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1.����

 

���6(N6)� �� �� ��, ���� � ������ ��� 

�� � �� �� ���� �� ���� ��.1-3 �� N6� ��

��� ����� �� 	�� ��� ��� �� ���� 	�

�� ��� � ���� ���� �� ����
 ���� ��

�� �� ���� ��. �� ��� ��� �� N6� ��� �

�� ���� ����� �� prepreg
 ��� melt impregnation 

process�4,5 
�� ������ ��. N6� ��� melt impregna-

tion process�� 	���� ���� 	 �
� ���� ��
 

���� �� ��� �����
 ����� �� ���� �

�� ��� ����� ������ ��.  

N6
 � ��� ���� ����� ��	�
 ��, ���


 �� ��� ���� �� �� ��� �� ��� �� � 

���� 
� � �� ��� ��	 � ��. ��	�� 
� �

 �� ��� �� 	�� ���� impregnation process��� �

� ��
 �� � ����� � �	 �	�� �����
 �

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

����� �� ���� ����� ���
 ��� ����

� �� ���� ��	 � ��. ���
 ��� �� ���� 

�	, ���
 ����� �� �����
 
����� ���

��
6-8 

��� ����� ������� � �� ��� ���

� � ��.  

� ����� impregnation process�� ���
 �� �� �


� ��� ���� calcium stearate(CaST) ��� N6� ����

��(PCL)�
 ��� ���� ��� ���
 �� ��� �

��� �� �� �� ����� ���� ���.  

 

2. ��  
 

2.1 ���

� ���� ��� N6� ����������� ���� �

�� grade� ����. ���
 � ��� ���� �� �

��� Figure 1(a)� �� ����� �� CaST(��� 607)� �

������� ���� N6� 1-5 wt% ���� ����. ��

�
 ��� ��� Haake�
 Rheomix 600P internal mixer� ���

���������������������������

�������
�
����

�
����

�
��� ��

�
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�
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��� � �� ��� 
� ���6(N6)
 melt impregnation ����
 ��� ��� ��� ���� ���. 

N6
 � ��� ���� ��� calcium stearate(CaST)� ���� ��� 	�, 1 wt%
 ���
 ��� 
�� 

� ��� ���� � � ���. ��� ������(PCL)� N6� �� � ����� N6
 � ��� �

� � ���� phenyl phosphite(PP)� diphenyl phosphite(DPP)� ���� ��� � 
����� ����� ��

�� ���� � �� ��� ����. ��� ���� N6
 �	 ��
 ����� ���� ���� ��

� ������ melt impregnation ���� ���� ��� ��� ���� 	 � �� 	�� ����. 

 

Abstract:�Melt processing characteristics of nylon 6 (N6) has been investigated by controlling the melt viscosity in melt 
impregnation process. Calcium stearate (CaST) was introduced as a lubricant for N6 and the melt viscosity of N6 
decreased with adding only 1 wt% of CaST. In addition, reactive blending with polycaprolactone (PCL) was carried out by 
lowering the melt viscosity in N6. It was found that the melt viscosity of N6 could be controlled and further melt viscosity 
drop could be obtained by applying phenyl phosphite (PP) and diphenyl phosphite (DPP) to enhance the transesterification 
between N6 and PCL. Our approaches show that the melt viscosity of N6 could be reduced without loss of thermal stability 
which is the critical problem in high temperature melt impregnation process of N6. 
 

Keywords: Nylon 6, polycaprolacton, blends, calcium stearate, phosphite. 
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���, �29� �6�, 2005� �

�� 260 ��� 10�� ���� ���� �����. N6�


 ��� ��� ��� ���� 80000� Union Carbide�
 

PCL� ����� internal mixer�� 260 ��� 10�� ����

�� �� ���(N6/PCL)� 100/0, 90/10, 80/20�� ��. N6/ 

PCL ���� ���� 
����� ����� ����� ��

� Figure 1(b) ��� Figure 1(c)� �� ��� �� phenyl phosphite 

(PP)� diphenyl phosphite(DPP)� 1�10 wt% ����.  

