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��� �����	
 polyoxyethylene(3, 5, 7) alkyl ether(LAE-3, 5, 7), �, �
� �� ���	
� D-limonene, ��

�����	
 ���� ��� �� 4��� ����
 36�� ���  ��!" �� #$% 
&� '(, 30-32 dyne/

cm� )* +�,-� .( )* /0� ��  �" water-in-oil(W/O)1 234 56�� �789 ��  :;!<=. �

> ���>� ?6� @�A�	 BC!D �0� EFD alcohol/surfactant(A/S)�� G$� HI J�KD LM  ��N

O�P, QR8�	D ������ hydrophilic lipophilic balance(HLB) .� ST UM  VN O�W, HLB .� X 
Y

?6!T BC!D �0 UZ� G$KD LM  �"[N O=. �\]�	 ^_� ��� `4KD abietic acid� �� 5

6 ab  cd!" e '(, A/S� �$ G$f� HI
 56ab� J�!D LM  �"[g�P, h i�D h=j S

j kl=. hmP ��� ������ HLB .� ) 
Y X* 56 ab  �"[n, W/O microemulsion� Lo ��

� ������ p6� qo rst  u9v 
 Og=. 56w6 r x���
� y� �\�� tyz x�{� y


�| ab  }6� '(, HLB .� 8.3-10.69 �����% `4� system� Lo 40oC �A�
 80% �A� X* �~

ab  �", ab89 56 � �|$ $�� ��	 �@Kg=.

Abstract − Using four components consisting of polyoxyethylene(3, 5, 7) alkyl ether(LAE-3, 5, 7) as nonionic surfactants,

water, D-limonene as hydrophobic oil component, and an alcohol as cosurfactant, 36 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(30-32 dyne/cm) and low viscosities, they are satisfied with the general

physical properties of water-in-oil(W/O) cleaning agents for their industrial use. They showed a tendency that their tempera-

ture 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 lipophilic

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. Although the formulated cleaning agents showed a tendency that their cleaning efficacy

decreased in accordance with the increase of A/S ratio in the formulations, there was no significant difference in cleaning abi-
etic acid as a soil, which was used for preparing a rosin-type flux. It was confirmed that the selection of surfactant type was

very important for formulating a cleaning agent, since the W/O microemulsion system with the nonionic surfactant of the lower

HLB value showed better cleaning efficacy than that of the higher HLB value. 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
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surfactant of HLB value 8.3-10.6 showed over 80% water-oil separation efficacy at over 40oC. 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.

Key words: Nonionic Surfactant, D-Limonene, Cosurfactant, Microemulsion, Cleaning Efficacy, Water-oil Separation
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*+ ��
� ,-., /0, /,, �100, 234, #5 6� 7&

89 :;�� �<=> ?�@, AB CFC-113& C� /,, 5D, �

100, EF� G4H 6� 89�� C� �<=I J�@, 1989K�

/L�� /M CFC �<N� 25-30%� .O�P)[1]. QR� 1974K

CFC� �( 
ST UV� WX� Y�=> 1980K� ZI 
ST U

V� [( \]^
_ `aB �b=I 1985K cd� efg 1987K

hi4j ���_ klm��n CFC 6 
ST� UV�� �o� �

( p
q r
_ st=I uvp��� �w Q �<� 5O=x)

[2]. �� [� �M ��
 yY� z_{�� =x> �R _O �M

��
_ yY=I J). �M ��
� G� �|I }~, �}~, �

M ��~, ��}�~, ��j~, z�~ 6�� !:� } ?��, �

�� ��� � \] � [M� �( ���, 
S UV ��� 6� �

��� � �, }~� �}~ ��
_ �� ��� ?I� ��( �

M ��
�� 7& �!Z� v�=I J)[3]. ����# �}~ �

�
� �& ����� _���n ��:� 5Dg �F��g �\

=> 5D� �(  & ���� _O> ?� ¡¢� O£> ?I, 8

9�� :;�� CFC-113, 1,1,1-TCE 6� �¤( �M ��
� ¥_

¦§ ¨L 7& :;�� q<� 0�=> ?).

�}~ ��
� ����& <
� ��, ~	©�
� �� � ª

#, HLB, «~ w¬ ª#(CMC), �	¡�, ­® ~	©�
� ¯_�

°, ��±# � ~	©�
/�/
² ®� 6� '}� ³F 7& ´¨

� ¦�). ³F� )µ( 89¶¡� A�( ��®·� q¸( ��


¹ yY�0 ���� a '}º �� ��� �( M~q[ �!_

» �)> � } ?). AB �}~ � }~ ��
 yY& 
¼� �

½ ¾¿� §£F, À}34� ���g À} YÁ� Â�� � } ?

