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Effect of Performance of Aerosol Charge Neutralizers
on the Measurement of Highly Charged Particles Using a SMPS
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Abstract

A SMPS(scanning mobility particle sizer) system measures the number size distribution of particles
using electrical mobility detection technique. An aerosol charge neutralizer, which is a component of the
SMPS, is a bipolar charger using a radioactive source to apply an equilibrium charge distribution to
aerosols of unknown charge distribution. However, the performance of aerosol charge neutralizers is not
well known, especially for highly charged particles. In this study, the effect of the particle charging
characteristics of two aerosol charge neutralizers on the measurement using a SMPS system was
experimentally investigated for highly charged polydisperse particles. One has radioactive source of ¥Kr
(beta source, 2 mCi) and the other has 1%y (alpha source, 0.5 mCi). The air flow rate passing through
each aerosol charge neutralizer was changed from 0.3 to 3.0 L/min. The results show that the
non-equilibrium character in particle charge distribution appears as the air ﬂow rate mcreases although
the particle number concentratlon is relatively low in the range of 1.5~2x10° particles/cm’. The low
neutralizing efficiency of the ®Kr aerosol charge neutralizer for highly charged particles can cause to
bring an artifact in the measurement using a SMPS system. However, the performancce of the H%yq
aerosol charge neutralizer is insensitive to the air flow rate.

impactor) & AH&3tE ok dxe A WA
Uzd 9o e 9dF $EE 27] WEl
olg &4 Aule AVt vlE FSA &4t A
Y @34 2249 Arlg AAES 8, 3
AL Z7)o wet A HAFES REF A
ANk Ao qAZe] g FRE olEsh,
doz &4 YA AV IRXE ANE F Ao

LA E

dol2Z AT dAe AVIEXE 5HL )
$ Fasd HAZ B A7oA AErue|a
Aztel A7NEEE FAE7] A8 SMPS(scanning

mobility particle sizer), ELPI(electrical low pressure dolex Z57= z7)d O gAS B
_ i 2 2& 9AE AFHez FAO e B

* Y, A deaylgd T YA ¥z mSo = G2 ik A7)

* % ﬁ%, @5"'3’—]-5}‘7]%‘5'—]"% Z]:IL@%CE:IL@JE:I 0]1:}- °ﬂ°1§a %__3}7]»_ E.E 210P0L}_ 245Am3’—]—

T A2, 39, dAdgGR 714 F
E-mail : hwangjh@yonsei.ac.kr
L : (02)2123-2821 FAX : (02)312-2159

Ze gs ddolut Vel wEh dAg AHER

.ol AT L F9 B ¥ }%% o] &3}

kv




o2& Fav9 5ol RaAAUAY AT FH vAE ¥ 1499

ANA FHsle QRS0 HY RAF £XE U
Bd £ UL U S8 nFE9 oL U4
AFEE AAFH U

A714  olFx A 7|(differential  mobility
analyzer; DMA)E 19743 ool2& F3I17t &
ZEEA G4k A& 272 AMEHJYG I
s dAde] wEl ot shd EXE 2] 9
2o dol2ZF F377F AEH7| olAARRAE ¢
ke =717k obd AN A o FEWE A& F 9
AAR, oolz2ZE F3l7i9 DMAZ THEHUA
HE4 U473 E¥XE 538 § JAJqGO

Azte] it stAdl e AFE Fuchs®9] o
£¢ 7Ivte g gYstA FPHALED Fuchs o
Hole 4t sldol 93 A" A= HYY
Bl EBxw 2xz Jeiddn PR,
50 nm ©o|&¢l PAY FFA G4t FA EAo|
BExul 54 BXE =X &3, Fuchs?Y =%
&8 (combination probability)ol] s} A4k® shA
By dxgttes Aldo] o ATAETYq)
A AFHAL.

Z7)o v dAF EEXE 23 e 4
7} dol2E FI2E FHsd, Fd dAHo)
ool 7t7h HY ud=F EXE 9=} Fig 12
Wiedensohler™] ZAg2e] oa) AAE HF o
A B2XE el 294, F40), ¥H 2 &
(2= 349 YA Lo AFETY u)5E)
th. 294 BE uket Zo] A% 100 nml ¢}
27t o2 E F371E B35H, FA 0] 42.3%,
O 209%, 2747} 3.3%, (H1747F 27.3%,
(2717} 5.6%0 DAF dAF BXE et
a8y, dej2F F37] Wy o9 vt F
B4 gAY AFAze] Zod AxE A
37t o o4 HalAZE A4 El(steady state)
Q By YAYF E¥ =gatx 2, vy
B2 dol2ZE FH/E WAYLY o] b, 9
o2 E F3r)9 EFFFoIY 4Ry x7] 4
X 3o wet FI3/E wAYeE 49 3
A XN EAEE, o2 FIY A%
of wom AR we 4 AW HALEE
B2 DMAY dy] &AZZ AT 5§
o}

qoAZE FH/E S g9 A EE}
o] ol WA &= FAYH ol=2x R
AR HHF BX9 vBFIEANE =T o8 o

e

Fraction
[—]
L]

