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Annual reports on Mines Branch investigations are now issued in
four parts, as follows:—

Investigations of Mineral Resources and the Mining Industry.

Investigations in Ore Dressing and Metallurgy (Testing and Research
Laboratories).

Investigations of Fuels and Fuel Testing (Testing and Research
Laboratories).

Investigations in Ceramics and Road Materials (Testing and Research
Laboratories).

Other reports on Special Investigations are issued as completed.
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MINES BRANCH INVESTIGATIONS OF
FUELS AND FUEL TESTING, 1926

GENERAL REVIEW OF INVESTIGATIONS

B. F. Haanel, Chief of Division of Fuels and Fuel Testing
R. E. Gilmore, Superintendent of Fuel Testing Laborafories

The investigations conducted by the staff of the Division of Fuels
and Fuel Testing during 1926 are for convenience reported in two parts.
Part I consists of five papers on solid fuels, and Part II contains the same
number of papers on liquid fuels. In addition to the analyses of the coals
and coke examined during the year, together with a short paper on instrue-
tions for burning different household fuels, Part I contains reports of
investigations on the low-temperature carbonization of hituminous coals;
the nature of sulphur in coal and coke; and on drying and moisture re-
absorption of lignite. All the coals and cokes examined were Canadian
products. Part II contains, in addition to the annual gasoline survey,
papers on the treatment of crude shale oil from New Brunswick oil
shale, and on bitumen emulsion obtained from Alberta bituminous sands
for the production of gasoline and fuel oil. Samples of crude shale oil and
bitumen, after preliminary treatment in the Fuel Testing Laboratories,
were forwarded for pressure-cracking tests according to the Dubbs and
Cross processes; for the conducting of these tests and the reports on
the same, grateful appreciation of the services rendered by the Universal
0il Products Company of Chicago and the Kansas City Testing Labor-
atories, respectively, is acknowledged. A general review of the contents
of the papers and the results obtained is as follows:—

PART I

Instructions for Burning Coal, Coke, and Peat: by E. S. Malloch and C.
E. Baltzer. This paper, a revision of a former publication by the Dominion
Tuel Board of Canada, consists of brief and pertinent suggestions for
burning various fuels in standard types of furnaces. These suggestions are
hased on the experience of the authors obtained during comprehensive tests
of various household and substitute fuels in domestic furnaces.

Low-Temperature Carbonization—Continuation of Tests on Canadian
Bituminous Coals: by E. A. Strong. This paper comprises tests on bitu-
minous coals according to the standard low-temperature carbonization
method deseribed in Investigations of Fuels and Fuel Testing for 1925,
and is a continuation of a systematic low-temperature carbonization
survey of Canadian solid fuels. Ten different coals, two from Nova Scotia,
four from Alberta, and four from British Columbia were examined and
their amenability to low-temperature ecarbonization reported.

1
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In respect to yield and quality of the cokes obtained, all the ten coals
tested showed favourable results; but, with possibly one exception, none
may be considered as specially suitable for low-temperature carbonization
on account of the comparatively low tar-oil and gas yields. The same
uniformity of the neutral oil content of the different tar oils from the
different coals, in respect to specific gravity, distillation range, ete., was
noted as in previous tests. This uniformity is an important factor in
favour of the use of these neutral oils as erude oils, as a source of motor
fuel and other petroleum oil products.

A Study of the Nature of Sulphurin Canadian Coals and Coke: by J. H. H.
Nicolls. This investigation—a continuation of a similar study, the results
of which were published in Investigations of Fuels and Fuel Testing for
1923—comprises a study of the forms of sulphur in fifty-six samples of
different coals from different coal-mining areas in Canada, and also on
six samples of coke from Canadian coals. The subject matter is treated
under three seetions, viz., (1) nature of sulphur in forty-six coals from
western Canada, (2) the nature of sulphur in six cokes, and (3) the distri-
%utio_n and nature of sulphur in ten bituminous coals from the Maritime

rovinces.

The results show all the western coals examined to be low sulphur
coals. With two or three exceptions, they contain very little or no
pyritic sulphur, most of the sulphur being present in the organic form. In
the cokes tested, the sulphide sulphur varied from 10 to 59 per cent of the
total present, with 33 to 49 per cent present in what is termed solid solution
sulphur. The other forms reported were free and sulphate sulphur. Solu-
tions of zinc chloride of different gravities, in comparision with certain
organic solutions, were used in sink and float tests and the results dis-
cussed. The proportions of sulphate, pyritic, and organic sulphur in the
ten high sulphur Nova Scotia and New Brunswick coals tested averaged
13, 55,and 32 per cent, respectively. The data presented is of value
in the study of the weathering properties of the coals examined, and
also in a study of the amenability of such high sulphur coals to beneficia-
tion and earbonizing treatments.

- Adr-drying of Canadian Lignite, and the Re-absorption of Moisture by the
Same: by J. H. H. Nicolls. 'This paper is a continuation of the air-drying
observations reported in previous Investigations of Fuels and Fuel Testing,
and refers to moisture re-absorption by dried lignite coals when exposed in
small quantities and in a comparatively finely divided state. Alterations
in the standard air-drying apparatus used in the laboratory for the drying
of coals to constant weight prior to chemical analysis; and the effect
of drying certain lignite coals in atmospheres of varying humidities
are reported. Data showing the alterations in moisture contents of
samples of powdered lignite in bottles over a period of twenty months
are also given.

Analyses of Solid Fuels: Compiled by J. H. H. Nicolls. This compila~
tion comprises the analyses of the coals, cokes, and other solid fuels exam-
ined in the Fuel Testing Laboratories during 1926. The analyses are
given in three sections, viz.:— '
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1. Analyses of solid fuels native to Canada, originating as follows:—

Nova Scotia and New Brunswick..2( samples of coal.

QUEbeC. ... ..ot i 10 samples of peat.

Ontario......oovervininennennnean, 26 samples: 12 of peat, 7 of lignite from the northern
part of the province, and 7 samples of anthraxo-
lite, ete,, from the Sudbury district.

Saskatchewan..................... 1 sample of coal,
Alberta........oovvvivinenninnnn.. 17 samples of coal.
British Columbia................. 16 samples of coal.

2. Analyses of coals submitied by the Department of Soldiers’ Ciml Re-estab-
lishment. This section is of a similar nature to that published in the
Investigations of 1925 and contains the analyses of 68 samples of coal
submitted during 1926 by that Department. These results show the
quality as judged by chemical analyses of typical coals delivered in
different parts of Canada for steam-raising purposes. They are of
importance on account of the fact that the price paid was adjusted
for bonuses and penalties based on the wvariation of the moisture,
ash, and calorific values for “contract’’ grade.

3. Analyses of miscellaneous solid fuels comprising the following:—

)L T P 20 samples
Penngylvania and Welsh anthracites...........ooovvevnerenenennnn.. 6
Low-volatile bituminous, and bituminous coals..................s... 7 0«
Charcoal, and pent briquettes, €5C....vvvvrivrtvvrrierneirivenaren..s 6

All but one of the twenty samples of coke reported represent an
analyses survey of the by-product and gas cokes sold in Ottawa during
the winter of 1926-27, as a follow-up on the “Examination of Typical
Cokes Sold in Canada,”” reported in the Investigations of 1925. In addition
to the usual chemical analyses the screen analyses of the cokes are given.

PART 1I

Gasoline Survey for 1926: by P. V. Rosewarne and A. F. Gill. 'This is
the fourth annual analyses survey of the gasoline sold in Canada, con-
ducted by the Fuel Testing Laboratories. The 1926 survey comprised a
total of seventy-six samples collected during the month of August from
wholesalers in thirteen cities in different parts of the country, by officers
of the Department of Health, the hearty co-operation of all concerned being
herewith gratefully acknowledged. As in the three previous years, the
quality of the gasoline sold during 1926 was good, the average of which
was found to be superior to the average gasoline sold in the United
States during July of the same year. The variation in quality was less
during 1926 than during the two previous years,

Report of Experiments on the Dehydration of Bitwmen Emulsion from
Alberta Bituminous Sands: by P. V. Rosewarne and G. P. Connell. This
paper comprises experiments made on a barrel sample of “separated”’
bitumen supplied by Dr. K. A. Clark of the Research Council of Alberta,

and describes both small and large laboratory-scale methods which have
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been found satisfactory for dehydrating, by means of heat, the crude
bitumen which was in the form of a “very stubborn” emulsion. The appar-
atus and method are reported in full in the hope that it will be found suitable
for dehydrating similar troublesome water-oil emulsions.

01l Shalefrom Rosevale, New Brunswick: by A. A. Swinnerton. This is
a short paper describing the method of obtaining a large supply of oil shale
for experimental purposes in the Fuel Testing Laboratories. The location
of the seam, the mining of the shale and the shipping of a carload are
described, and the uniformity of the shale obtained in respect to oil content
as judged by distillations according to a standard laboratory method is
given. The sample obtained was of a uniform quality, the average labor-
atory oil yield being nearly 35 Imperial gallons per short ton.

Report on the Pritchard Process for the Distillation of 0il Shale: by R. BE.
Gilmore and A. A. Swinnerton. This paper comprises tests on Canadian
oil shale in the technical-scale retort of the Pritchard Process Company
of Toronto, Ont. The shale used was part of the sample obtained from
Rosevale, New Brunswick. The main feature of the Pritchard process,
also known as the Whitaker-Pritchard process, originally designed for the
distillation of wood, is the recirculation of the uncondensed gases through
the charge during distillation. A description of the retorting apparatus,
the operation of the same, and the results of three tests are given. The oil
yields in the three tests, using 1,500 pounds of shale in two of the tests and
1,600 pounds in the other, were 20, 22, and 29 Imperial gallons per ton,
respectively, the highest of which represents less than 85 per cent of the
maximum yield obtained by assay in the laboratory. In all three runs
there was distinet evidence of serious decomposition of the oil vapours
present in the gas as they were recirculated through the hot preheater
tubes and against the hot retort walls. Although increased condensing
and scrubbing efficiencies would improve matters, the extra cost of such
serubbing equipment would be an important item, which, coupled with
the high fuel requirements to preheat the gas circulated and to effect com-
plete distillation, do not make the process in question specially attractive
for the distillation of Canadian oil shale.

Canadian Shale Oil, and Bitumen from Bituminous Sands, as Sources of
Gasoline and Fuel Oil by Pressure Cracking: by R. E. Gilmore, P. V. Rose-
warne, and A. A. Swinnerton.

I. Tests on shale oil by the Dubbs cracking process.

IT. Tests on bitumen from bituminous sand and on shale oil by the
Cross cracking process.

The bitumen from the bituminous sands of Alberta has, in the past,
been considered by certain investigators as unsuitable for the production
of gasoline and other petroleum oil products. The yield of gasoline,
amounting to 25 per cent or so of the crude shale oil by ordinary refining
at atmospheric pressure, was considered good. Gasoline yields, as high as
65 per cent from the shale oil and 40 per cent from the bitumen by pressure-
cracking refining, as reported here, are therefore remarkable. The quality
of the gasoline from the shale oil was considered good and that from the
bitumen exceptionally good.
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These results are of value in comparing erude shale oil and bitumen
" with imported erude petroleums, and with gas and fuel oils now used as
sources of gasoline by eracking processes. Although the use of either the
shale oil or bitumen may not be economical for some time, a knowledge
of the yields and quality of gasoline and other products from them should
be of value to those interested in the extraction of these crude oils from
their raw materials and their utilization for the production of motor fuel.
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with the secondary air drawn through the fire-door grid, B, in order that
they may be burned. Check damper, C, and flue-pipe key damper, D,
act as a check on combustion, according to the amount they are opened
and closed respectively, while direct damper, E (in the hot-air furnace),
is only used to provide a direct passage for the products of combustion,
from the fire-pot to the flue, and is only used temporarily when lighting
a fresh fire. At all other times it should be kept closed.

It must be borne in mind that each furnace has its own peculiarities,
and only practice will determine the hest method of operating the furnace.
The instructions given below for each fuel have heen found to give satis-
factory results and can, therefore, be used as a general guide.

AMERICAN ANTHRACITE
DIRECTIONS

Building the Fire. Spread a layer of ashes 2 to 3 inches thick over the
grate and then build a good wood fire in the usual manner. When the
wood is well ignited and burning briskly, spread a layer of fuel about 3 or
4 inches thick over the fire, leaving the draughts and fire-door grid wide
open. When the gases given off by the fuel are burning—this may be
noted by the appearance of blue flame over the fuel bed—add more fuel;
and again, when the gases appear to be burning well add enough fuel to
bring the fuel bed level with the bottom of the fire-door, and close the
draughts, leaving the fire-door grid half open. When red spots appear in
the fuel bed open the check damper. The fire is then in a condition to
last from 8 to 12 hours without further attention. When the fire begins
to burn low shake the grates until light is reflected on the bottom of the
ash-pit, charge more fuel, and regulate the draughts and check damper in
the manner stated above.

Remarks and Cauttons. Do not poke the fire needlessly. It is necessary
to do so only when there ig evidence of clinkers having been formed. This
may be noted by the sluggish condition of the fire or by dull spots in the
fuel bed when the rest is bright. Remove the clinkers by slicing and
hooking them out through the fire-door. The regulation of the draughts
must be determined by experiment; each furnace requires different draught
settings and no hard and fast rules can be laid down for their operation.
‘When burning the smaller sizes of American anthracite more draught will be
necessary than when burning the larger sizes, and the draught settings must
be regulated accordingly.

WELSH AND SCOTCH ANTHRACITES
DIRECTIONS

The instructions for burning these two fuels are the same as those
applying to American anthracite, with the exception that greater care
must be exercised in the manlpulatlon of the dampers, as the ash of these
fuels has a tendency to clinker if the draughts are left open too long and
the fire is allowed to burn fiercely. A very brisk fire should not be necessary
at any time, and if such a fire occurs it shows poor judgment on the part of
the furnace attendant. The clinkers when formed are very hard and
are much more difficult to remove than the clinker found when burning
American anthracite.
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Remarks and Cautions. In general, the same remarks and cautions
as were applied to American anthracite apply to these fuels also, and as
Welsh and Scotch anthracites are more friable, are not so uniformly sized
as American anthracite and have an exceptionally low ash content, greater
care must be used in shaking the grates; and, furthermore, as they have a
higher volatile matter content, the fire-door grid must always be left open
from one-half to full. The fines which are always present with either of
these two fuels may be best utilized by covering the fuel bed with them
after firing the usual charge of fuel.

GAS AND BY-PRODUCT COKES

These directions apply to all cokes whether derived from Western
Canada, Nova Scotia, or American coking coals.

DIRECTIONS

In general, all cokes, though having slightly different weights per

cubic foot, behave in exactly the same manner when burned in the

ordinary domestic furnace, with the exception that gas coke will ignite a
little more readily and will burn more freely than by-product coke.

Building the Fire. Spread a layer of ashes 3 or 4 inches thick over the
grate, and on top of the ash build a wood fire in the usual manner. When
the wood is burning well charge 3 or 4 shovelfuls of coke on top of the
burning wood, leaving the draughts and fire-door grid wide open until
blue flames appear over the top of the fuel bed. Then completely fill the
fire-pot with coke and wait until blue flames appear again. Immediately
on the first showing of red through the fuel bed, close all draughts, open
the check damper and leave the fire-door grid slightly open. This fire
should burn from 6 to 8 hours without attention. When the fire needs
replenishing shake the grates until a red glow shows in the ash-pit and
again fill the fire-pot with coke. If there is very little live fuel left on the
grate it will be necessary to open the draughts fully, but do not leave them
open after the first-sign of red shows through the fuel bed.

Remarks and Cautions. Coke fuel is bulky, and, therefore, in order
to fire the requisite weight of fuel which will burn for eight hours, it is
necessary to fire a large quantity, and if it is required to run the furnace
for twelve howrs, or for the night, without attention, it is often necessary
to charge as much fuel as the furmace will hold. Difficulty may at first be
experienced in controlling the fire: either it will burn through too quickly
or else it will go out because of too little draught. The proper setting of
the draughts can be determined only by trial. Within limits, the smaller
the size of the coke the more easily the fire can be controlled.

LOW-VOLATILE SEMI-BITUMINOUS COAL
This fuel is also called smokeless steam coal.

DIRECTIONS

Building the Fire. Spread a layer of ashes 2 or 3 inches thick on the
grate; then build a small wood fire and charge a little of this fuel on top,
leaving the draughts wide open and the grid in the fire-door open to its
fullest extent. Charge more fuel from time to time as each previous fuel
charge becomes red. This should be done until the fuel bed is built up to
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the bottom of the fire-door. The fire may then be left for from 6 to 8
hours. To replenish the fire shake the grates gently and slice the fuel bed
with a poker to break up the fuel that has coked into a hard mass. Throw
a good charge of fuel on to one side of the fuel bed only, leaving a large
bright spot which will act in such a2 manner as to ignite the volatile gases
as they are given off from the freshly charged fuel. After this fire has been
left for from 6 to 8 hours, it may be found advantageous to slice the fuel
bed, and then the fire may be left for from 2 to 3 hours longer without
further addition of fuel.

Remarks and Cautions. Always leave the grid in the fire-door wide
open, otherwise the soots and tars given off will not burn and will foul
the furnace, flue-pipe, and chimney; and further, great care should be exer-
cised in order to leave part of the glowing fuel bed uncovered when re-
plenishing the fire.

BITUMINOUS COAL

The following directions apply to all bituminious coals from Nova
Scotia, New Brunswick, Alberta, British Columbia, and United States.

DIRECTIONS

This fuel is handled in much the same manner as low-volatile semi-
bituminous coal, except that greater care must be taken with the fuel
bed in order that the volatile gases may be burned before reaching the top
of the furnace. Even with great care a good deal of soot will be formed
and will lodge in the furnace, flue-pipe, and chimney. The furnace should,
therefore, be cleaned every day and the flue-pipe from time to time. Always
leave a bright spot in the fuel bed either at one side or the other. This
may be done by charging the fuel on one side for the first firing, and then
when the fire is replenished charge on the opposite side.

Remarks and Cautions. If the fire smokes excessively, keep thedraughts
closed and open the fire-door a little, by this means admitting more air
across the fuel bed to burn the volatile gases. Never open the draught in
the ash-pit more than is absolutely necessary when lighting the fire, because
when the draughts are open, smoke will pour out through the grid in the
fire-door, unless the chimney draught is very strong.

ALBERTA DOMESTIC COALS
DIRECTIONS

Building the Fire. Spread a layer of ashes 3 or 4 inches thick on the
grates, on which a good wood fire should be built. When the wood is
burning briskly cover the fire completely with a thin charge of lump coal.
This coal will ignite very readily and when burning freely more lump fuel
may be fired. When this fuel has become red more fuel should be charged
on one side of the fire-pot only. This can probably be best accomplished
by placing the larger lumps across the centre of the fire-pot from front to
rear so as toform a sort of bridge wall, to one side of which the smaller lump
fuel may be fired and sloped up towards the side of the fire-pot. The
whole pile may then be covered with the fines or small pieces of coal which
will be found in the bottom of the fuel bin, taking care, however, not to
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cover the glowing part of the fuel bed on the opposite side of the bridge wall.
Alberta domestic coals require very little draught for satisfactory com-
bustion, and it is always necessary to leave the grid in the fire-door wide
open, and in the majority of cases, the dampers in the ash-pit tightly
closed. The glowing embers of wood and coal covering the other half
of the grate will ignite the gases as they are distilled from the freshly
charged fuel and as they are met by the incoming air from the fire-door
grid. A fire built in this manner will give off heat for a considerable time,
dependent upon the amount of draught which is given the fire, When this
pile of fuel has burned down to glowing embers, slice the fuel bed if neces-
sary, and remove clinkers by hooking them out through the fire-door;
the light ash remaining usually falls through the grate bars into the ash-
pit. When replenishing the fire a similar pile of fuel should be charged to
the other side of the fire-pot, building a bridge wall of lump coal in the
same manner as before.

Remarks and Cautions. Always leave a glowing spot on one side of
the fuel bed, as almost one-third of the heat value of the fuel is given off
in the form of gas, and this gas must be ignited and burned, otherwise its
heat content will be lost. For the same reason the fire-door grid must
always be left open to the fullest extent to provide air for the complete
combustion of the gases. These coals are free-burning and therefore
require practically no draught through the fuel bed. Never poke or stir
the glowing fuel except to remove the clinker which may have formed,
nor shake the grates needlessly, as the ash in most cases is light and fluffy
and will readily fall through the grate bars into the ash-pit.

PEAT
DIRECTIONS

Building the Fire. Make up a small wood fire on the bare grates, then
charge enough peat to almost cover the wood. Lump peat may be added
from time to time until a good body of glowing coals is obtained. Always
leave the grid in the fire-door wide open and never charge enough fuel at
one time to smother the flame completely. The secret of obtaining satis-
faction when burning peat is to fire a little at a time at frequent intervals.
At the end of the day there will be a good body of red hot embers in the
fire-pot. These embers, although they will remain glowing all night, give
out very little heat, but will be hot enough in the morning to kindle a
fresh charge of peat. Very little draught is required when burning peat
but the fire-door grid should always be open to the fullest extent.

Remarks and Caufions. Never shake the grates or poke the fire except
in the morning and then only just enough to uncover the embers left from"
the previous day’s fire. Peat burns with a long flame which must not be
smothered with fresh fuel or else tar, which will be very difficult to remove,
will be deposited at the top of the furnace and in the flue-pipe.

Peat makes an ideal fuel for use in the open grate and may also be
conveniently and satisfactorily used in cook stoves.
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MIXTURE OF BITUMINOUS COAL AND COKE
DIRECTIONS

Building the Fire. Spread a layer of ashes 3 or 4 inches thick on the
grate, over which build a good coke fire and then charge a mixture of coke
and coal, so that the fuel-bed level will be at the bottom of the fire-dcor
or a little higher. The draughts should be open a little and the fire-door
grid always left wide open. The coal will cake but not to the extent it
does when burned alone. Therefore, the fuel bed does not require to be
broken up so frequently.

Remarks end Cautions. By burning coke with bituminous coal many
of the disadvantages of the latter fuel are lessened; it is not necessary to
poke the fire so often, the deposit of soot in the furnace is not so heavy,
and the fuel will give up its heat at a more uniform rate than when burning
bituminous coal alone. The fire-door grid must never be closed. The
furnace should be cleaned every day.

52080—2r



II

LOW-TEMPERATURE CARBONIZATION—CONTINUATION
OF TESTS ON CANADIAN BITUMINOUS COALS

R. A. Strong

During 1926 the low-temperature carbonization program of the writer
consisted of the testing of 10 bituminous coals—2 from the Maritime
Provinces, 4 from Alberta, and 4 from British Columbia. The samples
were selected as being representative coals mined in the respective bitu-
minous coal areas of these provinces. As the title suggests, these tests were
a continuation of the carbonization experiments' conducted during the
previous year when two representative coals from the Maritime Provinces—
one from Nova Scotia and one from New Brunswick—were examined in
comparison with a standard imported “gas” coal. The experimentsin 1925
were quite extensive, consisting of the carbonization of the 3 coals at
various temperatures, according to the regular low-temperature carboniz-
ation method, carbonization in the presence of steam, and carbonization
with the recirculation of the uncondensed gases. The tests on the 10
coals reported here were at one temperature only, and were conducted in
temperature control (lead bath) apparatus at a maximum temperature of
600° C. (1110° ¥.) according to the standard low-temperature carboniz-
ation method adopted in the Fuel Testing Laboratories.

A list of the 10 coals tested is as follows:—

Laboratory Known in
Number this report as . Origin
4028 Springhill coal........... Cumbecrland Railway and Coke Co., Springhill, N.S.
4029 Stellarton coal........... Acadia Nanl Co.—Albion collieries, Foord seam, Stellar-
ton, N.S.
4032 Blue Diamond coal...... Blue Diamond Coal Co,, Brulg, Alta.
4034 Cadomin coal............ Cadomin Coal Co., Cadomin, Alta.
4036 Greenhill coal............ West Canacian Collieries, Blairmore, Alta,
4038 International coal........ International Coal and Coke Co., Ltd., Coleman, Alta.
4039 Michel coal,............. Crow’s Nest Pass Coal Co., Litd., Fernie, B,C.
4040 Coal Creek coal.......... Crow’s Nest Pass Coal Co., Ltd,, Fernie, B.C,
4041 Cassidy coal........ovvn Granby Consolidated Mining, Smelting and Power Co.,
Cassidy, B.C.
4042 Comoxcoal.............. CGanadian Collieries (Dunsmuir) Lid., Union Bay, B.C.

The samples tested were freshly mined coal obtained direct from the
mines. On arrival at the Fuel Testing Laboratories the coal was crushed
to pea size and placed in air-tight containers until required.

APPARATUS AND METHOD EMPLOYED
The apparatus used consisted of an electrically heated, lead bath, a
circular iron retort connected to a condensing train, gas meter and holder;
the apparatus being the same as that used in carbonization tests during
1925, and described in the report of investigations for that year. A slight
change was made in the condensing train, a sulphuric acid serubber and
an activated carbon tube being added. Tigure 2 shows diagrammatically
the layout as used in these experiments. The carbonization method
employed was identical with that described in the report just referred to,
the lead being previously heated to the desired temperature, after -which
the retort was immersed in the bath and the temperature raised to the

desired point and held there until completion of the run.

IMines Branch, Dept. of Mines, Canada, Invest, of Fuels and Fuel Testing, 1925, pp. 64-105,
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The charge consisted of 2,000 grammes of crushed coal and duplicate
runs were made on each coal, the products being weighed after every
experiment. Readings were taken at 30-minute intervals of the temper-
ature and the gas vield, as well as the meter temperature. The products
of the two runs were joined and the tar and liquor separated, the final
traces of water being removed from the tar by distillation. Acid was
added to the liquor and the total ammonia determined and reported in
the form of ammonium sulphate. The activated carbon was distilled
with glycerine to recover the light oils, and the quantity and density
reported.

| The following data sheet is from a typical run and shows the readings
taken :—

Date. v iiiitinannrienans January 381, 1927,
[0 Springhill,
Condition............. ....Straight distillation.
Weight of charge ....2,000 grammes.
Barometer.................. 30-0 inches.
. Temper- Meter Meter Gas
Time ature of lead| reading |temperature flow
°F ou, f§
1060 8375 L1 2 A
1045 9025 55 0-650
1060 9830 56 0-805
1105 11440 57 1610
1135 13600 59 2:160
1125 15170 59 1-570
1120 15875 60 0-705
1135 16290 61 0-415
1130 16510 62 0-220
1120 16712 63 0-202
1120 16830 64 0-118
1120 16943 64 0-113
1135 17053 65 0-110
1120 17130 65 0077
1125 17138 65 0-008

The procedure for the examination of the products was the same as
outlined in the previous report, and as shown in Figure 2, the results being
given in the series of tables appended to this report. Table I shows the
analyses of the coals as received, and Table II is a summary of the yields
and analyses of the coal as charged and of the coke residue obtained. Tables
IIT and IV are weight and thermal balances respectively, and in Table V
the results of distilling the tar as obtained by both atmospheric and
vacuum distillation, together with the gravities of the various fractions,
are shown. In Table VI the analyses of the gases are given and Table
VII shows the acid, base, and neutral oil content of the tar-oil fractions.
Tables VIII and IX are the results of distilling the neutral oils and the
tar acids respectively. Table X shows the yields of various neutral oil
fractions and their gravities, together with the results of their treatment
with concentrated sulphuric acid, and Table XTI gives the various yields
in terms of total tar, both in per cent and Imperial gallons per ton.
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DISCUSSION OF RESULTS

The various coals behaved somewhat differently during carbonization
as evidenced by the appearance of the charge on opehing the retort. In
the case of Michel and Coal Creek the residue was very much swollen, the
charge having partly plugged the offtake of the retort. The other two
coals from this district, namely, Greenhill and International, were just
the reverse. No evidence of swelling was indicated and with both coals the
charge showed definite signs of shrinkage. The remainder of the coals
showed signs of expansion, followed by contraction. The cokes obtained
from the volatile matter determinations at 950° C. confirm these observa-
tions, with the exception of Springhill which resulted in a swollen coke.

EXAMINATION OF THE LOoW-TEMPERATURE COKES OBTAINED

Owing to the influence of various factors such as temperature and
pressure on the quality of coke from any given coal, it is difficult to inter-
pret the results in respeet to quality of the coke of small-scale tests, such
as these experiments represent. It is sufficient to say that all the coals
examined showed good coking properties, with the exception of Cassidy.
The coals from the Crowsnest pass in Alberta did not show the swollen
structure to the same degree as those from the same distriet in British
Columbia. The difference in the ash content may account for this vari-
ation, as the former were much higher in ash than the latter. All the cokes
were quite grey in colour and bore a considerable resemblance to the high
temperature product. The handling properties could not be considered
as good, although in most cases the structure was such that they could be
considered as a domestic fuel.

Plates I to III show the structure of a representative piece of coke
from the various coals examined. In all cases the section selected for
photographing was taken from the lower part of the retort.

A section of the coke from top to bottom of the retort was selected
for apparent specific gravity determinations and the results obtained, along
with the comparative yields of coke, were as follows:—

Yields and Apparent Specific Gravities of the Cokes

Coal Cokes obtained
Apparent,

Lb./ton specific

gravity
1480 0-63
1540 0-74
1700 0-79
1570 0-70
1628 0-71
1730 0-80
1550 0-61
1650 067
1410 0-66
1500 0-78
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The analyses of the various cokes are given in Table II. The average
volatile matter remaining in the coke after carbonization at 600° C. was
6-8 for the 10 coals examined. The variation was from 6.1 to 10-3 per
cent, Blue Diamond being the lowest and Cassidy the highest. A com-
parison of volatile matter contents of the coal and coke and the fuel ratio
of each are as follows:—

Volatile matter Fuel ratio
Coal

Coal Coke Coal Coke
Springhill......... eeeieaiaeas 30-9 7.1 1-9 11.6
Stellarton........e....... PN 27-3 65 2:1 118
Blue Diamond............. et reeeiate e, 19-5 6.1 3.3 12:4
Cadomin. . et iietteie ettt ittt 27-9 74 2:3 11-3
Greenhill.....ooiii it it it i it s 25-2 71 2:5 11-2
International. . oceei it iiiie i it i i e 23-8 6-3 2.6 12.4
Michel ot ie it e Ferereeiasaes 27-3 76 25 11-5
(01T 8] (T S 22.7 7-4 32 11.8
(O T N 37-4 10-3 1-3 6-8
(0753 + 0o P 30-9 89 1-8 8:5

The calorificivalue in every case shows a decrease from that of the
coal. . The following data give the average calorific value of the coal as
charged with that of the coke:—

Calorific value
B.T.U. per 1b. Differ-

Coal ence Decrease
Coal Coke
p.c.

Springhill.. 13,676 13,215 —461 3-4
Stellacton..... . 18,190 12,299 —801 68
Blue Diamon ol 12,980 12,244 —736 5.7
Cadomin., ..ooivviiiiiiiiiieiiiinennaeaann, Lol 14,260 13,812 —448 3.1
Greenhill... ceee 13,575 12,9033 —642 4.7
Internntiona) 13,0065 12,629 —436 3-3
ichel...... ves 14,835 14,373 —402 3-0
Coal OreeK..vvieriviieneiiiinrnenrienenenes . 14,973 14,483 —490 3-3
Cassidy. i ivii it i . 12,365 11,871 —494 4.0
GOm0, 4 sttt tireeeeenreareneneriearasenecnenasnanaens 13,070 12,445 —625 4.9

ExaMINATION OF THE TAR OILS

The separation of the tar and liquor was effected as outlined in the
previous report, namely, by the addition of a hot solution of sodium sul-
phate, which allowed most of the liquor to be drained off. The tar was
then distilled in order to remove the last trace of liquor, after which the
gravity was determined in a Westphal balance, and a calorific value deter-
mination made.

The yields of tar varied considerably for the different coals, the
following being a summary of the various yields obtained, in parts by
weight for 100 parts of coal, and in Imperial gallons per ton.
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Yield of tar oils
Coal obtaine
Per cent | Gals./ton
SDEINENILL 11t sa et e 9-5 18-3
172 )T o) 9-0 17.8
Blue Diamond. . ooovuvinetrinineretertierareaietnectotniatioseiioaies 4.0 75
QT 16 L N PP 8-7 17-0
Greenhill. .. ... uu ittt et ienr e eresetaanereraenanraoisiraarane 6-3 121
International........vueerneerervreneneereeranenreniereatateireeaaeas 5.9 11.5
B 51031 S U 76 145
[T 0 T (R O 58 11-0
LT3 Te P 11-3 224
G OIMI0K, ottt seeeeeeeieanssvneresnesnssessesnssennenernssonecosnosoaonss 9:6 19-0

As will be noted, with the exception of ‘Cassidy coal, the tar yield on
all of the coals examined was disappointingly low. Washing to effect ash
reduction could no doubt in some cases be used to increase this yield, but
even then the yield would not be sufficiently high to warrant the adoption
of low-temperature methods in place of high temperature, in view of the
poorer quality of coke obtained.

All the tars were brownish black in colour and fluid at room temper-
ature. The densities varied considerably but all were above 1-000.

Gravity

Coal of tar oils

at 15-5° C.
Springhill 1-041
Stellarton 1-014
Biue Diamond 1-065
Cadomil.....ocevenvrnrnnnen.. 1-026
Greenhill.................. 1-039
International 1-024
Michel.,......covvvnvnnnnn 1-051
Coal Creek 1-059
Cassidy..oevvievvineninnnn., 1-008
L8703 ¢ 10> 1-008

The light oils were absorbed by passing the gas through activated
carbon, as shown in Figure 2, the oils being recovered by distillation with
glycerine. The following shows the light oil content and its specific gravity.

Light oil obtained

Coal Per cent Specific

of coal Gals./ton gravity
by weight at 15-5° C.
Springhill....oo.euii i 06 1.6 0-720
Stellarton..........ovvvuveunennns 0-9 2.7 0-968
Blue Diamond 0-4 1.1 0-758
Cadomin..,......covvvueenenen. 0.6 1.8 0-702
Greenhill.......c..ocovnnvnyens 0-6 1.7 0-713
International.................... 0-6 16 0752
$10211:) D R 0-7 2-1 0-702
Coal Creek..,...vvvvvvnennnen. 0.7 2.0 0-708
Cassidy...coovvevrirnnnenrannnss 0-9 2.5 0-681
L8731 S 0-6 1-8 0-702
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The total light oils from all the coals examined were joined and the
distillation range determined as shown in the following table:—

Examination of Light Oils

Specific gravity at 60° T iiii ittt 0-715 (65-8° Bé.)
Distillation range—
180 Arop @b, ..ottt i i i e e 31°C. (88° I'.)
10 per ?‘ent vgl. b e e 40: C.
B ww o BEG
0« w o | GG
50 “ e it ettt iaeanaas 74° C. (183° F.)
60 “ AN 83° C.
“ “ ]
8w i e e
90 e LTI 134 C.
3 1T B0\ A 170° C. (216° F.\
R OOV Y. ot tittiiereeerenennrranrernaenensseesosenaneeens 96 per cent

EXAMINATION OF THE GAS

The gases liberated during the carbonization tests were stored in a
gas holder over water as shown in PFigure 2. A sample was drawn off for
analysis after the gases had been allowed to stand for several hours in
order to ensure complete mixing, the sample representing the total gas
made from duplicate runs. 'The yields of gas varied from 8,20u to 4,000
cubic feet per ton, the lowest yield being obtained from Coal Creek coal and
the highest from Cassidy coal. 'The density of the gases varied from 0-52
t00-56, with the exception of that from Blue Diamond coal, which was 0-47,
and that from Stcllarton coal which was 0-61. The methane content of
the gas varied from 50 to 60 per cent and the hydrogen from 17 to 30 per
cent, this low hydrogen content being a characteristic of gas from low-
temperature processes.

The following table compares the results of the 10 coals as to yields
of gas and the hydrogen and methane contents of the same. 'The volatile
matter contents of the different coals tested is also added as a matter of
general interest.

Gas obtained
Volatile
Coal
matter | Gy, ft./ton H CH;
p.c p.c p.c
Springhill.... 30-8 3,887 21-8 50.2
Stellarton.... 27.2 3,879 222 560
Blue Diamon 19-2 3,359 32:5 51-1
Cadomin 275 3,735 19-5 55-9
Greenhill..................es 25-2 3,543 20-5 56-3
International 23-8 3,339 24.7 52-0
Michel. .o ieiii e iiie i i 264 3,807 19-6 56-9
Coal Creek.....ovviiiiiiiiiiiiieenaninnnen. 22-3 3,192 229 60-3
T3] 16 S A 37-3 4,012 233 588
(753 0T P 30-5 3,676 17.2 56-2
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The yield of gas was recorded every half hour during each run, as
noted above in the data sheet. It was found in every case that at the end
of the fourth hour, approximately 9C per cent of the gas yield was obtained.
The yields per hour for the different coals were fairly constant and in view
%f this the results were averaged and plotted, the result being shown in

igure 3.
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Figure 8. Curve showing average flow of gag from the ten coals when heated in lead bath
retorting apparatus to a maximum temperature of 600° C.

AQUEOUS DISTILLATE

The aqueous distillate and the acid from the ammonia scrubber were
joined and after being made up to a definite amount a sample was taken
for analysis. The results in the form of ammonium sulphate were low, as
was expected, averaging around 7 pounds per ton. Stellarton and Cassidy
coals were an exception to this, the former yielding 17-2 pounds and the
latter 11-5 pounds per ton. The results are shown in Table IT which gives
the axlnount of liquor per ton in gallons and the ammonium sulphate in
pounds.

ANALYSES OF THE LOW-TEMPERATURE TAR OILS

The examination of the tar oils was carried out as outlined in the
1925 report, namely distillation in a Hemyel flask at atmospheric pressure
to 275° C., making a cut at 225° C., followed by distillation at reduced
pressure (40 mm.) to 300° C. The three fractions were treated with
caustic soda and dilute sulphurie acid, and the neutral oils joined. These
were distilled in an Engler flagk, three fractions being made, ie. 0° to
200° C., 200° to 275° C., and 275° C. to end point.
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The results of the distillation of the tars are shown in Table V, while
Table VIII shows the boiling range of the neutral oils. The following
table compares the distillation results of the ten coals showing the yield
and gravity of the different fractiouns.

