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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
manufactaring Portland cement in the Punjab and the United Pro-
vinces about the year 1873." A series of articles was published one
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 only 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 Ib. per square inch in briquettes which were two
years old. (In those days the specification for Portland cement
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was 300-360 lb. after 7 days) but the temsile strength of Nielly’s
briquettes after 7 days was very low. King experimented with
various kinds of kankar and with mixtures of kankar and clay
and kanker and lime. The highest strength he got was 275 Ib.
per square inch after one year. He did not measure the strength
after 7 days. Nielly, Higham and Brownlow estimated the cost of
making cement from kanker by various processes at Rs. 5-8,
Rs. 6-8 and Rs. 128 per ton.

The low tensile strength obtained in these experiments is of no
importance. It cannot be accepted as any reason for supposing
that Portland cement up to British Standard Specifications cannot
be made from kanker 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 modern
lines have been erected at Porbundar on the Bombay side of India,
at Bundi in Rajputana and at Katni 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 correct 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 produted
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 works are being erected in the Central Pro-
vinces and at Japla, Palamaun 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 Cawapore to the Director
of Industries, United Provinces, as to the possibility of manufactur-
ing Portland cement near Cawnpore.

~ About the same time Mr. Hallidy, a State Railway engineer,
urged on the Railway Board the 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 informstion. With
the permission of the Railway Board this report is given as an
appendix to this Bullelin as it bears directly on the present enquiry.
Hallidy 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
:manufacture. )

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-
$ble, in view of the large amount of capital required for cement
manufacture, to confirm conclusions based on chemical analysis by
the actual 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 conmstruction of the Sarda Canal. Seo
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, v:z., 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 1922
on this 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 the experimental
stage and it was pot Government policy to compete with private
rmanufacturers, 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 Luckmow. This-
proposal apparently gave rise to the above mentioned enquiry
from the Development Board, and no further -progress -had been
made with the negotiations. Mr. Bion said that Government could
not afford 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 this price. Asked
about the- electric power installation 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 for it to be taken over:
by three adjacent municipalities for the electric lighting of those
municipalities, but there were difficulties. So the possibility of
utilizing this 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.
Kankar 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 Xankar 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 considered. Some analysis of kankar had been
published before this investigation was started (Thomson, lec, o.)

T Water, loss
Locality from which Al20, and Siliceonn aver,
:{wned Ca0.00s | “Fo,0,, | MO | residue m:?t:rm:‘c
Ghazipur . . . . | 400 320 11-0 04 15:2 14
Aligarh , o . . | 16-6 12-8 384 238 306 ..
Do, No. 8 . : § 370 303 20-8 b4 71 .e
CaCO,
Seharanput No. 1 . . 5718 1032 | trace 32:5 .
Do, No.2 . . 79-33 673 ‘trace 13-04 .a
Do, No. 3 . . 78-54 842 trace: 13-04 .a
Allababad . . . 52-80 364 none 42:39 060
Delhi No. 1 . . . 5340 3-00 1-67 4141 087
Do, No. 2 . . . 28-97 4:09 0-04 6363 2-32

Nielly (Professional Papers on Indian Engineering, Series 2,

II, 115-140) gave a few addltlonal rough analyses—

’ Name of laular . . . Curbonate of i Chy
:ma

Lucknow No. 1, . . . . . 72-3 j 277

" No. 2 . . - . . . 70-2 298

w No.3 . . O 0 L. 877 | 323

and a few more are given in Oldbam’s Geology of India, p. 437—

—_— : 1 2 3
L ]

Carbonate of lime . . . . . 72-0 56-03 78-6
Carbonate of magnesia . . . e 1-3 172 20 |
Oxida of ipon . - . . . . 07 - 167 20
Clay . . . e . . . 220 300 10-56
Sand . . . . . . . 20 967 . 10

_ ’ 4 5 6
Carbonate of lime . . . . . - - 540 654 66-3
Carbonate of magnesia . . . . . .. -
Oxides of iron and alaomina ., . . 27 19 10-32
Water and organic matter . . . 27 2:3 .e
Insolubles . . - . . . 40-6 30-4 32-50

I, 2, 3. Raniganj . - Dejoux, .Recarda, Vil, 123 (1874).
4, Barmuri . .

G Bnmnaga.r . .
6. Sanctona . .

- -

. . All near angan]. Twean, thid
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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 Saharanpur Nos. 1 and-2 meet
this requirement; the other samples of kanker 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 snitable for cement
making. Taking, for example, the specifications given in the article
on cement in Thorpe’s Dictionary of Chemistry for finished cement—

Ca0 . . . from 580 to 67 per cent.; mean 625
8i0, . . « from 180 to 27 2
AlLO,+Fo, 0, . . . from 50 to 17 »
and calculating a mixture of Saharanpur Nos. 1 and 2, whlch would
give 62'5 per cent. Ca0 in the finished product, the analysxs is found
to be—
; ) Per cent.
CaO > - » - L] . . - - 62:5
Siog . - . . . . . . - 284
A’;O."‘ FG.O. . - - . - - L] - - 11-1

so that all the constituents would lie within the prescribed limits.
There would apparently be no trowble as regards MgO, which
should not exceed 3 per cent.

This preliminary consideration of old analyses justified the belief
that a suitable mixture of kankars or a mixture of Zankar with a
small quantity of some material richer in calcizm ca.rbona.te should
yield 'satlsfaobory cement, -

An enquiry was therefore made as to the amount of kankar
available. As already mentioned, the general impression gained
from residence in the Province is that any amount of kanker is
available in almost any part of it. An enquiry was addressed to
all Executive Engineers as to the amounts available in their divi-
sions, and the following estimates were obtained for the different
districts. In the following list the districts are given from north
to south and from wast to east of the Province, so that it gives at
a glance an idea of the distribution of the material in the Province: .

Dehra Dun ., - .,

.

. .« . Nill

Saharanpur . . - . « 1,744 lakhs oft.

Roorkes . . . « . = no return,,
 Mozaffarnagar . . « - » 3,348 lakhs oft.

Meerut . - . « b5} lakhe c.ft. annuaily.
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Moradabad . . . (2) 13 lakhs c.ft.

_ (3) 3,766 lakhs c.ft annually.
Pilibhit . . . . - . more than 4 lakhs o.ft.
Bulandshahr . . . . » 11 lakhs c.ft. annually.
Bareilly . . . . . 4 lakhs o.ft.

. ¢ (1) 15 lakhs o.ft.
Aligarh .. - *1(2) 1-7 Inkhs c.ft. annually.
Budaon . . . . . + 1 Iakh a.ft.
Shahjshanpur . . . . « 1} lakhs e.ft.
Khel'i » - . . . a - i lﬂkh Goft.

¢ (1) 32 lakhs c.ft.

Muttra . . . . ‘1 (2) plenty
. . 96} lakhs o.ft.
. . % lakh edft.
« . 25} lakhs c.ft.

{(l) 3 lakhs c.ft.

»
.

Etah . .
Sitapur . . .
Mainpll!‘i - .

Hardoi . . . . . . . 13 lakhs c.ft.
Gonda . . . . . . small quantities all over.
Agra . . . . . « 8} lakhs o. ft.
Etawah . . . « 1o information.
Bara Banki . . . « Dlenty.
Cawnpore . . « 01 lakh c.ft,
Fyzabad . . .
Rai Bareli . - . . « { lent
Sultanpur . . . . { plenty.

, Yartabgath . . . .
Jhansi . . . . . . « &mall quantities.

The returns from Saharanpur, Muzaffarnagar and Moradabad (3),
which are, roughly speaking, one hundred times as great as the other
returns, were all gven by one engineer and in the form of an
estimate of the area of the kankar beds with the thickness of the
strata, whilst the others were’ in the form 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 invaniably 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 evidenily give a large
supply, and these places  were Badshahpur, Utrawari, s place
between Balamau and Daluagar, mile 9 on the Balamau-Anhadpur
Branch, mile 3 on the Sitapur Branch, Belakhera, Lachmanpur A. R.
C. Railway, a place between Baghauli and Balamau, Phapamau,
Dauadpur, Partabgarh, a place’ between Dilarmau and Rai Bareli,
Chandnagar. He also remarks that a very large quantity of kankar
is found on the Cawnporée-Banda ‘Railway’ at “the Jumna River
and at the Chandrawal River -and-that the supply-is replenished
from year to year. . : o

The general conclusion from "these data is that plenty of Aankar
is available almost anywhere ijn the Province, K and that. if this
material is suitable for cement.manufacture, 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 consume something like 7 lakhs cubic
feet per annum.’ . : .