2.2 ���������

N6� ���� ��� N6 ��� N6/PCL ���� 100 ��� 

4�� �� � ��� 0.5 mm�� L/D� 30� ��� ��� Instron 

�
 ���(model 3211)� ���� �� �� ��� ��
 �

�� � ��� ����. �� �� 	�� 250�290 ���

�� 
� ��
 	�� 101
�104 sec-1���.  

2.3 ������������

N6� ���� ��� N6 ��� N6/PCL ���
 � ���� 

���� ��� Mettler�
 TGA(model TG 50)� ���� dynamic 

scanning� isothermal scanning�� ��
 � ���� ����. 

Dynamic scanning
 �	, �� �� ���
 �	 25�800 ��� 20 �


 �	 ��� ��
 �� ��� ����� isothermal scan-

ning
 �	 ��
 �� �� �� 	�� 270 ��� 60�� �� 

�� �� TGA cell� ���� ��
 �� ��� ����. �

� �� Mettler�
 �� ����(DSC 30)� ���� N6/PCL �

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

�	 ��� -30�300 ��� �	�� � 	�
 ��� � �

��
 ��� ����.  

2.4 ��������������������������

N6� PCL
 
����� ����
 ��� ��� 200 MHz 

Varian(Gemini 200) 1H N.M.R.� ����. N.M.R. ��� ���� 

��� chloroform� trifluoroacetic acid� �� �� 7:3�� 
��� 

��� ��� �� ����. ��� N.M.R. spectra��� 1.5, 2.0, 

��� 2.1 ppm� ���� PCL
 proton ���
 ����� N6/ 

PCL ���
 
����� ����� ����.  

3. �� � ��  
 

3.1 �������	����	������ 

Figure 2� N6
 �� 	�� �� � �� ��� �����. 

�	�� �� 
� �� �� 	�� ���� �� � ��� �

��� � � ��� melt impregnation ��� ��� 103 poise ��


 ���� �� ���� 330 �
 �	 ��� ���� � � 

��. Melt impregnation ����� �� ��� ���� ��� �

���� ��� ��� ���� �� ��� ����� ��. �

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

� N6
 ����� TGA
 �	 ��� ��� ���� ���

��. �	�� �� 
� �� 270 �
 �	 
���� ���� 

��� 300 � �

 �	 ��
 �	 ���� 
�� �� ��

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

��� ���� ��� ��� �� 330 � ����� 10� ��

� 20%
 �� ��� ���� � � ��. �

 	�� �� �

� 	�� 
� N6
 � �� ��
 �	 ���� ����� �

��� �� 	�� 270 � ��� ���� �� �� �� 	�� 


�� impregnation ��� ��� � ��� �� � 
�� � 

� ��. 

3.2 
�������	����	�������

�	 ���� � ��� ��� ����� ���
 ��� �

CH2 CH2 C

O

O Ca O C

O

CH2 CH2 CH3H3C
15 15  

(a) 

 

(b) 

 

(c) 

Figure 1. Chemical structure of additives used in this study. (a) CaST, (b) 
PP, and (c) DPP. 

Figure 2. Viscosity of N6 as a function of processing temperature. 
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Figure 3. Isothermal TGA spectra for N6 with air environment. 
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�	 � ��. Figure 4� ���� CaST� ��� N6
 270 ��

�
 � �� ��� ���
 ��� �� �����. �	�� �

� 
� �� CaST� 1 wt%
 ���� � ��� �� ��

�� 	� � � ���, 3 wt%��� � ��
 �� �� ��

� ��, 5 wt% ���� �	 � ��� �� � ���� N6� 

300 ��� ���� �	� ��� � ��� ��� � � �

�. ��� ��� � ��� 
� 
��

9 �� CaST� �
 ��

� 
� �� ��� ��� 
�� N6� �� �� �� ��	� 

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


���� CaST� �� ���
 �	� �� 	� � � ��� 

�	�� �� 
� �� CaST
 �� 	�� �� 
� ��� � 

����� CaST� 3 wt%�� �� ����� �� ��� �� 

���� ��� �� ��� � �
 �� 	�� ����� �

�� � � ��. 5 wt%
 ��
 �	 ���� ���� ���� 

�� CaST� 
� ��� ��� 
�� 	� ��� N6 ��� 

���� ��� ���
 attraction� ����� �� ��� �	

� �� �� � ��� ����� ����� 	�� ����. 