Tar

Coal Specific Specific | 0-300° C. | Specific

0-225° C, | gravity [225-275°C.| gravity (Vac.) aravity
at 15-5°C|| at 15:5°C. at 15.5°C,

p.c. p.c. p.c.
Springhill...........oooii, 30-7 0-907 4.3 0-990 30-3 1.060
Stellarton...........ooeviivene. 312 0855 141 0-945 30-3 1.024
Blue Diamond................... 20-0 0897 13:6 0-960 314 1080
Cadomin.........cooveniinnnnn. 25-0 0-866 13-0 0-958 30-7 1-034
Greenhill........... P 25-8 0-876 16-3 0-975 317 1.080
International.................... 27-3 0-862 15-9 0-961 29-8 1.072
Michel.....ooiviiiiiiiiiinenann, 25-4 0-891 13-8 0-983 29-4 1-068
Coal Creek............ovvvninn 25-3 (-867 14.2 0-967 28-0 1064
Cassidy....ooovviniiiiiiiiannnn 30-7 0-891 16-9 0-972 30-0 1040
ComoX. . it iiiiiiiniieeeaans 27.8 0-875 14.7 0-953 31-3 0-030
Tar Acids

These were recovered from the caustic soda solution by acidifying
with dilute sulphuric acid and distilling. The results of this distillation
are given in Table IX. The following results show the yield of tar acids
from the various coals examined:—

Tar acids

Coal Specific

Yield gravity
at 15:5° C.

p.¢

13031175 o1 | (R R 22.7 1-080
S LT e N 14.3 1.092
Blue Diamond...c.c..vviiieiiiriiiiiieiiiienninns 13-2 1-085
Cadomin, ...oooi it 13.7 1082
Greenhill.........ooooiiiiiiii i 13:0 1092
International...........ooiiiiiii i, 13:2 1-090
Michel. cuueeee i i i 17:1 1-078
Coal Creek....vvvvniiiiiiieiiiiiiniiinnnes 10-0 1.076
Cassidy ... viv i ittt 240 1-074
1075 1T N 18-7 1-081

Pyridine Bases

The quantity of bases present was insufficient to warrant their
recovery and special examination. The quantity was estimated by the
contraction after treatment of the acid-free oil with a 20 per cent solution
of sulphuric acid. The results are shown in Table VII.

Neutral Oils

The three fractions obtained from the distillation of the tar in a
Hempel flask were neutralized by treatment with caustic soda, followed
by dilute sulphuric acid. The resultant neutral oils were joined and
distilled in an Engler flask, cuts being made at 200° C. and 275° C.
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Unsaturated Compounds in Neutral Oils. The neutral oils were treated
with concentrated sulphuric acid to determine the percentage of unsatur-
ated compounds, the results being shown in Table X. The average per-
centage of the light oils soluble in concentrated sulphuric acid was 43,
middle oil 44, and heavy oil 64. This test has no commercial significance,
other than an indication of refining loss with sulphuric acid treatment,
and that there would be a smaller loss in the refining of the light and
middle oils than of the heavy oils.

SUMMARY

1. The tests reported here on 10 bituminous coals—2 from Nova
Scotia, 4 from Alberta, and 4 from British Columbia—are a continuation
of a survey as to the amenability of Canadian coals for low-temperature
carbonization. These tests were conducted in the temperature control
(lead bath) retorting apparatus at a maximum temperature of 600° C.
(1110° F.) according to the standard method adopted in the Fuel Testing
Laboratories. The context of this report, besides containing a brief descrip-
tion of the apparatus and method used, consists of a summary of the
results and a discussion of the same. The detailed results are given in a
series of eleven tables following.

2. The coals tested, while they were all coking coals, varied consider-
ably in volatile matter and ash contents. The volatile matter contents
varied from 19 to 37 per cent with an average of 27 per cent. The yields
of the coke and gas, therefore, varied appreciably. The coke yields varied
from approximately 1,500 to over 1,700 pounds per ton, the gas yields
from roughly 3,300 to 4,000 cubic feet per ton, and the tar-oil yields from
7% to 223 Imperial gallons per 2,000 pounds of coal carbonized.

3. The cokes obtained from all coals with one exception were more or
less of a uniformly fair grade of low-temperature coke. They were of a
dark greyish colour, the structure of which is shown in the plates illus-
trating the same. As judged by hand-inspection the friability of all the
cokes, except one, was seemingly good enough to be considered as fair to
good coke for domestic purposes. The apparent specific gravities of the 10
cokes varied roughly from 0-61 to 0-80, with an average of 0-70, in which
respect they were appreciably lighter than average by-product or gas
coke on the market.

4. The average tar-oil yield for the 10 coals was 6-8 per cent by
weight of the coal charged, equal to less than 13% Imperial gallons per ton.
Only one of the ten coals showed a tar-oil yield between 20 and 25 gallons
per ton, which is comparable with the high tar-oil yields from the three
coals, two Canadian and one imported, previously reported. With this
exception, therefore, the tar-oil yields from the 10 coals tested were low,
being not appreciably higher than that obtainable from typical bituminous
coals in high-temperature by-product ovens or in gas retorts.

5. The yields of light oils obtained from the gas by absorption in
activated carbon varied from 1-1 to 2.7 Imperial gallons per ton of coal
carbonized with an average of 1.9 gallons. A composite sample of these
light oils had a specific gravity of 0.715 (65-8° Bé.) and a distillation
range of 88° to 216° F. with a “recovery’” of 96 per cent.
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6. The average specific gravities for the crude tar oils obtained, the
tar acids, and the neutral oils were 1-053, 1-082, and 0-940 respectively.
Considerable variation was noticed in the crude tar oils obtained in respect
to comparative yields of light, medium, and heavy oil contents and in
respect to the proportions of tar acids and neutral oils present. The tar-
acid contents of the 10 tars examined were from 10 to 24 per cent of the
volume of the crude tar oil, the remaining proportion of which consisted
almost entirely of neutral oils. The neutral oils, in respect to specific
gravity and distillation range, showed a remarkable similarity, one to
another, as was also the case with the tar acids; which was in agreement
with the results previously obtained and reported. The uniformity of the
neutral oils from the different coals, in respect to specific gravity and
distillation range, is a factor in favour of their use as crude petroleum
substitutes where a uniform product is desirable.

CONCLUSIONS

In respect to yield and quality of the low-temperature coke obtainable,
all the 10 coals showed favourable results. With one exception, however,
the coals tested were not specially suitable for low-temperature carboniz-
ation on account of the comparatively low tar-oil and gas yields.



TABLE III

(Parts by weight per 100 rarts of coal charged)

Weight Balance—Low-Temperature Carponization Tests

Spring- | Steilar- Blue ) s Green- Inter- s Coal s
Nameofcoal............c..cveuen hill ton Diamond Cadomin hill national Michel Creek Cassidy ~ Comox
| j

Laboratory No....covvvvenenennn.. 4028 4029 4032 | 4034 4036 4038 | 4039 4040 4041
Coke.oovvivn i, 74-1 76-9 85-3 1 78-7 81-4 815 776 82-4 70-4 74-9
8 9-5 9-0 4.0 - 8.7 6-3 59 7-6 5-8 11-3 9-6
Lightoil.ce.vvvvenrvnniannn.. 0-6 0-9 0-4 0-6 0-6 0-6 ; 0 0-7 0-9 0-6
Liquor...... .. 00 6-6 52 35 4.2 4-3 54 | 58 33 8-5 6-6

22 A 9-0 8-1 6.1 8-2 7-2 6-9 I 8-2 8-4 8.5 | 7-9
B e T 0-2 +0-1 0-7 i +0-4 0-2 +0-3 | 0-1 +0-6 0-5 0-4

TABLE IV
Thermal Balance—Low-Temperature Carbonization Tests
( Thermal value of products as percentages of that in coal as charged)
Spring- | Stellar- Blue s Green- Inter- . Coal o

Nameof coal...........coeevennnn. hill ton Diamond Cadomm. hill tional Michel Creek Cassidy
Laboratory No...covveievenennnnnn 4028 4029 4032 4034 4036 4038 4039 4040 4041
[0 =T 71-6 717 81-8 76-2 77-6 79-8 75-2 79-8 67-6 71-3
0 N 12-2 12-8 5.7 11-0 8-6 8-5 9-3 7-4 16-6 13-7
GaSe ittt 8-8 10-0 8-4 8-6 8-8 8-1 8-5 7-6 11-7 9-3
LOSSe e vuereneanarnrnsnnens 7-4 55 4-1 4.2 5-0 36 7-0 5-2 4-1 5-7

98
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TABLE V
Analyses of Tars—Low-Temperature Carbonization Tests
Name of coal........... e eeereneaan Springhill Stellarton Blue Diamond Cadomin Greenhill
Laboratory NO..cvvieiveeerenenifonnennns 4028 4029 4032 4034 4036
Tar (water-free)—
Specific gravity at 15-5° C........ 1-041 1-014 1-065 ’ 1.026 1-039
B.T.U.perpound........ocon.... 16,560 17,091 16,852 16,907 16,902
Cum. Sp. Gr. Cum.| Sp. Gr. Cum.| Sp. Gr. Cum.| Sp. Gr. Cum.| Sp. Gr.
—_— p.c. | p.c. at p.c. | p.c. 8 8 p.c. | p.c. at p.c. | p.c. at
vol. | vol. [15-5°C.| vol. | vol. .| vol. | vol. {15-5° C.f vol. | vol. |15-5° C.
First {covenifeennnnns First |...... First f..oooifoeeen... First |.ooov]ovennen.
droj dro droj dro
58° C. 49° 56° C. 50°
1-3] 1-83|........ 2-3 2-3 7 7. 251 2:5|........
121 25 ]........ 1.0 3-3 131 30 }.cc..... 4.1 6:6]........
12| 37 |........ 4-2 | 7-5 2:3 | 461(........ 0-5 | 7-1 4. .......
451 821} ....... 5.3 | 12.8 30 761f........ 2:9110-01........
5-1 183 [........ 5-5118-3 501126 |........ 5:01150{........
8-0| 21-3 |........ 6-1124.4 54| 18-0(........ 5:8120-84........
9.4 | 30-7 | 0-907{ 6-S|31-2 7-0125-0| 0-866( 5-01 25-8 0-876
7-3 1380 ........ 6-4 | 37-7 541304 ........ 7-5(383 [........
7.0 | 45-0 | 0-990| 7-6 | 45-3 4.6 (38-0( 0-958 [ 8-8 | 42.1 0-975
Vacuum distillation (40 mm.
pressure)—
75° C 0-3 0-3 f........ 0-0{ 0-0 0-01 0-0}........ 0-0} 00 )........
571 60 1}........ 4.7 4.7 5.0 5010........ 3-3 3-3 ).
4.0 [ 10-0 |........ 4.3 9.0 5-3110:3 [........ 9:2 125 1........
6-7 | 167 |........ 6-3 1 15-3 3-7114-010........ 6-7119-21........
6-0 [ 22-7 |........ 6-7 | 22-0 6:7 1207 |........ 4.6 1238 1........
7-6 | 30-3 1-060 | 8.3 | 30-3 10-0 1 30-7 1 1-034| 7-9131-7 1-080
71-0 74-0 95-0 83-0




TABLE V—continued

Analyses of Tars—Low-Temperature Carbonization Tests

Nameofeoal..oooeneeiiaanannn. International Michel Coal Creek Cassidy Comox
Laboratory No...ovvenvniennnn... 4038 4039 4040 4041 4042
Tar (water-free)—

Specific gravity at 15-5°C........ 1-024 1-051 1-059 1-008 1-008

B.T.U.perpound................ 17,057 16,641 16,960 16,862 17,114

Cum.| Sp. Gr. Cum.; Sp. Gr. Cum.| 8p. Gr. Cum.| Sp. Gr. Cum.| Sp. Gr.
_— p.c. | p-c. at p.c. | p.c. at p.c. | p-c. at p.c. | p.c. at p.c. | p.c. at
vol., | vol. |15-5° C.| vol. | vol. [15-5° C.| vol. | vol. 115-5° C.| vol. | vol. |15-5° C.| vol. | vol. [15-5° C.
Atmospheric distillation............[First |......{........ First ... feeunnn.n First {......
. drop drop drop
52°C 50°C 48°C
75° C.. 2-3 1.5

100°C 0-7 0-6

125° C 2-5 1-2

150°C 5-4 5-8

175° C.. 5-5 4.4

200° C.. 5-4 4.3

225° C.. 5-5 7-6

250° C 77 5-1

275° C 8-2 8-7

Vacuum distillation (40 mm.

pressure)—

75° C 0-0 00| 0-0}........ 1.7 1.74....... 0-0f{ 0:01)........ 0-74 07 |........
4-1 4-71 47 1........ 0-81 25 4........ 2:01 20 {........ 1-61 2:31|........
11-4 7-3112:0|........ 35| 6:0(........ 67| 87 ........ 5:7| 801........
1-8 3-3|15-3(........ 5-0| 11-0 |........ 53| 14-0(........ 6-7 | 14-7 |........
4-5 5-8|21-14........ 651175 §........ 4-7118-74........ 861233 |........
8-0 8-3129-4| 1-068| 10-5! 28.01 1-064| 11-3 130-01 1-040 | 8-0!31-3 1-030
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TABLE VI
Analyses of Gases—Low-Temperature Carbonization Tests
Nameofcoal......coovvuviiimieiannn. Spring- | Stellar- Blue Green~ Inter- Coal
hill ton Diamond| Cadomin hill national | Michel Creek | Cassidy
Laboratory No...vviieiiiiiinnennnnnn. 4028 4029 4032 4034 4036 4038 4039 4040 4041
Density (air=1)....co0iivinvnininnnn.. 0-61 0-55 0-48 0-58 0-54 0-55 0-57 0-53 0-55 7
Carbon dioxide................ per cent 5-8 3-3 3-1 2-5 3.7 3-5 2-4 2.7 4.9
Tluminants....ooovveeeennnnnn.n “ 2.1 2-2 10 1-3 1-0 1.1 1-3 1-4 2-6
(031705 « VU “ 4.6 1-6 3-6 2.9 2-0 1-9 2-2 1-6 1-4
Carbon monoxide.............. “« 3-6 4-3 4-6 4.6 4-0 5-1 3-9 3-1 6-0
Methane.......ocvvveievnnnnn. “ 50-2 56-0 511 55.9 56-3 52-0 56-9 60-3 58-8
Hydrogen....cocovivivnaninnn. « 21-8 22-2 32:5 19-5 24.7 24-7 19-6 22-9 23-3
Nitrogen.......ooveeinnennenn. “ 11-9 10-4 4.1 13-3 8-3 1.7 13-7 8-0 3-0
B.T.U. per cubic foot—
(=37 553 610 577 589 600 567 597 635 650
(€5 e 618 680 646 658 671 633 665 709 724

6¢




TABLE VII
Crude Tar Acids, Bases, and Neutral Oil Contents of Tars from Low-Temperature Carbonization Tests

Fraction I: Fraction II: Fraction III:
0° to 225° C. 225° to 275° C. 0° to 300° C.
(atmospheric pressure) (atmospheric pressure) (40 mm. pressure)
Laboratory Coal — . Py :
No. Pyridine Pyridine Pyridine
Tar acids] bases by | Washed | Taracids| bases by | Washed |Taracids| bases by | Washed
by alkali acid neutral |by alkali{ acid neutral |by alkali acid neutfral
treat- treat- oil treat- treat- oil treat- treat- oil
ment ment ment ment ment ment
D.C. D.C. p.C. p.C. p.C. p.C. p.C. p.C. p.C.

4028 Springhill,.euenenereeriiiriannnnnn. 34-8 3-2 62-0 34-9 4.7 60-4 23-1 3-3 736
4029 Stellarton...covveenvernenonencaeinn 19-2 3-2 776 19-1 1i-8 69-1 18-7 14-3 67-0
4032 Blue Diamond..c.oveveennnnses 19-6 3-6 76-8 15-8 5-3 78-9 18-2 6-8 75-0
4034 Cadomin.....ccooveenrennnnn. 24-0 0-7 75-3 28-2 1-3 70-5 13-0 7-6 79-3
4036 Greenhill..........covvenennes 24.2 3-2 72-6 20-5 5.1 74-4 21-1 5-2 737
4038 International................... 20-0 1.7 78-3 20-0 2-8 77-2 15-4 7.7 76-9
4039 ichel.....c.covvenaiinnnnanns 27-2 2-8 70-0 26-7 5-3 68-0 22:2 4.9 72-9
4040 Cozl Creek.........ocvvneenn 19-8 3-0 77-2 21-0 5-3 73-7 7.1 10-7 82-2
4041 Cassidy.eeeerearieeneeacannes 32-6 2-2 65-2 31-4 5-9 62-7 28-9 10-0 61-1
4042 (0705 257> 29-8 2-4 67-8 27-3 2-3 70-4 20-2 7-5 72-3

08



TABLE VIII

Distillation Range of Neutral Oils from Low-Temperature Carbonization Tests

Name of Coal.cviuiaeiiiiniiiiiiiraeiraananen Spring- | Stellar- Green- Inter- . Coal s
%mg ton Cadomim hall national Michel Greek Cassidy | Comox
Laboratory No...iovvvveeinnannienn.. 4028 4029 4034 4036 4038 4039 4040 4041 4042
Specific gravity at 15-5° C 0-945 0-890 0-931 0-962 0-940 0-967 0-954 0-908 0-968
Distillation range— °C. °C. °C. °C. °C. °C. °C. °C. °C.
e e} « TN 95 90 90 96 73 82 98 75 78
10percentvol..cooiiiiiiiininnn, 145 125 145 15 132 142 145 145 140
20 e 171 150 170 183 163 165 175 178 180
30 e 204 178 215 221 197 200 203 211 215
40 D PP 245 212 245 256 227 242 242 244 247
50 et ieeaa 273 250 268 282 257 267 270 270 273
60 e 300 278 291 310 280 293 207 293 289
70 e veaaaaes 327 310 317 342 313 320 330 319 324
80 e 359 350 348 370 350 349 356 347 352
90 L PN 387 395 370 389 380 380 387 374 385
End poinb.civen it i et 415 410 405 420 410 405 410 392 395
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TABLE IX

Distillation Range of Tar Acids from Low-Temperature Carbonization Tests

LS T ) S Springhill | Stellarton | Cadomin Michel Cassidy Comox
L0013 273 oo s T 4028 4029 4034 4039 4041 4042
Specific gravity at 15-5° C. .ot 1-080 1-092 1-082 1-078 1-074 1-081
Distillation range— °C. °C. °C. °C. °C. °C.
10 per eent Vol .ooun it e 210 206 210 196 206 192
20 e et e e e et 214 215 217 208 214 200
30 et e et et e e e et e 219 221 223 213 222 206
40 e e 228 229 237 220 235 213
50 i, ettt 235 240 252 235 248 222
60 e e e, 270 290 300 255 275 250
70 Y 315 339 332 307 308 305
80 D N 358 373 365 345 338 328
90 e et et ettt 385 380 381 363 370 340
BT B 03 1. 390 385 385 365 380 365
Specific gravity of distilled tar acids at 15:5°Cu.roeronennnnnnnnn... 1-065 1.072 1-076 -071 1-068 1-074
TABLE X
Yields, Specific Gravities, etc., of Neutral Oil Fractions
Nameofcoal.......covvnvninnnnnnnn.. Spring- | Stellar- Blue s Green- Inter- s Coal .
hall ton | Diamond| Cadomin| THaT | pationa) | Michel | ooy | Cassidy | Comox
Laboratory No....eeeiivneneneenennnn. 4028 4029 4032 4034 4036 4038 4039 4040 4041 4042
Light oil (0°t0200°C.)................ 28-0 36-5 25-6 27-5 25-5 31-0 30-0 29-0 26-5 25-0
Specific gravity at 15-5° C.. .. 0-830 0-805 0-871 0-811] 0-821 0-823 0-833 0-831 0-806 0-818
Insolubility in conc. HaSO04 per cent. . 59 64 60 61 76 66 80 78 58 64
Middle oil (200° t0 275° C.).. 23-0 23+5 24-5 25-0 21 26-0 23-5 22-5 26-0 25.5
Specific gravity at 15-5° c.. .. 0-916 0-885 0-954 0-911 0-921 0-930 0-936 0-923 0-888 0-914
Insolubility in conc. HoSOs per cent. . 60 66 66 87 72 67 76 75 54 59
Heavy oil (275° C. to end point)....... 48-0 38.5 48-7 45-0 51-5 41-0 45-5 47-5 46-0 46-5
Specific gravity at +5-5°C........... 1-018 0-973 1-061 1-000! 1-037 1-033 1-026 1-032 0-964| 0-991
Tnsolubility in conc. H2504 per cent. . 24 38 34 35 40 30 38 47 34 41




TABLE XI
Yields of Crude Tar Oils and Fractions

144

Name of cosl...... eereeennieanaas Springhill | Stellarton DiEIlllllgn 4 | Cadomin Greenhill niltlitg;;l Michel Cosal Creek | Cassidy Comox
Laboratory No......... e 4028 4029 4032 4034 4036 4038 4039 4040 4041 4042
Per |Imp. | Per | Imp.| Per | Imp.| Per |Imp.| Per |Imp.| Per | Imp.| Per | Imp.| Per | Imp.| Per | Imp.| Per
cent | gals. | cent | gals.| cent | gals. | cent | gals.| cent | gals. | cent | gals. | cent | gals. | cent | gals.| cent | gals. | cent
of tar| per [of tar] per |of tar| per |of tar| per |of tar| per |of tar| per {of tar; per |of tar| per |of tar| per |of tar
(vol.)| ton |(vol.)| ton | (vol.)| ton | (vol.)| ton | (vol.)| ton | (vol.)| ton | (vol.)] ton | (volL)| ton | (vol.)| ton | (vol.)
Crude water-free tar oil............0...... 18-3 |...... 17-8 |...... 75 ]...... 170 |...... 12-1 |...... 11-5 |...... 145 |...... 1140 |...... 22-4 |......
Fraction (0° to 225°C.).... .{80-7| 5-6|381-2| 56|20 1-5|25-0| 4-3|25-8] 31273 31254 371|253 2-8|30.7| 6-9]| 27-8
Fraction (225°t0 275°C.)......... 14-3 ] 2-6}14.1| 2:5113-6| 1.0 13-0| 2-2] 16-3| 2-0) 15-9 1.8 13-8} 2.0| 14.2}| 1-6| 16-9| 3-8 | 14-7
Fraction (0° to 300° C. vacuum)..! 30-3 | 5-5 [ 30-3 | 5.4 |31-4| 2-4]|30-7| 52|31.7| 3-8|29-8| 3-4)20-4| 4.3| 280 3-1|30-0| 6-7[ 313
Neutral Oil—
Fraction (0°t0225°C.)........... 19-0| 3-5124.3| 4.3|15-4| 1. (188} 3.2|18-7| 2-3|21-4| 2.5} 17-8| 2.6 19-5| 2-1]|20-0| 45| 19:0
Fraction (225°t0 275°C.)......... 87| 1-64{ 87| 1-7|10-7| 0-8) 9-2| 1-6|12-1| 1-5)12-3| 1-4| 9-3 1.3110-5) 1-2110-7| 2-4)| 10-3
Fraction (0° to 300° C: vacuum)..} 22-3 | 4.1 |20-3| 3-6{23-6| 1.8|24-3| 4-1]23-3] 2-8]22.7| 2-6|233] 3-4{23.0] 2-5{18-3| 4-1] 227
Tar acids from all three fractions..| 22-7 | 4-2 | 14-.3) 2-5| 18-2| 1-0( 13-7] 2-3}13-0{ 1.6 13-2} 1.5|17-1| 2-5] 10-0 1-1| 240 5-4]18-7
Tar acids (recovered) 22-0| 4-0|14-3) 2.5}107{ 0-8|13-3) 2-3| 11-7} 1-4|12-83} 1-4|16-9| 2-5|10-0| 1-1]22-3{ 5.0 18-7
Tar bases from all three fractions..| 2-7 | 0-5! 7.0} 1-2| 36| 0-3| 2-7! 05| 33| 04| 3-2| 04 2-9| 04| 45| 05| 47| 1-1| 33
Light neutral oil (0°t0200°C.)....| 14-0 | 2-6}19.8.4 85| 12.7}| 10| 14-4} 24| 13-8| 1-7| 175} 2-0|15-1| 2-2)154| 1.7 130} 2.9/ 13-0
Middle neutral oil (200°t0 275°C.).| 11-5 | 2-1]12-8} 2-3{12.2| 0-9|13-1} 2-2|11-4| 1-4|14.7| 1.7| 11-8| 1-7]11-6| 1-3] 12-7| 2-8/| 13-3
Heavy neutral oil (275° C. to end]
POIDE) .. 24-0 44209 3-723-2| 1-7|23:5| 4.0{27-9| 34231 2.7 229 3-3|252| 2.8]226]( 51]{24-2
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A STUDY OF THE NATURE OF SULPHUR IN CANADIAN
COAL AND COKE

J. H. H. Nicolls

In an earlier paper* the writer discussed in considerable detail the
forms of sulphur occwrring in coals from the Maritime Provinces, which
generally contain a higher percentage of sulphur than any other Canadian
coals. The present work is supplementary and more general, and has been
divided into three sections: (1) the nature of the sulphur in western
Canadian coals; (2) the nature of the sulphur in cokes made from Canadian
coals; (3) the nature of the pyritic sulphur in coals of high sulphur content
from the Maritime Provinces,

NATURE OF THE SULPHUR IN WESTERN CANADIAN COALS

Since it is particularly undesirable that coals which are to be used for
the manufacture of coke should contain high percentages of sulphur, the
coals first selected for this investigation were those which coked, or at least
gave indications that they could be blended and used in coke manufacture.
The pyritic sulphur content of these was noted particularly, as this was
considered to be the form of sulphur most readily removed by washing,
In addition to these coals a few others representative of the non-coking
coals occurring in western Canada were investigated.

In selecting the representative samples coals from large areas, or
areas of large production, were considered of primary importance. To
these were added certain coals from smaller or less productive areas on
account of their distinctive properties. Ior the same reason, a few coals
from undeveloped, or scarcely developed, areas were also included.

The methods of analysis were identical with those described in the
previous paper, except that the period for extraction of pyritic sulphur was
increased to four days. This change was made following a series of analyses
of coals of higher than normal sulphur content. It was found that one
day’s treatment with the dilute nitric acid would dissolve all the inorganic
sulphur from coals containing up to 4 per cent of total sulphur, but that
it might not dissolve the entire amount from coals of higher sulphur con-
tent. However, the figures obtained with such coals were irregular; in
some cases exposure of a high sulphur coal to the nitric acid for one day
caused the solution of more sulphur than the exposure of a second sample
of the same coal for a longer period. It was found that when treating
Minto coals having 7 to 8 per cent sulphur content, about 80 per cent of
which was inorganic, variations as great as 14 per cent of the total sulphur
content were obtained as a result of treating different samples of the same
coal under what seemed to be practically identical conditions. In this

Mines Branch, Dept, of Mines, Canada, Invest, of Fuels and Fuel Testing, 1023, p. 28.
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connexion it was thought likely that slight alterations in strength of the
different lots of nitric acid made up, or variations in the temperature of
the acid as added to the coal, might have a considerable effect upon the
amount of sulphur dissolved, and these conditions were much more closely
watched than in the earlier investigation.

Table XII gives the different forms of sulphur in the coals analysed,
as percentages, both of the coal as used for the tests and of the total content
of sulphur. It shows that the amounts of pyritic sulphur in the coking
coals from the Mountain Park area, and in those from both the Crows-
nest Pass areas, are almost negligible, and that the probable effect of
washing these coals would be to remove principally ash, leaving slightly
increased sulphur contentsin the washed coals, It also shows that, although
the partially coking coals from the Nanaimo area contain comparatively
little pyritic sulphur except in one or two cages, the coking coals from the
adjoining Comox area contain somewhat larger percentages, which ought
to be readily reduced by washing. In this connexion it should be noted -
that the washed Comox coal was of pea size, and that the raw coal from
which it was prepared would probably have contained more ash and sul-
phur than the crushed lump described in the table.

Except for a few coals from the south of the province, none of the
other Alberta coals, whether of higher or lower grade than the coking
variety, contain much sulphur and this when present is principally organic.
The only exceptions to this are the coals from the Taber, Magrath, and
Lundbreck areas, which contain a notable percentage of pyritic sulphur.

The two Saskatchewan lignites were chosen from the little-developed
centre of the coal areas of that province because of their high sulphur
content, This sulphur is largely inorganic, and a considerable part of it is
in the form of sulphate. This may be expected since occurrence of the
sulphates of sodium and magnesium in the prairies is quite common.
Calcium sulphate must also be present since the ash of coal No. 2770
containg 8 per cent of calcium oxide, a higher percentage than that found
in the ashes of any other Canadian coal so far analysed in these laborato-
ries, except that from the Phalen seam at Glace Bay. .

NATURE OF THE SULPHUR IN COKES MADE FROM CANADIAN COALS

With the exception of the Comox coke, which was made in a “Bee-
hive” oven from coal corresponding to sample No. N10 of washed pea coal,
all the cokes listed in Table XIIT were made in Semet-Solvay coke ovens
at Hamilton during special tests carried out by the Department in 1924,
and may be regarded as typical of cokes made from the Maritime coals.
In several cases the Nova Scotia and New Brunswick coals were blended
with Pocohontas and Elkhorn (United States) coals in order to reduce
the sulphur contents of the cokes.

Unfortunately the table contains no analyses of cokes made from the
coals from either of the Crowsnest Pass areas, or from the Mountain Park
area, nor does it contain an analysis of a coke corresponding to that made
by the Granby Company at Anyox from Cassidy coal blended with Alberta
coal. Presumably none of such cokes would retain sufficient sulphur
to impair their usefulness for any purpose whatever, but they would all
probably contain considerably more agsh than the Nova Scotia cokes.
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The methods of analysis were the same as those employed in the
earlier investigation, though in the cases where the sulphur was evolved
as hydrogen sulphide it was found advisable to increase the rate of heating
the evolution flask, and to pass hydrogen rapidly through the apparatus
until the liquid in the flask began to boil.

The coke made from the Springhill coal is the only one with a suffici-
ently low sulphur content to be classed as metallurgical, though the sulphur
in the Sydney-Pocohontas, Comox, and Sydney cokes is not much too
high. (It should be noted that this coke was made from unwashed Sydney
coal). On the other hand, the coke from Minto coal has an abnormally
high sulphur content, which would render it useless for most purposes.
However, as the ash of this coal is also very high, washing would be a
necessary preliminary to any coking operations, and, as will be shown in
the third section of the present paper, such washing would greatly reduce
the sulphur and ash contents and thus improve the coke from all stand-
points. According to the table in Haanel’s and Gilmore’s report' of the
tests at Hamilton, the cokes made from Minto coal had a good appearance.
Therefore, although the washing of Minto coal for coke manufacture is
unlikely at present on account of the cost, it is possible that this may be
undertaken some day.

The writer’s previous paper referred to the work on sulphur forms
in coal and coke carried out by Powell, who has since published more papers
on the subject. Some of these deal with the desulphurization of coke by
hydrogen, steam, carbon monoxide, and other gases, and one of them, in
collaboration with Thompson,? discusses the commercial possibilities of
such processes. These investigators believe that the processes may become
economically feasible when, on account of depletion of resources, it becomes
necessary to use coals with high sulphur contents for coke manufacture.
These processes attack and remove all forms of coke sulphur, except that
in solid solution, and more particularly the free sulphur. Since the re-
movable sulphur in the cokes made from Minto coals amounts to some 65
per cent of the total sulphur, it can be readily seen that the commercial
development of a desulphurization process would increase the value of
such coals as sources of by-product coke, not only for general purposes
but also for some metallurgical uses.

NATURE OF THE PYRITIC SULPHUR IN COALS OF HIGH SULPHUR CONTENT
FROM THE MARITIME PROVINCES

The writer’s earlier paper® indicates that, in his opinion, while oxidation
of the carbonaceous material in coal is the principal cause of spontaneous
combustion, the oxidation of finely disseminated pyritesis also a contributing
factor. Therefore, the main purpose of the third section of the present
investigation was to determine how much of the pyritic sulphur of each of
these coals wasin a finely disseminated condition. It was proposed to do this
by separating each of the coals into two parts by means of a solution
heavier than water, which would float the finely divided pyritic sulphur.
It was thought that the results thus obtained might also indicate how the
ash and sulphur constituents would separate out in coal-washing practice.

1 Mines Branch, Dopt. of Mines, Canada, Invest. of Tuels and I(T‘uel Testing, 1924, p. 6.

2 Carnegio Inst, Tech,, Coal Mining Investigations, Bull, No. 7 (1923).
3 Mines Branch, Dept. of Mines, Canada, Invest. of Fuels and IFuel Testing, 1923, p. 20.
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then rémoved from the filter, air-dried and ground for analysis. In a
similar way the sink coal was recovered from the well of the apparatus,
after turning the handle back to its original position,

Coal passing through a $-inch round hole screen was used in Yancey's
tests. In his earlier series of tests a solution of specific gravity of 0-05
higher than that of the coal substance was employed to float the finely
disseminated pyritic sulphur; in the later series it was considered that a
solution that would float 80 per cent of any coal would also float the finely
disseminated pyritic sulphur of that coal and allow the more massive
form to sink. After a study of Yancey’s reports, the writer became of the
opinion that, since no more specific size of coal than that passing a desig-
nated screen was recommended, the size of the coal employed was not of
great moment, provided that it was not too large to permit a separation of
the impurities from the coal; also that there was such a difference in size
between the finely divided and heavier pyritic sulphur that the specific
gravity of the separating solution could be considerably varied and still
divide the pyritic sulphur in the same proportions.

Tables XIV and XV respectively, contain the average apparent
specific gravities and chemical analyses, and the screen analyses of the
ten coals used in the tests following. The coals were broken either in a
Sturtevant rotary crusher, a coffee mill such as is used by grocers, or steel
rolls, and it will be seen that there is fair agreement in size between the
different samples having the same size designation. The sizes of square
screen openings, in inches, at the tops of the columns in Table XV, refer in
all cases to the smaller screens.

Tests were first carried out in order to ascertain what changes,
if any, particularly in the proportions of pyritic sulphur in float coal (in
other words in the determined amounts of finely disseminated pyritic
sulphur), were brought about by the use of finer sizes than the Sturtevant
size of coal as generally employed. Table XVI shows the figures obtained
with two coals, one of them in three different sizes (see also Table XV),
and indicates that there is little difference produced in the proportions
separated into float and sink by a change from Sturtevant to coffee mill
size, but that a considerable alteration is produced by a further change to
rolls size. 'This is particularly noticeable in the pyritic sulphur separation,
for the amount in the float, or the finely disseminated variety, is much
greater in the rolls size than in the other two. This indicates that crushing
to finer than coffee mill size produces fine pyritic sulphur from the larger
nodules, and that therefore it is not advisable to use smaller coal than
coffee mill size for the tests.

Table X VI also shows the amounts of the sulphate, pyritic and organic
sulphur lost during the separations, as percentages both of the individual
forms and of the total sulphur content. The sulphate sulphur is very
largely removed by solution, particularly from coal No. 2290, in fact
subsequent data on the coals tested showed that it is exceptional for as
much as fifty per cent of the original sulphate sulphur to remain in the
floats and sinks. The table also shows that there is sometimes an apparent
gain in the total amount of pyritic sulphur, often accompanied by a corres-
ponding loss of organic sulphur. In such cases the organic sulphur appears
to have been altered to a condition in which it is attacked by the dilute
nitric acid used for the determination of pyritic sulphur,






40

of pyritic sulphur in the floats rapidly increase. On this account it was
considered that the solution floating 80 per cent of a coal would also
float the major portion of the finely disseminated pyritic sulphur and
allow the heavier forms to sink.

It will be observed that the curve obtained from the Sydney Mines
(Main seam) coal is of the same general nature as the dotted curves, though
it has not been extended far enough to show a sharp bend to the right.
This is in agreement with the theory that there is such a difference in size
between the finely divided and heavier pyritic sulphur that the specific
gravity of the separating solution may be considerably varied, and still
divide the pyritic sulphur in abouf the same proportions. On the other
hand the curve for the Minto coal, with high sulphur and ash contents,
slopes across the diagram in such a way as to show that gradual increases
of specific gravity of the separating liquid result in gradual increases in
the amounts of pyritic sulphur in the float coal. This indicates that there
may be no distinet break between the finely disseminated and coarser
pyritic sulphur, and makes the differentiation between the two forms
more difficult.

The last two lines in Table XVII show the results of separations
with organic liquids, the first with a mixture of carbon tetrachloride and
ethyl alcohol, the second with carbon tetrachloride alone. The general
procedure was the same as that adopted with the zinc chloride separations,
except that the coal was washed with the particular liquid used for the
separation instead of water. It will be noted that the total sulphur losses
during the separations with organic liquids were very much less than the
corresponding losses with solutions of zinc chloride. The losses of organic
sulphur were considerably greater, but these were compensated for by the
apparent gains in inorganic sulphm even the sulphate form showing slight
increases. Apparently, therefore, some of the organic sulphur is altered in
such a way that it is readily attacked by nitric acid of 1-12 specific gravity,
and some of it even by the dilute hydrochloric acid used to dissolve the
sulphate sulphur.

As had been planned at the outset of the present work, separations
were made with the whole ten coals, described in Table XIV, with (a)
such solutions as floated about 80 per cent of the coal, and (b) solu-
tions having respective specific gravities 0-05 higher than those of the
individual coals. The results of these are shown in Tables XVIII and
XIX, and it will be noticed, in the first table, that there was very seldom
80 per cent of float coal. The value aimed at was 75 to 80 per cent, but this
was not attained owing to the fact that the float coal as ongmally weighed
contained more moisture than anticipated, thereby misleading the chemist
looking after the separations. However, since the average mechanical
loss per separation amounted to something over three per cent of the
weight of the coal used, it was considered that the results in Table XVIII
were close enough to 80 per cent.

