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Abstract :
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In this study, we measured the effects of UV protection efficiency of the polarity of

oil, the type of emulsion, the viscosity of product, the type of thickener and light stabilizer in
sunscreen. As a result, even higher polarity of the oil, UV protection efficiency is measured high
(Butyloctyl salicylate: SPF 44.10, PA 7.93). In case of low, it was measured low conversely
(Dimethicone: SPF 16.40, PA 5.57). In case of emulsion types, UV protection efficiency of W/O
emulsion which organic sunscreen agent is based in the outer phase is measured higher than O/W

emulsion. According to increasing of viscosity,

UV protection efficiency tends to increase

proportionally. However, the size of emulsion particles and the kinds of thickener has no effect to
UV protection efficiency. Also light stabilizer was found to be an important factor affecting the UV
protection efficiency. As a result, it is able to improve UV protection efficiency and it has potential
which improve the economical effect of the sunscreen without increasing sunscreen agents.
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Table 1. Classification of UV—-A Protection Effect

A AAZAA A g SR A IA TR (

PA UV-A protection rating (PA) UV-A Protection effect
2~4 PA+ Effect
4~8 PA++ A lot of effect

8 or more PA+++ Very much effect
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ethylhexyloxyphenol — methoxyphenyl  triazine

(BASF, Germany), Butyl methoxydibenzoylme—

thane (DSM, Switzerland), Ethylhexyl
methoxycinnamate (BASF, Germany),
Ethylhexyl  salicylate ~ (Merck, = Germany),

Homosalate (DSM, Switzerland), Titanium
dioxide (31 % Sol.) (Nanogen, Korea), Zinc
oxide (46 % Sol.) (Nanogen, Korea)& AMgst
91, LY=L Phenethyl benzoate (ISP,
Switzerland), Butyloctyl salicylate (Hallstar,
USA), Cetyl dimethicone (Evonik, Germany),
Diethoxyethyl (Croda, USA),
Dimethicone (KCC, Korea), Cyclopentasiloxane
(MPM, USA), C12-15 alkyl benzoate
(Innospec, USA), Caprylic/capric triglyceride
(Inolex, USA), Cetyl caprylate (Lasem Asia,
Japan), Mineral oil (Kukdong Oil & Chemical,
Korea), Isopropyl myristate (Inolex, USA)E At
4st9eH, A3AIEZE Polysorbate 60
(Unigema, USA), Glyceryl stearate/PEG-100
stearate  (Unigema, USA), Sorbitan stearate
(Croda, USA), Cetyl PEG/PPG-10/1
dimethicone (Evonik, Germany)= ©]-&3s}%it}.
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butylphenol sulfonate/buteth—3/tributyl ~citrate
(BASF,  Germany), Benzotriazolyl — dodecyl
p—cresol (BASF, Germany), Tris
(tetramethylhydroxypiperidinol) ~citrate (BASF,
Germany), Ethylhexyl methoxycrylene (Hallstar,
USA)S o839y, ZHAE  Carbomer
(Noveon, USA), Hydroxyethyl acrylate/sodium
acryloyldimethyl taurate copolymer (Seppic,
France), Polyacrylamide/C13-14  isoparaffin/
laureth-7  (Seppic, France), Polyacrylate—13/
polyisobutene/polysorbate 20 (Seppic, Franc)<
ALg5 0w o] Qo) Triethanolamine (Mitsui,
Japan), Sodium chloride (Hanju, Korea)& A&
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Table 2. Formulation of O/W Emulsion (Sunscreen) with Oil
Sample (wt%)
Ingredients
Con. Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All
Polysorbate 60 0.50
Glyceryl stearate/
PEyG—1>;)O stearate 120
Sorbitan stearate 0.50
Bis—ethylhexyloxyphenol 3.00
methoxyphenyl triazine
Ethylhexyl methoxycinnamate 7.00
Ethylhexyl salicylate 3.00
Homosalate 3.00
Phenethyl benzoate 3.00
Butyloctyl salicylate 3.00
Cetyl dimethicone 3.00
Diethoxyethyl succinate 3.00
Dimethicone 3.00
Cyclopentasiloxane 3.00
C12-15 alkyl benzoate 3.00
Caprylic/capric triglyceride 3.00
Cetyl caprylate 3.00
Mineral oil 3.00
Isopropyl myristate 3.00
Carbomer 0.13
Triethanolamine 0.13
P.W. to 100
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Table 3. Formulation of O/W Emulsion (Sunscreen) with Oil Content

