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o] 2 A= W/O odde] rd 54& fIste] kA, dalid, f2t gk, Ak 5& 2
435 O AEES FdPste] Kotk I Adr o AHFo|ME  Polyglyceryl-4  diisostearate/
polyhydroxystearate/sebacates F FSHAIZ SPHA PEG-30  dipolyhydroxystearate®}  Cetyl
PEG/PPG-10/1 dimethicone2 EZ G3HAIZ sl= 83t Ao, AHJA=E Sodium chlorideE 0.5 %,
#35} otASHA|Z Distearyldimonium chlorideE 1 %, 4 ASHAIZ Glyceryl behenate/eicosadioateE
0.5 % 283 8t JA= 23l 2skH HEk 2,000 cps olskz AASHA FAIHE= AT AR
W/O olBRE AZT 7 AT Eek AVIet 2L oWH wlolxo] B A9 TR g
AedS okl Aol et AHE EF0|EY AL AdAIFY] MY e AR SAACE HE
@ 471 15k

FAe : W/O A, Y, KA, AV, F7] A9 AHYE

Abstract : In this study, we tried the various experiments using the emulsifier, electrolyte,
stabilizer and gelling agent in order to improve a stability of low viscosity W/O emulsion. As a
result, when we used polyglyceryl-4 diisostearate/polyhydroxystearate/sebacate as a main emulsifier,
PEG-30 dipolyhydroxystearate and cetyl PEG/PPG-10/1 dimethicone as a co—emulsifier for stable
emulsification system, 0.5 % sodium chloride as an electrolyte, 1 % distearyldimonium chloride as a
stabilizer, 0.5 % glyceryl behenate/eicosadioate as an oil gelling agent, emulsion particle is the best.
Also, we got the stable and low viscosity W/O emulsion maintained at a constant viscosity at
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2,000 cps or less. In addition, we were able to examine the possibility of development of low

viscosity fluids type sunscreens with excellent feeling and stability through the application of

inorganic sunscreen agents.

Keywords © W/O emulsion, stability, emulsifier, electrolyte, inorganic sunscreen agents
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2.11. 9=

2 AdA  fIARE Polyglyceryl-4
diisostearate/polyhydroxystearate/sebacate
(Evonik, Germany), Glyceryl isostearate (Seiwa
kasei, Japan), Glyceryl diisostearate (Nihon
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emulsion, Japan), Sorbitan sesquioleate (Croda,
England), Sorbitan isostearate (Croda, England),
Sorbitan olivate (B&T SRL, Italy), Methyl
glucose sesquistearate (Lubrizol, USA), Methyl
glucose dioleate (Lubrizol, USA), PEG-30
dipolyhydroxystearate (Croda, England), Cetyl
PEG/PPG-10/1 dimethicone (Abil EM 90, Abil
EM  180) (Evonik, Germany), PEG-7
dimethicone (Nihon emulsion, Japan), PEG-10
(Shin—  Etsu, Japan), PEG-9
polydimethylsiloxyethyl dimethicone (Shin—Etsu,
Japan), Lauryl PEG-9 polydimethylsiloxyethyl
dimethicone (Shin—Etsu, Japan), Lauryl PEG-10
tris(trimethylsiloxy) silylethyl dimethicone (Dow
corning, USA), Hydrolyzed silk PG-propyl

dimethicone

methylsilanediol ~ crosspolymer  (Seiwa  kasel,
Japan)E AHESI4Y, Q2Y9=2E  Dimethicone
(KCC, Korea), Cyclopentasiloxane (KCC,

Korea), Caprylic/ capric triglyceride (Inolex,
USA), Butyloctyl salicylate (Hallstar, USA),
C12-15 alkyl benzoate (Sabo, Italy)E AFH&5F

o, HaZEREE  Sodium chloride (Hanju,
Korea)S o|&35t9ch  Zst 4 AgA=

Xanthan gum(CP Kelco, USA), Hydroxyethyl
acrylate/sodium acryloyldimethyl taurate
copolymer (Seppic, France), 4 ZASHAZ
Glyceryl behenate/ polyglyceryl-6 octastearate
(Taiyo kagaku, Japan), Glyceryl behenate/
eicosadioate (Nisshin oillio, Japan)E AHg5I
I, <orHSAIR  Cetearyl (Kokyu
alcohol, Japan), Stearic acid (Emery, Malaysia),

alcohol

Distearyldimonium chloride (Evonik, Germany)

s Agsiden, 7] Aol ATARE
Titanium dioxide (36 %, Coco—caprylate/
caprate, Polyhydroxystearic  acid)  (Choice

international, Korea), Titanium dioxide (32 %,
PEG-10

(Choice international, Korea), Zinc oxide (57
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acid) (Choice international, Korea), Zinc oxide
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dimethicone) (Choice international, Korea)E& ©]
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o Y82 ARESHATH
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Table 1. Formulation of W/O Emulsion with Emulsifier and Oil

Sample (wt %)

