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1.����

 

���� �����(thermoplastic polyurethane: TPU)� ����

� ����� ���� ��� � ����� ��, �� �� � 

�� �� ��� ���� ���� ���� ��� �� ��

��. TPU� ���(soft segment)� ���(hard segment)� ��� 

��� ��� segmented block copolymer�� ���� ���� �

��� ���� ��������� ������ ����. TPU

� ���� ���	� ��� �� ���� ��� ��� �

��� ���� ���� �� ����� ��
 ���� ��

���, �� ���� ���
 ���.1 ��� TPU�� ���

� ��� ��� ���� ��� 25% ��� � ���� �� 

��� ����� �� ���� ���� ���� ��� ��

��.2 ��� TPU� ��� ��� ���� ���� ��� � 

���� ���� �� ����� � � ��.  

TPU� ���� ���� ���� ��� 	�� �� ��� 

�� ����� ��� ���
	� ��� � ��� ��.3,4 

TPU� ��� ���� ���� ���� ����� ���� 

���� ���� � ���� ��
 ���.5 ��� ����

���� �� ���� ��� ��������� ��� �� 

TPU� ���� � ���� ��� ��� ��� �	� ���

� ��.6 �� �� ��
 ��� ���� ���� ��� �

��� ��� ����.7,8 ��� TPU� ���� ��� ��� 

�� ��� ��� ��� �� �� �	� ����.9 ���	

� ��� ��� ��� ��� �
� �� Avrami �	� ��

� � ��.10  
 

)exp(1)( ntKt −−=α                                        (1) 
 
� (1)�� α� ����, t� ��
 ����, K� ����, n
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��� ���� �����(thermoplastic polyurethane: TPU)� ��� ��� ��� ��� ��� ��� �� 

TPU� ��� ��
 �����. TPU� ��� ��� ���� ���� 2000� poly(tetramethylene ether glycol) 

(PTMEG), poly(propylene glycol)(PPG) diol, polycaprolactone(PCL) diol, poly(butylene adipate)(PBA) diol
 ����	�, 

��� ��� 35�44 wt%��. TPU� ��� �� ���� ��� ��� �
�� ���� ���
�. TPU

� �� ��� ��� ��� ��� �
�� ���, TPU ��� ��� ��� ����� PTMEG>PPG>PCL≥ 

PBA ��� ���, ���� ���� ���� �
�� ������ ���� ����� ���� ��� 

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

 

Abstract:�Effects of the polyol type and the hard segment content of thermoplastic polyurethane (TPU) on the 
crystallization of hard segments in TPUs were studied employing differential scanning calorimetry. Diols used for 
the preparation of TPUs were poly(tetramethylene ether glycol) (PTMEG), poly(propylene glycol) (PPG), poly-
caprolactone (PCL), poly(butylene adipate) (PBA) the molecular weights of which were 2000 and the hard seg-
ments contents of TPUs were 35�44 wt%. We found that crystallization of hard segments in TPUs were observed 
at higher temperatures and became faster with increasing hard segment contents of TPUs. The crystallization rate of 
TPU was also affected by the types of polyols used for the preparation of TPUs. It is postulated that lower misci-
bility of soft segments and hard segments results in higher crystallization rate and increase of cooling crystallization 
temperatures due to better hydrogen bonding between hard segments in melts. 
 

Keywords: thermoplastic polyurethane, crystallization rate, soft segment, hard segment, miscibility. 
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� Avrami index� ��� ��� �	�� �	� ��	 ��.11 

��� �� ��� �� ������ K � n
 ��� ��� 

� (1)� �
� �� ��� � ��.  

 

log [-ln(1-α)]�logK�nlog t                (2) 

 

��� � (2)� ���
 log t� ��� ���� ���� y� 


�	��� n� K� �� �� � ��.  

� ����� TPU ��� ���� ���� �� � ��� �

� ��� �� ���� ��� ��� ��� ���� �� �

���� ���. ��� ����� TPU� ��� �� �� �

	� �� �	� ���	�� �
� �� �	
 
��� � 

��� � � �
 ���� �� �����.  

