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'THE POSsiBILITIES OF MANUFACTURING PORTLAND CEJ'>IENT IN 

THE UNITED PROVINcES. Bv E. R. WATSON, M.A., D.Sc., 

Principal, AND K. C. MUKERJEE, M.Sc., AND N. G. CHAT
TERJEE, M.Sc. Assistant Chemists, Technological In
stitute, United Provinces, Cawnpore 

HISTORY OF THE SUBJECT 

The engineers of the Irrigation Branch of the Public Works 
Department gave a. good deal of attention to the possibility of 
manufacturing Portland cement in the Punjab and the United Pro
vinces about the year 1873. · A series of articles was published on• 
the subject in Professional Papers on Indian Engineering (Brownlow, 
Series 1, VII, 400-412 ; Thomson, Series 2, I, 491-496 ; Nielly, 
·Series 2, II, 115-140 (1873) ; Nielly, Series 2, VI, 378-389; King, 
Series 2, IV, 333-347; Nielly, Higham and Brownlow, Series 2, VI, 
127-168)~ Brownlow recommended making cement from slaked lime 
·(pure rich lime from the lower Himalayan ranges) and clay by 
burning the mixture with charcoal. He calculated that this would be 
a paying proposition even if the cement produced had ouly a quarter 
of the strength of Portland cement. Thomson gave the analysis 
of samples of kankar obtained from various places in the United 
Provinces. Nielly concluded from Thomson's analysis that some of 
.these -kankars would produce ordinary cements whilst others had 
almost the composition required for superior cement. He made 
some experiments with Bathala kankar and got as high a tensile 
strength as 265 lb. per square inch in briquettes which were two 
years old. (In those days the specification for Portland cemP.nt 
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was 300.350 lb. after 7 days) ~ut the tensile strength of Nielly's 
briquettes after 7 days was very low. King experimented with 
various kinda of kankar and with mixtures of kankar and clay 
and kankar and lime. The highes14 strength he got was 275 lb. 
per square inch after one year. He did not measure the strength 
a{ter 7 days. Nielly, Higham and Brownlow estimated the cost of 
making cement from kankar by various processes at Rs. 5·8, 
.Rs. 6·8 and Rs. 12-8 per ton. 

The low tensile strength obtained in these experiments is of nc:t 
importance. It C4nnot be accepted as any reason for supposing 
that Portland cell! ent up to British Standard Specifications cannot 
be made from kankar because none of these experiments were 
controlled by chemical analysis. In those days the exact composi
tion of a mixture necessary to produce cement of the highest quality 
was not known with the same certainty as at the present day. 

Comparatively recently, large cement works equipped on modem 
lines have been erected at Porbundar on the Bombay side of India, 
at Bundi in Rajputana and at Katui in the Central Provinces. A 
description of these works is given by H. A. F. Musgrave, Super
intendent of the Government Test House at Calcutta, in a brochure 
entitled " Manufacture of Portland Cement in India ", published by 
the Government of India. At Bundi the cot•ect mixture is obtained 
by the proper admixture of argillaceous limestones from several 

. quarries near which the factory is situated. At Katni local lime
stone and the overlying elay are used. The cements produced 
in all these factories comply with British Standard Specifications. 
According to Musgrave's report, that produced at Porbundar was 
rather low in tensile strength. In this factory the furnaces were 
of a vertical type. At Katni there was for a time some difficulty 
about setting time, but Musgrave reported that that difficulty had · 
been overcome. 

Additional cement worka are being erected in the Central Pro
vinces and at Japla, Palamau district, in Chota Nagpur, the latter 
being erected by Messrs. Martin and Company as Agents of the 
Associated Portland Cement Manufacturers· Limited.• 

In 1919 an enquiry was addressed from Cawnpore to the Director 
of Industries, United Provinces, as to the possibility of manufactur
ing Portlaml cement near Cawnpore. 

About the same time Mr. Hallidy, a State Railway engineer, 
urged on the Railway Board tlte desirability of the Government 
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• manufacturing its own cement for railway and canal work and was 
placed on special duty· to study the lime deposits of the Oudh and 
Rohilkhand Railway with regard to their suitability for cement 
manufacture. The Railway Board printed his report at the end 
.of 1920, but it was not published for general informution. With 
the permission of the· Railway Board this report is given as an 
appendix to this Bulletin as it bears directly on the present enquiry. 
HaUidy discovered deposits of marl near Lucknow which, in his 
.opinion, were very suitable for cement manufacture. He surveyed 
deposits at Dilarmau and Madharmau, about 10 miles from Lucknow, 
and estimated that they would supply sufficient marl to manufacture 
100 tons of cement daily for 40 years. Plenty of suitable clay was 
found adjacent to the marl. He calculated that it would be profit
able to manufacture cement at this place. He also considered 
travertine deposits near Hardwar and in the Tanatpur district and 
thought that they would probably be suitable if hydro-electric power 
-were developed. He thought that most of the kankar available 
-on the Oudh and Rohilkhand Railway was not suitable for cement 
omanufacture. 

The present investigation was considered desirable in view of 
-the enquiry from Cawnpore and the present high price of cement 
in India. In addition to checking and supplementing Hallidy's 
-estimates of the quantity of calcareous material in the Province 
,and his chemical analysis of these materials, it was thought desir
,t.ble, in view of the large amount of capital required for cement 
manufacture, to confirm conclusions based on chemical analysis by 
-the actusl production on a small scale of cement from materials 
which analysis· indicated as suitable, and tests of the samples· of 
-cement produced. 

The Irrigation Branch of the Public Works Department of this 
Province has been considering the advisability of manufacturing 
cement locally for use in the construction of the Sarda CanaL So 
far as is known, the present opinion is against Government under
taking the manufacture itself. The writers understand that private 
interests have also been attracted . by the proposition suggested by 
Hallidy, viz., 'to manufacture cement from the marl deposits near 
Lucknow. The Development Board of this Province was asked 
whether Government would give any guarantee to take a certain 
.amount .of cement if a private factory were started, but the reply 
\Was not encouraging. 
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Mr. Bion, Chief Engineer,· Public Works Department, Sarda 
Canal, interviewed by one of the writers at the end of June 1!)22 
on thia subject, said that he had recommended Government to 
manufacture its own cement for the Sarda · Canal but had been. 
informed that 'that would be contrary to Government policy, as the 
manufacture of cement in India was no longer in ~he experimental 
stage and it was not Government policy to compete with private 

"'ilanufacturers. He was asked to invite private firms to manufacture 
cement in the Province, but on enquiry found that Calcutta and 
Bombay firms had no capital available for such a project or were 
not attracted by it. The matter was then referred to the Director 
of Industries, who reported that a certain person in Lucknow was 
willing to start the manufacture of cement near Lucknow. This· 
proposal apparently gave rise to the above mentioned enquiry 
from the Development Board, and no further 11rogress ·had been 
made with the negotiations. Mr. Bion said that Government could 
not afiord to use cement at the present high prices for the Sarda 
Canal, but if they could manufacture or purchase cement at about 
Rs. 30 per ton they would use large quantities of it. Otherwise 
they would have to use other materials as far as possible and only 
a limited quantity of cement. From estimates supplied to him he 
thought Government could manufacture at about thia price. Asked 
about the· electric power installaticn at the upper Ganges Canal 
head works at Hardwar, he said it was at present lying idle; they 
were trying to come to some arrangement fer it to be taken ov~r 
by three adjacent municipalities for the electric lighting of those 
municipalities, but there were difficulties. So the possibility of 
utilizing thia hydro-electric plant for the manufacture of cement 
from Hardwar travertine was not yet excluded from consideration .. 

RAW MATERIALS AVAILABLE 

A.-CALCAREOUS MATERIALS 

The most obvious calcareous material in the Province is kankar. 

Kanltar It is used almost everywhere as road-making 
material and is obtained locally. In most 

cases the kankar is extracted close to the road which has to be
repaired. On ravine land the kankar comes to the surface, and it 
is usual to obtain all that is required within a few feet of the surface. 
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In determining the suitability of any material both quality and 
quantity have to be coiiBidered. Some analysis of kankar had peen 
published before this investigation was started (Thomson, loo., cil.) 

-·--~ 
Locali!Lt!:::m which .tlli01 and ~ SiliceoUI CaO.OO,. MgO. 0 . ed Fe.o,. residue 

Ghazipnr • . . . 40·0 32·0 11·0 0·4 15·2 
Aligarh • . . . 15·5 12·8 38·4 2·8 30·5 

Do. No.3 . . ' 37.0 30·3 20·8 5·4. 7-1 

Sa.hara.npnr No. 1 
CaCO, . . 57-18 10·32 trace 32·5 

Do. No.2 . . 79·33 6·73 ·- 13·94. 
Do. No.3 . . 78·54. 8·~ ·tzace· 13·04. 

.Allahabad . . . 52·80 3·54. none 4.2·39 
Delhi No. 1 . . . 53·49 3·00 l-57 41-41 
Do. No.2 . . . 28·97 4·09 ll-94 63·63 

N1elly (Professional Papers on Indian Engineering, 
II, 115-140) gave a _few additional rough analysee-

.. 
J.,ucknow No. 1 

No.2 
No.3 

.. 

Name of kankar · Carbonate of I 
\ime • 

72·3 
70·2 
6i-7 

Water, lou 
orgaoio 

matter, e!c~ 

H .. . . 
.. .. .. 

0·00 
0·67 
2·32 

Series 2, 

Clay 

27·7 
29·8 
32·3 

and a few more are given in .Oldham's Geology of India, p. 437-

-
Carbonate of lime . 
Carbonate of magnesia . 
Oxide of ipon • • . 
Clay . . . . . 
Sand . . . . 

--
Carbonate of lime . 
Carbonate of magnesia • 
Oxidee of iron and alwnina 
Water and organie matter 
Insolnbleo • • • 

. 1, 2, 3. Ranig&nJ 
'- Barmori • 
5.~ar 
6. Sanetona • 

. . . . . . . . . . . 

. . . . . . . . . . 

1 2 

• . 72·0 .66·93 . . 1-3 1-72 . ll-7 1·67 . 22.0 30.0 . 2·0 9·67 

4 5 I 
. M·O 6H . .. .. . 2·7 1·9 . 2·7 2-3 . 40·6 31)-4 

• Dejou:r. Rutrrtl.8, VII, 123 (1874) • 

}All .:....r ~am;~nj. Twean, ibill 

3 

78·5 
2.0 
2.0 

11)-5 
7.0 

6 

66-3 .. 
11l-32 

32·50 
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The primary requirement of calcareous material for cement 
making is that the percentage of calcium carbonate should be 75 
or -over. It will be seen that only Saharan pur No~r. 1 and· 2 meet 
this requirement ; the other ~tamples of kankar would . require 
admixture with some other material richer in calcium carbonate for 
cement making. But the Saharanpur kankars, e.g., Nos. 1 and 2 
mixed together, should produce a mixture suitable for cement 
making. Taking, for example, the specifications given· in the article 
on cement in Thorpe's Dictionary of Chemistry for finished cement-

CaO , from 68·0 to 67 per cen~. ; mean 6llo5 
Si01 • from 18·0 to 27 , 

Al101+F•10, • from 6·0 to 17 , . 

and calculating a mixture of Saharanpur Nos. 1 and 2, which would 
give 62·5 per cent. CaO in the finished product, the analysis is found 
to be-

Per cent. 
Ca.O .. • • • • • 62·5 
SiOI • • • • • 26•4 

.AJ,01+Fe10 1 • • • • • • • • • 11·1 
so that all the constituents would lie within the prescribed limits. 
There would apparently be no trouble as regards MgO, which 
should not exceed 3 per cent. 

