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Electrostatic Process in Liquid/Liquid System (II)
— Resolution of W/O Emulsion by Using an Electrostatic Agglomeration Method —
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Demulsification of W/O emulsion was carried out by the injections of positive and negative charged water
droplets using the method of dc electrostatic atomization. The atomized water droplets with both polarities
capture the suspended small water droplets in the emulsion and then collide with each other by means of
Coulomb force. The aggregated droplets fall down due to the gravity as well as EHD flow effect, resulting in the
separation of water and oil. The test liquid, which was prepared by the ac electrostatic atomization technique,
maintained a state of emulsion for longer time if no electric field was applied. When the oppositely charged
droplets were injected into the test liquid, the emulsion with a dull color gradually became transparent as a time
elapsed. It was found that two injections of oppositely charged water droplets were effective for resolving the

emulsion.
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Fig.l1 Schematic diagram of the experimental apparatus.
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Fig.2 Schematic diagram of the reactor for demulsification

process.
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Fig.3 Relation between water concentration in the emulsion
and transmission of the laser beam.
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Table 1 Physical properties of the sample liquids.

Liquid Silicone o1l Distilled water
Density [kg/m’] 935 1000
Viscosity [Pa*s] 9.4x107 1x107?
Surface tension [N/m] 20.1 X103 72x103
Relative permittivity [-] 2.62 80

Electric conductivity [S/m] 1x10" 1.7x10%
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Fig.5 The effect of the applied voltage on the electrical
resolution of the W/O emulsion.
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200
150 |-
)
=
8
ﬂé 100 |-
2
3
§ 50 | —— Positiye
a —#— Negative
0 ] ] ] ] ] ]
10 10.5 11 11.5 12 12.5 13

Applied voltage [kV]

X7 HNEE— AR
Fig.5 Relation between the applied voltage and mean diameter

of droplets.
100 ~
80 -
60 -
40 |
—&— Water 0.50% (without atomization)
20 —FE—Water 1%  (without atomization)
—&— Water 0.50% (with atomization)
—l— Water 1%  (with atomization)
0 r 1 1 1 ]
0 50 100 150 200 250 300
Time [s]
K8 fEFARE (FFEREIEADZIR)

Fig.8 The effect of charged droplets injection on the electrical
resolution of the W/O emulsion.



BRI BT 2FE T n A () (@R - &) 123 (41)

INRTWeDLEZX NS, WEAKBEEATLIZ LT

Osec

— YA 100% S % £ TICET DRERIL, KR 0.5% _ v
DEFATION, 1%DHET 50 WEFEShZ. $72bb, K _ 3£sec
DIREDME T E AR LORBEAE S, BROEMIZT T — S0sec
TREEEDMEAE LIZ < W2, KB A TEAT 22 RITRE
WZ ENRDND. _ 90sec

L—F A3 LiEe 5 DITKIREDNK 0.12%LL T2/ > T _ ltOSec
MHETHDHD, L—F2FEE LIED TH D O LR
BHNC A TROBEERES 72o T B 72D, < A DI _ 150sec
otz TD XS BHFEIIBWT, HEAKMETEAT D 180sec
DNEROEHIMOA L DIEALCIZ A, RO BRI _
. DT L bR OEA L 2 HEEHEER Ol _ 210sec
IR THD Z Lol £, K9 ICAFALORE _ MOsec
T 2588 L TS KO EDEbE =T, BRI L —
YPIOBBEN 100%I272 0, T~/ =2 HOKEEN 0.
04%LL FETIZR o722 L3 Db, ZHUTGEIRIC L D (a) without atomization  (b) with atomization
FRASC CHRE T 2KOE (01%RE) L7, LLER~ 10 05%W0 T/ a rOfFFLER
T fEHALORERIT 10, 1SR TRAEE D ) 7 7 #— Fig.10 Resolution process of W/O emulsion (Initial state:

0.5 % W/O emulsion, positive electrode: +13 kV,

NOEZL 2 a L DIRTHEODND. T2l a DY negative electrode: -13 kV)

