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Abstract:  
In this study, physical/mechanical properties of transparent nanocomposite coats based on polyurethane with different weight 
fractions of alumina nanoparticles was studied. Physical/mechanical properties was studying employing impact, bending, tensile 
tests and dynamic mechanical thermal analysis (DMTA). The state of nanoparticles spreading in coats was studied using of a field 
emission scanning electron microscopy (FESEM). It was observed that by increasing nanoparticles up to 2 wt. % tensile strength and 
energy at break point and up to 4 wt. % cross bond density and storage modulus of the coats improves. It was also seen that impact 
and bending strength of nanocomposites didn’t decrease because of good flexibility of polyurethane in low weight fractions. 
Improving physical/mechanical properties of nanocomposites was related to the good spreading of nanoparticles in coats and their 
high modulus. Nanoparticels could also dissipate the exerted energy in interface of coat/nanoparticles and improve the strength of 
the samples. 
Keywords: Polyurethane, Alumina Nanoparticles, Physical/Mechanical Behavior, Thermal Behavior.  
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�E�F��� �8� :�5  /,@ ��JR �1 �������80 4�	���  .�+ 7�r��

4��E� �1	R ��0
-� Q-�� �5 @�-  �	+C&T �  ��-� 	1

� ������
-ASTM D2794  ��E� 4�+ �5� �12  E� :�������,�1 

 q�m���40  .�+ 7�r�� �����1 ��^��  �-�	1:	�*���	��  	1 4��E� \��
�

 \��
� � 7�r�� I8
J� ���S� �- :���1 K��H �E���� �- A�0����  :	�=

.�+ )��N=  

 

3 -3- ,�L 51�07 

 4�N�� <5�6� A�� ��d�?U�� :	�*� <+�� �5  b���� ��0
-� �1

����
-�  �	+ :�Elcometer   	?P �110 �8�� 	
�  ��-� 	1 �

 ������
-�ASTM D522  .�+ 7�r�� :�O�  K�DmH :�� 	1 4��E�

���� �1 ��+ ���� <+���E�F��� :�5  ���S� �- :�� 	1 � ������� �8�

 �-�	1 .3 /� 	5 E� I8
J�:	�*���	��  �1�,� .�+ 7�r�� \��
�

 /,@ ��JR �1	R 4��E�<+�� �5  N�� ��G A�� ��80  4�	���

.��1 

  

4-3 - 51�07  ,R- 

E� 4��E� <,�  .3�E���� :	�= 7��D
-� �,,� ����.�  ���,�1

<��N � b�Y � ���S� <5�� �� b��� ���S� �+ ���m
-� �5 .A��cS5 

E� A�� �E���� :	�=  �5	�^� �H��@ b��� � ;��� :�	�� v�8��  ��-�D�

���	=]15[. <��� �,,� M��@  ��0
-� E� ���m
-� �1 �5@�- 

 7�
�- �	+(SANTAM)  b��STM-5 �  9	- �1<,� 5 
��

���
	  �1 ������� M��@ �1��E�� ���� ���S� �  	= ��	P �-�	1 ����

 ��U1�20  × 90 �8�� 	
� .�+ e�J
��  \��
� :	�*���	�� �� �r�� E�

<+�� E� /� 	5 :�	1 4��E� -� A���� 4��E� A�� E� ]H�G  �1 �5

 .���	= )��N= \��
� A�0���� � 7�r�� ��	�� ��1 ��.W  

  

  

  

  

  

  

  

  

  

  

  

  

 ��E� v8�  :�� 	1 � Q�D� :��� �� 4��E� A��<+�� �5  �1

 ��JR40 .���	= 7�r�� 4�	���  

  

