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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, 1930 AND 1931

GENERAL REVIEW OF INVESTIGATIONS

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

During 1930 and 1931 both laboratory and field investigations were
conducted as in former years. The field work comprised an investigation
relating to the natural gas and naphtha in the Turner Valley, Alberta; the
further sampling of oil-shale outerops and the inspection of oil-shale develop-
ments in Nova Scotia and Quebec; and the observing of plant-scale coking
tests on Canadian coals at Winnipeg and Montreal. Samples of natural
gas, naphtha, oil shale, ete., taken in the field, were submitted to a detailed
examination in the laboratory in Ottawa. The principal plant-scale
investigations carried out in the Fuel Research Laboratories were tests in
the experimental pulverized fuel fired boiler installation and in the two-ton
by-product coke oven. Detailed results of these tests, which were confined
to coals from British Columbia, Alberta, and Nova Scotia, and which
extended over the period of two years covered by this report, have already
been supplied to the parties especially interested, and will be published at
a later date in separate bulletin form. The scope of the more important of
these investigations and the results obtained are, however, reviewed here,
in addition to a review of the different reports and papers which are pre-
sented as Investigations of Fuels and Fuel Testing for 1930 and 1931.

Acknowledgments. The carlot shipments of coals from Western
Canada, on which the coking tests reviewed below were made, were sup-
plied gratis by the coal mining companies producing the respective coals,
and were transported free of charge by special arrangements with the
two Canadian railway companies. To the colliery officials concerned, to
Mr. J. M. Horn, Assistant Freight Agent, and H. A. Plow, General Freight
Agent of the Canadian National and Canadian Pacific Railways at Win-
nipeg, respectively, grateful acknowledgment is herewith tendered on
behalf of the Department of Mines, and also to Professor E. Stansfield,
A. Millar, and the provincial Government mining inspectors, who co-oper-
ated in the selection and shipping of the Alberta coals. In respect to the
testing of Onakawana lignite, special reference and appreciation is to be
made to the co-operative arrangement between the Ontario Department
of Mines for supplying thelignite. Thanks are also due to the officials of
the Dominion Steel and Coal Corporation who supplied the carlot of
Princess coal for the tests at Ottawa, and who specially prepared the coal
for and witnessed the tests at Montreal, and to Mr. Donald Munro and
Mr. J. D. Price, Manager and Superintendent, respectively, of the Mon-
treal Coke and Manufacturing Company, who not only made possible the
large-scale coking tests at their LaSalle plant, but co-operated to the fullest
extent to make the combined coking and storage tests on Nova Scotia coal
a complete success.
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Coking, Washing, and Storage Tests on Canadian Coals. During 1930
and 1931, series of coking, washing, and storage tests on Canadian coals
were carried out in the Fuel Research Laboratories at Ottawa, and at
commercial plants, the objective of which was to show how the use of
Canadian bituminous coals could be increased for the manufacture of city
gas and by-product oven coke. The coke oven installation at the Fuel
Research Laboratories employed for these tests was a horizontal by-product
oven with vertical flues, equipped with a gas producer burning coke as
fuel, charging hoppers mounted on tracks, an electrically driven coke
dlschalgmg ram, and a Shalleross automatic signal pressure regulator.
A suitable gas scrubbing train consisting of a steam driven exhauster, a
tar extractor of the P & A type, a bubble washer, a naphtha serubber, gas
meters and Thomas recording calorimeter, completed the installation in
the order as connected to the oven. The oven has a capacity of 4,500
pounds or slightly over two tons, and although small in comparison with
most industrial by-product ovens, is in reality a unit of a battery of hori-
zontal by-product ovens in commercial use, and was found to be capable
of yielding coke, gas, and other produets comparable in yield and quality
to those from regular commercial ovens. The tests reviewed here were in
the immediate charge of R. A. Strong, who was assisted by Messrs. BE. J.
Burrough, G. P. Connell, and E. Swartzman, and a staff of observers and
operators.

Tests on British Columbia Coals at Ottawa during October and November,
1930. These tests were on a series of coals supplied by coal mining com-
panies at the instigation of the British Columbia Department of Mines.
Despite the fact that they were selected primarily for tests in the experi-
mental pulverized fuel fired boiler installation, they were also submitted
to tests in the two-ton by-product oven. The individual coals were first
coked alone and then in admixture or blended with one another, the main
objective being to determine their suitability for the production of metal-
lurgical coke. Certain of the lower ash coals as mined in the eastern part
of the provinece were specially examined as to their suitability for the
production of city gas, as well as coke for the domestic fuel market in
Winnipeg. The coals tested, listed according to area or district, were:

Crowsnest Pass area—Michel and Coal Creek coals.
Nicola area—Coalmont and Middlesboro coals.
Vancouver Island—Cassidy, Reserve, and Comox coals.
Inland (north)—Telkwa coal.

It was found that by blending Crowsnest Pass coals with Island
coals, blast furnace cokes grading from suitable to good could be produced,
and fair to good coke was produced in the Telkwa-Coal Creek mixture.
Blends of Coal Creek coal from Fernie with Coalmont and Middlesboro
coals from the Nicola area failed to produce a coke that could be graded
better than poor to fair, while what may be termed a “suitable” coke
resulted from a mixture of Middleshoro, Comox, and Coal Creek coals in
equal proportions. Of the four coals coked alone, Comox coal _produced a
fair to good metallurgical coke, .Coal Creel coal, g60d, and ‘Michel an
excellent grade of coke. Cassidy coal, although it failed to produce a
satlsfacﬁmy coke when coked alone, d1d when blended with Michel coal,
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produce a coke that may be graded good for general metallurgical purposes.
Michel coal proved to be the most suitable of all the British Columbia
coals tested for blending purposes and also when coked alone for the pro-
duetion of blagt furnace, foundry, or ‘domestic coke. >

R

Special Tests on Michel and Allison Coals. Experimental coking tests
on these two coals were carried out in the coke oven at the Fuel Research
Laboratories, and were followed by practical plant tests in the by-product
coke ovens of the Winnipeg Electric Company, in December, 1930. The
objective of these tests was to determine on a full-size plant scale the
comparative merits of Michel and Allison coals for the production of city
gas and domestic coke. The ovens employed at Winnipeg were typical
Koppers horizontal by-produet recovery coke ovens, each of seven-ton
capacity, and were operated with a view to meeting the local gas demand;
coke quality, although important, was of secondary significance. In the
experimental runs on the two-ton oven at Ottawa, over 20 tons of each coal
were coked, and in the tests at Winnipeg, the results from 1,000 tons
of the Michel coal were compared with those from the regular Allison slack
coal. The Michel coal was from B seam of the Michel mine of the Crow’s
Nest Pass Coal Company, British Columbia, and the Allison was Pittsburgh
gseam coal from the Allison mine, Fayette county, Pennsylvania. The
analysis of the Michel coal on the dry basis was: 65 per cent ash, 26-9
per cent volatile matter, 0-7 per cent sulphur, and F.P.A. of 2,235° F. in
comparison with 8-2 per cent ash, 33-8 per cent volatile matter, 1-3 per
cent sulphur, and F.P.A. over 2,700° F. for the Allison coal. The coking
period in the 14-inch ovens at Winnipeg varied from 20 to over 22 hours in
comparison, or rather in contrast, with the 12-hour coking period in the
12-inch oven at Ottawa. The following is a summary of the yields of gas,
coke, and other by-produects.

Allison coal Michel coal

2-ton oven | 7-ton ovens | 2-ton oven | 7-ton oven
at Ottawa | at Winnipeg| at Ottawa | at Winnipeg

Gas, cubic feet, 510 B.T.U. gas per ton of coal

agcharged...oovve v rvnerierenenrrnennns 12,565 11,940 12,535 11,776
H:S in gas per 100 cubic feet (grs.)............ 382 433 140 158
Tar, Imperial gals, perton.......covevvuvnvn... 10-2 10-2 7.8 9.0
Coke, Ib. per ton...veeeersvvrieenneenniernnns. 1,420 1,410 1,500 1,600
Shatter index of wharf coke................... 45 53 57 66
Stove and nut sizes by crushing (Ib.)..........|oeeieeeen... I 1 I 1,315
Breeze (per cent of total coke).....ovvvvvnnn... 2:3 8.4 2:2 6:8

The coke yields shown above are not strictly comparable, in that the
two-ton oven yields were on a dry coke to dry coal basis, whereas the other
results were on a wet coke to coal as-charged basis. The tabulated results do,
however, show that the yield of saleable stove and nut sizes of coke from
Michel coal was appreciably higher than thatfrom the Allison coal. The
gag from the former coal, it will be observed, had only about one third
as much hydrogen sulphide content, thus allowing of a considerably
lower sulphur purifying cost. Also, Michel coal with 27 per cent vola-
tile matter according to laboratory analysis, gave in terms of gas with
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equal B.T.U. per cubic foot, a commercial yield closely approaching that
from Allison, with nearly 34 per cent volatile matter. This is significant
and most remarkable. An explanation of this is that the tar and other
volatile constituents in the two coals are different and are decomposed in
one coal in a different manner than in the other, which shows the necessity
of actual coking tests to determine comparative data on the quantity and
quality of the gas to be expected. As for coke quality, the Michel coke
was large and blocky with a straight fracture, indicating a low breeze yield
when crushed, in comparison with the harder, more dense, triangular shaped
coke from the Allison coal, which tended to produce more breeze on crushing.
The average ash content for the sizes above one inch for the Michel coke
was 8 per cent as compared with 12 per cent for the Allison coke and the
respective fusion point of ash (F.P.A.) temperatures were 2,170° and
2,700° I. Burning tests conducted on sized Michel coke showed it to
be a very satisfactory domestic household fuel. The net result of these
comparative tests may, therefore, be summed up in remarking that, whereas
the good features of Allison coal for coking alone in by-produet ovens
were confirmed, it was demonstrated that Michel coal hadin several respects,
ag just outlined, superior merits.

Coking and Storage Tests on Nova Scotia Coal at Montreal. In July
and August, 1930, commercial scale coking and storage tests were made
on Nova Scotia coal at the LaSalle plant of the Montreal Coke and Manu-
facturing Company. The coal selected was “New Waterford”’ coal as
supplied by the Dominion Steel and Coal Corporation, and the purpose of
the tests was to determine in what proportion Nova Scobia coal could be
used in the manufacture of domestic coke suitable for the Montreal market.
The mixture of imported stock coals used at that time was 415 per cent
high volatile “gas’ coal from Pennsylvania, 47-5 per cent medium vola-
tile bituminous coal from the same state, and 11 per cent semi-bituminous
(Pocahontas type) coal from West Virginia. This, their regular blend,
had been selected after many trial mixtures to produce a domestic coke
having the physical and general burning qualities suitable for the Mon-
treal market. A special requirement was that the fusion point of ash
(I.P.A.) of the coke was to be not lower than 2,500° F., and the problem,
therefore, was to deftermine to what extent either of the imported bitu-
minous coals could be replaced by the Nova Scotia coal so as to produce
a domestic coke as suitable in all respects as that produced from the
regular blend.

The New Waterford (or Dominion coal, as it was termed) as supplied
by the Dominion Coal Corporation, was slack coal freshly mined from their
collieries No. 12 and No. 14. A total of 10,000 tons of this coal was
shipped to the coke plant, of which 6,000 tons were used in the tests
reviewed here, and the remaining 4,000 tons were put in the stock pile
for observations on its storage properties. ‘The average of several analyses
of this coal was 3.9 per cent moisture, 6-8 per cent ash, 35-6 per cent
volatile matter, 57-6 per cent fixed carbon, 2-67 per cent sulphur, and
F.P.A. 2,025° I., all the results except the moisture being on the dry
basis. Tests were made using the Dominion coal alone, that is, 100 per
cent of Nova Scotia coal, and then for comparative purposes on 100 per
cent of the medium volatile coal. These were followed by four coal mixes
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or blends in which portions of this medium volatile coal were digplaced
by the Nova Scotia coal, in which blends the respective contents of the
Dominion coal were 20 per cent, 15 per cent, and 10 per cent. Tests on
these blends were carried out in addition to test runs on their regular
three-coal mix mentioned above. Special care was taken in sampling
and analysing both the coal and coke and attention was also given to the
examination of the physical properties as well ag the chemical properties,
the former mainly in respect to ash fusion temperature.

The blend in which 20 per cent of the Dominion coal was used pro-
duced egg, stove, and nut coke with ash fusion temperatures closely ap-
proaching 2,500° I., the limit specified, but the F.P.A. of the pea size
and breeze fell appreciably below this figure. The ash fusion results of
the coke from the 15 per cent Dominion blend, as well as from the 10
per cent blend, were satisfactorily above 2,500° F. for all coke sizes, 8o
that it was decided that the maximum amount of the New Waterford
coal allowable was 15 per cent. All the domestic coke sizes produced
with the blends using the Nova Scotia coal—including the 20 per cent
blend—contained less than 10 per cent ash as required, and as judged
by the shatter index and breeze produced by crushing and sizing, the
quality of the coke produced in both the 15 per cent and 10 per cent
Dominion blends was not reduced below the standard set. The results of
the storage test on the portion of the 10,000-ton shipment not used in
the coking test were not satisfactory.

Washing, Coking, and Storage Tests on New Waterford and Princess
Coals. The combined coking and storage tests on the freshly mined New
Waterford slack coal may be briefly summed up in remarking that the
results of the coking tests were encouragingly positive, whereas the results
of the storage test were negative. On the theory that the heating of the
Nova Scotia slack coal is largely due to fines contained in it, in which
fines the percentage of natural mineral charcoal or “fusain,” as it is termed,
is high, washing and sizing were considered advisable to accomplish the
double purpose of (1) improving storage properties and (2) reducing the
ash content, in order to permit a larger proportion to be used in blends
with imported coal and still comply with the ash fusion specification.
With this in view, preliminary washing experiments were made at the
TFuel Research Laboratories on a sample of New Waterford coal supplied
by the Dominion Coal Corporationin May, 1931, and synthetic blends were
made with the washed product and one of the high fusion point ash coals
as used at Montreal. “Floats’” with 2.6 per cent ash and a F.P.A. of
2,010° I, prepared from the sample of the new Waterford coal, were
mixed in the laboratory in percentages of 20, 40, 60, and 80, respectively,
with the standard high volatile Pennsylvania bituminous coal with a
F.P.A. of 2,740°F. From a curve drawn after plotting ash fusion tem-
peratures against percentages of coals used in the mixtures, it was evident
that for the blends containing up to 40 per cent of the washed ‘“float”
coal the F.P.A. remained above 2,500° F. This indicated that by using
washed Dominion coal with an ash content of 3 per cent or lower, per-
centages as high as 30 to 35 per cent could he employed at the Montreal
coke plant, and still comply with the ash fusion specification.
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At this stage of the investigation it was decided by the coal company
to wash, size, and prepare for shipment one of their best coals for large-
scale coking and storage tests. The coal selected and specially prepared
was Victoria seam coal from their Princess colliery at Sydney Mines, and
this was later used in quantity at Montreal. As indicated by washing
experiments made at the Fuel Research Laboratories, the coal company
found that this coal could be washed in commercial quantities to slightly
less than 8 per cent ash with a substantial reduction in sulphur content, and
accordingly, a carlot of the washed coal was shipped to Ottawa for coking
tests there, as a preliminary to full-size tests on selected blends at Montreal.

The tests on washed Princess in the two-ton oven at Ottawa were
made in September, 1931, in conjunction with tests on the Alberta coals
reviewed below, and comprised a series of runs on blends of Princess coal
with the standard medium and high volatile Pennsylvania coals and the
standard Pocahontas as employed at that time by the coke company at
Montreal. Twelve different blends were coked, in which the proportion
of Princess coal varied from 30 to 60 per cent, in admixture with 55 to 30
per cent of either the medium or high volatile Pennsylvania coals, and
with variations of 10 to 835 per cent Pocahontas. As a standard, and for
the purpose of comparing the coke in respect to physical properties as
produced in the two-ton oven with that in the commercial ovens, test runs
were made on the blends used regularly at Montreal, which blended mixture
was shipped direct from the coke plant. Charges of 100 per cent of the
Pennsylvania gas coal were also coked and results recorded. Blends that
showed good results were those in which the proportion of Princess varied
between 30 and 85 per cent with 57 to 52 per cent of the medium volatile
Pennsylvania coal and the remainder Pocahontas. Cokes made from
coal blends in these proportions possessed physical properties which com-
pared favourably with the standard ‘“LaSalle’” coke, and as shown by
comparative burning tests in a standard domestic hot-water boiler, afforded
in this respect equal satisfaction. The results of the coking test on Princess
coal at Ottawa indicated it to be quite suitable for blending with the im-
ported coals to produce a domestic coke satisfactory for the Montreal market.

In the subsequent tests conducted in November, 1931, at the LaSalle
plant of the Montreal Coke & Manufacturing Company, 8,000 tons of the
washed Princess coal was used, and an additional 35,000 tons was put in
the stock pile for a storage test, as described below. The analysis of the
Princess coal coked was 2-8 per cent ash, 403 per cent volatile matter and
1-25 per cent sulphur, all on the dry basis, the moisture content being 4-6
per-cent and the F.P.A. 2,000° F. The blend selected was 35 per cent
Princess, 50 per cent medium volatile Pennsylvania coal, and 15 per cent
Pocahontas. It will be noticed that the high volatile Nova Scotia coal
replaced the Pennsylvania ‘“gas’” coal instead of the cheaper, medium
volatile imported coal as in the former tests on unwashed New Waterford
coal. The run of oven coke produced had an F.P.A. of 2,400°F., but on
account of the low-agsh content, namely, 7 per cent, it showed up as well in
the burning tests as the higher ash, 2,500° T, ash fusion temperature colke
from the regular mix. In general, the results of the plant-scale tests were
considered satisfactory, and although the maximumn of the Princess allow-
able in order to maintain coke quality in respect to structure and ash
fusion temperature would probably have to be slightly lowered,.it_was
demonstrated that at least twice as much of washed Nova Scotia coal could
be used as was permissible with the ¥aw tinwashéd coal as mined.
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The storage test on 35,000 tons of specially prepared washed Princess
coal was conducted during and immediately after the coking tests outlined
above, and lasted during the winter and following spring months. In the
preparation of this coal at the washing plant of the Dominion Steel and Coal
Company at Sydney, special care was taken to eliminate fines, which, with
their high content of mineral chareoal or “fisain”’, were considered to be
the main cause of spontaneous combustion. The coal used in the coking
tests, containing nearly 70 per cent through a one-eighth screen, was
found, on account of its moisture-holding capacity, to be not entirely suit-
able for blending purposes in that it was found mechanically difficult to
maintain a uniform mixture. Hence, for the double purpose of eliminating
blending difficulties and improving storage properties, it was decided to
remove as large a portion of the fines that were likely to cause heating as
was economically possible. The coal put into the storage pile contained
approximately 5 per cent over one inch in size, 61 per cent through one
inch and on one-half inch size, 32 per cent of sizes between one-half and one-
eighth, and only 2 per cent through a one-eighth inch sereen. The coal
to be stored was put in a specially prepared location and piled to a height
of 40 feet according to the standard practice at the plant. TFor the purpose
of recording the temperatures at the bottom and throughout the pile, both
vertically and horizontally, 20 1-inch pipes were placed vertically at
regular intervals in which copper-constantan wires 40 feet long were
placed. These wires served both as thermocouples and lead wire. Read-
ings on a standardized, potentiometer-type, indicating pyrometer were
made, starting November 6th and continuing to February 12, 1932.
Atno time nor place did these readings indicate temperatures above 88° F,
and after December 1 the average for the whole pile ranged from 65° to
40° ¥, These results were remarkable in that it was the first time on
record, according to the writers’ knowledge, that so large a quantity of
Nova Scotia coal piled so high at a coke plant showed so little tendency to
heat and possessed such excellent storage properties.

Coking Tests on Alberta Coals. During September and October,
1931, coking tests on a series of six Alberta coals were carried out in the
two-ton oven at Ottawa. These coals were eoked alone and in admixture
with one another, primarily for the purpose of judging their suitability for
the production of domestic coke, rather than for blast furnace coke, as with
the tests on British Columbia coals tested during 1930 and reviewed above.
The Alberta coals tested, carlots of each of which were received, were:

Mountain Park area—Cadomin, Mountain Park, and Luscar coals.

/ “Crowsnest Pass area—Greenhlll International, and McGllhvray
Creek coals. sk

Hillerest coal was received too late to be included in the above
series, hence the coking tests on this coal as published in Investiga-
tions of Fuels and Fuel Testing, 1927, may be accepted for purposes of
comparison. The dry-basis volatile matter contents of the coals for the
three Crowsnest Pass coals tested ranged from 24 to 25 per cent, with
Cadomin at 26 per cent, and the two lots of Mountain Park coal from the
Michelean and Kennedy seams roughly 28 and 29 per cent respectively.
Hillerest coal, just referred to, contains 29 to 30 per cent volatile matter,
depending on the ash content, so that in this respect it resembles the coals
from the Mountain Park area more closely than those of the Crowsnest
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Pass area. For the purposes of blending, four other coals were tested in
this series, namely, the high volatile Pennsylvania bituminous coal, the
washed Princess coal from Nova Scotia, both as gas coals; the medium vola-
tile content Michel coal from British Columbia and Luscar coal, the latter
to serve as a low volatile semi-bituminous coal in place of Pocahontas.
A fifth extra coal, an Alberta (non-coking) sub-bituminous, was used for
blending purposes in order to determine if its use would increase the gas
yield obtained normally from a medium volatile bituminous coal without
seriously affecting coke quality.

The gas yield from the three coals from the Crowsnest Pass area, in
terms of 510 B.T.U. per cubic foot gas, varied from 9,500 to 10,400 cubic
feet per ton, with corresponding dry coke yields of 77 to 79 per cent of the
(dry) coal charged. The yield of gas on the same basis from the coals
from the Mountain Park area varied from 11,000 to 13,000 cubic feet per
ton and the coke yield from 75 to 79 per cent. In accordance with the
findings in the comparative tests on Michel and Allison coals reviewed
above, these gas yields, based on equal heating value per cubic foot, did
not bear a direct relation to the respective volatile matter contents. In

jrespect to coke structure, all six of the Alberta coals tested appear to be
suitable, in varying degrees, for blast furnace purposes, but for domestic
(household) purposes only the cokes made from the Cadomin, Mountain
1Park, and Greenhill coals were judged satisfactory. The ash contents in the
cokes from these coals, ranging from 13-5 to 15-5 per cent in the domestic
coke sizes, were, however, excessive, and until a substantial reduction
in ash content is effected by washing, their respective cokes, when coked
alone, would have difficulty in competing on the market, e.g. in Winnipeg.

Luscar coal, with a volatile matter content of 20 per cent, proved
to have the blending properties peculiar to the Pocahontas coal, despite
the fact that it produced a coke of poor structure when coked alone.
Blending washed Princess as the high volatile gas coal, Michel as a stand-
ard medium volatile bituminous, and Luscar as the low volatile semi-
bituminous coal, in proportions of 40-40-20 respectively, produced a coke
of high quality in respect to appearance and physical properties. Hence,

; this Lugcar. coal, especially after washing to reduce its ash content, can

be recommended to the coking industry of Western Canada for blending
{ purposes. The non-coking sub-bituminous coal from the Saunders area
lin Alberta, when coked first with 75 per cent Greenhill coal and then with
40 per cent Greenhill and 40 per cent Michel coals, failed to produce’
a favourable coke in respect to structure. In fact, in the proportions
used it appeared to impair the appearance and structure of the cokes
from the other strongly coking coals blended with it, consequently, the
use of a non-coking, high volatile content, sub-bituminous coal (without
pretreatment) cannot be recommended for blending purposes.

Blends of the six different Alberta coals with equal quantities
of the standard Pennsylvania gas coal low in ash content, had in
every case the double effect of improving the structure and general
quality of the coke and of substantially increasing the gas yield. Still
better results in respect to coke quality were obtained in each case by the
blending of 40 per cent of the Alberta coal with 30 per cent of the Penn-
sylvania gas coal and 30 per cent of Michel coal from British Columbia.
Michel coal, the ash content of which was comparatively low, had the
effect when blended in equal proportions with the Alberta coals, of improv-
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received at the Fuel Research Laboratories representing the better grade as
available from the lower seam, contained 11 per cent ash on the dry basis, from
which, by selective sereening, lump material may be obtained averaging 7t09
per cent ash. On the assumption that it requires three tons of the lignite
as mined or 1} tons of the dry lignite to produce a ton of char, the
ash content of such a char will not be less than say 11 .to 13 per cent,
the calorific value of which will range from 11,700 to 12,000 B.T.U. per
pound. The use of petroleum piteh as a binder, approximately 12 per
cent of which is required, would tend to enhance this dry basis heating
value, due both to the relatively high calorific value of the pitch and to a
reduction in ash content of the briquette, but after allowing three to
five per cent moisture in the finished briquette, the calorific value range
of the briquettes to be marketed would apparently not exceed the maxi-
mum 12,000 B.T.U. figure. Eight per cent asphalt pitech and 2 per cent
flour produced a satisfactory briquette, the flour being added dry to the char,
then steamed and followed by the melted pitch; and 12 per cent sulphite
liquor solids were required to produce an equally satisfactory briquette.
Noticeable reductions in the dry basis calorific value of the finished bri-

uette were effected by the use of the flour-piteh mixture and more so with
the sulphite liquor, as compared to that using asphalt pitch alone. The
respective difference was 600 and 1,600 B.T.U. per pound. As for the
general burning qualities, in respect to smokiness, the briquettes are to
be graded with those made from sulphite liquor, first; flour and pitch,
second; and asphalt piteh, third; but the waterproof grading is the reverse
of this order.

The carbonization and briquetting tests conducted at the Fuel Re-
search Laboratories on Onakawana lignite during 1930 and 1931 are,
however, to be considered of a preliminary nature, and while the results
obtained are by no means directly interpretable into commereial practice,
they do indicate that the lignite from northern Ontario is amenable to
the combined ecarbonization and briquetting treatments similar to that
found suitable for Souris lignite from Saskatchewan. However, due
to the different nature of the Ontario lignite, mainly in respect to
the production of fines in the drying and ecarbonization process, the
carbonization treatment on a large scale may involve considerable
difficulties, mechanical and otherwise, as may also the selection of a
suitable commercial carbonizer. The overall cost of the carbonization
and briquetting treatment for this lignite, which contains up to 50 per
cent moisture as mined, as compared with 33 to 35 per cent in the Saskat-
chewan lignite, is an important factor in its commercial development.
Approximately a ton of the char produced in the coke oven is on hand,
on which large-scale briquetting tests are planned. These tests will be
in the immediate charge of R. A. Strong, who, with his assistants in the
carbonization and briquetting section of these laboratories, conducted the
tests on the Ontario lignite reviewed above.

Pulverized Fuel and Special Boiler Tests. Comprehensive tests in the
pulverized fuel fired boiler installation at the FPuel Research Laboratories
were conducted on the same series of earlot shipments of British Columbia
and Alberta coals used in the coking tests. These tests were under the
supervision of K. S. Malloch with C. E. Baltzer in immediate charge,
assisted by J. R. Kirkconnell and a staff of observers and operators.
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Twenty-seven coals were tested in the experimental pulverized fuel boiler,
including 12 from British Columbia, 11 from Alberta, and three different
lots of Onakawana lignite from northern Ontario. On each of the British
Columbia coals three test runs were made at low, medium, and high rates of
coal feed. The boiler had been previously standardized at three rates of feed
on what has been termed the ‘“‘operating coal” which was a standard low
ash bituminous eoal and which had both a high ash fusion temperature and
high calorific value. A considerable quantity of this coal, which was
readily available in Ottawa, was used in operating the boiler during the
preliminary trial runs and in between the tests on the British Columbia
coals and Ontario lignite, the supply of which coals was not sufficient for
both the preheat period and actual tests at the different rates. In addition
to obtaining comparative data on the different Canadian coals tested, the
results of the individual coals were compared with those from the standard
operating coal, hence, in the advance preliminary reports supplied to the
different coal operators concerned, the results of the individual tests
were compared with those from the operating coal. In the summary of
the tests on British Columbia coals by E. S. Malloch, in addition to show-
ing the comparison with the operating coal, Michel coal has been chosen
more or less as a standard, and the other coals compared with it as well as
with one another.

All the coals tested, it will be noticed, were found satisfactory for use
as pulverized fuel, and in discussing the results, the adaptability in relation
to existing power plant installations, as well as the general merits of each
coal, is stressed. In order that a basis of comparison of the results obtained
may be made with other methods of burning, for example in boilers equipped
with mechanical stokers, an appendix—‘‘Notes on Pulverized Fuel Fired
Steam Generators, versus Other Types”’—by B. F. Haanel, has been added.
Advance publication of this combined report including the “Summary of
Tests on British Columbia Coals When Used ag Pulverized Fuel” with the
appendix, has been made as Mines Branch Memorandum Series No. 56.
The detailed results of the tests on British Columbia coals and on Ontario
lignite will be published at a later date in a separate Mines Branch bulletin,
in which the results of tests on the 11 Alberta coals, which were not
completed until the end of the fiscal year ending March 31st, 1932, will be
included. In addition to the three different carlot samples of Onakawana
lignite from northern Ontario, the following is a complete list of the British
golumbia and Alberta coals on which pulverized fuel fired boiler tests have

een made:

British Columbia Coals Alberta Coals
Pleasant Valley MeGillivray Creek
Tulameen International (Denison)
Coalmont Greenhill (two lots)
Middlesboro Hillerest
Michel Canmore
Corbin—*‘birdseye” and “washed Brazeau

. gteam” gsizes Luscar

Cassidy Mountain Park (Michelean)
Reserve “ “  (Kennedy)
Wellington Cadomin

Comox Saunders

Telkwa
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Steaming Tests on Ontario lignite, and on 3 series of miscellaneous fuels
including Welsh buckwheat, Dominion slack eoal from Nova Scotia, coke
breeze and peat, were made in a forced draught boiler, temporarily installed,
and equipped with patented grates. The boiler was also equipped with a
mechanical stoker of the sprinkler type, so arranged that its operation
could be discontinued in order to permit hand firing when desired. This
permitted a comparison to be made of the general burning qualities of the
fuels tested when hand fired and when stoker fired. From the tabulated
results and the comments thereon, it is to be noted that the patented grates
used did perform satisfactorily in permitting sufficient air to pass to maintain
uniform combustion without allowing an undue amount of combustible
matter to fall through into the ash pit. This indeed is a result worth
while, since it shows that the Onakawana lignite and other fuels with a
high percentage of fines can be successfully burned on this type of grate.
Success also marked the attempts to burn the lignite with nearly 50 per
cent moisture content, but of course the overall efficiency of the boiler was -
comparatively low. In comparison with an average of 8-0 pounds for the
standard bituminous operating coal, an eqmva,lent eva,pomtlon figure of
3.5 pounds was obtained for the Iowe1 seam lignite when air-dried to 34
per cent moisture content, and as high as 4.2 pounds for the mechani-
cally dried lignite with 24 per cent moisture. Averages of the equivalent
evaporation per pound of fuel fired for the other fuels tested were: 2.7
pounds for peat with 45 per cent moisture; 4.7 pounds for gas coke
breeze with 10 per cent moisture and 13-6 per cent ash; 5-5 pounds for
dry by-product ecoke breeze with 10-7 per cent ash; 8-1 pounds for the
Welsh buckwheat; and 7-8 pounds for the Nova Scotia bituminous slack

coal.

Coal Classification and Analyses. The contents of the paper by E. J.
Burrough, E. Swartzman, and R. A. Strong, given in detail below, were
announced and reviewed in Mines Branch Memorandum Series No. 55
(March, 1932) and do not require further extensive review here. As
shown by the respective titles, the special feature of the classification
scheme proposed is the use of what has been termed the “Specific Volatile
Index” and it is a classification of coals primaxrily for “use in the by-product
coking industry’’. The authors, however, have presented it in the hope
that it will serve also as a classification for general scientific purposes.
The specific volatile index is in reality the heat value expressed in B.T.U.,
per one per cent volatile matter content of the coal as determined in the
laboratory. This volatile matter contains both the uncondensable gas
and the tar oils, so that the heat units per unit volatile matter content is
an index of the richness of the gas to be expected commercially when the
coal is distilled destructively as in the coking industry. The classes or
sections into which the whole range of coals, peat, and wood are arranged
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according to areas delimited by their respective percentage volatile matter
contents and S.V.I. values (that is, their specific volatile indices) are:

Volatile Matter Range
Non-coking lower rank coals— Unit Coal Basis
Sec&ion %_——wootds .................................... A;go;/: gg per“cent S.}".I. 151(1)\(11;((:)1' gg
LYY 7 S
“  C—brown lignites (lignitic) « « 82 to 99
«  D-—black lignites (ortho-lignitious)........... 36 to 55 « « 99 to 125
“  F—sub-bituminous (meta-lignitious)........... 35 to 50« “ 125 to 160
Coking bituminous coals—
Section F—bituminous (para-bituminous).,............ 28tods “ 160 to 175
“  G— “ ortho-bituminous),............ 21 to 35 ¢ “ 175 to 190
“  H— “ meta-bituminous)............. 21 to 28 « “ 190 to 210
¢« T —sgemi- (or super-) bituminous............... 14 to 24 ¢ “ 210 to 230
Non-coking high rank coals—
Section J ——semi- (or sub-) anthracite ................. 9tol16 “ 230 to 255
“ K—anthracites...co.oviivieincininecenannns 3t010 « “ 955 to 300

A classification such as this is valuable, in that from the location of a
coal or coals plotted on the chart, it is permissible to judge general chemical
characteristics in respect to coking properties and to predict within certain
limits the yield and quality of the coke and other products. It also serves
to compare, or rather to differentiate between, those bituminous coals that
show by the laboratory test different volatile matter contents, yet when
coked in a by-produet oven yield approximately the same number of therms
in the gas. In other words, the special value of this classification scheme
employing proximate analysis and calorific value is to evaluate coals in
respect t0 their amenability for use in coke ovens, and may serve equally
well to indicate the general coking properties of coals with varying volatile
matter contents, and their blending capabilities.

Analyses of Coals and Other Solid Fuels—compiled by J. H. H.
Niecolls and C. B. Mohr, is the fourth and last paper in Part I, and is
similar to that included in Investigations of Fuels and Fuel Testing for
1925 and since. However, instead of containing the analyses for a single
year, as formerly, it contains the analyses of coals and other solid fuels
examined in the Fuel Research Laboratories during 1930 and 1931. The
results of analyses are tabulated under three group headings, viz.:

(1) Coal, peat, etec., occurring in Canada.

(2) Coal samples submitted by Department of Pensions and National
Health, incident to their coal purchasing according to penalty
and bonus specifications.

(8) Miscellaneous coals, cokes, briquettes, ete., including imported
anthracites, semi-bituminous and bituminous coal, and also foreign
sub-bituminous and lignite coals.

Field Work on Natural Gas, Naphtha, and Oil Shales. The two reports
by P. V. Rosewarne, in collaboration with R. J. Offord and W. P. Campbell,
respectively, pertain mainly to field work on natural gas and naphtha
in the Turner Valley field in Alberta during 1930 and 1931. The fraction-
ation results obtained on the Turner Valley natural gas by the use of the
Podbielniak apparatus are similar to, and confirm, generally, the results
previously reported—see Investigations of Fuels and Fuel Testing, 1929,
page 109. The methane plus content, that is, the methane, oxygen, nitro-
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gen and helium, continued to remain in the range of 87 to 92 per cent by
volume of the gas, and in several cases went as high as 98 to 998 per cent.
With the exception of these high methane gases, the average composition
of the Turner Valley gas was 885 per cent methane, 6-0 per cent ethane,
3.3 per cent propane, 1+5 per cent butane, and.0-7 per cent pentanes and
higher. The analyses of five samples from Ontario and one sample each
from Quebec and New Brunswick are included in the report. As for helium -
content, it will be noticed that none of the samples of gas from Alberta
showed higher than 0-380 per cent helium, the average of the lower content
gases represented by fifty samples out of a total of sixty-three examined
being 0-017 per cent only. The two samples from Quebec and New
Brunswick were likewise low in helium content, and the five Ontario samples
showed only 0-1 to 0-226 per cent helium. ' .
The tests on Turner Valley crude naphtha reported below by Messis.
Rosewarne and Campbell, represent the culmination of an investigation
of the effect of weathering, started in 1929 and continued during 1930 and
1931. This weathering treatment to remove certain of the more volatile
constituents is necessary in order that it may be more safely and economie-
ally handled as treated or ‘“‘stabilized”’ naphtha. Separators are used to
separate the naphtha from the gas as it comes from the well, and the
separated naphtha is also known as crude condensate. This crude con-
densate is the raw product to be stabilized and since its composition
varies congsiderably at wells in different parts of the field, it is to be
expected that the loss by weathering will also vary considerably. In the
weathering process sufficient of the more volatile constituents are removed
by boiling or fractionation, so that the residue will not have a vapour
pressure of more than 10 pounds per square inch at 100° F'. Generally
speaking, the greater the proportion of the lower boiling point (more vola-~
tile) fractions in the condensate, and the lower the vapour pressure of the
stabilized product, the greater will be the total reduction. In the 1931 field -
work a separator was specially equipped at a certain well to make the tests,
in which separator measurements of naphtha before and after weathering
down to the required vapour pressure were made directly. Analyses of
samples of crude condensate and stabilized naphtha were also made,
from the results of which it was found that the loss in the weathering
operation could be calculated, and that the calculated result agreed closely
with that determined by actual measurement. This indeed is most
significant, in that from the results of analyses of crude condensate and
stabilized naphtha from different parts of the field, it is possible to ealculate
with a fair degree of accuracy the loss due to weathering. The losses by
weathering two lots of condensate, in which the results obtained by actual
measurement were checked eclosely by caleulation, were 12:0 and 12-4
respectively. Based on the analyses of a number of samples of crude con-
densate, however, the caléulated results indicated that the weathering loss
for naphthas in different parts of the field ranged as high as 35 per cent.
The composition of the gas given off and lost in the weathering treatment
will vary considerably according to the variations in the crude condensate
and to variations in operating conditions. The content of pentanes and
higher hydrocarbons, which are liquid at ordinary temperatures, in the gas
lost by weathering, amounted to about 8 per cent where rectifying columns
were used, to as high as 17-5 per cent where the weathering process was
conducted in tanks. The corresponding butane content figures did not
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show such a wide variation, being slightly over 15 per cent in the stabilizer
gas and 23 per cent in the gas from the tanks, and according to the average
for several analyses a similar ratio existed for the propane content. By
improvement in the efficiency of the stabilizing equipment, the loss of the
pentanes could no doubt be materially cut down, but to what extent this
could be economically accomplished the writers cannot say. On the
assumption that all the hydrocarbons with boiling points of the pentanes
and higher ecould be completely recovered, Mr. Rosewarne estimates that
two to four per cent of the total production could be recovered. On the
basis of a million barrels yearly production, this amounts to an increase
in output of from twenty to forty thousand barrels per year. Similar
recoveries of butanes and pentanes may be made, but their recovery has
not been seriously considered since more elaborate equipment is required
and a market must first be established for them in the form of compressed
gas in cylinders before it would be commereially profitable.

Oil-shale Investigattons. The results of oil-shale field work conducted
in 1929 in Pictou county, Nova Scotia, and a new outerop sampling pro-
gram in the same year in Bonaventure county, Port Daniel distriet,
Quebee, are given in detail below in the report by A. A. Swinnerton.
As summarized on the first page of his report, three of the six beds examined
in Pictou ecounty, which vary in thickness from 4% to 5 feet, showed average
crude shale oil contents for the whole bed of over 20 Imperial gallons,
and one of which averaged over 25, and another over 30. The results
from the Port Daniel shales were negative, since only traces of oil were
found and therefore, the shale of this distriet is to be classified as non-
oil bearing. In Mr. Swinnerton’s report the results of the examination
of gix drill core samples of oil shales from the New Glasgow area are given
and short descriptions of the experimental plants of the Torbanite Pro-
duets, Limited, and of the Canadian Torbanite and Oil Produets, Limited,
both near New Glaggow, are included.

Hydrogenation Experimentson Alberta Bitumen. The third and last papers
of Part II comprise the results of hydrogenation experiments and of gasoline
analyses surveys conducted during 1930 and 1931. The paper entitled
“Experiments on the Hydrogenation of Alberta Bitumen,” ete., by T. E.
Warren, contains, it will be noticed, a preface in which is reviewed the
salient results obtained and the history of previous pressure-cracking and
hydrogenation experiments on Alberta bitumen. Yields ranging from 30
to 40 per cent by weight of gasoline by ordinary eracking processes,
without the use of hydrogen, had been reported, but the results of further
experiments indicated that yields of 65 to 75 per cent by weight, equal
to 90 to 100 per cent by volume, are possible by continuous recyeling
hydrogenation treatment. The second section of Dr. Warren’s paper
reports the results of his experiments on the effect of pressure on the
pyrolysis of methane. Contrary to what was hoped, it was proved that
for natural gas consisting wholly of methane, high pressure is not service-
able for the production therefrom of motor fuel or other liquid produects.

Gasoline Surveys. The makeup of the “Gasoline Surveys for 1930 and
1931” by H. McD. Chantler, is different from previous surveys, in that it
contains the results for two years instead of one, and comprises the sum-
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marized results or averages for the different cities rather than the analyses
of individual samples. The analytical data for each sample collected are
given in survey reports published in the Mines Branch Memorandum
Series. Beginning with the 1931 survey report, a radical change was made
by omitting the trade names of the separate samples, thus making com-
parative quality the main feature of the survey, as reported, rather than
affording comparisons or contrasts of the gasolines as marketed under the
different trade names. The main conclusions of the combined 1930 and
1931 surveys were: (1) that while the variation in quality during 1930 was
greater than in the four previous years, that for 1931 was less than in any
previous year, thus indicating a tendency towards a uniform grade of
gasoline; and (2) that during the last five years the number of artificially
coloured gasolines had progressively increased. Asindicated by distillation
range and other criteria, the gasoline sold during the two years under
review was uniformly good, and knock ratings of the samples collected
in the city of Ottawa showed relatively high anti-knock values. This
determination of the knock ratings in a standard knock testing engine
and the reporting of the results in terms of Octane numbers is a new feature
of the annual gasoline surveys, and for the 1932 survey will be extended to
gasolines from all the cities, The hearty co-operation of the officials and
inspectors of the Department of Pensions and National Health, in the
collection of the samples, is again acknowledged.
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Part I: Solid Fuels

I

SUMMARY OF TESTS ON BRITISH COLUMBIA COALS WHEN
USED AS PULVERIZED FUEL

E. S. Malloch

During 1930, 1931, and 1932, a series of tests was made in the Fuel
Research Laboratories of the Department of Mines at Ottawa on twelve
coals from British Columbia, with a view to obtaining data concerning
these coals when burned in the pulverized state for the generation of steam
‘and also with a view to correlating them one with another and with a
go-called operating coal.

The investigation was made at the request of the British Columbia
Government, the officials of which selected the coals to be tested. These
were as follows: Pleasant Valley, Tulameen, Coalmont, Middleshoro,
Wellington, Reserve, Comox, Cassidy, Telkwa, Michel, Corbin ‘‘Birdseye”,
and Corbin “Washed Steam’”. Three complete tests were made on each of
the above coals, as well as three on the operating coal—one test at high
rate, one at medium rate, and one at low rate of coal feed, approximating
to 20, 40, and 60 per cent of the rated capacity of the pulverizer, in order to
gather sufficient and reliable data necessary to the making of a fair com-
parison with each other and with the operating coal. This operating coal
wag selected as being a high grade of bituminous coal eminently suited for
this method of burning in this type of equipment. The test boiler consists
of a B. & W. marine type, water-tube boiler mounted over a solid refractory
wall furnace having a hollow air-cooled floor. The pulverizer was an Aero
size B, high-speed, paddle-type mill rated at 1,000 pounds per hour which
prepares and mixes the fuel with the primary air and transmits the air-
floated coal to the furnace.

Full reports of the tests have been prepared; these are very compre-
hensive and comprise 84 items of information regarding each test of each
coal, ag well as numerous notes and comments. These reports have been
gent to the coal operators who supplied the coal samples. The detailed
results of the tests will be published at a later date in a separate Mines
Branch bulletin, in which will be included results on coals from Alberta
and on Ontario lignite.

Table I, which follows, shows the more salient results of the tests on
each fuel at the high rate of coal feed. It will be noted that at this rate of
coal feed the pulverizer was operated at approximately 60 per cent of its
rated capacity.

The firgt four items of the table refer to the fuel as it is delivered to the
pulverizer and give an indication of its inherent qualities. The next three
items show: firgt, the fineness to which the coal was ground in the pul-
verizer, second, the power required to attain that degree of fineness; these
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two items together may be taken as a measure of the so-called grindability
of the fuel; and, third, the rate of grinding in per cent of rated capacity.
The next two items following set forth the economiec possibilities of the fuel
when burned in this manner; the first of the two, viz. water evaporated
per pound of fuel fired, is, perhaps, of more interest to the operating engin-
eers, and the second, viz. fuel fired per 1,000 pounds of steam generated,
to the power plant owner. The last two items in the table deal solely
with the performance of the boiler and the rated boiler capacity developed.

The following is a brief résumé of results of the tests for each coal.

Mdichel Coal

This coal was the best coal tested in the series. It had the lowest
moisture content, the lowest ash content, and the highest calorific value—
(see items 72, 7h, and 9a). Besides these merits it was the most economical
fuel when burned under the B. & W. boiler at the Fuel Research Labora-
tories, Ottawa, for the high rate of coal feed. This is shown by items 54d,
18d, and 82. Although the percentage of fines passing through a 200-mesh
sieve, after pulverizing, was greater for Michel coal than for any of the
other fuels tested, with the exception of the Corbin coals, slightly more
power was required, and no difficulty was experienced in maintaining a
high rated load on the boiler. Item 73 shows that the average load carried
was 222 per cent of its rated capacity. The one demerit of Michel coal as
tested in this series was the low temperature at which the ash fused (see
item 13b). This fault is offset, partly or wholly, by the low ash content
of the coal, as is shown by the fact that no trouble was experienced from
this characteristic during the tests.

Operating Coal

This coal was entirely satisfactory and might be listed in this series
second to Michel. It has low moisture and ash contents, a2 high calorific
value, and a very high ash fusion temperature. The grindability of this
fuel was very low; a fairly large quantity passed through a 200-mesh
sieve, and the power required was low. The evaporation per pound of coal
was high, and the average load developed during the test was 223 per cent
of the rated capacity of the boiler.

Cassidy Coal

_ Cassidy coal was distinetly of lower class than either of the two coals
described above. It contained, as fired, nearly twice as much moisture,
considerably more ash, and the calorific value was about 93 per cent lower
than that of Michel coal. Also, the ash fusion temperature was slightly
lower than the average for the fuels tested in this series. The fineness of
this coal after pulverization was very satisfactory, and the power required
to pulverize it was lower than the average for these fuels. From an
economic viewpoint, Cassidy was an excellent coal, and this 'is shown by
items 54d and 18d; both of which are better than the average. A load of
209 per cent of the rated capacity of the boiler was carried without difficulty
and it may be stated that the Cassidy coal, as tested, is a very satisfactory
fuel to burn in the pulverized state for steam raising. ’




TABLE I

Item Number 7a ™ 9a, 13b 20f 24g 241 54d 18d 73 82
Rate Fuel
Calor- Pulver-{ K.W.H.| of Water fired Per cent| Ther-
Mois- Ash in ific Fusion |ized fuel| requir- | grind- | evapor- r1000 _© mal
Fuel ture in fuel & value |temper-| passed | ed to ing ated peb "of rated | effici-
Num- Name of Item fuel as fire ds of fuel | ature [through| pulver- |percent| per lb. ste a;)n boiler | ency
ber fired, L7 ' |asfired| of ash | 200 ize of of fuel enor- | Capac- of
A °© |B.T.U.] CF.) | mesh, | 1ton | rated | fired, ited ity de- | boiler,
(gross) % fuel | capac- 1b. . veloped; %
ity °
5-29 |Pleasant Valley 22-9 13-3 | 8,110 2093 41-9 32-7 59-8 5-34 | 187-3 137 63-9
429 |Tulameen 19-7 g-5( 9,360 2118 40-4 33-4 59-5 6-29 | 159-0 160 65-2
8-30 |Coalmont 7-9 10-3 | 11,450 2239 53-0 33-3 59-6 7-60 | 131-6 194 64-4
6~29 |Middlesboro 9.3 11.3 | 11,230 2588 54-3 32-3 59-5 7-48 | 133-7 191 64-6
10-30 |Wellington 5-3 17-2 | 11,330 2145 67-9 34-2 59.7 7-51 | 133-2 192 64-3
9-30 |Reserve 3-9 13-5 | 12,140 2223 61-6 31-7 59-8 7-96 | 125-6 204 63-6
19-30 [ComoX...cvvvvieininann.. 3-9 14-6 | 12,250 2459 65-0 30-8 59-8 8-05 | 124-1 206 63:8
17-30 [Cassidy 3-0 11-6 | 12,630 2307 67-1 31-5 59-5 8-211 121-8 209 63-1
1330 [Telkwa......cocovuvininn 3:2 12-8 | 12,820 2170 66-1 32-4 59-5 8-49 | 117-8 216 64-3
20-30 |Michel.............. ... 1-7 7-7 | 13,950 2032 78-6 31-6 54-8 9-46 | 105.7 222 65-8
3-31 [Corbin Birdseye 4.9 16-9 | 11,680 2700 787 48-7 58-8 7-99 1 125-2 201 66-4
2-31 |Corbin Washed Steam... °3-9 12.7 | 12,540 2490 80-9 46-1 60-0 8:54 | 117-1 219 66-1
7-30 |Operating Coal 1.8 8-3 | 13,700 2593 69-5 30-9 59-8 8-69 [ 115-1 223 61-6

61
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Telkwa Coal

This coal was very similar to Cassidy coal. It was a little higher in
both moisture and ash, and on the other hand its calorific value was
slightly higher, but the ash fusion temperature was lower by 130° . The
grindability was rather poor in comparison with Cassidy coal—one per cent
less passed through a 200-mesh sieve, after pulverization, and the power
required was higher. Items 54d and 18d in the table show the economic
value of this fuel to be above the average for the series. No difficulty was
experienced in carrying a load of 216 per cent of the rated boiler capacity.
From the above it may be noted that this coal is an excellent fuel when
prepared and burned in this manner.

Comox Coal

Comox coal, although low in moisture, was high in ash. However,
this was offset by the high ash fusion temperature, and in consequence, the
ash did not slag on the walls and bottom of the furnace. The calorific
value was well above the average for the thirteen coals tested. This coal
was easily ground, the power requirements were the lowest for the series,
and the percentage passing through a 200-mesh sieve was just a little above
the average. Its so-called economic value was very good in comparison
with the other fuels (see items 54d and 18d). The average load carried by
the boiler for this test was 206 per cent of its rated capacity and was easily
maintained. Comox coal proved itself to be a good fuel for this method of
gteam raising, and was particularly economical as regards the power
required for pulverization.

Middlesboro Coal

This coal was high in moisture; the ash content was moderate, being
a little lower than the average for all the coals in this series of tests; and the
calorific value was a little lower than the average. When burning this coal
in the pulverized state no troubles should arise due to the ash fusing, as the
ash fusion temperature washigh, higher than for any of the other fuels,
with the exception of the “operating coal” and Corbin Birdseye. Items
20f and 24g show that only 54-3 per cent of the pulverized coal would pass
through a 200-mesh sieve, which is below the average, while 32-3 k.w.
hours were required to pulverize one ton of coal—this figure is a little lower
than the average for the fuels in the series when tested at the high rate of
coal feed. The figure given in the table for pounds of steam per pound of
fuel is low, while the thermal efficiency of the boiler when fired with this
coal was good, being just a little higher than the average at this rate of coal
feed. Although this coal was of a distinctly lower grade than the average,
no difficulty was encountered in operating at 191 per cent of the rated boiler
capacity.

