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H Foreword

Since its creation by Congress in 1910, the
Bureau of Mines has conducted scientific and
technologic investigations on the composition,
properties, mining, preparation, and utilization
of coal with a view to improving ecfficiency,

promoting health and safety, and conserving

national fuel resources.

The early work was directed largely toward
surveying the composition and properties of
coals of different ranks and types, as expressed
by heating value, fusibility of ash, and conven-
tional proximate and ultimate analysis. These
data were published and proved of great value
to consumers of coal in selecting the kind of
fuel best-adapted to their particular equipment
or purpose. However, an examination of this
type, although adequate for dealing with fuels
for combustion in the generation of heat and
power, did not provide the data needed for
evaluating coals for the production of coke, gas,
and byproducts in manufactured-gas plants or
byproduct-coke ovens. The Bureau’s attention
was called to this need in 1927 by the Carbon-
ization Committee of the American Gas Asso-
ciation, and under a cooperative agreement
with this association the Bureau studied testing
methods and developed a standard procedure
known as the BM-AGA carbonization test.
As sgtated by J. S. Haug, chairman of the
Advisory Committee of the Association on
Survey of Gas- and Coke-Making Properties
of American Coals, the new test procedure has
three distinctive characteristics as follows:

Trirst, the quantity of coal per charge, 75 to 180
pounds, is small enough to keep it within laboratory
scope, make it convenient to operate, and permit
reproduecible control of test conditions. It is large
enough to produce byproducts that have in general a
similar nature to those obtained in large plants, and
in quantity sufficient to permit analyses and tests of
quality to be made, on which study and conclusions
may be based.

Second, a series of tests is made on each coal at
carbonizing temperatures from 600° to 1,000° C. at
100° intervals covering the low- and high-temperature
range. This enables curves to be drawn showing trends
of yields and qualities of products against temperature.
Tllis me_thod brings out the idiosynerasies of each coal
n a unigue manner.

Third, the temperatures of carbonization are inner-
wall temperatures which are the real carbonization
temperatures rather than the flue temperatures com-
monly referred to in large-scale work. These latter
temperatures are higher than the inner-wall tempera-
tures by the temperature gradient through the oven
walls, a matter of several hundred degrees. -

The value of this survey of the carbonizing
properties of American coals by a standard
method lies in the comparability of the results
on different coals. It must be recognized that

no standard laboratory method of carboniza-
tion, even on a large unit, can yield results that
exactly duplicate those obtained in ovens and
retorts. The commercial results vary with the
type of oven or retort. Allowance must be
made for such differences in interpreting the
BM-AGA test results in terms of commercial
plants,

A comparison of BM—~AGA tests and com-
mercial-plant yields for 11 coals gives the
following results:

1. Plant yields of coke, gas, and B. t. u. of
gas per pound of coal usually fall between the
test results obtained at carbonizing tem-
peratures of 900° and 1,000° C. (1,652° and
1,832° 1),

2. The quantity of light oil scrubbed from
the gas of the test apparatus is less than that
scrubbed from the gas of commercial plants,
because the test condensing train throws down
more of the light oil with the tar; however, the
total yields at 900° C. from gas plus light oil in
the tar are approximately the same as the total
from plants.

3. The yield of tar from the 1,000° C. carbon-
ization shows the best agreement with plant
yields, although on several coals the plant yields
were 1 to 2 gallons per ton of coal less than those
in the test apparatus,

4. The yields of tar and gas from the 18-inch
retort usually are closer to those obtained in
industrial practice than yields from the 13-inch
retort.

5. At a carbonizing temperature of 900° C.
the 13-inch retort indicates the relative shatter
and tumbler indexes of the coke, but the figures
are lower than those obtained for the same coals
in byproduct ovens, Much of this difference is
eliminated by the use of the 18-inch-diameter
retorts and a 1%-inch shatter index. The
larger retort gives larger pieces of coke that are
less fractured owing to the slower rate of
heating.

6. The coke from the test retorts has a

.lower apparent density and a higher percent-

age of cells than byproduct-oven cokes made
from the same coals. Tamping the charge of
coal in the retort increases the apparent density
and lowers the porosity to figures closely
approaching those obtained in byproduct
plants.

A secondary objective of the Bureau of Mines
carbonization studies is to obtain information
on the chemical and physical properties of
different coals that may affect the yield and
nature of the gas, coke, and byproducts.
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v, FOREWORD

Migroscopic examination, high- and low-temp-
erapure assays, and special physical tests to
determine plasticity, agglutinating value, and
friability have been made since the investiga-
tion was begun. The petrographic analyses
based upon microscopic examination explain
variation in carbonizing properties due to the
types of coal making up the coal bed; plastic
and agglutinating-value tests indicate to gome
extent the expansion or swelling of the coal
during formation of coke, and the assays fur-
nish an approximate measure of the yields of
products at low and high coking temperatures.
Tn recent years the carbonization studies
have been broadened to include tests of the
expansion of coals and blends of coals while
being heated under coke-oven conditions.
Moreover, the effect of oxidation of coal during
storage on its carbonizing properties is being
determined by making carbonization tests on
oxidized or unoxidized coals. ,
The BM—-AGA test apparatus and method
were first described in Bureau of Mines Bul-
letin 344, Method and Apparatus Used in
Determining the Gas-, Coke-, and Byproduct-

Making Properties of American Coals with
Results on a Taggart-Bed Coal from Roda,
Wise County, Va., published in 1931. They
were discussed in detail in Bureau of Mines
Monograph 5, Gas-, Coke-, and Byproduct-
Making Properties of American Coals and
Their Determination, published in 1934 and
obtainable from the American Gas Association,
420 Lexington Avenue, New York City (164 pp.,
price $2 to members, $3 to nonmembers).
Recent improvements in the apparatus and
method are published in Bureau of Mines
Technical Paper 685, Procedure and Apparatus
for Determining Carbonizing Properties of
American Coals by the Bureau of Mines-
American Gas Association Method.

A bibliography of other publications of the
carbonization series that are obtainable from
the Superintendent of Documents, Government
Printing Office, Washington 25, D. C., is given
at the end of this paper.

Rarem L. Brown,
Coal Technology Coordinator.
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CARBONIZING PROPERTIES

BRITISH COLUMBIA, MATANUSKA VALLEY (ALASKA), AND
WASHINGTON COALS AND BLENDS OF SIX OF THEM
WITH LOWER SUNNYSIDE (UTAH), COALS'

J. D. Davis,? D. A. Reynolds,? R. E. Brewer,® B. W. Naugle,? D. E. Wolfson,? G. H. Gibson,? and
G. W. Birge3

Introduction and Swmmary

HIS report gives results of an investigation
of the carbonizing properties of 18 coals,
including 2 from Alaska, 12 from British
Columbia, 3 from Washington, and 1 from Utah.
TFach coal was carbonized in the standard 13-
inch Bureau of Mines-American Gas Associa-
tion (BM~AGA) retort at 900° C. Plastic
properties were determined by the Gieseler
and Davis methods, and agglutinating and
free-swelling properties were determined by
standard methods. Expanding properties were
measured in the Bureau of Mines sole-heated
oven. From the results of the tests on these
single coals, three coals from the Crowsnest
area, in British Columbia, representing Elk
River Nos. 4, 9, and 10, were selected for blend-
ing with the Utah coal, which was from the
Lower Sunnyside bed, Horse Canyon mine,
Fmery County. Lower Sunnyside also was
blended with Wilkeson Nos. 2 and 3 (Washing-
ton) coals, Pocahontas No. 3 from MeDowell
County, W. Va., and the Oklahoma low-volatile
coal used in the blend carbonized at the Provo,
(Utah) coke plant at the time this investigation
was started. Most of the blends contained 3
percent hard pitch, which is the proportion used
at the Provo plant, The blends were also car-
bonized in 13-inch BM-AGA retorts at 900° C.
High-volatile B coal from the No. 3 bed,
Ivan-Jones mine, Lower Matanuska Valley,
Alaska, yielded poorly fused coke or char.
M-bed coal from the Chickaloon mine, Upper
Matanuska Valley, Alaska, ranked as medium-
volatile bituminous and coked strongly. It
expanded 39.6 percent in the sole-heated oven
at a charge density of 55.5 pounds per cubic
foot.

I Work on manuscrint completed February 1, 1951,
2 Chemist, Central Experiment Station, Bureau of Mines, Pittsburgh,

a.
3 Chemical engineer, Ceniral Experiment Station, Bureau of Mines,
Pittsburgh, Pa.

Two washed samples from the No. 2 bed,
representing the No. 8 mine in the Comox area
and the T'Sable River mine near Union Bay,
Vancouver Island, ranked as high-volatile A
bituminous. Both coals yielded well-fused
coke, which was more abradable than the aver-
age coke from high-volatile A coals. The coke
from T’Sable River mine was the stronger.

Four Elk River coals from the Crowsnest area
in southeastern British Columbia represented
the No. 9 bed and No. 9 mine, the No. 10 bed
and No. I Fast mine, No. 3 bed and No. 3 mine,
and No. 4 bed and No. 4 mine. They were
medium-volatile coals containing 10.1 to 23.8
percent ash and 0.3 or 0.4 percent sulfur. No. 3
yielded weak, abradable coke, which probably
would be strengthened were the ash content of
the coal (23.8 percent) lowered. The other
samples coked strongly.

A~ and B-bed coals from the Michel mine in
the Crowsnest area ranked as medium-volatile
bituminous. The A-bed sample contained 17.4
percent ash, which accounts for the rather high
abradability of its coke. The coke from B-bed
coal was less abradable but did not withstand
breakage in the shatter test well. A-bed coal
contracted 7.9 percent in the sole-heated oven,
and B-bed coal expanded 3.7 percent.

No. 5- and No. 4-coal beds were sampled from
prospects in the Aldridge Creek mine in the
Upper Elk River area. Both were of medium-
volatile rank but had dissimilar coking proper-
ties. No. 5 coal, which contained 18.3 percent
ash, yielded coke that was satisfactorily stable
in the shatter test but was rather abradable.
This coal contracted 6.6 percent during carbon-
ization in the sole-heated oven. The coke from
No. 4-bed coal had lower-than-average shatter
indexes, although its tumbler indexes were satis-
factorily high. ~This coal expanded 4.6 percent
in the sole-heated oven.
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The prospect sample from an unknown bed in
theiPeace River area ranked as high-volatile A
bituminous. It contained only 4.9 percent ash
and 0.7 percent sulfur. It yielded small coke
that fractured readily in the shatter test,
although it had low abradability.

Robertson-mine coal from Graham Island
ranked high in the high-volatile A classification.
The sample, which was taken from an old dump,
contained 37.3 percent ash. Shatter indexes of
the doke were satisfactorily high; tumbler
indexes, which were rather low, indicate the
coke to be rather abradable. g

Three Washington coals ranked as high-vola-
tile A bituminous, although No. 5, from Kittitas
County, was rather low in that classification and
coked less strongly than No. 3- and No. 2-bed
coals from Pierce County. The coke from No.
2 coal was exceptionally strong for the coal rank.

Lower Sunnyside coal from the Horse Canyon
mine, Emery County, Utah, ranked as high-
volatile B bituminous, although very high in
that group. It coked more strongly than most
of the seven samples from this bed that were
tested previously. Carbonization tests of the
single coal and one of its blends showed that its
coke-making property deteriorated slightly dur-
4 months’ storage.

Medium-volatile Elk River coals from beds
4, 9, and 10 were selected for blending with
Lower Sunnyside coal, because their chemical
composition and carbonizing properties were
superior to those of the other British Columbia
coals. They were blended in the same propor-
tion (15 percent) that Oklahoma low-volatile
‘coal was blended at a commercial plant with 82
percent Lower Sunnyside and 3 percent pitch.
The blends coked as strongly as those made
with Oklahoma coal. The cokes from blends
containing No. 9 and No. 10 coals were less
abradable than coke made from the correspond-
ing blend of No. 4 coal.

Tests made on Lower Sunnyside-Oklahoma
blends with and without pitch showed that the

CARBONIZING PROPERTIES, BRITISH COLUMBIA, ALASKA, AND OTHER COALS

addition of 38 percent pitch increased coke
strength significantly. Blends of Pocahontas
No. 3 and Lower Sunnyside coals coked strong-
ly; the strength of their cokes increased as the
proportion of Pocahontas was raised from 8 to
10, 15, and 20 percent. Wilkeson No. 2 and
No, 3 coals from Pierce County, Wash., with 3
percent pitch improved Lower Sunnyside coke
physically when blended with 82 percent of
Lower Sunnyside coal.

The results of this investigation show that
Elk River No. 9 or No. 10 coal could be substi-
tuted for Oklahoma low-volatile coal in the
82:15:3 blend of Lower Sunnyside and Okla-
homa coals with pitch without loss of coke
strength.
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GEOLOGICAL AGE OF COALS

The Lower Matanuska Valley bituminous-
al field of Alaska lies in the Wishbone Hill
mneline.  In both the lower and upper coal
Jlds of this valley, bituminous coal occurs only
the Chickaloon formation, which is of Xocene
re. 'The No. 3 coal bed is near the top of that
rmation.* In addition to the No. 3 bed stu-
ed in this investigation, beds 4, 2, 1, 0, and 00
we been identified at the Evan-Jones mine.’
The Upper Matanuska Valley coal field lies
rth of the Matanuska River and extends 20
iles eastward from Kings River. This tract
underlain by the coal-bearing Chickaloon
rmation® containing the M coal bed.
oth Alaska coals included in this investiga-
on, therefore, are of Eocene age.
The coal deposits of British Columbia are of
iree geological ages, namely, Lower Cretaceous
ome of which may be Jurassic), Upper Creta-
sous, and Tertiary.” The coals of Vancouver
land are of Upper Cretaceous age, and all
seur in the Namaimo series; the No. 2 bed
dlongs to the Comox formation. The most
Martin, @. C., and Katz, T. J., Geology and Coal Fields of the Lower
atanuska Valley, Alaska: Geol. Survey Bull. 500, 1912, 98 pp,
i Toenges, Albert 1., and Jolley, Theodore R., Investigation of Coal
sposits in South Central Alaska and Kenai Peninsula: Bureau of Mines
:pt. of Investigations 4520, 1949, 37 pp.
“Capps, S. R., Geology of The Upper Matanuska Valley, Alaska:
0], Survey Bull. 791, 1927, 92 pp.
"MecKay, B. R., Coal Reserves of Canada. Reprint of Chapter 1 and

ypendix A of Report of the Royal Commission on Coal, 1946: Ottawa,
17, 113 pp.

961671—b2—2

important deposits in this Province are of Lower
Cretaceous age, and they include deposits of the
Crowsnest field in the southeastern part and
the Peace River field in the northeast. Six
beds (Nos. 3, 4, 9, 10, A, and B) sampled in
the Crowsnest field and beds 4 and 5 in the
Upper Elk River field belong to the Kootenay
formation. The unknown bed sampled in the
Peace River field was reported to be part of the
Dunlevy formation. Graham Island, which is
the most northerly of the Queen Charlotte
Islands, has small deposits of both Upper
Cretaceous and Tertiary coals. The sample
received for this investigation was Upper
Cretaceous.

The coal beds of Pierce County, Wash., lie
in the Puget formation, which is of Eocene age.?*
Regional metamorphism, as in other coking-
coal areas of the State, has been responsible
for the changes in rank and properties. The
beds in Pierce County are generally sharply
tilted; some are extremely folded and faulted,
and in certain local instances are intruded by
igneous masses. The coking properties, how-
ever, are due to the major structural forces
and not to igneous action.

8 Willis, Bailey, Report on the Coal Fields of Washington Territory:
Tenth Census of the United States, vol. 15, 1886, pp. 759-77L.

9 Daniels, Joseph, The Coal Tields of Plerce County: Washington
Geol. Survey Bull, 10, 1915, p, 29.
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DESCRIPTION AND PROPERTIES OF COALS

DESCRIPTION AND SOURCE OF SAMPLES

Table 18 gives the source of the coal samples

and the composition of the various blends. ~All
coals and blends were numbered, and these
numbers were used instead of the bed or mine
name in all other tables, Table 18 is so con-
structed that it may be unfolded and used to
identify the coals or blends of the other tables.

MATANUSKA FIELD, ALASKA

Two coal beds were sampled in the Mat-
anuska Valley, Alaska, during the latter part
of May 1949. They were shipped June 1 and
were received in Pittsburgh June 30, 1949.

No. 3-bed coal (385) was sampled at the
Evan-Jones mine at Jonesville, in Lower Mat-
anuska Valley. One full shovel of run-of-mine
coal taken from each mine car prior to dumping
made up the sample. Although the carbonizing
sample, which was raw coal, contained 21.3
percent ash, the washed coal was reported to
contain only 10 to 12 percent ash. At one
point in the mine,”® where the bed was 97
inches thick, the coal thickness was 85 inches.

The M bed (386) was sampled at the
Chickaloon mine in the Upper Matanuska
Valley. Here the bed, including 5 inches of
black shale, was 5 feet 10.8 inches thick,
According to the Federal Geological Survey,!
this coal bed may be M ér N. :

VANCOUVER ISLAND, BRITISH COLUMBIA

Samples of No. 2-bed coal from two mines in
Vancouver Island, B. C., were included in this
investigation, Both samples were run-of-mine
coal washed at 1.60-1.65 gravity. They were
talkken June 4, 1949, and received June 24, 1949,

Sample 388 represented the No. 2 bed at No.
8 mine, Cumberland, Comox coal area. At
this point the bed dip was northeast 7° to 9°,
and the strike was N. 20° W. Twenty-four
percent of the sample was rejected in washing.

Sample 389 represented the No. 2 bed at the
T’ Sable River mine, Union Bay, T Sable River
coal area. The dip was 7° to 9° northeast,
and the strike was N. 20° W. Twenty-eight
percent of the sample was rejected in washing.
At this mine, 90 to 100 percent of the coal is
washed.

10 Seo footnote 5,
1t See footnote 6, plate 14,
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SOUTHEASTERN DISTRICT, BRITISH COLUMBIA

Fight samples representing seven coal beds
in the southeastern British Columbia coal dis-
trict were included in this investigation.

In the Crowsnest area, four Itk River col-
liery mines near Fernie, Crowsnest Pass district,
were sampled July 4, 1949. Kach ‘of these
samples, representing fullseam mining, was
taken from belt conveyors; 100 cross-sectional
cuts were taken from 40 tons. They were
received August 11, 1949. No. 9 bed (390)
was sampled at No. 9 mine; No. 10 bed (391)
was sampled at No. 1 Fast mine; No. 3 bed
(392) was sampled at No. 3 mine; and No. 4
bed (393) was sampled at No. 4 mine, In
this locality the beds dip 12° to 23° southeast
and the strike is N. 60° E.

