pISSN 1226-2587
J. Soc. Cosmet. Sci. Korea eISSN 2288-9507
Vol. 47, No. 4, December 2021, 273-280 http://dx.doi.org/10.15230/SCSK.2021.47.4.273

 XpMAE A2

-4 o2

S 3 -0 &

ot 7] T

(2021 99 23 A4, 2021 109 27¢ 44, 20219 1€ 1¥€ A=)

A Study on the Emulsifying Stability of W/O Type Sunscreen Cream by
the Hansen Solubility Parameter

Dong Hee Kim' and Jin Jae Lee

Dermameal Co., Ltd, 5, Dangjeong-ro 60beon-gil, Gunpo-si, Gyeonggi-do 15847, Korea
(Received September 23, 2021; Revised October 27, 2021; Accepted November 1, 2021)
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(HSP)E ©o|&3to] X408 &3ttt HSP= B9 £4F F4 2 4 232 veil= Ax2E 54
ko] Ag-AS wsl=t f83lth & AFoA= HSP7) thE thofst 2 d-S AAsle] W/0 o E A A =35}
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oW Hwol HAMETL A9kon freeze—thaw cycle (=15 C ~ 45 C) oA A o] FAH AL
gQlstoitt, FF HSPE Ed A& 74E A3t AFEo] S-3tA S gEs w/og Aot
o A ] =gl d Aol 7|

Abstract: The water resistance is important factor for sunscreen formulations. Generally a sunscreen cream was formulated
by a water-in-oil (W/O) emulsion. In the W/O emulsion system, silicone oils are added to improve the texture of formulations.
Silicone oils have low compatibility with organic sunscreen agent, causing problems with the stability in emulsion. In
this study, the compatibility between various oils in the W/O emulsion was derived numerically using Hansen solubility
parameter (HSP) at first. HSP is represented a dispersion degree, a polarity, and a hydrgen bond in a composition.
In this study, various emulsions were prepared according to the types of oils with different HSP values and then monitored
by a viscosity and morphology according to the time and temperature. The HSP values of components and the experimental
results have similar activities for the stability of emulsions. HSP made it easy to select oil with high compatibility. When
the compatibility of the oil phase in the W/O emulsion was high, the viscosity change over time was small. The stability
was improved under the freeze-thaw cycle (-15 ‘C ~ 45 C). In the future, if the composition of the ingredients is optimized
through HSP, it is expected that it will be helpful in the development of W/O type sunscreen formulations that are excellent
in use and stability.

Keywords: HSP, W/O emulsion, stability, compatibility, sunscreen

T & A=A (e-mail: allantoin@naver.com)
call: 031-454-0951



274 711%3 .

LM 2

P AR R2k Bldoll= oil-inwater (O'W)2} water-in-oil
(WO) itk OW Alg-2 Blad by do] t=al ARgZo]
7HHE- Ao AR AEdo] del7] wizel] Wad
o] Yopx= the] Qltifl]. ApelARpA|e} o] ta/de]
Z83t Al WO Elgjo] 2glsit). Atid o= WO A%
2 AgIo] BT Tole vl olck. olefet wEe
H9ISp] Sl OS] LS WAl The AoE
902 tjFal water-in-silicone (WISi) A&lo] wo] ke s
Uiz FAllofet AejA| @Y {71 ARPAAAA IRk A
87do] wot A9 FgAde] AP Elar ck

WO odH9] HdE 7171 flsiAe A2kt
O] A7, A& AVl S A 2AdH], A IA
O] T = A AL Alojstoiof gHl2]. 1F
ot AL Eabd, AREEAE AEsHA AEst]
gt A=o] wol Adrk

tj3#2 © & hydrophile lipophile balance (HLB) ¢]=-2 %]
83k= Zlolth HIB gk AHE/gAe] Ha=71et 297
o] HI&-S FA|3fsto] o]F o]&%t oHHe] HdE =
=35 4= Qlti{3,4]. HLB 32 B33t At glol= Hlws]
HA = AL, o] 3 Fl AMEAE Agshd
oM el ol 2 4= Utk HLBE Zp7] 4
719] vlE&RT SRRl el EA0] iRt o] vt
FEA] k= AP Slck

