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1.����

 

�����(PE)�1 �� ���� �� ����� ��� �� �

�� �� ��� ���� ��. PE� ����, ����, ����, 

��� �� �� ���� ��� ��� ���� �� ��� 	

� ��� ��� ���� ��. ��, ���(crosslinking agent)� �

��� PE� ��
 ����� ��� ��� ���� ���� 

�� �� �� ��� � ��� �������.2-4  

�� ���� �� ���� ketone peroxide, peroxyketals, hydro-

peroxide, dialkyl peroxide, diacyl peroxide �� ����� �� ���

� ��� ��� ����
 ��� ��� �������� �

� ������ �� ������� ��
 ��� �� ���� 

���� �, ������, EVA, �����, ABS ��� ���� 

��.5-11 PE ��� �� ��� �����(LDPE)� �� ��� �

����(LLDPE)� ���� ���� ���� ���� ��� 

����	�.12-15 � ��� �� � ��� �� �� �� ��� �


�� ����� ��� ���� ����� � 	��� ��

��. ���� ��� �� LDPE� ���� ��
 ��, ���� 

��� ����
 �
�� �� �� ��� ��
 ���� �

�� ��� �� ��� ��� ��.16 ��� �����(HDPE)� 

LDPE� ��� ����� �� ��
 ��� �� ��� ��

�� ��� �� ��� �� ���� ����� ��. ��� 

�� HDPE� ���� �� ��� ���� �� ���� �� 

��� � HDPE� �� ��� �� ��� ������ ��.  

� ����� ��� HDPE� ��
 ��� 	� �� ���� 

HDPE� ���� ���� ���� �� ����� �� �� �

��
 ���� �� ��� �� ��
 ���� ���� HDPE� 

��� ��, �� ��, � �� ��� ���� ��� �� �

���������������������������������

�����������
�
����

�
�

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

��������������������������������	�
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��� ��� �����(HDPE)� ���� ���� dicummyl peroxide(DCP)
 perbutyle peroxide(PBP)� �� ��

�� �� �� �� ��� HDPE� �� ��� ��� �	
 �����. �� �� � ��� ��� �� ��

� �� ���� ��� ��� ��� ��� ���� ��� �� �� �� ��� �� �� HDPE� ���
 

��
 � �	�� � ��, HDPE� ����� ���� �� � ���� ��� ������ ��� ���
 

� � �	�. �� HDPE� HDPE� ��� ��� �� �� ����� �� ��
 ��� ��� ��� ��

�� PBP� ���
 	 � ����
 �����. �� HDPE� ��� ��� �� ���� 150 ��� �� 

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

 

Abstract:�Reactive melt processing has been carried out to investigate crosslinking characteristics of high density poly-
ethylene (HDPE) with dicummyl peroxide (DCP) and perbutyle peroxide (PBP). The increase of torque in the internal mixer 
indicated that the crosslinking in HDPE has been occurred by peroxides. As a result, the substantial decrease of density, 
melting temperature, and melt enthalpy were found while the melt viscosity increased in partially crosslinked HDPE. In the 
mechanical properties of partially crosslinked HDPE, the increase of maximum strength and the decrease in elongation at 
break were clearly noticed and these were more pronounced when PBP was applied as a crosslinking agent. It seems that 
the maximum strength was obtained with reactive processing temperature at 150 �, however, the mixing time did not 
affect to the strength of partially crosslinked HDPE. 
 

Keywords: high density polyethylene, reactive processing, crosslinking, peroxide. 
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���, �29� �4�, 2005� �

����.  

 

2. ��  
 

2.1 �� � �� �� 

� ���� ��� ��� �����(HDPE)� melt index(MI)� 

0.24� 	���(�) HDPE(P200A)� ������ ���� dicummyl 

peroxide(DCP)
 perbutyle peroxide(PBP)� ��� ������ ��

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

� ����
 ���� 	� Mettler�� ���
�(model : 

TGA-30)� ���� 150 ���� �� ��
 ���� 400 �

�� 10 �/min� ���� �� ��� ��� �����. �

� ��� �	� 5�10 mg�� ���. HDPE� ���
 	�� 

	�� HAAKE�� internal mixer(model : Rhomix 600P)� �����

� �� ��� �� ��
 �� 	�� ���� ��
 0.1�0.3 

wt%� �
���. ����
 ����� 150�165 �
 5�20�

�� �� ���� �� �� �����. �� �� �� � ��

� 	�
 ���� �
��� internal mixer�� �� 	
 ��

� ����� �� ��� ��� �����.  

