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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.



MINES BRANCH INVESTIGATIONS OF
FUELS AND FUEL TESTING, 1929

GENERAL REVIEW OF INVESTIGATIONS

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

The investigations conducted during 1929, which were of much the
same nature as in the previous year, were comprised of both small and
large laboratory-scale investigations, the latter being mostly of a con-
tinuous nature, not sufficiently advanced to be put into the usual report
form for publication. In addition to the low-temperature carbonization
tests, caking indices of coals, and the special field work on natural gas
reported hereunder, the investigational program included a continuation
of the physical and chemical survey of the Phalen coal seam; special
examination of Nova Scotia slack and “railway’’ coal from the storage
pile at Windmill Point, Montreal; continuation of laboratory carboniz-
ation assays of typical Canadian coals at both high and low temperatures;
further taking of oil shale samples in the field, and a continuation of the
crude oil analyses survey. The new building, to be known as the Fuel
Research Laboratories, was occupied early in the year, and preliminary
large-scale tests were made in the experimental pulverized fuel fired boiler
installation. The investigations conducted and activities of the technical
staff are given in more detail in the Annual Report of the Department of
Mines for the fiscal year ending March 31, 1930, certain phases of which
are worthy of further amplification here.

Yearly Heating Load Data: by E. 8. Malloch and C. E. Baltzer. This
investigation, as planned, comprised a general survey of the fuel require-
ments for domestic heating in the cities and districts of Canada where
daily records of the mean outside temperatures have been kept. During
the year considerable data were collected as to the daily temperatures for
the cities of Toronto and Ottawa for the past ten years, and the monthly
fuel consumption (in two cases the daily consumption) in six Ottawa
houses heated by gas-fired furnaces, were recorded. By the proper cor-
relation of the accumulative consumption data with the average and
specific temperature-time curves, as well as with varying locations as to
sun and wind exposure, it is expected that the yearly heating loads for
different fuels can be predicted with a fair degree of certainty. The results
of this investigation, which is being continued, should be of particular
interest to architects and heating contractors.

Oil-shale Survey: by A. A. Swinnerton. Additional oil-shale samples
were taken by A. A. Swinnerton from the Pictou area. Outecrops, mainly
along McLellan brook, were re-sampled and laboratory assay tests made
on two composite seam samples and ten sectional samples. Locations or
beds at A, AB, and E, as indicated in the 1928 report, were re-sampled,
and a fresh outerop F, near Trenton, was also examined. Fresh shale, at
greater depth in the seam, from the 43-foot bed at A showed an oil content
ranging from 165 to 21.3 Imperial gallons per ton for the different samples,
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with an average of 20- 1 Imperial gallons. This was an increase of more than
2.5 gallons over the former average for the outcrop. The shale at location
AB, on the contrary, on re-sampling showed a decrease from 26:5 to 16:4
gallons per ton as the average oil content of the bed. Location E (located
but not sampled in 1928) near Stellarton produced shale that analysed
21-9, 46-7, and 32-0 gallons for the three sections respectively of the 5%-
foot seam, the average of which was 36-9 gallons per ton of crude shale.
Shale at ¥ near Trenton was barren, showing less than one gallon per ton.

On the basis of at least 20 Imperial gallons per ton as the laboratory
yield to be worthy of large-scale development and utilization, the shale at
E, in addition to that at D previously reported, may be considered favour-
able for commercial development. Location A also may be added to the
list as giving promise of better results as the seam is followed in from the
outerop. The description of the locations from which the samples were
obtained and the details of the results of examination will appear in the
1930 Investigations of Fuels and Fuel Testing.

Report of Tests on Sydney Coal by the Illingworth Low-femperature
Carbonszation Process: by R. A. Strong and E. J. Burrough. The coal used
in these tests was supplied by the Dominion Coal Company of Sydney,
Nova Scotia, and the main tests were made at the large-scale experimental
plant of the Illingworth Carbonization Company at Pontypridd, Wales.
As stated in the introduction, and amplified in the preface, the objective of
the tests was primarily to determine to what extent this particular coal
was amenable to treatment by the Illingworth process for the production
of a coke suitable for use as a domestic household fuel in Canada. The
yields of tar oils and gas were considered as of secondary importance.

The actual carbonization tests in England were witnessed by the
junior author of the report, and supplementary tests were conducted at
Ottawa on large samples of both coke and tar oils brought back for that
purpose. The coke was examined particularly for density and friability,
and general burning tests of a preliminary nature were made in standard
house-heating furnaces by C. I Baltzer. Both washed and unwashed
“Sydney”’ coal were tested, special attention being paid to the distribution
of the sulphur during carbonization in comparison with that taking place
in high-temperature by-product oven coking,. ,

As is more or less well known, the Illingworth process has as its salient
feature a preliminary heat treatment, in order to produce from a strongly
coking or swelling coal, a dense smokeless free-burniig coke. In present
practice this is accomplished by mixing with the coal to be carbonized a
certain portion of coke breeze. Provision is also made for discharging the
hot coke into a cylindrical (revolving) drum containing raw coal, thus
cooling the coke without quenching and also drying the coal to be charged.
Eighteen tests on the Sydney coal were made, two of which were in the
50-ton retorting plant, while the remaining 16 tests were made in the
experimental single retort, and the optimum proportion of breeze from a
previous run in any charge was in the neighbourhood of 10 per cent.

The yields of unscrubbed gas from the washed and unwashed coal
were 6,050 and 4,910 cubic feet respectively, the average calorific value of
which was 700 B.T.U. per cubic foot. The average yield of dry tar oils
was slightly under 13 Imperial gallons, the specific gravity of which was
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1.04. The light oil content of this tar was 1.4 gallons, which, when added
to 2-8 gallons obtainable from the gas by scrubbing, gave a total of roughly
4 gallons per ton. As a primary crude product, however, it is doubtful if
the tar oil, ineluding its light oil content, should be valued, for Canadian
industrial purposes, higher than ordinary fuel oil, and no eredit should be
allocated to the ammonium sulphate obtainable as the average yield of 7
to 8 pounds per ton is not considered high enough to more than pay the
cost of recovery.

The coke produced from the Sydney coal tested was black in appear-
ance and of a hard, dense nature, similar to the “Ricoal” product, as the
Illingworth coke is termed, from English bituminous coals, and the yield
averaged 74 per cent. The ash content of the coke from washed and un-
washed coal was 7-6 per cent and 11-8 per cent respectively with corre-
sponding calorific values of 13,700 and 13,275. The apparent density of
the coke from the Sydney coal ranged from 0-90 to 0-93, which is notice-
ably higher than that for by-product oven coke made from the same coal.
The porosity of the low-temperature coke produced was approximately
25 per cent as compared with nearly double this figure for the high-temper-
ature produet. As for general handling qualities, remarkably good results
were obtained, the breakage through one inch in the transportation of
nearly one and a half tons of large “cobble” size lumps being only slightly
over 5 per cent. The shatter index of the cokes from the washed and un-
washed coal averaged 83-5 per cent as compared with 67+5 per cent for
by-product oven coke from the same coal. The result of the preliminary
burning tests was quite satisfactory. The small amount of clinkers formed,
even at high rate of burning, was remarkable, in view of its comparatively
low F.P.A. (fusion point of ash), which is in the vieinity of 2,000° F. The
free-burning nature of large as well as small lumps was noted, 2s was also the
lasting qualities of the larger lumps. The ash formed was of a granular
gritty nature as compared with the floeculent ash from high-temperature
coke, and a plausible explanation of its non-clinkering properties is thai
combustion proeeeds to completion below the 2,000° F. ash fusion temper-
ature. With theexception that under ordinary (improper) control of draughts
the fuel may be found to be too free-burning, there does not seem to be any
reason why this low-temperature coke from Sydney coal should not be
successfully adapted to the domestic (household) fuel-market.

The distribution of organic sulphur in the products was found to be
different from that taking place in high-temperature by-product oven
practice. In comparison with 65 grains per 100 cubie feet in by-product
oven gas from a coal containing 3 per cent sulphur, only 35 grains per 100
cubic feet were found in the low-temperature, Illingworth process gas.
On the basis of total organic sulphur in 6,000 and 11,000 cubic feet of gas
respectively, by the low- and high-temperature processes, this means a
reduction of over 70 per cent. This low sulphur content in the gas is
explainable by the assumption that appreciable secondary reactions of
hydrogen sulphide with hot carbon did not take place at the temperature
of carbonization, the maximum of which was 600°C. Similar reductions in
the hydrogen sulphide content of the gas (due to absorption in the liquor)
and of the total sulphur in the coke were noticed. For these reasons it
was concluded that the Illingworth process is suitable for the treatment
of coals higher in sulphur than allowable in high-temperature practice,
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In the summary and conclusions of the report the authors have briefly
discussed the economies and commercial application of the process to coals
of the Sydney, Nova Scotia, area and the general conclusion arrived at is
that the IHlingworth process is quite suitable for the treatment of coal
from that area for the production, as a main produect, of a coke quite
serviceable for domestic household heating purposes. ‘

Notes on Methods for Laboratory Assay of Coals for Carbonization and
Jor General Coking Properties: by R. E. Gilmore. This paper is comprised of
two sections, namely: (1) Comparison of low-temperature carbonization
results by the “lead bath” and the Gray-King methods, and (2) Relation
of caking indices and agglutinating values of coals to their laboratory and
plant scale coking properties.

Section 1 shows the results obtained on a series of typical Canadian
coals ranging from bituminous to lignite, first on a 3,000-gramme scale with
the iron retort immersed in an electrically heated lead bath—the method
employed in the Fuel Testing Laboratories at Ottawa since 1918—and
then on a 20-gramme scale, being the Gray-King method adopted at the
Buitish Fuel Research station. Slight modifications. were introduced,
consisting of carbonizing in the nearly dry condition rather than completely
dry, and heating the charge at a slower rate at the beginning of the test.
The latter modification was considered both advisable and necessary for
non-coking coals in order to avoid loss of charge from the retort into the
condensing train. Otherwise, the directions specified for the Gray-King
method were closely followed.

. There was a fair agreement only in the yields of (@) coke or char,
(b) gas by weight, and (¢) the total condensate comprised of water of
decomposition, liquor, and tar oils. Appreciable variations were noted in
the ratio of liquor to tar by the two methods on the same coal and without
exception higher tar oil yields were indicated by the 20-gramme scale
method than by the 63-pound lead bath seale. Tor the reason that in the
latter method it is the recovered tar oils that are recorded, whereas in the
former smaller scale method the yield of tar oils is arrived at by difference,
the tar oil yield obtained on the larger lead bath (iron retort) method are
considered more reliable for the purposes of plant seale interpretation.
The Gray-King method, however, is considered as adaptable for the labor-
atory assay of bituminous coals for which it was devised, but for typical
Canadian non-coking coals, it would appear that the tar oil yields obtained
by the Gray-King and similar small laboratory scale methods should be
liberally disecounted before proceeding to apply a general factor (60 or 70
per cent) in order to interpret laborvatory yields in terms of commercial
or plant scale recovery of dry (water-free) tar.

Seetion 2 shows the relation of caking index determinations by the
“Gray’’ method made at the Tuel Research Laboratories and agglutinating
values by the Marshall-Bird method made at the Pittsburgh Experiment
Station of the United States Bureau of Mines on a series of fifteen standard
coals and coal mixtures in comparison with their laboratory and plant
scale coking properties. These comparative tests were mostly made
subsequent to 1929, the results of which have been considered worthy of
advancement to this publication, to supplement the results reported below
by Mr. Nicolls on the caking indices of typical bituminous coals. The




3]

small laboratory scale coking properties were appraised by examination of
the coke button formed in the ordinary volatile matter determination on
one gramme of powdered coal, and the plant scale coking data from tests
in the two-ton by-product oven at Ottawa. The commercial grading of the
coke for domestic heating and metallurgical purposes from several of the
standard coals and the relation of the quality of coke obtained in the oven
in ecomparison with that made in the commercial plants from the same
coal is shown.

The general conclusion arrived at was that for predieting commercial
coking characteristics the caking indices by the Gray method and the
agglutinating values by the Marshall-Bird method failed to show greater
value than the judgment of the coking property afforded by examination
of the coke button obtained in the usual volatile matter determination.
Elaborate coke button grading is considered as apt to be a grade higher or
lower than that of the by-product coke-oven coke from a given coal, and
the coke button grading should be relied on only to indicate whether a
coal is non-coking or may be expected to produce commercially a poor, a
fair, or a;jl good coke, that is, to show general coking properties of the coal
examined.

Caking Indices of Typical Canadian Bituminous Coals: by J. H. H.
Nicolls. This paper comprises the results of caking index experiments on
bituminous coals from both Canada and the United States. The main
objective of these experiments was to find a small-scale laboratory test for
predicting the commercial coking propensities of coals to a better degree
than obtainable by observing the coke button formed in the regular volatile
matter determination in a platinum crucible. The caking index method
followed, with minor variations, was that of Gray, using both sand and
electrode caibon as inert material in varying proportions with the bitu-
minous coals tested. In this method the caking index is the proportion of
inert material (sand, carbon, etc.) that can be mixed with the coal under
test l‘io give a coke button that will support a definite weight without being
crushed.

On the same coal sample separate consignments, first, of sand and then,
of carbon material, were found to give different caking indices and pre-
liminary leaching of the sand with acid was likely to give a different index.
The differences between the results obtained with platinum and Illium
crucibles were not great and since the latter vessels do not lose their shape
nor corrode as badly as platinum, the use of Illium crucibles is recom-
mended for caking index work.

Of special interest are the results obtained on 23 sections from top to
bottom of a 7-foot section of the Phalen seam in the Sydney area, Nova
Scotia. On these sectional samples the coking properties of which, as
judged ‘by the volatile matter coke button, ranged from poor to good,
considerable variations in caking indices resulted, but no section had a
sufficiently low index to remove it from the range covering ‘“‘commercial”’
coking coals. Weathering in the open for periods up to a year caused a
considerable reduction in eaking indices of typical Nova Scotia and Penn-
sylvania bituminous coals, but in no case was this reduction sufficient to
remove it from the range applying to coals that are suitable for the manu-
facture of coke when coked alone.




6

The most satisfactory index as judged by the known caking properties
of the respective coals of Canada examined was the index at which the
button would just support a 500-gramme weight, and sand was preferable
to petroleum coke as the inert matter for the coals tested. However, for
predicting commercial scale coking properties, proof is lacking that the
caking index is superior to judgment afforded by examining the coke
button produced in the determination of volatile matter.

Analyses of Coals and other Solid Fuels: Compiled by J. H. H. Nicolls
and C. B. Mohr. This compilation is similar to that included in the annual
reports of Investigations of Fuels and Fuel Testing since 1925. As in
previous years it comprised three sections, the contents of each section
being as follows:—

(a) Analyses of coal and peat native to Canada, originating as follows:

Nova Seotia. . cvviiieririiriernscsnenssassnens 14 samples of coal
OnbATIO. . .ovieniveverrroieesocsrsnacssnaarsnns 1 sample of peat.
Saskatchewan.....vveviiiiiiiiiiiiiiiiiiiine, 18 samples of lignite.
N (o) - e 63 samples of coal.
British Columbif., ccovvvirniiiirensnnnesseesas 11 samples of coal.

(b} Analyses of coals submitted by the Department of Pensions and
National Health. This section contains 62 reports of analyses, each
analysis being the average of two or more samples of the same lot of coal,
and In many cases a single analysis represents the coal from as many as
six carloads. Sixty per cent of the total reported (i.e. 88 analyses) is for
coals mined in Canada, the remainder being for coals imported from the
United States. These analyses are for coals delivered to the hospitals
operated by the department, and are important in that the price paid was
adjusted for bonuses and penalties based on the variation of the moisture,
ash and calorific values of the coal delivered from that guaranteed as
“contract’” grade.

(¢) Analyses of miscellaneous solid fuels, comprising the following:

Bituminous (steam) coals from United States.......ove.en 13 samples

Scotch, Welsh, and American anthracites and semi-anthra- g«
37 1

Cokes, briquettes and miscellaneous.......c.oevvvvrnieess 6 «

Gasoline Survey for 1929: by P. V. Rosewarne and H. McD. Chantler.
This is the seventh annual analysis survey of the gasoline marketed in
Canada, conducted by the Fuel Research Laboratories. By the hearty
co-operation of the officials and inspectors of the Department of Health,
84 samples from 18 different cities were collected and sent in. As in the
1927 and 1928 surveys, the ‘“‘unsaturates, aromatic, naphthene, and paraffin”
contents of the gasolines were determined and reported in addition to the
usual specific gravity, distillation range, index values, ete. The labor-
atory methods employed for the estimation of aromaties, naphthenes and
paraffins, and some notes on the “significance of tests” are added. It is
of interest to note that the gasoline sold during 1929 was of good quality
gnd was again superior to that sold during the same period in the United

tates. '
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The Analysis of Natural Gas from the Turner Valley Field in Alberta: by
P. V. Rosewarne and R. J. Offord. In addition to reporting the results of
analyses by fractionation of 35 samples of Turner Valley natural gas and
naphtha, this report compares the commercial (Smith) separators for re-
moving the ecrude naphtha from the gas, advances a theory concerning the
nature of the wetness of the gas, and comments on the possible utilization
in ’&he future of a greater part of the surplus or “waste’”’ gas than practised
to date.

The Podbielniak fractional distillation apparatus employed is fully
described and the results obtainable compared with those by the Burrell
gas analysis apparatus and the Oberfell charcoal absorption apparatus.
For natural gas consisting mainly of methane and ethane, such as that in
maing of the city of Edmonton, the relative amounts of these two con-
stituents as shown by fractionating method and the Burrell method agreed
within one per cent respectively. For the average raw and purified Turner
Valley gases, and those refinery gases containing comparatively larger
contents of hydrocarbons higher than methane? the Burrell method was
proved to give quite erroneous results. In the case of a refinery “‘stabilizer”’
gas which showed 25 per cent methane and the remainder higher hydro-
carbons by the fractionation method, the Burrell analysis indicated 80
per cent of ethane and higher hydrocarbons (that is, where these are calcu-~
lated as ethane), this illustrates the uselessness of the Burrell method for
this quality of gas. The average analysis for seven samples of purified
Turner Valley natural gas from the Calgary city mains was 89-1 per cent
methane, 5-5 per cent ethane, 3-2 per cent propane, 1-3 per cent butane,
and 0-9 per cent pentanes and higher. Average analysis by the same
method of a gas termed as “purified”’ gas at the refinery in the field, “raw
and dry gas after separators” showed results corresponding closely with
those just stated, that is, with methane contents in the neighbourhood of
90 per cent, the remaining 10 per cent being ethane and higher hydrocarbons.
These results, which are congidered as accurate and reliable, are at consider-
able variation with the analysis by the Burrell method of natural gas from
this field, as published in former Mines Branch publications.

So-called “wet”’ gas from the pipe-lines before the separator failed to
show the expected difference in composition from that of the dry and
purified gas; in fact, the analysis of certain sets of wet and dry gases were
practically identical, which was considered as proof that the “wet’’ gases col-
lected for analysis contained in the vapour phage practically none of the
commercial naphtha. Different methods of sample taking were tried but
the net results remained the same. This led the authors to conclude that
condensation of the higher hydrocarbons going to form the naphtha takes
place ab or near the bottom of the well as the gas issues from the limestone,
which is considered the point of greatest refrigeration, and that the con-
densate so formed is carried mechanically in the liquid phase by the velocity
of the residual gas, and that such a theory explains why an apparatus as
simple as the “Smith” separator is able to recover the naphtha.
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REPORT OF TESTS ON SYDNEY COAL IN THE ILLINGWORTH
LOW-TEMPERATURE CARBONIZATION RETORT

R. A, Strong and E. J. Burrough

PRETACE
B. F. Haanel

Low-temperature carbonization of solid fuels in general has received
80 much publicity in recent years, and has so successfully attracted large
amounts of capital, especially in Great Britain and other European coun-
tries, that many coal operators in Canada, who are looking for an extension
of their markets, have been led to believe that the introduction of low-
temnperature carbonization on a comparatively large scale would solve
many of their problems. This erroneous idea is fostered by the glowing
statements regarding spectacular profits which can be secured through the
recovery and refining of by-products. The fact that the oils produced in
the course of carbonization at low temperature are of larger quantity and
different composition than those resulting from the carbonization of bitu-
minous coal at high temperature has also been seized upon by promoters
as a method to attract capital for the promotion of several processes for
which ridiculous claims were made regarding exceedingly valuable com-
pounds which it was said such oils contain and which could be cheaply
recovered and sold at a high market price. Much confusion also has
arisen on account of the partial statements made by technical writers
concerning the possible gross profits which can be obtained from the refined
products obtained from the crude tar oils, and many processes which have
been erected on a commercial scale for carbonizing solid fuels at low temper-
ature have failed on account of the impossibility of realizing these profits
and the consequent inability to pay dividends on the capital invested.

Low-temperature carbonization cannot be profitably introduced in
every country or in every part of a country where coal exists. There are
many economic factors which have to be taken into consideration, such as
profitable market for the low-temperature coke, cost of raw fuel at plant,
transportation cost of the finished and raw products, and disposal of tar
oils and gas. An exceedingly important, and in most instances a governing,
factor is the capital cost of plant per ton year output. Several of the many
processes developed for carbonizing solid fuels at low temperature, although
technically very attractive, cannot be successfully introduced on a commer-
cial scale because of the high capital cost of plant per ton year output.
This cost must be materially lower than that which obtains for a by-
product recovery coking plant which carbonizes a solid fuel at high tem-
perature, and the cost of operation and upkeep must be as low, or lower,
than obtains for the former plant.

The information gained by the writer during his several trips of in-
vestigation, through the United States, Great Britain, and Europe, con-
cerning low-temperature carbonization and other processes for treating
coals, has given him the opportunity of judging the merits of the several

8
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processes which had been developed sufficiently far to enable their com-
mercial possibilities to be predicted. One of the processes which he con-
sidered might, under favourable conditions, be introduced into Canada,
is the Illingworth process and, in view of a special study of the Nova
Scotia coal fields, which was made by the Division of Fuels and Fuel
Testing, and other bodies, led him and other officers of the staff of the
Fuel Research Laboratories at Ottawa to consider seriously the possibilities
which the introduction of the Illingworth process, or a similar one, in the
Sidney coal fields would offer for the solution of some of the difficult fuel
problems with which that part of the country is faced.

The Department of Mines, at the request of the Dominion Coal
Company, undertook in 1928, the revision of the geological sheets of
the Sydney coal field, and made a study of the conditions of coal-seam
deposition and sedimentation affecting the quality of coal reserves in
that area. A large part of the reserves in this field lies under the sea and
is, therefore, not capable of being prospected in advance of working by
the usual borehole methods. The investigation included an exhaustive
geological and chemical study which was embarked upon with the hope
that the results obtained would serve as a guide for mine projection towards
the most valuable portions of the enormous submarine coal reserves of
this unique field and assist in the maintenance of uniformity in the quality
of the output. :

The Fuel Testing Division of the Mines Branch undertook the chemieal
portion of this investigation which included analyses of seam samples over
the entire working face, laboratory investigation on by-product yields by
carbonization both at high and low temperatures, and a study of the chem-
ical nature of the mineral matter in the coal in various portions of the seam
selected for this preliminary work. During the course of the investigation
it became desirable to inquire into the eommercial possibilities of treating
certain of the coals mined in this field by low-temperature carbonization,
especially those coals which possessed a higher sulphur content than
typical of this field and which by reason of this fact were not considered
suitable for by-product coke oven treatment.

The use of high-sulphur coal for the produetion of either metallurgical
or domestie coke ig extremely limited, owing to several important reasons.
Generally speaking, metallurgical coke, by reason of its use in smelting
operations, should not exceed 2 per eent sulphur, and must, therefore,
be made from a coal containing not more than 2 per cent of sulphur.
Domestic coke, on the contrary, may contain sulphur up to 3 per cent,
without causing obnoxious odours during burning, and ean, therefore, be
satisfactorily produced from coals containing 3 per cent or less of sulphur.
The produection of the highest quality domestic eoke has up to the present
time been confined entirely to the by-product coke oven, and the capital
cost of this type of installation renders it necessary to sell the gas in order
t0 make a profit in operation. The use of high sulphur coals in the manu-
facture of gas in by-product eoke ovens results in the production of hydrogen
sulphide and organie sulphur ecompounds, the former being removable by
the oxide proecess or the wet purification process, but the latter can only
be reduced by benzol recovery. The recovery of benzol from the gas
effects a reduction of about 50 per cent of the organic sulphur, and as a




10

3 per cent sulphur coal produces about 65 grammes of organic sulphur
per hundred cubic feet of gas, a 50 per cent reduction will barely bring the
quantity within the allowable limit, which is usually considered as 85
graing per 100 cubic feet.

The results of the test conducted at Pontypridd and the results of the
tests on the coke sent to the Fuel Research Laboratories showed that by
means of the Illingworth low-temperature carbonizing process a most
remarkable fuel can be produced from Nova Scotia coal.

The coke made from a coal of low fusion point ash exhibits none of
the undesirable characteristics of coke made from the same coal at high
temperature; it does not clinker, but when burned in & domestic heating
plant produces & coarse ash. This coke, moreover, possesses many of the
desirable characteristics of Welsh anthracite, viz., it is free-burning and
easily ignited. One other very important property is the small amount
of fines produced in handling. All these points are recorded in detail in
the following report which deseribes the results of a test on Nova Scotia
coal in the experimental plant of the Illingworth Carbonization Company
located at Pontypridd, South Wales.

Grateful acknowledgment is herewith made to the officers of the
Dominion Coal Company for their co-operation in supplying the coal for
the tests, and to the officers of the Illingworth Carbonization Company
who spared no pains in obtaining all the data desired by the writers.
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INTRODUCTION

The domestic market for fuel in central Canada offers an opportunity
for the conversion of bituminous coal into a smokeless product which
appears to be attractive, Until recently the demand for domestic fuel
in this area was entirely satisfied by the importation of American anthra-
cite, but in recent years the tendency has been to accept substitutes for
this fuel. The fuels at present competing for the domestic market in cen-
tral Canada are, in order of importance, American anthracite, coke, and
Welsh anthracite. Statistics, as given by the Dominijon Fuel Board, show
that the imports of American anthracite in 1929 for Ontario and Quebec
were 3,056,253 tons, and that coke consumed for domestic heating in
that year was 1,206,000 tons, while imports of British anthracite
amounted to 642,914 tons. It is, therefore, apparent that while
American anthracite is still the standard fuel for domestic heating the
public are willing to accept a fuel of equal quality, The ready acceptance
of high-temperature coke by the public has led to an increased interest in
the possibility of placing on the market a fuel manufactured from bitu-
minous coal by means of low-temperature carbonization.

The officers of the Division of Fuels and Fuel Testing have kept in
close touch with the developments of this new industry, and are convinced
that the process developed by the Illingworth Carbonization Company
offers economic possibilities for profit in certain favourable areas, inasmuch
as the process is designed for the maximum production of a high density
solid fuel residue. Since the capital costs are low, it is possible to operate
solely for the production of coke without regard to the gas, the liquid by-
products being saleable. This company for some years has operated a
small test plant at Pontypridd, Wales, which was inspected by the Chief
of the Division of Fuels and Fuel Testing, Mines Branch, and as a result
of this inspection, he recommended that a Canadian coal be tested in
this ingtallation.

After a careful study of the economic conditions in Canada with respect
to the establishment of a low-temperature carbonization industry by the
engineers of the Fuel Research Laboratories it was decided that the Mari-
time Provinces offered the best site for the exploitation of this particular
process. Consequently representations were made to the Dominion Coal
Company to secure the necessary samples of coals for shipment io-South
Wales for the carrying out of the test. The company expressed itself as
greatly interested in the possibilities of this process to extend their markets,
and accordingly, samples of coal were selected and shipped to the Illing-
worth Company for test.

The objective of the tests was primarily to determine whether the
Nova Scotia coal was amenable to low-temperature carbonization for the
production of a dense, solid, smokeless fuel, the quantity of by-products
obtainable, and the suitability of the fuel produced for Canadian conditions
of house heating. To determine this the low-temperature coke produced
was shipped to Ottawa, Canada, in order to measure the amount of break-
age in transit, and form an opinion regarding its ability to withstand the
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handling required in the vetail distribution of domestie fuel. Low
temperature coke is a free-burning product and more nearly approximates
Welsh anthracite than by-product coke or American anthracite, and it
was, therefore, felt that burning tests on large quantities of the fuel should
be made under standard Canadian conditions, in order to predict whether
it would be successful in competition with the other standard domestic
fuels now in uise. The burning tests were made under the direction of
the engineers of the Division of Fuels and Fuel Testing and carried out
in standard equipment—as used in house heating in central Canada.

Another objective was to determine the quantity of organic sulphur
formed. Laboratory experiments had indicated that the introduction of
low-temperature carbonization in existing gas plants would solve the -
problem of the use of high-sulphur coals for the manufacture of city gas,
and tests were made to demonstrate whether this indication would be
confirmed in large-scale operation.

The successful application of low-temperature carbonization offers a
great many possibilities in connexion with conditions existing in the Sydney
coal field. The vast reserves of coal in this area are capable of a much
greater annual output than is at present possible to market owing to the
low prices and competitive conditions existing in the industrial coal market.
However the conversion of a part of the output into a smokeless product
permits competition with a high priced commodity, and immediately opens
up an entirely new market. As the successful conversion of bituminous
coal into a satisfactory smokeless domestic fuel depends on the quality of
the fuel produced and its cost of conversion, these two factors have been
borne in mind in the tests and are commented on in the text of this report.

DESdRIPTION OF PLANT AND TESTS ON SYDNEY COAL

The Ilingworth system of carbonization is an outgrowth of the studies
of coal constitution conducted by Dr. Roy Illingworth during his tenure
of office as head of the chemical department of the South Wales and Mon-
mouthshire School of Mines. As a result of researches he noted that the
initial formation of coke was related to the decomposition of the resin-
like compound known as the gamma constituent. This constituent of
coal decomposes at approximately 450°C., and thus coke is formed at this
or 3 little higher temperature. The porosity of coke is due to the evolution
of volatile matter from the other coal constituents during the plastic stage.
It was found that, if the gamma constituent does not exceed 10 per cent or
fall below 5 per cent, it is possible to produce a residue which contracts
at low temperatures and yields a dense hard coke. This is accomplished
either by pre-treatment or blending, =

An experimental plant built at the former gas works of the Pontypridd
Urban Council in 1919 has been in operation for 2% years and is capable of
carbonizing 50 tons of coal per day. The retorts consist of vertical fire-
clay chambers in which are placed cast-iron conductors of H-gection, which
form a series of rectangular compartments, tapering from the top to the
bottom. Kach retort consists of 18 of these compartments which vary
in size according to the type of coal treated, a smaller section being required
for coals having a high caking index than that required for the more feebly
caking coals.
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The retorts are charged through tubular funnels which are attached
to the charging larry, and an arrangement is provided for tamping during
charging, in order to increase the coke density. The coal is stationary
during the carbonization period, which usually occupies between 10 and
12 hours, and is discharged by means of specially designed balanced doors
at the bottom of the retort. A distinctive feature of the retort is the pro-
vision for discharging the hot coke into a cylindrical drum which contains
raw coal, the drum being revolved 5 times before being discharged. This
operation serves a double purpose, in that it cools the coke without quench-
ing and dries the coal which is to be charged. The coke is separated from
the coal by screening, the breeze smaller than any desired size being left
in the coal to reduce its swelling properties, thus making the blending
operation an automatic one.

The retort is heated by means of horizontal flues in which producer
gas, or the gas evolved from the coal being used, is burned. The cast-iron
conductors allow a rapid transmission of heat to the charge both by con-
duction and by radiation, and the efficiency of this means is shown by the
rapidity of carbonization. An elevation of the experimental retort is
gshown in Figure 1; Figure 2 being a sectional view of the same installation. -
Plates IA and IB show the charging-floor and the revolving drum for
cooling the coke, respectively.

The fuel produced is black in colour, resembling coal rather than coke.
It does not possess the porous appearance of high-temperature coke and is
characterized by its high density, which is usually from 0-9 to 1-1, depend-
ing on the coal used and the method of operation. The temperature of
the charge does not exceed 600°C. and the amount of volatile matter re-
maining in the coke is consistently between 7 and 8 per cent. It is claimed
that the fuel is free-burning, capable of withstanding the necessary handling,
and the ash does not cause excessive clinker trouble, even when coal con-
taining a low-fusible ash is used. Plate IIA shows the fuel being dis-
charged from the retort, and Plate IIB and Plate IIIA the fuel as sold
for the market in England, while Plate IIIB shows blocks of the fuel
made from Sydney coal during various runs.

Two shipments of coal, of 15 tons each, were made for test purposes,
one lot being “as mined” and the other washed in Baum washers located
at the steel mil's of the British Empire Steel Corporation at Sydney.
Both shipments were made in bags to eliminate possible mixing, and were
opened in the presence of the official Mines Branch representative at.
tﬁ)e test. This official had been instructed to the effect that he should
observe all tests; collect all necessary data, and to return to Canada all
coke made, as well as 50 gallons of both tar and light oils for subsequent
examination.

Eighteen tests in all were made, two of which were run through the
50-ton unit and from which no data on gas and by-products were obtained.
The other 16 runs were made in a single retort attached to the plant,
which is provided with a condensing train for the collection of tar. A
gas meter was used for determining the volume of gas, the heat value
being determined in a calorimeter. A small, wash oil unit was available
for the absorption of light oils in the gas and a still was erected for the
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The gas was measured and its light oil content determined, as well
as the quantity of both organic and inorganie sulphur which it contained.
The effect of oil serubbing for light oils on reduction of organic sulphur
in gas was also noted. The calorific value of the gas as obtained from
each run was recorded.

The tar was collected at various points in the condensing train and
its yield measured as accurately as a test of this size would permit. The
water content was determined and several distillations made of typical
s%mples in order to estimate the quantity of motor spirit available from
the tar.

In addition to ‘the above observations and tests, a log sheet of each
run was made, showing temperatures of flues, retort walls, and of the
charge itself.

At the conclusion of the tests the majority of the fuel produced was
bagged and shipped to the Fuel Research Laboratories, wlere tests were
carried out on friability and burning. The burning tests were made
under normal conditions of firing in heaters, stoves, grates, and furnaces
of the usual domestic types. In addition, 50 gallons of tar and 50 gallons
of light oil were shipped to the Fuel Research Laboratories where further
examination of them is to be made, which when completed will be published
in a separate report.

DISCUSSION OF RESULTS

The results of the tests have been tabulated and are shown in the
accompanying Tables I to IV. Table I gives a summary of the results
and contains the analyses of the coal as charged, and of the coke obtained,
as well as the quantity of gas, tar, light oils, and ammonia liquor; Table I1
containg the analysis of the gas and its heating value; Table III the dis-
tillation results of the tar; and Table IV is a résumé of general data includ-
ing retort temperatures, method and particulars of charging, and a screen
analysis of the coal as charged and the coke as discharged.

Coal

The coal as shipped was sampled after arrival in England and analysed
in the laboratories of the Illingworth Carbonization Company, with the
following results:

_— I Washed IUmvashed

Mmsture ............................................................... 4.9 3-4
7S] 4-1 9-8
Volatilo INatber. .oottyetr st iir e ietnreeetatienesensnansnrneeenaesnsanes 29-6 30-6
Fixed carbon. .viiiiriie it i it ittt e 61-4 56+2
201 ) 410 2:8 3.1

After sampling, the coal selected for each test was blended with the
required amount of breeze and the mixture sampled before being charged
in the retort. The results of these analyses for each test are shown in
Table I,
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a fluid or plastic state offering resistance to gas passage, the valleys being
.8, partial solidification of the mass in & porous condition which relieves
pressure. It will be noted that with the particular sample used there
exists four distinet physical changes over the critical range. The second
curve represents the same coal after being preheated in an oxidizing at-
mosphere to a temperature of 255°C. The significance of this curve is
that it shows that preheating accomplishes a partial destruction of the
coking properties, which is desirable and necessary for the production of
a dense coke at low temperatures. The method adopted by the Illingworth
system of carbonization of preheating the charge by means of the heat
of the discharged coke, therefore, appears to be a very significant feature
with respect to coke density. The blending of the breeze with the charge
also assists in smoothing out the plasticity curve, since it dilutes the coal
with an inert substance which also partially destroys its coking properties.

It will be noted in the above analysis of the.coal that the moisture in
the washed coal is only about 5 per cent. This figure is very low for a
wet washed product and can only be accounted for by reason of evaporation
in transit. The moisture, however, in the coal is not an important factor,
inasmuch as the drum acts as a dryer, and whether washed or unwashed
coal is used, in regular operation, the charge is practically dry.

Coke

The coke as discharged, contained 10 per cent of breeze made from a
previous run. This, therefore, must be taken from the weight of coke in
order to arrive at a correct yield based on a ton of coal. The coke obtained
was weighed and a screen analysis made, the results of which are shown in
Table IV. These weights are also on the basis of the. total discharge from
the retort and must be corrected for the breeze content, as in the case of
the yields. The average yield for the 16 runs was found to be 74-2 per
cent, based on coal without the admixture of breeze, which amounts to
1,484 pounds of fuel per ton of coal charged. The discharge, however,
will contain the breeze which, based on 10 per cent or 200 pounds per
ton, will then become 1,684 pounds of residue for every 2,200 pounds of
charge. The average analysis of this residue as shown in the tables will
be 88-8 per cent over 2 inches; 82 per cent from 2 inches to £ inch, and 30
per cent of breeze through § inch. The 3 per cent of breeze, or 50 pounds,
will remain in the charge, and it will, therefore, be necessary to make
up 150 pounds of breeze from the remaining fuel. The reduction of the
oversize to a standard ‘“egg’” product will result in the production of a
certain amount of fines below § inch, and for sake of safety in estimating
saleable fuel, it is better to assume that the entire 150 pounds is obtained
from this source. We will then have by means of the following calcula~
tion [ (1,684 X 88-8%)—150] 1,346 pounds of egg fuel for sale, which is
equal to 67-3 per cent of a ton of coal charged. The remaining fuel will
be classed as nut, (1 to § inch) and will amount to (1,684 X 8-2) 138 pounds
or 6-9 per cent per ton of coal. Based on a ton of coke it will then be seen
that 90-7 per cent can be sold as egg size fuel and 9-3 per cent as “nut”.
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The following table shows the average analysis of the fuel as dis-
charged, together with its density and porosity.

