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APPENDICES

Appendix A Assumptions, Definitions, and Calculations

In this work, the following assumptions were made:

1. 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 equatiofl:

N =gx (P/RT) (B.1)

where

q = total volumetric flow rate

P = total pressure of the system

R = gas constant (82.051 atm-mL-mol™-K™")

T = absolute ambient 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 reactant out 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 Cr converted

where
P
R

number of carbon atom in product

number of carbon atom in reactant
Cp = product that has carbon P atom
Cr = product that has carbon R atom
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The second selectivity is defined as:

% Selectivity of H, = Molar flow rate of H, 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/mc) from the following equation:

Specific energy consumption = P x 60

1.602 x 10™° x N x Mc
eV/molecule of reactants converted (B.5)

where

P = Power(W)
N = Avogadro’s number = 6.02 x 102 molecule-g-mole

Mc = Rate of reactants in feed gas converted (g-mole-min™)
leV=1602x10"W
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Table B.1 Effect of feed flow rate at 300 Hz, 15,500 V, and a gap distance of 0.6 cm

[ Flow Rate | Stage | % Conversion % Selectivity

(mL/min) | (s) CH, CO, H, Cco GH; CH, CHs
50 1 11.51 323 | 5012 | 1456 | 2098 | 23.36 | 15.62

2 1756 | 428 | 5747 | 1823 | 2482 | z7.13 | 1544

3 2347 | 539 | 61.04 | 2006 | 2628 | 2868 | 13.57

4 2855 633 | 6555 | 21.84 | 27.96 | 29.51 | 11.75

100 1 841 283 | 4772 | 1209 | 1869 | 18.79 | 12.97

2 1204 | 386 | 5237 | 1488 | 2181 | 2268 | 1421

3 1725 | 493 | 5421 | 1634 | 23.06 | 2393 | 13.55

4 21.16 | 586 | 5537 | 1734 | 2350 | 2497 | 12.72

150 1 6.26 226 | 4362 | 1227 | 1562 | 1691 | 16.04

2 10.33 365 | 5017 | 1423 | 2059 | 20.58 | 1495

3 1398 | 455 | 5256 | 1450 | 2228 | 22.86 | 14.16

4 1726 | 528 | 5368 | 1563 | 23.05 | 2325 | 13.42

200 1 6.14 214 | 5456 | 1294 | 20.76 | 2039 | 1415

2 1030 | 351 | 5306 | 13.87 | 2132 | 21.22 | 1398

3 1477 | 451 5501 | 15.18 | 2348 | 22.76 | 13.40

4 1567 | 456 | 5592 | 1529 | 27.83 | 2233 | 12.73
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Table B.2 Effect of feed flow rate on effluent gas concentration at 300 Hz, 15,500

V, and a gap distance 0.6 cm

Flow Rate | Stage % Concentration
(mL/min) | (s) CH, CO, H, co C,H, CH, CHg
50 1 60.68 | 26.14 | 791 | 128 092 1.02 0.69
2 5346 | 2446 | 13.09 | 2.28 1.55 1.69 0.96
3 4730 | 2304 | 17.72 | 3.8 2.08 227 | 107
4 4220 | 21.80 | 2211 | 4.00 2.56 271 1.08
100 1 62.69 | 2926 | 5.50 | 0.80 0.62 0.62 0.43
2 5776 | 2806 | 899 | 145 1.06 1.10 0.69
3 5330 | 2694 | 1205 | 2.04 1.44 1.50 0.85
4 4972 | 2611 | 1477 | 2.60 1.76 1.87 0.95
150 1 6593 | 2907 | 384 | 062 0.40 0.43 0.41
2 6151 | 2795 | 7.11 | 116 0.84 0.84 0.61
3 5756 | 2701 | 984 | 1.54 1.19 122 0.75
4 5426 | 2627 | 1215 | 2.00 1.47 1.49 0.86
200 1 6428 | 2964 | 458 | 063 0.50 0.49 0.34
2 6042 | 2875 | 736 | 111 0.85 0.85 0.56
3 55.65 | 27.58 | 1061 | 1.66 1.29 1.25 0.73
rl 5495 | 27.51 | 1142 1.76 1.60 1.29 0.73
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Table B.3 Effect of feed flow rate on power consumption at 300 Hz, 15,500 V, and

a gap distance 0.6 cm
Flow Rate | Stage Power Consumption
(mL/min) (s) (eV/molecule of reactants converted)
50 1 34.12
2 35.11
. 3 37.48
4 40.04
100 s | 27.04
2 28.25
3 28.57 g
4 3117
150 1 25.79
2 23.49
3 23.39
4 23.50
200 1 30.76
2 26.19
3 25.01
4 24.63
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Table B.4 Effect of residence time at 300 Hz, 15,500 V, and a gap distance 0.6 cm

