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Abstract  
In this work, mechanical and thermal properties of ternary nanocomposites based on the polypropylene/short glass fiber/graphene 
nanoplatelets have been studied. The different groups of composites were produced using an internal mixer machine including 10, 
20, 30 Wt.% of glass fiber and 0, 1, 2 Wt.% of exfoliated graphene nanoplatelets (xGnP). Then, standard specimens of tensile and 
impact tests were obtained by pressing. To investigate mechanical properties, we used uniaxial tensile test and charpy impact test. 
Also the melting, crystallinity temperatures and degree of crystallinity DSC test was performed. As well as morphology of samples 
was that applied by SEM. SEM images showed, that graphene presence has been improved fiber-matrix adhesion. The results 
showed that samples with much glass fiber have higher modulus and impact strength. Using graphene in samples with 10% and 20% 
glass fiber increase modulus. The use of 1% nano-graphene enhances tensile and impact strength and elongation, whereas presence 
of 2% graphene reduce strength and elongation. The DSC results showed that addition of xGnP to reinforced polypropylene with 
10% glass fiber increases the crystallization temperature. Moreover presence of 1% graphene reduces the degree of crystallinity. 
Keywords: Nanocomposite, Polypropylene, Graphene Nanoplatelets, Mechanical Properties, Thermal Properties.  
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 c����� LG�> ����.��/  

 c�4 �� T�����75 � k��2013 ]15[ ������� ;��< �


�C�D����8� 9�5��� 
� �	B E�AFG���� � I8���	��������� � ��� 

��0	� (PP/xGnP١٩/CNT٢٠) ,� .���	� �4�	0 �� �0 ��
����� �5

 �22� b��A
4�MPa 2/34  ���> �2��X � �kK� I�� �� ��0�� 
4�

29� �0 
��� �� %�8�� ,�2� y��< I8���	� T��X � ��� .�5�

�����	����� �� �55/0  � 
� �	B ��C� �G��5/0 �������� ��C� �G�� 


�C�D��� ��0	� �0 
��� �� �5�8� I8���	� M�U= y��< ��	� 	�

�� ,��0 I�� .
4�
z8t �� �� ��� �1
/���� � s7:� �	�a�0 9�5

�������� � 
� �	B E�AFG����� 9�5
�C�D��� ;��< ��0	 
A� �� �5

.
4� ���� ��	K 	�pq�  

 ;��< �U��[� �0 I�2�� E�@�@A� ��/ 	�W �P�� ?0�[�


�C�D����8� 9�5
�C�D������� �� �2�/ H���� � I8���	��8� 9�5 

�
<��	� I �	B � I8���	� ���0�� �25�6� ,����� � ���


�C�D������� �8� 9�5I �	B/�2�/ H����/I8���	�  .
4� �
 	1� E��G

T�� ?�@A� �� ��z�� I��0 ;��< �0	:� L�8A� � 
<�4 �0 ��


�C�D������� I�� ����	> � ������� �
<��	� �5��	B .
4� ��/ 9�5

 L��/ E����	� �0 
�C�D������� M8
N�10 �20  �30  ��C� �G��

                                                           
4 Scanning Electron Microscope 
13 Well-dispersed 
14 Glass Transition Temperature  
15 Differential Scanning Calorimetry 
16 Crystallinity  
17 Nucleation  
18 Exfoliated  
19 Exfoliated Graphite Nanoplatelet 
20 Carbon Nanotube 

 � �2�/ H����0 �1  �2 Q�8N� ��1
4� R4�� I �	B���� ��C� �G�� -

 I��8<��21 
N� �	� C� ���F
4� �0 � ���/ ��-�22 ���7� L�/ �0 -

 ;��< I��U� 9�	0 .������� �0	= � T2� ,��C� 9�5

 ����C� �G�� � �0	= b��A
4� ��22� b��A
4� �c��� �����)�������

 ;��< I��U� 9�	0 � �0	= � T2� ,��C� C� (
��/ �� c�e

 ,��C� C� (�1����80 �.�� � ��8�� � V�W 9�5��� �����)����	>DSC 

���7� ��
<�4X�� .���	B ���F
4��� �5 V��4�	��� C� ���F
4� �0 X

SEM .
4� ��/ �U��[�  

  