' Coalmont Coal

Coalmont coal had a slightly higher moisture content than the average.
The ash content was quite low—2 per cent lower than the average—the
calorific value was also low, and the ash fusion temperature was a little
lower than the average for this series of coals. This coal did not pulverize
easily: only 53 per cent of the coal, as fired, passed through a 200-mesh
gieve, and the power required was a little lower than the average. The
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economic values—(items 54d and 18d)—for Coalmont were not quite up
to the average for the series at high rate of coal feed. The load carried on
the boiler was 194 per cent of the rated boiler capacity. After considering
all the points noted above, Coalmon{ coal may be classed as a fairly satis-
factory fuel to burn under a steam boiler in the pulverized state.

Reserve Coal

This coal was low,in moisture and;high in ash—3-8 and 13-5 per cent
respectively. While the calorific value was quite high, the ash fusion
temperature was slightly lower than the average value for the series of
tests. This latter factor, coupled with the high ash content, caused a little
trouble in the removal of the refuse from the bottom and walls of the
furnace. On the other hand, the grindability was!very good and more
than an average amount of coal passed through a£200-mesh sieve after
pulverization, and the power required¥was low.§ Thefpounds of steam
per pound of fuel was fairly high, and the average load carried by the
boiler was 204 per cent of its rated capacity. This coal proved itself to be
an excellent fuel for this purpose, even when its comparatively high agh .
content is considered.

Wellington Coal

The moisture content of this fuel was nearly 2 per cent lower than the
average for the coals in the series, but the ash content was very high and
the calorific value, as well ag the ash fusion temperature, was lower than
the average. After pulverization, 67-9 per cent passed through a 200-mesh
sieve, which is high for these fuels, but the power required was high—
34-2 k.w.h, Item 54d, viz. (7-51 lb. of water per 1b. of fuel) is a little
below the average. Although the refuse was hard to remove at this rate
of coal feed, no apparent difficulty was found in maintaining 192 per cent
of the rated capacity of the boiler.

Tulameen Coal

Tulameen fuel, as supplied for these tests, was very high in moisture,
19-7 per cent and low in ash, 9-5 per cent; the average values for these
two items were 7 per cent and 12.3 per cent respectively. The calorific
value was very low, as was also the agsh fusion temperature. The grind-
ability was poor, only 40-4 per cent passed through a 200-mesh sieve,
after pulverization, and the power required was 33-4 k.w.h. per ton.
This coal, when fired under the boiler used for these tests, only evaporated
6-29 pounds of water per pound of fuel, which figure is much lower than
the average for the series. Although the efficiency of the boiler was high,
only 160 per cent of the rated eapacity of the boiler developed. This
coal is undp ubtedly of low grade in comparison with the other fuels in the
series. However, no difficulties were encountered in burning this fuel
in the installation used, and on one especially designed for Tulameen
coal it might prove to be an admirable fuel.

Pleasant Valley Coal

This fuel was of a markedly lower grade than the other coals tested
in the series. The moisture content and the ash content were 22-9 per
cent and 13-3 per eent respectively, the former being exceedingly high.

B
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The calorific value was only 8,110 B.T.U. per pound, whereas the average
for the series was 11,950 B.T.U, per pound. The ash fusion temperature
was very low also, but, fortunately, this characteristic caused no trouble
in the furnace. The grindability was poor, only 41-9 per cent passed
through a 200-mesh sieve after pulverization, and the power required
was 32-9 k.w. hours per ton of fuel ground. From an economic consider-
ation, disregarding fuel costs, Pleasant Valley coal, as tested, was of a
very low grade in comparison with the other fuels tested, as indicated by
item 54d, which shows that only 5-34 pounds of water was evaporated
per pound of fuel fired, whereas 9:46 pounds were evaporated per pound
of the highest grade of coal tested in the series. Providing Pleasant Valley
coal could be purchased at a low price it may in certain installations
prove to be an economic fuel to use.

Corbin Birdseye Coal

This coal sample was one of two sent by the Corbin Collieries, Limited,
and upon test proved to be a fairly good fuel when burned in the pulverized
state. The moisture was lower and the ash content higher than the aver-
ages for this series of fuels. The ash fusion temperature was higher than
for any other coal in the series and in consequence even with the high ash
content no slagging of the ash was observed in the furnace. A higher
degree of pulverization was obtained than any other of the fuels, with the
exception of Corbin Washed Steam coal, but at a cost of the highest
power consumption per ton of cpal pulverized for the series. The economic
features of this coal as shown by items 54d and 18d class it as being just
a little above the average; while the thermal efficiency of the boiler when
testing it was the highest of the series. After considering all the items in
the table, Corbin Birdseye coal may be said to be a fairly good fuel to burn
in the pulverized state in any equipment similar to that installed at the
Fuel Research Laboratories at Ottawa.

Corbin Washed Steam Coal

This sample of coal from the Corbin Collieries was decidedly better
than the other sample shipped at the same time, viz.: Corbin Birdseye.
It was 1 per cent lower in moisture; 4-2 per cent lower in ash and its calorific
value was higher, When compared with other coals of the series Corbin
Washed Steam ranked as being the second best of the British Columbia
coals and third best when the operating coal is included. It had a high
ash fusion temperature, thus, even with a fairly high ash content, no trouble
was experienced due to ash slagging in the furnace. The highest degree
of pulverization was obtained with this coal but the power required was
very great. Item 54d gives the water evaporated per pound of fuel fired
and for this fuel is 8-54 pounds, a figure which is well above the average
for this series of coals. No trouble was experienced in developing 219
per cent of the rated boiler capacity. The thermal efficiency of the boiler
when burning this coal sample was 66-1 per cent, the highest efficiency
for the series of British Columbia coals with the single exception of the
other coal sample shipped from the Corbin Collieries, Ltd. From the
tests made at the Fuel Research Laboratories on Corbin washed steam
it may be said that it is a very good fuel when utilized in the pulverized
state and in such equipment as is installed in those laboratories.
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NOTES ON PULVERIZED FUEL FIRED STEAM GENERATORS
VS. OTHER TYPLES

B.F. Haane}

The results obtained in the tests on British Columbia Coals and sum-
marized by E. S. Malloch under the title “Tests on British Columbia
Coals When Used as Pulverized Fuel,” are largely comparative and will
enable the steam engineer to evaluate the different coals for burning in
the pulverized state in a steam boiler. The factors determined do not
afford a basis of comparison of this method of burning coal with other
methods. For such a comparigson, results of the burning of all the coals
in a boiler or boilers equipped with mechanical stokers of different types
would have been required.

In making such comparisons the fact that the cost of generating
steam depends on size of boiler plant, heat-saving appliances, and other
factors, in addition to quality and cost of coal used, must be kept in mind,
and also that the ultimate consideration in the generation of steam is the
cost of the steam which is sold for industrial, power, or heating purposes—
consequently, the method selected for burning coal, and the coal itself,
will be so chosen that the lowest cost of steam will result.

The Pulverized Fuel Fired Steam Generator has made spectacular pro-
gress in the last decade, especially in the field of very large central station
plants, and also for marine purposes. The tendency to-day, when electrical
energy is generated in a steam turbine electric generator plant, is to con-
struct the steam generators and steam turbines on an almost gigantic
scale in order that the fullest advantage of the economies made possible
through the most efficient use of the fuel, reduction in heat losses, and
reduced cost per unit of power installed, may be realized.

A gingle steam generator unit supplying an 80,000 k.w. steam turbine
is not uncommon to-day, and itis possible to design and install even larger
units. For units of this character the pulverized fuel fired generator appears
to possess distinet advantages over other types. When high peak loads
must be provided for, a steam generator which will rapidly respond to
increased steam demand and operate without difficulty over long periods
at high ratings, will naturally be given serious consideration when the
design and installation of a steam power plant is contemplated, and a
boiler ingtallation which is capable of burning the largest possible quantity
of coal per cubic foot of combustion space, or per square foot of grate area,
will naturally be selected on account of the lower capital cost and smaller
floor space required for generator and prime mover.

The marked success achieved by a pulverized fuel fired steam plant
in the United States in 1920, proved to be the turning point for this type of
plant. From 1920 to 1924 several plants were designed and erection
begun, and in 1928 most of these new plants were placed in operation.
But from that time to the present new installations have fallen off, prin-
cipally on account of the marked improvements in mechanical stokers
by manufacturers of this type of plant who were stimulated to action by
the success of the pulverized fuel fired boiler, which resulted in a decrease
in the sales of their product. As a consequence of the activity displayed
by the manufacturers of mechanical  stokers, manufacturers of boiler
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plants are in a position to offer either type, Mechanical stokers for the
efficient burning of almost every rank and grade of coal are now available
and many of the largest central station power plants are equipped with
this type of stoker, and the efficiencies obtained are not inferior to those
which can be obtained with the former method. It is not possible to refer
to either of the two methods for burning coal under boilers as being superior;
each has its special advantages and the choice of plant will depend on local
conditions, class and cost of fuel available, its suitability for the particular
purpose for which it must be used, and character of load. The attendance
required to operate either of the plants is practically the same but the cost
of pulverizing plant and the cost of operating and maintaining it in repair
must not be disregarded, since this represents an item of capital expendi-
ture, upkeep and cost of operation, which is not present in the mechanical
stoker plant.

Insofar as the application of pulverized fuel firing to locomotive boilers
is concerned, the progress made to date is not sufficient to warrant special
consideration, It is doubtful whether this special application of pulver-
ized fuel firing has passed the experimental stage, although reports are
issued from time to time in the technical press which would lead one to
believe that this method of burning a solid fuel in a locomotive boiler
has been developed to a point commensurate with that achieved in marine
steam plants.

The application of pulverized fuel firing to marine plants is not in a
similar position. Ships equipped with this type of boiler plant are regu-
larly making long voyages without mishap, and it appears that the reduced
fuel costs, together with the higher speeds made possible, have justified the
introduction of such installations in certain ships, but nevertheless, its
application to marine service is as yet very limited.

Size of Steam Plants

According to opinions of prominent combustion engineers, the mini-
mum size pulverized boiler unit which can be economically and efficiently
operated is 1,000 h.p., although there are others who hold the opinion
that smaller units can be operated to advantage. Pulverized fuel
fired boiler installations, however, show to the greatest advantage when
the individual units are of large capacity and the steam load demand is
several times the normal boiler rating. This, of course, applies also to
properly designed mechanical stoker plants equipped with a type of stoker
suited for burning the fuel it is found most economical to use, but in the
case of the mechanical stoker plant smaller boiler units can be economically
operated than obtains in the case of the pulverized fuel fired plant.

Fuels

Al ranks and grades of coals can be efficiently burned in a modern
pulverized fuel fired boiler plant, but the grade which can be most econo-
mically burned depends not only on the relative costs per one million B.T.U.
of high- and low-grade coals, but also on the per cent of the boiler rating
at which the plant is to be operated and on the rank and grade of coal the
plant is designed to burn. For example, if a steam plant is designed to
operate at 300 per cent rating when burning a high-grade coal, such a rating
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cannot be maintained if the grade of coal is seriously lowered by high ash
content., In order to produce the desired quantity of steam in this casge,
certain of the dimensions of the boiler, pulverizer, and coal and ash handling
plant would have to be increased. This also applies to a mechanically
stokered plant. It is evident, therefore, that given a steam plant of a
definite capacity, when operating at high ratings and burning a high-grade
coal, a low-grade coal cannot be economically burned, even though its cost
per unit of heat energy is considerably less than that of the high-grade coal,
since alddié;ional boiler capacity would have to be installed to maintain the
steam load.

Power Situation in Conada

Unlike Great Britain and the Luropean continent, Canada is endowed
with great waterpower resources, located in industrial and more thickly
populated areas, and during the past two decades many of these have been
developed on an extensive scale. Industrial centres are, consequently,
gerved with hydro-electric energy instead of steam-generated -electrical
energy, as obtains in Great Britain, parts of Europe, and to a very large
extent in the United States, even though that country is possessed of very
large waterpower resources. Since these hydro-electric developments are
capable of supplying most of the requirements for power, Canada does not
possess super-steam electric central stations. The largest industrial user
of steam in Canada is the pulp and paper industry, and it is in this field
that the pulverized fuel fired steam boiler hag found its widest application.




26

II

RESULTS OF TWENTY-EIGHT HAND AND STOKER FIRED
BOILER TRIALS MADE WITH VARIOUS FUELS ON ‘A
PATENTED GRATE

E. S. Mallochh and C. E. Baltzer

The object of this investigation was to determine the efficacy of a
patented grate and a mechanical stoker of the sprinkler type when burning
several different fuels, and also to secure information regarding the economic
value of these fuels for steam raising in comparison with a good grade of
bituminous steam coal. The fuels tested were as follows: A bituminous-
steam coal designated as ‘‘standard operating coal”’; Ontario lignite;
domestic peat; gas coke breeze; by-product coke breeze; Welsh buck-
wheat; and an Bastern Canada bituminous slack coal. All of these fuels
with the exception of the lignite and peat may be readily obtained in the
Ontario market. The tests were made in co-operation with a Canadian
engineering equipment company. The Onakawana lignite used in the tests
was supplied by the Ontario Department of Mines.

The appended table which is the basis of this report gives the detailed
“Data and Results” of the tests. It will be noted that 28 trials were
made, in all, on 7 different fuels. Several tests were made on each fuel,
more or less approximating the same boiler rating, but with varying con-
ditions of firing in respect to hand or stoker operation with and without
preheated air, details of which will be found at the head of the main table
appended. In making a comparison for any one test on any one fuel with
the “standard operating coal’”’ the reader is requested to make the com-
parison between the two tests with similar operating characteristics; that
18, if for instance a test on lignite, stoker fired with preheated air is under
consideration it should logically be compared with the test on the standard
operating coal fired under similar conditions.

Certain data, respecting the fuels themselves, appearing in the main
table with this sign—}—appended, were not obtained on the actual quantity
of fuel used for each individual trial but were obtained on the bulk sample
of that fuel as it was received in storage to be used for all the tests on that
particular fuel. '

COALS TESTED

" The following gives detailed data on each of the 7 coals tested and the
tests run on each:
1. (a) Fuel name: “Standard operating coal’.
(b) Shipment or receiving No.: 9-31.
(c) Datelsl?l)ilpped: May 23, 1931. Date received in storage:—June 3,

(d) Procured from or supplied by: Mines Branch Fuel Research Labora-
tories.
(e) Preparation at the mine: 4-inch mechanically cleaned run-of-mine.
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(f) Approximate size as received: (square mesh screens)—

103 N0 3 1T VO R 4.8 per cent
12.0

“«
«
«
«
«
“®

(g) Number of tests made: 4, viz.: PG-21, stoker fired with pre-
heated air; PG-19 stoker fired without preheated air; PG-20
hand fired with preheated air; and PG-18 hand fired without
preheated air.

2. Lignite—4 shipments designated respectively as A, B, C, and D.

A. (a) Fuel name: Lignite—Lower seam—Shaft W.
(b) Shipment or receiving No.: 10-31 viz.: fourth and last shipment
July, 1931,
(¢) Date shipped: July 22, 1931. Date received in storage:—
July 29, 1931.
(d) Procured from or supplied by: Ontario Department of Mines.

(e) Preparation: Run-of-mine lignite shipped directly from the
development. Noticeably dry and dusty as it had been
stored in the open during dry hot weather for a considerable
period before shipment and tended to heat in storage.

(f) Approximate size as received: (square mesh screens)—

Ond ICh.ieiurriiiiii e 20-2 per cent
0N e . “
on E e, 80
Onl e 7.4 0«
O F s 74
oM & e 5.9 «
ON & e s 128 “
ON Y e e e 9.4 ¢
through dineh...........................0 20-4 «

(9) Number of tests made: 4, viz.: PG-26 hand fired with pre-
heated air; PG-27 stoker fired with preheated air; PG-29
stoker fired with preheated air; and PG-28 stoker fired
with preheated air, These tests are arranged in the order
of increasing capacity.

B. (a) Fuel name: Lignite.—Upper seam—Shaft W.

(b) Shipment or receiving No.: 1-31 viz.: third shipment of April
1931.

(¢) Date shipped: April 1, 1931. Date received in storage—
April 11, 1931.

(d) Procured from or supplied by: Ontario Department of Mines.

(e) Preparation: Run-of-mine lignite shipped directly from the
development. Noticeably very wet as received in a frozen
condition.
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(f) Approximate size as received—(square mesh screens)—

L (0 I U 232 per cent
o3 T P 207«
[ (S S 174 «
Lo T 12.3  “
through § inch.iovviiniiiiiiiiiiiiiianns 264 ¢

(9) Number of tests made: 4, viz.: PG-1 stoker fired without pre-
heated air; PG-2 stoker fired with preheated air; PG-12
hand fired with preheated air; and PG-15 hand fired with
preheated air. The first 3 tests were made on the fuel as
it was drawn from storage while the last test was made on
fuel which had been air-dried under covered storage for 5
weeks.

. (a) Fuel name: Lignite.—Shaft No. 1.
(b) Shipment or receiving No.: 11-30 viz.: first shipment of March
1930.

(¢) Date shipped: March 1, 1930. Date received in storage:
March 8, 1930.

(d) Procured from or supplied by: Ontario Department of Mines.

(e) Preparation: Run-of-mine lignite shipped directly from the
: development. Noticeably wet as received in a semi-frozen
condition.

(f) Approximate size as received: 60 per cent lumps up to 12-inch
diameter; 40 per cent slack.

(9) No. of tests made: one, viz.: PG-3 stoker fired with preheated
. air. This test was made on fuel which had been in covered
storage for 14 months,

. (a) Fuel name: Mechanically dried lignite.

(b) Shipment or receiving No.: 14 and 15-30, viz.: second shipment
of April, 1930.

(¢) Date shipped: April 25, 1980. Date received in storage:—
April 30, 1930.

(d) Procured from or supplied by: Ontario Department of Mines.

(e) Preparation: A carload of wet run-of-mine lignite was shipped
directly from the development as mined to an experi-
mental coal dryer plant located in eastern Ontario where
the fuel was mechanically dried in a “Harmour dryer”
in two lots, viz.: lot No. 14-30 passed through the dryer
once and lot No. 15-30 passed through the dryer twice.
The dried fuel was then shipped to the IFuel Research
Laboratories and on receipt was noticeably very dry and
dusty, and tended to heat in storage. The once dried
lignite, viz.: No. 14-30 contained 33-7 per cent moisture as
received and the twice dried lignite, viz.: No. 15-30 con-
tained 25-9 per cent moisture,
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(f) Approximate size as received: 50 per cent lumps up to 6-inch
diameter; 50 per cent slack.

(g) Number of tests made: 2, viz: PG-5 stoker fired with preheated
air; and PG-6 band fired with preheated air. Both tests were
made on a mixture of equal parts of the once and twice dried
lignites.

(a) Fuel name: Air-dried machine peat.

(b) Shipment or receiving No.: 8-31.

(¢) Date shipped: Date received in storage: December, 1929,

(d) Procured from or supplied by: Department of Mines—Alfred peat

lant.

(e) Kpproximate size as received: mostly fairly uniformly sized, in brick
form, with some breakage.

(f) Number of tests made: 2, viz: PG-7 stoker fired with preheated
air; and PG-9 hand fired with preheated air. These tests were
made on fuel which had been in open exposed storage for about 17
months and consequently had disintegrated to small sized lumps.

(a) Fuel name: Gag coke breeze.

(b ) Shipment or receiving No.: 4-31.

(c¢) Date shipped: Date received in storage: May 11, 1931.

(d) %roguped from or supplied by: The Ottawa Gas Company, Ottawa,

ntario.

(e) Rank or trade name of fuel: Gas coke breeze.

(f) Preparation: wet as supplied from a large exposed storage pile.
Refuse product under 4-inch screen size resulting from coke manu-
facture for the domestic market.

(g9) Approximate size as received: (square mesh screens)—

onl inch.,viiiiieiiiniiniinniniiniinonnas 0-4 per cent
on e te ettt 09 «
10 T 1.8 «
o) (T P 18- ¢
[ I TP 16-3 ¢
through Zinch,...........ccvvvveineeen.. 621

(h) Number of tests made: 3, viz.: PG-4 stoker fired without pre-
heated air; PG-8 hand fired with preheated air; and PG-22
stoker fired without preheated air. The first of these tests was
made on screened fuel, i.e. fuel which remained on a }-inch screen.
Due, however, to the wet condition of the fuel the screening was
only about 50 per cent effective. The second test was made on
fuel as received and the third test was made on a mixture of 90 per
cent of this fuel as received and 10 per cent of Eastern Canada
bituminous slack coal.

(o) Fuel name: By-product coke breeze.

(b) Shipment or receiving No.: 6-31.

(¢) Date shipped: May 13, 1931. Date received in storage: May 16,
1931.

(d) Procured from or supplied by: Montreal Coke & Manufacturing
Company, Montreal, Quebec.




30

(e) Rank or trade name of fuel: ‘“La Salle”’ by-product coke breeze.

(f ) Preparation: dry and dusty—refuse product under }-inch screen size
resulting from coke manufacture for the domestic market.

(9) Approximate size as received: (square mesh screens)—

on Finch...iieeniiiiiiiiii e 0-4 per cent
[0 1 S N 4.1«
0] T S R 17.1 «
through dinch..o.oouviiviniiiniini e, 784 ¢

(h) Number of tests made: 3, viz.: PG-10, 6% hours stoker and 1}
hours hand fired with preheated air; PG-23 stoker fired without
preheated air; and PG-17 hand fired without preheated air.
The first test was started as a stoker fired trial but was finished by
hand firing because the belt on Reeves variable speed drive failed
after 6% hours of test.

. (a) Fuel name: Welsh buckwheat mixed Nos. 1 and 2.

(b) Shipment or receiving No.: 7-31.

(c) Date shipped: Date received in storage: May 21, 1931
(d) Procured or supplied by: an Ottawa fuel dealer.

(e) Rank or trade name of fuel: Welsh anthracite buckwheat.

(f) Preparation: Rescreened screenings obtained from preparation of
larger sizes of Welsh anthracite for the domestic market.

(9) Approximate size as received: (square mesh screens)—

153 T3 1Y | N R 0-4 per cent
(53 T S O N 38 “
153 | 450 «
through inch..c..ooviviiiiiiiiveinnnnnes 8.7 «

(h) Number of tests made: 3, viz.: PG-11, 73 hours stoker and 3 hour
hand fired without pleheated air; PG-24 stoker fired w1thout pre-
heated air; and PG-16 hand fired without preheated air. The
first test was started as a stoker fired trial but was finished by hand
firing because the belt on Reeves variable speed drive failed after
7% hours of test.

. (@) T'uel name: Eastern Canada bituminous slack coal.

(b) Shipment or receiving No.: 5-31.

(¢) Date shipped: Date received in storage: May 14, 1931.
(d) Rank or trade name of fuel: Bituminous steam coal.
(e) Preparation: screened slack.

(f) Approximate size as received: (square mesh scleens)——

onl Inch...oooviiiieiiiiiiiiiiieiennianns 06 per cent
5] T S 10-7

(03 T O 21,9 «

on F i e 45.6 ¢
on 3 s 156 ¢
through dinch.............cocoiiviiiin, 5.6

(g) Number of tests made: 2, viz.: PG-14 stoker fired without pre-
heated air; PG-25 hand fired without preheated air.
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The special equipment required for this investigation was installed by
the co-operating engineering equipment company previously mentioned
whose representative also witnessed the tests. A detailed description of
the equipment used for these tests follows:—

The installation in which these tests were made consisted of a small
stationary boiler of the horizontal locomotive type rated at 35 boiler h.p.
and mounted over a brick combustion chamber containing 10 sq. ft. of a
patented grate and 3 sq. ft. of dead plate. A special furnace front con-
taining fire- and ash-pit clean out doors on which was mounted an electric-
ally driven mechanical coal feeder—(sprinkler type stoker)—permitted
either hand or stoker firing of the fuel. Under grate air—(forced.draught)
—was supplied to the ash-pit of the furnace by the conventional type of
electrically driven blower supplied with this type of grate. A steam
heated unit heater was mounted on the blower inlet so that either cool—
(room temperature)—or preheated air could be used as desired. Suffi-
cient over-fire air for ordinary operation was obtained by leakage through
the furnace front but when more was required it was supplied by means
of an air duct leading from the ash-pit of the furnace to a 4-inch perforated
pipe lying across the back wall of the combustion chamber in such a way
as to spray air down on and over the fire. The main damper was auto-
matically manipulated by means of a patented damper regulator which
was controlled by the over-fire draught. Steam jets from a small perfor-
ated pipe, lying across the top of the fire-door opening more or less success-
fully kept the fine fuel which fell from the mechanical coal feeder, off the
dead plate. General information and dimensional data regarding the
equipment are as follows:

1. Boiler:
(a) type—horizontal, through tube, locomotive type.
(b) manufacturer’s rating—35 boiler horse-power.

(c) water heating surface on tubes—(50-3"" tubes 7’ 6%/ long)—275
sq. ft.

(d) total water heating surface—349 sq. ft.
(e) minimum draught area—(50 tubes-3" dia.)—297 sq. in.

2. Furnace:
(a) kind—combination built-up brick and internally fired type.

(b) volume between grate and heating surface (crown sheet)—99
cu. ft.

(¢) volume per sg. ft. of heating surface—0-284 cu. ft.
(d ) volume per rated boiler horse-power—2-83 sq. ft.

3. Grates:
(a) type—patented—hand dumping.
(b ) size—(live grate surface)—width 317, length 47", area 10-1 sq. ft.

(c) size—(total grate exclusive of dead plate)—width 36"/, length 48",
area 12-0 sq. ft.

(d) size—(dead plate)—average width 30", length 14", area 2-9 sq. ft.
54726—3
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(e) percentage of area of air opening to live grate surface—30 per cent.
(f) ratio total heating surface to live grate surface—34-5 to 1.
(g9) ratio minimum draught area to live grate surface—29-4 to 1.
(h) vertical distance centre of grate to nearest heating surface—(crown
sheet) 7 ft. 11 in.
4. Stoker:
(a) make, size and type—patented—20-inch—mechanical coal feeder
-—(sprinkler type stoker).
(b) drive—electrically driven by § h.p. motor, addition speed control
by Reeves drive.
5. Air Preheater:
(a) type—steam heated unit heater.
(b ) location—on inlet to forced draught fan.

6. Draught:
(a) fan—No. 2 blower capacity 1,660 c.fm. 13 S.P. electrically
driven by % h.p. motor.
(b) damper regulator—patented controlling over-fire draught.
(c) breeching and chimney—24"' diameter steel plate breeching con-
nected to a 28 x 28 inch brick chimney 35 feet high.

Plate I gives a general view of the experimental installation as used
for these tests. The instrument and control panel will be noted at
the extreme left of the photograph. The water weighing tanks, forced
draught, air preheater, draught regulator and flue gas sampling and Orsat
analysing equipment are in the rear—(not showing).

TEST CONDITIONS AND METHODS OF MEASUREMENT

(@) Condition of boiler plant unit at time of trial—in good order for all 28
trials except for minor trouble during two tests, viz.: PG-10 and 11
when belt on Reeves variable speed drive failed towards end of these
tests necessitating their completion by hand firing. ‘

(b) Trials made at an average output of 1,259 lb. of water evaporated
per hour, 1,419 Ib. of equivalent evaporation per hour, or 118 per cent
of normal rating,.

(¢) Nature of load—steady exhausting direct to atmosphere.

(d) Average rate of coal feed—348 1b. per hour.

(e) Average boiler pressure—99-8 Ib. gauge.

(f) Method of measuring feed water and coal consumption—by weighing
on standard platform scales.

(9) Method of sampling and analysing fuel and refuse—Standard Tuel
Research Laboratory Methods.

(k) Method of sampling and analysing flue gases—Standard Fuel Research
Laboratory Methods.

(i) Method of measwing temperatures—thermometers and pyrometers,
calibrations checked.

(7) Method of measuring draught and pressures—inclined water gauges.

(k) Method of measuring steain and power taken by auxiliaries—the electric
power taken by draught fan and stoker was measured by means of an
integrating kilowatt hour meter.
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It should be particularly noted that the installation used for these
tests was of a temporary nature only, therefore, no effort was made to
insulate the boiler and furnace, in consequence the radiation losses were
much higher than they otherwise would be. This, however, should not
detract from the value of these trials as all tests were made in the same
installation in identically the same way so that the results should be
relative for the various fuels used.

The tests were conducted under the direct supervision of C. E. Baltzer
who, in addition, with the assistance of J. R. Kirkconnell and a staff of three
observers made the calculations and compiled the data and results for this
report.

A few of the important items, from the appended table, representative
of the more salient results for seven of the stoker fired tests, one on each of
the seven fuels tested, are summarized in Table I. It will be noted that
these tests were all made without the use of preheated air, with the
exception of those on domestic peat and lignite.

From Table I it may be noted that although the water evaporated
per pound of fuel fired (item 54d) was low for the lignite and peat, the
overall efficiencies (item 82) were not unduly so when the moisture content
(item 7a) of these fuels is considered in comparison with the ‘“standard
operating coal”. In contrast to the above the values for item 54d for both
gas and by-product breeze were higher than for both the lignite and peat,
but still considerably lower than for the operating coal, whereas, the over-
all efficiencies (item 82) for the coke breeze were the lowest of any of the
fuels tested. The low efficiency values for both gas and by-product breeze
are accounted for by the high “carbon loss’ (item 86, also see items 25 to 28
inclusive) associated with these two fuels because of their fineness—(see
screen analysis items 6a to 6e inclusive, appended table). The relative
efficacy of the patented grate may be judged from items 25 and 26 (a) and
(d). The values for these items definitely indicate that the grates were
well suited for efficiently burning all seven of the fuels tested and were
especially efficient on operating coal, peat, Welsh buckwheat, and Eastern
Canada bituminous slack and to a lesser degree on the finer gas and by-
product breeze and lignite. In explanation of the lower grate efficiency
with gas and by-product breeze it may be said that for any fuel high in agh
(item 7b) the ash-pit loss (items 26 (a) and (d)) is, generally speaking,
higher than for lower ash fuels and more especially so because of the many
fines, especially in the breeze fuels.

Welsh buckwheat was the highest rank of fuel tested—low in moisture
(item 7a)—Ilowin ash (item 7b) and high in calorific value (item 9a). It
was an anthracite and, when burned under a boiler in a setting designed
to utilize a flaming fuel, very high thermal efficiencies could not be obtained.
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TABLE I ,
Summary of the More Salient Results for Seven of the Stoker Fired Tests

Name of Fuel
B ‘Zelih Eastern
- ucl-
No. Item § t‘g’;}gﬁzd Domestic| Ontario | Gascoke | product | wheat Cg‘?gf_ia
: P coal g peat lignite breeze coke mixed minous
breeze Nos. 1 slack
and 2 .
1 Tri] MU DT . taunee e nerreeaneeantncreenneansaaeeanoanen PG-19 PG-7 PG-29| PGH4 PG-23 PG-24 PG-14
7 (a){Moisture infuelas fired...........c.cvuvnennn. P 3-1 45-8 33-2 11-0 0-7 3-0 1-9
7 (b)|Ashin fuelasfired........ocooiiiiiiiiiiiiiiiinan... o 6-1 2-9 7-9 14-5 10-6 5-3 6-2
9 (a)|Calorific value—fuel as ﬁred gross value......... T.U./lb.j 13,880 5,240 6,850 10,480 12,870 14,170 14,060
18 (d)|Weight of fuel fired per 1, 000 1b. of equw evap lb. 124 367 270 202 216 129 120
25 Dry refuse hooked out fire-door (a) weight.....ccvee.... 48 0 50 71 151 34 27
(d) combustible content % 18-1 0 0-7 27-5 37-1 24-4 19.4
26 Dry refuseremoved from ash pit (a) weight. . 6 57 77 408 28 12 5
(d) combustlble (:ontent % 28-3 205, 23-3 52-6 39-0 88-4 36-0
27 Dry refuse removed from smokebox—
(a) weight.....co.evee.n.. 1b. 43 9 65 121 459 7 9
(d) combustile content ... %, 82-7 19-3 53-9 81-2 86-5 69-0 70-2
28 Dry refuse removed from chimney base—
(a) weight................ 1b. 10 6 12 34 23 13 3
(d) combustible content.. %, 75-4 45-7 51-3 79-3 86-2 826 75-8
54 (d)|Equivalent evaporation per 1b. of fuel as fired,.......... 1b. 8-08 2-72 3-70 4.94 4-62 7-74 8-34
65 ‘Temperature of products of combustion at boiler outlet.. °F 695 650 695 628 720 604 643
82 Heat absorbed by the boiler (thermal efficiency)........ % 56-5 50-4 52-4 45-7 36-2 530 57-6
84 Loss due to heat carried away in dry flue gases.......... % 15-8 15-3 13-9 14.5 18-9 13-4 13-9
86 Loss due to earbon in refuse and flue dust............... A 3-7 1-4 3-5 20-9 20-9 2-8 1-0
87 Loss due to radiation, errors, and unaccounted for....... % 18-7 14-6 17-1 16-3 22-5 27-2 22-4

Nore:—The item numbers eorrespond with similar numbering of appended table which gives the data and results of all twenty-eight trials in
detail. Trials P.G. 7 and 29 were made with prehea.ted air whereas all the other trials reported above were ‘without preheated air. Trial
P.G. 29 was on Onakawana lignite from the lower seam after air-drying to 33% moisture content. " 'he results of other tests on Ontario
lignite and the conditions under which they were made are shown on appended table opposite page 34.
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III

CLASSIFICATION OF COALS USING SPECIFIC VOLATILE
INDEX*

E. J. Burrough, E. Swartzman, and R. A. Strong

Classification of coal both for scientific and for use purposes has
occupied the attention of coal technologists since coal first came into
common use. During the last few years interest in the subject in Canada
and the United States has increased owing to the activities of the Sectional
Committee on the Classification of Coal under the sponsorship of the
American Society for Testing Materials, and also due to the activities
of the Canadian Associate Commlt‘oee on Coal Classification and Analysis.
Having become interested in the subject from a practical viewpoint, the
authors wish to present a scheme or method of classifying coals using
what is termed the ‘‘Specific Volatile Index.” This method, although
designed for coals for use in the by-product coking industry and originally
considered applicable only to bituminous coals, appears to offer a means
of classifying all coals, and may therefore be employed as a basis for a
general scientific classification.

During 1930 and 1931, a large number of coking tests on coals varying
widely in nature were ma,de in an experimental by-product coke oven of
two-ton capacity at the I'uel Research Laboratories of the Department
of Mines at Ottawa. In this oven, which is a duplicate of certain com-
mercial units used in the 1ndust1y, the different bituminous coals tested
were coked alone and in admixture with one another, standard imported
coals being used for blending purposes. On certain individual coals and
coal mixtures, subsequent tests were made in commercial plants and the
comparative results recorded. A study of the data thus obtained led to
an attempt to classify bituminous coals using by-product data. The
resultant graph is shown in Chart 1. In this graph the intention was to
classify coals from their behaviour on carbonization, and it was prepared
by plotting the tar yield in gallons per ton against a calculated value termed
Specific Value Index.! This value represents the B.T.U’s in the gas per
pound of coal, per one per cent of volatile matter, the latter being deter-
mined in the laboratory or plant by subtracting the dry coke yield from
100. The resultant grouping of the coals appeared to be a satisfactory
method of classifying bituminous coals, as they arranged themselves in
an order conforming with the accepted rank of the coals, according to
methods of classification based on ultimate analyses. As the volatile
matter obtained by proximate analysis has always been considered to be
an index of the gas-making properties of a coal, it would appear that coals
may be clagsified from the data obtained by a simple proximate analysis,
together with calorific value. Several methods have been proposed on
this basis, the best known being that of Parr? in which the volatile matter

 This Py ﬁ)er is the full account of the development and details of the coal classification scheme anncunced in

Mines Branch Memorandum Series No. 55, March, 1932, namely: “A classifioation oi coals for use in the by-product
coking industry" as proposed by E. J. Burrough and E, Swartzman, and reviewed by R. E. Gilmore.
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and calerific value on a unit-coal basis are plotted on a two dimensional
diagram. Rose?, in making use of Parr’s proposed classification, finds
that it agrees remarkably well with that using ultimate analysis on a
triaxial graph as proposed by Ralston,® but he concludes that insofar as
the classification of coking coals is concerned, both methods fail to differ-
entiate distinctly between the various classes of these coals, overlapping
being quite marked.

PROPOSED CLASSIFICATION

It is a well established fact that coals of the same volatile matter
content may have the most widely divergent calorific values. Assuming
that the fixed carbon of coal has a constant calorific value, the conclusion
must be that the calorific value of the volatile material will vary, and on
a 1 per cent volatile matter basis will serve as an index of comparison for
coals. This index may be referred to as the Specific Volatile Index,
which is the special feature of the coal classification scheme presented here-
with, and for sake of brevity this term is hereafter referred to as the S. V. 1.
In order to develop a formula for the calculation of this index it is first
necessary to select a calorific value for “Fixed Carbon.” As this material
is neither wholly graphitic nor amorphous it is safe to assume that its heat
value will fall between the accepted values of the two, hence the figure
of 14,500 B.T.U. per pound was chosen after several analyses of this type
of carbon, which is the residue from the standard volatile matter deter-
mination. If this value for carbon is used as a basis for determining the
heat value of the fixed carbon in a given coal, and the resultant subtracted
from the determined calorific value of the coal, the difference will be the
heat value of the volatile material, which if divided by the percentage of
volatile matter in the coal will give the specific volatile index. This
calculation may be expressed by the following formula:—

Determined B.T.U. in coal — (14,500 x weight of I'.C.)
Per cent of Volatile Matter B

8.V.IL

An example of the application of the above formula is as follows:—
B.T.U. in coal =15,100 (dry ash-free basis)
Volatile Matter = 37-6 per cent (dry ash-free basis)
Tixed Carbon = 62-.4 per cent (dry ash-free basis)
15,100 — (14,500 x - 624)
S8.V.Iis = 160-9
37-6
This index arranges coals in ¢ncreasing value from peats to anthracites,
according to their rank, and when the index is plotted against the volatile
matter or fixed carbon of the coal, a continuous band of varying width is
obtained. The straightening out of the band of plotted coals avoids the
difficulty of overlapping in the whole bituminous series which is present
in certain other proposed methods that use calorific value for the hori-
zontal axis. This fact, in the opinion of the authors, is the justification
for the present attempt to establish a classification of coals from their
proximate analysis and calorific value.
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APPLICATION OF THE SPECIFIC VOLATILE INDEX FOR USE
CLASSIFICATION

It is generally accepted that the classification of coals for any particular
use is necessarily limited owing to factors which are independent of the
coal material proper. Some of these factors are the relative quantity of
ash and its fusion temperature, the sulphur content, and the competitive
price. It must be recognized, however, that, with respect to these factors,
different standards exist under var ying market conditions, and they should
therefore be neglected in a-general classification scheme applied to any one
industry.

The application of the proposed classification scheme to the by-product
coke industry is presented in Chart 2. The data used in the compilation
of this chart shown in Table II, were obtained from analyses and tests of
coals of diversified origin, compiled by the Fuel Research Laboratories of
the Department of Mines and from such other publications as were avail-
able, all data being converted to the dry ash-free basis. IFurther refine-
ments in ash correction were not considered necessary, although the cor-
rection due to hydrated silicates, carbonates, and sulphur compounds, was
found from previous work to approximate very closely to a constant
value of 1/10 of the determined ash for coals of normal ash and sulphur
content. The advisability of making such a correction is under con-
sideration by the Technical Committee of Scientific Classification of
North American coals, and, as Fieldner® intimates, there are the “practical
difficulties of gettmg commerclal laboratories to adopt the more compli-
cated procedures.” In a later paper by Fieldner and Selvig® on the same
subject, they conclude that ““it is a question whether any classification can
be dev1sed thch will draw such fine distinctions as to require a corrected
ash value.” However, the authors found this refinement necessary for
high-sulphur (over 2 per cent) and high-ash coals, and present it in Chart
8 which is referred to later.

For the construction of Chart 2 the Specific Volatile Index is
plotted on the horizontal axis, while the volatile matter is plotted on the
vertical axis. The vertical line at the Index of 154 appears to be the
natural division between coking and non-coking coals, on the low-rank
side, insofar as standard by-product coking practice is concerned; whereas
the Index of 215 is the division on the hlgh-rank side. The path of the
plotted coals is a band of varying width passing through the lettered
sections,

These sections, with the average carbonization yields, which are
described below, have been defined to indicate the natural divisions into
which the various types of coals should fall, and also to give a fair indication
of their value to the by-product carbonization industry. Index limits
have been indicated for the various ranks of coal, and as these are in close
agreement with the well-known classification of Seyle17 the major divisions
have been designated, with slight departures, by the terminology of his
classification for purposes of comparison. The modificationsin ter mlnology
are in the cases of semi-bituminous and semi-anthracite or “‘carbonaceous”
coals where the nomenclature suggested by David White?, i.e. super—
bituminous and sub-anthracite, is also used.
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Section A—with S.V.L limits of 100 to 120—comprises the low-rank,
lignite coals that produce chars rather than coke, with fairly large yields
of gas, high in carbon dioxide, and low in calorific value. The volatile
matter range indicated for this group is above 40 per cent on the dry
ash-free basis.

Section B—with S.V.I. limits of 120 to 145—includes the non—agglom-
erating sub-bituminous* coals that also produce a char rather than a coke
but show an improvement in gas quality over those of Section A. The
volatile matter content of coals in this group ranges from 37 to 60 per cent
on the dry agsh-free basis.

Section C—with S.V.X. limits of 145 to 154, and with the same volatile-
matter range as immediately above—comprises a relatively small group
of “sub-bituminous’” coals which slightly agglomerate or show incipient
caking or coking. Although these coals are not highly desirable for standard
by-product use, the researches of Parr® 112 on medium-temperature carbon-
ization have shown, that they are satisfactory in this type of process,
making a coke with 4 to 5 per cent of volatile matter, which is a very
desirable domestic fuel, being smokeless, having a low ignition temperature
and high physical strength. Parr’s process is a quick carbonization in the
mid-temperature range, the coal being preheated to about 300°C, and
charged hot into the coke oven with a temperature range from 750° to
900°C. Tieldner®® and his associates in their study of the gas, coke and
by-product making properties of American coals show that cokes made at
carbonization temperatures ranging from 500° to 900° C. are considerably
stronger than those made at higher temperatures. The gas yields from
coals of this class when carbonized at high temperatures are approximately
ﬁhehsame ag from those in Sectlon B, but their tar yield is appreciably

igher

Section D—with 8.V.L limits of 154 to 160—contains the so-called
“pseudo” gas coals, the volatile matter range of which is from 35 to 45 per
cent. These are the high-oxygen coking coals of the para-bituminous
rank., When these coals are carbonized they tend to give a porous, friable,
fingery coke, the structure of which is greatly improved when blended with
coals in Sections F to I inclugsive. The tar yield is roughly the same as
from those coals in Section C, and, although the yield of gas on the dry
agh-free basis is slightly lower, there is a noticeable increase of therms.

Section E—with S.V.1. limits of 160 to 170 and volatile matter content
on the dry ash-free basis ranging from 30 to 43 per cent—compriges the
true gas coals of the para-bituminous rank, having high yields of rich gas
preferred for use in gas retorts. They are also suitable for use in by-product
coke ovens where they are used, either alone or blended with a low volatile
coal, to improve coke quality.

Section F—with S.V.I. limits of 170 to 185 and with volatile matter
contents on the dry ash-free bagis ranging from 30 to 36 per cent—contains
the medium volatile coking coals of the higher volatile ortho-bituminous
clags. These coals are seemingly most suitable for by-product oven coking
and for this reason they are termed ‘‘natural by-product coking coals.”
Although the gas from these coals is slightly lower in therms than the gas
from those in Section E, they produce, when coked alone, a high quality
coke with respect to stlucture

*This nomenclature has been preferred to that of lignitous, as used by Seyler.
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Section G—with 8.V.I. limits of 170 to 185 which are the same as in
Section I, but with a lower volatile matter range, namely 23 to 30 per
cent on the dry ash-free basis—contains the lower volatile ortho-bituminous
coals belonging to the medium volatile coking type. When coked alone
these coals exhibit noticeably non-shrinking or even slightly expanding
properties that, under certain operating conditions, make it difficult to
push the coke from the oven. The coke is much harder and denser than
that from coals in Section I, but the gas is appreciably lower in therms.

Section H-—with 8.V.I. hmits of 185 to 200—contains coals that
resemble Seyler’s “meta-bituminous’ class. Although in the same vola-
tile matter range and somewhat similar to the coals in Section G, they are
higher in rank and are considered more suitable for blending purposes.

Section I—with 8.V.I. limits of 200 to 215, and a volatile matter
range of 14 to 25 per cent—contains the semi- or “super-"’ bituminous coals,
of which the well-known Pocahontas coal is typical. These coals are most
serviceable for blending with high volatile (gas) coals for improving coke
quality. They are quite unsuited for coking alone, as it is practically
impossible to push their coke from the oven due to swelling. The therms
in the gas and the tar yield are both appreciably lower than from coals in
Sections G and H.

Section J—with 8.V.I. limits from 215 to 230 and volatile matter
contents ranging from approximately 9 to 16 per cent on the dry ash-free
basis—contains the semi- or “‘sub-" anthracites.

Section K—with 8.V.I. limits from 230 to 250 and volatile matter less
than 10 per cent on the dry ash-free basis—contains the true anthracites.

It is well known that the rank of a coal has considerable bearing on its
characteristic reactions in high-temperature carbonization. Therefore,
on fixing the rank and volatile imits, predictions as to yields and behaviour
may be made with fair accuracy, using only proximate analysis and the
chart described above. The practical application of this classification for
the by-product coke industry is best seen when new types of coals are to be
investigated, new blends prepared, or one coal substituted for another of the
same type. It is suggested that a satisfactory blend of coals should fall
in Section I, and the best proportions of coals for a blend may be found
from plotting the individual coals and caleulating their proportions from
their relative positions on the chart, the ideal by-product coal or blend
falling in the ortho-bituminous class with volatile matter ranging from
30 to 35 per cent on the dry ash-free basis. This is in agreement with the
later work of Seyler?, who on plotting the softening points of a series of
coals on his classification chart, came to the following conclusions:—*It
will be seen that iy three bituminous species (para, ortho, and meta)
contain only commercially coking coals with one or two borderline excep-
tions. A few arefound in the semi-bituminous species but the non-coking
coals are otherwise outside the bituminous groups. TFurther, it is possible
to draw approximately, lines of equal softening points, which may be pro-
. visionally called isotectic lines. They cenire around the ortho-bituminous
species, which forms a eutectic area of minimum softening point’.




41

As the chart is traversed from left to right, certain outstanding char-
acteristics may be noted, namely:

1. The coke yield increases, and a decided improvement in quality is
noted which is indicated by a higher shatter index and a greater density;

2. The quality of the gas, as indicated by the therms,
B.T.U. X cubic feet of gas),

100,000

minous gas coals (Section E on the chart) then decreases with a further
increase in coke yield; and

3. The ammonium sulphate, carbon dioxide and water of decom-
position decrease. Itmay also be noted that weathering of a coal depresses
its rank, this being shown by an inerease in the ammonium sulphate, carbon
dioxide, and water of decomposition.

increases to & maximum at the para-bitu-

APPLICATION OF SPECIFIC VOLATILE INDEX FOR SCIENTIFIC
CLASSIFICATION

Ag previously stated, this method of classification lends itself to the
scientific classification of all carbonaceous material from wood to anthra-
cites, but for this purpose it is advisable to reduce the substance to its pure
form as recommended by Parr'* and referred to as the ‘“Unit Coal” basis.
_ 'This correction is obtained by the following formulae:

Unit Coal = 1-00 — (1-08 ash -+ 22/40 S)
. _ _ Indicated B.T.U. — 5000 S)
Unit Coal BT.U. = 06708 Aeh F 22/400 5

. . __ Per cent of Fixed Carbon
Unit Coal Fixed Carbon = 1-00 — (1-08 Ash F 22/40 5)

Unit Volatile Matter = 100 — Unit Coal Fixed Carbon

In Chart 3, on which has been plotted a series of coals from the data
shown in Table I, these corrections have been applied. The advisability
of correcting to the Unit Coal basis is indicated by these data which contain
the 8.V.I. calculated to both the ash-free basis and the unit coal basis.
It will be noted that very little difference exists in these values except
where the ash and sulphur are excessive.

In comparing this system of clagsification with that of the Seyler
classification by ultimate analysis, they are found to be in remarkably
close agreement. It wasg, therefore, considered desirable to use the termi-
nology, and be guided by the limiting values for the groups, as prepared by
Seyler. This is shown in Table III which presents the relationships of the
Specific Volatile Index limits to the carbon limits as used by Seyler; it
also shows Parr’s terminology and the calorific value limits as suggested
by him for each group. From these tables a comparison may be made of
the basis of each method of classification. In the case of plotting volatile
matter and calorific value ag proposed by Parr, it is evident that overlap-
ping will occur on both axes, and very little effective delimiting can be
made in the important groups of the subdivisions of the bituminous coals.
When the calculated value for the Specific Volatile Index is used, how-
ever, a uniform progréssion is maintained parallelling that of the total
carbon content by ultimate analysis. Plotting this value against volatile
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matter gives overlapping on one axis only, thereby presenting no difficulty
in grouping coals in a manner comparable with that of ultimate analysis
classifications. :

It will be noted that the distinctive type of coals known as cannels
plotted on Chart 3, occur in the same position as allotted to them by
ultimate analysis, i.e. immediately above the ortho- and meta-bituminous
groups. These have been indicated under two divisions using Parr’s
terminology, namely:

1. Sub-Cannels—with a volatile matter content of over 40 per cent on
the unit coal basis, which fall immediately above the para-bituminous coals,
and which in Seyler’s classification are termed per-para-bituminous; and

2. Cannels—with a volatile matter content of 35 per cent on the unit
coal basis, which fall above the ortho-bituminous coals, and which in
Seyler’s classification are called per-ortho-bituminous.

While only two classes of cannels have been indicated, owing to a
lack of data for this type of carbonaceous material, in all probability
each class of common coal will be found to have its respective cannel coun-
terpart.

GENERAL DISCUSSION

In the classification scheme proposed and outlined above, a distinet
demarcation is indicated between the coking and non-coking coals. The
coking coals when plotted on the unit coal basis have a specific volatile
index range of 160 to 230. The justification for these limits may be seen
on Chart 4, which shows that the rate of increase in the richness of the
volatile matter is not, uniform, and by plotting the Specific Volatile Index

against S.V.I. divided by the Volatile Matter (—SV%[;—)- or against the

B.T.U. in the Volatile Matter divided by the Volatile Matter squared

(B'T'U'X;DMXZ'M‘)’,R will be noted that, at the index values 160 and 230
there are sharp changes which indicate a natural separation of the coking
from the non-coking coals and show a rate of change in the calorifie value
of the volatile matter in this class of coal differing from that of the other
types.