Two additional samples (394 and 395) from
the Crowsnest area, representing the Michel
mine at Michel, represent raw coal from the
“A” and “B” beds, respectively. Both beds
were sampled from conveyor belts July 6, 1949,
In this mine, the beds dip 5° to 30°; the strike
is variable, because the mine is in a synclinal
basin. At the time the sample was taken, 42
percent of the mine’s output was coked, using
228 bechive and 36 Curran-Knowles ovens,
These samples were received August 17, 1949,

Two samples were taken in the Upper Elk
River coal area at the Aldridge Creek prospect
mine, which is 48 miles north of Natal. Chan-
nels were cut from the face of each bed at points
more than 100 feet from the portal in order to
obtain fresh coal, The opening is about 4,300
feet above sea level. The dip is 37° southwest,
and the strike is N. 18° W, This prospect is
In an area containing a contiguous reserve esti-
mated at 126 million tons. The No. 5 bed (401)
represented the entire thickness of the bed, 8
feet 2 inches, and included 4 inches of clay.
The No. 4 bed (402) was 10 feet thick, and no
part was excluded, although four bands of
gumbo totaled 2 inches. The samples were
taken July 31 and August 2, 1949, and were
received September 12,1049,

NORTHEASTERN DISTRICT, BRITISH COLUMBIA

One sample (399) was taken from an unnamed
bed in the Peace River coal area at an outerop
apout 52 miles northwest of Hudson Hope. In
this prospect, the exposure was cut by a water-
fall; a channel was cut from the face after blast-
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ing 5ifeet from the exposed coal. The bed was
4 feet, 3 inches thick; a 2}-inch parting of car-
bonaceous shale and 4 inches of underclay were
excluded from the sample. The dip was 4°
northeast and the strike was N. 10° W, The
opening was approximately 4,750 feet above
sea level. The sample was taken August 13,
1949, and received September 26, 1949,

GRAHAM ISLAND, BRITISH COLUMBIA

An unnamed bed (400) was sampled at the
Robertson mine, Camp Robertson, which is 11
miles northwest of Queen Charlotte City, Gra-
ham Island, Queen Charlotte Islands. This
mine had been closed since 1916 and the sample
was dug from an old dump-—presumably the
coal was weathered. The sample was taken
August 28, 1949, and received October 10, 1949,

WASHINGTON

Samples of three Waghington coal beds fur-
nished by the Northwest Improvement Co.
were tested. The No. 5-bed coal (398) repre-
sented washed coal from the Roslyn No. 3 mine
in Kittitas County. Beds 3 and 2 (446 and 447)
were sampled at the Wilkeson mine, Wilkeson,
Pierce County, and were floated at 1.50 specific
gravity by the Northwest Experiment Station,
Seattle, Wash., to simulate washing. These
two samples were taken at the outerop of beds 2
and 3 and hence may have been oxidized to
some extent. Results of BM—-AGA tests of
No. 2- and No. 5-bed coals made in 1941 were
reported in Technical Paper 649, Carbonizing
Properties and Petrographic Composition of
Neo. 2-Bed Coal from Bartoy Mine and No. 5-
Bed Coal from Wilkeson-Miller Mine, Wilkeson,
Pierce County, Wash., by J. D, Davis, D. A.
Reynolds, G. C. Sprunk, C. R. Holmes, and J.
T. McCartney, 1942, 46 pp.

LOWER SUNNYSIDE BED, UTAH

Lower Sunnyside-bed coal (423) from the
Geneva mine, Horse Canyon, Emery County,
Utah, was sampled at the coke plant of the
Geneva Steel Co.  The sample, weighing about
2 tons, was received February 14, 1050,

OKLAHOMA BLENDING COAL

The low-volatile Oklahoma (424) that was
being blended with Lower Sunnyside commer-
cially was sampled at the coke plant. The
exact source of this coal is unknown.

WEST VIRGINIA BLENDING COAL

The West Virginia low-volatile blending coal
(75) was obtained from the Pocahontas No. 3
bed, Carswell mine, Kimball, McDowell Coun-
ty, W. Va. This coal is used extensively in the
coking industry.

PITCH

Most of the blends contained 3 percent pitch,
which was derived from coal tar., Its melting
point was 137° C.

All coal samples were shipped in steel drums
with closely fitting covers. The shipments
arrived in excellent condition; apparently none
deteriorated during the interim between sam-
pling and delivery in Pittsburgh.

CHEMICAL ANALYSES OF COALS

Table 1 gives chemical analyses of the coals
on the as-carbonized basis, heating values, sof-
tening temperatures of ash, sulfur forms, frec-
swelling indexes, agglutinating values, and real
specific gravities.

No. 3-bed Alaska coal (385) contained 5.1
percent moisture, 36.8 percent volatile matter,
21.3 percent ash as carbonized, and 51.5 per-
cent fixed carbon on the dry, mineral-matter-
free basis. The oxygen content (15.0 percent)
was high, The rank, which is not definitely
fixed because the heating value was not deter-
mined, probably is the same as another sample
from this bed and mine that ranked as high-
volatile B bituminous.’* M-bed Alaska coal
(386) contained 2.6 percent moisture, 20.8 per-
cent volatile matter, 63.9 percent fixed carbon,
and 12.7 percent ash. This was a low-oxygen
(5.8 percent), low-sulfur (0.5 percent) coal. It
contained 76.6 percent fixed carbon on the dry,
mineral-matter-free basis; it ranks, therefore,
as medium-volatile bituminous.

Two samples (388 and 389) from the No. 2
bed, Vancouver Island, were of similar compos-
ition. Although both were washed at 1.60 to
1.65 gravity, they contained 11.9 and 14.3 per-
cent ash and 2.1 and 1.8 percent sulfur, respec-
ively. They ranked as high-volatile A bitu-
minous. Softening temperatures of the ashes
were 2,260° and 2,460° ¥. The carbon diox-
ide contents of both samples (1.28 and 1.61 per-
cent) were exceptionally high.

The four i1k River coals (890, 391, 392, 393)
were of similar rank (medium volatile), but they
differed markedly in their proportions of ash.
Ranges in their proximate analysis were: Mois-
ture, 1.3 to 1.6 percent; volatile matter, 18.8 to
25.6 percent; fixed carbon, 55.8 to 63.0 percent;
and ash, 10.1 to 23.8 percent. They contained
only 0.3 or 0.4 percent sulfur, 70 percent or
more of which was organic. Their contents of
drvy, mineral-matter-free fixed carbon ranged
from 72.0 to 77.6 percent. The softening
temperatures of their ashes ranged from 2,340°
to 2,870° F.

12 Bureau of Mines, Analyses of Alaska Coals: Toech. Paper 682, 1946,
114 pp. (See p. 94.)
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' ALASKA
e N . Sulfur forms,
11’11])1;3;,{1 - Proximate, pm_mjiﬂl Ultimate, pcrc—elit (ﬁh' Hosting Softening uég;cg(ggns B
Coal No m?lgfr' Volas| s 1'113;7; galtu?i temper- ggﬂ’ lzf)m
’ fixed |Mois-| tile Fclaxlf’_d Ash (]%%': Car tl.fé'_ Oxy- | Sul- llg)esls, per gggr%lt_‘)‘f Sul- | Py- | Or- | cent ar.
;lelégr?t’ ture nﬁgf bon gen bon gen | O fur eeni_; pound » 7+ | fate | ritic | ganic
385 oo 51. 5| 5. 1|36. 8/36. 8(21. 3| 4. 9|57. 5| 0.9(15. 0] 0. 4| 1.5 oo [EUUUR PENNUNS (SRR USRS N
386, ... 76. 6| 2. 6|20. 8/63. 9{12. 7| 4. 6/75. 1| 1.3] 5.8 .bB| 1.2 .| __...__ |- 2|1, 38
Brrrise ConuMBIA
388 64, 4] 3. 1131. 2i53. 8/11. 9] 5. 0/71. 2] 1. 1] 8 7] 2. 1| 1. 9{12, 820 2,260|....|.___|-._._1L. 281, 37
389 . ___ 65, 5| 3. 2/29. 5{b3. 0/14. 3| 4. 9/69. 1} .7 9. 2| 1. 8| 1. 8(12, 320 2,460 ___|__..|---_|L 61[1. 40
390 .o __ 72. 0| 1. 3i25. 6|63. 0/10. 1| 4. 7|78. 2| 1. 20 5. 4| .4| .4{13, 590 2, 340|0. 01|0. 11|10 29 . 94{1. 35
391 72. 8| 1. 4|24, 3|61. 7|12. 6| 4. 7|75. 8| 1. 2| 5.4} .38 .4[18, 340 2, 420| . 01} . 07| . 27|1. 09|1. 35
392 .. 77. 3 1. 6/18 8/55. 8/23. 8 3. 9/65. 2| .2/ 5 9 .3 .811, 350 2, 870] . 00| . 06] . 28| . 36/1. 49
393 _____ 77.6| 1. 5/19. 5|61. 4{17. 6| 4. 1|71. 0| 1. 1| 5. 8| .4 .6(12, 360 2, 750| . 01| . 06} . 38| . 41|1. 43
394_.. ... 73. 2| 1. 623. 0|58. 0[17. 4] 4. 3|70. 5| 1.3 6.0 .5 .6[12, 320 2, 700| . 01| . 12| . 42| . 90|1. 42
395 72. 3| 1. 4|25. 4163. 5| 9.7 4. 9{77. 8 1.4 5 5 .7 .6[18, 710 2,420 . 01| . 13| . 58| . 72|1. 85
401 ____ 71.4( 3. 2(23. 8{54. '7{18. 8| 4. 4{67. 5| 1.5 7.6/ .7 1.9 ]71, 870 2, 650/ . 00| . 08| . 62/ . 76/1, 42
401 . 74. 6| 3.0(28. 3|65. 9| 7.8 4.8/77.8| 1.4 7.5 .7 1. 818, 620 2, 860| . 01| . 06| . 66| . 23[L. 34
399 . _. 67. 0| 3.1|30.7|61. 3| 4. 9| 5. 1|78. 8| 1.3 9.2 .7 1. 413, 830 2, 730| . 00| , 03| . 71| . 01|1. 33
400 oo 68, 9 2. 0121, 2|38. 637. 3| 3.7[49. 4] .7 8 3| .6 .9 8, 640 2,910+ .01| .20} .43| .73|1. 63
WASHINGTON
398 .. 55. 7| 4. 8(37. 9|46. 2|11. 1] 5. 7|69. 8| 1. 8|11. 2| 0. 4] 3. 3{12, 680| 2, 260 (0. 01|0. 12|0. 23|0. 62(1. 33
446 ___ 63. 3| 3. 8|32. 1/53. 4]10. 7| 5. 5/71. 9| 2.0 9. 5| .4| 2 3|13,020| 2, 9104 . 00| . 04| . 41| . 49(1. 38
447 _ . 65. 0| 2.0|31. 0|55. 3|11. 7| 5.2|73. 2| 2.2 7.3| .4 .2{13, 140 2, 910--] . 00| . 04{ . 40| . 13|1. 34
Lowrr SUNNYSIDE AND BrenpiNg CoALS

423 .. 56. 91 5. 0|38. 5|49, 9| 6. 6| 5. 6/72. 4| 1. 5/13. 1| 0. 8| 1. 8 12, 900 2, 420 |0. 02|0. 27/0. 54{0. 47|1. 34.
424 __ 82. 0| 3. 6|16. 4/69. 7{10. 3| 4. 3|76. 7| 1. 5| 6. 1| 1. 1| 3. 0/13, 340| 2, 260 . 03| . 52} . 55| . 971, 39
£ T 82. 6/ 2. 9116. 4{74. 3| 6. 4| 4. 581, 6| 1.2 5.7 .6 2. 5|14, 220 2, 380 .01 . 14y . 46] . 62|1. 34

1 Analyses made under supervision of R, I, Abernethy, chemist, Bureau of Mines.

Both Michel-mine coals (394 and 395) ranked
as medium-volatile bituminous because they
contained 73.2 and 72.3 percent dry, mineral-
matter-free fixed carbon, Their contents of
moisture (1.6 and 1.4 percent) and sulfur (0.5
and 0.7 percent) were low., The sulfur was
chiefly organic. The A- and B-bed samples
contained 17.4 and 9.7 percent ash, respect-
tively, and the ashes softened at 2,700° and
2,420° I, respectively.,

No. 5 and No. 4 Elk River coals (401 and 402)
sampled from prospects in the Aldridge Creek
district were medium-volatile. They contained
18.3 and 7.8 percent ash, respectively. Both
contained 0.7 percent sulfur, which was largely
organic. Their ashes softened at 2,650° and
2,860° ., respectively.

The sample (399) from a prospect in the
Peace River area ranked as high-volatile A
bituminous, as it contained 67.0 percent fixed
carbon on the dry, mineral-matter-free basis
and had a heating value of 14,630 B. t. u. on the

moist, mineral-matter-free basis. The content
of ash (4.9 percent) was the lowest of any coal
included in this investigation. The ash soft-
tened at 2,730° F. This coal contained 0.7
percent sulfur, which was more than 90 percent
organic. The content of carbon dioxide (0.01
percent) was exceptionally low. .
Robertson-mine coal (400) from Graham
Island contained 68.9 percent dry, mineral-
matter-free fixeéd carbon; therefore, it ranks at
the top of the high-volatile A classification. It
contained 37.3 percent ash; this high proportion
is due, in part at least, to the fact that the
sample wag taken from an old dump. The ash
softened above 2,910-+° . The sulfur (0.9
percent) was chiefly organie. :
The three Washington coals ranked as high-
volatile A bituminous. The sample (398) from
No. 5 bed, Kittitas County, contained 55.7
percent fixed carbon on the dry, mineral-
matter-free basis. It contained 37.9 percent
volatile matter, 11.1 percent ash, and 0.4 per-
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cent ‘sulfur, as carbonized. The sulfur was
chiefly organic. The ash softened at 2,260° I,
No. 3 and No. 2 coals (446 and 447) from
Pierce County contained 63.3 and 65.0 percent
dry, mineral-matter-free fixed carbon, respec-
tively, Their respective contents of volatile
matter and ash were 32.1 and 31.0 percent and
10.7 and 11.7 percent. Their ashes softened
above 2,910° ¥. Each sample contained 0.4
percent sulfur, about 90 percent of which was
organic.

Lower Sunnyside coal contained 56.9 percent
fixed carbon on the dry, mineral-matter-free
basis, and its heating value on the moist, min-
eral-matter-free basis was 13,920 B, t. u. It
ranked, therefore, as high-volatile B bitumi-
nous, although it was very high in that classifica-
tion-—the rank would have been high-volatile A
had the heating value been 80 B. t. u. higher or
as much as 14,000 B. t. u. per pound. The
proximate analysis shows the following percent-
age composition: Moisture, 5.0; volatile matter,
38.5; fixed carbon, 49.9; and ash, 6.6. The ash
softened at 2,420° . The total percentage of
sulfur was 0.8; the percentages of the three forms
were: Sulfate, 0.02; pyritic, 0.27; and organic,
0.54, ‘The composition of this sample was very
gimilar to that of a sample (127) from the same
bed and mine, ¥ which was tested 9 years
previously.

Oklahoma low-volatile coal contained 82.0
percent fixed carbon on the dry, mineral-matter-
free basis. Its percentage composition as
carbonized was: Moisture, 3.6; volatile matter,
16.4; fixed carbon, 69.7; and ash, 10.3. The ash
softened at 2,260° F. This sample contained
1.1 percent sulfur, one-half of which was con-
tained in the organic form.

PLASTIC PROPERTIES

The plastic properties of the 17 coals and 7
blends listed in table 2, the 2 Alaska coals (385
and 386), and the Oklahoma low-volatile blend-
ing coal (424) were determined by the Gieseler *
and Davis methods.® ** The Alaska coals and
the Oklahoma blending coal did not fuse at the
normal rate of heating of 3° C. per minute used
in these test methods,

Of the 12 British Columbia coals, the 2

3 Reynolds, D. A., Davis, J. D., Brewer, R, It,, Ode, W. H,, Wolfson,
D. E., and Birge, G. W., Carbonizing Properties of Western Coals: Bu-
reau of Mines Tech, Paper 692, 1946, 79 pp. Note that this mine is re-
ferred to as ‘“Horse Canyon” in Tech, Paper 692 and “Geneva’” in the
present publication.

1 Brewer, R. L, and Triff, J, E,. Measurement of Plastic Properties
of Bituminous Coals. Comparison of Gieseler and Davis Plastometer
and Agde-Damm Dilatometer Methods: Ind, Eng. Chem,, anal, ed.,
vol. 11, 1939, pp, 242-247,

15 Brewer, R, E., and Atkinson, R, &,, Plasticity of Coal, Its Measure-
ment and Relation to Quality of Coke Produced: Ind, Eng, Chem., anal,
ed,, vol, 8, 1936, pp. 443-449,

 Davis, J. D,, Reynolds, D, A,, Brewer, R, E,, Ode, W. H., Naugle,
B, W., Wolfson, D, I, and Birge, . W., Carbonizing Properties of West
Virginia Coals from the Eagle, No, 2 Gas, Poeahontas No, 3, and Poca~
hontas No. 4 Beds: Bureau of Mines Bull. 493, 1940, 39 pp.

washed, 1.60 to 1.65 specific gravity coals (388
and 389) from Vancouver Island showed well-
defined plastic properties by both test methods.
No. 8-mine coal (388) gave a very high Gieseler
maximum fluidity of 12,500 dial divisions per
minute, as compared with 400 for the T'Sable
River mine coal (389); their corresponding
Davis maximum resistance values were 42 and
62 pound-inches, respectively. The plastic
properties indicate that the latter coal should
make the stronger coke. Of the eight coals{rom
the Southeastern district, No. 9 bed (390), No.
10 bed (391), B bed (395), and No. 5 bed (401)
showed well-defined plastic properties by both
test methods; No. 3 bed (392), A bed (394),
and No. 4 bed, Aldridge Creek prospect (402)
gave low Gieseler maximum fluidity values but
developed no resistance at the normal rate of
heating of 3° C. per minute in the less sensitive
Davis test; Elk River No. 4 (393) showed an
initial softening temperature at 397° C. but
caked and shrank away from the retort wall
in the Gieseler test and developed no resistance
in the Davis test. Hudson Hope (399) and
Graham Island coals (400) showed plastic prop-
erties similar to those of Southeastern district
coals 392, 394, and 402.

No. 5-bed, Roslyn No. 3 mine coal (398) from
the State of Washington showed well-defined
plastic properties by both test methods. Wilk-
eson No. 3- (446) and No. 2-bed coals (447) from
Pierce County shrank so badly in the Gieseler
test that only their initial soltening tempera-

- tures could be determined. Both of these coals

showed good fusion in the Davis tests.

Lower Sunnyside coal (423) gave a low
Gieseler maximum fluidity and developed no
resistance in the less sensitive Davis test. As
expected, the blend (423D) containing 15 per-
cent low-volatile Pocahontas No. 3 coal (75)
and the blend (423F) containing 15 percent low-
volatile Oklahoma coal (424) caked and shrank
in the Gieseler test and did not fuse in the Davis
test. ~ The three blends (4231, 4231, and 423J)
of Lower Sunnyside coal (423) with 8, 10, and
20 percent, respectively, of PocahontasNo.3 coal
(75) showed plastic properties quite similar to
those of the Lower Sunnyside coal. The higher
solidification temperatures of the two latter
blends (4231 and 423J) wers due to the increased
contents of the low-volatile Pocahontas No. 3
coal. The ternary blends (423K and 423L)
containing Willkeson No. 2 and No. 3 coals and
pitch showed plastic properties very similar to
those of Lower Sunnyside coal (423) and of the
blend (423H) containing 92 percent of this coal.

