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1.����

 

������� �� ��� �� ��� �� ��� ��� ��, 

���� � ���� ��� ���, �� �� ���� ��� �

� �	� ��� ��. ��� ������� ��� ����� �

���� �� ��� ��� �� ����, 	� �� 
�� ��

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

� �� �� ��� ���� 
�� ����� � ��� �� �

������ �
��� ��� 	����. ��� ������ 

����� ��� ����
1-3 ��� ����� ���(EPS) � �

���� ���(EPU)� ���� �� ���� �
 ��� ��

� ���� 	�� �� ������ 
� ���� ��, �	 �

���� VOC ��, �
� 	� �� �� �� ���
 ��
4 �

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

�� �� ��.5 �� 
��� ���� ��� ��� ��� �� 

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

�� ����� �� �� ���� ��� ��� ���� ��� 

container� ��� �������, ����� �� �	�� ��� 

��� �� ���� �� �� ��� container� ��� ���� 

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

���� �� �	�� �� ������� �� ���� �� 

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

����� �� �	�� �� ��� ��� �� ���� �� �

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

����������������������������
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��� ������ ���� ��� polypropylene-polyethylene-(1-butene) ��� ��� �� ��� ��� ���� 

���� �� ���� ���� �
 ��� 
�� DSC(differential scanning calorimeter)� �	 ���� ���� 

������, ��� ��� Avrami �� ���� �����. ���� ��� �� ��� ����� ��� �

� ���� �� � �� 	� ��� �� nucleation density �� � �� �� 	�� � ��� �
����, �� 

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

��� 	�� ����. ��, �� �	 ���� �� 30 µm ��� ��� closed cell ��� ���� ��� SEM

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

���� ����� �
�� 	� � � ���. 

 

Abstract:�This study investigates the isothermal crystallization behaviors of polypropylene-polyethylene-(1-butene) 
terpolymer and the adiabatically expanded polyolefin structured foams. For this purpose, butane gas was used as a physical 
blowing agent. Avrami equation has been used to interpret theoretically the experimental results obtained by either DSC or 
polarized optical microscope. It is believed that elongation induced crystallization occurring during the adiabatic expansion 
process has resulted in an increase in crystallization rate, eventually leading to a faster growth rate of spherulites and an 
increase in the nucleation density. An analysis of the foam by SEM images showed that the structure of foam is uniform 
(below diameter 30 µm, closed cell) In addition, the thermal conductivity and the compressive strength of the polyolefin 
structured foams was measured. The thermal conductivity of foamed resin with excellent insulation characteristics is 
reduced compared with unfoamed resin. The compressive strength is decreased with increase in the expansion ratio. 
 

Keywords: crystallization, adiabatic expansion, elongation induced crystallization, thermal conductivity, closed cell. 
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���, �29� �6�, 2005� �

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


� 

� ��, ���� ���, ���, ���, ����� ��

� 
��� ��, ��, ����� ����� �� ���� ��

�, �� ���
� �� ���� ����� ��� ��
 � �


 ���� �� ��� ��� �� ��.6  

��� �� �� ����� � ����� ����� ���� 

���� ���� 
� �� ���� 
� ����7 ����� �

�� ���� 
� ������ �� ���� ��� �� ���

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

��� ������ ���� �	� ��� �� ��� �� �

��� ���. �� ��� ��� �� ��� �� ���� ��

� ��� ��� ��� ���� 
� �� ������ ���

� ��� 
� � �	 ��� �� ��� �� �����. 

����� ���� ������ 	� �	���� ���� �

���� ���� �� ��� ��� �� ��� �� ���� �

�� ����� ��� ��. ��� ���� �	��� ��	, 

�� ��� ∆T�Tm�Tc 
� �� ��� ����� ����� �

�� �	� �� ��� ��� ���� �� ����� ��.8 

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

� �� � ��� 
�� �
� ���� 
��� ��� ����

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

��� � ��. ��� � ����� ������ ������ 

����� ���� ��� 	�� ��� 
�� ��� � ��� 


��� ��� ���/����� �	-���� ��� 	����.  

