ ~ ~ - ---- ~ . 
1 Minerallu btit:ant 42'4 .. .103 0 0·19 .. " uA h ,. 42·2 .. .. 0'24 0'35 .. .. 

49'7 17'2 .. 0'46 0'47 .. .. 
2 Blend No. 1 .. 41'8 .. .. 4'15 ' 0'30 .. . . 

46'5 .. l)olO 0·85 .. .. 
46·5 11'2 .. 6'45 0'92 .. ., 

1 Blend No. II .. 6i·9 .. ," 2·90, .. .. 
69'9 .. oo 2·99 .. .. .. 
66·3 25'3 .. 3·43 .. .. .. , Mineral Lubricant 41'3 ' .. 57·9 0·08 0'08 .. . . 

'BU. 44'4 .. 62·3 0·28 0·16 .. .. 
46'7 13'1 83·5 0'30 0'16 1'50 .. 

15 Blend No. 3 .. 45·4 .. 116·0 2·50 0·20 .. .. 
60·1 .. 115·0 2'20 0'58 .. .. 
66·1 21'4 115'0 j'10 0'79 1'64 .. 

U Blend No.' . ,. 45'& .. 116'0 2'34 0020 .. .. 
78'8 .. 115·0 3'60 , : :0'88 .. 

144·2 216·2 HO'O 6'09 1-40 2'34 .. 
7 Blend No. a .. 48'1 " 112·7 0'86 0'27 .. .. 

62·9 .. 115'9 0'92 0'69 .. 
'0·8 63·2 31'4 116·8 0'99 0·60 0'81 

8 Mineral Lubricant 43'7 .. 102,8 0'10 0·19 .. .. 
"AU, 47·0 .. 100,2 0'37 0·28 .. 

63'0 21'3 99'0 0'48 0·49 l'U 1·' 

D Blend No.6 .. 48'5 .. 114'5 0'88 0·22 .. .. 
51'0 117·0 1·00 0·43 .. 

'0·8 65'9 ao·a 114·5 1'20 0'58 1'32 

10 BlendNo • ., .. 48'1 .. lIO'O 1·00 0'18 ," .. 
47'8 111·0 1·60 0·37 .. .. 
61'8 12'4 114·0 1·84 0'48 1'06 0'8 

11 BlendNo.' .. 48'3 .. 114·0 1'07 0·21 .. .. 
63'4 .. 113'0 1'80 0'40 .. .. 
64'0 11'8 113'2 2'00 0'69 1'94 .. 

12 Blend No. 10 .. 41·8 ", 121'0 1·65 0·22 .. .. 
50·5 .. 120·3 2'30 0'65 .. .. 
60·9 45·7 121·8 2'77, 1·34 0'88 0" 
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TABLE V. 
Changes oj lubricating 01,1 characteristics showing tXddation and iitermat 

stability under engine operating conditions, in 1'5 K.W. Lister set. 
(three figures under any head correspond respectively to 0, 50 and 

. 100 hours· operation). . 

Vis. 
cOal,., RIse Visco· Acid Con· Total Crank 

,-un. Blend. at in 8ity value. radson Amount case 
140°F. visco. indell:. carbon of dilution 
(centi. sity residUe sludge %. 
etokes). %. % . (grame). 

- ~ ............... - - ---~ -. 
1 Mlnerallubtib&nt 42'4 .. 103 0 0·19 .. " "A h. 42·2 .. .. 0·24· 0'35 .. . . 

49'7 17'2 .. 0'46 0'47 .. .. 
:I Blend No.1 .. 41,8 .. .. 4'15 ·0'30 .. .. 

46·5 
ii'2 

.. 1)0]0 0'86 .. .. 
46'5 .. 5'45 0'92 .. .' , Blend No. a .. 62·9 .. .. 2'90 .. .. " 69'9 .. .. 2·99 .. .. .. 
66·3 25'3 .. 3·43 .. .. .. , Mineral Lubrica.nt .41'3 .. 1S7·' 0·08 0'08 .. . .. 

'BU. 44'4 62·3 0·28 0·16 .. .. 
46·7 13'1 83·5 0'30 0'16 1'50 .. 

& Blend No. 3 .. 46·4 .. 116·0 2·50 0·20 .. .. 
50·1 .. 115'0 2'20 0'68 .. .. 
56·1 21'4 115·0 J'10 0'79 1'64 .. 

8 Blend No. , .. 65'6 ~. 116'0 2'34 0·20 .. , .. 
78'8 .. 115·0 3'60 .(j·8S .. 

144'2 216,2 110'0 5'09 1'40 2'34 .. 
7 Blend No. II .. 48'1 .. 112·7 0,86 0'27 .. .. 

52'9 .. 115'9 0'92 0'69 .. 
'0·8 63·2 31·, 115·8 0'99 0·60 0'81 

8 Mineral Lubricant 43'7 .. 102'6 0'10 0·19 .. .. 
"AU. 47·0 .. 100'2 0'37 0·26 .. 

·i •• 53'0 21'3 99'0 0'46 0'49 l'U 

9 Blend No.6 .. 46'5 .. 114·5 0'88 0·22 .. .. 
51'0 117·0 1·00 0·43 .. '0·8 56'9 20'2 114·5 1'20 0'58 1'32 

10 Blend Nil • ., .. 46'1 .. 110·0 1·00 0,18 .. .. 
47'6 111·0 1·60 0'37 .. .. 
51'8 12·, 114·0 1·84 0'46 1'06 0'8 

11 Blend Nil •• .. 48'S .. 114·0 1·07 0·21 .. .. 
53'4 .. 113'0 1·80 0'40 .. .. 
64'0 11'8 113·2 2,00 0'69 1'94 .. 

12 Blend Nil. 10 .. 41·8 ... 121·0 101;5 0·22 .. .. 
50·5 120'3 2'30 0'60 .. .. 
60'9 41>'7 121·6 2·77 1·34 0'86 0" 
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From a careful examination of Table V and Fig. 4 i~ will be seen that th. 
percentage rise in viscosity as a result of 100 hours' run was maximum 
(216·2 %) in the case of Blend No.4, containing no stabilizer and minimum 
in the case of Blend No. 7'(12, 4 %) and 8 (11, 8 %) without, of course, taking 
into consideration Blend No •. 1 and 2 whicll were mineral-vegeiable oil mixtures .. 
The viscosity increase in the case of miner~l reference lubricant " A " *in both 
the standardization runs was appreciably higher than that obtained with either
of the vegetable oil blends 7 and 8, although the crank CQse dUution after the 
second standardization run was twice that obtained with either of these· 
blends. The data, present.ed above, clearly demon.strate the very marked. 
effect of the addition of stabi.lizers in suppressing the various chemical reactions
which l~d to an increased viscosity. 

, As regards the viscosity index (Fig. 5), it will also be seen tQat the vegetable
oil blends, in general, are superior to the mineral oils. The changes in visco
sity" index wit.h the progress of the run were slight and practically of the' 
same order in the case of both vegetable and mineral oils. 

Blend No.4, the untreated blend, showed a sharp increase in acidity 
(Fig. 6) approximately after 25 hours' run, the maximum increaae in acid value, 
being 2·75 as against 0·46 (1st standardization run) and 0·36 (2nd stal;l,dar
dization run) with the mineral reference lubricant" A", Whereas the change' 
in the acid value of the pure vegetable oil blends, as a result of stabiliaation,.
varied between 1· 22 and Q·13. It is also interesting to note that Blend. 
No.3 showed a final decrease in acid value. So, even with regard to acidity. 
the effect of stabilizers is quite marked. and some of the blends behaved better 
in this respect than the mineral oils. • 

.A&: regards Conradson oarbon residue (Fig. 7), although the vegetable
oil blends and the ~neral oils had more or less the same val1Nl8 initially. th. 
vegetable' oils, in general, showed a higher carbon residue increase than the
reference lubricant" A ", the change in this respect, as in others, being most;. 
marked in the case of the unstabilized blend No.~. The increase in Blend 
Nos. 5, 6, 7 and 8 may be considered ro be of the same order as in the cas8' 
of the reference lubricant " A ". • 

TABLE VL 

Change of oil characteriB!ics otJre:. tllan, those SMwn i~ TiWk V under engimr 
operatmg con«'I1Mm8 ~n 1'5 K. W. LitA.er set. 

(I'hree figures. under any head correspond respectively to O~ 50 and 100' 
hours' operation.) 

Specific I 
Iodin" .ABIt Iron in. 

No. 

". ri'Y r'''''''''· of .Blend. .100°F tioa 'va.iue. % ash 

run. at -- value. % 
100"1' 

-1-1 " ...... ,."'i~ ... A" .. O' 87HJ 1 0·4.~ 13'1 

I 
0 .. 

0-861>2 2-20 15·4, 0'016 .. 
O'86!l6 2-39 15'0 O·().i2 ,..e, 

* Unless otherwise stated. the performance of the V&rlOll8 blends will be compared! 
'With that_of the rcference lubrioant .. .A. .. during the second standaz:dizatioD. run (:Run No.. i} .. 
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TABLE VI~f)n:a. 

No. Specific Saponifica-
of gravit.y tion Iodine Ash Iron in 

run. Blend. lOO°F value. value. % ash 
at- % 

100°F 

2 Blend No. 1 .. .. 0·9200 152·6 77-0 0 . . 
0'9201 153·7 &;4'9 0'028 .. 
0'9206 156'4 65'0 0'040 · . . 

a BleJ1.d No. 2 . . .. 0'9079 128·6 55'0 .. · . 
0'9106 141'3 52·4 .. · . 
0·9138 J45'2 52'1 .. · . , MiDel'al L1ol.bricant .. B .... 0-90S2 4'3 25'6 0 ... 
0'9090' 2·5 25·6 0'005 .. 
0'9102 1I'6 25'7 0'008 ... 

I Bleud]{u,3 .. .. 0·9389 179·4 92·7 0 0 
0'9383 179·0 83·6 0·034 16'S 
.0'9423 18(>,3 83'3 &'056 2lH) 

fl Blend No. 4 .. .. 0'9375 179·9 90'0 0 0 
0·9511 177·5 82·3 0'030 5·' 
0'9636 178'1 78'1 g'OS4 IS'S 

7 Blend No.6 . , .. 0·9406 IS2'6 liS· 0 0·009 0 
0·\l4.13 192'/# 86'0 0'017 5·7 
0'\1491 198'2 84·2 0·04.J 10'% . 

8 Mineral Lubricant .. A" .. 0-8760 0·16 13'~ 0 0 
0'8794 3'15 17·2 0'014 2'Z 
O'8S00 3'SO 23·1 0·017 3·& 

SI BlenGl No_ 5 .. .. 0'~3H 178'0 92·8 0'003 0 
0·0410 1111'0 tiS-' g·Ol" IS·Z 
0'0441> 104'9 85·4 0'028 27" 

10 Blend No, 'Z .. .. 0'93tH 190'0 92·1 0'004 0 
&'0399 197'0 S5·8 0'014 14'5 
0'9-103 193'3 86'1I 0'021 19'5 

11 Blend No.8 .. .. 0'9405 ]SO·6 90-3 0'007 0 
0·9430 187·7 t<~'4 0'041 6·& 
Q-04.i:l 1\)3-0 86'3 0'097 5'3 

12 Blond No. 10 .. .. 0'9:133 178'5 117'2 0'001 0 
I 0'0389 184·2 97'9 0'022 H) 

'0'9437 197'8 94'0 0'060 2'1 

It will be seen from the results tabulated above, anI aIso {rom Fig. ~ 
that practically four (Blen:! Nos. 2, 6, 8 and 10) out of the seven vegetable oil 
blends showed an appreciable increase in saponification value. The saponifi

.oation values of the remaining blends as well as of the reference lubricant " A " 
either remained nearly constant or showed a slight tendency to increase with 
the- duration of operation. What is rather remarkable is that the untreated 
blend did not show any increase in saponification value, but, on the other hand, 

