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Abstract

A dielectric barrier discharge plasma (DBDP) treatment system was fabricated and the optimum operating conditions
for the plasma generation were determined in order to explore the potential of cold plasma as a non-thermal pro-
cessing technology. The microbial inactivation performance of the system was also evaluated against Staphylococcus
aureus. The system consisted of power supply, transformer, electrode assembly and sample treatment plate. The
input power was 220 V single phase AC and amplified to 10.0-50.0 kV on a transformer. A pulsed sine wave of
frequency 10.0-50.0 kHz was introduced to the electrode embedded in ceramic as a dielectric barrier material in
order to generate plasma at atmospheric pressure. Higher currents and consequently greater power were required for
the plasma generation as the frequencies increased. A homogeneous and stable plasma was generated at currents of
1.0-2.0, and frequencies of 32.0-35.3 kHz. The optimum electrode-gaps for the plasma generation were 1.85 mm
without loaded samples. More power was consumed as the electrode-gaps increased. The practically optimum elec-
trode-gap was, however, 2.65 mm when samples were treated on slide-glasses for microbial inactivation. The max-
imum temperature increase after 10 min treatment was less than 20°C, indicating no microbial inactivation effect by
heat and thereby insuring a non-thermal method. The DBDP inactivation effect against Staphylococcus aureus
increased linearly with treatment time up to 5 min, but plateaued afterward. More than 5 log reduction was achieved

by 10 min treatment at 1.25 A.
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ol# gk AlerE FHStLAL A 7ke] BAH|E A2t 7he Rt
=212 Wl e a7t SUEIL v o] wet ¥
WA A7) A& AREste] AFe] FAMEE At}
WA ARl ol 27 29l S1ge) e AeFelx
vkl tigk #Alo] MEH Y 9ltk(Mok & Song, 2010). &
Zzoke deE AZA ol AR A9 e 1
£2 pxa] Wr14omE 549 A o,
sejzole e oL, AfETIL, AR, B4 5
EHEL 7, ol £5e] Aol AR A
851 (Deng et al., 2007), ©]& =42 A &=5H4 28-S
ztou g mAES APEAE 5 ltH(Lerouge et al., 2001;
Moisan et al., 2002).

A2 Fetzvks AU EACA A7 224 §l
o] Alst, HlelE & § HAES EGA S A7) AESH
245 YeRER A 2 33 Fopolla B8 71540
Fom, 29X E A =W B4 JEle] YAEe] FutE
AR B R Alof7h 7hdetal RREA S B4R & A
] 2thMontie et al., 2000; Becker et al., 2005). 57 #]

}0_

Eetzvbe G El A TheFe 7R E ARS-ste] A
0}7%‘/} 7 Ae e 37 e 7kAE SRS sk
4238 THMok & Song, 2010).

AtEzee etz MASEE Aojsh] i +F
Zet=ut Aol 7hs s Aol ey el 7t
B7HA] & ‘%L—Zr‘“ AH|7} g6t AL Az
& Aeke] Utk ol whal] thrIt stollA A
AR P AF :—%/‘} sto] AFORA YA DS

= AR EE}ZU}(dlelecmc barrier discharge
plasma, DBDP) 42 AH]7} 7heksia AEA2)7F 7k
st GX|R7E A BIRA] 2 R o] k. ey o
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A7} o] Fo A A] ot ATFA G0l Al&EA Y=L 3
A Fote Aol ol & A s -,40}04 A 7 v
%l %3}5”} AR E AAetaL 2Pxzde] Sep=at
Aol mX= FFS FAMSH] DBDPY] 4-§-3sto] dagh

2 Aol e Emot Fetxnt ARE 2HE F e
= Fobpeh ASA AR (HA)D 2449 2] Tkt
T, AR AT F YRS AR olEEEE A
& e FRAGER Eehzot A A E AlF st
NARANE 54E ANFAT RERFTE W22 A
S8 ZARFORA AA| 5 AFdate] We A8 7t
79& Rkl

Z= Fig. 13

Electrode Transformer
Slide glass
Ground Power supply

Fig. 1. Schematic diagram of dielectric barrier discharge plasma
(DBDP) treatment system.
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Table 1. Components and dimensions of DBDP treatment
system.