0.01

1 10 100 1000
Particle diameter (nm)

Fig. 1 Equilibrium charge distribution obtained using
3)

an empirical equation of Wiedensohler
T7F JAAT, dEEY 24¥H ITE 50 nm
oj3tel FEAHoz FAOU 17l dHHE o
=HE 2719 dAE ddez FIPHA
OS9 zarle gSHRE 2} olgem
49 + Y& BB &L 50 nm ¥ IR
o o cdolzZ Fuv19 HNY A4 AR 5
Rl Be A7E BA Yok
ol AFMeIN ¥Krit MPog WAsPoE
A dol2E FH7E dYoE WA U
= dAkst meu sk dxd F3 458 97
gt &, dol2Z F79 SHEF F7
sdats Zsrs =38 Axe &d B}
By AT LT BFAEA AAsE 4Pe
SRS B AFAAE sMps A2ge o]
712 AHEEE ¥Kedk 2P0 do12E 337
€ ez, 32y BAd A8 H+) Ee 3
(Oez A dd 9EY 4Ae AVIEXR
3% o Jetd ¢ & 53 4739 24

uy ey o

2Fsgch 53, smpse AF2AY FH7)Y
ThRFol ntd AR AFEE FF AA

FFg ZASIACH

SMPS Al29E& HE 1 um o3t kel =
NEEE A3 A0l=, Fig. 291 YEbd v}



1500 ANEeE WA - $HF5

Aerosol Neutralizer Polydisperse
Aerosol In

(-) High Voltage
Power Suppl

Ground :.' S )
; - R 11|
- Monodisperse . »
1 Aerosol Out : 'JJ Excess Air

e 'c'-.u -

Condensation
Particle Counter

Fig. 2 Schematic diagram of a SMPS system

of do2F FHII% AVFH olFx £47I,
¥ Al47](condensation particle counter; CPC),
g At AA IAV|REE AMEE AZE
2 AFEE FHIG®

Fig. 2& SMPS Al=®9] A4z gzt BF
AUZEE Uebd Aok sMpS Al=®9] 47
T 53RAL A9Rd gia 2ok 999
AF EXE ZE o4 4AVE fYEE & ¢
Ze vlE]l dTed AT dFHAA AAL.
JHEEE FHE dAs 54 F4 sHNY
dqA2E F371E FTHEAA AR et HY
gAF X8 ZEd. Aol A7tEE= DMAY
Wi A9 JFAE F 4™ Atolde A
7170l ¥ARE 3, BZ(sheath) F71¢ dio2F
FEoz 8 AR FF fFo L
A" YA R A3dd HEg gt f44
A A7)Fe] FdFoE FAAA Hojyh UiF A
AdE F3lo ot A} AGE Utk
A EAT A7F ol =E ZE dAE DMA
379 Wiy A¥de Fog wxvet CPC
o3 E4 gt DMAY R AAE A9 At
< 9AEE uho] g9 FHAFL wEIE A4
9ol aA7EEs g€t bMA 9 A EF
W AYED DMA 9% izt 24 2 FH
FaME o8 =8 A AEH AU

J olo my

z
A
o)

o

4

F- A}

I.

Table 1 Specifications of two aerosol charge

neutralizers
Radioactive source SKr 20p,
Half life 10.8 years 138 days
Intensity (mCi) 2.0 0.5
Maximum energy (MeV)  0.695 53

t} 082D gMPS AT E¢ol= CPCE A T
b dzly T dolzE FEUIE FHE 4
Aol P WuF BEAL o]gdle] SMPSE &
48 dAte] 4AE FEEE At

By dAdF X & T4, ¢ 2 20
oz A" YAE DMAY R A™de ar}
Aol &()old DMA 379 R Addey ¥
<€ 58 ¥Hoz A" wEAd 4 ER
gt} ©] ¥ CPCE FFEE SAHY, ¥y o
AG BX 2L o]l DMA JTFolA Al ¢
29 FEEE doz AT F U dE &
A, 27} oldez stda dAE 1A &S
A% DMAE #4HE A7 Y YAz £ X
g wEsd 100 nme) YA F H17rE kA
AAte] 8] &L A4 oF 21%°]th. DMASA 100

—

AA BE9Y 100 nm FAY F=E 10070/em’
olth. ek ATt For FA shAFHO oA
dojz2F FIVE AT 4 F H17Md 4
A7F 2%, sMPsE 24l AR FEEE 200
Mem’e 2 A4sA Bt vhstAz oz &
A sdd JAE FAse By dA=E T3
715 BHFE F H17he ¥lgol 21%7 ohd
10.5%°18 F3EE HAAY 50%E FAH . o]
gt Fo)] 77t &27ld wA HHE FAEL
By HAF BEE upolFA X3d, SMPST
AR 47 BX9 b 53ZAE veHd F 9
.