.ahowed a slight tendency to decrease in·1icating therehy th~t the chemica.l 
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TOTAL AMOUNT oF SUJOGt IN 
GRAMS AFTER 100 HOUR 5 RUN 

-

~~~~~~~~~~ flLEND4 

Lua ~ 

7 

FIG. 8. 

Graphical representation of the amount of sludge in crank case oil obtained 
with different blends as a result of 100 hours' run in 1·5K.W. Lister set. 
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· reaction did not proceed beyond, perhap!, the decomposition of the glyC'eridell 
into fatty 'acids and neutral products. 

Generally speaking, it may be said that the engine operating conditioIlB 
had the effect of increasing the acidic constituents as a result of complex 
chemical reactions, but this effect was more pronounced in the case of some of 
the stabilized blends. , 

The iodine values (Fig. 10) of all the vegetable oil blends decreased with 
the progress of the engine test, the minimum value being reached approxi
mately.between seventy and eighty hours' operation~ The most interesting 
feature that is brought out by the engine test is, therefore, the fact that the 
degree of saturation of the blends increased with the length of operation and 
reached a maximum value before approximately eighty hours' operation. 

With regard to the ash content (Fig. 11) of the oil, it may be observed 
that all the blends as well as the mineral lubricants showed an increase in ash 
content with the length of operation. Now, the ash content is due primarily 
to the dust or other impurities finding their way along with the induced air 
and also to the introduction of metallic impurities from the various engine 
parts as a result of wear. In view of the fact that the particular engine in which 
the investigation was carried out was not provided with an air filter, and as the 
experiments were carried out under the various weather conditions prevailing 
during the different parts olthe year, the amount of dust and other impurities 
:fip.ding their way inside the engine naturally varied from blend to blend. 
The figures for ash or iron content (Fig. 12) of the oil, therefore, furnished no 
definite criterion of the relative degree of wear as a result of engine operation 
and should not be taken for anything but a rough indication of the degree of 
wear experienced by the metallic parts of the engine. 

It will be noted (Table VII and Fig. 13) that the maximum equilibrium 
temperatures of the crank cas,) oil in the case of runs with blend No. 3 ("'
Napthol blend) and 7 and 8 (Oi..-Naphthylamine blends) were practically of the 
same order. but somewhat less than that obtained with the reference lubricant 
" A ", while those obtained with the remaining blends were nearly the same as 
in the case of the· run with the reference lubricant. Assuming that the crank 
case equilibrium temperature is independent of the room temperature and is 
a function of frictional los~es under similar operating conditions, it may be 
concluded that the frictional characteristics of the vegetable oils are practically 
as good as those of the mineral oils, if not superior. 

The consumption of petrol (Table VII) per B. H. P. hour should also be 
proportional to the frictional losses if the output is maintained constant and 
we find that the consumption in the .case of runs of all the blends except the two 
mineral-vegetable ones is more or less suuilar to tliat obtained in the standardi-, 
zation runs; It should, however, be pointed out that there does not exist a 
strict correlation beteween the equilibrium temperature and the consuIilption 
in every case. 

With regard to cylinder well, it may be observed that, with the exception 
of Blend Nos. 2, 3 and 8, all the vegetable oil blends behaved as satisfactorily 
ail t.he reference lublicant, but the loss of weight of the top piston ring, whick 



... • 
z: ... 

t50 

~~ i- Z 
OJ 

if4l t-UlI~ 
~t~ 

r ~~ 
. r>! t~ ~~t30 

III a z 
~~t4..Q f0-

ID 

r "..Q ,-~t50 
10 

3140 I- -
i 

r- - ~t~C 

r-5 ~ f-f~ 
at 

'It 
~ta9 

UJ 

~~ 

~tl!.!! r-
0 

~/~ '-

r - 10 140 

~ 
..I 

fo-~ r-! I?>O • 
~ 

N 

~ru 
~It~ 

-140 

jl~O: 
o 

...J 

C~ 

-
7" -

.-' 
I,....-

r-

.... 
""""-

.... 
""-

...... -
-

,'" 

10 

31 

BL.E IND 9 -
BLJ;. NO & 

I 
au: ~D '7 

..... --- au NO 6 

-- r--..... 
MINERA .UJJ3 '~(tI 

~ ~BLE ND 5 -
BLE. ND4 

~ 
~ 

", .-- -"SL.E /-103 
I 

MINE R~L.L. ~'B' 

~ -... 
'"'BLE NDt 

, 

. -- !..nl 

40 80 100 

NO OF HOUR~. RUN 

FIG. 13. 

g&aace ia eqw.ilibrium. temperature of crank C&II6 oil with the duration Of rlUl 
ia 1· 5 :K:.W. Li.eter aet. 



Xo. 
.f 

I'IID. 

-
1 

J 

II 

4 

J 

• 
, 

• 

TABLE 'TIl. 
Frictio1t aM weare'ltaracterilticl oj the Of,'ls (J8 brought om by 100 houra' engine te.t in 1'5 K. W. Lister let. 

(Three figures under any head correspond respectively to 0, 50 and 100 hours' operation.) 

Maximum Total 
Room sump oil Consumption Cylinder wear Reduction irOD conteDt 

temperature temperature of at in weight of Iron in oil of 
during during petrol limiting position top (Parts per crank ea •• ' 

In.nd. the period the period per of piston' million). oil 
, of run. of B.H.P. ring travel. ring. af~r 100 

(OF). run. hour. (inch.) (grma.) hours' run. 
(OF). (lbs.) (grms. 

Mineral Lubricant ".l" .. 96-84 140-131 . . .0·0001 .. .. . . 
Blend No. 1 .. .. .. 90-79 138-126 1·31 No measureable .. .. .. 

change. 

Blend No. J .. .. .. 85-73 136-124 I·' 0·0003 .. .-. . . 
'Mineral LubrllllDt "B" .. .. 96-85 140-136 1·25 0·0002 .. .... . . 
Blend No. I .. .. .. 90-77 138-130 1·18 0·00011 0·0353 0 0·956 

1i5 
112 

Blend No. 4' .. .. .. 84--71 144-130 1·18 0·0002 0·0347 0 0·443 
16·2 

158·2 

Blend 1(0.11 .. o. .. 100-83 1112-144 1·18 No measurllable 0'0500 0 0·226 
change. 9·7 

44·8 

Mineral Lubricant "J." .. 98-89 1110-140 1·03 Do • .. 0·0283 0 0·101 
3·1 
G·1 



• , Blend:N o. IS 98-83 147-138' 1·10 Do. 0·043' 0 0·195 
14·8 
76·7 

10 Blend Jlo.' 97-81 141-135 1·06 Do. 0'0351 ° 0·1'9 
11·16 

'0·5 

11 Bled Xo.' 81i-70 137-133 1·05 0,0003 0'0680 0 0·'117 
26·9 
52·0 

13 Blend No. 10 101-83 15G-133 1·18 :No meuureable 0,0460 ° 0·171 
change. 8·8 

119·2 

• 

W' 
~ 
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FIG. 14. 

Graphical.reprel6D.tation of tha loss in weight of top piaton ring after 100 hOUlS' run ia 
1·5 K. W~ Lister lIe~. : 
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Graphical representation of the total iron content (iron in solution and iron in 
sludge) in crank case oil after 100 hours' run ~ 1·5 K.W. Lister set. 



has been generally accepted as an index of wear, failed to establish any correla
tion with the cylinder wear figures. It may, however, be pointed out that 
among the pure vegetable oil blends, those numbered 3, 4 and 7 behaved best 
and showed a loss of weight which Was approximately 25 per cent. higher than 
in the case of the reference lubricant (second standardization run). 

As regards the total amount of iron removed (Fig. 16) it will be seen that 
Blend No. 7.proved superior to all others, giving an iron content figure of 0'149~ 
gm. as against 0·101 gm. for the reference lubricant. The other two blenda. 
which gave the next best results are Blend Nos. 5 and 6,·which gave iron con~nt 
figures of 0 ·195 gm. and O' 226 gm. respectively. 

It will be observed from Table VIII and Fig. 17 that the nature of deposit 
on the piston top and cylinder head with practically all the blends was of the 
same type as that obtained with mineral reference lubricant " A ", although 
the amount varied from blend to blend. The amount of deposit on the under
side of the piston with reference lubricant "A" was practically nil as against vari
able amounts (0'34 to 2' I) grams) in the case of the stabilised vegetable oil blends. 
The total amount of deposit on the piston top and cylinder head, including that 
on the underside, obtained with Blend Nos. 7 and 8, was definitely less than thai 
with the first standardization run with reference lubricant " A" and quite 
comparable with that obtained with the second standardization run with the 
same reference lubricant. It should be further observed that the deposit pn all 
thesc parts obtained with blend No. 4 (the untreated blend) weighed as much 
as 16·5 grams, whereas that obtained with Blend Nos. 7 and 8 weighed only 
1·82 and 1·32 grams respectively, clearly demonstrating the very remarkable 
improvement in this eHed caused by the addition of stabilizers. 

The nature of deposits on the ring lands and grooves with all the blends, 
except Nos. 4 and 5, was similar to that produced by the reference lubricant 
" A ". The deposit obtained with blend No. 4 (the untreated castor and 
groundnut oil mixture) was of a distinctly gummy character and caused the 
clogging of a large number of scraper ring slots and the sticking of the top 
piston ring. The deposit produced by Blend No. 5 was somewhat gummy in 
the region of top ring groove and ::ot;o caused the sticking of the top ring. On 
the other hand, Blend No.6 which is exactly identical in composition with 
Blend No.5, except for the fact that its soap content was slightly lower, was 
quite free from these defects. It is, however, difficult, to say at this stage 
whether the ring sticking wa~ due to excesq of soap or whether it was purely 
accidental. W'ith the lUltreat3d· oil, on the other hand, the deposits were 
definitely gummy in ehar;i:ctcr not only on the top ring groove but also in the 
Qther ring grooves, showing undoubtedly 1;hQ effect of Iiltabilizers on the 
1l'aated blencls. 

With regard to the deposits on the valves, the table would indicate that 
the exhaust valves were singularly free from any deposit not only in the case 
Qf all the ve~etable oils but also with the mineral reference lubricant" A ", 
while the inlet valves in each case showed some amount of deposit, the 
nature and extent of which varied somewhat from blend to blend. In no ease, 
ho';',c;cr, it was liuch aJ to interfere with the proper working of the .valves. 
1IIlJ~CD 
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TABLB 

Nature and extent of deposits on variaul 

Total Top ring. 
wcighl 

of 
deposits PistoD 

I'\stoD top. 
00 underside Piston skin. 

,.of Blend. Cylinder piston and weight 
!Do head. top and of deposit Land. GrooT •. 

cylinder ingramt. 
head. 

(grams.) 

1 Minerallub· 1/3 spongy; Hard .. 2·5 Slight de· Lacquered Noappnl. Noappre. 
rica.n\ 2/3 hard. posit on black at ciable de- ciable de· 
"'AU. top: rest plac<B. posit; lac. posit; lac-

of interior quered quenld 
lacquered. black. black. 

~ 

I :B1eadNo.l I/2Bpongy; Do. .. 3·6 Spongy and Do. Do. Do. 
1/2 hard. moist. 

2·5 

I lIlmdNo.1 Bard .. Do. .. 2·1 Spongy and Do. Thin depo. Thin, DDi· 
moist. sit at . form. 

2'~ plaeee. 

, Minero.l.lub· 1/! hard and Do. .. 0·58 Thick at Do. Lacquered LacqUered. 
ricant 2/3 aponiY. top; rest black. black. 
"BU. of interior 

lacquered. 
1·0 

I 1I1 ... d No- I Thick on Do. .. 3·2 Thick and Do. Thin, irre· .hin. sticky. 
periphery; parUysoft gular. 
fo.irly hard. and partly 

bard a' top. 
1·8 

• lIl .. dNo.' 2/3 thiek I De. .. 3·3 Thick. moist Do. Thin, irre. Gummy •• 
1/1 thin. at top; Kular. 

rest of-
interior 
lacquered. 

13·lI . , :BIaRd No.5 nin, bard Do. .. I·. Thin, gra· Do. Gummy de. P"rtIythiu 
near tho nnular at posit over and partly 
.entre : top; rest i area; thick and 
thick of interior the other gl'mmy. 
round laoquered. i clean. 
pariphory. 0'63 

• )finerallub· I/Sthin, Do. .. 0·65 Thin, hard. Do. Thin, lOft No appro· 
riea.nt. hard; 2/3 1·0 over i Ieiabla d. ...... '. practioally are& ; the poai'. 

.1 ...... uther . i 
olean. 



No. vttl 

engine parts after 100 houri; run. 

Groove. 

Noappreci ... No approcif.. 
ble depoait : ble d.po. 
\ecquered .it; Jac. 
b1eck. qu.red 

bI&ck. 

Do. Do. 

Thin, 1IDi. Thin, 1IDi. 
form. form. 

L&equered L&equered 
b1eck. b\eck. 

Thin, sticky Thin, stieky 

Gnmmy(2nd) Cammy 
\ecquered (2nd) Jac. 
(3cd). qllered 

(3rd). 

Thin, uli· Thin, ,..;. 
for ... fora. 

No apprecia- No appracia-
bl. depoai., ble de· 
Iaoquored. poait; \eo. 

quered. 

Inlet valVo. 

Stem. 

Part Itained; 
iao\eted 
Bpecks ot 
carbona-
0001111 

matter. 

Part .tamed 

Dt!. 

Thin .. 

Thin,gran' 
nIar. 

Thin,gn' 
nnlar. 

Do. 

Fairly 
atainl!d and 
partl.v co· 
....red with 
thin car· 
bon. 

Should.r 
.... dC ...... 

Thindepo. 
sit. 

Do. 

Appreciabl. ; 
granular 
and gum· 
my on 
.bould.r 
only. 

Thin .. 

Thin; gran .. 
nl ... on 
.boalder. 

Thin; gra. 
nuler on 
Iboulder. 

Fairly thick, 
.oft and 
pnular 
onohoul. 
dar, thin 

. on face. 

ThiB .. 

Exhaun'ral_ 

Stem. 

None; 
stained 
""ddiah. 

Do. 

Stained. 
black. 

D ... 

Stained 
reddiab. 

Thin; part 
.tained rod· 
dioIL 

Thin, part 
.tamed 
reddiah. 

Sba ined red· 
cboa. 

Shoulder 
and I;' ... 

None; 
.tained. 
ndiab. 

Do. 

St"ined 
b\eck. 

Do. 

Stained 
raddiab. 

Stained 
reddiah. 

Stained 
... ddiah. 

, 

Do. 

No clngging of any o!the 
drain holes or scraper riOi 
groo .. e. A f..... .c"'po! 
ring .lota clogged.. . Piatoa 
riDj;. free in th.ir groo ..... 

Only .. f ...... cr .. par. me 
.Iota clogged. Piaton rin&. 
free in their groo ..... 

Do. 

·Pis.on ringo frH in 
th.it &rooYMI. 

De. 

A large number of aer&pe' 
ring BIota clogged. Top 
r"lllg stuck.; oth.ra free 
in their grOO1'8I. 

A f .... .crape! riDg 11010 
eloggod. 'iop ring .tuck. 

PiJltoll rinll" free ... thair 
groa ...... 



. TABLE 
.. .. 

total Top.wlJ. 
weight' 

of 
deFosits Piston 

Cylinder on undf,rside 
No. of Blend. Pistou top. bead. piston and wcight trJ&ton akin. 
run. top and of d~p08it :Laud. 0"""8. 

cylinder 
head. 

in grams. 

/gl'&ID9.) 

-
II Blend No. I i \bin, hard, Hard ., :'0 Isolated :Lacquered Thin isola'- Thin filmo 

brownish; .pongy blaok at ed deposita t praoti. deposito at plaoe .. at ple.oo.. 
• ally clear. top; the 

.... toHhs 
interior 
.imply 
lacquered. 

Ie lIleDdXo.7 Central haIt Faitly hard, 1'3 Thin, moist Do. Thill 0 ... '" Thin, uni· 
free from partly 0'52 iarea; form. 
deposit; browniaJ-t., _ bright. 
other i 
partly reo 
ainous 
and brown. 
ish an" hard. 

II BIeacI. No.8 Central half Bud .. 0'98 Thin, moist DIr. 
Thin 0_ 

Do. 
free from at pla.eeo. a ._11 
df.'lposit ; 9'340 s.re&; re· 
olhar h .. lf maining 
\bin,hard. ...... bright. 

12 :Blond 1* •• 10 i practically Fairi,. hard. 0·7 Partly_ist De. Praetically Thla 
1,.,., from :'31 ! covered 
deposit; 1ri'h thiD 
the other deposit 
i hard, intsrsper' 
.... ily reo sed with 
_vable. hrigh\ 

spote ; 
other i 
clean. 
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VIII -con:t1. 
-

~ \ 
Lower riIl{!ll. Inlet valve. Exhan,t valvo. 

I 
Land. OI'O<1V •• Stom. Shoulder Stom. IIhou\der lkm ... b. 

and face. and face. 

Tbinlilm .. Thin film .. Thin, .. few Thin film Stained StRined A few •• rapor ring IloW 
granules on face and reddilb. roddi.h. clogged. Piston rinp 
at isolated shoulder. freoo in other lroo ...... 
pointe. lsolatod 

I"""ulea on 
.boulder. 

Tbin Illli- , Thin Illli· Thin .. Thin .. Do • Do. A nD~ber of .craper tm, 
form. f,,1ID. .Iote oIogged. Pilto. 

rin::o free in tbeir sreov ... 

2nd land DII. Tbin film, Thin !ihn. Do. Do. Practically half .Il. IGro.por 
hriaht ex· witbgr ... sbouldor <ing slota eithor parti.ou, 
oept for .. nu1ea here covered or entirely cloggod. 
amallarea, and tho .... with gr ... 
3rd land nu.les at 
eovered isol .. ted 
with Il thin 
uniform de. 

pointe. 

posit. 

Thin .. Thin .. Pm Granulated Do. Do. Pilton rinp f ..... ia. ~b.ir 
ltained ; over shoul· Foov .... 
part 11""- dor; thin 
nul&~ deposit 

over faoe. 



48 

TtJr:4L WelQlJr OFCARPON p£,ooslrs 

·'N GRAMS ON PISTON TOP g CYliNDER HeAIJ 

J 

! ... 
M IN£RAL LUB. A (J) 

.olE-NO NPI. 

ElENO 2 . 

BLEND 3 

BLEND 1 

.BLEND S 

NINER"L tUB. it" (2) 

. .BlEND 6' 

BLEND 7. 

BLENDS 

RIrEND /0 

FIG. 17. 
Grapbical representation of total amount of carbon deposits 011. piston top :l.nd 

,ylinder head in 1·5 K.W. Listo! Sit, 
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TOTAL Wt;:IG.HT OF CARBON ·OEPOSITS ON PISTON UNDEriSIOE 

Lup,',Atlll 

BLEND Z 

BLF..N04 

LUB ';li.(?) 

a 

FIG. 18. 

Graphical representation of total amount of carbon deposits on piston"underside in 1·5 
. K. W. Listeu:lt. • 
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FINAL ENGI~E TESTS. 

From the results of preliminary engine tests on the various blcnds, it will 
be seen that Blend No_ 7, which is a castor and groundnut oil mixture wit.h 
c( -naphthylamine, proved superior to all others as regards general stability
and wear characteristics_ This blend was, therefore, subjected to more severe 
operating conditions in the larger engine (~Iorris)_ 

While the engine test on this blend was in pro~e:)s, a series of Air MinistrY' 
Oxidation Tests (Modified), underta.ken on rape oil in conjunction with different 
stabilizers, had practically reached the final stage, and it was found that 
oC.-naphthylamine, which proved quite satisfactory for the grounclnut casto! 
oil blend, also proved to be quite a good stabilizer for rupe oil_ A 50·50 mb:ture 
of castor and rape seed oils with 1 % oC. -naphthylamine was, therefore, prepared. 
for test in the larger unit_ The resulting viscosity of the blend was 109 cen~ 
tistokes at lOO°F_ 8S compared with 1:::8-6 ce:J.tistokes in the case of Elend 
No_ 7 and 122 -1 centistokes in the oase of reference lubricant" A "_ The lowcr . 
initial viscosity of this blend was decide.:! upon to see whether this woul,l L. 
any way influence the friction ch.'l.r:::.'.)beristics, which were founl to be some
what inferior in the case of Blend No 7, than in the case of refet(lIlCe lulricant 
" A". 

TABLE IX. 

C}j(snge of main oil olhlr,lctristics showing o1iidatia» awl t7~(1',n'tl st..'tbilit1 un:ler 
engine operating cond,itions ia 16 H. P. 211orl'is engine. 

(the three figures under eaoh hC:1d correspond resllectively to 0,50 and lOO 
hours' operation)_ 

.. I'<J .. .. 
~ 

::l 

~ 
Q) Q .;, 

l 0&1 El ~ 
e ., .., .. 

" 
.... 

~ I'! ~ .. l '" " i! ~ .. .so .. 
~ ~ Q) 

r.; " .,:, I'! 
cO '" "ii j b .~ H 

0 '0 I'! .... of 0"':' ::l .... ., Q) .. ... ~"'d ;a -:; 0 . '0 

'" '" ~Q) 

s: '" _s .; 
'" ~ 

::l a ~ iil 0 _!5 " 0 "'-i: ~ ~ 
0 s .. Z I> - 'd .. ...~ 

_e~ s:: 0 " ... . ; I> '0 .. .. 
'g t! 0- ..>I Q 0 0 Oil 'd ",,:g 

.~ ill'! ! :s I'! '0 s:: 

~ 
., .a Cl §S .. 
iii ii: e .. 0 .. po < 0 fI.l Eo< 0 

- - -----~ ---------
1 Mineral Lubricant 43-7 102-0 0-06 0-19 .. .. .-

"An. 40-2 9S·0 0-42 0·24 .- .- 16-4 3-g 
42-8 -2-1 96-6 0-36 0-32 0-04 1-74 1-4 

--------- -
2 DlendNo.7 .. 46'6 116-0 0·92 0-2 .. .. .. 

47'7 116-5 I-56 0-37 .- .- 16-8 1-2 
56·7 21-7 114-5 2-25 0-57 0-03 1-40 1-9 --- -----a BlcndNo. g .. 41-2 121-0 1·19 0-2 ., 

:: 117'8 i:2 42-7 121-0 2-0 0-23 .-
48-2 17'0 120-2 2-0 0'49 0-03 1-21 1·0 

-
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The results 01 engine tests on these ble!lds along with those on reference 
lubricant" A " are summarized in Tables IX, X, XI and XII. . 

It may be noted that owing tOlmduevibration and leakage of oil througk 
aeveral auxiliary bearings ot the Morris Engine, while carrying out standardiza~ 
tion runs, it was decided to carry out engine tests at 1200 R. P. M. (instead 
of 1500 R. P. M.) and at a correspondingly reduoed load (10 B. H. P.). 

A fresh standardization run was, therefore, carried out under the new 
conditions and engine tests on Blend Nos. 7 and 9 reported in this paper wer~ 
carried out under similar conditions. 

60 

........... 

30 
. 0 

-
10 

~ 
~ ...,. 

./ 
-"'" 

~ 

MI INERAl. 

40 60 60 

NO ~ HOURS RUN 

FIG. 19. 

~ ~ 
END 1 

~ 
~ 
~ 

~ ~ 

LUff: "Ii[ 

100 

Change in viscosity with the duration of run in 16 H.P. Morris engine. 

The data presented in the Table IX and Fig. 19 indicate that while the vis
cosity of the reference lubricant "A " decreased with the progress of the run for 
the first 50 hours, evidently on account of greater crank case dilution (3· 0%) 
occurring during this period, it subsequently showed a tendency to increase 
reaching a final value (42'8 c.s. at 140°F), which was lower than the initial 
figure (43 c.s. at 140°F). Both the vegetable oil blends, on the other hand, 
showed a tendency to increase in viscosity with the length of the run, the 
increase being most marked after 50 hours in the case of Blend No.7 and after 
75 hours in the case of Blend No.9. The greater increase in viscosity of the 
'Vegetable oils as compared with that obtained with the reference lubrioant might 
be partly explained by the greater dilution occurring during the latter run. 

As regards the acid value (Fig. 21), it will be seen that while it increased by 
0·30 in the case of the reference lubricant" A ", the corresponding increases in 
Blend Nos. 7 and 8 were 1·33 and 0·81 respectively. The Conradson. carboa 
residue figuree of both the 'Vegetables. oils were alae slil:htly higher (Fig. 2'2). 

Kl88CB 
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If 0 

130 
iILL£H. ~ 

/10 i!JLEN P 7 
1,1(111'£ t?~ ~ lIA" 

~ ~ --
-

so 
o - 2.0 ~o 80 80 /00 

No. ·OF HoMS'RuN. 
FIG. 20. 

Change of mcoaity index with the duration of run in 16 g.P. Morris engine. 

Both the vegetable oil blends, however, developed appreciably less sludge 
than the reference lubricant (Fig. 23). The oil consumption %"1ll'eS {or Blend 
Nos. 7 and 9 were 15·8 % and 17,8% respectively as compared with 16'4% in 
the case of the reference ]ubricant. 
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, ....... 

60 80 100 

NO O~ HOURS RUN 

.. 
FIG 21. 

, aan~6.r aGii. value ,n, .. ~i.~ iudion .. f r~ ia lC H.P.llonis eniine. 
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FIG. 22. 

Change of conradson carbon residue with the duration of run in 16 H.P. 
Morris engine. 

TABLE X. 

Change of oil characteristics other than those shown in Table IX ",nde1- ettgine 
operation conditions in 16 H. P. Morris engine. 

(Three figures under any head correspond respectively to 0; 50 and 100 
hours' operation). 

Specifio 
gravity S"pooi. 

No. of at fication Iodine Ash Ironia 
run. Blend. 100°F. value. value. % ash % 

100·E. 

1 Minerallubrioant" A" 0·8738 0·8 l!'! Nil. x«. 
0·8758 1·4, l!'9 0·013 n·. 
0'8769 4,·7 l!'! 0'014, 20·. 

2 Blend No. 7 .. .. 0'9399 IM-O 93'0 0-01')3 Nil. 
0'9403 184·6 83·7 0-010 16-9 
0·9462 195'0 81·9 0-O~2 j' 

____ I. 

S BlendNo.g .. .. 0·9333 180·3 96·0 O'(H'_} 

0·9343 189·2 96'0 0·012 

I 
J ;~ 

0'9379 190'0 93'0 O'OIIl .. 
. 
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TOTAL AMOUNT Of SLUDGE IN CRANK 
CASE: OIL IN GR~MS ArTER 100 HOURS RUn 

o 'N 

BL.ENO -.., 

pLENO 9 

FIG. 23 . 
• 

Graphical repreo-.:ntation of the total amount of sI'ldge in crank case oil ail a 
rC8ult of 100 hoars' engine test in 16 H.P. Morrii e:l~ille. 



It will be seen from Table X (Fig. 24) that the nature and extent of the 
changes suffered by both the vegetable oil blends as regards saponification value 
as a result of 100 hours' run in the larger 4-cylinderengine we:resimilar to those 
obtained in the case of the run in the smaller (single cylinder) unit (Table VI). 
It appears therefore that the more severe operating conditions in the high power 
engine produced no more serious changes in the characteristics than the com
paratively less severe conditions of the smaller engine. The same remarks are 
more or less applicable in respect of changes in the iodine value (Fig. 25) which 
decreased slightly with the progress of the run indicating that the degree 
of saturation of the blends tended to increase with the duration of operation. 

" /;,: -. :-. - ' -, '. iBL&NJ ~'j -" - ~ 

. . '/ ~ -, - ~ - I---IS" - I---""" .. 

V ~ 
>;1 lBiEN b.lt 

~ ~ 
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""""""- -- ~~ • ,~ 

,(V . - \'11 

-

180 - -, . , . 
,-, , 

, ~ 
, ~ 

" " 

/0 
~ - , 

/tf1N. It=RAL IlliR~ 

V ~ ~ ~ -----
~ 

20 ~ 60 80 100 

No. OF HoweS' 1?UN~ 

FIG. 24. 

~hange of eapo~nification value with the duration of run in 16 H.P. Morris engine. 

As regards the percentage ash (Fig 26) and the iron content, the remarb 
that were made in the case of the runs in the smaller engine apply to this case 
11.1&0. But it may be generally observed that the increase in the ash content of 
the crank case oil in the case of both the blends was slightly more than in the 
case of the reference lubricant " A ". On the other hand, the percentage of 
iron in ash (Fig 27) obtained with the reference lubricant steadily increased with 
the progress of run, reaching a value of20·3% after 100 hours which was appre
fliably higher than the corresponding values in the case of both the vegetable 
oil blends. It may, however, I?e pointed out that this value changed in a very
irre~r IWUlIlGl Qur~ the 1'1IWI wiik Ilotll ~ ""etable oil l.llel1d.i. 
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Change of iodine value with the duration of run in 16 H.P. Morris e:tgine. 
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TaUl XI. 

Friction arul wear chafacterUttc. 01 the cn'ls as 1Yrought out by 100 hour,' engine test in 16 H. P. Mom. Engine. 
(Three figures under any head correspond respectively to 0, 50 and 100 hours' operation). 

Room MaJ:imum Conaump- • . Red:ction Iron in Total iron Motcrin, 
tempera- 8umpoil tion of Cylinder in weight crankcase content of 1088ea 
tureduring tempera- petrol per wear at of top oil (parts crank oase (B. H. P.). 
the period tureduring B.H.P. limiting piston ring per million). oilarter 

Blend. of run. the period hour_ position after 100 100 houri' 
("F). of run. (lba.) oftcpring hours' run run. 

.("F). traveL (grams). (grama.) 
(inch). 

No meaaur- 0·0110 Nil 2'3 Minerallubri- 0'0119 
cant" A u. 97-811 1711-109 0'682 able change 0'0141; 111'8 0,'81 2'3 

in any cylin- 0'0150 .30'0 2'2 
der. 

Blend No. 7 No measur-
able change. 0'0288 Nil 2'7 

811-71 174-171 0'729 0'0002 0'0387 17'3 0·'8' 2'6 0'0005 0'0177 29'8 ~HI No meaaur- 0'0237 
able change. 

Blend No.9 0'0003 
No meaaur- 0·0177 able ohange 0'0109 Nil 2'11 

118-74 174-171 0'707 in remain- 0'0348 12'1 0-lI73 I·a 
ing eylin- 0'0103 14'1 J'II 
dera • 

. ! The four figurel relate tc cylinder Nos. 1 to .4 serially. 
MI06CD 
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A comparison of the ':results tabulated in Tab1e XI and shown graphically 
in Fig. 28 indicates that the equilibrium temperatUre of the crailk case .oil in the 
case of both the. {regetabie oil blends was practically identical and showed a 
fairly close agreement with that obtained with the mineral reference lubrioant 
" A ". Th~ I),verage rooril temperature, however, was ,slightly lower during the 
vegetable oil runs. The consumption of petrol per B. H. P hour with vegetable 
oil blends were 4-7% higher than that obtained with the reference lubricant" A ", 
although the frictional losses as d.etermined by the inotoring test were 10 to 16% 
higher in the case of former blends. It appears, therefore, that there was lack 
of strict correlation between the frictional losses i.nd the temperature rise of 
the crank case oil, but generally it can be stated the the frictional characteristics 
of the vegetable oil blends on the whole were somewhat iilferior to those of 
the reference lubricant. ' 

With ~egard to wear on the hasis of change itt cylinder bore and the loss in 
weight of top piston ring, it should be observed that the Blend No.9 and refer· 
ence lubricant" A " were practically similar (Fig. 29) except for the fact that 
the top ring of cylinder No.3 after a. rtln with the ,former blend showed a campa· 
ratively large reduction in weight and the bore of cylinder No.1 showed a slightly 
more increase in dimension. This appears to be accidental,.since it 'concerns 

- one cyliri.der oiiIy. 
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Co 

Change of equilibrium temperature hf crank case .oil with 'the duration of 
run in 16 H.P. Morris engine. 

The quantity of iron in solution in crank case oil at !lifierent st~ges of, run 
(Fig. 30) With Blend No.9 was appreciably lower than in'the case of refe:eoce 
lubricant" A" while that obtained with Blend No.7 and reference lubrwant 
cc A " was practically identical. The total iron content of the craru: case oil 
(Fig. 31) (including that of the sludge) at the end of 100 hours' run Wlth Blend 
No.9 was also considerably lower than that obtained with rUn on Blend.No . .1 
or the reference lubricant" A "0 both of which gave similar performance ill this 
respect. 
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~!'OUCTION IN WEIGHT Of' TOP PeTClN Rtw"G 
IN GRAMS AF'Tut 100 "OUR~ ~U .. 
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OV..,INOER NO! 

c:. V'L INOER NO.3 

1>102. 

0# '" CVl.INDE.R S 

FIG. 29.-
Graphical representatioll or the loss in weight of top piston ring aiter 10() 

hOUlI' engille test in 16 H.P. Morris engine. 
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FIG. 31. 

Graphical representation of the total iron content (including that of sludge) 
of the crank case oil after 100 hours' engine test in 16 H. P. Morris engine. 
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J :Blend No. 7 

TABLE No. XII. 

Nature ana exient of deposits on mrious engine parts after IOO TUJUTSr nt'll. 

(Four figures under any head refer to data obtained with the individual cylinders). 

Cylin. 
der 

head. 

Piston top, in each Thin 
ease, showed thin, hard de
UDifonn IJIJd hard posit.. 
deposit of carbon 
(fig. 34) which was 
removable with 
some difficulty. 
underside simply 
lacquered mown.. 

Ylloton top, in each 
case, covered with 
a thin, uniform 
and hard depoaa 
(fig. 35) whwh 
·could be ecraped 
off with great 
difficulty. The 
Bcrapings ~ P..~: 
llented • h_ 

Do. 

Weight iD gram ... 

piston 
top. 

0'517 
0'53& 
0'530 
0'48.2 

0·671 
0·606 
o·&n 

·0·672 

cylinder piStoo 
head. weier· 

aide. 

0'900 
1'220 
.2'439 
1'971 

I·n) 
1·595 
2'410 
2'825 

Practicai. 
Iy 1hl. 

.2'466 'Z'961 

RiDg IlIIlds, groov~ Valvo. and vaive FOO' 
and skirt.. bts. 

Top land, in MOO 
case, Mowed 
thin deposit at 
placeB. Other 
ring lands and 
grooves covered 
with thin uni. 
form deposit. 
Skirt lacquered 
black mostly near 
the gudgeon pin 
1>ea.ring end&. 

El(cept for the 
top land. which 
was partly bright 
and panly eov· 
ered with car· 
1>onaceouB de· 
posit, the ring 
lands and groov. 
es were general. 
ly covered with 

Inlet valve of cylinder 
Nos. 1,2 and 4 show· 
ed gra.nulat~ de. 
posita over portions 
of shoulders (fig. 33). 
That of cylinder No. 
3 covered with the 
same type of deposit 
'Practically over the 
entire shoulder. Por. 
tions of stmn and face 
of each valve either 
atained or covered 
with thin deposit. 
EJdlauat valvee 
showed DO deposit •. 

Shoulder and part of 
stem of inlet Talves. 
of cylinder Nos. 1 
and 2 eovered with 
thick spongy depo. 
sit of relinous eha
racter (fig. 36). 
.Those of cylinder 
Nos. 3 and 4 showed 
the aam8 type of de· 

Remuh. 

Interior of eacll 
cylinder clean 
and free from 
8Ummy deposits 
and Bcore marks. 
and 110 also were 
the principal bear. 
ing parts. Partial 
clogging of some 
of the scraper rin!! 
slots. Piston 
rings free in their 
groove". 

Interior of eacb 
cylinder "lean 
IIIId free from 
gummy deposits 
and score marlts ; 
80 also were the 
principal beaN 19 
parts. No ok gJ' 
ing of scraper rmg 
alots or dIain holes 



to brownish ap- a thin uniform posit but in Ieee on IICJ'aper ring 
pearance, giving depo.it in the amount. The total grooves. Piston 
an impreBBion case of each of weight of deposits rings free in their 
of partially car- the pistons. on the shoulders, grooves. 
bonised oil ; The skirt, in stems, etc., was 6 ·14 
underside lac- each _, show- gms. Exhaust valv-
quered brown. ed brownish co- es showed no de-

!oration at posit. 
places. 

3 Blend No. 9 Each piston top Fairly 0·850 1-229 Practieal- The deposits on The shoulders of all Do. 
covered with a hard, 0·883 1·675 . ly nil. the various ring the inlet valves and 
hard deposit of BlDooth 1-173 5·360 grooves and their pockets cover-
carbonaceous mao uniform 1·179 5'231 skirt generally ed with appreciable 
tter (fig. 37) which deposit. similar to those deposits of resinous 
could be scraped .4·085 13·495 .obtained with character, the 
off with diffi- Blend No.7. amount of deposit 
culty. The scrap- decreasing with their 
ings were simi- distance from the 
lar in appear- oil spray which is 
ance to those of f located in the valve 
blend No. 7, chamber near the 
underside inlet valve of cylin-
lacquered brown. der No.1 (fig. 38). 

The following are the 
weights of de-
posits :-

1·86 grma. 
1·73 .. 
1·38 .. 
0'98 .. 

The inlet valve faces, 
in each 08&3, cover-

. ed with a thin film 
or simply stained. 
'The exhaust valve 

... pockets, shoulders 
and stems £ree from 
deposits. 

~ 
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~, WE.IG H T O'f' C.ARBON Dr. 'P05IT IN , ~ 

CaRA/I15 ON PI5TON TOP & C'VWNOER Hf:.A.D -o 

MINERA.L LUB'K 

BLEND 7 

BLEND 9 

FIG. 32. 

Graphical representation of the weight of carbon deposit on piston top and 
eylinder head as a result of 100 hours' engine test in 16 H.P. Morris engina. 
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FIG. 33. 

Carbonaceous deposits on the ' shoulder and stem of the inlet valves of 16 
H. P. Morris engine IVl a. result of 100 hours' run wjth mineral lubricant " A ". 
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FIG. 33. 

r 
! I 

J 

Carbonaceous deposits on the· shoulder and stem of the inlet valves of 16 
H. P. Morris engine P.'! a result of lOD hours' run with mineral lubricant " A'". 



FIG. 34. 

Carbonaceous deposits on the piston tops and cylinder head of 16 H. P. 
Morris petrol engine as a result of 100 hours' run with mineral lubricant" A"', 
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FIG. 35. 

Deposits on the piston tops and cylinder head of 16 H. P. Morris engine 
as a result of 100 hours' run with Blend No.7. 
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FIG. 36. 

Carbonaceous deposits on the shoulder and stem of the inlet valves of 16 
H. P. Morris engine as a result of 100 hours' run with Blend No.7. 
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FIG. 36. 

Carbonaceous deposits on the shoulder and stem of the inlet valves of 16 
H. P. Morris engine as a result of 100 hours' run with Blend No.7. 
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FIG. 37. 

Carbonaceous deposits on the piston tops and cylinder head of 16 H. P. 
Morris engine as a result of 100 hours' run with Blend No. 9. 
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FIG. 38. 

Carbonaceous deposits on the shoulder and stem of the inlet valves of 16 
H.P. Morris engine as a result of lOO hours' run with Blend No.9. 



. A ctllse examination of ~able XII brings out some interesting facts wit. 
~egard to the nature and extent of deposits, obtaip.ed wit'h the vegetable oil 
blenda, as compared with those obtained in the corresponding parts with the 
rninerallubricating oil" A ". The most marked difference in behaviour bet
... een the two types of lubricants is .iD. respect of the deposits . observed on ·th. 
piston top, cylinder head. inlet valves 3Il.d valve pookets,while the nature 
and extent of deposits on the other parts, particularly, the piston underside 
and the ring grooves are, in general, .identical .in. the case of both types of oils 
The most outstand.i.ng fact that is brought out by the engine tests is that the 
two vegetable oil blends tried in the large unit (Morris) wete at least free from the 
ring sticking tendency under high temperature conditions. It; remains, how
~ver, to be seen whether the alternate high and low temperature running (or 
~ven continuous :ninJling), as encountered under certain serVice conditions are 
c:onducive to ring sticking~ 

With regard to weights of deposits en the piilton top aJld cylinder head, 
it would be seen that the performance of Blend No. '1, is slightly worse than that 

.C0f mineral lubricant « A.. ", but the performance of Blend No.9 may be regard1l<l .8 definitely worse. Although Blend N,o. 7 is a castor and ground nut Oil mix
ture and Blend No. 9 is a castor and rape oil mixture, the difference in behaviour 
'cannot be wholly ascribed to the difference in composition or to the different 
c:arbonning aehavioUr of the two Meads, qut partly.al80 1;0 the difference in the 
initial viscosities of the two blends (Table IX). . The lower initial viscosity of 
.Blend No.9 was evidentl, responsible for more oil going past the piston rmgs 

. mto the combustion space, resulting .in. more depoSits. This is· also confirmed 
hy the slightly higher consumpt.ion figure.in the case of this blend (Table IX). 

In respect of deposits en the valves and their pockets, both the vegetable 
~il blends, hGwever, showed up definitely worse than .the mineral oil " A " .. 
.Although the .individual weights of deposits in case of Blend No.7 were not 
determined, it can be safely concluded from the available data that the per
formance of the two .us was practically idenli~al. It; w0uld Be observei 
lthat the alllount of deposit decreased with the mcrease ill distance of the valves 
40r their pockets from. the oil· spray which is located in the valve chamber near 
the inlet v~lV8 sf cy}inder .No. 1 for the lubrioation ~f the valves in ~heir guide~ . 
.Although at must be admitted that the vegetable oils have a definitely greater 
<carbon forming tendency thaD. the mineral oils in general, the real explana
tion for the peculiar manner in which the amount of deposit has progressively 
-decreased from the point of admission of the oil into the valve chamber lies n@t 
only in the quality of the oil itself but also in the peculiar design of the parti- . 
<cular engine. It is, however, pro.,posed to .discuss this .,point in greater .deta.iJs 
under" DiscWlsioa ". 
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DISCUSSION. 
In evalua.ting the performance of the various blends, it is considered best 

to confine the discussion to the pure vegetable oil blends and to 
discuss first the. l.'esults obtained with the various blends as a result 
.of runs in the smaller engine (Lister singl~ cylinder), and subsequently 
to compare th~ performance of Bome of the blends, that prove to be the best, 
. with that obtained in the larger unit. It is, however, not necessary to discuss 
all the data. obtained in connection with the various characteristics or engine 
.operation, which have already been briefly discussed. It is here proposed to 
judge the oomparative merits of the various blends from the following im· 
portant points of view.:- . 

(1) Change in the main characteristics of the oil such as ;
(a) Viscosity. 
(b) Acid value. 
(e) Sludge content. 

(2) Oil consumption. 
(3) Wear of the engine parts. 
(4) Carbon deposits. 

With regard to oil consumption, it was not possible to determine it 
accurately in the case of the smaller engine. It Wa8llot, therefore, included in 
the Tables of data pertaining to this unit.' ,'. ,. 

In detenri.ining the engine wear the following methods 22' 23' S .which are 
now commonly recognized, were employed :-

(a) Measurement of the increase in diameter of the cylinder bore. 
(b) Determination of the loss in weight of top piston ring. 
(c) Determination of the iron content of the crank case oil at different 

stages of the progress of t.he run as well as the determination oC 
the total iron content of the oil including that or the sludge at 
the end of 100 houts' run. 

LIST:tR SINGLE-CYLlNm:& ENGJNEr 

Blend No. 3 .. 
Blend No.3, which is a castor-groundnut ()ll mixture with 0. -naphthol, 

was composed of unrefined oils having a high initial acid value of 2·5 as c~m
,pared with 0·10 in the case of the reference lubricant" A" (I!eeond standardiza· 
.tion run). It will be !'Ieen from Table XIII, which give8 a summary of the 
. changes in the various characte.Iistics, that the vi8Co&ity of the blend did 
.not show any appreciable change with engine operation. The acid value, 
:which wail high to iltart with, instead of intreaeing further, showed ~ 
slight decrease. The quantity of sludge in the crank case oil after }OO· hours' 
run was practically 50% more than in the ca8e of the reference lubricant. . 

With regard to the .wear characteristic8, the performance of the oil "\Val 
decidedly inferior to that of the referenee lubricant. Although the reductioI 
in weight of top piston ring was only 20% more, the increase in cylinder b~r8 
was 0·0005" as compared with the negligible change in the ·use ofth~ run ~th 
the reference lubricant, and the total iron content of the crank case 011 wail :ume 
and a. half timeil that obtained after the standardization run. 
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the· a.mount of carbon deposits on the piston top and cyli~der head as 
well as the underside of the piston was also decidedly higher, being 6·0 and 
1·18 grams respectively as against 0·6 and 1·0 grams obtained with the 
reference oil. While, therefore, the change in viscosity and aoid value of the 
blend was quite comparable with the corresponding fig lITes for the reference 
oil, its performance in other respects, particularly the wear of the engine parts, 
was definitely worse. The high wea.r figure, it is supposed, might have beeh 
due to the high acid value of the oil, but it must be pointed .out that the acill 
'\Talue of an oil is not always a deciding factor in corrosion. The nature of 
acids is of more importanoe in this respect than their quantity. 
Blend No.4. 

Blend No.4 was identical in composition with Blend No.3 but without 
any stabilizer. It had also the same viscosity and acid value as the latte:!:. 
It was subjected to engine test primarily with a view to determining the extent 
to which the presence or absence of a stabilizer affects the changes in charact
teristics of an oil or influences the engine operation. An examination of 
Tables V and XIII and Figs. 4 and 6 will demonstrate that the percentage 
rise in viscosity was nine times and acid value increase nearly seven and a half 
times the corresponding values for the reference lubricant, or, compared to 
Blend No.3, the viscosity increase was nea.rly ten times, while the acid value 
increase Was 2·75 as against a slight decrease in the case of the former blend. 
The sludge content of the oil was also twice that obtained with the reference 
oil as against one and a half times in the case of Blend No.3. What is most 
striking is that the wear characteristics of the oil showed up appreciably better 
than those of Blend No.3, whereas the amount of carbon deposit on the piston 
and cylinder head was practically the same as that obtained with Blend No.3. 
The amount of carbon deposit on the underside of the piston, on the other 
hand, was considerable, being 13· 2 grams as against 1· 8 grams in the case 
of Blend No.3 and 1 gram in the case of the reference oil. It should be 
pointed out that, in spite of the enormous increase in viscosity, there was no 
appreciable fall in output, nor was there any trouble experienced in operation 
of the engine, or undue rise of the equilibrium temperature of the crank case 
oil or any unusual consumption of petrol. One other point that deserves 
special mention is the fact that in spite of the final add value of the blend being 
twice that of Blend No.3, the amount of iron removed from the engine was 
less than half of that removed by the latter under similar operating conditioIli. 
It appears, therefore, that the acidic character of th~ stabilizer (~-naphthol) 
was probably responsible for the removal of a large quantity of iron from the 
engine parts. . 

BlendN".5. 
The composition of this blend was the same as that of Blend No. 3 except 

that its acid value was considerably reduced by suitable refining. which lefll 
a small percentage (0'11 %) ofresidualsoap. It will be noticed . from· Tables 
V, VI, VII and XIII and Figs. 4 to 8, 14 to 16 and 39, that the reduction: of 
acid value of the blend ca.used a considerable improvement over Blend No.3 
in practically aU respects, except for a slightly greater loss of weight of the top 
piston ring. Compared with the reference lubricant, its performanoe wall 
appreciably superior in respect of the acid value increase and the quantity of 
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TilLE xm . 
. SUmtma"'Y showing actual changes in value of certain ~mportant characteristicB of vegetable oil blends ana the ridio of these. 

changes in relation to those in the reference lubricant ".A." ajtR:r 100 hours' run in LisJer petrol engine set. 

Total 
Increase in weight of 

Vlecoslty Aoid value Conradson Amounl o,f lted\lCIion in To~liroo carbon· 

incrtlllllll. increase. .carbon .llldge. weight of top content. desposit OQ 

:Nend 
Compositian ofhlend. o/q ree.id~e. pistan Wi. Cylinder piston top . 

wear and cy linde. 

No. - (inch} head. 

'ii ~ 1 .9 1 .9 77 .9 11 e 7~ d oa;~ 4 - ~ 
::I a ·i ~i :3 

::I .. 

cO ... ~ 13 ~ ""OIl J P! 1lS 
--t ~ '" 0<11 ~ <- ~ --t- <~ ~ ..q 

- ----~ - --- --~ I~ ------------
3 Castor oil 60% 

Groundnut oU: 40% 21·4 1'0 =0·4 .. 0·59 2·Q 1·64 1·5 0·03l13 1·2 0·956 9·5 0·0006 3·2 f1·0 
OI.-NapMhol 1% 

, Caswloll 00% 
Groundnut oli .0% 2111·2 9'1 2·75 7·, 1·20 4-0 2·3& 2·1 0·0347. 1·2 0·443 4·4 o·oooa 3·3 6.Q 

No stabilizei'll .. 
• Ce,stor Oil 60% 

Oroundnut oil 40% 
Do-Naphthol 1% 31·4 1·1l 0·13 0·4 0·33 1·1 0·30 0·7 0·0!(10 1·8 0·»J!~ 2·2 Not 1·4 2·a 
.e\cid value •• 0·86 mea-

Soap .. 0·117% surable 

Minet'lll .e\ proprietary· brand oC 21·3 1 0·38 1 O.~O 1 .1·12 1 0·02a3 1 0'101 1 DQ •. 0·511 1 
Illbricaat mineral lubricant. I A". 



Cutoroll .. 80% 
Groundnut oil ~% 
D\.-Naphtho! 1% 20·2 0·9 0·32 0·9 0·36 1·2 1-32 1·2 0·0434 1·5 0·11la 1-9 DI1. lHI. 4·' 
Acid value .. 0·88 
Soap .. 0·0195 ! 

Caatoroil .. 60% 
Groundnut oil ~% 12·4 0·6 0·86 2·3 0·28 0·9 1-06 1-0 0-0351 1-2 0-148 1-5 Do. 1·8 2-' ClI.-Naphthyla. 1% 
mine. . 
Castor oil 60-

Groundnut o~ ~% 
0. -Naphthylao 1% U·S 0·6 0-93 2·8 0·88 1-3 1-94 1-7 0-0680. 2-4 41:49,% 4·0 0-~8 0·98. 1-" mine. ; 

Chromium 0·1% 
oleate. 

0 Castor oil ... 110% .. 
Rape oil .. 110% 
r.-Naphthyla. 0·11% 45·7 2·1 1·22 '·0 1·12 3-7 0·86 0-8 0-0460 -1-8 0-270 2·7 Not 0·17 1·4 
mine. i mea· ' 

Di.phenylamine 0·11% aurable 
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FIG 39. 

Graphical representation of the changes (ratios) of the principal characteristics of the various vegetable oil blends as 
compared with ihose of the reference lubricant "A" after lOQ hours' tun in Lister petrol e:lgine dynamo sat. 
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. eIudge and carbon deposits on piston top and cylinder head. The perce¢age 
rise of viscosity, however, was one and a half times that .obtained with. the 

·reference oil. With regard to wear,although, the cylinder bore showed a 
negligible change in dimension; the loss of weight of the top piston ring and the 
total quantity of iron removed by the blend were practically 75 per cent. and 
100 per cent. respectively more than in the case of the reference oil. With all 
this improvement, however, the blend showed a weak point, that is, it caused 
the·sticking of the top piston ring, which was found imbedded in a sew-solid 
mass of deposit. The reduction of acid value cannot possibly explain this 
phenomenon, and it is at the same time very difficult to say· whether the 
presence of the residual soap left as a result of refining was at least partly 
responsible for this state of things, or whether it was purely accidental. 

Blend Nu. 6. 
Blend No. 6 W88 iqentical in composition with Blend No. I) except that 

its soap content was appreciably reduced with a view to determining the 
extent to which the engine operation is influenced by it and whether it becomes 
free from the weak points, revealed by Blend No.5. An exaIDination of 
Tables V, VI, VII and XIU and Fig. 39 will indicate that this . blend showed 
improvement in some respects (viscosity increase and the quantity of iron 
removed) and deterioration in others, particularly, in respect of the carbon 
deposits, which were appreciably higher than in the case onnend No.5. The 
only marked beneficial effect which it seemed to produce was the freedom from 
gummy deposits in piston ring grooves and the ring sticking tendency produced 
by Blend No.5. 

Blend No. 7. 

This was a castor-groundnut oil blend of the same percentage composition 
as the preceding blends but was stabilized with o..-naphthylamine instead 

·of c(-naphthol. It will be seen from the results of engine tests recorded 
in Tables V, VI, VII; XII and Figs. 4 to 8, 14 to 16 and 39 that this blend 
. showed an all-round improvement except with regard to acid value increase, 
and proved to be the best of aU the vegetable oil blends, so far tried'. It is 
interesting to note that the changes in the various properties of tp,e oils were 
brought about within practically the first twenty-five hours', run. The 
,\riscosity change was the least so far attained and was even less than that 
obtained with the reference oil ; the amount of sludge in the oil after 100 hours' 
run was also a little less than in the case of the run with the latter. Although 
the total quantity of iron (0'149 gram) removed from the engine and the 
weights of deposits (I' 82 grams) on the piston top, underside and cylinder 
'head were somewhat greater than the corresponding figures (0'101 and 1·55 
grams) obtained with the reference oil, yet they were the least obtained with 
the vegetable oils tried so far. It may be of interest to point out that inspite 
of the comparatively large increase in acid value, the WeaD. characteristics of' 
the blend proved to be decidedly superior to those of Blend No.6 or, for that 
matter, any other blend tried uptill now. 

Blend No. 8. 
, This blend:was identical in composition with Blend No.7 except for the 
addition of 0·1 per cent. chromium oleate intended to ,improve the service 



so 
'(}lia.racteristics of Blend No.7 further, parti~Ularly ~th -regard to' carbon d~ 
posits. It will "e readily observed from Tables V, VI, VII and Fig. 39 that, 
although the viscosity and acid· value increase remained practically .the Bame 

. as those in the case of Blend No.7, ·.it had deteriorated practically in all other 
respects with "ihe important exception of carbon deposits, which were the least 
'80 far obtained· with the blends. Although, therefore, .the expeotation of 
:reduced carbon deposits was fulfilled, the excessive wear as shown by the 
:reduction in weight of top piston ring and the total amount of iron in crank 
case oil, rules out the blend when compared with Blend No.7. 
Blend No. 10. . . 

Blend No. 10 was a casto~rape oil mixture of the same 'Percentage 
composition as blend No.9, but was stabilized with equal parts of p -naphthyl
amine and diphenylamine. An examination of Tables V, VI, VII, XIII and 
Fig. 39 will show· that with the' exception of sludge content and carbon 
deposits, which showed an appreoiable improvement in comparison with 
Blend No.7, the blend showed a marked deterioration practically from all 
other points of view. 

The blend,howevet, was a distinct improvement on Blend No.8, with 
:regard to the formation of sludge, c~rbon deposits anq wear of the engine parts, 
although the viscosity and acid value increases were appreciably higher in the 
ease of the former. Comparing the two blends, it may be stated that; generally 
speaking, Blend No.8 showed better stability, but worse wear characteristics, 
whereas Blend No. 10 showed better wear chamcteristics and worse stabilitv. 
One other interesting featme which may be pointed out iIi. this connectio~, 
hi that, while Blend No.8 showed a less viscosity increase and a greater sludge 
~ontent, Blend No. 10 showed a greater viscosity increase and a less amount of 
sludge. The explanation of this phenomenon appears to lie in the fact that ill 
the former, the pol~erized and cracked products were less soluble, thus de
positing solid or semi-solid residue in the crank case oil. whereas in the latter 
these products were more soluble giving rise to increased viscosity and deposi
tion of less solid product or slup,ge. 

MORRISINDUSTRUL RNGINE. 

B%en1. No.7. 
The various points of interest regarding the performance' of.this blend 1ft 

the Morris Engine have already been disoussed hi detail under, the Tables 
presenting the various data obtained. as a result of engin~ tests. It may now 
be generally stated that inspite of the blend showing a somewhat greater 
increase in viscosity :\nd acidity, the frictiona.l losses in the bearing parts an!1 
the total quantity of iron removed from the engine parts were similar to those 
'Obtained with tb.e reference oil. The loss of weights sustained by the top rings 
varied bet\'teell (j'0177 and 0·0387 grams, whil~ corresponding figures obtained 
=I\S a result of run with the reference oil varied between (}·01l0 and 0'0l5() 
Wams.. 

It may also be pointed out that while' the bores .of two of the cylinders 
showed an increase ·of 0'0002" and 0,0005- respectively, none of the cylinders 
ahowed any measurable change. after 100 hours' run with the reference oil. 
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. Th6 blend, howe~et, waS defuiitely superior to the reference oil aI regatds 
the development of sludge or the consumption of oil. _ ' 

As regards the deposits on the piston top and the cylinder head, it will 
be seen from Table XII that the blend produced ,a slightly larger amount of 
deposits than the reference oil. One other important point that deserves to 
be considered and has already been discussed at some length is the formation 
of considerable gummy deposits on the shoulder and part of the stem of the 
inlet valves and their pockets and the absolute freedom of despoits on all the 
exhaust valves or their pockets. What was rather interesting was that the 
amount of deposit generally decreased from one end of the valve chambet 
to the other, so that the amount of deposit was at a maximum in the case of 
the inlet valve of No. 1 cylinder and at a mininlum or practically nil in the case 
of the inlet valve of No.4 cylinder. This at once leads to the conclusion that 
the oil spray bemg located close to cylinder No.1 was delivering an un: 
necessarily large quantity of oil to the valves adjacent to it. The very fact 
that there was no trouble regarding the lubrication of the valves, of, say, 
cylinders Nos. 3 and 4, in their guides, affords an additional proof of this 
assumption. It should, however, be pointed out that this particular method 
of lubrioating the valve stems is peculiar to this make of engine only; in most 
engines, the only means of lubricating the valves in their guides is a fine spray 
of oil carried intq the valve chamber from the crank case, so that all the valves 
get the proper and an approximately equal amount of oil. It may also be 
pointed out that in the case of run with the reference oil also, the inlet valvea 
(Fig. 33) showed an appreciable deposit, which, however, were not weighed. 

In the light of the above explanation, it is not unlikely that the vegetable 
oil will be free from this defect when worked in other engines. The reason why 
the vegetable oils should give more deposit on the inlet valves and none on the 
exhaust valves, appears to be that the temperature of the latter are very :much 
higher and any oil finding its way into the exhaust valve pockets burns out 
completely, while the temperature of the inlet valves is not high, enough for 
complete combustion nor low enough to retard effectively such reactions as 
polymerization, decomposition, etc. It is, however, expected that it is pos
Bible to eliminate this undesirable deposit on the inlet valve by modifying the 
method of lubricating the valve chamber or controlling the temperature of 
the intake mixture. 

Briefly atatec1, the blend Was found to be superior to the reference oil 
in respect of the sludge content and oil consumption, similar to it in respect 
of the total iron removed from the engine parts and the cylinder wear, and 
somewhat inferior in respect of viscosity and acid value increase as well as 
the loss of weight of top piston ring and carbon deposits. 

As the quantity of acids cannot be considered to be a criterion of the 
deterioration of an oil unless it be of such a nature as to cause excessive corro
sion of the parts with ~hioh it comes in contact, and as the iron content of 
the crank case oil and the cylinder bore wear were similar for the blend 3S 
well as for the reference oil,· the comparatively high acidity of the used oil 
cannot be considered to be a serious defect. The viscosity increase was also 
uot such as to caUSe eJ(cessiv8 frictional losses as determined by the motoring 



tests a.t interrals. The carbon deposits were appreciably more, but in no wav 
exce8sive. Except therefore, for an appreciably greater loss Qf weights ~t 
some of the top piston rings, and the tendency of accumulation of gummy 
deposits on the inlet valve shoulders, which are undesirable, if considerable, 
the blend, on the whole, compared favourably with the reference oil when 
subjected to engine tests under similar operating conditions. 

Blend No.9. 

Blend No.9 is a castor-rape oil mixture in equal proportions, treated with· 
o..-naphthylamine. In view of the satisfactory behaviour of the rape oil with 
~ -na.phthylamine in the oxidation test, it was decided to replace the gound
nut oil in Blend No.7 by rape oil with a view to improving the perfcrmance 
still further. The percentage composition of this blend, for reJ-sons given 
before, Was adjusted to give a lower initial viscosity (109 c. s. at 100" F.) as 
compared with 128' 6 c.s. in the case of the vegetable oil Blend No.7 and 122'1 
c.s. in the case of the reference lubricant. 

An exam.iruttion of Tables IX, X and XI and Figs. 19 to 23 and 28 to 32 
will show that the substitution of rape oil for groundnut oil caused a.n all
round improvement in the performance of the blend over Blend No.7 except in 
respcct of oil cQnSumption and carbon deposits on the pi3ton top and cylinder 
head, which showed a slight increase. The improvement in the two import
ant respects of sludge and iron content of the crank case oil after 100 hours' 
run was remarkable in that in these respects the blend far excelled the reference 
lubricant. The loss of weight of the top piston rings, with the exception of 
.one, compared favourably with that obtained -with the reference oil. The 
cylinder bores also did not show any measurable change in dimension except 
in the CBse of one, which showed an increase of O' 0003". The improvement 
in respect of viscosity, acid value and carbon residue was also quite appreciable. 
It may, however, be pointed out that in view of the wear and friction character
istics of the blend being either superior or similar to those of the reference 
oil, the slightly higher figures for acid value or viscosity cannot be considered 
to constitute a serious defect of the oil. 

The slightly higher increase in oil comumption can be definitely attributed 
to t.he lower initial viscosity of the blend, as the other factors governing it, 
namely, engine design, speed, engine changes due to wear (which was negligible 
as the two blends were run consecutively) or volatility (both were fixed oils) 
remained practically constant. The increased carbon deposits on piston 
top, etc., as explained previously, might also be attributed to this fact. 

The deposits on the shoulder anJ stem of the inlet valves were of the same 
magnitude (Table XII and Fig. 38) as those in the case of run with the previous 
blend, but rather more than that obta.ined with the reference oil. The possible 
cause of their formation in decreasing amOlmts from the point of admission of 
the oil into t,he valve chamber and the possible methods of prevention have 
already been discussed under Blend No.7. 

Except for the form3.tion of the various deposits which can be reduced by 
one method or aMther, 8'! pointed out before, the performance of the blend 
is more or less similar to that of the reference lubricant " A" , and with regard 
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to sludging and the amount of iron removed from the engine parts, its perform .. 
mance was decidedly superior. 

It may, therefore, be stated that Blends Nos. 7 and 9' have proved quite 
satisfactory as lubricants for petrol engines of the sizes up to about 16 H.P. 
Blend No. 9 could further be improved by adjusting their viscosity to a 
slightly higher figure in the neighbourhood of 120-130 c.S., which can be done 
by increasing the proportion of castor oil in the blend by a small fraction. 

Finally, it is desirable to find out if there exists any correlation between 
the viscosity increase obtained as a result of the ;Modified Air :Ministry Oxi~ 
dation Test and that obtained ~s a result of engine operation, so as to justify 
the seleotion or grading of lubricating oils merely on the basis of Air Mini'ltry 
. Oxidation Test, or whether the vegetable oils differ from the mineral oils in 
this respect. To facilitate examination of the degree of correlation, if any, 
the figures for viscosity increase ratios at 100° F. as a result of the Modified 
Air Ministry Oxidation Test and the percentage increase in viSCOSity of the 
various 'blends at the same temperature after 100 hours' opera.tion in Lister 
engine have been collected together in Table XIV below and plotted in Fig 40. 

TABLE XIV. 

Comparative figures for viscosity increase as a result of Modified Air Ministry 
Oxidation Test and 100 hours' engine test in 1-:; K. W. Liste1' set. 

Visoosity increase Percentage increase 
ratio at 100· F after In viscosity at 100°F 

Berial Blend. Modified Air Minist- after 100 hours' run 
No. ry Oxidation Test. in 1.5 K. W. Lister 

Se~. -
1 Mineral Lubricant .. A If .. ., 1'1 26'1 

2 Blend No. 1 .. .. .. 5'5 15'1 

3 Blend No. Z .. .. .. 5'3 27'1 

" Blend No.3 .. .. .. 3'5 25'1 

5 Blend Nt?: , .. .. .. 7'3 270'9 

8 Blend No.5 .. .. .. 3'8 30'8 

7 Blend No.8 
, 

3'9 26'0 .. .. .. 
8 Blend No.7 .. .. ,., 16'6 

II Blend No. 8 .. .. .. "0 14'0 

10 Blend No. 10 .. .. .. "8 53'2 

It will be seen that there does not appear to exist any definite correlation 
between the viscosity increase figures obtained as a result of the Air Ministry 
Oxidation Test, and actual engine tests on the different vegetable oil blends, 
which confirms the observations of Hanson and Egerton 8lI as also those or 
liardles and Rall1ibottom 38 in the ease of mineral oils in general. They 



have, therefore, stressed the necessity ofaetu:at engine tests as the final 
criterion of the suitability of a lubricant for I.C. engines. Pye U also acknow4 

ledges the limited value of the British Air Ministry Oxidation Test ih the 
following terms. "A check on the chemical stability of an oil against oxida
tion at 2000 C and decomposition at the higher temperature is aimed at and 

. to some extent achieved. Undoubtedly there are examples of oils whioh woUld 
fail to meet the specification requirement and yet niight stand up excellently 
during prolonged test in service". . 

The findmgs of Pye are also sufficiently corroborated by the resUlts of 
tests (Table XIV) on various blends of vegetable oils obtained in these in
vestigations. Inspite of the fact that practically all the blends failed to comply 
with the requirements of the Air. Ministry Specification as regards the viscosity 
increase ratio, some of the blends, as has been: already shown, stood up 
excellently under engine operating conditions in both small and medium power 
,engines ... 
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SYNOPSIS. 

'A series of.A,1r Mlrustry uxidation Tests (modified) was 1inae~akeri on variou!'l 
oils-castor, groun:dnut, cotton seed and rape wit1i and 'Wlth(:mt the admixture of 
stabilizers~with a view to determining the physico~chemical. changes which take 
place in oils when subjected to severe oxidation conditions. AP. a. 'result of this work 
a number of 'effective stabilizers was discovered for .various oils. Based.on these 
Tesults, which were published in Part I of.tp.is series of papers, a number of blends 
()f different oils was developed, having the requisite viscosity characteristics for. use 
.as lubricants i~ internal combustion engines. .. 

Th~ engine eqll.ipment co~isted ~f a 3 H.f. single cylinder petrol engine, and . 
.a 16 II. P. 4-cylinder petrol engme, b.oth coupled to electric generators for the purpose 
()f loading. : Both these engines, .particularly the larger pne, were suitably modified 
.and a number of test accessories Was provided to obtain adequate control of the 
various operating conditioDs, such as poweJ:output, speed, cooliBg water temperature, 
intake mixture temperature; oil pressure, ignition advance, etc .. 

. Preliniinary tests of 100 hours' dur~ti~n w.eie carried out in the small engine 
on 2 vegetable-milieral oil blends and 7 vegetable oil'blends. Of these, the blends 
that were found to be highly satisfactory were tried in the large engin.e for JOO 
hours. For.comparison, runs were also made in both engines with two well kriown 
makes of m,ip.eral oils. Oil samples. were withdrawn from the crank case at intervals 
,during the .run and. at the end of the run ;. these w.ere thorougWy examined for the 
various' chemico-physical changes, sludge .produc~ion, u-on contamination, etc. 
Engine parts were carefully measured to an accuracy of ±O'OOOl" before and after 
the runs, with a view to determining wear.' The wear of the top piston ring was 
determined DY weighing with the same end in view.: . Carbonaceous and other depo
,sits formed. pn various palts of the. engines. wele carefully observed and recorded. , , . 

After a. 'thorough examination of all the data collected it was found that satis .. 
factory vegetable oil blends could be prepared which would compare favourably -, 
with minela.I. oil lubricants in almost all respects, with. the exception perhaps of the 
carbon deposit on piston top, etc., which was' slightly more in the case of vegetable 
oil blends than in the case of mineral oils. But this ·is not considered a serioull • 
drawback, as it does not interfere with the smooth operation of the engine .. One 
of the vegetable oil blends tried actua'ly proved sU'perior to mineral oil. in, respect 
of sludge formation" and it6n dissolution flOm engine parts. '. Furthermore, . two 
blends al~o gave lessincrea.se in viscosity than the, re(erence 'mineral o~ 

As a. result of thes~ investigations, two types of ble~ds can' be Confi.den~ly suggest
ed for use iri medium size internal combustion engines" namely, .castor oil-rape. .oil 
blends and castor oil-ground nut oil blends. It is important that the oils before 
b'ending be thoroughly refined and freed from' alkali ·soaps. 'For a good stabilizer for· 
these blends,.c( -naphthylamine is leeomlJlended which shoul<i be used' iIi. proportioIl . 
of not less than 1%. The proportions of the two oils to be used to form the blend 
will depend on the' viscosity of the lubricant required. Generally, fOI medium size 
engines requiring a medium. grade of oil, about 60-55% of castor oil to 40-45%of 
f:lpe or ground nut oil would be appropriate., 

,. (,iv ) 



UTILIZATION OF INDIAN VEGETABLE OILS AS', LUBRICANTS IN 
INTERNAL ~OMBOSTION ENGINE~PART II. ' 

INTRODUCTION. -

The present paper con~titu1if'~ the secon<l of a serieS dealing with a systematic 
investigation into the possibility of utilising Indian vegeta9le oiJs as lubricants for 
internal combustion engines, thejirst'one being ,devoted mainly to a discussion of 
the, previous work in the field.,the general consideration of the factors which might 
contribute to th~ ~uccessf1;11 solution of the problem and the oxidation stability and 
other characteIlstlCs of different vegetable oils or their blends with or 'lll(ithout: the 
addition of stabilisers'. . • 

The satisfactory operation of a properly designed T. C. engine depends primarily 
on the characteristics of, the fuel as. well as of the lublicant. Extensive research 

. work has been callied out, during the last few years on thede'velopment of suitable 
fuels for use in aircraft and other high 'compression engines; and suitable laborlljtory 
tests have been devised which corre ate to/a reasonable degree of accuracy" with 
the behaviour of fuels in actual' service. Similarly, work on mineral' lubricating 
oil for I. C. engines has led to the development of ImplOved methods of Iefining 
and treatment which, in conjunction witli a number of laboratory tests and actua~ 
field or bench tests in engines, have resulted in the marked,ly improved qualities 
of the mineral lubricating oils, now available in!J.Il parts of the world. No system,atill 
work, on the 'other hand, appears tO,have been -done on the development of vegetable 
oils bhndsas lubricants for use in I. C. engines, although som~ attempts, JS referr~a 
t.o in the first paper of the Q. serie,s, hav" been made by certain workers to use ~,3, 
' .• , ",7,8 either a mixture of mineral and vegetable 9ils or vegetable oiL'! as such, for' 
example, castor, rape, olive oil, etc., mostly without the addition 'Ofany antioxidan~s.. 
or stabilizers. . 

The only &ystematic investigatioJ?s of any importimCe,~hich ha'v:ebeen recently 
tarried out but not mentioned in first edition of part I, are those of the Hungal'ian 
workers, Mihaly and Istvan.9 It is .f interest to :mention that theiJ: work has been 
somewhat on the lines'followed by the authors of t14s paper, but not so compre
hensive as the investigation under discussion. They ca:rried out laboratorloxidation 
tests on Rumanian mineral oil, and castor, linseed and olive, oils. Rape oil alone 
was suhjected to oxidation tests with the addi~ioil of 0-5% or each of the foUow4!g 
antioxidants :-

(a) PJIogal1ol. ~ 
(b) 1: 5-Dihydroxynaphthalin. 
(cr o-Ethoxyphenol.· . 
(d) o-Aminophenol_ 

(e) DinaphthyI-p-phenylenediamine. 
(1) Benzylaminophenol. . _ 
(g) p-Hydroxyphenyl morpholene. 
(h) Dibenzylaminophenol; 

The oil before treatment had a density of 0·911 at 20°C, a viscosity of4·37°E at, 
50°C, an acid value of 1'62-3-11, andConradson carbon residue of 0~32. ,After 
the oxidation test of the treated oil, the values were respectively 0·917,5· 31-7' 43°E, ' 
3-11-5.35 and 0·56. 'The acid value increase was much more thaI) in the caseo! 
the mineral oil. The mineral oils, however, formed sludge durin'g oxidation, while 
tlie vegetable oils did not do so. In pr~ctical engine test in a ~ H. P .. single cylin.d.er ' 
engine (1300 RP.M.), a mixture of or~lDary an,d blown ~ape .oils bonslderably ~hick
ened (34'OOE) and gave rise to a {lonslderable Increase In aCid value (8·06) Without 
the use of antioxidants_ But the addition, Of an antioxidant (not mentioned) rend
ered the-oil much lD~re stable. and .the viscosity and acid value increased to 12 -2°E , 
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-and i ·16 respectively~ The favourable change was also apparent from the 'operating' 
results, because, with the oil con~aining antioxidant there was DO trouble even aftt\T 
45 hours' operation. Without the antioxidant, the engine worked only for 25 hour)! 
and its ~)Utput came down from 2·9 to 2·4 H. P. and before it could be shut down, 
the output fell oft' considerably all of If. sudden. A 50 : 50 mixture of mineral anti 
rap'e oil with inhibitors also gave satisfactoJ'yperfo1mance. The consumption of 
fuel and oil were the same ,as 'when mineral oil was' used. ' ' 

The conclusion of Balada8, as,a result'of extensi~eresearch work on mineral' 
~nd rape oi!mixtures, ,on the other hand, are quite contrary to the above findings, 
althOugh Balada generally agrees with Milia'li Freund and his co-worker regarding' 
the behaviour of untreated rape oil in engine teSts., 

, 'I ' , 

One of the main'reallons why,those countries, which are deficient in mineral 
, oil supplicil but are comparatively rich in. vegetable oil resoUrces, have not taken up 
the problem appears to lie in the fact tha~ the vegetable oils, being mainly unsaturated 
:glycerides of fatty acids, as distinct from the mineral lubricating oils which are mostly 

,m,ixtures of saturated hydrocarbons, are relatively unstable and liable to oxidation, 
polymerization and even cracking at a lower temperature, resulting in the formation 
of sludge Ilnd gummy substances, which are detrimental to the',proper functionillg 
of the engine. , 

, Against the, serious disadvantag~s as mentioned above, the:.:e is, however, a 
certain valuable property, known as oi~ness, which is possessed, by the fatty oils 
10' 11 t,o a marked de~e and which makes them eminently suitable as lubricants 
und(.T such cor;td~tions a~'render the existence of full fluid film between, the bearing 
s~faces difficult. It is ;now well established that the piston friction 12 accounts 
for practically 70% of the total friction losses in an engine and, therefore, the study, 
{)f cylinder lubrication has engaged the serious atten:tion of physicists, engineers' and 
chetnists in increasing' numbers, and exhaustive research work e:n cylinder lubri· 
cation is being carried out by several organizations; particularly by the Research 
