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1.����

 

��� ������� ����� �� ��� ��� ���� �

�� ��� ���� ���� ����� ���� ����� �

� ����, ���� ����� ��� ����� ��� �

��, ����� ��� ���� ���� �� ���� ��

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

���� �� �	� ��� ��� ��� ��� ��� ���

� ��.1-4  

��� ����� ��� ��� delamination�� ���� ��

�� ��� �� �
 ��� ����� � ���� ��� ��

� �� � �� ��, ����� 
���� �� ��� ��� 

����, ��� �� �� �� ���� ����.5-11 
��� �

� 	���� ����� ��� � �� ��� �����
�

(MMT)� 
��� ������ ��
�,12,13 ������� 	

� ���� ��� ��� ����� ���� ���� 
 ��

�� ���
�,14,15 �� ��(�� ���)
�
16,17 ���

18 �� 


�� ������� ���� ��� ��� ���� ��(inter-

calation) �� ��(exfoliation)� ��� ���
�. 

��� 
��� ����� ���� ���� �� in-situ ��

�, �� intercalation�, �� intercalation� �
 ��. � ��� in-

situ ���� 
�� ��� ��� ��� �� �� ��� ��
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��� ��� ��� �����������-�����
�(C12PPh-MMT)� 
�� ��� �� �� ���

��� ������� ��, ��� �� � ���� �� �� ���
�. ���� ���� ��(��� �

����
�)(PBT), ��(��� �����
�)(PET)� ��(����� �����
�)(PTT) �� ���� 

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

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

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

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

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

��� ��� �
�
�� PTT� �� ���� 	� �� ���� ���
�.�

 

Abstract:�Nanocomposites of three different polyesters with dodecyltriphenylphosphonium-montmorillonite (C12PPh-
MMT) as an organoclay are compared with their thermal properties, mechanical properties, and morphologies. Poly 
(butylene terephthalate) (PBT), poly(ethylene terephthalate) (PET), and poly(trimethylene terephthalate) (PTT) were used 
as matrix polymers in the fabrication of polyester nanocomposite fibers. The variations of their properties with organoclay 
content in the polymer matrix and draw ratio (DR) are discussed. Transmission electron microscopy (TEM) micrographs 
show that some of the clay layers are dispersed homogeneously within the polymer matrix on the nano-scale, although 
some clay particles are agglomerated. We also found that the addition of only a small amount of organoclay is enough to 
improve the thermal stabilities and mechanical properties of the polyester nanocomposite fibers. Even polymers with low 
organoclay contents (< 5 wt%) were found to exhibit much higher strength and modulus values than pure polyester fibers. 
In the cases of all polyester hybrid fibers, the values of the tensile mechanical properties were found to decrease linearly 
with increasing DR. However, the initial tensile modulus of the PTT hybrid fibers were found to be independent of DR. 
 

Keywords: poly(ethylene terephthalate) hybrid fibers, organoclay, in-situ interlayer polymerization, thermo-mechanical 
properties, morphology. 
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� ��
 ����� �� ������ ��� ��, ��� 

�� ��� ��� �	
 	�� 	� ��� ���� ��. �

�� �� 	���� ��� ���,19-22 in-situ ���
 ��� �

���� ������ ��� �
� ���� �	
�, ��� 

��� ����� ��� ��� ���
�. 

��
� ��� �� � ��� ������� ����
 	

������ � ��� 
�� ����� �� ���� �� �

��� ���
�. ��� �� � �	 ��� �� ��� ��

� ��� ���� �
 �� 	��

�. �� �� ��(��� 

�����
�)(PET)� �� ��� � 260 � 
�
�	 ��� 

����� �	� ��� ��� ���� ��� 
� �� �

��� ��� �� ��� � �� �	�
 �
�. � 	���

� ������ ��� ��� �	 �
 �
� �� ��(��� 

�����
�)(PBT), ��(��� �����
�)(PET), ��� �

�(����� �����
�)(PTT)� �� ���� ���� ��

�
�, 300 �� ����� ��� �� 	� ���
 �� �

�������� � ��� ��� ��� ��� ����� �

� ��� wt%� �� ������ ������� ���
�. 

