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Rotating gliding arc plasma assisted hydrogen production
from methane decomposition in argon
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( State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract: A kind of rotating gliding arc (RGA) argon plasma co-driven by tangential flow and magnetic field
was investigated and used for hydrogen production from methane decomposition. In order to obtain insights into
the physical characteristics of the RGA plasma, optical emission spectroscopy ( OES) analysis was used to
determine the electron temperature and electron density. In addition, the effects of feed flow rate and CH,/Ar
ratio on the performance of the methane decomposition process in this RGA plasma were also investigated.
Results have shown that, the RGA plasma is a kind of unique plasma between thermal and non-thermal plasma,
with electron temperature of 1.0-2.0 eV and electron density of 10" cm™. In this system, the CH, conversion
could be 22.1% -70.2% and it increased with the increase of flow rate or CH,/Ar ratio. The H, selectivity
varied from 21.2% to 61.2% , and with the augment of flow rate, the H, selectivity first varied slightly and then
increased. A comparison of different non-thermal plasmas (e. g. , microwave, radio frequency, and dielectric
barrier discharge ) showed that the RGA plasma could provide a relatively high CH, conversion and H,
selectivity, as well as a relatively low energy consumption for H, production, while maintaining a high flow rate
(i.e., processing capacity) of 6-20 L/min.
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Figure 1 Schematic of experimental setup
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Table 1  Selected spectral lines and parameters
A /nm A/s™! E, /eV g,
357.66 2.75x10° 23.01 8
427.22 7.97x10° 14.52 3
430.01 3.77x10° 14.51 5
433.20 1.92x107 19.31 2
442.60 8.17x10’ 19.55 6
476.49 6.40x10’ 19.87 4
518.77 1.38x10° 15.30 5
696. 54 6.39x10° 13.32 3
706.72 3.80x10° 13.30 5
727.29 1.83x10° 13.33 3
738. 40 8.47x10° 13.30 5
0
n = 4 L/min
4 L/min e 2L/min
2 intercept = 7.1186
& _— slope=-0.6463
< R2=0.9728
()
S 4r _
- 2 L/min
- intercept = 4.4894
6L slope = -0.4965
R =09441
,8 |-
L 1 1 | L
12 14 16 18 20 22 24

E eV

Fl3  Ar696. 54nm jiEZE S
BeIR2% & M2k (Q=2 14 L/min)
Figure 3 Typical boltzmann plot of Ar 696. 54 nm
(Q=2 and 4 L/min)

5 Ay e 7 I R E - 8 I 0 R 1 A
fb o f BS AT g, BE R & 2 L/ min 3 K
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Figure 4 Typical voigt fit of spectral line in Ar 696. 54 nm
(Q=2L/min)
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Figure 5 Electron temperature and density

as a function of feed flow rate

L BE A OB K T — T
S TAME RIS RS R 5 —Jr i, T A
R A ML B H T 5 001 R T R T B R
NS, = AR 2 0 H R T, 12 L/min
R PR A T AR, RTRE S PR Z 00T A FELIIR
BTG R, SR A B, Y 2
RE]12 L/min B, fiy 0 A BCPRGZ 0 K
LT 2220 B, AT/ D BICEROR 435 LAY AR

2 BRI SR AT B 1R S ) RS
TORRIGIRL S B8 7 IR A R AT T XL i3k
2 AR, R R R R Rl R R AR LT A
5 RERE A R, {ELR] I AEAE S ; AR 55 B 1A
HR AR RE ] AR T TR, B R G R fe o ik
FEEMERAREAE , (L RE R AR, Wl DIW]



196 wooR 4k

g,
¥

L
&

il 44 %

A B SR A B 1 R L2 B I AR A
R AR T SR 0 R A5 B TR AR ST ) A X
S IUEA E R A % Rk 3 TGS T

%2

PREG K- (BT MR B SRR, W] AR T AR
B DRI SR A T sl I 55 8 A SR AR AR
Rrfam A HURE 1 1 [R] B AT B AR AY fE

BYHINEEEFH 5 AR S B T

Table 2 Typical parameters for the GAD, thermal and non-thermal plasmas

[25]

Thermal KGA RGA Non-thermal
Parameter
plasma plasma plasma plasma
T./eV 1-10 1.0-1.5 1.0-2.0 1.0-3.0
Ne/Cm_3 1015_1019 1011_1014 ]015 109_]011
T/K 10*-10° 300-3 000 480 300-600
BEAh, e B AR, BF TS AT B o A CH,+e — CH,+H+e (13)
JEFE TR T RAL T R A ) A R S AT Y CH,+e — CH+H+e (14)
R T SRR A MERR P VR AR R (8) B s Y CH+e — C+H+e (15)