Components Characteristics Values
Power supply  Electrical source 220 V AC, single phase
Output voltage 10.0-50.0 kV
Output frequency 10.0-50.0 kHz
Wave form Pulsed sine wave
Maximum power 2kW
Plasma Electrode dimension  Length 22 cmxWidth 2 cm
generator
Dielectric barrier .
- Ceramic
material
Cooling method Air cooling
Treatment Ground electrode Aluminum plate
system

Moving mechanism
Moving speed

Linear sliding type
0-5 cm/s
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Fejzn) WA Fue, AR, 437 AR EA)R
Aolel Azielet AFNACE A7
71A1% A EHFA(WLI3S 25 A, LSAH, Anyang,
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B Ao x A3 FF= Staphylococcus aureus ATCC
25923 ©] 3L, trypic soy broth(BD Company, Le Pont de
Claix, France)o| A Sl F(37°C, 20 hr)gte] AR&-3153 Tt

Z2|=0} &

Clean bencholl A Swu] st v eFd 20 uLE 200 uL =}
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Fig. 2. Currents for DBDP generation at different frequencies
and with electrode-gaps.
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Table 2. Regression equation of currents with respect to
frequencies and critical frequencies for plasma generation at
different electrode-gaps.

Electrode-gap Critical frequency

Regression equation'

(mm) (kHz)
0.85 1=027F-7.359 28.11
1.85 1=031F-893 28.81
2.65 1=0.38F-10.81 28.45
3.33 1=0.34F-9.81 28.85

"I : current (A)
F : frequency (kHz)
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Fig. 3. Appearance of DBDP with different currents at 1.85 mm
electrode-gap.
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Table 3. Changes in DBDP generating frequencies and required
currents with electrode-gaps.

Electrode-gap DBDP generating

(mm) frequency (kHz) Current (A)
0.85 30.0-36.0 0.51-2.13
1.85 30.0-36.0 0.31-2.23
2.65 32.0-34.0 1.35-2.11
3.33 32.0-34.0 1.07-1.75
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Fig. 4. Consumed power for DBDP generation at different
frequencies and electrode-gaps.

He A¥ g =443 Fig 49 7ro] Fupo H]#H sl

AF7A 0 w2 g ge] Ms)t
= B AF7H4 0.85mmet 1.85mm 7+ Zpole =A|
ko, 2.65mmet 3.33 mm Alele] xpolx H|u|SE RO
2 Yebgd 22y 0.85/1.85 mme} 2.65/3.33 mme] F
a5 7hlle FEE 2olE Bt & A7 0.85 mm
oF 1.85mmolA = vlwF 2He AEARE HQl WA
2.65 mm o] el A= AP Fo] Foll WA mob ) o]
2 A3 A DBDP Al AFs 7+ 0.85-
1.85 mmYS HolF Qo)

Tanino et al.(2007)2 F&|&-S FAAZ AFSS A=5S
Fzkste] A 2kek DBDP 25 &85 AgoA d57H4
2mm, FIF 27-34 kHz2 Zet=zntE A o 230 W
& AH|sle ZoE RIS E, ol & Ao AL

g A219] e FARE Aol

[N
=
=
i)
o
Hir
£
o)
v
=

i

N

oz

e

DBDP XMZ| A| 2AS

ARAZG) THE A2 B PSS A A, Fig
5ok o] 05A% 1.0A%] A%E exAFol Hnla
58 A F 3¢ AR LxAFo

]
15A2 ASE 3E7A= 227t A&EHo0 7 S8t

BN

o Aes Bl
(25°C)°ll~] DBDP

Hof 45°C7HA T FS5TE onlste R 71 oJgk A&
A ades FAE

DBDP 2= H|7FE A
UATH



402 EREN

25
20 F
__ 15 |
o ®05A
- H1.0 A
<3
0 r 1.5A
< 2.0 A
5 =
o ¢ o ‘ aAw ,
]
0 = .
0 100 200 300 400
Time (s)

Fig. 5. Temperature increases by DBDP treatment at different
currents.
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Fig. 6. DBDP inactivation of Staphylococcus aureus at different
currents.
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