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ABSTRACT

The emulsion stability of W/O emulsion prepared by D phase emulsification during
storage and handling is studied by using phase diagrams. The process of D phase
emulsification begins with the formation of isotropic surfactant solution, followed by
formation of oil-in-surfactant (O/D) gel emulsion by dispersion of octamethylcyclo-
tetrasiloxane(OMCS) in the surfactant solution.

Polyols were essential components for this purpose. To understand the function of
polyols, the solution behavior of nonionic surfactant/oil/water/polyol systems were
investigated by the ternary phase diagrams of polyoxyethylene oleyl ether/OMCS/
propylene glycol(PG) aqueous solutions. The addition of PG increased the solubility of oil
in the isotropic surfactant phase.

D phase emulsification method has been applied to a new type of cosmetics. By using
this emulsification technique, O/W emulsion were formed without a need for adjust of
HLB. Fine and stable W/O emulsions were prepared by D phase emulsion.
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polyoxyethylene oleyl ether (Emalex 515,
A|Z4% : Nihon emulsion), polyoxyethylene
nonyl phenyl ether (Emalex NP 12, Az
¥ : Nihon emulsion), sorbitan ses-
quioleate (Arlacel 83, #A1=4€ : ICI), Poly-
sorbate (Tween 60, A=Y : ICI), poly-
glyceryl-2-sesquiisostearate (Hostacerin
WO, Az4Y : Hoechst)olt}, 2o 2 &2{
+ octamethylcyclotetrasiloxane
244, A=x9Y Dow corning),
isostearate (ISIS, A|=4
squalane

(Silicone
isostearyl
© Gattefosse),
(Natural squalane, #|Z9
Kishimoto), isocetyl myristate (ICM-R, A
29 : 37 alcohol), cetyl ethyl hexanoate
(CEH, A=% : 3¥ alcohol), glyceryl
monostearate (GMS, AZY ZFAAE),
cetostearyl alcohol (Lanette O, #A|Z%
Henkel), dimethicone(Silicone 200f, A|Z¢
:Dow corning), mineral oil {(Drakeol 7, Al
Z4%:Dragoco), octyl dodecanol {(Eutanol
G, Azx4¥:Henkel)ol™ ¥ &= mica (Mica
ky728, AM=HY: Fs4), titanium dioxide
(TiO2 C47056, AZY: Sun chemical),
iron oxide red(I.0.Red, #Z%:Williams),
iron oxide vyellow (I.O.Yellow, #A3¢
Williams), iron oxide black (I.0. Black,
A zY:Williams)olth, 7]el EHfA], WA,
ot 3tA|  E-2propylene glycol(Propylene
glycol, AZY : %), 1.3 butylene glycol
(1.3BG, #A=% : Daicel), glycerine (Gly-
LG38), methyl paraben
(Danisol M, A|Z% @l 38, propyl
paraben(Danisol P, #HZ¢ @3,
magnesium sulfate(MgS04.7TH20, =4 :
Uz18E}) Foltt.
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Table 1. D Phase Emulsion Formutations(Emulsion 1~6)

Emulsion 1

Raw materials | A-1{ A-2 | A-3] A4 | A-5| A6

Hostacerine WO | 1.0 | 151 20 | 30 | 50 | 100
Propylene glycol | 20 | 125|240 [ 330 | 345 375
DI water 20 112512401330} 45| 375
Silicone 244 %0 | 725 490 | 300 | 300 | 100

Emulsion 2

Raw materials |B-1|B-2{B-3 |B-4| B-5| B-6

Arlacel 83 10} 15203050100
Propylene glycol | 2.0 | 125 24.0 (33.0] 345 (375
D.I water 20(125(240(33.0{345(375
Silicone 244 |95.0( 725 | 49.0 {30.0| 30.0 | 10.0

