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1.����

 

���� ������ �����(cellulose) ���� ���� 

���� ���� ����� �� � �� ��(chitin)� ���

����� ��� ������ ����. ��� ��� ���

� ��� �� ��� ��� ��, �� ��� �� �� ��

�, ���� � ������ �� �	� ��� ��� �� �

�� ���� ��.1 ���� ���
 polysaccharide ��� ���

��, ������ � ����� �� ����� ��� ���

��. ���� ��� ��� ����� �	� ����� ��

��(complex)� ��� � �� ��� �� ��, ��� �� �

� ���� �� ����(chelating) ��� �	�� ��� ��

�� �	��, ����, ���� � ����	�� ����� 

�� ����� ��� �� ��.1-3 ���� �� �� �� �

�� ����� ���� ��� ����� �
 ���(hydro-

gel)� �� � ��, �� ���� ����� ��� �� �


�� �	� � ��.4,5 �� ���� ��� ���� 	�� �

�� � ��� ���� ��� �� �� ��� ��� ���

� 	������ ���
 ��� ��� 	���� ����

�� �� ��� ��.  

��� ��(�� ���)(poly(vinyl alcohol), PVA)� ���� �

����� ���(polyhydroxy polymer)� 	���� ����, 

���������������������������������
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��� ��(�� ���)/��� ���� ��� ��� 	�� ����� ���� �����. ���� ��� �

��� ���� ��� 
 �� ��� 	�� DSC, TGA � DMA� ���
 ��� ���. DSC �
� ��� �

��� ��� ���� ������ ��(�� ���)� ��� 
�� �	�
�� ��� �����. TGA �


��, ���� ��(�� ���) �� ���� � �	��, ������� ��(�� ���)� ��	�� �� 

��(�� ���)� ��	�� ���
 � �	���� ��� ���� ����� ��� ����� ���

� ����. DMA �
�� ���� ��(�� ���)� 	�
�
�(Tg)� �	����, �� 160� 90 ��� �

����, ���� Tg� ����� ���� ��� ��� �����. ���� �� � ���� �
��� ��

�� ��(�� ���) ��� ���� ��� ���� ��. ����� ��� ����� ��� ���� �� 

� ��� ��� �� �
� ����, ��(�� ���)/��� ���� ���� ��� �
� ���.�

 

Abstract:�Films of poly(vinyl alcohol)(PVA)/chitosan blends and its blend hydrogels were prepared by the solution 
casting method. The state of miscibility of the blends and blend hydrogels were examined over the entire com-
position range by differential scanning carorimetry (DSC), thermogravimetry (TGA), and dynamic mechanical 
analysis (DMA). DSC analysis shows the depression of melting point of PVA in the blends and the decrease of 
crystallization temperature of PVA in the blends were observed with increasing chitosan content in the blends. TGA 
analysis indicates that chitosan was thermally more stable than PVA and the thermal stability of PVA in the blends 
was higher than that of pure PVA, due to some interactions between two component polymers in the blend. The 
glass transition temperature (Tg) of the chitosan and of PVA, measured by DMA, were at 160 and 90 �, res-
pectively. The Tg of the blends was changed with the content of chitosan in the blends. The results of thermal and 
viscoelastic analysis indicate some miscibility between component polymers in the blend exists. Moisture and cross 
linking in the blend and blend hydrogel, which strongly change thermal and physical properties of hydrophilic 
polymers, affected the miscibility of chitosan and PVA to a small extent. 
 

Keywords: PVA, chitosan, hydrogel, miscibility, crosslinking. 

 

�
†To whom correspondence should be addressed. E-mail: jspark@hknu.ac.kr 



184� ����������� 

���, �29� �2�, 2005� �

��� ��� �� ��� ���� �� ���, ���
 ��

� ���� ����� �� ��� �� ���� ��.6,7 PVA� 

����, �����, ��� � ����� ��� � ���, �

���� ��
 PVA� ���, ��� � ���
 ��� ���

� � ��. ����� ��� � PVA ���� ��� ���, �

���� � ����� �	�� ��, �����(biomedical)� 

������ �� ��� �� ��.8-11 ��� ���(polymer blend)

� ��� ��� ��� 	�� ��� ��� �� ��� ��� 

��� ���
 ����. �� ������ �����(biopolymer)

�� ��� ���(polymer blending)� ������ ���
 ��


 ���
 ��� ����� ���
 ���� ���� ��.12 

���� ������� ����� �� �� ���� �� �

��� ���� �� ���� �	� ��� �
�
� 
�� 

��� ��� ���� ��� ���� ���� ��. ���� 

��� ��� ���� ���/��	 ���,13,14 ���/poly(vinyl 

pyrrolidine) ���,15 ���/������� ���
16 � ���/ 

PVA ��� ��17,18 ��.  

