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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 efficiency,
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 stated 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:

Fit'st, 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 pet'mit
t'ept'oducible contt'ol of test conditions. It is lat'ge
enough to pt'oduce bypt'oducts 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 0 to 1,0000 C. at
1000 intervals covering the low- and high-temperatut'e
range. This enables curves to be drawn showing tt'ends
of yields and qualities of products against tempet'ature.
This method bt'ings out the idiosyncrasies of each coal
in a unique manner.

Thit'd, the temperatures of carbonization are innet'­
wall temperatures which are the real carbonization
tempet'atut'es rather than the flue temperatut'es com­
monly referred to in large-scale work. These latter
tempet'atut'es at'e highet' than the innet'-wall tempet'a­
tures by the temperature gradient through the oven
walls, a matter of several hundred degt'ees.

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 l'md
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 pel' pound of coal usually fall between the
test results obtained at carbonizing tem­
peratures of 900 0 and 1,000 0 C. (1,652 0 and
1,832 0 F.).

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 tal'; however, the
total yields at 900 0 C. from gas plus light oil in
the tal' are approximately the same as the total
from plants.

3. The yield of tar from the 1,000 0 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 tal' 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 0 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 lS-inch-diameter
retorts and a nf-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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IV FOREWORD

Mi¢roscopic examination, high- and low-temp­
era~ure assays, and special physical tests to
determine plasticity, agglutinating value, and
friability have been made since the investiga­
tion was begun. '1'he 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 i;Jome
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.

In 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 BYPl'oduct­
Making Properties of American Coals and
Their Determination, published in 1934 and
obtainable from the American Gas Association,
429 Lexington Avenue, New York City (164 pp.,
pl'lce $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.

RALPH L. BIWWN,

Coal Technology Coordinator.
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CARBONIZING PROPERTIES
BRITISH COLUMBIA, MATANUSKA VALLEY (ALASI{A), AND

WASHINGTON COALS AND BLENDS OF SIX OF THEM
WITH LOWER SUNNYSIDE (UTAH), COALS 1

By

J. D. Davis,2 D. A. Reynolds,2 R. E. Brewer,3 B. W. Naugle,2 D. E. Wol£son,2 G. H. Gibson,2 and
G. W. Birge 3

Introduction .and Summary

THIS 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.
Each coal was carbonized in the standard 13­
inch Bureau of NIines-American Gas Associa­
tion (BM~AGA) retort at 900 0 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,
Emery COUlity. Lower Sunnyside also was
blended with Wilkeson Nos. 2 and 3 (Washing­
ton) coals, Pocahontas No. 3 from McDowell
County, W. Va., and the Oklahoma low-volatile
coal used in the hlend 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 BJ\I-AGA retorts at 900 0 C.

High-volatile B coal from the No. 3 bed,
Evan-Jones mine, Lower Matanuska Valley,
Alaska, yielded poorly fused coke or char.
11-bed coal from the Chickaloon mine, Upper
1/Iatanuska 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.

1 Work on malll1sorint completed Fobruary 1, 1951.
2 ChClnist, Contral Exporiment Stat.ion, Bureau of Mines, Pittsburgh,

Pa.
a Chmnical engineer, Oentral Experiment Station, Bureau of Minos,

T'itt;slmrgh, Pa.

'l'wo 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.1 East 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 contained17A
percent ash, which accounts for the rather high
abrad:;tbility of its coke. rrhe 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-becl 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. 'l'he coke from
No.4-bed coal hadlower-than-average shatter
indexes, although its tumbler indexes weresatis­
factorily high. This coal expanded 4.6 percent
in the sole-·heated oven.

1



CARBONIZING PROPERTIES, BRITISH COLUMBIA, ALASKA, AND OTHER COALS2
i

~he prospect sample from an unknown bed in
thei'Peace 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 coke were satisfactorily high; tumbler
indexes, which were rather low, indicate the
coke to be rather abradable. '

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 hig'h 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 prop 01'­

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 Oldahoma 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

addition of 3 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 01' No. 10 coal could be substi­
tuted for Oklahoma low-volatile coal in the
82: 15: 3 blend of Lower Sunnyside and Olda­
homa coals with pitch without loss of coke
strength.
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GEOLOGICAL AGE OF COALS

The Lower Matanuska Valley bituminous­
lal field of Alaska lies in the Wishbone Hill
~ncline. In both the lower and upper coal
lIds of this valley, bituminous coal occurs only
the Chickaloon formation, which is of Eocene

~e. The No.3 coal bed is near the top of that
rmation.4 In addition to the No. 3 bed stu­
ed in this investigation, beds 4, 2, 1, 0, and 00
1ve been identified at the Evan-Jones mine.o

The Upper MatanLlska 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 6 containing the M coal bed.
oth Alaska coals included in this investiga­
~m, therefore, are of Eocene age.
The coal deposits of British Columbia are of

lree geological ages, namely, Lower Cretaceous
ome of which may be Jurassic), Upper Creta­
~ous, and'l'ertiary.7 The coals of Vancouver
land are of Upper Cretaceous age, and all
lCur in the Namaimo series; the No.2 bed
310ngs to the Comox formation. The most
Martin, Q. C., and Katz, F~ J., Qeology.and Ooal Fields of the Lower

atanuska Valley, Alaska: Qeol. Survey Bull. 000, 1912, 98 pp.
i Toengc·s, Albel't L. and Jolley, Theodore R., Investigation of Ooal
lposits in South Oentral Alaska aud Kenai Peuinsula: Bureau of Mines
:pt. of Investigations 4520, 1949, 37 PP.
'Oapps, S. R., Qeologyof 'rhe Upper Matanuska Valley, Alaska:
,o!. Survey Bull. 791, 1027, 92 pp.
McKay, B. R., Ooal Reserves of Oanada. Reprint of Ohapter 1 and

>penrlix A of Report of the Hoyal Oommission on Ooal, 1946: Ottawa,
17,113 pp.

961671-52-2

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 thePuget formation, which is of Eocene age.80

Regional metamorphism, as in other coking­
coal areas of the State, has been responsible
for the changes in rank and properties. 'rhe
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 Ooal Fields of Wasbington Territory:
Tenth Oensus of the United States, vol. 15, 1886, pp. 759-771.

9 Daniels, Joseph, The Ooal Fielcls of Pierce Oounty: Washington
Geo!. Survey Bul!. 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 11at­
anuska Valley. One full shovel of run-of-mi.ne
coal taken from each mine cal' 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,l° 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 mches thlCk.
According to the Federal Geological Survey,ll
this coal bed may be M 61' 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 mn-of-mine
coal washed at 1.60-1.65 gravity. They were
taken June 4, 1949, and received June 24,1949.

Sample 388 represented the No.2 bed at No.
8 mine, Cumberland, Camox 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
1." Sable River mine, Union Bay, 1." 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 See footnote 5.
11 Soe footnote 5, plato 14.
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SOUTHEASTERN DISTRICT, BRITISH COLUMBIA

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

In the Crowsnest area, four Elk River col­
liery mines near Fernie, Crowsnest Pass district,
were sampled July 4, 1949. Each ·of these
samples, representing full-seam mining, was
taken from belt conveyors; 100 cross-sectional
cuts were taken from 40 tons. '1'hey were
received August 11, 1949. No. 9 bed (390)
was sampled at No.9 mine; No. 10 bed (391)
was sampled at No.1 East 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 beehive 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. 'rhe samples were
taken July 31 and August 2, 1949, and were
received September 12,1949.

NORTHEASTERN DISTRICT, BRITISH COLUMBIA

One sample (399) was taken from an unnamed
bed in the Peace River coal area at an outcrop
about 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 5 ;feet from the exposed coal. The bed was
4 fee1i 3 inches thick; a 2}f-inch parting Df car­
bona6eous 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 Washington 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 outcrop 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
No.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.
'1'. 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, 1950.

OKLAHOMA BLENDING COAL

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

WEST VIRGINIA BLENDING COAL

'rhe 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

~I[ost of the "?lends contained 3 percent pitch,
whlCh was derlVed from coal tar. Its melting
point was 137° C.

All coal samples were shipped in steel drums
wit~l cl~)Sely fitting co:r~rs. The shipments
arl'lved m excellent conchtIOn; 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 ~he as-carbonized basis, heating values, sof­
temng temperatures of ash, sulfur forms, freo­
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 heatmg value was not deter­
mined, l?robably is th? same as another sample
from thIS bed and InIne that ranked as high­
volatile B bit,uminous.12 M-bed Alaska coal
(386) cont.ained 2.6 percent moisture, 20.8 per­
cent volatIle matter, 63.9 percent fixed carbon
and 12.7 percent ash. This was a low-oxyge~
(5.8 percent), low-sulfur (0.5 percent) coal. It
co.ntained 76.6 percent 4xe~ carbon on the dry,
mmeral-matter-free basIs; It ranks, th erefore
as medium-volatile bituminous. '

Two samples (388 and 389) from the No.2
??d, 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° F. The carbon diox­
ide contents of both samples (1.28 and 1.61 per­
cent) were exceptionally high.

The four Elk River coals (390,391,392,393)
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
dry, 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 Oaals: 'I'cch. Paper 682, 1046,
114 pp. (See p. 04.)
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TABLE I.-Analyses oj coals, as-carbonized basis 1

Ooal No.

m~~:'!~l_l_proXi~~~~~~~_t_I_~_~~~ate,!~cent · £!~:
m~- ~

free . V?la- Fixod Hy- . Ni- loss,
fixod MOlS- t110 oar- Ash dro- Om- tro- Oxy- Sul- per-

oarbon, turo mat- bon gon bon gon gen fur cont
percont tel'

Hoating
value,
B. t. u.

pel'
pound

I

Sulfur forms,
poroont

Softening 002, Roal
tompcr- per- sp.
atur~ of Sul- Py_ 01'- cont gr.
ash, F. fato ritic ganic

----1-------------------------1---1-----1----------

385__________ 51. 5 5.136.836.821. 3 4.957.5 0.915.0 0.4 1.5 .- _
386_______ 76.6 2.620.863.912.7 4.675.1 1. 3 5.8 .5 1. 2 1. 38

BRrrISH COLUMBIA

9

2

388__________ 64.4 3. 1 31. 2 53.8 11.9 5. 0 71.2 1. 1 8. 7 2. 1 1.9 12, 820 2, 260 - --- - - -- - - _.- 1. 28 1. 37
389__________ 65.5 3. 2 29.5 53.0 14. 3 4. 9 69. 1 .7 9. 2 1.8 1.8 12, 320 2, 460 - --- - - -- - - -- 1. 61 1. 40
390__________ 72.0 1.3 25.6 63.0 10. 1 4.7 78. 2 1.2 5.4 .4, .4 13, 590 2, 340 0.01 O. 110 29 .94 1. 35
391. _________ 72. 8 1.4 24. 3 61. 7 12.6 4. 7 75. 8 1.2 5. 4 .3 .4 13, 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 .8 11,350 2,870 .00 .06 .28 .36 1. 4C
393__________ 77. 6 1.5 19.5 61. 4 17. 6 4,. 171. 0 1. 1 5. 8 .4 .6 12, 360 2, 750 .01 .06 .38 .41 1. 43
394______ - -- 73. 2 1.6 23.0 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. '1 63. 5 9.7 4. 9 77.8 1.4 5..5 .7 .6 13, 710 2, 420 .01 · 13 .58 .72 1. 35
401. _________ 71.4 3.2 23.8 54. 7 18.3 4.4 67. 5 1. 5 7.6 .7 1.9 ~1, 870 2,650 .00 .08 .62 .76 1.4
401. _________ 74. 6 3. 0 23. 3 65. 9 7. 8 4. 8 77. 8 1.4 7. 5 .7 1.8 13, 620 2, 860 .01 .06 .66 .23 1. 34
399__________ 67.0 3. 1 30. 7 61. 3 4. 9 5. 178.8 1.3 9. 2 .7 1.4 13, 830 2, 730 .00 .03 .71 .01 1. 33
400__________ 68. 9 2. 9 21. 2 38. 6 37. 3 3. 7 49.4 .7 8. 3 .6 .9 8, 640 2,910-1- .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 O. 4 3. 3 12, 680 2, 260 0.01 0.12 O. 23 O. 62 1. 33446__________ 63. 3 3. 8 32.1 53. '1 10.7 5. 5 71.9 2. 0 9.5 .4 2. 3 13, 020 2,910-1- .00 .0'1 .41 .4,9 1. 33
447__________ 65.0 2. 0 31. 0 55. 3 11. 7 5. 2 73. 2 2. 2 7.3 .4 .2 13, 140 2,910-1- .00 .04 .40 . 13 1. 3'1

LOWER SUNNYSIDE AND BLENDING COALS

9

423__________ 56.9 5. 0 38.5149.9 6. 6 5. 6 72.4 1.5 13. 1 O. 8 1.8 12, 900 2, 420 O. 02 O. 27 0.54 O. 47 1. 34
424. _________ 82.0 3.6 16.4169. 7 10.3 4. 3 76. 7 1.5 6.1 1. 1 3. 0 13, 340 2, 260 .03 .52 . 55 .97 1. 3C

75 __________ 82. 6 2. 9 16. -174. 3 6.4 4. 5 81. 6 1.2 5. 7 .6 2. 5 14, 220 2, 380 .01 · 14 .46 .62 1. 34

1 Analysos mado undor suporvision of R. F. Abel'1lothy, chemist, Buroau 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, respecb­
tively, and the ashes softened at 2,700° and
2,420° F., 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° F., 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. 'rhis 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 fixed 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 was taken from an old dump. The ash
softened above 2,910+° F. The sulfur (0.9
percent) was chiefly organic.