2- ��*�0  

2 -1- E(%�  

�8� 	7�8��75 C� ?�@A� I�� �� 9��:� b�� �0 I8���	�V30S 

 
�	/ )��XB 	0 ��0 .�/ ���F
4� ~��� �7�/�	
� 
�	/ c�ZA�

V�*� ,��	. �	� ����C�423(MFR)   I���8� I8���	� min10g/ 18 

 ������
4� ?0�[�)D1238  9��� �230  �.������84  ��0 �16/2 

9� �2�/ H���� .
4� (b	B�8�� R4�
� 	[K �0 �vB14  � 	
��	���

 R4�
� c�e6 �8�� 	
�  
�	/ c�ZA�KCC �	� .�/ ��-� �0��.

 9��:� �� �0 I �	B ���� C�xGnP-C750  S��� 
�	/ c�ZA�

S���4 �.24  ���F
4� ?�@A� I�� �� �����	����� ,���^ �0 ����	��

 C� 	
7� R4�
� 	[K �0 c�ZA� I�� ���  E�^ve� �B	0 ��4� 	0 .�/

) 	
����� ��\ 
��N= �,�	��� ��20 – 1h[4 
>��� �(25 m2/g 

750  ���1\ � g/cc 4/0 – 2/0 ��/ ���4��/ .
4�  

  

2 -2- ��%��52��  


�C�D������� ��-� 9�	0 �5��	B ��
0����7� 9��0 ��4� 	0 �5

 H���� ��_> ��z�� I��0 .�/ b�:�� 
�C�D��� 9�X.� ��C� �G��

 ��C� 9�5�G�� �0 c�� 	��
� ,���^ �0 �2�/10 �%20 � %30 � %

 ��C� 9�5�G�� �0 b�� 	��
� ,���^ �0 I �	B0 �%1 � %2 	z� �� %

 E�^ve� � �/ �
 	B9 c��. ?0�[� 
�C�D������� ��	B 1  
4� �0

.���  

���7� R4�� V�*� Qv
<� )�� C� ���F
4� �0 
�C�D�������  9�5

Q�8N� 3�,� ���X�  `��	� � I�C�� ��
0� .���/ ��-� �8<�� I� �5

Q�8N� ��1
4� C� ���� `��	� � 
N� 9�	0 .�/ b�:�� �8<�� I�

 .�/ ���F
4� ,�	�� �7�/�	
� � 	7�8� ��125�6� 
<�4  

	� �0 �.�� �0 
� 70 �
��4 I�� ��*�� 
7�K ��U��	
�


�C�D������� ��8� b	. ���1
4� �550  	���@� � �/ �
 	B	z� �� b	B

,� 9�X.� c��. ��C� 9�5�G�� ?0�[� �51 .�/ I�C��  

  

  

  

  

  

                                                           
21 Internal Mixer 
22 Hot Press 
23 Melt Flow Rate 
24 XG Sciences  
25 Surface Area  
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F&��1- ��%�� 5�(G-�4 & ��2& �!�E H
4*0�6  

M���  ��(*)
 

�8�-

L���	� ,

(wt.%)  

 �2�/ H����
(wt.%) 

 I �	B
(wt.%) 

1  10GF 90 10  0  

2  10GF1Grphn 89 10  1  

3  10GF2Grphn 88 10  2  

4  20GF 80 20  0  

5  20GF1Grphn 79 20  1  

6  20GF2Grphn 78 20  2  

7  30GF 70 30  0  

8  30GF1Grphn 69 30  1  

9  30GF1Grphn 68 30  2  
(*)GF � �2�/ H���� :GrphnI �	B :  

  