McWhirter #E]20 %t S 4% B 1R K 2R 2754
F LTE REHAT T HAUE, McWhirter 7 )2 5 Fr%
KOS EZ N Y LTE HE brif 2z — |, Hofenfi i
WEAE TIEE

N.(ecm™)=1.6x10 127,0.5(AE,,)’ (8)

K AE, HIZTEL N T REHRZE , il eV,

XPSC B T B Ar 696. 54 nm 34k, AE,, =
13.3279-11.5484=1.7795 eV, %5 T, =20 000 K, Jl|
N.= 1.275x10%em™, WL H, 5056 4 3 71k
RGEH AN T LTE IR
2.2 HRZMBHSEE

SO R e e o sl I 55 B AR, 2 5 T
PR 0 (6-20 L/min) 13k CH,/Ar L 1)
(0.05-0.4) X} CH, ¥ 1t % x(CH,) .H, LM
s(H)) .C,H, &M s (CH,), Ph MK il & H #E
C(H,) sz, S8 m&™ Y R %R H, A
C,H, , X 5 A2 R N [RMIG 45 B 7 (0% Xtk
7 F e A S5 g s S B 235 SRR AT
2.2.1 HEREXRAA M

K 6 & CH, #ALR x(CH,) M AfE % % E,
BEFES 28 (CH, /Ar=0.4), fild 6 A1,
RS 6 L/min 35 K 2] 20 L/min, i A fE
W 10.5 kI/L F& % 2.8 kI/L, CH, ¥k
Z AR RS H 58. 8% FEE 22.1% ,

CH, 53 L2 R R 1T, — 25 A
F L R R R A T oA, an e

=X
H
i

CH,+e — CH,+H+e (9)
CH,+e — CH,+2H+e (10)
CH, +e — CH+3H+e (11)
CH,+e — C+4H+e (12)

ORGSR Act I TR TRl AT 00 A

=
Ar+e — Ar“ + e (16)
CH,+ Ar"— Ar + CH,+ H (17)
CH,+ Ar"— Ar + CH,+ 2H (18)
CH,+ Ar"— Ar + CH + H +H, (19)
CH,+ Ar"— Ar + CH,+ H (20)
CH,+ Ar"— Ar + CH + H (21)

E (kL)

12
Q /(L'min’")
Kl 6 CH, ¥4k ki A Re % B M SR = 21k

Figure 6 CH, conversion and

14

input energy density as a function of feed flow rate
2 A Bl

CH, ¥ AL 1 K/NZ Wi 43 it o7 I 25 B 3
i), B O A3 K, i A BB 2 R RIS, o IR
SUR b 2 QB2 g TR S DI TR e SR )
BEJIREAR, CH, FAL MR, BUAh, MR S
i A BE 2 B (R A T BE 2 Ar " PR SR T 1)
A BE WS 1S CH, $5 462 B REAIG

Bt 2 Ab, Bl F 3 R B 6 L/min 34 K #|
20 L/min, 507 49 76 S5 B 1~ 1R DX 38 1) 45 B 1) 4 g
0.596 msiZH4E 5 0. 149 ms, AT FEARRWRCE .
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Figure 7 Products’ selectivities and

specific energy consumption as a function of feed flow rate

B 5 6 L/min 34 K ¥ 16 L/min, H, #
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TREEREAR, A eh T B0 20RE D0k 55 | 1 4% B
W, B R R (1) fi 5 L3 K, 25 | vh H, CH
H R RS R, T 338 H, Fl C,H, deBetEA iy
WK, A BRI S B % CH, #10%
H, SEEPERE A S S EE A,

2.2.2 CH,/Ar Lb33 = Bz B9 0

B E S A BN 6 L/min, J875 CH,/Ar i
0.05 5 0.40, #1598 T CH,/Ar HoXF B o S 52 W )
S (HASTE RIS, 24 CH,/Ar FL KT 0. 40 B,
FN s P AR 2 W e R A Bl H I I AR
TERe ., B8 4y T Hi AREE % B \CH, #1b3% =1
BRI S AR CH,/Ar LAk, HIE 8 n]
PVE B CH,/Ar LU I3 K % A BE it % £ | CH,
AL RN H, TEPRE IR 2 AL S 5 H
24.0kJ/L [ %2 10.5KI/L, 70.2% % % 58.8% .
61.2% f%%29.0% .