Ingredients 1 5 3 2
Y POt bicie
B) Glyceryl isostearate
@) Glyceryl diisostearate
D) Sorbitan sesquioleate
E) Sorbitan isostearate
F) Sorbitan olivate
G) Methyl glucose sesquistearate
H) Methyl glucose dioleate
D PEG-30 dipol}./hydr(.)xystearaté cach 2.00
D Cetyl PEG/PPG-10/1 dimethicone (Abil EM 90)
K)  Cetyl PEG/PPG-10/1 dimethicone (Abil EM 180)
L) PEG-7 dimethicone
M) PEG-10 dimethicone
N) PEG-9 polydimethylsiloxyethyl dimethicone
O)  Lauryl PEG-9 polydimethylsiloxyethyl dimethicone
P) Lauryl PEG-10 tris(trimethylsiloxy)
silylethyl dimethicone
Q) Hydrolyzed silk PG-propyl methylsilanediol
crosspolymer
Dimethicone 38.00
Cyclopentasiloxane 38.00
Caprylic/capric triglyceride 38.00
Butyloctyl salicylate 38.00
Glycerin 2.00
Butylene glycol 2.00
Disodium EDTA 0.01
P.W. to 100
223, 9% ASA Wl WE 43 g =2 ssar

]
f3h gstAel Akl HE AR W/O of
WAl fsl HYAS Pohwsl Slsted of

Table 3¢ Uehd HjolAao] Aoz F 5749
AEs Axskdd. 3 HdekAlE Cetearyl
alcohol} Stearic acidE 5H2=2 05 %9 1 %
A Akt o " A3 Distearyldimonium chloride
o TS 0.5 %S 1 8 AYFE oEHor
A zxstAt. olEde] A2 2.2.19 Wt
FYsH Agstgen, Ax & dY Mg 4
HAzs =A% o 25 T 45 C 249 6
7t BstiA misuit) odde] ot x o

m N

224. 4 2 5 ASA FAote] e (3
g HlaL

T B fE A el wE A
W/O ogdde] f3} PSS Lot 7] fiste]
ofgf] Table 4°f UEhd Hjo]A0] o= H4f
AstA 2= Xanthan gumd}  Hydroxyethyl
acrylate/sodium acryloyldimethyl taurate
copolymer, 4 ZAStA 2= Glyceryl behenate/
polyglyceryl-6 octastearate2} Glyceryl
behenate/eicosadioate’E AWste] F 9719 A&
= Axsten, 444 Ak A8 Aloll= Al
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Table 2. Formulation of W/O Emulsion with Emulsifier and Electrolyte

Sample (wt %)

Ingredients RI_ _R2 R3 R4 R5 R6 R7 RS RO
Polyglyceryl-4
diisostearate/polyhydroxystearate/ 0.50 0.50 0.50 2.00 2.00 2.00
sebacate
PEG-30 dipolyhydroxystearate 0.50 0.50 0.50
1 PEG/PPG-10/1 dimethicon
Cety G({AbilGEh/([)/ 188) cthicone 0.50 0.50 0.50
Hydrolyzed silk PG 200 2.00 2.00 200 2.00 2.00
propyl methylsilanediol crosspolymer
Caprylic/capric triglyceride 38.00
Glycerin 2.00
Butylene glycol 2.00
Sodium chloride 0.50 1.00 0.50 1.00 0.50 1.00
Disodium EDTA 0.01
P.W. to 100
Table 3. Formulation of W/O Emulsion with Stabilizers
. Sample (wt %)
Ingredients ST 52 53 54 55
Polyglyceryl-4 diisostearate/
polyhydroxystearate/sebacate 200
PEG-30 dipolyhydroxystearate 0.50
Cetyl PEG/PPG-10/1 dimethicone(Abil EM 180) 0.50
Caprylic/capric triglyceride 38.00
Cetearyl alcohol 0.50 1.00
Stearic acid 0.50 1.00
Distearyldimonium chloride 0.50 1.00
Glycerin 2.00
Butylene glycol 2.00
Sodium chloride 0.50
Disodium EDTA 0.01
P.W. to 100

orghth ool Az
U wAstgon, Ax

7&,53 2435 u}i 25 CQ} 45
79

©
=
[e)

=

2.2.5. 271 AA 344 8 AR W/O

AR Az R 3 A
77) A9 AAE FHE AFE W/O o
mAel foh ehgye dohus] distel ol

Table 5°f wehdl #o|2o] x4doz F 8719

HMELS AFstot. 9Y=2+&  Caprylic/capric
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Table 4. Formulation of W/O Emulsion with Gelling Agents

Ingredients

Sample (wt %)

