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APPENDICES

Appendix A Experimental Data of Gas Calibration of GC-8A

Condition [Detector Current 140 mA

Temperature °C Column Modl
Column %5 Alltech  CTRi
Detector 120
TCD-T 120
Pressure _ kPa
Carrier Pressure (Primary) 600
Carrier Pressure (1) 50
TCD-Ref 10
1. Methane
10

Retention time = 0.723 min
y = 8.0* 10'0x
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Figure AL Relationship between area and concentration of methane.



2. Carbon Dioxide
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Figure A2 Relationship between area and concentration of carbon dioxide.

3. Hydrogen
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Figure A3 Relationship between area and concentration of hydrogen.

49



4. Carbon monoxide
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Figure A4 Relationship between area and concentration of carbon monoxide.
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Appendix B Calibration of Brooks 5850E Mass Flow Controllers
1. Methane

80 -
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Figure B1 Relationship between SP and flow rate of methane.

2. Hydrogen
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Figure B2 Relationship between SP and flow rate of hydrogen.



3. Carbon Dioxide
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Figure B3 Relationship between SP and flow rate of carbon dioxide.

4, Helium
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Figure B4 Relationship between SP and flow rate of helium.
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Appendix ¢ Experimental Data of Catalytic Activity Tests for Methane Dry

Reforming

Table c1 Catalytic activity test of Ni/CZO-S catalyst at various temperature, molar
ratio of CHJCO02He =1:1.8 with GHSV of 10,600 h'L

Temperature (°c )
500
550
600
650
700
750
800
850
900

X chd(%)

109
24.2
371.3
48.7
614
141
84.1
%01
919

Xco%)
182
310
445
594
69.4
19.6
87.3
92,6
9.5

Yco (%)
193
269
375
52.8
6L5
69.1
5.8
18.7
79.6

Y h2 (%)
164
25.2
355
46.0
5.4
64.0
0.3
155
18.2

hdco
0.85
093
0.94
0.87
0.90
093
093
0.96
0.98

Table c2 Catalytic activity test of NI/CZN-1 catalyst at various temperature, molar
ratio of CHYC02He =1:1.8 with GHSV of 10,600 h'1

Temperature ( C)

500
530
600
650
700
790
800
850
900

Xchd(%)

126
28.2
463
62.5
138
824
88 0
917
9223

XcoA%)
229
3.8
513
66.8
16.6
84.2
89.3
9.4
95.0

Yco(%)
25.6
31
52.3
66.6
14.3
115
80.5
82.6
83.6

Yh2 (%)
191
28.1
40.0
oL.7
61.6
69.2
14.0
181
195

h2co
0.75
0.82
0.76
0.78
0.83
0.89
092
0.94
0.95

53



Table C3 Catalytic activity test of Ni/CZN-2 catalyst at various temperature, molar
ratio of CHs/C02He =1:1:8 with GHSV of 10,600 h1

Temperature (¢ ) Xcd(%)  Xco2%)  Yco(%) Yn2(%) h2co

500 152 22.1 155 178 115
590 294 349 25.8 210 104
600 453 49.9 39.7 38.3 0.96
650 59.6 64.6 56.5 504 089
100 121 761 66.0 57 090
750 613 83.7 139 662 089
800 87.8 89.3 80.0 /11 0.89
850 903 94.4 838 760 091
900 911 9.5 84.6 8 092

Table c4 Catalytic activity test of Ni/CZO-C catalyst at various temperature, molar
ratio of CHYC02He =1:1.8 with GHSV of 10,600 h'L

Temperature (¢ ) Xcd%)  Xcod%)  Yco(®%) Yn2(%) h2co

500 12.7 158 22.3 w7 079
590 269 29.1 35.1 28.1 0.80
600 459 478 474 413 0.87
650 57.6 62.1 59.2 534 090
700 103 14.2 68.6 638 093
750 610 834 152 /12 0.94
600 912 90.5 82.3 158 0.92
850 94.1 %1 84.1 188 093

900 94.8 974 86.6 799 093



Table C5 Catalytic activity test of Ni/CZM-1 catalyst at various temperature, molar
ratio of CH4C02He =1:1:8 with GHSV of 10,600 h'1

Temperature ( ¢ ) xenacsy  XCOA%)  Yco(%)  vnz) HACO

500 18.7 24.0 215 239 087
530 404 416 37.0 %62 098
600 65.4 614 59.8 526 088
650 198 9.0 16.7 678 088
100 89.2 87.9 82.1 w7 090
150 939 924 86.7 184 090
800 94.8 %.1 87.5 813 093
890 9.3 975 89.9 80 093
900 %.7 9.2 89.4 844 094

Table c6 Catalytic activity test of Ni/CZM-2 catalyst at various temperature, molar
ratio of CH4C02He =1:1:8 with GHSV of 10,600 h'1

Temperature (°c ) xenacey — XC0A%) — Yco(®%)  Yh2(%) Hilco

500 162 255 193 206 1.06
590 429 483 36.0 389 1.09
600 544 58.7 60.7 86 080
650 13.6 16.3 156 64.3 0.85
700 84.3 601 9.1 115 089
750 903 89.6 82.6 4 091
800 %1 935 84.0 7 093
850 %.1 9.5 67.0 804 093