It was found that in five cases solutions of specific gravities 0-05
higher than those of the coals also floated about 80 per cent of each of the
coals. In other words, the pyritic sulphur in each of these five coals was
divided in the same proportions either by a solution floating 80 per cent
of the coal or by one with a specific gravity 0-05 higher than that of the
coal. This, according to the writer’s first theory, should have been the
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case with all ten samples, and was actually the case with most of the coals
except those from Minto. Apparently the Minto coals and the coal from
River Hebert either contain pyritic sulphur of all sizes so that there is no
distinet break between the finely disseminated and coarser varieties, or
have such a high ash content as necessitates heavy separating solutions
which float some of the coarser pyrites. Tor this reason the con-
clusions following have been based principally upon the results obtained
with solutions of specific gravities 0-05 greater than those of the coals.

Tables XVIIT and XIX contain full information regarding the two
series of separations, the most important data from the standpoint of this
paper being the relative values, the percentages of the total recovered
pyritic sulphur contained in the floats, and the absolute values, the contents
of pyritic sulphur in the floats expressed as percentages of the coals before
the separations. Consideration of the combined sixth, seventh, and eighth
columns in the tables shows that, as might be expected, the greater pro-
portion of the organic sulphur goes into the float coal, while as a general
rule the recovered sulphate sulphur is comparatively evenly divided
between the floats and sinks. Owing to the different sizes of pyrites,
there are considerable variations between the percentages of pyritic
sulphur in the floats obtained from the different coals, and these percent-
ages appear to be as great for some of the Sydney coals as for some of
the Minto coals. However, the corresponding "values in the thirteenth
columns show that the total percentages of finely disseminated pyritic
sulphur are much less in most of the Sydney coals than in the Minto coals
containing large percentages of total sulphur. Unless, therefore, the ratio
between the finely disseminated and coarser pyritic sulphur (and possibly
the other forms of sulphur) bears any relation to liability to spontaneous
combustion, the conclusion may be arrived at that spontaneous heating
due to finely disseminated pyritic sulphur would more readily occur in
the Minto than in the Sydney coals. The sample from the Toronto seam
is an exception to this, and will be dealt with subsequently.

The figures in either of the two tables show clearly that the Minto
coals in the raw or untreated condition contain more finely disseminated
pyritic sulphur than the other coals tested, while the Glace Bay coals,
together with Sydney Mines coal from the Main seam, contain less of
this form. It seems, therefore, that from its nature the pyritic sulphur
in the Minto coals might perhaps cause or promote spontaneous com-
bustion. The sample from the Toronto seam at Sydney Mines con-~
tained a comparatively large percentage of finely divided pyrites, some
of which (as will be shown) had already undergone oxidation to sul-
phate, so that coal from this seam might be more liable to spontaneous
ignition than the other coals from the Sydney area. Joggins Area coals
(Nos. 2311 and 2315) contain relatively high percentages of finely dissem-
inated pyritic sulphur, while the Inverness coal, with a large total sulphur
content, has less than would have been expected. However, the Inverness
coal, having a high moisture and oxygen content, would from its chemical
nature be more liable to spontaneous heating than the other coals. For
the same reason coals from the Joggins area and the Toronto seam
would probably show a somewhat greater tendency to heat in storage than
the average run of bituminous coal.
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All but one of the laboratory samples under discussion were second
samples from the 125-pound bag lots collected by the writer in 1923, and
were given the same numbers as the earlier laboratory samples. It may be
reasonably supposed that the analyses of two distinct samples of any one
of these coals, taken at the same time, would as a general rule agree
closely, and that therefore any considerable differences between the present
and the earlier series of samples may be considered as the results of oxida-~
tion. The following figures show the percentages of sulphur present as
sulphate, in 1923 and 1926 respectively, in six of the coals which were
analysed for forms of sulphur three years ago.

Sample No. 1923* 1926 Increase
p.c. p.C. p.c.
2280 B MANbO. .ttt ieetivne it eiiiaei et 0-27 0-66 0-39
2818 JOm NS, ettt iee e i e e i e 1.18 1.28 0-10
gggg O VOITEES. st eeeeeeseecaencnenencanrosncoconssacennnes (1)2% }‘ﬂ) -—8%1
N . . . 0
23 41}Sydney MIBES. ¢ vt terennensronssonosensssoneeseaaasns { 0-21 0-25 | 0-04
23850 Glace Bay. ... iiiiiii ittt i 0-22 037 0-15

(*The 1923 figures have been altered in order to conform to the ash and moisture contents of the 1926 samples.)

In every case but one (in which there was probably an abnormal
sampling error) these coals contained more sulphate sulphur in 1926 than
they did three years previously, and this must have been produced by the
oxidation of pyrites. The oxidations taking place in the Minto and Sydney
Mines, Toronto (No. 2338), coals were much greater than those in the
other coals, which fact is in agreement with the theory that the large
amounts of finely disseminated pyritic sulphur in the coals specified would
promote rapid oxidation, and generate heat in the coals when in storage.

Consideration of the Tables XVIIT and XIX show that there was a great
deal of variation in the proportions of the forms of sulphur, and of the ash, lost
during the separations of the several coal samples. Apparently the various
forms of sulphur were affected by contact with the zinc chloride solution
in such a way that they were more or less readily attacked by the acids
which would not dissolve them previous to the separations. While it was
generally the case that there was a loss of organic sulphur, that is that it
was affected in such a way as to cause it to be readily attacked by dilute
nitric acid and therefore included with the pyritic form, with the Joggins
area (Nos. 2311 and 2315) coals and the Inverness coal there was little
loss of, or apparent change in, the organic sulphur content. In the case of
coal No. 2311 there was actually an apparent gain in organic sulphur, ac-
companied by a considerable apparent loss of pyritic sulphur. There was
nearly always a certain amount of ash lost during the separations, and this
was particularly marked where 2 high loss or solution of sulphate sulphur
occurred.

The separations with zine chloride solutions, as just described, in
most cases effect a much greater removal of ash and sulphur than would be
brought about in any commercial coal-cleaning operation. However, there
have been assembled in Table XX the percentages of total sulphur, ash,
and of the coal itself removed in the ‘‘sinks,” which correspond to the
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refuse material in coal-cleaning. These show that any very great reduction
in sulphur and ash would be accompanied by a considerable loss of coal,
and that on this account only the heavier solutions produce such separations
as would resemble those obtained in commercial practice. The table as a
whole serves as an indication of what might be expected under various
coal-cleaning conditions.

The writer wishes to acknowledge his indebtedness to J. D. Johnston
and J. L. Bowlby, who made a large number of the analyses and carried out
all the “float” and ‘“‘sink” separations. In addition they were responsible
for many helpful suggestions.

Other analyses were carried out by G. E. LeWorthy and K. W. Bowles.

SUMMARY

Typical western Canadian coals were analysed for sulphate, pyritic
and organic sulphur, and the following conclusions drawn:—

None of the coking coals from the Mountain Park or the two Crows-
nest Pass areas contain any appreciable amount of pyritic sulphur, nor do
the partly coking coals from the Nanaimo area contain much of this form
of sulphur. The sample of coking coal from the Comox area contained
considerable pyritic sulphur, but this would be reduced by washing.

Alberta coals, other than those which coke, do not contain much in-
organic sulphur, with the exception of those occurring in the Taber,
Magrath, and Lundbreck areas, and even in those areas the content is not
large.

The two Saskatchewan coals analysed came from a little-developed
area; they were found to contain a considerable percentage of both pyritic
and sulphate sulphur.

Cokes made from Maritime Provinces’ coals, either alone or blended
with United States coals, and one coke made from Comox, B.C., coal, were
analysed for sulphide, sulphate, free and solid solution sulphur. It was
found that:—

The coke made from Springhill coal was the only one with a low enough
sulphur content to be classed as a good metallurgical coke.

The cokes made from the Sydney (unwashed) and Comox (washed)
coals contained a little too much sulphur to be classed as satisfactory
metallurgical cokes.

The cokes made from Minto coal contained such a large percentage of
sulphur as to render them unsatisfactory for almost any purpose whatever.
However, coal-washing, which would be necessary on account of the high
percentage of ash, would greatly reduce the sulphur content.

If, owing to depletion of low sulphur coals, it should become necessary
to manufacture coke from coals of high sulphur content, and to subse-
quently reduce the amount of this sulphur with steam or some gas, it
would be found that coke made from Minto coal yielded readily to such
treatment, having alarge percentage of its total sulphur content removable.

52080—4
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“Float” and “sink’ separation tests were made with Maritime Prov-
inces’ coals of high sulphur content primarily in order to estimate the
amount of finely disseminated pyritic sulphur, this being a possible source,
though not generally the principal cause, of spontaneous combustion. It
was found that:—

Coal passing through a %-inch screen is suitable for the separations,
provided that it is not so small as rolls size, or crushed so finely that it
passes through a square opening of 0-09 inches.

Considerable variations in the specific gravities of the separating
solutions did not to any extent affect the division of pyritic sulphur in
coals with low ash contents, but such variations might affect such a division
in coals containing large percentages of ash. For instance, the results of
two series of tests, employing respectively (a) solutions with specific
gravities 0-05 higher than those of the coals, and (b) such solutions
as would float 80 per cent of each of the coals, were similar for the
Sydney coals of low or medium ash contents, but different for the Minto
coal with abnormally high ash and sulphur content. It was considered
that the first type of solution was preferable to the second type for separ-
ating finely disseminated from coarser pyritic sulphur.

The results of the tests showed that:—

The Minto coals, and the sample from the Toronto seam at Sydney
Mines, contain a comparatively large amount of finely disseminated pyritic
sulphur, which may render them somewhat liable to spontaneous com-
bustion. During three years’ storage of small samples of these coals a
considerable quantity of pyritic sulphur was oxidized to sulphate sulphur.
Such oxidation would cause heating in coal piles, and would therefore be
likely to bring about, or promote, spontaneous combustion.

The Joggins coals also contain a considerable amount of finely
disseminated pyritic sulphur, though not so much as the Minto coals,
while the Inverness coal contains somewhat less fine pyritic sulphur than
would be expected in a coal of so high a sulphur content. All these coals
would, from the chemical nature of their carbonaceous material, be prob-
ably more liable to spontaneous heating than the average run of bituminous
coal.

The coals from the Glace Bay (Dominion) mines, and those from the
principal, or Main, seam at Sydney Mines contain a comparatively small
amount of finely disseminated pyritic sulphur. This, however, represents
a large percentage of the total pyritic sulphur in these coals.

A table is given showing the percentages of sulphur, ash, and coal
proper contained in the “‘sink” from each separation in the two principal
series of tests. This “sink” corresponds to the refuse obtained in coal-
cleaning operations. )
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TABLE XII

Forms of Sulphur in Western Canadian Coals

Description of coal

Sulphur determined

Percentages of total sulphur

Sa&nple
NO.
Location Area Total | Sulphate ] Pyritic | Organic { Sulphate | Pyritic | Organic
Saskatchewan

2773 Lapointe mine, near Willow-
bunch..........oeiiiiininn.. Willowbunch................] 0-65 0:06 0-32 0-27 9-2 49-3 41-5

2770 |Woodend mine, near Mitchell-
S e 1-95 0:66 0-70 0-59 33-8 35-9 30-3

Alberta

2030 |From near Wainwright.......... Wainwright................. 0-93 0-02 0-12 0-79 2:2 12-9 84-9
2747 Majestic mine, Taber..... ..|Taber.......cccvvvviiiaas. 1-18 0-07 0-32 0-79 5-9 27-1 67-0
N12 Kleenbirn, Eyremore. .. .IBrooks.........oeeiiiien. 0-84 0:02 0-19 0-63 2-4 22-6 75:0
2746 Rose Deer, Wayne...... Drumbeller....... 0-49 trace 0-05 0-44 trace 10-2 80-8
N5 |North Star, Alix.......... Ardley.....coooooiiviiian. 0-47 trace 0-05 0-42 trace 10-6 89-4
2745 |Canadian Coal, Cardiff... ../Edmonton.................. 0-28 0:01 nil 0-27 3-6 nil 06-4
N42 "“"Wall'' mine, Magrath.... AMagrath.................... 1-63 0:03 0-88 0:-72 1.8 54-0 442
3028 |Galt, Lethbridge......... ...|Lethbridge................. 0:65 trace 0:08 0-59 trace 9-2 90-8
N2 Garrett, Lundbreck............. Pincher..................... 0-98 0-01 0-34 0-63 1-0 34-7 64-3
3019 |Bighorn and Saunders creeks....[Saunders.................... 0-34 trace 0:02 0-32 trace 5-9 941
2621 McLeod river, near Coalspur....[Coalspur.................... 0-27 trace 0-04 0-23 trace 14-8 85-2
N1 Hillerest........ocovviiiaiinnn. Crowsnest Pass............. 0-68 0:01 0-29 0-38 1-6 42:6 55-9
N22 Bellevue...... “ “ 0-48 0:-01 0-09 0-38 2-1 18-7 79-2
N23 |Greenhill......... “ “ 0-44 nil 0-02 0-42 nil 4.5 95-5
N46 « crude..... . “ “ 0-36 trace 0-02 0-34 trace 5.6 944
N47 «“ washed........... .. «“ o 0-42 trace 0-04 0-38 trace 9-5 90-5
N17 {International, Coleman.......... « OO 0-50 0-02 0:05 0-43 4.0 10-0 86-0
N21 |McGillivray creek, Coleman..... “ . 0-63 0-02 0-16 0-45 3-2 25-4 71-4
2806 |Kananaskis river................ Highwood or Cascade....... 1-18 0-03 0-17 0.98 2-5 14-4 83-1
3031 [Canmore.............. ascade. .. ... 074 trace 0-08 0-66 trace 10-8 89-2
2918 |[Mountain Park...... ...|Mountain Park.............. 0-45 nil 0-01 0-44 nil 2-2 97-8
2892 [Smoky river................ ....ISmoky River............... 0:35 trace trace 0-35 trace trace | £ <100-0

.
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TABLE XII—Concluded

Forms of Sulphur in Western Canadian Coals—Concluded

Description of coal Sulphur determined Percentages of total sulphur
Sample
No.
Location Area Total | Sulphate| Pyritic | Organic | Sulphate | Pyritic | Organic
British Columbia
N44 |Corbin,crude................... Crowsnest Pass.............| 0-21 nil nil 0-21 nil nil 100-0
N43 “ washed................. “ “ 0-26 nil nil 0-26 nil nil 100-0
N31 [Michel No.3.....cocevvieninnt 0-37 nil nil 0-37 nil nil 100-0
N32 i 0-49 trace 0-02 0-47 trace 4.1 95-9
N27 |CoalCreek No.1l............... 0-32 trace 0-01 0-31 trace 3-2 96-8
N28 « No.2.oooooviinn.. 0-39 trace 0-01 0-38 trace 2.5 97.5
N29 « No.3............... 0-67 trace 0-01 0-66 trace 1-5 98-5
N30 “ No. 8.... 0-51 trace 0-01 0-50 trace 2-0 98-0
2220 Peace River block.............. 0-71 0-01 0-01 0-69 1-4 1-4 97.2
2489  |Princeton Coal & Land Company 0-62 trace 0-04 0-58 trace 6-5 93-5
N7 Middlesboro No. 1.............. 0-81 nil 0-03 0-78 nil 3-7 96-3
N8 [Middlesboro No.4.............. 0-59 nil 0-03 0-56 nil 5-1 94-9
N15 [Granby, Cassidy, crude......... 0-52 trace 0-13 0-39 trace 25-0 75-0
N16 « “« washed pea .
and slack.. e 0-55 trace 0-06 0-49 trace 10-9 891
N18 |Nanaimo, Newcastle............ e 1-63 0-07 0-61 0-95 4-3 374 58-3
N19 “ Douglas.............. i 0:56 trace 0-03 0-53 trace 5-4 94-6
2800 « Reserve, Douglas..... « e 1-59 0-08 0-35 1-16 5-0 22-0 73-0
N20 « Wellington............ e 0-46 trace 0-04 0-42 trace 8-7 91-3
Ni13 Ladysmith, Douglas............ e 0-50 0-03 0-09 0-38 6-0 180 76-0
Ni14 “ Wellington.......... “ FO PN 0-53 0-01 0-06 0-46 1-9 11:3 86-8
N9 |[Comox, Union Bay, crushed )
lump. ..o (0631170 S 1-03 0-06 0-36 0-61 5.8 35-0 59-2
N10 |Comox, Union Bay, washed pea| e 1-09 0-05 0-33 0:71 4.6 30-3 65-1

9%
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TABLE XIII
Forms of Sulphur in Canadian Cokes
Solid
Sample Description Sulphur, | Sulphide | Sulphate Free solution | Ash
No. of coke total sulphur | sulphur
p.c. p.c. p.c. p.c. p.c. p.c.
2676 Sydney................... 2-00 0-95 0-05 0-13 0-87 11-6
47.5% 2.5% 6-5* 43-5%
2677  |Sydney-Pocohontas. ... .. 171 0-88 0-05 0-16 0-62 | 12:0
51.4* 2.9% 9-4* 36-3*
2669 }Springhill................. 1-18 0-12 0-09 0-30 0-67 | 13-2
10-2* 7-6% 25-4* 56-8*
2665 |Minto-Elkhcrn-Pocohontas 5-08 3-00 0-02 0-34 1:72 | 25-0
59-0* 0-4* 8-7* 33.9*
2664 « “ 4-68 2.32 0-06 0-44 1-86 | 223
49.5* 1-3* 9.4* 39.8¢
N1l |Comox............cennune 1-90 0-85 0-10 0-21 0-94 | 18-1
34.2% 5-3% 1% 49-4*
*These are the percentages of the various forms of sulphur in the total sulphur.
TABLE XIV
Analyses of Coal Samples Used for Tests
Moisture,] Ash, Sulphur, per cent
Sample Description Specific per per
No. of coa gravity cent cent | Total | Sulphate | Pyritic | Organic
2289 South Minto...... 1-36 2:2 ] 14-2 6-48 0-66 3-56 2-26
2290 South Minto...... 1-43 351176 8:01 1:01 4.65 2-35
2292 North Minto..... 1-30 2.5 17-0 6-77 0:67 3.93 2:17
2311 River Hebert. ... 1-34 5-2 | 16-7 5-58 0-61 3-47 1-50
2315 |Joggins........... 1-50 5-5|17-6 6-73 1-28 3-23 2-22
2337 |Inverness......... 1-42 9-2 | 12:0 7:04 1-41 3-31 2:32
2338 ‘|Toronto, Sydney
ines.......... 1-37 49} 12-5 6-31 1:19 3-23 1-89
2341 (Main, Sydney
ines.......... 1-26 3-5| 87 2:16 0-25 1-20 0-71
2359 |Phalen, Glace
BY . i cieeaen 1.22 29| 7.7 2:48 0-37 1-37 0-74
2644 Dominion Coal... 1-24 3-2 7-5 2-41 0-14 1-38 0-89
TABLE XV
Screen Analyses
Through | Total
Sample; On 4 4t08 8tol0 | 10to30 | 35to 65 65 through
No. Description of coal (0-185°) | (0-093°) | (0-065") | (0-0164°) | (0-0082°) | (0-0082") |10 (0-085")
mesh mesh mesh mesh mesh mesh mesh
2359 |Phalen, Glace Bay, Sturte-
vant 8ige. ... ... ...u.iunnn. 27-1 15-8 32-1 7-8 12-2 51-8
2290 |S. Minto, Sturtevant size.... 32.2 14-8 28-2 65 10-1 42-8
”* Coffee Mill size 21-2 246 37-9 8.8 9-6 54-3
i 2-0 13-4 53-4 12-6 18-6 84-6
2289 “ 31-9 14-6 20-2 6-3 9-8 42-3
2311 |River Hebert, Sturtevant 30-3 12-8 25-1 6-4 9-0 40-5
2292 |N. Minto, Sturtevant size... 33-9 14-1 24-3 8-8 9-3 40-2
2338 |Toronto, Sydrey Mines,
Sturtevant size............ 37-8 16-6 24.3 5-2 5-8 35-3
2337 |Inverness, Sturtevant size.... 35-9 14-8 23-9 4-8 6-3 35-0
2316 |Joggins, Sturtevant size...... 37-3 12-0 18-4 3-4 5:0 26-8
2341 [Main, Sydney Mines, Sturte-
vantB1Ze. ... ......i.eun.. 42-9 11-8 16-1 2-8 4-2 23-1
Main, Sydney Mines, Coffee|
Millsize.......coovuvvennei]ovecennnns 37.7 21-9 30-5 4:9 5-0 40-4
2644 |Dominion coal, Sturtevant
BIZO.. . ieireriniaiironnannns 33-8 349 10-1 18-5 2.6 3-1 21-2
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TABLE XVI

Separations With Different Sizes of the Same Coal

No. 2290 with solutwn of 1-85 appqﬁc arumly
1-27

No. 2341
Yiolds on Recovered sulphur Percentages of Forms of sulphur
basis of ercentages in forms of sulphur lost as
coal as oats and sinks lost in percentages of
o separated separations total sulphur
4 Size Sulphate; Pyritic | Organic
2 - - . Sul- | Py- | Or- | Sul. | Py- | Or
g Float| Sink | § |4 [ & | & | '8 | phate| ritic [ganic | phate| ritic | ganic
@ |G| &|6|&|6
p.c. | p.c.
2290%tuﬂrtevant. 30-2| 56-3| 29| 71] 17| 83} 33| 67 71 —5-3| 13-3 8-9| —3-1| 3-9
offee
Mill...... 42.2| 54-1) 32| 68 18] 82| 34| 66 66|—14-1| 16-5 8-3| —8-2| 4-8
Rolls...... 57-0{ 35-7| 48| 52| 39| 61 51 49 711 —0-5( 4-77 9.0 —0-3 1-4
2341%tuétevant. 66-3| 33-0] 28 72| 17| 83 59| 41 45 19-0| 15-0 5.1 10-6] 5-1
offee
Mill...... 59-8| 37-4) 34| 66| 16| 84) 54| 46| 39| 19-0| 16-0 4-5 10-6] 5-3
TABLE XVII

Separations of Individual Coals with Solutions of Different Specific Gravities

(Sturtevant size coals)

Yields, Percentage in floats Pyritic
basis of of total recovered sulphur Ash Forms of sulphur
Specific conl as amount of each form in float as in lost as percentages
gravity | separated of sulphur percentage | float, of total sulphur
of of coal per
solution [Float,| Sink,| Sul- Or- as cent | Sul- Or-
p.c. | p.c. | phate |Pyritic| ganic separated phate |Pyritic| ganic
(Sample No. 2841)
1-25118-1 | 80-8 11 5 17 0-06] 1.9 7-1 5.3 6-3
1-27 | 66-3 | 330 28 17 59 0-21 1-8 5-1 10-6 5-1
1-30 { 810 | 18-1 47 23 80 0-20 | 2.0 7-2 5-5 5:3
1-37 | 89-3 | 10-3 65 36 82 043 | 2-4 6-9 5.7 7-7
(Sample No. 2290)
1-30 | 29-9 | 64-9 17 13 24 0-61| 6-2 8.2 3-8 3-0
1-35( 39-2 | 56-3 29 17 33 0-80| 7-5 8.9 | -3.1 39
1-40 | 45-9 | 48-7 28 25 36 1.14( 7.8 8.7 5-3 0-1
1.451 57-1 | 39-1 49 32 53 1-46| 8-8 79 —4-7 4-5
1-50 | 62-6 | 31-4 51 41 58 1-89 | 9.7 7-9 5.8 —-0:5
1.59 | 74-3 | 20-5 66 55 78 2-54 | 12:2 8-6 1.6 5-0
1-49 | 70-9 | 279 65 50 67 2-32 {116 <08 —0-6 5:8
1-62 | 74-7 | 24-1 56 51 75 2-37 ] 11-9 -3.7 —4-3 73




TABLE XVIII
Separations of Coals with Solutions Yielding about 80 per cent of Float Coal

(Sturtevant size coals)

Sulphur Ash
Peorcentage in float of Forms of sulphur
Specific Float total recovered amount of lost as percentages l Pyritio
gravity yield, each form of sulphur of total sulphur Total in float Total | Per cent
Designati basis in as per in of total
of coal | ocoal cent of ocoal lost
Coal |Solution as Sulphate { Pyritio | Organis | Sulphate | Pyritic | Organic as coal as as in
separated separated| separated| separated|separation
. X2 p.c.
S.Minto.....c.coeevennnn 1-38 1-50 76-8 51 78 4-8 05 68 , 65 1-84 14.2 -1-4
S.Minto.......c.eeennnnn. 1-43 1-59 74-3 []] 55 78 86 1-8 50 : 8-0 2-54 17.7 3-8
N.Minto.......c.oovvvnnn. 1.30 1.49 71-2 58 42 81 5-1 0-0 52| 8-8 1-64 17-1 -1.7
R.Hebert.......c.coouunn 1-34 1-46 73-9 66 50 4-8 10-8 -1-0 . 5-8 1.73 18-7 9.9
JOggZIns.....ovverrnnnianian 1-50 1-65 73-3 54 43 77 12-1 0-4 1-8 87 1-37 17-6 12-9
Inverness..........oovvenen 1-42 1-47 73-9 58 34 72 11-4 -1-1 1-2 7-0 1-10 12-0 18-8
Sydney Mines............. 1.37 1-42 715 48 48 66 11:6 —-0-9 5-6 8-3 1-47 12-4 17.2
Sydney Mines............. 1-26 1-30 81-0 47 23 80 7-2 5-5 5-3 2:2 0-28 8:7 9-1
GlaceBay..........c.ovenn 1-22 1-273 74-9 50 40 74 78 13-7 1-1 2:5 0-55 7.7 5.7
Dominion.........coe0ueen 1-24 1-29 78:5 44 38 76 2.1 0-8 4.6 2-4 0-52 7-5 5.6
TABLE XIX
Separations of Coals with Solutions Having Specific Gravities 0-05 Higher than those of Coals
(Sturtevant aize coals) -
Sulphur Ash
Percentage in float of Forms of sulphur
Specific Float total recovered amount of lost as percentages Pyritie
gravity yield, each form of sulphur of total sulphur Total in float Total | Per cent
Designation basis in as per in of total
of coal ooal cent of ooal lost
Coal [Solution as Sulphate | Pyritic | Organic | Sulphate { Pyritic | Organic as coal as as in
separated separated| separated| separated|separation
p.c. p.c.

S. Minto . .11.38 1-41 64-4 49 37 64 68 -~5-0 4.3 8-5 1-29 14-2 -2-3
8. Minto.... .| 1-43 1-50 62:6 51 41 58 7-9 53 -0-5 80 1-89 17-7 7-2
N. Minto..... .| 1-30 1.36 56-7 34 28 56 7-0 -4.2 2.7 8:8 1-03 17-1 0-2
River Hebert 1-34 1:39 63-5 56 36 - 76 5-7 5-8 —-0-8 5-8 1-20 |- 18-7 8-1
oggins....... 1.80 1-66 73-3 54 43 77 12-1 0-4 1-8 8-7 1-37 17:5 12-9
Inverness..... 1-42 1-47 73.9 58 34 72 11-4 -1-1 1-2 7-0 1-10 12:0 18-5
|Sydney Mines 1-87 1-42 71-5 48 46 86 11-8 -0-9 5-8 8-3 1-47 12-4 17-2
%yd,ne Mines 1-28 1-30 81-0 47 23 80 7-2 5-8 5-3 2:2 0-28 8:7 9-1
1 ay.. 1-22 1-27 74-3 54 48 76 9-4 9-5 09 2.5 0-88 7-7 14-4
Dominion.. 1-24 1-29 78:5 44 38 76 2-1 0-8 4:8 2-4 0-52 7-6 5-8

6¥
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TABLE XX

Sulphur and Ash Removed from Coal by Separations with Zinc Chloride Solutions

Percent- Percent-
age of | Percent- | age of Sulphur Ash
Sample Designation total |ageofash ¢ reduced reduced
No. sulphur | removed | substanc
removed removec} From To From To
p.c. p.c. p-c. p.c.
Separations with solutions having specific gravities 0-05 higher than those of coals
2289 |S. Minto............. 57 67 22 65 4-4 14-2 7-4
2290 |S.Minto............. 59 66 20 8.0 5.4 17-7 9-7
2292 IN. Minto............. 67 78 24 6-8 4-0 17-1 6-6
2311 |River Hebert......... 57 74 19 5-6 3-8 16-7 7-0
2315 Joggins............... 52 64 10 6-7 4-5 17.5 8-8
22%1;’; Inverness............. g? gg Ig 7-0 gfl) igo g;
. 1 6-3 . .4 .
2341 |{Sydney Mines...... 64 81 0| 22| 10| 87 2.0
2359 lace Bay........... 54 61 19 2:5 1-6 7.7 4-0
2644 {Dominion............ 53 65 15 2.4 1-4 7-5 3.3
Separations with solutions yielding about 80 per cent of float coal

2289 IS, Minto............. 46 50 13 6:5 4-5 14.2 9-3
2290 {S.Minto............. 48 50 12 8-0 5-8 17.7 12.2
2202 |N. Minto...... e 51 63 14 6-8 4.7 17-1 89
2311 |River Hebert........ 46 64 11 5-6 4-1 16-7 8.2
2315 |Joggins............... 52 64 10 6-7 4.5 17-5 8.8
2337 |Inverness............. 5? 663 g 7-2 ;é ]132 g?
23_33 . 5 6. . . .
2341 |{Sydney Mines...... 64 81 0] 22| 10| 87 2.0
2359 lace Bay........... 58 56 19 2-5 14 7-7 4-5
2644 {Dominion............ 53 65 15 2:4 1-4 7-5 3-3
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AIR-DRYING OF CANADIAN LIGNITE, AND THE RE-ABSORP-
TION OF MOISTURE BY THE SAME

J. H. H. Nicolls

A previous report by the writer! deseribes two series of experiments
to show the effects of exposing Alberta lignites, either crushed to about
%-inch size or smaller, or finely ground, to the atmosphere. The first
series was carried out at high, summer, humidity and the second at com-
paratively low, winter (indoor), humidity. The experiments were made
not only with raw coals, but also with coals previously dried to a very low
moisture content in an electrie oven.

The experiments showed distinetly that a coal dried in the electrie
oven, when exposed to an atmosphere of a certain humidity, would never re-
absorb as much moisture as would be contained in another sample of the
same coal air-dried in the same atmosphere. In other words, there was in
every case a gap between the moisture curve resulting from air-drying
and the curve resulting from the re-absorption of moisture. Such a gap
was lessened by lowering the humidity of the atmosphere to which the
coal was exposed; again, there would be a larger gap in the case of a lignite
of high moisture content than in the case of one containing less moisture.
The experiments also showed that the respective erushed and ground
samples of the same coal lost or re-absorbed moisture until nearly
identical moisture contents were obtained in each case, but that the finely
ground always either lost a little more moisture than the erushed coal in
air-drying or failed to re-absorb quite as much moisture as the crushed
coal.

However, for all practical purposes these differences may be disre-
garded, and so the present experiments were carried out with only finely
ground coals. These coals were ground so as to pass through a 35-mesh
(0-0164"") sieve, which is somewhat coarser than the ordinary samples as
used for analysis. The following are the screen analyses of the Cardiff
and Taber coals:—

Mesh Cardiff Taber
(O L R (111 T 67.1 556
(0 L (L1 N 10-9 12-3
On 200 (0:00207) . .. tttitis et in e e vt iie ettt arner i 11.2 11.8
Through 200 (000029”)...ei ittt it ierttie et iaereirianeararass 10-8 20-3

1 Mines Branch, Dept. of Mines, Canada, Invest. of Fuels and Fuel Testing, 1024, p. 86.
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It was thought that the failure of the coal dried in the electric oven
to re-absorb moisture until the moisture content of the air-dried coal was
reached was due to oxidation in the drying oven, for, although a current
of carbon dioxide was passed through the oven, the fact that spontaneous
combustion occurred showed that a considerable oxidation must have taken
place. The first of the present series of experiments was undertaken with
the purpose of preventing oxidation, or of allowing very little of it to
oceur, during drying. For this purpose the scale of the experiments had to
be changed from samples weighing from 300 to 900 grammes to those
weighing only 4 grammes. However, it is believed that the results of the
series are comparable, the only probable differences being that in the
smaller scale experiments the percentage loss, or gain, in moisture during
the first one or two days may be greater than in corresponding larger scale
experiments. After two days’ exposure it is believed that the results of
the different scale experiments will be quite comparable.

For the first of the present series of experiments samples of the ground
Cardiff and Taber coals were spread on 3-inch watch glasses and dried in
an evacuated desiccator over concentrated sulphuric acid for three days,
or until practically all the moisture was removed. At the same time as
the drying was begun, another similar sample of each of the coals was
placed in & desiccator (not evacuated) over a calcium chloride solution of
1-30 specific gravity, by means of which a relative humidity of 60 per
cent was maintained in the desiccator. After drying, the first two samples
were put into the desiccator over calcium chloride, and the four samples
allowed to remain there until it was evident, from frequent weighings,
that absorption or loss of moisture was practically complete. In order that
an atmosphere of 60 per cent humidity might be maintained, the coal
samples were occasionally changed from the first desiccator to a second
one containing fresh caleium chloride solution, and subsequently back to
the first desicecator which had been re-filled with the chloride solution.
This was the regular procedure in all the present small-scale experiments.

Figures 7 and 8 show the moisture content curves for the Cardiff and
Taber coals, the curves for the present series being given as dotted lines.
For the sake of comparison the curves for the series of two years ago, in
which the finely ground coals were dried in an electric oven, are shown as
solid lines. The curves have heen plotted so that any two points in the
curves vertically in line represent the same day, and, therefore, the same
humidity condition for each of the corresponding drying or absorption
curves. There is little difference between the two drying curves for each
coal, but a great deal of difference between the re-absorption curves. The
coals dried over sulphuric acid re-absorb moisture with much greater
rapidity than those dried in the oven, the maximum moisture contents
being practically attained at the first weighing, or two days after exposure
to an atmosphere of 60 per cent humidity. It is very probable that the
maximum moisture contents were attained in one day, or even less, whereas
from six to eleven days were required by the coals dried in the oven.
Allowances must be made for the differences in volume between the samples,
but it is not considered that this would nearly account for the differences
in the time of moisture absorption.
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Figure 7. Cardiff, Alberta, coal: effect of exposure to humid atmosphere.
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Figure 8. Taber, Alberta, coal: effect of exposure to humid atmosphere.
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Furthermore, coal dried over sulphuric acid re-absorbs considerably
more moisture than the same coal dried in the oven, so that oxidation, or
whatever prevents the re-absorption of moisture, has taken place to a lesser
degree. However, even the coal dried under moderate conditions over
sulphurie acid will not re-absorb as mueh moisture as is contained in the
corresponding air-dried coal. The gap referred to in an earlier paragraph
as oceurring between the drying and absorption curves seems bound to be
present, by no matter what means the coal is dried before exposure to the
humid atmosphere. The points shown on the dotted curves arve values
calculated from the initial moisture contents and the subsequent changes
in weight of the coals, as the final moisture contents determined by drying
the coals (following exposure to 60 per eent humidity) over sulphurie acid
were not considered to be satisfactory owing to loss of coal from one or
more of the samples.

Since it had been shown that a gap always occurs between the curve
for air-drying of a raw coal and the moisture re-absorption curve for the
same coal after drying, it was next decided to ascertain what changes
would oceur in these curves if the coal samples were wetted with water pre-
vious to exposure. Tirst, two samples of raw Cardiff coal, one of which
had previously been soaked in distilled water for four weeks, were dried
in a desiceator in an atmosphere of 60 per cent relative humidity. It was
found that, after four days’ exposure, the moisture contents of the two
samples were nearly the same, and that, after fourteen days’ exposure,
the difference between them amounted to less than the average experi-
mental error. Similar tests with erushed lignite from Estevan area, Saskat-
chewan, on a larger scale in the standard air-drying apparatus, revealed
the fact that, after three days’ drying, there was no more moisture in the
portion of the coal that had been wetted than in the portion that had been
put to air-dry in its natural raw condition.

For the next experiment two samples of Cardiff coal were dried in the
toluol oven for twenty-four hours in all. One of these was then wetted with
water, and both of them put into a desiceator over caleium chloride solution,
together with two samples of the raw coal, one of which had been wetted with
water. During seventeen days’ exposure over caleium chloride solution
the samples were weighed frequently, and at the end of that time their
moisture contents were determined in the tolucl oven. The following were
the percentages of moisture, calculated from the initial moisture content,
in each of the four samples: (e¢) in the raw coal, 17:6 per cent; (b) in
the raw coal with water added, 17-5 per cent; (¢) in the dried coal, 13-7
per cent; (d)in the dried coal with water added, 14-7 per cent. The
moisture contents determined in the toluol oven at the end of the experi-
ment were as follows: (@) 16-3 per cent; (b} 16-0 per cent; (¢) 12-5
per cent; (d) 14-3 per cent. There must, therefore, have been gains in
weight of something other than moisture, probably of oxygen and carbon
dioxide, by the coal samples, quite independently of whether they were
drying or absorbing moisture.

It is clear that wetting the dried coal will not cause it to retain as
much moisture as is retained by the corresponding air-dried coal, and that
there will still be a gap between the two ecurves. To test this still further,
Cardiff coal was dried in the toluol oven for sixteen to eighteen hours,
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and then soaked in distilled water for one week. Even after this treatment
the coal would only retain 12-9 per cent of moisture (determined in the
toluol oven) as against 16-3 per cent in the raw coal exposed at the same
time over the calcium chloride solution.