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-



DESCHIP'l'lON AND PROPERTIES Ol!" COALS 7

cent :sulfur, as carbonized. The sulfur was
chiefly organic. The ash softened at 2.260° F.
No. 3 and No. 2 coals (446 and 447) from
Pierce Oounty 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. rrheir ashes softened
above 2,910° F. 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: NIoisture, 5.0; volatile matter,
38.5; fixed carbon, 49.9; and ash, 6.6. The ash
softened at 2,420° F. 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
similar to that of a sample (127) from the same
bed and mine, 13 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. rrhe 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 11

and Davis methods. 15 16 rrhe Alaska coals and
the Oklahoma blending coal did not fuse at the
normal rate of heating of 3° O. per minute used
in these test methods.

Of the 12 British Oolumbia coals, the 2

13 Reynolds, D. A., Davis, J. D., Brewer, R. E., Ode, W. R., Wolfson,
D. E., and Birge, G. W., Oarbonizing Properties of Westel'll Ooals: Bu.
reau of Mines 'l'ech. Paper 692, 1946, 79 Pl'. Note that this mine is re.
ferred to as HHol'se Oanyon" in Tech. Paper 692 and "Geneva" in the
present publication.

14 Brewer, R. E., and Triff, J, E,. Measurcment of Plastic Properties
of Bitumiuous Ooals. Oomparison of Giesele.r and Davis Plastometer
and Agde·Damm Dila(:ometer Methods: Ind. Eng. Ohem., aual. ed.,
vol. 11, 1939, Pl'. 242-247.

16 Brewer, R. E., and Atkinsou, R. G., Plastieityof Ooal. Its Measure.
ment and Relation (:0 Quality of Ooko Produced: Ind. Eng. Ohem., anal.
ed., vol. 8, 1936, Pl'. 443-449.

16 Davis, J. D., Reynolds, D. A" Bl'c,vcl', R. E., Delli', vV. H., Nauglo,
B. W., Wolfson, D. E., and Birge, G. W., Oarbonizing Properties of West
Virginia Ooals f1'0111 the EagIo, No.2 Gas, Pocahontas No.3, and Poca~
hontas No.4 Beds: Buroau of Mines Bull. '193, 1940, 39 Pl'.

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 from
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 Oreek prospect (402)
gave low Gieseler maximum fluidity values but
developed no resistance at the normal rate of
heating of 3° O. per minute in the less sensitive
Davis test; Elk River No.4 (393) showed an
initial softening temperature at 397° O. 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-bod coals (447) from
Pierce Oounty shrank so badly in the Gieseler
test that only their initial softening 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 (423H, 4231, and 4:23J)
of Lower Sunnyside coal (423) with 8, 10, and
20 percent, respectively, of PocahontasN0.3 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) were due to the increased
contents of the low-volatile Pocahontas No.3
coal. The ternary blends (423K and 423L)
containing Wilkeson 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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TABLE 2:-Plastic properties oj coal
BI\ITISH COLUMBIA

Fusion temperature Maximum fluidity Solidification
Initial sof-

-----~-----
tenin~tem- Davis
perature, GieReier Gieseler plastometer, Davis plastometer, Gieseler

Davis plastometer, piastom-
Gieseler Davis plas- maximulll pointer Inaximum resist~ eterOoal No. plastometrr plastorneter

r~~~l~;~~~
movement minimum resistance plastometer, ance rrJsist-

at 0.1 dial at 5.0 dial no furthor ance
division, divisions develops, dial move- ------- cnels;perminuto,00. 00. 00. 00. Div. POl' 00. Lb.-in. mon1;, 0 O. 00. Lb.-in. 00.

min.
------------ ----.--

388 ______________ 356 403 400 435 12, 500 438-455 O. 3 485 479 42. 0 491
389 _______________ 362 417 '130 '139 400 (1) 483 481 62. 0 Ij03
390_______________ 381 432 419 466 210 (I) 490 491 85. 5 511
39L___ ---------- 381 436 445 461 195 (1) 497 499 81. 5 517
392 ______________ 406 2433 (3) 499 O. 9 (3) 480 (3) (3)
393_______________ 397 (4) (3) (4) -------- (3) (4) (3) (3)
394_______________ 392 446 (3) 469 11.0 (3) 493 (3) (3)
395 ______ -------- 31'1 431 '146 481 415 (1) 512 493 38.5 513
401 _______________ 371 438 450 466 16.5 (1) 489 498 8'1. 0 522
402______________ 393 2415 (a) 463 4. 5 (3) 487 (3) (3)
399_ ------------- 385 2410 (3) 441 5. 0 (3) 464 (3) (3)
400_______________ 378 2418 (3) 4AB 2. 0 (3) 470 (3) (3)

WAS:E!INGTON

398_______________ 362 413 410 441 105 430-445 3. 8 468 462 10. 0 480
446 _______________ 343 (4) 417 (4)

---~----
437-450 .5 (4) 471 12.5 497447_______________ 344 (4) 419 (4) -------- 436-450 .5 (I) 468 11. 5 497

LOWER SUNNYSIDE AND BLENDS

423__ ------------ 347 2 401 (3) '126 2. 0 (3) 450 (3) (3)
423I> _____________ 353 (4) (3~ (4) -------- (3) (1) (3) (3)
423F _____________ 347 (4) (3 (4) -------- (3) (4) (3) (3)
423I-I 6_____________ 344 2399 (3) '128 2.0 (3) 450 (3) (3)
4231 6_____________ 357 2 '104 ~3) 429 1.9 (3) 466 (3) (3)
423J 6_____________ 342 2 '104 3) '128 2. 0 (3) 467 (3) ~3)423K 6______________ 343 2403 (3) 429 2. 0 (3) 459 (3) 3)
423L 6_____________ 345 2 '101 (3) 429 1.9 (3) 458 (3) (3)

BLENDING COAL

75________________ 1 432 I 452 I (3) 483 I 1.9 I
(3) 1------1 509 I (3) 1------1 (3)

1 Rising; curve.
, Takl'll at 0.5 dial division per minuto.
3No fusion at normal rato of heatiug of 30 O. pOl' minute,
, Oharge caked and shrank away from the wall of the retort.
, Ooal stored 4 months.
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FIGURE I.-Plastic Properties of Elk River No. 9·Bed
British Columbia Coal (390), 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

Tab~e 3.gives results of the free-swelling and
agglutmatmg-value tests of the coals tested from
British Columbia, Utah, and Washington.
. The .free-swelling test 17 consists essentially
m heatmg 1 gram of pulverized coal in a silica
crucible lmder prescribed condit.ions 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 t.he button mostly nearly cor­
responds IS recorded as the swelling index. The
test has been found to be useful as an indica-

11 American Society for Testing Matorials, Standard Method of Test
01' F1'ee-Swellmg Index of Coal: A. S. '1'. M, Designation D 720-46.

FIGURE 2.-Plastic Properties of Elk IUver No.9-Bed
British Columbia Coal (&90) and No.5-Bed Washing­
ton Coal (398) Det.ermined by t.he Davis Method.

tion of co.ki?g characteristics, particularly on
fuel beds; It IS not recommended as a method for
determining expansion of coal in coke ovens. It
~las been reported 18 tl~at coals wit.h swelling
mdexes of 1 to 4 would, m general, be unsuitable
for use alone for coke making.

Briefly, the test. procedure for determination
of agglutinating values by the Bureau of Mines
method 19 consists of mixing 1.250 grams of
finely ground coal wit.h 18.750 grams of sized
silicon carbide (silicon carbide: coal ratio of

18 Matt, R. A., LaboralOry Assays for the Selection of Ooking Coals,
Gas World, vol. 130, Aug. 6, 19,19, Ook. Sec, (suPp.), Pl'. 7-15,

19 American Society for Testing Materials, Proposed Method of 'rest for
Agglutinating Value of Coal: A, S. '1', M. Standards on Ooal and Coko:
Oetober 1940, Pl'. 725-720.
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BRr.rISH COLUMBIA

1 Agglutinating values detNmined by W. H. Frederic and W. H. Ode,
chernists, Burean of Minos.

T~BLJiJ 3.-Free-swelling indexes and agglutinat­
ing values

15: 1), compressing the mixture in a cylindrical
crucible, and carbonizing for 20 minutes at
950 0 O. The resulting carbonized button is
crushed in a compression testing machine, and
the crushing strength, expressed in kilograms,
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 Oolumbia were 77f or more, and the
agglutinating values at the 15: 1 ratio, 6.2
kilograms or more. Two coals from the Upper
Elk River Valley (392 and 393), one from near
Hudson I-lope (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 476 to 8Yz,
and the agglutinating values from 6.3 to 7.7
kilograms.

The free-swelling index of the Horse Oanyon
coal (423) from Oarbon Oounty, Utah, was 4K
The low agglutinating value of 2.1 kilograms
for this coal may have been due to oxidation
of the coal before testing. Another sample of
coal previously examined from this mine had an
agglutinating value of4.2 kilograms.

6.3
7.7
7.2

2.1

8.6
8. °
6.3
7.3
1. 5
2. 4
6.4
7.2
7. 3
6.2
2.6
1.7

Agglntinating
va!lw, 15: 1

ratio 1

472
8Yz
8

I
Free-swelling

index

-------------

LI
9
1
3Yz
8
8Yz
77~
8
4
1Yz

WASI-IING'l'ON

423 1

398 _
446 _
447 _

00a1 No.

388 _
389 _
390 _
391 _
392 _
393 _
394 _
395 _
401 _
402 _
399 _
400 _



RESULTS OF CARBONIZATION TESTS

The Alaska, British Columbia, and Washing­
Lon 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 0 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 densities, 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 r.etort. 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 (4231£) 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

c, 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.

TABLE 4.-Sieve analysis oj coals, as-carbonized basis, percent

ConI No.
Size 1 -

388 389 390 391 392 393 394 395 401 402 399 400 398 446 447 423 424

--------------------------------
On 4-mesIL ___________ - ___ O. 9 1. 1 O. 4 O. 3 O. 6 O. 6 O. 4 O. 4 0.4 O. 5 1.3 1.5 O. 8 O. 6 O. 8 O. 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 27.0 23. 0 17. 1 19.4 20. 7 15.0 20. 8 19. 6 23.7 31. 6 29.6 30. 1 27. 8 28. 3 31. 0 20. 8
Through 14- on 35-mesIL ___ 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 13.5 12.2 20.4 18. 1 17.7 19.6 18.0 18. 0 15.5 10.2 11. 4 13.2 14.7 14.7 lL7 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 4.3 7. 2
Through 150- on 200-mesh__ 1.9 1.8 2. 4 3. 3 2. 8 2. 7 4. 0 2. 7 2.5 2. 1 .7 1.7 1. '1 2. 4 2. 1 1.7 3. 0
Through 200-mesh_________ 6. 0 5. 9 6.8 9. 3 8.6 8. 6 13.9 8. 5 7.2 6. 2 4. 1 4.1 2. 7 3.9 3. 0 4. 4 8. 3

1'ry181' stanChll'd 8ieves.

