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Abstract: Water-in-oil emulsions including water-in-ester oil and water-in-silicone oil (W/O+S) have various advantages
such as blocking moisture evaporation and forming air permeable membrane. However, their applications have been
limited due to the poor stability under low viscosity condition. In this study, we investigated the effect of synergistic
interaction between nonionic surfactant, micro-size particles and cationic surfactant on the stability of W/O+S
formulation. The stability of W/O+S emulsions was changed as a function of cationic surfactant concentration where
it increased at lower concentration and then started to decrease above a critical point. Finally, emulsion phase inversion
occurred at a high concentration. The results suggest that W/O+S emulsions of low viscosity ranging from 2000 to
5000 cps can be stabilized under the conditions where a nonionic surfactant, micro-size particles and a cationic surfac-
tant are used in the range of 1.0 ~ 4.0 wt%, 2.5 wt% and 0.1 ~ 0.5 wt%, respectively.
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558 (water-in-ester oil; W/O = water-in-sili-
cone oil; W/S) AlgH -2 £do] o 2~EA oY Ex 4
g QAR 7 = A FiE W A o] 9
stal 5714 BEES st 7= sPdE ﬂl%ii
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A4 W/O+S o8- Al ze] AHE-E Blo] 24
8 A Z+= cetyl PEG/PPG-10/1 dimethicone (EVONIK,
Germany, HLB = 5), polyglyceryl-4 isostearate (EVONIK,
Germany, HLB = 5)& AH&3}3al, EAEE vinyl di-
methicone/methicone  silsesquioxane crosspolymer (VDMSC,
SHINETSU, Japan), diphenyl dimethicone/vinyl diphenyl dime-
thicone/silsesquioxane crosspolymer (DDVDDSC, SHINETSU,
Japan)S AHEEFoH, A BWHE IR = §=9
ol F3HA| 2= palmitamidopropyltrimonium chloride
(PATC, EVONIK, Germany, HLB = 14)2 A}&3}ith
ol AMgE 2¥YZ+=  cyclopentasiloxane  (KCC,
Korea), cyclohexasiloxane (Dow Corning, USA), ethyl-
hexyl palmitate (NISSHIN OILLIO, Japan)E ©]-8-3}%
T3] 9o 2= sodium chloride ($H+4~7, Korea)
5 AMESal, SF+ Murk Millipore (Murk Bio,

USA) ZAE T3AZ As ARSIt
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Table 1. Ingredients and Compositions of W/O+S Emulsion
. wt %
Ingredients a b d e £ g h i
Cyclopentasiloxane _
Ethylhexyl Palmitate 30.00 35.00
DDVDDSC 2.50 2.50 2.50 5.00 5.00 5.00 10.0 10.0 10.0
Glycerin 15.00
Sodium Chloride 1.00
PATC - 0.25 0.50 - 0.50 1.00 - 1.00 2.00
1,2-hexanediol 1.00
Water to 100
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Table 2. The Stability of W/O+S Pickering Emulsion
a b c
Separation directly Separation directly Separation directly
after production after production after production
d e f
Separation 30 min. Separation 30 min. Separation directly
after production after production after production
g h i
Separation 1 h. Separation 2 h. Separation 30 min.
after production after production after production
Table 3. Ingredients and Compositions of W/O+S Emulsion
. wt %
Ingredients a b c d R £ g h
Cetyl PEG/PPG-IO/‘I dimethicone 100 ~ 4.00
Polyglyceryl-4 isostearate
Cyclopentasiloxane 24.00
Ethylhexyl palmitate 9.00
DDVDDSC - - 2.50
Sodium chloride 1.00
PATC - 0.5 - 0.1 0.25 0.5 2.0 4.0
1,2-hexanediol 1.00
Water to 100
Table 4. The Stability of W/O+S Emulsion
a b c d e
Viscosity (cps) 2900 2900 2800 1800 1800
Stability in high
temperature and Stable 0il out™ Stable Stable Stable
fluorescence conditions”
State of phase
inversion
f g h i
Viscosity (cps) 1700 1300 1800 3400
Stability in high .
Slightl tabl
temperature and ) 1Sty unsa i Oil out Oil out Oil out
. in upper surface
fluorescence conditions
State of phase
inversion

Phase inversion

* Above are the results of the condition in 60 C for 14 days, in 50 C for 60 days and in fluorescence for 14 days, respectively.
** Above results mean the conditions that phase inversion of emulsion was not occurred, but the upper surface condition was
slightly unstable.

