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Abstract

Many studies in atmospheric-pressure microplasma systems have been reported in
recent years, because they can be operated without vacuum system, and they have a lot
of advantages, such as high electron density, high energy density and high reactivity in
the local area. Atmosphere microplasma systems have been also paid attention by the
researchers of biomedical engineering, because using the system to treat sample in air can
be sterilized by compounds produced from reactions in plasma.

This wor uses a low-cost and atmospheric-pressure microplasma generation system
driven by high voltage as an experimental device, and this device can produce
microdischarges. This device is a dielectric-barrier-discharge-type MGD composed of
two electrodes and one dielectric with a sandwich structure of “electrode-dielectric-
electrode”. The electrode pattern of device was fabricated by toner transfer method. This
method has many advantages, such as customized, short fabricated time and easy
operation, so it is suitable for research of laboratory investigation.

This work uses the above device to conduct experiment for water acidification. By
applying a high voltage to MGD to generate plasma, the system formed key products in
air plasma, such as NO>. The products is transported by convective flow to 10 pL of DI
water droplet which is sit adjacent to the plasma generation electrode of the MGD with a
distance of 3-5 mm, and the pH value decreased from 5.5 to 3 in 60 seconds by the
dissolving of NO2.The forming mechanism of this convective flow is that ions generated
by MGD collide with moleculars in air by affect of electronic field, then the collision
causes gas flow to direction of electronic field. In this research, flow velocity and flow
pattern measured by a Particle Image Velocimetry (PIV) system made by our team.

Experimental factors were including power-applied frequency, power-applied voltage and
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geometric parameters of electrodes. Results showed that higher flow velocity could be
obtained under circumstances of higher frequency or higher voltage, and it caused higher
acidification rate. Besides, changing geometric parameters of electrodes can change flow

pattern, and it effected acidification rate.

Keywords: atmospheric-pressure microplasma, water treatment
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o v W E_ A % Tk si(Dielectric barrier discharge) ~ ¥ & € % R

C

(Atmospheric pressure plasma jet) ~ & & *x 3 (Corona discharge) & -
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221 T REP A
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T %]&;ﬁ v & LT E kFr@eaupe 918 d B 213 1 Paschen’s curve F4rd pd
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1-10% (torrem) % > # i 7 B ¥ 7 Jw’,ﬁ_;rﬁfﬂ%ﬁt?f}l{f?)ﬁ% 1mm> 3 #&
P F R TR AR SRR T A R T o5 2 d B 24477 ©

ReRd BRTH L b 1-10°mm)&E- 2 lmmo RF HAF A A o ot

&
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W R
7

1?}]% Biol  BRFME LAY mFFEFEe s R T EASFWER
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222 ¥ AR Ik Busiofhag 00

(1) Mecrpke e Al = ’]:F%(microcavity discharges) :

MR AT RO R AR R DA L R +—%%ﬁm,g@5
BEERT AL %2 24040 4 2 18 m?? T ALY R Rl
;B‘H'J;Bf’]g{:

(@ ¥ FHEERT AT ,(microhollow cathode discharges, MHCD):
B 4o® 25@) 7 B A REAG AT A LR L Hiv- BF T
ZRBHLIR(ET T HEESS) I S BT R U B
(b) = g 22 AR ,(cappilary discharges plasma) :
ﬂﬁ%w@zam%ﬁmhﬁémggﬁﬁﬁﬁi A T @A
Cmp hE Sk RHc101 0 BT AL ?fim*é‘:iﬁ °
()i w % ' 51| (microdischarge-arrays) :

Hew %@JMU-%KP4&ﬁﬂ'/;%éi

—r‘#%

g v Rl > ho B 2.5(C) # T
P AR AL 2 e ifté_i £ reif%f#% [ERGEEE: S ?,thm
RIZw ff > 77 F B de E BAROERTE G

(2) o HFTENT ZF]%(pin-to-pIate-type plasma) :