� �� s�Ã� X~_ ÄÅ � �)> � } ?).

�±� ~	©�
� c��, �ÆÇ È��E �_É� c�± ~	

©�
� �M� CMC_  >, Á:�#_ �§, �½�� \] Ê�q

[ Ë	�� 7& ¡¢� _O> ?)[4]. Ì( c�± ~	©�
� ±

#� ³F�, Ê}�#_ ÍFÎ, �� [�� ±#� ³Ï ���� '

�_ Ð ��� �ÑÎ ?�@, ²� ±# ��� =	, ~	©�
_

Ò ��� µ�Ê��(amphophilic)[ �o� Ó> �}��� ÔÕI,

}<Ö ×�� Ò �� <� �Ø� S��0 IÑÙ Ù¢(cloud point,

c.P.)� _O> ?)[5]. �� Ú& �o� �<��, �gq[ �� L,

qÛ�� ®·� ®Û�� 
��:� �gq�� 
���, Ü�Ö�


�#¹  ÝI, ��q[ ��� =#Þ �� s�Ã# �y=> ?

)[6-9].

�� Ú& 0ßq[ Aà�� c�± ~	©�
_ á�â ��
 s

�Ã� yY� ?I�� c�± ~	©�
� �� � áN '�, A/S

áNc�, ±#� ³Ï ��� '� 6� ��q�� ���� )µ(

�� ®·��# �& �½� Yã� } ?� ��
� yY� » �

@, �� L Ü� s� 
��� Ü�Ö���ä ��q�� :4��,


�â Ü�Ö� �©<á��n }~ � �}~ ��
� å¢[ À

}34� ^
¢� �æ�> ]c¹ Û��#Þ � } ?� �� ÄÅ

� �). �� ß ç^���, \] Ê��� �& ��� ­>=> ?

� D-limonene� <
� �<�>, aa� HLB è� )Ï 3_O c�

± ~	©�
¹ �<��, )µ( ®��� 
®( L 0ßq[ ��

g �R ��®·� ³Ï ���� ¥_�P�@, Ü���� �}:4

��� éê( æg¹ Y��>, ().

2. � �

2-1. ��

ß ë��� �<( ~	©�
� pH� �� ]#� ì��O í�

@ �± ~	©�
� c�� cîq  & CMC¹ ï> ±#� '��

cîq ì�( c�± ~	©�
 polyoxyethylene(3, 5, 7) alkyl ether

(LAE-3, 5, 7)(�ðñ��W, Korea)¹ º)Ï �
g� ò� Q�� �

<�P�@, ß ë�� �<( c�± ~	©�
� 0ß ��& Table

1� �ó×x). Q4> ��
� 
²�:�� D-limonene((z�ª,

Korea)� �<�P�@, �& ô� � �±î\¡õ¹ �Ê ö÷}

(18µS/Cm)¹ �<�P). Ì( ­® ~	©�
��� butyl diethylene

glycol ether(Kyowa Hakko Co., Japan)¹ �<�P). Q4> 
���

�<( øù�� �v~ øù��� f 50%� �:[ abietic acid(Aldrich,

USA) 5 g� isopropyl alcohol 10 ml <Ö� <�sú �û[ü� ¥ý

(SUS plate)� ²�N� #þ�� 1.q�� �±�� 1sÿ -� ·®(

)� 80oC�� 12sÿ ·®�� �<�P).

2-2. ��� ���	 �
 � �
 ��

�}~ ��
� �¸& c�± ~	©�
/�/D-limonene/­® ~	

©�
¹ �� � áN� '�sú �¸<Ö� 
®( L, �����

� f 30öÿ 3,000 rpm� ®·�� î� L 60oC� �±®�� 10²

-� s�_ ¥É� #Í� ��O ­	�P�@ 10²� ]g��# �

Table 1. Physical properties of LAE series surfactants

Characteristics Unit
Trade name

Analysis method
LAE-3 LAE-5 LAE-7

Appearance - Clear liquid Clear liquid Clear liquid Visual inspection
Color APHA 5 5 5 ASTM D1209
OH value mgKOH/g 169.7 135.2 111.4 ASTM D 4252-89
Degree of EO addition mol 3.10 5.02 7.03 ISO 1065
Free PEG wt% 0.05 0.36 0.24 ISO 2268-1972
pH - 6.9 6.8 6.8 ISO 4316
HLB - 8.3 10.6 12.3 Suppliers document
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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�������� !
:4_ =O í� s�� ��( microemulsion�� ÿC�> aa�

�( ��(�	¡�, ¢#, pH, /0/## 6)� Ë��P). É�â

microemulsion� /##� electrical conductivity meter(Weilheim, LF

340, Germany) Q4> �	¡�& surface tensiometer(Fisher Scientific,

Surface Tensiomat 21, USA)¹ �<�� Ë��P). ¢#� viscosity

meter(Brookfield, LVDV II+CP, USA)¹ �<�� ±#� ³F Ë��

P�@, 10 ml test tube� aa� ®��� 
>, ±#'�� ³Ï �

'�¹ 	��� å² ��� S��� ±# ´� 
�¹ Ë��P).

Ì( �±g 40oC�� 2y�ÿ $õ L� �(phase)� '�¹ �� 	�

�P>, cyclic incubator(uvgW 
t¼, Korea)�� 22���(1 cycle/

2 days, 1 cycle=20oC→ −20oC→20oC) $õ L �'�¹ �� 	��

� � ���� Ë��P).

2-3. ��� ���	 ��
 �� � ���� ��

c�± ~	©�
, �, D-limonene, ­® ~	©�
 6� �� �

áN� '�� ³F 
®â �}~ ��
Z� 
��o� �( <�

� ë�& ²�N� 
� �o[ øù�_ #þâ {���� 40oC�

��Ö� �qsú sÿ� '�� ³Ï 
��o� 
�N� Ë�á�

�n }��P). Ì( ß �!�� 
®â ��
� ��¼ ÿ� ��

� cî ë�& �R _O� ��¥_%� ?O¿[10], cîq �� �

Nq Ë�� _½( �N%(gravimetric method)� �<�� �����

¥_�P�@ �� {���� ��=I ?� �� 
��N� Ë�&

0.1 mg� ��#¹ ï� /,��(Sartorius AG, LA 230S, Germany)�

�<�P�@, ·® s� s�� 2�·®� _2=I ?0 �^� �

±� #Í� ��O �s��ä ×� ­	( L ��®·� '�_ ò

� � °�¹ Ë��P). Ì( ë
 ��g Ú� ��( $%�� �

� ®�� 40 kHz� ö�U(sonication method)¹ �<�� �N%g�

�� ��� �( 	~�� cî�P). Ì( :ñ00�� UV/Visable

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

FT-IR 7,000, USA)¹ �<�� �N%(gravimetric method)� �( �

�� ��� :ñ ¥_ �P).

Ü�Ö� �}:4 ë�& Ü�®� ô�}¹ _2�� 25oC, 40oC

� 60oC�� �õs� L, 
��[ øù� 3%¹ á�( ��Ö� /

M Ü�Ö �c 10%� ¯_�� �¸ î� L� aa 20:ÿ �õ�

� �Tg 
�� T� :4( L, �T� COD¹ Ë��� �} :4

�� ¥_�P).

3. �� 	 
�

3-1. ��� ���	 �
 � �
 ��

c�± ~	©�
, �, ��}�� Ú& c � 
²� 3�:�� �

!Iv s�Ã� ±#� ³Ï ��-&  & ±#��� lower phase

microemulsiong excess oil� 2�� ¥É� �!@, �& ±#���

upper phase microemulsion� excess water� ¥É� �!� 2�� S

�(). Ì( �R( 2�� S��� �ÿ±# ́ ���� middle-phase

microemulsion� excess water, excess oil �g aa ¥É� �!� 3�

� S��@, AB middle-phase microemulsion� Ú& �{� �g 


²� þá�� ±#¹ phase inversion temperature(PIT)F �@, PIT ®

·��� s�Ã� �}�-Ê}�� "É� �!@ ²�q�� 10−2-

10−4 dyne/cm �#� ÄÅ  & ~	¡�� S�á�� [�� 
²�

middle-phase microemulsion� Â�� _<� # } ?)> �ÑÎ ?)

[12-16]. QR� �R( middle phase microemulsion� É�=� ±#


�� $O í§ %& ��}� ��j� ¯_á� �� /M s�Ã�

�}�� '�s& } ?�@, middle phase microemulsion� Á�=�

±# ´�� $' } ?� ��� �ÑÎ ?). (�� c�± ~	©

�
 s�Ã� ethylene glycol �_É� ­® ~	©�
¹ ¯_� ]

Å excess water+middle-phase microemulsion+excess oil� 3�� É�

=� ±#¹  Ý@, �� ethylene glycol �_É� ­® ~	©�
_

�}�� ¯_
� t<�0 �^�� �ÑÎ ?)[17, 18].