Departments of the Institution of Automobile Engineers, London, and other similar" 
~ngin~ering bodies. • 

The question is' whether the lubrication between the cylinder' walls and the 
outer ~urface of the piston rings is or-the fluid o~ of the boundary type. 'There are, 
material differences in the answers 'giver;t to this question 'by different workers in the' 
field, but it is generally recognized that both types of lubrication 13, 16, 111 with gradual', 
change from one type to the other, exist between the cylinder wall and piston rings. 
There is definite evidence Uto sllow that,~he lubrication between the cylinder and' 
the piston tends tOwards the houndary type near the top dead centre, where the 
piSton speed is low and the high gas pressure exerted behind the rings largely increases 
the normal pressure between them, and' the cylinder wall. To a less degre~, the 
same thing occurs near the ,bottom dead centre at the end of the stroke, when the 
piston velocity again drops to zero. During the central part of the strOFe where t~e 
piston speed is higher, full fluid film lubrication is liable to be establishEd and the 
frictional force is largely unaffected by the surface condition of the Illetal and the 
oil. To what extent and at what points these conditions are likely to prevail will 
depend to a large extent on a number of vaTiables, such as the amount of oil supplied 
the speed, temperature, load etc. There will, however; ,be some boundary lubri
cation in the vicinity of the dead centres owing to the very low velocity of the piston 
at thE'se parts of the stroke. The ,boundary' lubrication conditions may also obtain 
at the moment of starting and stopping the engine or when the viscosity of tho oil 
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is too. low 01' e~cessivcly reduced by heat ·p,:.cventing the formatIOn·or persIstence ora 
suffic~~ntly thick layer of, the lubricant. . . 

Dickinson. and Bridge~n 16 ~ve very aptly observed that the m.odern con
ditions of load, speed and vil'OOsity. approach the critical porot between v1S(lOU~ 
and boundary lubrication: We may, therefore, definitely, conclude that, though 
by far the major pOrtion of t.he friction lOsses in an internal combustion engiiJ.e is . 
caused by the fluid type of friction, the Safety of the engine frOID. undue weat or 
even seizure cannot, by,any·means·be independent of the characterist~cs"of the 
()il under boundary conditicJl8. The work of Langmuir, Adam and a number of 
<>ther investigators 17' i8' 111 has thrOv."D. a 'flood of light on the mechaniSm oflubri
cation under 'the a'bove' conditions; and it has been proved beYQnd doubt tll.at the' 
fatty oils, in g1llleral, on aooount 'of their superior oiliness, ()onsequenton the fQ:qnation 
of adsorbed film on the bearing surfaces by virtue of their. poli).r groups~ develop 
less friction; and to that extent the conditions are faVQurable for reducing wear 
and prev'en~ bearing sei~re. . ., , . .. 

Until recently,. it has been generally assumed that direct abrasion between 
the piston and cylinder wans is wholly responsible for cylinder . wear. The recent 
investigatrons of the Institution of Automobile Engineers 20' 21 (Lon'don) have, 
definitely shown that it is also, 19 a largfl extent,. the result of. corroJion from the 
products of combustion and that the major part of the wear OCGurs during the starting' 
and warming up period before the cylinder ".alls have a chanoo 'of ,attairiing a suffi
ciently high temperature to prevent condensation pf water on the surface. This is, 
also ,confirmed by the work of other investigators. Everett and Stewarl 22 and' 
.Keller 23 carrying out the determination of wear by the iron content of thec'rankcaoo 
()il found that iron was removed from the engine practicany four' tilp.es as fast in 
the' fust hour as in the succ€eding five hours. ' 

.n; has als,o been proved by the investigation of .the Instit~te of Automobilo! 
Engineers 2f, that though purepamffin is a poor ,lubricant and givel" inadequate 
protection from corrosio~ underoold running conditions,.the pTesence of a small 
percentage of fatt:y ac~ds or oils ~atly improved'~here~istiu~ce to ~brrosion with 

. consequent reductlOO.m wear. It 1S, therefore, qmte eVIdent that too small per
centage of fatty oils. which is added to the m.inerallubricant,' by forming a stronglY' 
absorbed film on the surface of the cylinder, serves as an effective protection from the 
corrosion products of combustion and of oxidatronof the miners:! oiL If, however, 
the mineral oil is completely replaced by vegetable oi , it remains to be [ieen whether 
the absorbed film will be any mpre effe(tive to afford protection frorn 
the products- of oombustion and also from. the products of oxidation and deconl~ 
position of the vegetable oil, which are likely to qe acidic in characoor. 

REQl!1R:EMENTS OF A GOOD LUBRICANT. 

SDm~ of the es.'!ential requirements which a . successful lubricant m)lst s~tisfy 
may be stated as follows':- I . 

(1) It must remain stable. and undergo 6~ little change in, its. physica!~Dd 
chemical characteristics as pOSSible unoor the 'WIdest range of operatlllg conditions 
prevalent in internal combustion 'f!ngiIH!s of varying types and capa~ities; ; 

(2) It ~hould be free from inorganic acidity and should not show more than 
a very small degree of organic acidity. . , 

. (3) It should prevent the wear of the bearing parts and reduce friction Iosses 
to a minim.um· even _ unde~, boundary' conitif:iona o.f lubricatio:'l-' 



(4)· It· should serve as' an effective' protection a~aiDst corrosion wear, Pllt:
ticularly during low, temperature running conditions •.. 

(5) Oil consumption should he minimum consistent 'with adequate lubrication 

STABILITY. , 

It is well known ,that the'vegetabl(l oils are less st~ble ,tha~ the mineral o~. 
Whel)., therefore, we take into consideration the fact that the f;emperature of the 
cylinder walls, may reach a value well over 200°C., and that the oil film on it may also 
be subjected to·a scorching temperature of 10ooo-2000°C. during'every alternat~ 

'revolution, leading to oxidation and cracking of ~he. oil film, the difficulty of using 
vegetable oils as lubricants under the abbve conditions of operation would be 
a.pparent. It must, however, be borne in mind that the untreated mineral, oils, which 
are mixtures of liydrocarbon molecules of extreme complexity and variety, contain 
II ho from. 20 to '40 per cmit. of unsaturated hydrocarbons 25 .and it is only ,by the 
elimination of most of these unsaturated compounds by new and improved methods. 
of refining, addition of suitable stabilizer, and various addition agents that the modem 
mineral lubricating oils of commerce have attained 'their present position. 'W,ith 
the vegetable oils,' therefore, which are of comparatively' known and constant com-' 
position, ~t is considered, that with suitable'stabilizers and addition agents, it should 
not be impossible to produce suitab'le bleDAis which would compare favourably with 
the various grades of existing lubricants. 

ACIDITY. 

The 'presence of free inorganic ~cids inminerr.l oils is very rare~ although tracea 
of sulphuricaciJ ma.y te kft &iter refinir..g. Free fatty acids. are, however, almost 
always present in compounded lubricating oils in small amounts, and free petroleum 
aci:! may also be present in traces. 1nlhe case of the vegetable oils, it should afso, 
be possible by suitable refining methods to produce a blend having ,a very low acil 
value, and the possibility of development of further acidi~y in storage or use niight 
be taken care of by the choice of suitable stabilizers. ' . 

WEAR (ABRASION). 

With regard to.Jear, wbile there is hardly anything to 'choose b~tween the 
vegetable oil and the min~ral oil so long as full fluid film is maintained, the vegetable 
oils, as previously explained, owing to their, active polar. groups act as effective 
boundary lubricants and, then.fore, cause less. wear in those parts where this COR

dition is likely td obtain and ensure a longer life of -the engine. 
- ' 

CORROSION. 

The effect of corrosion, particularly under cold running conditions, 'h~s already 
h('('n discussed (see page 3), and it has been pointed out how far vegetable oils are 
likely to be able to withstand these condihon3 as well as the mineral oils. 

CONSUMl'TION. 

The vegetable oils being fL~ed are non-volatile in character, and, if suitably 
atabilized so as to prevent formation of carbonaceous and gunim.y substances or 
sludge, are expected to show less or, at least, no higher con~umption,tha.n is the case, 
with mineral oils. " ,. . I 

I 
LABORATORY TESTS. 

- The various laboratory tests that have been devised for determining the general 
suitability of a lubricating oil for a particular purpose or for identifying t~e SQurce 
of the oil maybe divided into the followi~ two classes :-7 

(1) Those that are carried out for measuring the oXidation stability ot ali oil. 
, . . ~ 



. {Z) ·.rn08e tnat are carned, out for determining the various physico-chemical 
eharacteristics, of which the following are some of the more common :- , 
• (i) Acid 'value ; , (vi). Speclficgravity.; 

. (ii) Viscosity and viscosity index; (vii) .oiliness' 
.(iii) ClUbon residua -(viii) Sap~nifi~ation value; and 
(iv) Pour point; . (ix) IodiIi.e- value. 
\(tI) Flash point i . 

OXIDATION TESTS. 

The importance of stability has already been discussed, but~ ~t may again be
amphasised that it is the most important requirement ofa lubricant for internal 
~ombustion engines. It is usually measp.red by the changes in the characteristica. 
~f the oil, such as viscosity, acid value. carbQnresidue and sludge formed, on stib~. 
iecting it to oxidation tests, Various laboratory pxidation tests have been pro
posed from time to time to reproduce. what may happen under actual engine con
litions, but n~ne, so far, can be considered as giving' exact informdtion on the change • 
. ikely tQ take place in the characteristics of the oil, although the·Air Ministry· Oxi:" 
lation Test, Indiana Test or the Sligh T.est furnishes infprmation which may serve. 
LS a valuable guide in this respect. The l~boratory oxidation tests·fail to assess the 
luality of a lubricating oil, chiefly because they cannot possibly reproduce.the various 
iliange~ in operating conditions which an engine has to' e.ncounter in actual service 
md the changes in the characteristics of the oil, particularly the fonria#on of the 
lifferent types of sludge which is governed by the conditions of operation, th8.t is, 
whether an engine is running under low temperature conditions which rellult mainly 
in the fQrmation of the 'emulsion 11\ type of sludge, or under ~ormal or high tem" 
perature conditions which result in what is called' oxidation sludge '. , 

For the purpose of the present investigatiori:, modified Air Mini~try Oxidation. 
rest, as developed in this laboratory, was found tj) give fairly reproducible -results, 
although of course, it can claim no better correlation with the actual engine tests 
than any ~tber similar oxidation test. 

ACID VALUE. , 
The determination of acid value is of particular importance in the case of vege"

table oils, which are likely to develop free acids 'not only by oxidation and thermal 
decomposition under engine opetating conditio,Ds, but also tinder storage conditions. 
It must, however; be point~d out that it is noil only the quantity of acids, but also 
tae nature of acids, which is important in the corrosion of engine part~. . 

, - . VISCOSITY AND . V~ScOSIT1J iNDEX. -

or aU the major requirements of a lubricating oil, the one that is directly related 
to the performance of a lubricant in actual·service is the satisfactory. yiscosity
temperature characteristics, as it not only jnfl.liences the losses in the various bearing 
parts the rate of flo~or oil and oil consumption; bat also; the starting torque 
er th~ ease of startin", particularly quring the cold weath~r. A satisfactory lubri
cant is one which sh~ws a relatively small change in viscosity with temperature, 
110 that once the viscosity is adjusted to suit a specific engine design, there should 
be no difficulty in starting owing to high viscosity when.· the engine is. cOld. Nor 
Ilhould the reduction of viscosity as a result of high temperature during normal 
~g'be such as to cause rupture of the filIIi. In the case (If the mineral oi~, 
it is only by the development of newer methods of refining and the selection' of 

,proper, crud.ell an.~ sui~able.ad~tion: age.ntsthat. it has now: been :p~I!~ible ~o produce 
. oils of suffiCIent hIgh VISCOSIty Index, while most of the vegetable oIls, In \he un~reated 

condition, areappreeiably better in.thi.l! respect than even the treated mineral oils 
,r~;JDoutr4DII1!ai 



II! ~:ttaluatlng tne p~rrom1arice of a lubricatin~ oil,:it is, therefore, o( iPlportance not; 
only to dcter.¢.ine the initiai viscosity and viscosity-temperature char3cteristi<;s t( 
the oil, but .also t() carry out "thesjl determinations an intervals duriIlg the progress,.' 
of the engine tests, in 'order to study the progressive deten9ratiQn of the {lil as a 
result of' oXidation, thflrmal decomposition or other chemical reactions .. 

. \' " 
C,ARBON RESIDUE. 

The deposits in the different engine parts, which, are geherally c1assified under 
the name of" Carb?n " are generally formed by the 'oJ,:idation and breakdown of the 
oil or sometimes ~y the incomplete combustion of the fuel in the combustion space .. 

The vari~us factors which influence' the formation of carbon deposit!! in gasolin~ 
thgines 'have been summed-up by Grnse27 as folllows :- .,', 

. (1) Engine running conditions; (5) Aiduel mixture ratio; 
(2) Oil consumption; (6) Engine design and conditiQn ; 
(3) Time since cleaning: (7) Characteristics of the fuel; and 
(4) Amount 'of dust in air j .(8) Characteris~ics of the oil . 

. It should appear fromtle n'lmerou!l 'factors which influellCe the formation t>( 
'carbbndeposits in thevat-iousparts of an internal combustion engine that it is well .. 
high impossible to. devise any 'single laboratol'Y test or group of tests which can cor. 
'relate '\'\iththe actual engine performance in this respect with any reasonable degree 
'of accuracy. A number of physical and chemical tests"hbweV'er,-have been·proposed." 
'from ·time to time for estimating the carbonizing tendency of the lubricating oils, 
the most important among them being the coking tests, such as 'Carbon ~esidueor
Conrad.son Carbon and the Coke number of the Ramsbottom tests, 'but 'there is;a 
material difference in the extent of correlation between the'laboratory tests and the' 
actaal engine performance. obtained by the di:ll'erent workers. AnothN:test whil'h 
'claims better oorrelation28 is the Vacuum Distillation Testjwhich measures the" 
temperature of t!le 90 per cent. distilled point at _an absolute presSUre ·of 1 mm, 
<'i1ercury.IThis test,however. cannot be directly applicable to t.he case Ci)f the vege-
table oils which are fixed oils.' ' .. 

It may be pointed out that although some workers have found a good correlation 
between the above tests and the engine deposits in tIle case of oils of simiIar·6rigin,. 
l>thers have failed to do· so when .testing oils. £rom different sources Qr .subjected to' 
different treatments 29. 

These deposits which yary in ,character from the hard asphalt:c ,to the ·soft 
tummy type are found in the-, • . , 

.(1) Combustion chamber, comprising the piston top and cylinder head.. 
(2) Shoulder and stems' of the valves and valve seats. 
(3) Underside of the. piston. .' ." 
(4,) Piston ring g.rOoves and r,inglands. . 
(5) Piston ring slots.and drll:in holes on the scrape~ring·groove. 

The effect 'cifeJCcessive deposits on,the various parts, as outlined above; is too well 
known to need any further elaboration. While the mineral oils a~e not altogether 
free from the tendency of producing carbon. the problem otusing vegetable oils M 
lubricants in an internal combustion engine is the more complicated .by the severity 
and complexity of operation in an engine and also by the fact that the vegeta~le oils. 
)D general. have a higher carbonizing tendency than most of the minerallubricant8~ 

POUR POINT. 
• n • '. . 

This test is carried out to determine the ability of an oil to :Howat Howtemr ... 
.. ~.,ures • .'.· In·view of.t·he fact that .some.of tl1e low iodine value vegetable oils, sUtb 



~/I CDC,?J1.Ut oil set at ~venordinary winter te~per~tureB, this value is of itp.portnnl"e 
tn ,decldmg whether" particular oil should be used as a lubricant: 

, FLASH POINT AND SPECIFIC GRAVITY. . 

Th,ese tests have their chIef value in being usef)ll for identifying an oil or .aidin<t 
t,h~ ~e4iner~ co~trol. They ~o not, however, give any indication of the luhricatin~, 
{IU~lity~f an. 011, although It .w0ul~ not be unr~~ona?le to suppose that a higher 
flasl} po~nt ml.ght mean greater reSistance to the oil being burned on. cylinder walls 
-on the explosIon stroke. '." 

OILINESS. 

The significance Of this property,in alubricating oil hasalreany beclJ. dealt 
with at length,but while its determination is of importance in the case of the .mincra'l 
()il~. which are generally deficient in this property, it 'was nQt considerednece!<ssuy 
to undertakll the determination~f~hiB property in. the present investigation in vic. \II 
of the mar~edly su~erior oiliness possessed ~y the fatty oils in., general. 
. ' SAPONIFICATION VALUE. 

The saponification value of an oil sery-es as a valuable guide to its identification 
or to determining its. purity. Although it is not.a fixed value, jt varies within nar
row limits and hence, in conjunction with other chara«terisdcs; it is useful for pUl'~ 
poses of identificatioIL. . In the present investigation, ' the determination of t Ilia 
charact3rlst:c at different stages or the tun.serye~ the l1seful purpose of indicating-the 
rate of der.ompositloll or oxidation (and/or polymerisation) of the oils. A decrease 
in saponification valu~ indicates the formationaf hydrocarbons or other neutral 
products and aris6 in saponification value indicates the formation '0£ more,acidi!'l 
components. 

IODINE VALUE. 

, Although iodine value is not considered to be a very reliable guMe to unsatura~ 
tion in the case of mineral· oi1s, jt is considered to be sufficiently indicative of the 
degree of unsaturation in the case of ratty oils ,,30. The determination of,thiB·yalue 
in the ea 16 of the .veget~ble oils may, therefore, be considered to be of importance 
as throwing some light -on the' extent of saturation acquired by the lubrica:n~ at 
different stages during the progress of the' run. , 

, ENGINE TEstS., ' 
As indicated earlier, no single physical or chemical test or group -of -tests haa 

been developed uptil now, :which .can predict the behaviour Qf lt~tQ!1 lill.sler. actuaL 
fl6r-vice eonditioUB, even in an approximate manner. The actual engine test .w. 
therefore, 'considered to be the. only reliable means ·of determ.ining--tlte suitabiJity 
.()rotherwise of a lubricating oit Now, the engine t-ests may COmPrb~ eithe!,_act1i!\l 

. road tesU! or bench tests under carefully controlled conditions to represent the ~ver
age road conditions. so far aa the average ope~ating temperature, 'load Itnd speed 
are concerned. When, however, it is realised that the ral).ge of operatingco~~tions 
encountered in actual service is practically unlimited, one might think that the results. 
of tests under these conditions would hardly apply to .those obtaiIled with bbnch 
tests. On the other hand, the field tests giving dependable and reptoducible data
are too expensive and rather difficult ,to carry out. Under the·circumstaI!.ce~ the 
~ynamometer tests }lll,der carefully contr~ned cOIl!litioUB are;general~y .ltdopte<!'a~d 
f)onsideredto be good enough for evaluatmg the performance of an oil ~der. se~ce 
conditions.." " .' 

, The problem, there:t:ore, reduces itseIr to th!l- . . • 
(1) Development of suitable vegetable oil RI!.d mineral-vegetable oil blendA 

cfrequired viscosity IUld the ~electi9no! the lluitl!obly stabilizecl. ones . £Ox e~in .. ·, 
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tests, on the basis of oxidation and other laboratory tests on.the individual ~~ls as 
well as on their mixtures. _ 

(2) Development of suitabl~ engine equipment. 
(3) Standardization of the' various test-conditions. 
(4) Assessing the :results of tests on the various vegetable oil blell!is in. COID4 

parison with those obtained with the reference. lubricant (such &S So reputed make. 
of mineral oil). ' 

DEVELOPMENT or BLENDS. 

Extensive Air Ministry Oxidation'Tests (modified1'were undertaken on castor. 
- 'ground nut and Cotton'seed oils iIi conjunction with a ~ry large number of stabi
lizers in contact with steel in order to select those oils that are likely to prove sati8~ 
'fa ctory in actual engine tests. A number of effective stabilizers were found for each 

- of the oils, the degree of stabilization that could,be effected being the maximum in 
the' case of castor oil and the minimum in the case of ccttonseed oil. It was brought. 
f?~t by these experiments that the most effective,stabilizers found for th~ cotton.:. 
seed oil were not effective enough, and even the best stabilizers for ground nut oil 
were not as effective as those found for castor oil. The results of these investigationa, 
have been described.in detail in Part ~ of this series of paperS.' It was decided t<> 
confine engine tests, in the initial stage, to castor and gJ,'ound nut oilS and prepare
th~ir mixtures in varying proportions to adjust the viscoaity within the limits speci~ 
fied by B. S. Specification No.; 21(}-1930 for medium lubricating oils for internal. 
combustion engines, recommended by the makers of the engines in- which tests wer& 
carried out. The following two', mixtures which satisfied the specification require
ments as regards viscosity were again subjected to a series of Air Ministry Oxidatio~ 
Test (modified) in conjunction with the most effeative stabilizers found for the in~ 
divid.ual oils. ' -
, ~ Castor oil 60% (0%, 

Ground nut oil 40% " - 60% 
The-effects of the various stabilizers on these two blends are shown in Tables:! 

"nd. ~I below,. 
\ TABLE I. 

effect 01 tJari01l8 8tabil1.'zer~ on (J blend of ca~tor oil 60% and grotmil nut cn14tJO'1o whe~ 
- subjected to modified Air Ministry ,Oxidation Te~t. ' . ',. 

. -
Rtabjli~r Vis- V"lll-' Conrad. 

iflria,l' ' 
..,.., 

\ eoei*yat I)08ity . Acid son , . 
Quan· 100°F. increas.e ,alue. carbon· 'Remarks.. 

, Nit. ,~~ tity. (centi. ratio. fesidue. 
% stokes). 

I 
, '1 Original funblown) 122·1 2'9 ~·27 

2 No stabilizer •• ,,' 893·8 7-3 4-2 0-97 
3 0:. .Naphthol ., 1-0 424·9 3-3 4·0' 1-29 , Cl.Naphthol and .. 0-4 428" 3·5 '·5 ~'O . 

(!"Naphthol •• ., I-a 
Slight brow:' , s:(.N:aphthol ~ -, ()..4 483·4 3-9. 2'4' )·S 

l'yrogapol .. " 0-8 bish black 
dcpolrit. 

• o(-Naphthol and " 
0..5, 482-() 3,9 Nt 1·27 Sligh~blatl\ 

lIyd,roquinone •• ., ,. 0'9 
1 425 •6 

deposit.· , Bydroqninonll and ,. -0·5 3'5 ,., 1-26 Black de-
Ji..Naphthylam.iJle . , ()"5. • posit. 

8 O(,.Naphthol and 0-4 470·7 3-85 3·1 I-I Do. 
p.Phenylenediamine ...... : 0·6 

5·05 8 Q..NaphthoI, •• ., .. '," 0-2 472-1 3-86 1,43 ,~ 

g·Naphthol •• " 0·2 
Bydroquinone, • , ,0,2, 
~.Naphthylamine and ' ·.O·~ 
fI.Ph~nylen~dia~1l •• -: +. 
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Stabilizer . Vis-·Se.i&! .,.. __ --' ______ .A-____ ~_ ... 
,cosityat 

No. N&me.' 

~. , 
10 CI(-N&phthol, •• 

liydroquinone and 
~-N&phthymmine 

11 c(.N&phthol and 
Benzidine •• 

12 ,c(.N&phthylainine 
13 ' ~-N&phthylamine •• 
14' c(.Naphthylamine &nd 

,·Naphthyl&mine •• 
IjS c(.N&phthy!&mine and 

,.-Naphthyl&lIline ' •• 
16 !I-Toluidine •• 

-

. , .. 

. 

Quan~ 100°F 
t.ity; (centi-

% stokes). 
• 0·' 
0·3 490·' 
0·3 
0·4 646·8 
0,'" 
1·0 '42 
1·0 464 ' 
0·6 461 
0·4 

448' 0·4 
0·6 
1-0 541 

Vis. Conrad- ... 
• cosity Acid son 
mcre&so value. carbon< Rem&rbi 

raf.jo.' rellidue. 

3·74 ,., 1~1 nla~k deposi'. 

"'0 S·Il" 1'35 

3"6 '·8 l-l!2 
3·7 ,., ~'25 
3-7 ,., 1,'24 

3'65, 4·3 1,,3 

I 4·4,3 3-11 1·17 

, TABLE II. , , • . 
Effect .of various stabilizi!1's on' a blend of castor oi~ 40% and groundnut oil 60% w~" 

.oojected to rJodijied Air Ministry Oxidation rest. ' 
\ . ( 

Stabilizer. VisJ 
8ffi&1 • A I , cosity Vis. COI1r&d~ 
No. . &t • cosity Acid . son Rel!1arb. 

Quan-, lOO°F. mcrea&e ' v&lue •. c&rbon-
'N&me. tity. (centi, re.'io. • residue. 

% stokes). 

1 Original (unblown) 83·7 2·5 0·29 
2 No stabilizer •• 687·1 .. 8·2 4·2 . 1-03 

'3 c. .Naphthol •• .. 1·0 352'3 4·2 "1 1·15 , c.-Naphthol and 0" 356'5 "'·2 '·2 0·89 
~.Naphthol •• 0·2 

6 C(.Naphthol&nd 0" 42~'4 •• 11'0 2,'1 1',41: Brownlsh 
Pyrog&ll~l .. 0~6 . black- de. 

posit. 
I «.N&phthol and 360·8 .4·3 0·5 '·0 1·0 Slight, b!&ck 

Hydre'quinone 0·5 J " deposit. 
!J Hydroquinone !6d 0·5 355·8 .. 4·2 4·4 1· 23 . B!&ck' d,. 

~.Naphthy!&mine 0·5 
~'9 

posit. 
S c.~aphthol and' 0·6 0·3" 2·9 1·0' Considera. 

ZJ- enylenediamirie Ihe black 

c(-NaphthoL :. 
deposit. 

' .. .. I 0·2 
~-N&phthol, ._ . ~. 0·2 
Hydroquinone, 0·2 427·3 /1·1' 4·6 1·, B!&ck de-
~_Naphthy!&mine and 0·2 posit. 
JI-Phenylenedi&mine 0·4 J 

10 /'I-Naphthol. .. 0·4 
I Hydroquinone and 0·3 377·9 4-/; "3 .}., Do • 

P.-N&phthy!&min~ . 0·3 
11 a.-Naphthol and .0·4 464·g IHi 4'4 1·39 

Benzidine 0·6 

From the result'oftests summarised in Tables I and II it will be seen that the 
blend containing 60% of castor ,oil an4 40% of groundnut oil sho~ed, in' general, 
better stabilization than that contain:ing 40% ,of castor oil and 60% of grolindhut 
oil. The fornier blend' was therefore adopted as a standard mixture for engine 
test. In order, however, to obviate any possible risk or daIp.age to the engine, it 
was considered' d£irable to try mineral oil and ,castor oil mixtures to start with, 

, and then gradually to substitute purely vegetable oil blends. This necessitated the 
development of a suitable process for rendering castor oil miscible With mineral oil. 
Although a number Qf 8uch processes ,wa" developed, they had their diincnlties,' 
and therefore on' this 'ground and also on the. grol!lUl of economy, it was 'decided, 
lIi3DafS&IRDelhi ' ,,' 

. 



hltim:ateiy t6lnf,t6Ju~~'a certain percentage of' groundnui oil' \vlllch'woufc1 rendef 
castoi' ,oil. miscible with mineral oil without any -special treatment .. One' such: '. 

'hlend which was quite stable and did not separate on standing was a mixture con
taining 40 parts of grouridnut oil! 40 parts of castor oil and 20 parts of mineral oil' 
" A ". The . resulting 'viscosity Was also \veIl within the limits of viscosi~ foi."· 
~ediUm 'lubricating olls for internal combustion 'Cngine&:' The engine test was •• 
therefore, initiated with this blend in conjunction with 2 parts by we1ght of P-p.8flh
tlwl, which, on the basis of l~bo'ratory tests. carried out so far, gave an indication ot 
the likelihood of satisfactory behaviour in thl1 engine tests. This was folI01l1ld by 
Blend No.2, w1Ji<;h W1I.S composed of 60 parts of blown groun~nut oil and 40.parbt 
9f mineral oil "A" with 2% p':naphthol and 0'2% tin-naphthenate a8 stabilizers. 
The results of engine tests on.these blends, as shown later on, being generally jsalis
.factory, several, pure 'Vegetable' oU blends 'Were developed as a result .of extensive 
laboratory tests on the individual oils and on their blends with various stabilizers. -
The composition of the varIous blends tried and the results of modified Air Ministrj 
O~dation Tests are given ill Tables III and IVresp~tively. 

MiDeral 
:Blend lubricant 

No. "A'·. 

1 

2. 

3 
4 
Ji 

8 

7 
8 

.9 
, : .• 10 

20 

40 .. 

•• 

Castor' Growld-
oil nut oil 
%. %.' 

40 

60 
60 

. 60 

60 

60 
60 

60 
50 

60 
(blown) 

40 
~ 
40 

40 

40 
40 

TABLE IIi. 
Composition of blends • . '". ,,-

Rape' 
oil.' 

Sta biliter. 

,"1. 

ltetnarks. 

. ... - Unrefined vegetable 

: ... \ 

... 

f---Naphthol 2% Ilntl 
naphthonate 0, 2%_ 

C(-Naphthol 1% 
No stabiliserS 
c:(.-Naphtholl% 

oils. ...' .- .... 
Do. 

Unrefined oils, 
Do.' .J 

tRefinecl 'oi'te 'c _p 
. C6nte~·Ulq%. 

oC-;Naphtholl% Relined ·oils.;- soap. 
, . conten~·0195°:' • 

. c(-Naphthylamine 1%' Refined oiIs-.. 1 
. c...-Naphthylamine 1 % . -chro- • Do. 

'mium oleate it· 1 %. ' 
110 '«:-Naphthylatnine 1% •• 

. 110 .' ~~aphthylamine 0'5% 
:Uiphenylamm.e 6·5% .. 

Do •. 
DOt 

. ~Tlie refining of th~ oils Wall Carried out by the ordin'FY alkali refining pto~ss. the quantits of 
• \][(.'98 8Oa.p being C6n~rolled by repeated washing witll hot wa.ter. 

~ABLEiv . 
. <ResUlts of M-odifoxl Ai, Ministry Oxidaiion Test i)n the m;·nertil and "ege!able'0'l 

.: . . blends. . . " '<0 . , 

Blend NOli. 'Viscosity ,r-----'--~----'"'---""' 
InCrease Ratio. Initial. Final. 

1 
''2 
3 • 5 
6' 
'1 • 
8 
II 

. 10 
ifilleral Lubricant 

•• A"' • . 
iUnerai Lubtti.-il.nt·~n '; 

5'6 
5'3 
3·5 
7·3 
'3'8 • 
3·11 I 

4,' 
"0 
.. ·6 
'·8 
1'08 

1'59 

t >t, -

"to", .. , 

'2'5 
2,5 

0·86 
0'88 
1·0 
1·1 
1·2 
1·6 
0'0 

~H .' 

' .. 
'·0 
4,2 
2·6 
3'5 
~I-l 
3·' 
4,4 
.·1 
0'5 

_. .1·fL:·· 

'ConT&ds~ Carbon·Res~(I;;;' • 
4 

Initial. Final. 
-4 

'0,35 '0·97 
'0·56 1·27 
'0·27 1·29 
0·27 (l·91' 
'0·27 1·68 
1)"22 1·47 
O'¥l , 1·56 
0·21 1·21 
0·20 0,96 
0·22 1·1 
0·21 0,26 

\ (),O8 1'00 ,. 

:. , 
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Exp~ltni!ENTAL pumS. 

. 'With a view to obviating any risk or damage to. a larger engine .i:iJ. which t~!I 
severity of operating·conditions is bound to be excessive, it was planned to ca!'rv 
(Jut the preliminary engine tests in a. single cylinder '3 H.P: Petrol.~ngine 'and t'o 
have the blend'3 that 1!ehaved satisfactorily in this unit to be subjected supsequently 
to :more severe operating conditio~ in., a 16 RP. 4.eylinder Horris Industrial Petrol 
Engine." . 

The descriptioDof the engines, and their auxiliary eq'llipment is giwnbelow ;-

·(1) 1·5K:W.· Lister' PetTo~Engine-Dy~moSet. . 
This unit consisted of a '3 B.1LP. "v~icalsingle cylinder 4-stroke watef..t;Oolc(l 

pctro~ engine, 4· bore and 4-3JS·stroke, ,rated. at 700 R.P,M. and, directly ()oupled 
by meaIlJ! of a flexible coupling, to'a, no volt compound wound D. C; generator of 
tho enclosed V'entilatedtype, both. being mounted on _a cast iron: bed, plate. The 
-engine was delivered fitted with a Lister Patent flood-proof type carburetter, a Lister 
Patent centrifugal type of governor and high tenSion. magneto ignition system. 
The jacket cooling arrangement comprised a radiator cooled by a fan, \irilien from 
:the shaft by means of a 'belt. .. 

The lubriCation of the bearing parts with. the exception of main bearings is' 
-effected by m€ltns of splash from'the oil trough at the bottom ,of .the erail.k .r.ase, 
the latter being lubricaOOd by Oiler' rings dipping into the sametrougJi. 

The engine was loaded by the generator, the OUtpllt of which was 'Ilrm.nge9- t() 
be dissipated in 8. suitable water' cooled resistance through a. switch board. with the 
<electrical control instruments, etc. {Fig. I). 

In order to-record the running- temperature of the crank case oil,.fL mercury •. 
in~glas's thermOmeter was IDsert.ed. through a suitably drilled hole. in the crank C!lSe 
<drain hole plll,g. A similar thermometer was inserted thrqugh the top cover of the 
radiator for measuring too temperatuJ'6· of the cooling water' ·which 'W)aS koept 'COn
stant at 205 ±2°F 9-uring these investigations_The temperature .contrOl wali 
-effected by putting 'the radiator fan out of action by removing the belt between the 
fan pulley and ~he,shaft, admitting'a controlled stream of (jo~d water into the inlet 
side of the cylinder jacket and letting a controlled qua~tiiy ci.ho.t:w.a..1ie.r-pve.dlow 
through the radiator overflow tube. . ' . 

(2) MOI'NS Industrial· Engine-Dyoo1/t/!)rMte1' seL 
This unit consisted ehiefly of a 16 H.P'. Morris Industrial Petrol Engme coupled 

;to an' electric dynamometer (Fig. i). . ' . 
t ~ • ' 

The engine was a 4-cylinder petrol engine baving the following specifioations.-'-.-

Rated Power •. 16 H.P. , Bore ." ;2'711" 
Rated E~d .. 150Q ,R.P_M.~troli'8 .. . 4;-0* 

I " '. , 

The lubricatio~ of the crank-sbaft bearings is effected by 11. pYtlSSlUe feed system, 
wherea.'! the lubrication of a~ other internal parts is provided for by ~lash from the 
'Oil trough. 'The engine as supplied was equipped with the following ....... 

(i) One penttifugaJ water &rc~ating pump on thew-ater jacket ·outle~. . 
(i~) One spring loaaed centrifugal type of g.,vernor with speed controlaevice~ 

. regulating tne carburettor tbrottle and designed to maintain the speed 
constant. at all loads. , . .. .' , 

The engine as purchased was of the commercial type, but 'it was converted 
~to an ~.XJI"erimeatal urii,t ,b! ~tro4.ucin.8 ce~ain modificl.LtioJ;ls with.a :vill.w to .xw:uUll.J 



it under strictly controned conditions. The modifiootions included the fonowing 
items:- ' 

',(1) The radiator, which was mOunted .close to the engine on the same channel 
'base, was dismantled andinstalledouts~de the laboratory. It was connected to the 
outlet of the ~irculating pump and the. inlet of the cooling water jacket, by means of' 
If" pipes. , ' ' , 

(2) An electric fan was provided. for cooling the radiator and adjuSting' the 
temperature of the circulating water, the 'speed of the fan being controlled from inside 
.the laboratory by meaIl.~ ~f a rheostat mounted on the switchboard.. 

(3) Two thermometer pockets (Fig. 2) were provided, one at th~ inlet and the 
other at the outlet of the cooling/water jacket., 

(4) In order to maintain the temperature of the, intake mixture constant a 
1·5 K.W. electric heater Was introduced into a re-entrant type of manifold between 
th~ carburettor ahd the intake manifold of the engine (Fig. 2). The heater was 
providt!dwith a three-heat switch and a rheostat and ammeter mounted on the 
switchboard for accurate temperature control, the temperature being indicated 
by a thermometer located in a pocket provided at the intake port. 

(5) Op,e neon'tube spark ignition indicator was provided to indicate the exact 
angle before T. D. O. at which the ignition took place. . 

(6) For adjusting the ignition angle. a convenient control Was provided at, th" 
ulagneto. ' 

. ,('7) One oil pressure regulating valve designed to control the oil Plessure ~ the'.-
lubrication system was installe<i in the oil, feed line. '," • 

(8) One copper-constantan.' thermocouple, which was suitably insulated., was 
inserted through a suitably <4-illedh')le along the'length of the oil dipstick for 
measuring the crank case o~l temperature. ,', 

The engine was coupled totl).e dynamometer through a flexible rubber can,vas
disc coupling of the Hardy type. The dynamometer was of the usual trunnjon. 
mounted yoke- type and was provided with two cantilever flrms, one connected to 
a weighted ccntre:zero spring balance with hand wheel pOsitioning'gear, and the 
other to an oil dashpot, which served to damp out the vibrations. Thele~h of tIle -

"lever arm was so designed that the torque delivered by the engine could be easily 
. calculated by. multiplying the spring balance reading with a simple multiplier. 

The unit was also provided with a revolution counter;' . , 
The engine-dynamometer- assembly was mounted on a pair of channel pieces, 

anchored to a reinforced concrete bed, which was isolated from the laboratory floor 
'by p.fQviding a clearance. ot 3/4: between the bed and floor all around, and filling up 
thll gap with pitch. ' " , , ' 

The dJn8mometer rould be used as a mOtor for starting the engine or as a 
generato;r for delivering the power output to a load res~stance' through suitable 
measuring instruments (see Fig. 2 for elootrica.l connections and other ,details). 

EXPERlME::\"TAL PBooEDUR:E:. 

Before unctertaking actual engine tests on the various oils. or their blench 
both the engines, which were new. were run in for a sufficient length of time' on, 
mineral lubricating oil for the proper bedding of bearings. ,For ~his purpose, the. 
Lister Petrol Engine~Dynamo Set' ,was run at approximately half load (0·75 kw) 
and full-speed (700, R.l>.M.) for SO hours, followed by another'roo hours' run at 
full load and full speed. . 

The total running in period fOI' tlio Moms &ngi.ne; was &f 100 hours~' duralion. 
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FIG. 1. 

General view of Lisler P,'tml EII.C/ille-D!liutllw set witlt s'II'itchboal'd ani/, water 
cooletl (l issipating resistance in the b(l(:kg'rounrl. 
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FIG. 2. 
Dia!Jrammatic Layout of the ExperimentaZ Plant 'showing u8ential details of the Morris Petrol Engine, the 

Dynamometer a'l4a the .lutricaZ control cWcwits 
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FIG. 3. 

GeneraL view of the Monis ElIgi11e Dynamon,eter equipment with switclzboanl and 
dissipating Resistance Bank in the vack.Qj·ound. 
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the first 50 hours' run being conducted at appro;x:ima£ely h~lf load (.7 B.H.P.) and 
three quarters maximum speed' (1,200R.P.M.) and the subsequent 50 hours' run 
at approximately full load (14 RH.P.) ,.nd fullilpeed. • • 
.standard condition. . 

At the conclusion oftha rurming-lli periQd,'a series oftrla1 run~ was carried out.. 
particularly with th~ Morris Engine, for standardising the various operatiP..g'condit:onlII 
1llnder which the engiri.e tests could be conveniently carried out. .As a result of thcse 
<experiments, following engine 'conditions were standardised :-

Lister Petrol,En,gine-Dynamo Set. 
(i) Engine Speed. 

(ii) Power output 
(iii) Radiator water temperature 

Morris IndustriaL Engine.-
(i) Engine speed .. ' 

(ii) P.ower ()Utput . 
(iii) .Ja.cket water temperature at the outlet 
(iv) Spark advance 
(v) Intake mixture temperature 

(vi) Oil pressure . '. 

10'0 RP.M. 
l·8H.P. ' 
205° ± 2°F; 

.1;500 RP.M. 
14 B.H.P. 
170~ ±'1°F. 
'30° before'r.D.C. 
120° ± 1°F .. 
15 ± 2 ltis. per 

s.quare inch. 
It may be pointed cmt that tne maxi~uI)1 power,l)utpp.t available u~der the 

above standardised conditions of operation averaged. at 14 B.H.P. approximately 
as againSt the rated output of 16 B.H.P. specified by the_makers. This is .approx
imately what may be e:KJ)ected due ,to power reduction. caused by the 1;teating of the 
intake- mixture to a· high 'temperature and alsCJ maintaining the jacket w.ater tempe-
rature at a fairly high value. . 

STANDARDIZATION RUNS. 

• Mter the standardization of the· varialis operating eon.,ditions· under which the 
-engine tests were to be carried. out, both the engines were opened, up for thorough 
examination of the various parta and measurement of cylinders, pistons, bearings, 
-etc., with a view to determining the weiJ.rand other changes that might take place 
as a result of subsequent runs. Mter reassembling, a lQO hours' standardizatibn run 
was undertaken on each unit with one of the reputed proprietary brands of milieral 
lubricant; whicA will be referred to as reference lubricant "·A" in this paper. Engine 
'test was also carried out with another minerallJIbricant whic,h has been designated 

I.aS mineral lubricant" B". In order to obtain results of adequate precision.it wail 
proposed to carry out standardization ~ at intervals to take into account -the 
variation of test conditions due to mechalllcal changes and wear of the engine parta 
'Which would enable the results of engine tests at different stages of ,the investigatio!.l 
to be properly assessed. . 

• MAK'E-UP OIL. 

Prlt>r to the commencement of each day's run, the m~ke-up oil waS- added tI~ 
bring the level of the cran.k case oil in the Morrise~gine to a fixed mark,on the dip 
stick, as recommended by the makers, of the engme. In the case of the smaller 
-engine (Lister), the make-up oil was add~d till the oil in the trough just overflowed. 
Some inaccuraoy exists in the make-up oil figures for ,t~e smaller engine due to some 
of the oil used for lubricating tappets and governor finding itJsway into' the crank 
.case, but this is not considered to be serious, as the ultimate,'suitability ofthe,varions 
hlends is to be determined by tests in the'largerengine (Morris) where.this p'o~silrilit.r 
is practically _ruled 'out . 

.lUi3Dof S&IB.Delhi. 



SUMP OIL TEMPERATURE. 

The equilibrium temperature of the erank case o~l was recorded daily during ths· ' 
Jlrog~sJ! of the' engine test. ~his was done by means of a copper-constantan ther- . 
lllocouple; already described. I 

MOTORING TEST. 
In ord'3r to deternune the progressive changes, if any, in frictional losses owing 

to alteration in ch?-racteristics of the oil tinder the operating conditions, a motoring 
tIl'lt was periodically carried out at. the end of Ii. day's run when the engine was tho
roughly hot and the operating conditions stable. The change-over from generating 
to motoring was' effected with as little delay as possible-and without any effective 
change of speed, care being taken to cut off the fuel supply and to switch off the 
ignition as soon as the carburetter Jljl.n dry. 

SAMPLING OF CR.Uo"K CASE OIL. . . 
In order to determine the changes in physical and chemical 'characteristics of the 

~il, as also the iron content (both In solution as well as insoluble tesidue along with the 
sludge) during the progress of the run, 50 (l.C. samples of the crank case oil were drawn 
at intervals of 25 hours. approxiIDat·ely. The' sampling was done by means of a 
pipette during the run or immediately after it before .the sludge content of the oil or 
other suspended matte~ had a chance of settling down, so. that the sample. was 
thoroughly representati'~e of the main bulk of the clar~ case oil. 

. . 

EXPERIMENTAL .. RESULTS. 

The resulps of the engirul tests with· the va.Q.oUl! blends, which were developed 
in tIllS Laboratory, as well as those obtained from the use of the mineral oil, which 
was taken as a reference lubricant for comparative study, are summarized under the 
following two heads :..,... .. 

(i) Preliminary engine tests, s.e.,· tests carried O)lt in. ~he 1·5 K. W. Lister 
Petrol enginO'-dyMmo set... . ' '. 

(ii) Final engine tests, i.e .• tests carried out in the 16 H. P. Morris industrial 
engine-dynamometerset. . , . 

PRELIM~NARY E~GINE TEST. 
In Table V, are summarised the variations in the more important characteristics 

of the oils or their blends with engine operation, which more or less give indication 
()f the oxidation lInd thermal stability of the oils uuder engine operating ,conditions. 

rD. Table VI are summarised some characteristics other than those shown in 
Tllhle V and their variations with conditions of engine operation., which, though not;
important frqm the point of view of judging the suitability of the oils as regaras their 
lubricating. quality, throw a good deal of light on. the character ofthe changes taking 
J.hre in the. oils and, consequently supply da.ta on. which attempts at improvement 
vf quality of the oil may Qe based.' " '.: ' .... . 

. In Table VII ~re summarised the data which are directly or indirectly related 
to tlle friction losses and wear in the more important engine parts a.~ a result of the 
(ietorioration of the 'oil and abrasion or corrosion. or'both. . 

In. Table VIII are summ~rised the \results ~f examination of the engiJl.e part~ 
afte'r each run and the nature an~ amount of deposits on piston, cylinder head, valves ... 
etc., the deposits being carefully scraped. off, collected and, weighed wherever. theT 
occur in appreciable amount •. 
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TABLE V.' 
Changu ?f.lubricating oil characteristics showing oxidation aM 'thermal 
. stability under engine operating cona,itionB

J 
in 1· 5 Jr.. w. Lister set. . 

(three ,figures tmder any head correspond respectively to 0," 5Q and 
100 hours' o~ratioil). , ' 

No. 
of 

nm. l3.IeruL 

l MiI\eral lubrican, .. A .. 

• jI 13lend No,l' 

3 131end No.2 

4" l!ineral Lubrica.nt " 13 .. 

6 Eland No.' 

"I' Eland No. 0 

8 )fineral L\1bricant .. A " 

9 13lend Nil. II .' 

10. Eland No.7 ..... 

11· Blend No.8 

• 1;.1 13lepd No. 10 

Vi.-
cosity Rise Visoo· Acid 

at in 8ity value. 
140°F. visco- hldeL 
(centi- aity 
8to~es). %. 

42'4' 103 0 
42,2 0'24 
49'7 17·a •• 0'46 

. 41·8 4'10' 
45·5 IHO 
46·5 11.2 lH5 
52·9' 2:90 
Illl'·9 •. ,., 2.99 

Con-
ladson 
ca.rbon 
residue 

%. 
0·19 
0,35 
0'47 
0'3& 

,0·85 
0·92 

66,3 25·3 3'43 
41·3 57·9' 0'08·. 0·08 
44:4 62·3 0·28 0·16 

I Total Crank 
amount; CIUlll 

of dilutio. 
',ludge , %~ 
(grams) 

.. 
:. 

46'7 '.13'1 83·5 '0,30 ,O·,i6 1'50' .,. 
' 45·4 116·0 '2'50, 0·20 

50·1 115,0, "20 ,0·58 
55·1 lIf·, 115·0 2·16 '0~'79 1·64 
'45·6 116·0 2·34 0·20 

. '. ,7S·S 115·0 3·60 ,0-88 
144·2 216·2 110·0 /5'091'402'34', 

48·1 112·7 0·86 '0'27 
52·9 115·9 0·92 0·f59 
63.,2 31·4 115·8' 0·99 0·60 0·81 0,& 
43·7 102'6 0'10 0·19 
47·0 100·2 0·37 0·26 
53·0 21·3 99·0 '0',46 0'·49 1~12 
46·5 114·5. 0·88 0·22 
51·0 . 117·0 1·00 0·43 
-55·9' 20·2 114'0 1·20 0·58 1·32 . O'~ 
46·1 110'0 1·00 0·,18 
47·6 111-0 1·6Q Q·37 •• 
51·8 12·4 ,114'0 '1·84 '0·46 1·06 
48·3 '114·0 1"07 0·21 
53·4 ' 113·0 1·80 0,40 

I. 54·0 . U·8 113·2 2'.00 0·59 1·94 
. 41·8 121·0 1·55' '0.22 ", 

. 50·5 120.·3· 2·30 0.65-
60,,9 45·7 121·6 2'i77 1'34, ,<1·81\ '(l·S 

, Frem a carefll:l examination of Table V and Fig. 4: it :~ill be seen thai! the ller
centage rise in viscosity as a result of 100 hours' run was maximiIm (216"2 ,~o) in. the 
case of Blend No.4, containing no stabilizer and minimum inthe case ,of Blend N.o, 7 
(12, 4 % ) and 8 (11 '8% without. of courseitaking into c~n.sideration.' Blend Nos. i 
and 2 which were miner.al-vegeta.ble oil mixtu,res., The viscosity increase inth&~ase 
of mineral reference lubricant " . .4. ,,* in both the' standardization. runs waH 
apprec:ably higher than that'obtain,ed with either of the vegetable oil blends 7 and 
8, although the crank cafle dilution after the second standardization:r;nil was twice 

. that obtained with either of these blenas ... The data, presented above, clearly 
demonstrate the very marked effect of the addition, ofstabilizets in. sup;pre,ssing the 
various cheIDical reactions which'lead to an increased, viscosity.' " . 

, • Unless otherWlse stated; the ~crformance of the various bl~nds will be ~ompared'with that ohlte-
referenol iubrioant .. A \, during the second standar<Uzatioo r~ (iRIlD Jil:o. S). . , 
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As regards the viscosity index (Fig. 5); it will also be seen that t,he vegetable Oil 

hlend'!, in general, are superior. to the mineral oils. The changes in vlscosity index 
with the p ogress of the run ,,-ere slight and practically of the same order in the case, 
of both vegetable and min.ocal oils. . -' '. '. ,',' 

, Blend No.4, the untreated blend, showed a sharp ill,Creaile in acidity (Fig. 6} 
approximately after 25 hours' run, the maximum increase in. acid value being 2·75 
as against 0·46 (1st standardizatiou'ri:lIi) andO'36 (2nd standardization run) with 
the rn1r..eral reference lubricant" A",whereas the change in the acid value of the 
pur.e vegetable oil blend '),as a result of stabilization, varied between 1 ~ 22. and 0.·13·. 
It;s also interesting to note that Bler,d No.3 showed a final Merease in. acid value. 
S J, ev~n wi1J1 regard to aciclity, the eiiect of stabilizers is quite marked and some Qf thai 
Llend. ~ bebvdd better in -this re3pect than :the min.eral oils.. , 

As regard;; COJ1.rad<;on carbon residue (Fig. 7), although the veget~bl& oil blen9,.'Io. 
ano. the min~ral oils had more or Je~s, the same .values initially,"the vegetable oils, 
ill general, showed a higher carbon. residue iucrease.thaIl.theo . reference 'lubricant. 
" .-\ ", the change in this respect, as in others , being most marked in. the case of the. 
nnstab;lizea b;er..d No.4_ The ir.erease in Blend Nos. 5, 6,7 and 8 may be considered. 
t.o be of the same order as in the. case of the reference lubricant" A," _. ' 

TABL;E VI.· 
• 

Change of oil cltaracter·istics oeler than those sllOu·n in Tdble V ?GtUler"en![bM operating 
, conditiollsiii 1-5 Il.. IV_ Listffr set: ,.. 

(Three figures u~tler al'.}' J.eall corre,pol'.d. re:/pcctively to ()., [iO:.t:'J.d. 100 loUT3' 
. or.crcti~n..) . 

Spedfic 
1\'0_ I g>'3vity Saponifica.- IGdine Ash Iron iD 

of BIen'!. l·~F_ Imn value_ ' %- asb. 
run. at-- va.4Ie_ 01 

10 
lOO°.F_ 

--------~-~ 
1 l\1illorul III brit-a.ut .. A. .. 'E)-S7H} 6·45 13-1 6 , ., 

0.8682 2-20 15-4- 6·016 
~'8(i96 2-:m , 15-0 0-04.2 

2 Dlend No.1 0-9:!OO 152-6 77-0- 0 
""'-9~1H ,1$3-7 1$4-9· 1).-028 

('>'9:!06, ]~6-4 65-0 6-04.0, 
3 :Blend No_ 2 ", 4HJ07U 128-6 ti5-0 ." 

0--tH06' HI-a' 52-4- , 
Q-9138 145-2 62'1 

4 Mineral Lubrbm, ~. 'u ,~ 11-9082 4-3 25-6 6 
o--gOOQ-. %-ft %$-6' 6-000' 
l)-9102 2-6 25-7 6-008 

. "" 
Blend,NI)_ ~ . 'HJ3b~ 179-4 92-7 6 (} 

~-9~83 179-0- .• 83-6 0-034 16·!t 
0-94:?3 '186-3 83-3 ' 0-056 20-0-

1I ];lIcnd. X'). 4. .. 1JoIl:l'i5 179:9 90-0 0 0-
~-9(jll 177-5 82-S (j-030 5-4 
~-963(); 1-7S-1 78-1 • 6-084 I It,S;' 

.1 Blenel N~. 6. .......... 0-9'101> IS:!: Ii 88-0 '0·00lt 0 
0-94:13 192-0 ~6-0 0-017 5-7 
0- 9~91 198-2 84-2 0-044 10-2 

• l\tin~ral Lubriean t " A .. '0-g7iu , 0-16 13-S 6 ()., 

0·8794 3-15 17-2 0-014 2-~ 
0-8805, 3-80 23-1 0-017 3-t> 

II :Blend No_ 6 'u -flS!),! 178-0 . 92-8 0-003 0 
0-9410 191-0 1'6-7 0·014 lS-2-. , , Q-0445. 194-9 •.. 85,.4 0-028 . ~ " 27-1 

Blend No. T 
, , 

0-9391' 190·6' . 'U2-1 0-00£' J. 0 . 10 
6-9309. 197-0 85-S, ' 0-014 ·14-5. 
0-9403 , 193-3 86'2- O-O:!l 19-t 



No. 
of 

roll. 

TABLE VI-contd .. 

Specific Saponifica. 
gravity 'tion Iodine 

100°F. value. . value.. 
at~ 

looep. 

.Ash 
% 

• .. 
Iron in 

ash 
% 

11 Blend No.8 0'9405, 180·6 90·3 '0·007 ,0 
0·9439 187.7 88·4· ,0·041 6·6 
0·9452 193·0 86·3 0·097 5·3· 

12 )Jlend N<>. 10 0'9333 . .178·5 I 97:2 0·001 0 
0·9389 184·2 97·9 - 0·022' ,1·0 

• . 0'~437 197·8 .. 94·0 0'060., 2·1 

It w,ill he seen froin the results tabulated abov!l; and also from Fig. 9, that practi
cally four (Blend Nos, 2, 6, 8 and 10) out of the seven vegetable oil blends showed an 
appre~iable increase in saponification value. The saponification values of the remain': 
ing blends as well as of the reference lUbricant" A " either remained nearly constant 
or showed a slight tendency to increase with the duration of operation. What i& 
rather remarkable is that the untreated blend did not show any increas~ in saponi· 
fication value, but, on the other hand, showed a slight tendency to decrease'indi
eating thereby that the chemical reaction did r.ot proceed beyond,perhaps the, 
decomposition of tile glycerides into fatty acids and neutral products., 

Generally, speaking, 'it may be said that th.e engine operating con<litions had the 
effect of increasIt>.g the acidic constituents as a result or complex chemicaheactions, 
but thil! effect was more pronounced in the case of some of'th.e stabilized blends. . 

The iodine values (Fig. 10) of all the vegetable oil. blends, decreased ~ith the I 

progress of the engine ,tedt, the minimum value being reached approximately between 
seventy and eighty hours' operation. The most interesting feature that is, brought 
out by the,engill.li; test!is, thcrefore, the faet that the degree of saturation pf the'blends ' 
increased With t¥ length of operation and reached a maximum v:alue before 
approximately eighty hoUrs' operation. , 

, With regard to the ash content (Fig. 11) of the oil, it may be observed that all 
the blends as well as the minerallubrical~ts showed an increase in ash content with the 
length' of operation. ,'Now, the' ash oonteni is due primarily to the dust or other 
impuriti'ls.find,;ng their:way ~0z1.g ~ithth6,ind~t:ed a# and a!so,to theintiod~ction of 
metallic impurities from the various engine parts as a result pf wear.c In 'iiew of the 
fact that the particular eng inc in which the investiglLtioD. was carried out was not 
provided wit.h an air filter, and as t¥e experiments were carried out under t~e variour, 
weathe~ condition~ prevailing during the different 'parts of the year, the amount of 
dust and other impurities finding their way illi!ide the engine nat~alIy varied from 
blend to blend~ The figures for ash or irpn content (Fig. 12) of the, oil, therefore, 
furnished no definite cnterion of the relative degree of/wear as a result of engine 
operation and Sh0U:d r.ot be takcn for anything but arou;;h indication of the degree 
of weJ.r experienced by thQ metai:ic parts of tl.e engine., , 

It wiU be noted (Table VII and Fig. 13) that the. maximum equilibrium temperat 
tures of the crank cabe oil in the casetlfruns with blend.No. 3 (~-Napthol blend) and 
7. and8 (~-Napthylaroine blends) were practically ofthe'same ord.er, but somewh~~ 
less t.han that ootamed. w.th the reference lubricant" A ", while those obtained wit4 
tue remaining blends were nearly the same as in ,the case pf the run with the referenc& 
lubrican~.Al:i8uming that the crank case equilibrium temFerature is independent of 
the room temperature anu is a function of frictional lospes under similar operating 
conditions, it may be concluded that the frictional characteristics of the vegetabl", 
:;ilt; are practil:aliy as good as th0se of the lI~ral oils, if not superior. ' 
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, The consumption of petrol (Table VII) per B:H. P.,hour should also be-propor'-
tional to the frictional losses if the output is ,maintained constant and we find that the 
cOl\sumption in th~ case of runs of all the blends except the two mineral-vegetable 
on~s is more or less similar to that obtained in,the stanl4rdization runs. It should, 
however; be pointed out that there ddes wt exist a strict correlation between the 
equilibrium temperature and the consumption in every case.' -

With regard to cyliIi.det weax:, it roay be observed that, with the exception of 
Blend Nos. 2, 3 and 8, all the vegetll-ble oil blends behaved as satisfactorily as the 
teference-Iubricant, but the 10880£ weight of the top piston-ring, which hal 

TAB~ VII. 
Fription and wear ,characteristics of the oils as brqught out by 100 lumrs' engine ~t '" 

• 1·5 K. W. Lister set. ' _ 
(Th~e figures under any head correspond respectively to 0,50 and 100' hours· 

operation.) \. 

Cylinder we"r at limit.' Reductiou Total 
ing pooition o£ in weight Iron irOl' 

No. 
of 

f"'.lD. 
Blend. 

Room 
tempe
raturo 
during 

the 
p"riod 
of run. 

• (OF.) 

Maximum 
Bump oil 
tempora
, turodu
pinl'th" 

pl>riod of 

Con· 
Bump
tiOR ... 
of 

pCI...,1 
pl>r 

D.H.P. 
hour. 
(Ibo.) 

~ing tr .. vel. of top in oil conten~ 
(inch.) piston (Parte of 

, ring. per mil· e .... nk 
(grma.) lion). ca..e oil 

after 
lUO 

lloufII;' 

• 
1 Mineral Luhricant .. A .. 
2 BI~nd No.1 .. 
3 B!end No. 2 ... 
" Mint'ral Lubricant" B " 
5 Blend No. 3 .. .. 

96-84 
9~79 
85-73 
96-415 
90-77 

run. 
(0.F) • 

140-13i 
138-126 
136-124 
140-135 
13B-13Q 

1·31 
1·4 

1,25 
1·1S 

I Blend No." •• 

\ 

.. 1U-71 144-130 -IriS 

0·0001 
No lDeasure"bl" change 

O·OOOl 
0·0002 
0·0005 

0·0002 

0'03.53 

0·03407 

'7 Blend No.5 .. .. 101}-83 lli2-144 1,'IS No moaaureabl .. change 0·0500 

8 Minerol Luhti.ant .. A .. 93-89 100--)40 1·03 Do. 0·0283 , 

- 9 B:end No. 8 .. .. 911-83 U,7-1'~ 1·10 Do • 
I 

10 Bl~nd No. '1 , •• 97--;-81' 141-1:15 1·06 D .... .. O·035l 

\ 

11 Blend No.8 .. 85-'70 137-132 1·05 0·0003 0·0680, 

l! Blond No.10 •• 101-83 1110,-133 l·lS No mo .. anreable chaD8" 0 ·0460 

run. 
(grmo.) 

.. 

0 0·956-
5!; 

112 
0 0'41.:1 

16·2 
1118·2 

0 O·j!1' 
9'7 

44'S 
0 0·1111 

3·1 
6·1 " 

0 0-19S. 
24·8 
76·7 

0 0',14110 
2·16 

40·6 
0 o·,gr 

26'9 
52.0, 

0 0·%'7& 
S'S 

119·2 

been generally ac~pted as an index of wear, failed to establish any' correla
)ion with the cylinder wear figures., It roay, however, be pointed 0lIt tha.t among 
the pure vegetable oil blends, thoso numbered 3" ,4 and 7 behaved best and showed 
a loss of weight which was approximately 25 per cent. higher than in the case of the 
reference lubrica.nt (second standardizatiol\ rQ.n,). 

, As regards the total amount of iron removed (Fig. 16) it will be seen that Blend 
-No.7 proved superior to all others, giving 'an iron content figure of 9.149 gm.. &It 

against 0.' iOI gm. for the reference lubr~cant. The other two blends which gave the 
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.REDUCTION IN WEIGHT OF TOP PI5TON 
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TOTAL IRON AF'TER 100 . HOI,JRS RU!':l· '''' "!"'IS 

o 

BLEND] 

BL~ND -4 • 

BLEND 6 

BLEND S . 

p..:..;~~~~~~ 
. ~LE:NO 10 

. . FIG. 16. , 
Gr~phi~Z f'epr.es~tation of the tot~l iron Cfmtent (iron in IOlu~ion linll iron .,. ,lvclge 

in crank case oil after 100 h01f1'" ,'Un.in 1·5 K. W. Lister .,et. , 



.ext best results are Blend Nos. 5 and 6, which gave iron content figures of 0 ·195 gm. 
and 0 ~226 gm. respectively. . -

I~ will be ohserved from Table VIIl and Fig. 17 that the nature of deposit on 
the piston top and cylinder head' with practically all the blends was of the same type 
as that obtained with mineral reference lubricant" A ". although the amount varied 
from blend, to blend. The amount of deposit on the underside 0\ the piston with 
reference lubricant" A " was practically nil as against variable amounts (0·34 to 
2·5 graDJS) in the case of the sta.bili~ed vegetable oil blends. The total amount of 
deposit on the piston top and cylinder head, including that on the underside, obtained 
with Blend Nos. 7 and 8, was definitely less than that with the first standardization 
run with reference lubricant" A ,j. and quite comparable with that obtained with the 
second'standardization run with the same reference lubricant. It should be further 
observed, that the dllposit 011 all these parts obtained with blend No. ~ (the untreated 
blend) weighed as much as 16·5 grams, whereas that obtained with Blend Nos. 7 and 
8 weighedonly 1l'82 and 1·32 ~ams respectively, clearly demo~trating the very re
markable impro~ement in this efi'ectcaused by the addition o(stabilizers. 

The nature of'deposits on the ring lands and groov~s with all the blends, except 
Nos. 4 and .5, was similar to that produced by the reference lubricant" A ". The 
deposit obtained with blend No.4 (the untreated castor and groundnut oil mixture) 
was of a distinctly gummy character and caused the clogging of a large number of 
'scraper ring slots and the sticking of the top piston ring. The deposit produced by 
Blend -No.5 was somewhat gum:ny in the region of top ring groove and also caused 
the stIcking of the top ring. On the other hand. Blend No.6 which is exactly iden
tical in composition with Blend No.5, except for the fact that its soap content was 
,slightly lower, was quiteJreefrom these defects. It is, however, difficult. to say at 
this stage whether the ring sticking was due to excess of soap or whether it was purely 
accidental. With the untreated oil, on the other hand, the deposits were definitely 
gwnmy in character not only on the top ring groove but also in the other ring grooves 
showing undoubtedly the efi'ect of stabili~ers on the treated blendS •. 

With regard to the d ~posits 'on the valves, the table would indic~te that the 
exhaust valves were singularly free from any deposit not only in the case of all the 
vegetable oils but also with the mineral reference lubricant " A "; while the inlet 
valves in each case showed some amount of deposit, the nature an<l extent of which 
varied somewhat from blend to blend. In no case, however, it was fluch as to inter
,fere with' the proper working of the valves. 

M 1i8DofE UF l'ell:l 
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TABLE No. YIII 

11. ture anl eliettt !f lepoAt, 0" yczriou, mgiM pare. after 100 liour,' "'It 



No. of 
run. 

Blend. ' 

.' 

.Piston top" 

36· 

. TABLE" 
! N atwre aml exte.nt 'oJ deposit, on variou, . 

Total 
,..eigh~ 

'of 
depoaitl Pi_ton 

on , undersid" Platon lkirt. 
Cylinder platon and weight 
head.. top and of deposit 

eylinder in grams. 
head. 

(gram •• ) 

ToprIDJr 

1,-_-...... :....._-, 
Land. Groo ... : 

1 Minerallubl'i\ll.11t 1/3spongy; Hard, •••• 
.. A n. 2/3 hard. 

Slight de· 
posit OR 
top; rest 
of interior 
lacquered. 

Lacquered No appre. No appre
black at Giable de- ciable de-
place.. posit; 1_ posit; laa-

quered .quered 

,.. Blead·N".l·". 'l/lhpengT" 
. • . T. . • 112 ~"r.r. . 

•• + 

a'Blend No.2.. Hard. - .. Do. 

, Minernllubricaut 1/3 hard and Do]' 1 i 
.. B n. - .2(3 .p~gy. 

6 Blond No. 3 Thiok on 
periphery ; 
fairly hard. 

Do. 

Ito&.- ,Spongy.aM, 
molat. 

2·6 
2·1 Spongy and 

moist. 
2·' 

.. r'·.., 
. fj·5S-Tbfck":". at 

top; rest 
of interior 
Ja.qUQroli,; 

1'0 • 

:00.. 

Dc}. 

Do. 

, : 

Thick and Do. 
partly soft' 
aod partly 
hard at 
top • 

!fs-th1~r . "1)1). ' ".:' - -~3" 
1/3 thin. 

• 1,8-·· 
-'l'I!Ier<;-ini>iA . - Do: 

:'t toP~f 

'1. Bl~nd N~. Ii Thin, hard 
near the 
contro ; 
thiok 
round 

. periphery. 
8 MineralluLrioant 1/3 thin. 

.. A .... hard: 2/3 
practically 
clean. 

Il lliond N ... 6 .. 

10 Blend No. 7 , •• 

I thin, b"rd. 
brownish; 
t pr~cti. 

. ",,1Iy clear. 

Cont.,,! half 
free frem 
'iWpo3it ; 
oth,'r half 
p~rtly roo 
,drt01l8 ., 

and brown. 
ish and 
h.rd. 

Do. 

Do. 

F,'irly h"d. 
'p,.rtly 
browni.h. 

interior 
'. I~cquerod. 

0-5S 

1"3 

13·2 
Thin. gt'a: 
nul ... at 
top; rost 
of interior 
lacqllered. 

0·63 
'Thin. h.?rd. Do. 

1·0 

I,ohtod 
.pongy 
doposits at· 
tap; the 
r~st of the 
int&rior 
aimply 
I""qu~red. 

'l"hin,moid 
0-5;1 

DO.. 

.. 

black. black. 

Di>.. I>e.' 

Thin d"JIQ- Thin, ui. 
.it at fonD. 
place_. 

I . 

Lo.cquered Lacqnered 
black. black. '. 

Thin, irre. Thin. atiok,. 
gular, 

/ . 
Gummyd ... 
pooit over 
I area ; 
the other 
i clean; 

Thin. soft 
over ' i 
.. rea; the 
other 1 
.1~.Il. 

Partly tliilJ 
and partly 
thick and 
gummy.-

No nppre
ciablo d ... 
poJit.. 

Thin isolat· Thin fillII 
eddeposite 
at piac .... 

Thin over Thin. un;'. 
t area; form. 
rest brigM. 
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, )(o-.,vm. 
~ l'i1.1t8 after 1.00- kour,' rU1J. 

Sterp. .:" Sh ... .Ide;: 
andfaoe,' 

~-te-m-.~~'A·--Sh-o-w-M~r· 
audf ...... 

No appreci., No .. ppreci~ Part staiDedi trim. de;o. ' None ~ 
IOble de~; able deppait; isolated . lit., .• .teined 
laAlquered lacquered,' Ipecks of reddish. 
black. ' lIIoPk. ' carbon,,· 

ceOU8 
matter. 

..... 
I. ru. .-

'0";" 1ID'f 

Lacquered' 
black. 

Do. 

LaCquered 
. black.' 

Ps.it steined Do. Do. 

-' 
Do. 1 Appreciable; Stained 

granwar black. 
and gum· 
my on 
.honlde. 

Thin 
oiuy. 
Thin po. 

Thin, ltiCky Thin, ltioky Thin. gran: Thin; 8"an. Stained' 
IIlar. ular on 'reddish. 

.houlder. 

Summy (2nd) Gummy (2nd}" Do. 
lacquered Ie.qu.red 
(3rd). (ard). 

Va ... Thin; par' 
.taincd 
reddish. 

Thin, UDi- Thin, uni-
form. form. 

Do. • • Fairly thick, 
soft and 

, granw" • 
. on shaul. 
Mr. thin 
on face. 

No appreci. No appreci- Fairly , Thin 
able deposit. abl. de.' stained and 
lacquered. posit; lao. partly.o.' 

ql1ered. ~:dc~h 

, Thin 111m •• Thin 111m •• 

Thin onl. 
f~rm. 

I:on. 
Thin, 'a few 
granules 
at isolated 
points. 

Thin '111m 
on faco and 
should,·r. 
Isolated 
granulC's on 
Ihouldcr •• 

Thin •• Thin 

Stained red" 
diab. 

Do. 

Do • 

.f «' r 

Nonll'; 
staine~" 
reddish.' 

Do. 

Stain.eI· 
bla~; 

Do. \~ .. 

Steined. 
reddish. 

Do. 

Do. 

Staked 
",deli.h. 

Do. 

Remarb. 

') ")", 
No clogging of any of the draiii 
, holes or soraper ring groove. 
• A few scraper ring slots clog. 

,'ged. Piston rings free in their' 
groovea. .' . 

Only .. few, ~'craper ring alate 
OIog!"cl:] ,PiStoil" rings! free in 

'\heir groove Do. ' 
'\ 

. 
~istoll ringlJ f .. oin th.it 

eroo,vel.' 

Do. 

A largo lIumber of scraper ring 
.Iots clogged. Top ring stuck; 
oth,ell! free in their groove&." 

A rew acraper ring slota cloll' 
ged. Top ring stuck, " 

Piston rings free in their 
gWOTCH. 

A few Icraper ring slots clog. 
,ged. Piston rings free in other 

grooves. " 

A IIl1mbe'r of scraper ring '.lots 
" cloggod. Piston rillg. free 

in thoir groov ••• 

------...!....--
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Cylind. piston and weight 

head. $op and . of deposi. 

Celltral half . BanS. 
. free from 

depom; 
other half 
tIIin, bud. 

I Praoticall, ~aIr11'1IanI 
free fro. 
deposit • 
the othe" 
I hard, 
iuily_ 
.oTable. 

. 

oylindel' in graau. 
head. 

(grema.) 

0'98 Thin, moist t.eqmecl 
.t pIaoeI. bJaek . - Q.a. .r~ 

0·77 Parilll1l11Jd . Po. . .-
1·11 

Thin over 'l'bIIl." • aman f_ 
area; re-
maining 

·_bript. 

Praotloall,. DID. -I covered 
with thla 
c1epoeit 
interape .. 
eed Wi$la 
bright 
lpen. • 
ethel' • 
IIIean. 
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Lower ring •• . 
Land. Groove •. 

2nd land Thin. 
bright ex· uniform 
""pt for a 
amllll area, 
3rd IlIIld 
Gavered 
with & thin 
uniform de. 
pe_it. 

Tbin .. Thin 

Inlet val~e. 

Stem. Shoulder 
and face.' 

Thin film. Thin film, 
with gr":' Bhoulder 
nul .. here CDYC'led 
and" there. will gr .... 

nul(,8 . at 
iso!ated 
poiI,to. 

Part Gran~l&u>d 
.tamed; over .,boul. 

'pa"- gra- d"r; thin 
Dalated. depesit 

'over face. 
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ExhBuBt valve • 

'St.em. 

l'ltainod 
reddish. ' 

,Do. 

Shoulde-r 
and fao •• 

Stained 
reddioh. 

Do. 

, Belllarlu. 

'PraCtioally half the scraper rinj 
aloto either partially or entirely. 
clogged. 

Piston rings free in their KfOOV.'; 
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Grapllical representation oj total amount of carbon depo,iktm pi8101,l top and tt/lifuur 
= ' ~eacl in 1·5 K. W. Liste1 6et.·· ' ' " 
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r;rDyltiooZ rept'esentalion if, toliJl amount~f car~on deposi~ on piston 'Under,i~ in 
. 1·5 K. W. lAster 8e'. . 
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FINAL ENGINE TESTs" , 

From the results of preliminary engine tests on the various blendfl, it WIll be soon 
that Blend No.7, which.is a castor and gtonndnut oil, mixture _ with c(naphthylar 
m;ne, proved superior to all others as regards general stability arid wear character'" 
istics. This blend was, therefore; subjected to more severe oper~ting conditions 
in the larger engine (Morris): ' . 

While the engine test on this 'blend was ~ pro~ess, a series of Air l\Iinistry 
Oxidation Tests, (Modified), undertaken on rape oil 'in conjunction with different 
stabili .. -ers, had practically reached the final ~tage, and it was found -that. 
o(-naphthylamine, which proved quite satisfGtctory for the groundnut castor oil 
blend, also proved to be quite a good stabilizer for rape oil. A 50-50 mixture of castor 
and rape seed oils-with 1 %0( -naphthylamine (blend No.9) was, therefore, prepared for 
test in the larger unit. The resulting viscosity of the blend 4\vas 109 centistokes at 
lOO°F. ascompared~lth128'6centistokes in the case of Blend No.7 -and 122·1 
centistokes in the case of reference lubricant " A ". The lower initial viscosity -of 
this blend was decided UPQuto see whether this would in any way influence the 
friction characteristics, which were found to be somewhat ~rio:r in the case of 
Blend No. '7, than in -the case of reference lubricant" A ". 

" 4 

TABLE IX. 

Change 6f main m"l cTlaraderistics shou>ing oxidation and thermal stability 'U'1Ulet engine 
operating conditions in 16 H. P. Morris engi,ne. 

(the three figuIt'.,s under eac~ head ,correspond respectively to 0, 50 and 100 hours' 
operation). . 

f .; ... 
-i; ::s ~ 

0 
0 a Q) 

~ -= 1:1) to 
0 

Q) co .. 
1;;' ::s .., 

0 '0 tlO Q :a .... -;1 "g Q) 

~ a .. <> 
" ~ .. ., " .. Q) 

,~ It: 'l) .e == .. a :3 ~ 
~ ,( 

0 ... a"':" 
0 .0 r: 0'0 " 0 ., ~ " .- Q) ;a +'", ~ 0 "" <> 0 """ . ! 
.... <> .5 ~ 13 ~ 13:-:: ., 

0 ... .is " *- \3 Z .. I> ,0 ~ dj <II 
'al ~~ <> 0--

.i' .sa ';1 ~ "" co ... 
.] ~ 

00 0 0" ... c 0 

~ <>0 a '" " " 'C E-t .. 0 ~ <.> ~ .. <II ' . .E! :::~ 

Z p:j ~ >, ~ 0 Cll 0 CS 

1 ?finera.l Lubriea.nt .. A " .3'7 102-0 0-06 - 0-19 
.0·2 98~0, 0·.2 0-24 16·4 3-() 

.3-8 -2·1 96·5 0·36 0-32 0-04 1-7. .1 •• 

!? 'Blend NI>. 7 '.6-,5 116-0 0-92 ()-! , 
.1·1 116·5 1'55, 0·37' Hi·S 1·2 
56·7 :n·71U·o 2·25 0-57 0-03 1·40 1·0 

3 Dl,md No.9 .1-2 '121·0 -1-19 0-2 
.2·7 121-,0 2-0 0-23 17·8 I·! 
4R'2_ 17-0120-2 . 2-0 0-49 0·03 1·21. 1·6 



" 
The ~sults of entne tests on these blends along with those on refcrence lubricant 

•• A .. a~ summarized in Tables IX, X, XI and XIL 

It may be noted that owing to ,undue vibrat~on and leak~ge ofbil through ECVC'· 

nl auxiliary bearings 'of the liofris Engine, while carrying out stanclardizatiqn runs; 
it was decided to carry o~t engine tests at 120'0, R. p, M. (instead of .1500 R. P. rvL) 
and at a correspondingly reduced load (10 B. Ii.,P.). . 

A freSh standardization run. was, therefore, carried out under the new conditions 
:and engine tests on Blend Nos. 7 and 9 reported in this paper werec~tried out Ur.UCI 

&imilar conditions. ' 

'0 
.~ ~ ,-. . 

~iLEN/)7 
~ ----"- .. ~;;;-

.".,... " 5:". t:N('-~ 

~ 
~ 

-~ ~ - 'ir MI NF..I=IJ'. LUB. , 
, . 

30 
o 2.0 40 60 eo 100 

NO 0':" HOURS RUN 

Flq, 19. 
Change in tiiscooitg w1J.h the' duration olr,un in 16H.P. Morris engine. 

The data presented in the Table nr and Fig. 19 indicate that while thevisqosity 
01 the referencll lubricant "A .. decreased with the progress of the run for the first 
50 hours, evidently on account of greatercraD.k caSe dilution (3·00/0),occurring 
during this period, it subsequently showed a tendency to increase reaching a, final 
value (42,8 c.s.-at 150°F), which was lower than the initil1-1 figure (439.S. at 14:0°F). 
Both the vegetableoii blends, on the other hand, showed a tendency to increase in. 

'viscosity with the length of the run, the increase being most marked after 50 hours 
in the case of Blend No.7 and after 75 hours in the case of Blend No.9.. The greater 
i Bcrease in viscosity of the vegetable oils as compared with that obtained with the 
refelence lubricant might be partly explained by the greater dilution occurring 
during the latter run. 

As regards the acid val~~ (Fig. 2l), it,Will be seen that whll~ it increased by 
0·30 in the case of the ref~reDce lubricant co A ", the corresponding increases in 
Blend Nos. 7 and 8 were 1·33 and 0·81 respectively. The Conradson carbon ra' 
aidU8 figures of both the vegetable oils were also slightly higher (Fig. 22). . 
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Ohange of wcosity int/a with the riuralion of run in 16 II P," Morris engin.e. 

Both the vegetable oil blends~ however, developed appreciably less sludge 'than 
le reference lubricant (Fig. 2~),. The oil cop.sumption pgures!or Blend Nos. 7an~ 
were 15·8% and 17 '8.% respectively as compared with 16~4% in the case or th~ 
~rerence lubricant . 
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tJhange of Corvraasrm carbon residue~ith the duration of run in 16 H.P, Morris engin, 

TABLE X. 
Change of oiZ characteristics other than those shO'/JJ'l1, in Table IX under engine operatio: 

conditions in 16 H. P. Morris engine. 

(Three figures under any head correspond respectively to 0, 50 and 100 hour! 
. . operation).,· . 

'5 

Specifio 
Sapo;U~ l1'avity 

No.of at fication Iodine . Ash Iron ia 
ran. :Blend. • 100°F. value. ' value • % ash % 

. iOO°F. 

1 Kinerallubrican$ .. A .. .. 0·S738 O·S 12·2 Nil ~il 
0·8758 1·4 12·9 • 0·013 n·s 
0·S769 4·7 12·2 0·014 20·3 

2 :Blend No.7 0·9399 IS5·0 93·0 0~OO3 Nil 
0·9403 IS4·6 S3·7 O·OlO 16·9 
0·9462 195·5 SI·9 0·022 18·6 

3 :Blend No.9 0·9333 IS0·3 96·0 0·005 Nil 
.0·9343 189·2 96·0 0·012 10·4 

0·9379 .190·0 93·0 0·018 7·4 
~----'" 



TOTAL-AMOUNT Of' SLUOGE IN CRANK 
CA5£" OIL IN GRA.MS AFTER roo HOU~5 RUN' 

o N "'. 

BL.£ND 7 

SL£NO.9 

FIG. 23. . . 
t;r.phtc41 representation oj the totaZ amount of sludge in Cf'ank case oil tU 'a ruull 

, of.l00 hours' engine test in 16 H. P. Morris engine. 
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It will be seen from Table X (Fig. 24) th~t the nature and extent of the cb.ang~lt '. 
uft"ered py both the .vegetable oil blends as regl!.{d" saponification vl,I.Jue as a res~lt 
.,f 100 hours' rwi in the larger 4-cylinder engme were similar to those obtained in the 
case·of the run in the smaller (single cylinder) unit (Table VI). It appears therefore 
tb.t:t t~e rno~ severe opera~g.condit~ns in the hi&h power engine produced ~o .more 
aenous change, in the ~hl!.racteristics than the .coinparativelY'less severecon<litions 
of the smaller engine. The same remarks are more .. or less applicable in respect of 
·changes mthe .iodine value (Fig. 25) which decre~d. slightiy with tpe,progress ot 
th~ run indicating that the degree of saturatio~ of the blends tende.d ·to increase. 
with the duration of ~peration. . . . . . 
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Ab. 'Of HquRS' RUN. 

FIG: 24. 
Change of saponification value with the dU'l'ation af ntti in 16H.P. Morris e'rlglnc,. 

. As regards the percentage ash (Fig. 26) and :theiron content, the remarks that 
were Diade in the case of the runs in the smaller engine apply to tliis case also. But 
i~ may be generally observed that the increase in the ash content of the crank case 
oil in the c~e of both the blends was slightly more than in the case of the reference 