901671-52-3 11
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TiEL]) 5.-Charge density, carbonizing time, and
rate oj carbonizination

BRJ1'ISH COLUMBIA

ALASKA

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.

1. 59
1. 66
1. 82

Oarhonlz.
Ing rate,

lb. per hr.
pel' Rq. ft.

10.8
11.3
12.4

Carboniz­
ing rate,

lb. pel' hr.

56. 4
51. 7
51. 9

9. 7
8. 4
8.0

Average Oharge
dUl'ation of density,

test, hr. lb. pel' ell.
ft.

OoalNo.

385 _
385A -- _-_
386 _

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 n<?t .closely relate~, because se:reral samples
contanung rather hIgh proportIOns of ash
co~\:~d at about the same rates as samples con­
tammg moderate proportions of ash. For ex-

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.

Co/ce.-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°
F. and under a pressure of30 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 ol30 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.

Light oil.-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 NHa stripped from the
gas with acid solution and does not include the
ammonia 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.

Liquor.-The liquor includes the fixed ammo­
nia and dry, free ammonia absorbed by it.

8

8
o

4
2

1. 86
1. 88
1. 86

1. 97
1. 94
2. 07
1. 88
1. 97
2.06
1. 89
1. 95
2. 01
2. 01
2.11
2. 03

12.7
12.8
12. 7

13.4
13. 2
14. 1
12.8
13.4
14.0

(,-12. 9
13. 3
13.7
13.7
1'1. 4
13.8

49.2
46. 7
'to. '4

49. 4
51. 1
5'1. 2
52. 8
59.9
57.6
56.8
55. 1
55. 1
52.5
51. 4
68. 6

7.3
6.9
7. 4

6.7
7. 0
6. 8
7. 3
8.0
7. 3
7. 5
7. 4
7.4
7.0
6.6
8.3

WASHING'J'ON

423____________ 8.0 51. 8 12. 1 1.7
423 1__________ 14. 5 46. 9 34.2 1. 95
423A__________ 7. 7 53.0 13.0 1. 91
423B __________ 7.9 54. 0 12. 8 1.8
423B I_~ _______ 13.4 48. 9 38.5 2. 2
423C __________ 7.7 53.2 12. 9 1. 89
423D __________ 7. 8 52. 2 12.5 1.8
423E __________ 8. 0 53.3 12. 4 1.8
423F __________ 8. 0 54. 2 12.8 1. 88
423G__________ 7. 8 54.2 13.3 1. 95
423G 1_________ 13.0 48. 2 39. 1 2.23
4231-1 2_________ 7. \) 51. 6 12.3 1. 81
4231 2 _________ 7. 7 50. 8 12. 6 1. 85
423J 2 _________ 7. 6 50. 3 12. 3 1. 81
423K 2_________ 7. 3 47.9 12.8 1. 88
423L 2_________ 7. 7 51. 0 12.6 1. 85

398 - _
44,6 _
44,7 - _

LOWER SUNNYSIDE AND BLENDS

1 Siol·ovon tests.
2 Ooal stored 4 months.

388 _
389 - - - - - - -
390 - - - __ --
391- - _
392c - __ --
393 _
394 _
395 _
'101 _
402 _
399 _
400 _
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FIGURE 4.-Yields of Coke and Gas From Single Coals.

20 Reynolds, D. A., and Wolfson, D. Ro, Coal Carbonization: Ammoni­
nlll Sulfate Yielcls fr0111 Coals of Varions Regions of the United States:'
Bureau of Mines Rept. of Investigations '1520, 1040, 15 pp.

coal yielded 63.2 percent coke containing 38.3
percent ash and 18.9 percent gas containing 7.5
percent carbon dioxide. M-bed coal yielded78.2
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
Ions; 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 Elk 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
ancl 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
thr~e 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 pou:nds 'per ~on.
These yields were lugh, but prevlOUS mvestlga­
tluns have shown that Washington coals
generally yield more ammonia than coals from
other parts of the United States.20

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

r-I-
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.-r- I-t-r-

- -
-

r-r-
r-

r-

r-I- r-
r-r-
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76

60 38538&
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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, whereasM-bed
coal ranked high in the medium-volatile classifi­
cation and contained 12.7 percent ash. No. 3

YIELDS OF CARBONIZATION PRODUCTS

64

11,000

FIGURE 3.-Yields of Tar, Light Oil, and Ammonium
Sulfate From Single Coals.

10.000_m
9,000

0.000

7,000

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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TABLE 5.-Yields oj carbonization products, as-carbonized basis
Ar,ASKA

Yields, pel'eont by weight of eoal 1 Yields per ton of eoal 1

00'11 No.
Ooke Gas ~['ar

Light
oil

Free
am- Liquor rJ'otal

monia

Gas,
eubie
feet

Light oil, gal.
'1''11', --------- (NH,12S0"

gallons Tar to pounds
In gas 1700 O.

---------1--------------------------1-----1--- --------,-----

3S5 ________________ 63.2 IS. 9 4. 5 1. 11 O. 142 9. S 97. 7 10, 000
3S5A_______________ 6S. 1 17.2 3. 9 1. 00 134 7. S 9S. 1 10, 250
3S6 ________________ 7S. 2 13.0 2. 6 .60 1M 4. 0 9S. 6 10, 100

BRI'l'rSH COLUMBIA

9.4 3.03
S.l 2.73
5. 5 1. 65

O. 46
.32
.77

21. 6
IS. 2
16. 1

3SS ________________ 69,5 15, 0 5,6 1. 25 O. 169 7, 1 9S,6 9, SOO 10, 4 3. 42 O. 43 19.3
3S9 ________________ 71.2 14,7 4, 4 1. 07 131 6,6 9S,1 9, 550 7. 0 2.91 .30 15. S
390 ________________ 76, 7 13. ,] 3. 9 .7S 192 3. 7 9S. 7 10, 350 S. 2 2. 17 .29 IS. 3
391 ________________ 76.9 14.0 3. 7 .77 177 3. 7 99. 3 10, 400 7, 5 2. 12 .17 16.9
392 ________________ S2. 3 10.6 2. 0 .55 .159 3. 4 99.0 S, S50 4. 1 1. 52 .06 15.3
393 ________________ S1. 5 10.9 2.2 .59 .lS2 3. 5 9S. 9 9, 300 4. 5 1. 59 .06 17.5
394 ________________ 7S. 5 12.3 3.0 .70 .174 4. 1 9S. S 9, 550 6. 2 1. 90 · 14 17.7
395 ________________ 76.3 12.9 4. 4 .74 19S 4. 1 9S.6 10, 150 9.0 2, 04 .2S 20. 4
401 ________________ 76.2 12.0 3. S .71 .211 6. 0 9S, 9 9, 050 7.9 1. 96 .23 24. 7
402 ________________ 76.7 12.0 3. 5 .75 .27S 5. S 99.0 9, SOO 7.3 2, OS .19 2S. 4
399 ________________ 70.9 15. 0 5. 1 1. 07 lS4 6. 9 99. 2 10, 400 10, 5 2, 93 .43 23, 6
400 ________________ 7S. 7 10.6 2. ,] . 61 120 5.7 9S. 1 7, 300 4.9 1. 6S .13 14. 4

WASHINGTON

39S ________________ 63, 2 17,5 7. 2 1. ~5 0, 277 S. 3 97.7 10, 500 14.6 3. 45 O. 52 34. 6446 ________________ 59, 4 15. 4 6. 3 1. 20 ,322 7. 2 99. S 10, 450 12.7 3. 32 .72 36. 3447 ________________ 71.2 14.9 5.9 1. 13 .345 5. 2 9S.7 10, 400 12.0 3.11 .54 36. 0

LOWER SUNNYSIDE AND BLENDS

423 ________________ 61. 7 lS, 0 7.0 1. lS 0.107 9. S 97. S 10,400 14.5 3.2,3 O. S9 24.1
423 2_______________ 61. 9 lS.2 6.1 1. 12 · 195 10.5 9S. 0 10, SOO 12, 6 3.07

~.-----
29. 4

423 3 _______________ 61. S 21. 1 4. 9 ------ .OSS 10.5 9S. 4 11,050 10, 1 ------ .72 25.0423A_______________ 64. 5 16. 6 6. 1 1. 16 .114 10.2 9S.7 10, 150 12.6 3.1S .72 26. 3423B_______________ 64, 6 16.7 6.5 1. 14 .109 9.2 9S. 3 10, 200 13.5 3.11 .70 23. 6423B 3______________ 64. 6 19. 1 5.3 ------ .096 9.3 9S. 4 10,SOO 11. 0 ------ .57 23.5423C_______________ 64. 4 17.0 6.5 .99 .093 10. 2 99. 2 10, 250 13. 6 2.70 · S6 24. 2423]) _______________ 64.7 16.9 6. 1 1. 03 .095 9.7 9S. 5 10, 300 12, 5 2. S2 .76 24. 0
423]) 2 _____________ 65. 3 16.4 5.3 1. 06 .214 S. 9 97.2 10, 700 10.9 2, 90 ----- .... 2S. 2423E_______________ 62.6 17.6 7. 2 1. 07 .101 9.9 9S.5 10, 3PO 14. 9 2. 92 · S2 23. 3423F_______________ 64. 7 17. 1 5. 4 .95 · 151 9. S 9S, 1 10,400 11. 3 2, 61 .64 2S.6
423G_______________ 65, 1 16.4 6. 1 . 91 .116 9. 1 97.7 10, 150 12.4 2, 50 .73 24. S
423G 3_____________ 64, 9 lS, 8 4. 6 .92 .079 9.9 99.2 10, 750 9.5 2. 52 .64 22.7
423H 2 _____________ 63, 4 lS.0 5.7 1. 12 · 174, 10. 2 9S. 6 10, 900 11.S 3. 07 .5S 26. S
4231 2 ______________ 64. 3 17.3 5, 4 1. 05 .205 9. 6 97, 9 10, SOO 11. 1 c2. SS .50 2S,7
423J 2______________ 66. 1 16. S 5. 1 1. 10 .203 9.0 9S, 3 10, SOO 10. 5 3. 02 .45 26. S
423K 2 _____________ 63. 2 17.5 6.3 1. 19 .213 9.6 98.0 10, 750 12, S 3,26 .69 29, 0
423L 2______________ 63, 7 17.4 6.4 1. 09 .217 9. 4 9S, 2 10, 500 13.0 2, 98 · 61 2S. S

,
1 Ooke, tar, ammonia, and light oil '11'0 reported moisture-free; gas is reported as stripped of light oil and saturated with water vapor at 600 F. and

under a pressure equivalent to 30 inches of mercury.
2 00'11 stored ,j months,
3 Slot-oven tests,
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storage. Apparently the sample oxidized dur­
ing si~orage, 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. 21 A sample (127) of Lower Sunny­
side from the same mine, which was carbonized
8 years previously (1942),22 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. 'I'he 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 pel' 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
pereent (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. Four
blends (423£1,4231, 423D, and42:~J), containing
8, 10, 15, and 20 percent Pocahontas No. ;1,
were made with Lower Sunnyside coal that bad
becm stored 4 months or longer. A compariRon
of their yields shows that the percentage of
coke increased and that of tar decreased as thf\
proportion of low-volatile coal in the blend was
raised; 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 tes ts of 1OO-pereen t

21 Schmidt, L. D" Elde.r, J. L., and Davis, J. D., AtInosphoric Oxide"
tion of Coal at Moderate 'l'emperatures. EHect of Oxidation on the
Carbonizing Properties of Representative Coking Coals: Ind. Eng.
Chem., vol. 32, 1940, pp. 548-555.

