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The Bureau of Mines-American Gas Association (BM-AGA) methods/
has been used in surveying the carbonizing properties of American coals
and, to date, in testing coals from 43 bads. The results in this report
apply only to tests in the 18-inch retort at 800°, 900°, and 1,000° C. on coals
from 32 beds. Table 1 gives the proximate and ultimate analyses of these
coals and the name and location of mines. Coals from Pennsylvania, Virginia,
West Virginia, Kentucky, Indiana, and Washington are considered. Seven of
the coals are of low-volatile, four of medium-volatile, and twenty-one of
high-volatile bituminous rank. One of the high-volatile coals (No. 45) is of
high-volatile C rank, whereas all the others are of high-volatile A rank.
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R.I. 3695

TABLE 1. - Origin and analyses of coals, as carbonized
(orronccd *n ordor oi° docreasing rank)

vry, mir- Analyses, percent

crol-mat - Proximate Ultimate

ter-free Vola- i '

fixed tile |Fixed| Hy- Ni-
Coal carbon, |Mois-{mat- | car- dro-| Car-| tro-{ Oxy=-
No |State | County Bed - Mine percent | ture |ter bon | Ash [gen | bon jgen |gen [Sulfur
‘ Low-volatile ,
57 |W. Va.|Raleigh Pocahontas No. 4| No. 4 83.3 (1.4 |16.0 |75.6 | 7.0 |4.3 {82.6:/1.3 3.7 | 1.1
48 | Pa, Cambria Lower Kittanning| No. 72 (washed) 83.0 2.9 (16.1 (756.3 |5.7 |4.6 |82.8:1,4 |4.7 .8
47 | Do, Do. Do. " | No. 72 (unwashed 82.9 1.7 |16.3 |75.3 {6.7 |4.4 |82.5(1.4 {3.7 | 1.3
50 |Do. Do. ~ Upper Kittanning | No, 73 (unwashed 82.1 1.8 (16.9 |72.0 9.3 (4.5 |79.,1]1.2 |3.6 | 2.3
56 |W. Va, |Wyoming Pocahontas No., 3| Buckeye No. 3 81.7 1.6 |17.4 |74.5|6.5 |4.4 |83.7{1.2 |3.6 .6
51 |Pa. Cambria Upper Kittanning | No. 73 (washed) 81.5 (2.2 117.3 [72.0 {8.5 |4.5|80.2|1.4 |4.2 | 1.2
41 |W. Va.|Raleigh Beckley Winding Gulf No. 1 81.3 |2.3 |17.9 (76.0 | 3.8 (4.6 |85.3|1.4 |4.5 4
3 ~ Medium-volatile
55 |W. Va. |Wyoming Sewell | Wyoming 77.5 1.6 121.8 |73.7 |2.9 (4.9 |856.8|1.4 |4.3 | 0.7
64 |Do. Tucker Bakerstown No. 23 ‘ 77.1 2.2 (21.6 |[70.5 (5.7 |4.8 |82.1]|1.6 |4.8 | 1.0
58 |Va. Buchanan |Lower Banner L Keen Mountain 76.9 2.5 |21.4 |67.8 |8.3 4.7 |79.5]1.2 |4.8 | 1.5
60 |Pa. Indiana Lower Freeport ~- ) 73.4 12.0 |24.9 |[66.7 |6.4 5.1 {81.2]|1.3 |5.3 T
High-volatile '

65 |Wash. |Plercé No. 2 Bartoy 68.4 |2.,2 [28.1 68,3 (11.4 |5.2 174.0(2.3 |6.5 | 0.6
59 |W. Va. |Monongalia|Upper Freeport -= 67.7 2.8 129.3 169.6 [ 8.3 [b.2 |77.0]1.4 |7.4 L7
42 |Va,. Dickenson |Upper Banner No. 9 66.6 (1.6 |(31.8 |62.3 [4.3 (5.3 [82.8(1.4 [5.4 .8
31 |Do. Buchanan |Clintwood Buchanan Nos. 1 & 2 6.4 (1.9 (31.5 [61.0(5.6 5.3 [80.4/1.8 :6.0 .9

