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Nonionic surfactant/water/���� ��/alcohol� 4�	
 ��
�� 12�� ���� ���� �� ��� ��� ��,

30.5-31.1 dyne/cm� ��  !"#� $�, 1.6-7.2 c.p.� �� %&� ��� '� ()* +,�-�� ./ ��� '�

012. 34 ���43 5,� 6�78- 9:�; <&� =>; alcohol/surfactant(A/S)?� @�� AB C�D; EF

� '3G H8I, JKL8-; 
!M��� hydrophilic lipophillic balance(HLB) $� NO PF� QG H8R, HLB $

3 S��T 5,�O 9:�; <& PU3 @�D; EF� '�0G H2. VWG XX� ���� �� YZ� @� �

[ 5,� 6�73 \]D; �� ^_ Y\Z� ̀ ,� �� HLB $3 �� 
!M��� a*�b� Ec HLB $3 6.4

d ?3< 
!M��� a*e Ec 22.1%f]& �� Y\e � H1G, �� g3 @�h� AB� 6�78- 9:�;

<&PU� ijk2. �lm8- no� ��� a*D; abietic acid� _� +, pq� UV/Visable Spectrophotometerr

FT-IR Spectrometerr s� 	t..� 3*�� uv�� / ��, ?3< 
!M��� HLB $3 ���T S� +, p

q� '�0w, W/O microemulsion� Ec ?3< 
!M��� Ax +,#� y�� zc {� |d e � H12. V}

I A/S� ?� @�� Ax +,pq� ~3; �2x EF� '3] ��2. �� ()+,� Hw� ��� +, ��-

�*�; y�d <& y�r ��� 0��� y�� Ax +,pq� `,� ��, <&� S��T VWG ���� 0

��� ���T S� +,#� '�012. +, �, � ������ \	 �l�3 Y\� ���� \�	W pq� `

,� ��, HLB $3 6.4d ?3< 
!M��� a*� +, ��
� Ec 25� 37�� 85% 37� S� �� pq�

'�, pqLd +, � �W� ��� �8- �6D12.

Abstract − Using four components - nonionic surfactants, water, hydrocarbon oil and an alcohol as cosurfactant, 12 types of

cleaning agents were prepared, and their physical properties such as surface tension, viscosity, electroconductivity and phase

stability were measured. As the formulated cleaning agents have low surface tensions(30.5-31.1dyne/cm) and low viscosities

(1.6-7.2 c.p.), they are satisfied with the general physical properties of water-in-oil(W/O) microemulsions for their industrial
use. They showed a tendency that their temperature range for stable one-phase microemulsion decreased in accordance with the

increase of alcohol/surfactant(A/S) ratio in the formulations. However, the temperature range of one-phase microemulsion was

much more affected by hydrophilic lipophillic balance(HLB) value of the nonionic surfactant which increased its temperature

range and it increased in accordance with the higher HLB value in the formulations. And the maximum content of water which

can keep stable one-phase W/O microemulsion was measured at each sample. In addition, their temperature range for stable

one-phase microemulsion was also measured. It was confirmed that the selection of surfactant type was very important for for-

mulating a cleaning agent, since the W/O microemulsion system with the nonionic surfactant of the lower HLB value showed

better cleaning efficacy that of the higher HLB value for abietic acid as a soil, which was used for preparing a rosin-type flux.

In the formulated cleaning agents with the increase of A/S ratio in the formulations, however, there was no significant differ-

ence in cleaning efficacy. It was investigated that the differences of their cleaning efficacy was affected by the change of the
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condition of temperature and sonicating frequency as important factors in the industrial cleaning. That is, the higher, their

cleaning temperature and the lower, their sonicating frequency, the more increased, their cleaning efficacy. Furthermore, using

optical instruments like UV/Visable Spectrophotometer and FT-IR Spectrometer, their cleaning efficacy for abietic acid was
measured. The removal of soil from the contaminated rinse water was measured by gravity separation method in the rinse bath.

As a result, the cleaning agent system having the nonionic surfactant of HLB value 6.4 showed over 85% water-oil separation

efficacy at over 25oC. Therefore, it was demonstrated in this work that the formulating cleaning agents were very effective for

cleaning and economical in the possible introduction of water recycling system.

Keywords: Nonionic Surfactant, Cosurfactant(W/O) Microemulsion, Cleaning Efficacy, Water-Oil Separation

1. � �

���� ���, �	, ��, 
�	�, 
� �� �� �� 
� �


 ���� ��� �� ��(Ozone Depleting Substances, ODS) 

1,1,1-TCE ! CFC-113" 
#$%& '()* +,-, 1989./ �0

%1 �2 CFC '(3� 25-30%/ �4%56. 789 1974. CFC

� �: ��� ��� �;< =>)? 1980.@ A* ��� ��B

 : CDEF" GHI @J)* 1985. KL9 MNO 1987. PQ

RS �
�" TU V,BW CFC � ���/ ��%X ��� @:

YFZ [F" \])* ^_Y��X <` 7 '(< a4)b6. <

B  c @2 �
F d=< e"f%& )b? 18 "4 @2 �
F

" d=)* +6. <8: @2 �
F 	gh @i%j kl�, mno

l�, o�, po� �,B �qr o s6. <t @2 �
FB� u v

w� kl� �
FX xy �2 ���
� s* 1,1,1-TCE9 CFC-

113�� '(%X �
 \z{/ 7@B '(r o s6X |},B ~

�� �< '()? s6. 789, kl�� D� �:  2 �� ! =

�� � ���� s*�� GH: EF" 4Z)? s?, CD [F �

� ~��,  2 �� ]� CD� @: [F� ��< ��\)�B }

�Z,B @2" ���6. J vw ��� @2 �
FB�� mno

l� �
FX xy kl� 6� [�� \| [�� "4? s,9,  

n�O �� EF" 4Z)? s6. �:, <8: mnol� �
F t

��, ��, ��� �O �h  ¡¢� (F� �
FX  2 ��<

£~  2 ��� ! CD �k�� s* �\ EF" s,�B �


x|�� ¤¥: [F� ¦? s6. <8: �§A/ ¨�%1 © ª,

o�« po� �
F" ¬­ �
� s*� �®: @2 �
FB�

�h ¯°A< _±)* +6[1]. <t��� po� �
FX £h �


²³/ "´,BW @µ�� a¶O ·�z¸O ¹C)? a¶� @

: ºh µ­�/ "4? sX |}/ 4�? s*, ���
 ����

CFC-113, 1,1,1-TCE �� �»: @2 �
FB po� �
F 	g<

¼½ ¦? s6.

�
� @� ��  �k��h ¾� ��,B �y%	 ¿6X @d

X À�O KÀ�� ÁÂ��B °�)* s	 ªE� �
/ ²OZ

,B o±%	 $c�X �k ��� Ã�� ZÂ: �
F� F�"

ÄoZ<6. Å�� ��, �, �jÆ�F ��A< Ç�)* sX È<

ÉB�ÊË(microemulsion)� po� �
FX 18 Ìq� �k�B

°�)* sX �k��� @%1 �o: �
�Í/ 4Î Ï,B �

Ðr o s6. È<ÉB�ÊËh Ñ��Z,B �
%? ���� ÒZ

(drop)� É	" 0.01-0.1µm(1-100 nm)� #$� ÓX �ÊË/ Ô:6.

< È<ÉB �ÊËh Ñ��Z,B Õ� �
%	 ªE� �O ��

'<� �j|®< Õ� º? ���� ÒZ É	" Õ� ]~ Ö�"

º~ ×Ø: �/ Ù? s6. <« �< �O ��Ú� �j|®/ ¨

l\Û Ñ��Z,B �
: \z{/ °�%	 $c�X �jÆ�F

! ¿� �jÆ�F� '(< ÄoZ,B Ü°�6[2].

po� �
F� �
²³h (F� Ìq, �jÆ�F� Ìq ! Ý

�, HLB, Þ� `ß Ý�(CMC), >j|®, ¿� �jÆ�F� à"�

á, �
â� ! �jÆ�F/�/�� �� �� ão� Å� �h �¡

/ ¦X6. �ä� å'<æ µ"�� �jÆ�FX <â� �jÆ�F

� K%1 @2B CMC" º?, ç�c�" £~, �Í<9 CD èn

Z  Ðj�� �h |}/ "4? s6[3]. �: K<â �jÆ�FX

â�� Å��, èo��" é�ê, <B  %1 â�� Åë �
®�

ãn" ì Ï,B íîê s,-, �
 â� <�< )j, �jÆ�F"

ï <�� ð�èn�(amphophilic)  ��/ ñ? lo�,B òó*,

o(Ò ô�� ï <� (c �õB �y%	 *îö ö}(cloud point,

c.p.)/ "4? s6[4]. <« �h ��/ <(%1, ²OZ  �
 0,

Z÷%& ��/ �÷%1 �k��/ ²OZ,B Fø%1, ùzÒ�

�k�� ºú*, ²³Z  �
< )�û %X \z{� ld)? s

6[5-8].

<« �h 	üZ  Ãý,B K<â �jÆ�F" Ç�� �
F \

z{� d=� s*�X K<â �jÆ�F� Ìq ! Ç3 ãn, íþ

S/�jÆ�F(A/S) Ç3K³, â�� Åë ��� ãn �/ ²³Z,

B ¨�%1 6ð: �
 ����� £h �Í/ =ÿr o sX �


F� d=< ÄÜ%-, �
 0 ùz ¾��� �k�/ ùzÒ,Bµ

� ²³Z,B �R%1, �k� ùzÒ/ yÆ(Ç,BW o� ! p

o� �
F� ¾}  �o�R� EF}/ c�%? DK� ÷¨%�

û r o sX Ï< Õ� tÜ%56.

<� ü �E��X �
F� °�%	 $: ��,B�, �� ��

,BX á� á�� mnol ��B� K}< £?  n�< �@Z

,B º,-, CD ���O  2 ���< �o: mlo 14-18� m

nol �� ��/ ^U%5,-, 7R? �jÆ�F� D�, ç �c

�" �o%-, �� µ� ��� <â� ��� 	qX ò
�%4 �

r o s,�B K<â �jÆ�F� '(%56. �: ¿� �jÆ�

FB�X �
F� ��
�/ £<?, íþS �2�  n}< £~

ny� $��< Zh íþS 
, ��ä� �R� ��µä ����

^U%56. <A íþS� ÁÂ K³ �
h 6ë ��/ ?
\�?,

�jÆ�F ��O íþSÚ� K� ãn\�j� ¾�� È<ÉB �

ÊË ��/ F�: 0 	üZ  ��O 	��, ÷��, 7Rz, 
�,

7R? Ò
(liquid crystal) �O �h 6ð: �k�� @%1 18 �


��� Åë �
®/ �"%5,-, ùz ¾���� �o�R ²³

/ �� %56.

