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Abstract
The conversion reaction of methane and carbon dioxide at an atmospheric pressure plasma reactor filled with Ni-ALO; and

Ni-MgAl,O4 catalyst was performed. Effects of various process parameters such as the applied electric power, reaction gas
flow rate, reactor temperature, mixing ratio of reactants and the presence of the catalyst on the reaction between methane
and carbon dioxide were analyzed. From the analysis of the contribution of the catalyst in the reaction step, even if the tem-
perature raised to 400 C, there was no spontaneous catalytic conversion of methane and carbon dioxide without plasma
discharges. When the catalysts for the conversion of methane and carbon dioxide would be adopted to the plasma reactor,
the careful selection of suitable catalysts and process parameters should be essential.
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Figure 1. Schematic diagram of hybrid reactor system composed of
atmospheric pressure plasma and catalyst.

B Ao wekT} o] Aslekad] S-S Edk §A7}A)

A% 3L $295H0] 9lo] DBD H-S7]o] FHuiE A3k A= TRk

& 24 W] e Zulo] §5o] w2 G2 Stolr k) 7|t

Zapzn) ghs o] TEEs A, vgk) ojaslekad] E@n|g, &

T 5 thorst AW uhE daEAe SHska A6
2.4 ™

Fu-Zehznt E3kE7]2 W 21 mm, 2o 320 mmé] A<
= FAAR o] &3St WA 94 13 mmE o] WA

A Atelell 4 mmyA IS skl o] T ¥ BA
sk FAA 9 U7 26 mm, 77 10 mm2] to| > S| A
e AR o}O% 400 T o) 55 %I 7 = 9
FAE Ak =3k AA 2% l(thermocouple) & 9 HAIA
=roll F-sialt). 819 I ARl eAls 252287 (temperature
indicator controller)?} AT o] Qo] st 27 o7} 758tk

:10
= r_E

0|
ol

7] SEAAE A8 FEARE B2AR ARESelth Eekxmt
H-2-7] U-o] HFA 74 mm)oll Ni-MgALOs =) 15 g2 27138151

A3 e)A AFE-E Ni-MgALO, 9} Ni-ALO; Zvlli= CH, ¥ CO, 714
=24 AN 07 650 T o] G %7 dQsith
HES7IA 2 ARE-E CH,2F CO.7F~= MFC (Mass Flow Controller)
2 Aeje, 3715 F3 WeVIE FYEth Sk vkl
ACHAEA 9} AAE o] gk 2 AeA A ACHAZA =
I 30 kHz, HolAS 15 kv, i 2 kWow, whg7] W=
I7F =] A& ACHAZA ol FaE 24719} BN HE FAE
3l Aeks] A3} 2 a]-Zu]- vbd ZekS el wEt T2
B(Tektronix, P6015A 1000X)$} %X U E{(Pearson Electronics)”} 1
A @A Z A~ (Tekronix, TDSZO]ZB)é A1), Figure 191
Znj-Zel=n) vker)9] AYTAS el Zekn) vker) o)
1% Zd7} A=A (thermocouple)E 23] REg7| &
Qg & glon) APE LER FAHY
HES7kA 498 $13 e © 2 gas chromatography S A5k

J\-NTE

01|

.

AT GC (¥3717], YL6100 GC):= TCDS} FIDE HAE71Z ARg3)
Atk B4 %48 Carboxen™ 1010 PLOT Capillary ColumnS- AF&-3¢
o] QB2 40 C (1 min holding)FE] 235 C7FA] 23 C/min L&
A58 th TCDS FIDS] &5+ 747 230 Tolw, S| A= of=
= 6.0 mL/ming ARSI GCE ©]€-8t% CHi, CO,, H,, CO,

35kt M25H M55, 2014

21

Voltage(kV, )

I I
100 200 300 400

Temperature (°C)

Figure 2. Variation of delivered voltage (kV) as a function of applied
power (W) for plasma reactor.
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Figure 3. Effect of applied power and total flow rate on (a) conversion
of CHy and CO,, (b) selectivity of H, and CO, (c) Hy/CO ratio (total
flow rate = 80 and 200 mL/min; CH4/CO; in feed = 1 : 1).
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Figure 4. Effect of temperature on (a) CH; conversion and (b) CO;
conversion (total flow rate = 80 mL/min; CHy/CO; in feed = 1 : 1).
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Figure 5. Effect of temperature with various applied powers on (a) conversion of CH; and (b) CO; ; effect of applied power on (c) selectivity
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Figure 6. Effect of temperature with various applied powers on (a)
conversion of CH; and (b) CO; The reactor was equipped with catalyst
(Ni-ALOs).