From considerations of‘' demand: for the finished product and
distance from the coalfields some place near Cawnpore or Lucknow
seems most suitable for the location of a cement factory. A sample
of Cawnpore kankar gave the following analysis:

Por cent,
GO . . . . . . .« . 290
8i0, . . . . . . . . 3110
Fey04-4AlS0, . . . . . . « . 1180
MgO . . . . . . P . 2-30

This would require admixture with a more highly calcareous
material for the manufacture of cement. The samples of kankar
already referred to, viz, Saharanpur Nos. 1 and 2 which had a
percentage of calcium carbonate over 75, seem to have been excep- -
tional, and, indeed, the samples 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
Ca0 lies between 13:42 and 26°16, whilst 75 per cent. calcium
carbonate is equivalent to 42 per cent. Ca0. The nearest approach
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to this figure in the samples analysed by Hallidy was the kanlar
from -Chandrawal, which had 38'84 per cent. CaQ.

A very important consideration was raised by Hallidy when he
remarked that the percentage 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 MgQO 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 244 per cent. MgQ and a maximum of 834 per cent.
Mg0Q. 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 (173 -per cent.). These
results are strikingly different from those of Thomson (loc. citl.)
who records MgO =il in Allahabad Xenkar, a trace only in three
samples from Saharanpur, 04 only in Ghazipur kankar and MgO
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 ds silicates insoluble in
dilute acid. This question of magnesia is very important. It is
believed that rzeliable 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 wuse 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
smtable sites for factories have had to be passed over owing to the
presence of excessive magnesia,

The writers have analysed some additional samples of kanlkar-
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 certaip relation between geographical position and magnesia.
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content ; 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
calcium carbonate to some extent, but not generally sufficient to
make the kankar suitable for cement manufacture without the
addition of other calcareous matter.

As already mentioned, Hallidy discovered deposits of marl

Marl mear Lucknow and has published a detailed
survey of the beds at Dilarmau and Madhar-

‘may, 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 CaQ 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
;ent to the Government Test House at Alipore confirmed these

gures,

On reading Hallidy’s report it struck the authors that one very
necessary piece of information was wanting, viz, whether the high
percentagg of CaO persisted from top to bottom of the beds surveyed
' !)y Hallidy or whether the samples analysed were sbove the average
in this respect. A visit to Madharmau and Dilarmau produced
temporary misgiving on this point, as the material excavated
frequently differs in colour from top to bottom of the beds. But
analysis of a good many samples taker 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 CaCog in the samples of marl of the Lucknow district
(caloulated on the percentage of CO, evolved Jrom dry material)

Per cent.

Contractor's sample from Dilarman . . . . . 12
Dilarmau No. 1 . . . . . . . . 89-5
Dilarmau No. 2 . . . . . . 89-8
Madhnrmau, from o beap near the main road . . 717
Madbarmau, 18 fect under the surface . . . . 89-3
Madharmau, white . . . . . . . . 76:2
Birwa . . . . . . . . Bll
. Madharmau, 18 ft. . . . . . s . A44
Madharmau, 12 ft. main road . . . . . 78-8
Madharmau, 12 ft. . . . . . - . 87-0

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

Per cent,
Ca0Q . . . . . . . . 4580
Si0, . . . . . . . . 050
FegO; and Al,0, . . . . . . . . 3-80
MgO . . . . . 2-1

One mterestmg feature of these marl beds not mentioned by
Hallidy is the occurrence in them of mnumerabla very small molluse
ghells, . .

The trave,rtme deposats near Hardwar and' the calcareous deposits

near Kathgodam and Tanatpur have not been

'mh':,'egfgre"“’ examined by the writers, They understand

that Mr. A. D. Banerjee, who has experience

as a cement chemrist and was assistant to Hallidy, was placed on

special duty by the Irrigation Branch of the Public Works Depart-

ment to investiyate 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 ot the Province, singled out the lime-
gtone of Almora. A sample was analysed by the Industrial Chemist
to the Government of the United Provinces, who reported—

Per cent,
Calciom carbonate . . . . . . .- 9600
Magnesinm carbonate . . . . . . 300
Iron and alomins . . . . . # . . 1-5
Insolubles . . . . . . . . . 0-35
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But the inaccessibility of Almora makes this of very little
practical interest. _

The attention of the writers was directed by Mr. M. Sinha, who
was & 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 locality, and also coal, but at present the area is almost
inaccessible, ‘A survey for a branch railway across.this ares has -
been notified in the Gazette, and when this has been constructed
the mineral wealth of the Mirzapur 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
probably .the nearest and best. The Sutna
Stone and Lime Co., Ld., publish the following

Calcarcous  material
which might be im-

ported snalysis of lime prepared from their lime-
stone :—
Per cent.

Lime . . . . - . . . " . 9420

" Magnesin . . . . . . . . - 1-00
Oxides of iron and alumina - - - . - 1-70
Su]phuric acid - - . . . - a . 019
Carbonic acid . . . . . . . . trace
Siliceous matter . . . - . . . 2-80
Alknlies and loss . . . . . . 0-20

Torar . 100-00

’

A sample of limestone supplied by them for the authors’ ex-

perimental work analysed :— . ‘
Ter cent.
G0 . . . . . ... 5340
§i0 . - . . . . . . 3-20
Fe,0y and A0, . . . . . . - . 1-50
MgO . . . . - . . . 1-20

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 CaQ, and, in fact, in some cases
approximated to 42 per cent.
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B.—ARGILLACEOUS MATERIALS

Kankar may be regarded as a mixture of calcareous and argilla-
Kank ceous materials, with the latter generally
ol present in larger quantity than is required for
a cement mixture. The alumina, iron and silica seem generally
present in suitable relative proportions.
To make cement from the Lucknow marls would require elay
adjacent to the marl. There is clay both
Clay adjacent 10 Luck-  ghove and below the marl which appears to
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 there 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 : 7
Madharman Dilarmau
. clay clay

) Per cent. Per cent.
Ca0 . . . . . « 3326 224

810, . . . . . . 2400 5391

Fe,04 and ALO, . . . s T « 1083 2603

MO &« « « « .+ .+ 252 @ 284

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 34 per cent. of MgO. Analysis of cement
actually produced from these materials gave 2:8 to 3-2 per cent.
of MgO.

Clay from the brickfields at Alambagh, Lucknow, was also
analysed to see whether it was any better as regards the percentage
of MgO. 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.—FUuEL AND OTHER SOURCES OP POWER

Irrigation engineers have considered the project of manufactur-
ing cement with wood, charcoal or uple (cow-dung cakes) as fuel,
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but now-a-days it is doubtiul whether anything but powdered coal,
which is the fuel required for rotary furnaces, is worth considering.
It is doubtful whether cement of sufficient strength to meet modern
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 factories by means of rotary furnaces. Even inferior
grades of coal are not suitable for cement manufacture. At Katni
coal from the Bengal coslfields is used. Coal is obtainable much
nearer vo 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 possibie 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 Bullefin published a Note on “ The Calorific
and Manurial values of Indian Cow-dung commercially considered ”
a3 a supplement to the Indian Trade Journal of “the 2Tth August
1908, and he there summarized the relative calorific powers and
prices of various fuels in the United Provinces as follows :—

Calorific POWEE | (oo 4 .

