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Chilton Coal

Chilton coal {93) yielded 70.9 percent coke ab 9OOo C., and the yields or
cther products on the basis of per tom of coal were: Gas, 10,500 cubic Teet; tar,
13,0 gallons; light oil in gas, 3.24 gallons; and ammonium sulfate, 20.2 pounds,
Variation 1n the yislds caused by changing the carbomizing temperature were norms]
Tor high-volatile A coals; maximum yields of 23.7 gallons of tar and 24.0 pounds
of ammonium sulfate were obtained at 600° and 700° C., respectively, Blending with
20 and 30 percent Pocahontas Fo., 3 coal increased the yield of coke 2.6-3.6 percent
and lowered the yields of other products. Physical test indexes of ths 900° C.
coke were: l—l/E—inch shatter, 78.7; l-inch tunbler, 53.7; and l/&—inch tumbler,
70.2. The shaiter and l-inch tumbler indexes were appreciably higher than the aver-
ages Tor 25 high-volatile A coals, although the 1/h—inch tumbler index was lower
than the average. Blending with 20 percent Poczhontas No. 3 coal raised the shatter
and tumbler indexes significantly; the blend containing 30 percent low-velatile coal
vielded stronger coke than that containing 20 Pbercent, except that the l-l/Euinch
shatter index was lower,

. palau T

Lower Cedar Grove-Alma A Coal

The Lower Cedar Grove-Alma A beds are mined as one because they are close to-
gether in the Omar No, 5 mine. The carbonization sample (94) contained 62.0 percent
fixed carbon on the dry, mineral-matter-free basis, and its heating value was 14,8k0
B.t.u.; it ranks, therefore, as a high-volatile A coal. At 900° C, it yielded 69,k
percent coke; and, per ton of coal, the yields of cther products were: Gas, 10,450
cublc feet; ter, 12.3 gallons; light oil, 3.18 gallons; and ammoniim sulfate, 21.h
pounds. The yield of coke was 0.6 percent higher and the yield of tar 1.6 gallons
per ton lower than the average ylelds for 18 high-volatile A coals; other yields
were about the same as the averages. Variations in the yields caused by changing
the carbonizing temperature generally were normal. Blending with Pocahontas No. 3
coal raised the yield of coke 2.6-%.3 percent and lowered the yields of the other
products, except ammonimm sulfate. Strength-test indexes of the 900° . coke and
the averages for cokes from 25 high-volatile A coals were, respsctively: l—l/2-inch
shatter, 66.3 and 70.h; 1-inch tumbler, 38.2 and 50.8; and 1/4-inch twmbler, T70.0
and 72.2. This comparison indicates that Lower Cedar Grove-Alma A coal cokes less
strongly than the average coal of similer rank; however, high-volatile coals gener-
ally are carbonized as blends with coals of higher rank; consequently, their indi-
vidual coking powers are of secondary Importance. Blending with Pocahontas No. 3
coal strengthened the coke appreciebly, especisily when 30 percent of that low-
volatile coal was used. The heating value of the 900% C. gas was 539 B.t,u. per
cubic feot or 3,080 B.t.u. per pound of coal.

which

Upper Elkhorn Coal perce
es the ¢

Upper Elkhorn coal (322) contained less fixed carbon than the two West Virginia chn

coals {59.2 percent on the dry, mineral-matter-free hasis); consequently, it yielded
less coke and more gas. The yields at 900° C, were 64.8 percent coke; and, per ton
of coal, the ylelds were: gas, 10,850 cubic feet; tar, 12.9 gallons; light oil in
gas, 3.48 gallons; and ammonium sulfate, 23.5 pounds, The 9009 {, coke had low
l—l/2—inch shatter and 1l-inch tumbler indexes (39.2 and 32.5, respectively), although
the l/h—inch tumbler index (7%.3) was high. These Indexes were satisfactorily high
for the blends with Pocahontas No, 3 coal (322A and 322B). The ternary blend, con-
taining 20 percent Pocahontas No. 3 coal, coked more strongly when 30 percent
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Pittsburgh-bed coal {322C) was used. The heating values of the gag from 1C0 per-
cent Elkhorn coal (610 B.t.u. per cubic foot and 3,310 B.t.u, per pound of coal)
yere high,