This preliminary consideration of old analyses justified the belief 
that a suitable Jnix!;ure of kankars or a mixture of kankar with a 
small quantity of some material richer in calcium carbonate should 
yield !satisfactory cement. • 

An enquiry was therefore made as to the amount of kankar 
available. As alre~dy mentioned, the general impression gained 
from residence in the Province is that any amount of kankar is 
available in almost any part of it. An enquiry was addressed to 
all Executive Engineers as to the amounts available in their divi
sion~. and the following estimates were obtained for the different 
di <trict~. In th!l following lilt the districts are given from north 
to s >uth and from W<lSt to ~ of the Province, so that it gives at 
a glance an idea of th~> distribution of the material in the· Province : . · 

Dehra Dun • 
Sabaranpnr , 
Roorkee 
Muza!Jarnagar 

· !!eerut 

• 

• 

• 
• 

Nil I 
• 1,7~ lakbs o.ft. 

• • no retlU'D:! . 
• 3,348 lakhs o.ft. 
• 51 lakha c. ft. annnaUy ~ 
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Moradabad • 

Pilibhit , 
Bulandobahr • 
BareiUy 

Aligarb • 

Budaon 
Sbabjabanpnr 
Kberl • 

Muttra • 

Etab • 
Sitapnr. 
lllainpnrl 
lrardoi • 
Gonda • 
Agra 
Eta wah 
Bara Banki 
Cawnpore 
Fyzabad 
Rai Bareli 
Sultan pur 
Pariabgarh 
Jbansi • 

WATSON : Portland cement 

• 

• 

{

(1) 3 lakha c.ft. 
• (2) 13 lakha o.ft. 

(3) 3;766 lakha c.ft annually. 
• more than 4 lakha o.ft. 
• 11 lakha o.ft. annually. 
• 4 lakbs o.ft. 

{ (1) 1·6 lakha o.ft. 
• ~ (2) 1·7lakba c.ft. annually. 
• 1 lakh o.ft. 
• 11 lakha c.ft. 
• llakh c.ft. 
c (1) 32 lakbs o.ft. 

• t (2) plenty 
961 lakha o.ft. 
Jlakh o.ft. 
26i lakha o.ft. 
1!lakha o.ft. 
small quantities all over. 
SJ lakha o. ft. 

• no information. 
plenty. 
0·1 lakh c.ft. 

~ ~ pl~nty. 
small quantities. 

7 

The return.9 from Saharanpur, Muza:ffarnagar and Moradabad (3), 
which are, roughly speaking, one hundred times as great as the other 
returns, were all g ven by one engineer and in the form of an 
estimate of the area of thll kat~kar beds with the thickneBB of the 
strata, whilst the· others 'Yere ·.in the forni. of an estimate of the 
amount available from the quarries. Hence the discrepancy. One 
officer gave his returns as the amount available annually, and as 
these are of the same order as other estimates for the same and 
adjacent districts, it is probable that in all cases the estimates were 

. intended as the amount available annually. 

Mr. Vick, Agricultural Engineer to the Government of the 
United Provinces, has kept records of the strata passed through in 
sinking tube wells in many parts of the Province, and strata of 
kankar were invariably passed through, generally amounting to 
many feet altogether. • 
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Mr. Hallidy, speaking in connection with cement' manufacture, 
says that the portions of the United Provinces served by the Oudh 
and Rohilkhand Railway contain very large deposits of lime kankar. 
He took samples from places which would evidently give a large 
supply, and these placea : were Badshahpur, Utrawari, a place 
between Balamau and Daluagar, mile 9 on the Balamau-Anhadpur 
Branch, mile 3 on the Sitapur Branch, Belakhera, Lacbmanpur A. R. 
C. Railway, a place between Baghauli and Balamau, Phapamau, 
Dauadpur, Partsbgarh, a I>1ace: bet~een Dil~rmau a!ld Rai Bareli, 
Chandnagar. He also remarka that a very large quantity of kankar 
is found on the Cawnpore-Banda 'Railway· at 'the· Jumna River 
and at the Chandrawal River ·and· that. the supply· is replenished 
from year to year. · .· 

The geneml conclusion from ·these data i~ that plenty of kankar 
is available almost anvwhere in the l'rovince, . and. that. if this 
material. is suitable for. cement. manufacturer a large. factory might 
be started at almost any place- in the ·Province· and be sure of a 
sufficient supply of the material. A factory turning out 100 tons 
of cement per diem would corisume something 1ike 7 lakhs cubic 
feet per annum." · · · 

From considerations of· demand· for· the finished product and 
distance from the coalfields: son:ie pl_ace near CaWupote or Lucknow 
seems most suitable for the location of a cement factory. A sample 
of Cawnpore kankar gave the following analysis : 

CaO 
s;o. 

Fe101+Als01 
MgO 

.. 

Pt'r cent. 
29·00 
31-10 
11-60 
2·30 

This would require admixture with a mort' highly calcareous 
material for the manufacture of cement. The samples of kankar 
already referred to, !liz., Sahamnpur Nos. 1 and 2 which had a 
percentage of calcium carbonate over 75, seem to have been excep- • 
tional, and, indeed, the sampll'.s Lucknow Nos. 1 and 2,- with .figures 
approximating to 75, seem also. exceptional. Hallidy gives the 
analysis of 15 samples of kankar from the places on· the Oudh and 
Rohilkhand Railway already mentioned, and the percentage of 
'CaO lies between 13·42 and 26·16, whilst .75 per cent. calcium 
carbonate is equivalent to 42 per cent. CaO. The near~".st approach 
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to this figure in the samples analysed by Hallidy was the kankar 
from ·Chandrawal, which had 38·84 per cent. CaO. 

A very important consideration was raised by Hallidy when he 
remarked that the perc~ntage of magnesia in kankars from the 
Oudh and Rohilkhand Railway was frequently too high for cement 
manufacture. According to British Standard Specifications the 
percentage of MgO in finished cement should not exceed 3 ; the 
American Standard Specifications permit 4. In twelve samples of 
kankar from the Oudh and Rohilkhand Railway Hallidy found a 
minimum of 2·44 per cent. MgO and a maximum of 8·34 per cent. 
MgO. Even the minimum is coming unpleasantly near the British 
Standard Specification maximum limit, when it is remembered that, 
owing to loss of carbonic acid on burning, the percentage of magnesia 
in finished cement is higher than that in the raw materials. The 
lowest percentage of magnesia was found by Hallidy in the kankar 
from Chandrawal, Cawnpore-Banda Railway (1 "73 ·per cent.). These 
results are strikingly different from those of Thomson (loc. cit.). 
who records lligO nil in Allahabad kankar, a trace only in three 
samples from Saharanpur, 0·4 only in Ghazipur kankar and lllgO 
only exceeding 2 per cent. in material from Aligarh. But the 
method of analysis described by Thomson is faulty and would not 
detect or estimate any magnesia present lls silicates insoluble in 
dilute acid. This question of magnesia is very important. It is 
believed that reliable cements can be made· containing considerably 
more than 4 per cent. MgO, but one or "two serious accidents which 
were due to faults developing after several years in cement contain
ing a high MgO content have caused engineers to be very suspicious 
of excess of magnesia, and no engineer with British training would 
care to use on important work any cement containing more than 
3 per cent. Consequently, any proposition to use for cement 
manufacture material with a high magnesia content would certainly 
be rejected if material were available more· suitable in this respect .. 
Mr., Musgrave informs the writers that in India many otherwise 
suitable sites for factories have had to be passed O\'er ov.-ing to the 
presence of excessive magnesia. _ 

The writers have analysed some additional samples of kankar· 
from Shikohabad, Agra, Meerut and Delhi and have obtained 4·99 
per cent., 1·88 per cent., 5·04 per cent. and 7·42 per cent. magnesia, 
respectively. From the observations available it is not easy to find 
any certain relation b~tween geographical position and magnesia. 
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i:'ontent ; but, at any rate, no sample of kankar with too high a 
percentage of magnesia has so far been recorded from the south
west of the Province, and it may be that calcareous deposits in the 
alluvium in the north-east of the Province, deriving from the 
Himalayas, contain rather too much magnesia, whilst those in the 
south-west, which may be derived from the rocks of the Central 
Provinces, are more satisfactory in this respect. Mr. Musgrave 
is of the opinion that in the Dehri-on-Sone district, where there are 
large deposits of limestone, much is suitable for Portland cement 
manufacture but large quantities are unsuitable owing to high 
magnesia content. Sufficient work has not yet been done on the 
kankars of this Province to say definitely that beds with a suffi
ciently low percentage of magnesia do not occur in all parts of the 
Province. 

It has already been remarked that the percentage of calcium 
carbonate in most of the kankars is lower than that required in a 
mixture for cement manufacture. The commonest form of kankar 
is nodular, and clayey matter is retained in the cavities and crevices 
of the nodules. Washing the nodules raises the percentage of 
i:alcium carbonate to some extent, but not generally sufficient to 
make the kankar suitable for cement manufacture without the 
addition of other calcareous matter. 

AB already mentioned, Hallidy discovered deposits of marl 

Marl near Lucknow and has published a detailed 
survey' of the beds at Dilarmau and Madhar

·mau, from which he calculated that they would feed a factory turning 
out 100 tons of cement daily for 40 years. He gave numerous 
analyses of the marl from these beds in which the CaO percentage 
was generally above 42 and the MgO percentage, in the few samples 
in which it was estimated, was about 1·6". Analysis of samples 
sent to the Government Test House at Alipore confirmed these 
figures. 

On reading Hallidy's report it struck the authors that one very 
necessary piece of information was wanting, 1Jiz., whether th~ high 
percentagE~ of CaO persisted from top to bottom of the beds surveyed 
by Hallidy or whether the samples analysed were above the average 
in this respect. A visit to Madharmau and Dilarmau produced 
temporary misgiving on this point, as the material excavated 
frequently difiers in colour from top to bottom of the beds. But 
analysis of a good many samples taken from top to bottom of the 
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beds showed a consistently high percentage of CaO. The analytical 
figures obtained were ;-

Percentage of Oa0o3 in !he samples . of marl of !he Lucknow dislricl 
(calculated on !he percentage of 002 evolved friYTTI dry material) 

Contractor's Ample from Dilarman • 
Dilarmau No. 1 
Dilarmau No. 2 
:&!adhnrmft.u, from a heap nP.ar the main road 
Madbarmau, 18 feet under the surface 
Mndbanno.u, white . 
Birwa 
Madharmnu, 18 ft. 
1\t'LdbarmRu, 12 ft. main road 
Madbarmau, 12 ft. 

Per cent. 
71-2 
89·5 
89·6 
71·7 
89·3 
76·2 
Jil-l 
114·4 
78·8 
87·0 

A typical, large sample used for experiments on cement manu
facture analysed :-

Per cent. 
CaO 46·SO 
SiO, 9·!10 

Fe,03 and AJ 10 3 3·8fJ 
~!gO 2-1 

One interesting . feature of these marl ]?eds not mentioned by 
Hallidy is the occ.urrence in them of innumerable very small mollusc 
shells. · 

The trave,rtine deposits near Hard war and· the calcareous deposits 
' near Kathgodam and Tanatpur have not been 

• Other calcareous examined by the writers They understand 
deposits • 

that Mr. A. D. Banerjee, who has experience 
as a cemP.nt ch~mist and was assistant to Hallidy, was placed on 
special duty by the Irrigation Branch of the Public Works D~part
ment to investigare the Tanatpur deposits and decided that they 
were not so suitable as the Lucknow marl. 