�� � ��� in-situ��� ��� ������� ��� 	� 

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

�, ���� �� �� ���
�� 
 ��� ��� ����

�� 	�� ���
�. �� �� ��� �� ���� � ��

�(DSC)� � �� ���(TGA)� ���
�, Wide-angle X-ray �

� ���(WAXD)� 
��� ���� � ��� ���� ��

�
�, �������(SEM)� �������(TEM)� 
��� �

�� ��� ��� ���
�. ����� 	�� ��� ��� 

�� 	� �	 ���(UTM)� �� 
��
�.   

 

2. �� 
 

2.1 �� � �� 

�� ��� TCI� Aldrich�� ���� ���
�. ����� 

Kunipia-F� ���, Na+
� ��� �����
�(montmorillonite; 

MMT)� Kunimine Ind. Co.��� ���
��, �
� ���� 

100 g� 119 meq

�.  

2.2 �����������������������

��� ��� ��(C12PPh-MMT)� ��� � �����
� 

(Na+-MMT)� �
� ������������(C12PPh-Cl-)� 
� 

�� ��� 
��� � 	���� �� ���
�.23 	��� 

�	� ��� ��� �� ��� Scheme 1� �
�. 

2.3 ����������

��� �� wt%� �� ������� 	���� �� ��

��� PBT� ���� ���� ���� ��� ��� 2 wt% 

���
� �� ���	 �� ��� �� ��� ��� 
�. 

100 g� 1,4-butanediol(BD)� C12PPh-MMT 2.2 g� ���� ��� 

97 g� dimethyl terephthalate(DMT) ��� ��� isopropyl titanate 

60 mg� �� 	� ��� ���. ���� �
 �� �� � 1�

	 �� �� 
� ���. 190 ��� 1�	 �� ��, ��� �

	 230 ��� 2�	 �� �� �� ���
 	��� 260 �� 

�	 ��� 
�� 2�	� � �����. ��
 ���, ��� 

��� ���� �� �� � 
� � 70 ��� �� �� 
��.  

��� ������ ������� �� ��� Table 1� �


�. PBT, PET ��� PTT� ��� �� �
 �� �� 2, 3, ��

� 4 wt%� ���
� �� ������ �
�	, � 
�� �

�� ��� ���
� ��� ���
 ��� ��� � 
�

� �� 
�� ��� 
��� ���� ����� ��
�. 

2.4 ���

��� ����� 2�3� �� ��� ���� �
(2500 kg/cm2)

� �� �	� 	�� 70 ��� � �� �� �	 ���� 


��. 
 ��� ��� ����� 
��� ��� �� ����

�� �� ���� ��� 	� �(draw ratio; DR)� ����. �

� die diameter � 0.75 mm

��, 	� �� ��� �����

�� 	��� ��� 	�� 
�(velocity of extrusion)� 	�� �

� 
�(take up speed)� �� ���
�. ������ ����� 

	��� ��� �� ��� �� Table 1� �
�.  

2.5 ������

��� ������ 	�, C12PPh-MMT� ������� �� 

��� ���� �� DuPont 910 DSC� TGA� ���
�, �� 


�� 20 �/��� �
�. �� � X-� ���(Wide angle X-

ray diffractogram; XRD)� Cu-Kα ��� 
��� Ni-��� 	�

� Bruker�� D5005� ���� �
�. �� 
�� 2 o/min� 

�
�.  

������ � ��� ��� ���� �� �	 ��� �

 

Scheme 1. Synthesis of C12PPh-MMT organoclay. 