3.4

B dAFqAME Az® F 2470¥Y0) AW
SKr(TSI model 3077 47§gdo] A °pos
Aedog AMREE doE2E FIUE A9



N2 E F3rl9 B¥Fol neAYAY AVIRE A N 97 1501

Excess Flow

-

NaCi

Compressed Air

Clean Air Supply System

A

4

Laminar
CKI: Flow Meter  Corona Charger

=] S

HEPA filter 2™ Diluter

=] [=

(+) High Voltage (-) High Voltage
Power Supply Power Supply

Vacuum Pump

Laminar
svpg QZ: Flow Meter

:.....[:].....: Excess

Flow| 03 L/min

—__1 03~3.0 L/min

e ]
| ] | cpC
DMA

Fig. 3 Schematic diagram of the experimental setup

doz HAsA olE WAlsgel i A4
& 3i 7 AAE Z1eHo dm, HEAHQA A}
%< Table 191 Fasly el

22V gdd g8 FHFd s-eE A
R Qzte] A7 BEEE SMPSE A&
Aste A JEed F e EF A3 FA
nZ37] A8 Fig 33 2 AEFAE 74
pel=s

o 2% 1200C, o Hg 3 kwd Hd7|7t
@ FHHZ(tube furnace, Lenton Furnaces model
GTF12/25/364)8 A§3td AlgE 423 4AE
FANAGD Fro AL LFvHALO)%
A FHSi0)7 FAHAEL A (mullite)o] 7,
A3 719 RREo Zolx ztz} 254, 364 mmol
I, FEE W 2=E 8] HEZPID) Aol 9
3 9AA AP FEEe e A A
27y &7]d £FS AY FEEY Fgd 94X
AR F, B2 2&E W 4Fo] 73l
. 23 F7)E FREE SFeEA FE F7|
o 2x7F 9ojXd o §& AAF L AA =
F YAz Wt 25 AFda Fr2e 2
TE 800C, REZEd fddIE F7ig Fr=z
279 FAMF7IE 47 2, 15 LUmineE 4R
A 2AsG

F37ld fdEE gAE A A6 o

S g dpe e

oo WA mB FAZE AT 3
A7l A o 45deln, 7EuE AMFd R
A9 FAd A7 025 mmd golo] Fepd
Hol) nH¢E Aststn o7 AFE HANA
o 93 FAE 4% JE9 AYs 20 mmo]
E]_.(n)

A7 G ()4 kV £ (-4 kve] ALS 9t
3l YAE %+ TL ()= FAANAL, I
A71¢) EF5FL oF 20 Lmino 2 A3t A
d Ay =& dASA KA.

3td dAtel F=eot F371E THste A
AFAZ) e AL Brher) 98 2719 3§
ARAAE ALY FRIAA TRHE AR
107l /em® o9l mErolmz @ 13 M)
A FMAFIE e R =2t g ok 13 34
g do2EL 57 #FF7l(laminar flow meter)E
AR 22 FHAMH]  FYs 3, HEPA(high
efficiency particulate air) ¥EHE& 5343 AR F
Z1¢t Ao 23 M@l fdE AE 4=
FEEE ¢ 3x10%M/em’e)Q 3, I2 Y 3
g BH8d &4 g8 FEEE 1-2x10%)
fem*E ol oA AZAM} SMPSe] At
23 2 AANEE 100Vem’ (10 nm Y=
ZA$)e] 1/100~1/50 A Eo]7] wjZo] gurRA oz
ZA43te = otk A dAe] slE HE



1502 AEs -uAd - FAE

A4 % 100 nmol:, 718F EEHA= o 14
R BEY TN FHNAA F29 A
gJ& Fassgxn, FAVE S AU 9
Z DMAJ FYHES ATt

qojzZE 379 FFFol g A
9 4o F3 B4 gEd F o A& E
A z7)d dHeg A Al dAEL F3
718 5% Fox WL A= e &
Fol & 4 I3, HdE ()22 A )4
" JAEL DMAZF AT Yo stdd
JAke] ggo] wold & Uk

2 dFqAE dojzE Fir9 TANF
J3g AmEr] A3ld Fs719 shFel dA8
=2 pa7el SMPSE FAHE FL 243l
gk &, F3719 FH4GFE 03~3 L/minl=2
wgAzen, o W cpceo FAHFY 03
L/mino] 34 DMAZ FAdHAx, UnA F3FL
Z2F% RFAE AA ATPZE FAS wAt
2tk

DMA(TSI model 3081)¢} CPC(TSI model
30224)2 ®Kr Ex "o FIVIE FHT 4A
o] AZA olFx BEEXE AT o i ¢
AL HI7t2 stdd dAte A= Fid
o]%% A Z(mobility diameter)o]i, tHF tHAF
B A (multicharge correction)2 +33}4] ggkt}.

