
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002, pp. 316-323
AEO ��� �����/Cosurfactant/	/
� �
�� ���� �� ��

���*����*��	
**����*** �
����������†

*�������
**�	
�� 
����

***���
��
�� 
����

(2002� 1� 30� ��, 2002� 3� 14� ��)

Phase Behavior Study in Systems ContainingAEO Nonionic Surfactant, 
Cosurfactant, Water, and Oil

Hyun-Kil Ko*, Jong-Ki Lee*, So-Jin Park**, Byeong-Deog Park***, Jong-Kyu Hong, 
Sang-Kwon Park and Jong-Choo Lim†

*Aekyung Industrial Co., LTD., Daejeon 300-200, Korea
**Department of Chemical Engineering, ChoongNam National University, Daejeon 305-764, Korea

***NeoPharm, Daejeon 305-333, Korea
Department of Chemical Engineering, Dongguk University, Seoul 100-715, Korea

(Received 30 January 2002; accepted 14 March 2002)

� �

� ����� AEO� �	
 ���
�, �, D-���� 3
��� 	��� ��� � cosurfactant� � ! "#� $

% &'( )*+ ,-./0. �	
 ���
�, D-���, �� 	��� 3
� ���� $% &'( )* 12� �.

� middle-phase 3	4��56(microemulsion, µE)	 excess water7 excess oil &82 '(+ 	�� 3&9 (
:; <

=> ?# @9 AB�� (
:C�D, E
F GH&� µE �I� JKJLL MN��OP W/O µE�� QR:C0. S

% cosurfactant�� butyl diglycol(BDG), butyl triglycol(BTG)+ � % 12, cosurfactant � T+ U �V� WX middle-

phase µE+ YZ% 3&	 E
:� 
L� [\./] 3&	 ^_.� 
L `a� U ./0. Microemulsion+ bc.d

�e
 fHg abietic acid, triolein2 h�i� $%  cj )*+ ,-% 12, W/O µE�  cjk	  l 4m >no�

D, cosurfactant� � ! "# ��lk	 pqr� WX  cjL� U ./0.

Abstract − In this study, phase behavior study was performed for ternary systems containing AEO nonionic surfactant, water

and D-limonene as a function of surfactant concentration and temperature. The results in the ternary systems showed that a

three phase region containing a middle-phase microemulsion(µE) in equilibrium with excess water and excess oil phase was
not found or formed over a very limited small region. On the other hand, addition of butyl diglycol(BDG) and butyl triglycol

(BTG) as cosurfactants lowered the temperature for the formation of a three phase region including a middle-phase µE and pro-

duced a three phase region over a wide range of temperatures. The solubilization experiments for abietic acid, triolein, and

lubricant using three different types of µEs showed that the maximum oil removal was achieved with a water-in-oil(W/O) µE

in all cases. Addition of a cosurfactant promoted the solubilization mainly due to a decrease in interfacial tension.
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1. � �

CFC(chlorofluorocabons)� ���������	 
� �
� 1928

� �� General Motors�	 T. Midgley� 	� ���� �����

��� � !, "#, "$, $%&, '(##, )�*,  + ,	 -.

/012�3 4'5� �6�� 7�8, 9: CFC-113; 1,1,1-TCE

< <= > ?:@ &AB� 7C. DE CFC-113. F� "$, +G, '

(##, HI9 J*K ,�3 L* �6�M N�8, 1989�@ "OB

P "! CFC �6Q	 25-30%R &AB#  BSC[1-2].

TUV 1974� CFC� 	W �XY Z[ \]9 ^���� 1980�

_ `M �XY ,	 abc5< deE _f�g3 1985� ?hV i


; 1987� jk*l 	'3< mn��� 9� oI CFCR pqW

�XY Z[�r� _W �5s t5< 
u�M CFC-113; 1,1,1-TCE
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� 9� �69 +A��C. 9� v� w< x4� 7y ��z 4'

5	 �5s �6Q. 1989�@ "OBP {�B# 
uBS�8, _

! 4'5 |^9 �<}B~ ��C. oI3 ��	 -. #0`. $

!s�� 9` #X	 4'5� _W �6t5 ��� o� _! 4'

5	 |^@ 3���8, 9� oI �X Z[ A�(ozone depleting

potential, ODP)< �� CFC� ?�W �\s �r@ <A� 7�

HCFC(hydrochlorofluorocabons) z�	 4'5< �# _!�r� |

^��C. TUV HCFC� W
sv _!�r�3 A� ���� ��

@ F8 ��@ 	d�� 7# �c� ��sv _!�r9 �A �B

� 7� �'9C[3, 4].

_! 4'5� �~ V�M �z, ��z, ����z, ��z, ���

z ,�� 1�� � 7�8, ���z< "! 
= #��� 50-55%

R &AB� 7�V 9: ��z	 b� ODP< 0.007 ' � 2030�

 A¡ �69 <¢B�, £W v! �� ¤ ^¥� , ¦"�	 c5

< 7M �6 t5< §/¨ ©9 §�Bª� «&s�� 
=t¬<

­�¨ ©�� ®¯�� 7C. W° ����z� 25-30% ' 	 
=

t¬R <A� 7�V v��; ±� c5< As�� 7�8, 9UW

c5R ��s�� �²W ©9 ��z ³. �z 4'59C. DE �

z 4'5� 4'5 #´�3 µ¶sv #´9I� · � 7�8, CFC-

113	 _! �¸� �z< 68%, 65z< 24%, ¹4'�< 8%�3 "

4zs�� · � �z 4'5	 :º < «« »A� 7C[3, 4].

