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1.����

 

�� ���� ��� ����, IPN(interpenetrating polymer net-

works)�1,2 � �� ��� �� ���� ��� ���� ��� 

��� ��� ���� �� ���� ��� ����� ��

�� IPN� �� ���� ���� � � ��. IPN� ��� �

��� �� ��� �� ���� �� ���� ���	� �

� semi-IPN�� ��� �� ��� IPN�� ����(Figure 1).  

IPN� ��� � �� ���� network� ����� �� �

� ��� ����� � ��� ��(physical entanglement)��� 

� �� ���� �� ���� �� �
� ��� ����.  

1) �� ���� ����� �� ���� ��� ��� �

��� ��� ����, �� ���� ����, ����, ���

� ���� ��� ���� ��	 ��� ���� �� ��

� (amphiphilicity)� �	�.  

2) IPN� ����� ���� � ����� ��(����, �

�, ����, ��, ����) �� ���� ��� ���� �

�� ���, �� ������ �� �� ��� ����� �

� �� ��� ��� ����� ��� ����.  

1960�� Wasserman�3 �� � � ��� �� �� ���� 

����� �� �� catenane(Figure 1)� ��� �� IPN� �� 

���� � �� ��� ��� ��� �� ���� polymeric 

catenane� ���� 1960� ��� ���	�. IPN �� semi-IPN 

��� ��� ��� 
� ���
 ��� IPN� �
� �
 �

�� �� 1960� Millar�4 ��� �����/������ homo-
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��� �� ���� ��� ����(IPN)� �� ���� ����� � � ��. IPN� � �� �� ��� IPN 
�� � ����� ��� ����� ��� ����� � �� ��� ���	 ��� �� ����� ��� 
���� ��� ���� ��� ���� �� � �� ���� �(co-continuous phase)� �� � ��. � ��� 
�
� ��� IPN ��� 	��� ���� ��� ��� ����� �� ��� ����� �� ��� �	

�� ��� ���� ���. ��� ������ 	�� ������ 
�� IPN ��� �� ��� ���� 
	�� ��	� �	�� �� ��� ��� ��� 	� ���� �	�. IPN ��� ����, ����, ���

� �� ���� 	�� ����� ��	� ��� ����� �� �� 	� ���� ��� �����. 
 
Abstract:�Interpenetrating polymer network (PN) is a mixture of network polymers. The characteristics of IPN material is 
the control of morphology during the IPN synthesis. By controlling the relative kinetics of chemical reaction (as well as 
gellation) and phase separation, the morphology of IPN can be controlled to obtain materials with nano-scale domain and 
also the co-continuous phase. Other important advantage is the fact that the morphology is permanent due to the presence 
of the physical interlocking between the networks. The combination of hydrophilic polyurethane and hydrophobic 
polystyrene in IPN form provides enhanced blood compatibility due to the co-existence of the hydrophilic and 
hydrophobic domains in nano-scale on the surface. The reaction temperature, reaction pressure and the degree of 
crosslinking were varied during the IPN synthesis and the morphology and blood compatibility of the resulting IPN 
materials were studied. 
 
Keywords: IPN, phase separation, morphology formation, blood compatibility. 
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IPN�� ��� ����� �� �� ��� ��� �� �� PS

� �� ��� ���/��� ��� ���� �	�(sequential)�

� ��� ���. � �� ���	 Sequential IPN,5 Latex IPN,6 

Simultaneous IPN ��7 1960� � ���	� ��	� IPN,8 ��

�� ��� IPN,9 ��-	�� IPN,10 IPN RIM ��,11 IPN ��

	,12 IPN NLO	�,13 	� ��� IPN��,14 ���� ����

� �� IPN ��15 ��� ���	�(Table 1).  

