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On the Gassification Rate of Anthracite Coal Abundant in Ash

Dongman, Cho*, Choongki, Yoo*

*Electoric laboratory, XKorea Electric Company

With CO, gas and steam, gassification rate of anthracite coal containing various of ashes were measured.

The reaction of C+CO; and C+H;0 in this work is followed the rate of chemical reaction, and was

expressed as two stage reaction like M. A. Mayer’s work.
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Table 1, Experimental data of sample for C--CO;(Pellet dia=1.3 cm)

!Jungsung IHomyungl Hamtai ' Macha .Hambaik ‘Kangnung’ Hukyun | Eunsung | Baikjai E Sanan
H  (cm) 1.48 | 1.34 1. 30 1.24 12.4 1.24 1.24 1.24 1.32 1.20
Dp  (cm) 1554} 1.503 1. 488 1. 465 1.465 | 1.465 1. 465 1465 1. 495 1. 449
Vo (cm®) 1. 764 1.777 1.725 1. 645 1. 645 1. 645 1.645 1.645 1.751 1.592
W, (& 0.827 . 1105 0.401 1.031 0. 890 0. 528 0.410 0.530 1.000 0.561
W, @ 1.918 . 1.420 1.804 1. 168 1.475 1. 568 1.822 1. 509 1.254 1. 508
Wy (@ 0.129 0  0.135 0. 103 0. 166 0.103 0.088 0.136 0.116 0. 086 0.074
I3 (g/cm¥) 162 | 1.503 1.338 1. 439 1. 446 1.328 1. 44 1.316 1.314 1.345
@ 11032 | 15.45 11.475 | 16.87 13.383 | 12,587 | 10.179 | 13.024 | 17.304 12.672

Table 2, Experimental data of sample for C+H,0(Pellet dia=1.3cm)

‘Jungsunngomyung‘ Hamtai ‘ Macha ‘Hambaik'Kangnung| Hukyun ' Baikjai l Sanan IEunsung

H  (cm) 1.40 1.20 1.24 0.88
Ds  (em) 1.525 1 1.449 1.463 1. 306
Vo (em9) 187! 1592| 1645| 1167
W. (@ 0.8441 1.015 0. 360 0.743
W, (@ 1.653 1.258 1.633 |  0.900
W@ 0.167 ; 0.088| 0.094] 0.118
Pe (g/cm® 1.434 1. 483 1. 28 1.45
« 13.43 | 15. 185 12,20 16. 89

1.24
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0. 800
1.475
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1. 440
13. 359

1.26
1. 473
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0. 535
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0.089
1. 32
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1.34
1. 503
1.777
0. 451
1. 945
0.147
1.43
11. 57

13.6
1.51
1. 804
1.057
1.295
0.091
1.35

16.77

1.12
1. 416
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1. 448
0. 069
1.373
12.34

1.28
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Table 3. Experimental data for C+CO, reaction

CO.+Homyng
(H: 1.3dcm Dp: 1.503cm V. M: 0.155 g)
W.: 1.420g W,: 1.1058)
oo | T |aw | W | » | & | | Ceealy
Cmin]} (°CY (mgy| (mg)l  (em]]  [cm]j (em/s]| (cm/s]
0 780 O | 1,420] 0.7565 0 0 0
5 810 7.0 1,421 0.7533] 0.0012| 0.0213| 0.0064
10 830  6.0) 1,415 0.7542{ 0.0011) 0.0203/ 0.0130
15 830| 8.0 1,407 0.7528 0.0014| 0.0265/ 0.0228
20 915 12.0| 1,395 0.75061 0.0022] 0.0430] 0.0240
22.5 9351 7.0/ 1,388 0.7495. 0.0011] 0.0436] 0.0256
25.0 930 9.0/ 1,379 O. 7477! 0.0018 0.0723} 0.0270
27.5 960 11.0/ 1,368 0.7458) 0.0019| 0.0773| 0.0876
30.0 930 14.0| 1,354 0.7432] 0.0026/ 0.107 | 0.1100
995 17.0' 1,337 0.7401] 0.0031| 0.129 | 0.134
335 1,010 19 | 1,318 0.7366, 0.0035 0.147 | 0.164
1,025, 25 | 1,203 0.7319] 0.0047| 0.200 | 0.210
40 1,046, 27 | 1,2660 0.7267] 0.0052] 0.224 | 0.245
1,060; 37 | 1,229 0.7196] 0.0071] 0.311 [ 0.336
45 1,070; 40 | 1,185 0.7116] 0.0080| 0.353 | 0.376
1,085, 48 1,141 0.7020| 0.0096] 0.428 | 0.482
50 1,100| 55 1,086 0.6904] 0.0118f 0.532 [ 0.337
1,120 60 1,026| 0.6775 0.0129] 0.591
55 1,13350 65 961 0.6629! 0.0146] 0.675
1,130 70 891 0.6464| 0.01653] 0.772
60 1,160 735 816 0.6278] 0.0196; 0.923
1,177 75 741 0.6079] 0.0199] 0.946
65 1,183 75 666 0.5871] 0.0208] 0.996
1,193 73 593| 0.5644; 0.0227] 1.09
70 1,200 72 5211 0.5406] 0.0238 1.15
1,210, 63 458 0.5178] 0.0228] 1.16
75 1,215 62 396 0.4971] 0.0207| 1.012
1,220; 58 338| 0.4680] 0.0291 1.43
80 1,225 55 283 0.4410{ 0.0270; 1.33
85 1,235 92 191] 0.3869] 0.0540 1.34
90 1,240/ 68 123 0.3341 0.0528] 1.31
95 1, 2500 45 78] 0.2871] 0.0470[ 1.176
100 4 33 450 0.2389] 0.0482] 1.20
105 ” 19 26/ 0.1990! 0.0399] 0.998
110 ” 5 211 0.1854; 0.0136{ 0.9
115 ” 10 111 0.1494] 0.0360! 0.9
120 ” 7 41 1.1066] 0.0428; 1.13
125 ” 4 0.0 0.00 0. 1066