Pocahontas No. 3 coal (75) showed the char-
acteristic plastic properties of a high-ranking,
low-volatile coal. :

Figures 1 and 2 show significant differences
in plasticity that characterize three of the coals.
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Tasre 2.—Plastic properties of coal

Brimisu COLUMBIA

Initial sof Tusion temperature Maximum fluidity Solidification
l;(?rih% tsé)m- Giosclor blash tv [ Davis plastomet ]l)avis
p(}.l'ﬂ; ure, GHeseler . ICS(’: er plas Ol:n(’A er, Davis plastometer . X avis plas 'Om(} 91', p astom-
Crioseler eselel | Dayis plas- : por [ 107 tometer, | Gegel i resist-"|  eter
Coal No. pé%slg(irong)};lb Ig)xli‘ﬂfﬁt%né?;ﬁl lﬁﬁéﬁi}f max&%glmggén ' minimum resistance 1)111%91}3%(%%;:’ max II;%I& resis 12; i%g
di\giijion, pg}‘;gllggi o) doge(l}ops, — . ] dial %p%va- oongs,
: °C. : °q, P °C. | Lbn, [We0% "5 o g, | Thin, :
388 - 3566 403 400 | 435 | 12, 500 [438-455 0.3 485 479 | 42. 0 491
889 362 417 430 439 400 [ I 483 481 | 62. 0 5038
390 . . 381 432 419 466 210 (T 490 491 | 85. 5 511
10 1 U 381 436 445 461 195 (G T A 497 499 | 81. 5 517
392 . 406 2 433 ® 499 0.9 (N 480 (€ T PR )]
893 11T 397 | (9 O @ | O — o o |70
B394 392 446 ®) 469 11,0 (T 493 € T I ®
395 o 374 431 446 481 415 O N P 512 493 | 88.5 513
401 L 371 438 450 466 16. 5 [ T 489 498 | 84. 0 522
402 393 2 415 ® 463 4.5 [C) N 487 €T ®
399 o 385 2410 (®) 441 5.0 (N 464 (€T ®
400 e 378 2418 ®) 448 2.0 (C J N P 470 (G 7 P ®)
W ASHINGTON ’
398 e 362 413 410 441 105 [430-445 3.8 468 462 | 10.0 480
446 . 343 ® 417 [ 437-450 .b O] 471 | 12,5 497
447 344 ® 419 O T P 436—4.50 .5 Q) 468 | 11. 5 497
Lownr SunnysIiDE AND BLENDS
428 e 347 2 401 ®) 426 2.0 [ TR P 450 (€3 T ®
423D JTITTTITTI 353 [ (1) I — 1O () O ®
423Y . 347 )y ¢ [(© J U (€5 T P Q! [ T ®
423F 5 _ . 344 2 399 ) 428 2.0 (G IR 450 () J-____ ®
42816 357 2 404 éa) 429 1.9 (T 466 (€ T ®
4285 . o _ 342 ? 404 8) 428 2.0 (€2 TR 467 (€ T P 3)
428 K5 343 2 403 ® 429 2.0 (G N P 459 (G I %)
428 L0 ol 345 2 401 429 1.9 [C) T 458 (C T — ®)
Brenpine CoaL
s T 432 452 ®) 483 1.9 (G T P 509 (O 7 P— ®)

1 Rising curve.

2 Taken at 0.5 dial division per minute,

3 No fusion at normal rate of heating of 3° €. per minute,

4 Charge caked and shrank away from the wall of the retort.

5 Coal stored 4 months,
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TFigurn 1.—Plastic Properties of Elk River No. 9-Bed
British Columbia Coal (890), No. 5-Bed Washing-
ton Coal (398), and Lower Sunnyside-Bed Utah
Coal (423) Determined by the Gieseler Method.

FREE-SWELLING INDEX AND
AGGLUTINATING VALUE

Table 3 gives results of the free-swelling and
agglutinating-value tests of the coals tested from
British Columbia, Utah, and Washington.

The free-swelling test ' consists essentially
in heating 1 gram of pulverized coal in a silica
crucible under prescribed conditions to form a
coke button, which is compared in size and shape
with a series of standard profiles numbered in
half units from 1 to 9. The number of the
standard profile with which the maximum cross-
sectional area of the button mostly nearly cor-
responds is recorded as the swelling index. The
test has been found to be useful as an indica-

7 Amerlean Soclety for Testing Materials, Standard Method of Test
or T'ree-Swelling Index of Coal: A, 8. T, M. Designation D 720-46.
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Frgure 2.—Plastic Properties of Flk River No. 9-Bed
British Columbia Coal (8390) and No, 5-Bed Washing-
ton Coal (398) Determined by the Davis Method.

tion of coking characteristics, particularly on
fuel beds; it is not recommended as a method for
determining expansion of coal in coke ovens. It
has been reported ® that coals with swelling
indexes of 1 to 4 would, in general, be unsuitable
for use alone for coke making.

Briefly, the test procedure for determination
of agglutinating values by the Bureau of Mines
method  consists of mixing 1.250 grams of
finely ground coal with 18.750 grams of sized
silicon carbide (silicon carbide: coal ratio of

18 Mott, R. A., Laborajory Assays for the Selection of Coking Coals,
Glas World, vol. 130, Aug. 6, 1949, Cok. Sec. (supp.), PD. 7-15,

1 American Society for Testing Materials, Proposed Method of Test for
Agglutinating Value of Coal: A, 8, T\ M, Standards on Coal and Coke:
October 1949, pp. 726-729.
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TABLL 3.—Pree-swelling indexes and agglutinat-
ing values
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1 Agglutinating values determined by W. H. Frederic and W, H. Ode,
chemists, Bureau of Mines.

15: 1), compressing the mixture in a cylindrical
crumble and carbonizing for 20 minutes at
950° C. The resulting carbonized button is
crushed in a compression testing machine, and
the crushing strength, expressed in klloglams
is taken as the agglutinating value. The value
obtained is an approximate measure of the
quantity and quality of the fusible material in
coal, which becomes plastic on heating in the
absence of air. This property of agglutination
is necessary for coals used for coke manufacture.

The free-swelling indexes of eight of the coals
from British Columbia were 7% or more, and the
agglutinating values at the 15:1 ratio, 6.2
kilograms or more. T'wo coals from the Upper
Elk River Valley (392 and 393), one from near
Hudson Hope (399), and one from Graham
Island (400) had free-swelling indexes ranging
from 1 to 4 and agglutinating values from 1.5 to
2.6 kilograms,

The free-swelling indexes of the Washington
coals (398, 446, and 447) ranged from 4% to 8%,
and the ‘nglutmahlng values from 6.3 to 7.7
kilograms,

The free-swelling index of the Horse Canyon
coal (423) from Carbon County, Utah, was 4%,
The low agglutinating value of 2.1 kllogmms
for this coaig may have been due to oxidation
of the coal before testing, Another sample of
coal previously examined from this mine had an
agglutinating value of 4.2 kilograms.
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The Alaska, British Columbia, and Washing-
ton coals were carbonized singly to determine
their coke-making properties and yields of
carbonization products. Three of the British
Columbia and two Washington coals were
blended with Lower Sunnyside, Utah, coal,
which was also carbonized singly and as blends
with low-volatile Oklahoma and West Virginia
coals. Three percent pitch was added to most
of the blends, as this is the practice at one com-
mercial plant coking Lower Sunnyside coal.
These tests were made at 900° C. in the 13-inch
BM-AGA retort. This retort was used instead
of the larger 18-inch retort because Lower
Sunnyside coal cokes more strongly at the faster
heating rate attained in the 13-inch size.

Lower Sunnyside coal and its blends with
Elk River No. 1 from British Columbia and
Oklahoma low-volatile coal also were carbon-
ized in the 500-pound slot oven.

PREPARATION OF SAMPLES

All coals were prepared for carbonization by
crushing in the hammer mill.  Sieve analyses of
the crushed samples are shown in table 4.
Seven British Columbia coals (390, 391, 392,
393, 394, 395, 401, and 402) and the Oklahoma,
blending coal (424) were considered rather fri-
able, because less than 10 percent of each was
larger than 8-mesh size. British Columbia
coals from the Peace River district (399) and
Graham Island (400), two Washington coals
(398 and 446), and Lower Sunnyside coal (423)
were less friable, for they contained more than
10 percent of the plus-8-mesh size. The
crushed sample of A-bed, Michel-mine coal
(394) contained an exceptionally high propor-
tion (13.9 percent) of minus-200-mesh size.

The blends were mixed mechanically in an
International dry blender, which has a capacity
of 500 pounds per batch. Tests of this blender
have demonstrated that adequate mixing is
obtained in 6 minutes.

CHARGE DENSITY, CARBONIZING TIME,
AND RATE OF CARBONIZATION

Table 5 gives the charge densitics, length of
carbonization tests, and rates of carbonization.

The charge densities were computed on the
volume of the actual charge instead of the total
volume of the retort. They ranged from 49.2
to 68.6 pounds per cubic foot. This unusu-
ally wide range is accounted for by large varia-
tions in the ash content of the samples, which
ranged from 4.9 to 37.3 percent. Most of the
blends were charged at densities exceeding that
of 100 percent Lower Sunnyside coal (51.8
pounds per cubic foot). The addition of 3 per-
cent pitch (423E) increased the density of the
Lower Sunnyside charge from 51.8 to 53.3
pounds per cubic foot but did not alter that of
the Oklahoma-Sunnyside blends (423F and
423G). Charge densities of Lower Sunnyside
coal and two blends were appreciably lower
when tested in the slot oven.

The carbonizing times for the single coals
ranged from 6.6 to 9.7 hours. The two coals
having the maximum carbonizing times (8.3
and 9.7 hours) yielded weak, poorly fused coke.
The blends carbonized in 7.3 to 8.0 hours.
Most blends required less time to coke in BM-—
AGA tests, and the tests of both blends (423B
and 423G) carbonized in the slot oven were

"~ shorter than the test of 100 percent Lower

Sunnyside coal.

TaBLEm 4.—Sieve analysis of coals, as-carbonized basis, percent
) )

Coal No.
Size —
388 | 389 | 390 | 801 | 892 | 303 | 394 | 305 | 401 | 402 | 390 | 400 | 398 | 446 | 447 | 423 | 424
On 4-mesh__ . 0.9/ 1.1/ 0.4/ 0.3 0.6/ 0.6/ 0.4 0.4 0.4 0.5/ 1.3/ 1.5/ 0.8 0.6/ 0.8 0.9 0.5
Through 4~ on 8-mesh......._ 11.6/12. 4| 7. 8| 5. 4| 8. 6| 7. 6| 4.9 5.7 6. 2| 8 9/19. 2|16. 1|15, 0|10. 7| 9. 9|13. 3| 6. 2
Through 8- on 14~mesh_____ 27. 1/27. 028. 0[17. 1119. 4{20. 7|15. 0/20. 8/19. 6/23. 7|31. 6(29. 6/30. 1|27. 8|28, 331. 0;20. 8
Through 14~ on 35-mesh..___|33. 8/32. 8|36. 2|34. 8|33. 7|34. 7|31. 8|36. 6/38. 2|36. 7|29. 1]31. 1|31, 2 34. 5|36. 3|32. 7/36. 6
Through 35- on 80-mesh____|13. 1/18. 5{12. 2(20. 4/18. 1|17, 7|19. 6/18. 0[18. 0[15. 5{10. 2|11. 413, 214, 7|14, 7|11, '7|17. 4
Through 80- on 150-mesh___| 5. 6| 5. 5{11. 2| 9. 4/ 8. 2| 7. 4/]10. 4| 7. 3| 7. 9| 6. 4| 3.8 4. 5| 5 6| 5. 4 4.9 4.8/ 7.2
Through 150- on 200-mesh._| 1. 9| 1.8/ 2.4 3.8/ 2.8 2.7 4.0/ 2.7| 2.5/ 2. 1| .7 L7 L4 2 4 2.1 1.7 8.0
Through 200-mesh..________ 6.0/ 5.9/ 6.8 9.3 86| 86/13.9 85| 7.2 6.2 41| 41/ 2.7 8.9 3.0 44 83
1 Tyler standard sioves.
11

961671—52——3
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TanLe 5.—Charge density, carbonizing time, and
‘ rate of carbonizination

ALASKA
Charge g . Carboniz-
Average | qonsity, ?ﬁ“ t;%]zg ing rate,

Coal No. (htl(;gtL,Kl)llz'.Of 1b. ’}i' o 1 b, gper h;'. l]?mps% l}t

388 e 9.7 56, 4 10. 8 1. 59
38BA . 8. 4 517 11. 3 1. 66
386, o 80 51.9 12. 4 1. 82

Bririsa CoLUMBIA
888 6.7 49. 4 13. 4 1. 97
389 . 7.0 51,1 13. 2 1. 94
890 6. 8 54, 2 14. 1 2. 07
891 o 7.3 52. 8 12. 8 1. 88
802 o 8.0 59. 9 13. 4 1. 97
808 7.3 b7. 6 14. 0 2. 06
394 .. 7.5 56. 8 | ~12.9 1. 89
398 7. 4 55,1 13.3 | 1. 95
400 7. 4 55. 1 18. 7 2. 01
402 . 7.0 52. 5 13. 7 2. 01
899 .. 6. 6 51. 4 14. 4. 2. 11
400 8.3 68. 6 13. 8 2. 03
WASHINGTON
308, e 7.3 49, 2. 12. 7 1. 86
446 . 6.9 46. 7 12. 8 1. 88
447 . 7.4 49,4 12. 7 1. 86
Lownr SUNNYSIDE AND BLENDS

423 .. 8.0 51. 8 12. 1 1. 78
49231 . 14. 5 46, 9 34. 2 1. 95
423A ... 7.7 53. 0 13. 0 1. 91
423B. ... 7.9 54. 0 12. 8 1. 88
423B 1 __ .. ___ 13. 4 48. 9 38. 5 2. 20
423C_ . ___ 7.7 53. 2 12. 9 1. 89
428D ___ . ___ 7.8 52, 2 12. 5 1. 84
4280 . ___ 80 53. 3 12, 4 1, 82
423F . __ 8.0 54, 2 12. 8 1. 88
428G . 7.8 54, 2 13. 3 1. 95
423G __ 13. 0 48. 2 39. 1 2. 23
423H 2 ___ . __ 7.9 51, 6 12. 3 1. 81
423812 __ ... 7.7 50, 8 12. 6 1. 85
423J 2 ... 7.6 50. 3 12, 3 1. 81
428K 2 .. 7.3 47. 9 12. 8 1. 88
423L 2 . _..__ 7.7 51. 0 12. 6 1. 85

1 Slot-oven tests,
2 Coal stored 4 months.

The rates of carbonization ranged from 10.8
pounds per hour for the weakly coking Alaska
coal (385) to 14.4 pounds per hour for the low-
ash, high-volatile A coking coal (399) from the
Hudson Hope field in British Columbia. Ap-
parently, the carbonizing rate and ash content
are not closely related, because several samples
containing rather high proportions of ash
coked at about the same rates as samples con-
tamning moderate proportions of ash.  TFor ex-

ample, coals 390, 393, 400, and 402, containing
10.1, 17.6, 37.3, and 7.8 percent ash, respec-
tively, coked at rates of 14.1, 14.0, 13.8, and
13.7 pounds per hour, respectively. On this
basis, the rates of carbonization in the slot oven
were about three times the rates in 13-inch
BM-AGA retorts. Table 5 also gives the car-
bonizing rates calculated on the basis of pounds
per hour per square foot of (wall) heating sur-
face. A comparison, on this basis, of the rates
obtained in the BM—AGA retort and slot oven
shows that the latter was only about 10 to 20
percent higher.

UNITS OF MEASUREMENT AND METHOD
OF STATING RESULTS

United States gallons (231 cubic inches) and
short tons (2,000 pounds) are used thoughout
this report, '

The yields of carbonization products are
based upon coal as carbonized.

Coke—The yield is given as dry coke in per-
centage of coal as carbonized.

Gas.—Yield, specific gravity, and gross heat-
ing value of the gas are reported as stripped of
light oil and saturated with water vapor at 60°
. and under a pressure of 30 inches of mercury.
Specific gravities were determined. In all cal-
culated heating values, 1,583 B. t. u. per cubic
foot was used as the gross heating value of
illuminants. The composition by volume is
given on ‘the dry basis. Gas data given on a
“stripped”’ basis may be converted to the “un-
stripped”” basis with approximate accuracy by
use of the following figures: 1 gallon of light oil
weighs 7.3 pounds, and its vapor occupies 35
cubic feet when saturated with water vapor at
60° F. and under a pressure of 30 inches of mer-
cury. The heating value of light. oil is estima-
ted at 17,600 B. t. u. per pound.

Tar.—The yield is given as dry tar in per-
centage of coal as carbonized. It does not in-
clude the light oil stripped from the gas but does
include the light oil that condenses with the tar.
The specific gravity is determined at 15.6° C,,
compared to water at the same temperature.

Iaght 0il.—The yield is given as dry light oil
in percentage of coal as carbonized. Unless
otherwise stated, the term “light oil” refers to
the crude product stripped from the gas.

Ammonia.—The percentage yield of ammonia
by weight refers to free NH; stripped from the
gas with acid solution and does not include the
ammonis in the liquor. The yield of ammon-
ium sulfate is given in pounds per ton of coal as
carbonized and includes total free and fixed
ammonia.

Liguor.—The liquor includes the fixed ammo-
nia and dry, free ammonia absorbed by it.
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YIELDS OF CARBONIZATION PRODUCTS

The yields of coke, gas, tar, ammonia, light
oil, and liquor are given in table 6. Excepting
liquor, these yields are shown graphically for
the single coals in figures 3 and 4. Yields from
the blends are not shown graphically, because
all blends contained no less than 82 percent
Lower Sunnyside coal, and their yields of car-
bonization products were similar,
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Fraure 4.—Yields of Coke and Gas From Single Coals.

Yields of carbonization products from No. 3-
bed coal (385) in the Lower Matanuska Valley
and M-bed coal in the Upper Matanuska Valley,
Alaska, differed markedly, reflecting differences
in rank and composition of these two coals.
No. 3 coal ranked as high-volatile B bituminous
and contained 21.3 percent ash, whereas M-bed
coal ranked high in the medium-volatile classifi-
cation and contained 12.7 percent ash. No. 3

coal yielded 63.2 percent coke containing 88.3
percent ash and 18.9 percent gas containing 7.5
percent carbon dioxide. M-bed coal yielded 78.2
percent coke containing 17.1 percent ash. The
yields of gas, tar, light oil, and ammonium, sul-
fate from this coal were low but normal for high-
ash medium-~volatile coal. The blend (385A)
of these two Alaska coals yielded intermediate
percentages of products,

The yields from British Columbia coals varied
markedly, as anticipated, because differences in
the purity and rank of these coals were rela-
tively large. Ranges in the yields were as
follows: Coke, 69.5 to 82.3 percent; and, on the
basis of per ton of coal, gas, 7,300 to 10,400
cubic feet; tar, 4.1 to 10.5 gallons; light oil in
gas, 1.52 to 3.42 gallons; and ammonium sulfate,
14.4 to 28.4 pounds. These ranges would be
narrowed appreciably by calculating the yields
to the moisture- and ash-free basis. For
example, the yields on the ash-carbonized and
moisture- and ash-free bases from Graham
Island coal (400), which contained the maxi-
mum proportion of ash (37.3 percent), were,
respectively: Coke, 78.7 and 69.3 percent; gas,
7,300 and 12,200 cubic feet; tar, 4.9 and 8.2 gal-
lons; light oil in gas, 1.68 and 2.81 gallons; and
ammonium sulfate, 14.4 and 24.1 pounds. Both
No. 2-bed coals from Vancouver Island (388 and
389) yielded appreciably less coke and more
gas (percentage basis) than the eight samples
representing the Southeastern district. One
of these (388) gave maximum yields of tar
and light oil. The yield of ammonium sulfate
(28.4 pounds per ton) from Klk River No. 4
coal (402), which was the maximum for this
group, was surprisingly high,’ considering the
medium-volatile rank of this coal.