27} 32 @A m2 e o dE A
A "ol AoNE FAAZT. sizdol
AolAZ A dzY F AFE ZUEHH G
AY F 49 Aol AABHLE FAHEA
gostglch A b dEde] Aol UF
o AxA FYAHF=E $Eo]W HEPA ¥EJ X
AFE £ Agdd AFE A9 A electrometer;
Keithley model 6517A)2) vz AFA 715&
ol-gsta] =AUt o W sjgde] AoAR
239 AFE YAS YH EE S()2= A
A A% ztzh ¢k 1 nA, 1.2 nARlTh

10

o

4. A A ES
doj2Z F37) W AFALe] FEA F&
A EdEte dAY sd REU B dAdF ¥
g 9E3R ¥ F Aok A7 (94 kV

EE (4 kvel AgE drtate AE AAE F

2x10"

i Air flow rate (L/min)
1 = - = = No neutralizer

1x10’

dN/dlog(dy) (particles/cni)

10 100 1000
Mobility diameter, d, (nm)

Fig. 4 Mobility distributions of particles charged

by positive corona discharge for the ¥Kr

neutralizer

AN, AFALY FFE AHEI] 3o
dolzzE F3rl9 F#FZE 03~3.0 Lmin
2 ¥93ARY 3719 $3F5%°] 03 L/mind

< 22U WA o3 stAd A8 AR 7
5 3T AAL o 100 nmol 2, YA F FF
TE 1.52X107 /em’ @ o

4.1 Z 2Lt wHo| els LA LHE
SHHE 32

ek doj2ZE F3U|9 BIHFo] Frletd
gz FE7E 3% 42U 2y dAF £F
g zZt=ohd, sMps Al2H®lo] EA3le A
AZIREE 43T Aotk add, FIVY F
S wa 32 dHE F57] W
HAlsdo]l &7 BAE o|2F A= Heol B
ANAY F37] W stdd dzke} AFAREo|
Frol dAtel HAF FX7 By olz2x Rt
v Ey Adagdn 3 4 Jdok FHUE FH
g Azle] AP Bxo uHY 542 SMPSE
AHEE AR EY ZAo) AFHoZ JFL v
2 A |

Fig. 45 ANd A7 22y g o8 g2
2 4 std8 A9 ANEH olFE FEE Y
gl Aot} &drel E3-f3e] 20 L/mino] 1L,
Q7bAto] (+4 kvl A% 009 pm A7} 3+
718 538 £ de YAT HF AT &
2970013, 025 pmQ A% 9/ A=A ol A
S 5Y98 YA BY dAF BXE ZE ¥

B



A& F8719) Aol nHAYAY FVIEX A wAE IY 1503

20
I Air flow rate (L/min)
—+—03
I —— 0.6
15 | —-s-1.0
° [ ——1.2
E - ——3.0
S10F
; 5
I
=
g
g 51
&
i
0 1
10 100 1000

Mobility diameter, d, (nm)

Fig. 5 Concentration ratios of positively charged
particles with the mobility diameter for
the ®Kr neutralizer

Aol Ad B AstFd 0274, 0.672HE 10
Hl o]d Z3, JY fAF EX9 FFA A
o= gE 2L IAHLE ZE 954 Aol
o2 A A" AU FIVE AXNA &
O HA(no neutrlaizer) WH-E9 A&7 (917} o
o2 FAHEZ SMPS Al&HL AR e
Jrgo] nFEE EAGE AANHE FHU
PA7L doj2E Far1E TR/ F37] dd
EAse 15T YPold L Fol2F FEFY
A=z B¥L et Fig 48 B9, $37]9]
E353Fo] 03 L/minit B H$ A7FH o
T ¥ 7lst HE 970 AL Ho® 47
o] F8tx, £EE7 Eohh

B dAFgME ¥kr do2F FHUY EFH
ZFo g A T E Alsl SAHALLAS
Amagitt. o] W Farle FHHFol 03
Lmin¢ A% ¥4A7F Y A% 22X E 959
gz 7HRst NEEEE ARSETY 4R
FxHlE A (g ol &3t Fatuth