Table 1. Polymerization Conditions and Spinning Conditions of 
Polyester Nanocomposite Fibers 

(1) Polymerization conditions of polyester nanocomposites 

Polymer Temp.,�/Time, hr / Pressure, Torr 
PBT  
PET 
PTT 

190 / 1 / 760 → 230 / 2 / 760 → 260 / 2 / 1 
190 / 1 / 760 → 230 / 2 / 760 → 280 / 2 / 1 
190 / 1 / 760 → 230 / 2 / 760 → 265 / 2 / 1 

(2) Spinning conditions of polyester nanocomposites 

Polymer Temp.,�/Retention time, hr/DR 
PBT  
PET 
PTT 

250 / 3�4 / 1, 12, 18 
270 / 3�4 / 1, 3, 10, 16 
250 / 3�4 / 1, 3, 7, 9 
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���, �29� �2�, 2005� �

�� �� �
 
�� ���� ��� ��� �������(SEM, 

Hitachi S-2400)� ���
�. �������(TEM) ��� �� �

� ��� ���� ���� �, �� �
 	�� �
���(Mi-

rotome)� 
�� ��� 	��
�. ��� ��� 600�900 � 



��, ��� TEM �	� �� ���� 	�
� ���� �

� EM 912 OMEGA(CARL ZEISS)

�. 

���� �� 	�� �	 ��� ���� �� 	����

(Instron� �	 �	 5564)� ���
�, ���� cross head 
�

� 5 mm/min 

�. ��� 	� �� �� ��� ����� �

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

� 10� 
�� ���� �
�� ���� ��� ���� �

��
�.  

 

3. �� � �� 
 

3.1 ������������

Figure 1� ��� ��� Na+-MMT, ��� ��, ������, �

�� ��� wt%� �� �������� X-� ���� ���


�. ��� ��� Na+-MMT� 2θ�8.56°(d�11.99�)�� �� �� 

�� �
�	 ��� ��� ��� C12PPh-MMT� �� 2 θ�2.86°(d
�36.08 �)� 2θ�5.65°(d�18.20 �)�� �� �� �� �� ���

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


	�� ���� 
�� in-situ ��� �� �� ��� ���� �

��.24-26  

PBT� ���� � 	���� ��� ��� PBT� ��
� �

�� ��� 2 wt%�� 
�� ����� ���� ��� �� 

��� �� ��� ��� PBT� 
�� ����
 �� � �


�� ���
�, in-situ ���� ��� ���� ��� �� 


 ���� delamination
 �
�� � � �
�.27 ��� 
 �

�� �� ���� ��� �
�, 
� ��� �� ��� �� 

���� ��� �� ���
 � ��� ��.  

PET� ���� ��� �
 
� 1 wt% ���
��� d�17.25 

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

��� 
 X-� ��� ��� ���
��, 
� ��� ��� 

�� �� 
�
 �� ��� �� ���� �� ��� �� �

��� ��� � ��. 
 �����, ��� PET� �� 
 ��

�� 	��� �� ���� ��
�� �� ���. PTT� ��

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

��� ��� PET� ��� ���� ����� ���
�. 


�� ��� �
 4%� ���
� ��� ��� ��� ��� 

�� ��� �� ��� �� ��� �� ��� ����. 

Figure 2�� ��� ������ ������ 	�� �� �

�� 	� �� �� ��� ��� ���� ���� ��. ��

� ��� ��� �
�� � ������ ������ 	��

�� 	 � ��
, ������ 	� �� ����� X-� ��

� ��� �� ����� �� ���� �
�. �� ��, PBT� 

���� 	� �� �� X-�� ��� �� �

 �
��, 3 

wt%� ��� 
��� PET� ���� d�17.25 � �� ��� 

X-� ��� 	� �� 3�� 16�� ����� ��� ��� �


�. 
� ��� 	�� �	��� �� �� ���� ��� 

�
��. �� 4 wt%� ��� 
��� PTT� ����� �� 2 

θ�8.56°(d�17.81 �)� �� ��� ��� 	� �� 3�� 9� �

���� ��� ��� ��� �

� �
�	 PET�� �� � 

��� �
� 	��. 
 ����� PTT� ���� ��� ��

��� �� ���� �� 	� �� �� ��� ��� 
�� 

PET� �� �� �� 	��� � � �
�. �� 
 ���� 

��� ��� ������ ��� �� ��� � �
�.  

