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Abstract : This study is related to the developing method of a transparent sunscreen cosmetic
which has waterproofing property and no white turbidity when applied to skin. The transparent
sunscreen is prepared by exploiting refractive index difference between oil-phase and water—phase
of water—in—oil(W/O) emulsion. The sunscreen according to this study is prepared as a W/O type
emulsion so that it is water—stable and water resistance. Also, the stability of W/O type emulsion
is developed by adjusting the content of oil phase part and water phase part. As a result of this
studying, the transparent W/O emulsion is prepared by adjusting the refractive index of oil-phase
and water—phase within 0.004 and it is found that the stability of the transparent sunscreen is
increasing when the water phase part is over 75% (w/w) of the W/O emulsion.
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Through clinical test of transparent sunscreen, the value of sun protection Factor(SPF) and
Protection Factor of UVA(PFA) were determined. SPF and PFA values of transparent sunscreen

were indicated 30.99+1.65 and 3.01+0.30.

Keywords: Sunscreen, Water—in—oil emulsion, Refractive index, Transparent, Stability
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Fig. 1. Water—in—oil emulsion preparation.
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Table 1. Contents of Phenylbenzimidazole Sulfonic Acid Solution and Bis—Ethylhexyloxyphenol

Methoxyphenyl Triazine Solution

Ineredient Contents
BrEcients Do(w/w)
Phenylbenzimidazole Sulfonic Acid 43,75
Phenylbenzimidazole
Sulfonic Acid Solution Water 31.25
Triethanolamine 25.00
Bis—Ethylhexyloxyphenol  Bis-Ethylhexyloxyphenol Methoxyphenyl Triazine 28.57
Methoxyphenyl Triazine
Solution Octocrylene 71.43
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Table 2. The Fitzpatrick Skin Phototype and Colorimetric ITA® Values

Type Skin Colours Categories ITA® Value* Ranges
I Always burns easily, never tans >55°
I Always burns easily, tans minimally >41° to 55°
I Burns moderately tans gradually >28° to 41°
v Burns minimally, tans well >10° to 28°
\ Burns rarely, tans profusely >-30° to 10°
VI Never burns, deep pigmentation <-30°
* ITA® Vlaue = [ArcTangent(L*-50)/b*] X 180/7 (7w = 3.14159)

(L* : Luminance, b*

: Yellow / Blue component)

- 472 -



Vol. 32, No. 3 (2015) 5T B elte] B Ao A sPg=e] Wt A 5

Table 3. Indication Standard of Melanism State

Evaluation Indication Standard
0 Negative
+ Melanism reaction slightly, but partially (<50%)
+ Melanism appearing over most of the area of UV exposure (>50%)

Visible unambiguous melanism appearing over most of the area of UV

++
exposure, edema

Visible unambiguous melanism appearing over most of the area of UV

+++ .
exposure, blister

Table 4. Clasification of UVA Protection Rating

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

8 or more PA+++ Very much effect

Table 5. Indication Standard of Erythema State

Evaluation Indication Standard

0 Negative

+ Erythema reaction slightly, but partially (<50%)

+ Erythema appearing over most of the area of UV exposure (>50%)

o Visible unambiguous erythema appearing over most of the area of UV
exposure, edema

it Visible unambiguous erythema appearing over most of the area of UV
exposure, blister
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Raw material

Refractive Index (257C)

Octocrylene
Polysilicone—15
Ethylhexyl Salicylate

Cetyl PEG/PPG-10/1 Dimethicone

Cyclopentasiloxane

C12-15 Alkyl Benzoate

Water
Glycerin

Phenylbenzimidazole Sulfonic Acid Solution
(Active 43.75%, Water 31.25%, Triethanolamine 25%)

Bis—Ethylhexyloxyphenol Methoxyphenyl Triazine Solution
(Active 28.57%, Octocrylene 71.43%)

1.5675
1.4411
1.5022
1.4403
1.3983
1.4844
1.3330
1.4715

1.4743

1.5870
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Table 7. Formation for water in oil emulsion with different refractive index of oil and water
phase