33%%

B4l 26 477 Mo - RRIBF) DL BEMMWE S £HER) Y
—REL TR OEN I TR F s o REAG PR RAR B
*@*ﬁ?%’ﬁﬁﬁﬁﬁgéiiﬁ’wd%*ﬁ%ﬁ’*5%§4ﬁ%%
& 3= (Glow-to-arc transistion) » 3k & & ]:r%z £ E_ o PTILIE Bk AL

R MR R N TR R F % % 5N (Self-pulse)

(3) Hew F?%’ s (Microplasma jet) :

MR R e A AL TR R Ry M BT A
B AR R T (dop 4 A B E)F AppE b AT

PR i R iR S (ded g ff % S R AL E) 0 g Ao 2.7 hw B
ARAGAFEI@@ENTTFRERAT Vf;? 7w (Dielectric-free electrode jets,DFE jets)
(b) MR F T AT R V}f 7w (Dielectric barrier discharge jets , DBD jets)(c)#g iz 4
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TEFRTAATR ;,,. (DBD-like jets)(d) ¥ 7 #&7] & :Ff: # o (Single electrode jets)
ﬁﬂﬂDﬁwﬁﬂaﬁﬁﬁ$ﬁﬁiiﬁéi?#’%ﬁﬂ%@ﬁ&%’eg
SRt el 0 HASAFIF MERRK S AR LR A F 3 g o
(@) 6 e AR R

TRF*TATRIEL 53 TRLF 5 - KL 5 H AT oFl 28477
o i AR T d B U AR RN T A TR AL AR
Fenst *20 TR W4 fRDRYZ 5T ERGIT IR BFLAL R
g o A ERE N AT RT AL et i ko B RFET AT
L AR LY § A 2 SRR (Filaments discharges) » @ 5% 5 dmo 2 f

TR At A o 4o 2.9 A 05 A H A 4 8 d4cm® 2.10 Ao B F ks

({ =5

oy
&3

b T REDHFTRE A THRF DDA TF ELTH > TR
FREAS G AR RThAd T lf;?,:*%%? TH A @ PR Bl

H %
TEfE > BT H L AT E
Eiﬁ%aﬁ%%?%éi?%’#?%ﬁ&%%ﬁ’%gﬁﬁm%ﬁﬁ
(Streamer) » ¥ 33 T 4% o % KT J‘F@iiﬁ RARp > LAY Gl LS E
2

WA d o AL - BT H D e

HAEAMTROEREEASB s @ §5 e TRABILIPF > § E4F 1 iF
o =X éi?’r’Z@ﬂﬁ}@j\i‘}'ﬁ%mjﬁm&ﬁp EZ?&%%%%?E’I%/,.
T g e R AL SRR NIAAL LR FL RN gFF L BRI D

i A AT FART R RTFEANTRAIRFFAL TR -
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Electrode Tllbe
Gn Inlet
Gas Inlet
_J:B. G
RF Power,
Supply ?
"“"‘ et Plasma Jet
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[ high volizge electrode /

2 electric field lines electron conceniralion
3 eanh electiods
@ Townsend-phase @ phase of cathode sheath forming
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!!.'IJ"J'I/.--"'T.“--.t"w e
|
discharge channel surfzos charge
2 ionisation or streamer phase @ die out phass
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S i B R R A A0 R D ek A R P TA T a gk o
Eijkel # « 241 55T A2 4 § LML E ho L5 - Bl Xy
& 2R R Bech S s R)E © Guchardi e Hauser® &7 5 tmf 1 s 2
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plasma) » | # btk g R Az E 447> ¥ BRERE5d ppbenb T2 £ -
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() 2 &
FloMRRedRTAAIRTHTR 2 a- BUFRPA2I R ERA
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(4) # & =z § (Surface modification) :
26 LTS - BEALPRY o e s A5 FiR S
REo PN CFRTE > ARRpEGE nA e R LN VAR
LA E o FRPESRE A T L A I LIRS AR T 2L
@ Avid LA M A @ 745 &% (lon bombardment) » i 3|45 “f 2o ARG P
A P FROREAEY TR LR FELGp d AR AN LG ST
H AR FE LG b A R blaek gty e Az pIATIY §