5-3- )�$�4&; ������ ����	)D *6��7DMTA( 

) ������� � �������� �����	G N�����DMTA���S� :�� 	1 ( :�5 

 v8� ���E  ��U1� �15/2×1  	
S�
��-o1	�  ����	  ��1  �� � N�	5

 ����� ����D�50 -  �� �3��160  �3������8-   �5���	= 9	- �1

� ���⁄ 3 . 	= K��H  4��1 � ���S� /� :�� 	1 �.�� 4��E� A��

 .�+ 7�r�� ��	��:�5����S�  	1 �	�@L b��� � d_�� ��6��� K�	��Z�

 E� /� 	5 :�	1 ��� i�G���S� �5 -� �1  4��E� A�� A��cS5 .���

 <,� ��G �� :�� 	1 �v8�  :�5  ��JR �1 ��E�40  7�r�� 4�	���

.�+  

  

4 - Y�� . Z)�'�  

1 -4 -  51�07 Z)�'�FE-SEM  

 4��E� Q-�� ������� �8� <+�� �� K��L���� <J� �0��0W

FE-SEM  �� ���� -� �1 	���a� . 	= ��	P �-�	1 ����

��N1 ���S� :�5  ]�+ �� I8
J�1  �-�	1 .-� ��+ ���� 4�,�

 �� K��L ���� i-��� �=����	� ���5� 4�,� ���� -� �1 	���a�

 E� 	
S� K��L �E���� �1 <+�� o?C� >?-100 	
�����  ��3� 7�9 �

 K�USr��� �+�1 ��U� 4��1 A�� .�� �+�1  :��=E�- E� K��L ���� ��

 <+�� ��	��� �1 ��-���PU � �����@	1�  .��+�1 

  

2 -4 - 51�07 Z)�'�  ��&U 

����C� :���U� �� �1	R �1 ���C�  ��+ �0�	CW :�	1 :�

 ������ �+�1  :�� 	1 �1	R 4��E� Q-�����S� �5  K��H �
�E�F���

. 	�*� 4��E� <+�� :�� 	1 ��E� 4��
 � ��	�� ��1 �- �1 7�r��   	=

 \��
� �-� �1  b��3 �� ����3 .-� ��+ �2���  

  

  

  

  

  

  

  

  

  

  

  

  
  

([64) (\) 

 %��1-  &).�P$FEFEFEFE----SEMSEMSEMSEM 1��� ]^J� _^� 04 >.�; 8012��-2  ([64): �)��� `�*� �� �	�167 84�91��� ��0. �!�D14 (\) �&�4&� �4*G45&�4&� �4*G 

 



 

 

 

  

A
��

G
 

�
89

�:
	�

��
 

E	
��	

 
 

:
��+

�
�

S-
�P

 � 
7�	

.1
 

4�
z�

�
��

�E
  

   
   

   
   

   
   

265 

 M.��2- �D4D ��1�� >4&� ��&U 51�07 >�G [�'Q� >�G K�D ��  ���7

 D�4���'�4 a��^�ASTM D2794.  

[)D�  ��1��  51�07 ��'� 

1 PU  70lb.in  >  

2 PU+1% Alumina 70lb.in  >  

3 PU+2% Alumina 70lb.in> 

4  PU+4% Alumina 70lb.in> 

  

 <��N ����0W  	1�	1 �� <+�� ���C� ��R	9 KO�a��	��Z� 

]�+ �� <5�� �� o�	-  b�G A�� �1 .�5� M��@ ]��� �1

 /�
-O������ i-��� <+���8� �4����� �1	R :	�gh�  :�� 	14� 

�
+��� <+�� � �	�� 	1�	1 �� �5  A
��+ 4��1 �5]�+	��Z� �� .��5�   

 ]�+2 ]��  �1 ��+ ���� <+�� :�5PU ^8f � }��@  I8
J� :�5

 ��	P �1	R 4��E� �	U� �� �� K��L ���� E��
 	= ��� �� 4�,� �� .�5� 

���S� B�P� �-�	1 E� ��  ]�+ :�52  ��5�,� k	� E� :	g� ��5 �,�

��  e�@ ����1 �1	R �1 ���C� ���5� 4�,� �S5<+��  �5�� �+�1  �

 M��@ 	1 K��L���� 	g� �-�	1 :�	1 ��-��� )�� �1	R 4��E�

 �������/���N� <+�� �5 ��S �+�1. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

