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In recent years, we have conducted the development of ionization system conveying ions through
tubes, in order to control static electricity in narrow space such as space in ULSI and LCD
manufacturing equipments. .

In the previous paper, we reported the results of evaluation in terms of the influence of several
factors on charge eliminating performance of the ionization system generating charged fine mists (large
charged particles) by electrostatic atomization. However, this ionization system could not generate
charged fine mists stably in closed narrow space. Therefore, ~we have developed a new ionization
system generating charged fine mists by ultrasonic /electrostatic atomization. We reported the results of
evaluation in terms of the influence of several factors on charge eliminating performance of this new
ionization system.

In this paper, we will report the results of investigation for optimizing charge eliminating
performance of this new ionization system, based on characteristics of electrostatic atomization by using

ultrasonic.

1. [FL®Ic

VAR, YRR, LSS OAEEEBNORNAN—AT
OHESXIEL AN E LT, FADA AV ERNTF 2—7 T
a—ZARA 2 PETHREL, WEKRERET XA TOAA
FA F— ([ FAERA AT A ) OBIREIT-oTER
DD LaL, BEIEICL BA A DT 2 — T NBE~DITE
R, AAVOBERKAILY, 1 AVENERIOEI TS
DRAREIZ 72 > TV e

F T, BEETHIS A P ERESE, TIUICEKXERE
TRESWIIEAA AV EAFESEDLHET, A4 @b
WERF) THAMEL, HARERFICToZ &icky, A

F—)— R A AT AV, FERL, BERE A
* EESHRRISE R T an P— TR (4418580 BAIRE

B K{GBETE 4% » & 1-1) Department of Ecological
Engineering,  Toyohashi ~ University —of  Technology,
Tempaku-cho, Toyohashi, Aichi , 441-8580, Japan

w (BR) T %R BARBARATZERT (156-0052 BUTANHTH
AR IR 5-33-6) Technical R&D Center, Techno Ryowa Ltd.,
33-6, Kyodo 5-chome, Setagaya-ku, Tokyo, 156-0052, Japan

o (RIRTE L FIF AR 50 T RISEITIERT (444-8585 ZA0IR
e 15 7 B R SFET P 4R 38) Okazaki National Institutes,
Institute for Molecular Science,Saigo-naka38,Myodaiji-cho,
Okazaki, Aichi, 444-8585, Japan

FrOBEKHBEEL /NS LT, AiEsA S ETORE
VAT N (HERTFERA AT AP ) EEBEL, TO
BAEBRIC L VHER L 20, VAT ABMEMECEME VD
MEN BT

ZOREESET D20, Ml xbé&&ﬁ%%ﬂﬁ
1T MKRTER AR EE LT, WECEmEEZEMNL T
WS R N AR T OHBE RS LIGHA LRES AT
DZONWTHE LT Y. UL, ZOHFEEIMFTcCoiES
ERTREETH Y, HAMEBRT2RECHEREKTD
ZENEEETH T

O, X DEETHRORVEBRLFRESEL LT,
BER & W HERGIC L A RERTERA AT A Y
—kZZEL, OFLAINMEE, OFEBECEE OFE
BRORBEMNE, OFCAMKOEER, OB TRET
T7EE, OB CAFUKICESEEELANLEE, F¥OER
DA AT A P DREMREIC G 2 D BT OV CEHE L7z 2.

LTI, INDHORERERE LT, OBFREZHV
HERCOBIEOTE L, QT OREICE->T, BEFEREH
W BRI X D RER TS RA AT A P — OFREMS
BEA BAE(LT B0 DBET & BT 12D T, ZOFRERITOV
THETDH. W, 4y @IFERLT) AL, 14