��� ����� ��� ��� ���� ����� ��� 

������ ��� ��� ��, ����, ��� � ��	�

� �
� ���. ���� ��
��� ��� ���� �� �

�� �� ��� ���� ���. ��� �� ��� ���� 

���� ���� �� �	� ��� ��(rigid structure)� �


��. DMA� ����(oscillating stress)� ��� �� �� �� 

��� ���� 
�� ��� ��� � �� �� 	�� �


����. DMA� �	� �� ��	, �� ��	 � ���
 

����(damping parameter, tan δ) � ��� ��� ���� �

� ��� �
���� ���� ��
�(relaxation behavior), �

����� ��� � ���-���� ���� ��� 	��� 

� ��. ��� ����� ������ ���� ���
 ��

� ���� ����� �� 	�
�
�� ��� ���� �

��. ��� ���� 	�
�
�� 	�� ��	 ��. �


� ���� 	�
�
�� �	�� ��
�� ��� �� �

� ��� �� ��.19  

���, � ����� PVA/��� ���� ��� ��� ��

� ����� ���� ��
 PVA, ��� � �� ���� �

�
�, �	�
�, ��� 
�� �� �� ��� �����. 

��� PVA/��� ���� ������ ����� ��� �

�� �� 	�
�
�� ��� �	���� �
� �����. 

�� PVA� ��� � ��� ����� ����� ���� 

� ��� ���� ��
�� ������, ����� ���

� ��� ���� ��� ���� ��� �
� �����.  

 

2. ��  
 

2.1 ���

PVA(99% hydrolyzed, Mw 89,000-98,000)� Aldrich Chemical Co.�

�� ������, ������� � 90%
 ���� Bio Ma-

terials Co.(Korea)��� �����. 	�� ���� ��� glu-

taraldehyde(25% in water, GA)� Aldrich Chemical Co.��� ���

���, �� ���� �����.  

2.2 ������

PVA� ���� ���� ��� ��� ��� ���� �� 

80 ��� �	��� ����� �
� ���� �����. �

�� ����� � ������ �	� ��� ���� � �


�� 15� �� ���
 �����. ���� ������ �


�� ��
 ������� ��� 
� 	�	�	� ���. 

��� 	�� ������� 	�	� �� ��� � �
�� 

� 72�� ���
 ������, ��� 	�� ��� 20���� ��

� ���. PVA/��� ���� ��� ����� ���� ��

� 20%�� 80%�� ���� �����. PVA/��� ��� �

��� ���� ��� ��� ������ ���
 ��� 	

�� ��� ���� �����. �� ��� ���� ���� 

��
 GA� ���� ������, ��� ����� ��� �

����. ���� ���� �� ��� �
� ����� ��


 ��� 	��� �	�� � 25 �, 50% RH� ��� 




��(SE-96HP, Sang Woo Scientific Co., Korea)�� 48�� �� 

����(PVA/��� ��� 	� 7.5�2.5% � ��� 0.5�

0.2%)� ���� � ��� �����.  

2.3 �������

DSC �
� DSC 2010(TA Instruments, USA) �
�� �����. 

���� �� �� �
� � �� ��(scans)�
�� ���. 

1� ����� ����� ���� ����� �
�� ��
, 

�
�� 140 ��� 20 �/min ��	�� ��� ��� � 140 �

�� 5�� 	����, �� ������ 0 ��� 	����. 

2� ����� 0 ��� 250 ��� 10 �/min� �����. 

