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Fig. 1. Diagram of parallel plate electrode: (a) Bare copper
electrode; (b) copper electrode with dielectric barrier.
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Fig. 2. Platform of CO, discharge characteristic detection.
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Fig. 3. CO, discharge current waveforms with different electrode structures when d = 4 mm: (a) Bare copper electrode; (b) copper

electrode with dielectric barrier.
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Fig. 4. Discharge images of different current pulses in DBD.
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Fig. 5. Distribution of discharge parameters in DBD.
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4 mm, HLJEAE R 20 kHz, F = et {CR %
CO, HA LGSR 6 Fis, BEEEN 50 s,
L1200 5K, Bt R 4095, YoMt E £ 1200 g/mm.

HRIE & B ml LA B, e R S5 A e =
FLPEY) o CO M COS MRS, oh, iFH H50

+
&

3.2

CO, JRBNZ LI S HE O,, O, COT, C, fF7E. TR
) LR I = A A A A R DL 5% C.

MG AL 5 DBD P H AR 45 44 1) F e i
TIE A UG T LA &I, 35 A B L
B 22 5, A BT PR AR S50 T CO, BUH 43 fif
PPN SR, X LT PR AR S5 R 1 & S
T AR 2R PR R R B 2 AR, TRy
BT 2 S 63 i T 2 BRAE P o 45 4 B TR S 08 4
—F, ST, KRR 1 kPa, [A]BEH 4 mm,
HI RGBSRl 1.72 kV, ICCD S0 E (M2 4095,
1564 50 ps, 21 200); X}F DBD, KJEH 1 kPa,
PR A B AR S FE 200 1 mm, “URTAN BN 4 mm,
1R IGIEE R 2.0 KV, ICCD S0k E (45 4095,
1584 10 ms, 2RF 50 ), PIFPH LT B & 56
TEATBIANE 7 AP 8 FiR.

giaE TS, FTLUKRIR: PIFRES I & 4T
NI AT ATHE—E 22 5. PRI Z5 4 397716 1 8
) COZ MFFEREL, Uil COy KA T omEL Y HL S
R RIRZACHE T 1) FEAR e 45 R i F 0 % S
Sk, TSR] CO MR BB A kL, R
283 mm 1 297 nm 4t CO(b*S—a3ll) BRIT AL,
DI 483 nm, 520 nm 1561 nm 4k CO(B'S—AT)
BRAT HYI%LR, Mi7E DBD i & 5 b b B 4b
) CO RELAEH TS, H 2= TOIEPHN; 2) BRAR A
DBD 1 ¥ Al W 2Z 5] 0,(400 nm) Al O(777 nm F
844 nm) ji&Zk, {5 DBD Hi= A1 O, A1 O FHXT =
JE AN A Tl el . 25 U I SRR R A L
DBD i i BRSSP AE I CO AT Oy AR X
FrE AR, AFITF CO O, 7=

.. CO P2t —a’ll
191 1 g 8
4+ 10O, : fou S =
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Fig. 6. Optical emission spectra ranging from 270 to 620 nm.
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CO b*Tt—a’ll
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CO B'S+—AIl

I/(10% arb. units)

286 320 360 400 440 480 520 560
A/nm
B 7 270—570 nm #E S5 DBD & HHOLIEXT

Fig. 7. Comparison of discharge optical spectra between

copper electrode and DBD structure: 270-570 nm.
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— flHAR
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2.0
1.5¢

1.0
4.5

3.6
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0.9
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A/nm
K 8  750—900 nm #EHLIK 5 DBD & & il % L

Fig. 8. Comparison of discharge optical spectra between

copper electrode and DBD structure: 750-900 nm.

LR SCHR [29] I BESY, Oy F ZAREE A 2K
B AE F R TS L R AR RE RN AR AR, A AR
VB A FEL A 3R T BRF T, CO =8 B B AR A o X
AT A, T U A RS T
IR B m K, BRI e S mRe i B A
XK. FEHAR I H DBD B CO A1 Oy HXF &
ERRAY RN RAEE 7 MK 8 T T DBD JitH
HLR 3, (EAH L RR F A, G0 Tl 383 AR, eI
() R H T R 7 A A D B RE L T, ME DL BR B)
CO, 73 F ] CORN O, i fk, X — SF 45 & 0 B 45
RiFATIIE.

Syt HAR LA AT DBD P AL S5 R CO,
RS EON =255, e slgei i b 2

HLR 4544 COy B BT, CO, RBIAS L CO., O,.
C Ml O SR FHOZE R, Qe 3 IR, Hidh g 7%
JE B SR A 5 20 Ay D AR FL A (LR 2], 7
gt =1 ms BHRF=H) R R

F3 BRI S DBD A SR

Table 3. Comparison of discharge parameters and

products in model: bare copper electrode & DBD.

