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Steady-state simulation of fixed bed for coal gasification using ASPEN PLUS

CHEN Shi-hao CAO Zhi-kai SHI Jia JIANG Qingyin ZHOU Hua
( School of Chemistry & Chemical Engineering Xiamen University Xiamen 361005 China)

Abstract: ASPEN PLUS is used to simulate the fixed bed for coal gasification process. The gasification reaction kinet—
ics is expressed by FORTRAN subroutine in RCSTRs and then the RSCTRS in series are used to substitute the Gibbs
reactor. So the reaction condition of the gasifier can be described more accurate in the simulation and the results of the
simulation are in agreement with the actual fixed bed of the coal gasification process. The proposed model was applied
to study the effect of the number of RCSTRs on carbon conversion and outlet temperature. The results show that carbon
conversion and outlet temperature are closer to the actual data with the number increase of RCSTRs. However less
number of RCSTRs helps to reduce the computation time. With consideration of the accuracy and computation time of
the simulation for coal gasification it is suitable to use 6 RCSTRs in series to describe the fixed bed according to the
results of the simulation.
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Fig. 2 Fixed bed gasification process model
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Table 1 Representative unit operations models FORTRAN 16
used in simulation ASPEN PLUS
ASPEN PLUS ASPCOMP  ASPLINK
DRYING RYIELD 7
SEP1 ~3 SEP2 3.4
PYROLYS RYIELD 4 s
CHARDEC RSTOIC .
MXGAIN MIXER 0, H,0 5. 5
MIXET HEATER
GASIF1 ~6 RCSTR o
5 4
. . . Table 4 Parameters of gasifier
Table 2 Proximate and ultimate analysis of coal %
Mad le Fczul Aa(l C d H(l 0([ N(l S(l
/(kg+s') 1015 /K 644.26
4.58 37.37 50.30 7.75 77.83 5.24 4.72 1.47 2.62
/(kg+s")  3.294 /MPa 2.514
/(kges')  0.631 /m 3.048
( ) 0.94 /m 3.048
" 3, /K 298.15 Jem  2.00
3 /K 644. 26 170. 351
. . /K 644.26 0.4~0.7
Table 3 Yield of pyrolysis products %
W/(m* *K) .
co €0, H,0 CH, H, H,S N,
71.79 1.90 2.25 0.65 13.95 0.54 5.79 2.78 0.35 o
3.3
ASPEN PLUS 3 °
ASPEN 3 1 3
PLUS - ASPEN 81. 9% 98. 9% 3 6
PLUS FORTRAN FORTRAN 98. 9% ;
6 1045.8 K 930. 0 Ko
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Table 5 Comparison of simulation results and experimental results
1%
/K 1%
co H, o, CH, N, H,S
16. 8 39.2 31.3 10.3 1.6 0.7 919. 8 98.9
17.0 41.9 29.5 8.5 1.6 0.8 927.3 98.9
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Fig. 3 Effect of number of RCSTRs in series on
carbon conversion and outlet temperature 6
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Table 6 Effect of number of RCSTRs in series on composition of product gas
1% / /
co H, CO, H,0 CH, N, H,S CqHg (kJ * mol™") (kJ * mol™")
1 5.5 11.9 10.5 67.2 3.6 0.7 0.3 0.3
2 6.7 15.4 11.5 61.6 3.6 0.7 0.3 0.3
3 7.9 16.9 11.6 58.8 3.5 0.7 0.3 0.3 -173.9
4 8.2 16.7 11.3 59.1 3.5 0.7 0.3 0.3 -173.1 0.8
5 7.3 17. 4 12.2 58.3 3.6 0.7 0.3 0.3 -176.0 -2.9
6 7.1 17.5 12.4 58.2 3.6 0.7 0.3 0.3 -176. 4 -0.4
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