lubricant" A '!. On the other hand, the pereentage of u-o~ in ash (Fig. 27) obtained, 
with the reference lubricant steadily increased with the progress of run, reaching lit 

value of 20· 3% after 100 hours which was appreciably higher than the correspondmg' . 
values in the case of both the vegetable oil blends. It may, however, be pointed out. 
~haUhis value chariged in a very irregular manner during the runs with both the' 

Tel:'ltabla oU bl_. . 
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TABLE XI. 

-Friction and IOMr oharacteristic, of the oils as broug'ht out by 100 'hours' engine t~st -in-
, 16H.P.MwrisEngine . 

11' •• 
Df 

na. 

-I 

i 

3 

. (Three figures under any head corre~pond respectively to 0, ,50 alld 100 
-hours' operation). 

Room' Ma"imum Conaump. 
tempera. lump oil tion of 

tllre _ tem per... petrol per 
,during ture . B. H.,P. 

• 
Cylinder 
wear at 

limiting 
position 

of top rinlJ 
travel. 

(inch): 

_ .the period during hour. 
of ruu. the period, (lb •• ) 

Blend. 

Mineral lubri. 
oan$",A'·. 

Blend No.7 

Blend No. 9 

(OF). of run. 
(OF). 

97-l15 ,176-1~9 

86-71 17~171 

.. ' 
8a-:-" 17~171 

0·682 

0·729 

-0·707 

Nomeutir .. 
able change 

·in any ~ylin. 
. der. 
No meaaur-
'able cbange. 

0·0002 
0·0006 

Nomeasur-
able chonge. 

0·0003 
·N'omeasur ... . 
!,blech~nge 
mremalQ .. 
ing cylin. 
4e ... 

.-
Reduction _ Iron in . Total iron Motoring 
in weight crank c •• e content of los ••• 

of top oil (pam crankcase- (B. H. P.) 
piston per oil after' - , 

,aiter 100 million). 100 hours' 
hOll'fB' run • . 
run (gralll&) 

(gramol· 

0·0110 
b'01\9 
0·0145 
0'0150-

,0-0288 
. 0'()337 
0·0177 
0·0237 

Nil 
15·8 
30'0 

Nil 
17"-
29·8 _ 

0·0177 Nil 
0·0109 12·l 
0·0348 14·1 
0·0103 

I '0·491 

0· .. 

S'3 
,j/.J 

'2'2 

2·1 
:HI 
3·' 

• The four figures i:elate to cylinder No •• 1 to '-.eria1ly. 

A comparison of the results tabulated in Table XI and shown graphically in Fig. 2a 
indicates that the eqUilibrium te!Dperature of the crank case o~ in th~ case of both 
the vegetable oil blends was practically identical and showed a fairly close agreemEnt 
with that obtained with the minera:l reference lubHcant " A ". The average room 
temperature, however, was sligh~y lower during' the vegetable oil runs. The. con-
8umption of petrol pet B. H. P. hour with v!lgetableoil blends were 4-7% higher than 
that obtained' with the reference lubricant" A", although, the frictiorui,1108ses as· 
determined by the motoring test were 10 to 16~% higher in the case-oHorinel'bleil<iB; 
It appears, therefore, that there was lack of s~rict correlation between: th-e frictiona~ 
losses and the temperature rise of the crank case oil, hut generally· it : cain ,be-stlited 
that the frictional characteristics of the vegetable oil blends on the. ,whole ,wer<t: 
tbmewhat inferior to those of the reference lubricant. 

With regard to wear on the ba~is of change in cylinder bore and the loss i'R 
weight of top piston ring, it should be observed that t~~ Blend No.~9 afid reference 
lllbricant" .A "were practically similar (Fig. 29) except for the fact that the top rL'Ig 

. of cylinder No.3 after a run with the former blend showed a comparativ~lr large 
reduction in weight and the bore ot cylinder No.1 showed a slightly more increase in. 

- dimension.' Thili appears to be accidental, since it concerns Cl1e cvl~nder only. 
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;hange oJ equilibrium temperature of crank case oil with the aurlJlion of I''Un in 16 H.P. 
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The quantity of iron in solution in crank case oil at differenhtages of run (Fig. 30f 
with Blend No. 9 was appreciably lewer than in the case ofreference lubricant "A " 
while that obtained with Blend No.7 and reference lubricant" A " was prac.tically 
identical. The total irbn content of the crank case oil (Fig. 31) (including that or 
t1.J.e sludge) at the end of 100 hours' run with Blend No.9 was also considerably, lower 
tpan that obtained with run on Blend No.7 OJ:' the refereBce lubricaat " A", both fj{ 
which gave similar performance in this J;esPe0t. . . . 
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TABLE NO. XII. 
Nature and extent ~f deposits on various engin~part8 after 100 k?urs'f'un. 

( F our figure! 1l:Ilder any head refer to data obtained with the indivislual cylinders). . ( . 

No. 
of 

_ rw. 
11104. 

l'IstOn top and 
1U16eralde. 

Cylin- • Welgh~ I,;, grama. 

der piston cylin· plla 
lI.ad. top. <ler under-

lIead. Iide. 

Minerai Pi.~on te·p, In Thin 0'6170·900' Nu 
lubrican~ each' case, bard .. 0'534 1·220 
.. A'.' showed thin. de· 0'530 2·438 

I :Blend 
Jio.7. 

• lll.nd~ 
.No.' 

uniform .and posit. 0·482 1'971 
liard deposit of - __ _ 
t18rbon (ftg 84) 2·005 8·530 
whillb wasre· 
movable witb 
I~me ditll8Ulty ; 
undel'lide limp-
ly la,"uerod 
brown, . 

piston toP. In Do. 
each case, 
covered with a 
thin, uniform 
and hard depo-
• it (ng. 86) 
which could b., 
I ... apcd off 
with I!reat dim-•• 
oulty. . l'he 
Icraplngs pre-
lented a black 
to brownish
appearance. giV
Ing all Imp ... ' 
lion of parMal· 
Iy carboniord 
oil; u ndcrsicl. 
lacquered 
brown. 

0·571 1·121 P .... • 
O·~06 1·695 tlc"l· 
O'Gl7 2'410 Iy 
0'072 2·826 .. iI. 

1ilachplotontop Fairly 0·8501·229 Pra.
covered With a bard. 0·883 1·875 tical, 
b.arddeposltof llOoo\b 1'173 6'360 Iy 
carbonaceous uniform 1'1796-231 Nil 
matter(lIg.S7) depolit_ --
whlchcould be '·08& 18'6116 
Icraped off 
"ith dim.ulty. 
l'be ~raping. 
were similar in 
Iol"pearance to 
,boseot bl ... d 
:So. 7, uulllel'-
Ildelac" .... 11 
t)roWA. 

M03Dof,S&IRDelhf 

~Ing lando. groo.... Tal .... and .. al ... 
.and IIdft. po.keto. 

Top land.. In each 
......... bowed thin 
deposit at places. 
O\ber ring lands 
and grooves cove
red witb tbin uni
form . deposit. 
Skl~ lacquered 
black mostly near 
tbe gudgeon pill 
bearing ends. 

1ilnept for tile top 
land, whicb was 
partly bright and 
pa~ly covered 
withcarbonaceous 
deposit, the ring 
lands and groov· 
u were general
ly covered with 
a thin uniform 

deposit In tbe 
..... of eacbor 
~be piston •• 
~b •• kirt. In 
each case, show .. 
ed b.rownlsb co· 
lorat'ca at 

,placel. 

The deposita on 
the variouaring 

,rooves and 
.kilt e,nerally 
8imil~r to thoae 

obtained wi\b 
Jllond l! o. 7. 

Inle' valve of crlln. 
der Nos. 1.2 and 4 
.howed granulated 
deposito over 'POr
tions of shoulde .. 
(fig. 33). 1'llat of 
eylinder No.3 oove- . 
rod with \be salOe 
~ype of depOOlt 
practically over the 
entire shoulder. 
Portions of stem 
and face ot oacll 
valve either stained 
or· covered with 
thin depOOlt. Ex· 
baust valv .. · 
.bowed no deposit. 

Sboulder and pa~ of 
st.em of inlet valves 
ot cylinder NOI. 1 
and 2 covered with 
tblck spongy depo
sit of resinous cha ... . 

. racter (flg. 86) 
Those of cylinder 
Nos. 8 and 4 showed 
the sam. typo of de
posit but In lees 
amount. The total 

weight In' deposits 
on the shOUlders, . 
Items, etc., was 6-1' 
glllll. Exhanst 
valves showed DO 
,doposi~. 

Tho ahoulders of all -
the inlet valves and 
their pockets cover
Pod witb appreciable 
depoaitB 01 leatnous 
character, the 
amount of depo.it 
decreasing with 
tbeir distonce from 
\h. oil spray which 
I"""tcd in the valve , 
i8 cha.mber near 
tile inlet valve ot 
oylinder No.1 
(lIg.a~). 

TIl.foliowing are the 
.. eights ot de-
POBits:-

l·ij6 grma. 
1'73 . 
1'38 

.O·bS It 

Th.lnlet vaivefac8I •. 
in e~ch caae,. co.'fer
ed witb a tbm IIII1l 
or simply stained. 
The exhault val •• 
peci<eto. sbollld_ 
and .I.e .... tree t.rom 
depflli .. . 

Remarb, 

Intelior of eaoh 
'cylinder olean 

and free trom _ 
gummy d.p~ 
and . Beore marks 
and so a180 Were 
tbe prinCipal bear
Ing part.. Partial 
clog~1nti: of BOme 
of the scraper ring 
Bloto. Pistoa 
rings free In their 
!!NOve •• 

Intorior ef oaeIa 
cylinder eI ..... 
and free from 
gummy dep ... l. 
and 8Core marks; 
80 aloo were ~1I1i1 
principal bearing 
part.. No. clogg
ing of scraper ring 
slots or drain holes 
on Bcraper ring 
groov... l'Iston 
rings free iR their 
groovea. 
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WE.IGHT OE .. LARSON Dt.: P05/r IN 
GRAMS ON' PI5TON TOP' & CYL.INOER HEAD -o 

. MINERAL.. L..U6·" 

8L.END 7 

BL.END S 

FIG. 32. 

(hapltical 'epresentatiO'tIt of the we·ight of carbon deposit on piston top and C1I'itt4. 
h64ll Q8 a result of 100 hours' ~ine kit in 16 H.P. Morriun,ine. . 
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FIG. 33. 

OarbOfl4C6Ou& deposits on the 8houlder and $tem of the inlet 1Jalve.! of 16H.P. Mom, 
~ne as a remU 01100 hotm!°7':!-''' with mineral lubricant to A". 



FIG. 34. 

C",bongcec." deptJ,itl on tile piston 101' find cylinder head of 16 H.P. 
110"" 1-d,ol n:gir.e '" fI re,vlt oj 100 lin,,' "m toith rn'flt'lal'tllricaf1t "A 
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FIG: 35. 

Dttpont.o1tthe pl8ton tops and cylinder head of 16 H.F.Morris engini'
aI (I ruult of 100 hours' run with Blend No.7. 
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FIG. 36, 
s 

Carbonaceous. depo~itlJ. O~t tlte shO'l.dder and ltem ofth~ inletva,lves-of16 
H.I:. MOrTI~~~ne as a result of 100 hours' run '!Ctth Blend No~t. 



FIo. 37. 

C(J1bo1lQce(.us ae1()sifs (.91 'I.e pi~f(n ttis arod cyl' f1c'o /.HAd (J 16.H.P. 
Morris mgifle (II (J result oj 100 kour,' run flJitA Blet!d No.9 • 

• 
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FIG. 38. 
CarbO'luiceouadeposits on the shoulder and stern of the i 'nlet valves of 16 H. P. Morri, 

. engine a.~ a result of 100 hours' run with Blend No.9 



A close examination of Table XII brings o!ltsome interesting facts with regard 
to the nature and extent of deposits, obtained with the vegetable oil blends, as com. 
pared with those obtained in the corresponding parts with the mineral lubricating 
oil " A ". The -most marked difference in behaviour between the two types of lubri
cants is in respect of the deposits observed on the piston top, cylliIdt'r head, inlet 
valves and valve poc~ets,. while the nature and extent of deposits on the other 
parts, particularly the piston underside and the ring grooves are; in general, identi
cal in the case of both types of oils. The most outstanding fact that is brought out 
by the engine tests in.that the two vegetable oil blends tried in the -large unit (Morris) 
were at least free froIl,l the ring sticking tendency under high temperature conditions. 
It remains, however, to be seeri whether the alternate high and low temperature 
running (or even continuous running), as enr.ountered under certai~ service conditions 
are conducive to ring sticking. -

With regard to weights of deposits on the piston top and cylinder head, it 
would be seen that the performance of Blend No.7, is slightly worse than that of 
mineral lubricant " A ", but the performance of Blend No.9 may be regarded a:; 
definitely worse. Although Blend No.7 is a castor and ground nut oil mixture and 
Blend No.9 is a castor and rape oil mixture, the difference in behaviour can not be 
wholly ascribed to the. difference in composition or to the different carbonizing 
behaviour ofthetwo blends, but partly also to the differenc~ in the initial viscosities 
of the two blends (Table IX). The lower initial viscosity of Blend No.9 was evi
dently responsible for meJl'e oil going past the piston rings-into the combustion space, 
resulting in more deposits. This is also confirmed by the slightly higher consumptiol1 
figure in the case of this blend (Table IX) . 

. In respect of deposits on the valves and their pockets, both the' vegetable oil 
blends, however, showed up definitely worse than the mineral oil" A ". Although 
the individual weights of deposits in case of Blend No.7 were not dete~ned, it can 
be safely concluded from the available data that the performance of the two oils 
was practically identical. It would be observed that the amount of deposit decreased 
with the increase in distance of the valves or their pockets from the oil spray which is 
located in the valve chamber.near the inlet valve of cylinder No.1 for the lubrication 
of the valves in .their guides. Although it must be admitted that the vegetable oils 
have a definitely greater carbon forming tendency than the mineral oils in general, 
the real explanation for the peculiar manner in which the amount of deposit has 
progressively decreased from the point of admission of the oil into the valve chamber 
lies not only in the quality of the oil itself but also in the peculiar design of the parti
cular engine. It is, however, proposed to discuss this point in greater details under 
II Discussion ". 

DISCUSSION. 
In evaluating the performance of the various blends, it is considered best to 

confine the discussion to the pure vegetable oil blends and to discul$s ~&t the results 
obtained with the various blends as a result of runs in the smaUer eDgine (Lister 
M6IDofSoUBDeIld . 



'ii~gl.e:cylindeJ;); and subsequently to compare,the performahCe of some of the biel1da~ , 
that prgve to be, the best, with that obtained in the larger unit., ,It is, however, not' , 
ne.cessaryto discuss all the data obtained in conneetionwith the v/l::ri~us chara~teh8' 
tias or engine oper~t~on, which have already been briefly discussed. I~.ls here pro~ 
posed to judge the comparative merits of the various bleri,ds from the f~lowing,im. 
portant points of view :- ' 

(1) ,Change in the main characteristics oltha oil such, as:-
(a) Viscosity, ' , 
(b) Acid value. 
(c)Slu~ con~nt. 

(2) Oil consumption. 
(3) Wear oithe engine parts. 
(4) Carbon deposits. 

With regard to oil consumption, it was, not posSible to 'determine it, accurately 
in the case of t~e smaller engine. 'It was not, 'therefore,'in:chided in the Tables of 
data pertaining to this unit. ' '. ',. , 

In determining the engke wearthef~iIowingril.ethods 22, 33,' which are now ' 
commonly recogI$:ed, were 'employed,:-

(a) Measurement of th~ increase in diameter of the cylinder;bore. 
(b) , Determination of the loss in weight or top piston ~fug. 
(e) Determination o{the iron,content of the crank case oil at different stagea 

/ of the progress of the run as well as the determination ofthe total fron content of 
'the oil inclu~ that of the illudgQ at the end oflOO hours' run; 

LISTER S;rNGLE CYLINDER ENGINE. ' 

Blenil No, 3. 
Blend No~ 3, which is ~ castor·groun~utoil mixttirewithc(-paphthol, 'Was com-

, posed of unrefined oils' having Ii. high initial acid. value of 2·5 as. compared with ' 
0',10 in the ease of the reference lubricant i., A" (second standa:r<llzationrnn)., ~Jf. 
will be seen from Table XIII, which gives a I!ummary pf the changes in the various' 
characteristics, that the viscosity of the blend did not show any appreciable cha1Jge 

, with !lngm'e operation. The acid'vahie, which was high lq 'startwith, insteadoi 
increasing further, showed a slight decrease. The quantity of sludge in the cra,nk 
ease oil after 100 hours· run was practically 50% more tha.n, in 'the case of . the 
reference lubricant. ' . . 

With regard to the wear cllaract~ristics, the performance of the oil wa~ decidedly· 
inferior to that of the reference lubricant. Although the reduction in weight of top 
piston ring was only 20%more, the increase in cylinder bore was' o· 0005"as co~pared 
with the negligible change in the ca~e <?f the r~ with the reference lubricant, an~ 
the total iron content of the,crank case ,oil was nine and a naIf times that, obtained 

. ,after the standardization rnn. 
The amoWl,t 'of carbon deposits on the piston top and cylinder head 8i well as 

the underside of thepillton was also decidedly higher, being 6'0 and 1'18 graml 
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respectively as against o· 6 and 1·0 grams obtained with the re(eJ;ence oil. Whiter 
therefore, the change in'viscosity and acid value of the blend' was qUite oomparabl •. 
with the corresponding figmes for the reference oil, its perfOrIDaMe in otherrespectar 
particularly the wl(ar of the engine parts, was definit~ly worse. Th~ high weal' 
figure, it is supposed, might have, been due to the high acid value of the ·oil, but i~' . 
must he pointed out that the acid value of an oil is not always a deciding factor in: 
corrosion. The 'nature of acids is of more ,importance in this respect than their 
quantity. • 
Blend No.4. 

Blend .No.4 was identical in composition with Blend No.3 but without any 
stabilizer. It h8d also the same viscosity and acid value as the lattet. It was 
subjected to engine test primarily with a new to determining the extent 10 which 
the presence or absence of a stabilizer affects the changes in cnaraateristiC8 of an oil 
or jnfluences the engine operation. An examination of Tables V and XIII and 
Figs. 4 and '6 will demonstrate that the percentage rise in viscosity was_nine times. . 
and acid value increase nearly seven and a half timeS the corresponding values for 
the reference lubricant, or, compared to. Blend. No.3, .the viscosity' increase 

'was nearly ten times, whiJe the acid value increase was 2·75 as against a. 
slight decrease in the case of the former blend. The sludge content of th4t 
oil was also twice that obtained with the reference oil as against one and 8-

half times in the case of Blend No.3. What is most striking is that the w,ear 
characteristiCll of thfl oil showcd up appreciably better than those of Blend No.3. 
whereas the amount of carbon'deposit on the pi~ton and cylinder head was practi-I 
cally the same as that obtained with Blend No.3. The amount of carbon deposit 
on the underside of the piston, on the other hand, was considerable, being 13·2 grams 
as against 1· 8 grams in' the case of Blend No. 3 and 1 graD\ in the case of the Jie:" . 

'ference oil. It should be pointed out that, in spite of the enormous-inerease in 
viscosity, there was no appreciable fall in output, nor. wAs there any' troubl& 
experienced' in operation of the engine, or undue rise of the equilibrium temperature 

. ~f the cranl!: case oil or any unusual consumption of petrol. One other point that 
deserves special mention is the fact that in spite of the final acid 'value of the blend . 
being twice that of Blend No. 3, ~ha amount of iron removed from the engine was· 
Jess than haIr of that removed by the latter under similar operating conditions. It. 
appears, therefore, th&t .the acidic ~haracter of the stabilizer (cC.-naphthol) Walt

probably responsible {or the removal of a large quantity of iron from the engine' 
parts.- . . 

!Jlend No.5. 
The composition of this blend was. the same as that of ne~d No. 3 'e~eep~ 

that its acid value was coru;iderably reduced by.suitable refining" "hich left a small 
percentage (0·11%) of residual seap. It 'fill be noticed from Tables V, VI, VlJ and 
XIII and figs. 4 to 8, 14 to 16 and 39, that the reduction of acid value of the Llend 
caused a considerable improvement over Blend No. 3 in practically all respects. . 
e.xcept for a slightly greater loss of weight of the top piSton ring. Compared witk 
the referenoe lubricant, its performance was appreciably superior in respect of, the 
acid value inelfase and the quantity flf IIludge aBd carbon deposits· on piston top ana 
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cylinder head. The percentage rise of .f;scosity, however, was one and a half times 
that obtained with the reference oil. With regard to wear, although, ~he cylinder 
bore showed a negligible change in dimension; the 10S8of weight' of the top piston. 
l'ing and the total ql1antity ofir.on removed by the blend 'Were practically 15 percent. 
and tOO" per cent. respectively more than In. the ease of the refeience 1)il Wit'h all 
this improvement, however, the blend showed a -weak point" that is, it' caused the 
sticking of the top piston ring, which was foull-d'imbedded in a semi-solid. mass of 
deposit. The reduction of acid value ean~ot possibli explain this' phenomenon. 
and it}s at the same time very diBicult to say whether the presence ofthe residual 
~ oap left as a result of refining was at least partly responsible for this state of things, 
or whether it was purely accidental , ' 
Blend No.6. 

Blend No.6 was identical in compos'tion with Blend,No. 5 ex<;ept that its soap 
content was appreciably reduced with a view to detetminingthe extent to which 
the engine operation is inftuenced by it and whether it becomes free from the weak 
points, revealed by Blend No.5. An examination of Tables V, VI, VII and XIII 
and Fig. 39 will indicate that this blend . showed improvement in some respects 
(viscosity \ncrease, and the qua~tity ofiron removed) and deterioration in others, 
particularly, in respect of the carbon deposits, which were appreciably, higher than 
in'the case of Blend No.5. The only marked beneficial effect which it seemed' to 

, produce was the freedom from gummy deposits in. pistoD.:ring grooves alld the ring 
sticking tendency produced by Blend No.5. ' 
Bkrul No.7. ' , ' 

-This was a castor-grol1ndnut oil b'[~nd of the'same percentage composition all 
the preeeding blends but was stabilized witb c( -~aphthyla!hlDe instead of Cl(-naph
thoI. It will be seen, from the' results of engine tests reco£ded in Tables V, VI, 
VII, XII and Figs. 4 to 8, 14 to 16 and 39 that this blend showed an all-round ini- , 
provement except with regard to, aci~ value irtCrease, and proved to be 'the best of . 
all the vegetable oil blends, so far tried. It is interesting to note thal1 the changes 
in the 'various properties of the oils were brought about within practically the first 
twenty-five hours' run. The visoosity"chang~ was the least so far attained and was 
even less than that obtained with the, reference oil; the amount of sludge in the 
oil after 100 hours' run was also a little less than in the case of the run with the 
latter. Although the total q~antity of iron (0-149 gram) removed" from the engine 
and'the weights of deposits (1' 82 grams) on the piston top, underside and cylinder 
head were somewhat greater than the corresponding figures (0'101 and l' 55 grams) 
obtained with the reference oil, yet they were the least ohtainedwith the vegetable 
oils tried so far. rtmay be of interest t6 point out that inspite of the comparatively 
large increase in acid value, the wear characteristics of the blend: proved to be ~e-

-cidedly superior to those of Blend. No. 6 or, for that matter, .any other blend tried 
up till now. 

,Blend No.8. 
This blend was identbal in composition with Blend No.7 except for tbe addi

tion Qf 0·1 percent. chromium oleate intended to improve the service characteris. 
tics of Blend No. 7 further, particularly with regard t6 carbon deposits, It will 
be readily observed from Ta~les V, VI, :VII and Fig. 39 that, al~holigh the viscosity 
an(l acid value increase remamed practICally the same as those m the case of Blend 
No.7, it had deteriorated practically in all other respects with the important excep-
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,tiOl1 of carbob c1eposits;~hich were the least 80 !a,:vobtained with the blends. ,At. 
though, therefore, the expectation ofreduced carbon deposits was fulfilled, the tx.
cessive wear as sho~"n by the reduction in weight of top piston ring ,and the total 
amount of iron in crank case viI, rules (Jut the. blend when c9inpared with ;Blend. 
.No.7. ' . '. 

131end No. 10. 

, IBlend No:. 10 wall a castor-rape ol1rnixttIte or' the same percentAge composj'. ' 
tion as blend No.9, but was stabiliz'ed with equal parts of /:1-naphthylatnine and 
diphenylami~e. .An exa~inatio~ of 'ra.bles V, '\Tl,1 VII, ,XIII and Fig. 39 will 
,show that WIth the exceptIOn of sludge content and carbon deposits, which showed 
an appreciable improvement in comrarisonwith 13lehd No.7, the blend showcd a 
marked deterioration pr~ctical1y frem aUother points of view. 
, The blend, ho\Ve'\Ter; was a distinct itJ;lprovetm:nt on Blend ~o. 8, With regard to 

the formation. of sludge, carhondeposits and Wear of the engine parts, although the 
viscosity and acid value increases,wele atpreciably ligher in the C!'Ee of the fonner:. 
Comparing the tw~ ?lends, 'it may be stated th~t, $etierally speakiilg~ Blend No.8 
showed bptter sta\>dity, but worse wear characterIstICs, whereas Blend No. 10 shC?wed 
better WeaI' characterist.ics and worse stabilitY'. One other ihteresting feature which 
may be pointed out in this connection, is that, while Blend ~o. 8 showed a less vis· 
cosity ilfcrease atld a greater sludge content, :Blend No. 10 showed a greater 'triscosit1 
iiicrease and Ii,less amount of sltldge. The explanation of this phenotnenbn appearl4 
to lie in the fact that in the former, the polymerized alnd cracked products were less 
soluble, thus depositing solid or semi-solid residue' in the crank case oil, whereas 
in the lattel' theS'e prodUcts Were more soluble' giving rise' to 'increased -viscosity 
and deposition of less IIOlid product Dr sludge. , 

:MORRIS Hmtrs't1ttAi. ENGI1o<:Al. 
"BtendNo.1. ' 

'the variotts points of interest r~gA:rding the Jtftformance of' this blend in the 
:Morris Engine have already been discussed in detail under the _Tables presenting 
the various data obtained as a resultof engine tests. It may now be generally stated 

" that inspite of the blend showing a somewhat greater increase in viscosity and aei· 
dity; the frictlonallosses in the bearing parts and the total quantity of iron removfd 
from: the engine parts weresitnt'Lar to those obtained- with the reference oil. The 
loss of weights sustained by the top rings va.ried between o· 0177 and O' 0387 gran's, 
while corresponding figures obtained as a. result of rUn with the reference oil varied 
between 0-0110 and o· OHiO grams .. 
, It may also be pointed out that while the bores of two of the cylinders showed 
an increase of 0'OC02- and 0'0005h respectively. none of the cylinders showed any 
measurable change after 100 hOllrs' tun with the reference oil. 

Theblerid, ltowever, was definitely superior to the reference oil as regards the 
development of slud:ge"or the consumption of oil. '" 

As regards the deposits on the piston top and the cylinder head, it will be se~n 
from Table XII that the blend produced a slightly Ia) ger amount of deposit~ than 
the reference oi!. One other important 'point that de~eIVes to b~ ,.considered and ha~ 
alrea,dy been discussed at some length IS the formation of considerable gUiDmy de
posits on the shoulder and part of the stem of the inlet valves and their pocketlJ 
and the absolute freedom, or'deposits on all the exhaust yalv'!s ~t t1leir pOl}kets. 
IIIIDofSli;JRDelhi' 
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What,was lather interesting, was that the amount of depbsit generally' decrell.sed. 
£romone~ndof~hevalv.echamber t~ the other, so thatthe amount ot"dep081twis 
'at a ma~um, ~ the case of the. i~let valv~ of.No,lc~linder and, at a ~~q1 
orpractlcallyp.tl~ the ca8~of the Iplet valve .t>f ~o, 4 cylinde,l;' This at tmceleads 
to t~e conclllSI~n that the 011 sJ>ray p~~ng located close to cylinderN<?,1 was delivering 
Rn unnecessartly largequantlty of 011 to the valves adjacent to It,. rthe 'very fact 

, that there was.no tr<?uble, regarding the lubrica,ti.(ln of the valves" of, sily, cylinders 
.N os. 3 and 4, m their gwdes,. affords an additIonal proof of tllls assumption. It 
Bhould!howev~r",be pO,inted out that ,this partic~lar method?f lubricating the valve 
BteIIts IS, peculiar to thIS make ot engme only : ln most engiheG, the only meaI),S ot 
luhricatlllg the valves in their guides is a fine spray of. oil c~rried iuto the 'Valve ,cham~ 
her from the crank case, so that all the 'ValveS get the :proper and an approximately 
equal .amount of oil. It may also be pointed out thai in the case of ~un with the 
reference oil also, the inlet 'Valves (Fig, 33) sho-Wed an appredable deposit, which; 
however, were hot weighed... . 

Iii. the light of the abo\Te explanatlo8., ids lloibhlikel:y that the vegetable oil 
'Will be free- from this defect when wbrked in'other engints~ 'rhe )"eason why the 
vegetable oile should give more d~posit on the inlet valves and none on the exhaust 
valves, appears to be tllat the tempern.ture of the lMter are 'Vel,'y much higher and 
any oil finding its Way into the exhaust 'Valve pocke~lihurns out cbfilpletely, while. 
the temperature of the inlet valves is not highi:lnough for complete combustion nor 

, low enough to retard effectively such :tellctions a~ polyfil.erl~atiohl dec~mpositionl 
etc. tt is, howevez:, ~xpecte~ that it is pqssible to eliminate th!s undesirable depo~it 
on the inlet v,alve by modifying the method of lubricating thil 'Valve chamber or 
controlling the temperature of· the intake .mix1:\J.re. ' . 

- Briefly staled, the blenti wils found to be superior to the referetlCe oil in. reepec!; 
of the sludge content and oil consumption, similar to it in respect of th~ tbtitl iroft 
removedfro~ t~e engine :parts and. the :Cylinder wear, and sotb.ewhat, inferior ip.. 
respect of \TJ.scosityand aCId value lhcre,aBe as \Y'ell as the loss, of weIght of top 
piston ring and carbon. deposits. ' '" '. 

As the quantity of acids cannot b~ctmsideretl to be a criterion pf the d.eterior 
II.tlon of an oil unless it be of such a nature as to caUse excessive corrosion of the 
parts with which it cOmes in contact, and M the iron content of the crankcase oil 
and the cylinder bore wear were similar for the. blend asweU rts f'Or the reference 
oi.l, the comparative!y hi/Shacidity of the used oil cannotbe considered t? bea se~ious 
defect. The viscosIty lncrease was also not such as to cause e~cesslve frictIonal 

. losses ,as detertnined by the motoring tests flt inter\raIs. 'the carbon deposits ,were 
appreciably morel but in no war ~XCl!sslve.E~cept therefore,' for an appreclab~YI 
greater loss of W8lgh,ts o! some 0 t~e tol> piston .rings, and th~ .tendenc:y- ~f ,accum~. 
lation of gummy deposIts on the mlet 'Valve shoulders, wh1ch are. undes1ra~le, if 
considerable the blend, on the whole, compared favourably 'With the reference oil 
when SUbjected to engine tests ,under similar operating conditions. . 
Blend No.9. ' , 

Blend No.9 is a. castor-rape oil mixture in equalptoportions, treated with 
c(-naphthylamine. In vi.ew of the sati.Bfact~ry b~ha'Viour of the rape oil with ~ ... 
naphthylamine in the ()~da~ion te~t,. It "'.as decI~ed to replace the gro?ndnut 011 
in Blend No. 7 by rApe 011 WIth a View to Imprqvmg the performaholl still further. , 
The :percenta~e. c,omp,ositi?n of this blend, f~r reasons given bef?re, was adju~ted to 
give a lower InItial 'VlBCosltr (109 c.II, at 100 F.) ~s compared With 128.6 C.B. In the 
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case of the vegeta,ble oil Blend No.7 ,and 122'1 c.s. in the case of the 'reference lubri-
cant. ' ' 

An exanlination ,of Tables IX, X and,XI ~nd·Figs. 19 to 23 and 28 to 32 will 
show that th~ substitution of rape oil for groundnut oil caused an allround improve
ment in the performance of the blend over Blend No.7 except in respect of oil con
sumption and carbon deposits on the piston top and cylinder head, which showed a 
slight increase. The improvement in the two important respects of sludge and iron, 
content of the crank case oil after 100 hours' run was remarkable in that in tnese 
respects the blend far exc'eUed the reference' lubricant. The loss of weight of the 
top piston rings, with the llxception of -one, compared favourably with that obtained 
,with the reference oil The cylinder bores also did not show any measurable change 
in dimension except.in the case of one, which showed an increase of O·OOO~... The 
imprc)'v.ement in respect of viscosity, acid va:lue and carbon residJe was also quite 
apprecIable. It may, however, be pointed out that in view of the wear and friction 
characteristics of the blend being'either superior or similar to those of the reference 
oil, the slightly higher figures_for acid value or viscosity cannot be considered to 
constitute a serious defect of the oil: -
, The slightly higher increase in oil consumption can be definitely attributed to 
the lower initial viscosity of the blend, as the other factors governing it, namely, 
engine design, speed, en/!,ine changes due to wear (which was negligible as the two 
blends were run consecutively) or volatility (both were fixed oils) remained J!racti
caUy constant. Th~increased carbon deposits on piston top, etc., as explained 
previously, might also be attributed to this fact. '. 

The,deposits on the shoulder and stem of the inlet valves were of the same magnl
tu~p. (Table ' XII and.Fig. 38) as those in the case of run with the previous blend, 
but rather more than that obtained with the reference oil. - 'The possible cause of 
their formation in decreasing amounts from the point of admission of the oil into 
the valve chamber al].d the poss~ble methods of prevention have already been dis
cussed under Blend No.7. 

Except for the formation of the various deposits which can be ~educed by: one 
method or another, as pointed-o~t before, the pe,rformance of the blend is more or 
less similar to that of the reference lubricant" A ", and, with regard to sludging and 
the a~ount of iron removed from the engine parts, its performance was decidedly , 
superIOr. , 

It may, ther1lfore, be stated'that Blends Nos. 7 and 9 have proved quite'satis
factory as lubricants fOJ: petrol engines of the sizes up to about 16, H.P. Blend No. 
9 could further be improved by adjusting itOi viscosity to a slightly higher figure 
in the neighbourhood of 120-130 C.s., which can be done by increasing the proportion 
of castor oil in the blend by a small fractioIi. 

Finally, it is desirable to find out if there exists any correlation between the' 
viscosity increase obtained as a result of the Modified Air Ministry Oxidation Test 
and that obtained as a result of epgine operatiol?-, so as to justify the selection or 
grading of lubricating oils merely on the basis orAir Ministry Oxidation Test, or 
whether the vegetable oils differ from the mineral .oils in this respect. To facili
tate examination of the degree of correlation, if any, the figures for viscosity increase 
ratios ,at 100° F. as a result of the Modified Air MinistI:Y Oxidation Test and the per
centage increase in viscosity of the various blends at the same temperature after 
100 hours' operation in Lister engine have been,collellted together in Table XIV 
below and plotted in Fig. 40. , 
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TABLE XIV. 

Comparativejiguresfor viscosity jncrease as a result of lffoaijiei1 AirMinistry Oxiaatio'll 
Test and 100 hours'engine test in 1'5 K. W. Lister set. . 

Serial No. Blend. 

Viscosity increase ratio PeT~eutage increase 
a.t 100· F after Modi- in viscosity at 100·P 

fied Air Mirustry after 100 hours'ru!l 
Oxidation Test. in 1'5 K. W. Lister 

Set. 

1 Mineral Luhricant .. A " 1 ~ 1 26' 1 
2 BlendNo.l . 5'5 15'1 
3 RlelldNo.2 •• 5'327' 
4 Blend No.3 3-5 25'1 
I) BlendNo.4 7'3 270'9 
6 'Blend No. 5 3'S 30'~ 
7 Bk'nd No.6 3'9 26-0 
g Blend No. 7 ~. 4-4 .16-6 
9 Blend No: 8 4'0 14'6 

10 Blend No. 10 4'8' 53'2 

It will be seen that there does not appear to exist any definite correlation between 
the viscosity increase figures obtained as a result of the Air Ministry Oxidation Test, 
and actual engine tests on the different vegetable oil blends, which confirms the ob~ 
servations of Hanson and Egerton32 .as also those of Mardles and Ramsbottom33 
in the' case 1>f mineral oils in general. They have, therefore,' stressed the necessity 
of actual engine tests as the final criterion of the suitability of a lubricant for I.C. 
engines. Pye 3& aho acknowledges the ljmited value of the British Air Ministrv 
Oxidation .Test in the following terms; "A check on the chemical' stability of ait 
oil against oXidation at 2000 C and decomposition at the higher temperature is 
aimed at and to some extent achieved. Undoubtedly there are examples of oils 
which would fail to meet the speCification :r:equirement and yet might stand up ex'-
cellently during prolonged test in service ". ' , 

The findings of Pye are also suffi.~iently corroborated by the results of tests 
(Table XIV) on various blends of vegetable oils obtained' in these investigations. 
Inspite of the fact that practically all the blend$ failed to comply with the {equire
menta of the Air Ministry Specmcation as rega~ds the yiscosity .. increase ratio, some 
of the blends, as has been already shown, stood up excellently under engine operating 
co~ditions in both small,and medium power engin4ls.. .' 
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PURIFICATION OF INDIAN GLASS-MAKING SANDS 
BY 

B. J. HEGDE, M.Sc., B.Sc., TECH. 

INTRODUCTION. 

-- ·rhe washing of sand can bring about substantial improvement when the 
iron oxide impurities are pr~sent in the form of clay or other material readily 
washed away. In some cases, however, the ferruginous material adheres 
finnly to the ,sand. In still other cases the iron is present to a considerable 
extent as ilmenite- or other dense materials which resist washing. The sand 
quarries at Hohenbocka can purify their sand by washing processes so as to 
enable them to supply material containing less than Q'01 per cent. of iron oxide, 
and one or tW<M>ther quarries can meet a similar demand. Much effort has been· 
spent in testing the efficacy of chemical processes of purification, both at 
moderate and at high temperatures. The latter which includes the use of 
chlorine, sulphur dioxide or phosgene, are not practicable for the treatment of 
sand in bulk,. The new process of F. W; Adams, involving treatment with 
solutions of ferrous sulphate and sodium oxalate, bids fair in England to 
provide a supply of sand from King's Lynn, which will at least in part meet the 
demand for the higher standards of modern glass, particularly, mass-produced 
glass. . In Australia, by the utilisation of mining separl),ting tables, local sands 
have been so successfully treated,for the removal d'£ iron. b.ea"ring minerals that 
the necessity to import sand from long distances has been overcome, and indeed, 
the doubly treated product has been used extensively for the best lead crystal 
glassware . 

.. When it is recalled that at the beginning of our period text books pres
.. cribed that sand for the best glass should not contain more than 0'05 per cent. 
of iron oxide, it is evident that great progress has been made, for much sand is 
now supplied in bulk to the Stourbridge glass factories with an iron oxide content 
of O· 015 per cent. or less . 

.. Even in the case of colourless bottle glasses melted in tank furnaces the 
Society's specifications issued in 1935, stipulated 0·04 per cent. as the. 
maximum iron oxide content. The demand for a sand of low iron oxide content 
increased very greatly when, beginning in the U. S. A. about 1918, and 
spreading within thlee or four years rapidly in England, colourless glass came 
greatly into favour at the expense of much pale green and amber bottle 
glasses." 

The above passage from Prof. W. E. S. Turner's presidential address to the 
Society of Glass Technology, in 1937 (J. Soc. Glass Tech. 1938, 128 T.) shows 
clearly the importance of sand treatment and the progress made in that dirac-

• tion up to the present time. 
I~ Inwa the majority of the glass factories; are situated in the United 

Provinces. These factories obtain their supply of sand either from Bargarh 
and Loghra near Naini or from Sawai Madhopur in Jaipur State. The price of 

.. ~e sands is approximately Rs. 3 to Rs. 4 per ton at the sand pits. Owing ,to 



long distances from the sand pits, factories in Calcutta and Bombay have to pay 
as much as Rs. 15 to Rs. 25 per ton. (Tariff Board Report on Glass Industry, 
1932 page. 19). .. 

According to the above Report, there are several sand deposits distributed 
all over Indio. suitable for the manufacture of mass-produced glass. FelV 
deposits other than those mentioned above have been used by the glass 
industry so far. One of the roosons}or not making use of these may be the 
fact that their iron oxide content is higher than of those worked at present. To 
our knowledge, in no instance, purification of sands is practised in India. In 
this country where the cost of transport is a heavy item of expenditure, due 
to long distances, it appeared useful to apply treatment to sands from deposits 
available in the proximity of factories. It would be a saving if the cost of 
purification worked, out to be lower than the freight paid for long-distance 
transport . 

.Analyses of various Indian sands, done by different workers, show that the 
iron oxide contents of these are higher than that of the sands, used for colour
less glass by leading glass manufacturing countries abroad. Hardly any of them 
fall within the specifications of the Society of Glass Technology. Colourless 
glassware made in India is usually dim in appearance. This is due to the fact, 
that in order to neutralise the colour imparted by the high proportion of iron 
oxide present in the batch materials, larger quantities of decolorising materials 
are' used. As a result the power of light transmission of the glass is reduced, 
and the appearance of the glass suffers. Any reduction of the iron oxide 
content will therefore, improve the quality of the glass. This improvement is 
bound to have a commercial effect. 

A study of different chemical processes proposed by various authors for 
sand treatment will show that either most of them. are expensive or the equip
ment required is very elaborate. Any process, to be successful in India, should 
be cheap and simple in operation. As labour is cheap, the use of power-driven 
machines can be avoided. 

ADAM's PROCESS. 

The process of sand treatment proposed by F. W. Adams (J, Soc. Glass 
Tech. 1935, 118 T.) has been tried on a semi-commercial smile and it is being 
employed on a commercial scale by Messrs. Joseph Boam, Ltd., King's Lynn. 
England, and the plant erected is capable of purifying 10 tons of sand per hour. 
(J. Soc. Glass Tech. 1937, 409 T.). It consists in washing. the sand with a 
solution of acid sodium oxalate and ferrous sulphate at 80·-90° C. with 
constant stirring. In this process advantage is taken of the fact that ferrous 
salts are more soluble than the corresponding ferric salts. The coating of iron 
oxide on the sand grains is reduced to the ferrous state by the strongly red~cing 
properties of a hot solution of acid sodium oxalate and ferrous sulphate. The 
film of iron oxide, once it is,.reducedto the ferrous state, is easily washed. 

ApPLICATION TO lNnIAN SANDS. 

With a view to studying, how successfully the process could be applied to 
Indian sandS, '9 samples of sands supplied by the Director, Industrial Researeb 



:1 

Bureau, New Delhi and the Gla.~ Technologist to Government' United Pro
, "inces, were treated by the above process and the results obtained are tabulated 

below:-
-

No. S&nd; Per-cent. Fe.O. Per-cent. Fe.O$ 
before treatment. &fter treatment. 

- -
I Loghra .. .. .. -.. 0·104 0·044 

2 B&rg&rh .. .. .. .. 0·072 Q'052 

3 J&ijon .. .. .. .. 0·226 0·072 

4 S&we.iltladhopar .. ... .. 0·050 0·032 

5 Jubb&ipore .. .. .. . . 0'070 0·065 
. ' 

G North C&n&ra .. .. .. 0·125 0·038 

7 Ben&res St&te .. .. .. 0-490 0-037 

8 Barg&rh .. .. .. .. 0'1l8 IH47 

9 Barg&rh .. .. .. ' .. 0·100 0-045 

The table above indicates that all but sand No.5 show considerable reduc
tion in their iron oxide content after treatment. Except in the case of Sawai 
Madhopur and North Canara sands, the lllaterial is found as loose sandstones 
easily crushable. For the purpose of this investig:1tion, crushed average 
samples were taken, which would contain more of iron irripurity than the core 
of the sandstone. The experiments were carried out on 2()\) glm. samples of 
each sand. The improvement in the iron impurity of Sa.Mi Nos. 4, 6 and 7 is 
worth noting. After treatment these are well within the specifications of the 

. SoCiety of Glass Technology and should be suitable for the Dll::lufacture of good 
quality colourless glass. . . 

. Probably Sands Nos. 1, 2, 8 and 9 belong to the same geological formation, 
as Loghra and Bargarh are adjoining localities and the nature of the deposits 
appears to be the same •. These four samples were examined with a view to 
studying the variations in the iron oxide impurity from quarry to quarry. The 
untreated samples show. marked. variation while the treated samples contain 
nearly the same amount of iron oxide. The results obtained for sands Nos. 1, 2, 
4, '1, 8 and 9 should be of interest to the glass manufacturers ill: the United 
Provinces and that obtained for sample No. 6 ~ those in Bombay Presidency. 

EXPERIMENTAL. 

- 200 gms. of lhe sample of sand is treated with 0·5 gm. of acid sodium 
oxalate in 90 c. c. of water and heated to 80°-900 C. with continuolllt stirring . 

• To this 0·2 gm. offerrous sulphate in 10 c. c. of water is added and the stirring 
continued for 3 more minutes. The treating liquid !s decanted off and the sand 
is well washed twice with water and dried. 

The iron oxide content of the sands Nos. 1 to 6 were. determined by the 
titanous chloride m.ethod as described by A. R. Wood (J. Soc. GlaY Tech. 
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1936, 324 T.) and that of samples Nos. 7 to.9 were determined by the colori
metric method, as detailed in'the specifications of the Society of Glass Techno
logy (J. Soc. Glass Tech. 1935, 26 Pr.). 

PROCEDURE RECOMMENDED -FOR F~CTORIES. 
In factories a slightly altered procedu:re has to be adopted for reasons of 

. economy. Acid sodium oxalate costs aboutRs. 1,200 per ton. Instead of the' 
acid salt normal sodium oxalate can be employed, the cost of which is only 
about Rs. 600 per ton. The latter is converted into acid oxalate by addition of 
sulphuric acid. The required solution should contain 0·5 gm. of acid oxalate 
and 0·2 gm. ferrous sulphate for every 100c. c. It is then heated up to 80°_ 
90° C. and pou:red on the sand contained in a wooden trough of a suitable size 
under constant stirring with a wooden rake. The weight ratio between sand 
to be treated and solution has to be 2 : 1. Mter stirring for 5 minutes and when 
it is certain that'the'surface of all sand grains have come in contact with: the 
liquid •. the latter je drained out and the sand washed twice with water. Subse
quently the drying of the sand takes place. Under Indian conditions; the 
washed sand could be dried in the sun du:ring the major part of the year. 

RECOVERY OF SODIUM O~TE. 

The used solution contains more than 50 per cent. of acid sodium oxalate 
mixed with iron and aluminium pompounds and other impu:rities. To recover 
the oxalate, the sclution is just made alkaline with dilute sodium hydroxide 
when the compounds of iron and aluminium will be precipitated. Mtel' 
allowing the precipitate to settle, the clear liquid on the top is syphoned off to 
another vessel. This cQntains the normal oxalate of sodium (not the acid 
oxalate). The amount present is estimated by titrating with standard potas
sium permanganate on a small portion of the liquid. Accordingly the required 
amount of fresh sodium oxalate and sulphuric acid are added to restore the 
correct strength and acidity of the solution. 

ESTIMATE OF COSTS.* 

One ton of sand requires 5·6 lbs. of acid sodiUm oxalate and 2·24 Ths. of 
ferrous sulphate. The former costs approximately Rs.-l,200 per ton and 
the latter approximately Rs~ 100 per ton. The cost of chemicals comes to 
Rs. 3-1-7 or say Rs. 3-2-0 per ton of sand. • 

If sodium oxalate is used, at about Rs. 600 per ton, 7 lbs. of the oxalate 
and 5 ·16Ibs. of sulphu:ric acid will be required in addition to 2· 241bs. of ferrous 
'sulphate, per ton of sand. The price of sulphu:ric acid varies from place to 
place. Taking an average price of Rs. 100 per ton, 'the cost of chemicals 
required per ton of sand comes to Rs.2-3-5 or say._ Rs. 2-4-0 which is less by 
14 annas than with the use of the acid salt. 

In addition to the above, every ton of sand treated will require some 350 
gallons of water and enough fuel to heat 112 gallons of the solution to 80°-90°C. 
Very likely a suitable arrangement could be made to use the waste heat from 
glass melting fu:rnaces, for the pu:rpose. It is presumed thl1t two labou:rers can 

·Owing to the war-time fiuotuatioDS of prices, pre-war prioes of ohemio&la ha.ve been taken 
as baBitJ of oa.lclIlation. 
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conveniently treat two tons of sand per day, As the cost of water, fuel and 
labour varies from place to place, locally applicable calculations will have to bo 
made in such cases. It is expected that these items of expenditure would not 
be more than Rs. 1-4-0 per ton of sand.- Thus the total cost of purification 
would not exceed Rs. 3-8-0 per ton. If steps are taken to recover the oxalate 
from the used solution at least Rs. 0-12-0 worth of sodium oxalate can be 
recovered for every ton of sand treated. 

Since the treated Band will contain less iron oxide than orginally, there 
will be a,.reduction in the use of pyrolusite (decolouriser). A saving of 
Re. 0-8-0 per ton of sand may possibly be realised from this source. 

If the steps are taken to recover the oxalate from the waste solution, the 
total·cost of purification can be calculated at Rs. 2-4-0 per ton of sand. This 
increased cost will certainly be made-up by the improved quality of the goods. 

CONCLUSION. 

The process seems to be particularly suitable to Indiat1 conditions. as it 
does not involve the use of mechanical equipment and is applicable gn.,. very 
small scale. It is cheap when compared with other knon proceSses'. Its 
commercial success has already been put to test. . 
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SYNOPSIS. 

Dry cells have been imported into India for many yeats and the annual 
import figures are at present placed at over twenty lakhsofrupees. During the 
last few years the manufacture of dry cells has been undertaken in India, and 
at present there are eight or nine firms located in different parts of the country· 
which are producing dry cells of various types and ntarketing them more or 
lcss successfully. 

The Indian firms had been importing most of the raW' materials from 
Germany before the war and now they have to turn to other foreign count
ries. It is difficult to estimate the correct total value of the imported raw mate
rials, but it may safely be assumed that the figure is not leSs than ten lakhs of 
rupees per year. 

The manuf.1cture of high quality cells and the maintenance of a consistent 
standard require a high degree of technical skill and knowledge of materials and 
manufacturing processcs. With a view to assisting the Indian manufactu
rers who have been experiencing pronounced difficulties in producing cells which 
will compare favourably with some of the well known brands availi:i.ble in the 
Indian market, a systematic study of dry cell manufacture was undertaken in 
the laboratories of the Government Test House, the results of which have been 
presented in this bulletin. 

In addition to this a survey of the indigenous raw materials was carried 
out with a view to replacing foreign products in the manufacture of dry cells. 
As 3 result of thls survey certain Indian manganese ores have been found which 
are capable of giving as good output results as foreign ores of good quality. 
Many of the Indian manufacturers, on the basis of the researches carried out 
and described in this bulletin, have already resorted to the use of Indian 
manganese ores. - . . 

, 
The results embodied in this bulletin represent researches which covered 

several years. An mrnaustive bibliography is appended so as to assist and 
encourage original investigations in this line. 

The chapter dealing with the economic aspects of the industry will be of 
particular interest to prospective manufacturers. 

In presenting the data obtained on the various aspects of the subject, it 
has been the endeavour of the authors to avoid, as far as possible, highly 
academic discussions of the various problems involved and to concentrate. 
chiefly on matters immediately concerned with the industrial aspects. 

(iv) 



Th'TRODUCTION. 

The dry cell as commonly understood is a primary cell of the LeelancU 
type. It consists of a zinc sheet container, which acts as a cathode, a dolly con..; 
taining a c!epolarising mixture pressed around a carbon rod, which aots as an 
anode, and an electrolyte in the form of a stiff paste containing ammonium chlo
ride, zinc chloride and other chemicals. Dry cells . are not dry in the true 
Bense of the term, but the electrolyte in them. is gelatinized so that it does'not 
IIpill during handling. As a matter of fact a great deal ;of effort is -always 
made to conserve the moistlmt in the electrolyte for the electrochemical 
reactions to proceed efficiently. \ 

Dry cells may be divided into two broad divisiona, mz., the bag type and the 
}lacked type cells. Only the first type is manufactured in India, while the 
second type of cells available on the 'JIUirktlt are of f?reign origin. The dimenSions 
of the most common sizes of flash light cells.on the market are given in Table I, 
apart .from which certain special sizes are manufactured for the Government 
departments and for special requirements. Batteries are madll by aSsembling 
the required number of these cells together. Batteries for special purposes 
are also available on the IIlarket but have a restricted sale. 

TAnu: I. 

, Commt)ta Sizes of Dry Cells on thf! lJ!adreE. 

No. Diameter. Height. 

1* Ii-In. 21-In. 

2 1 " Ii " 
3 U" li~· " 
4 -& " 2 " 

IMPO:R'l's. 

Dry cells have been imported into India for a considerable number 
of years. Only within the last few years, the manufacture of dry cells has been 
undertaken in India, and at present there are about eight to nine firms looated 
in different parts of the country which are producing dry cells of various types 
and marketing them more or less successfully. 

Table II shows the imports into India of this commodity £Or the last few 
years. The ligures have been taken from the Annual Statements of the Sea
Borne Trade of India, wherein they appear under the heading "Batteries". 
The quantity imported is not given in these statements. From the year 1937-
38 separate figures for flash light batteries and batteries {or other purposes are 
given. Most of the imports are f'rom the United States of America. Nen in 

KI07CD 
• ~d .. DU. _In the B. S. 8pe~t'atioD. 
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importance are the imports from the British Empire, Germany, China and 
Japan. It will be seen from the Table II that Indiahas been importing for the 
last few years dry cells worth about twenty to twenty-five lakhs of rupees pet 
.annum. Furthermore, most of the manufacturing firms in India. have been 
importing almost all the raw materials for the m&nufactue of cells from Germany, 
butsincethe outbreak of the war, their attention has been diverted to other 
foreign co~tries. It is difficult to estimate the correct total value of the 
importS of the finished and semi-finished materials, but it may safely be 
assumed that the figur..e is not less than te~ lakhs of rupees per annum. 

The development of this industry in India being of comparatively recent 
origin, the manufacturers are experiencing difficulties usually encountered in the 
early stages of an industry. Apart from the difficulties raised by the present 
war conditions, it must be pointed out that the dependence of an industry on 
foreign semi-finished materials cannot be regarded as a. healthy sign. It was 
with a view to developing indigenous resources of raw materials and assisting in 
other technical matters that a systematic study of dry cell manufacture was 
undertaken in the laboratories of the Government Test House. Experience 
gained during this work has enabled the authors to compile this bulletin in 

. which have been collected all such technical data. as are considered to be of 
value to dry cell manufacturers. 

The import figures for the year 1937-38 and 1938-39 show that more than 
eighty per cent. of the total imports were of flash light cells. Accordingly, the 
subject dealt with in this bulletin is mostly concerned with these sizes, but other 
sizes may be similarly manufactured, there being little differences in the manu
facturing processes. As the Indian manufacturers mostly use hand-operated . 
machines, these have been dealt within detail and a brief description of the 
other types of machines has also been included. The machines developed in 
these laboratories during the course of the work have also been described. Ref
erences to original pJlblications are cited so as to assist in stimulating scientific 
interest and encouraging or~l investigation. 



TABLE n. 
Imports of Batterie& into Inilia. 

Year. 1930-31. loua I 1932·33. ]933·34. 1934-35. 1935·36. 1936-37~ 1937-38. ]938·39. 

~ 

lb. &. RI. Be. Rs. Re. R .. RI. RI. 

Total Britiah Empire .. .. .. %,36,373 2,10,:42 3,77,864 f,37,94& 2,00,961 f,36,85f 8,01,947 2,61,2U 2,45,037 

G.rmany .. .. .. . . 2,74,554 1,49,734 1,35,899 2,24,'778 1,85,410 ],65,479 3,08,482 4,40,687 8,76,525 

China (ezolUJiye or HongkonS and .49& 30,730 
lIacao). 

45,378 2M06 25,623 ]9,022 62,947 43,269 85,4911. 

Japan •• .. ... .. .. 93 J,129 8,092 42,188 57,691 32,966 24,351 71,009 3,041 

U.S.A. .. .. .. .. 7,46,730 . 7,15,880 7,15,265 • 8,16,438 10,29,696 16,04,514 18,68,886 16,92,813 14,3li,278 

othu fonign eounkiea •• .. .. 23,330 9,140 3,790 7,914 9,584 12,413 6,441 10,413 6,691 

Grand Total .. 12,81,576 11,16,855 12,86,278 13,64,269 15,08,OOq, 20,61,246 25,73,053 25,20,325 21,52,071 

Flaahlight Battsries .. .. .. ... .. .. ., .. .. .. 22,11,529 19,58,288 

For other purposes 
, 

3,08,796 1,93,783 .. ... .. .. .. .. ... .. .. .. 
, 



THEORY'. 
It is proposed -in this chapter to deal briefly with the theory of th~ eledt~ 

chemical and secondary chemical reactions which take place in a dry cell. A 
careful perusal of the publiehed litera.ture shows that though the complete theory' 
is not yet fully understood, the fundamental reactions and basic processes arlt 
fairly well1mown. .", 

The major electro~hemical reactions take place between the zinc cathode, 
the electrolyte containing ammonium chloride and the carbon-manganese 
dioxide composite anode. The reaction betw'een the zirw and th" aI!lID.oniuII1 
chloride may be shown as follows :-

Zn + ~NH4CI == Zncta + 2NH. (l) 
2NH. ~ 2NHa + H.· (2) 

The hydrogen liberated is oxidi.z.ed by the manganese dioJcide and this:rea.ction 
JIlay be represented by . 

2MnO.+ ~""" MutO. + H,O (3) 
Combining (1), (2) and (3), we get 

Zn+ ~NH4Cl + 2MnO. ~ ZnCIs + ?!fnaO. + 2N'.H, + ~O (.4) 
The above may 31sp bs presented as ionic reactions as follows:-

Zn.L.Zn ++:+28 (5) 

28+ 2NW == 2NH. (6) 
, , 

or together as 

Zn + 2NH+ == Zn ++ + 2NlT. (1) 
• The ammonium ion is a. sta.ble unit but the ammor..bm rndlcaJ being UllM 

• stable, it splits up into amm J ia. and hydrogen. 

NH. ----? NHs + H (8) 
The reaction hetween zinc an ammonium chloride is considerably retarded bY' 
the generated hydrogen which ccumulates on the zinc 8urface, thus giving rise 
to polarisation effects. It c •. lA however continue if the alnmonium ion is 
removed by feeding electrons at the carbon electrode, which is accomplished 
by connecting zinc and carbon electrode through an outside circuit. The re~ 
action is again retailed by hydrogen depositing on the carbon electrode. For 
the continuation of the reaction it is nece3sary to remove hydrogen, which is 
accomplished by oxidising it to. water by the action of MnO •. as expressed. 
in equation (3) above. According to Daniels (28,. this reaction is not of the gas 
phase-solid surface type but ionic in character. 

Duxing discharge, as the generated hydrogen is beiI).g oxidized, the concen~ 
tra.tion of the hydroxyl ions increases continuously. ThilJ increases the pH 
of the electrolyte solution which in turn reduces the voltage of the cen, as. the 
voltage depends upon the pH value. On exhaustive drain the reduction of volt· . 
age cannot entirely be accounted for by the pH of the solutioll ; it also depends on 
various other factors; such as the formation of lower oxides of mangan~se. 

• S_~llerior numbers refor ~ those in the Bibliography. 
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It will be seen from the above discussion that MnO. only removes hydrogen 
but is not able to prevent 'the continuously increasing alkalinity due to 
accl1mulation of ammonia. This accumulation forms a serious obstacle In the 
effioient working of a cell. Ammonia that is gen.!)ratedis absorbed by the elec:' 
trolyte solution and forms ammonium hydroxide. . . 

. ~ + -
NIl, + H.O -=_ NH, on.:,. _oNH, + OH (9) 

Ammonia also r~acts with zinc ohloride in the elctrolyte solution and forms 
• double ~hloride according to the following equation :~ . 

ZnCI. + 2NH. =- ZnCll • 2NHa (10) 
As the discharge proceeds and the cell begins to get exhausted, the electro

lyte gets oonsiderably impoverished of ammonium ohloride and a third reaction 
be,comes possible, viz:~ 

, ' .. +-, 
NH.+H.O+ZnCl.=Zn(OH)Cl +NH,Cl--Zn(OliI)Cl +NH, + Cl (Ill 

Preoipitation of this basic zinc ohloride is more ha.rmiul than the formation 
of ZnCI. • 2NH •. 

Kaneko (") trie4 to determine the natureo! the· Cell reactions by com~ 
puting thermodynamically the E. M. F. which a given reaction would produce 
and compare this with the act~al measured value. In additi~n .to the depola; 
rising aotion of MnO •• he also considered the depolansationby oxygen.l{a.ne~ 
ko oonsidered the following reactions :- • 

Zn + 2MnO. + 2NH,Cl = Zn(NHS). CII + Mna0. + Ii.o ........ (12) 
2Zn + 3MnO. + 4NH,Cl::::o 2Zn(NH.):ICI. + Mna0,+2H.O .•.... (13) 
Zn + MnO. + 2NH,Cl:::a Zn(N1I.).CI. + MnO + H20 ..••. , .... (14) 

Zn + 10. + 2NH,Cl:::a Zn(NH.). CI. + HIIO •••••• ,.: •.•...•• , .. (15) 
The oalculated valu'38 of E. M. F. for the above reactio:qs were 1'605 V, 1'367 V, 
1·160 V, and 1· 720 V respectively. Kaneko concluded that since the 
measured "alue was 1·63 V, the'mst reaction was most probably the one that 
takea place in the cell. 

Thompson (121) has carried out similar oalculationS which indicate that 
the high initial voltage of a oell is due to atmospheric oxygen adsorbed 
on the dioxide. When· this is used up. the. V'oltage drops to the MnO. 
value. Oxygen adsorbed on oarbon does not depo1arise hydrogen as well as 
that adsorbed on manganese dioxide, and the formation of ZnC111.2NH. is 
secondary and does not c.ontribute to the energr of t~e cell. 

I " - -

It will be seen from the above disoussion thaidor all practical purposes, 
the equation, .: .:) .," , .. 

Zn + 2MnO. + 2NH,Cl :::a ZnCI •. 2NlIa + Mna0. + litO· • ' •.. ~,(16} 
may be taken as representing the most iI:nportant cell reaction. 
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IfANUFA6TURE •. 

As mentioned before, dry cells may be divided into two broad types, tJiz., 
the packed type and the bag tJpEl of cells. It is not proposed to deal here. 
with the merits and demerits of the two tJpes, but since the packed type of 
cells are not manufactured in India, only a brief description of this type will be 
given, while the bag type will be discussed in fuller detail. 

PACKED TYPE OF CELLS • 

. In Fig. 1 is-shown the cross-section of this type ot cell of the torch light, 
size. Inside the outer wrapping of paper or jacket is a zinc can which serves as 
the oathode of the cell and also as a container for the electrolyte and the 
anode. The cathode and the anode are separated from each other by means 
of absorbent paper, whioh is moistened 'With the electrolyte and pasted to the 
tinc surface. by means of the electrolyte paste. The bottom of the cathode is 
insulated from the can by means of a paraffinel carboard disc. The anode con
sists of a depolarising mixture and a carbon rod for conducting the current to 
the outside cirouit. The depolarising IIlixture consists of manganese dioxide, 
graphite, soot or lampblack, and is moistened with the electrolyte solution. 
At the start the paper is pasted to the zinc can, the bottom insulating cardboard 
piece is inserted and then the oarbon rod is placed centrally in the can and 
afterwards the depolarising minure is pressed around it to get a firm contact 
between it and the IIlixture.During tamping care has to be taken to see that 
the ZIDC can is not broken due to excessive pressure. The depolarising mixture 
is then Clovered with a oardboard pieoe, 'Washered, oapped and then sealed. 

~~c.""P 
f'='-"!!~~~",""", __ SEALING cOMPOUND 

~=r=t:~l:~ARD BOARD 
[ AIR SP ..... Ct. 

OE.POI..II"o.RISE:R MIXTURE 
E.L. £.C TROt. YT£. WI'rt4 PAPE.R 

~-._CARBON ROb 
INC CAN 
AP£.R WRAPPING JAC;t<£1' 

80ARD 

FIG.I. 
Packed Type Toroh Light Cell. 

BAG TYPE Oll' CELLS. 
Fig.' .2 .sho'\1/8 the oross-section of the bag tytle of cells. The zino can 

Berves the same purpose as in the packed type. In these cells the depolarising 
lnixture is not tamped direcily into the zinc can, but is cotnpressed in another 
machine, and a dolly is fonned. The dolly is then wrapped in a piece of cloth 
and tied with twine and introduced along with the electrolyte into the zinc can. 
The details of tho variouacotnpononts and operations are given below. 
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Zinc Oan • ...:....The zinc can may be of the soldered or althe drawn out ,type. 
It may be amalgamated with a weak solution of mercuric chloride or leftas 
such. Amalgamation helps to increase the shelf life of the cell by retarding 
local ~ction. A paraffined star-sbped cardboard is generally put at th~ 
bottom to inaula.te the dolly from zinc can. The corners of the star cardboar4-
piece are turned upwards to prevent the dolly from moving sideways ~nd ~uch
ing the sides of the zinc can. Some manufacturers use pla.in cardboard pieces 
at the bottom and use strips on the sides to insulate the dolly from the zinc 
can. Zino cans are generally grooved at the top to make a seat for the top card
board over which the sealing compound is poured. 

DoUy.-The anode in a dry cell is really a composite electrode made'of the 
lame constituents as used in the packed type of cell. The depolarising mixture' 
is pressed in dolly presses (see Chapter on machinery). It may, be pressed: 
round the ,carbon electrode or the carbon electrode may be forced into it de
pending upon the design of the dolly press. Whatever may be the process of 
manufacture adopted, it is essentid to see tha.t there is good contact between' 
the mixture and the carbon rod. Defective or loose contact gives rise t~, 
higher internal resistance of the cell. The miXture should be pressed suffi· 
ciently hard in the mould, so t~at when a dolly is taken out, it does not crumbJe' 
at the edges during the subsequent process of wrapping and tying. ,« Nor ~hould 
the dolly be too compact, as it would then be difficult to remove it from the 
mould. Also this results in the porosity of the dolly, which is essential for the 
removal of gases generated during discharge, being poorer. The compactness 
of a dolly also depends upon the particle size distribution and the < relative 
proportions of the various constituents of the depolarising mixture, viz., man~ 
ganese dioxide, graphite, soot, etc. 

!>E.As..ING C.OM .. OU .. O 
"""" ...... , ..... C,E.H"'I"E.lltl"-'" ·C.~'RDoBO"""D Otsc.. 

AIR ~"'''C.E. 

CARBON ""~ 
gOL.L.'Y' 

PA.PER WR~PP'NG .J~I<£ T 

%.'NC c:'~N 

DE ... O':"' ... RI$'NCO MllITuA£ 

I. LEe. T~OL"''''£. 
WR",Pt>t ... o C'-OT .. 

i;l;;;;t::l::~'N5WLATlNG CARQ-BO"Ro ~R 

FIG. 2. 
Bag Type Torch Light Cell. 

Anunoni1lIJ1 chloride ia added to the depolarising miXture to have a,suffi
cient quantity of the conducting salt neat the depolluiser. Zinc chloride may 
also be added. The dry mixture is then moistened with the necessary a.mount 
of water or solution of ammonium or zinc chloride to make it sufficiently moist 
'for pressing operations. If a mixture, is too moist, a part of ~e mixtur~will 



ltiick to Ole mOlilel ~ the rammer, and a good dolly will not be formed. .. tf it it 
too dry, satisfactory pressing will not be possible, as the material will crumble 
-When the dolly is handled during the subsequent operations. The correct 
amount of moistening liquid IhouId, therefore, be, added. This quantity will 
~ary with the proportion of the various constituents, and -will also depend 
tlpon the atmospheric humidity conditions to & certain extent. With a little 
experience, it is possible to judge the necessary amount of moistening liquid 
by feel only. , 

, The depola~ising mixture should 'be well mix~d before it is pressed. 
pefective miring gives rise ton.on-uniform and non-homogeneous doIlies. Lack 
9f homogeneity in a dolly could cause varying currents to flow at different pOinta 
oftha cell, resulting in uneven consumption of the zinc surface, which may lead 
to puncture and premature death of the cen. After dry ~ng has been 
carried out the moistening solution should be added slowly while the mixing 
operation is in progress. Care should be taken to see that the mixture becomelC 
uniformly moist. During mixing operation grinding of the component consti
tuents ,should not take place, ,as this would 8,ffl~ct the chara,cteristics of the 
~ells. " 

After the ~g operation the mixture may be passed through a ('oarS8 
sieve to' break up the small lumps that may b.e formed during the mixing 
operation. 

~ The mixture may be pressed in automatic, semi-automatic or hand
operated dolly presses. The dollies should be uniform in size, i.e., height, 
diameter and weight. In order to maintain uniformity over long periods o( 
time it is necessary to change the press mould as it gets worn out. 'rhe height 
of the dolly may be controlled by a suitable mechanism on the dony press and 
also by controlling the quantity of the mixture added to the press. Variation in 
diameter and height of the dolly gives rise to variation in the output. 

The v~riables that play an important part in the production of the dolly 
may thUll be summarised as follows. All theBe variables need to be carefully 
controlled for uniformity of production :-

(I) Particle size of the depolarising constituents. 

(2) Rela.tive proportions of the depol~rising constituents. 

(3) Amount of moistening liC}uid. 

'(4) Height of dolly. 

(5) Diameter of dolly. 

(6) Compactness or porosittof'dolty. 

(7) Weight o{ doll:1. 

After the'dollies are pressed they arere11loved in suitable trays to the
wrapping and tying department. Here the dollies are wrapped in pieces of 
cloth of suitable size and then tied. The cloth should be mapped fumly round 
the dolly, and then tied with twine, in a suitable manner so that the cloth is tied 
lfirmly round the, minute. During the tying operation ~ iihQ~ld J~4t ~~ll 1;9-
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lIee that the ~dges of the dolly are not spoiled and no loose thr~ads left 
projecting either from the cloth or the twine as these are liable to cause interpal 
ahort-circuits within the cell. It is also essential to see that no d€p:>hrising 
mixture particlea are sticking on the protruded carbon electrodes of the dolly: 
as these may pass to the zinc surface and start local action. .. } 

After the dollies iuetied, the top cardboard centering pieces are place~ 
in position, and then the dollies are capped with brass caps in caPT iog IP~~ 
chines. During the capping operation care should be exercised to see that th~ 
carbon rod is not dislodged wit.hin the dolly, After the car-ping operation thEi 
brass caps may be dipped in hot paraffin, t~ prevent these. from being corroded 
by electrolyte accidentally spilled during subsequent operations. 

Electrolyte-The electrolyte is made of ammonium chloride, zinc chloride,; 
calcium or magnesium chloride or both, water, and a gelatinizing substance such 
as flour or starch. .At first ~ solution of the chemicals is made. withoutst~f~b, 
or flour and then the gelatinizing substance is added slowly white the whol~. 
is thoroughly stirred. No lumps should remain in the electrolyte. A mea: 
flufed or a weig!J.ed quantity of the electrolyte is poured into the zinc. can, 
and the dolly is then placed in the can. The quantity of electrolyte I3houHblf 
such that it just comes to the top edge of the dolly but does not touch thg 
carbon rod. Contact between the carbon rod and zinc can through the 
electrolyte forms an internal cell of a different potential providing a path fot: 
internal ditcharge of the cell. 

The electrolvte is usually gelatinized round the dolly in situ. nis js, 
c1.rried o.ut by h~tlng the cell iii a watei' bath to a tempeJ:ature at which gdati-, 
nization· takes place. This operation is gerierally known as cooking the cells. 
In this operation it is necessary to take c."l.re that air bubbles are not entmpprd 
within the gelatinized mass. To avoid this, the cell Should be heated gradually 
from the bottom upwards, .so that air bubbles are pushed up through the un
gelatinized mass while the g~la.tinization proceeds. Furthermore, the dollies 
should be soaked in liqUid electrolyte free from starch, so tbat the cloth gets 