Contents(%,w/w)
No.1 No.2 No.3 No.4
C12-15 Alkyl Benzoate 2.80 2.80 2.80 2.80

Bis—Ethylhexyloxyphenol Methoxyphenyl
Triazine Solution

Category Ingredients

3.50 3.50 3.50 3.50
Oil

Polysilicone~15 6.00 600  6.00  6.00

phase Ethylhexyl Salicylate 300 300 300  3.00
Cetyl PEG/PPG-10/1 Dimethicone 2.70 2.70 2.70 2.70
Cyclopentasiloxane 22.00 2200 22.00 22.00

Water 800 800 800  8.00

Xj:ef Phenylbenzimidazole Sulfonic Acid Solution ~ 14.58 1625 1791  19.58
Glycerin 3742 3575 34.09  32.42

Total 100 100 100 100

Table 8. Refractive index difference of each oil and water phase

Refractive Index(25C)

Category No. 1 No. 2 No. 3 No. 4

Oil phase 1.4378 1.4378 1.4378 1.4378

Water phase 1.4378 1.4338 1.4298 1.4258
Refractive Index(25°C) difference 0.0000 0.0040 0.0080 0.0120

EI-ITIFIII.I-I:I:I.ﬁ.I.I
= c (® p
i m <

1

o NGB
| W N N

m-u-u.n.w.
WI l'l | |
i EE N

A) Refractive Index(25C) difference : 0.000, B) Refractive Index(257C) difference : 0.004
C) Refractive Index(257C) difference : 0.008, D) Refractive Index(25°C) difference : 0.012
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Table 9. Formation for Different Water—in—QOil Emulsions with Different Oil and Water Contents

Contents(%,w/w)

Category Ingredients No 1 No. 2 MNo 3 No 4
C12-15 Alkyl Benzoate 2.80 2.80 2.80 2.80
Bls—Ethylhexyl_oxyphenoI Methoxyphenyl 3.50 3.50 3.50 3.50

Triazine Solution
Oil phase Polysilicone—15 6.00 6.00 6.00 6.00
Ethylhexyl Salicylate 3.00 3.00 3.00 3.00
Cetyl PEG/PPG-10/1 Dimethicone 2.70 2.70 2.70 2.70
Cyclopentasiloxane 22.00 17.00 12.00 7.00
Water 8.00 8.00 8.00 8.00
Water phase Phenylbenzimidazole Sulfonic Acid Solution — 14.58  13.00  10.30 6.00
Glycerin 37.42 4400 5170 61.00
Total 100 100 100 100

Table 10. Refractive Index Difference of Each Oil and Water Phase

Refractive Index(257C)

Category

No. 1 No. 2 No. 3 No. 4

Oil phase 1.4378 1.4435 1.4511 1.4616

Water phase 1.4378 1.4435 1.4511 1.4616
Refractive Index(25°C) difference 0.0000 0.0000 0.0000 0.0000

O
|
L]
e w. .
L
!
; Ii
R E N E T E s

Fig. 4. Stability of water—in—oil emulsions with different conditions after 1 week.
A) Stability test at 5°C, B) Stability test at 35°C, C) Stability test at 507C,

a) Water Phase 60%(w/w) & Oil Phase 40%(w/w)

b) Water Phase 65%(w/w) & Qil Phase 35%(w/w)

c) Water Phase 70%(w/w) & Oil Phase 30%(w/w)

d) Water Phase 75%(w/w) & Qil Phase 25%(w/w)
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A) Stability test at 5°C, B) Stability test at 35°C, C) Stability test at 50°C
a) Water Phase 60%(w/w) & Oil Phase 40%(w/w)
b) Water Phase 65%(w/w) & Oil Phase 35%(w/w)
c) Water Phase 70%(w/w) & Oil Phase 30%(w/w)
d) Water Phase 75%(w/w) & Oil Phase 25%(w/w)

Table 11. Result of PFA and SPF Value

Product PFA value 95% CI SPF value 95% CI
Transparent 3.01+0.30 0.30 30.99+1.65 1.18
Sunscreen
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