Yields from the three Washington coals were
dissimilar. No. 5 (398), which ranked lower in
the high-volatile A group than the other two
coals, gave a low yield (63.2 percent) of coke
and a high yield (17.5 percent) of gas. No. 3
and No. 2 coals yielded 69.4 and 71.2 percent
coke, respectively, and 15.4 and 14.9 percent
gas, respectively. The yields of gas from the
three coals differed less when computed to the
volume basis—they were 10,500, 10,450, and
10,400 cubic feet. All three of these coals
yielded relatively large amounts of ammonium
sulfate. The yields of ammonium sulfate
ranged from 34.6 to 36.3 pounds per ton,
%ese yields were high, but previous investiga-
ttons have shown that Washington coals
generally yield more ammonia than coals from
other parts of the United States.™

Lower Sunnyside coal (423) was carbonized
soon after its receipt and again after 4 months’

20 Reynolds, D. A., and Wolfson, D, I., Coal Carbonization: Ammoni-
um Sulfate Yields from Coals of Various Regions of the United Stateg:*
Bureau of Mines Rept. of Investigations 4526, 1949, 15 pp.
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|
i
f‘, TaABLE 6.—Yields of carbonization products, as-carbonized basts

Yields, percent by weight of coal !

Yields per ton of coal 1

Light oil, gal.
Coal No. . Tree Gas '

m, Light : e 4 Tar, NH,)2804,

Coke Gas Tar :)Firl t n?(l)gu Liquor Total cf%gto gallons Tar to ( po&)rfds 4

Ingas | 1700 G,
888 o 63.2 | 18. 9 4,5 | 1.11 |0. 142 9.8 | 97.7 | 10,000 9.4 38.03 | 0.46 21. 6
88BA .. 68.1 | 17.2 3.9 100 |.134 7.8 | 98.1 | 10, 250 811|278 .32 18.2
386 . 78.2 | 13.0 2.6 .60 | . 164 4.0 ) 98.6 | 10, 100 5.5 | 1. 65 .77 16. 1
Bririsa Cornumsra
888 o 69.5 | 15,0 5.6 | 1.25 |0. 169 7.1 98. 6 9,800 | 10.4 | 3.42 | 0.43 19. 3
389 . 7.2 | 14. 7 4,4 | 1.07 |.131 6.6 | 98. 1 9, 550 7.0 291 . 30 15. 8
890, . 76,7 | 13. 4 3.9 .78 | 192 3.7 | 98.7 | 10, 350 8.2 2 17 .29 18. 3
891 . 76.9 | 14.0 3.7 LT 1TT 3.7 1 99.3 | 10, 400 7.5 212 .17 16. 9
892 o 82.3 | 10. 6 2.0 .55 | . 159 3.4199.0 8, 850 4.1 | 1. 52 . 06 15. 8
8308 . o 81.5 1 10.9 2.2 .59 | . 182 3.5 989 9, 300 4.5 | 1. 59 .06 17. 5
304 . 78,5 1 12,3 3.0 70| L 174 4.1 ] 98. 8 9, 550 6.2 1. 90 .14 17. 7
8305 . 76.3 | 12. 9 4.4 .74 L 198 4.1 | 98.6 | 10, 150 9.0 2. 04 .28 20. 4
401 - . 76.2 | 12. 0 3.8 .71 . 211 6.0 | 98 9 9, 060 7.9 1 96 .23 24,7
402 . 76.7 | 12.0 | 3.5 .75 | 278 5.8 199.0 9, 800 7.3 2 08 .19 28, 4
399 . o 70.9 | 15.0 5.1 | 1.07 | .184 6.9 99.2 10,400 | 10. 5 | 2. 93 .43 23. 6
400 78.7 | 10. 6 2.4 .61 | . 120 5,7 ] 981 7, 300 4.9 | 1. 68 .13 14. 4
W ASHINGTON
308 . 63.2 | 17. 5 7.2 | 1.25 |0. 277 83 97.7| 10,500 | 14.6 | 8. 45 | 0. 52 34. 6
446 69, 4 | 15. 4 6.3 | 1.20 | ,322 7.2 1 99.8| 10,450 | 12,7 | 3. 32 .72 36. 3
447 . 71,2 | 14. 9 5.9 1.13 | . 345 5.2 | 98.7 | 10,400 | 12.0 | 3. 11 . b4 36. 0
LownR SUNNYSIDE AND BLENDS

498 . 61.7 | 180 7.0 | 1.18 0. 107 9.8 | 97.8 | 10,400 | 14.5 | 3.23 | 0. 89 24, 1
4982 o ___ 61.9 | 18,2 6.1 {112 .195 | 10.5 | 98,0 | 10,800 | 12.6 | 8. 07 |..... . 29, 4
4288 61.8 | 21. 1 4.9 | 088 | 10.5 | 98.4 | 11,050 | 10.1 |____..| .72 25.0
428A o 64.5 | 16. 6 6.1 1.167].114 ; 10.2 | 98.7 | 10,150 | 12.6 | 8. 18 .72 26. 3
49288 64,6 | 16.7 6.5 | 1.14 | . 109 9.2 1983 10,200 | 138.5 | 8. 11 .70 23. 6
493B 8 o 64.6 | 19. 1 5.8 |..o___ . 096 9.3 98.4| 10,800 | 11.0 |._..__ .87 23. 5
423C 64.4 | 17.0 6. 5 .99 1.093 1 10.2 | 99.2 | 10,250 | 13.6 | 2. 70 . 86 24. 2
428D . .| 64.7 | 16. 9 6.1 ] 103 ]|.095 9.7 19851 10,300 | 12. 5 | 2. 82 .76 24, 0
428D 2. . __ 65.3 | 16. 4 5,3 1.06|.214 | -89 |97.2| 10,700 { 10.9 | 2,90 |...___ 28. 2
4288 . 62.6 | 17.6 7.2 107].101 9.9 98.5 | 10,300 | 14.9 | 2. 92 . 82 23. 8
428F_ . 64.7 | 17. 1 5. 4 .95 | . 151 9.8 |98 1| 10,400 | 11.3 | 2. 61 . 64 28, 6
423G . 65,1 | 16. 4 6. 1 .91 | . 116 9.11]97.71 10,150 | 12. 4 | 2. 50 .73 24, 8
428G 8 . 64,9 | 18. 8 4.6 .92 | . 079 9,9 | 99.2 ] 10,750 9.5 | 2 562 . 64 22. 7
498H 2. 63.4 | 18. 0 5,7 | 1,12 | .174 | 10.2 | 98. 6 | 10,900 | 11.8 | 8. 07 ., b8 26. 8
42312 64.3 | 17. 3 5.4 | 1.05 | . 205 9.6 97.9| 10,800 | 11. 1 |2 88 . 50 28. 7
4928 2 66,1 | 16.8 | 5 1| 1.10 | .203 9.0 | 98.3 | 10,800 ; 10.5 | 3. 02 .45 26, 8
428K 2 .. 63.2 | 17.5 6.3 1.19 | .213 0.6 198 0| 10,750 | 12.8 | 3.26 . 69 29, 0
49281, 2. ... 63.7 | 17. 4 6.4 (1,09 |.217 9.4 1982 | 10,500 | 13.0 | 2. 98 . 61 28. 8

1 Coke, tar, ammonia, and light oil are reported moisture-free; gas is reported as stripped of light oil and saturated with water vapor at 60° I, and
under & pressure equivalent to 30 inches of mercury.

2 Coal stored 4 months,
3 Slot-oven tests,



storage. Apparently the sample oxidized dur-
ing storage, because the yield of tar decreased
from’ 14.5 to 12.6 gallons per ton and that of
ammonium sulfate increased from 24.1 to 29.4
pounds per ton. Both changes indicate mild
oxidation.® A sample (127) of Lower Sunny-
side from the same mine, which was carbonized
8 years previously (1942),* gave yields of all
products except ammonium sulfate similar to
those of the stored sample; the yield of ammo-
nium sulfate from the first sample was 24.4
pounds per ton. A comparison of the yields
from the BM—-AGA. retort and slot oven shows
that more gas and less tar were obtained from
the latter; these differences are attributed
to greater cracking of volatile products in the
slot oven. The addition of 3 percent pitch to
Lower Sunnyside coal probably did not change
the yields significantly; table 6 indicates that
this blend yielded 0.9 percent more coke and 0.2
percent more tar; but these differences are
inconclusive, because the total yield (97.8
percent) for the coal was 0.7 percent lower than
that for the blend.

The 82:15:3 blends of Lower Sunnyside and
three British Columbia coals yielded 64.4 to
64.6 percent coke, 10,150 to 10,250 cubic feet
of gas per ton, 12.6 to 13.6 gallons of tar per
ton, 2.70 to 3.18 gallons of light oil per ton,
and 23.6 to 26.3 pounds of ammonium sulfate
per ton. The similarity of these yields was
anticipated, because the three blending coals
were of similar (medium-volatile) rank. The
principal effect of blending on the yields from
Lower Sunnyside coal was that the yield of
coke was raised 2.7 to 2.9 percent. The blend
(423B) containing Elk River No. 10 also was
carbonized in the slot oven, wherein it yielded
more gas and less tar than were obtained in the
BM-AGA test.

Yields from the blend (423D) containing 85
percent (fresh) Lower Sunnyside and 15 percent
Pocahontas No. 3 were very similar to those
from the blend (423C) containing 15 percent
Elk River No. 9 and 3 percent pitch. TFour
blends (4238, 4231, 423D, and 423J), containing
8, 10, 15, and 20 percent Pocahontas No. 3,
were made with Lower Sunnyside coal that bad
been stored 4 months or longer. A comparisen
of their yields shows that the percentage of
coke ncreased and that of tar decreased as the
proportion of low-volatile coal in the blend was
raiged; both changes were progressive. These
four blends yielded less tar and more ammonium
sulfate than the 85:15 blend (423D) containing
fresh Sunnyside coal. These differences agree
with those obtained in tests of 100-percent

AU §chmidt, L, D., Elder, J, L., and Davis, T, D., Atmospheric Oxida”
tion of Coal at Moderate Temperatures, Effect of Oxidation on the
Carbonizing Properties of Representative Coking Coals: Ind. Eng.
Chem.,, vol. 32, 1940, pp. 548-555,

22 See footnote 13,
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fresh and stored Sunnyside coal, and they afford
additional evidence that this coal oxidized
sufficiently during its 4 months’ storage to alter
its carbonizing properties,

Oklahoma coal (424) also ranked as low-vol-
atile bituminous, and 1ts substitution for Poca-
hontas No. 3 in the 85:15 blend (423T) modified
the yields of only two products—the yield of
tar was lowered 1.2 gallons per ton, and the
yield of ammonium sulfate was raised 4.6
pounds per ton. Addition of 3 percent pitch
(blend 423G) to the Oklahoma-Lower Sunnyside
blend apparently raised the yields of coke and
tar 0.4 and 0.9 percent, respectively, and low-
ered the yield of gas 0.7 percent. These
changes were similar to those obtained on add-
ing 8 percent pitch to Lower Sunnyside coal.

Three Washington coals ranked as high-vol-
atile A bituminous, although No. 5-bed (398)
coal from Kittitas County contained a relatively
low proportion of fixed carbon (55.7 percent)
on the dry, mineral-matter-free basis. No. 3-
and No. 2-bed coals (446 and 447) from Pierce
County contained 63.3 and 65.0 percent fixed
carbon on the same basis, respectively, and
they yielded more coke and less gas, tar,
and light oil than No. 5 coal. These two
higher-ranking coals were blended with 82 per-
cent (stored) Lower Sunnyside coal and 3
percent pitch. The blends (423K and423L)
yielded similar percentages of carbonization
products. Probably tbewr yields of tar and
ammonium sulfate would have been higher and
lower, respectively, had the blends been made
with fresh Sunnyside coal. No. 5 coal was
not blended with Lower Sunnyside, because
the fixed-carbon content of any blend of the
two coals would be lower than that of 100
percent Sunnyside.

PROPERTIES OF COKE
CHEMICAL COMPOSITION

Table 7 shows chemical analyses and heating
values of the cokes on the dry basis.

The coke from No. 3-bed Alaska coal (385),
which is more accurately designated as char,
because it was poorly fused, contained 38.3
percent ash and 0.3 percent sulfur. M-bed
coke contained 17.1 percent ash and 0.6 percent
sulfur. As the blend (385A) contained 70 per-
cent of high-ash No. 3 coal, its coke contained
a correspondingly high proportion (31.3 per-
cent) of ash.

The composition of the cokes from British
Columbia coals varied according to the analyses
of the respective coals as given in table 1. The
content of ash ranged from 7.1 percent for
colke from Peace River district coal to 47.3 per-
centforcokemadefromhigh-ash Queen Charlotte
Island coal; six cokes contained more than 20
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Tasre 7—Analysts of coke, dry basis

ArnAsKA
Proximate, percent Ultimate, percent Heating
Coal No. . ) a ]\3’&]1,11?1,

\g’{lﬂgf cg;')t()eo% Ash Hydrogen { Carbon | Nitrogen | Oxygen Sultur | per pound
888 2.3 59. 4 38. 3 0.5 60. 1 0.7 0.1 0.3 9, 030
B88BA . .l 1.7 67. 0 31. 3 . 6 66. 7 .9 1 4 10, 000
386l 1.2 81. 7 17. 1 .6 80. 3 1.1 .3 .6 12, 050

Brimisg CoLUMBIA
888 e s 2.7 80. 3 17. 0 0.6 79. 2 1.1 0.1 2.0 11, 930
380 3.2 76. 5 20, 3 6 76.3 .9 .1 1.8 11, 470
390 . 1.9 84, 9 13. 2 .6 84. 6 1.1 Rt 4 12,600
B9 2.3 81, 8 15. 9 .6 81. 9 1.1 .1 4 12, 200
392 . 1.6 70. 8 27. 6 .5 70. 5 .8 .2 R 10, 390
398 1.6 78.3 20. 1 . 6 7.4 1.0 .b .4 11, 510
804 L. 1.8 75. 5 22. 7 .5 74. 8 1.1 .5 L4 11, 160
305 e 2.2 85. 2 12. 6 . B 84. 6 1.3 .4 .6 12,610
400 . 1.2 75. 1 23.7 .6 73.6 1.8 .1 W7 10, 880
402 . 1.3 88, 0 10. 7 .6 86. 6 1.9 .1 L7 12, 850
399 . Ll 1.3 91. 6 7.1 .6 89, 8 1.2 .7 .6 13, 370
400 . 1.5 51. 2 47. 3 .3 51. 2 .6 .1 . b 7, 870
WASHINGTON
398 .l 2.0 80. 5 17. 5 0.5 79.9 1.5 0.3 0.3 11, 940
446 .. 2.4 82. 0 15. 6 . b 81.3 1.9 .2 .b 12, 070
447 .. 1.8 81. 8 16. 4 .5 80. 3 1.9 .5 L4 11, 970
LoweR SUNNYSIDE AND BLmNDS

423 . 1.5 87.0 11,5 0.6 84.9 1.5 0.6 0.9 12, 760
4281 . 2.1 86. b 11. 4 7 84. 6 1.6 .8 .9 12, 720
4282 .. 3.1 85. 7 11,2 . b 85. 9 1.4 1] .9 12, 710
A28A . .. 1.5 85. 6 12,9 .6 84,0 1.4 .3 .8 12, 620
428B. . 1.7 86. 2 12, 1 .6 85. 0 1. 4 .1 .8 12, 740
428B2 ... 2.5 85. 3 12. 2 . b 84. 9 1.3 .3 .8 12, 560
423C_ .. 2.6 86. 0 11, 4 .6 85. 3 1.5 . b 7 12, 750
423D 2.4 86. 6 11,0 .6 85. 8 1.4 ) 7 12, 840
423Dt . 2.2 87.2 10. 6 T 85. 6 1.4 .9 .8 12, 890
4238 . 2.0 87. 0 1.0 .6 85. 7 1.6 .3 .8 12, 820
4238 3.1 85. 3 11.6 .7 85. 0 1.4 .4 .9 12, 740
423G . 3.2 85. 3 11. 5 .6 85.. 2 1.4 .5 .8 12, 740
423G . 2.5 86, 1 11. 4 L4 85. 8 1.3 .3 .8 12, 700
428H 2.0 86. 7 11,3 .6 856. 1 1.4 . 8 .8 12, 770
49281 1.7 87. 4 10. 9 .6 85. 5 1.4 .8 .8 12, 860
A23F .. 2.0 87. 5 10. 5 .6 86. 2 1.4 . b .8 12, 930
423K L . 3.0 85, 2 11. 8 . b 84. 8 1.6 .6 7 12, 610
4231 . 2.4 86. 1 1.5 .5 85. 1 1.6 .6 L7 12, 720

1 Coal stored 4 months.
2 Slot-oven tests.
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percent ash., Although most of these cokes
contained rather high proportions of ash, only
the two made from Vancouver Island coals
(388 and 389) contained more than 0.7 percent
sulfur.

Lower Sunnyside coke contained 1.5 percent
volatile matter, 87.0 percent fixed carbon, 11.5
percent ash, and 0.9 percent sulfur., The colkes
from the stored sample and fresh coal carbon-
ized in the slot oven contained slightly more
volatile matter and less fixed carbon than the
BM-AGA coke from the fresh sample.  Blend-
ing with 8 percent pitch and 15 percent Elk
River Nos. 4, 10; and 9 (423A, 423B, and
423C) did not alter the composition of Sunny-
side coke significantly.” Pocahontas No. 3 con-
tained less ash thavn the other blending coal,
and this difference accounts for the lower ash

content of cokes made from three (423D, 4231,
and 423J) of its four blends: The cokes from
blends (423K and 423L) containing No. 2 and
No. 3 coals from Pierce County, Wash., con-
tained 0.7 percent sulfur and about the same
percentage of ash as Lower Sunnyside coke.

APPEARANCE

Sections of coke from most of the single coals
and blends are shown in figures § to 15, inclu-
sive. Full-length, representative pieces selectad
from a point about midway between the top
and base of the charge were photographed;
therefore, as 13-inch retorts were used :exclu-
sively in this investigation, each piece was about
6 inches long. The illustrations show general
structure; including fractures, lump size, grain
or cell size;, and fusion.

TFraure 5.—Sections of 900° C. BM—AGA Cokes: (1) M-Bed, Chickaloon Mine; Alaska Coal (386), (2) 70:30
Blend (385A) of No. 3 Bed, Evan-Jones Mine (385) and- M-Bed, Chickaloon Mine, Alaska Coal (385),
and (3) No. 2-Bed, No. 8 Mine, Vancouver Island Coal (388). .
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Fraurn 6.—Sections of 900° C. BM-AGA Cokes From British Columbia Coals: (1) T’Sable River Ming (380),
(2) Peace River Mine Prospect (399); and (8) Robertson Mine, Graham Island (400).

FIGURE 7.7 Sections of 900° C, BM-AGA Cokes From Southeastern British Columbia Coals: (1) No. 9 Bed,
IJ\EIH( guﬁrle'r N(OS.Q%)Mlne (390), (2) No. 10 Bed, Elk River No. 1 Mine (391), and (3) No. 8 Bed, Elk River
0, dine .



RESTULITS OF CARBONIZING TESTS

Fraunn 8.— Sections of 900° C. BM-AGA Cokes I'rom Southeasteérn British Columbia Coals: (1) No. 4 Bed,
Iilk River No. 4 Mine (393), (2) No. 5 Bed, Aldridge Creek Prospect (401), and (3) No. 4 Bed, Aldrldge
Creek Prospect (402).

Ficorm 9.~ Seéctions of 900° C. BM—AGA Cokes: (1) A-Bed; Michel Mine Coal (394), (2) B- Bed, Mlchol Mme
Coal (395); and (8) No. 5-Bed, Roslyn No. 3 Mine Coal (398)

901671--52-—4
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Tigure 10.— Sections of 900° C. BM—~AGA Cokes: (1) Lower Sunnyside Coal (423), (2). 97:3 Blend (423E)
of ?ower Sunnyside and. Pitch; and (3)  85:15 Blend (423D) of Lower Sunnyside and Pocahontas No:
3 (75);

Tigure 11— Sectiong of 900° C. BM—AGA Cokes from Blends: (1) 82:15:83 Blend (423A) of Lower Sunny-
side, Lk River No. 4 (393); and Pitch, (2) 82:15:3 blend (423B) of Lower Sunnyside, Elk River No. 10
(391); and Pitch, and (38) 82:15:3 blend (423C) of Lower Sunnyside, Elk River No. 9 (390); and Pitch.




