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Fig. 1 Schematic diagram of the experimental system
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Fig. 2 Effect of A/B on power and energy volume density with different discharge intervals
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Fig. 4 Effect of residence time on the degradation efficiency
and energy efficiency of dichloromethane
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Fig. 5 Effect of oxygen content on the degradation efficiency

P 1) e JLR AL, Al e B A P and energy efficiency of dichloromethane
WE R AIOR AT o 5380, AR U A L B i . e
BN S e A A thdE, HEAmEES w%?jtéﬁ%mm% 1iss
PR 5 0 2 A (R R0 465 ol e .
Bl S AR, IR R R T 17
WOy WA RS F L ATEMENO,, el E ) 145 2
2 3 MR SRR A F ol {140 2
4) Bk uf oy 0 B %F VOCs B 9 . & Jias
G AR B 24 em R BB L T ®
TG e S 379.2 mgm S, AR PR ! S
il 256.8 mL-min ', & & (R %0) 4%, I o
Wk A5y 50 Hz I, ok o 1 o, — 0 SR TR TR
$ A T Bl BRI B B o e Ry
A S LA Ve B 6 Hz?}qﬂm%{EE%iﬁ:%ﬁ'ﬁ%ﬂ%ﬁ@&&%&
REEWENF N

Bl LM 2 i = — £ J
Ju, AR R B AR A Z AR, S o i Fig. 6 Effect of peak voltage on the degradation efficiency and
RORTE 31 kV AL HUAR 5 KAE, 9 43.3%, X energy efficiency of dichloromethane



%6 BUGEI A SR A - R R v S D 2 B S P e R AR i SR S LA e 1 1881

RETR AR R 1.23 g kWh' o Kk ol {8 HE F (09 385 i 4 33 A SO #5550 H ) 238 R R DX 3l v 37 56 B 380
fifi v 8 FE - LN PR A, R KRR T AW B 1 5 e ST MR ) A ARl
AL, ECT AW R RCR R I LR R, B b (R R R A3, R A
R 1.48 ¢ kWh FRAKE 1.23 ¢ kWh'o 35X 2 Kk B 25 Ik e {0 Al R B9 380, S0 4R 22 7P i EEE 7
FTE M o B B G N, s G o R BGEED, REE DOB IR KB W E AR L X RS
AE FEL T A TR 1R R FH R R AIG, T DA B 1 503 Bl A6 ik i g 1 R, R 1740 3484 T T A B R ARG 071

23 BEITREM

o Ko 3 - R4 B T U I B I it 0% — - 745
VOCs B EHE . BEFT T — 40 1 0 5 S W F I i 140
e, GERWIE TR, N IEA 205, ol 1
AN RACR BT R, Ik & 130
2 5 Y LE T R B Y A A 350 R BT e 102
ANREEVES; BOR, RBBIEARMET  Zoaopta 0 {20 5
Mo, TR KR RE . KT AER TR g T e s
VYA R R T L % A T ] 1%; 710
F 14 o ek W e T A A B R LR, AR . 108
o7 R TR M L T R AR S 1 T 2% A B
T A A 3 T e 0 2 8 7 e S
[N )2 4705, R ORI e SRt B T E7 MH-EREETERRRNREY
N BE B U S, BB ST S 1 R MR R Fig. 7 Stability of the fins-cylinder plasma reactor

A, B G HREmSCRREELD35%, I
R LA B AR e T S R R AR

Sk W5 SN 328 4T I S R AR R I
DORURG 0L, HEAT T 17 h 40 W bn I8 it S2 56

WLM“L*?‘J\D‘*"

ST SNy . T R T R B 3792 mg'mﬂ . (a) BURR R A F ik % (b) ‘iﬁ”\r@
SRR B 256.8 mLomin” . SRAEE (KRB
50 4% B k% S0 Hz SO A TLVE A
J HL A 25 R T S TR A T et s (K] 8(a))

7283 17 b v 38 252 A ) R e 45 A 2 T (c) ULRARTACHL IR (d) VBYR B P 1%
S M1 A BB ATCAR 1 — R B ) B (] 8(b)). 8 SIRKMRBIGEM A BIREMEGRBEE R
Fhh, WEBRGCE NS BERE RS UL Fig. 8 Images of the electrode structure of the fins before and
1E S P SR R A A AR R S R T after aerosol deposition and discharge images
o TR R S H, DT MR Ak I A R D, A B TTO AR TR MR Ak O 20k e FL AR S
BE— BB IR DU e PR B R B, SR IR DR (18 () « Ji (151 8 (d) ) ML A L
RAT WY 2E S, S R DT 7 A O R O R B T IS SR R A Ak o RIS T Bk
BB R B DURRAE VIR A, s A HC DR B e DU RR A i Fl IX S T M T S e i, e —
(Y S I 2R 5 s Y 1 T R PO T R 723 9 G E RS TR VIR AV 20 DO S ()
I FL S T AN R
2.4 [EMBFD R R RS ZHEN
1) B = 50T o BT T BE S 2.4 om B RONE #%, SV BE BT Ve BE R 379.2 mgrm ™, TR
PRFR i 500 mL-min™', FEPK A0 50 Hz &, X AR S AN S (80 2% %10 T A&



1882 w5

FA Jo o fife 7= 4 1 47 48 B I 21 4 (FTIR) 43 #r Al
AR HL P B S (GC-MS) 43 #r, IF
fift i 5 =X AR R I AT HE iR P
HCL#EAT TR, S5 5RE 9 FR . fERAIH
B v A AR A R A L R R
J= HCL, CO,, Kl 2 & &9 i vl fig & i T ik
1 2 a7 28 AR R R B AR
) 2% Jo 3 B ) 5 I AR S e R A R
B S EL YR CO,. CO MAE LY (NO,.
NO K& N,0) , &K% HCL, 4375 A 0l g
EHAES 0. -OH By i th g A AP | N ok
AW N G HE AT 33 25 LAY 43 B AR
1B . WALLIS 4§ PY e A P B2 rpo A il ) 1
HCl. CO,, D& CO. HCN fll N,O. ALLAH
DO TE S R B PRI B CO,. CO. NO,.
NO. N,0, PIK COCl, 1 NOCl. H TR
K FTIR XFF A IR S Fp 2R IR, IR
M F HCN, COCL, &% NOCI B FF1E .

