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A one-dimensional steady-state model of catalytic coal gasification, which was previously established in a
pressurized jetting fluidized bed, is extended to investigate the effects of different operating conditions (catalyst
loading, steam/coal ratio and oxygen/coal ratio) on hydrodynamic parameters, particle temperature, gas temper-
ature, gas composition, carbon conversion and methane yield. The results indicate that the steam/coal ratio has
significantly associated with hydrodynamic parameters. The maximum particle temperature changes obviously
with steam/coal ratio and oxygen/coal ratio. Methane concentration goes up slowly when catalyst loading is
above 10 wt.% and reaches maximum point when steam/coal ratio is about 0.5 by weight. Both the total carbon
conversion and carbon conversion due to char gasification rise sharply as steam/coal ratio increases, while there
are slow increase for both of them as catalyst loading and oxygen/coal ratio increase. The carbon conversion due
to char combustionmaintains at low level, and themethane yield decreaseswith the increase of catalyst loading,
steam/coal ratio and oxygen/coal ratio. In conclusion, the suitable operating conditions for catalytic coal gasifica-
tion are as follows: catalyst loading of 10 wt.%, steam/coal ratio of 1 and oxygen/coal ratio of 0.3. The maximum
methane yield can be obtained by using the scheme of O2/H2O/syngas.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

With rapid economic growth and urbanization, the depletion of
nature gas becomes increasingly serious in China. Catalytic coal gasifica-
tion, as a technology of synthetic natural gas from coal, could satisfy the
demand for natural gas together with utilizing the abundant coal
resources, which also in turn secures the energy safety by adding the
energy supplying source. The aim of catalytic coal gasification is to obtain
the high value methane-rich gas. High pressure and alkali metal salt
catalyst (mainly potassium carbonate) can enhance endothermic steam
gasification and exothermic methanation, which can be coupled in the
same reactor, and then offer the possibility for operating the gasifier at
relatively lower temperatures but reaching higher thermal efficiency.

The predevelopment of catalytic coal gasification technology was
executed by American Exxon Company in seventies of last century [1],
and later American GreatPoint Energy developed a ‘Blue gas’ technology
based on Exxon's research [2]. But their research were stuck in stage of
an electrically-heated 1 t/d process development unit (PDU). There are
three main problems in the previous catalytic coal gasification technol-
ogy. Firstly, the carbon residue is hard to be gasified due to the low

reaction rate at 973 K. Secondly, the particle residence time is too long
(about 6 h) to reach a carbon conversion of above 95%, and thus leads
to a low capacity of reactor. Thirdly, the heat supply is from superheated
steam, which causes high energy consumption. In order to solve these
problems, a new catalytic coal gasification process has been developed
by ENN-ICC since 2008 [3]. It is a three-stage gasifier: (1) the upper
section of the gasifier is the pyrolysis stage which uses the heat of gas
produced by catalytic coal gasification to obtain tar; (2) the middle
part of the gasifier is catalytic gasification stage, utilizing the heat of
gas produced by catalytic combustion and syngas to produce methane,
which makes steam gasification, shift reaction and methanation occur
in one reactor; (3) the bottom section of the gasifier is the catalytic com-
bustion stage, using gasified carbon residue to produce syngas and heat.
The gasifier is expected to obtain high carbon conversion and thermal
efficiency by coupling endothermic reactions with exothermic reac-
tions. Owing to the violent movements of complex jetting, particles
and bubbles under high pressure, appropriate design procedures are
not well established so far, especially for catalytic coal gasification
concerning with various gas–solid reaction kinetics, mass and heat
transfer. Simulation for catalytic coal gasification in a jetting fluidized
bed gasifier is becoming urgent in industrial process.

The simulations of fluidized bed gasifier have been studied extensive-
ly. Ma et al. [4] proposed a steady-state two phase model to simulate a
pilot-scale fluidized bed coal gasifier and pointed out that high ratio
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of H2/CO could be obtained through high steam/carbon ratio and low ox-
ygen/carbon ratio. Arastoopour [5] divided thefluidized bed into different
sections, considering composition completely mixed and temperature
constant in each section. Predications showed that higher air flow rate
corresponding to higher feed rate extended the combustion zone to the
upper region of the gasifier and caused a deterioration in gas quality at
the same char hold-up. Liu et al. [6] simulated a pressurized ash
agglomerating fluidized bed gasifier by Aspen plus and suggested that
the oxygen/coal ratio should be lower than0.55Nm3/kg. Yan et al. [7] pre-
sented amodel to simulate bubbling fluidized bed gasifier. The calculated
results indicated that water–gas shift reaction had more effects on pilot-
scale gasifiers than commercial-scale gasifierswhether it reached equilib-
rium or not. Kaushal et al. [8] developed a biomass gasificationmodel, ca-
pacity of reactor gas releasing and mixing during devolatilization into
account, which was capable of predicting the effect of various gasifying
media.

But for catalytic coal gasification, the operation of PDU at 3.5 MPa is
hard and costly. Hence, a one-dimensional steady-state model of cata-
lytic coal gasification in a pressurized jetting fluidized bed has been
established in our previous work and the reliability of the model has
also been verified in 0.5 t/d PDU [9].

Thismodelwill be used to predict how to obtain highermethane yield
and carbon conversion in a 2.4 t/d PDU. The following conditions should
be met: (1) the gasifier should be smoothly operated. The maximum
particle temperature is chosen to reflect the risk of agglomeration;
(2) the bed should be controlled in bubble region to keep enough contact
time. The calculated bubble size is accounted for the contact state
between particle with catalyst and gas.

In order to further understand the effect of different operating
conditions (catalyst loading, steam/coal ratio and oxygen/coal ratio) on

hydrodynamic parameters, particle temperature, gas temperature,
gas composition, carbon conversion and methane yield, simulations
of a catalytic coal gasifier are carried out. In addition, effects of var-
ious gasification schemes, including O2/H2O/N2, O2/H2O/CO2 and
O2/H2O/syngas, on methane yield are also compared for possible in-
dustrial application.

2. Model description and simulated conditions

2.1. Model description

The model of catalytic coal gasification is based on the work of Bi
et al. [10], which divided the gasifier into three zones, including grid
zone, bubble zone and freeboard zone, as shown in Fig. 1. Moreover,
the grid zone was subdivided into jet zone and annulus zone and the
bubble zone consisted of bubble and emulsion. More details are avail-
able from our previousworks [9–11]. Themodel ismade up of hydrody-
namic model and catalytic reaction model. The simple features of
pressurized hydrodynamic model for catalytic coal gasification are
shown below, mainly focusing on minimal fluidization velocity, jet
height and bed expansion ratio.

The minimal fluidization velocity is calculated using Wen and Yu
correlation [12], and the constant C1 is taken as 25.25 and C2 as
0.0651. It is consistentwith our PDU (3.5MPa) experimental data deter-
mined by the methods from pressure drop changing.
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Fig. 1. A schematic diagram of the gasifier and model. 1—gasifier; 2—second cyclone; 3—first cyclone; 4—center thermocouple; 5—cone distribution plate; 6—central tube.
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