RESULTS OF CARBONIZING TESTS 21

Traunn 12,5 Sections of 9002 ¢, BM--AGA Cokes From Blends of Lower Sunnyside Coal (423)"
(1) 85:15 Blend: (423F) of :Lower Sunny and Oklahoms ~ Coals, and (2) 82:15:3
Blend (423Q) of Lower Sunnyside Coal, Oklahoma Coal, and Pitch,

Frauru 13.—Sections of 900° C. BM~AGA Coke From Binary Blends of (Stored) Tower Sunnyside (423)
and Pocahontas No. 3 (75) Coals: (1) Blend (428H), 92 Percent Lower Sunnyside, (2) Blend: (4231),.90
Percent Lower Sunnyside and (3) Blend (423J), 80 Percent Lower Sunnyside.
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CARBONIZING PROPER

Traurm 14.—Sections of 900° C. BM~AGA Cokes From Wilkeson No, 8 Coal (446) and the 82:15:3 Blend (423K)

of Lower Sunnyside Coal, Wilkeson No. 3 Coal, and Pitch.



Frouee 15—8ections. of 9002 C. BM~AGA Cokes From Wilkeson No, 2 Coal (447) and
the 82:15:3 Blend (423L) of Lower Sunnyside Coal, Wilkeson No, 2 Coal; and Pitch,

SIZE

Table 8 shows screen analyses of the cokes,
and the most significant of these data are shown
graphically in figures 16 and 17,

The coke, or char, from No. 3-bed Alasks
coal (385) was fused so poorly that 68 percent
passed through the 1-inch screen. ~ M-bed (386)
coke was well-fused; 46 percent was plus 3-inch,
and 83 percent was plus 2-inch.~ The 70:30
blend (385A) of these coals fused incompletely;
46 percent of this coke was of minus-2-inch size.

All British Columbia coals éxcept the pros-
pect sample (399) from Hudson Hope fused
well, as indicated by the percentages retained
on the larger screen sizes—for example, the
percentage of plus 2-inch coke ranged from 85
to 94,

The Washington coals yielded well-fused
coke, The coke from Washington No. 5 coal
(398) contained the highest percentages of the
larger sizes, and that from Washington No, 2
coal (447), which was fingery, contained the

lowest percentages.

Lower Sunnyside coke was well-fused but
fingery. The percentages remaining on the
various screens used in the size test were:
4-inch, 6; 3-inch, 23; 2-inch, 64; 1%-inch, 84;
and 1-inch, 93. The stored samplés yielded

RESULTS O CARBONIZING TESTS 23

oo LEGEND
gof- BZZz plus 3inch
) pius ziich,
1% M s S Slotoven tests L =
4
7 7H7RZ
7 787
A
ZR/BZA 7 | Za7Zn
423 423 423 428, 423 423 423 423, |42 423 423 423 423 423 423
A B. B G b, F & 6 Hoo oy KL
t INNYSIDE COAL STORED 4 MONTH:

Fiavre 16.—S8creen Analyses of Cokes From: Single

Coals.
LEGEND
100~ Plus 3'inch
o pa Plus 2.inch
%0k W M e =[] - Z o
i ]
sor A oo i
70 7 71 7 :
% 7 —
% 7
80~ 7 L]
g
Ssol- L
& 7
40} g
30} b
20}
wl
285, 386 388 380 390 391" 392 303 394 395 401~ 4027 399 400 398" 4467 447"

COAL NUMBER:

TFraurm 17.-—Sereen Analyses of Cokes From TLower
Sunnyside Coal and Its Blends.
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TaBLE 8.—=Screen analysis of coke

ALASKA
Sereen sizes, cumulative percent upon—
Coal No.

4-inch | 8-inch | 2-nch |1%-ineh| 1-inch
886 e 0 1 18 26 32
38BA .. 0 19 b4 61 63
386, oo 15 46 83 93 97

Bririsu COLUMBIA

388 i 32 68 92 97 98
389 . 45 74 93 97 98
390 . 33 68 89 96 98
891 29 62 89 06 98
392 s 46 72 90 94 95
393 i 46 74 93 97 99
394 o __ 51 76 93 97 98
395 . - 30 64 90 97 99
401 . 50 79 94 97 99
402 Lo 17 49 85 94, 08
399 i _Lulizl 6 30 65 87 96
400 ool 37 78 88 89 89

W ASHINGTON
BOB . L oniliilauh 36 64 88 94: 97
446 oL isonian il 22 b8 86 95 96
447 9 35 77 94 97

LowER SUNNYSIDE AND BLENDS

423 L ionLniinnt 6 23 64 84 93
423 Lo iooniioLis 2 10 52 75 90
423 2. Lliimanole 6 23 53 65 72
428A ol ooTann 20 44 81 94 97
423B i iiandiiel 13 46 83 04 07
428B Fo soonoit 12 47 80 90 93
498C o 15 47 82 94 97
423D ol 5 35 75 92 96
428D Voo s_sninnl 7 30 76 88 93
4288 o oniiial 14 46 77 90 95
498F . _oiciiioii 8 27 72 88 94
428G i 10 39 78 93 096
428G 2o CoLlia oo 20 52 78 84 87
423H 1. oLl 3 24 64 84 93
42311 . 2 18 65 85 93
4231 o 10 39 79 90 95
428K 1 15 41 81 91 97
42301 . 11 38 75 90 96

1 Coal stored 4 months,
2 Slot-oven tests.

smaller coke. Although fresh Sunnyside coal
was tested in the slot oven, the coke was
smaller than BM-AGA "coke, because it was
subjected to breakage in discharging from the
oven,

Generally, the blends yielded larger coke
than 100 percent Lower Sunnyside coal. The
addition of 3 percent pitch, either to Sunnyside
_coal singly or to the blend of Sunnyside and
Oklahoma coals, effected appreciable increases
in the percentages of the larger screen sizes.
 Blends (423A, 423B, and 423C) containing 3

COLUMBIA, ALASKA, AND OTHER COALS

percent pitch and 15 percent of each of three
British Columbia coals from the Coal Creek
field yielded the maximum-size cokes made
in this investigation. Probably the blends
made with Pocashontas No. 3 would have
yielded equally large coke had pitch been
included. Increasing the proportion of Poca-
hontas No. 8 from 8 percent to 10, 15, and 20
percent (423, 4231, 423D, and 423J) pro-
gressively increased the average size of coke.

Blends 423K and 4231, containing 15 percent
Wilkeson No, 3 and No. 2 coals from Pierce
County, Wash., and 3 percent pitch yielded
coke of approximately the same size as that

.obtained from the corresponding blend con-

taining Oklahoma low-volatile coal.
PHYSICAL PROPERTIES

Physical properties of the cokes are shown in
table 9, and figures 18 and 19 show these data
graphically.

LEGEND
— —}T-inch index
80 77724 1inch index T T -
5700 M M ] T -
g T - TV
gso— b 1 A 1 !
z 7
@ 50 |~ —
4 W 7
@ ol
3
30}~
20l
00 LEGEND [ 1:4-inch indek 2222 2-iich ‘index
] — M M
80 [~ | . W - . -
- M
o’ T \
& 60 - o 27 7
a I
£ ]
)
540« 7
& % 7]
80 / % i
20
10
398 446 447

388 389 390 391 392 393 394 395 401 402 399 400
‘ COAL NUMBER

Freaorr 18 —Shatter aﬁd Tumbler Indexes of Cokes
Trom Single Coals,

100 LIIEGEND
— inch index
ﬂgo M [~ Linchy index
% M 1 . -1 $  Slotoven tests -
£ » I 70781 L M M M
z A 7| M
@70 73 7zl 7 7
e 8 7B %
=z
2
o il
4 i |
4 385
100, |LEGEND "1 inch Index 1%nch mml A
9 S1ANR M= M N
& W 2
4 7
1 70)
2 7
& 60 7 b 7!
g
5% %
“ 10) 2707 é
% 2zl ]
423 423 423 423 423 423 423 423 423 423 423 423 423 423 423 423 423 423 386
€ A B B C 0 F G & ) D J L
SUNNYSIDE COAL STORED 4 MONTHSH

TFraure 19.—Shatter and Tumbler Indexes of Cokes
Trom Lower Sunnyside Coal and ITts Blends.
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TasLr 9.—Physical properties of coke

25

ALASKA

< Q Shatter index, cumulative pereent | Tumbler index, cumulative percent

S 5 upon— upon—

Bz

o & g a g q P g g g

@ = o4 @ ] =] bisd 5} 3 = g =] g D 5

& = = ; o a | = < = 2| 8 2 & | = o

& 2 FlR AR | R R I R E IR &R

<
88D L il .06 oL e s e e
38BAY e L 03 ) 0,81 | 60,1 ||| oi e 1 B3 | BB | B6 |
886 - Ll . 89 LB8L | BT 1 o1 82| 96 ) 98 | 98 |siu |ioi | BO | 78 1 82 | 84 [-o..
Brrrisa CoLumBia
S88. L L ilialll el .97 10,82 | B84 | 51| 82|95 |____|....] 98 | 0|25 |56l oi]6h
880 i e . 00 .85 | 57.5 |60 | 88 | 94 |.___|....| 97 7186 [ 60 jnoa|io 8T
890, Lo el 1. 92 .90 | 8.1 13851 77| 92 |o___|..._| 98 L 2L B9 |oua jiv |74
3 ) R S S PN S PR I . 04 .90 | 53,6 [ B4 (- TT | 94 .o _|____| 98 2 24 {60 Lol iuen) 79
892 Ll i .09 1 1.03 | 48,2 | 63 | 80 | 86 |____|-___.| 92 L 12 4729 [ v 46
B9 b Ll 1.95 ] 1,01 48.2 | 63 | 84 | 93 |____|-___| 98 5120 | A7 [Lioiliii| 78
804 Ll il . 98 .95 52,0163 | 8 | 93 j_.__|-.__| 98 3|28 | b0 oo il 0
1301 B U IS 1,92 .88 | 54,2 | 351 7T} 94 |io..j____| 98 5| 28 | 63 Lo sl r4
Q01 e e e 1. 98 292 1 535 [ 58 87 | 96 [ .. ] 08 7189 63 [Loiiliiiilieg
40200 il 1. 88 .90 | 62,1 | 81 1 72| 94 Lo .|.-._| 99 LV 19 | 85 [ooo foa 71
809 i Gl 1, 88 .88 1532 | 11| 46 | 83 [..__|....| 98 0 T80 |ooo oo 279
400 e e .18 | LM18 | 46.9 | 72 | 86 | 87 |.___|....| 90 | 15 | 84} 43 | | ._ 44
WASHINGTON
308 il iiinaliea L9651 0.75 | 61,5 | 21 | B1 | 79 |o.__l....| 97 0 2126 |- __j.o__|:. 78
440 i L 94 791598 o] 41 1 79| 95| 98 |o._|-_._| O] 19| 53|63 |-uiz
A4 i .93 BT 549 jo__.| 25|76 | 94 | 98 |___.|-___| OV 18|64 |75 ...
Lowrr SunNysipn AND BLENDS

428 oLl .92 10,75 [ 60,9 |....| 84 | 77| 87| 93 |o__.|-_._| 6 55| 68| 74|t
4288 ol .92 77 1059.9 ... 39| 811 88 | 9f |....|-___| 6[Bb3|65]|70 |
428 4 .. . 89 80 | B7.7 Il 5L | 83 |86 | 90 [so__|i...| 16 | 48 | B5 | 61 |.li:
428A L L iaio 92 .80} 58,83 |.__-| 89| 90 | 94 | 96 (oL fii--] 22| 69 | 7T | 8L [ooi
428B Lol . 92 C8L | B7.8 || B9 | 91 | 95 1 97 |oooofoioo] 251 T4 | 8L ['85 il
428B 4. e . 90 JBL | BT 4 || 74 [ 98 | 98 | 9T [coiifaoo) 48 | TH |78 80 (suil
423C . i 1. 91 L79 1 88,6 (-1 BO | 91 | OB | O7 | |iooo) 28 | T4 | 80 [ 84 |[LiiL
428D el 1. 91 LBL BT 6 || 65| 91 | 94 | 96 | oo _|iL.) 22 7L | 77| 8L |[iiia
423D 3 L llial 1. 89 L7659, 8 || 63|90 | 98195 [coo oo 16166 | 7274 [Liin
A23L0 el . 90 .78 | B89 ... | 48 | 83 | 89 | 94 | _|oc .| 1L | 56 | 68 [:T76 |iis
d23F L. .91 8L ( B7.6 (.__{ B0 [ 88 (94 | 96 (.___..___| 23| 68 | 76 80 il
428G . L. .91 .81 ] B7.6 |- 60 | 9L | 95 | 908 |___.j--_-| 28 | 74 [ 8L | 84 | ..
428G Y 1. 91 82 | BT 1 (.| 83| 92| 94 | 05 | i AT [ 72 [-T4 | 76 |z
428H 8 . 1. 91 T T _ | 46 | 87 | 91 | 94 | _|-ioo| 9 [ 64 7L LT6 [iois
42313 e 1. 91 7810592 |- B2 | 88192 | 94 |____ || 22| 66 72176 it
428 3 .90 79l B8 4 .| 6390295 96 (- _|. oo 2L [69 74 77 Lo
428K 3 .l .93 .76 1 60.6 |....| 53| 89| 03|96 |- _|-o--|.20 | 67 | 74|79 |iiiz
4288 . oL .92 LT B9, 9 |- | 64| 92| 94| 96 |..|i.l.| 24 | 68| 76 | 80 |iiis

! Noncoking.

2 Not enough coke [or shatter test,
3 Coal stored 4 months,

4 8lot-oven tests.

NotE.—The actital sizes of the openings of the 1-, 34-, and Y-inch A, 8, T. M. method scrcens are 1.06-, 0,63- and 0,265-inch, respeetively.
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‘The true and apparent specific gravities
were determined by standard methods of the
American Society for Testing Materials; shat-
ter and tumbler tests were made by two
methods. The cokes from all gingle coals except
the two from Alaska and Lower.Sunnyside were
tested by Bureau of Mines methods # because
the 13-inch retort yields too little coke for test~
ing by standard methods. The cokes from
Lower Sunnyside coal and its blends were tested
by Columbia Steel Co. methods,” because these
have been employed widely in testing both in-
dustrial and pilot-plant cokes from relatively
weakly coking western coals.

COKES FROM SINGLE COALS

The average size of coke from No. 3-bed
Alaska coal (385) was too small to warrant mak-
ing physical tests other than for size. M-bed
coal (386) coked strorgly. ' Excepting the -
inch tumbler index, the shatter and tumbler
indexes of this coke were higher than those of
the coke from: Lower Sunnyside coal or any of
its blends. . The. physical propertiés of this
coke cannot be compared directly with those of
the cokes from the British Columbia coals, be-
cause the latter were tested by BM=AGA meth-
ods. The 70:30 blend (385A) of No. 3 yielded
coke that was rather abradable in the tumbler
test; the %- and X-inch tumbler indexes were
much lower than those of the other cokes.

The Vancouver Island. coals, both of which
were from the No. 2 bed, coked strongly, con-
sidering their high-volatile A rank,  Strength-
test indexes for cokes from the No. 8 (388) and
T"Sable” River: (389) mine coals were, Tespec-
tively, 2-inch shatter, 51 and 60; 1¥%-inch shat-
ter, 82 and 88; l-inch tumbler; 56 and 60; %~
inch tumbler, 65 and 67. The ¥-inch tumbler
indexes, or hardness factors; were lower than
the average (72) for high-volatile A coals; both
cokes contained rather high proportions of ash
(17.0 and 20.3 percent), although the coals had
been washed at 1.60 to 1.65 gravity. T'Sable
River mine coal yielded the stronger coke.

Three coals representing beds 4, 9, and 10 in
the Crowsnest area coked strongly, but No. 3~
bed coal (392) from the same area yielded weak
coke—the 1- and Y-inch tumbler indexes of the
latter coke were 29 and 46, respectively. The
high ash content (23.8 percent) of No. 3 coal
probably accounts for the low tumbler indexes
of its coke, although No. 4 coal contained 17.6
percent ash. The cokes from No. 3 and No. 4
coals contained 27.6 and 20.1 percent ash, re-
spectively, and these high contents of ash are
reflected in the apparent specific gravities,
which were 1.03 and 1.01, respectively.

B Rey_nqlds, DA and Holmes, C. R., Procedure and Apparatus for
g)feﬁl:muu}xlg Ogrbon(l}zingAProperti'ies %1:1 Allnegiean Coals by the Bureau

ines-Ameriean: Gas' Association Method: Bureau of Mine .
Pants b aia o O of Mines Tech

The Michel-mine coals, also from the Crows-
nest area, coked strongly, as anticipated, be-~
cause both ranked as medium-volatile bitumi~
nous. 'The coke from A-bed coal (394) had
higher 2- and 1%-inch shatter indexes (63 and
84%, but B-bed coke had higher 1- and Y¥-inch
tumbler indexes (63 and 74). Probably these
differences in coke properties are accounted for
by the marked difference in the ash contents of
the coals, which were 17.4 and 9.7 percent for
the A and B beds, respectively.

No. 5 (401) and No. 4 (402) coals from the
Aldridge Creek Prospect mine in the Upper Elk
River coal area yielded dissimilar cokes. The
coke from No. 5 coal resisted breakage in the
shatter test well and had a satisfactory stability
index (63), but its hardness factor (69) was rath-
er low. This coal contained 18.3 percent ash;
no doubt the hardness factor of the coke would
have been higher had the ash content of the
coal heen reduced appreciably by -cleaning;
The coke from No. 4 coal had lower-than-aver-
age shatter indexes (2-inch, 31, and 1%-inch, 72),
although its tumbler indexes compared well
with the. averages for coals of similar rank
(shown in table 9).

Peace River-coai (399) yielded weak coke,
which broke readily in the shatter test.. The
2- and 1%-inch shatter and 1%-inch tumbler in-
dexes are the lowest shown in table 9. How-
ever, the hardness factor, or ¥-inch tumbler
index (79), of this coke was exceptionally high.,
This low abradability indicates that. the coal
was not weathered, although the sample was
taken at an outerop. Likewise, the yield of tar
(10.5 gallons per ton) was satisfactorily high
for a fresh coal containing 67.0 percent fixed
carbon on the dry, mineral-matter-free basis.

The coke from Robertson mine coal (400),
Graham Island, had an exceptionally high ap-
parent specific gravity (1.13), which is in accord
with its high ‘ash content (47.3). This coke
resisted breakage in the shatter test well but
abraded excessively in the tumbler test—the 2«
and 1%-inch shatter indexes were 72 and 86,
and the 1= and ¥%-inch tumbler indexes were 43

rand 44, respectively.

The coke from Kittitas County No. 5 coal
(398) was weakest of three made from Washing-
ton coals, The 1%-inch shatter and 1-inch
tumbler indexes (51 and 26) were low, although
the Y¥-inch tumbler index (73) was high. The
Pierce County coals ranked higher in the high-
volatile A classification than No. 5 and yielded
stronger cokes., Indexes of the No. 3 (446) and
No. 2 (447) cokes were, respectively, 1%-inch
shatter, 79 and 76; 1-inch tumbler, 53 and 64;
and ¥-inch tumbler, 63 and 75.

