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Abstract − The effects of rheological behavior of emulsions depending on vehicle type, thickener content and oil polarity
were investigated on the sunscreen efficacy of emulsions having a sunscreening agent. Rubbing procedure of sun-protecting

emulsions on human skin was simulated by using rheological variables and the results were compared with monoprotection

factors. It was found that the larger the tendency to return to the original structure of emulsion was, the more the protection effi-
cacy against ultraviolet rays was. Change in rheological properties caused by varying thickener content had more effect on the

screening efficacy than that by varying oil type. It was confirmed from this study that even the emulsions containing equiva-

lent amount of sunscreening agent could differ in sun protection efficacy and thus the efficacy to protect against ultraviolet rays
could be raised by controlling rheological properties of the emulsions without additional use of sunscreening agent.
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 ���� �

OEN> ��4 "� PQG *+G �R( "� IS� TUV ").

WX3 ��
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l),

on
� �{��� EF[1-3], �f�� �{��� EF[4, 5] ?( "). �

� �OEN> ���� �; ��4 ��
 �� ��G ��� � !

# ")� 4��# ��n� ?[6] ��
 ���� H=�� �; �

�� h}4 y� �l 56�c +�n| ").

'� (w' h}� g�w ��� =��� �S� ��� ��H�

�� ��
 ����� �{�� ! ")� h}4 (� �/N| "

�	[7, 8], =� ��
 ���� (>' ��G ~>  ! "� �(

,� ���N �� u�(). m ( ¡�� ��� ¢£�DG3 (

w' ��
 �� �;G ¢' IJ��� h}� ¤� �/NN �¥

�o ¦§u��# �¨1 p4 ©� 0�� kª1).

(G @ «¦G3� ��
 �� ��� ¬<�� ��(radiometer)�

=�I� ¬<�(rheometer)� (>�e ��� IJ��� �S( =

� ��
 ���� ��
 �� ��G �­� ��� <®��� k

ª�|� �¯). ° ��
 ���4 *+G ±��c #²nC �<

�c =Nn� u�� *+ �³� ´� *+6µ E��� ¶w *+

G ·±��c #²1 u�� ��
 �� ��G �(4 "� 0(X

� 4<�G h}� �¸�¯). @ h}G3� =� ��
 ���


octyl methoxycinnamate� �;¹(vehicle type) °, ��
 �� ���

G3 4� [( ]>�| "� �;
 O/W; Gº»� W/O Gº»G

¼� ql : ½�� H®¹, ¾�� R�¹� �� ¿À� ��e �

�
 �� ��� ÁÂ ÃÄ�¯).

2. � �

2-1. ��� �� ���	 
�

@ h}G3 {u�� �� Gº»� Åc O/W Gº»(oil-in-water

emulsion)� W/O Gº»(water-in-oil emulsion)�� 	Æ ! "�� (

Ç� ��EF� ��� ��G ÈBC }��¯).

2-1-1. O/W Gº»� ��

Gº»� ��� !>Éu(aqueous phase)� ¾�u(oil phase)� 80oC

ÊN 4Ë' Ì, !>ÉuG ¾�u� 33� 4' Ì .ÍÎ3(homomixer)

� (>�e 3,500 rpm�� 2�Ï =���Q3 triethanolamine (BASF)

� ÌÐ' Ì )� 2�Ï =��Ñ). (Ì Gº»� 28oCÊN Ò��

e ÓÔ�¯). ]>' IS�� ¾�uG� octyl methoxycinnamate

(Parsol MCX, Roche)� caprylic/capric triglyceride (Lexol GT 865, Inolex),

VP/eicosene copolymer (Antaron V-220, International Specialty Product),

mineral oil (Drakeol-7, Penreco), cetyl octanonate (Cetiol SN 1, Cognis Cave

Chemicals), dimethicone (DC 200 Fluid, Dow Corning), polysorbate 60

(Tween 60, Uniquema Americas) : sorbitan sesquioleate (Arlacel 83,

ICI)� ]>�¯). !>ÉuG� butylene glycol (Secma), glycerin (LG

chemicals), carbomer (BF Goodrich) : triethanolamine� ]>�¯).

u� IS� ��� Table 1G <J�e 	`�Õ).

