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A Study on Electrostatic Coagulation
of Bipolarly Charged Mists
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Abstract; In some industrial processes such as rolling and cutting, a large amount of mists can
be generated from machinery by the vaporization of cooling oils, lubricants etc. and are often
dispersed in environment for a long time. Some mists are inflammable or toxic. Hence, they may
cause serious labor accidents such as fires and explosions or aggravate workplace environments.
At present, electrostatic precipitators, bug filters and scrubbers are widely used to cope with
such hazardous particulate materials. However, particles of several micrometers or below one
micrometer are difficult to be treated because of their small size. For example, those small
particles have insufficient electrification capabilities. So it is inevitably important to enlarge the
size of mist particles in order to efficiently treat them with electrostatic methods. '

In this study, a method in which oil mists are divided into two portions, where positive and
negative charges are separately given and then mixed together again, was employed. In this
method, rapid coagulations of particles were confirmed through observation of the size distri-
bution changes. We carried out both experiments and computer simulations to clarify basic
characteristics of charged mists, the mechanism of electrostatic coagulation and important pa-
rameters to enhance coagulations.

The results are summarized as follows:

(1) After mixing bipolarly charged mists, their distribution shapes change from the original
“one-peak” type to “multi-peak” type as time passes. The median diameters also become larger
as the charging currents of the corona chargers increase. For example, when *+ 35 pA were
applied, the median diameter of mists almost doubled within two minutes — from 0.86 pm to 1.6
.

(2) The computer simulations show that electrostatic coagulations are caused mainly by
coulomb forces exerted among charged particles. It is also revealed that the time needed for a
certain number of coagulations to occur is inversely proportional to the square of the amount
of initial charges of mists and directly proportional to the cube of initial distance between two
adjacent particles.

(3) According to the computer simulations, if mists are unequally charged, the number of
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particles which collide more than twice becomes much larger. This suggests that unequal charging

may produce larger particles than equal charging.

Keywords; Oil mist, Submicron, Electrostatic Coagulation, Bipolar charging, Air pollution

1. #

JE%E, YIHIZEDEETRICSB W TS, T/efkss
DB X 3B HDDICHERI N2 IS HREE
3L - BMEL TAANI AP 2EE T E5— 20
ZRALND, THOAANI A ML, BR - kKOE
HEZ-720, H5WITEESN IR L THEIR
BZ2EASEIDAL LT, BACHERINTKRRA
BRO—ELE DL ->TW5,

BE, FANVIAPEEUOLAELIFA 3D
rEFEE LTHESEHAIRTYwWSn—2 8 L
T, ERBEBERCERB IO L IITI X MRIT %
HEIY, INCHBALHBERICLIBERNZ
B3 BLw) FEID DL, TOFEEIT, REH
B10 umBENF A+ « S A MRFIZH L TEFEE
EMTH 25, H um BELUTOVWHLOEI 70
YRIFERER L pm T 73270 kidE LT
INLERHLTEERITFEW)) kb e, HER
PRELSTHIEFHEEICK 5720, BREFIEIK
BICET T2 &izk<monTws, #ic, Hid
DE)LUEETERTRETEIFANIZ MY TS
zury»bIzZarEHBENRSNES R e 222
DT NTHBINT, BEXNZFALTE
EICBRETIIEIIRETH 5,

WAL F DM BB ICILBANELERFAED 2
DY, BIEIIREIC, BERIRZED 2 FITIE
IZHBIT 22 &5, MR TADREBDORAIA
BRI bDTHENDT, KATHERIh2/EHSE
B7200213, BLEE LTS LD FETRERK
PRETLVEID D,

RBEM KD 72D DFEARN 7 FiEE, BEFOHEE
EFFERICLT, BEBRONTF2ER - 15 (BE)
IEBZETHY, INFETITEERNLHEELT,
ERROBFEEZANX— (BER) 2FH L TR+
PIRFI 5 HEEY, W EFE I TRBATE
BERPTRENS 3 HED, &2 Mk SF o,
TnEnZHoOBRETHEL, BEAMSIET, £
BiEnFREICEBCBRESN (Z—wrh) 2FAL

i1l

to Suction blower

flmist tlow
Mixing Chamber
~— Sampling tube
Corona charger -—___rJ.> e=>
DC poweyr DC power
supply supply{-)
o —
/7 Mist pool /// |Particle Sizer
128 0 APS-3310
Fig. 1 Schematic of experimental set-up

