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APPENDIX A
ASSUMPTIONS, DEFINITIONS AND CALCULATION

To facilitate the calculations, some valid assumptions were made as
follows:

1. All the gaseous behaviors obey the ideal gas law.
2. Pressure drop across the system is very small and can be negligible.
3. The pressure in the system equals atmospheric pressure (1 atm).
4. The temperature change due to the reactions is very small and can 

be negligible temperature.
5. The flow rate change across the reactor due to the variation in the 

gaseous composition during the reaction time is very small and is 
assumed to be negligible.

The total molar flow rate of the gaseous stream can be calculated from 
the following equation:

Where q = total volumetric flow rate (determine by using soap bubble 
meter)

p  = total pressure of the system (latm)
R =gas constant (82.051 atm.ml.mol'1.m in'1.K'1)
T = absolute ambient temperature (K)

With this, the molar flow rate of each component can also be 
determined by multiplying its percent volume derived from the GC analysis
with the total molar flow rate.

The conversion is generally defined as:
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% Conversion = (Mole reactant in - Mole reactant out) X  100
Mole reactant in

The selectivity of each product is, however, strictly defined on the basis
of the amount of carbon converted from the reactant into any specified
products. In this case, the product selectivity is defined as follows:

% Cp Selectivity = P X  Mole of Cp produced X  100 
R X  Mole of C 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

% Yield of hydrogen = Mole of H? produced X  100
Mole o f CH4 initially

% Yield of CO = Mole of CO produced X  100
Mole of CH4 initially
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APPENDIX B 
EXPERIMENTAL DATA

1. In the Methane and Air System

1.1 Applied Voltage
Table B.l Applied voltage on conversion and yield at methane to air as ratio 
3:4.8 at total flow rate 100 ml/min, gap width 0.9 cm and frequency 300 Hz

Applied
Voltage

V

% Conv. % Yield

0 2 c h 4 h 2 CO
5,000 16.12 14.37 5.62 3.24
6,875 39.84 26.21 11.30 9.19
8,125 53.78 33.92 15.76 13.07
9,000 55.39 35.29 18.44 13.71

Table B.2 Applied voltage on conversion and yield at methane to air as ratio 
3:4.8 at total flow rate 100 ml/min., gap width 0.9 cm and frequency 400 Hz

Applied
Voltage

V

% Conv. % Yield

0 2 c h 4 h 2 CO
5,000 11.36 9.84 3.82 2.62
6,875 16.56 12.74 5.01 3.88
8,125 21 16.83 8.01 5.63
9,000 24.63 17.49 9.00 6.02
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Table B.3 Applied voltage on partial pressure at methane to air as ratio 3:4.8
at total flow rate 100 ml/min, gap width 0.9 cm and frequency 300 Hz

Applied
voltage

(V)

Partial pressure at atmosphere (atm)

c h 4 0 2 h 2 CO
5,000 0.355 0.115 0.046 0.013
6,875 0.305 0.083 0.093 0.038
8,125 0.273 0.064 0.130 0.054
9,000 0.267 0.061 0.152 0.057

Table B.4 Applied voltage on partial pressure at methane to air as ratio 3:4.8 
at total flow rate 100 ml/min, gap width 0.9 cm and frequency 400 Hz

Applied
voltage

(V)

Partial pressure at atmosphere (atm)

c h 4 0 2 h 2 CO
5,000 0.348 0.117 0.030 0.010
6,875 0.337 0.110 0.039 0.011
8,125 0.321 0.102 0.062 0.022
9,000 0.319 0.099 0.069 0.023

Table B.5 Applied voltage on current at methane to air as ratio 3:4.8, total 
flow rate 100 ml/min, gap width 0.9 cm. and frequency of 300 and 400 Hz

Voltage (Vac) (mA) 400 Hz. (mA) 300 Hz.
5,000 1.2 1.6
6,875 1.7 2.5
8,125 1.9 2.9
9,000 2.0 3.2



66

I

Table B.6 Applied voltage on temperature at methane to air as ratio 3:4.8, total
flow rate 100 ml/min, gap width 0.9 cm. and frequency 300 Hz

Applied Voltage (V) Temperature c°
5,000 180
6,875 225
8,125 262
9,000 280

Table B.7 Applied voltage on selectivity at methane to air as ratio 3:4.8, total 
flow rate 100 ml/min, gap width 0.9 cm. and frequency 300 Hz
Applied Voltage 

V
% Selectivity

h 2 CO C2H2 C 0 2 C2H4 C2H6 CH3OH
5,000 39.08 22.53 0.92 1.65 1.74 0.62 0.12
6,875 43.11 35.05 12.33 3.45 13.97 0 0.13
8,125 46.47 38.52 14.43 2.99 12.5 0 0.14
9,000 52.25 38.85 15.44 2.61 15.44 0.44 0.13