22 Sea footnoto 13.

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 its substitution for Poca­
hon tas No.3 in the 85: 15 blend (423F) modified
the yields of only two products--the yield of
tar was lowered 1.2 gallons pel' ton, and the
yield of ammonium sulfate was raised 4.6
pounds per ton. Addition of 3 percent pitch
(blend 423G) to the Oklahoma-Lo',ver Sunnyside
blend apparently raised the yields of coke and
tal' 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 3 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 a~d 65.0 pe~cent fixed
mtrbon on the same baSIS, respectIvely, and
they .yieldec~ more coke and less gas, tar,
and lIght 011 than No. 5 coal. These two
higher-ranking coals were blended with 82 per­
cent (stored) Lower Sunnyside coal and 3
percen t pitch. The blends (423K and423L)
yielded similar percentages of carbonization
products. Probably tl'eir yields of tar and
ammonium sulfate would have been higher and
lower, respectively, had the blends been made
with fresh Sunnyside coal. NQ. 5 coal was
Dot 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.:~

percent ash and 0.3 percent sulfur. },if-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
con ten t of ash ranged from 7.1 percent for
coke from Peace River district coal to 47.3 per­
centfor cokomacle from high-ash Queen Charlotte
Island eoal; six cokes contained more than 20
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TABLE 7.-Analysis oj coke, dry basis

ALASKA

I Ultimate, percent Heating

____________o_o__a_l_N__O· ;I_~_o;_~t_~_? _1__c-~I-i.t_~~.-__ASh~~.i~rog~~_~:~n -/ Ni~~g~]_~~el~~_~~~~r - ~E~~~id
385 _
385A _
386 _

2. 3
1.7
1.2

59. 4
67. 0
81. 7

38, 3
31. 3
17. 1

O. 5
.6
.6

60. ]
66.7
80.3

0.7
.9

1. 1

o. ]
· ]
.3

O. 3
.4
.6

9, 030
10, 000
12, 050

BRITISH COLUMBIA

388 - _
389 _
390 _
391 _
392 _
393 _
394 _
395 _
401 _
402 - _
399 _
400 _

2.7
3: 2
1.9
2. 3
1.6
1.6
1.8
2.2
1.2
1.3
1.3
1.5

80, 3
76. 5
84. 9
81. 8
70, 8
78, 3
75, 5
85. 2
75,1
88, 0
91. 6
51. 2

17.0
20. 3
13, 2
15.9
27, 6
20, 1
22. 7
12,6
23, 7
10, 7
7, 1

47. 3

W ASHING'l'ON

0.6
.6
.6
.6
.5
.6
.5
.5
.6
.6
.6
.3

79. 2
76. 3
84. 6
81. 9
70. 5
77. 4
74. 8
84, 6
73. 6
86, 6
89.8
51. 2

1. 1 0.1 2.0 11,930
.9 · 1 1.8 11,470

1. 1 · 1 .4 12, 600
1. 1 , 1 .4 12, 200
.8 .2 .4 10, 390

1.0 .5 .4 11, 510
1. 1 .5 .4 11, 160
1.3 .4, .6 12, 610
1.3 · 1 .7 10, 880
1.9 · 1 .7 12, 850
1.2 .7 .6 13, 370
.6 · 1 .5 7, 570

398 -- _
446 _
447 _

2. 0
2.4
1.8

80. 5
82.0
81. 8

17.5
15.6
16. 4

O. 5
.5
.5

79. 9
81. 3
80. 3

1.5
1.9
1.9

O. 3
.2
.5

O. 3
.5
.4

11,940
12, 070
11,970

LOWER SUNN'YSIDE AND BLENDS

423______________________ 1. 5 87, 0 11. 5 O. 6 84. 9 1. 5 O. 6 0, 9 12,760423 1_____________________ 2. 1 86. 5 11. 4 7 84. 6 1. 6 8 .9 12, 720423 2_____________________ 3, 1 85, 7 11. 2 5 85, 9 1.4 1 9 12,710423A ____________________ 1. 5 85, 6 12, 9 6 84, 0 1. 4, 3 .8 12, 620423B ____________________ 1. 7 86.2 12. 1 6 85, 0 1. 4 1 .8 12, 740423B 2____________________ 2, 5 85, 3 12, 2 5 84. 9 1. 3 3 8 12, 560423C ____________________ 2. 6 86, 0 11. '1 6 85, 3 1. 5 5 7 12, 750423D ____________________ 2, 4 86. 6 11. 0 6 85, 8 1. 4 5 7 12, 840423D! ___________________ 2, 2 87. 2 10, 6 7 85. 6 1. 4, 9 8 12, 890423E ____________________ 2, 0 87, 0 11. 0 6 85, 7 1. 6 3 8 ]2,820423F ____________________ 3, 1 85. 3 11. 6 7 85. 0 1.4 4 .9 12, 7404230____________________ 3. 2 85. 3 11. 5 6 85. 2 1. 4 5 .8 12, 740
4230 2___________ -- ______ 2, 5 86. 1 11. 4 .4 85, 8 1. 3 .3 8 12, 700423I1!___________________ 2, 0 86, 7 11. 3 6 85, 1 1. 4 8 .8 12, 7704231 !____________________ 1. 7 87. 4 10. 9 6 85. 5 1. 4 8 .8 12, 860423J!____________________ 2. 0 87. 5 10. 5 6 86, 2 1.4 .5 .8 12, 930423K !___________________ 3. 0 85. 2 11. 8 5 84. 8 1.6 6 7 12, 610423L!____________________ 2. 4 86. 1 11. 5 5 85. 1 1. 6 6 7 12, 720

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



RESUL'I'S OF CARBONIZING 'rES'I'S

content of cokes made from
and 423J) of its four blends.
blends (423K and 423L) contalxling
No.3 coals from Pierce
tainecl 0.7 percent sulfur
percentage of ash as Lower bUnllYSJlcle

APPEARANCE

Sections of coke from most of the
blends are shown in

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
from the stored sample and fresh n<lll"V\"_

ized in the slot oven contained
volatile matter and less fixed carbon
BM-AGA coke from the fresh saurlple.
ing with 3 percent pitch and pe'rce:nt
River Nos. 4, 10, and 9
4230) did not alter the cornp()Sition
side coke significantly.
tained less ash than the other
and this differonco accounts for

FrouRm 5.-Sectionsof 9000 O. BM-AGAOokes:. (1) M-J3ecl, Chickaloon
Blend (38M) of No . .3 Bed, Evan-Jones Mino (385) and M-Bed, l;Jl:lC]{i110(l!l
and (3) No.2-Bed, No.8 Mino, Vancouver Island Coal (388).
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FIGURm 6.-8 ,. 0 C. BM-AGA Cokes From British Oolumbia Ooals: (1) T'Sable River Mine (38U),
(2) Peace River Mine Prospect (399), and (3) Robertson Mine, Graham Island (400).

FIGURE 7.- Sections of 000 0 O. BM-AGA Ookes From Southeastern British Columbia Ooal:o: (1) No.9 Bed,
Elk River No.9 Mine (390), (2) No. 10 Bed, Elk Rive)' No.1 Mine (301), and (3) No.3 Bed, Elk River
No.3 Mine (392).
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CARBONIZING PROPER'l'IES, BRITISH COLUMBIA, ALASKA, AND O'L'HER COALS

BM-AGA Cokes frOin Blends: (1) 82:15:3 Blend (423A) of Lower Sunny·
and Pitch, (2) 82: 15:3 blend (L!23B) of Lower Sunnyside, Elk River No. 10
: 15:3 blend (423C) of Lower Sunnyside, Elk River No.9 (390), and Pitch.



RIDSUL'l'S OF CARBONIZING 'l'ES'l'S

FlGUm] 13.-Sections of 900 0 C. EM-AGA Coke From Binary
and Pocahontas No.3 (75) Coals: (1) Blend ('123H), 92 Percent
Percent I,ower Sunnyside and (3) Blend (423J), 80 Percent Lower Sunn,yside.

21
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FrGITR]) 15.~Sections of 9000 O. BM-AGA Cokes From Wilkeson No.2 Coal
the 82: 15: 3 Blend (423L) of Lower Sunnyside Coal, Wilkeson No.2 Coal,