o

i
e r_>¢

FEG-oA] A E = AC) DAY Aol 9Js) Euk=
| ZA2ES7) wigoletar Ak o8 e SRS
18719 “d5 3 A8kl 3 S ] A st Wafvt B
Q24101 Eekznts WA QAoks W Fuljel] &gt
& FojubA] ST Ni-MgALOs 9+ Ni-ALOs Fvl 2] 75-9-¢f
ME B Zepzur BAo) glom Full zpAlof o)k gk
A ity Aol AR EE EekEe wkgv)e] 2Rz
400 C ©laFoll A= Ni-MgALO, 7} Ni-AlLOs Zuj7F 2HA| 2 0 & 84
SR Estthal s, sfojRE| = ghg|oA] M3 &
Zut e F2 gtk & 4 Qlrk

Eozrph A s = B 33 Uil AR FvllE Al slelB
g rog w2 g8 Aoy Eutzehiks AR 3
I vwdt A g840] A frhs A & ATk wEkA
o] 7Ash] f18te] Eukzvt v AT S 2 S| )
Wt 4 gl A s gk #2413 A5 asith

u
z o

@2

O+

[N
k)
Jus)

F

XU = P =)
n e to T
g =
rjz
\I
rB e L

oL

et olw}w-ﬂ AWNEE FH PR 58T AT
U ek 3 Wge %
o) ol e ;z}g R P

[
T Sk

Ol
ol
&
2

0,

o

o
>
o
U
B o
e

&3t CO9F CH4S 3A T 501

Srofl whet 22 7pEelA v 7RG s vER A

il

& W] LRl Beknh wae] §ol3e nolFl
' ke vk o) ol 3tikel Aol

o
% 3
% to Hr ax
e — ¥ rlo
e
2
T
R
l 88 g
dlo
lo
T i
sg
N ¢
_ J‘i
[‘F ok
ok,
rE‘: _>¢
olo l‘
— O_u
fo % W =
oyt 1o
1o =
L)

o
o
X
i)
o
=
olo
AN
=)
1o,
2
)
o
rtr.
[
>
m&-L
o o
ol
ok,
Ko

[ Kl
l
|
i)
o
HU

L
32
bl
%
l\)
(e
5
O
(=]
S
~
N
W
S

11.

References

. H. Hokazono and H. Fujimoto, Theoretical analysis of the CO,

molecule decomposition and contaminants yield in transversely ex-
cited atmospheric CO, laser discharge, J. Appl. Phys., 62,
1585-1594 (1987).

. M. W. Li, G. H. Xu, Y. L. Tian, L. Chen, and H. F. Fu, Carbon

dioxide reforming of methane using DC corona discharge plasma
reaction, J. Phys. Chem. A, 108, 1687-1693 (2004).

. Y. P. Zhang, Y. Li, Y. Wang, C. J. Liu, and B. Eliasson, Plasma

methane conversion in the presence of carbon dioxide using di-
electric-barrier discharges, Fuel Process. Technol., 83, 101-109
(2003).

. S. L. Yao, M. Okumoto, A. Nakayama, and E. Suzuki, Plasma re-

forming and coupling of methane with carbon dioxide, Energy
Fuels, 15, 1295-1299 (2001).

. U. Roland, F. Holzer, and F. D. Kopinke, Combination of

non-thermal plasma and heterogeneous catalysis for oxidation of
volatile organic compounds: Part 2. Ozone decomposition and de-
activation of y-ALOs, Appl. Catal. B: Environ., 58, 217-226 (2005).

. T. K. Kim and W. G. Lee, Conversion characteristics of CH4 and

CO:; in an atmospheric pressure plasma reactor, Appl. Chem. Eng.,
22, 653-657 (2011).

. T. Jiang, Y. Li, C. J. Liu, G. H. Xu, B. Eliasson, and B. Xue,

Plasma methane conversion using dielectric-barrier discharges with
zeolite A, Catal. Today, 72, 229-235 (2002).