Palau No. 5 Coal

i Palau No, 5 coal (328) was of medium-volatile rank and contained 13.2 percent
ash on the ag-carbonized basis, although it had been clesned by the heavy-media
process. It yielded 78.7 percent coke at 9000 C., and the yislds of cther products

per ten of coal were: (as, 9,700 cubic feet; tar, 6.3 galions; light oil in gas,
1.79 gallong; and ammonium sulfate, 19.2 pounds. The shatter and tumbler indexes
f the coke were high, although some cokes of high ash content have low hardness
actors or l/lé—inch turbler indexes. The heating values of the gas were rather low
s anticipated, because the ash content of the coal was high and the rank was
tmedium-volatile,

ill-Bed Coal, Cherckee County, Ala.

An investigation of Hill-bed.8_5/ coal from Hickey No. % mine on Lookout Mountain,
i Cherokee County, Ala,, showed it to be of medium-volatile rapnk, low in ash and sul-
i fur, and strongly coking, The coking power of high-volatile Pittsburgh-bed coal was
' increased significarntly by blending it with 20 percent Hill coml; this biend ghould
be safe to carbonize in by-product ovens because it developed a maximum pressure of
nly 1.7 pounds per gguare inch in the vertical expansion-test oven. Hill coal oxi-
ized more rapidly then Pittsburgh coel from the Warden mine and reguired less oxygen
o offect a given decrease in coke strength.

Comparative Fests in BM-AGA and 500-Pound Slot Ovens

i The recently constructed 500-pound electrically heated oven was put into opera-
tlon and used to carbonize Tive blends of coal at flue temperatures rising from

,650° ¥. at the start to 1,810° F. at the end. The following blends were carbon-
1zed: 80 percent Corona and 20 percent Pocshontas No. 3 (b3164); a commercial-blend
oke in by-product ovens at Pittsburgh, Pa. (336); 65 percent Eikhorn slack and 35
Percent Pocahontas (3424); and 40 percent Elkhorn slack, 25 percent Elkhorn egg, and
35 percent Pocahontas (342B). The latter two blends (3424 and 342B) are carbonized
dn industrial by-product cvens at Indiana Harbor, Ind, These blends also were car-
bonized by the BM-AGA method at 800° and 900° C. for compariscn of yields and quality
Of products obtained by the two methods ; the results of which are shown in tables 1L

and 15,

! The yields of coke were similar for the two test methods, except for blend 3k,
“¥nich was about 2 percent lower in the 500-pound sloct oven. The ylelds of gas on the
Percentage basis were higher, and the tar and ammoniurm sulfate yields were lower for
the siot oven. The S00° ¢, BM-AGA yields check the slot-cven yields more closely

| than the 8009 C. yields.

357 Davis, J. D., Reynolds, D. A., Ode, W. H., Brewer, R. E,, Woifson, D. E., and
Birge, G. W,, Carbonizing Properties of Hill-Red Coal from Hickey No., 1 Mine
on Lookout Mountain, Cherokee County, Ala.: Bureau of Mines Tech. Paper T03,

19k7, 40 pp.
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I. C. 7518

The physlcal properties of the slot-oven cokes generally were intermediate he-
tween the 800° and 900° C. BM-ACGA cokes. The 800° C. cokes were of larger size, apg
their l—l/e—inch shatter and l-inch tumbler indexes were higher; these differenceg
generally wers reversed for the 900° C. cokes, although a compariscn of sizes shows
that some of the slot-oven cokes were smaller than either BM-AGA coke. The average
1/b-inch tumbler index, hardness factor, for the five slot-oven cokes was 58.5,
which is less than the averages for the 800° and 900° C. BM-AGA cokes (59.6 and 63.2.
respectively), although this index was lowest for three 800° C, cokes. Table 9 show;
no significant differences in the true or apparent specific gravities of cokez oh-
tained by the two methods.