2. � �

2-1. ��

ü ���� '(: �jÆ�FX pH« �� D�� �¨%4 �,

- <â �jÆ�F� K%1 K�Z ºh CMC� Ó? â�� ãn�

K�Z �¨: K<â �jÆ�F polyoxyethylene alkyl ether(¹���

n�, Korea)� i6ë 
FO
 �< 7@B '(%5,-, ü ���

'(: K<â �jÆ�F� 	ü ��h Table 1� 9�ôb6. 7R
���� �40� �6� 2002� 12�
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? �
F� ����,B mnol ��(Shell, USA)/ '(%5,-,

�h �q ! <â�C| � øè !"o(18µS/Cm)� '(%56. �

: ¿� �jÆ�FB�X butyl diethylene glycol ether(Kyowa Hakko

Co., Japan)� '(%56. 7R? �k�B '(: ·#zX B_� ·

#z�� N 50%� ��  abietic acid(Aldrich, USA) 5 g/ isopropyl

alcohol 10 ml (Ò� (c\Û z� Rz �$(SUS plate)� �
3/

�%%1 1�Z,B �â�� 1\Ú �� �� : 6� 80oC�� 12

\Ú ��%1 '(%56.

2-2. ��� ���	 �
 � �
 ��

po� �
F� &Âh K<â �jÆ�F/�/mnol ��/¿� �

jÆ�F� Ìq ! Ç3/ ãn\Û ÁÂ(Ò/ F�: 0, «q'�

�� N 30!Ú 3,000 rpm� ��,B �( 0 60oC� )â��� 10

� �� \*" ��� �ér ª+4 ¿�%5,- 10�< DO%1

� � �R" )4 �X \*X �
: microemulsion,B Ú¼%? H

H� @: ��(>j|®, }�, pH, �	��� �)/ Ð
%56. �

�� microemulsion� ���X electrical conductivity meter(Weilheim,

LF 340, Germany) 7R? >j|®h surface tensiometer(Fisher Scientific,

Surface Tensiomat 21, USA)� <(%1 Ð
%56. }�X viscosity

meter(Brookfield, LVDV II+CP, USA)� <(%1 â�� Å� Ð
%

5,-, 10 ml test tube� HH� ���/ ,?, â�ãn� Åë �

ãn� �-%1 ¾� �,B �y%X â� �� #$� Ð
%56.

�: �âO 40oC�� 2d.Ú    0� �(phase)� ãn� /� �

-%5?, cyclic incubator(̂ _O� F]�, Korea)�� 22'<0

(1 cycle/2 days, 1 cycle=20oC→−20oC→20 oC)    0 �ãn� /�

�-%1 � �
�/ Ð
%56.

2-3. ��� ���	 ��
 �� � ���� ��

K<â �jÆ�F, �, mnol ��, ¿� �jÆ�F �� Ìq !

Ç3� ãn� Å� F�� po� �
FA� �k��� @: (c

® ��h �
3� �k ��  ·#z" �% � f�
�/ 40oC�

�
Ò� 1Z\Û \Ú� ãn� Åë �k��� Fø3/ Ð
Ç,

BW o±%56. �: ü ¯°�� F�� �
F« @2� Ú� �
�

K� ��h 18 "4� �
�"3< s4�[9, 10], K�Z 4& 


3Z Ð
< "Í: t33(gravimetric method)/ <(%1 �
²³

/ �"%5,- <ª f�
�� µ5)* sX 	q �k�3� Ð


h 0.1 mg� 
��� ÓX ��67(Sartorius AG, LA 230S, Germany)

/ '(%5,-, �� \� \8< Ñ9��B "Ñ)* s	 ªE�

�â� �ér ª+4 :\;<� ô� ¿�: 0 <µ��� ãn"

�/ ª á&� Ð
%56. �: �F �
O �< �':  3,B �


 ��� 40 kHz� !��(sonication method)� '(%1 t33O�

�
 ²³� @: ���/ K�%56. �: ��		B� UV/Visable

Spectrophotometer(Varian, Cary 1 Bio, USA)« FT-IR Spectrometer(Mattson,

FT-IR 7,000, USA)� '(%1 t33(gravimetric method)� @: �


® ²³/ �� �" %56.

ùzÒ� �o�R ��h ùz�� �qo� "Ñ%1 25oC, 40oC

! 60oC�� 
  \= 0, �k�  ·#z 3%� Ç�: �
Ò/ �

2 ùzÒ @K 3% ! 10%B à"%1 ÁÂ �( 0� HH 20�Ú


 %1 ��O �k� �/ �R: 0, ��� COD� Ð
%1 �

o �R�/ �"%56.

3. �� 	 
�

3-1. ��� ���	 �
 � �
 ��

�
�< �o%?, Ñ��Z,B �
: È<ÉB �ÊË/ ��%

	 $c�X �� â�� Åë ��/K<â �jÆ�F/� \z{� @

: ���(phase equilibrium)� �Ð< ÄoZ<6. >�Z,BX, ��

��/�jÆ�F/�� ÁÂ\z{��X, 1) O/W È<ÉB�ÊË, 2) ò

<?@A*z(bicontinous) È<ÉB�ÊË, 3) W/O È<ÉB�ÊË�

3"4 �B� �n�� F�" "Í%9, ò<?@A*z �B �ÊË

� D� KÀ� ! À� �k�� @: �
®h �o%9 ��
��

EF" s* |	 ¿�\ ��R" �*9& )�B F�n%	 *C

6X ¾}< s?, O/W �B� �ÊË� D� À� �k�� @: �


®h �o%9, KÀ� �k�� @: �
®h N: ¾}< s6. Å

��, 4  ! ��, 	��, ÷��, 7Rz, 
�, Ò
(liquid crystal)