 9��� 9�� ��1
4�180  �.������84 T<	\ 
^	4 �

������ �5rpm 60  ���
2B �0Nm 30  Qv
<� ,��C �10  �@�K�

���7� I�C�� C� S� .�/ k�z���8� ��
0� �
�C�D������� 	5 9�	0 �5 

 �/ ��1
4� ��X�� 
7�K ���� I �	B � �2�/ H���� SD4 � I8���	�

 E�� �0 ���7� 	5 ���� �10 
N� �@�K�  SD4 .���/ `��	� �

 ��1
4� ���8B C� 
^	4 �0 
�C�D��� b	� ���� � �/ )���< ��1
4�

s7..���/ 3
8t � 9���  

 ,��C� ���7� ��-� 9�	0 
N� �	� ��1
4� C� �0	= � T2� 9�5

���4���� 
�	/ c�ZA�26  c��WCH `��K � �
<�4 T�� 9�5

 E����	� ��
0� �� E��G I��0 .�/ ���F
4� ������
4� C� ���� 
4� �0

Q�8N� ��1
4�`��K L<�� I� � 
 	B ��	K �0	= � T2� ,��C� 9�5

`��K SD4 
-. .�/ �
�0 ��� �	� ��1
4� ��2  E�AFG I�0 �5

���7� ��:� V�W �0 9��2  E�AFG 9��� ��5190  �.������84 

 ��2  f���� �0 SD4 .�/ ����4�MPa 5/2  c�7^� E�AFG I�0

 E�� �0 � ���	B5 K��1� 
��> I�� �� �@� �	� C� �U0 .�/ �
/��

`��K ���� ��2  c�7^� �0 ,��X75 � �/ �
�0 �	4 �	� �� �5MPa 

5/2 `��K���7� SD4 .��
2B ���< ��1
4� C� � ���/ 3�< �5 C� �5

.������� `��K  

  

2-3 - I%�2;�6  

2 -3-1-  �7�&� ��&*J�9( K%��&*�
�(SEM) 

N�� �4�	0 ��z�� �0�4��/27 
�C�D������� 	���Z� ��5

 	��Z� ��-� 9�	0 .�/ ��-� �20�� ���	
��� Y��4�	���SEM �

���7� h[4 �5 � �*� .�/�0 ���4� ���0 ���
��� E�X8  �
4� gX. �� 9���

 37� �0 ��� I�� .���/ ����/�� ���4� ~C�� ��a 3� �8�4� �0 ���0

T/�� b�� �0 9��X0����5�28  b�:���� ��/ .  

� ��
0����7 C� ��\�� �U[K � ���/ �
��/ s��� ,��	
�� �� �5

,�T/�� ��1
4� �� � �/ ���	0 ���0 
��/ h[4 L��/ �� �5 �5�

                                                           
26 Toyoseiki 
27 Morphology 
28 Coater  

	��� 	��D4� 9��:� b�� �0 ��1
4� I�� .
 	B ��	K ve29  c�ZA�

��� 
�	/3�30  c��K450X  ��
�� 
A�kV6  ,��	. E�/ �

mA5  E�� H	�10  ��a 3� ��@�K�10  9�� ve C� 9	
�����

���7� .�	� ��:�� �5  

���7�T��� 9�5 Y��4�	��� �� 9���	0	��Z� 9�	0 ���/SEM 

I��� 
�	/ 
<�431 c�B� c�� 3\ ��2�32  9��� ��
�� �0kV20 

���7� 
��/ u�[4 	���Z� � ��
 	B ��	K �0 
�C�D������� 9�5

���7�B�X0.�/ �
 	B M8
N� 9�5  

  

2 -3-2- L & M74 I%�2;��*  

3� T2� ,��C� ������
4� ?0�[� 9��A�ISO 527-1  R4��

L���/3���C ���7�� ��1
4�33  c��Z100  ���7� �4��5 .
 	B b�:��

 L�/ �� T2�1  .
4� ��/ ���� ,�2����7� 9�5  R4�� �� ,��C�

 E�^ve� � ���/ �
�0 T2� ��1
4� �� �����0 ��/ ��-� 
N� �	�

���7� 9��U0�b	� �0 �5 3  
�	> 
^	4 � �/ ���� I�/�� ��X �

 	0�	0 ~	A
�mm/min 5  .���	B k�z��  

  
  

��>1 -  E�(���J�( �� N��O� M74 ��%�� ���	61-ISO 527 

  

����/ �0	= ,��C�34 
�C�D������� �0	= b��A
4� I��U� 9�	0 �5

���7� .�/ b�:�� ������
4� ?0�[� �� ,��C� ������/ 9�5ISO 179 �0 

��U0� mm 4 × mm 10 × mm 80 ��/ ��-�  C� ���F
4� �0 �����0

 b��A
4� � ��
 	B ��	K T���C� ���� L��� /3���C �0	= ��1
4�

�0	=���7� 9�.��� 
4� �0 �5  

  

