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Abstract: The W/O emulsion is widely used for cosmetics because of its water-proofing benefit and long-lasting
moisturizing effect. However, because of low stability of the W/O emulsion, it is very important to control the con-
centration of electrolyte and emulsifying agent, and ratio of water phase, Among these factors, we focused on the
effects of different structures of emulsifying agents on the change of stability. Emulsifying agents were sorted into
polyglyceryl ester, silicone and sugar series. We also examined the emulsifyingability of emulsifier by changing the
ratio of normal and silicon oil in the oil phase. Through these experimental results, we figured out the property of
w/o emulsion depending on the types of emulsifiers, and observed the stability of emulsion considering the change
of particles and viscosity over time.
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Table 1. Emulsifier Used in This Study
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Category Emulsifier

Nominal composion

Emalex DISG-2EX
Emalex GWIS-100EX
Isolan GI34
Isolan GPS
Imwitor 600
ER-60D
Lameform TGI
Dehymuls pgph
GMS-205
Hexaglyn PR-15
Decaglyn 5HS

Polyglyceryl ester

Polyglyceryl-2 diisostearate
Glyceryl isostearate
Polyglyceryl-4 isostearate
Polyglyceryl-4 diisostearate/polyhydroxystearate/sebacate
Polyglyceryl-6 polyricinoleate
Polyglycerin-10 hexaerucate
Polyglyceryl-3 diisostearate
Polyglyceryl-2 dipolyhydroxystearate
Glyceryl stearate
Polyglyceryl-6 ricinolate
Polyglyceryl-10 pentahydroxystearate

Arlacel P135

PEG-30 Dipolyhydroxy Stearate
PEG-30 Dipolyhydroxy stearate/octyldodecanol/octyldodecyl

PEG ester Easynov .
xyloside
Cetiol HE PEG-7 glyceryl cocoate
Crill 6 Sorbitan isostearate
Crill 3 Sorbitan stearate
Arlacel 83 Sorbitan sesquioleate
Sugar ester Crill 4 Sorbitan oleate (C18 : 1)
Olivem 900 Sorbitan olivate
C2101 Sucrose hexaerucate
C2102 Sucrose polyerucate
Ether Brij 72 Steareth-2 (Polyehylene-2 stearyl ether)
) ) Abil EM 90 Cetyl PEG/PPG-10/1 dimethicone
Alkyl dimethicone copolyl ) . . . .
Abil EM 97 Bis-PEG/PPG-14/14 dimethicone: pentasiloxane
o B KF6017 PEG-10 dimethicone
Polyether modified silicone ) . . )
KF6028 PEG-9 polydimethylsiloxyethyl dimethicone
Polyglyceryl modified silicone KF6104 Polyglyceryl-3 polydimethylsiloxyethyl dimethicone

Emalex SS-5051

Mixture
ABIL WE 09

PEG-10 dimethicone (55 %) & dimethicone (45 %)

Polyglyceryl-4 isostearate: cetyl PEG/PPG-10/1 dimethi-
cone: hexyl laurate

A3} Al 2o vEE dElste] A3S 1Y
ot ulde] vES 75 %, F3AS $HFS 20 %R 1

st Auk 93t AgE 9o HE&S1:3,3: 1%
throl 72 fE s et vy 9 R EE st
Stk 712AR1 oA A sk A FESEoH,
7hs] QoksltH(Table 2). W/0O olHAL] A==
IA717] A AaEQl NaCle 1.0 % AFHE3kl L
A U] HEo] =2 AWM= PP EE T

7171 et A& dHAEHE 15 % AHE-slth
Y AEE Folal odd Y= &’%/\]7]
71§13 Quaternium-18 hectoritet= A 2]
mixer® 30 min <t FE3| FHA7 & %}2}01 lEr?j 5}
R, UV\]”LOE FEAE gl T4t 60 T= 7¢
3 F 1500 rpm .2 5 min 7+ AH3] Wtk 5
A% 60 TR 7F23F 9 5 min 7F AH3] 4] F4s)
= Aty I F 7k HAF glo] *%

=

J. Soc. Cosmet. Scientists Korea, Vol. 38, No. 2, 2012



122 183t - o)A - o)
Table 2. Ingredient and Composition of Emulsion [wt%]
Ingredient Si: 0l =1:3 Si: 0ol =3:1
Emulsifier 2.0 2.0
Cyclomethicone 3.6 12.1
Dimethicone 2.0 3.2
A Silicone elastomer - 1.5
Quaternium-18 hectorite 0.6 0.6
Caprylic/capric triglyceride 10.8 3.6
Hydrogenated polydecene 6.0 2.0
1.3-BG 6.0
Glycerine 6.0
P-M 0.2
5 EDTA-2Na 0.02
NaCl 1.0
Water to 100
3. dot « n#
\ H 31 OEM ¥ =3

