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Abstract — In this study, We have investigated the kinetics on the char-CO, gasification reaction. Thermogravimetric
analysis (TGA) experiments were carried out for char-CO, catalytic gasification of an Indonesian Roto lignite. Na,COj,
K,CO;, CaCO; and dolomite were selected as catalyst which was physical mixed with coal. The char-CO, gasification
reaction showed rapid an increase of carbon conversion rate at 60 vol% CO, and 7 wt% Na,CO; mixed with coal. At the
isothermal conditions range from 750 °C to 900 °C, the carbon conversion rates increased as the temperature increased. Three
kinetic models for gas-solid reaction including the shrinking core model (SCM), volumetric reaction model (VRM) and
modified volumetric reaction model (MVRM) were applied to the experimental data against the measured kinetic data.
The gasification kinetics were suitably described by the MVRM model for the Roto lignite. The activation energies for
each char mixed with Na,CO; and K,CO; were found a 67.03~77.09 kJ/mol and 53.14~67.99 kJ/mol.
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Fig. 1. Schematic diagram of experimental equipment.

Proximate analysis (Wt%), as received Ultimate analysis (wWt%), moisture ash free coal HHV maf (kcal/kg )
Fixed carbon Volatile matter Water Ash Carbon Hydrogen = Oxygen Nitrogen Sulfur 5.540
36.8 529 6.7 3.6 68.8 54 21.7 0.7 0.1 ’
Table 2. Reserve and ingredient of dolomite
reserve (unit : 1,000 ton) Minable reserve (unit : 1,000 ton) Degree of self-support (%) Ingredient
dolomite 490,131 371,193.4 99.9 50% CaCO;, 50% MgCO4
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Fig. 3. Effect of Na,CO; contents on the char-CO, gasification at 850 °C.
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Fig. 6. Conversion data based on the kinetic model of (a) SCM, (b) VRM and (¢) MVRM at 750 °C.
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Fig. 7. Conversion data based on the kinetic model of (a) SCM, (b) VRM and (¢) MVRM at 800 °C.

6 3
25
2
20 1
2_' =0
5.2 15 >_<
x 1+ NapCO, £
- coal a =
=0 N cal 4K ?:0 3 coal + NapCO3 = 2 coal + NapCO3
2€03 coal +K2CO3 ° coal +K2CO3
—--v--— coal + CaCO3 coal + CaCO3 3 ———— 1+ CaCO
b a coal + Dolomite i v o o
coal + Dolomite 4 o a coal + Dolomite
— - — raw coal raw coal — = — raw coal
00 - . r T ) - . - T 5
0 50 100 150 200 250 300 0 100 200 300 400 0 1 2 3 4 5 6
Time, t (min) Time, t (min) Int
(a) SCM (b) VRM (c) MVRM

Fig. 8. Conversion data based on the kinetic model of (a) SCM, (b) VRM and (c) MVRM at 850 °C.
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Fig. 9. Conversion data based on the kinetic model of (a) SCM, (b) VRM and (c) MVRM at 900 °C.
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Table 3. Correlation coefficient(R%) of SCM, VRM and MVRM

Correlation coefficient R?

Char 750 °C 800 °C 850 °C 900 °C
SCM VRM MVRM SCM VRM MVRM SCM VRM MVRM SCM VRM MVRM
coal + Na,CO; 0.9758 0.9946 0.9942 0.7805 0.9268 0.9444 0.9187 0.9894 0.9742 0.9061 0.9596 0.9496
coal + K,CO; 0.941 0.9937 0.9798 0.8311 0.9471 0.9286 0.9874 0.9231 0.9995 0.764 0.9394 0.8715
coal + CaCO, 0.9811 0.9224 0.9777 0.9913 0.9692 0.9961 0.9729 0.9927 0.9981 0.9437 0.9979 0.9973
coal + dolomite 0.9916 0.9278 0.9825 0.9917 0.9799 0.9936 0.9896 0.9887 0.9973 0.9956 0.9794 0.9973
raw coal 0.9911 0.9420 0.9863 0.9597 0.9945 0.9916 0.8944 0.9747 0.9443 0.9464 0.9984 0.9950
A -1
-2 3
s B 2 2 \
3 : -3 :\Q , .
-~ ~ B
£ £ =
*1 e coal+NapcO3 X “1e coal+NaxCO3 ¢ “41e coal+ NapCcO3 @
o coal +K2CO3 o coal +K7CO3 o  coal+K2C03
5] v coal+CaCO3 51 v coal +CaCO3 54 v coal+CaCO3
"1 2 coal+ Dolomite 4 coal + Dolomite A coal + Dolomite
®  raw coal . ®  raw coal = raw coal
8:5 9'.0 9‘5 10.0 : BTS 9‘.0 95 10.0 ® 315 970 9:5 10.0
UT X 104K) UT X 104K) VT X104K)
(a) SCM (b) VRM () MVRM

Fig. 10. Arrhenius plots for each catalyst of (a) SCM, (b) VRM and (¢c) MVRM at 750~900 °C.
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Table 4. Kinetic parameters for SCM, VRM and MVRM

tH30]. o] Fwj 2] B2 TRAsibg oA Frl] 2] &-Fol| 9]
EAAES] S TVMIA HER = ZloE dEA glom, o
ol &JaiiA AR 7Hae = o3l

2 AN ARSE Aew Aee] A ] FulEidzie]
| 5, K,CO; > Na,CO,9| A2 Fulje] &Ao] b= 3%
Z -85 218 SCM, VRM % MVRMS 0|83t g3l &
B3l gl 4= 312Ut} Cheng[3212 vl Na,CO;2t K,CO,°] B4
of] w2 FAd 3ol #]7} 52.0~122.0 ki/mol glell okl B}
R, Ahn F[271> JAEMAo} o} 'hg SCMO® -5+ &4 3}
oA 7} 1,100~1400 °CollA 71.5 kI/mol, 900~1000 °CellA] 144 kl/mol
g B ustdui[12). o)} 2 3ol Edsleux] s} B
W& uf 2 AT ARSE T 71 252 A3 steldA] gk 4
Ak Mool g

==

Char E,, (kJ/mol) A (min™")
SCM VRM MVRM SCM VRM MVRM
coal + Na,CO, 67.03 69.52 77.08 1.24 x 10? 1.87 x 10? 7.06 x 107
coal + K,CO,4 53.14 62.04 67.99 223x10 7.47 x 10 1.75 x 10?
coal + CaCO; 113.55 108.68 93.00 1.58 x 10 242 %103 451 % 10?
coal + dolomite 121.18 121.22 135.43 7.95 x 10° 8.96 x 10° 493 x 104
raw coal 117.87 117.94 117.01 7.93 x 10° 8.96 x 103 727 x 103
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Nomenclatures
: carbon conversion

: weight of char [mg]

: initial weight of char [mg]

£z 2 x

: weight of ash component at complete burn-offfmg]
: gasification reaction rate constant [min']

: pre-exponential factor [min’']

oo &

1)

: activation energy [kJ/mol]
: gas constant [kJ/mol-K]
: temperature [K]

: time [min]

: parameters defined in eq. (6)

™ R

: parameters defined in eq. (6)
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