. N,
Concentration ratio = S+ )]
Nos

A7, NysT Not dAZ2F F3r19 53
o] 2z}t 03, 0 L/min¥ W ¥zt FE5Eo
. &, Jo2F F3rle FH3FFo]l 0.3 L/min
9l HALE JEoE F37|Y FFHFF wE

20
Mobility diameter (nm)
——37
—=—50
. 15 4
'ﬁ —o—102
= —— 300
g
5 10 |
g
E
3
g8
O 5r
0 PR PRt 1 24 | - A P | P S Y 1
0 4

1 2 3
Air flow rate (L/min)

Fig. 6 Concentration ratios of positively charged
particles with the air flow rate for the
¥Kr neutralizer

FEE 4AE=2 Jeld Aol

Fig. 5% 224 e o3 ga7t ez
=7 814" A$ Fig 49 Jehd 44 E ¢
A FTHE upRo] yehd ot F317]9
E343F0] 06 Lming o ARy F5=7t H
Z 2¥] A% A Jehdm, zelst 3 E 1.0
Lmin°lY} 1.2 Lmindl A$ A7|3 ol5= IAF
o] 30~50 nm¥ #W FEFEE 104 oY =A &
Agc} Jls BF 449 100 nmE T FHL Yzt
9 T AARY 3FH A e,
o]AL B A AlE4E DMAT} (HE FHAE
AAHE EFete A7 "ol &, 7
o 2w o3 A4 stAE YAES
371 AR olFox HY hAZF EXd o
2] Bz (mFE sldd" gAY vigo] wrl
3], 2t YAAA #HI7FE stHE PAY Bl ol
FAoY (E FdE dAERG F7] WEd A
ANHoz F=7t ¥4 FHHR, L oFR9
A AX7F & (7t oldeR shdd 4=
dgoz AL oFx AAFE e A9 =
7t AARY g4 Jebd. ,

Fig. 62 Fig. 49 7|3 ol5 % £XE T3~
9 a4 Fxulz Yepd Aojth dojz
£ 3719 E35Fol 1.0 L/mingl AS 2RE
AR 03 LminFe] 27k 7k AA e
ved, 4740l 37 m B¢ FEEE AArg
188 ol EA FAJ

%3719 3430l 1.0 L/minBth AXH A

)

J o ofy



1504

14

Air flow rate (L/min)

=
o

Concentration ratio
P

e
o
T

0.6 L PR S B S S W N | L L1111

10 100 1000
Mobility diameter, d;, (nm)

Fig. 7 Concentration ratios of positively charged
particles for the *'°Po neutralizer

Aoz Fx9 FAHa7} FotA e, oA
T 7R 4¥d Aoz AZE A, FI7
&719] WF 718etE PP wWE 75 JHd
Hglolth. gFoA 87 WE FUE F719 &
T2 FARY SE7 WE AE YHE o|FE
g, o] W YR fFo] EF FEE v W
Auzld AA AFAZEE 4719 Foots FA
ol FAgTh A4, ¥kro] ) BAES o]23
A71E %ol "olx7] "WEolth Liu 579 &
Fo wzd, ¥Kro] AFse o]2FL *pog
< 1/82 3t} oA FA H8 AV F3
7] W9] o]l o3 FY Aejd o]27] oz
dlojt}, whek o] o] HA}ERl ZAE T
e A F3A 7L, F8 Avrte gAl
Tg3lA £&d o FHAd gAY vE
< FPgdrg g3 (127 ooz 3tdd
Yol BlEE ¥OEE, Fig. 6o UER uhe}
Zo] e Aart B2 AAE FAHE F Utk
z37)9 EF8%%o] 1.0 LmnBtt & ZA$ F
3718 B FrY F=7 Fsld A%
Fejrl vlH, 5o EFET AF () o2
el FE 80 FUIEHH FHLeE xdE ¢
A9 F3F &0 FolAh 53], F3719 R
T2, & Als Bdo] AAHE ¥ B3RA
o] &% el 4 A £ WY

Foz 32U SHA AT *Po dolzE
Z3718 E3% A$ Fig 700 Jeld vpe} ol

Z37]9 BRIl WIAAE FFEE URE

N

AL - A - 3%

8§ x10°

Air flow rate (L/min)
—+— No neutralizer

4 x10°

dN/dlog(d,) (particles/cnt)

10 1000

100
Mobility diameter, d,, (nm)

Fig. 8 Mobility distributions of particles charged

by negative corona discharge for the ®Kr

neutralizer

9] ANA £10% olUE H]xEA Y.
o]AL ¥Kr A2 E F3E HY oiIF A
g ol2x Rl wkd, Yo doj2ZE F37)
= 9y YAF B¥xg wESIdgE Covert

o 292%s dAdY.