,.

~~~·i
1--',"","OECOAl. 'TO",'" M"lTH'-'-j

10

70

423423 423.,

60-
"

FrGURE ] 6.-"Screen

100

60

~i 50

40

SIZE

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

'rhe coke, or char,. from No. 3.-bedAlaska
coal (385) was fused so poorly that 68 perce.nt
passed through the 1-inch screen.> ••• M-bed (386)
coke was well-fused; 46 percent was plus 8-inch,
and 88 perce.nt was plus 2-inch. 'rhe 70: 80
blend (385A) of these coals fused incompletely;
46 percent of this coke was of minus-2-inchsize.

All British Columbia coals except the pros­
pect sample (899) 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, co ntained the

'lowest percentages.
Lower Sunnyside coke was well-fused but

fingery. 'I'he percentages remaining on the
various screens used in the size test
4-inch, 6; 3-inch, 23; 2-inch, 64; 17o-'llu".
and 1-inch, 98. The stored
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Coal No.
Screen sizes, cumnlative percent upon~

398 446 447

of Cokes

I
L£GEND : Ic=:J *.inchindex

.. f22'Z:Z:1 l·inch index

ILEGEND c::::J It-inCh index I2Z2Z2l 2·inch index I

I

/

/

10

80

90

80

,20

20

f3 70

fj 60
c
z
;;; 50

~ 40
J:
I/) 30

I/) 70

~ 60c
z
;;; 50
~
~ 40
::>
... 30

388 389 390 391 392 393 394 395 40 I 402 399 400
COAL NUMBER

FIGURE 18.-Shatter and Tumbler Indexes
From Single Coals.

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

Blends 423K and 423L, containing 15 percent
Wilkeson No. 3 and No. 2 coals from Pierce
Oounty, 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

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

FIGURE 19.-Shatter and Tumbler Indexes of Cokes
From Lower Sunnyside Coal and Its Blends.

j~~Llm~'~~
40 . . 385

I~ I I'I"jl~ i
SO 4"4003 ill4U4UW .4U4U4UW rU4e4U4U~3 423423~ 3M

E ABBe PFGG HI'OJ KL
SUNNY$IOe COAL STORED 4 MONTHS

32
63
97

98
98
98
98
95
99
98
99
99
98
96
89

93
90
72
97
97
93
97
96
93
95
94
96
87
93
93
95
97
96

26
61
93

84
75
65
94
9'1·
90
94
92
88
90
88
93
8il
84
85
90
91
90

13
54
83

64
65
79
81
75

1
19
'16

o
o

15

4-inch 3-inch 2"inch Il-\!-inch I-inch

TABLE 8.-Screen analysis oj colee

ALASKA

BRITISH

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

Although fresh Sunnyside coal
tested in the slot oven, the 'coke was

than B1vl-AGA coke, because it was
sul)jected to breakage in discharging from the

the blends yielded larger coke
percent Lower Sunnyside coal. 'rhe

f),q(lltl.on of 3 pitch, either to Sunnyside
to the blend of Sunnyside and

effected appreciable'increases
perc(m1;~tQ~es of the larger screen sizes.

and 4230) containing 3

385 _
385A _
386 _

388 _
389 _
390 _
39L _
392 _
393 _
394 _
395 _
40L _
402 " __
399 _
400 "
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TABLE g.-Physical properties oj colee

ALASKA

25

p,
Shatter index, cumulative Tumbler index, cumulolive

f
~ pereent percent
10 upon- upon-

S 6J, ~"on
~. ~. fiJ fiJ fiJ fiJ fiJ fiJ fiJil fiJ fiJ " fiJ 5 5

Ooal No. " p. " ~ .~ " " " ~ " " ".~ ~ '" ~ ~ g ~ ~ ~ ~ ~'" '1;l '"~ i l'iJ '" .Q

~ ] ~
.Q .g .g " l

.Q .g .g
8 Q .g i:J >=I ~ i:J .~ .~.~ ~

'7 '7 .S '7
8 g; ..:. ;;j!; ~ :-t col ~ ;;j!; ,!l'1

~'" c?-.
-<j

385 le .. • .. 2. 06 1 _

385A 2 .. __ " • _. _ _ 2. 03 O. 81
386_. ... .. 1. 89 .81

-----60.1
57.1

1----1---- ---. ---

1----1----·1---- ---
82 96 98 98

1- .­
1- .­

1- .-

-1- - - ..
55 56
82 84

BRITISH COLUMBIA

388 _
389_. _
390 _
391 _
392 _
393 .. _
394 _
395 _
401 _
402___ _ _

1. 97
2. 00
1. 92
1. 9·1
1. 99
1. 95
1. 98
1. 92
1. 98

88
88
13

O. 82
.85
.90
.90

1. 03
1. 01

95
88

.92

58. 4
57. 5
53. 1
53. 6
48.2
48. 2
52.0
54. 2
53.5
52. 1
53.2
·16.9

51
60
35
54
63
63
63
35
58
31
11
72

82
88
77
77
80
84
84
77
87
72
·16
86

95
94
92
9'1
86
93
93
9·1
96
94
88
87

98
97
98
98
92
98
98
98
98
99
98
90

398.____ •. ____ " __ -- - - -- - - - -- 1. 95 75 61. 5 21 51 79 1- -- 1- - - 97446 _________________________ 1. 94 79 59. 3 41 79 95 98447________________
-------~-

1. 93 87 54. 9 25 76 94 98

o 2
o
o

1- - --
19 53
18 64

SUNNYSIDE AND BLENDS

423. ~_

423~ _
423~ _
423A _
423B "______________ ___
'123 B 4 _ _ " • . _
423C.. _
423D ____ __. ~ _
.123D 3 ,_

423B __.____ _ " _
423F _
423G ______ _ _
423G ·t .. . _
423H 3 •• .• _

.1231 3__ _ _ _ _ _ _ _ _ _ _
423J3 _
.123K 3 _
4.23L 3 _

92
1. 92
1. 89
1. 92
1. 92
1. 90
1. 91
1. 91
1. 89
1. 90
1. 91
1. 91
1. 91
1. 91
1. 91
1. 90
1. 93
1. 92

60.9
59.9
57.7
58. 3

.81 57. 8

.81 57.4

.79 58.6

.81 57. 6

.76 59.8

.78 58.9

.81 57.6

.81 57. 6

.82 57. 1

.77 59.7

.78 59.2

.79 58.4

.76 60.6

.77 59.9

3·1 77 87 93
39 81 88 91
51 83 86 90
59 90 94 96
59 91 95 97
H 93 95 97
59 91 95 97
65 91 9'1 96
63 90 93 95
'18 83 89 9·1
50 88 94 96
60 91 95 98
83 92 94 95
46 87 91 94
52 88 92 94
63 92 95 96
53 89 93 96
64 92 94 96

1 Noneoking.
'Not enough coke for shatter test.
a Coal stored 4 months.
, Slot-oven tests.

NOTE.-'l'he ootual sizes of the openings of the I·, ~1-, and H·ineh A. S. T.
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,
':ttrhe true and apparent specific gravities

w~1'e 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 single coals except
the two from Alaska and LowerSunnvside were
tested by Bureau of Mines methods '23 because
the 13-inch retort yields too little coke for test­
ing by standard methods. The cokes from
Lower Sunnvside coal and its blends were tested
by Columbia Steel Co. methods,23 because these
have been employed widely in testing both in­
dustrial and pilot-plant cokes from relatively
weakly coking western coals.

COKES FROM SINGLE

'1'he 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 strongly. Excepting the }f­
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 properties of this
coke cannot be compared directly with those of
the cokes from the British Columbia coals, be­
cause the laUer were tested by B1:I-AGA met.h­
ods. The 70:30 blend (385A) of No. a yielded
coke that was rather abradable in the tumbler
test; the %- and U-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 (a88) and
T'Sable River (389) mine coals were, respec­
tively, 2-inch shatter, 51 and 60 i l}f-inch shat.­
tel', 82 and 88 i I-inch tumbler, 56 and 60; }~­

inch tumbler, 65 and 67. The }Hnch 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.a 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 (a92) from the same area yielded weak
coke-the 1- and X-inch tumbler indexes of the
latter coke were 29 and 46, respectively. The
high ash content (28.8 percent) of No. a coal
probably accounts for the low tumbler indexes
of its coke, although No.4 coal contained 17.6
percent ash. The cokes from No. a and No.4
coals contained 27.6 and 20.1 percent ash re­
spectively, and these high contents of asl; are
re~ected in the apparent specific gl'avit.ies,
wInch were 1.03 and 1.01, respectively.

cYP?lds, D. A.,. and Holme.s" O. R" Procedur(' and Apparatns for
HUng O~rboIllzlng PrOI~ertJeS of American Ooals by the Burean

Amancnn Gas AssoClalion Method: Bnrean of Mines Tech.
19·16; 35 Pl'.

The Michel-mine coals, also from the Orows­
nest area, coked strongly, as anticipat.ed, be­
cause both ranked as medium-volatile bitumi­
nous. The coke from A-bed coal (894) had
higher 2- and nf-inch shatter indexes (63 and
84), but B-bed coke had higher 1- and X-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 Oreek 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 (68), but it,s hardness factor (69) was rath­
er low. This coal contained 18.8 percent ash;
no doubt the hardness factor of the colee 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 17f-inch, 72),
although its tumbler indexes compared well
with the averages for coals of similar. rank
(shOwn in table 9).

Peace River coal (399) yielded weak coke,
which broke rea.dily in the shatter test. The
2- and lU-inch shatter and lU-inch tumbler in­
dexes are the lowest shown ill table 9. How­
ever, the hardness factor, or }~-inch tumbler
index (79), of this ooke was exoeptionally high.
This low abradability indicates that the coal
was not weathered, although the sample was
taken ~t an outorop. Likewise, the yield of tar
(10.5 •• gaJlons per ton) was satisfactorily high
for a fresh coal containing 67.0 percent fixed
om'bon. on the dry, mineral-matter-free basis.

The. coke from Robertson mine coal. (400),
Grahalnlsland, 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 lU-inch shatter indexes Were 72 and 86,
and the 1~ and }Hnch tumbler indexeswere 43
and 44, respectively.

The coke from. Kittitas County No. 5 coal
(398) was weakest of three made from Washing­
ton coals. The I>f-inch shatter and I-inch
tumbler indexes (51 and 26) were low, although
the X-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, I>f-inch
shatter, 79 and 76; I-inch tumbler, 53 and 64;
and 7Hnch tumbler, 6a 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 i.samples from this bed tested previously,
which; represented the Columbia, Sunnyside,
Blind Canyon, and Horse Canyon mines. 24 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, l%-inch
shatter, 33 and 34; I-inch shatter, 68 and 77;
I-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 lOa-percent Lower Sunnvside coal
is small and highly fissured; it IS" weak in
comparison to cokes made from representative
eastern coking coals. For 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
Atrength of coke.

Each of the three British Columbia coals
selected for blending with Lower Sunnyside
proved satisfactory, as the shatter and tumbler
indexes of the col>:es from their blends (423A,
423B, and 42:3C) were significantly higher than
those from either lOa-percent Lower Sunny­
side or the 97:3 blend (423E) of Lower Sunny­
side and pitch. Medium-volatile Elk I{iver
coals from beds 4 10, and 9 (393,391, and 390)
were used in maidng 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 (423E) is shown graphically in figure 19.
For example, the 17~-inch shatter index of coke
from the ternary blends containing British
Columbia coals was .19, whereas the correspond­
ingindexes for the binary blend of Sunnyside
coal and pitch was only 48. A similar compar­
ison of the I-inch tumbler indexes shows a range
of 69 to 74, against 56. 'fhe 7~-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 bmary
blend of coal and pitch.

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

24 See footnote 13.

pound slot oven. The chief difference between