The foregoing experiments indicated that the more prolonged or severe
the drying conditions to which a coal was exposed, the less moisture it
would re-absorb. To further test this the following series of experiments
was carried out. Small samples of Cardiff coal were dried in the toluol
oven to different moisture percentages varying from 16-7 to 1.5 per cent
(for periods of drying of from ten to thirty minutes), and then exposed to
the 60 per cent humidity atmosphere over calcium chloride solution. The
curves for re-absorption of moisture are shown in Figure 9, for which the
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7 E 7 ¢ o 72 74 76
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DAYS PAST

Figure 9. Cardiff, Alberta, coal: re-absorption of moisture by six samples
partly dried in toluol oven.

moisture values have been calculated from the initial moisture content of
the coal rather than from the moisture determined following the re-
absorption, which was again found to give somewhat lower values. The
points where the curves cut the vertical axis represent in all cases the
percentages of moisture to which the respective samples were dried. The
four lower curves in the diagram represent one exposure over calcium
chloride and the two upper curves represent another, which accounts for
slight discrepancies in their respective directions. It is clear that the
more a coal is dried, under the same conditions, the less moisture it will
re-absorb. No weighings were made until two days after the samples
were exposed to 60 per cent humidity, so that the portions of the curves
at the extreme left do not necessarily show how rapidly the samples re-
absorbed moisture during the first few hours. However, it seems clear that,
when dealing with samples of a coal dried by the same method and for a
comparatively short time, the drier samples will re-absorb the more moisture
during the first two days’ exposure to a humid atmosphere. On the other
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hand, a sample of a coal dried by severe and prolonged heating in an
electric oven appeared to re-absorb moisture less rapidly than a sample of
the same coal dried at room temperatures over sulphuric acid.

Since the writer’s previous paper was written, a good deal of experi-
mental work has been carried out with the standard air-drying apparatus,!
and a few alterations or modifications made in the original form. The
main parts of the apparatus as now used are constructed entirely of sheet
iron, which obviates the leaks which oeccurred as a result of the drying of
the wooden parts. It wasfound that the first motor used gradually became
corroded in the fan chamber, so it was replaced by a fresh motor which
was mounted on a bracket just outside the elbow of the air circulating pipe,
and connected by means of a shaft with the fan, which remained in the
chamber. This is running satisfactorily at present, but it is planned to
ease the strain on the motor (and also lessen the noise) by shortening the
shaft and moving the fan from the chamber into the cireculating pipe. Elt
has been found advisable to have a caleium chloride system operating in
each of the two pipes, and the wicks in each case suspend a large lead
ring (instead of the small weights) which holds them in such a position’
that the air cannot move them aside in passing and must always’come in
contact with the calcium chloride solution.
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Figure 10, Cardiff, Alberta, coal: prolonged air-drying in standard apparatus
at 60 per cent humidity.

Tigure 10 shows the average of the eurves obtained by prolonged
drying of two samples of crushed Cardiff coal, at a time when the apparatus
was functioning well and the relative humidity in the drying chamber
remained close to 60 per cent. While it seems likely that the loss in weight
of the coal would econtinue indefinitely, but very slowly, it is also clear that
it is not great after eight days’ drying, in fact for practical purposes air-
drying may be stopped at the end of four days. However, in these labor-
atories seven to eight days’ drying is considered advisable with coals
containing 15 per cent or more of moisture, as received.

1 Report of Scientific and Industrial Research Couneil of Alberta, 1923, p. 39,
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The samples of Cardiff coal just referred to weighed 400 to 500 grammes,
which is about the average weight employed in air-drying. In order to
test the effect of changing the weight of the coal used, three samples of
high moisture coal from Estevan area were dried for seven days at 60 per
cent humidity. Theraw coal contained 35-7 per cent of moisture, which was
reduced as follows by the seven days’ drying: when 1,600 grammes were
used the loss was 17-6 per cent, leaving 22-0 per cent moisture in the
coal; when 990 grammes were used the loss was 20:5 per cent, leaving
191 per cent .moisture; when 430 grammes were used the loss was 23-6
per cent, leaving 15-8 per cent of moisture in the coal. The Estevan Area
coal contained very high moisture, and is, therefore, an extreme case, but at
the same time the tests show the advisability of keeping the weight of
coal used in air-drying fairly close to a standard amount.

The following figures show the results of drying different grades of
lignite and sub-bituminous coal in the air-drying apparatus, at various
relative humidities produced by the use of caleium chloride solutions of
different specific gravities, A great many of these figures represent the
average of several determinations, and are relative only. They were
obtained at a time when the apparatus was running much less evenly
than at present, but nevertheless show fairly closely what changes are
likely to be brought about by alterations of humidity in the air-drying
apparatus.

Relative humidity
Coal or area Original
molsture | 734574 | 59to62 | 50 to53
p.c p.c p.c p.c
36:2 215 169 |,
228 19-7 16-3 17-1
18-0 17+5 M2 |
17.9 16-3 14-5 13-9
16-6 15-6 13-6 13-3
14-2 13.0 117 11-6
9:5 8.6 71 Joe...
8.2 79 6-6 6:2

A relative humidity of 60 per cent was selected as the original stand-
ard for air-drying, as representing average atmospheric humidity. In
Ottawa the average outdoor humidity for two subsequent years was some
84 per cent, whereas the average indoor humidity in these laboratories
is about 43 per cent. A value of 60 per cent is not very close to either of
these, and, partly for this reason, and in order to draw comparisons, the
figures above tabled were obtained. Although the 73 per cent humidity is
the closest to the average outdoor humidity, and though the drying of
Alberta coals at this humidity gives an indication of the losses to be expected
during the commercial shipment of such coals to Winnipeg or eastern
Canada, it is not satisfactory on account of the probable losses of moisture
during the pulverization of the air-dried coals in the pebble mills prior to.



58

further analysis. For the same reason, and also because coals dried at such
a humidity would be liable to lose moisture while standing in the laboratory,
a relative humidity of 60 per cent was considered to be a little too high for
a good standard. Accordingly a humidity of some 52 per cent was main-
tained in the air-drying apparatus. This lowered the moisture in the air-
dried coal very little below that obtained in 60 per cent humidity. Further-
more, the necessarily concentrated solution of calcium chloride was more
difficult to handle and maintain constant. It was accordingly decided
that a relative humidity of 60 per cent was the most suitable for the air-
drying apparatus.

Reference has just been made to the probable loss of moisture by
ground coals when standing in the laboratory. In order to ascertain how
great a change of moisture content might occur under such conditions,
samples of seven lignites and sub-bituminous coals were ground, and
allowed to stand in the laboratory for about twenty months. The ground
coals were kept in glass-stoppered bottles, of about 125 c.c. capacity,
such as are generally used in these laboratories for coal samples, and the
moisture contents determined for the first time immediately following
grinding. The moistures were determined in a toluol oven, and before
weighing each coal sample the contents of the bottle were thoroughly
mixed by shaking and stirring,.

Table XXI shows the alterations in moisture content of the seven
coals over a period beginning in April, 1925, and ending in December, 1926.
Moisture determinations were made at regular intervals throughout this
period, but a large number of these have been omitted from the table.
In a great many instances the moisture contents of the individual coals
were not all determined on the same day, which accounts for the occurrence
of two dates together in the table. In each case the average relative
humidity for the preceding ten days or two weeks has been given. The
moisture contents have been tabulated more frequently during the first
few months on account of their liability to change during that period, and
it will be observed that, with several of the coals, there is a tendency for
the determined moisture to increase during the first few weeks.

Before consideration of the latter part of the table it should be realized
that the supplies of coal in the 125 c.c. bottles Lecame gradually exhausted
by the moisture determinations, and that by December, 1926, there was
very little coal left in any of the bottles. The Drumheller coal was abso-
lutely used up for the last moisture determinations. This would, in the
writer’s opinion, accelerate any drying effect because of the increased air
space over the coal, so that the figures in the table probably exaggerate
any changes that would occur with full bottles of coal. It seems quite
likely that, with full bottles, the lowerings of moisture content would
have been much smaller, and that the moistures attained during the second
summer would have been almost as high as those of the first summer.

However, the figures show clearly how the moisture contents of the
coals altered with changes of atmospheric humidity. In the summer
months, when the humidity was hig), the moisture contents became
greater than they had been during the previous months; whereas in the
winter, when the indoor humidity was exceptionally low, all the moistures
decreased. The effects of changes of humidity were gradual rather than
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instantaneous, For instance, the highest moisture contents were found
in September, after some three or four months of high humidity, in spite
of the fact that the highest humidities occurred in July and August. The
results of these tests point to the inadvisability of allowing delay in the
analysis of a high-moisture coal, more especially during the winter months.

The writer wishes to acknowledge the valuable assistance of J. D.
Johnston, who carried out humerous moisture determinations.

SUMMARY

Series of experiments were carried out principally to investigate the
behaviour of dried lignites when exposed to the same atmosphere as lig-
nites in the process of air-drying. As the result of the experiments, the
following conclusions have been drawn:—

Dried lignite will not in any case re-absorb as much moisture as is
contained in the corresponding air-dried coal.

The less severe the method of drying employed, the more moisture
the lignite will re-absorb; conversely the more severe the drying, the less
moisture the lignite will re-absorb.

The less severe the method of drying, the more rapidly the lignite will
at first re-absorb moisture; however, it seems to be the case that, of two
samples dried rapidly under similar conditions, the one with the lower
moisture content will re-absorb moisture the more rapidly at first.

The addition of water to lignite, either raw or dried, previous to
exposure to the air-drying atmosphere, does not alter the relation between
the air-drying and moisture re-absorption curves.

Various alterations in the standard air-drying apparatus are deseribed,
and a curve is given for the prolonged air-drying of crushed lignite under
reasonably steady humidity conditions. Consideration of this curve
points to the advisability of air-drying coals of high-moisture content for
seven or eight days. It is also considered advisable to use not more than
600, nor less than 400, grammes of high-moisture coals for air-drying.

Figures are given, showing the moisture remaining in coals of high-
moisture content after air-drying at humidities of about 73, 60, and 52 per
cent, respectively. Examination of these figures, together with consideration
of the manipulation conditions in each case, shows that 60 per cent relative
humidity is the most satisfactory for air-drying,

A table is given, showing the alterations of moisture content in ground
coal samples standing in the laboratory during twenty months under
varying conditions of humidity. The figures in the table show that the
coals lose moisture as the room humidity falls, and re-absorb it with
increasing humidity. The figures point to the inadvisability of delaying
the analyses of ground coals, particularly in the winter.
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TABLE XXI

in Ground Coals, in Glass-stoppered Bottles in Laboratory

Source of coal—area or distriet

Relative
Date humidity| Pond Drum-
Estevan | Cardiff Inlet heller | Pembina [ Saunders | Coalspur
p.c. p.o. p.o. p.c. p.o. p.o. p.c. p.C.
1025
April 8-7..oiiiiinannnnin 3 R O N P 6-9 6-8
April27,....... Cevieraeans 33 o - 13:8 {.ovvnnnn
May4-11l...oiiiiiiiinnnas 40 16:9 |. . 14-4 68 7-0
May 15-18.........0 40 17-2 . . 6-8 7-0
May 26-June 1 45 17-4 Ceveas . 146 6-8 7.3
June 8-15 57 17-1 4.8 14:4 14-2 14-6 68 72
June 22-29 57 171 15:0 147 14-3 14:6 6-8 7-0
July 20-27. 69 17-2 15-1 14.4 14.2 14-6 6-9 71
August 17-2 57 17-1 15-0 14.3 13-8 14.5 [ 3 N
September 14-21........... 64 171 16+1 14:6 14.2 14-6 7-0 7-4
Qotober 12-19....... 43 16+9 16-0 14-2 13.7 144 6-8 7:1
November 10-16.....0000.. 41 16:6 14-4 13-6 13:2 14.1 66 6-8
December 7-14.....0ivvues 34 16:2 13-7 12-9 12-4 13-3 6-2 63
1926

January 4-11...... Ceraraaas 27 16-6 13-3 12.2 118 12-7 58 61
Fobruary 1-12....0000eenn e 26 16-1 12-5 11.3 11-0 12-4 6.4 56
MarchI-8...ccovvivininnas 24 144 12-3 11.0 10-6 11-6 51 54
April1-6,...0ecvieiiiienn 26 14.3 12.0 10-2 10-0 11.4 5.0 54
April 26-May 3......00000 34 13-8 115 10-0 0.4 10-7 4.8 52
June 10...vvvevinnnns . 53 13-5 11-2 10-2 9-3 107 4.9 52
July 16.,..000nunuees 60 13.8 11-5 11-3 9-8 10-9 5.4 5-8
August 11..... . 61 13.2 11-8 12-2 9.4 11-2 5-9 61
September 21......00vunv. 59 13:6 19 |, 10-6 11-3 6-2 6-4
November4............... 36 13-3 11-5 9.7 10:8 5.8 60
December 7....0vvviiannnn 22 1341 10-9 86 101 5.0 5.6
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ANALYSES OI' SOLID FUELS

Compiled by J. H. H. Nicolls

The solid fuel analyses compiled here are tabulated under the three
following group headings:—
(1) Solid fuels oceurring in Canada.
(2) Coal samples submitted by the Department of Soldiers’ Civil
Re-establishment.
(3) Miscellaneous solid fuels.

The first group of fuels (Table XXII) consists largely of either ‘“mine”
or “‘prospect”’ samples, collected by technical officers of either the Federal
or Provincial Governments. The ‘“mine” samples were procured from
deposits already under development, the “prospect’”’ samples from deposits
as yet undeveloped. A number of “commercial”’ samples occur in the
first group; each of these is considered to be representative of the corre-
sponding product as shipped from the mine.

As a general rule “mine” samples contain less ash and have higher
calorific values than the corresponding ““commercial”’ samples. This is
due to the fact that, in ordinary wmining practice, it is very difficult to
exclude impurities as thoroughly as would be done in collecting the small
“mine’”’ samples. Therefore, in using the tables following in connexion
with the sale or purchase of coal, care should be taken to note whether
the samples are “mine” or ‘‘commercial’”’ (which general term includes
“slack,” “run-of-mine’’, and the various sizes of screened coal), and to
judge therefrom whether any particular coal as shipped from the mine
could reasonably be expected to have as good an analysis as that in the
table. It should also be realized that, generally speaking, ‘“slack” coal
will contain more moisture and ash and have a lower calorific value than
the corresponding screened coal, and that ‘“‘run-of-mine’’ coal will be
intermediate between the two.

The second group of fueis (Table XXIII) consists entirely of bitum-
inous coals purchased by the Department of Soldiers’ Civil Re-establish-
ment for use in the heating plants at their various hospitals. These include
both coals mined in Canada and those mined in the United States.
They are all “commercial” samples, and consist principally of ‘‘slack”
coal. The samples were collected entirely by the engineers at the various
heating plants, following instructions sent out by their headquarters after
consultation with the staff of the Fuel Testing Laboratories. According
to the procedure employed in reporting these samples to the D.S.C.R.,
only the moisture contents (which may vary with weather conditions)
are shown on the “as-received” basis, the remainder of the analyses being
reported on the “dry’’ basis, in order to simplify comparisons between the
different coal samples.
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The third group of fuels (Table XXTIV) consists largely of imported coals;
such as are sold by local dealers either for private residences or public build-
ings. It also includes a number of cokes recently obtained from various
Ottawa dealers. These are all “commercial”’ samples. In addition, the
third group contains some processed fuels and some samples of foreign peat.

Table XXV contains the screen analyses of a large number of the
coke samples belonging to the third group of fuels. A certain ambiguity
exists as to the exact definition of the sizes named, but it is believed that
the screen sizes as used in the first column of the table are approximately
correct. Wherever possible the sizes to which the various coke samples
are supposed to correspond are given, and it will be seen that the nomen-
clature is somewhat erratic. Not only do the designated samples fail to
correspond entirely with the screen sizes accepted here as standard, but
also they do not agree among themselves.

Wherever possible the exact date of sampling is given, or at least the
month during which the sample was taken. However, in some few cases
this information was not available, and the dates upon which the samples
were received at the laboratory are shown.

The following notes explain abbreviations in the tables, and may be
of assistance in studying them.

(a) Figures in columns “R” refer to fuels as received; in columns
“AD” to air-dried fuels; and in columns “D” to those dried at 108° C.
1t may be generally accepted that the fuels were analysed as received, except
in the instances where the “AD” column is included. In such cases the
fuels were analysed following air-drying in the standard apparatus.! The
analyses of the high moisture ‘“slack’ coals do not include the “AD”
column, since this mformation was not considered to be of any particular
interest, although it is obvious that the fuels could not have been ground
for analysis without previous drying.

(b) In certain instances, more than one sample number will be ob-
served at the head of a column. In such cases the analysis shown is the
average of the analyses of the samples enumerated.

(¢) The “coking properties” described were obtained by heating
l-gramme samples in closed platinum crucibles during the determination
of volatile matter. These serve only as indications of the cokes to be
expected from commercial ovens, and may occasionally be somewhat
misleading. On the whole, however, they may be considered as useful
guides in coking practice.

The analyses reported below were carried out under the direct super-
vision of the author, according to the general directions of the Super-
intendent of the T'uel Testing Laboratories and his senior officers. The
samples were prepared for analysis by a laboratory attendant, who also
carried out the screen analyses, under supervision. Proximate analyses
for moisture, ash, and volatile matter were made by G. B. LeWorthy and
K. W. Bowles; sulphur determinations by J. L. Bowlby and G. E. Le-
Worthy; and calorific value and nitrogen determinations by J. D. Johnston
and J. L. Bowlby. Carbon and hydrogen, and apparent density determin-~
ations were made by C. B. Mohr, who also assisted in checking the results
of the analyses and in the reporting of the same.

1 Report of Soientifioc and Industrial Research Council of Alberta, 1923, p. 30,



TABLE XXII
Analyses of Solid Fuels Occurring in Canada

Dominion Coal Co., Ltd. (Besco), Glace Bay, Nova Scotia

Supplied to Supplied to Fuel Testing Station, through
— Ottawa Public School Board Department of Public Works
o258 ) L L T OO 3796 and 3871 4105 and 4106 4070 4092 4135
R D R D R D R D R D
2-9 2-8 47 4-1 caee 6-4
8-4 8.7 8-1 8-3 9.4 9.9 86 9-0 86 9-2
Volatile matter.......... 33-3 34-3 33-5 345 326 342 330 34-4 29-7 317
Fixed caTbOn. .o vveeiiiirnirereraninetesnrnsnnrne on “ 55-4 57-0 55-6 57-2 533 55-9 54-3 56-6 55-3 59-1
Uitimate Analysis—
Sulphur....coecveinaiinne.. e erteeeereeiatiseatreaas per cent| 3-5 36 .. . e 3-2 3-3 3-5 3-7 2-8 3:0
Calorific Value—
Calories per gramme, gross ceen eaee 7,220 7,580 7,350 7,660 7,110 7,590
B.T.U.per pound, Er0S8..cuuretuennererasonnannsarcsassns e .- 13,000 13,640 13,230 13,790 12,800 13,670
BTS2 T . 1-65 1-65 1-65 1-85
COKINg PrOPETEIES. v eeeetertvraecaeansereaeraaensassnnscnnesnoees Good Good Good Good
Designation of coal. . “% lump”.... . ./Run-of-mine......c.coooiienninnn e oo
XKind of sample... ..|Commercial............ .|Commercial—I10 or 12 tons monthly......eooevvrierieranaean
Taken by....... ..|Public School Board Staff of Fuel Testing Laboratories......... teessstassasiecsns .
Date of SBMPHDE. .ot ivviive ittt ittt Aug. 15 and Sept. 8,| February, 1927 Throughout Throughout Throughout
1926 January, 1927 February, 1927 March, 1927
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TABLE XXIT—Continued

Analyses of Solid Fuels Occurring in Canada—Continued

Dominion Coal Co., Ltd. (Basco), Glace Bay, Nova Scotia.

Supplied to Ottawa Civie Hospital

Sample No.............. i, Cereeraees ves 3836 3910 3962 3978 4043 4072 4131
Moisture condition.....ooeoueieiiiiirnniiiiniianenas R D D R D R D R D R D R D
Prozimate Analysis—

MoIStUTe. . vevrvereerisvsrenronnces ...per cent| 3-0 4-0 4-1 6-1 5-9 5-1 1-9

V=1« s “ 10-0 10-2 9-2 9-6 8-0 9-4 9-2 9-8 13-2 14-1 10-4 10-9 77 79

Volatile matter........ovvvivvunernnnnn “ 334 344 32-2 335 32:0 334 31-4 334 30-4 323 32:7 34-5 35-1 357

Fixed carbon..c.covvcvrieneenrnnnsnnnes “ 53-6 55-3 54-6 56-9 54-9 57-2 53-3 56-8 50-5 53-6 51-8 54-6 55-3 56-4
Ultimate Analysis—

Sulphur........ Creeareesrirereaane e per cent| 3-3 3-4 2-9 3-1 2.6 2-8 2-7 2.9 2:5 26 2-5 2-6 3-2 3-3
Calorific Velue—

Calories per gramime, groSS.....ceveieessevssans 7,320 7,540 | 7,280 7,600 | 7,270 7,580 | 7,080 7,540 | 6,640 7,060 | 7,040 7,420 7,680 7,730

B.T.U. per pound, Zross......ccvvvrnunsaenneaas 13,180 13,580 |13,130 13,670 (13,080 13,640 [12,750 13,570 [11,960 12,710 [12,670 13,350 (13,650 13,910
FUEL TBEI0. e et i eeivreercniiarenrar e e renaaseens 1-60 1-70 1.70 1-70 1-65 1-60 1-60
Coking properties Good Fair Fair to good Good Poor to fair Good Good
Designationof coal........oooovriivvciiiiennennn.s 130 AT
Kind of 828mple.ceueieiivnieeeniaiiiniiniiiienanan COMUMETCIAL. . . ot e vt iaeeesansaeserenseeneesemnnsaasessesnssesannsonnnesssssmesssssorssssnssersssnniosionnns beeean
Taken DY.euveenennrerovneriirraneenaesnosuneensas Hospital engineers......ceevcvvevenenvancass O P
Date of gampling............ August, 1926 |September, 1926] October, 1926 |November, 1926 December, 1926 January, 1927 | February, 1927
Number of tons represented 223 285 389 467 555 600 505
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TABLE XXII—Continued
Analyses of Solid Fuels Qccurring in Canada—Continued

Cumberland Rail-[From an area 7 or §{From Chipmean, |Evans (Rothwell
Acadia Coal Co., Ltd. (Besco), Albion| wayand Coal Co.,| miles north off N.B., through |Coal Co., Ltd.,
—_— colliery, Stellarton, N.S. Ltg. (Besco), No.| Springhill, N.3. Dept. of Public] Minto, N.B.
2 mine, Springhill, Works.
N.8.

Sample No....... Ceeeean resseereieesecaean 4029 4029A 4028 3965 3730 4030
Moisture condition..........oioiiiiiiaaan . R D R D R D R D R D R D
Prozimate Analysis—

Moisture....ceveviverniennenronens 1-6 ... 1-8 2:2 40 ... 1-2 10 ...

Ashoicviiiiiiiiiii i 13-7 139 12.7  12-9 7-5 7-6 7.9 18-7 10-6  10-7 14:5  14-7

Volatile matter........... 27-2 277 27-2 277 30-8 315 36-6 381 354  35-8 31-8 321

Fixed carbon....cccvviiiienanann, 57.5 584 583  59-4 595 60-9 41-5  43-2 52-8 535 52:7  53-2
Ultimate Analysis—

Sulphur......cooe.n feeeeann PO Dper cent 0.7 0-7 1.7 1-8 1.4 1-4 11.0 115 5-3 5-3 6-2 6-2

EUB1n 7.0 “ 20 20 1-8 1-8 1-9 1.9
Calorific Value~—

Calories per gramme, grosS.«cveveeecesanss 7,260 7,370 7,170 7,300 7,620 7,790 5,950 6,200 7,560 7,650 7,160 7,230

B.T.U. per pound, SrossS.ceceeeeeueasenean 13,070 13,270 12,900 13,130 13,710 14,020 10,710 11,160 13,600 13,770 12,890 13,020
Fuel 12810, cviivs « veiiiiiriiiiiiaei et 2-10 2-15 1-95 1.15 1-50 1-65
Coking properties......oeveeecacrienaecrennan Good Fair Good Poor to fair Poor to fair Fair to good
Locationin mine.....coviiiiiiens vivennnnns Foord seam......... MaeGregor seam....l...coooirvvniiiiiidoiiniii il T Bilshaft... .. ..
Taken BY..ccvr teviiiiiies o cenvnnannnanns Mine OPErBLOTS. . vuvutciesenrtassateaanasseaassontoanessconanes Private individualo.|.coooveiiiineenan.s Mine operators......
Date of sSampling......cccvervrenneaaeeacannn Tecember, 1926..ccc.vvveerincanens Ceeteencatectaaneteonaannnn October, 1926....... May, 1926........... November, 19%6....
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TABLE XXIT—Continued
Analyses of Solid Fuels Occurring in Canada-—Continued

Pest fuel, from Chicoutimi bog, Chicoutimi county, Que., on the line of[Peat fuel, from Henryville bog, Iberville and Missisquoi counties, Que.,
—_— Canadian National railway near Quebec, Montreal and Southern railway
Sample No........... 3049 3950 3951 3952 3953 3954 3955 3956 3957 3958
Mowsture condition...{ R D R D R D R D R D R D R D R D R D R D
Prozimate Analysis—
Moisture....... pel 0 ....| 121 ... 113 .| 12 L)1 L) 114 L 107 ... 10 L. 1D Ll 14 ...
Asho...o.oo..l “ 7.9 8.9 81 92| 111 12:6 9-2 104 3.6 4-1 67 75 62 70 65 7-3 66 74 52 59
Volatile matter “ | 56-8 63-8| 559 63-6| 54-1 61-0| 54-8 61-7| 59-9 67-4| 54-7 61-8| 554 62-0| 54-8 61-6) 54-0 60-8 55-0 62-1
Fized carbon... * | 24-3 97.3 | 23-0 g7-2| 235 264 24-8 27.9| 25-4 285 272 30-7| 277 310 27-7 31-1)] 283 31-8 28-4 32-0
Ulitimate Analysis—
Sulphur........ p.c.| 0-4* 0-4 0-4* 0-4 0-4* 04 0-4* 0-4 0-4* 0-4 0-5* 0-6 0-5* 0-6 0-5* 0-6 0-5* 0-6 0-5* 0:6
Nitrogen....... « 1-5 17 1-5 17 -3 15 1.2 14 1-4 1-6 1.3 14 143 1.4 1-3  1-5 14 15 1-4 1.6
Calorific Value—
Calories per grm.,
FTOSS.venennnn ....0 4,800 5,390 | 4,600 5,240 | 4,580 5,160 | 4,640 5,220 { 5,070 5,700 | 4,710 5,320 | 4,790 5,360 | 4,750 5,350 | 4,740 5,330 | 4,820 5,440
B.T.U. per pound,

ET0SSeereeraneann 2,650 9,710 | 8,290 9,430 | 8,240 9,280 | 8,350 9,400 | 9,120 10,260 | 8,480 9,570 | 8,630 9,650 | 8,560 9,630 | 8,530 9,600 | 8,680 9,800
Fuelratio............ 0-43 0-43 0-43 0-45 0-42 0-50 0-50 0-50 0-52 0-52
Kind of sample......[AlLProspect.......coovueniiiiiiiiiiiiiiereiieeiernonenss Cetereteeiareserstaiaaeras eeetereeeiieeireeeaeas et ieeeeetieiaeeaeee ceeees
Teken by..eveerennes A. Anrep, Geological Survey..

Date of sampling..... Summer of 1926

* Average for bog.
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TABLE XXII—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Samples from Sudbury district, Ontario,
-_— Peat from
Lakeside, Ont. “ A ' “Coynite’t
' Anthraxolite*’ or *“Sudbury Coal from Azilda
Sample No........ Creaaeeas ettt aeaas 3809 2070 2097 2088 2089 3619 3738, 3741
Moisture condition........ovoveiirviiiniiiiiianenns R D R D R D R D R D R D R D
Prozimate Analysis—
Moisture...ooveeiciiiininiiiniiiiieianes 179 ... 10-9 ..., 43 ... 46 ... 34 ... 19 ... 05 ...
Ash........ Ceeeans 66 80 1.0 11 21-7 22-6 62-7 65-7 27-5 28-5 337 343 94.8  95.2
Volatile maiter.... . 52-8 64-4 5-4 6-0 3-8 4.0 3-4 3-5 4-5 4-6
Fixed earbon.....coivveiiieiiiinieinnnns 22-7 276 82-7 92-9 70-2 73-4 61-0 62-2 0-2 02
Ultimate Analysis—
S0 05) T NN per cent 0-2 02 veer aees 0-9 09 0-1 01
Calorific Value—
Calories per SraInme, Er0SS..eueererreeres vonves 4,160 5,070 6,890* 7,730 5,560* 5,810 feer eees heee eees 4,830 4,920 None None
B.T.U. per pound, gross. 7,490 9,130 | 12,400 13,920 | 10,010 10,460 heee eees 8.600 8,850 Nore None
Fuelratio . .cooiiiiiiineiinnes e 0-43 15-45 18-30 17-65 0-05
Taken By ie.s & v v e o tieiiiaciiterea e Private Private R. M. Coleman, | Private individual.............0. Private A. F. A. Coyne.
individeal individual Assayes, individual
Sudbury.
Date of saMPlNg. ... oiviiiiieiriiiniieiinnieieanes Summer of 1926 |Sumimer of 1922 1922 W22, . ieiiiieiiiii e Fall of 1925 [1926.

*Corrected for representative sulphur value.
{This materal was found to contain a trace of carbon and about 0-7 per cent of hydrogen.
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TABLE XXII—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Lignite from west|Lignite from 3-foot| From east bank of Mattagami river; |Lignite from No. 2
bank of Abitibi] seam on east bank about 6% miles below Long Portage shaft, McCarthy
_ Tiver, northern| of Mattagami riv camp, Mattagami
Ontario, at Black-| er, Ontario; Matrix of Lignitized wood river
smith falls about 61 miles be-| lignite “‘seam” from *‘seam’’
low Long Portage
Sample NO....euiiieieiernrnnnennanens P [ 2239 4021 4014 4018 4010
Moisture condition...oo.cievuiiiiiiiiiiiiiiiiiiir e iie i R AD D R D R D R R D
Prozimate Analysis—
Moisture........... 35-1 21-1 .... 6-9 50 6-8 7-2
Ash..o..ounenn. 21-0 25-5 32-3 20-4 21-9 54-2 57-1 6-7 7-2 3-5 3-8
Volatile matter 28-6 32-4 41-1. 35-9 38-6 25-6 26-8 43-8 47-0 44-2 47-6
Fixed carbon... 17-3 21-0 26-6 36-8 39-5 15-3 16-1 42-7 45-8 45-1 48-6
Ultimate Analysis—
Sulphur............ e teeeseeatetaacareirancrsabonocanen per cent| .... .... .... 0-3 0-4 0-5 0-5 0-7 0-8 0-7 G-8
Calorific Value—
Calories per gramme, ZT0SS..eveeeeeeeecrennass eteneccnesaieas deee aeee ases 4,670 5,010 2,020 2,130 5,780 6,200 5,960 6,430
B.T.TU. per pound, gross ceee eeee eees 8,400 9,020 3,640 3,830 10,4]00 11,160 10,730 11,570
BT B 2% 1 O Cereeeanses 0-65 1-00 0-60 0-97 1-00
Kind of 88MPIe. ...t eeiienneniinisriieneinresrenan. vessssnsneses Cetteeresecataennans PO DO T . s v veeesaeneeaasseasasosssssooseecssnsessocsenscacsssssncansesencotveces
Taken by.ceeiceiveeonninnnanans eeteeieacrieecssinancensaans ...|Private individual. . F. H. McLearn, Geological Survey........ eee et eiaraceaae et aeeaaaaans s
Dateof sampling.........covuvennnaaas et tesesescsanassiasnanine 1923, ciieeeiiinanenn AU, 1028, . e esveeiereneetnearaeasnnascsssaeacsoaaseconssecnsosssscocancacenas

89




TABLE XXII—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Lignite from_ lower
reaches of Matts-

Ligpite from float
along  banks off
Coal brook, about]

Peat_from outerop in east bank of Opazatika river, about 5
miles, in & straight line, above its junction with Missinaibi

gami river, north-| % mile above junc-| river
ern Ontario tion with Missin-
aibi_river, north-
ern Ontario
3699 4013 4020 4016 4019
R D R D R D R D R D
12-2 9-8 ceae 5-5 9-0 5-8
3-0 3.4 19-1 21-2 55-7 59-0 18-5 20-3 49-6 52-7
44-0 50-1 38-2 42-3 27-7 29-3 49-4 54-8 29-8 31-6
40-8 46-5 32-9 36-5 11-1 11-7 23-1 25-4 14-8 15-7
0-3 0-4 07 -7 0-2 0-2 -3 0-3 . .
caen 0-7 0-8 ceen eae .
Calorific Value—
Calories per gramime, EroSS.ceeeesn e rsssavsssrsassasnsnssnanses 5,790 6,590 4,220 4,680 2,130 2,250 4,210 4,630 eee
B.T.U. per pound, gross.. 10,420 11,860 7,590 8,420 3,830 4,060 7,580 8,330 .
QT B - s S ceeeens 0-93 0-86 0-40 0-47 0-50
Kind of SBINPIE. ..« veruetnaeannesrasseesasenneemsanasasasssneansPPOSPECE it it i s s e creenen
Location in deposit 1-oot 7-inch layer at|Upper, 10-inch layer|Lower, 6-inch layer

Taken by, oiiiiiiiiniiiiiennns Cererenerarianaas erereeareaeaaes

Date of sampling. ..........

upstream end of

outerop.

at downstream

end of outcrop.

at  downstream

end of outerop.

Submitted by Supt.|F. H. McLearn, Geological Survey........c..... et eheereenaraneanaiaraaaas

of Development,
C.N.R.

Probably 1925..... .|August, 1926. ...

DR R
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TABLE XXIT—Continued

Analyses of Solid Fuels Occurring in Canada—Continued

Peat from outcrop in east bank of Missinaibi river, about  mile|

Peat from outerop in east bank of Soweska river,
about 3% miles, in a straight line, above its junc-

Peat layer on
east bank of
Missinaibi
river, 6 miles

below mouth of Soweska river, tion with Missinaibi river, above mouth
of BSoweska
river.
Sample No.eveerrenivininvannns. 4011 4006 4007 4008 4015 4009 4012 4017
Moisture condition.............. . R D R D R D R D R D R D R D R D
Prozimate Aralysis—
Moisture...........vuu..n per cent| 62 .... 48 ... 52 ... 63 .... 89 ... 64 ... 79 . 73 ...
.« 52-9 56-4 63-2 66-4 64-2 67-8 56-7 60-5 24.5 26-8 53-6 57-3 32-3 351 48-3 52-1
“ 31-7 33-8 23-8 25-0 22-2 23-4 27-2  29-1 43-7 48-0 27-0 28-8 41-1  44-6 31-8 34-8
« 9-2 9-8 82 8-6 8-4 8-8 9-8 10-4 22-9  25-1 13-0  13-9 18-7 20-3 12-6 13-6
. . . s . ceee 0-2 03 93 03
. . . care e 1.1 1-2
Calorific Value—
Calories per gramme, Zross...... . ver . . ... ven .. . . . 3,280 3,560 vere e
B.T.U. per pound, gross.. . P  eeae PN s .. . 5,900 6,400 ce eees
Fuel ratio. voveevenivavavnnnnnnnn. 0-29 0-34 0-38 0-36 0-52 0-42 0-45 0-49
Kindof sample.......ocvvenennnnn. 2 303« A PPN J N
Location in deposit................ ‘Top peat layer,|Peaty silt layer,|Impure peat,|Lower peat lay-[Upper peat bed,|Middle (impure){Lower peat lay-|..... TP
upstream end| downstream| downstream| er, down-| downstream| peat layer,| er; down-
of outerop. end of outerop.| endof outerop.| stream end of| endof outcrop.] downstream| stream end of
outerop. end of outerop.| outerop.
Taken BY..coveeviinviveiniennnn.. F. H. McLearn, Geolomioa] Survey ... ceecu s eeteesersenansnsnraresesssusesesnensenessososessorsssossarassaonesnenassas hesareraaenas
Date of sampling. ..|August, 1926




TABLE XXII—Continued

Analyses of Solid Fuels Occurting in Canada—Continued

Western Dominion
Collieries Co.,
Ltd., Taylorton,
Saskatchewan,

Leland Coal Co., Ltd., No. 105, “Majes-
tic’’ mine, Taber, Alberta, sec. 6, tp.

