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APPENDIX A
ASSUMPTIONS, DEFINITIONS AND CALCULATION

To facilitate the calculations, some valid assumptions were made as
follows:
All the gaseous behaviors obey the ideal gas law.
Pressure drop across the system is very small and can be negligible.
The pressure in the system equals atmospheric pressure (L atm).
The temperature change due to the reactions is very small and can
be negligible temperature.
b. 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 ¢ =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'lmin'LK")
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) « 100
. Mole reactantin _ .
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 = l; l\l\/l/lolle 0‘} Cp produceddx 100
x Mole of ¢ . converte

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 ofhydrogen = Mole of H? produced « 100
Mole of CH4initially

% Yield of CO = Mole of CO produced « 100
Mole of CH41nitially
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APPENDIX B
EXPERIMENTAL DATA

1 In the Methane and Air System

11 Applied Voltage
Table B.| 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

Api)lied % Conv. % Yield
Voltage
Vv 02 chd h2 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 1371

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

Api)lied % Conv. % Yiela
Voltage
Vv 02 chd h2 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



Table B.3 Applied voltage on partial pressure at methane to air as ratio 3:4.8
at total flow rate 100 mi/min, gap width 0.9 cm and frequency 300 Hz
Partial pressure at atmosphere (atm)

voltage
\)
5,000
6,875
8,125
9,000

Apf)lied

chi
0.355
0.305
0.273
0.267

02
0.115
0.083
0.064
0.061

h2
0.046
0.093
0.130
0.152

CO
0.013
0.038
0.054
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
Partial pressure at atmosphere (atm)

voltage
(V)
5,000
6,875
8,125
9,000

Ap(plied

chd
0.348
0.337
0.321
0.319

02
0.117
0.110
0.102
0.099

h2
0.030
0.039
0.062
0.069

CO
0.010
0.011
0.022
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)

5,000
6,875
8,125
9,000

(A) 400 Hz,

12
17
19
2.0

(mA) 300 Hz.

16
2.5
2.9
3.2
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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 ¢°
5,000 180
6,375 225
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 % Selectivity
Vv he CO CH2 C02 CH4 CH6 CHOH
5,000 3008 2253 092 1.65 174062 012
6,375 4311 3H05 1233 345 1397 0 013
8,125 46.47 3852 1443 299 125 0 0.4
9,000 5225 3885 1544 261 1544 044 013

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 % Selectivity
Vv he CO CH2 C02 CH4 CH6 CHOH
5,000 3876 2658 727 016 038 242 019
6,375 3063 3048 163 L 274 866 0.4
8,125 4762 3343 632 222 166 1407 017
9,000 bL.75 3465 311l 240 251 068 0.8
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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 % Conv. % Yield
Hz 02 ché h2 0]
300 24,08 19.39 1.59 D.AT
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 % Conv. % Yield
Hz 02 chd h2 Co
300 55.40 35.29 18.44 13.71
400 22.94 16.30 1.713 541
550 16.58 1291 6.09 3.75
700 9.62 8.74 3.35 2.11

Table B.II 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 Partial pressure at atmosphere (atm)
(Hz) chd 02 h2 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 Partial pressure at atmosphere (atm)
(Hz) chd 02 h2 Co
300 0.267 0.061 0.152 0.057

400 0.340 0.102 0.064 0.022
530 0.351 0.111 0.052 0.015
100 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)  ( 1K) 6,500Vac (mA) 9,000Vac

300 2.24 3.20
400 1.65 2.19
530 1.38 1.55
100 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 % Selectivity
Hz ha CO CH2 C02 CH4 CH6 CHOH
300 3012 2818 831 117 153 183 0.7
400 2851 1765 259 092 158 468 0.7
550 2278 1459 048 064 009 144 0.0
700 2141 139 065 065 005 373 0.3
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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 % Selectivity

Hz he CO CH2 C02 CH4 CH6 CHOH
300 5225 3885 1544 26l 150 050 013
400 4746 3318 1038 134 240 300 0.17
530 4712 2906 693 0.59 276 076 011
700 3837 2409 0 0.73 062 460 017