 

2. ��  
 

TPU ��� ��� ����� Aldrich�� ���� 2000� 

poly(tetramethylene ether glycol)(PTMEG), polycarprolactone(PCL) diol, 

poly(propylene glycol)(PPG) diol, poly(butylene adipate)(PBA) diol �
 

����	�, diisocyanate�� Dow Chemical� diphenylene methane- 

4,4'-diisocyanate(MDI)� ���� ������� Aldrich�� ��

� 1,4-butane diol(BD)
 �����. ���� �� 	��� ��

�� 90 ��� 3� ��, 2 mmHg �	�� ��
 ��� � ��

��	�, ��� ��� N,N '-dimethylformamide(DMF)� ���

�� BD� 4 Å ���� ���� 3� �� 	� � �����. 

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

�� MDI� BD� ����� ���
�. �	� ���, ���

� ����� ��	 � �� �
�� 
� 4�� ��� �� 

	�� ���� DMF� ���� ���� ���� � 70 ��

� ��� ��� MDI� �����. ���� MDI ��� �� 

��	� �� ��� �� ��
 ���� ��� MDI� 3��

�� �� ���	�� �� ��� 80 � ��� ��� �
�

��. ��� �� MDI� �� ��� � ��� ������ NCO 

���, ASTM D2572-80 ��� �� n-dibutyl amine	� �����, 

���	� ���� �	�� �������� ���

 � �

� ���� ������ BD� �����. ������ ��� 

�
 � 2�� �� Fourier transform infra red spectrometer(FTIR, 

JASCO)� ���� N�C�O �� �� 	�� 2270 cm-1�� � 

�� ���� �

 ��� � 20�� ���	� ���� �


 ��
 �����. ��� �� ���� ���� 30 wt%� �

���� �
���. ���	� ��� ��� 	�� ��� �

�� ��� ���� �
 �� 	��� ��	��� ���� 

��� ��� ��
 �
�. ��� TPU� ���
 ���� �

�� �� ����� ��� 
�� ���������	(gel per-

meation chromatography:GPC, Waters Millipore 246)� �����. 	

�� TPU ��� tetrahydrofuran� �� 	�� 0.1 wt% ��� 

����
 ��� �
 ���� GPC� ����, �� ��� 

�� 

� ��� ���� ��� ���(number average mole-

cular weight; nM )� ���� ���(weight average molecular weight; 

wM )
 �����. �� ���� �� ��� ��� ��
 �

��� ���� ���� 
�� �� ��� 10 mg ��� 	�

� �
 �������(differential scanning calorimeter: DSC, TA 

2000) ��� 20 �/min	� 230 ��� ���� 4�� ���� 

TPU ��� ���� ��	
 �� � �, DSC� ��� �� �

�� ��� ����
 ���� �� ��� �� 15, 10, 5.0, 2.5 �/ 

min � ���� ���� �� ���� �� �� ��
 ���

��. �� ��� ��� ���� 
�� ����� 	�� 10 

mg ��� TPU� ��� �� ��� 230 �� ���� �� �

�� �� �� �� �� ��� ��� � 4�� ���� TPU 

��� ��
�� ��	
 ��� �, �� ��� ��� ��

(Tc)� ��� DSC �	� ��� �� DSC cell ��� Tc� ��

�� ����� ��� �� �� ��
 �����. ���� �

� ��� � �� ���� �
 �, ����� ���� ��

� -100 ��� �
� � 10 �/min� ��� �� ��� 230 �

�� ���� TPU� �� �� ��
 �����. DSC ��� 

�� �� �� ��� ��� �����.  
 

3. �� � ��  
 

Figure 1�� PTMEG � PCL diol
 ���� TPU� ���� 

������ ��� ������� ������ ���� ��

Table 1. Sample Codes and Recipes for TPUs Prepared  

Feed molar ratio Sample  
code 

Polyol 
Polyol MDI BD 

Hard segment 
content(wt%) 

PT44 1.0 5.0 4.0 44 
PT88 1.0 4.0 3.0 38 
PT35 

PTMEG 
1.0 3.5 2.5 35 

PG44 1.0 5.0 4.0 44 
PG38 1.0 4.0 3.0 38 
PG35 

PPG 
1.0 3.5 2.5 35 

PC44 1.0 5.0 4.0 44 
PC38 1.0 4.0 3.0 38 
PC35 

PCL 
1.0 3.5 2.5 35 

PA44 1.0 5.0 4.0 44 
PA38 1.0 4.0 3.0 38 
PA35 

PBA 
1.0 3.5 2.5 35 

Figure 1. FTIR spectra of prepolymers and polyurethanes. (a) 
polyurethane PT44, (b) prepolymer of PT44, (c) polyurethane PC44, 
and (d) prepolymer of PC44.�
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�	� ��� TPU�� FTIR ����
 ���
�. �����

� �� 2276 cm-1 ���� ���� N�C�O�� �� �� 	�

� ����� ��
 �� �� ���� ��� �� ���
�. 