3 -4 - 51�07 /�^b�4 >&)c�  

 ]�+3 ���S� :�5 <+�� �1 ��+ ���� PU ^8f � }��@  :�5

I8
J� E� �� 4�,� �� ������� K��L ���� �5�A�� .  4��E� �� �1��	�� ��1 

 	= 7�r��  \��
� �-� �1  b��3 �� ����4 .-� ��+ �2���  

 
 M.��4- �D4D ��1�� �D ,�L 51�07 >�G [�'Q� >�G K�D ��  ���7

 D�4���'�4 a��^� ASTM D522 � &^@ �� M��	� �� ,�L10 ��� &'� 

�04��4 >&e ��  

[)D�  ��1��  51�07 ��'� 

1 PU  �,� ��5�,� k	� 

2 PU+1% Alumina  �,� ��5�,� k	� 

3 PU+2% Alumina  �+ ��5�,� k	� 

4  PU+4% Alumina  �,� ��5�,� k	� 

 
4�S5 ��Y  ]�+ E� ��3 �� ��5�,�  �� k	� E� :	g� ��5 ��+

<S@ ]D�  ��U� �1 A�� �� ����� ��3�d�?U�� :	�*� i-��� PU 

^8f �1 �� -�  D� K��L ���� A���� :�5	�gh� �S� ��	P .�	�=  89

 �1 4��E� 4���� ���P ]��� �1 4��E� A�� �� k	� ��5�,� 7�9

k	� �	��� ���-��+ �� �5 �+�1 4��E� �*� .  �1��E�� :�	1 	0�� :�5

<+�� M��@  . 	= ��	P ���m
-� ���� �5  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
([64) (\) 

  
(f) (D) 

 %��2-  ([64)PU (\) �g6�LPU+%1 Alumina (f) �PU+%2 Alumina (D) �PU+%4 Alumina 

    

([64) (\) (f) (D) 

 %��3-  ([64)PU (\) �g6�LPU+%1 Alumina (f) �PU+%2 Alumina (D) �PU+%4 Alumina 
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4-4 -  h41L ���)0�4 K)012��- 1��� ������/��)*(

���/�	�167 5�$�1)   

M��@ ������� � A��cS5 ��
 � ��+ <+�� �8� 4����� 

��C� ��+ �1 ���� K��L ������� ���� <,� 4��E� Q-�� �U��?�  ��	P

 	=. K�	��Z� ���r1�3 �� ]1�C� ���S9� :�	�� ���S� I8
J� :�5 �� 

 ]�+4 4�,� ���� ��+ -�. 

�-�	1 :�5  ]�+ :�� 	1 ��+ 7�r��4  4�,��� �5�  <��N � �1 ��

 �� K��L ���� ��E� �H��2 K�	��Z� ��H�� ���r1�3 �� ]1�C�  :�	��

�� <��N � ���S9�  �� K��L ���� ��E� �H�� <��N � � �1��4  �H��

 ���S9� :�	�� 	1�	1 �� ���r1�3 K�	��Z� .���� �� �� �� ���r1�3 <5��

 ]�O� �1 �	�f � b��� ��,,� 7��D
-� �� 	��Z� �8S3 E� �m8
J�

�� �+�1  4� �-�	1 �1 ����� �� ���� �
@��	� ��+.  

 %��4- �!�D �D �)����� O:;&� �6��=4 >.&�  1��� [�'Q� >�G

�	�167 84�9  

  