P10 Ry 55 B IR B i — S WP e A R
A L= GC-MS 3 & . A BB S A A B
Yk D) FEREMRE GEF RS AT B
12-Z5 ke HEAmR) . KBt kE (- 5k
BokE . IEERE Bk, 3-HEb—ke. BT
FikE). B (L W), ks (VU &R ) A 2
(BEmE . THE). HALWFR & Wi, 51k
R fif — G0 R e ek B rh B R O AR R
GAIKWAD % PV 1 5% FH i v 45 B 1 1R I fie —
S ot oz AR PR T E) = S € . SGRO AR 1)
AR bR W R I T A b, LLAFR
RS FERRE RS T &5, =
S R D SR AR o

2) RN BEAE AL AR AR A AL
GC-MS F3-#r, = 7 -fe = bk el 2 9 >l
LR S e mT R B AR (B 11) o SFE T
VAR i — U ot = BEARSE TE ) BT (NL(A'Zu)
‘O N. -OH) WEAMEM . BT & Hkeik
FERAR, e 5 T R A R Y
il B LB /N o T M 5 ATk T e AL
Iy, AN -O R RE 5 & ke SO AR B -OHE
Ji4h, mEEHR U EES S P S T A
AT, A C—H M C—ClAE RT3,

FE= 2 7 H17%
NO
EEaeis NO,
co, )
NO, /\ N,0¢0
! W
e A= R
ARG co NO

2

Y & U SN\ O

3300 3000 2700 2400 2100 1800 1500 1200
WEY/em™!
9 RSRIFFETIMEEIFETH FTIR SiEE
Fig. 9 FTIR spectra in nitrogen and oxygenated environments

120

o} 820

80 11.28 19.64

13.54

2
=i

60 |-

i

27.32

L7

40t
9.9

20+ 6.6B 2.37
S IR
\ N | | o Jdo L

5 10 15 20 25 30 35 40
£ BRI} ] /min
10 —SHEEE~YH GC-MS 731

Fig. 10 GC-MS analysis of dichloromethane degradation
products

x1 SHEANMAERESR

Table 1 Information on the composition of gaseous organic
products

HFF [l /min 5 F NS
i 5.34 CH,CI 98.5%
LB 6.63 C,H,0 99.6%
s 8.20 CH,CI, 99.1%
2-F Ak e 9.98 CeH,, 95.4%
=R 11.28 CHCI, 93.9%
DU &g 11.82 CH,0 97.4%
12-Z5 LKt 12.27 C,H,Cl, 91.0%
oS ARk 13.54 CCl, 99.3%
E¥hE 19.64 C,Hy, 97.4%
B 22.84 CH,0 95.0%
ke 27.32 CHy, 96.3%
B 30.49 C,H,;0 90.1%
3- R —he 34.49 C,,Hy 97.3%
3-FIEA—hE 34.49 C,Hy, 97.3%

A RCH R CE, LS (7)~(13)1# 4
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Fig. 11 Possible degradation pathways of dichloromethane in plasma
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Degradation effect and system. stability of dichloromethane by fins-cylinder
pulse corona streamer discharge

WEI Xiaokun'?, WANG Hongchang®, PENG Bangfa®, LIU Zhengyan', ZHU Jinwei’, CUI Yutao’,
ZHANG Chen’, TAN Yuling, JIANG Nar’, LT Jic™*

1. School of Environmental Science and Technology, Dalian University of Technology, Dalian 116024, China; 2. Chinese
Research Academy of Environmental Sciences, Beijing 100012, China; 3. School of Electrical Engineering, Dalian University of
Technology, Dalian 116024, China

*Corresponding author, E-mail: lijie@dlut.edu.cn

Abstract The conventional structure of corona discharge is mainly wire-cylinder, and the by-products
generated during the degradation of VOCs will adhere to the discharge area (wire electrode) to reduce the
discharge spacing, resulting in unstable degradation effect. Therefore, this study proposed a fins-cylinder pulsed
corona streamer discharge plasma electrode structure, which separated the discharge area (tip of fins-cylinder)
from the by-product adhesion area (axis connecting the fins)to enhance the system discharge intensity and
stability. The results showed that the fins electrode structure with adjacent fin spacing/discharge spacing
(A/B=1) was the best electrode design, with highest values of reactor power and energy volume density at 31 kV
being 0.98 W and 37.9 mJ-L', respectively. The degradation efficiency of dichloromethane decreased slightly
after 2 h treatment and then stabilized at 35%. Aerosols produced by the discharge were partially deposited in
the grooves without substantially altering the electrode discharge, which guaranteed the stability of the intensity
of the discharge and the degradation efficiency of dichloromethane.. This study can serve as a foundation for
future research on low temperature plasma treatment of VOC exhaust gas.

Keywords fins-cylinder; corona streamer discharge; plasma; degradation; volatile organic
compounds(VOCs)
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