Sample (wt%)

Ingredients
Con Bl B2 B3 B4 B5 Cl C2 C3 C4 C5 DI D2 D3 D4 D5

Polysorbate 60 0.50

Glyceryl stearate/

PEG-100 stearate 1.50
Sorbitan stearate 0.50
Bis—ethylhexyloxyphen
ol methoxyphenyl 3.00
triazine
metf(i:;/lc]?sz;ate 7.00
Ethylhexyl salicylate 3.00
Homosalate 3.00
1.00
2.00
Butyloctyl salicylate 3.00
4.00
5.00
1.00
2.00
Cetyl dimethicone 3.00
4.00
5.00
1.00
2.00
Dimethicone 3.00
4.00
5.00
Carbomer 0.13
Triethanolamine 0.13
P.W. to 100
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Table 4. Formulation of W/O Emulsion (Sunscreen) with Oil
Sample (wt%)
Ingredients
El E2 E3 E4 ES E6 E7 E8 E9 E10 Ell
Cetyl PEG/PPG-10/1
' dimetk/licone / 200
Bis—ethylhexyloxyphenol 300
methoxyphenyl triazine
Ethylhexyl methoxycinnamate 7.00
Ethylhexyl salicylate 3.00
Homosalate 3.00
Phenethyl benzoate 3.00
Butyloctyl salicylate 3.00
Cetyl dimethicone 3.00
Diethoxyethyl succinate 3.00
Dimethicone 3.00
Cyclopentasiloxane 3.00
C12-15 alkyl benzoate 3.00
Caprylic/capric triglyceride 3.00
Cetyl caprylate 3.00
Mineral oil 3.00
Isopropyl myristate 3.00
Caprylic/capric triglyceride 12.00
Sodium chloride 0.50
P.W. to 100

- 428 -



8  AAY - AT -

ujEe - 0143 - oAk - ] - A

{TE R LR GRS

Table 5. Formulation of W/O Emulsion (Sunscreen) with Oil Content

Sample (wt%)

Ingredients
Con F1 F2 F3 F5 Gl G2 G3 G4 G5 HlI H2 H3 H4 H5
Cetyl PEG/PPG-10/1 2,00
dimethicone
Bis—ethylhexyloxyphen
ol methoxyphenyl 3.00
triazine
metfllaot)}:)}:lc}ilsz;ate 7.00
Ethylhexyl salicylate 3.00
Homosalate 3.00
1.00
2.00
Butyloctyl salicylate 3.00
4.00
5.00
1.00
2.00
Cetyl dimethicone 3.00
4.00
5.00
1.00
2.00
Dimethicone 3.00
4.00
5.00
Gl
Sodium chloride 0.50
P.W. to 100
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Table 6. Formulation of O/W Emulsion (Sunscreen) with Varying Viscosities

Sample (wt%)

Ingredients
1 12 13 14
Polysorbate 60 0.50
Glyceryl stearate/PEG-100 stearate 1.50
Sorbitan stearate 0.50
Bis—ethylhexyloxyphenol methoxyphenyl triazine 3.00
Ethylhexyl methoxycinnamate 7.00
Ethylhexyl salicylate 3.00
Homosalate 3.00
Cetyl dimethicone 3.00
0.00
Carbomer 0.05
0.10
0.20
0.00
Triethanolamine 0.05
0.10
0.20
P.W. to 100

Table 7. Formulation of W/O Emulsion (Sunscreen) with Varying Viscosities

Sample (wt%)

Ingredients
1 12 13 14
Cetyl PEG/PPG-10/1 dimethicone 2.00
Bis—ethylhexyloxyphenol methoxyphenyl triazine 3.00
Ethylhexyl methoxycinnamate 7.00
Ethylhexyl salicylate 3.00
Homosalate 3.00
Cetyl dimethicone 3.00
20.00
Caprylic/capric triglyceride 100
10.00
5.00
Sodium chloride 0.50
P.W. to 100
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Table 8. Formulation of O/W Emulsion (Sunscreen) with Thickener

Sample (wt%)

