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Development of a Micro Reactor for Continuous Flow Demulsification of an Emulsion
by an Alternating Electric Field
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Emulsions are often generated as unwanted byproducts from the treatment of oil
and aqueous solutions. In this study, we investigated the demulsification oby the application of an
alternating current (AC) electric field. A fluorocarbon tube of 1 mm diameter was used for the emulsion
flow. The emulsion was smoothly separated into clear water and the organic solvent.Ethylbenzene, toluene,
o-xylene, m-xylene, p-xylene, cyclohexane, and n-hexane were employed as organic solvents. Sorbitan
monooleate (Span80) was used as a surfactant. The following conclusions could be made from the study: (1)
the square waveform alternating electric field was more effective than the sine waveform; (2) in all
organic solvents, the demulsification rate varied significantly with changes in the oil phase volume
fraction; (3) a greater relative permittivity promoted demulsification; (4) demulsification rates varied
with the ionic strength of the aqueous phase.

W/0



Kataoka
Separation Sci. Technol., 1990

Ichikawa Colloid
Surface A: Physic. Eng., Aspects, 2004

R ARG

Chem. Eng. J.(2001),
J. Robotics and Mechatronics(2009),

E(2007), E,
Vol.125, No.12, pp.467-472(2005),
, \Vol.30, No.2,
pp.159-163(2004)
80 vol% 20 vol%

( 1) 28
2

100

30

60

40

20

0 5000

10000 15000
AR (V/cm)

20000



24

0.5 3mm
(
) 0 10000 Hz
0 6000V
H
25
3
2 A, B
(
1 mm 3 mm)
760 mm
inlet
il spacerB
spacerA
outlet
(a) (b)
3 (a)
(b)

syringe device for applying
electric field

measuring cylinder

l r

high voltage amplifier

multifunction generator

4
E @
E = (V/Vy)x 100 (€H)
E... [vol/vol%]
V... [ml]
Vo.. [m1]
60
@
=11
10000 V/cm
60 mL/h( 62 s)
5
31.2%
20 Hz 1%



Demulsification [%]

Demulsification [%]
Moisture content of oil phase [%]

100

o]
o

o))
o

B
o

]
o

&)

LaCl,

100

00
o

[e2)
o

F
o

N
(=]

o

Demulsification

10000 V/cm , 60 mL/h(62 s)

N Moisture content of oil phase

20 40 60 80
Frequency[Hz]

100

electric field strength| flow rate|application time
[Viem] [mL/n] [s]
| | 10000 20 185
[ ] 10000 60 62
A 5000 60 62
20 40 60 80 100
Frequency [Hz]
(a) KCl (b) cacCl, ©)
=1 1
100 Hz 60 mL/h(

62 s)

100

g

=

k]

g

:‘E

E

E

a 20
0

Demulsification [3%]
Ik = o o E
= = fa L

L=

Demulsification [%]
e
= &8 & B B

=

Fr\eq.lem'; 100 Mz, ”
[ Flow rate 60 mily {62 5)
L)

0 20 40 &0 20

0 20 40 60 a0

Electric Field % 107 [V/em]

| Fregeency 100 Hz,
Floree rate 80 mL/M{E2 )

[b) Catl,

b 4 A L b i 4 1 i

100
Electric Field X 102 [Vfcm]

Fenguency 100 Hr,
I Flow rate 60 mUh o
L [62 1] I

[ig) Lal,

0 20 a0 60 &0

100
Electric Field * 10? [Vfem]

1000 5000 V/cm



100

5000 V/cm
_. 80 4000 V/cm®
xX n
= 3000 V/cm
S 60 .
2
S
=
£ 40 2000 V/ema
5
8 2 1000 V/em

0 1 1 L 1 1 1 1 1 1 1 1

0 02 04 06 08 1 12 14
lon strength [mol/kg]

p-xylene,
m-xylene, ethylbenzene
16.7-20.0 %
o-xylene, cyclohexane
25.0-30.0 % toluene, n-hexane
30.0-33.3 %
50 %
Xso @
. 50—Ey, 2
XSO o Xn + (E11+L _EJIJ/(‘Y11+L_X)1) ( )
Xso [vol%] X, E, 50 [%]
[vol%] Xh+l £En+l
50 [%] [vol%]
X50
Xso 9
n-hexane, cyclohexane, p-xylene,
m-xylene ethylbenzene
XSO
toluene o-xylene
XSO
40 T T T T T T T
é (n)—hexane toluene 1
g o o Y
g g- cyclohexane oxylene 4
ég 2 p_xy|eneo Omfxylene—
£ ]
5 10 ethylbenzene

18 20 22 24 26
Relative permittivity [-]

®

10

HHOE—

+ - g3t + -
EiE + \Elt — B  —) I O - |&8
+H|+ -|= -+ -[=

TN B BEH Py
OBEON O %

BESE } HAED IR IR T } ¥ 10}
BREFE—IVDORE [ HR-&— BE MRS -

BRELL BRESHY
+ - + -
Bl + — & g + - |1
+ - + -

CERE DM
AT UTHRE

10

+EES [ BAIHROMA

*



1%

®

(PD

2
(1)_A Muto, T Matsumoto, H Tokumoto,
Continuous Flow Demulsification of a
Water-in-Toluene Emulsion by an
Alternating Electric Field, Separation
and Purification Technology, 156(2),
175-182 (2015), , DOI;
10.1016/] .seppur.2015.09.071
@) SPANSO

,16(2) 177-180(2015)
DOI; org/10.11301/jsfe.16.177

7
o

45 E303 2013

9 18
(2) A. Muto, T. Matsumoto and H. Tokumoto
Continuous demulsification of water -
toluene emulsion Using electric field in
a mm-order diameter tube 10th
International Conference on Separation
Science and Technology (1CSST14) HP-18
2014 10 31

e

80 C217 2015 3 20
) SPANSO
17

2015 4 17

(€
2015 1
( ) 2015
4 20
(6) o/

18
L09 2016 3 5

o

2015 2015 8

¢y

@

®

o
AKINORI MUTO

00174243
@
HAYATO TOKUMOTO

70405348