MW T2 T3 T4 T5 T6 T7 T8 T9
Polyglyceryl-4
diisostearate/polyhydroxystearate/ 2.00
sebacate
PEG-30 dipolyhydroxystearate 0.50
Cetyl PEG/PPG-10/1 dimethicone 0.50
(Abil EM 180) '
Caprylic/capric triglyceride 38.00
Distearyldimonium chloride 1.00
Xanthan gum 0.05 0.10
Hydroxyethyl acrylate/
sodium acryloyldimeth 0.10 0.20
-yl taurate copolymer
Glyceryl behenate/
polygl;/cer;i—6 octastearate 0.50  1.00
Glycseryl bf:henate/ 050  1.00
eicosadioate
Glycerin 2.00
Butylene glycol 2.00
Sodium chloride 0.50 0.50 0.50 0.50 0.50
Disodium EDTA 0.01
pP.W. to 100
triglyceride, C12-15 alkyl benzoate,

Cyclopentasiloxanes -85 E, F7] 79
A A2 AFEE Titanium  dioxide?t Zinc
oxidex ZYzk Coco—caprylate/caprate®}t
Cyclopentasiloxane2 2 F4tEl Hlo]A~ s
ARgotgl o, £7] ZA0 FAF ko] gHA A
To|Ae] 04 F b 38 %7t HEE Aot
Act. =3 2942 Cyclopentasiloxane©] -85
= M=o G342 PEG-10 dimethicones #

Ao Az 2.2.19 W FAsA HPst
Adom, Ax T od ¢Hx 9 H=E EAHT
oS 25 CoF 45 C Z7o] 657t RustHA
mjFutct oM M U HEE selstgnt

3.1. fstdl ¥ 2 FF0 M2 MHEEZ W/0
oﬂn-lxq S{AM 24

Table 19] Aoz 17%9] §alAle} 4%
QUL o]83te] HE 2,000 cps ©|5te] AHE
W/O @S Axsh 2 A, Ax = oA F
1729 {34 & 25 C B ZhoAE= 10%
o {347k 45 T By XM= 8% /3t
A7 F27 bRt Ao yehigoen, =40l
U odHTHE 22 0o A ofHAE
B4 sgol 9 943 Aoz yestth {54
% Cetyl PEG/PPG-10/1 dimethicone (Abil EM
180)2 25 C B AN 2 4F F 359
270& WEAT= febee UElth 1%
T 2o wE 4%0] od AL BF WEA|
71 FeHle flglem, 55] 4ol fuxEdd
Afole 3P Hel olFolA2] AdtH(Table

6). 15 F9 <Hx THM= [FIA=
Polyglyceryl-4  diisostearate/  polyhydroxy-
stearate/sebacate, PEG-30  dipolyhydroxy-
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Table 5. Formulation of W/O Emulsion with Inorganic Sunscreen Agents

Sample (wt %)

I dient
ngredients Ul

U2 U3 U4 U5 U6 g7 Us

Polyglyceryl-4
diisostearate/polyhydroxystearate/  2.00
sebacate

2.00  2.00 200 2.00 2.00

PEG-30 dipolyhydroxystearate ~ 0.50

050 050 050 050 050 050  0.50

Cetyl PEG/PPG-10/1 dimethicone

(Abil EM 180) 0.50

050 050 050 050 050 0.50  0.50

PEG-10 dimethicone 2.00 2.00
Caprylic/capric triglyceride 27.30 26.00
C12-15 alkyl benzoate 27.30 26.00
Cyclopentasiloxane 27.30 27.30 26.00 26.00

Titanium dioxide (36 %)
(Coco—caprylate/caprate, 10.00
Polyhydroxystearic acid)

10.00 10.00 10.00

Zinc oxide (57 %)
(Coco—caprylate/caprate, 10.00
Polyhydroxystearic acid)

10.00 10.00 10.00

Titanium dioxide (32 %)
(Cyclopentasiloxane,
PEG-10 dimethicone)

10.00 10.00 10.00 10.00

Zinc oxide (48 %)
(Cyclopentasiloxane,
PEG-10 dimethicone)

10.00 10.00 10.00 10.00

Distearyldimonium chloride 1.00
Glyc;ryl bjchenate/ 0.50
eicosadioate
Glycerin 2.00
Butylene glycol 2.00
Sodium chloride 0.50
Disodium EDTA 0.01
P.W. to 100
stearate, Hydrolyzed silk PG-propyl A5 AEZF g g5ttty & 4 IATH12-15].
methylsilanediol crosspolymer7} A-8H ofHH
E0] 25 C z7oA vud gosh J= 2 <t 3.2, REHA| Z&tar MeiE Fotol WE |3t
AeE dUerdlom, UMz faAde] oAM= 2 Hlu
R oEddoe] FelH= AFrE UEdth(Table FeHAe] 232 31049 AE AW}E e