thoroughly wetted and air bubbles excluded. This wetting of the. dolly cloth 
should be carried out with care, as during this process the dolly itself takes up a 
certain amount of the electrolyte. If the dolly gets saturated, the whole of the 
voids necessary f:Jr the removal of gases generated during discharge would be 
filled up with the liquid. This may cause the bulging of the cells. TIle rnte 
of eleotrolyte ~bsorption by the dolly would depend upon its initial porosity 
and on the tima which paS3es between pressing and wetting operations. 

After the cooking oparation the cells may preferably be quenched in co](1 
water in order to cut short the unavoidable injurious effects tha.t heat has on 
the cell. The cells are now ready for sealing. In order to obtain a condition 
of equilibrium within the cell, it is better to leave the celIs open for ~b()ut 
twenty-four hours betore sealing. 

Though the prooess of cooking is used by most manufacturers, it is not alJ. 
aolutely essential and can be dispensed with by using pregelatinized starch or by 
using a higher concentration of the eleotrolyte salts and the gelatinizing matE'
rials.(l23; \131 The choice between the cooii:.'lg :lnd non-oookbg m.'lth:Jds of 
1I107CD -
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gelatinization depends on their relative .cost. The ccst of heating the celIs in 
the first method has to be balanced against the higher price paid either for 
the pregelatinized starch or for the ex.tra amount of electrolyte. salt& and the 
gelatinizing .material. Also the use of a higher concentration of the 
electrolyte salts may not always be advisable. 

SeaZing.-Shellac composition or bituminous compounds a~ generally , 
used for sealing. The compound is heated until sufficiently fluid to be poured 
on the top cardboard washer of the cell. When the compound gets solidified 
again,a pointed flame may be played on the surface of the seal to get a 
uniform even surface and to obtain a perfect seal round the zinc can and 
the carbon rod. With shellac compound the temperature should bl) 
maintained nearly constant at about 100°C, since higher tempelatu:es bring 
about certain undesirable chemical changes. 

In place of the sealing compound, a fibrous sealing board is used by some. 
manufacturers. This is simply pressed on the top, and the edges of the can 
alightly turned over in a simple machine. 

Mer the cells are sealed they are wrapped in paper or placed in canons 
with the manufacturers trade label which is often perfora.ted with a code mark 
to indicate the date of manufacture. 

If cells are to be used for making batteries, brass strips are soldered to 
make connection between the brass cap of one cell and the zinc can of the ne}. t.. 
The cells are then insulated from each other by card board stlips and then placed 
in position in a box., the intervening space being filled with bituminoua. or 
ahellac sealing compound. 
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MATERIALS 
tt is irnl>oktant that each of the materials used tn th~ m1J.nutacture ~r cella 

l>e carefully selected. In many cases i.t is sufficient to examine the material 
tlhemically and physically to determine i.tssuitability, but in gthers the only, 
dependable criterion is the trial in e.etuaJ celIs. In this Maptv it is proposed. 
to disouBS ,he chA'NJ.C\~ris'ic* of the varionA raW materials and the various 
tlriteria by which they may be judged regarding their suitability. 

MANGAN'EsEbIOXl'b:& ORE. 

As discussed in t11& Chapter on Theory, manganese dioxide functions 
as an act.ive ox13izing .agent in eliminating hydrogen. which. is FOO,uGed as a. 
.-esult of· electro-chemical r&etion hfltween zinc and ammonium chloride. 
The mor6 effectively hydrogefl ia rflIAOvOO .he higher will be the output voltage 
tlf the cell and the better the depolaIizing activity of the manganese bxid:e 
Qre iD. the depolarizing mixtlUe.. 

Efl'ectiveness of an ore, b:o~ever, tl1l.Jl!lot be juiigeufto1l'J. its manganese 
dioxide content, for .xperienoe .ihows that ores oontl!oining aslow as 70 per cent. 
MnO. mar be better depoll!Lr~era than ores containing as high as 90 per cent. 
'01' more /ilf MnOs. Depolarizing ~cilmey of a11 ore depends entirely OlD. its 
e.bility to make its oxygen available for oxidatic!ln of hydroge~ wmeh ability 
appears til be governed in 8 complex: manner n~t only by the che:q:rical OOD.

tltitukoD. ).11\ also to a large elttent. by the llhysiCh.1 structure, of tll~ bre!!:. 
Mang&Il~1I diolid. OOCIl"ll'J ia nature mainly las polianite, pyrollIsite, psilo

melana. aad wad. Poliawte is hard and anhydtous. Chemically it is similar 
to pyrolu~ie bll~ it has 8 different crlstallogra1lhic form~ll~. Pyrolusite is 
~suall:t sllghUr hyclrt).t&d, ~o the ext.efit of about two per cllnt. Psilomelane 
may be represented as MnOt (Mn.K •• Ba) O.~"tJtO, whllewad is an imp~ 
mixtlmt or manganese oxides and includes bog manganese.. The last men
tioned variety ia llsllally somewha~ aoft and light as compated with the othez: 
vati,eties. Besides, Mno. occurs in combinaiion with other minetals such a8 
Skemmatitet3MnO,. 2Fe.O., 6Ri O), Hausmannite{MnOt. 2Mn.O)~tc. Minerals 
'Of the MnO. type on the other hand ccl1t::Lin as impurities several other minerals 
fl'Uch as SiO •• F~o, etc. and varying proportions 1)f ~ter of hydration. Ita 
bot sUl'prising, therefore, thllt their behaviour as depolarl~eIt shcrold vary as 
'Widely as it does. But it has been found thai miner.Is rich in psilomelane are 
titen, if Dot always, good depOlari2ers·t 

India is one of tae leading ClC!Ulltries producing aM. ~xpbrting nmngan8Se 
t>res. A faU aooount of the Indiaa. ores is gi.u ill th.e pu.bli.~ons 'Of the 
Geologi-oal Survey of India (»J. Though India. occupies 8. leading positioD 
in th.is trade. Indian ores have noll so far beeD.e::tttnsi.ely used. fur dry cell 
banllfat1lre. Brown(81 has stated ta8t India.n ores' have been rejected for 
dry oeD lllanufactllre owing to their compa'rativelyluge iron content. Tho~ 
'Who rejected the ores did so p3rhaps o.n. tlie o~ of the ch'emical analysis 
'Onlyaa.J. tBla lailM '() uo.derstalld the impottance at the physical structure 
~f the ore.. Ores of very Jlurly the same oomposflion otten gi~ widely different 
l'esulh ill" dry cell. . ' 

-uIlpubli.hed 'wed< lby the au'tho1"&. 
t\JaJAi~E'd. "OM by P. K. G""'ob &ad tile autW£ .. 



Rejecting ores on the basIs of high iron contcnt has been shown t~ he 
unjustitiable, since it lias been noticed that as iron oxide in the ore instead of 
b~ing 'hii.rnifui has'li. beneficial effect on the characteristics of cells (129). Arti
ficial addition of Fez(\ to the ore on the other hand has not been found to be 
beneficial (Table Ill). Further study of this aspect is however necessary 
lfit is ptoposed to, improve the poor ore!:! by suitably incorporating iron oxide 
\n them. ' 

TABLE III. 

Effect,of ArMing FezO, to Depolarising Mixture. 

, Experiment. No. Ini~jaJ Internal l"er een\. W. H. 
,No,' of Cell .. Voltll.ge. Resislanee Polaris,,· capacity_ 

Tested. Volta ohms. tion. 

I 

I 1 Control experiiuent A .. 3 1-64 , 0'26 : 17·0 3·42 

2 Substitution of Synthetic » 1-&1 0-33 15'{ 3'12 
Fe .0. to the eJl;tent of 
2-5 per cent. for the Ore. 

a Control experiment B .. 3 I-58 0-22 20-8 3'34. 

4, Substitution of natura.l » I-59 0-2& 21-4 2·ilO 
Fe •. 0, to the eJl;tent of 
4 per cent_ for the Ore. 

Some twenty samples of Indiari. ore8 from varwuil mit. ing districts we~e 
examined for their efficiency as dry cell depolarisers and com paJ e 1 with foreign 
9res. Of these about half a dczen have proved to be quite satisfactory. In 
Ta.ble IV are summarized the results obtained with t.hese' succcssful ores with 
and without the admixture of. artificiaIll1nO.. It will be seen that addition oj 
artificial MnO. to t.he extent of ten per cent: in all these cases. is. necessarJ 
to obtain cell out.puts appreciably in excess of the specification requirementl: 
~f th:cec wa.tt hours. 



TABLE IV.' 
Electrical CTwmcteristics 0/ Cells. (Ii· diam. X 21") . At. Prepared/rom Suitable I nJia~ Ore8. 

No. N.meohhe0 .... Obtained from \·oltage. 
VoItEl 

WitJaout Art. MnO •. 
J 

With 10% Art. MnO.,. 

Internal 
Ite. 

eistallftl 
ohms. 

'Per rent.. W.H. 
roJa.. output. Voltage. 

~i&a tiOR. Voita 

Internal 
. Re. 

aistanee 
ohms. 

Per nnt. W'.H. 
Polari.... output, 

iion. 

----~---------------:----------~~--~----- ------.---------------.--~---------~------~--.:------
1 Keonjha.r 

a -c. l>. Grade B 

. • Shi~jpur No." •• 

,I Myiare No. 1 

.f Keshapore Gnode C 

. ., Keshapoze Grade D' 

:s Kamatak No:. I •• 

., 

lI .... re. Bird a: Co~ YiIIi!'g Deptt. 
Chartered Bank l?ullding., 
Calcutta. 

He_It. The Cent"';\ Provinres 
Mangane... Ore Co. Ltd., 
Nagpur. C. P. 

Ditto 

The Shlvrnjpur SJ"lldi~ate :Ltd., 
Ag"nls, Mt..... Killirk Nixon 
a: Co. Ltd., Killirk Building. 
Home Stre .... Bombay. 

lIes ..... Menirkavelu Mudaliar Ltd .• 
Pala.e Road, Bangal~re. 

The Ke9ha.pur Mining Co.. Keeh .... 
F"r Mines P. O. ChilrjajuJ". 
f'h:taldroog Di!ltric," Myson> 
S!ats. 

Ditto 

Mesara, Kamatak Chemiea} Works, 
CcPag .• Bomba.y Presidency. 

1·56 

1·58 

1·53 

H13. 

1·00 

1·57 

·)·57 

1)·2'l 

0·25 

0·2'1 

0·2'1 

0·2'7 

0·25 

lQ·9 

20·8 

18·2 

18.5 

llO·l 

20.·0 

2·19 

2·119 

11·37 

2·54 

1·118 

1·00 

Hi9 

. ." ... ~ 

6·23 

0·2! 

6·29 

0'·25 

().jIG 

18·8 

18·1 

17·4 

1'1·9 

J7·9 

18·1 

18·5 

17·1 

3·38 

3·32 

-;..., 



14. 

Ap~rt fro~ the ge~106icaLformation of the .ore! the nneness t~ which it. ill 
grot1.nd fot usa lD dry cells,and also the proportlOnmgot. the ore Wlth graphita 
ha~. be ell found to influence the sleplotising capacity of thtf ore. This capacity 
m':\y be taken as more or less proportional to the surface of the particles making 
up the oell. It would, therefore, be expected that an ore having a high degre6 
of fineness would fllnction far more effi<liently than 'an are which is coarsely 

,ground. Howerver, practical experienoa shows that this is true only upto a 
certain limit, beyond which the inoreased fineness leads to other disturbing 
factors as disoussed below. " , 

In order to make the depolarising mixture efficiently conducting it is 
hecessarythat every partiole ofIl1anganese dioxide should be in good co ntacfl 
with, graphite partioles.If 'tery fine powder is used; it beoomes neees sary, 
therefore. to increase the amount of graphite whioh tends to lower the total 
depolarising capacity of the cell by vittue of a proportionatG reduotion of the 
active material. In modetn toroh light cells the ratio of manganese dioxid6 to 
graphite ordinarily varies between 4 : 1 and 5 : 1. -

Another difficulty- that arises £rom the USe of very fine powder is the re!!,ulfr< 
ing increased oompaotness of the dolly, which leadll to decreased porosity and 
hence hindrance to the free flow of electtolyte and the products of reactions 
Buch as ammonia and hydrogen. Thus inoteased polarisation results, This 
:may to some, extent be overcome-by the inoorporation of acetylene sooti and 
lamp black whioh help to incr3ase the potJsity of the depolariser i:l1iXtllre. 

These considerations show that a compro~ise has tJ be m3.:ie between 
the fineness of manganese ore and the amJunt of graphite, lamp bla'}k and 
acetylene soot. This will not only differ from ora to ore but will also depend 
upon the use to whioh the celljs to be put, which determine!1 the freluency 
and intensity- of oment drain. Generally speaking, it, is considered good 
practice to use an ore passing 40 mesh B. S. sieve and having not more than 10 
to 15 per cent, fines below 100 mesh. 

The output or oells prepared by using natural ores alone is not always 
high enough to satisfy existing specifications. By introducing 'tarous con
stituents in the depolarising mixture, it is p033ible to obtain higher outputs. 
Special preparations of manganese dioxides have been patented by- numerou!! 
workers for use in dry cells. Admixture with artificial varieties of the oxides 
is resorted to now-a-days by most dry oell manufacturers in proportions 'tarying 
between five and ten per cent. of the natllral ores. Artificial manganese 
dioxide is a highly aotive oxidising agent and, if used alone, will give rise to 
prematllre deterioration of the cell on storage, by looal aotion. Moteo'ter, 
the oost of this material is se'teral times that of the natural ore, and economio 
considerations also pre",ent its use in higher peroentages than those stated. 
above. 

It is not always possible to obtain natural ore of the same quality in every 
consignment, and this leads to variations in the output capacity of the cells. 
To overcome this difficulty and to obtain uniform output oharactertistics, 
use of artificial manganese becomes doubly nocessar1. since bf adjusting it!! 
percentage uniform quality may be maintained. 
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Artificial manganese dioxide is prepared chemically as well as eIectroIy~ 
tically. It is not possible to refer in this paper to the various methods of its 
manufacture. If necessary, reference should be made to the varicus patents" 
and original publications c;m this, subject. 

Efforts have also been made to improve the ores by special treatment. 
It is not eXJ.Ctly known what changes take place in the ore by such treatments 
which increase its depolarising capacity. X-ray(75) examination of the natural 
ore and the artificial MnO. reveal that they have different crystal structure. 

The mechanism by which the artifiCial MnOIL improves the characteristics 
of a cell is not yet exactly understood. The results of the authors work'" 
show that for a particular type of ore the effect is of an additive charllcter, 
out in the case of other types the effect seems to be of a catalytic nat.'U"e. 
Experiments canie:l out with one ore using various percentages of the artificial 
Mn O. gave results of more or less additive nature, which are shown in Table V 
and ll'ig. 3. It will be seen that the addition of the artificial variety not only 
increased the ,output but also the voltage. The catalytic nature of the effect 
of artificial Mn 0;' is brought ,out by the fact, that its addition to various ores' 
in the same propor.~ion results in varying degrees of improvement (See Table IV). 
The importance of selecting ores showing the maximum improvement for t1e 
purplse of manufaturing dry cells is thus apparent. 

TABLE V. 

Effect of adding ArtjbaJ MnO. to Natural are. 

No. Initial Internal Per CleIIt. W. H. 
No. Esperlment. . of CeII8 Voltage. Resistance Polariaa- capacity. 

tested. Volts ohms. ' tion. 

---
1 Natural Ore alone .. 12 }.·52 0·24 18'6 1·97 

2 Substitution ofart. MnO., to 3- I-54 0·27 18·6 2·46 
the estent of 5 pew cent. . 

3 Substitution of art. MnO. 8 1·55 0'24 18·1 . 3·09 
to the estent of 10 per 
cent. , Substitntion of art. MnO. to 3 1·56 0·24 18'0 3-5.6 
the estent of 20 per cent. 

S Substitution of art. MnO. to 3 I-58 0·27 16·9 5'6~ 
the estent of 30 per cent. 

Before the war Indian firms had been using treated Caucasian, Java and 
African ores. Untreated Indian ores from half a dozen different mining centres 
can be used (See Table IV) to give cells of good quality. In this matter it is 
also necessary that Indian mining concerns should grade and market the ores 
suitable for this industry, and it is .certain: that such graded ores ~ fetch highel" 

·Unpubliahed work 'b.1 the authon. 
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p~ioes to ·compensate for the e:ttra labcur: involved in the process. Fu.rther 
the dry cell manufaturers will have to suitably treat the ore, if they wish to" 
increase its activity. 
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FIG. 3. 

The authors have worked out a proceS1 for chemically tra:tting natural 
oreswhioh increas3 the energy 'output of cells by as much as fifty per cent~ 
The cost of the process is such that it iii approximately forty p3r cent. cheaper 
to use treated ores tMn to admix: artificial.mangarl.e~e dioxide to the natura~ 
ores; ·It is not possible to' enter into the cf,)t!Lils of this prpcess here because 
it forms a subject matter of a patent which is now pending. 

Artificial manganese dioxide is also imported into this country_ As it is 
used in small percentages, the requirements of the industry for this materiaJ 
are not great. The dry' cell manufacturers may themselves undertake the, 
manufacture of this variety. Considerable research work is however necessary 
before a suitable quality of this material can be obtained. .' . 

. . .. -" - .. ". -.... .. .., 
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GRAPHITE. 

lb.ngll.Mse ai.oxide is a poor conductor of electricity. '1'0 obtain 8. loW' 
nsisw.ace for the depolarising mass it is necessary to mix some good conducting 
matel:ial with the manganese dioxide.. It is also necessary that such a substance 
should be electro-chemically inactive.. Both the above conditi.oDB are satisfied 
by carbonaceoua substances. In the early days of the industry powdered 
carbon. wll.i.ca amou.uted to abollt tifty pill" cent. of the total depolarizing 
mailS and oonsisted of IIllbstances such as ooke, retort carbon, petroleum coke, 
etc., was used. All these materials are cheaper than natural graphite which. 
however,is a betteroondllctoz of electri.aity an.d can be wed. in. much smaller 
quantities. 

Graphite ocours iD. small qllantities in various parts Df India :-in the 
Vaagapatam hilltracts, in some of the Orissa Feudatory States, in. the Goda.vari 
district of the Madras Presidency, in Travancore and in a few other places. 
lndiall graphite haa Ilot ylt beell lltilUed by dry oell man1ifactur~s on any 
extensive scale.., On the other haad Ceylon grapll.i.te whiah is well known for 
its quality hal been uteDBive1y used in this iD.dWltry. 

Artificial graphite is also being employed Ilow-a-days in dry eell manafac
ture particularly in America. It is either admixed in certai.n percentages 
with natural graphite or wholly replaces the Ilatural variety. Olle advantage 
of artificial graphite is that its quality call be eOllSistently maintai.n.ed. 

Graphite for dxy cells should be free from harmful metallic impurities, 
such as iron, Gopper, lead, etc. Tlie chief foreign substacnes associated with 
graphite &l"e mica, clay, sand and iron oxide and snlphid.~. T.he ash. conten$ 
should prefe.rably Dot exceed t~D. per «!nt. 

SoOT. 

Acetylelle .oo~ whica is a. very bulky sllbstallce, ill sometimes added to 
the d.epolarisiBg mixture .in small quantities· for increasing its· porosity. 
GeneraJ.Il speaking, the total quantity t>t soot aoes not exceed -ave per cent. 
by weight; of the total carbon content. The usefulness-of soot is considerably 
Ireduced if it is packed compressed for easy transportation aad handling, since 
once the flufl'y clui.raeter is lQsi; it calmot be sullsequemtJr regamed to the same 
degree.. 

LAMI'BLACK. 

'This is eJso .eoomet.imes added to the depola.rising mtlllre in small quanti
ties. According to Hermann~5:) the effectiveness of lampblack in the dry 
cell is not due to its adsorbed oxygen content, its porosity, or to special 
tlatalytie properties.. TJae most highly porous carbons are not the mosi 
effective in dry celIs. Whe. graphite (witJa.out lampblack) is pulverized for 
hours it becomes e<J.uivalent t6 a mixture cil graphite aM lampblack. X-ray 
and eleckon interference eqerimoo.ts shew that the ocysW stmcturesof 
graphite and lampblack are identical bu.t that lampblack has & much rougher 
6urface.. Manganese ore is not effective as a depolariser umess it has direc$ 
~ntact with the carbon electorde. The finely divid3d rouglt smooed lamp
black assists in establishing intimate contact between the relatively lar~ec 
particles of maaganese ore, the graphite iPart~cles and the oelectrode. 
KlOiCD 
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CA.RBON ROD3. 

Carbon rOds should be perfectly straight with the top and bottom surfacM 
cut square to the axis. The rods should have no soft cores, fissures or broken 
edg~, and should be dense and have good mechanical strength. The ash Ehould 
not exceed five per c,ent. and sho.lld contain as little of metallic tnpUJi~ies a& 

poss~ble. The resistance should also be as low as possible. The rods gene"ally 
have longitudinal grooves on the surface which assist in keying them fast with 

, the depolarising mixture. 

Catbon roJs for batteries are not manufactured in India. except by one 
dry cell manufcturing fum which claim to make their own requirement of 
rods. All other dry cell ruanU£etUl;ers in. India have at present to depend for 
their supply of carbon rods on f"reign imports. , 

These rods are manufactured from carbonaceous materials such as coke 
or retort carbon. Powdered coke is heated to drive off the volatile matt~r 
and the::t mixed wifh a binding material like pitch or tar. The mix is moul&~d 
or extruded to the requrired shape. The rods are then baked to drive off 
the volatile matter from the binding material. The grain size, ash, volatile 
contents of the constituent.s and baking temperature affect the quali~y of the 
rods. Measurement of specific resistance of good quality rods for torch light 
cells gave values varying between 0.0046 and 0.0065 ohms per cu.cm. 
Transverse beam test on 8mm. diameter rods of various manufacture.rs on a 
two inch span gave values for fibre streiS varying between 5200 lbs. and 8000 
Ibs. per square inch. 

Carbon rods Rre generally paraffined to avoid the creeping of eleCtrolyte 
to the brass caps. Paraffining should be done lightly so as not to clog the pores 
of the electrodes and obstruct the passage of gas generatoo during discharge 
which accumulate at the top of the dolly. Obstruction of the free passage ol 
gas would sometimes rooult in the bulging of th,:) zinc (':ins or top seals. 

ZINC. 

Zinc as used for dry cells serves the dbuble purpose of {unt'tioning as the 
cathode of the celll1nd also as tile container for the anode and the electrolyte. 
The first function requires it to be of high purity, while the second demands 
sufficient mechanical strength to serve as the container upto the end of the 
useful life of the cell. 

'The zinc container of a dry cell should resist the corrosive action of th8 
electrolyte as efficiently as possible, and during discharge of the cell its consump~ 
tion should be uniform and· proportional to the useful current delivered by 
it, 'i. e., about 1.22 gms. per ampere hour. Actually due to local action in 
a cell more than this quantity is consumed. In a torch light cell of Ii" diameter 
by 21" height the capacity obtained is about four ampere hours, which l~quire!J 
about 4.88 gms. of zinc. But in actual practice the zinc can for this. size' 
weighs between seventeen and twenty grams. This extra quantityjs necessary 
as the zinc has to serv~ a. a container upto the end of the useful life of a cell. 
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Local corrosion of the zinc sheet may be due to several causes such as 
impurities in the metal, in the electrolyte or in the depolarising mixture. These 
impurities settle on the zinc during discharge and produce local cells which 
consume the zinc sheet. Local corrosion may also be due to uneven distribu
tion of the electrolyte, variation in the resistance of the depolarising mixture 
or dep-sition of grease or factory dirt on the zinc surface which factors alone 
or combined may produce unequal distribution of current and consequently 
Cause local corrosion. Unequal corrosion results in premature pitting of the 
:I:inc sheet through which electrolyte may leak out and cause short-circuiting 
among individual cells of a' battery. 

Amalgamation of zinc cans is sometimes resorted to in order to increase 
the resistance of zinc to corr~sion. It makes the surface of zinc smooth and 
uniform. .A smooth surface resists corrosion better than a rough one. Amalga
mation also slightly increases the potential of the ~c electrode. 

Rolled zinc for dry cells can be obtained in sheet or ribbon form. Zinc 
sheets are sold in the market with a special gauge number belonging to this 
particular industry (53). For torch light cells generally gauge Nos. 6 to 8 are 
used. Cells intended for long life should have thicker zinc sheet than those 
intended to be used immediately. Gauge No. 6 andNo 10. have a thickness of 
0.012 in. and 0 020 in ... respectively, and the intermediate numbers vary in 
thickness from the neighbouring ones by 0.002 inches. 

The usual impurities occurring in zinc are lead, cadmium, copper, iron, 
arsenic, antimony and tin. These impurities should be kept as low as possible. 
Lead upto about 1.5 per cent. is found helpful in rolling operation and is 
therefore retJ,ined in some cases. Tabl~ VI gives the analyses of zinc sheet 
and ribbon and of sheet from actual cells of reputed makes. Seamless cans 
appear to have a lower percentage of lead than the soldered type. The presence 
of mercury shows that the calli! had been amalgamated. 



T.ABLE 'fl. 
A.'(UI1Y8u oJ ZitI-C Sheet, figure. in per ttMI. 

e _ z _ 
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, .¥ " '" z; = 44 CQiiiL £Wi 

I Jinc ah\¥l~ ~ repu~ makes <If ee~ Suitable lIiqc sheet, fo,l' dry oell manufact1¥'6. 

'. Z:QL' •. - . .. "' , ,.. :::=C:::!LJ ... ,. . . = ~ 

Q. ~tente, Sa\d~cans, . S8I\mteaa can., :a~lgian. American, German, 
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0,S3 trace. 0,00" 0'02 N\I \rl\CO NU Nli NU Nil Nil 

2 I~9.1l " '., ~ 0'01 0,02 Q'Oll 0,02 0'01 Q'~ l)'Oilt 0'01 Q'04 0,03 0'02 

3 Lead ", " 0'02 1'09 1'68 1'07 O,OS (I,n \'1)3 1·20 0'34 0'31 0'68 
.., Coppe:r .. " 0'01 tl<ac, 0'008 tract Q'QO($. &'003 Q'~ vace trace, ~ce 0'01 

(i CadmiuJ;tl .. " 0-10 tracII trace (qU l/it 0,05 t~1l6 tra.co 0'02 Q'O.l tr"ee , 

" Mercury 
" ~ ~ 0'13 0'11 0·05 tr".~o Q'Qtl ~'~ , . .. -- .. _ . 

~ Arsellio ., -.'! . . .. .. .. .- .. ., t:&ce m-ate .raee .raee 

8 Zinc by difference ,. 9S'40 9S'1S 9S-U 98-79 99,S4 99-75 9S'74 98'79 99'60 99'65 9Q,~Q 

., . , .. -- vu:a - ...........-:. ""' 
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BRASS TERMINALS. 

For torch light cells brass caps are put on the carbon rods for making 
electrical connections with the outside discharge circuits. . On bigger cen. 
8crewed brass terminals, or fahnstock terminals are fixed to the carbon rods, 
and wires are soldered to the zinc cans. In: dry cell batteries brass strips are 
11sed for interconnecting the cells. S.W.G. No. 27 or 28 gauge brass sheet is 
generally employed. for making the brass oaps and the connecting strips. 

SOLDER. 

The 801der used for soldering the zinc Cans and for soldering the brass 
terminal strips to the cells is an aUoy usually composed of tin and lead, their 
l>roportions being the controlling factor in the selection of sqlders for specific 
purposes. A high tin content solder, though ductile, is crystalline, hard 
and easy to fracture, while a high lead content solder has lower tensil~ 
Itrength but greater ductility. The mixtures for dry cell work may have com· 
l'ostion varying between forty and sixty per cent of either of the constituents. 
Practical experience is the best guide in the proper selection of solder. 

ELECTROYTE. 

The electrolyte paste in a. dry cell consists mainly of ammonium ohloride, 
line chloride and starch. Small quantities of calcium chloride, magnesium 
chloride, and mercuric chloride are also sometimes added. All these salts 
should be free from harmful impuritici. The exact proportions of the various 
salts, starch and water are a matter of practical experience. The quantities 
of the ammonium chloride and other BaIts should be ample so as to last to the 
end of the useful life of a cell. 
Ammonium Chloride. 

Ammonium chloride iB the main salt which takes part in the electro- . 
chemical reactions in a dry cell. It occupies as important a place in'the electro
lyte aa the manganese dioxide in the depolarising mixture. It should be free 
from impurities, ellpecially copper and iron, as these would settle on the zinc 
and form harmful local galvanic cells. It has a great corrosive e1iect on the 
zinc .. The usual white powdered commercial grade is generally used and it 
should oontain less than one per cent. of ash or non-volatile matter and an 
equally small percentage of moisture.. The total quantity of ammonium chlo
ride required may be divided into two portions, one being added to the depola-. 
rising mass and the other going into the electrolyte solution. The qllantity 
added to the deplorising.mass is generally added in dry condition and may 
'Vary from ten to fifteen per cent of the total weight of the dolly. The electrolyte 
l'aste contains about tw:enty per cent. of ammonium chloride. 
Zinc Chlmide. ' 

Zino chloride, which is added to resist the corrosive action of the ammonium 
chloride, occupies the next most important place in the electrolyte. The 
proportions of these two salts should be well balanced. During the discharge 
of a cell, zinc chloride is constantly generated and therefore the quantity of 
sine chloride continuously increases as the discharge proceeds. If the initial 
quantity of zinc chloride is considerable, a stage may be reached during the 
early stages of discharge when a sufficient quantity of this salt may be present 
to fonn the double chlorides ot zinc and ammonia. These crystals pre~ipitate 
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out from the gelatinous electrolyte and s~ttle on the zinc surface or in the pores 
of the dolly and thus reduce the available surface necessary for the electro- • 
chemical process to continue eflectively. In the formation of double chlorides 
a. certain amo~t of water of crystallisation is involved, which reduces the quan
tIty of water In the electrolyte. The subsequent drying of the electrolyte in
creases the internal reesistance of the cell and decreases'its output capacity. 
To prevent .the premature precipitation of the double chloride it is' necessary 
to have an excess of ammonium chloride in the electrolyte, but too high a 
concentration of this salt cannot be used due to its corrosive properties. 
As ~ result o~ th~se considerations it is considered advisable that the proportion 
of ZillC chlonde ill the electrolyte paste should be kept between the limits of 
seven to ten per cent.' , 

Calcium Chloride. 
This salt is recommended for use in tropical countries in small proportions 

on, account of its hygroscopic nature and water retaining properties. If used 
in large quantities, it may separate out as a complex salt and interfere with the 
smooth functioning of the cell. It may be ad.ded to the extent of about two 
to three, per cent. to ~he electrolyte paste. 

Magnesium Chloride. 
This salt may be employed for the same purpose as calcium chloride. 

Mercuric CMoride . 
. This salt is added to the electrolyte in small quantities (about a quarter 

,per cent.) to effect amalgamation of the zinc cans. It also prevents the growth 
of moulds and micro-organisms in the flour or starch that is used for gelati
nization. 

Gelatinizing Substances. 
A number of substances like plaster of paris, agar-agar; gum-tragacanth, 

wheat flout, con flour, dextrin, starch, etc., have been used in the paste for 
making the liquid electrolyte unspillable. Of these, :P.ours and starches are the 
most commonly used ones. Wheat or corn flour, wheat, maize or potato starch 
may all be used individually or in admixture. The quantity of starch to be 
added to the liquid dectrolyte should be carefully determined, as too low or 

,too high a percentage of it is not beneficial for shelf life, though initial 
characterestics may not show any noticeable effect. The quantity of starch may 
vary between ten and fifteen per cent. The gelatinizing temperature of starch 
is considerably reduced in the pres~nce of the electrolyte salts. 

It will be seen from Table VII that starch gives better results than flour, 
due perhaps to its perfect gelatinization and freedom from other ingredients 
generally found in flonr. The results show lowering in the internal resistance 
and increase in the voltage and output capacity. The same table also shows 
the comparative results between a cold working pregelatinized starch and 
an ordinary starch gelatinized by the cooking operation. The results do not 
show any marked difference between these two varieties. Cold working starch 
has the advantage that it does away with the cooking operation. Selection 
of either variety will depend upon the actual cost price of each and the e:lrtra 
cost involved in the cooking operation. . 
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TABLE VII. 
Effed oj Using DiJJe:r"ent Gelatinizing Substances. 

"~L~"-" I 
No. of I Initia.l Internal Per cent. 
Cella Voltage. Resilltance pol&ris&. 

Tested, Volts. ohms. tion. 

1 Cells wi~h m&ida (who&t 3 "64 0'26 17'0 
flour). 

2 Cella with maiza staroh .. 3 1'67 0'22 19'5 

3 Cells with ptegel&tinized 
Gold workins starch. 

a 1'66 0'24 . If,'5 

WATER, 

-
W.H, 

c&p&city, 

3'42 

3'7~ 

3'75 

Wa.ter used for making the electrolyte solution should preferably be di~. 
tilled. Tap water often contains salts which may be har~ul to the cell. 
These may form Jocal cells on the zinc electrode or may precipitate out and 
clog the pores of the dolly. To prevent these effects a little extra cost for dis" 
tilled water is well worth while. . 

SEALING COMPO~ND. 

In order to seoure the oomponents of the cell in position and to prevent . 
de3iccation, it is necessary to apply a sealing compound on top of the as~ 
sembled cell. The compound may be made of shellac, rosin and suitable 
fillers or may be of the bituminous type.. A fibrous material is sometimes used 
for. sMling. The selll:Jtion of either is a matter of availability and cheapness. 
but in tropical oountries like India due consideration must be given to the 
higher tempsratUl'es which have to be withstood during transportation and 
storage. . 

WRAl'l'ING CLOTlI:. 

In the bag type o( cells the d9llies are tied in a loosely Woven piece of' 
cloth, whioh allows free passage to the liquid electrolyte but prevents dislodging 
of depolariser material and its settling on the zinc surface, The cloth used 
should be bleached and unsized and must be absorbent, that is, it should have 
good wetting properties. Ordinary light II1usIincloth used in India for pugries 
etc. has been found quite suitable, The following approximate specificationii' 
may help in the choioe of a suitable material :- ' 

(1) Weight per sq. yard of cotton cloth 2·3 to 2·5 ozs, 
(2) Average number of threads per inch-

VVarp 55--70 
Weft •. 5O~60 

Twnm. 
The twine used for tying the dolly should not be very fine nOr \'e1'tthick. 

While tying care should be taken to see that the dolly is not out by the threads. 
CARD:BOARD. 

The cardboard used for making the bottom insulating washers and the 
top centering washers should be free from conducting materials. To prevent 
absorption of moisture from the electrolyte it is paraffine!! before being used 
in cells. Generally cardboard having a thickness of 1/32" is considered suitable 
for torch light. cells. 
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MACHINERY. 

During the early days of the industry, dry cells and batterieS were manu
fMtlltea mainly by manual labour and hand-operated machines. With the 
neW fields of application for these cells, such as in wireless, many kinds of in· 
struments, small machines eto., the production has now increased to enormous 
figures. Attempts made during the past few years to develop machines for 
mass production have resulted in the successful manufacture of semi and fully 
automatio maohines for almost all the operations involved in the manufacture. 

SIi:M:I AND FULLY AUTOMATIC MACHINES. 

'l'h" Introduction of semi and fully automatic machines has removed the 
BOuroes of trouble arising out of the inherent non-uniformity of manual opera
tions. The machines work in an economical and reliable manner, once they 
are carefully adjusted, which requires skilled and expert attention. A few 
.points regarding these machines are briefly dealt with below. 

BCQ1tQmical Working.-The automatic machines are always costly and are 
not economical unless the output is about ten thousand pieces or more pet 
day of eight hours working. This output figure varies to a certain extent in· 
\Tersely with the labour cost prevalent in the particular area in which the fac
tory is located. 

Attcntion.-These machines require systematic and constant attention 
and care. If neglected the suocessful operation is hampel'ed due to the corrosive 
action of the depolarizing mixture and the electrolyte solutions. Care is gene
rally taken in the proper selection of the materials. for these machines to resist 
these oorrosive effects. The conoded parts of the machines pass into the cell 
compounds and form local galvanic couples within the cells which are harmful. 
The rapid oonosion of the machine parts results in a high percentage of depre
ciation figure for the machines. 

Flexibility.-Automatic machines are generally designed for one particular 
size of cells, though in certain cases they may be adopted to different sizes by 

. c,hanging certain parts. This operation stops the production for a considerable 
time. These machines generally work best if always fed with materials in 
definite oonditions as regards moisture content, density, bulkiness and rate of 
feeding. These conditions change with the different raw materials and are 
therefore to be predetumined for successful operation. An important con
sideration in favour of these machines is their availability at all times thus 
dispensing with the necessity of maintaining skilled labour, all through the 
year irrespective of the demands. . . 

Quality of Production.-It is i)ossible to ensure greater uniformity and hence 
improvement of quality with the use of these machines. 

Oost of Production.-The use of machines in place of hand operation has 
been helpful in lowering the selling price making it thereby more difficult for 
the small factories to successfully compete with the larger ones. 

The above points willbe helpful iIi forming an idea about the suitability' 
of these machines which depends more or less upon their high uniform output 
capacity weighed against their high' initial cost :and the consequent capital 
charges,m&intenance charges and non-flexibility. 
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fuND PRODUCTION. 

• Th~ initial investment and the subsequent interest and depreciation charg04 
es In thIS method ate much lower than those with the automatic machine pro
duction. . There is a great~r flexibility in this method as most of the hand operat
ed machmes can be qUlckly adopted for the production of various sizes of 
cell~ ... Ther~ is also a similar ~exibility with the labour. This greater 
flexlbIllt:r w~th the h~nd pro~uctlOn enables changes for the improvement of 
the quality to be easily carned out. The disadvantages in this method are 
the low figure of production and the comparatively high figure of pay bills. 

Due cunsideration to the above points should be given when'choosing the 
method of In.'l.numcture i.e., whether all the operations or part of them will 
be carried out by hand operated machines, by manual labour, ot by semi or 
fully automatic rna.chines. It may perbaps be found advantageous to stpJ!:e 
a Bor~ of compromise between the various methods of manufacture. 

The wi'.lle process of manufacture may be divided into various sections 
and a short descriptioJl of the .different machines working in each of these is 
given below. . • 

ZINC CUP l\UNUFA'cTURE. 

Two methods for the manufacture of zinc cups are commonly iIsed-the 
soldering and the drawing method. The latter is only applicable to the manu
facture of small Eize cups such as those required for 'the flashlight cells. Zinc 
cups should be strong, leakproof, sl1looth and of uniform shape and size. If 
the shape is not uniform, the zinc would be unequally consumed during the 
discharge and 'the life of the cell would be shortened dUll to pitting of the cups. 

SOLDERING METHOD. 

Guillotine! or cutting shears.-Zinc sheets are generally sold inpieoeSof 3; 
by 7· or in rolls cut to proper width. Sheets are cut into long strips of propet 
width by mean'J of a guilloti-le, steel shears or a multiple knife' sheet cuttet: 
The latter machi Ie is suitable for la.rge scale nmnufacture only; The 8trip~ 
Or rolls are then, cut again to. the required 'length for the'manufacture of the 
particular sizes of cups. 

Rolling lUac1ine.-The cut pieces are bent" into necessary forms, on sUitable 
formers ready,for the soldering operation.. For round cups the rolling may be 
done on a rolling machine. These machines are cheap and would form a good 
labour saving device. They may be worked either by hand()r by.an electriq 
motor.. Combination automatic machinesco~bining the ope~a.tion8o~ cut
ting and rolli:lg are also available. Fig. 4: shows the rolling machine designed, 
by the authors. The rollers which are connected through gears are rotated 
by tha handle H. A strip fed between rollers Rl and Ra moves forward, bends 
round R! and comes to the ,top where it is held by the stop C. The rollers 
Ra and Rs are fixed in p@sition in,the plate Elwhile Rl is fixed in. Ell' The 

, distance between BI and BI is adj~sted by putting a sracer piece S cut fro~ 
the sheet to be rolled. The photogr41ph cf this xrachine is shown in Fi~ 5, 
~iB macb.ine can give over.live thousand rolls per day of eight' worlcing' hoUrs;. 
MI07CD 



This output figure maybe further increased By running the rolIers 'by IDe&n. 
of &. smll.ll electric motor. 

FIG.4. 
Rolling Machine. 

Blanking Preg$.":"'-The bottom d.i.~ for zinc cups may be cut by a lly hand 
press or by an eccentric ma:chine-operated press, the latter for large-scale FO· 
duction. The blanking is c&l'ried out with suitable dies and punches. A:E. 
rangements Dlay be incorporated in the design or tae cutting tool. for feeding 
the strips in such a ma,nner as to effect a minimum wastage of the ID.&terial. 
. Soldering.-Zinc rolls are fitted with the bottom discs and a soldering flus 
is applied to the longitudinal and the bottom edges. This flu may be a 
weak solution of'hydtochloric acid and zinc chloride or a non-acid non-corrosive 
type of paste. The cup is then soldered with a tin lead alloy, }referably ot 
low melting paint. The exact" diametm' of the soldered cupa depenlh upon 
the diameter of the rod on which the roUs are fixed for the soldering oJleration. 
A soldering jig designed by the 8rutliofl is showlI. in Fig. 6 and a short descrip· 
tion of this is given beloW'. 

A roll to be soldered is placed OVer the rod A and pushed in the annular 
space between the rod A and the block C which holds the roU in.position. The 
overlapping pllrt of the roll lies over the V groove in the rod A. The bottom. 
disc is placed on the free end of the rod A and is held in position by the roll itself. 
The longitudinal soldering is carried out first and then the rod A is swung to 
the vertical position and the bottom piece soldered. To !acilitaU the latter 
operation the jig is rotated round its axis on the guide D which is fixed to the 
table T. To avoid rapid cooling of the zinc dmingsoldering, the rod A it 
gro:nred longitudinally and a pcnti.on cut off along the rim of the free end~ 
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About My to sixty cans can be soldered per hour with this jig, tne output now
ever, depending to a large extent on the skill of the operatOr. A. photographl 
ot this jig is seen in Fig. 5. 

. Soldering Bits.-Bits should be as clean as possible to effect go()d ·and quick 
801dering operations. The rubbing ot the kot bits· on a salammoniac block 
ensures a good clean surface. 

Many laoourera 'WiD ha.ve \0 be employed in a large factory to carry out 
the soldering operations by hand. The expense incurred in wages will be high •. 
but the· capital investment will be nominaL . 

Electric Welder8.-Electric welding machines are available for carrying 
out the solderin,g operation. These machines are costly and will onlybe suit ... 
able for large scale manufacture. Moreover, these machines can be used for 
soldermg the longitudinal seams only. The bottoms cannot be soldered with 
theae machines. 

"FIG. 6. 

Solderin~ Jig. 
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. iI1,b8pection.~l5oldered cups. are tested for leakage either against a. strong 
light ,?r un~el; pressUre. Cups. with. tiny· holes not visible against ordinary 
light may be found leaking during usage. Preliminary inspection will there
t:o~e .~edu!;e,. ~h~ n,umber of rejec~d r::ells. 

DRAWN CuPs. 

,D:ra:wn. ,Cl;lps.are ma¥factured by dr~wing operationsjn special presses. 
RoUnd discs whic~ are blanked first are drawn to .the required shape and size 
in three or four stages. The walls of the drawn cups should be uniformly 
thick. Zinc used for this process is of special quality, capable of withstanding 
the high mebhawcal stresses coming into play during the drawing operation. 
The main'advantage of the drawn cups over the soldered ones lies in their uni
form and smooth shape and absence of foreign substances, such as those used 
in. the solder; Zinc sheets are utilized al.n;lOst completely in the soldering me
ih.od, while in the drawing process a greater amount of scrap and wastage i. 
unavoida.ble due to ,the necessity of getting circular blanks for the drawing 
process. These machines being costly are suitable only for large scale manu- . 
fa.cture. 

Grooving Machine.-Zinc cups are generally grooved at a distance of about 
i W from the top. The groove serves as a seat for the top card-board washer 
Fig. 7 shows the grooving machine designed. by the authors. The cup to h, 
~ooved is placed ovet the rod A, a. deta*d view of which is shown separately. 

,[~nn· 
~[(pJ 

···D. C 

. FIG. 7. 

Grooving ~chine. 
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The rod is rotated through a pulley by a 1/8 H.P. electric motor. The grooving 
roller C moving freely in the shaft· J is fitted.in front of the rod A. The can 
i3 prevented £rom moving sideways by a collar 'on the rod A and a stop guide 
D, revolving freely on the shaft J. The guide is held in position by two collarEl 
one on each side. When the rod A. begins to revolve the roller C is pressed 
against the can by the handle H. This operation rotates the can and the rol
ler C in opposite directions. Furthe~ pressing of the ~rooving . roller makes .. 
groove on the can. The groove should not be so deep as to puncture the can. 
The output of this machine is about five thousand pieces per day of eight hours' 
working. The ouput can be considerably increased if a separate drive is 
iJlcorporated for the roller C. A photograph· of this machine is shown in Fig. 5. 

CARDBOARD WASHERS AND' BRASS .CAps. 
• Presses similar to those used for blanking the bottom discs for the zino 

cups may be· used, with suitable dies, punches and' guides, for the manufac
ture of the Bottom and top cardboard' washers as weIr as the brass caps. - The 
caps may be blanked out from a sheet and formed inane operation. A suitable 
cutting and forming die punch for the brass caps is shown in Fig. S. 

GRINDING OF. ORES. 

Griruling Macltinery.-Manganese are is generally obtained from the min
ing firms in India in lumps varying from 2" to 4;" in sizes. The ore being hard 
and abrasive cannot be ground in one op6l'ation to a. fineness of 60 mesh. 
A prelimin'1ry crushi,ng to in to 3/8" size may be carried out in a cone or jaw 
crusher or by hand. Further grinding is carried. out in a pulverizer or.in a 
ball mill. The pulverizing of graphite is easier than. that of manganese orel' 
and' may be carried out directly in a ball or pulverizing milt Thougli the 
pq.lverizing of the ores may be carried out in a dry cell factory, it may be 
profitable to get these mAterials powdered to the required fineness from the 
sale!tagents· who genera,lly .nave -these plants in their works. 

Magnetic Separators.-These are used for removing the metallic iron parti. 
cles that might have accidentally found their way into the powdered ores during 
grinding or transport to the factory. The removal of iron particles is essential 
to prevent the local action in the cells. These iron particles may be sporadically 
mixed up with the ores, and may.escape detection during chemical analysis; 
Normally, a small factory may dispense with this operation and ensure supply 
of powdered materials from sources which can guarantee the necessal'Y degree 
of freedom from metallic iron. 

'MlXING~ 

Mixe1's.-The depolarising constituents are thoroughly mixed in wooden 
mixing drums. After the materials are mixed for about half an hour in a dr1 
state the liquid electrolyte used formoistep,ing the mixture is added. slowly 
while the mixing process continues for anbther half an hour period. The 
design of the mixing drum should be such as to prevent the grindirlg of the 
materials during mixing. The materials are generally fed to the mixers from the 
top and taken out through a hole, normally closed, at the bottom. Fig. 9 
shows the' photograph of such a mixer designed and built by the authors. 
The mixing blades are designed to give 8. ;thorough mix when rota~d in the 
correct direction. 



FIG. 8. 
Die Punch for Making SUtted Brass Caps. 
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Dolly freas. 



31 

. ,Shaking ~ieves,-It is likely' that smalllumpll mly be forme:! during the 
nux~g oI,>eratlOn .. These may be removed by passing the mixture through" 
IIhaking SIeve. As m the case of mixers, these are made of non-metallic parts 
lIuch as woven cane or hair sieve in wooden rrames. 

The mixers and the sieves may be worked by hand or by electric n1otoril~ 
the choice, depending upon the capacity of these machines a.nd the o.tput to 
be turned out per day. 

DOLLY PRESSING. 

¥ter the mixing operation the material is pressed into dollies. The 
pressIng may be done by hand or'autom'lotic pre3ses. The moulds are generally 
made of stone, steatite or non-corrosive alloys or steel. The moulds should be 
sufficiently hard and strong to withstand the abrasive action and tamping 
pressures OVer a long period of time. In hand presses the rammers are made of 
hard wood or of ebonite, While in automatic pre3ses these are made of non-
corrosive special alloy steels. ' 

Hamil Pres8es,~There are'two IJlethods of pressing the dollies, one, by 
pressing the mixture round the carbon tod held in position and the other by' 
forcing the carbon rod through '& prepr~ssed mixbure. Wmchever method is 
adopted, the carbon rod must, be held tightly into the mixture to obtain low 
intarnal resistance in the cella. In Fig. 10 is shown the photograph of one of 
the two types of presses, while Fig: 11 shows the sectional view. The pressed' 
dollies are taken out by hand or foot operated ejectors. The output of these 
prJsses is about two thousand dollies per day of eight hours'worJPng. 

Automatic Presses.-The pres!!ing operation is carried out .in,these presses 
in two or three operations, In thenrst the ch/trge is fed into the mould, in the 
lIecond it is pressed slightly to a predetermined height and in the final operation 
the carbon rod is foroed through the pressed charge and the whole mass pressed 
again to the correct height. The pressed dollies are then ejected and.carried 
over a convoy or belt to a receptacle. The output of some of these machines 
is as high as four thousand pieces per hour and they are therefore useful for large 
scale manufacture only. 

For large-size dollies such as those for 6 in. cells, the pressing is generally 
done either by hand operated machines or by semi-automatic eccentric presses. 
Automatic machines are also available for these sizes, but their output is consi
der!lbly less than those used for preEsing small size dollies. Th~ demand for 
large cells is only a fraction of that of the torch light cells, and due consideration 
should be given to this fact when ohoosing hand or maohine operation tor the 
larger size dollies. : 

WRAwlNG Am> TYING 9l!' THE DOLLIES. 

HdnJ Operatitm ......... Th~ dollies DlAY be wrapped by hand in ~ piece or cl?tll I 

and tied tightly with a stnng. The output per worker, af~r a little appren~lC8. 
ship. may reach a figure of more than five hundered dollies per day of el~t 
hours' working. ' 



FIG. 11. 
Dolly P,'ess. 
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Machint 0pll'1'ation.-Semi and fully automatic machines are available 
for carrying out the wrapping and tying of the dollies. AB these machines are 
suitable only fQr the size for Which they are designed. it will be necesssary to 
have a number of machines, one or more for each sile of the dollies that are 
manufactured. The output for tIte semi and fully automatic machines is 
about one and three_ thousand pieces per hour respectively. 

For machine operation acon~iderable amount of capital will have to be 
invested while for hand operation practically no capital investment is require!! 
and the same workmen oa.n carry out the wrapping and tying of cells of va.rjous 
sizes. -

W ASHE'B.ING OF THE DOLLIES. 

The wrapped dollies are fitted with the top centering paraffined cardboard. 
washers either by hand or by macp.ines. 

CAPPING OF THE DOLLIES. 

After the washering operation the carbon electrode of the dollies is fitted. 
with brass caps. This may be done by hand operated machine or by a semi 
or a fully automatic machine. Fig. 12 shows the hand"operated machine 
which can be worked in a horizontal or in a vertical position. The dolly D to be 
capped is supported in position by the ebonite piece G. For the sake of dearness 
the rop of the dolly is shown dotted. The cap 0 is placed over the carbon rod 
and is prossed tightly over it by the rod A moved by the handle H. After the 
capping operation the ro:! A is brought to the original position by the spring S •. 
lf the caps have a projected part of the ventilating slit or hole, the tapered end 
of tho rod A is suitably recessed to tak'e in the projected part. ' ,The output of 
this machine is over five thousand dollies por day of eight hours working. The 
olltput of a semi- and a fully-automatic machine is betweeJ,J: two 'and ·t,hres 
thousand pieces per hour. 

After the capping operation the tip Qf the carbon rod may be dipped in 
molten paraffin wax or a paraffin solution. Somlltimes this opera.tion is in" 
corporated in the automatic capping machines. 

FIG. 12. 

Capping Machine. 
1I107CD 
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ELECTROLYTE l\hKING. 

_ The miXiiig of the electrolyte is carried out in wQoden vats. The mixing 
1>ladel;l are also. made of wood. Starch is generally added slQwly to the sQlutiQn 
of the ammQnium and z~c, chlorid~ and Qther salts. - 'l;he mixing is carried 
out till a thQrough Plix is obtained. ., 

ELECTROLYTE FILLING, 

l;Ia,rul, Operation.-Thefilling of the liquid electrolyte into zinc cups may be 
cimied out by hand. The required quantity may be PQured into the cups 
or a rubbe,t bulb may be .used for:filling the cups. '.Che quantity is generally 
measured by volume. 

• M~ ~ation . ........semi and fully~automatic pumps are available fo.r 
:6Jling the electrQlyte into ,the cups. The quantity of electrolyte is regulated 
by a screw or stop guide arrangement, The parts. of the pump should be o.f 
non-cQJ;TQsive metal o.r of ebQnite. The electro.lyte is continuously mixed in 
these machines to get a conditiQn of homQgeIlQity. Th~ output. 0.( £ully-auto--
lJ;latic m?ochin~ is Q,bQu.t nve tho.usand fiJls per hour,' , 

COOKING ar CELL{;I. 

Hand' Operation,.,-.After the filling QperatiQnthe dQllies lI<re pJ?oced in the;ino 
cups and then the electrQlyte is, cooked in situ. The cells are co.oked in tray~ 
which are immersed in, a hot water trough fQr a few. min.utes te effect. gelati .. 
Jli,zatiQn of the electro.lyte. It is necessary to, s~ that the dollies, are centere<l 
~ the cups bl}fQre the cooking o.peratiQn starts, The centering is e;ffected by; 
the star-shaped bottom card-bQard washers as well as by tp.e Wp w8$hers, 
After the cooking o.pc,ration tIle cells ate preferahIy ,oool~ by dipping iA col~ 
wa~. 

M~Mne Operation.~Automatio mach1n,es are a.vai~abl", for· ca.rrying out, 
t)le Co.Qking of the cells. In these the cells a;re slowly, carried fo.rwatd in,hot. 
water.coQked there and then Iifted and carried by an attendant. Fig. 13 sh:ows. 
a photograph and Fig. 14. a view Qf the cooking t:~Qugh develo.ped. hy the, 
authQra, The cells 0 to be cooked dip gradually into hQt wa1;eJr, '.rhe heating, 
is carriell Qut from the botton, of tlie cup with a view to driving o.ut the occluded 
air frQ!Il the dQUy and the electrQlyte, The coQked cells emerge out of the hQ~ 
water quickly and are then placed in CQld wa,ter by an, a.ttendant. The ce.Qs. 
~e carr~ed in.tQ an,d out o.f the hQt water over a perforated br~3s s19Ping plat-. 
for:tIl by all endless chaiq arrangement. Wa,ter is heated in a bQiler T' by gas. 
and CQnstan.tly circulated ~,thetrough by a pump P, driven by iI. mot;or M .. 
The output of this machine depends UpOll the temperature of the. hot, water· 
and the speed of the endless chain. which is determine,d by the time r~quired, 
fo.r pe:rfect gelatinizatiQn, of the electrQlyte. It gjves an, output of ~P9ut two.. 
thQusand cells per day of eight hours wQrking, when the temperature, of the. 
water is abQut 70°0 an.d the time required fQr the t:ravel of the cells thrQu~h the, 
trough is Il>bout cleven, minutes. ~he poWef ~quircq for thi& D,l,achine is about;, 
l/8R.1'. 
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SEALING THE CELLS, 
The cells a.re sealed after the cooking operation. The sealing· compound. 

at the pitch is heated in a boiler and then poured over the top card-board 
'Washers. A micro flame is played over the surface to get a unifor~ and perfect 
sealing. 

LABELLING THE CELLS. 

The completed cells are either wrapped in thick paper or are put on Ii card" 
board jacket with a suitable trade label pasted over them. The wrapping 

. 

FIG. u,. 
Automatic Cooking 'Trough. 
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may be carried out by hand or by machines. The labels are generally perforat.ed 
in code to indicate the da.te of manufacture. . . . 

AsSEMBLING T1IE CELLS. 

If the cells are to be assembled to {onn a battery they are not wra.pped in 
paper or in a jacket. Individual cells a.re connected to_each other by a soldered 
brass strip, one end soldered to the can while the other is soldered to the brass 
cap of the next cell. Each cell is suitably insulated from the others by paraffin:. 
ed cardboard washers. The whole unit is placed in. a cardboard box of suitable 

. size, and the intervening space is filled by sealing pitch. End and intenne· 
diate connections are suitably brought out to obtain the necessary voltage taps. 

The unit cells. or the batteries are then sent to t:qe testing department, 
for testing and inspectio~ which aspects a.re separa.tely droIt with in. a.nother 
chapter. . 



TESTING. 

, .Thll necessity of regularly testing the flnil!he<.t product, which in"ol~M 
I large number of variables in its manufacture, cannot be over-emphasized. 
A careful observation of th~ chara,cteristics of the finished prOliuct will help 
to remove the defects in the materials and in the manufacturing process,' 
which would otherwise persist and allow the standard of quality to deteriorate. 

The factory testing of cells Dlliy be divided into two broad divisions:. 
(1) control tests and (2), service testa. 

OONTBoL TtsJ's. 

'These tests are undertaken to find the defElctiV'e 06& in any particular 
'batch. The simplest method is to measure the op~n circuit voltage of the 
cells with a high resistance voltmeter. This measurement may be carried 
out on the third or the fourth day after the manufacture to allow sufficient 
time for faulty cells to develop the defects and consequently to run down in 
open-circuit voltage. Defective cells also. show a higher internal r.esistance 
than the good ones and therefore can be picked out by mellsurement of their 
internal resistance. This test being more elaborate is not U!Jually employed. 
A quick but drastic test giving a rough measure of the internal resistance, 
and adopted by many manruactt1rerS is known as the short-cireuit test. This 
test is carried out by momentarily short·citcuitinga, cell through Ii, low resis
tance dead-beat ammeter and noting the maximum deflection of the needle. 
Defective cells will give a lower reading due to their higher internal resistance. 
This test is helpful in picking out defective cells, but should not be depended 
"poa for comparing the output capacities of cells of different makes (1111,. 

As the test indicates the internal resistance, some conclusions mBy be drawn 
as to the ingredients in the case of new cells. Rather high currents for any 
size indicate an excessive amount of graphite, reducing thereby the manganese 
dioxide' content below the proportion necessary for· good depolarisation. 
Unduly low c\1rtents may be due to the use of cheaper materials or othet 
defects. 

After the two oontrol tellts delicribed above, cells may be sent to the. 
dealers. However a certain percentage (0'1 to 0-2 per cent.) of the manu
factured cells should be seleoted at random for finding out the lIervioe charac
teristics. 

SERvtct TPlS'l's. 

, Service tests generally include measuremElnt of: (1) Open-circuit 
\toltage (2) Internal Resistance (3) Polarisation (4) Life output capacit:r,and 
(5) Shelf-life tests. 

Open circuit voltage.-This' is meast1red with a high resistance voltmeter 
having a resistance of at least 500 ohms. per volt. The voltage ofa cell is made 
up of the voltage between tinc and electrolyte and between electrolyte and 
carbon-manganese mix, and depends upon the hydrogen ion concentration of 
the electrolyte. The capacity of a cell does not depend upon the initial open
circuit voltage. 
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Internal Resistd/n~.-A freshly prepared cell has a certain definite internal 
resistance, depending chiefly upon the specific resistance of the electrolyte 
the electrodes and the size of the electrodes and their distance apart. But 
when a cell is discharged various compounds are formed due to the electro~ , 
chemical reactiops, whioh give rise to higher valuel of the internal resistance 
of the cell.' . 

The internal resistance can be measured by the potentiometer method, by 
the A.C. bridge method or by the voltage drop method. The first two methods 
being elaborate, the last one is generally adopted for all practical 
:purposes. In this the resispance is measured by observing the value of the 
:potential difference upon momentarily closing a cell through a known external 
resistance, and may be obtained by the equation 

E~El 
R= ~xRa. 

where R is the internal resistance of a cell, E is the initial open circuit voltage, 
:El is the closed circuit v<?ltage and Ra is the external resistance. In the above 
equation it is assumed that E remains unchanged by the cUrrent that is 
generated. Although the value of R satisfies the above equation, it will not 
be the true value of the internal resistance as polarisation takes place when 
the circuit is closed. To avoid effects of polarisation the first two methods 
will have to. be adopted. Table VIII shows the internal resistance of a few 
reputed makes of torch light cells from the market measured against an external 
resistance of one ohm. The capacity of a cell however does not dep'end 
upon the initial internal resistance. 

TABLE WI. 

IntmuJl Resisklnoe oj Bag Type oj Cells on the market. Si:ae 11" diameterx 
2-3/8" height. 

lio. No. of cells Open·oircuit voltage. Internal Resistance. 
Teated. Volta. Ohms. 

- 24, . 1'68 
, 

0'210 1 

II 36 Nl6 0-210 

a 12 l-1i6 0'230 

4. 36 1-1i5 0·230 

5 36 1-61 0-180' 
.' 

6 36 1'68 0-11i5 

,- U 1-88 0>161 . 
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FIG. 15. 

When a cen is discharged through a constant external" resistance, the 
current drops down slowly from its initial value. The fall in the initial stages 
is mostly due to polaruation, but as the discharge proceeds, it is mostly due to 
exhaustion of the cell. It may also be due to an increase in the internal resis
tance of the cell. It h not so much due to the drying out of the cell, which is 
a minor cause, since the electrochemical action during discharge gives rise to 
the formation of W&ter. If an old cell is put on discharge or even with a new 
cell during the latter part of an intermittent discharge the current is Bome
times found to rise from its initial value for a short time, due to the lowering 
of the internal resistance, sa a result of the formation of water. 

Ail the dischatg'l prooeeds, the manganese dioxide gets reduced and the 
active surface of the electrode moves towards the Centre which increases the 
path between the anode and the cathode, thereby increasing the internal 
resistance of the call, The rise in internal resistance is also due to the formation 
of insoluble double chlorides" which settle on the zinc and the dolly 
surface and thus restrict the available path for the How of the current. In 
Fig. 15 the rise in internal resistance of dry cells during the intermittent dis
charge periods is shown. The resistance of the cell was measured against the 
discharge resistance at the beginning of every discharge period by the voltage 
drop method. The rise is little in the beginning but increases rapidly to large 
values towards the end. Curves A and B show a peculiar shape because after 
a certain period, the resistance falls off, due to fo~tion of water, and then: 
Jises again. 



,Polar~ation . Test:-The test is. not· generally c~rri~~. ~ut . on torch light 
eells, but IS carrIed out. on larger Slze cells. PolansatlOn IS a serious defect 
the seriousness of which depends upon the use for, which the cell is intended: 
The test may be oarried out by discharging the cell either through ~ constant 
resistance or at a constant current to' which the cell is subjected during its 
normal service period, and then measuring the polarisation for the particular 
conditions. Polarisation in a cell increases till the rate of depo~risation is 

_ equal to that of polarisation, and therefore the test should be continued for 
,such a length of time that a steady state is attained or it should be carried out 
,for a period that is likely to be required under service conditions. In this 
test the initial voltage E of the cell is noted I1nd after the discharge period is 
over the circuit is bro~en, and the voltage El is noted immediately afterwards. 

The difference E-El is the polarisation and ~F} ~ 100 is the perc~ntage 
polarisation. 

With the oonstant. resistance discharge method the cells can be easily 
oompared, but the current generated is not the same in each case because it is 
higher when polarisation is less than when it is more. In this test, therefore, 
&. cell which polarises slightly is put to ~ more seVere test than one in which 
polarisation is highet. 

. Life Test.-As dry cells and batteries are used in various fields of applica· 
tion, a number of tests will have to be devised to have a life test corresponding 
to the actual ser',rice conditions. Such a procedure would often make the 
testing elaborate and cumbersome. Certain arbitary tests, as few as possible, 
should be adopted corresponding roughly to the most common uses of the 
cells and batteries. Governments and large purchasing authorities of various 
countries have standardised these tests and have issued the necessary testing 
specifications. Anyone or more tests that may be convenient to work out 
may be chosen from the st~ndardised ones. , 

Dry cells and batteries are generally used on constant resistance or cons· 
tant current circuits. The service may be of a continuous or intermittent 
nature. The tests may therefore be divided into the following broad divisions: 
(1) Oontinuous tests of oonstant current or constant resistance nature and (2) 
Intermittent tests ot constant current or constant resistance nature. 

The test chOsen should approximate as nearly as possible to the conditions 
ocourring in actual service. If a cell is used continuously or for the most part 
ot the time, continuous test should be used. Intermittent tests should be 
used when oontinuous tests do not approximate to service conditions, and the 
periods of discharge and rest should be carefully determined, as the recupera· 
tion of the cell during the rest period considerably influences its output capa· 
city. Intermittent tests are generally carried out by ~eans of automatic 
arranaements (23,190,128, 132).· Use of automatic gear becomes necessary 
if dis~harge and rest periods are of only a few minutes' duration or if all the 

, dischar~e periods do not fall during the regu19.r working hours, or if there are 
thousands of oells to be tested at the same time. Due to the complicated 
nature of the intermittent test, the continuous test is sometimes adopted even 
when the IIonticipated service is rather different. 
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• .In intermittent tests if the voltage of a cell falls little on closed circuit, 
it .will not need to recuperate much. so that a cell which polarises considerably 
Wlll often have greater recuperative power than another which polarises less. 
A large proportion of the recuperation of a cell takes place shortly after the 
discharge circuit is opened. In tests where the period of testing is considerably 
prolonged, the output capacity instead of increasing due to the recuperation 
period decreases due to the self-discharge taking place in the idle period. 

When the condition regarding the time of test is decided, the mode of 
discharge of the cells should next be oonsidered. Dry cells and batteries are 
generally used at low discharge rates. The cells tnay be discharged through 
constant resistance or at constant currents, the values for which should approxi
mate as far as possible to the actual service conditions. Intermittent testing 
at constant current is casier to carry out than intermittent testing through 
constant resistanoe, as with the former system a large number of cells can 
be tested in aeries with one oontrolling resistance and with one cut-in and cut
out switch. This does away with the necessity of breaking the circuit for every 
cell, When. a constant external resistance circuit is UBed. 

End Points of Discharge.-The discharge curve of a dry cell has no ~arked 
natural end point 8S is the case with a lead-acid storage cell. The end point 
of discharge should therefore be Sllch that an apparatus using the cell will fail 
to work after the end point is reached. Cells are used for so many different 
purposes that it is difficult to docide upon any definite end point. Two end. 
points are generally chosen. They are ()'75 volts and 0·90 volts per cell on 
closed circuit for the heavy intermittent and continuous dischar~ and for 
the light intermittent discharges respectively. 

With the above end points it will take about a month or more before 
results of the test become known. This period may be too long for a manufac
turing concern that desires to effect ch~nges in the products as quickly as 
possible, To shorten the testing period, sometimes a higher end voltage of 
1·1 volts is ohosel\ (u1). Fig. 16 shows the capacity of cells at different end 
voltages. 

Number qf cells required for life test.-The minimum number of cells to be 
selected for life test should be three. The cells may be tested in series, but it 
is preferable to test them individually rather than in series, because the 
average obtained by the series arrangement is not necessarily the same as the 
average obtained by testing the cells separately and then averaging the results. 

The quality of a cell is affected by several uncontrolled variables in 
a factory such as the conditions during manufacture and the quality of raw 
materials. These variables produce cells with varying output. This varia
tion may be of the order of ten to fifteen per'cent. between individual ceII!. 
From statistical considerations, it is better to get an average output figure for 
'a large number of cells than for a smaller batch in which an attempt has been 
made to control the variables. 
llU07CD 
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FIG. 16. 

Rating of the cclls.~The outP\lt capacity of a cell may be ghren in days 
hours, minutes, ampere-hours or in watt-hours. The output depends upon 
the drain to which a cell is subjected, and therefore it is not a specific quantity. 
The procedure of rating the cells in terms of time is simple and of practical 
value, as it denotes the actual service that Cltn be,expected from a cell, and it 
has been adopt.ed in many countries. :MellSurement of the capacity in ampere· 
hours or watt-hours entails II certain amount of calculation work to obtain 
the output figures. NowadllYs the capa.city in ampere-hours is not generally 
given. The method of rating the output capacity in watt-hours, though it 