 

2. ��  
 

2.1 �� 

���� ��� ������ ������� polypropylene-poly-

ethylene-(1-butene) �� ����� SEP-740(���	(�) ��)� �

����, � 	�� ethylene unit: 3wt%, 1-butene unit: 2.5%, propylene: 

94.5%� ����. ���� �� ����� SEP-740��� autoclave 

��� ����� ���� ���� 	�� �� �� ���� �

���� �����. 

2.2 ��� ��  

� ���� ��� polypropylene-polyethylene-(1-butene) �� ���

�� SEP-740 ��� ����� ����� ���� �� ���� 

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

10 �/min �
 	�� DSC� ���� �� � 138 ��� ��� 

�� 
�� ����� ����� ���� ���� ���� �

� ��� �	 
���� 	� � �� 
��� � ��� �� 


�� ���� ��� ��� ��. �
 �� ��� ��� �� poly-

propylene-polyethylene-(1-butene) �� ����� �� ��� Mettler

�� DSC 30(�
 cell)� ���� ������, pellet ��� ��

�� SEP-740� �� �� 80 ��� 24�� �	� �, �
���� 

200 ��� ��� �, ��� ��� 
�� 200 ��� 5�� ��

�� �, -80 �/min� 	�� ��� ��� 
�� 100, 103, 105, 107 �

�� �� �����. ��� 
��� ������ �� �� 


���� ��� 	�� ����. ���� ����� �� �


���� 200 ��� ��� �, ��� ��� 
�� 200 ��� 

holding time� 5�� 	��� ��, -80 �/min� 	�� ��� �

�� 
�� 100, 103, 105, 107 ��� �� ���� � �����

� ���� �� 
���� ��� 	�� ����. 

��� ��	�� ���� 
�� OLYMPUS BH-2 �	���� 

METTLER FP90 (Central processor)� METTLER FP82HT (Hot stage)� 

����. 	��� 	��� ��� �� �� 	��� � 
� �

� �� 25 ��� 200 ��� ��� � 200 ��� ��� �� �

���� ��� ��� ��� 
��� ���� � ��� ��

��.  

���� ����� ��� � ��� ��� ���� 
� Waters 

Corperation� �
 GPC/V2000� ������, ��� ��� 0.05�

0.1 mTorr �	�� 7 mA� 
�� 5�� gold sputtering� � SEM 

(Hitachi SEM S-2500C)� ���� �� �	�� ��� �����. 

�� ���� ����� ���	� ���� 
� XRD(Rigak Denki 

D/MAX 2000, 40 Kv, 100 mA)� ������, ����� ����� 

�
� steam� ���� �� ��� ��� 60 ��� 48�� ��

�� � ��� 30 mm(��)�30 mm(
�)�25 mm(��) ��� �

� � Mathis TC-30�� �����, ����� JIS-K6767 ��	


� �� ��� ��� ��� Hounsfield H5KS� 25% ���� �

����.  

 

3. �� � ��  
 

� ���� ��� polypropylene-polyethylene-(1-butene) �� ��

��� SEP-740 ��� ����(semicrystalline) ����� ��� 

��(matrix) �� �� �	� ���(amorphous) �	� ���� �

	� ���. ��� ��� ���� �� �	� ��� �� ��

�� ��� � 
� 	�(diffusivity) �� ��� �� �� �� �

�� 	�� �� ��� �	 � ���(crystallinity)� ��� ��

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

�� �� ��� 	�� ���. ����� �� �� �� 
�

� ����� ��� 	� ��� �� ��� �� 
��� � 

12 � �� �� 
�� 150 � �
�� � ��� �� 
�� 

����. �� �� �� �� ������ ������� �� 

�	� ��� 	� ���� �	� ���� ��� � �	� �

�� ��. �� 2�� �� 
� ��� �
 
�� �� ���� 

���� ��� ��, �� ��� �� 	��� �
 
�� ��

�� � ��� ��� �� ��� 	�� �� ��. Figure 1�� 

(a)� (b)� �� �� ��� ���� DSC� ��� 1� �
� 2� 

�
 ��� ���� ��.  