6, 7). 471 4 2¥= oAl HLB ¥ &

oz Fd A A=t v =4 d44E

A @A) 34, Hl=4 F77F olEHe ¢ Hydrolyzed silk PG-propyl methylsilanediol

Aro QoA Fast 94dE & 4 gloen, crosspolymer®] T AHal ¢HgAJo] Hlw A
HLB7l @& AGA GSHHES g2 W/O of oA Polyglyceryl—4 diisostearate/
A dA4 A EEAEL ko] 63}ES o polyhydroxystearate/sebacate€te] 53t 9, 11
L Zo] A &7 wRo] 85A4 HAA A= 21 Polyglyceryl-4 diisostearate/ polyhydroxy-
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Table 6. Stability of W/O Emulsion with Emulsifier and Oil
1 day (25 C) 1 week (25 C) 1 day (45 C) 1 week (45 C)

EEE BB EEEEEEEEENE
EEEEEEEEEEEEEEENE
EEEE NN EEEEEEEEE N>
EEEEE BN EEEEEE DN
EEEE BN EEEEEEEE N

EEEOOOO R EEEEEEEEEW-
OlO|O|m|m(m[O[C|O|m|m|H|H = E®EO|x
O/m|O|m|/m|/mO[00/mmEEuEEEO~
OmmmmmmmoOnmnnnnmof
OmmmmmmmEonnnnnnmof
EEEEOONEEEEEEEEEE®VY
O/mO|m/mmOo[00mEEEEE®EO|w
O/m|O|m/mmO[00mEEEEERO~
EEEEEEEEEEEEEENNN-
EEEEEEEEEEEEE
Ommmmmmnmnnnnnnnnn-

A
B
C
D
E
F
G
H
I
J
K
L
M
N
0
p
Q
Q:

A~Q: Emulsifier (Table. 1), 1: Dimethicone, 2: Cyclopentasiloxane, 3: Caprylic/capric triglyceride,
4: Butyloctyl salicylate, O: Stable, l: Unstable

Table 7. Viscosity of W/O Emulsion with Emulsifier and Oil

1 day (cps, 25 C) 1 week (cps, 25 C)

1 2 3 4 1 2 3 4
A | | 600 500 [ | [ | 600 500
I | | 400 400 [ | [ | 400 300
J | | 700 600 [ | [ | | |
K | 500 600 700 [ | [ | | |
L | 100 | | | | | |
M | 150 | | | | | |
N | 100 | | | | | |
O | | 1,000 500 | | | |
P | | 1,100 | | | | |
Q | | 1,700 1,000 | | 1,500 1,000

A~Q: Emulsifier (Table. 1), 1: Dimethicone, 2: Cyclopentasiloxane, 3: Caprylic/capric triglyceride,
4. Butyloctyl salicylate, ll: Unstable
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Table 8. Stability of W/O Emulsion with Emulsifier and Electrolyte

Sample (week, 25 C)

Sample (week, 45 C)

! 1 2 3 4 5 6 I 1 2 3 4 5 6
R1 O O ®m B B B B O E B B EBE E =
R2 C ®m H EH §E B EBE O B E B B E =
R3 C ® H EH §E B EBE O B E B B E =
R4 O O ®m B B B B O E E B EBE B =
R5 C ®H B §H §E B EBE O B E B B E =
R6 C ®H B §H §E B EBE O B E B B E =
R7 O O ®m B B B B O B B B B EB =
R8 o o o o o o m O O O ’Hm Em =m =
R9 o o o o o o m O O O ’m m =m =

R1~R3: Emulsifier (Q), R4~R6: Emulsifier (A, Q), R7~R9: Emulsifier (A, I, K),
R1, R4, R7: Sodium chloride 0.00 %, R2, R5, R8: Sodium chloride 0.50 %,
R3, R6, R9: Sodium chloride 1.00 %, 1': 1 day, O: Stable, B: Unstable

Table 9. Viscosity of W/O Emulsion with Emulsifier and Electrolyte

Sample (cps, 25 C)

1 day 1 week 2 week 3 week 4 week 5 week 6 week
R1 1,700 1,500 | [ | | | ]
R2 1,400 [ | | [ | | | ]
R3 1,400 | | [ ] | ] ]
R4 400 450 | [ ] | ] ]
R5 400 | | [ ] | ] ]
R6 400 | | [ ] | ] ]
R7 500 500 | [ ] | ] ]
R8 600 600 600 600 600 600 ]
R9 600 600 600 600 600 600 ]

R1~R3: Emulsifier (Q), R4~R6: Emulsifier (A, Q), R7~R9: Emulsifier (A, I, K),
R1, R4, R7: Sodium chloride 0.00 %, R2, R5, R8: Sodium chloride 0.50 %,
R3, R6, R9: Sodium chloride 1.00 %, M. Unstable

stearate/sebacate® T+ F3FAE SIHA] PEG-30
dipolyhydroxystearate®} Cetyl PEG/PPG-10/1
dimethicone (Abil EM 180)= RX F3MA|= 5}
+ 3055 AAstilen, HsiEe  Sodium
chloride®] =k 2+ 0.5 %, 1 % 2R =5t
of Table 29 202 o dAE Axstyrt. 1
< U Hydrolyzed silk PG-propyl
methylsilanediol ~ crosspolymer’} ©&  AHH
RI~R3 @4 HAsjdo] H7t=w =<} <t
o] ol Zeg Uehg e, Hydrolyzed