Analysis Washed | Unwashed
% %
B (0} 1101 ¢ Y 0-8 0-8
- o 7-6 11-8
Volatile matter........c.covvvriviieieenenaens, 8:0 8-0
OB E T R Ty o) DN 83-6 79.-4
101 ) 111 2-4 2-5
B.T.U.perlb... 13,702 13,277
True density..... 1-23 1-24
Apparent density.. ven cees 0-90 0-93
e A A 26-7 24.9

It will be noted from the above that the volatile matter remaining
in the coke is in close conformity to the claims of the company, as stated
previously. The quantity as shown indicated a smokeless product which
will compare with anthracite, inasmuch as American anthracite contains
6 per cent of volatile matter and Welsh anthracite between 8 and 9 per
cent. The ash is not excessive, even with an unwashed product, and
while it is better to keep the ash below 10 per cent, the average of 11-8 as
obtained with the unwashed coal, is superior to the average American
anthracite on the market.

The apparent density figures are of especial interest. It will be noted
that an average density of 0:90 was obtained from washed and 0-93
from unwashed coal. Reference to Table IV shows that the method of
charging has a considerable bearing on the density, in that a density of
0-96 was obtained by tamping the charge during the charging period.
It might also be noted that blending a greater quantity of breeze than 10
per cent did not materially increase the density, but the writers venture
to predict that crushing the charge to smaller sizes will effect a greater
density, inasmuch as greater oxidation will take place during the period
when the coal and hot coke are in contact in the revolving drum.

The densities obtained show great promise for this fuel when a com-
parison is made with the densities of by-product coke.

Apparent Density

Range Average
Gas coke—(3 samples made in D-shaped horizontal retorts) ........ 0-79 to 0-82 0-80
Gas coke—(8 samples made in continuous vertical retorts) 0-79 * 086 0-83
By-product colce—(3 samples of Besco coke)......vvvuvienn.nn. ...l 08 “ 0-90 0-86
By-product coke—(5 Hamilton cokes)......ovvvuvrrarnienroenennens 0-85 “ 0-90 0.87
By-product coke—(average of all samples tested)........ovvvuvinen. 0-84 “ 1.02 0-92
Gas coke—(average of all samplestested).....cooovvvrvvrreenanienns 079 “ 0-:86 0-82

In the above table! it will be noted that the low-temperature coke
produced in these tests is equal to the average of all samples of by-product
coke tested and is superior to the average figure for by-product coke
made from this same coal.

nvestigations of Fuels and Fuel Testing, 1925, page 17.
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The porosity? value is also of interest in that it indicates the cellular
space in the coke. A spongy type of coke is usually difficult to control
in the furnace as the rate of combustion is proportional to the porosity,
other factors being equal. Porosity is also a measure of strength and in
this connexion it might be noted that by-product coke made from 100
per cent Sydney coal showed a porosity of 487 per cent, as compared to
approximately 25 per cent for the low-temperature product.

Handling Qualities of Coke. The ability of a fuel to withstand the
handling necessary in marketing is a most important requisite, and in
order to obtain definite data on this feature, it was decided to screen the
fuel as discharged from the ovens over a l-inch screen, bag the screened
fuel and ship to the Fuel Research Laboratories at Ottawa where a repre-
sentative sample would be examined for breakage. Such a journey in-
volved the shipping of the bagged fuel to the docks at Cardiff, Wales,
loading on board ship, unloading at Montreal, shipment by rail to Ottawa,
and truck transportation to the Fuel Research Laboratories. A journey
of this nature was considered at least comparable to the ordinary handling
necessary in the retail distribution of domestic fuels.

Two complete runs were used in determining the quantity of degradation
resulting from shipment, involving a total quantity of 2,700 pounds of
coke. The breakage, through one inch, averaged 5-3 per cent for the
two tests half of which was breeze, the remainder being saleable. A sereen
analysis of the material through one inch was as follows:

[0 N 357 per cent = Nut coke

Oni.vcvinvanns e teeseaeraeei et rararanras 14.3 per cent = Pea coke
Onl0mesh. o iiiieiiiiaienienieieaiinnerasnssernes 14.3 per cent) _ Breeze
Through 10 Mesh, . covvvreneierrivennreonrneensnsrnas 35:7 per centf

The results of a shatter test were equally encouraging. In this test
50 pounds of fuel screened over a 2-inch screen is given four drops of six
feet onto a metal plate, the fuel being then rescreened and the quantity
remaining on a 2-inch screen expressed as percentage is the shatter index.
This is a standard American Society for Testing Materials test which is
used in the high-temperature coke industry to indicate friability and is,
therefore, a medium of comparison. The results of this test were as follows:’

Per cent
Y- 1Y O N 82-5
Unwashed ..o e iiie ittt e st e e i rans 84.5

The excellence of the above results may be judged by comparing them
with those for high-temperature coke. A sample of by-product oven
foundry coke made from Sydney coal tested in the Fuel Research Labora-
tories? had a shatter index of 67-5 per cent, and a shatter index of from
70 to 75 for by-product oven coke for domestic use is considered an aver-
age figure. The reason for the higher results obtained with low-temperature
Illingworth coke, or “Ricoal” as it is called, is possibly due to its homo-
geneous structure as compared to the cleavage planes existing in high-
temperature coke which are the cause of breakage when dropped.

1Porcontage porosity is determined from the formula:
True density — Apparent density 100
b3

True density
nvestigations of Fuels and TFuol Testing, 1925, page 17,
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General Burning Quelities—Burning tests on Ricoal from Sydney coal
were made by C. E. Baltzer of the Fuel Research Laboratories. A quan-
tity of mixed size (egg, stove, and nut, larger sizes predominating) Ricoal
was burned, (1) under banked or low load conditions with furnace draughts
closed tight, and (2) at the highest combustion rate obtainable with furnace
draughts wide open. The furnace used for these two tests was a No. 9
Gurney round hot-water boiler which was in use for heating the building
formerly occupied by the Fuel Testing Laboratory. This furnace was
quite old and not in the best state of repair, the setting being rather leaky
which did not permit of close control under banked conditions. The
object in conducting the test under banked conditions was to obtain an
idea of the lasting and control properties of the fuel bed, while the test at
the highest rate of burning was made to determine if troublesome clinkers
would result.

(1) Two tests were made under banked conditions, the fuel bed lasting
for a period of 16 hours in both cases. The time was taken from the mo-
ment the fire was banked with all the Sydney Ricoal the fire-pot would
hold, to such a time as just sufficient live fuel remained on the grates to
ignite a fresh charge of the fuel. The duration of this test would indicate
that the fuel has fair lasting qualities and it was apparent that this result
would have been better had the furnace been in better condition, allowing
of proper fire control. Observations of the burning fuel indicated that
the combustion rate was too high for banked conditions, which resulted
partly from the leaky condition of the furnace and partly from the
free-burning characteristics of the Ricoal.

(2) Approximately 1,000 pounds of fuel was burned at the highest
combustion rate obtainable with the furnace and at the end of the test
the refuse was examined. Five or six clinkers from 12 to 15 inches in
diameter were found on the grate, which were heavy and dense but very
friable. 'This type of clinker should give no serious trouble in operation
and the quantity was decidedly small. The ash was of a reddish brown
colour, more gritty and not so light or flocculent as the ash from high-tem-
perature coke.  This test was eminently satisfactory in view of the high
rate of burning. The test lasted 24 hours and based on grate area 10
pounds of coal per square foot per hour was burned. On a basis of 60 per
cent efficiency, this would amount to 300,000 B.T.U. per hour radiated,
or more than twice the amount considered as high rate of burning in
domestic heating!, The small amount of clinker formed indicates that
with normal heating loads practically no clinker would result, which may
be considered as remarkable in view of the fact that the unwashed fuel
was used and that the ash fusing point is around 2,000°F.

This characteristic of coke made at low temperatures from low fusion
ash coals has been noted by other experimenters. A possible explanation
of this phenomenon is that the fuel being free-burning, no localized over-
heating occurs which is usually the case with fuels of lower reactivity.

Another test was carried out in a small, domestic hot-air furnace.

This furnace has an 18-inch diameter grate, is in a good state of repair
and is fitted with thermostatic draught control. Ideal combustion

1#Comparative Tests of Various Fuels when Burned in & Domestic Hot Water Boiler;'’ Mines Branch, Dept.
of Mines, Canada, No. 705, p. 60.
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control is obtained with this installation using either gas coke or by-product
coke. A quantity of the Sydney Ricoal in two sizes, (1) mixed (egg, stove,
and nut, larger sizes predominating) as above and (2) nut (through 1-inch
and over %-inch mesh screens), was burned under banked conditions.
The banked fire with the mixed Ricoal lasted for a period of 27 hours
measured from the time the fire was banked with all the fire-pot would
hold to the time when just sufficient live fuel remained on the grates to
ignite a fresh charge. The nut Ricoal which was fired in the same way as
the mixed lasted for a period of approximately 18 hours. The duration
of these tests would indicate that the larger size of Ricoal has good lasting
qualities, whereas the nut size has only fair lasting qualities when burned
in this type of heater. It may be inferred from these tests that unlike
high-temperature coke better combustion control can be obtained by using
the larger size of Ricoal which is accounted for by the free-burning nature
of the fuel.

Several tests were also made in open grates and in all cases the ob-
servers agreed that the fuel was highly suitable for this purpose. The
suitability of the fuel for use in a Quebec heater was also tried and was
found to be very satisfactory the fire having lasted 27 hours with one filling
of the magazine.

In order to further test the clinker-forming tendencies of the fuel
a trial was made in a small vertical tube boiler of 6 h.p. This equipment
was operated at 150 per cent rating which required the burning of 75
pounds of fuel per hour. After 7 hours of burning at this high rate a clinker
had formed which covered the grate but it was found to be very friable
a,nld fiu ;10 greater quantity than that obtained from the use of high-fusion
ash fuel. :

As a result of both the handling and burning tests it may be stated
that Ricoal made from Sydney coal is a hard, dense fuel and will apparently
withstand all the handling réequired without excess degradation. From
observations on its burning properties, it may be said that it is similar to
the free-burning Welsh coal, although not quite so easily controlled. It is
easily ignited and when once burning freely, it will burn itself completely
out with all the draughts closed. No clinker troubles will be experienced
under normal operation in the ordinary heating appliance. The ash is
not soft and flocculent as from high-temperature coke, but coarse and sandy
and will, therefore, cause no dust nuisance. Ricoal produces a hot radiant
fire which ignites with a long yellow flame and it can be controlled to the
extent of lasting for 27 hours in the ordinary domestic furnace.

There does not appear to be any reason why this fuel should not be
entirely successful in the domestic market as it possesses many superior
qualities as outlined above. The only questionable feature which the
writers have been able to discover is that the fuel may be too free-burning,.
It is believed, however, that this is not an objection and that increased
control can be obtained by banking with ashes. It is also considered
that this feature is possible of regulation in the manufacture of the fuel
and that with slight changes in retort design the density could be increased
and the reactivity lessened.
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Gas

The quantity of gas obtained for the various tests is shown in Table I,
and its analysis in Table II. It will be noted that the results vary con-
siderably in the different runs. This is accounted for by the fact that the
exhauster used in the test plant is under capacity which results in some
cases in gas loss. While there appear to be wide variations in the different
tests the average figures would seem to be about what might be expected.
The washed coal gave an average yield of 6,050 cubic feet of 707 B.T.U.
gas, while the yield from the unwashed coal was 4,910 cubic feet of 695
B.T.U. gas.

The main purpose in low-temperature carbonization, generally, is
the production of a solid smokeless fuel, and it is not usually desired to
produce large quantities of gas. The heat requirements of the retort are
in the vicinity of 3,500 cubic feet, which leaves between 1,500 and 2,500
cubic feet of gas for other purposes. In a plant located at a mine this
excess can be used in the power plant and its quantity is more than suffi-
cient to supply all the power requirements of the process. If the process
were used, however, in conjunction with an existing gas plant the retorts
would then be heated with producer gas and a portion of the solid fuel
would be used for making this gas. It would also be desirable to dilute the
gas with a gas having lower heat value for distribution, and in this manner
its potential volume would be materially increased.

Tar, Light Oils, and Liquor

The yields of tar in Imperial gallons per ton of coal charged are shown
in Table I. The same comment made with respect to the gas applies to
the tar, and in commercial operation the figures shown would in all pro-
bability be increased. However, the error is on the side of conservatism,
which is decidedly preferable. The average tar yield from washed coal
was 139 gallons which contained an average of 5-5 per cent of water, and
from unwashed coal 13-4 gallons with 6-4 per cent of water. The tar has
a gravity of 1-043 to 1-044, is fluid, and does not readily emulsify with
water; it will, therefore, present no difficulties in dehydration. Several
samples of the tar were distilled and the results are shown in Table III.
The fraction 0-200°C can be considered as crude light oil, and in plant
operation it would probably pay to top the tar and join the distillate
to the crude light oil recovered from the gas before refining. The remainder
of the tar can only be considered as a fuel oil and will in all probability
be worth about 5 cents per gallon. In favoured localities it might be
possible to obtain 7 cents but the former figure is probably a more correct
evaluation.

The light oils in the gas were absorbed in creosote oil but the quantity
per ton was only determined in the laboratory on six runs. In the case of
the remaining runs the benzolized oil was sent to a still and the crude
spirit recovered for shipment. The average quantity as determined was
found to be 2-8 Imperial gallons per ton. An additional 1-4 gallons is
available from the tar which will make a total of 4-2 gallons per ton of coal.
Light oils obtained by low-temperature carbonization are rather high in



24

unsaturated compounds and the refining loss will be at least 30 per cent,
so that for basis of estimate the total refined light oils available as motor
spirit can be taken as 3 gallons per ton of coal charged, which may be
evaluated at the current prices for gasoline.

The quantity of ammoniacal liquor obtained from each run is shown
in Table I, and it will be noted that the variation is from 41 to 8-5 gallons
per ton. The temperature employed in low-temperature carbonization
1s not sufficiently high for the production of ammonium sulphate in quan-
tity, and as a consequence it is not customary to consider its recovery.
Tests indicate that the quantity produced with Sydney coal by low-tempera-
ture carbonization is between 7 and 8 pounds per ton. This is a favourable
consideration rather than otherwise, owing to the market for ammonium
?ulp}late having been materially affected by the production of the synthetic

ertilizers. -

Sulphur

Where the manufacture of town gas is in question the sulphur content
of a coal is important owing to its bearing on purification costs. Sulphur
“in coal is usually considered to be present in four different forms known
as resinic, humic, pyritic, and sulphate. In the destructive distillation of
coal it is generally conceded that the resinic sulphur remains in the coke,
the humic and pyritic are partly volatilized, and the sulphate remains in
the coke but in an altered state. The distribution of sulphur in high-
ten;pﬁrature carbonization varies with the method used but is roughly
as follows:

25 to 45 per cent in the gas or liquor.
59 to 73 per cent in the coke.
1.5 to 4 per cent in the tar.

The sulphur in the gas is present in two forms, viz. inorganic and or-
ganic. The former is present as hydrogen sulphide and the latter as
carbon sulphur compounds. These are probably the result of secondary
reactions and are formed by the association of hydrogen sulphide with
hot carbon.

It was assumed that the temperatures employed in low-temperature
carbonization were not sufficiently high to produce the secondary reaction
mentioned and that the gas obtained by this method would contain more
hydrogen sulphide and less organic sulphur than was usual in the high-
temperature process. Tests were, therefore, made on the gas for ibs
sulphur content with the following results: Organic sulphur in the gas
from a number of tests was found to be 35 grains per 100 cubic feet. The
gas volume, as stated above, averages approximately 50 per cent of that
obtained by the high-temperature process, and this amount would, there-
fore, represent an equivalent of 17 grains per 100 cubie feet in high-tempera-
ture gas. As previously stated, the organic sulphur from a 3 per cent
sulphur eoal in by-product ovens is 65 grains; on this basis, therefore, the
. reduetion may be considered 74 per cent of the total organic sulphur.

The hydrogen sulphide was found to be very much lower than was
expected but this is explained by the faect that a large quantity of this
compound is absorbed by the liquor to form ammonium sulphide. In
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the high-temperature process where the direct method of ammonia re-
covery is used the hydrogen sulphide is distilled off with the ammonia
from the liquor and is added to the gas. It must later be removed by
iron oxide or sodium carbonate. In the low-temperature process, however,
where the liquor is run to waste the sulphur content in the gas will only
represent that amount which has not been absorbed, and its removal,
where necessary, does not present any problem,

The recovery of light oils from the gas by oil washing effects a reduction
of the organic sulphur, and in ordinary practice this will be about 50 per
cent. Tests were made to determine if this was equally true with low-
temperature gas, and it was found that the original 35 grains was reduced
to 20 grains.

The quantity of sulphur remaining in the coke based on percentages
is usually equal to that in the coal when high temperatures are employed.
~ In low-temperature carbonization, however, partly owing to a higher
yield of solid residue, and partly owing to the reaction of sulphur with
hot earbon not taklng place, the quantity of sulphur in the coke is less
than the percentage in the coal from which it is made. In Table I is shown
the sulphur in the coal, as well as the coke, and it will be noted that the
reduction amounts to between 0-4 and 0-6 per cent, which on a basis of
percentage reduction would amount to between 15 and 20 per cent, The
importance of this fact when dealing with high sulphur coal is sufficiently
apparent without further comment.

SUMMARY AND CONCLUSIONS

The result of processing Sydney coal in the Illingworth Test Plant
at Pontypridd, South Wales, may be said to have (1) confirmed the claims
of the company for their process, and (2) shown that Sydney coal is suitable
for this method of carbonization. The fuel produced is hard and dense,
and preliminary tests indicate that it will be entirely suitable for Canadian
conditions of house heating.

The success of a plant of this deseription depends, as far as Canada is
concerned, on certain economic considerations, such as location of plant,
cost of plant, conversion costs, and markets. In the opinion of the writers
the greatest possibility of success with this process would be its installation
at a mine, where the raw material is at its lowest cost, provided that the
available markets for the product were within reasonable freight hauls.
Such conditions appear to exist in Nova Scotia.

The Illingworth Carbonization Company claims a cost for plant of
15 shillings per ton, but for Canadian conditions it might be safer to select
a figure of $4.00 per ton year. On the basis of a 1,000 ton per day plant
the capital cost would be approximately $1,500,000. In a new process
of this kind it will be necessary to allow a rather high depreciation figure
and Dr. Illingworth suggests 15 per cent as reasonable. The cost of
capital may be estimated as § per cent, making a total of 20 per cent fixed
charges. The cost of labour may be taken as $1.25 per ton of coal, and
as this figure is approximately what may be expected in the way of return
from the by-products, as shown above, it may be taken that the labour
cost will be balanced by the by-products.
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The yield of coke, according to the figures previously shown, is roughly
74 per cent, or on the basis of a 1,000-ton plant, 270,000 tons of coke
per annum. This coke, therefore, will have to bear the cost of eapital
return, which on this yield would be $1.10 cents per ton (1,500,000 X 20
< 270,000). The average transportation costs to market in the case of a
plant located in Nova Scotia may be assumed at $1.50 per ton, which
added to the conversion cost equals ($1.10 4 $1.50) $2.60 per ton. Allow-
ing $8.50 as the average wholesale selling price of a ton of coke, the value
of the coal at the plant required for a ton of coke then would be ($8.50 —
$2.60) $5.90. On the basis of a 74 per cent yield of saleable fuel it can
readily be seen that the maximum price per ton which it is possible to pay
will be ($5.90 X 0-74) $4.837. Profits then depend on coal costs below
this figure, if the above figures are applicable.

In conclusion, it might be stated that it appears to the writers that
in the case of the Sydney coal field there is an exceedingly good chance of
converting bituminous coal into a domestic product, comparable to the
existing fuels used for heating in central Canada, economically. The
advantage of a market for 1,000 tons of coal per day, in addition to the
present output, is obvious and requires no further comment.



TABLE I

Summary of Results: Low-Temperature Carbonization Tests on Sydney Coal
(Yields per 2,000 Ib. of coal as charged)

Not Not Not Not Not Not Not Not
Cosl Washed| Washed| Washed| Washed| Washed| Washed| Washed| Washed Washed| Washed|Washed|Washed| Washed| Washed|Washed|Washed
Run No. 1 2 2 4 14 16 17 18 5 6 7 g 10 11 12 15
Cosl Analysia (ag charged)—
MoOIStUIC esereeenenreeassas 1.9 2-1 1.8 1.7 1.9 1-5 1-8 14 2-1 1-8 1-9 1.5 1.4 1-3 1.6 2.0
.................. 5-9 6.9 5-2 6-0 5.5 5.1 55 5.6 9-7 9-8 9-8 9-4 9.7 9.8 9-7 9.6
Volatile mabtter..cccveveeen 27-1 27-9 27-6 26-2 26-2 27-9 28.4 28-3 26-2 26-8 25-1 27-8 26-1 26-0 25-5 26-5
ixed CarbOD...evsnsrassans 651 63-1 65-4 66-1 66-4 65-5 64-3 64-7 62-0 61-6 63-4 61-3 62-8 62-9 |  63-2 61-9
2-6 2-8 2.8 2.8 2-8 2-8 2-8 2-8 3-0 3-0 3-0 3-0 3-0 3-0 3-0 3-0
0-7 1.2 1.1 0-8 0.9 0-6 0.7 0-7 0-8 0-9 0-7 0.8 1.0 0-7 0-7
7-6 7-8 7-9 7-6 7-4 7-4 6-9 11-8 11.7 11-9 11-5 11.9 11-9 11-9 11-6
8-1 75 79 8.2 8.2 8.2 8-4 8-0 77 7-9 8.7 8-4 7-9 8-1 7-9
83-6 83-5 83-1 83-4 83-5 83-8 84.0 79-5 79-8 79-3 79-1 78-9 79:2 79-3 79-8
2.3 2-3 2-4 2-3 2-4 2-4 2-4 2-5 2-6 2:5 2.5 2-4 2-5 2.4 2-4
13,950 | 13,565 | 13,720 { 13,860 | 13,810 { 13,760 | 13,644 | 13,110 | 13,200 { 13,060 | 13,210 | 13,360 | 13,115 | 13,312 | 13,850
Cubxc feet perton,......... 5,560 | 5,080 5,720 6,350 5,740 | 6,335 7,340 ) 6,280 | 4,720 | 3,840 3,345 ) 5,010 | 4,990 6,055 6,160 5,170
T.U. per cu. {t (deter-
m.med)—-Densxty (gir =1) 730 690 700 700 700 710 720 715 695 690 700 710 685 700 720 690
Tar— )
Imperial gallon per ton..... 13-7 13-7 14-1 14-5 12-9 13-7 13-9 14.2 13-9 13-4 13-2 13-9 13-3 13-0 12-9 13-6
Light oils—
perisl gallon per ton..... 2.7 Jeeenanes L2 S PO P b R O s P 2.7 2:8 |eeevina]ierennns 2.7
Liqu
Impenalgal]on per ton..... 4.7 4.1 5.8 8-0 6-7 6-1 7-9 7.3 7.0 5.8 5-8 6-9 4.9 6-2 8-5

13
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' Analyses of Gases: Low-Temperature Carbonization Tests on Sydney Coai

Run No. 1 2 3 9 10 15 16
Density (Air = 1)......... e 0-58 0-57 0-57) 057 0.57 0-53 0-53
Carbon dioxide......cooeviivvinnen, 4-5 51 4.0 4.2 33 4.2 2.8
THuminants.....oooiveviiiniiinnes 2.9 1.9 1.5 1.2 3.1 3.6 24
(03477 T NP 11 i1 1-2 1.0 0.8 0-6 0-8
Carbon monoxide...........oocvve. 4.6 4.2 50 52 4.6 2.2 3.4
Hydrogen.....covvviiviiiniiiiinns T20-2 20-5 20-1 20-1 225 25-4 24-0
Methane....o.ovvuiieineiniianinnns 57-1 57-1 58-0 57-5 531 56-2 57-8
Nitrogen..ooveeveii v eiinennnen, 9-6 10-1 10-2 108 12-6 7.8 9-3
B.T.U. per cu. ft.—Determined..... 730 690 700 710 685 690 710




TABLE III
Analyses of Tars: Low-Temperature Carbonization Tests on Sydney Coal

Run No. 1 10 15 18
Fraction va. | % | Ve | S8 | VA | O] VA | o8 | VA % RO | YA | R
HLO........ Cesteeaceetennesronacarassnnras 8:0( dry 3-0| dry 6-01 dry §-01 dry 6-71 dry 6-4{ dry 6-11 dry
0-170°C..ceiiriie ittt e 10-0 10-8 10-4 10-7 10-8 11-5 11-4 12-0 10-9 11-7 10-6 11.3 10-4 11.1
170-200°C.... 9-0| 20-7 9-8 20-8 9-6 21-8 10-1 22-6 9-8 22-2 9:6 21-6 9-5 21-2
200-230°C.... 12-5 34-3 11-1 32-2 12-2 34-6 97 32-8 12-4 35-5 11-4 33-8 11-5 33-6
230-260°C...cviriientiiiiiiirieii e eenes 14-0| 495 10-3 42-8 11-1 46-4 11.2 44-8 1.7 48-0 12-2 46-8 12-8 46-8
260-200°C....ceoveiiiiiiiiiiii e 6-0 56-0 12-1 553 11-4 58:6 12-1 67-3 10-2 58-9 10-3 67-8 9-3 56-7
200-320°C..cvnriiiriiii i e 95 66-3 10-3 65-9 9-8 68-9 89 76:7 9-4 68-0 8:2 66-6 9-4 86-7
320-380°C..cniiiieiiiiii e 11-6 788 10:2 764 12:2 81.9 12-6 20-0 92 78-9 103 77-8 10-2 7.8
350400°C. ...eueeeeeiiiinir it 10-6 90-2 11-4 88-2 8:0 88-3 72 97-8 8-4 87-9 10-8 89-1 11-6 90-0
Pitch by difference... 9:0{ 100-0 11-4 | 1000 1.0} 100-0 11-8 } 100-0 11-3 1 100-0 10:2 1 100-0 9-4 100-0
Specifio gravity of tar... 1.044 1-044 1.043 1-043 1-042 1.044

6¢c



TABLE IV

General Data Table

Temp. of Screen Analyses

retort p
Run walls Meg}lod Particulars Coal as charged Coke as discharged z}_gg:-
No. charging of charge On4 | Oni* | Ond’ | On &* !Thrugy”| On2” | On1” | On4* [Thru #| density

1 Out Per Per Per Per Per Per Per Per Per

o u cent cent cent cent cent cent cent cent cent
1| 600°C. | 620°C. Tapped 10% Breeze (ground)...|........[........ 12 72 16 85-3 4.4 6-3 4.0 0-89
2 | 600°C. | 600°C. :: 107, :: :: [ R 11 19 67 12 88:0 3-6 4.7 3-7 0-91
i oee | Bec | o« lag o« o« gl ) B @) | G| 11| w4 ae| 0w
6 | 600°C. | 600°C. Loose 10% Breeze (as rec’d).. 16 12 26 41 ] 82.3 7-6 5-4 4.7 0-91
TFEaE AR S (N (T 101 T 1
7186 .| 6 . ¢ 1 .. . . . . .
9 600:C. 610°C. Lo&)se 10%3 Br(‘a‘eze (gro‘}md)... ........ 13 26 52 9 91-5 4-4 3-(5) 0-6 0-90
Al it i Eeee 11O TI I L LI
12 | 600°C. | 600°C. Loose 109, « “ 14 18 58 10 91-7 2-5 2-9 2-9 0-92
14 { 620°C. | 590°C “ 109, “ “ 10 18 60 12 90-8 3:2 3-0 3-0 0-91
1| GG | G |« |dog o« 9l 1] | 1| o1z| 33| ss| 16| 0%
16 | 600°C. | 6 . . . . . .
17 | 600°C. | 600°C. «“ 10?9 u “ 8 18 61 13 949 2.8 2:3 0-90
18 | 600°C., | 600°C. “ 10‘72 “ “ [ PPN 8 22 66 11 95-5 1.8 2:7 1. 0-91

o€












I1

NOTES ON METHODS FOR THE LABORATORY ASSAY OF COALS
FOR CARBONIZATION AND COKING PROPERTIES

R. E. Gilmore

I—COMPARISON OF LOW-TEMPERATURE CARBONIZATION RESULTS BY
THE “LEAD BATH” AND THE GRAY-KING METHODS

Up to 1929 low-temperature carbonization assays in these laboratories
were conducted on 8 4- to 6-pound scale in an iron retort immersed in a lead
bath heated electrically to the desired temperature. This method, known
as the “lead bath” method, was described in detail in Summary Report
of the Department of Mines for 1918, and modifications of the method
with illustrations in subsequent Investigations of Fuels and Fuel Testing.!
Preliminary work on the comparison of the results obtained by this method
with those obtained by the Gray-King? method as adopted at the British
Fuel Research Station were made and published? in 1926. During 1929,
work was begun on the comparison of the results obtained by other labor-
atory methods with those by the lead bath method, and on the develop-
ment of a new small-scale assay method suitable for all ranks of Canadian
coals. Preliminary comparative study and recommendations were made
by Strong and Burrough and the investigation was continued during the
summer months of 1929 and 1930 by E. A. Smith, with the assistance of
G. P. Connell

In the Gray-King method the apparatus, which is more or less well
known and need not be described here, only 20 grammes of coal are used
in a single assay test. The main products, coke or char, and total distillate,
including the aqueous and tar oils poitions, are determined directly by
weighing, and the volume of gas being obtained by measurement. By the
original Gray-King method, the aqueous content of the total distillate was
read off after settling and the difference reported as ‘“tar.”” For Canadian
lignites and other coals of low rank the yield of tar oils thus obtained by
difference was found to be quite erroneous, due to the fact that the tar oils
have a specific gravity of approximately 1:00, and form a fairly stable
oil-water emulsion with proportions of the latter as high as 30 to 35 per
cent. This error was corrected to a large extent in the revised Gray-King
method by determining the water content by adding toluene to the total
distillate and distilling off the water which separates in a distinct lower
layer in the special graduated receiver. By this revised method the tar or
tar-oil yield is the difference between the total weight of distillate obtained

1 Mines Branch publications: No. 671 (1925) p. 66, No. 689 (1926) p. 13, No. 696 (1927) p. 33.

2 Reports of the Fuel Research Board (Dept. of Scientific and Industrial Research)—Technical Papers Nos, 1
and 21, also Methods of Analysis of Coal (No. 7).

8 Carbonization of Canadian Fuels, Part II, by R. E. Gilmore, Canadian Chem. & Met., April, 1926, p. 86.
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in the carbonization assay, and the weight of water (read by volume)
obtained by distillation with toluene. On the assumption, however, that
any laboratory, low-temperature carbonization, assay method where the
yield of tar oils—one of the main products— is determined by difference,
is not free from adverse criticism, modifications of this method were experi-
mented with and a new greatly modified method, if not radically different,
has at date of writing been developed, to be known as the Fuel Research
Laboratories (F-R-L Ottawa) low-temperature carbonization, assay
method.

This new I-R-L method calls for any suitable electrically heated
furnace capable of controlling the rate of heating and maximum temper-
ature and a train similar to that used in the Sperr & Rose (Koppers) high-
temperature laboratory assay method® adopted in these laboratories,
which train is practically the same as that employed by the U.8. Steel
Corporation.? The furnace part of the Gray-King apparatus, as supplied
by the apparatus supply companies, has been found quite serviceable, but
in contrast with the simplified train used in this method, the F-R-L train
is quite elaborate and consists of a steam-heated tar extraction tube
attached to the end of the straight, open-mouth, pyrex glass or silica retort
tube, an ice-cooled, liquor condensing tube, and Geissler tubes for carbon
dioxide, hydrogen sulphide and light oils, and a gas collecting bottle. In
this method the charge is the same as in the Gray-King method, namely,
20 grammes, and the heating schedule somewhat the same. In the F-R-L
method, where the different rank coals other than coking bituminous are
charged in the air-dried state, the tar oils are determined directly by
weight and it is in this respeet that the F-R-L (Ottawa) method is con-
sidered superior and preferable.

This report, however, or rather these notes, have to do with a compari-
son of carbonization assays by the Gray-King method with those by the
lead bath (iron retort) method and results of comparative tests by the new
F-R-L method with those by the Gray-King method will appear in future
Investigations of Fuels and Fuel Testing.

Comparison of Results by the Lead Bath and the Gray-King Methods

On a typical lignite coal from the Estevan area, Saskatchewan, the
same coal as is used for commercial scale carbonizing and briquetting
operations at the Bienfait plant, comparative laboratory assays were made
by the Gray-King method, and the results compared with carbonization
tests at 600° C. in the lead bath apparatus on both the large and inter-
mediate laboratory scale, using 3,000 grammes and 50 grammes respectively.
In the assay tests, according to the Gray-King method, the lignite was
charged in a partly dried state, while in the lead bath tests, the raw lignite

1 Invostigations of Fucls and Fuel Testing, 1027, p. 24

2 Mathods of the Chemists of the United States Steel Corporation for the Sampling and Analysis of Coal, Coke
and By-products (p. 130) Third Edition—Carnegie Steol Company—Buroau of Technical Instruction, Plttsburgh Pa,
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as received in the laboratory with 33 per cent moisture was used. The
weight balances of the main products as a percentage of the coal charged,
and calculated to the dry basis, are shown below:—

Char Liquor Tar Gas

Method of carbonization (carbon- | (water of | oils
ized decompo-| (water- By B

residue) | sition) free) |difference| weight

. % Y, % % %
Lead bath (iron retort)—
3000-gramme 886, .. ....vuiiiiniian 65-5 10-9 54 18-2 18-8
50-gramme 8cale............co.v0ine,. 65-4 10-7 6:8 171
Gray-King method, 20-gramme scale....... 65-3 8.4 75 18-8
Original unrevised method.................J....c..oo]oeriennnn. (8-8)

The yield of 83 per cent tar oils, equal to roughly 164 Imperial gallons
per ton of dry lignite, was by the original Gray-King unrevised method
where the tar yield is obtained by subtracting the water layer from the
total distillate, which tar obviously was an emulsion containing 10 per
cent or more of water. In the above results it is to be noted that the
yields of char agreed closely and there was a rough agreement in the gas
yield and also in the total distillate. The noticeable differences in the
results obtained on the different scales by the two different methods was in
the distribution of the liquor and tar oils which, in respect to rough yields
of water-free tar oils, may be summed up as follows:—

Imp. gals. tar per 2,000
pounds
Method of carboﬁizatioﬁ for Saskatchewan lignite Yield on ‘if)eéilaosn
’ dry coal mined with
basis 33 per cent
moisture
gallons gallons
Gray-King method—
20 gramines dry lignite in glags retort........vvvvrviirnrinnn. 15 10
Lead bath (iron retort)—
50 grammes Taw Lignite. . ...ovvvr v vinereiiie i, 13% 9
3000 grammes raw Hgnite. ....covvuvriiiviiriinierrinrinnininass 11 7%

Similar comparative results on a series of five typical Canadian coals,
including Saskatchewan lignite mentioned above, were as shown in Table 1.

In the carbonization tests by the lead bath (iron retort) method,
weight balances to show gains or losses ranging from 0-2 to 0-7 per cent
weight of the coal charged on the as mined or partially air-dried basis were
obtained. In the tests on the bituminous coal by the Gray-King method,
the coal charged was dried until there was no further loss at 105° C.,
whereas for the non-coking coals from 2 to nearly 10 per cent moisture
remained in the charge as carbonized. In some cases for these non-coking
coals, instead of running the oven (previously preheated to 300° C.) over
the tube holding the charge, the retort was inserted into the cold furnace,

34717—3%
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the temperature of which was then brought up rapidly to 300° C. before
proceeding according to the heating schedule specified. This procedure
was found necessary in order to avoid as much as possible the blowing
over into the condensing train of portions of the dry powdered charge and
with this exception, therefore, the standard Gray-Iing method was fol-
lowed. The coals used in the comparative tests were, with two exceptions,
from the same laboratory bulk reserve lump sample, and the tests in the
lead bath apparatus preceded by periods of one to three years the small-
scale tests by the Gray-King method. Tor these reasons and because a
different laboratory sample, though from the same mine, was used in the
case of Alberta domestic coal, the figure designating the high difference in
tar oil yields on the dry-coal basis for this coal may be questioned.

The obtaining of higher tar oil yields from the lower-rank, non-coking
coals by the Gray-King method than those obtainable by other laboratory
methods requires further studies. As referred to above, the tar oils are not
determined directly in the Gray-King method, but are the difference
between the weight of total distillate and the amount of water removed by
distillation with toluene in accordance with the Dean-Stark! laboratory
method for the determination of the water content of oils and oil emulsions.
Distillation with toluene will also carry over certain low-boiling organic
acids of oily nature, alcohols, etc., known to be present in the “aqueous
distillate” obtained in the distillation or carbonization of wood, peat, and
lignitic coals, which substances, on account of their being more soluble in
toluene than in water, will remain in the upper toluene portion of the
“Dean-Stark” distillate rather than in the lower water layer. Hence the
tendency is to obtain lower water recoveries, which in turn indicates
higher tar oil yields arrived at by difference. This phenomenon, in the
writer’s opinion, explains why consistently higher yields are obtained by
the Gray-King method, than by other laboratory methods where the
yields of liquor and tar oils ave obtained divéctly. )

Conclusions

A general conclusion from the above comparisons may be drawn;
namely that the tar oil yields obtained by the Gray-King laboratory assay
method were generally higher than those obtainable by the larger labor-
atory scale low-temperature carbonization methods using iron retorts and
that this difference was appreciably greater for non-coking coals than for
coking bituminous coals for which the Gray-King method was originally
devised. Furthermore, it would appear that for the lower-rank, non-
coking coals on the dry-coal basis the yields obtainable on a 5- to 6-
pound scale in an iron retort will average 8 to 5 Imperial gallons per (2,000
pound) ton less than shown by the Gray-King laboratory assay method,
and that small laboratory scale yields by this method should be dis-
counted to this extent before proceeding to apply a general factor of 60 to
70 per cent in order to arrive at a plant scale dry tar recovery figure in
terms of laboratory yields.

Turther comparative work by the new F-R-L (Ottawa) low-temper-
ature carbonization assay method referred to above, whereby the yield

1 See Jour. Ind, & Eng, Chem,, vol. 12 (1020) No. 5, p. 486; also A.8.T.M, D-95-30,
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of tar oils will be determined directly rather than by difference, is planned,
the results of which will appear either in the technical literature or in
future Investigations of Fuels and TFuel Testing,.