2.2 �� HDPE� �� �� 

LLOYDE �� �����
�(UTM model : LR-10K)� ���� 

KS M 3006 ��� �� ����, ����, ��
 ������ 

�
��� ���� 	�� Rheometrics�� ���
�����(high 

rate impact tester model : RIT)� �����. �� ��� ���� �


��� ��

 ���� HDPE� ��� ������ �
 �

� Instron�� �������(model : Capillery Rhometer 3211)� �

��� ����� �� �����. ��� ��� HDPE� �

��
 ���� 	� Mettler� ������(model : DSC-822e)� 

�����. �� ��� �	� 5�10 mg�� ���� ���� �

�� 10 �/min� �� ��� ���� 200 ��� scanning ���.  

 

3. �� � ��  
 

3.1 ��������������������� 

Figure 2� 150 ��� HDPE� �� �� �� � internal mixer �

�� ��� �� �
 ��� ���� ��
 ��� �� ���

	�. �� ��� �� �� ��� HDPE ��
 internal mixer� �

�
 � HDPE� � ��� ���� ��� �� ��� ��

�� ��� HDPE� �� ���� ��� ���� �� ��� 

�
� ���
 � � ��. ���� ���� �� HDPE
� �

� ���� ���� mixing �� 3� ���� ��� �� ���


 ��� ��� ��� ���� ��� ����� �� ���	 

��
 � ��. ��� ��� DCP
 PBP� ���� HDPE� 

���
 ����� �� ���� �� �
 ���� HDPE� 

�� ����� ���� ��� ���� ����. ��� �� �

� ��� ��� ���� ��
 ��� �� �� ���� mixing 

��� 8�10�� �	
 � ��� �
 ��
 � ��. �� 

Figure 2(b)�� �� �
 � DCP� ��� PBP� ���� ��

�
 0.2 wt% ��� 	 �� �� � �
 � � ��� �� PBP

� DCP� ��� �� ��� � ��
 ����. ����� HDPE

� �� ��� ��� ����(RO-OR)� �� �� O-O �� 

��� ���� �� �� ��	 ��� ���� HDPE
 ��

� ���� -CH2-� �
�� �� ���
 ���� ��� �

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

� PBP� 	 �� 	�� 
���� DCP 	 	�� ���

� �� �� ��� PBP� DCP� �� � bulky� ���� ���

� ��� �� � HDPE
 �	 ��� ��� PBP� ��
 	

 DCP�� �� ��� � � ����	 ��. PBP� 	 DCP


� �� ���� ��� ����� �� mixing ��� �� �� 

C

CH3

CH3

O O C

CH3

CH3  

(a) DCP  
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Figure 1. Chemical structure of peroxides used in the study. 

Figure 2. Torque variation in the course of HDPE mixing with crosslking 
agents as a function of processing time at 150 �. (a) DCP and (b) PBP. 
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��� �
 ���� �� PPB� DCP� ��� �� ��� �

�� HDPE� ��� ��� ���� �� ��� � ���� �


 �� �� ���� ��� ���� ��� ���� ��� �

	�� ����.  

Figure 3� DCP
 PBP� ��(���� 10 �/min) � 150 ���

� �� �� TGA 
�
 ���	�. ���� �� �
 � 

DCP� 	 165 ��� ��� ��� ���� PBP� 	 172 �

�� �� ��(50% ��)� ���
 � � ��. 150 � �� 
�

� 	 ���� �� �
 � DCP
 PBP �� 3��� ��

� ���� ���� DCP� 	 13� � 80%, PBP 15� � 60%� 

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

internal mixer� ��� ��� �� 10� ���� ���� ��� 

����� � ��� �� ��� HDPE� ���� �� ��� 

Figure 2��
 � �� �� � �� ���� ��� ���
 � 

� �	�. ��� ����� HDPE� LDPE� ��� �� ��� 

�����  ��� ����� ��� ��� ���� ���

� ��� ����
 �� �� �� ��� ���
 ��
 � �

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

� mixing ��� ��
�� viscous heating� �� �� ��� ��

�� �� �� ��� ���� ��� ��
 � ��.  