involves more work, is satisfactory as it indicates the actual work that may 
be obtained from a cen,and thereby forms a better scientific basis of comparison. 

If a cell is discharged at constant current, the watt:-hour· capacity is 
obtained from:-

W.H.=IEH. 
where I is the discharge current, E is the average voltage during discharge and 
H is the total time of discharge. If 8t cell is discharged through a constant 
resistance, the ea.pacity is given by the. following equation. 

E2 .. 
W.H. = .lr'xH 

whereEis the average volt~ge during discharge; R is the external resistance 
through whlch the ceU is discharged and It is the total time of disch~ge. 



43 

Shelf Life Tesis.-.Cjhelf life tests on dry cells are important, as users of 
cells are generally interested in knowing the capacity of a cell after a period of 
storing. Initial tests indicate the available capacity when the cells are fresh, 
while shelf tests give an idea of the decrease in capacity due to deterioration 
on storage. The lowering in capacity during storage is different with -different 
makes of cells. The cheaper and less reliable makes will be useless after only 
a few months' shelf period. Initial tests are useful when cells are to be used 
shortly after manufacture. If however the cells are to be used on light drains 
or on intermittent service of long duration or are not to be used for some time 
after the manufacture, the initial tests are of not much practical value. Shelf 
tests in such cases are important. Cells givmg high output i.ri the initial tests 
may fall rapidly after a storage period of only a month or two, while others 
showing moderate capacity on initial tests may continue to deliver almost the 
Ilame amount even after six ·months' storage period. The latter type is pre
ferable for giving a guarantee or for sending to distant places. Fig. 17 
shows the output capacity of cells 'of differellt makes on shelf tests. The 
cells were tested in a constant temperature constant humidity room according 
to theprooed.urc described in a paper by Yerman ad Joglekar (118). 

INFLUENCE. OF TEMPERATUR~ 
open Circuit Voltage~-It is well known that the temperature variations 

affect the eharacteristics of a dry cell. The effect of temperature on the open 
circuit voltage is small a.nd may be nelgected for all practical purposes. The 
temperature ctefficient is positive(13S) within the or:linary range of temper~ 
t1ll'e. 

Slum· Circuit Current.-Short circuit current increases at the rate of 
approximately on~ ampere for each 3°C. rise in temperature between.Oo and 
25°C., and at higher temperat~es the rate of rise is somewhat less (lSi) • 
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Output Oapacity.-The . temperature rrefficient of capacity is positive 
and varies with the type of test and also with the brand of cells(93, 104, 132). This 
variation makes it difficult to judge the capacity of a cell at any . temperature 
from the known figures at a particular standard temperature. 

Shelf Life Tests.-The effect of high temperatures on shelf life is dele
terious. An increase in temperature assists the chemical reactions within the 
cell which tend to. deteriorate it. Cells therefore should be stored in a cool 
place. Capacity of a cell is increased by raising the temperature when the 
discharge rate is high. In low discharge tests when a cell takes a considerable 
period to complete the test a low temperature is preferable so as to reduce the 
harmful effect of high temperature on the shelf life of t~e cell. 

At low temperatures a cell gives less capacity than when discharged at 
normal temperatures. This diminution'is due to many causes. The chemical 
reactivity slacknens with the lowering of the temperature. Apart from this, 
the solubility of the by-prodllcts of reaction decreases with the temperature. 
The salts in the electrolyte crystallise out and congest the pores, thereby in
creasing the inner resistance of the cell. The conductivity of the electrolyte 
also decreases with the decreasing temperature. The harmful effects of low 
temperature may be counteracted to some extent by making suitable modi
fications in the electrolyte mixtures. 

From the above discussion it will be seen that the temperature in1luences 
Jhe capacity of a cell to a considerable extent. In a sub-continentlike India, 
where the temperature varies considerably from place to place and also varies 
considerably at different times of the year, the result of even routine work 
'Would, vary considerably with the natural variations of temperatures in a 
room. The greater accuracy that is necessary for research and development 
work cannot be obtained by testing the cells at room temperatures. With a 
view to avoiding the effects of the variations in temperatures res~ch.1abora
tories should be maintained under constant temperature conditions. 

Relationship between various tests.-Tests carried out in a laboratory are 
at best approximations to the service qualities of cells. It is therefore 
necessary to correlate the laboratory data with the actual performance of cells . 
in service. Attempts have been made by various workers to find out this 
correlation between various conditions of test (01,93,136). The knowledge 
of the relationship between various tests would make it possible to carry out 
one rapid discharge on a dry cell and from such data to predict the perform
ance of the cell under a variety of discharge conditions, thereby eliminating 
a large number of discharge tests. This ideal, however, has not yet been 
attained. 



45 

DEFECTS. 

In the foregoing chapters it Was pointed out that unles!l a proper check 
is maintained in the selection of raw materials and on each of the manufactur-· 
ing operations defects will be observed in the finished products. These defects 
generally develop to an appreciable extent within the first few weeks of manu
facture, and are sometimes noticed visually or detected when voltage and swn
circuit current are measured. The defects may be summarised as.:-

(1) Bulging and/or pus~ out ·of the sealing compound. 
(2) Pushing out of the carbon rod. 

(3) Pressing out of the zinc can bottom in soldered cans. 

(4) Creeping of the electrolyte along the walls of the can. 

(5) Creeping of the eleotrolyte along the carbon rod and subsequent 
corrosion of the brass terminal cap. 

(6) Pitting of the zinc cans. 

As it is difficult to attribute any particular cause for these defects, a series 
of careful experiments have to be carried out toeliminate them. The fust 
three defects listed above are due'to the high pressure developed by the entrap· 
ped gases within the cell. In order to prevent these defects the entrapped 
gas must be vented out through the joint between the sealing compound and 
the zinc can or through the carbon electrode. In some cells the brass cap has 
a tiny hole or is slitted at the top for allowing the gas to escape through it. 
The gas finds its way tQ the cap through the porous carbon electrode, but this 
may be prevented if carbon rod has been excessively paraffined. Paraffining 
should therefore be judiciously carried out to prevent the passage of electro
lyte but to allow free passage to the gases. Sometimes the zinc can is provided 
with a tiny hole at the top near the groove just below the top cardboard washer 
to allow these gases to escape. 

The excessive generation of gases during the Drst few weeks of manufac
ture may be due partly to internal short circuits between the zinc and the de
poIariser material, which might be adhering to the outside of the dolly or which 
might have found its way out during the tying or capping operation. Care 
should be taken to avoid these short circuits. Gases may also have their origin 
in starch flour of inferior, quality, which might have been used for gelatinizing 
purposes. This ~an be prevented by using good quality materials. 

The pressing out of the zinc bottom occurs only if the soldered joints are 
not sufficiently strong. Sometimes electrolyte is also seen coming out at the 
bottom through pin holes in the soldered portion. These defects can be easily 
eliminated by careful control of soldering operation and inspection of finished 
cans before cell assembly. 

The electrolyte sometimes creeps along the vertical soldered joint, and 
if the sealing at the top is defective, it comes out and spoils the outside of the 
cell or other adjoining cells in a battery. It also creeps along the vertical 
1issures if any, and along the vertical grooves in a carbon rod ~nd corrodes the 
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brass caps. Faulty carbon rods should not therefore be used. It is also prefer
able to have vertical dents on the carbon rod instead of grooves . 

. Direct internal shorts taking place during the asseinblingof a c~ll lower. 
the voltage in a few days' time. These may be detected by open circuit volt
age measurements. Due to internal short-circuits, the· zinc can is eaten up 
locally and becomes pitted. Harmful impurities either from the electrolyte 
and/or from the depolarising mixture travel to the zinc can, and develop local 
galvanic cells and cause the pitting of the can. These defects :may be prevented 
by controlling .the purity of raw materials. 
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ECONOMICS .. 

In running a ntanufactuting concern successfully, it is necessary to II.sses! 
col'1'6ctly the cost of production. Not only should the total cost be known 
cortMtly, but it is also necessary to know the cost .ofproduction at' every 
stage of manufacture. Such a procedure 'Would help to effect econolIlies in 
the cost of production Without' deteriorating the quality. Attention should 
be. paid to the cost and sel6ction of the raw ntaterials consistent with thei!! 
quality and suitability for manufacture. Attention is also necessary at avery 
stage to find the wastage in the manufacturing proceSs and for the subsequent 
substitution of new devices or combination of two or more operationS by special 
lIlaohinery to reduce it. 

Fig. 18 shows:a flow sheet of dry cell ntaIiufacture;' A hypothetical case 
has been worked out below showing the cost of manufacture of dry cells in the 
smallest factory unit considered economic for Indian conditioIl8. The output 
of the factory is taken ~t a figure of 8,000 cells a day With a monthly production 
of 200,000 cells. The size of cell manufactured is taken as It/l dia. X 2-3/811 height, 
The price I of raw materials, ntachines and the labour charges .are assumed 
to be those current before the 'War and are somewhat on the higher f1ide. 

On the basis of the above production figUres the fa.ctory would. require a 
total floor area of about 3,000 sq. ft. including offices and laboratories. The 
QSsumptions on which the cost of production are based are;as follows:-

CArITAL bVESTMENT. 

(1) Building 
(2) Working 'capital (equivalent roughly to 4 months' 

requirement of materials and pay of employees, etc.) 

(3) Machinery, apparatus, etc. 

(4) Laboratory and office equipment, etc. 

Total 

. (1) One Technical Manager 

(2) One Chemist 

(3) One Clerk 
(4) Six Mistries at its. 40 per month each 

(5) Fifty workers at Ril. 20 per illonth each 

(6) One bearer •• 

Total 

.. ' 

Rs. 
250 

100 

40 
240 

1,000 

20 

1,650 

Rs. 
20,000 

48,000 

28,000 

4,000 

1,00,000 

per month • 

" " 
" ". 
" " 
" " 
" .. 
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ANNUAL CHARGES. 

. (1) Interest on Capital Investment at 5 per cent. 

(2) Rates' and Taxes, etc. at 1· 25 per cent. 

(3) De]ll'eciatio'Ylr-
(a) Building 5 per cent. 

(b) Maohinery, eto., 10 per cent ... 

(c) Laboratory and offioe equipment 10 por 

B,s. 
1,000 
2,SOO 

oent. ' . 400 

(el) Maintenance 1 per oent. 280 

(4) Pay of employees 

(5) In-;urance 

(6) Power, light, etc. 

(7) Misoellaneous .• 

4,480 

Total 

Rs . 

5,000 
250 

4,4S0 

19,5OO 

1,000 

1,200 

1,00Q 

32,730 

Yearly Production •• 24,00,000 cells. 

Cos't of PRODUCT!ON. 

(1) Material cost Rs. 11,000 X 12 

(2) Annual charges 

Cost per cell :::2 1'1 anna per cell. 

Cost per gross =. 'Rs. 9·9 say Rs. 10. 

Total 

Rs. 

1,32,000 

32,730 

1,64,730 

Quality cells are generally sold at a price "'arYing between Rs. 12 and 
s. 15 per gross ex-factory. 'taking Rs. 12 as the selling price per gross to 
~alers the profit per year comes to about lts. 33,000 on an mvestment of 
s.l,OO,OOO whioh means 33 per ,oent. profi:t on th~ capital investment. The 
~tt profit will however be reduced to a certain extent depending upon the 
lcome tax, the adverti~ep1ent charge~, eto., which have not been included in the 
~ove estimate. 
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Since the OtItbreak of hostilities in Europe the economic position has l>em . 
considerably altered and became so complex that any data. collected before the 
war haft, become extremely inaccurate, and the cJllection of up-t<Hla.te figures 
Las become well-nigh impossible. In view of the constantly changing condi
tions, therefore, it has become futile to attempt an accurate estimate of dry 
cell production cost. Constant attempt is, however, being made by the authors 
to keep in touch with developments and maintamthll a.vailable data rip-to-aate:,. 
with a view to assisting anyone who may require such infopnation. 
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SYNOPSIS. 

Dry celIs have been imported into India for many years and the annual import 
figures are at present placed at over twenty lakhs of rupees. During the last few 
years the manufacture of dry celIs has been undertaken in India, and at present 
tb,ere are eight or nine firms located in different parts of the country which are pro
ducing dry celIs of various types and marketing them more or less successfully. 

The Indian firms had been importing most of the raw materials from Germany 
before the war and now they have to turn to otb."eJ; foreign countries. It is difficult 
to estimate the correct total value of the imported raw materials, but it may safely 
be assumed that the figure is not less than ten lakhs o.f rupees per year. 

The manufacture of high quality celIs and the maintenance of a consistent stand
,ud require a high degree of technical skill and knowledge of materials and manufac
turing processes. With a view to assisting the Indian manufacturers who have 
been experiencing pronounced difficulties in producing cells which will compare 
favourably with some of the well known brands available in the Indian market, a 
systematic study of dry cell manufacture was undertaken in the laboratories of the 
Government Test House, the results of which have been presented in this bulletin. 

In addit:on to this a survey of the indigenous raw' materials was carried out with 
a view to replacing foreign products in the manufacture of dry cells. As a result of 
this survey certain Indian manganese ores have been found which are capable of ' 
giving as good output results as foreign ores of good quality. Many of the Indian 
manufacturers, on the basis of the researches carried out and described in this bulle
tin, have already resorted to the use of Indian manganese ores. 

The results embodied in this bulletin represent researches which covered several 
years. An exhaustive bibliography is appended so as to assist and encourage ori
ginal investigations in this line. 

The chapter dealing with the economic aspects of the industry will be of parti
cular interest to prospective manufacturers. 

In presenting the data obtained on the various aspects of the subject, it has been 
th~ endeavour of the authors to avoid, as far as possible, highly academic discussions 
of the \>'arious problems involved and to concentrate chiefly on matters immediately 
ooncerned with the iIldu~trial aspects. 



. ~ J:' INTRODUCTION . 

Tbedty'c;eU . ~~ 'c9~only understood hi- a prilllary cell of the LeclancM type. 
It cons~~of a.zmcsheet 'container, which acts as an anode, a dolly containing a 
depolansmg mixture pressed around a carbon rod, which acts as a oathode, and an 
electrolyte in .the form, of a stiff paste oontainingammonium chloride, zinc chloride 
and other chemioals. :cDrycells are not dry in the true sense of the term, but the eleo
trolyte in them: is gelatinized so that it does not spill during handling. As a matter 
of mct • great deal of effort is always made to oonserve the moisture in the electrolyte 
for :the electrocherilioal reactions. to proceed effioiently. 

Dry'cells maybe divided into two broad division~, viz., the bag type and: the 
paoked type :cells. 'Only the first type is manufaotured in India, while the .eaond 
type 'Of the ~lls a.vall&ble on the 'market are of foreign origin. The dimensions 
of the mOllt cointtlon sizes of flash light cells on the market are given in Table I, apart 
from which certain speoial sizes are manufaotured for the Government departments 
and for special requirements. Batteries are made by assembling the required number 
of these cells together. -Batteries for speoial purposes are also available on the market 
but have a restrioted sale. 

TABLE I. 
Common Sizes of Dry Cel18 on the Market. 

No. Diameter. . Height. 
1· li·In. 2i-In. 
J 1 .. Ii .. 
3 H·.. In- .. 
• ~-.. 2 

IMPORTS, 

nry cellS have been. imported into India for a considerable number of years. 
Only within the last few years, the manufaoture of dry oells has been undertaken 
in India, and at present there are about eight to nine firms located in different parts 
of the country which are' producing dry cells of various type3 and marketing them 
more or less successfully. 

Tab,l4l II shows the imports into India of this cOIwuodity for the last few:y~~rs. 
,Thefigure~have been taken from 1;,he Annual Statements of the Sea-Borne trade 
of India, wherein they appear under the heading" Batteries ", The quantity im· 
ported is not given in these statements. From the year 1937-38 separate figures 
for flash light batteries and batteries for other purposes an: given. Most of the im
ports are from the United States of America. Next in importance a e the imports 
from the British Empire, Germany, China and Japan, It will be seen from the 
Table II that Inma has been importing for the last few yea B dry cells worth about 
twenty to twenty-five lakhs of rupees per annum, Furthermore, most of the manu
facturing firms in India have been impo:::ting almo ,t all the raw materials for the 
manufacture of cells from Germany, but since the outbreak of the war, their atten
tion has been diverted to other foreign countries. It is difficult to estimate the correct 
total_ 'Value of the impotts or ills finished and semi-fin:Shed material , but it may 
safely be ~umed that -the figUro is not less than ten lakhs of rupees per annum. 

• . The development'of this~iildusti'y in India being of comparatively recent origin. 
the manufacturers are experi&.ncirig difficulties usUally encountered in the early sta.ges 
of an industry. Apart fronfthiidiffieu1ties raised by the present war conditions 
it. m~ be JX>~ted out that-the dependence of an industry on foreign semi-finished 

• ~ted .. DUI me ill die B,S. Specifioatioa. 
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ms.teria's cannot be regarded as a healthy sign. It was with a view to developing 
indigenous resources of raw materials and assisting in other technical matters that a 
systematic study of dry cell manufacture was undertaken in the laboratories of the 
Government Test House. Experience gained during this work has enabled the 
authors to compile this bulletin in which have been collected all such 1iechnical data 
as are considered to be of value to dry cell manufacturers. '. 

The import figures for the year 1937-38 and 1938-39 show that more than eighty 
per cent. of the total imports were of flash light cells .. ' Accordingly, the subject dealt 
with in this bulletin is mostly concerned with these sizes; but other sizes may be 
similarly manufactured, there being little differences in the manufacturing processes. 
As the Indian manufacturers mostly use hand-operated machines, these have been 
dealt with in detail and a brief description of the other types of machines has also 
been included. The machines developed in these laboratories during the courl:\e·of 
the work have also been described. References to original pu.blications are cited so 
as to assist in stimulating scientific interest and .encouraging.original.investigation. 

TABLE II. 
Imports of Baueries i1lto India. 

, 
Year. 1930·31. 1931·32. 1932·33. 1933·34. 1934-35. 1935-36. 1936-37. 1937·38.. 1938-39. 

--- -BB. BB. BB. BB. Ra. : Ra. BB. Ra. Ra. 

Total British Em. 2,36,373 2,10,242 3,77,854 2,37,946 2,00,961 2,36,802 3,01,M7, 2,61,l1M 2,46,037 
pile. 

Germa.ny .. 2,74,554 1,49,734 1,35,899 2,24,778 1,80,410 1,55,479 3,08,482 4,40,687 3,76,526 

Cbin& (exolusive 496 30,730 46,378 26,006 25,623 19,023 82,M7 43,269 85,499 
of HongkoDg 
and Macao). 

Japan .. 93 1,129 8,092 42,188 57,691 32,966 24,361 71,990 3,041 

U.8. A. " 7,46,730 7,15,880 7,15,265 8,16,438 10,29,696 16,04,1114 18,68,885 16!92,813 14,35,278 

Other foreign 23,330 0.140 3,700 7.014- 9,584 12,413 6,441 10,413 M91 
oountriee, ---------------------------
GlIIIId Total •• 12,81,676 11,16.855 12,86,278 13,64,269 16.08,965 20,61,246 25,73,063 26,20,325 21,52,071 

---------------- ----------
I'1aabligbt Batte- .. .. .. .. .. ., .. 23,11,529 19.68,288 

riM. 
)l'or other purpo- .. .. .. .. .. . . .. 3.os.796 1,93.783 -
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THEORY. 

It is proposed in this chapter 'to deal briefly with the theory of the electrochemi .... 
ea~ and secondary che~cal reactions which take place in a dry cell. A, careful per
usal of the published literatuxe shows that though the complete theory is not yet 
~y understood, the fundamental reactions and basic processes are fa.irly well known. 

The major electro-chemical reactions take place between the zinc anode, the 
electrolyte containing ammonium chloride and the carbon-manganese dioxide com~ 
posite cathode. The reaction between the zinc and the ammonium chloride may be 
shown as follows :-

Zn + 2NH,Cl= ZnCl,. +2NH, (1) 
, 2NH,--""2NHa +lIs (2) , 

The hydrogen liberated is oxidized by the manganese dioxide and this reaction may 
be represented by 

2MnO. + lIs = Mns0. + lIsO (3) 
Combining (1), (2) and (3). we get 

Zn + 2NH,Cl + 2MnO. = Znc~ + MnsOa + 2NHa +~O (4) 
The above may also be presented a.s ionic reactions as f~nows :-

Zn= Zn+++ 28 (5 

- 2 8 + 2NH: == 2NH, (6) 
or together as , . + 

Zn + 2NH, = Zn +++ 2NH, (7) 
The ammonium ion is a stable unit but the anmonium radical being unstab:e, it splits 
up into ammonia and hydrogen. 

, NH, ----.. NHI + H (8) 
The reaction between zinc and ammonium chloride is considerably retarded by the 
generated hydrogen which accumulates on the zinc surface, thus giving rise to pola
risation effects. It can however continue if the ammonium ion is removedb1 feed~ 
ing electrons at the carbon electrode, which is accomplished by connecting zinc and 
carbon electrode through an -outside circu:t. The reaction is again retarded by hydro
gen depositing on the carbon electrode. For the continuation of the reaction it is 
neCessary to remove ,hydrogen, which is aC(l'omplished by oxidising it to water by 
the action of MnO. as expressed in equation (3) above. According -to Daniels (28)* 

this reaction is not of the gas phase-solid surfa,ce type but ionic in character. 
During discharge, as the generated hydrogen is being oxidized, the concentra

'tion of the hydroxyl ions increases continuously. This increases the pH of the elec
trolyte solution which in turn reduces the voltage of the cell, as the voltage depends 
upon the pH value. On exhaustive drain the reduction of voltage cannot entirely be 
accounted for by the pH of the solution; it also depends on various other factors, 
such as the formation of lower oxides of manganese. 

It will be seen from the above discussion that Mn02 only'remove hydrogen but 
is not ab e to prevent the continuously increasing alkalinity due 'to accumulalion of 
ammonia. This accumulation forms a serious obstacle in the efficient working of a 
ce 1. Ammonia that is generated is absorbed by the electrolyte solution and forms 
ammonium hydroxide. 

, , + 
NH. + lIsO :::: NH, OR = NH, + OH (9) 

• Superior Dumbers Jefer t.o those in the Bibliogmphy. 



Ammonia also reacts with zinc chloride in the electrolyte solution, ana forms a 
doub:echloride accordin.g to the following equa1ii,on:- '; ':. J.: , . '" ("c; j 

ZnCI ll + 2NHa = ZnCI.,2NHa " .. ,., ••• , ..• ; .................... j ... ':"'! ,(W) 

~, . .AS the discharge proceeds and the cell begihs. to getexhaillited, the tllectroIyte 
gets considerably impoverished of ammoniUm chloride and a' third rell.Ctiol1 becomes 
possible,.'viz :- ':.. " 

' .. , +, .. -, , 
NHa + H20+ZnCI2=Zn(OH)Cl+ NH,CI=Zn(OH)Cl+NH, +9.1·, ... ·.~.(ll)' 

Precipitation of this basic zinc chloride is more harmful' than the': fo~mation. of 
ZnCll1·2NHa, . 

, • :.. • '- . I " ~ 

Kaneko (1') tried to determine the nature of the cpll.reaction"l by c,?mputing 
thermodynamically the E. M. F. which a given react:on~,oUId'produce,and compare 
this with the actual measured value. In addition to the' depolarising' 'action of 
Mn0a, he also considered the depolarisation by oxygen. Kaneko conSidered the follow-
ing reactions ;- \ . ,~' .. ,' ,;-. " '. " , 

Zn + 2MnOa + 2NH,Cl = Zn (NHs). CIa + ~Oa' :,V~O: . : ., .. , .. , . (12) 
2Zn + 3MnOa-t'4NH,C't = 2Zn(NHa)a ci~ + Mna0,+2l'IaO"" .',' .. ,(13 
Zn + MnOz + 2NH,CI =Zn(NHa)a CIa + OnO+HaO ,:. : ,' .. '" ~ , . , . , .. (14) \ . . .. I . 

'Zn +108 + 2NH,CI= Zn(NHa)z CI. + H20 .... ,.,:,.,", .. :., .'. ,', .. (15) 
The calculated values of E. M. F. for the above reactions. were 1· 605,V,1-367 V. 
1·160 V, and 1·720 V respectively. Kaneko concluded thll.t smce tn&- fneasured 
value was 1·63 V, the first reaction was most probably the one that takes place iii 
the cell, . . ' .,.t- . 

, I ,; • ,\' It.. . ' 

Thompson (125) has carried out similar calcula~ions which indicate that the high 
initial voltage of a cell h due to atmospheric oxygen ~bsorbed on the .9ioxide .. '\Vhen 
this is used up, the voltage drops to the MnO. value. Oxygen absorbed on carbon 
does not depolarise hydrogen as well as that, ab~orbed on manganese ~oxide, .and 

. th~ fonnation of ZnCla.2NHs is secondarl. and does not contribu~ to th~ energy 
. of, the cell. . . 

. , ,1 : ( ; " J 

. It will be,seen from the above discussion .that fo~ !loll pra~tical purposes, the 
equation, . ., 

Zn+ 2&0. +2NH,Cl =ZnCI •. 2NH.+ ~O.,+ HllO .............. (16) 
'In.&y be taken as representing the mo.,t important cell reaction. . 



MANUFACTURE .. 
.b mentioned betore, dry cells may be divided into two broad types, wz., the 

packed. type and the bag type of cells. It is not proposed to deal here with the merits 
an~ demerits of the two types, but since the packed type of cells are not manufac
tured in India, only a brief description of this type will be given, while the· bag type 
will be discussed in fuller detail. . 

PACKED TYl'E OF CELLS. 

. In Fig. 1 is shown the cross-section of this type of cell of the torch light size. 
Inside the outer wrapping of paper or jacket is a zinc can .which serves as the anode 
of the cell and also as a container for the electrolyte and the cathode. The· cathode 
and th~ anode are separated from each other by means of absorbent paper, which is 
moistened with the electrolyte and pasted to the zinc surface by means of the electro
lyte paste. The bottom of the cathode is insulated from the. can ~y means . of 
paraffined cardboard disc. The cathode consists of a depolarising mixture and ~ carbon 
rod for conducting the current to the outside circuit. The depo.larising mixture 
consists of manganese dioxide, graphite, soot o.r lampblack, and is mois~ned with the 
electrolyte solution. At the start the paper is pasted to the zinc can, the bottom 
insulating cardboard piece is inserted and then the carbon rod is· placed centrally in 
the can and afterwards the depolarising mixtu:e is pressed around it to get a firm: 
contact between it and the mixture. During tamping care has to,be taken to see 
that the zinc can is not broken due to excessive pressure. The depolarising 
mixture ie then cove ed with a cardboard piece, washered., capped and then sealed . 

.-----BRASS CA.p 

,:, .,::! .... ~:~~?",. SEAL ING COMPOUND 

E=5=~~I::C.ARD BOARD AIR Sp"",c.£ 
DI::.POL.JII,.RISE:~ MIXTURE 
E.LE.CJ"ROLYTE. WITH PAPER 

~~r-CAReO~.ROD 
INC C.AN 

APE.R WRAPPING .JA~KET 

FIG. I.-Packed Type '1;'0rch Light Cell. 

BAG TYl'E OF CELL!!. 

Fig. 2 shows the cross-section of the bag type of cells. The zinc can serves the 
aame purpose as in the packed type. In these cells the depolarising mixture is not 
tamped directly into the zinc can, but is compressed in another machine, and a dolly 
is formed. The dolly is then wrapped in a piece of cloth and tied with twine .and 
introduced along with the electrolyte into the zinc can. The detaLs ofthe various 
components and operations are given below. " 

Z"nc Oan.-The zinc can may be of the soldered or of the drawn out type. It 
may be amalgamated with a weak solution of mercuric chloride or left as such. 
Amalgamation helps to increase the shelf life of the cell by retarding local action. 
A paraffined star-shaped cardboard is generally put at the bottom to insulate the 
dolly from zinc can. The comers of the star cardboard piece are turned upwards 
to prevent the dolly from moving sideways and touching the sides of the zinc can. 
Some manufacturers use plain cardboard pieces at the bottom and use strips on the 
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sides to insulate the dolly from the zino oan. Zino oans are generally grooved at the 
top to make a seat for the top cardboard over whioh the sealing compound is poured. 

'Dolly.-The cathode in a dry Cell is really a oomposite electrode made of the same 
const.tuen's as used in the packed type of cell. The depolarising mixture is pr~sed 
in dolly p:esses (see Chapter on machinery). It may be pressed round the carbon 
eleotrode or the carbon electrode may be forced into it depending upon the design of 
the dolly press. Whatever may be the process of manufacture adopted, it is essential 
to see that there is good contact between the mixture and the carbon rod. Defective 
or loose contact gives rise to higher internal resistance of the cell. The mixture should 
be pressed sufficiently hard in the mould, so that when a dolly is taken out, it does 
not crumble at the edges during the subsequent prooess or-wrapping and tying; Nor 
should the dolly be too compact, as it would then be difficult to remove it from the 
mould. Also this results in the porosity of the dolly, which is essential for the re
moval of gases generated during diScharge, being poorer. The compactness of a 
dolly also' depends upon the particle size distribution and the relative proportions 
of the variou!l constituents of the depolarising mixture, 'I1iz., manganese dioxide, 
graphite, soot, etc. 

~E.AL.ING c:.OMPO ...... D 
CE.NTE.RINCit C'l.ftD-BO_o DI~c:. 
AIR $PI'IoC.E. 

1--l-cAReoN AOD 
.... ~~:::Jo.,.....=-'_OO ... L..V 

PAPE R WR"'PPINC. .lAC-teE T 

:LINe. c:.""N 

OEPOL"RISINGa MIXTURE 

Eo LEC TROLVT£. 

WR"'PP\NQ CIo01'H' 

1;f;;:t::I::a,.-IN~ULATING CARo·eo"'RD 6P"'C£.R 

FIG. 2.-Bag Type Torch Light Cell 

-Ammonium chloride is added to the depolarising mixture to have a sufficient 
quantity of the conducting salt near the depolariser. Zinc chloride may also be 
added. The dry mixture is then moistened with the necessary amount of water 
or solution of ammonilllJ:!. or zino chloride to make it sufficiently moist for pressing 
operations. If a mixture is too moist, a part of the miXture will stick to the mould 
or the rammer, and a good doUy will not be formed. If it is too dry, satisfactory 
pres~ing will no~ be possible, as the material will crumble when the dolly is handled 
during the subsequent operations. The correct amount of moistening liquid should, 
therefore, be added. This quantity will vary with the proportion of the various 
constituents, and will also depend upon the atmospheric humidity conditions to 
a certain extent. With a. little experience, it is possible to judge the necessary 
amount of moistening liquid by feel only. 

The depolarising'mixtUre should be well mixed before it is pressed,' Defective 
'mixing gives rise to non-uniform and non-homogeneous dollies. Lack of homogeneity 
in a. dolly could cause varying currents to flow at different points of the cell, resulting 
in uneven'consumption of the zinc surface, which may lead to puncture and premature 
death of the cell. After dry mixing has been carried out the moistening solution 
'iiliould be added slowly while the mixing operation is in Ilrogress. Care shoul~ 'be 

, '1 • i ' '. 
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ta~e~ to Bee th&,t the mixture be~omes uniformly moist. During mixing operation 
grmding of the component constItuents should not take place. as this would affect 
the characteristics of the cells. 

After the mixing operation the mixture may be passed through a coarse sieve 
to bmak up the small lumps that may be formed during the mixing operation. 

The mixture may be pressed iri automatic, semi-automatic or hand-operated 
. dolly presses. The dollies should be uniform in size, i.e., height, diameter and weight. 
In order to maintain uniformity over long periods of time it is necessary to change 
the ~ress mould a~ it gets worn out. The height of the dolly: may be controlled by 
a swtable mecharusm on the dolly press and also by controlling the quantity of the 
mixture added to the press. Variation in diameter and height of the dolly gives rise 
to variation in the output. ' 

The variabl?s that play an important pa~t in the production of the dolly may 
thus be Bummansed as follows., All these vanables need to be carefully controlled 
for uniformity of the production :~ 

(1) Particle s~~ of the depolarising constituents. 
(2) Relative proportions of the depolarising constituents. 
(3) Amount of moistening liquid. 
(4) Height of dolly. 
(5)· Diameter of dolly. 
(6) Compactness or'porosity of dolly. 
(7) Weight of dolly. 

After the dollies· are pressed they are removed in suitable trays to the wrapping 
and tying department. Here the dollies are wrapped in pieces of cloth of suitable 
size and then ,tied. The cloth should be wrapped firmly round the dolly, and then 
tied with twine, in a suitable manner so that the cloth is tied firmly round the mixture. 
During the tying operation care should be taken to see that the edges of the dollyar.e 
not spoiled and no loose threads left projecting either from the· cloth or the twine 
as these are liable to cause internal short-circuits within the cell. It is also essential 
to see that no depolarising mixture particles are ~ticking on .the protruded carbon 
electrodes of the dolly as these may pass to the zinc surface and start local action. 

After the dollies are tied, the top cardboard centering pieces are placed in position 
and then the dollies are capped with brass caps in capping machines., During the 
capping operation care should be exercised to see that the carboll rod is not dislodged 
within the dolly. After the capping operation the brass capll may be dipped in hot 
paraffin, to prevent these from being corroded by electrolyte accidentally spilled 
during subsequent operations. 

Electrolyre-The electrolyte is made of ammonium chloride, zinc chloride, calcium 
of magnesium chloride or both, water,. and a gelatinizing substance such as flour or 
. starch. At first a solution of the chemicals is made without starch or flour and then 
the gelatinizing substance is added slowly while the whole is thoroughly stirred. No 
lumps should remain in the electrolyte. A measured or a weighed quantity of the 
electrolyte is poured into the zinc can, and the dolly is then placed in the can. The 
quantity of electrolyte should be such that it just comes to the top edge of t~e dolly 
but does not touch the carbon rod. Contact between the carbon rod and zmc can 
through the electrolyte fonna an internal cell of a different potential providing a path 
for internal discharge of the cell. 
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The electrolyte is, usually gelatinized round the dolly in ,itu. This is carried 
out by heating the cell in a water bath to a temperature at which gelatinization takes 
place. This operation is generally known as cooking the cells. In this operation it 
is necessary to take care that a~ bubbles are not entrapped within the gelatinized 
mass. To avoid this, the cell should be heated gradually from the bottom upwards, 
so that air bubbles are pushed up through the ungelatinized mass while the gelatini
zation proce~ds. Furthermore,' the dollies should be soaked in liquid electrolyte 
free from starch, so that the cloth gets thoroughly wetted and air bubbles excluded. 
ThiS wetting of the dolly cloth should be carried out with care, as during this process 
the dolly itself takes up a certain amount of the electrolyte. If the dolly gets satu
rated, the whole of the voids necessary for the removal of gases generated during dis
charge would be filled up with the liquid. This may cause the bulging of the cells. 
The rate of electrolyte absorption by the dolly would depend upon its initial porosity 
and on the time which passes between pressing and wetting operations. 

After the cooking operation the cells may preferably be quenched in cold water 
in order to cut short the unavoidable injurious effects that heat has on the cell. The 
cells are now ready for sealing. In order to obtain a condition of equilibrium within 
the cell, it is better to leave the cells open for about twenty-folD.' hours before sealing. 

Though the process of cooking is used by most ~nufacturers, it is not absolutely 
essential and can be dispensed with by using pregelatinized starch or by using a higher 
concentration of the electrolyte salts and the gelatinizing materials F; 113). The 
choice between the cooking and non-cooking methods of gelatinization depends on 
their relative cost. The cost of heating the cells in the first method has to be balanced 
against the higher price paid either for 'the pregelatinized starch or for the extra 
amount of electrolyte salts and the gelatinizing material. Also the wie of a higher 
concentration of the electrolyte salts may not always be advisable. 

Sealing.-Shellac composition or bituminous compounds are_generally used for 
sealing. The compound is heated until sufficiently fluid to be poured on the top 
card board washer of the cell. When the compound gem solidified again, a pointed 
flame may be played on the surfacE! of the seal to get a uniform even surface 'and to 
obtain a perfect seal round the zinc can and the carbon rod. With shellac compound 
the temperature should be maintained nearly constant at about 100°0, since higher 
temperatures bring about certain undesirable chemical changes. 

In place of the sealing compound, a fibroUs sealing board is used by some manu
facturers. This is simply pressed on the top, and the edges of the can slightly turned 
over in a simple machine. 

After the cells are sealed they are wrapped in paper or placed in cartons with the 
manufacturers trade label,which is often perforated with a code mark to indicate 
the date of manufacture. ' 

If cells are to be used for making batteries, brass strips are soldered to make con
nection between the brass cap of one cell and the zinc can of the next. The cells are 
then insulated from each other by card board strips and then placed in position in a 
box, the intervening space being filled with bituminous or shellac sealing compound. 



MATERIALS 
It is important that each of the materials used in the manufacture of cells b, 

carefully selected. In many cases it is sufficient to examine the material chemicallJ 
~nd phy~ic~lly to determine its s~itability, but in others the only dependable criterioll 
18 the tnal m actual cells. In this chapter it is proposed to discuss the characteris. 
tics of ~he var~ous ~aw ~aterials and the various criteria by which they may be judged 
regarding theIr sUltab~ty. 

MANGANESE DIOXIDE ORE. 
As discu~eed in the Chapter on Theory, mangenese dioxide functions as an active 

oxidizing agent in eliminating hydrogen which is produced· as a result of electro
chemical reaction between. zinc and· ammonium chloride. The more effectively 
hydrogen is removed the higher will be ~he output voltage of the cell and the better 
the depolarizing activity of the manganese oxide ore in the depolarizing mixture: ' 

Effectiveness of an ore, however, cannot be judged from its manganese dioxide 
content, for experience shows that ores containing as lew as 70 per cent. MnOs nla.y"be 
bet~r depolarizers than ores containing as high as 90 per cent. or more of MnOzo' 
Depolarizing efficiency of an ore depends entirely on its ability to make its oxygen 
available for oxidation of hydrogen, which ability. appears to be governed in'a comp
lex manner not only by the chemical constitution but also to a large extent by the 
physical structure of the ore*. This conclusion is based on a study carried out with 
a vie.w to establishing any correlations that might exist beween the chemical and 
phySical constitution of an ore and its efficiency in a deporizer mixture. .The details 
oftMs study will form the subject matter of a separate paper. I.t ,may, however, be 
stated that, so far as the efficacy of water of hydration of an ore is concerne.d, the. 
results show no definite empirical eorrelation except that in a general way it could 
be stated that the ores containing rather high percentages of water of hydration 
prove. to be generally more effective as compared to those that are deficient in this 
respect. 

Map.ganese dioxide occurs in nature m¥ily aSJloliani£e; pyrolusite, psilomelane, 
and wad. Polianite is hard and anhydrous. Chemically it is similar to pyrolusite 
but it has a different crystallographic form (111). Pyrolusite is usually slightly .hyd~ 
rated, to the extent of a.bout two per cent. Psilomelane may be represented as MnO. 
(Mn.Ka:Ba) O.nHzO, while wad is an impure mixture of manganese oxides and 
includes bog manganese. The last mentioned variety is usually· somewhat soft and 
light as compared with the other varieties. Besides, MnOa occurs in combination with 
other minerals such as Skemmatite (3MnOa.2Fez Oa6HaO),Hausmannite (Mn02~ 
2MnO) etc. Minerals of the MnOs type on the other hand contain as impurities 
several other minerals such as SiO .. Fe20 S etc. and varying proportions ,of .water 
of hydration. .It is not surprising, therefore, that their behaviour as depolarizer 
IIhould vary as widely as it. does. But it has ~een found that min~rals rich in psilo-
melane are often, if not always, good depolarizers.t . 

-Inaia is one of the leading countries producing and exporting maganese ores. 
A full account of the Indian ores is given in the publications of the Geological Survey 
of India (35). Though India occupies a leading position in this trade, Indian .. ores 
have not so far been extensively used for dry cell manufacture. Brown (8) has stated 
thatIndianores have been rejected for dry cell manufacture owing to their compara
tively large iron content. Those who rejected the ores did so perhaps on the basis 
of the chemical analysis only and thus failed to understand the importance of the 
physioal structure of the ore. Ores of very nearly the same composition often give 
widely different results in a dry cell • 

• Unpublished work by the Authors. 
t Unpublished work by P. K. Ghosh ~nd the AuthOl'llo 

M3DofS&IRDelhi 



10 

ltejecting ores on the basis of high iron content has been shown to be unjusti
fiable, since it has been noticed that as iron oxide in the ore instead of being harmful 
has a beneficial effect on the characteristics of cells (129). Artificial addition of 
FeaOa to the ore on the other hand has not been found to be beneficial (Table III). 
Further study of this aspect is however necessary if it is proposed to improve the poor 
ores by suitably incorporating iron oxide in them. . 

TABLE III. 
Effect of Adding Fe20a to Depolarising' Mixture. 

Experiment. No. Initial Internal Per cent. W.H. 
~o. of Cells Voltage Resistance Polarisa- capacity .. 

-, Tested. Volts. 'ohms. tion. 

L Control experiment A .. .. 3 }'64 0·26 17'0 3,42 -
;2 Substitution of Synthetio Fe.Oa to 

the extent of 2· 5 per cent. for the 
3 }·61 0'33. 15·4 3·12 

. Ore • 
II Control experiment B " .. 3 1·58. 0·22 20-8 3'34 

4 Substitution of natural FeaO. to the 
extent of 4 per cent. for the Ore. 

3 1·59 0·26 21·4 2·80 

Some twenty samples of Indian ores from various mmmg districts were examined 
for their efficiency as dry cell depolarisers and compared with foreign ores. Of these 
II.bout half a dozen have proved to be quite satisfactory. In Table IV are summarised 
the results obtained with these successful ores with and without the admixture-of 
mificial MnOa. It will be seen that addition of artificial JlrIn02 to the extent of 
ten per cent. in all these cases is necessary to obtain cell outputs appreciably In 

excess of the specification requirements of three watt hours. 
TABLE IV. 

rillectrica7 Oliaractel'istics of Oells. (11" dimn. x2l") lit, Prepared frO'In sui,table Indiem 
Ores. -'._-- , I( 

Without Art. MnO .••. 

No. Name of the Ore. Obtained from_ 
_ .. 

~ i~ 
,.lol I §~ ~ 

! fa] :lj III p;.o 
.!l.~ I>< Ei 
------

I I<eonjhar .. 1.1 ....... Bird '" Co., Mining 1'66 0·27 19·\} 2'99 
Deptt. Chart6led B80IIk 
Buildinga, Calcutta. 

II C.l'. Grade A .. 1.1 ....... The CentraiProvin· l'liS 0·26 20·8 2·19 
eel Ma.uganeae Ore Co. 

e. P. Gr&deB 
Ltd., Nagpur. e. p, 

3 ,'. Ditto .. .. 1,63 0·25 18·6 1·69 

~ Shivre.jpur No. 6 •• The Shivrajpur Syndicate 1·63 0·27 18·2 3·02 
Ltd., Agents, 1.1 ........ Kil· . lick Nixon '" Co. Ltd., 
KiIlick Building, Home 
Street, Bombay. . 

Il Mysore No.1 .. M ....... Manickavelu Mud· 1·55 0·22 18'6 2'47 
daliar Ltd., Palace Road, 
Banga.!ore. 

8 KIlIIh .. pol'B Grade C The Keahe.purMining Co. 1'66 0·27 20·4 2'65 
Keahapur Mines 1'. O. 
Chikje.j Uf, Chita.!droog Dis-
trict, Myaore State. 

7 Keehapore Grade D, Ditto .. 1'67 0'27 20·1 2'37 

a Kamate.k No.1 .. 1.1"""",. Karnata.k Chemica.! 1·57 0·25 20·0 2·54 
Works, Gade.g, BomLay, 
Preaidency~ _*_, ' ' 

• I With 10% Art. MnO . .. 
~ o\~ 

~.., 
;;0 

J j~ 
~ .!l,i 
--f--

l'li6 0·24 

1·68 0·23 

1·1)4, 0·22 

1·56 0·29 

1·58 0·23 

1'59 0·24 

1·60 0·25 

1·69 0·26 

~~-1:j 
fa 

1><0 
1><' 

--
18'8 

18·1 

17·4 

17·9 

17·9 

18·1 

IS·I\ 

1,7'1 . 

. 

a· 

3· 

3· 

3· 

3· 

3· 

64 

43 

36 

32 

3· 

3· 

25 

.6 
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Apart from the geological formation of the ore the fineness to which it is 
ground for use in ~ cells, and also the ~roportio~ of the ore :mth' graphite 
have been found to influence the d~plorisIng capacity of the ore. This capacity 
may be taken ,as more or less proportIonal to the surface of the particles making 
up the cell. It would: therefore, be expected, that an ore having a high degree 
of fineness woul~ functIOn. far more efficiently ~ha.n an ore which is coarsely ground. 
However, J?ractlCal. experIence shows that thIS IS true only upto a certain limit, 
beyond whIch the Increased fineness leads to other disturbing factors as discussed 
below. 

In order to .make the depolarising mixture efficiently conducting it is necessary 
that every partIcle of manganese dioxide should be in good contact with graphite 
'particles. If very fine powder is used, it becomes necesslj.ry, therefore, to increase 
the amount of graphite which tends to lower the total depolarising capacity of the 
(Jell by virtue of a proportionate reduction of the active material. In moderntotoh
light cells the ratio of manganese dioxide to graphite ordinarily varies between'~ :' 
1 and 5 : 1. 

Another difficulty that arises from the use of very fine powder is the resulting 
increased compactness of the dolly, which leads to decreased porosity and hence 
hindrance to the free flow of electrolyte and the products, of reactions such as am

, monia and hydrogen. Thus increased polarisation results. This,may to some extent 
be:overcome by the incorporation of acetylene soot and lamp black which help to 
increase the porosity of the depolariser mixture. 

These considerations show ,that a compromise has to be made be~ween the 
fineness of manganese ore and the amount of graphite, lamp black and acetylene 
soot. This will not only differ from ore to ore but will also depend upon the use to 
which the cell is to be put, which determines the frequency and intensity of current 
dtain. Generally speaking, it is considered good practic<~ to use ail ore passing 40 
mesh.:B. S. sieve and having not more th~n 10 to' 15 per cent. fines below 100 mesh • 

• The output of cells prepared by using natural ore,s alone is not always high 
enougJt to satisfy existing specifications. By introducing 'Various constitutents in 
the" depolarising mixture, it is possible to obtain highe~ outputs. Special prepa
rations of managense dioxides have been patente<,i by numerous workers for use in 
dry cells. Admixture with artificial varieties of the oxides is resorted to now-a
days by most dry cell manufacturers in proportions varying between five and ten 
per cent. of the natural ores. Artificial managnese dioxide is a highly active oxi
dising agent and, if used alone, will give rise to premature deterioration of 'the cell 
on storage, by local action. Moreover, the cost of this 'material is several times ~hat 
of the natural ore, and economic considerations also prevent its use :in higher per
centage than those stated above. 

~ 

. It is not always possible to obtain natural ore of the .~ame quality ;n every con' 
signment, and this leads to variations in the output..capaCIty ~f the cells. To .ov~r
come thi~ difficulty and to obtain uniform output characterlStcs, USf) of artlfic al 
mangane:o.e becomes doubly necessary. since by adjusting its percentage uniform 
quali1y may be mainta'ned. 

Artificial manganese dioxide is prepared chemically as weU as electrolytical'y. 
It is not poss:ble to refer in this paper to the va~ous methods or it,. ~a~ufac~~e. 
U necessary. refelence should be made to the vanous patents and O"lg na pub lCa· 
tions on th's subject. ' 
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Efforts have also been made to improve the ores by sp~cial treatment. It is 
not exactly known what cganges take place in the ore by such treatments wh:ch 
increase its depolarising capacity. X-ray(75) examination of the natural ore and 
the artificial MnOa reveal that~hey have ¥erent crystal structure. 

The mechanism by which the artificial Mn02 improves the chalacteristics of a 
cell is not yet exactly understood. The results of the authors work* show that for a 
particular type of ore the effect is of an additive character, but in the case 'of other 
types the effect seems to be of catalytic ,nature. Experiments cauied out with one 
ore using various percentages of the artificial Mn02 gave results of more or les!'! 
additive nature, which are shown in Table V and Fig. 3. It will be seen that the 
addition of the artificial variety not only increased the output but also the voltage. 
Th.e catalytic nature of the effect of artificial Mn02 is brought out by the fact, 
that its addition to various ores in the same proportion results in varying degreell 

. ~of imEJ.ovement (See Table IV). The importance of selecting ores showing the 
maximum mprovement for the purpose of manufacturing dry cells is thus apparent. 

TABLE V. 

Effect of adding Artificial MnOs to Natural Ore. 

I No. Initial Internal Per cent. W.K: 
N o. Experiment. of Cella Voltage. Resistance Polarisa. capacity. 

tested. Volts. Ohms. tion. 

1 Natural Ore alone .. .. 12 1'52 0·24 18·6 1'97 

. 
2 Substitution of art. l\InO. to 3 1·54 0·27 18·6 2·46 

tbe extent of 5 per cent. . 
3 Substitution of art. MnO. to 8 1·55 0'24 18·1 3·09 

the extent of 10 per cent. 

4 Substitution of art. MnO. to the 3 1·56 0·24 18·0 3·5ft 
extent of 20 per cent. 

S Substitution of art. MnO. to the 3 . J./,8 0·27 16·9 5·51 
extent of 30 per cent. 

I 
I 

« 
Before the war Indian firms had been using treated Cauca~ian, Java and Afr:call 

ores. Untreated Indian ores from half a dozen different mining centres can be used 
(See Table IV) to give cells of good quality. In this matter it is also necessary that 
Indian mining concerns should grade and market the ores suitable for this industry, 
and it is certain that such graded ores will fetch higher prices to compensate for the 

*Unpuh\ished work by the authol"ll. 



extra. labour involved. in t~e process: Further the dry cell manufacturers WIll have 
to swtably treat the ore, If they Wish to increase its activity. 
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The authors have worked out a process fOJ: chemically treating natural ores 
which inc' ease the energy output of ce~ls by as much as fifty per cent. The cost 
of the process is such that it is approximately forty per cent. cheaper to use treated 
ores than to admix artificial manganese dioxide to the natural ores. It is not possible 
to enter into the details of this process here because it forms a subject matter 0" a 
patent which is now pending. 

Artificial manganese dioxide is also imported into this country. As it is used 
in small percentages, the requirements of the industry for this material are not great. 
The dry cell manufacturers may themselves undertake the manufacture of this. 
variety. Considerable research work is however necessary before a suitable quality 
of this material can be obtained. 

GRAPHlTE. 

. Manganese dioxide is a poor conductor of electricity. To obtain a low resistance 
for the depolarising mass it is necessary to mix some good conducting material with 
the manganese dioxido. It iii also necessary that such a substance should he electro
chemically inactive. Both tho above conditions are satisfied by carbonaceous 
substances. In the early dayB of the industry powdered carbon, which amounted 
to about fifty per cent.. of tIle total depolarizing mass and con!~isted of substances 



14 

such as coke, retort carbon, petroleum coke, etc., was used. All these materials 
are cheaper than ~atural graphite which .h?wever, is a better conductor of electricity 
and can be used lD much smaller quantItIes. . 

Graphite occurs in small quantities in various parts of India :-in the Vizaga-' 
patam hill tracts, in some of the Orissa Feudatory States, in the Godavari district 
of the Madras Presidency, in Travancore and in a few other places. Indian graphite 
has not yet been utilized by dry cell manufacturers on any extensive scale. On the 
other hand Ceylon graphitE> which is well known for its quality ha.s been extensively 
used in this industry. 

Artificial graphite is also being employed now-a-days in dry cell manufacture 
particularly in America. It is either admixed in certain percentages with natural 
graphite or wholly replaces the natural variety. One advantage of artificial graphite 
is that its quality can be consistently maintained. 

Graphite fo~ dry cells should be free from harmful metallic impurities, such as 
iron, copper, lead, etc. The chief foreign substances associated with graphite are 

" mica, clay, sand and iron oxide and sulphide. The ash content should preferably 
not exceed ten per cent. 

SOOT. 

Acetylene soot, which is a very bulky substance, is sometimes added to the 
depolarising mixture in small quantities for increasing its porosity. Generally 
speaking, the total quantity of soot does not exceed five per cent. by weight of the 
total carbon content. The usefulness of soot is considerably reduced if it is packed 
compressed for easy transportation and handling, since once the fluffy character 
is lost it cannot be subsequently regained to the same degree. 

LAMPBLACK. 

This is also sometimes added to the depolarising mixture in small quantities. 
According to Hermann(ll) the effectiveness of lampblack in the dry cell is not due 
to its adsorbed oxygen content, its porosity, or to special catalytic properties. The 
most highly porous carbons are not the most eff~ctive in dry cells. When graphite 
(without lampblack) is pulverized for'hours it becomes equivalent to a mixture of 
graphite and lampblack. X-ray and electron interference experiments show that 
the crystal structures of gra.phite and lampblack are identical but that lampblack 
has a nluc.h rougher surface. Manganese ore is not effective asa depolariser unless 
it has direct contact with the carbon electrode. The finely divided rough surfaced 
lampblack assists in establishing intimate contact between the. relatively larger 
particles of manganese ore, the grapliite particles and the electrode. 

CARBON RODS. 

Carbon rods should be perfectly straight with the top and bottqm surfaces 
cut square to the axis. The rods should have no soft cores, fissures or borken edges, 
and should be dense and have good mechanical strength. The ash should not exceed 
five per cent. and should contain as little of metallic impurities as possible. The 
resistance should also be as low as possible. The rods generally have longitudinal 
grooves on th.e surface which assist. in keying them fast with the depolarising mixture. 

Carbon rods for hatteries arc not manufactured in Indi~ except by one dry cell 
manufacturing firm which claim to make their own requirement of rods. All other 
dry cells manufacturers in India have at present to depend for their supply of 
carbon rods on foreign imports. . 

These rods are manufactured from carbonaceous materials such as coke or 
retort carbon. Powdered coke is heated to drive off the volatile matter and then 
mixed with a bin~ing material like pitch or tar. The mix is moulded or extruded 
to the required shape. The rods are then baked to drive off the volatile matter 
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from the binding material. The grain size, ash, volatile contents of the constituents 
an~ baking temperatur~ affect the quality. of the rods. Measurement of specific 
resistance of goo~~ qualIty rods for torch light cells have values varying between 
0·0045 and 0·0000 ohms per cu. cm. Transv~rse beam test on Bmm. diameter 
rods of various manufacturers on a two inch span gave values for fibre stress varying 
between 5200 Ibs. and BOOO lbs. per square inch. 

Carbon rods are generally paraffined to avoid the creeping of electrolyte to the 
brase caps. Paraffining should be done lightly so as not to clog the pores of the 
electrodes and obstruct the passage of gas generated during discharge which accu
mulate at the top ()f the dolly. Obstruction of the free passage of gas would some
times result in the bulging of the zinc cans or top seals. 

ZINC. 

- Zinc as used for dry cells serves the double purpose of functioning as the anode 
of the cell and also as the container for the cathode and the electrolyte. The first 
function requires it to be of high purity; while the second demands sufficient mecha
lucal strength to serve as the container upto the end of the useful life of. the cell. 

The zinc container of a dry cell should resist the COITosivtl action of the elee
trolyw as efficiently ItR possible, and during discharge of the cell its consumption 
I;hould IJe unifoJ:lll and proportional to the useful current delivered by it, i.e., about 
1·22 gllls. per ampere hour. Actually due to local action in a cell more than this 
quantity is consumed. In a torch light cell of It" diameter by 21" height the 
capacity obtaincd is about four ampere hours, which requires about 4·B8. gmR. of 
zinc. But in actual practice the zinc can for this size weighs between seventeen 
and twenty grams. This extra quantity is necessary as the zinc has to serve as a 
container upto the end of the useful life of a cell; 

Local COIToiion of the zinc sheet may be due to several causes such ai impurities 
in the metal, in the electrolyte or in the depolarising mixture. These impurities 
settle on the 'zinc during discharge and produce local cells which consume the zinc 
sheet. Local corrosion may also be due to uneven ~istribution of the electrolyte, 
variation in the resistance of the depolarising mixture or deposition of grease or 
factory dirt on the zinc surface which factOrs alone or combined may produce unequal 
distribution of current and consequently cause local cOITosion. Unequal corrosion 
results in premature pitting of the zinc sheet through which electrolyte may leak 
out and cause short-circuiting among individual cells of a baitery. 

Amalgamation of zinc cans is sometimes resorted to in order to increase the 
resistance of zinc to corrosion. It makes the surface of zinc smooth and uniform. 
A smooth surface resists corrosion better than a rough one. Al)1algamation also 
slightly increases the potential of the zinc electrode. . 

Rolled zinc fcrr dJ·y cells can be obtained in sheet or ribbon form. Zihe sheets 
are sold in the market with a special gauge number belonging to this particular 
industry (63). For torch light cells generally gauge Nos. 6 to 8 are used. Cells 
intended for long life should have thicker sheet than those intended to be used im
mediately. Gauge No.6 and No. 10 have a thi~kne~s of 0·012 in. an~ 0·020 .in. 
respectively, and the intermediate numbers vary m thickness fr01Il the nelghbourmg 
ones by O' 002 inches. . . .... 

The usual impurities occurring III ZiDC are lead, cadmium, copper, l~n, arseDie, 
antimony and tin. These impurities sho~d be . kept as l?w as ~osslble. Lead. 
upto about 1· 5 per cent. is fmllld helpfulm rolling o~eratlOn and 18 .therefore re
tained in some cases. Table VI gives the analyses of zmc sheet and nbbon and of 
sheet from actual cells of reputed makes. Seamless cans appear to have a lower 
llercentage of lead than the soldered type. The presence of mercury shows that the 
cans had been amalgamated. 
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TABLE VI. 
. Analyses of Zinc S/teet, figures in per cent. ,,-_._-_._--

Suitable zinc .beet for dry 
.-

Zinc' .heet. from reputed makes of cello. cell manufacture. 

iSeamIeoa cans 
- -

No. Contento. Soldered cans. ' Belgian. American. Ger-
man. 

1 2 3 4, Ii 6 7 --S-
9 10 --11 --r------------------I Tin .. .. .. 0·83 trace 0·006 0·02 Nil trace Nil Nil Nil Nil Nil 

2 Iron .. .. .. 0'01 0·02 0·011 .0·02 0'01 0·01 0·022 0·01 0'04 0·03 0·02 
3 Lead .. .. 0'62 1·09 1·6S 1·07 0·08 0·17 1·23 1·20 0·34 0·31 0·68 
4, Copper .. .. 0·01 trace 0·006 trace 0'006 0'003 0'004 trace trace trace 0'01 
6 Cadmium .. .. 0·10 trace trace 0·01 Nil 0·05 trace trace. 0'02. 0·01 trace 
II Mercury .. .. 0·13 0·11 0'06 trace 0·06 0·02 .. .. .. 
7 Arsenio .. trace tl'aC<' trace tr_ • Zino by difference .. 98·40 98·78 98·24 98'711 99·84 99'75 98·74 98'79 99-60 99'65 99·29 

No. ll-Ribbons. 

BRASS TERMINALS. 

For torch light cells brass caps are put on the carbon rods for making electrical 
connections with the outside discharge circuits. On bigger cells screwed brass 
termivals, or fahnstock terminals are fixed to the carbon rods, and wires are soldered 
to the zinc cans_ In dry cell batteries brass strips are used for interconnecting the 
cells. S.W.G. No. 27 or 28 gauge brass sheet is generally employed for making the 
brass caps and the connecting strips. 

SOLDER. 

The solder used for soldering the zinc cans and for soldering the brass t~rminal 
st,rips to the cells is an alloy usually composed of tin and l!>ad, their proportions 
bp,illg the cofltrolling factor in the selection of solders for specific purposes. A high 
tin content solder, though ductile, is crystalline, hard and easy to frac~ure, while a 
high lead content solder has lower tensile strength but greater ductility. Tho 
mixtures for dry c.ells work may have composition varying between forty and sixty 
per cent. of either of the confltituents. Practical experience is the best guide in the 
proper selection of solder. 

ELECTROLYTE. 

The elt'ctrolyte paste in a dry cell consists mainly of ammonium chloride, 
zinc chloride and starch. Small quantities of calcium chloride, magnesium chloride, 
and mercuric chloride are also sometimes added. All these salts should be free from 
harmful impurities. The exact proportions of the various salts, etarch and water 
are a matter of practical experience. The quantities of the ammonium ohloride 
and other salts should be ample so as to last tQ the cnd of the useful life of a oell. 
Ammonium Chloride. 

Ammonium chloride is the main salt which takes part in the electro.chemical 
reactions in a dry cell. It oooupies as ,important a place in the electrolyte as the 
manganese dioxide in the depolarising mixture. It should be free from impurities, 
espeoially copper and iron, as these would settle on the zino and form harmful local 
galvanio cells. It has a great corroFive effect on the zinc. The usual white powdered 
commeroial grade is generally used and it should contain'less than one; per oent. of 
ash or non· volatile matter and an equally small percentage of moisture. The total 
quantity of ammonium chloride required may be divided into two portions, one 
being added to the depolarising mass and the other going into the electrolyte solution. 
The quantity added to tho depolarising mass is generally added in dry oondition 
and may vary from ten to fifteen per cent .. of the total weight of the dolly. The 
electrolyte paste contains about twenty per oent. of ammonium chloride. 
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ainc ChWr«k. 

Zinc chloridu, which is added tQ resist the corrosive action of the ammonium 
chloride, occupies the next most important place in the electrolyte, The propor
tions . of t~ese two, salts should be well balanced. DurUig the discharge of a cell, zinc 
chlonde 18 constantly generated and therefore the quantitv of zinc chloride con
~inuou~ly increases as the discharge proceeds. If the initial quantity of zinc chloride 

-IS c.()nslderable, a stage may be reached during the early stages of discharge when a 
sufficient quantity of this salt may be present to form the double chlorides of zinc 
and ammonia. , These crystals precipitate out from the gelatinous electrolyte, and 
settle on the zinc sW'face 01 in the pores of the dolly and thus reduce the available 
sW'face. necessary for the ~lectro-che~ical process to continue e~ectively. In the 
formation of double chlorides a certam amount of water of crystallisation is involved 
which reduces t~e quantity o~ water in .the electrolyte. The subsequent drying 
of the electrolyte UlCreases the mternal reB18tance of the cell and decreases its output; 
capacity. To prevent the premature precipitation of the double chloride it is 
necessary to have an excess of ammonium chloride in the electrolyte, but too high a 
concentration of this salt cannot be used due to its corrosive properties. As a result 
of these considerations it is considered advisable that the proportion of zinc chloride 
in the electrolyte paste should be kept between the limits of seven to ten per cent. 
Calcium Chlorid6. 

This salt is recommended, for use in tIOpical countries in small proportions on 
account of its hygroscopic nature and water retaining properties. If used in large 
quantities, it may separate out as a complex salt and interfere with the smooth 
functioning of the cell. It may be added to the extent of about two to three per 
cent. to the electrolyte paste. 
M D.f}fI£8wm Chloride. 

This salt may be employed for the same purpose as calcium chloride. 
Mercuric Chloride; 

This salt is added ~ the electrolyte in small qUantities (about a quarter per cent.) 
to effect amalgamation of the zinc cans. It ,also prevents the growth of moulds 
and micro-organisDlS in the flour or starch that is used for gelatinization. 
Gelatinizing Substances. 

A number of substances like plaster of paris, agar-agar, gum-tragacanth, wheat 
flour, com' flour, dextrin, starch, etc., have been used in the paste for making the 
liquid electrolyte unspillable. Of these, flours and starches are the most commonly 
used ones. Wheat or corn flour, wheat, maize or potato starch may all be used 
individually or in admixture. The quantity of starch to be added to the .liquid 
electrolyte should be carefully determined, as too low or too high a percentage of 
it is not beneficial for shelf life, though initial characteristics may not show any 

. noticeable effect. The quantity of starch may vary between ten and fifteen per cent. 
The gelatinizing temperature of starch is co:nsidera bly reduoed in the preseD080f the 
electrolyte salts.. -.' 

It will be seen from Table VII that starch gives better results than flour, due 
perhaps to its perfect gelatinizing and fre~dom fr?m other i~edients g?nerally 
found in flour. The results show lowering In the Internal r8S18tance and Increase 
in.the voltage and output capacity. The same table also sho~ the comparat~ve 
'results between a cold working pregelatiilized starch and a~ ordinary starch gelatin
ized by the cooking operation. The results do ,not show any marked di1!erence 
between these two varieties. Cold working starch has the advantage that It does 
a.way with the cooking operation. Selection ~f either ~ariety will ~epend u~on the 
actual cost price of each and the extra cost Involved In the cooking operatIOn. 
I>ofSltnm.Dai 



TABLE VII. 

Effect, oj Using Diffe:rem Gelatinizing Substancu. 

No •. of Initial Internal Percent. W.H. 
No. Esporiment. Cells Voltage Resistance poIarisa. capacity. 

Tested. Volte. ohms. tion. 

1 Cells with maida (wheat 3 }'64 0'26 17·0 3·42 
flour). 

2 Cells with ma.ize starch 3 1·67 0·22 19·6 3·79 

3 Cells with pregeIatinized 
cold working starch. 

3 1·66 0·24 18·6 
I 
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WA.TER. 

Water used for making the electrolyte solution should preferably be distilled. _ 
Tap water often contains salts which may be harmful to the cell. These may form 
local cells on the zinc electrode or may precipitate out and clog the pores of the dolly. 
To prevent these effects a little extra cost for distilled water is well worth while. 

SEALING COMPOUND. 

In order to secure the components of the cell in position and to prevent desic
cation, it is necessary to apply a sealing compound on top of the assembled cell. 
The compound may be made of shellac, rosin and .suitable fillers or may be of the 
bituminous type. A fibrous material is sometimes used for sealing. The selection 
of either is a matter of availability and cheapness but u. tropical countries like 
India due consideration must be given to the higher temperatures which have to be 
withstood during transportation and storage. 

WRAPPING CLoTH. 

In the bag type of cells the dollies are tied in a loosely woven piece of cloth, 
which allows free passage to the liquid electrolyte but prev~nts, dislodging of 
depolariser material and its settling on the zinc surface. The cloth used should 
be bleached and unsized and must be absorbent, that is it should have good wetting 
properties. Ordinary light muslin cloth used in India for pugries, etc., has been 
found quite sUitable. The following approximate specmcationsmay help in the 
choice of a suitable material :-

(1) Weight per sq. yard of cotton.cloth2·8 to 2·6 OZS. 

(2) Average number of threads per mch-
Warp 55-70 
Weft .. 60-60 

TwINE. 
The twine used. for tying the dolly should not be very fine nor very thick. Wh,ile 

'tying care should be taken to see that tlie dolly is not cut by the threads. 

C1RDBOARD. 

The cardboard used for making the bottom insulating washers and the top 
centering washers should be free from conducting materials. To prevent absorption 
of moisture from the electrolyte it is paraffined before being used in cells. Generally 
cardboard having a thickness of 1/82" is considered suitable for torch light, cells .• 
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MACHINERY • 
. During the early days of the industry, dry cells and batteries were manufactured 

mainly by .manual labour and hand-operated machines. With the new fields of 
application for these cells, such as in wireless, many- lrinds of instruments small 
machines,. etc.,. the production has now: increased to. enormous figw;es. Attempts 
made durmg the past few years to develop machines for· mass production have 
resulted. in the successful manufacture of semi and .fullY' automatic machines for 
almost all the operations involved in the manufacture. . 

SEMI AND FULLY AUTOMATIC MACHINES. 
The introduction of semi and fully automatic machines has removed the sources 

of trouble arising out of the inherent non-uniformity of manual operations. The 
machines work in an economical and r~liable manner, once they are carefully adjusted 
which requires skilled ,and expert atten1iion. . A few points regarding these . machin~ 
are briefly dealt with b~low. 

,EconomicaZ Worlcing:-The automatic maChines are always costly and are not 
, economical unless the output is about ten thousand pieces or more per day of eight 