¼½��	 b� 9� �z ¤ ��z _! 4'5`@ |^BP ¾

¿B� 7C. ®R `g ÀÁ	 b� KAO�3 �z 4'5v JÂÃ

Ä zR ¾¿B� 7�8, ��	 b� Petroferm�3 Bioact EC-7@ 


¾B� 7C. 4'5< �6�� 7� PU /012 :�3 <= 
=

t¬< > ©9 print #¾, � ! ÅÆ, "%# ÇÈ, +G<ÉÇÈ	

"#Ê"$/098, ��	 b� "$/0�3 �6B� 7� CFC-

113 ËQ	 30-55%< �z 4'5 Bioact EC-7� _!¨ ©�� x'

B� 7C. �g� �Ì	 b� "$ÇÈ ÍÎ 0!�3 �6�� �z

4'5R ���3 #´@  ÏBP ÐÑE Ò�BP ¾¿BÓV, �º

_! 4'5 _Ç1@ ¼½���3 �ÏBP �6B� 7� �'��

�z 4'5	 |^9 ¿� 
ÔW ¯Õ9C. DE ¼½���3 |^

�M 
¾�� 7� _Ç1	 ��z ¤ �z 4'5	 b� 4'Ö9

×MV� <Ø9 ÙÚW nonylphenolethoxylate(NP)z	 zgÛ�5<

F� �6�� 7�V NPz	 zgÛ�5� ��; Ü1� 	 c5�

vBP 9� ¼½���3  �69 5W�� 7�ª� NPz	 zgÛ

�5R _!� � 7� Ù��; ��W Ü1� R <½ abÝ�s

zgÛ�5R F!� W ��z ¤ �z 4'5	 |^9 ¿� :ºBC.

zgÛ�5� 	W �! �g� ÇÞ�M 7� ���	 5Ó� Í�

3� -. ß�`9 �à���8, µá	 ß�²;`� 	Bg

solubilization-emulsification9 :ºW 4' â»ãä�� 5¦��C[5-

16]. ®R ̀ g hydrocarbon �À	 b� ?9� zgÛ�5-hydrocarbon

�À-� å�1 
Ãæ	 PIT(phase inversion temperature) ³. HLB

(hydrophilic-lipophilic balance) temperature�3 Ü��� middle-phase

µE(microemulsion, µE)� hydrocarbon �À9 µ_� 6��M 5Ó�

8[5-7], triglyceride �À	 b�  :ç¯(intermediate phase)�� è

�é middle-phase µE� triglyceride �À9 µ_� 6�ê9 �ëìC

[8, 9]. íW ?9� zgÛ�5 n-dodecyl trioxyethylene monoether

[C12H25O(CH2CH2O)3H, C12E3]� �9� zgÛ�5 Neodol 23-3S Ò

��	 b��  n-hexadecane9 
Ãæ	 PIT �±�3 è�é middle-

phase µE� µ_� 6��� ©9 �ëìC[10]. W° sodium octanoate,

potassium octanoate� î. �9� zgÛ�5 
Ãæ	 b��� n-

decanol9 lamellar liquid crystalline phase< :ç¯�� è��� �±

B�3¡ n-decanol	 -. ï9 5Ó¨ � 7� ©�� ðñìC[11, 17].

oI3 �z ¤ ��z 4'5 |^	 òd #´. ?9� zgÛ�

5R �6BP µE èó� 5�B� ©��3 DE 10−1-10−3dyne/cm	

¿� �. zg=Ö�� vBP 4'Ö9 ×MV� )ô\s�� ¦'

W µE9 #X	 4'� v 40-60oC�3 Ü��� zgÛ�5 
Ãæ

¼'9 ¼à�M2 B8, 9R õ�3� �ö zgÛ�5 
Ãæ�3

µE9 Ü��� �ô; �±@ ̄ ÷è(phase equilibrium) �ø@ �BP

tùB� ©9 ú�s9I � � 7C. Á ß��3� NPz	 zgÛ

�5R _!� � 7� ?ûs <Ø9 ÙÚB� Ù��; ��W Ü1

� R <½ alkylethoxylate(AEO)z ?9� zgÛ�5R :d�� �

ö 
Ãæ	 ¯÷è �ø@ �àBP �z ¤ ��z 4'5 5�� s

üW zgÛ�5 
Ãæ@ ¼'B� ���	 #Á �� ¤ 4'�±

@ §ýB�$ BSC.

2. ���� 	 
�

2-1. ����

Á �ø�3� �9� zgÛ�5� ?BP b  ¤ pH� TCA þ

{BA ÿ� CMC(critical micelle concentration)< ¿� ��8, �g

� � �� ¿� þ{W polyoxyethylene alkyl ether z	 ?9� zg

Û�5R �6BSC. 9` zgÛ�5� �����\�3 �ÏBP

�C� '5;' �9 T_� �6BS�8, Á �ø�3 �6W zg

Û�5	 �*s �r@ Table 1� V�Ì�C. Table 1� V�� SF-A,

SF-B T*� SF-C� ¬f C12H25(CH2CH2O)nH	 ��R <A� 7�

8, Ý�#	 ethylene oxide ÷	 
�< ee 5, 6, 7|v ?9� zg

Û�59C. íW �À. ��(terpene) ���� z)	 D-*¬
(limonene)

KFAR W�����Ç� �ÏBP �6BS�8, zgÛ�5 6� 5

�� �6W �. w� ¤ 9�ûa =�R ÓÝ 3& w��R �6B

SC.