HERERBEOHE

THEIELHEDPREINTEY, 22 aE
MEIFREZINT S, Le2LEDFL, Tho6DF
HISH SR OB LBPIERTH D, »D, [EH
BEENSZ MRT (BR) Thor7eoH, HEBENK
BEOREKIZAINAZOEIHEATBICIIEICTR
DBUETH b,

EELLPOT, EEIETLIC AN S LB
BREENDZSEIRA N 2L CREITRNZEL
RIELIERPHIE LT, EEERIEHET, »
DORELBERALANT -2 LEL L WilkERE
BFD7—urhick pEEERAICERL, WA
EILMBEARNEEEELRELIX VoBEERZ
fT-72, UL, 2OBIERETH-72/08, BiE
AR HYHIER 70 & BIERIN - L, BEHEICL
LREHEARIEIRINBELIEEZALPICTT LI
LITERD, RBEWKE, AT4 T VRBTAHT
P2 dptEh BHRRE B E 57, Y

22T, AR, L NBEREMREEDLOIC
2Ny FENCTHRATE S R P EBEIE L HFEERA,
T, BEREOBEEMATILDIZa Yy Ea—
2 3av—avEfTol, FOER, 7o E
L ABERANIZILALA LN WEENEN
BEZFMHIIBWTYH, BUNTOREERVCWHRIREE
RHIET A LI VRN HERELFI &R
FTENUBETHDENWI)RBLEBLOT, UT
ICEDEERICOWTHEET 3,



TR S A POBERECET 2 5%

50
= 40} Negative charger
o~
(&)
3
— 30} \N
=
g i
- 20F H
()
00
E L \
S 10 Positive charger
0 L L L 1
0 10 20 30 40
Discharge current [xAl
Fig. 2 Charging property of corona chargers

20 FHEROHEHE (HEBRHEFTEE)

2. HEHEIXMNOHRTREICAHT SRR

21 XEREBESIURRTZE

WA E I R POBRBEERREEOEZ Fig. 1
R, COEBREBRZTZINETHY, BBEL
PIRLNREBRABAB (IR -1V, BE
128¢0) , IR McEMES 2 5 ERERVERIEND
FamHE R o o+ HELRS (EE 50 mm, &3 50
mm) RUOKEINLZIZAI2RE-EESEIE
A (RE120) 5K b, IR P ORBESRAEC
1, RROTEE (ERNFEOREMEEE, TSI4
%1 APS-3310) #H\e, SAMEREL TR 747
)Xy REMRENEERTNVI—NDO—FE (FFK!
HO(CHQCHQO)nCHzCHZOH), hE1LL BFEEE
40) ZERAL, 7+ 7wy —v (BER) TINFE
fbL720 272, IR FT—N—-HEHRSREAEE)
32 b, BAHEBSOILY» LRET 7 —
TIRB|T 22 EICE-»THI &I Lz, ARINERT
i, Fig. 2R/ T &9 12, SR MPDFERE, E-
BB bIcanFHEROKEEROKES LI
BRI E WHBIRRIC S B C LA L2 T, Sk
EEBREICE - AREEROKE IR LMEIREY FL
72 EBROFIEIIKNPE) TH %,

(1) I - 8BS FESCEREEZAML, KE
EREPENEICE Y P T 5,
(2) 747y — Ik D RESELIAPEIR

- 125 —
50, 000F T —
- 45,0001 sampling time
§ 40,000} —o— 0 sec
S 35 000l o 60 sec
F-I =0 120 sec
w 30,000
B
S 25,0001
o
=1
8 20,000
e
2 15,000¢
=
10, 000
5,000t
0
0.1
Diameter [ m]
Fig. 3 Size distribution of uncharged mist