A 4

~

F Vﬁﬁ%z-“ﬁ%ﬁ%ﬁii%éiﬂ%ﬁﬁwéioﬁﬂ%&ﬁi%%ﬁrn
ﬁ“?ﬂ?mﬁﬂ’ﬁiﬁ TR BFEEST > SRS b T iE
SR ’ﬁ#fkh‘%’rmﬁuz&’m” ERNER s I F R T
?&Mﬁ“ﬁﬁﬁo
(5) = # F
FE K I TR RS AR AR L G R AR AR S Pl
AT BAF I A E R e 3 DR TG S
PER I FRPF)E A 1T TRASLE A A2 5 02 § AR AL
?ﬁﬂ“ﬁ*ﬁ Prp Pt $PERGEF BD FEFELAALETPE
o2 RELP R Ay kR -
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(a) (b)
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23 TR AKAILART

FRFRTRG AFRT A2 BRI FORE AR T RS T 0 4 R
RREE T FRRT RAETAPY AL AR RGE S 2 F R R AR
PE o RA AL DT PR G FORF DR F T RIL Y RRH LR R B T
2 BOF AR L& A R F SR o T Rk B E s S
TRERE LR TRRE L A g B 213 911 P

fmf

231 ’]\’E YK o fisE

Flo REA-kL WAl ko § BT T RO TR D ARk
ek J]%< HKikH D g :F]%é_i B AT = g 83038
(1);% 4p B 4% 7 (Direct liquid phase discharges) 3% 4 :
HAid 5 AcW) 2.14()#1F > #d THRE B AR 0 8 THRDOART L E LN
T o i F 0% BN (Pulse) T R SRE 0 @ gt S N 4 eh J\g 4ok ® A5 KR
2z (Streamer discharges) & & & *x % (Corona discharges) -
bk BEAZ TRABHIB L E R ERIHH 0 5D DR T R TR
L & F o€ 2 ] # F 32 3% (Bubble mechanism breakdown theory) @ i 7]

EF MR ARRGHE IR aRip? 3 AFFRE /T3 %58 dEn
Joo AL F w4 TR A TP LRI RFZLHT D AL @

3

b e d A MR g o TR S E AR 216 477 P o

(2) # #p*= ¢ (Discharges in the gas phase over liquid)*!-4%:
é%ﬁw"?g’f" WENZF AT AR Y - TARRE R
Awl] 2140) 07 P F b DR TIEF 0§ LE L iR G LB A2 R

Toed MAFRTIIEA 2T EEIRIFLREN FEEL TR %G 2 &

LEFRRe AT RALELISATEES TEFFIERF 280843
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(3) # i2 *c % (Discharges in bubbles in liquid)® :
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g AFALTR AFWERR I RRG T LTI f 4 2%
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B T AJLR i B RE-
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Direct plasma-liquid interaction Indirect plasma-liquid interaction

Physical processes:  Chemical processes: Physical processes:

¢ Diffusion « Surface electrolysis o Diffusion

e Advection e Charge transfer

+ |ocal heating s Hydrolysis Chemical processes:

¢ Surface tension ¢ Electron-ion recombination] | « Charge transfer

¢ Charge deposition e lon-ion recombination e Hydrolysis

* Secondary emission « Penning ionization * |on-ion recombination
« Collisional relaxation « Redox reaction
» Redox reaction

DIPEEIEE SR PO EICE FY B E RN S

HV
HV
pulse 3%
gas flow %
= | HV
(a) (b) (c) |pulse

B 214 Q)2 #ip4p g sz m ABO)RPTEF AT L2 T ARBE)F

I U
‘/Q%;Cg: /"‘ ~'§L‘L"7VTF :bF—g]:gg
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(a) (b)