COBEAIRBEE R/ NSLTHILIZLY, kiR R
BICHETE D 2 L, TOIHREATH DD 2, Kl
XTI, WEF—TREESE—EE L TREMERE BT
L= OKET T o7z,

2. RBEBRUHERZE

ATFER FIERA AT A P —DOBRBHREZET O
DHOEFIEE LR 1R, BERREF (RIRE R 24M
Hz, DC-24V/550mA, 18mm ) ZEEHC 2 EFE ik 3@ (X
1iE, 2HOBEERLTND.) B ) 7= rBhr AT
¥ 28— (F o 3= HNEORT  150mm ¢ X 190mmH) 27K
OKAE 25~35mm) & AdL, BEFICEVKEE TS, KiZ
BERIESFIC L VIRBE 52 5 L, fBAEERE T2 E DK
HECEVERE (BLF Smm¢ X60mmL) By bED, £
OFRFEREICRER (FyE7 U —) MREL, ThUTX
LAROESE - BlEHEDE D IHKORERINATHR > T
KEWEALL, RIS R bMERT DY (K3). I Xk
WCHERBEETHOBANE, Fryi =g, B2ITRTLD
AR FEEME S 7" A (110mm X 60mmH 1 #%) 721X B

(110mm X 60mmH 2 #%) ZFREL, LIUCKHEEE 0~

159X 550L
< H.V.AC POWER
< <\ SUPPLY
. ﬁ::]
o

. PLATE
CHARGED PARTICLE — INDUCT I ON

GENERATING CHAMBAR
(150 & X 190H) //(T%ECI‘RODE
% or B)

//////AIRFLOW

ATRFLOW METER

CHARGED
PLATE
HONITOR

FINE MIST
\

WATER COLUMNS v |

DC POKER
SUPPLY
AIR PUNP
\——————
>
- WATER ULTRASONIC
— 0SCILLATOR o
VIBRATORS :

X1 #A AT AP —OREMREE TGS 5 72D DRBRIEE
Fig.l Experimental setup for measurement of charge
eliminating performance of the new ionization system.

H.V.AC POWER H.V.AC POWER
SUPPL SUPPL
PLATE PLATE |
INDUCTION
INDUCTION ELECTRODE
ELECTRODE

WATER COLUMNS (110X 60H) WATER COLUMNS

ELECTRODE TYPE : B
2 BEEMOEE UNIT : om

Fig.2 Arrangement of the induction electrode.

FH2wEk E1E (2004)

6kV) EEVINY 3. Zhick Y, BERICKVIRERE»DS
ADB|&EBLENDBIC, FEICEVFEIN, #E LM
I A MHERFTERL D ERT D.

HARR LT BRI BRI, =7 Ry I CRERLTAERT v
AL, Ty oSN TTERO B EI R E &
N7-BRA (3.5mm ¢ XHI20mm B o FX23 @) LhERIh
BITIZLY, Frin—S~lESh, Fa—7 (FE 1
5mm ¢ X550mmL) % i# > CHREMRETEAOFE S L— F
FoH (R — MRS BbiLs.

MEMARIE, WE T L— bE=4 (ST CPM210) &R
L— k(152X 15.2cm, 20pF £2pF) % 1KV (F /- 1kV) IZHE
S, FOVHIBA AL SNTBR L) +a0—0
0.1kV (F 7213-0.1kV) F CliEET 2 (Voltage decay time,
BARERER, TR LREID) I & 0 T . RER
BHZEWVIEY, BREMEMEN TS Z L 2RL TS, &
B L— N RO E S S mA1, ABMERTER T
L BoREMEE, AREOERETY, ERRMER BRI & DR
BHREATHE L2 Z L 2R LT 5.

3. AERRRUER

3.1 EREAVOE-HERLCORE

41z, KOEFEROREME~OFEL T, HERD
BIEICIL, BERE] Iuchi ¢ CyberScan CON300 Z 5/ L7z,

WERN [~2uSem UTFICR5 &, HEEHB~AIMT S
RHEEEOHEELOIVN (0, 3.5, 6.0kV) (ZLHT, AD
WERFC L 2BRERMIIFERCE G ®) Lo TW5

(X 4-(a)) . % LC, IEOHERLTIC L DBRERHIL 2 1 S/em
TICR5 EAEICELS 80, BREMEENZLJETLTY
% (X 4-(b)). £/, HIIEEDR 0kV OFE, HERN 30
~350 u S/lem fHETIE & BOTEHLFIZ L HEREMEREN LI
AFIZIET L TWA. fiE-5 T, 1~2uSlem UL FOBEEFOH

INDUCT [ON
ELECTRODE §

WATER COLUMN

3 BEEERAWEEEZLL

Fig.3 Ultrasonic / electrostatic atomization.




