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Characteristics of Coking Pressure during Coal Carbonization in
Pilot-scale Coke Oven
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Abstract — Coal carbonization for charging coal used in cokemaking has been carried out in pilot-scale
coke oven (.45 mWx1.0 mHx1.2 mL) to investigate the effect of moisture content, heating rate, and blend-
ing ratio of non-coking coal on the internal gas pressure behavior. Decreasing moisture content of charging
coal at similar heating rate to the industrial coke oven, heating rate at coal charge center after evaporating
moisture was similar, steam pressure at the initial coking stage greatly increased, and internal gas pressure of
dried charging coal was approximately 2.5 times as high as that of wet charging coal. Decreasing moisture
content of charging coal at far faster heating rate than that in the industrial coke oven, heating rate at coal
charge center after evaporating meisture largely decreased, steam pressure at the initial coking stage greatly
increased, and internal gas pressure of dried charging coal was approximately two times as high as that of
wet charging coal. Increasing blending ratio of non-coking coal in charging coal at far faster heating rate
than that in the industrial coke oven, internal gas pressure greatly decreased.
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Table 1. Analyses of various coals used in coal blending.

Proximate analysis™

Ultimate analysis

Analysis Coal LMF TD RI FS1
FC  Ash C H N S o+
CW 3225 60.35 740 B7.90 5.24 1.59 (.33 4,44 4.11 217 0.95 8.0
US coal ER 3364 60.18 618 8§7.33 3524 161 083 499 415 226 093 80
PH 3512 5749 739 8691 532 177 092 508 413 161 090 7.5
BM 2050 69.98 952 9129 467 129 033 242 120 29 123 65
LC 2267 6778 955 9128 465 117 028 262 249 66 115 67
PD 2078 6950 972 8962 476 185 057 320 260 112 126 8.0
ig]‘:;gg FR 2347 6707 946 8969 47 134 044 376 196 62 111 10
GC 1937 7152 9.1 9045 462 208 073 212 229 82 137 17
ST 1911 71.16 973 9088 468 18 061 196 241 108 138 80
YK 1880 7150 970 9268 451 081 020 180 171 69 145 85
GG 3469 5825 7.06 8541 556 216 058 629 343 158 (083 80
. GY 2440 6651 909 8948 498 18 052 319 311 139 105 80
“Ef)‘l’(‘i‘:]“” OC 2736 6135 929 8821 520 220 065 374 381 314 102 81
eGP 2765 6395 840 8833 500 158 064 445 259 9% 098 7.8
PG 2854 6143 1003 8823 485 164 046 482 311 49 091 43
Weak-
4 DP 3290 5850 860 8538 524 177 033 728 340 68 071 43
coking
MW 3516 5554 930 8323 541 1,79 047 910  1.88 33 070 5.0
GD 3590 5512 898 8242 538 231 053 886 1.97 32 068 39
Non- XL 3417 5683 900 8165 523 1.82 048 1082 156 3 067 40
coking MX 3418 5687 895 8260 542 174 041 983 154 21 071 40
TH 3520 5669 811 8465 S.19 155 081 780 3.15 46 072 50
PC 1170 8760 070 9055 365 287 22 0.73

*:difference [100-(C+H+N+3)].

V.M : Volatile Matter, F.C: Fixed Carbon, C: Carbon, H: Hydrogen, N: Nitrogen 5: Sulfur, O: Oxygen, LMF: Logarithmic Max-

imum Fluidity, TD: Total Dilatation, RI: Reflectance Index, FSI: Free Swelling Index.
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Table 2. Blending ratio of industrial charging coal used in carbonization.

Charging coal

Blending ratic (wt%)

CC-1
CC-II
CC-
CC-IV

PH: 9, 8J: 16, LC: 10, YK: 7, OC: 8, GY: 17, PG: 8, GD: 15, XL: 7, PC; 3
ER 10, GC: 8, PD: 15, FR: 14, GG: 14, GP: 10, DP: 6, PC: 2, MX: 9, GD: 12
CW: 16, GC: 24, BM: 11, YK: 5, GG: 13, GY: 10, OC: 6, MW: 12, PC: 3
CW: 16, GC: 23, BM: 10, YK: 5, GG: 7, GY: 9, OC: 5, MW: 9, PC: 3, TH: 13

Table 3. Analyses of coal blends composed of single coals.

Proximate analysis™

i Ultimate analysis
Analysis Y LMF TD Rl  FSI
Coal blends  yM  FC  Ash C H N S ok
CC-1 2655 6451 894 88.10 5.02 1.81 0.58 449 2,61 101 1.00 64
CC-1I 2853 6310 837 87.02 5.13 1.85 060 540 258 962 095 6.6
CC-1II 26.17 6541 8.42 88.50 498 1.83 0.64 4.05 2.64 118 1.05 72
CC-1IV 26.69 6491 8.40 8828 496 1.78 0.68 4.30 2.68 108 1.02 0.9
CC-III + XL
(Non-coking 2899 6238 8.63 8608 5.07 1.83  0.59 643 2.26 79 0.9 6.0
coal 45%)
CC-1V + XL
(Non-coking 2869 62,75 856 8652 503 1.79 062 604 238 8§14 093 6.1
coal 45%)

*: difference [100-(C+H+N+S)].
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2-2, Pilot-scale coke oven
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Fig. 1. Schematic diagram of pilot-scale coke oven
with a movable-wall. 1. Fixed wall, 2. Movable wall,
3. Electric heater, 4. Probe, 5. Coking car, 6. Load
cell, 7. Charging hole, 8. Gate valve, 9. LPG, 10. Air.
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Fig. 2. Typical heating pattern of pilot-scale coke
oven with coking time.
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Fig. 5. Variation of intermal gas pressure and cor-
responding temperature with coking time for CC-II
coal.
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Table 4. Summary of carbonization characteristics with operatiag conditions.

. . Heating rate ("C/min} Steam Internal gas
Coal N:a‘;;: )r ¢ ;lssttf:png Before After pressure pressure
solidification  solidification {mmH,0) {mmH,0)
9.0 28 59 . 68
CcC-1 B
5.2 Pattern-I 2.8 438 42 173
9.9 2.1 9.0 . 105
CC-l1 _
3.5 Pattern-1 23 5.0 81 269
10.1 75 17.0 . 150
CC-1I .
5.0 Pattern-I1 59 9.3 72 283
9.4 6.3 16.0 - 77
CC-1v Pattern-11
47 53 11.2 68 310
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Fig. 11. Variation of internal gas pressure and cor-
responding temperature with coking time for dried
CC-III coal mixed with XL.
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Fig. 12. Variation of internal gas pressure and cor-
responding temperature with coking time for dried
CC-IV coal.
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