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Study on heterogeneous reactions between tar and ash during coal gasification
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Abstract

In coal gasification, it is one of the problems to sub-generated tar. To solve this trouble, we
focus attention on that major components of ash contain calcium oxide (CaO) that is known
as catalyst can decompose tar, and thought whether the tar was able to be decreased by
using the ash in gasification furnace. The purpose of this study is to demonstrate reactions
between tar and ash during coal gasification, and to estimate effect of tar decrease by ash.

In this study, toluene, CaO, and Carbide from phenol resin was selected as the model tar,
model ash, and model carbon, respectively. Experiments were carried out by passing toluene
to CaO in flow fixed-bed reactor under increasing temperature (25-900 °C, 10 ‘C/min), and
under constant temperature (700 “C and 900 “C) for 5 h. As a result, it is turn out that CaO is
effective to decreasing toluene. The rate constant when toluene decompose with CaO is about
58 times as large as rate constant when toluene decompose without CaO at 700 “C, is about
30 times at 900 °C. Also, although model carbon didn’t affect toluene conversion, when
toluene decompose with CaO combined model carbon, benzene yield is decreased from it
when toluene decompose with nothing.
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Fig. 1. Ash behavior during gasification of coal. ¥
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Table 1. Experimental conditions

Model ash or Model carbon 1.00g
Mixture(Ash:Carbon=1:1) 2.00¢g
Toluene 49.3 ppm
Toluene flow rate 158 mL/min
Contact time (Ash) 0.371s
Furnace temperature 25 ~900 °C (10 °C/min)
Gas analysis (GC-FID) Toluene, benzene, methane

a: Flow meter
b(1~2): Cock
c: Furnace
d d: Temperature

controller
e: Thermo couple
f: Stainless reactor
g: Screw
l h: Quartz tube

i: Mesh

j: Ash and/or carbon

GC-FID

Fig. 2. Experimental setup.
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Fig. 3. Effect of CaO and/or carbon on pyrolysis of
toluene.
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Fig. 4. Benzene yield from pyrolysis of toluene over
CaO and/or carbon.

Table 2. Produced ratio of benzene converted from
pyrolysis of toluene over CaO

Temperature[‘C] || 540 610 680 750 820 900
Benzene/toluene
[ %, mol/mol]

379 395 373 241 83 0.8
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Fig. 5. Toluene conversion and benzene yield
during pyrolysis of toluene and over CaO.
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Fig. 6. Produced ratio of benzene converted from
pyrolysis of toluene and over CaO.
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Table 3. Rate constants for toluene pyrolysis

Table 4. Activation energies for toluene pyrolysis

Bed Activation E. (kJ/mol) Coefficient of determination

Pyrolysis 125 0.993

Ca0 93 0.990

Carbon 108 0.640

Mixture 105 0.980
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Bed 700 °C 900 °C
Rate constant (/s) Standard deviation Rate constant (/s) Standard deviation
Pyrolysis 0.04 0.002 0.49 0.11
CaO 2.03 0.29 14.5 1.34
Carbon 0.23 — 3.33 3.55
Mixture 1.01 0.23 9.17 1.98