Table 4, Experimental data for C+H,0 reaction

H.0+Macha
H: 0.88cm W.: 0.900g
W.: 0.743g V.M: 0.118g
ép [ Tlaw|w | r | & % | ke
[min]} [°CJ| (mg]| (mg){ C(cm]| [em)| (cm/s]|(em/s)
0 690 900{ 0.6530 0 0
2.5 705! 3.0 897] 0.65228! 0.00072] 0.0240
5.0 720f 3.0 894] 0.65165| 0. 00072} 0.0251
7.5 735 3.0 891} 0.65086] 0.00071] 0.0251| 0. 1750
10.0 7501 4.0 887 0.64980 0. 00105[ 0. 0376 0. 0240
12.5 765 5 882 0.64863| 0.00117] 0.04201 0. 0274
15 780 5 877| 0.64738 0. 00125| 0.0462] 0. 0405
800 5 872! 0.64614] 0. 00124] 0. 0461} 0. 0580
20 810 6 866| 0.64464] 0.00150[ 0. 0570} 0. 0727
825 10 856 0. 64216} 0.00248 0. 0960{ 0. 091
25 845 13 843 0- 63896 0. 00320 0.126 | 0.127
860 15 828 0.63511] 0.00385 0.153 | 0. 147
30 875/ 20 808| 0.62995| 0.00516] 0.208 | 0. 158
895 24 784] 0.62368! 0.00617| 0.253 | 0.272
35 910} 30 754] 0.61558] 0. 00810, 0.331 | 0. 341
925) 35 719 0. 60592 0. 00968 0.408 | 0. 406
40 940f 42 677 0.59390{ 0. 01202} 0.512 | 0.510
960t 49 6281 0.57921] 0.01469] 0.636 | 0.630
45 970] 57 571 0. 56112 0. 01809 0.790 | 0.743
990] 59 5121 0. 54108 0. 02004 0.889 | 0. 955
50 1,005 61 451 0.51868| 0.02240{ 1.00 | 1.14
1,020, 66 385! 0.49203| 0. 02665 1.21
55 1,030} 67 318} 0.46167| 0. 03037} 1.39
1,045 65 253} 0.42778| 0. 03389 1.57
60 1,065 60 193} 0. 39088 0. 03690, 1.73
1,080, 55 138| 0.34929( 0. 04159 1.98
63 1,090] 46 92| 0.30534] 0.04395; 2.10
1,105 39 53| 0.25401] 0. 05133} 2.48
70 1,120 32 21} 0.18591; 0. 06810 3.34
1,130 17 41 0.10735| 0.07856| 3.87
75 1, 130l 4. 0.0] 0.0 0.10735] —
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Table 5. Activation energy data

C+C0O,=2C0O C+H,0=H,+CO

Sample | B 10 | Calraol | E1 Cal/mol | E2 Cal/mol
Hongyung 49. 190 35.190 53. 800 24100
Hamtai 49.730 33.150 53. 800 33.200
Macha 40. 670 — 40. 670 31. 600
Hambaik 61. 000 40. 490 48. 300 33. 900
Kangnung 61. 000] 39. 690 60. 500 35. 200
Hukyun 60. 160! 22. 880 51. 200 38. 200
Eunsung 55. 790 25. 140 51. 206 39. 800
Sanan 55. 500, 24. 700 60. 500/ 45. 750
Buaikjai 48. 160 38. 100 53. 800 39. 800
Jangsung 48. 250, 33.020 48. 300 35. 200
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C+CO, KIE

010 55. 790
_22X100 T RT .
ko= VT € (900~1070°C)
. 33. 520
_ 5.89x%10 " RT ~1950°C
k52_~——«—\/T e (1070~1250°C)
C+H, 0 KrE
R 43. 160
8. 77 X 1{) ~ " RT ~ 5
k=77 —e (800~1000°C)
o 28. 590
_2.24x105 T RT o 1150°C
k‘s__“”—“wT e (100~1156°C)
L% RH
A; CO gas formation rate (cm3-CO, em~2-CC, sec™},
atm~1-CO; N. T.P.)
A Surface area of reacted core (cm?)
4Csq; 4C;, Mean value of concentration CO, and steam.
(mol ¢cm™3)
Dy Particle diameter. (cm)

D,y Diffusivity in fluid (cm? sec™.)
E; Activation energy (Cal. mol™)
Fe, Fa

K, Kjs Overall reaction rate coefficient of COj; and steam.

Fraction of carbon and ash in sample.

(cm, sec™?)
K. K33 Chemical reaction rate coefficient of CO, and

steam. (cm. sec™)

Ky Mass transfer coefficient through solid layer. (cm.
sec™!)

H, Height of sample (cm)

R; Radius of sample (cm)

V; Reaction rate (g. mol. cm2 sec™!)

Wa Weight of dry sample (g)
Was Weight of ash in sample (g)

Wes Weight of carbon in sample (g)
Wy Weight of unreacted carbon in sample (g)
o; Volume of particle corresponding for 1 mol of

carbon (¢cm® mol™1)

26 Density of particle (g. cm™3)
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