From outerop on
Brazeau river,
near Cardinal
River Forks cab-

From creek 3% miles
N.W. of Cardinal
River Forks cab-

—_ in.
secs. 3 and 26, tp.| 10, R. 16, W. 4 mer. in, Alberta.
2, R.6, W. 2 mer.
Samplesfrom tp. 45, R. 18, W. 5 mer.
Sample No..... eereaineeaees R PO 4054 4096 4097 3929 3930
Moisture CONAItION. s ver et trennttenaiasrrateaerrariteseraaans R AD D R AD D R AD D R AD D R AD D
Prozimate Analysis—
MOISEUT®. vevveaetaeeaeereaanuseenasennaransensnranass per cent| 32-5 26-7 ....}|13-8 113 ....|145 11-9 ... 6-0 57 ... 79 62 ....
“ 7-6 8.2 11-2(12-1 12.5 14-0)10-9 11-2 12-7] 5-3 5-3 5-6 | 8-0 8-2 87
Volatile Inabter. oot veeniiiiiniiiiearen i iaianeaanen “ 26-2 28-5 38-8}325 33-4 377324 334 379|342 343 36-4|342 348 37-1
Fixed CAIDOB. e everrennrennnscaaenaraateiesnaraaiaans “ 33-7 36-6 50-0} 41-6 42-8 48-3|42-2 43-5 49-4| 545 54-7 58-0) 499 508 54-2
Ultimate Analysis—
SUlPRUT. i i et eaes per cent| 0-4 0-5 07| 1-6 1-7 1-9| 1-5 1-5 1.7 02 0-2 0-2| 0-4 0-4 0-4
NI OZEN. v cevaeaeeaeeiarnasnsantsoeronssnernssasnasn “ 0-7 0-8 s T e S N
Calorific Value—
Calories per gramime, EroSS. .. .oeveraseeeeannarrisnreseirssnnes 4,180 4,540 6,190 |5,490 5,650 6,370 |5,530 5,700 6,470 {6,940 6,960 7,380 |6,580 6,700 7,140
B.T.U. per pound, Zro8S....cviieeereranatroraanasranosnsesnenns 7,520 8,170 11,150 (9,890 10,170 11,470 |9,950 10,270 11,650 {12,490 12,530 13,290 |11,850 12,060 12,860
Fuel ratio. . ovuiecvnnannns 1-30 1-30 1-30 1-60 1.45
Colking properties..v. ceeere.ns Non-coking Non-coking Non-coking Agglomerates Agglomerates
ind Of SAINPIE. .. vviraeetnaeaerassireaaanrnraasartarsssaaranas|resriteseiriannannns MAne..ceiireanaans Mine...ovevuannnn. Prospect—choice  [Prospect........... .
sample.
Tocation I TINe. coereiuviee e cae i iiiaeias carnnnnnersasessee]innsiniiniiaeeenans No. 1 room left, No.|No. 3 room left, No.|Supposed to be Silk-|Supposed to be Val
3 east of main| 3 west of main] stone seam. d’Or seam.
north entry. north entry.
E:1 0 PR Official of Lignite(F. M. Steel, Inspector, Northwest Terri- B. R. MacKay, Geological Survey.
Utilization Board.| tories and Yukon Branch.
Dateof sampling. . . covovevrnecannannns Ceeevrerracitararanatnnnan Nov. 14, 1926. . ..... Feb. 28, 1927........ Feb. 26, 1927........ August 2, 1926....... eeereacacane e e .

T




TABLE XXII—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Alberts,  Canadian|Northern Alberta]Balkan Coal Co.,\Bryan Coal Co.,|West Canadian Col-|International Coal
Collieries, Ltd.,| CoalMines, No.| Ltd., No. 775| Ltd., No. 1157,! Heries Ltd., No.| and Coke Co.,
—_— near Lovett, Al| 833, “Brookdale’’| ‘‘* Minehead’’| Robb, Alberta, 396, *‘Greenbill’| Ltd., No. 88,
berta, tp. 47, R.| mine,near Lovett,| mine, Robb, Al{ sec. 15, tp. 49, R.| mine, Blairmore,| ‘‘Denison’’ mine,
19, W. 5 mer. Alberta, sec. 16,] berta, see. 11, tp.| 21, W. 5 mer. Alberta, sec. 2,/ Coleman, Alberta,
tp. 47, R. 19, W. 5| 49, R. 21, W. 5 tp. &, R. 4, W. 5| sec. 16, tp.8, R. 4,
mer. mer. mer. W. 5 mer.
Sample NO.oveeueennn.s ererersseaisasasians 3928 3931 3933 3932 4036 4038
Moisture condition..... U R AD D R AD D R AD D R AD D R D R D
Prozimate Analysis—
MOIStUT®. e v esvanerniieaiennnns per cent| 8.7 7-§ ...| 105 83 ....| 107 86 ...| 11-3 83 ... 0-6 ... 1-2 -
Y-} T Ceveereaienes “ 7-0 7-1 7-7] 13-7 14-1 15-3| 10-6 10-8 11-8 14-3 14-8 16-1 10-8 10-8 12-8 13-0
Volatile matter........... vevorees % 35-5 36-0 38-9] 32-1 32-9 35-9| 33-9 34-7 38-0| 32-3 33-4 36-4 25-2 25-4 23-8  24-1
Fixed earbon...occveivaivnnnnnn. PP 48-8 40-4 53-4| 43-7 44-7 48-8] 44-8 45-9 50-2| 42-1 43-5 47-5 63-4 63-8 62-2 62-9
Ultimate Analysis—
Sulpbur........ eereassiiracacanns per cent] 0-2 0-2 0-2 0-2 0-2 0-2| 0-1 0-1 0-2 0-1 0-1 0-2 67 0-7 0-5 0-6
Nitrogen.... “ o e 1-0 1-0 1-5 1-6
Calorific V alue—
Calories per gramme, Sro8S...oe.cveensaans 6,330 6,410 6,930{ 5,700 5,840 6,370| 5,800 5,940 6,500] 5,410 5,590 6,100 7,550 7,600 7,270 7,360
B.T.U. per pound, £ro88..cecvueeverennenas 11,380 11,540 12,480(10,270 10,510 11,470(10,450 10,700 11,700| 9,740 10,070 10,980 13,590 13,680 13,080 13,240
Fuelratio..eeeeeveuanenaan. .. 1-35 1-35 1-30 1-30 250 2:60
Coking properties........... J Slight tendency to Non-coking Non-coking Non-coking Fair coke Poor coke
agglomerate
Designation of coal...... Y Run-of-mine.....coifusvueeiienieniarninsfieisnneniaerninneias
Kind of sample......ccvvnnn. reeeiserenianan Mine; average of{Mine; average ofj{Mine; average oflCommercial-tipple.f. ..coovivieriineiii)ienrenniininiiiii,
. seam. seam. searn.
Location in mine.............. PR ...|24-foot seam of VallMynbeer seam...... Val d'Or seam......[|Val ’Or seam...e. [veeernnrnn... PN N teraee cieaes conn
d’Or series.
B. R. MacKay, Geological Survey.e.ceceveveens v v o . . .....tMine operators...... Mine operators......
Summer of 1926..... eevrrearaaieen. ee b oo aaetasitasaierersateiraastineers eeveeeaes March 3, 1927....... Dec. 21, 1926...... ..

Sk



TABLE XXITI—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Mine No. 1061, operated

Canmore Coal

Brazeau Collier-|

Mountain Park

Cadomin Coal

Luscar Collier-

Blue Diamond]

Corbin Coasals

by Ernest Skeen, off| Co.,Ltd., No.| ies Ltd., No.] Collieries,| Co.,Ltd.,No.| ies, Ltd.,, No.| Coal Co.,Itd{ ILtd., Corbin,
Nanton, on headwa-| 2, Canmore,| 256, Nordegg,| ILtd., No.282,| 693, Cadomin,{ 905, ILuscar,] No.429, Bralé| B.C.
ters of Jobnson ereek,| Alberta, sec.| Alberta, sec.] Mountain| Alberta, sec.| Alberta, sec.| Mines,Alberts]
Oldman area, Alberta,} 29, tp. 24, R.| 22, tp. 40, R.| Park,Alberta,] 31, tp. 46, R.] 23, tp. 47, R.| sec. 186, tp. 52,
sec. 35, tp. 14, R. 4, W.| 10, W. 5 mer. | 15, W. 5 mer.| seec. 33, tp. 45, 23, W.5 mer. | 24, W.5mer. | R. 27, W. 5
5 mer. R. 23, W. 5 mer.
mer.
Sample No....ovevaivenan 3808 3963 4031 4035 4034 4033 4032 3999
Moisture condition......... R AD D R D R D R D R D R D R D R D
Prozimate Analysis—
Moisture.......... ...DC 3-9 1 L. 14 ... 1 ... 1.7 .. 1.2 ... 0-7 ... 08 ... 11 ...
Asb. . .coviian “ 10-9 11-3 11-4 8-9 9-0 13-8 13.9 12-1  12-3 6-7 68 13-3 13-4 15-3 15-4 13-7 13-8
Volatile matter...... « 22-8 23-4 23-7 19-9  20-2 16-7 16-9 29-4  29-9 27-5 27-8 20-5 20-6 19-2 194 23-3 23+6
Fixed carbon........ “ 62-4 64-2 64-9 69-8 70-8 68-4 69-2 56-8 §7-8 64-6 65-4 65-5 66-0 647 65-2 61-9 626
Ultimate Analysis—
Sulphur.......oco.... p.c. 0-7 0-7 0-8 1-3 1-3 04 0-5 0-7 0-7 03 0-3 0-3 0-3 0-5 0-5 0-4 0-4
Nitrogen. .voeveennns “« e ere es 1.1 1-1 1-2 1-2 1-1 1-2 1.1 1.1 1-1 1-1 eer eens
Calorific Value—
Calories per gramme,
ETOSS.veveanaranacenannn 7,280 7,490 7,670 7,870 7,980 7.370 7,460 7,370 7,500 7,940 8,040 7,380 7,430 7,210 7,270 7,210 7,290
B.T.U. per pound, gross.] 13,100 13,480 13,630] 14,170 14,370 | 13,270 13,420 | 13,260 13,490 14,300 14,470 | 13,290 13,350 12,970 13,080 | 12,980 13,130
Fuelratio...oooveinvunnnnn 2-75 3-50 4-10 1-95 2-35 3-20 3-35 2-65
Coking properties Poor to fair Agglomerates Poor Fair to good Fair to good Fair Good Poor
Designationof coal.....vifeveiiennieciineinceie o B2 e B - -V | DY NN PPN
made with|
asphaltum
binder.
Kind of sample............ B 51 T NN (9705 4% ¢T3 7.3 -1 DO PR RPN (O PN
Taken bBy..oviveearenennnn Provincial inspector offAll by TnINe OPETBOTS. . s ve.eeerveerrecrenseracaansseassoesssesessesassanssonssess]|oeensessoneanens Mine operators,

Tnines.

August 28, 1926..........

Sept., 1926

at request of
B. R. Maze-
Kay, Geolog-
ical Survey.

A



TABLE*XXII—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Crow’s Nest Puss Coal Co., Ltd., Fernie, B.C. South Okanagan Collieries,|Tulameen Valley Coal|Coalmont Collieries
Ltd., White lake, near Pen-| Mine, Princeton, B.C.| Ltd., Coalmont, B.C.
Michel ticton, B.C.
colliery Coal Creek colliery
Sample No........... vee 4039A 3944 3945 4040 3934 2935 2939 3938
Moisture condition....... R D R D R D R D R D R D R AD D R AD D
Prozimate Analysis— !
Moisture. ..........p.c.] 18 ... 1-1 ... 0-9 .... 0-8 ... 09 ... 09 .... 20-5 17-2 6-5 5:3
Ash.....iovennn.. “ 3-5 3-5 2-2 2-2 2-9 2-9 4-2 4-2 154  15-5 16-1  168-2 4-9 5.1 8-2 9.8 9.9 10-5
Volatile matter..., “ 26-4  26-9 26-4  26-7 23-9  24-1 22-3  22.5 19-5 19-7 21-3  21-5 32-9 34-3 41-4 35-7 36-2 382
Fixed carbon...... «“ 68-3 69-6 70-3 71-1 72-3 73-0 72-7 73-3 64-2 64-8 61-7 62-3 41-7 434 52-4 48:0 48-6 51-3
Ultimate Analysis—
Sulphur............ p.c.f 0-6 06 0-5 0-5 0-8 0-6 0-5 0-5 5-4 5-4 1-4 1.4 0-3 0-3 0-4 0.3 0-3 0-3
Nitrogen. ......... “ 1-6 1-6 ceee eaen ceee anes 1.3 1.3 e eees cees
Calorific Value—
Calories per gramme,
Fra JoT: : HRR 8,280 8,430 | 8,530 8,620 | 8,460 8,540 | 8,340 8,410 | 7,190 7,250 | 7,240 7,310 5,450 5,670 6,850 6,440 6,520 6,830
B.T.U. per pound,
fLo Lo lcl: TN 14,900 15,180 {15,350 15,520 |15,230 15,370 |15,020 15,140/12,940 13,050 {13,040 13,160 9,810 10,210 12,230 | 11,590 11,730 12,390
Fuelratio............... 2-60 2-63 3-05 3-25 3-30 2-90 1-25 X 1-35
Coking properties........ Good Good Good Good Good Good Non-coking Agglomerates
Designation of coal......|.eceuunen. I S Run-of-mine... . . . . [Run-of-mine. . . . . ..
Kind of sample.......... wese o v +uvs...|Mine: top coal[Mine: top co2l|............... Mine........... Mine........... Commercial, tipple..... Commereial, tipple.....
Location in mine.........[|No, 8 mine.....|No. 1 east|{No. 3 mine,|No.3 mine....[No.3seam....|No.5seam....|.ccev v o vevecveriaranafareanas tereereasrasasaas
mine, No. 1| No. 2 seam;
seam; from| No. 3 slope.
west side re-
turn.
Taken by................|Mine operators|B. R. MacKay, Geological |Mine operators|B. R. MacKay......... etrerarearaeeas febeeacaerirann,
Survey.
Date of sampling........|Dec. 10, 1928... |Sept. 28, 1926................ ..|Dec. 10, 1926..[Season of 1926.............. ...[Sept. 21,1926........ .. [Sept.20,1926...........

i
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TABLE XXII—Concluded
Analyses of Solid Fuels Occurring in Canada—Concluded

Granby Consol-|Canadian _Col-
idated Mining,| lieries (Duns-
Coal from outerop Smelting and| muir), Lid.,
—_— at Normsandale,/ Middlesboro Collieries, Ltd., Middlesboro, Merritt, B.C. Power Co.,/| Cumberland,
near Nicola, Ltd., Csssidy,] B.C., Comox
B.C. mines, Union
Bay.
3937 3936 4059 3763 3906 4041 4042
R AD D R AD D R AD D R D R AD D R D R D
13-2 12-4 ..., 84 74 ... 8-8 6.7 .... 62 ... 71 68 .... 2-2 ... 1-7 ...
6-9 7-0 &0 13-6 13-7 14-8 6-2 6-3 6-7 11-1 11.8 14-5 14-6 15-6 14-0 14-3 10-1  10-3
Volatile matter. “ 31-8 32-1 36-6( 35-3 35-7 38-6 36-2 37-0 39-7| 34-4 36-7| 34.4 34.5 37-1] 373 381 30-5 31-0
Fixed carbon....c.oovvveniiiiiiinnnn « 48.1 48:5 55-4] 42-7 43-2 46-6| 48-8 50-0 53-6| 48-3 51-5| 44-0 44-1 47-3] 465 47-6 577 587
Ultimate Analysis—
(753 2 T DA N per cent| .. veve even eens| eene eee. ool 659 70-3] ...

CHydrogen.....ovviiiieeiiiineianeas & T e Ut (R 21 BT 21 N
0 - N “ 69 7-0 80 13-6 137 14-8 6-2 6-3 6-7] 11-1 11-8 .... 14-0 14-3 10-1  10-3
Sulphur.c.ooiiiiiiiieiiiiiiiieeas “« 05 05 06 05 05 0-5 05 0-5 05 04 04 ... 0-6 0-6 0-9 1-0
NItrogen...ooovvieniiiiniineniiiaanas “ e T T N 10 1-1

Calorific Value—
Calories per gramine, Sross.....oveereeensesss 5,210 5,250 6,000/ 6,170 6,230 6,730| 6,830 7,000 7,500| 6,480 6,900{ ... 6,830 6,980 7,330 7,460
B.T.U. per pound, 088 «..vvevruerneensansns 9,370 9,460 10,800{11,100 11,220 12,120/12,300 12,600 13,500{11,660 12,420| .... .... 12,300 12,570 13,200 13,430
BTTY B - T YRR 1-50 1-20 1-35 1-40 1-30 1-25 1-90
Carbon-Hydrogen ratio......ocoviieiienaaannnns R Y PN S ¢ 2 J 05 11 o eees
Coking properties.....ccoovveveene v v 0 0 0 v Non-coking Agglomerates Poor coke Agglomer-] Barely cokes Fair Good
ates
Designationof coal.... . . ¢ . . .« viiiiiiii] i Run-of-mine. ... fveveiveniacinnnii]virinnnnennsfieiiiiniiiianii e n i 60 per cent No.
4 lump; 40 per
cent washed
nut and pea.
Kind of 88mple.. ..o iiiiiiiiii it Prospect....... . {Commercial: Commercial: CommerciallCommercial... . [..iiiiiiieiiiieiferennnenecnann.
tipple. tipple.
Location inmine..........cooiiiiivieniiiionn ceeresieetetatanee No. 2 seam....... No.2seam.....ofieveevinnens No. 2 seam....... No. 1 mize...... No. 4 mige.....
B:8 2 O B. R. MacKay, Geological Survey. |Provincial inspec-|Fire ranger, Board of Railway|Mine operators.|Mine operators.
tor of mines. Commissioners. .
Date of samPlNE.. . cvvuerrrrreraaanras tessssene Sept. 20, 1926..... Sept. 18, 1926..... Jan. 12, 1927....... July, 1926.. . [Sept. 20, 1926..... Nov., 1926...... Oct. 27, 1926....

gl



TABLE XXIIT
Analyses of Coal Samples Submitted by Department of Soldiers’ Civil Re-establishment

—_ Delivered to Ste. Anne de Bellevue hospital: deseribed as *’Dominion” or Glace Bay, Nova Scotia, slack coal

Sample NO..ccveiiiiieiiiiniecnnennnn. 3793 3794 3805 3000 3901 3904 3911 3914 3025 3942 3960 3966
Moisture (as received)........... per cent| 5-2 39 6.0 3.7 3-8 5-3 4-6 4-5 39 4.5 4.2 5:3
Dry Basis—

Ash. i per cent) 13-2 12-7 147 7-1 8-2 11.3 8-9 9-7 9-8 10-0 9-8 10-7

Volatile matter............... @ 31-1 313 32-3 34-3 339 34-3 35-6 33-6 34-5 34-4 34-2 32-7

Fixed carbon ....ocvveenvnnn. “ 55-7 56-0 530 58-6 57-9 54-4 555 56-7 55-7 556 56-0 56-6

Sulphur..iceceiviivanianen.. “ 2-9 3-0 2-2 2.9 2-9 2-3 2-6 2-9 2-7 26 26 2-9

Calories per gramme, ZrosS....eeeevsns 7,25 7,270 6,960 7.830 7,710 7,360 7,600 7,590 7,540 7,530 7,580 7,500

B.T.U. per pound, gross.ccecoaeeeeens. 13,080 13,080 12,530 14,100 13,870 13,240 13,690 13,670 13,570 13,560 13,640 13,500
Number of tons represented by sample. . 296 226 271 270 240 194 167 203 199 309 308 197
Dateof delivery.....voeevsiineeccannn. July 8to| Aug.3 |Aug. 14 |Aug.27 |Sept. 14 |Sept. 21 |Sept. 26 Oct.8 [Oct. 15 | Oct. 21 Oct. 28 | Nov.3

21, 1926
—_— Delivered to Ste. Anne de Bellevue hospital Delivered to Camp Hill hospital, Halifax

Sample Mo .o eeverivanecneeiacurcoosacscuresnens 3971 3977 3998 4066 3767 3969 4047 4088 4108 4138
Moisture (as received).......ovvennsnnnnens . 4-9 5-2 5-0 4-4 12-5 6-2 2-8 4-3 4-9 55
Dry Bugis—

ABh. i 16-0 9-6 10-4 9-3 10-2 7-9 7:0 8-0 8-3 8-4

Volatile matter. 35-8 33-8 33-2 33-9 31-8 34-7 | 837 34-1 336 33-2

TFized carbon.......oovvveiiiiininannn.. . 54-2 566 56-4 56-8 58-0 57-4 59-3 57-9 581 584

Sulpbur....oceeiviiiiiiniiiiieia, . 34 2-7 2-8 2.7 25 2-4 2-8 3-1 3-2 34

Calories per gramme, gross. 7,450 7,660 7,490 7,610 7,400 7,710 7,900 7,730 7,680 7,720

B.T.U. per pound, Zr0S8...evveeuiureuncrenrennan 13,420 13,790 13,490 13,700 13,310 13,880 14,220 13,910 13,820 13,890
Number of tons represented by sample............. 193 188 200 249 100 477 134 199 177 51 - 165
Dateof deliVery...ccoevucueeeriiuoreeranuseensanan Nov.4to| Nov. 16 | Nov. 24 | Dec.2 | Deec.11 | Through-| Oect.15 | Through-{ Jan.5te| Feb.7 | Mar. 10

9, 1926 out June, to 30 out Deec.,| 31,1927 to 23 to 29

1926 1926

9L
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TABLE XXIII—Continued

Amnalyses of Coal Samples Submitted by Department of Soldiers’ Civil Re-establishment—Continued

Delivered to Lancas-| . .
(:er]:m hcspi1]:3a1 St. Delivered to Deer Lodge hospitsl, Winnipeg
— ohn,

scribed as “Roth— Described as ‘‘Greenhill,” Blairmore, Alberta, Described as “Mc-

well,” Minto,IN.B., run-of-mine coal illivray,” Cole-

run-of-mine coal. man, Alberts, Tun-

of-mine coal.

Sample NO. e ittt it i e it e 3970 4107 3948 3976 4052 4074 4101 4136 3722 . 3723
Moisture (asreceived)......ovieeiiiineiaeniniiiennan, per cent 1-3 1-5 3-6 3-7 2.0 2:2 1-7 7-0 5-6
Dry Basis—

................................................ 15-2 16-8 16-4 16-0 12-0 13-4 15-3 13-8 19-6 12-9
Vola.ule matter. 32-3 31-6 22-3 22-1 22-3 22-8 24-8 24-9 26-9 23-9
Fixed carbon.. 52-5 51-6 61-3 61-9 65-7 63-8 59-9 61-3 §3-5 63-2
SUlp AU« e e i s 8-1 63 Q-5 0-4 Q-7 0-4 0-6 0-6 0-6 0-8
Calories per gramme, ZroSS. ..« cveerverenrenacacanennennnns 7,100 6,980 7,080 7,150 7,530 7,370 7,110 7,260 6, 680 7,410

T.U. per pound, Sr0S8.ue.ee e e eiareiarr e erenannns 12,780 12,560 12,750 12,870 13,560 13,270 12,800 13,080 12,050 13,330
Number of tons represented by sample...........cooeieean... 80 72 25 46 45 53 36 33 45 32
Date of delivery. . .v.oviitii i i Oct.20 | Feb,2 | Sept.30 | Nov.6 to|Dec. 17 toJan. 10 to{ Through-{Mar. 17 to| Durisg | During

and and to Oct, 14, 24, 1926 | 31, 1926 | 31, 1927 |out Feb.,| 26, 1927 |Mar., 1926{April, 1926
Nov. 2, | Mar.2, 192: 1927
1926 1927
Deolivered to
Westminster|{Delivered to Christie St. hospital, Toronto; described as coming from the Pittsburgh seam in Monongalia or Marion co.,
Iéospital, Lon-| West Virginia, U.S.; from Byrne No. 1 mine at Scottdale near Louisville.
on.
Sample No..... e 3698 3806 3872 3905 3915 3964 3975 4001 4027 4051 4053 4055
Moisture (as recened) per cent| 4-4 34 4-6 4-1 3-7 3-9 4-8 3-0 8-5 3-0 3-7 4.2
Dry Basis—
Ash....ooiiiiiiii, per cent 6.3 95 93 9-5 9-0 9-1 11.9 10-2 17-6 9-2 10-1 10-3
Volatile matter. 34-6 35-7 35-3 35.2 34-2 34-4 34-4 35-7 32-8 35-8 34-9 35-2
Fxxed carbon.. “ 59-1 54-8 55-4 55+3 56-8 56-5 53-7 54-1 49-6 55-0 55-0 54-5
B]g ................. “ 0-8 3-1 2.7 2-6 2-3 2:5 3-3 3-0 2-4 3-1 . 3-1 2.7
Calories per gramme, gross...... 7,970 7,610 7,650 7,620 7,680 7,690 7,410 7,650 6,790 7,680 7,600 7,580
B.T.U. per pound, gross.. 14,340 13,6980 13,770 13,720 13,820 13,850 13,330 13,770 12,220 13,820 13,690 13,650
Number of tons rEpreaented by
sample. . .. 363 150 160 170 170 233 250 170 300 250 450 400
Date of dehvery .................. Mar. 19 to April | Aug. Sto| Sept.7 | Sept.23 | Oect. 4 Oct. 27 | Nov. 15 | Dec.3 | Dec.20 | Dec.29, | Jaa. 10 | Jan. 17
6, 1926 23, 1926 to 1 to7 to 25 1926, to
Jan. 3,
1927

* Described as from Logan co., West Virginia, U.S.; from following mines: ‘‘Moanitor” on Draper seam at Monitor Mines, or *‘Rossmore” on Silent Creek seam at

Rossman,
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TABLE XXIIT—Concluded
Analyses of Coal Samples Submitted by Department of Soldiers’ Civil Re-establishment—Concluded

co,, West Virginia, U.S.;

Delivered to Christie Street hospital, Toronto; described as
coming from the Pittsburgh seam in Monongaha or Marion,|
from Byrne No. 1 mine at Scott-

Delivered to Westminster hospital, London, de-
seribed as coming from the lower Kittanning seam
in Butler co., Pennsylvania, U.S.; from “Grant”

dale near Louisville. mine at Claytonia.
Sample NO. .o vevierreeneenireinecneinraeiaias 4073 4087 4089 4095 4111 3705 3801 3890 3891 3903
Moisture (as-received)..........c..eoienne. 4-1 3-1 3-7 3-7 2-9 4-6 5-1 4-9 5-3 6-1
Dry Bagis—

.................................... 9-5 10-3 9.2 9-8 10-1 9-1 10-4 9-4 11-9 11-6
Volatxle madtter. 36-1 35-5 36-1 35-3 35-3 34-3 33-2 33-2 32-3 32-4
Fixed carbon.. 54-4 54-2 54.7 54-9 54-6 56-6 56-4 57-4 55-8 56-0
Sulphur.......covvvriieie i 2-9 3-4 2-9 3-0 3-5 1.7 1-6 1-5 1.7 1-7
Calories per gramme, gross. . 7,650 7,560 7,640 7.590 7,540 7,560 7,460 7,540 7,300 7,330

T.U. per pound, EroSS....ccvveivnennrninnrnnias 13,770 13,610 13,760 13,660 13,580 13,610 13,420 13,580 13,150 13,190
Number of tons represented by sample............. 140 195 2 350 330 320 1 26 235 274 284
Date of delivery......covvvvuroeeeciiiiennaninnin, Jan. 20, | Jan.29 | Feb.12 | Feb.21 | Feb.28 | Mar. 21 |July 27 to| Aug.18 | Aug.27 | Sept. 8 | Sept. 22

1927 Aug. 8,
1926
Delivered to Christie Street hospital,
Toronto; described as coming from the
Delivered to Westminster hospital, London; described as coming from the lower| Pittsburgh, or No. 8, seam in Belmont
—_— Kittanning seam in Butler co., Pennsylvama, U.S.; from “Grant” mine at Clay-| co., Ohio, U.S,; from the following
tonia, mines: ‘“‘Ceo” at Lafferty, ‘‘Columbia”
at Fairpoint or *“‘Lucy’’ at Stewartsville.
Saqlple NOwo it 3912 3928 3961 3968 3997 4005 4046 4071 3715 3725 3728 |- 3744
Moisture (as-received)........... per cent 5.7 4.7 56 4-6 8-0 5-9 5-4 3-1 4.7 36 4.2 4-8
Dry Basis—

.......................... 10-9 10-5 10-7 11-3 10-9 11-7 11-1 10-7 9-2 9-1 10-1 13-6
Volatile matter. . 32-5 33-3 33-3 32-7 32-1 32-3 32-1 33-4 32-8 33-5 34-3 32-9
Fixed carbon.................. 566 56-2 56-0 56-0 57-0 56-0 56-8 55-9 58-0 57-4 55-6 53-5
Sulphur....... e eeieiieaas “ 1.4 1-6 17 1-7 1-7 1-6 1-6 1.6 1-7 1-6 1-7 1-6
Calories per gramme, gross............ 7,490 7,470 7,470 7,370 7,430 7,410 7,450 7,360 7,840 7,760 7,610 7,260
B.T.U. perpound, gross............... 13,480 13,440 13,440 13,270 13,380 13,340 13,410 13,250 14,110 13,960 13,690 13,070

Number of tons represented by sample. . 219 36 353 3 311 285 147 147 300 280 300 203
Dateof delivery.........coevvveiennnnn. Sept.25 | Oct.13 | Cet.27 | Nov.15 | Dec.1 Dee. 13 | Dec. 18 | Jan. 4, | April16 | May5 | May 17 | June 21,
19&;%. 4, 1927 tfg%' 1926
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TABLE

XXIV

Analyses of Miscellaneous Solid Fuels

By-product coke
made in Kop- Cokes manufactured by Ottawa Gas Company,
%ers ovens by Ottawsa, Ont.
ominion
Iron & Steel By-product coke made in Wil-
— Co. (Besco), putte ovens by Steel Company
Sydney, N.S., New, intermit- of Canada, Hamilton, Ont.
from wash Gas coke made in Glover-West retorts fent proces
“Dominion”’ coke. p S
coal from .
Glace Bay.
Sample Nouo it ittt e 4114 3803 3894 3895 3897 4115 4116
Moisture condition......c.coviiiiiiiiiiiennnnnnean.. R D R D R D R D R D R D R D
03 ... 05 ... 0-5 ... 09 ... 03 ... 0-4 ... 09 ...
7-9 7-9 11-0 11-1 10-0  10-0 12-8  12-9 10-7 10-8 10-3  10-4 11-9  12-0
2-0 2-0 1-1 1-1 1-0 1-0 1-6 1-6 0-9 0-9 2-3 2-3 2-9 3-0
Fixed carbon..... e tetiiisaiseseeeaaaan «“ 89-8 90-1 87-4 87-8 885 89-0 84-7 855 88-1 88-3 87-0 87-3 84-3 85-0
Ultimate Analysis—
Sulphur...... Ceeasumavessecsatrarasiansen per cent 1-7 1.7 -0 1.0 09 09 11 1-1 0-9 09 -0  1-0 1-0 1.0
Calorific Value—
Calories per gramme, GroSS...oueeeernannreeanasns 7,230 7,250 6,900 6,930 7,160 7,200 6,780 6,840 7,050 7,070 7,090 7,120 6,900 6,970
B.T.U. per pound, gross......eeeveneennes ceseunon 13,010 13,050 | 12,420 12,470 12,890 12,960 | 12,200 12,310 | 12,600 12,730 | 12,760 12,820 | 12,430 12,540
Appearent density (water=1-00)............... 0-84 0-85 0-85 0-85 0-98 0-89 0-92
Designation of fuel............. PN «evvess | Mixed sizes..... Large size....... “Crushed’” coke!Nut............ . Stove........... Nut.........
Date...... . February, 1927.{September, 1926, «u.uveeernrreriererinnnenneneen o February, 1927..)..c.cvvennanen

62



Analyses of Miscellaneous Solid Fuels—Continued

TABLE XXIV—Continued

By-product coke made in Semet-Solvay ovens

“Donner” or ‘‘Donnerhanna’™ bi-ptoduct coke,

Hamilton Gas and By-Products Made at Made at made by the Donnerhanna Coke Corporation,
Co., 1.td., Hamilton, Ont. Detroit, Mich. | Buffalo, N.Y. | Buffalo, N.Y.
Sample No. 3898 - 3899 4117 4118 4119 3739 4120 4121
Moisture condition..... R D R D R D R D R D R D R D R D
Prozimate Analysis—
Moisture...ooeevvsvrannen per cent 0-4 .... 1.4 ... 03 .... 0-3 .... 04 ..., 0-2 ... 0-1 .... 01 ...
Ash...oooooe “ 7.2 72 6-8 6-9 9.7 9.7 84 85 9.2 9-3 10-7 10-7 10-3  10-3 10-5 10-5
Volatile matter. “« 1-3 1-3 1-7 1-8 2:2 2:2 1-9 1-9 2-8 2-8 1-4 1-4 2-1 2-1 2-3 2-3
Fixed carbon............ “ 91-1 91.5 90-1 91-3 87-8 88-1 89-4 89-6 87-6 879 87-7 879 87-5 87-6 87-1 87-2
Ultimate Analysis—
Sulphur............ PO, per cent 0-6 06 0-5 06 0-7  0-7 0-6 0-6 0-6 07 09 09 0-9 09 0-9 09
Calorific Value—
Calories per gramme, gross.. 7,410 7,430 7,390 7,490 7,140 7,160 7,200 7,310 7,110 7,140 6,880 6,900 7,050 7,060 6,980 6,990
B.T.T. per pound, gross..... 13,330 13,380 | 13,300 13,400 | 12,850 12,890 | 13,120 13,160 | 12,800 12,850 | 12,380 12,420 | 12,690 12,700 | 12,570 12,530
Apparent density (water=1-00).... 0-91 0-88 0-87 0-86 0-87 0-90 0-95
e )+ A Nute.oorvoenn..
.|February, 1927 .|February, 1927.......c0enievneen

.{Coke had been exposed out-of-

doors for about 1 year.
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TABLE XXIV—Continued
Analyses of Miscellaneous Solid Fuels—Continued

"Oto"” by-product coke,

Corporation, Sault Ste.

factured by Algoma Steel

Coke manufactur-|

ed by Illing-
worth Carbon-
ization Co., Pon-

Briquettes made
with carbonized
Saskatchewan
lignite and 10
Eer cent of ""Co-

esite’ binder,
by Tapping Co-

typridd, Wales. | hesives of Birm-
ingham, Xng-
land.
Sample NO..vvaeviriiissenstaneinancanes P 4113 4134 3726 3732
Moisture cordition....ccvieninanns Ceveeeeeeaneaes vees R R D R D R D
Prozimate Analysis—
Moisture.... 0-4 03 ... 10 ... 54 ...
Ash..ccevannee 10- 10-0  10-0 8+3 8-4 13-3 141
Volatile matter. 20 2-5 2:5 9-6 9-7 22-9 24-2
Tixed CarbOR. ccveevenrraraacinrorsronannaanss 87-1 87-2 875 81-1 81-9 584 61-7
Ultimate Analysis—
SUIPRUL. tctierrarinecnerinarersonerannsrsaness per cent 0-8 0-8 0-8 09 0-9 0-9 1-0
Calorific Value— N
Calories Per Zramime, ZrOSS...ceveeeessaroseassacrsnanus 7,030 7,000 7,110 7,630 7,610 6,480 6,840
B.T.U. per pound, gross. . 12,650 12,760 12,800 13,560 13,710 11,660 12,320
i 8-45 2-55
0-87 0-86 cenn
Nut..oeeeniennen Mixed SIZES. e eaeseferearaaccicaraasaalistanersencacacaas
.................. April 1, 1927......|Autumn of 1925. .. June, 1926.........
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TABLE XXTV—Continued

Analyses of Miscellaneous Solid Fuels—Continued

Pennsylvania anthracitic coal

Welsh
anthraecitic coal

3774

Sample NO...voerierenneennnnnnn. e eetiereieeeieaa 3804 . 3973 3974 3908 3769
Moisture condition.......cocvuvienerinriiiniinianaaennns R D R D~ R D R D R D R D
Prozimate Analysis—
Moisture. 4-0 4-2 0-9 0-9 4-8 2-2
Ash............. 6.1 6-3 13-5 14-1 17-2 17-3 18-7 18-8 16-4 17-2 5-8 5-9
Volatile matter 5-7 6-0 6-3 66 106 10-7 10-6  10-7 53 56 8-5 8-7
Fixed carbon.....ccvevvevvviviniinininnnnnnn, “ 84-2 877 760 793 71-3  72-0 69-8  70-5 73-5 772 83-5 854
Ultimate Analysis—
Sulphur........ PR 15 o 1534 1 1-0 1-0 0-7 0-7 . ..
Calorific Value—
Calories per gramme, gross...... e e, 7,540 7,850 6,810* 7,100 7,010* 7,070 6,910* 6,980 6,440 6,770 7,800% 7,980
B.T.U. per pound, gross. 13,570 14,130 12,250 12,780 12,610 12,730 12,450 12,560 11,600 12,180 14,040 14,370
TS B 0 T NP 14-60 12-05 6-70 6-60 13-70 9-80
Designation of fuel............c.coiiiiiiiiiiiiiiiL, “D. L. and W.”[Furnace....... oo [Stove......o...... Nut.o..overran.n. 3 o= R
from Scranton.
5 Aug. 25, 1926...... July 30, 1926...... Nov. 24,1926, ... .....cccveeunnn... Oct. 2, 1926....... July 19, 1926......

*Calorific value corrected according to the sulphur content of representative Pennsylvania anthracite.
{Calorific value corrected according to the sulphur content of representative Welsh anthracite.
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TABLE XXIV—Continued
Analyses of Miscellaneous Solid Fuels—Continued

“Raven”

semi-bituminous,

or|

“smokeless,’” coal from U.S.

