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APPENDICES

Appendix A Experimental Data of Gas Calibration of GC-8A
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Figure A1 Relationship between area and concentration of methane.
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Appendix B Experimental Data of Flow Meter Gas Calibration of Brooks 5850E

Mass Flow Controllers
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Figure B1 Relationship between SP and flow rate of methane.



2. Air Zero
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Appendix ¢ Experimental Data of Catalytic Activity Tests for MPO

Table C1 Catalytic activity test of CZ 0 catalyst

Temperature  Xchd  X02  Shdo  Sco Yho  Yco2
(°C) %) %) C&) (%) (%) (%)

400 0.05 000 10000 100.00 0.32 0.32
450 0.07 088  100.00 100.00 0.70 0.70
500 167 6.6/ 10000 10000 191 191

550 381 1956 10000 100.00 441 441
600 736 39.0/ 10000 10000 8.8 8.18
650 13.00 6426 10000 10000 13.03  13.03
100 18.60  93.70 ~ 100.00  100.00  18.65  18.65
750 20.25  100.00  100.00 10000 19.73  19.73
800 19.74  100.00 ~ 100.00 100.00 1891 1891

Table C2 Catalytic activity test of CZM 10 catalyst

Temperature  Xchd  X02  Shlo  Sco Yhlo X

CC) (o) () () (%) (%) (%)
400 005 042 10000 10000 023 023

450 0.07 134 100.00 100.00  0.74 0.74
500 0.39 /.88 100.00 100.00  2.19 2.19
550 285 2281 10000 100.00  5.31 531

600 855  47.06 100.00 10000 1031 1031
650 1136 6433  100.00 100.00 1334  13.34
100 1631 88.77  100.00 100.00 18.02  18.02
750 1786 100.00 100.00 100.00 19.78  19.78
800 17.92  100.00 100.00 100.00 1935  19.35



Trable ca Catalytic activity test of CZM30 catalyst

Temperature
(°C)
400
450
500
550
600
650
100
750
800

Xchd
(%)
0.05
0.07
1.78
5.27
12.98
17.42
19 62
21.44
21.73

X02
(%)
0.13
2.16
9.67
28.66
60.60
82.19
96.01
100.00
100.00

Shko
(%)
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Sco
(%)
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Table C4 Catalytic activity test of 15Ni/CZO catalyst

Temperature
(°C)
400
450
500
550
600
650
700
750
800

X CHe
(%)
1.08
2.92
8.47
70.76
71.71
81.81
83.75
84.44
84.11

X02

(%)
5.29
16.41
44,76
100.00
100.00
100.00
100.00
100.00
100.00

Sh2
(%)

0.00
0.00
0.00
85.02
92.17
96.11
98.12
99.06
99.36

Sco
%
bl
0.00
0.00
86.32
93.27
96.71
98.43
99.23
99.48

Y hdo
(%)
0.36
0.77
2.50
6.46
12.82
16.78
19.12
19.94
19.31

Y h2
(%)
0.00
0.00
0.00
52.66
59.12
64.26
66.78
67.60
67.70

Yco2
(%)
0.36
0.77
2.50
6.46
12.82
16 78
19.12
19.94
19.31

Yco
(%)
0.00
0.00
0.00
58.53
69.58
76.42
80.09
82.10
83.27

10



rabie C5 Catalytic activity test of 15NI/CZMI o catalyst

Temperature
(°C)
400
450
500
550
600
650
700
7150
800

X CHi
(%)
0.05
1.12
6.20
14.55
77.48
78.29
82.24
83.93
84.13

x 02
(%)
3.88
1477
4159
80.76
100.00
100.00
100.00
100.00
100.00

2
(%)
0.00
0.00
000
0.00

91.68

94.50

97.76

99.02

99.39

Sco

(%)

0.00
0.00
0.00
0.00
92.68
95.53
98.17
99.20
9951

Table C6 Catalytic activity testof 15NI/CZM 30 catalyst

Temperature
'y
400
450
500
550
600
650
700
750
800

X CH
(%)
0.31
3.38
9.71
12.99
83.59
87.96
88.56
88.68
85.17

x 02
(%)
5.90
22.90
55.79
91.28
100.00
100.00
100.00
100.00
100.00

2
(%)
0.00
0.00
0.00
0.00

93,51
96.90
98.61
99.31
99.42

Sco

(%)

0.00
0.00

0.00

0.00
94.02
97.20
98.78
99.43
99.52

Y h2
(%)
0.00
0.00
0.00
0.00
61.03
61.40
66.51
68.87
69.99

YR
(%)
0.00
0.00
0.00
0.00

66.01

70.80

7232

70,61

70.44

Yco
(%)
0.00
0.00
0.00
0.00
70.16
76.36
81.77
85.46
87.12

Yco
(%)
0.00
0.00
0.00
0.00
72.05
18.64
82.95
85.57
86.16

[



Appendix D Experimental Data of Stability Tests for MPO

Tahle D1 Stability test of Ni/cz0 catalyst

Time
(hr)
5
10
15
20
25
30
35
40
45
50

X CH4

(%)
69.09

69.31
69.96
69.51
67.64
63.84
63.34
66.62
65.04
63.84

X02
(%)
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

2
(%)
98.26

97.38
97.10
96.87
96.84
96.08
95.12
94.63
93.99
94.39

Table D2 Stability test of Ni/CZM IO catalyst

Time
(hr)
5
10
15
20
25
30
35
40
45
50

X CH4
(%)
73.20

12.63
12.54
12.26
12,51
12.15
13.14
1142
10.72
70.11

Xo2
(%)
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

2

(%)
97.90

97.54
97.32
97.03
96.70
96.65
97.61
96.08
95.58
95.32

Sco
(%)
98.52

97.78
97.58
97.24
96.99
96.65
95.65
95.25
94.75
95.11

Sco
(%)
08.23

97.86
97.69
97.48
97.21
97.10
97.93
96.64
96.00
95.94

Yh2
(%)
65.97

62.94
61.26
62.15
62.17
61.57
60.89
59.3

57.22
59.69

Y 12
(%)
62.09

61.93
61.92
60.33
59.89
61.80
63.29
60.06
61.27
58.80

Yco
(%)
78.05
74.62
73.89
70.73
75.79
72.64
68.73
67.50
66.04
68.95

Yco
(%)
73.92
71.48
12.20
71.46
71.21
71.69
13.42
70.46
68.02
68.26



rante o3 Stability test of Ni/CZM30 catalyst

Time
(hr)
5
10
15
20
25
30
35
40
45
50

X CH
(%)
14.92
74.14
74.38
15.28
74.09
13.35
13.02
13.75
13.59
74.14

X 02
(%)
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Sh
(%)
99.19

99.15
99.16
99.09
98.98
99.10
98.98
98.99
98.95
99.05

Sco
(%)
99.30

99.28
99.28
99.18
99.14
99.23
99.14
99.12
99.09
99.20

Table D4 Stability test of N i/czo catalyst cycle 1

Time
(hr)
1

O OO J O U1 &~ W PO

[EEN
o

X CH
(%)

13.69
711.12
69.77
69.35
69.09
68.25
69.22
68.53
69.22
69.31

X02
(%)
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

2
(%)
98.90
98.49
97.98
98.01
98.26
97.83
97.64
97.98
97.53
97.38

Sco

(%)
99.05
98.69
98.06
98.27
98.52
98.10
97.88
98.20
97.83
97.78

Y h2
(%)
66.86

64.72
66 31
67.38
64 17
65.48
64.69
66.03
65.23
65.36

YR
(%)
66.92
66.9
66.36
67.44
65.97
66.32
67.70
66.11
64.83
62.94

Yco
(%)
77.12
76.88
77.36
75.44
76.16
76.40
76.63
75.68
75.44
77.83

(%)
1711
17.57
17.07
17.19
78.05
75.85
15.84
14.40
14.14
14.62

13



Table D5 Stability testofN i/czo catalyst cycle 2

Time

(hr)
1

2
3
4
5
6
1
8
9

1

o

X CH4

(%)
72.34

12.47
12.26
70.34
69.82
10.47
70.85
69.23
71.00
70.14

X0?2
(%)
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

2
(%)
96.70

96.54
96.66
95.77
95.27
94.55
94.17
94.15
95.49
94.57

Sco
(%)
97.00

96.98
97.00
96.28
95.68
94.87
95.43
94.76
96.00
95.19

Table D6 Stability test of Ni/CZM10 catalyst cycle 1

Time

(hr)
1

O 0O 1 o U1 &~ W o

—
o

X CH4

(%)
75.59

74.10
14.22
74.18
713.20
12.67
13.52
73.05
13.22
12,63

Xo2
(%)
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

2
(%)
98.25
98.19
98.21
98.02
97.90
98.03
97.89
97.73
97.70
97.54

Sco
(%)
98.47
98.48
98.45
98.30
98.23
98.23
98.21
97.98
97.98
97.86

Y h2
(%)
64.86

63.37
62.98
60.73
60.55
61.05
5717
57.87
58.99
57.73

Y He
(%)
63.43
63.15
64.64
64.38
62.09
64.72
63.45
64.71
64.06
61.93

Yco
(%)
71.44
72.89
70.48
69.48
66.56
65.08
66.55
65.07
66.81
65.57

(%)
72.72
75.38
74.66
74.89
73.92
7247
74.89
7294
73.18
7148

74



Table D7 Stability testofNi/CZM 10 catalyst cycle 2

Time
(hr)
1

O o 1 O U1 &~ WO

—
o

X CcH4
(%)
12.13
71.68
12.13
71.91
12.35
12.23
71.95
71.49
71.18
71.58

X02
(%)
100.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Sha
(%)
97.28

97.26
97.19
97.05
97.04
96.85
96.80
96.66
96.59
96.60

Sco
(%)
97.63

97.58
97.54
97.44
97.42
97.26
97.20
97.09
97.02
97.06

Table D8 Stability test of Ni/CZM30 catalyst cycle 1

Time
(hr)
1

O 0O 1 O U1 -~ 0w P

—
o

X CHe
(%)
82.10
80.40
17.89
15.42
74.92
1452
13.72
13.76
73.53
14.14

Xo2
(%)
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Sh
(%)
99.32

99.26
99.24
99.23
99.19
99.16
99.14
99.12
99.15
99.15

Sco
(%)
99.36
99.31
99.32
99.33
99.30
99.28
99.26
99.23
99.27
99.28

Y h2
(%)
63.40

64.51
63.86
63.17
63.17
63.17
62.89
61.77
61.86
62.26

Y 12
(%)
71.79
71.39
69.37
66.99
66.86
66.22
66.16
67.13
66.37
64.72

Yco
(%)
2.92

13.16
13.16
13.16
12.67
1291
12.18
11.21
711.20
1241

Yco
(%)
76.89
11.12
17.36
76.40
11.12
11.36
11.36
11.12
76.88
76.88
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Table D9 Stability testofNi/CZM 30 catalyst cycle 2

Time X che Xo2 2 Sco Y h2 Yco
(hr) g@ o) (%) () () (%)
1 7234 100.00 96.70  97.00 6486 7144
2 7247 100.00 9654  96.98  63.37  72.89
3 7226 100.00 96.66 97.00 6298  70.48
4 70.34  100.00 9577  96.28  60.73  69.48
b 69.82  100.00 9527 9568  60.55  66.56
6 7047 100.00 9455 9487 6105  65.08
1 7085  100.00 9477 9543 5777  66.55
8 69.23  100.00 94.15 9476  57.87  65.07
9 71.00  100.00 9549  96.00  58.99  66.81

70.14  100.00 9457 9519  57.73  65.57

—
o

Appendix E Temperature programmed oxidation of spent Ni-doped catalyst
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Figure EI The TPO profiles of spent Ni-doped catalysts.
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