��� TPU� NH�� C�O�� �� 	�� �� 3496 � 1682 

cm-1�� ���
�. ��� � ���� ��� TPU� �	 �� 

��� Figure 2� �� ��� � �
�. Table 2�� GPC� ��

� TPU� ���
 ���
�. TPU� ���� ��� ��� �

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

� ��� ��� TPU� ���� �� ���	� ��� ��� 

�� �	�� ����
�� 
��� ���� ��� ��� 

�� ���� ��� �� �� � �� ���� ��� ���

� �	� ����. Figure 3� PT44� 230 ��� ������ �

�� DSC thermogram
 ���
�. TPU� �� ��� ���� 

�� ���� ���� ���� �� 	�� �� ���� �

��
�. ��� �� ��� ���� �� ��� ���� �

�� ��	�� ���� ���� �� thermal lag� ���� 

�	� ����. �� Han �� ��� ��� TPU� �� ��

��� ���� ���� ���� ��� ���.12 ��� Figure 

3�� ���� ��� ���, ���� ���� ���� ��

�� �
��(nucleation)� ��� ��� 	��� 
�� ���

� ��� ���� ���. ���	� ��� ��� ����� 

�
 ��� �
�� ���� 	�� ��� �� �� 
�� 

�
�� ���� 	�� ��� 
�
 ���. ��� ���� 

��� ����(Tm)� ��� 
�� ������(Tg) ���� 

����, Figure 4� ��
 �� �� �� �� �	� Tmax�� 

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

���� ���� ���� ����� �� ��, Figure 4�� �

�� ��� ���
 ��� Tmax�� �� �� �	�� ���

� ���� ��� �	� � � ��. ��� ��� � ���� 

TPU ��� ��� ���� �� � ��� ��� �	�� �

��� ���
�. Table 3�� TPU� ���� ��� �� ��

� ��
 	��� ���
�. Table 3�� ����� ���� 

���� ���� ���� ����	�, ��� ��� �
�

� ��� ��� ���� ���
�. McKiernan� ��� ��� 

������ ������� ������ 75% ��� �� �

�
 � ���� ��� ���� 
�
 �� ���. TPU� �

�� ��� �
�� ���� ���� ���� ��� ��� 

��� �
�� ������� ��� �� ��� ���� �

��� ���� ���� ��� �	� ����. �� TPU� 

��� ��� ���� ����� TPU� ��� ��� �� 	

�� PTMEG>PPG>PCL����� �	� ���� ���
�. ��� 

��� TPU� ��� ��� ���� ��� �
�� ���� 

�

Figure 2. Structures of thermoplastic polyurethanes prepared from 
MDI, BD, and various type of polyols. (a) PTMEG, (b) PPG, (c) PCL, 
and (d) PBA.�

Table 2. Mn and Mw of TPUs Determined by GPC  

Sample code Mw(g/mol) Mn(g/mol) Polydispersity 
PT44 
PT38 
PT35 

25100 
24500 
25900 

4300 
3700 
3500 

5.8 
6.6 
7.4 

PG44 
PG38 
PG35 

55600 
52600 
47300 

10300 
10400 

7300 

5.4 
5.0 
6.4 

PC44 
PC38 
PC35 

50100 
51000 
55100 

10000 
11000 
10600 

4.9 
4.7 
5.2 

PA44 
PA38 
PA35 

120300 
86600 
88900 

22800 
12500 
19000 

5.3 
6.9 
4.7 
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��� ���

Temperature 

Figure 4. Temperature dependancy of crystallization rate of polymers.�
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Figure 3. DSC thermograms of PT44 obtained by cooling from 
230 � at different cooling rates (�/min) of (a) 15, (b) 10, (c) 5, and 
(d) 2.5.�
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���� � ���� �	� � � �	�, ���� ��� � �

��� ��� ��� ���� �	� ����. Figure 2� ��


 �� �� TPU� ��� ��� ��� ��� ��� ��� 

PTMEG� PPG� �� �	�� ��� PTMEG� ��� ��, �

��	� ��� � ���� ���� PBA� PCL� ��� ��

�� ����.  