��� polypropylene-polyethylene-(1-butene) ������� DSC

� 10 �/min� �
 	�� ����� � � 138 ��� broad� �

� �� 
�� ����� ���� ��� DSC� 10 �/min� 

�
 	�� ��� �� �� �� 
�� ���� ��� � �

�. �� �� 
�� 138 � �
� pre-expansion ���� �
�

� ���� ��� ��� ��� ��� ������, � 
��

� ���� 
� �� �� ������� ��� �� ��� 

�� pre-expansion����� ���� �����.9  

Figure 2� ����� ���� ��� ��� 
���� DSC� 

��� �
 ��� 
�� ��� 	��. Figure 2 (a)� (b)�� �

�� �
 ��� 
�� ����� ��� ��� ���� � � 

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

���.  

���� ��� ��� ����� reduced crystallinity� ����
10 

�� t�� ����� reduced crystallinity(conversion), X(t)� � (1)� 

�� ����.  

 

X(t)�a/A                                                      (1)  

 

��� a�t�0�� t�t��� DSC curve� ��  

A�DSC curve� �� ��  

 

����� ���� reduced crystallinity(conversion), X(t)� ��� �


 ��� 
�� � (2)� Avrami �� ���� 	����.11   

 

X(t)�1-exp (-Ktn)                                              (2)  

 

���� K� ��� 	���� ��� n� Avrami exponent� �

��� � (2)� 	�� double logarithm� ��� � (3)� ����.  

 

ln [-ln (1-X(t))]�ln K�n ln t                                    (3)  

 

� (3)� ��� Avrami plot� ���� ������ �� Avrami 

exponent n
(Avrami exponent� ��� �� ��� demension� �

� type� ��� � ��.12)� ��� 	��� K 
� ����. �

� ����� ���� Avrami plot� Figure 3� �����. 

��� �� ��� ��� 
� 	� �� K� � (4)� ��� 

�� ��� � ��.13,14  
 
K�ln 2/(t1/2)

n                                                   (4)  
 
��� t1/2� ��� �� ��� ���, �� ��� 	� 50%� 

��
� �� ��� ����. 

���� ���� ��� ��� �� ��� �� ���� �

����� ��� 	��� 
� ��� ��� � � ��� ��

�� ������ � �� ��� �� ��� ���, �� ���

� �� � �� ��� ���� ��� 	� ���.  

����� ���� �
 ��� 
�� 	���� � least square 

method� ��� Avrami plots�� �� Avrami ��� ����� K 


, �� �� 
, �� �� 	�� ��� G 
 ��� nucleation 

density� ��� Table 1� �����.  

����� ���� ��� 	� �� K 
� ��� �� ���

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

������ � 	� ����. Avrami exponet 
� ����� 
� 

3� 
�� 	� � � ��. ����� �� ��� 
�� ���

�� n� 
� 3� 
���� 	� �� 
�� ����� chain 

mobility� ��� �� ��� 3�� ���� ��� ����� 	

� ���� ��. 

�	 ���� ��� �� ��� 
���� �� ��� ���

H
ea

t f
lo

w
(<

en
do

) 

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

Temperature(�) 

(a) 

unfoamed resin 1st heating
unfoamed resin 2st heating

foamed resin 1st heating
foamed resin 2st heating

H
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w
(<
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do

) 

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

Temperature(�) 
(b) 

Figure 1. Thermal transition behaviors of unfoamed resin and foamed 
resin. (a) unfoamed resin and (b) foamed resin. 

Figure 2. DSC isothermal crystallization thermograms. (a) unfoamed resin 
and (b) foamed resin. 
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���, �29� �6�, 2005� �

� ��� �� 	�� G 
� �� � ���. ����� �� �� 

	�� �� �� 
���� �� 	�� � ��� 
�� ����

� ��� �� 	�� �� ���� 	� � � ��. ���� 

�� 	� 	� �� 
���� �� 	�� � ��� 
�� �

���� ��� �� 	�� �
�� 	� � � ��. ���� 

����� ��� �� 	�� ��� �� ���� �� �� 	

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

��� �� 
���� ��� ��� �� ��� � �� 	��

�� 	� ���� � ��� �� �� ��� ����� ���

� �� ��� �	� �� ���� ��� ��� ��� �� �

�� ��� ��� ��� 
�� ����� ���� �� �� 

�� chain mobility� ��� �� � ��� �� �� ��� �� 

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

�� � �� 	� � ��� �� �� �� ����� �� 	�

� Figure 4� ��� �	 ���� �� �	 ���� ��� � 

���. 

