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Abstract : In this study, we investigated reaction rate constant and activation energy of CO lignite gasification by using waste
catalysts (I, II, III) and K,COs. The gasification experiments were conducted with the lignite which was mixed physically with the
catalysts of 1 wt%, 5 wt%, 10 wt% by thermogravimetry with TGA at 800 C, 850 C and 900 C. The experimental data was
analyzed with kinetic models (VRM, SCM and MVRM). MVRM was the most suitable among the three models. It was
confirmed that gasification rate increased with increasing temperature and the activation energies of CO, gasification of lignite
with mixed waste catalysts were lower than that of lignite alone at all temperatures. Especially, 10 wt% of waste catalyst II1
showed the lowest activation energy, 92.37 kJ/mol, among all lignite-char with catalysts.

Keywords : Lignite, CO; gasification, Kinetic model, Activation energy
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CO- 2t 7hA3} Hh-g-of m| A=

C + H,0 > CO + H, (AH=131 kl/mol)
C + CO; > 2CO (AH =142 kJ/mol)

CO + H,0 = CO, + Hy, (AH=-41 kl/mol)

C + H, » CHy (AH=-74 kl/mol)

C + 120, » CO (AH=-110 kJ/mol)
H, + 120, » H,0 (AH=-242 kJ/mol)
CO + 1/20, » CO, (AH=-283 kJ/mol)
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Table 1. Ultimate analysis and proximate analysis of coal (wt%)

Proximate analysis| Ultimate analysis Ash analysis
Moisture | 17.89 | Carbon |62.73] SiO, |30.60| K»,O |3.06
Volatile 36.93 Hydrogen | 4.11| ALLO; | 4.03| P,Os | 0.74
matter Nitrogen | 0.95| MnO | 1.08/ MgO | 1.81
i‘r’]‘;‘:l 3509 | Sulfur | 0.28) CaO |37.10| TiO: | 0.32
Ash 10.09 | Oxygen |21.42| Fe;O; |19.70] ZnO | nd

Table 2. Ultimate analysis and ICP analysis of catalysts (wt%)

Ultimate analysis ICP analysis

Carbon Hydro- | Nitro- Sulfur | Iron | Nickel V'flna—

gen gen dium

Waste | 13151 171 | 038 | 1388 |034] 3.16 | 114
catalyst

Waste |51 61| 284 | 049 | 1044|145 33 | 118
catalyst II

Waste | o6 | 084 | 031 |2177073| 475 | 192
catalyst 111
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AZEo R Hoks W, 1 wi% R Eget AlRojAl 900 T2t 2
2 A3} &AE BT BE EFelA HEl o] o
s Sl Sof wish &gdo] FA TWRESTE 53] 5 wt, 10
wit% Bhh HEHE 90% oo R bt



76 H%7]

=, Al20¢8 A|12, 20149 34

1.0 4
()
0.8
s
E 0.6 4
[}
>
c
Q
o 044
c
2 Non-catalyst
a: i s e Waste catalyst | 1 wt%
E o024 e Waste catalyst 11 1 wt%
x | g  mem— Waste catalyst 11l 1 wt%
Hiry —K,CO, 1 wt%
0.0 4
| L - U R T N R
-20 0 20 40 60 80 100 120 140 160
Time (min)
104 (b) .
0.8 - '
E s
o {
4 7
g 0.6 i
[ =4 ,"
[] ¥
© i
s H
8 0.4 4 ’;
8 P Non-catalyst
o (IR i3 St Waste catalyst | 5 wt%
X 024 I E e Waste catalyst || 5 wt%
——————— Waste catalystlll 5 wt%
Pt —K,CO, 5wt%
0.0
— M m-—-———
-20 0 20 40 60 80 100 120 140 160
Time (min)
104 (c) ’
‘/'! _____ L
0.8 4 T
<
o !
2 06 !
o i
> i
[ =3 1
9 i/
o ;
8 0.4 + ‘! /
2 i Non-catalyst
S S Waste catalyst | 10 wt%
% 024 & e Waste catalyst | 10 wt%
_______ Waste catalyst!ll 10 wt%
s —K,CO, 10 wt%
0.0 +
[ & b o 4 & F FE gk @ 4 % L ™ g & § 'V
-20 0 20 40 60 80 100 120 140 160

