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Droplet size control and stability of W/O/W emulsion by utilizing osmotic pressure
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Table 1 Main initial composition of W/O/W
emulsion and diluting solution

EDTA " Ca*Na,*2H,0 0.037x10° mol*m™

solute | EDTA *Na,*4H,0 0.075x10° mol*m?

inner KCl 0.10x10° mol-m™

aqueous -
phase |initial osmotic pressure i 1.3 MPa
initial mean aqueous droplet size : ‘Dw 0.651m

initial volume ratio to oil phase : ‘Cw 25~30 vol%

oil purified soybean oil
phase  |TGCR concentration 5~10 wt%
solute‘ NaCl 0.27 x10* mol * m™
outer i
aqueous |initial osmotic pressure : ' 7T o 1.3 MPa
h
phase Poloxamer 188 concentration 1 wt%
solute ‘ NaCl ‘ 0.01x10°~2.1x10°mol-m”
Tuti
dilu e smotic pressure 0.05~10 MPa
solution
Poloxamer 188 concentration 0.5 wt%

\ZR9, WNZKHHIZIZEthylenediamin-N, N, N, N~
tetraacetic acid calcium disodium salt dihydrate ;
Na,[Ca-EDTAJMRIFE =/t ZWF2EFT) , Ethylenediamin-
N, N, N, N*-tetraacetic acid tetra-sodium salt
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KN KCl (FOCHIEE T 2600, 45l 2L TR
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Fig.1 Variation of ratio of mean size of W/O
droplets, mDw/o to the initial size, m'Dw/o and
destruction ratio of W/O droplet after
diluting the initial W/O/W emulsion by a
different solution
A; addition of TGCR=0 wt%(total Crocr =5
wt%),@:1.9wt% (6.9wt%), O; 5 wt% (10wt%).
Initial conditions were following ; Dm=8.82
4m, m'Dwo=25.5um, 7wi=1.3MPa, mr.= 1.3
MPa, 'Cwv = 25 vol%. Diluting solution ; o=
0.13 MPa.
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Fig.2 Effect of TGCR addition on swelling of inner
aqueous droplets by permeation of water
molecules
(A) TGCR concentration is 5 wt % without addition
and (B) 10wt % with addition of TGCR 5wt %.
Key O ; an original W/O emulsion. A ; inner
aqueous volume is 3 times of origin. B ; 8 times.

@ ; 30 times.
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Fig.3 Relationship between interfacial tension and
TGCR concentration measured for searching the
equilibrium concentration of TGCR in W/O
emulsion
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Fig.4 Swelling models of stable W/O droplets with and
unstable W/O droplets without addition of TGCR
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Fig.5 Effect of osmotic pressure of the outer aqueous
phase on mean size of W/O droplets at
equilibrium
White keys are mean size of actually swelled or
shrunk W/O droplets, m°Dw/ started from initial
mean size, n'Dwo = 33.0 #m. Black keys are
m¢Dwsostarted from m'Dayo = 8.71 1m.
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Cn : molarity [mol-kg']
Cw : volume rate of aqueous phase in W/O

emulsion [vol%]
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©
Fig.6 Photomicrographs of swelled or shrunk W/O droplets in W/O/W emulsion by osmotic pressure
difference between inner and outer aqueous phase
(A) ; shrunk W/O droplets because 7o was 8.4 MPa larger than initial osmotic pressure, ‘7o of
outer aqueous phase. (B) ; initial W/O droplets with ‘7o = 1.3 MPa.(C) ; swelled W/O droplets
because o was 0.05 MPa smaller than initial osmotic pressure.

Cracr @ TGCR concentration in oil phase [wt%]
D : pore size of porous glass membrane [y m]
D. : droplet size of inner aqueous phase in W/O

emulsion [1m]

Do - size of W/O droplet in W/O/W emulsion
[pm]

Ms : molecular weight of solute [kg-mol']
M. : molecular weight of water (kg mol']
R : gas constant [J-mol*-K"]
T : absolute temperature K]
t : time [h]

Voil : volume of oil phase in W/O emulsion [m?]
Vi @ volume of aqueous phase in W/O emulsion[m?]
Viwso s volume of W/O droplets in W/O/W emulsion[m?]
Wo:amount of [Ca-EDTAT in outer aqueous phase[mol]
Wr @ total amount of [Ca-EDTAJ in W/O/W
emulsion [mol]
X : mole fraction (-]
acamorar - leakage rate of [Ca-EDTAT, that is,
destruction rate of W/O droplet=Wo/ Wi X
100 [%]

7 *interfacial tension [mN-m"']
v . dissociation number [—]
7t . osmotic pressure [MPa]
o : density of aqueous phase [kg-m?]
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U w : molar volume of water [m?-mol™]
¢ : osmotic coefficient [—]
<subscript>

i : inner aqueous phase

o : outer aqueous phase

m : mean size

<superscript >

i : initial state

e : equilibrium state

* : adsorption/desorption equilibrium state

of surfactant to interface
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