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Experimental study on surface sterilizer with plasmas of multi-channel electrode
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Abstract: Objective To develop a surface sterilizer with atmospheric pressure cold plasmas of multi-channel dielectric barrier
discharge, and observe the sterilization efficacy. Methods The releasing rate of hydroxyl radicals was determined by Fenton
reaction; paper was used as the carrier to carry out the quantitative sterilization experiment; the aleurolyphus ovatus was
cultivated and used for the sterilization experiments. The sterilization efficacy of sterilizer with plasmas of multi- channel
dielectric barrier discharge was observed, and the efficacy was preliminarily determined by the result of viable counts and the
survival rate of aleurolyphus ovatus. Results The sterilizer model included high- voltage power supply, dielectric barrier

electrode, radiator, control unit and so on. In a power-on state, violet gas substance was discharged by dielectric barrier
electrode. The average temperature was about 40 °C at the 5 mm distance from the sterilizer electrode. Bacteria- paper was

irradiated by sterilizer at different time points. After the irradiation for 30s, the sterilization rates of Staphylococcus aureus

microorganisms, achieving the expectation effect.

ATCC6538, Escherichia coli 8099 reached 100%; after the irradiation for 180s, the sterilization rate of Bacillus subtilis var.
Hydroxyl free radicals were produced by dielectric barrier electrode at a rate of 2.633x10* mol/min. Conclusion The sterilizer

niger spore ATCC9372 achieved 100%; after the irradiation for 80 s, the sterilization rate of aleurolyphus ovatus was 100%.
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with plasmas of multi- channel dielectric barrier discharge produces cold plasmas with satisfactory sterilization efficacy on
Key words: multi-channel electrode; dielectric barrier discharge; atmospheric pressure cold plasmas; sterilization

B &
(E£ A | & E AL BRI H (CSTC2012GG-YYJS10020)
ERTTRRERHIR i H (2012-1-081)
(VEE A [ (1988-) , I K 9 B Ui, A2 S m =050 28, B9 7 1) SR MR T
BRI AT . Tel: 023-68772076; E-mail: fiesta7280
@sina.com,
(BIE1ES RE e, Lo, W, 8082, WFSE O 1) A% e IR AT 2
Tel: 023-68772076 ; E-mail: hongyanxiong@126.com,

5 B TR A e i AR AT R U 7 A Y

F T e R rp e A R
FEFIESY T, WO - OH . - NO %%, Ef TR A~ L iR
TG ER AR 5 S AT 1 O A AR A A

SR o PRI, AT 28 A 3 4R R A T ik



13

T, A5, — b 20 R A S T AR TR T A 1SS ST 7S

-89 -

Yy, BAHEAN A Hm RO R E AN 7 2k
LRI 25 R A iR O AT BRI I BT 7
KA o 73 LA AR 1 AR AR S T 25
XG0 A S TR B i BT S B AL W S i AT
oK [ A AR SC AT T AR R FERTIETE
FATBET AR T T 2 T T Y L A R T LR
(I T BEL S P AR ) T 7 A, LR TR AU /s Y R 1Y
R HTRT S s OARE BT R, FATE— it R
T ZIEEE TR PH A, SR = KA R
LT HAR AR .

11 EFFHREHESIHLITREIE

BE=FR
EELBREW
i |

b

M A 52 FHL$4 i He, ( Dielectric Barrier Discharge,
DBD) J53, it Z il A B P e e i (81 1) o 1
BEar AP 20 cmx12 cmx11 cm, JiT 5 £ 760 g, HL
AR I FEAL P T ) 4.0 cmx7.5 em., e FE B A Y5 5% T
220 V/120 W 1 IF SCHL IR, s e f ) 52 81 20 KV
e i o, O LS S SR L S . R R
SRS, B Z R SR 2 S Boh 85, 1)
Bl 2B R E B 2 Y B AR SRR P I
TEIXAE R LG VE T 77 A 00 25 B IR SR ED AR
VA A B AR AR 20T I B R S L A A A
AR RAET . B AR BT (5 mm b ) FFE2R B o 42 °C
ZeA (PRI UT300A £0 4N G 22 ) .

1 SENFASEE T ERE SR

Fig.1 Sterilizer with plasmas of multi—channel dielectric barrier discharge

a: Circuit diagram of multi-channel dielectric barrier discharge; b: Plasma sterilizer probe; c: Side of sterilizer of multi-channel dielectric

barrier discharge; d: State of electric discharge
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tion of hydroxyl free radicals
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Tab.1 Sterilization efficacy of plasma sterilizer on bacteria

Bacterial species Number of test

Positive control (CFU/piece)

Killing rate of different time (%)

15s 30s 45s 60s
1 5675 99.55 100 100 100
Staphylococcus aureus ATCC6538 2 8450 99.88 100 100 100
3 46 000 99.85 100 100 100
1 2925 97.09 100 100 100
Escherichia coli 8099 2 7050 99.50 100 100 100
5] 11125 100 100 100 100
F2 ERTHHSHIIEL HE LFRATERR
Tab.2 Sterilization efficacy of plasma sterilizer on Bacillus subtilis var.niger spore ATCC9372
Killing rate of different time (%)
Number of test Positive control (CFU/piece)
30s 60 s 90s 180s

1 4750 80.00 98.00 99.09 100

2 22 700 64.53 84.25 94.09 100

3 145 750 86.86 95.52 96.55 100
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Tab.3 Sterilization efficacy of plasma sterilizer on aleurolyphus ovatus

Number of test  Processing time (s)

Initial active aleurolyphus ovatus (n) Active Aleurolyphus ovatus after processing (n) Killing rate (%)

1 40 28
2 50 15
3 60 16
4 70 20
5 80 18

25 10.71
13 13.33
3 81.25
2 90.00
0 100
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