�k � 6ð: KÀ� �k�� @: �
F \z{,B�X W/O �

B� �ÊË \z{< ò
�r o s,-, �k�� @: �o: �


®, Ñ��Z �
�,B  : |	 ¿��, ÃI �
 O
�� (o

Table 1. Physical Properties of LAE Series Surfactants

Characteristics Unit Nonionic surfactant Analysis method

Appearance 50 Clear Liquid Clear Liquid Clear Liquid Visual inspection
Color APHA 10 5 5 ASTM D 1209
OH value mgKOH/g 196 169.7 135.2 ASTM D 4252-89
Degree of EO addition mol 2.09 3.10 5.02 Supplier’s document
Clouding point oC 50.75 60.5 71.75 ISO 1065
Free PEG wt.% 0.09 0.05 0.36 ISO 2268-1972
pH - 6.9 6.9 6.8 ISO 4316
HLB - 6.4 8.3 10.6 Supplier’s document

Fig. 1. Phase diagram for stable one-phase w/o type microemulsion
formation range.
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����
÷¨�/ D/ o sX �� ��� �
< ÄÜ%6.

Å��, �O ��, 7R? K<â �jÆ�F� µf ãn� Åë �

� ãn� �-: 0 <Bµ� È<ÉB�ÊË< ��)X ��/ �

 : 6�, < �� ¼$� �� (Ò/ �A*� â� ãn� Åë �

ãn� �-%1 Fig. 1� 9�E �� W/O�B È<ÉB�ÊË< �

�)X ��/K<â �jÆ�F/� \z{� ����� �\%56.

èo� µ�O lo� µ�,B <F*_ K<â �jÆ�FX â�

" �"Ç� Å� lo�< �"%& �6. Å��, 6â��X �O�

èn�< É?, ?â��X ��O� èn�< G4& �6. �
 â�

" �H)j, K<â �jÆ�F� lo�< �"%& )�B �jÆ�

F� �
®/ £<	 $c�X Fig. 1� B ��O �h ��K� ?î

%X Ï< �R%-, â�" ºh �
 ����X <« (@B A ��

O �h ��KB ���/ �� %X Ï< �R%6. �:, '(%X

K<â �jÆ�F� HLB(hydrophilic lipophilic balance)� s*�X,

£h HLB� "_ �jÆ�F� D��X B ��� ��K��� �


: �� È<ÉB�ÊË< ��)-, �@Z,B HLB" ºh K<â

�jÆ�F� '(%X D��X A ���� �: �
: �� È<É

B�ÊË< ��)X Ï,B 9�I6.

K<â �jÆ�F, �, mnol« �h KÀ� ��� 3��,B <

F*_ \z{� s*� middle-phase microemulsionO excess water 7

R? excess oil �O HH ��/ <FX 3�< �y%-, ÃI middle-

phase microemulsion< �h µf� �O ��/ %Ç%X â�� phase

inversion temperature(PIT)� %-, PIT ����X \z{� lo�-è

o�< J�/ <F- �(Z,B 10−2−10−4 dyne/cm 
�� Õ� º

h �j|®< �yÇ,B  %1 ��< middle-phase microemulsion�

K@B "(n L o s6? íîê s6[11-14]. 789 <8: middle

phase microemulsion< ��)X â�#$X M4 �~ Nh mlo�

íþS/ à"Ç� �c �2 \z{� lo�/ ãn\O o s,-,

middle phase microemulsion< ç�)X â� ��/ MP o sX Ï

,B íîê s6. >�� K<â �jÆ�F \z{� ethylene glycol

µ"�� ¿� �jÆ�F� à"r D�, Mh â� #$�� �
:

È<ÉB�ÊË< �4)�û �«Q,BW 6ð: �
 â� #$�

� �Æ: �
< "Í%�û �«¼-, �: �
® ¡�� s*��

tÜ: �r/ :6. �(Z,B, ��/K<â �jÆ�F/�B <F*

_ 3�� \z{� íþSO �h ¿� �jÆ�F" à"L D�, �

ãnX íþS� èo ! loZ  ��� ��%& )X:, �(Z,

B µmS �X RmS �O �h mlo" Zh íþS< à")j \

z{h èo�< �"%& )* È<ÉB�ÊË/ ��%X â�" £

~4& )-, SmS �X åmS �O �h mlo" �h íþS< à

")j \z{� lo�< �"%1 È<ÉB�ÊË/ ��%X â�

" º~4& �6[15-17].

ü ¯°��X, W/O È<ÉB po� �
F ��� 12Ì/ F�%

1 �� ! �Í �"� o±%1, H ��A� Ìq« ��K� ãn

� Åë Ã<�/ ?-%1 ¿?� %56. K<â �jÆ�FB�X

xy ��n)* sX K<â �jÆ�F t ç�c�" £h linear

alcohol ethoxylate�� K<â �jÆ�F t HH� HLB Th 6.4, 8.3

7R? 10.6h ^
%1 ��� <(%56(Table 1).

K<â �jÆ�FX EO� µ" �õ ! free PEG�� �y 1µ�

Å�� K<â �jÆ�F� ö}(cloud point)< é�4& �6. KU

� K�Z Vh EO µ" �%� ¿<X K<â �jÆ�F� ld)?

s,9, ü ����X �(Z  K<â �jÆ�F� '(%56.