3.2 �����

X-� ���� ��� ��� �� ��� �� ��� � ��, 

��� �������� �� �	��� d �� ���� �	 

�� 	�
�	, ��� ��� ��� �� ���� ��� ��

� ��. ��� �����(SEM
� TEM)� ���� ��, ��, 

In
te

ns
ity

 

� �� �� �� �� ���

2 θ(degree) 

Figure 1. XRD patterns for clay, organoclay, and polyester nanocomposite 
fibers with various organoclay contents.�

D.R. 

1 

12 

18 

 

 

1 

3 

10 

16 

 

 

1 

3 

7 

9 

(a) 2 wt% organoclay in PBT 

(b) 3 wt% organoclay in PET 

(c) 4 wt% organoclay in PTT 

d�17.25 Å 

d�17.81 Å 

In
te

ns
ity

 

�� �� �� �� ���

2 θ(degree) 

Figure 2. XRD patterns for polyester nanocomposite fibers with different 
draw ratios.�
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�� �� ��� �� ��� �� � � ��, X-� ��� �	 

��� � �� 	�
 ��. �� TEM ���� X-� ���� �

�� ���� � �� � ��� ��� �	 �	��� ��� 

����� ��� 
 ���
��� �� ��.27,28 

�� ��� ��� �� PBT� ���� 2 wt%��, PET� 3 wt%, 

��� PTT� ���� 4 wt%�� ���� �� ������ �

��� 	���� �� ��, ��� ��� ���� �����

(SEM)�� ���
�. SEM� 
�� ��� Figures 3�5� ��

�
�. PBT� ��, ��� �� �� 1 wt% ��
� �(Figure 3(b))

� �	� ��� ���
�	 ��� �� 2 wt%� ����� 

�(Figure 3(c))� ��� �� ��� ��� � �
�. ��� �

� ��� �� ���� � 60�80 nm ��
�.  

Figure 4(a�d) �� 	 � ��
, PET� ���� ���� ��

� �
 1�3 wt%� �� ��� ��� ��� �� ��
� �


�, 3 wt%� �(Figure 4 (d))� �� ��� ��� � 100�150 nm 

��� �
�. PTT� ���� �� ��� PBT� PET� ���

� �� ���� ��� ��� �� �� �� �� ��� �

�� ��� ��
� ���
�. 
 ���� ���, ��� � 


�� ��� ���� ���� ��� ��� �� �� ��� 

���. 
� ��� 
� Figure 1� X-� ��� ���
�. PET

� ���, 	� �� �� �� ��� ��� Figure 5� SEM �

��� ��� � �
��, Figure 2� X-� ���� ���
�
, 

	� �� 1�� 16�� ����� ��� ��� ���� �� 

��� �� �� ���� �� ��� ��� 	� �� 3� �� 

� 80�100 nm ��
��(Figure 5 (b)), 	� �� � ���� 16 


 �
� ��� ��� ��� � 30�50 nm ��� �
�
�

(Figure 5(d)). ��� SEM� 
�� 
� ��� ���� ��� 

��� ���� ���� �� �� ��� ��� ���� ��

� ��� ��� ��
�.  

�� ��� ��� ���� �� 	��� ��� TEM�� �

��
�. Figure 6�� 2 wt%� ��� ��� ���� PBT ��

�

(a)�

�

(b)�

�

(c) 

Figure 3. SEM photographs of (a) 0, (b) 1, and (c) 2 wt% of C12PPh-
MMT in PBT nanocomposite fibers.�

� � �

 (a) (b) 

� �  
 (c) (d) 
 
Figure 5. SEM photographs of 3 wt% of C12PPh-MMT in PET na-
nocomposite fibers with various draw ratios (a) 1, (b) 3 (c) 10, and (d) 16.�

� � �

 (a) (b) 

� �  
 (c) (d) 
 
Figure 4. SEM photographs of (a) 0, (b) 1, (c) 2, and (d) 3 wt% of C12PPh-
MMT in PET nanocomposite fibers.�
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���, �29� �2�, 2005� �

��� 	�� TEM ��� �
�. � 1 nm� ��� �
� ��

�� ��� �� �
� �
 ����, ���� ��
 ���

� 
 ���
�� ��� 10 nm �� 
��� ��� ��� �


� ��. 
� ��� ��� ��� ��-��� ���� �� 

��� ���. Figure 6(a)� �� ��� �� ��� ���� 

Figure 6(b)� �
�. 
� �� X-� ��(Figure 1)��� ��� �

��� �� �
� �� ��� ��
�	 TEM ������� 

��� ��� �� ��� �� ���� 	��� ���
�. 


