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ABSTRACT: [Objectives] This research aims to investigate
the operational mechanism of a coal gasifier within an
integrated gasification combined cycle (IGCC) power plant,
with a focus on analyzing and optimizing key operational
parameters. [Methods] A steady-state thermodynamic model
of the gasifier was developed using Aspen Plus. The model’s
accuracy was validated by comparing its simulation results

with published data. A sensitivity analysis was then conducted
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to assess the impact of key gasifier parameters. [Results] The
thermodynamic model demonstrates the suitability for
simulating steady-state coal gasification processes. The model
exhibits high accuracy, simplified structure, and efficient
computational performance. [Conclusions] The sensitivity
analysis reveals that the oxygen-to-coal ratio holds the most
significant influence on the coal gasification process. Both
insufficient and excessive oxygen levels result in a reduction
of syngas active ingredient production. The optimal oxygen-
to-coal ratio for the Shell gasifier model is determined to be
approximately 0.85. Water-to-coal ratio also plays a critical
role in the gasification process. When sufficient energy is
present within the gasifier, increasing the water input leads to
higher water content in the syngas, potentially increasing
hydrogen concentration. However, excessive water input
under energy-constrained conditions can decrease the
effective composition of the syngas.
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Fig.1 Coal gasification process model of entrained flow coal gasifier
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#1 Shell SALFHIRHSE
Tab.1 Design data of Shell gasifier
N SMAIGE)  BRAURGES) SR AL it
E e DU IR GRS/ URY N R TR CUERE BN e sy w(zi)/ WwiRY i

(t/h) MPa  (th)  MPa (thy  MPa C (t/h) T MPa

% (t/h)

Bl Tlinois#6 530.71 241 4282 24 381 307 325

14.51 1371 24 0.89 0.03 43 957 5262

2 Texaco MW KBTS
Tab. 2 Design data of Texaco gasifier

- NP AFIE D RIS AT s
- B WEA(Yh) FEJ)/MPa i (vh) #EKE(Vh) BRESEUY%  SUGIREEC SULEIIMPa EUELL AKBELE wli)% w(K)% i (th)
HUE Nlinois#6  572.9 4.14 444.07 184.61 66.5 1315.6 4.0 0.96 0 0 100 50.35
£3 RORHN L ‘
Tab.3 Analysis of coal composition % 3 M m%%ﬁ@?‘#&@l@ﬁﬁ*ﬁ
%%ﬁ Cd Hd Od Nd Sd Ad F(',d Vd

39 10 513 387
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Tab. 4 Comparison of simulation results of Shell gasifier

1B 69.6 52 10 1.3

oy R EUY% JR L /(t/h)

- WiMEEE B Paig e e
Cco 60.3 60.62 788.81 792.9
H, 30.0 29.69 28.12 27.94
N, 3.6 3.68 46.72 48.12
H,0 2.0 2.13 16.78 17.89
Co, 1.6 138 33.11 28.38
H,S 12 121 18.6 19.28
AR 1.1 1.14 2132 212

CcOoS 0.1 0.10 3.63 2.76
CH, — 0.04 0.45 0.28

NH.+HCN 0.1 0.01 1.36 0.08

Gt 100 100 958.9 958.83

RS Texaco ALY MRS HEINLE E5TEL

Tab.5 Comparison of simulation results of Texaco gasifier

o R EU% JR L /(t/h)

i B R BT R
&) 40.8 4230 649.1 674.57
H, 29.6 28.97 33.57 33.25
H,0 17.0 17.83 174.64 182.92
Co, 10.2 8.92 254.01 223.61
H,S 1.0 1.02 195 19.70
N, 0.7 0.76 10.89 12.17
CH, 0.3 0.01 2.72 0.13
NH, 0.2 0.01 1.81 0.03
AR 0.1 0.12 2.72 2.77

COS 0.1 0.06 227 2.02

Gt 100 100 115124 1151.17
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