RS HOR= ) BRHLK DBD

/W 1.0 0.06
BT /m 1.1 x 10'6 3.6 x 10
PRBNSH A /m 1.0 x 102 3.1 x 101
CO®E /m 3 2.2 x 107 7.0 x 10%
O, % /m™ 8.8 x 101 2.7 x 101
O /m 3 4.2 x 1016 1.5 x 101
CEJE /m™ 3.5 x 101 6.3 x 101

SRR 3 AT AR AT AT KT DBD,
XJZ 2 DBD B £ BT FR il i i A, PR
Tl T . BRI O AR R B L CO, iR
B B A W % B P 5 T DBD, SRR
HL R T CO, 43, L™ £ CO Fil O, = i
T AN, 4 BRI YR RN R R
— P, Bl n(CO)>n(0y)>n(0)=>n(C). 431 /=¥
Az S RN A BB AR S L BT R LA BR L A 2854 1Y
HLEL AR ], CO Fl Oy AY A AL AE STk N 9
Fi7s.

GAt#ZE t = 1 ms B[R CO 1 Oy 774 B
X CO 1 Oy W EE R BTHK, anlEl 9 FoR. AT A&
M, [ B9, E7, N3 5k T 2y CO 7. FE t =
1 ms B, DL b 3Fp R ™A1 CO %5 B 43 5l hy
2.07 x 10'7,8.63 x 10 F19.06 x 10 m 3, Eixf CO
FEAE SRR SR L 15 C Oy =22 18] A BFF 5 fire B S,
CO, MBI, LA COy 5 C Z I8 1B
RN E23 X Oy 7= Az 51k e 2, | N 15, 110 A1
16 IRZ, 7E t = 1 ms A Oy B0 3.96 x
101, 1.59 x 10", 9.11 x 10° #l 7.11 x 10° m'3,
R Al CO 3 Bimk T KH 4> O, M=, i &
o BT DBD 2589, CO Fil Oy 7= A B
M EFREATFIL, CO FT 7= A T B A7 Ff X i A
BRI Y B9 S N7, Oy 3 %7 A F B B [ A % 1ff o
W R H B A0 A Jo 2 1 1) E23 S gL PRI, X6 A
A7 35 LA A RN A4S B9 AT E23 8 A [ HL
SEFTR RN R B [R] AR AE A T 40T, Al 10
Ji7s.
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Fig. 9. Contribution of different production paths of CO and O, in model: (a) CO; (b) O..
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Fig. 10. Reaction rate of path E9 and E23 at stable period.

ST 10 B, AN RN, E9 F E23
TERR LR L H oA — R IE(E, 78 DBD A P
AR, 31X 50 HL I G R, 156 BH i H e
ZIL T BV 5 DR RO MR K. DBD 45
IR R G, R RN E9 i E23 Y55 AN
RIG(EEAR, fem ©RR0R L 2Tk 1 Mg,
X5 U H O U R A G AR
DBD ' E9 1 E23 115 > I (E I ZI$2 117, X2
PGB BS , RGEAPER K, T R ZI 42T
X N B9, S 3 05 1 A AR R AR 3 FEL 5 4 v R s
102 mol-m3-s!, 7€ DBD £5#J7135 104 mol-m 351
SRR, BIAN TG, 7% I 5.6 x
1016 m 3 FIEZE 0.9 x 106 m 3, HL, 77 &I A
17.2 eV FREZE 11.7 eV, BAM A R X B 3T A4 H 1
G R N N N R = A R T £
CO, 5+ For =1 CO W F [, CO F= &
Ik, X E23, o 5 06 i 7 4 Al i 25 4 v
A3k 10 2 mol-m -5+ HAFLERT R K, 7F DBD 44
FHik 102 mol-m s ' (HFFLE AT A 45 . BHAY A

JBE A 5 DN 2 ol A A 3 T SR B ) LAy 7 5 — i
PR ARG, OB R Tl I, R PRGEIEK 55
S5 IO 3 3R T L 71 55— UL P P B 88 S i
AR T AERFR A I R], (H 55— H A B L £
R L IS 1 R 85 ) B ok 2 L AT, R AR R AR
55, VIR T RE, NaE7 A R 20 COT BT
12 ) 2 RIS PR QN A B i 9K ) B23 S by, DA E
PIAN B R[] 805 | ABHES Y U, O A2 R

4 % W

AR SO KR RS CO, T R
BT X288 UL IR 254 (¥R Fe A% Fn DBD) JT
TSRS, 456 BUE DT A R A TIRR
JE COy 1 T30 HL 45 B 1 R 1 B G A 7= 3 o0 A e 1k
SR FERUT.