QR�, �� Ú� cîq ±# ́ �� $Iv) �ÒF# middle phase

microemulsion ,M� ¡0 ­S ���� ^
_ # } ?0 �^�,

ë
 89 ��
��� ­) ¡0 ­S ���� )I* W/O +& O/

W microemulsionÉ� ��
_ u�=� â). ß �!���, W/O

microemulsionÉ �}~ ��
 ®�� 36�� 
®�� �� � �½

¥_¹ }���, a �:Z� ��� ®�c� '�� ³Ï A���

>��� ­>, �P). c�± ~	©�
��� ¶� �9�=I ?

� c�± ~	©�
 � Á:�#_ �& linear alcohol ethoxylateÉ

� c�± ~	©�
¹ ul�P). c�± ~	©�
� ;,� �,

� ��j�� C12� C14� c_ 40 : 60� c¹ _O> ?�@, �_â

ethylene oxide(EO)� ¥" -}� 3 mole(LAE-3), 5 mole(LAE-5), 7 mole

(LAE-7)��, aa� HLB è& 8.3, 10.6, Q4> 12.3�x)(Table 1).

c�± ~	©�
� EO� �_ ÉØ � free PEG6� S� ���

³F� c�± ~	©�
� Ù¢(cloud point)� ÍFO� â). Â.

� cîq /& EO �_ :þ¹ ­�� c�± ~	©�
# �y=>

?��, ß ë���� ²�q[ c�± ~	©�
¹ �<�P�@, �

� EO �_ :þ� Fig. 1� �ó* Ô� Ú� /Éq[ EO �_ 01

� ­�> ?).

N-1~N-12 ®��� ]Å, c�± ~	©�
�� LAE-7� �<=x

�@, ­® ~	©�
� ~	©�
�� c(A/S ratio)¹ 0.5-1.5�O

'�s2>, c�± ~	©�
¹ 8.7-18.2%�O '�s2	�, 12��

®��� 
®�P). N-13~N-24� ®��& LAE-5¹ �<�P�@,

N-25~N-36� ®��& LAE-3� �<�>, N-13~N-24 � N-25~N-36

� ®�c� N-1~N-12� Ú& 01� ®�c� ®��� 
®�P)

[Table 2(a)].

a ®��� Aà&, /Mq�� 
²�:[ D-limonene� C�:�

@, D-limoneneg c�± ~	©�
� �¸c� G� '�O í� 


� ×��, �g ­® ~	©�
� áN� ô_=� ÉØ, AB A/S �

¸c_ 0.5, 0.7, 1.0, Q4> 1.5� '�=� ®���� X~_ =x�

@, �R( '�� ³Ï �� � ���� wõ� ́ ¨� >��>, �

P)(Fig. 2).


®â ®��Z� ��õ¹ ­	 wetting ½�� 3#F � } ?�

�	¡�& N-1~N-36 ®�� 4b 30.2-32.2 dyne/cm�  & �	¡�

� �ó×x). ægq��, c�± ~	©�
� �� � A/S �¸c

� 	~ ò� c5( ��õ¹ ­P�@, �� �D�� D-limonene�

C�:���, �	¡� è� D-limonene� ��� 0ßq�� æ�=

0 �^�� ­[). ¢#� Ë�æg� c�± ~	©�
� ª#�

Fig. 1. Typical ethylene oxide distributions of LAE series.
���� �40� �1� 2002� 2�
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.3

with
e-
Ê}�� ô_�}Þ �& è� �ó×I c�± ~	©�
� ª#�

Ê}�g� c6q 	~_ �7á� � } ?x>, Ì( Ë� ±# ô

_� ³F� ¢#_ ���� ]¨� �[� } ?x). /0/##�

ß �! }� �� 
®â ��
Z� 0.1-1.8µs/cm �#�  & è�

�ó8��n /Éq[ W/O microemulsionÉ ��
«� �[� } ?

x). Ì(, /Mq�� EO �_ -}_  & ��
 ®��[ N-13~N-

16s�Ãg N-25~N-28 s�Ã� HLB è� �& c�± ~	©�


��
 ®��[ N-1~N-4� �c�� cîq  & /0/## è� ­

� s�Ã�� c�± ~	©�
� Ê}�� ô_m� ³F� �±/

##_ ô_=� ²�q[ ]¨g ²õ=� ]¨� ­�C> ?)

[Table 2(b)].

