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Abstract

In this study, the effect of natural minerals on the reaction kinetics for lignite-CO, gasification was investigated. After physical
mixing of lignite from Meng Tai area with 5 wt% of each natural mineral catalysts among Dolomite, Silica sand, Olivine
and Kaolin, CO, gasification was performed using TGA at each 800, 850 C and 900 C. The experimental data was analyzed
with volumetric reaction model (VRM), shrinking core model (SCM) and modified volumetric reaction model (MVRM).
MVRM was the most suitable among three models. As increasing the reaction temperature, the reaction rate constant became
higher. With natural mineral catalysts, the reaction rate constant was higher and activation energy was lower than that of with-
out catalysts. The lowest activation energy, 114.90 kJ/mol was obtained with silica sand. The highest reaction rate constant
at 850 'C and 900 C and lower reaction rate constant at 800 C were obtained with Kaolin. Conclusively, the better catalytic
performance could be observed with Kaolin than that of using other catalysts when the reaction temperature increased.
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Table 1. Ultimate Analysis and Proximate Analysis of Coal

Proximate analysis Ultimate analysis

Ash analysis

Moisture 17.89 wt% Carbon 62.73 wt% SiO;, 30.60 wt% KO 3.06 wt%
0, 0, 0,
Volatile matter 36.93 Wi% Hydrogen 4.11 wt% AlLO; 4.03 wt% P,03 0.74 wt%
Nitrogen 0.95 wt% MnO 1.08 wt% MgO 1.81 wt%
Fixed carb 35.09 wt? .
pred carbon % Sulfur 0.28 Wt% Ca0 37.10 wi% TiO, 032 W%
Ash 10.09 wt% Oxygen 21.42 wt% Fe,0; 19.70 wt% Zn0 nd
Table 2. Physical Properties of Mineral Catalysts
Dolomite Silica sand Olivine Kaolin
SiO; 1.7 wt% 93.88 wt% 39.2 wt% 49.7 wt%
AlLOs - 1.13 wt% 0.8 wt% 40.0 wt%
Fe 1.6 wt% 0.4 wt% 13.1 wt% 2.7 wt%
CaO 72.8 wt% - 1.5 wt% 1.7 wt%
MgO 22.4 wt% - 43.4 wt% 0.6 wt%
Ni - - 0.2 wt% -
K - - - 0.9 wt%
Na - - - 0.2 wt%
Ti - - 1.7 wt% -
1.04 1.04
o __ 084 _ 08
§ § 0.6 4 § 0.6
2 o No catalyst 2 04 o No catalyst 8 04 o No catalyst
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Figure 1. Carbon conversion of catalysts :
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Figure 2. Time-conversion behavior of char according to the MVRM : (a) 900 C, (b) 850 C, (c) 800 C.
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Figure 3. Time-conversion behavior of char according to the SCM : (a) 900 TC, (b) 850 T, (c) 800 T.
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Figure 4. Time-conversion behavior of char according to the VRM : (a) 900 C, (b) 850 TC, (c) 800 T.
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Table 3. Comparison of the Square Value of Comrelation Index (Rz),
at 900 C

Table 6. Reaction Rate Constants (k) for Catalytic Lignite-CO,
Gasification

Catalyst MVRM SCM VRM
No Catalyst 0.9963 0.9564 0.9562
Dolomite 0.9946 0.9616 0.9330
Silica sand 0.9983 0.9715 0.9586
Olivine 0.9924 0.9551 0.9392
Kaolin 0.9951 0.9954 0.9155

Table 4. Comparison of the Square Value of Comrelation Index ®),
at 850 C

Catalyst MVRM SCM VRM
No Catalyst 0.9973 0.9294 0.959
Dolomite 0.9961 0.9912 0.9381
Silica sand 0.9954 0.8759 0.9535
Olivine 0.9949 0.9533 0.9494
Kaolin 0.9939 0.9908 09114

Table 5. Comparison of the Square Value of Comrelation Index (Rz),
at 800 C

Catalyst MVRM SCM VRM
No Catalyst 0.9911 0.7988 0.9408
Dolomite 0.989 0.9943 0.8737
Silica sand 0.9821 0.9916 0.8471
Olivine 0.9949 0.9872 0.9349
Kaolin 0.9852 0.9803 0.8910
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No Catalyst 1.59 2.70 5.71
Dolomite 1.81 3.64 6.05
Silica sand 2.16 3.50 6.50
Olivine 2.00 3.67 6.19
Kaolin 2.06 428 6.79

Table 7. Activation Energies E, of Each Catalyst

Catalyst E. (kJ/mol)
No Catalyst 133.26
Dolomite 126.23
Silica sand 114.90
Olivine 118.27
Kaolin 125.22

No Catalyst R’=0.9684
Dolomite(5wt%) R’=0.9915
Silica sand(5wt%) R’=0.9808
Olivine(5wt%) R’=0.9993
Kaolin(5wt%) R’=0.9784
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Figure 5. Arthenius plots for each mineral catalysts.
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