COKES FROM LOWER SUNNYSIDE COAL AND ITS BLENDS

The Lower Sunnyside coal tested in this inves~
tigation coked more strongly than most of the
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seven samples from this bed tested previously,
whichi represented the Columbia, Sunnyside,
Blind Canyon, and Horse Canyon mines.* The
previous sample (127) from the Horse Canyon
(Geneva) mine yielded weaker coke than that
made from the current sample (423)-—the in-
dexes of these cokes were, respectively, 1%-inch
shatter, 33 and 34; 1-inch shatter, 68 and 77;
l-inch tumbler, 40 and 55; %-inch tumbler, 58
and 68;and %-inch tumbler, 70 and 74. Varia-
tions in the coking properties of the Lower Sun-
nyside bed are not uncommon; the differences
shown here are relatively large, although not
unduly so, considering that the tests were made
8 years apart. The coke made from the stored
sample had lower tumbler indexes, although its
shatter indexes were slightly higher.” Carbon-~
ization in the slot oven produced coke of higher
apparent specific gravity and lower stability
in the tumbler test.

Coke from 100-percent Lower Sunnyside coal
is small and highly fissured; it is weak in
comparison to cokes made from representative
eastern coking coals. Tor these reasons it is
advantageous to blend Lower Sunnyside with
higher-ranking coals, as high~volatile coals are
blended with Pocahontas low-volatile coal at
eastern coke plants to increase the size and
strength of coke.

[tach of the three British Columbia. coals
selected for- blending: with' Lower. Sunnyside
proved satisfactory; as the shatter and tumbler
indexes of the cokes from their blends (423A,
423B, and 423C) were significantly higher than
those from either 100-percent Lower Sunny-
side or the 97:3 blend (423K) of Lower Sunny-
side and pitch. Medium=volatile Elk River
coals from beds 4, 10, and 9 (393, 391, and 390)
were used in maf{ing these blends, and differ-
ences in the strength of their (blend) cokes were
slight.. Blend' 423A, containing ‘No. 4- coal,
yielded coke that was least stable in the tumbler
test.. The improvement in the physical proper-
ties of coke resulting from the addition of 15
percent of these coals to the Sunnyside-pitch
blend (4231) is shown graphically in figure 19.
For example, the 14%-inch shatter index of coke
from the ternary blends containing - British
Columbia coals was 59, whereas the correspond-
ing ‘indexes for the binary blend of Sunnyside
coal and pitch was only 48. A similar compar-
ison of the l-inch tumbler indexes shows a range
of 69 to 74, against 56. The X-inch index,
which is used extensively in evaluating cokes
by the Columbia Steel Co, tumbler test, ranged
from 81 to 85 for the ternary blends containing
British Columbia coals versus 76 for the binary
blend of coal and piteh.

Blend 423B, containing 15 percent Elk
River No. 10, also was carbonized in the 500-

2 See [ootnote 13,
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pound slot oven. = The chief difference between
the cokes made by the two methods was that
the 1%-inch shatter and tumbler indexes were
higher for the oven coke.: The other shatter
and I-and ¥%-inch tumbler indexes did not differ
significantly, although the %-irich tumbler index
(80) of oven coke was lower than that (85) of
the retort coke. These results show that this
blend yielded much stronger coke than that
obtained from 100-percent Lower Sunnyside
coal in the slot oven.

The blend (423G) of 82 percent Lower Sunny-
side, 15 percent Oklahoma low-volatile coal
(424), and 3 percent pitch is the same as that
carbonized commercially at a Provo, Utah, coke
plant at the time this investigation was started.
A comparison of the coke from this blend and
the cokes from the corresponding ternary blends

“containing Elk River No. 4, 10, and 9 coals,

shows that each of these three British Columbia
coals may be subsituted for this Oklahoma coal
with no decrease in coke strength. .
The effectiveness of adding relatively small
proportions of pitch to blends of Lower Sunny-
side coal to improve the coke physically is
shown by comparing shatter and tumbler in-
dexes of cokes made from blends 4231 and 423G,
The cokes from the latter blend; which con-
tained pitch, had higher shatter and tumbler
indexes; generally, the tumbler indexes were
bénefited more than the shatter indexes. : These
results do not parallel those obtained by adding
3 percent pitch to the single (Lower Sunnyside)
coal.  In the latter case, as discussed above,
the addition of pitch raised most of the shatter
and tumbler indexes; but the shatter indexes
benefited most. '

In blend 423D, Pocahontas No. 3-bed coal
from McDowell County, W. Va., wassubstituted
for Oklahoma low-volatile coal in its blend
(423I") with 85 percent Lower Sunnyside, A
comparisons of the physical properties of the
cokes from these blends shows that five of the
eight shatter and tumbler indexes were higher
for the Pocahontas No. 8 blend, and that none
were lower. "It is concluded, therefore, that
Pocahontas No. 3 is slightly superior o this
Oklahoma coal for blending with Lower Sunny-
side coal in these proportions, Probably the
mixed Lower Sunnyside and Pocaliontas coals
would yield stronger coke were the blend made
ternary by including 3 percent pitch, aswas donoe

with the Lower Sunnyside-Oklahoma blend,

Three additional Lower Sunnyside-Pocahon-
tas No. 3 blends were tested to determine the
effect of varying the proportion of this low-
volatile coal: - Blends 4231, 4231, and 423J
contained 8, 10, and 20 percent Pocahontas
No. 3, respectively, and, because these blends
were made with Lower Sunnyside coal that had
been stored 4 months, the blend (423D) con-
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taining 15 percent Pocahontas No. 3 was tested
again, using the stored sample. Comparison of
the tumbler indexes of the cokes yielded by
these 85:15 blends shows that the coke-making
property of Lower Sunnyside coal decreased
during the 4 months’ storage—the indexes for
the blends of fresh and stored coal were, respec-
tively, 1¥-inch, 22 and 16; 1-inch, 71 and 66;
%-inch, 77 and 72; and %-inch, 81 and 74. The
fact that a similar comparison of the shatter
indexes shows no appreciable differences con-
firms: results of tests of fresh'and oxidized
samples of Lower Sunnyside coal published in
1946 by the Bureau of Mines.” = The effect of
increasing the proportion of Pocahontas coal
from 8 to 20 percent is shown by the shatter
and tumbler indexes in table 9, The following
averages of each set of four indexes for blends
423H, 4231, 423D, and 423J show that the
shatter indexes ihcreased more regularly than
the tumbler indexes:  Shatter indexes—80, 82,
85, and 87; tumbler indexes—-55; 59, 57, and 60,

The ternary  blends (423K and 423L) of
Lower Sunnyside and Wilkesonr Nos. 2 and 3
coals with 8" percerit piteh (82:15:3) vielded
moderately strong coke; considering that these
blends also were meade with stored Lower Sunny-
gide coal. . The coke from the blend containing
Neo. 2 coal was the stronger of the two, although
the differences were small. Both cokes compare
favorably - with- those’ made from the blend
(423D) of 85 percent’ (stored) Lower Sunny-
side and: 15 percent Pocahontas No. 3 coal—
their tumbler indexes were slightly higher than
those of the coke made from that blend.* How-
ever, this' comparison ‘does not indicate that
these coals are ag suitable for blending a8 Poca-
hontas No. 3, because their blends contained
3 percent pitch, wheréas the Pocaliontas blend
contained no pitch:

PROPERTIES OF GAS

Table 10 gives the specific gravity, heating
values, and chemical composition of the gases.
Heating values of the gas from single coals are
shown graphically in figure 20,

High-volatile B, No. 3-bed, Alaska coal (385)
yielded high-gravity gas containing 7.5 percent
carbon dioxide. Its heating values were 546
B. t. u. per cubic foot and 2,730 B.t.u. per
pound of coal. M-bed coal (386) from the
Upper Matanuska Valley, Alaska, yielded gas
of 0.342 specific gravity; its heating values
were 521 B. 1. u. per cubic foot and 2,630 B. t. u.
per pound of coal. The hydrogen sulfide con-

tents of these gases (130 and 100 grains per 100
cubic feot) wore moderate.  Most of the prop-
_orties of the gas from the blend (385A) of these

% Sea {oolnoto 13, tablo 7, p, 48 of that publication;

coals were inter_mediate between those of the
gases from the single coals,

o ith

3400~ 7
3 a.zc0[-
&

2 3,000~

5 2300

Bad

& 2600

22400

&
2,200

2,000
1,800

LEGEND
EEER) Coal stored 4 months
Coal as carbonized
"1 Coal ash-frce

Ny
R
N

'g 600) S Slotoven tast

2

o Y
g 7 . i
Bgo 7 f 7

§ 7 7 7

£ 510 77

X

7
7

423 423 423

% Z

A% S0 9,001 717V G4 A0 Hd L

385 366 388 389 390 391 392 393 394 905 401 402 399 400
COAL NUMBER

2
3
[ e et S e m e S T B S S R R

i/
398 446 447

Frevre 20.—Heating Values of Gas.

The properties of gas from. the British
Columbia; coals varied widely.. The specific
gravity ranged from 0.311:to 0.408, and the
heating values per cubic foot and per pound of
coal ranged from 507 to 601 B. . u. and from
1,960 to 2,980 B.t.u., respectively. Gases
from the high-ash coals from Graham. Island
(400) and No. 3 bed in: southeastern British
Columbia (392) had. the lowest heating values
on the per-pound-of-coal basis.: Excepting the
two coals (388 and 389) from Vancouver Island,
which contained 2.1 and 1.8 percent sulfur and
yielded high-sulfur gases; the British Columbia
coals yielded gas containing moderate or low
proportions of hydrogen sulfide; Fight of the
twelve coals from this Province ranked as med-
ium volatile, and four ranked as volatile A
bituminous. This difference in rank is reflected
by the following comparison of average heating
values and hydrogen and ethane contents for
the medium- and high-volatile ranks, respec-
tively: Heating value per cubic foot, 545 and
574 B. t. u.; hydrogen, 58.5 and 52.5 percent;
and methane, 28.2 and 30.1 percent. Average
heating values for the 900° C. BM—AGA-test
gases (13-inch retort) for 8 medium-volatile and
30 high-volatile A domestic coals tested pre-
viously were 563 and 605 B. t. u., respectively.?

The three Washington coals yielded richer
gases than the other coals included in this
Investigation; the heating values ranged from
631 to 642 B. t. u. per cubic foot and 3,260 to
3,370 B. t. u. per pound of coal. The gas from
No. 5 (398), which ranked lower in the high-
volatile A group than No. 3 (446) and No. 2
(447), was richest, because it contained appreci-
ably less hydrogen and more illuminants.  The

% Wolfson, D. E., and Reynolds, D. A., Yiclds and Properties of Gases

from BM-AGA Carbonization Tests at 900° C.: Bureau of Mines
Tech. Paper 693, 1046, 12 pp.



RESULTS OF CARBONIZING TESTS : 29

| Tasrw 10.—Properties of gas
| }
B.t. u.olz)(%r cubic o, Composition, dry, pereent by volame
Specific B.t.u.per| grains
Coal No. gravity | poggﬁ of %e];bli%()
Detes | St B’ | cos |Mmt| o, | m | oo | om | om |
ALASKA
385 .. 10, 504 546 533 2, 730 130 7.5 4. 8 0.5 450 | 12.8 | 26.7 0.4 1.4
38BA o ___ . 445 530 531 2, 720 120 5.6 4, 8 41 49.7 | 12.83 | 25. 4 A L5
886 .. . 342 521 501 2, 630 100 3.6 1. 4 .41 601 6.3 1 27.0 0 1.2
Bririsg CoLuMBIA
388 il . 0. 404 601 593 2, 940 870 2.9 5.5 0.4 | 50. 8 6.8 | 315 0.6 1.5
389 ... . 408 H84. 583 2, 790 620 3.3 5. 2 .8 | 50.4 7.7 3L0 B 1.6
390 . 344 558 556 2, 890 110 1.9 3.8 .4 | 57.8 6.5 | 28. 1 .3 12
391, .o 360 570 588 2, 960 60 2.0 4. 8 .4 | bb. 2 6.3 380.2 .1 1 0
392 ... 316 507 505 2, 240 70 2.2 2. 4 4| 62,2 6.7 | 250 .0 Ll
898 311 518 516 2, 410 110 1.9 2.8 4| 62,2 56| 259 .0 1.2
394 342 539 528 2, 570 130 2.6 3.3 31573 6.2 275 1 2.7
395 . . 338 567 549 2, 880 210 1.9 3.7 4 | 7.3 4.9 | 20.2 2 2.4
401, . . 351 548 544 2, 480 230 2. 4 3.2 3| 56.9 6.0 29.3 29 17
402 326 550 526 2, 700 200 1.4 2.9 4| 59. 2 5.2 29 2 .3 1.4
899 . . 383 574 565 2, 980 330 2.3 4.5 3| 53.3 8 21 30 2 .0 1.1
400 ... .. . 884 537 544 1, 960 200 2.9 4.0 3| 55. 3 9.1 261 1.0 1.3
WASHINGTON
808, il 0. 443 642 633 3, 370 130 2.9 6.9 0.3 | 45. 5 811340 1.0 1.3
446_ - . . 392 | - 623 613 3, 260 170 2.2 5. 6 .3 | 50.4 571 34,0 ] L2
447 oo ., 382 631 620 3, 280 190 1.5 5 8 3| 5L3 53 1| 33.8 .8 1.2
Lowkr SUNNYSIDE AND BLENDS
428 . 0. 460 604 589 3, 140 310 4.0 5.8 0.4 | 46.5 | 11.0 | 30,7 |:0. 6 1.0
423 . 447 598 579 3, 230 360 4. 2 6.0 .3 47.2 1 11,0 ] 3000 oL 1.2
4283 ... . 507 544 540 3, 000 240 5.9 4, 4 .8 1470 10.8 | 20.0 .0 2.6
428A . ___....| .436 597 592 3, 030 270 3.5 6.1 4| 47. 8 9.8 | 80.1 . 8 1.6
428B. . ____ . 434 609 600 3, 110 250 3.1 6. 3 4| 47.1 9.9 1] 31,0 Rl 1.5
4283B*________._ . 470 541 538 2, 920 200 4. 9 4.1 3| 47. 2 8 3| 20.1 b 5.6
423C . . . 440 604 593 3, 100 300 3.3 59 4 1 48.0 9: 9 [+80:5 8 1.2
428D . 438 593 588 3, 060 290 3.3 6. 2 4 | 48. 4 | 10:. 1 | 30:0 o 1.2
4283 1. 406 | BTT |l 280 3. 8 5 8 3| 49:1 | 1004 | 28,4 9 1.3
428K . . 452 609 606 3, 140 300 3.5 6.7 4 [ 46,4 | 10: 4| 30. 4 11 L1
423F . L. . 439 597 584 3, 100 300 3.5 6. 1 3 48. 9 |110.2) 28. 7 1.0 1.3
423G . . 429 604 588 3. 070 330 3.5 6. 1 3 149, 1 9. 7.1.28.9 10 1.4
423G ____ ... . 465 553 524 2, 970 210 5. 2 4, 4 3| 456. 5 9.8 | 27 4 L4 7.0
428H 4 .. . 440 591 576 3, 220 300 4,0 5.9 3| 47.8 1 10.7 [129.9 1 1.3
4231 L. . 425 582 571 3, 140 320 3.7 5.5 3] 49.5 | 10, 3 |- 29.'4 oL 1.2
428J . __ c 4 d 585 568 3, 150 320 3.5 5.3 31508 10.1 [:29.0 .3 1.2
423K 1 o . 432 602 590 3, 240 320 3.5 6.0 3] 480 9.8 | 30,8 4 1.2
4238L, 1 _______| . 439 606 501 3, 180 340 3.5 6.0 3| 48 1 9.6 |:30.7 b 1.3

1 Coal stored 4 months, 2 Slot-oven tests,

contents of hydrogen sulfide, 130 to 190 grains
per 100 cubic feet, were moderate.

Lower Sunnyside coal yielded rather lean
gas—its heating values were 604 B. t. u. per
cubic foot and 3,140 B. t. u. per pound of coal.
The specific gravity (0.460) was higher than
that of the gases from the eight British Colum-
bia medium-volatile coals, probably because the
content of carbon dioxide (4.0 percent) was
higher. Differences between the BM-AGA

gases from the fresh and stored samples did
not exceed the experimental limits. The gas
produced in the slot oven was heavier and
leaner, because it was diluted with small pro-
portions of nitrogen and oxides of carbon, as
air frequently enters this oven through small
cracks. ; ‘ ,

All blends contained 80 percent or more
Lower Sunnyside coal, and no significant dif-
ferences in the properties of gas were attribut-
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ablc to the various blending coals. The gases
from both blends carbonized in the slot oven
‘contamed relatively high proportions of nitro-

gen and carbon dioxide, and they were leaner
than BM-AGA gases from the same blends.

PROPERTIES OF TAR AND LIGHT OIL

Tables 11 and 12 show the properties of the
tar and light oil, respectively. Yields of the
principal constituents of tar and light oil were
calculated as gallons, or pounds, per ton of

CARBONIZING PROPERTIES, BRITISH COLUMBIA; ALASKA, AND OTHER COALS

coal from the analytical data given in tables
11 and 12 and the yields given in table 6. The
volumes or weights of these products obtained
from the single coals were computed, also, to the
moisture- and ash-free basis. Tables 13 and
14 give the yields of tar and light-oil products
from the single coals on both the as-carbonized
and moisture- and ash-free bages. Table 15
gives the corresponding data for Lower Sunny-
side coal and its blends on the as-carbonized
basis only.

