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THE
COALS OF CANADA:

AN ECONOMIC INVESTIGATION

VOL. VI

INTRODUCTORY
In the autumn of 1906, the Canadian Government, through Dr. A. P.

Low, Director of the Geological Survey, decided to undertake a study of

the fuels of the Dominion, somewhat on the lines of the fuel tests which

had already been commenced by the United States Geological Survey.

But inasmuch as the Government had not, at Ottawa, any suitable mechan-

ical laboratories, and as research work had already been done by the

Mining Department of McGill University on a number of western coals,

Dr. Low invited Dr. Porter, the head of that department, to undertake

the larger investigation. This proposal was approved by the University

governors, and Dr. Porter was authorized to carry out the tests in the

University laboratories, without charge; on the understanding that the

Government would pay for such apparatus as might be required to sup-

plement the existing equipment, and to make good all additions to the

salaries, wages, and supplies accounts, rendered necessary by the inves-

tigation. At the request of Dr. Low, also, the Intercolonial and Canadian

Pacific railways very generously agreed to haul the material—amounting

to many hundreds of tons— free of charge.

Shortly after the commencement of the investigation the Dominion

Department of Mines was created, under the Hon. William Templeman,

as Minister of Mines, and Dr. A. P. Low, as Deputy Minister; and the

investigation, together with all matters relating to economic minerals,

was transferred from the Geological Survey to the Mines Branch, under

the Directorship of Dr. Eugene Haanel. The original arrangement was,

however, in all other respects, continued without change.

From the beginning it was intended to confine the investigation to the

coals and lignites of the Dominion; and the following points were covered

by the scheme:

—

Sec. L—General organization and ad. ini.stration.

F'ec. IL—Preparation of a general summary report on Canada's coal

fields and coal mines.

Sec. in.—Sampling in the field.

Sec. IV.—Crushing the samples anti preparing them for treatment.

Sec. V.—Washing and mechanical purification.

Sec. VI.—Coking trials.

Sec. VII.—Steam boiler trials.

Sec. VIII.—Producer, and gas engine trials.

See. IX.—Chemical laboratory work, and miscellaneous investiga-

tions.

9
u—
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TECHNICAL STAFF.

The technical staff engaged in the investigation, comprised :

—

(1). J. B. Porter, E.M., Ph.D., D.Sc, Professor of Mining Engineer-

ing, McGili University—Responsible for the organization and general

direction of the investigation, imd directly in charge of Sections I, IV, and

V, and VI (in part).

(2). R. J. Durley, B.Sc, Ma.E., Professor of Mechanical Engineer-

ing, McGill University— In charge of Sections VII and VIII.

(3). Th^o. C. Denis, B.Sc, Mines Branch, Department of Mines,

Ottawa—In charge of Sections II and III (in part).

(4). Edgar Stansfield, M.Sc, Chief Chemist—In charge of Section

IX, and Sections III and VI (in part).

(5). H. F. Strangways, M.Sc, Dawson Fellow in Mining, McGill

University—Assistant in Sections IV' and V 1907.

(6). H. G. Carmichael, M.Sc, Dawson Fellow in Mining, McGill

University— Assistant in Sections IV and V^ 190s.

(7). E. B. Rider, B.Sc, Demonstrator in Mining, McGill University

—Assistant in Sections IV^ and V 1909-10.

(8). Chas. Landry, Chief Mechanic of Mining Department, McGill

University—Foreman in Sections IV and V.

('/;. J. W. Hayward, M.Sc, Assistant Protessor of Mechanical Engi-

neering, McGill University—Assistant in charge of Section VII 1907,

and preliminary work in Section VIII.

(10). J. Blizard, B.Sc, Lecturer on Mechanical Engineering, McGill

University—Assistant in charge of Section VII 1908, and Assistant in

Section VIII.

(11). D. W. Munn, M.A., B.Sc, Demonstrator in Mechanical Engi-

neering ,McCiill University— Assistant in Sections VII and VIII.

(12). G. L. Guillet, M.Sc, Demonstrator in Mechanical Engineering,

McGill University—Assistant in Section VII.

(13) G. Killam, M.A., B.Sc, Demonstrator in Mechanical Engineer-

ing, McCiiU University—Assistant in Section VIII.

(14). J. S. Cameron, B.Sc, Demonstrator in Mechanical Engineer-

ing, McCiill I'ttiversity—Assistant in Section VIII.

(15). A. Balmfirth, Superintendent of McGill University Power

Hou.se—Fv)ri'man in Section VII.

(10). J. Gardner, Foreman in Section VIII.

(17). J. Hoult, Fireman in all tests of Section VII.

(18). J. H. H. Nicolls, B.Sc, Assistant Chemist—Assistant in Sec-

tion IX 1908, 1909.

(19). R. T. Mohan, B.Sc, Assistant Chemist—Assistant in Section

IX 1908.

(20). P. H. Elliott, M.Sc, Assistant Chemist—Assistant in Section

1\ 1908.
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E. J. Conway, B.Sc, Assistant Chemist—Assistant in Section

W. B. Campbell, Assistant Chemist—Assistant in Section IX

(21).

IX 1908.

(22).

1909.

(23). R. S. Boehner, M.Sc, Demonstrator in Chemistry, McGill

University—Assistant in Section IX 1908, 1909.

(24). H. Hartley, B.Sc, Assistant Chemist—Assistant in Section

IX 1909.

(25). VV. B. Mcldrum, B.Sc, of the Department of Chemistry, McGill

University—Assistant in Section VI 1909.

(26). H. H. Gray, B.Sc, Demonstrator in Metallurgy, McGill Uni-

versity—Assistant in Section VI 1909.

(27). H. G. Morrison, B.Sc, Assistant Chemist—Assistant in Sec-

tion IX, 1909, 1910.

There were also a number of machinists, mechanics, and labourers,

engaged more or less continuously in the several sections.

In addition to the persons above named, the following members of

the University staff very materially aided in the progress of the work by

giving occasional assistance and advice:—

Alfred Stansfield, D.Sc, Professor of Metallurgy.

H. T. Barnes, D.Sc, Professor of Physics.

Acknowledgment is also due to the Governors of McGill University,

and to W. Peterson, C.M.C., Principal; V. D. Adams, F. R. S., Dean; W.
Vaughan, Esq., Secretary; S. R. Burrell, Esq., Chief Accountant, and

many others.

L.«BORATORIES.

The laboratories of the Mining and Mechanical Departments of McGill

University, in which the tests were made, were built and equipped some

few years ago on a scale unequalled at the time in North America, the

buildings and apparatus for the Ore Dressing Department alone cost-

ing over $150,000, and the Steam Laboratory an almo-st equal sum. This

equipment needed very little augmentation in respect of sampling,

crushing, coal washing, steam boiler tests, and chemical analysis;

although a number of minor pieces of apparatus had to be purchased,

such as extra calorimeters, pyrometers, tliermometers, etc., etc.

In the matter of producer an<l gas engine tests ' :^ct expenditure

was necessary, as the University equipment was on '• lall a scale for

the extensive tests contemplated. An addition 25 X was, therefore,

built to the Ore Dressing Laboratory, and equipped with a complete

plant of the most modern type, the cost for building and plant being

approximately $12,000. A detailed description of this plant, with cuts

of the apparatus, etc., will be found in Vol. II, Part VIII of the report,

and similar descriptions of the apparatus used in the other parts of the

investigation will be found in the other parts.
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THE INVK8T1UATION.

Sampling in the field.

Sixty-thnM" aoparnto mines or seams were sproially sampled for the

investigation. The worli of sampling -.vas always done by a r sponsible

member of the teehnical staff, and every precaution was taken to ensure

reliability. The general rules Roverninjt this sampling and the detailed

descriptions of the work of sampling at the several mines are fully stated

in Vol. I, Part III.

A list of the samples arranged in geograjjhie.il order is given in the

table of contents of each volume of the appendices III, IV, and V, and

is printed in the text of the Report proper. Vol. I, pp. 8 to 11 and Vo..

II, pp. 181 to 184; also in this Vol., pp. 17 to 20.

Crushing and Sampling in the Laboratory.

The main samples on their arrival at the testing plant at McGill

University were all crushed to go through a 2' screen, mixed thor-

oughly on a large granolithic sampling floor, sampled for the chemist,

etc., and finally resacked, sealed, and sent to a dry room for storage while

awaiting test.

The methods of sampling are stated in detail in Vol. I, Part IV.

The smaller subsidiary samples were sent directly to the chemical

lal)oratorv, where they were stored in sealed vessels until reiiuircd.

Mechanical Purification.

Kach main san>))l(' was exiwiimentally treated in the laboratory

with lieavy solutions, and the fractions analysed with a view to deter-

mining the i)r()bable results of washing. In all cases where these pre-

liminary tests gave favourable results, a large lot was treated in the coal

washing plart of the University, and this work was checked by a further

series of tests with heavy solutions.

It wou' ', of course, be possible in a lab tory to do extremely thorough

washing at an expense disproportionate to the value of the coal; but this

was not atteniptetl, the aim being to reproduce commercial conditions.

From comparative tests made between laboratory work and coal wa.shing

in standard plants, it is evident that tliis end has been attained, and the

t<'sts as carried on may be taken in a broad way to represent average

commercial work.

The whole subject of coal washing as well as testing is dealt with

in \ ol. I, Part \, and the results of ail the trials are presented in a series

of summary tables. The detailed resu'ts of each test are given in Volume

III.
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Coking Trials.

The di'trrmination us to whether or not any particular coal will make

a good coke is of great practical importance, and until recently it has been

considered impossible without first conducting a series of oven trials on a

large and costly scale. Even a single full sized experimental oven is un-

satisfactory for such work, us its operation differs much from that of an

oven surrounded by its fellows; and as a result the only safe course has

been to send a very considerable (luantity of each coal to be tested to a

bank of ovens and to test it under standard conditions, repeating the

operation if necessary with different coking periods until a definite con-

clusion can be reached.

It was obviously impossible to carry out complete tests of the above

character on all of the fifty odil coals in the series under consideration, and,

therefore, an extended investigation was undertaken at the coking plant of

the Dominion Iron and Steel Co. at Sydney, N.S., with a view to developing

some reliable method of working on a small scale. These experiments,

supplemented by tests in various types of oven in different places in Canada,

finally led to a satisfactory conclusion, and it is now possible to test coals

in lots of say 50 pounds, the resultant cokes being in every way similar to

those produced in commercial ovens and in most cases indistinguishable

from them.

The method in brief is as follows: the sample of coal, which .should

be as fresh as possible, is crushed, washed if necessary, and slightly moistened

in some cases, and thus brought to exactly the conditions in which it would

normally go to the oven. It is then put in rectangular boxes of heavy

sheet iron, each holding L<ay 50 pounds These boxes are freely perforated

to permit of the escape of gas, but the perforations are blanked with paper

to prevent the egress or ingress of coal. The boxes are weighed and placed

in an oven which is being charged, and become, in fact, a part of iis regular

charge and are coked under perfectly normal conditions. On the with-

drawal of the charge, the boxes are quenched as promptly yet as lightly as

possible, and are taen dried and weighed before being opened.

In addition to the straightforward trials "^o detei-nine whether the

several coals would or would not coke, a scrie . tests was made to deter-

mine the effect of moistening, compressing, et^ and of different tempera-

tures and durations of the coking period.

A method had to be devised also to determine the strength of the

cokes produced. Mere crushing tests do not suffice, and it was finally

decided to adopt a standard method of testing in a tumbler to determine

the losses in handling, and of ciushing to a fixed pressure in bulk to deter-

mine strength in coke bins and furnaces.

Another series of tests was made to determine the effect of weathering

on coal before using it for coke production. Some coals will coke only

when quite fresh; others will coke, but not so well, when stale; still others
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do not socm to he iiffcrtcd even by compftrativcly long exposure to the iiir.

Till' whole matter is somewhat ohseure and eheniieal analysis do<'8 not cast

as iiiueh light on it as one eould ;^h.

The suhjeet of 'okinR, as well as the testing of coking qualities, is

dealt v.ith in Vol. I, Part VI, and the results of all of the main trials are

presented in u series of summary tables. The detailed results of the tests

and the full rerords of a number of subsidiary tests are given in App«>ndix IV

of the present volume.

Boiler Triah.

The boiler trials were conducted in the boiler testing room of the

University, the method used being as far as possible in accordance with

standard practice.

The boiler, which is a Babcock and Wilcox, rated at 60 H.P., was

thoroughly cleaned and tested before the trials were commenced, and

standardizing tests were run with (Jeorges Creek coal. The series included

72 trials, each of which lasted at least ten hours.

The methods employed in conductiuK the trials are fully detailed in

Vol. II, Part VII, and this part also contains a general discussion of the

use of coal for steam raising, and a tabular summary of the whole series of

trials.

Full notes of each of these trials are published in Vol. IV, Appendix II,

followed by the summary record above referred to reprinted from Vol. II.

Producer Triah.

The producer trials were made in a sp«'cial laboratory erected and

equipped for the purpose at McCiill University. Several producers were

tested, but the standard trials w. re carried out in a special down-draught

producer rated at 40 H.P.

The trials lasted at least 24 hours, and were checked by longer runs

—

one of 10 days.

The methods employed in conducting the trials are fully set forth in

Vol. II, Part VIII, and the results of the trials are presented in tabular

form. This Part also contains a discussion of general questions of th*? use

of producers and gas engines for the generation of power. The detailed

results of the trials iire coiilaincd in Vol. V, Appendix III.

Chemical Laboratory.

The work that hatl to be don<' in the Chemical Laboratory was very

considerable. Methods and apparatus had to be devised, tested, and

standardized, and all mai.-rials, whether raw, intermediate, or final products.
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had to be analyHfd. No count of th(> total numWr of unnlyHos made has

ever been made, but a mere enumeration of the different materials analysrd

ar-l of the different analyses, determinations, and investigations carried out

will give some idea of the extent of the work done.

t MATERIALS ANALT8ED.

Coal Samples—main, mine, weathering, lioiler trial, gas producer

testa, coking tests, final washeil coal, separate products of vashery, specific

gravity tests, screen analyses, etc. Coke aamplet from coking tests: gat

aamplet from boiler trials, gas producer testa and coking teete : ath tampUa

from boiler trials, gas producer tests, and laboratory combustion of raw

and washed coal.

CHEMICAL DETERMINATIONS MADE.

Carbon, hydrogen, oxygen, sulphur, nitrogen, moisture, ash, volatile

matter, fixed carbon, combustlolc matter, carbon dioxide, carbon mon-

oxide, ethylene, methane.

PHYSICAL DETERMINATIONS MADE.

Fusion temperature of ashes, specific gravity, porosity and strength of

cokes, calorific values of solid and gaseous fuels.

SPECIAL mVESTIOATlONS.

Special investigations have been made on the determination of

sulphur in coal, determination of volatile matter in coal and "oke, solubility

of coal in water, determination of physical values of coke, weathering of

coal, etc. An investigation is also being carried out on the spontaneous

combustion of coal in storage but as this is in addition to the original

research and is being supported by private contribution, it is intended to

insert only a preliminary article here and to submit the full results in a

special supplementary report to be published as soon as possible after the

present volume.

The regular methods of analysis adopted in the routine tests are

described and discussed in Vol. II, Part IX, in connexion with a series of

tables giving a summary of the analyses of all of the coal samples.

A large amount of additional matter is presented in Appendix V of

the present volume, the separate papers including discussions of some of

the special investigations preliminary to the adoption of the standard

methods and detailed descriptions of several subsidiary investigations.
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THE RKPORT.

It will 1)0 sren from the above destuption of the investigation that

an attempt has been made to rover a large field, and yet to do the work

in great detail. As a result of this, a very large amount of information

has been gathered; but much of it is so highly technieul as to l)e only of

interest to specialists, hence it has lM>en thought best to divide the Report

—which comprises six volumes— into two main sections, of two and four

volumes respectively.

In the first section there are separate chapters, or parts, dealing with

each of the seven divisions of the investigation outiine<l in the last few pages.

Each of these parts begins with an introduction in which the subject of the

division is dealt with in a general way, followed by a more or h'ss extended

description and discussion of the experimental work attempted; and con-

cluding with a carefully tabulated summary of all of the tests in that

division.

Preceding the technical reports referred to above there are two im-

portant chapters, the first being an introduction dealing with the investi-

gation as a whole, and the second being a very full descriptive paper on

the history, geology, and present commercial development of the coal

fields and coal mines of Canada, from the pen of Mr. Th6o. C. Denis

—

a member of the permanent staff of the Mines Branch of the Department

of Mines. This part of the Report, which is profusely illustrated with

maps and i)hotographs, differs from the remainder in that its matter is

largely tlrawn from previous publications of the (Jeological Survey and

other sources, but it possesses great value as an introduction to the some-

what technical reports which follow, and is of importance, on its own
account, as the most complete work yet written on the coal fields of the

Dominion.

The first two volumes of the Report, comprising Parts I to IX inclusive,

may, therefore, be considered as complete in themselves, and it is hoped

that they will prove of value not only as contributions to he technological

literature on coal, but also as a source of useful and timely information to

the general public, on the coal resourcea of the Dominion and on the best

methods of utilizing these resources.

The remaining four volumes, III, IV, V, and VI,' arc given up ex-

clusively to tabulated records and details of the tests summarized in

Volumes I and II, to which they thus become highly technical appendices.

* IniMinuch us Mr. Kdmu Btansfield became a member of the permanent staff of the Mines Braucb. and
hence had new duties to perform prior to the completion of the reuorts on the sections with which he was
connected, it was necessary for him to write nesrly the whole of Part IX and of Vol. VI in his private time; and,
on account of Civil Service reguiations. without remuneration. This hRs resulted, unavoidably, in the omission
irom Vol. VI of any account of several minor investigations and the abbreviation of certain parts.
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LIST OF COALS TESTED.

Sydney Coal Field, Cape Breton ( 'o., N.S.

No. 60' -(iowrii' Hcam, Nt>rtli Atlantic Collu'riea, Ltd., Port

Morion, N.H.

No. 36—Dominion No. 7. Huh sonm, Dominion Coal Co., Ltd.,

GlHce Bay, N.S.

No. 35—Dominion No. 9. Harlwur seum, Dominion Coal Co.,

Ltd.. Glace Bay, N.S.

No. 35 ..» .—Dominion No. 5. Phalt-n seam, Dominion Coal Co.,

Ltd., Glace Bay. N.S.

No. 38 Dominion No. I. Phalen seam, Dominion Coal Co.,

Ltd., Glace Bay, N.S.

No. 37—Dominion No. 10. Emery seam. Dominion Coal Co.,

Ltd., Glace Bay, N.S.

No. 39—Dominion No. 12. Lingan seam. Dominion Coal Co.,

Ltd., Glace Bay, NS.
No. 13—No. 1 Colliery, Nova Scotia Steel and Coal Co., ^^id.,

Sydney Mines, N.S.

No. 12—No. 3 Colliery, Nova Scotia Steel and Coal Co., Ltd.,

Sydney Mines, N.S.

Inverness Coal Field, Inverness Co., N.S.

No. 14—Inverness Colliery, Inverm .! Railway and Coal C".,

Inverness, N.S.

No. 15—Port Hood Colliery, Richmond Railway Coal Co., Ltd.,

Port Hood, N.S.

Pidou Coal Field, Piclou Co., X.S.

No. 4—Six foot scam, Vale Colliery, Acadia Coal Co., Ltd.,

New Glasgow, N.S.

No. 16—Foord seam, Allan Shaft Colliery, Acadia Coal Co.,

Ltd., Stcllarton, N.S.

No. 1—Third seam, Albion Colliery, Acadia Coal Co., Ltd.,

Stellarton, N.S.

No. 2—Cage Pit seam, Albion Colliery, Acadia Coal Co., Ltd.,

Stellarton, N.S.

No. 8—Main seam, Acadia Colliery, Acadia Coal Co., Ltd.,

Westville, N.S.

No. 3—Main seam, Drummond Colliery, Intercolonial Coal

Mining Co., Ltd., Westville, N.S.

Springhill Coal Field, Cumberland Co., N.S.

No. 49~No. 1 Colliery, Ojmherl.ind R.iilw.iy and Coal Co.,

Ltd., Springhill, N.S.

The dutinfuiihinc numbera of the eoal umple« were ubitnrily uaicned «t the Ume, tad hST*
been ret*ined for oonvement reference. They have no other igniflcance.
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No. 5— No. 2 rolliery, CiimlMTlonil Uailway nn«l Coal Co.,

Ltd.. SpriiiKhill, N.S.

No. 6—No. 3 ("oIlitTv, ("iimlMTlniul Uailway and Coal Co.,

Ltd., Sprinnhill, N.M.

Jogginn-i'hignertn Ciml Firlil, Cumberland Co., N.S.

No. 7 -(".liKtH'fto ("ollii-ry, Maritime Coal, Uailway, and

Powtr Co., Ltd., ChiicniTto, N. S.

No. 9— Minudif Colliery, Miniidie Coal to., Ltd., Uivor

ll.lMft, N.S.

No. 10—Ji>dKins Collifry, Cunudn CoaU and Uailway Co., Ltd.,

.loKgiiir<, N.S.

Grand Lake Coal Field, (Jufem Co., S'.H.

No. 11— Kin^'d Min.', C. H. King, Minto, N.B.

Souri» Coal Field, Sank.

No, 40—Wi'dti'rn Dominion Collieries, Ltd., Taylorton, Sask

No. 41—Eureka Coal and Brick Co., Ltd., Estcvan, Sask.

Edmonton Coal Field, Alta.

No. 4ti—Strathcona Coul Co., Ltd., Stratheona, Alta.

No. 42—Parkdale Coul Co., Ltd., bklinonton, Alta.

No. 45—Standard Coal Co., Edmonton, Alta.

Belly River Coal Field, Alta.

No. 43—Cann<ltt-V/est Coal Co., Ltd., Tuber, Alta.

No. 44—Gait Colliery, Alhertu Uailway and Irrigation Co., Ltd.,

LethhritlRe, Alta.

No. 47—Brcckenridge and Lund C'oal Co., Lundbreck, Alta.

Frank-Blairmore Coal Field, Alln.

No. 48—Seven Foot seam (No. 1 Byron), Leitch Collieries,

Ltd., Pus.sburg, Alta.

No. 32—Hillcrest Colliery, Hillcrest Coal and Coke Co., Ltd.,

Hillfrest, Alta.

No. 33—Bellevue Colliery, No. 1 seam, West Canadian

Collieries Co., Ltd., Bellevue, Alta.

No. 28—Lille Colliery, No. 1 seam. West Canadian Collieries

Co., Ltd., Lille, Alta.

No. 34—Denison Colliery, No. 2 seam. International Coal and

Coke Co., Ltd., Coleman, Alta.

No. -54 SP.—Denison Colliery, No. 4 seam. International Coal

and Coke Co., Ltd.. Coleman, Alta.

Crowsnest Coal Field, B.C.

No. 31—No. ;> mine, Michel Colliery, Crowsnest Pass Coal Co.,

Ltd., Muhel, M.C.

No. 30—No. 7 mine, Micln Colliery, Crowsnest Pass Coal Co.,

Ltd., Michel, B.C.



No. 29—No. S mine, Mirhi>l Colliery, Crowiinpiit Pbhh CorI Co.,

Ltd., Mirhol, B.C.

No. SI— No. 2 M>nni nouth, HiMmcr Mini**, Lttl., IlMHtncr, B.C.

No. 52—No. Oram itouth, Hottmrr Mim-w, Ltd., Hoimcr, B.C.

No. 53 -No. 8 Hfuin nouth, Hoiiin<-r Miniti, Ltd., IKntrniT, B.C.

No. 27—No. 2 miiM', Conl Crw«k, Crownnwit Paw Coal Co.,

Ltd., r.mi.., B.C.

No. 26—No. 6 mine. Coal Crwk, Crowitneiit Paw Coal Co.,

Ltd., Frrnir, B.C.

Cateade Coiil Fitld, Alia.

No. 28—No. 1 or Old mine, !L W. McNeil Co., LUL, Canmore,

Alt».

No. 23—Pea aiie, Bnnkhcad Colliery, Bankhend Mines, Ltd.,

Bankhiad, Alta.

No. 23 SP.—Burkwheut Bize, Bankhead Colliery, Baukhead

MineH, Lt<l., Hankheud, Alta.

No. 23 M.—Mixed, 2\\ nn.l 23 SP., Bankhead Colli<ry, Bank-

head MineH, i,td., Bankhead, Alta.

No. 24—Briquettes from Bankhead Colliery, Bankhead Mines,

Ltd., Bankhead, Alta.

Similkameen Coal Field, B.C.

No. Ex. 1—No. 1 o,>ening, (iranite Creek, B.C.

No. Ex. 2—No. 2 opening, Granite Creek, B.C.

No. Ex. 3—No. 4 opening, Granite Creek, B.C.

Nicola Valley Coal Field, B.C.

No. 22—Jewel seam, No. 1 mine liddlesboro Colliery, Nicola

Valley v'oal nnd CoKe Co., Ltd., Coutlee, B.C.

No. 22 SP.—Rat Hole seam, No. 2 mine, Middlrshoro Colliery,

Nicola Valley Coal and Coke Co., Ltd., Coutlen,

B.C.

No. 22 M.—Mixture of 22 and 22 SP., MiddleNhoro Colliery,

Nicola Valley Coal and Coke Co.. Ltd., Coutlee,

B.C.

Whitehorse Coid Field, Yukon Territory.

No. Ex. 31—Upper seam, Tantalus mine, White Pass and
Yukon Railway Co., Ltd., Yukon.

No. Ex. 32—Middle seam. Tantalus mine, White Pass and

Yukon Railway Co., Ltd., Vukon.

No. Ex. 33—Lower seam, Tantalus mine. White Pass and

Yukon Railway Co., Ltd., Yukon.
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Nanaimo-Comox Coal Field, Vanco,"'er Island, B.C.

No. 20—Wellington deam, Wellington- Extension Colliery,

Wellington Colliery Co., Ltd., Extension, B.C.

No. 18—Upper seam, No. 1 mine, Western Fuel Co., Ltd.,

Nanaimo, B.C.

No. 17—Lower seam, No. 1 mine. Western Fuel Co., Ltd.,

Nan.umo, B.C.

No. 21— Lower seam. No. 4 mine, Comox Colliery, Wellington

Colliery Co., Ltd., Cumberland, B.C.

No. 21 SP.—Lower seam. No. 7 mine, Comox Colliery, Welling-

ton Colliery Co., Ltd., Cumberland, B.C.

No. 21 M.—Mixture of Nos. 4 and 7 Mines, Comox Colliery,

Wellington Colliery Co., Ltd., Cumberland, B.C.

Alert Bay Coal Field, Vancouver Island, B.C.

No. Ex. 34—Suquash mine, Pacific Coast Coal Co., Alert bay,

Vancouver island, B.C.
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APPENDIX IV.

MANUFACTURE AND TESTmO OF COKE.

EDGAR STARSFIELD and J. B. PORTER.

t

DETAILED RECORDS OF COKING TESTS.

An account is given of the methods employed in the coking tests in

Vol. I, pp. 213-219, and of the prehminary tests, made before the methods

were decided upon, in Vol. 1, pp. 219-222. The following are notes made

during the course of the tests, and may he studied with advantage in

connexion with the summary records of the tt sts which will be found in

Vol. I, Tables XXIX-XLIV inclu.sive.

Aftf'r a test box of coal had been coked, quenched, and dried, it was

in every case opened and examined by the writer, with occasional help

from the coke oven staff experts, ant" notes made as to the character of the

coke and any special points observed. In the ca.se of cokes made at Lille and

Coleman, this examination was done at McGill; in all other cases it was

done at the coke ovens—such notes are nr.arked (a).

A typical sample of the coke was then taken, which was afterwards,

at McGill, divided into four similar samples of about three or four pounds

weight (required for different purposes). This work was done by three

members of the staff, who made notes which arc marked (b). One of

the above four samples was placed in a tray, and the trays were arranged

for inspection according to the geograjihical order of the source of the coal.

These tray samples were then carefully examined and compared and notes

made by Dr. J. B. Porter, assisted by E. Stansfield, or by E. Stansfield,

assisted by W. B. Meldrum. Thi >.- notes, which are marked (c), usually

took the form of classifying the Ci'; < s according to the following scheme:

—

A=good commercial coke—subdivided+ A, A,— A.

B = poor commercial coke—subdivided -|- B, B, —B.
C=an agglomerate, not commercial coke—subdividcd+C, C,— C.

D = non-agglomerating.

The first inspection had the great advantage that the whole quantity

of coke produced was under inspection, and its behaviour whilst it was

being broken up for removal from the box gave considerable insight into

its character. The tests in the Sydney district lasted over a month, and

the tests in the Crowsnest district were unavoidably delayed until over

six months later, so that it was impossible to maintain a uniform

standard of criticism—a fair coke among a number o' poor cokes would

inevitably be regarded more favourably than tlie s;>nie coke, had it been

examined about the same time as a number of good ones.

23
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The second inspection was of a smaller quantity of coke, but had

this advantage that all the cokes made in each district were examined about

the same time and the hardness, etc., of the coke could be noted when the

pieces were broken with a hammer.

At the third inspection, a still smaller sample was available and this

could not be broken up, but all the samples from both districts were spread

out at once for inspection, and as from time to time trays under inspection

were taken back and compared with those already judged, it was possible

to maintain a very constant standard of classification.

Where the notes included comparisons between cokes produced from

coals from different collieries it has been thought better to omit such

comparisons.

AVERAGES OF AN'AI.VSE.S OF COKES FROM KKF.SH COALS.

For purposes of ready comparison, etc., average values have been cal-

culated for the chemical and physical properties of the different cokes,

classified under the coal fields from which the coals came, and according to

th(! ovens in which the cokes were made. In calculating these averages,

only those cokes are considered which were made from coals that had been

mined less than one month before they were coketl; only one coal had been

mined more than half a month. These averages are shown in Table I.

Line 3 of the table gives the mmiber of samples included in each

average analysis; it will be fairly obvious that it is not possiW- to consider

the difference, for example, between the average coke from Sj s

coked in Otto-Hoffman ovens, and the average coke from Sydney v. 's

coked in Bernard oven.s, as due simply to the differen'-e of oven, since

different coals were coked in the two places.

COKINO TE.STS MADE UY MR. T. C. DENIS IN THE OTTO-HOFFMAN

OVENS AT SYDNEY, JUNE 20-22, 1908.

Metal drums were used for these tests about 18" long by 8^ <liameter;

all coked for 41 hour.s.

Coal Ex. I, No. 1 Opening. Granite Creek, B.C. 44 lbs. dry eoal, coked

dry.

(a) Non-coking.

Coal Ex. 201, No. 1 Openi'^, Granite Creek, wash('<l eoal. 44 lbs. dry

coal, coked dry.

(a) Non-coking.

Coal Ex. 2, No. 2 Opening. Granite Creek. 44 lbs. ilry coal, coked dry.

(a) Fair coke.

Coal Ex. 202, No. 2 Opening, ^-ranite Creek, washed eoal. 44 lbs. dry

coal, "okcd dry.

(a) Excellent coke.

83-8
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Coal Ex. ;?, No. 4 OpcniiiR, (Jranitc Crcok. 44 lbs. dry coal, coked dry.

(a) Dccidt'dly non-coking.

Coal Ex. 203, No. 4 Opening, Granite Creek, washed cosd. 44 lbs. dry

coal, coked dry.

(a) Decidedly non-coking.

Coal 22, Jewel seam, Middlesboro colliery, Nicola Valley Coal and

Coke Co., Ltd., Coiitlee. H.( '. 44 lbs. dry coal, coked dry.

(a) Non-coking.

The above drum.s were divided between two ovens, in each of which

wa.s also coked a drum containing about oli pounds of moist, washed.

Dominion Coal Co.'s coal, as charged into the ovens. The comparisons

between these cokes and samples of (oke produced at the sair.(! time in the

open oven arc given in Vol. I, pp. 219-220.

lOKINf! TESTS M.\1)K IN HATTKRY IX OK TlIK OTTO-lIOFFM.\N OVENS

OF THE DOMINION IHON AND STEEL CO., .\T SYDNEY, C.B.,

DECEMHER 1908 AND JANUARY 1909.

Preliminary Tests—Age of Coal.

Three coals were chosen for this test; the boxes containing them were

charged into Oven 18, Battery IX, on Dee. 22, 1908, the oven was pushed

41 hours later. The boxes came out in good condition, the lids had sunk

1 or 2 inches.

Box 1, fresh Phalen seam coal from Dominion Coal Co., washed, as

charged into ovens at the time. Coke C 1.

Weight of moist coal, '.iH\ lbs.

(a) Coke was excellent, very little small coke at the top, regular

fracture, somi; larger cells in the centre but no sponge.

(b) C.ood ring, minimum of breeze, if anything slightly stronger

than the next sample, also on the whole slightly cleaner in appearance,

although there was more sooty coke.

Box 2. Coal 38, about (i months old, Plialcu :iin coal from Dominion

Coal Co., No. 1 colliery. Coke CI /US.

Weight of dry coal, 37.^ lbs; of moist coal, lo lbs; water in coal as

coked = 12 8 per cent.

(a) Coke was excellent, very little small cc)ke on top. A good

piece of this coke, when shown to au cxpiTt, in coinjiarison with a good

piece of the previous s:iuii)le, wa.s with some hesitation picked as

being from the older coal. The 'act that this coal was unwashed

might almost account for any ditTerence.

(b) Decidedly good hard coke.

Box 3, Coal U, about 17-} month's old coal from the No. 3 pit of the

Nova Scotia Steel & Coal Co. Coke Cl/12.
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»

VVfight of dry coal. 3()J lbs,; of moist coal, 41 lbs.; water in coal as

cok«><l = 1 1 per cent.

(a) Coke was quite Rood at the bottom, altliough even here not so

Rood as in boxes 1 and 2; at the top of the box there was ft layer, 2* or

3' thick, of very luior coke in which some of the original pieces of

coal could be seen. A good piece of this coke was immediately

detected as inferior to the two iJicvious samples.

(b) Fair coke, breaks up rather easily.

The choict> of coals for this test was unavoidably unsatisfactory as

no strictly comparable coals of different ages were available; the fresh coal

was washed and the two older coals were not; moreover, it was learned later

that coal 12 is not regarded as a very good coking coal, even when fresh.

The above was fortunately of little moment, aa the verdict arrived at—that

the coking quality of coal, even when stored carefully in sacks, does

deteriorate somewhat with age, although not as much as is sometimes sup-

posed —was confirmed by later tests on comparable coals. It was, however,

shown that different coals varied very much in their susceptibility to aging.

Preliminary Tetts Time of Coking.

Boxes were filled us uniformly as po.ssible with moist washed coal such

as was being charged into the ovens at the time. This was Phalen «eam

coal from the Dominion Coal Co., washed at the washery of the Dominion

Iron & Steel Co.; it is afterwards referred to as D.I. & S. Co. coal, These

boxes were charged into difTerent ovens where they were coketl for different

lengths of time. The 41 hour coke and the two 48 hour cokes were tests

made primarily for other purposes, but as they are strictly comparable

with the rest, they are included to complete the series. Battery X was off

for repairs at this time, which was said to reduce the draught and heat of

Battory IX. Battery X went into commission again about the New Year.

30 Hour coke, €11. Charged into oven. Dee. 28, 1908.

Weight of moist coal, 43 lbs.

This sample was the result of an attempt to make 24 hour coke. The

box was charged into an oven, into which less coal than usual was subse-

quently introduced, but even so it was not found possible to push the oven

after 21 hours, as a large quantity of volatile matter was still left in the

coal. The doors were left loose and the oven pushed six hours later. Air

could get in past the doors in the last period, and the n suiting comV^ustioii

of the coke would probably produce an unusually hot oven.

(a) Normal good coke in appearance.

36 How Coke, C 12. Charged into oven, Dec. 2(5.

Weight of moist coal, 45 lbs.

(a) Normal good coke in appearance.

.;/ Hour Coke, C I. Charged mto oven, Dec 22.

Weight of moist coal, 38J lbs.
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(n) Coke was rxrcllent, very little st ' roke at the top, regular

fracture, some larger cells in the rentr" bu* .1 j sponge.

4S Hour Coke, C ft. Charged into ov. , Oec. 23.

Weight of moist coal, 41 ^ il>.s.

(ii) Ciood coke with very little small.

4« Hour Coke, C 7. Chargeil into oven, 1)< c. 24.

Weight of moist coal, 43J lbs.

(a) Quite good coke.

(SO Hour Coke, C 13. Charged into oven, Dec. 29.

Weight of moist coal, 43 lbs.

(.".) Ciood, silvery grey coke, probably better than ordinary, but

haivdy as good as the 72 hour coke.

72 Hour Cake, C 1/,. Charged into oven, Dec. 23.

Weight of moist coke, 445 lbs.

(a) Excellent silvery grey coke, the best coke produced in tests

made up to this time.

In general, (a) the eokis were good from all the tests but improved

with the time. The 72 hour coke was the best i)iodueed up to then, and the

tiO hour not nmeh worse.

(b) Samples C11-CI4 elassiliod by ring and appearance were

I)laced in the correct order; classified by sound alone, C12 was placed

too high. The longer time of coking brightens and hardens the coke.

Preliminary Tests—Position in Oven.

Four boxes were fiUeil as usual with D.I. & S. Co. coal; three of

these were fastened to three platforms of a rough lumber frame, which was

then pushed into an emi)ty oven, and the fourth box pushed along the floor

of the oven to the foot of the frame. In this way one box was resting on the

lloor of the oven, the others being supported on successive steps of

l'-4" in height. There was an unexpected delay of nearly five minutes

in charging coal into the oven, during which time the frame burned

fiercely. The latter, however, held the boxes up until they were

support(-d by the coal charged into the oven, as the boxes still maintained

their original relative positions when the coke was pushed, although they

had simk with the contraction of the charge during coking. The boxes

were charged into the oven on Dec. 24, and coked for forty-eight hours.