N-1−N-4 ���� D�, HLB 10.6� K<â �jÆ�F" '()b

,-, ¿� �jÆ�F« �jÆ�F«� K(A/S ratio)� 0.5-1.5+4

ãn\�?, K<â �jÆ�F� 15.4%-18.2% +4 ãn\�j�, 12

Ì� ���/ F�%56. N-5−N-8� ���h HLB 8.3/ '(%5

,-, N-9−N-12� ���h HLB 6.4/ '(%?, N-5−N-8 ! N-9−
N-12� ��KX N-1−N-4« �h WX� ��KB ���/ F�%5

6(Table 2).

H ���� Ãýh, �2Z,B �� ��  mnol ��< ¼�

�<-, mnol ��O K<â �jÆ�F� ÁÂKX É& ã%4

�X #$ ô��, �O ¿� �jÆ�F� Ç3< �")X �õ, ÃI

A/S ÁÂK" 0.5, 0.7, 1.0, 7R? 1.5,B ãn)X ���B� ;�

" )b,-, <8: ãn� Åë �� ! �
�� ` X �¡/ ?

-%?� %56. F�� ���A� �� � ¿j wetting Í®� Y

�� r o sX >j|®h N-1−N-12 ��� �J 30.5−31.1 dyne/cm

� ºh >j|®/ 9�ôb6. �OZ,B, K<â �jÆ�F� Ì

q ! A/S ÁÂK� �� �< KZ: �� � ¿5,-, <X ¯¶�

< mnol ��< ¼��,B�, >j|® T< mnol �� ��

� �c� 	üZ,B �
)	 ªE,B ¿ 6. }� Ð
 �OX K

<â �jÆ�F� Ý�« èo�< �"roû £h T/ 9�ô* K

<â �jÆ�F� Ý�« èo�O� K[Z ��" �\Ç/ í o

sb?, �: Ð
 â� �"� Å�� }�" ̈ l%X D¡/ �  r

o sb6. �	���X ü ¯° o± t� F�� �
FA< 0.4−
1.0µs/cm 
�� ºh T/ 9�],BW ��Z  W/O microemulsion

� �
FÞ/ � r o sb6. �OZ,B F�� 12Ì� �
F �

��h ºh }�« ºh >j|® T/ ¿1, �
FB�X �(Z 

��/ �¢%X Ï,B 9�I6(Table 3).

3-2. ��� ���	 one phase microemulsion �
 �� ��

K<â �jÆ�F" Ç�� ���� D� â�� Å�, K<â �

jÆ�F� HLB" é�´� Å� �� ãn" o(�6. Fig. 2� ¾�

�� microemulsion,B �y%X â� #$� 9�ôb6.

HLB 10.6/ '(: �
F \z{  N-1−N-4� D� −8 oC µ� }

�B â�� SRj� �< ãn)4 �X K@ â�� Ð
%1 ü �

O 95-113oC +4� �
: ¾��� microemulsion,B �4)b6.

(j� HLB 8.3/ '(: �
F \z{  N-5−N-8� D�X 68-90oC

â� +4 �< ãn)4 �X �õB �y%5,-, HLB 6.4/ '(

: �
F \z{  N-9−N-12� D� 51−82oC+4 �< ãn)4 �

Table 2. Compositions of W/O microemulsion systems

Lot Number HLB 10.6 N-1 N-2 N-3 N-4
HLB 8.3 N-5 N-6 N-7 N-8
HLB 6.4 N-9 N-10 N-11 N-12

Composition(wt%) Nonionic Surfactant 18.2 17.5 16.7 15.4
Paraffin oil 68.2 65.8 62.5 57.7

Water 4.5 4.4 4.2 3.8
BDG 9.1 12.3 16.6 23.1

Total 100 100 100 100
A/S ratio (BDG/LAE ratio) 0.5 0.7 1.0 1.5
���� �40� �6� 2002� 12�
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X �õB �y %1, K<â �jÆ�F� HLB� Å�� É& �¡/

¦X Ï/ í o s6. <X K<â �jÆ�F� �(Z  �ø�O �

 %X �O� ¿1p6. K<â �jÆ�F� ð�èn� ��

(amphophilic property)h ö}(cloud point, c.p.)O Õ� �^: ���

"4? s6. 
 K<â �jÆ�F� â�" ö}� �é%5/ª K

<â �jÆ�F� ð�èn� ��/ ñ*_R? lo� ��/ Ù&

)* ��O � '<� �j Ú� �nÍ®/ ñ& �6. HLB T<

10.6  K<â �jÆ�F� '(: N-1−N-4� D�" HLBT< 8.3 

\z{O HLB T< 6.4  \z{� Kc Õ� £h â�+4 ¾��

,B �y%X â� ��/ ¿1¼? sX Ïh K<â �jÆ�F�

EO µ" `o" £~´� Å� ö}< �"%1 �Y £h â�+4

microemulsion/ �
� �,B �4 \�X Ï,B c� r o s6.

�: ü \z{h W/O microemulsion,B�, K<â �jÆ�FX �

�� ¯¶�O �O ��� �j '<� �y� %& �6. èo�< £

h K<â �jÆ�F� D� �@Z,B èo�< Zh K<â �j

Æ�F� K%1, ��O ��� �j '<� K�Z �h ð< �yr

o s,9, â�" �"V� Å� K<â �jÆ�F� lo�< �"

%?, �OZ,B �� �,B� ��< �")& �6. �O ��� �

j '<�� �j|®/ ºú? W/O È<ÉB�ÊË� �
�/ �4

\Û ¼ba K<â �jÆ�F" ���,B ��%& V� Å��,

�j��� K<â �jÆ�F� Ý�" ¨l)?, �OZ,B � �


n�" ¨l)j� �< �R)X Ï,B ¿1_6[18].