Swelling Properties of Coal During the Coking Process

The sole-heated oven was used in 60 tests, and the large vertical oven in 16
tests to determine the expanding propertiss of coals from 16 different beds and of
8 blends described in table 7. A1l large vertical-oven tests were made at a wall
temperaturs equivalent to 2,3009-2,500° ¥, flue temperature. The expanding proper-
ties are given in table 16, '

TABLE 16. - Expansion properties of coals

Average Sole-heated oven
test bulk expansion, percent | Large vertical oven,
Test density, Dry maximum pressure
. Coal moisture, ih, per At 55.5 1b. solid on movable Wall,

No. percent cubic foot | per cubic footd coal { 1b. per sguare inchg/

g3 1.9 53.39 -20.3 19.6 -

a93 1.9 53.22 3/-18.7 20.k -
b93 1.8 53.54 3/-20.0 20.8 -

93 1.8 53.21 3/-2h.6 13.8 -

93A 1.9 53.3% - 7.9 Lo,2 -

93B 1.8 53.31 - 4.3 h5.7 -

ok 2.7 53.68 -11.3 37.1 -

agh 2,2 52.97 3/- 5.5 ko2 -
oL 1.9 53.73 3/- 8.k 37.4 -

ok 2.3 53.57 3/- 7.7 39.0 -

ash 2.2 53.51 3/- 7.7 39.9 -

e9k 1.9 53.40 3/- 6.4 41,5 -

oA 2,6 53.28 - 4,0 k5.0 -

9L4B 2.6 53.38 - .5 55.0 -

ez b7 52,91 - 8.5 41.8 -

3224 3.9 52.72 - 6.3 45.7 -

3224 3.7 49.79 - - 0.k5

322B 3.7 53.31 - 3.5 50.8 -

3228 3.7 50.09 - - A5 1
3220 3.1 53.33 - L6 k7.0 - t
3200 3.1 50.49 - - .50 €

. €

323 2.9 53.27 3/- 4.0 48,7 ©o- t
323 2.9 hg,ho - - 4.6 1
323 2.9 ho.18 - - 1.8

Sees footnotes at end of table on following page.
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TABLE 16, - Expansion properties of coal (con.)
Average Sole-heated oven
test bulk expansion, percent Large vertical oven,
Test density, Dry maximmm pressure
' Coal |moisture, 1b. per At 55.5 1b. solid on movable wall,
No. | percent | cubic foot per cubic foot&/ coal | 1b. per square inch@/

3234 3.4 52,85 -20.k 24,0 -

3234 3.4 49,78 - - .9

323A 3.3 51.79 - - 5

324 3.6 53.24 3/-21.2 22.1 -

325 3.1 54.00 3/-23.6 20.3 -

326 3.6 53.73 E/— 7.8 45,0 -

326 3.0 53.55 3, 4/- 2.1 51.9 -

326 3.1 53.21 3, 5/+ .2 55.6 -

326 3.6 ko ko - - 1.5

326 3.6 51.19 - - 1.5

a326 2.7 53.22 3/+ 5.5 52.7 -

a3e6 | 2.7 Ly .66 - - 3.8

327 2.9 52.95 3/-28.1 - 12.3 -

331 2.0 53.16 3/- 7.6 hi.9 -

331 2.0 52.68 - - 1.5

335 2'f 54 .56 %;-13.5 1?&5;'0 -

335 2. 53.39 3, 6/- 7.3 .0 -

335 2.4 50.80 - - 6/3.1

335 2.4 5241 - - 3.7

332 G 53.58 +12.1 63.8 -

333 1.k 55.25 + 5.8 61.2 -

334 B 53.69 -12.1 33.h -
b328 1.6 5k, 59 - L0 51.3 -

3284 1.9 54%.07 3/- 3.6 51.2 -

3284 5.9 52.1k 3/-5.8 5%.0 -

3284 6.3 53.60 3/- 7.5 51.8 -

3284 2.0 53,14 - - k.o

3284 5.5 48,66 - - 1.7

3284 6.3 L.k - - 1,3

;/ End of test contraction for contracting coals; meximm expansion for ex-
panding cosals,
2/ Eech large vertical-oven test reported individually,
3/ Single tests.
Tested after 5 months' storage,
5/ Tested after 5 months'® storage and size reduction.
Tested after size reduction,

Two speclal samples of Chilton-bed coal (c93) and b93) from different rarts of

ke Lorado No. 5 mine, one sample (c93) from a prospect hole in the Chilten bed, and
he BM-AGA sample (93) Were tested to determine whether or not any variation in the

Zpanding tendency existed in coal frem various parts of the mine., The two special