B 2.15(@)% J”"]i"}? ks R B(b)e kT ks Rm Y

(a) (b)

Bl 216 242 4p4p @ kS AR A 2 HE A A2 SR T B4l o LB (a)
FI(b) 5 # & 75 > i AL > (C)FI(F) 3k 2 T )+ iz ¥
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———— A A— ’-! - -

-
20 ns 20ns20ns +768 ns§20ns +1.49 ps

B 2.17Bruggeman % 4 {17 § & R R T R H1TA) A4 5 58 (QFI(D) B S
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BRIk 055K 1 ATE ) R LIRSS < R R UK SR R e
2.18 #577 30 # F R TR K pE TR T AID @ ﬁ?«?“r{%mw’]ﬁ%‘fﬁ?i&”
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A HFIRABFEFRZF T %ﬁiﬁ%’ﬁﬁjs B Fla az § ORET AL e
® F k17 3 4 7 (Reactive oxygen species * ROS) % & F Jk i+ 2 ¥ 4 F (Reactive
nitrogen speices » RNS) & -k:& (7 &7 Jts » € W 4v-Rernd it 13 R E & 45 5 en
Fls o et sehy g G ¥ fE2 5 TR 1 ok (Plasma-activated water - PAW) ¢

BERT A G BB RBIE AR Aok 23 47 P
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dA R F B RS As ) e d el § 8 RS T - R R RS
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B4 g Apd AON) -5 F B2 F(NO)E > FIH F Bt d > % 3 4
PR BRSO B AR F BAcR 221 #1F o
(3)“75 ,gg T& 36, 46, 47, 50, 51 -

LR EDP TER € % PIH & £ eh® 41§ #c(Henry’s coefficient)#: 58 > @ 4
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WEEEAIL DL AR F BILTF '?L"’F’T‘J » OHgg ~ H02+aq kA FE R
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%23 2 THREMK L s e 08

N"~N; *Nj ~N; NO"~N,0" ~NOy ~H" ~ Hj -

3=
H; ~O"~0; -0, ~OH - H,0" ~ H;0"
e~0 0,053 ~04 *NO ~NO3; ~H ~OH ~
[
Nzo_ N NOz_
T
N(°D) ~ N2(A%%) ~ N2(B*I) ~H ~ N~ Hz~ Nz~
H.O ~ O7 ~ O(lD) O Oz(alA) ~0O3~0H -~ HO2 ~
LAY e A
H202 ~ NO ~ NO2 ~ NO3 ~ N203 ~ N2O4 ~ N2Os ~
HNO2 ~ HNO3z ~ N20 ~ HNO
N‘Nz‘HQO‘O‘Oz(alA)‘Oa‘OH‘HOz‘HzOz‘Oz‘NO‘
F

NO2 ~ NO3 ~ N20O3 ~ N20O4 ~ N2Os ~ HNO2 ~ HNO3 ~ N2O ~ HNO ~ H2

an N Oz(alA)aq N O3aq N OHaq N HOZaq N Ho3aq N HZOZaq N NZOZaq N

Haq N H2aq N Noaq N NOZaq N NOBaq N N203aq N N204aq N NZOSaq N
ek i HNOzzq ~ H' g » HO; ,, ~ H204aq >~ OH a9~ O aq > Oz aq > O3 ag

NO7 .~ NO3, ~ N2Ozg » O;NOO g ~ ONOO ™54 ~ ONOOHzg »

HNO3aq N OZNOOHaq

29

doi:10.6342/NTU201701655



HV electrode |
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- 2 W [ 1l 0xa'A+0Os—0+20,
12: 0+0y+M—O7+M
r3: Oy+HO,—0OH+20;
r4: OytOH—HO 0,
r5: NO+OH+M—HNO+M
r6: OH-+HO»—02+H-0
r7: O3+NO—-NO+O-
Mote: M represents the backezroanmd
gas of nitrogen, oxyvgen and water

vapor and the shaded area represents
the contribution of other reactions.
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=
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