��
 ���
 ��� 5 wt%� N6
 ��� �� �� 	�, �

� ��� ���� ���� 	�� �� N6
 ��� ��� �

��� ���� CaST� ���� ��� � �� ������ 

�� ��	 � ���. Figure 5� ���� ��� N6
 ���

�� �����. ��� ��� 
�� ���� �� ���� 

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

��. ���� 
� ���
 ��� ��� 
���10 ��� 


� �� �� ���� N6
 ���� ���� ���� ���

�� �	� �� ��� 	�� ����.  

3.3 ���������	����	�������

Figure 6� N6/PCL ���
 ���� �� � �� ��� �

����. �	�� �� 
� �� PCL� 20 wt% ���� �	 

N6
 300 � ��� ��� ��� ��� � � ��. �� ��

� 
� ��
11 PCL� 	�� �� �� � 
��� 
�� ���


�� ���
 �� ��
 �
� ��� ����� ��. 

Figure 6��
 �� ��� PCL
 
���� �� ��� �� 

	��� � � ��� N6� PCL
 ��� � �� ���� 


�� N6� PCL
 
����� ����� 
� N6-PCL
 ��

��
 ��� ���� � �� �� �� ��	 � ��. Figure 

7� PCL
 ��� �� N6
 ����� �����. Figure 7�� 

�� 
� �� 20 wt%
 PCL� ����� 270 ��� 60� � 

�� ��� 5 wt% ���� � � ��� ��	 ���� �� 

PCL
 ��� 
�� �� ��� �� ��� � � ��. �

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

� PCL� ���� N6
 ����� �� ���� ��� � 
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Figure 4. Effect of CaST on melt viscosity of N6 at 270 �. 

Figure 5. Thermal stability of N6 with CaST. (a) isothermal TGA spectra 
at 270 � and (b) dynamic TGA spectra with 10 �/min. 
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Figure 6. Viscosity of N6/PCL blend as a function of PCL content at 
270 �. 
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� ��.  

	�� ��� 
� �� melt impregnation ��� N6� ���

� ���� 103 poise ��
 �� � ��� ������. ��

� N6/PCL
 ���� � �� ��� ���� �� ���
 


����� ����� ���� ��� ��. ����� 
��

��� ����� � �� ��� ��� ��� 
�� ���

�� � ��.6 � ����� N6� PCL
 
����� ���

�
 ��� PP� DPP� ���� N6/PCL
 � �� ��� 

���� ���. Figure 8�� �� 
� �� � �� �� �� �

��
 � ��� ���� ����� � � ��� �� 5 

wt% �� ���� �	 N6/PCL
 � ��� 103 poise ��� 

���� �� Figure 2
 N6
 �	 ���� 330 oC� ���� 

� ���� � � ��. ��� ��
 ��� �� ��� 
�

� N6� PCL
 
����� ����� ���� ��
 ����


 ��� ���� ����. ��� ����� N6� PCL
 	�

��� ���� ��� 
���� �� � 	�� �� �� 

��  ��� ���� ��. 
����� ����
 ��� 

���� ��� Figure 9� �� 80/20 ���
 �� �� ��� 

�����. �	�� ��� 
� �� ���� 
�� PCL
 

� ��� � �� ���� � 	� �� ���� 	� � 

� ��� N6
 � �� �� ��
 ��� �� ���� � 

� ��. �� PCL� N6
 �� � ����� ��� ��
 �

���� 
�� PCL
 	� ��� N6
 	� ��� ��� �

�� ��� �� ����� ���
 
��� ����� ��
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Figure 7. Thermal stability of N6/PCL blends. (a) isothermal TGA spectra 
at 270 � and (b) dynamic TGA spectra with 10 �/min. 