The Geological Survey Department, when asked for information 
about the calcareous· deposits oi the Province, singled out the lime
stone of Almora. A sample was analysed by the Industrial Chemist 
to the Government of the United Provinces, who reported-

Calcium csrbonate • 
Magnesium carbonate 
Iron and alumina 
Inso!ubles 

• 
• 

Per ceni. 
96·00 
3.00 

0·35 
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But the inaccessibility of Almora makes this of very little 
pra.ctica.l interest. . 
· The attention of the writers was directed by Mr. M. Sinha, who 

was a Deputy Director of Industries in this Province in 1920, to the 
limestone deposits in the south of the Mirzapur district. According 
to the District Gazetteer there are large quantities of limestone in 
that loca.lity, and also coal, but at . present the area is almost 
inaccessible. ·A survey for a branch railway a.cross . this area has · 
been notified· in the Gazette, and when this has been constructed 
the mineral wealth of the llfirzapur district may be exploited. 
Without this the only possibility of getting out the limestone from 

· this area would be by boat ·on the Sone, when it would be carried 
to Dehri·on-Sone and would come into direct competition with the 
large quantities of limestone already available in the neighbourhood. 

The limestone in the neighbourhood of Sutna and Katni is 

Calcareous material 
which might be Im
ported 

probably . the nearest and best. The Sutna 
Stone and Lime Co., Ld., publish the folloWing' 
analysis of lime prepared from their lime-

A 

Lime 
Magneaio. 

stone:-

Oxides of iron ·1Uld nlumina. 
Sulphuric acid 
Carbonic ncid • 

• 

• 

Per cent. 
94·20 

1-00 
1•70 
0·10 

trace 
Siliceous matter 2·80 
Alklilies and loss 0·20 

TOTAL 100•00 

sample of limestone supplied by them for the au tbors' 
perimental work analysed :- , 

Per cent. 
CaO 53·40 
SiO' 3·20 

Fe20 1 and A1,01 1·50 
:MgO 1·20 

ex-

It was stated, however, by the General Manager of the Katni 
Cement Works that limestone purchased by· them from Sutna did 
not average such a high percentage of CaO, and, in fa.ct, in some eases 
approximated to 42 per cent. 
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B.-ARGILLACEOUS li!ATEIUALS 

Kankar may be regarded as a mixture of calcareous and argilla

Kanltar 
ceous materials, with the latter generally 
present in larger quantity than is required for 

l!o cement mixture. The aluruina, iron and silica seem generally 
present in suitable relative proportions. 

To make cement from thP Lucknow marJg would require t'Jay 
adjacent to the marl. There is cllly both 

Clay adjacent to Luck- above and below the marl which appea.-s to 
now marls 

be of suitable quality. Hallidy gives several 
analyses. If the clay is taken too near the surface it may contain 
sand, which does not reach well in the furnace during the manufac
ture of the cement, but t~ere appears to .be plenty of clay free from 
this defect. The percentage of MgO, according to Hallidy, runs 
from 1·66 to 3·7. Samples obtained for the authors' experiments on 
cement manufacture analysed : · 

Madharm8.u Dilarmau 
. clay clay 

Per cent. Per cent. 
CaO 33·26 2·24 
Si05 24·09 53·91 

F••O• ond Al•01 10·83 26.03 
MgO • 2·52 2·8<l 

The worst feature about these clays is the percentage of · MgO. 
Taken "with the typical marl from this area in a suitable proportion 
for cement manufacture, calculation shows that the cement would 
contain from 3·3 to 3·4 per cent. of MgO. Analysis of cement 
actually produced from these materials gave 2·9 to 3·2 per cent. 
of 1\IgO. 

Clay from the brickfields at Alambagh, Luckno·w, was also 
analysed to see whether it was any better as regards the percentage 
of 1\IgO. It was not appreciably better. 

Some experiments in washing the ground mixture of marl and 
clay showed that this would bring down the MgO percentage in the 
finished cement· within the 3 per cent. limit of the British Standard 
Specifications. 

C.-FuEL AND OTHER SOURCES OP POWER 

Irrigation engineers have considered the project of manufactur
ing cement with wood, charcoal or upla (cow-dung cakes) as fuel, 
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bus now-a-days it is doubtful whether anything but powdered coal, 
which is the fuel required for rotary furnaces, ie worth considering. 
It is doubtful whether cement of sufficient strength to meet modem 
requirements could be manufactured by the use of other fuels. 
By the use of coal or coke in vertical furnaces the Porbundar factory· 
was not able to get the same strength as that obtained by the Bundi 
and Katni factc.ries by means of rotary furnaces. Even inferior 
grades of coal nre not suitable for cement manufacture. At Katni 
coal from the Bengal coalfields is used. Coal is obtainable much 
nearer w Katni in the Central Provinces, but it has not been found 
satisfactory for the rotary furnace as its calorific power is not 
sufficiently great. It is stated that a cement factory is to be started 
in the Central Provinces with a new type of furnace recently 
invented in Germany for the use of low-grade fuel and that it is 
intended to use Central Provinces coal in this factory. · 

But even if it is now possible to use low-grade fuels in the 
manufacture of satisfactory cement, ·it · is doubtful whether any' 
other fuel can compete with Bengal coal in the United Provinces. 
The senior author of this Bulklin published a Note on " The Calorific 
and Manurial values of Indian Cow-dung commercially considered " 
as a supplement to the Indian Tmde Journal of ·the 27th August 
1908, and he there summarized the relative calorific powers and 
prices . of various fuels in the United Provinces as follows :-

Fuel 
C•lorific power Coat in 8DDOS (calories per per maund gram) 

('.o~-dung cake 2,400 4·5 

Firewood 4,000 8·0 

KOJ:OBono oil 1~,900 71-5 

Bengal c..U 6,600 8·8 

From these figures it will be seen that Bengal coal was then. the 
cheapl'st fuel. The prices were retail, but tbe wholesale price would 
have been still more in favour of coal. Prices of all commodities 
have changed greatly since 1908, but there seems to be no particular 
reason for thinking that the relative prices of the difierent fuels 
have changed to any .considerable extent. 
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ECONOM[CCONSDDERATIONS 

The high price to which imported Portland cement rose during 
the war and the equally high price of cement manufactured in the 
·country made the manufacture of this material appear a very 
attractive proposition in 1920. At the present time (1922) owing 
to genera.! financial depression there is not the same eagerness to 
1llldertske any new enterprise. Wages have risen and labour has 
become more expensive, and at the present time the cost of buildings 
,and machinery is very high. The large capital required to start 
cement works' under present conditions can be judged from the paid 
11p ordinary capital of the Centra.! Provinces Portland Cement Co., 
Ltd., which is Rs. 60 lakhs. · 

The price of cement at Indian ports in 1921 was about Rs. 125 
per ton. Although it has dropped, it is still about Rs. 105 per ton, 
and with calcareous material at about· Rs. 2·8 per ton there still 
-seems ample room for profit in the manufacture. Taking, for 
itlstsnce, the project of manufacturing cement at Cawnpore from 
local kanka.r and Sutna li r.estone, for 1 ton of cement about O·S 
ton of Cawnpore ka.nka.r, o·s ton of Sutna limestone and 0·75 ton 
-of coal would be required. The cost of raw materials and fuel 
<Would be apl!roximately :-

0·8 ton C&\\"llpore kankar at Rs 2-8 per ton .. • 
0·8 ton Sutnalimestone (f. o. r. Sutna) ut Re. 2-8 per ton 
0·75 ton Benga.l coal at Rs. 15 per ton • • • • 
Freight on 0·8 ton limestone from Sutna (about 2DO mileo) at 

0·23 pie per mo.und per mile, and on 0·75 too coal from 
coalfields (about 250 miles) at 0·15 pie per mound per 
mile • 

TOTAL • 

Ril . .&. 

2 0 
2 0 

11 " 

10 ' 

25 8 

But it would, no doubt, be unsafe to rely on the present high 
-price of cement. In fa.ct, the proper expansiOn of the demand 
:for this building material is, no doubt, dependent on a drop in price. 
The present high price of imported cement is due largely to high 
1lhipping freights. The present quotation for Portland cement, Best 
English, delivered London, is 70s. 6d. to 768. per ton. The pre-war 
figure was about Rs. 23 per ton f.o.b. at English ports. 

B 
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In forming an opinion as ·to the soundness of any project for 
manufacturing Portland cement in the United Provinces it woulcf 
be safer not to rely on the present high price of this article but to 
compare the cost of production in the Province with the cost of 
production in other parts of India. For the local market the local: 
factory would have the advantage over other factories in the matter 
of freight on the finished article. It seems scarcely necessary to
consider the question whether Indian Portland cements as a whole 
will be able successfully to stand the competition of imported 
cements. With suitable calcareous material alongside the coal,. 
88 at Japla near Dehri-on-Sone, ab.out 350 miles from Calcutta, 
the largest consuming centre, the~ seems no reason to doubt the
ability of the Indian indnstry to face foreign competition. 

Cawnpore and Lucknow are well situated 88 supply centres for 
the United Provinces. Any imported cement is bound to pass through 
either Cawnpore or Lucknow, so that for the provincial market we· 
can compare the co8t of manufacturing at Cawnpore or Lucknow 
with the cost of manufacturing at other Indian factories plm the 
freight on the cement to Cawnpore or Luc'know. A prosperous 
cement works is in existence at Katni, but a factory which should 
have .a greater advantage from position is that which is being. 
erected at Japla near Dehri-on-Sone which will be very close both 
to limestone and coal. For the purpose of calculation· the freight 
on coal may be taken as 0·15 pie per mauna per mile and that on 
cement and limestone as about 0·23 pie per maund. The East 
Indian Railwax have q_uoted the writers a rate of 4 annas 3 pies· 
per mannd for limeatone from Sutna to Cawnpore (Schedule C, O.R.r 
C.C., .L) and this works out at about 0·23 pie per maund. 

• For each ton of cement manufactured at Cawnpore from locai 
kankar and Sutna limestone freight would have to be paid on O·S 
ton limestone from Sutna (about 250 miles} at 0-23 pie per maund 
per mile, and on 0·75 ton of coal from the coalfields (about 250' 
miles} at 0·15 pie per maund=Rs. 10·4 per ton. 

For each ton of cement ·manufactured at Katni and carried to 
Cawnpore freight would have to be paid on 0·75 ton of coal from 
the coalfields to Katni (about 250 miles}, and on 1 ton of cement 
from Katni to Cawnpore-Rs. 12·2 per ton. 

For each ton of cement manufactured at Japla near Dehri-on 
Sone and carried to Cawnpore (about 250 miles) freight of Rs. 8·: 
would have to . be paid -Rs 8·3 per ton. 
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According to this calculation the cement manufactured at 
Cawnpore would have an advantage over Katni cement for United 
Provinces markets but would be at some disadvantage compared 
with the works being constructed at Japla. 

The manufacture of cement near Lucknow from local marl and. 
clay would. have an advantage over the Cawnpore project because 
a Lucknow factory would not h!lve to pay freight on any raw 
material except coal. · 

For each ton of cement manufactured. at Lucknow freight of 
Rs. 4-11 per ton would have to be paid. on 0·75 ton of coal from 
the coalfields to Lucknow-Rs. 4-11 per ton. 

So that for the United Provi~ces market it would. have a freight 
advantage even over the Japla works. 

A point remaining for consideration is the demand. for Portland. 
cement in India in general and in the United. Provinces in particular, 
and whether there is any danger of the cement factories in India 
producing more than is required or of a factory in the United. 
Provinces producing more than is required for the local market. 

The following figures give the iniports into British India :-

TotallmpOrlo (cwl.) 

lDU-15 191S.l6 1918-17 1917-1.8 1918--19 UlMO 192().21 

Private mercbandiae 2,8110,461 1!,681!,606 1,787,7M 1,675,105 548,&40 77,230 127,420 

Government stores 
(cwt.) 415,028 118,876 163,090 80,782 •82 7,r75 

No figures for Portland. cement are given in the annual reports 
on the Inland Trade of the United Provinces nor are Sllch figures 
obtainable elsewhere. 

Hallidy remarb that the total weekly output of the three· 
modem cement factories in India in 1916 was approximately 1,500 
tons. Several other factories of much greater dimensions are being 

1 started. It may be expected, therefore, that sufficient quantity 
will be produced in India in the near futUre to satisfy the present 
needs of the country- But the necessity for a greatly extended. 