CH, HAbZ MR — /2 fh T4 A BB 5 2% B Y
RIS S5 B AR B RE ) TR, —=2BEE Ar iy
REARR , 2 B0 IR DX BT 7= A 1) A ™ 0Ok S T kL T
WD BEAIR T 5 Ar” RIESE T 0 R0 CH, 4> T4,
A RTLUE Y, Ar B AXT CH, 189 43 A 4 iF
fEHL,

H, SEEEME A A T BB 2 th T Bl 25 il A BB i %%
JEMIREAR, R R H A i 5k BRI, T H 5 H
A AW H, 75 FEFEAL, CH, i1k b
CH,/Ar LB KA AR K, 290 11% , il A HFE
B CH,/Ar LLRYHE KBS A FHE, B 28. 0 kI/L 3=
30.9 kI/L,

70
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50

40

0,
'XCH_J’ SIIZ’ SCQIE /AJ

C(H,) E, (KJ'L)

30

20

10

0.05 0.10 0.15 0.20 0.25 0.30 0.35 040
CH, /Ar

K8 i ARER L (CH, F bR =i ser:
Fiif U AERE CH,/ Ar LIl
Figure 8 Input energy density, CH, conversion
and products’ selectivities as a function of CH,/Ar ratio

2.2.3 AREMREEBFERBREHSBRITLL

72 3 JoR ARG IR 4 8 1 0y XA 7 F e 24
PSRN e, 3R 3 AT FE U ( Microwave
discharge ) 15} 45 it B, ( Radio-frequency discharge,
RF) % B TR R4 h, X4 b 3 & 5 /0B (0. 009 -
0.05 L/min) , A] LIRIS B 19 CH, 55463 (30. 2%
-93.8%) MH=¥ L C, Kok &, I EE AR
H, =4, fERRALBE &1} (93, 75-225 L/min) , i
W AN TC RIS W Y CH, F24k 3

TEA 5 BH 34 /i H8 ( Dielectric barrier discharge,
DBD) FlH, 2 it Hi, ( Corona discharge) &4 H, i T
S B R L 28 RN P IR B AR, Rtk CHL, #24k
BRI (0.05% -25% ) , H =¥+ & H, =4, &
Kado K K AEJI H ( Spark discharge ) R4, CH, #%
FRAT 35 65% ,fH=¥ILL C, & A E, & H, 7=,
M7 Li 5 89 ik ik AE i ( Pulsed spark discharge ) 7F
AGHL R ) CH, 55463 (29% -69% ) (I [A] I H, &
PR AR (19% -51% ) B 75 2 B A0 & HoAb
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il 44 %

LN 0.01-0.037 L/min, HLHl S B AER N 43—
73.1KI/L,

1AL ] v S 3h9k (KGA ) &4, CH, #
335 15% -75% , H= ¥ LLH, #1 C,H, £,
H, SN 32% -78% , ARSI 5, >R <R
R RIS S CH, #6% (22.1%-70.2% ) ,
B Hy e (21, 2% -61.2% ) FIEAR ] = g
(16.3-30.9 kI/L) AR B, 38 AT DU FR4E K ) b #E

AEJ), RIS 7] 34 6-20 L/min,,

W AT LU, PR Im) 3K 50 e i 1 s el 1
MAFR Y ERME T, TR B | SO S AR ik
PEVEFN I HREFESE Jy TH R A EA RAF 09 AT &
M Gutsol %503 55 40 My 318 LA B S 06 F 55 th 3%
W T 1 sl X A TR 5 A5 B R 2 | 1Y
BRI AR R TR EL AT

£3 AEREEETHERATRRERBIRIILL

Table 3 Comparison of decomposition of methane assisted by different non-thermal plasmas

CH, CH, Energy
Carrier Power Flow rate Product selectivity s/ % )
Reference Reactor concentration  conversion consumption
gas source /(L-min™")
/% x/% H, GH, /(kI-L™")
[32] microwave N, 3-5kW 93.75-225 22.2-46.7 9.5-13.2 - - 4.3-32.5
[33]  microwave - 200 W 0.009-0. 047 100 85.7-93.8 - 75.4-97.4 -
[34] RF Ar 50-120 W 0.05 5-20 30.2-89.0 - 13.1-24.3 -
[35] DBD - AC 0.01-0. 047 100 ~(0.5-3.7 - ~10 -
DBD He 12-23 kV 0.1 10-37 ~(.05-3.6 - - -
[36] DBD 4-25 - =2 -
corona - DC, 15kV 0.006-0.03 100 4-25 - 15 -
spark 4-65 - 85 -
[37] pulsed - 12W 0.01-0.037 100 29-69 19-51 22-54 43-73.1
spark
[8,9] KGA Ar 4-12 W, 0.125-0.2 5-35 ~15-45 ~70-78 70-90 -
50 Hz
- 110-190 W, 1.5 100 40-50 ~32-40 20 -
10-20 kHz
[10] KGA Aror 120-170 W 1 15-100 ~50-62 ~45-70 ~6-20 -
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