ENEI X ORESR

P = NICRMSE S,

(3) W7 uT—Ick) IR FORAEED, K-
EHEAHEI R+ 2RAMNEAT S, #HY
REEY -7y —EFEL, WE
IZMHRAEICEES LHITT S,

(4) BABWORIE P RMAEICHT 72MMLP SFAL
frtr N v S Fa—TRRAWT, KT —
Ik E D H# 20 BRFET 3 X b OREST
ZRET 5,

22 ERERRBRUER

221 HBESTBOETALSALBHBEREDHR

Fig. 313, BH 2 -0 HRXATWHWEHANI
Z F ORBESEERT, S ORESHIE, 0.8 pm
FieEnwE—2% bbb, 22 bRBHICRRER
T MR Th 5, EEIEER, BAB~NEAR
#% (UFI “Osec” DH D, 7277, EBRIZBZERDF
M B 5 ~ 10 BRICH s Y7 v 7 LI A
b OEREER VKBS TH S, ITFEALFICD
VT L ERE.) T# 3.6x10°ME/cm®TH Y, #25
Poltg D CORBEICIITEA Y EIEE L, F K
BAMICLIFIEALENBALNL W, TDI LI,
REBROBEMNTIE, 757 ERNREET 28E
HAIEETE2EIENEETHY, ERNRISM
WFORBELIZLEAEELTWEWI EEERLT
w3, Bz g, BEEIROEN DAL
WAL WED, IXMIREEEELTE



- 126 - FEEL M RERE RIIS-RR-91
35, 000F 0121 _—
] ) Sampling time
Sampling time —o— 0 sec
30,000F _ 0 sec 0.1F e~ B0 sec
—o- B0 sec =0 120 sec
25,000 o 120 sec 0.08}

-=20,000¢

15,000

10, 000

Number concentration [p/cm?’]

on

=4

=1

=1
T

0
0.1

Diameter [xm]

Fig. 4 Size distribution of bipolarly charged mist
(charging current: 10 pA)

FEANE I X FOKESE (HEEHK: 10 uA)
0.08F
Sampling time

z 007 —o— 0 sec

.E —o B0 sec

© 0.06F o 120 sec

g

S 0.05}

8

5 0.04}

=)

=

o 0.03F

&

= 0.02f

g

= 0.01}

0.0 e e
0.1 0.5 1 5
Diameter [um]

Fig. 6 Normalized size distribution of bipolarly
charged mist (charging current: 20 pA)
MEBHEI X FORELCKEST (HESBH
20 pA)

MICHFET 5,

Fig. 4 XU Fig. 513, M v+ RmEHROKREER
2ENEN41I0 pA REBE+ 75kV), —10 uA
(F—-6.3 kV, LITHME) CHRELLELENDEAIR
FDORBESHEERL T B, B IIEAETE
o L72RESAE, %EISERIRE THREM L 22k
BAMTH b, Fig. 412 X USHMBEBIEE HSHRRT &

Normalized number concentration
o
>
[=2]

0.0
0.1
Diameter [pm]
Fig. 5 Normalized size distribution of bipolarly

charged mist {charging current; 10 uA)
AEAE I X PORELCKELT (WEERK
10 pA)

0.08¢ i

Sampling time
0.07F —o— 0 sec
—eo— B0 sec
0.06F o120 sec

Normalized number concentration

0.0 . m— e

0.1 0.5 1 5
Diameter [z m]

Fig. 7 Normalized size distribution of bipolarly

charged mist (charging current: 35 pA)
AERE I X P ORECRESST (FHEEHK:
35 pA)

EDHITKRESCHEDTBHZ G b, ThiE, BE
BRITE - THEOHARLF4 1 HEDIEX L7k +
Khbll, RUERWTIPDOERFBETH 5
12 DI BB L RRIE DB F P BEIRICE T
HEEM»LEERLTLE) 2k, DHERIRLE
bbb, MAEIC L ZRBESHFORKTIIHER
Rk DHEMKRICEE L7oNESMORIOERE



MR E I X b OBEFRERICET 5 —FH

2.0F
1.8F  Sampling time
16f —o— 0 sec B
— ~eo- 60 sec <>
g L4 o 120 sec .\c‘;;;:x.ﬁlf— """""""" *
Bt
g
[
g
=
g
< 0.6f
=
0.4F
0.2t
0.0 e
0 5 10 15 20 25 30 35 40
Charging current [zA]
Fig. 8 Variation of median diameter with charging

current

REBRL X7 1 7 REDRAR

BT 2 2 L HARBTHLNT, Lk, HEALL
WEMEEAVWSZ LTS, Fig. 5 icdhid, E
AEHKICIE, BHENEALRARONESMTH S
A, B2 ocoN, 1.4 pm fHEICHIOE— 275
B> TETWD, I, 7—mrhickd
BEBEIRLIICETLODOHBEILERLTWVS