IPN� 
�� � �� ��� �� �
�(homogeneous), � �

�(heterogeneous) IPN�� ���� �
� IPN� �
� �
 �

� ��� �� ��� ��� ��� ��� � ��� 	� 	�

�� � �� IPN� � �� �� �� ���� ���� �
 

� ��� 

�� �� ��� ��� ��� ��� � ��� 

	�� 	���. � �� ��� �� ��� �
�� �� �
 

�� IPN(homo-IPN), ��� IPN(hetero-IPN)�� �� � ��� 

�
 �� IPN� � ��� �� ��� 
� ��� �� ��� 

��� 	���� ��� ��� 
� �
� IPN� �� ��� 

IPN� � �� ��� �� ��� ��(��-	��, ��-���, 

��-�� �)� �� �� ���� ���� ��� ����� 


�� ��� �
��. � �� ��� �� ���� IPN(SIN; 

simultaneous IPN)� �	�� IPN(SIPN; sequential IPN)�� �� 

� ��. SIN� � �� ��� �� ���� �� ��� �� �

���� �� ��� ���� ���� �� ���� ���� 

���� ���� ��� �� ��� ���� �� �� RIM, 

SMC/BMC, Pultrusion �� � �� ��� �� ��� � ��. 

SIPN� �� ��� ��� ����� 1�� ���� � �� 

��� ��� ���� ���� 1� ��� ���� �� ��

�� � 2�� ��� ���� 1� ���� 	� �� ��, ��

��� �	�� 2�	� �� ��� 
�� ��� ���� �


�� �� �� ����� 
� ��, �� �� ��� � � 

��. � ��� � �� ��� ��� ���� ���� �� 

�� �� �� ������ ���� ��� IPN(Latex IPN)�

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

�� ��� ��	�� �
 ��, �� ��� ��� ��	� 

IPN(Thermoplastic IPN), � �� �� ��� �� ���� IPN �

� � �� �
� ��� � ���
 IPN(Gradient IPN) �� 

��.  

 

2. �
��������������� �

 

�	 �� �	��� 1� ��� ��� 
� ��� � �� 

��� ���� ���
 �� ���� ����� � �� �

�� ����� ���� �
�� �� �� � ��� ��

��. Figure 2(a)� A�(1� ��� P1� 2� �� M2� ���
 

50/50�� ��� �� �)�� ���� M2� ����� P2� 

���� ��� ��� ���� ���� heterogeneous ���

�

���	
���
����� � ��
������ ���� ��������� �

�

Figure 1. Schematic diagram of polymer blend, semi-IPN, IPN, catenane. 

Table 1. Historical Background of IPN 

E vent F irst investigators Y ear 
V ulcanization  of rubber G oodyear 1844 
IPN  type structure A ylsw orth  1914 
Polym er structure elucidated  S taudinger 1920 
G raft copolym ers O strom islensky 1927 
In terpenetrating  polym er netw orks S taudinger and  H utchinson 1951 
B lock  copolym ers D unn and M elville 1952 
H IPS  and A B S A m os,M cC urdy,and M cIntire 1954 
B lock  copolym er surfactants L unsted  1954 
H om o-IPN s M illar 1960 
T herm oplastic elastom ers H olden  and M ilkovich  1966 
A B  crosslinked  copolym ers B am ford ,D yson,and E astm ond 1967 
Sequential IPN s Sperling  and  Friedm an 1969 
L atex  IPN s Frisch ,K lem pner,and  Frisch  1969 
S im ultaneous in terpenetrating  netw orks Sperling  and  A rnts 1971 
IPN  nom enclature Sperling  1974 
T herm oplastic IPN s D avison  and G ergen 1977 
H igh Pressure IPN s D . S . L ee and  S . C . K im  1984 
H ydrophilic-H ydrophonic IPN s J. H . L ee and  S . C . K im  1986 
IPN  R IM  J. H . K im  and S . C . K im  1987 
IPN  M em branes Y . K . L ee and  S . C . K im  1988 
IPN  N L O  M aterials K . I. K im  and S . C . K im  1992 
B lood C om patib le IPN s Y . C . Shin  and  S . C . K im  1994 
IPN  w ith  m orphology spectrum  Y . S . K im  and S . C . K im  1999 

�

(a) 

�

�

   (c�conversion Cg�gel conversion) 

   (b) 

 
Figure 2. Change of phase diagram in (a) sequential polymerization and 
(b) simultaneous polymerization. 
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homogeneous 
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� �
 ��� � ��� ����. ��� � ��� ��� 	


�� ����	 
��� 

 ����� �� �� ��� 

���� 3�� 
���� ���� �� ���� 1� ��� 

����� �� ����� ��� �
 � ��� � ���� 

��� � ���� ����� �� ��. �� ����, ���

�� �� ��� ��� �
 � �� ��� ����� ���

�� ��� ��� 3�� 
���� ���� ��(gel point)� 

���� ����� ��� ��.  