Time (min)

Figure 3. Carbon conversion of catalysts at 800 C: (a) 1 wt%, (b)
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5 Wt%, (c) 10 wt%.
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Table 3. Comparison of the square value of correlation index (R),

at 900 C
VRM SCM MVRM
Non-catalyst 0.93 0.7821 0.9575
1wt% | 09351 0.799 0.9717
Cat\zal‘;tsil 5 wt% 0.9705 0.8941 0.9821
10wt% | 0.9629 0.8407 0.9828
1wt% | 0.8843 0.7093 0.9756
Cagf‘ys;fn 5 Wt% 0.9639 0.8807 0.9843
10wt% | 0.9504 0.7518 0.9811
Iwt% | 09838 0.9155 0.9911
Cat\ze;sstfm 5 Wt% 0.9884 0.9204 0.9962
10wt% | 0.9982 0.9419 0.972
ITwt% | 09842 0.9066 0.9912
K2CO;s 5wt% | 09175 0.8177 0.9676
10wt% | 0.6659 0.9381 0.9728

Table 4. Comparison of the square value of correlation index (R),

at 850 C
VRM SCM MVRM
Non-catalyst 0.9302 0.8078 0.9679
1wt% | 09735 0.9162 0.9878
CX?;zI 5 Wt% 0.9926 0.9498 0.9833
10wt% | 09232 0.9972 0.9846
1wt% | 0.9441 0.8799 0.9778
Cagf‘ys:fn 5 Wt% 0.9686 0.9037 0.9877
10wWt% | 0.9443 0.8531 0.9772
1wt% | 09758 0.9072 0.9885
cat\;]la}llssttelll 5 Wt% 0.9901 0.9561 0.9893
10wt% | 0.9858 0.9288 0.988
1wt% | 0.9936 0.9536 0.9955
K2CO; 5 Wt% 0.93 0.9058 0.9968
10wt% | 0.8621 0.9849 0.991




Table 5. Comparison of the square value of correlation index (Rz),

at 800 C
VRM SCM MVRM
Non-catalyst 0.9734 0.9148 0.995
1 wt% 0.985 0.9421 0.9907
Waste 5 wt% 0.9854 0.9265 0.9898
catalyst I
10wt% | 0.9843 0.9428 0.9886
1 wt% 0.9697 0.9211 0.9853
Waste 5 wt% 0.9736 0.912 0.9866
catalyst 11
10wt% | 0.9642 0.9021 0.9768
1 wt% 0.9917 0.9474 0.9867
Waste 5 wt% 0.9835 0.9359 0.9769
catalyst I1I
10wt% | 0.9901 0.9538 0.9936
1 wt% 0.9935 0.9543 0.9929
K2COs 5 Wt% 0.9041 0.9886 0.9964
10wt% | 0.7009 0.974 0.9609
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Table 6. Reaction rate constants (k) for catalytic lignite-CO, gasifi-

cation
k(X =0~1)
900 C 850 C 800 C
Non-catalyst 2.4798 1.290 0.7098
1 wt% 2.5662 1.8918 0.8244
C;Zfl‘;tsil 5 wit% 3.2556 2.1288 1113
10wt% | 2.7852 2.1492 0.975
1 wt% 2.4924 1.1360 0.7650
Caf;’la;:f 0L S W% 2.5764 2.1210 0.9330
10wWt% | 2.4840 1.8168 0.8784
1 wt% 2.5602 1.7280 0.8484
Cat‘;;?;tfm 5 wit% 2.7234 1.6788 0.8994
10wt% | 2.5800 1.6956 1.1472
1 wt% 2.5854 2.1240 0.8484
K.CO; 5 wWt% 8.4186 5.8608 3.3714
10wt% | 12.0126 | 10.4136 4.1916
Table 7. Activation energies E, of each catalyst
Ea (kJ/mol)

Non-catalyst 132.15

1 wit% 128.48

Cat‘fl‘;tsil 5 Wi% 11739

10 wt% 114.92

1 wt% 125.72

Cagf‘;;f . 5 Wi% 112.74

10 wt% 120.80

1 wt% 117.84

Waste N

catalyst I11 5 wt%e 107.59

10 wt% 92.37

1 wt% 123.92

K>CO;s 5 wt% 92.38

10 wt% 102.62
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