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� �

��� laurylacrylate(LA), ������ ethyleneglycoldimethacrylate(EGDMA) � �	
 benzoylperoxide(BPO) �� 


��� ����� �� poly(laurylacrylate)(PLA) ���� �����. ��� PLA ���� 25-65oC� � !"#$ 7

%� &'# (�� )*+,� -.�� (/0 600
1# 23)*+,� 4�56, LA 99.867 wt%7 EGDMA 0.133 wt%8


9�:� ; �< => )*+,� 4��. ?@ )*+,> � A�# BC A���56, &'%D#  EF �G��

chloroform>>toluene>o-xylene>THF>decane>octane>hexaneH58 IJ���. KLMN# O@ PQRS �T� "��

Wilson UV�  W�� KLUV� X����. KLUV> Y�(∆µmix)Z [�\N(∆µel)# O@ ] %D� 3R2^_8

X�`a�. bcd KLUV� efg�#hi(λ12-λ11)� � A�# BC IJ��j, PQRS58 &'(1)Z ���(2)

�0k Wilson parameter(Λ12)� A��� l58 mno�.

Abstract − The poly(laurylacrylate), PLA, polymers were prepared by an emulsion polymerization method. The laurylacry-

late, LA, were used as the starting materials and ethyleneglycol dimethacrylate, EGDMA, as the crosslinker and benzoylper-

oxide as the initiator. The prepared PLA polymer was used to measure the oil-absorption capacity under various conditions and

absorbed fastly each oil for seven types of oils within 60 min at temperature range 25oC to 65oC. The maximum oil-absorp-

tion capacity of PLA formed shown at the condition of LA 99.867 wt% and EGDMA 0.133 wt%. The oil-absorption capaci-

ties increased with the increase of oil temperature and largely depended on the oil types. The decreasing order of oil-absorption

capacity with the increase of temperature was the order of chloroform>>toluene>o-xylene>THF>decane>octane>hexane. We

introduced Wilson model to construct the thermodynamic model on swelling equilibria. The model consists of two kinds of chem-

ical potentials which they are mixing chemical potential(∆µmix) and elastic deformation chemical potential(∆µel). The λ12-λ11,

which is the interaction energy between the molecules designated in the subscripts, decreased with the increase of oil-absorp-

tion temperature. It can be seen that the decrease of interaction energy brings about the increase of Wilson parameter(Λ12)

between oil(1) and polymer(2) component.

Key words: Poly(Laurylacrylate), Oil-absorption Capacity, Chemical Potential, Swelling Equilibria, Interaction Energy
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��� � ����� � �!� "#�$%&'(�� )* �+,

-."/ 0123 45[1]. 6, 78�� 9:� �� !� � ��

;�< =>�3 ?#�@ AB�� &C� +D23 45. �E, A

B&C�� FGH, IJH � K
LMH !� 45[2]. ���� NO


�P FQ�< LM2� 
RP 7S� K
LMH F�T�S� -

.� U�23 45[3]. �E, K
LMH F�T�SV/� t-butyl-

styrene, divinylbenzene� ��WX, t-butylmethacrylateY neopentylmethacrylate�

7Z�WX, t-methyl methacrylate� 7Z�WX � polynorbornene rubber

!� [\] 45.

^E� K
LMH F�T�S� t-butyl alkylacrylateY neopentyl
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e,
methacrylate� 7Z�WX� &_` aJ�9b��� *�, F�R

P �cdSe S&`aJ�9b� 
�� ;
�� e`f e, F�

TRP �cdS g�h5. 6, t-butylstyrenei divinylbenzene� ��

WX, methyl methacrylate� 7Z�WX � polynorbornene rubber� j

kl� &_` 6� S&` aJ�9�� ;
�� *�, F�TRP

�cdSe S&m�nob� 
�, S&m 3p[qr !� sT� �

3lT�� ;, F�TRt u�5.

�Y v� �V K
LMH F�T�S� w8� 
�� ;�<e *

�, F�TRP xy�3 ^� z{|}7 s~ �,2�5. �E,

K
LMH F�T�S� �lP ���
 }�< �|}, ��� 


�� ;�< 5:� 
�P F��3, F�, 
�� ;, ��TR�

*���, F���� �j�@ _���� �lP 7S3 4� ��[

�������(long chain alkylacrylate) 7Z�WX/ ���� F�

T�S� �x� ���S ��� ��� �5.