Figure 3� ��
 �� �� ��� ��
 ���� �� ��

� ��
 �� ��� 
���, DSC� ���� �� PC44� ther-

mogram
 Figure 5� ���
�. �� �� ���� ��� ��

� �
�� ���� �� ���� ��� ���
�. Figure 5� 

��
 �� �� ��� ��� ��� ��� ��� Tmax�� �

� ���� ��� ��� ��� �
�� ���� ��� �

�� �	� � � ��. Figure 6�� �� ���� ���� �
 

���� ��� PC44� DSC thermogram
 ���
�. Figure 6�

� -70 � ���� TPU� ��� ����� ���� ��� �

��� 200 � ���� ��� ��� ��� ���� ��� mul-

tiplet� ���
�. ���� �� �� ��	�� multiplet	� 

���� �� TPU� ��� �	�� ����
�. Magil� �

�� ����� ��� �� ��� ��� ��� ��� �� 

�� ��	�� doublet	� ����� �� �, ��� ��� �

�� ��� �� �� ��� �� �
���, 
���� ��

�� �� ����.17 �� Higgins �� ��� ������ �

�� ��� �
 � �� �� ��	�� multiplet� ���� �

�� ��� ��� ��� ��� �� �� ��� �� �
�

� ����.18 Figure 4��� ���� �� ��	�� multiplet	

� ���� ��, Higgins� �� �� ��� ��, ��� 
�� 

��� ���	� �� ��� �� �
�� ��� �� ��� 

�� ��� ��� �	� � � ��.  

Figure 5� ��
 ���� ���� �� ��	��� ��

� �� ��� ��
 �	�� ��� ����(α(t))� ��� 

�� �	� ���� �� �� ������ 	����.  

 

td
dt

dH

H
t

t

c
∫∆

=
0

1
)(α                                       (3) 

 

� (3)�� ∆Hc� �� ��� ��� ����� dH/dt� �� 

����. � (3)
 ���� �� ��� ��
 Figure 7� ���


�. Figure 7�� ���� ���� �� �
�� �
 ���� 

��. ��� ��� ��� ��
 �	� � �� ���� Avrami 

�
 ���� ���, �� Figure 7� ��
 ��� ���� �

��� Figure 8� �� ��� ��� ��
 �	���. Table 4�

� Figure 8� �� ��� �� �	 �� ��� Avrami �� �

��
 ���
�. Table 4�� Cooper �� ��� �� �� TPU

Table 3. Cooling Crystallization Properties of TPUs  

S a m p le  
c o d e  

C o o lin g  ra te  
(�/m in ) 

T p e a k 
(�)  

∆H c 
(J /g )  

S a m p le  
c o d e  

C o o lin g  ra te  
(�/m in ) 

T p e a k 
(�)  

∆H  c  
(J /g )  