TasLe 11.—Analysis of tar distillate

ALASKA
I’ercg.néll‘)}y gglght Boiling range, °C., percent by volume Di,sgllllllﬁ}g’o?%f;,l};}) v Neutr%lytf‘mll(‘)olill,nle)ercent
Speqitﬂc -

Coal No. El{;iag"l g . Paraffins

15.0°C. | “oene” | tabme | 0470 | 170-285 | 285270 | 270-350 | Residue| Acids | Bases Newtal| Otefing | are | and

salts salts thenos
385.._ .. 115 | 27201 4. 49 4.8 | 22. 4 5.6 | 14.3 | 52. 9 7.3 2.1 30.5 | 12.7 | 86. 4 0.9
385A . __ 1.16.1:2: 99 6,47 3.9 18 5 6.4 14.2 | 57.0 6. 3 1.9 | 25.3 9.9 | 89.6 )
386_ ... 1,161 2:20: | 2. 94 4] 14. 6 6.8 138.7| 63.5 2.8 3.0| 25.6 88| 885 L7

Brrrrsu ConumBIA
388.__o_ 1217 [ 265 [ 4,47 4.9 1159 5.2 11.6 | 62. 4 3. 4 1.5 ] 265 7.6 | 90.8 1.6
389 i 1718 [8.20. | 5, 37 3.2 15 8 4.9 12.0 | 64. 1 3.5 1.4 22 3 87|90 2 1.1
30020t 116 [ 2.41 -2 91 3.5 | 144 57| 12,6 | 63.8 3.8 1.7 25 4 711923 .6
39t aC 118 1:2.89 | 3. 73 2.2 112.0 531 12.1 | 68. 4 2.6 1.1 212 7.5 ] 913 1.2
302_il 117 1 6.07 | 6. 04 1.4 1718. 0 4.6 [ 13.7 | 67.3 2.0 .9 | 18 6 7.7 1 91.6 .7
398l cu 117 | 5. 08 |+ 5: 38 1.3 1121 47| 11.3 | 70.6 1.5 .51 159 7.8 917 .5
394 118 14,70 | 516 2.8 | 18:. 4 4.6 [ 12.6 [ 67. 1 2.4 .91 19.6 9.0 905 .5
39522 1,17 1.2.83 | 2. 47 8.0 1:12. 7 6,21 13.9 1 64. 2 3.8 1.3 259 7.8 1 90.8 L 4
4012 2. 118 12,01 | 1. 82 2.9 1.13.2 6.6 143|630 4.8 1.7 26. 8 7.5 9L 1 1.4
40222 116 | 2:41 [:2.38 2:6:113.6 59 1401 63.9 5.0 1.5 249 9.3 | 895 1.2
309 u_ o170 0°2:40 |1 4.82 1089|174 6.6 | 12.6 | 59. 5 6. 0 1.9 25 9 7.8 190 2 2.0
4002 __ 1. 18 |1 8. 65 | 7.17 2.6 | 15:7 52| 11.9 646 2.0 1.1 21.2 7.9 ] 91. 2 .9
WASHINGTON
308__.__. 1.17 | 2.61 | 4. 31 3.5 |17 5 5711181 6L5 5. 4 2.51236 | 10.5 | 86.6 2.9
446. . .. 1. 18 2%58 3. 25 5.7 | 14. 3 7.0 14.3 | 58 7 5.1 2.8 | 282 6.5 1907 2.8
447 1.17 | 2710 | 2. 89 4.5 16. 0 6.1 | 11.6| 61.8 5.1 3.0 25 1 9.6 | 89.3 1.1
Lowmnr SUNNYSIDE AND BrmNps

423_ .. .C 1.15 | 2.18 | 8. 72 6.4 17. 0 57| 13.6 | 57.3 4. 6 2.4 1299 88190 1 1.1
423 1. 1.16 | 1.92 | 4. 64 7.1119.9 6.8 1] 12,8 | 53. 4 5 6 2.7 3L7 9.5 900 )
123A. . 1.17 | 1,79 | 8.96 56| 15 8 6.5 11.6 | 60. 5 3.9 2.4 127 4 9.1 902 7
423Bie. . 1.16 | 2.25 | 4. 69 5.2 14. 6 6.1 ] 1380 61.1 3.7 2.2126.1|10.8 ) 88.3 .9
J23B 1 117 | 2.49 | 4, 94 5.2 | 18. 3 58 11.9| 588 4. 4 2.1 | 27 2 7.5 9L 6 . 9
423C 0. 1. 16 | 1. 81 | 3. 67 6.8 | 15. 5 6.3 13.0 | b8 4 4.1 2.6 [ 29. 4 85| 906 .9
423D .. 1.16 | 1.98 | 8.85 6.0} 17.0 6.5112.51 58.0 4.1 2.6)29.5)10.9 88. 5 .6
423T0. 115 1.75 | 3. 12 5.2 1155 6.0 12.4 |60 9 4. 2 2.9127.210.3 | 88.6 1.1
42315 1.15 | 2.15 ] 3.76 5.7 | 17.2 6.0 | 13.8 | 573 4.8 3.0 1202 9.0 1 90. 3 L7
$28G 117 { 2.09 | 3.00 59| 17. 9 5.6 | 13.6 | 7.0 5.2 3.2 1296 9.7 89.6 L7
428G 10 1.16 [12.19 | 5. 89 6.7 (177 6.0 | 11.3 | 58 3 4.7 2.1 1|27 2 85| 91.0 .5
428H 2 1.16 | 2.69 | 4. 87 4.9 | 18 2 5.3 1137|579 4. 4 2.7 127.5 | 11.6 ] 88.0 L4
42312 1.16 | 2.88 | 5. 22 4.5 ) 18 4 6.4 13 9] 56.8 4.5 2.8127.8| 125 87.1 o4
~|23Jr2__, 116 ["2.59 | 548 4.3 | 17.3 6.6 | 12.9 | 58 9 4.7 2.9 1255 (11.8| 87. 8 L d
2318 118 1218 | 4. 67 53| 16. 2 51| 10.7 | 62.7 3.2 2.8 | 24. 4 56| 93.7 L7
4231, 2. L1712 31.. 8. 84 4.7 1 16.3 59| 117 61. 4 3.7 2.7 | 26,1 9.4 | 89. 8 . 8

1 smmvon tosts. - 2 Coal stored 4'months;



i Tasrm 12.—Analysis of light oil

RESULTS OF CARBONIZING TRSTS

Ne
XworEronooms L

ALASKA
Refined light ofl from gas, percent by volume Olefingin
Coal No. iR o?ﬁ%ﬁ%gg;
Benzene Tolyerie Parafling ns(ri)pl)%?,llll‘é p%'gﬁ?]ggy .
B L e i e e 72.5 21. 7 0.8 5.0 11.8
B8B A il 7L 1 23, 4 .6 4.9 111
B806 L el 52.9 29.0 3.7 14. 4 | 13.4
Bririsa CorLumMBIA
388 711 22,5 0.8 5.6 )
B8 L e 70. 3 23. 6 .7 5.4 10.
800 . 52. 0 27. 9 5.5 4.6 | 19,
B0 e e 57. 8 26. 7 3.8 117 13,
B0 e e 66. 2 24, 2 2.0 761 0,
898 i iMoo 66, 1 24, 9 1.7 7.3
B4 e 65. 5 25. 0 2.0 751 9
B e o e L i e e 55, 4 29. 0 3.9 11. 7 11
Q0T e el nall Ll 58, 8 26, 1 4,4 10.7 | 15
402 L e 58. 5 27. 1 3.8 10. 6 14,
B0 i e e 67. 8 25.0 2.2 5.0 10.
400 . L L eSSl iuosiolloo 74, 2 19. 6 2.9 3.3 10
WASHINGTON
308 e ln i 68. 0 22. 2 4, 4 5.4 11. 8
A6 - o i iceenioollo LUl 64, 2 23. 4 6.2 6.2 it 0
447 e Clillioliodiliillooo 62.1 26. 9 4.6 6. 4 11 4
Lower SUNNYSIDE AND BLENDS
48 e Ll e 70, 2 22. 3 3.8 3.7 11. 2
A28 A o i il 73.2 21. 8 1.7 3.3 10. 7
428B ol 71.2 22.1 2.8 3.9 11.0
428 C . o 71. 4 22. 2 2.7 3.7 11.0
A28 D e 72,2 22. 0 2.1 3.7 10.7
428K el e il 70. 4 22,7 3.6 3.3 11.8
4231 - e AlE il .. 67. 3 24. 3 4,5 3.9 11.6
428G e L L Liimii e 67. 5 25..1 4.0 34 13.4
423G . 76. 5 18. 5 2.7 2.3 9.4
423H 2. L liiiialailio 69, 0 22. 8 3.7 4.5 1 10.0
4281 % e U e 68. 0 22. 8 3.2 6.0 13.5
493 2 o e 69. 0 22. 1 3.7 5.2 11.9
423K 2 e il 69. 3 28. 5 2.9 4.3 1.7
4981 % e el 64. 8 27. 5 3. 4 4,3 12. 5

t Slot-oven test.
3 Coal stored 4 months,
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[

’FQBLE 13.—Y4elds of tar products calculated on the as-received and moisture- and ash-free basis

|

ALASKA
Gallons per ton Pounds per ton
Coal No, Tar Acids Bases Neutraloils | Residue | Anthracene [Naphthalene
™ ® 0] ® ® ® 0} @ ) ® ™ ® ® ®
BB o el o 0. 4112. 8/0. 69|0. 94|0. 20|0. 27|2. 87|3. 90|4. 97|6. 75(2. 45|3. 33|4. 04|5. 49
B8 ol 5.5 6.5 .15 .18] .17 .20{1. 41|1. 67(3. 49}4. 12(1. 14|1. 35|1. 53]1. 81
Brrrisu Cornumsia
B8 o L e 10. 4{12. 2(0. 35(0. 41/0. 16{0. 19{2. 65(3. 12(6. 49/7. 632. 97/3. 49/5. 01/5. 89
380 e 8. 9|10, 8| . 31| . 38| . 12| . 15|1. 98]2. 40|5. 70/6. 9112, 753, 33/4. 62|5, 60
890 8.2| 9.3 .31 .35 .14| . 16|2. 082, 35|5. 23(5. 90|1. 88|2. 12{2. 27|2. 56
801 o L 7.5| 8.7 .20 .23| .08 .09|1. 59{1. 85|5. 13|5. 97|2. 14|2. 49(2. 76(3. 21
B e i 4, 1| 5.5 .08 .11|.04| .05| .76|l 02]|2. 76|3. 70|2. 03|2. 72|12, 42(3. 24
308 . e Lllholnloillili Ll 4.5 5.6| .07 .08 .07 .08 .72 .89(3. 18/3. 93|2. 212, 7312, 37|2. 93
394 o llildilliliiioll 6.2| 7.7/ . 15| . 19| .06| .07/1. 22|1. 51|4. 16(5, 14(2. 82(3. 483. 10|3. 83
F3¢ 1 S SOOI L L RS DU ST S 9.0]10. 1] . 34| . 38| . 12| . 14;2. 33|2. 62|5. 78|6. 50|2. 05|2. 31{2. 17(2. 44.
X U USSP S S I SLERUNU 7.9] 9.9 .38 .48 . 13| .16{2. 12|2. 67|4. 98/6. 26|1. 531, 92{1. 38|1. 74
402 il il ai sl 7.8| 8 2| .37 .41, 11| . 12|1. 82|2. 04]|4. 66]5. 22|1. 69/1. 89|1. 67|1. 87
B399 . LoliSIiLml il 10. 5;11, 4| . 63) . 68| . 20| . 22|2. 72|12, 96|6. 25|6. 79{2. 46|12, 674, 41/4. 79
00 o LI L LA L Ll Ll 4.9 82| .10 .17 .05 .08|1. 04|1. 74|3. 17\5. 30!1. 75|2. 933, 44.|5. 75
WasHINGTON
b1 1< SRR -y S U E Lt e A IR SRS 14. 6|17. 4]0. 79|0. 94|0. 37|(), 44(3. 45]4. 10|8. 98[10.68/3. 76\4. 47(6, 21|7. 88
446 . L s DD L el 12, 7|14, 9| . 65] . 76| . 36| . 42|3. 58|4. 197. 45!8. 72/3. 25|3. 804, 10|4. 80
QAT L e e LS 12. 0|13. 9| . 61} . 71| . 36| . 423, 01|3. 49|7. 42(8. 60.2. 48/2. 87|3. 41|3. 95
LowER SUNNYSIDE
428 L Ln i e e e 14. 816, 2|0. 66|0. 75|0. 34|0. 38[4. 28[4. 848, 19/9. 26|8. 053. 45/5. 21(5. 89
AvVERAGES

High-volatile Ao . . oe L eLnili L 14, 1o __{0. 80|~ .. -{0. 30|.___13. 84|___ .18, 82| __|2. 72|____|5. 49|____
Medium-volatile: oiovre o oL 7o 18| 06| (1. 4814 97|____|1. 38|22 72|z
Low-volatile :. . oo ot e 4 3|l 08| 08| L 83| (294 . |20 14|.___|2. 20{._.._

1 As-received eoal.
2 Moisture- and ash-{ree coal,

Nore.—Recent averages to be published.
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Tasrs 14.—Yields of light-oil products caleulated on the as-received and moisture- and ash-free basis

ArAsKA
Gallons per ton
Coal No. Light of} Benzeno Toluene Parafins Solvent naphthg
® ' ® ® ® ® ; ® &) ‘ ® ‘ (0} ®
885 503|412 | 104 | 264|058 0.70] 002|003 013] 018
886, o 1.65| 1.95 | .76 | .90 |41 48 | .05 L0614 .21 .25
Bririsag COLUMBIA
388 i 3.42 | 4.02 [ 2219 [ 258 | 0.69 | 0.81 [.0.02 [ 002 017] 020
B89 2011353 1.8 222 .62 .75 .02 .02| . .14 17
890 o 2. 17 | 2. 4¢ .99 | 1. 12 . 53 . 60 11 192 981 39
B0 e 2.12 | 2,47 | 1.06 | 1.23 .49 .57 .07 081 99 .26
802 el 1. 52 ] 2. 04 .91 ] 1,22 33 44 .08 04 10 13
B08 i 1.59 | 1. 97 .95 0 1017 36 14 .02 02 11 14
894 i 1.90 | 2,35 1,13 | 1. 40 43 53 208 04 13 16
B8 o i 2.04 | 2230 | 1.00 | 1. 13 52 59 .07 08 91 24
401 el 1.96 | 2 47 .98 | 1.23 43 54 207 .09 18 23
FO2 o Al 2,08 | 2233 | 1.05 | 1. 18 49 55 . 07 08 19 21
809 . il 2.93 1318 | 1.78 | 1. 93 66 72 06 07 13 14
400 . Ll ool 1,68 ['2.81 | 1.11 | 1.86 29 48 04 07 05 .08
WASHINGTON
808 Lol iilllniiil 3,45 | 410|207 | 2.46 | 0.67 { 0.80 | 0. 13 [ 0:15[ 0. 16 | ;‘0, 19
A48 o il 3.32 (3.8 1.92| 2.25 .70 . 82 .19 .22 .19 .29
A4 e Ll il 3111860 1.71 | 1.98 VT4 . 86 .13 15 18 21
LoweER SUNNYSIDE
498 ol il SR S 3.23(3.65] 2011227 |064|072|0 110120 11 0. 12
AvVERAGES .
High-volatile Al . oo oo i oo . 347 ... 213 | 0.61 (... 0. 15 [oioias 0. 19 ____Q,
Medium=volatile... . ___ ... .2 . . 1.82 |_.__.. 1,03 [~ .. A PR 06 |Luni anis :
Low-volatile. - ... .o loio_. .40 |_. . __ 80 | . 30 ‘l ______ L08 i 13

1 As-received coal;
2 Moisture-and agh-free coal.

Nore.—Recent averages to be published.
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TasLe 15.—Yields of tar and light-oil products from Sunnyside coal and its blends calculated on the
! as-recetved basis

Tar, gallons per ton Pounds per ton Light oil, gallons per ton
Coal No. Neu- Anthra-| Naph- s

Acids | Bases })II?SI Residue ggﬂg t]égllr%?e ?e?ﬁa Toluene | - Pﬁ?}gr’ ﬁg:ﬁf&%
A28 0.66 | 0.34 | 4.28 | 819 | 3.05 | 5,21 | 2.01 | 0.64 | 0. 11 0. 11
428 1 e .57 .27 18.20 | 5.39 | 1.88 | 4.55 | __ |l |-
A28A .49 .80 | 8.45 | 7.62 ] 2.18 | 4.83 | 2.08 . 62 .05 .09
4288 L. . 50 .30 1 3852825293 |6.10 | 1.97 .61 . 08 11
4288t el .48 .28 12.9916.47 1 2.64 | 5.24 || o |oa oo
428C e . 56 .35 [ 4.00|7.94 2385|477 171 .53 . 06 . 09
423D .51 .33 |18.69 | 7.25|2.42| 470 | 1.82 55 .05 .09
4281 i . 63 .43 14,05 9.07 | 2.52|4.49 | 1. 82 .59 .09 .09
4281 el . b4 .34 13.80 1 6.47 ] 2.32| 4006 | L 55 . 56 .10 .09
428G . 64 .40 | 8.67 | 7.07 | 2.55 | 3.606 | 1.46 . 54 .09 .07
423G Y o .45 .20 | 2.58 | 5. 54| 208 | 5. 12| 1. 74 .42 .06 .05
428H 2 o iioo- .52 .32 8.2516.83] 307! 5565|190 . 63 .10 .12
42812 e .50 .31 13096303 11564 169 . b7 .08 15
428J % il .49 .30 | 2.68 | 6,18 | 2.64 | 5.54 | 1.84 . 59 .10 .14
428K 2 Ll il . .41 .36 138,12 1803 | 2.75| 5.8 | 2. 00 . 68 . 08 .12
42812 .o lilllll ., 48 .35 1889 7.908 296|492 150 . 64 .08 .10

1 Slot-oven tests,
2 C'oal stored 4 months.

The yields of tar and tar constituents from the
two Alaskan coals were indicative of their coal
rank, - These yields were congiderably higher
for the high-volatile-B coal (385) from No. 3
bed, Evan-Jones mine; than for medium-yola-
tile M bed, = Chickaloon = mine " coal  (388).
Both tars yielded less of “all constituents: than
the average 900% C. tar from coals of their
respective ranks.

Trour of the British Columbia coals ranked as
high-volatile A; and eight were of medium-vola-

- tile rank,. The yields of tar and: tar constitu-
ents from the fotur high-volatile ‘coals were
considerably lower than for the average high-
volatile A coal.. Queen Charlotte Island coal
(400), which contained 37 percent ash, gave
exceptionally low yields of tar (4.9 gallons per
ton) and correspondingly low yields of tar con-
stituents. The yields from the two washed
Vancouver Island coals (388 and 389) were sim-
ilar, The tar from the Peace River district
coal (399) yielded more tar acids, bases, and
neutral oil than the other British Columbia
high-volatile A coals, but less naphthalene and
anthracene than the Vancouver Island coal
tars; The average yields of tar acids, bases,
and neutral oils from medium-volatile coals
carbonized previously in the BM—AGA retort
at 900° C. are 0.18, 0.06, and 1.48 gallons per
ton, respectively,”” The range of yields for the
eight medium-volatile coal tars were: Acids,
0.07 to 0.38; bases, 0.06 to 0.14; and neutral
oils, 0.72 to 2.33 gallons per ton. The two
highest-ranking coals (392 and 393) from the
Crowsnest district and A-bed, Michel mine coal

1 Averago yields of tar and light ofl products from low-, medium-, and
_ higheyolatile A coals to, be publishcd.I v '

(394), gave lower than average yields of acids,
bases, neutral oils, and residue, wheéreas the
other coals yielded more of these constitiients
than the average medium-volatile coal. The
range in. yields of naphthalene and anthracene
from. the medium-volatile coals were 1.38 to
3:.10 and 1,53 to 2.82 pounds per ton, respec-
tively.. Elk River No. 5 coal (401), which
gave the highest vield of tar acids, gave the low-
est yields of naphthalene and anthracene.

The three Washington coals were of high-
volatile A rank. The yields of acids, bases,
and neutral oils, in gallons, and naphthalenc
and anthracene, in pounds, per ton for the
average high-volatile A coal carbonized previ-
ously in the BM-AGA retort at 900% C: are
0.80, 0.30, 3.84, 5.49, and 2.72, respectively:.
The tar from No. 5 bed, Kittitas County, coal
(398) was similar to the average from high-vol-
atile coals. The tars from Wilkeson No. 2-
and No. 3-bed coals (446 and 447), Pierce
County, yielded more bases but less acids, neu-
tral oils, naphthalene, and anthracene than the’
average high-volatile A coal tar.

The yields of tar products from Tower Sun-
nyside coal (423) carbonized singly at 900° C.,
computed on the per-ton-of-coal basis, were:
Acids, 0.66 gallon; bases, 0.34 gallon; neutral
oils, 4.28 gallons; naphthalene, 5.21 pounds;
and anthracene, 3.05 pounds. The range in
yields from blends of Lower Sunnyside coal with
various coals and coal-tar pitch, which were
carbonized by the same method, were: Acids,
0.41 to 0.64 gallon; bases, 0.30 to 0.40 gallon;
neutral oils, 2.68 to 4.05 gallons; naphthalene,
3.66 to 6.10 pounds; and anthracene, 2.32 to
3.11 pounds per ton. Substitution of pitch for
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3 percent Lower Sunnyside coal increased the
yield of tar, bases, and pitch. Apparently, a
large proportion of the added pitch was recov-
ered ag pitch, or residue, as shown below.

Neu-

Coal No. Composition ' Acids| Bases Lé‘ﬂl 11(11(13159
423 ... 100 pg]‘centLowel'Sun- 0. 66(0. 34(4. 2&|8, 19

nyside. .
428E____| 97 percent 423 and 3 | . 63| . 43|4. 059. 07
percent piteh,

423T.___| 85 percent 423 and 15 | . 54| . 34|3. 30/6. 47
percent  Oklahoma
(424).