�� �� �	��� � �� �� ��� ���� ���� 

����� ���� ��� ���� ��� �� ����� �

��� ���� �	 �� �	��� �	 ���� 
� ��


 ��-���. ��-	�� �� �� ��� ���� ����

� �� �� �
� �� ��
 ��� ����. ��� ���

� � �� ���� ���� ���� ���� �
�� �� 

� �� ��� ����� ��, ��� ��� ��� ��� �

� �� �	 �� �	� ��. Figure 2(b)�� ���� T�� 

��� � �� ��� c1��� �
� ��� ��� ��� 

c2� ���� � �� �	 ��� ����� ��� ��� 	

��� ���� ���� 3�� 
���� ��� cg� �� �

�� � ��� 	���.  

�� �� IPN(SIN)� �� �� � �� ��� ��� ��

�� Figure 3� ��. ��� y�� � ��� �� ��� ��

��� ��� �
� �� �� �� 100%, � ��� ��� � 

��� �� 100% ��� A� 100% ��� B� � ��� ��


� �� 0%� ���� ����. � � ��� ��� �� �

�� � �� � ��� ��� � �� ��� A� ��� ��� 

B� � �� ��(A-rich phase), � �� ��� �� ��� B� 

��� ��� A� � �� ��(B-rich phase) ��� ����. �

� ����� ���� �
� ��.  

 

Aavg

AA

1

1
100mixingofdegree

x

x

−
−=  

 

��� xAA� A-rich phase� A� ����, xAavg� �� �� A

� ����� ����.  

�� ����� ��� ��(Figure 3 (a)) �� ���� ���

�� ���� ���� ���� � ��� ���� �
�� � 

�� ���� ��� ��. � �� ���� ��� IPN	� �

�� UCST(upper critical solution temperature) 
�� ���� ��

��� �� �� �� ���� ���� ��� �� ���� 

��	 	� � �� ��� ����. ���� ���� 3�� 


���� ��� �� ���	 ��� 

� � ��� ���.  

����� ��� ��(Figure 3 (b)) ���� IPN	�� ��

� ���� ���� 
�� � �� ���� �
�� �� �

��� ���� ��� ��� � �� ��� �
� 
� ��

�� ��� ��� ����� ���.  

�� ��� ���(Figure 3 (c)) ����
 ���� ��� 

���� ��� �� 

�� ��� ��� 	
�� ��� 

�� � ��� 	 

� ���� ���� ���� ���

�� ���.  

��� ��� 
��(Figure 3 (d)) 3�� 
���� 	� ��

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�

�

�

�

�

�

 (a)  (b) 

 

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�

�

�

�

�

�

 (c)  (d) 
�

Figure 3. Factors affecting IPN synthesis: (a) synthesis temperature, (b) synthesis pressure, (c) catalyst concentration, and (d) crosslinkg agent concentration. 
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��� ���� ��� ���� ���� �� �� � ��

� ��� ��� ����� �	�.  