TABLE I

Showing Comparative Results on Five Typical Canadian Coals by the Gray-King
and the Lead Bath (Iron Retort) Methods

Saskat- | Alberta | Alberta N. 8.
—_— Ontario | chewan |domestic | sub-bitu-| bitu-
lignite lignite coal minous minous
Moisture, as mined, %......oocvvvvvenennn. 50 33 20 10 25
Gray-King M ethod—
(20-grm. charges, at 600°C.)
Moisture, as carbonized................ 4:3% 9:6% 2:19, 0-0% 0:0%
Products as per cent weight on dry-coal basis
Coke Or char. cvivvirvvunennnss 62:2 65:3 68-8 74.3 73.5
iquor........ 10-0 8-4 83 8-0 141
Tar oils., 65 7-5 7:2 8-0 133
Gas (by dlﬁ'erence) 21-3 18-8 15-7 9.7 9.1
Lead Bath (Iron Retort) Method—
(3,000-grm. charges, at 600° C.)
Moisture o8 carbomized. ... ............. 40.0 330 16:5 7-7 2:2
Products as per cent weight on dry-coal basis
Coke or char.... 61:6 65:5 70-0 75:2 73-0
Liquorz.., 16-6 10-9 11-0 8-8 4.5
Tar oils 4.8 5.4 3.8 5:2 12:6
Gas (by difference). .. 17-0 18:2 15-2 10-8 9-9
Comparative Tar Oil Yields—
(Imp. gallons per 2,000 pounds of coal)
Gray-King method. ..... 6-5 10-0 11:5 14.4 25:9
Lead bath method...... 4.8 7-2 6-1 9.4 24-6
Difference in yleld——-
As mined basis......ooeiiiiiiniel. 1.5 2.8 5.4 5:0 1.3
Dry coal basis...oooviiniiininnenns 3-4 4.2 68 56 14
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2—RELATION OF CAKING INDICES AND AGGLUTINATING VALUES OF
%%’}‘]IJ}%STO THEIR LABORATORY AND PLANT SCALE COKING PROP-

In the table appended are shown the caking indices of fifteen different
coals and coal mixtures in comparison with their laboratory and com-
mercial coking properties. The coals are arranged by number in order
of their increasing volatile matter contents, calculated to the dry and
agh-free basis; and the physical characteristics of the coke including a
rough grading for metallurgical purposes were judged by examination of
the coke produced in the experimental two-ton by-product coke oven at
the Fuel Research Laboratories. The width of this oven is twelve inches
and the coking period for the coals was approximately twelve hours.

For the three coals, grading as good when coked alone in the by-
product oven, the coking properties as judged by the coke button from
the volatile matter determination at 950° C. were good in one case and
fair in the other two cases. The corresponding caking indices by the
Gray method for these three coals ranged from 30 to 44. Ior the four coals
grading as fair to good in respect to the by-product oven coke produced,
the corresponding Iaboratory coke button properties were fair to good in
one case only, and good in the remaining three cases, with corresponding
caking indices ranging from 29 to 44. These observations, coupled with
the laboratory coking properties of poor to fair for the two coals that
showed poor and very poor coke respectively in the oven, show that the
laboratory coke button grading is apt to be a grade either higher or lower
than the respective coking properties in a by-product coke oven; and,
conversely, the physical properties of the commercial coke to be expected
from s given coal may be either a grade higher or a grade lower than
indicated by the laboratory coke button properties.

Comparison of Caking Indices by the Gray Method and Agglutinating Values
by the Marshall-Bird Method

In co-operation with Messrs. A. C. Fieldner and W. A. Selvig of the
United States Bureau of Mines, comparative caking index tests were made
on & series of coals and coal mixtures prepared and previously tested for
large-scale coking properties at these laboratories. The comparative
results on fifteen of these coals are shown in Table II and a summary of
the results on twenty coals is given helow.

The caking indices were determined by Messrs. Nicolls and Swartzman
according to the “Gray’ method mentioned above, whereas the deter-
minations made at the U.8. Bureau of Mines as reported by Mur. Selvig
were made by a Marshall-Bird method and are termed agglutinating
values. By the Gray method the caking index is the ratio of sand to coal
to produce a coke button that will support a 500-gramme weight, whereas
by the Marshall-Bird method! a definite mixture of sand and coal, namely,
10 parts by weight of sand to 1 part of coal, is carbonized at 950° C. and

1 See Burenu of Mines Roport of Investigations RI-3011, Juno 1939, viz., ““A Study of the Marshall-Bird Test
for Dotormining tho Agglutinating Value of éoul” by K. A. Johnsen and I, H. Yancey; and alse Min. & Mot. Eng.
Tech., pub. 216, 1920, viz., Tests for Mcasuring Agglutinating Power of Coal—with selectod bibliegraphy, by 8. M
Marshall and B. M. Bird.
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the breaking strength, recorded in grammes (or kilograms), of the resultant
button is designated the agglutinating value of the coal tested. The ar-
rangement below shows a comparison of the results on the twenty coals,
and coal mixtures, first in order of their caking indices, and then in order
of their agglutinating values (in kilograms to first place decimal).
The Gray method index (1) is the 500-gramme weight index and (2) is the
index at which the weight of the powder formed was not over 5 per cent
of the amount of coal used. '

Agglutinat- Agelutinat- Caking index,
Caking | ing value ing value Gray method
index, | Marghall- Marshall-
Lab. No. Gray Bird Lab. No. Bird
method | method method Average
[€5) (kilo- (kilo- (1) ) of (1)
grams) grams) and (2)
46 15-19 15-6 44 22 33:0
44 15:62 15.2 46 33 395
43 11.87 14:5 37 34 355
41 12:06 13-0 29 15 22:0
41 12-26 12-4 33 15 24:0
41 9-92 12-3 41 13 27:0
40 9.16 1241 41 26 33-5
37 14.51 11.9 43 19 31:0
37 11.58 11-6 37 26 31:5
33 9-23 10-0 30 27 285
33 1240 9.9 41 32 36:5
33 764 9.2 33 27 285
30 10-02 9-2 40 30 350
30 8-56 86 30 25 275
29 12:95 7-6 33 29 310
27 7-06 71 27 14 205
24 5-98 6.0 24 24 240
18 4-61 4.6 18 17 20-0
22 4-16 4.2 22 24 230
18 3:08 31 18 16 17-0

While it is realized that caking indices and agglutinating values are
serviceable for judging the relative merits of bituminous coals for general
combustion and carbonization as well as for coal classification purposes,
these notes are of value only in relation to coking properties for a specific
use, viz., for the manufacture of a commercial coke. It is therefore here
assumed that the caking or agglutinating properties of a coal of a given
ash content, to be of value, should predict the plant scale coking character-
istics of that coal irrespective of what effect alterations in ash and other
constituents by washing would have. It is also assumed that where the
large-scale coking properties of a series of coals or coal mixtures are known
and can be correlated with small-scale laboratory caking indices and
agglutinating values, the value and reliability of these indices may be
judged to the extent that they agree with the grading of the coke pro-
duced in a commercial size oven. Accordingly, the grading of the cokes
as produced in a two-ton capacity by-product oven as shown in Table II
may be correlated first with the coking properties of the coke button and
then with the caking indices by the Gray method, as well as with agglutin-
ating values by Marshall-Bird method, to judge the serviceability of these
indices and values to predict commercial coking characteristics. In this
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co-relation, or rather comparison, the rough grading of the coke for metal-
lurgical purposes has been according to appearance, fracture, sizing, and
shatter test; in other words, according to physical characteristics rather
than chemical properties as to ash content, fusibility of ash, reactivity,

ete. A summarized comparison is as follows:—
Range of caking indices
Number Rough grading as| and agelutinating values Coking properties
o metallurgical coke| l-grm. coke
coals tested from two-ton oven|Gray method| Marshall- button seale
ratio sand | Bird method
to coal (kilograms)
Coal Coked Alone—
. T Good..vovvrvvine 30 to 44 8:6 to 15-6 |Two fair, one good.
L S Fair to good...... 29 & 43 11.9 & 14:5 [One fz(Liir to pood and three
good.
T Poor...iviiiiiian. 27 71 Poor to fair.
Looiiiin, Very poor......... 18 .31 Poor to fair.
Blended Coals—
TN Good...cuvvivnnn 37 to 46 9-9 to 15-2 |All good. .
DN 206 o) P veves| 23 t0 33 4.6 to 7.6 |Poor, poor to fair, and fair.

Summary and Conclusions

It is possible to draw only very general conclusions from the above
comparisons, viz., hoth the caking index and agglutinating value ranges
showed considerable overlapping for coals producing cokes graded (metal-
lurgically) as good, fair to good, and fair. The ranges for the fair to good
cokes covered a large proportion of the respective ranges for the good
cokes, or in other words both the caking index and the agglutinating
value ranges for the coals that produce a coke grading as good or better
completely overlapped the respective ranges for the coals that produced
fair to good cokes. TFor the coals that gave good coke when blended, the
corresponding caking mdex and agglutinating value ranges are noticeably
not so wide as for the coals that gave good coke when coked alone. The -
(Gray) indices of 27 and below coincide roughly with the (Marshall-Bird)
agglutinating values of 7-0 and less, and these points appear to apply to
border-line coals between those that will produce fair coke and better on
the upper range and those that will give in the lower range a poor or no
coke commercially.

The detailed results are, however, contradictory and subject to different
interpretations which leads one to the general conclusion that there is
little agreement between caking indices and agglutinating values and
commercial coking properties. This agrees with the conclusions arrived at
by both Braunholtz and Slater, the results of whose work are reported: in
the literature.

1 ¥yel in Science and Practice—‘*'The Correlation of thoe Physical and Chemical Proporties of Cokes with their
Valuo in Motallurgical Processes’ by Braunholtz, and co-workers, Vol. VIII, No. 9, and “A Comparison of
Methods for Testing the Caking Properties of Coal” by L. Slater, vol. IX, No. 12,
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For predicting the commercial coking characteristics of the fifteen
coals and coal mixtures tested, it may be concluded that the caking
indices by the Gray method and the agglutinating values by the Marshall-
Bird method failed to show greater value than the coking property
judgment afforded by examination of the coke button obtained in the
volatile matter determination at 950° C. The results also show that an
elaborate coke button grading is apt to be a grade higher or lower than
that of the by-product oven coke that can be produced from a given coal.
In order, therefore, to predict correct large-scale characteristics, very little
reliance should be placed on small-seale laboratory caking index tests,
but the one-gramme coke button characteristics may serve first to indicate,
general coking properties, and second, to differentiate between the non-
coking to poorly coking coals and those coals that will produce a coke
that will grade commercially as fair and better, that is, rather than being
relied upon to forecast the grade of coke that can be produced commercially,
the appearance and structure of the coke button produced in the usual
volatile matter determination should serve merely to indicate the general
coking properties of the coals tested, in terms of say, non-coking, poor, fair,
or good coking properties.



TABLE 1I

Comparison of Caking Indices and Agglutinating Values with Laboratory and Commercial Coking Properties of Fifteen
Typical Coals and Coal Mixtures

Caking indices, 1Gray Properties of coke from 2-ton by-product oven .
Volatile Agglutinat-
matter, Coking? ing value by
Sample No. | dryand | properties ‘Marshall-
asgh-free ~grm. Wharf coke Shatter Rought Bird
basis button Index | Index Average index? grading as | method
73 1) ) of (1) Total Breeze, Remarks as to cross and longitudinal per cent metallur- (kilo-
€@ | on2inch | through fracture oninch | gl | grams)
screen 3-inch
Coals Coked Alone
Teveenensnnnns 27-2 [Fair........ 30 25 27-5 89 2-5 |Small amounts of both cross and longi- 77 |Good....... 8-56
tudinal fracture.
R 27-4 [(Good)..... 37 34 355 79 5:5 [Appreciable cross fracture; small amount 54 |Fairto good 14-51
longitudinal fracture.
b 30-1 1Good....... 44 22 33-0 86 2-0 |Medium amounts of square cross fracture 57 |Good....... 15-62
| FOUPN 36-3 {Good....... 41 13 27-0 78 3-5 |Medium amounts of both crossand longi- 53 |Fair to good 12-26
tudinal fracture.
[ SO, 37-1 [(Good)..... 29 15 220 86 5.0 [Small to medium amount of both cross 64 |Fair to good 12.956
and longitudinal fracture.
) S 37-3 |Fair........ 33 15 24-0 85 2-5 [Medium amounts of both cross and Iongi- 45 Good....... 12-40
tudinal fracture.
| O 38-2 |Fair-good... 43 19 31-0 71 1.5 |Small to medium cross and considerable| 49 |Fair to good) 11.87
longitudinal fracture.
[ OO 42-5 |Poor-fair.... 27 14 20-5 70 5-0 [Fingery; small cross with considerable 26 [Poor........ 7-06
longitudinal fracturing.
L T 44-6 |[Poor-fair.... 18 18 17-0 55 37-0 [Only coal close to oven walls coked to 53 |Very poor.. 3-08
form pebbly coke.

0¥



120, 28-6 [Good....... 46
S T 33-4 [(Good)..... 41
) L 30-8 |Good....... 37
L SN 33-7 |Fair........ 33
LS. T 36-4 ([Poor........ 24
K TR 30-0 |Poor-fair.... 23

33
32
26
20
24

17

7

91

88

86

3-5

3-0

2:5

5.0

5.0

Coal Miztures (Blends)

Smallto medium cross and mediur longi-|
tudinel fracture.

Small amounts of both cross and longi-
tudinal fracture.

Medium cross and smell to medium longi-
tudinal fracturing.
Only coal close to oven walls coked......

Large, blocky, very pebbly coke........

Large, blocky, very pebbly coke........

76

68

58

1 (1) is index at which button will support 500 grammes, and (2) is index at which indicated weight of powder is not greater than 5 per cent.
2 Coking properties designated as (good), i.e., the word *'good’” in brackets,—dense coke buttons with more or less sprouting.
3 Shatter index results reported here were obtained by standard A.S.T.M. shatter tost method D141-23.

4 Grading of coke is according to appearance and other physical characteristics which grading is subject to revision on account of sulphur and ash contents, F.P.A. and
other chemical properties, for particular commercial purposes.

Nore.—The agglutinating values shown in the last column to the right were determined by the Marshall-Bird method and reported by W. A. Selvig of the U. S. Bureau

of Mines by permission of A. C. Fieldrer.

1%



III
CAKING INDICES OF TYPICAL CANADIAN COKING COALS

J. H. H. Nicolls

It has been the custom in these laboratories, when reporting or pub-
lishing analyses, to predict the coking properties of coals as a result of the
examination of the ‘“buttons’ of carbonized material produced in volatile
matter determinations, using only one gramme of coal. The descriptions
have been based prineipally on the sizes of the coke buttons, but also to
some extent on their general appearances. In some cases the “coking
properties” have been descriptions of the residues obtained from large-
scale laboratory carbonization tests employing from one to five pounds of
coal. It was realized that the buttons would serve only as indications of the
cokes to be expected from commercial ovens and might -occasionally be
somewhat misleading, and that there was need for a more definitive test.

Accordingly, a careful study was made of the various methods for the
determination of ‘“caking index,” ‘‘caking power,” or “agglutinating
power,” which have been described in the literature of the past few years.
These methods were developed first in France, and various procedures for
determining coking properties were subsequently evolved in Great Britain
and Germany. To the best of the writer’s knowledge, the only information
in print regarding the caking or agglutinating values of coals from this
continent is to be found in two papers published in the United States. The
first is by Fulweiler and Cleveland,! the second by Marshall and Bird® who
worked partly under the auspices of the United States Bureau of Mines.
The second paper is accompanied by a very comprehensive bibliography,
which is worthy of special mention. Methods generally utilized employed
sand, electrode (or retort) carbon or anthracite as the inert material to be
bound together by the coking coal. It was decided to apply to typical
Canadian coals the method of Gray,? as developed and with modifications,
as being typical of several of the methods desecribed in the bibliography.

Table I contains the analyses of the 66 coal samples used in the tests,
56 of which are Canadian coals, the remaining 10 being coking coals from
the United States. As indicated in the third column of the table some of
the samples, of about i-inch size or larger, had been stored in metal con-
tainers for several months prior to the tests here described. Moisture and
ash contents are given, as perhaps affecting the caking indices of the coals,
while fuel ratios are included to indicate the general classification of the
samples, Coking properties are given on three different scales, of which
the third, or “box,” test is generally found to correspond with commerecial
practice. In most cases, it is to be noted, there is good agreement between
the cokes obtained upon the three scales, although the cokes were not
always prepared at the same period. A discussion of “sprouting,’” which
is usually the result of weathering, will be found later in the text of this
paper.

1 Proceodings Am. Gas Assn,, 1399-1410, 1927,

2 Toch. Pub. No. 216, Am. Inst. Min. & Met. Engrs., 1920.
3 Fuol in Science and Practico, IT, 2, 42, 1923,
42
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Tables II and III contain the caking indices of the 66 samples, as
determined with sand or carbon material. Table IV shows the indices of
individual bands of coal taken across a vertical section of the Phalen seam
in the Sydney area, Nova Scotia. Table V indicates the effects of weather-
ing on caking indices. Table VI deals with changes in the indices brought
about by variations of inert material or type of crucible, respectively.

EXPERIMENTAL WORK

The Gray method using sand was adopted to the following extent:
The coal samples were ground to the same fineness as is usual for analysis,
or so that practically all would pass through a sieve having 100 openings
to the linear inch. The inert material used was clean Belgian sand, ob-
tained through the courtesy of a company engaged in the manufacture of
glass. Sand passing through a 40-mesh I.M.M. (English) sieve (0-0125-
inch opening) and remaining on a 50-mesh sieve (0-0100-inch opening) was
dried in a metal tray on a hot plate, and employed in the tests. A mixture
weighing exactly 25 grammes wag used in each test, the coal and sand being
thoroughly shaken up together in a glass-stoppered weighing bottle. The
mixture was poured into a 20 ec.c. platinum crucible with a eapsule, tight-
fitting, lid, such as is used for the determination of volatile matter. The
crucible was then placed on a platinum triangle over a No. 4 Meker gas
burner, so that the bottom of the crucible hung about 1 e¢m. above the top
of the burner, and was heated by the full lame during seven minutes.
Previous tests had shown that results obtained with No. 4 Meker burners
agreed closely with those obtained with Chaddock burners as generally
used in these laboratories for the determination of volatile matter, and also
that figures obtained for volatile matter changed very little with varying
gas pressures during a working day.

After the crucible had cooled, the lid was removed, a smooth cork
placed on the surface of the button, and a small porcelain basin laid upside
down on the cork. The whole arrangement was inverted and the crucible
lifted, leaving the button formed by earbonizing the mixture of coal and
sand standing on top of the cork in the basin. (In many cases the buttons
stuck to the crucibles, necessitating tapping to remove them. For this
reason it was very difficult to keep the crucibles free from dents, though
they were rolled ocecasionally on a wooden form). The button was lifted
carefully off the cork, and placed on a level surface in a position similar
to that in which it had rested on the cork. A 500-gramme weight was then
laid gently and evenly on top of the button for the purpose of determining
whether the coked mass forming the button were sufficiently coherent to
support the weight. In order to ascertain the weight of loose powder, the
cork was removed so as to leave any powder in the porcelain dish. This
was then dusted into a tared metal scoop and weighed.

The ratio of sand to coal which would form a sufficiently strong button
to support 500 grammes was designated by Gray as the “caking index,”
provided that less than five per cent (of the original mixture) by weight of
loose powder were produced. As a result of his experiments, Gray sug-
gested that coals having indices of 16 or more might be expected to produce
good metallurgical coke, and that those with indices of from 12 to 15 ought
to be useful for blending with good coking coals.
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DISCUSSION OF RESULTS

Tables IT and III give the caking indices of the 66 coals obtained with
sand or with carbon material, the latter consisting of petroleum coke cal-
cined at red heat. The sand came from both of the first two consignments,
which were so different (see Table VI) as to warrant their separation in
Table II. The carbon was introduced as a modification of Gray’s method
and two consignments were used, but these did not differ to the same
extent as the two lots of sand. The extra column in Table IIT indicates
from which consignment the carbon employed was taken. It is to be noted
that the second lot of carbon had a tendency to give slightly higher indices
than the first, in spite of the fact that the analyses of both were very
similar. Both consignments contained only traces of moisture, while the
first one contained 0-9 per cent of ash ag against 0-6 per cent in the second.
Volatile matter was determined only in the second consignment, and
amounted to 0-8 per cent. A few of the indices shown were determined in
Ilium crucibles, which were found to give slightly higher values than those
obtained with platinum (see Table VI), though the differences were
smaller than those obtained when using sand. The first column in each
table contains the indices at which the buttons were just strong enough to
support a 500-gramme weight for at least a minute, and usually two minutes
or more; the second principal column contains the indices at which the
weights of powder produced were not greater than 5 per cent by weight
of the original mixtures (which indices were introduced by Gray), and
serves partly to mark coals lacking in binding qualities and partly to mark
those which might swell and cause trouble in a coke oven; the third prin-
cipal column contains the averages of the indices in the other columns, as
introduced by the writer in the hope of compensating for the gaps some-
times occurring between such indices. The caking indices of the majority
of coals, as defined by Gray, are in the second index column which usually
shows the indices at which the buttons will support 500 grammes, and also
produce not over 5 per cent of powder. In a few cases, which are marked
by the numeral 3, the indices at which not over 5 per cent of powder is pro-
duced are greater than those at which the buttons will support 500 grammes;
in such cases the caking indices, as defined by Gray, are in the first column.

The same coals are found at the tops and bottoms, respectively, of the
tables, but there is a great deal of variation in the positions of the remain-
ing coals. However, it should be borne in mind that all the coals listed were
selected because they were known either to produce coke or to have & tend-
ency to do so. Such a test as the caking index could hardly be expected to
make clear-cut distinctions between the various coking coals. While, in
certain individual cases, the grading in the second and third columns may
seem to be the most satisfactory, generally speaking the first column agrees
most nearly with the coking properties on either the 100-pound, 1-pound,
or l-gramne scale. The writer is doubtful, however, as to whether this
caking index test will indicate coals which would swell and therefore cause
trouble in a coke oven. There are only three instances in which the caking
indices fail very considerably to correspond with the coking properties.
These are the Hillerest No. 2 and Luscar No. 3 coals with sand, and the
Cassidy coal with carbon, and in each case the index predicts a better coke
than was obtained on the 100-pound or 1-pound seale. The position of the
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coals in the second column in each table is upset, owing to the fact that
mixtures of certain good coking coals with inert material (such as some
Michel and Phalen samples) stuck badly to the crucibles, with the conse-
quent production of much excess powder. It was hoped that the mean
values in the third column would compensate for this, but they did not
quite do so, as is evident from the position of two Michel samples at the
bottom of the third column in Table III. Comparigon of the indices in the
two tables led the writer to the conclusion that, as a general rule, those
obtained with sand agreed somewhat more closely with the tabulated
coking properties of the coals than those obtained with carbon, but that
none of them showed a marked superiority over the l-gramme crucible
cokes for the prediction of commercial-scale coking properties.

After a study of the coking properties and of the caking indices ob-
tained, it was decided to class the coals studied either as satisfactory for
carbonizing alone, or as suitable for blending with other coals. For this
purpose, the following tentative divisions between the classes were made:
(1) in Table II, first column—first sand, above 26—second sand, above 20;
(2) in Table II, third column—second sand, below 22; (3) in Table III,
first column—below 16. It was found to be impracticable to attempt to
make divisions in the third columns with either the first sand consignment
or the carbon material.

Table IV shows the analyses, coking properties and caking indices of
sections taken across the Phalen seam at a location designated for survey
purposes. The sections include the bands at the top and bottom of the
seam, which are not mined. The indices were determined in platinum
crucibles with the second consignment of sand, and do not vary to a very
great extent across the seam. Even the band of coal most contaminated
with ash and sulphur had a high enough caking index to be graded above the
line of division in Table II. However, the results show that any consider-
able increase in ash has the effect of somewhat lowering the caking index.
No one of the coal sections was considered to produce a large excess of pow-
der in the determination of its caking index.

Two other samples of Phalen coal, specially selected because of their
high ash contents, were separated by the sink and float test apparatus
described in a previous report! so that the “float’” portions contained 6.7
per cent and 6-8 per cent of ash respectively, as against 131 per cent and
17-5 per cent in the untreated coals. Contrary to expectation, these large
reductions produced little change either in the coking properties or in the
determined caking indices.

EFFECTS OF WEATHERING

Before concluding the determinations of caking indices, a series of
tests was carried out in order to determine the effect of weathering pro-
duced during one year’s storage out-of-doors. The results of these tests
are shown in Table V, the first part of which has to do with storage on a
small scale at the Fuel Research Laboratories, and the second with storage
on a commercial scale in a stock pile at Montreal.

Except for the larger-sized Dominion coal, all the samples weathered
at the Fuel Research Laboratories consisted of slack coal which would

1 Mines Branch Rept. No. 689, Investigations of Fuels and Fuel Testing, 1926, p. 34.
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pass. through a screen with 3-inch square openings. The coals, the weights
of which varied from 50 to 100 pounds, were gtored in conical heaps in an
unsheltered place. They were raised from the ground in small bins lined
with galvanized iron, which was perforated and permitted fair drainage.
During the first six months’ storage the upper portions of the heaps were
disturbed occasionally for sampling purposes; for most of the second six
months they were snow-covered and undisturbed. After a year’s exposure,
the heaps of coal were removed, and screened, during which procedure the
laboratory samples for caking indices were taken from throughout the
weathered coals. The samples from the commercial stock pile consisted of
screened run-of-mine coal. They were taken on or about the dates specified,
and the coarse material was stored indoors in 100-pound sacks until ground
for caking index determinations during the month of June following,.

The fine coal exposed at Ottawa would undoubtedly have had a
greater opportunity of weathering than most of the coarser coal stored at
Montreal. This is substantiated by the figures in the table, which show
a greater proportional reduction in the caking indices of the samples weath-
ered at these laboratories than in those of the samples from the stock pile.
However, none of the samples had its caking index reduced by one year’s
weathering to such an extent that it could no longer be considered as
likely to produce a satisfactory coke when carbonized alone. It will be
observed that the weights of powder produced from the buttons supporting
500 grammes did not mmcrease materially with the weathering of the coals,
though the indices at which the weights of powder did not exceed 5 per
cent showed a tendency to decrease. Contrary, also, to expectation, ex-
posure brought about neither reduction in the fuel ratios nor any consider-
able change in coking properties, though the “sprouting’ referred to below
began to develop in the cokes from the weathered coals.

The “sprouting’” described as taking place with some of the samples,
consisted of swollen protuberances, suggestive, when large, of cauliflower
growths, from the faces of the buttons, which were perhaps due to the
fact that the temperatures of decomposition of the constituents causing
swelling did not coincide with those of the binding constituents. Generally,
the appearance of sprouting corresponded with a reduction of coking value
as shown by the caking index. Furthermore, coals with good coking
properties, when stoved for a year or more in the powdered state, often
develop sprouting tendencies. This effect of oxidation is indicated by the
coke buttons from the Sydney (Phalen seam) samples. Samples 4900,
5031, 5157, 5577, 5580, and 5583 were taken from the neighbourhood of
. the outcrop, whereas the remaining samples came from well under ground.
Sample 5577 ig a marked exception to the theory. Sample 4900 is so weakly
coking that it may be assumed to have been weathered beyond the stage
at which sprouting is produced.

EFFECTS OF VARIATIONS IN METHOD

At the outset of the series of tests it was taken for granted that Belglan
sand, such as was used in the glass works, would not vary to any extent in
chemical and physical properties, and comparatively little of it was ob-
tained. Subsequently, second and third consignments of sand had to be
procured, and it was found that the caking indices as determined with the
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separate consignments did not show a close agreement. This may have
been due to differences in shape of the sand grains, as it has been suggested
that spherical grains are the most suitable for this work. The order of the
coals in the table was roughly the same with the different lots of sand, but
the indices of any particular coal varied considerably.

The first part of Table VI gives the indices of certain coal samples
with the various consignments of sand. The first column of figures in the
table shows the indices at which the buttons will just support the 500-
gramme weight, the second column the average weights of powder pro-
duced at these respective indices, and the third column gives the indices
at which the weights of powder are not greater than 5 per cent of the original
mixtures. This portion of the table shows that the earliest consignment
of sand gave caking indices higher than the second one, but that the differ-
ences between them ought not to prevent either of them from indicating,
on about the same range of indices, whether any particular coal might be
expected to produce a satisfactory coke. However, the difference between
the two lots of sand was considered to be so great as to make it advisable
to tabulate separately the caking indices of the various coals as obtained
with them, and this was done in preparing Table II. The third consign-
ment of sand gave values very different from those previously obtained;
the buttons produced were much stronger, and, therefore, increased the
indices at which the weight was supported, but in many cases they stuck so
badly to the crucibles as to lower unreasonably the indices at which the
weight of powder was not over 5 per cent. Yortunately, this sand was
not used for the ordinary series, but only for some special tests where
relative results were desired.

After the various series of tests, as shown in the earlier tables, were
completed, it became known to the writer that in some laboratories it was
customary to leach the sand with acid. Accordingly, a portion of the
third consignment of sand, of 40- to 50-mesh size, was digested with hydro-
chloric acid diluted with an equal volume of water. The sand was leached,
with occasional stirring, for about 30 hours in all, during 10 of which the
acid was heated to just below the boiling point, with the evident result
that a large amount of iron was dissolved out. TFollowing digestion, the
sand was washed with water until acid-free, and then dried on a hot plate.
It was afterwards re-screened, when it was found that some 30 per cent
would pass through the 50-mesh sieve; in all probability, therefore, all the
grains of sand had been somewhat reduced in size.

The second part of Table VI shows caking indices determined with
untreated and treated sands, respectively, and it is evident that the effect
of acid treatment is to alter such indices materially. This portion of the
table also shows that the use of sand digested for four days—heated for
about eight hours each day—does not materially alter the caking indices
from those obtained with sand digested for only two days.

Another factor to be considered is the size of the sand, which has been
shown by several investigators to have a considerable effect on the caking
index, on account of the greater surface of fine inert to be covered with
the binding material. As has been pointed out, it is quite likely that very
little of the 40- to 50-mesh sand was of 40-mesh size following the acid
digestion. 'To avoid such a contingency, a portion of the original un-
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sereened sand was digested with acid for three days, and then screened, so
that the 40- to 50-mesh material should consist of all sizes between the
screens. The second part of Table VI also shows the caking index of
one sample as determined with this sand, and it is evident that the index
is practically the same as those obtained with the sand which was screened
to the desired size prior to digestion with acid.

Platinum crucibles became dented from the tapping sometimes em-
ployed to loosen the buttons, and were liable to become corroded with iron
either from the sand or coals or both. It was therefore decided to use Illium
crucibles, which were found to retain their shapes rigidly, though the length
of time during which they would resist corrosion was not definitely estab-
lished. The crucibles were of the same shape as those made of platinum,
though slightly more tapered and with smaller bases. They were desig-
nated as of 20 c.c. capacity. However, the charge normally used was only
about 21 grammes. It was found that when 25 grammes were used the
buttons were distinctly stronger, owing presumably to the pressure exerted
by the ids. In one instance the substitution of 25 for 21 grammes increased
from 22 to 28 the index at which the button would support 500 grammes.
The percentages of powder from the buttons remained about the same
whether 21 or 25 grammes were used.

For the sake of uniformity, the weight of powder obtained with the
Ilium erucibles was divided by the weight, in grammes, of the coal-sand
mixture and multiplied by 25, so that a value of 1-25 so obtained repre-
sented 5 per cent of the mixture. Since the figure representing the actual
weight of powder obtained had to be increased by the multiplication,
thereby adding to the effect of any errors in weighing, it was decided to
consider a final figure of 1-35 grammes of powder as corresponding to 5 per
cent of the mixture. An even greater proportional allowance was made
when carbon material was used instead of sand, as 12 grammes of mixture
would nearly fill either type of crucible.

The third part of Table VI compares results obtained with the plat-
inum and Illium crucibles respectively. In most cases, stronger buttons
were obtained with the Ilhum crucibles than with the piatinum ones. To
compensate for this, the indices at which the weights of powder were not
greater than 5 per cent of the mixture were lower with the Ilium crucibles,
so that, according to Gray’s original definition, the caking indices obtained
with Ilium crucibles would be distinctly lower than those obtained with
platinum crucibles.

SUMMARY AND CONCLUSIONS

Fifty-six Canadian coals, originating in the eastern and western
parts of the country, and ten coals from eastern United States, the
analyses and coking properties of which, on a laboratory or larger scale,
were known, were selected for the determination of their caking indices.

A method agreeing very closely with that of Gray was chosen. Both
sand and carbon were used as inert materials, and the mixtures of coal
and inert were heated over Meker gas burners in either platinumn or Illium
crucibles. The buttons produced were tested to ascertain their cohesive
strength and also to determine what percentage of loose powder was
produced.
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The caking indices of the 66 coals were determined in all cases with
sand, and in the majority of cases with petroleum coke as carbon material.
There were determined: (1) the indices at which the buttons would just
support 8 500-gramme weight; (2) the indices at which the amounts of
loose powder produced were not greater than 5 per cent, by weight, of the
mixtures of coal and inert material, and (3) indices representing the aver-
ages of indices (1) and (2). The coals were tabulated with their indices in
numerical order, and it was found that the strengths of the buttons corre-
sponded closely to the previously determined coking properties. Tentative
division lines were drawn between coals which might be expected to pro-
duce commercial cokes when carbonized alone and those which would
probably make better cokes when blended with other coals.

It was decided that the most satisfactory index, by comparison with
the determined coking properfies, was the index at which the button would
just support a 500-gramme weight; also that, while both inert materials
gave some irregular results, sand was slightly preferable to petroleum
coke for the Canadian coals tested.

It was found that separate consignments of sand and carbon material,
respectively, gave different caking indices for the same coal sample; also
that leaching of the sand with acid was likely to alter the caking indices
obtained with it. The differences between the results obtained with
platinum and Illium crucibles were not great, though the latter gave some-
what stronger buttons, at the same time producing slightly more loose
powder. Illium crucibles do not lose their shape, do not corrode badly,
and are, therefore, to be recommended for caking index work.

The caking indices of 23 sections, or bands, from top to bottom of
the Phalen (Sydney area) seam, were determined. There were variations
of some magnitude throughout the seam, but each individual seetion had
a sufficiently high index to be classed as a coking coal. ’

Changes in caking index, due to weathering for one year or less, of
four coals from the Sydney area, Nova Scotia, and three coalg from the
United States, were determined. It was found that the caking indices
were congiderably reduced, but in no case sufficiently so as to remove any
coal from the class in which it was suitable for coking alone to that in which
it-would require to be blended with some other coal.

There seemed to be no conclusive proof that the caking index deter-
mination is superior to the examination of the coke button, produced in
the laboratory determination of volatile matter, for predicting commercial-
scale coking properties.