� ���� ��� ��� 2� ������ ��� ���. �	

�
�� �	�� ��
 ��� 
� 250 ��� 5�� 	�� 

� 20 �/min�� 	����. ��� �
� DMA 2980(TA In-

struments, USA) ��� ������, �
��� 1 Hz ����

� 20 ��� 250 ��� 2 �/min ��	�� �� ������ 

�����. ��� ��� 10.00�3.00�0.03 mm� ��� �� 	

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

���. ��� ��	� �
� TG/DTA 6200 (Seiko Instruments 

Co. Japan) ��� �����. �	� �� ������ �
�� 

800 ��� 20 �/min� �����.  

 

3. �� � ��  
 

3.1 ������������

PVA� ��� � ��� ���� ���
 ��� 	�� ��

� ������� ��� ���� �����. ������� �

� ������ �����, � ������ �� ��	��� 

�����. �� ��� 	��� 
 ������ �����, �

����. ��� 
��	 ���� �� ��� ��� ���� 

��. PVA� ������ �	��� �	���� �� �� 


��
 ���	� �����. ��� ���� ��� ����

� �� �	� �����. Figure 1� PVA, ���, PVA/��� �

��� DSC ��
�� ��
 ���. ��� ��� � ��� 

�� �
� �
�� ��
 � �� ��� ����, �� 1� 

��� ��� ���� ��� � �� ��
 140 ��� 5�� 

	����. ���� DSC 
����� 	�
�	�� ���� 

���. PVA� 220 � ���� ��� ����� ���� ��
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�, 	�
�� ���� 
���� ��� �� ��. ��� DSC

� ���	� PVA� 	�
�� ��� �� 	
� �
��� 

�
 �� ��
�. PVA/��� ����� ���� ��� �

��� ��� ��
��� ��, � ���� �� ���� 


���� � �� 
�� ��� �� ��� ���� ��. ��

�� 80% �� �	� ����� PVA� ��
�� ���� �

��. �
� ��� Table 1� �����. ����� ���� 

PVA� ���� ��� ���� ��� ��
�� ��� �

� 
�� ����, � ����� PVA ��� ��(melting point 

depression)	�� ����. �	���� ��� ����� ��

�� ����� ����� �	� ���� ���� ����

� �
 �� ����.20 ���� ��� �	� ���� �	� 

��� �� ����� ��� ���� ���� ��(thermo-

dynamic mixing)�� ��� � ��.21 ����� PVA� ��� 

��� 	���� �
 �� ��� PVA� ��� ��� 
�� 

���. Table 1� ����� PVA ��� �� PVA� ���

(∆H)� ��
 ���. ���� ��� ��� PVA ��� ��

�� ��� ����� 
��� �� � � ��. ��� ���

�� ���� �� ��� ���� PVA� �	�� ��� 
�

� ����� ��� ��
�.  

Figure 2� PVA, ��� � �� ���� 280 ����� ��

� 	���� � ��� �	�� ���� DSC 
�� ��
 

�
�, PVA/��� ����� ���� PVA� �	� 	�� 

�	��� 
����. ��� ��� �� �� PVA ��� �

���� ��� ������ �� ����� PVA ���� �

� ���� ��� �� PVA� �� ���� �	�� ����

� ��� ��� � � ��. ��� ����� ���� ���

� ����� �
��� 	�
�
��� ����� ��� �

�� ��� � ��.20,22 ��� ����� ���� ����� 

��� ������� ���� �� 	�
�
�(Tg)� ��
�

��. Tg� 

 �� ���� �	� � � ��� � ��� 

DMA �	��� ���� �	� ���� ����� ���� 

���� ���
 ��
�� �	� � � �� �� 	�� �

��� ���� ��. ������ ���� ������ ��


�� ��� �� ���� ��� �� �� �� �
� ���

�.23,24  

Figure 3� ���, PVA � ��� 	�� ����(mechanical 

relaxation) ��	
� -20�� 250 �� 
����� �	�
 

�� tan δ 
��� ���� ��. tan δ 
��� ����� 


�� ���� 
�� ����
�(relaxation temperature, Tg) �

� ����
�(secondary relaxation temperature, Ts)� �����. 