 

3. ������� �
����������������  
 

��� ���� 	�� ���� � ��� ��� ��� � 

�� �	� ��� ��� 	�� ��� �� �� ����� 

IPN ��� 
�� � �� ��. ��� ��� ��� ��	�

� 	�� ��	� �� ��� ���
 ��� 	�� ���

	 
��, 	��	 	���
 �� ���� ��� ����� 

�� �� 		�� ��� 	�� 	� ���(blood compatibility)

� ����. �� ����� ��� ��-	�� ��	� �� 

	�� ���
 ��-	�� ��	� 50/50�� ��� ��� 

��� ����
� ��� 	�� ���� 		� �� ��

� 	� ��� ���	�� �� ����� ��� �� ��

� ��, � �� ��� �� ��� ��� 	� �
�� 		�

� ��� ��	� ��� 
� ��� 
	� ��� ��-	

�� ��	� ���� ���. IPN� ���� � ��� ��

����� ��� ����� ��� ��� ��	� 
� ��

� ��� ��-	��� ��� � ��.  

���	 ��(��� ���)(PEG)� HDI(hexamethylene diisocya-

nate)� ���� ��� ��� �� �����(PU)� ���/

��� ��� ��� 	�� �� �����(PS)� IPN� ��

�� �� �� � ����, ����, ����� ���� ��

� ����� ����� �� �� �� ����� ��� 	

� ���� ���	�. Figure 4� ��� PU/	�� PS IPN� 

�����
16 ���� �� ��� ��� ��	� ����� 

50 ��� -20 �� �	 ��� ���� ��� ���
 50 �

�� ��� ��� ����� ��� 0�20 ��� ��� �

�� ��� � �� ��	� ��� ���� 

� ���. 

Figure 4�� �� 
� �� �
 ��� SEM ��� � �

��� ��� 	�� PS ��	� ��� -20 ��� ��� 

IPN� 0.05 - 0.1 ���
 ��� ����. �� �� 		� �

� ��� Figure 5�� �� 
� �� 	�� ��	� ��� 

����� 	�� 	� ���� ����.  

����� 50, 20, 0 �	 IPN� ���� 		�� �� ��

� �� 		�� ��� 

� pseudopod �� ��� ��� 

-20 ��� ��� IPN� ��� ��� 		�� ��� �� 

		�� ��� ��� ���.  

����� �� ���� ��� �� �� 	� ���� 

�

---------- ��µ
�

 20 � 0 � -20 � 

Figure 4. IPN tube for artificial blood vessel and SEM photographs of 
fracture surfaces of hydrophilic PU/hydrophobic PS IPN synthesized at 
various temperature.12 

-------- ��µ
�

�

 1000 kgf/cm2 3000 kgf/cm2 5000 kgf/cm2 

(a) 

--------- ���µ
�

�

 1000 kgf/cm2 3000 kgf/cm2 5000 kgf/cm2 

(b)�

Figure 6. SEM photographs of (a) fracture surfaces of hydrophilic PU/ 
hydrophobic PS IPNs synthesized at various pressure from 1000 to 5000 
kgf/cm2 and (b) the platelets adhered after 10 hours incubation in PRP on 
hydrophilic PU/hydrophobic PS IPNs synthesized at various pressure from 
1000 to 5000 kgf/cm.2 

------------------ ���µ
�

�

Figure 5. SEM photographs of the adhered platelets after 10 hours 
incubation in PRP(platelet rich plasma) on hydrophilic PU/hydrophobic 
PS IPN synthesized at various temperature. (a) 50 �, (b) 20 �, (c) 0 �, 
and (d) -20 �.  

���
 ���


���
 ���
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��(Figure 6)�17 �� ����� 5000 kg/cm3
�� ��� IPN� 

� 	�� PS ��	� ��� 0.05 ���
 ��� ���� 

�� �� � 	� ���� ��� ���	�. IPN �� � �

���� ���
18 Figure 3(d)� ��� ��� ��� ��� �

� ����� ���� 3�� 
���� ��� ���� 	� 

����� 

�� ��� � �� ��� ���� � �� 

��� ����� �� � �� ��� ��-	�� ��� �

�� �� ���� � � ��. ��� PU ����� ���

� ��� PEG� ���� 		
 ��� ��� ���(Mc)� 

800�� �
�� � ��� 	�� PS ��� ���� ���	 

DVB� 
�� ���� �� ��� ��� ���� 300�� 

��� � ��.  