34717—4%



TABLE I
Analyses of Coal Samples

mStorage‘liE‘ Coking properties
prior to Ash - "
No. Deseription caking- | Moisture (dry Platinum crucible; Fireclay crucible; Sheet-iron box;
index deter- basis) |Fuel ratio Chaddock burner; gas furnace; coke oven;
mination % % 1grm. 11b.. 75 to 100 1b.
’ Nova Scotia
Sydney Area
4528 |Dominion (sample No. 1) run-of-mine{Negligible. . 2.3 9.3 1-65
4827 [Dominion (sample No. 2) on 3-inchi “ .. 2-6 7-2 1-50
screen.
4828 [Dominion (sample No. 3) through “ .. 2-7 8-6 1-75
4-inch screen.
4900 |Phajen seam (sample No. 1) 8 mos...... 5.6 4.4 170 {Poor t0fair...c.vvserereenirinrinen]anans eveerireenaen,
4930 |Phalen seam (sample No. 2). 10 mos. 2-5 6.8 1-70 |Good; tendency to’ sprout hearaees cedasereisesrerans
5031 |[Phalen seam (sample No. 3).. 8 mos. 5.7 6-3 1.90 |¥Fair; ‘much “gprouting”..... vene
5136 |Phalen seam (sample No. ; veeres..|10 mos.. 1-8 73 1-75 |Good; larger then average.. . veee
5167 |{Phalen seam (sample No. 5).........|10 mos...... 3.6 6-4 1.65 Fa.u.- to good, much mclplent é sproub- . feees
5577 |Phalen seam gsample No. 6).........] 4 mos...... 2-3 7.0 1-80 Good largerthana.verage IO ceeveneas
5578 |Phalen seam (sample No. 7).........| 7 mos...... 1-5 7-0 1.80 O
5579 |[Phalen seam (sample No. B).. . 4 mos...... 1.3 12-7 1.75 “ “ e
5580 |Phalen seam (sample No. 9).. 3-0 9-6 1-55 Good average size; marked ‘‘sprout-
5581 |Phalen seam fsample No. 10) 1-2 9-8 1-70 Good smaller than average.........
5582 |Phalen seam (sample No. 11).. 1.4 10-7 1-55 Good AVEIALE S1Z€...uervara e vnanrs
5583 |Phalen seam (sample No. 12) 2.5 17-5 1-50 Good; smﬂ.ller than average; much
incipient “sproutu
5584 {Phalen seam (sample No. 13) 1.7 12.4 1-50 Good average; decxdn%l tendency to!
“‘sprout’’,
Pictou Area
4029 |Stellarton (sample No.1)............ 7mos...... 1.6 13-9 2-10 |Good; tendency to “‘sprout”........ Indications that it|......eevveueen vune
would he good.
4029 A|Stellarton (sample No.2)............ 7 mos...... 1-8 12-9 2.15 |Fair; much “sprouting”............. Uncertain....ooeeveeleereerercesssnsenn
Springhill Area
4028 |Springhill......coooiiniiininiii... 7 mos,..... 2-2 76 | 1-95 !Good; larger than average.......... [€7e7; P ceversineieas

0¢



New Brunswick
Minio Area

4030 IMENE0....iiiiini it 14-7 1-65 |Fair to good; slight tendemcy t0]G00d.....cceveivnreidernerareniienrnnens
“sprout’”
Alberta
Crowsnest Pass Area
AR f rbin IR ek o2 S W S DT
4356 |Hillerest (sample No. 1) 1-4. 10-9 2-00 e
4571 |Hillcrest (sample No. 2) 1-1 12.1 2.00 Foir domestiz or
foundry coke
4036 |Blairmore (sample No. 1) 0-6 10-8 250 Faxr to ﬂ'god slight tendency to
“sprou;
4354 |Blairmore (sample No. 2) 1.0 10-7 2-55 |Fairto go0d....oeviiiiiieiieaaiens
4572 |Blairmore (sample No. 3) 0-8 10-6 2.50 |Good; smaller than average; slight Cood domestie, fair
tendcncy to “sprout’’. tokgoud foun
coke.
4573 |Coleman (samplc No. 1) 1.4 16-2 240 |Poor t0fair..c...vvvrivnrieriianinens Fair domestic or
foundry coke.
4038 |Colemean &sumple No.2) 1.2 13-0 2:60 |Poor eteeiteraie s
4355 |Coleman (sample No. 3)... 1-4 12-4 2-65 |Poor tofair JO P
4574 |Coleman (sample No. 4) 1.2 12-8 2-75 {Poor Fair domestxc or
foundry coke.
Nordegg Area
4031 (NOrdegg. .cccvvrerananaaeniraennianns 13-9 F 25 (1 I 207 S erteeatataeeraaan
Mountain Park Area
4033 |Luscar (sample No. 1) 0-7 13-4 3-20 [Fair; incipient “‘sprouting”....ccoevfiiierieiiiiiiiiiiieennnns evereeeenaas
4358 |Luscar (sample No. 2). 1.1 11-6 3-25 [Pairto 200d. cceveieiiinerennreenne BB e e
4576 |Luscar (sample No. 3) 0-9 11-2 3-35 Poor to fzur much incipient ‘“‘sprout- P(}or domestic or
undry coke.
4035 |{Mountain Park (sample No. 1) 17 | 123 | 1-95 |Fair slight evidences of “sprouting” onae
4357 |Mountain Park (sample No. 2) 1.7 g-2 2:00 GO0 . eiiiiran e .
4570 |Mountsin Park (sample No. 3) 1-5 7-9 2-00 [P air; much “sprouting’............ Good domestic or
i foundry coke.
4034 {Cadomin ssn.mple No. 1) 1.2 6-8 2-35 |Fair to good; alittle “sproutmg JOTN -
4359 |Cadomin (sample No. 2) 1-4 13-8 2-25 |Fair to good; much “’sprouting’’.
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TABLE I—Concluded
Alberta—Concluded

Brulé Area
Storage Coking properties
prior to Ash " . -
No. Description caking- | Moisture (dry Platinum crucible; Fireclay crucible; Sheet-iron box;
index deter-| | basis) |Fuel ratio Chaddock burner; gas furnace; coke oven;
mination % % 1 grm. . 75 to 100 1b.
4032 |Brulé (sample No.1)................ 10 mos...... 0-8 15-4 3-35 [Good; 1arger than average; indiea{PooOr..co.ocvieiananetas eeeeeeneaieianns
tmns of “‘sprouting’’.
4215 |[Brulé Esample No. 2 0-7 15-4 3-35
4235 |{Brulé (sample No. 3 1.0 11-5 225
4237 |Brulé (sample No. 4). 0-9 12-2 3-40
British Columbia
‘Crowsnest Pass Area
gt R
4387 |Corbin (sample No.1)............... 1.2 12-8 +65 (POOT....cevuvrnnarenannns Fair B N
4575 iCorbin (sample N0.2)........enun..n 1.2 12-5 2:55 |POOT...c.uverrrennnnannns Fair domestic, poor
foundry coke.
4039 A{Michel (sample No.1).....c...cennnnn 1.9 3-5 2-60 (Good; larger than average. .. .o.veuforeainnreiuirarieiefioiianiinanienannes
4186 |Michel (sample No.2).t..cevevennn.. 1.1 5-9 2-80 “ “ “ PO PP P PRDS Fr R
4187 [Michel {(sample N0o.3).....covvunnnn. 1-1 4.2 275 1G00A. ... eevuruererrornenessarsrassafoonaceansasonsransrelonsasiensaeaesainnns
4188 [Michel (sample No. 4 g 1.8 3.7 2-45 L O
4189 (Michel (sample No. 5). 2-0 4.2 2-50 L B
4352 {Michel (sample No. 6) 2.4 4.9 2-60 LSRRI | €+ 1s SPPUPIY PR
4569 |Michel (sample No. 7).... 1.8 4-4 2-70 LR PUPPPRITEY PP Very %lod domestm,
exce ent foundry,
coke.
4040 |Coal Creek Esnmple No.1) 0-8 4-2 3-25 Good larger than average. oo eeveuforararerserinnnenis
4353 |Coal Creek (sample No. 2) 1-2 6-4 260 [GoOd..eesrervrenneiaanaaasnanans Good. ..
4568 |Coal Creek (sample No.3).. 1.2 4.9 2-55 Good larger than average; slight].cooererriiniannas. Very good domestie,
tendency to ‘‘sprout’. excellent foundry
coke.
Nanaimo Area
4041 |Cassidy...cvienrniruinianecineanansn 25 mos...... 2-2 14.3 125 {FRI. .. eeieinrrerinranrnnraornnneen POOT. . s ennaneafonnsannsarsoneoninns




Comoz Area

4042 [COMOK. .. iuurierrariienrnrinnannnenn 25 mos...... 1.7 10-3 1.90 |Good size; a lot of *‘sprouting’...... Probably good......[eeveiiiininiint.,
United States
4340 Poc%zon&:)&s seam, W. Va. (sample|Negligible.. 1.1 <5.0 4:00 |Good.......... PN PPN . Cerereareranans
0.1).
5865 Poc%mng:;s seam, W. Va. (sample “ 1-4 6-8 4-30 |Fair to g(t)_‘od size; some incipient. B P
0. 2). “sprouting’’.
4341 |Chilton seam, W. Va. (sample No. 1) “ .. 2.2 4-4 160 [Fair 20 200d. .. .evvriiereniiereenneinieininiinrneen e e
4488 |Chilton seam, W. Va. (sample No. 2) «“ .. 1-8 6-0 1-80 [Good.......eviuninnnns
4825 Sexﬁckiey seam, W. Va. through % “ . 1.2 10-5 130 [Pairto go0d...cueireeeiieniannoiediieeinoinnnneiniiid o,
inch,
5864 |Cedar Groveseam, W.Va........... “ ‘1-8 55 1.80 i iiiieeeiieieieaaa ..
4823 |“Raven’, Pa., through % inch........ o 0.6 6.4 3-55 |Good; larger than average.........
4826 Luw;x_‘ Kittanning seam, Pa., through “ 0-8 8-9 3-20 “ “ e cen
inch. ‘
5863 |Upper and Lower Freeport seams, Pa. “ 1.5 9-6 2.15 Goo%; i Iittgf larger t{han avguge; .................................
shight indications of *“‘sprouting”.
5862 |Blend as charged to commercial “ .. 1.6 7-2 2:20 |Good; smaller than average......cleeueennnnn...
ovens.

g9
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TABLE 11

Caking Indices Determined with Sand as Inert in Platinum Crucibles

(1) Index at which button

(2) Index at which powder

(3) Mean of (1) and (2)

will support 500 grammes not more than § per cent
First Consignment of Sand

Dominion ( .............. 46 | Dominion (1)....... R 38 [ Dominion (1).......... ]
Chilton, U.S. (2)..... vev...46 | Chilton, U.S. (@).....cvvnes 33 | Chilton, U.8. (2).......... 39-5
Michel (3).......... Brulé 3).......... 30 Brulé (3)..cvverarrenencins 35
Bruld (3)..vvvvrvievrannaans 40 {3Brulé (1)........ Pocohontas, U.S8. (1)....... 31-5
Michel (2)..vivvrvrannrnnnns Blairmore (1) 28 | Mountain Park (1)......... 30-5
Mountain Park (1).......... 37 | Pocohontas, U. 8. (1).......27 | Blairmore (1)......... ...30:5
Chilton, U.S. (1)....vvenvn. 37 13Bruld (2).vieviernenans vvenss 26 | Cadomin (1)...
Springhill......oovvvienan. . Mountain Park (1)..... vee.24 | Springhill......
Cadomin (1).vsvcvvenvnvnses Cadomin (1)......... veveee 23 | Brulé (3).......
Pocohontns, US. M)evvnnnne 36 [3Coleman (2)...veviviriarans 23 | Michel (3).....
MINEO. eviirievrrrarensnecns Brulé (4)....... .22 | Minto........
Stellurton [6 3 N 34 {sLuscar (1)..... 221 Michel (2).00veivirierasnes
Blairmore (1)...vverveeeenns 33 | Springhill... ..21 | Chilton, U.S. (1)
Michel (4)............. veee 33 [2Minto.,cveiiiiin e ..18 | Stellarton (1)
Michel (5).cuvvievniranenins 82 | Stellarton (1)......... . .18 | Michel (4).....

Michel 24)..... ...... . .15 | Brulé (2).........
Brulé (1)....... Ceerrerrans 25 | Michel (5)......... .14 | Brulé 4).........
Stellarton (2).eeievireaans 25 | Stellarton (2)...... .14 | Michel (5).......
Brulé (4 2Chilton, U.S. (1).. .13 | Luscar (1).......

Michel (3)......... ..12 | Stellarton (2).. cee

Michel (2)..vvrvvveenniianas 12} Coleman (2)........o0vvuns

Second Consignment of Sand

Phalen (8).......

Phalen (7)...

Phalen (11).....

Dominion (2)..
Raven,

Lower Klttanmng, US..... 40

Phalen (6)
Phalen (10)..
Phalen (4)...
Phalen (13)

Freeport, US...covvvvnenn.
Dominion (3)....... AP 1.1
Phalen (12)

Phalen (2)..........

mercial ovens, U.S........31
Coal Creek (2)......0v0vviss 30
Phalen (9)........ .30
Michel (1)...... .30
Hillerest (2)....... ..29
Blairmore (3) sirresaentanan 28
Cedar Grove, US..........28
Coal Creek (1)...... veenean 27
Mountain Park (2)..........27
Michel (6).nevnrrirracaianss 26
Michel (7)....vvivnnen

Mountain Park (3)..
Hillerest (1)...
Luscar (3).......
Blairmore (2)....
Phalen (6)....v0vuens. P

Sewickley, U.S
Coal Creek (3).
3Conl Creelt (2).
Phalen (8)...
3Hillerest (2).
Phalen (7).....
Dominijon (2)..

3Coal Creek (1). 29
Phalen (9)..... .28
3Luscar (3)..... 28

Phalen (10)....

Phalen (4)....... 27
Michel El). ceeees 27
Phalen (11)...... 26
Raven, U.S...... 26
Phalen (6)....... 26
Phalen (12)....... ..26
Michel (6) veeed 26
3Blairmore (2)...00.... ......26
Lower Klttunnmg, U.8......28
Phulen( ) ... .251
Freeport, U.S.. Crvees
Mountum Park (3)

3Lusear (2)...vveeens cer
Dominion (3)..... Cerreenres
Blairmore (3)......... 2
Mountain Park (2)..........23
Cadomin (2)........... vee.23
Cedar Grove, U.S..... veee 22
Phalen (B)e.vvrivvrnecaess 2
Comox.,....
Michel (7). 0vvenennenn

Hillerest (1).....

Sewickley, U.S.
Phalen (8)...
Phalen (7)...
Phelan (11),.
Dominon (2).
Raven, U.S....
Coal Creek (3).....
Lower Kittanning,
Phalen (6)...
Phalen gl[))
Phalen (4)...
Phalen (13)....
Conl Creek (2).
Freeport, U,
Phalen (12)..
Hillerest (2).
Dominion (3)
Phalen (9)..
Michel (1).......
Coal Creek (1).
Phalen (2)...
Michel (6)...
Luscar (3)

ver

mercial ovens, U.S
Blajrmore (3)....
Cedar Grove, U.S.

Blairmore (2)..
Mountain Park (3 .
Michel (7)......
Hillerest (1)....... .
Phalen (B).ververeirirrnaes
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TABLE II—Concluded

Caking Indices Determined with Sand as Inert in Plétinum Crucibles—Concluded

(3) Mean of (1) and (2)

(1) Index at which button (2) Index at which powder
will support 500 grammes not more than 5 per cent
Second Consignment of Send—Concluded
Phalen (3)..... Ceeneesans ...22 | Phalen 53) Crereereaieanns 21
(0703 17 T S 22 | Phalen (2)..... Ceretereeaees 20
Cadomin (2) ............... 21 | Blend as charged to com-
mercizal ovens, U.S8........

Lusgcar (2).. wevreesasso20 [3Coleman (3)...... ieeseenen 20
Coleman (1) e beeereiens ...18 {3Coleman (4)........... veee 20
[O71:7:1 10 - S ...17 |3Coleman (1)....... FRPRR X
Pocohonta.s, U8 (2) ...... .17 13Cassidy . v v eininann. ver.. 18
Coleman (3)..... Ceereerens .16 'Pocohontas, U 8. 2)........19
Coleman (4)...... Cieeennae .16 |3Phalen (1 E .
Phalen il; Ceererarerareees 13 |23Corbin (1)..
Corbin (1)....... Ceerneen ...13 [3Corbin (2).. 4
Corbin (2)......... Ceieeanes 11

Comox.. 22
Cadomin (2) veree 22
Lusear 2).eevveveniennn v 22
Phalen 8).......... veveed 21eb
Coleman (1).........v.v...1845
Cagsidy..oovniensas .l18
Pocohontas, U.8. (2) ....... 18
Coleman 54) .............. .18
Coleman (3) .18
Phalen El) ...... 1565
Corbin (1) vena1408

Corbm(2)........ ...... .13

1 Thege index (2) values not determined but estimated from average index (2) values of Phalen seam samples
with index (1) values corrssponding to those in the table,

2 Battons stuck badly to crucibles, producing excessive powder.

3 Tor explanation see text.
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(1) Index at which button
will support 500 grammes

Carbon

1Phalen (4)....o0vvnnnnn. 42
1Phalen (7). ...covevvnnns 41
Freeport, U.S........... 39
1Phalen (2) ............... 37
1Phalen (10)..00uvurennnns 35
iCedar Grove, U.S....... 34
1Phalen (18).....cevuvn.n.
Blend as charged to com-
mercial ovens, U.S..... 321
1Phalen (8)...ccoevevrnnns 31
Hillerest (2)........ ...30
Dominion (1)....... .29
Chilton, U.S....... .27
1Blairmore (3)...... .27
Stellaxton (1)....... .27
C}nlton, U.s (1)........26
Minto.....ovvnnens ...206
Hlllcxest {..... L 25
Michel (3)........ .24
Michel (1)..... .28
Lusear B). . cvveeiinnean. 23
Mountain Park (3)...... 23
Cadomin (2)............ 2
Mountain Park (1)....... 21
Bruld B)...ooveieniannn. 20
Coal Creek (1)..
Springhill..,...... e
COMOX.ueirieiaaranrnnas 2
Pocohontas, U.S. (1)..
Blairmore (1)............
Michel 52) ...............
Michel (5)........
Brulé (1).........
Cadomin (1)..
Cassidy......... e
Michel (4)....00veviunnnn
Brulé (2)...c000vieiiiinn
Coleman (2) e
Brulé (4)..........

Coleman (3)
Lusear (1).........
Coleman (1) 1

Pocohontas, U.S. (2)....18

TABLE III
Caking Indices Determined with Retort Carbon as Inert
(2) Index at which powder
not more than § per cent (3) Mean of (1) and (2)
2Dominion (1)........... 20 |[1Phalen (4; ............... 20.5
2Chilton, U.S. (2)........ 19 |*Phalen (7)............... 29+5
1, 2Phalen (7)e.eevvnen... 18 | Freeport, U.S............ 27-5
1, 2Phalen (4) ............ 17 [1Phalen (2)..........vvunn 27.0
L 2Phalen (2).....0vvnnt. 17 | Dominion (1)............ 24.5
lichel (1).............. 7 [*Phalen (10)........0vuun. 240
Coal Creek (1).......... 17 | Cedar Grove, U.S....... 240
Freeport, U.S........... 16 {*Phalen (IU) ....... e 24+0
L 2Phalen (€5 O 15 | Chilton, U.S. (2).........23-0
2Cadomin [6) F 15 {Phalen (5).....c.vevunns 21+5
Mountain Park (1)...... 15 | Blend ns charged to com-~
Bruld (3).....0ivvennnnn 15 mereial ovens, U.S....21-01
Cadomin (1)............ 15 | Hillerest (2).....covvvun. 20-5
1Cedar Grove, U.S...... 14 [1Blairmore (8).......vvuu. 200
1, 2Phalen (10)........... 13 | Michel (1).....c0vuvvnnn. 19:0
Blairmore ®)..... veeens 13 Stellnrton (€3 7 19-0
Springhill............... 13 | Cadomin (2).....vc.vtn.. 19.0
2C0I00K v eveeeaa s vannsns 13 Coa] Cleek (€3 PP 18:5
2Poeohontas, U.S. (1)... Minto........vvens e 8.5
Blajrmore (1)........... 13 H1llclest [€3 U 185
Phalen (5)....o0vevnnnn. 12 | Mountain Park (1)....... 18.0
2Hillerest (1)....vvutn.. 12 | Chilton, U.S, (1)......... 17:5
ILusear (). vvvvvevenans 12 | 'Luscar 3) ............... 17:5
Brulé (1) Brul® (3)...cociienniiinnn 17-56
Cassidy.. Mountain Park (3)....... 17-0
Brulé (2) Springhill...........00 16-5
2Colemau §3) ............ 12 | Comox........ 16:5
2Hillerest 2)....ovvunn.. Michel (3) 16-0
Stellmton (6 J 11 | Pocohontas, U.S. (1)..... 16-0
Minto, v viiniieniiieanes 11 | Blairmore (1) ............ 160
2Mountmn Park (8)...... 11 | Cadomin (1)............. 15+5
Coleman (2)............ 11 ] Cassidy...voviveeiinann, 14.0
Bruléd (4)..ciiiveieiiians 11 | Brulé (1).... 4.0
Luscar (1).....,. AU 11 | Michel (2) 13-5
Stellarton (2)...vvvvv.n. 11 | Brulé (2)........ 13:5
?Blend as charged to com- Coleman (2).... 13.0
mercial ovens, U. S.. . .10 Coleman (3)..,. 13.0
Pocohontas, U.S. (2)... Michel (5)...... 125
2Chilton, U.S. (1)........ Brulé (4)..... 12+5
2Coleman [€5 T, 9 Luscar ﬁl) . 125
Michel (8).....ovuvvntn. 8 | Michel (4)...... 12.0
Michel (2),............. 8 | Coleman (1) 115
Michel (8).............. 8 | Pocohontas, U.S. (2) 11-5
Michel (4% .............. 8 | Stellarton (2) 1.5
2Corbin (1).v.vevensinnns 7] Corbin (1)..o.vvvvviannn, 8:5

Stellarton (2)............ 12
Corbin (1)...cccvevvnent.. 10

ok s DND ot ok DD Bk ot fomb ok ok o kot fomd b o et et ok et et DND DND DND ik fod et ek ok ek DND et b £33 DD DO BO bO b2 bO b o b

1 Iljum erucibles.

2 Buttons stuck badly to oruciblos, preducing excessive powder.
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TABLE 1V
Caking Indices of Sections of Phalen Seam, Corresponding to Composite
Sample 10
Index at Weight
Thickness Ash Sulphur Coking properties— which of
of Moisture (dry (dry platinum crucibles button will | powder,
gection _| basis) basis) support 500 | grammes,
% A % grammes | average
Top of Seam
23°-3% 1-4 34.3 18:3 Poor to fau, very little 23 1-86
g routing’’. X
2i 1:3 17-5 9.6 |Good; smaller than average. 36 1-74
3y 1-4 243 9.9 |Good; averago; shght tend-| 36 1.68
encyto ‘sprouting’’,
5" 1-2 21.3 10:0 |Good; smaller than average 37 2:06
4 19 19.2 4.9 |Fair to good; slight ‘‘sprout- 37 235
ing”,
33 1-9 10:8 4.1 |Good; larger than average.. 49 1-53
5 1-5 106 3.2 Good BVEYAZE. s eenrvneernns 43 2-49
53" 1.7 8-8 4.2 Good larger than average 42 2:04
3" 16 15.1 4-4 Good smaller than average; 37 2:22
shght tendency to ‘'sprout-
in
437 1.7 6:6 4.7 {Good; Ia.rgerthan average., 43 2-39
33” 1-8 2:6 23 Good much larger than 45 2-36
average.
[ 1-8 4.7 3-1 [Good; larger than average. . 42 2:21
4 1.8 11-5 4-7 Good‘ larger than average; 41 206
ghg’l,xt tendency to *'sprout-
4% 1-8 5.7 3:0 |Good; much larger than 44 2:31
average.
43 2:5 3.3 2-3 |Good; larger than average. . 43 2:02
427 23 3.1 2.4 Good larger than average. . 45 2-48
43" 24 62 4.4 Good much larger than| - 43 2:15
average.
4% 2.1 3.9 3.2 [Good; larger than average. . 42 2-20
2% 1-8 9.7 4.4 “ “ “ .. 39 2-16
3% 1:6 12-4 9-3 “ “ “« .. 40 2-56
4% 2:3 9.2 5:5 |Same as last, but very slight, 37 2:29
“gprouting’’.
2% 1.7 13:6 10-6 |Good; larger than average..| . 37 2-18
28 1-3 18:8 14.5 'Good; average.............. 35 281

Bottom of Seam




TABLE V
Effects of Weathering upon Czking Indices

Index at Weight Index at
Data of test, | Moisture | Ash Fuel Coking properties— which of which
No. Description of coal or duration of (air- (dry ratio platinum crucible button will | powder, powder
weathering dried) basis) support 500 | grammes, | not more
grammes average than 5
% % per cent
Platinum Crucible—Second Consignment of Sand
4827 |Dominion (sample 2), on -inch|Fresh........... 2.6 7.2 1-50 |Fairtogood.....ovveervrnennnnnn.. 40 1-856 29
screen.
4827 “ “ “ ..{After 12 months 2-6 8-9 1.65 |Fair to good; much “‘sprouting’.. 29 2-14 22
4828 |Dominion (sample 3), through 3-inch|Fresh........... 2.7 8-6 1-75 {Fzir to good 35 2-54 23
sereen.
4828 “ “ “ ..|After 12 months 2-2 8-2 1.70 |Fair to good; much “‘sprouting”..... 25 1-85 23
4823 |[“Raven’, Pa., through %-inch screen|Fresh........... 0.7 6-4 3.55 {Good; much larger than average. ... 40 2.18 26
4823 “ “ “ ..|After 12 months 0-9 7-2 3-70 «“ “ “ . 31 1-67 27
4825 Se;v_ickﬁey seam, W. Va., through|Fresh........... 1-2 10-5 1-30 [Fairtogood.......ovvvvvvrnennnnnnn 45 1.98 40
3-inch screen. ..
4825 i “ “ ..|After 12 months 1.5 10-3 1-40 |Fair to good; dirty button; slight 38 1-66 30
tendency to “‘sprouting’. ..
4826 Lquerllliittanningseam, Pa.,through|Fresh........... 0-8 8-9 3-20 |Good; very muchswollen........... 40 2-49 25
3-inch screen.
4826 G “« ..lAfter 12 months 0-8 8-6 3-25 “ “ “ . 30 1-58 28
Illium Crucible—Third Consignment of Sand
5194 |Dominion, screened run-of-mine,{July 24........ 2-3 7-7 1-70 |Good; aVerage...cvvevevrreernrensns 54 4-17 18
5196 from storage pile (location 1).
5197
5199 |Dominion, screened run-of-mine,lAug. 13........ 2.4 8-4 1-70 |Good; aversge size; slight “sprout- 65 4.26 20
to fresh delivery to pile (location 2). ing”.
5203
5789 |Dominion, screened run-of-mine,|Jan. 16to21... 2-7 8-2 1-65 [Fair to good; slight tendency to 54 4.56 17
517:022 from storage pile (location 2). “gprouting’’.
5777 |Dominion, screened run-of-mine,{Feb. 20 to28... 3.6 8-5 1-65 |Fair; no “‘sprouting”................ 58 4-68 15
to from storage pile (location 1).
5780 )
5{8’20 « “ “« ..|April 8........ 3:5 8-3 1-65 {Barely fair; tendency to “sprouting”’ 37 5-07 10
5875

* This coal was vrobsably not aur-dried.

8¢



TABLE VI

Effects upon Caking Indices of Variations in the Inert Material or in the Type of Crucible

1 @) ®)
Index at Weight, of Index at
X R . which powder which
Description of coal Description of inert Crucible button corresponding| powder not
will support {to (1) — aver-| more than
500 grammes | age, grammes| 5 per cent

Dominion (sample 2), unweathered 47 230 foiiiiiiiiiinn
“ “ . 40 1-85 29
“ “ weathered 29 2-14 22
« . 34 2-92 15
“ “ “ 49 3-90 19
Dominion (sample 3), unwesthered. . 39 2-56 25
« “ “ .. 35 254 23
“ « weathered.. 25 1.85 23
¢« “ “o. 3 51 4-80 15
Phalen seam, (SAMPIO 5)....vuviiiiiiriiiinnriincnsansannns 22 1-06 22
“ “ . 39 2-83 22
Raven, weathered....... 31 1.67 27
« “ . 53 2-85 31
Sewickley, weathered. 38 1-66 30
«“ “. 73 3-75 23
Lower Kittanning, weathered. 30 1-55 28
« et titeiiirerteaaaaes 52 3-21 27

Al 3rd consignment

*Blend as chs.rged to commercml OVeIS....ceiiiiieiiins Untreated sand......civvriirriiniairineeensneans 44 3.45 27
. 40-50 mesh sand, leached 30 hrs., with hydrochlorie 34 3-66 21
*Hillcrest (sample 2)....o.ooviivni Untreated saBA, .. iivinnieieiiieriieriiiatanisanns 33 3-34 22
“ “o. ..|40-50 mesh sand, leached 30 hrs.............. N 24 2-80 19
*Blairmore (sample 3) 40-50 mesh sand, leached 2 days.. 33 2-62 24
“ “ ..|40-50 mesh sand, leached 4 days 32 2-36 b
“ «“ Unscreened sand, leached 3 days, then screened to 33 2.36 24

40-50 mesh.
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TABLE VI—Concluded
Effects upon Caking Indices of Variations in the Inert Material or in the Type of Crucible—Concluded

¢V @ @®)
Index at Weight of Index at
. which powder which
Description of coal Description of inert Crucible button corresponding| powder not
will support [to (1) — aver-( more than
500 grammes | age, grammes| 5 per cent
Dominion (sample 2), weathered. 29 2.14 22
& & “ 34 2,92 15
Hillcrest (sample2)....vvnun.- 29 1-11 30
“ “ . .. ! 34 2-29 24
“ “ ..{2nd carbon 30 5-05 11
« “ i . “ « 34 5-81 11
Blairmore (sample 3). 2nd sand “ 28 1-92 23
(3 &“® . 13 @& 29 2_41 23
Luscar (sample 3)... “ “ 24 0-83 28
“ “ e 27 1-12 27
Mountain Park (sample 3). 25 1-49 24
« i@« “ : 27 1.36 24
“ «“ “ 2nd carbon « 23 3-42 11
«“ « ] «“ 23 2-69 13
Cedar Grove........... 2nd sand “ 28 2-15 22
“ ¢ « 40 3:63 21
Freeport.... “ “ 36 2-08 24
@ 38 2-46 26
“oo. .12nd earbon “ 39 3-49 16
i iirreeei et . “ “ 36 3-65 15
Blend as charged to commercial ove: .12nd sand “ 31 2.28 20
] A “ 1 « 3% 3.03 21
“ .12nd carbon “ 32+ p 6-0 ) 10
. approx.
“ e e “ “ 47 p5 -23 13

* These samples stood for some time as powder, and were therefore probably weathered.

09
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ANALYSES OF SOLID FUELS
Compiled by J. H. H. Nicolls and C. B. Mohr

The solid fuel analyses compiled here are those of samples of general
interest received during the past year, and in most cases only such data
as were agked for by the person submitting the sample are shown. They are
tabulated under the three following group headings:—

(1) Solid fuels ocecurring in Canada.

(2) Coal samples submitted by the Department of Pensions and
National Health. )

(8) Miscellaneous solid fuels.

The first group of fuels (Table I) contains a number of “mine” or
“prospect’” samples, collected by technical officers of the IFederal govern-
ment. The “mine” samples were procured from deposits already under
development; the “prospect’’ samples from deposits as yet undeveloped.
A few ‘“commercial” samples occur in the first group; each of these is
congidered to be representative of the corresponding product as shipped
from the mine.

The second group of fuels (Table II) consists entirely of bituminous
coals purchased by the Department of Pensions and National Health for
use in the heating plants of their various hospitals. These include both
Canadian and United States coals. They are all “commercial”’ samples,
and consist principally of “slack” coal. The samples were collected en-
tirely by the engineers at the various heating plants, following instructions
sent out by their headquarters after consultation with the staff of the
TPuel Research Laboratories. According to the proecedure employed in
reporting these samples to the Department of Pensions and National
Health, only 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’’ basig, in order to simplify comparisons between the
different coal gamples. ,

The third group of fuels (Table III) congists of imported coals, such
ag are sold by local dealers, either for heating private residences or public
buildings, or for various industrial purposes. Because of previous lack of
information, stress has been laid upon cannel coals as used in household
grates. All these are ‘“commercial” samples. The group also contains
two processed fuels which are manufactured on a commercial scale, and
in addition two samples of low-temperature coke manufactured by the
Tllingworth process from ‘“Dominion” coal from Glace Bay, Nova Scotia.

Whenever possible, the exact date of sampling is given, or at least the
month during which the sample was taken. However, in some few cages
this information was not available, and the dates upon which the samples
were received at the laboratory are shown.
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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 anr-dried fuels; and in columns “D' to those dried at 108° C.
It may be generally accepted that the fuels were analysed as received,
except in the instances where the “AD’ columns are included. In such
cases the fuels were analysed following air-drying in the standard appar-
atus.! The analyses of the high-moisture slack coals do not include the
“AD” column, since this information 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 cases more than one sample number will be observed
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,. ‘

1 Report of Scientific and Industrial Research Council of Alberta, 1923, page 39.
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TABLE I
Analyses of Solid Fuels Occurring in Canada
Dominion Coal Co., Ltd. (Besco), Glace Bay, Nova Scotia
—_ . Supplied to
Supplied to Fuel Research Laboratories through Department of Public Works Ottawa Public
School Board
Sample NO..ovvvievernneanenann 5883 6476 6566 6658 6725 6296
Moisture condition...........v... R D R D R D R D R D R D
Prozimate Analysis—
Moisture. .. .oeenenannn per cent| 3-6 3-7 55 5-1 7-2 2.2 ..
=1+ “ 10-6 11-0 9-7 10-1 8-5 9-0 8-5 8-9 7-8 8-4 6-7 6-9
Volatile matter........ “ 35-1 36-4 32-8 34-1 32-4 34-3 34-0 35-9 29-8 32-1 35+5 36-3
Fixed carbon.......... « 50-7 52-6 53-8 55-8 53-6 56-7 52-4 55-2 55-2 59-5 55-6 56-8
Ultimate Analysis—
11 R per cent 3-6 8.7 3-8 3-9 3-1 3-2 3-2 3-8 2:9 3-1 2-9 3-0
Calorific Value—
Calories per gramme, gross... 7,270 7,545 7,805 7,590 7,270 7,685 7,340 7,725 7,150 7,700 7,710 7,885
B.T.U. per pound, gross....... 13,090 13,580 13,150 13,660 13,080 13,830 13,210 13,910 12,870 18,860 13,880 14,190
Fuel 28810 e o ivieinrennnenennaes 1-45 1-65 1-65 1-55 1-85 1-55
Coking properties...coeeeecaeena. Fair Good Good Fair Good Fair
Designation of coal.............. Run-of-mine...... Run-of-mine...... Run-of-mine.. .. ../ Run-of-mine...... Slack............0 Run-of-mine.
Kind of sample ...{Commercial; approximately 100 tons monthly. .. ..ottt ittt ie it tar e aaaaas Commercial.
Taken By .ccvierereraiarnnensnes W. Kritsch, laboratory assistant, Fuel Research Laboratories........cc..civieiiiiineinnnn.. .. Pu:é)lie dSclé)o_Ll
oard officials.

Date of sampling......vovverenns

During April, 1929)During Nov., 1929)During Dec., 1929|During Jan., 1930.)During Feb., 1930

Sept., 1929.

€9



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

Inverness Railway and Coal
mpany, Inverness,

C{I;;‘Iiiég Cﬁvtg Tidewster Fuel and Navigation Nova Scotia Victoria Coal Company, Ltd., New Glasgow,
— S dney Mines. Company, Whiteside, Nova Scotia;_mine at River Hebert,
Y Sootin” Nova Scotia . Nova Scotia
No. 1 mine No. 4 mine
Sample NO..vcvueiererarisrrrnnnns 6620 5915 5916 6559 6350 6085 6790 6791
Moisture condition.........ceuvnn. R D R D R D R D R D R D R D R D
Proxumate Analysis—
Moisture 3-5 1.5 1-6 3-0 7-6 2-8 2.6 3-0
Ash.....voouees 13-6  14.1 13-7  13-9 12.8  13-0 9-3 9.6 11.0  11-9 17-5  18-0 12-2  12:5 9-2 9.5
Volatile matter... 36-1 37-4 33-2 33-7 34-5 35-1 39-0 40-2 36-6 396 34-3 35-3 37-3 38-3 39-5 40-7
Fized carbon. 46-8 48-5 51-6 52-4 51.1 51-9 48-7 50-2 44-8 48-5 45-4 46-7 47-9 49-2 48-3 49-8
Ultimate Analysis—
pPRUT.......vceeeennns per cent 6-8 7-0 7-1 7-2 8-4 8-5 6-5 6-7 7-5 8-1 6-0 6-1 6-1 8-3 6-0 6-1
Calorific Value—
Calories per gramme, gross...... 6,645 6,885| 6,905 7,010 6,910 7,020| 6,790 7,000} 6,100 6,595| 6,360 6,545 6,855 7,085 7,080 7,240
B.T.U. per pound, Zross.......... 11,960 12,390 | 12,430 12,620 | 12,440 12,640 | 12,220 12,600 | 10,980 11,870 § 11,450 11,780 | 12,340 12,660 | 12,650 13,040
Fuelratio...oeeersrenenn v o 1-30 1-55 1.50 1-25 1-20 1-30 1.30 1-25
Coking properties...eeeesvencreces. Fair Poor Poor Fair Poor Fair Fair Fair
Designation of coal....... PR P veerees O g Probably run-of-| Principally Principally
mine. pea size buckwhesat
size
Kind of sample......coevvrrnnsnnn. Commercial ... [......ooveueenre]iiemnannennne, Mine............ Mine,
Location in mine.......cecvvvuvinnnfienen, [ No. 1seam..... No. 2 seam.. ... Fast end of 12thiBast end of 3rd
level level; 4-foot 6-
inch bench in
. 13-foot seam
TakeRDY..vovreenveesvonnnnas .....|Dept. of Na-Privateindividual............... Both by G. W. H. Norman, MiNe OPeratOTB. .. v vvannrrrrersrrenseresrocrsanenn
i tional Defence| Geological Survey
Date of sampling........0veenne... April, 1929 . cvueeinriiiieaaaa, During autumn of 1929............ June, 1929,...... Janusary, 1830.....o0envmemnnnnnne

During October,
1929

79
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TABLE I—Continued

Analyses of Solid Fuels Occurring in Ganada—Coniinued
Coal from mnear
Peat from Alfred, On- é’““ﬁ’fﬂec’ ﬁée’ | Anderson mine, Estevan,|Lee mine, Estevan,N.W./Underfinger mine, Bste-
tario, prepared by ma- o8 N.W eé— Saskatchewan, sec. 28, %, S.E.3%, sec. 28, tp.1,| van, N.W. 1, SW. &,
chinery and partially ws,n,24 i P tp.1, R.8, W.2mer. | R.S8, W.2mer. sec. 7, tp.2, R.8, W.2
dried. sec. 24, tp. 1, ’ ' ! mer.
R. 7, W. 2
mer.
Sample NO-.vieeeereranennn.. 6463 6633 6244 6243 6242
Moisture condition........... R AD D R D R AD D R AD D R AD D
Prozimate Analysis—
Moisture........... per cent{ 46-9 24.5 325 34-1 19-3 36-6 18-8 34-3 184
bl « 2.6 3-7 4.8 5-5 8-1 10-4 12-7 15-8 5-8 7-4 9-1 13-3 16-5 20-2
Volatile matter.... « 33-6 47-8 63-3 28-0 41-5 23-9 29-3 36-3 27-1 34-7 42-7 23-5 29-2 35-8
Fixed carbon....... « 16-9 24-0 31-9 34-0 50-4 31-6 38.7 47-9 30-5 39-1 48-2 28-9 35-9 44-0
Ultimate Analysis—
arbon..........ot per cent[ 80-0 426  56-5 ..
Hydrogen.......... “ 8-1 6-7 5-3 ..
Sh.oiiiiiiennnaan, « 2.6 3.7 4-8 ..
Sulphur............ « 0-1 0-2 0-2 0-4 0-6 0-2 0-3 0-3 0-5 0-7 0-8 1-2 1-5 1.8
Nitrogen.....o..... “ 1.1 1-6 2-2 .
Oxygen....coeunnnn “ 53-1 45-2  31-0
Calorific Value—
alories per gramme, gross| 2,840 4,03 5,345 | 4,305 6,380 | 3,705 4,540 5,620 | 3,730 4,770 5,880 3,855 4,415 5,410
B.T.U. per pound, gross....| 5,110 7,260 9,620 7,750 11,480 6,670 8,170 10,120 | 6,710 8,590 10,580 6,400 7,950 9,740
Fuelratio. .ocevenieennennnns 0-50 1-20 1-30 1-15 1:-25
Carbon-hydrogen ratio....... 3-7 6-3 10-7
Coking properties. ...oovevee]iii it Non-coking Non-coking Non-coking Non-coking.
Kind of sample............... Commercial; 53 tons....[..cooeriiiennnn. Mine....ooveviiiianinan. Mine...covveevvnennnnns, Mine.
Location in mine T O S A Working face............ Abandoned entry....... Working face.
Taken By oeeeenennennannnnn Operators of bog........ Pr_ix:ia:te.d al R. L. Sutherland, University of North Dakota............coiiiiiiiiatn,
individual.
Date of sampling............. Summer of 1928; Lab.{January, 1930...[Summer of 1020, . .. ittt it ittt r et ctseanraaeraasansanensnneen

sample Nov. 23, 1929.
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TABLE I—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Coal samples from Big Muddy valley in southern Saskatchewan

—_— West side of wvalley,
From N. E.3,s00.7, 9.2, R. 22, .2 Tl e 4, 1p. 3, | Jorthof Koogh rancly
rom N. E. %,8ec.7,tp.2, R.22, W.2 mer. = 9 , 8ec. D. 2,
: 22, W. 2 mer. R. 22, W. 2 mer.
Sample NO.coveererrienennannn. 6493 6494 6495 6499 6497
Moisture condition............. R AD D R AD D R AD D R AD D R AD D
Prozimate Analysis—
Moisture...... per cent| 39-3 20-8 ... 33-8 20-3 37-4 20-4 ... 36-2 200 ... 40-3 186 ...