Cosurfactant�� BDG(butyl diglycol)� BTG(butyl triglycol)R �6

BS�8, µE	 <6� �ø� �6W }<6�5(solubilizate)�� triolein

(Fluka, 65%), abietic acid(AA, Sigma, 70%), /06 �Û�(�É)R �

C� '5;' �9 T_� �6BSC.

2-2. ���� � �	

zgÛ�5, �, �À	 3�1 
Ãæ� _W ¯÷è �ø. CïW

Ç} ?	 �; �À	 Ò�6�@ Ìb 13 mm flat-bottomed 
øÍ�

�. O zgÛ�5	 ¶�� oI 5-50%	 zgÛ�5R �<BP "

! Ç} 10 ml	 6�@ 5�BP �àBSC. 5�é 
Æ� �� �3

(vortex mixer)�3 
Æ< 	À¯9 ̈  � A Ò�B� test tube rotator

�3 1À %¦ �"
� O 0.1oC A �  �ü9 <¢W ����3

� R 1oC� w<
�g3 40-60oC�3	 �ö �  �±�3 e 


Æ< ÷è�  ��@ � XÅB� ¯	 ¶� ¤ �R Í�BSC. �

ö � �±�3 XÅB� e ¯	 Ç} ¤ �Í(appearance)	 ��<

�@ �R ÷è�  �W ©�� çFBS�8, 14À 9¯9 AV  ÷

è�  �BA ÿ� 
Æ� ¦'W èó	 ���(emulsion)�� �ë

BSC.

Table 1. Physical properties of nonionic surfactants used during this study

Physical property SF-A SF-B SF-C

Cloud point1(oC) - 49-51 53-58
HLB number 10.8 11.5 12.3
pH 5.5-7.5 5.5-7.5 5.5-7.5
Molecular weight 406 450 494
CMC(mol/L) 6.5*10−5 6.8*10−5 6.9*10−5

Surface tension1 28.05 29.03 29.70

1: Measured with 1 wt% surfactant concentration.
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Liquid crystalline phase(Lα)� cross polarizerR 96BP Í�BS�

8, õ�3 �. ²;R  !�� zgÛ�5, �, �À	 3�1 
Ãæ

	 ¯÷è R u�BSC. íW cosurfactant �<� o� µE è��±

@ �"## õBP zgÛ�5, �, �À	 3�1�� 9ÄM½ 
Ã

æ� �$l/zgÛ�5(A/S) ?%@ 0Ç� 1 A 0.2 çØ�� �<W

O �  ��� o� ¯	 ��R Í�BSC.

è�é µE	 èó� electrical conductivity meter(Fisher scientific, model

30)R 96BP "#"   &'��Ç� ²'BS�8, µE èó� o

� <6� R ?ûB# õBP O/W µE, bicontinuous µE, W/O µE	

3<A èó	 µE� abietic acid, triolein, /06 �Û�R ¯	 ��<

�@ � A �<BP <6� R ²'BSC. íW µE; �À¯ �9

	 zg=Ö. spinning drop tensiometer(Krüss, Site 04)R 96BP &

'BS�8, C� '� 	BP 3� 9¯ &'W (@ ÷	BP �BS

C[18].

(1)

P#�3 γ� zg=Ö(dyne/cm), d� �À �s	 )b(cm), ω� �

" eG (mÊsec/rev.), ρ1. µE	 ( (g/cm3), T*� ρ2� �À	 (

 (g/cm3)9C.

3. �
 	 ��

3-1. 3
� �
�� ���

À'W � �3 %À Ç}	 �; �À	 Ò�6�� zgÛ�5	

Ç}R ��
�g3 �<BP �öB� ��� 7M3	 ̄ 	 �� è

óR Í�W O 9 �ô Fõ ��	 �1 6�@ ¡`M3 ̄ Ó%(phase

behavior)@ Í�BSC. P#3 �. ²;R  !�� BP �ö��

� �3	 zgÛ�5, �, D-*¬
	 3�1 
Ãæ� _W ¯÷è 

R u�BSC. �ø�3 �6W zgÛ�5 :�3 <= ���	 z

gÛ�5v SF-A 
Ãæ. 40-60oC	 �  �±�3 _Ç1	 
Æ`

9 stable emulsion	 ¦'é ¯@ �ABª� SF-B� SF-C zgÛ�

5 
Ãæ	 � � o� ¯Ó% �ø ²;¡@ Fig. 1-6� ee V�Ì

�C.

Fig. 1� V�� 40oC�3	 SF-B zgÛ�5 
Ãæ	 ¯Ó%�3

· � 7� ©�* zgÛ�5 � < ?ûs �. �ô�3� O/W ³

. lower phase µE9 excess oil; ÷è@ 9Ä� 2̄ 9 è����8

zgÛ�5	 � R w<
+� oI µE; Lα	 2̄  �ô9 XÅB

SC. %ÀW 
Ãæ	 � R 50oC� w<
� b�, Fig. 2� V��

©�* zgÛ�5 �  5% 9B �ô�3 40oC	 b�� �* middle-

phase µE9 excess water� excess oil ̄ `; ÷è@ 9Ä� 3̄ 9 è��

�C. %À Ç}	 �; �À@ �6BP 5�W 
ÆR #��� BP

zgÛ�5	 � R w<
+� oI excess water+middle-phase µE+

excess oil(3̄ ),excess water+W/O µE(2̄ ),µE(1̄ )�� "9��C.