the cokes made by the two methods was that
the I7Hnch shatter and tumbler indexes were
higher for the oven coke. 'fhe other sha
and 1- and %-inch tumbler indexes did not di
significantly, although the %-inch tumbler index
(80) of oven coke was lower than that (8.1) 0

the retort coke. These results show that thi
blend yielded much stronger coke than tha
obtained from IOO-percent Lower Sunny
coal in the slot oven.

The blend (423G) of 82 percent Lower Sunny­
side, IS percent Oklahoma low-volatile coal
(424), and 3 percent pitch is the same as tha·
carbonized commercially at a Provo, Utah, cok
plant at the time this investigation was started.
A comparison of the coke from this blend and
the cokes from the corresponding ternary blend
containing Elk River No.4, 10, and 9 coal
shows that each of these three British Col .
coals may be subsituted for this Oldaho
with no decrease in coke strength.

The effectiveness of adding relative
proportions of pitch to blends of Lower k

side coal to improve the coke physica
shown by comparing shatter and tumb
dexes of cokes made from blends 423F an
The cokes from the latter blend, whic
tained pitch, had higher shatter and tl
indexes; generally, the tumbler indexes
benefited more than the shatter indexes. T
results do not parallel those obtained by ad
3 percent pitch to the single (Lower Sunnys
coal. In the latter case, as discussed ab
the addition of pitch raised most of the sh
and tumbler indexes, but the shatter .
benefited most.

In blend 423D, Pocahontas No. 3-b
from:McDowell County, W. Va., wass
for Oklahoma low-volatile coal in
(423F) with 85 percent Lower S
comparison' of the physical prop
cokes from these blends shows .
eight shatter and tumbler ind
for the Pocahontas No.3 bIen ,
were lower. It is concluded, th
Pocahontas No. 3 is slightly sup
Oklahoma coal for blending with J
side coal in these proportiOl
mixed Lower Sunnyside and
would yield stronger coke WCl
ternary by including 3 percent
with the Lower Sunnyside-Ol

Three additional Lowe
tas No. 3 blends were
effect of varying the pI'
volatile coal. Blends 4231
contained 8, 10, and 20
No.3, respectively, and, b. (
were made with L
been stored 4 Ino
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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, l}Hnch, 22 and 16; I-inch, 71 and 66;
~Hnch, 77 and 72; and U-inch, 81 and 74. 'fhe
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 bv the Bureau of Mines. 25 • The effect of
increasIng the proportion of Pocahontas. coal
from 8 to 20 percent is shown bv the shat,ter
and tumbler indexes intable 9./.1'he following
averages of each set of four indexes for blends
423B, 423I,423D, and~23Jshow that the
shatter indexes increased m.0re regularly than
the tumbler indexes: Sh~tter indexes~80, 82,
85, and 8'1 ; tumbler)Ildexesf-55, 59, 57, and 60.

The terllarybl()llds (423K and 423L) of
Lower SUllnysi~l~Hlld,W-ilkesonNos. 2 and 3
coals .. with:3R>1'8~lltJ?itch (82: 15 :3) yielded
moder~telY".~trPllgcolce, considering that these
blends also.werellla,de with stored Lower Sunny­
side coal..'I'he coke from the blend containing
No. 2 co~l'Vasthestronger 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 percellt Pocahontas No.3.eoal.-­
their tumbler inde~es were. slightly higher than
those of the coke m.~de from. .that. blen4.> HoW­
ever, this comparison does not)ndicate that
these coals are as suit~bleforblending as Poca­
hontas No.3, because<their blends contained
3 percent pitch, whereas the Pocahontas blend
contained no pitch.

PROPERTIES OF GAS

Table 10 gives the speciilc gravity, heating
value:s, and chemical compositioll of the gases.
Heatmg values of the gas from smgle coals are

gr:lpJlucally in ilgure 20.
No.3-bed, Alaska coal (385)

hiidl··gravitv gas containing 7.5 percent
heating values were M6

foot and 2,730 B. t. u. pel'
M-bed coal (:386) from the

1Yl:at2~nlLska Valley, Alaska, yielded gas
its heating values

and 2,630 B. to u.
llVI~lrr)p·p.n sulfide con­

pel' 100
the

coals were intermediate between those of the
gases from the single coals.

3,800

3.600

MOO•83,2CO

~3,OOO

~2,800

~ 2,(;00

~·2.400

" 2,200

2,000

1,800

'40
620

6600
~

~580

ffi560
11;540

~520
500

FIGUI\El 20.-Heating Values of Gas.

'fhe properties of gas from the British
Columbia coals varied widely.· The speeiilc
gravity ranged from 0.311 to 0.4081. and the
heathlg values pel' cubic foot and per pound of
coal ranged from 507 to 601 B. t. u. and frorn
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 sulilde. Eight of the
twelve coals from this Province ranked as med­
ium volatile, and four ranked as volatile A
bituminous. This diff()rence in rank is reflected
by the following comparison of average heating
values and hydrogen and ethane contents for
t~e medium-: and high-volatile, ranks, reSpec­
tIvely: Heatmg value per CUbIC foot, 545 and
574 B. t. u.; hydrogen, 58.5 and 52.5 percent;
and !nethane, 28.2 and 30.1 percent. Average
heatmg values for the 9000 C. BM-AGA-test
gases (l3-inch retort) for 8 medium-volatile and
3~ high-volatile A domestic coals tested pre­
VIOusly Were 563 and ti05 B. t. u., respectivelv.26

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 eubic foot and 3260 to
3,370 B. t. u. per. pound of coal. The g~s from
No.5 (398), wluch ranked lower in the high­
volatile A group than No.3 (446) and No.2
(447), was richest, because it eontained appreci­
ably less hydrogen and more illuminants. The

"Wolfson, D. E .• and Roynolds, D. A., Yields and Properties of Gases
from BM-AGA Carbonization 'rosts at 900 0 C.: Burean'of Mines
Teoh. Paper 693, 1946, 12 Pl'.
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'fABLE 10.-Propertie8 oj ga8

n. t. U. pCI' cubic H,S, Composition, dry, percent by volumofoot
Specific n. t. u. pel' grains

Coal No. gravity pound of pel' 100

I I I I

-

I
Deter-I Caleu- ooal cubic IIlIumi-1mined lated feet CO, nants 0, H, CO CH! C,Ho N,

ALASKA

385_____ . _____ . O. 504 546 533 2, 730 130 7. 5 4. 8 O. 5 45.9 12. 8 26. 7 0, 4 1.4
385A __________ · c145 530 531 2, 720 120 6.5 4.8 .4 49. 7 12.3 25. "1 .4 1.5386___ .. _______ .342 621 501 2, 630 100 3. 6 1.4 .4 60.1 6. 3 27.0 .0 1.2

Bm'l'ISH COLUMBIA

388_________ . __ O. 404 601

I

593 2, 940 870 2. 9 5.5 O. '1 50. 8 6. 8 31. 5 O. 6 1.5
389.._________ . · ~108 584 583 2,790 620 3. 3 5. 2 .3 60. ~1 7. 7 31. 0 .5 1.6390_________ - - · 34'1 558 556 2, 890 110 1.9 3. 8 .4 57. 8 6.5 28. 1 .3 1.2
3HL

-.------~--
.360 570 588 2, 960 60 2. 0 4. 8 . ~1 55. 2 6. 3 30. 2 · 1 1.0

3H2__ ._. _________ · 316 507 505 2, 2-10 70 2. 2 2. 4 .4 62. 2 6. 7 25.0 .0 1. 1393_______ .. ____ .311 518 516 2,410 110 1.9 2. 8 .4 62.2 5. 6 26.9 .0 1.2
394___ .. ________ .342 539 628 2, 570 130 2. 6 3. 3 .3 57. 3 6. 2 27. 5 · 1 2. 7
395_________ . __ .338 667 549 2, 880 210 1.9 3. 7 .4 57. 3 4. 9 29. 2 .2 2. i1
401.. ---------- .351 .148 544 2, ·180 230 2. L] 3. 2 .3 56.9 6.0 29. 3 .2 1.7402____________ .326 650 526 2, 700 200 1.4 2. 9 .4 59.2 5.2 29.2 .3 1.4
399___________ .. .383 574 565 2, H80 330 2. 3 4. 5 .3 53. 3 8.2 30. 2 .0 1. 1400____________ .384 537 544 1, 960 200 2. 9 4. 0 .3 55. 3 9. 1 2f\. 1 1.0 1.3

WASHINGTON

398________ .. _. __ O. ~143 642 633 3, 370 130 2. 9 6. 9 O. 3 45. 5 8.1 34. 0 1.0 1.3446___________ .392 623 613 3, 260 170 2. 2 5. 6 .3 50. "1 5. 7 3·1. 0 .6 1.2447____________ .382 631 620 3, 280 190 1.5 5.8 .3 51. 3 5.3 33. 8 .8 1.2

gases from the fresh and stored samples c
not. exceed the exp0rimental limits. The gns
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 tl· . small
crae-ks.

All blends e-ontained 80 perc more
Lower Sunnyside conI, and no si . 1t dif-
ferences in. the properties of gas were attribut-

LOWER SUNNYSIDE AND BLENDS

"123 ----------- 0.460 604 589 3, UO 310 '1. 0 5. 8 O. 4 46. 5 11.0 30. 7 O. 6 1.0
423 1___________ · L1it7 598 .579 3, 230 360 4. 2 6. 0 .3 47. 2 11.0 30. 0 · 1 1.2
423 ' ___ .507 544- 6'10 3, 000 2·10 .5.9 4. 4 .3 L17. 0 10.8 2H. 0 .0 2. 6
423A... _______ .436 .5H7 .5H2 3,030 270 3.5 6. 1 .4 47.8 H. 8 30. 1 .8 1.5
423B .... __ . __ .. _ · 4-3'] 609 600 3, ] 10 250 3. 1 6. 3 .4 47.1 9.9 31. 0 .7 1..5
423B 2 _________ · ~170 5iJ1 538 2; H2O 200 4. 9 4.1 .3 47. 2 8. 3 29.1 .5 .5.6
4230 _______ . __ · ']'10 604 593 3, ]00 300 3. 3 6. 9 .4 48.0 H. 9 30. 5 .8 1.2
i]23D __ .. _______ · ·]38 593 588 3, 0.50 2HO 3. 3 6.2 .4 c18.4 10. ] 30.0 · "1 1.2
423D 1_________ · '106 .577 280 3. 8 5.8 .3 49. 1 10. 4 28. '1 .9 1. 3
423E __________ .452 609 606 3, 140 300 3. 5 6.7 .4 ~16. ~1 10. '1~ 30. '1 1. 1 1. 1
423F_________ . · ~139 597 58'1 3, 100 300 3.6 6. 1 .3 48.9 10.2 28. 7 1.0 1. 3
423G ______ . ____ · ·129 60'] 588 3. 070 330 3. 5 6.1 .3 49.1 9. 7 28. 9 1.0 1.4
423G 2 ________ • .46.5 553 524 2, H70 2]0 5. 2 4.4 .3 46. 5 9. 8 27. ~1 · ,] 7. 0
423H 1 -------- · ·140 5\)] 576 3, 220 300 4. 0 5. 9 .3 '17.8 10.7 29.9 .1 1.
J23Il__ .________ .42.5 582 571 3, ]40 320 3. 7 5.5 .3 '19. 5 10.3 29.4 .1 1.
~123.J 1___________ · .J].] 585 568 3,150 320 3.5 5. 3 .3 50. 3 10. 1 29. 0 .3
L123K 1. ___ ...... __ · ,i32 602 590 3, 240 320 3.5 6. 0 .3 '18.0 9.8 30.8 .4
L]23L I. · ·139 606 591 3, 180 340 3.5 6. 0 .3 i]8. 1 9.6 30.7 .5

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

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

Lower SUllnyside coal yie1dpd rather lean
gas-its heating values were 604 B. t. u. per
cubic foot and a,140 B. t. U. pOl' pound of coal.
The specific gravity (0.460) was higher than
that of the gases from the eight British Colum­
bin. medium-volatile coals, probably because the
content of carbon dioxide (4.0 percent) was
higher. Differences between the BlvI-AGA
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vano,us blending coals. The gases coal from the analytical data given in tables
carbonized in the slot oven 11 and 12 and the yields given in table 6. The

:cont:'1lIJ,ed relatively high proportions of nitro- volumes or weights of these products obtained
carbon dioxide, and they were leaner from the single coals were computed, also, to the

BM-AGA gases from the same blends. moisture- and ash-free basis. Tables 13 and
PROPERTIES OF TAR AND LIGHT OIL 14 give the yields of tar and light-oil products

from the single coals on both the as-carbonized
Tables 11 and 12 show the properties of the and moisture- and ash-free bases. Table 15

tar and light oil, respectively. Yields of the gives the corresponding data for Lower Sunny-