P T 4 4  

2 .5  
5  

1 0  
1 5  

1 7 6 .5  
1 7 2 .8  
1 6 9 .1  
1 6 4 .4  

5 .7  
7 .6  

1 4 .9  
1 9 .6  

P G 4 4  

2 .5  
5  

1 0  
1 5  

1 7 5 .5  
1 6 8 .0  
1 6 2 .9  
1 5 4 .5  

8 .5  
9 .9  

1 2 .0  
1 2 .1  

P T 3 5  

2 .5  
5  

1 0  
1 5  

1 7 1 .9  
1 6 9 .8  
1 6 4 .1  
1 6 0 .1  

4 .1  
4 .6  
5 .9  
6 .0  

P G 3 8  

2 .5  
5  

1 0  
1 5  

1 7 5 .7  
1 6 2 .3  
1 6 0 .1  
1 5 3 .2  

6 .0  
7 .0  
7 .1  
8 .6  

P T 3 5  

2 .5  
5  

1 0  
1 5  

1 7 4 .1  
1 7 2 .0  
1 6 7 .5  
1 6 3 .1  

4 .5  
4 .5  
5 .3  
5 .9  

P G 3 5  

2 .5  
5  

1 0  
1 5  

1 7 0 .7  
1 6 4 .0  
1 5 2 .0  
1 4 1 .0  

3 .3  
4 .4  
5 .6  
4 .9  

P C 4 4  

2 .5  
5  

1 0  
1 5  

1 6 7 .5  
1 5 7 .5  
1 4 8 .7  
1 4 3 .4  

1 1 .4  
1 2 .4  
1 2 .5  
1 2 .7  

P A 4 4  

2 .5  
5  

1 0  
1 5  

1 6 5 .5  
1 5 9 .0  
1 5 1 .2  
1 4 1 .5  

9 .1  
1 1 .1  
1 2 .4  
1 4 .0  

P C 3 8  

2 .5  
5  

1 0  
1 5  

1 5 7 .5  
1 4 5 .3  
1 3 5 .0  
1 2 2 .5  

8 .0  
8 .7  
8 .8  
9 .0  

P A 3 8  

2 .5  
5  

1 0  
1 5  

1 5 5 .0  
1 4 6 .0  
1 3 2 .7  
1 2 5 .2  

7 .2  
9 .0  
9 .3  
9 .9  

P C 3 5  

2 .5  
5  

1 0  
1 5  

1 3 7 .8  
1 2 9 .0  
1 1 8 .0  
1 1 1 .0  

5 .2  
5 .4  
5 .5  
5 .7  

P A 3 5  

2 .5  
5  

1 0  
1 5  

1 4 5 .0  
1 3 4 .9  
1 1 8 .9  
1 1 0 .8  

6 .6  
7 .6  
8 .0  
8 .1  

Figure 5. DSC thermograms of PC44 at different isothermal cry-
stallization temperatures (�). (a) 160, (b) 163, and (c) 166.�
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Figure 6. DSC thermograms of PC44 obtained by heating at 10 �/ 
min after isothermal crystallization at different temperatures (�). (a) 
160, (b) 163, and (c) 166.�
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���, �29� �2�, 2005� �

� ��� ��� �
�� Tm� �� ∆Hc� �� ����.19 �� 

��� ��� �
�� ��� ��� 	�� ���� ��(tpeak)� 

�� ��� ���� �� �
�� �
 � � ��. TPU� �� 

��� ��� �
�� ���� �� ��� Figure 3�� ��� 

�� ��� ��� ��� ����, ��� ��� ���� 	� 

��� ����� 	�� �� ���� Tmax�� �� �����

� ���� ���� ��	� � � ��. � (1)� Avramic index 

�� PTMEG, PPG, PCL	 TPU� �� 3�5� ���	� PBA	 

TPU� 5 ��� ��� ���
�. Wunderlich� ��� ���

	� Avrami index �� 3�5� �� ��� ��� ��� �� 

5 ��� �� ���� �	� ��	 ��.11 TPU� ���� 

Table 4� ��
 �� �� Avrami index �� ��� ���� �

� ��� ��� ���� �	� ����. � (1)� K �� TPU

� ��� ��� �
�� ���� ���� ���� �
 �

��
	�, K �
 ��� ���� ��� � PTMEG	 TPU� 

PPG	 TPU�� ��, PCL	 TPU� PBA	 TPU�� �� ��

��. ��� ��� ��� ��� �� ��� ����� ��

��� ���� ���� ��� ��� ���� �	� � � �

�. Figure 9�� TPU� ��� ��� ��� ���� ��� �

�� �� �� �� ���� ���� Tm� ���
�. Figure 9�

� Tm� ��� ��� ������ 
��� ��� ��� ��

�� ��� ����� ���� ��� ��� ��� �� ��

� ���
� ����. Tm� �� PTMEG>PPG>PCL>PBA �	� 

�� ��
 ��� �� ���� ���� ��� ��� ��


 �� �� ��� ���� ��� ����� �	� ���

�. �, ���� ���� ���� ��� � ���� ���� 

�
�� TPU� ��� 
�� ���� ���� ��� ��, �

��� ���� �� ���� ���� �� ��� ��� ��

� �� ��� ����, ���� ���� ���� ���� 

��� ��� ��� ��� Tmh� �� ��
 ��� ���.  