PSxpansion samples Prom the mine agreed very closely with the EM-AGA semple, whereas

the sample from the prospect hole contracted slightly more. The blends of Chilton-

beq coal with Pocahontzs Neo. 3 coal (934 ard 93B) contracted to a smaller extent,
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Alma A coal (bottom bench-by4) was found to have greater comtraction than the
Lower Cedar Grove {tcp bench-a9l) or any of the combined special samples (cgh, agh
and eSh4) from different data of the mine, but not greater than the BM-ACA COmbined,'
sample (9%). The 80:20 blend with Pocahontas No. 3 coal (G4A) comtracted 4.0 pep.
cent; the 70:30 blend (94B) was almost neutral, contracting only 0.5 percent.

A sample of Elkhorn No. 3 (322) from a prospect hole in Knott County, Ky.,
was tested in the sole-heated oven, The 80:20 and 70:30 blends of this coal with
Pocahontes No. 3-bed coal (3224 end 322B) and a 50:30:20 blend of Elkhorn No. 3-,
Pittsburgh-, and Pecahontas No. 3-bed coals (322C) were tested in both the sole-
heated and large vertical expansion ovens, The 100-percent coal and the blends
conbracted in the sole-heated oven; none of the blends exerted over 1.0 pounds per
square inch pressure in the large, vertical oven. '

In a search for new coals for gas-making purposes, the expanding propertieg
of eight samples were determined. The coals ranged from 29.0 to 36,6 percent
volatile matter (moisture-free basis), The expanding properties of these coals
were desired because coals witnin this range of volatile matter may exert dangercus .
pressures on coke-oven walls during carbonization. Lowsr Fresport bed coal, Kramer :
mine (323), the resample of Lowsr and Upper Freeport bed coal, Kent Nos, 1 and 2 :
mines (a326), and Upper Freeport bed coal, Ernest mine (335), exerted over 2.0
pounds pressure per square inch in the large vertical oven, which would be unsafe
for commercial use acceording to the arbitrary limit of 2.0 pounds per square inch
a8 the maximm safe exvansion pressure, The variation in the expanding tendency
of the two samples of Upper Freeport-bed cozl is not unusual for this coal, The
reason for the increase in expansion pressure of the resample of Kent No. 1 and 2
(a326) is not known, but the necessity for z constant check on the expansion of
Freeport coals ugsed in industry is indicated by this difference in two samples
from the same mine.

During the fiscal year 1945, socle-hested-oven tests were made for Rochester
Gas & Electric Co. on two of the coals tested this year; Pitisburgh bed, Banning
No. 1 mine {342), and Lower and Upper Freepor: bed, Kent Nos., 1 and 2 umines {326).
The expansion resulis are: Benning No, 1 (1945), 23.1 percent comtraction and
(1948), 21.2 percent contraction; Kent Nos. 1 and 2 (19%3), 3.0 percent maximum .
expansion and 2.0 percent contraction at end of test, (1948) original sample {326),
7.8 percent contraction at end of test, and resample (a326), 5.5 percent maximum
expansion and 0.5 percent contraction at end of test, Scle-heated-oven tests were
made on the resample of Kent Nos, 1 and 2 (a326) afier 5 months' storage in closed
steel drums, and the contraction decreased from 7.8 to 2.1 percent; and, after
crushing of the stored ccal to a finer size, it expanded 0.2 percent,

A byproduct plant which operates & gas-firsd Bethlsher tester at a constand
flue temperature of 2,350° F. submitted three samples of coal (332, 333, and 334)
for comparison of its Bethlehem tester with the Bureau of Mines scle-heated oven.
The byproduct plant air-dries its sample at 105° C, overnight and cobtains a test
bulk density of 55.0 pounds per cubic foot. The closest agrsement between the WO
experimental ovens was obtained when the Bureau of Mines expansion resulits were
calculated to 55.5 pounds per cubic feoot of dry coal. Results cbtained by the by--
product plant and the Bureau of Mines were, respeciively: Coal 332, 13.2 and 12.8
percent expansion; 333, 7.5 and 7.3 percent expansion; and 33&, 13.2 and 12,1 p8T--
cent contraction, or differences of 0.4, 0.2, and 1.1 percent. These differences .
are only of the order of differences between duplicate tests. The expansion resulis
given in table 16 for these coals are reported on the basis.of 55.5 pounds per cubiC
foot of coal, with moisture content as tested. :