%ÀW 
Ãæ� _W 60oC�3	 ̄ Ó%. Fig. 3�3 -.· � 7�

©; î9 � R w<
+� oI zgÛ�5� /0 ���@ 1~

�ª� middle-phase µE9 excess water ¤ excess oil ̄ `; ee ÷è@

9Ä� 3̄ . �À ­�� ��Ý �ô�3 è����8, _Ç1	 


Æ`. 2. �ô�3 W/O ³. upper phase µE9 excess water� ÷

è@ 9Ä� 2̄ �� XÅBS�8, 1̄ 	 µE. zgÛ�5	 �� 

�ô�3¡ è�ê@ � � 7�C.

Figs 4-6. SF-C zgÛ�5 
Ãæ� _W 50, 55, 60oC�3	 ¯

÷è(phase equilibrium) �ø ²;R ee V�� ©��3 SF-C� SF-B

#C Ý��	 zgÛ�59ª� 30-40oC�3� _Ç1	 ¯9 LαR

γ 1
4
---d3 ω2 ρ1 ρ2–( )⋅ ⋅=

Fig. 1. Partial phase diagram of the SF-B/water/D-limonene system at
40oC.

Fig. 2. Partial phase diagram of the SF-B/water/D-limonene system at
50 oC.

Fig. 3. Partial phase diagram of the SF-B/water/D-limonene system at
60 oC.
���� �40� �3� 2002� 6�
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pqW viscousW èó� XÅBSC. 50oC�3� Fig. 4�3 · � 7

39 zgÛ�5 � R w<
+� oI ¯"9� O/W µE+excess

oil(2¯),water+middle-phase µE+oil(3̄ ),excess water+W/O µE(2̄ )

,µE(1̄ ),Lα+µE(2̄ ) Ñ�� V�4C. Fig. 5� V�� 55oC�3	

SF-C zgÛ�5 
Ãæ	 ¯Ó%. � ­� ��Ý �ô� excess

water+W/O µE	 2̄ 9 è���� %À Ç}	 �; �À@ pqB�

7� zgÛ�5 5% �  �ô�3� excess water+middle-phase µE+

excess oil	 3̄ 9 XÅBS�8, �À ­; á5W �ô�3� excess

water+W/O µE	 2̄ 9 è���C. %ÀW 
Ãæ� _W 60oC�3

	 ¯Ó%. Fig. 6�3 · � 739 �  w<� oI T*� 
Ãæ

9 #C ���@ 6~ ê� oI 55oC�3 è���y 3̄  �ô. �

À ­	 á� �ô�3 è���� _Ç1	 ¯. excess water+W/O

µE	 2̄ 	 èó� XÅBSC. íW 1̄ 	 µE. Fig. 5� 6� V��

50, 55oC	 ²;� ?ûBP zgÛ�5 � < 30% 9¯v ��  �

ô�3 è�ê@ � � 7�C.

Fig. 2�3 #�  � î9 zgÛ�5 �  5 wt% �ô�3 Ü�é

middle-phase µE@ pqW 3̄ . ¯1*�� G < ¿� 7� ©��

�ÄM#" 
Ãæ	 PIT �±� á5W ©�� Üe�8[19, 20], oI

3 '§W tù@ õBP PITI� Üe�MA� � � �öB� 
Ã

æ@ ¼'BP PIT �±�3 è�é 3̄ 	 Ç}R &'BP middle-

phase µE	 ��@ z/BSC. 8, SF-B zgÛ�5 
Ãæ	 PIT �

±� �öB� 45oC�3 è�é excess water, middle-phase µE, excess

oil	 3̄ �3 excess water phase� Ñ�W �¡@ pqB� 7�8,

excess oil phase� zgÛ�5� �À¡@ pqB� 7C� <'W O

e �1� _W �r�A '��Ç� z/W ²;[7, 12, 16] excess oil phase

� 1.1%	 zgÛ�5� 98.9%	 �À� 9ÄM9 7�8, middle-

phase µE	 ��. 11.8%	 zgÛ�5, 41.8%	 �, 46.5%	 �À:

@ � � 7�C.

SF zgÛ�5 
Ãæ	 PU �  ¤ �� �±�3 è�é ÐÀ¯

	 µE èóR ²'B# õBP "#"  R &'BSC. O/W µE.

�9 ßG¯�� "�< ; <=A¡, �g� W/O µE. �À9 ßG

¯9# �c� "�< Ó	 <=A ÿ�C� ��� Þ¦BP >Ù

reference (��3 �, D-*¬
, L1, O/W µE, W/O µE 6�@ 5�B

P 9`	 "#"   &'(; �ö � � ee	 ���3 
Æ`

	 "#"   &'(@ Table 2� V�Ì�C. Table 2� V�� ÐÀ

¯	 µE	 "   &'(. �À	 Ç}< {�B� �	 Ç}< w<

q� oI "#"  � w<B� b�@ #S�8, µE	 "#"  

� SF 
Ãæ	 b� _Ç1	 (`9 0.1-18µs/?	 @õR V�Ì

�C. 9` &'(@ reference (; ?û�#g O/W µE (#C� ¿

� u� W/O µE "   (� < A ©�� #" è�é ÐÀ¯	 µE

. W/O µE:@ � � 7�C[21].