3 SR «“ 6-3 8-2 10-3 7.6 101 12.7 9-2 11.7 14.7 6-6 83 10-4 8-3 11-3, 13-8
Volatile matter...... 27-8 36-3 45-8 26-5 35-1 44.0 26-6 33-9 42-6 26-0 32.7 40-8 25.5 34-8° 42-8
Fized carbon......... “ 26-6 347 43-9 26-1 34-5 43-3 26-8 34.0 42.7 31.2 39-0 48-8 25-9 35-3 43.4

Uliimate Analysis—
Sulphur.............. per cent, C eeee eeen 0-8 10 1.2 0-2 0.3 04 0-5 06 0-8
Calorific Value—
Calories per gramme, gross... 3,10074,110 5,155 3,350 4,200 5,255
B.T.U. per pound, gross...... 5,580 7,400 9,280 6,030 7,560 9,460
Fuel ration.eeieereececnunennn. 0-96 0-98 1-00 1-20 1-00
Coking properties......co.euv... Non-coking Non-coking Non-coking Non-coking Non-coking.
Kind of sample.......c......... D o) T P
Location in deposit......... ....|3-foot 4inch seam be-{3-foot 5-inch seam, 15[4foot 2-inch and 2-footj Keogh seam...
tween Willowbunehi feet above previous| 3-inch lower benches
- clay member (as| seam. of geam of sample
temporarily design-| No, 6494.
ated) and Xeogh
seam.
Taken by..oovveviiiinnnannn. F.H. McLearn, Geologieal SUTvey .. v vnvn e earer et e eeeneaseaneaseanereresaasesesarasnonrssnassrssnearanes

Date of sampling......o....n...

Summer of 1929
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TABLE I—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Cosl samples from southern Saskatchewan

From west side of Big
Muddy valley, north
of Keogh ranch, N.E.
% sec.4, tp.2, R. 22,

Sy Wt ;l [ R e R
From east sxde of road between St. Victor and Frﬁlillle f;_l‘f: t%fp E%f}lvf
Willowbunch, southernmost border of sec. 1, sec. 33 :tp 5 R 36’
tp. 6, R. 29, W. 2 mer. - v S e O

W.2 mer. W. 2 mer.
Sample N i ieiiiiiiiiiiiiriaieeinnnnnnn. 6498 6491 6492 6478
Moisture condition........ et R AD D R AD D R AD D R AD D
Prozimate Analysis—
Moisture ............................ 39-2 19-4 40-5 21-0 39-3  20-3 31-2 22.8
.................... 8-3 1.0 137 7-2 9:6 12-1 8:8 11-6 14-6 82 9.2  12-0
Vola.tﬂe matter 28-0 37-1  46-0 27-1 35-9  45-5 25-6 336 42-1 3019 34.7 4.9
Fixed carbon.....ovvvvennennaiannn 24-5 32-5  40-3 25-2 33-5 42-4 26-3 345 43-3 29-7  33-3  43-1
Uliimate Analysis—
1114) 13 per cent 0-9 1-1 14 0-6 0-9 1-1 0-3 0-4 0-5 0-5 0-6 0-8

Calorific Value—
Calories per gramme, grosS........eeeesen...

2,920 3,870 4,800

2,830 3,756 4,755 2,720 3,570 4,480 | 3,360 3,780 4,890

B.T.T. per pound, SrosSsS...c.ceereeneeennnannn. 5,260 6,960 8,640 5,090 6,760 8,560 4,800 6,430 8,060 6, 050 6,800 8,800
Fuel rabio. . cueiieeei it it e 0-87 0-93 1-05 0-96
COKINg PrOPerties. . eeeveeeernrernenensnnnnnnn Norn-coking Non-coking Non-coking Non-coking.
Kind of sample......... All prospect.....co.o.....

Location in deposit

Taken DY e eeee et it
Date of sampling

2-foot 5-inch seam sbove
Keogh seam.

1-foot ~5-inch  bottom|3-foot 2-inch coal of bot-|Kreig, 1-foot 3-inch seam.
bench in S%. Vietor| tom bench of seam|

Summer of 1929

F. H. McLearn, Geolorrlcal Survey

above St. Victor seam.
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TABLE I-—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Coal samples from southern Saskatchewan

From north of St.

From south side of valley, west of St. Victor,

From east side of
Twelve Mile lake,

From Rocky creek,

Victor and east of| central east part of sec. 12, tp. 6, R. 30, W. 2| south side of road, sec. 14, tp. 1, R. 5,
N.S. road mer. S.E. corner, sec. 3, W. 3 mer.
tp. 6, R.1, W. 3 mer.
Sample NO...vcvrvrnnnrveenanen 6487 6488 6489 6484 6483
Moisture condition............. R AD D R AD D R AD D R AD D R AD T
Prozimate Analysis—
Moisture............. 44-0 205 .... 385 220 .... 40-2 21-7 ... 39-0 22.8 .... 31-5 193 ....
]« 9-3 13-2 16-6 10-8 13-7 17-6 8.4 10-9 14.0 12-2  15-4 20-0 12-8 15-0 18-6
Volatile matter 25-8 36.-7 46-1 23-8 30-2 38-7 27-6 36-2 46-2 27-7 35-1 45-4 28-1 33-2 41.1
Fixed carbon......... 20-9 29-6 37-3 26-9 34-1 43-7 23-8 31-2 39-8 21-1  26-7 346 27-6 382.5 40-3
Ultimate Analysis—
Sulphur.............. per cent 0-9 1-3 1.7 0-9 1-2 1-5 11 1.4 1.8 0-4 0-5 0-6
Calorific Value—
Calories per gramme, gross...| 2,415 3,430 4,305 | 2,755 3,500 4,485 2,650 3,470 4,435 3,160 3,725 4,610
B.T.U. per pound, gross...... 4,350 6,17¢ 7,750 | 4,960 6,300 8,070 | 4,770 6,250 7,980 5,690 6,710 8,300
Fuelratio.......o.ocooeneena... 0-81 1.15 0-85 0-76 0-98
Coking properties.............. Non-coking Non-coking Non-coking Non-coking Non-coking
Xind of sample................. All prospect....... ey et et e e e e e e et e a e e e e e e e et ettt et e aaas
Location in deposit............. 1-foot 53-inch and 1-|3-foot seam in buff|lfoot 4inch seam, 18{Kreig, I-foot 4}-inch(2-foot 4%-inch coal
foot 10-inch benches| beds of Upper Ra-| feet below previous| seam with 2-inch parting,
of St. Victor seam vesnerag formation | seam or lowest of 3 seams
Taken DY .evererrernrnrnenannn. F. H. McLearn, Geological Burvey .. ccuur et e et tat et e araraten e aanaeranasasenaraaessnsonnssanans

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

[ 8R0S oY K 2 T
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TABLE I—Coniinued
Analyses of Solid Fuels Occurring in Canada—Continued

Cadomin Coall
Co., Ltd., No.
693, Cadomin,
Alberta, sec.

31, tp. 46, R.
2.

From No. 2 seam, tp. 52, R. 3, W. 6 mer., Brulé area, Alberta

3. W. 5 mer. W. Talbot claim; from 8,000 feet S.E. of Somme creek
Sample NOwwnuieierernannenn 6247 6426 6427 6428 6431
Moisture condition........... R D R AD D R AD D R AD D R AD D
Prozimate Analysis—
Moxsture ........... per cent, 1.4 7-7 4-6 8-9 5.1 9-0 5-2 9-1 6-4
................ « 14-4 14-6 11-7 12.7 12-7 10-7 11.1 11-7 16-8 17.5 184 7:2 7-4 7-9
Volatlle matter. . o« 24-6 24-9 24.8 25-7 269 24-8 25-9 273 23-4 24-4 25-8 25-4 26:2 28-0
Fixed carbon....... “« 59-6  60-5 55-8  57-6  60-4 55-6  57-9  61-0 50-8  52-9  55-8 58-3 600  64-1
Ultimate Analysis—
Sulphur............. per cent 0-3 0-3 0-5 0-5 0-5 0-3 0-3 0-3 0-3 0-3 0-3 0-2 0-2 0-2
Calorific Value—
Calories per gramme, gross| 7,205 7,305 6,295 6,505 6,820 6,200 6,455 6,805| 5,600 5,815 6,140 . veee
B.T.U. per pound, gross....| 12,970 13,150 | 11,330 11,710 12,280 | 11,160 11,620 12,250 | 10,080 10,470 11,050 . .
Fuelratio...........cocinannn 2-40 2-25 2-25 2-15 2-30
Coking properties............ Fair Weak agglomerate Non-coking Non-coking Non-coking
Kind of sample.....ccouuvn... Commercial. ... [ ALl DIOSPEC . -« ettt sttt tetetsaee e saannneaensaenesesnancneanaennsesasannanenansseenaenennen
Location in deposit.... . No. 16 prospect tunnel, M limb east from North Hay river; seam 48 feet, 6 inches thick............
Designation of coal........... 3 feet, 11 inches com-|4 feet, 2 inches compris-|4 feet comprising 6 bands|2 feet comprising 3 bands
prising 4 bands of| ing 5 bands of varying| of varying hardness of varying hardness

Taken by..ooeeivieieionanannn

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

Under direction
of Board of
Railway Com-|
missioners.

Summer of 1929.

varying hardness

October 1, 1929

B. R. MacKay, Geological Survey

hardness

69.



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

From No. 2 seam, tp. 52, R. 3, W. 6 mer., Brulé area, Alberta
- |
W. Talbot claim; from 3,000 feet S.E. of Somme creel
[

Sample No.....cuu.n... 6432 6433 6434 6435 6436 6438 7] 6439

Moisture condition...... R AD D R AD D R AD D R AD D R AD D R AD D R AD D

Prozimete Analysis—

. Moisture......... p.ct 11-4 5-8 L4078 42 L 116 64 .. 11-2 57 ....| 103 56 ....] 15-1 97 ....] 14:3 8:3 ..
Ash.......e...... “ 9-3t  9-9 10-5 9-3 9.7 10-1 11.6 12-2 13.0 15-1 16-1 17-0 9.7 10-2 10-8 7-3 7-8 8-6 6.0 6-4 7-0
Volatile matter.. 22,0t 23-3 24-8) 22.5 23.4 24.4] 22.41 23.8 25-4 20.51 21.8 23.1| 24-4 25.7 27-2| 21.51 22.8 25-3| 21.9t 23-5 25-6
Fixed carbon..... « 57-3 61-0 -7] 60-3 62-7 65-5 54-5 b57-6 61.6{ 53-2 56-4 59-9| 55-6 58-5 62-0] 56-1 58-7 66-1| 57-8 61.8 67-4

Ullimate Analysis— -
Sulphur.......... p.c. 0.2 0-2 0-2| 02 0-2 0-2{ 0-4 0-4 0-5] 03 0-3 0-3 0-2 0-2 0-2 0-1 0.2 0-2 0-2 0-2 0.2 o

Clalorific Value—

Calories per gramme,
ZrOSS...ceuoneaannas 6,060 6,440 6,840 .... .... ....}b,740 6,080 6,500 .... .... ....|6,085 6,415 6,795| 5,615 5,975 6,615
B.T.U. per pound,
EIO0SS.civeevnssnnans 10,800 11,590 12,310 .... .... ....}10,330 10,850 11,700 .... .... ....|10,970 11,550 12,230(10,110 10,760 11,910 ... ....

Fuel ratio...ccceevunn.. 2-601 2-70 2-45t 2-60t 2-30 2.601 2.65t

Coking properties....... Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking.

Eind of sample......... BN L L N PP PP

Location ir deposit..... No. 16 prospect tunnel, M limb east from North Hay river; seam 48 feet, 6inches thick....c.v.viuuteeiunrioaraaeceanroesnsarounensorsoacsarnacaras

Designation of coal..... 3 feet 1 inch, com-|lfoot §inchesof soft{3 feet 1 inch of soft|2 feet 5 inches of|2 feet 5 inches of|2 feet 6 inches of|l foot 11 inches of

prising 5 bands of] coal. coal. hard, erisp coal. hard, erisp coal. hard, crisp coal. hard, crisp coal.
varying hardness.

Taken by.....cccueuen. B. R. MacKay, Geologioal Burvey ... ee et e at ettt ittt atettamaereasaaasanssaaanassasensssarsssssanaasaseeasonssassercansrssananes

Date of sampling....... (070705155 3 M £+ S PP e e e e e aeeee e r s e et bean b eeaaatsaan b s eaaeettea et aaaaaanaa

kl Rapid heating of this coal caused loss by sparking; therefore, slow initial heating was employed in the determination of volatile matter, as is dono with coals of low
rank.



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

From No. 2 seam, tp. 52, R. 3, W. 6 mer., Brulé area, Alberta

W. Talbot claim; from between Somme and Steer creeks, at an elevation of 5,920 feet

Sample No..oveeeesenenannnnnn. 6417 6418 6419 6421 6422
Moisture condition............. R AD D R AD D R AD D R AD D R AD D
Prozimate Analysis— )
Moisture...c.cecveeennn per cent 7.1 2.5 ... 77 1.9 ... 8.6 1.3 .. 6-5 1-5 7-0 1-5 ....
Ash.o.ooiiiiiannaan, “ 9-0 95 97 13-4 142 145 156 16-9 17-1 13.5 14-2 14.4 10-0 10-5 10-7
Volatile matter...... 24-6 25-8 265 23-4 24.9 25.4 22-5 24.3 246 23-9 25-2 25-6 23-7 251 25-5
Fixed carbon......... “ 59-3 62-2 63-8 55-5 59-0 60-1 53-3 57-5 58-3 56-1 59-1 59-3 62:9 638

Ultimate Analysis—
Sulphur.............. per cent 04 05 05 03 04 04 0-4 04 04 09 09 09 0.4 04 04

Calorific Value—
Calories per gramme, gross...| 6,880 7,230 7,410 | 6,535 6,940 7,080 | 6,500 7,020 7,115| 6,845 7,215 7,320} 7,115 7,535 7,650

B.T.U. per pound, gross...... 12,380 13,010 13,330 | 11,760 12,500 121740 11,700 12,640 12,810} 12,320 12,980 13,180 | 12,810 13,560 13,770
Fuelration..ciceuiernniennann.. 2.40 2:35 2-35 2-35 2-50
xr“i_r:""‘

Coking properties....c...cvee... Agglomerate Agglomersate Poor Poor Poor
Kind of sample.........cu.tnne )oY P
TLocation in deposit............. No. 12 prospect tunnel, M limb east from North Hay river; seam 37 feet 10 inches thick.......ccovvuiinininn....
Designation of coal............. 4 feet 7 inches of hard,|6 feet 4 inches, hard|4 feet 6 inches, com-]3 feet 8 inches, com-|3 feet 2 inches, com-

crisp coal and soft band, of| prising 5 bands of| prising2equal bands| prising 5 bands of

coal varying hardness of different hardness| varying hardness

Taken By eeeueeieireneninnnnnns B. R. MacKay, Geologieal SUIvey . cirietiiereireerenaneneasaresasaneseaneeseeseassncsassnssssnrenssseseaesonns

Date of sampling............... S L5327 e T e T I

1.



TABLE I—Continued

Analyses of Solid Fuels Occurring in Ganada—Continued

From No. 2 seam, tp. 52, R. 3, W. 6 mer., Brulé area, Alberta

W. Talbot claim; from between Somme and Steer creeks, at an A. McDougall claim; from 4 mile east
elevation of 5,920 feet: of Claim creek
Sample NOwooveeeeeenenannnn. 6423 6424 . 6425 6392 6393

Moisture condition.............

Prozimate Analysis—

Moisture. ............ per‘?ent
Volatile matter...... ¢
Fixed carbon......... “

Ultimate Analysis—
Sulphur.............. per cent

Calorific Value—
Calories per gramme, gross...
B.T.U. per pound, gross......

R AD D R AD D R AD D R AD D R AD D

7-3 16 ... 8-9 1-5 ... 82 20 ... 6-8 2.9 ... 69 26 ....
18-8  19-9  20-2 6-9 74 7.5 4-5 4.7 4.8 10-4 10-8 11-1 13-7 14-3 14.7
22-4  23-8 24-2 23-0 24-9 25-3 23-8  25-5 26-0 25-6 26-7 27-5 25-2 26-4 27-1
51-5 54-7 556 61-2 66-2 67-2 63-5 67-8 69-2 57-.2 59-6 61-4 54.2 56-7 58-2

0-2 03 03 0-2 03 0-3 0-3 03 04 0-3 0-3 0-3 0-3 0.3 0-3

6,215 6,600 6,705 | 7,000 7,570 7,685 7,295 7,780 7,940 | 6,630 6,905 7,110 | 6,400 6,700 6,875
11,190 11,880 12,070 | 12,600 13,620 13,830 | 13,130 14,010 14,300 | 11,930 12,430 12,800 | 11,520 12,060 12,380

Fuel 1ati0. e s vereeenaannnen 2-30 2-65 2-65 2:25 2:15

Coking properties.............. Poor Poor Agglomerate Non-coking Agglomerate

Kind of sample........c.no.e.. PN o) Fot) 11 N

Location in deposit............. No. 12 prospect tunnel, M imb east from North Hay river; seam 37|No. 6 prospect tunnel, M limb east from 32
feet 10 inches thick feet 2 inches thick North Hay river; seam

Designation of coal............. 2 feet, 8 inches, com-|3 feet 6 inches, com-|1foot 3 inches of hard,|3 feet of hard coal..... 2 feet 4 inches of very
prising 2 bands off prising 2 bands of| crisp coal hard coal

. different hardness different hardness
Taken by B. R. MacKay, Geological Survey

Date of sampling..

September 29, 1929, .. ...............

¢l



TABLE I—Continued

Analyses of Solid Fuels Occurring in Ganada—Coniinued

From No. 2 geam, tp. 52, R. 8, W. 6 mer., Brulé area, Alberta

A. McDougall claim; from % mile east of Clzim creek

Sample NO.oooemiinennns 6395 6396 6397 6398 6399 6401
Moisture condition........ R AD D R AD D R AD D R AD D R AD D R AD D
Proximate Analysw—
Moisture .. 61 31 ... 80 3.7 ... 130 32 ... 12:7 33 ... 10-5 2.9 ... 7-6 36 ...
Ash. ., 17-6  18-1 8-7 6.4 6-7 7-0 1.0 122 12-6 8-7 9-6 9-9 9-1 9.9 10-2 7-5 7-8 8.1
tte 23.3 24-1 24.9 26-3 27.6 28-6 23-8 26-5 274 22.7 25-1 26-0 23-8 25-8 266 26-2 27-3 28-3
Fned carbon. 53-0 54-7 564 59-3 620 644 52-2 58-1 60-0 55-9 62-0 64-1 56.6 61-4 63-2 58-7 61-3 63-6
Ultimate Analysis—
Sulphur............. p.C. 0-2 0.2 0.2 02 02 0-2 0-2 02 02 02 02 02 03 03 03 06 06 06
Calorific Value—
Calories per gramme,
.................. ceen N « ... | 6,180 6,870 7,100 .. . 6,760 7,050 7,315
BTU per pound, gross e e s ... ] 11,120 12,370 12,780 12,170 12,690 13,170
Fuel ratio......ovvvvnnnnns 2-25 2.25 220 245 2-40 2+25
Coking properties......... Non-coking Agglomerste Weak agglomerate Non-coking Weak agglomerate Wesk agglomerate.
Kind of sample........... ATL DIOSPOCE. . o« v e v aassasynsssarenmasansessasassasssasesaseasssorosnseonsesssassosstssasenanmonssonsnsassnnan reiesrranenens terieraesrenens .
Location in deposit........|No. § prospect tunnel, M limb east from North Hay river; seam 32 feet 2 inches thicK. ...\ i e iininieir i iiaracaaesracaareansorenansneseannsn
Designation of coal........ 1 foot 3 inches of hard| inches of bright,|3 feet 9 inches of coal|2 feet 1 inch of mostly|l foot 3 inches of soft,|2 feet 4 inches of hard,
coal. crisp coal. gl (lilssrd and soft| soft coal. bright coal. crisp, bright coal.
an
Taken by..eeeeeineennnnen B. R. MacKay, Geological Survey......vevvvnnnn teseereantaeenraereenrearnentanenne Civeeneretearsrarenrienane Cevereaens tesemssastetancannrans
Date of sampling.......... 1September 23, 1920, .. i it etirer s certraieenaarerena et nreranee fs e artseantensansetatotranasrtoctarararannraeantraenesene

8l



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

From No. 2 seam, tp. 52, R. 3, W. 6 mer,, Brulé area, Alberta

A. McDougall claim; from 3 mile east of Claim creek

Sample No.....vvvunnn. 6403 8405 6406 6407 6408 8409
Moisture condition...... R AD D R AD D R AD D R AD D R AD D R AD D
Prozimate Analysis—
. 8-1 31 ... 77 3.3 ... 7.5 31 ... 11.7 4.4 .. 15-8 56 .... 12.4 5.1
Ash . 17-5 18-4 19 10-7 112 11-6 11.1  11-6 12-0 7-6 8-2 8-6 5-8 6-5 6.9 3-5 3-8 40
Volatile matter... 23-7 25-0 25-8 24.1 25-3 261 24-2 25-4 26-2 24-6 26-6 27.9 21.2t 23-8 25-2 26-3 28-5 30-0
Fixzed cerbon...... “ 50-7 53-5 55- 57-5 60-2 62-3 57-2 58-9 61.8 56-1 60-8 63:5 57-2 64-1 67.9 57-8 62-6 66-0
Ultimate Analysis— ’
Sulphur........... p.c. 0-5 0-6 0-6 03 03 0-3 0.2 03 0-3 0.2 0-2 0-2 0-2 0-2 0-2 0-2 0-3 0-3
Calorific Value—
Calories per gramme,
................ 5,815 6,135 6,330 cere eeee eees 6,495 6,805 7,020 6,195 6,710 7,015 6,420 6,940 7,315
B. T U per pound,

ELOSS.ccveeeennannnnn 10,470 11,040 11,390 11,690 12,250 12,640 11,150 12,080 12,630 11,560 12,490 13,170
Fuel ratio...ecveenennn.. 2-15 2-40 2-35 2-30 . 2-70* 220
Coking properties....... Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking
Kind of sample.......... ATl DT OSDECE . 4o vt e i e e v oevaene s et saasnessoaasasnaossensossosatesasesaniresasantsesaeninenaestnenaetitetencesenrasesonees eeaveeensaras

Location in deposit.
Designation of coal

.iNo. 6 prospect tunnel, M Iimb east from North Hay river; seanz 32 feet 2 inches thiCk. .. o..ue. e eeeneerrnureoreenreienoneranronasansarrernenas

8 inches of bright, very|2 feet 5 inches of hard, l3 feet 10 inches of very|l foot 10 inches of hard,|7 inches of soft, broken|10 inches of very hard

ha.rd coal bright, crisp coal. hard, bright coal. crisp coal. coal. coal.
Taken by...ovovevennnns B. R. M. Kay, Geologlcal UV st eeeeeneeaeeenaesnrsaseeessosasenenaensssanesssnenssssssesssnssonnsonenseneanasasosasnsentossossasssnnanes
Daite of sampling........ T a0 a T o A R .

T

1 Rapid heating of this coal caused loss by sparking; therefore, slow initial heating was employed in the determination of volatile matter, &s is done with coals of low

jZ2



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

From No. 2 seam, tp. 52, R. 8, W. 6 mer., Brulé area, Alberta

J. Errington claim; from west side of Claim creek

Sample NO....ccvvunnnn 6376 6377 6378 6380 6382 6383
Moisture eondition...... R AD D R AD D R AD D. R AD D R AD D R AD D
Prozimats Analysis—
Moisture. ......... pel 100 4.4 ... 174 79 ... 87 32 .... 10-6 3.7 ... 166 2.2 ... 11. 34 ...
............. “ 154 16-3 17-1 9-0 10-1 11-0 12.9 13.7 4.1 15-0 162  16-8 16.1 18-3 19.2 12.0 13.2 13.7
Volatile mattel‘... “ 23.8 25-3 26-4 22-7 25-3 27-4 24-0 25-4 26-3 23-6 25-4 26-4 21.2 24.8 254 24.2  26-6 27-5
Fized carbon...... “ 50-8 B54-0 565 50-9 56-7 61-6 544 57-7 59-6 50-8 ©54-7 56-8 46.2 b54-2 55.4 |- 51.9 56-8 58-8

Ultimate Analysis—
Sulphur............pc. 05 05 05 0-2 03 03 0-2 902 02 0-2 02 0.2 02 902 02 0-2 0.2 0.2

Calorific Value—
Calories per gramme,

EIOSS.ceicrrnrennnons 5,505 6,140 6,665 6,310 6,690 6,910 5,650 6,620 6,765 6,105 6,605 6,930
B.T.U. per pound

23 (o A 9,910 11,050 12,000 11,360 12,050 12,440 veee  esee ewe. | 10,170 11,010 12,180 10,900 12,050 12,480
Fuelratio..oeoenvnenenn. 2.15 2-25 2-25 2.15 2-20 215
Coking properties....... Non-coking Non-coking Weak agglomerate Non-coking Poor Wezak agglomerate
Kind of sample. All prospect
Location in depo: No. 1 prospect tunn y Tiv
Designation of coal......[1 foot 1 mches oflllmches of soft, powdery|2 feet 7 inches of hard,|1 ioot 1 inch feet 2 inches of bright,

crisp coal. coal. crisp, clean coal cosl coaly shale crisp cosl

Taken by..... B. R. MacKay, Geological Survey.
Date of sampli |August 21, 192G............ vennne

GL



TABLE I—Conlinued

Analyses of Solid Fuels Occurring in Canada—Continued

From No. 2 seam, tp. 52, R. 3, W. 6 mer., Brulé area, Alberta

J. Errington claim; from west side of Claim creek

Sample No........... 6384 6385 6386 6387 6388
Moisture condition R AD D R AD D R AD D R AD D R AD D
Prozimate Analyszs—
2-1 .. 81 1-5 .... 80 32 ... 11-6 54 ... 4.0 69 ...
7-8 7-9 11-5 12-3 12-5 80 85 88 12-3 13-2 13-9 12-7 13-8 14-8
26-8 27-4 23-6 25-3 25-7 24-6 25-9 26-7 23-0 24-6 26-1 22-21 24-0 25-8
Fixzed carbon.. 63-3 64.7 56-8 60-9 61-8 59-4 62-4 64-5 53-1 56-8 60-0 51-1 55-83 59-4
Ultimate Analysis—
§oL:13 ¢ S “ 02 02 02 0-2 02 02 04 04 04 0-3 03 0-3 0-2 02 02
Calorific Value— )
Calories per gramme, gross...| 6,945 7,570 7,730 . . . 6,740 7,000 7,320 | 5,715 6,115 6,460 . .
B.T.U. per pound, gross...... 12,000 13,620 13,910 . . . 12,130 12,760 13,180 | 10,200 11,000 11,630 . . .
Fuelratio..coeeveeneninnennn. 2-35 2-40 2-40 2-30 2-300
Coking properties.........c.ev.. Ageglomerate Agglomerate Non-coking Non-coking Non-coking
Kind of sam é:le eerereiateaaaas AL DI OSDEC s ¢ 4 e v v eenes et sanenennennseeecssnsnceensnsnesssnsssnsosssssosacssonascensssnsane eeenraanees Ceresenas
Location in deposit.............|No. 1 prospect tunnel, M Tmb east from North Hay river; 50010 38 Teeh 4 INCHES LHICK . s o - n s vernsenrncnssnsnemmns
Designation of coal............. 1 {oot 10 inches of soft 11 inches and 1 foot 43 feef 8 inches of hard|4 feet 1 inch of hardjd feet 6 mches of most-
broken coal inches of soft coal;l coal coal ly hard coal
omitting 5 inches of
clay parting
Taken DY eeereernsrcennraneennnn B. R. MacKay, Geological Survey ...............................................................................
Date of sampling......vvvenn.. AUZUSE 20, 1020, ce ettt ieet et neeeeerenresarascsasesaeannsesencaeaenssssossasecsasssssensssescssssssncnoasansocns

I

1 Rapid hesting of this coal caused loss by sparking; therefore, slow initial heating was employed in the determination of volatile matter, as is done with coals of low

9L



TABLE I—Continued
Analyses of Solid Fuels Occurring in Canada—Coniinued

From No. 2 seam, tp. 52, R. 3, W. 6 mer., Brulé area, Alberta

J. Errington claim; from west side

of Claim creek

Bickell claim; from 2,200 feet northwest of 41-mile cresk

Sample NO..ccovannns 6389 6390 6410 6411 6412 6414 6415
Moisture condition......, R AD D R AD D R AD D R AD D R AD D R AD D R AD D
Proximate Analysis—-
Moisture..........p.c.] 12-5 47 ...} 102 &0 ....| 147 69 ....| 180 78 ... .| 196 83 ....| 22. 0-6 —| 176 161 ....
............. « 8-9 9-6 10-1} 8-0 8:5 8-9| 8-8 9-6 10.3] 14.4 16-1 17.5 11.8 13.4 14.6( 10- 12.1  13-5] 9-6 9.7 11-6
Vola.tzlematter “ | 21.2 23-2 24.3 25-5 26-9 28.3 22.00 25-0 26.9 20-4r 23.0 24.9 20-9t 23-8 26-0| 20-2¢ 23-3 26-1 24.21 24.7 20.4
Fixed carbon..... “ | 57-4 625 65-6f 56-3 59-6 62-8 53.6 G585 62.8 47.2 53.1 57.6] 47-7 54.5 59-4] 46.8 54-0 60-4{ 48-6 49-5 590
Uliimate Analysis—
Sulphur...........p.c.| 02 02 0.2, 0.2 02 0.2 03 03 03 0.2 02 02 0.1 0.2 02 02 02 02 02 0-2 0.2
Calorific Value—
Calories per gramme,
Bgrrogs.... ......... i 5,985 6,515 6,840( 6,280 6,645 6,095 5,615 6,130 6,590(...... ceeovn vianl. 4,860 5,525 6,020{ .... ...| 4,085 5,025 5,900
per poun
QLOSS.ceuvnennnnnans 10,770 11,730 12,310{11,300 11,960 12,50010,110 11,030 11,760 .... .... ....| 8,740 9,940 10,840| .... .... ....| 8,890 9,040 10,780
Fuel ratio.......... 2-70 2-20 2-351 2-30t 2-30 2-30t 2-00t
Coking properties....... Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking
Kind of sample......... L
Location in deposit..... No. 1 prospect tunnel, M limb east fromProspect trench, K limb; seam 27 feet, 4 inches thick......ooiiieieiiiiiiiiiiiiiiiiiiiii i
I?lt])rtl;{h Hay river; seam 38 feet, 4 inches
Designstion of coal..... 10 inches of soft cozl}l foot 10 inches of|3feet 7 mches, com-}4 feet 5 inches, com-|3 feet compnsmg 24 feet 6 inches of}5feet2 inches of soft,
hard, crisp, bright| prising 4 bands of| prising 2 bands of] bands of coal and| rather soft, bright| powdery coal.
coal. varying appear-| bright, soft coal, 1] 1band ofshaleand| coal.
ance. band of carbon- clay.
aceous shale and 1
ba‘s!.]ld of shale and
coal.
Taken by.....c.ceenen. B. R MK ey, Ge0log ool Ul ve . o ittt tieaneeeaeeeuersannssessenenessesessesassnsnesnsaesssnsseeenstnsenesesssssssonssnesnensasssessennsns
Date of sampling....... August 21, 1929, ..ottt 18eptember 25, 1020, .. ittt ittt et taeitetetaeaeateetataae e arraaaetaeraneeaaraaaearan

a.nkl Rapid heating of this coal caused loss by sparking; therefore, slow initial heating was employed in the determination of volatile matter, as is done with coals of low
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B I—Continued

Analyses of Solid Fuels Occurring in Canada—Continued

From National Coal Reserve, Smoky River area, Alberta

—— Adam Joachim elaim,|From “First”’ gulch, .
lease No. 1048, tp. 56, north of QGustave's|Moyes claim, lease No. 1674, {ps. 57 and | Campbell claim, lease No, 917, tp. 58, R. 9,
R’s.8and 9, W. 6 mer.; flats on Smoky river, 58, R. 9, W. 6 mer, . 6 mer.
tp. 57, R. 8, W. 6 mer.
SBample No...ovvvrvvnrannns 6449 6450 6448 6447 6441 6442
Moisture condition........ .. R AD D R AD D AD D AD D R AD D R AD D
Proximate Analysis—
istur 10-56 60 .... 10-1 4-3 .. 2-3 2-0 4.4 2-7 .. 4-8 2:3 ...
53 56 5.9 9-0 9-6 10.0 9-7 9-9 5.0 5.1 70 71 78 4.0 4.1 4.2
31.9 33-5 357 16-4 17-5 18-3 17-2 17-6 18-2 185 17-7 18-0 18-5 18-3 18.7 19-1
Fixed carbon..... e ¢ 52:3 54-3 58-4 64-5 68-6 71- 70-8 725 74-8 76-4 709 72.2 742 731 749 787
Ultimate Analysis—
Sulphur............. N XK 0-3 03 04 05 05 0-6 0-4 0-4 0-5 0-5 0-4 04 0-4 03 04 0-4
Calorific Value— .
Ca.lories per gramme,
.................... 6,215 6,530 6,945 6,360 6,760 7,065 7.230 7,400 7,750 7,910 7,210 7,320 7,525 7,615 7,800 7,985
B. T 'U per pound, gross..| 11,190 11 750 12,500 11,430 12,160 12,720 13,020 13,320 13,950 14,240 12,950 13,180 13,540 13,710 14,040 14,370
Fuel ratic.,....co..... vevven 1.65 3-95 4-10 4.10 4-00 4-00
Coking properties......o.ve. Non-coking Non-coking Non-coking Weak agglomerate Non-coking Very weak agglomerate.
Kind of sample............. ALl DT OSDC . .o v v e veeenssnsenssasnseasnnnsranessanssenessnenenennsnnnsnnnnesssnsnnsnasnsnessnsosssoenssnsanannontsessssnssnsrsoenssencsnes
Location in deposit..........{13-foot seam on west|7-footseam,75 feet strati-|8-foot seam, east{l4-foot seam, % mile] Samples taken from top to bottom across 14-foot
side of Smoky river| graphically above the| side of claim, di-| north of_ traill seam, at east side of claim, near east lobstick
opposite to canyon of| conglomerate. rectly opposite to,| crossingand mile| on Sheep creek.,
Sulphur river. and west of, east| west of  Sheep|
post of claim. Creek trail.
Taken by.veerevnnnn.. vivsro|B. R. MacKay, Geological SUrvey....cceveuvernnirrverrnsncnaanss etrereenranenreeananny et e b ereabracar st s e e ree e rnaans .
Date of sampling............ September, 1829........... feteeteseresesiatsassreseaanaenns feeretateranaseeenro et seancaataseseaaanarnn heeacan veaeean teerenenrnaen PR
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TABLE I—Continued

Analyses of{Solid Fuels Occurring in Canada—Coniinued

Shorts Creek coal
deposit; west of
Okansgan lnke, 16
miles wnorth of
. Eelowna at eleva-
— N X tion of 3,380 feet;
Campbell claim, lease No. 917, tp. 58, R. 9, W. 6 mer., National Coal Reserve, Smoky River ares, Alberta % Ic!im? f@ﬁ“’f off.‘
an ' ee
above, Shorts
creek, British Col-
umbia.

Sample No....cvvunenns 6443 6444 6445 6446 6440 6351

Moisture cendition...... R AD D R AD D R AD D R AD D R AD D R D

Prorimate Analysis—

Moisture. .. . ..D.C. 62 2.4 ... 83 29 ..., 80 29 .... 4.1 2.1 .. 59 25 ... 2.8
“ 3.7 39 4.0 2-7 29 3.0 13.7 145 14.9 9-9 10-1 1 4.2 4.3 4.4 30-1 31.0
“« 17.7 18.5 19-0 181 191 19.7 17.7 18-7 19-2 14.9 152 15.5 17.7 18.3 18-8 284 29.-2
Tixed carbon...... © 72-4 75-2 770 70-9 75-1 77.3 60-6 63-9 65-9 71.1  72-6 74 72-2 749 76-8 38.7 39-8

Ultimate Analysis—

Sulphur........... p.C. 0-4 0-4 0-4 0-5 0-5 0-6 0.6 0-7 0-7 0.5 0-5 0.5 0-4 0-4 0.4 0.4 0.4

Calorific Value—

Calories per grammese,
..| 17,440 7,735 7,930 7,230 7,655 17,880 6,210 6,560 6,750 7,045 7,190 7,350 7,410 7,675 7,870 5,690 5,850
13,390 13,930 14,270 13,010 13,780 14,190 11,180 11,800 12,150 12,690 12,950 13,230 13,340 13,820 14,160 10,240 10,530
. 4-05 3.95 3-40 4.80 4.10 1-35
Very weak agglomerate. Non-coking Non-coking Non-coking Very weak agglomerate. Poor.

Kind of sample......... ALL DIOSDBOE « v e e e eaneeaennsassouunssaeossaeassssossnsssssssasossssesssssasassssssesansessssssessssatsonasnasstonrsssssss Prospect from previ-
ouslyopenedwork-
ings.

Location in deposit...... Samples taken from top to bottom across 14-foot seam, at east side of claim, near east lobstick on[l4-foot seam at esst| Frmg; near west side

é,heep_creak. Iobstick, on east side| face, incline adit;
of Sheep cresk. 16 inches of best
coal in 3-foot seam

Taken bYeeeeeesnenonans B. R. MacKay, Geological SurVey ..o ceee aeecteaseeseosesantsastessssessassssetssesssssssssessntessssssssansssssstsesssss C. E. Cairnes, Geo-

. logical Survey.