Box on floor of orc7i. Coke C7.

Weight of moist coal,' 43J lbs. Yield of dry coke from dry coal =

70G7c.

Box supported ;'-//' above floor. Coke C8.

Weight of moist coal, 43 i lbs. Yield of dry coke from dry coal =70 -4%.

Bud .Mijiiiuiicc' 2' S" uJivvc floor. Coke C9.

Weight of moist coal, 42§ lbs. Yield of dry coke from dry coal =70 8%.
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Box supported 4'-0' above floor. Coke CtO.

Weight of moist coal, 43 J lbs. Yield of dry coke from dry coal - 70 • 2%.

This top box was not entirely protected by coal, one of thj top corners of

the box being buriu. I away. The coke did not appear to be burned.

(a) The coke in all four boxes was tjuite good, but sample.) C7

and C8 were percc |)til)ly 'niter than C'9 and CIO. There was hardly

any perceptible dilTc renee between C7 and Cs, one piece of C7 looking

better than a piece of C8, and vice versa with other pieces. CO was

perhaps a truce better than CUO, but not very noticeably so; The

average of ('7 and ('8 was, however, noticeably better than the average

of C;9 and CIO. The coke in the two lower boxes was Grmer and

harder than in the two upper ones; in the lower boxes there were also

less open structure and less breeze.

(b) Previous opinion confirmed.

Preliminai: tsts—Compression of Coal.

Two boxes. 18' X 10' X 10' "ere filled with D.I. & i^. Co. coal;

the first box was filled with as little compression of the coal as possible;

the second box was filled, little by little, each layer being pressed well down

before more coal was added. In each ca.se the lid was rivetted in position

80 that it could not come out or get pressed farther in. The boxes were

charged on Dec. 28, and coked for 48 hours.

Uncompressed Coal, Coke C15.

Weight of moist coal, 74 J lbs.

(a) Normal good coke.

Compressed Coal, Coke C16.

Weight of moist coal, 9Ci lbs. This box was filled about J' to 1*

fuller than the previous box.

(a) Normal good coko, but somewhat denser than usual. There

was very little difference betwt en the samples except that the compressed

coal produced the denser coke.

(b) Coke CIO dorsci ind brighter than C 15.

Preliminary Testb— Moisture in Coal.

Three boxes were filled with D.I. & S. Co. coal, one dry, one ordinarily

damp, and the third very wet; these were charged into an oven on Dec.

23, and coked for 48 hours.

Dry Coal, Coke C4-

Weight of moist coal, 475 lbs; weight after drying, 42^ lbs.; moisture

in original moist coal, 10 5 per cent.

Moist coal was taken as usual J weighed in a box; the coal was then

divided among 4 boxes and dried on an electric oven over night, and inside



it fcr about «ix hour, thr tuxt .lay; Ih.- ..v.n was .uppos.-.l t.. kc-p at llOV.

•Ph.. .oal was th... ».r....Kht hark to itn original box an.l rrweiRhed; a l.ttl.-

dust would he lo«t an.l th." c.al wuh prohahly n..t ahm.lut.-ly dry.

(„) ( Jood rok.' ; hut th.T.- wa« a Roo.l .l.'al in.)r.- snuill loke on th«-

top of tlu- box than was th.- cam. with th.' ..rdinary w.-t coal. Fht-

.piality of coke at the bottom was not appar.ntly diff.T.-r.t.

Ordinary uet cmI, Coke (''>.

W.iRht of moist coal, 411 lbs. Probably ab..ut 10 per cent water.

(ii) (:.)od coke with v.ry little small.

Yinj lilt cuiil. Coke (11.

Weittht of w.t oal, .")4 lbs.
, . i

This coal was tnk.n from th. top ..f one ..f the washery . ram.ng tanks

just un.l.r a spout; it was rath.r small.T coal than usual, and as it was not

very w. t wat.r was pour. .1 int.. th.' box .luring the filling process ami th..

coal stirr..d with a sti.k. Th.. b.,x was l..ft to drain f.,r half an »">"' -fore

weighing. Th.. r.sult ..f th.. tlu.rough w.tting of th.' fin.- coal was that th.

coal settl.il .lown mor.' ompactly than usual into the box.

(a) Tl... .ok., was m..r.. friubl.. ..n the top an.l in the centre tharv

C5 but not .s.. mu.h .so as (1; th.. best coke in ((i was hardly as good

as the best cok.. in ('5. (Mr. l.u.as preferred Cti t.. ('5. presumably on

account of its gnat«.r .l..iisity).

(b) Th.r.. is v.rv little choi... betw...n ('4, f5, and CO. ('4 is

th.. har.l.st an.l giv.s the lust ring wh<.n hit: ('5 contains m..re soot

than C4, also it i. not .p.ite so stiong; it is the .lirt.est a...l yet the

brightest in spots, t '(> is very el.)se t.) Co.

Preliminary Tests—Yield of Coke.

In order to con>par.' tl... yields of .'oke obtain.-d in box t.'sts with those

obtained in commer.iul ..ractic, a sampl.. of D.I. & S. Co. .oal was dried

for three days on an ..il-.loth .,n a ool part ..f the bo,l..r Hue, weighed

moist.n.d, put in a box. and ....k..! in the usual way for 48 hours. C harged

about January 7.
, , - ,>„- •

i i -,f -i-,-

Weight of dry ..oal, 42 li)s.. wut.r in ...al as cok.-d / {)%; yu'ld ol dry

eoke from dry cotd, 72 H' ,

.

la) Box canir out in K'hhI cui ..lition; the coke was practically as

usual, but possibly a trac more slaty inatt.T visibl...

Careful tests made .s..m.. y.ars b..f..r.. on a singl.- oven showec 07%

comm.rcial eke an.l 2', hvvv,v pro.iuced from .Iry, waslu.l ..,al; this

practice had b.. n gra.lu.lly nu,,r..v. .i until at th.. lun.- the above test wa.

made the yield was about 70',; ..,nm.ereial <oke an.l 1 o^, breeze, or

-J .5^( in all, as compared with 72 lif-; in the box tist.

¥^ mm
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PT»Umiii»ry Ttrtt-Compariion of Optn Own with Boi Cok«.

A Hnnipl- of cokf, C*8.J, prtMJuc.-.l from D.I. & S. to. coal in fli<' u.ual

way in nn ()tt.)-Hoffmiin ov«n, wuh tiikrn to npriwnt tli.- iivrrag.' output

of ml ovf n.
, ,11

(b) Compar.cl this ookc with ('1, which w the Hamc coul coked

for the hainc tim.', 41 hours, in a \wx. More «M)t than in (1, iMit no

more than in some oth.r simihir cokes; apparently lesH .len«e.

(c) Opi-n oven . oke is a trifle duller and more porous on the

uverane than box coke; *^' impression is possibly <lue to extra density

of inch of skin nrxt to the .k)x.

Blendiof Teiti.

A few bh'ndinK tests wen« added to the regulur coking tests in order to

ascertain the possibility of convertinR anthracite or lignite sen nings into a

merchantable product, by means of coking, after blending with a good

coking i;>al.

/ pari rml 23M with 2 pnris D.l. A- S. Co. cwil.

Coal 23M was an anthracite coal from the Bankhead Colliery, Alta.

10 lbs. of 23M and 35 lbs. of moLst D.I. & S. Co. coal were mixed well

together and moistened on an oil-cloth, then pressed down into a box and

coked for 18 hours.

(a) A fair commercinl coke ; the larger particles of anthracite sttll

show; by using anthracite dust, very well mixed in, it shim\d make a

useful coke.

(b) Breaks up rather c.isily, producing breeze.

(c) Class B.

; part coal 23M with 2 partu coal 31.

Coal 31 was from the No. 3 mine, Michel colliery, B.C.

16 lbs. of 23M and 32 lbs. of 31 were mixed, damped, boxed, and coked,

as before.

(a) A fair coke c(>nienting together iiarticles of unchanged anthra-

cite.

(b) Produces a good deal of breeze, no regular fracture.

(c) Class -B.

2 partu coal 23M with 3 part." coal 26.

Coal 26 was from No. 5 mine. Coal Creek, i'\rnie, B.C.

20 lbs. of fSM, crushed to pass a wire screen of 1 me; !; to the inch,

and 30 lbs. of 26 were treated as before.

(a) Coal coked to a dry crumbly mass showing particles of

original anthracite; probably of no commercial value.

(b) Soft and friable, producing a lot of breeze.

(c) Class+C.
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/ pnrl rnnl iS uith 2 pnrU foal SO.

Vm\ 2.-. wn. .in anthnirilio coal from the OUl mine. Canmor... Alt*..

...,al 2() w»« fr...n tl... \V..llinKt..n man.. W..|linKton-l-.xtrnM.,n (
olUory.

Took Itl I'-H. (.. 25 un.l W H«. of 2() an.l tn.itr.l n« hcforn.

(tt) llanllv a .o.n.n.r.iHl ck.', hml only just coko.l an.l here

was a lot of looM. l.r.-../..-, .^ lot of th.- imrti.l.H not huvin« fused at all.

(»)) TriaMi' coke no riRular rlcavaRi'.

(c) Clim.'H-l*.

/ pnrt conl SOJ,0 with 3 parh coal SI.

Coal 2010 VV..S a liRnito fruni Taylorton, Sank., an.l <oal :}l wan from

'^^"^

Tlw.k IC. U.S. of 2040 an.l 32 lbs. of 31 and troatr.l as b.fore.

(a)
( 'ok.. n.iKbt possibly »'<• of some romnur.-ial us.>

;
th« part.clcH

of linnite w. rr all th.rr un.-banR.,l, but nm.nt. .1 into the ho.ly of the

cokf.

(b) Soft , friable, dull lookinR rokc

(c) Cli.-s-B.

Coking Tests of Regular Coals.

CoalSO.-Sorih Atlantic Colli-Tics, P.>rt Morion, N.S., Cowrie seam.

rokeCl/SO. Att<M.f coal whtnrokrd less than J month.

Dry -U ."ked 4<,ii lbs. Water as coked, 8.4%. Charged to oven,

Jan 17 1909. Coked 40 hours.
,

(a) The coke «as insufficiently quenchr.l and showed signs of

burn ng. Sound coke to top, on the whole fairly good quality, although

brcaZg up rather ea.ily. Washing che . - i wovdd ,n:.ke a great

impro^jment.^^
cellular coke; breaks up easily but without producing

much bre<zc.

(v) Clas.s-A.

Coal 3G.-Dominion Coal Co., Cdace 15ay, N.S., Dominion No. 7, Hub

seam.
, _ .

Coke CI /:!(•.. Ago of coal, under/ mouths.

Dry coal coke.l, 48 lbs. Water in coal as coked, 9 < /o-

oven Jan. 14. Coked 48 hours. ,,,,. i

(a) Box came out of oven in poor condition. ( Oke looks hke coke

from similar fr.sh conl, coke C:i/2030, the only visible ';-'f^-r;;n<';; ^;'";g

that the coke from the older coal was more fragile an.l broke up mto

smaller pieces when it was taken out of th.. box

(b) Very pretty, but not very strong rokr; breaks -.nto c\u\m

(c) Class + A. More fissured than coke from fresh coal.

Charged to

H^
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( 'okrd

>

Coal tOSO.—VutAi Hnrnplf of conl like 30.

(•«kcCl/203ti. Ago of .-oul, umlrr i month.

Dry coal coked, 47 J »>.. WuUr in coal m coked. llO/c

"'^Mo 'c'oko «how« fair shrinkaRe, good quality to top; i* nice dean

Rn.l briRl... I - like other rokrn from P-C Co.'h «-u1h huK a r'-".! .l.al

^f cro«H fraeiure. although thi« i«, if unylhi..K. more con«p.cuou.s than

uHUal with this coal.
, , , ,

(b) HiKhtly l.riRht..r a.ul strong.r than f!l/3li. and doe« not

break up '"to (luite such Rinall piecis.

(c) ClusH + A.

Coal 35. -Harbour scam, Dominion No. '.»•

f"<)kc('l/35. Arc of coal, under 7 months.

D^y coal cok...l, 49 lbs. Water in coal aa coked. 78%. Box charged

to oven Jan. 14. Coked 48 hours.

(a) Dox came out in bad condition and 8ome c.ke ww. lost.

Coke like that from similar fresh coal, Cl/2035, only slightly le«.

cellular; «oun<l to top with regular cleavag- but breaks up rather

easily, owing to cross fractures.

(b) Good hard coke.

(c) Class A.

Coal 20S.5.—Fresh sample of coal like 35.

Coke C 1 /2035. Age of coal, under } month.

Dry coal cok<>d, 48 lbs. Water as coked, 10 • 3%.

'^•^'tr' Tl!:'eok; was fairly tight .n the box. Good coke, open cell

structure, sound to top, regular cleavage, but rather smoky.

(h) Not noticeably different from CI /3i).

(c) Class A. Rather brighter and better than Cl/35.

Coal S3 SP. Phalen seam. Dominion No. 5.

Coke Cl/35 HP. Age of coal, under 7 months.

Dry coal coked, 47 lbs. Water as coked, 7G per cent.

Jan. 14. and coked for 48 hours.
, , :„

(a) Good sound coke to top of box. Ordmary good coke n

appearance, regular cleavage, but cross fractures cause the coke to

break up somewhat.

(b) Good strong coke.

(c) Class A. Slightly inferior to Cl/S.').

Coal 2035 SP. Fresh sample of coal like Ho S P.

Coke Cl/2035 SP. Age of coal, under ^ month.

Dry coal coked, 47 lbs. Water as coked, 10
• G%. Coked with Cl/35 SP.

'
(a) Good sound coke to top of bo... Coke had regular cleavage,

etc., like cokes Cl/35 and Cl/2035.

Charged
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(1)) Not noticeably difforcnt from the coke from the older coal

CI 3r)SP.

(c) Cla-xs A. Very little difference between the cokes from the

fresh and old coals, both slightly inferior to C 1/35.

Coal 38. i'halen seam, Dominion Xo. 1.

Coke CI, 38. Arc of coal, under 7 months.

Dry coal coked, 4<.) lbs. Water as coked 8o9^. Charged Jan. 17,

and coked for 40 hours.

(a) Good strong coke, sound to top of box, regular cleavage, breaks

up into curved rods. Hather smoky but otherwise looks very nice.

(b) Decidedly strong coke; better than cokes made from same

or similar fresh coal in the Bernard ovens at Sydney Mines, cokes,

C3 38, andC3 2038.

(c) Cla.ss + A. Better "'mh eoke C 3/38.

0^;c. Charged Jan. 14,

Very fair coke, possibly a

Coal 37. ICmery seam. Dominion No. 10.

Coke CI 37. Age of coal, under 7 months.

Dry coal coked, 48.^ lbs. Water as coked,

and coked for 48 hours.

(a) Box came out in poor condition,

trace dirtier and more fragile than coke from similar fresh coal, but

the difference was too slight to be convincing.

(6) Not very strong coke, contains a good deal of soot and visible

slate.

(f) Class+ B.

<^oal 2037. Fresh sample of coal like 37.

Coke Cl/2037. Age of coal, under \ month.

Dry coal coked. 4(ji lbs. Water as coked, 1 1-3%. Coked with Cl/37.

(a) Very fair coke. Not .'^o pretty looking as coke C1,3G, but

docs not break up so small.

(6) Harder and less fragih; than coke CI 37 and also shows less

sooty matter.

"(c) Cl.-iss -A.

Coal 39. Linganscam, Dominion No. 12.

Coke CI 39. .\ge of coal, under 7 months.

Dry coal coked, 47^ lbs. Water as coked, 10 G%. Charged Jan. 17,

and coked for 40 hours.

(o) A good strong coke, sound to top, very much like Cl/38;

regular cleavage, markedly curved; a little smoked, but nice looking

coke.

(b) Bright, hard coke, but breaks up rather easily.

(f) Class A. Better coke than that from same coal coked in

Bcrniird oven.
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Coal 12. Nova Scotia Steel and Coal Co., Sydney Mines, N.S. No. 3

colliery.

Coke Cl/12. Age of coal, under 17i months.

Dry coal coked, 36J lbs. Water as coked, 110%. Charged Dee. 22.

and coked for 41 hours.

(a) Coke was quite good at the bottom, but at the top of the bo.\

there was a layer 2" or 3" thick of very poor coke in whieii some of

l'i' <,.i;jinal pieces of coal could be seen.

0)) 1 . ir coke, breaks up rather ea.sily.

(t ' lass + R. Better coke than that from same coal coked in

B.i -lard < ven, C3/12.

Coal 14. Inverness Railway & Coal Co., Inverness colliery, X. S.

Coke CI/ 14. Age of coal, under lOj months.

Dry coal coked, oO\ lbs. Water as coked, 8 0%. Charged Jan. 4,

and coked for 48 hours.

(a) Box was broken and half the contents lost. Had not coked

although a little had caked.

(oal 15. Richmond Ry. Coal Co., Port Hood colliery, N. S.

t oke Cl/15. Age of coal, under Ki^ months.

Dry coal coked. All lbs. Water as coked, 8-4%. Charged Jan. 4,

and coked for 48 hours.

(a) Not commercial coke; a lot of loose material at the top, the

rest caked with a suspicion of coking close to the sides and bottom;

sulphur visible at top.

(b) Friable agglomerate, showing a coking tendency at the out-

side.

(c) Class + C.

Coal 2004. Acadia Coal Co., Stellarton, N. S. A second sample from

the Six Foot seam, Vale colliery.

Coke Cl/2004. Age of coal, under 16| months.

Dry coal coked, 49| lbs. Water as coked, 8-6%. Charged Jan. 3,

and coked for 48 hours.

(a) Not commercial coke. Top layer loose, below that caked,

but not more than 1* or 2' really coked.

(b) Friable agglomerate, showing a coking tendency at the

outside.

(c) Chuss + C. No good.

Coal 16. Foord seam, Allan Shaft colliery.

Coke Cl/16. Age of coal, under 16| months.

Dry coal coked, 47 lbs. Water as coked 10-2%. Charged Jan. 10,

and coked for 48 hours.
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(a) Excellent coke, sound to top of box ; hardly bo strikingly good

as that from the fresh similar coal, C 1/201G; not so much shrinkage

and hurdir to remove from the box.

(b) Good, hard, strong coke.

(e) ("las.s A. (iood, strong coke, but still showing some original

grains.

Coal 2016. Fresh sample of coal lik(? 10.

Coke Cl/2011). Age of coal, under \ month.

Dry coal coked, 44^ lbs. Water as coked, 0-6%. Coked with Cl/16.

(a) A very excellent coke, sound to the tor ^
' the box; some

shrinkage, resulting in very regular cleavage.

(b) Excellent coke, slightly brighter and harder than C 1/16.

(c) Class + A. An exceptionally good coke.

Coal 1. Third seam, Albion colliery.

Coke CI /I. Age of coal, under 21 months.

Dry coal coked, 49 lbs. Water as coked, 8-2%. Charged Jan. 3,

and coked for 48 hours.

(a) Not a commercial coke. A lot of loose coal on the top, and

the rest more caked than coked.

(b) Soft, friable agglomerate, not really bonded.

(c) Class C. ivierely agglomerate, no commercial value.

Coal 2. Cage Pit scam, Albion colliery.

Coke C 1 /2. Age of coal , under 2 1 months.

Dry coal coked, 40 Ib.s. Water as coked, 7-8%. Charged Jan. 10,

and coked for 48 hours.

(a) Box can out badly damaged. Coal had caked for about

3' round sides and bottom, the rest was quite loose.

(b) Dirty agglomerate, no true coke.

(c) Class C. Merely agglomerate, no commercial value.

Coal 2002. Fresh sample of coal like 2.

Coke CI /2002. Age of coal, under \ month.

Dry coal coked, 46 lbs. Water as coked, 8 2%. Coked with Cl/2.

(a) Coke sound to top of box, not much shrinkage; coke slightly

burned owing to insufTicient quenching. A good commercial coke fit

for any blast furnace.

(b) Cood, hard, dense coke, regular fracture; shows no resem-

blance to the coke from the old coal from same seam, Cl/2.

(c) Class- A. Good , strong, silvery coke ; still, however, showing

original fragments on outside.

Coal 8. Main seam, Acadia colliery.

Coke Cl/8. Age of coal, under 21 months.

Dry coal coked, 48| lbs. Water as coked, 8 0%. Charged Jan. 10,

and coked for 48 hours.
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(a) Box came out damaged but no coke lost. Coke firm to top,

very little shrinkage; a good hard coke fit for anything.

(b) Good, hard, strong coke, very little inferior to coke from

similar fresh coal except in lustre.

(c) Class -A. Good, strong coke.

Cool 2008. Fresh sample of coal like 8.

Coke CI/2008. Ago of coal, under i month.

Dry coal coked, 47J lbs. Water as coked, 6-7%. Coked with Cl/8.

(a) Box came out slightly damaged, probably no coke lost.

Little shrinkage; rather more loose at the top than usual, otherwise a

good hard coke fit for anything.

(b) Dense, hard coke; first class quality.

(c) Class A. Slightly brighter and denser than coke Cl/8.

Coal 3. Intercolonial Coal Co., Westville, N.S., Main seam, Drum-

mond colliery.

Coke Cl/3. Age of coal, under 21 months.

Dry coal coked, 48| lbs. Water as coked, 7 0%. Charged Jan. 10,

and coked for 48 hours.

(a) Box slightly damaged, no coke lost. Coke slightly burned,

little shrinkage; a good, strong, commercial coke, sound to the top of

the box, and little, if any, inferior to coke from similar fresh coal, coke

Cl/2003.

(b) Dense, hard coke; not very regular fracture.

(c) Class -A. Good, strong coke, .slightly dull.

Coal 2003. Fresh coal, similar to coal 3.

Coke Cl/2003. Age of coal, under h month.

Dry coal coked, 47 lbs. Water as coked, 7 0%. Coked with Cl/3.

(a) Box badly damaged, but coke sound inside, although slightly

burned. Little shrinkage; a good, strong, commercial coke, sound to

top of box.

(b) Similar to coke Cl/3, but harder and much stronger;^ a

particul"rly hard coke to break.

(c) Class A. Slightly brighter than coke Cl/3, but very little

if any better.

Coal 49. Cumberland Ry. & Coal Co., Springhill, N.S., No. 1

(.'olliery.

Coke Cl/49. Age of coal, under 2 month.

Dry coal coked, 46^ lbs. Water as coked,. 8-8%. Charged Jan. 17,

and coked for 40 hours.

(a) Sound coke to top of box; regular cleavage but breaks up

readily into long, thin, curved rods; a first class coke with a very

metallic ring.
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(b) Good, hard coke; very regular fracture, break" up into

small pieces but no breeze.

(c) Class A. Strong, compact, und good locking; prisms rather

fmall, this is characteristic of all the Springfield cokes.

Coal 6. Springhill No. 2 colliery.

("oke Cl/5. Age of coal, under 21| months.

Dry coal coked, 49 Iba. Water as coked, 7 6%. Charged Jan. 17,

and coked for 40 hours.

(a) Badly quenched, burned in centre at top. A good com-
mercial coke, but jhows distinct signs at the top of approaching a

non-coking condition owing to age.

(b) Medium good coke, not very strong.

(c) Class H- B. Good looking, but much fissured prismaticidly.

Coal 2005. Fresh sample of coal like o.

Coke C 1/2005. Age of coal, under \ month.
Dry coal coked, 46 lbs. Water as coked, 9-6%. Coked with Cl/5.

(a) A good coke, :ound to top and showing no lack of fusion like

coke Cl/5 did; regular, slightly curved cleavage.

(b) Medium coke, fairl}' .strong, breaks into curved rods.

(c) Class— A. Slightly better than coke Cl/5, but has the same
characteristics.

Conl 0. Springhill No. 3 colliery.

Coke CI/6. Age of coal, under 21 J months.

Dry coal coked, 49| lbs. Water as coked, 8-6%. Charged Jan. 17,

und ' -.ed for 40 hours.

(a) Coke a trace burned at bottom. Coke almost exactly like

(1 5 ; a fair coke but with signs of lack of fusion at top.

(b) Fair coke, but not very wtrong.

(c) Class + B; a trace better than Cl/5.

Coal 2006. Fresh sample of coal like 6.

Coke C 1/2006. Age of coal, under \ month.

Dry coal coked, 47 lbs. Water as coked, 10-3%. Coked with Cl/6.
(a) Coke a trace burned, hut general appearance unspoiled; an

excellent coke, sound to top, similar to C 1/2005; regular, slightly

curved cleavage.

(b) Harder and better coke than Cl/6; breaks up more into

curved regular rods.

(c) Class A. Distinctly better than cr.''c Cl/6.

Coal 7. Maritime Coal, lly., and Power Co., Chignecto colliery, N.S.

Coke Cl/7. Age of coal, under 21 months.

Dry 'coal coked, 45J lbs. Water as coked, 7-6%. Charged Jan. 3,

and coked for 48 hours.
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(a) Box had hole at <'nil, possibly a little lost. Fair coke at

bottom, not very strong, but fairly good, silvery fracture; ai the top

there was some uncaked coal. New coal might possibly give much
better coke.

(b) Very irregular coke, in parts reasonably hard, in other parts

very friable.

(c) Class + B.

Coal 9. Minudic Coal Co., River Hebert, N.S., Minudie tolliery.

Coke Cl/9. Age of coal, under 21 months.

Dry coal coked, 51 lbs. Wat r as coked, 7 5%. Charged Jan. 4,

and coked for 48 hours.

(a) Box badly riu'maged, some coke lost, hardly enough quenched.

Not connnercial coke, a lot of loose matter with a slight coking tend-

ency towards the bottom. Some visible sulphur.

(b) Soft and fi iable, had scarcely coked.

(c) Class -B.

Coal 43. Canada West Coal Co., Tabcr, Alta., Canada West Colliery.

Coke Cl/43. Age of coal, under 5| months. Charged Jan. 4,

and coked for 48 hours.

(a) Box badly damaged and most of contents lost. There were

some lumps of coked pitch left, but otherwise coal looked unaltered,

being still quite shiny in parts.

N.B.—There was no possibility of the above coal coking, but it

was hoped to get a determii.ation of loss on co' 'ng to compare with the

volatile matter as determined in the laborato j ; it was, however, not

thought worth repeating after the above failure.

1

Coal 48. Leitch collieries, Passburg, Alta. Seven Foot seam or No. 1

Byron.

Coke CI /48. Age of coal, under 5^ months. Dry coal coked, 48| lbs.

Water as coked, G-9%. Charged Jan. 4, and coked for 48 hours.

(a) Little or no shrinkage; good sound coke from top to bottom.

(b) Bright looking, fair coke, open cellular structure, not very

strong but does not pii)duce mucli breeze.

(c) Class + B.

I

Coal 32. Hillcrest Coal & Coke Co., Hillcrest colliery, Alta.

Coke Cl/32. Age of coal, under 8 months.

Dry joal coked, 4Gy lbs. Water as coked, 7 8%. Ch-^^ed Jan. 2,

and coked for 48 hours.

(a) Box damaged at bottom, probably very little coke lost.

Little, if any shrinkage, coke not firm to the top. The coke itself was
excellent in colour, hard and porous, but there were a lot of particles
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of unchanged material; possibly a highpr temperature might have

given a very good coke.

(b) Bright, good looking coke, but very friable.

(c) rias,s + n.

Coal SS. West Canadian coUicricS; No. 1 soani, Rcllevue colliery, Alta.

Coke Cl/33. Age of coal, undir 8J months.

Dry coal coked, 47 lbs. Water as coked, 0-7%. Charged Jan. 2,

and coked for -18 hours.

(a) Box badly damaged, coke a little burned in one place. Little

if any shrinkage; had coked hard to tup, regular cleavage; a fair

commercial coke, but not enough fusion.

(b) (!ood, strong, tough coke; better than Cl/28.

(e) Cla.ss + B.

Coal 2S. West Canadian collieries, No. 1 seam, Lille colliery, Alta.

Coke Cl/28. Age of coal, under %\ months.

Dry coal coked, 40J lbs. Water as coked, 9-7%. C^hargod Jan. 2,

and coked for 48 hours.

(a) Coal was very wet, but, like most coals, it appeared to

occupy greater volume after damping than before. Box came out in

poor condition, probably little lost. Shrinks a little in coking; fair

coke, hard, but in spots unfused bits of coal There was some good

open cell structure at the top.

(b) Friabh; coke with a good deal of breeze.

(c) Class B.

Coals.',. International Coal & Coke Co., Coleman, Alta., No. 2

scam, Dcnison coUi'ry.

Coke Cl/34. Ago of coal, under 3 months.

Dry coal coked, 47J lbs. W'ater as coked, G -4%. Charged Jan. 2,

and coked for 4S hour.s.

(a) Coke burned in one small spot. Little or no shrinkage,

difficult to remove from box; coke is dense but crumbles when hit

hard. In the top of the box, especially, there was a lot of coal which

had sintered together but had not fused to form coke. Probably

would be of commercial value for copper smelting.

(b) Medium hard coke, breaks up rather easily but without

producing much breeze. Contains "white mould" (certain cokea

contained patches of soft, white, fibrous matter, which resembled

mould in appearance).

(c) Class B.

Coal 34 SP. No. 4 seam, Dcnison colliery.

Coke Cl/34 SP. Age of coal, under -H mnnth.s.

Dry coal coked, 48 lbs. Water as coked, 7 0%.
and coked for 48 hours.

Charged Jan. 3,
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(a) Slight HhiinkoRc; good roke with timrkfd cleavage; Bom'!

piirticlex unchanged, probably largely «laty; eontainti "vhite mouhl".

(b) Fairly hard coke, but cleavage' not very regular.

(e) Class -+-B.

Michel ct.lliery, B.C.

''i .
( 'hurged Jan. 2,

Coal 31. Crowsnest I'aHS Coal Co., No. '.i mine,

Coke Cl/31. Age of coal, under 8J months.

Dry coal coked, 48 lbs. Water as coke<l, S

ami coked for 48 hours.

(a) The coal was fine and heavy. N<it much shrinkage; ex-

cellent coke up to top of box.

(b) Dense, hard coke, but breaks up easily.

(e) Class + H.

Coal 30. No. 7 mine, Michel colliery, B.C.

Coke Cl/30. Age of coal, under 8i months.

Dry coal coked, 4(1 lbs. Water as coked, 8 O'^. Charged .Ian. 2,

and coked for 48 hours.

(a) Box rather ilainaged. Irn-guiur ci<'avaKe; luii commercial

coke, lijid caked almost to toj), but even in best coke at ihe bottom

the shape of .some of the original pieces could be seen.

(b) Very friabh- coke, not properly l)onded: no regular cleavuge.

(c) Class -B.

Coal 29. No. 8 mine, Michel colliery, B.i'.

Coke CI 29. .Xjie of coal, imder 8i months.

Dry coal coked, oO^ lbs. Water as coked, 11 2'x. Charged .Ian. 2,

and coked for 48 hours.

(a) Very hard, and as there was litth' or no shrinkage, hard to

get out of l)ox; cleavage not very regular; a fair coki' (m the whole;

like the I'ernie cokes, but if anything less actual fusion, some pieces

showing unchanged at the top.

(b) Moderately good.

(<-) Class + B."

Coal 27. Crowsnest Fa.ss Coal Co., No. 2 mine. Coal Creek, Fornie,

B.C.

Coke CI 27. Age of coal, under 8i months.

Dry coal coked, 47 lbs. Water as coked, 9tt'/i. Charged Jan. 1,

and coked for 48 hours.

(aj Very lit.le shrinkage; sound coke to centre and top; a gowl

coke, very like Cl/26.

(b) Strong under hammer.

(c) Class + B.

8»—

4
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( oiil id. No. .'> mint', Cotil ("reck, H.( .

Coke CI 2t>. Age of foal, under 8J ni(inth8.

Dry co;!! fokcd, »Kl lbs. Wiil.r hs coked, 7 (F;. ( 'harmed .lai 1,

and I'oked for 4H hours.

la) A little spoiled by intoiiiplt'te iiueiicliiiiK. Very little

.shrinkage, a sound toke to centre and top; a good, hard coke.

(I)) \ot notably strong, but makes very little breeze in handling.

More silvery in appearance than the average eoke,

(e) Ciass+B.

Coal 25. l\. W. McNeil Co., No. 1 mine, Canmore, Alta.

(^oke Cl/25. .\ge of ooal, under Sj months.

Dry coal eoked. 47 lbs. Water as coked, 7-4%. Charged Jan. 1,

and coked for 48 hours*.

(a) l?ox was in good condition, probably very little spilt. 'J'lie

coal was very littli' changed; there were a few trace? of sintering.

(c) ('la.«sD.

This test was made to determine yield to compare with chemical

analysis. Loss on coking= lH-4',; of dry coal. Volatile matter from

laboratory analysis = 17 2% of dry coal.

Charged Dec. 31,

CO,' had hj'rdiv

Coal 23 M. Hankhead Mines, Ltd,, Bankliead colliery, Alta,

Coal CI 2:5 .\L Age of coal, unchT Si months.

Dry coal coked, ItP, lbs. Water as coked, •>•')';

.

and coked for 4S hours,

(a) The lid hid sunk about 2" but the

changed at al! in apj earance,

(c) Class D,

This test was made to determine yield to compare with chemical

analy-sis. Loss on coking = 12 1% of dry coal. Volatile matter

from laboratory aiialy,sis 12 O*;; of dry coal. The warping of the

iron boxes with tin' heal makes it difficult to ensure no loss when

taking out of oven, when the c(»ntents are not caked.

Coal .'2 Sr. Nicola Valley Coal and Coke Co., Coutlee, B,C,

Rat Hole seam. No, 2 mine, Middlcsboro colliery.

Coke CI/ 22 SP. Age of coal, under 8i months.

Dry coal coked, Iti lbs. Water as coked, 7 1'';. Charged Dec. 31,

i'nd coke<l for 18 hours.

(a) Box was badly damaged. There was a trace of caking

through the bottom 3" or 4'; the top was quite loose.

(r) Cla.ss + C.

Coal 32 M. Coal from Mines 1 and 2, Middlesboro colliery, B.C.

Coke CI 22 M. Age of coal, und(>r 8§ months.
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Dry colli coked, 45 lbs. Wnt.i as jokcd, f 0%. Charged Dec. 31,

and coked for 48 hours.

(ft) Had not coked iit all, bottom 2' or 3
" had loosely caked.

(Sample kept was of rnked part.)

(c) ( 'lass C.

Coal 20. Wellinnton Colliery Co., Wellington seam, Extenaion

colliery, B.C.

Coke Cl/2(). .\ki' i)f coal, under 9 months.

Dry coal coked, UV. llw. Water as coked, 8 7% Charged Dec. 30,

and coked for 18 hours.

(a) Shrinks on coking; medium good coke, break.i rather easily;

good silvery cell structure in parts hut more generally dirty; P'-jbably

would do for iron blast furnace.

(c) Class — A.

Coal 18. Western tu.-l Co., Nanaimo, B.C., Ipper seam. No. I mine.

Coke CI/ 18. Age of ctal, under 9 months.

Dry coal coked, 43i lbs. Water as coked, 8 .5% . Charged Dec. 30.

and coked for 48 hourf.

(a) Caked towards bottom of box, but loose at the top; not

eonrnercial coke.

(c) Class C.

Coal 17. Lower seam, No. 1 mine, Nunaitno, B.C.

Coke CI 17. Age of coal, under 9 months.

Dry coal coked, 45i lbs. Water as coked, 9-7''(
. Charged Dec. 30,

and coked for 48 hours.

(a) No real coke, though a little had caked for 3" at the

bottom; non-eoking coal.

(c) Class C;.

Coal 21. Wellington Colliery Co., Ctnnberland, B.C^. Lower seam,

No. 4 mine, Comox colliery.

Coke Cl/21. Age of coal, under 9>\ mouths.

Dry coal coked, 44§ lbs. Water as coked, 6-3%. Charged Dec. 30.

and coked for 48 hours.

(a) Shrinks on coking. Hard and dense and not much broken

up, but not very good looking coke. The centre and top were more

caked than coke and the whole could only be described as poor coke;

on the border line of coking; might give good coke at a higher tempera-

ture, or with fresher coal.

(c) Class -A.

Coal 21 M. Mixture of coai from Lower seam, Mines 4 and 7, Comox
colliery.

Coke 01/21 M. Age of coal under 8i months.
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Dry ••oal coked, 4(i Hw. Wiitrr .iw r.ikf.l, 8-.V,i. ChftrnH D<'i'. 30,

anil (•«ik('<l for 4S huur><.

(a) Cokr v»Ty liki- CI 21, only tiiiitinctly iM-ttrr; mori' had

really coke*! and Ivnn only (•iik<'d.

(I)) Wry irri'niilar; some .-Ironn.

(r) ClfiMH-A. Hcttir than VI 2)

Coal Kx. .il. While 1'iihk A Yukon Hy. Co., WhiiehorHe, Yukon.

Upp<'r wani, Tantalus mine.

Coke CI Kx. 31. .YRe of coiil, umier 7 nionth».

Dry eoal eoked, »,')1 Ihs. I Larue boxes were u.sed for four Yukon

eoais). Water as eoked, \) \t'", . Charged ,laii. (>, an<l eoked for 4S

hours.

(a) Not a eonunenial coke: cKked or caked throughout, hut

loke a dirty Krey eohmr: heavy and cruni'iiy, like dried mortar in

appearance.

(I)) Deii.se frialilc material, very little regular fracture. Con-

tains "vhite mouhl:" this was composed of hexagonal or tetragonal

needle-like crystals.