Ingredients
K1 K2 K3 K4
Polysorbate 60 0.50
Glyceryl stearate/PEG-100 stearate 1.50
Sorbitan stearate 0.50
Bis—ethylhexyloxyphenol methoxyphenyl triazine 3.00
Ethylhexyl methoxycinnamate 7.00
Ethylhexyl salicylate 3.00
Homosalate 3.00
Carbomer 0.13
Hydroxyethyl acrylate/sodium acryloyldimethyl 0.60
taurate copolymer ’
Polyacrylamide/C13-14 isoparaffin/laureth—7 0.95
' Polyacrylate—13/ 0.70
polyisobutene/polysorbate 20 ’
Triethanolamine 0.13
P.W. to 100

Table 9. Formulation of O/W Emulsion (Sunscreen) with Oil and Inorganic Sunscreen Agent

Sample (wt%)

Ingredients
Conl L1 L2 L3 Con2 Ml M2 M3
Polysorbate 60 0.50
Glyceryl stearate/ 150
PEG-100 stearate
Sorbitan stearate 0.50
Caprylic/capric triglyceride 13.00
. Polyacrylate—13/ 0.70
polyisobutene/polysorbate 20 ’
Titanium dioxide (31 % Sol.) 10.00
Zinc oxide (46 % Sol.) 10.00
Butyloctyl salicylate 2.00 2.00
Cetyl dimethicone 3.00 3.00
Dimethicone : 3.00 3.00
P.W. to 100
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Table 10. Formulation of O/W Emulsion (Sunscreen) with Light Stabilizer

Sample (wt%)

Ingredients
Con NI N2

01 02 03 Pl P2 P3 S1 S2 S3

Polysorbate 60 0.50
Glyceryl stearate/ 150
PEG-100 stearate :
Sorbitan stearate 0.50
Butyl methoxydibenzoylmethane 3.00
Ethylhexyl methoxycinnamate 7.00
Ethylhexyl salicylate 3.00
Homosalate 3.00
Polyacrylate—13/polyiso- 0.70
-butene/polysorbate 20 :
. . 0.80
Sodium benzotriazolyl butylphenol
sulfonate/ 1.00
buteth—3/tributyl citrate
0.80
Benzotriazolyl dodecyl p—cresol 1.00
1.20
0.05
Tris (tetramethylhydroxy
o . 0.10
piperidinol) citrate
0.15
1.00
Ethylhexyl methoxycrylene 2.00
3.00
pP.W. to 100

3.1. 20| ZHet YOI M2 xbe|MAIEHK|
£(SPF) Y AHRIMARIELS Z(PA)2| 5t

3.1.1. O/W o'g3e] A Aaxtx]4~(SPF) ¥
ARAAR 5= (PA) S84 5
el ArgA|Zol A Y] FRe TE 2L
A At 580 S dotEr| fsto F 11F
o] odS ATl {7 AL AFFA 4F0]
TE O/W ool Zzt 3 %8 AHs &
olel in vitro SPF &#7|& o]&slo] SPF A4
PA S8& SHotdtt. 1 A3 Ceyyl
dimethicone®] ¥ A3 AZo] iz oiH]

)

7V w2 AR Ad avE YE L (SPE
67.36, PA 10.45), 71 th&o] A2 A1Z(Butyloctyl
salicylate) 2 UEFITHSPE 44.10, PA 7.93). st
ol Z4o] Y& Dimethiconeo] T&H A5 A
2 UEd diH] 22 Al e avE yE
WRAL(SPF 16.40, PA 5.57), ojd& 2Yo] gt
8 AL0 AIE ERF W2 FAE UESlH
(SPF 21.90, PA 6.06). Diethoxyethyl succinate
7F e A4 AIE2 olEdY] HEo BA 9@
J=|HA SPF A4~ 2 PA SHELE 7 A
A3, Isopropyl myristate?} &9 All
2 gt oaHEA 2dE F AUHeR
< A At 85 YERIEHSPE 30.33,
PA 7.07) (Fig. 1, 2).

Hir oz A
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SPF (Sun Protection Factor)

0

Con. Al AZ A3 A4 A5 AD AT AB AD AID Al
Fig. 1. SPF (Sun protection factor) of O/W
emulsions (sunscreens) with oil.