hY
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One sample of 2- by 1/4-inch coal (b328) fram the Palau No. 5 mine, Coahuila,
Mexico, was tested in the sole-heated oven for comparison with a blend (3284) con-
aisting of 45.9 percent 2- by 1/4-inch coal (328) and 54,1 percent 1/h- by O-inch
ccal {a328). The blend contracted 3.6 percent, and the spscial expansion sampls
for comparison comtracted 4.0 percent. The 1/4- by O-inch coal contained 2 percent
less ash than the 2- by 1/4%-inch sample.

_ The bulk density in the Tirst large vertical oven test on Palau No, 5 mine
coal was high, and the pressure excseded the limit of the oven, making it necessary
to allow lateral expansion of the charge. In later sole-heated and large vertical-
‘ovenn tests at lower bulk densities obtained by the addition of moisture, wall pres-
sures Iin the vertical oven were reduced greatly. The coke yield, apparent specific
‘gravity, and percentage of coke remaining on a 4-inch screen for tke Palau-coal
plend (3284} were lowered by the addition of moisture to the coal, bub the coke-
‘strength indexes were all very high., The coke from coal 328A had & real specific
gravity of 1.58.

Four scle-heated cven tests of Mary Lee coal in a finer size thar used in the
original tests showed that the contraction dscreased with decreasing particle size.

One sole-heated-oven charge (Pittsburgh-bed coal) was removed after 3 hours'
oking to study the plastic layer. The average thickmess of the ccked layer was
-1/2 inches. The thickness of the plastic layer ranged from 1/4- to 1/2-inch,

The accumulsted dataB®/ chtained with a small vertical-expansion oven were re-
orted, The oven is a small replica of the large vertical-slot oven, the charge
eing only 17 pounds as compared with 350 pounds for the large oven and its thick-
ess being 5 inches instead of 10, The smell oven gave high, erratic results,
ainly because of the thickness of charge, It was concluded that it would be dir-
icult to predict from results cbtained in an oven of this size, the pressures a
ample would develop in & larzs oven, or to state definitely that a borderline coal
ould be safe or dangerous Ffor industrial use,

Plasticity of Coals

Plzstic properties of 26 of the bituminous coals and 16 of the bituminous cocal
‘blends described in table 7 were determined during the fiscal year. Two or more
ests on the same sample were usually made by the Gieseler-plastometer and by the
Davig-plagtometer methods. A total of 189 tests - 96 by the Gieseler method and 93
By the Davis method - wers made. Twenty of the coals tested were high-volatile 4,
¥o were medimm-~veolatile, and four were low-volatils bituminous ccals. Eleven

& Vlonds were in the high-volatile A group and five blends were in the nedium-~-volatile

TUnless modified by unusual chemical composition or by oxidation, the plastic
Iroperties of coals vary with rank, In general, the characteristic temperatures -

t which fusion, maximum fluidity, and resolidification occur - are increased, the
egree of rluidity {Gieseler method) is decreased, and the maximum resistance (Davis
8thod) is increased with change of rank of coal from high-volatile A, through
edium-volatile, to low-volatile,

Naugle, B. W., Davis, J. D., McCartney, J. T., and Wilson, J. E., Measurement
of Coking Pressure in & Small Laboratory Oven: Bureau of Mines Rept, of In-
vestigations 4285, 1648, 15 mp.
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The maximm fluidity of a blend depends on its consbituent coals and theip
relative proportions, and may be intermediste or higher than the maximgm Tlulditieg,

of the ipdividual cosls,.

Limits for plastic cheracteristics of coals and

blendg

chosen according to classification by rank will bhe arbitrary because of soms

overlapping.

The plastic properties of sach
are here summarized:

Coal name, number, and rank

Chilton (93) high-volatile A,
Blernd of (93) and 20 percent Pocahontas
No. 3 (75) low-volatile.

Blend of (%3) and 30 percent Pocahontas
No. 3 (75) low-volatile,

Lower Cedar Grove-Alma A (94) high-
volatile 4, and ressmple (a9l).

