Plasma Catalytic Reforming of Green House Gas to Syngas Fuel
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Figure 1 Schematic diagram of catalytic reforming system
of plasma torch. (1) Nitrogen cylinder, (2) power supply
chopper and cooling system, (3) gas flow rate controller, (4)
thermo detector, (5) sample input apparatus, (6) sample, (7)
plasma torch and reactor, (8) crucible, (9) circulating water
pipe, (10) outlet line, (11) gas detectors and analytical
instruments, (12) mixing box, (13) mass flowmeter, (14)
float flowmeter, (15) rotary pump, (16) cover box, (17)
CH, gas, (18) CO, gas, (19) catalyst reactor.
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moles of CHy consumed

CH, conversion rate (%) = moles of CH, introduced % 100%
CO5 conversion rate (%) = moles of CO; consumed »* 100%
* moles of CO, introduced
moles of H, produced
H, selectivity (%) = 2 x moles of CH, consumed *100%
€O selectivity (%) = moles of CU produced % 100%

moles of C1I, consumed + moles of CO, consumed
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Figure 2 Effects of flow rates on plasma reforming of CH,alone.

Conditions : Temp. = 673 K, power = 1.83 kW, N, =7 L/min.[A]

Hy, [¢]CH,.
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Figure 3 Effects of flow rates on plasma reforming of CO, alone.
Conditions : Temp. = 673 K, power = 1.83 kW, N, = 7 L/min. [O]
O, [ x]CO,.
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Figure 4 Effects of molar ratio on conversions of CHy and CO,
using plasma reforming. Conditions: Temp. = 673 K, power =
1.83 kW, N, = 7 L/min, CH, flow rate = 1 slpm. [<>] CH,, [ x ]
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Figure 5 Effects of molar ratio on selectivity of H, and CO using
plasma reforming. Conditions: Temp. = 673 K, power = 1.83 kW,

N, =7 L/min, CH, flow rate = 1 slpm. [A] H,, [o] CO
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Figure 6 Effects of molar ratio on gas concentrations (ppmv) of Hy,
CO, CH,4 and CO,using plasma reforming.. Conditions: Temp. =

673 K, power = 1.83 kW, N, =7 L/min, CH, flow rate = 1 slpm. [A]

H,, [0] CO, [] CHy, [ <] CO;.
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Figure 7 Effects of molar ratio on H,/CO ratio and energy
conversion efficiency (ECE) using plasma reforming. Conditions:
Temp. =673 K, power =1.83 kW, N, =7 L/min, CH, flow rate = 1
slpm. [O] Ho/CO ratio, [+] ECE(%).
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Figure 8 Effects of total flow rates on conversions of CH, and
CO, using plasma reforming. Conditions: Temp. = 673 K, power
= 1.83 kW, N, = 7 L/min, CH4/CO, molar ratio = 4:6, total flow
rate = CHy+ CO,. [>] CHy, [ x ] CO,.
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Figure 9 Effects of total flow rates on selectivity of H, and CO
using plasma reforming. Conditions: Temp. = 673 K, power =
1.83 kW, N, =7 L/min, CH4/CO, molar ratio = 4:6, total flow rate

= CH,+ CO,. [A] H,, [0] CO.
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Figure 10Effects of total flow rates on gas concentrations (ppmv)

of H,, CO, CH,; and CO, using plasma reforming. Conditions:
Temp. = 673 K, power = 1.83 kW, N, = 7 L/min, CH,/CO, molar

ratio = 4:6, total flow rate = CH4+ CO,. [A] H,, [0] CO, [{>] CHy,

[ x]CO,.
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Figure 11 Effects of total flow rates on H,/CO ratio and energy
conversion efficiency (ECE) using plasma reforming. Conditions:
Temp. = 673 K, power = 1.83 kW, N, = 7 L/min, CH,/CO, molar
ratio = 4:6, total flow rate = CH;+ CO,. [(O] Hy/CO ratio, [+]
ECE(%) .
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Figure 12 Effects of temperature on conversions of CH, and CO,
using plasma reforming. Conditions: CH4/CO, molar ratio = 4:6,
total flow rate = CH,+CO,= 0.5 slpm. [$] CHy, [ x ] CO,.
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Figure 13 Effects of temperature on selectivity of H, and CO
using plasma reforming. Conditions: CH4/CO, molar ratio = 4:6,

total flow rate = CH,+CO,= 0.5 slpm. [A] H,, [0] CO .
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Figure 14 Effects of temperature on gas concentrations (ppmv) of
H,, CO, CH4and CO, using plasma reforming.
Conditions: CH4 /CO, molar ratio = 4:6, total flow rate = CHy

+C0,= 0.5 slpm. [A] Hy, [0] CO, [&] CHy, [ % ] CO,.
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Figure 15 Effects of temperature on H,/CO ratio and energy
conversion efficiency (ECE) using plasma reforming. Conditions:

CH,4/CO; molar ratio = 4:6, total flow rate = CH,+CO,= 0.5 slpm.