FINEEE f713RkEe 34T v5d Fits x5
({7182 yS(F7 1A= sto 2laE= #7)3H: o]

Sy
x
Fe re x
o Re 5.0y, 5Py, 5Hp)

O (8D, 3P, 5H)

0

Sp
o

28y QFRED < 1 the molecules are alike and will dissalve

A RED = 1 the system will partially dissolve
%X RED > 1 the system will not dissolve

Figure 1. A sphere model of the Hansen solubility parameter.
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B Ao ARRE YRR 92 dimethicone (Shin-etsu,
Japan), cyclopentasiloxane (KCC, Korea), hydrogenated polydecene
(Jan dekker, Belgium), cetyl ethylhexanoate (SCM TECH,
Korea), caprylic/capric triglyceride (KLK Oleo, Malaysia), C12-15
alkyl benzoate (Evonik, German), ethylhexyl methoxycinnamate
(BASF, Germany)E- AME3I0TE f8PAk= cetyl PEGPPG-10/1
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dimethicone (Shin-ctsu, Japan)& AFESIHLOM, SAk2- glycerin
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(KLK Oleo, Malaysia), 1,2-hexanediol (Han-Dong Chemical, Stslo 2 Bxlo] HSPE Ailslk= Hpo|t) zF zk&-
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Table 1. Coefficients for Functional Groups HRER P10 9} 250] ERskalt: 1 h A & =3t
Group 6D oP S6H \Y
CHs 12.9 07 01 28.85 Table 3. Summary of Calculated 6D, 6P, and 6H Value
CHy 164 L5 0.9 22.05 Category Ingredient 8D 6P  oH
CHy= 1.0 32 4.2 26.50 Silicone Dimethicone (6cs)  12.752 1.614 1.037
CH 21.2 0.1 0.0 14.67 - ]
CH= 190 01 01 18.26 Silicone Cyclopentasiloxane 12.827 1.871 1.270
- 26.0 0.0 0.0 10.42 Hydrocarbon  Hydrogenated polydecene 15.538 1.484 1.118
OH 184 16.6 36.6 18.05 Ester Cetyl ethylhexanoate 16.034 1.810 1.427
(0] 17.8 12.2 10.9 11.97 : S .
Ester Caprylic/capric  triglyceride  16.644 2.431 2.367
coon 179 1 2] 7 Es C12 15%1101ﬂ 1begl 17211 1.690 1.536
C00 190 8.1 108 37.02 tet 15 alkyl benzoate  17.211 1690 1.
Si 10.7 0.0 0.0 29.98 UV filter  Ethylhexyl methoxycinnamate 17.336 1.750 1.636

Table 2. HSP Calculation for Functional Groups

Ingredient Structure / Calculation Group N
CH3 1
NN NN o :
HC ™" CH= 1
CH2= 1
Hydrogenated polydecene 5D = 12.9%28.85%1 +16.4%22.05*7 +19%18.26*1 +11%26.5*1 _ 15.54

28.85%1+22.05%7+18.26%1 +26.5*1

p— 0.7%28.85*1 +1.5%22.05%7+0.1*18.26*1 + 3.2%26.5%1 1.48
8 28.85%1 +22.05%7+18.26%1 +26.5%1 ’

SH = 0.1*28.85%1+0.9%22.05%7+0.1*18.26*1 +4.2*26.5*1 —112
28.85%1+22.05%7 +18.26%1 +26.5*1 ’
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Table 49] 402 WO o HAL A=3k4c) WA 25
Col §ARS Eqoka BRUAE o §3lo] 1200 pme.
2 INSHEA Aol S 5 minoll A A4S £
Bleh. fafo] W QW BRulAe] MEES 2500
PmOE feolA] 3 min 7k o Wk

Table 4. Formulation of W/O Emulsion

Sample (Wt%)