42 IR2L} gMof| oa X F()LE
SIME ER

Fig. 82 A7t 3=y e o8 o2 &
A FHE ALY AUH olFE FXE e
zlolty, #3719 FFHFFHo] 03 Lmindl S
ANg d&9 7iEk BdE 94742 F 100 nmo] i,
2 $2E o 15x10%/em’S Tt JAEL o
2R 17} o] Loz slAE g7 wid
23718 538A goWno neutralizer), YA}
DMAJ A AAH A9 FAHA Yeth F3t
18] B3fFo] s, AAFH AR X
A Qe 71E o dFEL AY AR LA
ARE Sy IA 2T 53], 5
o] 1.0 L/ming! A% LAY 527t v]g v
A4

Fig. 95 ¥A7t =2 e o3 Fo8 3
A9 A% 379 ER5FE 49 FERE
Ueld Rolt}. ¥Kr o2 F F3U19 BRHFF
o] 0.6, 1.0 L/min¢l A% F5=7t AR @
A 2AHYAT, F3o] 1.2~3.0 L/min B
AL gRrEe 9AdAA FEEE 03 L/ming
A9 wxdA SAHAY. ol AL ¢



deizZ F37o 4ol naAYAY I7IEE A VA ¥ 1505

2.0

2 I
E
g
£ 1.0
g -
E Mobility diameter (nm)
2 5 —=-39
6 —u— 66

I —o—102

L ——195

—a—250
0.0 1 1 1 1 1
0 1 2 3 4

Air flow rate (L/min)

Fig. 9 Concentration ratios of negatively charged
particles for the ®*Kr neutralizer

oz sldd A A9 ¢ g2 F37]
9] E3{30] 12 L/min ©]4<2 3¢ DMAZ &
Ad dA T AFA] A 7 03
Lming ZA$Rt #A4 Jeign. oldL HY
gA% Exo Z9o vjung W oz "
dzte] wlgo] Hl=3AY o ade Ag 90
stk §Fo] 06, 1.0 L/ming A$ A7 %o
2 dE A9 vINAR o2 FE Fsir]9
Z3lago] Hojd}.

Fig. 99 A3+ DMA7Z 402 &dd dzigt

Bfsloz gow slAd Yol ujgo]
g AF X4 7HgdeE 2L st g
, 22 doez 3Ad 4 318 B
B3 F A RAFSE AP i 9 4
TAS 3E, Fo2 32 stdd Yz
A$ F37) 5FFFol 1.0 Lming ZH3ste
Aoz FaFo HAFIE 0o FMHRAA &
2oz A3 A Jdeldt oAL goz 3}
A" YAt v go] BY dAF £ AgA
% 2oz A" 4R v go] 31 FAH ¢
zZhel vlgo) W& nHFYP A BEXA veld
ol

goz zEY AP LRI Mo dojzE
3718 B4 A o2 Hd gAre} vt
ANAZ Z3719 FHHFF e FHEE U
HRo &34 dH HYAAM £20% olUlE H|%&
sHA vebstoh

£ oot
il

4.0
—a— Positively charged particles

—o— Negatively charged particles

o w
> [—3
T T

g
=
T

Total concentration ratio

0.0 : : ;
0 1 2 3 4
Air flow rate (L/min)
Fig. 10 Change of particle number concentration
estimated by the SMPS using the *Kr
aerosol neutralizer

43 ¥Kr Ol0|2E Z3517|E XA SMPS
A

x4
AaHol UYRE 5H 54

g

48358 SMPS Al AEN(TSI model 3936)2] 7
wAs7b 2 Bke o2 F30E ZFs)
I ) o] o dfojRFE FIlr|e F3 AdFol
D2 Az 29, SMPS/ £33 49 27)
BEe 433 9439 4 vk SMPSE Figs. 4
o} gol el ulel Zo] MU|F olFE LEE
ZA4T F, AZEYHOE UF A 2P L +Y
st AA AVNEXLE FAGG

Fig. 102 F387]9] F34Fo =& SMPS
o8 FAE 4AY F FEE ¥HE Y
Aolth. & £¥EE sMpPSY tF &ld AL
Fste] AT dH = ()2 FHd ¢
249 A4 2% Z1E#A 03 Lming] 9o ¥
3 1.0 L/'ming o &A49x7} 713 aA ety
o, oz sAE YA A FAFF 03
L/minktt 39 F 558 54 F43d.
o2 3tdd gAY AS v Ago|
gt vhek dabs o] o) AgE oo &
o2 #A HE FAE FEI FIANA E
td go2 FHE YUY FEo] FAIEE,
Z3r]9 E3H3Fo] 1.0 LminYgd AL AR
AA xS 50% olEAA F FE=E WA F
Attt 3719 S#FFol 1.2 Limin ©]dold
239 F FFTE 03 Lming 399 w8t