(A1: Phenethyl benzoate, A2:
Butyloctyl  salicylate,  A3:  Cetyl
dimethicone, A4: Diethoxyethyl
succinate, A5: Dimethicone, A6:
Cyclopentasiloxane, A7: C12-15 alkyl
benzoate, A8: Caprylic/capric
triglyceride, A9: Cetyl caprylate, A10:
Mineral oil, A11: Isopropyl myristate)

10.45
10
193

E.B0 E.80
871

5 557

658 E64 670 ror

6.06

PA (Protection Factor of UV-4A)

Con. Al A2 A3 A4 A5 AG AT AB AD A1D Al
Fig. 2. PA (Protection factor of UV-A) of
O/W emulsions (sunscreens) with oil.
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ME olx2= AL Ad &EO] iR TiH]
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dimethiconeo] 78 MENA= 3 %7t ALH

Bl W LR

C3 AlE0] 3379 o4 HES 5 AA A
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Hog iz i & A g aEe
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2 A geFo]l Eotd4E SPF A4~ 9 PA F
o] WA A=Y, D3 M ol g 447}
A FAE= 549 YeErigichFig. 3, 4).
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SPF (Sun Protection Factor)
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Fig. 3. SPF (Sun protection factor) of O/W

emulsions  (sunscreens)  with  oil

content.
(B Butyloctyl salicylate, C: Cetyl
dimethicone, D: Dimethicone)

10.45
o b — 1203575
8.80 ]
814 793 7.88 []
8 r

.80 653

.03 .03
5.57 5,33 5,48

5 5,50

PA (Protection Factor of U¥-A)

Con. BI 82 BI B4 B5 C1 C2 C3 C4 C5 DI D2 D3 D4 D5

Fig. 4. PA (Protection factor of UV-A) of
O/W emulsions (sunscreens) with oil
content.
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THE AFolA ALdA A &S =9FE

Aoz dyy  QloHi6l. ESE  Butyloctyl

salicylate®t o] S4Jo] &2 2oYo] I{HHA

we P e orlo
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3.1.2. W/O ogx9 ALJHAE2|4(SPF) %
2 A AR (PA) ER3 AT

221 AGAFo A e o] FRol wE Ao
A 2kt ago] FFe gotir| flste] F 11F
o] eda At {71 AL A 4Fo]
THE W/O g™ ZAZF 3 %% AYE &
o in vitro SPF &47|E o|g38le] SPF A4
] PA 555 ZAsklth. I 23 O/W odgd
T H@EAE AgHFoz W/O oddo] A
Hog =2 A9 At BE&S YT 1
gt O/W o ddoflA =2 QA 2t B&S
eSS  Cetyl dimethicone 37 AES
W/O o dHoA el 2 aapp & o7
EoA A ASLOm(SPF 4142, PA  9.17),
Diethoxyethyl succinate?} &3% E4 S
LAst glol izt fARE Ao g as
< Ueidth AgE edo] iH E59F E6
AMEL O/W oEA oAAE dizer e
SPF 24 % PA 582 UWEHSL, oU#E @
o] ?HrE EI0 ME &3 22 X5 YEh
SITHESPF 31.65, PA 7.07). Isopropyl myristate
7b HE Ell AE2 gyt oAHEA 0YE
Z Aoz =2 SPF A4 ¥ PA 5E2 4
EFYQIHSPF 38.62, PA 8.91) (Fig. 5, 6).
LYol &fof| wE SPF 24~ W PA 53¢ H
7t A= Butyloctyl salicylate, Cetyl
dimethicone, Dimethicone& A%A3le] §7] 12|
A A 4Fo] FEE W/O odAel 7z
1~5 % Agst & oY in vitro SPF &£37|&
o|-gsto] SPF A4 9 PA Tu& SAsHirh
1 A3} Butyloctyl salicylate”} g2 AE Sl
M 1 %7F Ad Fl o] 3379 o4 A
£5 5 7H =2 A4 At aaE YEl
II(SPF 45.35, PA 9.43), Cetyl dimethicone©]
e AEAE 3 %7t AP G3 AEo] 7t
T w2 A Ad ZIE HERHATHSPF
41.42, PA 9.17). ¥t Dimethicone®] &-8-4H

w2 19

2o ARAFONA ARG (SPE)SE A TAAE G (PA)Y 9 F= U Ui AT 13

MBS A Pl wobd 2
PA Sgol WA F4HslL FRE
A7 AR fAEE B4S dehjoct
(Fig. 7, 8).