���� tan δ 
��� 3�� 
�� 9, 111 � 161 ��� ��

��, ��� �2, �1, � α� �� �����. ���� tan δ 
��

� 161 �� ���� ��� Tg� ��� � ��� ��� 

Pizzoli ��
24 ��� ��� ����. tan δ 
��� Tg ��� 

���� ���� �	��� � � ��. � ���� �� ��

�� �� ��� ��� ��� ��� � ���, ��� 143� 

Figure 1. DSC thermograms of chitosan/PVA blends in the second heating 
run. The rate of heating is 10 �/min in the nitrogen flow for A;100/0(pure 
chitosan), B;80/20, C;60/40, D;40/60, E;20/80, and F;0/100(pure PVA).�

����

�����

�����

�����

�����

�����

�����

H
ea

t f
lo

w
(W

/g
)  

��� ��� ���� ���� ���� ����

Temperature(�) 

Table 1. Heat of Fusion and Melting Temperature of Chitosan, PVA 
and Their Blends Obtained from Thermograms of DSC(Figure 1) 

Chitosan(wt%) Heat of fusion(J/g) Melting temperature(�) 
0 42.4 220.1 
20 29.6 218.3 
40 15.9 214.6 
60 8.6 214.0 
80 - - 

100 - - 

Figure 2. DSC thermograms of chitosan/PVA blends recorded during 
cooling cycle at the cooling rate of heating is 10 �/min in the nitrogen 
flow for A;100/0(pure chitosan), B;80/20, C;60/40, D;40/60, E;20/80, 
F;0/100(pure PVA).�

��	

��


��	

��


��	

��


��	

����

H
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t f
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w
(W

/g
)  

��� ���� ���� ����

Temperature(�) 

Figure 3. DMA relaxation spectra of chitosan/PVA blends in the dry state; 
tan δ versus temperature at 1 Hz and heating rate of 2 �/min for 
A;100/0(pure chitosan), B;80/20, C;60/40, D;40/60, E;20/80, and F;0/100 
(pure PVA).�

���� �� ��� ���� ���� ���� ����

Temperature(�) 

���

��	

���

���

���

���

Ta
n 

δ  
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���, �29� �2�, 2005� �

236 ��� �� β� α 
�
�� ���.25 ��� ���� ��

� ����, ��� N-����� �� �� ���, � ��� 

��� ���� ������ ���� �	�� ��� �� 

�� �����(80%)� ��
 N-����� �� ���� ��. 

��� ���� ��� ��
 �
 	��� ���� � �� �

���
�(�� Tg)� �� ��� ����. ���� ����


�(β1)� ������� ����� ��	���� ��� � �

�� � ���� ���
 �	� ��� 	� �� C2 ��� �

�� ��	����(acetamide)� �	��� �
 ��� �� �

���� ��� 
��. �� ����
� ��� β2� ��� 

� ��� �� ���, ��� ��	����� �	� �� �

�� ���� �� ����(local chain relaxation)� �� ���� 

��� � ��. β ��� ��� ��
	�� ����� ��� 

�� ��� �� �� 
��� ����� ���� �� ��� 

��� �� �����, ������ � ����� �����

� 

� �
��. Figure 3�� ��� �� ��
 PVA� tan δ 


��� 90 ��� ��� ��
�(shoulder)� ����, 118 ��

�� ����� ��� ��. 
�� ����(αa ��)� PVA� 

Tg� ����, ��� βc ��� PVA� �	���� ���� �

�� �� ��� �����, Aoi ��26 �� 	�� ����� 

�����. Table 2� PVA, ��� � �� ���� Tg� ��


�� �����. ����� PVA� ��� ���� ��� tan 

δ 
��� PVA� �� �, αa� βc� � �� 
� ��� ���

� ��. ����� PVA� ���� 20%
 �� ����� 8

� 60 ��� ����, Tg� �	�� ����� 154 ��� �

���. ��� ���� 	�
�� ���� Tg� ��� � � 

�� 
�� �� ���� ���� ��. ����(β2)� ��

��� PVA ��� ���� ��� ���� ���, ����� 

PVA ��� 40%�� ��� ��
��� ����. 
� ���

��� ���� ��� α ����� ����, � ��
�� �

� 
� ��� ��� ���. �
� ��� PVA� ���� �

���� 
� ������ ���� ��� ���� ��. ��

� ����� ����
 ��� ���� ��� ��� 
��

	���(Gibbs free energy)� ��� ��	 ��. ��� �� �

�
 ������� ��
	� ���� ���� ����(in-

teractions)� ��	 ��. ���� PVA ��� �� ���� 

PVA� ������ ���� ����� ��� ���� �� �

��� ��� ��� ��� ���� ���� �� ����

� �
��.  