900 95.7 9.4 87.1 815 0.93



Appendix D Experimental Data of Stability Tests for Methane Dry Reforming

Table D1 Stability test of Ni/CZ0-S catalyst at 750 °c, molar ratio of CfLi/CCh/He
1:1:8 with GHSV of 10,600 h'l

Time (hr)  Xch4(%)  Xco2(%)  Yco(%)  Yh2 (%) H2CO

1 70.3 69.3 72.5 66.8 0.93
2 65.5 67.0 67.9 64.5 0.95
3 62.8 65.6 66.4 63.9 0.96
4 61.3 64.9 66.0 62.6 0.95
5 59.9 64.2 61.4 61.5 1.00
b 59.2 63.7 61.4 60.7 0.99
1 59.7 64.0 61.4 60.8 0.99
8 58.9 63.3 61.4 59.7 0.97
9 58.7 63.2 59.8 59.0 0.99
10 57.2 61.9 56.0 61.9 0.93

Table D2 Stability test of Ni/CZN-1 catalyst at 750 °c, molar ratio of d-ft/CCh/He
1:1:8 with GHSV of 10,600 h'1

Time (hr)  Xch4(%)  Xco2(%)  Yco (%)  Yh2 (%) H2CO

1 75.2 75.5 74.0 62.7 0.85
2 74.6 76.0 68.4 63.4 0.93
3 73.1 75.5 67.2 63.5 0.95
4 73.8 76.6 70.0 64.2 0.93
5 73.6 76.6 67.7 62.7 0.93
6 73.1 75.5 67.2 63.5 0.95
1 72.3 75.6 67.7 63.4 0.94
8 73.8 76.6 70.0 64.2 0.93
9 72.3 75.6 67.7 63.4 0.94
10 72.3 75.6 67.7 63.4 0.85



Table D3 Stability test of Ni/CZN-2 catalyst at 750 °c, molar ratio of CHzt/CCh/He
1.1:8 with GHSV of 10,600 h-:

Time (hr)  Xch4(%)  Xco2%)  Yco(%)  Yh2 (%) h2co

1 73.4 75.5 13.4 66.1 0.90
2 72.9 75.4 72.8 66.1 0.91
3 67.0 69.7 67.5 61.2 0.91
4 66.2 69.8 68.8 60.8 0.88
5 66.5 10.7 68.1 61.2 0.90
6 . . . . .
7

8

9

10

Table D4 Stability test o Ni/CZO-C catalyst at 750 °C molar ratio of CHVCCVHe
1:1:8 with GHSV of 10,600 h'1

Time (hr)  Xchd(%) — Xco2(%)  Yco(%)  Yh2 (%) H2CO

1 51.8 62.4 51.4 51.8 1.01
2 50.4 60.3 51.0 51.0 1.00
3 49.6 59.6 52.4 50.3 0.96
4 49.5 59.6 49.7 49.6 1.00
5 48.9 59.3 49.4 49.3 1.00
6 48.8 59.1 492 49.1 1.00
1 48.2 58.8 48.5 49.0 1.01
8 47.8 58.5 50.4 49.1 0.97
9 47.5 58.3 48.2 49.1 1.02
10 47.1 58.3 49.2 48.8 1.01



Table D5 Stahility test of Ni/CZM-1 catalyst at 750 ¢, molar ratio of CHVCCh/He
1.1:8 with GHSV of 10,600 h-;

Time (hr) X chd(%) Xc02(%) Yco(%) Yh2 (%) H2CO

1 83.4 82.8 83.2 82.6 0.99
2 82.0 81.9 84.7 85.2 1.01
3 81.9 82.3 83.8 84.9 1.02
4 82.6 83.0 89.2 83.2 0.93
5 82.8 82.9 86.5 82.8 0.95
6 82.4 83.0 86.2 82.0 0.94
1 81.8 82.4 86.6 82.4 0.94
8 81.7 82.3 84.7 81.8 096
9 81.5 82.1 84.6 81.5 0.96
10 81.1 81.8 85.0 811 0.99

Table D6 Stability test of Ni/CZ M -2 catalyst at 750 °c, molar ratio of CHVCCh/He
1:1:8 with GHSV of 10,600 h'1

Time (hr) Xchd(%) Xc02(%) Yco(%) Yh2 (%) H2CO

1 74.9 77.8 72.9 65.7 0.90
2 74.1 77.3 71.6 65.3 0.91
3 74.2 7.1 71.2 65.7 0.93
4 72.8 76.7 70.6 64.4 0.91
5 72.4 76.3 70.3 64.2 0.92
6 72.1 76.2 70.2 63.6 0.91
7 71.4 75.6 68.1 63.0 0.93
8 72.1 75.9 69.3 62.7 0.91
9 71.9 75.9 71.5 62.2 0.87
10 71.8 75.6 69.6 62.5 0.90
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