‘“’Dilltown
smokeless’’
coal from low-
er Kittanning
seam, Dill]
town, Indiana]

Bituminous or *“steam’ coal from Gilbert-Davis mine, Sewickley

seam, Morgantown, Monongalia ¢o., West Virginia, U.S,

co., Penn.,
U.S.
Sample No..........u.. eeesettatiraetessteiranaan 3759 3907 3803 3710 3768 3800 3927 4104
Moisture condition.....ooviiiiiiiiininaeieaneananann R D R D R D R D R D R D R D
Prozimate Analysis—
MOISEUIE. v oo v v vavvisnissnaneresnarennnns per cent| 1-4 ... -1 ... -2 ... 16 ... 2-0 ... -7 ... 14 ...
Ash. e “ 9-2  9-3 75 76 10-3  10-4 10-9  11-1 1.9 121 121 12-3 12-4  12-5
Volatile matter. ......ooovvveiiinnnnannnns “ 18-7  19:0 20-5 20-7 21-6 21-9 34-1 34-6 33-9 34-6 339 34-5 35-2  35-7
Fixed earbon.....oiiiniiiiiiiiiinniin. “ 70-7  71-7 70-9 T71-7 66-9 67-7 53-4  54-3 522 533 52-3  53-2 51-0 51-8
Uliimate Analysis—
Sulphur............... et erateiseaaeaaaay per cent| 20 2-0 2-5 25 46 4.7 1.7 17 1-8 1.9 2-0 21
Calorific Value—
Calories per gramme, ErosS. ..ou eesesaseanensn -] 7,800 7,910 7,970 8,060 7,630 7,720 7,440 7,560 7,210 7,360 7,270 7,400 .
B.T.U. per pound, GT0S5..vcuveereraranreenneanes 14,040 14,230 | 14,350 14,510 { 13,730 13,900 | 13,400 13,610 | 12,980 13,250 | 13,080 13,310 e
B TTY 7 1 R 3-75 3-45 3-10 1-55 1-55 1.55 1-45
................................................ 1% S FOSUUTUUUIIN USRI RO RN
July 6, 1926 Oct. 2, 1926..... Aug. 21, 1926... .| April 20, 1926. ..[July 17 and Aug.|Oct. 20, 1926....|February, 1927.
20, 1926.
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TABLE XXIV—Concluded
Analyses of Miscellaneous Solid Fuels—Concluded

Cozl designated as com-
ing from the Cedar|
River mine,- Pacific|

Charcozal briquettes
manufactured from
mill waste; carbon-|

Macerated and pressed)]
peat manufactured by|
process of Internation-

Peat briquette manu-
factured in Germany;
secured through an

Peat briquette manu-
factured in Denmark;
secured through a

—_— Coast Coal Co., of| ized in Hobson retort| al Iron & Steel Com-| officialof the Canadian] Montreal coal oper-
Seattle, Washington,| by Peoples’ Fuel Co.,] pany, Mianeapolis,| Pacific Railway. ator. ’
U.S. ellingham, Washing-| Minnesota, U.S.
ton, U.S.
. 4069 4100 3810 3799 3740
Moisture condition....eevueeeneannnnns R AD D D D R D R D
Prozimate Analysis— !
' per cent| 11-4 104 ... 1-5 15-9 10-6 10-3
“ 9-8 9-9 11-1 5-2 5-3 10-4 12-4 4-0 4.4 8.1 9:0
. . “ 37-3 37-7 42-1 11-1 11-3 52-0 61-8 58-7 65:7 55-0 61-3
Fized carbon......... Cieaneeeeenes “ 41-5 42-0 46-8 82-2 83-4 21-7 25+8 26-7 29-9 26-6 29-7
Ultimate Analysis—
Sulphur........ ereanenaseesnaanen per cent| 0-3 03 0-4 0-1 0-2 0-7 0-8 0-2 0-2 0-4 0-4
Calorific Value—
Calories per gramime, Zross......evevenens- 5,910 5,980 6,670 7,520 7,630 4,000 4,760 4,820 5,390 4,490 5,010
B.T.U. per pound, gr0388..cvsrveverrnnnnns. 10,640 10,77¢ 12,010 13,530 13,730 7,210 8,570 8,670 9,700 8,090 9,020
Fuel ratio 110 7-45 0-42 0-46 0-49
Apparent density (water=1-00).......... ceen vee 1.18 . ceas
B0 7 R Jan.31,19827............. Jan.,1927............... Aug. 25, 1926............ Aug. 17, 1926............|June 21, 1926........ veee
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TABLEEXXV

Screen Analyses of Coke Samples

Wire Screens wilh Square Openings

Steel Co. of Canada “Solvay”
Designation.......... fererveeitinerernrateaarianes eereeveveeananaas “Besco™; Ottawa Gas Co.,
mixed sizes large sizes Stove Nut Egg Detroit nut
Sample No......covvnen et teteciananratasatatetttianeanatanancoaaan 4114 3893 4115 4116 4117 4118
Remaining on 3" sereen (LUIMP)....cocereetnantaenaaancasans per cent 0-0 28-0 0-0 0-0 0-0 0-0
Passing 3* , remaining on 2" (Egg)... “ 4.7 47-0 6-7 0-0 24-4 Q-0
“ oo, “ 13" (Stove). “ 33:8 16-5 67-8 37-4 60-8 28-8
« 1y, fe ¥ (Nut).. « 563 4.5 24-9 58-4 13-6 87-7
“ Es “ 1" (Pea). “ 4-3 1.0 0-4 2-9 05 2.9
“ 3" screen (Fines)i.ceviiicireeriennns terectcaniasianan “ 0-9 3-0 0.4 1.3 0-7 08
“Solvay”, *‘Donnerhamns!’, Buffalo “Oto,” Sault Ste. Marie
Designation......... feieeeesaeateesasannaerntosanestossotaabennnases Buffalo,
Nut Egg Nut Large Nut Mixed
4119 4120 4121 4112 4113 4134
Q-0 0-0 0-0 0-0 0-0 0-0
0-0 466 2.7 64.0 0-0 27-8
10-5 46-2 59-8 32-6 2-2 59-4
78-2 59 34-6 1-3 71-2 10-7
9.4 0-0 2-0 Q-4 24.3 0-7
1.3 1-3 0-9 1.7 2.3 1-4




PART 11

|

GASOLINE SURVEY FOR 1926
P. V. Rosewarne and A. F. Gill

A survey of the gasoline sold in Canada was made by the Fuels and
Fuel Testing Division of the Mines Braneh in 1923, 1924, and 1925
This report covers a similar survey for 1926. During the latter part of
August, 76 samples were collected? from wholesalers or distributors in
the following cities: Halifax, St. John, Quebee, Montreal, Ottawa, Toronto,
London, Winnipeg, Regina, Calgary, Edmonton, Vancouver, and Victoria.
These samples were tested for distillation range, iodine value, and specific
gravity. The distillation range was determined according to the method
recommended by the United States Bureau of Mines®. TFrom the results
so obtained, a weighted index number was calculated after the method
advocated by Gruse?, with the difference that the index numbers were
caleulated from temperatures of the distillation range expressed in °F.
instead of from temperatures expressed in °C. as was done by Gruse. The
iodine values were determined by the Hanus method® and the specific
gravities were obtained by the Westphal balance at room temperature
and the results ealeulated to 60° F.

1 Mines Branch, Dept. of Mines, Canada, Invest, of Fuels and Fuel Testing, 1025,
lod 3 g‘he hearty support and co-operation of the Department of Health in taking the samples is gratefully acknow-
adged.
3 {J.S. Bureau of Mines, Tochnical Paper, 323A.
4 Chemical and Metallurgical Iingineering, Vol, 28, No. 22, p. 970. Mines Branch, Dept. of Mines, Cannda,
Invest. of Fuels and Fuel Testing, 19823, p. 53.
5Tillis and Meigs, ’Gasoline and other Motor Fuels.”
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TABLE}XXVI

Results of Analyses

Distillation Range
Lab. No. Brand 1st Wnd Todine | Specific Index
drop 10% 20% 50%, 0% $0% point Recov- value gravity ° Be number
°¥. Al O ° k. A ON °F. °F. °F. ery °F.
| I I I
HALIFAX, N.S.
3845 Red Seal (5)...... 133 197 223 276 314 370 414 97-9 34 0-755 55-5 1794
3846 |Premier (a)....... 120 186 210 264 204 342 410 08-0 45 0-744 58-2 1706
3847 |White Rose (b).... 111 167 195 254 293 359 412 97-0 30 0-736 60-1 1680
Average......... 121 183 209 265 300 357 412 97-6 36 0-745 57-9 1726
ST. JOHN, N.B.
3833 |White Rose (b).... 118 170 195 243 276 329 400 97-8 31 0-736 60-3 1613
3834 |{Fundy (¢)......... 117 166 192 253 203 355 407 97-2 26 0.738 59-6 1666
3835 |Premier (a)....... 133 195 218 266 303 360 405 977 32 0-750 566 1747
Average......... 123 177 202 254 201 348 404 97-6 30 0-741 58-8 1676
QUEBEC, QUE
3819 Super Power (d)... 104 155 182 254 295 356 406 981 21 0-739 59-5 1648
3820 Red Seal (b)...... 109 163 188 258 301 358 402 980 22 0- 740 59-2 1670
321 Premier (a).. . 110 165 193 259 306 365 410 97-6 24 0-740 59-2 1698
3822 Peerless (d).. 108 155 177 226 259 318 376 97-4 6 0-724 63-3 1511
3823 |Queen (a)......... 110 161 190 260 304 364 409 9.8 10 0-742 587 1688
3824 |White Rose (b).... 107 159 184 247 298 365 408 975 10 0-737 60-0 1661
Average......... 108 160 186 251 294 354 402 977 16 0-737 60-0 1647
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TABLE XXVI—Continued
Results of Analyses—Continued

Distillation Range

Index
Lab. No. Brand i End lodine | Specific °Be number
drop 10% 20% 50% 70% 90% point Recov- value gravity °F.
°F. °F. °F. °F. °F. °F, °F. ery
MONTREAL, QUE.
3811 Yale (g)...ccc..... 105 156 170 222 270 ~341 405 97-1 6 0-725 63-1 1564
3812 |British Motor (d). 102 153 186 261 306 366 414 97-6 9 0-742 58-5 1686
3813 |Premier (a¢)....... 107 156 135 260 304 356 401 97-6 19 0-744 582 1662
3814 |Peerless (d)....... 106 155 174 219 260 323 383 97-3 6 0-721 64-1 1514
3815 ueen (a)..... 100 144 170 244 291 350 399 97-0 15 0-733 61-0 1598
3816 |Shell fe).......... 114 157 177 230 272 340 402 98-0 5 0-727 62-7 1578
3817  |Tidioute (f)....... 105 150 175 234 275 327 385 98-0 4 0-723 63-8 1546
3818 Sunoco (g)......... 117 188 210 287 333 380 420 98-0 60 0-769 52-2 1818
Average......... 107 157 181 245 289 348 401 97-6 16 0-736 60-5 1621
OTTAWA, ONT.

3876 Sunoco L.T. (i)... 117 184 212 278 326 370 402 97-4 55 0-772 51-4 1772
3877 Sunoco H.T. (i)... 111 156 180 238 284 361 415 97-1 7 0-721 64-2 1634
3878 Premier (a) 108 163 201 261 305 364 405 97-4 13 0-747 57-3 1699
3879 ueen {a)..... 104 152 180 249 292 354 399 96-8 17 0-737 © 60-0 1626
3880 Red Seal (b) 112 173 199 265 309 362 407 97-2 18 0-748 57-2 1715
3881 |White Rose (b ).... 102 155 187 262 309 376 434 97-0 12 0-730 61-8 1723
3882 |Crown (e)......... 98 142 172 267 329 387 430 96-5 22 0-746 57-7 1727
3883 |Aviation (e)....... 105 155 176 225 265 332 392 97-1 4 0-723 63-6 1545
3884 |Peerless (d)....... 104 151 172 221 260 317 380 97-2 5 0-719 647 1501
3885 Super Power (d)... 106 165 194 261 303 361 407 97-5 12 0-747 57-5 1691
3886 Super Quality (¢).. 92 133 159 239 291 356 400 96-5 14 0-729 62-0 1578
3887 |Frontenac (7)...... 94 144 176 269 330 389 430 96-5 25 0-749 57-0 1738
3919  |Marathon (h)...... 103 159 183 239 277 336 401 97-2 4 0-727 62-7 1595
3920 \Ethyl (a)......... 103 160 185 243 281 332 375 97-2 15 0-745 57-9 1576

3921 |High Compression
17 91 140 167 231 270 322 372 97-1 3 0-718 65-0 1502
Average......... 103 155 183 250 295 354 403 97-0 15 0-737 60-0 1641
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TORONTO, ONT.

3837 |Premier (a)....... s | 11| 200] 269| s11| 364 207 97-5 19| 0-7148 57-1 1722
3338 |Sunoco (g).. 10| 103| 21| 2rel 82| 881 495 97-2 a1 0763 53-5 1826
3339 |Pecrless (4 o7 | 140| 177| 230| 286| 352 390 96-3 4| o724 63-3 1503
3840 [Crystal....... 18| 18| =217| 29| s18| 370 418 W74 6| 0-745 58-0 1783
3841 |White Bose (b)....| 106| 164| 194| 266| 306 | 369 431 97.3 25|  0-736 60-3 1730
3542 |Perfoction (1)......| 110| 15 | 176| 23| 265| 341 308 975 20| 0.7 63-2 1553
3843  |Shell Aviation. (¢)] 105 | 160| 181| 230 | 264| 316 367 7.5 2| 0723 63-6 1518
3344  [HiTost (h)........ 105| 54| 181| 22| 81| 342 393 97-1 4| 0723 63-6 1593

Average.........| 11| 1e7| 193] 253) 205| 354 404 o7-3 15| 0-736 60-3 1666

LONDON, ONT

3825  |Shell (e).......... 10| 170| 205| 24| 31| 398 433 97-3 5| o743 5.4 1809
3826 [White Rose (b)....| 119| 17s| 197| 24| 312| 365 416 97.5 33| 0-740 59-2 1742
3397  |White Mule (r)....| 121| 18| =211| 270| 811| 367 419 97-8 39| 0-742 58.6 1764
3828 |High Test (m). los| 153! 176 238 282 | 342 306 97-8 15  0-724 63-3 1587
3320  |Super Test (k) 19| 187| 21| 90| s11| 362 416 97-7 7| 0743 5.4 1757
3330 [Promier (a).......| 110| 168| 193| 271| 30| 364 414 97-5 3| 0730 59-3 1720
3831 |Marathon (h)...... 0a| 47| 10| 22r| 2| sm 433 96-5 el o 64-3 1633
3332 |British Motor (4).| 110| 1r0| 15| 22| 812 | 368 413 97-5 38| 0-7¢0 59-3 1730

Average.........| 118| 170| 195| 262| 306| 367 418 7.5 28|  0-737 60+1 1718

WINNIPEG, MAN.

3356 |White Rose (b). 08| 156| 187| 255 2091 806 420 g7-1 31|  0-733 61-0 1683
3357 |Radio (s).........| 114| 160] 185| 245| 202 351 406 93-0 1] 0730 61-9 1639
3858  |Premier (a)....... 10s| 165| 1es| o2v3| 31| 365 420 98-0 45| 0740 50-2 1732
3359 |Red Star (n).....| 114| 159| 183| 246| 289| 350 413 98-0 19| 0727 62-6 1640
3360 |Lightning (s)...... 02| 148| 17| 245| 296 356 416 97-8 20| 0728 62-3 1635
3361 |British Motor (4).| 111| 171| 204| 270| 312| 368 417 97.9 “| 0740 59-1 1742

Avera.ge...“.«..l 109 i 160 | 256 | 300 | 859 415 97.3 | 30 | 0-733 61-1 1679

189 &
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TABLEZXXVI—Concluded
Results of Analyses—Concluded

Distillation Range Todi Soedifi Tndex
odine pecific| o
Lab. No. Brand 1st 109, | 20% 50% | 70% 90% End Recov- | value | gravity Be nuor%p et
drop °F. °F. °F, °F. °F point ery :
° T, °F.
REGINA, SASK.

3852  |Peerless (d) 111 162 186 248 288 344 404 97-8 19 0-732 61-2 1632
3853 |Premier (a)... 120 182 210 267 306 333 396 97-7 32 0-740 59-1 1714
3854 |Red Star (n) 108 160 186 251 292 353 407 97-6 29 0-729 62-0 1649
3855 |{White Rose (b).... 96 160 189 264 306 364 424 97-7 33 0-737 59-9 1707

Average......... 109 166 193 258 298 354 408 97-7 28 0-735 60-6 1677

CALGARY, ALTA.

3863 |Sunshine (0)....... 116 179 208 286 340 416 469 97-6 6 0-748 57-1 1898
3564 |Union (q) 110 175 201 254 296 363 421 98-0 8 0-751 56-3 1710
3865 |Premier (a)....... 110 166 192 263 307 365 408 97-6 44 0-736 60-2 1701
3866 |Royal (n) 114 176 208 281 326 376 404 97-2 42 0-745 58-0 1771 .

Average......... 113 174 202 271 317 380 426 97-6 25 0-745 57-9 1770

EDMONTON, ALTA.

3867 |British Motor (d). 111 169 198 270 317 373 412 97-5 40 0-741 '58-9 1749
3868 |Premier (a)....... 122 179 204 281 326 376 412 97-3 45 0-745 57-9 1778
3869 |North Star (n).... 98 141 166 235 290 364 408 96-7 33 0-723 63-7 1604
3870 (White Rose (b).... 113 169 198 275 321 378 416 97-2 43 0-742 58-7 1757

Average......... 111 165 192 265 314 373 412 97-2 40 0-738 59-8 1721

06
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VANCOUVER, B.C.

3848  |Premier (a). 121 187 210 268 312 376 430 97-4 14 0-756 55-3 1783
3849 [General (p) 115 179 209 268 311 373 420 97-3 6 0-759 54-5 1760
3850  |Shell (e).. 115 174 206 274 323 383 430 97-6 5 0-754 55-6 1790
3851 |Union (q). 99 153 187 260 306 376 430 96-5 6 0-748 57-2 1712

Average......... 113 173 208 268 313 377 428 97-2 8 0-754 55-7 1762

VICTORIA, B.C.

3873 |Shell(e).......... 107 172 203 274 324 387 435 97-2 9 0-754 55-7 1795
3874 Temier (a)....... 121 181 205 301 354 354 406 97-8 33 0-749 56-9 1709
3875 |Union (g)......... 91 140 174 258 311 386 430 96-0 10 0-740 59-2 1699

Average......... 106 164 194 265 312 376 424 97-0 17 0-748 57-3 1735

(a) Imperial Qil Company, Limited.
Canadian Oil Companies, Limited.
(c) Canadian Independent Oil Limited.

(d) British American Oil Company, Limited.

(e) Shell Oil Company, Limited.

(f) Tidioute Refining Company, Limited.
(g) Sun Qil Company, Iimite

(k) McColl Brothers, Limited.

(:) Capital City Qil Compa.ny, Limited.
(7) Frontenac Oil Company.

(k) Supertest of London Limited.

(1) Perfectxon Petroleum Company, Limited.

{m)J.

T. Hayes.
(n) North Star 01 Company, Limited.
(o) Alberta Refining Company, Limited.

(p) General Qil Company, Limited.
{g) Union Oil Company, Limited.
(r) Western Oil Company.
{s) Pure Qil Company, Minneapolis.
(t) Supertest Company of Ottawa.

16



Average Results of Analyses by Cities

TABLE XXVII

Distillation Range Ind
s e Todine | Specific ox
District 1st End ry number
10 20 50! 70 s cov- value Vi °
érﬁp ° ;_;Z‘f r) :g‘:’ o}?“% 5 1?1‘? %0];7\? pno?t R‘;ry e gravity F.
Halifax, N.S...... ... 121 183 209 265 300 357 412 97-6 36 0-745 1726
Montreal, Que. . 107 157 181 245 289 348 401 97-8 16 0-736 1621
Quebec, Que.... 108 160 186 251 294 354 402 97-7 16 0-737 1647
London, Ont.. 113 170 195 262 306 367 418 97-5 28 0-737 1718
St. John, N.B. 123 177 202 254 291 348 404 97-6 30 0-741 1676
Toronto, Ont. 111 167 193 253 295 354 404 97-3 15 0-736 1666
Vancouver, B. 113 173 203 268 313 377 428 97-2 8 0-754 1762
Regina, Sask. 109 166 193 258 298 354 408 97-7 28 0-733 1677
Winnipeg, Man 109 160 189 256 300 359 415 97-8 30 0-733 1673
Calgary, Alberta. 113 174 202 271 317 380 426 97-6 25 0-745 1770
Edmonton, Alberta. 111 165 192 265 314 373 412 97-2 40 0-738 1721
Victoria, B.C......... PO 106 164 194 265 312 376 424 97-0 17 0-748 1735
Ottawa, Onbueeeeeieneieneeennenannnns. 103 135 183 250 295 355 403 97-0 15 0-737 1641
Average®.....oieiiinininnnnn. 110 164 191 256 300 360 410 97-4 21 0-739 1881

*This is average value for all the samples tested.

G6
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COMPARISON OF RESULTS

It is interesting to compare the foregoing figures with others obtained in
somewhat the same way. Table XXVIII gives the average results of 83
samples collected in Canada, presumably in 1916, and reported by the
laboratories of the Department of Inland Revenue!; the average of 48
samples collected in Canada during 1923%; the average of 59 samples
collected during 1924%; the average of 73 samples collected during 1925¢;
the average of 76 samples collected in 1926; the average of 128 samples
collected 1n United States during July, 1926, and reported by U.S. Bureau
of Mines®; and the essential features of the specification of motor gasoline
adopted by the Specification Board of the United States® for the use of the
various departments and independent establishments of the United States
Government. It will be observed that the gasoline sold in Canada during
the present year shows an average of distinetly good quality when judged
by the distillation range which is the ordinarily accepted standard.

TABLE XXVIII
Average Results for Comparison

Distillation Range o 2 g

3] 1) U-B [

— 18t End| 2 | 32|49 Ao

drop| 10% | 20% | 50% | 70% | 90% [point| § |2 [ 88 | 2%

O, [ (oW, |°F. ok |°F.[°F | B |8 |[&° |5
Canada, 1016...0.00rrrenensoss 125 | 170 |-102 | 237 | 270 | 330 | 380 | ... .. 17 | 0782 1679
* Canada, 1928..... ... . 000 120 | 170 | 103 | 255 | 206 | 358 | 423 | 67:1| 19| 0.737] 1695
Cenada, 1924, 0000 118 | 173 | 105 | 249 | 288 | 347 | 410 [ 97.4 | 181 0.738| 1862
Conada, 1026, 10 rrenenenennn 116 | 174 | 100 | 258 | 209 | 350 | 412 | 97-0 | 18| 0.730| 1701
Canada, 1026, ... overrsoniin, 110 | 164 | 101 | 256 | 300 | 360 | 410 | 97-4 | 21| 0.730| 1681
United States, July, 1926....... 100]..... 194 | 266 |..... 382 | 421 | 06.7 |...7". 0-750].. ...
U.8. Federal Specification. . ... 131 ... 21 | 284 |.000 302 | 487 |......0..o. Lo

In order to estimate the variations in quality of the gasoline being
sold, the average of the 8 samples (approximately 10 per cent of the total
76 samples) having the highest end point, and the average of the 8 samples
having the lowest end point was obtained, as shown in Table XXIX and
Table XXX.

TABLE XXIX
Ten per cent of Samples Having Maximum End Points

Distillation Range 2 2| 4.

g | a8 |gE| i

Laboratory No. dlst 10% | 2090 | 5095 | 709z | 902z End g g.g 98 ;o{a

Ch e K A A K o I A el -
B808..eriiiiniiiieiranraiiinas 116 | 170 | 208 | 286 | 340 | 416 | 460 | 97-6 6| 0-748 1808
8878, euisiieaininseiiienioieans 107 | 172 | 208 | 274 | 324 | 387 | 435 | 97-2 9] 0-754| 1796
2213 R 102 | 1556 | 187 | 262 | 309 | 376 | 434 | 97-0 12 | 0-7300 17238
388luueiiivicnnniransinieniones 104 | 147 | 170 | 227 | 282 | 874 | 433 | 96-5 41 0-7211 1683
B84L. . . iiiieiienenrintianiianas 106 | 164 | 194 | 266 | 306 | 369 | 431 | 97-3 25 | 0-736] 1730
3887 s ianieirririarteniiiaaas 94 [ 144 | 176 | 260 | 330 | 339 | 430 | 96-5 26 | 0-749| 1788
3882 ittt inceniiiraa i 98 | 142§ 172 | 267 | 329 | 387 | 430 | 96-5 22 | 0-746] 1727
F3 5 £ TS 91 | 140 | 174 | 258 | 311 | 386 | 430 | 96-0 10 | 0-740, 1699
Average......oe... 102 | 166 | 186 | 264 | 316 | 386 | 437 | 96-8 141 0-741) 1744

1 Department of Inland Revenue, Canada, Bulletin 362, **Gasoline’’.

2 Mines Branch, Dept. of Mines, Canada, Invest. of Fuels and Fuel Testing, 1923,
3 Mines Branch, Dept. of Mines, Canada, Invest. of Fuels and Fuel Testing, 1924,
4 Mines Branch, Dept. of Mines, Canada, Invest. of Fuels and Fuel Testing, 1925,
5 1J.S. Bureau of Mines, Report of Investigations, Serial No. 2636,

¢ U.S. Bureau of Mines, Technical Paper 323A.

52980—7%
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TABLE XXX

Ten per cent of Samples Having Minimum End Points

Distillation Range & S %'H
2
Laboratory No. ésf; End %’ 2% ‘é [ ﬁé
n g | &

grom) 107 20% | S0% | 10% | 9% wolnt) ¢ | B | &b =g
149 | 177 | 239 | 286 | 352 | 390 | 96-8 41 0.724) 1593
150 ) 175 | 234 | 275 | 827 | 385 | 98-0 41 0.723 1546
165 | 174 | 219 | 260 | 323 | 383 | 97-3 61 0.721 1514
151 | 172 | 221 | 260 | 317 | 380 | 97.2 51 0.719] 1501
155 | 177 | 226 | 259 | 318 | 376 | 97.4 6| 0-724[ 1511
160 | 185{ 243 | 281 | 332 | 875 | 97-2 15 | 0.745] 1576
140 | 167 | 231 | 270 | 322 | 372 | 97-1 3{ 0-718] 1502
160 | 181 | 280 | 264 | 316 | 367 | 97-5 2] 0723 1518
153 | 176 | 230 | 269 | 326 | 379 { 973 6] 0-725[ 1533

Table XXXI shows the difference between the average end points of
the maximum 10 per cent and minimum 10 per cent of samples collected in
Canada in 1916, in 1923, in 1924, in 1925 and 1926, together with similar
figures obtained by the Bureau of Minds® in the United States for the
years 1923, 1924, and 1925. The difference between the two averages may
be accepted for the purpose of comparison, as a measure of the variation
in quality. It will be observed that in 1926 the variation in quality was
less than that obtained in the survey of 1925.

TABLE XXXI

Difference Between Maximum and Minimum End Points

Canada United States
- Aug., | Aug., | Aug., | Aug., | July, | July, [ July,
1916 1923 1924 1925 1926 1923 1924 1925
°F. °F. °F. °F. °TF. °T. °F. °F.
Maximum 10 per cent....... 432 446 459 458 437 471 457 458
Minimum 10 per cent....... 322 381 358 366 379 400 396 399
Difference.......... 110 65 101 92 58 71 61 59

1 Mines Branch, Dept. of Mines, Canada, Invest. of Fuels and Fuel Tosting, 1923,
2 U.S. Bureau of Mines, Report of Investigations, Serial No. 2740.






II

REPORT OF EXPERIMENTS ON THE DEHYDRATION OF
BITUMEN EMULSION FROM ALBERTA BITUMINOUS SANDS

P. V. Rosewarne and G. P. Connell

Dehydration experiments were carried out on a sample of “separated”
bitumen supplied by Dr. K. A. Clark of the Research Council of Alberta.
This bitumen had been obtained from the natural bituminous sands by
the hot-water, sodium-silicate method in his separation plant at Edmonton,
and contained a fairly large proportion of water in the form of a stubborn
emulsion. Although the bitumen may be used satisfactorily in certain
commercial refining processes without preliminary treatment, it is neces-
sary to dehydrate such emulsions in order to obtain quantities of the -
water-free bitumen for examination in the laboratory and for other
purposes. Similar emulsions of erude petroleums and other oils also give
trouble when distilled in the ordinary way and in this respect the results
of the experiments reported here should be of value for oil-water emulsions
in general.

Examination of the separated bitumen in the barrel, some time after
receiving the sample, showed that considerable water had collected on the
surface. A sample taken after pouring off this water had the following
approximate composition:—

Bitumen (Water-fTee)....o.vveueiirriierenerneeneeneernnsrossnnees 677 per cent,
7 R 280
Mineral Mabter. . ouiei v e ettt ieiie it ene e eaenn 4.3

This analysis it will be noticed agreed only roughly with the analyses of
several samples of separated bitumen reported: by Clark and Blair, the
water content of which varied from slightly less than 20 per cent to over
30 per cent, the lowest mineral matter content being less than 8 per cent.

DETERMINATION OF WATER CONTENT AND MINERAL MATTER

The water content of the bitumen was determined according to A.S.
T.M., D. 95-24, viz., “Standard Method of Test for Water in Petroleum
Products and other Rituminous Materials’’,? using toluene as the solvent.
Heat was supplied by an electric heater fitted with a rheostat for controlling
the current. In this method the condensed water and toluene drops into the
graduated receiver at the bottom of the condenser, the water settling to
the bottom and the toluene overflowing and running back into the distil-
lation flask. A sharply defined meniscus indicates the amount of water
distilled from the sample of wet bitumen.

1 Sixth Annual Reg’ort of the Soientific and Industrial Research Council of Alberta, 1925, p. 47.

2The glass part of the apparatus was as shown in A.S.T.M., D. 05-24, and the electric heater wasa Precision
type, as illustrated in cut 11-425, Fisher Scientific Company catalogue.
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The results of five determinations of water in the bitumen from the
stock barrel were as follows:—

Weight Water
Test of sample Water in bitumen
grammes c.c. per cent
A 24-9 7:10 285
P 28-7 8-15 28-4
- 2 23-9 6-15 257
T 29-5 7-90 26-8 .
B i e e e e i e 29-6 8-10 27-4

The mineral matter was determined by burning to constant weight a
sample of bitumen, water-free by the above method, and calculating the
percentage. The percentage of bitumen was obtained by difference.

SMALL LABORATORY-SCALE DEHYDRATION EXPERIMENTS

The water content of a bitumen emulsion is difficult to remove, due
partly to the viscosity of the tar, partly to the small difference in specific
gravity between the water and the tar, and partly to the remarkable celerity
with which the material boils over even when heated most cautiously.
Dilution with large quantities of benzene or toluene and subsequent
distillation was tried and found satisfactory for laboratory determinations
when the distillation was carefully performed, but this method required
too much time when fairly large quantities of bitumen were desired. It
was further unsatisfactory due to the inflammability of the benzene and
toluene vapours. Experiments in which carbon tetrachloride was substi-
tuted for benzene and toluene likewise gave unsatisfactory results. By
repeated treatment it was possible to reach a point where no water came
over with the carbon tetrachloride, but when an attempt was made to
raise the temperature of the residual material above the boiling point of
water the whole mass foamed over. Furthermore, the use of carbon tetra-
chloride was unsatisfactory due to its decomposition and the formation of
hydrochlorice acid with its excessively corrosive properties.

The effect of allowing the material to flow on to a hot surface
in an enclosed space, sufficiently large to permit of the bitumen foaming
without overflowing, was next tried. The apparatus shown in Figure 12
was procured and set up. This apparatus consisted essentially of a 5-litre
pyrex flask of the shape shown and a special short still-head, carrying a
copper funnel with a long stem of large bore.

The flask was placed on a sand bath and was heated over an ordinary
gas hot-plate. The still-head was made with the vertical part as large as
could be conveniently inserted into the neck of the flask. The still-head
was attached to the flask by means of a fitted cork. With the aid of tin
foil and asbestos rope packing little difficulty was experienced in obtaining
a reasonably tight joint. A special short-necked flask with a side arm
fused in would probably be more durable and therefore more satisfactory
in some respects. The funnel was seven inches in diameter having a long
and cylindrical stem of sufficient diameter to leave a small concentric space
between the outside of the stem and the inside of the vertical member of
the still-head. It was attached to the still-head in the same manner that
the latter was fastened into the flask. The funnel was pushed down until
the lower end of the stem projected below the lower end of the still-head.
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The funnel was made of heavy gauge sheet copper so that it would readily
conduct heat down the stem. The upper part of the funnel was heated
with an ordinary laboratory gas-ring so that the contained bitumen would
flow more readily. It was necessary to maintain the temperature well
below that of boiling water in order to avoid danger of frothing. A thermo-
meter served to indicate the temperature. The upper end of the stem was
closed with a valve made of a piece of glass tubing drawn to a short taper,
and left long enough to extend well above the upper edge of the funnel, where
it was held in position by a burette clamp. By means of this valve the
flow of bitumen could be regulated as desired. The lower tip of the glass

THERMOMETER

JL GLASS STOPPER
j&vf’f’ﬂ? FUNNEL

—1GAS RING

L

SPIRAL s
CONDENSER

THERAMOMETER
SAND BATN

357;_&15 srove
A

Tigure 12. Small laboratory-scale dehydration apparatus for experiments
on bitumen from Alberta bituminous sands.

valve was cut off, leaving an opening of about three-eighths of an inch in
diameter through which a special long-stemmed thermometer was passed
down until the thermometer bulb was about one inch from the bottom of
the flask. It was supported in position by a cork at the upper end of the
glass tube. This thermometer indicated the temperature of the hot bitu-
men within the flask. The vapours given off were led through the side arm
of the still-head into a condenser and thence to a receiver. A gentle suction
was maintained on the apparatus to avoid fumes. A meter and an activated
charcoal absorption tube was used as a check on the loss of light oil con-
stituents. Negative results were obtained on subsequent treatment of the
charcoal and it was accordingly assumed that the loss of oil was negligible.
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In operation the wet bitumen was charged into the funnel with the
glass valve closed, and warmed with a low flame from the gas-ring until
its temperature was about 60° C. The 5-litre flask was heated until the
air within it was about 135° C. The glass valve was then raised slightly
and the warm bitumen allowed to flow slowly down the funnel stem into
the flask. The wet bitumen frothed as it came in contact with the hot
bottom of the flask but soon subsided as the water was driven off. As
soon as it was free from water its temperature rose and the bitumen itself
provided a hot surface for the incoming wet material. The rate of feeding
and the temperature of the contents of the 5-litre flask were so regulated
as to keep a layer of frothing bitumen about 2% to 3 inches deep on the dry
liquid bitumen on the bottom of the flask. By regulating in this way
the water was readily distilled over and a minimum of oil was carried over
with it. The operation was continued until the flask was over one-half full
of dry bitumen. The hot bitumen was then poured into suitable receptacles.

The operation was performed on a quantitative basis by weighing the
bitumen charged to the funnel and weighing or measuring the- product.
The bitumen so obtained was tested for water content by the stan-
dard method and found to contain practically no water. A slight
milkiness in the first runnings of the toluene was noticed but as no drops
of water separated on standing, the water content of the dehydrated
bitumen was considered to be nil. Four experimental runs or tests were
made, in all of which (with one exception) no serious trouble was experienced
from frothing. The data sheet of a typical run is shown below. A summary
of the results and a weight balance of the products obtained in four experi-
mental runs are given in Tables XXXII and XXXIII.

Run No. 3
Tergl]lzemture Gas Meter T;axlt)lpemture
: -litre of bitumen
Date and time flagk Reading, |Temperature fed Remarks
°C. cubic feet °F °C.
135 37-937 Start.
170 37.987
123 38-000 83
106 38-007 83
104 38-010 83 40
106 38011 84 45
106 38-012 84 50
108 38-015 85 58
105 38-018 86 64
105 38-020 87 66
103 38-023 87 62
102 38-026 88 58
102 38-027 88 Finished
110 38-029 87 feeding
205 38029 88 tar.
223
Total bitumen emulsion charged............ccovivirvnrennnnnn. 1091.0 grammes
Total bitumen recovered..............covvvvinns.n. PPN 654-5 “
Bitumen remaining in apparatus.........oco it irninneaanns 85-5 «
Total water and oil distillate, . 335-0 “
Light oil recovered............. 22-5 “

Water by difference...........ooivviiiniiivnnnivnrnvinnninn. 312:5 “
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TABLE XXXII
Summary of the Results Obtained in the Small Laboratory-scale Dehydraﬂon
Experiments
Runs
—_— Run Run Nos. 1 Run Run
No. 1 No. 2 and 2 No. 3 No. 4
grms. grms, grms, £rms. grms,
Bitumen emulsion charged...........ocove. 1,083-0 983-5 | 2,067-0) 1,091-0 1,211-5
Products Obtained—
Dehydrated bitumen recovered......... 598-5 5800 - 654-5 740-0
Bitumen left in apparatus........ 152-5 87-6 - 85+3 111.5
Water and oil distillate..... 201-5 208-7 590-3 335-1 341-8
Lightoil.....ooviiiiiiiiiniiinnnns N - - 268 227 9.2
Water, by difference.v.cevvieereeneran. - - 563 312-4 332-6
Gas (calculated weight)w.vivrieiiaiianen - 1.9 - 2.2 5.4
Loss, by difference..cc.c.cveieenivsennses 41-0 15-4 - 139 129
TABLE XXXIII

Weight Balance (Small Laboratory-scale Experiments)

(Producis as a percenlage of the bitumen emulston charged)

Runs Runs
_ Nos. 1 Nos. 2 Run
and 2 and 3 No. 4
Dehydrated bitumen,..oovuiiieriiiiiiiiiiiniieiacnenenns 686 67-8 70-3
Light oils (Water-free)..c...ve i iiririerienririenesceronnies 1.3 2-1 0-8
1= 273 286 27-4
Gas and 1oss, by difference....veveiiiieiieiiiiirienseiens 2-8 1.5 1.5

LARGE LABORATORY-SCALE DEHYDRATION EXPERIMENTS

In order to check the results on a larger scale and to obtain a quantity
of dehydrated bitumen, larger equipment was designed and built, the
operation of which was continuous. This apparatus, as shown in Plate IV,
consisted of two steel receptacles, one 3 inches high and 18 inches in diam-
eter, the other 16 inches high and 16 inches in diameter; the latter being
inverted and placed within the former. Lead was melted and poured in
the lower receptacle to a depth of three-quarters of an inch to act as a
seal between the two parts. Openings were provided for the admission
of the wet bitumen, for the removal of the water vapour and of the de-
hydrated bitumen, and for the insertion of a thermometer to indicate the
vapour temperature, and for a pyrometer to indicate the temperature of
the bottom of the retort. The retort was heated with four gas burners
such as are used on ordinary household gas ranges.
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The method of operation was ag follows: the bottom of the retort
was heated until the lead had melted; wet bitumen was charged into the
funnel, A, and warmed to about 60 or 70° C. by means of the burner, B;
the valve, C, was opened slightly to allow a small trickle of bitumen to fall
on the molten lead within the retort; it frothed up and the contained
water was quickly vaporized; the water vapour (and some light oil) passed
up through the vapour outlet, D, to the condenser, E, the condensate
from which was collected in the receiver, F; the bitumen gradually flowed
across the surface of the lead in the retort and emerged quite dry irom the
outlet, G, placed at the opposite side to that at which the wet bitumen
entered. A small current of air was drawn up through the retort, the
vapour outlet tube and condenser by a pump not shown in Plate IV.
This served the double purpose of cooling the outflowing hot bitumen and
of aiding in the rapid removal of water vapour from the retort. The rate
at which the wet bitumen was fed into the retort was adjusted so that the
water was entirely removed by the time the bitumen reached the outlet.
Too rapid a rate was indicated promptly by a frothing product. Too slow
a rate resulted in a high percentage of oil distillate being recovered with the
water in receiver F.