*** “Oil out” is defined as the condition where the top oil layer is spilled out. “water out” is defined as the condition where the
bottom water layer is spilled out.
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Figure 1. Particle shape and distribution pattern of W/O+S emulsion (Each bar indicates 10 um in real scale).
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Table 5. Ingredients and Compositions of W/O+S Emulsion
Ingredients e
a b c d e f
Cetyl PEG/PPG-10/1 dimethicone
1.00 ~ 4.00
Polyglyceryl-4 isostearate
Cyclohexasiloxane 9.00
Ethylhexyl palmitate 24.00
DDVDDSC - 2.50
Sodium chloride 1.00
PATC - - 0.25 0.50 2.00 8.00
1,2-hexanediol 1.00
Water to 100
A Fgol FoAgo =M HLB7F =2 3o & o] B3 @)ell= whlelshs BAdA-e Adoh
o] ol YA A curvatureS WMIFAH O ZH G
S dozl ez HAY. VAi(H) = -Aa/12H
Hlo] 24 3149 ﬁ‘ﬂ]% e e dutdo g (A : Hamker constant)
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m2d oSy 2o dkg ks 7] QE(V,, at-
traction energy)2} 3} 7k Wb 7Rk AP (Vy, re-
pulsive energy)2] ol s AAHc)

VT = VA + VR
(Vr : total interaction energy)
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Vr(H) = a(kT)’r*z exp(- £ H)
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o] doju= HA FE C.C.C. (ctirical coagulation con-

contration) 3} &= ek 7z (valance of the ion type)
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T Rk opg} A om0 o) FslEe Yol Wbt
A5t BAIE AHOE ol sAZIE tl a3k oluA|(the
free energy of adsorption of a single, particle to the water-oil in-
teraface, )= 457 0 % AW tension (water-oil interfacial
tensions, 7wo)@F Thea 22 TAIES A dth
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Table 6. The Stability of W/O+S Emulsion

a b c d e f
Viscosity (cps) 3100 2500 2500 2400 2400 3000
Stability in high Slightly
temperature and Stable Stable Stable unstable in Oil out Oil out

fluorescence conditions

upper surface

State of phase Phase
inversion i i i i i inversion
Table 7. Ingredients and Compositions of W/O+S Emulsion
Ingredients . b . wt % d . ¢
Cetyl PEG/PPG-10/1 dimethicone
1.00 ~ 4.00
Polyglyceryl-4 isostearate
Cyclopentasiloxane
. 30.00 ~ 35.00
Ethylhexyl palmitate
VDMSC - 2.50
Sodium chloride 1.00
PATC - - 0.25 0.50 2.00 8.00
1,2-hexanediol 1.00
Water to 100
Table 8. The Stability of W/O+S Emulsion
a b c d e f
Viscosity (cps) 2900 3000 3000 2900 2400 3100
Stability in high Slightly
temperature and Stable Stable Stable unstable in Oil out Oil out
fluorescence conditions upper surface
State of phase Phase
inversion i i i i i inversion
E = 717 wo(l-cos 0 wo)’ A wl Fa) o AHL BA 1ho] w2 3
3 FHe o) Fr Axdl S ART LB
oo W= Ewo] ALY 2P 3 2aYe FAT & Ytk

A= E4F 9
W3t} tjEo] HEZE 9 AH tensiono] H3}ste] Al
&2 A7} 27] "ol fGA AHoE o]FsA
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Figure 2. Particle shape and distribution pattern of W/O+S emulsions (Each bar indicates 10 ym in real scale).
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Figure 3. Particle shape and distribution pattern of W/O+S emulsions (Each bar indicates 10 um in real scale).
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Table 9. Ingredients and Compositions of W/O+S Emulsion

ARE W/0 2 W/S oA <My

o

A 25

0
Ingredients a wt % b
Cetyl PEG/PPG-10/1 dimethicone
1.00 ~ 4.00
Polyglyceryl-4 isostearate
Cyclopentasiloxane Addition 8.00 to 30.00
Ethylhexyl palmitate 30.00 = 3500 ~ 35.00
VDMSC 2.50
Sodium chloride 1.00
PATC 0.50
1,2-hexanediol 1.00
Water to 100
2= FYFHTE BAY AL 5 um) EAS A3 Table 10. The Stability of W/O+S Emulsion
RISVl Dok oY ol @ A4, . 5
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W/O+S eldde] P4 A= Table 8, YA+ FA
}2] o] A3 Figure 39+ 2k EAE WA A=z
3 W/O+S o dd Al 2H"lo| A 713 wol| B= A=
Hlo] 24 F3AE A& Aol A EA12] H7T
F7F oA g4 wale] Mets F4 Edthe Ho)
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Table 11. Ingredients and Compositions of W/O+S Emulsion

Ingredients

wt %

Water to 100
DDVDDSC

PATC - 0.10 0.40

Cyclopentasiloxane - -

2.50
8.00 - 0.10 0.40 8.00

Ingredients

wt %

Water to 100
VDMSC

PATC - 0.10 0.40

Cyclopentasiloxane - -

Figure 4. Particle shape and distribution pattern of W/O+S emulsions (Each bar indicates 10 ym in real scale).
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Figure 5. Photograph of vessels after 24 h containing aqueous
and oil dispersion of DDVDDSC and VDMSC particles.
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