1) FERAE T, #REAAT DBD HR 254 A
AN T 4 50 i L S L e 6 e A b 2 T 00 P
AU — YKL ; DBD Lk 22550 L L I ok, SR
BEATLA: R, BRI I T 7 AN [) )3 P . i A
FERGI AN TG, REFMER K, BB EZ]
PR — R AR I A 5 i R R i A R
W/, AR E— U R PR K — R S (R BR
fof HUR AN BE PR T AR, B Uil o 28 L
G

2) CO, AR~ EE R CO, COS, CO, ¥k
AL N D& O,, O, CO*, Cy. DBD & 51%1%
TR & B LY CO J&4k, H O, Al O X3 i
WAL R CO FZk H B A7 & X 31 F 1)
B 5 CO, 73 F MG 7 RN, Oy FEH AT
1 CO 3 TE BRI B 2 1 i ik Hsf BE AR A Ay Jo 2 1 2
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BT A SIS B, BIRAOZRE X YR, BT
8 VAT L 3L PSS D R S R, P B ASE
W& DX S CO, 23T CO Y SR AR
TR 5, SIAS BRSO Y, 54
Jit L 37 HH BRIESR, h B 2 Jk el e R 38 i T R A
SSALTRCRL SR L, 155 E23 SO B TR, i O, i
FEA.

ARSI i S 2 A BB EOA LIS 1 R4
KERRZFM TR CO, HUB LR
P, AT TR S50 CO, i H H 52 e PR A
AL AR, ARAHAY IR A ) T IR 45 2 51
IR CO, HYIATR. (ELE7E 42 BR AR I8 HE AR A1
MBFEF T, X T CO, AL A I 2 —4
ARKR IR, RAARZAEFFIT TR TT ), AR T
UL CO, JE ) B A A 14 7 WLARS 4 AN G AL Al
IR RAWTIE, WhHE N K CO, JAL FEIRAL I
RftE%.

fif s A

CO, FCHLY B Wk TAL4G CO, IRENZS | Mt =4 %,
KR 2 R IR A2 OV e B 2%, AR SO 2%
Tl 2 SR T DL 25 1 Ol T TR AB0R > il i FL AT ),
IR AT AR CO, Tl L I BT 05 B Y . AR SOt
HR P PRSP 77 B 700 L AR 254, X6 TR e b, RS SO
HIZET, BRI, AT R 72T TRk
{7 ) 3404045 X DBD, RGBT %, Hok
HLR I AT, o F R RS, LA kb
XoF IO 4385 A TS L 3, o BN TR T 75, P 4400 — 4
REARIEA T L. PR, 3T AR SO PR FH S 7 AR AR v
Wbty , Wy YRy 1 (WE 1B ) HE AL — 4k A FRE
Y, BT WA 2 (0 5 VA A P 3 R v ) HL 3 4 A FORL
T

L7 B 23 A A T ARy AR EA T A

P

V2<p =

- (A1)
ErEQ

e o F p SRR RN ZS (B L ff 25 15 e, SHAHXT A HL
WEG g NESNHEE, e = 8.854 x 1012 F-m'L. #ifl
LB ST D g i T

on,
ot

K, n, R BRI, T, F S, 4350 38 e AUk 15
i, Hop T, g -9 Bom A2
I = nype E — DV, (AS)

+V'Fr:Sr7 (A2)

K, B, w, F1 D, 73504 F 758 BE 1 (1 FL 70 B AR g
BB, Hoply RURL 725 IR R B A8, Pk 0%
JEY L. BT IRI S, Sy

Sy = Z (kinann(ng) + oy | Te| ny), (A4)

K, kA o, 5051 R SO R % R BOFT Townsend 24K, H:
T Ky mag R Kynyy myomyg 23R PR R S 0 0 = (Al fif
S
R o il et A [RIRER PR ) 20 A T
One€e

ot
Kb, n AR THE, 7 B Fate, IAURE 16

I,

+V. I =8, (A5)

I': = —negepe E — DV (nege), (A6)
K, w. A1 D, SRR A FRERHTR R FRE R BUREL,
5

He = S He, (A7)
2_
D, = gaeue. (AS)

HLFRE S RIS, AL FEIIRA, a8k S F1 Sy, S; Fm
T L TRl S N T TH AR RE =, S, ARER L IR 15
HREE, FKikAXH

Se=51+5= Z (kigingme (nus) + cies [Te| nw) — el E,

i

(A9)
o, e RN AER RERE.
AT v R RS B B SRR B S AR, T
H

el

1
L-u, = Zvim + ajopiniE - un, (A10)

o o BB FHGSSEUE,; TGRS Tl u, Rk
35 11 LA B IR RV o 5 30 50 L 588 AT OG /2R

e, Hor
kpT;
v = /&7 (A11)
T my
17
@i0 = g,

FH, kg A Boltzmann %81, T, W& FIEE, m #RETF
ik, X T AR, B R o o B RS R
TP KRBT RS, BTEEN

E -up, >0

(A12)
E-u, <0,

1
I.-u, = Zven‘3 — a1 ppeneE - up — a2y - wnp,. (A13)

K o, W RIESEE, 5 (ALL) AR, AFE
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up >0

0, E
=3 Al4
et {1, E-u, <0, (A14)
0, E-up>0
- Al5
ez {1, E-u, <O0. (A15)