3-2. Cosurfactants ���� ���

?9� zgÛ�5, �, D-*¬
	 3�1�� 9ÄM½ 
Ãæ�

cosurfactant�3 BDG� BTGR �<� b�< ¯Ó%� ��� ��

@ -.#BC. zgÛ�5�� 3�1 
Ãæ	 �ø�3 �6W SF-B

� SF-CR �6BS�8, DE cosurfactant �<� o� µE	 ¯"9

(phase transition)� �«@ CxM �ø@ �àBSC.

À�s�� zgÛ�5, �, �À� 9ÄM½ 3�1 
Ãæ� �$l;

î. cosurfactant< �<¨ b� ¯Ó%. �<W �$l	 Ý�Ê�

�s �r� 	� ��B~ ��D, À�s�� %À z)	 cosurfactant

b��� ����	 chain E9� oI �~ ��@ ��C. ®R `

Fig. 4. Partial phase diagram of the SF-C/water/D-limonene system at
50 oC.

Fig. 5. Partial phase diagram of the SF-C/water/D-limonene system at
50 oC.

Fig. 6. Partial phase diagram of the SF-C/water/D-limonene system at
60 oC.
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002
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g À�s�� cosurfactant�3 short chain alcohol@ �<B� b��

� 
Ãæ	 Ý��@ w<
�8, �g� long chain alcohol@ �<B

� b��� 
Ãæ	 ���9 w<B� ©�� �ë9 7C[21-22].

oI3 3�1 
Ãæ9 ���@ 1M W/O µE@ Ü�W b�� Ý�

�	 cosurfactantR �<BP bicontinuous µE@ Ü�� � 7�8, O/

W µE9 Ü�é b�� ��� cosurfactantR �<BP bicontinuous

µE@ Ü�� � 7C.

Fig. 7�3 · � 739 SF-B zgÛ�5 
Ãæ� cosurfactant�3

BDG� BTGR �<� b�, middle-phase µE@ pqB� 3̄ @ Ü�

B� � � A/S< w<q� oI �"A� ©@ � � 7�C. Cosur-

factantR �<BA ÿB@ b� middle-phase µE. 54-56oC	 F. �

  �ô�3 Ü���A¡ �<W cosurfactant	 ï9 w<q� oI

middle-phase µE Ü� � � «« �"r G¡ "ãI Ü� �  @õ

  2MA8, A/S ?< 0.5 9¯v b��� 5 oC 9¯	 �  @õ�

3 middle-phase µE@ pqB� 3¯9 Ü���C. íW �<W

cosurfactant	 ï9 A/S #��� 1.0�� �±�3 middle-phase µE	

Ü�� � BTGR �<B� b�, �<BA ÿB@ b�� ?ûBP


 10oC '  {�BSC. oI3 �<W cosurfactant� ¬f zgÛ

�5 
Ãæ� ��s�� u6B8, BTG� BDG� ?ûBP middle-

phase µE@ pqB� 3̄ 	 Ü� � R �xM F� ©�� #" z

gÛ�5 
Ãæ� #C / ��s �r@ AH �<5� u6B� ©

@ � � 7�C.

Fig. 8� V�� SF-C 
Ãæ	 b��� SF-C< SF-B� ?BP Ý

��	 zgÛ�59ª� µE Ü�. Fig. 7	 SF-B 
Ãæ; ?ûBP

#C I. �  �±�3 9ÄMJ@ � � 7C. CosurfactantR �<

BA ÿB@ b� 3̄ . 56oC	 W � �3¡ Ü���A¡ A/S< w

<q� oI 3̄  Ü� � � {�BS�8, Ü� �  @õ� 2Mì

C. ®R `g A/S< 0.4À � A� BDG� BTG ¬f 51-55oC�3

middle-phase µE9 Ü����V A/S< 0.5 9¯v �±�3� BTG	

b� µE Ü� � < ¿� �"9 46-50oC Çá�3 µE9 Ü���C

. oI3 SF-C zgÛ�5 
Ãæ. cosurfactantR �<BA ÿB@ b

�, ¿� F. �  �ô�3 middle-phase µE9 Ü��ª� #C 2.

�  �ô�3 middle-phase µE@ Ü�B# õ�3� BDGV BTG�

î. cosurfactant	 �<< ú�s9I � � 7C.

3-3. µµµµE� ���

¯÷è �ø ²;�Ç� PU � � �� �±�3 è�é µE	 <

6� R �"## õBP Table3� V�� O/W µE, bicontinuous middle-

phase µE, W/O µE	 3<A èó	 µE@ �6BP abietic acid(AA),

triolein, /06 �Û�� _W <6� R &'BS�8, T ²;R

Table 2. Electrical conductivity of the D-limonene, water, L1, O/W microemulsion and W/O microemulsion (unit: us/cm)

Conductivity Limonene Water L1
1 O/W µE2 W/O µE3

References 0 1.72-1.92 30.8 84.8 0.113

omp.(S : W : O) vol%
Temp.

30 : 10 : 60 30 : 20 : 50 30 : 30 : 40 30 : 35 : 35 30 : 40 : 30 30 : 45 : 25

 SF-A at 30oC 0.2 0.3 0.426 0.586 0.982 2.35

 SF-B at 40oC 0.134 0.297 0.556 0.895 1.35 4.07

 SF-C at 50oC 0.118 0.419 0.928 1.50 5.92 17.9

1: Measured with 3 wt% of SF-B surfactant concentration.
2: Volume fractions of SF-B surfactant, water and oil are 0.05, 0.85, and 0.1 respectively at 40oC.
3: Volume fractions of SF-B surfactant, water and oil are 0.05, 0.1, and 0.85 respectively at 60oC.