. X. Tao, F. Qi, Y. Yin, and X. Dai, CO, reforming of CHs by com-

bination of thermal plasma and catalyst, Int. J. Hydrogen Energy,
33, 1262-1265 (2008).

. X. Tao, M. Bai, Q. Wu, Z. Huang, Y. Yin, and X. Dai, CO; re-

forming of CHs by binode thermal plasma, Int. J. Hydrogen
Energy, 34, 9373-9378 (2009).

. H. Le, L. L. Lobban, and R. G. Mallinson, Some temperature ef-

fects on stability and carbon formation in low temperature ac plas-
ma conversion of methane, Catal. Today, 89, 15-20 (2004).

D. Li, X. Li, M. Bai, X. Tao, S. Shang, X. Dai, and Y. Yin, CO,
reforming of CH4 by atmospheric pressure glow discharge plasma:
A high conversion ability, Int. J. Hydrogen Energy, 34, 308-313
(2009).

A. Indarto, J. W. Choi, H. Lee, and H. K. Song, Effect of additive

Appl. Chem. Eng., Vol. 25, No. 5, 2014



502

13.

14.

15.

16.

17.

18.

7115]]751 .

gases on methane conversion using gliding arc discharge, Energy,
31, 2986-2995 (2006).

Y. Li, G. H. Xu, C. J. Liu, B. Eliasson, and B. Z. Xue, Co-gen-
eration of syngas and higher hydrocarbons from CO, and CH, us-
ing dielectric-barrier discharge: Effect of electrode materials,
Energy Fuels, 15, 299-302 (2001).

H. K. Song, H. Lee, J. W. Choi, and B. K. Na, Effect of electrical
pulse forms on the CO; reforming of methane using atmospheric
dielectric barrier discharge, Plasma Chem. Plasma Process., 24,
57-72 (2004).

T. K. Kim and W. G. Lee, Reaction between methane and carbon
dioxide to produce syngas in dielectric barrier discharge system, J.
Ind. Eng. Chem., 18, 1710-1714 (2012).

R. Martinez, E. Romero, C. Guimon, and R. Bilbao, CO; reform-
ing of methane over coprecipitated Ni - Al catalysts modified with
lanthanum, Appl. Catal. A: Gen., 274, 139-149 (2004).

F. Pompeo, N. Nichio, O. Ferretti, and D. Resasco, Study of Ni
catalysts on different supports to obtain synthesis gas, Int. J.
Hydrogen Energy, 30, 1399-1405 (2005).

S. H. Jung, S. M. Park, S. H. Park, and S. D. Kim, Surface mod-
ification of fine powders by atmospheric pressure plasma in a cir-
culating fluidized bed reactor, Ind. Eng. Chem. Res., 43,

Sslst H25 3 ® 5=, 2014

19.

20.

21.

22.

23.

24.

srelefl - ol 4t

5483-5488 (2004).

M. Kraus, B. Eliasson, U. Kogelschatz, and A. Wokaun, CO, re-
forming of methane by the combination of dielectric-barrier dis-
charges and catalysis, Phys. Chem. Chem. Phys., 3, 294-300
(2001).

H. L. Chen, H. M. Lee, S. H. Chen, and M. B. Chang, Review
of packed-bed plasma reactor for ozone generation and air pollu-
tion control, Ind. Eng. Chem. Res., 47, 2122-2130 (2008).

S. Futamura, H. Kabashima, and H. Einaga, Steam reforming of
aliphatic hydrocarbons with nonthermal plasma, /EEE Trans. Ind.
Appl., 40, 1476-1481 (2004).

D. B. Nguyen and W. G. Lee, Effect of ambient condition for co-
axial dielectric barrier discharge reactor on CO, reforming of CHs4
to syngas, J. Ind. Eng. Chem., 20, 972-978 (2014).

K. Zhang, B. Eliasson, and U. Kogelschatz, Direct conversion of
greenhouse gases to synthesis gas and C4 hydrocarbons over zeo-
lite HY promoted by a dielectric-barrier discharge, Ind. Eng.
Chem. Res., 41, 1462-1468 (2002).

R. Marques, S. D. Costa, and P. D. Costa, Plasma-assisted cata-
lytic oxidation of methane: On the influence of plasma energy dep-
osition and feed composition, Appl. Catal. B: Environ., 82, 50-57
(2008).