(
'la.ss + ( .

Conl Kx. .'it. Coal llx. ill, purified l>y wasliinp.

Coke CI Kx. 231. .\k< of eoal, under 7 months.

Dry eoal eoked, S.') Ilw. Water as cokid, 7 (>' , .
Charged ,Iuii. ti,

and <-oked IH liouis.

(a) Little or ii(» shrinkage. < "oke was much licttiT and sounder

than CI Kx. :?1; less crund)ly though sonu what similar in appear-

.•ince; a poor commercial coke. ( 'ontaiiied a good deal of "white

mould."

(b) H.arch-r, •leaner, anil less friable tliai< CI Kx. 31; very

dense, breaks cleanly.

(e) Class -H.

Conl Kx. 3i. Middli' seam, Tantalus mine.

Coke CI Kx. 32. Age of coal, under 7 months.

Dry coal coked, 9') lbs. Water "s cokeil, 9',. Charged Jan. tj,

and coked for 48 hours.

(a) Very like co'.e CI Ex. .31. Hardly a commercial coke;

more like hard mortar than coke, very heavy and contains many

dirty spots.

(b) Dirty, friable agglomerate; no regular cleavage.

(c) Class — C. Th" Yukon cokes tested, especially the dirtier

and unwashed ones, contain so much lime that on keeping they t?nd

to disintegrate owing to the lime slaking and expanding.
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CimI Kx. iS2. Ciml Ex. 32, purififd hy wiwhinR.

Coki' ("1/ Ex. 232. Agf of loiil. uiidiT 7 months.

Dry roal (Hiked, H5 Uw. Wiitcr iw poki-il, 7t iV',. CharntMl .Inn. <(.

and roki>d for 48 hours.

(u) ("oke not so K<M)d lis CI Kx. 231, idthuuKh U'tttr thuu

('1/ Ex. 32; niiKht he iisid ns n comincrcini coke; contiiins a lot of

"whiti' mould."

(h) (iri-at in»prov«wu'i»t on ("I Ex. 32: very denw, not much
l»r<'e«c, hut frnrture not very regular.

(e) (lass-H.

CiMil Ex. 33. Lower seam, Tantalus mine.

("oke CI /Ex. 33. Age of coal, uniler 7 months.

Dry eoal coked, .>4 ll>s. Water as coketl, 12 «';,', CliHrged .Ian. (i,

and eoked 48 hours.

(a) All the Yukon coal samples tested were ehiefly eoul duat,

any lumps Ix'ing small, and they were all diffieult to moisten. Little

shrinkage, sound coke to top of l)ox; letter than any of above Y'ukon

cokes; a very fair commercial coke, probably fit for iron blast furnace

although there is very little cellular structure; clean fracture, showing

very curious concentric spherical markings; little or no "white mould."

(b) Densi", hard coke; not much breeze, but breaks up rather

easily in any direction.

(c) Cla.s8 - A.

Coal Ex. 2SS. Coal Ex. 33, purified by wash

Coke Cl/Ex. 233. Age of coal, under 7 month

Dry coal coked, 52^ lbs. Water as coked, 9-9%. Charged Jan. 6,

and coked 48 hours.

(a) Little or no shrinkage; good coke, very dense; very much
the same as CI/BjX. 33, not very noticeably cleaner.

(b) Like coke Cl/Ex. 33. but harder and sounder.

(c) Class — A.

(-OK1NG TK8TS MADK IN IIKKHIVK OVEN OF THE DOMINION COAL CO.,

AT BKimiEPOKT NEAR (iLACE BAY, N.8., JANUARY, 1909.

All the boxes coked here were charged into the oven on Jan. 18,

and were coked for 72 hours; unwashed slack roal from Lingan collier>-

WHS being coked in the oven at the time.

Preliminary Tests—Comparison of Open Oven and Box Coket.

A box wa:s filled with wet slack coal such as was charged into

ih*- oven, and the coke produced was compared with a typical sample

of the coke made at the same time in the open oven.

Box Coke, C81.
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Hi, < .>kr \.T\ t>iil>l>l.v «ii thi lop l'i..k<' up :md tumblpfl out

of tin- Ih>x easily, u Roo.l i-oiinii. kimI rvkv. I>iif winild l>e Rrently im-

j.rovttl liy wacliiiiK tin" <onl.

(».} \.ry pretty foke. i>p< n It-Mmr. nut v.iy strong, hut does

not produce luueli lireezt

I,
I A mere traie more compaet tliaii coke from the o|H'n oven,

liiil .illierwise the cokes are the hhiiii-.

(ll„i, (Ittn Cuke, CH>.

(b) Not so pretty as ('81, po»wibly not (p.iie so strong,

otherwise ulnnost identical.

(cj Like ('81, but a mere trace less rompact

Cokiinj TcKt!* of HeguUtr CoaU.

Coal 203o SI'. Dominion Coal <'o., Phulon staui, Dominion No. 5,

N.S.

Coki- ("2/203.") Sr. .\g<' of coal, under J month.

Dry coal coked, i^ lbs. Water as eokod, 6 .')';< •

(a) Coke broke up somewhat in turning out of box A good com-

mi rcial coke; bottom half ghiny black and large cell structure, top half

Hteel grey and denser coke with a good deal of sooty deposit

(6) Open cellular structure, dark coUured, produces a goo<l deal of

breeze. Weaker than the coke from same coal in Otto-Hoffman oven.

Coal m)S. Main seam, .\cadia colliery, N.S.

( 'oke ( •-' 'iOOS. Age of coal, under J month

Dry coal coked, m Ib.s. Water as coked, 7-8%.

(,i) Coke ;i little burned in one >|.oi. Coke broke up into several

p'leces when taking out of box, deavuge from top to bottom. A good

strong coke, ^ound from top to bottom, but nhows signs of slate.

(b) Good xiumii <oke. hard and bright at top, black at the bottom.

toal (1. < umberland Hy. & Coal ( o., No. 3 colliery, Springhill, N.S.

Coke C2, ti. Age of coal, under 21^ months.

Drv coal coked, 47?, lb.'*. Water as coked, 5 'i'/t-

(a) Coke very crumbly, came out of box in one cake together

Willi a (luantity ol loo-^- stuff; not a commercial coke. No sample

kept.

Cual ^H. W.'St ( .nadian collieries, Ni). 1 seam. Lille colliery, Alta.

Coke C2, 28. Age of coal, under S months.

Drv coal coked, 4!) lbs. Water as coked, 10- 1%.

(n) Coke came whole out of box. Showed unfused lumps on all

faces; broke up rather e;isily into small lumps.

(b) Distinctly woi.se than coke from th<' same coal coked in Otto-

Hoffman or Bernard ovens.
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Coal ,i',. liil<miitiiinnl f'nnl A <'(,kr <'<>
.

( '"It'iniin. Altii., No. 2t)cam,

DcniMuit collii ry.

(V)kr ("2 :H. Agf "f totil. uikUt H imiiithH,

Dry cnnl cokiil. .VJ} Hi". Wiittr ivh rokcil, \t i\'",

(a) Cokf viry ii\inil>ly, 4^|Mci!illy iit the Itotlom \\Uvr< thiTi' woi

a li)l of looMr iluKt. Not ii <'(>mimT('iiil coki .

(b) Dirty, fri:ililr cokf. not properly Koiiilt.l. producrs a urnat

llcill of hv'i'T.r.

CualSl. CroWHruKt Pas-
(

'oal Co.. No. :\ riiiiif. Michel colli.Ty, B.C.

Pokr ("2/31. Arc of fonl, under 8J moiitliH.

Dry coal cokc.l. 51 \hn. W ..tcr !18 coked. 10 2%.

(a) Coke came out of I'ox in two pieccH, liavinn simply cracked

vertically acroM the centre. \( ly dense, fhows pieccH of orininal coal

or slate unfused; a little crumbly at the top; slight tendency towards

vcrticiil ilcnvane, but breaks fairly easily aero..- dso. Like other

Beehive cokes m.'uh , not thoroughly cokid ihro\igh, -hows "black

ends" at the Injttom.

(6) Like coke from same coal in Otto-HofTrnnn oven in appearance

but softer.

Coal PC. Crowsii(T»t Pass Coal Co., No. .'i mine. Coal Creek, Fernie,

B.C.

Coke C2, 2f) .\gc of coal, under 8| months.

Dry coal coked, .5t»i lbs. Water as coked, 11 -tt^o

(a) Coal was very dusty Coke appeared cracked upon the top,

but (mly broke in two when taken out of box. Showed unfused lumps

on all outsi<le surfaces and some inside. Breaks up rather easily.

(6) Not so strong a.- the cokes from the same coal in Otto-Hoffman

and Bernard ovens, softer an<l blacker in appearance.

4»
COKINCi IKSTS IN THK UKKN.MU) ANb nATER OVEN.S OF THE

NOVA SCOTIA M'EEL A ( OAL CO., AT SYDNEY MINES,

N.S.. .lASlAKY, KKM).

All the tests at Sydney Mines were made in Batteries 1 and 2 of Bernard

ovens, except in the case of two boxes which were coked in Bauer ovens;

the boxes, with 4 exceptions, were coked for 48 hours. Mixed washed coal

from Mines 1 ''nd 3 of the Nova Scotia Steel & Coal Co. was being coked

in the ovens at the time the tests were made; this is referred to as N S. S. &

C. Co. coal.



48

Preliminary Testi—Comparison of Bernard and Bauer Ovens, also of Open Oven

and Box Coke.

Two boxes were similarly filled with N. S. S. & C. Co. coal and two with

D. 1 . & S. Co. coal ; one of each of the pairs was coked in a Bernard oven and
the other in a Bauer oven. Two samples were al.-<i) taken of the open oven
coke from the Bernard oven.

Difficulty was experienced in pushing the Bauer oven on account of a

soft spot in the vicinity of the two boxes; this was due either to the oven
having been a little cool, or. more probably, to an e.xtra wet lorry of coal.

Coke ('8<- from N. S. S. & C. Co. coal coked in Bernard oven 83

Jan. 23.

Wet coal coked, 47 lbs. Yield from wet coal, 58 • 2%.
(a) A good deal of shrinkage, sound coke to top, breaks up into

bigger pieces than in the open oven where it breaks up into more rod-

like pieces. The bottom half was very good, if anything better than
the regular open oven coke, but the upper half was more cellular; the

average would be about the same as the open oven coke.

(b) P'airly strong coke, open cellular structure, not very bright.

(r) .'i trace brighter than the open oven cokes C97 and C98,
]H)8sibly due to better (pienching.

Coke CSS from N. S. S. & C. Co. coal coked in Bauer oven 18 on
Jan. 25.

Wet coal coked, 45J lbs. Yield from wet coal, 61-2%.
((i) Good coke and sound to top, nice bright coke. Could not see

any difference between this and the corresponding Bernard coke, C86,

except that the bottom and top halves of the coke were more alike in

C88.

(b) Very nuich the same as C86, possiblj- a trace brighter.

(c) A mere trifle worse than C8(), but a trace brighter than the

upi-n oven cokes C97 \\v.>\ C98.

Coke CS7 from D. L. & S. Co. coal coked in Bernard oven 83, Jan. 23.

Wet coal coked, 4().J lbs. Yield from wet coal, 05-4%.
(a) A good (leal of shrinkage, came out of box rather easily. A

ijood coko, sountl to top, regular cleavage.

(6) Contains a considerable amount both of silvery and of sooty

coke; slightly stronger than the corresponding Bauer coke.

Ctike CS.'f from 1). I. it S. Co. coal coked in Bauer oven 18, Jan. 25

Wet coal coked, 40 j lbs. Yield from wet coal, 08-9%.
(a) Good coke, sound to top; rather mort- of the large cell structure

at the top than usual, this is said to be characteristic of the Bauer oven
coke. The fracture of the coke in the box was more vertical than in
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the case of the Otto-Hoffman cokes, probably due to the greater width

of the Bauer oven.

(6) Fairly good coke, contains a good deal of smut.

(r) Almost identical with C 87.

Coke 97 from N. s>. S. & C. Co. coal, coked in open Bernard oven.

Sample was taken from coke made towards the top of a Bernard oven.

(b) Very much like coke from the same coal coked In boxes in

Bernard and Bauer ovens, C86 and C88. Contains a certain amount
of soot.

Coke 98 from N. S. S. & C. Co. coal, coked in open Bernard oven.

Sample was taken from coke made towards the bottom of a Bernard
oven.

(b) Like C97, but contained a good deal more soot.

(c) Better than C97.

Final Coking Teds of Regular Coals.

Coal 38. Dominion Coal Co., Phalen seam. Dominion No. 1, N.S.

Coke C3/38. Age of coal, 7 months.

Dry coal coked, 55 lbs. Water in coal as coked, 10%. Charged to

ovtn, Jan. 26.

(o) Good coke, regular cleavage, fit for anything.

(b) Good, strong coke, very marked cleavage.

(c) Not so good as the corresponding Otto-Hoffman coke, Cl/38,
which was classed-)- A.

Coal 2038. Fresh sample of coal like 38.

Coke C3/2038. Age of coal, under J month.
Dry coal coked, 47 lbs. Water as coked, 6 7%. Coked with C3/38.

(a) Good coke, regular cleavage; came out of box easily. Was
regarded as better than C3/38, because it contained more silvery and
less black coke.

(6) Very like C3 38, but not quite so strong, contained more soot

and more silvery coke.

(c) Class— A. Not completely coked.

Coal 39. Lingan seam, Dominion No. 12, N.S.

Coke C3/39. Age of coal, 7 months.

Dry coal coked, 48 j lbs. Water as coked, 7-9%.
Jan. 20.

(a) Had some difficulty in removing from box. An excellent coke,

if anything slightly better than two preceding cokes.

{h) PrncticaUy the «nme as corresponding Otto-Hoffman coke,

Cl/39.

(c) Not so good as Cl/39.

Charged into oven
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Coal ^039. Fri'.sh sample of coal like 39.

Coko C3 2039. .\ge of coal, under § month.

Dry coal coked, 40 \h9. The box of this coal cokeil with C3 39 had
been destroyed in the oven; the above box was filled by E. Stansfield,

but was coked after he had left Sydney Mines on Jan. 30 and
forwarded unopened to Montreal by Mr. J. Mcf'lennan, coke oven

superintendent.

(n) Coke quite good, regular fracture, some long rods of coke

formed.

(6) Like coke from coal 39 coked in Otto-Hoffman and Bernard
ovens, but slightly stronger and brighter.

fc) Class -A.

Coal IJ. Xova Scotia >'teel & Coal Co., Sydney Mines, N.S., No. 1

colliery.

Coke C3/13 (2j. Age of coal, under 17^ months.

Dry coal coked, 50 lbs. Water as coked, 5 • 0%. Charged into oven,

Jan. 26.

(a) Very good looking coke, but breaks up very easily.

(J)) Good, open cellular coke, but not very strong.

(c) Class —A.

Coke C3/13 (1). A,;e of coal, under 17^ months.

Dr>- coal coked, 52 lbs. The box of coal 2013, coked together with

the above box of coal 13, was destroyed in the oven; extra boxes of

coals 13 and 2013, therefore, were filled by E. Stansfield but coked
after h<> had left Sydney Mines, as was described under C3/2039.

(a) Fair coke, regular fracture, but broke across very eaaily;

contains visiljle slate, and shows a number of rust spots due to the coke

having been left wet for some time.

(b) Same as C3' 13 (2).

(c) Class -A.

Coal 2013. This was .supposed to Ix' a sample of fresh coal like coal 13.

.\ctually the slack coal supplied was found to have a far higher ash

content than the original sample of screened coal.

Coke C3 2013. Age of coal, under j month.

Dry coal .oked, 51 lbs. Coked with C3/13 (1).

(a) Fair coke, l)ut very friable, probably due to the amount of

slate, etc., present; also showed rust spots owing to having been left

wet. Original fracture in box (juite regular. Coke very little different

from C3']3, a trace more fragile, and more slaty, but possibly brighter.

ih) T.;ke enkc C.'?/13, but breaks up smaller.

(r) (Lass- A. Slightly worse than C3/ 13 as more friable due
to jtreseiici' of slate.
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Coal 12. No. 3 colliery, Sydney Mines, N.S.

Coke C3/12. Age of eoal, under 17^ months.

Dry coal coked, 52 lbs. Water as coked, 8-2%. Charged into oven,

Jan. 26.

(a) Box was badly squeezed in oven. Black and friable coke, not

well bonded at the top, but good coke at the bottom. Said to be better

coke than C3/2012 or than could ordinarily be made from coal from

th'' Mne by itself.

{(, Tjike the corresponding (Jtto-Hoffmai .e, Cl/12, possibly

a - rder.

,1, so good as Cl/12, which was elassed +B.

Coal 2012. Slack coal from No. 3 colliery, Sydney Mines, N.S. (See

note to coal 2013).

Coke C3/2012. Age of coal, under \ month.

Dry coal coked, 50 lbs. Water as coked, 7
• 2%. Coked with C3/12.

(a) Box was placed too near end of oven and was badly burned.

A black coke which easily breaks up into small pieces ; too weak to use

alone in an iron blast furnace

(6) Like Cl/12 and C3/12, but more fragile and produces more
br('(>ze; contains considerable visible slate.

(c) Class B. Very friable.

Coal 10. Canada Coals & Ry. Co., Joggins colliery, N.S.

Coke C3/10. Age of coal, under 21} months.

Dry coal coked, 51 lbs. Water as coked, 6 • 8%. 'charged into oven,

Jan. 25, and coked 50 hours.

(a) A grey coloured coke, olily just coked; a lot of loose material

at the top and the bulk very weak. A great deal of slate showing,

also some sulphur. If the co.nl was washed free from slate it might
produce commercial coke.

(6) Dirty, weak coke; no regular fracture; makes a lot of breeze.

(c) Class B. Scarcely up to eastern standards, but would pass

in the west.

Coal 3010. Fresh sample of coal like 10.

Coke C3/3010. Age of coal, under 1 month.

Dry coal coked, 52 lbs. Water as coked, 6-8%. Coked with C3/10.

(a) Some good coke, but a great deal of very black or dull grey;

less slate visible than in C:! 10. A commercial coke, though not good.

(6) Dull blaek coal, harder and makes less breeze than C3/10.
(c) Class+B. Dnrker in colour than C3/10, but harder and

less friable.

Coal il. G. H. King, Kings mine, Minto, N.B.

Coke C3/11. Age of coal, under 21} months.

Dry coal coked, 57} lbs. Water as coked, 7-3%.
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(a) Box (laiuiiKi'tl in ovt-n, only fragment of coke Icfv in broken
l>ox, but it looked to be good coke.

(6) Hard coke, no regular fracture. Not enough coke left to
make physical tests.

(c) Class — .\. Dense, strong ^oko.

Coke 4^. Leitch Collieries Ltd., No. 1 or Byron seam, Pa.s.sburg, Alta.
Coke C3 48. Age of coal, under 5J months.
Dry coal coked, 5() lbs. Water as coked, 6-5%. Charged into oven,
Jan. 27.

(a) The box was apparently coked wrong side up. A fair com-
mercial coke; the out.side layer, 3' or 4" thick, was very bright, the
inside distinctly dull.

(b) Like corresponding Otto-HofTman coke, but slightly more
fragile.

Coal 32. Hillcrest Coal & Coke Co., Hillcrest, Alta.

Coke C3, 32. Age of coal, under 8 months.

Dry coal cokeil, 555 lbs. Water as coked, 6-9%. Charged into oven,
Jan. 2t).

(a) .\ passable commercial coke, but very slaty and no regular

cleavage; it looked as though it would come out of the box in one piece,

actually it was very difficult to get out and broke up into small pieces.

(6) Like corresponding Otto-HofTman coke.

Coal 33. West Canadian Collieries Co., No. 1 seam, Bellevue colliery,

Alta.

Coke C3 33. .\ge of coal, under 8 months.

Dry coal coked, 49 lbs. Water as coked, 6- 6*;f. Charged into oven,
Jan. 26.

(a) .\ solid lump of coke, except for one crack across the middle
;

no regular cleavage, very hard to get out of box. A fair coke
cementing together slate and unfused particles of coal, more bonded
at the bottom than at the top.

(b) Not so good as the corresponding Otto-Hoffman coke, similar

but not so strong.

t nal 2S. West < anadian ( ollieries Co., No. 1 seam, Lille colliery, Alta.
Coke I '3 28. .\ge of coal, imder 8 months
Dry coal coked. .")8 lbs. Water as coked, 8- 5%. Charged into oven
Jan. 27.

(a) Tile box was sjiueezed in oven; coke (piite sound and only one
crack ucro.so, no leguiar tleavagi-, vei y diliicult to get from box. Coke
very fair, but not well bonded.

ib) Similar to corresijonding Otto-Hoffman cok".
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Coal SO. Crowsncst Pass Coal Co., No. 7 mine, Miohel colliery, B.('.

Coke C3/30. Age of coal, under 8) months.

Dry coal coked, 54 lbs. Water as coked, 5-9%. Charged into oven,

Jan. 27.

(o) Not a commercial coke; a very little had caked, but most of

it was a loose powder. No sample kept.

Coal 29. No. 8 mine, Michel colliery, B.C.

Coke C3 '29. Age of coal, under 8} months.

Dry coal coked, .54 J lbs. Water as coked, 8 2%. Charged into oven,

Jan. 26.

(a) Cleavage of coke showed that the l)ox had not been lying

square across the oven. Cok«' split into big pieces, some loose coke

at the top of the box; not very good anywhere, but a possible com-
mercial coke.

Coal 26. Crowsnest Pass Coal Co., No. .') mine, Coal Creek, Fernie,

B.C.

Coke C3 '20. Age of coal, under 8i months.

Dry coal coked, 54J lbs. Water as coked, \Q '.i^'f. Charged into oven.

Jan. 25, juid coked for 50 hours.

(fl) .\ trace of loo.'se on the top, otherwise good, strong coke from

bottom to top. Heavy coke, very little cell space, some visible slate.

ih) Breaks up rather easily, but makes very little breeze. In

general, like corresponding Otto-HofTman coke.

Coal IS. Western Fuel Co., Upper seam, Xo. 1 mine, Nanaimo, B.C.

Coke C3/I8. .Age of coal, under 9 months.

Dry coal coked, 52 lbs. Water as coked, 8 0^1. Charged into oven,

Jan. 27.

Ui) Not a connnercial coke; had caked at sides ai.d bottom, but

mostly a loose dry powder with a limy smell.

Coal 21 .M. Wellington Colliery Co., Cuiiil)erland, B.C., Lower seam.

Mines 4 and 7, Coniox colliery.

Coke C3/21 M. .Kge of coal, under 85 months.

Dry coal coked, M lbs. Water as coked, 7 0%. Charged into oven,

Jan. 20.

(a) \'ery solid in box. A poor commen-ial coke, fairly regular

cleavage, hard and dense, but very dirty.

(h) Much the same as the corresponding Otto-Hoffman coke, but

a trace less compact in the hardest parts.

Coal Ex. 232. White Pass & Yukon Ry. Co., Middle seam, Tantalus

mine, Yukon Territory. Coal had been washed.

Coke C3/'Ex. 232. Age of coal, under 7J months.

Dry coal coked, 50^ lbs. Water iis coked, 16-4%. Charged to oven,

Jan. 23.

(o) Dry, crumbly, mortar-like material, of no commercial value.
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<(lKIN(i TESTS IN THK BERNAKl) OVENS OF THE WEST CANADIAN

rOLLIERIES CO., AT MLLE, ALTA., Jl LV AND ATOUST, 1909.

IG boxes of coal were cokiMl iil Lille, eight in one oven and eight in

another; they were charged into the oven on August 3 and were coked

for 48 hours : washcfl slack coal from the Lille colliery was being coked

ill the ovens at Ihe time.

Preliminary Test—Comparison of Open Oven and Box Coke.

IJiix Coke VI 40. A box of wet washed slack coal from the Lille

colliery, such as was being chart;ed into the oven at the time, was

coked as u.sual. Weight of wet coal, 47 llis. Yield of dry coke from

wet coal, 70- 4','

.

(h) Regular cleavage, small shrinkage, good appearance, compact

<()ke, does not produce much l)re('ze on breaking.

(c) Class A.

Open Oitn Cuke C131. A sample of coke was taken from the product

of the two ovens in which the boxes were coked.

(6) Coke appears to contain slightly less slate than the box coke,

otherwise m\ich the same; not very good colour

.

(c) f'lass .A.

Final ('oking 7'est.s of Hegidar Coah.

Codl 2048. Leitch ("oflieries, Ltd., No. 1 or Byron seam, Passburg,

AUa.
Coke C4/2048. Age of coal, under \ month.

Dry coal coked, b\\ lbs. Water as coked, 8-3%.

(o and h) Not much shrinkage; no regular fracture, produces

breeze when i)roken. a little visible slate.

(c) Class +B.

Coal 20S2. Hillcrest Coal & Coke Co., Hilicrest colliery, Alta.

Coke C4/2032. Age of coal, under \ month.

Dry coal coked, oO^ lbs. Water us coked. 10%.

(a and b) Not much shrink..ge and very little fracture; irregular

fracture producing breeze when broken. I'airly hard coke, contains

visible slate.

(c) Class -A.

Coal 2033. Wist Canadian Collieries Co.. No. 1 seam, Bellevue

colliery, Alta.

Coke C4/2033. Age of coal, under § month.

Dry coal coked, 51 lbs. Water as coked, 9-2%.

(a and b) Not much shrinkage, no regular fracture; makes breeze

when broken, fairly compact and strong coke.

(c) Class +R.
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Coal 20M. West Canadian Collieries Co., No. 1 seam, Lille colliery,

Alta.

Coke C4/2028. Age of coal, under \ month.

Dry coal coked, 49 lbs. Water as coked, 10-5%.

(a and h) Fair shrinkage and fair fracture, but friable coke and,

therofore, it produces breeze; contains visible slate.

(c) Class +B.

L'oal £034. International Coiil and Coke Co.. No. 2 seam, Denison

colliery, Coleman, Alta.

Coke C4/2034. Age of coal, under J month.

Dry coal coked, 56 lbs. Water as coked, 9 •

(a and b) Not much shrinkage, fracture irregular, very hard to

rcinove from box; makes a lot of breeze and contains a good deal of

visible slate.

(c) Class -B.

7%.

Coal £034 ^^- No. 4 seam, Denison colliery, Coleman. Alta.

Coke C4/2034 SP. Age of coal, under J month.

Dry coal coked, SOJ lbs. Water as coked, 9-2%.

(o and b) Slight shrinkage, no regular fracture, hard to get from

box, a lot of visible slate.

(c) Class R.

Coal 2031. Crowsnest Pass Coal Co., No. 3 mine, Michel colliery,

B.C.

Coke C4/2031. Age of coal, under i month.

Dry coal coked, 50 lbs. Water as coked, 8 8%.
(a and b) Not much shrinkage, fairly regular fracture, not much

breeze, good, sound coke to top.

((•) Class A.

I

Coal £029. ^.o. 8 mine, Michel colliery, B.C.

Coke C4/2029. Age of coal, under \ month.

Dry coal coked, 51 lbs. Water as coked, 12-3%.

(o and h) Dense, hard coke, sound to top of box, fair strinkage,

good fracture, hard to brea^, does not produce much breese.

(c) Class A.

Coal 61. Hosmer Mines, Ltd., No. 2 seam south, Hosmer, B.C.

Coke C4/51. Age of coal, under J month.

Dry coal coked, 51 lbs. Water as coked, 8 0%.
(a and b) Very weak coke, no regular fracture, producer a lot of

breeze, contains a good deal of slaty material or unfused coal.

(c) Class +C.

.h



B.C

M

Coal 62. No. 6 seam south, HoanuT, B.C.

Coke C4/52. Age of cohI, under } month.

Dry coal coked, 48J llw. Wnter as coke«l, 7 2%.

(o anil h) VtooA comniercinl coke, not much l>reeM pro<luced on

breakinn, rt-Rular cleavaur, nlight shrinkage, good colour except in

centre.

(r) Clnxs A.

Coal oH. No. 8 si'iiui south, HoHnier, B.C.

Coke C4A')3. .\g(' of coal, under
.J
month.

Dry coal coked, 41) lbs. Water aw coked, 12 8',i.

' iind />) .\ very nice looking coki'. very r.gular fracture, breaks

rathii ea.xily along fracturi' lines to form small jiieces, but produces

very little breeze. Showed rather pecidiar markings in the form of

concentric spherical rings.

(c) Class A.

Coul 2027. CrowMicst Pass Coal Co., No. 2 mine. - .)al Creek, Fernie,

B.C.

(,'oke C4 2t 27. .\Kf of coal, under \ month.

Dry coal coked. .')() lbs. Water a.s coked, 10 3^f.

(a and 6) (iood looking but friable toke, slight shrinkage, a good

deal of breeze fomicii.

(f) Class M.

Coal 2026. No. •") niiuf. Coal Cre.k, I'ernie. B.C.

Coke C4 202('>. .Vnc of coal, under \ month.

Dry coal coked. .•)() lbs. Water as coked, 8 8';

.

(a and h\ Deiisi', good looking coke, fair shrinkage, regular fracture

sound to top, does nr)t produce much breeze: shows slight spherical

markings, also some vi>il)le slate.

KM Class- A.

Coal >(ii<i. WeliiiiKlon Colliery Co., Wellington seam, Kxtension

colliery, M.C.

Coke C4 2((20. .Vkc of coal, under 4 months.

Dry coal coked, V.\ lbs. Water as coked, !) 8*;;.

((/ and ()) I'air ci.ki', bre;iks up fairly easily, but doc* not. produce

much breeze.

(<•) Class -A.

Cind .'(JlS. Western I uel Co., I'piM-r siam. No, 1 mine. Nanaimo,

Coke C4.2018. Age of coul, uniler 4 months.

Dry coal coked, 44 lbs. Water as coked, 8-5';.

(o and b) Con.siderable shrinkage, fair cleavage, very friable,

especially at the top; has a limy smell and shows "white mould."

(r) Class B.
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CO»INO TE8T8 MADE IN THK BEEHIVE OVENS OF THE INTERNATIONAL

COAL AND COKE CO., AT COLEMAN, ALTA., AUGUST 1909.

Three boxes were charRed into one oven, and three boxes and one sack

into another on the morning of August 7. The coking of the charge in tV^

ovens appeared to \yo completetl during the n.ght of August 9-0 and the

ovens wore then closed. They were quenched and drawn on August 10.

74 hours after they were charge.l. Slack coal from the Demson colliery

mixed in the proportion of 2 parts from No. 4 seam to 1 part from No. -J

s..«m, was being coked in the ovens at this time; this coal was dry, so he

boxes of coal coked here were also dry. The boxes were coked on end; the

regular fracture lines in consequence sloped inwards from tho perforate<i

lid and downwards.

Prclimln«ry Testt -Comparison of Open Own sncl Box Coke*.

Box Coke C122. Coal was taken from the top of cars coming out of the

mine, as nearly as was possible without weighing, in the proportion of 2

parts from No. 4 seam to 1 part from No. 2 seam. The foal^"" *^"

mixed together; any big lumps found were broken up, and a box failed

with the raw coal and coked.

(a and h) Dense soft coke, does not appear completely coked;

slight regular fracture, but breaks in all directions; some visible slate.

(c) Class+ B.

Open Oven Coke C12S. A sample of coke was taken from the oven in

which the above box was coked. Physical tests as usual were made on this

sample, but no notes were made as to its appearance.

Preliminary Tests—Coking Coal in a Sack.

Samples of coal are tested by coke manufacturers most frequently by

coking them in a wooden box or barrel in a regular oven; a sack has been

recommended as being preferable to a box on account of the ease with which

the gases cau pass out, and because the coal inside is subjected to exac»,ly

the same pressure as the surrounding coal. A sack of coal was coked in a

Beehive oven at Coleman; it was found that it v/as quite easy to separate at

least the bulk of the coke produced from the surrounding coke, so that in

this case the method was satisfactory. Very poor coke probably could not

have been recovered, and neither the sack nor the wooden box method

allows the yield of coke to be determined.

Final Coking Tests of Regular Coals.

Coal 2032. Hillcrest Coal & Coke Co., Hillcrest colliery, Alta.

Coke C5/2032. Age of coal, under \ mouth.

Dry coal coked, 53 lbs.

sa-s
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(« and h) Slight shrinkagf, frnt turt' fair, but coitc very «a.sil.v

liiokm; (((lour l)riKli» ;it top Init dull at holtoni, rather large amount

of visil)le Hlatc.

(c) (Maaa +B.

Coal J0S4 SI'. No. 4 .s<'ani, Dt-niMon rolliery, Coh-mau, Alta.

Cokf (T) 2():U SP. Age of eoal, und.r J month.

Drj- coal coked, ti!"-) Ihs.

(a and b) Not nm>ii Nhrinkage, no regular fracture; a good deal

of visible slate, fair eolour at the top.

(f) ('ia«8 +n.

Coal o2. Hosmer Min<«, lad., No. (/ seam south, Hosmer, B.C.

v'oke C5, 52. Ago of roai, urier J month.

Dry eoal coked, >i'-\ lbs.

(rt and b) Fairly even fracture, considerably cracked acro88 the

.s( ama, not much breeze produeetl, good colour, viry little %'isil)le slate.

(c) CliisH A.

('ml 2026. Crowsnest Pass Coal Co., No. .') mine, Coal Creek, Fernie,

B.C.

Coke C5 202(). Age of coal, under J month.

{(I and b) (iood coke, very nice appearance, fair shrinkage, regular

fracture, considerably broken up along fracture lines and came ea.sily

out of box; breaks rather easily into small pieces, but docs not produce

much bnt ze.

(r) ( 'la«.s A.

dml ,20Ji). Wellington Colliery Co., Wellin<?ton .seam, FiXtension

colliery, H.C.

Coke C") 2020. Age of coal, under 4 mtrnths

I'ry coal coked, 48 lbs.

(a simi b) J'air shrinkage, regular fraci.re, broke up eoaily into

prisms of very bright, good looking coke.

((} Cla-ss A.

rEMPEKATURES OF COKE IN AN OTTO-HOFFMAN OVEN.

.\ii attempt w.j made to record the temperatures at different points

inside the charge in an Otto-Hoffman coke oven throughout the entire

period coking; the difficulties of the task undertaken, however, were not

suflficienily foreseen and guarded against, and the results obtained are too

unrdiable to be worth publishing. The methods employed and the

diflii'ulties encountered are de«cribed below.

Six holfs were drilled through the door at the quenching platform end

of the oven chosen for the tests; three of these were spaced about 18'

apart down the centre line of the door, the other three were at the same
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levilb l)Ut near oiu' sitlr of thi- door. The olxiirviitioii hole noar the top

matU' !t M'vtnth oixniiig in the door through wliiih ii pyronipter fire end

(•o\ild lie introduced; three of the ehurginR hole eover« on the top of the

oven were n\m drilled to allow the introduetion of ii pyrometer. The ten

hol( !* were Btopiwd witli eliiy when not in uw.

The pyronuti r fire eniix employed were of niekel and iron, «nd were

nlHjut 1" exteniid dian»et«T; 4 ft. rcxls were lined for tlie end teniix'ratureH,

and ft ft. lods for tlie temperatures on the top of the coke.

The test was l.eRun half an hour after a fresh charge of coal had been

introduced into the oven; the ten»|M-rature wmh taken at each of the ten

points in order, and this oiM-ration repeated every half hour until the coking

was coniplt ted. ,\ hole al)out 3 feet deep was math- into the charge opp<H»ite

the hole in ilw door l»y means of an iron nnl, and the fire end then pushed

to the bottom of the hole; through the holes in tli<> charging doors on the

top a lire end was put down 2' or 3' into the to|) of the charge.

The pyrometer tire end had in every case to pass through a hotter zone

1 i'fore it reached the iwint at which the temperature was to be determined;

as it \.as made of metal, heat was fairly rapitlly conilucted along it from

the lot i)ortion to the uickel-iron junction at the end, ami, therefore, the true

t( niiierature at that iK)int was not reeor(le<l. T«) obviate this difficulty the

fire ends were always left in for one minute only; this time was posbibly all

right for the lower temp<raturt s at the iM-ginniuR. but w.is not sufficient

for I lie higher temixTatures n ached Liler on, since it wjis found that a

differiiit temperature was recorded according to whether the fin- I'ud

was introduced hot or cold. As the temperature continued to rise more

or less r.-ipldly for somt; time if a fire end was left in for a longer period, it did

not ai)pear to be possible to sdect ae.y lengtli of time whicli would be

sufficient to allow them to attain to the cornet temperature without heat

conduction along them vitiating the result.

Th(- holes made into the charge opposite the holes in the door became

enlargi'd by oxidation and mechanical abrasion until they were compara-

tively large conical holes, and in one c:we two holes side by side became

united; the temperatun s at the bottom of such holes could not be c xpected

to be the same as in similar positions in the solid coke.

I'our chemists from the laboratory of the Dominion Iron and Steel Co

took it in turns to take the pyrometer readings during the forty -eight hours

for which the charge in the oven was coked.

ANAI.YSKS OF (iA.S FROM BERNARD OVKNS AT

SYDNEY MINES.

In the Bernard ovens at Sydney Mines the gases given off from the

coal as it is coked are mixed with air and burneil in Mic flup.H .irnund the

ovens, the hot products of combustion are led away in large flues and used

to heat a battery of boilers. Samples of the gas given off during the pro-

4
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Urcxft <f th< ' ng were takrn off from the top of th«* ehargca in the ovrnH

by moans » » 'on({ iron pip** pimRrd throiiKh the ohwrvali'iii liolf in the

(looi of the >>

fr(>H) thp ovi'ii.-*

pf'si after

No. 1 '<%» t
'',

I

carrifil k > f\(iI

ponition t' t'i Cai

boiliT not ••: to .'

noaroHt to 'vtti y

An ii-o . "1.