Fig. 7. Effect of cosurfactant on microemulsion phase behavior in sys-
tems containing SF-B, water and D-limonene.

Fig. 8. Effect of cosurfactant on microemulsion phase behavior in sys-
tems containing SF-C, water and D-limonene.
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Table 4� 5� V�Ì�C. Table 4� 5� V�� cosurfactantR �<B

A ÿ� zgÛ�5¡@ <A� AA, triolein, /06 �Û�� _W <

6� R &'W 
Æ`. Table 3� �
W 
Æ� %ÀW ��@ 6

� 
ÆR 	�B8, cosurfactant� BDG� BTGR �<BP <6� 

R &'W ²;� cosurfactantR zgÛ�5 #��� A/S< 0.5�~

�<BP �øW ²;9C. BDG� BTGR cosurfactant� �<� b�


Ãæ. /0 ���@ 1~ �ª� %ÀW 
Æ� _BP cosurfactant

R �<BP <6� R &'W �ø. cosurfactantR �<BA ÿ�

zgÛ�5¡@ <A� �øW �  �±#C �. � �3 <6� 

�ø@ �àBSC.

Table 4� SF-B zgÛ�5 
Ãæ� _W <6�  &' ²;R V

�� ©�� ̄ ��3 �! ¯óv AA� 30oC	 O/W µE�� zgÛ

�5 � � Íz�9 0.02 g	 �Q¡9 <6����8, AA �<Q

@ w<
+� oI AA� µE� <6��A ÿ� 6� ¯� 1/é è

ó� XÅBSC. 35-40oC	 � @õ�3 Ü�é bicontinuous µE	

<6� � O/W µE; ?ûBP 
 2-5K w<BS�8, zgÛ�5 �

 < w<q� oI <6��� ï  w<BSC. W° 45-60oC	 �

 �3 Ü�é W/O µE	 AA� _W <6�� O/W µE, bicontinuous

µE; ?ûBP ¿� �~ V�4�D 10% 9¯	 zgÛ�5 � �

3� O/W µE; ?ûBP 
 20K, bicontinuous µE; ?ûBP 
 25

K	 <6� < w<BSC. W° BDG� BTG	 cosurfactantR �<

BS@ b� µE@ Ü�B� � � {�BS��  ��B� AA� _

W <6� � 4 <A µE ¬f cosurfactantR �<BA ÿB@ b�

� ?BP �~ w<BSC.

W/O µE, O/W µE T*� bicontinuous µE	 triolein� _W <6�

 � AA� LM<A� W/O µE�3 <= IB�8 O/W µE, bicontinuous

µE Ñ�� V�4C. O/W µE�3� zgÛ�5 �  w<� Íz�9

s. ï	 triolein¡9 <6���C. Bicontinuous µE�3	 <6� 

� O/W µE�3 #C 2-4K I~ V�4�8 triolein w<� oI µE

. Lα< 1/é èó	 ¯�� "9��C. W/O µE�3� O/W µE,

bicontinuous µE�3 #C -. ï	 triolein9 <6����8, 15-20%

	 zgÛ�5 � �3� triolein@ 1 ml  A �<�@ � A ¯	

�� �9 NùW ¯�� XÅBSC. íW cosurfactantR �<q� o

I <6�� 2-5K w<BSC.

�Û�	 <6� � triolein	 b�� ��B~ V�4�8, O/W µE

Table 3. Types of microemulsion formed in systems containing SF-C
surfactant, water and D-limonene

No. D-limonene Surfactant Water Type of microemulsion

1 25 70 5 O/W
2 20 75 5 O/W
3 15 77.5 5 O/W
4 10 80 5 O/W
5 5 90 5 O/W
4 20 40 40 Bicontinuous
5 15 42.5 42.5 Bicontinuous
6 10 45 45 Bicontinuous
7 20 5 75 W/O
8 15 5 80 W/O
9 10 5 85 W/O

Table 4. Solubilization of abietic acid, triolein and lubricant by microemulsions in SF-B surfactant system

No.1 Type
Abietic acid(g) Triolein(ml) Lubricant(ml)

SF-B SF-B+BDG2 SF-B+BTG2 SF-B SF-B+BDG SF-B+BTG SF-B SF-B+BDG SF-B+BTG

1
O/W

0.02 0.02 0.02 0.1 0.3 0.1 0.1 0.4 0.4
2 0.02 0.27 0.21 0.1 0.4 0.4 0.1 0.5 0.5
3 0.02 0.62 0.52 0.1 0.3 0.4 0.1 0.5 0.7
4

Bicontinuous
0.1 0.1 0.1 0.2 0.4 0.4 0.1 0.6 0.8

5 0.05 0.15 0.1 0.2 0.8 0.9 0.4 1.0 1.2
6 0.1 0.25 0.15 0.4 1.2 1.4 0.5 1.4 1.8
7

W/O

0.1 0.3 0.7 0.9 1.0 0.5 0.9 1.9 1.7
8 0.4 0.6 0.9 1.0 2.0 2.0 1.0 2.0 2.0
9 0.5 0.6 0.8 1.0 2.0 2.0 1.0 2.0 2.0

1: Sample compositions are the same as those given in Table 3.
2: Ratio of BDG and BTG to SF-B is 0.5 by volume.