�� XRD� TEM
 �� �� ��� ��� ���� 	� �

�� �
 ���
��,15,29,30 
� 
� ����� TEM
 ��

�� � ��� ��
� ��� �� ��� � ��� ��, X-

� ���� ��� ��� �� ��� ���� ��	� ���

� ��
�. Figure 7�� 3 wt%� ��� ��� ��� PET ��

�� 	�� ��� �� �� �
�, Figure 8��� PTT� ��

� �
��, PBT� ��� ����� PET� PTT� ���� �

�� 
 ���
��, ��� ��� ��� �� �
�.   

3.3 ������

Table 2� ��� ������� �� ��� �� �� �
��

� � ���� ���
�. ��� ��� �� ��� PBT� �

��� 0.80�0.95 dL/g

�, PET� 0.98�1.26 dL/g

��, PTT

� 0.81�0.86 dL/g ��� ��� ���� �� �� �
��, 

��� ���� ���� 
��� �� ��� ���� ��� 

���
� ��� �� �� ��� ���� ���
�.  

PBT� ���, ���
��(Tg)� ��� PBT�� ��� ��

� �� 1 wt% ����� ����, 27�� 36 ��, � 9 � �� 

���
�. 
 ��� �� � �
� ���� ��� ��
 �

� � �
� �� ���� ���
 �
�� Tg� ��� ��

� ����.31 ��� ��� 2 wt%� ����� Tg ��� � �

�� �� 	� ��� ��(37 �)� ���
�. 	� �
��

(Tm)� Tg� ����� 1 wt% ���
� �� 222�� 227 �� 

���
�	 2 wt%� �� �� ����� Tm�� �� ��� 

�� ��
�. 
 ����� ��� � 
�� ��� ��� �

���, ����� ��� ��� � �	 
�(insulaion effect)�

� ��� �� 	�� � � �
�. PET� PTT��� Tm �
 

���� ��� ��� �� ���� ��� �� ���
�. 


�� ��� �� �� �� Tm �
 �� ��� �� ���

� ��� �� ��� insulation 
�� �� ��� ��� �

���.  

�� ����(TD
i)� ���� ��� ����� 	�� �� 

��� ��� ��� �
�. �, PBT� ���� ��� 1 wt% �

��
� ��� 6 � �� ���
�� �� �� �� ���

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

���� �� �� ��� �� ��� ���� ��� PET� �

� ����(370 �) �� � 16 �� ��(386 �) �
�. �� PTT

� ���� ��� PTT(362 �)� �� 2 wt%��� 371 �� �

��
�	 � 
�� ��� ����� �� ����� � 
� 

���� 	� �� ��� �� �
�. �� � ��� �� � 

���� ��� ����� ����� ���� �� �� �
 

���� ��� 	
 �� � �� ��� ��� �	�� ��

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

��
 ���� ��� 
� �� 	��� ����� �
 	 

� ���,33-36 
 ��� �� ��� ���� ��� �
� �� 

�
� ��� �� ��� �� ��
 ��� � ���� ��

��. ����� �� ��� �� ��� �
� ��� �� �

�� �� � ����� �� ����� ���� � ���
 

���� ��� �	� ��. ��� ������� ��, � �


��(Tg, Tm� TD
i)� 	� � ��� ���� �� ��� �� 

�
�.  