]�+ :�5  5 � 6 	�gh�  4��N ��H��  E� I8
J� ��E� :�5 K��L ����

 	1 �������7��D
-�  �,,� b��� ��8� ����E �� 4�,� �� 4�����  .�5�

 ]�+ �1 �3�� �15 <��N � �1 �H��  �K��L ����7��D
-�  /� �� �,,�

�� ���� <��N � :�G <��N � �1 �U1 �1 �G A�� E� � ��� 	
,�1  ^8f

 K��L ���� 7��D
-� <5�� �� �1��. �� ��5�,� A��cS5  �1 �� ��+

 b�Y ����E� �H�� � �
 �� <5�� b��� �K��L ���� ��E� �H�� <��N �

 �?C� �� ]�+ �1 �3�� �1 �=���7  <��N � ��  .�1�� 

 <��N �7��D
-�  �� �,,��� 4���  �6�� >?- �=�N1 �1 �3�� �1

 K��L ������ A�E� �1 4� <��S5	1 �  ������� M��@ <��N � �1 	r��

�� .��� >�R�� ��+ �� K��L ���� E� ���m
-� 2% ���E� i3�� <��N � 

b�Y �?C� ��+ �� �E�F��� �� ��+ .  

�1 �3�� �1  ]�+6 �1 ]��� <5�� b��� �� ^8f 2 %E� ��E� ���� 

�K��L <��N � d�?U�� :	�*� ��	��� � �� �r�
� <��N � b�Y �?C� 

��+ ���	= ��5�,� K��L ���� ^8f <��N � �1 .E� 	�O�1 2%   ���E�

 ]��� �1���S
G� oSr�  �� K��L ��������  ��C� ]S9 �:	S�8�

<5�� �E�F��� �� �1��]16[.  

  

 %��5- �!�D O:; &� �RR- B���'�4 84&i$  84�9 1��� [�'Q� 

�	�167  

  

  
 %��6- M.�� 84&i$ �!�D O:; &� j��)  84�9 1��� [�'Q� >�G

�	�167  

  

  

%�� 7-  K:�� �^J� �D M1k D�)D04 84&i$  O:; &��!�D  >�G

�	�167 84�9 1��� [�'Q�  

  

E� oSr� A�� A��cS5  �r�
� �� � b��� <��N � i�- K��L ����

 <5�� �9�1d�?U�� :	�*� �� ��+ �?C� b�Y 4��� A���� �  .��+

 ��+ �?C� b�Y <��N � � b��� <5���� �����  K��L <C� �1

 )NZ� <��N � �� :�	�:�5	�r�E  �8� �� � 	0���� :�� 	1 �������

 <5�� ���0W ��E� �H�� �� b��� <��N � .�+�1 �R	9 KO�a��4  E�

 K��L������ �����  <��N � �� �+�1 K��L ��@ :O�1 b��� ]��� �1
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 �9�1 �� <+�� b�������	= ���. 	���C�  ��+ �?C� �� :`	�� :�	1

 �� 4� ���� � �+ A��U� �E�F����� 4��� ]�+ ��  8 ��S� ��5�,� .  

  

  
 %��8-  >F&�4 84&i$ K:�� �^J� �D�!�D �� K)012��-  >�G

84�9 1��� [�'Q� �	�167  

  

 ]�+ B1�?�8 :`	�� ��+ <+�� �8� 4����� ��zG �� 

K��L���� <��N � �
 �� -� .<��N � :`	�� ��+ �� 2 �H��  E� ��E�

 	� �3�� ]1�P K��L ������ �+�1 A��cS5 . 4��N � �1 <+�� 7��D
-�

.-� ��	� ���� <��N � K��L ���� <��N � :`	�� <+�� 7��D
-� ��2 

�H�� �H�� �1 ��� K��L ���� E� ��E�  ..-� 	
,�1 	0�� ��E� :�5

/K��L ���� k	
,� ]a PU I�UR 	�  � ���1 <+�� ��	��� E�

�� �����  ���S� ��r�� <+�� �� �����	  <�� N�	S� BY����1 ��Y ���

 ���S9� :�	�� <�� b�S9� 7�0�5 �1�1 :�3  �� M�@ �?C� �� N�	S�

k	
,� ]a   �� <�� N�	S� E� � ��+ d	a� <+�� � K��L ���� :�5

�� ]S9 �1 :	�=�83 k	� �+� �r�
� �� � <+�� E� �H�@ �?C�  .���

�E�F��� ��+ :`	�� �� <5�� ��W	=�  �1 ��+ ��C� :�54  �H��

�L ���� ��E� �� K��L���� i-����� <J� i�- �1 -� A�S�  K�

.�+�1 <+��  

  