Date of sampling .......|September, 1929.......ccvvenens eresesenanannas PO, [ teeetetacaeasassasanes teeetaemsecanctenanesrtoraansatsnn Season of 1929.
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TABLE I—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Pleasant Valley Mining Co., Ltd., Princeton,|Tulameen Coal Mines, Coalmont Collieries, Ltd., Coalmont,
_ British Columbia Litd., Princeton, British Columbia
British Columbia
Sample NO..eovvverraraeneannn. 6469 6475 6470 6659 6736
Moisture condition............. R AD D R AD D R AD D R AD D R AD D
Prozimate Analysis— :
Moxsture ............. per cent| 24. 19-8 25-7 20-3 ... 21-1  17-8 ... 77 41 ... 82 43 ...
.................. «“ 13-3 14-0 17-5 4.6 4.9  6-2 86 89 109 13-0 13-5 14-1 11-6  12.1 12-8
Volatlle matter...... “ 26-0 276 34-4 32-3 34-7 43-5 28-9 30-1 366 34.0 35-3 36-8 32.8 34.2 35-8
Fixed carbon......... “ 36-5 38-6 48-1 37-4 40-1 50-3 41-4 43-2  52.5 45-3 47-1 49-1 47-4 49-4 51-6
Ultimate Analysis— ’
25307} per cent| 47-2 49-9 62-3 .. 54-2 56-5 687 63-7 66-2 69:0 64-5 67-2 70-2
Hydrogen............ “ 5-9 5-6 4-2 . .. 5-9 5-7 4:5 5-2 5-0 4-7 5-3 5.1 4-8
3 T «“ 13-3 14.-0 17-5 .. 8-6 8-9 10-9 13-0 13-5 14-1 11-6 12-1 128
Sulphur........cc.... “ 0-7 0-7 0-9 0-5 0-5 0.7 0-3 0.4 0-4 0-4 0-4 0-4 0-4 0-4 0-4
Nitrogen.....o.ov.nu. “ 1-3 1-4 1.7 1-6 1-6 2.0 1-3 1-3 1-4 1-3 1-3 1-4
Oxygen.....coouen... “ 31-6 28-4 13-4 29.-4 269 13'5 16-4 136 10-4 16-9 13-9 10-6
Calorific Value—
Calories per gramme, gross...| 4,530 4,795 5,980 { 5,200 5,580 7,000 5,210 5,430 6,605 6,220 6,460 6,740 | 6,255 6,520 6,810
B.T.U. per pound, gross...... 8,160 8,630 10,770 | 9,360 10,040 12,600 | 9,380 9,770 11,890 | 11,190 11,630 12,130 | 11,260 11,730 12,260
Fuel ratio......coovvevennnnn... 1-40 1-15 1-45 1-35 1.45
Carbon-hydrogen ratio......... 8-0 9-0 14-9 9-1 9-9 15-2 123 13-3 14-7 12-2  13-3 147
Coking properties.............. Non-coking Agglomerate Non-coking Poor Poor
Designation of coal............. L0 ¢ A Run-of-mine.......... Run-of 10i0e...ceeereieirrranncnnance vann
Kind of sample....cocnnnn.... Commercial;2carload. ccveiverenrinnnnnnnn. Commercial; 3 ecarload!Commereial; earload.........ocoevinenaa....
Location in mine............... No. 1, or Mullin, seam|New west 101065 N O. 2. ...ttt ittt it e e tiae e taner e enasrareanenrsnrarassoannas
seam
TakeR bY.eer i cviiennereninnnnn Al Dy TN OO A 0TS, v ot v e et eeaenseansess aneaenaesnenaesseesneensasseeoesnceantonnssnsoscsnssssssnnssssa P
Date of sampling......cvenen... Nov. 12, -1929; lab Nov.12,1929......... Nov. 12, 1929; lab.l[January 11, 1930....ccccieeeenvnnenrnsciionns
:slsxzxéple Nov. 28, :slg.:;%ple, Nov. 28, Lab sa.mple, Feb 4, Labgosample, Mar. 6,
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TABLE I—Concluded
Analyses of Solid Fuels Cccurring in Canada—~Concluded

Canadian Coll%gr}eﬁ 1§]%uxixsmui_r), Lid., Nanaimo,
— Middlesboro ollieries, Ttd., Merrite, British Columbia [t COUMDIE___ .
South \'Nellington ' Reserve mine, Nanaimo
Sample NO..ovveviwacannnen.. 6280 6565 6714 6722 6721
Moisture condition........... R D R AD D R AD D R AD D R AD D
Prozimate Analysis—
Moisture........... per cent 5.3 .... 9-5 7-4 8-8 7-2 7-7 1-6 6-8 1-7
Agh....ooooiiinet, B 52 5-5 10-8 11-1 11-9 12-0 12-2 13-2 17-4 18-6 18-8 13-7 14-5 14-7
Volatile matter.... 38-6 40.7 36-0 368 39-8 354 36-0 38-8 33-8 361  36-7 35-8  37-7 38-4
Fized carbon....... “ 50-3 53-8 43-7 447 48-3 43-8 44-6 48-0 41-1 43-7 44-5 43-7 46-1 46-9
Ultimate Analysis—
Carbon 63-8 65-3 70-5 61-7 65-8 66-9 65-7 69-2 70-4
Hydrogen 5-7 5-5 5-1 .. 5-0 4-6 4-5 5-4 5-1 5-0
sh... 10-8 11-1 11-9 17-4 18-6 18-8 13-7 14-5 14-7
Sulphur 0-6. 0-6 0-6 0-6 0-6 0-7 0-9 1-0 1-0 0-8 0-9 0-9
Nitrogen 1-7 1-7 1-9 1.3 1-3 1-4 1-3 1-4 1-4
xygen 17-4 15-8 10-0 13-7 8-7 7-4 131 8-9 7-6
Calorific Value—
Calories per gramme, gross. .. 6,345 6,485 7,005 | 6,310 6,425 6,915 | 6,155 6,565 6,670 | 6,520 6,875 6,995
B.T.U. per pound, gross.... N 11,420 11,670 12,610 | 11,360 11,560 12,450 | 11,080 11,820 12,010 | 11,740 12,380 12,590
Fuel ratio...... ovuenannnn 1-30 1-20 1-25 1-20 1-20
Carbon-hydrogen ratio.. .. ... . 112 11-8 138 e 124 14-3  14.9] 121 135 141
Coking properties............ Poor Poor Agglomerate Fair Fair
Designationof coal........c.fioooiiiia i, RUn-0feImine. e cvve vt iee i nieeanarananaeens Both washed slack.......co.iviiiiiriiiniianann
Kind of sample. ... ...|Commercial....|Commercial; carload Commercial; % carload in each case..............
Location in mine. B e T TR T T - T
seams
Taken by...ccvveieinnann.. TUnder direction|Mine OPeratorS...vvcver e aerernnariananccrannonsn [Mine OPerators. ...vvveee v
of Board of
Railway Com-
missioners
Date of sampling............. September, 1929| December 10, 1929........ooiiiiiiiiii ity February 8, 1930 ... ccoveiii it

Lab. sample, Dec. 26,|Lab. sample, Feb. 20,/Lab. samples, February 25, 1930.................
1929 1930

18



Analyses of Coal Samples Submitted by Department of Pensions and National Health

TABLEJIT

!

Described as “Dominion’ or Glace Bay, Nova Secotia, slack coal; delivered to Ste. Anne de Bellevue Hospital
Sample NO.ooiiireriirienirorennnenroonaannss 5921} 6204} 6090} 62051 6250 6251 6354} 63561 6457 6458} 6615} 6617 6622} 6646}
5922 6249 6091 gggg 6252/ 6355 6357/ 6464 6616 6623 6647
Moisture (as received).......ceevvrunen. per cent 10-3 10-3 2.5 3-1 2-6 3.9 4.1 4.1 6-6 4.7 66 6- 6! 3.5 4.3
Dry Bagis—
) S “ 8-5| 9-9 9-5 9-3 10-0 11-0|. 9-4 9-2 11-5 10-2 12-1 9.3 10-2 10-1
Volatile matter....ecoeevvenveaennn, “ 33-0 33-3 32-3 32-4 31-9 330 32-7. 33-1 34.4] 35-2 34-3 350 327 326
Fixed ecarbon...ocveverrveiiienannn. “ 58-5 56-8 58-2 58-3 58-1 56-0 57-9 57-7, 54.1 54.6 536 557, 57-1 57-3
Sulpaur...c.covianennnsn. vebrseaianeee e 2-5 2-8 32 3.4 3.1 2-5 3.5 3.2 2.31, 2.1 2.5 2.4 3-2 3.0
Calories per gramime, grosS. .ee.ee e e enenares 7,5400 7,285 7,670 7,690 7,580} 7,430{ 7,735 7,720{ 7,350 7,460 7,295 7,570 7,470 7,500
B.T.U. per pound, gro88...cvveereueauaanenen. 13,570; 13,110} 13,800/ 13,840, 13,640 13,380{ 13.920( 13,900 13,230 13,430 13,130/ 13,630 13,450 13,500
Number of tons represented by sample......... 472 342 388 725 252 415 430 483 219 459/ 497 221 429 499
Date of deliVery.covueeeveeierriracesesoannnes April 21| May 20 | June 20 | July 11 | July 31 | Aug. 7 |Sept. 18] Oect. 2 | Oct. 25 | Oct. 31| Deec. 2 {Dec. 21|Dec. 24|Dec. 24
to to to to to to 19 to to 16 to0 30 to to 21 to 26 to 30 to
May 6, | June 15 [ July 10 | Aug. 1 | Aug. 7 QOct. 2 Nov. 11 an, 6,
1929 1929~
1930
Described as “Dominion’’ or Glace Bay, Nova Scotia, Desenbed as “Bras d'Or’’ slack, from Sydney
S coa Mines district, Nova Scotia
Delivered to Camp Hill Hospital, Halifax
Sample NO...cuiierereiiniiirarsnesrsnareacsresnancas gggg} 6456 6501 6611 6691 584¢ 5917 5973 6092
Moisture (as received)..... eterraranenaaaa per cent; 3.4 5.3 4-0 3-8 4.3 6-7 7-5 5-5 53
Dry Basis—
7 « T N “«“ 8-1 5.5 7-8 7.4 9.2 14-6 15-3 12.8 12.3
Volatile matter. “ 34-3 33-1 33-8 33.9 32.7 34-2 33-8 33-1 34-4
Fixed Carbon..coevueerieciraieanseronnnn « 57-6 57-4 58-4 58-7 58-1 512 50-9 54-1 53-3
SUIDRUL. .1 revvreteraeaericneiarerneeaanans “ 2-6 2-9 2:8 2-9 3-0 5-6 5.9 5-3 5.0
Calories per gramme, gross 7'.755 7,645 7,745 7,840 7,760 6,915 6,830 7,040 7,080
B.T.U. per pound, gross.. . 13,960 13,760 13,940 14,110 13,970 12,450 12,290 12,680 12,740
Number of tons represented by sample . 72 99 167 185 227 204 206 81 75
Date of deHVerY.cerevenreerrerrrnnencnennnanens veenan Aug. 6to |Oct. 11to 30|Nov. 2 to30|December, | January, {Mar. 1to 31,]April2 to 30|May 10 to 28{June 12 to 29
Sei:g;ég& 1929 1930 1929
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TABLE IT—Continued
Analyses of Coal Samples Submitted by Department of Pensions and National Health—Continued

L Df;f‘fiehfgal f;’somrfﬁ;’é; Described as run-of-mine coal from Welton and Henderson, Litd., Minto, New Brunswick
Coal Co., Litd., Minto,
New Brunswick.
Delivered to Lancaster Hospital, St. Johr, New Brungswick
Sample No 6261 6455 6502 6613 6720
Moisture (as received) 2.2 2-5 2-1 4-5 2-8
“ 15-3 16-8 17-6 18-5 18-8
«“ 32-6 32-4 32.8 32-2 31-8
“ 52-1 50-8 43-6 49.3 49-4
“ 7-0 6-4 6-0 6-3 5.9
Calories per gramme, gross...c.ceececnaens 7,110 7,030 6,915 6,875 6,845
T.U. per pound, groSS....evevveeennaness 12,800 12,650 12,450 12,380 12,320
Number of tons represented by sample...... 50 . 51 49 48
Dateof delivery...cceveiiiniereinanannann, Aug. 14 to 16, 1929 October, 1929 Deec. 6, 1929 Jan. 6, 1930 Feb. 18, 1930

Described as run-of-mine coal from International Coal and Coke Co., Ltd., Coleman, Alberta

Delivered to Deer Lodge Hospital, Winnipeg, Manitoba

\Delivered to Vetcraft Shops, Winnipeg

Sample No 5848 6330 6375 6503 6614 6705 5861 6465 6703 6704
Moisture (as receive 3-5 2-1 2-6 1-9 2-8 1.4 33 3-0 15 26
Dry Basis—

3 N « 15-5 17-1 17-9 15-0 14-6 15-4 15-6 19-0 15.6 14-1
Volatile matte: « 26-2 25-0 24-9 24-0 22-7 24-1 25-3 22-3 24-1 24-8
Fixed carbon. “ 58-3 57-9 57-2 61-0 62.7 60-5 59-1 58-7 60-3 61-1
Sulphur.....ooiiiiiiiiiiiannn.. « 0-6 0-4 0-4 0-4 0-5 0-5 0-6 0-4 0-4 0-5
Calories per gramme, gross. 7,060 6,940 6,875 7,130 7,200 7,145 7,105 8,745 7,060 7,260
B.T.U. per pound, gross.......... 12,710 12,490 12,380 12,830 12,960 12,860 12,790 12,140 12,710 13,07C

Number of tons represented by sample.... 94 68 78 181 89 16 15 62 31
Daite of delivery Sept. 9 to 30(Oct. 1 to 31{Nov. 1 to30|Dec. 1 to 31|Jan. 1 to 31,|Mar, 1t081,] Sept.1to [ Oct.1to |Jan, 1 to 31,
1930 1929 ct. 31 Dec. 31 1930
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TABLE II—Concluded
Analyses of Coal Samples Submitted by Department of Pensions and National Health—Concluded

Described a3 “Zlump”| pocibed as slack from Pitts-
Described as_slack from Chilton seam in Logan county, West Virginia; gﬁoﬁagggs&uuﬁh %%’aexsnt burgh seam in  Monongalia
from .“Lundale” mine at Lundale, “McGregor” mine at Slagle; orj oo & om XiM or.| county, West Virginia; from
—_— ‘“Paragon’” mine at Yolyn reinia; srom “Connellsville No. 1'’ mine at
gantown No. 1’ mine Purselov
at Scottdale sglove
Delivered to Christie Street Hospital, Toronto Delivered to Westminster Hospital, London
Sample No......vveieeranunen.s 5867 5879 5913 594 5967 5979 6027 6285 6096 6203
Doisture (as received)..per cent 8-8 7-3 7-0 8-4 7-3 72 4-0 1-9 1-3 1.8
“ 8-7 9-0 8-5 8.6 9.8 9-0 9.4 13-6 8.6 9:3
“ 323 32. 32-2 33-0 31-9 32-2 32-4 35-4 36-3 36-4
“ 59-0 58-6 59-3 58-4 58-5 '58-8 58-2 51.0 551 548
o« 1-4 1-1 1-5 0-9 0-9 11 0-8 2-4 3-1 3.3
Calories per gramme, gross... 7,750 7,705 7,730 7,710 7,630 7,670 7,650 7,430 7,830 7,710
B.T.U. per pound, gross...... 13-950 13,870 13,920 13,880 13,740 13,810 18.770 13,370 14,090 13,870
Number of tons represented by
SAMPLE o avrreremnrreinrannas 300 350 320 300 400 360 100 1 carload 540 300
Date of delivery......oevveene. April 2 to|April 16 to|April 23 to|May 1 to §|May 13 to|May 23 to| June 9 September, 1929 July 10 to 22, July 24 to Aug. 2,
9. 1929 22 29 20 30 1929 1929

Described as slack from Sewickley and Pittsburgh
seams in Monongalia county, West Virginia; from

“‘Maiden”’ mine at Maidsville

‘‘Newfield"” mine at North Bessemer.

Described as slack from Freeport seam in|Described as slack from Alleghany
Alleghany county, Pennsylvania; from| county,

Penngylvania; from
“Wildwood’ mine at Wildwood

Delivered to Westminster Hospital, London

Delivered to Christie Street Hospital, Toronto

Sample No.e.oocviernrieiaecnarannas 6287 6349 6359 6454 6468 gigg} 6557 6564 6619] 6640 6706 6715 6723 6724
Moisture (as received).......... per cent 2+2, 3.1 2-7) 3-2 6-1 8-4 6-0 6-2 7-0) 6-9 5.4 7-0 5-1 5-0
Dry Basis—

B i «“ 7.4 8.6 8-4 9.2 10-3 10-3 9.8 12-0) 10-4 11.1 11-5 11-5 12-2 10-6
Volatile matter... “ 35-1 34.5 34-9 34.6) 33-4 33-9 34.9 32-9 33-9 33-2 33-7 33-1 33-3 34-9
Fixed earbon.,... “ 575 56-9 56-7 56-2] 56-3 558 55-3 55-1 557 55-7 54-8 55-4 54-5 54-5
Sulphur.....coveiiiiiininnnnn “ 3-0 3.1 2-8 2-7 8-4 1-9 2.2 2-1 1.9 2.3 2.3 2-2] 2-8 2-4
Calorijes per gramme, gross. . 7,850 7,720 7,785 7,710 7,580 7,515 7,580 7,330 7,560 7,455 7,4901 7,445 7,430} 7.560
B.T.TU. per pound, rosS.....e00un..n 14,130 13,900 14,030 13,880 13,640f 13,530{ 13,550| 13,200| 13,610| 13,420 13,480 13,400 13,380] 13,610

Number of tons represented by sample. 5 380 378| 452 514, 120 300 450 350 250 430 350 250 250
Date of delivery...... eeaea et ieeaa, Sept., Oct. 4 Oct. 18 | Oct. 26 | Nov. 2 {Nov. 21|Dec. 6 |Dec. 16 |Tan.2 |Jan. 14 |Jan. 29 |Feb. 13 |Feb. 17 [Feb. 20
1929 to 16 to 24 toGNov. to21| to26| tol0| to 24 11:8’7, to 22 t(;- Feb.l to 17 | to 20
30 0
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TABLE IIT
Analyses of Miscellaneous Solid Fuels
Pennsylvania anthracite “‘Big Vein" mine,
P ‘“McCoy” mine, East Radford, Merrimae seam,
—_— Scotch Welsh From Buck Montgomery snd Pulaski counties, McCoy,Montgomery
anthracite anthracite D.and B Mounteain, _ Virginia county; Virginia
. . Scranton Valley coal field
district
Sample NO....viereaieraienen 6095 6347 6348 6279 6331 6086 6087 6088 6505
Moisture condition...v..vuun.. R D R D R D R D R D R D R D R D R D
Proximate Analysis—
Moisture....covuue. per centf 3-2 ... 1-4 ... 3-7 116 ... 1.8 ... 11 ... 08 ....| 08 .... 1-2
1 S “ 4.7 4.8 4-6 4-71 89 9.2) 16-7 17-01 12-7 12-9] 15-8 16-0| 18.4 18-5| 18-6 18.7 19-7 19.9
Volatile matter..... « 7-0 7-3] 7-1 7-2 6.4 6-7| 8.6 8.7l 5.3 5-4] 14-0 14-1} 135 13-6{ 12-8 13-0 14-4 14.8
Fixed carbon........ “ 85-1 879 86-9 88-1; 81-0 84.1 731 74-3] 80-2 81-70 69-1 69-9] 67-3 67-9{ 67-8 68-3 64-7 65-5
PR R . e RN B 730 736 e
... aes ot 18-6 18-7
0.7 071 .. 0-6 0-6f 0.7 0-71 05 0-7 0.7 0.7 0-7 0-5 0-5
Calorific Value—
Calories per gramme, gross.| 7,780 8,040; .... ....] 7,280 7,560( 7,070 7,185 .... ....] 7,060 7,140| 6,850 6,910{ 6,830 6,890 6,600 6,680
B.T.U. per pound, gross..... 14,000 14,470| .... ....[13,100 13,610{12,730 12,920; .... ....|12,710 12,850(12,330 12,430{12,290 12,400 11,880 12,020
Fuel 1atio. ceivereaneiacnannns 12-15 12-35 12-63 8-55 15-20 4-95 5.00 5-25 4-50
Carbon-Hydrogen ratio....... .o 214 21.9
Coking properties...c.ccuvnu.. Non-coking | Non-coking | Non-coking | Non-coking [ Non-coking | Non-coking | Non-coking | Non-coking Weak
agglomerate
Designation of eoal........... ..|Cobbles— No. 1 buck-|Egg........... Nuteooiennrnn- Buckwheat...[Stove......... Chestnut...... Pet. . ieiinnan “0ld Dominion.”
omitting| wheat.
material Washed by Rheolaveur process....o...ee...
passing
through &
screen. A 5 5
Kind of sample.......cccaunans From dealers’ stock......... Delivered in{Delivered to{Delivered in|Secured from mine operators............... Dealer’s stock.
Ottawsa  to| Camp Bor-| Ottawa.
R.C.M.P. g&gin , On-
0.
Date..coiiierearirunirnnennes July, 1929..... Oct., 1929..... Oct., 1929..... Sept., 1929....[0ct., 1929..... July 17,1020, e e e Dec., 1929.
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TABLE III—Continued
Analyses of Miscellaneous Solid Fuels—Continued

Cannel coal from|
“Raven” semi-bitumin- Cannel coal from|Bostonia or New|Cannel coal from No. 20 and
— ous, or “‘smokeless”’,(Pennsylvania Pool No. 1, Navy| Holden,Logan] Bethlehem, “East Brushy'’ mines, Cannel
coal from Pennsyl-| Standard, *Smokeless’ coal county, West{ Armstrong City, Morgan county, Xen-
vania Virginia county, Penn-| tucky
sylvania
Sample No........... teveeseecsennceseennen 6504 629 6300 8371 6372 6373 6374
6298 01
6299 6302
Moisture condition.....cevrveverreunnnienn,. R AD D R D R D R D R D R D R D
Prozimate Analysis—
MOIStUTe. cvererennrnnnneannrnanns per cent 3-7 1-3 O -1 ... -2 ... 1-0 1-1 35 3-3
. 11-2 11-5 11-7 7-2 7-2 7-0 7-1 12-3 2-4 18-7 18-9 8-0 8.3 8-2 8-
“ 18-7  19-1 19-4 21-2  21.5 20-8 21-1 49-3  49-8 32-5  32-9 42-2  43.7 42-6  44-0
“ 68-4  68-1 68-9 70-5 713 71.0  71-8 37-4 378 47-7  48-2 48-3  48-0 45-9  47-5
per cent| .... PN P 747  75-4 vees cees vene 74-1 76-7
“ ceen . FORRN 6-5 6-5 . PN 5-8 5-6
“ F. 12-3 12-4 8-2 8-5
“ 2-8 2-9 2-9 1.2 1-2 1-2 1 0-8 0-7 0-7 0-7 0-7 0-7 0-7
“ . JU cees U 1.1 1-1 ceee e ceen 1-6 1-8
“ JON R 4-8 3.9 ceen vees 9-6 8-9
Calorific Value—
Calories per gramme, gross 7,310 7,405 7,595 | 8,016 8,105| 8,035 8,130 | 7,950 8,030 ! 6,930 7,010 | 7,470 7,745 7,510 7,780
B.T.U. per pound, gross.... 13,160 13,490 13,670 | 14,430 14,590 | 14,460 14,640 | 14,310 14,450 | 12,480 12,620 | 13,450 13,940 | 13,520 14,000
Fuel ratio..seeceeesrreaennan 3-55 3-35 3-40 0-76 1-45 1-10 1.10
Carbon-Hydrogen ratio....... PR, -4 1.7 vees veee 12-8  13-7
Coking properties......coeae.. derieresnenas Good Good Good Poor Hard sintered Poor Poor
agglomerate
Designation of coal......... N “Colver” run-of-mine............ “Ebony Cube” |“Bostonia”..... “Pluto” coal from No. 2 seam
Kind of sample.....c.oeeunenn. [N From dealer’s stock..... Dgliger?g. to Ottawa Public{From dealers’ 860CKkS...c0ceunvueneeennnnnes feeasviretesnsiesaaanas
choo
Dab0ererecsecscanceoronenconnsnsnacanse «+..|September, 1929........ September, 1928..cvveiecrnnnn.. November, 1920, ...veerernrreencnnenecenaes eeressetacronanans




TABLE II1—Continued
Analyses of Miscellaneous Solid Fuels—Continued

Bituminous coals from the United States
"D%ta" II‘mn *Yatesboro” T
s “1” or Lower|(* Yatesboro” mine, Up-
_ Fr:lfglh Youghi- Freeport per Freeport seam,
Y S| “Royal” mine, Pittsburgh seam, Chestnut Ridge,| seam, Spang-| Yatesboro, Armstrong
ville, Pennsyl- Fayette county, Pennsylvania ler, Cambria| county, Pennsylvama.
venia county, Penn-
sylvania
Sample NO..cieiiuiincantieenassosannnns 5952 6358 6635 5845 6059
Moisture condition R D R AD D R AD D R D R AD D
Prozimate Analysis—
i per cent 0-8 3-1 1.2 4.0 1.3 1.6 2-1 1.5
« 8-3 8-4 8-4 8.6 8.7 8-8 8-8 88 g3 g-5 8-7 8.7 8-9
« 36-4 36-7 32-6 33-3 33-7 30-4 312 31-7 23-0 23-3 31-8 32:0 325
Fixed carbon.. “ 54-5 54+9 55-9 56-9 57-6 57-0 587  59-4 66-1 67-2 57-4 57-8  58-6
Ultimate Analysis—
b enn 76-8 78-3 79-3 75-4 77-6 78+6 .
. 5-4 5.2 5.2 5-3 5.2 5-1 ceee
8.4 8-6 8-7 8-6 8-8 8-9 “een
EB 3-1 1-1 1-1 1-1 1.2 1.2 1-3 1-4 1.4 1.5
1-8 1.7 1.7 1-7 1.7 1-7 vaee ceen
6-7 5.1 4-0 7-8 5-5 4-4 cees FN
Calorific Value—
Calories por gramime, gTOSS....coeevesesecarsrsnssssasnonnns 7,765 7,830 | 7,640 7,685 7,780 | 7,475 7,685 7,785 FOUN ceen 7,650 7,695 7,815
B.T.U. per pound, ZT0S8.cccereearrrocssncansosanens ceenanes 13,980 14,090 { 13,570 13,830 14,000 | 13,450 13,830 14 010 cees P 13,770 13,850 14,070
Fuel ratio..eeseecennnn. Ceeeetrtennirecnennns tetereesetennaanas 1-50 1-70 1-90 2-90 1-80
Carbon-Hydrogen ratio....eeeee Ceetetceseaeatrecsteasaosaan 14-3 149  15-3 41 15-0 15-4] ...
Coking properties.....ccueve. e et amreeceesattennennannenan Fair Good Good Good Good
Designation of 008l cccverraeieninirraereneisstarsranensanss “Pittsburgh Slack..ccceerarannne ersereeaneseiensenne P “Smolkeless”...|Slack. it ieiiaiennnnnn
];iitullg,:,inous
slac
XKind of 82I0DI6. cevvaieerertntitananessenaronoinararioanas ver Delig[ered in Delivered to Fuel Research Laboratones by car-| Dealer's stock. .| Delivered in Ottawsa...
D S T Cieenetetiananes veenes|May, 1929......]Oct. 28, 1929....... .....Ja.n.24 1930....... ..... March, 1929....|June, 1829.....c.ciavaeen
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TABLE III—Concluded

Analyses of Miscellaneous Selid Fuels—Concluded

New_ Aberdeen;

Briquettes from
carbonizing an
briquetting
plant of Western|

d “Ambricoal’* bri-

?uettes, many-
actured with

No. 2 Colliery, Low-temperature coke produced. b; : -
—_— Dominion Coal Co., Ltd., Glace| Ilingworth process at Pontypridcf Dominion Col- ffﬁkgg;n%m_
Bay, Nova Scotia Wales li%rie: (go.é %i_:d., kens  vall 55;,
situated at Bien-| - !
fait, Saskatche- Pemnsylvania
wan
Sample NO. ... eeeeiseerrenrrneeiireeeennsennnnaensees 6362 6363 6364 6365 6563 6267
Moisture Condition..oeeueieieeerenerieneinieeeienninann R D R D R D R D R D R D
Prozimate Analysis—
Moisture 1-6 .. 1-7 29 2-7 e 3-9 2-9
Ash............ 8-8 9-0 4-6 4-7 11.2 11-6 8-4 8:6 14-5 15-1 10-3 10-6
Volatile matter.. 32-1 32-6 33-9 34-5 9-2 9-4 7-4 77 14-62 15-2 11-3 11-7
ixed carbon 57-5 584 59-8  60-8 76-7 790 81-5  83-7 67-0  69-7 755 77
Ultimate Analysis—
........................................ per cent)| 3-3 33 25 2-6 2-4 2:5 2-1 2-2 0-9 0-9 0-7 0.8
Calorific Value—
Calories per gramme, gross....cceeesos. cetseiecieeerans 7,655 7,785 8,000 8,135 7,190 7,400 7,360 7,565 8,695 6,965 7,870 7,585
B.T.U. per pound, grosS.c.ceeeeeeeneerasrrarecnsensass 13:,780 14,010 14,400 14,640 12,940 13,320 13,250 13,620 12,050 12,540 13,260 13,650
Fuel ratio...... 1.80 1-75 4.551 6-65
CoKINg ProOPertieS..ceveeesereseisseruviosesasassnnenns Good Good pas Agglomerate Non-coking
Designation of fuel........... bereeresiecttanratenoteanan Slack...e.........|Slack (No. 6362)[“Ricoal’’ from [“Ricoal” from | ..cuveevrrirenineionncrensecsraeeen
cleaned in Baum| No. 6362 No. 6363
. washer
Kind of sample.. cceeeeeeiaranenaiieieiiaarrineannanneas ‘Taken in connexion with special tests..
J 07 PPN Autumn of 1920....ceneieneeiinnan.

1 In determining volatile matter in this sample, slow initial heating was employed, as is done with coals of low rank.
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Vv

GASOLINE SURVEY FOR 1929
P. V. Rosewarne! and H. McD. Chantler?

The annual survey of the gasoline sold in Canada has been conducted
by the Division of Fuels and IFuel Testing of the Mines Branch during
the past six years®. This report covers a similar survey for 1929. During
the early part of August, 84 samples were collected* from wholesalers
or distributors in the following cities: Halifax, St. John, Quebec, Montreal,
Ottawa, Toronto, Loondon, Winnipeg, Regina, Edmonton, Calgary, Van-
couver, and Vietoria. The distillation range, specific gravity, and percent~
age of unsaturates, aromatics, napbthenes, and paraffins were determined
for these samples. .

The distillation range was tested according to the A.S.T.M. Standard
Method designated as, D86-27. From the results so obtained, a weighted
index number was calculated after the method advocated by Gruse®.
By this method the temperature readings at which 10, 20, 50, 70, and 90
per cent of the distillate have been recovered, are added to the temperature
reading at the end point of the distillation and the resultant sum is called
the “Index Number”. The index numbers shown in this report were
calculated from the temperatures of the distillation range expressed in
degrees IFahrenheit, instead of in degrees Centigrade as was done by
Gruse. The specific gravity was obtained by the use of the Chainomatic
specific gravity balance at room temperature, and the result calculated
to 60°F. according to the National Standard Petroleum Oil Tables®. The
degrees A.P.I. were obtained by conversion of the specific gravity according
to the above tables.

In addition to the above, each sample was analysed to determine
the relative amounts of the different classes of constituents present. The
method chosen was that outlined by Egloff and Morrell’” and although ic
may be criticised in some respects, it, nevertheless, gives reproducible
results in all three determinations.

Estimation of *“Unsaturates”

The method of procedure was as follows: 250 c.c. of gasoline was
distilled in an apparatus similar to that shown in Plate IVA, until the vapour
temperature was 375°F.; the residue was measured and returned to the
distilling flask; the distillate was measured and then treated with twice

1 Bngineer, Division of Fuels and Fuel Testing, Mines Branch,
2 Chemist, Division of Fuels and Fuel Testing, Mines Branch. .
3 Investigations of Fuels and Fuel Testing, Mines Branch, 1923 to 1927 inclusive; and Memorandum Series

0. 35,

) 4 g‘he hearty support and co-operation of the Department of Health in taking the samples is gratefully acknow-

edged.

19235 Chenéi)cul and Metallurgical Engineering, vol. 29, No. 22, page 870. Investigations of Fuels and Fuel Testing
s page o,

6 J.8. Bureau of Standards Circular No. 154.
7 Industrial and Engineering Chemistry, vol. 18, No. 4, p. 354.

89



90

its amount of sulphuric acid of 80 per cent concentration; the acid was
drawn off and the remaining fluid was again measured, then washed
with water and with a solution of sodium hydroxide of 10 per cent con-
centration; the neutral liquid was then added to the residue in the distilling
flask and the whole redistilled to the same temperature as before; the
residue was again measured and the increase in volume between the residue
from the first distillation and that from the second was set down as due
to polymerization of some of the double bond compounds; this amount
was added to the amount of the contraction in volume of the first distillate
after it had been treated with sulphuric acid, and the whole calculated
to the basis of the original sample. This is reported as percentage of
unsaturates. A portion of the second distillate was then nitrated to
obtain the percentage of aromatics.

Estimation of ““Aromatics”’

The term “aromatics” is used generally to define benzenme and its
homologs. However, in this case it includes all those compounds not
soluble or only slightly soluble in sulphuric acid of 80 per cent concen-
tration, but which yield on treatment with nitric acid an oil insoluble
(or onmly slightly soluble) in either the sulphuric-nitric acid mixture or
in the residual gasoline. For the estimation, 50 c.c. of mixed acid was
added to 20 c.c. of the distillate. The nitration operation involved some
difficulty due to (a) the small amount of gasoline used, (b) the necessity
for keeping the mixture cool, (¢) the necessity for thorough and continual
agitation, and (d) the small amount of nitro compound to be measured.
In order to overcome these difficulties a special nitrating apparatus was
designed which was simple and yet effective. It is shown in Plate IVB.
The surrounding water bath, A, was made from an ordinary fruit jar
with the bottom cut off, the nitrating vessel proper, B, was made very
like an ordinary cylindrical separating funnel, except that the glass stop-
cock was of a large size and separated from the larger portion of the tube
by about 2 inches of glass tubé of the same size as that extending below
the stopcock. The tube was supported within the cooling bath by a
large rubber stopper which fitted around the neck of B between the larger
portion and the stopcock, and also fitted tightly into the mouth of A.
Within the nitrating tube was a thermometer and a stirrer, D, operated
by & small electric motor, F. Attached to the cover was a small separating
funnel, E, for admitting the reagents. The difficulty of measuring the
resultant nitro product was met by the use of special receivers with a
constricted and graduated neck. The lower bulb held about 49 c.c.
and the upper about 35 c.c. The capacity of the neck was 4 or 5 c.c.
and was graduated in 1/10 c.c. One of these receivers is shown in the
Plate IVB at C. Two methods of operation were possible, one to add the
gasoline to the mixed acid and the other to add the mixed acid to the
gasoline. The latter procedure was adopted, and in order to obtain
thorough agitation 10 c.c. of concentrated sulphuric acid was first run
into the nitrator tube, which quantity was sufficient to fill the space between
the stopcock and the stirrer. The 20 c.c. of gasoline was then added,
the stirrer started, and finally 40 c.c. of mixed acid run in slowly. The
temperature of the reaction mixture was not allowed to rise above 95° F.

<
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The mixed acid was made by mixing 66 parts of chemically pure
sulphuric acid of 1-835 specific gravity, with 136 parts of chemically pure
nitric acid of 1-42 specific gravity. The composition of the mixture
was approximately as follows:—

Sulphuric 8cid. . ..vveiieviienrrrrerensusseenrerorserescorennnosones 39 per cent
Nitric 8CId. coiiiiiaieereivreeeneeersoneanerosncnerersossasnsnsanaes 45 «
Water....ccvveeiienaenans et eeeereetteeerbete et atareatranaetae 16 «

When 40 c.c. of the above acid was mixed with the 10 c.c. of sulphuric
acid already in the nitrator tube, the composition of the mixture became
equivalent to that used by Egloff and Morrell!, namely :—

Sulphuric 8eid. ... vvveviiiirererernirairiantierarnrececnserasncnnnes 58 per cent
I 18 o T Y o R R 25 «
£ 7 S PN 17 0«

One hour after starting the run of the mixed acid—it required from 20
to 30 minutes for the 40 c.c. to be run in without too great an increase
in temperature—the stirrer was stopped and the mixture allowed to settle
for 10 or 15 minutes. The mixture was then drawn off into one of the
receivers and the volume of nitro product observed after one hour. This
reading was checked several hours later but in no case was an appreciable
change in volume noticed. The nitro product is usually a reddish-coloured
liquid and settles out between the gasoline and the acid layer. In some
cases, especially where the total amount of aromatics was small, the
product crystallized before the completion of the estimation, probably
due to the high percentage of nitric acid in the spent acid. Usually some
crystals formed after standing for several hours.

The volume in c.c. of the nitro product obtained was multiplied by
the factor 4-3 to give the percentage of aromatics in the fraction used
and the result calculated to the basis of the original sample.

Table I shows that the readings taken when duplicate determinations
of nitro products were made on gasolines of widely varying aromatic
content. It was felt that these results indicated that the method could
be relied upon to give consistent values.

TABLE I
Amount of Nitro Products Obtained from Four Gasolines

1 2 3 4
0.0, ¢.c. ¢.0. 0.0.
Test NO.1.iiviiiiiiieinreeinenerneroreenensen Trace 0-5 1-5 8:0
Test NO.2.oviiiieiiiiereininneenrnnceannns Trace 0-5 1-5 2.9
ToBt NO.3..oiiiirireiiereiterienercniannsnans Trace 0-5 1-5 2.9

Portions of a sample of gasoline, which showed no nitration—only
a trace of aromatics—were thereupon taken. One of these was mixed
with 107 per cent of benzene, and the other with 107 per cent of toluene.
The average volume of nitro products obtained in two determinations
on each portion was as follows:—
Nitro products from 20 c.¢. of gasoline containing

10-7 per cent benzene=2-3 c.c.
10-7 per cent toluene=2-3 c.c.

1 Industrial and Engineering Chemistry, vol. 18, No. 4, p. 354.
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It would, therefore, appear that variations in the relative proportions
of benzene and toluene, which are the two most common types of aromatic
compounds, would have very little effect on the percentage found.