Residence | Stage | % Conversion % Selectivity
Time (s) (s) CH, | CO, H; co CH, CH, | CHs
0.8276 1 6.14 2.14 54.56 12.94 20.76 20.39 14.15
2 10.30 3.51 53.06 13.87 21.32 21.22 13.98
3 14.77 4.51 55.01 15.18 23.48 22.76 13.40
4 15.67 4.56 55.92 15.29 27.83 2233 12.73
1.1035 1 6.26 2.26 43.62 12.27 15.62 16.91 16.04
2 10.33 3.65 50.17 14.23 20.59 20.58 14.95
3 13.98 4.55 52.56 14.50 22.28 22.86 14.16
. 4 17.26 5.28 53.68 15.63 23.05 23.25 13.42
1.6552 1 8.41 2.83 47.72 12.09 18.69 18.79 12.97
2 12.94 3.86 5237 14.88 21.81 22.68 14.21
3 17.25 493 54.21 16.34 23.06 23.93 13.55
4 21.16 5.86 55.37 17.34 23.50 2497 12.72
33104 1 11.51 323 50.12 14.56 20.98 23.36 15.62
2 17.56 4.28 5747 18.23 24.82 27.13 15.44
3 2347 5.39 61.04 20.06 26.28 28.68 13.57
4 28.55 6.33 65.55 21.84 27.96 26.51 11.75




63

Table B.5 Effect of residence tim‘e on effluent gas concentration at 300 Hz, 15,500
V, and a gap distance 0.6 cm

Residence | Stage % Concentration
Time (s) (s) CH, CO, H, Cco CH; CyHy C;Hg
0.8276 1 6428 | 2964 | 458 | 063 0.50 0.49 034
2 60.42 | 28.75 | 736 | I.11 0.85 0.85 0.56
3 55.65 | 2758 | 1061 | 1.66-| 129 1.25 0.73
3 5495 | 2751 | 1142 | 1.76 1.60 1.29 0.73
1.1035 1 6593 | 29.07 | 384 | 062 0.40 0.43 0.41
2 61.51 | 2795 | 7.11 1.16 | 084 0.84 0.61
3 5756 | 27.01 | 984 | 1.54 .19 122 0.75
4 5426 | 2627 | 1215 | 2.00 147 1.49 0.86
1.6552 1 6269 | 2926 | 550 | 0.80 0.62 0.62 0.43
2 57.76 | 28.06 | 899 | 1.45 1.06 1.10 0.69
3 5330 | 2694 | 1205 | 2.04 1.44 1.50 0.85
4 4972 | 2611 | 1477 | 2.60 1.76 1.87 0.95
33104 1 60.68 | 26.14 | 791 1.28 092 1.02 0.69
2 5346 | 2446 | 1309 | 2.28 1.55 1.69 0.96
3 4730 | 23.04 | 1772 | 3.8 2.08 227 1.07
3 4220 | 21.80 | 2211 | 4.00 2.56 271 1.08




Table B.6 Effect of residence time on power consumption at 300 Hz, 15,500 V, and
a gap distance 0.6 cm

Residence Time (s) | Stage Power Consumption

(s) (eV/molecule of reactants converted)

0.8276 1 30.76

2 26.19

3 25.01

4 24.63

1.1035 1 25.79

2 23.49

3 23.39

4 23.50

1.6552 1 27.04

2 28.25

3 28.57

4 31.17

3.3104 1 34.12

2 35.11

3 37.48

4 40.04
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Table B.7 Effect of frequency at 130 mL/min, 15,500 V, and a gap distance 0.6 cm

