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Characteristics of Hybrid Pulsed Gas-liquid Discharge and Its Sterilization Performance

WANG Sen, ZANG Jingyun, BAO Minrui, WEI Xiaoyang, LU Xu, FANG Zhi
(College of Electrical Engineering and Control Science, Nanjing Tech University, Nanjing 211816, China)

Abstract: A hybrid gas-liquid discharge can effectively improve the concentration and type of active species in solution,
which is promising for applications in liquid food sterilization, however, the understanding of the discharge mechanisms
and the methods to control the application remains unclear for lack of studies on the characteristics of hybrid gas-liquid
discharges. In this study, a parallel dual high-voltage electrode hybrid discharge with a parallel structure generated simul-
taneously at the gas-liquid interface and in the liquid phase is proposed. The characteristics of hybrid discharge were
studied in comparison with the Ar needle-water interface discharge and N> bubble discharge in terms of electrical, plasma
and solution properties. The efficiency of three discharge systems was evaluated with two bacteria, namely, Escherichia
coli and Staphylococcus aureus. The results indicate that the hybrid discharge exhibits an intensity between that of the Ar
needle-water interface discharge and the N2 bubble discharge. However, the hybrid discharge effectively combines the
advantages of interface and bubble discharges, thereby exhibiting a high inactivation efficiency for both bacteria. The
treatment is capable of completely inactivating both within 5 min, which is obviously higher than the other two systems.
The inactivation of bacteria in the hybrid discharge system is primarily attributable to the ultraviolet(UV) radiation gener-
ated by the discharge, the acidic environment, and the ONOOH/ONOO™ produced by the reaction between H20: and
NO; .
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Fig.1 Schematic diagram of the experimental system
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Fig.2 Discharge images of different systems as a function of applied voltage
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Fig.3 Electrical characteristics under different electrode

configurations
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Fig.4 Typical optical emission spectra under different systems

®1EE TR EEROSR T A LR

Table 1  Generation processes of major excited species in

plasma

Ykl e RN R
Ar, e+Ar—>Arp+e )
Arm e+Ar—Ar +e 2)
e+H,0 > OH(A)+H+e 3)
OH(A)/H/O Ar, +H,0 - OH(A) + Ar+ H “
e+H,0>0+2H+e ®)
e+N,(X)>e+N,(A) 6)
e+N,(X)>e+N,(B) 7
NA©) e+ N,(X) > e+ N, (C) ES;
e+N,(A)N,(B) > e+N,(C) )
N etN, — etN+N (10)

S8 J5 T B R R ORAS 7R No SRR,
RE No(OFZEHERETHESES T Nu(X)2
(i) () Al A 2 B0, e 26— o b4,
RE FELT A N Rl 2 i Rl 23 AR RN ST (RS
T(10))o A0 HEL HH VAR T i PR 1 08 B 2 B S I T
M Ar BRI, XFEERBTIRA R4H
V1R SAR ThD  J35C FEL B8R P N I T Ar F-/KWR T B0, H
AT FE R ) N S AT i ) AR A58 o TR

B AR I RS OETE 5 N S SCR 2R, H
FE R K T4 59%, HEAME NGs—3p)i)
Jeilk, HEZFRRZREGH A 2 Ak, A
REEANER T, VRTHD I PR P R B2 2 21K T N TR
HL, FEHTHCH R E AL LBUR AR B Na.
22 AR
G TR S WA R ) B AR 2 R B0
B BT AR AL, 0 T HAE SR B AR e 2
QI N R R . AT T A ETBOR
SEMIRE R R R . B 5 R T AR AR
NS pH A AN H T AR TS B TR AR A
Ho hHE 5 ATE, IRETBCEM Ny SR AR
pH $H7ETHE 2 min JPUEREE, 583 4.45 F1
431, M7 10 min f5, JREHHAN Ny S HE
pH 2948 3.2 /e Aq, T Ar B+-7KR T 7 pH
B, 299 4.87. 3 Fhvid 2T L5230 ) S L B
B 2R, TR AT AN Ny S RS R 3 3R A
R S R TEE, 10 min B RIEE T
270.5 uS/cm F1285.4 pS/em, T Ar £-7K I H B
R ZAN N 73.4 pS/em. 3X 3= B KA AR S
A FEUEPERL T PSR B 20 B2, TR
Wi VA R pH ML 23R . 72 No MRS R TBCR R
TBAHTE] HNO2 HNOs S5 K7 17 A2 A 59 2 S 304
T pH AT 3 AR ) 2L R R B Ar - /K R T T
HL BT = SRR SR, I JLFE HNO:,
HNO;, 4 Liang 55 NHIHEST, HaOo F 53 fif S S
ST R I Ar SRTBH AR R pH AT § AR
SR PP, {H HaOn H 73 i S FRE AN K HNO2
HNOs S5 LB OB, AT FE Ar £F-7K T 8CR
() pH L 20 A8 AR P e IS T HoAth 2 M R .