In the section below the Index value of 160 which delimits the lower
rank coals, the curve has been extrapolated to the zero point, passing
through the values obtainable for peats, wood and other low rank carbon-
aceous materials. The zero point indicates a material which would on
distillation yield only products of no calorific value, such as water, carbon
dioxide, and nitrogen, giving a Specific Volatile Index of zero. The
index values for anthracite (above 230) show a very rapid increase of
calorific value per unit of volatile, and for practical purposes a maximum
Index value of approximately 290 may be considered the upper limit
for anthracites exclusive of super anthracites, graphites, ete. This graph
indicates that these types of coals will give increasing index values for
increases in rank, which is measured by the increase of calorific value
of the volatile matter, although the quantity of the volatile matter de-
creases. The fact that the volatile material of coals of different ranks
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differs so widely in calorific value points to the impossibility of calculating
calorific value by a simple formula from proximate analysis.

While it appears that there is a distinet division between the coking
and non-coking coals, no such claim can be made for the subdivisions of
the other types of coals and the lines drawn are somewhat arbitrary.

The section limits for peats have been indicated with due regard to
other classifications, although opinions are divergent in this grouping as
also in that of lignites and very little agreement can be claimed. In the
meta-lignitous or sub-bituminous coals, a subdivision has been indicated
for those coals which agglomerate and under certain favourable conditions
may be coked. The para-bituminous class has also been subdivided for
the purpose of grouping these coals into two classes, namely, gas coals
and “pseudo” gas coals. It was also considered of interest to divide the
coals of the ortho-bituminous class into those of high and low volatile
matter, considering the high volatile matter group the preferred by-product
coking coals.

Discussion of the merits of the classification proposed, as outlined above,
must consider the reliability of the volatile matter determination on which
the specific volatile index is based. The apparatus for making the volatile
matter determination of the many coals on which this proposed classifi-
cation is based, consists of either a Chaddock gas burner or a Fieldner
electric furnace. This furnace and its method of operation are in accord-
ance with the A.S.T.M. D.271-30, viz., “‘Standard Methods of Laboratory
Sampling and Analysis of Coal and Coke.” Many tests on coals differing
widely in rank were made in platinum crucibles of two different sizes,
first in the Chaddock burner by the alternative gas burner method ag in
D271-30, and then by the electric furnace method. These comparative
tests indicate that for practical purposes the results by these two methods
agree quite closely. Care, of course, is taken to see that the temperature
during the determination is maintained as near as possible to the 950° C.
specified, and those coals (mainly the non-coking low rank coals) that
are liable to spark, are given a short preheating before the final period as
specified. In general, it is considered that with reasonable care duplicate
and consistent results are obtainable by the employment of the standard
volatile matter determination as outlined above. This has been confirmed
by the exchange of standard samples between different government labor-
atories in Canada and the United States. Itis to be noted that for purposes
of plotting coals on the 8.V.I. chart (No. 2), changes of plug or minug 0-5
per cent in volatile matter cause variations in the S.V.I. figures ranging
from zero for the low rank lignites, to as high as 5 to 7 for the anthra-
cites. The variation for a typical bituminous coal near the intersection of
G, and H, is less than 1, and a change in the volatile matter percentage
of plus or minus one, along the line suggested by A. C. Fieldner for border-
line coals, would double this variation.

SUMMARY

The charts and the clagsification illustrated are equally serviceable
when either the volatile matter or the fixed carbon is used as the ordinate,
since on the dry ash-free and “unit coal” bases the one is the reciprocal
of the other. The value of 14,500 B.T.U. per pound as the calorific value
of ash-free fixed carbon was chosen after finding it to be the average of a
large number of actual determinations.

T
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While similar to Parr’s two-dimensional diagram, where calorific
values are plotted against volatile matter, the S.V.I. classification scheme
avoids overlapping of clagses along the main axis.

The classification herewith presented has the feature of simplicity,
requiring only the generally available data of proximate analysis and
calorific value of the coal or coals under consideration, and while comparable
to other systems of classification based on ultimate analysis, avoids the
necessity of this costly and difficult determination.

By plotting a coal on the chart according to its 8.V.I. and volatile
matter, and noting its position, it is seemingly possible to predict with a
fair deglee of accuracy, the characteristics of that coal with respect to its
behaviour in a by-product oven, and the approximate yield of by-products
to be expected.

The chart is also serviceable for determining what mixtures or blends
of coals may be suitable for obtaining certain yields of coke, gas, and other
products, and for indicating the physical quality of the coke. Certain
tests, such as ecan be conducted in the laboratory, are, however, desirable,
and in some cases necessary, to ensure that these predictions are correct.
A small-scale coke button test has been developed in the Fuel Research
Laboratories, and by the use of this method large-scale tests of an experi-
mental nature may be avoided.

The classification scheme employing the Specific Volatile Index plotted
against either the volatile matter or fixed carbon on a two-dimension chalt
may serve either for a purely scientific classification of coals or for a ‘“use”
classification, especially for the carbonization industry. Tor this purpose,
that is, as a scientific classification, the calculation of all values to the
Unit Coal basis before plotting is recommended.




TABLE I
Analyses of Coals Plotted on Chart 3

. s Vola- | Calorific Specific . s
Proximate Analysis . = Ultimate analysis
s tile value volatile
(dry ash-free basis) matter | B.T.0.) index (dry ash and sulphur free)
Coal
N 1 Vot Calorifi Unit | “Unit | DT | «Uni
O] o orific ““Uni; “Uni “Uni; : -
tile 1;;:}::(:111 values |Sulphur| coal” | coal” a’“;i a.:h— coal” |Carbon Hyd;o— Oxygen Nltrg-
matter | °¥TP00 | B.T.T.) basis | basis | oot | basis g ge
1 67-4 32-6 8,320 0-5 66-8 8,490 53-4 55-0
2 50-5 49.5 9,995 0-7 49-8 10,090 55-6 56-5 64-0 4.2 30-5 1.3
3 66.7 33-3 8,810 0-6 66-1 8,920 59.7 60-5
4 49.9 50-1 10,562 0-6 49-4 10,630 64-5 66-6 66-8 4-1 277 1-4
5 70-0 30-0 9,180 0-3 69-9 9,200 69-0 69-1 Peats; C under 70-0
6 70-0 30-0 9,430 0-5 69-6 9,540 72-5 73-8
7 66-8 33-2 10,090 0-2 66-7 10,150 79-0 79-8 59-5 5-6 32-6 2.3
8 70-4 29-6 9,980 c-2 70-2 10,000 80-8 80-9 57-2 55 36-0 1-3
82 64-0 36-0 10,330 4.8 62-6 10,520 79-9 81-4 63-9 5-4 29-3 2-4
9 68-5 31-5 190,390 0-8 68-0 10,580 84-9 87-2
10 43-8 56-2 12,030 0-6 42-9 12,180 88-6 90-9 72-2 4-4 22-1 1.3 {C=70-0 to 75-0 Lignitic
11 51-3 487 11,734 1-0 50-5 11,880 yl-1 y3-1 (brown lignites)
12 45-1 54-9 12,130 0-8 44.3 12,430 96-4 98-2 73-2 4 20-1 1-8
13 40-9 59-1 12,550 0-7 490-3 12,650 97-8 99.2 75-0 4.6 19-0 1-4
14 40-7 59-3 12,680 0-6 40-0 12,780 { 100-0 { 101.7 76-2 4-9 17-3 1-6
15 46-7 53-3 12,500 0-6 45-5 12,660 | 102-1 104-5
16 42-0 58-0 13,070 0-6 41-4 13,170 { 1il.9 | 112.7 77-5 5 15.8 1-5
17 40-4 59-6 13,130 1-0 39-6 13,270 | 111-0} 113-8 C=175-0 to 80-0 Ortho-
83 53-2 46-8 12,520 4-1 56-7 12,870 { 107-8 116-2 lignitovs
18 41.1 58-9 13,350 0-5 40-3 13,500 | 117-1 120-4 77-5 5.2 15-1 2:2 (black lignites)
19 46-6 53-4 13,347 0-7 46-2 13,410 ( 120-4 | 121-3 77-0 5-2 163 1.5
80 50-2 49-8 13,340 1.7 49.5 13,430 | 12:-8 | 123-2 76-8 5:4 16-5 1.3
20 42-1 57-9 13,570 0-7 41-6 13,650 | 123-0 ! 124.5 777 5.4 15.2 1.7

Gy




' TABLE I—Concluded
Analyses of Coals, Plotted on Chart 3—Concluded

. . Vola- | Calorific Specific . .
Proximate Analysis r r Ultimate analysis
(dry ash-free basis) mﬁﬁe, (B‘ia']:"l?ﬁ',) vﬁlﬁzﬁe (dry ash and sulphur free)
Coal

N Vol Fired | Calorific| g | “Unit | “Unit | BT | «Unit Hvdr Nitr

tile e values uL coal” coal” (BBEA8D 05017 | Carbon| YO Oxygen| NVIWO"

matter | PR | BT.U.)| PO | bacis | basis | 1% | basis gen. gen

21 39-3 60-7 13,720 . ....... 3§-6 13,850 [ 125-1 128-3
22 42.8 57-2 14,120 0-4 41.9 14,320 | 135-8 | 140-7 80-5 55 12.4 1.6
23 40-3 59-7 14,230 0-5 39-7 14,360 | 138-2 141-5
25 452 54-8 14,300 0-7 4.4 14,490 | 140-3 | 145-5 80-7 6-0 11.1 2-2
24 48+5 51+5 14,415 0-8 44-6 14,520 { 143-2 | 145-3 81-0 5.7 11-6 1.7
26 38+5 61-5 14,360 1.15( 37-4 14,550 | 141-0 | 146-3 82-5 5:2 10-5 1-8 |}C=80-0 to 84-0
27 40-9 59-1 14,540 1.1 39-6 14,820 | 145-9 | 153-4 Meta-lignitous
28 43-5 56-5 14,710 1-2 42-6 14,920 | 150-0 | 154-6 83-5 6-2 8-4 1-9 (sub-bituminous)
29 45-0 55-0 14,760 1.1 43-9 14,980 | 150-7 | 156-0 834 6-0 9.0 1-6
30 45-2 54-8 14,790 1.2 43-9 15,080 { 153-6 | 158-2 83-4 5.6 9.3 1-7
78 41-9 58-1 14,528 1.3 41-0 14,700 | 145-8 | 149-8 82-9 55 9.9 1-7
79 49-2 50-8 14,610 3-8 47.6 ,880 |........ 152-8 83+5 5.9 9-0 1-6
31 419 58.1 14,900 0-7 41-0 15,120 | 154-2 | 160-2 84-3 6-0 7-9 1-8
32 40-2 59-8 14,950 2-0 39-1 15,100 | 156-1 160:3 84-9 5-5 7.9 1.7
33 47-7 52-3 15,190 0-7 47-1 15,330 | 159-5 | 162-5
34 40-5 59.5 15,020 1-2 39-8 15,200 } 159-5 | 162-5 85-0 5.8 7-4 1-8
35 48-1 51-9 15,280 0-8 47-5 15,4201 161-2 | 164-3 84-5 6-2 7-5 1.8
36 37-8 62.2 15,200 0-6 374 15,250 | 163-5{ 165-0 86-0 5.4 7-0 16 |}C=84-0t0 87-0
37 37-6 62-4 15,100 2.3 363 15,260 | 160-9 | 165-8 865 5.8 6-2 1-5 Para-bituminous
38 35:7 64-3 15,200 0-5 351 15,320 ) 164-5) 168-7
39 35-2 64-8 15,250 0.7 34-8 15,310 | 166-0 ) 168-4
40 364 636 15,120 1-3 35-1 15,340 | 162-0 ) 169-2 5-5 6-9 1-1
41 37.3 62.7 15,290 1.0 36-6 15,400 { 166-0 [ 169-0 85-2 6-1 6-9 1-8
42 366 63-4 15,130 1-8 35-0 15,420 | 162-0| 171-2 85-8§ 5.9 6-9 1-4
43 37-2 62-8 15,320 1-3 362 15,500 | 167-0 V 1726 8 5-8 6-3 1-4

9%




44 | 42| 65-8| 15410 07| 336 15520
£ 45 | 345| 655| 15550 06| 339 15600
S 4 | 30-0| 70| 1519 | 05| 28-7| 15430
T 4r | 2r2| 78| 15200 06| 262 15360

48 | ar4| w2.6| 15210 o0-2] 264 15370

49 | 30-0| 70-0| 15250| 07| 28-8| 15,490

50 | 40-6| 594/ 15550 | 08| 391| 15830

50 | 37-6| 624 15270| 73| 34-0| 15,750

52 | 319 61| 15610 07| 314| 15700

53 | 30| 97| 15500| 07| 296| 15620

8 | 298| 70-2| 15300| 0-9( 28:0| 15570

54 | 304 696| 15450 03| 293| 15,660

55 | B6-8| 43.2| 16,480 08| B56-1| 16,730

5 | 34| 86| 15570 11| 30-4| 15720

57 | 27-0| 730 15460 43| 24.2| 15470

8 | 27.8| 727| 15280 0-6| 25:7| 15550

7% | 292| 70-8| 1550 43| 27.0| 15,800

77 | 26:5| 35| 15480 | 2.4 24.8| 15730

59 | 264| 36| 15680 07| 253| 15850

60 | 243| 77| 1570 06| 23.7| 15780

61 | 23-5| 76-5| 15660 05| 23-0| 15750

62 | 25-0| 70| 15678| 1-3| 22.0| 15810

68 | 234| 7.6 15720 04| 22:3| 15880

64 | 28-5| 76-5| 15480| 40| 20-6| 15850

65 | 20.7| 85| 1580| 10| 21-0| 15890

66 | 18-1| 81.9| 15600| 06| 17-3| 15,830

67 | 18-9| si1-1| 15538| 20| 16-9| 15,800

6s | 18-5| 81.5| 1570 09| 17-6| 15900

69 | 142| *858| 15600 08| 136] 15680

70 | 12-0| s8.0| 15450 | 1.8| 10-6| 15,620

71| 62| 8| 15004| 06| 54| 15100

72 | 94| 906| 15350 10| 81| 15440

73 | 10-85| 89.15| 15585 | 1-0| 10-0| 15680

74 | "65| 935 15080 1.0| 51| 15230

75 | 46| 04| 14,00| 15| 36| 1500
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TABLE II
By-product Yields, per 2,600 pounds of Dry, Ash-free Coal, for 28 Typical Coals Plotted on Chart 3
R iy Vola- | Specifi G Am T Cok
esignation [o) pecific as mon- ar oke -
and coal number | tile* volatile Carbon fvgzzilx‘n- ium Shatter |Apparent
~—————— | matter | index* C.F. | B.T.U.] Therms |dioxide |° sition sulphate, Gallons (or index specific
Section] Sample in coal of coal per per per % wt. p‘% wt. | pounds per fon char) gravity
letter | number | . ton C.F. ton 0 Wb per ton | Imp. U.8. | % wt.
A 18 41.1 117-1 } 13,500 460 62-0 7-8 8-2 37-0 3-3 4-0 60-0

B 21 39-3 125-1 | 12,100 460 55-9 5-4 8-7 36-0 1.9 2-3

22 42-8 135-8 | 12,400 540 67-0 4-6 8-8 33-0 5.3 6-4

25 45-2 140-3 | 12,800 560 71-7 4-1 8-9 38-0 6-9 8-3

C 29 45-0 150-7 | 12,630 562 71-0 3-7 8-9 34-9 9-8 11-8

30 45-2 153-6 | 12,900 570 73-5 3-8 8-2 34-6 10-2 12-3

D 31 41-9 154-2 | 12,150 575 69-9 2-6 7-6 33-4 11-3 13-6

E 36 37-8 163-5 | 11,150 630 70-2 1-3 7-0 24-1 10-6 12-6

37 37-6 160-9 | 11,780 565 66-6 1-9 6-6 26-0 10-2 12-2

38 35-7 164-5 | 11,720 597 70-0 1-1 5-0 23-3 10-8 12-9

39 35-2 166-0 | 11,120 635 70-6 0-87 5-4 22-3 10-8 12.9

40 36-4 162-0 | 11,180 556 68-2 2-5 6-3 18-8 10-2 12.2

42 36-6 162-0 | 12,100 567 68-6 2-1 7-0 21-7 9-8 11-7

43 37-2 167-0 | 11,740 584 68-6 1.2 5-8 27-0 11-3 13-5

F 45 34-5 174-0 | 11,750 585 68-7 1-2 4-7 23-1 9.5 11-4

49 30-0 170-0 | 11,200 555 62-1 1-4 5-3 33-0 10-2 12-3

51 37-6 1165-4 | 11,730 588 69-0 1.2 5-1 18-7 9.8 11-8

52 31-9 179-5 1 10,950 609 66-7 0-8 4.7 22-6 9.1 10-9

53 30-3 178-6 | 11,400 556 63-4 2-3 3-9 22-4 8-0 9-6

54 30-4 175-8 | 11,270 558 62-9 1-5 4-5 223 6-2 7-4

- 56 31-4 179-3 | 11,250 563 63-3 0-8 4-9 21-0 9-4 11-3

G 47 27-2 171-5 | 10,590 550 58-2 .1-0 4.2 26-1 6:9 8-2

48 27-4 171-0 | 11,160 524 58-5 1-7 4.3 26-3 6-6 7-8

58 27-3 173-6 | 11,070 540 59-6 1-5 4-7 25-6 77 9-2

81 29-8 173-0 | 11,710 529 61-9 1.5 4.8 24-9 7-8 9-3

H 59 26-4 189-8 | 11,400 560 63:7 1.2 3-6 21.2 6-7 7-9

63 23-4 197-4 | 11,110 522 58-0 1-1 2-9 21-5 5-0 6-0

I 66 18-1 211-0t 9,970 535 53-3 0-6 2-8 15-3 3-1 3-7

*Volatile matter and specific volatile index are on the dry and ash-free basis as on Chart 2.
1 This index is low, because of high ash and sulphur. On the *“Unit Coal” basis the index is 181-7 and places the coal in its correct position.
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TABLE III
Specific Volatile Index Classification on the “Unit Coal” Basis

Volatile Calorifie Parr’s
Sec- S.V.I. matter Carbon value limits; terminology
tion | Nameofpredominating group*| limits range range B.1.U, of predomina-~
& per pound ting class
A |Woods.ivisrniieriinienniinens Under 0 {80andabove| Below 50 Up to 9,000
B |Peats.., . b0~ 82 45759, 50—-70%)| 8,500-11,000 |Peat
C |[Brown lignites (lignitic)...... 82— 09 4070 70—75 | 10,600—12,700 |Lignites
D |Black lignites (ortho-lignitous) 00—125 36—55 76—80 | 12,500—~14,000 |Bituminous D
E [Sub-bituminous (meta-ligni-
tOUB) . ivuurrraniseiinninens 126—160 36—60 8084 | 13,800—15,100 |Bituminous C
F |Bituminous (para,-bituminous; 160176 28—45 84—87 | 15,000~15,600 Bituminous B
G  [Bituminous Sortho—bituminous 176—180 2136 87—89 | 15,30015,800 (Bituminous B
II |Bituminous (meta-bituminous)| 100210 21—28 80—901 | 15,700—16,000 |Bituminous B
I |Semi-or ‘‘super'’ bituminous..| 210230 14—24 91—03-3| 15,700—16,000 |Bituminous A
J_ |Semi- or '‘sub-"’ anthracite....[ 230—2656 9—16 Over §3-3| 15,600—15,800 {Semi-anthracite
K |Anthracites......o..ovivieinns 256—300 3—10 Over §3+3| 15,000—~15,700 |Anthracite

-

*Tie nomenclature in brackets in this column are those of Seyler.

. DeGoey, H. J. A, and Brender-a-Brandis, G. A., Gas U. Wasserfach, 72, 1237-42 (1929).
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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 two years, and in most cases only such
data as were requested by the person submitting the sample are shown.
They are tabulated under the three following group headings:—

(1) Solid fuels occurring in Canada.

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

(3) Miscellaneous solid fuels.

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

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

The second group of 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
entirely by the engineers at the various heating plants, following instrue-
tions sent out by their headquarters after consultation with the staff of
the Fuel Research Laboratories. According to the procedure employed
in reporting these samples to the Department of Pensions and National
Health, only the moisture contents (which may vary with weather con-
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ditions) are shown on the “ag-received” basis, the remainder of the analyses
being reported on the ““dry” basis in order to simplify comparisons between
the différent coal samples.

The third group of fuels (Table III) consists of imported coals, such
as are sold by local dealers for heating either private residences or public
buildings, or for various industrial purposes. In addition, it includes a
number of cokes recently obtained from manufacturers and dealers, all of
which were made in Canada, though largely with coals from the United
States. These are all “commercial” samples. Finally, the third group
contains some processed fuels, a sample of hardwood charcoal such as is
used for kindling and samples of fuel from Jamaica and Germany.

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

The following notes explain abbreviationsin the tables, and may be of
agsistance in studying them.

(a) Figures in columns “R” refer to fuels as received; in columns
“AD” to air-dried fuels; and in columns “D” to those dried at 108° C. 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 apparatus.! 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 analyses 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 one-
gramme samples in closed platinum crucibles during the determination of
volatile matter. The terms ‘“non-coking”, “poor”, “fair”, or “good” are
used to indicate general coking properties, and serve to differentiate between
the non-coking or poorly coking coals, and those that will produce coke
in an oven that will grade as fair or better. They do not necessarily
predict correctly the grade of coke that can be produced commercially.

1Report of Scientifio and Industrial Research Council of Alberts, 1923, p. 3.




TABLE I
Analyses of Solid Fuels Occurring in Canada

Dominion Steel and Coal Corporation, Limited, Montreal
Coal samples from the Sydney area,
Supplied to Fuel Research Laboratories

Nova Scotia,

B%Otgzacn;al Through the Department of Public Works
Sample NO. . oveinineienainns wenve 7634 7107 9982 10049 10529 6775 6823 6961
Moisture condition..........ceeve-.] R D R D R D R D R D R D R D R D
Prozimate Analysis—
Moisture. per cent 35 .ieeen 35 ...... 32 ...... 3-1 38 ...... 69 ...... 65 ......
As “ 7-3 76 13-2 13-7 10-4 10-7 8-4 8-9 9-2 8-4 9-0 8-9 9-6
Volatile matter, «“ 326 33-8 32-2 33-4 32-5 33-6 34-7 34-6 36-0 30-1 32-3 30-3 32-3
ixed “ 56-6 58-6 51-1 52-9 53- 55-7 53-8 52-7 54-8 54-6 58-7 54-3 58-1
Ultimate Analysis—
Sulphur... .per cent 26 2.7 3-1 3-2 2-2 2-3 2-6 2.7 2.8 2-9 2-6 2-8 2.7 2-9 2-6 2-9
Nitrogen. . .« 1-4 - S [ [ [ P R IR T T TP,
Calorific Value—
Calories per gramme, gross. . 7,470 7,740 | 6,885 7,135 | 7,385 7,635 | 7,515 7,755 | 7,280 7,565 | 7,115 7,645 | 7,035 7,520 , 645 .
B.T.U. per pound, gross... 13,450 13,930 | 12,390 12,840 | 13,205 13,740 | 13,530 13,960 | 13,100 13,620 | 12,810 13,760 | 12,660 13,540 | 11,960 13,150
BT § c:0 T TN 1j75 1.60 1-65 1-55 1-50 1-80 1-80 1.70
Coking properties...coveeeveerianss Good Good Good Good Good Good Good Good
Softening temperature of ash....°F, 1945 fevrenvvennnenaedeorinceeraraneestianninnnnn B s N R AP
Designation of coal..... [P Screened coal... |Run-of-mine....[....ocoiviiiiiiiiiini el Slack....cooovifovanian .es feareeeseenena .
Kindofsample.......cvivvenannnn All commereial, oio.ieviiiiiierianiiianaaanas feteeenees et et atee e taer e ias st araaas . Ceevees
TRRER DY eeeeaeeeneansrsnevrnsesens]oasanen versens..|W. Kritsch, laboratory assistant, Fuel Research Laboratories........oeviunennn eearvenraereiararanen N
Date of sampling..coovvveeeininnes Sugg}ied to During During During During During During About
F.R.L, storage May, 1930  [November, 1931)December, 1931| February, 1932 | March, 1930 April, 1930 May 1, 1930
at thg end of
and sapopled
uring
Qctober, 1930
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TABLE I—Continued
Analyses of Solid Fuels Gccurring in CGanada—Continued

Dominion Steel and Coal Corporation, Limited, Montreal
Coal samples from the Sydney area, Nova Seotia

§ BT | smn,
Supplied to the Fuel Research Laboratories through the Department of Public Works Research | 2% ’ﬁn'fat?a
La.borabones ornwall
by the Coal Ont.
&unpany w "
Sample NO...eeveenns 8045 8107 8202 8493 8588 8961 10443 10612 9095 . 9984
Moisture condition...] R D R D R D R D R D R D R D R D R D R D
Proximate Analysis-—-
l\ImsturB ..p.c|] 29 ... 4-3 .... 66 .... 80 .... 66 ... 6-3 .... 79 ... 69 ... 1-9 ... 1-7 ...
............ “ 8-0 82 7-3 7-6 86 9-2 7-4 81 7-4 79 80 85 80 8-7 7-8 8-4 6-3 6-4 7-5 7.7
Vola.tlle matter 32-4 33-4| 31-9 33-4| 30-7 32-9| 30-0 32-6| 31-4 33-6| 31-3 33-4| 29-9 32-5| 30-2 32-4] 34-4 35-1| 33-9 34-5
Tixed earbon... “ 56-7 58-4)| 56-5 59-0| 54-1 57-9{ 54-6 59-3; 54-6 58-5] 54-4 58-1| 54-2 58-8{ 55-1 59-2| 57-4 58-5( 56-9 57-8
Ultimete Analysis—
b “ ... R S PR R vees cere | oeres PR I 77-4 7891 .... H.
“ .. vene | eann P PR R 5-5 531 ....
ot 2-9 3-0 2-8 2-6 2-8 2-5 2.7 ‘94 2-6 244 26 3-0 2-7 2-9 2.9 3.0 3-1 3-1 o
“d ... PO . . . .. . . F . . 6-5 491 ....
Calorific Value— .
Calories per
gramme, gross...| 7,495 7,720 | 7,495 7,830 | 7,020 7,520 ) 7,050 7,665 7,145 7,650 | 7,125 7,605 { 7,025 7,620 | 7,225 7,760 | 7,810 7,965 | 7,600 7,730
B I‘.U per lb.,gross 13,490 13,890 |13,490 14,090 (12,640 13,540 (12,690 13,800 (12,860 13,770 12,830 13,690 12,640 13,720 13 010 13,970 14,060 14 340 113,680 13,910
Fuelratlo 1-75 1-75 1.75 1-80 1-75 1-75 1-80 1-85 1-65 1-70
. . . . 14-1 14-8 . .
% Prop Good Good Good Good Good Fair Good Good Good Good
Softenmf'temperature
ofash........... Rt e [ 2020 | ......
Screen analysis......} ...... [ ...... T [ e On 1"=0-8,
(square screen 1" to =126,
openings)....... p.c. " to é’=23~7,
1" to 3"=40-8,
’*' to 3"=15- 9,
Per 3'=6-2
Designationofcoal. .. [AIlSIACK. ...\iieeerrereriiinieneiteeiitariansrroreeiranans e et et e e e e e eaeieraeeea e tie s a s e tatetaee ereneeabannes besnaasnaonbae
ind of sample.......|All commerecial........... erverecesesanseseeraeniresaos C avesseseranien saseira
Takenby............|W. Kristch, 1abOTAtory ASSIStAnt, Fuel FOSCATCH LADOTALOTIOR. oo nvsssesns s s nnsnnssnas sssmnsnass e sernerns O Lag> syz?mple Purchlsser of
\R.L. | coa
staff
Date of sampling..... During During During During During During During During June 6, 1931 | November,
Nox;%)(:;nober, Dcc%?(;ber, Ia.\ixgus.ryal y Fek;glﬁry, March, 1931 | April, 1931 l Jaligggy, Mareh, 1932 1931




TABLE I—Continued

Analyses of Solid Fuels Occurring in Canada—Continued

Dominion Steel and Coal Corporation, Limited, Montreal

Selected samples from coal pillars taken in the Phalen seam in the Glace Bay district, Nova Scotia

Bright coal Dull coal
Sample NO...covvviiierriiniinnn. 7448 7449 7597 9852 7450 7451 7598 9853
Moisture condition. .oveviviiiniannn R D R D R D R D R D R D R D R D
Proximate Analysis—
Moisture..oovneiverrnrans per cent 2-4 2-2 3-1 . 27 ... -8 ... 1-3 et 2-2 2-1 .
Asho.ocioiiiiiiiiiiena « 3-0 3-0 0-7 0.7 1.9 2-0 4.1 4-2 6-0 6-1 4.2 4.3 51 5.2 72 73
Volatile matter......... “ 322 33-0 31-3 32-0 310 32.0 29-3 30-1 34-0 34-6 38-3 38-8 34+0 34.8 32-6 33-3
Tixed carbon....ovvvnnes “ 62-4 64-0 65-8 67.3 64-0 66-0 63-9 65-7 58-2 59-3 56-2 56-9 587 60-0 581 59-4
Ultimate Analysis—
«“ . P . 80-3 829 80-0 823 ves 75T 174 76+1 77-8
« . 5-4 5.2 9:0 4.8 e .es 5:2 5.0 5-1 5-0
« 1-9 2-0 4.1 4-2 e 5-1 5.2 72 7-3
“ 1-3 1-4 0-7 0-8 1-3 1-3 1-3 1-3 0-8 0-8 5-0 5-1 345 3-6 2-3 2-3
« 1-4 1.4 1-4 1-4 1-3 1-8 1.5 1.6
“ . ceee . . 9.7 72 82 6-0 vee .er . 9-2 75 7-8 6-0
Calorific Value—
Calories per gramme, gross...... e e R .| 7,975 8,230 | 7,860 8,080 . . .. veeo | 7,680 7,850 [ 7,560 7,725
B.T.U.perlb., gross..cveeeeenn. ces s . 14,360 14,810 | 14,150 14,550 . eo o es.. | 13,830 14,130 { 13,0610 13,910
Fuel ratio.... . 1-95 2-10 -05 2. 1-70 1-45 1. 1.80
Carbon-hydrogen ratio.. . . 14-9 15-9 16-0 17-0 .- . 14.7 15-4 14-9 15-7
Coking properties. .ccveeseesevseaes Good Good 00 Fair Good Good Goo Fair
Softening temperature of ash, °F... e e .. 2145 2000 e .. . 2020 2115
Specific gravity (apparent), lumps. .. “es . . 1.27 ceee . vee 1.42
Specific gravity (apparent), fines
and duste..cccrereiiiiiienieanns ‘es . cees . e . 1.26 ceee . - 1-23

Taken by i iioineneineianiinnns

W. Nemerovsky, Geological Survey.

Pillars taken during the summer and autumn of 1928..

Y




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

Dominion Steel and Coal Corporation, Limited, Montreal

—_ Coal from Princess col-Coal samples believed to come
liery of Nova Scotia! from the Drummond colliery,
" Selected samples of Fusain from pillars taken in the Steel and Coal Com-| Intercolonial Coal Co., Lid.,
Phalenseam in the Glace Bay district, Nova Scotia pany, Itd., _Main] Westville, Nova Scotia
seam, ey Mines,
Nova Scotia
Sample NO..oiveiiiriininnieiainnteennnns 7452 7453 7599 9854 9292 9045 9046
Moisture condition.....cecvvneernnnn.. e nnn R D R D R D R D R D R D R D
Prozimate Analysis—
Moisture.....oeeeeeenevaranenn.. . per cent 21 ... 2-5 2.7 .... 1-3 7-0 2.9 . 3.0 .
Ashe....oounnnnen «“ 10-8 11-0 11-3 11 19.9 20-4 17-2 17-4 3-1 3-3 12-5 12.9 13-0 13-4
Volatile matter. “ 20-7 21-1 18-4 18-9 23-4 24-1 22-5 22-8 36-3 39-0 27-1 27-9 27-0 27-8
Fixed carbon...cc.ccveneerennnennn « 66-4 67-9 67-8 69-5 54-0 55-5 59-0 59-8 536 57-7 57-5 59+ 57-0 58.8
Ultimate Analysis—
Carbon........ sereseseseneeipercent] L Ll .. 85-8  67-7 69-7 707 76-0 81-8 .
Hydzogen........ crversrierareaen J ceee 3-2 3-0 3-0 2-9 5-8 53 veae
teesesrssnsnsiseciresisarsesees veee eaas . 19-9  20-4 17-.2 17-4 3-1 3-3
Sulphute.eeereneenninns e 59 6-0 10 1-0 1-3 1-3 1-1 1-1 1-2 1-3 0-7 0-8 0-8 0-8
Nitrogeha.eciveverenrosriiensnees veee s peee eees 0-5 0-5 0-5 0-5 1.6 1.7 .e e eees
OXYBED e nveonsososiiaanana & e 9-3 71 85 74 12-3 6-6 veen veen
Calorific Value—
Calories per gramme, groSS.eeessvsvesssre]  sees  a.e. vee 5,995 6,155 | 6.205 6,290 7,610 8,185 | 7,120 7,330 ( 7,000 7,215
B.T.U., perlb., gross.cceeueervncneenee| ... . 10,790 11,080 | 11, 170 11,320 | 13,700 4,730 | 12,810 13,190 | 12,600 12,990
Fuel rat; io.. 3-20 3-70 2-30 2-60 2-10 2-10
bon-hydroge 20-4 22'5 23-1 243 13-2 15-3 .
Coking properties........ Non-coking Non-cokirg Non-coking Good Poor Poor
Softening temperature of as! . 2505 2680 1995 FN . .. vee
Specific gravity (apparent) Iumps . . 1-48 . ces veen
Specific gravity (appareat) fines an ust., . 1.29 aee . ..
Sereen analysis (square screen openings)
per cent] ... veen s . veee R veer |On 104, 1* to 3"=1-9, .. eeen
#t03"=2-2,3" to i'=
10-6, %" to $"=18-7,
per $"=65-2
Designation of CORleee.tesieuereiierrerinefiueitiiieiteeeeeaterancesiansssasssnnnencnresssesnaesncansssrnnons Specially washed slack..Drummond  [......evveuen...
coal, 2-inch
bituminous
LG T BT o) YU 5.’ ¢ T T Commereial, 43 tons....[Commercial...........ovveennnns
Taken By.eevereireerecnnnnnn [ PO W Nemerovsky. Geological SUIvey..ooeovveneennnnnannae veereenne Lg&;_ample by F.R.L. | Department of National Defence
Date of sampling....cccecvrenne-s verenns «...|Pillars taken during the summer and autumn of 1928............... August 12, 1931...... PR 5. -5 £ 3 SN .
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TABLE I—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Sample from Avon Coal Co., Litd., Minto, New .
claims 287 tolg le fr Brunswick. N%%Jto CO%,[IS:O'
Samples from a location 2| 289 and 331 to amrréh m_ton} W. Benton Probably from
— miles from Digby, Nova| 336 in  Coal ]ll)?ock p44 °4 Evans, Roth- erny hold-
Scotia. gr::lélgxstnct miles S.W. of| Winterport New Zion ‘L‘.’[‘ie}llto mine, iings of the
Now lgmruns: Chipman. coal. coal, . company.
wick.
Sample No........... reereens 9775a 9775b 10171 9354 7040 7039 7038 703;7
Moisture condition. R D R D R D R D R D R AD D R D R D
Prozimate Analysis—
Moisture.. ....percent} 4-3 vee. | 4°0 1.1 ... 2.1 ... 15 ... 2-6 1-0 -1 ... 1-0
“ 7-8 8-1| 146 15-2 15-2  15-4 8-3 8-5 16-9 17-1| 145 14.7 14-9 12.9 13-1 13-1 13-2
Volatile matter. “ 6-3 6-6 { 28-1 29-3 34-2 34-5 31-9 325 31-1 31-6§ 29-9 30-4 30-7 33-1 33.4 32-8 33-2
Fixed carbon.... “ 81-6 85-3 | 53-3 55-5 43-5 50-1 57-7 59-0 50-5 51- 53-0 53-9 54-4 52-9 53-5 53-1 53-6
Ultimate Analysis—
Carbon..............per cent| .... R ceee e ciee eaes P i 73-1  73-8 71-8 72-6
Hydrogen...o.oevvaenns “ ees ceee | oeenn . ers eaen 4-8 4.7 4-6 4-8 4.7 e .
b..... “ . veea | oaen . feee wees 14-5 14.7 14-9 12-9  13-1 .
Sulphur “ JN s - 8.4 8-5 2-5 26 7-1 7-2 5.7 5-8 5.8 5-9 6-0 6-2 6-3
Nitrogen...... .. “ OO e . ceee aeas cose  eans 0-7 0.7 0-8 1-0 1-0
Oxygen....cvevernes ¢ cere | eann . eee aaen ceee eees e eeee 24 1.0 0-1 36 2-6 ceen
Calorific Value—
Calories per gramme, gross e . . 7,035 7,110 7,445 17,600 6,760 6,865 | 6,945 7,060 7,135 7,270 7,350 7,285 7,355
B.T.U. per Ib., gross...... . vens . 12,660 12,800 | 13,400 13,680 | 12,170 12,360 12 500 12,710 12,840 13,090 13,230 | 13,110 13,240
Fuelratio....coeveennn. ceeenen 13-00 1-90 1-45 1-80 1.65 1-75 1-60 1-60
Carbon-bydrogenratio...ocoeeof ..ot eere  eese | 15:0 156 15-9 14.8 15.2 . ..
Coking properties..............| Non-coking | Non-coking Good Good Fair Fair Fair Fair
Softening temperatureofash®F.|.......... IR PR P P 1975 1980 1975 1950
Kind of sample......... FUDRRIE £ - o013 SRR S meeaeeee
Paken by..eriiaeenernncnannss Submitted by official of|Private individuals.............. Mine OperatorB..ceeeeeenccnetsereononatocsoaaansns ereeaean, Ceinrieeaennee
-C: ian Pacific Railway.
Date of sampling..cccevuennaan Summer of 1931..ceuur.... ... Jannary, 1932.. . |Summer of 1931|May, 1830..cc0cecennieerarecncnnnans vamenes R
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TABLL I—Continued
Analyses of Sclid Fuels Occurring in Canada—Continued

Peat from Gov-
ernment bog,

Sample sent in

Alfred, Onta-| irom Sudbury,
Samples from Clones Settle-{Samples reported to come from the island| rio;dugin1929,| Ontario, and
—_ ment, about 14 miles north of[ of Orleans, in the St. Lawrence river] andstored out-] believed to be
Welsford New Brunswick. near Quebee, Quebee, believed to be| of-doors atthe| ‘‘Anthrax-
“ Anthraxolite’’. TFuel Research| olite”.
Laboratories. .
Sample No. 7346 7589 10034 10042 9047 7633
Moisture condition. .. R D R R AD D R D R
Prozimate Anal_/szs—
Moisture. . per cent 1-4 1-1 6-9 3-4 4.1 45-8 3-3
Ash...cocoenn... « 11-5 11-7 9-3 9-4 16-8 17-4 18-0 1-6 1-6 2.9 53 12-2 12-6
Volatile matter. « 31-0 31-4 31-3 31-6 20-1 20-9 21-6 226 236 34-0 62-7 9-7 10-0
Fixed carbon.... “ 56-1 56-9 58-3 59-0 56-2 58-3 €0-4 71-7 74-8 17-3 32-0 74-8 77-4
Ultimate Analysis—
Carbon.... . eees 30-8 56-8 vee
Hydrogen. . . 8-1 5:6 ves
Ash..coovivinnnnan. .. 29 5-3
Sulphur............. 0-4 6-3 6-4 0-5 0-5 0-6 0-1 0-2 0-9
Nltrogen ............ .. 1.2 2.2
OXYLeD. eerrneeneenannnns S eee 56-9  29-9
Calonﬁc Value—
Calories per gramme, gross........ s . 7,690 7,780 6,575 6,820 7,060 { 8,150 8,500 2,910 5,360 6,800 7.040
B.T.U. perlb., ross..ccceuevene-n. 13,850 14,000 | 11,840 12,270 12,700 14 670 15,300 | 5,240 9,650 | 12,250 12,670
Fuel ratio....oevereenrenonencnaans 1-80 1-85 2-80 -15 0-51 7-75
Carbon-hydrogen ratio. . PR . .. 3-8 10-2
PTOPertieS. evrieenenuensneans Good Good N on—coking N on—coking Non-coking
Softening temperature of ash..... S 1 Y PR 22200 leeereiiiiiinene. P2 (-2 P,
Screen analysis (square screen open-
517543 J Porcy Ty % | NP PRI SRR PR On1?=0-7,1"to)...cc..covevnn...
¥ =16-3, §” to
%” =27-9, ¥ to
3 =29.0, ‘1"’ to
£ =11-2, per
3" =14.9.
Designationof fuel.....cveiiinniei]iriieeieiiiiiei it inaeaaa As sent to Fuel Research{Washed at F.R./Domestic size..|....coeveennn.n.
Laboratories. .
Kind ofsample......oooveennennn... PrOSDEC . v eeiereeeirerenneennann|oeaeaaeeosncensonnsenses]ocreasenceannans Commercial— |.....c.covvennnn.
. 2 carloads. N
Taken by.eeveeeeennnnnnenn. e Submitted by official of Canadian|Private individual......[..ccceieennn.... Lab. sample by|Private indi-
: Pacific Raﬂwa staffof F.R.L.] wvidual.
Date of sampling....c.cveeveeenennnn. July, 1930.. September, 1930{Autumn of 1931......... May 28, 1931....{October, 1930...

December 30,
1931,

o

8¢




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

Onakawana lignite from the neighbourhood of the Abitibiriver, Moose River basin, northern Ontario; from shaft No. 1—Lower seam.

Sample No..... sesasese 6933 6984 ‘ 6985 6986 6987 6988 6989
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..... per cent| 51-8 19-2 ....| 513 20-1 ... 51-7 186 ....| 52-8 18-7 ... 41-4  18.4.... 41.9 193 .... 1| 45-2 20-2 ...
Ash.......... « 5.3 8-9 11-0 4.8 79 99 5-6 9-5 11-7 3.6 6-0 7-5 9.4 13-1 16-1 6.6 9-2 11.4 4-8 7-0 8-8
Volatile matter « 19-9 33-3 41-2| 20-3 333 41-6| 20-5 34.5 42-4| 20-7 35-3 43-9} 22.8 31.7 38-9 23-5 .32-7 40-5| 22-4 32-6 40-8
Fixed carbon, 23-0 38-6 47-8| 23-6 38-7 48-5| 22-2 37-4 45-9 ) 22-9 39-0 48-6 | 26-4 36-3 45-0| 28-0 38-8 48-1) 276 40-2 50-4
Ultimate Analysis—
cevs e aen . 30-4 51-2 62-9( 80-4 51-8 64-5( 34-4 47.9 58-7{ 35-8 49.8 61-6{ 34.8 50-7 63-5
tace  asie seee cete  caes ses 7-8 55 4.2 8-0 5.8 4.5 6-9 5-3 4-0 7-0 5.4 4.0 7-2 5-5 4.0
ceve . . T 56 9-5 11-7 3-6 6-0 7-5 9.4 13-1 16-1 6.6 9-2 11.4 4.8 7-0 88
0-5 08 1.0 0-4 0-7 0-9 1-0 1-6 2-0 03 05 0-6 0.2 0-3 04 0-3 05 0-6 0.2 0-3 Q-4
. aeee eees . 0-2 0-4 0.5 0-2 0-4 0-5 0-3 0.4 0.4 0-4 0.5 0-7 0-4 0-5 0.6
.ee PP . . 55-0 31-8 18-7| 57-5 35-5 22-4| 48-8 33.0 20-4| 49-9 34.6 21.7| 526 36-0 22-7 %
Calorific Value—
Calories per gramme,
ELOSS.ceeresvannnona| aree  wies cean vere eees eee. | 2,775 4,675 5,750 { 2,800 4,770 5,940 | 3,110 4,380 5,310 | 3,245 4,510 5,585 { 3,135 4,565 5,720
B.T.U.perlb.,, gross.f .... vere wees ..s. | 5,000 8,420 10,350 | 5,040 8,580 10,690 | 5,600 7,700 9,560 | 5,840 8,120 10,050 | 5,640 8,210 10,290
Fuelratio.eeeieeieneans 1-15 1.15 1-10 1-10 1-15 1-20 1-25
Ca.r.bon-hydrogen ratiod ... aees ceil ] eeee e aenn 39 9.3 14.9 3-8 89 14-4 50 91 148 5.1 9.2 15-3 48 9.2 15.7
Colding properties....... Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking
BT T LY N T T ITY
Location in mine....... 2 feet along drift No.|4 feet along drift No.|2 feet along drift No.|4 feet along drift No.|Main shaft, 3 to 4 ft.}4 to 5 ft. depth..... 5 to 6 ft. depth.
1a;0t02 ft. depth.| 1a;2to4ft.depth.] la;4to6it. depth.| 1a;6to7ft. depth.] depth.
Taken by..... evnvenns Ontario DePartINent Of IAMES. . o . vueneennnereseseseesonsenassenenesasseenssesenastsetiosetsaseseansseastssseaseesarssssssensscasesiossiarassnss
Date of sampling.......{Spring of 1930




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

_ Onzkawana lignite from the neighbourhood of the Abitibiriver, Moose River basin, northern Ontario; from shaft No. 1~-Lower seam.
Sample No....c.eoveen.. 6930 6991 6992 6994 6995 6896 6997
Moisture condition...... R AD D R AD D R AD D R AD D R AD D R AD D R AD D
Prozimate Analysis—
i .per cent| 43-4 19-3 .... 37-6 17-7 ... 43-5 18-1 ... 39-1 19-0 .... 37.8 189 .... 38-5 198 .... 36-7 19-6 ...
“ 6-4 9.1 11-3 7-0 9-2 11-2 4-3  6-2 7-5 5-9 7-8 9-6 6-7 87 10-7 5-6 7.4 9-2 7-1 9-1 11-3
i ter « 23-3 33-2 41-1) 27-2 35-9 43-6| 26-9 39-0 47-7) 26-0 34-7 42-8| 26-2 34-2 42-2] 25-9 33-7 42-1 26-8 34-0 42-3
Fixed carbon. 26-9 38-4 47-6( 28-2 37-2 45-2| 25-3 36-7 44-8| 29-0 385 47-6( 29-3 38-2 47-1| 30-0 39-1 48.7 29-4 37-3 46-4
Ultimate Analysie—
-.pereentl ... ... Lol eeee el el - 39-8 52-0 64-1 cere saer e
. e wee ceeo ense eees  aeen 6-3 56 4-3 eete  eeee
“ feve esie eees ceee eees aeas 6-7 87 10-7 ..
“ 0-2 0-3 0-4 0-4 0-6 0-7 0-2 0-3 0-4 0-4 05 0-7 0-8 1.0 1-3
“ . - e eeen e .. - vens 45-8 32-7 19-6 . . . . . wee
Calorific Value—
Calories per gramme,
BrOBS.eenvenvenannen cese sese  eees .. sese eeee .... | 3,640 4,750 5,850 ¢ .... .... .... cees  eees ver
B.T.U. perlb., gross. e esee  eese ceee eeene e vees eess  s... | 6,550 8,450 10,530 care o
Fuelratio......... 1-15 1-05 0-94 . 1-10 1-10 1-15 1-10
Carbon-hydrogen ratio.| ... . F e P T 58 93 1491 .... ... ... Ciee eeee eeas
Coking properties....... Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking
XKind of sample......... ALl I0IRe. . ccvie i ceieaaaaas et et et ettt te b eeanetaareea e et ata et e e aa e aheaee e ahh e nr s e e bt reatesans
Location in mine....... 6to 7 ft. depth......|7 to 8 ft. depth......|8 t0 9 ft. depth......[10 to 11 ft. depth....[11 to 12 ft. depth.....]12 to 13 ft. depth....|13 to 14 ft. depth....
Taken by.eevnencenenn. Ontario Department of MINES. .. ...oiu .ttt ieiitt ettt et ittt e aaeaaeeaaneasanssstansnsnnnsensesesesseeeeesnans S ieeieienas
Date of sampling....... £33 7 0 1 Y .
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TABLE I—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

—_ Onakawana lignite from the neighbourhood of the Abitibi river, Moose River basin, northern Ontario; from shaft No. I—Lower seam
Sample No...veernenans 6998 6999 7000 7001 7002 7003 7004
Moisture condition......| B AD D R AD D R AD D R AD D R AD D R AD D R AD D
Proximate Analysis—
Moisture......per cent| 37-7 194 .... 37-6 206 .... 41.5 185 .... 43-2 19-7 ... 41-0 19-0 .... 38-0 -8 ... 36-4 18.9 .
Ash.cccivnnaes “ 57 7-4 §-1 6-1 7-8 9-8 6-2 87 10-7 6.2 8-8 10-9 5.4 74 91 g9-1 11-9 14.7 81 10-3 12-
Volatile matter 27-9 36-1 44.9 27-7 35-2 44-4 25-7 35-8 43-9 23-4 33-1 41-3 25-8 355 43-8 25-8 33-8 41-6 26-6 34-0 41-9
Fixed carbon... 28-7 37-1 460 28-6 36-4 45-8 26-6 37-0 45-4 27.2 38-4 47-8 27-8 381 47-1 27-1 35-5 43- 28-9 36-8 45-
cere e ees ceer emer eeen 38-1 523 645 37-5 49-1 60-5
ceee R, 7-3 59 4.7 6-7 53 4-0
I, . e . 54 74 91 9-1 11-9 14.7
09 1.2 1-5 1-0 13 1-6 2-0 2-8 34 0-¢ 1-2 1-5 04 06 07 1-6 22 26 05 06 (-7 o
[ O T s 0-3 04 05 0-4 05 06 | cove ceen eenn =
Caeee e veve e eeee 48-5 33-4 20-5 44-7 31-0 17-6
Calorific Value—
Calories per _ .
gramme, gross...... Ceee mene aees weve eeee +e-. | 3,535 4,855 5,990 | 3,440 4,505 5,545
B.T.U. perlb., gross.] .«.ec aeee weee weee .. .... }6,3608,74010,780 | 6,190 8,110 9,980
Fuelratio..ceocvennnnn 1-05 1.05 1-05 1-15 1-10 1-05 1-10
Carbon-hydrogen ratio.] .... .... .... cere eeee eens ceee eene eees 5-2 8-9 13-9 5-6 9-3 15-3 ciee veve eeas
Coking properties....... Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking
XKind of sample......... Allmine...cooevmnrnnnnn. P rerectenesees tebenterenanas teeceeccresesrreanennen reeesasesarecanns
Location in mine....... 14to 15 it. depth | 15to 16 ft. depth | 16 to 17 ft. depth | 17 to 18ft. depth | 18to 19ft. depth | 19 to 20it. depth | 20 to 21ft. depth
Taken by.....ocove...jOntario Department of Mines....oievviecriiriiierienesnerarareccasencaarssecrosasanes e eeeeeeseentasneerasnoaseiroateteantatrantescesrressatonnn
Daite of sampling.......|Spring 0f 1980, ...ccvieieieiireieierareeeiererererecercsnacanesens ereresectesccronanenanenanes teeveresntatesarasnannans feeersrennteaanas eeeeieae




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

Onakawana lignite from the neighbourhood of the Abitibi river, Moose River basin, northern Ontario; from deposit worked by the

Ontario Department of Mines
Samples selected from carlot 9235
Treefrunk | Twige | Bark | Hardpeaty] Soit peaty | Fusain
Sample NoO...oveeeenanaass. 6751 8843 9235 10004 10005 10008 10007 10008 10009
Moisture condition..........| R AD D R AD D R D D D D D D D
Prozimate Analysis—
Moisture,.........per cent} 51-8 18-3 .... 55-8 181 ... 36-3
“ 6-9 11.7 14-3 83 154 18-8 7-0 11-1 56 5-1 10-4 6-9 9-8 11-2
9-6 33-2 40-7 16-6 30-8 37-6 27-1 42-5 46-1 47-8 43-1 45-6 41.9 85:5 ‘
1-7 36-8 45-0 19.3 35-7 43-6 29-6 46-4 48-3 47-1 46-5 47-5 48-3 53-3
0 50-8 62-1 26-4 48-8 59-7 40-2 63-2 66-2 66-0 64-1 64-1 66-3 65-7
7 54 4-1 7-9 5.1 3-8 6-8 4.3 4-7 4.6 4-1 4-4 4-1 3-5
9 11-7 14-3 8-3 15-4 18-8 7-0 11-1 5-6 5-1 10-4 6-9 9-8 11.2
o 1-7 2.1 0-5 0-9 1-0 0-8 1-2 0-7 0-4 1-8 0-6 1-1 3-6 >
-3 0-5 0-6 0-3 0-5 0-6 0-4 0-6 0-4 0-5 0-7 Q-7 0-6 0-5 o
1 299 16-8 56-6 29-3 16-1 44.8 19-6 22-4 23-4 18-9 23-3 18-1 15-5
Caloriesper gramme, gross| 2,790 4,725 5,785 | 2,355 4,365 5,335 3,685 5,785 8,115 6,170 5,865 5,950 5,905 5,935
B.T.U.perlb., gross...... 5,020 8,510 10,410 { 4,240 7,860 9,600 6,630 10,420 11,010 11,110 10,560 10,710 10,630 10,680
Fuel ratio...... evescscansses 1.10 1-15 1-10 1-05 1-00 1-10 1-05 1-15 1-50
Carbon-hydrogen ratio......] 3-9 94 15-2 3-3 9-8 15-8 5-9 14-8 14-0 14-3 15-6 14-4 16-3 18-7
Coking properties........ ver Non-coking Non-coking Non-coking Non-coking| Non-coking| Non-coking| Non-coling{ Non-coking| Non-coking
Softening temperature of
F- XS] DN F. 1975 2065 2210 2200 2350 2270 2360 2260 2125
Designation of fuel.......... Run-of-mine....... ceaeenes veescsssnene vesessasenas PPN F veeeeen cerees eeaesesesatassnnnetine.atresnane seransanaasnenenasrnonte
dofsample...c.cveeen.. arload. ...ovuerenens |Carload: 30 tons. [Carload: 80 tons. .| ceuecuerircrerasasionacesseasnanes
Takenby...ceann. eeee..{Ontario Department of MieS...ccecaeseesesascrsorsensanscscans Staff of Fuel Research Laboratories. ,. S s ensnss banRsaneansansaann
Date of sampling............ April, 1930..... veses..]April, 1931..... weseenn [July, 1931. ... e JAUEUMR OF 1931, . ccvreiaaneeruniisnesnnncauarasiacronsensoranarsssancsonsnan

Carload shipments as rapresanted by sample numbers 6751, 8843 and 9235 are the Qnakawana Ii

gnites on which boiler {rials were made, as listed on pages 27 and 28

and reported in appended table opposite page 35. The last carload, namely, 9235, which was the better grade lower seam lignite, was somewhat air-dried when received,
whereas samples 6751 and 8843 were noticeably lower grade coal from the upper seam, and were reczived in the wet frozen condition. The_ asreceived moisture figures of
these two lots are, therefore, abnormally high and should be corrected for superficial moisture. Recent tests indicate that the actual (inherent) moisture content of the
freshly mined Onakaiwana ligaite is not in excess of 50 per cent and this is subject to a further loss by air drying during handling.
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TABLE I—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Deloraine Coal

E. J._ Sinclair’s mine,

James Marshall’s mine,|

E. E. Byers’ mine, No.

Mines, Ltd.,south| Roche Percée, Sask- Blg Muddg Saskat— 8, Bengough, Saskat-|C. H. Waldon’s mine, Harptree, Saskatchewan
of Deloraine, Man-| atchewan; L.S. 16, sec.| chewan; L.S, 6, sec. chewsan; L.S. 7,80¢.34,] I..S. 13, sec. 34, tp. 3, R. 26 W. 2 mer.
_ itoba; N.W.1sec.| 29,tp.1, R.6W. 2 mer. tp. 1, R.21W. 2mer tp. 4, R. 23 W. 2 mer.
11, tp. 2, R.23 W.
prin. mer.
Sample NO.c.evvvnenenenn 10172 7966 7961 7962 7759 9094
Moisture condition........ D R AD D R AD D R AD D R AD D R AD D
Prozimate Analysis—
Moisture...... - .per cent 33-3 250 .... -9 22-1 ... 372 223 .... 38-3 224 .... 45-7 219 ....
) T . 155 6-8 7-7 10-2 10-0 12-8 164 6-8 8.4 10-9 10-2 12-9 16-6 8-7 125 16-0
Volatile matter “ 38-4 27.9 31.3 41-8 26-0 33-2 42-6 25-6 31-7 40-8 22-8 28-6 36-9 20-5 29-4 37-7
Fixed carbon. “ 46-1 32-0 36-0 480 25-1 31-9 41-0 304 37-6 483 28-7 36-1 46- 25-1 36-2 46-3
Ultimate Analysis—
Sulphur.........percent 0-6 0-7 07 1.0 0-3 04 05 0-5 0.7 09 0-7 08 11 06 09 1.1
Calorific Value—
Calories per gramme,
gross| 5,725 4,265 4,800 6,395 3,250 4,145 5,320 3,640 4,505 5,800 3,305 4,155 5,355 2,960 4,260 5,450
B.T.U. perlb, gross..... 10,300 7,680 8,640 11,510 5,850 7,460 9,570 6,550 8,110 10,440 5,950 7,480 9,640 5,330 7,660 9,810
Fuelratio..coeveevnnnnnns. 1-20 1-15 0-96 1-20 1-25 1-25
Coking properties......... Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking

Softemng temperature of|
ash °F.