5-4 - �$�4&; ������ ����	)D *6��7 Z)�'�1 

)DMTA(  

������� M��@ - �8� <+�� ����	G  :��G 4�����:�5�H�� 

I8
J� E�  4��E� Q-�� ������� K��L ����DMTA  ��	P �-�	1 ����

 . 	=�1 vf�  �	  �1 	aD�� M��@� �1 ����C� �� ���� A�� �<+�

	S�8� 	��-  �1 �3�� �1 �*� .-� �����@	1 :	
S� ����	G :������ E� �5

 ��� ���� �1 ����C� �� ���U� ���� ����	G :������ 4��1 	
,�1

�1 �?-��  ����
��	� � ������� ��
@�-�� 4���  �1 �� +�� ��^
��

 �1 ���U� ���� 4��S� � �R� �����C� �	S�8� �1 ��3�� ����	G ��

�1�� <��N � �.3�� ]1�P 4�N��]17[ K�	��Z� .	1 �	�@L b��� i�G 

 ]�+ �� �E�F��� :���9  ���� 4�,���+ ���.  

                                                           
 1 Dynamic Mechanical Thermal Analysis 

�R	9 KO�a�� ���0W 	���C�2 �E�F���  ����U� B�Y 	1  �5)1( 

�� ��-�D� ��+]18[: 

)1(  �� =
�ˊ

3��
 

4� �� �� �ˊ �T  � �	�@L b��� A�	
S� ���5� 4�,� i��	� �1

���
-O d�H ��G�� �� ���3 ��  �A�� 	1 ��_9 .��+�1R  E�= 1�g

���� b� �� �+�1  .  

 

  

 %��9-  ,�1� 04 [�'Q� >�G��D �D �&L9 M.�� 84&i$

��� 5�$�1) 84�9 1��� �� ��� K)1J$ �	�167  �D>�G�!�D ��0. [�'Q�  

  

�8� <+�� ������� M��@ :�� 	1 K��L ���� 4��N � 	g�  4�����

b��� K�	��Z� . 	= ��	P �U��?� ����  � �	�@L :�5Tan � 

�E�F���  �1 ��+ ��C� :�5 ]�+ �� ������� K��L ����10  ���� 4�,�

.-� ��+  ]�+ �1 �3�� �110  b��3 �5 :�	1 d_�� /�� �	9 �

���S� �H�� �1 ������� K��L ���� �1 ��+ ��C� :�5  ��E� :�50 �1 �2  �

4  .��� -� �1  

  

 %��10 -  84&i$Tan δ  �:-1�4 ,�1� 04 [�'Q� >�G��D �D

�	�167 84�9 1��� �� ��� K)1J$ >�4ce��� �D .[�'Q� >�G  

                                                           
 2 Cross-Linking Density 
 3 Rubbery platue zone 

0

10

20

30

40

50

60

٠ ١ ٢ ۴

 
��

+ 
:

`	
��

)J(

 K��L ���� ��E� �H��(%)

1000000

10000000

100000000

1E+09

1E+10

-60.0 -10.0 40.0 90.0 140.0

 �	
�@

L 
b�

��
)

P
a

(

 ���)�(

pu

pu+%1alom
ina
pu+%2alom
ina

0

0.2

0.4

0.6

0.8

1

-60.0 -30.0 0.0 30.0 60.0 90.0 120.0 150.0

T
an

 δ

 ���)�(

PU



 

 

]�
8D

�
 

�
1	r

�
 

��

 �

 
�

��
N�

 
/

�
��

���
�

 
<

��
�

 
d

�m+
 

... 
���

�
 

268 

  

  

  

  

  

  

  

  

  

