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A Study of Coal Gasification Process Modeling
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ABSTRACT

Integrated gasification combined cycle (IGCC) is an efficient and environment-friendly power generation
system which is capable of burning low-ranked coals and other renewable resources such as biofuels, petcokes
and residues. In this study some process modeling on a conceptual entrained flow gasifier was conducted
using the ASPEN Plus process simulator. This model is composed of three major steps; initial coal pyrolysis,
combustion of volatile components, and gasification of char particles. One of the purposes of this study is
to develop an effective and versatile simulation model applicable to numerous configurations of coal
gasification systems. Our model does not depend on the hypothesis of chemical equilibrium as it can trace
the exact reaction kinetics and incorporate the residence time calculation of solid particles in the reactors.
Comparisons with previously reported models and experimental results also showed that the predictions by
our model were pretty reasonable in estimating the products and the conditions of gasification processes.
Verification of the accuracy of our model was mainly based upon how closely it predicts the syngas
composition in the gasifier outlet. Lastly the effects of change oxygen are studied by sensitivity analysis
using the developed model.

KEY WORDS : Coal gasification(*] ©7}223}), Integrated gasification combined cycle(7}223} E-3F b)),

Gasification model(7}2~3} 29, Gasifier(7}2~3}71)

Nomenclature € . porosity
D, : effective diffusivity of the ith component
r.  radius of the unreacted core Ky o gas film diffusion constant of the ith gas
r, : radius of the char

r component
ks : surface reaction constant of the ith gas
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C(r) . pseudo-steady-state value

a,3 : variable of integration

R, : mole of the ith gas component

Ve : reactor volume

|4 : volumetric flow rate of gases

v, : total yield of volatiles at the pressure
of the real gasifier

V : total yield of volatiles at 1 atm

P, : pressure in real gasifier, atm

a : constant, In our model, « = 0.066

@ : coefficient depend on the diameter of
the coal particle
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Table | Current state of IGCC modeling

Year Feed material Type Model State
1979 Coal liguefaction Entrained Mathematical model : Steady
1984 Coal liquefaction Entrained Mathematical model Steady
2003” Solid carbon General Thermodynamics & kinetic DS\t;z(rir}\,i/c
20019 Coal Entrained ASPEN PLUS (Gibbs) Steady
2006” Petcoke Entrained MatLab (Gibbs) Steady
2008” Coal Entrained HYSYS (Gibbs) Steady
2002" Coal+petcoket+biomass Entrained Engineering equation solver (Gibbs) Steady
2000 Coal Entrained Mathematical model Dynamic
9) . . L Programming language :C
2005 Sewage sludge Circulating fluidised (Mathematical model) Steady
2005'0 Biomass Fludised Equilibrium model Steady
11 . . ASPEN dynamics .
2008 Biomass + coal Fludised (Bquilibrium model) Dynamic
2009') Coal Entrained HYSYS + ASPEN plus (Gibbs) Steady
13) ) o ASPEN plus
2009 Coal Entrained (Multizonal model, Kinetic) Steady
ATEL 7Fo] M 244 2EE Hgg AL 2. 012N B
# AS(in-house code)& ARSI glaam A JIAG} HIQ30)
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3.3 JIABIHEZ(Gasification Reaction)
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Table 2 Feed stock condition

Feedstock Parameter Value
Feed rate 76.66 g/s

Coal Temperature 232°C
Pressure 24 atm

Diameter 350 m

Oy/Coal 0.866

Oxygen Temperature 25C
Pressure 24 atm

Steamn/Coal 0.241

Steam Temperature 423C
Pressure 24 atm
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HEDtAS S
Table 3 Feed analysis
Type Composition Value (%)
Moisture 0.2
Proximate FC 58.01
analysis VM 26.46
ASH 15.53
ASH 15.53
C 74.05
_ H 6.25
Ui ;
Cl 0.37
S 1.77
0O 1.32
59 %2 71989, 9 WA 2343 Fa Qe

AFE Table 59 A8t
F9 A< CO, Hy, CO; 25 Wen & Chaung”
o 493} w29} 2ot fAE & 5 YAk
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Fig. 3 Comparison of mole fraction of major components of
syngas.
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Table 4 Comparison of experimental and modeling results

Experiment Wen & Chaung

Comp.

g/s Mole Frac. g/s Mole Frac.

Cco 123.77 54.79 123.94 5542
H, 6.01 3725 6.23 39.00
CO; 9.99 2.81 10.04 2.86
CH,4 0.15 0.12 0.20 0.16
H,S 0.13 0.05 0.73 0.27
N, 0.53 0.11 0.45 0.20
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Table 5 Comparison of modeling result
(mole fraction%s)

Comp. PFR CSTR GIBBS
CcO 54.74 55.87 55.90
H 36.91 36.37 36.79
CO, 2.89 202 2.02
CH, 0.19 0.19 .20
HoS 0.38 042 0.52
Nz 0.24 0.24 0.24
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Fig. 5 Effects of Oxcoal on gas composition.
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