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APPENDICES
Appendix A Assumptions, definitions, and calculations.

In this work, the following assumptions were made:

L All the gaseous behaviors obey the ideal gas law

2. The change in the system, pressure is very small and negligible.

3. The pressure in the system equals the atmospheric pressure (1 atm)

The total molar flow rate of the gaseous stream can be determined from the
following equation:
N =qx (PRT) (B.I)
Wwhere
q =total volumetric flow rate
p  =total pressure of the system
R =gas constant (82.051 atm-ml morimin'i K)
T =absolute amhient temperature (K)
The molar flow rate of each component can be obtained by multiplying its
fraction derived from the gas chromatography analysis by the total molar flow rate.

The conversion is defined as:
% Conversion = Mole reactant in - Mole reactantout x 100  (B.2)
Mole reactant in
The first selectivity is defined as;
% Selectivity =P x Mole of Cp produced  x 100 (B.3)
R x Mole of ¢ r converted
where
p =number of carbon atom in product
R =number of carbon atom in reactant
Cp = product that has carbon p atom
cr = reactant that has carbon R atom
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The second selectivity is defined as:

% Selectivity of 2= Molar flowrate of Hz produced x 100 (B.4)
Rate of H reacted

To determine the energy efficiency of gliding arc discharge system, the
specific energy consumption was calculated in a unit of electron-volt per molecule of
converted carbon (eV/me) from the following equation:

Specific eneray CoNSUMDLION = ==--sesmsmmxmn === smem mmmemeen
el oy COnSHmpH (1.602 x 10~9) x N x M¢

eV molecule of CHs converted  (B.5)
Where

P = Power( )

N = Avogadro’s number = 6.02 X 1023 molecules.g-mole's

Me = Rate of methane in feed gas converted (g-mole.min')
leV =1.602X 101



Appendix B Experimental data.

Table B.I Effect of CH4/O2 molar ratio at 200 cm3min, 300 Hz, 15,500 V, and gap
distance of 6 mm

Molar Stage  %Conversion %Selectivity

i () CHe o2 h2 CO COz CHz CoHe CoHe
1828 29.79 3467 7130 347 1461 922 6.73
3509 46.70 2894 5810 414 1582 979 444
5204 5530 21.64 5193 571 1849 172 305
68.02 6999 1793 4461 600 1951 565 190
1064 2258 3546 6163 329 1451 2151 1324
2291 3822 318 5265 380 1626 1639 858
3728 5369 2713 4446 503 1892 1241 565
5214 6992 2474 3937 546 2058 941 356
416 1527 4505 5869 196 1560 2247 3219
1306 2910 3361 47.68 227 1122 2036 18.20
25.14 4410 2838 3857 266 1905 1931 1093
3827 5983 2625 3249 324 2092 1460 694
230 2566 5024 5057 155 1692 3875 46.27
6.69 3236 3616 4023 175 1783 3105 3213
1664 4055 2333 3099 217 2000 2232 1147
2881 5150 2086 2606 285 2170 1680 10.54

21

31

o1

I N S I e s L R A
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Table B.2 Effect of CH./O. mole ratio on power consumption at 200 cm./min, 300
Hz, 15,500 V, and a gap distance of e mm

Power Consumption
(W cH. Molecule converted)

16.18
15.17
14.20
1393
20.04
19.37
14.56
14.33
32.88
23.12
1911
15.02
41.26
39.24
22.76
18.12

Molar
ratio

21

w
—
QD
[{an]
D
—
~——

31

o1

=
H
B WO N e WO N e W N e B N
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Table B.3 Effect of feed flowrate at CH./O. molar ratio of 3/1, 300 Hz, 15,500 V,

and a gap distance of e mm

Flowrate
(cma/min)

50

100

150

200

250

300

Stage
()

E= O R A It L e ~ N 46 B S S ~ i Tb R s N 6 L A

%Conversion

CHs
24.16
28.65
49.45
69.89
15.99
28.33
47.83
65.69
16.29
28.31
4307
63.51
13.13
26.88
39.68
52.88
149
1701
31.42
45.48
6.22