3.2 �� ����� �� �� 

�� �� ��� ��� HDPE� �� �� ��� ����
 

���� 	�� �� �� � HDPE� ��, ��� ��� �� 

��
 ���� Figures 4�6� ���	�. Figure 4�� �� �
 

� ���� ��� ��
�� ��� ���
 ��
 � ��. 

��� ��� DCP� ���� ��� PBP� �� � �� �� �


 � � ��. �� �� ��� �� HDPE� �� ��� ��� 

���� HDPE� �� ��
 ���� � ��, �� �� � ��

��� ��� ��� HDPE� ��� ���	 ��. � ���� 

��� ����� �� ��� ���� ��� ��� ���	 �

 
 
 
 
 
 
 
 
 
 
 
 
 DCP  PBP 

(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 DCP  PBP 

(b) 

Figure 3. Thermal degradation of peroxides used in this study. (a) dynamic scanning(heating rate 10 �/min) and (b) isothermal scanning at 150 �. 
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Figure 4. Effect of partial crosslinking on the density of HDPE(processing 
condition: 150 �, 40 rpm , 10 min). 
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���, �29� �4�, 2005� �

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

PBP� 	 �� ��� �� DCP� ��� HDPE� ��� �� 

��� �� ��� PBP� ��� HDPE� ��� � ���
 �� 


 � ��.  

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

�� �
 � ��� �� ���� ��� �� ���� ��� 

��
�� ����
 ������ ���
 � � ��. �� �

��� �� �
 � ��� ��
� �� PBP� ��� ��� 

HDPE� DCP� ��� ��� HDPE� ����
 ������ �

��	 ��� ���
 ���. �� �� ���� ��� �� �

���� ��� ������ ��� � ��	 �	
 ��� 

����.  

Figure 6� DCP
 PBP� ��� �� ����� ���	�. �

��� �� �
 � ��� ��� ������ ���� ��

�� ��
 ������ ����� ���
 � � ��. �� �

��� ��� ��� �� ��� HDPE� ���
 � � ��� 

��� �� ��� HDPE� �� ��
 ���� �� ��� ��

�
 � � ��. ���� ��� 0.2 wt%��� ��� ��� ��


 � ��� � �� ����
 	 ��� ��� �� ��
 

� � ��. ��� ���� ��� �� ��� �� ��  �

��
 � � �	�.  

3.3 ���� �� � ����� �� ��� �� 

�� �� ��� ��� ��� ���� 	 ��� HDPE� �

�� ��� 
��� �	
 ���. Figure 7� DCP
 PBP� 0.1

�0.3 wt% ���� �� �� ��� ��� ������ ��� 

��
 ���	�. ���� �� �
 � ���� ��� ��

� ��� ��� ���
 
 � ��. ��� � 	 �� ���

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

��� HDPE� ��� ����� �� ����. DCP� 150 �

�� 0.2 wt%� ����
 � �� �� ����� ���� �


 � � ��� �� PBP� 160 ��� 0.3 wt%� ���� ���

�
 � �� �� ����� ���
 � � �	�. �� �� 

150
 160 �� Figure 3(a)�� �� �
 � �� �� 10 �/min�

� ��� ���� 30% ��� �� ����. � �� ����


 ��� �� ��� ��� �� �� ��� �� ���� ��

� 30% ���� ��� ���� 	 HDPE� �� �� ��� 

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

�� ����� �� HDPE� ��� ��� ��� ��� �	

��� �� ����
  ��� ��� ��
 � � ��. 

