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Effect of internal diffusion on
steam gasification reactivity of coal and petroleum coke

LIN Shan-jun, ZHOU Zhi-jie, HUO Wei, DING Lu, YU Guang-suo
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East China University of Science & Technology, Shanghai 200237, China)

Abstract; The steam gasification experiments with Neimeng lignite, Shenfu bituminous coal, Zunyi anthracite
and a petroleum coke were conducted in a thermogravimetric analyzer ( TGA) to study the intrinsic kinetics and
the macrokinetics with the effects of particle size. By virtue of gas-solid catalysis theory, a method to calculate
the internal effective factor was proposed based on the kinetic parameters derived from the nth-order equation.
The comparison between calculated and experimental effective factors shows that the method is better to calculate
the internal effective factor for quantificationally estimating the effect of internal diffusion on steam gasifiation.
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Table 1 Proximate and ultimate analysis of char samples

Proximate analysis w,/ % Ultimate analysis wy,./%

Char sample

Vv FC A C H N S o
NM 7.15 68.99 23.86 92.91 1.02 1.71 1.26 3.10
SF 8.60 81.33 10.07 95.96 1.02 1.40 0.40 1.22
zY 5.50 73.48 21.02 96.11 0.95 1.68 1.04 0.22
PC 4.11 90. 86 5.03 95.95 0.73 1.19 2.08 0.05

x2 HE@RENFERTHRE

Table 2 Volume average particle size of char samples

Volume average particle size d/pm

Size fraction

SF zZY PC
<40 pm 29 27 34 26
~100 pm 102 109 - -

~250 wm 271 280 230 236
~500 pwm - - 473 488
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Figure 1

STA 449 F3 TG-DSC thermal analyzer

1: protective gas (N,); 2. vacuum system; 3. balance; 4. protective sleeve; 5; protector tube; 6: cooling fin; 7. sample holder;
8. furnace; 9. gas outlet; 10. lifting appliance; 11 gas circuit (N,); 12 gas circuit (CO,) ; 13 heat insulation sleeve tube;
14 rotameter (N, ) ; 15 liquid level display interface (H,O) ; 16 flow rate display interface( H,O)
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Table 3  Kinetic parameters
and correlation coefficient of char gasification

Char E,/(kI-mol™) n  In(k,") R’
NM 108.6 0.33 10.40 0.97
SF 150.8 0.35 14.47 0.96
7Y 188.0 0.52 18.10 0.98
PC 172.0 0.77 15.73 0.93
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Table 4 Initial gasification rate of fine-grain char samples
Initial rate of gasification /s’
Char
850 C 875 C 900 °C 925 C
0.025 MPa ( steam partial pressure )
NM 0.081 0.121 0.135 0.121
SF 0.044 0.086 0.110 0.133
Y 0.019 0.029 0.049 0. 069
PC 0.004 0.007 0.009 0.013
0.05 MPa ( steam partial pressure)
NM 0.110 0.152 0.181 0.237
SF 0.063 0.105 0.138 0.181
Y 0.025 0.040 0.072 0.090
PC 0. 005 0.011 0.014 0.017
0.1 MPa (steam partial pressure)
NM 0.138 0.176 0.167 0.270
SF 0.089 0.118 0.161 0.226
Y 0.045 0. 060 0.094 0.134
PC 0.010 0.023 0.024 0.039
x5 BREMNVBRSULER
Table 5 Initial gasification rate of three coal chars
Initial rate of gasification /s
Temperature t/C NM SF 7Y
29 pm 102 pm 271 pm 27 pm 109 pm 280 pm 34 pum 230 pm 473 pm
850 0.138 0.103 0.053 0.089 0.039 0.034 0.034 0.024 0.014
875 0.176  0.119  0.059 0.118 0.092  0.039 0.060 0.030 0.017
900 0.167 0.137 0.061 0.161 0.126  0.053 0.094 0.038 0.022
925 0.270  0.169 0.076 0.226 0.147  0.070 0.134 0.047 0.028
950 - 0.193  0.09%4 - 0.166  0.092 - 0.065 0.031
1000 - 0.278  0.107 - 0.261 0.118 - 0.086  0.050
1 050 - 0.350 0.139 - 0.317 0.170 - 0.138  0.068
1100 - 0.407 0.175 - 0.399 0.176 - 0.174  0.097

x6

Table 6 Initial gasification rate of petroleum coke char

Temperature t/C

Initial reaction rate /s~

26 um 236 um 488 um
850 0.010 0. 009 0.005
875 0.023 0.012 0. 006
900 0.024 0.016 0.008
925 0.039 0.022 0.013
950 - 0.027 0.014
1 000 - 0.037 0.023
1 050 - 0.056 0.033
1 100 - 0.085 0.034
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Table 7 Thiele modulus and calculated efffective factor of fine-grain char samples
NM SF 7Y PC
t/C
P M cal D T cal @ Meal P M cal
850 0.26 0.98 0.19 0.99 0.18 0.99 0.09 1.00
875 0.29 0.98 0.23 0.98 0.22 0.98 0.11 1.00
900 0.33 0.97 0.27 0.98 0.27 0.97 0.13 0.99
925 0.37 0.96 0.31 0.97 0.33 0.95 0.15 0.99
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Figure 2 Variation of Thiele modulus with temperature at different particle sizes
(a): NM char; (b): SF char; (c¢): ZY char; (d): PC char
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Figure 3 Variation of internal diffusion effective factor with temperature at different particle sizes
(a): NM char; (b): SF char; (c): ZY char; (d): PC char

exp: experimental; cal; calculated
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