8F —S— 5
—e— ArEF-7K i TH T

s 2N iy 4 5

300k =R A M
7 —eo— ArEl-7K iR TH i
150_—A—N2[:k‘i@ﬁﬁl L

+(tb|:|b—i ‘
—e— ArEF-7K W TH
[ —a— N

o 2 4 6 8 10
JECHE B []/min
KIS RS TR L RE I )220
Fig.5 Variations of solution properties in different systems

with treatment time



FO& ESE, BIRE, e KRG RUBERREE R

HOR T RE 2957

Bl 5 2 BH 5 28 m 10 3 VR IR 55 T o T8 P T 1)
B 2 IMAANET &S, 10 min f5, Ar £-/KK
T R VAT IR, B o 46.6 °C, TS AT Ny S,
YR AA B T 49.2 C. — kUL, AESITIOE
BUBARCE A, WIRIRE R m R R A TEHE T
EINRGERE, B A AR T B P D FAgE
EREH TS5 0 Eeh R R R T B
(53T, U VR BB AAA'E Dy T8 P ) P [ % ) — 40
i, AR ENHPGS R ] RE 2 AR R G
B 3(b)r] %N, Ar SH-7KR T B B FRZE KT HiAth 2
AGE R TR, AHVA R0 B 5 HoAth 2 N ESRIFHZEA K,
X 3 P M VR EE A R 1) 3 R R E= A
FEH N, ArRER AR

TR PR I R R A RV A A P R VR P ) R
Ust, A SCIL AR RIE O . B 6 NANAA &
TN E PR A R B T R IS TR PR ARk A AT LUR BN,
3 MR R HoO0 R 38 B TR AW T, JEE
Ar BRI B H HoOo YA FE Wl 25 1 - Hipth 2 /M
Fo L 10 min J5, Ar £-/KIRHBCR R HO: 7 &
WREIAF] 101.3 mg/L, TMiVRA RN Ny SITSCE N
20.5 mg/L F1 13.3 mg/L. B 6 A&, Ar &-/Ki
T AR ) NOo ot B FE IS TR A AT N2
AR &R, i 10 min J5, 3 MK & NO; iR
IR 15.7 mg/L. 5.2 mg/L 1 0.38 mg/L.
NO; Jii &8 B 18R REaHH NO, (8L, Ar -
IRV THT B 22 P R B B S5 I oAt 2 MR R

F—=— B A&
—o—Ar’ﬁ‘ 7J< VIR T

—_
(=1
O

IR/
(mgL")
W
o
'+
z

[—=— VR &
—o—Ar’ﬁ‘ K T i F
?\I‘(;N AT

R/
(mgL™)

+{tb AT

—Q—Ar’fj‘ =K {Vi T

Ji£/
)

=N
=R
(mgL"
O O S W O UI o

w
— N W

W

Jit

==
T

i AL () /min
Bl 6 NSRRGSR F I A A S B P e 1) P A2 4k

Fig.6 Variation of reactive species concentration with dis-

charge time under different systems
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Fig.8 Surface morphology of bacteria treated under

different systems
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Fig.9 Leakage of cellular substances from Escherichia coli

and Staphylococcus aureus during hybrid discharge treatment
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