2-1-2. W/O Gº»� ��

=]' EF�� !>Éu� ¾�u� 78oCÊN 4Ë' Ì, ¾�u

G !>Éu� 33� 4�Q3 .ÍÎ3� 3,500 rpm�� 4�Ï =�

�Ñ). =� Ì 28oCÊN Ò��e ÓÔ�̄ ). ¾�uG� cyclomethicone

(Dow Corning), mineral oil, isononyl isononanoate (KAK99, Kokyu Alcoho

octyl methoxycinnamate, glyceryl diisostearate (GWIS-E200EX, Nih

Emulsion), cetyl dimethicone copolyol (Abil EM 90, Goldschmidt) :

quaternium-18 bentonite (Clayton 40, Southern Clay)� ]>�¯|, !

>ÉuG� glycerin� ]>�¯). Table 2G u� IS� ��� <J

�e 	`�Õ).

2-2. ��� �� �
 ��

��� ��
 A, B4 h���� E]n� xe arc lamp� ]>�¯

). � �Ô� 
�� *+¨Q� =]�c Í]�o ���( *+�

´� �rS� }�1 
Ö*+
 Vitro SkinTMG 2 mg/cm2� !×>

�Ø� ]>�e #²�¯). �Ô #² Ì 15�Ï Ö� 5G3 7��

Ù )Ú ��
 ��<#� ¬<�¯). Detector�� ��} :

monochromator� �Û' radiometer� ]>�¯�o ��
 ��<#

� Diffey’s method[9]� �;�e ¬<�¯). �� @ ¬< EF� 


Ö*+G �Ô� #²' u�� k� scanning( 4��e � k�G3

� �;G WÜ ��
 ��<#� ¬<H��� ��
 �� ���

Ý¬�¯).

2-3. ���	 ���� �� ��

Gº»� =��� ¤Þ� =�I� ¬<�
 RheoStress 50(HAAKE)

Íß� (>�¯). N³( 35 mm(| ���4 1o
 à(cone)� (>

�¯�o à� áâ(plate) ](� ¬<¤J� 57µm� ¿ÀÓÔÊN

�<�c =N�Ñ). ã#� Peltier �äå� (>�e 25æ0.1oC�

�<�c =N�¯). � çè� áâ ZG é| ¬<¤JÊN áâ�

(Þ��) à� áâ� ¤J4 1,000µm4 ê ë+, 1�G 300µm

ì áâ( uí�#$ �#� ���¯). çè( ¬<¤JG #î'

Table 1. Ingredients and composition of O/W emulsions

Phase Ingredients SC01 SC02

Oil phase Octyl methoxycinnamate
Caprylic/capric triglyceride
VP/eicocene copolymer
Mineral oil
Cetyl octanonate
Dimethicone
Polysorbate 60
Sorbitan sesquioleate

7.0
3.0
-

3.0
3.0
0.3
1.5
0.5

7.0
3.0
0.5
3.0
3.0
0.3
1.5
0.5

Water phase D. I. water
Butylene glycol
Glycerine
Carbomer
Triethanolamine

to 102
3.0
2.0
0.12
0.28

to 102
3.0
2.0
0.12
0.28

Table 2. Ingredients and composition of W/O emulsions

Phase Ingredients SC03 SC04 SC05 SC06 SC07

Oil phase Cyclomethicone
Mineral oil
Isononyl isononanoate
Octyl methoxycinnamate
Glyceryl diisostearate
Cetyl dimethicone copolyol
Quaternium-18 bentonite

25.0
-
-

7.0
1.0
2.0
-

25.0
-
-

7.0
1.0
2.0
0.35

25.0
-
-

7.0
1.0
2.0
0.7

-
25.0

-
7.0
1.0
2.0
0.35

-
-

25.0
7.0
1.0
2.0
0.35

Water phase D. I. water
Glycerine

to 102
8.0

to 102
8.0

to 102
8.0

to 102
8.0

to 102
8.0
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n 
ë+, 1�Ï �)ï ÌG ¬<� �¸�¯). �1 ¬<EF� )Ú�

´). l
 1,000 s−1� �<' 9��#� 20ðÏ ½#� ¬<�¯).