 ���� ���	�� ��
 � \��
� A���E�F��� �� }J,� �� �5  �1 .���

 ���� <��N � ���N�  �R	9 KO�a�� ���0W K��L ���� �H�� <��N �

��  �K��L ���� <��N � �1 	0�� d	Y E� � ����1 	^� �� �-� �� ]��U� 

 A�1:�5	�r�E :	S�8� �8� 4����� � ���� K��L ������� o���  4��	3

:	�*� 	S�8� � �mG �H�@  ���	�� <��N � �r�
� �� � ���
-O

�� �E�F���  .��+  

 ]�+ ��9 <��N � �3�� ]1�P  �	�@L b��� ��G�� �� �,�+  :�

 ��5�,��� ��	=.  ]�+ �-�	1 � 	Y E�11  :��� ����D� ��60-  ��

50  �3�� ����8-�� 4�,�  i�- K��L ���� �H�� <��N � �� �5�

 :��� E� ]�P ����� ����D� �� �	�@L b��� <��N �Tg �� ��+  ��

 A�� �� :	S�8� ����E �1 K��L ���� e�@ ����1 ]��U� ���5� 4�,�

 ����� ����D��� �+�1 ]�+ �1 �3�� �1 A��cS5 .9 �� 	^� �1  �-�

 A�1 ]��U� ��<+��  

  

 %��11- �4D1��  �D.��� �D ��D O:;&� �&L9 M.�� 84&i$60-  �$

����50 �	�167 84�9 1��� �� ��� K)1J$ �:-1�4 ,�1� 04    

  

�8� 4��	3 o��� ������� K��L ���� � 4����� :	�*�  �H�@ �mG � 	S�8�

 ���
-O e�@ ����1 :O�1 �� �
G����D�  :���Tg �� .��+ ���C�

 �R	9 b�a�� ���0W �UP��<+�� ����S�+ ���� �1 ��+ ��C� :�5 

K��L ������� �S�  ������1 �
-�� ) �?1�� B�	Y E�1 .��+ ��E A�SJ� (

 :�	1 �?1�� A�� �� �	W�E���� :	�=  �R	9 KO�a�� ���0W�5	S�8�  ��

.-� ��+ I�	U� K��L���� ��zG 7�9  

  

  

  

  

  

  

  

  

  

���S� �R	9 KO�a�� ���0W <��N � O�1 K�D�R�� B�Y  ��C� :�5

���� �1 ��+ K��L ������� �H�� ��  ��E� :�52  �4  ���0W <��N � ��

 <5�� A��	1��1 .������ �S.- �<+�� ����S�+ �R	9 KO�a��Tg 

�E�F��� �H�� �� K��L ���� �1 ��+ ��C� :�5  ��E� :�52  �4 �

<+�� J� :��� <5�� ��/� ���0W <��N � i3�� -� A�S�  �5

.��	=   

  

5- ��'� >&e 
�� A�� �B�CD� ���� �E�F���:�5 	1 ���� <+�� �8� 4����� :��G 

:�5�H�� ��E� I8
J� E� ���� K��L ������� ��.� � M��@ 

���N� /������� 4� �5 :�O�  ����E :�� 	1 ���� �-�	1 ��	P  	=. 

:�	1 �-�	1 M��@ ���N� /������� <+�� �5 4��E� :�5 ��1	R 

�<S@ <,� ���� �N� �������� ������� ���	G� )(DMTA  7�r��

 .�+<J� K��L���� �� <+�� Q-�� X��-�	��� ���	
��� <1�� 

4���� ���Y��Z� )FE-SEM( ���� �U��?� ��	P  	=.  4�,� \��
�

���:  

1- �8� <+�� �1 K��L ���� 4��N � 	g� ��  �4����� KO�a�� <��N �

�R	9 ���N� � K��L���� :O�1 b����  ���C��E�F��� 	��Z� 	1�	1 �� 

 o�	- ]�+�1	R � ��  <5���� �5� ^8f b�G A�� �1 .A����  ����

 K��L:	�gh� 	1 	1�	1 �� ���C�  �1	R �d�?U�� :	�*� �E�F��� 

�
+���  ��E�F��� �5 �	�� 	1�	1 ��  ]�+	��Z� A
��+ 4��1 ���� ��

�1 A��  ��U�d�?U�� :	�*� i-��� PU �� �+�1. 