Siinipli's of gim wrro iiUo taken from the flupg IcitdinK

IJH' Iwiifrs, and from the R\u- through which the Kiu*e«

the Iwilcrs. Five holes were drilled into the flues:

'• from \o. I battery, junt where it left the iiuttery and

L' ses from ail the oven.s; No. 2 wu.s in a correNpondinfc

>i.i No. 'i battery ; No. 3 was in the rivj* inlet into the

. . 1 btttterv; No. 4 was? in the Rr- inlet i; to the boiler

No. 2; imd No. 5 wsu* in the exit Hue from the lM)il' m.
I ' aliout .;' l)ore and 20 feet long wmh used to i\ithdr»w

• . Icil.

ii'.ri''

gams frciui

the imd- I

neeting n I .-i .i>i

by means t> 'i ri.bl

water, usn' is an

orter pipe w.in used to take sampicB from

aH was a8fiirate<l through the pipe and con-

;h a glans «aitif)le tul.e of about 2«t e.c. eapacify,

. pump or by u eouple of large bottU'S, eontain'ng

" at least 5 litres of gas being drawn throujtli.

The gas Sir iplctuues u-ii .shaped like a cylindrical pipette for liquids, but

had a cop-<triction in the '^ibe on either side of the bulb; wiicn they were

filled witl- the desired gas ' '< \ were temporarily closed by spring clips on

the connecting rubber tubes, taken to the lain).' itory close by and at once

sealed off at the constrictions by means of a gas flame. The samples were

analvf^ed, in Montreal, over mercury in the Bone and Wheeler gas analysis

apparatus.

The samples taken were as follows:—

This oven1. January 28, 1909. daa from oven \l at 1 10 p.m.

was pushed at 1 30 [• m. and at once recharged.

2. Gas from oven 44 at 2. 10 p.m., not a reliable sample.

3. Gas from oven 44 at 2.3."> p.m.

4. Gas from oven 43 at 3 4.') p.m.; this oven hud been charged at

about t).30 p.m. the previous day. Had trouble with soot blocking up the

sampling tubes.

.'). Gas from oven 44 at 4. 10 p.m.

January 2'.), 1909. (ias from hoh' 1 at 10 30 a.m.

Gas from hole 3 at 11 .00 a.m.

Gas from hole 5 at 11 .30 a.m.

(ta.s from hole 4 at noon.

CiiXf^ from luile 2 at 1 20 p.m. Mattery No. 2 had just been com-

pletely reeh.'vrged when thi^ .sample was taken,

11. Gas from hole 4 at 1 .40 p.m.

13. Gas from hole 3 at 2 20 p.m.

14. C!as from hole 5 at 3 O.j p.m.

1.^. (ias from oven 87 at .i 30 p.m. I'iiis oven iiad l)ei'n 'iiarged at

3.05 p.m., it bad not yet been luted on the windward end when the sample

was taken.

(i.

7.

8.

9.

10.
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10. (iiiM from ()V«'ii 88 at 3.5<) p.m. Thin oven had hvvn ihnrKed at

tiluiut 3.00 |i.n». the prcvtoUM tluy. Thr wiiiil wa.<( hlowitiK ii conHidc-rahle

quantity of utm out of the end of the oven iit the time thi< sample wiw takpti.

17. (ian from oven 22 at 4. 10 p.m. This ovi-n had bt-cn chnrKi*d at

10.00 B.m. that day.

Tnl)l<' II Kiv«'.s the anaiy»in of the Raws from tiie ovons o»<l Table III

thr Bnaiy!*iM of the nascH from thf Hues.

TAHLIO 11

OAS FROM OVENS

Mamplc number 2 15 3 5 17 4 le 1

Oven 44 K7

J

44

1

44 2*' 43 88 44

Tim<< of ttinptinR aftpr chi^rKinK
linim

•i 21 6i 2IJ m 47»

Hyclriigrn *";

Mothiinr '

;

KtlivUnc ';;

Carfion rnonoxiilc ^;j

7-7

35
1 '7

2 5
;m»
H-4

34'8

.1(1 -3
'.'HO

r.i>

7-9
4 3

4
16-5

2fl 2
37-7
3 ti

1 7

3 J

1 .1

lU U

27-7
15 1

2 !•

'.5
7

40-6

42'

4

28 '7

13 5
4 7

4 7

00
tiO

30
7H

3
1

4

1

til 3

2»'8
4 9
00
15
4'8
0'4

45'

I

7
-•

5'9
100

f>xyK<-ii p;

Nitrogen ''J

3
82-9

Inflamniabif< gaH. ^1 52 n 7H-8 72-2 51 2 K9'3

655

500

47 2 49'7 6 J

Growl calorific valiuv—B.T.l'.
50«>

45.S

532

477

534

477

304

•272

209

1H5

193

173

23
Nr( calorific value—B.T.l'. (x't

cub. fi 22

T.VHI.i: 111

GAS FROM FLUES

.''ampli' number 10 7 13 9 11 8 14

Hoi*' number 1 3 3 4 4 5 5

Hyilrogon 10'

3

1'3

00

1 H
7 3
73 5

22-4
4

00
9 2
2'S
00

66'

2

3 J

1'2
0.(1

"4
1(10
0-2

85

(»

00
on
10 f.

2 3
87 1

7 9
0-7
00
12

12- 1

01
780

14 1

(1

00
2 ."1

."SO

2'0
73 4

00
00
00
00
7 3

in 8
81-9

00
00

EthvlctH'
( 'arbcin monoxide
Carbon <iioxi«!e

f>xygm
Nitrogen

•
';; 00

7

110
820

Inflammable ifa.i . 'r 17'6 .32 4-8 (10 9'8 16-6 00 00

(Jrods calorific va
per cub. ft. . .

Not calorific value . .

Nrl calorific value-
cub, ft

u^B.T.l'.
Ciii iOo i4 36 h4

B.T.l' p-r
:.9 94 21 32 4t>
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THE STKEN(JTH OF COKE

In tlic report on cokiiiK cxpcriiiK'nts, Vol. I, Part VI, piigcs 223-5,

there is !i (liscussion of the relation of the strength of coke to its usefulness;

and a description of a method of testing this .strength and ealeidating the

results.

The method used was, in l)ri(f , to crush the sample to just pass through

a 1' screen; to remove all fines which would pass a I" screen; and to

subject 500 grams of the material between 1' and §' to a pressure of 4200

pounds in a cylinil(>r of nearly 5)' diameter. After leaving this pressure of

200 pounds per square inch on the sample for 2 minutes, the material was

removed and sieved through V, iV. and .',.' screens an:', the resultant

products weighed. The strength factor " 'hen dctermiu'-d by dividing'

the quantities remaining on each of the respective sizes of sieves, by the

size of the last sieve the material passed through, and atlding the results.

Thus, in a case cited in which .">00 grams were taken, 847 grams weie

still larger than \\ i.r. passe<l 1"; tJ7 grams passed J"; 31 grams passed

A"; and 55 passed ,V, and the summation, therefore, equalled (347-^1)

+ ('67-4-i) + (31-^ A) + (.-,5 -4- A) =873= Strength Factor.

It is obvious that the strength of any coke is greater as this figure is

less, or, in other words, that the strengths vary more or less exactly as the

reciprocals of the strength factor. If any one coke i«! then chosen as

.standar<l the relative strengths of the other cokes may be obtained by

dividing their factors into that of the standard. The coke selected as

standard f;)r the tests reiwrted in Vol. I had a factor of (174, therefore

the coke given above has a relative .strength of 674-h873=0-772 = S.

Since Vol. I was written some v(>ry interesting and valuable experi-

ments have been carri('<i out by Stadler and others in Johannesburg, and

more recently by Hell, liall. and others at Mc(!ill Univ. rsity, Montreal.

The result of these experiments is to prove that if a parti;illy crushed hard

material, such as rock, be first separated by sieving into a series of grades

or ;Mzed products, and the material in each of these grades weighed, and if

thereafter the graded material be subjected to further crushing and then

regraded, then the power consumed in this crushing will be found to be a

fi;nction of the change in grade, i.e., a function of the reduction in volume

of the particles.

Stadler's original ])aper deals with this matter somewhat elaborately

and recommends a particular series of sieve sizes and grad(>s giving derinite

ratios of volumes, and. therefore, eiiually definite energy units for each

grade, bat it also points out the i)ossibility of calculating the equivalent

grade or energy unit of material sized or graded on sieves of any other

dimensions. The work done more recently at Mcfiill tends in a general

way to confirm these conclusions by showing that the power actually eon-

' Hy uii iTri>r in priiitinn in Viil I. l> 2U. Iho x i]iin was usoj in pliXT of tlio+Hlnn. Tiiu miiiite nrt

however, corrertly ralrulati'fl. «... , , ,# - i m . n
' Sla.!ler.(iriMlinir \niily«-a an 1 iheir Ap|)!i.':in<in- HuMi'lin. Institution iif Mininn nnj Mi'tallurio ,

Lonilun. May lo'. lOln
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siimcd in cruxhing soveral diffcront kinds of rock to different dcairees is

proportional within reasonable limits to the change in grading.'

The actual consumption of power in crushing a given quantity of any

rock depends, of course, not only on the reduction in grade but also on the

strength or resistance to crushing of the rock concerned, and, therefore, if

we wish to compare different rocks, the results of tests made on any par-

ticular kind of rock have to be corrected or reduced to a standard by

multiplying by u coefficient experimentally determined for that rock.

These coefficients have only been determined for a very few

rocks and further work will, no doubt, prove that they vary considerably

with rocks of the same kind from different localities. It is exceedingly

likely also that the coefficient for each rock will be found to change as the

crushing gets down to very fine sizes in which the crystalline structure

influences the strength. A great deal of work will have to be done before

the theory of rock crushing can be said to be completely pioved and

definitely reduced to a matter of practical calculation, but even the experi-

ments already completed suffice to show that Stadler's method affords us

a more accurate means than we have heretofore had of determining, either

the strength of broken rock to resist farther reduction in size, or, conversely,

to determine by calculation the amount of power which has been exerted

in crushiistr rock from some previous size to its present grade.

In rt lewing the section of the main report dealing with the strength

of coke,' it occurred to the writer that it would be well to re-determine the

strengths by the Stadler latthod aim to compare the results with the

relative strengths S and S * determined by the empirical method originally

employed. Nine samples of coke were withdrawn from the Museum col-

lection and crushed by the method already described, and average portions

of the crushe<l fragments of each sized on the set of sieves originally used

and the relative strength factors S and S^ calculated. The equivalent

energy units of these sieves were then determined and the relative strength

of the material was calculated by the Stadler method. As it was difficult

to arrive theoretically at a satisfactory energy unit for the niaterial

under A", all of which was lumped in one grade in the original tests, this

material was screened in each of the 8 recent tests on a series of seven

standard sieves, from 10 mesh down to 200 mesh, and the energy units

determined for each grade. The results of these tests' are set forth in

Table IV, which requires no further elucidation.

These tests show that the relative strength factor S. as originally

determined, is not satisfactory, in that it does not sufficiently differentiate

between a strong coke and a weak one. On the other hand, the square

of this factor, or S' is very fairly in accordance with the result of

the more recent and mor(> scientific method of testing, and closely in

i
I

'•

Biiii, BuHctin, institution of Mint:!- ;*.:v.t M'-tnHttrjy, Lontion, Orrlobrr. I9I1.

Porter, titty Vol. I, p. 223.

' These tjcata ant! the npr(-.i:trv i-Hlculutions wore made under the author'i direction by Mr. V.. K.
Hilliniton, B.Sr
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parall.l with it in the cases of cokes of good commercial quaUty. The

two methods are less in accordance in the cases of weak cokes, and it has

therefore been thought desirable to tabulate the whole series of results of

the original crushing trials, and to give not only the relative strengths,

S and S', as already reported in the summary, but also the Stadler factors

as calculated for the series.

The results of the original tests and of these re-calculations are given

in extenso in Table VI, which needs no explanation except in regard to the

determination of the Stadler factor for the material passing through the

ft" screen. As this material had all been discarded after the original

tests and as fresh samples of many of the cokes could not be had, it was

necessary to assume a factor, and for this purpose the energy units were

calculated for the fine portions of each of the eight coals tested, as per the

central section of Table IV. The results arc set forth in Table V, from

which it will be seen that the Stadler factors for all these cokes range

within the narrow limits between 11 and 13- 1, and average almost

exiM-tly 12. This factor of 12 was, therefore, adopted and used in cal-

culating the energy units given in column 13 of Table VI.

The above section appli. s only to tlie actual strength of the coke.

In the tests reported in Vol. I it was found better to consider both the

strength and the porosity of a coke when attempting to judge its com-

mercial value from a physical standpoint. The values obtained by

multiplying the square of the relative strength of each coke (S )
by its

percentage cell space or porosity (P) appeared to give the best commercial

classification of the cokes.
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TABLE VI

Dctnilol rpsultH of coke (TUHhiiiR tests arrangwl geographicaUy by coal ftcWs; with the

reUtive BtretiRthH tahulateil, as rcporte<l by Mr. Stanstiehl m the Hummary tableH, Vol. I, Part VI,

and alflo the Studler vahi.s and energy units an recently determined.

=-=- *

E

•-
II

§E

If
II
ft

II
1,.

Il
is

i
1

2

it
xt

Stadler's values for

material. |3

fl
JO—

1
§

Relative
Ktrength
values.

Coke
Number ^

5̂

•a

SJ Sir

Hydney Coal-Field.

C 1/50. 302
361

C 1/36 !
382

C 1/2036

C 1/35.

383
393

385
371

C 1/2035...! 353

C 1/35 SP.
I
417

C1/2035SP.I 393
I 409

93
44

Gl

46
50

42
48

62

39
33

25

25
22

26
26

G5
63

32

46
32

1

-1

48
54

-1
1

31 53

34 18

48
31

C 2/203').'<I'.! 301

I 275

Cl/38 i 385

I
420

C 1/38 409
;<;i!)

C 3/38.

C 3/2038..

Cl/37.

392
417

382
381

C 1/2037..

C 1/30.

.

C3/39.

350
328

68
70

67
36

37
50

52
37

51

55

21
20

43
50

22
16

22
21

22
17

30

38
38

93
107

29
25

32
30

34
30

965
886

754

799
749

803
843

862

709

— o
-2

-3
3

-1

61
76

352
355

390
398

437
415

C 3/2039..

3/13.

397
360

01

24

31

38

33
31

44
40

41

42

23
24

18

18

22
70 i 25

44 -2
40

00

46

35
34

25
28

37
44

759
748

926 729

7.')4 0-894

774 0-870

823 0-819

862

709

1044
1132

729
693

.53

1088

0-780

0-951

0-895

0-5(j

0-60

63

64
0-65

64
0-62

0-59

0-69

0-68
032

45

0-34
0-37

0-31
0-35

0-46

0-25

0-65 0-35
0-68 0-23

0-619

711 0-948

7251

727

746
701

1

_•>

-1

-1

-2

417
377

25
53

20
25

42
47

-4

787
782

880
911

2(JiO-»30

0-45
0-38

29

0-29
0-25

0-30
0-30

0-36

0-21

1-56
1-51

77

1-10
0-77

I 15

1 30

1-2'

0-72

0-24
0-23

0-50 0-50
0-46 0-52

240-931

850-859

89610 -752

8
83-̂

85SS530-789

7430-90:

0-64
0-70

0-68
0-66

0-65
69

63
63

0-5.S

0-55

0-58

0-49
0-27

0-27
0-37

0-381
0-2

0-38
0-1(1

45
0-56

49
0-68

0-25
018

0-25
0-24

0-25
0-20

0-29
0-28

3- 19
2-81

3-000-5

2 14 2- 140-8(1

2-37
204

3-40
2-57

2-68

2-220-76

2-490-67

l-87tl-870-90

0-91
0-91

2-23
2-57

0-70
60

0-

0-721

0-82
0-72

2-05

3-72
4i:

20f
1-7!

53I 0-56

2-680-61

2-100-80 0-81

0-79

0-76

0-68

0-63

000

3-930-3S

1-920-90

1-97
l-Of' 0-86

3l-9e0-87

2-3:

0-36
0-44

0-45

0-98:

7890-85'

591 0-50

O-Od 0-32
0-(>ffl 0-29

0-7a 0-15
am 0-30

0-31
0-51

•690-87:
009 018
o-ea 0-39

0-38
36

0-26
0-28

0-21
0-21

1-37
1-44

1-32

70
99

2-8*

2-73
1-10 2-55

2-04

0-S4
0-82

0-60
0-6

0-89
1-06

0-23 1 01

0-29 1-13

2-08
2 -OS

1 69
1-8

2-11
2-46

20

0-74

0-43

0-8S

0-85

C-86

0-73

0-57 0-59

0-02

0-82

1-780-97

2 11

2-441

2-290-73

2-280-77

0-64

0-S2
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Sydney Coal-Kiku)—('(inlinucd

(13 13... 307
348

55
78

20
25

51 1

47 2

829
840

837 0-805
0-61
0-58

0-4(1

0-57

!

0-30 1-22: 2-53
0-29| 113 2-57

2-55 0-65 0-60

C 3/201 3 341
372

1

.-lO

43
30
29

09
50

1 928
850

889 0-700

0-774

0-57
0-02

0-52
0-01

0-43
0-32

0-35| 1-60 3-01
0-33 1-34, 2-Cl

i 1

2-81 0-58 0-60

C 1/12 1
312

!

307
91
02

39
20

57
40 -1

920
813

870
07
40

0-45i 1-37 3-01
0-30 1-10 2-47

2-74 0-00 02

C3/12 392 37 23 48 796 796 0-848 0-05 0-27 0-20 1 15j 2-332-33 0-72 73

C 3/2012 245
249

102
78

59
71

94
100

( 1130
1173

1155 0-584
0-41
0-41

0-75
0-57

0-08 2-25' 4-09
0-82: 2-40 4-20

4150-34 0-41

I -JVEKNESS CoAL-FlEl D.

C 1/15. 284 66 58 ; 92
,

109{' 10900-618 0-4; 0-49| 007 2-2l| 3-843>840-38| 0-44

I'lCTOli CoAL-FlEU).

C 1/2004.. 251 80 63 106 1175 1175 0-575 0-42 0-59
1

0-7? 2-54 4-274-27 33 0-40

Cl/16 428
425

26
37

18
15 JO

3
3

688
671

679 0-995
71

71

19

27

0-21
0-17

00
0-48 l-0»'«^

0-99 1-01

C 1/2016. .

.

431
400

27
47

18

29
24
26 -2

673
717

695 0-970
72
06

20
35

n-21
33

0-58
0-02 l-90i'

*** 0-94 0-92

("1/1 301 73 46 81 -1 1020 1020 0-061 50 54 0-53 1-94 3-5l'3-51 0-44 0-48

C 1/2002... 408
447

47
!0

17

12

2S

20
700

2 040
673 1-000

68
74

35
14

0-20
0-14

0-67
0-48

1-90
1-50

1-70 100 99

(• 1/8 442 27
34

12

16

17

10

2
T

035
043

639 1-054 73
72

20
25

0-14
0-18

0-41
0-38

1-48
1 53

1-51 1 11 1 12

C 1/2008 .

.

450
400

21

51
12

22
17

27
020
717

669 1-008
75
06

15

38
0-14
0-25

0-41
0-65

1 45
1-94

1-70 1-02 0-99

C 2/2008... 387 40 27 44 2 799 799 0-845 64 29 0-31 1-06 2-302-30 0-71 0-74

Cl/3 375
4->0

09
23

23
22

32
33

1

2
764
724

744 0-906
62
70

51

17

0-20
0-25

0-77
0-79

2- 16
1-91

2-040-82 0-83

C 1/2003. ,

.

408
437

41

19
21

14

28
24

2
6

718
081

700 0-901
OK
73

30
14

0-24 0-07
0-16 0-58

1-89
1-61

1-75 0-92 0-97
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TAULE VI—("onlinufHl.

Coke
Xunibcr

1:

s
C B

1? S

II

1^
ll

2 1

1 if

Stiuiler'H values

materiul.

for

£

1.^
= 5 i «
S' 3 9

|-5 I

_M I

Ilclntive

HlrenKth
valufM.

21 »

SPRI.NalllLl. CoAIy-FlELD.

C 1/4!)

Cl/5.

C 1/2005..

Cl/0

C 1/2006.

417
433

383
381

411
383

3H0
394

410
426

43
24

m
58

41

05

43
31

21

I'J

25
23

21

21

20
20

31
24

21

18

34
38

26
29

43
43

26
27

-2
3

-8

-1
-2

-1

071
671

735
774

707
749

79S
772

703
685

671 1005

7540-895

7280-926

7850-85'

694i0-971

32
CIS

0-49
43

0-30
0-4S

0-3
0-30

0-23
23

3(1

0-24
0-2^

0-20 0-S2
2ti 0-91

0-50 1-7')

0-50 1-62
l-C.) 1-01 I -00

0-62 1-83
0-70 2-06(

103
0-2K 1-03 2-26i

0-32 0-24,

0-23 0-21 065

5:2|2-24k)-80 075

1-94

0-62 1-86,
1-80'

0-8(> 0-87

-^l2-32|0-7» 0-73

1-830-94 0-9214 O-I

Cl/7.

Cl/9

C3/10.

C 3/3010

C 1/48.

350

285

334

385

55

79

51

57

33

45

36

24

56

Joooins-Chicnecto Coal-Fielb.

8961 8950-753

91

74

34

6

1069! 10690-629
_L

972i 972fl-691

758( 7580-889m-i

0-58 0-401 0-38 l-34i 2 702-70lO-57 0-63

0-47

055

0-64

0-58

0-42

0-52

0-38 0-41

0-28

2-18 3-753-750-40

1-77 311j3 11

0-82 2-16i2160-79

0-48

0-45

0-54

0-78

Frank CoAt-FiELO.

C 3/4S

C 4/ 2048

V, 1/32

C 3/32

C 4/2032.

(; 5/2032.

.

287
305

80
82

293
315

91

57

260
287

94
72

321
307

72
89

317
289

67
94

304 I 92
296 1 101
352

I

43

336 71
304 75
340 55

50
44

83
70

44
47

69
84

50
46

97 ' -1
95

36
38

70
62

47
43

75 -6
76 -2

36
I

68
,

40
i

66-2
37

i
70 -2

37
49
41

57
I

-1
72;
70 -6

1047;

978
10130-668

|°°2 1005l0-670

1120
1085

1102'0-612

936
959

9580-705

969
1000

962
919

895
99S
922

9890-681

9490-710

937k)- 720

0-48
0-51

0-49
0-52

0-43
0-48

0-53
0-51

0-53
0-48

0-50
0-49
0-58

0-56
0-50
0-56

0-59
0-60

0-52
055
0-40

0-58 1-9

0-51i 1

3-64
3-30

3-4;

0-51 1-65

0-54| 202
3-32
3-50

3-41

0-581 2-33i 403
0-53| 2-28J

3-82
3-930-37

0>4i: 1-68
0-44 1-49

316
3-10

0-54. 1-80
0-50 182

3-36
3-49

-1-

0-411 \-

0-46^ 1-

0-431 1-

3-22
3-253-
301

0-4a 1-37| 2-88
SH !-73i 3-343-11I0-52

0-47| 1-68| 311

0-45

0-45

3130-50

3-4310-46

160-50

0-49

0-50

0-43

0-54

0-49

0-54

0-54
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TAULK VI—(onliniiiMl

( (ikr

NuiiiIht

CnOWSNEST ("OAL-FlF.LD.

(1 :ii

C2/31.

447
I

15 I 15
420

!
34 I 14

i 336
I
322

54
69

40
40

24
23

69
69

(i4a

666

945
956

658

951

10.d ,,.7.
Oil 017^ 0-58
0-25 OUi! (),-,.". 1-67 1-64|105

„ j^ 0-501 0-40 461 1-651

0-51 461 1-6&
3 07
3 151'

3110-50 0-54

1-03



TABLK VI—C'ontinupiJ

('ok.-

Niimbcr

i

s

Stadler'x value* for

matprUl

1"^
5 c

a RrUtiTP

Si ; 3 I
strength

t 3 2 valucii .

i5__j i'±V

( 'rowhnbbt Coal-Fikld—Continued.

» I .MMl 304
391
375

C 1/30 337

C'3/29

(' 4 /JO.!!!

307
JJft

4U(i

407

4{»0

»,S7

(• 4 :.i 195
IS7

109
227

("4 52

("5.52.

3(i<»

:)'.I2

423
3!)H

400

71 ' 20
43 I 20
72 24

50
I

35

07 I

31

20
37

24
21

39
41

32

797
774
750

57

42
32

41
37

4!)

IS

29

100 74
94 ' 74
113 71

90
I

53

05
43

30 17

43 23
44 22

24
35

133
140
147
124

32
30
34

878

798
094

790
730

095
70-t

1320
1381

1400
1240

790

090
749
738

740 870

8780-708

7400-904

0:i 0-883

300-922

1318|0 514

784 0-8591

280-927

59

01

0-5;
0-32
0-58

37

0-49
23

0-151
0-

38
0-30

0-

69
0-83
0-71

48
0-3

0-22
0-32
0-32

40

25

37

01

2-4(i

2-25
2-20

2-300-70, 0-73

2-732-730-59 0-62

2-4U
1-85

2 08
2 08

2-0!>

1-841

21 2 01

5-101
5-3
5-4.t|

4-0

2-361,

2-26

5-14

-31

1-89
2102 01

205

-130 8'i: 0-79

0-781 0-81

0-85! 0-84

0-20 0-33

741 0-73

0-80 0-84

(4 '53

(' 1 27

(•4/2027

( 1 20

('2/20

(•3 20

389'

380

420
436

43
4S

22 45
46

789
805

79' 0-H48
0-32
0-35

25 1

29 1

2-30
2-37

2-3-1 0-72 0-72

380
403

301
414

332
310

423
397

(•4 '2026 396
387
400

35 i 13
27

; 14

28
28

078
059

009 1-008
0-26

72| 0-20
15

16

1-79
1-75

1-7' 102: 0-96

48 I 29
31 25

43
40

61

27
32
25

46
31

63 41
40

74
82

26
50

51
49
iis

32
31

23
28
27

32
36
39

7800 -862
g:

031 35
0-23

33
29

S31

7301
781 0-863

903
1014

98910-081

711
733

736
766
757

220-934

753;0-892

60 0-45
69 0-20

37
29

55 0-39
51 0-49

0-19"

0-37

0-38
0-36

2-34,
2-15

2-25 0-74 0-75

10 2-52
1-92

2-220-74! 0-70

47 1

46 1 97
3-19
3 43

3 310-40 0-61

2C
26

1-86
2-02

1-94 0-871 0-87

66 0-26

26*

32
31

207
2-18
217

2-140sa 0- 79

(•5 .tt)26 413
3'x)

410

34 22
4-:t -22

38 I 20

31
32
32

715
72S
720

721B 935,

69 0-25
So: 36;

68^ 0-28

1-03
2 oil
1-96

9S0 S7| 0-S5



TAUL£ VI—ConiiniMil

8i S

Cukr .fib ^ u .gtitl'SBi.a
Nim.b.r S? In ,|l ^5« I

_ .

\'tf !-

HtMllcr'it value* for

matci. Rtmigth
vnlum.

.S»

^<IMILIlAMKK^ roAU-l''lEU>.

Cl/Ex -'
1
410 31

27

31

24 35 738
!

73S«9in 0-68 23 28 84 2>032'030 M 083

C 1/Kx. 20i 42H

1

4H)
18

20
27
28

«83
702

6U30!t70
71

70
0-2C

23
0-21

23
0-05

67 } ;J5l-80004| CM

V 1/Kx. 3 292 04 50 02 2 081 1«1 0-687 0-481 00 0-58 1-4V 3 24 3 240 47 52

Nicola Valijcy C'oai.-FibU).

C-l,22^*r.. 275 03 51 81 106S{ 1055k) -639 461 0- 68 0-59! 1-94| 3-6713 C7iO-41: 40
i

'

Nanaimo Coal-Fibld

C 1/20 367 1

300
62
52

27
33

43
46

1 812
825

819 822
61

0-61
46
38

0-31

38

1-03

110
2-41
2-47

1

2-440 Osl 0-69

C 4/2020 370 63 n 44 803 0-61 46 0-26 1-06 2-39

384 56 ?l 30 77(1 64 0-41 0-24 004 2-23

376
376

57
o8

27
V7

40
39

788
785

781 0-863
62 0-42

0-62 0-43
31

31

0-96
004

2-31
2 30

2-280 74 74

3K3 40 ?4 42 (t 783] 64 0-36 0-28 1-01 2-20
,

308 43 21 38 752 0-66 32 24 0-91 2-13 i
1

C 5 '2020 384 60 ?5 32 -1 748 64 0-44 0-2*t 0-77 214
380 54 20 30 -2 75H 7740-871 65 4(1 0-23 0-94 2-22 2 290 76 t) 74

358 72 28 44 _2 815 O-IMI 0-53 0-32 106 2-51
i

I'l, 18 . . .

1

1

(' 4 2018 2!to 62 44 97 1 1080 t-49 0-4« 0-51 2-33I 3-78 1

283 86
83

47
46

84
65

1050
OM 1031 0-f>54

47
51

o-o;*

61

0-54
53

2-OJ
1-56

3-66
3 21

3-400-43 0-50

347 55 34 65 -1 0<)5 58 0-40 0-30 1 56 2-03
;

Cl/17 . 184

366
3S2

64
44

84 127 -4 1323 13230-508 0-31 0-80 0-97 3-05 513 5-130-26t 0-33

Cl/21 26
28

45
47

-1
-1

812
805

800 833
0-61
0-63

0-47
0-32

0-30
0-32

1 08
113

2-46
2-40

2-4^0-61)« 0-70

1

" 0-71

1! 0-84

C1/21M i 301
! 367

38
65

31
26

42
45

-2
-3

780
SOS

793 849
o-r>5

61

0-28
0-48

36
0-30

1-01

1-08
2-30
2-47

2-30|o-72

20l'0-84
1

C3/21M
1

j4n 34 i 19 36
!

73SB 733 0-919 0-68 0-25 2'2I 86 2-01
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TABLE VI—Continuwl

SUmIIit'h vuIuc* fiir

inaterud will

2

trength
valun.

MM*8*

WiiiTKiiuiuti CoAi^-Firxu.

(' I /Ex. 31

(• 1/K.x. Ml

r I/Kx. 32

(• 1 Kx. 232

( I /Ex. 33

C 1/Kx. 233

330
30fi

3<)4

407

304

304
31&

386
370

404
430

67
SI

50
40

45
80

61
m
44
32

24

23
21

44

40
4:.

27
28

27
10

HraciAi. CoKtx.

c.

C4.

(•8

C7.,

C8.

(•9

C 10

C'll

V 12.

(• 13,

416

4U8
436

420
387

434
425

404
411

406
433

381

410

309

3<-.7

410

431
398

33 10

4()!»

432

60
25

20
52

26
29

16
10

17

22

40
37

39
24

60
32

33

71

31

30
58

30
20

18

21

20
13

24
IS

34

26
23

20
40

25
28

27
30

38
20

21

20
23

14

17

24
15

3«
39

46

39
31

25
32

-1

-3
4

31
27

721

699
665

083
708

060
091

746
71^

736
684

704
740

781

783
710

671
713

721

682

0-934|

0-089

09

7200 930

6800 991

732 0-920

710,0-949

75510-893

781

74;

7241

677^

68
0-72

2 1 018

03:
181

71 0-19| 0-

04i 0-38|

0-801

«-90:;

la
0-21

0-72
0-71

007
0-681 0-27

0-29

0-67 0-

O-72I 0-18

0-63I 44

0-68i 0-24

0-00 i 2-li 0-24

0-61
0-69

6920-974

7010-901

0-52I 0-

0-23|

0-721 0-221 0-

0-6CI 0-43{

0-68{
0-72

0-S. I 03

0-02
0-66

0-701

0-67

OK

1-85
1-03

l-8(

0-96 2-2;i

0-60 1 tiK

1-80

1-82
0-72 1-91

01| 2 K
002 "

0-80
0-04

MO 2-24

0-94
0-74

005

1-07

2 21
2-0'

2-37
1-92

60 1-70,
0-77 2-06'

10;

74

-Ol

0-87

0-98

0-87

1-74'0-Oti

1-87

S'lll l:?ii!-8SlO-92l1-7?

0-86

l-S!)jO-90

140 SO

-24

0-88

0-97

84

0-97

90

0-89

0-79

8t.0-95i

0-741 0-76

0-S2 70

0-90

0-91

83—6



Numbrf

-i
Si

Iff
Tfi

74

TAIII.K VI -<Vin»im»i»

< f*"« is

Si'Ki lAi. {'<>Ki>—<'ontiiiu«sl

C14

CIS

C81.

e»2

c a-j

CM
C 87

CSS
_ «l

C97

(• 113

4;ii

ttH)

;i»7

iiu

MYi

.124

i

aw*
413

.11

4H

44

37
3:»

67

l« •i7 -3
at) 32 II

•-'1 37 .I

iO 40 -1

j» US -I
17 30 I)

(WHi

7.TJ

Ut)

23

43

:I3

762
7m

AH4
701

(W -1 I I03«

701 " ""' Wll :«A 23

75110 8SI*

093k). 073

( 114

C 115

Cllfi

C 117

CllH

402
336

37S
{',:4

3M)

427

ms

43H
420
420

430
420
417

30
34

M
56
66

31V

31 i
S3

11)

20

40

57
31)

; 32

22
23

31

37

04

35
36
39

29

36

25
20
37

432
422
420

;n7
325
338

302
310
367

25
30
42

48
51

47

47
N7
37

27

17

16
17

17

17

14

37
41)

43
44

50

17

i;

It;

-1 003

-1
-2

-1

u

-1

852
930

708

865

729

17

21

22

18

20
11

35
43
35

25
29
25

31

39
35

24
28
21

S2
79
79

1

_2

-1
-1
-1

7),'i

s46

79(1

778

830

103lllO'640< Ml

727

0-71< 0-27
7(» 24

32! 0-24
32 23

23
» 20

9930-67tt 54

89410 -754
000
OSS

7080 952 0-71

805i0 7801 60

0-928
60
09

7960-847
o._r,(;

78^086(1
J|;Jt^

8300 807i 0-63

656
649
645

-3
_ »

-3

-I

05
72
69

635
OtMl

604

084
724
709

071
61)6

656

971
'196

970

9)5
899

65(lil 037' 71
i 71

654

70(a

73

1030 71

71

0-71

U-954 "wO

49 50

0-441

40
49

0-17

3S

38
24

29
65

0-42
0-29

0-4

0-38

35
39

20

36

2!

23

25
3

I 8110 92| 81>
0-6AJ 1 76

77 2 01

(Ml 1 80
0-72 1 801

2-011 3-37l3>370>40

1 34
1-58

0-86

1 27

74
0-89

89
118

26i 10(

31

0-20
2

0-29

0-21
28 0-18

02:

0-69 27

674il-000i' 0-70
71

: 0-56
979ii)-l>S9i 0-54

I
56

18
0-19

IS

22
0-31

35
38

0-35

23
21

24

0-20

0-2(1

0-2(1

0-2(1

0-1(1

21

23
0-13

40
0-50

40

1 20

41
41

0-38

41
0-5(1

0-53

2 69
3-01 2 85(0 57

1-941-940 01

2 ai

2-(X)

2 OS

;mo
2-761

2 33
2-26

lis 0-921 83(

2 11! 3-fl(l|3-ea|o 42| 0-47

oat

2 61 61

2 -0.3 0-86

2 430-72

2-300 74

2-61

I 61
1-60

1 62

2-61

t 61

74
0-94

84

0-58
6

o-.w

1-97
1-89

1 8fli

I 55
1-67
1-71

I 64

1-83
2-03
1-96

3-28
3-31

.;-2c

, 0-0*1 O-SrJ 29i l-oCn s-so

911i0-740i 0-521 0.64J 0-33| 1-73! 3 - 22 2
- O-'ilO - 55. 0-57

I
: O-eil 0-.'7l (1-291 ).(« -^-821

0-65

1-69
1-821-72
1 05

59

0-87

0-66

083

1-08

1-06

1 94,0-91

1-00

0-70

73

0-65

1 ()5

1 03

II 87

0-9h

3 280 47 0-52
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AVERAGE ANALYSES

1. Coal-field.

Sydney,
tape
Breton
county,

2. Number of samples included in avenme | 9

Mouit.ure in coal

3. Total moisture

4. Moisture left after air drying

.

Proximate analysis of drj- coal

6. Fixed carbon (FC) by diflerenoe.

6. Volatile matter (VM)
7. Aah

3-7
2-6

Ultimate analysis of drv coal

8. Carbon (C) %
9. Hydrogen (H) %

10. Sulphur %
11. Nitrogen %
12. Oxygen, by difference %

13.

14.

15.

16.

Calorific value of dry coal

By determination calories
•• B.T.U^

calculated to aah free coal
calories

By calculation from ultimate analysis. . .calorie*

17. Ratio FC/VM.
18. Ratio C/H....

66-3
36-4
7 3

75-8
51
2-9
1-4
7-5

7590
13660

8190
7620

1-55
14-9

Invemesa
county.
Nova
Scotia

70
6 3

490
38-5
12-6

05-4
4-5
6-9
0-9
9-8

6650
11960

7600
6580

Pictou.
Pictou
county,
Nova
Sootia

2-4
17

57-5
29-6
12-9

730
4 5
1-2

10
6-5

7210
12970

8280
7180

1-27
14-5

1-94
16-2

' i^-^

'

.\.^r



TABLE VII

ALYSBS OF REGULAR COAL SAMPLES IN COAL FIELDS IlfVESTIOATBD

>u,

ou
ty.

ra

tia

SjpringhiU,

Cumber-
land

county.
Nova
Scotia

Joggins,

ChigMeto,
Cumber-

land
county,
N.S.