Note: BSee footnote page 3.
9249 -2 -
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TABLE 1. - Origin and analyses of coals, as carbonized (Cont'd)
(arranged in order of decreasing rank)
Dry, min~ Analyses, percent
eral-mat- Proximate Ultimate
ter-free Vole-
fixed tile [Fixed Hy- Ni-
Coal carbon, | Mois-{mat- | car- dro- Car- tro- Oxy-
No. State County ) Bed Mine percent ture jter | bon |Ash|gen | bon |gen | gen |Sulfur
High-volatile
44 |W. Va.| Kanawha Powellton A No. 9 66.3 1.8 132.4162.9 12.9]5.4|83.0|1.4| 6.5 .8
46 Do, Logan ‘|Eagle No. 3 66.1 1.6 |31.9 1.0 (5.5{6.1 {80.6{1.6| 6.6 .6
53 |[Ky. Pike Pond Creek Majestic 66.1 | 2.7 {31.9161.1 |4.3/5.3|80.56(1.5} 7.7 .7
62 IW. Va. logan Powellton Elk Creek No. 1 64.7 | 2.5 133.761.1 |2.7|5.4|82.5{1.5] 7.3 .6
61 !Ky. Crittenden |No. 1 Bell No. 1 64.4 | 5.4 |32.3 7.3 |b.0{b.5|76.5{1.3{11.0 T
67 |Do. Harlan Taggart Lynch Nos.30 & 31 63.7 | 2.5 |33.81(58.3 |b.41]5.4{79.1{1.47.9 .8
43 |W., Va.| Kanawha Dorothy No. 10 63.6 | 2.0 1(34,519,4 4.1|5,4|81.1(1.4| 7.4 .6
40 |Do. Mingo Lower Cedar Junior 62.7 | 1.8 |35.3 8.6 (4.3(5.4|80.7|1.5}| 7.5 .6
: Grove
36 |Do. Do. Alme, Red Jacket 62.4 | 2.4 35,7 8.7 |3.2|5.6 | 80.91.5| 8.2 .6
39 |Do. Do. Upper Cedar
Grove” Junior 60.9 1.8 36.2 b5.2 |6.815.3 [ 77.811.4! 7.2 1.5
63 |[Ky. Bell Lower Hignite Atlas 60.8 2.9 36.4 5.6 |b.1({5.6 | 77.3{1.6 9.8 .6
33 |Do. Johnson Millers Creek Consolidation No. 155 60.1 3.3 37.8 6.2 12.7(56.6 | 78.3|1.6 10.2 1.6
52 |Pa, Allegheny [Pittsburgh Bruceton 59.9 | 2.4 |36.6 53.2 |(7.8{b6.1 |76.8(1.5 8.2 1.6
54 |Ky. Harlan High Splint Closplint 59.9 | 3.3 |37.5pb.5 |3.7|5.5|78.3(1.4 10.6 .5
66—/ Wash Pierce No. 5 Wilkeson=Miller 59.7 1.7 |37.5 p4.5 |6.3({b.7 | 77.4|2.1 | 7.9 .6
Ind. Vigo Indiena No. 4 Sexton 59.2 [13.7 |32.7 {46.2 |7.415.9 {65.3(1.3 9.3 .8
32 |pa, WoshingtonPittsburgh Terminal No. 9 4.9 | 2.0 141,3148.7 18.015.4 172.411.2 8.6 4.4

1/ High-volatile C.

9249
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R.I. 3695

It is the purpose of this paper to show the effect of variation of carboniz-
ing temperature on yields of certain products now very important in pros-
ecution of the war. Increasing the carbonizing temperature in the considered
range causes some further devolatization of coal and more extensive crack-
ing of these volatile products in passi:f; through the hot coke to the top of
the charge and through the free Spatce6 above the charge. Thermal decom-
position of certain products results in formation of others. Thus, with
increasing temperature, higher yields of benzene are obtained, whereas
yields of toluasne decrease. The tar is cracked, yielding more gas, light oil,
etc., and, of course, less tar.