ægq�� 
®â 36�� ��
 ®��&  & ¢#�  & �	

¡� è� ­�, ��
��� ²�q[ ��� ¿9�� ��� �ó

:).

Table 2. Compositions and physical properties of W/O microemulsion systems containing nonionic surfactants(LAE 7/LAE-5/LAE-3), water, D-limonene
and BDG

(a) Compositions of N-1~N-36

Lot number

LAE-7 Series N-1 N-2 N-3 N-4 N-5 N-6 N-7 N-8 N-9 N-10 N-11 N-12

LAE-5 Series N-13 N-14 N-15 N-16 N-17 N-18 N-19 N-20 N-21 N-22 N-23 N-24

LAE-3 Series N-25 N-26 N-27 N-28 N-29 N-30 N-31 N-32 N-33 N-34 N-35 N-36

LAE-7 / LAE-5 / LAE-3 9.5 9.3 9.1 8.7 14.0 13.6 13.0 12.2 18.2 17.5 16.7 15.4 
D-Limonene 81.0 78.7 77.3 73.9 74.4 72.4 69.6 65.3 68.2 65.8 62.5 57.7 
Water 4.8 4.6 4.5 4.3 4.7 4.5 4.3 4.1 4.5 4.4 4.2 3.8 
BDG 4.8 6.5 9.1 13.0 7.0 9.5 13.0 18.4 9.1 12.3 16.7 23.1 

Total 100 100 100 100 100 100 100 100 100 100 100 100

A/S ratio (BDG/LAE ratio) 0.5 0.7 1.0 1.5 0.5 0.7 1.0 1.5 0.5 0.7 1.0 1.5

(b) Physical properties of N-1~N-4, N-13~N-16, and N-25~N-28

Lot Number N-1 N-2 N-3 N-4 N-13 N-14 N-15 N-16 N-25 N-26 N-27 N-28

Surface tension(dyne/cm) 32.2 31.9 32.0 31.7 31.7 31.8 31.8 31.8 32.1 32.3 32.1 32

Viscosity(c.P.)
25oC 1.52 2.43 2.13 2.28 1.89 1.84 1.87 1.95 1.78 1.73 1.70 1.96
40oC 1.07 1.41 1.36 1.58 1.18 1.28 1.31 1.32 1.07 1.14 1.19 1.31
60oC 0.82 0.87 0.87 1.02 0.83 1.08 0.85 0.87 0.81 0.83 0.84 0.87

Electroconductivity(s/cm) 1.8 0.6 0.4 0.6 0.2 0.2 0.3 0.3 0.1 0.1 0.2 0.4

Phase stability
R/T S S S S S S S S S S S S

40oC S S S S S S S S U U U U
C/I S S S S U S S U U U S U

*A/S ratio: Alcohol/Surfactant Ratio, C/I: Cyclic Incubator, R/T: Room Temperature, S: Stable, U: Unstable

Fig. 2. Partial phase diagram of the surfactant, D-limonene, and water+BDG
system.

Fig. 3. Temperature range of one-phase microemulsion of the samples
with nonionic surfactant type systems.
(a) Comparison of temperature range of one-phase microemulsion 
different HLB value. (b) Comparison of temperature range of on
phase microemulsion with different A/S ratio.
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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�������� !

p-
nt
3

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

c�± ~	©�
_ á�â ®��� ]Å ±#� ³F, c�± ~

	©�
� HLB_ ÍF�� ³F �� '�_ }�â). Fig. 3(a)� å

²�� microemulsion�� S��� ±# 
�¹ �ó×x). LAE-7�

�<( ��
 s�Ã[ N-1~N-4� ]Å −2 oC��ä ¢.� ±#¹

j4	� �� '�=O í� Â� ±#¹ Ë��� ß æg 58-66oC

�O# ��( å²�� microemulsion�� �O=x). �	� LAE-

5¹ �<( ��
 s�Ã[ N-13~N-16� ]Å� 46-56oC ±#�O

�� '�=O í� �Ø� S��P�@, LAE-3� �<( ��
 s

�Ã[ N-25~N-28� ]Å 28-34oC�O �� '�=O í� �Ø� S

���, c�± ~	©�
� HLB� ³F� G� ´¨� ¦� �� �

} ?). �� c�± ~	©�
� ²�q[ ��-g ²õ�� æg¹

­��). c�± ~	©�
� µ�Ê�� �o(amphophilic property)