Figure 4�� (a), (b)� �� 107 ��� 120, 210� ��� �� �� 

�� ����� �	 ��� ����, (c), (d)� �� 107 ��� 160, 

210� �� �� ���� �	 ��� ��� ���� ��.  

����� �� ��� �� 	�� ���� �� ��� �� �

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

��� ����� �� ����. ��� ���� �� �� ��

� ���� �� ��� ��� �� ����� �� 
� ��� 

��� ��� ����� �� ��� �� ��� �� ����� 

��� �� ��� �� �	�� ��� ������ �� ��� 

�� ��� ��. 

3�� ��� nucleation ���� ��� ��	�� ����� �

��� ��, �� ��� nucleation density N(number of nuclei/cm3)� � 

(5)� ��� ��� � ��.  
 
N�3K/4πG3                                                   (5)  
 
���, G� ��� �� 	���, DSC ���� ��� K 
� 

�	 ���� ��� ��� ��� �� 	�, G 
� 	��� 

��� ��� 
�� �� �� ��� ��� � ��. ��� 

nucleation� �� ���� ����� ��� ��(viz., n�3) �


� 	� �� K′� � (6)� ��� �� � ��.15  
 

n/3
exp

3 )(
3

4
KNGN ≅=′                                         (6)  

 
���, Kexp 
� ����� ��� 	� ��� ���. 

Table 1. Estimation of the Number of Effective Nuclei for Unfoamed 
PP Copolymer and Foamed PP Copolymer at Various Crystallization 
Temperatures 

 
Temp. 
(�) 

Rate constant 
K(sec-n) 

Avrami 
index 

n 

Half time 
(sec) 

Growth rate of 
spherulite 
G(µm/sec) 

Number of  
nuclei (/cm3) 

100 1.11 * 10-4 2.20 54.68 0.99 1.22∗106 
103 3.43 * 10-5 2.24 86.13 0.63 9.64∗105 
105 1.00 * 10-5 2.32 124.41 0.46 8.34∗105 

Resin 

107 9.38 * 10-7 2.58 192.18 0.29 7.96∗105 
100 4.26 * 10-4 2.10 34.57 1.0 3.65∗106 
103 1.32 * 10-4 2.11 59.37 0.66 2.48∗106 
105 5.60 * 10-5 2.14 84.37 0.49 2.14∗106 

Foam 

107 1.17 * 10-5 2.21 145.31 0.30 2.00∗106 

 

�

	�

	�

	�

	�

ln
[-

ln
(1

-X
(t

)]
 

��� �� �� �� �� 
� �

ln(time) 

(a) 
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��
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	��

	��
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� ��

ln(time) 

(b) 

Figure 3. Isothermal crystallization kinetic data : Avrami plots. (a) unfoamed 
resin and (b) foamed resin. 

   
 (a) (b) 
 

   

 (c) (d) 
 
Figure 4. Polarized optical micrographs of unfoamed and foamed resin. 
Unfoamed resin : (a) at 107 �, 120 sec and  (b) at 107 �, 210 sec. 
Foamed resin�(c) at 107 �, 160 sec and (d) at 107 �, 210 sec. 
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� (4)�� 	� �� K� � (6)� ��� �� � �
�� ��

����, �� corrected rate constant, K'��
16 ��.  

��� �� 	� G� � (7)� ��� ����� � ��.17,18  
 

)
*

(lnln
KT

F

KT

E
GG o

∆+∆−=                                     (7)  

 

��� ∆E� the free energy of activation,  

∆F� the free energy of a surface nucleus of critical size,  

K� Boltzmann constant��.  

��� ����� ���� ��� ��� �	 ���� �� �

�� �
 ��� 
��� �� � ��.19,20  

��� �
 ��� 
���� �� �� 	� G� ��� �� �

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

� 	�� 
�� 	��� ��� ��� 	��.  

� (7)�� ln Go� (�����
*)/K� Figure 5 ��� ��� ����

� ��� ���� ��� � ��. � (7)� Figure 5� ���� �

���� � (8)� �� � ���.  