All yields are given in gallons per ton or pounds per ton. The total crude
light oil stripped from the gas is given but does not include the light oil that
condenses with the tar; the benzene and toluene yields from the light oil
from the gas are shown. The total yield of tar is included, with its con-
stituents - tar acids, naphthalene, and anthracene. As would be expected,
the yields of liquid products from the low-volatile coals are lower than for
the lower-rank bituminous coking coals; the variation in yields with carbon-
izing temperature, however, shows the same general trend except for total
light oil, which is low for the 1,000° C. carbonizing temperature. The vol-
ume of vapor and gas obtained from the low-volatile coals is relatively small;
they have a longer time of exposure in the retort and free space than those
from the other coals, and therefore they are cracked more severely.

In table 2 the coals are arranged in low-, medium~, and high-volatile
groups, showing the yields of light oils with their benzene and toluene con=
stituents; tars, with their tar-acid, naphthalene, and anthracene constituents;
and finally, ammonium sulfate. Results are given for 800°, 900°, and 1,OOOo
C. carbonizing temperatures, and averages at these temperatures are included
for each of the three ranges of rank.

Figure 1 shows the yields of light oil, benzene, and toluene; figure 2,
the yields of tar and tar acids; figure 3, the yields of naphthalene and
anthracene; and figure 4, the yields of ammonium sulfate. All coals are
arranged in order of decreasing rank. The dry, mineral-matter-free vol-
atile-matter values for each coal are plotted on the curves.

/

6 Davis, J. D., and Auvil, Stuart, High-Temperature Carbonization of

Coal: Ind. Eng. Chem., vol. 27, 1935, pp. 4569-4861.

9249 -4 -
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TABLE 2. - Effect of increasing carbonizing temperature upon the
vields of certain byproducts (18-inch BM~-AGA retort)

Carbon-~
izing
temper Gallons per ton Founds per ton
Coal ature, {Light i Tar| Naptha Anthra-| (NHy) o~
No. ©C. | oil |Benzene [Toluene acidg lene cene | SO4
Low-volatile coals
b7 800 |1.26 | 0.41 0.37 | 3.7 0.05} 1.16 2.33 19.8
900 |1.29 .81 .26 3.2 .02| 1.52 2.28 14.5
1,000 }1.30 .96 A5 (2.9 .01 2.19 2.01 8.5
48 800 {1.17 .35 23 13,6 .10{ .53 13 19.2
900 {1.33 .76 29 2.8 .03] 1.19 1.48 15.2
1,000 {1.18 .84 A7 12,4 .01] 1.32 2.07 8.1
47 800 |1.19 .38 .34 |3.4] .08] .62 1.01 19:1
‘ 900 {1.23 11 26 13.1] .03} 1.43 1.79 14.4
1,000 [1.18 .83 19 12.3) .01} 1.09 1.56 9.1
50 800 |1.20 .34 36 (3.8 .10 .81 .81 19.0
900 11.39 .83 27 13.3] .03 1.70 1.48 14.9
1,000 {1.21 .93 14 12.8] 01 2.224 1.25 9.8
516} 800 1.13 .30 .35 4.5 13| .78 1.78 15.7
900 [1.38 .81 .28 4.1 .06] 1.84 2:10 13.4
1,000 (1.23 .85 .18 3.0 .03} 2.32 1.34 9.1
51 800 11.39 .36 41 3.7 .10} b1 .79 19.3
900 {1.30 | .78 27 3.1 03] 1.73 1.63 14.9
1,000 {1.21 } .87 19 (2.9 .01} 2.24 1.61 8.8
41 800 {1.49 .31 .35 |6.4) .18 .40 .61 19.7
900 |1.45 .70 .32 4.7 10) 1.5 1.31 16.5.
1,000 {1.37 NN .28 3.5 ‘ 051 1.72 1.36 11.56
Averagd 800 |1.26 | .35 .36 |4.0] .11| .66 1.15 | 188
low- 900 {1.34 ST .28 3.5 .04 1.56 1.72 14.8
vol, 1,000 11.24 .87 A9 12.80 .02] 1.87 1.60 9.3
9249 -5 -
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TABLE 2. - Effect of increasing carbonizing temperature upon the (Cont’d)
yields of certain byproducts (18-inch BM-AGA retort)