HLB" �h K<â �jÆ�F� '(: D�� ��� Ç3 �"

X �2Z,B �
: ¾��< �y%X â� ���X ì �¡/ ¼

4 �%9, ¿� �jÆ�F� ðh ¾��,B �y%X â����

ì �¡/ Q/ í o s6. N-1−N-4� \*X '(� ¿� �jÆ�

F« �jÆ�F� K(A/S ratio)" 0.5(N-1)b0.7(N-2)b1.0(N-3)b

1.5(N-4)B �")? s,-, ¿� �jÆ�F� Ç3< �"V� Å�

�, ��< â�" º~4X D¡/ ¿<? s6. <X 	�� �� �

O�� �ä� �R� µ"�� ¿� �jÆ�F" èo� ¿6X l

o�,B ](:6X ���O«� � %? s6. 
, \z{� lo

�< �")�B ��<" )X â�" ¨l%X D¡/ ¿ 6. K<

â �jÆ�F� Ç3� �"� Åë ��< â�X A/S ratio" ��

: ��<�j �(Z,B K<â �jÆ�F� Ç3< �"V� Å�

� ��< â� �\ �")X WX/ ¿1¼? s6(Fig. 3).

>�� �� �
h 40-60oC�� <F* 4X Ï,B íîê s,-,

Å��, �	� �OB ¿j, HLB 6.4/ '(: �
F \Rc� D�,

�â �
��X ZÂr o s,9, 40� <�� â��� �
h �

�RB  %1 K ²³Z<6(Fig. 3, Table 1).

3-3. � �� ��� �  one-phase microemulsion �
 ��

po� �
F� s*� �
Ò� �� Ç�3� �÷h �
® ��

~�� �
Ò� �R, ny $��� �R� s* Õ� tÜ: Ül<

6. ÃI, �
Ò� o�� Ç3� �÷h < o� Ç�3� �c �


®< ãn%	 ªE� �
Ò� o�� �R" Õ� tÜ%6. 6� �

�h N-1−N-12� microemulsion� �� Ç3/ �"\Û ��: one-

Table 3. Physical properties of W/O microemulsion systems

Lot number
Surface tension

(dyne/cm)

Viscosity(cP)
pH

Electronic conductivity
(µs/cm)

Phase stability

25 oC 40oC 60oC R/T 40oC C/I

N-1 30.7 7.26 4.31 2.15 7.6 0.4 S S S
N-2 30.5 7.11 3.77 1.74 7.4 0.4 S S S
N-3 30.6 6.54 3.70 1.81 7.2 0.5 S S S
N-4 30.8 6.29 2.89 1.94 7.0 0.5 S S S
N-5 30.6 5.37 3.10 1.66 7.3 0.7 S S S
N-6 30.6 5.33 3.42 1.8 7.5 0.8 S S S
N-7 30.8 5.25 3.38 1.84 7.6 0.9 S S S
N-8 30.7 5.27 3.45 1.87 7.6 1 S S S
N-9 31.1 4.64 3.09 1.75 7.0 0.5 S S S
N-10 31.1 4.87 3.47 1.85 7.3 0.6 S S S
N-11 31.1 4.82 3.13 1.76 7.5 0.8 S S S
N-12 31.1 4.36 2.91 1.91 7.5 0.9 S S S

�R/T: Room Temperature, C/I: Cyclic Incubator, S: Stable

Fig. 2. Comparison of temperature range of one-phase microemulsion
with different HLB value.

Fig. 3. Comparison of temperature range of one-phase microemul-
sion with different A/S ratio.
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����
����
phase microemulsion< �4)X o�� Ç3/ Ð
%56. Fig. 4�

A ��h K<â �jÆ�F+¿��jÆ�F/�Rd ��/�� 3� \

z{�� �	� ��,B F�� N-1−N-12� È<ÉB�ÊË< �y

%X ��<-, B ��h �� Ç3/ �"\e/ ª �
: ÈÉB�

ÊË< ��)X ��/ >\%? s6. �:, K<â �jÆ�F� HLB

" é�´� Å� ��: one-phase microemulsion� �4 r o sX

�� Ç3� �<" 9�f6.

Fig. 5� ��: one-phase microemulsion,B �y%X �� Ç3 #

$� 9�ôb6. N-1−N-4� D� �� Ç3< 4.6-5.4µf% +4 �


: one-phase microemulsion< �4)-, N-5−N-8� D�X 6.7-9.5

µf% +4 �< ãn)4 �X �õB �y%5,-, N-9−N-12� D

� 8.80-22.1µf% +4 �< ãn)4 �X �õB �y%1, K<â

�jÆ�F� HLB� Å�� É& �¡/ ¦X Ï/ í o s6. ÃI

<X K<â �jÆ�F� HLBT< º~ �oû �� Ç3/ �< Ç

�%X Ï,B 9�9, K<â �jÆ�F� lo�< �" r D�, �

È<ß(reverse micelle)��� �R%6X �(Z  �ø�O � %X

�O� ¿1p6. �: A/S ratio� Åë �� Ç3 ãn� © D�, HLB

10.6, 8.3� K<â �jÆ�F� '(: \z{� D��X A/S ratio

" �" roû �
: one-phase microemulsion/ $4%	 $: ��

Ç3< ¨l%X Ï,B 9�I,9, HLB 6.4 \z{� D��X A/S

ratio ãn� Åë �(Z  [g/ h/ o �b6.