silk PG—propyl methylsilanediol crosspolymer2}
Polyglyceryl-4  diisostearate/  polyhydroxy—
stearate/sebacate’} B% AYEH R4~R6 oFH
T Aol H7tEE 15 Fof ofdio] s
WA QbgAdo]l "olxx, M=k RI~R39] od
AEtt gopzle Aoz uvehdth(Table 8, 9).
oje} T2 A2 R/EAIQ] Hydrolyzed silk
PG-propyl  methylsilanediol  crosspolymer=
Silicone backboneol F-34d<1 Alkyl group=t
4]l Hydrolyzed silk group®] watd o= Hj
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Water phase
VIVY VIV JARIAAR, Interface

Oil phase

Hydrolyzed silk PG-propyl methylsilanediol crosspolymer

Water phase

Wy,

MWWWW

Conventional emulsifying agents

&

Interface -

Oil phase

Fig.1. Interfacial status of emulsifying agents.

e ge Ade 54
Hg of foepAete] &8 Aoy Adeid A
7F Aol o] AW Fell ®aE dojrt {3
2] EAo] Folgo] fetEk Hojxjs Ao
2 g "H(Figure 1).

gt Polyglyceryl-4  diisostearate/polyhy—
droxystearate/sebacate, PEG-30 dipoly—
hydroxystearate 18|11 Cetyl PEG/PPG-10/1
dimethicone (Abil EM 180)0] AH ofH#Hd ZF
Aol sh3-H R8, R9 AE2 25 T x7olA
5%, 45 C 270X 25 St kAT AHE
Bidlen, AL 53 59 600 cps® %
Al GAEAHTable 8, 9). #3531 AAte] H|
M Aol H7h=7] 942 R7 AEHT
o] 3r3H R8, R9 AMEZo] H}p 1 %
dAZFel AHE vEen Hdsid
ztol= §licH(Figure 2).

M2

of
]

el 2 2 o ¢

opE 2

oy
=

3.3. 73 o3t Fotol ME w3t HEd
H|

F3t ASA o Ffol e /3 HBAEES
ot 7] §J8te] Cetearyl alcohol, Stearic acid,
Distearyldimonium chlorideE AF&-3]l Table 3]
FAom o HHE A=tk 1 A1} Cetearyl
alcohol®} Stearic acid7} &% S2, S3 ME2
AR ol wordaE ARt WolA i {314
A AAE 5 AT "ol Ao ye
wom, oA T AEo] udol ofd e
st W/O A@olM= 73k A el
Lol HZA  gse  YEdel  F4
Distearyldimonium chloride”} @39 S4, S5 A

22 25 T 2oA 65, 45 T xHA 35

e AT AHE UEY A A A
Hoh =7 SA=ENeH, §3F dats g9l =
242 23 o A1 U AFE dERRIT
(Table 10, 11, Figure 3). Distearyldimonium

chloride= ¥WHA o= thdgA|A|= @o| AHg ]
€ e 45 dREEFe dol2 ANGYA
T S49F S5 ofEHO] f3}F dAES HE
Skl QHSHAl RAANA &= Ao=® AtmErh

3.4, T ZAstd Eotoll mE ]
H| o
g ASHA| 9] Hrol whE f3F oH
3 tE7] $15to] Table 49 2oz ofd
As Azxs) Egoh I Fdy 4 AR
Xanthan gum¥ Hydroxyethyl acrylate/sodium

0 % 1o 4
W2 02 0%
40 0% ya

ng
[]

s

o o >

taurate
(o]
4

acryloyldimethyl copolymer7t &9
T2~T5 AME3, AStAZ  Glyceryl
behenate/polyglyceryl=6 octastearate?} 2-8-%
Te, T7 ME2 A HEh §3} Mol 4]
gom, AEk AlZto] AdaE Yolxs A=
et lel whdo] /4 AR Glyceryl
behenate/eicosadioate”’} Z-8% T8, T9 MEL
25 C ZAAM 65, 45 T AN 3F B¢
YR AHE UEUY A A AHo
A SAENeH, 53} A= o] EEas
Za o #a 29% AFS el ItH(Table
12, 13, Figure 4).
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R G dy)  ReUda) R4 weck)

(a T - R8 (1 day) . R8 (1 week)

R9 (1 day) R9 (I week)
Fig. 2. Particle shape and distribution pattern of W/O emulsion (25 C) with emulsifier
and electrolyte. (x 200)

Table 10. Stability of W/O Emulsion with Stabilizers

Sample (week, 25 C) Sample (week, 45 C)
1 1 2 3 4 5 6 1 1 2 3 4 5 6
S1 O o o o O O m O O O ’mn EH =1 =
S2 O O O | | | | O | | | | | |
S3 O O O | | | | O | | | | | |
S4 o o o o O O O O O O O ’mnm §m =
S5 o o o o O O O O O O O ’mnm =§m =