A tehd,

o



1506 AT - uiAE - $AHS

1.0 a
B
Q@
%
£
2
°
=09
-
Y
£
2
S
E
08 -
oy
; | —e—Negatively charged particles
é —— Positively charged particles
0.7 L L i I Il i 2 1 1 1 I 1 I 1 ] 1
0 1 2 3
Air flow rate (L/min)

Fig. 11 Change of geometric mean diameter
estimated by the SMPS using the BKr
aerosol neutralizer

EFH sMPSY tF dd HAELE F£YPstd @
L ZARAAAZRE 73 37 4BE T F
3719 E3d4Fo| 03 L/ming A-$9 8 wstd
Fig. 119] Jedgld. doz =4 didd 4=
o A$ Fd79 FFHFFl 03 LiminBth B
od 718 HF AL Folxn, FI4FFo] 1.0
L/mingd ® 100 nmolA 85 nmZ 15%} ZolA
o} oukd) go2 gidd dAY B¢ 1 HF
AR ZE FHFFAA 4% olHE Ao W3
7} fsich

gd2Mdoz & 3AE AAE EAHEE AS
¥Kr dlo]2F F3IE AMEFTE dojzE F
37 O AFAE 37717 98 BRGFE
ZolAY o8 A9 FIVE HE= JdZdo
Argsjof goh =g, Wabsdo]l g %o oo
2Z Z37E 4T = ok AAEE o
43 AZFZAY A F7) 3FVE Hhst
= 7% SMPSE AME3le] Yxte] FV|REE S
Astd AZ {FFo) o JFEE ¥ FEETL
AAL d=A T2 F Y3, g0l Y 7
25 Jeid # glemz g Fofyt Has)
o}

5.2 &

2 dFdAe ¢34 47 doj2E T8

719] Aso] SMPS Al2H®eo YARE FAHHA
o mAEs YL 4Py AHEYt Z=2
U e 98 ¢ FL& 2oz 24 sdE ¢
Ag ddez F39 BHARF 03~3.0
Lming] 3¢ *Ke} *Po oo)2E F379 F
gads sty e e 288 A}

1) FAZE 22 B g3 o= =4
A" 3% ¥kr dolzZF F3719 ETHRFol
0.6 L/min ol4dold F37|E& TG o|Fdx
Fo2 sHd YAt ©lgo] Eoh. SMPSE I
JIEXEE ZAHse AS 78 HF 43 AA
o &3, date F g5xEE ¥A &340
&3], 3719 B340l 1.0 Lmin¢l F$ 2
71229 HFo] F AHstxn, fFFol 1.2-3
Lmine 2 F7tatd 39 Axr) g4agch

) 477 Z2Y BHd o F()e= FA
A" A$ UKr dol2E F37)19 EHFFo)
06, 1.0 Lmind W A3 v=& *A 5AT
t} o] o 715 HF AL A9 WA getl
Foz A" AR F 49 vlAIAZ ooz
Z 3719 3%l 1.0 ming o Z7E
¥ dFo] 7 Asdld. FI719 FIAF-Fol
12 L/min °]/3¢0 3% £3Z87} 03 Limin¥
o} Hls=sich. o]AL YUASt FohHo FY o
AYg FX o] Zo] olYx, HE AL ¢
2ol ¥ gL HY AT B AT o
2 3449 4R vgo] i FA 4R v
o] yte HHY WA EXA veld dAo|
t}.

3) ¥z z:2Y A" YA #%Po djoiz
Z FF7E 54 A F3719 AR
e = UREd AANAN x10% oJUR
H&8ln, $o2 IRY FAE YA FH
= £20% oW gich

AA7IEL ol 4% AZFA/Y AHAY F7
FA71E Holg o ¥Kr do2E FIHVE B
25k SMPSE 283t Aty IT|REE £F
g A4 AF F3Fd mget AARE 2 2Tt
AA g g2 428 5 Yoz, JojZE F
371 W AFALEE 744717 A8 SRR FS
Zo|AY o8 e FIVE HEAR dEsd
Abgsior gt mE Mo dol2E FIVIE B
At AEE = ot



dolzz: F8719 A¥ol nAAYRY AV|LE FAH vlAE 9 1507

7|

o

2 d7e FFARAGAR FRAZIVNET
A (FARE: 200160201)9] ALE do} £33
fgen, old #AR JHEA FA=HU.

2]
o

e

(1) Flagan, R. C., 1998, "History of Electrical
Aerosol Measurements," Aerosol Sci. Technol.,
Vol. 28, pp. 301~380.

(2) Fuchs, N. A., 1964, The Mechanics of Aerosols,
Pergamon Press, Oxford.