Fael (calories per os% o 8nnas
gram) per maund
Cow-dung cake . - - . . . 2,400 4:5
Firewood . . . . - . .| 4900 80
Kerosemeoll . . . . . . . 10,900 715
Bongal coal . . - . . - 6,600 88

From these figures it will be seen that Bengal coal was then the
cheapest fuel. The prices were retail, but the wholesale price would
have heen 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 different fuels
have changed to any considerable extent.
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ECONOMIC CdNSIDERATIONS

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 general financial depression there is not the same eagerness to
undertake 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
up ordinary capital of the -Central 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. 103 per ton,
and with calcareous material at about Rs. 2-8 per ton there still
geems ample room for profit in the manufacture. Taking, for
instance, the project of manufacturing cement at Cawnpore from
local kankar and Sutna li restone, for 1 ton of cement about 0'8
ton of Cawnpore kankar, 0'8 ton of Sutna limestone and 075 ton
of coal would be required. The cost of raw materials and fuel
would be approximately :—

' Re A,
0-8 ton Cawnpore kankar at Rs 2.8 per ton s +« 20
0-8 ton Sutna limestone ([. o. r. Sutna) at Rs. 2-8 per ton 20
0-75 ton Bengalcoslat Re, 15perton &4 o o o« 11 4

Freight on 0-8 ton limestone from Sutoa (about 250 miles) at
0:23 pie per maund per mile, and on 9-i5 ton coal from
coz;lﬁe]da (about. 250 mnles) at 0- 15 p:e per maund per 10 4
mile . . .

ToTaL e 25 8

But it would, no doubt, be unsafe to rety on the present high
price of cement. In fact, 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
shipping freights. The present quotation for Portland cement, Best
English, delivered London, is 70s. 64. to 76s. 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
msanufacturing Portland cement in the United Provinces it would
be safer not to rely on the present high price of thiz 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 ecalcareous material alongside the coal,
as st Japla near Dehri-on-Sone, about 350 miles from Calcutta,
the largest consuming centre, there seems no reason to doubt the
ability of the Indian industry to face foreign competition.

Cawnpore and Lucknow are well situated as supply centres for
the United Provinces. Any imported cement is bound to pass throngh
either Cawnpore or Lucknow, so that for the provincial market we
can compare the cost of manufacturing at Cawnpore or Tucknow
with the cost of manufacturing at other Indian factories plus the
freight on the cement to Cawnpore or Lucknow. 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 Jople mear Dehri-on-Sone which will be very close both
to limestone and coal. For the purpose of calculation® the freight
on coal mey be taken as 0-15 pie per maund per mile and that on
cement ard lhimestone as about 023 pie per maund. The East
Indian Railway have quoted the writers a rate of 4 annas 3 pies
per maund for limestone from Sutns to Cawnpore (Schedule C, O.R.,
C.C., L} and this works out at about 0'23 pie per maund.

For each ton of cement manufactured at Cawnpore from local
kankar apd Sutna limestone freight would have to be paid on 08
ton limestone from Suina (about 250 miles) at 023 pie per maund
per mile, and on 075 ton of coal from the coalfields (about 250
miles) at 015 pie per maund==Rs. 104 per ton.

For each ton of cement manufactured at Katni and carried to
Cawnpore freight would have to be paid on 075 ton of coal from
the coalfields to Katni (about 230 miles), and on 1 ton of cement
from Katni to Cawnpore=Re, 122 per ton.

For each ton of cement manufactured at Japla near Dehri-on
Sons and carried to Cawnpore (about 250 miles) freight of Rs. 8+
would have to ‘be paid=Rs 83 per ton.
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According to this calcalation 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
8 Lucknow factory would not hdve to pay freight on any Taw
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 tox.

So that for the United Provigces 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 markef.

The following figures give the imports into British IndJa —

Total imports {cwt.) .
P,
1914-15 101516 191617 101718 1916-19 191020 1920-2L

Private merchandise 2,800,461 2,682,606 1,787,764 1,075,105 G43,640 77,230 127,420

Government stores
{cwt.} . . 416,028 216,676 183,006 80,762 282 7,878

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

Hallidy remarks that the total weekly output of the three
modern cement factories in India in 1916 was approximately 1,500
tons Several other factories of much greater dimensions are being
'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
use of cement on railways is apparent to any railway engineer,
and Hallidy understands that irrigation engineers would use
enormous quantities of cement on the canals if they could get- it
sufficiently cheap. The extension of the mse of reinforced concrete
in India is most desirable for many reasons and this, again, would
copsume large quantitiee 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 Sufna limestone.
Chemical analysis of these materials indicates that they would be
suitable for the purpose. But the capital necessary for starting a
modern 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. e

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 grinding 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
small 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 be bad he could never quite get the temperature.up fo the
point necessary for a thorough burning of the Lehigh cement-rock
limestone mixtures without adding some soda to the mixture. 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 doubtful whether Meade had been able to
manufacture really satisfactory cement in his small furnace, and
the present writers did not think it worth while further to delay
their report in order to experiment with a furnace according to his
design. Meade also rvefers to the experimental rotary furnace used
by E. D. Campbell of the University of Michigan, but in this investi-
gation (Original papers, Jour. Amer. Chem. 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 & simple
wind 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 the
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 if.

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, wviz., Ca0 must lie between 58 per cent. and
67 per cent., Si0, between 18 and 27 and ALO, plus Fe,0, between
5 and 17. The writers calculated 2 mixture of marl and clay
which, after burning, would contain CaO, Si0, and ALO, plus
Fe O, within these limits and, as the Limits 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 Sutna limestone.

The materials taken for the experiments had the following
composition :—

Madharman marl Madharmaa clay
Per cent. Per cent,
Si0, . - 950 B8i0g . . 2409
Al;0, and Fe, 0, . . 380 AlD, and Fey), . . 10-8%.
Ca0 . . 46-80 Ca0 . . 3326

MgO . . 21 MO . 2-52
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Cawnpore binkar  ° Sutna limestone
Per cent. Per cent.
BiOg . . 31-10 8i0y . 320
A]'O. and Fe’o. . . 11-60 AI’O‘ and Fegog . . 1-50
CaO . .« 2900 CaO . .. 5340
Mg0 . o 230 Mg0 . . 120

and the first burnings were made with the following mixbures :—

57-T parts marl
42-3 parts olay

Caleulated composition of Mean of limits mentioned in
" burnt mixture Thorpe's Dictionary
Biog » . 238 8i0, . . 225
A],O. md FOQO' . . 16-3 AlgO. and Fe,O. M . 11'0
C&O . [ 62'4’ Cf‘o . . 62'5
MgO . . 3B MgO .-

53-4 parta Sutna limestone
46-6 parts Cawnpore kankar

* 8i0, . . . . . . . . 24-5

AlyO, and Fey0, . . . . . . . . 94
Ca0 . . . . R . . . 63-5

Mgo - . . ] . . . . 2'3

For these first experiments 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, was
placed in the furnace surrounded by coke, the furnace was filled up
with coke and the fire started. 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 subjected

to the standard tests for (1) tensile strength, (2) soundness, (3) setting
time. L
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The first experiments gave the following results :—

MARL AND CLAY

’ TENFSILE STRENGTH (LB,
. PER SQUARE INCH) :
Experiment No. (zam.) OB | Betting ticae
7 days 28 days
4 . . 21¢ 15 .
7 . 180 to. . .
8 . 190 300 . .
9 (mner clmkar) . 410 425 . -r
(outer clinker) . 180 . .. as
1 . . . . - 350 400 1-0 Quiok
3 . . . .. 435, 495 .. Quick
CAWNPORE kankar AND SUTINA LIMESTONE
300 480 L X 2 L
. { o
. . 240 . . .
12 . . . . . 220 .e .. ae
285 .e .e .a

British Standard Specifications require a tensile strength of at
least 450 lb. per square inch after 7 days and a tensile stremgth
after 28 days equa.l to tensile strength at 7 days 4~ mﬂm

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

From these tests it will be seen that the writers had almost
afttained success with the marl and clay mixture but were very far
from it with the %ankar 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
<ase of the marl and clay a fairly correct mixture had been obtained,
but this was not so in the case of kankar-and limestone.