16.56
21.24
35.98

02
37.09
50.16
13.75
84.07
32.18
49.12
11,94
83.42
26.79
46.29
59.61
18.11
24.74
4141
55.47
69.91
8.04
21.12
4347
49.21
.12
18.37
30.76
43.54

h?
30.56
30.52
28.79
28.34
28.96
28.86
21.18
21.20
28.73
28.38
21.56
26.40
2149
25.60
24,18
23.94
26.90
24.33
22.59
19.78
22.48
22.24
19.84
17.36

co
39.24
39.01
36.86
33.70
41.24
39.51
36.91
36.49
46.27
41.60
39.92
36.62
48.56
42.56
40.17
37.06
49.38
42.66
41.03
39.61
49.67
49.04
42,63
40.62

%Selectivity

CO2
2.88
2.98
3.07
3.19
2.85
3.00
3.06
312
2.83
2.97
3.01
3.07
281
2.86
2.90
2.95
2.76
2.78
2.82
2.89
2.67
2.72
2.75
2.84

CaHa
16.62
20.21
21.30
22.41
16.30
17,05
21.13
21.84
15.82
17.00
17.64
17.89
14.28
15.31
15.86
16.59
13.48
14.52
14.66
16.04
11.30
1165
13.17
13.36

CaHs
18.11
16.92
16.27
15.12
16.89
16.20
15.83
15.37
16.30
15.79
15,50
15.18
15.27
15,00
14.90
14.15
15.08
14.95
14.85
14.52
14.04
1351

12.00

8.80

CaHs
12.85
12.44
12.25
11.95
12.29
11,94
11.64
11.23
11.25
11.23
11.22
1113
1138
11.30
11.20
11.12
11.30
1118
1116
1118
11.23
1115
11,08
10.45
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Table B.4 Effect of feed flowrate on power consumption at CH./O. molar ratio of
311, 300 Hz, 15,500 V, and a gap distance of ¢ mm

Flowrate Power Consumption
emamin) ST C) (W CHe Molecule converted)

50 39.46
4547
47.26
49.44
23.75
25.32
28.23
28.90
16.68
17.28
18.30
19.26
15.86
17.04
17.31
18.10
1358
16,73
21.79
28.87
1359
14.26
18.16
34.21

100
150
200
250

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
300 1
2
3
4



10

Table B5 Effect of stage number of reactor with different residence time at CH.
molar ratio of 3/1, 300 Hz, 14,500 V and a gap distance of 6 mm

Residence Stage  “Conversion

time (se¢) ()  CHq
0.5517 L 6.2
2 16.56
3 2124
4 3598
0.8276 1 1313
2 2688
3 39.68
4 5288
1.6652 1 15,99
2 2833
3 4183
4 65.69
1 2416
2 2865
3 4945
4

69.89

3.3105

02
.12
18.37
30.76
43.54
24.74
4141
5547
69.91
32.18
49.12
711.94
83.42
37.09
50.16
13.75
84.07

h?
22.48
22.24
19.84
17.36
21.49
25.60
24,78
23.94
28.96
28.86
21.18
21.20
30.56
30.52
28.19
28.34

Co
49.67
49.04
42.63
40.62
48.56
42.56
40.17
37.06
41.24
39.51
36.91
36.49
39.24
39.01
36.86
33.70

%Selectivity

C02
2.67
2.72
2.75
2.84
281
2.86
2.90
2.95
2.85
3.00
3.06
312
2.88
2.98
3.07
3.19

CaHz
11.30
1165
13.17
13.36
14.28
15.31
15.86
16.59
16.30
17.05
21.13
21.84
16.62
20.21
21.30
22.41

CaHs
14.04
1351
12.00
8.80
15.27
15.00
14.90
14,15
16.89
16.20
15.83
15.37
18.11
16.92
16.27
15.12