Grand
Lake,
Queens
county,
New

Brunswick.

Souria,

Saskatch-
ewan

Edmonton,
Alberta

BeUy
river,

AlberU

Frank
Blaiiw

more,
Albma

I
! Nanaimo- Alert

Crows- Similka- ! Nicola Comox, bay,

nest, ! Cascade, ' meen, valley, Van- Van-
British : AlberU j

British 1
British couver oouver

Columbia ' Columbia ; Columbia island, island,

i
! ; i B.C. B.C.II!:

White-
horse,

Yukon
Territory

3 3 1 2 3 3 e 8 4 1 3 1 2 6
;

1 3

4 2-6
21

2-9
2-2

1-3
0-9

29-7
181

22-9
190

8-8
7-8

10
0-8

23
0-9

i 1

l.fi 2. A 3.7 21
1-6

70
7 07 81

5
6
9

590
380
80

46'4
37-8
15-8

63 4
32-2
14-4

43-

1

44-5
12-4

49-6
40-3
101

47-2
84 5
18-3

66-8
26-3
16-9

64-2
246
11-2

1

71-0
i

63-3
14-7 32-7
13-7 141

47-2
30-

1

18-7

62-3
3«S
n-2

42-7 560
84-3 26-6
230 17-6

Q 76-6
4-9
IS
16
7-4

64-8
4-4
6-2
1-2
7-6

70-3
4-6
6-8
0-6
4-3

58-7
46
0-6
10

22-7

64-6
4-5
0-4
1-3

19-

1

ex.g 70.7 76-8
4-6
0-6
1.2

766
8-7
0-6
11
4-3

70-4 68-3
4-6 60
1.9 0.8

723
4-6
0-9
11

70-4
4-2
0-6
0-8
7.6

5 4-6
1-1
1-6

12-6

4-2
0-6
10

J
n 10
5 6-6 "-A 10-6

j
9-9

n 7610
13620

8170
7680

6590
11860

7830
6590

7160
12890

8360
7220

6660
10170

6460
5350

6110
llOOO

6800
5980

6030
10850

7400
6070

6830 7440 7270 6620 7160
1

6170 0600
n 12300

I

13400 1 13080

8220 8380 8420

11920 i 12870

7670 8060
6830 7010

11100 11880

8010 8000
6890 7620

j
7290 6810

94
7

1-79
15-6

1-23
14-7

1-66
15-3

0-97
12.8

1-23
14-3

1-37
13-6

2- 16
16-8

261 1 4-87
i

1-62
17.1 1 20.7 1 IK.S

1-21
i

1-43
18-6 ' 15-7

1 24 2- 12
10-8

.:,^..j-^=
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APPENDIX V

WORK OF THE CHEBHCAL LABORATORY

EDGAR STARSFIELD

Average Analyses of Regular Coal Samples in Coal Fields Investigated.

In onJpr to show cloarly the type of coal to he found in each of the
coal fields investigated, Table VII has been compiled showing the average
analysis for each field. Only the regular samples were included in the
averages; to have done otherwise would have given undue weight to those
seams or collieries from which more than one sample was obtained- the
figures for moisture were, however, taken from the mine moisture sample.

Coal Classificatiotis.

In Tables VIII, IX, and X are given, for all the regular coals tested,
the values calculated for some of the better known coal classification
ratios, together with the determined calorific value of the dry coal.

The first column gives the reference number of the coal.
The second column gives the calorific value of the dry coal in calories

per gram, as determined by means of the F. Kohler bomb calorimeter
The third column gives the carbon-hydrogen ratio in the dry coal

calculated from the ultimate analysis of the coal, which was made upon
the dry sample.

The fourth column gives the carbon-hydrogen ratio in air dry coal"
this IS calculated from the ultimate analysis of the dry coal, allowing for
t?ie hydrogen and oxygen in the moisture contained in the air dry coal
(thi.s moisture determination was made on the mine moisture sample).M. K. ( ampb..Il recommends the carbon-hydrogen ratio as the most
HatLsfac ory basis for the cla-^ification of coals. His analyses were madeon air dry .samples, while those of this report were made on dry samples
1 lies.- tables show the amount of difference caused in the ratio

The fifth column gives the well-known fu ' ratio, that is, fixed carbon
.l.vi.lcl by volatile matter. This is a classification depending on the
proximate analysis of the coal; it obviously is not affe.te.l by the moisture
content of the sample.

The sixth column gives a ratio suggested bv D. B. Dowling ^ This
ratio 18 fixed carbon plus one-half the volatile matter, divided by moisture
pl^us or. -half the volatile matter, the analyses being ma.le on the air dry

' II
"

li'v
'"'>""';,•'' ''"'' ''"P"' '* n90«K pp IS6 17.1

' • H.n x,?„^j.,';;;:i',r v^ xxi.x.""'!;*".'"!"' "" ""'"""'"< " ^'•"". -"niui.. p « «« .i«.

mm
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ample. Actually tho iinalysps wrrn made on the dry anmpio and calcu-
lated to air tiry by allowing for the moisture found in tin air dry, mine
moisturn sample.

The seventh column (omitted in Table X) gives tho ratio of carbon
divided l)y oxygen plus ash; this \h a ratio employed by 1). White.' It ix

worth noting that although, as haH been discussed elsewhere, the oxygen
and ash of a coal aniilysis are conventional terms, only approximating to
definite constituents of the original coal, yet oxygen plus ash has a very
definite value and significance, if it is regarded as that part of the coal
which is not carbon, hydrogen, nitrogen, or sulphur.

In Table VIII the coals arc arranged in geographical order and sub-
divided into the different coal fields. In Table IX the coals arc arranged
m order of the calorific Vf.Iurs; for comparison with the split volatile ratio
it would probably have been better to recalculate the calorific value to the
air dry basis. In Table X the coals are arranged in order of the carbon-
hydrogen ratio of the dry toal.

TABLE VIII

COAL CLASSIFICATIONS

Coals nrranKcd in geographical order

Coal-field. K^oal No. C.V.
C/H
dry.

C/H
air

dried.

Sydney, N.S. 38 7700 15 3 MS
35 7780 14 S 14-3
35 SP. 7800 I4'8 14 3

{38 7780 15-4 148
37 7200 14P 14-3
30 7660 140 13-8
13 76.10 14'8 140
12 7600 14-7 13-5

InverncsH, N.S. 14

15

Pictou, N.8. 4
16

1

2
8
3

Springhill, N.S 5

6
49

Joggins-Chignoctu, N.S. 7

10

Grand Lake, N.B II

6750
)^40

6680
7350
6900
7320
7700
7200

74,30

7220
7880

07.50

0570
fr»40

140
151

Ifl-2

16.

1

15-8
16-5
165
16-9

noo

15-3
i:.-9

6-0

13 8
14 7
15-5

15 3

11 8
13 9

15 3
15 4

15-8
15-9
16 4

14 7
I'.O

12-8
13-7
15'2

150

Fuel
ratio.

Split

volatile

ratio.

158
1'44
1-70
1-74

1 .W
1-55
1-48
1-39

)-24
.-.SO

1-57
1 06
1-86
1-85
2-49
2-46

!-81

1 r,4

1-90

111
137
1-22

1 f.r.

3-6
3-6

C/0+
Ash.

2-5
3 1

3-7
39

4-2
5-3
6-4

41
3-8

2.8
3-2
3 3

41

5-4
61
61
61
40
S 6
4g
4-7

3 2
2-7

2-7
3-9
3-4
41
51
3-9

4-4
3 9
7-8

31
2-8
2-6

3-8

I' 8. etc , Pilllolin 'JS2. I 8 CpdI .-.iirn'v
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TABLE VIII- Continued

I

Cnnl-fifM Coal No c.v.
C/11
dry.

C/11
air

drie<|.

Fuel
ratio.

Split

volatile

ratio.

C/0+
ash.

8ouria, Huk 40
41

804O
5300

125
13-4

8-2
H-2

S.S

108
IS
1-5

1-8

I-fl#.

Edmonton, Alta 46
42
4S

5900
0060
6310

14

14-2

14

9
91
91

10 4
11 4
12'

1

1 10

1 30
1 lU

10
1-7

16

2
2-3
2-3

Billy riviT, Attn 43
44
47

0130
6810
5460

13-7
13-6
13 4

1 30
1-37

133

2-2
26
20

23
2 5
14

Fnink-niAinnorc, Alts.. 48
32
33
28
34
34 8P.

(WOO
6020
C880
6930
651(1

6960

15-9

16 7
10-6
16'9
171
16-9

15 7
16-2
100
160
16-8
16-6

2PI
1-80
2.00
2-S4
2 19
2-51

4 7
4 4
51
r, 3
5 1

5.-

2
3
3-2
3 1

2-6
3 4

Crowineat, B.C 31
30
29
81
52
83
27
20

7370
7420
7400
7060
7270
7770
7680
7490

17-5
170
169
17-7
16-9
15-6
18
17-5

17.

4

16-8
16-5
17-3
16-4
15-2
17-5
17-3

2-63
2-90
2-72
208
2. 42
2 30
2 46
2 72

5-9
6 4
5-9

" 5-4
6-2

4 1

4 4
4 4

3 7

43
61
5-4
46

CascfKlc, Alta. 25
23
23 SP.
23 M.
24

7340
7400
7040
7270
7280

19-6
22
20-6
21-3
20'6

19.

1

21 7
20-3

'io^r

410
6-44
5GS
6-82
401

8.3
12-7
11-4

'
8-2

3.i»

5-2
40
4-2
41

8imilkiiniecD, B.C Kx. 1

l-^x. 2
Ex. 3

14 9
15-9
161

14-2
15-4
140

100
1-65
1-61

Nicola valley, B.C. . .

.

22
22 8P.
22 M.

6400
ti^t...

0510

13-4

130
13 5

12-3
13.

1-2
1-2
1-2

2-8
31

2-6
30
2-5

Nanaimo-Cooiox, B.C.. 20
18

17
21
21 8P.
21 M.

7310
71.SO
09.30

7150
7210
"230

15-5
15

150
16.

5

lt!-5

167

151
14-5
14-3

1-2

12
1-!

1-8
21
1-0

.'»
! 1

"
i

t

,;? .
',

a '.

JO
3 6
^ D

3

Alert bay, B.C Ex. 34 6170 12
Whitch^ .se, Yukon

Territory
Ex. 31
Ex. 32

670O
6310
6790

17-5 2-3
•JO
JO

2-(»

r,x. 33 16 S

1

.^;o
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foal No

40
MHP
3M
35
63
3A
8

27
3U
13

n
20
2H
3

30
23
31
16
•m
2

20
37
24
23 M
.^2

21 M
«

21 SP
3

11

21

18
r,i

23 SH
I

34 SI'

28
17

32
33
48
33
22 SP
14

7
Kx 31

4
•)

I'l

•(4

14

^2

TAIiLE IX

COAL CLASSIFk^TIORS

('oh1» arranimi in onkr ,A ralorilio value

(• V.

I.M

10

7880
780U
77SO
7780
7770
7700
7700
7««»
7BflO

705«)

7000
74110

7490
7430
7420
7400
7370

7340
7320
7310
72«0
7 M)
7.'"0

72T0
72:i<i

72-2«i

7210
7200
71H<)

7 ! V-

7I3<I

70«<>

7040
tlUOO

(iOflO

H030
0930
0920
0880
6800
6790
6760
6750
6750
6700
6680
6670
'•)540

((.IIO

6510
6510
6490
6440

(• H <lrv

10
14 8
15 4

UK
156
I.) 3

16 5
18 O
14 tt

I4'8
14-7
I6'<l

17 :>

I5'3
170
22
17 .'i

16 1

19'6
10-5
16-5
14 »
20-6
21-3
16-9
16 7
150
16-5
16-9
15'3
16-5
150
17-7
20-

6

Ij-S
16 '.(

16 9
130
i6-7
16-6
16-9
16-5
13 6
14
13-8
17-5
16 -"

117
1.-) I

17 I

130
13 3
13-4
15 3

C H
air (IrHti

Fuel rutui

14

14

14

15

II

15

17
13

I I

13 3
16 5

17

14

16

21

17

15
10

15

15
14.

20-

16-4

15

16 4

150

14 3
17 3
20-3

16 6
16-6
14-3
16-2
16 6
13-7

13
11-8
12-8

15-3
13 7

13 9
16-8

114

I ' '.

(i

1 "O
1 70
1-74
(44
230
1 58
2 49
3 4«
1'65
1-48

1 30
2 72
2 72
1-81

J <.m

II

2 :,!

i w,
4' 10
1-85

I 24
1 nri

401
3 -82
2 42
1 01

1 64
2 14
2'46
1-66
1-79

118
2 98
5-68
1-86

251
234
1 12
1W»
2 (Hi

2 04
2 02
1 -'3

1 Jl

111
2-32
1 67
: 37
1 30
2- 19

1-37
1-20
MO
!-22

Mplit
V tlalilr

ntin

4

4

3 6

3 6
3-3
5 4
3-4
3 6
31
3 9
6 2
4 1

6 4
12-7
30
3 9
8-3
4 2
3 3
3-6
H-2

3 8

3 1

4 I

3 1

114

I
3-7

:
•> 3

3

4 4
51
4 7

! 3-1

2 3
2 S

:t-7

.1-2

3 1

">l
2 6

2-8
3 3

CO
+ Aith

7-8
1

At
61
6 1

64
51
6 4
60
4-9
4-7

4 1

3 3
40
41
4-2
4-3
3-6
30
3-9
30
3S
3-5
3-4
3-7
4

3 4
14
J 1

20
3

3 2
2-0
30
30
3-2
3 1

3-f>

2-7
2'8
2-7
2-0
2:.
2-5
•
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TABU-: IX-OmiiniKxl

r«dNo. C.V. C/H dry.
C;ll

•irdrM. KufI ratiu.

Split

vuklilr
ratio.

C/O
+ Ash.

4S
K».92
i-:r.>4

MIO
8310
6170
0130
AOOO
AWM)
SiMO
S4W
3360

140 00 MB
3 03
1 24
i 30
1 30
1 10
0-88
1-33

1 08

10 3 3

43
42
4«
40
47
41

13-7
142
140
i2A
13 4
13-4

10 4
01

8-2
12 1

8 2

2 2
17

11
2
16

'i'-i

"

3 3
30
18
14
10

TABLK X

COAL CLASSIFICATIONS

Coalii uraniptd In order of cwrtMtn-liydrogMi ratio

Coal No. C.V. C/H dr>

.

C/H
air dried.

Fuel ratio.
Split vola-
t:le ratio.

23
33M

7400
7270

220
21-3

21 7 44
5'83

13-7

23 .HP 7040 200 20-3 508 11 4
8-2

24 7280 20 6 20 1 401

ft

7340 10.

A

10 1 4- 10 8-3
7080 18 ' 17 5 2-40 5-4
7000
7370

17 7

17 .

17 3
17-4

2-98
2-53 5-9

20
Kx 31

740O
0700

17 5
17 8

17 3 2-72
2-32

3

34 OSIO 171 10 8 210 5' 13U 7430 17 16N 200 6-4
32 7270 10-9 10-4 2-42
39 7490 160 10-6 2-72 5-0
34 8P 6900 109 100 2-51 5-7
28 0030 10-9 10-0 2-34 5 33 7200 10 lG-4 2-46 5 432 0030 16-7 10-2 1-89 4 421 M 7230

0880
H790
7210
71M
7700

167
16 6
163
16 3
16-5
16 5

1-91
2-06
202
214
1-79
2-49

33
Ex.33

16 6 5 1

21 8P
21

H 150 5-3
2 7320 16 .5 15-8 I So 4-2
4 0080 I6-2 liH 1 -57 3 7

3016
Kx. 3

49
Kx. 2

7300 I« I 15-4 1 68

7s»0
16.1

IB
13'

9

14-9

13-4
15-

1-61

190
1 65
2 0448 6800 13'() 4-76

1

7220
0090

13 9
15 .S

130 1 tM
1 86

3-8

53
20
to

7770
7310
0440

1.V6 13 2 .' 30
13-5

153
13 1

15-2
1 24
1 • 22

3-3
3 3
4

38 7780 15 4 14-8 1-74
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TABLE X—Continued

Coal No. C.V.

11
J 7160

5 74,'50

36 7700
15 6540
18

1 7130
17

1 6930
36

i

7660
37

1 7290
Ex. 1

35 7780
35 SP 7800
13 7650
12 7600
9 6570

45 6310
42 6060
46 5960
14 6750
7 6750

43 6130
44 6510
22 8P 6760
22 M 6510
22 6490
41 1 5360
47 5450
40 5490

C/H dry.

15-3
15-3
15-3
151
150
150
14-9
14-9
14-9
14-8
14-8
14-8
14-7
14-7
14-6
14-2
140
140
13-8
13-7
13-6
13-6
13-5
13-4
13-4
13 4
12-5

C/H
air dried.

i Fuel ratio.

150
14-7
14-5
13-9
145
14-3
13-8
14-3
142
14-3
14-3
140
13-5
13-7
90
91
90
11-8
12-8
10-4
11-4
130

12-3
8-2
121
8-2

1-66
1-81
1-58
1-30
•18
12
155
153
1-60
1-44
1-70
1-48
1-39
1-37
119
1-36
116
1-24
Ml
1-39
1-37
1-23
1-20
119
108
1-33
0-88

Split vola-

tile ratio.

30
3-4
3-6

3-6
40
3-5
31
3-2
1-6
1-7
1-6
2-5
2-8
2-2
2-6
31

2-8
1-5
2-9
1-6

Comparison of Determined and Calculated Calorific Values.

In Table XI is given the determined calorific values of all regular coal
samples together with the ealorihc values calculated both from the ultimate
and from the proximate analyses of these samples.

The coals are arranged geographically and classified into the different
fields; the reference number of the sample is given in the first column

The second column gives the determined calorific value of the dry
coal, expressed in calories per gram.

The third column gives the calorific value calculated from the ultimate
analysis by means of Dulong's formula.

80.8 C +344. ti (H- JO) +22. 5 S = calorific value in calories per
gram-where C, H, O, and S stand for the percentages of carbon, hydrogen
oxygon and sulphur, respectively, in the sample.

The fourth column gives the diflfercnce between the values in the third
column and the determined calorific value. At the foot of the column
these diffeiTuces are averaged in two ways ; firstly, the arithmetic average
in which the numbers are considered as such and difference of sign rrt
considered; secondly, the algebraic average in which difference of sign is
taken into account.
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COMPARISON OF

TABLE XI

DETERMINED AND CALCULATED CALORIFIC
VALUES

%

Coal-field. Coal No.
Deter-
mined
C.V.

Calc. C.V
by

Dulong's
formula.

(ialcCTJ
Differ- by Differ-
ence. Goutal'a ence.

1 formula.

Sydney, N.8 50
36
35
35 SP.
38
37
39
13
12

7010
7700
7780
7800
7780
7290
7660
7650
7600

7290
7600
7830
7920
7850
7360
7720
7570
7450

-1-280

-100
-f- 50
-f-120
-1- 70
-1- 70
-1- 00
- 80
-150

VJ'JO

7730
7i)00

7960
7970
7250
7790
7630

+ 150
+ 30
-180
+ 160
+ 190
- 40
+ 130
- 20

Inverness, N.S 14
15

6750
6540

6770
6390

+ 20
-150

Pictou, N.S 4
16
1

2
8
3

0680
7350
6990
7320
7700
7200

6620
7280
7080
7220
7070
7230

- 00
- 70
+ 90
-100
- 30
+ 30

6800
7420
7350
7710
7910
7430

+ 120

+ 70
+360
+390
+210
+230

Springhill, N.S 5
49
6

7430
7880
7220

7450
8060
7220

-1- 20
-1-180

7780
8340
7370

+350
+4G0
+ 150

Joggins-Chignecto, N.S.

.

7
9
10

6750
6570
6440

6810
6500
6360

-1- 60
+ 20
- 80

Grand Lake, N.B 11 7160 7220 -f- 00 7170 + 10

Souris, Sask 40
41

5940
5360

5400
5290

-540
- 70

Edmonton, Alta 46
42
45

5960
6060
6310

5820
6110
6000

-140
-1- 50
-310

Belly river, Alta 43
44
47

6130
6510
5450

6280
0430
5490

-1-150

- 80
-1- 40

Frank-BIairmore, Alta 48
32
33
28
34
34 SP.

6800
6020
6880
6930
6510
6960

6910
6770
6970
6940
6650
7120

+ un
-150
+ 90
+ 10
-1-140

-1-160

7110
7310
7320
7250
0950
7290

+310
+390
+440
+320
+440
+330

CrowsnoBt, B.C. . 31
30
29
51

52
53
27
26

7370
7420
7490
7060
7270
7770
7680
7490

7350
7500
7400
7260
7460
7980
7690
7520

- 20
+ 80
- 90
-f-200
4-190
+210
+ 10
+ 30

7620
7600
7630
7390
7540
8040
7910
7770

i

+250
+270
+ 140
+330
+270
+270
+230
4-280
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TABLE .XI—Continued

Coal-field. Coal No.
Deter-
mined
C.V.

C.V. calc.

by Differ-
DuIoiik'b ence.
formula.

Ib.V. calc

by
Goutal's
formula.

Differ-

ence.

Ciisfadc, B.C 25
23
23 SP
23 M
24

7340
7400
7040
7270
7280

7040
7530
7290
7300
7280

-300
+ 130
+ 250
+ 30

7660
7660
7330
7490
7480

+320
+260
+290
+ 220
+ 200

Similkamcen, I5.C Ex. 1

Ex. 2
Ex. 3

7200
7180
6965

Xicola vnlley, B.C. ..... 22
22 SP
22 M

6490
6760
6510

6690
6970
6500

+:!00
+ 10
- 10

Nanaimo-Comox, B.C. . . . 20
18
17

21

21 SP
21 M

7310
7130
6930
7150
7210
7230

7040
7020
6680
7050
7270
7120

-270
-110
-250
-100
+ 60
-no

7510
7650
7600

+360
+440
+370

Alert bay, B.C Ex. 34 6170

Whilihorse, Yukon Tor-
ritory

Ex.31
Ex. 32
Ex.33

6700
()310

6790

6690 - 10 7200
7310
7250

+ 500
+ 1000
+ 4606930 + 140

Average error:

—

Arithmetic + 113

+ 4 1

Algebraic
_278

+267

rho fiftli column gives the calorific values calcuhited from the proxi-
mate analysts by means of Goutal's formula." The percentage of volatilema ens first recalculated to percentage of pure fuel (fixed carbon -h volatile
matter

,
then the calorific value calculated by multiplying the percentage

of fixed carbon m the fuel by 82 and adding to the result the product
obtained by multiplying the percentage of volatile matter in the fuel bv
a factor which varies, as shown below, with the percentage of volatile
mattvr jn (he pure fjiel.

% V.M. in pure fuel n
Factor 145

% V.M. in pure fuel if.

Factor
1 j^

% V.M. in pure fuel 25
Factor 103

% V.M. in pure fuel 35
Factor 94

8 12 13 1410 11

142 139 136 133 130 127 124 122 120
16 17 18 19 20 21 22 23 24

115 113 112 110 109 108 107 105 104
30 31

98

40

80

26 27 28 29

102 101 100 99

3(i 37 38 39
91 88 85 82

97

32

97

33

96

34

95

Indurt.^.'^,™o'7.''VorT'p''u^"'^'°"'''''''''^' '''''•^"' "" l»«'.Ab,tr. Electrochemical aod Metallurgical

SmSLM'^M 3 K
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For t'xample, coul 50 nnalysin, fixed carbon ")3 0%, volatile matti-r
34-7%, ash 12-3';,'. Volatile matter in pure fuel = 34-7Xs:,„'7a4,=
39 ti, therefore the factor for volatile matter is 81, and the calorific value
in calories per gram is (530X82) + (34-7x81) = 4346+2811 =7157.

The last column gives the difference between the values in the fifth

column and the determined calorific value. Arithmetical and algebraic
averages of these differences arc given at the foot of the column.

It is impossible to calculate the calorific values of some Canadian coals
by this formula, since the volatile matter in many samples is higher than
is provided for in Goutal's formula. A satisfactory formula for even
roughly approximat-ng the calorific value of a fuel from its proximate
analysis would be very useful, but the differences shown by the table for
Goutal's formula are discouragingly large, even within the limits which
he himself has set.

Variations in Weight of Samples Stored in Closed Cans.

The sample cans tested were similar to those used throughout the
whole investigation for shipping or storing samples; they are described in
Vol. II, p. 125.

A sample of coal No. 14, crushed to i' size and air dried, was used
for the tests. Can A was weighed empty; filled with the coal and again
weighed; the contents of the can were sprinkled with water, the can clo.%'d
as usual, and weighed for the last time. Sufficient coal to fill can B was
spread out on a couple of trays and dried in an oven for several hours and
the loss of weight determined; the dry coal was then put into the can which
was closed and weighed.

The two cans were placed in their outer cans and set aside, in order
to determine hov fast, if at all, the damp coal lost moisture and the dry
coal gained it. The cans were re-weighed at intervals for nearly four years.

The portion of coal that was dried lost 7 per cent of mcisture, that is

to say 107 5 grams of the original sample contain 100 grams of dry coal;
1015-5 grams of the original sample had been put into can A and 975-5
grams into can B.

Table XII shows the changes in weight of the contents of the cans, in
order to make these clearer the weights have been re-calculated to the basis
of 100 grams of dry coal; Fig. 1 shows the same thing in graphic form. It
is quite certain f 'his test that the sample cans do nor preserve the
moisture in their utents entirely unchanged; it is, however, impossible
to say how much moisture was gained or lost as the coal was apparently
absorbing oxygen with noteworthy rapidity. This is clearly shown in the
curve for the damp coal: this loses weight at first owing to the compara-
tively rapid loss of moisture, but afterwards it gains in weight and ulti-

mately becomes heavier than at the beginning, a change which can only be
explained by assuming the oxidation of the coal; the sample had been
crushed to the size Used for the lest about eight months before.

Wm* -9
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. TAHU'l Ml
VARIATIONS IN WEIGHT OF COAL IN CANS.

Date
DavH

I'lapseil

Miiitt coal

in can A
Dry coal

in can li

Air ilrv coal tiikrn. . . . l-iv-08 107') 107-.")
Coul after nidistrnint; 109-7
Coal lifter cliyiiiji

. . . 1000

100-

1

Coal stored in cun ... l-iv-(W

2-iv-(W

Ki-iv-OS

'JI-v-OS

:io-vi-os

.')-viii-OS

li»-xi-()'t. .

;jo-xii-ii

1

15

"lO

<)()

120
r,m

130,S

109-7

109-7
109-0
109-.-1

109-0
109-9
110-2

100-;!

100-(i
100-9
101-2
I02..S

io:i-o

Sampling Losses and Coal Dust.

In order to obtain some idea of the quantity of coal lost as dust or in
other ways when a largo eonslRnment is sampled, and the possible effect of
such loss on the final sample, a careful record was kept whilst two coals
were being sampled of the weights of the original consignments and also
of all portions cut out; samples of the dust produced whilst sampling one
of these coals were also collected and analysed.

The process of sampling has already been described (see Vol. II, p. 123),
the dust samples were collected on sheets of paper spread out for the purpose
either in the sampling room or outside the building near the orifice of the
pipe from the fan used to ventilate the room during the operations of
crushing or sampling coal.

Coal No. 35 weighed 9,300 pounds to begin with, it was crushed and
sampled down to a sample of about 70 pounds weight which had passed
through a 1" screen; the total loss in all the stages amounted to ()2

pounds.

The final sample contained 5-9 per cent of ash. Dust samples were
collected which contained percentages of ash as shown below:

—

Taken inside whilst the original coal was passed
through a 3' bar screen 12 - 3%

Taken at the same time from near fan orifice

outside 11-2%
Taken inside under fan hopper during crushing

operations 1 1 .
gc;

Taken outside near fan orifice during crushing
operations 10 . o^/.

Coal No. 36 weighed 8 tons, the total loss during sampling amoiuted to
104 pounds.

Mr. C. I..indry was in charge of the sampling operations and collected
the dust samples.

S3—

7



•to

Hot Air Oidi,

Kin. 2 .shows the kciutuI const ruction of the drying oven, ,i short
(lcscii|)(ion of which is Kivcri in Part I.\. V<il. II, pugc 132. The liRurc
shows tlic way in which the products of coiniiustion of the Ran used to heat
the oven are entirely prevented from entering the oven; it also shows the
wiiy in wliiili, l)y inejins of doul)lc shelves, the heated air rising up through
the oven is cau.sed to |)a.ss over the surface of any trays placed on the
shcls IS.

Hot Air Osfen

O
•1

tr

k

M.^j«<i ^*

Q
c®nr Qm Ciin*ef>'»n0

D
I'iK 2. ILU'.SIIiATlON OF HOT AIR OVEN

Weathering Tcstn of Coal

This subject wa.s not included in the co:d tests investigation as origin-
ally outlined, hut, on ac(U)unt of its importance, an .attempt was made to
obtain certain information. When a coal .seam is first discovered on the

'^^^^^'^^M.Wmmi
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Hurlacc, only outtrop samples arc as a rult- available; it is well known that
such samples differ materially from the main body of the seam which has
not been exposed to weathering, but the course of such weatheriiiR is not

sufficiently well known to enable the nature of the unwenthered coal to

be predicted at nil safely from analyses of the weathered coal, and it is

this information which is urgently required.

Samples of coitls of different deRrees of weatherinn were obtained from
six different seams, and a seh(>nie was drawn up according to which the
samples were to be tested. The pressure of routine work, however, was
too great to allow this scheme to be carried out in its entirety, or with the

promptness which is .so desirable in work of this nature. The work done
was nevertheless considerable, and although it is not sufficiently complete
to render it possible or desinible to draw general conclusions at this time,

it will doubtless be of value in conjunction with other work that has been,
or may be, done on the subject.

The scheme, which was also intended to throw light on the changes
which the coal samples undergo when stored in the laboratory, is as

follows: the samples are to be weighed as received and re-weighed when
the bottles or cans are opened, the contents are to be crushed in a crusher,

ground in a ball mill, thoroughly mixed and riffled down, and divided into

the following four lots:

—

Lot A.—2 large and 10 small sample tubes to be filled full, and 3 small
tubes to be one-fourth filled with the raw coal; these tubes to be labelled

Kx (raw), where Ex is the number of the original sample.

Lot H. ')() to 100 grams to be dried for one hour on a tray in an oven
at 105° C, 2 larf,e and 10 small sample tubes to be filled full, and 5 small
tubes to be one-fourth filled with the dried coal. These tubes are to be
hdu'lled Ex. ,

Lot C. ams of the coal to be placed in a tray and weighed
!ind stirred a for six months or more, the trays being kept in a
dust-free box co air. This was called Ex (special).

Lot D. A bottle was filled with the remainder, dateci with the day of

grinding, and stored awsiy labelled Ex (reserve).

The following analyses to be made on the different portions:

—

Lot A. Moisture and ash to be determined at once and also an ulti-

mate analysis to be made; moisture to be redetermined at throe month
intervals and also ultimate analyses made later.

Let B. Complete analysis to be made at once and al.so six months
later.

Lot C. Sample to be removed from tray from time to time for ultimate
analysis, the tray to be weighed each time before and after the sam]);c was
removed in order thai subsequent changes in weight could be calculated to
percentages of original coal.
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T;il>l<> XIII shows llic weights of coal in the trnys from time to time;
Ihc.Hc arc cal'iilatcd to the basis of KM) piirts of the oriRim.! coul. Cor-
rections have been made for the weights removed when samples were
taken.

Tables XIV to XIX (jive the results of all analyses. Lines 4 :md j give
the peretiitape uf moisture in the coal. All other aiuilyses are .-eporteil

upon dry eoid in order thiil they may be comparable; to increase readiness
of comparison, analyses are also reported corrected to dry and ash free

coal. In all cases wlu-re it is of any moment, it is eleirly indicated whether
the analysis from which a figure is obtained was made ujjon a raw or a
dried sample.

All actual di terminations, corrected for moisture if necessary, are
indicated by the addition, enclosed in brackets, of the date on which the
iletermination was made; no deduced values have dates attached. No
moisture determinations were made on the Ex (special) samples
t.iken from the trays on April 3, 1!)09, the moisture in these samples is

calculated from that found two months later, by assuming that the change
in weight in the trays in the meanwhile was entirely c. e to gain in moisture.
Ash ..s determined in the Ex (raw; samples, in the dry (o.d left

from the moisture determinations; this was assumed to al.so give the .ish

in th( corresponding Ex. . . (dry) samplt. In th(< same way it is obvious
that no serious error has been made by assuming that Ex. . . .(raw) and
i^x (special) have the same sulphur and nitrogen coatent in the dry
coal as was found in the correspontling \:\... . (dry) sample.

Ultimate analyses on E.v... . (raw) and i;x (dry), instead of being
made promptly as intended, were unavoidably delayed for about 8 months.
It is almost certain that by the tinn' these analyses were made the raw
samples had lost moisture-unless tiiey were already in m air dry con-
dition—and the dry samples had taken up moisture. The ultimate
analyses on Ex (special) are less open to criticism. Discrepancies
between the ultimate analyses of tin se thre(> sets of samples indicate fairly

clearly the probable magnitude of the error in moisture eon;ent.
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1. Source of coal.

Description of samples

Kegiilar soniples, coal taken from

dump, ramed a few hours

bofori', run of mine coal

Moisture in coal

4. Total moisture
;"). Moisture in air dry coal

6.

7.

S.

9.

10.

11.

1-

la.

14.

1.5.

It).

Proximate .in;ilysi!i of foal
, . , ,i>\

Fixed carbon in drv coal—from analysis of raw coal (11)

.

" " " " " —from analysis of dry coal (U).

" in dry and ash free coal—from R
" o 1. 1. II .. •' " —from D

41 (21-xii-08) 4-9 (vii-08)

3-6 (30-vii-OI

Volatile matter in dry coal—from analysis of raw coal (K)
.

. %
" « i. u —from analysis of dry coiJ (D)...%

" " 111 dry and ash free coal—from li %
• '• •• '• " —fromD %

Ash ill .Irv .oal-coal burnt in muffle
%i|

^'S (29-vii-08)

38 (l-ii-09)

37-2 (12-viii-08)

39-9
39-1

I'u. 1 raiii) FC, VM— from U.
" —from D

,

•^5-!

1-51
1-56

Ultiniiito analysis of coal

17. Carbon in dry coal -from analysis of raw coal (K)
o'i| -7 •-

rii.;; iio^
18. • - " ' —from analysis of drv coal (D) %} ' 7 • - (b-u-OO)

19. in dry ami ash free coal—from K Ai,

20 " ' " " ' " " —from 1) ,9lfc 82-1

21. Hydrogen in dry coal—from analysis of raw coal (111 ^' . , ,. ;<; •• na{
22.

" " " " —from analysis of dry coal (D) Vc: Ih (r>-n-09)

23
" in dry and ash free coal—from H %[

24, " o u « » " fromD %: P-48

25. Sulphur in dry coal

26. " •

•

27.

28.

29.

.30.

31

32.

33.

dry and ash free coal

Nitrogen in dry coal
%|i

1-6 (lO-v-08)

in dry and ash free coal %|

1-8 (ll-viii-08)'.

1-9 ;.

Oxygen in dry coal—from analysis of raw coal (R) ^F oi'
" " " " —from . nalysis of dry coal (D) vd O'

3

" in drv and ash free coal—from R % • • A A

'

.. •« u " « « —from D %|1 S'S

.\sli in dry coal— coal burned in oxygen %'' 5-4 (6-..-09)

34. Carbon-hydrogen ratio, C/H—from R ii;:A'
35. « " Hi. —from D lo-O

CaloriBc value of coal ... , . L„cn n, nn^
30 Hn drv and aah free co.hI—from determination calone8||8050 (l'-v-0»;

37. .. » u 44 u u —from ultimate anah-.^is caloriei^alSo

38. Colour of ground coal

39. Coking properties.



TABLE XIV

WEATHERING TESTS OF COAL

SAMPLES OF COAL FROM THE DOM

27 for weathering
oof, in main slope

28. Exposed for t

INION COAL CO., DOMINION No. 12, LINGAN , C.B.

aken from
V hours
e coal

(27-vi-08)

Extra sample
for coking

tests.

(2O-vi-09)

Sample Ex.
from r

Ex.

teats taken one-third distance

. 126 feet away from
iree or four months.

(27-n-08)

Sample Ex. 28, outcrop coal for weathering tests, taken from

main slope at point of natural outcrop, from
untimbwed entrance, and from same bench

in seam as sample Ex. 27.

(27-vi-08)

Raw coal

put in tubes.

(vii-08)

Dry coal

put in tubes.

(vii-08)

Exposed on tray (17-vii-08)
Raw coal

put in tubes,

(vii-08)

Dry coal

put in tubes.

(vii-08)

Exposed on tray (17-vu-08)

e moisture
sample

Raw coal

put in tubes.

(3-iv-09)

Raw coal

put in tubes.

(12-vi-09)

Raw coal

put in tubes.
(3-iv-09)

Raw coal
put in tubes.