Water phase

5

il phese

Figure 1. Schematic diagram for the preparation of
W/O emulsion.
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Table 3. Ability of Emulsification
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Nominal composion

Ability of emulsification
20l =1:3 Si O

Si

w
—_

Polyglyceryl-2 Diisostearate
Glyceryl isostearate

Polyglyceryl-4 isostearate

Polyglyceryl-4 diisostearate/polyhydroxystearate/sebacate

Polyglyceryl-6 polyricinoleate

Polyglycerin-10 hexaerucate

Polyglyceryl-3 diisostearate
Polyglyceryl-2 dipolyhydroxystearate

Glyceryl stearate
Polyglyceryl-6 ricinolate
Polyglyceryl-10 pentahydroxystearate
PEG-30 dipolyhydroxy stearate

PEG-30 dipolyhydroxy stearate/octyldodecanol/octyldodecyl xyloside

PEG-7 glyceryl cocoate
Sorbitan isostearate
Sorbitan stearate
Sorbitan sesquioleate
Sorbitan oleate (C18 :

Sorbitan olivate

D

Sucrose hexaerucate
Sucrose polyerucate
Steareth-2 (Polyehylene-2 stearyl ether)

Cetyl PEG/PPG-10/1 dimethicone
Bis-PEG/PPG-14/14 dimethicone: pentasiloxane
PEG-10 dimethicone
PEG-9 polydimethylsiloxyethyl dimethicone
polyglyceryl-3 polydimethylsiloxyethyl dimethicone
PEG-10 Dimethicone (55 %) & dimethicone (45 %)

Polyglyceryl-4 isostearate: cetyl PEG/PPG-10/1 dimethicone: hexyl laurate
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201]*1‘? A 2o e dAgle] welu= A
S BEE T gl W/0 AEd AweflA Hg =7}

7}% FA] drh & ARJNE V] HHOE S 73
A 21 Polyglyceryl-4 diisostearate / polyhydroxystearate /
sebacate (Isolan GPS), Polyglyceryl-10 pentahydrox-
ystearate (Decaglyn 5HS) A& 2 Y9 g&fo] 3
& 9ol A&, 45 T, cycling 214 gt A 5
B RS HEEe dds BEsslch

A2 kol =

(O : possibility, B : impossibility)

] A7 AelE 2
E1r A2 Al
A 3k 5 =,
PEG-10 dimethicone (KF6017), PEG-lO d1meth1cone
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Sorbitan isostearate (Crill 6) 2] -+ & Eo|3 A3}

=

=)

i=1

J. Soc. Cosmet. Scientists Korea, Vol. 38, No. 2, 2012



124 Qest- o4 - oA

Table 4. Stability of W/O Emulsion

Stability

Nominal composion of emulsifier r.t 45 C cycling F/T

13 3:1 1:3 3:1 1:3 3:1 1:3 3:1

Polyglyceryl-2 diisostearate
Glyceryl isostearate

Polyglyceryl-4 isostearate
Polyglyceryl-4 diisostearate/polyhydroxystearate/sebacate

Polyglyceryl-6 polyricinoleate
Polyglycerin-10 hexaerucate
Polyglyceryl-3 diisostearate
Polyglyceryl-2 dipolyhydroxystearate
Polyglyceryl-6 ricinolate

BEOOOOO @ OOnm
BEOOOOO "B OOnm
BEOOOOO m OOmnm
EEOOERO B EEHE

Polyglyceryl-10 pentahydroxystearate
PEG-30 dipolyhydroxy stearate

PEG-30 dipolyhydroxy stearate/octyldodecanol/octyldodecyl
xyloside

Sorbitan isostearate
Sorbitan sesquioleate
Sorbitan oleate (C18 : 1)
Sorbitan olivate
Sucrose hexaerucate
Sucrose polyerucate
Cetyl PEG/PPG-10/1 dimethicone
Bis-PEG/PPG-14/14 dimethicone: pentasiloxane
PEG-10 dimethicone

Oo0oo0oo0ooOm O OOO0OO0OOOO O OO0
CHONONCHONON NEORNONORONONCHONORNONNCGNON |
Oo0oo0oo0oooOm O OO0OO0OO0OOO0OO O OO0
O0OO0OmROOER O R REROOERO O mE R

