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1
Table 1  Proximate analysis and ultimate analysis of coal
Proximate analysis w_, /% Ultimate analysis w,, /%
Sample
M A v C H N St 0
Luan coal 1.01 15.16 14.07 69.67 75.63 3.54 1.31 0.35 2.91
Xinzhou coal 3.18 25.54 25.56 47.72 58.51 3.82 1.08 1.14 6.73
Shenfu coal 6.29 6.84 32.17 54.70 69.69  4.13 0.90 0.40 11.75
Beisu coal 2.45 5.88 41.15 50.52 74.78 5.08 0.15 2.80 8.86
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Figure 1  Relationship between four char conversions and time at a 970 °C b 1066 °C ¢ 1165 C
1 Beisu char 2 Shenfu char 3 Xinzhou char 4 Luan char
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Table 2 Metal element analysis of four coals

Beisu coal Shenfu coal Xinzhou coal Luan coal

wy, /%  0.00117  0.0186  0.00810  0.00615
we, /% 0.662 0.960 0.907 0.722
wy, /% 0.370 0.133 0.0962 0.154
wy /% 0.00160 0.00349 0.00220 0.00399
wy; /% 1.25E4 1.50E4 5.00E-5 2.99E4
we, /% 2.00E4 1.25E4 1.25E4 1.49E4
2 Na

15 Na

7 Ca

Fe K Ni
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Figure 2 Beisu char experimental and three fitted reaction rates as a function of conversion
at a 970°C b 1066°C ¢ 1165°C
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Table 3 Parameters about Beisu char fitted by three kinetics models at different temperatures
Unreacted core shrinking
Temp. Random pore model ) ) Integrated model
% reaction regime
t
A, 1 R K, R K, n R
970 0.0116 6.16 0.820 0.0179 -0.0961 0.0149 0.297 0.870
1066 0.0312 3.99 0.980 0.0421 0.900 0.0386 0.512 0.940
1165 0.110 1.46 >0.990 0.118 0.990 0.121 0.701 0.990
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970 C Table 5 Beisu char activation energy and frequency
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Table 4  Average normalized errors of three E/kpmol™"  E, =168 E, =141 E, =156
model prediction k/min™' k=129 x10° k =149 x10° k, =5.45 x 10°
Temp. Random Unrea«hgte(.i Integrated 3.4
t/C pore model ;C;Ziz}:lik:zli model
970 0.0755 0. 245g 0.0612 €0, 3
1066 0.126 0. 846 0.148
1165 0.334 0.707 0.644 7
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Table 6 Parameters about four char fitted by the random pore models at different temperatures
Sample Beisu char Shenfu char Xinzhou char Luan char
Parameters 4 y 4 y A, ’ A, v
1/C ’ ’
970 0.0116 6.16 0.0434 2.65 0.0195 2.00 0.00768 1.20
1066 0.0312 3.99 0.180 1.29 0.0798 0.867 0.0282  0.000480
1165 0.110 1.46 0.310 1.74 0.174 0.617 0.0899 -0.496
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Figure 3 Four coal char fit curve by the random pore model at different temperatures
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Table 7 Four coal char apparent activation energy

and frequency factor
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parameters char char char char

E, /k§ mol !

ky /min '
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Kinetics of coal char gasification with CO,
Random pore model

YANG Fan FAN Xiao-lei ZHOU Zhi-jie LIU Hai-feng GONG Xin YU Zun-hong
Institute of Clean Coal Technology East China University of Science and Technology Shanghai 200237 China

Abstract The gasification of Beisu Shenfu Xinzhou and Luan coal chars with CO, at 970 C ~1 165 C was
studied by the isothermal thermogravimetric analysis TGA under the condition of chemical reaction control.
The effects of coal types temperature and ash content in coal on the char gasification with CO, were examined.
The random pore model the unreacted shrinking core reaction model and the integrated model were tested by the
experimental data respectively. The results show that the random pore model is the best to fit the experiment data
among three kinetic models which has a correlation coefficients of 0. 99 both at 1 066 C and 1 165 C. The ki-
netic parameters FE k, A, i are obtained. A,is bigger when the gasification temperature is higher. ¢ as the
initial pore structure parameter is affected by the change of pore structure at different pyrolysis temperatures. It
becomes smaller when the gasification temperature increases.
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