[O] Hy/CO ratio, [+] ECE(%).
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Fig. 16 Effects of water flow rate on conversions of CH,and CO,
using plasma reforming. Conditions: Temp. = 673 K, power =
1.83 kW, CH,/CO, molar ratio = 4:6, total flow rate = CH4+ CO,
= 0.5 slpm. [$] CHy, [ X ] CO,.
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Fig. 17 Effects of water flow rate on selectivity of H, and CO
using plasma reforming. Conditions: Temp. = 673 K, power =
1.83 kW, CH,/CO, molar ratio = 4:6, total flow rate = CH4+ CO,

=0.5slpm. [A] H,, [0] CO.
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Fig. 18 Effects of water flow rate on gas concentrations (ppmv) of
H,, CO, CHsand CO, using plasma reforming
. Conditions: Temp. = 673 K, power = 1.83 kW, CH,/CO, molar

ratio = 4:6, total flow rate = CHy+ CO,= 0.5 slpm . [A] Hp, [O]

0, [©]CHy, [ % ]CO,.
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Fig. 19 Effects of water flow rate on H,/CO ratio and energy
conversion efficiency (ECE) using plasma reforming. Conditions:
Temp. = 673 K, power = 1.83 kW, CH,/CO, molar ratio = 4:6,
total flow rate = CHy+ CO,= 0.5 slpm . [(O] Ho/CO ratio, [+]
ECE(%).
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Fig. 20 Effects of catalysts on conversions of CH,using plasma
reforming. Conditions: Temp. = 673 K, power = 1.83 kW, CH,4

/CO,molar ratio = 4:6, total flow rate = CHy+ CO,= 0.5 slpm. [A]

Ni-Ce/Alzog, [D] Nl/Aleg, [<>] Aleg.
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Fig. 21 Effects of catalysts on conversions of CO,using plasma
reforming. Conditions: Temp. = 673 K, power = 1.83 kW, CH,4
/CO,molar ratio = 4:6, total flow rate = CH4+ CO,= 0.5 slpm. [A]

Ni-Ce/Alzog, [D] Nl/Aleg, [<>] Aleg.

100

Y @ 0
=] =} =]

H,; selectivity (%o)

S}
=}

2 3 4 5 10 20 30
Time (1min)

Fig. 22 Effects of catalysts on selectivity of H, using plasma
reforming. Conditions: Temp. = 673 K, power = 1.83 kW, CH,4
/CO, molar ratio = 4:6, total flow rate = CH4+ CO,= 0.5 slpm. [A]

Ni-Ce/Alzog, [D] Nl/Aleg, [<>] Aleg.
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Fig. 23 Effects of catalysts on selectivity of CO using plasma
reforming. Conditions: Temp. = 673 K, power = 1.83 kW, CH,4

/CO,molar ratio = 4:6, total flow rate = CHy+ CO,= 0.5 slpm. [A]
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Fig. 24 Effects of catalysts on gas concentrations (ppmv) of H,
using plasma reforming. Conditions: Temp. = 673 K, power =
1.83 kW, CH,/CO, molar ratio = 4:6, total flow rate = CH4+ CO,

= 0.5 slpm. [A] Ni-Ce/Al,05, [0] Ni/ALOs, [©] ALOs.

65,000

52,000 -

39,000 |

26,000 -

CO conc. (ppmv)

13,000 -

5 10 20 30

[N}
w
=

Time (1min)
Fig. 25 Effects of catalysts on gas concentrations (ppmv) of CO,

using plasma reforming. Conditions: Temp. = 673 K, power =
1.83 kW, CH,/CO, molar ratio = 4:6, total flow rate = CH4+ CO,

= 0.5 slpm. [A] Ni-Ce/Al,05, [0] Ni/ALOs, [©] ALOs.
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Fig. 26 Effects of catalysts on gas concentrations (ppmv) of CHy
using plasma reforming. Conditions: Temp. = 673 K, power =
1.83 kW, CH,/CO, molar ratio = 4:6, total flow rate = CH4+ CO,

= 0.5 slpm. [A] Ni-Ce/Al,05, [0] Ni/ALOs, [©] ALOs.
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Fig. 27 Effects of catalysts on gas concentrations (ppmv) of CO,
using plasma reforming. Conditions: Temp. = 673 K, power =
1.83 kW, CH,/CO, molar ratio = 4:6, total flow rate = CH4+ CO,

= 0.5 slpm. [A] Ni-Ce/Al,05, [0] Ni/ALOs, [©] ALOs.
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Fig. 28 Effects of catalysts on H,/CO ratio and energy conversion
efficiency (ECE) using plasma reforming. Conditions: Temp. =
673 K, power = 1.83 kW, CH,/CO, molar ratio = 4:6, total flow
rate = CH, + CO,= 0.5 slpm . [(O] Hy/CO ratio, [+] ECE.
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