� �D��� ��[�������� �{�< F�T�S� ��

, 5� 7�� 
�i  �¡J� ¢£ F�R¤P ¥¦�§¨�, LM

©ªP �W�< LM«H �¬� ­®¯�c� ©ª� �°�-�±

�°²{�³S� ́ m�3K ,5. ́ mµ �°²{�³S� F�T�

S� F�¶·P  ¸��¯ "{�3K ,5.

1-1. ��� �����	

Flory[7]� {¹3�K��� {)� Jº»¼½i LM3�K�(7Z

¾W 3�K7 {)� F��< «H� ���� �¬)�� {)� J

º»¼½� W¨/ �c¿ � 4� LM«H©ªP �?, À 45. �

� Gibbs K��³S¡J(∆G)/ �c¿ � 4�¯, {)� 3�K=�

{
� ¢£ ÁWK��³S(∆Gmix)Âi 7Z¾W2� Ã�D�� HT

�3 4� 3�K� Ã�D�� LÄ� ��< ÅÆ�� aT¡HK�

�³S(∆Gel)Â¨/ DÇµ5.

¢È� É8 �Y Ê¤�� 7Z¾W3�K7 LMf Ë {)� J

º»¼½i Gibbs K��³S ¡JY� -bÌt ÍÎºz¨/ Flory

Y Rehner[8, 9]� 78� ��< Ì (1)i (2)/ �c¿ � 45.

(1)

(2)

eÉ F�T�S7 
�� ÏÐ2� «H�¬� �Ñ,5Ò Ì (2)�

Ì (3)¨/ Ó�f � 45.

(3)

� �D��� ÁWK��³S(∆Gmix)�  ¸�
 }�< Wilson[10]

©ªP "{�h5. Wilson ©ªt 2T�bÔ oil(1)/polymer(2)� ;�

<
�i «H� 4� F�T�S� ;�< chemical potential ¡J�

5� Ì (4)-(6)̈ / �c¿ � 45.

(4)

<
�, (5)

(6)

,> aT¡H� �, Jº»¼½¡JÂ(∆µi,el)t Flory[7], JamesY

Guth[11], Walli White[12] !� 11 �?, 3��� ©ªP "{f

� 45.

Flory[7]� 3ÕaT� ;, Öb ÍÎºz ��� ��< Ó�µ a

T¡H� �, Jº»¼½ ¡JÌt 3�K "×Ø�� Gaussian �»

� 
Ù�< 2T�bÔ oil(1)/polymer(2)� z{�< Ì (7)i v� �

cÚ5.

(7)

6, Gaussian �»� 
Ù/ �< JamesY Guth[11]� 7Z¾W 3

�K� aT¡H� ;�< d0�³S� 0Û� �Ü�S Ý3, Þ�/

Û� Í{:� ¢£ �Wi �K� ßà�� ¢£ �W� á 0�¨/

�â5� 78��� Jº»¼½ ¡JÌP �?�< “Phantom network

�ã”�È �h3, � �D� 2T�b� z{�< Ì (8)i v� Ó��

h5.

(8)

}Y vt Ì (7)-(8)t 7Z¾W 3�K "×Ø�� Gauss äå�»

� 
Ù, æ��¨�, non-Gaussian �»� O¶�< Walli White

[12]� �?ÌP � �D� oil(1)/polymer(2) 2T�b� z{�± Ì (9)

/ �cÚ5.

(9)

ç�� Ì (7)-(9)� ©á �8Â P »Ï�3 4�¯, ��

3�K� ��� �¾2� 4� "×P �cd¶� è#, D�Ãi ­

� 7Z¾Wµ 3�K� D�Ãi� >'� �cd� æ�5. � �D

� "{µ F�T�SV� è#7Z¾W2�53 78�Ò <<1�

È éP � 45.