hours working.' This output figure 'Varies to a certain extent inversely' :with the 
labour cost prevalent in the particular area in which the factory is located. 

Attention.-These machines require systematio and constal1.t attention and care. 
If neglected the successful operation is hampered due to the corro,sive action of'. the. 
depolarising mixture and the electrolyte solutions. Care is generally taken in 'the 
proper selection of the materials for these machines to resist these corrosive efIects. 
The corroded parts of the machines pass into the cell compounds and form local 
galvanic couples within the cells which are harmful. The rapid corrosion of the 
machine parts results in a high percentage of depreciation figure for the machines. 

Flexiln:lity.-Automatic machines are generally designed for one particular size 
of cells, though in certan cases they may be adopted to difIerent sizes by changing 
certain parts. This operation stops the production for a considerable time. These 
machines generally work best if always fed with materials in definite conditions as 
regards moisture content, density, bulkiness and rate of feeding. These conditions 
change with the difIerent raw materials and are therefore to be predetermined for 
8uccessful operation. An important consideration in favour of these machines is 
their availability at all times thus dispensing with the necessity of maintaining 
skilled labour, all through the year irrespective of the demands. 

Quality 0/ Production.-It is possible to ens~e greater uniformity and hence 
improvement, of quality with the use of these machines. 

,Oost of Production.-The use of mac~e~ in place of han~ operation has been 
helpful in, lowering the selling price making It thereby more difficult for the smull 
factories to successfully compete with the larger ones. 

The above points w:ill be, helpful in forming an ~dea. about .the suitability of th~e 
machines which. depends more or less upon thell high ~orm output. capaclty 
weighed against their high initial cost and the consequ~nt capital charges, mamt,enance 
charges and non-flexibility. 

IlA.N!> PRODUCTION. 

The initial investment and the subsequent interest and depreciation charges 
in this method are much lower than those with the automatio machine produc

tion. There is a greater flexibility in this met~od as m~st of. the hand operated 
machines can be quickly adopted for the production of vanous sIZes of cells. There 
is also a similar flexibility with the labour. This gr~ter flexibility with the hand 



produotion enables ohanges for the improvement of the quality to be easily carried 
out. The disadvantages in this method are the low figure of produotion and the 
comparatively high figure of pay bills. 

Due consideration to the above points should be given when choosing the method 
of manufacture, '.e., whether all the operations or part of them will be carried 
out by hand operated m~hines, by manual labour, or by semi or fully automatic 
maohines. It may .perhaps be found advantageous to strike a sort of compr0tWse 
between the various methods of manufacture. 

ne whole process of manufacture may be divided into. various sections and a 
ahort descrip~ion of the different machines working in each of these is given below. 

ZINC CuP MANuFACTURE. 

Two methods for the manufacture of zinc cups are commonly used-the solder
ing and the drawing method. The latter is only applicable to the manufacture of 
small size cups such as those required for the flashlight cells. Zinc cups should be 
strong, leakproof, smooth. and of uniform shape and size. . If the shape is not uni
forni, the zinowould be unequally consumed during the discharge and the life of the 
cell would be shortened due to pitting of the cups. 

SOLDERING METHOD. 

Guillotine or cutting shears.-Zinc sheets are generally sold in pieces of 3' by 7· 
or in rolls out to· proper width. Sheets are cut into long strips of proper width by 
mean" of a guillotine, steel shears or a mnltiple knife sheet cutter. The .latter 
machine is suitable for large scale manufacture only. The strips or rolls are hen 
out again to the requ:red length for the manufacture of the part.icular sizes of cups. 

Rolling Machine.-The cut pieces are bent into necessary forms, on suitable 
formers ready for the soldering operation. For round cups the rolling may be done 
on a roll:ng machine. These machines are cheap and would form a good labour 

FIG 4.-Rolling . Machine~ 
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I&Ying device. . Th~y may be worked either by hand or by an electric motor. oolJJ 9 
nation automatic machines combining the operations of cutting· and rolling are also 
available. Fig. 4: shows the rolling machine designed by the authors. The rollers 
which are connected through gears a.re rotated by the handle H. A strip fed between 
rollers Rl and R. moves forward, bends round Rl and comes to the top . where it . 
is held by the stop C. The rollers Ra. and Ra are fixed in position in the plate 131 
while Rl is fixed in Ba. The distance between Bl and Ba is adjusted by putting a 
spacer piece S cut from the sheet to be rolled. The photograph of this machine 
is shown in Fig. 5. This machine can give over five thousand rolls per day of eight 
working hours. This output figure may be further increased by running .the rollers 
by means of a small electrio motor. ' .. , 

Blankirlg Press.-The bottom discs for zinc cups may be cut by a fly hand press 
or by an eccentric machine-operated press, the latter for large-sca.le production. The 
blanking is carried out with suitable dies and punches. Arra.ngements may be in
corporated in the design of the cutting tools for feeding the strips in such a manner 
as to effect a minimum wastage of the material. 

Soldering.-Zinc rolls are fitted with the bottom discs and a soldering flux 
is applied to the longitudinal and the bottom edges. This flux may be a weak solu
tion of hydrochlorio acid and zinc chloride or a non-acid non-conosive type of paste. 
The cup is then soldered with a tin lead alloy, preferably of low melting point. The 
exact diameter of the soldered cups depends upon the diameter of the rod on which 
the rolls are fixed for the soldering operation. A soldering jig designed by the 
authors is shown in Fig. 6 and a sho~ description of this is given below. 

A roll to be soldered is placed over the rod A and pushed in the annular sp~ce 
between the rod A and the block C which holds the roll in position. ' The overlappmg 
part of the roll lies over the V groove in the rod A. The bottom disc is place~ on .the_ 
free end of the rod A and is held in position by the roll itself. The lon~tudinsl 
soldering is carried out first and then the rod A is swung to the vertical posltlon and 
the bottom piece soldered. To facilitate the latter operation the jig is rotated round 
its axis on the guide D which is fixed to the table T. To avoid rapid cooling of the 
zinc during soldering, the rod A is grooved longitudinally and a portion cut ofl along 
the rim the of the free end. About fifty to sixty cans can be soldered .per hour 
with this jig, the output however, depending to a large extent on the skill of the 
operator. A photograph of this jig is seen in Fig. 5. 



· Soltlering BU,.-Bits should be as clea.n al!l possible to e1feetgood and quick 
soldering operations. The rubbing of the hot bits on a salammoniac block ensurea 
a good clean surface. 

Many labourers will have to.be employed in a large factory to carry out the solder
ing operations by hand. The expense incurred in wages will be high. but the" capital 
investment will be nominal. 

Electric Welders.-Electric welding machines are ·available for carrying out the 
soldering operation. These machines are costly and will only be suitable for large 
scale manufacture. Moreover, these machines can be used for soldering the longitudi-
nal seams only. The bottoms cannot be soldered with these machines. . 

FIG. 6. Soldering Jig. 

Inspedion.-Soldered cups are tested for leakage either against. a strong liglrt 
or under pressure.. Cups with tiny holes not, vjlljble a~ain.st ordinary light may be 
found leaking during usage. Preliminary inspection will thi'refore reduce thi 
numLer of rejected cells. 

DRAWN CuPs. 

Drawn cups are manufactured" by drawing operations in sp.ecial presses. 
Round discs which are blanked first are drawn to the required shape and size 
in tbree or four stages. The walls of the drawn cups should be uniformly thick. 
Zinc used for thia process is of special quality, capable of withstanding the high 
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mechanical stresses coming into play during the drawing operation. The lilain ad
vantage of the drawn cups over the soldered ones lies in their uniform and smooth 
s1u.pe and absence of foreign substances, such . as those used in the solder. Zinc 
sheets are utilized almost completely in the soldering· method, while in the drawing 
process. a gr~ater amount of scrap and w.astage is unavoidable due to the neces.'!ity 
of gettmg cllcular blanks for the drawmg process. These machines being costly 
are suitable only for large scale manufacture. 

Grooving Mackine.-Zinc cups are generally grooved a.t a: distance of about 
t- from the top .. The groo.ve se~es as a seat for the top card-board washer. Fig. 
7 shows the groovmg machine deSIgned by the authors. The cup to be grooved is 
placed over the rod A, a detailed view of which is shown separately. . 

.t~ 
~J 

D C 

FIG 7. Grooving M;achine. 

The rod is rotated through a pulley by a 1/8 H.P. electric motor. The grooving 
roller C moving freely in the shaft J is fittted in front of the rod A.. ~e can is 
prevented from moving sideways by a collar on the rod A and a stop gwde D, re
volving freely on the shaft J. The guide is held in position by two collars one on 
each side. When the rod A begins to revolve the roller C is pressed against the can 
by the handle H. This operation rotates the can and the rol!er C in oppositedirec
tions. Further pressing of the grooving roller makes a groove on the can. The 
groove should not be S9 deep as to puncture the can. The output of this machine is 
about five thousand pieces per day of eight hours' working. The putput 
can be considerably increased if a separate drive is incorprated for the roller C. A 
photograph of this machine is shown in Fig. 5. 

CARDBOARD WASHERS AND BRASS CAPS. 

Presses similar to those used for blanking the bottom discs for the zino cups 
mAT be used, with suitable dies, punches and guides. fo~ the manufacture of the . 



bbttomand"top-cardboard washers as well as the bra88 caps. The ups may b. 
blanked out from a sheet and formed in one operation. A suitable cutting and form
ing die punoh for the brass caps is shown in Fig. 8. 

@ 
'" 

FlG. S.-Die Punch for Making Slitted Brass CaPL 



GRiNDING 0; OREs . . 
Grinding Machinery;-,.Manganese.(lre is generally obtained ·from the' mining 

firma in India in lumps varying from 2" to d:"'in sizes. The ore being h8.rd .and 
abrasive cannot be ground in one operation: ·to a .fineness of 60 mesh. A preliminarv 
crushing to 1" to 3/8" size may be carried out.in a cone·or jaw crusher or by handl 
Further grinding is carned out in a pulverizer or in a ball mill. The pulv!lrizing of 
graphite is easier than that of manganese orEllJand .maybe carried out directlyrina 
ball or pulverizing mill Though the pulveriziDg of the ores ~ay be . carried out ill .a 
dry cell factory, it may be profitable to get these materials PQwdered to the requited 
fi~ness from the sales agents who generally ·have these planta in their works. · 

M agnetw Separator.'.,--These are used for removing the metallic iron parti~ 
eles that JDight have accidentally found their way into the powdered ores dtirin~ 
grinding or transPQrt to the factory. The removal of iron particles is essential 
to prevent the local action in the cells. These iron particles may be sporadicaly 
mixed up with. the ores, and may escape detection during chemical analysis. 
Normally,·a small factory may dispense with this operation and ensure supply of 
PQwdered materials from sources which can gq.arantee the necessary degree of freedom 
from metallic iron; . 

MIXING. 
Mixers.-The depolarising constituents are thoroughly mixed. in wooden mixing 

drums. After the .materials a.re mixed for about half an hourm a dry state the 
liquid electrolyte used for moistening the mixture is added slowly while the mixing 



process continues for· another half an hour period. The ~esign of the mixing drum 
should be such as to prevent the grinding of the materials during mixing. The 
materials are generally fed to the mixers from the top and taken out through a hole, 
normally closed, at the botto~.Fig. 9 shows the photograph of such a mixer 
designed and built by the authors; The mixing blades are designed to give a thorough 
mix when rotated in the correct direction. . . 

SluJking Sieves.-It is likely that small lumps may be formed during the mixing 
opeartion. These may be removed by passing the mixture through a shaking _ sieve. 
As in the case of mixers, these are made of non-metallic parts such as woven Cane or 
hair sieve in wooden frames. 

The mixers and the seives :may be worked by hand or by electric motors, the 
choice depending upon the capacity o~ these machines and the -output ~ be turned 
out per day. . . . 

FIG. lO.-Dolly Press. 



DOLLY PREsSING. 
" 

.Alter the 'mixing operation the material is pressed into d.oIlies. 'the p~ 
may be don~ by hand or au~matic presses. The moulds are generally made of a 
stone, steatite or non-corroslve alloys of steel. The moulds should be, sufficiently 
urd and strong to withstand the abrasive action and tamping pressures over a long 
period of time. In hand presses the rammers are made of hard wood or of ebonite. 
while in automatic presses these are made of non-corrosive special alloy steels. 

Hand Presses.-There are two methods of pressing' the dollies, one by pressing 
the mixture round the carbon rod held in position and the other by forcing the carbon 
rod through a prepressed mixture. Whichever method is adopted, the carbon rod 
must be held tightly into the mixture to obtain low internal resistance in the cells. 
In Fig. 10 is shown the photograph of one of the two types of presses, while Fig. 11 
shows the sectional view. The pressed dollies are, taken out by hand or foot operated 
ejectors. The output of these presses is about two thousand dollies per day of eight 
hours' working. 

Automatw Presses.-The pressing operation is carried out in these presses in 
two or three operations. In the first the charge is fed into the mould, In the second 
it is pressed slightly to a predetermined height and in the final operation the carbon 
rod is forced through the pressed charge and the whole mass pressed again to the 
correct height. The preSsed dollies are then ejected and, carried over a convoy or 
belt to a receptacle. The output of some of these machines is a~high as four 
thousand pieces 'per hour and they are therefore useful for large scale manufacture 
only. 

For large-size dollies such as those for 6 in. cellil, the pressing is generally done 
either by hand operated machines ot by semi-automatic eecentricpresses. Automatic 
machines are also available for these sizes, but their output is considerably less than 
those used for pressing small size dollies. The demand for large cells is only a 
fraotion of that of the torch light cells, and due consideration should be given to 
this fact when choosing hand or machine operation for the large~ size dollies. 

WRAPPING AND TYPING OP rHE DOLLIES. 

Hand Operation.-The dollies may be wrapped by hal!ld in ~ piece of cl~th a~li 
tied tightly with a string. The output per worker, after a little apprentlceshlP, 
may reacha figure of more than five hundred dollies per day of eight hours' work
ing~-' -

Moohi'M Operation.-Semi and fully au~matic machines :a~e availabl~ for 
carrying out the wrapping and tying ~f the ~olli?s. As these machines are SUitable 
only for the size for which they are deslgned, It will be necessary to have a number of 
machines one or more for each size of the dollies that are manufactured. The output 
for the se~ and fully automatic machines is about one and three thousand pieces per 
hour respectively. 

For machine operation a considerable a~om;tt of capit~l. will ~ve to be invested 
while for hand operation, practically no ca~lltal mvestment .18 re<J.wred and 'the same 
workmen can carry out the wrapping and tymg of cells of vanous SIZes. 

W A.SHERlNG OP THE DOLLIES. 

The wrapped dollies are fitte~ with the top centering paraffined cardboard 
wash8l'8 either by band or by machines. 



FIG. ll.-D.llly Pr,m. 



CAPPING OJ' TBl!I DOLLIEs. 
!!ter the ,,:ashering o.peration the carbon:electrode of the dollies is fitted with 

brass caps. ~ maY,be done by hand operated machine or bya semi or a fully 
~utoma~lc machin~. Fig. ~2 show~ ~he hand-operated machine which can be worked 
m ~ ~onzontal or m a. vert:lcal POSitiOn. The dolly D to be capped is supported in 
.posltlon by the eborute pI~ce G. For the sake of dearness the top of the dolly is 
~hown dotted. The cap C IS placed over the'carbon rod and is pressed tightly over 
It by the rod A ~oyed by ~~e handle H. Mter the capping operation the rod A is 
brought to.th~ on~l pOSitIOn by the spring S. If the caps have a projected part 
~ftheven~ilatmg slit or hole, the tapered end of the rod Ais suitably recessed to take 
m the p~oJected part. ~e output of this machine is over five thoiIsand dollies pet 
day of elght hours working... The output of a semi-and a fully-automatic machine is 
bl'tweentwo .and three thousand pieces per hour. ' 

Mter the capping operation the tip of the carbon rod may be dipped in molten 
paraffin wax or a paraffin solution. Sometimes this operation is in-corporated in the 
automatic capping machines. 

FIG. 12. Capping Machine. 
ELECTROLYTE MIxING. 

The mixing of the electrolyte is carried out in wooden vats, The mixing blades 
are also made of wood. . Starch is generally added slowly to the solution of the· am
monium and zinc chlorides and other salts. The mixing i.s carrjed out till a thorough 
mix is obtained. 

ELECTROLYTE FILLING. 
Harul Operation.~The filling of the liquid electrolyta into zinc cups may be 

carried out by hand. The required quantity maybe poured into the cups or: a 
rubber bulb may be used for filling cups. The quantity is generally measured by. 
volume. . 

Machine Operation.-Semi and fully-automatic pumps are available for filling 
the electrolyte into the cups. The quantity of <l ctrolyt ~ isreguIated by. a screw 
or stop guide arrangement. The parts of the pump should be of non-corrOSlve metal 
or of.e~onite. The electrolyte is contiJl.Uously mixed in th.ese ma~hine~ to get a 
condition of homogeneity.· The output of. fully-autom&tlc machines 18 about five 
thousand fills per hour. 

COOKING OF CELLS. . 
Harul Operation.-Mter the filling operation the dollies are placed in the zinc 

cups and then the electrolyte is cooked in situ . . The cells are cookedJ~tr~ys Whic~ 
are immersed in a hot water trough for a few mmutes to effect gelatIDlZatlOn of the 
electrolyte. It is necessary to see that the dollies are centered in the cups before 
the cooking operation starts. The centering is effected by the start-shaped bottom 
card-board washers as well as by the top washers. Aft8r the cooking operation the 
c:ella are preferably cooled by dipping in cold water. 



FIG. 13 -Automatic Cooking Trough for Dry Cells. 

w o 
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tr, Machine Operation.-AutomatiQ machines are _ availble for carrying, out the 
cooking of the cells. In these the cells are slowly camedforward in hot ,water; 
cooked there and then lifted and carried by an attendant. Fig. 13 shows a photo~ 
graph and Fig. 14: a view of the cooking trough developed by the authors. The cells 
C to be cooked dip gradully into hot water. The heating is carried out from the 
bottom of the cup with a view-t<> driving out the occluded air from the dolly and the 
electrolyte. The cooked ,cells emerge out of the hot water quickly and are then 
placed in cold water by an attendant. The cells are carried into and out of the hot 
water over a perforated brass sloping platform by an endless chain arrangement. 
Water ,is heated in a boiler T by gas and constantly circulated in, the trough by a 
pump P,driveri by a'motor M. The output of this m~hine depends upon the tem
perature of the hot water and the speed of the endless chain, which is determined 
by the time required for perfect 'gelatinization of the electrol~~ It gives an outpu~ '. ' 

'~~~ 
FIG. B.-Automatio Cooking Trough. 
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of about two thousand cells per day of eight hours working, when the temperatUre of 
the water is a.bout 70°C and the time required for the travel of the cells through the 
trough is about eleven minutes. The power required for this machine is aboutlf8H.P . 

. SE.liING THE qEr.LS. . 

The cells are sealed after the cooking operation., The sealIDg compound or the 
pitch is heated in a boiler and then poured over the top card-board washers. A 
micro flame is played over the surface to get a uniform and perfect sealing. 

LABELLING THE CELLS. 

The completed 'cells are either wrapped in thick paper or are put on a card-board 
jacket with a suitable trade label pasted over them. The wrapping may be 
carried out by hand or by machines. The labels are generally perforated in code 
to indicate the date of manufacture. 

- _ AsSEMBLING THE CELLS. 

If the cells are to be assembled to form a ba~tery they are not wrapped in paper 
or in a jacket. Individual cells are connected to each other by a soldered brass 
strip, one .end so'dered to the can while the other is soldered to the brass cap of the 
next cell. Each cell is suitably insulated from the others by paraffined cardboard 
washers. The whole unit is placed in a cardboard box of suitable size, and the inter
vening space is filled by sealing pitch. . End and intermediate connections are suit
ably brought out to obtain the necessary voltage taps. 

. The unit cells or the batteries are then sent to the testing department, for test
. ing and inspection, which aspects are separately dealt with in another chapter. 
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. TESTING. 

The necess~ty of ~e~ly testing the finished product, which involves ~ large 
number ~f. vanables m Its ~~nufacture, c~nnot be over-emphasized. A careful 
observa~lOn of the c~aracte~tIcs of the firushed product will help to remove the 
defects m the matenals and m the manufacturing process, which would otherwise 
persist and allow the standard of quality to' deteriorate. .. 

The factory testing of cells may be divided into two broad cllvisions: (1) 
control tests and (2) servic,e tests. ' 

CONTROL TESTS. 

These tests are undertaken to find the defective cellsfu any particular batch~ 
The simplest method is to measure the open circuit voltage of the cells with a high 
resistance voltmeter. This measurement may be carried out on the third or tl,J.e 
fourth day after the manufacture to allow sufficient time for faulty cells to develop 
the defects and consequently to run down in open-circuit voltage. Defective cells 
also show a higher internal resistance than the good ones and therefore can be picked 
out by measurement of their internal resistance. This test being mote elaborate 
is not usually employed. A quick but drastic test giving a rough measure of the in
ternal resistance, and adopted by many manufacturers is known as the short-circuit 
test. This test is carried out by momentarily short-circuiting a cell through idow 
resistance dead-beat ammeter and noting the maximum deflection of the needle. 
Defective cells will give a lower reading due to their higher internal resistance. 
This test is helpful in picking out defective cells, but sho~d not be depended 
upon for comparing the output capacities of cells of different makes (118). As the 
test indicates· the internal resistance, some conclusions may be drawn as t() the 
ingredients in the case of new cells. Rather high currents for any size indicate an 
excessive amount of graphite, reducing ·thereby the manganese dioxide content 
below the proportion necessary for good depalorisation. Unduly low currents 
may be due to the use of cheaper materials or other defects. 

After the two control tests describe!i above, cells may be sent to the dealers. 
However a certain percentage (0·1 to 0·2 per cent.) of the manufactured cells 
should be selected at random for finding out the service characteristics. 

SERVICE TESTS. 

Service tests generally include measurement of : (1)· Open-circuit voltage (2) 
Internal Resistance (3) Polarisation (4) Life output capacity, and (5) Shelf-life tests. 

Open circuit voltage.-This is measured with. a high resistance.voltmeter having 
a resistance of at least 500 ohms. per volt. The voltage of a cell IS made up 1# the 
vo'tage between zinc and electrolyte and between electrolyte and carbon-manganese 
mix, .and. dllpends upon the hydrogel). ion .c~n.centratio~ o~ the electrolyte. The 
capacity of a cell does not depend upon the l1;ntlal open-Clrcmt voltage. 

Internal ResistanCl.-A freshly prepared cell has a certain definite internal 
resistance, depending chiefly upon the specific. resistance of the electrolyte, the 
electrodes and the size of the electrodes and theIr dlmlance apart. But when a cell 
is discharged various compounds are f~rmed due ~ the eclectro-chemical reaction~ 
which give rise to higher values of the mternal resistance of.the cell. 

The internal resistance can be measured by the potentiometer method, by the 
A.C. bridge method or by the voltage drop method. TJ;te first two methods ~eing 
elaborate the last one is generally adopted for all practIcal purposes. In this the 
resistan~ is measured by observing the value of the potential difference upon mo-
MlIDofS&1RDelhi 



mentarily closing a cell through a known external resistance, and may be obtained 
by the equation 

E-El 
R'= '--XRa 

, El" 

where R is internal resistance of a cell, E is the initial open circuit voltage, El is 
the closed circuit voltage and Ra is the external resistance. In the above equation 
it is assumed that E remains unchanged by the current that is generated. Although 
the value of R satisfies the above equation, it will not be the true value of the internal 
resistance as polarisation takes place when the circuit is closed. To avoid effects 
of polarisation the first two methods will have to be adopted. Table VIII shows the 
internal resistance of a few reputed makes of torch light cells from the market mea
sured against an external resistance of one ohm. The capacity of a cell however 
does not depend upon the initial internal resistance. 

TABLE VIII. 
Intema~ Reristance of Bag Type of Oells on the market. Size It' diameter X 2-3/8' 
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When a cell is discharged through a ,constant external resistance, the ,current 
drops down ~lo,!,ly from its init~lvalue. The fall in the initial stages is mostly 
due to poIa.risatlOn, but as the discharge proceeds, it is mostly due to' exhau tion 
of the cell. It may also be due to an increase in the internal resistance of the cell. 
It is not so much due to the drying out of.the cell, which is a minor cause, since 
the electrochemical action during discharge gives rise tothe formation of water. 
If an old cell is put on discharge or even with a new cell during the latter part of 
an intermittent discharge the current is sometimes found to rise from its initial value 
for a short J;ime, due to the lowering of the internal resistance, as a result of the for-
mation of water. ' , 

: As the discharge proceeds, the manganese dioxide gets reduced and the active 
surface of the electrode moves towards the centre which increases the path between 
the anode and the cathode, thereby increasing the internal resistance of the ceIL 
The rise in internal resistance is also due to the formation of insoluble double chlorides 
which settle on the zinc and the dolly surface and thus,restrict the available path: 
for the flow of the current. In Fig; 15 the rise.in internal resistance of dry cellS 
during the intermittent discharge periods is shown. The resistance of the cell was 
measured against the discharge resistance at the beginning of every discharge period 
by the, voltage drop method. The rise is little in the beginning but increases rapidly , 
to large values towards the end. Curves A and B show a peculiar shape because 
after a certain p~riod, the resistance falls off, due to formation of water,and then 
rises again. 

Polarisation Test:-The test is not generally carned out on torch light cells, 
but is carried out on larger size cells. Poralisation is a serious defect, the seriousness 
of which depends upon the use for which the cell is intended. The test may be 
caqied out by discharging the cell eitherthrough'a constant resistance or at a con
,stant current to which the cell is subjected during its normal service period, and then 
measuring the polarisation for the particular conditions. 'Polarisation in a cell in
.creases till the rate of depolrisation is equal to that of po'arisation, and therefore 
th~ test should be continued for such a length of time that a steady state is attained 
or it should be carried out for a period that is likely to be required under service 
.conditions. In this test the initial voltage E of the cell is' noted and after the dis
charge periQd is over the circuit is broken, and the voltage El is noted' immediately 

E-,-El 
afterwards. The difference E-E1is the poIa.risationand -'- X 100 is the 

E 

percentage polarisation. 

With the constant resistance discharge method ,the cells can be easily compared; 
but the current generated is not the same in each case ,because' it is higher when 
polarisation is less than when it is more. In ~his te.st, there~ore~ a c.ell ~hich polariseS 
,slightly is put to a more severe test than one ill which polar18atIO{l 18 ,higher. 

Life Test.-"-As dry cells and batte~es are used in .various fields of a~plication. 
a number of tests will have to be deVlSed to have a life test corresponding .to the 
actual service conditions. Such a procedure would often make the testing elaborate 
and cumbersome. Certain arbitry tests, as few as' possible, showd be adopted 
corresponding roughly to t~e most co~on uses o.f the cells a~d batterie3. Gov~r';l~ 
ments and large purchasmg authorltles of !anous ~oun~rles' have,' sta';ldardise~ 
these ,tests and have issued the necessary testmgspecmcatlOU>. Anyone or more 
tests . that , may be .convenient to work out may be chosen from 1 the standardised 
oniS. 



: Dry ceUs and batteries are generally used on constant resistance or coristant 
current circuits. The service may be of a continuous or intermittent nature. The 
teflts may therefore be divided into the following broad divisions: (1) Continuous 
tests of constant current or coristant resistance nature and (2). Intermittent tests 
of constant current or constant resistance nature. 

The test chosen should approximate as nearly as possible to the conditions occur
ring.in actual service. If a cell is used continuously or for the most part of the time 
contmuous te3t sho~ld be used. Intermittent tests should be used wheI\ continuous 
tests do not approXIID.ate to servic~ conditions, and the periods of discharge and rest 
shou!d be car~fully determined, as the recuperation of the cell during the rest period 
consIderably influences its output capacity. Intermittent tests are generally carried 
out by means. of automatic .arrangements (23, 120, 128, 132). Use of automatic. 
gear ~ecmne~ necessary if discharge and rest periods are of only a few minutes' 
dw;atJOn or if /lll the discharge periods do not fall during the regular working hours, 
or if there are thousand;; of cells .to be tested at the same time. Due to the compli
cated nature of the intermittent t~st, the continuous test is sometimes adopted even 
w:hen the anticipated service is rather different. 

. In intermittent tests if the voltage of a cell falls little on closed" circuit, it will 
not need to recuperate much, so that a cell which polarises considerably will often 
have· greater recuperative power than another which polarises less. A large pro
portion of the recuperation of a cell takes place shortly after the- discharge circuit 
i;; opened. In tests where the period of testing is considerably prolonged, the output 
capac.ty in,tead of increa3ing due to the recuperation pEriod decreases due to the 
self-discharge taking place in the idle Pllriod. 

When the condition regarding the time of test is decided, the mode of discharge 
of the ceUs should next be considered. Dry cells and batteries are generally used 
at low discha ge rates.. The cells may be discharged through constant resistance 
or at con3tant currents, the values for which should approximate as far as possible 
to the actua: service conditioIl3. Intermittent testing at ~onstant current is easier 
to carry out than intermittent testing through constant resistance, as with the former 
svstem a large number of cells can be tested in series with one controlling resistance 
iand with one cut-in and cut-out switch. This does away with the necessity of break
ing the circuit :"or every cell, when a constant external resistance circuit is used. 

End Points 0/ Discharge.-The discharge curve of a dry cell has no marked 
natural end point as is the case with a lead-acid storage cell.· The end point of dis· 
cha 'ge shoud the~efore be such that an apparatus using the cell will fail to work 
after the end point is reached. Cells are used for so many different purposes that 
it is difficult to decide upon any definite end point. Two end points are generally 
chosen. They are 0·75 volts and 0;90 volts per celt on closed circuit for the heavy 
intermittent and continuous discharges and for the light intermittent discharges 
respectively. . 

With the above end pOInts it will take about a month or more before results of 
1"he test become known. This period may be too long for a manufacturing concern 
that desires to effect changes in the products as quickly as possible. To shorten the 
testing period, sometimes a higher end voltage of 1·1 volts is chosen ("l). Fig . .16 
shows the capacity of cells at different end voltages. 

Number 0/ cells required/or life test.-The minimum number of cells to be selected 
for life test should be three. The cells may be tested in series, but it is preferable to 
test them individually rather than in series, because the average obtained by the 
~er:es arrangement is nQt necessarily the same as the average obtained by testing 
the cells separately and then averagi~g the results. 



" .. , 'rhe quality 0 a cell s affected by several uncontrolled Variil.b'e~:in.a factory 
iuch as the conditions during manufacture and the qua' :ty of raw materials, Thesr 
'variables produce cells with varying output, This variation may be of the order 
.of ten to fifteen percent. between individual cells From statiltical considera
tions, it is better to get an average output figure for a larg~ number of cells than for 
& smaller batch in which an attempt has been made to control the variables, 
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'Rating 0/ thecells.-The output capacity of a cell may be given in days, hours, 
minutes, ampere-hours or in watt-hours. The output depends upon the; drain to 
which a cell is subjected, and therefore it is not a specific quantity. The procedure, 
of rating the cells in. terms of time is simple ahd of practical value, as it.dep.otes the 
actual service that can be expected from a cen and it has been adopted ~n many 
countries. Measurement of the capacity in alIlpere-hours or watt-hours entails a 
certain amount of calculatioIJ. }Vork to obtain the output figures. Nowad,ay,s the 
capacity in ampere-hours is not generally given. The method of.rating the output 
capacity in watt-hours, though it involves more..work, :is satisfactory as it indicates 
the actual work that may be obtained from a cell and thereby forms J~ better. 
lIeientific basis of comparison. . ' 

;If a cell is discharged at constant current, -he watt-hour capacity-is, obtained 
from :- . . __ " ,,, " 

W.H. = IEH. 
where I is the discharge current, E is the average voltage during discharge and H 
is the total time of discharge. If a cell is discharged through a constant resistance 
the capacity is given by the following equation, 

EI 
W.H:=-XH 

R 
where E is the average voltage during discharge, R is the external resistance through 
which the cell is discharged and H is the total time of discharge. 



Shelf Life Tesfs.-Shelf life testa on dry cells are importan~, as users of cells aN 
generally interested in knowing the capacity of a cell after a period of storing. ini
tial tests indicate the 'available capacity when the cells are fresh, while shelf tests 
give an idea of the decrease iIi capacity due to deterioration on storage. The lower
ing in capacity during storage is different with different makes of cells. The chea': 
per and less reliable makes will be useless after only a few months' shelf period. Ini
tial tests are useful when cells are to be used shortly after manufacture. If however 
t.he cells are to be used on light drains or on intermittent st-rvice of long duration or 
are not to be used for some time after .the manufacture, the initial tests are of not much 
practical value. Shelf tests in such cases are important. Cells giving high output 
in the initial tests may fall rapidly after a storage period of only a month 'or two, 
while others showing moderate capacity on initial tests may continue to deliver almost 
the same amount even after six months' storage period. The latter type is prefer
able forgiving a guarantee or for sending to distant places. Fig. 17 shows the output 
capacity of cells of different makes on shelf tests. The cells were .tested in a co~
stant temperatilre constant humidity room according to the procedure described in a 
paper by Yerman and Joglekar (128). " 

INFLUENCE OF TEMPERATURE. 

Open ,Circuit Voltage.-It is well known that the temperature variations affect 
tho characteristics of a dly cell. The effect of temperature on the open circuit volt
I&ge is small .and' may be neglected for all practical purposes. The temperature 
I:oefficient is positive (132) within the ordinary range of temperature. 

Short-Oircuit OUTTent.-Short circuit current increases at the rate of approxi
mately one ampere for each 3°0. rise in temperature between 0° and 25°0., and at 
higher temperatures the rate of rise is somewhat less (132) • 
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Output Oapacity.-The temperature coefficient of capacity is positive and varies 
with the type of test and also with the brand of cells (93, 10," 132). This variation 
makes it difficult to judge the capacity of a cell at any temperature from the kno:wn 
figures at a particular standard temperature. 



Shelf Life TestI.-The effect of high temperatures on shelf lIte IS deleterious. An 
increase in temperature. assists the chemical re.actions within thb cell which tend to 
deteriorate it. Cells therefore should be stored in a cool place. Capacity ora cell is 
increased by raising the temperature when the discharge ra~ is high. In low dis
charge tests when a cell takes 1\ considerable period to complete the test a low temp\}
rature is preferable /10 as to reduce the harmful effect of high temperature on the shelf 
li fe of the cell. y -

At low temperatures a cell gives· less capacity than when discharged at normal 
tem~ratures. This diminution is due to many causes. The chemical reactivity 
slacknens with the lowering of the t~mperature. Apart from this, the solubility of 
the by-products of reaction decreases with the temperature. The salts in the elect
rolyte crystallise out and congel!t the pores, thereby increasing. the inner resistance 
of the cell. The conductivity of the electrolyte also decreases with the decreas
ing temperature. The harmful effects of low temperature· may be countetacted to 
Bome extent by making:suitable modifications in the electrolyte mixtures. 

From the above discussion it will be seen that the temperature influences the 
tapacity of a cell to a considerable extent. In a sub-continent like India, where the 
temperature varies considerably from place to place and also varies considerably at 
different times of the year, the result of even routine work would vary considerably 
with the natural variations of temperatures in a room. The .greater acuuracy that is 
necessary for research and development work cannot be obtained by testing the cells 
-at room temperatures. With a view to avoiding the effects of the variations in tem
peratures research laboratories' should be maintained under constant temperature 
conditions. 

Reuuionship between tYLrious tesf.s.-Tests carried out in a laboratory are at best 
approximations to the service qualities of cells. It is therefore necessary to correlate 
the laboratory data witli the actual performance of cells in service. Attempts have 
been made by various workers to find out this correlation between various conditions 
of tests (91, 93, 136). The knowledge of the relationship between various tests would 
make it possible toO carry out oile rapid discharge on a ~ cell and ~.m such data 
predict the performance of the cell under a variety of discharge conditIOns, thereby 
eliminating a large number of discharge tests. This ideal, however,has not yet been 
attained. . . 
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DEFECTS. 

In the foregoing chaptElrs it was pointed out that unless a proper check is main
tained in the selection of raw materials and on each of the manufacturing opera
tions defects will be oliserved in ,the finished products. These defects generally deve
lop to an appreciable extent within the first few weeks of manufacture, and are some
times noticed visually or detected when voltage 'and short-circuit current are mea-
sured. The defects may be summarised as :- - '., 

(1) Bulging and/or pushing out of the sealing compound. 
(2) Pushing out of the carbon rod. 
(3) Pressing out of the zinc can bottom in soldered cans. 
(4) Creeping of the electrolyte along the walls of the can. 
(5) Creeping of the electrolyte along the carbon rod and subsequent corrosion 

of the brass terminal cap. . . 
(6) Pitting of the zinc cans. 

As it is difficult to attribute any particular cause for these defects, a series of 
careful experiments have to be carried out to eliminate them. The first three defecta 
listed above are due to the high pressure developed by the entrapped gases within the 
cell. In order to prevent these defects the entrapped gas must be vented out through 
the joint between the sealing compound and the zinc can or through the carbon elec
trode. In some cells the brass cap has a tiny hole or is slitted at the top for allow
ing the gas to escape through it. The gas finds its way to the cap through the porous 
carbon electrode, but this may be prevented if carbon rod has been excessively para
ffined. Paraffining should therefore be judiciously carried out to. prevent the pass
age of electrolyte but to allow free passage to the gases. Sometimes the ~inc can is 
provided with a tiny hole at the top near the groove just below the top cardboard 
washer to allow these gases to escape. 

The excessive generation of gases during the first few weeks of manufacture may 
be due partly to internal short circuits between the zinc and the depolariser mate
rial, which might be adhering to the outside of the dolly or which might have found 
its way out during the tying or capping operation. Care should be taken to avoid 
these short circuits. Gases may also have their origin in starch flour of inferior 
quality, which might have been used for gelatinizing purposes. This can be pre
vented by using good quality materials. 

The pressing out of the zinc bottom occurs only if the soldered joints are not 
sufficiently strong. Sometimes electrolyte is also seen coming out at the bottom 
through 'Pin holes in the soldered portion. These defects can be easily eliminated by 
careful control of soldering operation and inspection of finished cans before cell as
sembly. 

The electrolyte sometimes creeps along the vertical soldered joint, and if the 
sealing at the top is defective, it comes out and spoils the outside of the cell or other 
adjoining cells in a' battery. It also creeps along the vertical fissures if any, and 
along the vertical grooves in a carbon rod and corrodes the brass caps. Faulty car
bon rods should not therefore be used. It is also preferable to have vertical dents on 
the carbon rod instead. of grooves. 

Direct internal shorts taking place during the assembling of a cell lower the voltage 
in a few days' time. These may be detected by open circuit voltage measurements. 
Due to internal short-circuits, the zinc can is eaten up locally and becomes pitted. 
Harmful impurities either from the electrolyte and/or from the depolarising mix
ture travel to the zinc can, and develop local galvanic cells and cause the pitting of the 
can. These defects may be prevented by controlling the purity of raw materials. 



ECONOMICS. 
i IiI. running B manufacturing concern BUccessfully, it is necessary to BII8e8II cor

teetly the c.()st of production. Not only should the tOtal crist !be 1mOWD: .cot.rectly, 
but it is ",Iso nece88ary to know the cost of production at every stage of manufactiUre. 
Such a 1>rocednre would 'help to effect economics in the cost of production without 
deteriorating the quaEty. Attention should be paid to the cost and selection of the 
raw materials consistent with their quality ana suitability for manufactm'6. ,Atten
tion is also necessary at every stage to find the wastage in, the manufacturing pro
ce88 and for the subsequent substitution of newdevicea or' combmation of twp or 
more operations by special machinery to reduce it. 

Fig. 18 shows a flow sheet of dry cell manufacture. A hypothetical ease has been 
worked out below showing the cost of manufacture of dry cellsin the smallest factorj 
unit considered economic for Indian conditions. The output of the factory is take'Q 
at a figure of 8;000 cells a day with a monthly production of 200,000 cells. .The ~ 
of cell manufactured is taken as 11" dia. X 2-3/8'" height. The prices of law mat&
rials, 'machines and the labour ehatges are a881imed to be those current before the war 
and Bre 80mewhat 'on the higher side. 

. 0:1). the basis of the above production figures the factory would require a total 
. tloor area of about 3,000 sq. ft. including officeS and laboratories. The 88SUml'tions 
00. -,vhich the cost of l'roduction are based are as follows :-

,cAl'ITAL INVESTJrlE~. 

(1' BaiJcJiDg.o .. " •• ." .. ,,' ',' 
(2) WorklDg capital (equivalent roughly to" monthe' requirement ofmateriala and 

pay of employees, etc ) •• 
(3) lIacbiner,y, .pparatua, eto .• 
(') LaboratlJ and oflioe equipment, eto 

. (1) One Teehaleal Manager 
(2) One Chemist .• 
(3) One Clerk.." " 
(') Six Miatriee .t Be 10 per month each •• 
(6) Fifty worken •• Be. 20 per month eacIl 
(6) On. bearer •• 

ANNuAL ClUBGES. 

(1) Intont on Capital InyestmllDt.t /I per oent. 
(2)' Batee and Tax ... etc. •• I· 211 per cen'. •. 

(3, Dpel-ltliaIto.-

(II) Building /I per cent. • • " 
(6) Machinery, etc., 10 per cen" 
(e) lAboratory and oflioe equipmllDt 10 per _t. 
(d) Maintenanoe 1 per oeDt. • • ..' 

(4) Poy"femploy_ 
(6) J _ranoe .. 
(6) Power. light. eto. 
(7) lfiaoellau._ 

Total 

Total 

'8,000 
28,000 
',000 

1,00,000 



COST OJ' PRODUCTION. 

(1) Material eoet RL 11,000 x: 12 •• 
(2) Annual chargee . 

Cost per cell = 1·1 anna per cell. 

Cost per gross ' Rs. 9· 9 say Ra. iO. 
' ••• ' 1':' 

'l'oW 

&. 
1,32.000 

32,730 ,. 

l,M.730 

Quality cells are generally sold at a price varying between Ra. 12 and Ra. 15 
per grosS ez-factory; Taking Rs. 12 as the selling price per gross to dealers the profit 
pet year comes to about Rs.33,OOO on an investment o( Ra. 1,00,000 which means 33 
per cent. profit on the capital investment .. The nett profit will however be reduced 
to a. certain extent depending upon the income tax; the advertisement charges, etc., 
which have not been included i.u the 'above estimate. . 

. Since the outbreak of hostilities in Europe the economic position has been con
siderably altered and became so complex that any data collected before the.war has 

:become extremely ina9cur/iLte, and the ,.collection of up~to-date figur6ll h.~ become 
'well-nigh impossible.: In view of the cohstantlychanging conditiOD!!, therefore, ~t 
has become futile to attempt a.n . ~curate ,estimate . of dry ,cell production -Cost. 
Constant attempt is, however, being made by the authors to keep in touch with deve
lopments and maintain the available data up-to-date, with a view to assistirig anyone 
who may require such information. 
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.. 
BURNT CLAY, OR SURKlII; AS POZZOLANA. 

I.-INTRODUCTION. 

l?ozzolanas are materials which easily react with fat lime at ordinary 
temperatures to form cementatiol1s products in the presence of water or water 
vapour; They may occur naturally as such or may be produced artificially by. 
burning naturally occuring substanCeS such as clays, shales, and certain. 
8iliceous rocks. To the former group belong materials of volcanic origin, 
which, in fact, represent the product of the action of volcanic hea.t on clayev 
materials. • 

The Greeks and :Romans made use of natural poz.wlanas obtained from 
i:ertain volcanic deposits (1). In admixture with lime and sand they succeeded 
in producting hydraulic mortars resistant to 'sea water. The Romans also 
appear to have used artificial pozzolaIlas in -the form of burnt day obtained 
by grinding tiles and pottery. In this connection it may be ment·oned that 
" Surkhi " is a term applied in India to powdered brickbats or brickscomruon
ly used for building purposes and the widespread and extensive use of surkhi 
as an addition to fat lime mortars to obtain hydraulic properties appears to 
l.Ie a contribution of India and Egypt (I), in which countries it has been in use 
from times iminemorial in many important works of constructIon that have 
witbstood, in certain. cases, centuries of weathering. The brickbats or bricks 
from whicb surkPi is prepared almost invariably contain sand in ad!nixture 
with the clay. 

At the present time pozzolanas are generally used in :

(a) fat lime mortars to develop hydraulic properties, 

(b) cement mortars and concrete to render them resistant to salt water, 

(c) the manufacture of lime pozzolana bricks. 

In straight fat lime mo1:tars cementing properties are produced by the 
formation of calcium carbonate, through the action cf atmospheric carbon 
dioxide. This reaction is, however, relatively slow and is gencrally confined 
to the relatively better exposed external parts of the mortar; furthermore, the 
cementing properties of the carbonate arc comparatiyely_ poor (3), ~here&3 
the addition of pozzclanas to fat lime mortars leads to the productlOn of a 
strong cementing compound ~y the interaction of the lime and pozzolana. 

In the course of the setting of portland cement a certain amount of free 
lime is thrown out ('), which, besides being weak as a cementing material, 

(') F.M. Lea and C. H. Desch," Chemistry of Cement and Concrete" 1935 (Arnold). 
(I) M. Fitzmaurice; Proc. 11181. Civil Eng., 152. 71, 1902-3. . 
(II Building R~reh Board Annuai Report 1931, p. 44. 
(') F. M. Lea and C. H. Desch, Lac. Cit; p.44. . . 
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renders the structure susceptible to the attack of salt and consequent crack
ing and failure (6) (6) (1). It has been found, however, that the addition of a 
proportion of pozzcilanli. to cement mortars and concretes results not only in 
improvement of the resistance to corrosion by sea water (8), but also in increase 
of strength (9), (10). 

Ali pointed out above, for the production of both natural and artificial 
pozzolanas, clayey· materials require to be subjecteilto· a' high temperature, 
one effect of which is that dissociation of chemically combined water takes 
place (11). This dissociation is doubtless accomparued by other reactions, 
which, due to the complex nature of cla.ys in general, are not ~asy to determilie 
aIt.hough a great deal of work has been and is still being done in various labora
tories to investigate them. 

Various reactions taking place under similar circumstances in a simpler 
forot of day minel"llI, namely ka:>linite have been studied and may, therefore 
be used as an indication of what may take place in clays in general" on burnin!; 
at high temperatures. The known facts in the case of kaolinite may be summa
rised (12) as iollows :-

(1) Upt.o 550°C :-

4(AI::P3' 28i02 2H20)-~1:AI2i0~. 3S02 + 5Si('2 -+- SH 0 

Kaolinite alpha - R aolin 

(2) Between 870°C and 10GO"C:-

4.A1 203• 3Si02-~3(A203' Si02) + Al:t3 

alpha - kaolin. sillimanit.e gam.a-J.Zumina 

(3) Above lO(jO~C:-

3(A1 20a. SiO;!)?3A1i'a' 2Si02 + 8i02 

Sillimanite mullite cristobalite 

It will be seen that silica and alumina are set free at various stages of the 
burning of kaolinite. Similar reactions may be expected to give rise to 
free and active forms of silica and alumina, when ordinary clays are fired for_ 
the m!1nufacturJ of bricks and during the formation of other pozzolanic masses, 

(') F. M. L'~ and C. H. Do.~h, Lo-. Cit, pp. 351·370. 

(0)' P. P. Uohukov, Stroitel PI'Om, 16 Nos. 8-9 pp. 75·79 (193S). 

(') V. M.Moskvin, Chimie d ]"d".tr't, 40, 1125 Kalli, 7, No.2, 23·7 {1938}. 

(") Building Research Board Annual Report, 1932 p. 39. 

(O) Building Research Board Annual Report., 1930 p.23. 

PO) C. A. R. Khan and Lal C. Yerman, .. Cement·Surkhi Mortars " • . Indian· and Eamm. 
Engineer, June 1940. . 

(11) Fremy, Compo Rtnd., 67, 1205 (19G9). 

Pi) F. M, Clews, H. H. Macey, and' G. n. Rigby," Some Properties·oIClay~ ",Chem. and 
Ind., 57, 221 (1938). 
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natural or artificial,and it is ~his free silica and/or tree alumina which ia 
assumed to be responsible for the reaction between lime and pozzolan:ls. 

Here again the reactions involved are of a. complex nature and are still 
to a considerable extent conjectural; it has, however, been demonstrated that 
hydrated forms of mono-calcium silicate (13), (14), and- ~tra-calcium alumi
nate (15) are formed in lime-pozzolana mortars. Reactions in aqueous solu· 
tions between lime and silioa have also been studied (111) and indicate that the 
nature of the reaction product, depends on the concentration of lime in solu
tion. Thus. while hydrated mono-calcium silicates are formed- at low con
centrations of lime, hydrated di-calcium-tii.licatea (.2CaO. SiG?) axe obtained at 
concentrations approaching saturation. 

It may be concluded from the above dlseussion tbat tbe quali.ty of a given 
sample of poazolana for USe in lime mortars would depend, among other 
things, on the history of its formation, parti.cularly on the temperature at which 
it has been fired. Studies at the Building Research Station, England, indicate 
that for every c;;lay there exists an opti.mum temperature of burning, (lying 
lIomewhere between 6O<rand ooo°C) which givoo a resulting pozzolanaof the 
highest activity (u). . 
. . In these studies activity was determined by me.asuring the decrease 
in electrical conductivity of a standard lime solution to which the pozzolana 
hsd .been added. The results thus 'Obtained were found to correspond to 
strength toots on, lime-pozzolana mortars (17) at oo):"1y periodS of maturing, 
but it was later fOUIld that they did not correspond to the mortar strength at 
long periods of maturing (18). Thus it woUld appear that this method of 
determining the optimum temperaturea of burning rould not be relied upo'n 
for the production of the best quality of a:ctificial po22Qlanas • 

. On the other hand' the investigati.ons described in this paper indicate 
that clays burnt at temperatures appl'Oachin.g the sintering point yield the 
best quality pozzolanas, 80 Ca;r as the ultimate strength d the resulting mortars 
is concerned.. It appears, therefore, that the free silica in the form of cristobalite 
produced at temperatures a~ve 1000°C OOII.tributes ronsiderably towards the 
activity of the pozzolanas. 

Besides the question of firing temperatures there are a num~r of other 
factors wbleh influence the quality of a pozzolana mortar, and ltwas the 
purpose of these inveatigations to st1!dy the effects of -the different. variables 
influencing the strength 'of these mortars under practical conditions of appli
cation. Attention was, therefore, confined to pozzolanas. or rather surkhis, 
prepared from clays found in the vicinity of Calcutta. The vanablea studied 
included :-

(i) chemical composition of the claya. 
(ii) degree of burning. 
(11) Build'I\g Rueare10 Boaf'd ,AAnuai RepO'lt, 193tl, p. ~2. 
(U) Yittorio Cirilli., Ann. CAlm. Applicata, 28, !39·44 (1938). 
(li) G.Malquori, Gi.,Qn. CMm. Ind. ApplicalJa, 12,6,312(1930). . 
(8) ~ B. Beitlich, Ja.r. Ame", Chem. 800., 60, 8, H132·36 (1938). 
(l7) B .. ilding R~ Board Annval Repo'M, 1926, pp. 34·36 &1ld 1927, pp. 48·(8. 
(II) BM.ldiag Ru_iA BlKIf'd .. bnuCil RlSJOrU. 1929; p. lSI. 
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(iii) time of maturing the resulting mo::a.....s. 

(iv) fineness of grinditlg of each surkhi. 

(v) particle size distribution of each surkhi. 

(m)" composition of the lime used in the mortars. 

(vi~) mortar consistency. 

(viil) period of soaking of the mortars prior to use. 

This investigation was largely restricted in scope to cover only such condl: 
ona as may obtain in practice. There remains, however, a number of points 

of scientific interest which need further stu:iy, and these may be taken up ~ 
& later date. 

II.-EXP.mIDfENTAL DETAlLS. 

General Outline. 

To study ,the" eff~t of the different variables mentioned above, surkhis 
prepared from bricks obtained from various sources were subjected to thorough 
examination under varying oontlitions. In each L'ase the tensile sf;rengths 01 
the mortars prepared with tben1, which developed at different maturing periods, 
were determined and Used as the criterion of quality .. }t is realised that other 
factors, such 89 resistance to weather and to corrosive elements (salt water). 
eompressive and adhesive strength, ef'.c., are also important, but in the present 
investigation attention was confined t%J de~rrnination of the tensile strengths 
only, leaving other mctors for future con..~ation. 

Bricks of "Tarying degrees of burning together with samples of the clays 
used in their manufacture were collected from a number of brick-fields." -The 

"clays were subjected to complete chemical analysis, and the bricks were sorted 
and gronnd to prodllCe surkhi. The mortars prepared from these snrkhls wers 

. gauged into bl iquette~, an:! the33 were m1.tured under' water, their tensile 
_strength being deterrnine1 at various periods of maturing. The data thus 
collected wei'e carefully elClmined with a view to determining the effect of 
the different variables under consideration. " 

Clays and Brickg. 
Nine brick-fields in the neighbourhood or Calcutta lormed the sourCe of 

the clays and bricks involved in this investigation. It may be pointed out
here that the bricks coIIected mm these brick fields do not represent burnt 
-clay alone, huta mixture of clay and sand in unknown proportions. No attempt 
was made to ass:ert;ain the exact proportions of the sand-clay mixtttre used. 
in the brick.~, fot" it would vary from one brick-field to another and also pro· 
bably from day to day in the same brick-field. The surkhis made from such 
I>ric'cs repr~ent. how~\'61', the mat-erial actually used in the building industry 
in tIlls country and,. thel'efore, form a representative set of samples. 

In Table I below is collected the gEme!al information regarding the various 
hrick-field:! together with the designation' assigned to each of theso) for the 
rurpOS;!S ,)f referent'e in this papei'. 



TABI.E I_ 
General Information regarding various Brick:fields. 

No.. I Designation. I 
I 

2 

·a 
4 

Ii 

41 , 
a 
9 

A

B 

a 
D 

B 

,F 

G 

K 

J 

lAcaLion. 

Ba1Iy 

Ba&'uiplll' 

Nangi. 

Gokulp1ll' 

Gokulpur: 

Gokulpur 

MallarajplK' 

Kancarapa&'a. •• 

BelghW"ia. 

Type of Clay~ 

Mixture. of Jlit clay and recent silt. 

Pi.t clay. 

, ReooD.t.. ail'. 

Few years old silL 

Few Tears old sili. 

Few years old ailt. 

B.ecentsilt. 

Few fears old. sili. 

__ Pit c1I!-Y_ 

The allalysell of the clayoi collea~Qi from the various briak-nelds are given 
in Table IL . 

'J,'ABLE II. 
CltemicaZ Analyse, oj tie Clays 'ltS~ ,It. '9ah~'IlS Brick-jielJ,s_ 

-
Brick-field. 

Coneutuent . 
iB~ A- D C D :E F G 11 J 

~ ---' 
Moisture .. 4·8S 9·20 16·J5 2·85 3,62 '''·is 0-20 3'86 13;98 

---' 
.Analysis of Dr, 

Sa"'l'ie:-
Loss on igni- 6-43 6'00 7'60 a-GO 0-00 4'95 8-80 6-90 6-35 

tio". 
- --~ ~ -------. -Silica. .. 64-34 62·11 60·30 7l-42 66·77 66·38 64·82 60'79 63'68 

---~. ~ ~ 
~ -

Ironoxich .. 0·49 6·40 6'50 5·60 6·80 6·80 7·10 6'00 5·90 

- ~ ~ 15'201~ 
~ 

Alumina. .. 16·44 16·92 16·75 12·50 14·96 14·25 14'55 

1---~ ~--
Titanium 0·89 1·10 0-95 1·30 1-20 1·20 1-00 0'90 )·10 

oxide_ -- ----Lime .. 1·82 1·98 2 .. 10 1·17 1'02 1'10 0'40 4·38 3·10 
~ ----------- - -----M..;nesia. •• S-59 2·52 2·80 1·21 1·35 1·43 3·32 2·78 \!'19 

- ~ ----~ ~ --'-

Al,alis .. 1·98 1·78 2·60 3·50 3·13 3·22 4·17 4·24 3·20 

------ - ~ ~ 100: 16 100'24 1 ~ Totals •• 99·98 99·31 99-90 100·30 100·22 100·28 

:~,,:~. 



(iii) time of maturing the resulting mo~a.....s. 

(iv) fineness of gri.ndibg of each surkhi. 

(v) particle size distribution of each surkhi. 

, (m)' composition of the lime used in the mortars. 

(m~1 mortat consistency. 

(mii) period 01 sO:J.kingoi the mortars prior to use. 

This investigation Wag largely restricted in scope to cover- only such cond!: 
. tions as may obtain in practice. There r.emains, however, II number ofpoints 
of scientific interest which need further study, and these may be taken up a.t 
a later date. 

II.-Ex~TAL DETAILS. 

General Outline. 
To study .the· eff~t or the different variables mentioned above, surkhis 

prepared from bricks obtained from various sources were subjected to thorough 
examination :under va.rying con~itions. In each case the tensiIe strengths 01 
the mortars prepared with them, which developed at different maturing periods, 
were determined and used as the criterion of quality.· }t is realised that other 
factors, such as resistance to weather and to corrosive elements (salt water], 
compressive and 'adhesive strength, ef-.c., are also imp"lrtnnt, but in the present 
investigation attentIon was confined ta deizlrnlination of the tensile strengths 
only, leaving other factors for future con..~ation. 

Bricks of 7arying degrees of burning together with samples of the clays 
tISed in their manufacture were collected from a number of brick-fields. - The 

. clays were subjected to complete chemical analysis, and the bricks were sorted 
and ground to prodllCe surkhi. T'ne mortars prepared from these snrilis were 

,gauged into bJ iquette~, anl thei!" were m1.turea under water, their tensile 
.strength being determine! at Val'iOIlS periods of maturing. The data thus 
collected were carefully eXl.mined with a view to determining the effect of 
the different variables under consideration. 

Clays and Bricks. 
Nine brick-fields iu the neighbourhood of Calcutta formed the source 01 

the clays and bricks involved in this investigation. It may be pointed out
.here that the bricks collected from these brick fields do not represent burnt 
'clay alone, huta mixture of clay and sand in unknown proportions. No attempt 
was made to a~ain the exact proportions of the sand-clay mixttrre used. 
in the brick.~, lor it would vary from one brick-field to another and also pro· 
bably from day to day in the same brick-field. The &nrkhis made from such 
l>rie'cs repra-ent, how~v61', the mat.erial actually used in the building industry 
in this country and,- therefore, form a representative set; of samples. 

In Table I below is collected the gmeral information regarding the various 
brick-fielJd together with the designation- assigned to each of thes~ for the 
llurpos.!s ,)f ref€'I'en~e in this papei'. 



5 

TAB1.E I. 
Ge1leral I rfarmation regarding various Brick-fields. 

~I DeSigne.4;ion·1 

1 

2 

·a 

" ,. 
6 

V 

8 

9 

A 

B 

a 
D 

E 

_F 

G 

II 

J 

lAc .. Uon. 

Bally 

Baruipur 

Nangi 

Gokulpur 

Gokulpul' 

Gokulpur 

Maha.r .. jplH' 

Kanclua para .• 

Belghu.ria 

Typo of Cla.y. 

Mixture. of J>it. clay and l'ecellt !Jilt. 
Pit oIa'y_ 

. ROC8Ilt.. sil •• 

Few ye .. ra old silt. 

Few r8&l'S old sili. 

Few years old ailt. 

Recent ailt. 

Few ye&rs old. ailt. 

-.. Pitcl~y. 

The an.alyses of the claya colIeat&1 from the various briak-nelds are given 
in Table IL 

~ABLE II. 
ClWAical.J.nalyses cj tie Olays '/tsM. ,/I. 1JW'IJS Brick-fields. -

Brick-field. 

Constituent 
iB':l. A B C D :E F G II J 

~ ----
Moisture .. 4·8S 9·20 IS·S5 j·S5 3·62 4·:!3 ",20 3·8/i 13;98 

--~ ---
.4.nalysi.s oj Dr, 

8any!e :-
Loss on igni. 6'43 6·60 7'60 3·60 5·00 "'95 8'80 6·90 6·35 

tion. 
- --~ ~I--

Silie .. .. 64·34 62·11 GO'SO 71·42 66·77 66·38 54·82 60'79 63·68 
~ -

lronolticb .. ",49 6·40 6'50 5·60 6·80 6·80 7·10 6-00 5·90. 
1---~ 15'201~ Alumin& .. 16·44 16·92 16·75 12·50 14·90 14·25. 14·55 
1------ ~~ - -

Tit&nium 0·89 1·10 0'95 1·30 1·20 1·20 1·00 0'90 )·10 
oxide. 
~ - ---

Lime ., 1·82 1·98 2 .. 10 1·17 1-02 1·10 0'40 4·38 3·10 
----,..--- - ---

Ma;nesia .. 2·59 2·52 2·80 1·21 1·35 1·43 3·32 2·78 1/'19 - ---
Al~lis .. 1·98 1·78 2·60 3·50 3·13 3·22 4·17 4·24 3·20 

-----....-f-- ----~ - 100:16 100'241~ Tot&1s .. 99·98 99·31 99·90 100·30 100·22 100·28 

:;.~ 
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(Jrinding and Sieving. 

The bricks collected from 'each brick-field were separilted int{) three groupe 
by visual examination according to the extent of there burning, the groulis 
being generally as follows ~~ 

(1) Uni1erbwrnt, designated ail U :-bricks. light red, almost' pink in 
4:010ur, relatively soft, snd easily crushable. 

(2) Well-burnt, designated as W:-bricks deep red in colour, relatively hard', 
and with a metallic ring. 

(3) Overburnt, desigpated as 0 :-oncks dark brown, alroost black in colour 
eerni-fused, very hard to c:rush, commonly known locally as ' Jhamma '. 

Each ~onp of bricks was separately cru8hed in a cast-iron ball mill, untiJ 
the surkhi so prepared wuld be sieved tm:ough a 30-mesh B. S. sieve. The ma
terial retained on the sieve was subjected to further grinding and simil&rly . 
treated. One set of experiments to determine the tensile strength of the re
eulting mortar was-conducted with these surkhis, and further tests were 
carried out on surkhis passing a 170-mesh B. S. sieve, obtained by sieving the 
30-mesh material through the 170-mesh sieve. 

Eight sets of experimenta were carried out with these surkhis under yary. 
ing experimental conditions, a8 descn'bed below. 

. ' 

Ohemical Examinatitm. 
In addition to chemical analysis, the proportion soluble in dilute hydro

chloric acid and also in distilled water were determined in the case of each of 
the 30-mesh surkhis. The results are tabulated in Table III, and from these it 
will be seen that the water-soluble fraction almost invariably decreases as the 
-degree of burning increases. This is doubtless due to such factors as volatiliza
tion, decomposition and combination of water soluble alkali salts with other 
material. 
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TABLE Ill. 

Diltlle Hydrochlmic Acid and Water Soluble Fractions of variQU8 Surk1tis. 

- -, 
Portion soluble in diL 

Portion soluble in W&ter%. hydrochloric acid%. 

Brick·field. Surkhi. I 
Su)· I Nit. I Chlo. SiO. Fe.O. Al.0. Total. Total. 

- --1-
phates. rates. rides. 
------

Under· burn' .. 3·90 0'94. 0'49 5'33 0·26 0'0004Trace 0'2604 . . ------'----1-~ 
A. Well " .. 4·15 0·75 . 0'90 5'80 0'15 0'0003 Nil 0'1503 --- ----------

Over .. .. 6'58 0·64 1·30 8'52 0'10 0'0002 Nil. 0'1002 
---- --------Under .. .. 2·21 3·28 ·6·37 1l:86 0·20 Trace Trace 0'20 
--------------·B. Well .. .. 2'70 1·70 0'20 4'60 0·20 Nil Nil 0'20 ------------

Over .. .. 2'80 1·25 0·70 4'75 0·12 .. .. 0·12 ----- -.-
Under .. .. 5'40 3'20 3'95 12-55 0·05 Trace 0'03 0'08 --------- ----

C. Well " .. 4'30 1-60 3'35 9·25 0'03 .. 0·02 0·05 ----------'-~ ._-
Over " .. 3·40 1'30 2'65 7·35 0'02 .. 0·02 0·04 

b ------.--.------
Under " .. 0·20 0·78 1'12 2·10 Trace .. 0·025 0·025 . --------------

D. Well .. -. 1·60 0'32 0·68 2·60 .. ." . 0·018 0·018 ------------
Over .. .. 1'95 0·38 0·78 3·11 .. .. 0'009 0'009 --------------.-
Under .. .. 4'35 1·81 3'54 9·70 .. .. 0'014 0·014 . -'--- -'---------

E. Well .. .. 1·05 0·38 0·92 2·35 Nil .. 0·014 0'014 ----._-.--._-----
Over .. .. 1'80 0'39 0'61 2·80 Nil .. 0·010 0'010 

-
Under .. .. 3·15 1·16 1'14 5·45 Trace 0'0034 0'014 0'0174 ---------- --

F. Well .. .. 0'25 0·27 0·90 1·42 Nil Trace 0·010 0'010 
-'--------------

Over .. .. 1'66 0·46 0·94 3'06 .. Nil Trace Nil 
--------------

Under .. .. 8'85 0'84 5·86 15'55 0·07 Trace 0·017 0.,087 - ------------
G. Well .. .. 9'90 0·70 7·13 17·73 0·05 Nil 0'014 0·064 

--I---------
Over .. .. 10·10 1·20 7-00 18·30 0·017 Nil 0'010 0·027 

1-------- --
Under .. .. 7-25 0-59 7'21 15·08 0-12 0-0034 0·014 0·1l7' 

--I---------
H. Well .. .. 7·45 0-64 6·01 14·10 Trace Trace 0'014 0·014 - ------------

Over .. .. 5·20 0-97 6·83 13·00 Nil Nil 0'010 0'010 ... --------------
Under .. .. 5-05 1·60 3·95 n·l0 0·13 Trace 0·014 0·144 

-- I---------
J. Well .. .. 4-S0 0·84 2'96 8-10 0-10 .. 0·014 0-114 - - --6.'66~I-·-·-O-OlO Q.OiO Over •• .. 3-60 0-60 2-45 
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So far as the hydrochloric acid soluble fractions are concerned, silica ap
pears to show no systematic variation with the degree of burning, but ferric 
oxide_ decreases with increase of the degree of burning in all cases except G and 
H, and alumina shows a similar trend with the exception of surkhis A and G. 

The decrease of the iron content with increasing degree of burning may be 
a.ttributable to the partial elimination of iron from the surkhi, as effects of this 
kind have been studied in the case of white enamels (19), limes eO), and glasses 
(21). The effect appears to be caused by the formation of ferric chloride owing 
to the action of sodium chloride vapour on iron oxides; ferric chloride being 
volatile at high temper~tures is consequently eliminated. A similar effect on 
a;Iumina has been demonstrated to occur at 1,000°0 in fireclay, silica, and china 
clay by Olews, Richardson and Green (22). It appears, therefore, that in the 
process of burning clays into surkhi, the iron and alumina contents decrease, 
due to the formation of chlorides which volatilise. -

~creell.A.nalyses.. 

The results of soreen analyses of the various 30-mesh samples are given in 
Table IV. The variations occurring in the grain size distribution may be 
ascribed to such factors as the relative hardness of the original bricks, which 
may be influenced by the texture of the clay and the degree of burning, the 
detail of the method by which the grinding is carried out--and the presence 
of sand, which is oomparatively hard to grind. The original grain size of the 
sand, its relative hardness and proportion of admixture would also influence the 
final grain size of the surkhi obtained. In actual practice surkhi is generally 
ground in this country by a rough a.nd ready stone roller mill driven either me·-_ 
chanically or -by bullooks ; even gre~ter variations than those indicated by the 

_ data in Table IV may, therefore, be expected on construction works. 

For the purpose of this investigation, any conclusion that may be drawn 
from the mortar strength tests must necessarily be guided and influenced by the 
grain size distribution. In many cases, it would suffice to oonsider averages for 
a.ll the surkhis tested for which purpo~es the average grain size distribution may 
be considered applicable. This has been calculated and included as the last 
item in Table IV. 

(1.) G. BoJe and R. M. Howe" Action of Chlorides on the Volatilisation of Ferrio Iron" 
~ra"". Amu. Cer. Soc.,l'l, 126, 1915. 

_ (10) Tokiti Noda .. On the Calcination of Lime, VllI-IX, Chemical Effect-s of Sodium Chlo
ride in the Calcination of Limestone n, Jou.r. Soc. oj Ohemioal.1ndU8lry, Japan, 42, 202B, June 
1939. • 

. (11) H. M. Marshall and W. E. S. Turner, .. A Study of the Possibility of Reducing the Irot 
Oxide ~ontent of Molton Souar-Lim&-Silica. Gla.ases by the action of chloridaa" Jour. oj 11,. 
600. oj a:ass Tech., 23, 253·2d4, August 1939. 

. ("l Clew, F. H., Richardson, M. H., and Green, A. T., .. An Examination of Rea.cti·)n 0 