Carbon-
izing }
temoer—l Gallons per ton Pounds per ton
Coal ature |Lightl” o Tar Naphtha-|Anthra+4 (NH 4)2
No. °cC. oil ;Benzene !Toluene Tar facids| lene cene SO
Medium-volatile coals
55. 800 11.64 . | 0.30 . 0.41 | 8.310.37 10,00 0.04 | 18.8
900 |1.77- .82 | .38 | 6.9 .2012.01 1.24 1 16.1
1,000 11.70 4 1.08 | .28 5.8 .06 ;3.02 1.64 11.4
I
64 800 (1.46 .50 .38 18,81 .37 1 .00 .57 24.9
900 11.76 .93 38 | 7.6 .16 1 2.55 1.86 21.9
1,000 11.89 - 1.24 .34 6.6 1 .07 13.95 1.92 15.5
58 00 | 1.64 b0 A1 7.4 .24 .00 - 14 21.9
900 1.92 | 1.18 36 | 6.4 1 .08 |3.46 2.05 15.2
1,000 (1.74 | 1.24 | .25 | 5.4 .03 |4.17 1.66 11.5
60 800 |1.82 .54 49 11,0 .62 .00 b4 19.0
900 |2.08 1.13 48 110.0 0 .29 1 2.77 .93 15.7
1,000 2.22 1.47 71 8.5 .09 [4.44 1.47 10.6
Average 800 (1.64 - .46 A2 108,91 .40 1 .00 .60 21.2
medium- 200 11.88 . 1.02 1 .40 [ 7.71 .18 ,2.70 1.52 17.2
vol. 1,000 [1.89 ! 1.26 | .31 16.581.06(2.90 1,87 | 12.3
High-volatile coals
65 800 [2.32 } 0.76 0,57 112.2 {1.02 10.00 C.42 36.5
900 |2.65 1.34 b9 10.6 1 .0 {2.35H 1.13 34.0
1,000 {2.79 1.73 02 |18.81 .19 15.06 1.87 26.4
59 800 12.11 .66 b2 13.9 [1.18 1 .00 1.38 19.2
900 12.42 ! 1.34 Sl 11,0 .48 14.14 1.43 16.2
1,000 |2.74 - 1.91 40 9.9 .17 16.3 1.70 10.5
42 800 |2.13 | .67 48 [16.5 | .99 1.07 1.81 23.2
900 12.70 1.82 44 13,8 | .44 15.62 2.71 19.1
1,000 12.63 1.96 o7 12,3 1 .21 ’7.64 2.94 15.3 _

9249 -8 -
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TABLE 2. - Effect of increasing carbonizing temperature upon the (Cont’d)

vields of certain byproducts (18-inch BM-AGA retort)

Carbon- |
izing |
temper- Gallons per ton Pounds per ton
Coal ature, | Light! i Tar |Naphtha4 Anthra-|(INH 4) o=
No. C.| oil [Benzene tI‘oluerEf Tar{acids| lene cene 804
High-volatile coals
31 800 {2.15 10C.48 0.60 4.1 |1.03 |0.00 0.99 22.3
' 200 12.37 | 1.61 46 13.2 | .37 |6.14 2.88 18.0
1,000 12.42 | 1.63 48 12.0 | .24 16,11 2.23 14.9
44 800 2.53 .81 58 16,9 [1.29 | .00 1.39 22.8
' 900 (3.20 }1.96 b8 (3.8 | .61 [5.20 3.07 20.0
1,000 [3.14 |2.10 b1 11.9 ] .38 16,71 2.88 15.4
46 800 [3.04 | .94 81 N4.0 [1.32 | .45 [1.45 22.6
900 [2.97 |1.85 51 12,5 | .63 5.0 2.94 19.2
1,000 '|2.71 |1.89 40 10.4 | .24 |8.64 2.94 14.1
53 800 12.59 .82 47 18,1 11.82 | .00 .98 21.0
900 |[2.80 [1.586 A5 13.1 1 .84 [4.01 1.92 17.3
1,000 [2.69 |1.88 43 11, .33 18.09 2.26 12.7
62 800 12.80 ]1.19 .56 16.2 [1.80 ' .00 1.26 24.4
900 [3.16 ;1.89 b3 13.8 . .81 14.52 2.14 19.9
1,000 38.15 12.13 49 11.9 | .38 8.90 2.17 16.2
81 800 12.83 11.25 20 12.2 11.33 | .00 1.20 25.9
" 900 3.36 12.11 .62 10.7 | .60 14.99 1.97 22.5
1,000 B.22 {2.29 A8 19.7 .27 16.37 1.97 17.3
87 800 3.28 11.25 .86 1L7.6 |2.20 | .00 1.44 24.8
900" 1B.86 |2.37 .87 h4.4 | .86 16.02 2.69 20.5
1,000 B.59 12.87 A7 12,7 | .41 8.43 3.42 18.5
43 800 10 .93 .81 8.2 1.05 (1.87 1.256 24,0
900 .30 2.27 .63 3.5 | .50 16.30 £.99 20.8
1,000 B.35 2.45 P47 12.2 i .31 {7.00 2.95 18.0
9249 -7 -
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TABLE 2. - Effect of increasing carbonizing temperature upon the (Cont’d)
vields of certain byproducts (18-inch BM-AGA retort)