CaHs
11.23
11.15
11,08
10.45
1138
11.30
11.20
11.12
12.29
11.94
11.64
11.23
12.85
12.44
12.25
11.95
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Table B.6 Effect of frequency at CH./O. molar ratio of 3/1, feed flowrate of 150
cms/min, 15,500 V, and a gap distance of s mm

Frequency S
lo)

300
400
500
600

100

tage  “oConversion

()

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

CHq
16.31
28.33
43,09
63.65
1.55
19.32
33.61
45.51
6.65
15.93
21.84
17.02
6.31
14.55
26.42
31.23
5.86
13.72

22.02

28.94

02
26.81
46.30
59.62
78.85
13.64
28.59
43.71
60.91
12.34
24.89
36.97
42.25
11.06
20.83
32.92
39.06
10.37
19.47
28.08
36.22

h?
28.70
28.36
2154
26.24
28.56
28.34
26.67
26.22
28.51
28.28
26.56
25.92
26.36
28.17
26.52
25.90
28.05
21.18
26.32
25.68

co
46.22
41.56
39.88
31.59
46.04
4141
N1
31.62
45.76
41.26
38.95
3749
45,61
41.26
38.69
31.37
45.55
40.96
37.96
36.97

%Selectivity

C02
2.89
3.19
323
333
2.63
2.62
291
3.20
247
2.54
2.96
3.20
2.40
2.50
3.03
3.22
1.90
2.03
2.45
2.89

CaHa
15.72
16.99
17.62
17.87
2143
2047
20.55
20.87
21.31
21.48
24.59
24,70
23.35
24.12
25.84
26.20
2091
22.12
24,05
28.75

CaHs
16.20
15.77
15.48
15.17
13.90
13.77
13.40
13.16
18.02
17.24
17.14
17.02
18.29
18.50
17.98
17.88
15.37
15.22
15.64
16.69

CaHs
11.48
11.22
11.21
11.12
13.90
13.77
13.40
13.16
14,09
13.50
13.45
13.02
15,04
14.46
14.14
13.95
14.49
14.46
14,38
14.19
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Table B.7 Effect of frequency on current and power consumption at CH/Q. molar
ratio of 3/1, feed flowrate of 150 cms/min, 15,500 V, and a gap distance of « mm

Current Power Consumption
Frequency (Fz) - Stage () (A) (eW CHs Molecule converted)
300 1 0.83 16.67
2 051 17.21
3 0.39 18.29
4 0.23 19.25
400 1 0.7 20.74
2 0.49 21.62
3 0.36 22.53
4 0.2 23.52
500 1 0.68 27.96
2 0.45 30.00
3 0.32 31.48
4 0.19 34.16
600 1 0.6 29.15
2 0.42 32.52
3 03 34.83
4 0.18 35.35
700 1 0.54 40.04
2 04 41.78
3 0.28 42.59
4 0.18 43.22
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Table B.8 Effect of voltage at CH./O. molar ratio of 3/1, feed flowrate of 150

cma/min, 300 Hz and gap distance of s mm

Voltage Stage

V)
10000

12500

14500

15500

17500

19000

()

%Conversion

chd
5.06

8.31

17.68
20.69
1.67

12.02
21.10
33.19
12.28
16.83
34.43
4512
16.29
28.32
43.10
63.60
28.66
41.13
54,51
05.22
29.17
48.91
55.59
71.00

02
12.59
16.01
25.69
21.22
1331
21.25
29.46
42.49
14.73
21.21
48.04
62.17
26.79
46.30
59.63
18.82
35.60
53.08
67.91
80.93
40.21
62.22
69.67
84.24

h2
42.42
38.58
34.90
33.11
36.62
34.05
32.36
30.63
31.83
31.24
29.10
28.25
28.73
28.37
21.53
26.30
28.33
21.75
26.43
25.51
21.49
26.92
26.45
24.68

co
75.19
59.82
49.98
41.21
51.87
5197
45.85
38.04
46.43
45.98
42.44
31.33
46.27
41.57
39.87
36.48
45.75
31.37
33.00
29.30
35.84
32.18
32.56
25.11