=]
o

50
41,42

38.62
40 [35.80 35.65 35,29 34.38

' 3713 35,71 36.00

333

31.65

an

20

SPF (Sun Protection Factor)

Con. El E2 E3 E4 ES5 E6 E7 EB8 EJ EIO EI
Fig. 5. SPF (Sun protection factor) of W/O
emulsions (sunscreens) with oil.

(E1: Phenethyl ~ benzoate,  E2:
Butyloctyl  salicylate,  E3:  Cetyl
dimethicone, E4: Diethoxyethyl
succinate, E5:  Dimethicone, E6:
Cyclopentasiloxane, E7: C12-15 alkyl
benzoate, ES8: Caprylic/capric
triglyceride, E9: Cetyl caprylate, E10:
Mineral oil, E11: Isopropyl myristate)

8.91

731 784 .90 .08 268 0P 1 78
8 .07
537

PA (Protection Factor of Uy-A)
m

Con. E1 E2 E3 E4 E5 EB E7 EB ES EIDEI
Fig. 6. PA (Protection factor of UV-A) of
W/O emulsions (sunscreens) with oil.

A7 AIEE FYSEH Cetyl dimethicone2
W/O ofgdol4 SPF Z4= ¥ PA Fg°] O/W
offdH oNAHYE F EZoR EopxA Yt
O|AL oEAL o] 4RI AFolM= o
o] AL JFol ¥ & Aoz woHr wep
A Butyloctyl salicylate@} o] 40| &2 o
2 W/O ofgdolA A=yt Hd7tE]o] SPF Z
- % PA Fgo] =/ FEE= Aor AlRdH
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AL A W §71 A ArgAere] A7 & A 4Fo] THE O/W E W/O ofEdE Ax
AR g @ do] g Aol QTS oulgh e ¥ Y Hx 5HS o5t9CH, in vitro SPF
ct. Z47]8 o]gste] SPF A4 4 PA 552 =4
sttt HE= Table 113 Zo] &AE 9o,
60 in vitro SPF Z37]& ©|-83% SPF A4 4 PA
CREI . =3 2404 O/W T W/O oud B A
£ L7} mopd4E o)A Ad §8o] HFHoz
£ : Aot ZRe et ok ool A
: Eam 0 Y e9d x5 7xE sjus)
;@ L Aol Aok Heol AnAoE AT A
- ke gAste] o)l A &aipt FoiEE A
i o2 ojsHirHs). ¢ A2e] 24 Aws} o)
’ Con. FI F2 F3 F4 F5 Gl G2 G3 G4 G5 HI HZ H3 H4 H5 AZr ZA A =x]9] zpolrt AA YERLt
Fig. 7. SPF (Sun protection factor) of W/O Aoz Hol A ArdAFAA k= SPR
emulsions  (sunscreens)  with il Ao 9 PA Fg°l dFS UEd= Fag <
content. 2t & ohel AoR YepsithFig. 9, 10).

(F: Butyloctyl salicylate, G: Cetyl

. . . . ~ 8.21
dimethicone, H: Dimethicone) B0

70.01

47.76
50 42,48
36.94
31.e1

18.93
20 1815

|
12
SPF (Sun Protection Factor)
=N
[sm]

o0z 13 14 1 Jz I3 4
. SPF (Sun protection factor) of O/W
o and W/O emulsions (sunscreens) with

PA (Protection Factor of U¥-4)
[=s}

3!
aa
o

Con FI F2 F3 F4 F5 G G2 G3 G4 G5 HI HZ W3 H4 HS

Fig. 8. PA (Protection factor of UV-A) of
W/O emulsions (sunscreens) with oil
content.

varying viscosities.

3.2. MEO UHE XE2IMAIEHXI4(SPF) ¥
REIMARIEHS Z(PA)S] 3}
Aol4 AAEel A Aol me Aol gk

Table 11. Viscosities of O/W and W/O Emulsion (Sunscreen)

Sample (cps)

11 2 13 14 J1 J2 J3 J4
Type O/W  emulsion W/O emulsion
Viscosity 0 1,000 4,000 10,000 | 1,000 2,000 5,000 10,000
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Fig. 10. PA (Protection factor of UV-A) of

emulsions

o/w and W/O

(sunscreens) with varying viscosities.