" Mr. A. D. Banerjee, who was for some time assistant fo
Mr. Hallidy and had also been employed by the Bundi Cement Works,
informed the writers that the correct mixture should not be calcu-
dated as they had done but by the application of Newberry’s formula.
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A re-calculation in ‘the way suggested by him gave a mixture of
614 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 caloulating:
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 :—5i0,, 20-24 per cent.; Al,Q, 5-9 per cent.;
Fe,0, 2'4 per cent.; CaO, 60-636 per cent ; MgO, 12 per cent.;
and 8O, 16 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
figures needed some correction before they could be used as a guide:
in caloulating a mixture. The mean of the 12 analyses shown in .
the Chemists’ Year Book is given in column 1 of the ecalculation.
below :—

Mean . Same Same re-
_— of 12 minus caleulated
analyses CaS0, to 100
Ca0 . . . e . . . 6279 6179 65:08
M’O' . . a N - . - 7'05 7-05 7'42
Fe,0, . . . . . . 302 302 318
Mg0 . e e e . . 1-58 . 168 1:66 -
Si0, © . . . . . . . 2152 2152 22-65
so. L ] - . - - - - - 1'41
* -
ToTarL . . - 9496 99-97

Now the ﬁrs.lt. five of these constituents add up to 100 in the calcula—
ted composition of & burnt mixture of calcareous and argillaceous:
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materials, but in actual cement analysis these constituents do not.
add up to 100 because there is always some SO, loss on ignition,
alkali, etc. Deducting an amount of Ca0 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
-used in .caleulating a mixture.

"~ It was next calculated that a mixture of Cawnpore kankar and
Sutna limestone could be made which, on burning, would give
exactly these percentages of CaO and Si0, but would be a little
low as regards ALO, plus Fe,0;, This calculation is shown
in the accompanying diagram, where the continuous line re-
presents the composition of burnt Cawnpore kenkar and the line
of dashes the composition of burnt Sutna limestone. They ecrogs
twice. Any line which passes through these points of intersection
represents the composition of a mixture which may be obtained
-from those materials. The dotted line which passes through these.
points of intersection is seen to give exactly the corrected mean
percentages of CaQ and Si0Q, of the 12 typical analyses. The pro-
portion of the burnt kankar and limestone required to give 8 mixture
of this composition. is easily calculated from the diagram. Thus

percentage of Ca0 in burnt limestone 85-0 — Bmount of bumt kankar to be taken
65'08 percentage of CuO in bumt kankar » limestone ,,
This would require a mixture of 56 4 part.s Sutna limestone and

43-6 parts Cawnpore kankar.

According to British Standard Specifications the ratio—g=
(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 Chemists’ Year Book the limiting values for the Hy-
draulic Modulus are 2'46 and 2'78 with a mean of 264. A mixture
of 578 parts Sutna limestone and 422 parts Cawnpore kankar
would give this Hydraulic Modulus.

According to Newberry’s ideas that good Portland - cement
should be a mixture of tricalcium silicate and dicalcium aluminate,
THoy - =1 (where Ca0, Si0, and AL,O, are in chemical equi_
valents). A modification of this formula which makes allowance for
'Fe,O, and MgO is 288i0,+1.1 A%,0,+0.7 ¥e,0; _] This would give a.

. Q0414 Mg0
mixture of 59-8 parts Sutna limestone and 40-2 parts kankar.

CaQ
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These various calculations are put together in the following
-small table :—
Calonlated
Calculated to give
Already Catlgngliavt,:d B.ceorlt)iing to correct;t}z
taken . Newberry's | mean o N
H.M.=2-64 formll;rlx typical
analyses
-Cawnpore kankar . 46- 42-2 40-2 436
Butua limestons . . 534 578 59'8 56-¢

Before st;zrting on & fresh series of burning experiments it was
found necessary to prepare and analyse a fresh lot of ground kankar.

This gave the following analysis :—

Bi0,
Al,0,
¥o,0,
Ca0
Mg0

.

31-34
8-86
309

30-34
2-42

‘Calculating (1) a mixture to give a Hydraulic Modulus: of 2:64 and
. (2) a mixture to give CaO and 8i0, the same as the corrected means
from the 12 typical analyses, and taking the mean, a mixtu}'e'

was obtained of—

. Sutna limestono
. Cownpore kankar

which was used .in the further experiments.

L] .

»

‘Calculation in the same way gave a mixture of :—

Madharmau marl
clay

Parta

56-4
436

Parts
65-9
84-1

By this time one of Morgan’s small prospectors’ furnaces had
been obtained, in which a temperature of 1,250°—1,300°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
small prospectors’ furnace with good coke:—

Mesh of TENGILE STRENQTH
Experl- | through
g e - Betting
ment which Conditlons of heating Fxpan-
No. mixture ) After Aftar slon in tmeo
was ' 7days | 28 days mm,
passed

CAWNPORE kankar AND SUTNA
LIMESTONR

16 150 Eept for 4 hours at full heat of 435 . 70
furnace,

17 150 Bome of halla from previous 875 ’e 41
experiment were again hented (nfter 1
for 4 hours at full hest of day)
furnace. - . 27

{alfter 14
days)

18 150 Allowed the coke in the furnace 540 705 4
to burn completely out. .

20 180 Allowed the coke In the furnace 380 . 1 Medium

to burn completely out.
LUCKNOW MARL AND (LAY

21 180 Allowed the coke in the furnace a8 e 19 Medlum
to bum completely out, and
again  hea under same
conditions.

22 180 Burnt only once, allowing the 655 . 15 Quick
s Ookoto hurn completely out.

It will be seen from the foregoing table that complete success
was attained with Lucknow marl and clay and also with Cawnpore
kankar 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 time they thought that théy were getting unsoundness be-
cause 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°C
to 1,500°C as measured by Segers’ Comes. 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, modern rotary furnace. It is
well known to cement manufacturers that a high lime mixtare
requires a higher burning temperature than one with a lower lime
content, and endeavours ware accordingly made to reduce the lime
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content of the mixtures, but this could not be carried out without.
& prejudicial effect. on the tenmsile 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 sound when freshly ground, one becoming
gound 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 :— *

Mesh of TEXSILE STRENGTIL
Exper! th"l,‘lgl\l‘:h E
perTl= . - -
ment which Conditlons of heating sl’;gnllxl: Setting
No. | mixture Aftor | After wm. thme
Was
d 7 days 28 days .
CAWKPORR kankar AND SUTNA
LIMESTOXE
k1) 180 mesh | Heated In o’ furnace
with bellows for 2} howrs. 625 588 08
S5 ] 180mesh | Mixture made up In I!
balls. Heated Ill: nn:m_e.l: 530 né
furnace, eslow burnlng at
beginning,, bellows for 1 hour
at end, and fire allowed to
burp out,
27 180 mesh | Heated %or 71 hours in old .
furnace withoot chimney, 74 855 i (,fJ, B
hours In new furnace without days).
chimney, 3 hours in old fur- -
nace with chimney and 5§
hours in new furnace with
chimney and bellows.
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APPENDIX

‘REPORT ON THE POSSIBILITIES OF OEMENT MANUFAUTURE IN THE
TERRITORY SERVED BY THE OUDH AND ROHILKHAND RAILWAY

By R. J, Harupy, B.E,M.I.C.E.

The writer addressed the President; 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 departmentally
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 Railwey Board, in their letter No, 12-E.-19 of the
10th February 1919 to the Agent of the Eastern Bengal Railway, sanctioned the
.employment of the writer, for asix months in the first instance, on special duty to
study the lime deposits on the Oudh and Rohilkhand Railway. They made it clear,
however, that thig sanction did not imply that Government would undertake such
.an enterprise, even if the prospects 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 small
Jaboratory 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
et up 8 cement factory for the State Railways and that his investigations must
therefore be largely academie, he considers it desirable, and, at any rate, useful
to repeat and enlarge 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 andue
persistence in his own ideas, but phe personnel of the Board has largely changed
since the date of the correspondence leading to this enquiry. Moreover, this corres-
apondence was entirely 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 modern’
methods. The total weekly output from these was, in 1016, approximately 1,500
tons, Several other factories of much greater dimengions are projected and may be
-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 be produced in
India, in the near future, to satisfy the present needs of the country. The writer
-does not consider it likely that prices will fall to any great extent, unless a stimulos
thereto is supplied by Government, or unless imported cement causes such fall
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by competition, and this is a relief that cannot reasonably be expected for a long
time.. Under modern business conditions, itis no longer safe to rely on competition
between manufacturers in the same conuntry 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 business. The type of business man whe built
up the cement industry in England does not exist in India ; we bave bere only the
financial agent of short domicile who wants Jarge profits quickly and is not much
intercated in the longevity of the business, 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 mannfacturers 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 extension of the use of re-inforced
concrete in India is moat 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, ueed properly, are good enough for most building
work. With ocne or two exceptions such limes are not standardized, and there
is much ignorance shown in their use. Even in the few cases in which lime can be
purchased in bulk from well-known firms, it will be found that tests are not made
ocontinuously, and the sellers are merely shopkeepers, and not expert lime makers:
The belief of many engineers in mixtures of fat limes and scorkee, and in kankar
limes, can only be classed ms superstition. - A considerable amount of study in
each case is required before such materials should be used on important works ;
this study ie not often given nor, indeed, in general can it be easily given. It is too
often taken for granted that alimeis, a8 cementis, a substance of definite measur-
_ able qualities. Ifit were clearly recognized that it is & substance on which no