Kind of sample...........
Location of mine..........

Takenby.iivieernrinennnn

Date of sampling..... ceees

Submitted by C.
H. eeman,
Mines Branch

Autumn of 1931...

Mine,
Main entry 5 ft. of coal
gverdlam by 3-inch clay,

Face of main entry; 6 ft.
of coal.

Nov. 13, 1930...........

Mining Inspector, Federal Department of Interior

Nov. 10, 1930......... .

Room No. 4; upper 4 ft.
coal, inches clay,
lower 1 ft. coal

.llNov. 10, 1930...........

Face of main entry; 7-ft.
6-inch seam wit: 4—111
clay parting 14 in.
from floor.

Submitted by Provie-
cial Deputy Minister;
probably taken by
mine operator

Spring of 1931

€9




“Analysés of Solid Fiiels Oc¢cuffing in Canada—Continued

TABLE I—Continued

Willm.m Johnson's Henry Vanden William Meeker’s Charles Sjodin’s R. O. Birchard’s |From seam 3 miles
mine, Harptree, Heuval’s mine, Hart, mine, Gye, mine, No. 81, Ver- mine, Verwood; from Readlyn,
— Saskatchewan, Saskatchewan: Saskatchewan; wood, Saskatchewan; | L. s 10, sec. 32, tp. 6, Saskatchewan;
L.S. 15, sec. 29, tp 3, 1 L.S. 16, sec. 24, tp 4,1L.S.10, sec. 34, tp. 4, | L.S. 14, S. } sec. 29, 27 W. 2 mer. gee.28,tp. 7, R.27TW.
R. 26 W. 2 mer. . 27 W.2 mer. R. 27 W. 2 mer. tp. 6, R.27 W. 2 mer. 2 mer.
Sample No ............. Wesiaues 7762 7963 7763 8001 7764 10478
Moisture condition.............. R AD D R AD D R AD D R AD D R AD D R AD D
Prozimate Analysis—
Moisture 39-1 23-2 ... 43-4 219 ... 41-0 23- 41-2 19-4 ... 40-1 25-0 .... 41-6 187 ....
9.7 122 15-9 9-1 12-6 6. 9-4 12-2 15-9 5-6 7-7 9:5 10-0 125 16-6 7-6  10-6 13-0
25-0 31-5 41-0 21-7 30-0 384 226 29-5 38-3 26-3 36-0 44.7 24-1 30-2 40-2 24-9 34.7 42-7
26-2 33-1 43-1 25-8 35-5 45 27-0 35-2 45- 26-9 36-9 45-8 25-8 32-3 43-2 25-9 36-0 44-3
Ultimate Analysis—
Sulphur...............percent} 1-2 1.5 2-0 2.3 31 40 22 2.8 36 14 1.5 1.9 1-4 1.7 238 -0 1-4 1.7
Calorific Value—
Calories per gramme, groes. ..| 3,395 4,290 5,580 | 3,120 4,310 5,510 | 3,315 4,315 5,615 | 3,470 4,755 5,905 | 3,355 4,200 5,600 | 3,430 4,765 5,865
B.T.U.perlb,, gross..........| 6,110 7,720 10,050 | 5,620 7,750 9,820 | 5,970 7,770 10,110 | 6,250 8,560 10,630 | 6,040 7,560 10,080 | 6,170 8, 580 10,560
Fuelratio..ceeevsveennnnanennn. 1-05 1-20 1-20 1-05 1-05 1-05
Coking properties....... cereaees Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking
Softening temperature of ash °F.]  .......... S s (O SN 2250
Kind of sample. ............ e EEREL et e et Prospect..... ........
Location of mine....ccevuuunne.. Face of main entry;|Face of main entry;[8-ft seam.............. New opening.......... Room NO. 1; 8CTOSS|.cciirvieeoaeascnnnsen
. across 73-ft. seam| across 6-ft. seam 3-ft 8-in. seam, with|
with 4 in. of “black- 4-in. clay parting
Jg.ck” 14 . from 4 in_{from roof.
Taken by.....cccevveeereern....|Mining Inspector, Federal Department of IRterior.......oveeevuane.. Mine operator......... Mining Inspector...... Private individual
Date of sampling....cocevevee... Oct 21 1930 .......... INov. 11,1930......... Oct 22, 1930.......... Autumn of 1930....... Oct. 22, 1930.......... February, 1932
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TABLE I—Continued

Analyses of Solid Fuels Occurring in Canada—Continued
Joe Paulbus’ mine, [M.B.Midland’s mine,| Edwin Lund’s mine,
Willow Bunch, between Willow Bunch Willows,
—_ From seams 3 miles from Readlyn, Saskatchewan; sec. 28, tp. 7, Saskatchewan; and Verwood; Saskatchewan;
R. 27 W. 2 mer. 1.S. 15, sec. 13, tp. 5, | L.S. 3, sec. 12, tp. 6, | L.S. 2, sec. 24, tp. 7,
R. 28 W. 2 mer. R. 28 W. 2 mer. R. 29 W. 2 mer,
Sample No....... tossernnsesass 10479 10480 10481 7761 7760 7965
Moisture condition....... veavees R AD D R AD D R AD D R AD D R AD D R AD D
Prozimate Afhlyszs—-
Moisture. .‘,...,..‘,..percent 41-3 187 ... 40-0 16- oee 40-4 182 .... 39-7 221 .... 40-1 22-3 .... 42-3  22-9
3 N 54 7.5 9-2 7-4 10-3 12-3 5.8 80 9-8 8.2 106 13-7 7-4 96 12:4 5.9 7-8 10-1
Volatile matter . 25-6 35-4 436 23-5 327 39-2 25-5 34.9 42-7 25-1 32-5 41-6 24-9 32-3 41-6 25-4 34-0 4.1
Fixed carbon.......... “ 27-7 38-4 47-2 29-1 - -5 28-3 38-9 47-5 27-0 34-8 44.7 27-6 35-8 46-0 26-4 35-3 45-
Ultimate Analysis—
Sulphur........ cerenne percent| 0.4 0-5 0-6 15 21 25 0-5 0-7 0-9 0-7 0-9 1-2 0-3 0-4 0-5 0-5 07 0-9
Calorific Value—
Calories per gramme, gross 3,555 4,020 6,055 [ 3,570 4,965 5,950 | 3,565 4,900 5,985 {3,340 4,315 5,540 [ 3,410 4,425 5,600 { 3,500 4,675 6,065
B.T.U. perlb, gross.. 6,400 8,860 10,900 | 6,430 8 940 10 710 | 6,420 8,820 10,770 | 6,010 7,770 9,970 | 6,130 7,960 10,240 | 6,300 8,420 10,920
Fuel ratio....... 1.10 1-25 1.10 1-05 1-10 1.05
Coking properties Non-coking Non-coking Non-coking Non-coking Non-coking Non-coking
Softening temperature of ash.°F. 2300 2280 2215 RN B ey

Kind of sample.cveeeeeeiiianans

MING, . eieeesroenssuansesssasssssssssssssnsosasssssssssssncasssncns

Location in mine......cccu.enee R vreevevesserses.|Faco of main entry;|Face of No. 2 entry;/First room; 16-in. coal,
across 163-ft. seam | across 63-foot seaml 4-in. clay, 26-in. cosl.

Taken by.cccevvnenns veseeesess.|Private individual............. cevementanes teeevesseresecssssenesss.|Mining Inspector, Federal Department of Interior.....ccceuvennn.

Date of sampling.......... veeees|February, 1932, i ciecnriacenanan .....................'............October,1930.........}Octoberz(),1930...... November 12, 1930.
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TABLE I—Continued
Analyses of Solid Fuels Cccurring in Canada—Continued

Bighorn and| Alberta Mohawk West Cana-
Saunders Mountain Bituminous | dian Collier- .
Blackioot Indian Creek Col- ieries, | Mines, Ltd., ies, Litd., Hillerest Collieries, Ltd., Hillcrest, Alberta
Reserve mine, Lieries, Ltd., | Ltd., Hinton,| Maple Leai | Blairmore,
— No. 72, near Gleichen,| No. 388, |Prairie Creek|mine No. 133, Alberta,
Alberta; sec. 5, tp. 21,{ Saunders, {area,Alberta;{ Bellevue, No.-
R. 20 W. 4 mer. Alberta; |sec.10,tp. 51,| Alberta; Bellevue From S.W. side of main
s$s.413) aﬁdﬁ, R. 25 W. 5 g&; Ié;li;o%etg stecs.72(:)Ranadv2‘? basin on section line be- Mu'lt; No. 40, se&g 18 and 19,
. 40, R. mer. , tp. 7, R.8| tp. 7, R.3 W. . . mer.
. 5 mer. . 6 mer. & mer. tween and 7
Sample No.......... crerane 10461 8019 6690 9886 8465 9888 9890 9887 10052
Moisture condition.......... R AD D R D R D R D R D R D R D R D R D
Prozimate Analysis—
Moxsture .......... per cent| 17-7 15-7 Jo 98-8 .... 8-0 .... 2-2 .... 0-9 .... 133 .... -1 ..., 1-4 .... 1-2 ...
............. .« 7-7 7-9 g- 9-0 10-0 16-3 17-3 20-3 20-7 10-1 10-2 6-7 7-8 13-3 16-6 19-1 19-4 16-1 16-
'Volatxle matter. “ 30-5 31-2 37-1 31-9 35-4 34-4 36-6 24-1 24.7 29-3 20-5 28-0 32-2 25-8 32-3 27-0 27-4 28-5 28-8
carbon........ “ 44-1 45-2  53- 49-3 54-6 43-3 46-1 53-4 54-6 59-7 60-3 52.0 60-0 40-8 51-1 525 53-2 54-2 54-9
67-7 64-5 71-6 heen eees 66-6 68-1 ceve ssee cre sese e eeas 68-9 69-9 71-6 72-5
4-5 5-3 4-8 cees sees 4-2 4.0 sore orvs vern wsvs vevn twes 4.5 4-4 4-5 4-4
9.3 9-0 10-0 cere eeee 20-3 20-7 cess evs tees sene 19-1 19-4 16-1 16-3
0-5 0-3 0-4 0-3 0-4 0-6 0-6 0 -6 0-6 0-5 0-6 0-3 04 0-5 0-5 09 0-9
1-5 0-9 1-0 1-0 1-0 1-1 11 1-1 11
16-5 20-0 12-5 caes e 7-3 5.6 ceas aves sers sene vees seve 5-9 4.7 5-8 4-8
Calorific Value—
Calories per gramme, gross 5,280 5,405 6.410 | 6,190 6,870| 6,235 6,630| 6,405 6,550 7,615 7,685 5,615 6,475| 4,600 5,755| 6,670 6,765 6,990 7,080
B.T.U. per 1b, gross.. .| 9,500 9,730 11,540 |11,150 12,360|11,220 11 930{11,530 11,79013,710 13,830/10,110 11,650 8,280 10,360(12,010 12,18012,580 12,740
Fuel ratio....... vaereseinnan 1-45 1-55 1-25 2-20 2-05 1-85 1-60 1-95 1-90
Carbon-hydrogen ratio......[ 9-7 10-2 14-9 12-3 15-4 vise sass 15-9 16-9 15-4 15-9 |[15-8 16-3
Coking properties........... Non-coking Non-coking Poor Poor Good Non-coking | Non-coking Fair Fair
Softening temperature of
1) T F 2330 2210 2700+ PO weee 2700+ 2635
Specific gravity (apparent) . .- cean P 1-342
Weight per cubic foot.....1b.! vass ceen eeen veee cees 57
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On 2°=1-3, 2'

Screen analysis (square . PN .
screen openings), per cent. to 13"=8-0,
13" to 1"=6-6,
F to =93,
4 3'=0+9,
’ to 1'=26-2,
3* to $"=14-5,
per 1"=26-2
Designatior of €0al,.cceiviecferrenninneanes reerereeacans tesestesnsenireonns t e eesaeseieenateatettaetanatsiostsanantananaan tevenrene veesresracanes Run-of-mine.
Kind of sample...ooeeuunnn. Mine....ocoeeeerneenns Commercigl—].....ooevvenns Mine...ooeveen . veees|PTOSPECE. . ciiiieniiiiiiiaas Comumercial—
) 5 tons. 40 tons.
Location in mire............|Face of main entry....|........ee....|From dump...|No. 2 seam;l..............|No. 1seam...|No. 3seam...|No. 1 seam;l.....ccceeeuen
No. 13_cross-| face of work-
pitch, No. 34 in,f's off 860-{t.
chute. evel, 3rd
room from end
of workings;
170 £t. from
) fault zone.
Taken by..ccovunnnn +evvser.|Mining Inspector, Fed-| Mineoperators| Mineoperators|B. R. Mackay,|Mineoperators|B. R.Mackay.....ccveevieneneenen veveenes.Mine
eral” Department of| Geological operators
Interior. Survey.
Date of sampling......c..... Jan. 28, 1032........... Novelrélzlaer, January, 1930.|Aug. 27, 1931.[Dec. 10, 1931.|Aug. 19, 198L.......cccvenan. Aug. 21, 1931. Decein?er,
931




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

West Canadian Collieries, Ltd.,[International Coal and Coke Co.,| McGillivray A L. ;
Greenhill mine, No. 396, Blair-| ILtd., Demson, No. 88, mine, Cole-| Creek Coal and [ Canadian American Collieries, Sentinel,
- more, Alberta; sec. 2, tp. 8 man, rta; tps. 7and 8, R.4W.| Coke Co., Itd., Alberta
W. 5 mer. 5 mer. Carbondz.[e, No.
104, mine, Cole-
man;sec. 17, tp. 8,
R.4W.5 mer.
Sample No....ovennicniniinnnn. 7967 9586 9618 9617 9619 9795 9891
Moisture condition.............- R D R D R D R D R D R AD D R D
Prozimate Analysis—
Moisture.......cvo.... percent 2-4 1-3 . 1.3 1-4 1-7 5-0 3-3 3-7
Ash.......... 18-5 16-9 10-9 11-0 13-1 13-3 13-3 13-5 13-3 13-5 16-8 17-1 17-7 26-9 28-0
Volatile magtter. “ 21-4 22-0 23-5 23-8 24-4 24-7 24-8 25-2 23-9  24-3 32-5 33-1 34-2 31-9 33-1
Fixed carbon........... 59-7 61-1 64-3 65-2 61-2  62-0 60-5 61-3 81-1 82-2 45-7  48-5  48.1 37-6 389
Ultimate Anglysis—
Carbon...............per cent, 77-6 786 739 749 veun 735 74-8 65-2 66-3 68-6 ens ceve
«“ PN . 4-5 4-4 4-3 4-2 cese 4-4 4.3 4.9 4.7 4-5
«“ 10-9 11-0 13-1 13-3 coes 13-3 13-5 16-8 17-1 177 ..
«“ 0-4 0-4 0-4 0-5 0-6 0-6 0-7 0-7 0-5 0-5 1.1 1.1 1-2 2.3 2-4
« 1-0 1-1 1.2 1.2 1-1 1-1 1-1 1.1 1-2 1-2 2-2 2-3 2-3 coee
Oxygen....ooeerienes 5-4 4-3 7-0 5-9 7-1 5.7 9-8 8-5 5.7
Calorific Value—
Calories per gramme, gross... , 7,050 7.506 7,605 7,150 , 7,245 7,220 7,330 7,110 7,230 | 6,410 6,515 6,740 5,595 5,800
.T.U. per Ib., gross..... L..o| 12,390 12,690 13,610 13,690 12,870 13,040 . 13,190 12,800 13,010 |11,540 11,730 12,130 10,060 10,440
Fuelratio.....ooeoeveennns PO 2-80 2-75 2.50 2-45 2-55 1-40 1.15
Carbon-hydrogen ratio.... P eoen 17-2 17-8 17-2 17-7 17-1 17-8 18-7 17.5 13-5 14-0  15-2 P
Coking properties............ s Fair Good Fair Fair Poor Fair Poor
Softening temperature of ash °F. 27404 2700+ 27004+ 27004 27004 2400 eaeee
Weight per cubic foot........ b ... . 533 58 58 59° 4 b ..
Screen analysis (square screen
openings) ........ ....per cent(On2"=2- 8,2't01}' On 1‘}' 0 7 1}' On13" = 0-6,13" to|On 13"=0-9, 13" to| 0111&'—23 13’ terensnerasensanns PO
=3-4, 13" 1"=]1"=3-6 = 1'—2 1, 17 to ¥=(1"=2-1, 1" to ¥'= 1"—4 7, T
-4, 1" to §"=5-1,|11-1, i'to}' 12.5,14-0, 1' to 3"=3-8,|5-2, 3* =5 5-6,19-0, 2% to 3"=8. 5
1" t0 §*=4-7, per ", }'to&'—32 -8,1" to 3* $01"=13- 4, ¥ $0/3 to1"=15-4,3"t0 i'to}'—zo -0, 3* to
-6. 21—;7 5, per = i’g—gﬂ -2, per 3= 4}'2 818 0, per }'= }'—517-0, per "=
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Designation of coal........s....

Kind of sample........... beenes
Location in mine.....cceeevnssn-
Taken by.....cvuues.

Date of samphing....c.veveeneen

Slack, 2" to 1"
screened into 4
sizes, each of
which was dry-
cleaned separ-
ately and then re-
mixed with other
sizes

Com cial:

Slack, through 23-inch sereen; screen-
ed into 6 sizeg, dry-cleaned and re-
mixed, as with No. 9586.

Com

cial: 23 tons in each case.....

20 tons

No. 2 seam; north|No. 2 seam; north]
and gouth sides| side of mine.
of mine.

November, 1930. .|Sept. 2, 1931......‘1Aug. 29, 1931....

Slack, through 2-]
inch screen;
screened into 4
sizes, dry-clean-|
ed and re-mixed
as with No,|
9586.

Commercial:
44 tons

No. 4seam, No. 8
level.

Room on east side near, bottom, left cross-
cut, 400 ft. from mouth of slope.

Whole of 5-ft. 5.~in seam| 5-in. canneloid
bench from 5-ft.
5-in. seam.,

.|B. R. Mackay, Geological Survey..... ...

Aug. 8th, 1931, .iiivenenerienianinnnainnans

ceenaan .||Aug. 26, 1031......
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TABLE I—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Canmore Coal

Brazeau Collier-

Mountain Park Collieries, No. 282,

Cadomin Coal

Luscar Collier-

Co., Ltd., No. 2,| ies, Ltd., No. | Mountain Park, Alberta;sec. 33, tp. 45, | Co., Ltd., No. | ies, Ltd., No.
— Canmore, 256, Nordegg, R. 23 W. 5 mer. 693, Cadomin, { 905, Luscar,
Alberta; secs. | Alberta; sec. Alberta; sec. Alberta; sec.
21 and 22, tp. 24, 22, tp. 40, R. 15 12, tp. 47, R. 23 | 23, tp. 47, R. 24
R.10W. 5mer.| W.5mer. W. 5 mer. W. 5 mer.
Sample Noweeieererennernenonneeans 9990 9800 9614 9601 9602 9834
Moisture condition...... teesessacsnans R D R D R AD D R D R D R D
Prozimate Analysis— )
Moisture...oeeeevveue......percent 2-7 ... 2-1 ... 66 1.1 .... 1.9 ... 1.1 ... 1.9 ...
Ash.iooiiiiiiiiiiinena., “« 11-4  11-7 12-3  12-6 11-0 11-7 11.-8 13-3 13-6 12-1  12-2 14-2 14.5
13-9 14-3 15-2 15-5 26-5 28-1 28-4 28-6 29-2 25-8 261 20-1  20-5
72-0 740 70-4 719 55-9 59-1 59-8 56-2 57-2 61-0 61-7 63-8 65-0
77-1 79-3 780 79-6 72-2 764 77-3 74-0 75-4 76-4 T7-3 75-1  76-5
4.1 -39 |- 42 4-1 5.1 4-7 4-6 4-8 4.7 4-6 4-5 4-3 4.2
11-4  11.7 12-3 12-6 11-0 11-7 11-8 13-3 13-6 12-1  12-2 14-2 14-5
0.7 07 0-5 0-5 0-3 03 04 0-6 0-6 0-3 0-3 03 03
1-6 1.7 1.2 1-2 1-1 1-2 1.2 1.2 1.2 1-1 1-1 1-1 1-1
51 2.7 3-8 20 10-3 57 4.7 61 4.5 5:5 4.6 50 34
Calorific Value— .
Calories per gramme, gross........ 7,355 7,560 7,465 7,625 7,095 7,515 7,600 7,325 7,465 7,500 7,580 7,290 7,420
B.T.U. per 1b., rosS.ce.ceeeenenn.. 13,240 13,610 | 13,440 13,730 | 12,770 13,530 13,680 13,190 13,440 | 13,500 13,650 | 13,120 13,360
Fuelratio..ceeeveeenenrnninnnnnnns 5-20 4-60 2-10 1-95 2-35 3-20
Carbon-hydrogen ratio...............} 18-8 20-3 18-5 19-5 14-2 16-2 16-7 15-4 16-1 16-7 17-1 17-4 18-3
Coking properties..ceeeeeeneenrenna- Poor Fair Good Good Good Good
Softening temperature of ash...... °F. 2440 27004 2380 2420 2460 2600
Weight per cubic foot............. 1b. 53 57% 48% 52% 57 55%

0




Screen analysis (square screen open-|
b317:4-) TR, per cent. On 17 =0-8, 17 to|On 2" =1-4, 2" to{On 3"=2-2, 3" t0 2" =1.6,{On 2" =0-9, 2" to|On 3" =4.8, 3" to0|On 2"=3-2, 2" to
3 =3-0, to" ={13" =2-3,13 to 1”[2" to 13" =4-6, 1}" to 1" =|13" =0.9, 13" t0j|2"=86-2, 2't01%'= 13" =2- 8 14}'{:01'
6-7,3 to 4" =7-4,[|=2-3, 1° to ¥ =|4.0, 1" to 3" =6-9, 3" to 3"}1"=0-9,1"t0 3" =[50, 14 'tol" =| =38,
¥ fo 1"=21.6,(3-4, 3" to 3"=4-3{ =7-3,3" t0 1" =19-2, }" tol5-5, 3" to }'=[3.9,1"t0}" =8.9,=5- 7 %” to 3
per 3" =60-5. 3" to ¥ =13-7, $¥|3" =19-3, per 3"=34-9. [20-5, }* to 3"=|}" to }"=20.7, P =5. 4 i’ to =
to 3"=16-8, per| 20- 5, per 3" =508to%’—15 7, per 15-2, ¥ to ¥"=
3 =55-8. 37 =34-8. 16~5, per ¥=
=47-4,
Designationofcoal......covuenennnnn 3-inch slack..... Steam coal...... Run-of mine; sizes over 2-inch removed,{Run-of-mine; Run-of-mine....
hand-picked, and re-mixed with small-[treated as with
er sizes. No. 9614,
Kindof sample...coveeenennineanennn Commercial; {Commercial; {Commercial; 28 tons....]JCommercial; [Commercial; [Commercial;
tons. 33 toms. 20 tons. 34 tons. 34 tons.
Location In mMinee..ueeennneieereneecfonmeneanoenoenoniainiininaees Michelean seam, Nos. 1|EKenredy seam .|No. 4 panel,
and 2 slopes. south half of
sec. 12.
Taken by..veierieiiiiiiiinnnanans AL T8 O B OIS, ¢ 2ttt ier e erenarsnaneaaeeceensancesesenmanssassassossonssssossssnnsasasnssossssasonsoane
Date of sampling.....ccovvevvennannen November, 1931]September, 193118ept. 1, 1931, ... it ian e Sept. 4, 1931....10ctober, 1931...




TABLE I—Continued

Analyses of Solid Fuels Occurring in Canada—Con.inued

Corbin Collieries, Ltd., Corbin, British Columbia

No. 4 Mine No. 6 Mine Nog 4 and 8 —
Sample NO...vveenrennnnnans 7766 8152 7765 8149 8148 8919
Moisture condition............. R R R D R D R D R D R R D
Prozimate Anolysis—
Moisture.....coceeen.n 2-1 ... 31 ... 1.5 ... 2.7 ... 2:2 .... 1.3 4-5
ferresatesiateniae 14.2 14 18+5 9-14 21-3 21-6] 16-0 16-5)} 12-7 13.0| 11.6 12.8 13-4
Volatile matter. 23-3 23 22-5 23-31 20-9 21-2| 22-7 23.3{ 23-5 240§ 24-0 23-0 24-1
-Fixed earbon...... Cieeenas 60-4 61 55-9 - 57-6f 56-3 57-2| 586 60-2} 61-6 63- 63-1 59-7 62-5
Ultimate Analysis— :
eee . veee  ee.. | 677 687} .... ... .. 724 75-8
ceen 4-0 391 .... .. PN e 4.5 4.2
PO 21-3 216 .... 12.8 13-4
0-2 0-2 0-2 0-2 0-3 0-2 0-3 0-2 0-2 0-2 0-3 0-3
caee  » 1-0 1-0 vee . .o 1-0 1-1
5-8 4-5 cees  wes aeer  eese coen 9.0 5-2
Celorific Value—
Calories per gramme, gross 7,000 7,150 6,330 6,535 6,790 6,980 ( 7,035 7,195 | 7,250 7,345 | 7,020 7,350
B.T.U. perlb., gross..... .112,600 12,870 11,390 11,760 12,220 12,570 (12,660 12,950 {13,060 13,220 { 12,640. 13,230
Fuel1atio..iceeeereieniiiinennnnnn. 2-60 2-50 2-60 2:65 2-65 2:60
Carbon-hydrogenratio veee eans ceee aaes vea 16-0 18-0
Cokingz properties........... Poor Poor Poor Poor Poor Poor
Softening femperature ofash.....%F oo feiriiiieec e 2700 Leeeeeeeeiles PO I, " 2485
Screen analysis (square screen open
ings)e..eennannn q .......................... P, P P veeesosfiassasiaseas..On 1°=1-5, 17
’;9 = 12 -8,
to =
14-8, 3" to
*=40-4

, 3
to $"=16-3,
per }"=16-2

4



Designation of coal....ooaveiieenien e oreinneninn v o Average of JAir-cleaned [Washed coal..|Washedsteam

dsay’s run. coal.
Xind of sample...eeneeenecnernracens Mine...oeeeesferneenniiienes Mine.......... .. Commerecial;
15 toms.
Location inmine.....coeivvinnnnens Across  coall.............. Across 138-ft.).............. Mammoths|......oooooon oot F T N Cererecaenaee
seams,omit-| seam at Jor-| . seam; A le-
ting shale dan  strip- vel, from
bands. ping; omit- Nos. 1 and 2
ting shale . south, and|
over 1/10- through the
inch thick. crosscut.
Taken bBy..coveiierniininieenininaens B.KR. éda&z—Mineoperators B.R.MacKay|Mineoperators{B. R. MacKay....... eeans Mine OperatorS..ceiieriiieirarnaicnninnnnen
ay, Geol-
ogical Sur-
vey.
Date of sampling.....coovenirneannss Aug. 29, 1930.{Dec. 31, 1930. |Aug. 27, 1930.|Dec. 31, 1930.|August, 1931..]Aug. 15, 1930.]Dec. 31, 1930...... [STPTPITON April, 1931....
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TABLE I—Continued
Analyses of Solid Fuels Occurring in Canada—Continued

Corbin Collieries, Ltd.,

Crow’s Nest Pass Coal Co., Ltd., Fernie, British Columbia

Corbin, British Columbia
Michel colliery Coal Creek colliery
Sample No. 8147 8920 9797 9798 7222 8338 9342 8799 7596
Moisture condition.....eeeuvveennne. R D R D R D R D R D R D R D R D R D
Prozimate Analysis—
MoiStUre..coreveeeensanns, per cent] 3-3 .... 5-0 1-3 .. 3-3 .. 1-8 .. -1 ... -0 ... 27 ... 13 ...
........... “ 172 17-8) 16.8 1 7-1 7-2 7-9 8-2 6-1 6-2 6-9 7-0 5-3 53 57 5-9 10-8 10-9
Volatile matter. .o« 23-0 23-8f 21-4 22.5} 22-1 22-41 20-8 21-5} 27-9 28-41| 26-4 26.-7| 27-3 276 22-4 23-.0 23-3 23-6
Fixed carboB..ccoeeeveen.. “ 56-5 58-4 -8 69-5 70-4| 68-0 70-3| 64-1 65-4]| 65-6 66-3| 66-4 67-1; 69-2 7T1-1 646 65-5
. e e .. e eean wees  e... | 80-5 821 .. 81-8 82.7 aes . 78-8 79-8
PR ceen .. e enee §-1 5-0 . 4-6 4.9 . . 4.8 4-8
.. J 6-1 6-2 538 531 .... .... 10-8 10-8
0-3 0-3 03 0-8 0-8 0-8 0-9 0-7 07 0-6 07 0-6 0-6 0-5 0-6 0:5 0-5
P 1-0 1.0 1-4 1-5 1-4 1-4 1-3 1-3 PR, 1-5 1-5 1-2 1.2 1-1 1-1
P weee . e aaee caee aees 6-3 4.7 . 5-9 50! ... ... 4-0 29
Calorific Value—
Calories per gramme, gross....... 6,530 6,755-| 6,480 6,820 7,900 8.010{ 7,705 7,965{ 7,925 8,080 | ... .... | 8,050 8,140 { 8,010 8,235] 7.670 7,770
B.T.U. perlb., 8ross.cceeeeresean. 11,760 12,160 (11,660 12,270 [14,220 14,410 |13,870 14,340 14,260 14,540 veae . |14,490 14,650 14,420 14,820 | 13,810 13,990
Fuel ratio..eeeeeicnrenennscnnnnnns 2-45 2-65 3-15 3-30 2-30 2-50 2-45 3-10 2:75
Carbon-hydrogenratio.............. o . 15-7 16-4 .. 16-6 17-11 ... ... 16-2  18-7
Coking properties...ceueeeerereanees Poor Poor Good Good Good Good Good Good Good
Softening temperature of ash. .. .. At Y D 27004 27004 2650 111 S D 2060 2205} seievreanaes
Screen analysis (square screen open-|
IREZB)eeeesarecacnsnencnnnnn percent].ceceeenncn.. [07. 300 2001 1 S SURR FOUP R NN PR On 3"=14-8|.cccveevnnnnn. On 1 = 0-9,
31" to3" =39, 3't02"=13-6, 1"to " =4-3,
"to}"=24-5, 2"tol3"=I13-3 1 to3"=7-9,
per$’=71-3. 14"tol" =81, per3”=86-9.
1* to *=8-5,
#tod’=4-8,
4" to1"=9-6,
- Y to§"=7-0,
perj’ =20-3.
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Run-of-mine. ..oceevinniiinnnniiiinieiiiiee]oienieniann Slack.........

Designationof coal.....oeeiviinnnnn. Birdseye coal,|Birdseye......Joeeeiiiiiiiiiiiiiiiaaiiiiaa,
1 in. slack
Kind of sample..ceevieieneenanecsaafirsciianeansas Commereial; |Mine......coveeennene cerenann Commercial; |Commercial; |Commereial; |Mine.......... Commercial;
15 tons. 30 tons. 20 cars. 41 tons. 33 tons.
Locationin mine................ veve]orrenerniannefiernrencnnae..|No. 3 mine; Mo. 3 seam..|BSeam.......[.e..iunnnes . |Bseam.......|No, 8 minej|..............
Face off |No. 12 incline No. 2 seam,
connter |north; west No. 8 slope,
level; east| side of fault. No. 2 room
side of fault, to left.
main west.
Taken by .oeieiiiaerinrnrananianens Mine operators...... Ceeraaaee B. R. MacKay, Geological|Mineoperators|Delivered to,[Mineoperators|B, R MacKayjMine operator
Survey. andsampled
by Winni-
peg plant.
Dateof sampling....ccovveicaainnnns Dee. 31, 1930.]April, 1931....[August 20, 1931......c.eae.nn June, 1930..... January, 1931. [ August, 1931. .jAug. §, 1931.. Sefgt:’%nber,
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Analyses of Solid Fuels Occurring in Canada—Continued

TABLE I—Continued

Crow’s Nest Pass Cozal Co., Ltd., Fernie, British Columbia :
Blue Flame Collieries, Ltd., No. 1., or
—_— Lynden, mine, near Princeton, British
Columbia
Coal Creek colliery
Sample No.cooceriaaanannn. 8069 8070 8071 10031 10032 10033 10505 10564
Moisture condition........... R D R D R D R D R D R D R AD D R AD D
0-9 e 1-4 FU 1-5 1-1 ... 1-2 ... 1-2 ... 15-4 147 ... 20-4  14.7
9-2 9-3 10-1 10-3 11-3 11-5 10-3 10-4 85 8-6 10-6 10-7 50 5-1 5.9 72 7.8 g-1
te - 24-2 2444 23-9 24.2 23-8  24-1 23-9 24-2 23-8 24-1 24-1 24.4 32-5 32-8 38-4 29-7 31-8 37-3
Fixed carbon.. 65-7  66-3 64-6 65-5 63-4 64-4 64-7 65-4 66-5 67-3 64-1 64-9 47-1 47-4  55-7 42-7 457 53-6
Ultimate Analysis—
arbon............per cent voo P 60-8 61-2 71-8 eee
Hydrogen. «“ ceus 5.7 5.7 4-8
h « coen 5-0 5.1  5-9
«“ veee cons 0-8 0-8 049
. « een 1-9 1.4 2.2
Oxygen....oeeeveen & PPN 25-8 25-3 14-4 .
Calorific Value—
Calories per gramme, gross| 7,855* 7,930 | 7,735* 7,825 7,615* 7,730 veee ... | 5,995 6,040 7,085 | 5,400 5,780 6,780
B.T.U. per 1b., gross......| 14,140 14,280 | 13,020 14,120 | 13,710 13,920 ceee esen wees +-.. {10,790 10,870 12,750 | 9,720 10,410 12,210
Fuelratio..ooveereerarancnn. 2-70 2-70 2-65 2-70 2-80 2-65 1-45 1-45
Carbon-hydrogen-ratio...... PUUTE, ceee eees ceee eaes cree eeen 10-6 10-8 152 hee eeee eees
Coking properties............ Good Good Good Good Good Good Non-coking Non-coking
Softening temperature of ash
bt 0 SN PN A P S PN 1950 fieeieiiiiiininienanan.
Designation of coal.......... Fernie 81aCK. ceveeernreenearrorrnerssaseetensonnns 1-inch slack...|2-inchslack.ccruerrerneenes Jeveeenniiennnoneeennes]enn ceeaen PO cenenes
Kind of sample.............. Commercial.......... tereeereranttaresantannanns Commercial—carload ineach case...e......feeeuennnnnn.. FOUT MiNG..veeenernnans -
Location in mine.............e..e. L R PP Face of first right level
off main slape.
Taken bY...eocevverenvnn. ... |Delivered in Winnipeg..oeeevvsirrrevnroreernnnnnn. Mine OPETatOTS. . eeeeernnrnererennrrsrnsesonoan rerrerereereaeanaa, Provgcial mine in-
spector.
Date of sampling............ December, 1930.......... eveerirasie e nraaenaa «.[December, 1931, 0iieeenriirerannieennnnn. lFebruary, 1932........1Feb. 27, 1932..........

*Calorific value corrected according to the sulphur content of representative Coal Creek coal.
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TABLE I—Concluded
Analyses of Solid Fuels Occurring in Canada—Concluded

Granby Consolidated{Canadian _ Collieries|Telkwa Collieries,
Blue Flame Collieries, Ltd., No. 1, or Lynden, mine, near Mining,  Smelting] (Dunsmuir), Ltd.,| Ltd., operated by
—_— Princeton, British Columbisa. and Power Co., OMOoX co]Jxery, roughton and
Ltd., Cassidy, Bri-} Cumberland, Bri-|] McNeil, Telkwas,
tish Columbia. tish Columbia. British Columbia.
Sample NO.cveeeriiiniansnennnn 10565 10566 10567 7042 7122 6768
Moisture condition........ouvnn. R AD D R AD D R AD D R AD D R AD D R AD D
Prozimate Analysis—
OIStUTe.. vvvevannnns per cent{ 19-1 14.5 ..., 17.8  13-8 ... 17-8 13-7 ... 4.9 1.8 .... 5.3 1-4 ... 5-4 1.1 ...
Ash ...l “ 6.3 67 7-8 8-0 8-4 g-8 7-2 7-5 8.7 12-3 12-7 12-9 4.2 14.7 15 12.4 13.0 13-1
Volatile matter. ..« 29-4 31.0 36-3 30-1 31-6 36-6 31-7 33-3 38-6 36-3 37-5 38-2 29-5 30-7 31-1 29-9 31-2 31-6
Fixed earbon.......... “ 45-2 47-8 55-9 44-0 46-2 53-6 43-3 45-5 52.7 46-5 48-0 48.9 51-0 83-2 53-9 52.3 54.7 553
Ultimate Analysis—
e aeee . et eeen eaen ciee aeee aees 69-2 71-5 72-8 67-8 70-7 71-6 70-2  73-3 74-2
.e e aesa ceos  aave  aaes 5-5 5-3 5-2 5-3 5-0 4.9 5-0 4-8 4.7
caee  sses . 12-3 127 12.9 14-2  14.7° 15-0 12-4 13.0 13.1
0-7 0-7 0-9 0-9 1-0 1-1 1.1 1-2 1-4 -5 0-6 0-6 1-4 1-5 1-5 1-1 1-1 1.1
wesa  aase  ease . aree  asse  eeus 1.5 1.5 1-6 0-9 0.9 0-9 0-9 0.9 0-8
. eer aeee eae case  aese  ases 11-0  8-4 6-9 10-4 7-2 6-1 10-4 6-8 6-0
Calorific Value— :
Calories per gramme, gross.. 5,580 5,900 6,900 | 5,520 5,800 6,720 | 5,605 5,800 6,820 6,855 7,080 7,210 ) 6,765 7,045 7,145} 6,910 220 7,300
B.T.U. per Ib.,gross.......... 10,040 10,620 12,420 | 9,940 10,440 12,100 { 10,090 10,600 12,280 12 340 12 740 12,980 { 12,180 12,680 12,860 | 12,440 13 000 13,140
Fuelratioe.eeereerenneniennnanas 1-55 1-45 1-35 1.30 1.75 1-75
Carbon-hydrogenratio.......... deea aeae aees cvee ease  aves . cee . 126 13-4 14-0 129 14-1 14-6 13-9 15-4  15-8
Coking properties....ce.eveee... Non-coking Nor-coking Non-coking Fair Good Good
Softening temperature of ash.°F.l.........coooiae PR R, O P 2310 2460 2170
Designation of coal.. Washed slack......... Washed pea.......ev.. LUMD. cateernennsnnaan
XKind of sample.’ Commercial; 46 tons.|Commercial; 43 tons.|Commercial; 30 tons.

Date of sampling..

tion of mine.

evel off new slope.

..{Main entry; pillar sec- in.ce of first north|First south off new

slope.

Provincial mine inSPector. .cveeerivairereecnsrecrereensereseenens ves
February 27, 1932, c i it iiiiiiiiiiii it ii ettt ittt eraaanee

April, 1930............

May, 1930.............

Mine operators..... hevestestasveceasvavacanensanasy teereieecncaneraa

March, 1930...........

