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A Kinetic Study of Steam Gasification of Rice Straw, Saw Dust Biomass and Coal
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Abstract — Biomass and coal are great potential energy sources for gasification process. These solids can be gasified
to produce syngas and bio-oil which can be upgraded further to transportation fuel. Two biomass and three coals have
been gasified with steam in a thermobalance reactor under atmospheric pressure in order to evaluate their kinetic rate
information The effects of gasification temperature (600~850 °C) and partial pressure of steam (30~90 kPa) on the gas-
ification rate have been investigated. The three different types of gas-solids reaction models have been applied to the
experimental data to compare their predictions of reaction behavior. The modified volumetric reaction model predicts
the conversion data well, thus that model was used to evaluate kinetic parameters in this study. The gasification reac-
tivity of five solids has been compared. The obtained activation energy of coal and biomass gasification were well in the
reasonable range. The expression of apparent reaction rates for steam gasification of five solids have been proposed as
basic information for the design of coal gasification processes.
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Table 1. Ultimate and proximate analysis of biomass and coal
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7 mlol e, B} 5, T2 Al 7R A ' o
ek, leke) A Bl 3 A4S Table 100 HERTE &
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Rice straw Saw dust Lignite Bituminous Anthracite
Ultimate analysis (daf*), wt%
C 34.49 48.12 58.74 63.44 82.82
H 5.05 6.44 4.19 3.94 2.89
N 0.7 0.13 0.5 1.3 1.09
S 0.04 0.38 0.03 0.38 0.32
O** 30.55 44.93 36.54 30.94 12.88
Proximate analysis, wt%
Mositure 6.08 7.88 11.56 2.29 1.17
Volatile 57.97 73.74 44.16 15.71 9.36
Fixed Carbon 8.02 10.11 36.22 49.69 60.8
Ash 27.52 8.27 8.06 3231 28.67
HHYV, kecal/kg 3,273[4] 5,144 5433 7865 8462
*Dry and ash free base

**py difference, HHV: higher heating value calculated by Dulong’s formular
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Fig. 1. The schematic diagram of thermobalance.
1. Distilled water 8. Electrical balance

2. Micro pump 9. DC motor and winch assembly
3. Steam generator 10. Cold trap

4. Gas preheater 11. Vacuum pump

5. Sample basket 12. Gas regulator

6. Electric heater 13. Flow meter

7. Hatch
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Fig. 2. Comparison of gasification activity of biomass and coal
(T=800 °C, P, ,=0.5 atm).
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Fig. 3. The effect of reaction temperature on the gasification of rice
straw at Py ,=0.7 atm.
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Fig. 4. The effect of steam pressure on the gasification of rice straw
at 850 °C.
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Fig. S. Conversion data based on the volume-reaction model, Equa-
tion(5).
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Fig. 7. Conversion data based on the modified volumetric reaction
model, Equation (6).
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Table 2. Kinetic parameters of the steam gasification of biomass and
coal chars (P,,=0.5 atm).

kG E (kl/mol)
'm
T (°C) 600 700 800 850 ©
Rice straw 5.49 7.78 10.31 24.55 41.9
Saw dust 3.72 5.57 14.07 33.84 68.3
Anthracite 0.05 0.09 0.26 0.77 82.2
Bituminous 0.01 0.15 0.3 1.13 134.6
Lignite coal 0.05 0.82 3.42 9.33 167.9
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Fig. 8. Arrhenius plot for the steam gasification of two biomass and
three coals with Py, ;=0.5 atm.
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Fig. 9. The effect of partial pressure of steam on the reactivity for
steam-gasification of rice straw, saw dust, anthracite, bitu-
minous and lignite at T=850 °C.
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o] 2=

=7] 7}~83WES- Kinetics 7+ 81

o}, Al 712 71-2A] kS dlS- B E 3 A3} modified volumetric
reaction model> 71~3Pkg-2] Agke-S 71 2 QAR o | u}
oA o] RElE @&5 4 HJ%ZJE% SEZ3IRIT). nlo] u 9} A
SHERI Z iHto] A& o yek) FAd
ofl w45 61 %;—% 7}¢§}1ﬂ&—8—%§§ HolFolrt. ekt viol e
it S ST 7] wlie] 7k Ak BH o7 shi= )
st el Agket el & & Qv whg-e] EAslelluAl= B
A, w9, deh, o', Fdukel giste] 2H2t 41.9, 68.3, 167.9,
134.6, 82.2 kJ/mol= T35t 21 850'C Z=7 oA Hh-gA+ 9]
9} e AE AR 0.98, 0.57, 0.22, 0.75, 0.98% LFER} A €S
o%ﬂlt &9 (rank)°] O WA STt 2 AR
o] 57] 7kAgEgel| st HR7| REEEEAS ARSI om,
ol 7}i§} 3798 AABR=H) 71 % dolelz AR 5= Qi)
=z Ab

A= AAAATeN A Qehs dAEAlT T ST AR

9 A2 GAH AR A7 S 2] D EH2009T100100675)

o= FaEgEUT
A=

E : activation energy|kJ/mol]

k : average reaction rate defined by Eq. (10)[1/hr]

ko : frequency factor[1/hr]

k(X) : specific rate based on the remaining carbon in the solid[1/hr]

n : reaction order with respect to solid

Py o partial pressure of water[atm]

R : gas constant[8.314 J/mol K]

t : reaction time[hr]

w : sample mass at certain time[kg]

W, : initial mass of char on dry base[kg]

W, : mass of ash[kg]

X : carbon conversion

= (0] EASON;

o : parameters defined in Eq. (6)

B : parameters defined in Eq. (6)

Y : dimensionless parameters defined in Eq. (4)

Q : dimensionless parameters defined in Eq. (5)
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