principal constituents of tar and light oil were side coal and its blends on the as-carbonized
calculated as gallons, or pounds, per ton of basis only.

TABLE 11.-Analysis oj tar distillate
ALASKA

o. I)
.5
.7

86. '1
SI). 6
88. 5

Aro­
nluties

Nentral tar oil, percent
by volume

12.7
9.9
8. 8

30. 5
25. 3
25. 6

2.1
1.9
3. a

Bases

Distillate, percent by
volume of dry tar

7.3
6.3
2. 8

52. 9
57. 0
63.5

14.3
14.2
13.7

5. 6
6. '1
6.8

BmnsH COLUMBIA

22. 4
18.5
14.6

Boiling range, °0., percent by volume

0-170

Ooal No.

385" _
385A _
386 _

170-235 '235-270 270-350 Residne Acids

~--~----I---~--!-"--"-----I--------------------------:-------

388 _
389_
390_
39L_

393_
394 __
395 "
40L
402 _
31)9"_
400 _

5. 2
4. 9
5. 7
5. 3
4.6

7
4.6
6. 2
6. 6
5.9
6.6
5. 2

11.6
12. a
12.6
12. 1
13.7
11.3
12.6
13. 9
14. 3
14. a
12.6
11. 9

62. 4
M.l
63.8
68.4
67. 3
70. 6
67. 1
M.2
63. a
63.9
59.5
6'1. 6

3.4 1.5 25.5 7. 6 1)0. 8 1.6
3.5 1.4 22.3 8. 7 90. 2 1. .1
3. 8 1.7 25. "1 7.1 92. 3 .6
2. 6 1. 1 21. 2 7. 5 91. 3 1.2
2. a .1) 18.6 7.7 91. 6 .7
1.5 1.5 15. 9 7. 8 91. 7 .5
2.4 .9 19. 6 9. a 90. 5 .5
3.8 1.3 25. 9 7. 8 90. 8 1.4
4. S 1.7 26. 8 7.5 91. 1 J.4
5. a 1.5 2'1. 9 9.3 S9.5 1.2
6. a 1.9 25.9 7. 8 90. 2 2. 0
2. a 1. 1 21. 2 7. 9 91. 2 .1)

WASHINGTON

39S ____ I. ]7 2. 4.31 3.5 17. 5 5.7 11. 8 61. 5 5. 4 2. 5 23.6 10. 5 86.6 2. 9
446 ____ 1. ]8 2\;58 3.25 5.7 14. 3 7. a 14.3 58. 7 5. 1 2.8 28. 2 6.5 90. 7 2. 8
"147 ____ I. 17 2. 10 2.89 4. 5 16. a 6. 1 11.6 61. 8 5. 1 3. a 25. 1 9.6 89. 3 1. 1

LOWJDU SUNNYSIDE AND BLENDS

423_ 3.72 6. ,1 17. a 5. 7 13. 6 57.3 4. 6 2. 4 29. I) 8. 8 90. 1 1. 1
4. 64 7. 1 19. 9 6. 8 ]2. 8 53.4 ,5. 6 2.7 31. 7 9.5 90. 0 .5
3. 96 5.6 15.8 6.5 11.6 60. 5 3. 9 2. '1 27.4 9. 1 90. 2 .7
'1. 69 5.2 14.6 6. 1 13. 0 61. 1 3. 7 2. 2 26. 1 10.8 88.3 .9
"1. 9'1 5.2 18.3 5. 8 11.9 58. 8 '1. 4 2. 1 27. 2 7.5 91. 6 .9
3.67 6. 8 ]5.5 6.3 13. a 58. ,1 4. 1 2. 6 29. '1 S. 5 90.6 .9
3.85 6. 0 17.0 6.5 12. 5 58. a 4. 1 2.6 29.5 10. 9 88.5 .6
3. 12 5. 2 15. 5 6. a 12. '1 60. 9 4. 2 2.9 27. 2 10.3 88. 6 1. 1
3.76 5.7 17.2 6.0 13. 8 57. 3 'J-.8 3. 0 29.2 9. a 90.3 .7
3. 00 5.9 17.9 5.6 13.6 57. a 5.2 3. 2 29.6 9. 7 89. 6 .7
5.39 6.7 17.7 6. a 11.3 58. 3 4. 7 2. 1 27. 2 8.5 9J. a .5
4. 87 4. 9 18. 2 5.3 13.7 57.9 ,1. 4 2. 7 27. 5 1l.6 88. 0 .4
5. 22 4. 5 18. 4 6. 4 13. 9 56.8 4. 5 2.8 27.8 12. 5 87. 1 .4-
5. 'J-3 4. 3 17.3 6.6 12.9 58.9 4. 7 2. 9 25. 5 11.8 87. 8 .4

5.3 ]6.2 5. 1 10. 7 62.7 3.2 2. 8 24. '1 5.6 93.7 .7
7 16. 3 5. 9 11.7 61. 4 3.7 2.7 26. 1 9. 4 89. 8 .8



Refinecllight oil frorn

LOWEn SUNNYSIDE AND BLENDS

4. 4
6. 2
4. 6

O. 8
.7

5. 5
3. 8
2.0
1.7
2.0
3. 9
4. 4
3. 8
2. 2
2. 9

3. 8
1.7
2. 8
2. 7
2.1
3. 6
4. 5
4. 0
2.7
3. 7
3.. 2
3.7
2.9
3.4

22. 3
21. 8
22. 1
22. 2
22. 0
22.7
24. 3
2.5. 1
18.5
22.8
22. 8
22. 1
23. 5
27. 5

22. 2
23. 4
26.9

21. 7
23. 4
29.0

22. 5
23.6
27.9
26.7
24.2
24. 9
25. 0
29.0
26. 1
27. 1
25. 0
19.6

Toluene

68. 0
64. 2
62. 1

72. 5
71. 1
52.9

71. 1
70. 3
52.0
57. 8
66.2
66. 1
65. 5
55. 4
58. 8
58.5
67. 8
74. 2

70. 2
73. 2
71. 2
71. 4
72. 2
70. 4
67. 3
67. 5
76.5
69.0
68. 0
69.0
69.3
64. 8

Benzone

WASHING'l'ON

BRITISH COLUMBIA

1 Slot-oven test.
2 Coal stored 4 monthq,

OO,J= _

Coal No.

RESULTS OF

TABLE 12.-Analysis

ALASKA

398 _
446________________________ _ _
447 c___________ _ _

388 _
389_~ _
390 _
391 _
392 ~ _
393 ~ _
394 ~ _
395 __ ~ _
401 _
402 ~ _
399 ~ ~ _
400 ~ ~ ~ ~__

423_______________________________ _ _
423A ~ " _
423B - _
423C c ~ _
423]) ~ ~ _
423E c ~ _
423F c _

423G ~ ~ ~~ _
423G 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

423fI 2__________________________ _ -----------
4231 2 ~ _~ _
423J2 _
4231{ 2___________________________ _ . _
423L2 " _
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rr~BLE 13.-Yields oj tar products calculated on the as-received and moisture- and ash-jree basis
'I

ALASKA

Gallons per ton Pounds per ton
-·------,--·---,-------------;----,-----1----,-----

Ooal No. Tar Acids Bases Neutralolls Residue Anthracene Naphthalene

~;)-l-(-2)--~)---(-2)--;,)-.-~- - ~~-(-2)- ·-;~---(2)- -(-')--(2)- ~~-(-2)­

-38'-5--_--_-~-__-_-_-__-_.-_-_._.----.------_-_-_-_--------------.-------_'1-';;-1". 8 O. 50 O. 94 ';-;0 O. 272. 87~!. 97~ 7~ 2. 45~~ 045. 49
386 5.51 6.5 .15 .18 .17 .201. 411. 673.494.121. 141. 351. 531. 81

BnrTISH COLUMBIA

388 10. ,112. 20. 350. MO. 160. 192. 653.126. 497. 632. 973. 495. 015. 89
389 8.910.8 .31 .38 .12 .151. 982. '105.706.912.753.334.625.60
390 8.29.3.31.35.H .162.082.355.235.901.882.122.272.56
39L .. 7.5 8.7 .20 .23 .08 .091. 591. 855.135.972.142.492.763.21
392 " .. ___________ 4. 1 5. 5 . 08 . 11 . 04 . 05 . 76 1. 02 2. 763. 702. 03 2. 722. 42 3. 24
393 " " 4.5 5.6 .07 .08 .07 .08 .72 .893.183.932.212.732.372.93
394 6.27.7.15.19.06.071.221.514.165.142.823.483.103.83
395" c ~ .. __ _ 9.010.1.34.38.12.142.332.625.786.502.052.312.172.44
401 .. _c c c _ 7. 9 9. 9 . 38 . ,18 . 13 . 162. 122. 674. 98 6. 26 1. 53 1. 92 1. 38 1. 74
402 _________ 7. 3 8. 2 . 37 . 41 . 11 . 12 1. 82 2. 044. 66 5. 22 1. 69 1. 89 1. 67 1. 87
399___________ ___ 10.511.4.63.68.20.2212.722.966.256.792.462.674.41'1.79
400"" ,_____ c 4.98.2.10.17.05.0811.041.743.175.301.752.933.445.75

W ASI-IINGTON

217. 38
104·.80
413.95

6 17. 4 O. 79 O. 94 O. 37 Q. '14 3. 45 '1. 10 8. 9810.683, 764.
714. 9 . 65 . 76 ,36 .423. 584. 197.458.723.253.
o13. 9 . 61 . 71 . 36 . 423. 01 3. 49 7. 428. 602. 482.

398 _
446_ _
447 _

423_

AVERAGES

89

,.n - - - - - - - - - - - - - 14. 1 -- - - O. 80 - . - - O. 30 3. 84 - - - - 8. 32 2. 72 5. 49 ..

TL,O·IV-'rOjBLt·"J1e .. .... _ ..~~~~~~~~~~ 1: ~ ~~~~ :6~ ~~== :g~ ==== 1: ~~~_~= i: ~1 ====~: r1 ==~~~: ~~I"_==

, As-received coal.
2 Moisture~ and ashMfree coa1.

NO'l'E.-Recent averages to be published.



RESUL'l'S OF

14.-Yields oj light-oil products calculated

O. 15
.06

03

0.80
.82
.86

0.69
.62
.53
.49
.33
.36
. ·13
.52
.43
.49
.66
.29

O. 67
.70
.H

2.46
2.25
1. 98

2.58
2.22
1. 12
1. 23
1. 22
1. 17
1. ·10
1. 13
1. 23
1. 18
1. 93
1. 86

----- 0. 61 1------______ . 37 __ __
. 30 1_ - - - - -

2. 13
1. 03
.80

2.07
1. 92
1.71

2. 19
1. 83
.99

1. 06
. 91
.95

1. 13
1. 00
.98

1. 05
1. 78
1.11

COLUMBIA

AVERAGES

4. 10
3.88
3.60

WASHINGTON

4.02
3.53
2. '15
2. 47
2.0·1
1. 97
2. 35
2.30
2.47
2. 33
3. 18
2.81

LOWER SUNNYS!DJiJ

_13. 2313. 6512. 01 12. 27 O. 641 O. 72[ O. 11
423 _

High-volatile A_ _________ _ 3. 47
Medium-volatile c c _ __ _ _ _ 1. 82
Low-volatile _______________ _ 1. 40

Coal No.

1 As-received coal.
, Moisture-and nsh-free coal.

NO'I'lt.-RcC'ent averagos to br published.

------------_.------------------------------

(1)

385 c __ ____ __ ______ 3. 03
386 c 1. 65

398__________________________ a 45
4·16 c c c c c __ 3.32
447 __________ .. _____________________ 3. 11

388 c_____ ____ _____ 3. '12
389 291
390_c 217
391__________ 2. 12
392 c 1. 52
393 ~ 1. 59
39·L ________________________________ 1. 90
395 c _____ __ __ 2. 0·1
'IOl c c 1. 96
-102 c c c- c _____ 2. 08
399 c c c 293
·100 __ c _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ 1. 68
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TlBLE 15.-Yields oj tar and light-oil products from Sunnyside coal and its blends calculated on the
.. as-received basis

Tar, gallons PCI' ton I Pounds per ton Light oil, gallons PCI' ton
~-~---~-------~------------_._----_._---.----~-

Coal No.
Acids Bases

Neu- Anthra- Naph-
tral Resic1ue eene thalene
oils salts salts

Ben· rl'olnono Paraf- Solvent
zene finR no ph tha

-~------~~~~-~-~~~I-----.--~ ._-~._--~--~--~---- ----- ----
423 _
423 1__. " " _ _ _ _ _ _ _ _ __

423A " _
423B _
423B 1 _

4230 _
423]) _
423E _
423F _
423Ci _
423 G 1 _

423HI _
4231 1 -------------------
423JI _
423]{1 _
423L 1 c ~ _

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

O. 66
.57
.49
.50
.48
.56
. 51
.63
.54
.64
.45
.52
.50
.49
.41
.48

O. 34 4. 28 8.19 3. 05 5.21 2. 01 O. 64 0.11 0.11
.27 3. 20 5. 39 1. 88 4. 55 1- - - - . ~ - ~ --
.30 3.45 7. 62 2. 18 4. 83 2. 08 .62 .05 .09
.30 3.52 8. 25 2. 93 6. 10 1.97 .61 .08 .11
.23 2.99 6, 47 2. 64 5. 24 ------ -~---- ------ ------
.35 4. 00 7. 94 2. 35 4.77 1. 71 .53 .06 .09
.33 3. 69 7. 25 2.42 4. 70 1. 82 .55 .05 .09
.43 4.05 9.07 2. 52 4.49 1. 82 .59 .09 .09
.34 3. 30 6. 47 2, 32 4. 06 1. 55 .56 . 10 .09
.40 3. 67 7. 07 2. 55 3. 66 1. 46 .54 .09 .07
.20 2. 58 5. 54 2. 08 5. 12 1. 74 .42 .06 .05
.32 3.26 6. 83 3. 07 5.65 1. 90 .63 .10 .12
.31 3, 09 6, 30 3.11 5. 64 1. 69 .57 .08 · 15
.30 2, 68 6, 18 2. 64 5. 54 1. 84 .69 . 10 · 14
.36 3. 12 8. 03 2. 75 6. 88 2. 00 .68 ,08 · 12
.35 3. 39 7. 98 2. 96 4.92 1. 60 .64 ,08 .10

The yieldsoftat'a,inftai'cOnstituents frorn the
two AlaskaIl.soals 'V'.er~indicative of their coal
rank. Thes~ yields were •• considerably higher
for the high-V'0l~tileB coal (385) from No .. 3
bed, Evan9011es luille,than for medium-vola­
tile M bed, qhiclul10011 .mine coal (:386 y.
Both tars yielded less of. all cOlltitituents •. tllan

;~1:pe61i~~g~aA12~ji>~·/tar/frolXl<coalsoftheir
Four of the Britis~<D0llll11bia,coalsranked as

high-volatile A,.an.d.eigllt'V'er~?fl1ledium-vola­
tile rank. The yiel~lsoft8,r aIldt8,l' constitu­
ents from the fourhigh-yolatile coals were
considerably loweryhall 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. '1'he vieldsfrom 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

A coals, but less naphthalene and
than the Vancouver Island coal

The average yields of tar acids, bases,
neutral oils from medium-volatile coals

previously in the BJVI-AGA retort
C. are 0.18, 0.06, and 1.48 gallons per

l'p.~m"'f'h'TAhT27 'rhe range of yields for the
coal tars were: Acids,

; bases, 0.06 to 0.14; and neutral
to 2.33 gallons per ton, '1'he two

lii~~liE!st··ranking coals and 393) from t.he
Michel mine coal

(394), gave lower than average yields of acids,
bases, neutral oils, and residue, whereas the
other coals yielded more of these constituents
than. the .. average medium~volatile coal. The
range. in yields of naphthalene and anthracene
from the medium-volatile coals were 1.38 to
3010 and 1.53 to 2.82 pounds pel' ton, respec..
tively.. Elk HiveI' No. 5 coal (401), which
gave the highest yield of tal' 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 naphthalene
and anthracene, in pounds, per ton for the
average high-volatile A coal carbonized previ­
ously in the BMc-AGA retort at 900°· C. are
0.80, 0.30, 3.84, 5.49, and 2.72, respectively.