A FARERA AT A F— DB GhARBKILS) 49

By, ARENDHI X FOBEIC L AWEILIZEAY
Thivd, RODBEZ L VBRI FAER S TS, FL
T, ZOEETIE, AOWNEBRITOERENELILV. £
7o, TOKRDGEI K DTFERIT- DAL, 30~50 1 S/em
ETIEERbDNLS.

FIAEERERS 3.5, 6.0kV DAY, HEROHEIMIHEST,
FREMBEIMET L, EERMN 30~50 u Sem 5 HITF—
FEIZR->T0Wa, £ LT, ZOFEBTIE, E&ADHERT
(R DBRERMILIZIERC (T7ebb, ELADHENT&
PIEEFLCZ EBRLTWAS.) T, HIMEEREL 2B &
PREEFRFHNEL 2o TD. 2T, 20 30~50 1 Slem LA
EOETIY, FHEREN RN THS.

bbb, BEEE AWREEE, AOEERICLY,
TR T D STECR 72 A B DN A2 B 1~2 1 S/em LA T Tl
IKRDGIFRINE K DRI F- DAERD KB T, 30~50 12 S/em LA
BT, B K D ERLF DA BN A B, KDY
FUT & DTTEHRLT D AR KB BEIR TIE, K OEERH
NEL, WHIR A D OERIZEROBIEAB N DDRN D,
FEI LV WERLTEERT 52 L IIREETH 5.

50

|
Key Applied voltage I' Freq. of voltage: 50Hz

FB.40 r =—o- OkV I‘ Electrode type :@ A
E;' Al 3.5kV + Airflow volume : 50L/min
i'{ ™ ad 6.0kv ,’ Viblator . 2numbers
o 30
S * !
i3 : R
82 90 | 430 pe---- A
5%
>5
& 10 F
218/cm
0 . ) .
0.1 1 10 100 1000 10000
Water conductivity [ £ S/cm]
(a) With negative charged particles
50
40
o
]
E ?_‘ 30
g7
2 9
° S0 f
&z
4_2 T
> E I
'g 10
0 ) .
0.1 1 10 100 1000 10000

Water conductivity [ i S/cm]

(b) With positive charged particles

B 4 EE/TROFENFIC X 2REME~OKDEER

@%3 3
Fig.4 Influence of water conductivity
time with positive and negative charged particles.

on the voltage decay

32 REMkOBE#EEORE

32.1 KDBRIZ&L DR BBFOERDKEMTIHE
3211 HEERERFEBO®RE

R RIRE FE DR BIERE~ORELR 5 17T, RFE)
FEEOEIMIfE-T, V= Tidhvas, RERMINE]
20, BREMRENE L TWA.

IKDGFZNT & DT ERLT DA KELHY 2 BB R OAE
(I~2u Slem LAF) 720HCBRSF, IREIFEE O, 4
MR FDERBEEDOLDEBIMESE D Z L1220, HEIZ
BREMERE A EX SR HEE LT, AL Ebns.
3212 HERFEESTLER OBRE

g7 BEOWREMRE GREMNRE) ~OREBLX 6 1R
T BREOHME I, RERENELS Y, BREMENRE
<72, =7REABLZ 100L/min BLECRBE, Wi
BREMRENEL RoTWA. Zhik, AENILZ 100L/mi
n Lhk, b bREhFAERT ¥ v/ S—PRIN OffE ST
B (HALJE B DI RIHEE) 2346 L% 0.095m/s LLEIZ /e
D&, WERISETIC X - TRAET DRk E »
REW DO ELHEL, TOREBMI X hOERBEZDOL

10

o=
T

:0.5uS/cm
: 50L/min

Water conductivity

Voltage decay time
from +1kV to +0.1kV [s]

Airflow volume

0 L
1 2 3
Numbers of Viblator

X 5 ADMHERLTAZ &L D REMERE~DIRE) T-[H ik D2
Fig.5 Influence of numbers of the ultrasonic vibrator on the
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