Figure 4� Table 3� ��� ����� ��
�� ��� ��

� �
� ��
 ���. ��� ���� ���� ��� ��

�� ���
 ��� ��
 �� 	
� �� ��� � �
� 

��� ���, �� ���� ���� ���� �� �� ��

���� ���� ����� � � �� ����.27 ��� �

	� ���� tan δ 
�� �� ��� 
�
�� 13, 76 � 

164 ��� �����, ���� �� β2, β1, αa 
�� ����, 

β2� β1� ����
�� ����, αa� ����
� �, Tg� 

��
�. ��� ��� ���� ��� ��� ���� ��� 

��� �� ���� �� ��� ���� Tg� 161�� 164 ��

� ��� ��� Tg� �� �
� ��� �� ��� �
�. �


� ��� ��� ���� ��
�� 57�� 76 ��� ��� 

���, ��� �� �
� 
� �� � � ��. �� 	�� �

������� �� ���
 PVA� ��� ��
 �� �
� 


��, 	�
�
�(αa)� 98�� 48 �� ��� ���, PVA

� ���	��(βc)� 118�� 125 �� ��� ���. ��� 

��� PVA� Tg� �� 
�� � �� ��� PVA� ��� �

�� ����(plasticizing effect)� ��� ���� ��. Table 3

�� �	� ���� ��� ��� ��, ���� ��
��

(Ts)� �� 
� ��� ��� �� ��� ��� ��� ���

� ���� ���� �
� ��� ��� ���� ��.  

3.2 ����������������

Figure 4. DMA relaxation spectra of chitosan/PVA blends in the wet state; 
tan δ versus temperature at 1 Hz and heating rate of 2 �/min for 
A;100/0(pure chitosan), B;80/20, C;60/40, D;40/60, E;20/80, and F;0/100 
(pure PVA).�

���� �� ��� ���� ���� ���� ����
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Table 3. Primary Relaxation Temperature(Tg), α, and Secondary Relaxa-
tion Temperature, β, for the Blends of Wet Chitosan/PVA Obtained 
from Figure 4  

Chitosan PVA 
Chitosan(wt%) 

β1(�) β2(�) 
 

βc(�)a 
Tg 

0 - -  125 48b 
20 53 86  - 127 
40 70 96  - 141 
60 - 96  - 153 
80 12 73  - 153 

100 13 76  - 164 

a Secondary relaxation due to the relaxation of PVA in the crystalline region. 
b Primary relaxation due to the relaxation of PVA in the amorphorus region. 

Table 2. Primary Relaxation Temperature(Tg), α, and Secondary Relaxa-
tion Temperature, β, for the Blends of Chitosan/PVA Obtained from Figure 3 

Chitosan PVA 
Chitosan(wt%)  

β1(�) β2(�) 
 

βc(�)a 
Tg 

0 - -  118 90b 
20 - -  - 122 
40 - -  - 134 
60 - -  - 152 
80 8 60  - 154 
100 9 57  - 161 

a Secondary relaxation due to the relaxation of PVA in the crystalline region.  
b Primary relaxation due to the relaxation of PVA in the amorphorus region.�
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PVA/��� ��� ���� ���
 GA� � ����� �

��
 ������ �� ���� ����� GA� ��� �


 Schiff �(�	 ����(imine linkage))� ����. PVA� ��

����� ����� ��� � ����� PVA� �����

� GA� �� ��� �
 ��� �����. PVA/��� ��� 

���� � � ���� ����� ���� ��
 ���� �

�� ����� �����, � ������ �� ��	�� �

��� �����. ��� 
��	 ������ �� ��� �

�� ����. Figure 5� Table 4� ��� PVA, ��� ��� � 

� ����� ��� ������� �� ��� ���� DSC 

����. ��� PVA� 190 ��� ����� ���, ��� PVA

� ��
�
 220 �� ���� �� 
�� �
�. ��� �

��� PVA� ����� �� ����� ��� ����. ��

�� �� 
�� ����� �� ����� DSC �
��� �


� 
�� ��� �� ���. PVA/��� ��� ����� �

��� �� ��� �� ��� 
�� ����� ���, ��

��� ��
�� ���� ����� �� 
�� ��� ��

�. �� ��� ����� �� PVA� ����� �� �� PVA

� ������ � �� 
�� ���� ���, PVA ���� 

��� ���� �� ���� ��
 
�� �� ����. �

�� ����� ���� 60 wt% �� ��� � �� PVA� �

���� �
� � ���, ��� ��� ����� � �� PVA 

�	��� ���� �� ����.  