& Ù¢(cloud point, c.P.)g ÄÅ 1;( 	~¹ _O> ?). < c�

±~	©�
� ±#_ Ù¢� #Í�P� � c�± ~	©�
� µ

�Ê�� �o� ÓI=4> �}� �o� >� =I 
²g � ��

� ~	 ÿ� ��½�� Ó� â). HLB è� 12.3[ LAE-7� �<

( N-1~N-4� ]Å_ HLBè� 10.6[ LAE-5 s�Ãg HLB è� 8.3

[ LAE-3 s�Ã� c� ÄÅ �& ±#�O å²��� S��� ±

# ´�� ­�C> ?� �& c�± ~	©�
� EO �_ -}_ �

§�� ³F Ù¢� ô_�� æp �& ±#�O microemulsion� ��â

��� �Os2� ��� �ñ� } ?). Ì( ß s�Ã& W/O mic-

roemulsion���, c�± ~	©�
� 
²� �D�g �g 
²� ~

	 ��� S�¹ �� â). Ê}�� �& c�± ~	©�
� ]Å

��q�� Ê}�� q& c�± ~	©�
� c��, �Tg 
²�

~	 ��� cîq 7& µ� S�� } ?��, ±#_ ô_m� ³

F c�± ~	©�
� �}�� ô_�>, ægq�� 
² T���

�8� ô_=� â). �g 
²� ~	 ���� ~	¡��  Ý>

W/O ?�G��@A� ���� �Osú CxB c�± ~	©�


_ 
²T�� �8�� m� ³F�, ~	��� c�± ~	©�
�

ª#_ ��=>, ægq�� � ���#_ ��=	� �� :4=�

��� ��â).

HLB_ Ú& c�± ~	©�
¹ �<( ]Å� 
²� áN ô_

� /Mq�� ��( å²�� S��� ±# ´��� Ð ´¨� C

O C��, ­® ~	©�
� µ& å²��� S��� ±#´��

Ð ´¨� D� � } ?). N-1~N-4� s�� �<â ­® ~	©�


� ~	©�
� c(A/S ratio)_ 0.5-1.5� ô_=> ?�@, ­® ~

	©�
� áN� ô_m� ³F�, �/� ±#_  §O� ]¨�

­�> ?). �� 0S� ë�æg�� �ÆÇ E4F �_É� ­®

~	©�
_ Ê}� ­)� �}��� t<()� ë�æg�# ²

õ�> ?). <, s�Ã� �}�� ô_=G� �/�_ =� ±#_

���� ]¨� ­[). c�± ~	©�
� áN� ô_� ³Ï �

/� ±#� A/S ratio_ -²( ®·�F	 ²�q�� c�± ~	©

�
� áN� ô_m� ³F� �/� ±# �s ô_=� 01� ­

�C> ?)[Fig. 3(b)].

(�� 89 ��& 40-60oC�� �!I O� ��� �ÑÎ ?�@,

³F�, �0� æg� ­	, LAE-3� �<( ��
 s4H� ]Å,

�± ����� q¸� } ?��, 40# ��� ±#�� ��& �

:4� [�� c ��q�)(Fig. 3, Table 1).

3-3. ���	 �� � 

�1 ���  �� /, 
¼��� �� ��& ÄÅ � �)>

� } ?�@, _¡ ��q[ 
�� � ��_ øù��). �� 
�

��� øù�¹ u��> �� 
� ��& �N%(gravimetric method)

� �<�� ¥_�P)[10, 11]. ���� Å}( s�Ã� u���

$%�� Åu, ö�U¹ _�O í> { ���� ��Ö� å÷B �

q(dipping)s2� �q%(dipping method)� Z } ?). �q%� �

�� sÿ� ³F ���� 	��� ß æg, HLB è� 12.3[ LAE-

7� �<â N-1~N-4 s4H� ]Å�� f 10: ]g L, N-1~N-4 �

�
 4b 90% ��� 
���� ­� ÄÅ )I* ����� ­[).

A/Sc� ���g� 	I�� JK ß æg, A/S� c_ ô_m� ³F

�, ���� ��=� ]¨� ­�0# ��, Q .�� Q)O GO í

& ��� ­[). �/� ë�æg� ��	, BDG� BTG� Ú& �

�j~ ­® ~	©�
_ ¯_# ]Å, _<��� ô_=x��[17],

ß ë�æg��� ­® ~	©�
� ¯_� ³Ï ��� �� .�¢

& ­�O íL). ?M_O� LAE-5� �<â N-13~N-16 s4H �

LAE-3� N-25~N-28 s4H� ]Å�# LAE-7� �<â N-1~N-4 s

Fig. 4. Comparison of flux removal efficacy by dipping method for clean-
ing agents with different formulations.
(a) Comparison of cleaning time of the 100% flux removal by di
ping method for cleaning agents with different nonionic surfacta
type systems. (b) Comparison of flux removal efficacy of N-1, N-1
and N-25.