%Selectivity

C02
2.46
2.10
281
3.03
2.74
2.87
2.94
3.13
2.82
3.05
3.15
3.28
2.94
3.13
3.22
3.38
301
3.20
3.25
342
3.13
3.23
3.30
3.53

C2H2
13.55
14.04
14.24
14.46
13.60
1412
14.40
15.17
14.86
15.36
16.00
16.43
16.39
16.92
1711
1791
17.20
17.98
18.97
19.55
17.97
18.29
19.38
20.82

CH4
20.71
2051
19.94
19.42
20.12
19.58
19.13
18.86
18.97
18.63
18.23
1811
16.78
16.25
15.17
1501
13.82
1361
13.44
1297
11.83
11.56
1147
1021

C2H6
21.19
20.99
20.29
19.86
19.15
18.90
18.68
18.07
1441
1385
13.44
1217
11.25
1121
1111
10.90
8.89
8.42
8.21
143
5.10
545
5.24
520
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Table B9 Effect of voltage on current and power consumption at CH./O. molar
ratio of 3/1, feed flowrate of 150 cms/min, 300 Hz and a gap distance of e mm

Current Power Consumption
(A) (eV/ cH. Molecule converted)

1 0.38 13.30

2 0.34 1457

3 0.29 15.23

4 0.15 15,62

1 0.53 14.05

2 0.48 15.69

3 0.33 16,59

4 0.17 17.85

1 0.67 15.32

2 0.1 16.76

3 0.35 17.95

4 0.18 18.46
15500 1 0.72 16.68

2

3

4

1

2

3

4

1

2

3

4

Voltage (V) Stage ()
10000

12500

14500

053 17.27
0.36 18.92

0.19 19.23
081 19.95

0.65 2148
0.39 23.84
0.2 25.90
0.85 22.52
0.67 25.30
0.46 26.44
0.22 21.96

17500

19000
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Table B.10 Effect of gap distance at CHs/O2 molar ratio of 3/1, feed flowrate of 150
cma/min, 300 Hz and 14,500 V

Gap
distance
(mm)
2

Stage
()

S~ oo ™ m B ™ e, RO e, BN e

%Conversion

CHs

9.31

13.74
18.95
2447
13.27
15.96
22.24
32.33
15.89
18.08
30.53
38.90
20,21

20.59
34.57
45.71

02
13.08
2173
21.17
30.37
1324
23.39
32.49
39.40
22.74
29.85
44.97
5.88
33.46
35.10
53.34
69.66

h?
33.93
33.19
33.04
3181
28.75
28.31
21.60
21.38
28.18
21.86
2151
2127
26.62
26.49
24,77
22,03

co
43.75
43.30
42.46
41.89
41.34
41.23
40.89
39.01
40.49
39.82
39.58
38.89
38.92
31.64
36.81
32.36

1((Selectivity

CO2
1.56
2.15
2.37
2.56
1.76
2.31
2.60
2.75
2.39
2.91
3.20
3.38
2.45
3.04
3.30
341

CaH2
8.07
12.31
14,78
15.06
12.25
12.83
14.80
15.89
13.03
13.38
14.92
15.94
15.38
15.87
16.64
1691

CaHs
16.29
14,52
1371
1291
12.10
12.02
11.18
10.82
12.02
11.68
11.13
10.75
11.88
11.62
11.08
10.54

CaHs
12.48
10.36
9.97
9.23
8.25
192
1.83
1.75
8.12
1.87
181
7.38
8.09
1.82
153
7.30



16

Table B.11 Effect of gap distance on power consumption at CH+/O2 molar ratio of
3/1, feed flowrate of 150 cma/min, 300 Hz and 14,500 V

Power Consumption
(eV/ cH. Molecule converted)
1 14.30
2 1551
3 16.87
4 1742
1 14.84
) 17.62
3 17.73
4 18.30
1
2
3
4
1
2
3
4

Gap distance (mm)  Stage ()

2

16.91
17.84
18.48
19.34
17.63
20.76
21.26
22.75
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