Figure 6� ��� ���, ��� PVA � ��� �� ��� �

�� 	�� DMA 
�� ���� ��. ��� ����� ���� ��


��� 3�� 
�� 10, 124 � 151 ��� �� ����, ��

� β2, β1 � α� �� ��� � ��. 151 ��� ��� Tg� 

��� � ��, Tg ���� ���� ���� ����� �� 

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

�� ���� DMA� ��
 9, 111 � 161 ���� 3� 
�

� ��� ��. ���� ��� ���� ����� ����, 

����� ��� � ���� ���� �	�� GA ��� �

���� �� Schiff �� ��� ��� �	��� ��� ��

�. ���
 ���� �� ��� ���� 	�
�� ��� 

��
 10 � 	� �� ���� ���� ���, ��� ��� 

���� ��� �� �� ���� ��
 � ���� 	��

�� �� ���� ��. ���� ��� ���� �� ���

��� ������ ��� �� ���� ����� ��
 �

��� 
��(stiffness)� �
��. GA(pentane-1,5 diol) �� ���

� ��� ��� ��� �� ����� �� 
��� �� �

�� ���� ���� 
����. ��� ���� 	��� 

�
� �� � �� ��� �
� ���� � ��� ���� 

��� �� �� ���� ��(linkage)� 	��� �
��. �

���� ��� ���� 5�� ����� �� ��. �� �	

��� ��� ��� Tg� ��� �� 	�� ����� 
�� 

�� ��� �	��� ��� ��� ���� 	���� �

� Tg� 
�� ��� �� ����� ����.5,28 Figure 6�� 

�� �� �� ��� PVA� tan δ 
��� 3�� �� ��


�� ����, 82 ���� ��� ��
�� ��� 6� 107 �

�� �� ����� ��� ��. 82 ��� ��� ����� 

PVA� 	�
�� ���� αa 
� ��� ��� ��
�� 

�� β1, βc
�� ��
�. βc ��� PVA� �	���� ��� 

�� ���, β1� PVA� �	����� ��� �� ���. 

��� PVA� ��� �� �� PVA� ��
 Tg� 8 � 	� 

��. �� PVA� Tg� 
�� ����� �
��� ��� �

���� ����� PVA� �� ������� �� 
���

� ���� � ���� ��� ����. �� ���� �� 

PVA��� ����� � �� 
�� ����� �� 	�� �


� ��� ��. �� 
�� PVA� βc ��� ���
 �� 

PVA� βc ��� �� 
�� ��� ��� ��. ��� �� 

Figure 5. DSC thermograms of chitosan/PVA blend hydrogels in the 
second heating run. The rate of heating is 10 �/min in the nitrogen flow 
for A;100/0(pure chitosan), B;80/20, C;60/40, D;40/60, E;20/80, and 
F;0/100(pure PVA).�
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Table 4. Heat of Fusion and Melting Temperature of Crosslinked 
Chitosan, Crosslinked PVA and Their Crosslinked Blends Obtained 
from Thermograms of DSC(Figure 5) 

Chitosan(wt%)  Heat of fusion(J/g) Melting temperature(�) 
0 30.3 190.0 
20 15.7 201.3 
40 11.5 202.2 
60 - - 
80 - - 

100 - - 

 

Figure 6. DMA relaxation spectra of chitosan/PVA blend hydrogels in the 
dry state; tan δ versus temperature at 1 Hz and heating rate of 2 �/min for 
A;100/0(pure chitosan), B;80/20, C;60/40, D;40/60, E;20/80, and F;0/100 
(pure PVA).�
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���, �29� �2�, 2005� �

PVA�� ����� ��� ��� ���� �� �	�� 
�

� �
��. Table 5� �
� 
�
�� ��
�� �� ��

� ���. ��� ����� ������(Tg)� ��� ����

� PVA� ��� ����� 
�� ��. ���� ��� ���

� 
 ����� 	�� �
� ������ �� ��� ��

�. ��� ������
 ��� ����� ������ �

�� �� 	�� ���� ���� ��� ���� ���.  