Frequency | Stage % Conversion % Selectivity
(Hz) (s) CH, CO, H, Cco GH; CH, C;Hs
300 1 6.26 226 43.62 12.27 15.62 16.91 16.04
2 10.33 3.65 50.17 14.22 20.59 20.58 14.95
3 13.98 4.55 52.56 14.50 2228 22.86 14.16
4 17.26 5.28 53.68 15.63 23.05 2325 13.42
400 1 6.11 2.25 43.86 12.33 16.83 17.59 14.19
2 9.61 3.40 48.44 15.07 19.74 20.65 16.16
3 12.87 444 49.83 16.62 21.35 21.83 16.11
+ 15.78 523 51.93 17.90 22.54 22.54 15.84
500 1 5.78 215 42.18 13.31 16.78 16.38 12.90
2 8.77 3.40 50.23 17.40 20.32 19.77 16.23
3 11.86 4.44 52.75 19.20 23.14 21.12 16.05
4 15.38 5.20 55.15 19.86 25.97 21.52 14.71
600 1 520 2.06 42.12 15.14 15.82 15.30 13.66
2 8.04 3.25 49.04 | 19.65 19.90 18.70 16.82
3 10.84 442 | 5268 | 21.87 22.15 19.74 17.41
4 13.53 5.18 5549 | 23.89 24.32 20.53 17.56
700 1 4.66 2.01 36.33 14.86 12.66 12.42 13.61
2 7.24 312 43.73 19.01 16.14 15.25 16.36
3 9.40 441 4823 | 21.66 18.82 16.79 17.43
4 11.74 5.11 52.84 | 23.24 22.88 18.02 16.54
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Table B.8 Effect of frequency on effluent gas concentration at 150 mL/min, 15,500

V, and a gap distance 0.6 cm

Frequency | Stage % Concentration

(Hz) (s) CH, CO, H; CO CH, C;H, C;Hs
300 1 6593 | 29.07 | 384 | o062 0.40 0.43 0.41
2 61.51 | 2795 | 7.1 1.16 0.84 0.84 0.61

of 3 5756 | 27.01 | 9.84 1.54 1.19 122 0.75

4 5426 | 2627 | 12.15 | 2.00 147 1.49 0.86

400 1 66.13 | 29.13 | 3.18 | 0.6l 0.42 0.44 0.35
2 6234 | 28.19 | 643 .15 0.75 0.79 0.62

3 58.84 | 27.30 | 8.6 1.66 1.06 i.09 0.80

4 5575 | 26.54 | 1085 | 2.13 1.34 1.34 0.94

500 1 66.84 | 2930 | 346 | 0.63 0.40 0.39 0.31
2 6325 | 2827 | 6.1 1.23 0.72 0.70 0.57

3 59.50 | 2727 | 846 | 1.78 1.08 0.98 0.75

3 5567 | 2632 | 11.16 | 2.30 1.50 1.24 0.85

600 1 66.52 | 2895 | 3.07 | 0.64 0.34 033 0.29
2 6323 | 2803 | 542 127 0.64 0.61 0.54

3 59.99 | 27.09 | 769 1.87 0.95 0.84 0.74

4 56.66 | 26.18 | 984 | 246 1.25 1.06 0.90

700 1 6752 | 29.12 | 240 | 058 0.25 0.24 0.27
2 64.75 | 2837 | 442 .13 0.48 0.46 0.49

3 62.13 | 2751 | 622 1.67 0.73 0.65 0.67

4 5905 | 2664 | 830 | 2.16 1.06 0.84 0.77
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Table B.9 Effect of frequency on current and power consumption at 150 mL/min,
15,500 V, and a gap distance 0.6 cm

Frequency | Stage | Current Power Consumption

(Hz) (s) (Amp) (eV/molecule of reactants converted)

