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Abstract

Spouted beds have been found in many applications, one of which is gasification. In this paper, the gasification processes of conven-
tional and modified spouted bed gasifiers were considered. The conventional spouted bed is a central jet spouted bed, while the modified
spouted beds are circular split spouted bed and spout-fluid bed. The Gibbs free energy minimization method was used to predict the
composition of the producer gas. The major six components, CO, CO,, CH4, H,O, H, and N,, were determined in the mixture of
the producer gas. The results showed that the carbon conversion in the gasification process plays an important role in the model. A mod-
ified model was developed by considering the carbon conversion in the constraint equations and in the energy balance calculation. The
results from the modified model showed improvements. The higher heating values (HHV) were also calculated and compared with the
ones from experiments. The agreements of the calculated and experimental values of HHV, especially in the case of the circular split

spouted bed and the spout-fluid bed were observed.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Spouted beds have been found in many applications
such as drying, granulation, blending and particle coating.
Spouted beds are also widely used in combustion and gas-
ification processes. The conventional spouted bed consists
of a conical or conical cylindrical vessel that has an orifice
at the center of the conical base. High velocity fluid injected
from the orifice causes the particles to rise in the area,
called spout. After reaching some level above the bed of
solid particles, termed fountain, those particles fall back
into the annular region between the spout and the vessel
wall and move downward to the conical bed again. The
details of spouted beds can be found in [1].
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Modifications of the spouted bed have been done in
many ways to improve the performance and overcome
some limitations of the conventional design, e.g. inserting
a draft tube. In order to design properly and scale up var-
ious spouted beds, the hydrodynamic behavior and flow
model have been studied and presented in many literatures
[2-6].

For spouted bed gasification, models for predicting the
composition of the producer gas are rarely found. In
gasification processes, Jarungthammachote and Dutta [7]
demonstrated that the equilibrium model used by many
researchers for the analysis of downdraft and fluidized
bed gasifiers can be used not only in gasification process
but also in combustion and phase equilibrium problems
[8-10]. Some of those models were based on minimization
of the Gibbs free energy. This is a constrained optimization
problem that generally uses the Lagrange multiplier
method. Another kind of equilibrium model is one based
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Nomenclature

A; total number of atoms of jth element in reaction
mixture

ag number of atoms of jth element in a mole of ith
species

C, specific heat at constant pressure, kJ/kmol - K

f fugacity, atm

G total Gibbs free energy of system, kJ

A@} standard Gibbs free energy of formation, kJ/
kmol

H° enthalpy, kJ/kmol

ﬁ} enthalpy of formation, kJ/kmol

hyg enthalpy of vaporization, kJ/kg

higher heating value, MJ/kg

L Lagrangian function

LHV  lower heating value, kJ/kmol

n numbers of moles

P pressure, atm

R universal gas constant, 8.314 kJ/kmol - K

v stoichiometric number

U chemical potential

10) fugacity coefficient

Superscripts

_ quantity per unit mole

o standard reference state

Subscripts

fg difference in property between saturated liquid
and saturated vapor

i ith gas species

j Jjth chemical element

tot total

Se entropy, kJ/kmol - K
T temperature, K
Vi mole fraction of gas species [ = -

i
Ntot

Greek letters

on equilibrium constants. However, the equilibrium model
based on minimization of the Gibbs free energy and the
one based on equilibrium constants are of the same concept
[7].

Li et al. [10] used a non-stoichiometric equilibrium
model (minimization of Gibbs free energy) to predict the
producer gas composition from a circulating fluidized
bed coal gasifier. An equilibrium model for studying the
biomass gasification with steam in a fluidized bed gasifier
was presented by Schuster et al. [11]. They concluded that
the accuracy of an equilibrium model is sufficient for ther-
modynamic considerations. However, they mentioned that
thermodynamic equilibrium may not be achieved, mainly
because of the relatively low operation temperature. A
temperature more than 800 °C can meet the equilibrium
condition [12]. However, lower temperatures than that
may not completely meet the equilibrium condition. Li
et al. [13] employed the equilibrium model to predict the
producer gas compositions, product heating value and
cold gas efficiency for circulating fluidized bed gasifica-
tion. The prediction results showed good agreement with
experimental data. From the literature review, it can be
seen that an equilibrium model cannot give highly accu-
rate results for all cases. However, it can give a satisfac-
tory result, and it is not a too complicated method,
such that several simulations can be done in a limited
time.

A spouted bed is similar to a fluidized bed, but the dif-
ference is in the dynamic behavior of the solid particles
[14]. A spout-fluid bed is a combination of a conventional
spouted bed and a fluidized bed. Since various spouted
beds are generally similar to fluidized beds, the equilibrium
model should be able to predict the gas composition from a
spouted bed gasifier. Additionally, from literatures sur-

veyed, the authors could not find utilization of the minimi-
zation of the Gibbs free energy method for gasification
processes in spouted beds or modified ones.

This paper aims to present the equilibrium model based
on minimization of the Gibbs free energy, which is applied
to three types of gasifiers; a central jet spouted bed, a circu-
lar split spouted bed and a spout-fluid bed. The composi-
tion of producer gas predicted from the model and those
from the experiments reported in literatures are compared.
The effect of carbon conversion is also taken into account
in the model. The higher heating value (HHV) of the pro-
ducer gas is calculated and compared with those from
experimental data.

2. Gasification mechanism

Gasification is the conversion of solid fuel, called feed-
stock, to combustible gases by supplying a gasifying
agent. Typical feedstocks are coal, wood, solid waste,
etc., which mainly consists of carbon, hydrogen and oxy-
gen. Normally, the oxidizing or gasifying agents are air,
oxygen, steam and CO,. The product gas from air gasifi-
cation has, generally, a low heating value of around 4-
7MJ/N m®. On the other hand, pure oxygen gasification
produces higher quality gas (10-18 MJ/N m?) but is dis-
advantageous due to the high production cost of oxygen
[11].

The processes inside a gasifier can be categorized into
four zones or four processes; drying zone, pyrolysis zone,
oxidation zone and reduction or gasification zone. How-
ever, in some types of gasifier, e.g. fluidized and spouted
bed, those zones cannot be separated because of good mix-
ing, and all four processes can be regarded as occurring
simultaneously throughout the reactor [14].
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