S1: Control, S2~S3: Cetearyl alcohol & Stearic acid (0.50~1.00 %), S4~S5: Distearyldimonium
chloride (0.50~1.00 %), 1': 1 day, O: Stable, B: Unstable

Table 11. Viscosity of W/O Emulsion with Stabilizers
Sample (cps, 25 C)

1 day 1 week 2 week 3 week 4 week 5 week 6 week
S1 600 600 600 600 600 600 |
S2 500 500 500 | | ] |
S3 450 450 450 | | | |
S4 600 650 750 750 750 750 750
S5 850 1,000 1,000 1,000 1,000 1,000 1,000

S1: Control, S2~S3: Cetearyl alcohol & Stearic acid (0.50~1.00 %), S4~S5: Distearyldimonium
chloride (0.50~1.00 %), M: Unstable
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S1 (1 day) S1 (1 week)

$2 (1 day) $2 (1 week)

$3 (1 day) 53 (1 week) S4 (1 day) S4 (1 week)

S5 (1 day) S5 (1 week)

Fig. 3. Particle shape and distribution pattern of W/O emulsion (25 ‘C) with stabilizers. (x 200)

Table 12. Stability of W/O Emulsion with Gelling Agents

Sample (week, 25 C) Sample (week, 45 C)

1 1 2 3 4 5 6 1 1 2 3 4 5 6
T1 o o o o o o o o 0o 0O O m E n
T2 @) @) | | | | | O | | | ] | |
T3 @) @) | | | | | O | | | ] | |
T4 @) @) @) @) | | | O O | | ] | |
T5 O O O O ’mnm m B O O Hn E E E =
T6 @) | || | | | | O O | | ] | |
T7 O ®m ®H B B B B O O B B ®E E =
T8 o o o o o o o O O O O ’m Em n
T9 o o o o o O O O O O O ’m =Em n

T1: Control, T2~T3: Xanthan gum (0.05~0.10 %), T4~T5: Hydroxyethyl acrylate/sodium
acryloyldimethyl taurate Copolymer (0.10~0.20 %), T6~T7: Glyceryl behenate/polyglyceryl-6
octastearate (0.50~1.00 %), T8~T9: Glyceryl behenate/eicosadioate (0.50~1.00 %),

1" 1 day, O: Stable, l: Unstable
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Table 13. Viscosity of W/O Emulsion with Gelling Agents
Sample (cps, 25 C)

1 day 1 week 2 week 3 week 4 week 5 week 6 week
T1 850 1,000 1,000 1,000 1,000 1,000 1,000
T2 2,000 1,500 | | | ] |
T3 2,400 1,700 | | | ] |
T4 800 750 750 750 | | |
T5 1,100 900 900 800 | | ]
T6 2,600 [ u ] ] ] n
T7 3,500 [ L ] ] ] ]
T8 900 1,200 1,200 1,200 1,200 1,200 1,200
T9 1,000 1,600 1,600 1,600 1,600 1,600 1,600

T1: Control, T2~T3: Xanthan gum (0.05~0.10 %), T4~T5: Hydroxyethyl acrylate/sodium
acryloyldimethyl taurate Copolymer (0.10~0.20 %), T6~T7: Glyceryl behenate/polyglyceryl-6
octastearate (0.50~1.00 %), T8~T9: Glyceryl behenate/eicosadioate (0.50~1.00 %), M. Unstable

T1 (1 day) T1 (1 week)

T2 (1 week)

T2 (1 day)

T3 (1 week) T4 (1 day) T4 (1 week)

T3 (1 day)

T5 (1 day) T5 (1 week) T8 (1 day) T8 (1 week)

T9 (1 day) T9 (1 week)
Fig. 4. Particle shape and distribution pattern of W/O emulsion (25 C) with gelling agents. (x 200)
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3.5. 27| XM XM &R MEEZ= W/0
OlXol X ¥ Fst otHY

771 24 A7 e AHE W/O o
Aol 73t S =RlaiEy] flo Table 5
o] 24og oEdE Axe) Hfch 1 A
Titanium dioxide®} Zinc oxide®] EAF Suf7}
Coco—caprylate/caprateQl Ul~U4 oFHL A
oA 9= Caprylic/capric  triglyceride$}t
C12-15 alkyl benzoateZ} H-&E A] AHHZ]
PR W/O ofdxo] Jds= AL IRl &
Aoem, H]Z4l Cyclopentasiloxaneo] -84
e #EF =R sk W] Titanium
dioxide®}  Zinc  oxide®] B4 &y}t
Cyclopentasiloxane®l U5~U8 o #A-2 x{xfof A
QA2 Caprylic/capric triglyceride®t C12-15
alkyl benzoateZ’} {82 Al HX+ 10,000 cps
ol Al FAol HARE 25 T A 4%,
45 C 27eA 15 whof] oA &e] d/do] v
Epfomn, 9d=2  Cyclopentasiloxanee] 284
AL #3MAZ2 PEG-10 dimethicone= A%
Al, Bk QHRt odHE @/dStATHTable 14,
15). 8t A= AWEe e do] v oo
Hob= 34 299 A$7E Cl2-15  alkyl
benzoate X tH= Caprylic/capric triglycerideQl 73
S7F B A 2% JAE FA sk (Figure
5. YAEY AdelM+e UL, U2 ofdHe]