reliance can be placed, without extensive experiments, lasting continuously over
8 long period, and which are not then conclusive except for the portions actually
used in the experiments, it would cease to be used on important works. A great
decrense in yearly repair costs would be an immediate result to railways. Itis
too obvious to argue about that a cheap relisble cement is necessary to the engi.
neer, and it is difficult to see a reason why great building departments, such as
railways and cangla, cannot get it, and are forced for the sake of economy in first
cost 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 olags. There is not, therefore, any departure in principle from present
. methods in undertaking the manufacture of the cement they require. It is clearly
& question of expediency only. Thus, if an engineer requires 2,000 tons of cement
only, he will find it expedient to buy it where he can most cheaply; butif he
requires 20,000 tons per year, dnd if he has the necessary materials at hand, he
should prefer to manufacture—until manufacturers’ profits are a function of
gkill rather than the possession of a monopoly.

4. The manufacture of cement is not a difficult operation, given the proper
materials and a modern plant. The prevalent idea of the economic size of a factory
equipped with modern plant is, in the writer's opinjon, an erroneous one in existing
circumstances in India. It is true that Earopean writers consider a factory of
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output of 700 tons per week the minimum size t0 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 coat, but the reduction is small in comparison with the difference in cost
price and selling price in use and likely to continue to be in vse with the Indian
firms. When the large.size rotary kiln becomes the machine determining profit
and loss, as it may do ina 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
toerect plants of much less size. It should also be remembered thas, although
the rotary kiln is the greateat modern contribution t0 cement plant, much good
Portland cement was manufactured before its introduction and the vertical kiln is
stillused by many good makers. The rotary kiln was chiefly developed in
America, where labour is scarce and expensive. The vertical kiln is guite suit-
able for small cement works in India. Also, the development of the rotary kila
has been g0 rapid that a plant can getout of datein afew years. In 1905 the
usual size in England was 60 to 70 feet Iong and 6 feet diameter with a daily -
output of 20 to 25 tons, A few years later the length of kiln was inoreased to-
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 9 ft. diameter. A fair pre-war
cost price in England was 23 to 25 per ton and in the United States about the
game, Mr. W. A. Brown in his “ Portland Cement Industry ™ gives an esti-
mate of 1ls. 43d. per ton labour and supply costs, excluding interest and
depreciation coste. A figure of Ra. 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 kily which broke
up in the presence of water when setting into other definite chemical substances.
Richardson recognized clinker as being formed of certain solid solutions of caleic
aluminates and silicates, and that, of the substances so formed,* alite "and** celite **
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 first advanced by Michaelis is more satisfactory to the engineer in
explaining the phenomena he is acquainted with. A jelly-like substance is formed
by the action of the water on the * alite " round each grain of cement. The deasi-
cation of this jelly constitutes setting. 'This covering of the cement grains makes
nccess of the water to it more and more difficult, though this is never atopped. A
piece of hardened cement will thus consist mainly of this deasicated and hardened
jelly substance, grains of unchanged cement, and, perhaps, crystala of calcium
hydrate. Thisseems to the writer to explain more clearly than any other theory
the continual hardening and increasing strength with time of cement mortars,
the observed necessity for very fine grinding .of the clinker, and the fact, which
ke 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 practice he haa always burned
the set cement to & red heat before grinding. This makes grinding easier, but
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may pwduce bad effects through dehydration of lime hydrate crystals.
Various rough formuls have been derived from these theories to guide the cement
moker in the choice and grading of his materials. Mr, Eckel considers fat limes,
hydraulic limes, Portiand coment, natural cement and puzzulona material on &
grade depending on the amount of argillaceous material present. He suggests
a cementation index derived from Newberry's formula—
288 0411 Al Oy 47T FeyOy
. Oa 0414 Mg O
percentages by weight being used. A value less than unity suggests hydraulic
limes, 1 to 1°15 & Portland cement, 1-15 to 1'60 a natural cement that demands
high firing, 160 to 2 & low-valued natural cement and below 2 merely puzzulona.
8, Other rough indices used are :—
%S 03+%(Als05Feq0y)

Hydraulic Index

- 9,020
and the value should be between 40 and ‘60 for Portland cement mixtures and
between ‘60 and 1-50 for natural cements, The German cement manufacturers
uge the rule that the minimum percentage of ime by weight must be 17 parts by
weight of silica and alumina, The setting of hydraulic limes, natural cements
.and puzzulona mortars, though sssumed to be similar to that of Portland
cement, are even less understood. ‘ .

7. The portion of the United Provinces served by the Oudh and Rohilkhand
Railway contains very large depbsite of lime kankars. The writer had not, pre-’
vious to this enquiry, any practica} experience with these kankars,'but bad used
largely the kankars on the right bank of the Ganges met with during the
construction of the Cawnpore-Bande Railway. From his experience with these
kankars, some details of .which are given further on in this report, he
had hoped by a small addition of fat lime, which it might be necessary
ta purchase, to get from some of the large kankar fields on the Cudh
.and Rohilkhand Railway a suitable material for cement. Every large
doposit of kankar on the railway has been examined with very disappoint-
ing results. The material is altogether too poor in lime content, ‘and. frequently
carries t00 much magnesia, to permit; of its being considered of any value as a source
‘of coment. 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 torrenta below Mussoorie. The boulders, however,
vary so _mueh in composition, frequently carrying large amounts of magnesia, and
-are 80 mixed up in complete confusion with boulders from every other type of rock,
that cement manufactured from them does not seem a practical proposition. Ab
.several places on the scarp of the hills a chemical deposit of lime, travertine, i8
fom_:d. ..This i8 & 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 have been examined in some detail, i.e., at Doiwalla
on the Hardwar-Dehra Line, and at Ohunam sbout half-way between Ramnagar
and Kathgodsm. These deposits do not seem very large, and it was not found
possible in this enquiry to determine the amount available in any exact yoauper.
4]"..1me 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 Goomtes, This is &



1923 ] Wartson : Portland cement 31

fresh water marl, and the writer has given considerable time to ite detailed
investigation, Itisalmosta pure carbonate of lime in a very fine state of division,
and is eminently suitable for cement manufacture. It is found in many places
along the valleys of the Sabai and Goomtes ; 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 fect to 12
feot 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 proceas of preci-
pitation, though he has not been successful in doing so. As this mar] is the most
importans of the lime substances examined, and has been treated in greater dotail
than the others, an account will be given of it in the first place, and the other sub-
stances then treated in their order of importance.

8. A marl is a precipitate deposit of carbonate of lime from water carrying bicar.
bonate in solution. The hills of Kumson and Gorhwal contain large amounts
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, carry a
large amount of bicarbonate of lime in solution. The smaller capacity of warm
water than cold to hold this material in solution, the loss of 0O directly and through
the action of plants and the éonsequent precipitation of the carbonate, will eccount
for the formation of this marl in spills and marshey 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 substances, in the marls under examination, sre in such .6 fine state of
division that they will enter readily into combination in the kiln. Moreover, the
proportions of these sybstances are small. In some of the analyses given the
proportion of Si0Q, seems large, but this is due-mostly to the methods of exeavation,
but sometimes to deliberate adulteration, and, indeed, most of the samples earrying
a large proportion of Si0, were purchased. The material is found in pockets up to-
to 50 chains long and from 200 feet to 1,600 feet wide and from 3 to 14 feet thick.
It lies under a bed of clay from 4 feet to 12 feet thick. Excavation, as it is practised,
congiste of sinking circular shafta about 2 feet in diameter, to the surface of the
marl, snd excavating as much as the inflow of water will allow, and then sinking
similar shfte alongside, "until, over the whole area, about 8 feet thick, where such
thickness or over exists, has been excavated, when the holes are filled in and the
ground made over to cultivation again. About 1,000 cart loads, or 1,200 tons, are
sent yearly from Dilarman to Lucknow, where it is nsed, after being barned, for
fine plaster work, and to a certain extent in building operations.