1 
use of cement on railways is apparent to any railway engineer, 
and Hallidy understands that irrigation engineers would. us& 
enormous quantities of cement on the canals if they could get· it 
sufficiently cheap. The extension of the nse of reinforced concret& 
in India is most desirable for many reasons and. this, again. would. 
consume large quantities of cement. 

B2 
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EXPERIMENTAL INVESTIGATIONS 

, From the preceding chapters it will have been gathered that two 
projects for manufacturing Portland cement in the United Pro
vinces appear promising, viz., (1) from marl found near Lucknow 
and adjacent clay, (2) from Cawnpore kankar and Sutna limestone. 
Chemical analysis of these materials indicates that they would be 
suitable for the purpose. But the capital necessary for starting a 
modem cement factory made it appear desirable to confirm the 
results of analysis by making cement on a small scale, if possible, 
from the suggested materials and testing the properties of the product 
produced. 

Very little information could be obtained about a small furnace 
suitable for making cement on a laboratory scale. Hallidy says 
that he had not the time to get the necessary grindjng apparatus 
from England and that burning was difficult as the necessary fine 
grinding and the small size of the furnace forced the use of very 
sma'll specimens which lost a certain amount of lime in burning 
through. contact with the fuel ash. Most text-books or treatises 
·On Portland cement say nothing about production on a laboratory 
scale. Towards the end of the writers' investigations they found 
some description of furnaces for small·scale work in Meade's " Port
land Cement," but the author there observes that in a small furnace 
which he had he could never quite get the temperature . up to the 
point necessary for a thorough burning of the Lehigh cement-rock 
limestone lnixtures without adding some soda to the lnixture. In 
.another part of his book he remarks that alkali makes cements 
quick.setting, and that the way in which this trouble may be 
surmounted to some extent is to raise the temperature of burning. 
It therefore.seemed very aoubtful whether Meade had been able to 
manufacture rea'lly satisfactory cement in his small furnace, and 
the present writers did n?t think it worth while further to delay 
their report. in order to experiment with a furnace according to . his 
design. Meade also refers to the experimental rotary furnace used 
by E. D. Campbell of the University of Michigan, but in this investi
gation (Original papers, Jour. Amer. Ohem. Soc., XXIV, 248 and 
969) he does not mention how his "products stood the ordinary tests 
for tensile strength and soundness. 

. The writers' first experimental burnings were made in a simple 
mnd furnace constructed first of ordinary bricks and afterwards of 
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fire-clay bricks. The dry, powdered mixture was placed in fire-clay 
crucibles covered with fire-clay lids and the crucible were completely 
surrounded by fuel. . The mixture · reacted with the walls of the 
crucible, producing a kind of glass at the surface of contact, and th~ 
clinker had to be carefully separated from this glass. This reduced 
the yield of clinker considerably, and there ·was always uncertainty 
as to whether. the whole of the clinker had not been influenced to 
a certain extent by the fire-clay crucible. 

The first modification was to make the mixture into a paste 
with water, mould it into balls generally about the size of a cricket
ball, and then, after air-drying, to place it in the furnace in direct 
contact with the fuel. Charcoal was tried as fuel but did not seem 
to give such good results as good coke, perhaps because the charcoal 
was lighter and burnt away too quickly. After burning it was seen 
that the cement material had reacted with the coke-ash at a few 
points to produce a more fusible clinker, but the outer layer was 
removed before grinding and testing the clinker. In the earlier 
burnings this was very easy, as the balls were found to have a 
concentric structure and, on cooling, generally broke up, the outer 
layer separating from the inner portion. Analysis of the finished 
cement showed that the coke-ash had not appreciably affected it. 

Before any burnings could be made, the proportions in which the 
two ingredients were to be mixed had to be calculated. In the 
first experiments the writers took the limits for Portland cement 
mentioned in the article on " Cement " in Thorpe's Dictionary of 
Applied Chemistry, viz., CaO must lie between 58 per cent. and 
67 per cent., Si02 between 18 and 27 and .Alz03 plus Fe20 3 between. 
5 and 17. The writers calculated a mixture of marl and clay 
which, after burning, would contain CaO, Si02 and .Alz08 plus 
Fe _08 within. these limita and, as the limita are rather wide, a. 
mixture was selected which would approach as nearly as possible 
to the mean of these limits. A similar procedure was followed in 
experimenting with Cawnpore kankar and Sutn.a limestone. 

The materials taken for the experiments had the following. 
.()(Imposition :-

Madharmau marl 

Si01 
Als01 and Fes01 

c..o 
MgO 

Per cent. 
0·50 
3·80 

46·80 
2-1 

Modbarmau clay 

BiOs 
Als01 and Fe/)1 

c..o 
MgO 

Per cent. 
24·011 
IO·SS· 
33·20 
2·62 
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Cawnpore lnnl:ar 

BiOs 
Als01 and Fes01 

CaO 
MgO 

• 
• 

Per cent. 
31-10 

• 11-60 
• 29·00 
• 2·30 

Sutn& limestone 

BiOs 
Als01 and FesO, 

CaO 
MgO 

Per cent. 
3·20 
1-50 

•. 53-40 
1-20 

and the first burnings were made with the following mixtures :-

67•7 parte marl 
42•3 parte olay 

Caloulated composition of Mean of limits mentioned in 
Thorpo's Dictionary · burnt mixture 

BiOs 
Als01 and Fes01 

CaO 
MgO 

53·4 parte Sutna limostone 
46·6 parte Cawnpore kankar 

• Bi01 
Als01 and Fe101 

CaO 
MgO 

23·8 Bi01 

10·3 Als01 and Fe,01 

62·' CoO 
3·5 MgO 

• 

.. 

22·5 
n-o 
62·5 

For theSe first experimente only a 100-mesh sieve was available. 
The materials were mixed in the desired proportion, ground and 
passed through the sieve, the residue being further ground until 
all had passed through the sieve. This procedure was adopted. with 
the idea of getting an intimate mixture at the same time as the 
material was reduced to the requisite degree of fineness. 

The material, either in a crucible or in the form of balls, .~as 
placed in the furnace surrounded by coke, the furnace was filled up 
with coke and the fire sterted. It took about two hours to attain 
the maximum temperature; which was maintained for about two 
hours. When the fire had burnt out the material was removed, 
the good clinker separated from the glass or outer layer, mixed with 
1 per cent. calcium sulphate, powdered, passed through the 100-
mesh sieve, allowed to stand in the air for a few days and subjepted 
to the standard teste for (1) tensile strength, (2) soundness, (3) setting 
time. 
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The first experiments gave the following results :-

. 

Experiment No. 

-4 . . 
7 . . 
8 
9 (inner clinker) 

1 
1 

1 
3 

(outer clinker) . . . . 

. . . . . . . . . . .. 

. . . . . . . 

MARL AND CLAY 

TBNSlLll S'l'BBNGTH (LB. . 

PER SQUABB INOB) 
&pansion 
(mm.) 

7 days 28 days 

210 1-5 
190 • .. .. 
190 300 .. 
410 426 .. 
180 .. .. 
300 400 1-0 
435, 495 .. 

CAWNI'ORE kankar AND SUTNA LIMESTONE 

6 

12 

f 300 
t 260 

{ ~ 285 

480 

21 

SettiDg time 

.. .. .. .. .. 
Quiok 
Quick 

British Standard Specifications require a tensile strength of at 
least 450 lb. per square inch after 7 days and a tensile strength 
.after 28 days equal to tensile strength at 7 days +r.n.~~e~:'., 7 ... Y, 

Soundness is measured by expansion in Le Chatelier's gauge, 
which must not exceed 12 mm. 

From these testa it will be seen that the writers had almost 
.attained success with the marl and clay mixture but were very far 
from it with the kankar and limestone. 

The fact that success had almost been attained in one case 
.appeared to indicate that it was not so much the burning which 
was. at fault as the method of calculating the mixture. In the 
.case of the marl and clay a fairly correct mixture had b~n obtained, 
but this was not so in the case of kankar • and limestone. 

Mr. A. D. Banerjee, who was for some time assistant to 
Mr. Hallidy and had also been employed by the Bundi Cement Works, 
informed the writers that tlie correct mixture should not be calcu
iated as they had done but by the application of Newberry's formnls. 
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A re·calculation in the way suggested by him gave a mixture of 
61•4 parts Sutna limestone and 38 ·6 parts kankar lime. But this 
mixture, on burning in the authors' furnace, gave a clinker which 
fell to pieces and had no setting properties at all. 

The writers then considered various possible ways of calculating· 
the mixture. In the Journal of the Society of Chemical Industry,. 
1907, p. 1280, R. K. Meade gives the following limits of chemical 
composition met with in freshly made American Portland cements· 
which pass the standard specifications for soundness, setting-time 
and tensile strength :-Si02, 20-24 per cent. ; Al20 3, 5-9 per cent. ; 
Fe,O;., 2·4 per ~ent. ; CaO, 60-63·5 per cent ; MgO, 1·2 per cent. ; 
and 803, 1·5 per cent. These are narrower limits than those given. 
in Thorpe's Dictionary. 

The Chemists' Year Book shows 12 analyses of typical Portland 
cements, and gives another set of limits of chemical composition 
which agree fairly well with Meade's limits. 

Careful consideration convinced the present writers that these 
figw:es needed some correction before they could be used as a guide· 
in calculating a mixture. The mean of the 12 analyses shown in 
the Chemists' Year Book is given in column 1 of the calculation. 
below:-

Mean Same Same re. 
- ofl2 minus calculated 

analyses CaBOt to 100 

eao . . . . . 82·79 61-'79 65·06 

AJ.O, . • . . . . 7·05 7·05 7·'2 

Fe,o, . . . . . . . 3·02 3·02 3·18 

MgO . . . . . . . I-58 1·58 1·66 

SiO, . . . . . . . 21•52 21•52 22·65 

so,. . . . . . . . . 1-41 . .. .. . 
. 

• TOTAL. . ... 94·96 99·97 

Now the ~t. five of these constituents ·add up to ioo in the calcula:._ 
ted cern pOSition of a burnt mixture of calcareous and. ar~Uaceo~ 
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materials, but in actual cement analysis these constituents do not 
add up to 100 because there is always. some S03, loss on ignition, 
alkali, etc. Deducting an amount of CaO equivalent to the SO., 
because this represents CaSO, added after burning, the figures 
shown in column 2 are obtained, which add up to 94,-96. Re
calculating these on a basis of 100 to make allowance for loss on 
ignition a corrected mean is obtained (column 3) which can be 

. ~¥~ed in . calculating a mixture. 
· It was next calculated that a mixture of Cawnpore kankar and 

Sutna limestone could be made which, on bilrning, would give 
exactly these percentages of CaO and Si02 but would be a little 
low as regards AJ,03 plus Fea03• This calculation is shown 
in the accompanying diagram, where the continuous line re· 
presents the composition of burnt Cawnpore kankar and the line
of dashes the composition of burnt Sutna limestone. They cro~
twice. .AJJ.y line which passes through these points of intersection 
represents the composition of a mixture which may be obtained 

· from those materials. The dotted line whicl;l passts through these 
points of intersection is seen to give exactly the corrected mean 
percentages of CaO and Si02 of the 12 typical analyses. The pro
portion of the burnt kankar and limestone required to give a mixture 
of this composition. is easily calculated from the . diagram. Thus 

pereentap ot CaO in burnt llmestoDB 65·0 _ amount of burnt .blnidr to be taken 
65'00 percentage of CaO 1n burnt l:tJIIkar - ., " HIDiitooe " , 

This would require a mixture of 56·4 parts Sutna limestone and 
43·6 parts Cawnpore kankar. 