Table B.16 Frequency on temperature at methane to air as ratio 3:4.8, total
flow rate 100 mi/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 Qver 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
02 chd h? cO
2:4.8 72.68 51.72 26.31 27.04
348 55.39 35.30 18.44 13.71

448 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 wicth 0.9 cm and frequency 300
Hz

CH4:AIr Partial pressure at atmosphere (atm)
chd 02 h2 Co
2:4.8 0.148 0.043 0.16 0.083
348 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

CH:Ar (MA)9,000 V
2:4.8 3.14
3:4.8 3.0
448 3.2

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

CH4AIr % Selectivity

h2 CO CH2 C02 CH4 CH6 CHOH
2:4.8 5.29 5229 1818 424 037 068 0.8
3:4.8 52.75 3885 1544 261 150 044 013
4:4.8 5987 3488 1527 069 441 553 025
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13 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 % Conv. % Yield

ml/ min 02 ch4 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 1251 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 Partial pressure at atmosphere (atm)

ml/ min chd 02 h?2 CO
50 0.250 0.048 0.160 0.066
15 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
50 317
15 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 % Selectivity

ml/ min h2 CO CH2 CO02
50 0323 4420 1564 272 1394 061 0.12
5 4927 4120 1423 256 1363 000 014
100 0225 3885 1498 261 150 044 013
125 4970 3714 1585 250 1% 0 018

ch4d CH6 CHIOH

14 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 % Conv. % Yield
em. 02 chd h? Co
0.7 04.74 33.94 19.70 14.42
0.9 55.40 35.29 18.44 1371
15 56.36 37.36 1558 13.12
19 60.4 37.89 12.3 1140

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 Partial pressure at atmosphere (atm)
cm. chd 02 h?2 CO
0.7 0.257 0.062 0.153 0.06
0.9 0.267 0.061 0.152 0.057
15 0.243 0.060 0.12 0.05
19 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
15 1.94
19 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 % Selectivity

cm. h2 CO CH2 C02 CH4 CH6 CHIOH
0.7 58.04 4243 2491 0 050 123 012
0.9 5225 3885 1544 192 15 044 013
15 4170 3512 9.36 18 1060 0 008
19 3263 3025 6.63 126 973 0 006

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

Api)lied % Conv.
Volatge

(V) 02 chd CH6
5,000 28.21 1152 39.21
6,375 55.45 22.3 67.23

1,250 51.76 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

Api)lied % Yield

Volatge
(V) CoHq h2 cO
5,000 1361 9.00 B.17
6,375 15.10 18.22 12,60
1,250 15.14 19.58 137

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

Apf)lied Partial pressure at atmosphere (atm)

voltage
(V)  CH6 chd 02 CHE h2 €O

5000 007 0217 00% 0033 0076 0.028
6875 0039 019 0059 0037 0.5  0.061
7,250 0037 0189 005/ 0037 0166 0.064

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

Applied voltage(V) (mA) 300 Hz
5,000 1.87
6,875 2.30

1,250 2.43
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Table B.33 Applied voltage on selectivity at methane/ethane/air as ratio

2:1:48, total flow rate 100 ml/min, gap width 0.9 cm and frequency 300 Hz
Ap,olied %Selectivity

voltage
(Vj  CHé n2 CO CH2 C02 CHYH

5,000 5394 3865 2289 951 095 03
6875 4564 4505 2826 1527 151 0.8
1250 3417 4167 2971 103 14 018

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 % Conversion
Hz 02 chd 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 % Yield
Hz CH4 h?2 CO
300 15.14 19.58 13.17
400 1543 12.25 8.13
550 11.82 10.15 6.39

100 6.96 6.04 3.96
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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 Partial pressure at atmosphere(atm)
(Hz) CH6 chd 02 CH4 n2 CO
300 004 0189 0057 0033 0166 0.064
400 0.058 0207 0082 0037 0103 0.039
550 0072 0222 0104 0028 006 002
700 0094 0232 0115 0017 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 % Selectivity
(Hz) CH4 n2 CO CH2 C02 CHH
300 34.17 4767 2971 1503 140 0.8
400 46.84 4027 2469 582 120 023
550 5481 3847 2084 657 083 022
700 h453 3719 1872 626 072 033

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
550 157

700 1.02
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