Phase Ingredient
1 2 3 4 5
Dimethicone 7.0
Cyclopentasiloxane 7.0
Hydrogenated polydecene 7.0
0il Cetyl ethylhexanoate 7.0
phase Caprylic/capric triglyceride 7.0
C12-15 alkyl benzoate 7.0
Ethylhexyl methoxycinnamate 7.0
Cetyl PEG/PPG-10/1 dimethicone 2.5
Glycerin 10.0
Water 1,2-hexanediol 2.0
phase Sodium chloride 0.5
Water 64.0
. Sample  (Wt%)
Phase Ingredient
6 7 8 9 10
Dimethicone 7.0
Cyclopentasiloxane 7.0
Hydrogenated polydecene 7.0
oil Cetyl ethylhexanoate 7.0
phase Caprylic/capric triglyceride 7.0
C12-15 alkyl benzoate 7.0
Ethylhexyl methoxycinnamate 7.0
Lauryl PEG9 25
polydimethylsiloxyethyl dimethicone
Glycerin 10.0
Water 1,2-hexanediol 2.0
phase Sodium chloride 0.5
Water 64.0

o) &b g5k s %), A478 A 4 5, 2021

o 414)

234, o™ B =Y
Table 49] 2408 A2 WO o d#-L 25 ColA] =
ASHEA 4 77 YRS S

2.35. 2 Z71Y o|B™e| oM Al™
Table 40] 2402 AZE WO oHAL 1.2(45 C),

(5 C), freeze-thaw cycle (-15 C ~ 45 C) =79

Table 5. R, Value and Compatibility of Two Component

. Mixture (g)
Ingredient
1 2 3 4 5 6 7
Dimethicone(6¢s) 10 10 10 10 10 10
Cyclopentasiloxane 10 10
Hydrogenated polydecene 10 10
Cetyl ethylhexanoate 10
Caprylic/capric triglyceride 10
C12-15 alkyl benzoate 10
Ethylhexyl ~methoxycinnamate 10
R, 04 56 66 79 89 92 54
Compatibility O 0O O 0 X X
Ingredient Mixture ()
8 9 10 11 12 13 14
Dimethicone(6cs)
Cyclopentasiloxane 10 10 10 10
Hydrogenated polydecene 10 10 10
Cetyl ethylhexanoate 10 10
Caprylic/capric triglyceride 10 10
C12-15 alkyl benzoate 10 10
Ethylhexyl methoxycinnamate 10
R, 64 7.7 88 9.0 1.1 2.7 34
Compatibility O O O P OO
. Mixture (g)
Ingredient
15 16 17 18 19 20 21
Dimethicone(6¢s)

Cyclopentasiloxane

Hydrogenated polydecene 10

Cetyl ethylhexanoate 10 10 10
Caprylic/capric triglyceride 10 10 10
C12-15 alkyl benzoate 10 10 10
Ethylhexyl methoxycinnamate 10 10 10 10
R, 3.6 1.7 24 26 1.6 1.7 03
Compatibility O 0O O 0O 0O o0 O

O : Completely dissolved, P: Partially dissolved, X: Undissolved
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Table 6. Compatibility of Three Components

. Mixture (g)
Ingredient
22 23 24 25 26
Dimethicone (6cs) 100 10 10 10 10
Cyclopentasiloxane 10
Hydrogenated polydecene 10
Cetyl ethylhexanoate 10
Caprylic/capric triglyceride 10
C12-15 alkyl benzoate 10
Ethylhexyl methoxycinnamate 10 10 10 10 10
Compatibility X o (¢ X X

O : Completely dissolved, X: Undissolved
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OB EMN cetyl PEGPPG-10/1 dimethiconed AR&3tH
sample 1 - 50|4] sample 29} 32 @Y 710 A8Ao] =2
Z3tolu, vbd sample 1, 4, 5= 4F84do] ¥ X3tolch
A WIS HH A7) Adps Wolk|= 73S KA
=4 Figure 2004 Holi= ZAH sample 29} 39| & ¥
Sha2 AR 92 Wby, sample 1, 4, 5= F=r) Hlwd 2
Fo7 vopgon 11 F sample 12 21 Uxjof| Aol &
2] =] ek

Table 7. Viscosity of Various Emulsion according to Time

Sample Viscosity (cP) / time (day)

(No.) 1 3 5 7 14 21 28
23,100 22200 21,000 18,400 X X X
15,700 16,200 16,100 16,300 14,800 13,750 13,650
9,500 10,000 9,700 10,100 9,450 9,000 8,700
31,990 28,140 27,640 25,040 24,300 23,300 23,200
22,850 20,700 19,450 17,800 15,800 15,650 14,850
12,350 11,600 11,400 11,200 10,800 10,250 10,050
10,300 10,850 10,750 10,750 10,500 10,050 10,050
6,600 6,750 6,700 6,600 6,450 6,250 6,250
24,290 22,600 22,000 20,650 18,100 18,300 18,100
10 17,200 16,050 15,200 14,700 13,550 13,500 13,400