When the above values were calculated to percentages it was found
that in both cases there was obtained 11-5 per cent by volume when it
was known that only 10-7 per cent of aromatics was present. It would
appear, therefore, that 4-66 would be the correct factor for calculating
the percentage of aromatics determined by the method deseribed above.
This value was felt to be in reasonably good agreement with the factor
of 4-83 which was suggested by Egloff and Morrell. In any event more
data would have to be obtained than is available at the present time,
particularly in regard to the effect of the presence of the more highly
methylated aromatics, in order to reach a definite conclusion. It was felt
that probably either factor would give as exact results as were warranted
by the general scheme of analysis, and since it was highly desirable that
these results should be comparable to others, the factor 4-3 was used in
compiling the tables. ‘

Estimation of “Naphthenes” and ““Paraffins”
P ;

The “naphthenes’ are those cyclic compounds which are non-benzenoid
in structure. They are sometimes called hydrobenzenes, because all the
carbon atoms in the nucleus are fully saturated with hydrogen and there
are no double linkages in the molecule. As might be expected, these
compounds are chemically very inert. The method adopted for estimating
the amount of naphthenes present was that proposed by Tizard and
Marshall! and modified by Egloff and Morrell. It is stated? that under
the conditions of the test the paraffin hydrocarbons are completely miscible
with aniline at 70° C., and that the cloud point is depressed 0-3° C. for
each 1 per cent of naphthene hydrocarbon present.

The results shown were obtained by mixing 10 c.c. of freshly distilled
aniline and 10 c.c. of gasoline, which had been freed from aromatic con-
stituents by the method described above, and warming the mixture in
apparatus shown in Plate V until it was clear and transparent. The
gasoline, after nitration and before being mixed with aniline, was washed
with water, neutralized with 10 per cent solution of sodium hydroxide,
and then dried with calcium chloride. The percentage of naphthenes
was calculated by dividing the difference between 70° C. and the critical
temperature found for the various samples by 0-3. The value so obtained
was then calculated to the basis of the original sample.

The paraffins were determined by difference.

1 Journal Soo. Chem, Ind., 40, 20T (1921),
2 Industrinl and Engineering Chemistry, vol. 18, No. 4, p. 354.



TABLE II
Results of Analysis

o Distillation Range Hydrocarbons
Z Index | Spee. | Degrees
o Brand 1st End No. grav. | A.PI. | Unsat-)Aroma-) Naph-~ | Paraf-
2 drop | 10% | 20% | 50% | 70% | 90% | point ; Recov-} °F. urates | ties | themes | fins
OSS CF. PR [ °F | °F | °F. [°F. | °P ery % 0 % %
w
HALIFAX, N.8
1 |Premier (a).......... 100 { 168 [ 198 268 304 [ 351 396 97.5 1685 { 0-743 58-9 8 10 25 57
2 (White Rose (b) 109 ] 166 | 185 265 3807 | 367 424 97.0 1714 | 0-734 61-3 2 3 23 72
3 |Sunoco (¢)..... 110 | 158 | 189 | 269 315 381 421 97-5 1735 | 0-755 55-9 9 1 37 53
4 |Imp. Ethyl (a).. 118 ) 173 | 200 270 | 316 | 370 420 97.5 1749 | 0-757 554 5 1 24 70
Average.........| 109 | 166 | 198 | 268 | 310 | 367 415 97-3 1720 | 0-747 57-9 6 4 27 63
ST. JOHN, N.B.
5 |Primrose (d)......... 99| 132 | 157 | 238 | 279 | 340 405 96-5 1551 | 0-725 63-7 3 3 24 70
6 |White Rose (b)...... 115 | 171 | 208 | 267 | 311| 376 424 97-0 1752 | 0-739 60-0 3 5 17 75
7 |{Good Gulf (e)....... 90 ) 138 |- 171 263 314 ) 380 421 96-5 1687 | 0-733 61-5 5 7 22 66
8 {Premier (a).......... 104 1541 179! 2661 314 { 372 418 97-0 1703 | 0-742 59.-2 3 7 26 64
9 [Fundy (f)..ceeeve....{ 106{ 153 178 | 252 | 293 [ 348 411 97-0 1635 { 0-733 61-5 3 2 29 66
Average......... 103 150 | 178 ) 257 | 302 | 363 416 96-8 1666 | 0-734 61-3 3 5 24 68-
QUEBEC, QUE.
10 |White Rose ()...... 981 142 172 255 304 | 365 410 96-5 1648 | 0-736 60-8 4 6 24 66
11 {Aviation (g).........] 112! 160 | 186 | 249 | 283 | 342 388 97-0 1613 | 0-731 62-1 4 4 24 68
12 |Premier ql;) .......... 105 166 191 | 265 | 306 ) 358 402 97.-0 1688 | 0-743 58-9 5 8 24 63
13 |Good Gulf (%)....... 90| 136 166 | 264 | 313 | 380 420 97.0 1679 | 0-734 61-3 4 9 23 64
14 |Peerless ().......... 96 | 148 173 | 240 | 282 356 402 96-5 1601 | 0-724 63-9 4 3 25 68
Average.......... 1001 150{ 178 | 255 | 299 | 360 404 96-8 1646 | 0-734 61-3 4 6 24 66

€6



TABLE II—Continued
Results of Analysis—(Continued)

S Distillation Range Hydrocarbons
Z Index | Spec. De%:ees
) Brand 1st End 0. grav. | A.P.I. | Unsat-| Aroma~} Naph- | Paraf-
8, drop | 10% | 20% | 50% | 70% | 90% | point { Recov-{ °F. urates | tics | themes| fins
u% °F. | °F. | °F. | °F. | °F. | °F. | °F. ery % % % %
MONTREAL, QUE.
15 |Super Power (7)...... 100 { 156 | 188 266 | 310 | 365 411 97-0 1696 | 0-742 59-2 4 8 27 61
16 |Peerless (7).cece.e... 100 | 146 ) 170 | 230 270 ] 326 368 97-0 1510 | 0-722 64-5 3 1 25 71
17 |Imp. Ethyl (a)...... 110 | 168 | 196 | 266| 316| 372 421 97-5 1739 | 0-756 55-7 3 11 28 58
18 |Premier. (a)......... 83 | 131 159 | 262 | 313 | 380 413 96-0 1663 | 0-739 60-0 5 15 25 55
19 [Marathon ((7)....... 98 | 152 | 182 | 2621 322! 390 425 97-0 1733 | 0-738 60-2 3 4 21 72
20 {Blue Sunoco (¢)...... 105 { 168 | 201 273 324 ( 392 429 97-0 1788 | 0-759 54-9 7 13 37 43
21 |Aviation (g)......... 98] 145 ) 168| 231 266 325 371 97-5 1506 | 0-722 64-5 3 1 24 72
22 1Shell (g)..cvvennen-.. 107 | 161} 185 | 245} 281 340 390 97-5 1602 [ 0-733 61-5 4 3 24 69
Average......... 101 153 | 181§ 254 | 301 | 361 403 97-1 1655 | 0-738 60-2 4 7 26 63

(a) Imperial Oil, Limited.

(b) Canadian Oil Companies, Limited.
(¢) Sun Oil Company, Limited.
(d) Irving Oil Company, Limited.

(e) Gulf Refining Company, Limited.

(f) Canadian Independent Oil, Limited.
(g) Shell Company of Canada, Limited.

(k) Bagtern Oil Limited.
(i) British American Oil Company, Limited.
() McColl-Frontenac Qil Company, Limited.

(k) Super Service Gas and Oil Company, Limited.

(1) Cities Service Oil Company, Limited.

(m) Domestic Storage and Forwarding Company, Limited.
(n) Beach Motors Limited.

(o) Capital City Oil Company, Limited.

(p) Supertest Petroleum Corporation.

(a) Perfection Petroleum Company, Limited.

(r) White Star Refining Company, Limited.

(3) Thayers Limited.

(t) Prairie City Oil Company, Limited.

(u) North Star Oil and Refining Company, Limited.
(») Union Oil Company of Canada, Limited.

(w) Maple Leaf Oil and Refining Company, Limited.
(z) Regal Oil and Refining Company, Limited.

(y) Richfield Oil Distributors, Limited.

(z) Home Oil Distributors, Limited.

(aa) General Oil Company, Limited.

(bb) Shell Company of California, Limited.

(cc) Victoria Petroleumn Company, Limited.
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Results of Analysis—(Continued)

TABLE IT—Continued

3 Distillation Range I Hydrocarbons
Z Index | Spee. | Degrees
o Brand 1st End No. grav. | A.PI. | Unsat-| Aroma-] Naph- | Paraf-
= drop | 10% | 20% | 50% | 70% | 90% | point | Recov-| °F. urates | tics | thenes| fins
g CE.|CF. | R | PR °F. | °F. | °F. ery % A [ %
w0
OTTAWA, ONT.

23 |Super Service (k)....| 91| 147 | 183 | 260 | 293 | 3844 393 96-5 1620 | 0-723 64-2 2 4 9 85
24 Marathon (7)........ 105 164 196 | 272 | 327 | 391 424 97-0 1774 | 0-740 59-7 4 4 7 85
25 |Cyelo (7)eeueencnn... 120 168 183 | 2317 303 | 385 422 97-5 1692 | 0-780 49.9 7 45 | 31 17
26 |Koolmotor (7)....... 96 | 137 | 159 | 229 | 276 | 340 399 97-0 1540 | 0-723 64-2 13 21 6 60
27 |Noxless (m)......... 92| 1351 158 | 234 | 276 | 340 393 97-0 1536 | 0-725 63-7 4 5 27 64
28 |White Rose (b)...... 99 | 144 | 171 | 254 | 299 | 364 416 97-0 1648 | 0-733 61-5 2 5 23 70
29 |Red Seal (d)......... 102 | 153 181 | 265 | 308 | 365 412 97-0 1682 | 0.-742 59.2 3 5 17 75
30 {Imp. Ethyl (2)...... 109 | 163 | 191 | 261 | 304 ] 360 412 97-5 1691 | 0-749 57-4 2 10 brd 61
31 |Sup. Quality (&)..... 92 130 | 151 | 217 [ 259 | 3821 387 97.0 1465 0-720 65-0 3 5 30 62
32 |Premier (@).......... 101 157 ] 189 | 267 | 812 | 366 413 97-0 1704 | 0-742 59-2 5 8 14 73
33 |Sunoco H.T. (0)..... 103 | 157 | 179 | 241 286 | 351 426 97-0 1640 | 0-722 64-5 2 4 7 87
34 |Sunoco N.T. (o0)..... 98 151 178 | 250 | 296 | 361 421 97-0 1657 | 0-731 62-1 2 5 14 79
85 |Supertest (p)........ 103 157 | 187 | 265 | 3i2 | 365 415 97-0 1701 0-741 59-5 4 8 27 61
36 [Domestic (m)....... 80| 134 162 236 274! 329 378 96-0 1508 | 0-713 67-0 b/ 3 95
37 [Cities Serviee (2).... 98 151 180 | 257 | 208 | 364 416 96-5 1666 | 0-732 61-8 2 4 20 74
38 {Shell (g)..cvvenenn.. 112 164 | 189 | 248! 290 | 344 391 97-5 1626 0-734 61-3 2 4 24 70
39 |Aviation (g).c....... 104 | 152 173 | 227 | 265 | 320 370 97-5 1507 | 0-722 64-5 5 i 6 68
40 |Super Power (7)...... 107 | 168 198 | 270 | 310 | 366 414 97.5 1726 0-750 57-2 2 6 33 59
41 |Peerless (i).ee.c..... 98 | 146 | 172 | 236 | 278 | 338 386 96-5 1556 | 0-722 64-5 3 1 25 71
42 |B. A. Ethyl (i)...... 108 159 187 | 261 310 | 368 416 97-5 1701} 0-748 57-7 2 9 28 61
43 [Supertest H.C. (p).. 91 129 | 151 227 | 275 349 401 96-0 1532 | 0-721 64-8 6 10 27 57

AVerage....ouu. 100 | 151 177 | 248 | 203 | 354 405 97-0 1627 | 0-734 61-3 4 8 20 68
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Results of Analysis—(Continued)

TABLE IT—Continued

] Distillation Range Hydrocarbons
Z Index | Spec. | Degrees
@ Brand 1st End No. grav. APJI. | Unsat-| Aroma-] Naph- | Paraf-
= drop | 10% | 20% | 50% | 70% | 90% | point | Recov-| °F. urates | tics | thenes’| fins
g CF. | °F. | °F. | °F. | °F. [ °F. | °F. ery ) % %o %o
(]
. TORONTO, ONT.
44 |Domestic (m)....... 100 | 143 | 172 242 | 286 | 345 381 96-0 1569 | 0.717 65-8 4 1 20 7
45 |White Rose (b). 106 | 161 | 191 | 261 | 303 | 3859 416 97-0 1691 | 0-733 61-5 3 4 19 74
46 |Perfection (g). 102 142 | 166 | 229 | 274 | 338 388 96-5 1537 | 0-720 65-0 4 1 23 72
47 |Premier (a).. 108 166 | 1971 263 | 304 | 356 410 97-0 1696 | 0-744 58-7 3 6 30 61
48 |Super Power ( 101 157 | 188 | 265 317 | 382 426 97-0 1735 | 0-737 60-5 8 12 20 60
49 |Plain Run (1).. 102 | 154 | 182} 250 | 2921 356 420 97-0 1654 | 0-728 62-9 2 5 15 78
50 [Shell (g)...... ... 104 1501 186 | 276 | 3833 | 394 426 97-0 1765 | 0-744 58-7 4 5 22 69
51 {Marathon (7)........ 99 | 158 | 190 268 | 314 | 373 417 97-0 1720 | 0-734 61-3 4 6 20 70
Average......... 103 | 154 184 | 257 | 303 | 363 410 96-8 1672 | 0-732 61-8 4 5 21 70
LONDON, ONT.
52 |Premier (a).. 96 | 164 | 190 | 274 | 322 | 382 426 96-5 1748 | 0-740 59-7 4 11 18 67
53 |Marathon (J) 90 | 137 | 166 | 238 | 280 | 342 397 97-0 1560 | 0-722 64-5 3 3 16 78
54 |Red Seal (b). 98 | 154{ 188 | 271 | 822 377 420 97-0 1732 | 0-738 60-2 8 8 18 66
55 |White Star (7 106 | 148 | 171 | 226 | 259 311 368 97-5 1483 | 0-719 65-3 [ 2 PR, 26 71
56 |Shell (g)........ 96| 150t 178 | 261 | 309! 378 420 97-5 1696 | 0-739 60-0 3 4 24 69
57 |Blue Sunoco (c) 110} 165 | 198 | 272 | 316 | 374 412 97-0 1737 | 0-756 55.7 7 14 34 45
58 |Super Power (i) 96| 160! 187 | 278 | 323 | 380 421 97-0 1749 | 0-741 59-5 7 1 19 63
59 |Sinelair (s)..... 91 140 170 | 252 | 299 | 359 406 97-0 1626 | 0-723 64-2 3 7 12
Average......... 98| 151 | 181} 259 | 308 | 363 409 97-1 1666 { 0-735 61-0 5 7 21 67
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TABLE II—Continued

Results of Analysis—(Continued)

5] Distillation Range Hydrocarbons
-4 Index | Spec. | Degrees
2 Brand 1st End 0. egrav. | A.P.J. | Unsat- | Aroma-] Naph- | Paraf-
= drop | 10% | 20% | 50% | 70% | 90% | point | Recov-| °F. urates | tics | themes | fins
§ °F. | °F. | °F. | °F. |°F. | °F. °F. ery Yo % Yo Yo
0
WINNIPEG, MAN.
60 |Red Seal (3)......... 100 157 | 191 | 270 | 819 ( 877 423 97-0 1737 | 0-740 59-7 5 8 17 70
61 |B. A. Ethyl (i)...... 95| 137 | 166 | 264 ( 311 | 365 410 97-0 1653 | 0-730 623 5 5 17 73
62 |Electrie (2)...00c.... 92| 139 163 | 227 | 274 [ 348 406 97-0 1557 | 0-717 65-8 5 1 22 72
63 |Red Star (u)........ 97| 140 170 | 250 | 302 | 364 414 97-0 1640 | 0-728 62-9 4 5 16 75
64 [Premier (2).......... 991 157! 192 | 270 | 320 376 424 97-0 1739 | 0-739 60-0 6 8 19 67
Average......... 97 | 146 | 176 | 256 | 305 | 366 415 97-0 1665 | 0-731 62:1 5 6 18 71
REGINA, SASK.
65 {White Rose (b)...... 108 | 168 | 198 | 270 | 313 | 376 420 97-0 17451 0-740 59.7 4 5 19 72
66 |Super :'Power (2)eeenn. 104 [ 162 | 192 | 266 304 | 376 424 97-5 1724 | 0-741 59.5 6 15 19 60
67 [Imperial (a)......... 104 | 163 | 192 | 264 312 376 424 97-5 1731 | 0-740 59.7 6 11 15 68
68 {North Star ('u), ..... 104 | 162} 192 | 266 ) 312 | 377 426 97.5 1785 | 0-740 59.7 7 10 21 62
Average......... 105} 164 | 193 | 266 | 310 | 376 423 97.4 1784 | 0-740 59-7 6 10 19 65
EDMONTON, ALTA.
69 |Union (v) 105 159 | 183 | 255 301 | 370 417 97.-0 1691 | 0-748 57-7 3 5 40 52
70 |[Red Seal (b 100 ( 143 | 168 | 244 ( 302 | 383 431 96-5 1671 | 0-729 62-6 5 9 19 67
71 {Premier (a)... 106 | 154 | 178 | 256 | 303 | 364 420 97-0 1675 { 0-741 59-5 5 6 28 61
72 |Super Power (7). 99 | 144 | 168 243 | 300 | 383 429 97-0 1667 | 0-728 62-9 4 9 16 71
Average......... 102 | 150} 176 | 249} 301 | 375 424 96-9 1676 | 0-736 60-8 4 7 26 63
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TABLE II—Concluded
Results of Analysis—Concluded

S Distillation Range Hydrocarbons
z Index | Spec. | Degree
o Brand 1st End 0. grav. | A.P.I. | Unsat- | Aroma~ Naph-| Paraf- *
B drop | 10% | 20% | 50% | 70% | 90% | point [ Recov-| °F. urates | tics | themes| fins
g CFE. | °F. [ °F. |°F. [ °F. |°F.| °F. ery ] % % %o
@R
CALGARY, ALTA.
73 |Maple Leaf (w)...... 126 | 185} 211 283 | 331 390 438 97-5 1838 | 0-749 57-4 2 6 6 86
74 \Regal (z)............ 125 | 160 172 217 | 251 | 319 395 97-5 1514 | 0.-725 63-7 2 6 23 69
75 |Super Power (7).....] 104 | 143} 164 | 234 ] 289 | 370 427 97-5 1627 | 0-725 63-7 4 8 21 67
76 |Premier (a).......... 112 | 156 | 182 256 | 306 | 366 422 97-5 1688 | 0-741 59-5 3 6 29 62
Average......... 117§ 161 1821 247 | 294} 361 420 97-5 1667 | 0-735 61-0 3 6 20 71
VANCOUVER, B.C.
77 |Richfield (y)........ 113 167 202 270 | 321 | 385 425 97-5 1770 | 0-753 56-4 5 6 35 54
78 |{Home (z)... ... 101 152 | 182 | 259 309 | 377 420 97-5 1699 | 0-747 57-9 4 6 37 53
79 |Premier (a) .ee 94| 142 | 176 | 267 | 317 | 380 418 96-0 1700 | 0-743 58-9 1. 5 8 34 53
80 |General (aca)......... 98 144 | 174 | 254 | 305 372 410 97-0 1659 | 0-743 58-9 2 8 33 57
Average......... 101 151 183 1 262 | 313 | 378 418 97.0 1707 | 0.746 582 4 7 35 54
VICTORIA, B.C.
81 |Union (2)..ceeuen.... 98 152 | 1851 254 | 290 | .356 412 97-0 1649 | 0-741 59-5 1 8 31 60
82 |Premier 3 Star (a¢)...| 102 | 152 | 184 | 254 | 300 | 374 418 97-0 1682 | 0-747 57-9 4 6 40 50
83 |Shell (b)............ 108 159 | 186 | 252 | 289 353 399 97-0 1638 | 0-744 58:7 3 6 36 55
84 |Home (¢¢).ceevenn... 96 | 146 180 | 265 | 314 | 376 414 96-0 1695 | 0-7T44 58-7 4 7 38 51
Average......... 101 152 184 | 256 | 298 | 365 411 96-8 1666 | 0-744 58-7 3 7 36 54
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TABLE II1
Average Results of Analyses by Cities

Distillation Range

Lo Index | Specific | Degrees
District dljfp 10% | 20% | 50% | 70% | 9% i’;ft Recov- f\? gravity | A.P.I.

Halifax, NoSvvreeen e eeeneeeeeeenaenns 19| 16| 193| 268| 30| ser| 415 97-3 1720 | 0-747 57-9
St. John, NB .. een e eeeaanen, 103 50| 78| e57| 02| 83| 416 96-8 1666 |  0-734 61-3
Quebee, QUe......ve e eeneee e 100 15| 178| 25| 209| 360| 404 96-8 1646 | 0-734 61-3
Montreal, QUe. ... ...ovuneeneensenaennnss 100 153 181| 254| s01| 361| 403 97-1 1655 |  0-738 60-2
Ob6aWE, Obevveeeeereeerneeeeeneenenns 100 151 177| 248| 203| 34| 405 97-0 1627  0-734 613
TOrOmb0, ORbe v eeeeeeeeneeneenennnns 103| 154) 84| 257| s08| 33| 10 96-8 1672 |  0-732 61-8
London, ORbe.eennennsnaeeennennnennnes 98| 51| 81| 250| 308| 33| oo 97-1 1666 |  0-735 61-0
Winnipeg, MR .......uveeeeenneennnnnn. o7| 16| 16| 256| 305| 36| 415 970 1665 | 0-731 621
Reging, Sask. . .ovnnerrneereiineannnnns 105| 64| 193] 266| 10| 376 | 423 97-4 1734 | 0-740 59-7
Edmonton, Ale............cveenerennn.n. 102 50| 76| 249 s01| avs| 42¢ 96-9 1676 | 0-736 60-8
Calgary, Al e e neeneeeneeeeseeeaeenn 17 | 161| 82| 2ar| 29a| 31| 420 97-5 1667 |  0-735 61-0
Vancouver, BeCu..uevvnerneeneenannnnnn 11| 15| 83| 262 33| av8| a8 97.0 1707 |  0-746 58-2
Victoria, B.Cevenrernennennnnn. T 01| 52| 184| 256 298| 365| 4n 96-8 1666 | 0-744 58-7

AVerage®......ooveeneennnnn. 102| 153| 18| 255| 300| 363| 411 97-0 1663 | 0736 60-8

*This is the average value for all the samples tested.

66



100

COMPARISON OF RESULTS

It is quite interesting to compare the above figures with others obtained
in somewhat the same way. Table IV gives the average results of 88
samples collected in Canada presumably in 1916, and reported by the
laboratories of the Department of Inland Revenue!; the average results
of the following number of samples collected in Canada in the year indi-
cated; 48 in 1923%; 59 in 19243; 73 in 1925¢; 76 in 1926°%; 83 in 1927°; 77
in 19287; and 84 in 1929; the average results of 162 samples collected
in the United States during July, 1929, and reported by the U.S. Bureau
of Mines?, and the essential features of the specification for 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. When judged by the distillation range, which is
the ordinarily accepted standard, it will be observed that the gasoline
sold in Canada during the present year shows an average of good quality,
being slightly more volatile than that sold during 1928. According to
the data in Table IV and the distillation curves which are shown in the
graph on the page 22 of this report, the gasoline marketed in Canada
during August, 1929, was superior to that sold in United States during
July, 1929, and to the United States Federal Specifications for the United
States Government motor gasoline.

1 Department of Inland Revenue, Caﬁuda, Bull, No. 362 (**Gasoline”).

" ;3 4567 Investigations of Fuels and Fuel Testing, Mines Branch, 1923, 1924, 1025, 1926, 1927, and 1928, respec-
ively.

8 U.S. Bureau of Mines, Report of Investigations, Serial No. 2059.
? U.S. Bureau of Mines, Technical Paper No. 323-B.




TABLE IV

Average Results for Comparison

Distillation Range
_ I&%ex Specific | Degrees | Iodine
1st End °F. gravity | A.P.I. value
drop %0% %D% 550% ZO% %0% point Recov- )
o, F. F. F. F. . o R, ey
Canada, 1916..ccveeeieneaviaannen 125 170 192 237 270 330 380 |.eeennnnn. 1579 0-732 61-8 17
Canada, 1923....cccceneiinnceanans 120 170 193 255 296 358 423 97-1 1695 0-737 60-5 19
Canads, 1924....cooiiieiiiiainna, 113 173 195 249 288 347 410 97-4 1662 0:736 60-8 18
Canada, 1925.....ccieeiinnininnen 116 174 199 258 299 359 412 97.0 1701 0-739 60-0 18
Canada; 1926.....c..0cviiieieannnn 110 164 191 256 300 360 410 97-4 1681 0-739 60-0 21
Canada, 1927....coccoviinninnann, 107 161 189 259 304 366 416 97-0 1693 0-741 595 |ieininnnns
Canada, 1928.......ccvivnvnninna, 107 160 186 255 298 359 409 97-3 1667 0-737 60-5 25
Canada, 1929.....c0cviiinininnnn 102 153 181 255 300 363 411 97-0 1663 0-736 608 |.ciiieinnn
United States, July, 1929......... 102 §... 187 263 |........ 378 410 96-1 [........ 0-748 577 [eeeninnnns
U.S. Federal Specification........ 131 221 284 |........ 392 F:% ¥ U PSR FOUTDUPY PO (O
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TABLE V

Ten Per Gent of Samples Having Mazimum End Point

Distillation Range

Index A
Sample Brand 1st End -~ Specific | Degrees
No. (%r%p %0% %0% éogf Zog‘z ?,Og‘z pgin‘li Rg;:é),v lo\]-g\ gravity A.%.I.

73 MapleLeaf..c...oovenuiininnnann. 126 185 211 '283 331 390 438 97-5 1838 0-749 57-4
70 edSeal....oocooiiiiiiii.., 100 143 168 244 302 383 431 96-5 1671 0-729 62-6
20 |Blue Sunoco......ccocvuuieneaenann 105 168 201 273 324 392 429 97-0 1788 0-759 54-9
72  |Super Power 99 144 168 243 300 383 429 97-0 1667 0-728 62-9
75 |Super Power 104 143 164 234 289 370 427 97-5 1627 0-725 63-7
50 hell................ 104 150 186 276 333 394 426 97-0 1765 0-744 58-7
52 |Premier.......o.c...... 96 © 154 190 274 322 382 426 96-5 1748 0-740 59-7
48 |[Super Power 101 157 188 265 317 382 426 97-0 1735 0-737 60-5

AvVerage....ceeveneeananen 104 155 184 262 315 385 429 97-0 1730 0-739 60-0

TABLE VI
Ten Per Cent of Samples Having Minimum End Point
Distillation Range Ind
Sample Brand 1st End 10€X | gpecific | Degrees

o. tgrg‘p ]:,ng %0% 5‘:0%’ ZO% ?,Og_’ pQOiFnt Rgf,;v' yﬁ: gravity | A.P.I.
55 {(White Star. 106 148 171 226 259 311 368 97-5 1483 0-719 65-3
16 |Peerless.. 100 146 170 230 270 326 368 97-0 1510 0-722 64-5
39 |Aviation. 104 152 173 227 265 320 370 97-5 1507 0-722 64-5
21 |Aviation. 98 145 168 231 266 325 371 97-5 1508 0-722 64.5
36 [Domestic 89 134 162 236 274 329 373 96-0 1508 0-713 67-0
44 |Domestic 100 143 172 242 286 345 381 96-0 1569 0-717 65-8
41 \Peerless.. 98 146 172 236 278 338 336 96-5 1556 0-722 64-5
31 (Super Quality 92 130 151 217 259 321 387 97-0 1465 0-720 65-0

AvVerage.voeeeeeranaannnns 93 143 167 231 270 327 375 96-9 1513 0-720 '85-0

G0t
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In order to determine the variation in quality of the gasoline being
gold, the average of the 8 samples (approximately 10 per cent of the total
84 samples) having the highest end point, and the average of the 8 samples
having the lowest end point, was obtained as in preceding years. The
results are shown in Tables V and VI.

TABLE VII

Difference between Maximum and Minimum End Points

—_— 1916 | August | August | August | August | August | August | August
1923 1924 1925 1926 1927 1928 1929

Maximum 10%............. 432 446 459 458 437 438 432 429

Minimum 10%.............. 322 381 358 366 379 380 375 375
Difference.......... 110 65 101 92 58 58 57 54

Table VI shows the difference between the average end points of the
maximum 10 per cent and minimum 10 per cent of the samples collected
in Canada in 1916 (16), and in the seven years 1923 to 1929. The difference
between the two averages has been used previously for the purpose of
comparison, as a meagure of the variation in quality. It will be observed
that the variation in quality, when determined by the above method,
was less than that obtained in any previous year.

The variation in quality is more exactly indicated by the index number,
because it represents an aggregate of several points in the distillation
range rather than the arbitrarily chosen end point. The procedure adopted
was the same as that used above, namely, the average of 10 per cent
of the samples having the highest index numbers, and the average of
10 per cent of the samples having the lowest index numbers was ealculated.
The results obtained for the current year’s survey are shown in Tables
VIII and IX.



TABLE VIII
Ten Per Cent of Samples Having Maxzimum Index* Numbers

Ld Distillation Range End
Sample Brand nAeX | gpecific | Degrees | Ist o

No. Np | mavity | AP | drop 0% | 2% | 25 | % | W | wE
73 Maple Leaf...ccoviiiieneeriinnneneerennnnes 1838 0-749 57-4 126 185 211 283 331 390 438
20 |Blue SunOCO....cceverrvreneetsnrrreranaeans 1788 0-759 54-9 105 168 201 273 324 392 429
24 |Marathon....eceeeceorececciiiencersanaesaen 1774 0-740 59-7 105 164 196 272 327 391 424
77 |Richfield..eeeeevevieierenrineransenneannans 1770 0-753 56-4 113 167 202 270 321 385 425
50 [Shell....ooovveeeariennereonnieeocnnenncanen 1765 0-744 58-7 104 150 186 276 333 394 426
68 |White ROS€.cevecerrrnerrcerrrrenseennoannans 1752 0-739 60-0 115 171 203 267 311 376 424
58 |Super Power........c.cvu... h e eneeeraeaes 1749 0-741 59-5 96 160 187 278 323 380 421
4 Tmp.Ethyl.......ccouon.. [N .. 1749 0-757 55-4 118 173 200 270 316 370 420
L AVETaEe. it 1773 0-748 57.7 110 167 198 274 323 385 426

TABLE IX
Ten Per Cent of Samples Having Minimum Index* Numbers
Ind Distillation Range End
Sample Brand nAdex | gpecific | Degrees 1st o

No. N | evevity | APL | dmp W% | 2% | 2% | 7% | 0% ) gt
31 |Super QUality.....ccovieiiviierennniannnnanan 1465 0-720 65-0 92 130 151 217 259 321 387
55 ite S e eeeeanaene e heeanaes 1483 0-719 65-3 106 148 171 226 259 311 368
21 [AVIAtIOoN..eeieeeiiiereiriiiirie i 1506 0-722 64-5 98 145 168 231 266 325 371
30 LAVIZEION. .o verreeevenreiocnrrnnesonnencanns 1507 0-722 64-5 104 152 173 227 265 320 370
36 |DomestiC..iuvrerieeerniiiineiiieniariaeaans 1508 0-713 67-0 89 134 162 236 274 329 373
16 |Peerless.eee e ceeneaninscranserrscannonenns 1510 0-722 64-5 100 146 170 230 270 326 368
74 =YY DR O 1514 0-725 63-7 125 160 172 217 251 319 395
43 |Supertest H. C.ovnviieinnivnnireiiironannns 1532 0-721 64-8 91 129 151 227 275 349 401
AVerage. coviciirranininsranes 1503 0-720 65-0 101 143 165 226 265 325 379

*The index number is the sum of the following points in the distillation range:—10%, 20%, 50%, 70%, 90%, and End Point,

$0T
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Similar calculations were made to show the difference between the
average index numbers of the maximum 10 per cent and the minimum
10 per cent of the samples collected and analysed in preceding years.
These results are shown in Table X.

TABLE X
Difference Between Maximum and Minimum. Index Numbers
Year 1923 1924 1925 1926 1927 1928 1929
Maximum 10%........ 1791 1806 1821 1815 1823 1791 1773
Minimum 10%,........ 1500 1428 1497 1524 1518 1488 1503
Difference....... 291 378 324 291 305 303 270

It will be observed that the above index number method of calculation
indicates more definitely than the end point method of calculation, that
the variation in quality was less in 1929 than that obtained in any previous
year.

It will be further observed that the average index number, namély
1773, of 10 per cent of the samples having the highest index numbers
of all those examined in 1929 was lower than the average index number
of similar grades of samples examined in any previous year. This indicates
that the average volatility of that grade of samples was greater in 1929
than the average volatility of similar grades examined in any previous
year. It will be noted that the average index number, namely 1503,
of 10 per cent of the samples having the lowest index numbers of all
those examined in 1929 was higher than the average index number of a
gimilar grade of samples examined in 1928. This indicates that the
average volatility of that grade of samples was less in 1929 than the average
volatility of a similar grade of samples examined in 1928. Accordingly,
it may be said that the lowest grade of samples examined in 1929 was more
volatile than similar grades examined in any previous year, and that
the highest grade of samples examined in 1929 was less volatile than a
similar grade examined in 1928.

Significance of Tests

It is highly probable that someone will desire more information on
this subject of gasoline and the way in which the results of analyses should
be interpreted. Laboratory analyses are most valuable when they
gerve to indicate probable performance under operating conditions, hence
an attempt will be made to interpret along that line some of the analytical
results given above. The owner of the engine is the final judge of the
quality of a motor fuel and he reaches his conclusions from the general
responsiveness of the engine. It is obvious that the criteria for quality
in motor fuels are changing just as rapidly as the engines are being changed.
It appears to the writers that new and desirable characteristics in fuels
must not only show at their best in the new engines but they must also
operate the old ones without serious difficulty.



106

Since the average life of an automobile is about five years a satis-
factory fuel from the viewpoint of the general public must necessarily
be somewhat different from the best fuel on the proving grounds of the
motor manufacturer. The comments on quality of gasoline in relation
to laboratory analysis given below are, therefore, to be understood as
being offered from the standpoint of the average owner of an automobile.

A good gasoline should possess the following characteristics:—

1. Should permit the engine to start easily.
2. Should permit the engine to develop maximum power.

3. Should allow the engine to run evenly wheén throttled down
and should not stall.

4. Should not “knock’. )
5. Should not evaporate too readily at atmospheric temperatures.
6. Should not contain sufficient gum to cause sticking valves.

Easy Starting. A gasoline that pelmlts an engine to start readily
should have a reasonably low initial boiling point, about 100° F. is satis-
factory under normal atmospheric temperatures, and the temperature
at which 10 per cent has been recovered should also be reasonably low,
about 150° F. would probably give good results.  This provides for
a reasonable quantity of highly volatile material that will ignite easily.

Maximum Power. Maximum power will be secured from an engine
when the carburetor supplies it with an even mixture of gasoline vapour
and air which can be, and is, properly burmed. The gasoline vapours
should not carry too much material of high boiling point beeause such
material is usually more difficult to ignite. Nor should it contain too
much low boiling material because such material will burn so rapidly
that the engine cannot convert it efficiently into useful work. Therefore
the gasoline should be composed of a series of constituents with gradually
increasing boiling points.

A gasoline that will permit an engine to start readily and also permit
satisfactory power development provided the distillation range shows
70 per cent over at about 300° F. In addition, the end point should
not be too high.

Satisfactory Idling. Smooth running at low speed is seemingly more
dependent on the design and condition of the engine and accessories than
on the fuel used. However, the volatility of the fuel as a whole should
not be so high as to cause it to vaporize, or boil in the gasoline lines or
carburettor. Obviously, the placing of the parts, the temperature of the
eggine, and the temperature of the atmosphere will have considerable
effect.

Anti-knock Qualities. Some fuels have mixed with them certain chem-
icals that lessen the tendency of the fuel to cause “knocking”. These
fuels require elaborate equipment to determine the actual anti-knock
value, which equipment was not available when the gasolines that con-
stitute the present report were being analysed. Other fuels that have
not been prepared by the addition of anti-knock compounds, such as tetra-
ethyl lead, show rather wide variations in this respect. Generally speaking
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it may be assumed that gasolines having a high percentage of aromatics
and unsaturates will knock less than fuels having a low percentage, pro-
viding the gasolines contain no artificially mixed anti-knock compounds.

EBvaporation. The readiness with which a gasoline evaporates is
indicated by the amount of the recovery after distillation. When the
recovery is less than 95 per cent the evaporation loss is likely to be excessive.

Gum. It is very difficult to determine the amount of gum in gasolines
in such a manner that definite limits could be set. This is due to the fact
that the character and amount of the gum varies greatly in different
gasolines. A gasoline may show no gum formation when freshly distilled,
but at some time later definite gummy deposits may be obtained. The
time and the conditions required for the gum deposits to form also vary
greatly. It is believed that unsaturates are more likely to cause gum
than any of the other constituents.

The writers desire to emphasize again that the opinions expressed
above regarding desirable characteristics for gasoline when used for motor
fuel are from the standpoint of the average motor car owner during the
summer. It is understood, of course, that atmospheric changes of tem-
perature and pressure would cause considerable modification of the figures.

SUMMARY

Eighty-four samples of gasoline were collected in August, 1929,
from thirteen widely separated Canadian cities, and may be accepted,
therefore, as representative of the gasoline sold in Canada at that time.

The analyses and detailed examinations show that the average gasoline
sold during 1929 was of good quality, being slightly more votalile than
that sold during 1928.

The variation in quality during 1929 wag less than that in any previous
year.

For comparison of the higher and lower quality gasolines, two groups,
each comprising 10 per cent of the total number of samples examined,
were chosen as in the former surveys. The average of the higher quality
group of the 1929 samples was less volatile than the corresponding group
in 1928, while the average of the lower quality group of the 1929 samples
was more volatile than the corresponding group in 1928 and in any previous
year.