Fig. 5. Comparison of flux removal efficacy by dipping method for cleaning
agents with different formulations.
���� �40� �1� 2002� 2�
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 0,
nd
4H� ���� c�± ~	©�
� ª# � A/Sc� '�� ���

Q '�_ ww�PO¿ ��D#� ­) NÏ ��� �ó:)(Fig. 4).

(� c�± ~	©�
� ��� ³Ï �� ��& 7& .�¹ ­

�> ?). HLB è�  & c�± ~	©�
_ �<â �� s�Ã²

}Þ �� ��& ô_=� ]¨� ­�C> ?). <, LAE-7� �<

â N-1~N-4 s4H� �q%(dipping method)�� 12-14: ����

øù�_ O/B 
�â �	, LAE-5_ �<â N-13~N-16 s4H�

LAE-3� �<â N-25~N-28 s4H� 8-10: ���� øù�_ O/

B 
�m� ­�C> ?)(Fig. 4). Ì( ~	©�
� áN� ô_â

LAE-7 s4H(N-5-N-8), LAE-5 s4H(N-17~N-20), LAE-3 s4H(N-

29~N-32)� ?I�# Fig. 4� æg� ?M_O� HLB è�  & s�

Ã�� Ò NÏ ��� ­� C> ?)(Fig. 5).

89 ��� ]Å )µ( �� $%� ?��, %& sÿ� ��q[

��� �0 ���, ö�U ��� �� ]Å_ 7). LAE-7� �<

â N-1~N-4 s4H� ?I� 
��o� ö�U ��(sonication method)

� � ]Å 60-80ö ��� ��: 
��� 
�=� æg¹ ­� C

> ?�@, Ú& A/S c� ®���� c�± ~	©�
� áN� ô

_â s�Ã� �� ��� æg� c�± ~	©�
� áN� ô_

m� ³F� �& �� ��� �ó×> ?�� ®�� ÿ� Q)O Ð

.�� ­�O íL). �	, LAE-5_ �<â N-13~N-16 s4H�

LAE-3_ �<â N-25~N-28 s4H� ]Å LAE-7 s�Ã� �c��

���� �q%(dipping method)� æg� ���� Ò Å}( ���

æg¹ P� } ?x)(Fig. 6).

�0� b_O ��� ¥_ æg� ��
 s�Ã� ?I �}��

ô_#}Þ �}� 
��� �� ��� ô_=� ²�q[ ]¨g ²

õ().

�� ��
Z ��� N-22¹ ul�� �q%(dipping method)� �

( ���� :ñ00¹ �<�� sÿº(0:, 5:, 10:)� ����

¥_�P)(Fig. 7). UV/Visable Spectrophotometer Ë�� ?I��

abietic acid� �( �  Q}U¡[ 241 nm� 0��� Ë��P�@,

Q æg abietic acid� �( ABS è� sÿ� ³F ��m� �[�P

��, 5:� ]Å�� f 75% ��� 
�m�, 10: L�� O/B 


�m� Ë�=x)[Fig. 7(b)]. Q4> FT-IR Spectrometer� Ë�� ]

Å�# ��/(0:)� abietic acid� �( �  peak(2932.98 nm,

1690.98 nm, 1280.21 nm)_ ��L(10:)� O/B �Fv �� Ë�

=x)[Fig. 7(c)].

Fig. 6. Comparison of flux removal efficacy by sonication method for
cleaning agents with different formulations.
(a) Comparison of cleaning time of the 100% flux removal by soni-
cating method for cleaning agents with different nonionic surfactant
type systems� (b) N-1�N-12 series containing LAE-7.

Fig. 7. Instrumental measurements by dipping method for cleaning agent,
N-22.
(a) Flux residue (%) by dipping method. (b) UV measurement at
5, 10 minute. (c) FT-IR measurement before cleaning(0 minute) a
after cleaning(10 minutes).
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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�����������������������
�������� !
3-4. !�
"# $%� &��	 ���� � 