600 ���� ��(char) ���(wtR
600)� �� �� ��� �

� ��� ���
�. �� �� PBT� �� �� ��� �� 

6%�� ���
�, PET� ��� 21%, PTT� 13%�� ��� 

���
�. 
� 
� �� �� ��� �� ��� ��� �

� �� � 
��(heat-resistance)� ����.22,23  

� � �

 (a)  (b) 

Figure 6. TEM micrographs of 2 wt% of C12PPh-MMT in PBT hybrid 
fiber increasing the magnification levels from (a) to (b).�

� � �

 (a)  (b) 

Figure 7. TEM micrographs of 3 wt% of C12PPh-MMT in PET hybrid 
fiber increasing the magnification levels from (a) to (b).�

�� �

 (a)  (b) 

Figure 8. TEM micrographs of 4 wt% of C12PPh-MMT in PTT hybrid 
fiber increasing the magnification levels from (a) to (b).�
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3.4 �������

Tables 3�5� ��� �� �� �� �� �� �	 ��, ���

�� � �� ��� ��� ������ ��� �� �� ��

�
�. Table 3�� 	 � ��
, PBT� �	 �� ���� �� �

� 1� � ��� �
 0�� 2 wt%� ��
� �� 41�� 58 

MPa� � 30% ���
�. 
� ��� ���� ���� PBT� 

�� 
 ���� ��� ��� � � ��. ���� ���� 

�	 ��� ��� ��� �
��, � ��� �
 0�� 2 wt%

� ��
� �� �� ���� 1.37�� 3.33 GPa� � 2.5� ��

�
�. 
�� ���
 ���� 
�� �� ��� ��� �

� ��
� � �� aspect ratio� �� ��� ��� ����� 

��� � ��. ��
 �� �
� ��� ���� ��� ��

�
 ���� �	� �� ���� ��� ��
 � � ��.37,38 

��� ��� ��� �� �� �� ��� ��� PBT� �� 

��� �� 2�3%� ��� �� ���
�.  

��� ��� �� 
��� 	� �� ������ �� �

�� ��� ��� �� 	� �� ��
� �� ��	 � �

�
 �
�
�. �� ��, ��� ��� 1 wt%� ��, 	� �

� 1�18� ���� �	 ��� 55�� 48 MPa� ����, 2 

wt%� ��� ����� 58�� 28 MPa� ���� �
��. 


� ��� �� ���� ���� ����� ����. �, 1 wt%

� ��, 	� �� 1�18� ���� ���� 2.96�� 2.33 GPa

� ����, 2 wt%� ���� 3.33�� 2.21 GPa� �
�
�. 

Coil-like� ��� ���� ��
� ������ ����� 	� 

�� ��� �� ��� �	 ��
 ���� ��� �	� �

�	, � 	��� ��� ���� 	���� 	� �� ��


� �� ��	 ��� ��
 
��� ��� ���
�. 
 �

�� 	� �� 	�� ��� stretching�� �� ���� � �

���� ���� ���� ����	, �� ��� ��� ��

�	� ���� �� �� ��� ��� void� debonding ���

� �����, 
�
 ��� ��� ��� �
� ���� �

���. 
� ��� 
� �� 	���� �� 
���� ��

� �� ��	,39-41 
�� �� ��� void �
�� ������

�� ���� ��� 	��� ��� ��.42 � 	����� �

� � ������� ��� �
�� ��� �� �� ���


�. �� ��� ��� ��� ��� �
� 	� �� ���� 

�� ��� 2�3%� �� ���
�. 

Table 4� PET� ��� ���
�. �� �� 1� �, ��� ��

� �� �
 0�� 3 wt%� ���� �� �	 ��� 46�� 71 

MPa� ��� ����, �� ��� �� 2.21�� � 2�� 4.10 

GPa� ��
� � � �
�. ��� 	� �� 1�� 16�� �

�� ����� ��� ��� PBT� ����� ��	 �
�


�. Table 5� PTT� ����� �� � �� ������� PBT

� PET� �����, ��� �� �� ��� �� ��� ��

� ����	, 	� �� ��� ��� ��� ��� �
� �

��
�. ��	 �
�� PTT� ���� 	� �� �� ���

� �
� �� �
��, �� � �� ������� PBT� 

PET� ��� ��� ��� ��� �
�� ��� ��� ���. 