2-  4��E� E� ���� -� �1 	���a� �-�	1FE-SEM  ���5� 4�,�

 �=����	� i-��� �E�F��� ���� �� K��L ������ �+�1.  �-�	1	�gh� 

�� 4�,� �E�F��� ������� M��@ :�� 	1 ������� K��L ����  �� �5�

 4��N �2 �8� <+�� �1 ������� K��L ���� ��E� �H��  <5�� �4�����

 <��N � � /�
-O� b���d�?U�� :	�*�  ��0�	CW <��N � ]��� �1

.���� �� �� �� ��+ �?C� b�Y � <�� 

3- :`	�� ��+ �E�F��� �8� 4����� �1 m
-���� E�  ]��� �1 �K��L����

<��N �  �� <+�� 7��D
-�2 �H�� <��N � K��L ���� ��E� . �� 

 4��E� \��
�DMTA   �� �� ��� 4�,�2  K��L ���� E� ��E� �H��

������� �� K��L �� ���N�  KO�Um�� � ]U  ]��� �1  :�5	�r�E �1 ������

0

500000000

1E+09

1.5E+09

2E+09

2.5E+09

-100.0 -50.0 0.0 50.0 100.0
 ���)�(

PU

PU+1%
Alumina
PU+2%
Alumina

b�
��

(P
a
)

M.��5-&)D�J� >�G&'�4��� [�'Q� �� K�D ���7 04 51�07 DMTA 04 [�'Q� >�
')012��-1��� 

��1�� Tg (����) 
�6�lE 8N�P$4 �U&=  

(mol/cm3)  
 (°C)  >�	
� �� /S$4  m� $�4 �� /S$4  

PU 76 0007/0  30/19  9330/0  

PU+ %1 Alumina 80 0008/0  40/14  7305/0  

PU+ %2 Alumina 8/78  0009/0  10/13  9607/0  

PU+ %4 Alumina 8/77  0018/0  50/16  8227/0  

 



 

 

 

  

A
��

G
 

�
89

�:
	�

��
 

E	
��	

 
 

:
��+

�
�

S-
�P

 � 
7�	

.1
 

4�
z�

�
��

�E
  

   
   

   
   

   
   

269 

 ����� ����� A�E�Tg  �E�F��� ���� ���N�  �R	9 KO�a�� ���0W �

 <��N � �� .�1��  

4-  �� K��L ���� <��N � �14  �� K��L ��zG ]��� �1 ���E� �H��

 ��G�� �� ���N�  �R	9 KO�a�� ���0W ����� <+�� E� :	�O�1 b���

. �� <��N � ���
-O  �� ������� K��L ���� <��N � �14  ���E� �H��

]��U� A�1 �	S�8 �8� 4����� � ���� K��L ������� o��� 4��	3  :	�*�

	S�8� � �mG �H�@  �E�F��� ���	�� <��N � �r�
� �� � ���
-O

.�+ 

  

6 -]�4&� 
[1] Khudyakov I. V.,  Zopf D. R., and Turro N. J., Polyurethane 

nanocomposites, Designed Monomers and Polymers, Vol. 12, 
No.4, pp. 279-290, 2009. 

[2] Sen S., and Nugay N.,Uncured and cured state properties of 
fly ash filled unsaturated polyester composites”, Applied 
Polymer Science, Vol. 77, No. 5, pp. 1128-1136, 2000.  

[3] Park J.-J., Yoon K.-G., and Lee J.-Y., Thermal and 
Mechanical Properties of Epoxy/Micro- and Nano- Mixed 
Silica Composites or Insulation Materials of Heavy Electric 
Equipment, Transactions on Electrical and Electronic 
Materials, Vol.12, No.3, pp. 98-101, 2011. 

[4] Petrovic Z. S., Javni I., and Waddon A., Applied Polymer 
Science, vol. 76, pp. 133-151, 2000.  

[5] Choi  J. W., Kim  S. H., , and Kim  Y. J., Synthesis of chain -
extended organifier and properties of polyurethane/clay 
nanocomposite, Polymer, Vol. 45, pp. 6045-6057, 2004.  