10,000 rpmFH 24 Fo| 2] glo] 771 &4

Journal of Oil & Applied Science

o JHE=Ee] JPY He Aoz yEpow,
US, U6 ol@AL 7,500 rpmeld 2o = Ha
9 15,000 rpmellAl F7] BAe] HHd, U7, U8
i 5000 rpmolA oY F EI ¢

F7] BA9] HHo] dojit B

10,000 rpmollA]
EA4S YeEtYdth(Table 16).

AT AEH] EAS

W/O o|Ee]
Aety gk
Qs £ A, AGEe] W/O oHde WA
e gaksol 94 G3AE TR BA
ororom, A MM TrETUG Avks
UehbA spsieh olAe wel §aA Aot
W/O o€ g Fe] T 982

Z Zlolm, A% $EAE W Auurks
ofel o] gaAE A e B3k Aol

kT

NFAL Y Pl FUTE BAT D4
o EF W/O AR PP foA Sl
Ao, R3 PP, WS 5 ofd aaFe

AE S S5 Az HEs] AgEofof v

Table 14. Stability of W/O Emulsion with Inorganic Sunscreen Agents

Sample (week, 25 C)

Sample (week, 45 C)

1 1 2 3 4 5 6 I 1 2 3 4 5 6
Ul O O O O O O O O O O O O O O
U2 O O O O O O O O O O O O O O
U3 n | [ | [ ] [ | | | [ ] ] [ | | [ | [ ] [ |
U4 0 | [ | [ ] [ | | | [ ] ] | | | | ]
Us O @) O O u u u O u ] ] u ] u
U6 O @) O O u L u O [ ] ] u ] [
U7 O O O O O L u O O O ] [ [ ]
U8 O O O O O O O O O O O O O O
Ul~U4: Titanium dioxide (36 %) & Zinc oxide (57 %) (Coco—caprylate/caprate,
Polyhydroxystearic acid), U5~U8: Titanium dioxide (32 %) & Zinc oxide 48 %)
(Cyclopentasiloxane, PEG-10 dimethicone), Ul~U3, U5~U7: Emulsifier (A, I, K), U4, U8:

Emulsifier (I, K, M), Ul, U5: Caprylic/capric triglyceride, U2, U6: C12-15 alkyl benzoate,
U3~U4, U7~U8: Cyclopentasiloxane, 1': 1 day, O: Stable, l: Unstable
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Table 15. Viscosity of W/O Emulsion with Inorganic Sunscreen Agents
Sample (cps, 25 C)

1 day 1 week 2 week 3 week 4 week 5 week 6 week
Ul 1,000 1,200 1,200 1,200 1,200 1,200 1,200
U2 1,200 1,000 1,000 1,000 1,000 1,000 1,000
U3 | | | | | | |
U4 | | | | | | |
U5 18,000 16,000 16,000 15,000 n | [
U6 14,000 12,000 12,000 10,000 u H u
U7 2,000 1,900 1,900 1,900 1,900 n n
U8 3,500 3,200 2,700 2,700 2,700 2,700 2,600

Ul~U4: Titanium dioxide 36 %) & Zinc oxide (57 %) (Coco—caprylate/caprate,
Polyhydroxystearic  acid), U5~US8: Titanium dioxide (32 %) & Zinc oxide 48 %)
(Cyclopentasiloxane, PEG-10 dimethicone), Ul~U3, U5~U7: Emulsifier (A, 1, K), U4, US8:
Emulsifier (I, K, M), Ul, U5: Caprylic/capric triglyceride, U2, U6: C12-15 alkyl benzoate, U3~U4,
U7~U8: Cyclopentasiloxane, l: Unstable

U2 (1 day) U2 (1 week)

Ul (1 day) Ul (1 week)

U5 (1 day) U5 (1 week) U6 (1 day) U6 (1 week)

U7 (1 day) U7 (1 week) U8 (1 day) U8 (1 week)
Fig. 5. Particle shape and distribution pattern of W/O emulsion (25 C) with inorganic

sunscreen agents. (X 200)
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Table 16. Centrifugation of W/O Emulsion with Inorganic Sunscreen Agents

Ul U2 [SK) U6 U7 U8
2,500 rpm, 10 min. O O O O O O
5,000 rpm, 10 min. O O O O ] |
7,500 rpm, 10 min. O O ] | ] |
10,000 rpm, 10 min. A A | | HA HA
12,500 rpm, 10 min. A A u [ HA HA
15,000 rpm, 10 min. A A HA HA HA HA

