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Influence of Discharge Voltage-Current Characteristics on
CO, Reforming of Methane using an Elongated Arc Reactor
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Abstract

Reforming of methane with carbon dioxide has been carried out using a bipolar pulse driven elongated arc reactor
operating at atmospheric pressure and non-equilibrium regime. This plasmareactor is driven by two kinds of power
supply, characterized by different voltage-current characteristics under the same operating power and frequency.
Varying the CO,/CH, ratio and the discharge power, the conversion rate, yield, and reforming efficiency for the two
power supplies are investigated in conjunction with the static and dynamic behaviors of voltage and current. It is
found that not only the values of voltage and current but also their shapes give an influence on the reforming perfor-
mances. Finally, a better electrical operation regime for the efficient plasmareforming is proposed based on the rela
tionship between the voltage-current characteristics and the reforming performance.

Key words: CO, reforming, Elongated arc, V oltage-current characteristics, Reforming efficiency

1. M =

RS A}woaxh A A7

Zha Az oW MEERYEH IHEES A

Aelstoel uhel 1:}0;6} oz s 4 9ok 9

*Corresponding author.
Tel : +82-(0)42-868-7634, E-mail : minhur@kimm.re.kr

27} Hgkel A9 wesiadl w = 19 o] =
A B33} (POX, Partial Oxidation), 4~27] 7|12 (SR,
Steam Reforming), o]Atz}lel4~ 74 (CDR, Carbon
Dioxide Reforming)®] 3%%=2 E53 4 glxd), 7
o) wgl AAEE 49 dAkslers 9] v)7) o
27 d93d EXo] gzrug Ysi= EA-o) w=
A9 AAgAe) Aol Yesjeh ddstdon:
R-A13}aE-S- (POX, Partial Oxidation)& ©]-4-3F 1=

4z

J. KOSAE Vol. 26, No. 6(2010)



u)

-

g

A

=
L

FdFe] AN 7P fElsh, AAEA <A
lo12] o] Qe EF 4n0] 8 WHo
15 4571 WA (SR, Steam Reforming) ¢] 2]
Ak kAR 5 Azt AAE el s 1
2] o]AkslerA 7|2 (CDR, Carbon Dioxide Reform-
ing)> Fdwke] 7P AX /N aE HelrMs B
Ak, A 23t 7k2gl W gk} COE Al A
ek GAeE AET 4 Aok A gl
S pobs Ao viel @77t SRE (L
et al., 2008; Choudhary and Mondal, 2006; Guo et al .,
2004). 12t FuE o] 83k CO, /HA > 'ha F1H 9]
BAZ s 24 edzA] ABH e v
o] APl e}, H el ol FAZRE A%
& Zelzelg o) 43 CO, /3ol Rt A7}
gabs] #s)= a2 glo} (Hwang et al., 2008; Istadi and
Amin, 2006; Li et al., 2004; Oberreuther et al., 2003;
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Table 1. Three kinds of CH, reforming process.
Process Reaction Regg}g]”o:;ea‘ 2.1 AR
A& R = 2) lo] =

CDR CH+C0,— 2CO+2H, AH=247.44 43 A 29 20 el wbe} 2ol Fepzet
SR CHa+H,0— CO+3H, AH=20628 W7, ARFFAA, FFTFAA, AHASEA
POX CH4+1/20,— CO+2H, AH=-36 9 ZpaRMAA R T Qo Feb=et ukET)

2 N\ o o

CH, dehydrogenation Partial oxidation CO, dissociation
CH, CO,

CoH,

o _/

Fig. 1. Schematic of chemical pathways for the CO, dry reforming of methane.
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Fig. 2. Schematic of the experimental setup.
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Table 2. Experimental condition.
CH CO. CH N P
@ SO (Uminy Wming Umin) (kw)
1.2
0.5 0.30 29.10 18
24
1.2
2.0 1.0 0.60 0.60 28.80 18
2.4
12
15 0.90 28.50 18
24
1.2
05 0.75 27.75 18
2.4
12
5.0 1.0 1.50 1.50 27.00 18
24
1.2
15 2.25 26.25 18
24

o= 7|t w3 AL ok AHellMe] A=
44 (melting)el] 2JslA] o] Fox]7] trH—,—o]] ol= A
Mol Eetzel ol ule kel
A "o of= HellM ] Felzm
Algell welshER, AP-AAF Al
BA7L WA ERA A fre)she, meba] )24
Fodsiohd TAG-AAF A o] Adstel £
feida & 4 ek £ ATelNE AG-AFEA
o] 77t Be 2%0] AHFFYAE ol4ated W
9,];(-]:@}-5 iﬂsﬂgg!yﬁ;%‘&.- =S I
o, ok el feld ANFF7I LA AE
Huat stedeh WA WAk §3S 30L/minez
Tk 0, COJCH, vlo] eake] Fjx=le
A w3 gk = Apelrlel 2%
o 55 Aol Hslel Hmelelent, 4T A
271 = 20 Vehi ek

3 APzl ohe ALYFE e 2ol
o)% vel e, 54 A w, AL 58 1 )

= AL

Aag (e UAEE) So= Frlsgon, oe
3} zre] Rolshede}
CH, conversion (%):M x 100

[CH4]IN
(2-1)
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Fig. 3. Comparison of V-l characteristics between two
types of power supplies (HV: High Voltage-Low
Current, HI: High Current-Low Voltage).
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Xyield (%)=
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Fig. 4. (a) Comparison of voltage waveforms between HIi
vs HV types (P=1.3 kW). (b) Comparison of cur-
rent waveforms between HI and HV types (P=1.3
kw).
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Fig. 5. Influence of CO,/CH, ratio on the conversion rate
of CH, for different discharge powers.
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Fig. 6. Influence of CO,/CH, ratio on the H, and CO yields
for different CH, concentrations.
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Fig. 7. Influence of discharge power on the CH, conversion

rates and the H, and CO yields for different power
supplies.
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Fig. 8. Comparison of reforming efficiencies between HI
and HV types for different CO,/CH, ratios and dis-
charge powers.
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