 

�����ln [G] (µm/sec)�-65.84�24.56* ]10
)(

1
[ 3∗

KT
 

����ln [G] (µm/sec)�-64.89�24.22* ]10
)(

1
[ 3∗

KT
            (8)  

 

� (5)� � (6)�� ��� G� K′� ���� ����� ���

� �� ��� ��� � �� ��� �
 ��� 
��� ��

� N 
� ��� ���� � ��.  

Table 1� ��� number of nuclei(/cm3)� ��� 
�� �� N 


� ��� ��� 	�� ��� 
�� ����� �� ��� 

�
�� 	� � � ��. �	� ��� ��� �� 	��� 


����� �� ��� 
��� �� 
� ����� ����. 

�� �� ��� �� ���� �	� ��� �� �
�� ��

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

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

� ��� ������, �� �
� ��� Hong �� ��� ��

���.16,21,22  

Figure 6� ����� ���� XRD ����.23 �� �� SEP-

740 ��� XRD 
�� ����, �� � PE� (110) ��� �
�

� 21.3° 
�� ��� PP� ��� �
�� 21.3°�� � ���. 

�� �� ���� PE �	� ���� ��� �
���� ��

��. � �� PE �� ��� �	� �������, Figure 1� �

�� 	�� DSC ���� �
 �� 
�� 134.8 �� �� PE

� �� 
�� �
���� ����.  

PE� PP� ��� 	�� ���� PE� ��� 	�� PP� ��

� �� ���. ��� ������ ������� �� ��� �

� �� ����� PE� PP� ��� ����� ��� ���� 

�
����, � �� ��� ���� ��� ���� �����

� �� �� ���� PE� (110) ��� ���� ����� � �

� ��� 	�� ����.  

�� ��� SEP-740 ��� XRD 
�� �� ��� ��� ��

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

	� Figure 4� �	 ��� ��� ���� �� �� ����

�� ������� �� �� �� � �� �� �� 	�� �	

�� ���� �� �� ��� ���� ����.  

Figure 7� �
 GPC� ��� ���� ���� ��� ���� 

���� ��. ���� Mn� 55600, Mw� 266900, Mw/Mn� 4.80�

�, ����� Mn� 55840, Mw� 263200, Mw/Mn� 4.71� ����

� ���� ���� ��� ��� 
� �
��. �	� ��� 

�� �� ���� ��� 	� ��� GPC ���� ��� �� 

�� �� �� �� ��� �
� �� ��� 	� ����� �

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

� ���� �	� ���� ��.  

Figure 8� ����� ��� ��� ���� �	 ��� 	��

� �� ���� � 75���. ���� ���� ��(m)� ��� 

� ���� �� ���
�� ��� �� ��� �� � ��� 

�
(v)� ���� ��� ��(�′�m/v)� ���� �� ��� �

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

� ��� �� ��� �	�� �
��� ��� ��. ��� �

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

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

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

	��� �� �� ���� �� �� �� ���� �� ���Figure 5. Relationship between ln [G] and 1/T�103. 
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Figure 6. XRD diffraction patterns of polyolefin resin and its foam. 
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���, �29� �6�, 2005� �

� ����.  

Figure 9� ���� ���� �� �	�� ��� ��� open cell

� �� �� 30 µm ��� ��� closed cell �	� ��� � �

��� ��� ��� ��� � 		� ���(polyhedron) ��� 

�� ��. �
 �
 �� �� �� �, � ���(cell number density)

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

�� �� 	� ��� �� 	�� ����.24,25  

����� �� 	�� �� � ���� ��� ��� 	�(ho-

mogeneous mucleation rate) Nhom ��� ����.26,27  
 

)/exp( homhom kTGCFN oo
∗∆−=  

2

3

hom
)(3

16

satP
G

∆
=∆ ∗ πγ

 