(3) Wiedensohler, A., 1988, "An Approximation of
the Bipolar Charge Distribution for Particles in the
Submicron Size Range," J. Aerosol Sci., Vol. 19,
pp. 387~389.

(4) Hoppel, A. and Frick, G. M, 1986,
"Ton-Aerosol Attachment Coefficients and the
Steady-State Charge Distributions on Aerosols in a
Bipolar Ion Environment," Aerosol Sci. Tech., Vol
5, pp. 1~-2L.

(5) Adachi, M., Kousaka, Y., and Okuyama, K,
1985, "Unipolar and Bipolar Diffusion Charging of
Ultrafine Aerosol Particles," J. Aerosol Sci., Vol
16, pp. 109~123.

(6) Liu, B. Y. H. and Pui, D. Y. H, 1977, "On
Unipolar Diffusion Charging of Aerosols in the
Continuum Regime," J. Colloid and Interface Sci,
Vol. 58, pp. 142~149.

(7) Liu, B. Y. H, Pui, D. Y. H, and Lin, B. Y,
1986, "Aerosol Charge Neutralization by a
Radioactive Alpha Source," Part. Charact., Vol. 3,
pp- 111~116.

(8 Liu, B. Y. H and Pui, D. Y. H, 1986,
*Aerosol Charging and Neutralization and
Electrostatic Discharge in Clean Rooms,” The J.
Environmental Sciences, Vol. 33, pp. 42~46.

(9) Hoppel, A. and Frick, G. M., 1990, "The
Nonequilibrium Character of the Aerosol Charge
Distributions Produced by Neutralizers," Aerosol
Sci. and Tech., Vol. 12, pp. 471~496.

(10) Kousaka, Y., Adachi, M. Okuyama, K,
Kitada, N., and Motochi, T., 1983, "Bipolar
Charging of Ulirafine Aerosol Particles," Aerosol
Sci. and Tech., Vol. 2, pp. 421~427.

(11) Covert, D., Wiedensohler, A., and Russell, L.
1997, ‘"Particle Charging and Transmission
Efficiencies of Aerosol Charge Neutralizers,"
Aerosol Sci. and Tech., Vol. 27, pp. 206~214.
(12) Adachi, M. Okuyama, K. Kousaka, Y,
Kozuru, H., and Pui, D. Y. H, 1989, "Bipolar
Diffusion Charging of Aerosol Particles Under
High Particle/Ton Concentration Ratios," Aerosol
Sci. and Tech., Vol. 11, pp. 144~156.

(13) Alonso, M., Kousaka, Y. Nomura, T,
Hashimoto, N., and Hashimoto, T., 1997, "Bipolar
Charging and Neutralization of Nanometer-Sized
Aerosol Particles,"” J. Aerosol Sci, Vol. 28, pp.
1479~1490.

(14) Alonso, M., Alguacil, F. J.,, Nomura, T., and
Kousaka, Y., 2001, "Examination of After-charging
Effects Downstream of an Aerosol Neutralizer," J.
Aerosol Sci., Vol. 32, pp. 289~294.

(15) Reischl, G. P., Makela, J. M., Karch, R., and
Necid, J., 1996, "Bipolar Charging of Ultrafine
Particles in the Size Range below 10 nm," J
Aerosol Sci., Vol. 27, pp. 931~949.

(16) Mayya, Y. H. and Sapra, B. K, 1996,
"Variation of the Aerosol Charge Neutralization
Coefficient in the Entire Particle Size Range,” J.
Aerosol Sci., Vol. 27, pp. 1169~1178.

(17) Ji, J. H.,, Bae, G. N, and Hwang, J., 2003,
"Nano Particle Charging Characteristics of Aerosol
Charge Neutralizers," KSME Journal B, accepted
for publication.

(18) TSI Corporation, 1999, Model 3936 SMPS
(Scanning  Mobility Particle Sizer) Instruction
Manual.

(19) Ahn, K. H, Kim, N. H,, Lee, J. H., and Bae,
G. N., 1996, "Particle Path and Performance
Evaluation of Differential Mobility Analyzer,"
KSME Journal B, Vol. 20, pp. 2005~2013.

(20) Knutson, E. O. and Whitby, K. T., 1975,
"Aerosol Classification by Electrical Mobility:
Apparatus, Theory and Applications,” J. Aerosol
Sci., Vol. 6, pp. 443~451.

(21) Hoppel, W. A., 1978, "Determination of the
Aerosol Size Distribution from the Mobility
Distribution of the Charged Fraction of Aerosols,”
J. Aerosol Sci., Vol. 9, pp. 41~54.

(22) §i, J. H, Pae, Y. I, Hwang, J,, and Bae, G.
N., 2003, "Generation of Nano Particles Using an
Electrically Heated Tube Furnace," KSME Journal B,
submitted.