XtF DBD iy BRI, 7SR5 B A 5 5
it 25 JE A TAT HL A BRI 2 T P A AR SR T L i A 3
SN, SR AT o a] LASE S 0 L A AL 3,

to
o= / o(Ty — Iy — Ib) - undt, (A16)
ty

A, T, F T, 055008 XE 3 e A7 2 3

LA, T 7 AR, MR AR D R 7 A P
S O 4 R I L, A < A A AL i o S8 R O
DBD {7 B R/ A7 199 3 53 B 1A L SR, St i e
HT L B,

ik B

R e 25 S ) H TR SO B B FT/R, LT Rl S
N 114 52 7 28 3 AR A A T BN, 3 5 oK % BOLSIGH+
1530, HorppipE o A S5 Scik i 13 8, BAR S S0k
CIER P, % BL h COy HRNZS (COuvi {3 COyvl—
CO,v4) [ FRPE IR S | FL B S0 A L 380K S (R
I E2, E4 Fl E6) SR FH Al 18 88 5 X5 W HE 2 CO, SN Y
i AR A A, RS B2 5 EL, [ B4 5 E3, [ i E6
Y5 E5 K RRERE #R If AR R 4R ShAS B R N (RS E8)
PRSI RN (0] E10) SR FHIOREHERTE S5X R CO,
iR RV A SN P il 4R IR AR D, (LB B8 R E10 X
114 e ek R (AR 406 R 20 80 R 1) B a0 {3264 R 7 9/ .
R rp 2[R L B E R T2 A W AN SR B2 iR,
BT R 4 SO, AR T 22 ) O An e B3 i
R, PR ROV B4 Bk, % B2, % B3 Fik B4
HPOGF N P S5 R R G 5 A B AR DG S5 SCikAR 2, o
T, W FIREE, Hh eV, T, BN K, PIIARHEE R
IO N = ARl S I 38 B A 430 R m3es 7t Al Oes !,
M QAT 25 B (1 PR

W COy PRSI RN 4y =25 L FRIEAE S B L R 30
ABERASHIN | AR BHAS T TR 8] SV . TR SN A
5T 5 COy ST R AR S & 7= HE IR sh A 1 R,
RIR R B6—E9, HF5 CO, Rl & A fif i = A B i i
B MEESE, MR E2—E4. MRS, CO, Rl
itk SONE T RE AR, RSG50 50 KA B i, WAL
18 COy Uk 225 Bk I 10 1) BE 12k (3 (L P 75 AR 4 LB 5 ik
RREEEAARIR /. CO, 58N 38 1 41k 21 25 il 5 38 4 S vy
FifRsh & A, S0E IR MRS, AR KON IL3& B5. CO,
WY COy BEFHA MBI AATER, Ik CO, 4R

B G ER TR S CO,y FEAFALEI L, KA, R
JIE N1 N2, B4R 30k BESE FEAIK 2 A4~ 43F Z A1 R 1
AEEEES K B4 hEA I N1 FI N2 1R R HCh CO,
FEAN TRV ER, 2904 CO, LA TR IR Sh S T,
X o7 S N7 R i R (B1) A e

Ey, — aF

(B1)

k = Agexp (f T

K, Ay WieaiE T, E, RERNIEGE, E, AIRIGES
MIBEHL, o BRIEIRDIEE AR N BE 23RS E. 5%
SCHK [31] H Kozak S5 B8, X F RN N1, ¥ o IEHE R
0.8, MF B N2, ¥ o B8N 0.5.

#* Bl RRAU A L TR SO

Table B1.  Electron impact reactions in the model.

s B HARRE %R

El e+ COy — e + CO, f(o) (32]
E2 e + COyvi— e + COyvi 1 (o) [32]
E3 e+ COy— 2+ COF flo) (32]
E4 e+ COwi—2e+ COF f(o) (32]
E5 e+ COy, — e + COge f(o) [32]
E6 e + COyvi— e + COge f (o) [32]
E7 e+ COy— e+ O+ CO f(o) (32]
E8 e+ COywvi—e+ O+ CO f (o) [32]
E9 e+ CO,— O + CO f(o) (32]
E10 e + COyvi— O + CO f (o) [32]
Ell e+ COy e+ COuwvl f(0) 32]
E12 e + COy — e + COyv2 f (o) [32]
E13 e+ CO, — e+ COw3 f(0) 32]
E14 e + COy — e + COyv4 f (o) [32]
E15 e+ CO—e+ CO f(o) (33]
E16 e+ CO—>e+C+0 f (o) (33]
E17 e+ CO—C+0 f(o) (33]
E18 e+ O, e+ 0, f(o) [34]
E19 e+ 0,>e+0+0 f(0) [34]
E20 e+ 0, 0+0 f (o) (34]
E21 e+ 0,2 +0F f (o) 34]

firsx C

P bR B BB 4 mnm, HLFE 0K
20 kHz, BF5E CO, B & SR SR =SEMbEE G172
BT, BRI 50 s, B 200 3K, HIZGBEE 4005, FeHFH A
#1200 g/mm, WKFEEH 200—900 nm, FHE C1 FIfE C2.