With the apparatus described above 10 gallons of water-free bitumen
were obtained in a short time. The products obtained were:—

a. Dry bitumen.
b. Light oil distillate.

¢. Water.
d. A residue on the surface of the lead at the conclusion of the run.

The results of the analyses of these four products were as follows:—

(a) Analysis of Bitumen

none
36 per“cent

1.061 “

(b) Analysis of Light Oil Distillate

Specific gravity ab 60° .. ittt i 0-915
BB s e 2 T S 23

Distillation range, Engler method

Volume of sample used....100 c.c.

oL 2 2 A 380
Bnd point™ . . ovie it e i e i e

RECOVETY, ittt ittt it et i tiiaeestiesieeiaenarenasrienas 97-5 c.c.
(010). G T3 e 11T S 0-81 p.c. by weight

*Cracking occurred before end point was reached.

\\‘I
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Distillation range, Hempel Method*

Volume of sample used...... 300 c.c.
Vol.of | Per Sum. Sp. Deg.’ Temper-
Temge(r)ature Dist. | cent per Gr. Bé. ature
: ¢.c. cut cent cut cut °F,
Distillation at 758 mm. pressure.
At 97—lst, drop
.......................... 32-167
75—100 ............................. 167-212
100125, ciiciviiic o e 212-257
125-150. ..o iiivineioveeniii i oo 257-302
150175, oo o 302-347
175-200.........0000ee e 1.0 347-392
200-225. ..., 4.0 392-437
225-250.. ... iiiininn 11-8 437-482
250-275.....c0iiiiiann 13-3 482-527
Distillation of residue at 40 mm.
83 27.7 32-392
54 18:0 392-437
34. 11-3 437-482
14-5 4.8 482-527
16 5.3 527-572

*In this method the procedure adopted was that recommended by U.S. Bureau of Mines, as outlined in their

Bulletin No. 207 *‘Analytical

Total solids at 105° C............. e i et 0-04 percent
Solids after ignitlon. ... ..vviriiiriiiiiii ittt ee et 0-007 «
Silicg...vveeennnn. 0-0008 per cent
Ferricoxide)..ovviiiriirviiiii i iiinees 0-0015 ¢
Alumina. ...
Caleium oxide. ... .ooviviiirvieiineneannns 0-0004 ¢
Sulphur trioxide.....oovviviiiiiiiiiiieiiaen, 0-0036 ¢
Total.iiiiiiiiiiiiiiiiiiieiiirnes 0-0063
Volatile matter. ... .ooiriiiiriiiiieiiiiiiieeeiiieenienanaanacnnn 405 per cent
Fixed carbon (by diff. ) 9.9
Mineral Mabter. ..ottt it i i i, 9.6 «

Distillation of Petroleum,”

(¢) Analysis of Water

Several batch runs were also made in the apparatus by closing the
outlet, G, on the inside with a steel ball attached to a rod, one end of

which projected above the retort through a stuffing box.

This arrange-

ment permitted the outlet to be opened easily while the bitumen was still
hot and gave absolutely no trouble from clogging. The procedure was
much the same as when the 5-litre glass flask was used, but permitted a
larger quantity to be handled and avoided the danger of handling the

large flask containing hot bitumen.

four such runs are given in Tables XXXIV and XXXV,

A summary and weight balance of
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TABLE XXXIV

Summary of the Results Obtained in Batch Runs in the Large Laboratory-scale
Dehydration Experiments

Run Run Run Run

No. 1 No. 2 No. 3 No. 4
Total bitumen charged....................... grammes| 4,488 5,641 5,043 5,726

Products Obtained—

Dehydrated bitumen recovered............ “ 2,227 3,170 3,034 3,242
Residue left in apparatus...... .. 365 459 410 466
Total distillate...... . 1,512 1,087 1,512 1,049
Light oils recovered “ 309 422 137 158
Water by difference... “ 1,203 1,565 1,375 1,701
Gas and loss, by differenc “ 384 65 87 89

TABLE XXXV
Weight Balance (Large Laboratory-scale Experiments)

Run Run Run Run
No. 1 No. 2 No. 3 No. 4

Dehydrated bitumen recovered®..............covvven. 49-6 55-2 60-2 56-6
Residue in dehydrator,.....ocovvvvinevienennnnennnns. 8-1) 8-1) 81 8-1)
Light oils (Water-iree)....ccovvvvvivinrnrenennensnennss 6-9 75 2.7 2.8
B 26-8 277 27-3 31:8
Gas and loss, by difference. ....co.eevevrveverionerninns 8-6 1.5 1.7 1.2

*Products as a percentage of the bitumen emulsion charged.

SUMMARY

1. A method of procedure is given which was found satisfactory for
dehydrating, by means of heat, a very stubborn emulsion of water in
bitumen.

2. The results of the analyses of the bitumen, both before and after
treatment, have been given, together with the methods used for determin-
ing the various constituents.

3. Suitable apparatus for large-scale laboratory work, using an inter-
mittent method of operation, and also for semi-commercial scale work,
using both an intermittent and a continuous method of operation has been
described and illustrated.

4. Data are given from typical runs when the above methods of
operation were used.

5. The apparatus and method will probably be found suitable, with
minor modifications, for similar operations under many widely differing
circumstances and for a wide range of materials.

o d
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OIL SHALE FROM ROSEVALE, NEW BRUNSWICK

A. A. Swinnerton

In the early part of August, 1925, the writer was sent to the
Maritime Provinees in order to obtain a sample of oil shale of good quality
for technical-scale testing.

The oil shale selected was from an old tunnel working situated on the
farm of H. Stevens, north of his house and about a quarter of a mile east
of Rosevale. The tunnel, which had been driven into the bed for 60 to
70.feet with a dip of 20 degrees, was started in 1861-62 and small quantities
of shale had been taken out from time to time, the last occasion being about
1912,

The Albert Series, in which the oil shales occur, outcrops in the Balti-
more area, at Rosevale (39 miles from Moncton), in an east and west belt
about three miles long and one-quarter mile wide. The base and southern
limit of the series lies along the foot of Caledonia mountain, and from
there the beds dip to the north at regular angles of from 20 to 30 degrees.
About 500 feet (vertical thickness) of the beds are exposed, and the re-
mainder i3 concealed under almost flat-lying, younger formations to the
north, east, and west. Most of the beds in this belt are bituminous, but
there are three zones, 30 to 50 feet thick, richer than the others, that stand
up as low ridges and can be followed along the strike for at least 4,000 feet.
Throughout the remaining two miles of the belt there are beds of rich
shale which are probably continuations of the zones mentioned above, but
this has not yet been proved.

At several points along the strike of each of the zones there is at
least.one very rich bed, 3 to 7 feet thick. One bed in each of the two
upper zones has been proved, locally, by slopes and tunnels, and a 50-ton
sample of the upper bed was sent to Scotland in 1908 and retorted by the
Pumpherston Oil Company.!

Mining

After the tunnel had been cleared of considerable accumulated rubbish
the shale was broken down by blasting. It was necessary to board up the
sides of the old tunnel to keep the sled on which the shale was drawn out
from fouling the sides. A loading-platform was also built. As mined, the
shale was loaded directly onto wagons, hauled 9 miles to Baltimore station,
and shipped to Ottawa. The shipment weighed approximately 264 tons,
and consisted mostly of large, rectangular lumps, 1 to 2 feet long.

1 Wright, W.J.: “Geology of the Monoton Map-area”; QGeol. Surv., Canada, Mem. 129, pp. 49-50.
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Two samples of the shale as mined and one of the shipment were
taken, viz., (1) a channel sample off the face at the beginning of the oper-
ations, (2) a sample during the early part of the loading, and (3) a com-
posite sample as unloaded at Ottawa. Part of sample (1) and sample (2)
were examined on the spot in a small field-assay retorting apparatus.
Sample (3) and the remainder of sample (1) were subsequently examined
in the Fuel Testing Laboratories according to the (large assay retort) stan-
dard distillation method. The results of the analyses were as follows:—

{1 9 3
Channel sample Sl(w?le c ons ) |
posite
from face sampled sample
— . . uring as
Exati?lmed Exatix;xlmed early part | unloaded
fald laboratory of loading | No. 3240
Shale oil ater—iree) ....... per cent by weight b7 25 N PR 154
Aqueous distillate. . “ . 32
LY RN « 8.9
Spent Bhale ................. “ 726
Crude shale oil—
Specific gravity at 60° F......oovvveviinii]iiiinnnns,., L2 7{1] P, 0-885
Imperial gals, Por t0N.eeuvvevrevnvrnrerarens 33 347 31 34.7
Gag, cubic feet Per t0M.eve.sevveeeeeirvncnearns]eervovennnns 4,700 [vveevrrnoens 2,330

When freshly mined, the ghale was dull black in colour and became
brownish on exposure to the air. Chips or flakes of the shale when heated
by the flame of a match showed appreciable signs of oil which ignited and
burned Wlth a luminous flame. This, along with the results of the exam-
ination in the field-assay retort, indicated that the shale mined was of a
consistently high quality. Only approximate results were obtained from
the retorting in the field owing to the lack of proper facilities for erushing
the shale and for controlling the rate of heating the retort. Oil yields
varying from plus or minus 1 per cent of the weight of the shale equal

2 Imperial gallons or so per ton were expected. With this in view,
the fact that all four samples showed yields of over 30 gallons per ton,
and that the oil yield from the composite sample as unloaded was, as
reported in the above table, the same as the yield from the channel sample,
showed that the bed mined and the carload shipped were of uniform
composition.

Acknowledgment is due to Mr. Mathew Lodge of Moncton, N.B.,
for his advice and hearty co-operation in locating and mining the shale
and to A. O. Hayes, of the Geological Survey, for his assistance in ta,kmg
the channel sample during his official inspection of the location.
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REPORT ON THE PRITCHARD PROCESS FOR THE DISTILLA-
TION OF OIL SHALE

R. E. Gilmore and A. A. Swinnerton

The main feature of the Pritchard process is the recirculation of the
uncondensed gases through the charge, and, according to the patent!
specifications, relates to the distillation of wood and other substances,
having for its object the equalization of the heat throughout the mass of
material being treated. It is also known as the Whitaker-Pritchard pro-
cess, and is further described? as a “process whereby destructive distillation
may be carried on under definite control”; reference being made to the
distillation of organic materials such as wood, coal, shale, and industrial
waste. The purpose of circulating the uncondensed gases is to ‘“distribute
the heat units through the mass’’ and to act “as a scavenger and carry out
the vapours as rapidly as is desired.” Reduction of the time of distillation,
increased yields, improvement of quality of the distillates, and smaller
refining losses are claimed. Results of tests on wood, cannel coal, and
bituminous sands are available,® but apparently, as yet, none on oil shale.
This report, as the title indicates, has to do with the retorting of Canadian
oil shale by the Pritchard process.

The series of tests on oil shale reported here were conducted in Septem-
ber, 1925, in the technical-scale experimental plant of the Pritchard Pro-
cess Co., Toronto, Ontario. Mr. Glad Thompson, Technical Engineer for
the Pritchard Process Co., bad immediate charge of the operation of the
plant during the tests, under the constant observation and active assistance
of the writers. P. V. Rosewarne and H. McD. Chantler, of the Fuel
Testing Laboratories, also assisted, the latter during the first test and the
former during the last test.

DESCRIPTION OF RETORTING APPARATUS

The retort proper consisted of a vertical cast-iron pipe, 24 inches inside
diameter, with walls 1} inches thick, and approximately 14 feet long. The
top of the retort was ﬁanged and fitted with a cast-iron lid, capable of
being made gas tight by means of asbestos packing and a large screw
clamp. The bottom of the retort was in the form of an elbow with the
opening at the side of the brick setting and fitted with a gas-tight lid, as
at the top. The inside of the retort was fitted centrally with a perforated
iron pipe, which served as a basket for holding the charge. The outside

1 Canadian Patent No. 105,468, Oct. 12, 1915,
1 The Whitaker-Pritchard Process of Destructive Distillation, by Thomas W. Pritchard—Chem. and Met.
Engr Vol. 23, No. 13, p. 864. Also Shale Oil, by R. H. McKee, p. 155.
3 Gas Age Vol. 46 No. 7, pp 261-262, 1020.

Chem. and Ind. 1926, B. 147, Can. Pat. 244,540.
thummous Sands of Northern Alberta—S. C. Ells, Mines Branch, Dept. of Mines, Canada, Rept. No. 632,

pp. 231-2
106













108

To the condensing train, as shown in Figure 13, was added an oil
washer and gas meter, so that instead of bleeding off the gas to the com-
bustion chambers, as shown, the surplus gas was serubbed and after being
metered went to waste.

SHALE USED AND OUTLINE OF TESTS

The oil shale used was obtained at Rosevale, New Brunswick, and a
description of the mining and shipping of this shale is given elsewhere.!
Before re-shipping to Toronto, the large lumps as mined were erushed to
3 inches in size and smaller, a screen analysis of a 100-pound bag picked
at random being as follows:—

100 percent...c.ocviieriiiivareeintronnronnss through 38 -inch square screen
94-9 “o. : “o 2. «
74+6 “LL ves “ 13- “
g(lig :: .................................. :: 13- ::
S =
28.2 e ettt it “ 3 “

The apparent specific gravity of crushed shale having the above screen
analysis was 1.67 and the weight of a cubic foot was 59 pounds.
The analysis of the average sample (No. 3240A), taken during the prepar-
ation of the sample for shipment, and the analyses of the shale as charged,
are given in Table XXXVI. From the results in this table it will be
seen that the quality of the shale in respect to yields of oil, gas, and spent
shale, although subject to a slight variation, was quite uniform. Dis-
tillation, according to a standard laboratory distillation method, showed
an average oil yield of approximately 15 per cent by weight, equal to
nearly 35 Imperial gallons per 2,000 pounds of shale. The shale used in
the tests in the Pritchard retort may, therefore, be termed a 35-gallon shale.

Three tests were conducted during the latter half of September, 1925.
The first test was conducted as a trial run. For the second and third
tests certain changes in the apparatus and method of operation were made
as thought advisable. The data sheets of the last two runs, along with
detailed analyses of the shale charged and the products obtained, are
appended. Figure 14 shows the arrangement of the perforated iron
basket, the position of shale, and the course of the recirculated gas in
second and third tests respectively.

3 Ibid, p. 104,
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OPERATION REMARKS

In all the tests conducted the retort and setting were cold when
charged. The distillate was chiefly water, from  about two hours after
the burners were lit, till the ninth and tenth hour, when the temperature
in the centre of the shale at the top of the retort was in the neighbour~
hood of 700° I*. From laboratory distillation tests it had previously been
learned that the shale must reach a temperature of at least 750° F. (400°
C.) before shale oil would distill off at an appreciable rate, and that the
temperature range of 750° to 800° F. was best for the highest rate of
flow and yield of oil with minimum uncondensible tar fog. It was
therefore decided to keep the temperature of distillation within this
range. This was effected by altering the rate of combustion in the oil
burners and the speed of the blower in the gas circulation system. These
controls varied considerably, but in ali three tests the temperature did not
appreciably exceed 800° I'. until the rate of flow of distillate had reached
its maximum and started to decline, after which the temperature was
raised to complete the distillation and the blower kept going to sweep out
the oil vapours.

At the end of an 18-hour run in the first test, the pyrometer reading
exceeded 900° I',, and the rate of flow of distillate had materially decreased.
Samples of the gas, after passing through the condenser and blower, and
before passing into the preheater manifold, were taken off through charcoal
absorption tubesfor the purpose of determining the light oil content. Samples
taken during the latter half of the run showed from 0-4 to 0-5 Imperial
gallons of light oils (specific gravity 0-75) per 1,000 cubic feet of gas.
This, coupled with the presence of considerable tar fog in both the cireu-
lating and exit (surplus) gas, showed inefficient condensing and scrubbing.
Tar fog, especially that of a yellowish colour which is produced by ordinary
destructive distillation, consists mostly of condensible oils having & density
in the neighbourhood of 0-9, the same as the total oil distillate from a
given shale. The effect of eirculating gas containing such tar fog back
through the iron preheater tubes, up through the annular space between
the hot walls of the retort and the iron basket containing the shale, and in
and through the lumps of hot shale, would be to erack the heavier oil
vapours into lighter oil vapours, and into fixed (uncondensible) gas
and carbon. That this took place is evidenced by the presence of
appreciable quantities of light oils in the recirculated gas and the high
fixed carbon content of the spent shale residue. In order to improve the
condensation with the apparatus as installed, steps were taken in the next
test to slow up the speed of the blower, thus cutting down the rate of gas
circulation.

Even after cooling over night with the gas—circulating blower going
at low speed, the retort was still too hot to be discharged. The blower was
stopped and the bottom plate loosened, and when discharging the spent
shale the second day after the run it was noticed that considerable burning
in the lower part of the retort had taken place, producing clinkers which
could be explained only by the combustion of the fixed carbon in the
spent shale. This combustion continued freely during the discharge of
the retort due to the air draught in the open retort from bottom to top. The
weight of the spent shale was consequently not obtained. The total distillate
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was allowed to settle two nights and a day, after which the water was
drawn off and a practically water-free crude oil obtained. The yield of
this settled oil amounted to,roughly, 20 Imperial gallons per ton only, as
compared to nearly 35 gallons obtained in the laboratory. On account of
this low yield of oil and lacking the spent shale weight, Test No. 1 was
accordingly treated merely as a trial run.

For Test No. 2 certain alterations to the apparatus and changes in
the method of operation were made. A bubble oil-washer was placed in
the surplus gas line immediately in front of the meter, and throughout the
run the speed of the blower controlling the rate of recirculation of the
uncondensed gas was cut down. It was also necessary to take apart and
clean the “Roots” blower, which had become gummed by shale dust, ete.
As shown in the data sheet for this test (Table XXXVIIT appended) the
duration of this run was 26 hours. During the period of maximum oil
flow and until the rate of flow materially fell off, the temperature was held
around 800° F., after which it was allowed to reach nearly 1000° F. After
completion of the run the setting was allowed to cool for 3 days, when the
top and bottom plates were removed. Again the spent shale ignited and
burned fairly readily, but examination showed that no appreciable com-
bustion had taken place. The still hot, spent shale was removed as quickly
as possible, immediately weighed and then quenched with water. The
yield of settled oil from this run was still low, viz., 22 Imperial gallons per
ton, only 2 gallons higher than in the first test. Since the cutting down of
the blower speed had not materially increased the oil yield and since it was
still thought that the oil yield suffered by the eracking of the “tar fog”
contained in the circulating gas coming into contact with the hot walls
of the lower part of the retort, it was decided to make certain changes in
the position of the sections of the perforated iron basket.

Accordingly, for Test No. 3 the upper section of the basket was
removed and the lower basket raised so that its lower end was above the
preheater tube inlets, as shown in the right half of Figure 14. The annular
space between the walls of the retort and the basket was plugged so as to
cauge the circulated gas to pass through the shale instead of passing up
along the hot retort walls. Before beginning the test it was necessary to
dismantle and steam out the condenser, as the coils were choked. The
material removed by steaming consisted of a thick, viscous, pitch-dust
mixture, semi-solid at room temperature, but fluid at steam heat, similar
to the material that had plugged the blower at the beginning of the previous
run. The blower speed, and consequently the rate of gas circulation, was
constant throughout the run, the duration of which was 36 hours from the
time distillate began to come off. In thisrun, as shown in Table XXXIX,
the hourly rate of the total distillate and the water content of the same
were observed and gas samples from both the circulating system and the
surplus gag line through the meter were taken at frequent intervals.

SUMMARY OF TESTS Nos. 1, 2, AND 3 IN THE PRITCHARD RETORT

In Table XL is given a summary of the more important details in
Tests Nos. 1, 2, and 3 in respect to rate of fuel-oil consumption in oil
burners, rate of flow of distillate, average temperatures of shale and
circulating gas during the high flow of distillate, average light oil content
of the circulating gases, and yields and analyses of the products.
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A brief summary of the yields of oil, gas, and spent shale for the three
tests may be tabulated here as follows.

Products per ton (2,000 pounds) of Shale Charged

Crudeﬁhnle oil

Gas, | Spent
. Asper cent | cu. ft. | shale,
Imperial |of maximum 1b.
gallons | laboratory
assay yield

BT A R 20 57 | (5,450)]........
B =L A 22 63 | (5,460)| 1,284
B R TR 29 83 2,070 1,105

The maximum yield of crude oil obtained in Test No. 3 would be
increased to approximatsly 30 gallons per ton by adding the light oil
content of the gas, which would represent a yield of over 85 per cent of
the maximum laboratory assay yield. This yield, although representing a
fairly good ratio between laboratory assay and commercial yield, was
considerably less than that claimed and expected by the owners of the
technical-scale retort tested. It is impossible to obtain a reliable weight
balance for the first two tests, due to the loss in weight of the spent shale by
burning in Test No. 1, and due to the apparent erratic gas yields in Tests
Nos. 1 and 2. The high gas yields may be explained to a certain extent by
the cracking of the tar fog content of the circulated gas into light oils, car-
bon, and gas, but the drawing off of the surplus gas at a lower pressure
than that maintained on the pressure side of the circulating system and
possible leaks of air on the suction side, are probable reasons for the high
gas yields in these runs. The results of Test No. 3, however, allow the
making of a weight balance sheet as follows:—

Weight of Shale Charged tn Test No. 83—1,600 pounds

As per cent
Products obtained weight of shale

charged

per cent
F T L] £ 1Y (<Y N 1,105 pounds 737
TUAS O1l1 4 s v vse e e et renennrnseconeresosensseneerecsssaseesnerssncnes 190 ¢ 12:7
TUOT. 4 vt eereevastneietssantserusassusassosancasonesernsasesnnnss 104« 70
Gas, 1,550 cu. ft. at 18° C., (density 0-75; 0-060 pounds per cubic foot).. 93 63
BT 3 5 S L T 0-3
100-0
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HEAT REQUIREMENTS

The fuel-oil consumption was 29, 20, and 17 pounds per hour for
Tests Nos. 1, 2, and 3 respectively. From the data for Test No. 3, along
with certain assumptions, the heat required for effecting distillation may
be roughly estimated. Assuming that in a continuous operation the 1,500
pounds of shale charged in this run could be retorted in approximately the
same time as that occupied by the high distillate flow, say 15 hours, the fuel-
oil consumption per 100 pounds of shale would be the hourly rate observed,
viz., 17 pounds. At 19,000 B.T.U. per pound the heat requirements per
100 pounds of shale would be 300,000 B.T.U. or more. The gas yield in
Test No. 3, per 100 pounds of shale, was slightly over 200 cubic feet, which,
at 500 B.T.U. per cubic foot, would amount to 100,000 B.T.U. From this
it would appear that the heat contained in the shale gas was approximately
only one-third of that in the fuel oil consumed to effect distillation in the
Pritchard retort tested. However, since no attempt was made by the
builders of the retort to install an efficient heating system and no claims
were made therefor, this relation of quantity of heat required to effect
distillation to that contained in gas produced should not be emphasized.

The amount of gas circulated, as estimated from the speed and capacity
of the blower, varied roughly from 50 cubic feet per minute at low speed
to 100 cubic feet per minute at high speed. In Test No. 3, where the blower
was operated at low speed throughout the run, the gas circulated per hour
would be at least 3,000 cubic feet, which would be approximately 8 times
the hourly surplus gas produced during the uniformly high oil distillate
flow. The sensible heat in this amount of gas at 600° F., as in Test
No. 3, would be about 27,000 B.T.U. Assuming that the gas was not
heated through the double-walled preheated tubes at an efficiency of
over 25 per cent, the heat required hourly to preheat the circulated gas
would be over 100,000 B.T.U., which would be equal to heat contained in
the shale gas produced. The heat requirements at the high rate of gas
circulation would be double this amount. It is therefore evident that the
preheating of the gas is an important item, the cost of which increases
with the rate of gas circulation. This, coupled with the necessity of supply-
ing extra equipment for effecting efficient condeénsing and scrubbing of the
large amount of gas, is distinctly not a factor in favour of the Pritchard
gas ciraculating process for oil shale as compared with other retorting
methods.

Laboratory distillation tests were made on the shale used in the
Pritchard retort to check the uniformity of the shale and to determine the
advantage, if any, of recirculating the uncondensed gases during the retort-
ing. These tests were made in the large assay retort, those without gas
recirculation according to the standard method described on page 72—
Investigations of Fuels and Fuel Testing for 1924, and those with gas
recirculation in the same retort fitted with a preheater coil as described
on page 177 in the 1925 Investigations.

Three different samples were distilled :—

No. 3240A.—Composite sample of shale shipped to Toronto for tests in the Pritchard retort.
No. 3391.—Shale as charged in Test No. 2.—In Pritchard retort.
No. 3387.—Shale as charged in Test No. 3.~In Pritchard retort.
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DISCUSSION OF RESULTS

From the summary of these tests as given in Table XXXVI, it will
be seen that the shale used in Test No. 3 was of slightly better quality than
the composite sample of the shipment and that for Test No. 2 slightly
poorer, which accounts for part of the higher oil yield obtained in Test
No. 3. The difference in the oil yield by laboratory distillation was 1-3
per cent of the shale retorted, equal to nearly 3 gallons per ton, whereas
the difference in the Pritchard retort was 7 gallons. Some of the increased
yield in Test No. 3 was also, no doubt,due to the longer duration of the run,
but most of the increase was apparently due to alterations made in the
position of the perforated iron basket in the retort, allowing a better
transfer of heat from the walls of the retort to the interior of the charge.

As also shown in Table XXXVI, a slightly higher weight of oil was
obtained in the laboratory (on shale used in Test No. 3) with gas recircula-
tion than without. This agrees with the results reported® on a standard
(Albert Mines, N.B.) sample of shale. The slightly increased yield how-
ever applies only to the crude oil, which on being subjected to laboratory
distillation, does not give as high a yield of the more valuable light oils.
In this respect the effect of retorting oil shale by means of recirculating
the gases is apparently somewhat the same as retorting in the presence
of steam, and in the opinion of the writers the use of steam is preferable
for oil shale. Steam is said to increase greatly the formation of water-oil
emulsions, which become troublesome in subsequent refining, but it is
doubtful if such emulsions using steam are any more troublesome than
with gas recirculation. With the crude shale oil obtained in the fests in
the Pritchard retort, there was considerable water in the form of emulsion,
which emulsion was aggravated by shale dust carried over from the retort
in the condensing train. Besides being of use to rapidly sweep out the oil
vapours, steam both greatly increases the gas yield at the expense of the
fixed carbon in the hot spent shale and cools the spent shale for discharging.

With both gas recirculation and steam the aim is to produce maximum
yields of a heavy oil, i.e. one with as high a specific gravity as possible.
This may be a feature for the production of such products as lubricating
oil where minimum decomposition or “cracking’ is desired, but for the
production of light oils the situation is different. For maximum yields of
light oils from which motor fuel may be refined, cracking, with or without
pressure, of the crude oil is necessary.

The oil-bearing constituent of the New Brunswick shale used is a
solid material known as ‘“kerogen’’ and the production of oil is believed? to
talke place in two stages, viz., primary and secondary decomposition.
The product of the primary decomposition, an intermediate between
kerogen and shale oil, is described as an unstable semi-solid. Crude shale
oil may, therefore, be considered a secondary decomposition product, the
stability of which, apparently, depends on the extent to which primary
products have changed to the secondary products. Asjudged by the insolu-
bility in concentrated sulphuric acid, as shown in Table XXXVI, and
other comparative results,® the fractions from crude oil obtained by gas

1 Investigations of Fuels and Fuel Testing for 1025, page 176 ef seq.
2 0il Shale; M, J. Gavin—U.S. Bureau of Mines Bull, 210, pp. 44-48.
# Investigations of Fuels and Fuel Testing, 1925, p. 178.
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circulation show approximately the same results as those from oil by
ordinary destructive distillation. In this respect, therefore, there is little
improvement, if any, in the quality of the shale oils obtained by gas re-
circulation.

According to Lydert “the production of crude and vefined products
from shale and shale oil, throughout the whole operation of retorting and
refining—can be considered as nothing more or less than the production
and cracking of a heavy bitumen to produce lighter oils.” In all oil-shale
retorting operations, therefore, cracking is not to be discouraged, and in
this connexion the cracking taking place in the Pritchard retort, where the
oils were not thoroughly scrubbed out of the gas before being recirculated,
may be desirable. 1If, however, the aim of recirculating the gases in the
Pritchard process is to obtain the maximum yield of a heavy shale oil
containing a high percentage of primary decomposition products, at
reduced (partial) vapour pressures, and thus to discourage cracking, the
results are hardly consistent with the objective.

The decomposition of oil shale into shale oil does not proceed with
any appreciable speed until a temperature of 400° C. (750° F.) is reached,
at which stage the reaction is distinetly endothermic. With exothermic
reactions such as are quite noticeable in the carbonization of wood for
example, the use of gas recirculation or steam to control the rate of reaction
is desirable in order to prevent the decomposition of valuable liquid pro-
ducts into uncondensible gases. Therefore, the more or less negative con-
clusions outlined above, concerning the merits of the Pritchard process,
apply only to its use for retorting oil shale.

Crude shale oil obtained in laboratory distillation tests with recircu-
lation of the uncondensed gases did not show superior refining qualities
to the oil obtained by ordinary destructive distillation. There is, therefore,
no reason for considering that the shale oil obtained by the Pritchard
process would be superior to that obtainable by other retorting processes
without gas circulation. That the shale oil so obtained is amenable to
refining by pressure cracking is shown by the results of tests conducted in
the laboratories of the Universal Oil Products Limited. The crude shale
oil used in these tests was that obtained from Tests Nos. 2 and 3 in the
Pritchard retort, on which oil a gasoline yield as high as 60 per cent along
with 8 per cent of light fuel is reported.? Other products are 73 pounds
of lcoke per barrel and 530 cubic feet of gas of comparatively high calorific
value.

1Journa] Ind, and Eng. Chem., Vol, 13, No. 8, p. 678.
2Ibid, p. 122
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TABLE XXXVI

Results of Laboratory Distillation Tests

(With and without gas recirculation on shale used in Pritchard refort)

No. 3240A No. 3391 No. 3387
Composite Shale for Shale used
sample of shipment | Pritch- in Pritchard
Description of sample used for Pritchard ard Test Test No. 3
tests No. 2
No gas | With gas No gas | With gas
oircula~ | oircula- — circula- | circula-
tion tion ’ tion tion
)
Prozimate Analysis—
MoOIStUI®. vt vevvvinriienniinenas per cent 0-8 0.7 0.8
) D N “ 621 629 61-3
Volatile matbor. .. ooervmrrrrros “ 33-3 33:1 336
Fixed carbon, by difference...... “ 3-8 3:3 4.4
LaBoraToRY DistrrraTioN TEsTS
Weight Balance of Products—-
Shale oil watex-free) per cent weight 14-7 15+5 141 15-4 16-2
Aqueous istillate.. 27 32 2:2 2:2 2:4
...................... “ 55 |.oiiii... 4.7 60 Joviiiiiins
Spent ghale...oieeerninnn, “ 76-6 751 786 757 738
Loss, by difference........ “ [1 23 T P 0-4 07 [ovveniin
Analysis of Gas—
Carbon dioxide.....vvvvvivnennnnn per cent 1.8 ..., 115 12-2 *5.3
Saturates a8 CaHavovvvnvrivnnennnn «“ 44 51 4.6 1-9
[0 1 O N « Y- T O 20 1-8 2:6
Carbon monoxide................ « 50 6.0 7.8
Methane,.oovviiiiviiressnensens “ . 47.5 48.3
Hydrogen..covvvvieiievrinearnans “ 16+5 13-5
Nitrogen (by difference).. A 11.4 207
Density of gas (air=1).........ccvevuenn. 070 0-66
JT.U. per cu. ft. (calculated) .. 620 580
Gas, e ft. Per ton. cuvverivnvienrnrnnnnnnn, 2,300 |..........
Crude Shale Oil—
Tmperial gallons per ton..........ooinuie 85.2 35-2
Specific gravity at 60° F.............c.... 0:875 0-909
Insoluble in concentrated H2S0s..per cent 46 43
Fractionation of Crude Oil—
Uptol150°C.....couvvnnen per cent vol.| 116 | 45 |
150° C.to300°C.......... . «
300° C. to end point........ «
Specific Gravity of Fractions at 60° C.—
Naphtha, up t0150° C..ooovivneninnnen.
Middle oils, 150° C. t0 300° C...........
Heavy oils, 800° C. to end poiut........
Insolubility in concentrated HaSOs—
Crude naphtha......covvvivnen. per cent 76 (i 2 R PO PO
Crude middle oils.............. « 66 67
Crude heavy oils.....ccovvvvnen «“ 44 45

* This analysis is tho averago of three samples of gas taken in the latter part of Test No. 3, the results of the
analyses from tho gas circulation runs in the laboratory being unsatisfactory due to leaks in the pump used. Signs
of air leaks into the circulating system in Test No. 8 are shown by the high nitrogen content; the corresponding
nitrogen content for 3 samples taken in the enrly part of the run was over 75 per cent.



Qil Shale Charged, 1,500 pounds.

TABLE XXXVII
Data Sheet of Test No. 1 in Pritchard Retort

Toronto, Sept. 17, 1925.

Temperatures Speed of Gas meter Fuel
circu- oil con~ Total
Thermometers lating gas sumption| distil-
Time Pyro- — — late
Inlet Bxit meter | Notch on| Reading | Temper- | Reading [ (oil and Remarks
gas gas inshale | rheostat { cu. {t. ature on oil water)
at A at B. at C. |of blower °C. tank
°C. °C. °F. motor (inches) | (gallons)
3.08 9% <+ VRPN S Y (| S PP DR (1> O O PO Started burners.
00 e eeeeeeeaea] 190 | 283 | 0 260 f...ii.eiii]eeiiiisiann]eriisinenifieacniiii]enaanaens
10.00. 1 438 |oiieenia e, 2 |[Gas sample No. 1.
11.00.. 2 1
12.00 2 1
12.30 p.m 5 Gas sample No. 2.
1.00 5
1.30... 5
2.00... 5 Qil burners turned down.
2.30... 6
3.00... 6 Gas sample No. 3.
3.30... 6 ...|Charcoal gas No. 3.
4.00... 6 ..|Turned up oil burners.
4.30... 6
5.00 6
5.30 3 Gas sample No. 4.
6.00... 3
6.30... 3-5 Charcoal gas No. 2.
7.00... 3 Tuel-oil tank filled to 0.
7.30... 3
8.00... 3 Gas sample No. 5.
8.30... 3
9.00... 3 Charcoal gas No. 3.
9.30.. 3-6
10.00.. 6
11.00... 3
12.00....c00eiinnonn 3-1
Sept. 18th—10.30.. 1

Spent shale—Weight not obtained.

Total distillate (oil and water)
Net settled oil after water drawn off.......... .

Crude (settled) oil—Imperial gallons per ton... 20

Gas, per meter readings

Cubic feet, gas per ton uncorrected for tem-

perature and pressure

5,450

4,093 cubic feet

LTT




Qil Shale Charged, 1,600 pounds.

TABLE XXXVIIL
Data Sheet of Test No. 2 in Pritchard Retort

Toronto, Sept. 23, 1925.

Temperatures Circulating gas Gas meter
Fuel- Total
Thermometers Pyrtg-r Notch -Meanometer readings oil c%n- dl]::{,ﬂ-
me . | sumption, e
Time Inlet Exit in top on . Reading, | Temper- | reading | (oil and Remarks
2as gas of ghale rhegstat Iglagt g;t 3‘;??0?‘: cubic ature, | onoil | water),
”A’t 8’; ith - | blower |inches of | inches of | inches of | €2t C. tank | gallons
o d © C.. * motor | mercury | mercury j mercury (inches)
B0 7S T A o O O [ I T o P LT Lr! CLET TR TN Retort cold—lit burners.
1%88 .......... esessszan Started exhauster.
2.00... Notch 1—275 .p.m.
3.00.
4.00. 1

oRunou e nB RS ooNam
838383833383833338

10.00.

Gas sample No. 1.

Notch 3—330 r.p.m.
Gas sample No. 2.
Charcoal gas No. 1 (meter).

Gas sample No. 3.

Charcoal gas No. 2 (meter).
Gas samples Nos. 4 and 5.
Notch 2 and 1—220 r.p.m.
Condenser water, 12-5° C.
Fuel tank to 24 inches.

Gas sample No. 6.
Gas at st receiver, 20° C.
Gas sample No. 7.

Notch 2—240 r.p.m.
Noteh 6360 r.p.m. Fires out.

P OOHOPOOOOPO IR HOOOD
AW OW TN NND IO DD NNV RN O D R

U sems

Spent 8hale. ...covieeeaiee ettt aiiieaaaa, 2 Gasg, per meter readings. . .ccovvennrenenrercaanaionas 4,370 cubic feet

As per cent of shale charged

Total distillate (oil and water).......
Net settled oil after water drained off
Crude (settled) oil~Imperial gallons per ton

Cubic feet gas per ton uncorrected for temperature
N0 PreSSUTe. . ceeeesesasroarccscanescsaansocans 5,460

“«

*This temperature and previous readings subject to a correction of +-35° due to pyrometer not being level.

8IT




Qil Shale Charged, 1,500 pounds.