O 00 N AN kA W N =

X: separated

35000
27.5%
30000
25000 | 20.3% 35.0% 25.5%

20000 I

131% i I
15000 [ 18.6%

Viscosity{cp)
(%]
™2
=

oo
T~
-
|

10000

o
[}

’
5000

Figure 2. Range of viscosity of emulsion (sample no. 1 - 10) :
Samples 2, 3, 7, and 8 with good compatibility between oils
have low viscosity changes over time. The number(%) above the

graph indicates the rate of change in viscosity of the emulsion.
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dimethicone= TH7d3to] FUet A XIgsiict R3]
E H73% sample 6 - 109] A HalE HH WHsH] &
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Table 8. Stability of Emulsion at 45°C for 4 Weeks

SHI5gick Table 8ol H20] sample 1 - 102 312014
4 % 50k wE QPgaiolrh A 2olA sample 9, 100] 3
Qo] FeEIolit sample 1221 Aol Fel=lgick Saple
2 - 82 QPHBLITTable 9). 1120l WK sample Sol
PRI ALmct Ao gkt Cyde (15 C, 45 C)
2 sample 2, 3, 7, 8 A|2JeH Ur{A] sampleS-&
2 cycleol ] Eel@igo] HLkTable 10). ©17]4] sample 2,
3,7, 82 40| 20l 2o AR AHgAlo] Hold &
UER 24 sample Solck

{8} 91t 7] siel AR QPgATe] A Bl
ab7] 91l 25 Colld] BZ2 sample 1 - 102 A A4S

Table 10. Stability of Emulsion at Cycling Temperature (15 ‘C~45 C)

Sample Stability / number of cycles
Sample Stability at 45 °C / time(day) (No.) 1 2 3 4 5 6 7
(No.) 1 3 5 7 14 21 28 1 ¢ o) X X X X X
1 (¢} (0] (0] (¢} (o) (0] 0O 2 O (0] (0] (0] (0] X X
2 (¢} (0] (0] (¢} (o) (0] 0] 3 O (0] (0] (0] X X X
3 (¢} (0] (0] (¢} (0] (0] (0] 4 O X X X X X X
4 (¢} (0] (0] (¢} (0] (0] (0] 5 O X X X X X X
5 (¢} (0] (0] (¢} (0] (0] (0] 6 O X X X X X X
6 (e} (0] (0] (e} (0] (0] (0] 7 (0] (0] (0] (0] X X X
7 (e} (0] (0] (e} (0] (0] (0] 8 (6} (0] (0] (0] X X X
8 (e} (0] (0] (e} (0] (0] 0 9 (6} X X X X X X
9 (e} (0] (0] (¢} (0] (0] 0 10 (6} X X X X X X
10 (0] (0} O (0] (0} o (e] O: stable X: separated
O: stable X: separated
Day 1 Day 28 Day 1 Day 28
Table 9. Stability of Emulsion at 5°C for 4 Weeks
Sample Stability at 5 °C / time(day) i i
(No.) 1 3 5 7 14 21 28
1 (0] (0] 0] (0] (0] X X = =
2 (0] (0] (0] (0] (0] 0] (¢}
3 (0] (0] (0] (0] (0] (0] (¢}
4 o o o o o o0 O = =
5 (0] (0] (0] (0] (0] (0] (¢}
6 (0] (0] (0] (0] (0] (0] (¢} = =
7 (0] (0] (0] (0] (0] (0] (¢}
8 (0] (0] (0] (0] (0] (0] (¢}
9 (0] X X X X X X = =
10 o X X X X X X

O: stable X: separated

ksl s) 4], A47E Al 4 5, 2021

Figure 3. The particle shapes of samples 1 to 10 for 28 days.
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Figure 4. Schematic separation of W/O emulsion : (a) Separation
by an aggregation of dispersion phase, (b) Separation by a poor

compatibility of continuous phase.
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