423G____| 82 percent 423, 15 | . 64| .40[3. 67|7. 07

percent 424, and 3
percent piteh.

¥

Lower Sunnyside and several blends yielded
less tar-and tar products when carbonized in
the 500-pound vertical slot oven at” 870° to
1,010° C. than when carbonized by the BM~
AGA method at 900° C.

Similar- to- the tars, the properties of the
light eils from the Alaskan coals were related
to the rank of the coal carbonized.  The yields
of light-oil products at 900° C. from high-
volatile Evan-Jones mine coal (385) and
medium-volatile M-bed coal (386) were, re-
spectively, benzene, 1.94 and 0.76; toluene,
0.58 ‘and 0.41; paraffing, 0.02 and 0.05; and
solvent naphtha, 0.13 and 0.21 gallon per ton,
A blend of 70-percent Evan-Jones mine coal
with 30-percent M-bed coal gave intermediate
yields of benzene and toluene and lower yields
of paratfing and solvent naphtha than either
of the constituent coals,

The yields of the principal constituents of
light oils from the average high-volatile A and
medium-volatile coals tested previously are,
respectively, benzene, 2.13 and 1.03; toluene,
0.61 and 0.37; paraffing, 0.15 and 0.06; and
solvent naphtha, 0.19 and 0.16 gallons per ton.
Except for Robertson mine, Queen Charlotte
Island coal (400), which contained 37-percent
ash and consequently gave low yields of light
oil and light-oil constituents, the range of yields
from the British Columbia high-volatile A coals
were: Benzene, 1.78 to 2.19; toluene, 0.66 to
0.69; paraflins, 0.02 to 0.06; and solvent naph-
tha, 0.13 to 0.17 gallons per ton. The range
of vyields from the eight DBritish Columbia
medium-volatile coals were: Benzene, 0.91 to
1.13; toluene, 0.33 to 0.53; paraffins, 0.02 to
0.11; and solvent naphtha, 0.10 to 0.28 gallons
per ton. All the light oils, except that from
Robertson mine coal, gave normal yields of
benzene and toluene, lower yields of paraflins,

and higher yields of solvent naphtha than the
average light oil from similar ranking coals.

Except for the benzene yields, which showed
the greatest variation (1.71 to 2.07 gallons per
ton), the three high-volatile Washington coals
yielded similar light oils. The average yields
of toluene, parafling, and solvent naphtha from
these three coals were normal for coals of their
rank—0.70, 0.15, and 0.16 gallon: per ton,
respectively.

The yields from the Lower Sunnyside coal
(423) carbonized singly at 900°. C. were;
Benzene, 2.01; toluene, 0.64; paraffins, 0.11;
and solvent naphtha, 0.11 gallons per: ton,
Blends of Lower Sunnyside with various pro-
portions of higher-rank coal tended to decrease
the yields of benzene, toluene, and paraffins
and give similar yields of solvent naphtha.
Substitution of pitch for 3-percent Lower Sun-
nyside coal decreased the yields of light oil and
light-oil constituents, as shown below:,

Sol-
Ben- | Tol- [Parat-| vent
zene | uene | flng maph-
tha

Coal No. Composition

423 .. 100 percent Lower |2. 01]0. 64[0. 11]0. 11
Sunnyside,

423T__._ .| 97 percent 423 and 3 |1. 82|, 59|-: 09 .09
pereent piteh, ‘

(100 .09

423F ... _| 85 percent 423 and 15 |1. 55/ . 56

percent  Oklahoma

(424). ,
423G.____| 82 percent 423, 15 per- |1. 46| 54} . 00| . 07

cent 424, and 3 per-
cent piteh,

The blend of 82 percent Lower Sunnysid‘e,“'ic '

15 percent Oklahoma, and 3 percent piteh, _
which was carbonized in both the 500-pound
slot.and BM~AGA ovens, yielded more benzene

and less of the other constituents when car
bonized in the slot oven. ‘ .
The yields of tar and light-oil constituents,.

calculated to a moisture- and ash-free basis of -
coal carbonized, are  shown graphically in

figures 21 and 22. The yields of light-oil
constituents are more a function of the rank of

the coal carbonized than are the tar constitu-

ents when calculated in this manner. [Higl
volatile A coal (400) from Queen Charlotte ls-
land, which, owing to its high ash content, gave
exceptionally low yields of tar and light oil, and

their constituents on an as-received basis yiclded
normal amounts of light-oil constituents on a
moisture- and ash-free basis. Howover, the

vields of tar constituents from this coal, caleu-

still lower than most medium-volatile coals,

iated to a moisture- and ash-free basis, were
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EXPANDING PROPERTIES

The expanding properties of M-bed coal from
Alagka and nine of the British Columbia coals
were determined in the sole-heated oven # of
the Bureau of Mines. The chamber of the
sole-heated oven is 11 inches wide, 24% inches
long, and 11 inches deep. The floor is elec-
trically heated; and its temperature during a
test follows a time-temperature program that
closely approximates actual wall temperatures
in coke ovens and attains a maximum temper-
ature of 950° C.  About 40 pounds of coal is
spread evenly over the floor of the oven and
covered with an insulated plate. A constant
load of 2.2 pounds per square inch is applied to
the top surface of the coal charge. The
vertical movement of the cover plate as it
rises or descends is calculated to expansion or
contraction at a standard bulk density of 55.5
pounds per cubic foot,

For comparative purposes, expansion is best
expressed on the dry, solid-coal basis,® because
this value is largely independent of bulk
density, moisture, and specific gravity.

Table 16 gives the expansion-test results on
both the dry, solid-coal and 55.5-pound-per-
cubic-foot bases for the 10 coals tested and the
expansion indicated by deformation of the
steel retorts used in BM-AGA tests. The
following coal properties also are included in
thig table: Dry, mineral-matter-free, fixed-car-
bon content, moisture content, true specific
gravity, and rank.

28 MeCartney, J. 1., and Davis, J, D., Expansion of Coal During Cok-
ing: Bureau of Mines Rept. of Investigations 3644, 1942, 23 pp.

0 Auvil, H, 8., Davis, I, D,, and MecCartney, J. T., Expansion ol Coal
During Coking: Bureau of Mines Rept. of Investigations 3451, 1939, 21 pp.

All high-volatile A coals contracted in the
sole-heated oven at 55.5 pounds per cubic
foot. The dry, solid-coal expansions of these
coals were: No. 2, No. 8 mine, Vancouver
Island, B. C. (388), 31.5; No. 2 bed, T’Sable
River mine, Vancouver Island (389), 39.2;
and Peace River prospect coal (399), 46.1
percent. 'The dry, solid-coal expansions of the
medium-volatile coals were all higher, except
for No. 3 bed, Elk River No. 3 mine (392).
The high ash content (23.8 percent) of this
coal probably lowered the expansion, although
this coal contained next to the highest per-
eentage of dry, mineral-matter-free fixed carbon.
If the ash content of this coal were lowered by
cleaning, expansion probably would increase.

The contractions at 55.5 pounds per cubic
foot of No. 5-bed, Aldridge Creek prospect
(401), and Peace River prospect (399) coals did
not differ significantly, but the large difference
in gravity between the two caused their dry,
solid-coal expansions to differ significantly.
Also, the dry, solid-coal expansion of the high-
volatile A coal (399) was less than that of the
medium-volatile coal (401), whereas on the 55.5-
pound-per-cubic-foot basis the high-volatile A
coal has the smaller contraction. ;

The expansion of the M-bed coal fom Alaska
(386) was exceptionally high; however, blend-
ing this coal with high-volatile A coal should
reduce its expansion. The best estimate from
unpublished information for the expansion of a
30-percent blend of this coal and 70 percent of
Pittsburgh-bed - coal * (3.0 percent  moisture)

TasLe 16.—Results of sole-heated-oven expansion tests

Expansion, percent
, Toie. Dry, mineral- Txpansion
Qo specifle | tue, | attertrec Rank = B
gravity percent percent A pév soliszl’

cu, ft. coal
886 ... 1. 38 2.6 76. 6 | Medium-volatile_________.___ +39. 6 121. 7 | Very great.
388 __ ... 1. 37 3.1 64, 4 | High-volatile A___ . __.__._ —17. 2 31. 5 | None.
389 ______ 1. 40 3.2 66.5 [.___. do_ . —14. 38 30..2 Do,
3092 ... .. 1. 49 1.6 77. 3 | Medium-volatile.____ DU —19. 8 37, 4 Do,
303 _ .- 1. 43 1.5 77.6 | __ do_ . —8. 3 49, 5| Slight.
394 ___.__ 1. 42 1.6 73. 2 e dO —17.9 49. 3 Do
395 ... _. 1. 35 1. 4 72.3 |_____ do_ +3. 7 54: 9 Do
401 _ .. 1. 42 3.2 71 4 cdoe . —06.6 53. 9 Do
402 __.__ 1. 34 3.0 74,6 .. __ Ao +4. 6 59. 3| None
399 ... _. 1. 33 3.1 67. 0 | High-volatile A___ .. . __ —5.3 46, 1 0
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i
wolld be 54.6 percent dry, solid-coal expansion,
or [a contraction of 1.8 percent at a bulk density
of :55.5 pounds per cubic foot. If 100 such
estimates were made with various coals, 95 of
them would be within 4 6.3 percent of the ac-
tual dry, solid-coal expansions that would be
observed if the tests were made. B-bed coal,
Michel mine (395), and No. 4-bed coal, Aldridge
Creek prospect (402), also expanded on the 55.5-
pound-per-cubic-foot basis. The fixed-carbon
contents and the dry, solid-coal expansions of
these 3 coals were the highest: of the 10 coals
of this group tested in the sole-heated oven. .

Except for No. 2 bed, No. 8 mine, Vancouver
Island coal (388), which had a maximum fluidity
of 12,500 dial divisions per minute in the Giese-
ler plastometer, the plasticity of these coals was
low when compared with the Appalachian coals.
This coal was washed at: 1.60: to 1.65 gravity
and had the lowest dry; solid-coal expansion
of the group,

The present criterion, which has been estab-
lished to conclude whether or not a coal is too
highly expanding for oven coking, is: If the coal
expands at 55.5 pounds per cubic foot, it is con-
sidered dangerous for oven coking. On this
bagis, the M-bed coal from Upper Matanuska
Valley, Alaska (386), B-bed coal, Michel mine
(395), and No. 4-bed coal, Aldridge Creek pros-
pect (402), would be dangerous for oven coking.
Another means of judging the expanding tend-
ency is the expansion of the cylindrical retort
used in the BM—-AGA test. M-bed coal from
Alaska (386) expanded the retort very greatly
and should not be coked singly. None of the
other nine coals showed more than slight expan-
sion in the BM—-AGA retort; hence, by this
criterion, these coals could be coked alone.
However, those that showed slight expansion
should be coked alone commercially only under
conditions favoring low expansion pressure
until their behavior is known,



FISCHER LOW-TEMPERATURE CARBONIZATION ASSAY

Table 17 gives results of the Fischer low=
temperature carbonization assays of 12 coals
from British Columbia and of 3 coals from
Washington. In this method of test, 50-gram
portions of coal are carbonized in an aluminum
retort at 500° C;  Tar yields by the Fischer ag-
say ranged from 9.7 to 29.9 gallons per ton of coal
for the British Columbia coals and from 28.9
to 36.0 gallons per ton for the Washington coals.
The Fischer assay yields more tar and less gas

than the BM-AGA test at 500° (., because less
cracking of volatile products takes place in the
Fischer retort than in the larger-scale tost.
BM-AGA tests of these coals at low carboniz-
Ing: temperatures were not made, but factors
for converting Fischer yields to probable BM-
AGA yields at 500° C. average about as fol-
lows:® Coke, 1.026; tar, 0.65: and gas, 1.27.

% Selvig, W, A, and Ode, W. H., Detormination of‘Ga‘s, Goko, and By-

produets of Coal; - Iivaluation of Taboratory Assay Tests: Ind: Eng.
Chem., anal. ed.; vol. 7; 1985, pp; 88-03. y{ Y . :g

TaBLr 17.—Yields of low-temperature carbonization products by Fischer assay, as-recewed coal basis

Brimsa Corumera

Yields, percont by weight of coal Yields, per ot
Coal No, ] o e
Vs?llﬂgll,e H.8 Coke Tar Light, oil Gas 1 Liquor Ts}g,ngsal— L;’gﬁg]?él" ,qasrlegltlmc ‘
888 . . 0. 34 0. 36 76. 5 12. 5 0. 80 4.3 5.5 29. 9 252 ¢ '1, 860
889 .. .28 . 30 78. 6 10. 4 . 67 4, 4 5. 6 25. 0 2.11 1, 850
890 - .07 08 84, 8 7.7 . 60 4, 1 2.7 184 1.89 1, 970
391 04 04 85. 6 7.0 . 60 4.0 2. 8 16. 8 1. 89 1,930
B892 i il 04 04 90. 4 4.0 . 34 2.4 2.8 9.7 1.07 ¢ 1 890
898 o 03 03 89. 2 4.5 . 36 3.0 2.9 10. 7 114 | 1,610
394 . . 04 04 86. 5 6.0 . 46 3.8 3.2 14,4 1. 45 1, 850
B30T S U . 05 05 84, 7 7. 4 . b3 4.5 2.8 17. 8 1. 67 1,990
401 Lo , 06 06 83. 9 7.0 . 40 3.8 4. 8 16 7 1..26 1, 830
402 . . .10 11 84, 7 6. 4 .46 3. 8 4. 5 15. 3 1. 45 1, 840
899 L.l ... .14 15 78. 2 10. 0 .70 4.8 6. 2 23. 9 2.21 | 1, 880
400 oLl .10 10 86. 1 6. 3 . 40 2.2 4,9 15. 0 1. 26 1,270
WASHINGTON
308 .. 0.09| 00| 70.3| 150| o001 5.1 86| 360| 287| 2050
446l . 05 . 05 75 8 13 1 .78 4, 5 6. 3 318 2.46 2, 170
4470 sl , 06 . 06 78. 7 12. 0 . 68 4, 2 4, 4 28,9 2.15 2;’ 180

1t By differcnce: HaS-free, scrubbed for light oils.



PUBLICATIONS ON THE SURVEY OF CARBONIZING PROPERTIES OF
AMERICAN COALS

Nowe.—Publications for which the price is given mav be obtained from the Super-
intendent of Documents, U. 8. Government Printing Office, Washington, D. C. Publications
for which no price is given are out of print, but may be consulted at various libraries.

1. FieroNer, A, C., Davis, J. D., AND Ruynowubs, D.

»

w

=

10.

1L,

12

A, Gas-, Coke-, and Byproduct-Making Prop-
erties of American Coals and Their Determin-
ation, - Ind. and Eng., Chem., vol. 22, 1930, pp.
1113-1123.

Freipver, A. C., Davig, J. D., Tumrssen, R.,
Kpsrer, B. B., anp Svrvia, W. A. Methods
and Apparatus Used in Determining the Gas-,
Coke~, and Byproduct-Making TProperties of
American Coals, with Results on a Taggart-Bed
Coal from Roda, Wide County, Va. Bureau of
Mines Bull. 344, 1931, 107 pp.

. FieLoNeER, A. C., Davis, J. D.,, Kusrer, E. B,

Servie, W. A, Reynvorps, D. A, anp Jung, F.
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TasLu 18— Description: of . coals. and blends

ATASRKA
Coal No. . . Déscription atid sourcﬁ k
885, 0L = No 3 bed, Bvan-Jonesmine, Lower Matanuska:Valley: =
38BA ..o Blend: 70 percent. No. 3 bed (385) and. 30 percent “M” bed (386)
386= il .| M bed, Chickaloon mine, Upper Matanuska Valley

BRITISI—I COLUMBIA :

338 | No.9 bed, No. 8 mine, Cumberland, Comox Lake dlstllct Vancouver Island (washed).
889: i No. 2 bed T!Sable R1V61 mme, Umon Bay, Nelson dls‘mct Vancouver Istand (washed)
390 ... No. 9 bed Elk River No. 9 mine, Fernie, Coal Creel: field, Trort Steele district. i
3910 b s No. .10 bcd Elle Rivor-No: 1 mme, Felnle Coal: Cresk ﬁeld Tort:Steele districh:
. 892 _ .= .. |-No: 3 bed, Elk River No, 3 mine, Fernie, ‘Coal Creck field, Tort Steele district, -
7898, . [ No. 4 bed Elk River No.'d mine I‘erme Coal Cresck ﬁeld Tort, Steele dlsbrlct
394 L o A bed; Michel mine, Michel, Tort Steele distriet (raw coal) r
895 L. 1. B bcd Michel mme Mlchel Fort Steele district.
401. .. _-...| Elk River No. 5 bod Aldndge Creek prospect; Natal; Upper le River.coal ﬁeld Fort Sbeelc dlstmcb
402_ . —_..| Elk River No, 4 bed “Aldridge Creek prospeet, l\atal Upper Elk River coal ﬁeld Fort Bteele dlstuct.
399. 1 1. | Peace River Coal Mine prospoet, Hudson Hope Peace River distriot. ‘ ,
. 400 . o Ca,Imlp I‘gober(,son mine, Camp Robextson, Yakoun Basin coal field, Gr: aham Island Queen Cha.llotte :
: slanas i
WASHINGTON
3080 .- No. 5 bed Roslvn No: 3 rmne, Roslvn Kittxtas Qount; Wash
446 o v Wilkeson No. 3 bed,: Wilkeson mine, Wllkeson, Pierce Oounty, Wagh,
447 o Wilkeson No 2 bed Wilkeson mme, Wllkeson, Pierce County, Wash.

LOWER SUNNYSIDEAND BLENDS

428 oo oo o Lowe1 SunnySJde bed, Geéneva or Hoxsc Canyon mine, Fme1y County, Utah

423A L. Blond: 82 percent Lower Sunnyside (423); 15 percent No. 4 bed (393), and '3 pewent pltch

4238 oo Blend: 82 percent Lower Sunnyside (423) 15 percent-No, .10 bed (391), and. 3 porcent:pitch.
493CH L . Blend: 82 percent Lower Sunnyside (428), 15 percent No. 9 bed (390), and 3 percent pitch.

428D v Blend: 85 percent Lower Sunnyside (423% 'and 15 percent Pocahontas No.:3:héd. (76);

423K, ... Blend: 97 percent; Lower Sunnyside €423 and 3 percent plitch.

428K oo oo Blend 85 percent Lower Sunnyside 4233 and 15 peioont Oklahioma 31121)

. .493G.._-.__.| Blend:.82 percent Lower Sunnyside (423), 15 percent Ollahoma (424), and 8 peroent pltch

LSIGE Blend: 92 percent, Lower Sunnyside (423) and 8 perecent Pocahontas No. 8 bed (75);

EYRID W Blend: 90 percent: Lower Sunnyside 5423) and 10 percent Posahontas No. 3. bed (75).

42371 0 Blend:" 80 percent Liower Sunnyside (423) and 20 percent Pocahontas No, 8 bed (75). ,
423K 1ii Blend: 82 percent Liower Surinyside (428),:15 pércent: Wilkeson No.-3:bed (446), and. 3 percent plbch. ~

423L1 . .. Blend: 82 pez cent Lowex Sunnyside (423) 15 percent Wilkeson No. 2 bed (447), and 3 pel cent pxtch -

Biuwpineg CosvLs

424 oo Oklahoma Iow-vola.mle coal,
76 T Pocahontas No. 3 bed, Carswell mine, Knnba,ll MeDowell County, W. Va

1 Coal stored 4 months;