Emulsion 3

Raw materials |C-1|C-2[C-3|C-4]C-5[CH

Emalex NP 12 [ 104101010 50 { 100
Propylene glycol | 20 | 1251245|345{ 345 | 375
DI water 20 {125{245|345} 345 | 3756
Silicone 244 9%.0|740(500| 3001 300 | 100
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Emulsion 4

Raw materials | K-1 | K-2 [ K-3| K-4 | K-5| K-6

Emalex 515 500 | 400 {300 200 { 100]| 50
Propylene glycol | 200 | 150 [ 100 ] 100 | 75 | 50
DI water 200( 150100 100]| 75| 50
Silicone 244 100 | 300 [ 00| 600 | 0| 80

Emulsion 5

Raw materials | K-7 | K-8 | K-9 |K-10| K-11 | K-12
Emalex 515 10 [{100] 150 20 | 40 | 40
Propylene glycol | 75 | 25 | 55 {125 130 | 80

DI water 751 25|55 (125] 130 | 80
Silicone 244 | 750 | 850 | 740 | 740 | 700 | 800

Emulsion 6

Raw materials |K-14|K-15|K-16|K-17/ K-18 K-19

Emalex 515 | 25 | 25 [ 25 | 10| 10 | 10
Propylene glycol | 138 | 88 | 38 | 145| 95 | 45
DI water |138| 88 |38 |145| 95| 45
Silicone 244 | 699 | 799 | 899 | 700 | 800 | 900
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Table 2. W/O Emulsion Formulation by D

Phase Emulsion Gel

Phase Raw materials Content(wt2)
D |
phase ge 200
Cetyl ethyl hexanoate 10
! Ocetyl dodecanol 20
Ol Isostearyl isostearate 30
phase
Propyl paraben (1)-1
Sorbitan sesquioleate 1-2
Polyglyceryl-2-sesquiisostearate
Propylene glycol 10
Glycerine 20
Water
Methyl paraben 02
phase
MgSO0s - THO 05
to 100
DI water
Mica/ Titanium dioxide/
Powder | Iron oxide red/ Iron oxide 200
vellow/ Tron oxide black |
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Fig. 2. Photograph of D phase emulsion by cryo-SEM.

Table 3. Resistance Values of D Phase and

D Phase Emulsion

D ohase Resistance D phase Resistance
e (MR) emulsion (M)

K-1 0.70 K-11 1.60

K-2 1.20 K- 14 2.70

K-3 0.65 K- 15 2.85

K -4 0.70 K-17 2.60

K-5 0.70 K - 18 4.20

K-6 0.98 K-20 272
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Fig. 3. Rheological behavior of D phase emulsion.
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Fig. 4. The ternary phase diagram of polyoxyethylene
oleylether/water/octamethylcyclotetrasiloxane
system at 30C.

Table 4. The Interfacial Tension of D Phase
Emulsions and D Phase

Interfacial
No. | division | rpm [temp(C)| tension Type
(dyne/cm)
K-11| 350 {983 212 252 D phase emulsion
K-14] 3% (966 212 261 “
K-17( 364 (9% 209 283 “
K-18| 367 |9975| 210 289 “
-2 367 |9990( 211 290 “
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Fig. 6. Photograph of D phase by
cryo-SEM.
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Fig. 6. The ternary phase diagram of polyoxyethylene
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octamethylcyclotetra siloxane system at 30C.
D : Surfactant phase, O : Qil phase,
LC : Liquid crystalline phase
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Fig. 7. Emulsion stability of W/O emulsion by
D phase emulsion gel.

Table 5. Evaluation of W/O Emulsion

Time | 1 3 7 20 0 2
Temp. Day | Days | Days | Days | Days | Months Remark
Room room
O 0| 0|0 @)
temperature © termperature
0T ©Oj0c|lO0| 0| O © | refrigerator
. high terrp.
07T ©|l©0|0}| O © © il
st |o|o|o|e|o]| « | N
- incubator
Cycle ©@|le|O6| 6| O * | Cycle chamber
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