LL



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

TABLE II

Described as “Dominion” or Glace Bay, Nova Scotia, slack coal; delivered to Camp Hill Hospital, Halifax

Sample NO...ceceevannonnaeaa..| 6743  6780] 7026| 7166 7274] 7833] 8145 8126 8258 8516] 8503| 9738 9939] 10001] 10059] 10468 10548‘ 10610
%’gislt?urq (as received) per cent 3-9 3.6 4.5 4-6 39 5.9 53 5-0) 4.5 3-8 3-5 6-3 4.5 6-3 5-1 8.6 43 4.9
y Bagis—
Ash....... teoooenes DT cent 8-0 8-2 8-8, 9-3 9-5 8-8 9-9 9-3 9-1 9-8 8.9 5-3 8-2, 7.7 6-7] 8:5 7-6) 7-2
Volstilo matter.. ... 33-4| 33-21 33-1] 33-2] 34-0 32-6(f 32-8 32.9| 32-7| 32-6/ 33-5| 35-9] 385-2] 33-4] 34-7| 33-8] 35-2| 34-5
Fized carbol.....eo.. % 58-6; b68-6| b68-11 57.5{ &6-5] 58-8| 57-3| 57-8) 58-2] 57-6| 57-6| 58-8) 58-6] 58-91 58-6| 57-9] 57-2] 58-3
Sulphur..ccecceeeee. 2-8 2-9 2-8 2.8 2-7 2-7 2-6 2.7 3-1 3-1 3-2] 1.9 2-2 2-4 2-7 2-3 2-6| 2.4
Calories per gramme, gross.| 7,780 7,750] 7,825f 7,570 7,645 7,700 7,595! 7,660 7,695 7,625] 7,710| 8,085 7,860 7,720 7,860} 7,685 7,785] 7,835
B.T.U. perlb., gross........ 14,000/ 13,950 13,720) 13,620| 13,760] 13,860| 13,670 13,790 13,850/ 13,720| 13,880 14,460| 14,150( 13,890] 14,150 13,830( 14,010; 14,100
Number of tons represented by
SAIMPIC. evnrrenerarnnanass 124 182, 173 88 31 119 172 196 225 162 88| 38 101 152 200 187 199 163
Date of delivery........... «ve| Feb. | Mar. | April [ May | June |During{ Nov. |During| Jan. | Feb. [ Mar. | Sept. | Oct. | Nov. | Dec. | Jan. | Feb. { Mar.
1t022,|1 to 31{1t030} 6t021|14t028] Oct. |4t027]| Dec. [3t027,| 2t022|1to16] 30 |8t027|8t0o28|11t031{5t028,{12t027[ 11021
1930 1931 1932
Described as °Dominion” or Glace Bay, Nova Scotia, slack coal; delivered to Ste. Anne de Bellevue Hospital
Sample No......... teareieaaiennaaan. 7167 7168] 7169 7170 7332| 7333] 7420| 7430| 7431] 7432 7994| 7908[ 7909 7631 7632| 7812] 7813
lbdfoisture (as received) per cent....... 3-8 3-5 35 35 3-5 4-5 5-2 3-9 6-9 3-1 45 3-2 4-2 4-0 3-7) 4-0 40
ry Bosis—
Asbh...iieiieiiainiiiaes «...per cent, 8-8 8.7 8-9 8-6 9-4 9-3 12-1 11-4{ 12-1 11-6] 11-4 g-5 10-0 97| 9-3 8-9 9.3
Volatile matter.. ¢ 33-0f 32-8) 33-2) 32-9\ 32-2{ 32-5{ 30-5| 30-1f 31-3} 31.3( 30-3} 32-4] 32-3| 32-1] 32-4/ 32-8 32-9
Fixed carbon. “ 58-4| 58-5| 57-9] 58-5] 58-4] 58-2| 57-4] 585 56-6; 57-1] 58-3] 58-1f 57-7f 58-2 58-3] 58.3] 578
Sulphur..cccvievienenecnanen “ 3-2 3-2 3-0 3-0 2-9) 2-8, 3-1 3-1 2-9 3-0 3-0 3-0 2-9 3.2 3.1 2-9 2-8
Calories per gramme, £ro6S. - ceeeu-. 7,720 7,685 7,600 7,750 7,565{ 7,615 7,300{ 7,425 7,330 7,400 7,385 7,700 7,605 7.640{ 7,650 7,700| 7,710
B.T.U. per Ib., gross........ PO 13,890] 13,830] 13,840 13,950] 13,620( 13,710} 13,140| 13,370 13,190 13,320| 13,290/ 13.860] 13,690( 13,750| 13,770| 13,860| 13,880
Number of tons represented by sample 198 227, 183 202 246 178 180 204 213 209 196 222 221 220 216 201 206
Date of delivery..... creerenacanaas ...l May | May | May { May | July { Juy | July | Avg. { Aug. | Aug. { Sept. | Sept. | Sept. | Oct. | Oct. | Oct. | Oct.
7{;3%2, 14t01722to28128tg 51015 [16t024/125t031) 1to 8 | 9to 16 26t031| 1 to 6 [15t0 18|20t027] 1to 5 | 6t0 11 |20 to 25 N2'7to
une ov. 1
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TABLE II—Continued
Analyses of Coal Samples Submitted by Department of Pensions and National Health—Continued

—_— Described as **Dominion’’ or Glace Bay, Nova Scotia, slack coal; delivered to Ste. Anne de Bellevue Hospital.
Sample NO...eeverersrnrnnirenisnaenns 7958 7959 8017, 8018 8200‘ 8201 8156 8157 9082 9083 9084 9206/ 9207| 9208 9232
Moisture (as received).........percent 2.7 31 8.7 3-6 2-9 5-4 6-2 4.5 2-9 2-9 2-8 4-7 4-2 4-5 3.7
Dry Basts—
Ash...ccocivveniinnaane....per coNt 9.2 86! 9-9 8-9) 9-5 9-6 9-3 8.7 9.4 10-0 9.0 8-7] 9-7l 87| 10-1
Volatile matter.. .« 32-8 33-0 325 32.7| 32-7 31-9 32. 32.4 32-0 32-0 32-5 34-1 33-8 34-0 32-3
ixed carbon..ceccerenneanes “ 580 58-4 57-6| 58-4] 57-8 58-5 585 58-9 58-6 58-0 58-5 56-2 56-5 563 57-6
Sulphur............ ceveeanen “ 3-0 3-2 3-2 3-1 2-9 3-1 2.8 2-8 33 3-3 3-0 1.8 2-0 1-9 3.3
Calories per gramme, gross 7.650] 7,708 7,565 7,665|..7,640| 7,510/ 7,655 7,570 7,655 7,610 7,600] 7.480| 7 565| 7,450 7.625
B.T.U. per Ib., gross..... 13,790 13,870| 13,620/ 13,800| 13,750| 13,520 13,780 13,630 13,780 13,700 13,840 13,460{ 13,620f 13,410| 13,730
Number of tons represented by sample 191 193 192 196] 181 135 204 196 203 153 228 229 193 197 194
Date of delivery..e.cveerereecenonnnns Nov. ov. | Nov. | Nov. | Dec. | Dec. | Dec. | Dec. | May | May May | June June June July
1t08, |6to12 (151021248030 124018 (204030 | 204027 }30,1930]16, 1931 21 28 |15t018[21t024] 26 to | 5t0 15
1930 to July 3
Jan. 7,
1931
Sample No.......... veeeeenss| 9233] 02347 9501 9571] 9585 9652| 9848 9849 9858 9885] 9895| 9935 9974] 9975 9983 10482 10483} 10484
Moisture (as received) per cent 3-8 4-0 3-8 4-7 4-6, 5-0 8-8 8-5 6-4 3.7 3.7 4.2 5-4 5+5] 5-4 5-5 56 5-8
Dry Basis—
Ash..... ... ceeeeen 10-0} 10-4} 10-1 6-9 8-0 8-3] 11-8 10-5] 10-3 9-1 9-1 96 8-7 g-1 8- 6| 8.9 8-6 87
Volatile matter.... 32.2{ @81-4| 382-0f 33-2] 33-5| 33-1 33-9] 34.2f 34-5 33-1f 33-0f 832-5\ 33-41 33-0 31-9| 32-5| 32-1 32-7
Fixed carbon........ 57.8] 58-2| b&7.9f 59-9| 58-5| 586 54-3| 55-3} 55-2| 57-8) 57.9| b57.9( 57-9f 57-9 59-5| 58-60 59-3] 58-6
Sulphur.......co.... “ 34 3-5 3-3 3-1! 3-2! 3.2 2-4 2-4 2-4 2-6) 2-6 2.7 3.2 32 3-1 3-0] 3-0] 3-0
Celories per gramme, gross.| 7,625} 7,615| 7,605 7,790] 7,780] 7,795] 7,265) 7,410] 7.425| 7,610f 7,615 7,570/ 7,725 7,675 7,680 7,610 7,600, 7,555
B.T.U. perlb., gross........ 13,730} 13,710| 13,690f 14,020| 14,010| 14,030} 13,080{ 13,340| 13,370{ 13,700| 13,710 13, 630} 13,900 13,810 13,820| 13,700| 13,680] 13,600
Number of tons represented by R
SAMPIL. ceiiiiernnictnnnanns 203 235 210 192 182 184] 211 237 226 231 241 231 239 235 246 238 232} 238
Date of delivery..... vereseee.] July uly | Aug. | Sept. | Sept. | Sept. |} Sept. | Oct. | Oct. | Oct. | Oct. § Oct. | Nov. | Nov, | Nov. | Dec. | Dee. | Dec.
15119:3122l22t025 18t022] 1t0 8 [8t011| 71013 g?:tt% 74012 ]11 0 15|16 t0 21{22 to 26/26 to 30] 9 to 14 |14 to 17|17 to 21| 5 t0 12 {12 {0 15[16 to 19
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TABLE IT—Continued

_ Analyses of Cpa_l_ Samples Submitted by Department of Pensions and National Health—Continued

Described as *“Brag d'Or “ slack from Sydney Mines| Descnbed as mn-of -mine coal from W. Benton|Described as run-of-mine coal
district, Nova Scotia Evans' thwell” mine, to, New| from Welton and Henderson,
—_— Brunswick td., Minto
Delivered to Camp Hill Hospital, Halifax Delivered to Lancaster Hospital, St. John
Sample No.:.. 7412) 8592] 8995; 9114) 9193] 9242; 9737] 9267] 9896) 10477; 10260 10489] 10609; 6822 7334] 7692] 8047
7-6) 7-1 5-8 6-9 6-1 7.7 7-6 2-4 2-3 2-6 1-9 2-8 3.4 1.7] 2-2 1-7] 1.9
10-9f 15.3| 14.6f 14.3] 11-4( 13.9| 11-7[ 14-2| 13-5| 20-7[ 13-3} 17-0f 19-5| 18-8f 20-8] 19-6/ 17-8
34-4| 35-4 33-2 34-9f 34.7| 34-11 33-4 33-2| 33-4f 31-3 33-8 31.9f 31-1} 31.2| 30-7| 31-8] 31-8
54-7| 49-3) 52-2] 50-8] 53-9) 52-0) 54-9| 52-6) 53-1] 48-0f 52-8] 51-1} 49-4) 50-0] 48-7} 48-6) 60-4
Sulphur..cocveevrereraaeeens 57 6-5) 7-4 59 6-2 6-8 6-4 66 6-4] 7-0] 8-5 7-5 7-6 5.8 5-8 5-8 6-1
Calones DEr gramime, gross...... ...| 7,110 6,615 6,860; 6,815} 7,165 6,790 7,015| 7,240 7,245} 6,565 7,255/ 6,955 6,695 6,860} 6,710 6,830} 6,920
B.T.U.perlb., Zross..ccecveunnen.. 12,800 11,910 12,350{ 12,270} 12,900{ 12,220| 12,630| 13,030] 13,040} 11,820( 13,060 12,520} 12,050 12,350} 12,080| 12,300| 12,460
Number of tons represented by sample 30[. 101 120 28, 42 46 43 45 44 43 44 43 47 46 47| 34
Date of delivery....occeevuen... veee..|Aug.dl [Mar. 18 Aprll May 17|June 10{July 24{Sept. 1{Aug.4, |Oct. 27|Dec. 9{Jan.20, | Feb .9{Mar.19! April |July 28/Oct. 21/Dec. 6
1022, ] t028, |1 to 24| to28 | 1022 | t028 | to17 | 1931 1932 22,
1930 | 1931 1930
Described as coal from International Coal and Coke Co., Ltd., Coleman, Alberta
Described as run-of-
mine coal from Wel- Run-of-mine I Slack
—_ ton and Henderson,
Ltd., Minto; de-{Delivered to
livered to Lancaster] Vetcraft .
Hospital, St. John shops, Win— Delivered to Deer Lodge Hospital, Winnipeg
nipeg
Sample No........ PP eosectrensens 8127) 8259] 8572 6750] 7025] 6788 7024] 8232] 8557] 9241] 9340; 7625] 8049] 8463] 9936] 10259 | 10519
Moisture (as received)........ per cent| 3-2 2-9 3-0 2-3 2.5 2-8] 1-6 4-1 2.3 2-0 1-1 1-6 4-2 2-6 3-3, 1-4 1.8
DTﬂ Basz's—

........................ “ 18-2 17-8| 20-0f 15-6f 15-4| 17-0| 18-4] 14.7f 11-1| 16-8f .12-7f 18-5| 15-9] 15-8f 13-0| 13- 13-4
Volatlle matter. “ 32-11 31-9| 31.7 23-9] 25-7 24-8 25.0| 25-9| 25-8f 25-7| 25-4] 24.5 24.5| 25-2| 25-6] 25-6] 24-5
Fixed carbon......ceeeen... “ 49-7| 50-3| 48-3| 60-5 58-9f 58-2| 56-6! 59-4| 63-1] 57-70 61-9] 58-9] 59-6] 59-0| 61-4f 60-8] 62-1
Sulphur........iccieeenen. ¥ 6-0 6-5 6.0, 0-4] 0-5) 0-5 0-5 0-6, 0-5 0-4 0-8 0-5 0-4 0-5 0-7, 0-7] 0-5
Calories per gramme, gross. ........ 6,930 6,920 6,685 7,105 7,045! 6,970| 6,790 7,175 7,560, 7,005} 7,345 6,970 7,085 7,120 7,350 7,330 7,295
B.T.U.perlb., gross...c.ccccueeen.. 12,480| 12,450 12,030] 12,790/ 12,680 12,550 12,220( 12,910 13,610 12,610] 13,220} 12,540| 12,750 12,810| 13,230] 13,190} 13,130

Number of tons represented by sample 8 49 46 16 163 134 34 131 56 100 183 35 98 195 191 47
Dateof delivery.....ooeveerenecnnenns Jan, 8, Feb. 4|{Mar.26/Feb. 1|April 1 Feb. 1|April 1{TJan. 1|Mar. 9|Mar.17/Aug. 3|Sept. 1[Nov. 1iJan. 19| Oct.1|Jan. 1{Feb. 1
1931 to 28, | to 30, to to0 30 | to15, | to 17 to to 1030, to30 to to31 | to 16, } t020
1930 |- Mar. 31 1931 June 30 1930 Feb. 1932
1930 16,
1931
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TABLE II—Continued

Analyses of Coal Samples Submitted by Department of Pensions and National Health—Continued
Described as slack from Freeport seem in Westmoreland county, Pennsylvania; from *“Kinloch” mine at
—_ Parnassus; delivered to Westminster Hospital, London
Sample No 9343 9358 9739 9850 9368 9963 9969 9988 10012 10184
Moisture (as received)..... veee..-DeT Cont 1-8 4-1 3-1 2.9 4-1 4-3 4-3 41 4-3 3-9
Dry Basis—
Ash... iioiieiiiaie, “ 11-4 12-4 10-8 11.7 11-9 8-9 8-8 8-2 9-1 11-8
“« 32-8 32:0 323 31-7 31-1 33-8 33-8 34-4 34-2 33-1
“ 55-8 55-6 56-9 56-6 57-0 57-3 57-4 57-4 56-7 55-1
“ 1-9 2-0 1.9 2-0 2-0 2-3 2-8 3-0f 3.1 2.
Calories per gramme, gross.....eeeeeses 7,460 7,305 7,505 7,380 7,345 7,745 7,700 7,775 7,700 7,520
B.T.U.perlb., gross..ccocevvrenrnannns 13,430 13,150 13,510 13,280 13,220 13,940 13,860 13,990 13,860 13,530
Number of tons represented by sample.... 323 338 491 476 278 480 486 463 631 329
Dateof delivery...coveviieininnnanianes Aug. 12 to| Aug.18 Sept. 25 Oct. 1 Oct. 9 Nov. 7 Nov. 17 Nov. 24 Dec. 1 Dec. 10,
17,1931 to 22 to 30 to8 to 17 to 14 to 25 t0 30 to8 1931 to
Jan, 21,
1932
_ Described as “Yatesboro,” Pennsylvania, slack; delivered to Christie St. Hospital, Toronto
Sample NO..cviieiirierieeeeanrasnnsennen 9813 gggg} 9979 10037 10057 10152 10455 10469 10518 10590
Moisture (asreceived)............per cent| 4-2 4.1 3-8 3-0 3-3 73 10-5 10-7 8-4 7-2
Dry Basis—
Ash.....coeenannns . “« 9-3 9-8 9-0 9-3 8-5 8.6 8-8 8-8 8-1 8-1
Volatile matter. o« 31-1 30-1 31-1 31-3 32:2 32-3 31-3 31-6 29-5 31-1
Fixed carbon “ 59-6 60-1 59-9 59-4 59-3 59-1 59-9 59-6 62-4 60-8
Sulphur....coeviieiiinnnnaians “ 2-5 2-8 2-5 2-3 2-1 2.4 81 2-1 1-8 2-1
Calories per gramme, grossS....e.ceeeens 7,640 7,510 7,665 . 7,875 7,725 7,695 7,765 7,775 7,800 7,715
B.T.U.perlb., gross.ce.ccvennveienanns 13,760 13,520 13,800 13,820 13,900 13,850 13,980 14,000 14,040 13,890
Number of tons represented by sample.... 10 405 275 480 210 433 240 220 275 475
Date of delivery..cceeereririeeneeiannnns Sept. 28 Qct. 5 Nov. 10 Dec. 4 Dec. 22 Jan. 7, Jan, 29 Feb. 3 Feb. 22 Mar. 10
tfg%{l), to 21 1932 and 23
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TABLE II—Concluded
Analyses of Coal Samples Submitted by Department of Pensions and National Health—Concluded

Descn'bt;d as slack from Alleghany county, Pennsylvania; from ‘“Wildwood”’ mine at Wildwood; delivered to
¥ Christie St. Hospital, Toronto

6744 ) 6755 | 6780 | 7214 ;g?g} " 7695 | 7907 | 7957 | 7996 | 8050 | 8117 8176 | 8266 gig‘?} 8541 8571
10-4 8-7 8-8 5-8 4-3 4-8 6-6 6-0 4-4 6-6 6-9 8-3 7-5 5-9 3-7 5-4
13-0{ 10-8] 14.3( 11-1| 12-2 9-8 9-4 8-5 7-2 8-6 8-5 7-4 8-7 8-8 8-5 6-9
31-1| 33.2f 31-4 33-4] 33-2 | 35-3| 353 | 34-7| 35-2| 34-6| 34-8| 34-8| 34-0| 34-1| 34-4 35-9
55-9 | 56-0| 54-3 | 55-5| 54-6 | 54-9 | 55-3| 56-8 | 57-6| 56-8 '56-7 57-8 1 57-3| 57-1| 57-1 57-2

2-4 2:2 2-4 1-4 1.8 1-4 1-4 1-3 1.2 1-4 1-3 1-1 1-1 1.0 1-1 1.1
Calories per gramme, gross. ........ 7,500{ 7,280; 7,485 7,230 7,490 7,380 7,565/ 7,530} 7,625 7,730 7,575| 7,600{ 7,740[ 7,595 7,610 7,615 7,790
B.T.U.perlb., gross....c.cccuuv.-.. ,500| 13,100 13,480/ 13,080} 13,490| 13,293 13,620 13,550 13,730} 13,920; 13,630| 13,690 13,930 13,670 13,680{ 13,710} 14,020
Number of tons represented by sample 239 200 250 400, 200 470] 230 350 330 3204 350 250 300, 280, 700 220 238
Dateof delivery......oceeeeinannnn.. Feb. 1|Feb.27|Mar. 5|Mar.19|June 13|June 30,0Oct. 10{Oct. 27| Nov. 8{Nov.21|Dec. 2|Dec.22|Jan. 5(Jan. 26{Feb. 6/Mar, 3]Mar.16

to24,| to 28| to 8 | to 27 | to 26 { to <to 17 to tol6|to27| to 91{to29 |tol16,{to31 ] to 28| to 12| to 23

1930 July 9 Nov. 7 1931
Described as slack from Alleghany county, Pennsylvania; from “Wildwood’” mine at Wildwood
Delivered to %ﬁiﬁe St. Hospital, Delivered to Westminster Hospital, London
Sample NO...ovviueviererinnaennnnaa.| 8656 8880 8976 9113 0188 7382 7626 7906 7910 8016 8104 8146 8454 8498 8558
Moisture (as received)...... ...percent 7-3 7-1 66 7-1 7-9 4.7 4-8 51 5-8 4-3 5:7 71 4-5 5-9 4.5
Dry Bosis— :

Ash.........oiill teerencenes bt 8-8 7-0 7-1 8-1 9-4 12-4 9-2 6-9 9-6 8-4 8-7 9- 9-5 9-7 9-1
Volatile matter............... “ 34-5 35-5 35-1 34-9 34-4 32-2 35-1 33-7 31-5 33-5 32-9 32-0 32-1 31-8 33-1
Fixed carboB.......cc.uvnenn.. “ 56-7 575 57-8 57-0 56-2 55-4 55-7 59-4 58-9 58-1 58-4 58-3 58-4 58-5 57-8
Sulphur..cicieinnininianannn. . 1-1 1-0 1-1 1-0 1-2 2-1 1-4 0-7 1-1 1-1 1-1 1-1 1-1 1-1 1-2
Calories per gramme, gross.......... 7,530 | 7,700 | 7,780 | 7,640 | 7,555 | 7,225 | 7,565 7,875 | 7,500 | 7,635} 7,625 | 7,505 | 7,445 7,425 7,520
B.T.U.perlb., gross..ccccceeeennsn. 13,550 | 13,980 | 14,000 | 13,750 | 13,580 | 13,010 { 13,620 | 14,170 | 13,500 { 13,750 | 13,730 | 13,510 | 13,400 | 13,370 | 13,540
Number of tons represented by sample 400 320 250 300 350 396 383 746 600 344 315 454 450 452 273

Date of delivery.....ccvvvvenncnnnann- Apr. 1to|April 17|April 23{June  1June 10| July 1 {Sept. 18|Oct. 27|Nov. 15[Nov. 20|Dec. 17|Dec. 13,| Jan. 22 |Feb. 12| Mar. 4

9,1931] to20 | to25 | to4 t0 20 (to Aug.] to to to 19 to24 | to24 1930,to to to25 | to1l
13, 1930| Oct. 4 | Nov. 14 8.113.314. Feb. &
1
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TABLE III

Analyses of Miscellaneous Solid Fuels

Welsh anthracitic buckwheat coal

Sample No.....ccueunnnn
Moisture cordition.......

Prozimate Analysis—
Moisture

Ash
Volstile matter..
Fixed carborm.... “

Ultimate Analysis—
Carbon........per cent

C%orafﬁc Value—
ories per gr. gross. .
B.T.U. per 1b,, gross...

Fuelratio..ccoeevnnnnnn.
Carbon-hydrogen ratio...
Soitemng temperature of

ash °F.

Screen analysis (square

screen openings)
per cent

11-15 11-30

2395

On #=2.3,0n 3'=23,
*'n éo }'= }'nto *’x‘_‘

37-2, 1" to 1°(38-6, 1" to
=51-2, per §'=43~2, per]
$'=9-3. (§"=15-9.

8165

o0
Eawo
O~Jntw

11-30

I 10 1=
3"=11-9.

w
o

Or ¥'=26-2,
=§1-9, per

8070 9781 9857
D

w
W
w)
o
w)

m.
e
Lo 00

QLo 0N oo
:
.

7,650 7,960| .... ...} .... ...
13,770 14,330| ... ... b e .el

10-80
21-2 239 cee ween | eeee ane

2405 2385 2285

On F=45-0,1..coiniiinaitiiiinnnnnns
}j—425

per

9957

Bow
AN W
o0
-1
WWD

8-10

2445

On -371=
2-0, -371 to
-263=10-0,
-263 to -131
=45-2, -131,
to -065=
21-1, per
<065=21-7.

o2}
Sioo
(=2 =

naee eenn | ease eaas

10-20 11-35

2355 2500

On -525=

-131=49-8,
131 to -065
=10-4, per
+065=6-6.

10508

24
g

2?‘-:!?'»4
B9 00 00 KO

1 i

7,935 8,030
14,280 14,450

10-80

2350

On -525=5-0,
-525 to -371=
17-9, -371 to
-263=24-2,
263 to -131=
43-8, -131 to
-065=7-3, per
per -085=1-

Designation of coal;.....
Kind of sample....

Nos.land 2.......vveene

January, 1931.............. seacsceas

Delivered in Ottawa. .o.veeriecnannen

Delivered to |Deliveredin| Dealer’s
Fuel Research| Ottawa. stock.
Laboratories.

.|June, 1931.....{Oct. 8, 1931.{Oct. 21, 1931

Nos. 1and 2

Delivered in|
Ottawa.

Nov. 17,
1931

No. 1.......

Dealer'’s
stock,

Nov. 30,
1931

Delivered in Ottaws.....

December, | Dec. 14,
1931 1931

.|Nos. 1 and 2.

Delivered at
NewLiskeard,
Ontario.

Feb. 20, 1932.
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TABLE III—Continued
Analyses of Miscellaneous Solid Fuels—Continued

Anthracite Coals
_ From From Penngylvania, United States
Westphalia, From Russia
Germany Jeddo-Highland|[ *“Blue Coal”
9723 7624 8518 858@ 7381 8166 9494
R D R D R D R D R D R D R D
1.4 . 8-0 eoe 2-4 P 4.7 P 37 ... 4-1 .. 2.7 ....
53 5-4 57 6-1 3-4 3-5 4.9 5-1 15-2 15-8 8-0 9-4 9-1 8.3
75 7-6 4-5 4-8 3-8 3-7 4-0 4-2 5.4 5.6 4-2 4.4 . 54 5.6
Fixed carbon.... 85-8 87-0 83-8 89-1 90-6  92-8 86-4  90-7 75-7 78-6 82:7 862 82-8 85.1
Ultimate Analysis—
511113001 R P per cent| 1.2 1.2 1.3 1-4 1-3 1-3 1.2 1.3 0-6 0-7 0-7 0-7 0-8 0-9
Calorific Value—
Calories per gramime, gross...coeeeeeorsecveseas.| 7,940 8,055 7,200 7,650 7,385 7,755 6,660 6,915 7,110 7,415 7,355 7,680
B.T.U.perIb., Br0SS.ceeereeccrsernnesccccsonnons 14,290 14,500} 12,960 13,770 13,310 13,960 | 11,990 12,450 | 12,800 13,350 | 13,240 13,610
FUCL IAtI0 0 vsveeuennsearernerenanniarcesacarnoss 11-40 18-55 25-00 21-80 13-95 19-50 15-30
Softening temperature of 8sh........ooovvveuennen. °F 2260 2050 . . ceee eee 27504 ceve een coee
Screen analysis (square screen openings)....per cent] .... On 3"=58-6, vee. |On3"=8-7,3"t0] ... veee . .
per $"=41-4 }'*=43~3, 3 to
$"=23-2, per
§'=24-8
Designation of €08l...ccuueenieieieuecenncrssoocnens No. h1 b#ck- Screenings. ..... Buckwheat..... *Coarge SCTeen-|......ccoevense. StOVe.ccereeeneaforeenanennnnas
‘whesa ’
Kind of 88mple...ccovrreerrierniisiiniaraiieienaes Dealer's supply|Delivered in Ottawa.....ooceu... Déﬁr’s supply|Delivered at  [Delivered at  {Delivered in
A A Camp Borden,}] Cooksville, Montreal
- Ontario Ontario
b S Oct. 3,1931..... Oct. 6, 1930..... March, 1931..... April 1, 1831... .[August, 1930... . January, 1931., .|August, 1931

78




TABLE III—Continued

Analyses of Miscellaneous Solid Fuels—Continued

Semi-bituminous or smokeless coals
“Faux
Portage No. 2" I T Kittannin, Logan”
—_— - " ” “Por 0. 2" from Upper mine,
Designated as “Pocahontas seam, Portage, Cambria county, Pennsyl{ Lloydell,
vania Cambria
county
Sample NO..veieerenaaaseenaneenses 7349 7426 7709 7710 7723 9335 9336 9670 9037
Moisture condition.......oeuvvvenens R D R D R D R D R D R D R D R D R D
Prozimate Analysis—
........................ 1-1 ... 10 ... 11 . 1.2 (... 1.0 ...... 16 ......f 18 ... 29 ......
....................... 11-11 10-2 10-3! 10-6 10-8| 10-1 10-2| 9-9 10.0f 8-2 8-5 8-6] 8-9 9-0! - 6-7
Volatlle matter.. 21-6] 22-3 22-5| 22-0 22-2| 22-0 22-2F 22-9 23-21 17-8 17-9| 17-3 17-6| - 17-5 17-8 17-2 177
d carbon........evvnen 67-3 66-4 67-2f 66-4 67-0] 66-8 67-6/ 66-0 66-8{ 73-0 73 72-6 73-8) 71-8 73-2, - 75-6
Ultimate Analyszs—
..................... “ 0-9 0-9 1-1 1.2 1-4 1.4 1-1 1-20 1-0 1.00 0-8 0-8 0-8 0-8 0-8 0-8f 0-7 0-7
Calorific Volue—
Calories per 7625 7,710 7,715 7,800] 7,710 7,790} 7,730 7,820] 7,750 7,845) 7,880 7,960) 7,800 7,930} 7,776 7,915[...... ......
B.T.TU. per 1b., gross .|13,720 13,880[13,880 14,050{13,880 14,020{13,920 14,080{13,950 14,120 14 180 14,330{14,040 14,270/13,990 14,250[...... ......
Fuelratio.......... IR 3-10 3-00 3-00 3-05 2-90 4-10 4-20 4-10 4-25
Coking properties..c..ueseveeusanns Good Good Good Good Poor Good Good Good Good
Designation of €08l .. cuvieeeeerenseferrosecatsssassesesororeseentssssssirsssammsssessonaresssosssrsarsssonse Run-0f-Iine......ceevereseneccsneossecaacesfoerescecananns
Kind of sample....evuereennennnanns Delivered to Ottawa Public Sehools. . ccceiiiesiireeienettaiareeiortosasioracasessnesssioiiersasessnesstsasscsasssones Dealexi’;
supp!
Date.vreceeersccsecararsresccncnnes Summer and autumn of 1930, ..ccceiiiiiieieioeiecieritaenrananiareenans Summer and autumn of 1931 Ma;. 1931.....
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TABLE III—Continued
Analyses of Miscellaneous Solid Fuels—Continued

Bituminous coals
“‘Priestman,”’ Nati ” " soe? i :
? Blend of National No. 1’ mine, Morgan-|""Provins”_mine, Sewickley "
Duvrv;xeas:u Scotch gas town, Monongalia county, West{ seam, Masontown, Fayette Com;g]avﬂe
Englan d coals Virginia county, Pennsylvania
Sample Noueeureerueuesiiietisseierenereeensenanns 10569 10570 7628 8158 9778 9940 7019
Moisture condition. .eeuesvseeassinnan PN R D R D R D R D R D R D R D
Prozimate Analysis—
MOIBEULE, s e seseecesaancrsecansncrsncnaan per cent, 4-0 ... 5.1 ... 1-8 .. 1-9 1-7 1-3 . 1-5 ..
Ash........... .« 6-0 ©6-3 4.7 4-9 7-7 7.9 8:3 8:5 12-5 12- 13-3 -5 7-9 8-0
Volatile matter.. .« 27-7 28-8 305 32:2 34-8 35-4 342 34-9 33-9 34:5 33-2 33-6 36-0 36-6
Fixed €arbOn.cesvre.cnnirteesennniaceanns “ 62-3 649 59-7 62-9 85-7  56-7 556 566 51-9 52-8 52-2 52-9 54-6 55-4
Ultimate Analysis—
79-4  82.7 77-9 821
5-3 5-1 5-5 52
6-0 6-3 4.7 4-9 . T, I
0-9 Q-9 Q-7 Q-7 2.3 2-3 2-3 2-4 2-7 2-8 3-0 3-0 2.9 2-9 o]
15 15 15 160 ... Lol o Lo s L it e O
6-9 3-5 9-7 5-5 ees PR P
Calorific Value—
Calories per gramme, gross............. veeeaaeans 7,800 8,120 7,650 8,065 | 7,650 7,790 7,580 7,740 7,210 7,340 7,160 7,260 7,600 7,810
B.T.U.perlb.,gross..coceeeeirercasccnncannnnn. 14,040 14,610 | 13,770 14,520 | 13,770 14,020 | 13,660 13,930 | 12,980 13,210 | 12,890 13,070 | 13,80 14,050
Fuel ratio 2-25 1-95 1-60 1-65 1-55 1-55 1-50
Carbon-hydrogen ratio. 14-9  16-3 14-3  16-0
Coking properties......... Good Good Good Good Good Good Good
Softening temperature of ash. 2700+ 2700+
Designation of coal...voeeeeiriraeeeriscnennonnnnnn. Unscreened..... (0/0):17:5) - [ PO vevenens 1 TP eeeeeenrierntanrsaeans Nute.ooverrnnnn
“Plean’’, par-
tially screened,
bz ”ﬁun,
ariial
!s)creeneg,
’*Gartshore”,
2" to ¥ and
“Polk Em-
met” screened N
Kind of sample..eeevuenininnainenns cesenreessens..|Delivered in Montreal........... Delivered to Ottawa Public Delivered at Camp Borden, Delivered at
Schools. Ontario. Arnprior,
Ontario.
B . February, 1932................... lAutumn and winter, 1930-31...... QOctober, 1931...|Nov. 6, 1931....|May, 1930.......




TABLE IIT—Continued

Anatlyses of Miscellaneous Solid Fuels—Continued

Bituminous coals—Continued
B R
B - “'Cornish’
“ . burgh mine, Pitts- | wine " Pitts-
— Royal” mine, Pittsburgh seam, Chestnut Ridge, Fayette “*Allison” mine, Pitts burgh seam, :
’ county, Pennsylvama £ seam, Ai‘gigg Fayette Fayette or b“ﬁrih sft”ém’
Westmoreland coyugt
county y
Sample No..... PPN RN vene 6756 7070 7121 7330 7434 8339 9111 10261
Moisture condition........cevunuens R D R D R D R D R D R D R D R D
Proximate Analysis—
01sture ................. percent 4.7 eeee 4-9 O 3-0 3-0 3-1 4-4 3-2 1-5 cees
Ash......... 8-1 8-5 8-3 8-7 7-9 8-2 8-4 8-7 g-4 g-7 7-6 7-9 6-1 6-3 7-9 8-0
Volatile matter............ « 31-1 326 31-0 32-6 31-0 31-9 321 33:1 32-6 336 30-3 31-7 32.7 33-8 37-7 38-3
TFixed carbon.......e.... woH 56-1  58-9 55-8  58-7 58-1 59-9 56-5  58-2 549 567 57-7 60-4 58:0  59-9 52-¢  53-7
Ultimate Analysis—
75-2 78-9 745 78-3 76-1 78:5 76-2 78-6 75-2 775 .. ceee 78-4 809 anse ese
5-4 5-1 5-4 5.1 5-4 5:2 5-2 5-0 5-3 5-2 vee 5.7 55 care
81 8-5 8-3 8-7 7-9 8.2 8.4 8.7 g-4 9-7 een 6-1 6-3
1-1 1-2 1.1 1-2 1.2 1.2 1-3 1.3 1-1 1-2 . ceee 0-8 0-9 2:6 2-6
1-6 1.7 1-6 1.7 1.3 1-3 1.5 1-5 1-3 1-3 e 1-6 1-6 N
Oxy, 8-6 4-6 g-1 5-0 8:1 5.6 7-4 4-9 7-7 5.1 e 7-4 4-8 coes P
C’alortﬁc Value—
Calories per gramme, gross......| 7,420 7,700 | 7,365 7,745} 7,575 7,810 | 7,655 7,785 | 7,445 7,685 AN PN 7,800 7,060 ( 7,710 7,835
B.T.U. per 1b., gross.............| 13,350 14,020 | 13,260 13,940 | 13,640 14,060 { 13,600 14,010 | 13,400 13,830 caes vv.. | 14,040 14,500 | 13,880 14,110
Fuelratio..coeeerieroceasarnensnes 1-80 1-80 1-85 1-75 1-70 1-90 1:75 1.40
Carbon-hydrogenr ratio.......ouesn. 13-9 15-4 137 15-3 14.2 15-2 14-8 15-9 14-1 15-0 aeee . 137 14-7 casse eeee
Coking properties.....ooeecearansee Good Good Good Good Good Good Good Fair
Softening temperature of ash...°F.| About 2550 2595 2605 2610 PN eene 2720 cene
Sereen analysis {square screen open-.
b2.7:0) HRRPRP RN cevaes percentl..eccaciarannans On 3"=27-8, ¥l.....civeiias veafiarasans tereeesOn F7=17-8, 3" ieiiiiinniinnn, On 2"=4.5, 2" vevenae ceaane .
to 3" =255, per| to 2"=18-4, 27 to 13"=12.9, 1}' to
1=46-7. 137=16-4, 1}' 1"=7.6,1"to{"=
1"=10- 2 1' to ¥ 10-0. ¥ to "=
=8-9, ¥ to ¥'= 8.5, ¥ =
6-4, peri'—Zl -9. 14-8, 1" to ¥'=
16-0, per "=
6.
Designation of coal....... cesnnsens Slack...veiriianeans tedieertiransrrerranaens tessserasesanance cevees Run-of-mine....coeuvvevnniennans |4-inch mechani- |*“Morgan, *'prob-
callyfclesned bly run-of-
-of-mine
Xind of sample.......... veveeenss|Delivered to Fuel Research Laboratories by carloads.....cevviesessaasaeiosacnsas..|Delivered in |Carload deliv- Dehveredto
Winnipeg. ered to F.R.L| %giaow% Public
0!
Date..... therisserersranrrraanaany Mar, 15, 1930...|May 21, 1930....|June 10, 1930....|July 30, 1930....|Sept. 18, 1930. . .|January, 1931... June 2, 1931..... January, 1932.
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TABLE III—Continued
Analyses of Miscellaneous Solid Fuels—Continued

Bituminous coals—Concluded
““Wilpen”” _ coal ; “Bell’s Mill”
—_ %'omh Pitts-| : "Sli:andm;%i Smc_)kele‘s.s']’3 mine, coKal_ tizt-om lower, A drian’ mi Pittsbureh
urgh  seam fic . ower Kittanning, or B, seam,| Kittanning an’’ mine, jttsburg]
Westmore-| Yukon”coalfromPennsylvanie| mgions ™ Tndiana  county, | Seam,Jose- | Pemnsylvania | ‘‘Scot’s Run”
land county, Pennsylvania. phine, Indiana
Peunsylvania county
Sample NO..cveseeneerseresosanaes L7923 9671 9989 8136 10043 9239 10185 7997
Moisture condition...... tererrianas R D R D R D R D R D R D R D R D
Prozimate Analysis—
oisture.....ceeeveeeene. per cent| 1.2 2-7 1-6 2-7 1-2 1-1 1-4 1.5
......... . “ 11-9 12-0 12.2 12.5 14-1 14.4 10-6 10-9 6-9 7-0 10-6 10-7 5-1 5-1 11-2 11.3
Volatile matter.. “ 24-0 24.3 32-5 33-4 32-6 33-1 22-2 22-8 29-0 29-3 24-5 24-8 30-1 30-8 34-6 35-1
Fixed carbon.ecc.e.en.. “ 62-9 63-7 52-6  54-1 51.7  52-5 64-5 66-3 62-9 63-7 63-8 64-5 63-4 643 52-7 53-8
Ultimate Analysis—
Sulphur....cooviveennine. ¢ 2.0 2-0 21 2-2 1-5 1.6 4-1 4.3 1-5 1-5 3-6 3-6 1-4 1-4 3-0 3-1
Calorific Value—
Calories per gramme, gross..... 7,620 7,610 7,135 7,320 7,060 7,175| 7,520 7,725 7,965 8,060 7,635 7,725| 8,110 8,230 7,235 7,345
B.T.U.perlb., gross.............| 13,540 13,700 | 12,840 13,180 | 12,710 12,920 | 13,530 13,900 | 14,340 14,510 | 13,740 13,900 | 14,600 14,810 | 13,020 13,220
Fuelratio...eevreciarseinnnenann. 2:60 1-60 1-60 2-90 2-15 2-60 2-10 1-50
Coking properties.........oueeeenn Good Good Good Good Good Good Good Good
Designation ofcoal................ “Smokeless”....|Run-of-mine. ........ FPUPPPSN R Ceeseseieesetaiisaaanean “Smokeless**  [1i-inch  bitu- |Slack...........
: 1%-inch lump”} minous smoke-
less lump”’
Kind of sample.......oeveiivnnnan. Delivered in|Delivered to Ottawa PublicjDelivered in S. W.Ontario.......|Delivered injDelivered at|Delivered in
ttawa Schools Toronto Niagara Falls| Kingston
DAt cuecrreenencenanenceenanns November, 1930{ Autumn of 1931....... PO Januery, 1931.. .IDecember. 1931 {July, 1931.......January, 1932.. .November, 1930
{
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TABLE III—Continued
Analyses of Miscellaneous Solid Fuels—Continued

Li%nite from
hornton
Works injBrown coal from Leo-|Brown coal from West-
—_— Bellingham coal mines, Bellingham, Washington, United States north of pa-| pold mine, Edderitz,| eregeln, near Magde-
rish of Malsf Germany burg, Germany
vern, Jamaj-
¢!, British
West Indies
Sample NO....ocovieiinnan. 8648 8649 8650 10053 8002 8003
Moisture condition.......... R AD D R AD D R AD D R D R AD D R AD D
Prozimate Analysis— -
Moisture..........per cent 6-9 76-0 7-5 6-6 .... 7-5 6-8 140 ... 48-5 16-0 .... 23-2 173 ....

Y S “ 17-8 17-9 19-1 19-5% 19-7 21-1 11-7 11-8 12-7 28-9 33-6 6.8 11-1 13-2 10-9 11-8 14.3
Volatile matter... 37-7 38-1 40-5 36-9 37-3 3-8 38-8 39-1 41-9 33-1 38-5 29.5 48-1 57-3 38-4 41-3 50-0
Fixed carbon...... “ 37-6 38-0 40-4 36-1 36-4 39-0 42-0 42-3 45-4 24-0 27-9 15-2 24. 29-5 27-5 29-6 35-8

Ultimate Anolysis—
13 3eT0) VRO ¢ e eee . .. e . 32.2 52-5 62-4 47-7 51-4 62-2
H%]drogen ......... « cean . . 8-3 6.4 55 6-3 5-9 4.8
Ash.. . liiicieiien voss .. woee beee * aaes 6-8 11-1 13-2 10-9 11-8 14-2
Sulphur........... ¢ 0-5 0.5 05 0-3 03 0-3 0-2 0-3 7-4 8.6 2-3 3-8 4.5 2-7 29 3.6
Nitrogen.......... 0-2 0.4 0-5
Oxygen.ceeeeeeees ceen . ceen coes 50-2 25-8 139
Calorific Value—

Caloriespergramme, gross| 5,800 5,860 6,135{ 5,510 5,565 5,960 6,145 6,195 6,645 4,305 5010{ 3,225 5,255 6,255 4, 575 4,935 5,965

B.T.TU. per lb., gross..... 10,440 10,550 11,040 ] 9,920 10,020 10,720 | 11,060 11,150 11,960 | 7,756 9,020 | 5,810 9,460 11,260 | 8,240 8,880 10,740
Fuelratioi.cccoveveaaainnnns 1-00 0-98 ’ 1.10 0-72 0-51 0-70
Carbon-hydrogen ratio...... s R 3.9 8.2 11.3 7-8 8.8 13-1
Coking properties........... Agglomerates Agelomerates Agglomerates Non-coking Non-coking Non-coking
Softening temperature o

ash. . iiiiiiiiiiiniand L N RPN FOUPTOUPPPR RPN IO b5 S DO O S PPN .
Designation of fyel.......... Lignite nut....eeee. ... JLignite lump..ciiiiii i e PP PP veerean vevaves B deerieesnanen
Kind of sample........c.... Imported into British Columbia...........cooiiianiian reeereevacantaneens Prospect....vee.] eeerecienatiiacancanaes e eeeeececeaateenranaran
Date. . ceieiinnentanacaass March 19, 1931.......... March 24, 1931, . ciiiiiiincrnrararancasavaanne ...|December, 1931{ December, 1930, . .cciceneinernieianciannanaas

*This fuel was dried and disintegrated when received.
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TABLE III—Continued

Analyses of Miscellaneous Solid Fuels—Continued

By-product coke made in Koppers ovens by Montreal Coke and Manufacturing Company, Ville La Salle, Quebec
From blends containing “Dominion,’”” Nova Scotia, coal
L. 35, per cent
. From mnormsl blend of coals from the United States No. 12, New Waterford, Victoria seam coal M‘;f":;s ”
as,
10percent | 15 per cent 20 per cent coal'w:s%aﬁ
Sampleo No.evveeerersecoeroranonnns 9570 9946 9065 8061 8062 8063 8064 8065 10151
Moisture condition........ crenens .. R D R D R D R D R D R D R D R D R D
Prozimate Analysis—
ois 0-3 0-1 0-7 weeel 0.2 0 eeeel 0-1 eeee 0-2 waeeh 02 0-1
........ 8-7 87 7.9 7-9] 10-7 10-7] 9-5 9-5| 9- -8 9-4 9-4; 98-8 8-8 8-6 8-6| 76 7-6
Volatile ma; 1-0 1.0, 1-0 1.0f 1-6 1-6] 1.1 1-2] 1 1-2| 1.2 1.2 1-2 1.2 1-0 1.0 1-0 1-0
ixed carbon. . 90-0 90-3} 91-0 91-1) 87-0 87-7) 89-2 89-3] 89 9-2] 89-3  89-4] 88-8 89-0] 89-2  89-4] 91-3 91-4
Ultimate Analysis—

2209 e) SRR caee [N care| eens
Hyl;irogen. cane P N PO . ceee
Sulphur. IS O TR X B Y R 08
OXygeD. . coevueannanens FUTN P TN SR weeel eees . vees veee

Calorific ¥ alue—
Calonespe gramme » ZLOBS...... +.].7,230 7,250% 6,895 6,900! 6,860 6,910} 7,080 7,075; 7,050 7,060] 7,075 7,085} 7,020 7,035| 7,610 7,020| 7,066 7,070
T.U. perlb., gross....c.cuveu... 13,010 13,050)12,410 12,420/12,350 12, 1440 12,710 12,740(12,690 12,710(12,740 12,750(12,640 12,660(12,620 12,640[12,710 12,720
Soltening temperature of ash......°F 2615 2490 2555 2660 2600 2455 2545 2455 2320
Specific gravity (apparent).......... 0-86 0-895 0-875
Weight percu 1c (17 b.} .... 27-5 ceea] aeee 28-25
Screen (square screen open-
.73 per cent{ .... vessiOn 2"=26.9, 2°100}"=4-3, 1| .... v...iOn2"=16-0, 2"
to 13"=83.1f to 3"=15-6, to 13"==80-0,
13" to 1° =| per}’=80-1 13 to I'=
8-3, per "= 31, 1" to
. '=0-1, %
to #=0-1,
. perd'=0-7
Designationoffuel.................. StOVe.cevienervnrianas veaees Breeze........i18tove......... Mized........!18tove.........i1Mixed........iStove...... ' .......
Kind of sample. ............ Seeanaes Delivered to Fuel Research Laboratories. . .uuueereeanasereeeeennaeseeeennneenseevesenseonsseans arnnsns vesersasrassrarierastasasane
Date.....cve.... ceeseenceaaiee....|September, 1931............|May, 1931.....|During July and August, 1930......c.vueenreenenernnneernneeonanseonnnes Nggs.lls t0 22,
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TABLEZITI—Concluded
Analyses of Miscellaneous Solid Fuels—Concluded

“Peat coal” | cparrom
Gas coke made in Glover West retorts by Ottawa Gas Company, o briquettes T0
Ottawa, Ontario cite” %x{epared bY | brown coal
bn uettes, Wood udeman’s o
— From e from charcosl process, h
Pittsburgh, carbomzed ar by Kentol ® VSG )
From normsl blend of coals from the United States inch, bituminous gndxcate, Totort.
Crescent coal Lt London, Golzan
mine coal au
Sample No.vievriieieenniniiinnannn 7901 9943 9944 9052 8887 10144 7960 7345 8004
Moisture condition............. weer] B D R D R D R D R D R D R D R D R D
Prozimate Analysis—
Moxsture .................. 0-9 0.2 0-2 eees| 9-8 .. 4.7 PN B ... 2-9 eees| 11-3 veeol 0-3 POTIN
....................... 9-9 10-0] 10-4 0-4} 10-2 0-2[ 13-6 15-0f 9-1 9.5/ 9.7 9.9 1-6 1-6) 2-5 2-8| 24-0 24-1
Volatlle matter. 1.2 1.2 2-0 2.0 2-2 2-21 29 3-2 1-8 1-9] 6-6 6.7 21-0 21-6| 54-8 61-8} 16-6 16-6
Fixed carbon.......c...... 88.0 83-8 87-4 87.6/ 87-4 87-6/ 73-7 81-8) 84-4 886/ 81-8 83-4/ T74-5 76-8| 31-4  35-4] 53-1  59-3
Tltimate Analysis—
24 0103 TN “ . “ee .. weeo| 731 8111 ..., P cees
Hydrogen “ veen] 240 1-0[ .... ceen . .o one
....... “ .o 1346 15-0f ....
Sulphur... “ 0-8 0-8 0-9 0-9f 1-0 1-00 1-1 1.2 0-8 0-9] 2-2 2-1 2.9
Nitrogen. «“ weed 141 1.2 .... [
(0777 weed| 901 05 ....
Calorific Value—
Calories per gramme, gross........ 7,015 7,075| 6,735 6,750{ 6,870 6,883 6,055 6,710| 6,985 7,275| 7,130 5,955 6,195 6,210
B.T.U. per lb., gross.............. 12,620 12,740{12,120 12,150{12,370 12,400 10 900 12,080{12,450 13,090(12,840 10,720[11,150 11,180
Softening temperature of ash. °F| 2745 2700+ 2700+ 430 vene vene] eees SN B eee
Specific gravity (apparent).. 0-835 0-925 vees] ene wevel eaes vene] wees . R B PO
Weight per cubie foot.. N 2575 27-0 PO [ veve] eeee veve] eeee R R eve
Screen analysis (squa:e creen open-
INZS).iiiicacariaracaaanan per cent|On 27=9-5, 27|On 1"=23-9, 17|On 2"=29-7, 2*|On {'=1-3, ¥| .... . . vese] eees
to 13"=57-2,| to 1'=45-9,! to13"=54-0,| to 3'=1-8,
13" to ;' ;‘1' to §'= 1*’ to I'= ’ {0 y_
31-2, per $"| 28-6, per 3'| 13-9,1"to ¥| 18-5,1"to 1"
=2~ = =0-7, ¥ to] =16-3, per
3'=0-5, per; $'=62-1
=1-2
Designation of fuel........ovuneennes Crushed.....ccovveieianennns Nubereeennenn Breeze.....coliviciieiiiaiiiiiieeiniiesenennnn PN Cereseenaas FOPTO cenees
Kind of sample...ceecnncaaariacnnns Delivered to Fuel Research Laboratories........... teeectaearasecnennnan teamresesearaas As sold in B D N
Ottawsa
Date.iverererenionannnans Cereanneas November, 1930] Nov. 13, 1831....... veenee.]May, 1931.....] April 25, 1931. }Jan. 13, 1932../November, (Summerof |December,
1930 1930 1930
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Part II: Natural Gas and Liquid Fuels

ANALYSES OF NATURAL GAS DURING 1930-31
P. V. Rosewarne and R. J. Offord

During the last few years the Division of Fuels and Fuel Testing has
conducted an analysis survey of Canada’s natural gas resources, in con-
junction with a special investigation of Turner Valley naphtha and “waste”
gas. It is obvious that as a preliminary to such investigations the com-
position of the gas must be known as exactly as possible, and since this
information was not available, samples were obtained from the principal
producing fields in Canada, and subjected to careful and detailed examina-~
tion. The analyses of several samples from the Turner Valley field have
been reported* previously and the results are included in this report for
convenient reference. -

Valuable assistance was received from the various oil and gas com-
panies operating in the field and from individuals who submitted samples
for examination. Much assistance in the collection of the samples was
received from: R. B. Harkness, Commissioner of Natural Gas for Ontario;
‘Wm. Calder, Director of Petroleum and Natural Gas for Alberta; C. W.
Dingman, Petroleum Engineer at Calgary; G. R. Elliott, Petroleum
Engineer at Lethbridge; C. C. Ross, Supervisory Mining Engineer of the
Department of the Interior at Ottawa, and F. M. Steel, Petroleum Engineer
of the Department of the Interior at Calgary. The Royalite Oil Company

~ at Turner Valley and the Provincial Institute of Technology at Calgary

assisted greatly by providing laboratory accommodation in the field. To
all the foregoing grateful acknowledgment is made for their hearty co-opera-
tion at all times.

APPARATUS AND METHODS OI' ANALYSIS USED
The samples were analysed by fractional distillation in a Podbielniak

* column to determine the relative amounts of methane, ethane, propane,
. butane, pentane, and higher hydrocarbons that were present. A repre-

sentative portion of each sample was retained and tested to show the

- specific gravity and the percentage of helium, carbon dioxide, oxygen, and
. nifrogen present. The sulphur present in the gas is the subject of a special

investigation, the results of which will be reported separately. The
apparatus used for the determination of carbon dioxide, oxygen, and
nitrogen, was a type of Orsat apparatus usually referred to as the Burrell,
or the United States Bureau of Mines type. This apparatus gave excellent
results in the analyses of gases containing a large proportion of methane,

_ but for those gases which contain an appreciable quantity of the higher
~ hydrocarbons, the results obtained by caleulating the products of com-

bustion as methane and ethane only, are in error, somewhat in proportion

* to the amount of the higher hydrocarbons that are present. This is shown

_1“Analyais of Natural Gas {rom the Turner Valley Field ia Alborta," Mines Branch No. 721, pp. 109128, also
Mines Branch Memorandum Sories No. 43.
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in different places in Table I where the nitrogen content appears to be a
negative quantity. Repeated check analyses verified these erratic results.

The specific gravity was determined by direct weighing of the sample
in a glass balloon, and the apparatus used for the determination of helium
wag similar to that described by Dr. R. T. Elworthy in Mines Branch
Rept. No. 679, “Helium in Canada’.

DISCUSSION OF RESULTS

The results of the analyses are shown in tabular form in Table I.
The samples were all taken by ordinary water displacement from the pipe-
line near the well. In the case of the samples from Turner Valley the gas
had already passed through the “separators”. The separators are cylind-
rical units used for removing crude naphtha from the gas prior to its being
purified for use as city gas, or going to waste as surplus gas. The results
are those obtained from the analysis of a single sample, and where more
than one sample was taken from any particular well the results obtained
from the analyses of all the samples taken are shown. It will be observed
that in these cases the results obtained agree very closely with one another.
The values shown in the tables are based on percentage by volume in all
cases. That shown for methane includes the percentages of all other
gases present whose boiling point is near or below that of methane. That
shown for pentanes includes all hydrocarbons whose boiling points are
higher than that of pentane. The date on which the samples were taken
is also shown.

CHANGES IN COMPOSITION OF THE GAS

The results obtained indicate that some changes in the composition
of the Turner Valley gas may have occurred during the past two years.
In 1930, these samples of gas were taken from Royalite No. 19 at intervals
of a week or ten days. In 1931, four samples were taken from the same
well at about the same time of year and at about the same interval. If the
average of the sum of the butane and pentane fractions, which are the two
commercially important constituents present, be taken from these two
series, the average for 1930 will be found to be 2.-07 per cent and the
average for 1931 will be 2-48 per cent. This amount represents a differ-
ence in recoverable naphtha of 0-018 Imperial gallons per 1,000 cubic
feet of gas processed. On the basis of 15,000,000 cubic feet of gas being
produced per day from a well, this difference would amount to 270 gallons
of crude condensate. On account of the low boiling point of the butanes
and of the pentanes the weathering losses would probably be excessive.
Even if only half of it could be retained, 135 gallons, or approximately 4
barrels per day would be recovered in addition to the present production.
This is equivalent to an increased return of $12.00 per day, if the market
value of the naphtha may be assumed to be $3.00 per barrel. It is pro-
posed to obtain a series of samples from this same well during 1932 in order
to have additional data on the subject.

IMPROVEMENTS IN THE APPARATUS

- At different times during the operation of the Podbielniak fraction-
ating column, difficulty has been experienced in maintaining a low tempera-
ture during the admission of the gas to the apparatus. Recently, a similar




94

occurrence took place in which it was very definitely proven that this
difficulty was due to carbon dioxide in the liquid air used in the cooling
chamber. When a fresh supply of liquid air containing no carbon dioxide
was obtained, the operation of the column became normal again. Several
results in Ta,ble I are probably affected by a similar occurrence, in such a
way that the methane content appears to be too high and the ethane
content appears to be too low. The error affects the relative proportions
of methane and ethane only. The sum of the two should be substantially
correct. In the writer’s opinion, those samples which show a lower ethane
than propane content, are the ones chiefly affected.

With the exceptlon of the difficulty described above, the Podbielniak
type fractionating column has continued to give every satisfaction. More-~
over, the designer has made certain improvements recently that greatly
increase the efficiency of the column. The improved column is known as
thé Precision type, and with it much sharper separations of the various
fractions can be made in slightly less time. With the older type, a separa~
tion of the isobutane and normal butane fractions was not clear cut and
distinct. With the Precision type column the separation is quite good,
and there appears evidence that, in addition to the two butanes, there is
often present in natural gas, at least one other hydrocarbon, the boiling
point of which is between minus 12° C. and plus 1° C.

A quantity of gas from Foothills well No. 1 in Turner Valley was
available at the Fuel Research Laboratories, and several samples of this
gas were fractionated, and selected portions of the fractions were retained.
This selected portion, containing a large proportion of the fraction between
minus 12° C. and plus 1° C., was refractionated. The result is shown
graphically in Figure 1. An attempt was made to isolate the components
other than isobutane and normal butane, but, unfortunately, the sample
was lost in the later stages and the work must be repeated.







TABLE I
Results of Analyses of Natural Gas in 1930 and 1931

Total?

Specific

Sample 7, Date | Methane Pentanes . | Carbon Nitro- : Sample
No. Name of well sampled | plust | Ethane | Propane | Butane plus? c]g%;gs dioxide |O=vzen gen | Helium ;(;;lai_v;iis)i No.
% % % % % % % % % %
New Brunswick

1 [New Brunswxck Gas & Oil :

Co0.NO0.85.eueeiecrennnnnnn 14/ 8/31 91-0 4.5 3-2 1-0 0-37 98-82 0-29 0-29 0-58 0-024 0-683 1
Quehec
2 [Lanoraie No. 1....c.cueun.n. 22/10/31 99-5 05 Jevnennnnnc]ocnnns R B, _97-29 0-14 0-69 1-87 0-010 0-805 2
Ontario
3 [Charlton No. 233............ 28/10/31 95-1 1-4 2-2 1-0 0-38 97-29 0-26 |........ 2-35 0-098 0-619 3
4 1Coneybeare No. 5.. /10/31 95-3 1.4 2-1 1-0 0-30 94-75 |....o..... 0-56 4.49 0-200 0-677 4
5 |De Clute No. 13 29/10/31 98-1 0-3 0-5 0.7 0-30 89-65 0-57 0-28 9-30 0-199 0-664 5
6 [Olga No. 1....... 28/10/31 95-5 1-4 2-0 0-8 0-30 94-72 R PO 5-05 0-226 0-647 6
7 |Smith No.2........ccuee.. 4/11/31 92-3 5-0 1-9 0-6 0-23 94-50 |ceeuinicnifeerannas 5-40 0-122 0-716 7
Alberta
Aldersyde field
8 |Ranchmen’s No. 1........... 16/10/31 99-4 0-5 {125 0 PSRRI R U PR O Y 0235 {.eennennn, 8
Biarnwell field
9 [Barnwell No. 4.. 15/9/31 99-2 0-4 0-2 (135 DR 90-33 |.evennen.. 0-52 8-77 0-380 0-607 9
10 “ No. 7. 15/9/31 98-0 0-7 0-5 0-4 0-37 91-93 |oeueunnnns 0-34 7-73 0-372 0-683 10
Border field
11 (Mayland Southern........... 3/9/31 98-2 1-2 0-2 0-1 0-32 96-57 0-38 |....n..n 2-97 0-077 0-602 11
12 |Range No.1...covennnvnnnn.. 3/9/31 99-1 0-4 0-3 0-32 [.eennennnn 97-48 0-37 0-37 1-72 0-065 0-588 12
(Formerly Rogers Imperial)
Bow Island ficld

13 |Bow Island No.13........... 99-1 0-6 0-1 0-2 0-14 96-84 0-27 0-27 -33 0-291 0-598 13
14 No. 14. 3/9/31 99-4 0-2 0-1 0-2 0-14 89-98 |.......... 0-24 9-43 0-348 0-602 14
15 “« No.2o....l000 3/9/31 99-4 0-2 0-1 0-2 20 94-91 0-29 0-29 4-18 0-347 0-599 15
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TABLE I—Concluded

Results of Analyses of Natural Gas in 1930 and 1931—Concluded

Totald . Specifie
Sample| Date | Methane Pentanes . Carbon Nitro- i : Sample
No. Name of well gampled | plust Ethane | Propane | Butane plus? cl;};%gg-s diozide |Oxygen zen Helium g}al..v;tl;)/ o.
% % % % % % % % % %
43 |Home No. 1............. ....| 80/9/29 91-0 4-3 3-1 0-8 ceeernene 43
41 “ No. 11/8/30 88-9 6-3 3-2 1-2 B 4
451 “ No. 9/30 87-6 6-8 3-3 1-8 0-683 45
46 |Homestead No. 26/8/31 88-1 -4 3-3 1-5 46
47 [Lowry No. 1... 22/8/30 88-3 54 4.0 1-6 47
48 Ma.yla.nd No. 2/9/3 87-0 7-0 35 1.7 48
49 26/8/31 90-3 5-0 3-1 1.3 49
50 McDouga.lSeguJ: 27/8/30 87-2 7-3 3-4 1-4 50
51 9/9/30 87-7 6-8 3-5 1-6 61
52 {McLeod No. 4. 9/9/30 90-0 4-5 3-4 1-6 52
53 |Mercury No. 3. 11/9/30 89-0 5-2 3-7 1-5 53
54 {Merland No. 1. 16/10/31 02-6 4-1 2-5 0-7 54
55 \Ildﬁeld No. 1. 27/8/31 86-9 7-3 3.4 1-6 55
56 e No. 1 24/8/3 85-6 88 3-6 1-8 56
57 Model No 1 10/3 91-0 3-4 3-4 1-5 57
58 .| 2/11/31 89-1 5-3 3-5 1-5 58
59 Okalta No. 1 .| 26/8/31 04-9 1-0 1-3 1-8 59
60 |Regent No. 1... 1 9/9/30 88-3 5-9 3-5 1-6 60
81 |Richfield No.2.. .| 21/8/31 86-6 7-4 35 1-6 61
62 Roya.llte No. 4. .| 27/9/29 92-2 4-1 25 0-5 62
63 “ o. .| 25/8/30 88-5 6-5 3-3 1-3 63
64 “  No.17. .| 27/9/29 89-9 50 3:2 1-7 soes 64
65 “  No.17. | 11/8/8 88-3 6-2 3-4 1-5 0-76  0-78 . 65
66 “« No. 1 13/8/30 89-8 4-7 3-3 1-7 - 0-64 0-64 . - 66
67 «“ No.19............. 26/8/30 88-2 6-4 3-4 1-4 0-62 1-03 0-15 0-86 0-687 67
68 “ No.10............. 3/9/30 88-1 6-5 3-4 1-5 0-83 1-08 0-13 - 68
69 “ No.19.....evvunen. 12/9/30 88-0 6-5 3-4 1.6 0-54 0 0-54 69
70 “ No.19......evcuen 26/8/31 88-2 5-9 3-2 1-9 0-79 70
71 «“ No.19............. 2/9/31 89-8 4-8 3-1 1-6 0-69 |. 71
72 “ No.19............. 10/9/31 89-1 5-2 3-4 1.7 0-59 |. 72
73 “ No.19...ceunnnnnn. 23/9/31 88-2 5-9 3-2 1-9 0-79 73
74 “ No.23............. 7/9/3 87-8 6-4 3-4 1.7 0-86 74
75 “ No.25............. 26/8/31 86-2 8-0 3-4 1-6 0-83 - 75
76 {Southern Lowry............. 16/10/31 86-7 8-2 3-4 1-4 0-39 . 76
77 {Spooner No. 1............... 0/9/30 87-4 6-6 3-7 1-6 0-66 9 i 77
78 4 ....... .. 27/8/31 87-0 7-2 3-4 1-8 0-83 . - 78
79 [Sterling- Pacxﬁc No.1........] 7/9/3 85-8 7-0 3-8 1-8 0-88 . - 79
80 [Structure No. 1..... .. 26/8/31 96-1 1-4 0-9 1-0 0-59 -40 [... 0- - 80
81 (Wellington No. I.............} 23/8/31 86-9 72 3-5 1-6 o-82 | w0100 L2000 0-33 L........ 0-006 L..... cesos . 81

86




Twin River field

82 {Parco-Nordon No. 1......... 5/9/31 99-4 0-5 [+ S8 PR RN 95-34 0-32 0-32 3-67 0-347 0-590 82
Warner field
.83 |GasP. & T. CoS No. 1......| 16/9,31 99-7 1L e Y P PO P, 83

1 The percentage given for *‘methane’ includes other gases noncondensible at the temperatures used, e.g., oxygen, nitrogen and helium.
2 The percentage given for “pentane” includes whatever higher kydrocarboas that are present.

- Total hydrocarbons were obtained by calculating results of combustion in Burrell apparatus as methane and ethane only.

Constituents obtained from analysis in Burrell apparatus total over 100 without nitrogen.

Calculated value.

Gas Production and Transport Company.

66
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II

WEATHERING OF CRUDE NAPHTHA IN TURNER VALLEY
P. V. Rosewarne and W. P. Campbell

During an investigation of natural gas in Turner valley in Alberta,
conducted by the Mines Branch in 1929 and 1930, the process of weather-
ing the crude naphtha was studied. This “weathering,” as it is called,
is necessary in order to reduce the volatility of the naphtha so that it can
be more safely and economically handled as treated or “stabilized’’ naphtha.
. The apparent reduction in the volume of crude condensate by the weather-
ing process was further investigated during the summer of 1931, and this
report is an account of the measurements taken, the observations made,
and the conclusions drawn from them.

The investigation was conducted principally in Turner valley. The
writers had placed at their disposal by the Supervisory Mining Iingineer
of the Department of the Interior,laboratory accommodation and equipment,
both at Calgary and at Turner Valley, and it is desived to acknowledge
herewith on behalf of the Mines Branch, indebtedness to the officers of
the Department of the Interior for their courtesy and co-operation in this
respect. Qrateful acknowledgment is also made to the Lowry Petroleum
Company for placing one of their wells at the disposal of the writers, and to
the staff and officers of the Imperial Oil Company and of the Royalite Oil
Company for a great deal of assistance in manufacturing and assembling
special equipment, and for otherwise co-operating in the work in a very
hearty manner. ' :

GENERAL CONSIDERATIONS

As is well known, the gas from this field comes from the producing
zone under great pressure carrying with it a certain amount of the heavier
hydrocarbon in the liquid phase, which when it is collected forms the
crude naphtha referred to above. The equipment that is in general use
in the field for the separation and collection of the naphtha is called a
separator. The separator is operated at various pressures which have an
effect upon the product obtained. Under conditions of high pressure
large quantities of gases and volatile vapours which would ordinarily be
classed as gases are held in solution in the liquid condensate.! When the
pressure is released the greater part of these gases passes off, but a certain
portion is still held, and would remain in solution for some time if it were
left undisturbed. The presence of gases and these very volatile vapours
is most undesirable in naphtha which has to be held in storage, and is a
source of both trouble and danger if it is to be transported. In the field
when storage is limited and the stock must be kept moving, the rapid
elimination of the gases becomes essential as in most cases the refiner
will not accept it unless they are removed. The common field practice
is to warm the naphtha up to a definite temperature considerably above
32° F. by means of steam coils. When the naphtha is to be transported
by a common carrier legislative requirements demand that the vapour

tIn this paper the torm *“‘condonsate’ is used to denote tho produot colleoted by the separator as distinguished
from “‘naphtha' or “crude naphtha,'” whieh refers to the same product after it has been weathered.
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pressure under certain stated conditions shall not be greater than ten

- pounds per square inch. Some steaming tanks are fitted with pop-valves
in order to give some meagure of control, others simply have an opening
in the cover of the tank. Unfortunately, during this steaming of the tanks
the volatile vapours carry off with them a considerable quantity of market-
able naphtha. The object of this investigation was to determine the
amount of naphtha lost by the weathering process.

The most modern equipment for treating this class of material con-
sists of a fractionating tower capable of being operated under pressure.
This method of obtaining the desired products is very efficient, but it
requires a heavy outlay for equipment, and in the field requires rather
elaborate gathering lines, in order to transfer the condensate from the
well to the central plant. It is of course obvious that it would be imprac-
ticable to set up fractionating equipment at each well.

The problem of determining the losses due to weathering may be
approached from several angles; first, by considering the composition and
quantity of gases given off from a definite volume of condensate; second,
by determining the composition of the gases given off and that of the
condensate before and after weathering; third, by the direct measurement
of the shrinkage in volume of a known quantity of condensate. It was
decided after consideration, that a combination of the second and the
third methods of approach would present fewer practical difficulties than
the first method, although it was not the most direct line of attack. The
combined second and third method presented no special difficulties except
at one point, namely, that of obtaining an average sample of the vapours
given off in order to determine- the proportion of pentanes and higher
hydrocarbons that would be carried off with the lighter fractions. As
already pointed out the lighter fractions in solution tend to raise the
vapour pressure of the mixture and an appreciable amount of the pentanes
and higher hydrocarbons passes off along with the lighter fractions. This
means that the pentanes and higher hydrocarbons content of the weathered
naphtha as determined by analysis is lower by the amount so lost. How-
ever, certain data were already available which would give close approxi-
mations to the amount that would be lost in this way. The third method
was quite simple; it merely required that a conveniently large volume of
condensate be measured at separator pressures and temperatures and
then be weathered down to a vapour pressure of ten pounds per square
inch at 100° F,

The equipment required for the method that was chosen consisted
of a large high-pressure container which would hold pressures in excess of
300 pounds per square inch, have convenient means of measuring the
initial and final volume of the condensate, and be fitted with suitable
gauges and valves for charging or withdrawing samples of condensate
during the course of the test. In addition, there were required several
steel cylinders capable of withstanding high pressures, a vapour pressure
bomb, and the use of a Podbielniak fractionating apparatus for the anal-

ysis of samples.
THE FIELD TESTS

In order to carry out the tests satisfactorily it was necessary to secure
the co-operation of one of the companies operating in the field. As has
been stated before, the Royalite Oil Company was approached and readily
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agreed to give the writers all possible assistance. After considering differ-
ent possibilities it was finally decided to use a separator similar to those in,
general use in the field, instead of having a large high-pressure container
specially constructed for the work. It happened that two separators had
been installed at No 1 well of the Lowry Petroleum Company, and
since only one of them was required for ordinary operation of the well,
the other was placed at the disposal of the writers. A few changes
were necessary in the fittings so that pressure could be built up in the test
separator beforehand and then the condensate could be transferred from
the producing separator without much change in pressure. No informa-
tion was available regarding the exact volume of the separator. Accord-
ingly it was necessary to determine its volume accurately, or the volume
of that part of it that was to be used in the tests. This was done in two
ways, namely, by direct measurement of the separator, and by filling it
with water and weighing the water run off between two fixed points on
the gauge glass. The two methods checked reasonably closely but the
latter being the more accurate the calibration obtained by it was used in
the tests. The volume so calibrated would take care of three barrels of
condensate. A considerable part of the separator volume lay below the
bottom of the gauge glass and as there was no convenient way of measur-
ing this it was decided to fill it with water up to a suitable point on the
glass, as shown in Figure 2. The condensate would float on the top of the
water when transferred to the separator and would occupy the calibrated
portion of the separator. With a definite volume of condensate charged
to the separator any diminution in volume could be observed and measured
on the gauge glass. A thermometer well and a convenient valve for draw-
ing off naphtha for vapour pressure tests were also installed.

A high-pressure gauge was used at the beginning of each test. This
was replaced later by a low-pressure gauge when the pressure had dropped
to about 50 pounds per square inch. The gases and vapours from the
separator were vented by hand through a small valve. When the pressure
had dropped to about ten pounds per square inch, vapour pressure deter-
minations were made periodically until a vapour pressure of less than
10 pounds per square inch was obtained by approved methods. No
provision was made for collecting the vented vapour as the volume was
too large to handle unless an expensive gas-holder were built for the pur-
pose. Moreover, the gas was contaminated, at the beginning of the test
at least, with the stripped gas used to build up pressure prior to the transfer
of the condensate. A sample of crude condensate from the producing
separator was taken at separator pressure in each test immediately before
the transfer of the condensate to the test separator. At the conclusion
" of each test a sample of the weathered naphtha was also collected directly
from the separator for analysis.

Operating Data

At the time of the tests the pressuré on the well was kept at
approximately 800 pounds per square inch, and the pressure on the
separator at approximately 300 pounds per square inch. ‘Water was
run into the test separator until its level stood well above the bottom
of the gauge glass. Gas was then admitted from the producing separator
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until the pressures were equal in the two separators. The blowdown valve
of the producing separator was then opened and, by increasing the pressure
on this separator slightly, the condensate was transferred to the test
separator. When the desired quantity of condensate had been trans-
ferred, the valve was closed and the volume of condensate as shown by the
height of liquid in the gauge glass was recorded. The temperature of the

—FAressure
gauge

Gauge
Vens ror  g/ass
weatlhered
VRp0Urs |-Cononsate
=1
—Water
e =

Blowdowrn P\ ]

Naphtha fine 77om
producng separetor

Figure 2. Diagrammatic sketch of test separator.

condensate and other pertinent information was also noted. The pressure
in the test separator was then slowly reduced by venting the gases and
vapours to the atmosphere until the pressure, as indicated by the gauge
was 10 pounds per square inch. From this stage on, the pressure wag
released at intervals. After each release the naphtha was allowed to
stand for a time so that the dissolved gases and volatile fractions could
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accumulate above the liquid. Vapour pressure tests were made and if
the naphtha showed pressure greater than 10 pounds per square inch, it
was again vented and allowed to stand, This was 1epeated until the
required vapour pressure was reached.

DISCUSSION OF RESULTS

Three weathering tests were made. The results obtained and a
summary of the analyses of the condensate before and after weathering .
are shown in Tables I, II, and III.

‘Test No. 1 was used as a preliminary in order to demonstrate that the
apparatus was in satisfactory working order, and the results obtained from
it were not as complete as could be desired because several minor difficulties
were encountered. ITirst, when the valve was opened to admit the crude
condensate some of the water, used to bring the lower level of the con-
densate being tested up to a point that could be observed in the gauge
glass, was forced back into the line, with the result that the quantity of
condensate being treated could not be measured accurately. An estima-
tion of the volume was made and is thought to be a reasonably close one.
In succeeding tests the water was brought to a higher level at the beginning

TABLE I
Loss of Volume from Weathering

Corrected gauge reading
Lossof |Specific gravity at 60° I,
Test Inches Inches Difference | volume,
start finish per cent Start l Tinish
P 35-637 23.687 11-95?7 33:57 0-685 0:693
i 18-38 16-18 2:20 11.97 0-686 06875
Biret ittt 19-31 16-91 2:40 12-40 0-678 0680
TABLE II

Fractional Analyses by Podbielniak Apparatus Showing Percentage by Volume
Condensate before Weathering

2A 3A Average
Methane - . 2.1 1-6 1-8
Ethane....... . 29 32 3:0
Propane. .. 6.3 69 66
Butanes 13-2 16-6 14-9
Pentanes - 75.7 717 737
Specific gravity calculated 0659 0+ 6505
Condensate after Weathering
verage
Sample No. 1B 2B 8B 8B2 (2B & 3By)

Methane .. 0:2 01 0-1 0-2
Ethane. . 05 0-3 0-2 04
Propane. . 4:3 4.6 51 4.4
Butanes.. 10:6 12:1 15:6 14-0 13-8
Pontanes 4=...vvviiriernniininnns 87-8 83-1 79-4 805 81-2
Specific gravity calculated....... 0-688 06793 06858 06834
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TABLE III

Summary of Analysis by Fractional Distillation of Crude and Weathered Con-
densate from Weathering Test in Turner Valley, 1931

Sample No.....ovvviiieiiiiniinann 2A 3A 1B 2B 3B1 3B;
Deseription. .. viveiviiiiiiniiiana Condensate | Cond te] Weathered | Weathered | Weathered | Weathered
Condensate | Condensate | Condensate | Condensate

Name of woll......... vievvirereir.|Lowry Pet)Lowry Pet. Lowry Pet|Lowry Pet.|Lowry Pet.|Lowry Pet.
Numberof well.......cvvveviinnnan 1 1 1 1 1 1
Taken from........... PN Separator | Separator | Separator | Separator | Separator | Separator
Date taken....oovivvriaaniains. veod|  Aug. 25 Sept. 10 Aug, 24 Sept. § Sept. 25 Sept. 25
Time taken....ooveveuiiervennosenniareennesiadeniersiiesddoinseinsindineneiindin i O RN
Taken by W.P.C WwW.P.C W.P.C W.P.C W.P.C W.P.C
Average pressure in pounds per sq. in.

Onwell........ p ............... 800+ 8004 .iviiiieiniierineneriii]iiiiiininndieiiinin

On separator.,.uveeviieiviniass. 300+ B Y R A P .
Temperature, °F.

of sample 404 32 78 69 59 69
VAPOUT PLESSUTE. +1vsvvvnunnnerssrae|serevareesnslonssnnanenns 80 10-0 10:6 10-6
Hydrocarbon by Volume—

Mothane-t..covvveieurrinnraas 2.1 18 [ooeeiuvnnne. 0.2 0.1 0.1

Ethane....coovierriiarnnsininas 2.9 32 | siiiiieen 05 0.3 0.2

Propane..... 6.3 6-9 1.8 4.3 4-6 5-1

Butanes......,.oeis 13-2 16-6 10-8 12. 156 14.0

Pentanes and higher, . .. 757 7.7 87-8 83-1 9.4 80:5
Specific gravity observed........... 0-686 0.678 0-603 0-6875 0.680 0-680
Specific gravity caleulated.......... 0-659 0-6505 0-688 0-6793 0-6858 0-6834
Datetested....covvviervnvinninienns Sept. 18 Sept. 22 'Sept. 22 Sept. 12 Sept. 25 ’ Sept. 26
Tested BY.uvuerireeseiiviiriiiiians w.Pr.C. W.P.C. PYV.R. W.P.C. W.P.C. w.p.C.

and no further trouble from this cause occurred. Second, the separator
was vented frequently on a very warm day with the result that the vapour
pressure of the weathered naphtha was reduced to 8:0 pounds before a
sample was tested. On Tests No. 2 and No. 3, care was taken that the
separator was not vented unless the atmospheric temperature was less
than 70° ¥. This procedure prolonged the tests considerably but good
results were secured thereby. Third, considerable difficulty was encount-
ered in fractionating the crude condensate due to the presence of moisture
and practically all of sample No. 1A was used up in efforts to overcome the
difficulty. Samples from Test No. 2 and No. 3 were dehydrated under
pressure by calcium chloride in a specially designed bomb before fraction-
ation and gave no trouble.

The results obtained in Tests No. 2 and No. 3 indicated that the
reduction in volume of crude condensate of the character tested, when
weathered until the vapour pressure is 10 pounds per square inch would
be about 12 per cent. The actual values obtained were 12 per cent and
12-4 per cent respectively, which were considered to be in satisfactory
agreement. In regard to Test No. 1, the analysis of the crude condensate
is not available, but a comparison of the specific gravities leads to the
belief that the composition of sample No. 1A was similar to that of sample
No. 2A. The analysis of sample No. 1B rather corroborates this con-
clusion. On account of the vapour pressure being reduced to 8 pounds
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instead of to ten pounds only, it is obvious that the reduction in volume
would be greater in this than in the other two cases. Therefore, the
figure obtained should be considered as an approximation only.

It is well to bear in mind when considering this problem of weathering
crude condensate that a wide variation in gravity is encountered in
naphthas from Turner Valley, as much as eighteen degrees A.P.I. fre-
quently occurring between samples from diffierent wells. This variation
is probably due to a difference in operating conditions at the wellhead, or to
different conditions at the producing horizon. When such widely different
condensates are weathered to the same vapour pressure it is obvious that
different changes in volume will also be found.

The Practical Value of Analyses

Having obtained by direct measurement a value for the reduction of
volume of naphtha due to weathering, the question arises whether the
analysis may be used to calculate the probable reduction.

In order to do that it is necessary to know the composition of the
vapours given off during the weathering process. As was stated above
the vapours given off were not collected nor analysed. However, several
samples of similar vapours were analysed during 1929 and 1930 and the
results obtained then can be utilized in order to indicate whether such a
calculation is feasible.

ANALYSES OF VAPOURS MADE IN 1929 AND 1930

Four samples of stabilizer gas that were fractionated in a Podbielniak
column during 1929 and 1930 yielded the results shown in Tables IV and V.
The figures shown there indicate that the composition of this gas will vary
greatly due to variations in the composition of the condensate being treated
at the time and to variations in operating conditions. A great deal of
work will be necessary in order to determine the actual effect of each one
of the possible factors. In addition to the above, two samples of the gases
given off from tanks being heated to drive off the more volatile fractions
were analysed and the results are shown in Tables VI and VII. These two
samples were obtained from the gas being given off from two different tanks
1(;)111 t;;w&) different days when condensate from the same well was being

reated.

TABLE IV
Hydrocarbons in Stabilizer Gas by Volume
Sample Nos. 6608 307 To* T4* Average
Methane +.e.cvviieiiiiiiiieiieenniennnnes 25+3 36-3 73-0 61-5 49:0
Ethane.......coovveiiiiiiiiiiiiiiiennnnn, 13+6 20-7 31 8:2 11-4
PrOPANG. . tvveettre ettt rieereiees 294 157 89 11-6 16-4
L) 1T T Y 233 16-9 9.5 115 15-3
Pentanes and higher..........vovevveeiennss 8.4 10-4 55 7-2 7-9

*Analysis by H. Stevens-Guille, Royalite Oil Company, Turner Valley, Alberta.

1Degrees A.P.I refer to the Baumé scale adopted by the American Petroleum Institute.
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TABLE V
Hydrocarbons in Average Stabilizer Gas Calculated to Equivalent Liquid Volume

Average Cubice Imperial Per cent
Name of Hydrocarbon per cent feet per gallong liquid

Gasvol. | Imp. gal. liquid volume
Methane 4 49-0 48-0 1.02 T4
Tthane 11-4 50-4 0:23 10
Propane 16-4 43-9 037 16
utanes 15-3 36-9 0-41 18
Pentanes and higher 7-9 31-0 0-25 11
1000 |....vvnnnns. 2-28 100

TABLE VI

Hydrocarbons in Vapours from Weathering Tanks

Sample Nos. T3* Tg* Average
Methane oo .euieuis v eiie ettt ain e iiararaneans 25-0 21-7 28:5
T T D 14.1 15-2 148
Propane........ A 19-9 22:2 2140
BUbanes. ..t et i e e 220 247 23-3
Pentanesand higher..............oiiiiiiiiiiiiiiiiniaen. 19-0 16-2 17-6
TABLE VII

Hydrocarbons in Average Vapours from Weathering Tanks Calculated to Equiv-
alent Liquid Volume

Average Cubic Imperial { Per cent
Name of Hydrocarbon per cent feet per gallons liquid

Gas vol. | Imp. gal, liquid volume
Methane =e.v.iereeiriieiiiiniieriniieninnns 23:6 480 0-49 20
BEthane.........ooooviiiiiiiniiiiiiiniienienn 14-6 50-4 0-29 12
Propane. . ...co.eerericieiniareniniiniineninne 21-0 439 0-48 19
Bubanes. . ... ...viieir i e 23:3 36-9 0:63 26
Pentanes and higher...................00. 00, 17.6{ « 310 0-56 23

*Analysis by H. Stevens-Guille, Royalite Oil Company, Turner Valley, Alberta.,

The general agreement in the composition of these two samples of gas
is worthy of note, and indicates a very satisfactory degree of uniformity.
As is to be expected, the percentage of pentanes and higher hydrocarbons
was higher in these samples than was found in the gas from the stabilizer.
The averages for the two series of samples tabulated above show that the
stabilizers have reduced the loss of pentanes and higher hydrocarbons from
23 per cent to 11 per cent by equivalent liquid volume. It should be
noted that the stabilizer used was of the low pressure type and the through-
put was not sufficiently large to operate it continuously at its greatest
efficiency. Therefore, the results given in this paper should not be com-
pared in point of yield with those obtainable from modern high-pressure
equipment operated at maximum efficiency.
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In view of the foregoing discussion it would seem permissible to use
the average results shown in the tables for pentanes and higher hydro-
carbons as a basis for calculations.

ANALYSES OF LIQUIDS MADE IN 1929 AND 1930

In addition to the analyses of vapours that have been discussed, a
number of samples of liquid were fractionated during 1929 and 1930.
Three of these samples may be considered as representing the condensate
recovered in the Smith separators that are in general use in the Turner
Valley field. The results obtained are shown in Table VIII. The other
five samples may be considered as belonging to the class of ‘“weathered”
naphthas. Three of them were composite samples from several wells. The
results obtained are shown in Table IX.

TABLE VIII
Hydrocarbons in Condensate by Volume

Sample Nos. 3003 3004 3005 Average
Methane +uiiii e iieieiieiennrsnrenes 4.2 3-0 5.1 4-1
Ethane.......cooovvvernnnnnns 4.6 4.8 4.8 4.7
Propane......... 9.7 9.7 10-8 10-1
Butanes....,...... . 17-3 20+3 17:9 18:56
Pentanes and higher,.....................0 64:2 62-2 61-4 62:6
TABLE IX
Hydrocarbons in Weathered Naphtha by Volume

Sample Nos. 6589 6609 3006 3007 3008 ' Average
Propane and lower................ 2:3 20 20 0-7 1.8 1.8
Butanes...........cooevviiienis 10-1 88 77 9:0 51 8:2
Pentanes and higher..veevv.v..... 876 89-2 90-3 89-7 93-1 90-0

TABLE X
Pentanes and Higher Hydrocarbon Content of Various Samples
Liquid volu;ne A

From in per cen verage

Name of Product for 1929

Table No. Test Test | and 1930

No. 2 No. 3

Condensate before weathering. II & VIII 757 7.7 62-6
Condensate after weathering. . I &IX 83-1 79-4 90-0
Gasg from stabilizer tower... Voo 11.0
Gas from steaming tanks VII  [eeeviiiihnonon 23:0

For convenience the figures that relate to the pentanes and higher
hydrocarbons are brought together and arranged in Table X, The pentanes
and higher hydrocarbons have been selected for discussion because they
represent & product which, if recovered, is commercially valuable. The
butanes and propanes might be dealt with in the same manner, but since
a ready market is not yet available their commerdial value is more indefinite.




109

CALCULATIONS BASED ON ANALYSIS

It has been shown that for Test No. 2 the pentanes and higher hydro-
carbons in crude condensate were 75-7 per cent; that the pentanes and
higher hydrocarbons in weathered naphtha were 83-1 per cent; and if it
be assumed that pentanes and higher hydrocarbons in vapours evolved
during this test were 23 per cent;* then, let X equal the total reduction
of liquid in gallons from 100 gallons of crude condensate.

83-1 23
d W‘ (100 - X) + —W)— X = 75.7 ga.llons.
or, 0-601 X = 7.40 «
and, X = 12.3 “

12-3 per cent.
The reduction found by meagurement was 12-0 per cent.

In like manner an equation as shown below is obtained when data
from Test No. 3 is used:

79-4 2 o

—R)—O‘ (100 - X) + '-1—6(7 X =717 gallons.
or, 0-564 X = 7.7 «
and X =137 «

= 137 per cent.
The reduction found by measurement was 12-4 per cent.

It will be apparent from the above calculations that the analysis of
the crude condensate and of the weathered naphthas may be used to
estimate, with reasonable accuracy, the total reduction in volume of the
crude condensate when weathered.

A comparison of the data shown in Table X is of interest since certain
relations are brought out that must have a very definite bearing on the
reduction in volume due to weathering. It can be seen from a scrutiny
of Tables II, VIII, and IX, that the condensate samples collected during
1929 and 1930 had a lower pentane and higher hydrocarbons content
than those collected in 1931, and also that the weathered naphtha has a
higher pentanes and higher hydrocarbons content than those in the second
case. In other words the condensate collected in previous years had a
higher volatile fraction content than those collected during 1931. Con-
sequently it is reasonable to believe that in 1929-1930 a large volume of
gases and vapours was given off in the weathering process, since the
weathered naphtha has a higher pentane and higher hydrocarbons content
as shown by the analyses. A comparison of the specific gravities of the
various samples also points to the same conclusion, It is probable that
vapour pressure determinations on the weathered naphtha in 1929 and
1930 would have shown a lower vapour pressure than was found in 1931.
It would appear, therefore, that when discussing the process of weathering,
the fact must be kept in mind that the erude condensate produced is not a

*This figure was used because it more nearly agreed with the conditions under which the test was run, since
}:he txgggtl)pra were vented to the atmosphere without passing through any fractionating equipment sueh as is used
n 8 izers,
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definite mixture of hydrocarbons, but varies greatly in composition in differ-
ent parts of the field, partly due to different operating conditions at the
wellhead, or to different conditions underground.

The’ general conclusion to be drawn from the above is that the greater
the proportion of lighter fractions in the condensate, and the lower the
vapour pressure of the weathered product, the gleatm will be the total
reduction in volume, and vice versa.

The total reduction in volume by weathering during 1929 and 1930
can be estimated from the data shown in Table X by using an equation
similar to that shown above. If it be assumed that the average percentage
of pentanes and higher hydrocarbons in the vapours given off during
weathering in 1929 and 1930 be as low as 11 per cent, and X represents
the total reduction in volume of the condensate, then from 100 gallons of
condensate, the following equation would be obtained:—

90
100 (100 — X) + —== 100 62-6 gallons

or0-79 X 274«
X 34.7 «
34.-7 per cent.

If it be assumed that the average percentage of pentanes and higher
hydrocarbons in the vapours be greater than 11 per cent, the total reduc-
tion in volume would be greater. If the weathering were not carried so far
and a vapour pressure close to 10 pounds per square inch was maintained
for the product, the reduction in volume would be less.

As a general conclusion it would appear that the total reduction
in volume during weathering in 1929 and 1930 was of the order of 35 per
cent, During the tests in 1931 considerable care was taken to operate
the separator in such a way as to cause 2 minimum reduction of volume.
Therefore, there appears to be good reason for expecting the reduction to
be somewhat larger than 12 per cent under ordinary oil field conditions.

I

I

PROBABLE LOSS IN THE FIELD

If controlled stablization by modern equipment were generally used
the reduction in volume would be substantially lessened. Assuming the
yearly production to be one million barrels, and the reduction when this
product is subjected to open weathering to be 35 per cent, and that the
reduction in volume when treated in stabilizers be 12 per cent, then, if
the pentanes and higher hydrocarbons of the stabilizer gas were recovered
the yield would be 11 per cent (Table V) of 35 per cent and 11 per cent of
12 per cent, respectively. This would mean a saving of from 4 per cent
to 2 per cent of the total production which is equivalent to between forty
thousand and twenty thousand barrels of pentanes and higher hydro-
carbons per year. The data upon which these results are based do not
admit of a closer approximation. In the discussion above it is to be
remembered that in those cases when total reduction in volume is mentioned
that a large proportion of this is due to dissolved methane and ethane,
whieh are not recoverable and have no greater value than the surplus gas
being burned at the present time. The amount of dissolved methane is
greater than it otherwise would be on account of the high pressure used
in the separators.
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In order to make possible the saving of pentanes and higher hydro-
carbons shown above, a large capital expenditure would be necessary to
provide suitable gathering lines from the field to a central stabilizing
plant, The cost of the installation, the operation of it, the depreciation
charges, and the problematical life of the field itself, are factors, that
must be carefully considered before coming to a conclusion as to whether
or not the inereased yields would make the undertaking commercially
profitable,

RECOVERY OF BUTANES AND PROPANE

No discussion hag been given to the possible recovery of butanes and
propane because it was felt that before these products had a commercial
value 2 market for them would have to built up. Such a market when
available would of course increase materially the profits arising from the
operation of a stabilizer plant. An estimation of the amounts of these
components that might be recovered can be made by a method similar
to that used above in the discussion of pentane and higher hydrocarbons.

SUMMARY AND CONCLUSIONS

1. A measurement of the reduction in volume of crude condensate
produced by one well in Turner Valley was made by a direct method.

2. The reduction in volume for the condensate treated was approxi-
mately 12 per cent.

3. A method for calculating the weathering loss from the analysis
of the products has been worked out, the results of which agree reasonably
well with those obtained by direct measurement.

4. The method has been applied to crude condensate from other wells
which had been examined previously.

5. The additional amount of marketable product that might be
obtained under ideal conditions of stabilizing has been estimated at between
twenty and forty thousand barrels of naphtha per year.

6. A method isindicated by which the recoverable butanes and propane
can be estimated.

7. The crude condensate produced in Turner Valley evidently varies
congiderably, partly due to operating conditions above ground and partly,
perhaps, due to conditions at, or near the producing horizon. The com- .
position of the condensate, the method of weathering, and the final vapour
pressure, are all factors which must be taken into consideration when deal-
ing with the weathering of Turner Valley condensate.

8. Itis evident that 2 great deal more work could be done with advant-
age on this problem. However, the work which has been done indicates
the order of the reduction in volume which may be expected.

54726—8
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III

EXPERIMENTS ON THE HYDROGENATION OF ALBERTA
BITUMEN, AND ON THE EFFECT OF PRESSURE ON THE
PYROLYSIS OF METHANE

PREFACE

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

Prior to 1929 investigational work in Canada on bitumen from the
bituminous sands of Alberta was concerned with its use as road-paving
material and its amenability to refining into petroleum products by ordin-
ary fire-still and pressure-cracking processes, the results thus obtained
being compared with other results arising from erude petroleum and as-
phalt materials. Since that date, however, considerable attention has
been paid to the value of this bitumen for hydrogenation treatment as
compared with coal, coal tar, and petroleum residues.

Considerable pioneer work has been carried out by S. C. Ells of the
Mines Branch, concerning its value for road and other similar purposes
and methods for the economic separation of the bitumen, and this has
been continued up to the present. Research work of a similar nature,
but with special reference to the separation of the bitumen from the sands,
and its comparative value for refining into petroleum products, has been
conducted during the last decade by Dr. K. A. Clark of the Research
Council of Alberta. Other investigators in Great Britain and the United
‘States have been active in the study of Alberta bitumen, and their results
are referred to in the comprehensive reports of both Ells and Clark, and
in the technical literature. The work of the Division of Fuels and Fuel
Testing, concerning laboratory methods for assaying both the raw bitu-
minous sands and the extracted bitumen may be mentioned next. The
results of this work are published in the annual Investigations of Fuels
and Fuel Testing for 1926, where also are to be found the results of pressure-
cracking tests by the Cross process. The hydrogenation experimental
work conducted by E. H. Boomer at Edmonton, and by T. E. Warren at
Ottawa, brings this chronological sketch of investigational work on Alberta
bitumen up to date.

The accompanying report presents the results of experimental hydro-
genation and pressure-cracking work on Alberta bitumen at the Fuel
Research Laboratories, Ottawa, during 1930 and part of 1931, While
the main portion of the experimental work involved the high-pressure
hydrogenation treatment of separated bitumen, results. obtained with ordin-
ary pressure cracking, without the use of hydrogen, have been included
in order to show the relative merits of the two methods. The latter
results were obtained by tests made in a bomb supplied by the Kansas
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City Testing Laboratory of the Cross Company, under the pressure and
temperature conditions obtaining with the Cross process. In these tests
the standard sample of dehydrated topped bitumen on hand in the Fuel
Research Laboratories was used. The results obtained checked quite
closely with those reported on the same sample by the Kansas City Test-
ing Laboratory of the Cross Company, which firm is the sponsor and pro-
moter of the Cross process.!

In his hydrogenation experiments without the use of catalysts, Dr.
Warren studied the effect of different variable factors, one at a time,
namely: temperature, pressure, and duration of reaction. In brief, the
results were that gasoline formation and the tendency to form coke were
both increased by higher temperatures and longer times of reaction, and
that while the higher pressures decreased coke formation, the gasoline
vield and corresponding kerosene yield were independent of pressure—at
least within the pressure range used. Other observations were that the
amount of hydrogen absorbed, while independent of temperature, in-
creased with both longer duration and higher pressure, and that high
pressure and long duration favoured the removal of sulphur as hydrogen
sulphide, whereas high temperature did not.

Attention is to be drawn to the method of reporting the results obtained,
or rather to the criteria used in expressing the results of the different experi-
ments in respect to the conversion of the raw bitumen into products of
lighter specific gravity and higher boiling points. The yields of motor
fuel expressed in terms of unrefined gasoline with a boiling point up to
410° F. and of the kerosene fraction are shown, instead of merely indicating
the degree of cracking with and without hydrogen, by stating the yield of
total cracked product irrespective of the end products to be derived there-
from, as is the custom in stating the many hydrogenation results found in
the literature. It is interesting to note that of the several catalysts experi-
mented with, nickel carbonate proved the most efficient in respect to
depressing carbon formation, but this and other catalysts did not greatly
increase the yield of gasoline in comparison with experiments under similar
conditions without the use of catalysts. It was found, however, that -
certain reagents, e.g. calcium or iron oxide, were effective after preheating
with hydrogen, in reducing carbon formation. This permits larger quan-
tities of intermediate liquid product to be recirculated in a continuous
hyd&'ogenation process, resulting in a higher gasoline yield as the main
produect.

Slightly higher yields of unrefined gasoline were obtained by pressure
cracking than by the batch hydrogenation treatment, but the refining loss
may be expected to be greater. Ordinary cracking also produced more
coke. In comparison with a possible yield of 30 to 40 per cent by weight
of gasoline by recycling in ordinary cracking processes without the use of
hydrogen, yields of 65 to 75 per cent by weight, equal to 90 to 100 per cent
by volume, are considered possible by continuous recycling hydrogenation
treatment. Work on a larger scale, together with a more intensive study
of the economics of the situation, is advisable and necessary before attempt~
ing to form an opinion regarding which process—hydrogenation or pressure
cracking without hydrogen—is the more suitable for treating Alberta
bitumen for the production of motor fuels.

1 Investigations of Fuels and Fuel Testing 1926, p. 121,
54726--8%
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The accompanying report is in two parts: the first part, as summarized
above, is confined to hydrogenation and pressure-cracking experiments on
Alberta bitumen for the production of motor fuel; the second part, the
effect of pressure on the pyrolysis of methane, presents the results of some
experiments made on a sample of natural gas consisting almost entirely of
methane. The feature of this investigation is the use of a silica tube for
conducting experiments under conditions of high temperature as well as
high pressure, which is not allowable with steel reaction chambers. Pyro-
lysis experiments were made at temperatures ranging from 900° to over
1100° C. and through a pressure range of slightly less than 0-5 up to 104
atmospheres. It was shown that the yields of condensation products were
not, as was hoped, increased by the use of high pressure but were on the
contrary, decreased; further, the higher pressures tended to lower the yield
of hydrogen. Observations as to the effect of temperature and rate of
flow on the yields of both hydrogen and unsaturated hydrocarbons are in
accordance with the conclusions of other investigators. While the results
of this investigation in respect to their commercial interpretation are not
positive, in that it has been shown that high pressure is not serviceable
for the production of condensed products from methane or natural gas
having a high methane content, they may, however, be considered of value
from an academic viewpoint.
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REi’ORT OF HYDROGENATION AND PRESSURE-CRACKING
EXPERIMENTS ON ALBERTA BITUMEN FOR THE
PRODUCTION OF MOTOR FUEL

T. E. Warren

Two different samples of bitumen were experimented on, both of
which were barrel-lot samples supplied by Dr. K. A. Clark of the Research
Council of Alberta. The first sample, No. 3355, was raw separated bitumen
which was dehydrated after reaching Ottawa, and the second, No. 7295,
was dehydrated before shipment. On these two samples, some of the
characteristics of which are shown in Table I, comparative fire-still, pres-
sure-cracking, and hydrogenation tests were made. In the hydrogenation
experimental work, considerable attention was paid to the effect of varying,
one at a time, such factors as temperature, duration of reaction, and
pressure; after which the effect of adding different catalysts was studied.
All the results obtained are shown in tabular and graphical form. A review
of previous and contemporary bitumen hydrogenation and pressure-cracking
Wo'ﬂfi is given, and the possible application to commercial conditions indi-
cated.

The occurrence, extent, characteristics, and methods of mining of
Alberta bituminous sand, from which the bitumen used in the present
experiments was extracted, are reported by 8. C. Ellst. The bitumen was
separated from the sand by Clark’s process?, by which the bituminous sand
is washed with hot water containing sodium silicate and sodium chloride.

TABLE I
Characteristics of Bitumen Samples Used

No.......... e ireeeerreesnsuaannnaasiesirarriassssnsnariann 33565 7295
Specifio gravity...........oooii 1061 1-030
Viscosity, Saybolt—

Furol, seconds at 210° F....oovvenvirenieriiinrenronennns 995 820

“ B 1 282 236

Ash, per Cenb. ... vvriiieii i e e i e eaaas 341 253
Sulphur, percent......veieineiiiieriiiie i i, 525 -
Distillate in Hempel apparatus at 760 mm. up to 200° C.

(892° ), Per Cembuerernveensreneuearrannrosnsnssssnnenns 3:5 2:8

PRESSURE-CRACKING EXPERIMENTS

It is apparent from the distillation yield shown that any treatment
which produces gasoline in commercial quantities cannot be based on the
separation of the small amount already existing in the bitumen, but must
produce it by molecular change. The division of the large molecules of
which the semi-solid bitumen is composed, into the smaller ones which
make up gasoline may be accomplished by heat treatment, and is called
cracking,

Ott; S. gbzlglle, Bituminous Sands of Northern Alberta, Report No, 632, Mines Branch, Department of Mines,
Wwa .
2K, A, C)lark and D, S, Pasternack, Research Council of Alberta, Report No. 26, page 41 (1931).
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FIRE-STILL DISTILLATION

A large proportion of the bitumen has such a low volatility that the
temperature at which cracking begins (about 350° C.) is lower than the
boiling point. Consequently, when it is distilled at atmospheric pressure,
part of the vapour is the product of cracking taking place in the liquid
phase. Therefore one method of cracking the bitumen is, to distil it at
atmospheric pressure from an externally heated iron still such as the
so-called ““fire still”’ used in petroleum refining.

Both samples of bitumen were distilled until the residue was reduced
to coke, by means of an electrically heated iron still of about four litres
capacity. Two litres of the bitumen was charged, and the time required
for the distillation was about seven hours. The top of the still was heated
8o that there was no reflux. The results are tabulated below.

Weight, per cent

D T P 3355 7295
Charge of bitumen........ovveveiiierininenan. 100 100
Cole residue obtained.... . 2648 277
Liquid product obtained.........cvviiiiiiiiiiiiiiiiieeaans 61-6 56-9
Gas and 1088, .0 uu it iiiietii i eiaans 11.6 15+4
Liquid boiling up to 410° F. (gasoline)......vevvvrienenennnns 12-1 12-9

Although the fire-still distillation described above is theoretically a
cracking process, the term “pressure cracking’ is usually applied to heat
treatment at a pressure greater than atmospheric. Two well known
pressure-cracking processes are those of Cross and Dubbs.

DUBBS PROCESS

In 1926, samples of bitumen were sent by K. A. Clark to the Universal
Oil Products Laboratory for a test according to the conditions of the Dubbs
process. The bitumen was charged to the cracking apparatus without
preliminary treatment, and heated at 750° F. under a pressure of 90 pounds
per square inch. The yield of gasoline was 27 per cent by weight of the
charge and there was a coke residue of 28 per cent. The gasoline was
found to have a good knock rating (benzol equivalent, 33-2)!.

CROSS PROCESS

At about the same time (1926), part of sample No. 3355 was sent from
the Fuel Research Laboratories to the Kansas City Testing Laboratory of
the Cross Company for a cracking test. The bitumen was distilled to
coke in a fire still, and the distillate cracked in small-scale equipment
under the conditions described below. The yield of unrefined gasoline
obtained by this treatment was 20-3 per cent of the weight charged to the
fire still. A larger yield of gasoline may be obtained by recycling the
higher boiling residue from the cracking apparatus.?

The experiments reported by the Kansas City Testing Laboratory
were repeated at the Fuel Research Laboratories in 1930 using, as far as
possible, the same kind of apparatus and the same procedure. The fire-
still was the same as previously described. The cracking apparatus,

1 Xigloff and Morrell, Canadian Chem. & Mot, XT, page 33 (1027). |
* R. E. Gilmore, P, V, Rosowarne, and A. A, Swinnerton, Investigations of Fuels & Fuel Testing 1020, page 121,
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which was purchased from the Cross Company, is a steel cylinder of about
1.5 litres capacity tested to 3,000 pounds per square inch. It is equipped
with a pressure gauge and outlet valve at one end, and a thermometer well
at the other. It is heated from below by ten gas burners. The Cross
experimental cracking bomb is shown assembled in Plate IIT A.

The procedure is to introduce 500 c.c. of the oil to be tested and heat
it until the pressure has reached 810 pounds per square inch at 400° C.
The heating rate should be such that the time required is between 55 anc
70 minutes. After the correct temperature and pressure have been reached,
the bomb is allowed to cool and the product removed at room temperature.

A series of pressure-cracking tests conducted in this bomb at the TFuel
Research Laboratories gave a complete verification of the results obtained
at the Kansas City Testing Laboratory. The yields of unrefined gasoline
from the cracking experiments are shown below.

Yield unrefined
gasoline;

weight, per cent
Kansag City Testing Lab, on No. 8855, ...cccvvvrrrnienrerirnerennenennenns 20-3
Tuel Research Labs. on No. 3355...... .o @) 205
Truel Research Labs. on No. 3355... ... (@) 201
Tuel Research Labs. on No. 7295,.. Lo 21-2
TFuel Research Labs. on No. 7295, .00 cvvvivniniiiiinninineenennnnns @) 208

Little hard carbon was formed in cracking, but the yield in the pre-
liminary fire-still distillation was large.

The deposition of coke in both cracking processes is a serious objection
to their use for it not only wastes a considerable amount of raw material
but, also, it is a hindrance to continuous operation.

HYDROGENATION EXPERIMENTS
REVIEW OF OTHER HYDROGENATION TESTS ON ALBERTA BITUMEN

Results of Bergius

In 1922 a small quantity of bituminous sand was sent to Bergius’
laboratory at Rheinau, and in 1926 a report of the test was given to the
Fuel Research Laboratories. No operating details are given. The yields

are incompletely reported as follows:—
Per cent by weight
of bitumen charged

Motor spirit (UP 0 802 T ) uet i et e iiiriereninrnrerarerenenenenenns 30
Oreosoting 06l .o iver e envneeen i rereeneenenrerranenarasoneneesnsssnenns 5
B 1-) | P 25
20 25
B0 ) 85

The nature of the 15 per cent not accounted for is not stated.

Results of Boomer and Saddington

During the past three years, experiments on the hydrogenation of
bitumen have been conducted at the laboratories of the Research Council
of Alberta by E. H. Boomer and A. W. Saddington, who have published
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two papers on the subject. The first! describes experiments with an appar-
atus similar to that used at the Fuel Research Laboratories. The second?
describes further experiments using a rocking autoclave of 1.8 litres
capacity. Of these two series of experiments, the part most interesting
in connexion with this paper is that dealing with the hydrogenation of
the residues from previous hydrogenation products after the more volatile
fractions have been distilled off. It was found that the bitumen contained
15 per cent of a material which was not easily cracked at temperatures
as high as 500° C., but that the rest was capable of conversion to oil, gas,
and coke in proportions which depended on the conditions of the experi-
ment.

HYDROGENATION EXPERIMENTS AT THE FUEL RESEARCH
LABORATORIES

Apparatus

The equipment required for discontinuous experiments on hydro-
genation comprises a reaction chamber, a means of heating it, of applying
a high pressure of hydrogen to the charge in it, and of measuring the tem-
perature and pressure of the charge. It is desirable also to have a stirring
device, & means of cooling the reaction chamber quickly, and to have
inlet and outlet tubes so placed that either liquid or gas can be added or
removed during an experiment.