Table 4. Parameters of Avrami Equation for Isothermal Crystallization of TPUs  

Sample  
code 

Tc 
(�) 

tpeak 
(min) 

∆H c 
(J/g) 

n K 
Tm 

(�) 
Sample  

code 
Tc 

(�) 
tpeak 

(min) 
∆H c 
(J/g) 

n K 
Tm 

(�) 

PT44 
173 
176 
179 

1.2 
1.8 
2.3 

8.8 
7.8 
6.1 

4.1 
4.2 
4.7 

3.2�10-1 
8.0�10-2 
1.9�10-2 

198 
199 
200 

PG44 
173 
176 
179 

1.2 
1.7 
2.3 

9.8 
9.7 
6.8 

3.9 
4.2 
4.9 

3.7�10-1 
5.6�10-2 
7.0�10-3 

202 
203 
203 

PT38 
173 
176 
179 

0.5 
1.1 
1.9 

4.9 
3.4 
3.4 

3.0 
3.2 
3.3 

2.9�10 0 
2.1�10 0 
6.2�10-1 

202 
206 
206 

PG38 
173 
176 
179 

2.0 
2.3 
2.8 

4.0 
3.6 
2.4 

4.0 
4.6 
5.1 

7.1�10-2 
1.4�10-2 
4.0�10-3 

205 
204 
204 

PT35 
176 
179 
182 

0.8 
1.5 
3.8 

4.4 
3.2 
2.5 

3.9 
4.0 
4.1 

8.5�10-1 
1.2�10-1 
2.8�10-3 

196 
197 
198 

PG35 
166 
169 
172 

2.1 
2.6 
3.3 

2.7 
2.8 
2.4 

4.7 
4.8 
4.7 

2.1�10-2 
6.0�10-3 
3.0�10-3 

199 
199 
200 

PC44 
160 
163 
166 

1.0 
1.5 
1.9 

8.9 
9.3 
9.1 

3.7 
4.1 
4.1 

5.8�10-1 
1.9�10-1 
4.9�10-2 

196 
197 
198 

PA44 
166 
169 
172 

2.4 
4.1 
6.0 

7.1 
6.7 
5.7 

5.3 
5.5 
6.2 

5.3�10-3 
3.9�10-4 
2.2�10-5 

191 
193 
195 

PC38 
150 
153 
156 

1.1 
1.6 
2.1 

5.6 
5.6 
5.2 

4.0 
3.9 
4.0 

3.3�10-1 
1.2�10-1 
4.2�10-2 

196 
193 
194 

PA38 
153 
156 
159 

2.5 
3.5 
4.2 

4.8 
3.9 
4.3 

5.1 
4.9 
4.9 

1.0�10-2 
2.0�10-3 
4.1�10-4 

185 
187 
188 

PC35 
133 
136 
139 

1.0 
1.2 
1.8 

3.8 
3.6 
3.1 

3.0 
3.1 
3.1 

5.1�10-1 
2.3�10-2 
8.1�10-2 

186 
185 
180 

PA35 
137 
140 
143 

3.5 
3.2 
2.2 

3.5 
3.2 
2.2 

3.2 
3.8 
4.6 

7.8�10-3 
1.3�10-3 
1.7�10-4 

175 
177 
178 

� �� �� �� �� �� �� ��

Time(min) 

�
�

�
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Figure 7. Relative crystallinity as a function of cystallization time for 
PC44 at (�) 173 �, (�) 176 �, and (�) 179 �.�
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Figure 8. Avrami plots of PC44 at various crystallization temperatures 
(�). (�) 173, (�) 176, and (�) 179.�
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4. ��  
 

���� ������ ��� ���� ���� ��� ��

� ��� �� ���� ��� �� ��� �����. ���

	� ��� �� ����� ��� ��� �
�� ���� �

�� �
�
�. TPU ��� ��� �
�� ���� ��	

� TPU ��� ��� ��� ����� PTMEG>PPG>PCL≥PBA 

�	� ���� ��� �
�� ���
�. ��� ��� TPU

� ���� ���� ��� ��� ���� �	� ���
�. 

�, TPU� ���� ���� ���� �
�� ���� ��

� ����� ���� ��� ���� � ���� �	� �

	� � �
�. �� ���� Avrami �
 ���� �	� �� 

���� TPU� Avrami index �� 3�5 ��� �
 ��� PBA

	� 5 ��� �
 ��� ��� �� �� ��� ��� �� 

�	� ���
�.  

 

��� ��� ��� ����� 
	� ���� ���� �

�� ��� ����	�, �� ������. 
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Figure 9. Effects of hard segment contents on Tm of TPU prepared 
from various polyols. (�) PTMEG, (�) PPG, (�) PCL, and (�) PBA.�
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