PEG-9 polydimethylsiloxyethyl dimethicone

polyglyceryl-3 polydimethylsiloxyethyl dimethicone

O O O0OO0OOOOOOOO O
O 0O O0O0OOLOOOEROOO =

E O On

PEG-10 dimethicone (55 %) & dimethicone (45 %)

Polyglyceryl-4 isostearate: cetyl PEG/PPG-10/1 dimethi-
cone: hexyl laurate

O O O O0OO0OOOOOOOO O
O O O O0OO0OOOOOOOO O

O m O On
O m O Onm
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O
O
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(1 :3/3:1 = ratio of nomal oil and silicone oil, stability, B : separation)
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Zol A RE A 9.Ye] o] W A folli= AdollA T 257 A e s S Ay 9o A
TElEE @S wEEelT gl dElE e de] # 22 A9 el Adaglol & A f3A Fo
ko] =& AQol= F/T ZHANAE Ea5A] o1 ¢+ A} Polyglyceryl-6 polyricinoleate (Hexaglyn PR-15), Poly-
A=, ol F3kAe]l Fx4A 54 #E gl glyceryl-3 diisostearate (Lameform TGI), Polyglyceryl-
] A QU9 o] w2 A|AHIAN FERAHOZ 2 dipolyhydroxystearate (Dehymuls PGPH), Sorbitan
s = A 545 oA S oddEs FA sesquioleate (Arlacel 83), Sorbitan oleate (C18 : 1)
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Figure 2. Structure of Polyglyceryl-3 Diisostearate.

{(Normal oil : Silicone oil = 1 : 3)

{(Normal oil : Silicone oil = 3 : 1)

Figure 3. A Particle Property of Polyglyceryl Ester Series Emulsifier by Contents of Silicone Oil (x 40).

a) Polyglyceryl-10 pentahydroxystearate (HLB 8.0), b) Polyglyceryl-6 polyricinoleate (HLB 7.0), c¢) Polyglycerin-10
hexaerucate (HLB 7.0), d) Polyglyceryl-6 ricinolate (HLB 6.5), e) Polyglyceryl-4 isostearate (HLB 5.0), f)
Polyglyceryl-3 diisostearate (HLB 5.0), g) Polyglyceryl-4 diisostearate/polyhydroxystearate/sebacate (HLB 5.0), h)
Polyglyceryl-2 diisostearate (HLB 4.0), i) Glyceryl isostearate (HLB 3.8), j) Polyglyceryl-2 dipolyhydroxystearate

J. Soc. Cosmet. Scientists Korea, Vol. 38, No. 2, 2012
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(HLB 35). {Normal Oil : Silicone Oil =1 : 3)

st

o3
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o175

3: D

Silicone Oil =

Figure 4. A Particle Property of Sugar Ester Series Emulsifier by Contents of Silicone Oil (x 40).

a) Sorbitan olivate (HLB 4.7), b) Sorbitan isostearate (HLB 4.2),
polyerucate (HLB 1.0 ~ 2.0), e) Sucrose hexaerucate (HLB 1.0), f) Sorbitan oleate (C18 :

(Crill 4), Sucrose hexaerucate (C2101), Sucrose poly-
erucate (C2102) 7709 F3AI7} BE 7oA b5

s sl Eet AE AD f3AlE Cetyl
PEG/PPG-10/1 Dimethicone (Abil EM 90), PEG-9

polydimethylsiloxyethyl dimethicone (KF6028), Polyg-
lyceryl-3 polydimethylsiloxyethyl dimethicone (KF6104),

Polyglyceryl-4 isostearate : cetyl PEG/PPG-10/1 di-

methicone : hexyl laurate (ABIL WE 09) 470¢] &3}
A7 B 204 P st RS dEskint 7F f3kAl
o] QP %= Table 4o QoFste] YehgdTh
3.3, A+ 24
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Polyglyceryl esterAl f-3HAl= 2|2 29| gheko]
2F2 A AR A7Y £ o ek Aldoe] EES)

A A=A 282 22 fFAE AREEls o A
22 0] geFo] 2k A|AHleA A7 2T A
FAE AL AAE AR polyslyceryldl #3HA=
29l gFel gHlo] HLB#] &5 dA7)F 2
obx]= Zgo] vk T1E|al FU3 HLB#S 7H
g dgrct 23 45 w(dE £ Polyglyceryl-4

kel dFshe] =), Al 387 Al 2 &, 2012

c) Sorbitan sesquioleate (HLB 3.7), d) Sucrose
1) (HLB 2.0).

diisostearate/polyhydroxystearate/sebacate) QAF7} 2}
[e)

2 7S W#E3H 3 Polyglyceryl-4 isostearate®] 7

2.9 gl AHGlo] A G F RS erﬂs 3
o} a8a Polyglycery1—3 diisostearate®] 3%+ YA}
- Zk=d ol kA FE27F FHF A xR0

ol & %/EEE s SA4S 72 {EA7E
Aol A wll-g- kA widste] ixprt gt Zlolet
31 oAEtH(Figure 2). Polyglyceryl esterA] 3442
2Jo ghege] wE YAt A7) 9 Bk Figure 3¢ Y
ERf it

3.3.2. Sugar Ester| aHA|

Sugar esterA] #-2A4 polyglyceryl ester A9 3}
A ohs T E2A Al 29 dEFo] v Al AE oA
HLB #tol =&55 A7t 71A= d@e] v Sor-
bitan isostearates= A& FFoll wAglo] YA7F =4
Skl et BokS Zal USAINE A o] whe A
A8 A AJTko] Aol whet el dAE wHEekel
ot A 2o o] E2 AARIA EApEko] A
1, AR B 3149 Sucrose polyerucate2}
Sucrose hexaerucater= A& @Y} AE7do] F4] X

atar, Aol Wi e wf f-3hA] A= bl dAA Q1 el
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<Normal Oil : Silicone Oil = 1 : 3>

<Normal Oil : Silicone Oil = 3 : 1>

Figure 5. A particle property of silicone series emulsifier by contents of silicone oil (x 40).

a) Cetyl PEG/PPG-10/1 dimethicone (HLB 5.5), b) PEG-10 dimethicone (HLB 4.5), c¢) PEG-9 polydimethylsilo-
xyethyl dimethicone (HLB 4.0), d) Bis-PEG/PPG-14/14 dimethicone: pentasiloxane (HLB 3.5), e) Polyglyceryl-3
polydimethylsiloxyethyl dimethicone (HLB 3.0), f) PEG-10 dimethicone (55 %) & dimethicone (45 %), g) Polygl-
yeeryl-4 isostearate: Cetyl PEG/PPG-10/1 dimethicone: hexyl laurate.

S WobA a7t & AL BEAE F ek 1A
AP @A) ghafo] wro A AElo N Hajgo] Z
Al e U3 AgAdo] Fa1, BAEC] AR UEYA
E o]FolA AAE A st 3 S E B AE A
H ol A= EAFe} v eEHAl AEE FASEAY ol
AS eHgshsth(Figure 4).

3.3.3. SiliconeHl Fatx|

AgE AE F3AES tAg oz & AL F3HA
ERT Z3 1E FHo dAE 7R sk Tk A2
2 dFe] AT AdEgle] A 2Yo] sheo] =
2 Al AEeA] QIxte] o & A& TESIAAT A7}

w9 2] FEE 9l AME EESHA 3= o

Azro] AU g et o HAS #4313t Polyglyceryl-
3 polydimethylsiloxyethyl dimethicone® 3% t&
shAlel vlal] 4xp7F = o 2 AE AEEl =l (Figure
5), o= 3l 7227} 714 3 (branched) ©] o1 4] Alw o]
Hjdsh o IAA el aE £ o 2 YAE P38t
Rk wek = Qlrk