RREBIZEE L T D28, EFALAEDIZON T 4 DFE L

ActEw o — 1k cow srccnac RN T .-
X BOWRbND. BEAEOEAS L Y ABEIIE ST _ _ v
HEEFHDND. & DIKOYTHIEERE T ALY 3 O 30sec
NEPAN:"
— 012 L —&— Water 0.50% (without atomization) _ 120sec
é —H— Water 0.50% (with atomization)
—&@— Water 1%  (without atomization)
8 0.1 —— Water 1%  (with atomization) _ 150sec
'é -
153 0.08 |- 180sec
5
° 006 |-
32 210sec
2004 |
240sec
0.02 |-
0 | | I | | | (2) without atomization  (b) with atomization
0 50 100 150 200 250 300
Time [s]

11 1%WO =~/ a rOffAfbiEE
9 FRIUKIC L BTl 3 LK ORRIZE L Fig.11 Resolution process of W/O emulsion (Initial state: 1 %
W/O emulsion, positive electrode: +13 kV, negative

Fig9 Time dependence of remaining water concentration in
8 P electrode: -13 kV)

the emulsion. (Tutial state: 0.5 % W/O emulsion or 1 %

W/O emulsion, positive electrode: +13 kV, negative
electrode: -13 kV)

ERIEL, F0%H 2 BRE L UTE - BOMRMEICFE L7k

4. FE&H FOENMZ L 2HEEELFM L e~y g OffFIE

FREEMURI L AT O /) AVERRR & TR/ R FEEE FEIZOW TN, EROER, DITOMmRIE L.



124 (42)

(1) SE@EEEmICHm L CRE SN AVEBIZENE

FVIERRE, BfRMEOEREEREEZFNT 5 &y
a U T AKEE, VT X —HhR~BEL,
&2+ 5 2 L CHEME L, BT L QW BEEFSHER
T

(2 fERL7Z WO =~ /Ly 3 Akt L CHERER 2 AV

T RO & > CIE + AUCHTE L 7oA & AT
%L, BRORMOHIC L 5 BB o CRRELIL
HRE ST,

B) V=ProBEBREZWET D LITL o THRIED

D

2)

4)

EBMRFMMAAT o 7o /E 3R, (ER U 7KIBEN 0.5~
1 %D W/O =<V 3 BT, SBERER DK EE
L, BIERRD 0.04 %LU FTHo7-.

SE 3
EGEST, SIGNE], BRSNS | HERKTFEEE, 30 (2006)
8
IO, H Lo - FREERTFEE, 20 (1996) 68
C. A. R. Pearce : British Journal of Applied Physics, 5
(1954) 136
S. E. Sadek and C. D. Hendricks : Ind. Eng. Chem., Fundam.,
13 (1974) 139

31 k&

%35 (2007)

5) K. Fujinawa, M. Morishita, M. Hozawa, N. Imaishi, and H.
Ino : J. Chem. Eng. Japan., 17 (1984) 832

6) T Hano, T. Ohtake, and K. Takagi : J. Chem. Eng. Japan., 21
(1988) 345

7) S. E. Taylor : Colloids and Surfaces, 29 (1988) 29

8)  ARIPE, FYIL), BREMER (H AR THFRTE, 41 (1994)
657

9) 0. Urdahl, T. J. Williams, A. G Bailey, and M. T. Thew : Trans.
IChemE., 74 (1996) 158

10) C-M.Lee, GW. Sams, and J.P. Wagner
Electrostatics, 53 (2001) 1

11) AER, FIEE—, @IREFE], RARH—, BAER
rER R EERSHERCE 01, p35, HFEAFR
(2001)

12) J. S. Eow and M. Ghadiri : Chemical Engineering Journal, 85
(2002) 357

13) P J. Bailes and P. K. Kuipas : Chemical Engineering Science,
56 (2001) 6279

14) L. J. Stack, P. A. Carney, H. B. Malone, and T. K. Wessels :
Ultrasonics Sonochemistry, 12 (2005) 153

15) HEKFEWR, WEKNY N7 v, ps9l, 4—uit
(1981)

16) FFEXRTMm, FHEX NV N7 v 7, p218, F—Aittk
(1981)

17) @UGEFE], RKAGRFI—, BRI, BIER  #ERT
238, 16 (1992) 323

18) ILHEZ, HARN— ®mEMm3E, KEE  ZEETHR
41 (2004) 246

. Journal of