[6] Pattanayak A., and Jana S. C., Properties of bulk-polymerized 
thermoplastic polyurethane nanocompoites, Polymer, Vol. 
46, pp. 3394-3406, 2005.  

[7] Cheng A., Wu S., Jiang D., Wu F., and Shen J., Study of 
elastomeric polyurethane nanocomposites prepared from 
grafted organic-montmorillonite, Colloid Polymer Science, 
Vol. 284, pp. 1057-1061, 2006. 

[8] Song, H.-J., Zhang Z.-Z., and Men X.-H., Surface-modified 
carbon nanotubes and the effect of their addition on the 
tribological behavior of a polyurethane coating, European 
Polymer Journal, Vol. 43, No. 10, pp. 4092-4102, 2007.  

[9] Palimi M. J., Rostami M., Mahdavian M., and Ramezanzadeh 
B., Surface modification of Cr2O3nanoparticles with 3-
amino propyltrimethoxy silane (APTMS). Part 1: Studying 
the mechanicalproperties of polyurethane/Cr2O3 
nanocomposites’, Progress in Organic Coatings, Vol. 77, pp. 
1663-1673, 2014. 

[10] Palimi M. J., Rostami M., Mahdavian M., and 
Ramezanzadeh B., Surface modification of 
Fe2O3nanoparticles with 3-aminopropyltrimethoxysilane 
(APTMS): An attempt to investigate surface treatment on 
surface chemistry and mechanical properties of 
polyurethane/Fe2O3 nanocomposites, Applied Surface 
Science, Vol. 320, pp. 60-72, 2014. 

[11] Ramezanzadeh B., Ghasemi E., Mahdavian M., Changizi E., 
and Mohamadzadeh Moghadam M. H., Characterization of 
covalently-grafted polyisocyanate chains on to graphene 
oxide for polyurethane composites with improved mechanical 
properties, Chemical Engineering Journal, Vol. 281, pp. 869-
883, 2015. 

[12] Javidparvar A. A., Ramezanzadeh B., and Ghasemi E., 
Effects of surface morphology and treatment of iron oxide 
nanoparticles on the mechanical properties of an epoxy 

coating, Progress in Organic Coatings, Vol. 90, pp. 10-20, 
2016. 

[13] Ramezanzadeha B., Moradian S., Khosravi A., and 
Tahmasebi N., Studying the role of polysiloxane additives 
and nano-SiO2 on the mechanical properties of a typical 
acrylic/melamine clear coat, Progress in Organic Coatings, 
Vol. 72, No. 4, pp. 621-631, 2011. 

[14] Ramezanzadeh B., and Attar M. M., Characterization of the 
fracture behavior and viscoelastic properties of epoxy-
polyamide coating reinforced with nanometer and 
micrometer sized ZnO Particles, Progress in Organic 
Coatings, Vol. 71, pp. 242-249, 2011.  

[15] Czichos, H., Saito T., and Smith L.R., Springer Handbook of 
Materials Measurement Methods. Technology & 
Engineering, pp. 303-304, 2006.  

[16] Swain S., Sharma R. A., Bhattacharya S., and Chaudhari L., 
Effects of Nano-silica/Nano-alumina on Mechanical and 
Physical Properties of Polyurethane Composites and 
Coatings, Transactions on Electrical and Electronic 
Materials, Vol. 14, No. 1, pp. 1-8, 2013.  

]17 [.7 ���EO�3 �4��W���� �.d �P��H � �.p .�  ���� ����	  	1 :��	�

�E�F��� �8� :�5 4� M��@ � �� k�@ �4������ �S89 ����5��- �r��	�

	 �,�� ���  b�-3 ���S+ �16DmH �� 19-1 �1387. 

[18] Skaja, A., Fernando D., and Croll S., “Mechanical property 
changes and degradation during accelerated weathering of 
polyester-urethane coatings, Journal of Coatings Technology 
Research, Vol.3 No. 1, pp. 41-51, 2006. 

 