Table B.8 Applied voltage on selectivity at methane to air as ratio 3:4.8, total 
flow rate 100 ml/min, gap width 0.9 cm. and frequency 400 Hz
Applied Voltage 

V
% Selectivity

h 2 CO C2H2 C 0 2 C2H4 C2H6 CH3OH
5,000 38.76 26.58 7.27 0.16 0.38 2.42 0.19
6,875 39.63 30.48 1.63 1.77 2.74 8.66 0.14
8,125 47.62 33.43 6.32 2.22 1.66 14.07 0.17
9,000 51.75 34.65 3.11 2.40 2.51 0.68 0.18
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1.2 Frequency
Table B.9 Frequency on conversion and yield at methane to air ratio as 3:4.8, 
total flow rate 100 ml/min., gap width 0.9 cm. and voltage 6,500 V

Frequency
Hz

% Conv. % Yield
0 2 c h 4 h 2 CO

300 24.08 19.39 7.59 5.47
400 15.13 18.22 5.20 3.22
550 10.96 15.64 3.56 2.28
700 9.55 14.36 3.07 2.00

Table B.10 Frequency on conversion and yield at methane to air ratio as 3:4.8, 
total flow rate 100 ml/min., gap width 0.9 cm and voltage 9,000 V

Frequency
Hz

% Conv. % Yield
0 2 c h 4 h 2 CO

300 55.40 35.29 18.44 13.71
400 22.94 16.30 7.73 5.41
550 16.58 12.91 6.09 3.75
700 9.62 8.74 3.35 2.11

Table B .ll Frequency on partial pressure at methane to air as ratio 3:4.8, total
flow rate 100 ml/min, gap width 0.9 cm and voltage 6,500 V
Frequency

(Hz)
Partial pressure at atmosphere (atm)

c h 4 0 2 h 2 CO
300 0.335 0.098 0.063 0.023
400 0.34 0.109 0.043 0.013
550 0.351 0.115 0.029 0.01
700 0.356 0.117 0.026 0.008
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Table B.12 Frequency on partial pressure at methane to air as ratio 3:4.8, total
flow rate 100 ml/min, gap width 0.9 cm and voltage 9,000 V
Frequency

(Hz)
Partial pressure at atmosphere (atm)

c h 4 0 2 h 2 CO
300 0.267 0.061 0.152 0.057
400 0.340 0.102 0.064 0.022
550 0.351 0 .1 1 1 0.052 0.015
700 0.367 0.120 0.027 0.085

Table B.13 Frequency on current at methane to air as ratio 3:4.8, total flow 
rate 100 ml/min, gap width 0.9 cm and voltage 6,500 and 9,000 V

Frequency (Hz) (ทาlA) 6,500Vac (mA) 9,000Vac
300 2.24 3.20
400 1.65 2.19
550 1.38 1.55
700 0.75 1.29

Table B.14 Frequency on selectivity at methane to air as ratio 3:4.8, total flow 
rate 100 ml/min, gap width 0.9 cm and voltage 6,500 V

Frequency
Hz

% Selectivity
h 2 CO C2H 2 C 0 2 C2H4 C2H6 CH3OH

300 39.12 28.18 8.31 1.77 1.53 1.83 0.17
400 28.51 17.65 2.59 0.92 1.58 4.68 0.07
550 22.78 14.59 0.48 0.64 0.09 1.44 0.10
700 21.41 13.95 0.65 0.65 0.05 3.73 0.13
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Table B.15 Frequency on selectivity at methane to air as ratio 3:4.8, total flow
rate 100 ml/min, gap width 0.9 cm and voltage 9,000 V

Frequency
Hz

% Selectivity
h 2 CO C2H2 C 0 2 C2H4 C2H6 CH3OH

300 52.25 38.85 15.44 2.61 1.50 0.50 0.13
400 47.46 33.18 10.38 1.34 2.40 3.00 0.17
550 47.12 29.06 6.93 0.59 2.76 0.76 0.11
700 38.37 24.09 0 0.73 0.62 4.60 0.17

Table B.16 Frequency on temperature at methane to air as ratio 3:4.8, total 
flow rate 100 ml/min, gap width 0.9 cm and voltage 9,000V

Frequency (Hz) Temperature c°
300 280
400 200
550 165
700 145

1.2 Ratio of Methane Over Air
Table B.17 Ratio of methane to air (4.8) on conversion and yield, total flow 
rate 100 ml/min., gap width 0.9 cm at voltage 9,000 V and frequency 300 Hz