9. It wae evident to the writer in December 1919 that the mar] depesits about
Dilarman, 10 milse from Lucknow on the Sultanpur road, and on the alignment of
the propoged Lucknow-Sultanpur Railway, were well worth working out in full
detail. There is nothing on the surface which will indicate the position of she marl
underneath. It must have been formed in a depreasion originally, but the marshes
now existing do not give any indication of these old marshes, and in some cases
heve been formed by the excavation of all the marl that had lain underneath.
Oertain information weas available from the villagers, but such as to be wuseful only
as 8 gulde to a detailed enquiry, Such marl beds may wind about considerably
and vary in breadth, depth and character, as well asin direction. The whole
valley is hxghly cultivated, Permission was accordingly asked from the Railway

4]
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Board to gazette the land and examine it in detail by boreholes at & moderate
distance apart. The Raillway Board in their letter, already cited, of the 13th
.January did not consider this necessary, and suggested that a survey with trial
pits at such places as by permission from the owners could be obtained, would
be pufficient. A survey on these lines has been carried out during the past three
inonths.
10, The result of the analysis of the marls taken from places as noted are given
in the table attached to this report. Analyses of clays found in the vicinity
are also given. :

A combination of 7 parte by weight of L 23 and one part of I. 100 will give &
.ix of conatitution '

S0 « 4 . . . . . . 224
AI’O'+FG’0.¢ - -

. e . . . 76
030 - - + - - - . 1. 67‘6
MO . . . . . ... 26

and 3 parts of L. 58 and one of L 100 will give the mix—
80, . . . . . . . 217
Al Oyt Fe,0,. . e+« . . 718
Gald . . . . . . . 682
. MgO . . . . . . e . 23
-ond 4 parte of L 56 and one of L 65 will give the mix—

8i0, . . . . . . . . 20000
M|03+Feloa - . * . . - . - 11'9

00 . . . . . . . ©52
MO - . . . . . . . . 28
“T'wo somples of marl were sent to Alipore for complete analysis. The results are :—

L37 L38

810, free - .. 133 179

Si0, combined . . . . 27 21

© AlO, . 22 22.

FeQ . . . . . . . . 18 17

G . . .. L. . . 436 409

MgO . . . . . . . . 17 16

S0, . . - . . N Nil
Alkali ,

. . . . A | 4

These samples were purchased, and the large amount, of free SiO, is certainly due
to adulteration, as samples collected Personally by the writer did not carry nearly
a8 much. The proportion of MgQ was determined only in a few cases and is about
1'5_par cent. t0 17 per cent. in general. Some small samples of clinker were made
which gave good results, With the apparatus the writer had it was 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 made it ugeless 10
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* attempt to get them from England, and they could not be obtained in India. Bern.
ing was also difficult, as the necessary fine grinding and the amall size of the furnace
forced the use of very small specimens, which lost & certain amount of lime m
burning through contact with the fuel ash,

1L In the accompanying map (Plate I) of the Lucknow and Bara Banki
Disiricts are marked the localities in Dilarmau and its vicinity in which the marl
- deposit has been investigated. A survey plan (Plate IT) attached to the report
- shows in fuller details areas
(a} AtoB
(3) BtoC
v(c) E to F—G
L@y H to L
These are the principal marl bearing areas. The ‘approximate amount of
-marl available in each i :—
AtoB . . . o . . 18,400,000 cubic feet.
BtoO . . . . . . 323000000
Eto¥—G . . . . . 18,300,000 1
Htol . . . . . . 7,000,000 1

8 total of 74,000,000 cubic feet in the
A principal areas,
In the outlying areas :—
Samnapur and Silauli . . . 4,000,000
Hardaspur . . . . 2,600,000
Behts . .. . . . . 700,000

-and smaller amounta in the other places marked on the map. Assuming thaf
100 cubic feet is, with the necessary clay, eunificient for 175 tons of cement, and
this is a conservative estimate, since the marl, though water-logged, is consolidat-

-ed nunder & considerable load of clay, and considering only the amount exhibited
in the principal areas—

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

to0 a supply of 100 tons per day for 40 years of 330 working days each. For estimat-
ing purposes a supply of 100 tons per day for 30 years only will be assumed. In
- asseasing the valze of land required, it is assumed that land covering marl up to
6 feet thick will not be greatly damaged by the operations, and that a retarn sale
value of 60 per cent. may be expected, that the portions carrying deep marl will
take many yoars to work out, and that in the meantime a fair rental can be obtained
for the rest of the land purchased. 1f work is started in the heavy deposits between
B and , the total amount of land covering this doposit, and hence the utmost that
need be at once acquired, is 50 acres, since these deposita will last about 14 years,
For the remaining portion land can be relinquished almost as quickly as fresh land
need be acquired. Aliowing the high figures of Ra. 1,500 per acre, the total cost
-of the land used up in the full operations shonld not exceed Re. 1,50,000 ; and
Rs. 80,000 only skould be required for a number of years aiter. operations had
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begun. It is very difficult, under present ciroumstances, to estimate correctly
the cost of the machinery, kilns, etc. Heavy machinery for raw grinding is not-
required 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 Ra. 6,00,000 for an output of 100 tons per day. An estimate for the-
capital cost, therefore, should lie well ingide the figures

. Ra. )
Land . s . . . . 1,50,000
Track and ro]ling stock, ete. . « 1,80,000
Buildings . . « - « 100,000
Cement plant . . . . . 6,00,000

Tora. . 10,30,000
Add . . 51,000 contingendies.

ToTAL . 10,81,000 say, Rs. 11,00,000
and. will probably exceed figures as : g

Land . . . . . . 80,000

Track and rolling stock . . - 30,000

Buildings . . . . « 40,000

Cement plant . . . g + 400,000

Torar. . 560,000 say, Ra, 6,00,000
An estimate of the cost of the manunfacture of the cement shonid be ‘covered by-
figures as, taking the higher limit of capital cost,
{a) Standing charges— Ras. .
Interest on Rs. 11,00,000 at 5 per cent. . . . 55000
Sinking fund to clear capitalin 30 years ., . . 22,000
Repairs and renewals at & per cent. on capital cost of
~ machinery and buildings . . . . . 47,500

ToraL . 1,24.500
for an outpnt of 33,000 tons or at the rate of Re, 4 per ton-—

. . Per ton

. Rs. A. p.
Standing charges . . . . . .. 400
Excavation ., , ., 112
Coal and supplies . . . . 1 0
hm - - '

0
.. Y
- L 200
Supervision, office, ete.! , |, |, | 1 00

0

Tora. . 19 12
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and se a rate of Ra, 21 per ton should be a maximum, inclusive of all charges fo.r.
12, Marl has also been discovered at— -
(a) Three miles from Harauni on the Cawnpore Branch in the valley of the
+ "Sahbai River. Site waa visited by writer.

(5) Kathanta Tal and Imbibon near Chinhat on the Bara Banki road. Sitcs

were vigited by the writer.

{c) Three miles south from Nigohan station on main line.

(d) Habiskhera, about, 1} miles north of Mohanlslganj station.