'1'he tal' from No. 5 bed, Kittitas County, coal
(398) was similar to the average fromhigh-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 Lower 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. '1'he range in
yields from blends of Lower Sumwside coal with
various coals and coal-tar pitc11, 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 ant,hracene, 2.:32 to . •
3.11 pounds pel' ton. Substitution of pitch for



RESULTS OF CARBONIZING TESTS

Coal No. Composition

The blend of 82
15 percent Oklahoma,
which was
slot and
and less
bonized in

The

and higher yields of solvent na'phtiha
average light oil from "in1ilc,~

Except for the benzene
the greatest variation (1 to
ton), the three high-volatile
yielded similar light oils. The
of toluene, paraffins, and "r.luA.n+ nalphtha
these three coals were normal for
rank-0.70, 0.15, and 0.16
respectively.

The yields from the Lower .'-'l1nnu"'irl"

(423) carbonized singly at
Benzene, 2.01; toluene, 0.64
and solvent naphtha, 0.11
Blends of Lower Sunnyside
portions of higher-rank coal ~(jlJlU(jU

the yields of benzene,
and give similar yields
Substitution of pitch for 3-T)RrcRTlt
nyside coal decreased the
light-oil constituents, as

423.... 100 percent
Sunnyside.

423E.. ~ _ 97 percent 423 and 3
percent pitch.

423F__ " 85 percent 423 and 15
percent Oklahoma
(424) •

·x""'c'u 1 82 percent 423, 15 per-
cent 424, and 3 per­
cent pitch.

I I

Non· R
Coal No. • Composition Acids Bases tral ·des.

. . oil 1 ne
'-'-_~~__ ' ~__-----~---~-----
423...... 100 percent Lower Sun· O. 66 O. 344. 288. 19

nyside.
,123E____ 97 percent ,123 and 3 . 63 . 434.059. 07

percent pitch.
423F~__ . 85 percent 423 and 15 .54.343.306.47

percent Oklahoma
(424).

'123CL__ 82· percent 423, 15 . 64 . 403. 677. 07
percent 424, and 3
percent pitch.

3 percent Lower Sunnyside coal increased the
yield of tar, bases, and pitch. Apparently, a
large proportion of the added pitch was recov­
ered as pitch, or residue, as shown below.

Lower Sunnyside and several blends yielded
less tar and tar products when carbonized in
the 500-pound vertical slot oven at 8700 to
1,0100 O. than when carbonized by the BM­
AGA method at 900 0 O.

Similar to the tars, the properties of the
light oils from the Alaskan coals were related
to the rank of the coal carbonized. The yields
of light-oil products at 900 0 O. 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; paraffins, 0.02 and 0.05; and
solvent naphtha, 0.13 and 0.21 gallon per ton.
A blend of 70-percent Evan-J'ones mine coal
with 30-percent M-bed coal gave intermediate
yields of benzene and toluene and lower yields
of paraffins and solvent naphtha than either
of the constituent coals.

'rhe 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; paraffins, 0.15 and 0.06; and
solvent naphtha, 0.19 and 0.16 gallons per ton.
Except for Robertson mine, Queen Oharlotte
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 Oolumbia high-volatile A coals
were: Benzene, 1.78 to 2.19; toluene, 0.66 to
0.69; paraffins, 0.02 to 0.06; and solvent naph­
tha, 0.13 to 0.17 gallons per ton. The range
of yields from the eight British Oolumbia
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
per ton. All the light oils, except
Robertson mine coal, gave normal
benzene and toluene, lower yields of parailins,
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EXPANDING PROPERTIES

The expanding properties of M-bed coal from
Alaska and nine of the British Columbia coals
were determined in the sole-heated oven 28 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 0 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 covel' 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,29 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 65.5-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
this table: Dry, mineral-matter-free, fixed-car­
bon content, moisture content, true specific
gravity, and rank.

28 McCartnev, J. '1'., and Davis, J. D., Expansion of Coai Dnring Cok·
in~: Bnreau o(Mincs Rapt. of Investigations 3041, 19·12, 23 pp.

20 Auvil, I-I. S. Davis, J. D" and 11cOul'tn0.y, J. T., Expansion of Coal
Dnring Coking: Bureau of Mines Rapt. of Invcs1:iga1:ions 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. ed, Sable
River mine, Vancouver Islan 38 9.2;
and Peace River prospe , 46.1
percent. The dry, solid-co . ,ns of the
medium-volatile coals were all I' . xcept
for No.8 bed, Elk River No, 3 ).
The high ash content (23.8 per .
coal probably lowered the expans
this coal contained next to the
centage of dry, mineral-matter-free fix
If the ash content of this coal were
cleaning, expansion probably wou

The contractions at 66.5 pou
foot of No.5-bed, Aldridge Cree
(401), and Peace River prospect (89
not differ significantly, but the large di
in gravity between the two caused t
solid-coal expansions to differ signifi.,
Also, the dry, solid-coal expansion of th
volatile A coal (399) was less than tha'
medium-volatile coal (401), whereas on t
pound-per-cubic-foot basis the high-vol,
coal has the smaller contraction.

The expansion of the M-bed coal fom Al a
(886) was exceptionally high; however, blend­
ing this coal with high-volatile A coal should
reduce its expansion. The best estimate'
unpublished information for the expansion a
30-percent blend of this coal and 70 percent of
Pittsburgh-bed coal (8.0 percent moisture)

Expansion, percent

TABLE 16.-Results oj sole-heated-oven expansion tests

Rank
Dry, mitlcral­

IlIHtter-free
fixed carbon,

percent

Mois­
ture,

percent

Haai
specifie
gravity

Coai
No. -:;~~--I--~~,--

lb. pel' solid
cu. ft. coai

---------- ------' ------ -----------;------------------- ------- -----

----.---------------c----------;-------;------

386 _
388 _
389 _
392 _
393 _
39'1. _
395 _
401. _
402 _
399 _

1. 38
1. 37
1. 40
1. ·19
1. 43
1. c12
1. 35
1. 42
1. 3'1
1. 33

2.6
3. 1
3. 2
1.6
1.5
1.6
1.4
3. 2
3. 0
3. 1

76. 6
64. '1
65.5
77.3
77. 6
73. 2
72.3
71.4
74. 6
67.0

Medium-volatile _
High-volatile A _

_____ do _
lVledium-volat.ile " _

_____ do _
_____ do _
_____ do _
___ .. _do _
_____ do _
High-volatile A _

+39.6
-17.2
-14.3
-19.3
-8.3
-7.9
+3.7
-6.6
+4.6
-5.3

121. 7
31. 5
39. 2
37. -1
49,5
'19. 3
54. n
53.9
5~). 3
·16. 1

Very great.
None.

Do.
Do.

Slight..
Do.
Do.
Do.

None.
Do.

37



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
basis, 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.

I
I

I
"
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i'
wo'Md be 54.6 percent dry, solid-coal expansion,
or lit contraction of 1.8 percent at a bulk density
of '5.5.5 pounds per cubic foot. If 100 such
estimates were made with various coals, 95 of
them would be within ± 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 , which had a maximum fluidity
of 12,500 in the Giese-
ler plastometer, the coals was
low when compared coals.
This coal was 1.65 gravity
and had the expansion
of the group.



FISCHER

8.
6.
4. 4

I
4.5
4. 2

O. 91
.78
.68

15.0
13. I
12.0

WASHING'l'ON

70.3
75.3
78.7

O. 09
. 05
.06

for light oils.

O. 09
.05
.06

398 _
4·16 _
447 _

BRITISH COLUMBIA

Yields, percent by weight of coal

OoalNo.
Volatilo It,S Ooko Tar Light oil Gas Isulfur

388____________ O. 34 O. 36 76. 5 12. 5 O. 80 4. 3 5. 5389 ____________ 28 30 78. 6 10. 4 67 4. 4 5. 6390____________ 07 08 8,1. 8 7. 7 60 4. I 2. 7
39L ___________ 04 04 85. 6 7. 0 60 ,1. 0 2. 8
392_ ---_ .... ----- 0,1 04 90. 4 4. 0 34 2. 4 2. 8393 ____________ 03 03 89. 2 ,1. 5 36 3. 0 2. 9
394____ c _______ 04 0'1 86. 5 6. 0 46 3. 8 3. 2
395 ______ 05 05 8'1. 7 7. 4 53 4. 5 2. 8
40L ___________ 06 06 83. 9 7. 0 40 3. 8 4. 8402____________ 10 11 84. 7 6. 4 46 3. 8 4. 5399 ____________ 14 15 78. 2 10. 0 .70 4. 8 6. 2
400 ___ 10 10 86. I 6. 3 40 2. 2 4. 9

TABLE 17.-Yields oj low-temperature carbonization products by [' ?..'ir.n.I~'I'

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 0 C; Tar yields by the Fischer as­
say ral1ged 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
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TABLE 18.-Description oj coals and blends

DescrIptIon and SOUl'ce

ALASKA

Lower Su bed, Geneva or Horse Canyon mine, Emery County, Utah.
Blend: 8 t Lower Sunnysirle (423), 11'; percent No.4 bed (393), and 3 percent pitch.
Blend: 82 percent Lower Sunnyside (423), 15 percent No. 10 bed (391), and 3 percen .
Blend: 82 percent Lower Sunnyside (423), 15 percent No.9 bed (390), and 3 percent
Blend: 85 percent Lower Sunnyside (423) and 15 percent Pocahontas No.3 bed (75).
Blend: 97 peI cent Lower Sunnyside (423) and 3 percent pitch.
Blend: 85 percent Lower SUIlnyside (423) and 15 percent Oklahoma (42·1).
Blend: 82 percent Lower Sunnyside (423), 15 percent Oklahoma (424), and 3 percent pitc
Blend: 02 percent Lower Sunnyside (423) and 8 percent Pocahontas No.3 bed (75).
Blend: 90 I, Lower Sunnyside (423) and 10 percent Pocahontas No.3 bed
Blend: 80 t Lower Sunnyside (423) and 20 percent Pocahontas No.3 bed
Blend: 82 t Lower Sunnyside (423), 15 percent Wilkeson No.3 bed (44
Blend: 82 pe t Lower Sunnyside (423), 15 percent Wilkeson No.2 bed (44

BLENDING COALS

LOWER SUNNYSIDE AND BLENDS

WASHiNGTON

No.2 bed, No.8 mine, Cumberland, ComoK Lake district, Vanc
No.2 bed, T'Sable River mine, Union Bay, Nelson districh Van
No. 9 bed, Elk River No. 9 mine, Fernie, Coal Creek field, ll'ort S
No. 10 bed, Elk River No.1 mine, Fernie, Coal Creek field, Fort e district.
No. 3 bed, Elk River No. 3 mine, Fernie, Coal Creek field, Fort Steel istrict.
No. 4 bed, Elk River No. 4 mine, Fernie, Coal Creek field, Fort Steele district.
A bed, Michel mine, Michel, Fort Steele district coal).
B bed, Michel mine, Michel, Fort Steele distric
Elk River No.5 bed, Aldridge k prospect, N
Elk River No.4 beel, Aldridge k prospect, N
Peace River Coal Mine prospc .udson Hope,
Camp Robertson mine, Camp 0 ertson, Yako

Islands.

BrUTISH COLUMBIA

Coal No.

385 No.3 bed, Evan-Jones mine, Lower Matanuska Valley.
385A___ _____ Blend: 70 percent No.3 bed (385) and 30 percent <1M" bed (386).
386 M bed, Chickaloon mine, Upper Matanuska Valley.

398 _
446 _
447 _

388 __ --- _---I389 _
390 _
39L _
392 _
393 ..
39<.L _
395 _
40L _
402 _
399 _
400 _

423 _
423A _
423B _
423C _
423D _
423E- _
4231·' _
423G _
'123H 1 _
4231 1 _

423J 1 _
423K 1 _
423L 1 _

'124 I Oklahoma low-volatile coal.
75 Pocahontas No.3 bed, Carswell mine, Kimball, McDowell County, W. Va.

1Coal stored 4 mont,lls.