Figure 8. Effect of transesterification catalysts on the melt viscosity of 
N6/PCL blends(80/20) with (a) PP and (b) DPP.  
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Figure 9. DSC spectra of N6/PCL blends with (a) PP and (b) DPP. 
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��. ��� PCL� N6
 � ��
 ��� PP� DPP
 ��� 

����� �	 � ����� � � ��� ��
 	�� �� 

��� ��� 
�� ����. �� ���� N6� PCL
 


����� ���� ��� ���� ��� ��
 1H N.M.R

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


 proton� ��� 1.5, 2.0 ��� 2.1 ppm ���� PP
 ��� 

�� ���� 	� ��	 � ��� PP
 ��� 10 wt%� �	 

1.5� 2.1 ppm
 ��� �
� ���� � � ��. �� N6� 

PCL
 ����
 ��� �� �� ��
 ��� ����. ��


 Figure 10(b)�� �� 
� �� DPP
 �	 �� N.M.R. ��


 ��� ���� ����� PP
 �	�� ���� ��� �

�� ��� ���� ����. �� PCL� N6
 ��� proton
 

���� ��� ���� 	�� ����.  

Figures 11� 12� 
����� ���� ��� ���� 
��

��� ����� ���� N6/PCL ���
 �	 � ��	 �

���� �����. �	�� �� 
� �� ��
 	�� �� 

������ ��� ��� 
�� � � ��� ��� ���� 

�� �, 
���� 
����� ����� ��� ���� �

�� ��� ���� 
����� ����� ���� ���
 

����� �� ���� � � ��. �� 
����� ����

�� ��� ����� 
�� 
���� 	� ��� ���� 

�� ����� �� �� ����� ����. ��
 ��� �

���
 ��� 330 �
 �	 ����
 ����� ���� �

� ��� 	�� ����� ���. ��� �	 ����� �� 

��� �� � ��� ��� ��� 
���� 	�� ���

�� �� � �� 
����� ���� ��� ��� N6/PCL 

���� N6
 melt impregnation ����
 � �� ��
 ��

�� ��	 � �� 	�� ����.  

Figure 10. N.M.R. spectra of N6/PCL blends(80/20) with (a) PP and (b) 
DPP. 
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Figure 11. Thermal stability of N6/PCL(80/20) blend with PP. (a) isother-
mal TGA spectra at 270 � and (b) dynamic TGA spectra with 10 �/min. 
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���, �29� �6�, 2005� �

4. ��  
 

� ����� N6
 �� ��� ��� ���
 ��� PCL

�
 �� � ���� ���� ��
 � �� � ���� 

��� ���� ��� �� 	�� ���.  

1) N6
 � �� ��� ��� �� 	�� ����� �	, � 

 ��� ���� melt impregnation ��� �� ��� ���� 

��� ��� ���� �	 �	 ���� N6
 ���� ���

� � � ���.  

2) ���� CaST� ���� �	 270 �
 �	 ����� 

300 �� �� � ��� �� � ���� ��� ����� 

��	 � �� N6
 melt impregnation ��� �� ��	 � �

� 	�� ����.  

3) N6� PCL� � ����� �	 PCL
 
���� �� 

� ��� N6� PCL
 
����� ����� 
�� N6
 

� ��� ���� � � ���.  

4) ���� N6/PCL
 � �� ��� ��� 
����� �

��� ��� PP� DPP� ���� 330 �
 �	 ��� ��� 

�� � ��� �� � ��� �	 ���� �� 
���� 

	�� ����� �� � �� ��� ��� melt impregnation �

���
 N6
 � �� �� ���� �� ���� � � ���.  
 

��	 ��� ��� 21C ��� ��� �� �� ���

� ���
 ���� ������ �� ��� ����.  
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Figure 12. Thermal stability of N6/PCL (80/20) blend with DPP. (a) 
isothermal TGA spectra at 270 � and (b) dynamic TGA spectra with 
10 �/min. 