YEZLNDY, EEEIPIWLOICEEHEEIL
L ~NVIIZEBE > Tnwd,

Fig. 6 XU Fig. 7 13, HEER% = 20 pA (+85
kV, —7.2 kV) RU+ 35 pA (+9.7 kV, —8.2 kV)
YL EAORRBRS T TH B, Fig. b LB L, A
BRI L ) HRIC ZERIAELLTW B, NES
ORI A ZEALICIEE T 5 & + 20 pA, £ 35 pA
MEE L, BEMCRETH-72b Db, REORA
YRRl (2.3 pm fHE) 1235129 —D2D
IR, o, MEDEDNE S IIHRRITECZ-T
Wi, TOBIZE 35 pA DHFFEINTEETH 5,
LLEnEE&IL, SA P DFHEERFKELSLDITE
BERENLVERICLD, TOERMENHEKRE
BLIEIDHILEERTEIDOTH 5,

222 HEREXCZEYTIET

IR MNOBEEE LBEREIC X ZREBKDBME
2 1 0 EHICIIET 272912, Fig 8 ITRT L9 1S,
KEEBR L IAMOXAT 4 T hRE RBENNEM)
DEFEE 7Ty P L, BRI UL, HEERD
BN > T AT A T Y RBEFKRELS LY, D, B

- 127 -

i Charging current
—o— Quh
1.8} —o— 1044
o 20 A
E -+ 30pA
216t - T - 5
5 Tt
2 1.4 - P e A '
= o £ - .
= AT & — °
5 o
= 1.2¢ &
[}
=
1.0}
== .m—““"‘"'.""“‘*~~~o«‘""“'""'"‘“*"-~~-4..~._.__,~_,.

-20 0 20 40 80 80 100 120 140
Sampling time [sec]

Fig. 9 Variation of median diameter with sampling

time

AF 4T REORBZEL

BRI BRELDIE L AH D Z L5,

B A B LicEB LT 2y b LD Fig. 9
THd, CORETIE, BN L2, EEDOF T
) v ZREEARIGRIEE L ) b 5 ~ 10BN T
2720, 0FICBITE XA T4 T v RRIZREEREIC
FoTEMNLTWSE, HEEREIROVWTORERIL
BAHBE, REBERVRECZIERBEERDOBES
KE<{, WD 40 ~ 50 WERBT B LEROE
BBk b, SNLDERIT, WMHOTEEN
KEVIIEHEREZRBEICES 275 FRFICIE: &
BROPHICE > THREBEEIBLT HEADKE
{7 BDT, ROV THEREVRESGWIAFTEED
NGB ArFARECTITETIAZ L 2RIRL
TWwabNrEZILNE, 5k iud, REEKR
PEBICRLEIT 2012, TEBLIEITFIAMA
DHBIHERR 2 THRLEFH LI L, RUHH
RE->TRONLEFHEFMEETHLT S LI
INBEORERZ D IBEHRTELILETRRET
55DTH5b,

3. BEREICEAT?IaEa—%
iab—¥ar
31 aAykEa—-ddiab—arhkhE

ERERDTEAE L WEBHRICBWTIE, BOH
EINEEMRLT L, T LTHRER (777~



- 128 -

Generate n particles with a log-normal dis-
tribution (Define the initial diameter d; for

the particle 1.)

l

Provide the particles with the initial
charges according to the Pouthenier’s

equation,

Set a two dimentional coordinate and
randomely distribute the particles on it.

(Give the particles 7 its initial location, ;
and y;.

Input the step width of computation, dt
and the final time t;.

Calculate the Coulomb forces exerted on
the particles ( f;(= fzii+ fyiJ) for the par-
ticle 7. )
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Calculate the locations of the particles on
the present time.

Examine if coagulations occur.
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] = 2 g

lation has occured.)

Output the current information ( loca-
tions, diameters, etc.).

Increase the time. : ¢t < ¢ 4 dt

(if ¢ is over ¢;, end the computation.)

Fig. 10  Flowchart of computer simulation
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Table 1 Coagulation times and median diameters
under different charging conditions (com-
puter simulation)

HERBL AFA7HE (P 1ab—2ay)
Charging condition
Coagulation -
numbers Balanced Imbalanced?!
[pm] [pum]
0 1.00 1.00
10 0.995 0.995
20 1.01 1.01
30 1.06 1.06
40 1.21 1.18
50 1.30 1.26
60 1.36 1.33
Eliminated? — 1.43

1: Negative charges are 2.5 times larger than corre-

sponding positive ones.
2: Particles not collided are neglected in calculation.
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Fig. 16  Simulated growth of median diameter of

particles under similar conditions at the
experiments
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