Carbon-
izing
temper- Gallons per ton Dounds per ton
Coal agur:e, Light Tar |Naphtha-|Anthra- (NH 4)2-
No. C. oil |Benzene Tolueng Tar pcids| lene cene |S0O4
High-volatile coals
40 800 |2.30 | 0.78 0.41  17.0 |1.73 | 0.29 1.65 20.6
900 {3.27 | 2.01 | .49 [18.81| .69 |5b.74 2.80 18.9
1,000 13.43 | 2.32 b1 |12.3 ] .54 | 6.64 2.78 13.7
36 800 |3.26 | 1.06 | .59 |17.5{1.75| .08 1.33 20.7
900 |3.04 | 1.88 .68 [14.2 1 .68 {58.90 2.63 17.4
1,000 {3.04 | 1.88 .| .b4 |12.61 .62|8.31 2.96 18.0
39 800 12.83 | .84 | .58 l18.1[1.34]1.51 1.89 20.7
900 {3.17 | 2.01 48 13.8 | .50 [ 7.19 2.73 16.9
1,000 }3.83 | 2.80 47 112.1 ] .30 | 8.02 3.14 12.4
63 800 i3.13 | 1.68 .88 |15.8 |1.75 | 1.61 1.64 31.4
900 |3.58 | 2.61 49 [13.5 ] .57 | 7.79 3.73 27.9
1,000 {38.611 2.76 .| .38 |11.8] .32(9.52 3.35 20.3
33 800 |2.82 .83 72 114.3 12.02 | .00 1.07 27.4
900 {3.04 | 2.08 | .b5H {13.0} .96 5.08 2.49 25.8
1,000 13.16 | 2.14 bl j11.2] .64 16.45 2.70 19.2
52 800 12.74 87 1 .58 [18.4(2.63 | .00 .75 19.7
900 {3.01 ] 1.80 b4 115.3 |1.19 | 4.58 2.34 18.1
1,000 13.20 |1 2.09 .54 113.7 | .75 | 8.19 1.77 13.6
54 800 |3.11 | 1.12 72 }14.511.89 | .51 1.25 29.1
900 [3.52 | 2.36 .68 112.9 | .80 7.04 3.31 28.3
1,000 [3.83 | 2.59 51 11.1 ] .43 ]7.88 2.70 17.9
66 800 13.32 1 1.36 .85 118.0 |1.91 35 1.00 35:2
090G 138.96 1 2.41 78 115.2 | .76 15.48 2.38 32.5
1,000 [4.09 | 2.75 83 112.8 | .40 |8.16" 2.41 28.4
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TABLE 2. - Effect of increasing carbonizing temperature upon the (Cont’d)
yields of certain byproducts (18-inch BM~-AGA retort

Carbon-
izing
temper Gallons per ton _ Pounds per ton
Coal ature, | Light Tar | Naphtha-|Anthra-|(NHy) o-
No. °c, oil jBenzene| Tolueng Tar(acidsl lene cene |S04
High-volatile coals
a5Y/ 800 |2.72 | 1.08 0.61 |11.011.45] 0.17 1.08 28.8
900 [8.20 | 2.10 03 | 9.4 .71y 3.70 1.57 23.6
1,000 13.00 | 2.14 A0 |0 8.51 .40 4.97 1.92 14,4
32 800 !2.25 .37 .84 120.912.68] .00 ST 18:1
900  }2.80 | 1.46 .61 120.0]1.881 1.886 1.74 17.0
1,000 |8.65 | 2,01 75 |18.61 .98 6.13 1.97 11.0
Average 800 |2.70 .94 .61 {15.6(1.63| .39 1.23 4.7
high- 900 |3.11 | 1.94 .bb 113.51 73| 5.27 2.46 21.5
vol, 1,000 {3.19 | 2.20 49 11.71 411 8.78 2.53 16.5
1/ High-volatile C.
Light Oil

