- 123 -

Research Reports of the Research Institute
of Industrial Safety, RIIS-RR-91, 1991
UDC 53.082.72,537.29,628.5

MiRMEIZAMNDBEREICET 2 &2
IIpREE*, BE M, HEREer

A Study on Electrostatic Coagulation
of Bipolarly Charged Mists

by Shigezo YAMAGUMA*, Tsutomu KODAMA*
and Yasuyuki TABATA*

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 um to 1.6
L.

(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
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Fig. 3 Size distribution of uncharged mist

EWEIX I OMESH

FF—=NIZHRFHGSE B,

(3) WBl[7uv—icky) I X roHmEnEEY, E-
BRERTEI AP ZRAENEAT S, EY
HREL S oRE| T ey -2k L, WE
SAMIBAEICEEZSLSICT 5,

(4) RAEOMIE P RANEIZET 2 SHAL
o) I Fa—TRAWT, BT e —
FIEERY S8 20 BRBT I R b ORESTE
ZHET 5,

22 ERERRUER

221 RESTBOELLLABEREDIRE

Fig. 313, B2 -0 52 TwiWEAN 3
A+ DRBFRERT, ZORBRDAIZ, 0.8 pm AT
HEIZEWE—7%23b, 220 6REHICORES
JRT7-BIERITh 5, FEKIEERL, BASNEAR
#% (U “Osec” Db, 727271, ERIZBIEEDOR
B 5 ~ 10 BRI s RS 7Y v 7Lz R
P DOEERERVNBESHTH S, LTFEBIZD
WT HFERE.) TH 3.6x10%@/cm3Th Y, #2 5
BB COBEIIIITIEAEEERL, £, A
BOMICBIFLAERFITA LN, THZ LI,
AREBROBHNTIX, 757 EENCGERT 24E
HRFERTEDIEILEOHEETHY), EHICL M
KFDEBELIZLALELTWRWI E2EKRLT
Wb, BV, BEEIRCEHUND I
BFT/ERLLZWERY, IXMIEEREELTZE



- 126 - EXLELMEIIRikeE RIIS-RR-91
- e — 0.12F
3,000 . . 7 Sampling time
Sampling time —o— 0 sec
30, 000 —o— 0 sec § 0.1 e 80 sec
cos o B0 sec g o 120 sec
325' 0001 -~ 120 sec = 0.08}
< g
520,000+ S
E E 0.06
§ 15,000t E
5 B 0.04}
10,000} =
38 g
= 5,000} g oo
0.0
0 0.1
Diameter [xm] Diameter [ m]
Fig. 4 Size distribution of bipolarly charged mist Fig. 5 Normalizec! size <'jistribution of bipolarly
(charging current: 10 pA) charged mist (charg[ng current: 10 pA)
FIESE : X P ORESG (FEER: 10 pA) AEBAHE I X PORELCKELT (FEER:
10 uA)
0.08} T 0.081 N T
Sampling time Sampling time
- 0.07F —o— 0 sec o 0.07p  —o— 0 sec
2 —~eo- 60 sec 2 —eo— 60 sec
2 0. 06 B e 120 sec 8 0. 06 I e 120 sec
g g
S 0,05} S 0.05f
8 8
& 0.04} 3 0.04}
= =]
g g
(=3 =
< 003 Z 0.08¢
S g
= 0.02f 5 0.02f
5 5
= 0.01f = 0.01p
0.0 . A 0.0 g e
0.1 0.5 1 5 0.1 0.5 1 5
Diameter [um] Diameter [z m]
Fig. 6 Normalized size distribution of bipolarly Fig. 7 Normalized size distribution of bipolarly
charged mist (charging current: 20 pA) charged mist {(charging current: 35 uA)
FHESGE X PORECHESHR (WEER: FRENE I X P OBEELCKESH (FEER
20 pA) 35 uA)
MICHEET 5, EHITRECEAT R Lah b, ThIE, BE

Fig. 4 KU Fig. 5 13, M v+ EHROREER
2ENENA10 pA (KEEE+ 75kV), —10 pA
(F1—6.3 kV, LITHERrE) KRELLRELEDEAIR
FORBEAREAERL T 5, BIEBEMETE
b L7RRS A6, %8 I SE SR E CHREL L 72h
B’AMTH bo Fig. 412 I UTHMEBKIBE A HRER &

FRIT L > THEDBALF4° 1 ADIEX L7 fh+
hdZ s, RUERAWTNIrOEMIBREITH S
2D IER L BIED BB T P HETHICL-T
WEEM P LERLTLE) 2L, DHERMRLE
bbb, HIMEIC L ZRESMORE TIHER
I L ZRBERITE B LIRS R ORLDERE