3.3. ZHAIe| EF0 [ME X|JMXITHX|¢

(SPF) ¥ XIIMAXITHSE(PA)S| Ha}
24l AGA| oA FHAA Q] FHoll whE =
oM At G890 IFS gotir] fste] FH
A 4% 2 /7] AL AdA 450 T 7
7t 59 HEo] O/W ofdde Axe &, 9d
A 54 9 #3t dAE gRlst9en, in
vitro SPF £47]& o]&4ste] SPF 4= 9 PA
TEe S5t I A7 M= Table 1234
o] BE U Ax= gIEglen, 3t 9
A= K4 ) K3 ) K2 ) Kl 22 3 295}
A BEEJAHFig. 11). in vitro SPF ZA37E
o]4qt SPF #4 ¥ PA 5F =H A AE
Hydroxyethyl

Carbomer, acrylate/sodium

acryloyldimethyl taurate copolymer,

2o ARAFONA ARG (SPE)SE ATAAETH(PA)Y 9 F= AR ¥jE AT 15

Polyacrylamide/C13-14  isoparaffin/laureth-7
9 Polyacrylate—13/polyisobutene/polysorbate
200] g34 K1, K2, K3 183 K4 A2 2%
FARE 28 Yetligiek(Fig. 12, 13). 471 4
d 22 SHAY TR 9 ek AR AdH
7b SPE 2|4 9 PA G ®zle] ulA= gego]
B2 gas oulsh= Aog AlmEh

= 40
=
%]
™
[T 30 L
5 24,63 24,38 25.10 24,52
= 20 F
[
[« W
m% o
e
7z} 0
K1 K2 K3 K4

Fig. 12. SPF (Sun protection factor) of O/W
emulsions (sunscreens) with thickener.
(K1: Carbomer, K2:
acrylate/sodium

Hydroxyethyl
acryloyldimethyl
taurate copolymer, K3:
Polyacrylamide/C13-14 isoparaffin/
laureth—7, K4: Polyacrylate—13/
polyisobutene/polysorbate 20)

Table 12. Viscosities of O/W Emulsions (Sunscreens) with Thickener

Sample (cps)

K1

K2 K3 K4

Viscosity 7,000

7,000 7,000 7,000

K1 K2

Fig. 11. Particle shape and distribution pattern of O/W emulsions (sunscreens) with thickener.

(X 200
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Fig. 13. PA (Protection factor of UV-A) of
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Fig. 14. SPF (Sun protection factor) of O/W
emulsions

[}

(sunscreens) with oil and
inorganic sunscreen agent.

(L: Titanium dioxide, M: Zinc oxide,
20 Cetyl
dimethicone, 3: Dimethicone)

1:  Butyloctyl salicylate,

W LR

T MEE2 7MY U2 SAE 7)EorTHL3:
SPF 14.80, PA 4.83, M3: SPF 14.50, PA 4.97)
(Fig. 14, 15). 4719 Ad A= AT i &
He 099 AT =11 Yo wEhA FY
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Fig. 15. PA (Protect1on factor of UV—A) of
O/W emulsions (sunscreens) with oil
and inorganic sunscreen agent.
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2 O A7t At o tixtte] HlwoA
= 92 A5 YEWSITh  Ethylhexyl
methoxycryleneo] % S A& oY 54 o
H] SPF z4  PA 5o WolHAT iz

v oJds] w2 A7 SAEIL AY T
o HFIE 1 $AE= F7F6le(S1: SPF

24.8, PA 8.6, S2: SPF 36.3, PA 10.9, S3: SPF
402, PA 1L7), 4%2] HAHA F 7Hg 45
EAS BAtHFig. 16, 17).
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SPF (Sun Protection Factor)
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Fig. 16. SPF (Sun protection factor) of O/W
emulsions  (sunscreens) with  light
stabilizer.
(N: Sodium benzotriazolyl butylphenol
sulfonate/buteth—3/tributyl citrate, O:
Benzotriazolyl dodecyl p-—cresol, P:
Tris (tetramethylhydroxypiperidinol)
citrate, S: Ethylhexyl methoxycrylene)
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Fig. 17. PA (Protection factor of UV-A) of
O/W emulsions (sunscreens) with

light stabilizer.
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