(12-vi-09)

139 2039 Ex. 27 (raw) Ex. 27 (dr>-) Ex. 27 (special) Ex. 27 (special) Ex. 28 (raw) Ex. 28 (dry) Ex. 28 (special) Ex. 28 (special)

4-2 (2-xi-08) 1-4 2-3 (21-vi-09) 10-' (2-xi-08) 40 61 (21-vi-09)
(vii-08)

(30-VU-08)

'58-8

6i-3

'ss'o

59-\

58-8

'eO'O

'56-8

59-8

57-

1

'eo-i

37 1 (26-iii-09)
40-0 (SO-x-OS)'

400 (ll-vi-09)

'46-9

39-3 (12-vi-09)
'37.8 (30-x^j"
38-6 (ll-vi-09)

40-2

50

380 (12-vi-09)

"'
400

1 . Q C29.vi-001 s.n (2-xi-08)

39-9

38-7

4-9 (22-vi-09)

} (31-vii-08) 4-1 (l-iv-09)

"i-58

2 (2-xi-08) 2'0

"i-45

1-50
'i-49

1-50

80U (2-iii-09)"

82-5 (2-iii-09)

84-3
8i-6'(i'ii'-69)"

82.7

80 (3-iv-09)

'si-s

74-2 (iii-09)

jk'-i

7i-9'(iii^)

75^5

69-2 (3-iv-09)

'72^7

5-48(2-iii-09)"

6-33 (2-m-09)

"s-ii

"5-64 (iii-bo)'

"6-66

6-46 (3-iv-09)

"5-58

4- 13 (iii-09)

"4-35
"4-72

4-45 (3-iv-09)

"4-67

1-6 (13-vii-09)

1-7
M
11

11 (23-vi-09)

11
I 1

11
0-8
0-6

0-6 (2a-vi-0fl)

0-6
0-6
0-6

1-6 (2-vi-09)

1-7

1-7
1-7

1-7 (7-vi-09)
1-7

1-7
1-7

1-5
1-6

1-5 (7-Ti-09)

1-6
1-6
16

"6Z
"%-6

7-3

' 7-5
"k'-7

"k'k

9-5

"9-8

14-6

'i6-3

i6-7

'i7-6

19-4

'26-4

4-6 (2-iu-09) 21

15-6

20 (iii-09)

14^6

2-2

14-6 180
ie

15-S

14-7

i.
'ss-io S390 82"!'

Fairly good but
friable coke

814Q

Black with bro« Q tinge

Fairly good coke

7170 6980

Non-coking

6620

Bbick

Non-coking
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1. Source of coal.

2. Description of aaniplea

SAMPLES (

Ucuular samples, run of mine Extra

coal, No. 1 seam for o
' ta

; No. 1

, Mine moisture
Regular sample sample

3. Sample number

Moisture in coal

4. Total moisture

5 Moisture in air <lr.v coal

^1 '' ^^"^y. tl SI1%8)L

Proxiinate analvsis of coal , ,p^ orJ Kfi.S

T-^Ld carbon m ..ry eoal-from analyse
:;[
^^ /^j;,; ; ; 5^

-0

S.

y.

10.

11.

12.

13

14

15.

16.

-from analysis of dry 1

^

'• in dry and ash free i-oal—from K /c

,. .. 11 11 " " " " —from D /c

Volatile matter in dry coal-from analysU of raw coal (U)

u " " -from analysis of dry coal (D)..

in dry and ash free coal—from R Vc

„ „ .. 'I > " •' '• —from U <c

Ash ill dry coal—coal burnt in muffle.

67-2
67-3

59-2

'68-8'

27-7 (29-1-09)

27 • G (25--. i-08)

Fuel .,tioFC/VM—from R^.
u u « —from U

15. 5 (24-vi-08) 12-9 (13-vi-08) 14-1
1

','.'.'.'...," 2-222 05
2 00

Ultimate analy.f is of coal
. , ,,, c-l

Carbon in dry coal-from ana y... of raw coal K, ^„ u «' « —from anulv.^^is of dry coal (U) /f

i,i drv and a..h fr.e coal—from R /c

„ „ .." " " " " —from 1) /«

ly>is of raw coal (R) %

17.

18.

19.

20.

21.

22.

23.

24.

25. Sulphur in dry coal ^
2g_

« " dry and a.sh fr- • coal

Hydrogen in dry coal-from ana y>is of raw coal uvj
nyorusi

^
J

„ —from analysis of dry coal (D)

71-5 (ll-i-09)

84-8
""

drv and ash free coal—from R ^\
-from D 'C

4-34 (ll-i-09)

5-15

27. Nitrogen in dry coal.
. .

-
•28 « in dry and ash f rn coal

29.

30.

31.

32.

33.

34.

35.

Oxvgen in dry coal-from analysis of raw coal (R)
-

"^a u M- u ._,from analysis of .Irv coa! ( U)

in drv an*

Ash iii Oi-y roal- coal buni.-d ill oxygc

Carbon-hydrogen ratio, ( H from R
—from D

. ...T,

J ash free coal - from R ^'
fiuiii 1) '

Calorific value of coal
1 ,.,„,;„,., im, calorie4 8140 (14-iv-09)

30. Cn diT and ash f,.e coal-^n '^^'Tlysi. ... calories 8300
37.

38. Colour of ground coal

.

39. Coking proper! ii.-<



TABLE XV

WEATHEWIIO TESTS OF COAL

MPLE8 OF COAL FROM THE WEST CANADLiN

Sample Ex. 16 for weathcrinp tests, from ?Io- 2^- '

Vrom near face of tunnefafter removmg 6 to 8 of

! had been exposed -

and twelve months,

"cOLLIErilES CO., BELLEVUE COLLIERY. ALTA.. SEAMS 1
and 2.

Taken
Extra sample

fur coking
teata.

i

No. 1 aeam.
{

(20-VU-09) 1

'^oiKrfli^eTad" been exposed between six

(5-V-08)

'Tveal^ by t«>nch w^^-vered by dr.ft to a depth of

^^^^^

Raw coal

put in tubes.

Dry coal

put in tubes.

Exposed on tray (17-vii-08)

(vii-08) (vii-08)

Raw coal

put in tubes.

(3-iv-09)

Raw coal

put in tubes.

(ll-vi-09)

Haw coal

put in tubes.

(vii-08)

Dry coal

put in tubes.

(vii-08)

Exposcil on tray (17-yii-08)

Raw coal

put in tubes.

(ll-vi-09)

Raw coal

put in tubes.

(3-iv-09)

2033 Ex. 16 (raw)

1.3 (2-xi-08)

Ex. 16 (dry) Ex. 16 (special) Ex. 16 (special) Ex. 15 (raw) Ex. 15 (dry)
,

Ex. 15 (special) Ex. 15 (special)

0-8 0-9 (l»-vi-09) 12-9 (2-xi-08)
6-9 8-2 (19-vi-09)

59-2

68-8'

54-4

'65-2'

66u

'659'

26 7 (16-viii-09)

'3i-2

«) 14.1 (14-viii-09) 16-6 (2-xi-08)

28-9 (30-X-08)

29-2 (ll-vi-09)

'34-8 "

16-6

28-4 (12-vi-09)

'34-i

48-6

57-6

'3.5-9 (3()-x-C8)
'

35-7 (ll-vi-09)

42-4

16-6 (21-v" ~3) 15-6 (29-X-08) 15 6

49-2

'68'-2'

35-4(12-vi-09)

'ii-s

I 16-4 (21-vi-OB)

71-5 (25-ii-09)

'85-8

4-31 (25-U-09):

'5-17

760 (24-ii-09)

'84-6

'4-53 (24-ii-09)

'5.43

70 (3-iv-09)

'si'o

4-41 (3-iv-09)

'5-28
"

. 63-8 (24-ii"09)

2-74 (24-ii-09)

.
"3-25

6O0

71-1

(23-ii-09)

1-39

02-8 (2-iv-09)

74-5

3.67 (23-ii-09)

4-32

3-30 (2-iv-09)

3-91

16-7

16 6

(25-ii-09) 16-6 (24-ii-09)

'15-5'

16-6 (3-JV-09)

15-9

15. 7 (24-ii-09) 15- (23-ii-09)

16-6

15-7 (2-iv-09)

23-3
190

8150 (5-xi-09)
8460 8330

6400 6260 6520

Black brown
Slightly brown black

liredi;;^;;i;r-r:77-rr7, Medium coke
Non-coking

Non-coking







1. Source of cual.

2 Dencriptiun of scniplca

8A]

Ki-gular saiupleg, run of mine
coal

(e-v-08)

K]

Regular sample **'"* n>«>»tui*
•^

! xamplp

3. Suiiiple nunilH-r.

.Moisture in roiil

4. Total moisture
5. Moi.4turc in uir dry eoal

.

I'roxiiiiute miiilysis of coiil
il. I'ixed ciirhon in ilry eoal-froni atmlysis of raw eoal (R)

.

' '•

u
« « _fr„n, iinalvsit of <irv coal (D)

^ I" <lry and ash free coiil -from R". . .

^-
"

" -from D
10

11.

12.

13.

\olatile iniiltir in dry roul—from analysis of raw coal (R). . %j 24-8 (28-i-09)

—from analy-sls of dry coal (D).. . % 25- 1 (25-vi-08)

in dry and aish free roal—from H %i 29-7
-from I) 300

14 .\sh in dry coal -c-oal burnt in iiiiilH.' %f m.4 (24-vi-08)

IS. I'uel ratio FC/VM—from R. . 9.37
Kl- " " " -fromD

"

2-33

I Itimate analysis of coal
17. ( 'arbon in (fry coal—frotn analysis of raw coal (R). .

.

}o I
."

,
" " -from anulvsis of dry coal rO) '.'.'.W H- 2 (i^i^)

},, „ '" "'>' ""' "•'> ffP*? coal—from R %l
'-" " - fiom D ]..!%} 85-2

."!',
f'jJrog'-'n '" tiry coal—from analysis of raw coal (R) %\"

•• " " —from anah sin of dry coal (D) ~
in dry and ash free coal—from R. .

" " " -fromD

128

1-7 (v^
0-8 Ul-vi-TI-OS)

68-

70^

25.

30^

160 (13-vi-08) 16-

23

.Sulphur in dry coal or

in dry and ash free coal ................'.'.'...'.'.'..%

Nitrogen in drj- coal or

" in dry and iwh free coai .....,.......'..%

29. Oxygen in <!ry coal—from analysis of raw coal (U)

,Y'
"

'• " " —from analysis of dry coal (D) ,^m dry and ash free coal—from h, Vr
" " " " " " " -fromD ...:::;:::;:::::%

ij .\>ii 111 dry coal—coal burned in oxygen %
i4.

< itihcn-liydrogen ratio, C/H—from R

2G.

31.

32.

.iS " —from D.

Calorific value of coal
iO. On di y and a.-!!! fr coal—from determination calories'

" " —from ultimate an.ilyni.s calorie":
37.

38. Colour of ground coal

.

39. Coking properties.

4-25 (4-i-09)

'5-69

0-5 29-vi-08)

00

0-9 (6-V-08)M
6-7

'S'O'

16-4 (4-i-09)

16-8

8290 (lO-v-09)
8300

.83:

t»'-xs^j«Ba&f"-':*'^'w«:>" *i^T 'ir>- 'm'^. 'jtaffliaESftiif^a!*



TABLE XVI

WBATHERINO TESTS OF COAL

SAMPLES OF COAL FROM THE WEST CANADIAN COLLIERIES Co , LILLE COLLIERY. ALTA.. No. I SEAM

ne

08)

Kxtra Munple
roreoking
tMU.

(8».TiMM)

8*mple Ex. 18 for weathering tetiU. Co«l Uken from side
of Mam after removing 8' of eoal from

urface at 34 feet from mouth of proapecting
lope two yean old

(ft-v-Oe)

1 Sample Ex. 17 for weathering tesU. Old coal from surfact*
1

of side of seam at 3 feet from mouth of prospecting
slope two years oltl. Thi» «amplo r|o(«

not represent outcrop weathering.

((V-v-08)

ture Raw coal

put in tubes.

(vii-08)

Dry coal
put in tubes.

(vii-OS)

ExpoMd on tray (17-vii-08)

Ritw coal

1

put in tubes.

(vu08)

Dry coal
put m tubttt.

(vii-08)

Exposed on tray (17-vii-08)

Raw eoal
put in tubee.

(3-iv-09)

Raw coal
put in tubce.

(12-vi-09)

R«w i-oal Raw coal
put in tubes. put in tubes.
(».iv-09) (12-vi-09)

{

2028 Ex. 18 (raw) Ex. 18 (dry) Ex. 18 (special) Ex. 18 (special)
i Ex. 17 (raw) Ex. 17 (dry) Ex. 17 (special)

.j

!
Ex. 17 (special)

1-S (12-viu-09) 1-2 (2-n-08) 0-2 1-0 (ie-vi-09) 4-6 (2-xi-08)4X) 2-2 i 3-2 (19-vi-09)

'68^9

76-6

62-4

'67^6

ess

'68-6

i::;:::::::::::::

»i-7

'89-6

^

63-4

l'7i-2

25 '3 (13-viii-09)

36-6

'36U(36-x-68)"
29-9 (ll-vi-09)

32-5

292 (12-vi-09) 26-6 (12-vi-09)
:. 28- 1 (30-X-08)

26-2 (ll-vi-09)

30-5

'31^5 '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.

'm-s

08) 16-8 (IS-viii-OO) 75 (29-X-08) 7-6 7-3 (21-vi-09) 11-2 (29.X-08) 11-2 11 -0 (21-vi-09)

"2;32 '2-07
2-18

. . , . 80- 6 (ii-09) 79-7 (3-iv-09)

mi
72-5 (ii-09)

'si-s

71-5 (3-iv-09)

'83^8
80 -1 (ii-b9) 71-6 (28-ii-09)

'80^686-6 80-6

4-61 (ii-09)

'i'-ii

"4-84'(ii^)"'
4-86 (3-iv-09)

"5'25

3-63 (u-09)

'3-99
3-89(25-ii-b9)

'.'.i-3S

3-82 (3-iv-09)

4:36
5-24

06 {14-vm-09) 0-8 0-8 (21-vi-09)
0-9

M (4-vi-09)
1-2

08
0-9

11
1-2

0-5
0-6

0-8
f\ a

0-5 (21-vi-09)
00

0-8 (4-v:-09)

0-6 ,. ,

-
-

0-0
t

1

0-8
1

09

11
1-2

I

5-7

::::;:;:::::::::i''6:i

"5"7

"e-i

7-5 (ii-09)

60
"6-5

7-5 (3-iv-09)

11-4

'i2-7

11-3 (il-09)

O'O

'i2-i

is-s

11 1 (2S-ii-09)

0-9

12-2

13-6

11-2 (3-iv-09)

1
17-6

..8330 (27-x-09)l

;
S490

ie-s

'siTO

16-4

'sdio

20-5

'7480

ik'-i

7450

18-7

7420

Medium hard
coke

Brownish black

1

Hard coke Non-coking

Black

Non-coking

^rwLmami-y^-!f^^^.







TAB

WBATHIRIIIC

RAUPi.t'ii ns> (vtAi. vnrtM ntv.
'

2. DMcriptMia of Mmptw

Regtilar samplni, run of min*

(10.V08)

Kstn samph
for eoking

teeU.

(27-vlM)0)

SampU Ei. U for wMtlMriiif UMi. Fra
workings, 3 feet aoov* floor vk

Regular sample MiiM moMturv
•ample

Raw coal

put in tubw.

(TlM)8)

Dry coal

put iffl tube*.

(Vii4)«)

EspoM

Rawo
putintt
(34r-(

3. Swiiph nuntber 34 81'. 134 SP. 2034 P. Ex. 18 (raw) Ex. 19 (dry) Ex. 19 (ip

^'oth '^^lowtur % 11 (21-nM)S) 2-0 (viJW)
0-6 (20 08)

3-4 (13-rUi^) 1-4 (3»-»08) 0-3
luititlif* in * 'rv eo*l A
iri«itn«»f MttiyMK t coal
Fixed •--'wboa in > coaI—from analv«ia of raw ooal (R) . .

.

.% SOS
" ' " —from »nilyi>wof dry co»l (D)... .

* * HI (if lad uh free coal—from R 1
.%
.%

%

600
711
716

u8-4 65-8

• —fromO 71-8 74-7

VrdatUe aniw m "irv coal—from analysis of raw coal (R)

.

24-2 (2&-i-0U)

23-8 (25-vi.0«)

28-g

• • • - -from ^nalyds of dry coal (D). 33-9 (16-viim)0)
33 1 (39-i^>8)
33-5 (11-TH19)

13. ' "in 4n 4d 'Uih free ooal—from R
ii. ' ... > • —fromD "', 28-4 • 28-3 38-3

• 1014. A* 'lU—foal bur in muffle 16-2 (2-TU46) 78-2 (30-Ti-08) 18-7 (14-viii^)g) n-» (29-X-48) 11-9

14. f« -«*,»»» ,VM -from R 2-4(1

2-62!«. • • '^—fromD 2-56 2-95

^ dtinmi uukym f coal
17 Ttfbi'B la (fry ^i»&l—from analyaiji of raw c<Hd (R)

CI
78-4 (iMW)

'77;6'(ii^i9y
77-6 (ir

IS. " «
J • __ffQn, analysia of dry coal (D) 72-6 (la-mw)

,

W. %j atwi ash free coal—from R 80-0 88-0
;-» •' —from b 80-8 87-9

2\ i- mu 11 Ai il I'lial—from analysM of n w coal (K) . ... 3-96 (iM)9) 4- 18 (iT-

'i2 " .. « —(pQn, analysis of dry coal (D) 4-27 (16-i-Ott; 3-99 (ii-09)
23 m firv and ash free coal—from R 4-80 4-75
W -..«-. —fromD

I

5-10 4-62

25 S n dr- coal 0-6 (29-vi-08)
0-7

0-6 (16-Tiii-Og) 0-5 (23-vi^)9)
0-6

0-5
^ ' dr. and ash free coal 0-6

27. '^- 'ft>gen in 'lr\' rt)al 1-0 (7-V.08)
1-2

1-0M 1-0 (4-vi^)9)

11
1-0

2S. " in dr s tnd ash free coal 1-1

%
.%

2'j. Diygen in dry . il -from analysis of raw coal (R) 4-1 4-7
•i". " " " " —from analysis of dry coal (D) 6-2 5-2
I'll

. " in dr- nd ash free coal—from l{ 4-8 5-5
a.'. . - . « . - —from D 0-2 5-9

%y:;. .\i,h in dry coal—coal burned in oxygen 16-3 (16-i-09) 120 (u.09) 11-8 (ii-09) 12-0 (iv

:u. ( 'urbon-hy<lrogcn ratio, C/U—from II 19-8 18-6
35. " « « « —fromD i7-6 19-4

)rie«

)lic-»

Cjilorific vulue of coal
3U. On dry and ash free coal—from determination calc 8310 (11-V.09) 8280 (10-x-:.09)
•"'"• " ^ -^ - - - —fiom ulLiiiiaic ttualyais caK Sd50 8420 HKin—
38. Colour of ground coal Black

_

39. Coking properties Fair coke
1



TABLBXVn

HBinio nan or coal

M THE INTEIlNATft>NAL COAL * COKE CO., COLEMAN, ALTA.. No. 4 ISAM, DENUON COLLIERY

SMapltKi. roniidaaf
BOfaol
n.

(7-T^)

mU. Praih ooal ukta rrom
ire floor of MMD,

(7-7^)

'OforwantlMriMlaito. OlOMntf
A utaad, 40 fMlfmB oMOlk nad 3
m Es. 10. S fM4 abova floor of iooi

Cool httd boon «vooad for flvo yoMt

from under graia raota, about 100 feat (ram Kx. 30,
3 feet above floor of aaam.

(7.r.08)

WatfiomA 08 tngr (!7-vu4t)
lUweMtl

put in tubw.

(TMt)

Dnreoal
put in tuboa.

(»1W)«)

Eqioaad oa tny (17-7iMM)

Raw coal

put in tubea.

(»iW»)

Dry coal
put in tubaa.

(vii-OS)

Bxpoaad on tny (17-Tii-08)

lUweoal
put in tttbw.

(Ur-00)

lUweo*!
put in tubw.

(12-vi-0»)

Raw 00*1
putintubaa.

Ra eoai
put iL :vbm.

(I3-Ti-00)

Rawaoal
putintubaa.
(3-iT-OO)

Raw eoal
put in tubaa.

(l»Ti-O0)

El. 19 (qMoitl) G(. in (apMiia) Es. ao (nw) El. 30 (dry) Ex. jO (C9«aial) Ex. 30 (ipaeial) Ex. 31 (raw) Ex. 31 (dry) Ex. 31 (Ipaeial) Ex. 31 (apaeiai)

0.3 0-7 (10-H4») 10 (a»-s-C8) 0-8 0-8 (10-vi>00) 3-0 (30-S-08) 1-8 31 (lO-Yi-OO)

U-8 04-4 00-0
04-7 80«

74-7 73-8 71.1
738 710

ass (12-vi.<«) 34-5 (13-tM)0) 34-5 (19-Ti-OO)
34 -i (30-s^)
34-8 (U-vMW)

34-0 (30-X-08)

340 (U-vi-00)
38-3 37-8 38-7

37-3 20

11-8 (21-vi-0;4) 11- 1 (3»-»06) 111 11 1 (31-rM)0) 14-7 (3»>»0D 14-7 140 (31-Ti-0»)

3-W 308 a.48
308 3-40

77« (iy^») 780 (mm 78-7 (iT-00) 71-4 (UMM)
toU" (iii-OO)"

70-3 (ir-OO)
n-0 (iii-OO)

880 880 aur 88-8 83-4
87-8 'hi

4- 18 (iT-00) 4-28 (Ui-OO)

4-87"(iil-6oj'

"i'-n

4- 14 (iT^W) : 48 (iii-OO) 3-72 (iv-00)

308 (iii-OO)
4-7« 4-70 407 400 4-30

4-33

0-6 00
0-7

00 (21-71-00)

0-r
00
0-7

0-4
OS

0-4 (22-vi-Oe)
0-6

0-4
0-50-6

10 11
1-2

11 (4-Ti-Oe) M 00
10

00 (5-vi-OO)

10
00
101-3 1-2

4-7
! 4-V 4-3 00 100

5-6 ' 0-3
• O'l

"i'-7 io^o
0-0

ii-7
0-7 11-7

12 (iv-09) 11-4 (iii-OO) 11-2 (iii-OS) 11-3 (iv-00) 14-8 (iii-OO) 14-7 (iii-OO) 14-8 (iv-OO)

IS-6 18-4 100 30-6 180
17 8 10-

1

8530 864U 8640 8600 7740 7070 7070

Black Black Black

Barely coked Fair coke Fairooke NonHwking Non-ooking



««p





1. Source of coal.

2. Description of aaniplea

.

Regular samph ^ coal over 2'

screen and picking belt.

(3&-iT-08)

Regular sample

.i. Sample number.

Moisture in coal
j

4. Tola', moisture /o

5. Moisture in air dry coal /c

Proximate analysis of roal

ti. Fixctl carbon in dry coal—from analysis of raw coal (H)
. . . .%

7.
" " " " " —from analysis of dry coal (Lt . ..%

.S " " in dry and ash free coal—from R %
9, —from D %

10. Volatile matter in dry coal—from analysis of ruw coal (R) . . %
11.

12.

13.

31

Mine moisture
sample

131

0'7 (2-xi-08)

62 4
62-8
71-3
71-8

1-4 'v-08)
0-4 (ll-Ti-08)

E

25 1 (28-i-09)

—from analysis of dry coal (D).. . %| 24-7 (l()-vi-08)

in dry and ash free coal—from R %!1 28-7
' " ' -fromD %i! 2S-2

14.

15.

10.

ct
Ash in dry coul—coal burni in muffle 7c\ 12-5 (17-vi-08)

Fuel ratio FC/VM—from R
" —from D

Ultimate analysi.'? of coal

17. Carbon in dry coal—from analysis of raw coal (R) %
18. " a k u —from analysis of dry coal (D) %
19 " in drv an<l ash free coal—from R %\
<[), « " "" " " " —fromD %

21. Hydrogen in d'y coal—from analysis of raw coal (R) %
22

'
" " ' ' ' '

" ' '"^ ""

23,'.

24.

26.

J^.

" —from analysis of dry coal (Dj %
" in dry and a.sh free coal—from R %
" ^ u u u u u _fron, I) %

Sulphur in dry coal ^j
" " dry and ash free coal

2-49
2-54

75-5 (9-i-09)

86-4

10 (13-vi-08)

4-3 (9-i-09)

'4-9"
'

0-5 (15-vi-08)

0-6

Nitrogen in dry coid
" in dry and u-sh free coal

1-2 (6-V-08)

1-4

7fi

11

29 Oxygen in dry coal - from iiiiah sis of raw coal (R) %;
30. » « " ".-from aiudysis of dry coal (D) % 5-9

31. " in dry and ;i.sh free coal—from R %;]

32. " u " •• •' " " —from D %-

33. ,\sh in dry coal—coal huriud in oxygen %

34. Carbon-hydrogen ratio, C/H—from R
35.

a .> « "—fromD

6

12-t) (9-i-09)

17-5

Calorific value of coal j

30. (3n dry and ash free coal—from determination caloricsJ S420 (27-iv-O'J)

37
««««.«« —from ultimate analysis caloriesjl 8370

38. Colour 01 ground coal

.

39. Coking properties i
Cokes



TABLE XVIII

WEATHERING TESTS OF COAL

SAMPLES OF COAL FROM THE CROWSNEST PASS COAL CO., No. 3 MINE, MICHEL COLLIERY, B.C.

V

08)

Extra sample
for ooking

teste.

(27-vii-09)

Sample Ex. 23 for weathering teaU. Taken in old tipple tunnel,

30 feet from mouth, after removing 10' to 12' of the

surface coal. Surface had been exposed 8} years.

(7-V-08)

Sample Ex. 22 for weathering tests. Coal exposed 8! years.

Taken in oW tipple tunnel 30 feet from mouth
by scraping exposed surface with fingers

(7.V-08)

Raw coal
put in tubes.

(vii-08)

Dry coal

put in tubes.

(vii-08)

Exposed on tray (17-vii-08)
Raw coal

put in tubes.

(vii-08)

Drj' coal

put in tubes.

(vii-08)

Exposed on tray (17-vii-08)

ture Raw coal

put in tubes.

(3-iv-09)

Raw coal

put in tubes.

(r2-vi-09)

Raw coal

put in tubes.

(3-iv-09)

Raw I'oal

put in tubes.

(12-vi-09)

2031 Ex. 23 (raw) Ex. 23 (dry) Ex. 23 (special) Ex. 23 (special) Ex.22 (raw) Ex. 22 (dry) Ex. 22 (special) Ex. 22 (special)

10 (13-viii-09) 1-0 (29-X-08) 01 0-7 (21-vi-09) 1-4 (29-X-08) 00 0-5 (21-vi-09)
«)
T1-08)

'66-6

'75-6

h-e

'74-6

71-4

'73-8
55-6

'76^7

55-2

71^6

25-3 (12-vi-09)
'23-i (36-x^)
22-6 (ll-vi-09)

29-3

22-6 (12-vi-09)

21-6 (13-viii-09)

'24-4

25- )-x-08)

25-. ,il-vi-09)

'26-6
26-2 290

«-08) 11.9(14-viii-09) 3-3 (29-X-08) 3-3 3-3 (22-vi-09) 22-2 (29-X-08) 22-2 22-2 (22-vi-09)

"a-io
"'2'85

2-82
"2:41

2-44

86-1 (iii-09)

"85-3"(iii"-69)"'

'88'3

84-8 (3-iv-09)

'87-7

67-7 (iii-09)

'87-5
'66-8" (i'ii-69)

86-2

67 1 (iv-09)

'86-6
89-1

4-89 (iii-09)

"s'-oe

'5-62'(iiiU)9J"

"5-i9

4-99 (3-iv-09)

"s-ie

4-24 (iii-09)

5-48
"4-39' (iii'.'i,

"6-66

4-20 (iv-09)

"6-38

0-5(16-Tui-09) 0-4
0-4

1'5

0-4 (22-vi-O'.))

0-4

1-5 (5-vi-09)

04
0-4

1-5

0-5
0-6

1-2

0-5 (22-vi-09)

0-6

1-2 (5-vi-09)

0-5
0-6

1-2

1-5

3-7

'3-9

1-5

'4-5

"4^6

1-5

50
5-2

1-5

3-8

"4-9

99. ft fiiiJM^

1-5

"4-6

"e-o

22 . .1 fiii-04^

1-5

5-0

"^i

22 (iv-09)
3-4 (m-09)

17-6

3-3 (iii-09)

i7-6

17-40 16-0
15-2

16.

3520 (16-xi-09)
'8780 8730 8640 8760 8660 8540

Pjithpr brown i

Cokes

Black

Cokes Hard coke Cokes fairly well

1 i

l-i t-*JJ -.;- -.V-f«'.SP»l. , 5iIaMraaliflPf3Mtir'A:ir'^\'^ i ; »'iM «*5f
'







WEATHERII

SAMPLES OF COAL FROl

1. Source of ni;il.

Rpgul;ir siiiiipliti, ooiil takrn from

|.;ink, freshly minwl run

of mine coal.

(18-iv-08)

Description of s;uoples

S«raple Ex. 25, for weathering tests; fresh

1400 feet from portal.

Regular sample

3. Sample number.

Moisture in coal

4. Total moi.slure .

5. Moisture in air dry coal

.

ISP.

Mine moist are

sample

Raw coal

put in tubes.

(vii-08)

122 8P.

2-7 ilH-vi-08)

8.

9.

10.

11.

12.

'.,3.

47-3
48-

1

54 3
'4 55 ii

Proximate analysis of coal
, . , i/in

Fixed carbon in dr^ ?oal—from analysis of raw co;U lit)

u " u « 1. —from analysis of dry coal (U).

" "in drv and ash free coal—from U
•• " •' " " " —from D

Volatile nuiller in dry coal—from analysi.s of raw coal (R)
.

. 7c]| 39-8 (28-1-09)

u - " —from analysis of dry coal {D)...';cjl 39-0 (2.5-vi-OS)

.''c-l! 45-7

2-9 (vii-08)

2-3 (30-vii-08)

Ex. 25 (raw)

Dry coal

put in tubes.

(vii-08)

Ex. 25 (dry)

26 (29-X-08)

in dry and ash free coal—from U
, . , . o

• 'f " " " " —from D '-flj 44-8

14. Ash in dry coal—coal burnt in

Fuel ratioFC/VM—from R.
" " " —from D

.

muffle 'i'i
12-9.19-vi-08)

15.

10.
l-2:i

11-4 (aO-vii-08)

1-3

54'5

56-7'

3-9 (29-X-08)

Ultimate analysis of coal
, . , , /„>

17. Carbon in dry coal —from analysis of raw coal (It)

18.

19.

•-'0.

21.

22.

23.

24.

25.

26.

28.

from analysis of dry coal (D) Vc

in dry and a.sh free coal—from R ^
" " " " " " —from T> /c

Hydrogen in dry coal—from analysis of raw coal (R) 7o
" « a u _from analysis of dry coal (D) ^c
" in dry and a-sh free coal—from R /i

" " " " '. " —from D %

ti9-4 i9-ii-09)

79-9

Sulphur in dry coal
" " dry and a.sh free coal

.

Nitrogen in dry coal
" in dry and a.'th free coal 'C,

5-11 (9-ii-09)

'5'8S

0-7 1.5-7i-08)

0-8

79-0 (iii-09)

82-4

40-8 (30-X-08)

42-4 (U-vi-09)

43-3

3-9

131

5-70 (iii-09)

2-0 (5-V-08)

2-3

29. Oxygen in dry coal—from analysis of raw coal (R)

.

30.
>. " " " --from analy.sis of dry coal (U) _/c} J-i

31 " in <lrv and ash free coal—from R.

32!
u . .^ . - " " '

---« -fromD 'ci
11-1

Ash in dry coal—coal burned in oxygen33.

.14. Carbon-hvdroecn ratio, C/H—from R.

35.
- " " - " —from U .

13-1 (9-ii-09)

13 6

0-5
0-5

78-2 (iii-W)

8i-7

5-87 (ui-09)

'6-13

0-5 (22-vi-09)

0-5

2-3
2-4

Calorific value of coal ... , . i -,«,! ,.>i ;.. nQ\
36. On <lry and ash free coal—from determination . cabriesj /760 (.l-iv-09)

37. -from ultimate analysis . .calories; 8030

38. Colour of ground coal

39. Coking properties.

8-4

4-1 (.iii-09)

13-9

2-3 (7-vi-09

2-4

8-8

9-3'

0-5
0-5

2-3
24

9-2

4-3 (iii-09)

13-3

8340 8320

Medium coke

4-3

13-9

8210



TABLE XIX

LTHERIHO TESTS OF COAL

)AL FROM THE NICOLA VALLEY COAL A COKE CO.. No. 2 MINE, M1DDLE8BORO COLLIERY. BC.

eats; fresh coal taken
ortal.

(2-vi-08)

Kxposed on truv (17-vii-08)

Raw coal

it in tubeH.

(3-iv-09)

c. 25 (special)

Raw coal

put in tubes.

(12-vi-09)

Ex. 25 (special)

Sample Ex. 26, for weathering tegU, weathered coal tiAon

80 feet fn!m portal, where it had been exposed for

lOi months.

(2-vi-08)

Raw poal

put in tubes.

(vii-08)

Ex. 26 (raw)

Dried coal

put in tubes.

(vii-08)

Ex. 26 (dry)

Exposed on tray (17-vii-08)

Raw coal

put in tubes.

(3-iv-09)

Ex. 26 (special)

1-7 (21-vi-(W)
I

4-1 (2-xi-08) 1-2

Raw coal

put in tubes.

(12-vi-09)

Sample Ex. 24, for wealhcrinn tests, outcrop coal Uken from

under 3 fi-et of surface drift.

(2-vi-08)

Raw coal

put in tubes.

(vii-08)

Ex. 26 I'pecial)

21 (21-vi-09)

Ex. 24 (raw)

25-5 (29-X-08)

Dried coal

put in tubes.

(vii-08)

Exposed on tray (l7-vii-08)

Ex. 24 (dry)

Raw coal

put in tubes.

(3-iv-0«)

Ex. 24 (special)

7-4

Raw coal

put in tubes.

(12-vi-09)

Ex. 24 (special)

0-5 (21.vi-09)

54-8

57-i'

41-1 (12-vi-O!))

42-9

1 (iv-09)

^6

41 (22-vi-0<t)

52.

5

54-6'

44 30-X-08)

43-2 (ll-vi-09)

45-4

3-9 (29-X-08)

53-7

56-6'

3-9

1-33

>.61

i^seov-oe)

)-5

)-5

2-3

J-4

78-8 (ui-09)

82-2

}-2

9^6'

4-3 (iv-09)

3-9

5-55 (iii-09)

5-79

0-8
0-5

1-20

76-6 (iii-09)

79-7

5-85 (iii-09)

'e-oo

77-3 (iv-09)

86"-5

42-4 (12-vi-09)

440

3-9 (22-vi-09)

1-27

8-6 (29-X-09)

47-8

52-3

43-2 (30-X-08)

43-9 (U-'vi-09)

47-7

8-6

2-2
2-3

8-8

9-2'

41 (iii-09)

0-5 (22-vi-09)

0-5

5-74 (iv-09)

5-98

0-5
0-5

2-2 (7-vi-09;

2-3

10-9

ii-4'

14-2

3-9 (iii-09)

2-2
2-3

64-5 (ui-09)

76-5

110

4a 9

SO-'i'

45-4 (12-vi-09)

49-8

3 02 (iii-09)

'3-36

10-3

16-7'

40 (iv-09)

13-

1

13-5

0-4
0-4

60-7 (iii-09)

66-6

8-7 (22-vi-09)

l-Ol

61-9 (iv-09)

67'5

4 07 (Ui-09)

'4-42

0-4 (22-vi-09)

0-4

20
2-2

20 (5-vi-09)

2-2

3-82 (iv-09)

'4-i3

0-4
0-4

2-0
2-2

21-6

23-6

8-6 (iu-09)

21-4

24-9

27-6

7-9 (iii-09)

14-9

23-6

25-8'

8-3 (iv-09)

16-2

210 8250 8060 8110 5820 5700 5780

Mack with brow n tinge
Black

Medium coke Medium coke Poor coke

Very brown

Non-coking Non-coking
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SPONTANEOUS COMBUSTION OF COAL

,B.in. . pi*.r r,«J b..o™ .h« C««li« Miai,^ I«ti,uU. M«b. 1.10, b, Bd,« 8Un.«..|,. M Sc
,

MpQUI Uniwrtity, Moolr»«l

)

Introductory Rot*.

The writer of the following paper had hoped that when the regular

work of the coal te«tH v'u« completed he would be able to carry out «n

investigation on the spontan.-oun combustion of coal. As '^ ?"'«'«'';'«

for thi« work he ma.le a study of the literature of the
>^^X'ZyZ

the following «umnmry for pre^.-ntation to th,- Annual Met-trng of the

; ana.lian Mining Institute, held at Toronto, March 1910. He was how-

ever, unable to take part in thi« investigation himself, but Dr. J^ B. 1 oitir

with other as-sistants, has carried on an investigation during he pa two

years, and it is hoped to publish their r.-sults. together with a further

histoHcal introduction, within a few months as Vol. VII "fth.s report^

The paper is reprinted, by permission, from Volume XIII of the pro-

ceedings of the Canadian Mining Institute. Some small changes have

been ma.le; but no attempt has been made to bring it up to date. I or

further and later information Volume VII should be consulted.

The deterioration of stored coal is a very serious matter to all large

dealers and consumers, and fuller and more definite information on the

subject is urgently needed. A study of the extensive
}^^^'^'^Jl^'''":ll

upon spontaneous combustion has shown that although much ha^ been

accomplished, a great <leal more remains to be done. This literature is

not easily accessible an.l although there have been excellent summaries

published, the.se .hiefly ref. . to the cuestion of the shipment of coal cargoes

so that there does seem a nee.l for a statement as to the known facts and

present theories with especial reference to land storage. It is this neeil

that the present paper is an attempt to fulfil.