CH4:Air % Conv. % Yield
0 2 c h 4 h 2 CO

2:4.8 72.68 51.72 26.31 27.04
3:4.8 55.39 35.30 18.44 13.71
4:4.8 28.59 13.64 8.17 5.2
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Table B.18 Ratio of methane to air (4.8) on partial pressure at methane to air
as ratio 3:4.8, total flow rate 100 ml/min., gap width 0.9 cm and frequency 300
Hz

CH4:Air Partial pressure at atmosphere (atm)
c h 4 0 2 h 2 CO

2:4.8 0.148 0.043 0.16 0.083
3:4.8 0.267 0.061 0.152 0.057
4:4.8 0.399 0.082 0.076 0.022

Table B.19 Ratio of methane to air (4.8) on current at total flow rate 100 
ml/min, gap width 0.9 cm, voltage 9,000 V and frequency 300 Hz

CH4:Air (mA)9,000 V
2:4.8 3.14
3:4.8 3.20
4:4.8 3.22

Table B.20 Ratio of methane to air (4.8) on selectivity at total flow rate 100 
ml/min., gap width 0.9 cm at voltage 9,000 V and frequency 300 Hz

CH4:Air % Selectivity
h 2 CO C2H2 C 0 2 C2H4 C2H6 CH3OH

2:4.8 50.29 52.29 18.18 4.24 0.37 0.68 0.08
3:4.8 52.75 38.85 15.44 2.61 1.50 0.44 0.13
4:4.8 59.87 34.88 15.27 0.69 4.41 5.53 0.25
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1.3 Flow Rate
Table B.21 Flow rate on conversion and yield at methane to air as ratio 3:4.8, 
gap width 0.9 cm, voltage 9,000 V and frequency 300 Hz

Flow rate 
ml/ min

% Conv. % Yield
0 2 c h 4 h 2 CO

50 63.25 37.26 19.83 16.47
75 56.19 35.00 17.00 14.22
100 55.40 35.30 18.44 13.71
125 38.29 25.17 12.51 9.35

Table B.22 Flow rate on partial pressure at methane to air as ratio 3:4.8, gap
width 0.9 cm, voltage 9,000 V and frequency 300 Hz

Flow rate 
ml/ min

Partial pressure at atmosphere (atm)
c h 4 0 2 h 2 CO

50 0.250 0.048 0.160 0.066
75 0.259 0.059 0.140 0.057
100 0.267 0.061 0.152 0.056
125 0.303 0.083 0.101 0.038

Table B.23 Flow rate on current at methane to air as ratio 3:4.8, gap width 0.9 
cm, voltage 9,000 V and frequency 300 Hz

Flow rate (ml/ min) (mA) 9,000 V
50 3.17
75 3.20
100 3.20
125 3.21
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Table B.24 Flow rate on selectivity at methane to air as ratio 3:4.8, gap width
0.9 cm, voltage 9,000 V and frequency 300 Hz

Flow rate 
ml/ min

% Selectivity
h 2 CO C2H2 C 0 2 c 2h 4 C2H6 CH3OH

50 53.23 44.20 15.64 2.72 13.94 0.61 0.12
75 49.27 41.20 14.23 2.56 13.63 0.00 0.14
100 52.25 38.85 14.98 2.61 1.50 0.44 0.13
125 49.70 37.14 15.85 2.50 1.56 0 0.18

1.4 Gap Width
Table B.25 Gap width on conversion and yield at methane to air as ratio 3:4.8, 
total flow rate 100 ml/min, voltage 9,000 V and frequency 300 Hz

Gap width 
cm.

% Conv. % Yield
0 2 c h 4 h 2 CO

0.7 54.74 33.94 19.70 14.42
0.9 55.40 35.29 18.44 13.71
1.5 56.36 37.36 15.58 13.12
1.9 60.4 37.89 12.3 11.40

Table B.26 Gap width on partial pressure at methane to air as ratio 3:4.8, total
flow rate 100 ml/min, voltage 9,000 V and frequency 300 Hz
Gap width 

cm.
Partial pressure at atmosphere (atm)

c h 4 0 2 h 2 CO
0.7 0.257 0.062 0.153 0.06
0.9 0.267 0.061 0.152 0.057
1.5 0.243 0.060 0.12 0.05
1.9 0.241 0.057 0.096 0.044
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Table B.27 Gap width on current at methane to air as ratio 3:4.8, total flow
rate 100 ml/min, voltage 9,000 V and frequency 300 Hz

Gap width (cm) (mA) 9,000 V
0.7 3.30
0.9 3.20
1.5 1.94
1.9 1.80

Table B.28 Gap width on selectivity at methane to air as ratio 3:4.8, total flow 
rate 100 ml/min, voltage 9,000 V and frequency 300 Hz

Gap width 
cm.