6�h N-6O N-10/ ̂ U%1 HH 7%, 8%, 9%(N-6)O 7%, 15%, 20%

� �� Ç3/ �
%? â�� �"\Û, ��: one-phase microemulsion

� �4 r o sX â� ��/ �  %56(Fig. 6). < D� N-6" N-10

È<ÉB�ÊË \z{� K%1 iï £h â� ��+4 �
: one-

phase microemulsion� �4 r o sX Ï,B 9�9 �
F� ��

Ç3/ �"\O D�, Z÷: HLB value� "_ K<â �jÆ�F�

^U< tÜÇ/ í o sb6.

3-4. !"#	 �$ %&


� �
/ Ü%X �� F���� �
 ²³h Õ� tÜ%6?

© o s,-, "| @>Z  �k� t %9" ·#z<6. <� �k

�B� ·#z� ̂ 
%? <� Fø ²³h t33(gravimetric method)

/ <(%1 �"%56(Fig. 7).

�
®< �o: \z{� ^
%X  3,B �^, !��� "%4

�? f �
�/ �
Ò� ¾"I 1Z(dipping) \�X 1Z3(dipping

method)/ A o s6. 1Z3� �%1 \Ú� Å� �
�/ �-%

1 ü �O, N-1−N-4� D� ·8z Fø� lÜ)X \Ú< 14���

16�, N-5−N-8� D� 12��� 14�, 7R? N-9−N-12� D� �J

12� DO 0 95% <�� Fø²³/ ¿1 �2Z,B Õ� j*f �


²³/ ¿<? s6. A/SK« �
®O� ���/ kl ü �O, A/S

� K" �"V� Å��, �
®< ¨l)X D¡/ ¿<	� %9, 7

�<X 764 É4 �h Ï,B ¿ 6. <�� ���O� �%j, BDG

9 BTG« �h íþS� ¿� �jÆ�F" à"L D�, "(n®<

�")b,9[16, 17], ü �� �O��X ¿� �jÆ�F� à"�

Åë �
® �� �<}h ¿<4 �m6.

A/S� K" 0.7  N-2, N-6, N-10/ ^
%1 \Ú� Åë ·8z F

ø ²³/ ?-%1 ü �O, �
 4� DO 0µ�, N-2, N-6, N-10�

�@Z/ ·8z ²³� �<" 9�I,9, 12� DO\�X ì �<

" ��/ í o s6(Fig. 8).

3-5. ��� '() �� � *+, -,�	 �.

�� �
� D� 6ð: �
  3< s,9, �
\Ú/ ¾n%ø

Fig. 4. The Phase diagram for stable one-phase microemulsion accord-
ing to the increase of water content.

Fig. 5. Comparison of the water content range of one-phase micro-
emulsion with different HLB value.

Fig. 6. Comparison of temperature range of one-phase microemul-
sion with different water content of N-6 and N-10.

Fig. 7. Comparison of cleaning time of the 100% flux removal by dip-
ping method for cleaning agents with different nonionic sur-
factant type systems.
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9 �
F� f�
�O �k�'<� 1×� o_\�	 $c� <µ

Z  �p4� "c¼X:, !�� �
/ %X D�" �6. �: f

�
�� y�� �¡/ ¼4 �h #$ ô�� â�� �" \�j �


²³/ �" \O o s6. ü ����X 70oC <���� @: â

�� �¡< Z? ����< �o: N-6 È<ÉB�ÊË/ ^U%1,

�
â�� 25oC, 35oC, 40oCB HH ;
%1 �
®/ Ð
%1 ¿

m6. Fig. 9�� ¿q< ·#z �
� s*� H �
FA� �
²³

h â�" �"Ç� Å� �
�Í� �"" 9�I6. 789 HH�

â�� s*� �
®h ì �<X ¿<4 �? s�,B, 6â���

rh �
²O� 9�]/ í o sb6.

!�� �
� �
²³h !��� power« frequency� �c �h

�¡/ ¦X6. Å�� ü \���X 100 WB power� �
%& �4

%? frequency� HH 28 kHz, 45 kHz, 100 kHzB ãD%1 �
²³

/ �" %56. <� �OX 6¼�  28 kHz� �
���� K?�

�
²³/ D/ o sb6(Fig. 10). 1	�� 100 kHz !�� �
�

D��X ºh �
²³/ 9�s,9, 45 kHz« 28 kHz !�� �


� �
²³h ì �<� ¿<4 �? sb6.

3-6. /0�1223 456 ��7 ��

�k��  ·#z� @%1 N-6� ̂ U%1, 1Z3(dipping method)

/ '(%1 �
�Í/ ��		� '(%1 \ÚiB �
®/ �"%

56. 1	� út (ÕBX CHCl3/ '(%5?, UV/.Visable Spectropho-

tometer Ð
� s*�X abietic acid� @: tÜ uo�|  241 nm

/ 	p%1 Ð
%5,-, 7 �O abietic acid� @: ABS T< \Ú

� Å� ¨l V/ �  %5X:, 10�� D��X N 75% <�< F

øV/, 15� 0�X v�I FøV/ Ð
 )b6(Fig. 11).