Blend of (9%) with 20 and 30 percent
Pocahontas No. 3 (75) low-volatile,

Corona {b316) high-volatile A; lower in
rank than (94},

Blend of (b31l6) with 20 percent of Poca-
hontag No, 3 (75) low-volatile.
Pocahontas No. 3 (317) low-voalatile,

Blend of (317) with 80 percent Pitts-
burgh (28) high-volatile.

Upper Elkhorn No, 3 (322) high-volstile
A; (low in this rank),

Resample of (322) cleaned at 1.50 spe-
cific gravity, 60-mesh size,

Blend of (322) with 20 percent (3224)

and with 30 percent (322B) Pocahontas
No. 3 (75) low-volatile, :

3130

of the 26 coals and of the 16 coal blends tested

Plastlc properties

Typical of coals of this rank,

Characteristic temperatures raised in-
creased maximum resistance, increaged
maximum fluidity.

Characteristic temperatures raised, in~
T. creased meximum resistance, decreased
maximm fluidity,

Similar to coal {93) except for lower
maximum fluidity and lower maximum
resistance,

Increased characteristic temperature
over {94), sharply decreased maximum
Tluidity, markedly increased maximum
registance.

Typical of cecal of this rank; resistance
ended at lower temperature than (94).

Slightly higher characteristic tempsra~-
tures than {b316), apprecisble Fiuidity,
and higher maximum resistance.

Typical of coal of low-volatile ranXk.

Markedly decreased characteristic tem-
peratures as compared to (317), sharply

increased maximum fluidity, markedly -

decreased maximum resistence,

Typical behavior with low maximm fiuid-
ity and low maximm resistance.

Closely checked (322),

Characteristic temporarily not appreci-
ably effected by maximum fluidity low-
ered and meximum resistance increased,
sspecially with 30 percent blend,

6k -




Coal name, number, and rank

Blend of (322) 50 percent, (75) 20 per-
cent and Pittsburgh (28) high-volatile
A 30 percent.

Lower Freeport (323) high-volatile A.

Blend of 40 percemt of {323), 30 percent
sach of {324) and (325); blend {3234).

?ittsburgh hed (324) high-volatile A and
Pittsburgh bed (325) high-volatile A.

Lower Upper and Freeport coal (326) high-
volatile A and resample {a326) from new
area, high-volatile A,

Resamples of (326), No. 326-5-2 and
326-8-3, after storage 6 months.

Thick Freeport (327) high-volatile A,
Blend (3284) of twe screened fractions
. .of Coahuila, Mexlco, high-volatile A,
ﬁpper Freeport (331) high-volatile A,
Sewell (332) low-volatile (lower in rank
than Pocahontas No. 6).
=:Pocahontas No. 6 (333) low-volatile,

Pittsburgh (334) high-volatile 4.
Uoper Freeport (335) and (335-5-2)
Cmediwm-velatile,

-ﬁlend used in byproduct ovens at Piltis-
" burgh, Pa. (336}.

Lower Thacker (338) high-volatile A.

Pocahontas coal (341) low-volatile.

I. C. 7518

Plastic properties

Maximuw £luidity increased of (322) mex-
imum resistance higher than for (322)
and for (3224) and lower than (3228).

High maximum fluidity and maximm resist-
ance and strong free swelling {Gieseler
method) .

Lower maximum fluidity and higher maximum
resistance than (323).

Generally typical of coels of this rank
but (324) ceme more fluid and gave
glightiy higher maximum resistance than
the strong free-swelling coal (323).

Strong free swelling properties: (326)
showed lower meximum fluidity, and
slightly lower maximum resistance then
(a326).

Charachteristic temperatures and maximum
fluidity increase; maximum resistance
decreased; (326-3-3) strongly free-
swelling.

Plastic properties typical of coal of
this rank,

Appreciable fluidity and high maximm re-
sistance for ceal of this rank,

Typical plastic propertles except for
strong free swelling.

Much higher fiuidity and lower maximum
resistance than Pocashonbas No. 6.

Typical plastic properties for its rank.

Very high fluidity and low maximum
resistance,

Very high fluldity and appreciable maxi-
mum resistance.

Good fusion, high maximum fluidity, and
appreciable maximum resigtance,

Similar to plastic properties of (334).

Typical plastic properties of this rank
coal,
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