According to British Standard Specifications the ratio swc;":'AI;O, 
(in chemical equivalents), known as the Hydraulic Modulus, .should 
lie between 2·0 and 2·85. These are very wide limits and almost. 
any mixture will meet these requirements. For the 12 analyses. 
given in the Chemist&' Year Book the limiting values for the Hy
draulic Modulus are 2·46 and 2·78 with a mean of 2·64. A mixture· 
of 57·8 parts Sutna limestone and 42·2 parts Cawnpore kankar 
would give this Hydraulic Modulus. 

According to Newberry's ideas that good Portland · cement 
should be a mixture of tricalclum silicate and dicalcium aluminate, 
.~~~'=:+:o, =1 (where CaO, Si02 and Al,03 are in chemical equi.. 

valents). A modification of this formula which makes allowance for 
·F.,-0 and UnO is •·•&0.+1·1 Al,_Q,-f:o.7 -..~. =1 This would gt"ve ·a. -z 3 ~ C&O+l..& MgO • 

mixture of 59·8 parts Sutna limestone and 40·2 parts kankar. 
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These various calculations are put together in .the · following 
11mall table :-

Calculated 

Calculated Calcula.ted to give 
Alrea.dy to give according to corrected - ta.ken Newberry's mean of 12 H.M.=2·64 formul& typical 

analyses 

• 

·Cawupore kankar . . .. 46·6 42-2 40·2 43·6 

.Sutna limestone . . . 53·4 57·8 59•8 56-4 

Before starting on a fresh series of burning experiments it was 
found necessary to prepare and analyse a fresh lot of ground kankar • 
. This gave the following · analysis :-

Si01 • 31·34 
Al,O, 8·86 
Fo,o, 3·09 
eao 30·34 
MgO 2'42 

;Calculating (1) a mixture to give a Hydraulic Modulus of 2·64 and 
. (2) a mixture to give CaO and Si02 the same as the corrected means 
!rom the 12 typical analyses, and taking the mean, a mixture · 
was obtained of- · 

. SutllA limestone 
. Co.wnpore kanl:ar 

which was used .in the further experiments. 
·Calculation in the same way gave a mixture of :-

Madharmau marl 
,. clay 

• 

Parts 
56·4 
43•6 

Pa.rts 
65·9 
34-1 

By this time one of, Morgan's small prospectors' furnaces had 
been obtained, in which a temperature of 1,250°-l,300°C could be 
.attained (as determined by Segers' Cones), and sieves of 150 and 
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180 mesh. The following burnings were performed in Morgan's 
t~mall prospectors' furnace With good coke :-

lleah of TmfBILB 8Dlll'om ..... 
&pori· throURh 

Conditions a;t beating ~·· 
Slttlllll m .. t which Umo No. mixture After After lion in 

wu ' 7dayo 28dayo Jnm. - - -
CAWlO'OKB ianiar .um 8UT!U. 

:LDIBSTOD 

16 150 Kept tor o& hOUl'l at fuD beat of 
lunuu:o. 

&85 .. 70 

17 150 Some of hali.IJ from prevlo111 675 .. 41 
coxperlment. were agAin heated (after 1 
tor .f hours at full boat of day) 
furnace. · 27 

(art.er U 
dafl) 

18 150 Allowed the coke lo the furnace 540 706 • to bum completely out. 

20 180 Allowed the coke In the furnace 360 .. 1 lledlum. 
to burn completely out. 

LU'OKlfOW IWU. AND OLA.r 

21 180 Allowed the coke in the furnace 648 .. 10 UedhUD 
to bum co:gtetely out, nod 
D!mln bea under .eame 
conditions: · 

22 180 I Burnt onlb once, allowing the 
• coke to urn completely out. 

... .. 1·5 Qukt 

It will be seen from the ·fo,egoing table that complete success 
was attained with Lucknow marl and clay and also with Cawnpore 
lcankar and Sutna limestone, e.g., in Experiments 18 and 22. But 
the results were not so consistent as had been hoped. The writers 
were especially troubled as regards soundness. A great deal of 
work was done before the question of soundness was settled. For 
a long tinle they thought that tMy were getting unsoundness be
eause the temperature of the furnace was not high enough, and a 
large hand-worked forge-bellows was attached to the prospectors' 
furnace, thereby raising the attainable temperature to · 1,460°0 
to 1,5oo•o as measured by Segers' Cones. Laborious experiments 
were also tried in the direction of raising the temperature very 
gradually, to imitate as closely as possible the thermal treatment 
which material receives in a large, modem rotary furnace. It is 
well known to cement manufacturers that a high lime mixture 
requires a higher burning temperature than one with a lower lime 
content, and endel.voura ware accordingly m!!.de to reduce the lime 
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content of the mixtures, but this could not be carried out without. 
a prejudicial efiect. on the tensile strength. Eventually it was. 
found that the ·experiments had been producing quite satisfactory 
cement for a long time without the fact being recognized, the reason 
being that the product had not been given a long enough time in 
which to season. Almost all soundness trouble disappears if the 
cement is allowed to season. The writers were put on the right. 
track by Meade,· who says (p. 471) "if cement that is unsound is. 
stored for any length of time it will gradually become sound." 
This is illustrated by the behaviour of five samples of cement none 
of which were perfectly sourid when freshly ground, one becoming 
sound after one day, another after seven days and the others taking· 
14, 28 and 90 days, respectively, but eventually becoming perfectly 
sound. Meade · says " Cement which has seasoned sound is just as 
good as one which was sound when freshly made, and the writer
does not think the engineer need concern himself whether the manu
facturer prefers to make cement which is sound when fresh or· 
whether he prefers to age it sound in his stock-house. So long as it 
is sound he is secure." 

All the later ·cements produced showed satisfactory soundness
after 17 days' seasoning. The following examples may serve to
show that the writers were able consistently to produce satisfactory-
cement:- • 

llctb or TDSILB BTRBKGTn I sle\-n 
Ex,.rt. thron111h 

CondlUoDI of heath~ 
Expan· 

num\ which slon in Setting 
No. mixture Afror After mm. time .... 7da)'ll 28 days 

-d 

-
CAWKPOBR htnl'ar AD Sfl'fYA 

LlJUS'lOl<B 

!. 180mtsb B.-ted In ~011l' furnace 625 586 (}6 
with bellowa or 2l hours. 

!~ 180mesb lll:dum made np ln smaUtr 680 NU 
balls. Heated In ~tor.· .. 
fuma~. elow burn g at 
beglnnlng,. bt-ll<nft for 1 hOW' 
at. end, and 8re allowed U, 
bum out. 

l7 t80meab Beatf'd !or '7! boors In old &65 7·0 fumaee without. chimney, 7-l .. 
(after 6 bonn ln nf'W' furnaco without days). chl.mner. 3 houn ln old fur--

1111.ce- with ehlmney and 6l 
boun. to new furnaee with 
chlmDer 11nd bt>Uowa. 
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APPENDIX 

"REPORT ON THE POSSIBILITIES OF OE~lENT MANUFACTURE IN THE 
TERRITORY SERVED BY THE OUDH AND ROHILKHAND RAILWAY 

BY R. J. HA.LLIDY, B.E., M.I.O.E. 

The writer addressed the Prellident of the Railway Board, unofficially, in Novem
ber 1917, and again in December 1918, on the desirability of an investigation into 
the possibilities of cement manufacture from the lime deposits on the Oudh and 
Rohilkhand Railway territory, with the view to a factory operated departmentaUy 
being started. He based his arguments on the high and increasing prices of both 
imported and Indian cements, and of the small output of the latter. He also 
addressed the Agents of the Eastern Bengal Railway and the Oudh and Rohilkhand 
Railway, and asked these officers to place their views before the Board. As the 
result of this correspondence, the Railway Board, in their letter No. I 2-E.-19 ofthe 
lOth February 1919 to the Agent of the Eastern Bengal Railway, sanctioned the 

.employment of the writer, for six months in the first instance, on special duty to 

.10tudy the lime deposits on the Ondb and Rohilkhand Railway. They made it clear, 
however, that this sanction did not imply that Government would undertake such 
.an enterprise, even if the prosp~cts were found to be favourable. The services of 
the writer could not be spared immediately by the Eastern Bengal Railway 
Administration, and work was not started until the 8th August 1919 when a smaU 
laboratory and office were opened at Roorkee. 

2. Although the writer has been informed recently by the Railway Board, 
in their letter No. 12-E.-19 of the 13th January 1920, that they do not intend to 
.set up a cement factory for the State Railways and that his investigations must 
therefore be largely academic, he conlliders it deairable, and, at any rate, useful 
to repeat and eularge in this report 'his arguments for such extension of function 
on the part of the State Railways. He trusts this will not be conSidered as undue 
persistence in his owu ideas, but ~he personnel of the Board has largely changed 
i!ince the date of the correspondence leading to thia euquiry. Moreover, thia correo-
1!pondence was eutirely unofficial, and it should, therefore, be found useful to have 
every argument and fact connected with the matter in one report. 

3. At present, in India, there are three factories turning out cement by modem· 
methods. The total weekly output from these was, in 1916, approximately 1,500 
tons. Several other factories of much greater dimensions are projected and may he 
-expected to come shortly into being. There are also a few natural cement works 
which may in the near future change the character of their product to Portland 
-cement. It may be expected, therefore, that sufficient quantity will he produced in 
India, in the near future, to satisfy the present neede of the country. The writer 
-does not conllider it lil<ely that prices will fall to any great extent, unless a stimulus 
-there_to is supplied by Government, or unless imported cement causes such fall 
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by competition, and this is a relief that cannot rcaaonably be expected for a long 
time. Under modem buainess conditiona,itis no longer safe to rely on competition 
between manufacturers in the same conntry to keep prices to a reasonable level in 
that country. The tendency is to keep home prices at a high level by agreement 
and to compete only for foreign buainess. The type of business man who built 
up the cement industry in England does not exist in Indi~ ; we have here only tbe 
financial agent of short domicile whO wants large profits quickly and is not much 
Interested in the longevity of the busineBS. Pre.war prices of cement were too 
high to encourage its use in public works. These prices were less than half of 
what the Indian manufacturers now charge, or anticipate to charge in the future, 
if one judges from their prospectuses. The necessity for greatly extended use of 
cement on railways is apparent to any railway engineer, and it is understood by the 

·writer that irrigation engineers would use enormous quantities of cement in the 
canals if they could get it sufficiently cheap. The extenai.on of the use of re·inforced 
concrete in India is most desirable for many reasons, but such extension is unlikely 
to take place with high cement prices. The writer is aware that in certain places 
in India limes can be found which, used properly, are good enough for most building 
work. With one or two exceptions such limes are not standardized, and there 
is much ignorance shown in their use. Even in the few cases in which lim& can be 
purchased in bulk from well·known fi1ms, it will be found that tests are not made 
continuously, and tbe sellers are merely shopkeepers, and not expert lime makers: 
The belief of !"any engineers in mixtures of fat limes and soorkee, and in kankar 
limes, can only be classed as superstition. · A considerable amount of study in 
each oase is required before such materials should be used on important works ; 
this study is not often given nor, indeed, in general can it be easily given. It is too 
often teken for granted thata lime is, as cement is, a substance of definite measur
able qualities. If it were clearly recognized that it is a substence on which no 
reliance can be placed, without extensive experiments, lasting continuou.sly over 
a long period, and which are not then conclusive except for the portions actually 
used in the experiments, it won!~ cease to be used on important works. A great 
decrease in yearly repair costs wonld be an immediate resnlt to railways. It is 
too obvious to argue about that a cheap reliable cement is necessary to the engi• 
neer, and it is difficnlt to see a reason why ~eat building departments, such as 
railways and can,la, cannot get it, and are forced for the sake of economy in first 
coat to use untrustworthy materials in great public works. These departments 
are already used to acting departmentally in most of the important parts of their 
works, and manufacture bricks and lime with only a nominal aid from the con
tracting class. There is not, therefore, any departure in principle from present 
methOds in undertaking the manufacture of the cement they require. It is clearly 
a question of expediency only. Tbus, if an engineer requires 2,000 tons of cement 
only, he will find it expedient to buy it where he can most cheaply ; but if he 
requires 20,000 tona per year, lind if he has the necessary materials at hand, he 
should prefer to manufacture-until manufacturers' profits are a function of 
skill rather than the possession of a monopoly. 