According to distillation range and other data obtained, the gasoline
marketed in Canada during August, 1929, as represented by the samples
collected for this survey, was superior to that sold in the United States
during July, 1929, as represented by the analyses of samples reported
by the United States Bureau of Mines, which gasoline in turn was superior
to the United States Federal Specifications for United States Government
motor gasoline.
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VI

THE ANALYSIS OF NATURAL GAS FROM THE TURNER
VALLEY FIELD IN ALBERTA

P. V. Rosewarne and R. J. Offord

In July, 1929, the writers received instructions to obtain data that
would show the relative amounts of the various hydrocarbons present
in the surplus natural gas being produced at Turner Valley field in Alberta.
This report covers the analyses of 35 samples of natural gas and naph-
tha from that area. All were subjected to fractional analysis in a
special Podbielniak apparatus that was secured and set up in one of the
laboratories of the Provincial Institute of Technology at Calgary. In
addition, the report briefly describes apparatus for the analysis of gases;
commercial separators used in the field to remove crude naphtha from
the gas; methods used for collecting the gas samples; compares “wet’’
and “dry”’ gases produced; offers some comments regarding the production
of naphtha from this area; and points out the relative value of the analysis’
given. The results of the analyses are given in Tables I to VII in the
context, and in Tables VIII to XIV which are appended. The preliminary
work on this subject reported herewith has been continued during 1930,
and the results will be given in a later report.

OBJECTIVE OF GAS ANALYSIS

The complete analysis of natural gas should indicate the amount of
every important constituent present in the sample. Therefore, the fol-
lowing should be determined: total hydrocarbons, carbon dioxide, oxygen,
sulphur, nitrogen, and helium. If, in addition to these, it is possible to
estimate the amount of the individual hydrocarbons present, so much
the better. Olefines should be reported only after tests have proved their
presence. The ordinary test, namely, amount of sample absorbed in
fuming sulphuric acid or in bromine solution, is not sufficient evidence
of itself because the higher paraffins are somewhat soluble in these reagents.
The same may be said regarding carbon monoxide with cuprous chloride
as reagent.

TYPES OF APPARATUS

Gas analysis requires highly specialized apparatus depending primarily
on the character of the constituent, the amount of which it is desired to
determine, and it also requires a technique of operation that is almost
perfect. Perhaps the earliest type of apparatus that was adapted to the
analysis of natural gases was the Hempel absorption pipette. A modified
form incorporating two suitably placed electrodes was used to burn the
gases so that the products of combustion could be studied. The Hempel
type of apparatus was quite satisfactory and even to-day hasmany adher-
ents. However, it was bulky and somewhat fragile and a large number
of “improvements”’ have made their appearance. There are the Orsat,
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Morehead, Williams, Haldane, Bone and Wheeler, and others. Most
of these have been still further modified by other users to make them
more satisfactory for the particular type of gas with which they were
being used. There are indications that some features of the Lunge
apparatus for the determination of nitrogen have also been adopted.
Possibly; he apparatus of this type most often used on this continent
for the analysis of natural gas is the one referred to as the Burrell, the
U.S. Bureau of Mines, or the U.S. Steel Corporation apparatus.

Another type of apparatus largely used in the natural gas industry
depends on the absorptive power of a specially selected charcoal for volatile
hydrocarbons. It is known as the Oberfell apparatus or the Charcoal
Absorption apparatus. It is adapted to determining the amount of liquid
that may be recovered from a natural gas.

A third type of apparatus, more highly specialized than either of the
two mentioned above, makes use of the principle of fractional distillation.
An apparatus making use of this principle was developed by Burrell,
Seibert, and Robertson at the U.S. Bureau of Mines.! A modified appara-
tus was described later by Shepherd and Porter? who were also connected
with the U.S. Burecau of Mines. An improved form was described still
more recently by Shepherd.? In the meantime, a simpler type of apparatus
was being developed for the Phillips Petroleum Company at the University
of Michigan by W. J. Podbielniak.# This latter apparatus was considerably
more compact, gave good results in a comparatively short time, and was
designed so that either gaseous or liquid samples could be analysed. It
is probable that the Shepherd and Porter apparatus will give more precise
results, but other disadvantages react against its general use by the
petroleum industry.

The Burrell Apparatus

The Burrell apparatus is designed to determine percentages of methane,
ethane, carbon dioxide, carbon monoxide, hydrogen, olefines, oxygen, and
nitrogen by difference. It consists of a measuring burette, a series of
absorption pipettes, a combustion pipette, and a small electric furnace
and tube, all of which are supported on a suitable framework together
with a number of accessories that greatly simplify the procedure of making
an analysis. The general appearance of one form of the apparatus is
shown in Tigure 5. A very complete description and discussion of the
apparatus is given in the publications of the U.S. Bureau of Mines.?

The Burrell apparatus was developed in the United States during an
investigation of natural gas produced in the vicinity of Pittsburgh, Pa.
The gas from that field was a dry gas composed largely of methane with
a small amount of the higher hydrocarbons. As was pointed out by
A. C. Fieldner of the U.S. Bureau of Mines, the apparatus was found to be
entirely satisfactory for that gas, and the assumptions made were warranted
when they were applied to gases similar in composition to the Pittsburgh

1 Burrell, Seibert, and Robertson* “Analysis of Natural Gas by TFraetional Distillation”; U.S. Bureau of
Mines, Technical Paper 104.

2 Shepherd and Porter: **An Improved Method for the Separation of Gas Mixtures™; Industrial and Engineering
Chemistry, November 1023

3 Shepherd: ‘‘Accurate Determination of Gasoline Content of Natural Gas'; Journal of Research, June 1929,
U.8, Bu.eau of Standards.

¢ Oberiell and Alden: “‘Fractionation at Low Temperature'’; Oil and Gas Journal, Oetober 18, 1028,

Podbielniak, W. J.: “Mcthod of Natural Gasoline Analysis’; Oil and Gas Journal, January 17, 1029,

5 Burrell and Seibert: “Sampling and Examination of Mine Gases and Natural Gas”; U.S. Burcau of Mines
Bulletin No. 42,
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As stated above, it is specially adapted for determining the amount of
liquid that may be condensed from a gas by ordinary cooling methods.
It is obviously difficult to retain and measure very volatile fractions.
The writers made no comparative tests on the natural gases from Turner
Valley, but according to published reports! the agreement between the
amount of isobutane and heavier hydrocarbons as shown by fractionation
methods, and the amount of condensate recovered by Charcoal Absorption
is very good.
The Podbielniak Apparaius

As stated above, this apparatus depends on the principle of fractional
distillation. From a practical viewpoint, this means that when the sample
is a gas it must first be liquefied and the resulting liquid distilled exactly
ag if it were liquid at normal temperatures, instead of at sub-normal
temperatures. When working under such conditions, it is obvious that
suitable precautions must be taken to counteract the effect of handling
a liquid in an atmosphere whose temperature is greatly above the boiling
point of the liquid involved. In this apparatus (shown in Plate VI and
Figure 7) the sample is distilled in a closed system and is liquefied in the
same compartment from which it is afterward distilled. The advantage
of this procedure is that it avoids transferring the liquefied gas from one
vessel to another and, consequently, a possible loss of some of the sample.
The refrigerant used is liquid air, liquid oxygen, or liquid nitrogen. The
last-named is preferable if it can be obtained, partly due to its inert nature
and partly to its lower boiling point.

The apparatus is made almost entirely of Pyrex glass, and consists
primarily of a distillation bulb, a fractionation column, and a receiver,
Additional apparatus to indicate changes of pressure and temperature,
to purify the sample, to vaporize it, to control the effluent temperature
and to reduce the pressure as desired, are necessary accessories.

The fractionation column is a long glass tube, to the lower end of
which is sealed a small distillation bulb, The column and all of the dis-
tillation bulb are thermally insulated by means of an enclosing jacket
of glass which is evacuated to a high degree and silvered on the inside to
increase its efficiency. The silver deposit is so thin in the middle portion
as to be almost transparent, but is much thicker at the ends, particularly
at the top, where the jacket is increased in size and fashioned into a double-
walled receptacle of the Dewar jar type. This receptacle, during an
analysis, is filled with a liquid of low freezing point, such as pentane,
and a copper vessel is submerged in the liquid, which vessel containg
the liquid air used for controlling the temperature of the effluent gas.
This liquid air container almost encircles the outlet from the fractionation
column which extends up through the bottom of the Dewar jar receptacle
and projects two or three inches above the rim.

The fractionation column containg an inner spirally-wound packing
of non-corrosive alloy, such as copel wire. The coil is made by winding
a length of wire of about 22 gauge around a small rod of drill steel. The
rod varies slightly in diameter because the finished wire coil should fit
the inside of the glass tube snugly. Usually, it is about size 28 or 30, i.e.
about 2 mm. in diameter. After a sufficient length of wire has been wound,

1“The Use of Gas and Gasoline Analysis in the Practical Operation of a Gagoline Plant*’; The Petroleum

World, January, 1929.
3471783
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The gas outlet tube that projects above the rim of the vacuum jacket
is connected to a stopcock manifold by means of a small flexible brass
tube, so that strains due to expansion and contraction, or to an accidental
blow, shall not result in breakage of the glass parts.

A thermocouple is sealed into the gas outlet tube to indicate the
temperature of the gas coming over. This thermocouple isa triple junction .
copper-constantan unit used in conjunction with a sensitive millivoltmeter.
The millivoltmeter is subdivided into tenths of a millivolt and indicates
almost 10 degrees Centigrade per millivolt, so that temperature variation:
of one degree Centigrade may he easily observed.

The stopcock manifold is built up of a sufficient number of stopcocks
to permit satisfactory and convenient control of all connecting umits.
Attached to it are two mercury manometers, one to indicate the pressure
in the column, and the other to indicate the pressure in the receiver.
Connexions are also provided for a vacuum pump and for the receiver,
of course.

The receiver may be any heavy walled glass vessel that can be tightly
closed, and whose exact volume can be determined. An ordinary one-,
two-, or three-gallon glass bottle serves very well. The receiver is sub-
merged in a large water bath so that temperature changes of the gas may
be equalized as promptly as possible.

Below the distillation bulb and connecting directly with it is a pre-
cooling tube. This is a narrow U-shaped tube which during the first
part of the analysis is surrounded by a Dewar jar containing some liquid
air. At the upper part of the pre-cooling tube, close to the distilling
bulb, is a short heating unit composed of a large number of turns of No. 32
nichrome wire wound about the outside of the tube. The wire is insulated
with asbestos. When heat is required to vaporize the heavier portions
of the sample, the tube is filled with mercury up to the bottom of the
distillation bulb and an electric current is passed through the unit. The
mercury serves as a conductor of the heat from the unit to the liquid in
the distilling bulb. The amount of heat supplied is controlled by a small
transformer tapped in several places so that the voltage supplied can be
regulated.

Operalion of the Apparatus:

The apparatus, manifold, and receivers, are first evacuated to a
pressure of a few millimetres; a jar of liquid air is placed around the pre-
cooling tube; the reflux bath at the top of the fractionating tube is dried
and filled with pentane or petrolic ether; and the liquid air container is
put in place and filled with liquid air from the vacuum bottle. When
the temperature has dropped to a constant value, as indicated by the
thermocouple, the gas to be analysed is slowly passed through the
solution of potassium hydroxide, and the drying tube, and admitted
to the pre-cooling tube, the distilling bulb, and the fractionating column.
At the top of the column the hydrocarbons are liquefied and run down
to the bottom of the column. Gases non-condensible at the temperature
of liguid air such as nitrogen and helium are permitted to pass on to the
receiver after the whole apparatus has attained a satisfactorily low tem-
perature. In practice, it is found expedient to allow the greater part
of the methane to go over also in this way. When the sample has been
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admitted the stopcock leading to the gas-holder is closed and the connecting
tubes filled with mercury to prevent leakage. The vacuum jar about the
pre-cooling tube is removed and the remainder of the distillation regulated
by controlling the temperature of the reflux bath at the top of the column
with liquid air, and the amount of heat supplied to the base of the column.
The entire distillation is carried on at atmospheric pressure as indicated
on one of the manometers, until the temperature of the effluent vapour
approaches that of the atmosphere. Then the. vapour pressure on the
column is reduced sufficiently to keep the boiling point well below room
temperature so that condensation may not take place in the manifold
tubes or receivers.

The amount of distillate is measured by the vapour pressure in the
receiver. The receiver is re-evacuated as often as may be necessary, the
distillation being checked meanwhile by adding a small excess of liquid
air to the cooling-chamber at the top of the fractionation column.

APPARATUS TO TRANSFER SAMPLE

When samples containing a large amount of the higher, less-volatile
hydrocarbons are being analysed in the Podbielniak apparatus, the transfer
of the sample offers no difficulty because it is not usually necessary to use
more than one container full of gas. In such cases, a pair of aspirator
bottles connected with a rubber tube and with a three-way stopcock
fitted to the mouth of one of the bottles, are quite satisfactory. However,
when the samples being analysed contain large proportions of methane,
aspirator bottles sufficiently large to hold the sample are too cumbersome
and heavy to be handled easily, and to use two or more pair of aspirator
bottles for the same sample involves a great deal of trouble in changing
over from one to another during a test. The writers, therefore, devised
an apparatus that worked very satisfactorily and was of considerable
help in maintaining an even flow of gas through the fractionation column.
A diagram of it is shown in TFigure 8. :

It consists of a large metal container, supported on a frame, a five-
gallon glass bottle, with suitable connexions made of glass, copper, or
rubber tubing, and four taps, which may be made of glass or metal. The
metal container used by the writers was a large galvanized bucket such as
is ordinarily sold for a garbage can. It was about 18 inches high and 15
inches in diameter. Three outlets were cut in it, one in the side near
the top for an overflow, and two in the bottom. The copper tube fitted
to one of these bottom outlets extended up inside the container almost
to the level of the overflow. The copper tube fitted to the other outlet
extended a very short distance inside the container. The glass bottle
was fitted with a two-hole rubber stopper, through which projected two
tubes. One tube extended only to the lower surface of the stopper, and
was connected to the long copper tube mentioned above. The other
tube extended almost to the bottom of the glass bottle and was connected
to the short copper tube referred to above. A connexion was made to
each of the two connecting tubes. One led to the Podbielniak apparatus,
and the other led to the drain. The four taps were inserted in the con-
necting tubes as shown in Figure 8 at A, B, C, and D.
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bottle of gas transferred to the gas-holder in the same manner. The
number of sample bottles which may be used is limited only by the capacity
of the gas-holder. It will be noted that in the interval between the trans-
ference of successive samples all the connecting tubes are full of water and
no opportunity for contamination of the sample is offered. Obviously,
any suitable liquid may be used instead of water.

When it is desired to fractionate the sample of gas in the gas-holder,
taps A and B are teft closed, tap D is opened and water allowed to flow
from the pressure tank to the bottom of the gas-holder and so put the gas
sample under pressure. Then, the fractionation apparatus having been
previously prepared, the valve controlling the water service is opened
slightly so that a small stream of water flows into the pressure tank in
order to maintain it at a constant level, and the tap C is opened permitting
the sample of gas to flow to the fractionation apparatus.

With this apparatus several small samples of gas can be transferred
to the gas-holder with no danger of contamination by air; the volume of
gas in the gas-holder is obvious at all times, and a fairly constant pressure
can be maintained on the gas during the course of a distillation without
any attention from the operator after he has properly set the valves at
the beginning of the test. It is probable that a similar apparatus could
be adapted to many other uses. If it is desired for any reason to recover
the gas remaining in the gas-holder it may be collected in a sample bottle
without danger of contamination by reversing the procedure.

ACCURACY OF METHOD OF ANALYSIS

The accuracy of an analysis made with the Podbielniak apparatus
is, as has been indicated before, dependent on the size.of the sample tested.
To give sharply indicated separations of one compound from another,
it is necessary to have present in the sample more than sufficient liquid
of each component to give a reasonable quantity of it for refluxing and to
produce in addition enough vapour to completely fill the fractionation
tube and the connexions to the receiver without introducing into the
final calculation an appreciable error. Obviously, this condition can be
met by increasing the size of sample admitted.

The values shown in the tables are based in all cases on percentage by
volume. That shown for methane includes the percentage of all other
gases present, whose boiling point is near or below that of methane. The
values shown for pentanes include all hydrocarbons whose boiling points
are higher than that of pentane. Carbon dioxide and hydrogen sulphide
were removed from the sample before it was analysed and the results were
not corrected to compensate for this initial purification. The combined
amount, of these two constituents in no case should be more than 2 per
cent.

Table I shows a series of determinations made on natural gas from
the gas mains in the city of Calgary. These analyses were made over a
period of about three weeks. Since, unfortunately, a gas-holder sufficiently
large was not available to permit taking one large sample and dividing
it into several parts for consecutive analysis, each analysis was made from
a different sample. It will be noticed that the agreement is very good
indeed, especially when it is realized that minor fluctuations in composition
are quite possible.
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TABLE I
Analysis of Purified Natural Gas

Date
Sample No. taken Metilane Ethane | Propane | Butanes Pen_ii:fmes,
883 6.7 2:8 11 11
905 4.5 3-1 11 0-8
89-3 4.9 3-3 14 1-0
89-4 53 3-3 14 0-6
88-2 6.4 3-3 1-3 0-8
88-8 5:4 3-2 1.4 1.2
89-1 5.3 3-3 1.5 0-7
AVErage...ovevrienenaifeenis PR 89-1 55 32 1-3 09

Nore,— All the above samples were taken by ordinary water displacement.

Later, a~sample of very rich gas was obtained that required only a
small amount for each determination, and this was analysed in triplicate.
The results are;shown in Table II. .

TABLE II
Analysis of Stabilizer Gas

—_— Methane | Ethane | Propane | Butanes | Pentanes

L e 256 13-7 29-1 23-3 8-3
N 25-1 13-6 29-5 23-5 8-3
. PP 25:2 13-4 29.6 23-1 87

84

B Y T 25+3 13-6 29.4 23-3

From these results it would appear that the experimental error of
the apparatus is considerably less than one per cent when the analysis
is made under conditions similar to those outlined above.

SEPARATORS FOR CRUDE NAPHTHA

The separators used in the Twrmer Valley field for obtaining crude
naphtha from the natural gas are usually cylindrical in shape and set
vertically. The gas enters part way up the side and is deflected down-
wards. In rising it passes a series of baffle plates that strip it, more or
less completely, of its load of naphtha. The naphtha drops to the bottom
of the separator and is periodically removed to storage tanks. The stripped
gas passes on to the purifying plant, or it is piped away to a safe distance
and burned. An illustration of the external appearance of the separator
is shown in Plate VII, and a diagram! of the internal arrangement is
shown in Plate VIII. It is to be noticed that the outside of the separator
and connecting pipe-lines is covered with white frost even during the
summer. There is considerable evidence to show that the low temper-
ature of the gas is of major importance in the recovery of naphtha with

1 Courtesy of C. C. Ross, Supervising Mining Engineor, Department of the Interior.
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this equipment. For instance, the operators report that total yield of
naphtha from the separators is greater during cold weather, and that
the vapour tension of the produet is higher also at such times. This
indicates that a greater proportion of the lower boiling constituents
than usual has been condensed and it is these constituents, of course,
that have inereased the vapour tension.

METHODS OF SAMPLING

The need for exercising the greatest possible care in taking a sample
is self-evident. At the same time, the method of taking a sample is greatly
influenced by the ultimate use to which the result of the analysis is to be
put, the normal fluctuations of the material, and the degree of homogeneity
in different parts of the mass,

All samples of gas may be subdivided into two eclasses, namely, so-
called “snap” samples and “average” samples. A snap sample is one
which is taken from a tank or a pipe-line more or less instantaneously.
The actual proeedure and equipment may be very simple oxy may be quite
elaborate. The usual method is to fill the gas-holder in a suitable receptacle
filled with the same liquid and allow the gas to displaee the liquid down-
ward. A glass bottle, a pail of water, and a rubber tube is fthe equipment
generally used in taking samples of natural gas. Sometimes, Wwhen sampling
gagses under high pressure a steel cylinder is used. In such cases it is
usually thought sufficient to fill the eylinder with the gas to full pressure,
allow the greater part to escape, and fill it again to full pressure. This
is repeated several times until the residual air is not sufficient to cause appre-
ciable error. An average sample is one that is taken continuously over
a certain period of time, usually 24 hours, Ovrdinarily, the gas is allowed
to flow through a small opening into a relatively large gas-holder, or,
if the pressure is not too great, the rate of flow may be regulated by con-
trolling the amount of liquid withdrawn from the gas-holder. An average
sample may also be obtained by taking a snap sample at regular intervals
over the required time and combining all of them to form one sample.

The snap sample has several advantages over the average sample
in that the apparatus required is simple and easily proecured, is rapid,
and where the gas does not vary appreciably, is quite aceurate. It has a
further advantage, where the gas does vary, in that a systematic series
of samples will show the extent of fluctuation. The average sample is
most valuable when it is desired to obtain some data on production from
a gingle analysis,

Sampling Natural Gas in Turner Valley

The problem of sampling was discussed with various authorities
before attempting the collection of samples from the Turner Valley field,
The conclusion reached was that a sample taken from fhe pipe-line by
downward displacement of water should be reasonably aceurate, provided
that before taking the sample the valve from which the sample was taken
had been opened and ample time allowed for any aceumulation of liquid
to be blown away. This procedure was accordingly adopted and gave
good results. It is agreed that greater accuracy would be secured by
using a salt solution instead of water, due to the gases being less soluble
in the salt solution, but this precaution seemed to be unecalled for in a
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preliminary investigation., During the investigation it seemed desirable
to check the method of sampting that had been adopted against other
methods, because an oily film was observed in some cases on the surface
of the water used for displacement, and it seemed obvious that if a repre-
sentative sample was to be obtained, no oil should appear on the water.
Accordingly, samples were taken in a specially designed steel cylinder!
anfil also by water displacement after passing the gas through a copper
coil.
Sampling with a Steel Cylinder

This eylinder was so designed that the gas was led to the bottom
of the eylinder by the inlet pipe., An outlet was provided near the top.
In taking a sample with this apparatus the inlet and the outlet valves
were both opened wide and the gas allowed to blow through freely. The
outlet valve was then gradually closed a little at a time in order to build
up a back pressure on the incoming gas, the idea being that in this way
a very small pressure differential could be built up that would avoid cooling
the gas due to the sudden change in pressure, and the consequent con-
densation of the higher boiling constituents. However, it was soon found
that even when extreme care had been taken in securing the sample, the
film of oil appeared when the sample was transferred to the gas-holder
of the distillation apparatus.

Two samples of gas were obtained from the pipe-line at Home No. 1,
before the gas entered the separator., One sample was taken by the
ordinary water-displacement method described in a preceding paragraph,
and one was taken in the steel cylinder and by the method deseribed
above, The results of the analyses are shown in Table III.

TABLE 111
Sampling in a Steel Gylinder under Pressure vs. Water Displacement

—_— Mefill_lane Ethane { Propane | Butanes Pen_tl_anes

Cylinder..ieeeeeiaeernreainnsrenniossnnees 883 3.7 3.7 2-3 1.9
OVer Watel....ovvveverorneissisuorisnrees 88-4 43 2.4 3-1 1-8

It will be noticed that the agreement is very good indeed. Unfortu-
nately, one sample of another pair of samples that were taken to check
the above result was broken, so that further exact comparisons eannot
be made at the present time. However, sufficient data was obtained to
lead the writers to the conclusion that sampling the gases with the steel
eylinder was no more satisfactory than sampling in a glass bottle by water
displacement.

Sampling with a Copper Coil

On the assumption that the oily condensate was due to adiabatic
expansion, and originated at the point of sampling, a special apparatus
was designed and tried out. This special apparatus consisted of a coil
of copper tubing about 40 feet long. It was made up of four pieces,

1 Loaned by courtesy of Supervisory Mining Engineer, Department of the Interior, Calgary, Alberta.
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each succeeding piece having a bore slightly larger than the one before.
A length of wire was pushed into the bore of the first piece of tubing in
order to make the opening as small as possible. The whole coil was fastened
in a pail and in taking a sample this pail was filled with hot water. It
was hoped that by thus providing external heat and by letting the pressure
down gradually the troublesome incipient condensation would be pre-
vented. The efficiency of the apparatus will be apparent when it is noted
that with over 800 pounds pressure per square inch on the inlet and with
the valve wide open, the gas emerged quite slowly—so slowly, in fact,
that it could be held back with the finger for a few moments, much as
one could do with city gas—and that it was quite warm. Although no
oily film was observed on the water when this apparatus was used, at times
a slight fog was noticed issuing from the tube.

Two samples of gas were obtained from the pipe-line at Royalite
No. 17, before the gas entered the separator. One sample was taken
by the ordinary water-displacement method deseribed in a preceding
paragraph and one was taken by inserting the heated copper coil deseribed
above between the pipe-line and the sample bottles. The sample bottles
were filled with water as in the ordinary water-displacement method.
The results of the analyses are shown in Table IV.

TABLE IV
Sampling. by Water Displacement, With and Without Heated Copper Coil

—_— . Methane+ [ Ethane Propane | Butanes}

With ecopper ¢oil....oooiviiiiiiiiiiiniininnnn 89-9 5-0 3-2 1-9
Without copper coil......vivieiiiiinniiiiae, 90-0 4-6 2.7 2.7

It will be observed that in this ease also the agreement between the
two samples was good. In addition, several other samples taken through
the copper coil yielded very similar results, whereas if the gas sample
were representative of all the material eoming from the wells tested the
amount of higher hydroearbons found should be several times greater
than was actually obtained, since in all cases large amounts of erude naphtha
were recovered in the separators.

The Effect of Water on the Sample

In order to indicate the effect of different methods of sampling, all
of the samples analysed were transferred to the distillation column by
means of the gas transfer apparatus described in a preceding paragraph.
It was then desired to ascertain whether or not the. water used in the
process introduced a greater error than the experimental errors incidental
to the analysis of the quantity of gas that was being used as a sample.
Accordingly, a large eylinder was evacuated, filled with gas and flushed
out twice, and filled a third time. From this cylinder was drawn off 5
one-gallon bottles of the gas by water displacement. The contents of
these bottles were then transfeired to the gas transfer apparatus in the
regular way and allowed to stand several days.  The gas was then analysed.
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Another sample was drawn off from the cylinder, through a reducing valve
and led directly to the distillation apparatus without coming in contact
with any water other than the potassium hydroxide solution used for
removing impurities that would interfere with the distillation. The
results of the two analyses are shown in Table V.

TABLE V

Results of Analysis when the Gas has been in Contact with Water, and
when it has not

_— Methane- [ Ethane ‘| Propane Butanes | Pentanes-~

Over Water..coveeevennnneeraenans 91-7 28 32 1-5 0-8
Not Over Water. ....vvevererienes 92-3 2.4 3:0 1-5 0-8

It is to be observed from these results that ervors due to the use of
water as a collecting and transferring medium when analysing natural
gases with the characteristics shown, and using samples with a volume of
four or five Imperial gallons at atmospheric temperature and pressure,
are not greater than ordinary personal and manipulative errors. It is
to be understood that the above statement does not mean that no errors
oceur: it simply points out that the errors are not appreciable under the
working conditions adopted for this investigation.

COMPARISON OF “WET” AND “DRY” GASES

It was observed during the investigation that the results obtained were
practically identical, whether the sample was taken from the pipe-line before
it reached the separators or afterwards. The average of four samples of
“wet” gas taken before the gas passed through the separators is shown in
Table VI, and the average of four samples of “dry” gas taken after the
gas had passed through separators is shown in Table VIL

TABLE VI
Analyses of Four Samples of “Wet” Gas before Separators

Sample No........ o eeiereeean, 10 15 22 23

Date taken....ooveiiiiineniinene. 6/9/29 14/9/29 27/9/29 27/9/29

Nameof well..e.ovviiiiininann Royalite Royalite Royalite Royalite Average
Well No...... i eaeiiereaae 17 Composite* 17 4
Methanot.......oooiivnieinenn 90-0 88-4 89:9 02-2 90-1
BEthane. ..oveverieirinniienneens 4.6 5.9 50 4.1 4.9
Propane. ..ovvee i eriiiiineniens 2.7 34 32 25 2.9
Butane....oiieiiveeriiienieeninns 0-9** 14 1.7 0:5 1-2
Pentanest-oieeieeinieinieniinonns 1-8%4 0-9 0-2 0-7 0-9

*The composite samples wero t ken from pipe-lines into which gas was flowing from Royalite wells Nos. 7,
% 14, 17, and 18. In sample No. 15 the gas fromn Royalite No. 17 had passed through a separator near the well-
ead.
**Sample was too small for good separation of these constituents.
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TABLE VII
Analyses of Four Samples of “Dry” Gas after Separators

%aut:g)le Ko RPN 17% 29 30/261/29 14/?8 29 /?2 2
ate taken. 16/10/29
Name of we .| Royalite Home Royalite | Royalite Average
Well No.... .| Composite* 1 Composite*| Composite*
Methane--.. 886 910 899 921 90-4
thane. . P 57 4.3 4.5 2:2 4.2
Propane 3-4 3.1 34 3-3 33
Butane. .. 1-6 0-8 1-8 1-4 1:3
Pentanes- 07 08 0-9 10 0-8
TABLE VIII
Analyses of Seven Samples of Purified Natural Gas Taken from Calgary
City Mains
Sample No. g)i:te Methane4-{ Ethane Propane Butanes | Pentanes-
aken
[ verereens Aug. 30 883 6.7 2:8 1.1 1.1
4.0l Cereseaenaes “ 31 90-5 4.5 31 1.1 0-8
b.vuin Cerrresataiaes Se‘pt. 2 89-3 4.9 3-3 1-4 1-0
Beverironianinnen o ‘ 3 89-4 5:3 3-3 1.4 0:6
PO “ 3 88:2 6.4 3-8 1.3 0.8
Beernen. tesieranas “ 13 88-8 5:4 3:2 1.4 1.2
16........ P “ 19 89-1 5.3 3:3 1.6 0.7
AVerage.....|cveeeieniinn 89-1 55 32 1-3 0-9
TABLE IX
Analyses of Purified Gas at Turner Valley
Sample NOo...vteiivivsneriinsnans 7015 7016 7017 7018
. Avoerage
Date taken......... veeneeensreed April 11 April 12 April 14 April 16
89-5 90-3 91.7 91-5 90:56
4.7 4.4 3.3 4.2 4.4
3-4 3.2 2:8 2:2 3.1
9.4 1:0 1:2 1-0 11
1.1 1.0 11 0-9
TABLE X
Analyses of Four Samples of Raw Gas after Separators
e g 17/197/29 30/294/2 14/?8/29 16/% 29
ate taken................. I 9
Name of well, .. verres.| Royalite Home Royalite Royalite Averago
Well NO..ovvvvivvvinvniiencnnnas Composite* 1 Composite*| Composite*
Methane4........... . 886 91.0 899 92:1 90-4
Ethane. ... 5.7 4.3 4.5 2:2 4.2
Propane.... 34 3.1 3.4 3-3 3-3
Butane..... 1:8 0-8 1-8 1-4 1.3
Pentanes-. ceivieeas 0.7 08 0-9 1.0 0-8

*The composite samples shown above were taken after a separator into which gas from Royalite wells Nos. 7,
2f114’ lzi ind dlB was flowing. The gas from Royalite No. 17 had already passed through a previous separator near
e well-head.
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TABLE XI

Analyses of Four Samples of “Wet” Gas Taken at Royalite Plant

%ample l1(\1'0 ....................... 6/9/29 14/195/ 2 o7 /%2/29 o7 % 2

ate taken......................

Nameofwell.................... Royalite Royalite Royalite | Royalite Average
Well No.....cooovvenrennnnenne. 17 Composite*| 17
Methane+........ovvvvninenenn, 90-0 88-4 89-9 92-2 90-1
Ethane........ccocevvviiivienens 4-6 59 5-0 4-1 4.9
Propane.......ccoeevinieiiiannens 2-7 3-4 3-2 2.5 2-9
Butane......ccocveiiiiniiiaoiennn 0-9** 1-4 1.7 0-5 1.2
Pentanes+.....c.covuinininiaenns 1-8%% 0-9 0-2 0-7 0-9

*The it les sh above were taken alter a separator into which from Royalite wells Nos. 7, 9,
:14; 17, ﬁnd 18 was flowing. The gas from Royalite No. 17 had already passed through a previous separator near
e well-head.
**Sample was too small for good separation of these constituents.

TABLE XII
Analyses of Five Samples of “Wet” Gas Taken at Home Wells

Sample NO...ovvvrvninenenens 11 12 18 25 26
Datetaken.............convveees 7/9/29 7/9/29 20/9/29 | 30/9/29 | 30/9/29
Name of well..... beeesreeraaanes Home ome Home Home Home | Average
Well No..ovevvevernriarenneanaen 1 2and 3 3 1 1
Methane+........oevevenenenene. 88-4 84-4 86-1 88.3 80-8 858
Ethane......c.c.oovviinvnnnnene. 4-3 5.7 6-3 3-7 4-7 4.9
Propane......ococeeienrieiinenns 2-4 3-2 3-6 37 4-4 3-5
Butane.......cocviiiiiineninnes 31 2-3 2-1 2-3 36 2.7
Pentanes+.......covvvnvnrennnnn 1-8 4-4 1-9 1-9 6-5 3-3
TABLE XIII
Analysis, in Triplicate, of a Sample of Gas Taken from the Stabilizers

Bample NO...ovviieiiiininierenrerenenns 33 33 33 Average
Datetaken.......cooveveiinririerenenrnnenns. 16/10/29 —_— —_— —_
Methaned....ccoooviviviniirennnieneensiaenes 25-6 25-1 25-2 25-3

13 171 1T 13-7 13-6 13-4 13-6
Propane........civvniiiiiiiiiii i 29-1 29-5 29-6 29-4
Butanes......cociviiiiiiiiiiiiieiir it 23-3 23-5 231 23-3
Pentanest.....coeieiiiiiiiiiniiiniiiiniienas 8:3 8-3 8.7 84
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TABLE XIV
Analyses of Naphthas

Sample NO. ... ..o e it i e e 6609 6589
DeSCription. ..uuu i e Crude Com-
naphtha mercial
from naphtha
separator from
refinery
B0 R Y L T A Oct. 16, 1929|Sept. 13,1929
% by Vol. | % by Vol.
D o ) V- R 2:0 2-3
D2 T 8-8 10-1
Do) T 17-3 21-3
Hexanes 4 (by diff.) ...ttt et ettt arananes 71-9 66-3

A THEORY CONCERNING TURNER VALLEY GAS

The similarity of results obtained by different methods of sampling,
and the similarity of results obtained from samples of so-called “wet”’
and “dry” gas, taken with the well-known facts regarding the field, seemed
to the writers to offer a very definite indication regarding the mechanism
of production of crude naphtha from this area. The facts that seemed
especially significant may be itemized as follows:—

1. The wells produce large quantities of natural gas under great

& o

11.

pressure. The rush of gas is strong enough to carry fragments
of limestone from the well into the separators. The fragments
may be heard rattling through the sides of the casing, and they
are found in the base of the separator when it is opened for
cleaning.

Samples of gas taken by different methods devised to secure a
representative portion of the total product of the well yield
similar results.

The wells yield a great deal of naphtha. The analyses of the
gases at the well-head do not show a sufficiently large proportion
of higher hydrocarbons to account for the naphtha produced.
The naphtha is obtained from separators.

The interior of the separator contains a series of baffle plates.

. The exterior of the separator is covered with white frost even

on a hot summer’s day.

. Samples of gas taken before it has entered the separator and after

it leaves the separator give similar results when analysed.

. The pipe-lines leading from the well-head are also covered with

white frost.

. Some wells “freeze off”’.
. The gas is known to be very cold. It has to be preheated before

going to the liquid purification plant in order to avoid danger
of freezing the solutions for purification. Temperatures below
zero have been reported.

The producing horizon is about one mile below the surface.



127

It would appear, therefore, that the gas is very cold when it reaches
the surface and that it is much colder than the strata from which it comes.
It seems logical to suppose that more or less condensation of the higher
hydrocarbons would occur at the point of lowest temperature through
which the gas passes. Further, that the condensate so formed is carried
forward in the liquid phase by the velocity of the residual gas, except for
such minor changes in composition as occur on account of heat transfer
from the earth and atmosphere.

The writers are suggesting, therefore, that the point of greatest refri-
geration is at or near the bottom of the well, or near the place at which
the gas issues from the limestone, and that the crude naphtha is carried
to the surface mechanically by the velocity of the natural gas. Such a
theory accounts for all the facts mentioned above that seem difficult to
explain. It explains why as simple an apparatus as the separator is able
to recover the naphtha. It explains the low temperature of the gas and
the consequent coating of white frost on the pipe-lines and separators.

Since only the material in the vapour phase was collected in taking
the various samples, the theory explains why similar results were obtained
on samples of “wet” and “dry” gas, and why a sufficient proportion of
higher hydrocarbons to account for the production of crude naphtha
was not found.

UTILIZATION OF WASTE GAS

It would appear from the analyses given that nature has been more
than generous in regard to this particular field, in that the gas is not only
obtained there but it is found at such high pressures that the expansion
of it lowers the temperature to such a point that the greater part of the
condensible material may be recovered in liquid form. However, it may
be pointed out that the analysis of the stabilizer gasshows a high percentage
of propane and butane. And, since this gas is similar to the material
lost on ‘““weathering’’ the crude naphtha to meet the specifications of the
refineries and the transportation companies, fairly large quantities of it
are available.

Within the past few years there has been developed in the United
States a liquefied petroleum industry, and one of the problems of this
industry was the profitable marketing of propane and butane. Success
has been obtained by building up a demand for these products for domestic
use. Propane and butane may be compressed and sold in steel cylinders
to isolated communities and individuals, so that they may enjoy all the
advantages of cooking and heating with gas, although located at such a
distance from urban centres that service by pipe-line is not feasible. Fur-
ther, the liquefied gas may be sold to existing gas companies for enriching
coal or water gas. This has developed to such an extent that gas manu-
facturing companies in many places are becoming concerned lest this new
competitor may prove so powerful that they shall lose much profitable
business.

The writers advocate, therefore, the use of stabilizing equipment
wherever possible in place of “weathering” in open tanks, and the use of
insulating material on exposed pipe-lines and separators, so that as much
propane and butane as possible shall be obtained. The use of stabilizing
equipment not only makes the recovery of these gases possible, but also

347179
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permits the more accurate control of the processing, so that the proportion
of propane left in the finished naphtha may be lessened. By decreasing the
propane content of the naphtha and increasing the butane content larger net
yields of naphtha may be secured whose vapour tension will come within the
limits set by refineries and transportation companies. This is due to the
fact that the vapour pressure of propane is approximately four times
that of normal butane, so that a small amount of propane present in the
naphtha will have a definite effect on the vapour pressure of the whole
liquid. The use of insulating material on the pipe-lines from the well-
head to the separator, and on the separator itself, will serve to minimize
the effect of changes in atmospheric temperature and will result in the
collection of larger amounts of propane and butane, as well as higher
boiling compounds, from the gas. These may then be recovered from the
stabilizers. Without stabilizing equipment very little additional yield of
gjmrketa.ble naphtha could be expected from the use of insulating material
one,
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