� ��� PTT ��� ��� �� �� �� �� ��
(elastic 

recoery) ��� void� debonding
 �� ���� �� �� ��� 

��� ��� ����. PET� PTT� �� ��� PBT� ���

�� ��� ��� �� �� ���� �� 2�3% ��� �

��
�. 

Table 2. Thermal Properties of Polyester Nanocomposite Fibers 

PBT  PET  PTT Organoclay 
(wt%) D.R.a 

 
I.V.b 

(dL/g) 
Tg  

(�) 
Tm  

(�) 
TD

i c  
(�) 

wt R
600d 

(%) 
 D.R. 

 
I.V. 

(dL/g)  
Tm  

(�) 
TD

i   
(�) 

wt R
600  

(%) 
 D.R. 

 
I.V. 

(dL/g) 
Tm  

(�) 
TD

i   
(�) 

wt R
600  

(%) 
0 
1 
2 
 
 
3 
 
 
 
4 

1 
1 
1 

12 
18 

0.85 
0.95 
0.80 

27 
36 
37 
36 
36 

222 
227 
227 
227 
227 

371 
377 
376 
376 
376 

1 
6 

10 
10 
10 

 1 
1 
1 
 
 

1 
3 
10 
16 

1.02 
1.26 
0.98 

 
 

1.23 

245 
247 
245 

 
 

246 
246 
246 
245 

370 
375 
384 

 
 

386 
386 
388 
387 

1 
8 

15 
 
 

21 
22 
21 
21 

 1 
 

1 
 
 

1 
 
 
 

1 
3 
7 
9 

0.84 
 

0.86 
 
 

0.83 
 
 
 

0.81 

228 
 

227 
 
 

228 
 
 
 

228 
228 
227 
228 

362 
 

371 
 
 

370 
 
 
 

371 
370 
370 
371 

1 
 

10 
 
 

11 
 
 
 

13 
12 
13 
13 

aDraw ratio. bInherent viscosities were measured at 30 � by using 0.1g/dL solutions in a phenol/1,1,2,2-tetra- chloroethane (w/w�50/50) mixture. 
cInitial weight reduction onset temperature. dWeight percent of residue at 600 �. 

Table 3. Tensile Properties of PBT Nanocomposite Fibers 

Organoclay 
(wt%) 

D.R.a Ult. str. 
(MPa) 

Ini. mod. 
(GPa) 

E. B.b 

(%) 
0 

(pure PBT) 
 

1 
12 
18 

41 
43 
46 

1.37 
1.69 
1.71 

3 
3 
3 

1 1 
12 
18 

55 
52 
48 

2.96 
2.57 
2.33 

3 
3 
2 

2 1 
12 
18 

58 
35 
28 

3.33 
2.45 
2.21 

2 
2 
2 

a Draw ratio. b Elongation percent at break. 
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���, �29� �2�, 2005� �

4. �� 
 

� �� ���� DMT(Dimethyl terephthalate)� 	�(diol) ���

�� ���� �� � �
� �� ���� �� ��� ��� 

���� PBT, PET, PTT �� ������� �� ���
�. �

��
 ��� C12PPh-MMT� ��� ��� 
��� �� �� 

wt% �� in-situ intercalation ���� 
��� ������� �


�. ��� ��� ��� ����� 
��� ��� 	� �� 

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

���� ������ 	�� ��, ��� �� � ���� �

� �� � � ��� �� ���
�.  

��� ��� �� ��� ����� ��� �� �����

� 	�� � ���� ���
�. ��� ��� ��� ���

� ����� ���
��, ��� ����
 X-� ���� 

TEM�� ���
�. ��� ����, �� �	 ��� �� �

��� ��� ���� ��� ��� �� �� ��� ���


�. ��	 	� �� ����� ��	 ��� ��� ��� 

�

� �
�. 
� ��� ���� ���� ���� �� 

�
� �

 �� �� �
� �� ��
 �� ��� ���

� ����. ��� � 	�� ��� 
�� ��� ��� ��

	��� ������ ����� 	�� ��, ��� ��� �

����� �� 
���� � � �
��, 	� �� �� ��

� ��� 
�� ��� ���
 � �	�� ���. 
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