4. "'!'he manufacture of cement is not a difficult operation, given the proper 
materials and a modem plant. The prevalent idea of the economic size of a factory 
equipped with modem plant is, in the writer's opinion, an erroneous one in existing 
circumstances in India. It is true that European writera consider a factory of 
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output of 700 tons per week the minimum size to be worked economically. This 
economic limit is with regard to European pre-war prices and not with reference· 
to present Indian prices. The use of large-size rotary kilns undoubtedly reduces 
the fuel cost, but the reduction is email in comparison with the dilierence in. cost 
price and selling price in use and likely to continue to be in use with the Indian 
firms. When the large-size rotary kiln becomes the machine determining profit 
and loss, as it may do in a highly competitive market, it will be unnecessary for 
Government departments to undertake cement manufacture, but the dawn of that 
day in India is still far distant. Meanwhile, it will, in many cases, be worth while 
to erect plants of much less size. It should also be remembered that, altbough 
the rotary kiln is the greatest modem contribution to cement plant, much good 
Portland cement was manufactured before its introduction and the vertical kiln ior 
still used by many good makers. The rotary kiln was chiefly developed in 
America, where labour is scarce and expensive. The vertical kiln is quite suit· 
able for small cement works in India. Also, the development of the rotary kiln 
has been so rapid that a plant oan. get out of date in a few years. In 1905 the 
usual size in England was 60 to 70 feet long and 6 feet diameter with a daily 
output of 20 to 25 tons. A few years later the length of kiln was increased t<> 
150 ft. with the effect of doubling the output and greatly reducing the fuel costs, 
and kilns are now in use 200 ft. to 230 ft. long and 9ft. diameter. A fair pre-war 
cost price in England was 23 to 25 per ton and in the United States about the 
same. Mr. W . .A. Brown in his " Portland Cement Industry" gives an esti
mate of Us. 4!d. per ton labonr and supply costs, excluding interest and 
depreciation costs. A fignre of Rs. 20 to Rs. 22 should cover all cost prices for 
an Indian factory. 

5. Although the manufacture of Portland cement is very thoroughly under
stood in that demands of certain strength,' speed of setting, and constancy of volume, 
within fairly wide limits, can be met, yet chemists are far from agreed as to the 
processes that take place in the kiln and in the setting. Le Chatelier and Newberry 
concluded that definite chemical compounds were formed in the kiJq which brok<> 
up in the presenqe of water when setting into other definite chemical substances. 
Richardson recognized clinker as being formed of certain solid solutions of calcic 
aluminate& and silicates, and that, of the substances so formed," alite "and" celite •r 
were the most important. He considered the setting chiefly due to the crystalliza. 
tion of calcium hydrate derived chiefly from the break up of" alite." The colloidal 
theory of setting firet advanced by Michaelis is more satiafaotory to the engineer in 
explaining the phenomena he is acquainted with. .A jelly-like oruhstance is formed 
by the action of the water on the " alite " round each grain of cement. Tbe dessi
cation of this jelly constitutes setting. This covering of the cement grains makes 
aeceas of the water to it more and more difficult, though this is never stopped. A 
piece of hardened cement will thus consist mainly of this dessicated and hardened 
jelly substance, grains of nuohanged cement, and, perhaps, crystals of calcium 
hydrate. This seems to tbe writer to explain more clearly than any other theory 
the continual hardening and increasing strength with tim<> of cement mortanr, 
the observed necessity for very fine grinding .of th<> clinkar, and the fact, which 
he has known for a long time, that cement set perfectly hard will, if re-ground, set 
again, and give a very strong mortar. In his own praetice he hae always bnmed 
the set cement to a red heat before grinding. This makes grinding easier, but 
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may p~duce ba4 effects through dehydration of li':"e hyd_rate crystels. 
Various rough formullll have been derived from these theories to gwde the cement 
maker in the choice and grading of his materials. Mr. Eckel considers fat limes, 
hydraulic limes, Portland cement, natural cement and puzzulona. material on a 
grade depending on the amount of argillaceous material present. He suggests 
a cementation index derived from Newberry's formula.--

2'8 Si 0+1·1 AI, 0 8 +·7 Fe,Os 
Oa0+1·4MgO 

percentages by weight being used. A value less than unity suggests hydraulic 
limes, I to 1•15 a Portland cement, I·I5 to 1·60 a natura.\ cement that demande 
high firing, 11!0 to 2 a \ow-valued natural cement and below 2 merely puzzu\ona. 

6. Other rough indices used are :-
%Si 0 1+%(A110 8+Fe,Oal 

Hydraulic Index 
%0a0 

and the value should be between •40 and '60 !or' Portland cement mixtures and 
bet,veen •60 and 1·50 for natural cements. The German cement manufacturers 
use the rule that the minimum percentage of lime by weight must be 1'7 parte by 
weight of silica and alumina. The setting of hydraulic limes, natural cements 
.and puzzu\ona mortars, though a.ssumed to be similar to that of Portland 
cement, aro even less understood. . 

7. The portion of the United Provinces served by the Oudh and Rohi\khand · 
Railway contains very large deposits of lime kankars. The writer had not, pre· ' 
vious to tllis enquiry, any practical experience with these kankars,'but bad used 
largely the b>nkars on the right bank of the Ganges met with during the 
construction oftbe Oawnporc-Banda Railway. From his experience with these 
kanka;s, some details of .which are given further on in this report, he 
had hoped by a small addition of fat lime, which it nlight be necessary 
tQ purchase, to get from some of the large kankar fielde on the Oudh 

. and Rohilkhand Railway a suitable material for cement. Every large 
deposit of kankar on the railway bas been examined with very disappoint· 
ing results. The material is altogether too poor in lime content, ·and frequently 
carries too much magnesia., to permit of its being considered of any value as a source 
·of cement. Another source of lime supply in the United Provinces is from boulders 
in the torrents at the foot of the hills. A considerable amount of lime is manU· 
factured from these in .the torrents below Mussoorie. The boulders, however, 
vary so muoh in composition, frequently carrying large amounts of magnesia., and 
are so mixed up in complete confusion with boulders from eveey other type of rock, 
that cement manufactured from them does not seem a practical proposition. At 
. several places on the scarp of the hills a chenlical deposit of lime, travertine, is 
found. .This is a very promising material as it consists of almost pure carbonate 
of lime, is soft and easy to crush, and there is water and clay in abundance -beside 
.the deposit. Two deposits ha've been exanlined in some detail, i.e., at Doiwalla 
on the Hardwar-Dehra Line, and at Ohunam about half-way between Ramnagar 
and Katbgodam. These deposits do not seem very large, and it was not found 
possible in this enquiry to deterlnine the amount available in any exact manner. 
Lime has been burned in Lucknow for many years from a material locally called 
~. chur," found a few miles from Lucknow in the valley of the Goomtee, T4is is a 
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fresh water marl, and the writer baa given considerable ti;,e to its- detailed' 
investigation. It is almost a pure carbonate of lime in a very fine state of divi<Uon, 
and is eminently suitable for cement manufacture. It is found in many places 
along the valleys of the Sabai and Goomtee ; and, from a recent report, is also 
found along the Gogra. The writer has had time only to examine one locality in 
detail but has visited several others. The marls examined lie under 6 feet to 12· 
feet of clay, and so have been deposited and covered up many years ago. The 
writer is convinced that it is possible to find this substance now in process of preci
pitation, though he has not been succeBBfnl in doing so. As this marl is the most 
important of the lime substances examined, and has been treated in greater detail 
than the others, an ecconnt will be given of it in the first place, and the other sub· 
stanoee then treated in their order of iml!ortan~e. • • 

8. A marl is a precipitate deposit of carbonate of lime from water carrying bica.r
.bonate in solution. The hills of Kmriaon imd Garhwal contain large amounte 
of limestone, and it is to be expected that the streams percolating through this 
material, and which finally deliver themselves to the Goomtee and Gogra, ca.rry a 
large amount of bicarbonate of lime in solution. The smaller capacity of wa.rm 
water than cold to bold this material in solution, the loss of 001 directly and through 
the action of plants and the consequent precipitation of the carbonate, will account 
for the formation of this marl in spills and marsheS" in the warm plains. Although 
the marl, being a chemical deposit, should be a pure carbonate of lime, yet, in the 
course of deposition and after, it gets mixed with fine sand and clayey matter, 
but these substancl"s, in the mails onder examination, are in such .a &ne state or 
division that they will enter readily into combination in the kiln. Moreover, the 
proportions of these substances are small. In some of · the analyses given thtt 
proportion of Si01 seems large, but this is due-mostly to the methods of excavation, 
but sometimes to deliberate adulteration, and, indeed, most of the samples earrying 
a large proportion of SiO• were purchased. The material is found in pockets up to
to 50 chains long and from 200 feet to 1,500 feet wide and from 3 to 14 foot thick. 
It lies under a bed of clay from 4 feet to 12 feet thick. Excavation, as it is practised, 
consists of sinking circular shafts about 2 feet in diameter, to the surlace of the 
marl, and excavating as much as the inflow of water will allow, and then sinking 
similar shllfts alongside, '1m til, over the whole area, about 6 feet thick, where such 
thickness or over exists, has been excavated, when the holes arc filled in and the 
ground made over to cultivation again. About 1,000 cart loads, or 1,200 tons, art> 
sent yearly from Dilarmau to Lucknow, where it is used, after being homed, far 
fine plaster work, and to a rertain extent in building operations. 

9. It wae evident to the writer in December 1919 that the marl depoaits about 
Dilarman, 10 miloo from Lucknow on the Sultanpnr road, and on the alignment of 
the proposed Lucknow-Sultanpnr Railway, were well worth working out in full 
detail. There is nothing on the surface which will indicate the position of the marl 
underneath. It must have been formed in a depression originally, but the manhea 
now existing do not give any indication of these old mars~es, and in some cases 
have been formed by the &cavatien of all the marl that had lain nndemeath. 
Oertain information was available from the villagers, but such as to be useful only 
as a gnfde to a detailed enquiry. Such marl beds may wind about considerably 
and vary in breadth, depth and character, as well as in direction. The whole 
valley ill highly cultivated. Permission was aceordingly asked from the Railway 

0 
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:Board to gazette the land and examine it in d.;teil by boreholes at a moderate 
distance apart. The Railway Board in their letter, already cited, of the 13th 

.January did not consider this neceaaary, and auggested that a survey with trial 
pits at such places aa by permission from the owners could be obtained, would 
be aufficient. A aurvey on these lines baa been carried out during the past three 
Jnonths. 

10. The reault of the analysis of the marls token from places aa noted are given 
in the table attached to this report. Analyses of clays found in the vicinity 
are also given. 

A combination of 7 parts by weight of L 23 and one part of L 100 will give a. 
.mix of constitution · 

Si01 • 

AlaOa+FeaOa • 
OaO 
MgO • 

and 3 parts of L 56 and one of L 100 will give the ntix

SiOa • 
Al10 .. +Fe10 1 • 

OaO 
MgO • 

.and 4 parts of•L 56 and one of L 65 will give the ntix

SiOa • 
Al10 1+Fe10 1 • 

OaO 
MgO·. 