}~ ��
 � �}~ ��
� _¡ Ð å¢ �� ���, À}_

7� YÁ�>, À} 34 c<� 7� R)� ¢�). �R( ^
¢�

�æ�0 ����, ².q�� À}� YÁ� Â�� �� �� _¡

Ð �æS�F> � } ?�@, �� s�Ã ×�� Ü�Ö� �<N�

Â�� �� �� ÄÅ �<( $%�F> � } ?). c�± ~	©

�
� Ù¢ �o� �<( 
��� 
� $%&, �}:4¹ (��


��� 
��>, cîq �
�� Ü�Ö� ~Dq�� � ÷\sú

�<� } ?)� ¡¢� ?I�, �& ���g µ�( Ù/��� 


T�� �). ß ë���� ë�ëq�� 
®â 
�â Ü�Ö� �

©< _½�� �[�0 �( Uq�� }�( �}:4� ë�� }

��P). �: 
���� abietic acid_ 10% á�â Ü�®� 4V�

¿ZI �}:4 ë�� }��P�@, �}:4 L �T� COD¹ Ë

��� 
� ��� ~8�P)(Fig. 8). �<â ~	©�
� HLB è

� 12.3[ N-10, 10.6[ N-22, 8.3[ N-34� �}:4 ��� JK ­

	, HLB è�  & N-22, N-34� ]Å 40oC ��� ±#��� 80%

_N� �}:4 ��� ­�> ?). �	� HLB è� �& N-10�

]Å 60oC��# �}:4_ 
�� �!I OO í& ÉØ¹ ­�C

> ?). �0� æg� � �, HLB è�  & N-22� N-34� ]Å

60 oC�� WX}¹ 34� � WX}� �©<� _½á��n À}3

4c<� ��# } ?�4F ýåâ).

4. � �

}~ � �}~ ��
 
®� 7� �<=> ?� polyoxyethylene alkyl

ether~ c�± ~	©�
, �, D-limonene 
²� 4�: ~� 36��

®��� 
®�� �� � ��� ¥_¹ }��P). 36�� ®��

4b, 30-32 dyne/cm�  & �	¡�� èg,  & ¢#� ��� ­

� W/OÉ ��
� ²�q[ ��& ¿9�P). Polyoxyethylene alkyl

ether~ c�± ~	©�
, �, D-limonene� 3�: s�Ã� ­® ~

	©�
�� ��j~� BDG¹ aa ¯_��, A/S ratio¹ ô_sú

ß æg å²�� microemulsion� S��� ±# ´�� ���P�

@, ��& ­® ~	©�
_ �g Y�� �o� _��# z!�>

s�Ã� �}��� t<�0 �^�). /Mq��� ~	©�
�

HLB è� ³F�, å²��� S��� ±# ´�� Ð .�¢� ?x

�@, HLB è�  �}Þ, å²�� microemulsion S� ´�� ��

=� ]¨� ­� Cx). 
���� flux� C�:[ abietic acid¹ u

��>, �N%(gravimetric method)�� ����� éê�� ß æg,

A/S ratio_ ô_m� ³F ����� ���� ]¨� ­�Cx��,

��( .�¹ �ó×O� íL). QR� c�± ~	©�
� HLB

è�  �}Þ �& �� ��� ­�CI, W/O microemulsion� ]Å

c�± ~	©�
� u�� ÄÅ � á� �[� } ?x). ��


®�� �, N-22� ��� 00:ñ�� UV/Visable Spectrophotometer

� FT-IR Spectrometer¹ �<( ��� ¥_ æg, 10: L�� O/

��� m� �[� } ?x�@, æZq�� �0� �N%(gravimetric

method)� ³Ï ����� Ë�g ²õ=� æg¹ P� } ?x).

��L� Ü�®��� 
�� á�}� �}:4 ��� � �, HLB

è� 10.6 Ì� 8.3[ c�± ~	©�
¹ �<( system� ]Å 40oC

���� 80% ��� �& 
� ��� ­�, ]
q[ ��� _½�

)> ­�v). /Mq�� � � W/O microemulsion ��
� 
®�

?I�, �� ��, $& ±# 
���� å²�� microemulsion, Q

4> �}:4 ���� ���� qÛ( ��
� ®�� 
®_ »

 �)> ýåâ).

� 


ß �!� 89,���� C	�� "�Á80[ �9 g
¹ �9

,5�� }�=x�@, g
 }�� #\� � (pÁ80[�g c�

Fig. 8. The removal of flux by gravity separation of the contaminated rinse water.
(a) Comparisons of water-oil separation efficacy. (b) Photographic views of water-oil separation at 60oC.
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± ~	©�
 � ��,�¹ ­×� �ðñ��W�� v`�� ��

E4@, Ì( ��
� �� � ��� ¥_� ?I 7& #\� C]

}��Wî \]"�0[�!^ä(RRC ̂ ä)�� v`�� ��E7

£).
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