2. � �

2-1. 
�

êë� "{, �u¨/ �:X� laurylacrylate(LA, Aldrich), 7Z��

ethyleneglycol dimethacrylate(EGDMA, ·�Jº), êë���� benzoyl-

peroxide(BPO, Fluka), �m�� gelatine(Shinyo)�5. �V� � ��

KX 3�KJ2� æP &S�
 }
 ?8�� 8�, ì íÊî��

< 10oC ���� �-�< "{�h5. 6, F�R¤P ï8�
 }�<

Aldrich"� 1p�uÔ chloroform, toluene, n-hexane, decane, octan

o-xyleneP "{�h5.

2-2. �
�� � ��

Fig. 1t 500 mL� ðOêë�, ñ1
, Zê
, ò9�p(,  ��ó


7 0Gµ Â �/ ���� �ô�W�à� �Ì�� �cõ æ�

5. *ö êë�� �m�Ô gelatin 3 gi î�� 300 mL� ÷3 Zê

�Ò� ò9
�� d0 �� 40oC/ �S�h5. 5� 1 �Tkø

/ LA, EGDMA � BPO� ÷3 400 rpm̈ / ��@ Zê�ù ì 80oC

�� 2�=·? 1'êë��3 ��� 90oC�� 2�= �S�± poly

(laurylacrylate)(PLA) �WX� WT�h5. ç�� PLA �WX� �ø

t êë# �ú� 1T�Ç ûQ:i êëì ü��ù �ú� kø/

bm�h¨� Table 1� �cÚ5.

6, ��µ PLA �S� F�R¤P ï8�
 }�< �ú 0.2 gý

«:, ì 11� ­® ��� 200 ml� oil� ÷� É8�= =þ¨

/ LMµ �ú� 40 mesh sieve� é3 oili LMµ �ú� �B�±

µi∆ µ i mix,∆ µ i el,∆ 0=+=

µi mix,∆ µi el,∆
∂ Gmix∆( )

∂ni

----------------------
∂ Gel∆( )

∂ni

-------------------+=+

µi mix,∆ µi el,∆ ∂
∂ni

------- Gmix∆ Gel∆+( )=+

µi mix,∆ RT xiln xi Λij xj+( )ln– xj

Λij

xi Λijxj+
--------------------

Λji

Λjixi xj+
-------------------- – 

 +=

Λij

V j

V i

----- exp  
λij λ ii–

RT
----------------– 

 ≡

xi

φiρi

M i

---------

φjρj

M j

---------
j

∑
---------------=

µi el,∆ RT
V i

v2M c

------------ 1
2Mc

M
----------– 

  φ2
1 3⁄ φ2

2
-----– 

 =

µi el,∆ RT
V i

2v2Mc

---------------- 1
2Mc

M
----------– 

  φ2
1 3⁄

=

µi el,∆ RT
V i

v2M c

------------ 1
2Mc

M
----------– 

  5
3
---φ2

1 3⁄ 7
6
---φ2– 

 =

1
2Mc

M
----------– 

 

2Mc

M
----------
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ane
ò:P «:�h5. ¢È� F�R¤t LMµ �ú� Õ@Y LM #

� Õ@� ��< �cÚ3 Õ@¡J7 ÿP Ë�S ê�­®�h5.

3. �� 	 
�

3-1. ��
�� �� ����

Fig. 2� EGDMA� �� ¡J� ¢È ��µ 37S poly(laurylacrylate)

(PLA) �WXV(S1, S2, S3)P �{�< {) � 45oC�� chloroform

"{� F��=Ç F�R¤P �cõ æ�5. ¾i� ¥¦�Ò 37S

�ú7 ©á F��= 30��d�� 90%��� F�i8� ����

3, �ì ��~ F�2� i8P ��5 240� ����� � ���

F�7 É��S Ý� ¾i/ �c�5. 6, PLA �WXV� 7Z8

�� ¢È� chloroform {) "{� F��=Ç F�R¤P ¥¦�Ò

S1�� S2/� EGDMA Ï:î7� F�R¤� î7�hSe êÒ S2

�� S3/� EGDMA Ï:î7�� �~\ F�R¤� í92� ¾i

� ç�5. �Yv� Fig. 2� �c� ¾i�� ��� F��= 240�

8��� ;Xz¨/ F�R¤� «H� �Ñ�53 �3 ?8z¨/

300��� F�R¤	t S1�� 17.2 g/g, S2�� 27.2 g/g, S3�� 25.4 g/

g��5. F�R¤t 
ò� �-ÿ� �t �
�=� ���]