Figure 7� ����� ���� ��� PU/	�� PS IPN� �

���� 	� ���� ��� ��� ��� ��� ���� 

800	 IPN� �� � ��� ��	� �	�. � 	�� PS� 

���� ��� ����� 		�� ��� ���� 		� �

�� �� ���� 
 � ��.  

��� PU ��� PEO ���� ���� ��� PEO ��� 

���� �� �� ��(molecular cilia) ��� ��� 	�� 

��� ��
19 PEO� ���� 350�� 2,000�� ���� PEO 

���� �� �� ��� DHMPEO(dihydroxyl methoy termi-

nated PEO)� ���� �� PU/PS IPN �� �� PU� �� �

��� ����.  

PEO� ���� �� �� ��� DHMPEO� ���� ��

�� ��� ��� IPN ��� � �� ��� �	�� PEO �

��� ���� 2,000� �� �� ��� � �� ����� 
 

+ NCO(CH2)6OCNHO [CH2CH2O] CH3n

Poly(ehtylene glacol)methylether
          (Mw ; 350,750, 2000)

HDI
cat.

at 65 oC
OCN (CH2)6

O

NHC [CH2CH2O] CH3O n

IMPEO
�

CH3[CH2CH2O]NHC

O

(CH2)6OCN

CH2OH

CH2OH

CH2OH

+O n H5C2C

IMPEO TMP(excess)
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���(Figure 8). ��� IPN600-0� ��� PU/	�� PS IPN�

� ��� PU� PEO ���� �� ���� IPN600-2K� ��

� PEO ���� ���� 2000	 ����. IPN600� ��� ��

� ���� ��� PEG� ���� 600��� ��� ����

�� ���� �� PEG� ���� ���. 

��� PU� ���� ���� ���� PEG� ���� �

	��� ���� ��� ��� ��� ��� ����� ��

� ��� ��� ���� ����� ����� � ��� �

�� �� �����(Figure 9).  

�� ��� 
� �� IPN 	�� �� ��� 	� ��� 

����� ����� �� �
 � �� ����� �� �

�� ���� ��� �� �� � ���� �� 	�� ���

� 	� ��� ��� 	���� ���	 ����. Figure 10� 

Figure 9�� �
 �� SEM��� �	 IPN ��� �� AFM 

���� �� ��� �� ��� ��� ��� ��� �� �

�� � ��� ��� �� SEM ��� ���� � ��	 �

�� � 30�50 ���� ����.  

�� �� ��� �� �� ��� PU ��� ��� 350�2000

� PEO� ���� �	 PU/PS IPN� 	� ���� 
��� 

���������������µ
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Figure 7. SEM photographs of (a) fracture surfaces of hydrophilic PU/ 
hydrophobic PS IPNs with changing crosslinking density and (b) the pla-
telets adhered after 10 hours incubation in PRP on hydrophilic PU/hydro-
phobic PS IPNs with changing crosslinking density. 
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�
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�

�

 IPN600-750  IPN600-2K 

Figure 8. SEM photographs of fracture surface for PEO-grafted hydro-
philic PU/hydrophobic PS IPNs with changing grafted PEO molecular 
weight. 
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�

 IPN1000-2k IPN600-2k IPN200-2k�

Figure 9. SEM photographs of fracture surfaces of PEO-grafted (Mn �
2000) hydrophilic PU/hydrophobic PS IPNs with changing crosslinking 
density. 
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���, �29� �1�, 2005� �

�� 		� ����� ����� ��� ��� 		�� SEM 

��� Figure 11, 12� ��. Figure 11� IPN600� ���� PEO 

���� ���� 350�2000�� ������ ��� ��-	�

��� ���� ��	� �	�� ��� � �� ��� 	�� 

PS� ��� PU �
���� �� �����(PU600 series). �

�� ���� ��-	��� �	�� IPN ��(IPN600 series)� 

		� ��� �
� �� �� � �� �� ��� ���� 

PEO� ��� ���� 2000�� ������ 		� ��� 

�
�� 
 � ��. Figure 12� PU �
���� ��-	� IPN� 

���� ��� �� 		� �� �� 
�	� Figure 9�� 

	�� ��	� ��� ���� ���� �
�� � �� 	

	� ��� �
� 
 � ��.  

