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h i g h l i g h t s

� Effect of air and oxygen mixing ratio in an entrained-flow coal gasification is studied.
� Gasification efficiency was affected by feed flow rate of gasification agent.
� Equivalence ratio shows a significant effect on gasification than the feed flow rate.
� Optimal equivalence ratio and air/O2 ratio condition were founded.
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a b s t r a c t

Entrained-flow gasifiers used in commercial integrated gasification combined cycles are usually oxygen-
blown. However, oxygen-blown gasification system is expensive to install and operate due to the equip-
ment involved in oxygen purification and supply. To resolve this issue, this study mixed air and oxygen to
perform coal gasification. An entrained-flow gasifier of 1 T/D scale was used with the coal water mixture
as feedstock. Gasification was carried out at a temperature range of 970–1220 �C, an equivalence ratio of
0.25–0.62, and an air/O2 ratio of 2.17–9.0. With an increasing gasification temperature, the amount of CO
in the syngas increased while CO2 and CH4 decreased. Carbon conversion and cold gas efficiency contin-
ued to increase with the gasification temperature. In the equivalence ratio test, cold gas efficiency
reached 52.1% at around 0.53 before decreasing under a fixed air flow rate of 90 N m3/h. By performing
gasification with a varying air/O2 ratio after fixing the flow rate, the influence of the equivalence ratio was
examined. In addition, the influence of the flow rate was observed through changes in the air/O2 ratio of
the gasification agent with fixing the equivalence ratio. The maximum carbon conversion and cold gas
efficiency were 90.7 and 57.7%, respectively, and the optimal air/O2 ratio fell in the range of 2.86–3.1.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The worldwide surge in demand for energy has led to an
increase in the use of fossil fuels, causing global warming due to
CO2 emissions and other energy security issues [1,2]. Many studies
are being conducted to overcome these problems by utilizing
renewable energy and allowing more efficient and cleaner use of
existing fossil fuels [3–5]. Coal is commonly used and available
in various regions, and thus likely to be used in the future [6,7].
Among using coal, gasification technology has been proposed to
achieve higher efficiency [8]. The syngas, which contains H2 and

CO, produced by gasification is used as a fuel, and can be converted
into liquid fuel through the Fischer-Tropsch process [9–11]. In the
gasification process, gasifiers can be classified into a fixed bed, flu-
idized bed, and entrained flow depending on the movement of fuel
in the reactor.

Entrained-flow gasifiers have been used as a major gasifier of
commercial IGCC (Integrated gasification combined cycle), which
is characterized by high thermodynamic efficiency, low emission
of pollution, and low operation and maintenance costs [10–12].
The coal can be fed to entrained-flow gasifiers in a dry or slurry
form. Dry feeding, which directly supplies powdered coal to the
reactor, offers a high cold gas efficiency (CGE) and a high carbon
conversion [6]. On the other hand, slurry feeding uses a coal water
mixture (CWM), which is capable of preventing coal powder
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dispersion and spontaneous combustion. The properties of CWM
which is similar to liquid make it easier and more convenient to
transport via pumps and apply pressure. Oxygen is a common gasi-
fication agent for entrained-flow gasifiers. Compared to air-blown
gasification, oxygen-blown gasification provides a higher CGE and
a higher heating value of the resulting syngas. In addition, when
biomass is used as a fuel, a high temperature oxygen-blown gasifi-
cation produces less tar, thus lessening the load of syngas purifica-
tion after gasification [13,14]. Using air as a gasification agent
lowers the heating value of syngas due to the presence of N2, but
significantly reduces the operating cost of the air separation unit
(ASU) needed to supply oxygen [15]. At the same equivalence ratio
(ER), the relatively higher flow rate improves the atomization
effect in the gasifier, which results in a better carbon conversion
and syngas quality [12,16].

Most research on gasification has used oxygen or air as an inde-
pendent gasification agent. Not many studies have attempted to
combine oxygen and air to lessen the load of ASU while enhancing
gasification efficiency. This study mixed oxygen and air as a gasifi-
cation agent, and observed changes properties of the gasification
with CWM in relation to the air/O2 ratio. Using a 1 ton/day scale
entrained flow gasifier, the composition of the product gas, carbon
conversion, and CGE were examined with varying ER and
temperature.

2. Experimental section

2.1. Coal water mixture

Table 1 presents the results of proximate, ultimate, and higher
heating value analysis of coal used in preparing the CWM. Coal

was ground to about 75 lm and mixed with water and a surfactant
(Sikament NN, SIKA KOREA) which consist of naphthalene sulfonic
acid of 1 wt% for a coal concentration of 57.1%. The viscosity at this
point was 1500 cp at room temperature.

2.2. Gasification system and method

In the present study, the 1 ton/day scale entrained flow gasifica-
tion system was used, as shown in Fig. 1. Fireproof and heat insu-
lating materials were installed inside the gasifier, which was
wrapped in a stainless steel shell. The diameter and height were
250 and 1700 mm, respectively. Three R-type thermocouples were
installed to determine the temperature distribution in the gasifier,
along with K-type thermocouples in the fireproof and heat insulat-
ing materials. In order to preheat the gasifier, LNG was used to
raise the temperature up to 1000 �C.

The CWM stored in the storage tank was supplied to an exter-
nal mixing type burner via a mono pump (4B-20, MONAS) at a
rate of 74.2 kg/h. The CWM was inserted in the center hole of
the burner, while air and oxygen were supplied into the eight
surrounding holes. The CWM was atomized due to the gasifica-
tion agent and turned into fine droplets [17]. Air and oxygen
were supplied using a mass flow controller (Smart Mass Flow
5853S, BROOKS), and the experiment was conducted with a vary-
ing ER in the range of 0.25–0.62. To observe changes in relation
to the feed flow rate, 50–90 N m3/h of air was feed. ER was varied
by adjusting the amount of oxygen to 10–21 N m3/h. The Feed
flow rate of air, oxygen, and CWM over experimental time was
showed in Fig. S1 (supplementary material). The carbon conver-
sion, syngas heating value, and CGE were calculated as follows
[16,18,19]:

Table 1
Proximate, ultimate and heating value analyses of coal.

Proximate analysis (air dry basis), wt% Ultimate analysis (dry basis), wt% HHV (kcal/kg)

Moisture Volatile Ash Fixed carbon C H O N S

6.37 29.2 13.47 50.99 72.1 4.13 8.75 1.51 0.04 6220

Fig. 1. Schematic diagram of entrained-flow gasification system.
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