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ABSTRACT

5081002063:  Petrochemical Technology Program
Knttiya Pommai; Synthesis Gas Production from COi-Containing
Natural Gas by Combined Steam Reforming and Partial Oxidation in
Multi-Stage Gliding Arc Discharge System.
Thesis Advisor: Prof. Sumaeth Chavadej 157 pp.
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In this work, the reforming of C02containing natural gas was conducted
under the alternating current AC gliding arc discharge plasma system at ambient
conditions. The results reveal that the addition of steam content of 10 mol% to the
simulated natural gas was found to greatly enhance the natural gas reforming per-
formance in terms of reactant conversions, product yields, product selectivities, and
power consumptions. Next, a technique of combining steam reforming with partial
oxidation of CCh-containig natural gas in an AC gliding arc discharge was examined
in order to optimize the reforming efficiency. The results show that the partial oxida-
tion could increase both methane conversion and synthesis gas yield. The optimum
oxygen feed molar ratio was found at a HCS/Cx feed molar ratio of 2/1, providing
high CHz and <2 conversions with high synthesis gas selectivity and relatively low
power consumptions, as compared with the other processes (sole natural gas reform-,
ing, natural gas reforming with steam, and combined natural gas reforming with par-
tial oxidation). For the combined plasma reforming of Co2-containing natural gas
with steam and partial oxidation in multistage gliding arc discharge system was fi-
nally investigated. The series of experiments were carried out to investigate reactant
conversions, product selectivities and yields, and power consumption by varying
residence time, stage number of plasma reactors, feed flow rate, hydrocarbons
(HCs)/02 feed molar ratio, and input voltage. An increase in stage number from 1to
3 stages at a constant feed flow rate enhanced the reactant conversions, and product
yields with a reduction of power consumptions.
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FIGURE

5.2

5.3

5.4

5.5

Effects of HCs-to-Cx2 feed molar ratio on reactant
conversions and product yields under studied conditions:
steam content, 10 mol%; total feed flow rate, 100 cm3min;
input voltage, 13.5 kV; input frequency, 300 Hz; and
electrode gap distance, 6 mm (Ec: power per reactant
molecule converted; Eh2: power per H2molecule produced).
Effects of HCs-to-02 feed maolar ratio on concentrations of
outlet gas under studied conditions: steam content, 10 mol%;
total feed flow rate, 100 cm3min; input voltage, 13.5 kV;
input frequency, 300 Hz; and electrode gap distance, 6 mm
(Ec: power per reactant molecule converted; Enh2: power per
Htmolecule produced).

Effects of HCs-to-02 feed maolar ratio on product
selectivities under studied conditions: steam content, 10
mol%; total feed flow rate, 100 cm3min; input voltage, 13.5
kV; input frequency, 300 Hz; and electrode gap distance, 6
mm (Ec:power perreactant molecule converted; En2: power
per H2molecule produced).

Effects of HCs-to-02feed molar ratio on product molar
ratio.s under studied conditions: steam content, 10 mol%;
total feed flow rate, 100 cm3min; input voltage, 13.5 kV;
input frequency, 300 Hz; and electrode gap distance, 6 mm
(Ec:powerperreactant molecule converted; En2:power per

H2molecule produced).
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FIGURE

5.6

5.7

5.8

5.9

Effects of HCs-to-C>2 feed molar ratio on power
consumptions and coke formation under studied conditions
steam content, 10 mol% total feed flow rate, 100 cm 3min;
input voltage, 13.5 kV; input frequency, 300 Hz; and
electrode gap distance, 6 mm (Ec: power per reactant
molecule converted; En2epower per Hemolecule produced).
Effects of input voltage on reactant conversions and product
yields under studied conditions: steam content, 10 mol%
HCs-to-CK feed molar ratio, 2/1; total feed flow rate, 100
cm3min; input frequency, 300 Hz; and electrode gap
distance, 6 mm (Ec:power perreactant molecule converted
Eh2:power per H2molecule produced)
Effects of input voltage on concentrations of outlet gas under
studied conditions: steam content, 10mol%; HCs-to-C>2 feed
molar ratio, 2/1; total feed flow rate, 100 cm3mm; input
frequency, 300 Hz; and electrode gap distance, 6 mm (Ec
power perreactant molecule converted; Eh2: power per H2
molecule produced).

Effects of input voltage on generated current under studied
conditions: steam content, 10 mol%; HCs-to-Ch feed molar
ratio, 2/1; total feed flow rate, 100 cm3Imin; input frequency,
300 Hz; and electrode gap distance, 6 mm (Ec: power per
reactant molecule converted; EH2: power per H2molecule

produced).
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FIGURE

5.10

5.11

5.12

5.13

Effects of input voltage on product selectivities under
studied conditions: steam content, 10 mol%; HCs-to-C>2 feed
molar ratio, 2/1; total feed flow rate, 100 cm3/min; input
frequency, 300 Hz; and electrode gap distance, 6 mm (Ec:
power per reactant molecule converted; EHt: power per H2
molecule produced).

Effects of input voltage on product molar ratios under
studied conditions: steam content, 10 mol%; HCs-to-02 feed
molar ratio, 2/1 ;total feed flow rate, 100 cm V.in; input
frequency, 300 Hz; and electrode gap distance, 6 mm (Ec:
power per reactant molecule converted; Eh2-power per Hi
molecule produced).

Effects of input voltage on power consumptions and coke
formation under studied conditions: steam content, 10 mol%;
HCs-to-02 feed molar ratio, 2/1; total feed flow rate, 100
cmVmin; input frequency, 300 Hz; and electrode gap
distance, 6 mm (Ec:power perreactant molecule converted;
Eh2:power per H2molecule produced).