300 1 0.19 25.79

2 0.38 23.49

3 0.57 23.39

4 0.75 23.50

400 1 0.16 2143

2 031 20.88

. 3 0.45 20.53

4 0.60 20.44

500 1 0.14 19.33

& 0.27 18.98

3 0.45 18.80

4 0.60 18.79

600 1 0.13 23.82

2 0.25 23.05

3 0.39 22.19

4 0.55 22.08

700 1 013 29.43

2 0.23 27.55

3 0.38 26.82

4 047 26.50




Table B.10 Effect of voltage at 300 Hz, 150 mL/min, and a gap distance 0.6 cm

Voltage | Stage % Conversion % Selectivity
) ® CH, CO, H, Cco CH, CH, C;Hg
14000 [ 596 | 220 | 4554 | 11.88 | 16.88 | 1831 14.63
2 962 | 357 | 5111 | 15.12 | 21.11 | 209 15.57
3 1287 | 451 | 5296 | 1652 | 2239 | 2266 15.01
4 1578 | 522 | 5451 | 18.00 | 23.75 | 2322 15.43
“14750 1 606 | 222 | 4677 | 1148 | 1735 | 1815 13.78
2 997 | 361 | 51.90 | 1435 | 21.78 | 21.20 14.56
3 1357 | 452 | 53.00 | 1545 | 22.47 | 23586 14.78
4 1640 | 526 | 53.77 | 16.75 | 22.93 | 23.88 14.80
15500 1 626 | 226 | 4362 | 1227 | 1562 | 1691 16.04
2 1033 | 3.65 | 50.17 | 1423 | 20.59 | 20.58 14.95
3 1398 | 455 | 52.56 | 1450 | 2228 | 2286 14.16
4 1726 | 528 | 53.68 | 15.63 | 23.05 | 23.25 13.42
16250 1 7.61 238 | 47.83 | 10.66 | 19.70 | 17.19 11.32
2 1234 | 391 | 50.89 | 12.63 | 22.27 | 2031 12.08
3 1592 | 461 | 54.14 | 14.14 | 24.14 | 2235 12.13
4 2024 | 5.54 | 5598 | 1645 | 24.16 | 2485 12.58
17000 1 764 | 252 | 5375 | 11.39 | 22.38 | 20.04 12.12
2 1236 | 531 | 5644 | 12.87 | 2462 | 20.63 11.32
3 1737 | 535 | 5598 | 13.76 | 25.74 | 21.23 10.61
4 2148 | 572 | 57.15 | 1493 | 2645 | 23.03 10.27

68
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Table B.11 Effect of voltage on effluent gas concentration at 300 Hz, 150 mL/min,

and a gap distance 0.6 cm
Voltage | Stage % Concentration
) (s) CH, CO, H, co G H, C,H, C,Hg
14000 1 65.91 28.95 3.80 0.57 0.41 0.44 0.35
2 61.85 27.87 6.73 1.15 0.80 0.80 0.59
3 58.27 26.97 9.11 1.63 1.11 1.12 0.79
4 55.16 26.21 11.27 2.12 1.40 1.37 0.91
14750 1 66.34 29.06 4.00 0.57 0.43 0.45 0.34
2 62.06 27.96 7.14 1.14 0.86 0.84 0.58
3 5824 | 27.07 | 9.69 | . 1.6l 1.17 1.19 0.77 |
4 55.29 26.37 11.66 2.06 1.41 1.47 0.91
15500 65.93 29.07 3.84 0.62 0.40 0.43 0.41
2 61.51 27.95 7.11 1.16 0.84 0.84 0.61
3 57.56 27.01 9.84 1.54 1.19 1.22 0.75
4 54.26 2627 | 12.15 2.00 1.47 1.49 0.86
16250 1 65.03 28.98 5.12 0.65 0.60 0.54 0.34
2 60.11 27.79 8.62 1.21 1.07 0.97 0.58
3 55.98 26.79 11.47 1.68 1.44 1.33 0.72
4 51.15 25.55 14.53 238 1.75 1.80 0.91
17000 1 64.15 28.58 5.70 0.69 0.68 0.61 0.37
2 59.74 27.25 9.51 1.28 1.22 1.03 0.56
3 54.21 26.22 12.76 1.77 1.66 1.37 0.68
4 49.90 25.29 15.60 =27 2.01 1.75 0.78
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Table B.12 Effect of voltage on'current and power consumption at 300 Hz, 150

mL/min, and a gap distance 0.6 cm

Voltage (V) | Stage | Current Power Consumption

(s) (Amp) | (eV/molecule of reactants converted)

14000 1 0.17 25.82

2 0.34 24.93

3 0.50 24.56

4 0.67 24.12

14750 1 0.18 28.87

2 0.37 26.96

3 0.53 26.08

4 | 071 25.55

15500 1 0.19 25.79

2 0.38 23.49

3 0.57 2339

4 0.75 23.50

16250 1 0.21 24.84

2 0.41 23.19

3 0.61 23.13

4 0.79 21.57

17000 1 0.22 23.79

2 0.43 21.03

3 0.63 20.73

4 0.83 20.61
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Table B.13 Effect of gap distance at 150 mL/min, 300 Hz and 17,000 V

Gap Distance | Stage % Conversion % Selectivity
(cm) (s CH, CO, H, co C:H, CH, CHs
0.6 1 7.64 2.52 53.75 11.39 22.38 20.04 12.12
2 12.36 5.31 5644 | 12.87 24.62 20.63 11.32
3 17.37 535 55.98 13.76 25.74 21.23 10.61
4 21.48 572 57.15 14.93 26.45 23.03 10.27
0.8 1 7.98 2.72 50.74 11.10 20.62 18.83 11.71
2 12,70 5.46 45.82 11.41 17.67 18.38 11.98
3 18.90 6.95 50.63 13.66 21.27 19.96 10.67
4 22.36 7.73 52.64 14.93 22.33 21.26 10.2€

Table B.14 Effect of gap distance on effluent gas concentration at 150 mL/min, 300
Hz and 17,000 V

Gap Distance | Stage % Concentration
(cm) (s) CH, CO, H, co CH, | GHy | CHs
0.6 64.15 2858 | 5.70 0.69 0.68 0.61 0.37

1

2 59.74 2505 1951 1.28 1.22 1.03 | 0.56
3 54.21 2622 | 12.76 1.77 1.66 1.37 | 0.68
4 49.90 2529 | 15.60 227 2.01 1.75 | 0.78
0.8 1 63.80 2885 | 5.62 0.70 0.65 0.60 | 037
2 59.40 27.51 792 1.17 0.90 094 | 0.61
3 53.68 26.34 | 12.66 1.98 1.54 144 | 0.77
4 50.23 2553 | 523 248 1.85 1.76 | 0.85




72

Table B.15 Effect of gap distance on power consumption at 150 mL/min, 300 Hz

and 17,000 V

Gap Distance

(cm)

Stage

Power Consumption
(eV/molecule of reactants converted)

0.6

23.79

21.03

Bl W N -

20.73

20.61

0.8

27.83

23.21

Bl oWl N -

21.94

21.52
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Table B.16 Effect of O, concentml;ion at 150 mL/min, 300 Hz, 17,000 V, and a gap
distance 0.6 cm

0,/CH, | Stage % Conversion % Selectivity
ratio | () | CHy | CO; 0, H, co GH, | GH, | GHs
0.21 1 3794 | 1195 | 46.75 | 5495 | 3434 | 3479 4.36 0.00
2 58.06 | 24.88 | 70.78 | 54.08 | 38.86 | 33.65 3.46 0.00
3 .'?2.04 3763 | 8485 | 49.42 | 40.70 | 32.20 2.78 0.00
4 7940 | 47.28 | 91.54 | 55.40 | 42.89 | 29.15 251 0.00
0.3/1 1 5001 | 25.03 | 57.87 | 4L.71 35.30 | 21.55 298 0.00
2 70.55 | 39.04 | 8214 | 4550 | 4323 | 2248 2.59 0.00
3 76.58 | 42.87 | 88.37 | 4221 | 4587 | 23.78 253 0.00
4 81.37 | 49.25 | 9239 | 49.50 | 4996 | 20.67 232 0.00
0.4/1 1 38.09 | 11.59 | 4454 | 5039 | 51.67 | 24.42 4.56 0.00
2 59.58 | 20.82 | 70.96 | 50.77 | 59.94 | 23.67 3.82 0.00
3 77.00 | 39.61 8024 | 43.03 | 60.69 | 21.34 2.74 0.00
4 83.06 | 4797 | 9390 | 51.64 | 6343 | 17.32 245 0.00
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Table B.17 Effect of O, concentration on effluent gas concentration at 150 mL/min,
300 Hz, 17,000 V, and a gap distance 0.6 cm

0,/CH, | Stage % Concentration
ratio (s) CH, CO; 0, H, Co CH;, | GHy | GHs
0.2/1 1 1275 | 726 | 193 | 856 | 3.01 153 | 0.19 | 0.00
2 8.56 615 | 105 | 1282 | 540 | 234 | 024 | 0.00
3 5.74 514 | 055 | 1585 | 729 | 288 | 025 | 0.00
4 417 428 | 030 | 17.81 | 854 | 3.16 | 025 | 0.00
0.3/1 1 1126 | 689 | 270 | 939 | 479 | 146 | 020 | 0.00
2 6.50 550 | L12 | 1417 | 327 | 215 0.25 | 0.00
3 5.06 504 | 071 | 1586 | 932 | 242 | 026 | 0.00
4 391 435 | 045 11692 | 1065 | 2.51 025 | 0.00
0.4/1 1 1254 | 7.7 | 435 | 7.77 | 447 | 1.06 | 020 | 0.00
2 8.01 628 | 223 [ 1199 | 807 | 159 | 0.26 | 0.00
3 458 481 | 082 | 1561 | 1122 | 197 | 025 | 0.00
4 332 409 | 046 | 1683 | 1273 | 207 | 025 | 0.0
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Table B.18 Effect of O, concentration on power consumption at 150 mL/min, 300
Hz, 17,000 V, and a gap distance 0.6 cm

0,/CH, Stage Power Consumption
(eV/molecule of reactants converted)
14.86
14.11
13.91
15.29
8.45
9.05
10.88
12.69
11.47
11.85
11.19
12.41

ratio
0.2/1

@«
—

0.3/1

0.4/1

Blowl N o= B W] ] =] ] W] ] -
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