WA ST LR B, T CO fl COF ik
RABRIT, BRI, & AT CO, RENS LA O,,
0, CO*, C, R BYFFAE (1110,
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F* B2 BRI R SO A - T A RN

Table B2.  Electron attachment reactions and electron-ion recombination reactions in the model.

s SN AR REL 22 3k
E22 e+COJ - CO+0 2.0 x 101 T05/ T, (35]
E23 e+ COF — C+ 0, 3.94 x 101837, 04 [36]
E24 e+0f -0+0 6.0 x 10 81,057, 05 (35]
3.0 x 1072 (M = CO,)
E25 et O, +M—M+ 05 , [37]
2.0 x 102 (M = CO, 0,)
E26 e+ 04+M—>M+0 1.0 x 104 [37]
E27 e+0F +M—>M+ O, 1.0 x 1038 [31, 38]
#* B3 BB AR - rpe R RN RS - B R
Table B3.  Ion-neutral particle reactions and ion-ion reactions in the model.
i) i HEREL E= BTN
9.0 x 10" (M = CO,)
n O +COy+M— CO; + M 3.0 x 109 (3 = CO, Oy) [35, 39]
12 O +CO—COy +e 5.5 x 1016 (36]
13 CO3; + CO — CO, + CO, + e 5.0 x 1019 [35]
I4 O+M—>0+M+e 4.0 x 1018 [39]
15 0O +0—>0,+e 2.3 x 101 [40]
16 05 + 002+ —CO+0,+0 6.0 x 1013 [35]
7 0+ COf - CO+0F 1.64 x 1016 [31, 41]
I8 0, +CO0F —CO,+0F 5.3 x 1017 [31, 41]
19 CO3 +COJ — CO,y +COy + O 50 x 1071 [35]
110 CO3 +0F = CO,+0,+0 3.0 x 10713 [35]
I11 CO; +0—CO,+ 05 8.0 x 1077 [35]
12 0; +0F = 0,+0, 2.0 x 101 [40]
13 0; +0F 2 0+0+0, 4.2 x 1018 [35]
14 0; +0F + M—>0,+0,+ M 2.0 x 10797 [38]
115 O + o;' — 0+ 0, 1.0 x 1013 (35]
116 o + o; —-04+04+0 2.6 x 101 [40]
n7 0, +0—0 +0, 3.3 x 10716 [38]
18 05 +0,— 0, + 0, +e 2.18 x 102 [38]
119 05 +M— Oy + M 4e 2.7 x 107%(T,/300)*%exp(-5590/ T,) [36]
#* B4 BIAIH MR Z A
Table B4. Reactions between neutral particles in the model.
75 SN B REL o  BEIER
N1 COy +M—CO + 0 + M 3.91 x 10 Sexp(-49430/ T,) 0.8 [31]
N2 CO, + 0 — CO + O, 2.8 x 10 exp(-26500/ T,) 0.5  [31, 36]
N3 C0, + C— CO + CO 1.0 x 102 [39]
1.6 x 10 %exp(-1510/T,) (M=CO,)

A O+ COTM™ €O M 8.2 x 10 %exp(-1510/T,) (M=CO, Oy) 57
N5 O+CH+M—CO+ M 2.14 x 10*(T,/300) *%exp(-2114/T,) [36]
N6 O+04+M—0y+ M 1.27 x 104(T,/300) 'exp(-170/ T,) [42]
N7 0, + CO— CO, + O 4.2 x 10 Sexp(-24000/ T,,) [36]
N8 0,+C—>CO+0 3.0 x 1077 [37]
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# Bb B AIRSIRE AL 18 S N

Table B5.  Vibration energy transfer reactions in the model.