Figure 7� �� ���, �� PVA � PVA/��� ��� ���

� ��
��� ��� �
� ���� ���, Table 6� Figure 7�

� 
���� ��� ��� � ���. ��� �	� �� ��

�� tan δ 
��� 3� 
�� 37, 81 � 155 ��� ����� 

��� �� β2, β1, αa� ��� � ��. �� Figure 6� ��� �

� ��� �� ���� ��� ��� �� ���� �� ��

� Tg� 151�� 155 �� ����� ��� ��� Tg� �� �


� ��� �� ��� �
�. ��� ��� �� ���� �

�
�� ��� ��� �� ��
��� ��
�� �� 


� ��� ��� ���. �� PVA� ��� ��
 Tg� 82�

� 45 �� ��� ��� �� �� �
� 
��. �� ���


� ��� PVA �	���� ��
�
 βc ��� 107 ��� 

98 �� 
�� ���. ��� ��� �� PVA� Tg� � 
�� 

PVA� ��� ��� � ��� ��� ��� ���� ���. 

��� ��� ��� ������ 

 �� ��� ��
� 

���� ���, ��� ��� ����� ��� ���� �

� �� ��� ��. ��� ��� ���� ��� ���� 

��� ��� ���� ����� �� 
�� 	���� �

�� ��� ���� β ��� ��� �����.  

��	�� ��	�� TGA ���� �
� � ��� � �

�� PVA/�� ���� ���� ���� ���
 ���� �

����.29 Figure 8� ���, PVA � �� ����� ����

��(derivative thermogravimetric analysis, DTG)� ���� ��� 

������ ����� ��	�� ��� �� ��� � �

�. Table 7� ����� DTG ���� ��� ���. PVA� �

��� DTG
��� 3�� �� ��� �� �� ��� ��� 

3�� �� ��� ��� ��� ���� ���. �
�� �

�� ��� ���� ���� ���� ��� ��� �� ��

�. PVA� ��	�� 260.3 ��� ��� ��, ���� 286.8 ��

� ��� ��. ����� ���� ��� ��� ����� 

PVA� � �	����. ��� 
�� ��
�� PVA� �	�

� ���� ���� ���� ��	� ��� �� ���� 

Table 5. Primary Relaxation Temperature(Tg), α, and Secondary 
Relaxation Temperature, β, for the Blends of Crosslinked Chitosan/PVA 
Obtained from Figure 6  

Chitosan PVA 
Chitosan(wt%)  

β1(�) β2(�) 
 

β1(�) βc(�)a 
Tg 

0 - -  6 107 82b 
20 7 -  - - 109 
40 19 -  - - 129 
60 20 -  - - 135 
80 14 63  - - 147 

100 10 57  - - 151 

a Secondary relaxation due to the crystalline relaxation of PVA  
b Primary relaxation due to the relaxation of PVA in the amorphorus region. 

Figure 7. DMA relaxation spectra of chitosan/PVA blend hydrogels in the 
wet state; tan δ versus temperature at 1 Hz and heating rate of 2 �/min 
for A;100/0(pure chitosan), B;80/20, C;60/40, D;40/60, E;20/80, and F;0/ 
00(pure PVA).�
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Table 6. Primary Relaxation Temperature(Tg), α, and Secondary Re-
laxation Temperature, β, for the Blends of Wet Crosslinked Chitosan/ 
PVA Obtained from Figure 7  

Chitosan PVA 
Chitosan(wt%) 

β1(�) β2(�) 
 

βc(�)a 
Tg 

0 - -  98 45b 
20 - 52  - 100 
40 - 77  - 123 
60 - 67  - 142 
80 7 75  - 149 
100 37 81  - 155 

a Secondary relaxation due to the relaxation of PVA in the crystalline region.  
b Primary relaxation due to the relaxation of PVA in the amorphorus region.�

Figure 8. DTG thermograms of chitosan/PVA blends at heating rate of 
20 �/min for A;100/0(pure chitosan), B;80/20, C;60/40, D;40/60, E;20/80, 
and F;0/100(pure PVA).�
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Table 7. Result of Differential Thermogravimetric Analysis of Chito-
san/PVA Blends Obtained from Figure 8 

Chitosan (wt%) peak1(�) peak2(�) peak3(�) peak4(�) 
0 91.6 - 260.3 424.9 

20 81.6 175.2 286.3 422.4 
40 84.9 180.3 281.5 421.0 
60 68.5 184.4 285.8 415.9 
80 73.3 173.0 285.9 - 
100 70.2 185.0 286.8 - 



 ��(�� ���)/��� ���� ��� ���� ��� 189�

  Polymer(Korea), Vol. 29, No. 2, 2005�

���. ��	�� �
��� �� PVA� ��� ��� ���

� ���� �� ���� ��� ��� � ���� �� �	

� ����� �� ���.  

Figure 9� Table 8� ��� ��� ���� TGA ����. �

�� PVA� ���� �� PVA� ��
 � ��	�� ��� 

��� ��� ���� ���� �� ���� ���� ��	

� ��� ��. PVA/��� ���� ��	�� ��� �� 

��� ���� �� 	�� ��� 
�� �� ��. PVA/�

�� ���� TGA �
��� � �, ��� �� ��� ��

�� ��� 
�� � ����� ��	��� ��� ��� 

���� ��.  

 

4. ��  
 

���� ��� PVA/���� ��� 	�� ������� 


 �� ��� �� � ���. DSC� ���
 ����� PVA

� ����� �
� ��, ����� ���� ��� ���

�� PVA� ����� �����, �� ���� �	� 	�� 

�
� ��, ����� ���� ��� ����� PVA� �	

�
�� ����. TGA �
��, ����� ���� PVA�

� � ��	�� �����, ���� ��� ���� PVA� 

��	�� �� PVA�� ��	�� ��� ��� �� ��

���� � ����� ��� ����� ���� ��� � � 

��. DMA �
���� ���� 	�
�
�� 160 ��� �

���, PVA� 	�
�
�� 90 ��� �� ����. ���

�� ���� 	�
�
�� �� ���� ��
 � �� 


��� ����, ����� ���� ��� 
��� ��� �

���. �
� ��� ����� PVA� ���� �� ���� 

��� ���� ���, ��� ���� PVA� ���� �� 

�� �� ���� ��� ���� ��� ��� ���� �

���� �
��. ��� PVA� ��� ��� ��� ����

� �� ����� �� �
� ��� ���, ��� ����� 

� �
� ��� ���. �������� ���� PVA� ��

�� ��� � ���, �
� ��� ���� PVA� �� ��

�� ��� ����� � �
� ���. PVA� ���� ���

�� ��� 	�
�
�� 
����, ��� ����� ��
 

� ���� ����� 
���� ����. ����� PVA/

��� ���� ���� �� �
� ��� ���. �
� �

�
��� ��� �
��� � �� ���� PVA� ��� �

��� ������, � ��� ���� �� �
� ��� �

�� ��� ���� ����� �� �
� ��� ���. PVA/

��� ���� ��� ���� ��� 	���� ���� �

�� ��� ���
 ������ ���� � ��� �	� �

�� � � �� ��� ����.  
 
��� ��� ��� 2002�� ����� �������� 
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Table 8. Result of Differential Thermogravimetric Analysis of 
Chitosan/ PVA Blend Hydrogels Obtained from Figure 9 

Chitosan(wt%) peak1(�) peak2(�) peak3(�) peak4(�) 
0 91.1 163.0 276.9 426.2 

20 91.9 178.0 294.4 418.9 
40 91.9 180.6 290.5 412.0 
60 91.9 179.6 284.0 422.7 
80 73.6 180.9 271.9 427.9 
100 73.5 184.3 271.5 - 
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Figure 9. DTG thermograms of chitosan/PVA blend hydrogels at heating 
rate of 20 �/min for A;100/0(pure chitosan), B;80/20, C;60/40, D;40/60, 
E;20/80, and F;0/100(pure PVA).�


