(®)
2014 2016

Development of unipolar ion extraction method for instantaneously controlling
charge of powder and dynamic analysis of charged particles
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A method for controlling electrostatic charge on particles with electric
charges generated by an atmospheric pressure plasma jet was studied experimentally. The atmospheric
pressure plasma jet was generated by applying AC voltage and DC bias voltage to an electrode in a
quartz glass tube with helium gas flow. By changing the value of the DC bias voltage, positive ions
and/or electrons could be extracted from the plasma. Two experiments, one in which particles were
allowed to fall in the plasma jet and the other in which particles were irradiated with the plasma
jet, were performed, and the experimental results showed that both methods allowed the particles to
acquire positive ions and/or electrons because of the electric field caused by the space charge. In
addition, particle char?ing could be controlled by apﬁlying an external electric field. Based on
these experimental results, the particle charging mechanism involved was discussed.



B X C—19,. F—19—1. Z—19,.

1. WFZERG S PO 5
R OS], BEEEZIICO LTS
R ONLE RN BE 3 D IS BN, #EO

EHRelL - BB O T D OEFHIE S LT,

BIE, 2L OEETERSN TS, B -
i1 ZFTEDONE F THRE S & CEkEET
Bl 5120, RiraEsEs 2 Ll sy
B SR CEE L 20X 7e & 720, hr
i D Z L7 <, mIRALEE CIEMEITRL 1
OIEB 2 HIEHT HI2IE, R IThTE N
NI N R TOFETIERARH Y,
fE 2 ORLF- OEENZEH LT, B L%
BAFE L2 uidZe 6700,

Wi ZRP TR S &, ROttt
IR Th D, Ve, Hol, BERALEEN
VETHY, TREOBEME & HICEEYE
DIRBADFREMENIE 2. 5 DT, fHINALEE % &
L LRWKHHRLFORE N Y 7T
WRERFELN TV,

THEMFIHEZ 2D &, BEEMEIZINZ THE
HMERRAIRTH Y, ORI % — I
M5 0ERNH D, BRI, Y, 8,
BESREORMANNREEZ LN TN D
75, AN, WRMEZ 6 AR 2
b, BFICEREN T L, I Lo R
OEB) 2 T D FIEN R B IRN EE 2
HIVD, B ORI E G E TIT 2 5 03,
BLF~DEM DOfF 5 LR DEEIZET 5
BB R OMPANENL TS DT, ZOfEEK
D TR OHER DA O Z 2D,

B ~DOEM OfF 5 & filE L, Bk
A G URBELICKAITE D, AIEE, R
R E L O L EMBENZFH LT
FY (Matsusaka et al., 2007), {EFHEIHIZE
(K9~ 5 B L 22 23 AR 72 BRENJRIZ 72 5
AN 2 B CHIAE T A 12X, SMEE S 2 R
L CHEMEN ZE2HIET 50BN H D
(Bunchatheeravate et al., 2013; Mizutani et al.,
2013),

—J07, A A AFEIEIE, BTk U CEM
BRI ETE D LW O REE L ON, BE
FOEWRTIXPHAESEEZFHL T, &
FRCHH E 222 (PASR) THEA LRI
72 5720 O TEIE EORIRAZ W, LR
> T, RiIZEMZA 53 250 8% Tk
L RIRTH Y, BRI 2 EH DV
ATEOEIGTHEIELIUL, HLn
K-8 BEIN (T7ebbh, 0 BPRsiR L
) &720 95 5,

RKIETF A~V oy VEHWD &, EA
FURELERS N OL EITAEKR T X
(Schiitze et al., 1998; Massines et al., 2012), &
T OERERHLHEHAINTETNLIOT
(Teschke et al., 2005; Lu and Laroussi, 2006;
Walsh et al., 2010; Lu et al., 2012, 2014), 7*Z X
~ DB & IS U7 5 o B BRI B4 A3
EBEDIN, RRET T A~V =y NILER
DA 2l U ORI B 2 5L, ki r
D A I3 2 BB ST ey,

CK—19 (d:m)

2. WO HW
AT, 77 A~V =y hEHBZEM
AR SH T, HlGA 40 H 5 W IXEF 24
ML, BLfICEA & RE DOl 57
HEWERBET AL EZHNE T 5, Bk
(4 AHFF A~y MEE AR - fUYE
L, HMA A OERSMHEZRAGNI LIZD
B, B E S U CHERL T O Bh 268 & i
a2 &eblc, HEREZRETL/37 A
— X B ERANIRNT - T L C, R
AT NEHET D,

3. WFEED kA
(1) BfERAKRKES 7 A~V y it
BB L OB ESMORE!
O KEKET T A~V =y NEBORIE
Fig. 1 IC, KRET T A~V = v NEED
AR A R, AL, RARET T X
~V vy NOERIZHERRANY U LT A%
HHL, ~A7n—ar ha—J—THA
BAHIE L7, EBRICEHMT AETIL, 77
VI varYaRrb—XOMNEEEEE
JE7 7O Lz, BHZERICI T D e
DEFELZFMTA7-012, TTIXAvT
roFLEEE, AES T AEOHOMND 50
mm BENAALEICHUNER (MR 2 mm, F
X 8 mm) FELEL, T —RITiLD B
M=o oEm (T72bb, RHER 2=
V7 b A—XTCRIELZ, RKLETT X~
Py hOAERKEE LT, BROBIRCHE
NERLDEHOKRLDET T A~V = v bk
BERBEESNTEEERTHEHAINL TV D
25 (Luetal. (2012), ABFFTIE, 2 FEO
ERKET T A~V MEBEZRIEL,
BB T B~ D M 2 B L7z,

Mass flow

controller .
Detecting

Helium Plasma jet device }450—mm>{ electrode

Amplifier E
Function E
generator

Electrometer —

Fig. 1 Experimental setup for generating atmospheric
pressure plasma jet

® KRET T A~V = v MR OREED
st

Fig. 2 |2, 2 flEADO KKET T A~T = v b
RO EZ R, O L DIFNE 8 mm,
S 10 mm DAFEH T AE OIMUNZ FHE E
fix (B9« N2 10 mm, £ X 50mm) ZHY
I 7HETHY, LIV LEDNIHES T A
BOWNMNZHFEEM EE - N 6 mm, Fb
£ 8mm, £ 50mm) ZHAIAATZHEET
»H5,



40 mm

a. e
—>
Helium gas
Outer electrode Quartz glass
I.D. 10 mm, length 50 mm LD. 8 mm
b.
>
Helium gas
Inner electrode Quartz glass
I.D. 6 mm, length 50 mm LD. 8 mm

Fig. 2 Atmospheric pressure plasma jet devices:
a. outer electrode system, b. inner electrode system
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Fig. 3 Effect of DC bias voltage on space charge
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Fig. 4 Photographs of atmospheric plasma jets with
different flow rates of helium gas (fac = 6 kHz, Vac =
5kV, Vpoc=+5kV)
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Fig. 5 Two-dimensional distribution of detected
currents (fac = 6 kHz, Vac =5 kV, Vbc=+5 kV)
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Fig. 6 Experimental setup for particle charging by
atmospheric pressure plasma jet
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