saturation� ��� �= 6, ¶� É8�@ �c�5. �E, ¾i/

0o PLA �WX� 7Z�ÎfP �� EGDMA� Ï:î77 ��8

�� 7Z�¬��� F�R¤� î7�hSe É8�� ��¨/ 7

Z:� ��SÒ �~\ F�R¤t í9�� �_P �<��5. ��

F�T �S� F�R¤t 3�K d ��
7 �P�� î7�3 7

Z��7 �P�� í9�� �_P ��53 xÓ, BuchhplzY

Peppas[4]� �
Y ÉàÏP [ � 4�3, � �D�� "{µ PLA

�WXÔ S2�*7 EGDMA 0.133 wt%�� Nz� F�R¤P �c

�P [§5.

Fig. 3t PLA �WX(S2)� �{�< 45oC�� 
i 1� �É�(chloro-

form, toluene, o-xylene, THF, decane, octane, hexane)� ;, F��=

Ç F�R¤P ��, æ�5. Fig. 2� chloroformi ��7S/ {)

��� -bÿ� 30�#�� p�, F�R¤P ��Se 30��ì�

� ��~ F�7 É�� «H	P ��3 45. «H�¬� �Ñ, F

��= 300�P 
�¨/ S2� ;, {)Ç F�R¤P ¥¦�Ò

chloroform 27.2 g/g, toluene 17.3g/g, o-xylene 16.3 g/g, THF 13.3 g/g, dec

10.7 g/g, octane 9.6 g/g, n-hexane 9.1 g/g, 
 0.4 g/g �¨/ F�R¤�

�c�5. ¾i� ¥¦�Ò PLA �WX� F�R¤t f/�JW
>>

&_`JW
�>S�`JW
>[��>>
 �¨/ �c�3, w~ 
�

�*�� 5�=��P ÏÐ�± é�� ¶� PLA �S/� F�7 É

��S Ý�P [ � 4�5. �Yv� 7Z��7 ·É, �S� �{

�< �É� ��� ¡J��P Ë�� {)� wT� ¢È F�R¤

�� � '�7 4�P [ � 4�5.

3-2. ����� ��� ��  !" #$%&

F�T �S� ���� �+, ÔK/ ²{�� æt �:X� ��

Fig. 1. Schematic diagram of suspension reactor used in this experiment.

Table 1. Reaction condition & yield for the preparation of poly(laurylacrylate)
polymer

Sample no.
Monomer Crosslinker Initiator

Yield(%)
LA(wt%) EGDMA(wt%) BPO(g)

S1 99.911 0.089 0.5 84.3
S2 99.867 0.133 0.5 86.5
S3 99.823 0.177 0.5 85.6

Fig. 2. Oil-absorption capacity vs. oil-absorption time with the concentra-
tion of EGDMA as a crosslinker(oil-absorption temp. 45oC).

Fig. 3. Oil-absorption capacity vs. oil-absorption time with various oils, as
solvent for S2 sample(oil-absorption temp. 45oC).
���� �40� �1� 2002� 2�
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k, 7Z�� ��, êë���� ��, pH �  � !Ô æ¨/ Éê

z¨/ [\] 4¨�, ^ ���� �:XY 7Z�� Ï:k �  �

!� F�R¤� �  _P !à� æ¨/ [\] 45[6].

7Z�� ��"i� �D�
 }�< �:X(LA)� 
�¨/ 7Z

�(EGDMA)� 11 0.089 wt%, 0.133 wt%, 0.177 wt%/ ¡J��Ò�

��, PLA �S(S2)� �{�< 45oC�� 7�� �ÉV(chloroform,

toluene, o-xylene, THF, decane, octane, hexane)� ;, F��= 300

���� «HF�R¤	P �cõ æ� Fig. 4�5. Fig. 4�� ���

"{µ ;0�� �É��� 7Z���Ç F�R¤	t 7Z���7

î7f��, î7�57 í9�� �_P �<�3 45. �E, ¾i

� �W
 �Ò PLA �WX� F�R¤t 7Z�� #e �$È �É

� ��� ¢È�� �@ �ÜÏP [ � 4�5.