The yields of light oil increase with decreasing rank of the coal. For
both the low~ and medium-volatile coals more light oil tends to be produced
at 900° than at 1,000° C.; however, on an average the medium-~volatile coals
produce slightly more at 1,OOO0 C. Invariably less light oil is produced by
these coals at 800° C. than at the higher temperatures.

The greatest effect of increase in carbonizing temperature upon the
yields of light oil is obtained on the lowest-rank high-volatile A coals; coal
32 (Pittsburgh bed), which is the lowest in rank of the high-volatile A coals
studied, showed an increase in yield of light oil of 2.25 to 2.80 to 3.65 gal~
lons per ton for the 800°, 900°, and 1,000° C. carbonizing temperatures,
respectively. Coal 39 (Upper Cedar Grove bed), which is also low-in the
high-volatile A group, gave 1.20 gallons more light oil at 1,000° C. than at
800° C. Coals 36 and 46 gave higher yields of light oils at 800° than at-
higher temperatures, but the benzene fraction was lower for the 800° C.
tests.

9249 -9 -



R.I. 3695
Benezene

The highest yields of benzene are obtained at 900° and 1,000° C. At
these temperatures there is generally a twofold increase over the 800°
vields. The high-volatile coals on an average produced over twice as much
benzene as low-volatile coalgs at all temoeraturgs, Increasing the carboniz-
ing temperature of coal 39 from 8000 to 1 COO C. increased the yields of
benzene nearly 2 gallons per ton - the 1aro‘est increase in benzene over this
temperature range for any coal tested.

Toluene

The yields of toluene decrease with increasing carbonizing temperature.
Of course, the highest yields are obtained from high-volatile coals, but there
is not a very great variation with change in rank. In the high-volatile range,
the highest yield of toluene at 1, 000° wag 0.75 gallon from coal 32, whereas
the lowest was 0.37 gallon from coal 42. Usually the best yields of toluene
are obtained at 800 C., as the averages indicate, but figure 1 shows that
there are some eXCC:Qthl’lu, for several coals, bqually good or slightly better
yields are obtained at 900° C. Coal 40 gives the best yield at 1,000° C.

Tar

Figure 2 shows that the yields of tar increase fairly regularly and
rapidly as volatile matter increases over the low- and medium-volatile
ranges of rank. There is considerable variation for the individual coals in
the high-volatile range, but a general trend toward increase with increase
of volatile up to coal 45 (which is of high-volatile C rank) is cvident. The
yields decrease with increasing carbonizing temperature. The average
high-volatile coals yield nearly four times as much tar as low-volatile coals.

Tar Acids

The yields of tar acids are considerably higher at 800° than at 900° or
1,000° C., and with decreasing rank this trend becomes more pronounced
(fig. 2). At 800° C. the medium-volatile coals on an average yield nearly
four times as much tar acids as the low-volatile coals; this same increase
is noted when the high-volatile.coals are compared with the medium-vol-
atile coals. Several of the high-volatile coals were outstanding in this
respect. For example, coal 87, Taggart bed, yields 0.41 gallon of tar acids
at 1,000°, 0.86 gallon at 900°, and 2.20 gallons at 800° C.- The same figures
for coal 52 were 0.75, 1.19, and 2.63 gallons respectively.
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Naphthalene

The medium-volatile coals stud1ed yield no naphthalene (fig, 3) at a
carbonizing temperature of 800° C., and at this temperature about half the
high-volatile coals likewise ylolded no navhthalene. It is evident that the
800° carbonizing temperature will yield little or no naphthalene regardless
of rank of coal. However, where thc temperature is increased to OOO the
yields increase abruptly; at 1,000° C. the yields 1ncrease still more but
not nearly as great a change is noted as from 800° to 900° C. At the higher
carbonizing temperature the yields generally increase with decreasing rank.
However, this trend is not perfectly regular. For example, at 900° coal 65,
from ﬁlerce County, Wash., with a dry, mineral-matter-free fixed-carbon
content of 68.4 percent, ylelds 2.35 pounds of naphthalene per ton, whereas
coal 32 (Pittsburgh bed), from Washington County, Pa., at the other end of
the range of rank of coals studied in this paper, with a dry, mineral-matter-
free fixed carbon content of 54.9 percent, yielded only 1.86 pounds per ton.