Sodium Chloride Vapour with Refractory MaterioJs at I,OOO°C and Conditions Leading to Vola 
talization of Brick Constituents ", 1n..s1. Gas. En.gra., Copyright l'ub. 193/76, 9·17, 1938; Cheri . 
.db,., 33,_ 6547, 19~9. 



TABLE IV. 
Sefeert Analyses of :~C-Me.yk Surkhis. 

----.---~~----~----~--------_r--_____ . 
Peroentage reta!Ded on B. S. mesh. 

Percentage 
52 100 1 p389ing B, S. 

200 300 Ille~h 300. 
--------f------~-----------/·----7--·---------;,----I·-----~-

Under • • . . 20 38 42· 58 

I--------~--------i------·----~------I·--------_ Well ..•. 6 16 28 34 66 

I----------~--~----I--~---------------;-----~--o 2 15 28 
-~-_I--=----------J---------~-,-----_ 

1 12 29 33 
1-----'--------1--------------I-__ ~_ 

8 23 36 38-
I-----~------·/-=---------·--~I----_ 

2 20 42 45 .' 55. -----1 ------------/.------- ~.,-...,....----
7 U ill Y W 

/------~-------I-----------,----~~.,-------~ 
9 " ~ ~ n 

A •• 

Brick·field. Degree of bu~Jo 

Over 

67 

72 
Under 

B. WeU 62 

Over 

Under 

c. Well 
---

10 29 l$4 61 . 39 
----I------~-- ---.~-.---.,-,.__--_ 

1 ~ M M M 
I---~-~---'--J--- --' --~·I-----

1 9 30 33 67 

Over 

Under 

D. Well· 
.-----.. ---------1------ -----_,'---,..-----

Ovor o 1 8 11 89 
---

Under o 0 5 13 87 

E. 
1----------'----1------ ---,--_1-.....,...------

Well I) (l .. 3 13 87' 

.. -0--0-1-.--9- 12 88, 

~~-.J-~-----~---J---- -----1----·1-------
o 0 5 14 86 Under 

---
F. Well 003 6 ~ 

~-----~--~-~~-.------/---~-------
~ M ~ M ~ Over 

Under o & ~ Y m 
G. Well 10 19.' 31 36 64. 

I-----~------J·-~· -----1----1---...,-..:" 
'5 40 51 49 . Over 1 

--------J------------~------------------I-----+---~·~'·-
Under 10 18 26 34 66 

H. 
1--------------1 ....... -"'--~ ..... --------1·---"'----

Well 7 g Y ~ n 
Over 15 . 29 . 45 50 . 50 

Under H ~ M ~ 00, 

J. Well 9 M ~ ~ ~ 

-----
JO .,.25 . _ .38· .. 4<5. 51j.... 

·1-------
. Under 4 12 23 29 n" 

Average- Well •.•• 6 13 23 28 72 
!~---------~-----------------I-------- .. 
lOver • • • • 4 14 33 39 61 
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• The influence of grain size distribution ,on the strength of InortltrS may be 
appreciated from the following considerations. In the mortar the grains of 
surkhi may be oonsidered as paoked closely together, with lime filling up the 
interstices and porea, and the reaction between the lime and surkhi grains in 
contact as producing the cementing material which serves to bind the various 
surkhi grains together. In that case the larger the surface of surkhi tnat is 
exposed to the action of lime, the greater will be the quantity of cementing 
material produced. This would require that the surkhi should be ground to as 
fine a PQwder as practicable, so as to give the largest possible surface area: 

Now oonceive of a surkhi consisting of very fine particles aU of the same size. 
This will present a large surface area for reaction, but will at the same time give 
rise to conditions which do not allow of the densest packing of the particles. 
It is, therefore, likely that all the lime available in the voids will not be able to 
react'with the surkhi particles, in which case, the strength of the mortar will 
he determined mainly by the strength of the cementing material available in a 
given cross-section., In contrast to this, consider a surkhi composed of fine as 
well as somewhat coarser grains so distributed as to give a very dense packing. 
In this case, although the surface area available would be somewhat smaller, 
yet all the available lime will have a chanoe to reaot, and the strength of the 
mortar will then be determined not only by the strength of the cementing mate· 
rial but also partially by the strength of the surkhi grains of relatively large 
dimensions. Furthermore, in the latter case the chances of unreacted lime 
being present will be considerably reduced. 

This view-point is somewhat similar to that which is taken in the case of 
.cement concretes in relation to the grading of aggregates, with this difference 
that in the case of surkhi mortars a compromise has to be arrived at between 
conflicting conditions, i.e. those necessary for obtaining the maximum available 
surface area for reaction on the one hand and those necessary for getting the 
densest packing on the other. With respect to the latter condition of packing, 
it is not only necessary to provide a rational grain size distribution but also to 
determine what is the best size for the coarsest grain -that may be allowed. 
The lower limiting size of the finest grain will probably be' determined by 
porosity or'by the grinding procedure adopted. In this paper a few prelimi· 
narr experiments demonstrating the importance of these considerations are 
described. A thorough study of this subjeot will, however, form the subject 

, matter for further investigations. 

For these preliminary. experiments, surkhis of restricted particle size were 
prepared from overburnt bricks from brick-field A. The average particle 
size of these samples was taken to be the average of the 'diameter of the sieve 
opening through which it was passed and that of the sieve opening on which it 
was retained. The average particle size of the finest surkhi passing 300 mesh 
was determined by the particle size distribution diagram obtained in a separate' 
experiment, involving the suspension. of surkhi in white spirit and observation , 
of its rate of settling. The details of these samples, thus prepared, are given 
in Table V. 



u 
TABLE V. 

Delai1& oj Over-burnt Surkhi Samples, from Brick-jie1i1 A, of Restricted Particle 
Size. 

pasamg Sieve. Relia.ined on SieVB. Average 
particle. 

Sample No. Diameter 
B.B. Mesh Aperture Bize B. S. Mesh Aperture Biz. iIlmicroD.l. 

No. microns. No. microns. 

A 25 " "25 599 62 295 "'I 

A 62 .. 62 295 ~OO IS! 228 

Al00 .. 100 152 200 76 114. 

A200 ., 200 '16 300 63 I 64. 

A300 .. 300 63 .. . . 22 

MmesUseiL. 
The two limes used for these experiments were carefully chosen frOm ' 

among those a.vailable OD. -the market. One of these represented high calcium 
limes and the other high magnesium limes. The choice was based on such COD.- , 
siderations as purity of the material and uDiformity: of supply. In the selec
tion of a lime uniformity of ~upply plays an important part, as its properties are 
greatly influenced by the burning temperature (23). ' 

The chemical analyses of theBe 'limes are ~veD. in Table VI. 

TABLE VL' 

· 
Chemical AMlysis oj Limes Used. 

% CompositioD. I High Calcium High Magneaiam 
LiDie. lime. 

Lou OD ignition . , .. .. " 
1·75 1·85 

Silica .. .. .. , .. .. 2·35 2·80 ' 

Alumm. aDd irOD 4lxide .. .. ,', 1'04. 1:2' 

Calcium oxide .. .. .. .. 92·68 66·00 

:Magnesia .. .. .. .. . . 1'83 3'1,96 

Sulphuric anhydride .. ., .. . , 0·36 0·09 

· 99'94 Totals .. 100-01 

(n) Knibbs N. V. S., .. Design and Operation of Modern Lime Works", Ce_lana Lin .. 
· Ma""'!fJCtare, 11, 4, 93, (1938). ' . 

M179CD 
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The slaking of the limes was carried out with a slight excess of water in a 
closed vessel, after which the slaked powder was sieved through a No.. 30 B. S. -
mesh sieve and then stored in air-tight containers till required. 

Gauging and Maturing. 
Before describing the procedure adopted for the laboratory experiments 

in respect of gauging and maturing, it might be of interest to state briefly 
the. ordinary practice in vogue in the building industry in this country. The 
surkhi is first gro.und in a simple type of stone mill run by a bullock. The mill 
consists of a circular trench about 20 ft. in diameter built of brick, and the 
trench cavity in a typical -mill may be about 12 inches wide and 12 inches 
deep. A circular stone wheel about 30 inches in diameter and 9 inches thick 
is mounted on a wooden pole so that it is free to turn on the pole, which acts 
as a horizontal axis. One end of the pole is pivoted at the centre of the trench 
circle, while the other end is drawn round by a bullock, the rim of the stone 
resting in the trench. The surkhi having been ground to sufficient fineness by 
this means, lime and water are added to it and grinding continued, the mortar 
thus prepared being fairly wet in consistency, and it is finally removed from 
the trench and used as Nluired. The interval between mixing and application 
varies widely from a few hours to a few days. The finished structure is seldom 
aUoweq to sO:1k in water or even kept wetted for the purpDse of maturing. 

In develDping a laboratory method fDr testing the strength of lime-surkhi 
mortars, therefDre, it is impDrtant to consider several PDints, such as :

(1) the lime-surkhi ratio, 
(2) consistency, i.e. quantity of water added, 
(3) the period of sDaking befDre usa, i.e. gauging of briquettes, 
(4) maturing procedure. 

So far as the ratio. of lime to surkhi is concerned, it was decided to use one 
ratio throughDUt all the experiments, the ratio. selected being 1 to. 3 by volume. 
The volumes of both surkhi and lime were measured by tapping them in con
tamers of knDwn vDlume until no. further reduction in volume coUld be observed. 
The weights of the qU'1ntitie3 mixed were also recorded. - The 'feight of lime 
pDwder per unit vDlume was constant throughout the experiments, while that 
of surkhi varied sDmewhat, as might be expected. 

It was considered to. be desirable to work with two consistencies, wet 
and dry. The wet consistency generally used in the building industry was 
fDund til) be too. wet for the purpose of gauging test briquettes; consequently 
it was decided to regard as wet such a consistency as would give a penetratiDn 
between 5 and 7 divisions of the Vicat plunger in a standard Vicat mould. 
This is in parallel with the standard practice used fDr testing portland cement 
and was found to give a satisfactory cDnsistency for gauging the lime-surkhi 
test briquettes. The dry cDnsistency was fixed after determining the amount 
of water required to. make the driesfpossible mortar which could be satisfactorily 
gauged. This was found to. be O· 68 times that required to make the wet 
consistency mortar. Thus a standard practice was established in which the 
dry cDnsistency was considered to. be obtained by using 0·68 times the water 
required fDT wet consistency as determined by the Vicat test described above. 
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FUIther, it \r.'M decided to test the effects of using two periods of soaking 
the mortar before gauging, namely 6 and 24 hours, these figures being thought 

'to represent, on the average, the limits of soaking period employed in practice. 
At the end of each Boaking period, the original consistency was re.stored by the 
addition of sufficient water, before gauging was carried out-, 

As regards the maturing procedure, the following practice was adopted. 
After gauging the test briqu('ttes they Were left for Seven days in a damp box: 
in whioh the atmosphere was maintained at a relative humidity' betweeil 90 
and 95 per cent. They were removed from theirIIioulds after having been 
in the damp box for three days. The briquettes were removed from the damp 
box at the end of the seventh day and kept under water for the pre-arrallged 
'matUling periods which were fixed at 14 days, 28 daY~1 3 months, and 6 months. 
The water Used for maturing was Calcutta tap water, which is fairly soft a!1 
the year round, the water in the matilling tanks being changed twice a week. 
No attempt was made to regulate the temperature of water, as it was desired' 
to obtain reBults of practical importance which would be applicable to normal 
atmospheric temperature oonditions. 

TensiUJ Te$t8. 

Mter the required period of maturing, the batches of briquettes were 
subjected to teMile tests in an Avery Type machine (traversing weight). Each 
batch cOMisted of six briquettes and the average of the test results was taken 
to be the teMile strength of the batch. 

lIl.-ExPERIMENTAL RESt~LTS. 

The results of the tensile strength testa have been summarised in the 
Tables tha.t follow. In these Tables 'and in the following graphs and pages 
II. simple scheme of ded~a Hon has been adopted for the sake of brevity in order 
to indicate the particular test. conditions apertaining to the various batches. 
Each batch designation consists of two letters followed by a numeral, then 
a hyphen, another letter and lastly another numeral. The meaning of the 
various letters and numerals being as follows ;-

First ,Letter C denotes high calcium line. 
M denotes high magnesium lime. 

Second letter U denotes an under-burnt surkhl. 
W denotes a well-burnt surkhi.' 
0 denotes an over-burnt surkhi. 

First number 30 denotes a 30-mesh surkhi. 
170 denotes II: 170-mesb surkhi. 

Third letter •• D denot,es dry consistency. 
W denotes wet consistency. 

Seeond number 6 denotes (} hours soaking. 
9.4 denotes 24 hours soaking: 



For example, designation MW170-W24 indicates ~ batch in which high 
magnesium lime and well-burnt l70-mesh surkhi were used in the ratio of I : :J 
by volume (the ratio" being cOllStant all through, is not explicitly indicated) 
altd also that the mortar had 'wet consistency and was allowed to soak fot 

U 2' hours before gauging. Similarly 0 W 30-lJ() designarea three batcha. 
o 

eorresponding to the three degrel's of burning. 

In Table VII are collected the results of the tensile strength tests' on 30.
mesh surkhi mortars with high calcium lime. Only the effects of dry consis~ 
ency with 6 hours' soaking were investiga.ted in their case, and it will be shown 
Jater, in the case of 170-mesh surkhi, that this consistel!lcy with the shorter 
period of soaking gives th~ best strength.' 

.. ' In Tables VIII to XI are summarized the results of tests on 170-mesl1 
lIurW \Vlth high calcium lime, both in respect of dry and wet mixes and 6 and 
24: hours soakin~ periods. Similar results obtained in the case ot 170-mesh 
lurkhi with high magnesium lime are collected in Tables XU to XY. I 

The results obtained with restricted particle size over-burnt s~khi prepared 
from bricks taken uC?m brick-field A are tabwated in Table XVI. 
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JJrick·f!eld. " 

A. 

B. 
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E. 
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;r.ABLE VIt. 

Tensile Strength C [#l30-D6 Mottars. , LOJ 

.r ,Tensile'StreJigth in Ibs. per' sq. inch at 

J Lime Surkhi . 
'S Ratio 

k 
by weight. 

14 day •• 28 days. 3 months., 6mqntU. 

.w...-.o , ',. 
U 1: 7·0 70 136 287 409 
~ 

, .. . 
W 1: 7·5 ,135 265 619 624, 
~ 

. , , 

0 1:8'6 ,85 165 494 552 - " ,'. .. . " 

U 1: 7'1 141 159 216 ,223 - " -'I , 
W 1: 8·4 167 27~ 391 419 

273
1 " 

0 119'6 143 299 641 -
U 1 :8·6 121 174 263 300 , . 
W 1: 9-0 114 220, 28:J i 330 

" 
0 1: 9·8 163 227 371 388 
~ 

, . - .. 
U 1: 9'3 139 237 318 347 
~ 

. 
W 1: 10·4 179 , 230 3403 363 , 
D 1: 11'0 156 217 442 468 

U 1 :8·2 110 183 277 333 
-..:- -

W 1 :9·9 141 235 383 390 
~ 

, .. 

0 1: 11'0 132 236 410 ' «5 

tJ 1: 8'5 142 2111 276 817 

W 1: 10'0 113 191 324 279 

-0 1: '106 121 210 367 3M 

- -. 
U 1: 7·4 106 176 238 306 

, . ' 
, .. 

W 1: 7·9 137 131 281 319 
~ 

258
1 0 1: 10·2 167 412 423 

~ 

307 U 117·8 81 

1

183 298 

W 118'4 100 216 307 332 
~ 

11 ·100 I 151 I' 293 411 «2 0 

< 
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t>O 
Tensile Strength in Ibs. per aq _ Inch at _8 

~ ..c Lime Surkhi 
llr;cl .1eId_ ... Ra.tio 

0 
by weight. 

k 14 darB. 28da.ys_' a months. 6 months. 

U 1: 7'-9 165 240 300 310 
--

J. W 1: 9·2 131 264 378 420 -
0 1 :9'8 170 286 401 471 

U 1: 8-0 119 189 275 317 --
Average of W 1: 9'0 135 lI36 356 386 

all. --
0 1: 10-1 143 244 419 457 

U 1: 8-2 122 201 281 317 

Average of:' 
" CtoJ. 

W 1: 9-S 131 227 328 368 

0 1: 10-3 un 247 401 431 

U 1: 7-7 123 186 263. 289 

Average of W 1: 8-6 130 240 328 364 
B,C,G; 
H,andJ_ 0 119-7 159 273 414 452 

U 1: 8'0 H8 193 275 306 
i 

Average of W 1: 8·8 120 233 312 350 
C,G,H, 
andJ_ 0 1: 10-0 163 266 399 430 . 

U 1: 7-9 131 197 267 3",5 
~ 

Average of W 118·7 127 238 314 356 
C,G, and ~ 
J. 0 119-9 167 257 895 426 
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TABLE VIII. 

Tensile Strength of 0 ~ -¥l170-DB M Ol'tJfS. 

LOS 
Tensilo Stren'1th in Ibs. per •. -, in··h at. 

Brick·field. Degree 
of 

bUrning •. 14 day •. 28 day •• 3 months. 6 months. 

U 98 131 176 185 

B. W 147 270 352 362 . 
0 47 164 455 504 

U . 148 230 276 ~96 

C. W 103 217 309 332 

0 151 266 362 392 

U 121 188 271 277 

G. W 147 220 313 321 

0 190 286 357 399 

U 160 209 I 279 297 

11. W 104 194 ! 279 318 

0 l!i4 274 366 375 

U 129 227 277. 303 

J. W. 74 19! 317 322 
\ 

0 1.26 217 307 343 

U 131 197 256 272 

Average of all _ .. W ll5 219 314 331 

0 140 241 359 403 

U 139 213 276 293 

Average ofC. G. H, and J W 107 200 304 323 

0 163 261 348 377 

U 133 215 275 292 

Average of C, G, and J .. 'W 108 210 313 325 

0 156 256 342 378 

. 
-



18 

TABLE IX . 

. 
. Degree 

Tensile Strength in lbs. per sq. inch at 

of 
Brick·field. burning. 14 days. 28 days. 3 months. 6 months. 

U 74 114 140 156 -
,B. W 137 226 291 345 

-
0 26 202 425 457 --
U 106 171 243 273 

C. W 112 240 261 298 -
0 144 279 323 384 

-
U 73 138 199 205 

G~ W 86 141 
'. 

204 227 

0 155 261 317 321 
, 

U 114 200 259 275 

H. W 112 193 272 280 

0 133 209 298 305 

U 114 198 238 272 
I 

- J. W '14 187 278 284 
. 

0 89 212 280 330 

U 96 164 216 236 

Averageofall •• .. W 104 197 261 287 
" 

0 109 233 329 359 

U 102 177 235 25s-----

Average of C. G, H, &I J .. W 96 190 254 272 

0 p; 240 304 335 
. U 169 227 -250" .. 

. Average ofe, G, &I J .. W 91 18\j 248 270 

0 ,119 251 307 345 
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TABLE X. 

Tensile Strength 010 {~}170-W6 Mortars. 

Tensile Strength in lbs. per sq. inch at 

Brick·field. Degree 
of 

burning. 14 da.ys. 28 da.ys. 3 mOllths. 6 months • 
. . 

- U 64 . 139 186 210 

0- W 46 . 140 194 241 

0 115 230 293 381 .-, 

U 52 110 140 161 

G. W 53 115 167 186 

0 112 185 218 23'1 . -~" .. ~ 

U 71 145 191 227 

R. W « 91 187 239 

0 80 149 222 270 ...... 
U 58 136 163 195 

J. 
, 

W 41 88 172 220 

0 57 153 213 222 .. ..-
U 61 132 .170 198 

.. 
Avera~e of all. W 46 109 180 222 

, 
0 91 179 237 278 -. 
U 58 128 163 laj . 
W 47 115 1'18 216 

.Average of C, G, &; J . .. 
241 28Q 0 '95 189 

M179CB 
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TABLE XI. 

1' ...... fitr,ngtlo of 0 {~}170-W24 Moria .... 

Tensile Strength in Ths. per sq. inch at 

]kick ·field. Degree 

13 months. 16 months. 

of 
burning. 14 days •. 28 days. 

D ~." 1·87 1203 

C. W 67 149 220 278 .. 
122 ~ 267 0 373 , 

U 37 77 
1

129 148 

G. W 59 

~ 
178 183 

I 0 i 56 . 1f<3 210 233 
-; , 

H. w 
56 I 125 1175 1190 

49 1--8-7-- --19-5--1 220 

GO 140 210 I 232 o , 
u I 57 

1

118 
1

140 I i52 

3... W I 31 73 I 151 I 161 

0 63 139 I 204 208 

U 55 114 158 173 

Average of all •• .. W 52 105 186 211 

0 75 152 223 261 

U 54 III 
1

152 1168 

Average of C, G. " J .. W 52 III I 183 I 207 

0 80 156 I 227 I 271 
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TABLJt.XII. 

_ . (U1 
Tensile Strength oJ M -{ W"r170-D6 lJlortars. 

LO) . 
Tensile Strength in Ibs. per sq. inch at 

Brick-field. Degrell 
of 

bur~g •. 14 days. 28 days. 3 months. 6 months. 

} 

U 105 145 229 289 

C. W 100 182 326 360 . 
0 150 231 368 431 

- i 
U 94 170 253 358 

G. W 77 135 225 297 
4 

0 109 210 339 471 
'I 

U 155 219 302 310 

J. W 115 200 3;19 '371 

0 229 242 387 397 

-1 261 
.. 

U 118 178 319 -

Average .. o. W 

I 
97 I 172 I 297 343 

0 163 I %28-, 365 433 
.-
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TABLE XIll. 

- (UI 
-Tensile Strength of M -{ W 'r170-D24 Morta'!'s. 

.. LO) 

-
Tensile St%ength in lbs. per sq. inch at 

~. :Brick ·fIeld. Degree 
of 

blll'Jling. 14 days. 28 days. 3 montllS. II months. 

~ 

U 82 ~ 188 264 

C. W 51 135 284 319 

· 0 125 212 314 362 

• U 86 169 236 317 

· G •. W 62 147 241 281 .. 
0 103 191 308 430 

.-
U 135 209 286 312 

1. W 80 195 368 344 
-

0 -112 216 324 362 

· -
U 101 166 237 298 

Anrage - .. W 64 159 278 315 

· 0 U3 206 315 385 
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TABLE XIV. 

Te~sile Strength of M {~}170':"--W6 Mortars. 

-
Tensile Strength in lbs. per.sq. inch at 

Brick.field. Degree 
of 

bruning. 14 daye. 28 days. 3 months. 6 months • 

U 42 SO 165 196 

·0. W 36 S2 168 237 

0 92 189 273 323 

U 44 127 186 268 

G. W 40 92 191 289 

0 70 169 252 340 

U 38 148 232 266 
-

J. W 38 14S 215 295 

0 77 186 313 320 

U 41 11S 194 243 

W 38 107 191 274 
Average .. .. 

lSI 279 328 :·0 80 

. 

. 

. 
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TABLE XV.' 

. {U1 
Tensile Strength of M ~ JIM-:-W24 Mortats; 

- . ) 

Tensile Strength in Ibm. per sq. in~h at 

Brick-field. Degree 
of 

burning. 14 days. 28 da.ys. 3 months. 6 months. 

--, e' 

U 38 68 130 163 

C. W 26 66 
1 

131 194 

0 'i7 181 
1 

219 356 

U 22 80 

1

140 190 

G, W 42 71 172 257 

0 75 161 
1 

216- 313 , 
U 29 138 

1
184 226 , 

I J. W 35 138 211 281 

0 66 147 I 273 305 
, 

U 30 

1 

95 

1

151 193 

Average .. .. W 34 91 171- 244 

0 69 I 163 I 260 325 

TABLE XVI. 

Tensile Strength of a 0 rRes.]-D1 Mortars u:ith Surkhi from Brick-fteld A,' 
[Res.] Indicates Particles Size of Restricted Dimensions (See Table V). 

, 

Average 
Tensile Strength in Ibs. per square inch at 

Reoiprocal .. -=-
Sample No. Particle Particle 

Diameter Diameter 14 28 3 6 
Microns, mm-l. days. days. months. months, 

A25 .. .. 447 2'24 66 94 270 330 

Ali2 .. .. 228 4·38 66 89 258 336 
I 

A 100 .. .. 114 8·77 74 168 344 406 

A 200 .. .. 64 16'63 179 259 383 422 

A 300 .. o • 22 4lHi 276 312 374 466 
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Gene;-at. 
IV-DISCUSSION OF RESL"LTs. 

The data. collected in the ten Tables presented in the preceding section 
will now be examined from different angles, with a view to determinlng the 
effects of the different variables, discussed in the earlier sections. 

, Before going into further details, however, it may be pointed out here 
that any conclusions arrived at in this section may be considered as applicable 
only to the average climatic conditions prevailing_in this part of the country 
(Bengal). In certain separate experiments not described in this paper ILnd 
also in the course of work done at the Building Research Station (24) it has been 
found that the temperature prevailing during the maturing period has a pro" 
found influence on the strength developed by mortars. Under ordinary atmos
pheric conditions, therefore, when the temperature is subject to fluctuation 
from day to day, and from week to week, the strength developed ~ould be 
dependent upon the period of the year when the experiments were performed. 
But since the maturing periods extended to as long as six months, it might be 
accepted that the mortars matured over this long period would und,ergo some
what similar fluctuations in temperature, irrespective of the time of the year 
at which the tests were initiated. On the other har.d, early period strengths' 
would be subject to such fluctuations as may be induced by the temperatures 
prevailing during the shorter periods of maturing. It is, therefore, reasonable 
to attach much greater importance to six months strengths for the purpose 
of comparison than to strengths obtained after shorter maturing periods unless 
of course the periods exactly coincided for the particular test figures under 
comparison. 

Furthermore, use will be made of average figures (the average being taken 
over various brick-field surkhis) wherever possible, with a view to eliminating 
the effect of several variations, grading' differences and other factors. 

The detailed examination of the influence of temparature variationS during 
the maturing period on the development of strength may' form the subject 
matter of a separate investigation. The present investigation :will serve 
to furnish r('sults useful from tlie practical point of view and applicable to 
atmospheric conditions similar to those prevalent in the ·neighbourhood of 

'Calcutta in particular and in Bengal in general. In this -connection, it may 
be pointed out that in Calcutta the atmospheric temperature does not vary 
between stich extremes as it does in many other parts of the country. In 
fact only about two months of the year, that is December and January, may be 
regarded as winter months, while during the remaining months the temperature 
may only vary approximately between 80 and lOO°F. This fact must also be 
borne in mind while discussing the results of the experiments covered by the 
,present investigations. 

. Another point, which needs careful consideration in connection with the 
statistical analyses of these results, concerns the variables 'affecting the firing 
of various clays. Neither the temperature nor the duration of burning were 
under strict control. As pointed out earlier, the bricks collected from various 
brickfields were sorted purely by their appearance and colour into three more, 

, ( .. ) Building Research Board, Annual Report 1930, pp. 25·26. 
1I179CD 
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TABLE xV: 

. . {U1 
TensileStrengthofM ~Jl'l~W24 Mortat's. 

..... , ) 

Tensile Strength in lb •• per sq. in~h at 

Brick·field. Degree 
of 

burning. 14 days. 28 da.ys. 3 months. 6 months. 

" 

U 88 68 130 163 

Co W 26 65 I 131 194 

0 77 181 I 219 356 

U 22 80 

1

140 190 

G. W 42 71 172 257 

0 75 161 I 216, 313 , 
U 29 138 /184 226 , 

/ 

. , 
J. W 35 138 211 261 

0 56 147 I 273 305 

• U 30 

1 

95 

1

151 193 

Average .. .. W 84 91 171' I 244 

0 69 I 163 I 260 325 

TABLE XVI. 

Tensil.e Strength oj a 0 rRes.]-Dl Mortars 'with Surkhi from Brick-field A,' 
[Res.] Tnd.cal.es Particles Size of Restricted Dimensions (See Table V). 

, 

Avera.ge Reoiprocal 
Tensile Strength in lbs. per square inoh at .. 

-=----
Sa.mple No. Particle Particle 

Diameter Diameter 14 28 3 6 
Microns. mm·l. days. days. months. months. 

A25 .. .. 447 2·24 66 94 270 330 

A62 .. .. 228 4·38 66 89 258 335 
I 

A 100 .. .. 114 8·77 74 158 344 408 

A 200 .. .. 64 15'63 179 259 383 422 

,A, 300 .. .. 22 'lHi 276 312 374. 468 
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Geneia! 
IV-DISCUSSION OF RESt-LTS. 

The data collected in the ten Tables presented in the preceding section 
will now be examined from different angles. with a view to determining the 
effects of the different variables, discussed in the earlier sections. 

, Before going into further details, however, it may be pointed out here 
that any conclusions arrived at in this section may be considered as applicable 
only to the average climatic conditions prevailing_in this part of the country 
(Bengal). In certain separate experiments not described in this paper and 
also in the course of work done at the Building Research Station (2<1) it has been 
found that the temperature prevailing during the maturing period has a pro" 
found influence bn the strength developed by mortars. Under ordinary atmos~ 
pheric conditions, therefore, when the temperature is subject to fluctuation 
from day to day, and from week to week, the strength developed would be 
dependent upon the period of the year when the exp'eriments were performed. 
But since the maturing periods extended to as long as six months, it might be 
accepted that the mortars matured over this long period would un4ergo some~ 
what similar fluctuations in temperature, irrespective of the time of the year 
at which the tests were initiated. On the other hand, early period strengths. 
would be subject to such fluctuations as may be induced by the temperatures 
prevailing during the shorter periods of maturing. It is, therefore, reasonable 
to attach much greater importance to six months strengths for the purpose 
of comparison than to strengths obtained after shorter maturing periods unless 
of course the periods exactly coincided for the particular test figures under 
comparison. 

Furthermore, use will be made of average figures (the average being taken 
over various brick~field surkhis) wherever possible, with a view to eliminating 
the effect of several variations, grading differences and other factors. 

The detailed examination of the influence of temparature variations during 
the maturing period on the development of strength may 'form the subject 
matter of a separate investigation. The present investigation ~ serve 
to furnish results useful from tlie practical point of view and applicable to 
atmospheric conditions similar to those prevalent in the 'neighbourhood of 

'Calcutta in particular and in Bengal in general. In this -connection, it may 
be pointed out that in Calcutta the atmospheric temperature does not ,-ary 
between such extremes as it does in many other parts of the country. In 
fact only about two months of the year, that is December and January, may be 
regarded as winter months, while during the remaining months the temperature 
may only vary approximately between 80 aild lOO°F. This fact must also be 
borne in mind while discussing the results of the experiments covered by the 
,present investigations. 

- Another point, which needs careful consideration in connection with the 
statistical analyses of these results, concerns the variables affecting the firing 
of various clays. Neither the temperature nor the duration of burning were 
under strict control. As pointed out earlier, the bricks collected from various 
brickfields were sorted purely by their appearance and colour into three more, 

, ( .. ) Bailding Research Board, Annual Report 1930, pp. 25-26. 
M179CD 
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or less well defined groups. It is, therefore, necessary to interpriltthe results 
with Caution wherever the degree of burning enters as an important variable . 
. Comparison of Surkhis. ' . 

The strengths developed by'different surkhis collected from various brick~ 
fields differ considerably from each other, and it is possible that the strength 
depends on the chemical constitutions of unburnt' clays and that of surkhis 
themselves, among other variables. Attempts were made to discover whether 
any relationship existed between the chemical composition of clays and surkhis 
on the one -hand and the tensile strength of the mortars prepared form the 
la~ter under similar conditions on the other. From the point of view of
similar temperature conditions existing during the test period, the data present. 
ed in Table VIl; appeared to he the best suited for this purpose. All the tests 
recorded in this table, except those on surkhis A and B, were started. in the 
dry summer months of April to June. The tensile strengths at six months from 
this table for surkhis 0 to J were, therefore, plotted against the percent. compo
sition of the clays and that of surkhis given in Tables II and III. In Figures 
1 to 6, are reproduced some of the curves, which indicate the existence of some 
sort of correlation. Figures 1 to 4 deal with the composition of the clays which 
entered into the manufacture of the surkhis and Figures 5 and 6 refer to the 
strength as a function of the constituents of surkhis soluble in water. Other 
chemical variables concerning surkhis and clays not covered by these figures 
did not yield. curves which could be interpreted as indicating any relationship. 

. . -
o FE .J H c G 

Z 
I .450~----------~~~~--~~--~-----------+----~ 
l-.Z 
C9. 
Zo 
~ U140.a I--+ ___ ~:---tl----+-+---+---+--t-----t 

tia: 
UJ 

lU Q. 350 t-~~t-----i--------;-~a;::::--+------------+-----1 
-I 

~ 
~ 300L----L----1-~~~==~~~~~W 

3 4 5 6 7 8 9 

LOSS ON IGNITION % 
u 

Fig. 1. Tensile strength at six months of C W 30-D6 lime-surkhi mortari. 
o 

(0 to j) plotted against % loss on ignition of original-clays: -. 
In Figure I, tensile strength at six months is plotted against percent losl 

n .. ;rm;f:;nn nfthe clavs. which mav mostly be taken to represent water of hydra-



tion. ~t app~ that decreasing amounts of water of p-ydration present in 
clays gIve surkhis of gr~ter ~trength. A similar conclusion applies to the alkali 
content of clays shown.m ~IgUre 2. In both these figures it win be observed 
that under-burnt surkhis YIeld to a better correlation with the chemical vari
ables of the clay tha.n \Vell-bw;nt ~r over-burnt surkhis. This may be due to the 
fact that the cheDllcal constitutIOn of under-burnt surkhi corresponds more 
closely to the original clay than that· of the other surkhis. 

J: SOO 

1-' l.!)Z 
Z d450 t---+----+--;Jrl~ ....... ~-..pJ.--__I 

~lfl 
to ffi400 t----+-t--..;~-H---1---_+--__1 
wD: 
-1m 
Ul..J 350 t---~+_--+---...r~~W_I__--_I 

Gj~ 
~ 300~---4~--~~::t;==~~~J 

2'0 2:5 3"0 3"5 4'0 :;'0 
ALKALlES, %' 

u , 
Fig. 2.-Tensile strength at six montbs ofC W30-D6lime-surkhi monU. o . 

{O to J) lliotted against % alkali content of original clays. 

Figures 3 and 4:, dealing with the iron and alumina contents, give curveiJ 
as regard well-burnt surkhis which are remarkable in that the points appear tq 
be on two distinct curves. At the same time, the under~burnt and over-burnt; 
surkhis give curves which do not differ appreciably from those of Figures 1 and 2.
The conclusion may be hazarded that the surkhi strength increases with decreas~ 
ing amounts of iron and alumina in the clays,' but such a conclusion would 
'naturally carry much less weight than similar conClusions in the case of the 
two earlier figures. . . 

The effect of the aIk~li cont~nt' on the streIigth may be due to alkali salts 
• being removed from the mortar by dissolution in the water during the maturing 

period, which may lead to the production of so-called " Locherstellen " or 
" Weak spots" . throughout the mass of the mortar,. thereby reducing its 
strength. '. 

. In figure 5 are plotted tensile strength figures of batches after, matur.ng 
for six months against the total water-soluble contents of ,their various surkhill. 

)[17108 
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or less well defined groups. It is, therefore, necessary to interprat the results 
with caution wherever the degree of burning enters as an important variable • 
. Comparison of Surkhis. ' -

The strengths developed by'different surkhis collected from various brick
fields difi'E)r considerably from each other, and it is possible that the strength 
depends on the chemical constitutions of unburnt· clays and that of surkhis 
themselves, among other variables. Attempts were made to discover whether 
any relationship existed between the- chemical composition of clays and surkhis 
on the one hand and the tensile strength of the mortars prepared form the 
latter under similar conditions on the other. From the point of view of. 
similar temperature conditions existing during the test period, the data present
ed in Table VIl appeared to be the best suited for this purpose. All the tests 
recorded in this table, except those on surkhis A and B, were started. in the 
dry summer months of April to June. The tensile strengths at six months from 
this table for surkhis C to J were, therefore, plotted against the percent. compo
sition of the clays and that of surkhis given in Tables II and III. IIi Figures 
1 to 6, are reproduced some of the curves, which indicate the existence of some 
sort of correlation. Figures 1 to 4 deal with the composition of the clays which 
entered into the manufacture of the surkhis and Figures 5 and 6 refer to the 
strength as a function of the constituents of surkhis soluble in water. Other 
chemical variables concerning surkhis and clays not covered by these figures 
did not yield curves which could be interpreted as indicating any relationship. .. - . 
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Fig. 1. Tensile strength at six months of C W 30-D6 lime-surkhi mortars. 
o 

(C to j) plotted against % loss on ignition of original clays. -- - ~ 
In Figure I, tensile strength at six months is plotted against percent losl 

on ignition of the clays, which may mostly be taken to represent water of hydra-



tion. ~t app~ that decreasing amounts of water of ;hydration present in 
clays give surkhis of gr~ter ~trength. A similar conclusion applies to the alkali 
content of clays shown .m 1!'Igure 2. In :both these figures it will be observed 
that under-burnt surkhis }'leld to a better correlation with the chemical vari
ables of the clay tha.n \Vell-b~t ~r over-burnt surkhis. This may be due to the 
fact that the ch8ID.1cal constitution of under-burnt surkhi corresponds more 
closely to the original clay than that of the other surkhis. 
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ALKALlES. r 
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Fig. 2.-Tensile strength at six montbs ofC W30---D6lime-surkhi morta.tl o . 
{C to J) plotted against % alkali content of original clays. 

Figures 3 and 4:, dealing with the iron and alumina contents, give curves 
as regard well-burnt surkhis which are remarkable in that the points appear ~ 
be on two distinct curves. .At the same time, the under-burnt and over-burn~ 
surkhis give curves which do not ~er appreciably from those of Figures 1 and 2-
The conclusion may be hazarded that the surkhi strength increases with decreas; 
ing amounts of iron and alumina. in the clays,· but such ,a conclusion would 
·naturally carry much less weight than similar conclusions in the case of the 
two earlier figures. ' 

The effect of the ark8.Ii content on the strength may be due to alkali salts 
. being removed from the mortar by dissolution in the water during the maturing 

period, which may lead to the production of so-called" Locherstellen " or 
.. Weak spots» throughout the mass of the mortar,. thereby reducing its 
strength. . 

. In figure 5 are plotted tensil& strength figures of batches after. maw.ng 
for six months against the total water-soluble contents of their 'Various aurkhili. 
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Fig. a.-Tensile strerrgtli at six- irronths of C W JO-D6liroe-S\1l'lli mortars 

o 
(0 to J ) plott6d against % Fez 0$ content of original clays. 

It will be seen that, an approximate curve mn.y be ~WIlI thrmrgh aU the points 
eovering all three de-grees of burning. The previous oonclusion, namely, that. 
the strength detet'ioratea with the increased alkali content of clays, is further 
supported by this graph. It- i3 quite likely that the greater strength of well
burnt silrkhi as compared with under-burnt and also that of over-bmnt surkhi 
as compared with well-burnt may be' due, among other factors, to the faeli that 
the water-soluble fraction (mo3tly alkali Salts.) decreases wit:h the increasing' 
degree of burning. 

The same data are reproduced in Figure &, but in II different way., Here 
the strengths of the over-burnt surkhi and under-burnt surldll are calculated 
8S percentages of the well-burnt surkhi, and these pet'centage figures ~e plotted 
against the water-soluble percentage ct'ments of the over-burnt snd under-burnt 
surkhis; calculated on the basis of water-soluble content of well-burnt surkhi ; 
'as relative values are-plotted in this Figure, surkhis A and B have also beem 
Included. Besides substantiating the above conclusion with respect' to the 
alkalicontent, this Figure demonstrates quite clearly the order of excellenc8' 
of the aurkhis in terms ott.he dero-eeof burning. Thili point willb~ discusaed 
ill further detail in the following seetio1&. " 
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The curves drawn in an the Figures, from 1 to 6, may only be regarded as 
indicative 'of general trends: and the fact that some points lie off these curves 
may be attributed to the fact that all the variables concerned were not under 
the strictest control. The non-uniformity of grading may especially b6 
:regarded as responsible for certain of the deviations, and the possible effects 
<>f gra!ling have already Deen discussed in an earlier section. The general trends 

, indicating the dependence of strength on chemical compositioll are; however. 
" 'Iuite unmistakable in certain cases. 

, Time oj Mal1Jring tsM Degree oj B1Jrning. 

The strengths of lime-surkhi mortars increase with extension of the period 
<>f maturing; the rates of development and the final values attained depend 
a great dealon'the degree of 'burning. Both these variables will be discussed 
together in this section for the sake of convenience. ' ' , 

Before entering into details'it may be well to point out that each set of 
three mortars comprising under,' well. and over-burnt surkhis from & giveD. 
brick-field was guaged. matured and te3ted simultaneously. .Thus the effects 
~f iemperatIKe variation d~ the period of maturing would be ,0mmOll 
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to' all ; in other words it should be possible to decide with a fair degree of exacti
: tude whether in: producing 'surkhi, it, is preferable to under-burn the clay. 
over-burn it or to burn it to the normal extent. ' 

<>n: the other hand the effect of time of maturing on the development of 
. strength is largely dependent upon the temperature level prevailing during the 
. maturing period. Consequently the' available data require to be scrptinised 
, with special attention to the prevailing temperatures during the set of tests 

concerned. The necessity of using average figures and strength figures obtain
ed at the end of maturing periods of six months in this connection is apparent. 
Moreover, even after six months it may be possible to obtain a different strength 

, value iIi the case of mortars gauged in winter and tested in summer from. that 
'for mortarS gauged in summer and tested in winter, although the average of 
, prevailing temperatures in each case may be the same. AB mentioned earlier 
however, these are some of the points which, it is hoped, will form the subject 
matter of a separated detailed investigation. 

,In Figure 7 are plotted on rectilinear co-ordinates the average tensile 
, 0 

',.atrength for surkhis C to J obtained from C W 30-D6 mortars against time 
, .. U ' ' 



efmaturing •. '~graph shews a typical curve whioh can be ebtained With any 
let e~ data gIven m Tables VII to. XVI. T~e strength increases at a very rapid 
rate ~ the early stages ef matunng, but wIth the progress ef time the rate ef 
matunng gradually 4ecr~esunt~~at~ months it tends 'to approach zero. 
'!n ether ~erds, an ~p~)):e~~ly~~~ptotic .m:'ximwn strength is teaohed 
m abeut BlX months .tIm': m mest cases. It 18 Impertap.t to',nete, hewe\Ter, 
that, altheugh, the~~~ ef m?rease of .!lti~~h is negligible at leng periods it is 
by no. means zero.; ~. fact, m a few mdiVldual cases an appreciable departure 
frem the as~ptotlc apprea~h has ~een observed. It is quite likely that the 
strength may m fact k~p on ~c~mg fer a very leng period ef time, perhaES 
decad~ er ~ven .centunes,· as m~~ b-r the e.xc~ent state ef preservation. 
of vaneus histonc me~uments built WIth lime-surkhi mertars (1), (2). 
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HIO SOLUBLES AS,lriF'WELL-BURNT SURKHI 

Fig. 6.-Tensile strength at six months ef OU3fJ:-D8 and 003·'J-D6 
lime-surkhi mertars (A to J) expressed as. percentages ef strength ef OW30-D6 
mertars pletted against percent water seluble of under and eV$lr-burnt surkhi 
expressed as percentage of water seluble of well-burnt surkhi. : 

. 'Attempts at discevering an empirical law or formula to express the strength 
as a function of time did not succeed in providing a general expression appli
cable to all the available data. It was found convenient, hewever, to plot 
the strength data against ~e l~g~leg time OfI~l.at~g, ~n~ ~phs in accordance 
with this are reproduced m FIgures 8 to 16 m which IndiVldual res~ts as well 
as certain pertinent average figures are plotted. These plots bnng out th& 
various relationships very clearly. 

It will be seen that many of t}le plots are straight up to abeut the three 
menths period, thereafter showing an asymptotic bend similar to rect~ear 
plets.· A small minority of the curveS show curvature throughout the penod, 
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and. in the case of high· magnesium lime mortars a few curyes. show. an in~reas
ing slope at the end of the test period. that is to say, an extraordinary increase 
1n the rate of .hardening. The general rule which may be deduced from this 
ljeeIlli! to be that in the initial stages extending up to three to six months the 
strength increases app~()ximately a,?cording. to a 10g~log relationship, while 
Qiter this period the strength tends to approach an asymptotic maximum value. 
In _the case of high· magnesium limes,· however, .this :asymptotic value does 
not.always appear, and these exceptional cases deserve further detailed stu<ly 
extending over longer periods of time... . 
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The initial period strength corresponding to the straight line portions of 
the log-log curves (Figs. 8 to 16) may be mathematically expressed as :-

s= k log-log a· T. 
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where S is the tensile strength (lbs; per sq~ inch)' 

T is the time of maturing (days) 

k is constant denoting the slope of the straight portions of curves (Figs. 8 to 16,) 
and a is a constant determining thepositioD; of the curves (Figs. 8 to 16): 

«Xl 

I :soo 
200 

100 500 

o 400 

0300 

~ 200 
g <!CO 1100 
ffi .500 0 

0..20" 

a:i 100 l400 
~ Ol3CC 

1: 200 

bSOO r 100 

~~OC f C 

1J1100 f 

~::: " ~ 10: :~: 
400 

",DO 

2.00 

100 

o 

-~ 

: :F.~ ~ 

E ~ ~ 

,; 100::' -
D~ G 

~ " 
C~ ~ 

:: ~ fo'" 

" 

./ 

8~ ~, 

=-~ - --

/' 

A ~~ V 
., ~ ...... ~-., 

./ ~ ~ 

~-
p.--

-~ 
A!-

~,... _.---- ,., / 
Y 

", :.:- -. -. -
~-

;,;..--~ 
,'~ -- :.:; --

o· . 
~ ,,- -~ "". 

.--" -
.-~ 

/' ./ V-

./ " , 
" 

-~ 

i-400 
~1-l./ -.:: ·300 • C e;;~~-: 

_Ii'". 

200 
e~'" 

500 100 

±: 400 0 --/' .500 .-A ~ ~ :..-- ... '" I ·200 

5~ ... 
100 

.0 SOC 
1--"" . V 

0400 --
~ ~ 1I00 

~ 
~~ ... 

.~ 
200 

~ 
ICO . 

:r 0 

l...-:-
V 

;,ao ,., 
-~ 

,... 
,/ .~ ~. - -H 200 

rt~ 
:;;--

mo 
" 

,'-

. 
a SOD -~ 400 

/ 
:500 

V -a 

..,r'" ---
200 

G - -- .. 

::::=:: ........ 
100 

0 

coS to 1'1 I~ 1'3 104 1'5 1'6 /·7 O'B to 1'1 .2 1'3 I'" .5 1"6 1'7 
LOGe LOG. 'OF TIME OF MATURING IN DAY~. 

'v 
F.A. 8.-Tensile strength of. C W 30-D6 mortars for individual surkhis 

"'I -' o. 

ancl average over A to J and C to J surkhis plotted against log. log. of time of 
maturing in days. 



400 

300 

200 

100 

400 

300 
t200 
~IOO 
cr 400 

~300 
-200 
~ 100 

~40D 

t 300 

~tOLJ 

~IDO 

lii 400 
II 300 
UJ 
~200 
l/) 

~ 100 

1-500 

400 

3)0 

200 

100 

C.G H,.J 

~ 
~ ~~ 

~ 

J ,..::I 

~ ~ ~ 
". 

~ ~' 
I~ ~ 

r;,.. .. 
.-

G ~ --" ~.,;;.. --:t --

C k--:: 
i'" 

1::=' ....... 
~ 

a ./ 
,11 ~ .. L.::':: ." 

.... 100'" 

34 -

I--" .....-.....-- ---
~ ~ 

.. ,.M 

-

~ 

~ ~ 
;;.--

...--- , _ ... 
... -1>"'"- --~ 

~ 
io--""" - - 1--

:,....-: ~..: -- --r-o--
~ It--' k--'" L- _ll-

~ ,","": --
..; 

~ 
./ - 1-_ 

~ ~ 

t/ .... 
1--- -- ---.. 

~- . 
D 
09 to 1"1 .. ~ 1'3' 1'4 1'5 1'6 "7 
LOG. LOGe TIME. OF MATURING 

IN DAYS, 

u 
Fig. 9.-Tensile strength of C W 110-1)6 mort&rsfor individualsurIdU$ o . 

ana average of 0 .. G, H and, 1 surkhiB plotted. against lOB. log. of tim~ of mafiur- . 
jllg ja cla71- ... 



U" 
-Tensile stxength of C W.110",",",D24 mortarsforw.diyidual,surkhis 

" 0 .,'., ' '. . .. . 

If C. G) Hand J surkhis plotted against loge loge of time of matu:-
- . . " 

JlU70GJ) 



,-

-«Xl 

300 

.2 CO . 
ICO 

10 

400 

300 . 
~ 200 

ci 100 
Ul 

a: 
IIJ 
D. 

m 
..J 

a 
400 

300 

~ zoo 

-::. 

" 

1=.0 t-u 

~ 
j;.....o-

pP 

. 

J ~ 
~. ~ 

, 

H ~ 

l 

l--' 
,..... ~' 

,,",,_.- ' 

~ 1-'" .... t ....... : 
: 

: 

: 

~ ~ ~ ,- ) 
~ I.--' i . 

: 
, , , 

'-- ......: b'.; 

~ ::;-~ ., 
1 

,-': ~. 
,.... 

j 

: 

(lJ 300 
...I' 
iii zoo 
2 w m.. 
lI-

~cal 

4CIl 

300 

200 

I[]] 

.0 

f 
~ 

i 
Ir: -k"~ 

I--~ - .-~a:i 
_"If' 10- ~ I:=-~. --,. " I-"'" 

f 

: I- ~ ~{ 
: 
~ ~ ~l t'"' ~ .. 

j.....- .... I-,r: -." , 
-~ ~-....... i 

~ ~-. 
1 

0'9 ro 1"\ IOZ "3 1"1 J~ rs r.7 

LOG e U:I:.ie OF' "ME: OF" 
MATURNG IN' DAYS,. 

U , 
rensile strengtli. orC W'J10-D6 mortars for iilw?idual"surH;s 

a 
anllaverl1ge o(C; G"H and'J surkhis plotted againSt loge Io~ of time ot'mlrttu;r.. 
wI" in days. ' 



oem 
'30 0 

;20 0 

10 0 

o 
4QIJ 

300 

::i. 200 

100 

o 

4)0 

~ 300 

:z 200 
:J: fr m 
I(!J 

.2, .0 
lUI 
~ 
11-' -DO 
\UI 
t.IJ 300 
.-J 
fiji 200 
:z 
~ 100 
rt-

.11 

500 

.300 

.200 

.100 

.0 

e,G ~~. 

-
A- ==-

I 

! 
I 

J --~ ~ ;,.-, 

I. 

1-1_ 

a: -::::;;; 

'. 

I . 
G 

t: -::-: 

, 

i . 
, c 
,.., ~ .. I....-

..... r-

~ ~ 
~ --- ---

! 

j 
\ 
I 

~ --- :::::.::: 1-~ -... / 

~- , 
i 

I 

I 

-' 

~ ;;;~ ..... - --:. ' 
< 
I , 
, 
I 

i . 

--~l l...o!!::: .----: 
~ .- --...... 

i 

'. , ",. --" -- -- ... ~ 
.,..- .-

~:::::::=' ==-: --
! 

."0!3 ·1"0 ."1 'I~ "5 1'4 r:) '"S 0' 

:LOG e LOGe ·OF'. TME OF 
.IMATUAIN6 iN'OAV5. 

U 
Ytg: n.-Tensile strength of C W /1TJ-WU·mOl'tars Tor indMdua1'tlUr'k'his o . 

". ~ndaverage of 0. G. R and·J surkhis plotted.agaiM loge loge oftimelOi .ma.tJur. 
iQgm,u,yB. 



500 

400 

300 

200 

.• 100 
~ 
• 0 

e 
\,IJ .sao 
0: 400 
W 

Q. 300 

~200 
~ roo 

x 0 .... 
" 500 Z 
~400 .... 
'" :sao 
I.U 200 
..J 
iii 100 
Z 
W 0 ... 

500 

400 

300 

zoo 
roo 

o 

38 

C.G .J 

L.,. """,.. 
i-o ..... --Ir-

-I~ t;:"'" 

J 
...... 

I!!. j...o .... s:. 
.~ ~ 
4· ... 

G .... 

"'" 
,... 

L..- ... ; .. :-, l-
Ii" 

c 
I' 

l.,...o 

""" I ... ~ 
1..- l--.... 

I,..; 
..... 

""'" 
1---''": ~ 

t-
""" ...... """ ~~ 
~I-o "'.-,-

.... ::"": 
'-~ 100-

"",I"" .... ro" 1-.-
I' ..... 

V 
[...- bf 

l.; ~' l.,...o 
I' , '" '" ~ 1,..01> 

L..- I"' 

~ 

..... " ..," ~ 
1,..0' io"" , 

L..-' I' .. 
.-

.... , .. 

0'9 1"0 ,. t2. 13 r4 1"5 "6 1"7 
LOGe LOGe OF TIME. OF 
MATURING IN CAYS. 

U', 
Fig. 13.-Tensile stre •. of M W 110-D6 mortars forin~viduaI surldlls o . ~' . 

.. and average of C .0. and J IIlUkhis pl?tted: against loge loge !l! time of ma~ 
ing in days. . 



" ./ 

400 (
r:o~ 

_ 30~ 
200 

lCO . 
Z 0 

5l' 500 

a= 400 
U/ 
0. 300 

m ... · 
200 

~IOO 
:t 

~ 
o 

~ 400 

UJ 300 
...J 

~ 
200 

W 100 ... 
o 

:500 

I:: 
ZOO 

• 100 

'0 

" 

" 

.... 

.; 

.J:: 
#' 

-~ . 

,. 
1-; 

~ ::::: 
eG .... ~ ..",. ~ 

.. 
-----~ ~ "...,. 

~ 

--.:..... 

"PO , ~ ~ 
~ 

~ ~ 

~, 

,/ rz 
G ..- "",,- :::-p-, 

k-::: ~ ~ 
,,"' 

..... 
, 

"....,. ~ 
L.. "", / ~ ",. 

'-' , 

'" 
~ l~ --...... 
I.....,.c:: ( 

P' 

\

. OS ro I" r2 r:3 "4 rs 1"6 17 

LOGe LOGe OF TIME OF 
,MATURING IN DAYS. 

. U·~ 

.,' ,. : ~ig: 14~....,..~ensile streJ?gth ~f M ~ i1f!:-~~4 mortars fo:-~cli~~ual-,surkhls 

~. an.d ~yerage ,of C. ,G and J, surkhia. plotte4 7against loge loge time of maturing .. ia....,.. .. '" . --.. --. . ... '. ....... .. .. I 



400 

..300 

200 

lOa 

Z 0 -
d 4 00 
\Il 

.300 
it 
uJ ZOO 
Q.. 

m 100 
...J 

o 
2 
'l: 400 

~300 
2 
llJ zoo a: 
t; 100 

~ 0 
-l 
\1)400 
Z 
hJ 
1-300 

2.00 

100 

o 

.,1/1" 
..A 

~ 

~;. 

-""!A-

. C. G,.j 

~ V 
--- 1--

~ ~ 
~-

G 
~ -~ ~ 

C 
~ 

-'" 
-! :.:::-

I'""" 

...... w 

'.- ~ -
.,."".",. V,~ ~-

~' ... -- --r 0' --
- 0 

- -

-
V 10--

~.:: "="-
L k--' 
~~ til" . 

~ 
V i!"""'" It'.;... 

~ ~~ 
~ 1:--:': 

po 
... -

[....r' 

V ~-
.. ' ~ 1". 

~ 
~ ------~.; 

1"-

.0".9 1.0 1.1 1-2. t.3 1·4 1.5 I.G 1·7 

LOGe. LOSe 'OF TIME OF 
MATURING IN DAYS. 

u 
Fig.IS.-Tensile strengt;h of M W 110-W6 mortarS tor indiVidu8lsurkhil 
, 0 

.: and average of Ct G and J BllIkhis plotted against lOSe log,' of time of m.a'tUlina 
in days. .' ~~ .•. -



41 

400 -

300 -" 

200 

• 100 
Z e- O 

c G..:r V ~ ~ .... - ~ 

..:.V ~ ~ ~- _-.;t/ii" 

, ~ 

~ 10--~ 

IJ) 
~co a: w .-sOC D-

o 

m 200 
-.J 

Z 100 

-
l.--::: r:.... 1.--6 " 

'.J ~ ...... 
___ V-~ ~: 1--" , 

~ ~ 
..... 

:I 0 
~ 

, ' 

~ ~oo Z 
w a: 300 

til .200 

~ 100 
{ij 

~ 0 

.0400 

30ct 

.200 

100 

.m,... 

~ ~ ~6' --, . 
G ~ ~-I~ 
~ ~ -~ I-::! ~ ... -r-

-Q 

) , 

./ 
~ 

Y 
",., 

.... '" C V jr""'" 
~ ~ ......". t...-. ,.. 

----
1=1-~ 4 a 

09 1'0 H 1'2. 15 1·4 1-5" 1'6 1·7 

LOG e LOGe OF' TIME' OF"' 
MAT UAING 'IN DAYS. 

u 
Fig.16.-Tensile strength of M W 110-WZ4 mortars for individual surkhia 

a 
and average of Of G and J surkhis plotted against loge loge of time of maturiDi 
mdaye. 



42 

Th,e log-log may either-be taken to the base 10 or to the base e, the 
Naperian base; Figs. 8 to 16 have been plotted against. loge-loge' 

Considering the variou:, degrees of burning, it will be seen that in almost 
all cases the slope constant k is the greatest in the case of over-burnt surkhis, 
indicating, the highest degree of activity. Comparison of under-burnt and 
wcll-burn~ surkhis in respect of slope is not such a simple matter, but one 
general rule emerges on close examination. At six months it is found that well
burnt surkhis have invariably a higher strength than the under-burnt surkhis 

, U 

with one solitary exception of~urkhi: Gin. M W 110-D6 mortars. Further
more, at six months over-burnt surkhi is invariably stronger than either well
burnt or 'under-burnt without any exception. It appears, therefore, that as the 
degree of burning increases the activity of surkhi increases.· This increased 
activity m'ay or may not be apparent at the early stages of the maturing period 
but ultimately, i.e., at a period not exceeding six months, it can be easily demons
trated ... This result is at variance with the findings· of the Building Research 
Station (l~). perhaps because of the fact that the latter concentrated on the 
determination of early period activity as measured by the conductivity method. 
It appears that later work at the B.R.S. has defulltely indicated the limitation 
of the conductivity method (18) as a result of which their early '\'fork cannot be 
considered reliable. 

The relative merits of different degrees of burning can be demonstrated in 
still another way. The strength of under-burnt and over-burnt surkhis may 
be expressed as percentage of that of well-burnt surkhi thus reducing all the 
figures to the same datum point and making' it possible to intercompare the 
various groups of mortars. This procedure has the further advantage of elimi
nating to&. large extent variations due to differences in temperature prevailing 
at the time of testing the various groups. These calculations were made in 
the case of each individual surkhl and averages were taken over various brick
field surkhis tested under each set of testing conditions. The results of these 
calculations are summarised in Table XVII. Finally, the average of all aver
ages was also calculated as shown at the bottom of this table. Probable errors 
of these final averages are also given. The data of Table XVII are plotted in 
Fig. 17. A careful examination of this table and Fig. 17 reveals several 
interesting points. 
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TABLE XVIl 
TensiIe- strength'J..,of under-burnt and over-burnt surkhis expressed as 

perC8tltages of that of well-burnt surkhi averages over various brick-flel,ds. 
--; 

Serial 
Under Burnt at daya. Owr Burnt at daya. 

Mortar lpeclfice.t[on. 
No. 

I~~I~ ~I~ 14 90 - 180 -
{~}3~-D6 

r-:-
1 C .. 90 '85 79 83 109, 103 108 120 

- {U1 - ----,-, -.,..- , " -
:I C , 0)17o-D~6 .. 124 93 82 83 131 113 118 121 

~ 

{~}F~D24 
-- --" --' , , ~ --

~ C .. 98 86 80 84 133 122 127 124 

- .--,- --- -'---- -----,. 

'4 C {U}l'70~Wf1 .. 135 127 98 88 196 166 1,31 i:ls 
'0 ' 

--- --------,-------,--

0 C {~}17o-W24 00 116 117 85 8G 151 150 121 :124 

.---- - ~ -- -,-; -
6 M {~}17o_D6 .. 10;- 90 84 82 155 124 120 120 

~ 1---- ------ " --
7 M {U ~ 17o_D24 .. 156 104 88 96 184 133 118 128 

OJ - '------ ------
M {~}17o-W6' 

-
8 !,. 109 112 101 89 211 1,80 ' 148 , 'r-121 

- --------:--'-~ ~ 

M {~}17o-W24 
.. ' 

9 .. 94 106 89 79 2ll 204 159 1441 

- ----------1""":"---
Avere.g. of All .. 114 102 87 86 165 1"* 128 128 

Av. 
4·1 1·4 Probe.ble Errort 0·5 4·1 2·0 ' 1·3 10·7 0'0 

~ 

11l79CD 
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conditions plotted again~t_ time of maturing on a logrithmic scale: 

C .. roeNo. M orlar condition. .4. t'ernge cJ briCk-fiel.:8. 

1 C U So-D6 AtoJ. 0 .. , 

• C U 1'lo-D6 .• 13, C, G. H, J. 0 

3 C U 1'lo-D24 13, C, G, Ii:. J. 0 .. 

4. C U 1'I0-W6 .. C,G.H,J. 0 

15 C U l'Io-W:l4 C, Go B,J.-0 .. 
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CsI'IItND. .M or/tit i:ondilicm. dverag« ollJric"~ 

1\ M U 17D-D6 .. C,G,J. 0 

'1 M U lTD-D24 C,G,J. 0 ... 

8 M U 17D-W6 •• C, G, J. 0 

9 M U 110-W24 C,G,J. 0 

Av. A\'orago of an above curves. 

In the case of under-burnt surkhls it will be seen that the majority ot the 
eurves start well above 100%, but as the maturing time increases they aU tend. 
to decrease, until at six months all of them converge practically to the same 
"Value. The final average curve shows that this value of 86% is reached asymp
totically, and Table XVII shows that its probable error is about 1%. Thus. 
it appears that though an individual surkhimay show at the initial stages of 
maturing superiority over well-burnt surkhi, ultimately it would become in. 
ferior to the latter and that this inferiority on the average will be about 14% 
in tensile strength. Also the asymptotic Imture of the final average curve 
shows that on the average thi~ inferiority will be maintained at.1onger periods 
of maturing. As pointed out earlier, the fact tha.t at six months results be
·come much more eompl!.rable is due to the temperature variations of earlier 
periods being averaged out. It would also appear that small differences in 
grading become unimportant when relative strengths of surkhis of varioua 
degrees of burning are considered at long periods of maturing. 

As far as ove~burn' surkhis are concerned, similar conclusions tollow (rom 
examination of Fig. 17 to that stated above for under-btimt surkhis, with the 
exception that here the curves generally start a.t considerably higher values and 
converge asymptotically to an average value of 125%, thus indicating superi~ 
ority of over·burnt surkhi to that extent on the average when . compared with 
well· burnt surkhi. Rere again the probable error at six months reduces to 
about 1%, and it.ls also clear that on the average this superiority will be. 
maintained l!ot periods of time much longer than six months. 

Fineness oj Grinding and $iefJ6 AnalysiS. 

The theoretical significance of fineness of grinding and sieve or screem 
analysis has already been discussed in a previous section. 'lhe experimental 
d;lta in this connection will now hs considered. 
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Fig. 18.-Comparisrm" of Fineness of Grinding. 
lJ U 

~ensne strength of C; W 30-D6 and C W 110~D6 mortars averaged for 
o 0 

urkhis "n, C, G, Hand J plotted agailliJt loge" log, of time of maturing. 

Comparable data. on 30 and 170 mE".sh surkhis are available in the case oC 
urkhis B, C, G, Hand J for high calcium lime and six hour dry mixes, vide 
rabltt VII and VIII. In order to elimil1ate the error due to temperature varia
,ions and other variables, the average figures for these surkhis may only be 
:onsidered, which are plotted for the two meslles in Fig. 18 for comparison. 
[t is evident that the 30 mesh surkhi is superior to the 170 mesh in all three 
legrees of burning at all periods of maturing, with the minor exception in the 
lase of under-bw:nt eurkhis at 14 and 28 day periods. Much importance need 
lot be'a.ttached to this latter exception, because the differences are rather small 
I,D.d tlle. temperature variations b.&ve not been accounted for. At long periods 
of maturing the superiority of the 30 mesh surkhi is not only general bat also 
consilkrable in magnitude; At six months it a.mountIJ to 6·3, 10'3 and 12·1 
per cent. for under, well and over-burnt surkhis resp~tively. 

The data given in Table XVI for restricted particle size surkhis have been 
plotted"in Figs. 19 and 20. Figure 19 shows the tensile strength plotted against 
time with size of particle as parameter. It also reproduces the curve for the 
corresponding 30 mesh surkhi containing all the finer fractions. So far as 
reetricted particle size 8ur~S are concerned, it is clear that the finer the surkhi, 
the higher is the strength, as may be expected from the consideration of in
creased surface area, But th1ll 30 mesh curve, though it starts at a low value, 
rises to a much greater strength at six lllonths than the firiest reatrictedmesh 
surkhi havin~ an average particle diameter of 22 microns (passing 300 mesh). 
This fact brings out clearly the importance of dense packing as considered in 
an earlier section of the paper. 

In order to clarify the effoct of surface area on strength the same data 
are replotted against tha reciprocal of the average particle size diruneter in 
Fig. 20, using time of maturing as parameter. It may be pointed out that 
the reciprocal diameter is proportionnl to the specific Burfaee area of the bulk 
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material. ,Thus~ if the surface area. was the only deten:n1ning factor tor the, 
strength, these_curves would be straight linas. The form of the curves, how~ 
ever, show. that this is not the case. The steep rise in strength between 52 
and 200 mesh material approximates more or less to a straight line relation
s'hip. Below and above this range all the ourves tend to flatten out. The 
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Fig. I.9-Effect of Particle Size. 

1'4 j'S j'S 
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52 
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. 
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Tensile strength of 'co (Res. )-D6 mortars for over-burnt surkhi A (Table, 
XVl), plotted against loge log. of time of maturing i:p, days; (Res.) indicates 
restricted. particle size (see text). Curve marked [30] .corresponds ~o ordinary 0 

30 mesh surkhi mortar CO~O-D6 reproduced from FIg. 8 for comparison. 
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flattening of ourves towards the larger particle s~es "hows that whatever poz;. 
zolanic strength is lost by a decreased surface area iR made up by the contri
bution of strength by. the solid surkhi particles themselves.· It would, there
fore, appear that for the maximufi!. contribution of pozzolanic effect, nothing 
c,oarser than 52 mesh particles should be allowed in a correctly graded sample. 
olsurkhi.· The flattening of the curves towards finer particle siies indicate 
that at about 200 mesh the porosity of the surkhi particles is of the same order 
of magnitude as the particles themselves. The cementing action takes place 
not only On the outside but also within the .,,),rticles.T~at is why very little 
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Fig. 20.-Effecl of specific Surface Area. 

Tensile strength at various times of maturm:g of ·CO (Res.}-D6 mottars 
plo~ted against reciprocal average particle diameter of restricted particle size 
over-burnt surkhis from brick-field A. Top scale indicatea corresponding 
aie,va mesh per inch., 
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is gamed by grinding the Burkhi finer. In other words, finer grinding does-not 
contribute m.uch towards the increase of the actual surface area, because the 
pores already present at 200 mesh cause the actual surface area to. be really' 
greater than that calcuhited from the measurement of the equivalent particle 
size. This leads to the conclusion that ina correctly gradedsurkhi .. it is un. 
necessary to have an appreciable proportion of particles fi~er than 2.00 mesh. 

These conclusions, it milst be remembered, are based on the tests on one 
Dver·burnt sample of surkhi. It is not unlikely that the porosity and the strength 
Df surkhi particles may differ for under and w~ll-burnt surkhis and also vary 
with different sa!Ilples of clay. The conclusion that the Iimitsof"weU graded 
surkhi lie between 52 and ,200-mesh must,' therefore, be -regarded 'a'S:tent~tiva 
and preliminary, indicating the necessity of fllrther work. Besides the deter· 
mination of these limits, the question tegarding the best particle size distr~;. 
bution giving themaximuin strength and the relation of this distrib~tion to th~ 
theoretical one giving the densest packing must also receive attelltion in any: 
future, programme o~ work along these lines. Curves plotted in Fig. 18 clearly. 
demonstrate the necessity of this kind of work, for although 170 mesh siIrkhi 
represents a matef.a.l having a much larger specific surface area as compared 
with 30 mesh, the latter proves to be the better of the two, dlle, no doubt, to 
the fact. that the packing in this case is relatively more comp~t and that larger 
surkhiparticles 90ntribute some of their own strength to the mortar. 

Composition of Lime. 

The effect. of the composition in respect or the two limes used: is clearly 
brought out by the curves in Fig. 21, in which the strength of high calcium 
lime and high magnesium lime mortars are plotted side by side for the corres~ 
ponding mortalS averaged over three surkhis C, G and J. .!n every case, ttxcept 
in over·burnt D6 mortars, the general behaViour of the curves is identical, i.e., 
high magnesium lime mortars give lower strengths at earlier periods, but at 
six months they are superior to the high calcium lime mortars. In the case 
of o~erb~t D6 mortars magnesium lime is superior throughout the maturing 
range., It will also be observed that in a large majority of cases the high 
ma'O'neSiwIi lime follows a straight' line log log law throughout the period of 

o , 
maturing, indicating that at six monthi maximum strength has not been reach· 
ed and that the,strength will keep on increasing at a much higher rate for high 
magnesium lime mortars than for high calcium lime mortars. 

COnsistency of Miz and Period of Soaking. 

The details regarding the dry 1!nd wet consistencies of mortars used in 
these investigations have already been given in an earlier section. 111 Fig. 22 ~ 
plotted the_l!tIeDgtbdatl~ for the t""O consist€nci~s side by ~ide for ~he pu:P~se 
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of llOmparison. The superiority of the dry mix over the wet mix 'under the 
conditions of test is clearly demonstrated. In certain cases the dry mix gives 
a strength as much as 50% in excess of that of the wet mix. ,Furthermore 
the superiority of the dry Inix is maintained thxoughout the period of maturing4 

As pointed out earlier, two periods of soaking, namely 6 and 24 hOlm, 
were employed, during \!hich the ready mixed mortars were allowed to soak 
prior to ,gauging. In each case the loss due, to evaporation was made up to 
1egain the originaloonsistency. Fig, 23 illustrates the behaviour of lime surkh\ 
mortars as affeoted by the duration of soaking. Prolonged soaking is, appa., ' 
~ently deleterious to the strength of mortars. In general the effect is obsreved . 
throughout the period of maturing and under all conditions of test. ' , 
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, Tensile strength of 170 mesh surkhiwith high calcium lime (dotted curves, 
0) and high magnesium lime (solid curves, M) plotted against lo~ log., time 
of maturing under various test conditions as indicated. 

It may'be mentioned that in order to facilitate the determination of th~ 
effect of consistency and soaking under various conditions of test, it was neces
sary to use o~y ,two discrete values of consistency and two of soaking period. 
The results of the present investigation, therefore, indicate only the superiority 
'of one value over the other. The determination of the best consistency and 
optimum period of soaking still remains to be attempted. The prelent inve8ti-
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gation, however, brings out one important point quite clearly, namely, i"eB
·pective of too experimental conditions dry mixes are superior to the wet and that 
shorter soaking periods of the order of 6 hours are to be- preferred to longer 
periods. ' . . 

In practice, one finds that wet mixes are usually employed and that ofteD. 
times the mortars are allowed to remain soaking for a day or two before use. ' 
Both these practices have proved to be harmful from the strength point olview. 

The explanation of why dry mixes should prove superior to wet ones may 
be found in the assUmption of the production of " Lockerstellen " in the latter 
by the presence of extra water. If that is so, it would appear that there exists 
an optimum consistency where the strength would be at a maximum. The 
fact that long soaking periods give weaker mortars may be clue i;(). the produc
tion of lime surkhi complex to a certain, extent during the period of soaking" 
which on gauging ca,nnot adequately function as a cementing material. 
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Tensile strength of 170 mesh surkhi with dry mixes (solid curves D) and 
wet mixes (dotted cUrves, W) plotted against log, log. time of maturing under 
YanoUi teat conditions aa indicated. 
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Tensile strength of 170 mesh surkhi at 6 hours (solid curves marked 6) 
:and 24 hours (dotted curves marked 24) soaking period plotted against log. 
log, time of maturing under various test conditions as indicated. 

V. SUMMARY AND CONCLUSION. 

Bricks of vario1ls degrees of burning were collected from 9 brick-fields in 
the vicinity of' Calcutta and assorted in three groups, under well and ovcr
burnt. Surkhis were prepared from these bricks. Surkhis and clays used 
for the manufacture of bricks were chemically examined. Surkhi mortars 
prepared from these surkhis and limes (high calcium and high magnesium) 
in the ratio of 3 : 1 by volume were gauged under different conditions into 
tensile strength test briquettes. The briquettes matured under water" for 
different periods of time were tested for tensile strength and the results examin
ed with a view to determining the effects of the different variables on the 
atrength. 

Briefly stated, the main conclusions that may be drawn are as follows :~ 
(1) Soluble salts and iron and alumina contents of surkhis decrease as the' 

-degree of burning increases. This appears to be due to the production and 
subsequent elimination thro~gh volati1izatjon ,of iron and aluminillIr! chlorides, 
<eto., by inter-action wit~ alkali salts. , 

(2) .AB the loss of weight on ignition of clays or water of hydrati!ln increases 
the strength of surkhi mortars appears to decrease. '(3) Increases in iron and 
alumina contents of clays appear to cause Ii reduction in the tensile strengta 
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of sri£khi mortars. This conclusion cannot be regarded as having 8.11 muh 
weight as No. (2) due to the peculiar behaviour of well-burnt surkhis. 

(4) The strength of surkhis progressively decreases as,the alkali content 
of clays and the water soluble salt content of surkhi increases. This is pre
sumably due to the production of " Lockerstellen " by the dissolution of soluble 
salts during the maturing periods. 

(5) ConclusioM (2), (3) and (4) appear to be mu~h more clearly applicable 
to nnder-burnt surkhis than to well or over-burnt surkhis due presumably to the 
fact that nnder-burnt surkhi approximates more closely to the composition of 
the original clays than otherS. 

(6) The strength of surkhi mortars increases with time approximately 
according to the log log relationship, i.e., S = k log log a T 
where S is the strength, T the time of maturing and k and' a are constants,. 
This law holds, fairly generally for initial periods of maturing ranging upto 3 
to 6 months. .After this period the rate of increase of strength considerably 
reduces and an almost constant value of strength is approached. 

(7) Over-burnt surkhi is superior to the extent of 25% on the average to 
well-burnt surkhi at long periods of mAuring. Under-burnt surkhi is inferior 
to the extent of 14% on the average to well-burnt surkhi 'at long periods of 
maturing. Differences in superiority of one and inferiority of the other at 
earlier periods vary considerably from one surkhi to another, but ultimately 
converge to a fairly constap.t value of 25 and 14% respectively, as mentioned 
above. 

(8) With respect to .the finness of grinding; it was found that the 170 mesh 
lIurkhi gave results inferior to those obtainable with the 30 mesh surkhi. 

(9) Tests on restricted particle size surkhi indicate that the strength of a 
1Iur~ mortar in respect of particle size distribution depends on factors, such 
&It-

a available surface area, i.e., the greater the surface, the higher th. 
strength. 

b compactness of packing of surkhi particles, i.e., the denser the packing, 
the higher the strength. 

Correctly graded surkhi in the case of over-burnt bricks would probably 
have a particle size range between 50 and 200 mesh. 

(10) High magnesium lime gives stronger mortars than high calcium lime. 

(11) Dry ~nsistency of mortars gives far greater strength than wet con
listency, 

(12) Shorter periods" of soaking give better results than longer periods. 
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