( ¿À� ñG ¿�� Åò� ¦N� ë� Í]' 0��, 9��#�

1,000 s−1� =N�Ù (=� *+G Åò� #²  ë� �#4 {ó

( <#G /ô�� ë¦()[7]. ( ¿À� ' Ì 1�Ï �)õ)4 �

Þ�À \ö(oscillatory mode)�� ÷ø äù(stress sweep)� ��¯).

÷ø äù� úZ� 0.1-1 PaÊN(o û� úZ� 9�÷ø� 4' (

=� 4�� 9�÷øG �/ }�� kü�N �� úZ �G3, �Ï

( NýG WX þÿn� çè �� Í�wä �� }�� ZH(). p

�C ��Q, � �� ¿À� *+G Åò� ¦N�| 1�� �)ï Ì

Åò( 	
L_ ��� }�� n�g
�4� Í]�� ¿À(). P

ÿþ!� 1þ¯�o ¬< ²
�Ï �� �Ï� �N �¥). � ¿À

� � 2þì Pÿ�¯�o � �(4 ©� ' á±�� (>�). Table 3

� (u� ¿ÀEF� 6��e <J' 0().

3. �� 	 
�

3-1. ��� �� ��

Fig. 1G3 � ! "�( =� ��
 ���
 octyl methoxycinnamate

� Þ�' \�� � �;G ]>  ql O/W Gº»� ql-) W/

O Gº»� ql4 ��
 �� ��4 l!H� T ! "Õ). d'

O/W Gº»G3� �!� �u� Z/ ]>' VP/eicosene copolymer

�>G WX ��
 �� �� =��4 ©Õ� PQ W/O Gº»G

3� quaternium-18 bentonite H® �4G WX ��
 �� ��4

�4�¯). ( tu� =� ��
 ���
 octyl methoxycinnamate4

¾�uG ���c n�� �u
 h�u(continuous phase)( ¾�u

� ql ��
 �� ��( YgNc 1)� 0� ��'). d' octyl

methoxycinnamate� ²H' {+�� ��
 ���4 =>�(��

��
 ��� �;��3� W/O Gº»( �ô�)| ]Ô1).

F

ig. 2� W/O Gº»G {�e ¾� Ó�¹� ��
 �� ��� ¬<

' ^���3 {¨�
 ÁR� ¾�
 ��� ¾�-) R� ¾�


isononyl isononanoate4 =�� "c l!' ��
 �� ��� 	`

�� T ! "Õ). �(' 0� ��� ¿Jà ¾�
 cyclomethicone

� �>' ql ��!O & � ¾�G Á/3 !�#� *Å4 �k

� "�� (ÞH� #
  ! "Õ). ($% !�# *Å4 �k� �

&�� (Þ' (=G {/3� B4�
 h}4 '6/ -(o (w

' �k� �&�� !�# *Å4 (Þ�� �S� ( m k�( ¸�

UV B ��G ¿Jà ¾�( ����� ]>  ! "� 0�� â�

1).

3-2. ���� ��

½�� H®G WÜ O/W Gº»G {' ½#, ÿO Í�wä : ñ

¿�� ¬<' )� Fig. 3G3� ´( VP/eicosene copolymer �>

� ½#4 1.5* <# Y¥| ÿO Í�wä4 � 2* <# Y¥�	

ñ¿�� � �(4 ©c 	`+). ÿO Í�wä(G*)� ��
 �

��4 *+G #²1 Ì }�� þÿ�U� ��� ���� ,�

Í�wä(G')� þÿnN �� ��� ���� ñ¿ Í�wä(G")�

)Ú ö (1)� ¢&� 4N�� ÿO Í�wä� Å�� ö (2)� ´

( ¨t1).