�� 		� ���� 
�(PRP� 37 ��� 10�� ��)� �

����18 Figure 13� ��. ��� PU �
���� ��, ��

�� �� ��(PU600-0)�� 		�� �� �� ��� 14,151 

platelets/mm2�� ����� PEO� ���� 2000�� ��� �

�(PU600-2K) 11530 platelets/mm2�� �	���� 		� �

� %� ���� 97%�� 76%� �	���. �� ��� �

�-	�� ��	� �	�� PU/PS IPN� ���� ��� PU �

��� �� � �� ��� �� ��� ���� �� ��

(IPN600-0)�� 		� �� ��� 11136 platelets/mm2� �	�
 

����� PEO� ���� 2000�� ��� ��(IPN600-2K)�

� 6212 platelets/mm2�� �	���. 		� �� %� �� 73%� 

41%��. ��� ������ ���� ��� PEG� ���

� 600�� 200�� �	�� ����� �� ���� �� 	� 
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�
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Figure 10. AFM images in air and water of surfaces of PEO-grafted (Mn

�2000) hydrophilic PU/hydrophobic PS IPNs with changing crosslinking 
density. 
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Figure 11. SEM photographs of the adhered platelets on PEO-grafted PU 
homopolymers and PEO-grafted hydrophilic PU/hydrophobic PS IPNs 
with changing grfted PEO molecular weight. 
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Figure 12. SEM photographs of the adhered platelets on PEO-grafted (Mn

�2000) PU homopolymers and PEO-grafted (Mn�2000) hydrophilic 
PU/hydrophobic PS IPNs with changing crosslinking density. 
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 Interpenetrating Polymer Network(IPN)� ���� ��� � �� 7�
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���� ���
 		� �� ��� 2361 platelets/mm2
� 		� 

�� %� 16%� �	�	�.  

 

4. ��� �

�

IPN� � �� ��� �� ���� ���� ��� ���

� ��	 ��� ����� ���� ���� �� ���� 

��	 ���, ����, ����� �	�. IPN� �� � ��� 

�� ��� ���� ����� ��� � �� ��� ��

��� � �� ��� ��� ��� ���� � � �� ��

� ��� � ��. IPN� �� � ��� ����� ���� �

	�� � ��� 

��(����� �� ��� � ��; reac-

tion-induced phase separation) � ��� � �� ���� 3�� 
 

���� ��
 �� �� ���� ��� ��� ��� ��

��. 3�� 
���� ��� gellation� �� ����� ��

� 
��� chemical-pinning�� ���. �� IPN� � �� �

��� ��� ��� 	��� �� ��� ����� �� �

�� �	�� ��� �	��.  

����� ��� �� 
	� �� ��, ��, �� ���� 

� �� ��� ��� �� 
	� ���� ��� ��� �

� ����, ����. ���� ���� � ��� ����

� �� ��� �� ���� ��� �
 	� �� ����.  

��� ���� 	�� ��� ��� ���� ��� ��

��� IPN ��� �� � ��� � �� ����� � ��

�� ����.  

��� PU� 	�� PS� IPN� ���� ����, ����, 

����� ���� � ����� ��� ������ 30�50 

���� ��� �� ���� �	�. IPN� ����� �� 

		� �� ��� 		�� �� � 	� ���� ��� 


� ���� ��� ����� 	� ���� ���� 
 � 

�	� ��� 2000� PEO� ��� PU� ����� ���� 

�� �� ��� �� 		� �� ��� 
�� �
 		� 

�� ��� 2361 platelets/mm2, 		� �� ��� 16%�� 	

� � �	�.  
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Figure 13. The number of the platelets adhered and the %-adhesion of the 
platelets adhered on PEO-grafted PU homopolymers and PEO-grafted 
hydrophilic PU/hydrophobic PS IPNs: (a) With changing the grafted PEO 
molecular weight and (b) with changing the crosslinking density. 
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