Figure 8� ����� �� ��� ������ Figure 7�� ��

�� ���� ��� �� ��� ����� � �� �� ��

� ��
 ���� ��
 �	�� �����. ���� �� �


 � ���� ���� �� ��� ��� ������� �

��� ���� ��� ��� ������ ����
 ����� 

� ��
 � � �	�. ��� ����� �� ��� �� �

�� �����
 ��
 	
 ���	 �� ��� �� ��� 

Figure 5. Thermal properties of crosslinked HDPE : (a) melting tem-
perature and (b) heat of fusion(processing conditions: 150 �, 40 rpm, 10 
min). 
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Figure 6. Melt viscosity of partially crosslinked HDPE at 150 � : (a) 
HDPE with DCP and (b) HDPE with PBP(processing conditions : 
150 �, 40 rpm, 10 min). 
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������ ��� �� 
�� �� ���� ���� ���� 

�� ����� ��� � ��� ��� ����� ��� ��


 ��� ���� ��� ��� ��� ���
 � � ��. 

Figure 9� �� �� ��� �� �� �� HDPE� ��� �� �

�� ���	�. ���� �� �
 � �� ��� 5�10���

� ����� ����� 10� ��� �� �	 ���� ��
 

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

�� 10� ����� ����� ����. ��� ��� ����

� ����� � ���� 		
 ��� PBP� 	 � �� �� 

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

� ��� ���. ���� �� �
 � ���� ��� ���

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

� �	�. �� DCP� ��� PBP� � ����� 	�
 �


��� � ��
 � � �	�. HDPE� ����� ���� HDPE 

��� ���� ����� ���� ��� 	�� ���	 �� 

��� 	�� ��� �
��� ��� ��� ��. ��� ��

��� ��� ������ ��� ����� �� ��� �� �

�� ������ �
� �� ����� ���� ���� ��

 
 
 
 
 
 
 
 
 
 
 
 

(a) 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
 
Figure 7. Effect of processing temperature on mechanical properties of partially crosslinked HDPE. (a) HDPE with DCP and (b) HDPE with PBP. 

Figure 8. Enhancement of mechanical properties in crosslinked HDPE. (a) max. strength and (b) elongation at break(processing conditions : HDPE ;150 �, 40 
rpm, 10 min, HDPE. with DCP 0.2 wt%; 150 �, 40 rpm, 10 min, HDPE with PBP; 0.3 wt%, 160 �, 40 rpm, 10 min). 
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���, �29� �4�, 2005� �

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


 � �	�. ��� ��� ��� ��� ��� ������ �

�� ��� ��� �� ��
 � �
 ��� ����.  

 

4. ��  
 

� ����� ���� ���� ��� HDPE� �� �� �� 

� �� �� � ���� ��� ��� �� ��� ��� HDPE

� ��� ��� �	
 ���� ��� � �

 �
 � �

	�.  

1) ����
 HDPE� ����
 	, internal mixer �� �� �

� ��� ��� HDPE� �� �� ��� ���
 � � �	�. 

��� ��� ��� �� �� ��� ���� ��� ��� �

	��� ��� �� ����� PBP� DCP� ��� �� ��� 

� � ���
 ��
 � �	�.  

2) �� �� HDPE ������ ��� �� �� ����� �

�� ��� ����� ���� HDPE ��, ���� ��� �

����� ��� ���
 ��
 � �	�. �� ��� ���

Figure 10. Mechanical properties of partially crosslinked HDPE. (a) harddness and (b)impact strength(processing conditions : HDPE ;150 �, 40 rpm, 10 min, 
HDPE with DCP 0.2 wt%; 150 �, 40 rpm, 10 min, HDPE with PBP; 0.3 wt%, 160 �, 40 rpm, 10 min). 
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Figure 9. Effect of processing time on mechanical properties of partially crosslinked HDPE. (a) HDPE with DCP and (b) HDPE with PBP. 
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�� ��� HDPE� ���
 ���� ����� ���
 � � 

�	�.  

3) �� �� HDPE� �� HDPE�� ��� ��, 	�, �
��

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

��� ��� ���� ��� �� ��� �� �� �� �� 

��� ��� ��� ��� ���� ��� ��� �� �� �

��� �	 �	
 �� ��
 � � ��.  

 

��� ��� ��� �
�� ��
 �� ���������

��	 ���� ���� ���	�� �� ��� ��	�.  
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