Spontaneous combustion of coal may be considered under three classes,

fires in the mines, fires in ships, and fires in land storage. All these may at

times be of very grave importance; they have all three caused the loss of

incalculable sums of money and the first two have resulted m the loss of

very many lives.

A few examples wil' illustrate the importance of the subject:—

At the Hamstead colliery in South Staffordshire, England, is worked

what is known as the "Thick Coal Seam," there about 20 feet thick. This

seam is not gassy, but is extremely liable to fire spontaneously. 1 here

were no less than 200 fires in the 20,000 feet of return airways m 1895, and

250 in 1896. In November 1898 a fire broke out so suddenly and acquired

of Coal anJ ita Prevention." bjr Prot.
X"""? Jlii^^hv rommander W I? Cabome. C P.. R.N.ll., U. Roy.
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Hticli m;iniiiliiil<' that tlic mill.' liinl to »»•' cloM^d, Mini this in spil.' of I'liiborate

pi( (Mutiniis Mini iiliiKist ((in.stMiit idsprct ioii.

Ill III.- iiiiK- vcMfM Ixiw.cii is7:i Mii.l ls.s:t, liliy-.-. v.n Ixmlf* jciiving

niili>li polls with comI rarftocs arc kiiouii to have Im. ii loci owinn to

spoiitaiioiis coiiihiistion. Tlirrc lnmtlrt'<l mii.1 twriity-iinht othiTS ^\\»-

app. and .lining the saiiir tiiiir. ami \vr cmii only kikw ;it their fate. Thosi'

fiKiin- only .-( fiT to vessels MctUMlly lo>t. In IS71 mIoih', seventy rarRoes

(it III r tirnl or Inati'il.

Diirinu the last two or three ye;ii> the writer has seen or hoard of

several spoilt miwoiis (ins of liolli Cape I?reton anil I'eiiii.-ylvanian eoal

stored ill Montrejil. The followiiiK is an extract from a letter received liy

Dr. I'oMer from the {'resident of an Ontario firm iisiiin I'.niisylvanian

slack (oul: "With leferi nee to (he trouhle with our coal pile hero, I am

.sorry to say that the conditions (j'lt very much worse iifter I wrote you on

September 21, and I found tluit the prcMter part of the dmn[) \.a.s licRin-

iiinn to heat. . . . The only lot of coal that we have that does not ippear

to 1 (• HUH. .'. less h.il is oiii' eomi>arativcly small pile that stands by itself.

... 1 must s.iy our exiierienci' this year has di-coiiiaKed nic from tryiiiR

to handle a larRc dump of slack coal, which is vny unfortunate, as it is

much the cheapest and most satisfactory way for us to handle our roal, as

we have our own boats, and ])hiity of space to jiile it; whereas, if. the

winter, there is always more or less trouble, in bad weather, in .«!ettinK a.

regular sui)i)ly of cars."

The above cases are all of more or less open combustion; but, Ps will

be shown later, all coal, even though not perceptibly warm, is in a state

of conibustiim iov at any rate many months after it is mined, and this

coMibustion, of cour.se, means deterioration.

Troubh' with coal carRoes at sea has materially decreased of recent

years, largely owing to a decrease of length of time of voyages and an in-

crease of knowledge; but on land, especially in Canada, trouble from the

heating of coal is probably on the increa.se.

In all the grt'at manufacturing countries, large concerns a.e more and

more compelled to have large reserves of coal on hand. The admiralties

carry coal stocks as a preparation for war; manufacturing firms to reduce

the dislocation caii.sed by strikes at the mines or in the carrying trades,

or merely to tide over Huctuations in the price or su|)ply of the coal they

require.

Here in Canada the nature of our winti r almost compels the storage

of very large quantities of coal, especially at such places as Montreal,

where coal can be obtained comparatively cheaply in summer by water,

but where the railwaj freight necessary in winter renders the price almo.st

l)iohibitive.

One rail«a> .umpany stack.? from 200,0(;0 to 250,000 tons of coa! in

Montieal alone each year, and the constant expense and trouble to which

it is put to avoid fire's, to say nothing of the loss due to the deterioration of
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til." colli, «r«' i-norniouB. Kvcry niilwny i-ompany, .'Vf-ry .(ml .U-al<r, iiml

ivi ry larRc ronsiiincr huH also to store coiil.

lini.tiKh huM Ix-fti xiiiil to nho\v tli< ,ir»at importaiic.' of the 8ul>j.(t

uiHlcr (lii^inssion and also to show that any information that woiihl in

fiitiir.' ns\ilt ill ndiiciiiK the Ioss.'h on stor.<l coal, cx-n if only l.y one cent

a ton. would l>e a valuahle asset to the eoniniunity.

The coal from the Ilauistiad colliery referred lo al.ov<
.

I>eiii»£ ex-

ti.niely apt tt. fire spontaneously, forms a (food startinn point in .dviiif?

the (juestion. Messrs. Hal.lam and Meacheni have l.rouKht forward nuieh

iiiterestinK informati<tn in this connexion.

They state that the nn>an temperature of the ,iir at the foot of llie

shaft in the intake airway is lid" V. and in the return airway is 77° F. i'U>-

natural temi>erature of llu undisturbeil strata at the level of the pit bottom

i- only tlH'' F., so that the whole of this rise in temperature of the air cannot

l.e due to the natural heat in the strata ; onti.-contrary.the strata is beiiiR

gradually h.'ate.l f.„in the mine. "The coal behind an exposed surface

gradually ri.ses in temperature, month by month, and year by year. Thus

at two places in tlie side of a main road, where the temperature at ihe end

„f 10 ft. boreholes was (Ki" F. in 18'.»4 it had risen to 8:5" F. and 90° F. in

1S'.)S."

They calculate that every cubic foot oi air passed throURh, removeb

OIK" British Thermal Unit of heat from the mine; also that of this quantity

of heat at the outside 7 per cent could be accounted for by the presence of

h )rscs, men, and burning candles, 10 per cent by th.; settling of the

s.iperincumbent strata, and 2 per cent by the friction of th<- air. This

leaves over SO per cnt unaccounted for. "The only other possible source

of heat in th<- mine is the chemical aaion of the air on the exposed coal

and other material."

Temperatures were taken at different points in the airways and

analyses maiU' of samples of air taken at the same points. The analyses

show that as the air passes through the pit it steadily loses oxygen and

gains carbon dioxide, the average lof-:8 being 3 • 13 times the gain (in most

collieries this ratio is said to be about 1 • (>). The following tabU
,
Table XX,

clearly shows the intinuite relation existing b.'lween the rise in temperature

and the decrease in oxygen: —
TABLE XX

TiTiipiTature

,->,5° V
71

73
74

D(>(T('.a.s<> in oxygrn,

((-(H)';

010
0-2.')

0-37

TrmixTiiturc.

7^° 1'

,S()

S3

83

Dccri;i.-fe in oxyRon.

036%
0-77
0-X8
1-70

The temperature of the air circulated through the mine does not

,.;... Hto.'Mlilv as it proceeds, because as it returns from the working face it

. •Oh«.rvuti,.,.. on the lUlalion of Undor,roua,l Tomper.mre ?,".'' SPO»taneoa, Fire, in the Co.1^^^

OxiJation an.l to the CsiuM whioh Favour it," by J. S. Haldane. .M U . t.lS., and i G. Meachem, M.L.M.t.,

Trana. Ii«t. Mlv, 1898, Vol. XVI, pp. 457-492.
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iit fiMtlctl friiin tiiiic to tiiiH' hy hakn from the intake airway, «o that thi-

foot of till- upciiHt «hafl is liy no iiuiiiim tlu' hott«'Ht place in the mine.

Haidane and Meailieni h ive alto made hihoratory \|MTinM'ntn on
this eoal in wliich they fiihtl a (|uarl >ized flask with rminhly po'vdered

coal and left the flask sealed up in eonnexion with u mercury pressure

gauge. 'I'hey found that the pressure of the air in the flask steadily de-

crea«e<l for son»e time (unless the coul in the flask was very fresh, i' which
vase the presHun- first riwM owinn *« fhe evolution of hy<lrci<'arlions), and
an analysis of the residual gas then showed it to he almost pure nilroKi n.

The following figures, Tal4e X.\l. show the cnuisi- of such an experi-

ment. The eoal, which hud lie<'n lying in lumps in the lalxiratory for three

months after being mi-^ d, was crushed in u mortar and left lyinn in a
thin layer (to allow any gaH to escape) for two hours before putting into

the flask. Thi temperature of the flask was about ~t\° 1'.; the prissure

readings were corrected (or changes of temperature and barometric

pressure.

TABLE XXI.

Time sinre

rlu.>iiiiK fliutk.

Negative prrasiire

of iiierrury.

Time sinrc

cloniriK Husk.
NogHlive pressur

of iiiiTfury.

1 fimir

B hours
12 ..

24 „
»1 „ .

0- l.'i inrlu-H

0(),-> „
1 • a.-i „
2(H) ,,

2- HO ,.

3-40 .,

3-85 „
4-30 „

1 days

il „

S(t.5 ini'heii

.V t.-. ,.

5 7.1 ..

«•(»(! .,

tilO ,,

48 ,. .

w
72

11 „
24 „

nionthii

(ilO ..

OOO ,.

5-8fl „

The analysis of the gas left in the flask at the end is shown in Table
XXII.

TABLK XXII.

Constiliirnts

fJxygi-n

Carlioii ilioxidc.

.

Melliuiic
Curbon nioaoxidc.
NitroRon . ,

Pcrreiitaj^e

i 007
i 1-28

I

0(»
!

004
.: 07-06

This experiment shows, what had alrea<!y been proved by Dr. Hiehters
in I8t)8, that eoal ai)s()rl)s o.xygen, pn.xumably with the evolution of lieat.

as it was shown above that the decrease of oxygen iii the air in the mine
was accompanied by a ri.se in temperature.

Another Kcriea of experiments performed by Haidane and Meachem
consisted in pa.ssinR air : t a measured rate throuuli a layer of coal in a

flask, the flask being immersed in a water bath the temperature of which
could be kept constant at any desired heat. Samples of the air that had
passed tiiroiigli tile coal were removed from time to time for analysis.

Table XXIII shows the result.s of two such experiments:

—

4*^ mmammmmm
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TAULK XXIll.

Experiment I, with 9i pound» of finely pounded coal, »ent from the p»<

4 days previouHly and frrthly puunded up.

Tern-
- Time
•iliMi roal lUli< of

IVfli-ifnry

of oxygen.

Carbon
MC'MMt

,1

Oxyif-n
alMorlx'il

tiiri' «>f

bath.

WM
IKiiindnl

up.

VPntilBtiim

per hour
ilioxiilf

inrrraiml.
rarbon

nionoxidp.

(K-r ton of

roal anil

p<T hour.

•P. Iloun. Ciil). Kl. Per cent. Hrr iTRt

.

Pf-r wnt

.

Cub. Kt.

M •i (Ktl 110 07 0-2fl0 2 4.'.

M ^ 131 72 02 — 2 30

M H OHO 100 OS — 1 DA

W M 0-IU O'M 004 — 1 2fl'

101 2fi tu 1 20 (W 0076 3-58

IM 21) 0114 1-48 012 0100 411
12S 32 0103 2 18 10 0110 [_ ft-6!l

• Ventilation left on for 12 houm since l»«it determination.

Experiment II, with 2-7 pounds of pounded coal (mme sample an uned

in last experiment) sent from the pit S months previmsly and fragments

pounded up ''iw hours before the experiment.

Tem-
pera-
ture of
b«th

•F.
fie

160

Kate of

ventila-
tion per
hour.

Cub. Kt.

078
0(»4

Defiricncy

of oxygon.

IVr cent.

40
S-31

Carbon
dioxide

increaMHl.

Methane.

Per cent.

009
67

Per cent.

000
007

Carbon
monoxide.

Per cent.

000
014

Oxygi-n
•baorbed
per ton of

coal and
per hour.

Cub. Ft.
0-20
3-70

A Htunplc of coiil, from iinothor pit, which had stood in lumps in the

liihoratory fi>r about two year.>«, was still found to absorb oxygen when

pounded up.

Haldano and Meachem deduce the following important results from

these experiments.

(1) The rate of absorption of oxygen by coal is proportional to the

partial pressure of the oxygen present.

(2) The rate of absorption of oxygen is approximately doubled for

every 30° V. ri.se in temperature.

(3) The rate of absorption of oxygen at any temperature decreases as

time goes on; at 59° F. it falls to half value after 20 hours.

(4) The absorption of oxygen takes place on the surface, thus lump

coal that had been exposed to the air for two years would absorb more

oxygen when fresh surface was exposed by crushing.

The experiments, by which the numerical values given are deduced,

an; open to criticism, but in any case these figures would vary with every

different sample of coal. The general conclusions, however, are probably

correct and bearing tht;?*,- in mind we can now go on to study the conditions

existing in coal piles.
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A i)ilc nf conl i , p(K)r conduftor of heat. Tins is shown
l>\ I lie fact that sill. • lowii to remain a whoU- year iiiulrr a coal

l)iii'. riic writer has 1.. . ,. > al, stored (hiring the winter in Cape Hn ton,

hroiij^ht uj) to Montreal diirinf; tiie spriiij!; or sununer and rohanked, Ktill

having Cape Breton snow inixcd with it when it was dug out of the pile in

Montreal, Again, it is customary to test the temperature of a eoal pile hy
niearis of iron rtxls jmshed down through tlio coal; it has not iufreciuently

iiappiued tli.at lire has been detected in a pile within 3 or 4 feet of a
cool rod. We can, therefore, neglect the heat conducti^-ity of the coal it.self

and assume that the only way in which he.at generated in the pile can
escape is hy means of air currents. Again, on account of its low con-

ducti\ ity, after once a coal pile has been made the atmospheric temperature
can have little effect below the surface except through air currents.

We will now consider a coal pile.tlirough which there is a slow circula-

I ii>u of ail

.

'I'licn:— (1) Unless the surfaces exposed are .already oxidized, oxygen
will be absorbed from the air by the coal and heat will be evolved.

(12) Inless the heat of oxidation is carried away by the air current as

fast ,as it is generated, the temiieraturc of the eoal will rise.

(.H) As the temperature of lln c<ial rises its rate of oxidation increa.ses,

tlial i-:. heat is generated more rapidly, so that the hotter the coal is, the
more ia|)idly it nds to get hotter still, vmle.ss some secondary effect comes
into play keeping it cool. The increase of rate of oxidation with increase

of temperature will vary with dilTerent coals and although the velocity of

oxidation may not be doubled for every 30° F. rise, as is said to be the case
with llamstead coal, the rate of increa.se is undoubtedly rapid. In the case

of chemical reactions where the reacting substances are in intimate contact,
as for example in .solutions, the velocity of reaction approximately doubles
for every IS° ]'". rise in temperature.

(4) As the temperature of the coal rises, the number of its constituents
that can oxidize with noteworthy speed is increased.

{')) At .any given temjjerature the rate of oxidation of the coal, that is,

the rate of evolution of heat, will decrease as time goi s on; this being duo,
of course, to the gradual completion of the oxidation of the readily oxidizable

constitUv nts of the coal.

(tl) The higher the temperature and the more rapid the oxidation, the
greater the air current will have to bo to supply the necessary oxygon. At
the same finic, the higher the temperature at any spot in a coal j)ilo is

above the rest of the j)ile and the outside air the more convection currents
will be set up. A warm sjiot in a pile may thus cause its own cure by
setting up tonvection currents sufficient not only to supply the oxygon
Ijoing absorbed, but also to carry away the heat faster than it is being
generated, anil in this way to cool the spot.

IJenerally, aft(>r a coal pile has boon built, the temperature at any
plac(> inside the pile slowly rises, the oxidation of the fresh coal being com-
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liarativply rapid; after a whili', owing to the gradual completion of the

oxidation of the surface exposed and to the cooling effect of the convection

currents, the rise of temperature comes to an end and the coal begins to

get cooler, idtimately reaching atmospheric temiierature. Occasinnally,

however, the first rise in temperature will take the eoul above what may

be described as the critical temi)erature; the vlUution is then so rapid that

the retarding and cooling influences ar- .i.:,;:*!; ;. lu, and the coal goes on

getting hotter and hotter until it is in ;)en combiLstion

A coal pile is more likely to catch .'•i •':

—

(rt) The coal is an easily oxidizabli ire.

(6) The surface of coal exposed is lar^^e.

(c) Air is su, plied at a rate sufficiently fast to supply the re(iuired

oxygen l)Ut no faster.

{<{) The heat generated cannot readily escape, and

(c) The initial temperature is high.

We will now proceed to consider these conditions, (a) is confirmed

by Prof. Fischer of Gottingen, who states that coals which rapidly absorb

bromine are those which are most liable to rapic' oxidation and spontaneous

ignition. He recommends, as a practical ti shaking one gram of the

finely ground coal with 20 c.c. of a half normal solution of bromine for five

minutes. If the smell of bromine has then disapi)eared, the coal is liable

to oxidize rapidly and is not a safe one to store. Prof. Lewes states that

a coal that gains more than 2 per C( iit in weight, when heated to 2.")()° F.

for three hours, is dangerous.

(6) As was shown before, the oxidation of the coal is a surface action,

and the more surface there is exposed the more rapid is the action. Piles

of lump coal rarely, if ever, catch fire; the danger is with run of mine or

slack coal in which the surface exposed is so much larger in compaiison with

the weight. On shipboard, fires usually begin in the pile of broken coal

formed under the hatches during loading. It is well known that cotton

waste soaked in oil is liable to catch fire. There is in this case a large

surface of the oxidizable material exposed in comparison with its w( ight.

(c) and (d). These conditions are most likely to be met with in a large

pile. Inside such a pile it is not easy for the heat to escape, and although

in one spot the air circulation may be too rapid and in another too slow,

the probability of the circulation being just right in some place is greatly

increased. The increase of danger with the height and size of the i)ile has

been repeatedly proved. The most striking proof has been supplied by

H. Fayol.'

An account of H. Fayol's excellent work at Commentry, in France,

will be found in Prof. Threlfalls paper referred to above, or better still in

the 1897 Report of the New South Wales Royal Commission.

Fayol built a pile of freshly mined Commentry slack coal, 40 metres

long and varying in height from 6 metres to nothing. The pile was 1 metre

' "Etudes sur I'altiration et la combustion spontante de la houille eipoaeo 4 lair"—Hull, .--oc Industrie

i!iK^rale. Second Ser>e«. Vol s, ?rH part. 1879.
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wide at the top. The tcmpfnitures were taken daily at eleven different

points in the pile; the atmospheric temperature was also recorded. Fig. 3

isoc

-I—I—

I

r

4 Pi.-tk •] Okt««.ti«K

"I 1 1
1 I !

» « J. U ,. « „ „ ,.„,.» tc U „/>u,.

Fig H. (iirvcs .•^liowiiiK liiiiporalurcN in roiil pile.

shows: a ,- tion of thi' pile with the points of observation marked, the
curves plotted from the daily temperature readings, for 90 days, at six of the



cli-vcii points (the curves iit the iiltorniitc jwiiits are left out to iivoid coii-

l'usi(iii); the curve of tho atniosi)li' ric temperature over the same period; and

i()n);itudinal anil cross sections nf the pile at the end of 90 days with

isotliermal curves plotted.

The curves show that rise of temperature increases with the height of

i! "heap, and that .he highest temperature occurs directly under the highest

pait of the heap and near the ground. In the thinnest part of the heap

the coal rapidly cools from its original temperature and afterwards

ajjpioximates to atmosi)heric temperature. Towards a Iwight of 3 or 4

nielns the temperature rises for a while and then falls again without ever

|)assing 00° or 70° ('. Where the heap is 4 metres high or over, the

temperature continues to ri.se and ultimately the pile fires.

I'ayolsays: "I'Vom whatever part of the mine it comes, whatever may
be its ash content, or the nature of the ash, coal piled up in the air heats in

approximately the same manner and appears in its heating to follow laws

which are approximately constant. Atmospheric influences—cold or heal,

drought or damp—have not been sufficiently marked to be sensible."

•

/

J 7.

/

/01
^"

'—

^

Ciider Over over Over OVIT i )ver (iver Over
.100 500 1000 1500 2000 2.i00 3000 350(1

Under Under Under Under Under
1000 1500 ;2000 2500 3U00 3500

Kig 4. Curve .showing relation between sizf al eargoPH and liabiiity to lire.

With C'ommentry slack coa! no spontaneous combustion has occurred

with heaps of less than 6^ feet high; but where the height exceeds 13 feet,

spontaneous combustion nearly always occurs. This fact, that there is a

danger height for any coal, abovewhich it is not safe to build a pile of that

coal, has been repeatedly confirmed.

The New South Wales Commission have shown this same point, of

increase of danger with increase of size of pile, in a quite different wjiy.
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TIU.V lK,v.. ..ulU...t..a .,at.,i.> of 2.140 .lupm-nts of coal 13 of -Wl. fi-l

or lu-itcd I'iK. 4 is ii ••urvc which shmvn th. pcrccntaRo of cusualt.o

pot sai,lf .ho si.- of tl.. carRo... It is c,».tc clear fro.n th.s carve

£t ,' .1- .oal an.l un.l. : -h.- .onu.tions that tlu.e sh.„s w.r,. loa.h. 1.

TZ:l. .a lu.atin, or lirin. incvases very rapidly when the cargo ..xee. ,U

^^'"""xUe danger of an initial high ten.per.ure was Hrst -t;U.lisl... l.;

,1,.. New South Wales Con.mission. Their attention hemg .-.ecteu to
1

.

idc-nl of casualties dunn, the hot summer of 1805-G, ntey were able

u!%Z l-arlv from their data that .pontuneous lires m .argoe. were

associated with IurI. maximum temperatures.

I'rof. Thnifall has prepared, from data presente.l to tin- Br.t.sh 1
o> ._d

.•o„.nn.ion ..f IST.. hv K- Cooper Kun.lell. tl,e --es shown m I •

Th.- full curve shows the casualties fron. Hre or l.eatnm for all l-orts o tlu

•n t d ingdom, an.l for ea-d. month of the year, expressed as pere... age>

of shipments of o00 tons of coal and upwards on voyages across the e, u to

u Uuough the Sue. canal. The ii.ures from wh.ch t^ecurve .s plo .1

..over a peno.l of 3 years and are for 4,89S ^'"P;-"*'^;"^^ 2 <
sualt. >.

n,„ ,,ott,.d curve shows the mean t.-mperature throughout th. y.ar.

K,. :,. Curve .I.ow.mr nhition l,etw..ct. linu. cf la.luuc of ,-..a! ..trp.cs

*
and liability to firc.

The intinuito relation between the percentag.- of casualties and the

„.mi)erature at the time of loading is beyond doubt.

'

t L not so easy to prove the same fact with r.-ganl to pdes of co
1
o

,.nd \ coal pile is usually built gradually and with no record of da e. o

t np-aturcs.
'

Th.. writer's attention w.us callc.l to a coa pde wluch ha.l

ho"trh,.r rapidly, but which, having be.-n built (,n Canad:,, towa.d.

^; :;;;;!f Scptlli or the begu.ning of Octob..r, m.ght have be... sup-

„os..d to have b,H.n cool to start with. In.pun.., however, .-..id e.„ ,.• d

^"^PFW"
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tlic I act that the <<>i.. was olimTved t" hv warm when uiiloadid from the

stciimiT (estimated at 90° F.) althougli 'his had not been reported at the

time.

One experiment hy H. Fayol may be cited in this connexion. He
-howed tliat hy heating the eoal to a high initial tempt'rature, which was

yet well helow its ignition point, it was (jnite <'asy to pro(hice spontaneous

(•(tmbustion even in small piles of coal. This is perhaps the most conclusive

experiment that has yet been made as to the infliieneeof air on the spon-

taneous cond)Ustion of coal.

He made a conical heap of coal, containing I'lom 7(1 t(» 100 cubic feet

of coal, on the ground, surrounded with a ditch which could be filled with

water. A cover was put over the coal, large enough to surround thi heap

and fit into the ditch, in such a way tiiat the heap could be hermetically

.sealed from the external air. In one experiment the coal wa.s heated to

about 100° (". to start with. The cover was left in position, but some air

holes with which it was provided were opened and shut and the toraporature

variations observed. When the hol(>s were open the temperature rose,

whi'n they were closed it fell. By leaving the holes open for two days

spont.aneous combustion resulted ; the fire Wiis i)ut out by closing the holes

;ind allowing the temperature to fall to tiO° ('.

Very little is known of the actual chemical compounds to be found in

coal, although a great deal of work has been done on the decomposition

products of coal when lieateil. Coal ha^- been treated with acid.s, alkalies,

ether, alcohol, pyridine and other solvents, and the extracts examined; b it

the result;! achieved have not been very great as yet. It is certain, however,

that many coals contain imsaturated hydrocarbo'is and aldehydes, sub-

stances that are readily oxidized, the oxygen being added on to the molecule

and not resulting in the formation or splii ing off of carbon dioxide or water,

rnsaturated compounds are detected by their power of absorbing bromine,

as in Prof. Fischer's test described above. .-Vldehydes when oxidized pro-

duce acids; organic acids have been shown to be produee<l by the weathering

of coal.

.Mthough a great deal of work has been done on the weathering of coal

the results are very difficult to summarize, cla.ssify, or discuss. Coals of all

ages and qualities have b«-en used and the weathering has proceeded under

su<'h variable and often uncertain conditions that verj* little can be deduced.

The chemical changes taking place in coal when oxygen is absorbed

.•ire easier to follow when pro('eeding more rapidly, that is, at higher tem-

peratures. Dr. Uichters of Waldenburg' heated 2 ~rams of a coking coal to

l'.K)° C. for 10 hours in a current of dry, carbon dioxide free air, and collected

and w<'ighed any water or carbon dioxide produced. He found that the

coal gained 4-21 per cent in weight. The analysis of the coal before and

after heating is shown in Table XXIV,

DiDirler's ?oly. Journal, Vol. 190, p. 308, Dee., 18A8. Tranalatioiia of several o( Richtora' papers are
gynn in the R^por*. of the New South Whales CommiasioD.
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The comI iiccordinKly lost hy liratinR 74 per cent of hydrogen iitul

: 17 per cent uf cMiImn, hut naiiicd (•.-07 piT cent oxygen. The water

l)i(.(liiee<l, liowever. eurresponded to ()()(> per •ent hydrogen, an.l the e:irt>on

dioxidi' to 1 2.") per cent earhon. The result of the experiment is, therefore,

to show that 1)V heating the coal in air there is eomplete oxidation of tlie

hvdrogen and i-arlxm which it loso.

Dr. Uich'.r- also sliowed that coal would ahsorb carbon dio.xide as

as oxygen, and that its l)eha\ioiu- toAards oxygei\ was materiallywt

changed hy the ahsorption of carbon ilioxide

H. Favol Ivi-: (lone '^itiiil.-ir work im the d.-ition of heated eoal. He

loe

o ic ]• 3a l^t (• D*it

Fig. (i. Ciiivcs showiliB i-oiii|imuiil> of variiitions of wciglil of healed coal.

1 ,,niponcnla ill the curve ul varialloDS ot welBlil ot Commeiitr) i-oal. lu powder, cipoiM-il lo olr al i(Kl (

'

A Curve iit varlstlona ot weight, 119 observed.
H -- due to ftbaoriiliun ol oxytien.

^j -• -. - due to InsH o( hvKrometrlc waier.

I)
-• due tolow by Blow eombuatlou.

continued the heating for a longer period and analysed the curve of variation

of weiiiht into its -s.-parate t-omponents. Some of his results are shown in

Fig. ().
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ni "The Gases enclosed in Coal and Coal Dust," by P. P.^

(2) "The Gases enclosed in Goal and V^cnaju Coai Uttsts,

(3) "The Occluded Gasoa in Coal," by 3. W. Pair and P.



iM^

TABLE XXV

BSMON (1)

Tkow-
BBIDOB

(2)

,Scvi-ral nidi.'lw

B

296

C

Fmh
driliinri

261

Face
sample
: yean

209

Parr and Dakkr (3)

D D

Fmh
drillings

220

Fac*
Bainple

2 yi-ani

205

Fn«h
ririUingR

E

231

Face
ample
3 yean

108

VST POUTION OF AIR IN EXHAUSTION OF .'ESbEL

««=g-^"-^^^ -'
'
^ '»*'"

7 7 9 14 2 7 1

7-4 54-2 46-2 874 16-4 85-5 35-7

10-

1

30
22-6
58-4

22-53
3-92
5-30
68-25

2i-79
3-86
1 04

73-31

23-17
12-09
1-11

63-63

f vcHtM-l was (liH-

a by mercury U-
oommi-iioing thi-

evacuation.

415
4-46
91-39

7-80
15-50
76-70

"22-2b"
77-80

6-0

-6-8

39-9

+ 13-8

44-3

+ 16-3

WO
+ 19-6

15-

1

+4-2

65-4

+ 19-3

36-7

-1-2

p^ijT II.—T.AS KEMOVED B^' VACUUM.

'

Two fractiona.

16 13 8 12 10 13 10
17 30

—
14-5 lti-2 21-3 10-31 7-li. 22- 18 1-08 11-26 102

'

3-58
1-18

4 52
0-M

53-4
7-0
0-7
3-2

35-7

59-59
17-85

86-37
7-58

19-26
32-09"so-so

'

54-60

"
'23-86'

71-44
"•2n-9i'

73-93

4-83
17-73

1-30
18-20

0-61
5-44

7-32
41-33

9-90
36-60

—

13-8

-4-0

15-4

-1-0

8-3

+ 12-8

2-33

-0-4

1-39

+14-3

1-34

+10-9

6-58

+6-0

0-46

-0-8

' by P. P. Bedson, Trails. Inst. M.E. 1902 Vol. »CIV^ ^.
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„.. ,i,..l. .lu, wl...n .oal i. ...M lu:.....l ... ,1.- air U, 2m" C. it n^Hiy

l.,„, . ... hv«r.,s,„„i.. wnt.r; it .1... ul.Mulm oxyK.n, thu. ,n.n.aH...K ... v..r1.. .

r.i, U Hir.. ..ut n.or.. sU.sly aft-r a whih-; hut it al.o !.»«.» wngh. o>v...«

v.rv .low at tirsi I...! aft..' al.out liv .l.ivs •...ro....H «,...t.- rap 1. 1 1
< •.<

! 1, f th.... .litT..r..nt ..hun,... i« .lunv.v by th- full .urv-: »- -'"-'

.,. Ilv 1-- w..i«l.t (... th.- .Nt.nt of it. wat...' o,.....>t, a...l th.-.. Kan .

; K f n,h rapnllv for ,w„ or th,v...luy. ; it tl.n.loH... w.^ht v.-ry .lowly

r t. -v.. .lays af.w wl.i.l, .h- 1 f w-^l-. '--.>- ..".t- rapw •

1, ,1.,..- n.a.iio.. wl,i,i. .ak- i-la.- a. hi«l. t.-n.-.Tatun.. ... all p.-

,,,,,,,' al.o ,„k- plM... a. or.ii..a.y t....,p.rat..n -. aUhouKh murl. ...o,-

''""

No fig..n> >howin« tl.r artual nlatio.. ImI^.-.-.. th. oxyK... ab^orlKKl

,„„l ,,,,, 1,,,.,, , voK.mI .s....m I" !.. availahlo for any coal.

•

Tl. .;xi,l:..,on of -oal. as illu. traf.l ahov. l.y tlu. wo,k <'f ».-ht- >

,.,,„, „.., „,,,,,„., U...1 M.a..h...o, n.i.l.. s...„. to 1... amply Huffin..,,

•xplai,. tl... planonu-na of w..a,h..ri,.« a...l spontan.-us ooml.ust.on I.

p f ,lu> wl....h,.riustifi...l or no,, tl,..,-.- is a wal.-spn.a.l op.n.on . hat

„. . ,ra ..aws.. must Ur foun.l to ..plan. th. firing of .oal. >o.u.- w,U,.»

"
.

r h.nk .hat this ..x.ra ..us. n.us, in i.s-lf l- snH,-.....t to hoat th.

, L ig..i..on poi.... This i. a n.ost nnprohal.l. th.ory; .t .s ur nu.n-

U
• that it is onlv n......s«ary for tl... ...al to U- h.at.-.l up to son... t,.,np..ra-

W wh.r.. it i. still w.'ll below its ignition p..i..t. hut wh.-r. th. ox.datum

T„„ !'..:.l 1I-0.U.S suflh-hntly ra..i.l .0 nl.in.at.ly h..at th. co«l up t« th.

'•^"'1::;;:;:;' a..T..r.... ways in wh...l al y.-..-iv. a.. i..itial .....in.

will now h. consi.l.r.'.l.

,1) (>al„.lon. 11 is foun.l that ,1..- m.-tal palla,l...n. nm ahsorl. a

or.li..a. P-ratur.. an.l pr.ssur.. n.-arly 5KM. ti.,..s its own v.>lun.. o

hv.iroK. ... This «as <lo.s not app.ar to f..rn. an a.tual .h.Mn.cal compoun.

vith tl.. palla.liun., hut rath.T t., h. clissolv.-.l i.. it or po.ss.bly c.ona...s..

on its sulfac; it is sai.l t., h.- ...•.lu.U.l, Wh... ^ gas h...o,«.s o,-clu.l..l

l„;it is ..ft.n Riv.n out.

(har.M.al .an o..lu<h. larR.- ..uantiti.s of many Kas.'s; th. .,ua..t t> o

«„„ .l.M,rh...l in.r..as.s with th.. pr..ssur,. a.i.l is .ppr.,ximat.lv proportmnal

t., i, Th. quantity of h.at Riv..n oui aurh.K tl... ....•lusun. n.arly ap-

,,ro-..h..s that s.t fr... ..n dissolvi.iK th. (£a8 or hy its passmg ...to a ..pnO

:;;:hI;o.. CocoLut ...arcoal, ^or .xa...pl.. will ahsurh '-^y ,00 v. um^^^

of .arhon .lioxi.l. at or.linary t.-n.p..-at..n. an.l i.r.ssur... ah.,ut l.,0 <al.,n.s

of h.at iH.ing Ken.rat..! for .v.ry ^ram of gas ahsoi^h.^l.

l-r.shlv pr.par..l .harcoal that has h..n .00I..I m ahs.n..' ..f air

v..rv liahU-to sp.n.tan.ous ignitior, if .-xpos...! in lar^.' l..U's, tl.i.s h...ng
.
u.'

to ih.. h.at gen..rat.d hy th. o...lusion ..f th. ..xyg.-n ami mtrog.n o th.^

X T!-. -u^ual oxiaation of the .arhon is probably n. g!.g>hly small until

a high t.mp.'raturo is r.arbe.l. Hore, th.n-for... i« a .as. wher.. the carbon

is ..„.allv hoat.cl up to it.s ignit.on point hy the h.at of o.-lusion of gast-s.
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< o;il iimlam- :i IiIk)' |m n • litiUt<' "f callMMl, lull tliiil io priihillily all in

thf roiiiliiiiiil -t.iti . Coal <i it.iiiilv ilocs not ori-ltnlc gim'H to anythinK I'k"'

thi- I'Xtriif to wliirli any of tin' loiiiinon forin« of rliarcoal «lo.

A lar^e niiiiil" r of aiiah>is liavt ln<n iiiadf of gatt-H cxtiartcd from

coal, but the ix|)< liintntr* an- lianlly •oiiiliixivr.

WIkii coal IK firit cxposcil (liiriii(t ll"' working of a mini', hy<lro«iirl>onn

arc al^vay^^ .volviil, ^oiiutimcs to a viry gnat extent; this evolution <ifteu

goe-* on for a eonsidernlile time and witli a eonse(|uent reduction of the

ealorilic val f the eoal. There i« no priMif, however, that thew gawg

were not meihanieally <nilo«ed under great pre.-siire in the pon m of the

eonl. whenee they escape when the pressure is reduced. W hen the coal is

exposed to the air. Iicsides h)sinK hydrncarlHUis. it al'soilis oxygen and

nitrogen, t'.e proportion of the former lieing griaier than in air. This

ahsorp'ion uuiy l>e merely a diffufion of the air into the pores of the coal

togethir with an oxidation of the coal liy means of tl xtra oxygen. If

this coal is now placed in a vessel and the gasen pumped out, oxygen,

nitrogen, hydrocarhons, cti., are olilained.

The crucial method of distinguishing t>et\veen gas mechanically «nclo8ed

in the iHires and occluded gas is that gas mechanically enclosed cannot

occupy a greater voi\ime. under the pressure at which it was enclosed, than

that of the pores it occupies, whereas occluded gasis c;iii occupy a greater

volume, for exami>le, palladium, as menticmi'd .ahove, occludes many hun-

dred times its own volume of hydrogen.

We cannot test the way the hydrocarbons referred to above are lield

in the <nal, as we have no means of kn( wing the pressure to which they

liave l>een sul)j(iled.

A few example- of ga.-e- extra( led from coal, at ordinary temiMTutures,

are giviii in Table \X\ . These tiguri s show that the total volume

of oxygen and nitrogen known to be extracted from the coal is so small

that it haves the ipiestion as to w hether the gases were ocduiU'd or mechani-

cally enclosed uncertain. The difliculty of sejiarating the gas out of the

coai from the air in the containing vessd makes it impossible to t ven

determine the volume of the former, unless the vessel is filled with water

or mercury liefore begiiuiing the extraction.

The large <iuantity of methaiu' in fresh coal and the small amount I. ft

in coal that has been exposed to the air for some time is clearly shown in

the tabh'.