.. 
22·1 

67'6 

21 "7 
7•8 

68·2 
2•3 

20'()0 
1111 
65·2 
2'8 

·'two samples of marl were aent to Alipore fo~ complete analysis. The results are :-

L37 L38 
s;o. free 13•3 ll7•9 
Si01 combined 2"7 2•1 
AI.o •. 2•2 2·2· 
:FeO 1·6 1"7 
a. .. 43'6 4011 
MgO 1"7 1'6 
so. Nil Nil 
Alkali • •1 '4 

These samples were purchased, and the large amount of free Si01 is certainly due 
to adulterntion, as samples collected personally by the writer did not 0arry nearly 
aa much. The proportion of MgO was determined only in a few cases and is a.bout 
1·5.per cent. to 1•7 percent. in general. Some small samples of clinker were made 
which gave good rcoults. With the apparatus the writer had it waa extremely 
difficult to make clinker. There are a, number of designs of laboratory grinding 
apparatus on the market, but the short period of the enquiry m'de it useless to 
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' attempt to get them from England, and they could not he obtained in India. BllrD· 
ing was o.lso difficult, as the necessary fine grinding and the small size of the furnace 
forced the nee of very small specimens, which lost a csrta.in amount of lime in 
burning through contact with the fuel ash. · 

11. In the accompanying map (Plate 1) of the Luoknow and Bara Banki 
Districte are marked the localities in Dilarmau and its vicinity in which the marl 

· deposit has been investiga.ted. A survey plan (Plate II) attached to the report 
· shows in fuller details areas · • 

These are the principal marl 
.:marl available in each is :

AtoB • 
BtoO • 
EtoF-G 
Rtol • 

In the outlying areas :
Samnapur and Silauli 
Rardaspur 
Behta 

'(a) A to B 
·(b) BtoC 
,(c) E to 11'-G 
.<<~>Rto'r 
bea.ring areas. The ·approximate amount of 

.. 

a total of 

. . . 

18,400,000 cubic feet. 
32,300,000 
16,300,000 

7,000,000 

" 
" 
" 

74,000,000 cubic feet in the 
principal areas. 

4,000,000 
2,000,000 

700,000 

.·and smaller amonnte in the other places marked on the map. Assuming that 
100 cubic feet is, with the necesaary clay, eufficient for 1 '15 tons of cement, and 
this is a conservative estimate, since the marl, though water-logged, is coni!OJidat

. ed under a considerable load of clay, and considering ouly the amount exhibited 
in the principal areas-

74,000,000 cubic feet marl is equivalent to 
1,295,000 tons of cement, or equivalent 

to a supply of 100 tons per day for 40 yea.rs of 330 working days each. For estimat
ing purposes a supply of 100 tons per day for 30 years only will be assumed. In 

· assessing the value of land required, it is assumed that land covering mad up to 
6 feet thick will not be greatly damaged by the operations, and that a retllrD sala 
value of 60 per cent. may be expected, that the portions carrying deep mad will 
take manyyea.rs to work out, and that in the meantime a fair rental can be obtained 
for the rest of the land purchased. If work is started in the heavY deposits between 
B and 0, the total amount of land covering this deposit, and hence the utmost that 
need he at once acqnifed, is 50 aorea, since these depos;ts will last about 14. YearL 
For the remaining portion land can be relinquished almeet as quickly as fresh land 
need he acquired. Allowing the high figures of Ra. 1,500 per acre, tba total coat 
·of the land used up in the full operations should not exceed Ra. 1,50,000; and 
&. 80,000 _only abonld he required for a number of years af"'\ operatiOIUI bad 
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begun, It is very difficult, under present circumstances, to estimate correct11 
the cost of the machinery, kilns, etc. Heavy machinery for raw grinding is not· 
reqnired for this soft marL Allowing for an increase of 70 per cent. on pre-war 
prices, the cost of plant, excluding cost of track, rolling stock and buildings, should 
not exceed Rs. 6,00,000 for an output of 100 tous per day. An !"'timate for the
capital cost, therefore, should lie well inside the figures 

• 
Land 
Track and rolling stock, etc. 
Buildings 
Cement plant • 

• 
•, 

Rs . 
1,50,000 

• 1,80,000 

• 1,00,000 

• 6,00,000 

10,30,000 TOTAL 

Add. 61,000 contingencies. 

TOTAL 10,81,000 s&y, Rs. 11,00,000 

and. Will probably exceed figures as 

Land 
Track and rolling stock 
Buildings 
Cement plant • •• 

• 
80,000 

' 30,000 

40,000 

4,00,000 

TOTAL 6,50,000 say, Rs. 6,00,000 

An estimate of the cost of the manUfacture of the cement shouid be 'covered by· 
figures as, t&king the higher limit of capital cost, . 

(a) Standing· ch&rges- Rs. 
Interest on Rs. 11,00,000 at 6 per cent. 
Sinking fund to clear capital in 30 years . • 
Repairs and renewals at 6 per cent. on capital cost of 

machinery and buildings 

TOTAL 

for an output of 33,000 tons or at the rate of Rs. 4 per ton-

Standing charges 
Excavation 
(JoaJ and supplies 
Labour 

Supervision, office, etc.~ 

.. 

65,000 

22,000 

47,500 

1,24,500 

Per ton 

Rs . .A. P. 

4 0 0 
I 12 0 

II 0 0 
2 0 0 
1 0 0 

19 12 0· 
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a11d so a rate of Rs. 21 per ton should be a maximum, inc1u•ive of all charges f.o.r. 
12. Marl has also been discovered at- · 
(a) Three mi!PJ! from Harauni on the Oawnpore Branch in the valley of tho 

• · Sabai River. Site was visited by writer. 
(b) Kathante Tal .and Imbihon ncar Chin bat on the Bara Banki road. Sites 

were visited by the writer. 
(c) Three miles south from Nigohan station on main line. 
(ti) Habiskhera, about.I! miles north of Mohanlalganj station. 

13. Three miles north of Doiwalla, on the Hardwar-Debra Dun Railway, and 
touching the Railway bourldary, a deposit of travertine, an almost' pure carbonate 
of lime, is found. It is a chemical deposit, and so the accident of its form.ation 
is nearly as uncertain as that of a marl. It is worked for lime to a small extent 
now. As far as the writer could determine, from pits sunk by the lime contractor 
and old pits Jllade by the builders of the railway, the deposit is about 2,000 feet by 
1,600 feet and from 8 feet to 11 feet thick. The analyses as below were made •-

SiO AJ.o. CaO MgO 
Fe.o1 

L 31-pnrchased 6'47 1•99 48·22 nd 
L SO-obtained new snrface '1•3 •4 52·8 1'5 
L91- .. .. . .. 1•2 ·8 52·8 • n d 
~ 92-8 feet b.elow snrface • • •66 ·34 55·4 1•5 
L 93-11 feet below snrface ·66 •76 53•1 nd 
L 94-clayey matter underneatQ. 

bed of travertina 2•0 1·0 52•2 nd 

MgO was determined in a lew cases only, but by calculation it does not exceed 
1·5 in any of the samples. The clay overlying was not analywed, as it is likely that 
the boulder clay underneath will be found most OIICfnl for the miL A bouldcf clay 
obtained from Ramnagar underlying a similar cJCposit gave an analysis- • 

s;o. (insoll 

Al10 1 Fe.01 . 

OaO 
MgO 

An analysis of sand from IUspana, a few mil,;,. aW..y, is-

s;o. 
Al10.Fe.o. 
OaO 
M'O s. 

63•68 
24•53 

•6 

2·16 

60•59 
18-79 
5'75 
5'88 
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This is chiefly derived from shale ; the MgO content is rather high. 
this sand and L 91 will give a mean of analysis-

• s;o. 
Al10 8 Fe,03 

OaO 

MgO 

_ .. 
.• 

[No .. 30 

A mix between 

24'6 
8•1 

63'1 
4 

which is by English practice too high in MgO. A small sample of cement made 
from this mixture seemed satisfactory • • 

A sample of clay obtained near Rispana has an analysis-

Si 0 1 combined. 

Si01 free • 

Al10a 
Fe10 8 

OaO 

MgO. 

and a mix between L 91 and this will have

Si01 

Al10 1 F~sOa 
aao• 
MgO 

O>nd tho MgO is still a little too high. 

• 

• 
·• 

• • 

. 

29·14 
30·00 
21•69 

-432 
3•00 
3·36 

22 
10•1 

... 
64·8 

3 

Allowing 8 feet thick of this material over an &rea of 1,800 feet by 1,500 feet, 
and estimating that 100 cubic ft. of it, with the necessary clay, will give 3 tons of 
cement, and, as the material is solid, this is a safe estimate, there is sufficient in the 
deposit for 640,000 tons of cement. Water power is available alongside the deposit. 
The writer could not, in the time available, make sufficient surveys to estimate the 
amount of power available, but the ~tream is large with abundance of water in March;. 
and there is certainly a much greater quantity available than is necessary for ·a 

• small cement factory and re-inforced concrete works. The travertine is somewhat 
harder than chalk. but much . softer than ordinary limestone. Exclusive of the 
cost of land, which is forest land, the cost of an up-to-date factory to tum out 
50 tons per d~>y should not exceed Rs. 8,00,000. If vertical kilns be used it will 
likely be possible to k""P the first cost of machinery, kilns, and buildings below 
Rs. 3,00,000, though the runningo charges will in this case be higher. The uee of 
hydro-electric power will greatl:y offeetjhe high price of coal due to long lead.. The 
writer cannot give nearer estimates Wl't1..ont considerable further survey and study 
of the proposition. The Bite is particularly attractive for the erection of re-inforced 
concrete works in connection with the cement factory: There is an inexhaustible 
supply of good aggregate,and there is hydro-electric power available, as already 
noted. A combined cement factory and re-inforced concrete workS osn probably 
be erected for Rs. 4,00,000, if vertical kilns are used instesd of rotacy kilns with 

elevators and conveyors. · · 
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14. Tho writor visited another travertine deposit at Ohunam, about 12 mil<>~ 
from Ramnagar on tho Ramnagar-Kathgodam road. It is exhibited on tho sca111 
of the hill and is in places seen to be 60 ft. thick. The writer followed the deposit 
hack along stream beds. It is seen for a considerable distance back from the scarp 
and forms the steps !or waterfalls along the streams. Much hard boring would be 
=essary to d~term.me the amount available, and tho position of tho deposit, 15 
~ from a. railway, does not increase its attractiveness aa a cement proposition. 

A ra~way co~d be cheaply made along the watershed to some point on the lA!kua
Kashipur Railway and through a seemingly paying country. • 

Au analysis of this matcrial-

L 6 is a fair sample of the e>:hibit-
Si01 

:!:~·} 
OaO 
MgO 

• 

• 

.• 

L 53 near junction with underlying boulder clay-

,.l;liO, 
AI,08 Fe,08 

OaO 

• 
7•91 

1•59 

48·98 
1•7 

23·98 
.5·81 
31•32 

15. Kankar is an impure carbol}.ate of limo chemically deposited. It occurs 
io largo sheets several feet thick, or io nodules varying from several cubic inches 
io size to that of a small pea. The Jirst typo is known as block kankar, tho second, 
nodular, and, when very small, pea kankar. The carbonate of lime cont.ent varies 
from 85 per cent. to less than 20 per cent. A kankar obtained from Oharki Dadri, 
Bombay, Baroda and Oentral India Railway, has the composition Si0,-5·41, 
AI,03 Fe,03-1·58, Oa0-48·21. Nine deposits of block kankar and five of 
nodular kankar from the Oudh and Rohilkhand Railway territory were examined; 
a pea kankar from the Oawnpore-Banda Railway was also examined. It was not 
considered useful to examine any. deposit that would not evidently give a large 
supply. The table attached to this report gives description, source of supply 
and analysis of these kankara. Some experiments were made with L 3, L 8, L 9 
and L 5. If completely burnt, i.e., till all 001 is driven off and very finely ground, 
they will harden under water, if allowed to get an initial set in damp air for from 
12 to 24 hours. Even after 3 monthe, however, the strength arrived at was very 
small. These samples were tested neat. Whf' mixed :With sand in ~roportio?" of 
1 to 1 the set was exceedingly poor. These kii.nkaTB, ~th the exception, potl8lbly, 
of L 48, are altogether useless as materials for cement manufacture, and are almost 
as useleos as limes. The Oudh and Robilkhand Railway use L 3 on the Morad&
bad district, but the writer did not get a satisfactory "set" with any experiments 
made with it. Mixed with ! voL of slaked Sutua lime it attained conside':"blc 
hardueBB nnder water after 12 hours in damp air. The writer would not uae I.Unee 
made from any of these kankara, with the exception of L 48, for any engineering 
works, though they might be uaed in small buildings. A large qoantity of small 
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pea kankar is found on the Oawnpore-Banda Railway at the Jumna River and at 
the Chandrawal river. The writer used this kankar largely in building the Jumnu. 
Bridge and much of the rest of the railway. It is found in very large g:uantitiee 
and the supply is replenished from year to year. The lime manufactured from it 
set hard under water in a month and took a dose (>f sand in proportions of .). to 1 
well. The analysis is not oonetant. The analyses of four specimens -~re :-

Inset (chiefly Si01) • 

Al;01 + Fo101 • 
CaO • . 
MgO • • 
Comonta.tion index 

L47 

33•07 
6•19 

31·11 
nd 
2•9 

L48 

16·39 
9·21 

38·84 
1·73 
1·36 

L60 

21-19 
4·07 

38•43 
1·81' 
1•66 ... 