34. M= H#H3t

3.4.1. Polyglyceryl Esterdl ==t

47 Al 7| FA0E = FiAE AYE
Qo] ghako] A2 {3} A AEloA HEo] Wiyl A&

Z& WESIGIH, o= 27l edde] Ad8Adol 7t
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Figure 6. Range of viscosity of W/O emulsion using polyglyceryl ester.
Table 5. Aging Viscosity of W/O Emulsion Using Polyglyceryl Ester
Si:0ll =1:3 1 day 2 day 15 day 30 day
a) Polyglyceryl-10 pentahydroxystearate (HLB 8.0) 16000 11600 10960 10560
b) Polyglyceryl-6 polyricinoleate (HLB 7.0) 7360 7040 6320 6080
c) polyglycerin-10 hexaerucate (HLB 7.0) 8800 8880 8000 7920
d) polyglyceryl-6 ricinolate (HLB 6.0) 5040 4560 4480 4400
e) polyglyceryl-4 isostearate (HLB 5.0) 11840 10400 10720 10320
f) polyglyceryl-3 diisostearate (HLB 5.0) 14160 12560 11680 11280
g) Polyglyceryl-4 diisostearate/polyhydroxystearate/sebacate 1960 4480 3990 2990
(HLB 5.0)
h) Polyglyceryl-2 diisostearate (HLB 4.0) 13040 12160 separation separation
i) Glyceryl isostearate (HLB 3.8) 5120 3920 3440 3200
j) Polyglyceryl-2 dipolyhydroxystearate (HLB 3.5) 7920 6880 6160 5600
Si: 0l =3:1 1 day 2 day 15 day 30 day
b) Polyglyceryl-6 polyricinoleate (HLB 7.0) 9120 9280 8800 8720
c) Polyglycerin-10 hexaerucate (HLB 7.0) 13200 12000 10000 10080
d) Polyglyceryl-6 ricinolate (HLB 6.0) 9360 6720 6080 5600
e) Polyglyceryl-4 isostearate (HLB 5.0) 12640 11840 11480 11400
f) Polyglyceryl-3 diisostearate (HLB 5.0) 13400 12080 11520 11200
g) Polyglyceryl-4 diisostearate/polyhydroxystearate/sebacate 15680 11760 separation separation
(HLB 5.0)
h) Polyglyceryl-2 diisostearate (HLB 4.0) 12880 11440 separation separation
i) Glyceryl isostearate (HLB 3.8) 16000 13120 14480 14080
j) Polyglyceryl-2 dipolyhydroxystearate (HLB 3.5) 9040 7680 5040 4240
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Figure 7. Range of viscosity of W/O emulsion using sugar ester.
Table 6. Aging Viscosity of W/O Emulsion Using Sugar Ester
Si 0l =1:3 1 day 2 day 15 day 30 day
a) Sorbitan olivate (HLB 4.7) 6980 5760 43880 44380
b) Sorbitan isostearate (HLB 4.2) 16280 separation separation separation
c) Sorbitan sesquioleate (HLB 3.7) 11920 10240 8960 8160
d) Sucrose polyerucate (HLB 1.0 ~ 2.0) 11680 11860 11520 11360
e) Sucrose hexaerucate (HLB 1.0) 9280 9280 10320 10320
f) Sorbitan oleate (C18:1) (HLB 2.0) 13680 11600 10400 10320
Si 0l =3:1 1 day 2 day 15 day 30 day
a) Sorbitan olivate (HLB 4.7) 13440 14160 16080 15420
b) Sorbitan isostearate (HLB 4.2) 14240 12800 11680 11120
c) Sorbitan sesquioleate (HLB 3.7) 12080 11040 10640 10400
d) Sucrose polyerucate (HLB 1.0 ~ 2.0) 10320 9920 9800 9880
e) Sucrose hexaerucate (HLB 1.0) 8080 7600 8030 7920
f) Sorbitan oleate (C18 : 1) (HLB 2.0) 13360 12240 11440 11040
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Figure 8. Range of viscosity of W/O emulsion using silicone modified emulsifier.
Table 7. Aging Viscosity of W/O Emulsion Using Silicone Modified Emulsifier
Si:0l=1:3 1 day 2 day 15 day 30 day
a) Cetyl PEG/PPG-10/1 dimethicone (HLB 5.5) 7520 7600 7280 7120
b) PEG-10 dimethicone (HLB 4.5) 24800 21800 separation  separation
c) PEG-9 polydimethylsiloxyethyl dimethicone (HLB 4.0) 12960 13040 12560 12400
e) Polyglyceryl-3 polydimethylsiloxyethyl dimethicone (HLB 3.0) 14800 15020 15440 15600
f) PEG-10 dimethicone (55 %) & dimethicone (45 %) 29040 separation  separation  separation
g) Polyglyceryl-4 isostearate: cetyl PEG/PPG-10/1 dimethicone: 7360 7040 6720 6560
hexyl laurate
Si 0l =3:1 1 day 2 day 15 day 30 day
a) Cetyl PEG/PPG-10/1 dimethicone (HLB 55) 4480 4640 4480 4880
b) PEG-10 dimethicone (HLB 4.5) 3520 3440 3760 3840
¢) PEG-9 polydimethylsiloxyethyl dimethicone (HLB 4.0) 3440 3680 3920 3880
d) Bis-PEG/PPG-14/14 dimethicone : pentasiloxane (HLB 3.5) 5840 5520 4640 4660
e) Polyglyceryl-3 polydimethylsiloxyethyl dimethicone (HLB 3.0) 4560 4560 4400 4400
f) PEG-10 dimethicone (55 %) & dimethicone (45 %) 10240 10320 8380 8800
g) Polyglyceryl-4 isostearate : cetyl PEG/PPG-10/1 dimethicone: hexyl 4560 4080 3440 2400
laurate
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