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Gasification reactivity of Chinese Shinwha Coal Charswith Steam
Min-Woong Kang, Dong-Kyun Seo, Yong-Tak Kim and Jungho Hwang

ABSTRACT

In this study, carbon conversion was measured using an electronic mass balance. In a lab scale furnace, each
cod sample was pyrolyzed in a nitrogen environment and became cod char, which was then gesified with steam
under isotherma conditions. The reactivity of coal char was investigated a various temperatures and steam
concentrations. The VRM(volume reaction model), SCM(shrinking core model), and RPM(random pore model)
were used to interpret experimental data. For each model the activation energy(Ea), pre-exponentia factor
(A), and reaction order(n) of the coa char-steam reaction were determined by applying the Arrhenius equation
into the data obtained with thermo-gravimetric analysiS(TGA). According to this study, it was found that experi-
mentd data agreed better with the VRM and SCM for 1,000 and 1,100, and the RPM for 1,200 and 1,300C.
The reactivity of chars increased with the increase of gasification temperature. The structure parameter(y)) of the

surface area for the RPM was obtained.

Key Words : Codl, Steam, Gasificaton, TGA(Thermo-Gravimetry Ananlysis), VRM(Volume Reaction Mode!),
SCM(Shrinking Core Model), RPM(Random Pore Model), Arrhenius eguation
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Alphabets Greeks
C mole concentration & solid porosity
D diffusion constant W parameter related to the pore structure
E. activation energy of the unreacted sample
f predicted data 2 density
k reaction constant T characterigtic time
lo pore length
N number of data Subscripts
p pressure f fixed carbon
o} number of fitted parameters g gas
S pore surface area max maxium
T wall temperature p particle
X carbon conversion
Vv volumetric flow Superscripts
y experimental data n reaction order

o average
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Table 1. Characteristics of coal samples(SHINWHA,

China)
Fixed carbon 53.07
Proximate Analysis Volatile 3222
(Wt%, air-dried basis) Ash 8.82
Moisture 5.89
Carbon 67.69
Hydrogen 4,67
Ultimate Anaysis Oxygen 17.07
(Wt%, dry basis) Nitrogen 1.06
Sulfur 0.14
Ash 9.37
Lower heating value
(kcal/kg, as received) 5983
1.2 1000
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14 .
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Fig. 1. Temporal variation of coal mass and temperature
during pyrolysis.
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Fig. 2. Schematic of the experimental apparatus.
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Fig. 3. Carbon conversions at various temperatures.
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Fig. 4. Effect of temperature(VRM, SCM, RPM).

Table 2. Comparison of Ea and A with other studies

Table 20| A= E3 & 5 25 & A+~
of Avke} ulwatgith. Wu {212 SCME AHg3]
A Ex 12417 kImol, A= 9.27E+2 min'S A4l
Peng 5{10] EE 56~85 kJmolZ, Jensen 5{11]2
E+= 82.84 kIJmol& At

RPVMS 283l7] 9I8iM vake ool sht,
gkl A @)L AHg3tel & 4 9tk 4 (®)olA
XoaxS T-3}7] 341 Fig. 63 Zo] A@ES 53l
A dXfdt vs X AEE Zkzke] 2o disiA 29
t}. 33 thErAle g curvedfitingdt $of z4zke] &
wutth XemE AlT). Fig. 78 2F SmoA Ta
XS 282w, AAGT} o] 24 Afolo] AHA
4=(Regression: coefficient of determination)S &}
Wk of7) 4 ARASE ofdf Aoz Yed 4
olet.

Cod char Reference no. Ea(kJmol) A(Y/min) Temp. range(°C)

A3} (VRM) This study 102.2 8.26E+1/min 1,000~ 1,300

A3} (SCM) This study 92.0 3.18E+1/min 1,000~1,300

A5}t (RPM) This study 82.8 1.23E+1/min 1,000~ 1,300
Yanzhou(China) (SCM) [2] 124.17 9.27E+2/min 900~ 1,200
Mexico coa-PSO309 (RPM) [20] 56.82 3.44E+2/min 1,000~ 1,400
Mexico coal-PSO240 (RPM) [10] 60.63 6.11E+2/min 1,000~ 1,400
Kenturky No. 9 (SCM) [11] 82.84 4.57/min 1,040~1,430
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Table 3. Comparison of reaction order with other studies
Coad char Reference no. n steam(%0) Temperature range("C)
A13HVRM) This study 0.909 40~70 1,300
A13HSCM) This study 1.013 40~70 1,300
A 5HRPM) This study 0978 40~70 1,300
China coa (SCM) [4] 04~0.7 20~ 100 1,000
Bituminous coal (RPM) [9] 0.63~0.72 10~40 1,300
Cod [13] 032~11 - 700~ 1,000
Table 4. A|ZH0]| 2 X2} SSA 48
Time(min) X SSA[m/g] 40 4 U L hes
0 0 28.48 35
10 0.25 45.52 g 30 4
20 0.48 70.07 E 2]
30 071 74.27 Z w0l
40 0.88 82.79 2 .
10 4
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Fig. 10. Variation of char SSA in steam gasification.
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