TABLE XXXIX
Data Sheet of Test No. 3 in Pritchard Retort

Toronto, Sept. 29-30, 1925,

Temperatures Circulating gas Gas meter Fuel Distillate
Uels
Thermometers Pyro- Manometer readings oil con-~ Total
meter T:ixger- Readi Pemper- | Sumption,|  distil-
Time Inlet Outlet | mtop | % ﬁrgt Inlet Exit | Bottom cubigg' :tuxl-j:r reading on] late Waiter Remarks
gas gas of shale, | . oIV gas gas of retort fect ° Q. oil tank. | (oil and after
at A, at B, at C, 3 b ©Ts | inches of | inches of | inches of © ? 1*=33% water) | settling
°C. °C. °F. . mercury | water water pounds | gallons
gals.
12.00...... veees 160 120 260 16-5 13 6014+ 17-0 0-8 0-8 |Burners lit at 8.30 a.m.
1.00 p.m. 190 155 380 18-0 13 610 17-0 1-0 0-9 |Blower started at 11.00
a.m,
2.00. 230 205 560 19-5 1 630 17-0 0 1-5 1:2 [Condenser H20—15°C.
3.00. 240 220 630 19-5 13 630 17-0 |{.... . 1-3 0-8 |Gas sample No. 1
4.00. 240 230 660 19-5 13 635 17-0 9 0-9 0-6 {Charcoal gas No. 1.
i 11N 1R Gl om| g Hjeheb g
8.00. 5 . . - . uel oil & 10 p.m.
9.00. 238 265 740 21-0 1is 710 17-0 4 0-9 0-3 |Gas sample No. 3.
10.00. 220 272 745 21-0 13 734 17-0 11 1.0 0-3 [Charcosl gas No. 2.
e.c.
11.00 210 265 740 20-0 3 765 17-0 15 0-8 730 |Gas sample No. 4.
1.00 190 260 740 20-0 13 826 17-0 29 0-5 600 |Gas sample No. 5.
2.00 240 268 745 20-0 1 855 17-0 2 0-5 625 |Fuel oil at 0—1.50 a.m.
4.00 290 280 780 21-0 b 926 17-5 18 1-2 700 |Gassample No. 6.
6.00 300 202 800 21-0 1 993 17-5 28 11 1,110 |Gas sample No. 7.
7.00 300 294 800 21-0 13 1020 17-3 34 10 |eveeenssns Fuel oil at 14"—7.30.
8.00 310 287 795 21-0 1 1045 18-0 18 0-9 150 |Gas sample No. 8.
10.00 325 290 800— 21-5 1 1108 18-5 29 1-1 150 |Gassample No. 9.
11.00 330 295 8001 21-5 3 1145 19-0 36 1-1 100 {Charcoal gas No. 4.
12.00 335 303 800+ 22-5 13 —23 -2 1185 19-5 6 1-0 100 |Top of flue gas pipe
1.00 p.m. 340 307 810 23-0 1 -3 +1 1295 19-5 12 1-0 100 to chimney, 175° C.
2.00 350 311 820 23-0 1 —2% =1 1263 20-0 18 0-9 100 }Gas sample No. 10.
3.00 360 314 830 23-5 1 -3 =1 1300 20-5 28 0-8 100 |Charcoal gas No. 5.
4.00...... PO 365 323 845 24-0 1 —2% -+ 4 1350 21-5 24 07 foveernnenn Gas sample No. 11
5.00........... 380 333 870 24-0 13 +13 +5 1400 20-5 06 125 |Charcoal No. 6.
6.00........... 390 351 900 25-0 1% +13 -+6: 1480 20-5 16 08 |.eeennnnnn Power off 6.45.
8.30.ccicns feaeeianiibieai L4 I [ 1600 [oovnieiici]iencnersaidinennanans 175 |Fire lit at 8.15 p.m,
9.00......chtn 360 342 930 22-5 15 —63 -+1 1622 20-0 28 1-0 3,550 |Gas sample No. 12—9.20
10.00........... 380 360 940 23-0 154s -2 -3 1665 20-0 7 0-4 750 |Fuel oil tank 2‘ 10" to 0.
101(1301 .......... 370 400 960 24-0 13 —b3% — 3 1726 20-0 16 0-3 1,990 {Gassample No. 13,
CT, 1—
10.00 a.x..... 190 240 750 19-5 3 -8 —-53 2150 21-0 Jereenennns 1.0 4,000 Gei,s samples Nos. 14 and
Spent SHale. «cvvuier it iiieitieeiiarit et tiarranaianee 1,105 pounds Gas, per Meter readingS. . cvereeereseccasaaraneenarsanns 1,550 cubic feet
As per cent of shale charged. .. . ... 75-7per cent Cubic feet gas per ton uncorrected for temperature and
Total distillate, (oil and water)..... 294 pounds Pressure........ e teteteeeetececenasosransonons veees 2,070 “
Net settled oil after water drawn off....... 190

Crude (settled) oil—Imperial gallons per toR........... 29

611
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TABLE XL

Summary of Tests Nos. 1, 2, and 3: Oil Shale in Pritchard Retort

Test Test Test
—_ No. 1 No. 2 No. 3
Date of test (1926)..0vvuvnieiiveiiiiiiiiiiiiiii e Sept. 17 Sept. 23 | Sept. 29-30
Weight of shale charged...........oooieviiinii.en, 1b. 1,500 1,600 1,500
Duration of test.....veervriiirieiiiiiiiiiii hrs. 19 27 38
Time from beginning of run to high uniform rate of
flow of distillate,...ovevvvvenrenenrneeronnrnonsns 6 6 12
Duration of high uniform rate of distillate, i.e. 1 gallon
perhour and over.....ovevveenvannss heeserraaes 9 10 13
Temperature range in top shale during high distillate
flow as per pyrometer readings................... °F 490-820 525-940 745-810
Maximum temperature at end of fest..........o.oouus “ 910 990 960
Average temperature of cireulating gas during high
distillate flow—
Preheated gas to bottom of retort............... « 625 535 610
Exit gas at toli [ =103 3 TN € 680 590 550
1Speed of gas circulation during high distillate flow......... high medium low
Average light oil content of ecirculated gas by charcoal
absorption tests—
Imperial gallons per 1,000 cubic feet..........vvvven... 0-45 0.25 (0-60)
Average specific gravity of lightoil.................... 0:745 0700 (0-675)
Average fuel-oil consumption in burners during high distil
late flow—
Inches on tank per hour.........oooviiiiiniinen, 8.7 6:0 52
Pounds per hour (at 83 pounds per 1 inch).............. 29 20 17
Products—
Total distillate (oil and water)...........oeennnt 240 204
Settled oil after drawing off water......... ceee 158 190
Speocific gravity at 60° F, of settled oil... 0802 0-883
Baumé equivalent.......o.ooiieiiiiiiiiiiiiiieiies 27-0 28:5
Specific gravity of first 3 hourly samples of orude oil|............ 0-861 0-852
Ss)eciﬁc. ravity of last 8 hourly samples of crude oil.|............ 0:911 0-910
Yield of oil, Imperial gallons per ton........ e vers 20 22 29
Gas, as per meter readings....... . §4370) 1550
Cubie feet per ton of shale............. 5460) 2070
Spent shale discharged..............0. 1,284 1,105
As per cent of shale charged......... 802 73:7
Ash content of spent shale........... 71-3 78:2
Volatile matter of spent shale v 16-8 147
Fixed carbon (by difference).......oc.vvnvinens 11-9 7-1
Tractionation of crude oil in Engler flask—
Naphtha, up to 150° C., per cent vol. of crudeoil.. .|............ 4.5 75
Middle oils, 150° C.-800° C., per cent vol. of crude oil|............ 46-5 40-0
Heavy oils, 300° C.-end point, per ecent vol. of crude
1 S S 34-0 385
Specific gravity of naphtha fraction at 60° F...ooooo )i 0-741 0-744
Specific gravity of middle oil fraction at 60° F....oooevlenvnnvnennes 0-842 0-826
Specific gravity of heavy oil fraction at 60° Foooooooov v foien et 0:919 0:903
Naphtha fraction, Imperial gallons per ton.......c.oouifoviian 1.0 2:2
Middle oil fraction, Imperial gallons per ton.... [ PN 10-2 11-6
Heavy oil fraction, Imperial gallons per ton............|eeevuvieenn 7-5 11:2

1 The capacity listed for the Roots blower used was 150 ¢.f.m. when the speed was 600 r.p.m. at 1 1b, pressure.
Observiag the r.p.m. at the different rheostat notches it was calculated that the gas circulated at high speed was
approximately 100 o. f.m. and at low speed in the neighbiourhood of 50 ¢. f. m. The rate at medium speed was

roughly midway between these limits.
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CANADIAN SHALE OIL, AND BITUMEN FROM BITUMINOUS
SANDS, AS SOURCES OF GASOLINE AND FUEL OIL BY
PRESSURE CRACKING

R. E. Gilmore, P. V. Rosewarne, and A. A. Swinnerton

Canada has vast resources of oil shale and bituminous sands, the
former occurring in the Maritime Provinces and the latter in Alberta.
These deposits have long been considered as potential sources of products
generally obtained from crude petroleum. Difficulties hindering the use
in Canada of shale oil and bitumen are the higher cost of these crudes as
compared with crude petroleum from drilled wells, combined with higher
refining losses. However, the recent modifications in refining methods due
to pressure-cracking processes appear to alter the situation, and these
raw materials may now be seriously considered as sources, to be drawn
upon when needed, to help in supplying the rapidly i 1ncreasmg demand for
motor fuel.

Samples of Canadian crude shale ‘oil and bitumen from bituminous
sands were submitted to the Universal Oil Products Company and to the
Kansas City Testing Laboratory for pressure-cracking tests, according
to the Dubbs and Cross processes respectively. The results of these tests
summarized in this paper will help to decide the value of the crude shale
oil and bitumen on a comparative basis with crude petroleum and fuel
oils now used as sources of motor fuels by pressure-cracking processes.

Grateful acknowledgment is made to the Universal Qil Products
Company of Chicago, particularly to Dr. Gustav Egloff and to Dr. W. F.
Faragher for their co-operation and personal attention in testing the
sample of shale oil; to Dr. Roy Cross of the Kansas City Testing Labor-
atory for his co-operation and interest in testing samples of both bitumen
and shale oil; and to Dr. K. A. Clark of the Scientific and Industrial
Research Council of Alberta for supplying the crude bitumen.

TESTS ON SHALE OIL BY THE DUBBS CRACKING PROCESS

Pressure-cracking tests on a 20-gallon sample of shale oil forwarded
from Ottawa were conducted at Riverside, Ill., (near Chicago), in the
laboratories of the Universal Oil Products Company, owners and licensers
of the Dubbs cracking process. The shale oil used in these tests was
obtained from New Brunswick oil shale by destructive distillation in a
technical-scale retort! of the Pritchard Process Company at Toronto,
Ontario, in a series of experimental runs witnessed by the writers. The
shale oil submitted, which was a composite sample of that obtained from
distillation runs made in Toronto, had a specific gravity of 0-896, equal to
26-3° Bé. and a boiling-point range of 150° to 683° F. On arrival at
Chicago the shale oil was “topped” by ordinary distillation prior to charg-
ing into the cracking-still to remove the ‘“blending naphtha,” which
amounted to roughly 23 per cent of the crude shale 0il. On the topped oil

17bid, p. 108,
121
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a series of four runs was made at different pressures, two runs, viz., Nos.
410 and 393, by what is termed the non-residuum process and two runs,
Nos. 213 and 216, by the residuum process. The tabulation summarizing
the results of the cracking data of these four rums, as reported by Dr.
Faragher, is inserted in full as follows:—

13| 13 11 11
Run No.......... 410, 393 213 216
Pressure, pounds.. 175 150 150) 150
Kind of 0il.....oconvvnenienniniiiiiiiii Topped crude shale oil
A.P.L gravity 20-7° 20-1° 20-1° 20-1°
Pressure distillate— ,
Percentof raw oil.......coooiiiiiiiiiiie 64-8 66-8 51-4 40-2
AP L gravity..c.ooiiiiiiiiiiiiiii i ieeas 61-3° 46-9° 52-4° 65-5°
Residuum—
Percentofrawoil......oooivinniiiiiiiiiiienan.. None None 25-9 36-7
A.P.L gravity 10-7° 1.7
Coke, Ib./bbl...cvrei i reeiiiiiiineraraenereieannnens 60 58
Uncondensed gas, cu. ft./bbl.........cccoviiiiiiiiina.., 660 730 418 295
Coke, gas, and loss, per cent (by difference)............. 35-2 33-2 22-7 231
Gasoline (N.E.P.)—
Per cent of pressure distillate........................ 83:2 72:7 70-9 81-9
Percentofrawoil........cooiiiiiiiiiiiiiiienennn. 53-9 48-6 40-6 32-9
APL gravity...ooovieiiniiiiiiieeieiiiiiiinennans 51-8° 51-9° 54-1° 56-6°
LB P —E. P. O F . iiiinieiiiiiieeineinannnenrannnns 112434 121-436] 124-434] 114-434
Pressure distillate cut °F.. ferecacieneeseaa...| 440 430 435 445
" Gas oil—
Per cent of pressure distillate 10-5 22:0 13-5 11:5
Percentofrawoil............. 8.8 14-7 7-0 4.8
AP L gravity..oooceritiinenininciiirianennnenennns 21.7° 24-2° 25-6° 28-5°
Loss—
Per cent of pressure distillate........................ 6-3 5-3 7-5 6:6
Percentofrawoil........coviiniiiiiiiiiennnnn., 4-1 35 3-8 2.7
Summary of Yields: (Based on the Crude Shale Oil)
Blendmg nali{htha 13 =) ) 20-0 23-3 23-3 23-3
ed gasoline from primary cracking, per cent| 43-3 365 30-6 24-8
Tot.al gasolme from topping and cracking operations, per|
-3 633 59-8 53-8 48-1

The above results were obtained by a single passage of the shale oil
through the cracking-still, and do not show the maximum yields of gasoline
and light fuel oil to be expected by recyciing as used in commercial practice.
Recycling would give higher yields of gasoline and other light oils at the
expense of the heavier fuel oil intermediate products.

The comparative yields of the different products by the residuum and
non-residuum method of operation and the varying results obtainable by
the same process are shown above and below. In general the residuum
method of operation, as expected, gave lower gasoline yields with higher
yields of residue oils and of better quality than the non-residuum method.
By the same method, however, considerable variation in the results was
obtained. “By sacrificing 8 per cent of the possible gasoline, the yield
and quality of the residuum was increased, as shown by the results obtained
in Run 216 over those obtained in Run 213.”” The higher gasoline yields
were obtained in Runs 410 and 393 by the non-residuum method. The
yields of both coke and gas in these runs were considered high, “due to
direct firing of the experimentai still, and a hot bottom during the latter
part of the runs.” The yields of the N.E.P. gasoline in these runs as a



123

percentage of the topped shale 0il were 53-9 and 48-6 per cent respectivety,
and the “pressure-distillate bottoms” 6:8 and 14-7 per cent respectively.
* In Run 393 ‘“recycling these bottoms (i.e. the 14.7 per cent) should give
an ultimate yield of gasoline from the cracking operations alone of approxi-
mately 56 per cent.” That is, by recycling, the gasoline yield as a per-
centage of the topped oil could be raised by nearly 7} per cent to 43-1
per cent of the original crude shale oil. Adding to this the 21-7 per cent
vield of tops as blending naphtha would give, by re-cycling, an overall
gasoline yield of 65 per cent or more.

The above data may be further summarized by averaging the results
of Runs 213 and 216 according to the residuum process, and of Runs 393°
and 410 by the non-residuum process, and showing the results as a per-
centage of the original crude shale oil.

Products Resulting from Topping and Cracking as per cent Volume of the Crude

Shale Qil
Residuum | Non-residuum
Process Process
(Single eyecle)| (Single cycle)
—_— Average of | Average of
Runs 213 Runs 393
and 216 and 410
Crude shale oil used for topping—
Specific gravity at 60° I..vvvvreeriirr e i i 0-896 0-896
APL gravity equivalent........coooiiiniiiiiiiiiiiiiiiaren, 26-4° 26-4°
Products of Topping as per cent of Crude Shale Oil
Topped shale oil as cracking stoek..........ovvvvviianiinnenniine... 75-2 76-8
Gasoline tops ag blending naphtha.............oooviiiiiiiinien., 23-3 21-7
Loss (by difference)....cvurrerrnerrireneerrereenesneesnsnenenes 1-6 1:5
APL gravity of tOps. oo veirn vt 45.5° 46-5°
Products of Cracking as per cen of Original Shale Oil
Pressure distillate from cracking-still....................... 344 50-6
N.E.P. gagoline by cracking............ 27-6 39-4
A.P.L gravity of N.E.P, gasoline. . 55° 52°
Gas oil (pressure-digtillate bottoms).ovee v vreeivrnereinnrnrnnnnas 4.3 8-3
Residuum from eracking-still,.........ccvvireniiinrereieriiinenins 23-6 None
Coke, pounds per Imperial gallon...........covviviviennrnrnenennnn. 1.7 2:1
Uncondensed gas, cu. {t. per Imperial gallon,........coevveeenvnen... 7.7 15.2
Total gasgoline as motor fuel, per cent.....oevevverenenvans. 51 61

Analysis and Quality of Gasoline

The refined gasoline obtained from the shale oil, after a triple-acid
treatment, followed by the usual plumbite and steam distillation treat-
ments, was reported to be a “water-white, doctor sweet, non-corrosive,
and light-stable product.” The analyses of the finished gasolines from two
of the runs, when examined by the method developed in the laboratories
of the Universal Oil Products Company, were reported as follows:—

Run Run
—_— No, 410 No. 213
p.c. p.e.
Unsaturated hydrocarbong, ...oovueereriienirenenerireeerearisnanes 12-4 14.2
Aromatic Pt 231 22-0
Naphthalene A N 7 5.3
Paraffin e et ee i e, 56-8 585

5629809
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TABLE XLI

Details of Pressure-cracking Tests on Canadian Shale Oil Abstracted from Report
by the Universal Oil Products Company

A — Analysis of Crude Shale Oil as received and of the Gasoline and Kerosene Fractions obtained by
Laboratory Fractionation

Crude Shale Qil Gasoline | Kerosene
_— . . API Up to 410° to
gravity | 410°F. | 572° K.

Sample taken......ocooviiiiiiiiaeen. c.c.; 100 800  |.......... 100 100

Specifio gravity at 60° F'ooevtieiiinl ..] 0895 0-895 Cereeanas 0-792 0-856

A.P.I gravity equwalent..... .......... vl 264 26+4 ereves 46-7 336

Distillation range—

Initial boiling point....cevvveieennn °F, 175 150 |l 180 370

5 per cent vol. over at... el & /i1 S U J RN 220 429

10 “ “ es N 300 319 527 244 436

20 “ “ Lo 365 385 43:6 268 446

30 « « Lo« 435 48 | 287 460

40 “ « L« 470 508 34-3 302 472

50 “ ¢« .« 523 557 30-9 320 486

60 « « .o 583 643 2647 335 500

70 “« é N 605 655 26-5 352 514

80 « “ .o 685 650 25:0 369 532

90 o «“ L 648 683 24:8 396 560

“ “ .« {57077 H PPN PR 428 594

End POIME. vrereei e nenennnrannns @ 655 [1:5 S IR 472 606

Recovery............. ...per cent| 96 [¢11 N IR 98 98

Residue in flask......... R PO N U P 1 2
Fraction under 410° It......... .« 28 23 467 [.ovunenn
Fraction 410° to 572° F........ « 29 30 836 |...oiiiins
Coke (by weight)........... . K S O P Cerrenaans
Coke and piteh.....ocoveeveiannn.n L L Y I

B.—Summary of Topping Operation and Analyses of Tops and Topped Shale Ol

Run No. 1 Run No. 2
¢.C. per cent c.C. per cent

Crude shale011chm‘ged.......................~ 35,000 100-0 35,000 100-0

Gasoline tops produced.. 7,000 20-0 8,120 23-3

Topped shale oil bottoms. 27,480 78-5 26,390 75+2

LosS.iuiueness e et 500 1-5 490 1:5

Gasgoline Toplll)ed Gasoline Topped
tops ol tops oil

Specific grayity at 60° F..oiovenvenininiin, 0-790 0:930 0:798 0-933

.P.I. gravity equivalent.........c.cooveninnn 47.2 20-7 455 20-1
Distillation range—

Initial boiling point.....ovvveeiviann. °F, 187 425 200 450

b per cent vol. over at.. Lo 226 450 236 468

10 « 242 479 265 495

20 ¢ “ « 258 522 213 538

30 « “ « 217 566 293 575

40 “ “ “ 201 611 313 615

50 « “ « 307 643 328 655

60 « “ “ 321 665 343 707

70 “ “ “ 337 690 358 739

80 « ¢ “ 354 640 377 760

90 « “ « 380 |ieieninnnnn . 408 787

95 “ “ “ 409 |.evivinianns 438 Cheseeans

End point......... Cereereinees K 452 690 469 787

Recovery..,...... vaveersos eI Cent 98 89 98 96

Residue in flas o ) I P 2 rerereees

Traction 410° - 672° ... S T, 1 S 28

Coke (by weight)...... eerres ereeees RN BB [ereuvevnneen 3-8
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TABLE XLI—Continued

C.—Summary of Pressure-cracking Tesls

Non-Residuum Residuum
e process process
Run NO.wiiieee i inii e itiiaenvaieniennns 410) (393) (213) (216)
'opped shaleoil charged.................. €.C. , s s A
T d shaleoil charged 8,000 8,000 8,000 8,000
A.P.L gravity of oil charged.................. 207 20-1 20-1 20-1
Maximum pressure in system, lb. /sq. ne..o.... 175 150 150 150
Duration of run (hours on stream)............. 4n 4h 10m 3n 2n 23m
Products Obtained
Pressure distillate recovered.............. c.c. 5,180 5,340 4,110 3,215
As per cent of topped oil charged.......... 4 66-8 514 40-2
Residuti, oo vovviueneriieanineraransnnoss c.c.] None None 1,500 2,550
(7)Y DO 1b. 4.84 4.7 424 377
Oil content of coke................ per cent 15:0 31-0 29.0 22:0
Total residuum including the oil
extractable from the coke......ooovveee Colefovnrinvvnriiorenreinein. 2,070 2,035
Gas (uncondensed).........ovviviinel,. cu. ft. 33.17 36:72 2106 14-80
D.— Analyses of Pressure Distillates and of Residuum
Rutt NOuw oouisierensiaiiitisnineionsiiions (410) (393) (213) (216)
Pressure Distillates—
Sample taken...........co0ieiiainns c.e.
S le tak 800 800 800 800
Specific gravity at 60° F....... e 0772 0-791 0768 0:755
DA‘.;'l;].I;G.gravity equivalent................. 513 46-9 52-4 555
° igtlilation range—
Initial boiling point........coooovienn °P. 86 . 87 81 89
10 per cent vol. overat.............. “ 150 162 152 145
20 “ o eeerieeninae “ 196 218 202 194
30 o e “ 242 267 251 233
40 “ e “ 290 306 288 268
50 “ e . 342 353 324 311
60 ¢ e e o 368 389 363 345
70 “ e “ 398 |.ovieiioinn. 398 390
Gasoline up to 410° F..............per cent 746 66-3 736 74-2
Gasolineup to 440°F,,............ “ 83.2 729 79-0 81-9
Gas oil above 440° E.............. “ 10-5 22:0 13-5 11-5
R gloss .............................. “ 6-3 53 7.5 6-6
esiduum—
Sample taKeN. ..ot e e e 100 100
Specific gravity at 60° F'\...oennovnniiniinns 0-995 0-988
.P.I. gravity equivalent . 10-7 117
Flash point, (clevel and) .................. 185 188
1];11'et [11{)1‘:01‘% (G353 1+ T N 205 215
istillation range—
Initial boiling point...........cooviiviinuieeniien., e °X 380 404
5 per cent vol. OVEr atiuveeeiirnininn. “ 422 439
10 e teecesaaciaenans “ 437 456
20 “ e ierieaeeas “ 465 480
30 “ e “ 490 510
40 “ L N « 525 544
50 « DN “ 557 594
60 “ T heean. “ 624 6562
70 “ T TR TP “ 692 721
80 “ “o Ceriees “ 787 755
Bad point....ovvivrivininiieriiianas ven. S 807 772
RECOVETIY, crveerrerninneeniinenneenias ..per cent) 88 86
Coke residue (by welght) ............. “ 16 16
Traetionup to 572° B, o vt iiiiinnireerriaarnnaens “ 53 47
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TABLE XLI—Concluded
B.—Analyses of the Gasoline and Gas-oil Products Derived from the Pressure Distillates

Run No.vovovvivineiininens (410) (393) (213) (216)
Gasoline.coovveiviiiiieanns 410° { N.E.P.| 410° | N.E.P,| 410° | N.E.P.| 410° | N.E.P.
cut out cut cut cut cut cut cut:
Sample taken......... ¢.c.| 100 1 100 1 1 100 100 100
Specific gravity at 60°F..[ 0.758 | 0:770 | 0-760 [ 0.770 | 0-753 | 0.761( o©: 742 0-754
A.P.I gravity....... | 547 51-8 54-2 519 56-0 54-1 58-8 556
Distillation range— '
Initial boiling point ° F. 110 112 120 121 124 124 112 114
5 per cent vol. overa « 142 143 157 157 152 152 137 140
10 163 166 177 180 173 176 154 162
20 “ f« ¢« 200 205 210 218 203 210 185 196
30 “« “ « 234 241 241 250 231 240 215 232
40 « «“ “ 262 276 269 2380 260 267 244 259
50 “ « « 287 302 204 305 282 204 270 284
60 “ “ “ 310 327 315 334 303 318 288 306
70 “ “ « 332 352 337 356 324 342 306 334
80 “ “ « 357 374 361 378 345 366 332 366
90 « «“ « 382 397 3% 406 371 395 366 400
95 « “ « 402 415 409 422 3 416 389 416
End point............ “ 415 434 421 436 412 434 402 434
Recovery...... per cent 98 98:5 97 97 98 97.5 975 98
Residue...v.... ¢ 1 1 1 1 1 1 1
Rt NO oottt iiiiiiiinetiniiaianioniassssisocensoonns (410) (393) (213) (216)
Gas Oil (boltoms )}—
Sample taken............coouiil J N c.c 100 100] 50
Specific gravity at 60°I‘ ........ reeeeeeiarareaae 0:923] 0-908, 0900 0-883
P.L gravity... et reseriecieareraeanas 21.7 242 25+6 28+5
Distillation mnge——
Initial boiling point.. °T 450 442 444 454
5 per cent vol. over at... R 453 454
10 “ 468 459 460 430
20 “ « “« 475 467 470 490
30 «“ « “ 482 476 476 495
40 “ “ “ 490 483 484 502
50 « «“ “« 497 492 493 509
60 « «“ “ 510 500 506 522
70 “ “ “ 525 518 520 539
S0 « ¢« N 550] 545 546 567
90 “ « N 570 601 602 6563
95 “ « T T U 687 665 .. 00euenns
End point......oevvianns e eeereeae e « 580 703 675 702
ReCOVEIY e veieenrareenenrnaranernrnnnnes per cent 98 98 93 98
Residue. . cecveeeiiinineeniasiinenanniins « 2 2 2 2
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TESTS ON BITUMEN FROM BITUMINOUS SANDS-AND ON SHALE OIL BY
THE “CROSS” CRACKING PROCESS

Bitumen

Pressure-cracking tests on a sample of bitumen from Alberta bitu-
minous sands were made in the Kansas City Testing Laboratory at Kansas
City, Mo., according to the Cross process. The bitumen used was part
of a barrel-lot sample supplied to the Tuel Testing Laboratories by Dr.
K. A. Clark of the Scientific and Industrial Research Council of Alberta,
who had obtained it from the natural bituminous sands by the hot-water,
sodium-gilicate method in his separation plant at ¥dmonton. Before
being forwarded to Kansas City it was dehydrated in Ottawa by a special
laboratory-scale apparatus, the operation and results of which are pub-
lished elsewhere! in this report.

The separated bitumen sent from Xdmonton contained considerable
water in the form of an emulsion and some mineral matter. The average
results of three dehydration experimental runs were:—

Bitumen (water-f1ee).......ovvvvrenrniieiiiiiiininia. 657 per cent by weight
Mineral matter......ovvvenverinivnreneenenenieoeniins 40 ¢ “
R0 28.8 ¢ “
Gas and loss (by difference).....oov.vvevvnerveininnens 1.5 L

In the dehydration runs variable quantities of light oil distilled over
with the water, depending on the temperature of the dehydrating-still.
The water-free bitumen, therefore, consisted of two parts, viz., light oil
“tops,”’ and a heavy dehydrated bitumen, the latter containing the bulk
of the mineral matter present in the original crude bitumen. In the pre-
paration of the 5-gallon sample for the cracking tests, tops, having a
gravity of 23° Bé. and a distillation range of 300° to 714° F., and amounting
to roughly 12 per cent by volume of the water-free bitumen, were obtained.
The sample of dehydrated and topped bitumen forwarded to Kansas City
had a specific gravity of 1-061 and amounted to 80 per cent by volume of
the water-free bitumen and to approximately 56 per cent by volume of the
original bitumen emulsion. The dehydrated bitumen was first distilled
in a fire still, the products obtained being:—

Coke (ash content 11 per cent)...everereeeenrrerennens.s 31.9 per cent by weight
Gasoil distillate........ovvivevnrnrnrerniireniiinennss 67.3 volume

The gas oil termed ‘“‘charging stock” was then cracked according
to the Cross process to produce a synthetic crude. The laboratory crack-
ing test apparently consisted of determining the effect of one cycle through
the “furnace” under a pressure of 700 pounds and a temperature of 875° ¥,
from the results of which the final yields by recycling may be estimated.
The summary of the cracking test reported by Dr. Roy Cross of the Kansas
City Testing Laboratory is included as follows:—

1 Ibid, p. 96.
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Summary of Cracking Test

Gravity of charging stock................o.u0s 25.5° Bé,
Gravity of synthetic crude............. eevens 29.1° Bé,
Ultimate
Products and yields First cycle with
re-cycling
GAaBOMNE, 1vve vt v is e v e i e e 41.8 per cent 65-0 per cent
Recharging stock., . D i 0 § “
Fueloilioooovennnn, et aeas veenens| 87 « 28-0
Loss (gag and carbon)..ooovvvveiiviviiviiniiireiiianereiieenee.] 14 “ 7.0 “«

i Gasoline .
Gravity...... RN vt Ceeens 52.3° Bé, 53.0° Bé.
End poinb..coivereeiiiniviriianneeen BN Ceeerarenae 437° F. 437° F.

. Fuel Oil
LR 1:080 (Sp. Gr.) 4.0° Bé.
Safe Commercial Yields
MootOr BASOIIME. « it avi vt vt sttt ettt s eneneencnarnsonrrenn 60-0 per cent
-3 I S S - o] 800 ¢
701 T 10.0 ¢

The above yields are percentages by volume of the gas-oil charging
stock representing approximately 67 per cent of the dehydrated bitumen.
Summarizing the fire-still (coking) results and what Dr. Cross terms
“safe commercial yields,” we have the following figures as percentages
of the dehydrated topped bitumen as submitted for ecracking tests:—

[ < TS 32 per cent by weight
Motor ;fasoline (0:6x 67%). ... 40 “ by volume
Fuel oil (0:3 x 67%) 20 ¢ “

The tops removed in the dehydrating operation were, as shown
above, somewhat similar in gravity to the gas oil used as cracking stock,
and. on the assumption that equal ‘safe commercial yields” of motor
gasoline and fuel ol could be obtained, the total yields of the cracked
products as a percentage of the original water-free bitumen may be sum-
marized and tabulated as follows:—

Per cent volume of
_— original bitumen
(water-free basis)

Tops from dehydrating operation............... .
Dehydrated bitumen to fire still.e.eoev v iivinenn. .

Motor gasaline‘(ds" Bé&.)
From dehydrated bitumen (0-8 x 40%)..... . . ...| 82.0 per cent
TFrom tops (046 X 12%) . eeviuvverernennnns . 7-2 «“

é(z) per ‘?ent

Total motor gasoline (10 nERTEst %) .. ivervirreerrieiireiineenrvnnen. 39

Fuel oil (4° Bé.)—
TFrom dehydrated bitumen (08 x20%)...c.ovvvvnennn
From tops (003X 12%) . .uveevrvreennnnrnonnensones

Total fuel oil (to nearest %).........v.... et erer et 20

16-0 per cent
3'6 &«
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From this it appears that the yields for the topped bitumen as charged
may be applied directly to the dehydrated (separated) bitumen. The yields
of gasoline and fuel oil reported! by ecracking a similar bitumen at 90
pounds pressure and 750° F., according to the single-cyele method of
examining such products in the laboratory, according to the Dubbs
process, were 37 and 17 per cent, respectively, on the water-free basis.

Quality of Gasoline from the Bitumen. According to Dr. Cross the
refined gasgoline has “remarkably good anti-detonating properties.” This
agrees with the report? of Egloff and Morrell to the effect that the gasoline
from bitumen from bituminous sands is a “superior motor fuel having an
aromatic equivalent of 30 per cent.”

Shale 01l

A 5-gallon sample of crude shale oil obtained from New Brunswick
shale by destruetive distillation in the Pritchard retort was also forwarded
to the Kansas City Testing Laboratory, where it was submitted to pressure-
cracking tests similar to those conducted on the bitumen.

The shale oil submitted was first topped to give “tops” and topped
shale oil, amounting to 25 per cent and 75 per cent by volume, respectively.
Nothing further was done with the tops which was considered as the
“naphtha’” cut suitable for blending with gasoline. The topped shale,
termed ‘“charging stock’’, was then cracked to produce a ‘“‘synthetic crude.”
Ag with the bitumen the cracking test consisted of determining the effect
of one cycle through the furnace under a pressure of 700 pounds and a
temperature of 875° F., from the results of which the yields to be expected
by recycling were estimated. The summary of the cracking test, as reported
is as follows:—

Summary of Cracking Test

Gravity of shaleoil................cc.ovines 26-8° Bé.
Gravity of charging stock.....,............... 20-6° Bé.
Gravity of synthetic erude.................ovue 25.4° Bé.
Ultimate
Products and yields Tirst with
cycle recycling
per cent per cent
LT 1T T N 29.8 55.0
Recharging stock, 21-8° Bé........vv i e ie e ereerensanes 43-6
Fuel ol oo e e 17:3 30-0
Loss (223 and CarDON) . veeu v v tvreeeierie e et crenranannraensnnons 9:3 15-0
Gasoline
L R 54.1° Bé| 54.1° Bé
BENd PO, trenttretataentterereeneanerserenrosenrasonenrerssasnoes 437° F, 437° F,
Fuel Oil
BV e vttt iiere e etetnennenernereossncoceroseroressonsnces 1.100 1050
Safe Commercial Yields per cent
Gasoline,..ueevernrnenireanenninnnas L 50:0
Y e R P DI 35.0
7 AR P 15-0

1 Egloff and Morrell: ‘‘Cracking of Bitumen Derived from Alberta Tar Sands'’; Canadian Chem, and Met.,
Feb.z, 1917, %Inge 33,
c. cit.
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The above yields are percentages by volume of the topped shale oil.
Adding to the gasoline produced by cracking the naphtha “tops” and
expressing the yields of total (motor fuel) gasoline and fuel oil under two
heads, viz., the estimated maximum by recycling and “safe commercial
yields” respectively, we have the following:—

Percentage by volume
of the crude shale
oil tested
“Safe Estimated
commercialmaximum by
yields" recycling
Motor fuel (64° Bé.)— per cent per cent
Gasoline by eracking (0-75 x 50% and 075 x 55% respectively)...... 373 41:
Naphtha Dy t0DPInE. « vt it ier it eerntneetiienerereerannsnanenasnes 25 25
Total gasoline as motor fuel (to nearest per cent)................ 63 66
Fuel oil (specific gravity 1-06 )—
(075 x 35% and 0-75 x 30% respectively)..vveeiii i i iiiiniinininnes 26 22

The above yields of total gasoline are, it will be noticed, in close
agreement with those reported by the Universal Oil Products Company,
where for Run No. 410 the total gasoline by topping and cracking was
over 63 per cent and for Run No. 393 the estimated maximum obtainable
by recycling was around 65 per cent.

YIELD OF PRODUCTS BY PRESSURE CRACKING PER TON OF OIL
SHALE RETORTED

A yield of 30 Imperial gallons of crude shale oil is considered a good
commercial yield per ton (2,000 pounds) of shale retorted. Using the
minimum and maximum figures given above, the yields of gasoline as
motor fuel and of fuel oil that may be expected from a ton of shale by
pressure cracking of the crude shale oil obtained may be calculated and
tabulated as follows:—

Gasoline a8 Iotor fUel.c.viiereeeeriieiirereieriraorns 15 to 20 Imperial gallons
Light fuel 0l .vveeseiinenirrerrerieensnreresensnsenss 2t0 7 “

In addition to these products from 50 to 80 pounds of coke, along with
300 to 700 cubic feet of gas per barrel (35 Imperial gallons) of crude shale
oil would be obtainable as by-products.

SUMMARY

This report, a summary of pressure-cracking tests on Canadian
crude shale oil, and on bitwmen from bituminous sands, according to the
Dubbs and Cross processes respectively, shows that these raw materials
are important sources of motor fuel. Gasoline yields of 60 to 65 per cent
by volume of the crude shale oil, equal to roughly 18 to 20 Imperial gallons
per ton of shale retorted, and about 40 per cent by volume of the dehydrated
bitumen, are reported. The total yield of gasoline and fuel oil amounted
to over 80 per cent of the crude shale oil tested and to nearly 60 per cent
of the bitumen. Other products from these oil and bitumen raw materials
are, appreciable quantities of good quality coke and uncondensed gas of
high calorific value. The quality of the gasoline from the shale oil may be
considered good and that from the bitumen exceptionally good.