13. Three miles north of Doiwalla, on the Hardwar-Dehra Dun Railway, and
touching the Railway bourdary, a deposit of travertine, an almost pure carbonate
of lime, is found. It is a chemical deposit, and so the mceident of its formation
is nearly a3 uncertain as that of a marl, It is worked for lime to & small extent
now. Ag far aa the writer could determine, from pits sunk by the lime contractor
and old pits made by the builders of the railway, the deposit is about 2,000 fect by
1,600 feet and from 8 feet to 11 feet thick, The analyses as below were made 1—

$i0 AL,0, CaO MgO
Fe 0,
L 31—purchased . . . 647 199 4822 nd
L30—obtained new surface . 13 4 528 15
Lol— ,, N . 12 8 528 .nd
L 92—8 foet below ourfasce. . ° 66 34 654 1B
L 93—11 feot belowgurface . 66 76 531 nd

L 94—clayey matter undemeat.h
bed of travertine . . 20 10 52-2 nd

MgO wns determined in a few cases only, but by calculation it does not exceed
1'5 in any of the samples, The clay overlying was not ansalysed, a8 it is likely that
the boulder clay underneath will be found most useful for the mix. A boulde? clay
obtained from Ramnagar underlying a similar dcpomt. gave an analysis— °

SiOg(mso) . . . . . .+ . . 6368
Al,0, Fe,0, . . . . . . . ;. 2463
GO0 . . . . e e ... B
MZO . v « + o+ e e .« . 218

An analysis of sand from Rispans, a few miléu. away, is—

§8i0p -« .-« o« o+ o+ o« . . oc0BD
A0, Fe, 0, . . . . e e ac . 1879
Ga O . . . . . . . . . 575
MO . . . o« - « « « . bss
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This is chiefly derived from shale ; the MgO content is rather high. A mix between
this sand and L 91 will give a mean of analysis—

< 8o, . . . . . . . .. 246
ALO, Fe, 0, . . . . . . . 81
Ca O . . . . . . . . - 831
MgO . . . . . . . . . 4

- which is by English practice too high in MgO. A small sample of cement made
from this mixture seen;ed satisfactory. :

A sample of clay obtained near Rispana has an analysis—
8i O, combined. . . . . . . 2914

SiOgfree . . . . 4 a4 e . 3000
Al,O, . e . . . . FY . 2169

FeOs - + + o o« . . . . #3
080 .+ e e e e e e 300
) MgO . . . . e ... ,. 336,
and n mix between L 91 and this will have—
S0  + o« et e = e e e 2
ALO,FeOy - "« « + =« « .« . 101~
0a0® . . . o« .+ . . . 648

Mg0 e e e e e e e 3 .
and the MgO ia still & little too high.

Allowing 8 feet thick of this material over an area of 1,800 feet by 1,500 feot,
and estimating that 100 cubio 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 gufficient 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
amounit of power available,but the stream is large with abundance of water in March, . .
and there is certainly & much greater quantity available than is necessary for d

+ gmall cement factory and re-inforced concrete works., The travertine is somewhat
harder than chalk but much softer than ordinary limestome. Exclusive of the
cost of land, which ia forest land, the cost of an up-to-date factory to twrn out
50 tons per doy should not exceed Rs, 8,00,000. ¥ vertical kilns be used it will
likely be possible to keep the first cost of machinery, kilns, and buildings below
Rs. 3,00,000_, though t}m running charges will in this case be higher. The use of '
hydro-electric power will greatly offset; the high price of coal due to long lead., The
writer cammt: give nearer estimates without considerable further survey and study
of the proposition. The site is particularly attractive for the evection of re-inforced
concrete works in conneotion with the cement factory: There is an inexhaustible
supply of good aggregate,and there is hydro-electric power available, as already
noted. A combined coment factory and re.inforced conerete works can probably

be ercoted for Rs. 4,00,000, if vertical kilus are used instead of rotary kilns with
elevators and conveyors, ' T .



1923 § WatsoN : Portiand cement 37

14. The writer visited another travertine doposit at Chunam, about 12 miles
from Ramnagar on the Ramnagar-Kathgodam road. It is oxhibited on the gearp
of the hill and is in places geen to be 60 ft, thick. The writer followed the deposit
back along stream beds. It is seen for a considerable distance back from the gearp
and forms the steps for waterfalls along the streams. Much hard boring would be
Decessary to determine the amount available, and the position of the deposit, 15
miles from a railway, does not increase its attractivencss ns a coment proposition.
A railway could be cheaply made along the watershed to some point onthe Lalkua-
Kashipur Railway and through a seemingly paying country.

Al anslysis of this material— ' o
L 6is & fair sample of the exhibit—- o v
S8i0, A PRSP 0|

M’% } St e
Feg 3‘ .

CaO - . . . . . . . . 4898
Mgz0 I . . . . . . . 17

L 53 near junction with underlying boulder clay—
Bi0, . . . .. . - . . 2398

AI,;O, Fe,O, . . . . . . . . .5'81
Ca0 . . . . .t . . . 37132

16. Kankar is an impure carbonate of lime chemically deposited. It occurs
in large sheets several feet thick, or in nodules varying from several cubio inches
in gize to thut of a small pes. The first type is known as block ifartkar, the socoqd,
nodular, and, when very small, pea kankar. The carbonafoe of lime content varics
from 85 per cent. to less than 20 per cent. A kankar obtained from Ohm"lu Daidr;,
Bombay, Barods and Central India Railway, has the composition SiQ;—5-4 f,
Al,0, Fe,0;—1'58, 0a0—48-21. Nine deposits of block kankar and five (.1:
nodular kankar from the Oudh and Rohilkhand Railway territory wore examined ;
o pea kankar from the Oawnpore-Banda Railway waa also exa_mmcd. .It: was not
considered useful to examine sny deposit that would not ?vndently give a lnr;l;e
supply. The table attached to this report gives description, sourco of nup{ g
and analysis of these kankars. Some experiment.s. were made with L 3, L 8, 1
and L 5. If completely burnt, i.e., till all 00, is dn.ve.m_ off anfl very ﬁne}y gro&ln.
they will harden under water, if allowed to get an initial set in d-amp air for
12 to 24 hours, Even after 3 months, however, the' strength amyed st was vcrj;
small. These samples were tested neat. Whgy mixed with sand in p_:oport.xot‘:;Io
1t01 the set was exceedingly poor. These kankars, $vith the exception, In:vsexl:ll y;
of L 48, are altogether useless as materials for cement manufacture, and are almos
" 88 ugeless as limes. The Oudh and Rohilkhand Railway use L 3on the Momd;

bad district, but the writer did not get a satisfactory * set'’ with any equnmezlc
made with it. Mixed with  vol. of elaked Sutna lime it attained n:ouxmlc:in;nea
bardness under water after 12 hours in damp air. The writer would not use lin
_made from any of thege karkors, with the except;iop of L 48, for any _engu}eennﬁ
works, though they might be wsed in smail buildings. A large quantity of sma
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poa 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 Jumna
Bridge and much of the rest of the railway, It isfoundin very large guantities
and the supply is replenished from year to year. The lime manufactured from it
sot hard under water in & month and took & dose of sand in proportions of 1 to1
well. The analysis is not eonstant. The analyses of four specimens are :—

N

—_— L 47 L 48 L 50 a1l
Insol, (chiefly 8i0,) . . . . 33:07 16-39 21:19 309
ALO, 4 Fo,0,: e e e 519 921 4-07 512
Ca0 O e e . 31-11 58-84 38-43 32:62
MgO e e e . . nd 1-73 181" 1-88 .
Cemontation index . . . . 2:0 1-36 1:25 2-6

L 48 and L 50 should give good natural cements and L 47 and_ XTI should not; be
very satisfactory., In practice, the lime made in bulk was quite satisfactory. In
these analyses the Insol. matter is not altogether SiQ,, so the 0. L. shown is really
higher than actual. A mean enalysis would be Si0;—25'37, Al,05-+Fe,0;—
6-14, 0a0—35-26, MgO—1-75, and a mix between this and 1L 59, the marl from
Harauni on the Oawnpore branch, in equal parts by weight would have the'analysis

8i0,—26-7, A1;04+ Fe;0,—6-0, 0a0—64'8, Mg0—2'5, a very good cement
mixture. This would involve bringing ‘the marl to the Chandrawsl on the Qawn-
pore-Banda Railway, and the writer does not know of any nearer source of fat_
lime, 50 that the raw material would cost between Rs. 5 and Rs, 6 por ton of cement,
which is quite a possible figure with present cement prices. Sample L 59 was
taken olose 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 ceraens.