III 

30·9 
6·12 

32·62 
1'88. 
2·6 

L 48 and L 50 should give good natural cements and L 47 and.. Ill should not be 
very satisfactory, In practice, the lime made in bulk was quite satisfacto':Y. In 
these analyses the Ineo\. matter is not altogether Si02, eo the 0. I. shown is really 
higher than actuaL A mean analysis would be Si03-25·37, Al00 3+Fe00a-
6·U, Oa0.,-35·25, Mg0-1·75, and a mix between this and L 59, the n;>J'rl from 
Harauni on the Oawnpore branch, iii equal parte by weight would have the 1analysis 

Si01-26·7, Aia03 +Fe,03-6·0, Oa0-64·8, Mg0-2·5, a very· good cement 
mixture. This would involve bringing 'the marl to the Ohandrawal on the Oawn· 
pore-Banda Railway, and the writer does not know· of any nearer source of fe.t. 
lime, so that the raw material would cost between Re. 5 and Rs. 6 per ton of cement, 
which is quite a possible figure with present cement prices. Sample L 59 was 
taken close to the surface, and it is likely that the marl lower down is much purer, 
which would reduce the amount of it necessary per ton of cement. , 

16. A fine outcrop of limestone is exhibited at Mallah, 8 miles from Ohandigarh 
on the Delhi-Umbal\a.Ka!ka Railway, The material is available in large quantities 
and is very suitable for cement manufacture on a large scale. Water is plentiful. 
The approach from the railway is extremely difficult. The writer learned on the 
s~t ~hat the I'atiala ~vernment had surveyed these deposits, with the view of 
starting cement factonee, aad that they intended to construct a railway to them. 
He ~dress~d the Chief Engineer, I'atiala State, on the subject, who informed him 
that 1t was mtended to boil~ a fe.i~ weather line to these quarries, but that he did 
not then know the further mtentione of the State as regards their deve\opmen t. 
Some analyses of the materials are here given :-

• 

Si01 AI,o, Fe,o, CoO MgO 

L 321imestcne , . . 3·99 1·73 - 52•49 ·49 L33 " .. 2•39 ·99 •50 L 3hand (ahalei -: : - 53·10 
L 35 boulder clay (selected 

,67·39 17·31 6·08 3·23 nd 
fine atu6). 21-97 4·59 - 39•68 '·93 

L 36 boulder clay . . 25·53 5·39 - '86·32 1'29 
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The small .Proportion of MgO in tho these samples is noticeable. At Namaul 
on the Bombay, Baroda and Oentra.l India Railway, and two miles from the stAtion, 
excellent limestone is found. 

An analysis gives-

, Insol (Sf0,)-1-39, Al10 8=Fe10 8-·39,0a0-54•06, Mg0-1•16. 

These quarries are also situated in Patiala St.ate, so no further enquiry wu 
made regarding them , 

17. As already mentioned in.this paper, lime is manufactured in considerable 
quantity from the boulders in the torrents below Mussoorie. A few analyses from 
boulders picked up at random were made thus :-

L 2, SiOa-6·51, Al10 8-2·39, FOs08~40, 0&0-49·6, Mg0-1•75. 
L 20, Si01--6·68, Al108 •• Fe10 8-1·66, Oa0-35·8, Mg0-12·99. 
' It is therefore seen that considerable difficulty would be experienced in keeping 

thlfmi:r unifdrm, as a small amount of L 20 would be fatAl. Moreover, the manner 
in which the lime boulders are mixed up in confusion with boulders from other 
types of rock makes a cement proposition, in tho writer's opinion, practically im
possible. 

18. The writer, 'from his work on the Nagda-Muttra Railway, was ~ll acquaint
ed with the limesto;e formations in Kotah and Bundi StAtes. He had some 
sample,.of limestone sent for examination, but as this part of the country was out
side his commission he did not pursue the matter further. The Amta quarrica 
situated on the Baran-Kot.ah Railway offer an excellent position for a large cement 
plant. Stone, clay anc;I water are plentifuL An analysis received from Mr. Devon, 
Enlineor, Kot.ab St.ate, is--

Jnsol (Si01)-10·4, AI.Oa Fea0.-9•12, Oa0--45, MgO-Nil. 
and an ana.lysis made in the writer's lahomtory-

Si01-15·8, Al10 8 Fo10 1-3·3, Oa0-40, Mg0-1·44. 
The diJfercnce io considerable, but tho limestone in Rajput.ana varies considerably 
from layer to layer, and to snch an extent that the Bundi works use no clay but ouly 
different layers of stone. 

The writer io much indebted to Mr. Wood, O.S.l., Principa.l of the Thomaeon 
Ool!ege, Roorkee, for his direct kindness on mauy occasions and for tho use of 
instruments from his ehemica.llahoratory. He has atso to acknowledge gratefally 
the considerable help be received from the Agent and Oflicen of the Oudh and 
Rohilkhand Railway, and from Rai' Bahadur Ohotey Lsi, O.B.E., Contractor, 
Moradl!.bad. 

• 
LUODOW I } 

'l'li< 411> April1920. 

•,R. J. HAU.IDY, M.LC.E., 
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ANALYSIS OJ! MARLS 

CaO I »gg 

[No.' 3o 

• 

RBV:A.lUtS 

--1---1--- -
L28 

L87 
Las 

L89 

LOO 

LOl 

L62 

Los 

LM 

LOG 

LOB 

LOO .. 
1.70 

L7:! 

L73 
L74 

L76 
L76 

L77 

L79 

Lto 
L81 
L88 

" 

L101 

' 

7-99 

10·68 

1H7 

19-69 

19•32 

17-20 

. 11-lll 

81-6£ 

9·00 

7·68 

,.u 
6·00 

s·oo ~ 

1-0. 

HO 
1•4.0 

2•3 

8·00 

4·00 

16-10 

27·00 

8·20 

8•60 

1'10 

HO 
8-<0 

·62 

46•01. 

42-48 

39·05 
87•21 
4.0·20 

41·00 

43•00 

49·52 

33·00 

45·50 

47·00 

43·30 

48·00 

5J"40 

511·00 

48•00 

411·20 

2·to • 's-oo 
3•30 40·80 

3·80 4.9·20 

8•00 

~rso, 

1-60 

• 
1·82 From Dilan:Dau-Farchased. 

1-60 

1-68 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

, nd 
• 

nd 

nd· 

nd 

ncJ.. 
nd 

nd 

nd 
1 nd 

nd 

nd 

nl 

.. .. .. 

" JJ , 1 

, 1, picked. up~ from 
contractors stack. · f: ,. .. · 

From Madbnrmau pleked up ~from contrao
tor's stack. · 

From Dllnrmau-Exca.vatcd. 

.. .. " 
... n ,. 

JJ Jli.IBSa , 

. # 
From Batepur-vcry wat aDd mixed with 

clay . . 

From between Dllarmau and :Ka.!lmpur-
Exe&vated, , 

" From between DUarmau and Xaaimpur-
Excu.vatod . 

Prom between Dilatmau and Knslmpur-
Excavatcd, · 

From Mlasa.-Excavated . 

From Bntdaspur-Excavated. 

From Bo.zepur-E1:e11v$~ 

ll'romM!aaa-Exc&vated~ 

" .. 
.. .. .. 

From ScuD:napur-ExcavaLeJ. 

Jhom~u-:Exca.vated. 

" " " .·, . ... .. 
1fnnn Dllarmau-<Jay trom undomcatb llJarL 

From Rajbn~ neat HaraUDJ. on Cawu· 
poreBmacb. 

• From Hazampur-Exca.vit.tcd. 

~-L-1~~~-·-·"--~--~-"--~'-00-·-oo~-----·d~~--Fro __ m~----~--x.~~--~---·--------· 
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ANALYSTS OF KANRARB 

La born~ Insoluble Al!O' 
. 

tory refer- cbleHy pttB CnO :MaO RBHARKB 
ooeeNo. 810, Fc,o, 

-

L6 36·57 ,. 12·29 I9·39. HI Block kankar from Badsbabpur. 

Lll 57·99 6·67 IHI 3·74 .. .. .. Utrawarl . 

LIS 43·03 5•39 I8•76 nd .. .. 
Dclnagar. 

.. between Balamaa and 

LU 6H5 5-22 Is-42 nd Block kanl:ar from mOo 9 Balamau4 Auluu1-
pur Branch. ,. 

LI5 ... 45·7a I6·82 I3·78 • 6-25 Blo.ck ka:niar from m.Ue 8 Sttapur nnmcb. 

LI6 45·08 8·50 I0·97 6·83 Block kanhlr from Belakhem •. 

Ll7 38·42 14•20 24-II NO Block kanb:lr from ncar t.o.ehDlanpur. A. B. 
O.llallway • 

• 
LIS 41-99 4-99 21-6I 6·25 Block itlnl:Gr rrom between Bagbaull and 

Ballunau. .... 
L26 30·07 4#7 24-79 8•84 Block iadar trom I.aclUnanpur, A. 

Rallway. 
R, 0. 

L 7 ~ 42·02 I8•37 24·36 • n d 
Nodular ianl:a! from Phapamau, . 

L 8 22-46 I8·60 2<·00 nd " .. .. Danndpnr. 

L 9 45-19 -~'87 24-95 ~ 2-44 .. .. .. l'nrtabPJII •• 

Llo 83·78 11·48 26•16 2·99 Nodular ian.blr trom between J)ela.mau an4 
JIBe Darell. • 

L27 46·59 16·04 I6•74 8-10 Nodular ·.tonlm' frOm DlumdnB!I"r. 

L 8 46·79 1H18 22·08 2·87 Burnt lime prepaied for :Balhray 018 at 
Moradabad. · . 

L48 16•39 9·21 S8·34 1-73 l'e& .tonlar - CluUldrawal, 0. D. llall 
way • .. . • 

0 
UALYSIS OF CLA1ll NEAR DILARliAU 

• 

~00~~ Al,0 1 

. 
tory refer· 8101 plu1 · CBO MgO JUU'ABKll 
enoo No. Fe.,01 . • 

~ 

• 
L 83 53·9 15·5 11·0_. 2·0 6111'fa.Ce elay-DIJarm&D. 

L 71 5N 80•72 H ~-9 .. ., -)[lrzapor. 
• 

L 67 40·00 20·00 16·8' 8-7 .. , -Db&urata. 

L 65 69·62 2<·00 1-8 ,2•48 .. ,. -!DilL • 

LIOO 61·60 0·34 12-1 1-66 Ciar .. un<~emealh marl-'faldmall. 

.fi.B.-Tbeao ela~ are alllp. a very llnelf divided state. 
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