75 S A FEL E= BTN
Vi CO,vl + COy, — CO, + CO, 7.14 x 10 Yexp(-177 T, /34451 T, %/%) [43]
V2 CO,vl + CO — CO + CO, 0.7 x 7.14 x 10 Hexp(-177 T, '/3+451 T, %) [43]
V3 COyvl + Oy — O, + CO, 0.7 x 7.14 x 10 Mexp(-177 T, /34451 T, /%) [43]
V4 CO,v2 + CO, — CO, + CO, 1.071 x 10 Pexp(-137 T, '/3) [43)
V5 COw2 4+ CO — CO + CO, 3.1 x 1.071 x 10 Yexp(-137 T, /%) [43]
V6 COyv2 + Oy — O, + CO, 3.1 x 1.071 x 10 Yexp(-137 T, /%) [43]
V7 CO4v2 + CO, — COy + COuvl 1.942 x 10 Bexp(-177 T, V3+451 T, %3) [43]
V8 COyv2 + CO — CO + CO,vl 0.7 x 1.942 x 10 ¥exp(-177 T, /34451 T, %) [43]
V9 CO4v2 + Oy — Oy + CO4vl 0.7 x 1.942 x 10 Bexp(-177 T, '/*+451 T, /%) [43]
V10 CO,v3 + COy — COy + COyv2 8.57 x 10 7exp(-404 T, 341096 T, %) [43]
Vil COyv3 + CO — CO + CO4v2 0.3 x 8.57 x 10 7exp(-404 T, '/*+1096 T, */?) [43]
V12 COuv3 + Oy, — O, + CO,v2 0.4 x 8.57 x 10 7exp(—404 T, '/3+1096 T, %?) [43]
V13 COyv3 + CO, — CO,y + COyva 1.431 x 10 Mexp(-252 T, V/*+685 T, /%) [43]
V14 CO,v3 + CO — CO + CO,v4 0.3 x 1.431 x 10 exp(-252 T, '/*+685 T, /%) [43]
V15 CO.v3 + 0y — 0, + CO,v4 0.4 x 1.431 x 10 'exp(-252 T, /34685 T, ) [43]
V16 CO,v3 + COy — CO,vl + COyv2 1.06 x 10 Mexp(-242 T, '/*+633 T, %?) [43]
V17 CO,v3 + COy — CO, + COyvl 4.25 x 10 7exp(-407 T, /4824 T, /%) [43]
V18 COyv3 + CO — CO + CO,vl 0.3 x 4.25 x 10 7exp(-407 T, /4824 T, %) [43]
V19 CO,v3 + 0y — 0, + COuvl 0.4 x 4.25 x 10 7exp(-407 T, /4824 T, %) [43]
V20 COyv4 + CO, — CO, + COov2 2.897 x 10 Bexp(-177 T, '/*+451 T, */?) [43]
V21 COyvd + CO — CO + CO,v2 0.7 x 2.897 x 10 Bexp(-177 T, /34451 T, %?) [43]
V22 CO,v4 + 0y — 0, + CO,v2 0.7 x 2.897 x 10 ¥exp(-177 T, /34451 T, %) [43]
V23 COyv4 + CO, — CO,y + COyvl 1.071 x 10 exp(-137 T, /%) [43]
V24 CO,v4 + CO — CO + COyvl 3.1 x 1.071 x 10 Yexp(-137 T, /%) [43]
V25 COyv4 + Oy — Oy + CO4vl 3.1 x 1.071 x 10 Yexp(-137 T, /%) [43]

i AE L 11 i Rif 1 CO, 70181 CO, PR32 K R B il S
B CO MEERTR, WAML TS COZ MY A RN
T4 CO, FRBNAME AR 5Tk CO /A=, TR K

e+C0Oy — CO+0 +e, (C1)
e +COsv — CO+ 0 +e, (C2)
e+ COJ — CO+O0, (C3)
e+ COyv — CO+O™. (C4)

WK C1 AT LAE— 28 & 3, 7E 283, 297 I 313 nm &b
LT COE=IEH R (b Y —a’ll), £F 451, 483, 520, 561
1608 nm AL BT CO(B'S—AMT) BRIT G, HARSNAE
ANz C1 Mk C2 FiR i, & C2 WoR, 7 777 nm(3p°P
—3s°S) Ml 844 nm(3pPP—3s3S) AbFFHE O Ji 1 ik £k 113.48])
BEHA (C1) A1 (C2) U RIFEAE.

B LIRSS, AR /INT 280 nm i N AT ISR 2
— LR B /ML BB A T 2R 1230 B Y AR 2 R A

CO Hl COMHIBRIT, K+ 200—280 nm 75 [l 4 1) & HHG1E SR
TR LA ani&l C3 Bz, B eI, 23 N CO gk
FEORH CO BEENIEFR (ATI-X'T) fl 3A R (fTT—
a’y), Hng C3 fsR 1o,