16. A ﬁl:le outerop of limestone is exhibited at Mallah, 8 miles from Chandigarh
on the Delhi-Umballa-Kalke Railway. The material is available in large quantities
and ia very suitable for coment manufacture on s large scale, Water is plentiful.

The approach from the railway is extremely difficult. The writer learned on the
spot .t.hat the Patiala Government had surveyed these deposits, with the view of
starting coment factories, amd that the

0 r y intended to construct a railway to them.

t,Hh?:- :f}:lmﬂsqdﬁel:'dogl:; E:ﬂg:lneeii’ Patiala State, on the subject, who informed him
it was intends ild a fair weather line to ¢ i i

not then know the further inten: hose quarries, hut that he did

tions of the State as regards thei opment.
Some anal ysea of the materials are here given ;— g heir developm

§i0, ~ AL0, ¥o,0, Ca0 MgO
Bt & | 2B B o | mel s
R G| B | a3 | Sw | ER| A
35 boulder 21-97 4-59 — . 3968 93
L3S boudorclay . .| 2553 539 — 0632 1:29
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The small proportion of MgO in the these samples is noticoable. At Namaul
on the Bombay, Baroda and Oentral India Railway, and two miles from the station,
excellent limestone is found.

An analysis gives—

Insol (Si0,4)—1-39, Al,0;=Fe,0,—39,0a0—54:06, MgO—1-16,

These quarries are also situated in Patiala State, so no further enquiry was
made regarding them

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

L 2, 8i0,—6'51, Al;0,—2:39, Fe,0;—40, 0a0—49-6, MgO—175,
L 20, Si0,—668, Al,05..Fo,0,—1'66, 0a0—35'8, Mg0—12:99.

It is therefore seen that considerable difficulty would be experienced in kecping
the mix unifdrm, as a amall amount of L 20 would be fatal. Moreover, the manner
in which the lime boulders are mixed np in confusion with boulders from other
typea of rock makes a cement proposition, in the writer's opinion, practically im-
possible,

18, The writer, 'from his work on the Nagda-Muttira Railway, was well acquaint-
ed with the limestone formations in Kotsh and Bundi States. He hoad some
sampledof limestone sent for examination, but as this part of the country waa out-
gside his commission he did not pursue the matter furthor. The Amta quarrics
gituated on the Baran-Kotah Railway offer an excellent position fora large cement
plant, Stone, olay and water are plentiful. An analysis received from Mr. Devon,
Engmeer, Koteh State, is—

Insol (Si0,)—10-4, AL,0; Fe,0,—9:12, Oa0—45, MgO—Nil
end an analysis made in the writer’s laboratory—
8i0,—15'8, Al,0, Fe,0,—33, 0a0—40, MgO—1-44.
The difference is considerable, but the limestone in Rajputana varice considerably

from layer to layer, and to such an extent that the Bundl works use no clay but only
different layers of stone,

The writer,is much indebted to Mr. Wood, 0.8.1, Pnncxpal of the Thomason
Oollege, Roorkee, for his direot kindness on many occasions and for the uso of
instruments from his chemical laboratory. He has also to acknowledge gratefully
the considerable help he received from the Agent and Officers of the Oudh and
Rohilkhand Railway, and from Rai' Babadur Chotey lal, O.B.E. Contractior,
Moradabad.

Luoxsow; } fan. J. HALLIDY, MIC.E.,

The 4th April 1920, Ezeculive Engineer
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ANALYSIS OF MABLS

Lahora- ALO . -
tory refor- 810, Pt‘“‘l Ca0 g0 BE\!} i
" ence No, Fe,0, ¢
.
L23 90, 897 4504 1-62 | From Dﬂarmnu—rmhaged-
L# 10-08 674 42148 1-60 » » »
Lss ‘15,‘7 0 2085 158 » Madbatmosn
Lso 10-50 305 8721 nd »w L
., e <3, n d ”n 4 kaed‘ up: ﬁom
Leo ) e bas ) 4020 contracar’s sback, e e
Lel 1720 256 41:00 nd | From Madharmau plcked up from contsac-
. tor's stack, -
Lé2 | - 1112 2:80 43-00 2 d { ¥rom Dilasman—Excavatoed.
l .
Le3 10-44 272 44-02 nd » o ” n
- . '
Lo 1-68 72 40-52 nd » Missa »
\ ’ Y
- Les | - 9152 420 33-60 ng Froﬁx Bazepur—very wobt and mixed with
clay.
Los 900 | gy2 | 4550 24 | From betwoen Dilarman and Easimpur—
! ‘I Excavated, ] P
L 6o 768 2:30 1700 nd [ From between Dilarmau and Easimpur—
- . Excavated. )
L70 682 6-20 4760 ud | From between Ditarmau and Kasimpur-—
Excavated, :
L7 414 124 4830 5 04 | From Mlasn—Fxcavated.
L7 5-00 2 4800 nd | From Bardaspur—Excavated.
L Y009 1 540 24 | From Bazepur—Ex-avatad
L76 VOF | 140 {5000 04 | From Missa-Excavatea”
L76 1-56 840 | 4800 ad, |,
L77 1-40 "52. 49-20 nd n ’ " T - ]
L7 23 240 4300 nd | From Semnapur—Lxeavated.
L& 890 330 4680 b d | From Madharman—Excavated.
La 400 00 49-20 nd | " "
"1.83 1_5.10 300 4350 # nd’ g " oe I
1'3: f! 2w 6-30, 3500 nd Frfgr Lnﬂmu—day from underacath
L& E . "
820 156 46-20 o Frg;nmﬂnjhnnagnr near Haraunl on  Cown-
1101 . . 80 | ' )
w81, 2 4780 24 | From Mazampur-—Excavated,
L1038 24 . y
224 5000 Bd | From Takiman—Excavateq,
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ANALYSIS OF EANRARS
Labora- | Inscluble ALO, | N
tory refer-] chiefly pfus - Cal MgO | REMARKS
ente No. 8i0, ¥e, 0,
L5 se57 | T1220 19-39 . 741 | Block kankar from Badshahpur,
L1 57-90 6-87 1401 374 w w . »n Utrawarl
L1s 43-03 5:30 18-76 nd w1 , between Balamau and
Dcloagar.
L4 5416 | 522 138-42 nd | Block kankar from milo p Balamau-Auhad-
LT ) pur Branch.
Lis | ws7s 16-82 1378 « 525 | Block kankar from mile 3 Sitapur Branch.
L16 4508 | 360 1097 | 683 | Block kankar from Belakhors.
g 4 24-11 346 | Blook kankar from near Lachmanput, A. R.
L 3842 14:20 4 | Plase kenkar fror
- -
L18 4199 400 21-61 625 | Blook Eankar from between Baghaull and
‘Balamau, -~
. 24+ 884 | Block kankar from Lachmanpur, A RO
L.26 80-07 427 470 ocke Ranks ‘
L7 [» az02 | 1387 | 2480 nd | Nodular kanksy from Phapamag,
b ' M Danadpur.
Ls 22:46 18-60 24-00 nd n » " pur. .
Lo 4510 487 2495 244 " w w  Portabgarh.
' betwos d
" - . 200 | Nodular kankar from n Pelaman an
LY 33.78 11:48 2016 e .
L2y 468-59 15-04 1874 810 | Nodular ‘kenkar irom Chandnagar.
Ls 46-79 17-08 22:08 287 | Burnt lime prepared for Ballway use ab
. ' oradabad. : .
L8 10.3p 821 $8-84 173 | Pea kankar trap Chandrawal, C. B. Rall
way. -
-
e - » Y
« ANALYSIS OF CLAYS NEAR DILABMAY .
. ; -
Labora- AlL0 -
tory refer-] 810, plus . | Ca0 Mgo RENARKS
., ence No. Fe, 0y . -
,'.__‘_ e
. .
L 83 589 15 | 110, 2.0 | Gurface clay—Dilarmas.
—-— ar.
L 7 674 3072 14 g9 » "y m:'_l‘
L 67 40-00 20-00 168 87 " s —Dhaursia.
—Misan,
L & 59-52 24-00 18 248 w  w
y v —Takimaa.
L 100 51-60 084 12-1 1'66 | Clay underneath marl

N.B,—Thess elays are

'

allln & very finely divided state.
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