��� Co� ��� �� �� ��� ��, fo� frequency factor, 

∆G*
hom� Gibbs free energy, k� Boltzman ��, T� �� 
�, ∆P sat� 

�� �	, γ� �� �	��.28,29 ��� ���� �� ���� �

��� �� �	� ������� ��� 	�� �� �	� �

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

�	� ����� �
 �
 �� �� ���� �� �� �� �

�� ����� � �� ����� ��� ��� 	� ��� �


�� ��. ��� ���	� ���� � �� �� 
���� 

� ��� � �� �� 	�� ��� �� �
 � ��� ���

�� ��� ��.30  

Figure 10� ����� ���(���� �� � ��) ��� �

���� ��� ����. ����� ��� ���� ��� ��

�� ��� ���� �� 75�� ���, 45�� ���� ���

�� ���� �� �� ��� 75�� ���� ����� 0.0323 

kcal/mh���, ��� 45�� ���� 0.033 kcal/mh� ��� ��

�� ��� 0.184 kcal/mh�� ���. ���� �� ��� � �

���� ���� �� ���� ���� �� �� ���� �

���� � 
� ���� ��.  

EPS� �� ��� �����(50 kg/m3�� �	) ��� �� 

��	� ���� ��� ����� ����.4 ��� ����� 

 

(a) 

 

(b) 

Figure 9. SEM images of foaming particle section. (a) 50 magnifications 
and (b) 100 magnifications. 
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Figure 7. Molecular weight and molecular weight distribution between 
unfoamed resin and foamed resin using GPC apparatus. (a) unfoamed 
resin and (b) foamed resin. 

 

Figure 8. Foaming product manufactured by butane gas as a physical 
blowing agent. 
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�� �	�� �� ��� ����� ����� �
��. �� 

��� �� ��	�� ��� �� ��	� �	� � �� ��

� 	�� ����, �� �� ��� ��� ����� ���� 

���� �� �	� ���� ��.31,32 �� �� � �� 	� �

��� ��� ���� ����� ��� ����� ���� �

�	� ��� �� 
� ��� ����� ���� ��.  

Figure 11� ���� �� ����� ���� ��. ���� � 

���(��� 75�)� ����� 0.46 kg/cm2
�� ���� �� 

���(��� 45�)� ����� 0.8 kg/cm2
� 
� ���. ���

� �� 	�� ���� ��� ���� � 
� ���� �� �

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

 

4. ��  
 

DSC� �	 ���� ��� polypropylene-plyethylene-(1-

butene) ������� ���� ����� ��� � �� �� 

	� �� ��� 	�, XRD� ��� �� �	, GPC� ��� �

�� � ��� ��, ���� � ���� �� � ���� ��

��� ��� ��� �����.  

1) ��� 
� 100�107 � ���� ���� ��� 	�� �

���� ��� 	��� ���, ����� ��� ����� 

� 3����� 
��� ���� ��� � � ���.  

2) �� ��� ���� ������ �� � 
�� � � �

��� �� �� �� �� � 
� ��� ������ ��� 

����� �	� ��� �� �� �
� ��� �� ��.  

3) GPC� ��� ���� ����� ��� � ��� ��� 


� �� 	�� �� ���� ��� 	� ��� ��� �
� 

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

�� ���� ��.  

4) XRD �� �� �� � PE� (110) ��� �
�� 21.3° 


�� ��� PP� ��� �
�� 21.3°�� � ���. �� �� 

���� PE �	� ���� ��� �
���� ����, ��

�� XRD 
� �� ����� ��� � �� 	� ���� �

�� ��� 	� ����.  

5) ��� ��� open cell� �� �� 30 µm ��� ��� closed 

cell �	� ��� � ���� �� ��� ����� 	� 


�� � ���.  

6) ���� �� ����� ���� �� �� ���� ��

��� � 
� ���� ���, �� ��� �� ��	�� ��

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

� ���(��� 75�)� ���� �� ���(��� 45�) ��� 

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

 

��� ��� ��� ���������� ���� 21
� ��

�� 
�� ���� ���� �
����, �� XRD ��� �

�� �� ����� ����� ��� ���� ������.  
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Figure 10. Thermal conductivity of polyolefin structured foam with 
various foaming ratio. (a) foamed resin (foaming ratio 75 times), (b) 
foamed resin (foaming ratio 45 times), and (c) unfoamed resin. 
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Figure 11. Compression strength of polyolefin structured foam with 
various foaming ratio. (a) foamed resin (foaming ratio 75 times) and (b) 
foamed resin (foaming ratio 45 times). 
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