ZEAE CL, K C2 FIIE C3 1 CO HrEISZR, & B
K CO #k B HGS FE A 2%, L CO(AMI) ik iR
TR A O S IR RS R i 7 AR 1 B CO(AMIT) 1Y
PR IRAR AT KB M 3 Bl 1) CO, 7E R RER FRIMEII T &
AEBSRRONE, FEAE CO(AM), BY CO LS/ T R L 1
BIMEF T & A RO RN, AR CO(AMT), 43-31in (C5) XAl
(C6) 2 firm; 2) IRAEHK CO AT (I COX'Y)) &
o RE L AR R R AUk SO, A2 i CO(AMT), 4n (C7)
XPR; 3) mABH CO MASD T (W COB'Y)) kAR
JRE, A2 CO(AMT), W (C8) iz, Lh b JURp AR =
1) CO(A'L) &R N, 7ERE i R rh AR &6
HEL, 40 (C9) PR,
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1. CO b3S +—a’ll
e O e ] g g
4+ 0, ! fen B = o
Py 5 SE w3 & E
by i = T 0P e O -
i i | O o O oo O =
N RS s 75% 3
- 3k § = g @) m HO l “ o g C‘:‘ ________________
= 215 I ' n =0 1 C
2 slaw L NN
8 ERN R
< o ! 0
g 2T Syl Sy T
5 JUN
1 -
280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620
A/nm
K C1  270—620 nm &5 6HE
Fig. C1. Optical spectra ranging from 270 to 620 nm.
. e +COy — CO(A'TI) + 0 +e, (C5)
7t : e+ CO — CO(AMI) +e, (C6)
r~ <t
6 ll: ;5 1 1
= 5 5 e+ CO(X'X) — CO(A') +e, (C7)
= 5
a
e 1 1
5 af CO(B*X) — CO(A'II)+hv, (C8)
<
& 3r CO(A'TI) — CO(X'¥)+hv. (C9)
<
T2 SIHTIEL O3 T, ZE K /N T 280 nm YU, A AEAE
r COM— A & (BISr—X2E+) ML, BAOLRES5m
O 1 " 1 " 1 " 1 " 1 " 1 " 1 " — 44 —1 ], n ,—\z
760 780 800 820 840 860 880 900 AR CA R M, s, B C1 AR 427 nm Ab [ RE LSS T
A/nm COMEL AL, AT, COTRYF A AT i@ (C10) 23k
Kl C2 750900 nm &G N
Fig. C2. Optical spectra ranging from 750 to 900 nm. e+ C0Oz = CO"+0 + 2e. (Cl())
F Cl  COPET—a) 5 =1 RSB H
2.0 Table C1.  Spectral parameters of the third positive band
CO Ml R system of CO(b*X—a’ll).
. CO+ B2E+—X2n+
CO AMI=XIS i .o —
18} HIRER R N K /nm Irahe (v ") Av
— R Pl bz T - 283 00 0
& E % ;N A 2 3 2 7 1 0—2 2
El § N & b ‘i & ‘ 313
S 14 l s
= #£ C2  CO(B'S—A'I)Angstrom RMIEIESEL
= Table C2. Spectral parameters of the Angstrom system
1.2 of CO(B'S—AI).
K /nm PRI (v —v") Av
1.0 : . : : : : :
200 210 220 230 240 250 260 270 280 451 0—0
A/nm 483 0—1 1
Bl C3 200280 nm HHLL R IEE 520 02 2
Fig. C3. Emission spectrum of bare copper electrode: 561 0—=3 3
200-280 nm. 608 0—4 4
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# C3  COATI-X'S) HHIUIEW RIEIESEL
Table C3.  Spectral parameters of the fourth positive
band system of CO(ATI-X'Y).

A /nm PRBNGEH (v'—v'") Av
200.5 18 7
208.9 5—12 7
221.6 3—12 9
224.7 8—16 8
228.6 6—15 9
235.6 5—15 10

FC4  COMBEI-XIDY) F—ilr REDEIESH

Table C4.  Spectral parameters of the first negative
band system of CO*(B2L—X2%H).

K /nm IRBRELL (v —v") Av
244.5 1—3 2
247.4 2—4 2
253.0 4—6 2
257.7 1—4 3

i3k D

P D145t T 4 man [ BB P B HL DL 21, o,
EF T, 5304, 3ot n, (R THEE, n, RERE THIE,

FETFIRIEAEX FBHARAV X
6 £ 800 120
(a) 700 118
5 L
600 116
7oA 500 & 1‘21
g g >
L 400 =
g 3 ) = J10 2
S Ll 300 % {g &
= ‘ ~
= 1200 3 1
1 4100 1a
0 10 2
L N 100 0
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
d/mm
& D1

4 mm [A] BRER AL AR I AL VAL IS %) g, i, BRI T, S0 AN

ny IRERIER T2, EGRHBIMEE, T, SR TR

SyHTIE D1 AT R EL, HR AR T IEACH 5 e e e
ZIRLT o3 A R 2R B A2 A R, A A R T s
FOAHLAE, FIZ o A SR DG R AE. DA
HLIGEE R ZI A I T 50T, n, ZEBRIS IR (d = 3.0 mm)
AR, R 4O G R o AR R R, T R IX
nyi 5 ny; TERETBRAS I 07 AL 1 B (B, 7 d = 0.37—
1.49 mm A7 BB TE WS B 1 IE AR DX LT i 4 [R]
o B (TR P 3, R I ISP A B S0 7 A B AV B X, AR A
SRICHR, 72 SCIBES BIRR 28 i 3 3 0 2 R AE 14% 19 XA
BRRR AT e IX, A S 45 30 Y BA AR 462 8 IX X80k 0.75 mm.
T, TENI AL R XA L B R KA LR AR, 3 F2 22 Ry
BRI AN 3 DX R FL S B A v, Fl T ARAS BRI 2, DRI T
W KAE, I T, B i, 55 AL ™ A= 1 4 o A2 5
AN, BURBE R Z, P T, fEA B ME)S HEE.