Effects of-input frequency on reactant conversions and
product yields, under studied conditions: steam content, 10
mol%; HCs-to-02 feed molar ratio, 2/1; total feed flow rate,
100 cm 3min; input voltage, 14.5kV; and electrode gap
distance, 6 mm (Ec:power perreactant molecule converted;

Eh2:power per H2molecule produced).



FIGURE

5.14

5.15

5.16

5.17

Effects of input frequency on concentrations ofoutlet gas
understudied conditions: steam content, 10 mol%; HCs-to-
0 2 feed molar ratio, 2/1; total feed flow rate, 100 cm3min;
input voltage, 14.5kV; and electrode gap distance, 6 mm (Ec:
power per'reactant molecule converted; EH2 power per H2
molecule produced).

Effects of input frequency on generated current under studied
conditions: steam content, 10 mol%; HCs-to-C>2 feed molar
ratio, 2/1 ; total feed flow rate, 100 cm3/min; input voltage,
14.5kV; and electrode gap distance, 6 mm (Ec.power per
reactant molecule converted; En2power per Htmolecule
produced).

Effects of input frequency on product selectivities under
studied conditions: steam content, 10 mol% ; H Cs-to-02 feed
molar ratio, 2/1; total feed flow rate, 100 cm3min; input
voltage, 14.5kV; and electrode gap distance, 6 mm (Ec:
power per reactant molecule converted; Eh?% power per H2
molecule produced).

Effects oi"input frequency on product molar ratios under
studied conditions: steam content, 10 mol%; HCs-to-0? feed
molar ratio, 2/1; total feed flow rate, 100 cm3m:n; input
voltage, 14.5kV; and electrode gap distance, 6 mm (Ec:
power Perreactant molecule converted; Eh? power per H?

molecule produced).
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FIGURE

5.18

5.19

5.20

5.21

Effects of input frequency on power consumptions and coke
formation under studied conditions: steam content, 10 mol%;
HCs-to-02 feed molar ratio, 2/1; total feed flow rate, 100
cmVmin; input voltage, 14.5kV; and electrode gap distance,
6 mm (Ec:power perreactant molecule converted; Eh2:
powerper 2molecule produced).

Effects of electrode gap distance on reactant conversions and
product yields understudied conditions: steam content, 10
mol%; HCs-to-02 feed molar ratio, 2/1; total feed flow rate
100 cm3/min; input voltage, 14.5 kV; and input frequency,
300 Hz (Ec:power per reactant molecule converted; Eh2
powerper H2molecule produced).

Effects of electrode gap distance on concentrations of outlet
gas, (c) generated current under studied conditions: steam
content, 10 mol%; HCs-to-02 feed molar ratio, 2/1; total
feed flow rate, 100 cm3min; input voltage, 14.5 kV; and
input frequency, 300 Hz (Ec: power per reactant molecule
converted; Eh2: power per H2molecule produced).

Effects oflelectrode gap distance on generated current under
studied conditions: steam content, 10 mol%; HCs-to-02 feed
molar ratio, 2/1; total feed flow rate, 100 cm3min; input
voltage, 14.5 kV; and input frequency, 300 Hz (Ec: power
perreactant molecule converted; EH2: power per H2molecule

produced).



FIGURE

5.22

5.23

5.24

6.1
6.2

Effects of electrode gap distance on product selectivities
under studied conditions: steam content, 10 mol%; HCs-to-
0 2 feed molar ratio, 2/1; total feed flow rate, 100 cm3/min;
input voltage, 14.5 kV; and input frequency, 300 Hz (Ec:
power perreactant molecule converted; Eh.: power per Ht
molecule produced).

Effects of electrode gap distance on product molar ratios
under studied conditions: steam content, 10 mol%; HCs-to-
<2 feed molarratio, 2/1; total feed flow rate, 100 cm3/min;
input voltage, 14.5 kV; and input frequency, 300 Hz (Ec:
powerperreactant molecule converted; Eh2: power per H2
molecule produced).

Effects of electrode gap distance on power consumptions and
coke formation under studied conditions: steam content, 10
mol%; HCs-to-02 feed molar ratio, 2/1; total feed flow rate,
100 cm3min; input voltage, 14.5 kV; and input frequency,
300 Hz (Ec: power perreactant molecule converted; En2:

powerper H2molecule produced).

CHAPTERV

Schematic of gliding arc discharge system.

Effect of stage number ofplasma reactors on reactant
conversions and product yields for the combined steam
reforming and partial oxidation ofnatural gas (a) at a
constant feed flow rate of 100 cm3min and (b) at constant
residence time of4.11  (steam content, 10 mol%; input
voltage, 14.5 kV; input frequency, 300 Hz; and electrode gap

distance, 6 mm),
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FIGURE

6.3

6.4

6.5

Effect of stage numberofplasma reactors on product
selectivities for the combined steam reforming and partial
oxidation ofnatural gas (a) ata constant feed flow rate of
100 cm3min and (h) at constant residence time of4.11
(steam content, 10 .0l%; input voltage, 14.5 kV; input
frequency, 300 Hz; and electrode gap distance, 6 mm).
Effect of stage number of plasma reactors on product molar
ratio for the combined steam reforming and partial oxidation
of natural gas (a) at a constant feed flow rate of 100 cm3min
and (b) at constant residence time of4.11  (steam content,
10 mol%; input voltage, 14.5 kV; input frequency, 300 Hz;
and electrode gap distance, 6 mm).

Effect of stage numberofplasma reactors on power
consumptions and coke formation forthe combined steam
reforming and partial oxidation of natural gas (a) at a
constant feed flow rate of 100 cm3min and (b) at constant
residence time of 4,11  (steam content, 10 mol%; input
voltage, 14.5 kV; input frequency, 300 Hz; and electrode gap

distance, 6 mm).
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