<Ïh út� �k��� ð< �
\Ú� �"« Çw K[Z,B

¨l)* �
< x _±)? s�/ ;Ø%? s6. 7R? FT-IR

Spectrometer� Ð
� D��� �
�(0�)� abietic acid� @: t

Ü peak(2932.98 nm, 1690.98 nm, 1280.21 nm)" �
0(20�)� v�

I '�_ Ï< Ð
 )b6(Fig. 12). 
���		� <(: �
��

Fig. 8. Comparison of flux removal efficacy of N-2, N-6 and N-10.

Fig. 9. Comparison of flux removal efficacy by dipping method for
cleaning agent, N-6 with different temperatures(25, 35, 40oC).

Fig. 10. Comparison of flux removal efficacy by dipping method for
cleaning agent, N-6 with different sonicating frequency (28, 45,
100 kHz).

Fig. 11. Cleanliness test of N-6 for flux removal by UV measurement at
0, 5, 10, 15, 20, 25 minute(dipping method, 40oC).

Fig. 12. Cleanliness test of N-6 for flux removal by FT-IR measure-
ment before cleaning (0 minute) and after cleaning (16 min-
utes) (dipping method, 40oC).
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����
����
h ·#z� @%1 t33,B Ð
y/ D�¿6 �
\Ú< z*4

X Ï,B 9�IX:, <Ïh t33,B ¨4%4 �%X 	q�k�

Ð
 �O�? r o s,-, <« �h 
���3 <(: �
® �

"X Õ� 
�%& �
® �"� Ü°%X Ð
� <(L o s6.

3-7. 8#
�) 9:� ���	 ���� %&

ü ����X ���Z,B F�� �k� ùzÒ� yÆ( "Í�

/ � %	 $: ½Z,B o±: �o�R� ��/ o±%56. '

(� {·h HLB� T� ãn� Åë �o�R ²³/ �-%	 $c

�, �jÆ�F� HLB T< 8.3  N-6« HLB T< 6.4  N-10« �

o�R ²³/ @K Ð
%	 $%1 �( po� �
F \F� 2Ì

/ ^U%56. �� �k�,B abietic acid" 3 á&%" Ç�� �


Ò, N-6O N-10/ �qo� HH 3 µf% ! 10 µf%| ÁÂ: ù

zÒ �}/ �~ <0, 25oC, 40oC, 60oC� â� ���� �o�R

��/ o±%5,-, �o�R 0 ��� COD� Ð
%1 Fø ²³

/ ��%56(Fig. 13, 14) 1	� �k� �
Ò 7R? �qoX �

F �
��O �'%& �4\�	 $c�, â���/ �o�R ��

â���O )� �& �4 \e6.

ùzÒ� �k� Ý�" 3 µf% D�, &Â� �
F� Ç�%? s

X ��Ò� COD Fø³h \F�� �
F� Ç�%? sX ��Ò

� K%1 �~ â��� Õ� £h �R²³/ 9�s,- â�� �

"« Çw �k��� Fø ²³< �"%1 �o: �o�R�/ ¿

<?, ÃI 60oC��X N-6O N-10 �J 95% <�� COD Fø³/

¿56. ùzÒ� �k� Ý�" 10 µf%� D�, N-10h �~ â�

�� 90% <�� £h COD Fø³/ ¿5,9, N-6h 25oC« 40oC

�� 20% <%� ºh COD Fø³/ ¿1 £h �o�R�/ D	

$c�X Z÷: �k�� Ý��÷< ÄÜÇ/ � r o sb6. �

�Z,B K<â �jÆ�F� ö}(cloud point) <�� â���/ �

4%1 K<â �jÆ�F� �RZ Ã�  Kon x�(dehydration)

/ ��Ç,B� �o�R" <F*4X Ï/ �  %5?, '(� K

<â �jÆ�F� HLB T� Å� Z÷: �o�R â� �� ! �

k�� Ý� �R" ÄÜ: Ï/ � r o sb6.

o��
F ! po� �
F� "| ì ¾} t� %9X, �o" �

< =ç%?, �o �R K(< �< ~6X }<6. Fig. 15h �(Z

  po� �
F� �
 \z{/ 9�ô? s,-, ùz��� =ç

)X �Ò/ K<â �jÆ�F� ö} ��/ <(: �k�O �/

��Z,B �R \�?, membrane�R <(: �o�R | B� K

�Z 6�k� ùzÒ/ �¶Z,B y "C\�,BW �o� =ç3

Fig. 13. Comparison of COD removal from the contaminated rinsed
water(the mixtures of 3 vol.% of 3 wt.% abietic acid in clean-
ing agents and 97 vol.% of distilled water).

Fig. 14. Comparison of COD removal from the contaminated rinsed
water(the mixtures of 10 vol.% of 3 wt.% abietic acid in clean-
ing agents and 90 vol.% of distilled water).

Fig. 15. Typical Schemetic system of a semi-aquoeus cleaning.
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ley

rk

c,

).

W.,
/ Kln\�,B� DFZ  ö(< "Í%6.

4. � �

Polyoxyethylene alkyl ether� K<â �jÆ�F, �, mnol ��,

íþS� 4��� \z{�� 12Ì� ���/ F�%1 �� �"�

o±: �O, 30.5-31.1 dyne/cm� ºh >j|®� TO, 1.6-7.2 c.p.

� ºh }�� ��/ ¿1 water-in-oil(W/O) microemulsion� �(Z

  ��/ �¢%56. Polyoxyethylene alkyl ether� K<â �jÆ�

F, �, mnol �� ��� 3�� \z{� ¿� �jÆ�FB� í

þS�� BDG� HH à"%1, A/S ratio� �"\Û ü �O ¾��

� microemulsionB �y%X â� ��< ¨l%5,-, <Ïh ¿�
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