FfRfTE I X b OB EREICEET 2 —BE

2.0t ! "
1.8 Sampling time
16f —o— 0 sec R
— —o- 60 sec e
s 141 o 120 see _\q=i=:'~::: ~~~~~~~~~~~~~ o 1
[ -
3
[
g
=
8
o 0.6F
=
0.4}
0.2¢
0.0 e
0 5 10 15 20 25 30 35 40
Charging current [uA]
Fig. 8 Variation of median diameter with charging

current

HEERE A7 1 7 REORE

EBTH L REETH LT, Litk, H#EMLL
BESHEHANSEI LT 5, Fig. 5 i kiud, B
AERZICE, BRHEOEALRARONESIATH S
A, BRI 200N, 1.4 pm FHEIRIDOE— 7 58
BAIC - TETWSE, 2L, 7—mrhick?
BEBEIBRRICETLO2DOHEIERZRLTWS

EEZLNDY, HFEEINPNSIVWIHICEHEEE (L
L~ )LICEFE > T b,

Fig. 6 XU Fig. 713, REERZ = 20 pA (+8.5
kV, —7.2 kV) RO+ 35 pA (4+9.7 kV, —8.2 kV)
ELIBADRBEDHTH b, Fig. 5 LH~b L, K
BAAIE & D RIRICEERATIL T 5, WES
ORI 2 ZALICER T 5 & + 20 pA, = 35 pA
MEE G, HMCRIETH 7200, BEORH
X HITREM (2.3 pmfHE) 1235128 )—2D
EHIRN, B0, PEOEDE S IHRAIES %L -T
Wi, TOEALIZE 35 uA DFBLVEETH 5,
DrnBEIE, SAMOFEEIKRELSLBIFE
BEREFINVERCLY, ZOBRRBEDOBAL
BIEZHLEBERTEIHIDOTH b,

222 HEBEEKCHETIETF

SRAMOHREECHEEEIC L SNEEROBR
# &0 EBIZINET 2 729012, Fig. 8 ITRT L9 1S,
REEBRE IXPDAT 4T VHE (RENNEME
OBERE 7 2y P L7z, RARICEI UL, REERD
BICfE-> T AT 4 T REPIKREL LD, D, K

- 127 -

2.0 Char'ging current
—o— Quh
sl ~e 104
o 0 A
r§’" —o 30 A
21 6F - S5uA = ‘"cr"/D
8 e ° P
2 1.4} e A T
— g &
© '/,&’ O & RN ©
s 7
S 19t oo
-S 1 &
=
1.0}
PO PO o O, PO *

-20 0 20 40 60 80 100 120 140
Sampling time [sec]

Fig. 9 Variation of median diameter with sampling

time

AT 4T o REOFREL

MR NBECDIEDIRD D 2 5515,

R B LicEB LT ey + Lo Fig. 9
Thb, TORTIE, BIRD L2, EBEDYF 7
V7RISR TRER LD b 5 ~ 10 BB T W
b7, 0RICBITA AT 4 T RZRIIHEEBRMEIC
EoTEAL TS, BEREICOWTORERL
2ALE, REERVREVIZIERZREROEED
KEL, WTFNRd 40 ~ 50 2B T 2 LHEKNE
EIZRRICh b, SNHDWRIZ, MBAOHEED
KEWIFIEHBEREIZRICET 24, FBHCE &
BRIOHFFAIC L > TRFEEEIWALTHEHADKRE
(50T, RPTHEREVBEEI,VIAFEED
INDCBALFABEERCITETTI L 2FKL
TWwadbDEEZLND, Bk NIT, REHEK
PRI LET A0, TERTTIX M
DA BR 2 2L THLENFrH B2 &, RUHA
RKE-TRbIUEMEHAHTEEFTHLET S L
SVBEORELHIBEMHERTELILERET
5HLDTH 5,

3. BERECHITZIaEa—%
iab—>3
3 arvEa—#%iav—arnkiE

NBEROFEL LT WERPIRBWTIE, BCH
BEINHFEBBFIE, FELTEEER (777>



- 128 —

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

the particle 3.)

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, z;

and y;.

|

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

Calculate the Coulomb forces exerted on

the particles ( fi(= frit+ fyiJ) for the par-
ticle 7. )

9:9 Ti —Zj

Joi = E drey 13

i.

J#z
fyz 2 4G Y Y

47eg 'r'i-
Hfz

rij = \/(xz' — )% + (% — 95)?

l

Calculate the locations of the particles on

the present time.
I

Examine if coagulations occur.

(lf rij S dz -I2_ d]

is true, assume a coagu-

lation has occured.)

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

Increase the time. : ¢t <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)

HERBE AF4T7 AR (fab—2ay)
Charging condition
Coagulation .
numbers Balanced Imbalanced?!
[pm] (]
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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particles under similar conditions at the
experiments
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