Hed.son and. working under his direction, Trowbridg'e. frequently find

the i)roportion of oxygen to nitrogen in the gas e.xtracte<l from coal to be

greater than in air; this would appear to be strong evidence for Hed-son's

claim that oxygen and possibly nitrogen, but proportionately more oxygen,

were actually occluded by the <()al.

Most experinunters, in all but a few of their experiments, find the

proportion of oxygen m the gaw's extracted to be Icbs- than in air. As

oxygen is known to be comparatively readily taken into combination by

JL. ..':Q£1I
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tin; fOal, this (li'firicncy do«^ not iM'CM'HKurily tlifiprovf l^'tlwui'M »4liitcinrnl,

ratliir the clHim ii* confirnifd by tin- fact thiit nii vxvvh» of oxyKi'ti is imtiui-

ioDiilly foun<l. If oxyni-n i« oi'i-luili'fl, ami to an i-xti'Ht rompari'il with

iiitn ({i*n ri'liitivt'ly ^renter than in its occtirrfiirc in air, tlir ('X|i<'riincnt-<

juHt rit«'(l inili('at<< that in the majority of vunvn the o<i ludid oxyKcn com-

hiix's with the <-oal ho rapidly that then' in a drticivix y of oxyKcn in the

Kits which can In- piini|M'd out aKain.

Th" nitroKi'n i« alwayn in fxci •<« over tlu' oxygen if the coal it heated

before the )ii\i*vH are pumped out, oxidation lieinK much more rapid at

lusher tt'inperatureM.

The conclusie.ii arrivi'd at, from the above iU!*cu.'<.'<ion of evidence, is

that the qutMitity of air occluded by coal is so small that the actual hi'at of

occlusion cannot be important; but a secondary action must be consid< red

in \vlii<-h the occluded oxygen is probably no lonfcer nefcliKible.

(2) Oiiilativu AcaUrnted by Oirl union. When two or more ({ases are

occluded in the same nubstunce, they are bruUKht into Huch intimate contact

with each other tluit they may cond>iiie with notable rapidity. althoUKh if

they were mixed in the ga.teous state cumbination would be inapprecial)le,

Platinum black, gas and pipe lighters are ,ell known examples of this type

of reaction. The platinum black exposed to the air occludes oxygen; when
it is brought into an atmosphere of coal ga.-* or alcohol vapour these hitter

are also occluded, and coming into very intimate cniitact with the oxygen

they are oxidized with such rapidity that heat is generated faster than it

can be dissipate*! and the temperature rises to the ignition point.

Charcoal that has been heated to remove occluded ga.ses and allowed

to cool in an atmosphere of hydrogen sulplii<le, catches hre when placed in

an atmosphere of oxygen. The oxygen eondtines with the previously

occluded hydrogen sulphide, although if the gases be mixed under ordiiinrv

conditions no appreciable action results.

Freshly mined co.al nuiy be comparecl with the charcoal described

above. The coa| is saturated with hydrocarbons instead of with hydrogen

sulphide, and exposed to the air instead of to oxygen; it is quite natural to

expect that in this ease also an accelerated oxidation will take plaei which,

once begun, may easily result ultimately in the firing of the pile. F.ven if

the coal hac 'ost all its gaseous hydrocarbons, the occluded oxygen will be

brought into such intimate contact with the readily oxidizable consiiiiu nts

of the coal that the same re.sult will be reached.

Coal occludes gases to so small an extent that the? action described

above is not likely to heat it up to its ignition point, but may provide the

initial heating for which we have been looking. For reasons already given,

open combustion will result only in a large pile.

('A) OxiAntinn nf PyriteR. Thjit the spnntise.ef.iia firing of cor.' i- d"'' Uy

the heat generated by the weathering of the pyrites it contained, was one

of the first theories advanced, and it is still widely held. Experts such as
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Lfwos iin.l rhrrlfall uoxv viK-rouslv .oiul.:.! tl,.' i.l.a tluit iW pyriti^s .lo

inoro than slightly assist.

Tlu^ arnuMunts hrouslit f<.iwar.l l-y tl,.. tw., si.lrs uro somewhat as

fo'l'iws:

Ncarlv all foal contains pyrito.

I'vriK's is kiu.wn to hr oxulizcfl l.y tl.r air in the prfscncc ot nioistuic,

1„,„ lH.i„K th.Tcl.y Kc.nerat.nl. TIr. ...action may hv written a. follows:

.,l.V^. + .>H,(. i-7(). =2FeS() 4-2112^0, although it is probable u.at the

roai-tion i,roc....<ls partiallv or altoKetl.e.- to the formation of fern.' sulphate

or basi. snlphat.-s. The pyrites may also deeompos.. in such a way as to

liberate ^tlll^hur. ,

'1-h,. above reaction re(,uires wat..r, and wet ..oal is commonly Mippose.l

to be much more liable to fire than ilry coal.
, , v.

• .

Coal mine waters often contain notabl.. quantities of sulphuric acid,

thus proviuK the weath.^rinR of the pyrites.

(•o.,l heaps that have been exposed to the weather often have visible

lumps of basic ferric sulphate. :,nd ventilation holes in such piles are said

to som.times become ..hoked U). with the fr.-e sulphur deposited m them.

On the contrary, there does not appear to be any connexion between

th.. amount of pyrites in •! coal and its tendency to fire.

I aboratorv experiments on th.. oxidation of coal show that coal takes

UP oxvg.... as W.-1I or bett.>r when dry than wt. which is th.- revers.- of what

woul.i b.. th.. ..as., if th.. pyrit.-s was being oxi.lize.l, and that the amount of

oxyg..n tak.-n up 1~ uV.vn gr.-at.r than .-oul.l theor.tically b<- taken up by

the .•oinpl..t.. oxidation of all th.- pyrit..s iirescnt.

Fires ar.. fr.-.iu.-ntlv known to hav.. originated in dry coal.

Th.. lu.at ..f ..xi.lati..n of pyrites is only small, weight for weight coal

will ..v.-lvc about f..ur or fiv.. tim.'s as mu.'h h.at by its complete oxulation.

\ nu.n. ....nclusiv.. stat...n..nt would b,. that a given w.-ight of oxygen

evolv...l mor.. h.-at bv ...mbining with th.- n-a.lily oxidizable constituents

of ..oal than bv combining with the pyrit.s. This is probably true, but

the writer is una.<,uaint...l with any work which has b..,.n .lone that would

jirov.. it.

Pvnt..s bv u.atlu.ring. coul.l hardly heat itself vp to ignition pomt,

much i..ss the .^oal sunoun-ling it; in fact, lu.aps of pyrit.s five from carbon-

aceous material lU- luv.r known t.> fire siiontan<.ously,

I'rof I <.w..s sai.l that as pvrit..s ..an lib.rat.. sulphur, the ignition pomt

.,f which 'is' low..r than that of ..oal. h.. at first th..ught that pyrites might

cause .langer bv thus l..w(.ring the igniti-n pomt. He foun.l. however, that

sulphur ..xi.liz.'s f..ist..r than it coul.l be libcrat.-.l. .ven at temperatures as

low IS af C, so that this <lang.-r cann.>t exist.

1„ ,.o„s..l..ian lh.>. u^gum.at^ Wv must n .n.-mber that there are

diif..r<.nt vari..ti<.s of pvrites, that known as marcasite w..athenng much

mor.. rapi.Uy than th.. ordinary varh-ty. The fin,. flak.-s of pyrit.^s, some-
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tim.'s srattcn-d ttiioUKhoiH th.' coal, aiv i)n)l)al)l.v maicasit,' and cTtainly

weatlicr faster than tlio larRcr lumps.

\ siuRlc match mav innitc a pile of shavings, a single flake of marcasite

might cause a warm spot that might result in .'i coal pile tiring. This might

.-xplain the fact that the tendency fur a coal pile to fire is not i)roportional

to the percentage of sulphur or pyrites |iresent.

W<' are not at present looking for something to heal the coal to its

ignition point, hut onlv to give it a little initial heating. If sulphur is

liberated from inrites and oxidizes (both actions being accompanied by an

evolution of heat) at low temperatures, it might easily act :is a starter,

although the sulphur did not remain as such to lo-ver the ignition point.

The criK'ial question seems to be, does the coal or the pyrites generate

heat the faster bv its normal oxidation at low temperatures' The evidence

seems to lie strongly in favour of the answer: the coal. T',is would thus

rule pvrites out of account as the usual cause of fires. It is, of course,

always conceiv.nble that under certain circumstan.'cs this might be reversed

and the pvrites blamed; but this proliably seldom or never occurs.

On one point all parties are agrc.l. When flakes of pyrites weather

they expand and fracture the coal, and thus expose more and fresh surfaces

for oxidation and indirectly increase the danger of heating. As a general

rule, however, this breaking must be slight compared with that caiised by

handling, although it will certainly assist in the deterioration of the coal.

(4) The Action of Water. This is an ev 'n more knotty point than the

preceding one. On th.^ one hand we have scientific evidence to prove that

coal oxidizes less when wrt than when dry, and on the other an almost

universal and deep-rooted opinion, amongst men of practical experience

of the storag<' of coal, that wet coal is dangerous.

The scientific experiments of Richters and others must carry conviction

as far as they go; at the same time it appears dangerous to assume, without

the very fullest proof, that the opinions of the practical men are simply

the relics of an old superstition, bolstered by forgetting facts that appear

to contradict and only remembering confirmatory facts.

A British Royal Commission on coal investigated this problem in 1876.

The Commissioners said : "Most of the witnesses who have come before

us have strongly condemned the shipment or carriage of coal in a w.'t

condition, and their experience in this r.^sju'ct is, to a certain extent, sup-

ported by the scientific evidence. ... It would appear that the wettmg

of certain kinds of coal, more especially those containing pyrites, is active

in promoting spontaneous combustion; but the staiemcnts of some of the

witnesses lead to the impression f'^at moisture has been credited with ca.ses

of combustion bc-yond the sphere of its operation; while from other passages

of rhe evidence, it appears to us that the influence of the water, existing

to a greater or less (-xtent. in all coal before it has been brought to the

surface, hns not beev. sufficiently recognized."

The two scientific experts of the Commission, Dr. Percy and Professor

mmmmfmmf^
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AIm'1, said, "Spontaneous ignition of coal, when duo to the oxidation of the

porous an«l readily oxidizable carbonaceous substances occurring in coal,

does not appear to be favoured by the presence of water in the coal or by

its access to a cargo; on the contrary, these portions by becoming wet,

would have their pores more or less fille.l with water, and their power of

absorbing oxygen would be proportionally diminished, hence the presence

of water must be antagonistic to the action of the latter in many instances,

though, when iron pyrites is present, it may promote or accelerate

spontaneous heating, as already pointed out."

In spite of the quotations above, the report of the Hoyal Conmussion

of 187t) seems to have been taken as condenuiing the shipment of all wet

coal. The King's Regulations and Admiralty Instructions, Article 523,

paragraph 25, read: "Coal should not be taken on board wet, as moisture

sometim-s causes a rapid and dangerous generation of heat and g:-.s, . .
.

Coal should always be kept as dry as possible.- This paragraph has,

however, since been rescinded.

The New South Wales Royal Commissioners stated in their Report

of 1807 that: "It mu.st still be regarded as an open question, however,

whether the heating of Newcastle coal is in any way dependent on the

.mount of moisture which it contains. On the one hand, we have the very

detinite experimental result of Fayol that moisture has no mfluence what-

ever on the liabilitv to si)ontaneous combustion of the coals of Commentry,

and, on the other, 'we see that the disintegrating action of oxidizing pyrites

may have an indirect effect."
.

"

It may here be stated that th(> effect of water in disintegrating pyritie

conl is always conceded, although many persons hol.l that except with

highlv i)vritic coal it is not very imjiortant.

The N S.W. Commission after making the (irst report, carried out a

further investigation to determine the effect of water upon stored coal.

Two large wooden bins wer(> built and both filled with slack coal under as

,„.„ly identical conditions as pos.sil.h' except that in filling the one the coal

wi- kept ,lrv and in the other was thoroughly wet during loacUng by water

from a ho-e" The wet coal was found to be 10° C. cooler to start with, an.!,

tlthougl. it heated slightly at first, affi 10 days \hv mean temperature in

this bin showed a steadv decline that continued until the 139th day, wh. ..

th. temiMMature readings were discontinued. Th<- dry coal, on tlie con-

trary grew steadilv, idthough at lirst slowly, hotter, and after 03 days the

bin had to be lloo.ied ami the heated coal dug out in onler to avoid a hre.

Tho i'.KM) report savs that to the (piestion the Commission set out to

solve therefore, thev n-turn "a direct an.l unconditioned answer. Coal is

less li:d)le to spontan(<ous combustion when it is loaded wet than when it is

""'The report disposes of tiie findings of ti..- iSTtJ Conimi;«iion :i^ fol-

lows- "The British Commission received 2(i answrrs to the effect that wet

coal was the more ilang.-rous. But an analysis ..f the evidence discloses

f'fVMysEiFsmsBiryf^Ei^^A' ='"3Kan»'S!;='';?y*T*ar»«»i
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thiit 25 of these answers were based on 'general impression' or hearsay

evidence only, while the 26th was not tested by cross examination. The

opinions referred to wer.' held, not by seientifie men, but by those engagefl

in the coal trade. ... All such views, it seems to us, must now be

<lefinitely abandoned.'"

A ease in confirmation of these views is that of the sailing ship Stmlhdon

which Haih'd with coal from Newcastle, N.S.W., on June IG, 1900, arriving

at S:m Francisco on August 25. It rained very hard whilst som«- of the

coal was above ground awaiting shipment, - ' he coal became so thorough-

ly wet that water ran out of the trucks <n% ' «a(ling; this wet coal was

(hargcd into holds 2 and 3, wher.'as holds . . 'ere filled with i>erfectly

.Iry coal. The holds were 23 fi f.'ct deep, t(n., ire tubes 22 feet long

were inserted into the body of the ca'go through the hatchways and the

temperatures were regularly taken and recorded in the log-book. The air

temperatures were 02° F. at start, 92° at the equator, and 72° at discharge.

In the drv holds the temperatures were 74° F. ;it start, rising to 94° and

92°. and falling to 94° and 84° at (Uscharge; in the wet coal the corresponding

temperatures were 02° F., nuiximum 77° and falling to 74° and 75° at dis-

charge. The maximum temperature difference was 22° F. and the av-age

13 S° F., the wet coal being the cooler.

On the other hand. V. li. Lewis cites the cas<' of a ship carrying a

cargo of coal, where the main hatch was fdleil in dry weather and the after

hatch whilst it was raining. After a few days the ten)peraturc was about

10° F. higher in wet coal than in the dry, spontaneous ignition being the

ultimate result.

Trot. Lewes' opinion is that at first external wetting retards the absorp-

tion of oxygen, but that the presence of moisture afterwards accelerates

the action of the already absorbed oxygen upon the hydrocarbons; he

<lraws a sharp distinction between wet coal and damp coal, it being tho

latter that he considers dangerous.

Enough has now been said to show the complexity of the subject.

Before proceeding further with its discussion it will be well to define what

is meant by ilry coal. Coal as taken from the mine, or that has been

exposed to rain, contains wat(>r that it gives up when exposed to dry air:

when it no longer loses weight it is said to be "air dry." If air dry coal is

ground up and subjected in a thin layer to a temperature of 105° C. for

one hour, ii loses a further quantity of water and is now said to be "dry."

This definition of dry coal is quite empirical, it would be very rash to

assume that the coal is free from water, it certainly contains the elements

of water and can readily be made to give up actual w.iter. Dry coal, in

questions of handling and storage, usually means air dry coal.

It is probable that water was first blamed for the spontan(H)us ignition

of •oal, on account of a false analogy with the heat proiluced by the fer-

mentation of damp hay. Further, it is sometimes noticed that the to]) of

a coal pile feels warm the day after a shower of rain. The obvious explana-

:'ier9'Tw^:wr!-m'--^s».vrf^^^ :. psisi^aB ifmss-'j -an
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t.un ..t tlu> i> not tlwit tl.. waUi .'auscs th.- .•onl to h.at, but is, as suKg.sted

l,v til.' N.w South Wal.^ Commission, that tl.c pile was already hot nisidc;

the wat.T trickling dovMi camo to the hot n.al, was turnr.l to steam, and

rose to tlic surface where its warmth was felt.

n is oft.n pointed out that many ehemi.al reactions that take place

rc'idiiv or even violently under ordinary eomlitions, will not take place at

..n if ,1,, na.ting l.odies aro exceedingly dry. This is no argument, how-

ever in favour of the danger of storing wet coal. The amount of water

nee,led for such reactions is so very small that certainly all air .Iry coals,

and probal.lv all dry coals, contain far more than is nec'ssary for any

,.hemi<"il action in whi.'h water is merely an accelerator and is not one of

the reacting bodies, as in the weathering of pyrites.

Hi.-hters has carried out experiments upon the rates of oxidation ot

,l..,u„ and of air .Irv coal. lb' showed that not only do. s th.- air .by .•..al

ai,sorb ..xvg.u fast'er than th.' .himp coal, but by putting some calcium

,hluri.l.' int.. th.. vi.Mnity ..f th.' former, so that it beconu's st.ll dryer, its

rate .)f ..xvg.n abs.)rption is further increased.

C.al immersc.l in wat.T, b.-ing practically protccte.l from the .>xygen

of th.. -lir is subj.-ct to little or no .l.t.Tiorati.m. It was, therefore, natural

to •xpect that w.'t <oal w ..1.1 also be consid.Tably protecte.l from oxidation,

but there was th.' pos^i .Mtv that .lamp .-oal might be wors.. than either

w..t or .Irv .'oal. Hicht.Ts' r.'sults, if g.'n.-rally tru.'. .l.'arly show that this

i. not thi. .as.', .Irv coal b.MUg most rea.lily oxidiz.-d. I'.xperiments are

|„,i„g ..arri...l out t., t.st this p..int by th.. University of Illinois (see

Bulletin 17. an.l th,. Tniv.rsity ..f Miss.n.ri (s.e BulL-tin 1). The results

of tlu.ir w.,rk, whi..h is n..t y.'t .•..mi.l.-t...l. .".n so far har.Uy b.. said to

confirm or .lispr..v.' Hicht.^rs' ctmchisi.ms.

Th.. writ..r-s own ..pini..n is that water always r.-tards the oxulation o

coal, .xe.pt in its ..tT....t ..n pyrit.'s, but that iinlin-ctly it may have a mark.'.l

influ.'nc- f..r g.....l or f..r ba.l on th.' .•on.liti..., of stonxl .•.ml. .>ome of

these ways in whi.'h c.al is intlu<'n.-..d ar.' W..11 km.wn. ..thers are h.-re

put f.irwar.l a> t.'ntativ.- suggestions.

(a) F.y..l has stat.'.l that by buil.ling ii|' =' '••>''' !>'''' '" *'"" '''y^'""**'

allowing suHicicnt tin..' for th.' lirst rapi.l oxidation of ..a.h layer ..f coal to

take pla.... whilst th.' h. at g.n,rat...l can 1... easily .lissipat.'.l int.. the air,

hefor.. .ov.ring with anoth.r lay..-, :s ...al ,,ile can b.. saf.'ly built to any

height Ciurailv ..oal will !..• partially oxi.li7...1 iH.foiv storing and the

,l,„g.., thus b,. r.-.luc...l: but if coal is taken w.'t from the mine, or is wet

soon aft.T minin-, an.l is stor.'.l still wet, this preliminary oxidation is

lavgclv pr.vut. .1. Th.- c. al aft. rwar.ls .Irys otit an.l th- first most rapid

and .nerg..ti,- ..Ni.lath.n tak.-s pla.-.' in th,- pil.- wh.n- th.- h,-at aec.nudates

an.l daiig.i- r.siilts.
, ,, ,

(b) A warm .-..al tiu.r...iti'iy >\>t '".'« '=''" "' ^''^ ueai-.rate fspriiymg

will 1..- .>ool...l bv th.. water it.s.-lf ami also by its subse(,u..nt evap.,iation

Th.. .,r,l i- thus' a- in th,. N.w South Wal.-s bin experiment, cooler than it

J Ul^JlM.
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would have U'vu dry and the initial t.mp.rnturc bcinn lowered t».L' .langcr

is redueed.
, c i .

(e) It lia^ alreadv l.e.'ii ^^tated that in <Oid cargoes fires almost

always hegin in the eone under the hatchway where the small broken coal

iccumulates and where there is consc.iucntly the largest proportion of

surface ..xpose.l for oxidation. When dry coal is dun.pe.l tluTe is the same

tendencv fur the small <'oal to settle into a compact mass towards the

bottom wher,., unless it is too compact to allow th.' air to circulate, th.-re

will be similarly the greatest <langer of heating. When coal is wet the .lust

and small i)articles cling together and adhen- to the larger lumps, .so that

a pile built of wet coal is likely to be more homogeneous from top to bottom.

This difference in the mechanical distribution of the coal may easily make

a great <lilTerence to its tendency to fire; it is possible that in som.' ca.ses

the danger is thereby increased and in other cases decrease<l.

(d) After a i)ile has been built, if it is <-xposed to heavy rain the

dust and fine coal are washed down and form a dense layer 1 or 2 feet

below the surfac. . This also must have a great effect on t he air .irculation

through the pile and con.se(iuently on its tendency to fire. If the circulation

was previously too rapid for serious heating, the danger will U- increased:

if too slow, it" will be made still slower an.l the danger of ignition will be

decreased. , ,,

If these views are correct, water is a preservative for all coal except

the pyritic but that wetting the coal before or after storing may do much

good or may do much harm. It is probable that when our knowledge of

the air circulation and rate of oxidation in coal piles is increased, water

will be a good servant; at present it is a dangerous ally.

(.5 ) Heat of Oxidation of Bitiiminoii.-: Shnlrs. Bituminous shales from

the coal seams often fire as easily, possibly more easily, than the coal itself.

It is said that in cases of trouble with (ape Iketon coal in Montreal, a

piece of .shale is usually found in the centre of the heated portion; but this

may be merely a coincidence. The problem yet to be solved is- does the

pure coal or the shale oxidize and evolve heat the faster at ordinary

temperatures.

(0 ) Extenial //e«/. -The initial heating may be the result of boilers,

steam i)ipes, or flues near to the coal, or of cotton waste, which if soaked m

some oils oxidizes readily, and which if allowed thus to get into a coal pil<-

might easily cans.- a hot spot, .\gain, wh.-re wood comes in contact with

coal it is often noticed that the fires begin in clo.se proximity to th<- wood.

This may be due to heat evolved by the rotting of the wood or to some

modification of the air current'^ causetl by the wood.

(7.) Uent of the Ni//).—It has been shown above that the hotter the coal

when stored the greater is the danger, coal being black absorbs the sun's

rays readily and may easily reach a terap<>raturc considerably above the

shade temperature at the time. If coal wh.-n on a (-ar before dumping, or

on the surface of a pile, becomes heated by the sun. and if the warm portion

•Si!
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IS tlui. I.iirir.1 un.l.-r i.u.r.. ,„al, a Hn- may .-asilv r.sult. This appoars to
l>." a (as,, wh.-r.- a judicious spraying with water would prove a safeguard

1
he N.w N.uth W ahs ( •on„„issi..n ina.ie some experiments and found

that on srven suee.ssive days th.- maximum temj)erature r or 4'
below the surfa.-e of s„m,. ,.„al ,.xpos..,| to the sun varied from 2-).

G" F
to^.Jt,.K I.. h.Kher than the maximum shade temperature on the same

It seen.s to '... clouMful whe.he, „u.st .-oal pih-s are prevent..! from
hnuK l.y an exeess ..r a deHeien..y of air. Fires i„ ships l„.^n„ „„,|,.r the
hatehways where. ,t ,s tr.ie. the m„sf air miRhl 1 xpeet,.,!, l.ut thev b.'^inm the eone of fin.. ...al wher.. th.. .in.ulati.M. ..an onlv I,,, shght The
r..m...ly w.,ul.|, (h.r. tor... s....n. to 1„. t., i.,er,.as,. th.. v,.ntiiati.m; hut, ,m the
eontrary, this is lo.m.l in pra.ti.-,. to h.. th.- worst thing t.. ,h, Fires in
cual p.h.s g, n..rally iM.gin n..ar th.. i...tt..m awav fn.m th.- air an.l vet
agan, yentdnt.on is sai.l to i... .h.ng,.r..us. Th.,r.,ngh v..ntilali.,n would
.'ertanily pr.v.nt hr..s in .'ith.'r ease.

\-. n I,..w..s says that f.,r v..ntii.-,ti.,n t.. ,lo any g.,.>d, eool air would
have t.. flow ...M.tnm.Misly an.l fr<...|y thnuigh .'verv porti.m ..f th.- eoal
>t,.am e..al. 1... says, will al.s..rl. twi,.e its own volume of oxvg..n in ten davs
under favoura ...n.litions. .\ ton of su.^h ...al oe.-uph.s 42 or 43 euliie
f..et, of wh.eh 12 .,.l,i,.f..,.t is air spa.-... a ton will. th..r..f.,re, absorb 60 eubie
feet of oxyg.n m t..n .lays, whieh r.pr..sents :{0() cuhi.. f....t of air or 25 times
the v..lumr of th.. ,.nr ..,„tain..d in it; that is to sav. if th...se figur..s are
e..rr..et. th..r,. woul.l hav.. t.. I... a ,.on.pl..t,. ehang.. .,f air ..vrv ten hours

It IS diffieult to un.h.r.stan.l how air .....n eireulat.. through a large pile
of sl,-„.k ..(.al, i. look, to 1... almost imp...ssil,l,.. Th.. air .l.,..s not app,.ar to
.•om.. ,n through th.. si.l..s of th.. pil.. as fir..s oc.eur in.lis,.riminat..|v near
the si.les or m th.. ..ntr.. .-.n.l th..ir position is not appar..ntlv ..ifTeeted bv
the .l.reetM.n ..f th.. win.l. ()„,. possibl.. ..xplat.ation is that in..,,ualities of
t..mp..ratur. s m th. pil,. ,.aus.. .onv..eti..n e..rr,.nts, air de.s..en.ling from the
t..]. in son.,. pla..,.s ,.,n,l ...s.-.M.IiMK in ..th.-rs. Tw.. ..r thiv.. s.,m..what ,-,sual
insp..,.ti..ns ..f a hu-,. pi|,, v.ntilat-.l with a larg.. numh.T of v,.rtieal holes
passing from top to I ,,ttoni. fail-.l t.. anywh..r,. .lis,..,v..r ,-. ,lown .IrauL-htwarm air app,.ar..,l t.. ris.. from :,II th.. hol..s. an.l in wint.r wh.'u th.. pilewas .•.,v,>r..,l with snow .n..|t..d passag..s through to th.. surfa.....

Cos, .,us ,|,tl„sioM must always ,au.s.. a eireulati.m ,.f air through a eoal
l"l<': Imi ;.s oxyg.n. «hi,.h is ,h.ns,.r th.n nitr,)g,.n. is absorb,.,! by the eoai
th.. ,..si.lual .ur ,M>i.l,. ll„. pil,. b..,.onu.s lighter than that out.si.le and the
'">imt,l rat. ol .hiVusion is th,.n.by .„.,.,.|,.rMt.',|. Chan^.'s of barometric
pivssur.. will also ,.(T, ,1 a sli^^ht air .•i.cul,.,ti..n through .-i pil,.; when the
J.ressure is low n..t only will th,. air in th,. int.Tstic.s ,.xpand, but air ,lis-
solv...! in wat.r „, tl,r ...al. aiwi ....elu.l...! ga.s.-s. will also b,. giv,.n off sine,,
the ::mount of «;,.«> .li.ssoiv.d .„ o,-.-!„d,..i is pr.)portional to th,. pnvssure-
wh,.n the pressur.. in,.r,.as,.s th..r.. will 1... a flow of air back into the coal to
hll up int,.r.sti,.,.s. to .lissohv in th,. wat,.r an.l to b,. o..clu.l,>.!. The amount
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of 8uch air tiirrcntH up iiiid .lown will b.- Kr<'at«-Ht ul the .surface and (l.cicaM-
steadily downwards; the circulation Ixst .suited to cause fires might, there-
fore, be expected to occur at a depth proportional to the height of the pil..;

as a matter of fact, fins usually occur about two-thirds of the way down.
We have so far assumed that the ground on which the pile rests is imper-
vious, but if it is a light sandy soil the surging of the air up and down with
barometric changes will take i)lace not only through the pile but also
through some of the soil b.'low. The amount of air passing through the
coal from this caus<> will be thus increased, and, together with the air cir-
culated by other causes, may be too great to cjiuse a fire even at tlie very
bottom of the pile. This idea i.s in accordance with the fact that coal piles
give more troiibl.^ on wet clayey .soil than on .Iry saiidv soil, but it has been
suggested to the writer that th«; rising and falling of surface moisture in
the soil are mon' likely than barometric changes to cause a cooling air
circulation through the coal. Those who believ.- in the theory that wet
coal is dangerous say that coal fires on a clayey soil because it remains
damp owing to the poor drainage.

Whatever the exi)lanation, it at any rate appears certain that it is well
to store coal on well drained ground; a thick bed of cinders is often used as
a foundation.

It is just possible that .some coals contain enough occluded oxygen
when stored to allow a considerable amount of oxidation to take place
without any access of fresh air. Parr and Hamilton ' find that samples of
co.'d d.'teriorate in even the most carefully sealed containers. They vk-
amined some coal that had bci-n unopened in an air-tight jar for three years,
a lot of the i)yrites was found to be oxidized to ferric sulphate, this was
leached out and determine.l, and it wa.s found tliat the oxidation which
had been accomplislied corresponded to 1 W) grams, or l-.'J!) litres of
oxygen, equivalent to 7 litres of air. Th.. coal was buckwheat si/e. filling
a pmt jar three-fourths full. This result is hard to understand when
compared for exami)l.' «ith Parr's own figures showing the small amount
of oxygen occluded in coal: but it is |)os.sibl.- that the iron pyrites was
oxidized at the exi)ense of o.xygen compounds in e coal. Details of the
experiment are not given—if water containing dissolved air was used, or if
the coal was occasionally allowed to come into contact with the air during
the leaching process, it is pos.sible that much of the recorded oxidation took
place during the leaching process and not in the bottle.

Fayol's experiment described on page 105 .Iocs not, as might b.' sup-
posed, prove that coal csmnot heat with occluded oxygen alone. When he
cut off the air supply the coal certainly cooled, but it was then over 100° C.
and any occluded oxygen would have already combined with the coal below
that temperature. Coal may heat with occluded oxygen, but as it gets hot
fresh air must bo supplied or it wil! cool again; such hot coal will, however,
tend to draw in the fresh air required by means of convection currents.

' "Th. WMtherin, of Co.1." BuUetin 17 of the Univermty of lUinoi. Enrn-ru., Experini«nt 8utio«.
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If iron pyrites and tliv oxygcii coinpouiulx of coiil can react, it .<U({f{e»*t:<

that possibly also fresh coal and weathered coal may react and thus make
a (hmgcrous mixture. Tliere is no clear evidence on this point; Fayol says
that coal spread in siueessive hiyers of not more than 3 feot and with a
la|)s/ (if time after each layer l)efore putting down the next, forms a safe
pile. Other writers say that coul once heated and cooled never heats
auain. .'iu<l yet. the foreman of a coal yard in Montreal states that mixtures
ot oj.l, heat<'d anil cooled, coal with fresh coal are very dangerous; and a
c;i> has heen cit.Ml where in huihlinn !' eo;d pile l>ankit\n was stopped for

:i month and (hen continued, (ires afterwards Imike out ail along the line
ol ruiitact of the old and the new ct>al. Thoe fires might \<i- explained as
ImIic.; due to mixing, or possilily, the surface ,,f the old coal was strongly
lieriieil liy the >uii when the new coal Was it oil the top. Coals from
certain seams are said to keep cool when stored alone hut to heat when
-lniid together.

Coal is hanked near the mines in Cape Breton in piles of 20 or
evt n ;{() feel high without a sign of heating, the same coal stored in
Montreal heats in less tlian tluee months in piles of only half the height.
This is i)rohalily hecausc the coal in Cape Hreton is in comparatively large
lumps, comes straight from the mine saturated with hydrocarbons, and is

stored in winter and, therefore, cold ; whereas the coal in Montreal is more
broken up and almost like slack, is .saturated with air rather than with
hydrocarbons, and is stored in summ<r and. therefore, often hot.

Remedies for trouble with coal piles are easy to suggest, but are often
ditticult and expensive to carry out. Storage under water has been success-
fully tried by the Hriti.Oi Admiralty and others, and the former has also
shown that coal bri(iuettes can be stored without serious loss even in hot
climat.s. Continuous storage under water could not easily be adopted in

( anada. as in winter when the coal was wanted the water would be frozen:
hut it would j)rohahly he ])racticable to .so store in a cement tank from
whicJ! the water was dr.iined in the autumn when it was reasonably cold.

\( ry few coals will heat if stored in piles of less than 10 feet high and
a thicker pile c;;n lie safely made if it is very thoroiighly ventilated. Fayol's
suggi'.stion of building up a i)ile in thin layers misht he tried, or Threlfall's

reeoniuiendation of spraying. Where line (oal can he u.sed, as for example
where coal ilust firing is eni))loyed, the co.il can he screcMcd as received,
the screenings used for immediate consumption and only the lump coal
-tared: .i-^ has .alreadv been stated piles of lump 'coal rarelv. if ever, catch
fir.-,

Plate I shows a general view of a ventilated coal pile of the Canadian
Pacific Hailway Co. luar their .\ngus shops at Montreal; and Plate II is a
nearer view of thi> same pi!., -^bowing the opeiiings r-f the ventilatiwn huh s,

which holes pass from toj) to bottom of the pile. Plate HI shows an
iniventilated coal pile on fire in Montreal.
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The qui'8tioii is liirgelj' oiif of tlolliirw and tents. A cement tank in-

volves a liirge eiipitiil outlay; but with proper handling machinery the coal

need hardly cost as much each year for storing as it would in an ordinary

stock pile. A ventilated pile recjuires no capital beyond the handling

arrangements also require(l for the unventilated pile; but the annual

outlay in jiroviding vent holes is considerable. Coal stored under watir

suffers no appreciable deterioration chemically or physically. Stored in air

but kept fairly cool it may lose 5 per cent in value—authorities difTer

very much on this point; coal which heats although it does not actu:illy

fire, may lose up to 20 or 25 per cent of its value, and an actual fire may

involve greaC expense to extinguish it, in addition to the damage to the

coal. In any particular case the outlays involvcii and the economies

effected must be considered in deciding Ixtween the different metho<ls of

storiiiK- It is, however, greatly to be d. plored that the coal resources of

the country should be needlessly wasted V)y spontaneous combustion.

After this paper was written but before it was first printed in the

Journal of the Canadian Mining Institute, an account of further work of

the University of Illinois Enpineering llxperiment Station was published

Bulletin No. 38, "The Weathering of Coal, Series of 1909," by S. W. I'arr

and W. F. WIk cler. The conc!ii-<ions from their exi)erimental work are as

follows:

—

"Coal of the type found in Illinois and cighbouring States is not

affected seriously during storage when only ilie changes in weight and

losses in heating power arc considered. The changes in weigl" may b<

either gains or losses of probably never over two per cent in a period of one

year. The heating value decreases most rapidly during the first week

after mining and continues to decrease more ami more slowly for an in-

definite time. In the coals that have been tested, one per cent is about

the average loss for the first week and three to three and one-half per cent

would cover the losses for a year, although in some instances the k)ss was

found to be as high as five per cent in a year.

" The losses due to disintegration of the coal and to spontaneous ignition

seem to be of far greater importance than any changes in weight and heating

value although they cannot be expressed in figures for comparison. The

storage of coal of a size larger than is to be used would overcome par* of

this objection to storage, as the coal would be crushed to the most advan-

tageous size just before firing, the larger sizes of coal are also much le.ss

liable to take fire spontaneously. Storage unch-r water will prevent dis-

integration of the coal to a very large extent, antl it will absolutely i)revent

any fire losses. Aside from these advantages in favour of storing coal under

water, there seems to be very little to be said in favour of any particular

methotl of storing coal."

,\ coal i)ile should always be regularly tested until the probable period

of incubation is past or until the temiwrature having first risen begins to

steadily fall again. The simplest method of testing is by means of iron
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rutls run down through the pile at frequent intervals; these can he seen in

I'liite II. They should he puUed out once or twice a week, their tempera-

ture being felt along their length, and then put back in a fresh place. If

dangerous heat develops in a ventilated pile it is Ixst treated by making

extra ventilation holes; if this does not succeed, or in the ea.se of an

unventilated pile, it is well to dig away the hot coal anil spread it out to cool.

Digging out is also the best remedy in ca.se of fire. It is well to b<gin by

tligging all round the heati'd spot to isolate it. as otherwi.se it may spreail

back into the re.st of the pile as air gets to it.

Water is not found to be successful in extinguishing fires. In the hrst

place the coal abdve the fire cokes and thus armours the fire over and the

water cannot readily penetrate through. Cases have liceii known where

in digging out ships' cargoes, hollow spaces were found near the bottom

cimtaining only ashes; a fire had begun, armoured itself over and burned

out without its presence having been suspected. Secondly, water may

(•au>e the fire to spread, as the steam generated passing through the pile

heats up fresh coal which also soon fires. Fayol showed that coal, even in

small piles, soon fired if first heated to 100° (".

The subject of spontaneous combustion is a very large one and this

l)aper comes far shiirt of covering even the work alread\ dom :
but it will

at anyrate .serve to indicate the incompleteness of our present information.

In conclusion, the writer wishes to thank Dr. Porter for his great

assistance in obtaining referenets and papers, and for the photographs, and

to thank him and otliers for their valual)le information, criticisms, and

suggestions.
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