T DBD 544 T 15 i e A 6 B A R X B
(WLIE 5), ALLAIE B A 153 BF CO, DBD A HLAR L, 43
SNGETT DBD 1E 8RS 1 /i Fb e O 058 {20 R SR 2 A
HL L TR I 2201 e, my, EFD T, W0 D2 B, Herhfeg
TSR BN A — 2, BIILE D2 R 45 H
BT AR

BHAR AR IX BT IRIEAEX
6 L 100 120
5 -(b)'/\‘ {0 418
/ﬁ 1100 116
B4y i ] 200 7114
g 5 ]300 212 =
9 PSR FTIICY
) {-100 21 &
et ~
< L1500 31
> 600 Jy4
\
700 e
g0 Jo

0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0_
d/mm

(a) TECHL; (b) HURCH

Fig. D1. Distribution of n,, n;, E and T, at the peak time of discharge current of bare electrode when d = 4 mm: (a) Positive dis-

charge; (b) negative discharge.

1.8 400 412
16 (@ 350 0
— Ny
14— n 300
2 1.2+ E 250 i"‘ 18
ELOr—m 200 % Jg
2 08r 150 %
= 0.6 = 1 4
T 04l 100 3
0.2 L7 50 12
0 T T epp——— (] Jo

9 . . . . . . . 50
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
d/mm

& D2

T./eV

4 mm [ B DBD IF ¢ AL AL WA B 20 g, i, EFD T, 5340

Te/eV

n /(1016 m—3)
E/(kV-m~1)

[ S S ST S S S )
| O N WA OO N 0O

0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0
d/mm

(a) 55 1Ak (b) 26 2 A bk

Fig. D2. Distribution of n,, n;, £ and T, at the peak time of positive discharge current of DBD when d = 4 mm: (a) First pulse;

(b) second pulse.

115204-14


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 11 (2022)

115204

S3HTIE D2(a) AT LA IR, 76 TF S — U HL I (R AL
i 78 d = 3.0 mm ALK BNWEAE, n, 7E )R P E] AL E (d =
2.0 mm Ab) A, H H T B AR Ak 136, DBD 7=
A 14 m RN g SR AE A7 1 8 B R I BB S %2, H. DBD
ST 7 A 4 F 4 e (AT T A AR A P D e 200 %o 3 1)
L, X B o DBD A BH RS A S5 4 A7 7 ]
HEL R AIG, HL T MR 1) BB 3 5 e 9 o o ) B8 5
A HAF AR LS UL | B S R IR X 1oz A
AV B IX B8 BE R 1.4 mm, X E B 5 I BT 4 A A G
T, AR S SRR AR R BE 2L, BT B AR A A X A )
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W7, SHCHS 3 O R 58 AT LS B MG, AL T AR
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HIERT n, E B1BFIBEAR 2 BRI BT R O, PRk
AT LIS 2 AR o Uk A AL RT3 A6 155 5 A AR
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45415 D1 FIE D2, AN AN, 2%
I HL TR (WL AR AAAE T RS, Qe vh, 728
JEVEMEM 5.6 x 100 m FREZE 0.9 x 100 m3, BFIREE
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Comparative study on discharge characteristics of low
pressure CO, driven by sinusoidal AC voltage:
DBD and bare electrode structure’
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1) (School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
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Abstract

The low-pressure atmosphere rich in CO, (~95%) on Mars makes the in-situ resource utilization of Martian
CO, and the improvement of oxidation attract widespread attention. It contributes to constructing the Mars
base which will support the deep space exploration. Conversion of CO, based on high voltage discharge has the
advantages of environmental friendliness, high efficiency and long service life. It has application potential in the
in-situ conversion and utilization of Martian CO, resources. We simulate the CO, atmosphere of Mars where
the pressure is fixed at 1 kPa and the temperature is maintained at room temperature. A comparative study is
carried out on the discharge characteristics of two typical electrode structures (with/without barrier dielectric)
driven by 20 kHz AC voltage. Combined with numerical simulations, the CO, discharge characteristics,
products and their conversion pathways are analyzed. The results show that the discharge mode changes from
single discharge during each half cycle into multi discharge pulses after adding the barrier dielectric. Each
discharge pulse of the multi pulses corresponds to a random discharge channel, which is induced by the
distorted electric field of accumulated charge on the dielectric surface and the space charge. The accumulated
charge on the dielectric surface promotes the primary discharge and inhibits the secondary discharge. Space
charge will be conducive to the occurrence of secondary discharge. The main products in discharge process
include COJ, CO, O,, C, and O. Among the products, CO is produced mainly by the attachment decomposition
reaction between energetic electrons and CO, at the boundary of cathode falling zone, and the contribution rate
of the reaction can reach about 95%. The O, is generated mainly by the compound decomposition reaction
between electrons and COJ near the instantaneous anode surface or instantaneous anode side dielectric surface,
and the contribution rate of the reaction can reach about 98%. It is further found that the dielectric does not
change the generation position nor dominant reaction pathway of the two main products, but will reduce the
electron density from 5.6x10'® m? to 0.9x10'® m™ and electron temperature from 17.2 ¢V to 11.7 eV at the
boundary of the cathode falling region, resulting in the reduction of CO production. At the same time, the
deposited power is reduced, resulting in insufficient COJ yield near the instantaneous anode surface and

instantaneous anode side dielectric surface and further the decrease of O, generation.

Keywords: low pressure CO,, discharge characteristics, discharge products, reaction pathway
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