(1)

(2)

d' ½�� ��� u{�
 Á� 	`�� ñ¿�(δ)� 0oG 4Ê

�!$ ���� �SG =]�c n| 90oG 4Ê�!$ -! ½� É

�� �SG =]�c 1)[10]. ñ¿�� ö�� 	`�Q )Ú� ́ ).

(3)

G* G′ iG″+=

G* G′2 G″2+( )
1 2⁄

=

δ tam 1– G″
G″
-------=

Table 3. Measurement procedure of rheological properties of an emulsion

Procedure Physical meaning

Place an emulsion on plate Place an emulsion on skin
Wait for a minute Recover initial structure destroyed by the action of placing the emulsio
Measure viscosities at the constant shear rate of 1,000 s−1 for 20 sec Apply the emulsion on skin
Wait for a minute Recover initial structure destroyed by the action of application
Conduct stress sweep test on the emulsion within the range of  0.1 to 1.0 Pa Check the degree of recovery of  the emulsion 

Fig. 1. Effects of vehicle type (O/W emulsions: SC01 and SC02; W/O
emulsions: SC03, SC04 and SC05) and thickener content (copol-
ymer content of 0 and 0.5 for SC01 and SC02; bentonite content of
0, 0.35 and 0.7 for SC03, SC04 and SC05) on UV protection.

Fig. 2. Effect of oil polarity (SC04: cyclomethicone; SC06: mineral oil;
SC07; isononyl isononanoate) on UV protection.
���� �41� �5� 2003� 10�
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e�3 ,� Í�wä� �;1 G.N� ,��� <# ° ���

	`�o ñ¿ Í�wä� �;1 G.N� Of�� <#
 ½�� 	

`/). Fig. 1G3 T ! "�( O/W Gº»� qlG� ��
 ��

��4 =�� ©( 	`+). (� O/W Gº»� ql =� ��


���4 �fu
 �uG ���c n�� O/W Gº»� =��� ¤

Þ( ��
 �� ��G �­� ��� W/O Gº»� qlG Á/ ^

��ø( ¸)� 0� ��'). g�w ¦N� ë� ½#�(	 ¦N

Ü Ì� ÿO Í�wä�� � �(� -¯NL Gº»� ½�� ��

� Á� 	`�C �� ñ¿�� �(� ̂ )N ÅN �¥). WX3 *

+G3 ±��c #²nC "� q�� VP/eicosene copolymer� �>

9ÌG ¹)Ü �(4 ©� 0�� kª1).

W/O Gº»� ql Fig. 4G3 � ! "�( quaternium-18 bentonite

� �>  ë �> 9G Á/ ½#4 2.5* �4�¯| (Ì B4�


H® �4G� ½# �44 ÅN �¥�o ÿO Í�wä� �> 9G

Á/ 10* (u �4�| B4�
 H® �4�G# 3* <# �4�

¯). ñ¿� &� � =��� -¯�o quaternium-18 bentonite� �

>  ë �> 9G Á/ ñ¿�( � 80oG3 25o� z0� 1O' ]

¿�+, ½�� �4-) ��� �44 t,H� ö (3)��+, #


  ! "�o B4�
 H® �4� ñ¿�( 10o <#� 1O' ]

¿�+, Gº»� ��( &��e �4�| "Ú� T ! "Õ). Fig. 1

G3 	`2 p� ´( ½�� �4G WX ��
 �� ��4 ��1

(=� ½��� H®( �4HG WX ÿO Í�wä4 �4�| ñ

¿�( 1O' )��+, B3  ! "Õ). ° quaternium-18 bentonite

� H® �4� Gº»� ½�G Á/ ��( t,�c �4�e Gº

Fig. 3. Rheological behaviors of O/W emulsions showing the effect of
thickener content: (a) viscosity change with time, (b) complex
modulus change, and (c) loss angle change.

Fig. 4. Rheological behaviors of W/O emulsions showing the effect of
thickener content: (a) viscosity change with time, (b) complex
modulus change, and (c) loss angle change.
HWAHAK KONGHAK Vol. 41, No. 5, October, 2003
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o-

he
»( *+G #²1 Ì }�� þÿ�U� q�( ��c nC )��

�� ±�' ��K� ;��4 ��
 �� ��4 �{1 0�� (

/1).