% Selectivity
h 2 CO C2H2 C 0 2 C2H4 C2H6 CH3OH

0.7 58.04 42.48 24.91 0 0.50 1.23 0.12
0.9 52.25 38.85 15.44 1.52 1.5 0.44 0.13
1.5 41.70 35.12 9.36 1.84 10.60 0 0.08
1.9 32.63 30.25 6.63 1.26 9.73 0 0.06

2 In the Methane/Ethane/Air System
2.1 Applied Voltage

Table B.29 Applied voltage on conversion at methane/ethane/air as ratio 
2:1:4.8, total flow rate 100 ml/min, gap width 0.9 cm and frequency 300 Hz

Applied
Volatge

(V)

% Conv.

0 2 c h 4 C2H6
5,000 28.21 11.52 39.21
6,875 55.45 22.3 67.23
7,250 57.76 21.76 68.74
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Table B.30 Applied voltage on yield at methane/ethane/air as ratio 2:1:4.8,
total flow rate 100 ml/min, gap width 0.9 cm and frequency 300 Hz

Applied
Volatge

(V)

% Yield

C2H4 h 2 CO
5,000 13.61 9.00 5.77
6,875 15.10 18.22 12.60
7,250 15.14 19.58 13.7

Table B.31 Applied voltage on partial pressure at methane/ethane/air as ratio 
2:1:4.8, total flow rate 100 ml/min, gap width 0.9 cm and frequency 300 Hz

Applied
voltage

(V)

Partial pressure at atmosphere (atm)

C2H6 c h 4 0 2 C2H4 h 2 CO
5,000 0.07 0.217 0.096 0.033 0.076 0.028
6,875 0.039 0.19 0.059 0.037 0.155 0.061
7,250 0.037 0.189 0.057 0.037 0.166 0.064

Table B.32 Applied voltage on current at methane/ethane/air as ratio 2:1:4.8, 
total flow rateioo ml/min, gap width 0.9 cm and frequency 300 Hz

Applied voltage(V) (mA) 300 Hz
5,000 1.87
6,875 2.30
7,250 2.43
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Table B.33 Applied voltage on selectivity at methane/ethane/air as ratio
2:1:4.8, total flow rate 100 ml/min, gap width 0.9 cm and frequency 300 Hz

Applied
voltage

(V)

%Selectivity

C2H4 h 2 CO C2H2 C 0 2 CH3OH
5,000 53.94 38.65 22.89 9.51 0.95 0.23
6,875 45.64 45.05 28.26 15.27 1.51 0.18
7,250 34.17 47.67 29.71 15.03 1.4 0.18

2.2 Frequency
Table B.34 Frequency on conversion at methane/éthane/air as ratio 2:1:4.8, 
total flow rate 100 ml/min, gap width 0.9 cm and voltage 7,250 V

Frequency
Hz

% Conversion
0 2 c h 4 C2H6

300 57.76 21.76 68.74
400 38.69 15.56 51.08
550 22.67 9.33 39.08
700 14.63 5.42 20.42

Table B.35 Frequency on yield at methane/ethane/air as ratio 2:1:4.8, total
flow rate 100 ml/min, gap width 0.9 cm and voltage 7,250 V

Frequency
Hz

% Yield
C2H4 h 2 CO

300 15.14 19.58 13.17
400 15.43 12.25 8.13
550 11.82 10.15 6.39
700 6.96 6.04 3.56
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Table B.36 Frequency on partial pressure at methane/ethane/air as ratio 
2:1:4.8, total flow rate 100 ml/min, gap width 0.9 cm and voltage 7,250 V
Frequency

(Hz)
Partial pressure at atmosphere(atm)

C2H6 c h 4 0 2 C2H4 h 2 CO
300 0.04 0.189 0.057 0.033 0.166 0.064
400 0.058 0.207 0.082 0.037 0.103 0.039
550 0.072 0.222 0.104 0.028 0.06 0.02
700 0.094 0.232 0.115 0.017 0.037 0.012

Table B.37 Frequency on selectivity at methane/ethane/air as ratio 2:1:4.8,
total flow rate 100 ml/min, gap width 0.9 cm and voltage 7,250 V
Frequency

(Hz)
% Selectivity

C2H4 h 2 CO C2H2 C 0 2 CH3OH
300 34.17 47.67 29.71 15.03 1.40 0.18
400 46.84 40.27 24.69 5.82 1.20 0.23
550 54.81 38.47 20.84 6.57 0.83 0.22
700 54.53 37.19 18.72 6.26 0.72 0.33

Table B.38 Frequency on current at methane/ethane/air as ratio 2:1:4.8, total 
flow rate 100 ml/min, gap width 0.9 cm and voltage 7,250 V

Frequency (Hz) (mA) 7,250 V
300 2.43
400 2.32
550 1.57
700 1.02
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