Table 5. Solubilization of abietic acid, triolein and lubricant by microemulsions in SF-C surfactant system

No.1 Type
Abietic Acid(g) Triolein(ml) Lubricant(ml)

SF-C SF-C+BDG2 SF-C+BTG2 SF-C SF-C+BDG SF-C+BTG SF-C SF-C+BDG SF-C+BTG

1
O/W

0.02 0.05 0.05 0.1 0.3 0.3 0.3 0.3 0.3
2 0.02 0.35 0.34 0.1 0.3 0.4 0.4 0.3 0.4
3 0.03 0.62 0.65 0.3 0.3 0.4 0.4 0.4 0.5
4

Bicontinuous
0.05 0.1 0.15 0.2 0.4 0.5 0.2 0.5 0.7

5 0.05 0.1 0.15 0.4 0.7 0.9 0.4 0.8 1.2
6 0.1 0.2 0.25 0.5 1.3 1.4 0.5 1.4 1.7
7

W/O

0.1 0.5 0.8 0.9 1.3 0.8 0.9 1.9 2.0
8 0.4 0.65 0.9 1.0 2.0 2.0 1.0 2.0 2.0
9 0.5 0.65 0.9 1.0 2.0 2.0 1.0 2.0 2.0

1: Sample compositions are the same as those given in Table 3.
2: Ratio of BDG and BTG to SF-C is 0.5 by volume.
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�3� zgÛ�5 � � Íz�9 0.1 ml �¡9 <6����8, T

9¯@ �<W b��� O/W µE+excess oil	 2̄ �� ¯1*��C.

Bicontinuous µE�3� O/W µE�3 #C -. 0.1-0.5 ml< <6��

��8, �Û�	 ï9 w<q� oI µE. triolein	 b�� LM<A

� LαR pqW ¯�� "9��C. W° W/O µE	 b��� O/W µE

; bicontinous µE� ?BP -. ï	 �Û�< <6����8, zg

Û�5 � < w<q� oI <6�� w<BS�8, cosurfactantR �

<q� oI <6� � /0 w<BSC.

Table 5� V�� SF-C zgÛ�5 
Ãæ	 <6� � SF-B 
Ã

æ	 b�� î9 W/O µE�3 µ_< ���8, cosurfactant �<� o

I w<BSC. <6� �ø ²;�Ç� AA, triolein, �Û�� î. ?

�� �1 ���	 b�� 7M3 <6� � W/O µE9 <= ×M4

�8, 9� D-*¬
9 ?�� �1 5Ó� 7M3 ¿� ��W <6�

¢Ö@ 6� 7# �c9C[22, 23]. TUV -. ï	 D-*¬
@ q�

W W/O µE. ?�� ���� _W <6�� ¿� ×M� ©�� V

�4A¡ W/O µE	 b� D-*¬
	 ��9 
 75% 9¯��3 �

<	 5�?6, ��, OP, v��, ±�, Q��* ,	 c5«@ 6�

7�8, �5 "$ÇÈ9V '(## 4' É'�3 5Ó�2 � ��

�. ?�� �1G¡ "ãI AR/9V AR �$l; î. �� �

1  ÀÇ pqB� 7# �c� 9UW �� �1� _�3 4' S;

< �~ ÙB¨ ©9ª� �5 �z í� ��z 4'5 5�� 7M3

� D-*¬
	 ï@ <¢W T9� �	 ï@ w<
�� ©9 º�éC

. oI3 
 40% 9¯	 �9 pq�M 7�8, ?��; �� �1 ¬f

� _BP 5Ó ¢Ö9 ��W bicontinuous µE@ 96W 4'5 5�

< úºB8, DE bicontinuous UE@ 96W 4'5 5�� 7M3 ?

�� �1� _W <6� R �~ w½
V � 7� cosurfactant ¼'

9 :º� ©�� ÜeéC.

3-4. ����

Table 3� V�� PU � � �� �±�3 5�W µE; nC16,

triolein, /06 �Û� �9	 zg=Ö@ spinning drop tensiometerR

�6BP 
ç� oI ee &'BSC. Table 3� V�� ��` :�

3 
Æ 7-9	 W/O µE	 b��� ßG¯9 �À9ª� �ö �À`

;	 zg=Ö@ &'� � ���8, oI3 Table 3	 
Æ 2� �ö

B� O/W µE; 
Æ 5� �öB� bicontinuous µE@ �6BP nC16,

triolein, /06 �Û��	 zg=Ö (@ ee &'BS�8, ÷è¯

ó�  ��@ �	 zg=Ö (@ Table 6� º
BP V�Ì�C.

O/W µE; nC16, triolein, /06 �Û��	 zg=Ö. 
ç� oI

> ��< ��� nC169 <= �. zg=Ö (@ T*� T C���

triolein, �Û� Ñ�� V�4�8, cosurfactantR �<q� oI zg

=Ö. 
ç {�BSC. W° bicontinuous µE; nC16, triolein, /06

�Û� �9	 zg=Ö. O/W µE; ?ûBP ¿� �. (@ V�W

�8, 
ç� oI ÔØE {�B� b�@ #SC. ÷è¯ó�  ��

@ �	 zg=Ö. Table 6�3 -.· � 739 O/W µE	 b��

� 10−1 dyne/cm @õ	 (@ V�W�8, bicontinuous µE	 b���

O/W µE; ?ûBP triolein9 <= �� cosurfactantR �<q� oI

zg=Ö. {�BP 10−3-10−4 dyne/cm @õ	 (@ V�W�8, íW

÷è�  �B� 
ç@ X~ q@ � � 7�C.