O: Stable, B: Separated (Oil), A: Sedimentated (Inorganic powder)

¢t
Vo ZR 4= ULt oA ol Aol =
Polyglyceryl-4 diisostearate/polyhydroxystearate/
sebacateE F H#2A=  StHA  PEG-30
dipolyhydroxystearate®} Cetyl PEG/PPG-10/1
dimethicone (Abil EM 180)& RZX {3A2 o}
= fs AAC, HNZEE Sodium chlorideE
05 %, 3 <HASHAZ  Distearyldimonium
chloride® 1 %, 4 ZASHAIZ Glyceryl
behenate/eicosadioateE 0.5 % AL 73t ¢
e 23 25 HEE 2,000 cps ok 4
Aot fAHE AT AFZ W/O AqEHS
AR £ Tk TS AU 2 ofEHd
Hlo| Ao R7] e ApAdEe] HE AAS
Fot] Aol 4T AHE EFo|EY #9)
A AdAES T JMe e sAEeRE AEY
7F A

T W/O ogxde] 48

References

1. G. A. van Aken, F. D. Zoet, "Coalescence
in highly concentrated coarse emulsions”,
Langmuir, Vol.16, No.l, pp. 7131-7138,
(2000).

2. W. G. Cho, B. S. Kim, "Rheological
behaviour of water—in—oil emulsions using
quaternium—18 hectorite", /. of Korean Oil
Chemists'  Soc., Vol.26, No.4, pp.
407-414, (2009).

3. W. H. Kim, K. S. Lee, K. K. Lee, "An
experimental study on the property and
stability of W/O emulsion by various
structures of emulsifier”, [ Soc. Cosmet.

Scientists  Korea, Vol.38, No.2, pp.
119-131, (2012).

4. J. D. Kim. Theory of interface phenomena.
p.822, Arche Publishing House, (2000).

5. Y. S. Kang, K. Y. Gyeong, M. ]J. Rang,
D. H. Bae, Y. G. Lee, W. G. Cho, S. G.
Choi, S. G. Han. Cosmetics - living and
healthcare science. p.452, Shin Kwang
Publishers, (2008).

6. J. Y. Yeon, B. R. Shin, T. G. Kim, J. M.
Seo, C. H. Lee, S. G. Lee, H. B. Pyo, "A
study on emulsion stability of O/W and
W/S emulsion according to HLB of
emulsifier”, [ Soc. Cosmet. Scientists
Korea, Vol.40, No.3, pp. 227-236, (2014).

7. M. P. Aronson, M. F. Petko, "High
concentrated water in oil emulsion:
Influence of electrolyte on their properties
and stability”, [ Colloid and Interface Sci.,
Vol.159, No.1, pp. 134-149, (1993).

8. C. 1. Park, W. G. Cho, S. J. Lee,
"Emulsion stability of cosmetic creams
based on water in oil high internal phase
emulsions", Korea—Australia

Vol.15, No.3, pp.

Rheology

Journal, 125-130,
(2003).

9. S. M. Hodge, D. Rousseau, "Flocculation
and coalescence in water—in—oil emulsions
stabilized by paraffin wax crystals", Food
Res. Int, Vol.36, No.7, pp. 695-702,
(2003).

10. S. M. Hodge, D. Rousseau, "Continuous—
phase fat strongly  influence

water—in—oil emulsion stability", [ Am.

crystals

- 1000 -



Vol. 35, No. 3 (2018) AHE W/O o8] 3} ¢t 53 W 77 AA gAY g 17
Oil  Chem. Soc., Vol.82, No.3, pp. 14. B. W. Brooks, H. N. Richmond,
159-164, (2005). "Dynamics of liquid-liquid phase inversion

11. A. Macierzanka, H. Szelag, T. Moschakis, using nonionic surfactants”, Colloids and
"Phase transitions and microstructure of Surfaces, Vol.58, No.l, pp. 131-148,
emulsion systems prepared with (1991D).
acylglycerols/zinc ~ stearate  emulsifier”, 15. L. Matsaridou, P. Barmpalexis, A. Salis, L

Langmuir, Vol.22, No.6, pp. 2487-2497,
(2006).
12. J. D. Kim, J. H. Jung, "Surface Chemistry
in Biocompatible Nanocolloidal Particles",
J. Soc. Cosmet. Scientists Korea, Vol.30,
No.3, pp. 295-305, (2004).
H. J. Yang, J. H. Kim, W. G. Cho, S. N.
Park, "The stability of emulsion formed by

13.

phase inversion with variation of HLB of
surfactant”, [ of Korean Oil Chemists'
Soc., Vol.26, No.2, pp. 117-123, (2009).

- 1001 -

Nikolakakis, "The influence of surfactant

HLB and oil/surfactant ratio on the
formation and  properties of  self-
emulsifying  pellets and  microemulsion
reconstitution”, AAPS  PharmSciTech.,

Vol.13, No.4, pp. 1319-1330, (2012).