The reaction chamber employed in these experiments is shown in
Plate III B. The bomb proper and the head and stirring equipment
are to be seen at the left of Plate II. The chamber is made of chrome-nickel
(18-8) steel, with an internal diameter of 3% inches and a wall thickness
of § inch. Its capacity with the head in place is 920 c.c. The stirring
paddle is rotated from the outside by a shaft running through a water-
cooled packing gland at the rate of 23-6 revolutions per minute. Temper-
ature is measured by a thermocouple in a well beside the stirring shaft at
about 2 inches from the bottom of the bomb. The bomb may be cooled
by blowing air from a 3-inch compressed air line against the bottom inside
the heater.

To compress the hydrogen to the desired pressure it is allowed to pass
from the shipping cylinder, where its pressure is less than 2,000 pounds
per square inch, to a thick-walled cylinder of about one-gallon capacity.
Water is pumped into this cylinder until the hydrogen is at the required
pressure. The hydraulic pump and pressure cylinder may be used at
pressures up to 10,000 pounds per square inch.

For protection in case of failure of the high-pressure apparatus, a
wall of &~inch sheet steel was built around it, as shown in Plate II. Valves,
gauges, switches, ammeter, rheostats, and pyrometer are mounted outside
the wall. Inside it a fan and air duct prevent the accumulation of any
gas leaking from the bomb or connexions.

1 Boomer and Saddington, Can. Jour. of Research, 2, 376 51030;.
2 Boomer and Saddington, Can, Jour, of Research, 4, 517 (1031),
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Procedure

The amount of bitumen charged was 200 grammes. A smaller
amount did not yield sufficient product for a satisfactory analysis, but
it was found that the charge had to be kept as small as possible in order
to maintain the gas composition and pressure at nearly constant values.
In introducing the charge, the bomb was weighed on a balance sensitive to
0-5 gramme, the melted bitumen poured into it to approximately 200
grammes, and the quantity determined exactly by difference in weight. The
catalyst,when employed,was then added and the apparatus assembled. Hy-
drogen was introduced at the desired pressure and the apparatus examined
for leaks and allowed to stand for an hour. If the pressure had not de-
creased during that time, the heating current was turned on. When the
temperature, indicated by the pyrometer in the charge, was 50° C., stirring,
which increases the rate of heating, was begun. When the desired temper-
ature had been reached the heating current was suitably reduced and the
air blast used, if necessary, to check the rate of heating. The tempera-
ture was maintained as nearly constant as possible with the air blast and
rheostats for the desired duration. The heating current was then turned
off and the air blast turned on until the temperature was 350° C. at which
point the stirrer and air blast were turned off. The rate of cracking at
temperatures lower than 850° C. is not appreciable, so that it is not neces-
gary to cool the charge rapidly below this point. The apparatus was
allowed to cool, usually over night, and the gas released through a meter.
Two samples of gas were collected at atmospheric pressure before passing
the meter. The head of the bomb was removed and the liquid product
separated from the coke and catalyst by pouring through a screen. The
bomb was weighed after the removal of gas, liquid, and solid respectively,
and the amount of each determined by difference.

The samples of gas were analysed in a Burrell apparatus for hydrogen
sulphide, unsaturates, hydrogen, methane and higher hydrocarbons. The
reagents used were potassium hydroxide, fuming sulphuric acid, and copper
oxide. Combustion on a platinum spiral was used to estimate the carbon-
hydrogen ratio.

An Engler (A.S.T.M.) distillation of the liquid product was made.
The specific gravities of the liquid product and of the gasoline and kero-
gene fractions (up to 410° F. and 410° to 572° T. respectively) of the dis-
tillation were determined. Twenty of the gasoline samples were given a
refining test in which the volume losses on treatment with 80 per cent sul-
phuric acid and 10 per cent caustic soda were determined, and the samples
so purified were given a ‘“‘doctor” test for sulphur.

The solid product, as removed from the bomb, was extracted in a
Soxhlet apparatus with petroleum ether for five hours. It was then dried,
weighed, and pulverized. Proximate analyses on the dry powder were
then made by the standard method for coal, to show ash, volatile matter,
and fixed carbon contents. The Hschka method was used for the deter-
mination of sulphur in the dry pulverized residue.
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Definitions

Before discussing the results of the hydrogenation experiments, it is
thought advisable to define certain terms to be used.

Gasoline, unless otherwise stated, is that part of the product recovered
as distillate up to 410° T\, in a standard A.S.T.M. Engler distillation.

Kerosene is that part of the product recovered as distillate between 410°
and 572° F. in a standard A.S.T.M. Engler distillation.

Coke is that part of the solid product remaining after extraction with
petroleum ether.

Temperature, used in the sense of temperature of experiment, is the
average temperature betweeun the heating and cooling periods, i.e. over the
“duration.” It is measured at the bottom of the pyrometer well, which is
near the eentre of the charge.

Pressure is read on a Bourdon gauge connected to the top of the bomb
at room temperature before the experiment is begun. It is approximately
half the maximum pressure after full temperature is reached.

Duration is the length of time between the heating and cooling periods.

Hydrogen used is the hydrogen disappearing during an experiment
based on the known volume and pressure before an experiment and the
volume, pressure, and analysis of the gas after the experiment.

Results

The variables examined in the present work were temperature, pres-
sure, time, and catalytic action. Other conditions were as nearly constant
as possible.

Temperature Variable. The study of the temperature variable was made
by conducting a series of experiments at different temperatures between
400° and 470° C. No catalyst was used; the duration and initial pressure
were 30 minutes and 1,470 pounds per square inch respectively.

The yields of gasoline and coke in weight per cent of the charge at the
various temperatures, are given below in tabular form, and shown graphi-
cally in Figures 8 and 4.

Gasgoline Coke
Temperature, °C. (as weight | (as weight
per cent per cent
of charge) | of charge)

DO DO DO it
BSBTE
(=R YR 1 2]
o et ok
pREsE.
- 0=

1See page 119 for method of heating,
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Over the entire temperature range, the yield of kerosene remained
nearly constant at 11 per cent. The amount of hydrogen used was also
approximately constant at 1-1 per cent by weight of the bitumen charged.
The amount of sulphur removed in the gas decreased with the rising tem-
perature from 11 per cent of the total sulphur in the bitumen to 5 per cent
at 400° and 470° C. respectively.
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Figure 3 With duration and pressure con- Pigure 4 With duration and pressure con-
stant the yield of gasoline is stant the yield of coke is plotted
plotted against temperature, against temperature.

Duration Variable. The study of the duration variable was made by
conducting a series of experiments at different durations between 12 and 90
minutes. In all of the experiments the temperature was 410° C., at which
temperature there were sufficient amounts of gasoline and carbon for
convenient study. The initial pressure, as before, was 1,470 pounds per
square inch. The yields of gasoline and coke are given below, and are
shown graphically in Figures 5 and 6.

Gagoline Coke
Duration (in minutes) (a8 weight | (a8 weight
per cent per cent
of charge) | of charge)

5.8 None
11-9 9.6
14-5 13-9
19-6 19-5
22-8 23-7

The yield of kerosene increased from 8 to 11 per cent between 12 and
33 minutes, but remained practically constant at the longer durations.
The amount of sulphur in the gaseous product increased with increasing
durations until, at the end of 90 minutes, 12 per cent of the sulphur in the
original charge was present in the gas. The amount of hydrogen used in-
creased from 0-9 per cent to 115 per cent over the range of duration studied.

Pressure Variable. The study of the pressure variable was made by
conducting a series of experiments at different initial pressures between
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zero and 3,000 pounds per square inch. In all of the experiments the
temperature was 410° C. and the duration 30 minutes. The yields of
gasoline and coke are given below, and shown graphically in Figures 7 and 8.

Gasoline Coke
Pressure (initial in pounds per square inch) (as weight | (as weight
per cent
of charge)
0 31-5
750... 20-4
1,500... 13.9
2,250... 16-9
8,000... 9.4

The yield of kerosene was nearly constant at 11 per cent. The amount
of sulphur in the gaseous product increased rapidly with increase in pres-
sure up to 20 per cent at 3,000 pounds per square inch. The amount of
hydrogen used increased in direct proportion to the pressure. Af an
initial pressure of 3,000 pounds per square inch, the weight of hydrogen
used was 2-0 per cent of that of the original bitumen.

Conditions for Maximum Gasoline with Low Carbon Yield. Two
further experiments were made in an attempt to obtain simultaneously a
high yield of gasoline and a low yield of carbon. The conditions and
vields are as follows:

—_— . Experiment| Experiment
45 46

TempPerature, “Cl .. uueiii et eeeiiieersniusressasssenssuseessesstnsonsas 422 4056
Duration (IINULEE). ..o vvvs et iereerrerioneecnsenseasnssesnsaeenns 32 186
Pregsure (initial, pounds)....v.vveienerasesniirrsieraresioreeisscsionens 3,000 2,985
Gasoline (% by weight of bitumen charged) .......oovviiiiiiiiiinnn, 24-0 26+2
Coke (% by weight of bitumen charged).......covvvvevriieenienrionnns 26:0 19-5

It is apparent that the pressure, which at the maximum was 6,000
pounds per square inch, was not sufficiently effective In suppressing carbon
formation in either of the conditions under which high gasoline yields are
to be obtained, namely, high temperature and long duration.

Catalysts, Throughout the program on varying catalytic materials
added to the bitumen, the temperature was 410° C., the duration 30
minutes, and the initial pressure 1,470 pounds per square inch. The
catalysts in inverse order of carbon formation with the corresponding
yields of gasoline and coke, were:

Amount 1i Cok
catalyst (Gaso ine oke
: d a5 weight | (as weight
Catalyst (in ;Vgéﬁlt‘t per cent per cenb
o?%hurge) of charge) | of charge)
Nickel carbonate...o.oovivviiriisreieriiaiieiriesennaeen, 3-6 17-3 12.7
10763 ¢ 1165 s> ¢ 1« (- TR A N 2-9 15-7 15-4
Ammonium molybdate......covvivieiiiiniiiiariierinienas 3.3 17-2 15-6
1 T 3+4 151 16-2
ZIN0 OXI0u 1 v rerrranveennnnerererennnsesserenesnnnsrnees 3:0 22:3 26-4
Chromig 0Xide. ... vvvvevreerrnnneiiernurerernvenreannannen 5:0 23-8 28-4
B5 o) (o 4 T L SN 5.0 14-1 37.7




123

DURATION 1Y MINUTES

Figure 5 With temperature and pregsure
constant the yield of gasoline is
plotted againgt duration.
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DURATION 1N MINUTES

Figure 6 With temperature and pressure
congtant the yield of coke is
plotted against duration.
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Figure 7 With temperature and duration
constant the yield of gasoline is
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Figure 8 With temperature and duration
constant the yield of coke is
plotted against pressure.




124

It is to be noticed that under the conditions of the experiments most of
the catalysts had the effect of forming carbon rather than preventing its
formation. Nickel carbonate was the only catalytic material giving a lower
yield of carbon than that which would have attended the corresponding
yield of gasoline had no catalyst been present.

In an attempt to remove sulphur, bitumen was treated with hydrogen
" at temperatures between 300° and 350° C. in the presence of ferric oxide
and calcium oxide. On being further hydrogenated at 410° C. it gave the
usual yield of gasoline, but without the formation of eny carbon. This
effect was at first ascribed to the removal of sulphur, but it was found
that the sulphur in the bitumen combined with the catalyst to an appre-
ciable extent only at the higher temperature. Further, if the catalyst
were removed between the first hydrogenation (at 330° C.) and the second
(at 410° C.) carbon was formed as usual in the second period. It was
found that when ferric oxide or calcium oxide were hydrogenated for two
hours at 330° C. and added to a charge of bitumen which was then run
under the usual conditions (410° C., 30 minutes, 1,470 pounds per square
inch) no carbon was formed. The effect was, therefore, credited to pre-
hydrogenation of the catalyst. Ierric oxide (I'e:0;) was found to be
converted to a large extent to the magnetic oxide (FesO4) by the pretreat-
ment. By combined pretreatment and second stage hydrogenation, 5
and 25 per cent of iron oxide removed 56 and 100 per cent respectively of
the sulphur present in the bitumen.

Further study of these catalysts has been postponed until another
apparatus, now under construction, has been completed, when it will be
possible to investigate their behaviour in prolonged, continuous use.

Refining Tests: The refining tests to be described were made on the
gasoline fractions distilled from the liquid product. These fractions were
too small to permit any preliminary study of refining methods so that the
following procedure was arbitrarily adopted:

1.- As large a sample as was available (usually 15 to 40 c.c.) was shaken
for 15 minutes with an equal volume of 80 per cent sulphuric acid. The
gasoline was poured off, washed with water, the colour observed and the
specific gravity and volume decrease measured.

2. The remaining gasoline was shaken for 15 minutes with an equal
volume of 10 per cent sodium hydroxide solution, and the colour, specific
gravity, and decrease in volume again observed.

3. The sample remaining after the acid and caustic refining was shaken
with sodium plumbite according to the procedure of the doctor test for
sulphur, and recorded as “sour” () or “sweet” (—).

The results of the refining tests are given in Table II.




TABLE II

Before After treatment with 80 per After treatment with 10 per
Sample Pressure, Dura- treatment cent sulphuric acid cent caustic soda Total
NZ'E?'T Teénp poundsper| "z Catalyst and remark volume. Dgcsttor
13-F.T.] °C. square Fverd e
D fnch |minutes Sp. Gr.i  Colour Sp. Gr. Colour dY: ?_}ui: Sp. Gr.]  Colour g’egil:;: decreaso
% % %
12 410 1-470 62 |Nome.....ciiiiernnnnnns 0-772 |Deep orange.. 0-774 |Light yellow. 6-0 | 0-776 |Light yellow. 2.0 8-0 —_
13 . Reddish 0-762 |Light orange. 8-8 | 0-766 {Light yellow 8.7 17-5 -
35 0-830 |Deep yellow..[ 16-7{ 0-828 {Deep vellow..| 10-0 26-7 +
47 0.761 |Light pink.... 8-0| 0-763 Allmost colour- 4.0 12-0 -
ess.
48 410 1,470 30 (NHagﬂ&IOO‘, 3-3 per 0-764 jLight pink.... 7-5 | 0-765 |Light yellow. 2:5 10-0 -+
ent.
50 410 1,470 30 0.767 |Light pink.... 6-71 0-767 |Light yellow. 0-0 6-7 -
51 410 1,470 30 0-782 Lxght yellow.[ 67 Yellow 0-0 87| -
52 410 1,470 30 . Stra 67 0-0 6.7 -
53 410 1,470 30 5-0 . 0-0 5.0 +
b4 410 1,470 30 7.5 | 0-778 |Light yellow. 0-0 7-5 -
55 410 1,470 30 |None, bomb copper lmed 10-0 | 0-764 Verynéxght 3-3 13-3 +
ellow,
56 410 1,470 30 {None, pre-Tun........... 8.0 | 0-758 Lx ht yellow . 0-0 8-0 i
57 410 1,470 30 |Fe:0. 3, 5-0 per cent pre- 13-3 1 0-764 OW..oun. 3-3 16-6
58 440 1,470 30 Fe'_»Oa, 5-0 per cent pre- 7-5 | 0-763 |Light yellow. 1-3 8-8 +
Tun.
59 415 1,470 30 |Fe:0s, 15-0 per cent pre- 0-761 |Light pink... 10-0 | 0-764 |Light yellow. 0-0 10-0 -
run.
60 430 1,470 30 |Fex0s, 25-0 per cent pre-| 0:765 |Deep orange.. 0-766 |Light yellow. 5-0 | 0-767 |Light yellow. 0-0 5.0 —_
run.
62 420 1,470 60 CaO 10-0 per cent pre-| 0-764 |Deep orange.. 0-764 |Light yellow. 5.0 | 0-766 |Light yellow. 0-0 5:0 -
65 410 1,470 30 (NHat) :MoQOs, 3-5 per-] 0-757 |Orange........ 0-760 | Light yellow. 6-7 | 0-761 |Light yellow. 0-0 6.7 -
cen
66 405 1,470 30 C?Ot SrO per cent ecata-| 0-757 |Brown........ 0-760 |Pink.......... 6-71 0-762 {Yellow....... 0-0 67 -+
yst pre-run.
67 410 1,470 30 |Fe:xOs, 10 Oper centcata-| 0-760 |Brown........ 0-763 | Very light 10-0 | 0-765 |Yellow....... 3-8 13-3 -+

lyst pre-run.

yellow.

Get
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Summary and Discussion of Results

The results obtained in the different series of experiments have been
_given above in tabular and graphical form. They may be further dis-
cussed and summarized in sections as follows:

Effect of Varying Temperature, Duration, and Pressure. The results of
the three series of experiments to determine the effect of varying, in turn,
the temperature, duration, and pressure on the products obtainable from
the bitumen hydrogenated in the absence of catalysts, are: first, that coke
formation is increased by high temperature, long duration, and low pres-
sure; second, that gasoline formation is increased by high temperature and
long duration and is independent of pressure; third, that the removal of
sulphur as hydrogen sulphide isincreased by low temperature, long duration,
and high pressure; fourth, that the kerosene yield is not influenced by
temperature or pressure and only slightly with increasing duration; and
fifth, that the amount of hydrogen absorbed is independent of the tempera-
ture, increases slightly with increasing duration, and is directly proportional
to the pressure. It should be borne in mind that these conclusions are
not necessarily valid in ranges other than those studied, or in the presence
of catalysts, or in different types of apparatus, although it is probable that
they can be applied under conditions which might be used commercially.

Effect of Catalysts. The catalysts studied did not greatly increase the
yield of gasoline, nor did they cause the removal of sulphur as hydrogen
sulphide. It was found, however, that sulphur can be completely elimin-
ated from the charge by combination with iron oxide or caleium oxide, and
that if preheated with hydrogen, these materials are effective in reducing
carbon formation. As shown on page 122, carbon formation varied greatly
with the different catalysts used, that is, in the absence of hydrogen pre-
treatment. Iron oxide produced the greatest amount of carbon, and
nickel carbonate the least, with chromic oxide, zinc oxide, tin, ammonium
molybdate, and copper oxide showing decreasing carbon formation in the
order stated.

Refining. It isto be noted that the refining loss is of a magnitude which
makes it one of the most important variables, and that by changing the
conditions of experiment it can be varied greatly. The conditions which
reduce the refining loss are also those which eliminate sulphur from the -
liquid produect, rather than those which reduce carbon formation. For
example, in experiment 35, in which the refining loss was the greatest,
no sulphur was eliminated by hydrogenation or combination with a metallic
catalyst. In experiments 60 and 62, in which the refining loss was least,
the sulphur in the charge had been removed by the iron and calcium oxides.

SIGNIFICANCE OF RESULTS IN RELATION TO THEIR COMMERCIAL
APPLICATION .

In commercial hydrogenation plants at present in use, the material
to be hydrogenated is heated in a continuous stream of high-pressure
hydrogen which carries with it the more volatile products formed by the
"process. The liquid feed is continuously introduced, and the less volatile
product containing solid material continuously removed. After the pro-
cess has been running some time the concentration of each material at any
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given point in the apparatus reaches a constant value. The conditions
of the experiments described in this paper differ fundamentally from com-
mercial practice in that the concentrations of the constituents of both gas
and liquid are always changing, While this procedure has obvious faults,
it possesses the advantages that the duration is known, and the effect of the
pressure variable on hydrogenation can be studied without taking into
account its effect on the distillation of the product. Complete data on
ultimate yields can be obtained only in a continuous apparatus.

Considering only the experiments herewith reported, certain obser-
vations concerning the hydrogenation of Alberta bitumen are to be made,
namely, the bitumen in question can be hydrogenated without the forma-~
tion of solid carbon to give a crude oil yield of 95-4 per cent by volume
(90-5 per cent by weight) of the charge, the yield of unrefined gasoline
being 24-9 per cent by volume (18-2 per cent by weight) of the original
bitumen; catalysts which can be used to give the results just mentioned
are ferric oxide or calcium oxide pretreated with hydrogen at 2,500 pounds
per square inch pressure and 330° C. for two hours; the duration of the
actual bitumen hydrogenation test, neglecting heating and cooling periods,
is 30 minutes, the temperature 410° C., and the initial pressure 1,470
pounds per square inch; sulphur, which has been shown to be an important
factor in the refining loss, can be completely removed by ferric oxide or
calcium oxide under hydrogenating conditions.

Considering the work done elsewhere, observations concerning the
gtatus of bitumen hydrogenation in general may be extended as follows.
Ag shown by Boomer and Saddington, the residual oil after the removal
of the gasoline product can be hydrogenated in the same way as the
original bitumen, although a small portion (15 per cent) is resistant to
thermal treatment below 500° C.

It is reported that refined gasoline can be produced from coal at a total
cost of 14 cents per Imperial gallonl, of which 4 cents represents the cost
of the coal. On the assumptions that bitumen is more amenable to hydro-
genation than coal, and that the difference in price between bitumen and
coal is not too great there is a possibility that gasoline can be produced from
Alberta bitumen at a price lower than that stated above. Such a pre-
diction, however, is subject to confirmation by larger scale tests and by a
complete study of the economics of the situation.

CONCLUSIONS

1. The results of small-scale cracking experiments reported by the
Kansas City Testing Laboratory have been wverified experimentally.
Slightly larger yields of unrefined gasoline are obtained by the cracking
groc%ss than by a batch hydrogenation process in which no coke is pro-

uced.

2. The advantage of the cracking process stated in (1) is offset by the
fact that much of the charging stock is degraded to coke. The ultimate
yield of unrefined gasoline, on recycling through the cracking process,

. 1Imperial Chemical Industries Limited, Fuel, X, 481‘ (1931),
547269
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would probably be 40 to 50 per cent by volume (30 to 40 per cent by weight),
while by recycling through the hydrogenation process the ultimate yields
would probably be 90 to 100 per cent by volume (65 to 75 per cent by
weight). Further, the refining loss is much smaller in hydrogenation than
in cracking.

3. While there is a balance in favour of hydrogenation from a technical
point of view, the fixed charges on equipment are higher than in cracking,
due to the higher pressures, the additional apparatus necessary for the
production of hydrogen, and the slower passage of material through
apparatus of given volume. The cost of raw material for the production
of hydrogen is another charge absent in cracking. It is impossible to
conclude at present which type of process would be better for the treat-
ment of Alberta bitumen, or if either is commerecially possible.
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THE EFFECT OF PRESSURE ON THE PYROLYSIS OF METHANE
T. E. Warren

This paper i a report of experiments on the influence of pressure on
the rate of formation of hydrogen and unsaturated hydrocarbons from
methane. Although the pyrolysis of methane has been the subject of
numerous researches, among which the effect of pressure on the equilibrium
has been studied, the influence of high pressure on the rate of formation of
products has not, to the writer’s knowledge, received special attention
as in thig investigation.

The literature is so voluminous that only brief mention can be made
herein of the more important papers. A general review of the subject
is given by C. D. Hurd (1). On the equilibrium C + 2H, 7= CH, many
studies have been made. See references (2) to (8) inclusive, of which those
of Pring and Fairlie are of especial interest. Calculations from the data
given in the literature show that even at the highest pressure, and assum-
g the presence of amorphous carbon, equilibrium was not approached
in the experiments conducted by the writer. Accordingly, it is not neces-
sary to discuss the references in detail.

At pressures lower than atmospheric some experimental studies have
been made. Jones (9) obtained the following data using as a reaction
chamber a quartz tube of one millimetre internal diameter, heated over
80 centimetres of length at 1000° C.

Pressure in em. of MeICUIY...evveeervrerinreranen 10 20 30 40 50 60 70
Olefines, per cent, at rate of flow of 100 em./sec....[ 0-13[ 0-78] 1.25 1.65 1.75/ 1-61] 0-84
per cent, at rate of flow of 200 em./sec.,..| trace| 0-27| 0-49| 0-38] 0-16] 0-15 trace

Schwab and Pietsch (10) have measured the rate of the reaction CH,—
C -+ 2H, at pressures of 0.04 to 0-06 millimetre and conclude that the
rate of formation of hydrogen is proportional to the pressure of methane,
ie. that the reaction is unimolecular. Pressures less than atmospheric
have also been used by Frolich, White, and Dayton (11). Valuable work
concerning the effect of temperature, rate of flow, and contact surface
on the formation of various products has been done by Fischer 512),
Stanley and Nasgh (13), Bone and Coward (14), and Wheeler and Wood (15).

EXPERIMENTS AT FUEL RESEARCH LABORATORIES

Material

The methane used in all experiments was from natural gas well No. 1
of the Lanoraie Oil and Gas Syndicate, Limited, of Lanoraie, Que.,
collected on October 22, 1930. The analysis of this sample given by the

547260}
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Oils and Natural Gas Section of the Fuel Research Laboratories, based
on low-temperature distillation supplemented by an absorption analysis
in a Burrell apparatus, is as follows:—

Per Cent
Carbon dIOXIde. s s ensssrrrrasorsrnrecrssenserassersssoissrsonrsaesses 01
MOthane. suee s irurersreraatsonreasetsesretssonnessssssriessassarsoceea 96-8
OXYZON. s urerearrrrsrnsassrosnnres 07
Ethane and higher hydrocarbons.. 0.5
Nitrogen (by difference) 19
S ) 111 0015

After having been stored over water, under pressure in the supply
cylinder and passed through the pyrolysis apparatus at room temperature
the analysis obtained in a Burrell apparatus was:—

Per Cent

Carbon dioXide .. v vuveseerrereieerarerarvearsasssussasestassassssseassns 0-10
O XY BN ettt e aunannsraassasssrsoranssssesssoansoessnosanssssrasssanenns 0-42
Unsaturates. vees 0:21
HyArOZom, . vevevreeensasrssorsonarseasssnesasssssonsessssssssesnssonsnns 063
Carbon MONOXIAG. s esuuvererersasrsesresersarestsassrassaess Crerraensees 0.21

[ 11T T 88+45
B 0 P 9-98

Apparatus and Procedure

The conditions under which the reactions were to be studied imposed
limitations on the nature of the apparatus. Since temperatures up to
1122° C. and pressures up to 104 atmospheres were used, steel reaction
chambers would not have been strong enough. Further, it has been found
(15) that silica is the best contact surface for the pyrolysis of methane
because it does not strongly catalyse the reactions producing carbon and
hydrogen. Accordingly, the reaction chamber was made of vitreous
silica (17). After preliminary tests it was found that a wall thickness of
3 mm. was sufficient for a tube of 4 mm. internal diameter. Similar tubes
were tested under pressures as high as 229 atmospheres with water. The
pressure and manner of failure wvaried greatly. The silica~-to-metal
joints were made with deKhotinsky’s cement and were water-cooled.
In experiments 1 to 4, a tube 30-5 cm. long was used as the reaction
chamber. In subsequent experiments a tube 45-8 cm. in length was
used. Heat was supplied by an electric heater, 20-3 cm. long and 25
em. in internal diameter. Temperatures were measured by a platinum
platinum-rhodium thermocouple in contact with the outside of the re-
" action tube at the centre of the heater. Temperatures measured by the
thermocouple in contact with the reaction tube and at various positions
along the longitudinal axis of the heater are shown in Iigure 9. Pressure
was measured in experiments 8 to 5 by Bourdon gauges of appropriate
range on the inlet hine; in experiments 6 to 7 by a mercury manometer
on the inlet line. Rate of flow was controlled by adjustment of a needle
valve and measured by observing the length of time required to fill the
receiving vessel. :

In experiments 1 and 2 the exit valve was open, the rate of flow con-
trolled by the inlet valve, the sample of gas collected over sodium sulphate
solution and stored until analysed in glass-stoppered tubes out of contact
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with the solution. In experiments 3, 4, and 5 the pressure was brought
to the desired value by pumping water into the bottom of the supply
cylinder. The inlet valve was open and the rate controlled by the exit
valve. In experiments 6 and 7 the inlet gas was stored in a 6-litre bottle
at the pressure to be used in the experiment and the supply replenished
from the high-pressure supply cylinder. The gas was collected in an
evacuated bottle of 5,720 c.c. capacity and transferred from it by sodium
sulphate solution to the sample bottles. The inlet valve was open and
the rate controlled by the exit valve. In experiments 1 to 5, a trap was
placed on the exit line to collect liquid or solid produects.

Analyses were made in a standard Burrell apparatus using potassium
hydroxide, pyrogallol, fuming sulphuric acid, copper oxide, and potassium
hydroxide in the order mentioned, followed by combustion with oxygen.
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Figure 9 Temperature is plotted against Figure 10 With rate and pressure constant
distance from the centre of the the yields of hydrogen and un-
heater to show the temperature saturated hydrocarbons are
distribution in the reaction tube. plotted against the temperature.

Results

The results of the investigation of the temperature variable are given
in Table I, and shown graphically in Figure 10. The temperature given
in the second column of Table I is that read by the thermocouple in the
centre position, as shown in Figure 9. The rate (R) given in the third
column is that of the exit gas in cubic centimetres per second, reduced
to 0° C. and atmospheric pressure. This value, divided by the pressure

of the experiment, is given in the fourth column Blatmy’ The reciprocal
(P(atm.) (P(atm.)
of the value of the fourth column is given in the fifth column TR
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and is proportional to the time required for the passage of any given mole-
cule through the reactor. This value, the time of contact, cannot be given
numerically because of the temperature variation in the reaction chamber.
In the experiments on the pressure variable it was attempted to maintain
the time of contact at a constant value by increasing the exit rate (R)
in proportion to the pressure. Because the range of experiment includes
pressures above and below atmospheric, the pressure was recorded both
in millimetres of mercury and atmospheres. The products acetylens,
ethylene, and benzene, were not separated but absorbed together in fuming
sulphuric acid. The proportion (in per cent) of exit gas absorbed in
fuming sulphuric acid is given I the column headed ‘unsaturates”.
Similaily, the proportion in per cent of the contraction of the exit gas in
the copper oxide treatment is given in the column headed “hydrogen’.

TABLE I
Rate Pressure
Experiment| Temper- R R Platm) |y, Unsatur- | Hydro-
No. ature °C. (?"cc/ sf;gb of Atm, ates gen
' Hg,
mm P (atm) R)

lacieeeen L2 R S S
[/ 1008 0-428 0-439 2:27 740-5 0974 1.75 6-50
Coviarvenans 1063 0-445 0-457 214 740.5 0:974 3.01 19-52
Crvvrrnnnne 1096 0-493 0-506 1.98 740-5 0-974 373 33-07
Sovieiinann 960 0-443 0-455 2:19 742-0 0-976 0-87 2:71
Toverennons 1037 0:463 0-475 2-11 7420 0976 2:79 9-28
hovireinnns 1079 0-491 0-503 1.99 7420 0-976 3.26|  23-81
[ 1122 0-551 0-565 1-77 7420 0-976 2-84 46-30

. The experimental results of the investigation of the rate variable are
given in Table II, and shown graphically in Figure 11.

TABLE II
Rate Pressure
Experiment| Temper- ?ec R P (atm) mm, Unsatur-| Hydro-
No. ature °C', | %%{550 of Atm. ates gen
0° C. 760 Hg,
mm. P (atm) (R)
2Burivennans 1097 0-377 0372 2:69 7700 1.014 3:01 36:75
1 R 1103 0-5631 0:524 1.91 770-0 1.014 3:60 30-53
[ T 1101 2:92 2.88 0347 770.0 1-014 ]  1-84 585
Covrerenvas 1097 1-51 1449 0.671 770-0 1-014 2-48 9-70
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The experimental results of the investigations of the pressure variable
arez1 given in Tables III and IV, and shown graphically in Figures 12, 13,
and 14.

TABLE III
Rate Pressure
Experiment| Temper- R R P (atm) mm .Unsatu
. . r-! Hydro-
No. ature °C, & .S?g(‘) of Atm, ates gen
mm. P (atm) (R) Hg.

L 1099 0-867 0-389 257 1,692 213 3:36 41.00
Diveeerrnns 1105 1.734 0-427 2:34 3,000 406 2-31 43.40
Corverennanal. 1116 2.44 0-400 2.50 4,640 6:11 1.86 44.20
Bevreverans 1107 345 0-427 234 6,140 8.09 1.41 41.80
Geverenrnns 1100 3.47 0-336 2:97 7,850 10-33 0-86 42-10

- 1100 10.49 0-232 4-31 34,400 45-30 0-30 30-93

7 J 1105 (Not|observed) 56,400 74-2 0-46 32-86
bovevrinnns 1088 19.19 0-185 5-40 78,800 103-7 0-32 2009
Coviennnans 1110 | Much sllower; notlobserved)| 75,100 989 0-53 21:10

TABLE IV
Rate Pressure
Experiment| Temper- R R P (atm) mm Unsatur- | Hydro-
No. ature °C', 80.0. ﬂ?gb of Atm ates gen
mm. | P (@tm) (R) Hg,

6aiiiinnnens 1098 0-533 1.093 0-916 371 0-488 249 16-90
A 1104 0-693 1.581 0-632 481 0-633 270 18.72
Cuvessvnnas 1104 0774 1.309 0.764 582 0-766 278 20-50
Joviiieonns 1099 0-926 1.361 0-734 6790 0804 256 17.37
[ BT 1098 1.087 1.088 0:920 759 0999 279 18.28

£ PPN 1098 0-291 0-624 1.600 356 0-467 2.49 19-10
[ 1104 0-389 0-6857 1.520 450 0592 277 2357
Civvvernnns 1103 0-490 0-678 1.476 549 0723 2-86 20-90
S 1098 0-524 0-616 1.626 649 0-854 292 21.93
Buvirnianes 1103 0690 0-707 1.444 742 0-976 2+55 22-90

It was found difficult to maintain the rate in proportion to the pressure
over the entire pressure range. As has been mentioned, this is necessary in
order to have comparable times of contact. Since the time of contact was
different, the yields in experiments 4 and 5 should not be compared with
those of experiment 3. Kxperiments 6 and 7 were also made at different
times of contact and the yields are not to be compared with those of the
other experiments.

Carbon was removed from the apparatus after experiments 1, 2, 3, 4,
and 5. Two forms of carbon were observed; one was powdered and non-
coherent, the other was coherent and was removed from the walls of the
reaction chamber in lustrous curling sheets. At low pressures the latter
form predominated, but neither was quantitatively measured.
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No evideuce of the formation of paraffin hydrocarbons was given by
the combustion analysis in any experiment. In experiments le, 1k, and
17 (Table I), the solid product was collected and weighed. It smelled of
naphthalene and amounted to approximately 1-3, 1.3, and 1.0 per cent,
respectively, of the weight of the inlet gas. In no other experiment was
go large 3yield obtained, and the amounts obtained were not quantitatively
measured.

SUMMARY AND CONCLUSIONS

Experiments on the pyrolysis of methane were conducted in a vitreous
gilica tube of 4 mom, inside diameter. Observations have been made on
the effect of pressure on the yields of hydrogen and unsaturated hydro-
carbons between 0-467 and 104 atmospheres; the effect of temperature
between 902° and 1122 C.; and the effect of rate of flow between 0:377 and
2-92 c.c. per second.

The following conclusions may be drawn from the results obtained:

(1) Increase in pressure from 2 to 10 atmospheres decreases the yields
of unsaturated hydrocarbons and hag little effect on the yield of hydrogen.
ﬁ.t higher pressures there is evidence that the yield of hydrogen also

ecreases.

(2) Variation in pressure below one atmosphere hasg little effect on the
vield of either hydrogen or unsaturated hydrocarbons;

(3) If the object of the pyrolysis is to produce unsaturated hydro-
carbons, there is no advantage in using pressures other than atmospheric,

(4) The variation of the yields of hydrogen and unsaturates with
temperature and with the rate of flow are in agreement with the con-
clugions of other investigators.
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IV

REPORT ON OIL SHALES FROM NEW GLASGOW AREA, PICTOU
COUNTY, NOVA SCOTIA, AND FROM PORT DANIEL, BONA-
VENTURE COUNTY, QUEBEC

A. A. Swinnerton
NEW GLASGOW AREA—PICTOU COUNTY, N.S.

In previous field work! conducted in 1928 by the writer in this area
outcrop samples were obtained from five different locations designated as
beds Nos. A, AB, B, C, and D. From the results of examination of the
samples obtained at that time it was decided that all but two locations, viz.
B and C, were worthy of further investigation. Consequently fresh samples
were obtained from locations A, AB, as well as from E and F as shown in
sketch map, Figure 15. Bed A was sampled from the tunnel that had been
started by the Torbanite Products, Litd., at this point; bed AB was sampled
where it outcropped again on the bank about 20 feet above low water level.
Samples from bed D were not obtained in 1929 as development on the
Spence leases at this point was not sufficiently advanced at the time of the
writer’s visit, and it was also impossible to obtain samples in 1930 as the
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Tigure 15. Sketch map showing location of oil-shale outcrops and bore holes, Pictou
county, Nova Scotia.

workings were full of water due to the spring floods. The test pit EE which
had been opened by Mr. A. T. McKinnon was deepened in order to deter-
mine the thickness of the beds of stellarite and underlying shale which were
reported to be very thick at this point. Samples were also taken from a small
outerop (I¥) near Trenton on a lease recently granted to Mr. F. J. Foley.
Of the five different outerops sampled in 1928 two beds, viz. B and C,
with thicknesses 11 and 13} feet respectively had oil contents of only 8-5

1 Mines Branch, Dopt. of Mines, Canada, Invostigations of Fuels and Fuel Testing 1028, pp. 13-24.

Thorbura
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and 6-0 Imperial gallons per ton with no section of either seam showing
over 11 gallons of crude oil. As judged by the outcrops these two beds
were not considered of commercial value and therefore not worth further
sampling. Bed A, 4% feet or more in thickness, showed, according to the
1929 samples, an average yield of slightly over 20 gallons per ton which
represents an increage of 23 gallons over the average for the 1928 samples.

A bed to be worthy of commercial development gshould, in the opinion
of the writer, show an oil yield of at least 20 Imperial gallons per short ton;
and as the laboratory yield is likely to be consistently higher than the
commercial yield, the figure of 25 gallons per ton as the laboratory assay
yield is a preferable standard for judging the commercial possibilities of a
given oil-shale deposit. As judged by the 1929 samples, therefore, only one
bed, viz. B, showed up to advantage, the laboratory yield being roughly
32 gallons per ton. Bed AB near the junction of Steep brook and McLellan
brook when sampled in 1929 at a higher (outerop) level than in the previous
year showed an average oil yield of 16-4 gallons in comparison with 26-4
gallons in the 1928 samples. Indications therefore are that the richer shale
worthy of development is to be found at the lower levels of the seam. This
observation also applies to bed A from the lower levels of which the 1929
samples, which gave the increased oil yields referred to above, were taken.

DESCRIPTION OF BEDS SAMPLED

Bed “A”. This bed outcrops in a cliff on the north side of a small
brook running into MecLellan brook at Steven Brook’s brickyard, about
13 miles south of New Glasgow, and the samples were taken from a short
tunnel that had been driven into this bed by the Torbanite Products
Company. Thisis the same bed that was sampled in 1928, but the samples
taken in 1928 were higher up the dip than those taken in 1929.

Section of seam: Al..... Cannel ghale. .. .. 1 foot 3 inches.

A2..... Flaggy shale. .. .. 2 “ 6 «
A3..... Cannel ghale. . . .. 1 “ 0 «

Bed “AB.’ This bed is exposed in McLellan brook about £ of a mile
upstream from “A” and the samples from this bed were taken from an
outerop on the bank about 20 feet above low water level.

Section of seam: ABL... Massive ghale....1 foot 3 inches.

AB2... . Flaggy shale. .. .. 2 “ 0 “
AB3  Massive shale....1 ¢ 3 ¢«

Bed “E”. This bed outcrops near Stellarton and is shown as the Oil
Coal Seam in Map No. 833 of the Geological Survey. The samples from
this bed were taken from a test pit which had been started on the bank of
a creek close to the crossing of the Albion Mine road and the Stellarton-
‘Westville branch of the Canadian National railway.

Section of seam: El..... Coal............ 1 foot 0 inches

E2..... Stellarite.........2 “ 6
E3..... Massive ghale....2 “ 0 ¢

Bed “F”. This bed outcrops near Trenton on the north bank of Smelt
brook about 300 yards east of the New Glasgow-Trenton highway. The
samples from this bed were taken from a short tunnel that had been driven
into the bank at this point by a Mr. F. J. Foley who had taken up some
shale leages in this area.

Section of seam: F...... Grey shale.......2 feet 6 inches




TABLE I
Distillation Data—Beds A, AB, E, and F

(Mazimum Temperature, 550° C.)

21 A

FS 11 1o + VA A2 AB1 AB3 E1l

P hICKDeSB ettt steecnareannraneeeareaernnrraannannns 26" 1’3 3 1’0"

Shale charged (XMS.). . ccv e inniiieiiannnnnnannns seacesnes 400 350 350 350
Prozimate Analysis:

03551715 SR 1-9 1-5 1-6 1.9
Ash..ceiiiiiiiian, 75-4 54-4 63-3 35-5
Volatile matter. .. 17-4 26-3 21-3 26-4
Fixed arbon..ccieeneiiieraienranrneiennnnnns 5-3 17-8 13-8 36-2

Products, Weight Balance:
Spent shale....... eeenrananas et ataceeaeanaaas :: 87-7 81-8 84-9 81-6
Rasepus dieilaie. 1111111111 ; ¥ '3 7| '8
Ga6 (CRleulated).. ...oevrnrnrrnirirniiiinie & 1-8 3-8 311 39
Loss (by difference)........vcveverenuennnnnnn... « 0-6 0-6 0-5 0-4
Shale Oil:
Troperial gal. per 2,0001b.........oovvuiiiiiiiaiiiiian.... 16-5 22-9 16-9 21-9
Specific gravity at 60°F........... reteeenaaaan, Ceeeaann 0-891 0-917 0-929 | 0-958
Degrees Baumé (AP .eceveenerrnnn... [ ceane 27-3 22-8 20-8 16-2
Gas:
Cubie feet per 2,000 1b... 1,000 1,500 1,210 | 1,700
Calorific value (calc.) B.T.U. 440 580 430 530
Density (BIF = 1)etueeierinnerreneaseesneneenennennens 0-46 0-58 0-65 0-60
Spent Shale:
o1 S o ) U 1,754 1,636 1,698 | 1,632
Prozimate Analysis:
B O 71 4 S per ‘gent 0-6 0-6 0-6 -7
Folaitls mather I 5 s 5| %3
Fixed carbon.coeeeivreennrirerrnneneennnnnn «“ 7-5 25-3 17-5 48-9




Summary

A AB B
Oil Yield:
Tmperial gal, Per oM. .. coecveeiiniennsncnsrsrasnanans 26-3 16-5 21-1 22-9 11.3 1-69 21-9 46-7 32-0
Average nitrogen content of bed....eceviienniniaiant per cent| 1.0 1.0 0-6
Average oil content of bed:
Imperial gal. per ton............ eeeractareaceanctatacanns 20-1 16-4 36-9

6€1
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TABLE II
. nalysis of Oil Obtained by Distillation
Bed A
Characteristics of Crude
Specific gravity at 60°F,....0-913 Degrees A.P.IL at 60°F...... 23-5
Sulphur, per cent: Water, per cené..... Ceereaens 0-4
Saybolt Univ, Vise. at 70° F. ... .secs. Pour poinb....ovveriinnien.s 758°F,
Saybolt Univ. Vise. at 100° I, 64 secs. Colour: Brownish black.
Distillation Hempel Method
Air distillation: Barometer: 787 mm,  Iirst drop: 45°C. (113°F.)
Viscosity
Per Cum, f Cloud | Tempera-
Temperature °C. cent per Spc'“?r’ AcEtI Say. Univ. at Test ture
cut cent 100°F. | 212°T, 08 °F.
Uptodld....oovvvuen FO S T S TR (R PR P P up to 122
L[ S ( F 1-8 L8] 0699] 709 [oovvviii]oinnenid]innnnnns 122-167
78-100...c000rnevnnnnns 2.7 421 07301 600 [...coooifivniiii]iiiinnns 167-212
100-128.. .00 viiiennn 0-9 511 0780 872 (. .iiiifiienenii]innnns 212-257
128-180. .00 0viiniannyes 2.9 8:0 P R 257-302
150-175...... e 4.7 12.7 302-347
176-200....00vvvinnennns 8.4 181 ] 0832 386 [evvrvvfenivnnifovnnnens 347-392
200-228...00eiiiiiinainn 8.5 23-6 | 0883 | 344 |....... i 392-437
228280 .00iiiiiien e 6.0 206 0831 328 Joeviiviidineiirinilivininn, 437-482
280278 i i 7-6 37.21 08781 30:21................0L.coe 482-527
Vacuum distillation at 40 mm
4-8 4.8 | 0-886 282 43 33 35 up to 392
7.8 12.6 | 0-898 261 53 34 50 392-437
9-9 22:.8 [ 0916 23-0 84 37 78 437482
82 30-71 0-942 18-7 190 43 90 482-527
10-2 40.9 | 0-966 18- 550 Lili} 108 527-872
(est.)
. Total distillate: 78:1%.  Residuum: 20-6%.  Distillation loss: 1:3%.
Carbon residue of residuum: 12:8%.  Carbon residue of crude: 2:6%.
Approximale Summary
Viscosity
—_— Por cent A :
by vol. Sp. Gr. LI S?l{.l.((){)]gi{'
Light gasoline. ..o ovvireviiiieineeanns 4.2 0-726 634
Total gasoline and naphtha............ 12.7 0-766 §3-2
Kerosene distillate....coovvnviann R PP NPT RO
Gasoiliei et cii i 31.0 0-864 32:3 [Below 80 secs.
Non-viscous lubricating distillate...... 12:5 | 0-894-0-920 26-8-22-3 50-100
Medium lubricating distillate......... 8.0 0-920-0-943 22.3-18+6 100-200
Viscous lubricating distillate. ... 13-9 | 0-943-9.980 18-6-12+9 Above 200
Residuum........c.ovvvennennn . b1 | O (R N
Distillation loss........ . L Y F
Base of 6rude..e.vvviniiniinns, vevvv..|Shale (hybrid|)




141

Core Drill Samples from New Glasgow Area

During recent years, several important boring operations have been
undertaken in the New Glasgow district by the Acadia and Greenwood
Coal Co’s., in search of coal. The diamond drill cores obtained from
these bores were examined by W. A. Bell and samples were taken of all
those parts which gave promise of yielding oil on distillation. Although it
was realized that the majority probably represented lean oil shales of no
commercial value, it was considered that the information obtained from
their examination would prove of value when further exploration of the oil
shale of Pictou county is undertaken.

The location of the bore holes sampled, and designated 1, 2, 3, 4,
Coalburn, and Greenwood, are shown on the accompanying sketch map.
From these bore holes 29 samples were taken and submitted for analysis,
the results of which are summarized in Table III. A composite sample
of the oils obtained by distillation was made and examined by the
standard Hempel method and it is considered that the result gives a fair
idea of the nature of the oil that would be obtained by the distillation of the
oil shales in this field.

TABLE III
Summary of Results
Maximum yield
Total Average
Bore hole thickness oil yield, oil Ammonium
bof ?lhalfeé Imp. %;a.ls. Imp. gr:als. sulpha&e,
ands, ft. per ton poun
per ton
per ton
377 7-1 13-0 é7~5 f6) Joveerneninnnns
437 74 18:1 (2-5 ft.) 23
10-0 7.2 76 54 £t  |ovviiiinenenes
14:0 5.9 B9 (1416) [iovenvinvnienns
45-1 11.4 239 Eﬁ ft.) 21
80 21.0 216 (4 ft.) 21




TABLE IV

Distillation Data—Core Drill Samples, Pictou County, N.S.

Products Shale Oil Gas
Thick- Ammon-
Depth ness A Speci ium Cal.
- < o que- pecific Deg.
Field No. | i of | Spemt | QL | ous | S | Imp | gavity | APL PR cugt | R
band shale free) distil- loss " ton at; at Ton per ton e
© late pe 60°F. | 60°F. e
. ft. | I % % | % | % | l
BORE HOLE No. 1: ACADIA COAL CO., 1928
5-0 87-4 4-6 4-9 3-1 10-6 0-872 30-8 1,000
37 91-5 3-2 3-8 1-5 7-0 0-895 26-6 630
10-0 91-6 1-3 4-3 2.8 3-0 0-879 29-5 630
3-0 93-1 2-4 3-0 1-5 5-4 0-895 26-6 470 320
4-0 90-6 2-5 4.0 2.9 5-8 0-879 29-5 790
7-5 87-9 5-9 3-9 2-3 13-0 0-873 30-6 860
v 2-0 92-2 2-9 3-1 1-8 6-5 0-889 277 700
.|512-3—514-8 2-5 94.2 1-3 2-3 2-2 2-9 0-875 30-2 680
BORE HOLE NO. 2: ACADIA COAL CO., 1928
2811 (5)..nune.. 195 —202 7-0 97.1 | trace 1-6 1-3 trace |.oovecviiiifirricviiii]iereeinnan 360 J..oeeunn.n
2811 (6). ...|204-7—209-7 5-0 87-5 6-8 3-4 2-3 15-5 0-873 30-6 720 530
2811 (4) 1247 —249.5 25 87-0 7-8 3-4 1-8 18-1 0-862 32:7 770
2811 (1) 1317 —318 1-0 90-9 2-8 4-6 1-7 6-5 0-873 30-6 570
2811 (2) ...1421 —428.2 7-2 93-6 0-6 33 2-5 1-4 0-875 30-2 550
2811 (8)........[446-5—456-5 10-0 90-4 4-5 3-1 2-0 10-2 0-873 30-6 700 330
2811 (3)........ 598 —599 1-0 90-3 3-4 3-6 2.7 7-6 0-878 29.7 770
2811 (7)........[838 —B48 10-0 90-5 3-2 3-8 2-5 7-3 0-873 30-6 750

448
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BOREIHOLE No. 3: ACADIA COAL CO., 1928

2834 (2)........ 95 —101 6-0 93-1 3.1 2.1 1-7 69| 0-802 271 | 590 } 350
2834 (1)..... .. 048 —252 4.0 91-2 35 2.9 2-4 76| 0-913 23-5 4. ... 750
BORE HOLE No. 4: ACADIA COAL CO., 1928
eeeereieane..| 88 —102 14-0 90-3 2.7 3-1 3-9 5-9' 0-920 2281 e, 1,180 |.ovnnns.
COALBURN BORE HOLE: ACADIA COAL CO., 1928
Coalburm, ...... 73 — 76 3-0 85-7 4-3 4.6 5-4 88| 0-966 150 ] iennn... 1,330
B.H. 1928, |231-7—285 3.3 86-7 6-9 3.6 2-8 158 | 0-871 31-0 17 750 520
334 —340 6-0 82-8 10-4 3.9 2.9 23-9| 0-869 . 800
425.6—429-4) 3-8 89-6 4.3 3-9 2.2 9.8 | 0-882 570
652 —655 3-0 90-5 28 3-8 2.9 63| 0-879 770
664 —675'5  11-5 87-8 4.4 3-4 4.4 9-8| 0-899 1,110 340
664 —675-5  11-5 88-6 4.0 29 4.5 89| 0.8 1,220
389 —892 3-0 91-2 3-3 3-8 1.7 75| 0-885 410
GREENWOOD BORE HOLE: GREENWOOD COAL CO.
Greenwood (1) [354 —858 4.0 83-3 9-4 4.0 3.3 21-6 |  0-871 31-0 21| 1,090 } 520
@) [393 —397 40 83-0 8-8 4.1 4.1 20-3| 0-871 31-0 19| 1,220

Nore.~Tons in above table=2,000 pounds.
Ammorium sulphate figures are based on a 60% yield (the maximum recoverable in practice).

g5l
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TABLE V
Analysis of Oil Obtained by Distillation of Core Drill Samples
(Composite Sample)

Characteristics of Crude

Specific gravity at 60°F...... 0-881  Degrees A.R.I. at 60°F...... 291
Sulphur, per cent: ater, per cent.............. 16
Say%)l% Univ, Vise. at ..... secs, Pourpoinb.................. 65°F.
J .
Sn.y})é)oltr Univ. Visc. ab 52 secs.  Colour: brownish black
°
B.T.U. per pound......... B.T.U.per Imp. gallon......  ......
Distillation Hempel Method
Air distillation: Barometer: 754 mm. First drop: 85°C. (131°F.)
Viscosibty
Per Cum. f Cloud | Temp-
Temperature °C. cent per S%ﬁr. Ac:‘li’tI Say. Univ. at Test ergture
cut | cent ' " | w00°F. | 212w, | T F.
AT P AU R N cvevene]iirnneed]oneneen| upto 122
1.9 191 0-709 [17: 20 P I . 122-167
g'é ;3(25 0-747 A2 S O P ;g—gég
9.8 7.8} 07| 818 oo o ] 2R3
4.2 12:0°( 0-790 476 [...ooooufe FUUTIOIN RN 302-347
5.4 17-4 |1 0-809 434 || [ PR 347-392
8.0 22:41 0-822 Z: 100N 1 2 TS IR P 392-437
5.9 28:3 | 0.837 L74Yi 8 IR U P 437-482
8:8 36-8 1 0-850 35:0 L.ovvvvulivunnniinni 482-527
3+6 36| 0-863 32.8 41 33 40 | up to 392
68 10:4} 0-873 30:6 47 34 60 392437
0.0 20:4 | 0-894 26:8 78 37 75 437-482
7:3 27-71 0-900 257 92 38 85 482-527
81 35-8| 0-914 23:3 161 43 100 527-872
Total distillate: 72:6%. Residuum: 25-4%, Distillation loss: 2-0%,.
Carbon residue of residuum: 8:6%. Carbon residue of erude: 2:2%,
Approximate Summary
Viscosity
Per cent; ¥
—_— by vol. Sp. Gr. A.PI. S&yl.og;ni;{.
Light gasoline.......o.oovvvnen. e 66 0-736 60-8
Total gasoline and naphtha... 174 0-774 51-3
Kerosene distillate............ 50 0-822 40-6
[T ) S 222 0-853 34-4 |[Below 80 secs.
Nonviscous lubricating distillate. ... .. 17-21 0-875-0-902 30.2-25-4 50-~100
Medium lubricating distillaze......... 10-8 | 0-902-0-921 25-4-22-1 100-200
Viscous lubricating distillate.... RS PO P PO Above 200
Residuum...........oocuviien.. . 284 [oviuiinns PR P ..
Distillation loss........ ceen 200 {eeenenrinernenforiniiiniiean
Base of crude......... e riereeeenees Shale (inter-|............ N PR e
mediate)
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EXPERIMENTAL OIL-SHALE PLANTS NEAR NEW GLASGOW

During 1928 and 1929 two companies, the Torbanite Produets, Ltd.,
and the Canadian Torbanite and Oil Products, Ltd., erected experimental
oil-shale plants near New Glasgow, which plants are briefly described
below.