¾�� Ó�� ���44o ��' W/O Gº» �;G3� ½#,

ÿO Í�wä : ñ¿�� ¬<' )�� Fig. 5G 	`�Õ). ÁR�

¾�
 ��� ¾�( ÁÂ� Y� ½#�� 	`�Õ| R� ¾�


isononyl isononanoate� ql u{��� û� ½#�� 	`�Õ). ÿ

O Í�wä ¬<G3� ��� ¾�( u{��� û� �� 	`5

| isononyl isononanoate� ql ��� ¾�G Á/ 20* <# Y�

�� 	`�Õ). ñ¿�� ��� ¾�( 70oG 4Ê6 ��-) ½�

� �S( 7| isononyl isononanoate� 25oG 4Ê6 ��( u{��

� Åc 	`+). ° ��� ¾�� Gº»G3 8³G {' ,9� Y

e �NL Gº»� �+ }�4 �+ ÷øG �/ kü1 Ì )� }

�� þÿ�c �� & � isononyl isononanoateG Á/ :; ¸Ú�

T ! "). }�� þÿ�U� q�( ¸gNQ ��
 ���4 $Ú

#²1 u�� ±�H� =N  ! ©c nC *+ �³� ´� *+

6µ E��� 8�c nC ��
 �� ��� �{� ��  ! ©c

1). ¿�� ¾�� Ó�G WÜ ��
 ����� ¿ÀG3� Fig. 2

G3 	`+�( isononyl isononanoate� ]>�e ��' W/O Gº

»( ��� ¾�� ]>' W/O Gº»-) l!' �� ��� 	`

�Õ). 9��# 1,000 s−1G3 ½#4 ûg < 8�c nC *+G =

c #²no Í�wä4 Å| ñ¿�( ¸g }�� >�¤	 þÿ�

U� �S( �/ l!' )�� `	�Õ)| â�1). ¿�� ��


 �� Gº»� *+G #²' )� *+G !!n� \� ¤� ?�

  ! "�o ��n� \� ��' {+�� �>I( *+ ZG #²

1 @� �<' �A� B� K� ;��e ���¯). WX3 ��


���4 H=1 Gº»� *+G #²  ë� ��
 ���# HA

#²nC *+ZG ±��c ��
 ��K� ;��c n��, ��


�� ��� �4��� Z/3� Gº»� *+G #²' Ì Gº»

� �+}�4 þÿnC *+G ��( �' ��
 ��K� ;��

� }�4 nCD ')| ]Ô1).

4. � �

Gº» �; ��� =��� �S( =� ��
 ���� ��


�� ��G �­� ��� á4�� Z/ =���
 ¿À� ��


�� N!� ¬<' )� )Ú� ´� )3� C� ! "Õ).

(1) ��
 ���4 �u
 h�uG ��  ql ��
 �� ��

( YgD�o {+�� ��
 ���4 =>�
 0� 18�Q W/O

Gº»( ��
 �� �;�� �ô' 0�� ]Ô1).

(2) ¾�� R�� (>�e ½��� ;��� 0-) ½��� (

>�e ½��� +e�� 0( ��
 �� ��G m � ��� �Õ

�o Þ®� ��
 ���� H=�� W/O �;(X# *+G #²

Ì �;( 	`�� }�� ÿ�øG WX 3� )Ü ��
 �� ��

� 	`�Õ).

(3) @ ¿À )�� ~>�Q ��
 ���� �® ©(# ��


�� ��� m Y� ! "� ��� E�( 4�  0�� �{�o, �

� (w' �� �� �{tu� û� ��
 �� ���&-) Y�

��
 �� ���&G3 m =>�c ~>ê ! "� 0�� ]Ô

1).

� 


@ h}� '¡����(KOSEF)G3 N<' l!h}F,(ERC)


=�Ö<h}F,(applied rheology center)� +��
 h}N�G �

/ !�nÕ�o, (G 1]MGH).

�
��
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