3-3. '$()*& ����

F� �� ¢£ F�R¤P 3%�
 }�< S2 �S� �{�< 25

-65 oC  �|}�� chloroform "{� F��=Ç F�R¤P �cõ

æ� Fig. 5�5. F��= 300���� F�R¤P ¥¦�Ò 25oC�

� 25.1 g/g, 35oC�� 26.3 g/g, 45oC�� 27.2 g/g, 55oC�� 28.1 g/

g, 65oC�� 29.2 g/g̈ / F� �7 î7f�� F�R¤� î7ÏP

��3 45. �Yv�  �7 î7f�� 59=� F�R¤� î72

� (Ôt mechanism� ���S ¸ä�@ &¸µ À� ÿSe, 3�

K "×/� 
�� Ô¤î7, LAY EGDMA/ '(] 
�P j�f

� 4� �=ä;,  ��)� ¢£ 3�K"×d K�Xz� î7 !

� ��< 3�K"×/ 
�P �* �� F��¶� Ï�f � 4@

µ æ¨/ ´ãµ5.

�E,  ��ÜTP ¥¦�
 }�< PLA �WX(S2)� �{�<

25-65oC |}�� 10oC =þ¨/  �� ¡J��Ò� 7�� �ÉV

(chloroform, toluene, o-xylene, THF, decane, octane, hexane)� ;, F

��= 300���� «HF�R¤	P �cõ æ� Fig. 6�5. Fig. 6

�� ��� "{µ ;0�� �É��� F� �7 î7f�� F�

R¤	t ¸ä�@ öHz¨/ î7�� �_P �h5. 6,  �î7

� ¢£ F�R¤t chloroform>>toluene>o-xylene>THF>decane>octane

>hexane �¨/ �c�5. �E, F�R¤��� +� ,p, 7Z�

�� îíi  �îí<0� �
� F�R¤� 59 '�� 4Se 


�� ��7 �- H¬ÔS7 F�R¤� ó;z.P [ � 4�5. �

Yv�  �îí� ¢È ç�� F�R¤	P �{�< ÍÎºzÔ 


/P ���3K LM«H©ªP �Q�< �§5.

Oil(1)/polymer(2) 2T�b7 LM«HP �0 Ë {)� ;, Jº»

¼½� ¡JÌt Ì (3)̈ / 8�µ5. LM«H bmP }�< Wilson

Ó�Ì� ÁWK��³S Ì (4)Y 37S� aT¡H�³S Ì (7)-(9)�

¾W¨/ DTµ Ó�ÌP Table 2� �cd�3, 11� �*� ;�

< LM«HÌ¨/ �cdÒ Ì (3)� ��< 5� Ì (10)̈ / Ó�f

� 45.

(10)

Ì (9)-(11)� �cõ 37S �*� ;�< N9K)CP �{�< 2

T�Ô oil(1)/polymer(2)� LM«H ¯�o� Ì (10)� �°�-�1

RT xiln xi Λijxj+( )ln– xj
Λij

xi Λij xj+
--------------------

Λji

Λ jixi xj+
-------------------- – 

 + µi el,∆ 0=+

Fig. 4. Oil-absorption capacity vs. crosslinker concentration with various
oils, as solvent for S2 sample(oil-absorption temp. 45oC, oil-absorp-
tion time 300 min).

Fig. 5. Oil-absorption capacity vs. oil-absorption time with the change
of temperature for S2 sample(oil-absorption temp. 45oC).

Fig. 6. Oil-absorption capacity vs. oil-absorption temperature with var-
ious oils, as solvent for S2 sample(oil-absorption time 300 min).
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002
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n

 

ss-

-

¨/2 3zÏ� 7 N9J4 Ë� 5È!o� ´m

�h3, �Ë [3B6t MarquardtC[13]P "{�h5.

,>, 78obmi8 �� "{µ F�T 3�K� ��=� 7Z¾

Wµ «9�K:(Mc)t Belli Peppas[14]� ��< ��µ Ì (11)/ D

�h5.

(11)

Mrt F�T 3�K� ;, ê��:X� �K:¨/ 1 �:X�

Ù
��k/0o ¾823, Xnomt F�
� �� �:X� ;�<

Belli Peppas[14]7 ��, #HzÔ Xnom=0.001	P "{�h5.