Torbanite Products, Lid.

The building of a shale distillation plant begun by this company near
New Glasgow in 1928 was completed in 1930, the opening ceremony taking
place on July 4. In September a fire destroyed some of the buildings,
and as a result the company ceased operations and is now in liquidation.
The main feature of the plant was the patent ‘Ginet’ retort, which is an
externally heated steel cylinder, 3 feet in diameter and 20 feet long, through
which the charge is moved by means of scrapers attached to a central
revolving shaft. The oil vapours are led off to a condenser by means of an
outlet pipe at the top of the retort, and the condensed oil collected in
storage tanks. The uncondensed gases are used to heat the retort setting
and the spent shale after being cooled is crushed and bagged for shipment,
the company claiming to have a market for this material. In addition to
the retort the equipment includes a small bank head for mining the shale,
crushers, bucket elevators, storage tanks and warehouse for spent shale,
ete. Unfortunately, this plant never got beyond the experimental stage
owing to the fire in September and its future is, at present, a matter for
speculation.

The Canadian Torbanite and Oil Products, Ltd.

This company constructed a small test plant at McLellan brook, about
5 miles from New Glasgow, and sufficient shale was retorted in the latter
part of 1929 to provide a few thousand gallons of oil, but during 1930 only
experimental work on the oil was carried on. The shale was obtained from
a slope driven into an outcrop at the plant side and retorted in two inter-
nally fired vertical retorts of 2,500 pounds capacity. The equipment
included exhaust pumps, condensers, etc., and a small laboratory building
in which refining tests on the oil were conducted.

PORT DANIEL OIL SHALES

The occurrence of bituminous shales in the vieinity of Port Daniel,
Bonaventure county, Quebec, has been known for a long time, having
been reported by Logan in 1863 and later noted by Ells in 1880. As far
back as 1834, this region was prospected as a possible coal area, and pits
have been sunk at various times in the hope of locating a seam of coal.
About ten years ago, the Imperial Oil Company became interested in
these shales and had a report prepared by Mr. J. V. Culbert which, how-
ever, contains no analyses nor remarks on the bituminous content of the

shales.
54726—103
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OCCURRENCE

The bituminous shales in the Port Daniel area are almost entirely
restricted to the Mictaw series of interbedded graptolitic bituminous shales
and tuffaceous greywackes of Ordovician age, which have a wide belt of
outcrop. On the Middle branch of Port Daniel river they extend from
near the head of the barachois to the outerops of the Clemville formation
in range XIII, a distance by airline of 5 miles. Along the combined
courses of Middle branch and Mictaw rivers the belt extends over a width
of 6 miles by airline. On the North branch the strata extend from the
head of the barachois for a distance of a little over two miles to a point
in range IX where their place is taken by the Maquereau series.!

In spite of the attention that has been paid to these oil shales from
time to time, there appears to be practically no record of any analyses.
Consequently in August of 1930 the writer was instructed to obtain samples
for analyses from outcrops in the neighbourhood of Port Daniel, and the
following report gives a description of the beds sampled and the results of
distillation tests.?

DESCRIPTION OF BEDS SAMPLED

Seven beds in all were examined, six on the Middle branch of the
Port Daniel river and one on the North branch, and their locations are
shown on the accompanying sketch map (Figure 16).

Bed No. 1: This bed outcrops in the bed of a small stream, range
VI, about 200 yards above its junction with Port Daniel river.

Bed No. 2: This bed outerops in lot 17, range VII, as a high bank
on the south side of the river and is composed of black shale.

Beds Nos. 3 and 4: Greyish shales (possibly same bed) occur close
together near the junction of lot 15, range VIII and lot 16, range VII.

Bed No. 5: This bed outcrops in lot 16, range VIII, on the north
bank of Mictaw river (also known locally as Micwic). This is black shale
and very much contorted.

Bed No. 6: This bed of black shale outerops in lot 13, range IX, on
both sides of a small brook which runs into the Middle branch from the
south, and samples were taken from both outcrops.

Bed No. 7: This bed outerops on the North branch of Port Daniel
river just above the baseline separating ranges IX and X. It is a lens of
“anthracitic’” shale of very limited extent and does not appear to be related
te the shales on the Middle branch. A test pit was sunk into this bed some
8 or 9 years ago, in the hope of striking coal, and samples were taken from it
from time to time, the last occasion being in 1929. At the time of the
writer's visit in 1930, the test pit contained about 15 feet of water, so the
only samples that could be obtained were from material lying on the dump,
which appeared to consist of uniform material.

1 The above summary is taken from Dr. W. A. Parks’ "Report on the Oil and Gas Resources of the Province
of Quebec," pp. 67 et seq., Ann, Rept, Quebec Bureau of Mines, 1920. This sbould be consulted for further details
regarding the geology of these deposits.

1 A dotailed description of the apparatus and method used for the examination of oil-shale samples is given in
the Investigations of Fuols and Fuel Testiug, 1928, pp, 17-19.
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Figure 16. Sketch map showing locationQof 1ts)hale outerops sampled in 1930, Port Daniel,
uebec.
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TABLE VI

Distillation Data: Beds 1-7
(Mazimum Temperature §50°C.)

1 2 3 5] 6R 6L 7
7649 | 7642 | 7643 | 7644 | 7647 | 7648 | 7646 | 7648
Shale charged (Grms.)..cooovviivevivneinnenes 400 } 400 | 400} 400 ( 400 | 400 | 400 400
Prozimate Analysis—
MoiStUre.. .o ovvvviinei i per cent| 1-7| 2.0f 2.5 2.0 10| 13| 1-6 09
Ashii i “ 88.092-9192-9(93.4(78-8]|92.8(94-3| 93-0
Volatile matter............... . 108| 5.8 5.9 6-1(204| 74| 5.1 4.3
Tixed carbon.......ooovvvrvnnnnns “ (170 PR PO (RN (P I 1-8
Products, Weight Bal
Spentshale........coovviinninenienininnns 94.6 | 94-3 1 93-5 | 94-0] 93.3 | 94.1}95-1] 97-0
Oil (water-free).....ooovvvivnveiininnnn (115 2 PSR [ PR 03 {......0..0ent trace
Aqueous distillate.................oiil 37| 52| 59 54| 2.5 41| 3-9 2.3
[ 7Y TS 1.4 0.4} 04| 06| 3:7] 1.6 0-9 0-7
7T T GNP PR 01| 021...... 021 0.2 0-1{......
YieLps
Shale Oil—
(Imperial gals. per ton)u.cvevneiiviinens 0:6 | nil nil nil 06 [ nil nil | trace
Gas—
(Cubic feet per ton).....ovvvvevivreniiinss 410 90 90| 180 8GO | 410 | 350 180
Spent Shale—
(Pounds Per ton) voveveiivirnreninnnreenen 1,892 [1,886 |1,870 | 1,880(1,8G6 |1,882 |1,902 (1,940

SUMMARY AND CONCLUSIONS

The results of the analyses and distillation of samples from seven beds
are summarized in Table VI, from which it will be seen that there
is little or no possibility for the economic extraction of oil from the Port
Daniel shales—the best yields being less than one gallon per ton.
is not altogether unexpected in view of the general conclusions reached by -
Parks' and other investigators, but to the best of the writer’s knowledge,
this report contains the first published analytical date regarding these

deposits.

1 Op. cit.

This
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A

GASOLINE SURVEYS FOR 1930 AND 1931
H. McD. Chantler

The Division of Fuels and Fuel Testing of the Mines Branch has
made a continuous study of the gasoline being sold in Canada for the
past seven years, and annual reports! have been prepared from the results
obtained in the laboratories. During the early part of August in 1930,
124 samples were collected? from wholesalers or distributors in 13 cities
and during the early part of July in 1931, 134 samples were collected in
17 cities. The results of the detailed analysis of the individual samples,
collected in these two years have been reported in the Mines Branch
Memorandum Series.? This report contains a summary and diseussion
of the results of the laboratory examination of the 1930 and 1931 surveys,
a statement of the methods of analysis used, as well ag a discussion of the
significance of the laboratory tests and the relationship between these
tests and actual operation of the fuel in the engine.

SUMMARY AND CONCLUSIONS

In August 1930, 124 samples of gasoline were colleeted from 13 widely
separated Canadian cities, and in July 1931, 134 samples of gasoline
were collected from 17 cities, and may be accepted as representative of
the gasoline sold in Canada at that time.

The analysis of these samples has shown that the average gasoline
sold during 1930 and 1931 was of good quality. The average gasoline
sold during 1930 had practically the same volatility as that sold during
1929, and the average gasoline sold during 1931 was slightly less volatile
than that sold during the three previous years.

The variation in quality of the average gasoline during 1930 was
greater than in the four previous years; but the variation in quality during
1931 was less than in any previous year, indicating a tendency towards a
more uniform grade of gasoline.

As indicated by the distillation range, there has been a gradual change
in the characteristics of the average gasoline marketed in Canada since
1925. The average temperature of the first drop, 10 per cent, 20 per
cent, and also the end point has been lowered, while the average tempera-
ture of the 50 per cent, 70 per cent, and 90 per cent has remained fairly
constant.

The sulphur content of the gasoline sold during 1930 was 0-07 per
cent and during 1931 was 0-05 per cent. These amounts are considerably
less than the amount usually accepted as the limit for good gasoline, viz.
0-10 per cent. In 1931, the average sulphur content of gasoline obtained
in the western provinces was somewhat higher than for the samples obtained
in the eastern provinces.

A marked tendency is shown during the past five years towards the
marketing of an increased number of artificially coloured gasolines.

The knock rating of the samples collected in the.city of Ottawa shows
a relatively high anti-knock value.




150

SIGNIFICANCE OF TESTS ON GASOLINE

The quality of gasoline is a difficult matter to determine, because
quality in this case depends on many factors. If any one of these
is low in value the product becomes unsatisfactory, no matter how execel-
lent other factors may be. For instance, if a certain gasoline
contained so much gum that the valves of an engine stuck when the fuel
was used, the owner of the engine would be prejudiced against the use of
it, no matter how satisfactory it might be in all other respects. Another
feature that causes much uncertainty among users, is a lack of uniformity
in quality. A certain brand of gasoline may be used for a considerable time
with every satisfaction by an individual. Then, a poor consignment is
received and the user becomes digsatisfied to such an extent that he decides
to buy some other brand that is highly recommended. It is a remarkable
tribute to the skill and efficiency of the refiners and distributors that so
little really poor gasoline is being sold to the public.

It is obvious that laboratory analyses of gasoline are most valuable
when they serve to indicate probable performance of a fuel in an engine.
The owner of the engine is the final judge of the quality and he generally
reaches his conclusion from the responsiveness of the engine. Therefore,
the character of motor fuels must change as rapidly as important changes
are made in the engines. It appears to the writer 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 difficulties.

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

The Characteristics of a Good Motor Fuel

It may be accepted that a good gasoline should possess the following
characteristics :— :

(1) Permit the engine to start easily.

(2) Permit the engine to develop maximum power.

(3) Allow the engine to run evenly and steadily when throttled down.
(4) Should not evaporate too readily at atmospheric temperatures.

(5) Should not contain sufficient gum to cause sticking valves.

(6) Should not “knock.”

Easy Starting. A gasoline, to permit an engine to start readily, should
have a reasonably low initial boiling point, Under normal atmospheric
temperatures an initial point of about 100° F'. will be found satisfactory,
In addition, the temperature reached, when 10 per eent has been distilled,
should be reasonably low; about 150° F. will give good results. These
requirements provide a reasonable quantity of highly volatile materials
that will ignite easily.
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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 burned. The gasoline vapour shoud not
carry too much material of high boiling point because such material is
usually more difficult to ignite. Neither 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 point, as is indicated by a smooth, gradually rising, distillation-
range curve. A gasoline that will permit an engine to start readily should
also permit a satisfactory development of power, provided the distillation
range shows 70 per cent distilled over at about 300° F. In addition, the
end point should not be too high, a little over 400° ¥. may be accepted.

Even Running. Smooth running at low speed is 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 carburetor.
This condition is known ag “vapour lock” and when it occurs the engine
usually stops suddenly for no apparent reagson. After cooling down, the
engine may often be started again as if nothing had happened.

Evaporation. The quantity of gasoline evaporated at normal temper-
atures is only a factor in the valuation of fuel when the volatility is high.
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. Thusit naturally follows
that the mileage obtained from such fuel i low. This would be especially
noticeable after the gasoline tank had been allowed to stand for some time
exposed to the full rays of the sun.

Distillation Range and Index Number

All of the above points can be estimated from the distillation range
that is determined in the laboratory. As an aid in summing up the value
to be allotted to the distillation range an index number? has been calculated
from the temperature readings at which 10, 20, 50, 70, and 90 per cent of
the distillate has been recovered. To the sum of these readings is added
the temperature reading at the end point of the distillation. The resultant
sum is called the “index number”. Generally speaking, the smaller the
index number the greater the volatility of the fuel. Gasolines may be
cla,sfsilf%ed arbitrarily, according to their index numbers, into three groups
ag follows:—

(a) Gasolines of high volatility having index numbers less than 1,650.

(b) Gasolines of average volatility having index numbers between
1,650 and 1,725.

(¢) Gasolines of low volatility having index numbers greater than 1,725.

Specific Gravity

The specific gravity has been used in the petroleum industry for
many years ag an easy and convenient method of refinery control. On that
account it hag often been used as a test for the quality of gasoline, although
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it is not of very much value for that purpose when used alone. It is valu-
able, however, when used in conjunction with the distillation range to
indicate the source of the fuel or the treatment it has received. A gasoline
having a low specific gravity is more probably made from a paraffin-base
petroleum, and by an ordinary distillation of crude oil, than a gasoline
of the same laboratory distillation range having a high specific gravity.
The latter would be obtained by eracking petroleun in modern equipment,
and probably would be derived from naphthenic-base petroleum.

Baumé and A.P.I. Gravity. The method in common use for express-
g specific gravity is often called the “Baumé gravity’’. According to
this method, a scale on which the extreme range of petroleum products
could be measured, was divided into one hundred equal parts called degrees.
The ten degree point was equivalent to the specific gravity of pure water.
Unfortunately, some uncertainty arose regarding the correct value of some
of the other points, and two slightly different scales came into use, both
being called “Baumé’ scales. The American Petroleum Institute, with the
co-operation of the petroleum industry and the United States government
departments, adopted one of these scales and described it in such a way
that no ambiguity is possible. The initials of the Institute (A.P.L) were
chosen to designate this secale in order to avoid confusion. The degrees
A.P.I. have nearly the same value in specific gravity as the other Baumé
degree scale. The greatest difference occurs when the lighter products
are measured and the difference is always less than one degree. The
relation between degrees A.P.I. and specific gravity is expressed by the
following equation:— 415

141.

Degrees APL = m

A comparison of A.P.I. degrees, Baumé degrees, and specific gravity,
is shown in Table 1.

— 131-5

Colowr

(Gasoline is a clear water-white liquid when freshly distilled. Exposure
to air or sunlight changes the chemical structure slightly, so that a yellowish
colour appears and a certain amount of “gum’ or ‘“resin’”’ may, or may
not, appear. Some gasolines develop more colour than others under the
same conditions. Gasoline is treated at the refinery before it is sold to
render it more stable to light and air, so- that the above change of colour
may be minimized. The colour in itself has no effect on quality. It should
be stated that the change in colour is not proportional to the amount of
gum that may be formed. However, the user of gasoline seems to prefer
a clear colourless fuel or one that is artificially coloured. Many gasolines
on the market have dissolved in them small quantities of various brightly-
coloured dyes in order to make the product more attractive, to distinguish
between grades or brands readily, or to indicate the presence of tetra-ethyl
lead, so that the gasoline shall not be used for any other purpose than a
motor fuel,

Gum

The amount and character of the gum present in gasoline varies
greatly. A gasoline may show no gum formation when freshly distilled,
but at some later time definite gummy deposits may be obtained. The
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time and the condition required for the deposition of gum also vary greatly.
It is believed that gasolines produced by cracking equipment are more
likely to deposit gum than gasolines produced by the ordinary distillation
of crude petroleum. The conditions under which it is stored also affect
the liability of gasoline to produce gum. It has been proved recently
that the soldering fluxes used in the manufacture of gasoline tanks react
with the gasoline in an unfavourable manner in this respect. The amount
of gum cannot be determined in the laboratory with any degree of cer-
tainty so that it represents the result obtained under actual operating
conditions. Laboratory results showing gum content of gasoline must
be regarded, therefore, as approximations only.

Sulphur

All commercial gasolines contain certain compounds that have a small
amount of sulphur present. Some of these materials are detrimental and
some are not. Most of them have an offensive odour. Those that are
injurious combine with copper or brass to form a grey or a black coating.
In severe cases this may become a scale that flakes off and clogs the small
carburetor jets. After fuel containing sulphur is burned an acid substance
is formed that has a tendency to pit and corrode the polished steel and
iron surfaces of the engine bearings, especially those that are not thor-
oughly lubricated. It has become an accepted practice for the refiner
to reduce the sulpbur content to less than 0.1 per cent of sulphur. In
some cases it may be possible to permit a higher percentage of sulphur
without injurious effects, but the difficulty lies in not being able to deter-
mine readily whether the sulphur is present in an injurious form or not.
In order to be on the safe side the above limit has been accepted.

Anti-Knock Value

Actual operation of internal combustion engines using gasoline as
fuel has demonstrated that some fuels burn a great deal more smoothly
than others. The smoothness of burning is indicated by an absence of
“knocking” in the engine when it is pulling beavily., This tendency of
fuels to knock hindered progress in the design of more efficient internal
combustion engines for many years, and it is only recently that a method
has been developed for improving the fuel to such an extent that the
efficiency of the engine could be increased. It was found that the addition
of some materials to the fuel improved the burning quality greatly. One
of the most satisfactory substances used for this purpose is known as
tetra~ethyl lead. A very small amount of this material changes the rate
of combustion greatly. It was also found that some materials formed
during the treatment of erude petroleum to produce gasoline, which it
had been the custom to remove later in the refining process, influenced
the combustion beneficially. These materials are known as unsaturates
and aromatics. Enormous sums of money have been spent in an effort
to devise a really satisfactory laboratory method for establishing the
knock-rating of gasolines. The method that has obtained greatest support
involves testing the fuel in a single cylinder engine operated under specified

1Aldrich, B, W., Jour. Soc, Automotive Eng., vol. 30, No, 5, p. 208,




154

conditions and expressing the results in Octane numbers. Octane numbers
are really onmly arbitrarily chosen values. It was found that a certain
liquid (2-2-4 tri-methyl-pentane, an iso-octane) burned very smoothly
in an ordinary internal combustion engine. Also that another liquid
(normal heptane) knocked very badly indeed under the same conditions.
Further, that these two compounds could be mixed in all proportions
and that the tendency to knock was proportional to the amount of heptane
present. Therefore, it was agreed that a scale should be established from
the above data so that other fuels might be rated against it. The scale
was from 1 to 100, and each division was called an Octane number. Gaso-
lines that are rated against this scale burn more smoothly the higher the
Octane number. Pure iso-octane is very expensive and it is obvious that
this rating does not mean that there is actually a quantity of iso-octane
present in the fuel equivalent to the Octane number. Unfortunately, the
knock-ratings obtained by the laboratory engine, under the specified con-
ditions, do not always agree exactly with the observations of operators
of motor cars under actual driving conditions. This was particularly
noticeable between fuels which had been improved by the addition of tetra-
ethyl ledd and those which contained a certain proportion of those com-
ponents produced during the manufacture of the fuel and which were re-
tained in the finished product. The whole problem is under investigation
in a number of laboratories in Canada and the the United States.

Chemical Components

Gasoline is composed of an intimate mixture of chemical compounds
known as hydrocarbons. These hydrocarbons are subdivided into differ-
ent classes, viz., unsaturates, aromatics, naphthenes, and paraffins. Of
these groups the unsaturates, aromatics, and naphthenes have a beneficial
effect on the anti-knock value of the fuels of which they are a part. The
paraffins might possibly be congidered as neutral or normal. Several
efforts have been made by different investigators to obtain from the
chemical analyses of fuels an estimation of the anti-knock value of the
fuel as a whole. One of these methods was suggested by Egloff and
Morrell®, who obtained a figure which was referred to as a toluene value.
This toluene value is obtained by dividing the percentage of unsaturated
hydrocarbons by five, by dividing the percentage of naphthenes by four,
and adding the sum of these two to the percentage of aromatics. This
method of estimating anti-knock values cannot be used when the samples
contain tetra-ethyl lead. A large number of tests on engines has failed
up to the present time to prove that a definite comparison is possible between
the result obtained from the engine and other ratings obtained from the
chemical analyses. The results obtained by the writer have also failed
to show a definite relationship, although it is evident that different propor-
tions of the hydrocarbons do affect the anti-knock value of the fuel.

METHODS OF .ANALYSIS USED

The distillation range was determined according to the American
Society for Testing Materials method No. D86-30. The specific gravity
was obtained by the use of the chainomatic specific gravity balance at
room temperature, and the result calculated to 60° I. according to the
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National Petroleum Oil Tables,® published by the United States Bureau
of Standards. The degrees A.P.I, were obtained by converting the specific
gravity according to the above oil tables. The percentage of sulphur
was determined according to the A.S.T.M. tentative method No. D90-30T.
The knock ratings of the gasoline from the city of Ottawa are expressed in
Octane numbers, and were determined in a knock-testing engine manu-
factured by the Ethyl Gasoline Corporation, known as their Series 30.
The operating conditions were 600 r.p.m., a jacket temperature of 212°F,,
and a spark advance 22 degrees below top dead centre. The percentages
~ of the four series of hydrocarbons and the toluene value were determined and
calculated according to the method of Egloff and Morrell.®

RESULTS OF LABORATORY EXAMINATION

The average results by cities of the laboratory examination of the
gasolines tested in 1930 and 1931 are shown in Tables IT and III. The
. average results obtained by the examination of samples during the nine
years from 1923 to 1931 are shown in Table IV, and Figure 17 shows gra-
phically the ranges of average distillation temperatures for the same nine
years. In order to determine the variation in quality of the gagoline being
sold, the average of the 10 per cent having the highest index numbers and
the average of the 10 per cent having the lowest index numbers were cal-
culated for 1930 and 1931. The difference between the average index
numbers of the maximum and minimum 10 per cent of the samples col-
lected in the nine years 1923 to 1931 was also caleulated and is shown in
Table V. Table VI shows the knock ratings of the samples collected in
the city of Ottawa in 1931 and, also, the percentage of the four series of
hydrocarbons present in gasoline for the same samples.

DISCUSSION OF RESULTS

It is interesting to compare the results obtained with others obtained
in previous years. In Table IV are given the average results of eighty-
eight 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 successive years;
48 in 1923; 59,73, 76, 83, 77, 84, 124, and 134 in 1924-1931 respectively.
When judged by the distillation range, which has been the ordinary accepted
standard, it will be observed that the gasoline sold in Canada in 1930 shows
an average of good quality with practically the same volatility as that sold
during 1929. The gasoline sold in Canadain 1931 shows an average of good
quality with a lower volatility than that sold during the three previous
years. This decrease in volatility in 1931 is equivalent to approximately
3° F. rise in the average temperature of the 20, 50, 70, and 90 per cent
points in the distillation range.

Since 1925, there has been a gradual change in the characteristics of
the average gasoline marketed in Canada, as indicated in Figure 17, This
change is particularly noticeable at the lower end of the distillation range
ag the average temperature of the first drop, 10 per cent, and 20 per cent
points has been lowered. The average temperature of the 50 per cent, 70
per cent, and 90 per cent points has remained fairly constant. The average
temperature of the end point has been lowered.
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The lowering of the average first drop, 10, and 20 per cent is probably
due to the increased production of gasoline from natural gas and the
increased use of cracking equipment at the refineries. The lowering of
the average end point with a corresponding smaller difference hetween the
average 90 per cent point and average end point, is probably due to the use
of more efficient fractionating equipment such as bubble towers, etc., at
the refineries.

Table V shows the difference between the average index numbers of
the maximum 10 per cent and minimum 10 per cent of the samples collected
in Canada in the nine years, 1923 to 1931. The difference between the
two averages has been used previously for the purpose of comparison, as a
measure of the variation in quality. It will be observed that the variation
in quality during 1930 was greater than in the preceding four years; while
the variation in quality during 1931 was less than in any previous year.

It will be further observed from Table V that, in 1930, the group
having the higher volatility has an average volatility greater than corre-
sponding groups examined in the preceding five years. It will be noted
that, in 1930, the group having the lower volatility has an average vola-
tility less than the corresponding group examined in 1929.

In 1931, the group having the higher volatility has an average vola-
tility less than corresponding groups examined in previous years. The
group having the lower volatility has an average volatility higher than
corresponding groups examined in previous years, with the exception of the
year 1929, when the volatility of these groups was practically the same.
This decrease in the difference of the average volatility in the higher and
the lower groups in 1931, indicates a growing tendency towards a more
uniform grade of gasoline.

The average sulphur content of gasoline sold in Canada during 1930
was 0-07 per cent and only 6-5 per cent of the 124 samples tested had a
sulphur content exceeding 0-1 per cent. The average sulphur content of
gasoline sold in Canada during 1931 was 0-05 per cent and only 6-7 per
cent of the 134 samples tested had a sulphur content exceeding 0-1 per
cent. In 1931, the average sulphur content of samples from the western
provinces was 0-08 per cent, while the average sulphur content for the
eastern provinces was 0-04 per cent. The reason for this difference is not
apparent.

Since 1927 there has been a gradually increasing tendency apparent to
colour, artificially, the gasolines being put on the market. The percentages
of artificially coloured gasolines sold in Canada during the past five years,
according to the samples examined in the annual surveys, were as follows:

Percentages of Artificially Coloured Gasolines in Different Years

Artificially
Year coloured
gasolines

%
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The highest knock rating obtained from the samples collected in the
city of Ottawa was 75 Octane numbers and .the lowest was 57 Octane
numbers. Kight samples, or approximately 27:6 per cent, are in a group
ranging from 57 to 64 Octane numbers and the twenty-one samples, or
72-4 per cent, are in the range 65 to 75 Octane numbers. The greater
quantity of gasolme sold in Ottawa during 1931 had a relatively good
anti-knock value.

TABLE I
Comparison of A.P.I. Dégrees, Baumé Degrees, and Specific Gravity
AP, degrees Baumé Specific A.P.X. degraes Baumé Specific
degrees gravity degrees gravity

39.68 | - 0+8251 |I56....0uniiiiiiinn.in. 55+51 0-7547
40-67 0:8208 1157, . ivuuvnirinnnnnnenn 56+50 0-7507
41-66 0:0156 ||68. .cuviiunniiinnninn. 5749 07467
42.65 0-8109 1[59......ovviiiiiiiinn, 5848 0.7428
43-04 0:8063 [[60.....coivinnirnnnnn. 5947 0-7389
44.63 0-8017 161....oevvvuunnniinnns 60-46 0:7351
4562 0:7972 [{02...ccvvvviviinnnnnan. 6145 0-7313
46-61 0:7927 N63...ocvivuveniininn. 62-44 0:7275
47.60 0:7883 164, ...coiviviniannanns 6343 0-7238
48.59 0:7839 [|165....0iveiiinniinninns 64-42 0-7201
49.58 0-7796 {166, ..vveveniiinarinnn. 65-41 0-7165
5057 07758 |[67. . .0vvviiiininnnann, 066-40 0:7128
51.56 07711 f]68...coivvernnniinnns 67+39 0:7093
52.55 0:7669 1[69....c00vivvvnnirann. 6838 0-7057
53.54 07628 1700 0evienirinnninans 69-37 0-7022
54.53 07587
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TABLE II
Average Results of Analyses by Cities for 1930

Distillation range .ps
: 1st End Distil- Index s
City Py . > Specific
dro 1007 | 20% | 50% | 10% | 90% | PomS |Recovery| Residue | lation | ffo. | gravity
| °F. | °F. | °F. | °F. | °F, ° *
Halifax, N.S.......... 36 151 184 | 265] 316 | 372 410 97-0 1.1 1.9 1698 0-748
St. John, N.B... ..{ 100 162 190 } 256 | 295 347 389 97.3 1.0 1-7 1639 0-741
Quebec, Que 97 152 179 2511 2991 361 402 97-3 1.1 1-6 1644 0-740
Montreal, Que.. 101 159 189 269 | 320 | 380 416 97-1 1-1 1-8 1733 0-750
Ottaws, Ont 100 149 176 | 255 { 3061 368 408 97-0 1.1 1-9 1662 0-741
Toronto, Ont.... 102 | 154 183 258 | 305 | 366 403 97-0 1-1 1.9 1669 0-736
London, Ont.... 100} 157 | 186 | 262 308 | 368 407 96-9 1-1 2-0 1688 0-740
Winnipeg, Man. 101 159 187 | 255 297 | 354 400 97-5 1.1 1-4 1652 0-735
Regina, Sask... 103 157 183 ] 249 291 ] 350 395 97-2 1-0 1-3 1625 0-731
Calgary, Alta.........| 103 155 180 | 247 | 293 | 359 407 97-5 1-2 1.3 1641 0-738
Edmonton, Alta...... 107 157 179 243 | 288 | 335 407 7.2 1-1 1.7 1629 0-736
Vancouver, B.C.......| 104 | 163 1921 255 2981 360 409 97.7 1-1 1-2 1677 0-752
Victoria, B.C......... 103 162 190 | 249 | 293 | 354 402 97-7 1-1 1-2 1650 0+ 750
Average for Canada*.| 101 155 1821 254 | 301 | 362 406 97-2 1-1 1.7 1660 0-741

691

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




TABLE II1
Average Results of Analyses by Cities for 1931

Distillation range

. 1st End Distil- Index .
City . s ] Specific | Degrees | Sulphur
droe 109 | 20% | 50% ( 70% | 90% | POt [Recovery| Residue | lation | No. | vty | ARL | %
F. F. F. . ¥,
Halifax, N.S.......... 107 | 166 | 196 | 263 | 303 | 357 399 97-0 1-2 1-8 1684 0-744 587 0-03
St. John, N. ... 104) 162 ) 192} 262 303 ) 358 401 96-9 1-2 1.9 1678 0-744 58-7 0-04
Quebece, Que. ... 113 | 167 | 193 | 255 | 294} 349 396 96-9 1-3 1-8 1654 0-741 59:5 0-04
Montreal, Que.........| 106 | 155| 183 | 261 | 310 | 372 410 966 1-3 2-1 1691 0-745 58-4 0-04
Ottawa, Ont.......... 104 | 152 180 259 308 | 372 410 96-6 1-2 2-2 1681 0-742 59-2 0-04
Toronto, Ont..........| 104| 161 1911 266 | 311 ] 369 405 97-1 1-2 1-7 1703 0-743 58-9 0-04
Hamilton, Ont........ 104 157 ) 186 260 ] 309 ) 373 408 96-7 1-2 2-1 1693 0-740 59-7 0-04
London, Ont.......... 103 164 197 | 270! 314 372 407 96-8 1-1 21 1724 0-743 58-9 0-05
Fort William., Ont....| 109 166 196 | 259 299 ( 353 396 97-4 1-2 1-4 1669 0-737 60-5 0-04
Winnipeg, Man........ 115 156 | 183 | 254 ] 300 | 364 408 96-8 1-2 2-0 1685 0-732 61-8 0-06
Brandon, Man.........| 100| 155 186 | 256 | 298| 355 399 97-1 1-2 1-7 1649 0-734 61-3 0-04
Regina, Sask..........} 102 151 180) 261 | 312 377 417 97-2 1-3 1-5 1698 0-738 60-2 0-09
Saskatoon, Sask...... 101 1541 180 256 306 | 373 412 97-2 1-2 1-8 1681 0-737 60-5 0-07
Calgary, Alta.........[ 102| 150 174 | 239 | 285 | 350 403 97.2 1-3 1-5 1601 0-733 61-5 0-11
Edmonton, Alta...... 103 1541 1791 249 296 ] 363 406 97-2 1.2 1-6 . 1647 0-739 60-0 0-09
Vancouver, B.C.......| 102 | 162 | 191 | 256 | 297 | 359 398 96-7 1-0 2-3 1663 0-748 57.7 0-07
Vietoria, B.C......... 104§ 1603 191 ) 28 204 } 360 402 96-9 1-0 2-1 1661 0-747 57-9 0-07
Average for Canada*.| 104 157 | 186 258 | 304 ( 366 406 96-9 1-3 1-8 1677 0-741 59-5 0-05

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

09T



TABLE IV

Average Results for Comparison for Canada

Distillation range Residue de .
Year ilr;"tp 10% | 20% | 50% | 70% | 9% If’%f‘it Recovery qizﬁma- II:T;- grp:frlitﬁ; %%3?5 ‘Sul%h“r
* | °F. | °F. | °F. | °F. | °F. tion loss .
b 12 7 125 170 ( 192 237 | 270 | 330 380 [oeeerenni]iinenannsn 1579 0-732 61-8 ...t
B 2 120 170 ) 193 255 296, 358 423 97-1 2-9 1695 0-787 605 [..........
1924, 113 | 173 | 1951 249 | 288 347 410 97-4 2-6 1662 0-736 608 1.........
1925, e e 116 | 174 199 | 258 | 299 | 359 412 97-0 3-0 1701 0-739 60:0{......c000
B N 110 | 164 191 | 256 | 300 | 360 410 97-4 2-6 1681 0-739 600 [..........
L 107 | 161 | 189 | 259 | 304 366 416 97-0 3-0 1693 0741 595 Jievenennns
B2 107} 160 186 ) 255 | 298| 359 409 97-3 2.7 1667 0737 605 |..ounnnns
2920, i 102 1531 181 | 255 300 ( 363 411 97-0 3-0 1663 0-736 60-8 [...ninnnnn
1930 101 | 155 | 182 | 254 301 (| 362 406 97-2 2-8 1660 0-741 59-5 0-07
R 3 104 | 157 | 186} 258 | 304| 866 406 96-9 3-1 1677 0-741 59-5 0-05

191
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TABLE V
Difference Between Maximum and Minimum Index! Numbers

Year 1923 1924 1925 1026 1927 1928 1929 1930 1931
Maximum 10%.....] 1791 1806 1821 1818 1823 1791 1773 1787 1774
Minimem 10%..... 1500 1428 1497 1524 1518 1488 1508 1471 15847
Difference......... 291 378 324 291 305 303 270 316 227

IThe index number is the sum of the following points in the distillation range: 10%, 20%,
80%, 70%, 90%, and the end point.

TABLE VI
Knock Ratings and Chemical Analyses of Samples from Ottawa
Hydrocarbons
Octane Toluene Index
Sample No. gg& f;-t U’ﬁ;g“r' Aromatics g%ﬂg; Paraffing | value I:Tf)
% % % % %
78 (] 10 34 80 19.7% 15861
74 4 32 86 16.8* 1687
73 L] 6 29 60 14.3* 1693
72 21 21 26 32 31.7 1873
72 4 8 206 62 15-3* 1728
71 4 10 29 87 18.1* 1774
70 9 10 24 87 17-8 1583
70 11 14 27 48 23-0 1756
69 8 11 20 Jili} 19.1* 1703
69 8 8 24 60 18:6 1850
69 7 7 25 61 14.7 1556
67 10 14 26 50 22.8 1683
66 8 11 206 [ili] 19.1 1739
66 10 7 28 58 183 1623
66 14 19 25 42 281 1761
66 7 10 27 56 18:2 1711
65 6 9 28 60 16-8 1691
65 6 8 33 53 17-5 1613
65 6 11 26 87 18-7 1731
65 Ii} 11 27 87 18:8 1736
65 8 11 28 56 190 1723
63 9 9 26 56 17-3 1693
63 13 15 22 50 23:1 1730
61 3 4 30 63 12.1 1587
60 9 14 22 55 21.3 1793
58 8 9 24 59 16-6 1720
58 4 4 28 (i3 11-8 1656
58 4 L] 29 62 13:1 1664
87 8 8 21 63 14:9 1734
Average........ 66 8 10 27 55 182 1681

*These samples contain tetra-ethyl lead and therefore the toluene value does not indicate the
anti-knock value of the fuel.
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Imperial Q11 Couvvvveneneanie i inenens 100
Intercolonial Coal Co., coal, anal......... 56
International Coal and Coke Co., coal,
anal....oooiiiiiiiiiiin e 8
R, . wmwmmwluu\ z,;\m‘mixg
Johnson "William, coal m., lignite, anal.. 1, 64
' Kennedy seam, coal, anal............. 7, 70, 71
Kentol Syndxcate, Tid. SecPeat coal
Kerosene, defined . 120
Kinloch m., coal, anal 81
IKnock mtmg of motor fuel, causes and
elimination............... 153
Lacombe, natural gas, anal 97
Lancaster Hospital....... 80
Lanoraie Oil and Gas Syndicat: 129
Lignite—
Carbonization tests.......cooovvvines vee 910
Jamaica, anal......... . .8
Ontario, anal...........s .. 59-62
boiler trials on. ., , 28, 34
folder facing. .. ..vvverenerrnns 34
Specific volatile inde 45, 49
Steaming tests on, 12

Tondon, gasoline, sold in, ana) Ve
Lower Klttamung coal seam, coal, anal 88

Lowry Petroleum Co., aoknowledgment 100
Lund, Bdwin, coal m., lignite, anal....... 65
Luscar—
Coal, anal....ooevnvninennss 70
coking tests on, from. . 7
Luscar Colljeries, Ltd., coal, anal . 70
Lynden m., coal, anal........ O { A 4
McGilliI\}my Creek area, coking tests on
€oRl frOM.c.iiviar i eanersroeneses !
MeGillivray Creek Coal and Coke Co.,
conl,anal....oiviiiiiei i




MecXinnon, A. T
MeLellanbk.............
Main seam, coal, anal........ [ 56
Malloch, E. S.—
Rept. by and C. E. Baltzer on boiler
trials on Canadian fuels using a pat-

ented grate.......ooooeeiiiiinn.nn, 26-35
Rept. by, on burning B.C. coals as
pulverized fuels............c.ooenunes 7-22
Manitoba, gasoline, sold in, anal... 160
Lignite, anal.................... .. 63
Maple Leaf m.,, coal, anal................ 66
Marshall, James coal m., lignite, anal.... 63
Meeker, William, coal m., lignite, anal... 64
Mechanical stokers, meritsof............ 23-24
Medicine Hat, natural gas, anal.......... o7
Methane, pyrolysis of, effect of pressure
16, 129-135
Michel, coals—
Coking tests on..oovvvvniivienerrineins
Pulverized fuel tests on
Michelean seam.........covvevunes
Coal,anal........coovvvvninnin. .
MictaU L. . vve e iiriiirninienenes
Middlesboro, coals—
Coking test on, from...............0.0s
Pulverized fuel tests.............. ..
Midland, M. B. coal m., lignite, anal..
Millar, A.......... N

Minto, N.B., coal, anal....
Minto Coal Co., coal, anal
Moha.v;i{ Bituminous Mines, Ltd., coal,

L P e
Montreal, gasoline sold in, anal.......... 160
Montreal Coke and Manufacturing Co.—

Acknowledgments, and tests made. 1, 4, 6, 29
Coke, anal.....oovuverrveeenennnn. 90
Mountain Park area, coking tests on coal

from......co0veunis Ceeereeeirearaes ., 79
Mountain Park, coal, anal...........veuns 70
Mountain Park Collieries..... evreranaes 70
Munro, Donald.......cccoevvvennn. 1

Naphtha, in Turner Valley—
Weathering of, rept. by P. V. Rose-

warne and W. P, Campbell...,.... 100
Recovery, inereased..........o.vvuvens 93
National No. 1 m., coal, anal............ 86
Natural gas. See also Naphtha.
Analyses of during 1930-31, rept. by P.
V. Rosewarne and R. J. Offord...... 92-99
As a source of motor fuel............... 15
BT o 13-15
New Brunswick—
Coal, anal........ovevieervnrnasnonenes 57, 80
Gasoline, anal. of, gold in............. . 160
Natural gas, anal...ooovieeneenrensens 96
New Glasgow—
Core drill, oil ghale samples from..... 141-144
Qil shale plants near......... dereereans 145
Oil ghales, rept. 0N, ...vvevvrennnnsnns 136-148
New Waterford, coal from, testson,..... 47
New Zion, coal, anal..............veeees 57
Nicola area, coal from, coking testson... 2
Nordegg, coal, anal....cvvvrerrrvrvronons 70
Nova Scotia—
Coal,anal..covuvveevnrecnannnnns 53-56, 78-80
testson, from...........e0uviene 4
Gasoline sold in, anal........vvevevennn 160
Nova Scotia Steel and Coal Co., coal,
anal........ Cererrereresnenss ereenes 56

Pace

Offord, R.J. See Rosewarne, P. V.

Oil shales—
Investigations...........ocooveennn. . 15
Rept. by A. A. Swinnerton on, from—

Pictou, N.S........ Ceereeerseraaas 136-144
Port Daniel, Que......... Ceeveseens 144-148

Onakawana—

Lignite, anal......... Gessaseatsessnsas 59-62
boiler trialg............... 27, 28, 34
carbonization of, from.........

Ontario—

Anthraxolite, anal................ ceees 58

Gasoline sold i, anal...ooiiiiinnnenn.. 160

Lignite, anal........coooviiininnnininn 59-62

See also Onakawana.

Ontario Dept. of Mines—

Acknowledgment to................... 1

Lignite submitted by, anal............ 59-62

Orleans is, coal, anal.........covvvvnenns 58

Ottawa, gasoline sold in, anal............ 160

Ottawa Gas Co., coke from, anal........ 91

tests....... 21

Oyen, natural gas, anal......ooovveinennn 97

Paulhus, Joe, coal m., lignite, anal........ 65

Peat—

. T 58

Boiler trialg on......oovvineiviiiininns 29, 34

Specific volatile index.........covuuun. 45, 49

“Peat coal”, anal..ooveveuiieinenn., Ceees 91

Pennsgylvania, coal, anal. 81, 82, 84-88

Petroleum pitch, as briquetting agent... 9

Phalen seam, coal, anal....cooveevenennn. 55, 56
Pictou county, oil shales, rept. on...... 136-148
Pittsburgh coal seam............... .....87, 88
Pincher Creek, natural gas, anal......... 97

Pleasant Valley, coal, pulverized fuel
tests.....o.ven

Plow, H. A..... e e e aeeaeneanes

Pocoﬁonta,s, coal, anal........... RN 85
Podbielniak apparatus.......oevvvveness 92
Portage No. 2 m., coal, anal........... .. 85
‘Port Daniel, oil ghales near. ... veresees 145-148

Port Daniel r. See Port Daniel.
Pressure-cracking of Alberta bitumen. .,115-116
Pressure—
Effect of, on hydrogenation of bitumen
121-123, 126
pyrolysis of methane, 129—13?

Price, Jo Duvvrvrvvinrvirniroinnnrcnnsns
Princess colliery, coal, anal........ Ceeees 56
L7517 N 6, 7

Princeton, coal, anal.........vvvreenenns 76
PrOPANG. o vvev v v vvrninarnsnssssssansnns 111
Proving m.., coal, anal.............. eres 86
Pulverized fuel, tests on—

British Columbia coals........... veen, 17-22

Canadian coals..vovovrreerrunnineanns 10-11

Steam generators, vvve.evveveriesnsnes 23-25
Quebec—

Anthraxolite, anal.......... RPN . 58

Gasoline, sold in, anal....... Ceveeeenes 160

Natural gas, anal.......... 96
Readlyn, lignite, anal........ Chvreresrees 64, 65
Redcliffe, natural gas, anal.............. 97
Red Coulee, natural gas, anal............ 97
Regina, gasoline gold in, anal............ 160
Reserve, coal from, coking tests on...... 2

Reserve colliery, coal, pulverized fuel




Roche Percée, lignite, anal. .
Rosewarne, P. V., rept. by, and R. J.
Offord on anal. of natural gas during
1930-31 .............................. .. 92-99
Ross, C. Ceereraenes
Rothwell m., coal, anal... ...
Royalm., coal, anal.....‘...............
Royalite Oil Co...ovvvvnninn. s ceeeees 100
Russia, coal, anal... ceereriin,., 84

Saddington, A. W. See Boomer and

feteiienan

Saddington.
Ste. Anne de Bellevue Hospital....... ...78, 79
St. John, gasoline sold in, anal..... veeves 160
Saskatchewan— .

Gasoline sold in, anal.............. veee 160

Lignite, anal.....c..oovvvnnnnn e 63, 65
Saskatoon, gasoline sold in, anal........ . 160
Saunders—

Coal, anal............... F N 66

coking testson.........oovvuenn 8

Scotland, coa.l anali.voooiiina.n, .

"Seot’s Run’ , coal, anal
Seml-bxtummous coals—

Speclﬁo volatile index........... .
Sentinel, coal, anal.......cooiiiiiinnns
Sepa.ra,tlon methods employed in Turner

Valley oo cre ittt iiiiieaneiennes 100-101
Separators for removing naphtha from

L T T N ... 101-103
Sewickley seam, coal, anal.............v.. 86
Sinclair, B. J., coal, m., lignite, anal. . 63
Sjodin, Charles, coa,l m., lignite, anal. . 64
STNEIE DR, errnrrsann.s PP £. 14

Specific volatile index— .

Classification of coals accordmg to..... 12
Definjtion........ooiieursnn . 37
Use of, in coal ciassification.... . 37-50

Sta.nsﬁeld Pro 1
Steam genemtors, comparison of pulver-

ized fuel-fired with other Wpes veees 23-25
Steam plants, size of commercial.... 24
Steaming tests...... Ceenerraerarareas . 12
Steele, F. M 92
Steep bk....... .. 137
Stellarton......c.cciviiiiiiniennnns e 137
Storage tests on Canadian coals. ... 2, 4-9

Sudbury, anthraxolite, anal. of.......... 58
Sulphite liquor, as a briquetting aaent .. 9
Sulphur in gasoline.......oovvvvvrnesens 153
Swinnerton, A. A., rept.%y on oil shales
from Pictou county, .S., and Port
Daniel, QUe.sevrireriviiiiienirnenn, 136-148
Sydney, N, S., coal, anal..coeenvinnns oo 53-b4
Sydney Mmes, coal, analo..ooviiiiiinnnn . 80

Pace
Telkwa, coal from—

Pulverized fuel testson................ 19, 20
Coking tests On.uuevivvinnineneneenenns 2
Telkwa Collieries, Ltd., coal, anal.. 77

Temperature, effect of on hydrogenutlon
of bitumen............oeveenennn.. 120, 126
Torbanite Products, Ltd.........136, 137 145
Toronto, gasoline sold in, anal. .... ceeess 160
Trenton, N.S.... 136, 137

Tulameen, coal, pulvenzed ‘fuel tests on.. 19 21

Turner Valley—
Natural gas, anal..ccooeiiiniieieennnnes 97, 98
weathering of............. 14
Weathering of crude na,phthn. in, rept...100-111
Twin River, natural gas, anal........ vees 99
Upper Kittanning coal seam, anal.. . 85
Va.ncouver, gasoline sold in, anal.. . 160
Vancouver is., coking tests on coals from., 2
Verwood, hgm yanal......... ieeanens 64
Veteraft shops .................. ereaaas 80
Victoria, gasoline sold in, anal........... 160
Victoria seam. See Princess Colliery.
Waldon, C. H. coal m., lignite, anal...... 63
Wales. See Welsh coal.
Warner, natural gas, anal.....cocvvennnn.. 99
Warren, T. E—
Rept. by on hydrogenation and pressure
oracking of Alberta bitumen........ 115-128
Rept. by on effect of pressure on pyro-
lysis of methane.........o.ovvnnnn.. 129—135
Washing tests on Canadian coals.........
Washington, coal, anal........coviiunn.. 89

Weathering of crude naphtha in Turner
Valley, rept. 0N v.cvviivreivivnenenss 100-111
Wellington, coal, pulverized fuel tests on.19, - g(l)

Welton and Henderson, Ltd.....oooeueens
Welsh coal—

Anal.....ocoiieiiiiinnen, eerreraraes 83

BOIOT LESES O v svvrvnsssrsve oo 30, 34
Waest Canadian Collieries, Ltd., coal, anal. 66, 68
Westminster Hospital, ....cooevevnnannn. 81, 82
Westville, N.S., coal, anal............... 56
West Virginia, coal anal ................. 86
Wildwood Mavvveiviiniiiiniennnenenn RN 82
Willow Bunch, lignite, anal.............. 05
Willows, hgmte. anal...... PN 65
Wilpen, coal, anal...... B errearaens 88
Winnipeg, gasoline sold 1 m, “anal...... veeo 1060
Winnipeg Blectric Co., coking tests at.. 3
Winterport, coal, anal.......... Creeranae 57
Wood, specific volatile indeX............. 49
Yatesboro, coal, anal.veseiiviivireenenss 81
Yukon, coal, BNAL e eoreer e 88