Anthracene

The average low-volatile coals yield more anthracene at 800° and 900°
C. than the medium-volatile coals. At 1,000° C., there is little variation on
an average between the low- and medium-volatile coals. Figure 3 shows
that the yields are very irregular when plotted according to decreasing rank
of the coals. When the 900° yields of anthracene are compared with those
at 1 OOOo C., it will be noted that there is small difference. Some coals give
sllghtly higher yields at 900°, whereas others yield more at 1,000° C. How-
ever, for all temperatures tho anthracene yields seem to reach a peak with
coals of about 39 percent dry, mineral-matter-free volatile-matter content
and then taper off considerably.

Ammonium sulfate

The yields of ammonium sulfate (fig. 4), appear to increase falrlr?r
regularly with decreasing rank of the coals. Ammonia is decompose

by the hot steel of the retorts; consequently, with rising carbonizing tem-
perature, more of the ammoma 1s decomposed and the yield declines. The
yield of ammonium sulfate at 800° C. approacheo that obtained in com-
mercial practice. However, as shown in figure 4, a very irregular curve

7/ Fieldner, A. C., Davis, J. D., Thiessen, R., Selvig, W. A., Reynolds,
D. A., Jung, F W., and Sorunk, G. C., Carbonizing Properties and
Petrographlc Composfaon of Cllntwood-bed Coal from Buchanan
Mines Nos. 1 and 2, Buchanan County, Va.: Bureau of Mines Tech.
Paper 570, 1936, p. 15.
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is obtained when the coals are plotted according to decreasing rank. Coal 65,
for example, yielded 36.5 pounds of ammonium sulfate per ton at 800°,
whereas coal 09, with a decrease of only 0.7 percent of dryb mineral- ma’dzer-°
free fixed carbon, yielded only 19.2 pounds per ton. At 900° and 1,000° C.,
these figures were 34.0 and 26.4 pounds per ton compared with 16. 2 and

10.5 pounds per ton, respectively. Coals 65 and 66 yielded a high percentage
of ammonium sulfate, but these coals have a high nitrogen content - 2.3

and 2.1 percent, respectively.

It is evident that the best yields of ammonium sulfate can be obtained
from high-volatile coals carbonized at 800° C. It is indicated that when
the carbonizing temnerature of these coals is increased to 1, 000° C., the
yield of this product will decline about 33 percent.

Summary and Conclusions

A survey of the yields of various byproducts obtalned upon carbon-
ization of coal samples from 32 beds at 800°, 900° and 1 OOO C. in the
BM-~AGA 18-inch retort included coals of low—, medlum- and high-volatile
rank. The origin and analyses are given, as well as the yields of light oil,
benzene, toluene, tar, and tar acids, in gallons per ton of coal carbonized,
yields of naphthalene, anthracene, and ammonium sulfate are given in pounds
per ton. These yields are shown graphically; the effects of increasing car-
bonizing temperature and decreasing rank are presented,

It is indicated that, in general, increasing carbonizing temperature
increases the yields of light oil, benzene, naphthalene, and anthracene; at
the same time the yields of toluene, tar, tar acids, and ammonium sulfate
decline. The effect of decreasing the rank is to increase, on an average,
the yields of light oil, benzene, toluene, tar, tar acids, and ammonium sul-
fate, The naphthalene and anthracene yields usually show no particular
trend with decreasing rank, except when considered at the different carbomz-
ing temporatures Naphthalena increases with decreasing rank at 900° and
1,000° C., but at 800° C. the highest yield is obtained from the low-volatile
coa.ls A’c 1 OOOO C. anthracene increases with decreasing rank, whereas at
800° and, 900 C. the medium-volatile coals yield the least.
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