Oil(1)/polymer(2) 2T�b�� 37S ©ªP �{�< bm	i ­®

	 VP kZ, ¾i 0.1-5.8% |}� �'� �h¨�, �°, Éà

� �h5.

6, ´mµ 5È!o� �{�< F��� F�¶·P  ¸�


}�< oil(1)/polymer(2) 2T�b� ;�< WilsonÌi Gaussian

distribution-FloryÌP �{�<  �¡J� ¢£ ´mµ �°²{�

³S	(λ12- λ11)P �cõ æ� Fig. 7�5. ¾i�� [ � 4��  

�7 î7f�� �°²{�³S	t öHz¨/ í9�� �_P �

<��3, 6, 
���� �-ÿ� �°²{�³S	�  �î7�

¢È öHz¨/ í9�� �_P �<��5. � ¾i� ;, ÍÎ

ºz 
/P ��
 �Ò Ì (5)� �c� 4��  �î7� ¢È �

°²{�³S	(λ12 - λ11)� í9� 1.2T� Wilson parameter(Λ12)7

î7��P �!,5. �/2 F� �7 î7f�� á T�"��

Wilson parameter î7/ F�R¤� î7ÏP ÍÎºz¨/ &¸f

� 4�5.

4. � �

7Z�� ��¡J� ¢È �ô�W¨/ F�T�S poly(laurylacrylate)

�WX� ��, ì 
���Y  �¡J� ¢£ F�R¤P ï8, ì

5�i vt ¾ãP ç�5.

7Z� ��Ç F�R¤P ¥¦� ¾i EGDMA� ��7 0.133 wt%

�3  �7 45oCÉ Ë ;0� 60� 8� �i�Ò F�R¤� «H�

¬� �OÏP �h5.

F�T�S S2� 
���� ¢£ F�R¤P ¥¦� ¾i chloroform

>>&_`JW
>»JaJ�9>>
 �¨/ F�R¤P �cÚ3, 
�

;
�� F�R¤P 
;�
 :; ���</ F��/�� =�,


TP S$� ¾i/ �c�5. 6, F�T �S S2� 25-65oC� |

}�� 10oC=þ¨/  �� ¡J��Ò� F�R¤P ¥¦� ¾i

 �7 î7f�� F�R¤� öHz¨/ î7>P [§5. ,> oil(1)/

polymer(2)Ô 2T�b�� Wilson-GF, Wilson-JG, Wilson-WW 3��� ©

ªP �{�< ­®Kú�� �°²{ �³S� ´m, ¾i, �°²{

�³S	(λ12- λ11)t F� �7 î7f�� í9�h�¯ �� ÍÎº

z¨/ Wilson parameter(Λ12)7 î7�< F�R¤� î7�� ­®¾

iY ÉàÏP [§5.

� 


� �D� ��0�� �?, G-7 ���º 
@�x"A S(¨/

�B;ºZ�� �?2�¨� �� í"CD$5.


���

∆Gmix and ∆Gel : Gibbs free energy of mixing and elastic deformatio

[J · mol−1]

∆µmix and ∆µel : chemical potential of mixing and elastic deformation

Λij and Λji : parameter between component i and j 

λij and λji : interaction energy between component i and j 

ρi : density of component i 

φi : volume fraction of component i 

R : gas constant [KPa · cm3 · mol-1 · K−1, K · mol−1 · K−1] 

T : temperature [K]

vi : specific volume of component i [cm3/g]

Vi : liquid molar volume of component i [cm3 · g−1 · mol−1] 

Mc : average molecular weight of the chain between cro

linked polymer [g · mol−1]

M i : average molecular weight of component i [kg · mol−1]

+,-

o : standard state

.,-

i and j : component of binary systems

1 and 2 : component of binary systems
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Table 2. Summary of the three models for the calculation of swelling
equilibria

Model
Swelling equilibria for a component i ∆µi,mix+∆µi,el =0

∆µi,mix ∆µi,el

Wilson-GF Wilson Eq. (4) Gaussian distribution-Flory Eq. (7)
Wilson-JG Wilson Eq. (4) Phantom-Network Eq. (8)
Wilson-WW Wilson Eq. (4) White-Wall Eq. (9)

Fig. 7. Interation parameter vs. oil-absorption temperature calculated
from the data of Fig. 6.
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