Table 7� SF-C zgÛ�5 
Ãæ	 O/W µE ¤ bicontinuous µE

; nC16, triolein, /06 �Û� �9	 ÷è�  ��@ �	 zg=

Ö (@ V�Ì��D SF-C zgÛ�5 
Ãæ	 b�  SF-B zg

Û�5 
Ãæ; %ÀW b�@ #:@ � � 7�C. 8, O/W µE�

3� nC16	 zg=Ö9 <= �B�8, bicontinuous µE�3� triolein

	 zg=Ö9 <= �~ V�4C. íW O/W µE; bicontinuous µE

	 b� ¬f cosurfactantR �<q� oI zg=Ö. {�B� ©@

� � 7�C.

4. � �

Á ß��3� �z ¤ ��z _! 4'5 5�R õBP ?ûs <

Ø9 ÙÚB� Ù��; ��W Ü1� R <½ alkylethoxylate(AEO)

z ?9� zgÛ�5R :d�� �ö 
Ãæ	 ¯÷è �ø@ �à

W ²; C�; î. ²Y@ ��C.

(1) AEO zgÛ�5, D-*¬
, �� 9ÄM½ 3�1 
Ãæ� _W

¯÷è �ø ²;, ?ûs �. �  �±�3� middle-phase µE9

Table 6. Interfacial tension measurements for various types of microemulsion with nC16, triolein and lubricant in SF-B surfactant system

(unit: dyne/cm)

Type
O/W1 Bicontinuous2

nC16 Triolein Lubricant nC16 Triolein Lubricant

SF-B 0.1871 0.1951 0.3130 0.1049 0.0032 0.0842
SF-B+BDG3 0.1385 0.2639 0.3222 0.0026 0.0001 0.0020
SF-B+BTG3 0.1212 0.2492 0.2290 0.0015 0.0001 0.0014

1, 2: Sample No. 2 and No. 5 given in Table 3.
3: Ratio of BDG and BTG to SF-B is 0.5 by volume.

Table 7. Interfacial tension measurements for various types of microemulsion with nC16, triolein and lubricant in SF-C surfactant system

(unit: dyne/cm)

Types
O/W1 Bicontinuous2

nC16 Triolein Lubricant nC16 Triolein Lubricant

SF-C 0.2262 0.2677 0.4930 0.0162 0.0058 0.0372
SF-C+BDG3 0.2910 0.3062 0.4432 0.0014 0.0002 0.0045
SF-C+BTG3 0.1685 0.250 0.2873 0.0013 0.0002 0.0029

1, 2: Sample No. 2 and No. 5 given in Table 3.
3: Ratio of BDG and BTG to SF-C is 0.5 by volume.
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:

-

s,
excess water� excess oil ̄ `; ÷è@ 9Ä� 3̄ 9 è��A ÿÓ

V ³. ¿� s. �ô�3 è���� 3̄ 9 è��� b�� 7M

3 %À Ç}	 �; �À@ �6BP 5�W 
ÆR #��� BP z

gÛ�5	 � R w<
+� oI excess water+middle-phase µE+

excess oil(3̄ ),excess water+W/O µE(2̄ ),µE(1̄ )�� "9��C.

%ÀW 
Ãæ� _W ���3	 ̄ Ó%. � R w<
+� oI z

gÛ�5� /0 ���@ 1~ �ª� 3̄ . �À ­�� ��Ý �

ô�3 è���� _Ç1	 
Æ`. 2. �ô�3 W/O ³. upper

phase µE9 excess water� ÷è@ 9Ä� 2̄ �� XÅBS�8, ÐÀ

¯	 µE. zgÛ�5	 ��  �ô�3 è�ê@ � � 7�C. í

W SF zgÛ�5 
Ãæ�3 Ü�é ÐÀ¯	 µE ��� "#"  

&'��Ç� W/O µE�� ¾ù��C.

(2) Cosurfactant� �<W BDG� BTG� ¬f 
Ãæ� ���@ w

<
�� �<5� u6BP middle-phase µE è� � � {�BS�

8, A/S< w<q� oI middle-phase µE@ pqW 3̄ 	 Ü� � 

@õ� w<BSC. oI3 middle-phase µE9 Ü��A ÿÓV ¿�

s. �ô�3 Ü��� SF zgÛ�5 
Ãæ	 b�� cosurfactant

	 �<� ú�s:@ � � 7�C.

(3) O/W µE, bicontinuous µE, W/O µE@ ee �6BP abietic acid,

triolein, /06 �Û�� _W <6� R &'W ²; W/O µE	 b

�< <= ��W ©�� V�4�D, 9� D-*¬
	 ?�� ���

� _W ��W <6�Ö �cv ©�� ÜeéC. íW cosurfactantR

�<q� oI <6� � w<q@ � � 7�C.

(4) O/W µE ¤ bicontinuous µE; nC16, triolein, �Û� �9	 zg

=Ö@ &'W ²;, bicontinuous µE9 10−2-10−4 dyne/cm��3 O/W

µE� ?BP #C �. (@ V�Ì�� íW cosurfactantR �<q�

oI zg=Ö. {�B8, íW ÷è�  �B� 
ç@ X~ B� ©

@ � � 7�C. 9� <6� �ø ²;�Ç� À�s�� zg=Ö9

�@�Z <6� � w<WC� ��; À�BSC.
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