2 -3-3-  ��L� 0 �7�&� ��	���*- I%�2;(DSC) 
 
-. ;��< I��U�����	B 
�C�D������� � �1����80 ����� ��5

 �8=�F� �20�� �:�4��	B ,��C� C� ���8�� � V�W 9�5���)DSC( 

 ��1
4� �0 ,��C� I�� .�/ ���F
4�DSC  c��200F3-maia 


� ���7�� 
�	/ 
<�4~C35  ��1
4� .
 	B b�:��DSC  �� 9����

�� ��	K T���C� ���� ���7� �zFA� 3� �� �� 
4� �zFA� � �	�B

LA� b�� �zFA�  � 
 � ����	  3� ,��C� I�� �� .
4� s.	� ����

���7� ��
0� ,� �e �� 
 	B b�:�� ����	B 
2B	0  �� R�A� 9��� C�

 9���200  �.������84 E��	> �,�	� �	4 �0 SD4 � �/ �5�

���7� 9��� �0 �510-  �� �5���	B ����	  ���0�� .����4� �.��200 

 �.������84 T��X � 
^	4 .�/ ��	�� ��� T5�� � 
°C/min 10 

                                                           
29 Sputter Coater 
30 EMITECH 
31 Tescan 
32 Vegall 
33 Zwick/Roell 
34 Charpy Impact Test 
35 NETZSCH 
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k�z��  ������
4� ?0�[� ,��C� I�� .�/ASTM D3418   b�:��

.
 	B  

  

3 - P�� & Q$�J�  

3 -1-  ���	� 1R$�  

 
-.
N�� �4�	0���7� �4��/ Y��4�	��� 9�5��1�X�� ��5

���7� 
��/ h[4 C� �20�� ���	
��� L�/ .�/ �
 	B �52  	��Z�

SEM ���7�I �	B ,��0 9�5 10GF  �20GF  ���7�B�X0 �0 ��

5000 �� ,�2� 	0�	0 .�5�  

  

  
  

��>2-  *$&�S0SEM ��%�� 1T�� UO� �� +,(*- I&�� 5�6

 �$��	-�V�5000  (Z9( *�(*�10GF ([ �20GF  

  

 L�/ �0 �.�� �02 �� ��5�2� �B����\ �2�/ H���� �� ��/

 ����7� 
��/ 9�	0 �27< ��0 c�7^� sK�� � ����� ����C �0 �0�<

�
/�� 9	7�8� ����C C� ,�/ ���< �0 L��7�  �� H���� ��
 � I�� .
4�


�C�D��� 
��� ��z
�� C� ��� �5]16[ .  

 L�/3  	��Z�SEM  ���7�10GF1Grphn  ���7�B�X0 �0 ��5140 

�� ,�2� 	0�	0 � �2�/ H���� ~	
2� LZ  �0 LZ
� I �	B .�5�

�8� ����C�� ��5�2� 	��Z� �� I8���	� .��/ L�/ ?0�[�3 ��_> �

1
�C�D������� `��	� �� I �	B ��C� % �	F> ,�	� 	� 
8^ �0 9�5

�0 �� ����C � H���� �B����\ �9	7�8� ����C �� ��.�� ���-0 `��	�

�����	����� 	p� I�� .
4� ���2N0
�C�D��� �� �5 f��
� �� � ���� 9�5

 
4� ��/ )��XB X�� ,�@@A� 	1��]17�18.[  

  

  
  

��>3-  *$%S0SEM  1T�� UO���%�� 10GF1Grphn  ��

 �$��	-�V�5140 *�(*�  

  

 	���Z� �4�	0SEM ���7��� ,�2� 	1�� 9�5 �� �� �5�


�C�D������� k��	� k5 ������ 9	�a�0 I �	B ��C� �G�� �� ���5

���� ��5�2� 	
2�0 I �	B �0 �2�/ H���� �B����\ k5 � I �	B 9�5

�� ,�@@A� 	��4 �0 �0�< 
@0�[� �� ��/]19[  .���� 	��Z�SEM 

 ���7�10GF2Grphn  �� L�/4 .
4� ��/ ���� ,�2�   

�B����\ I���8� I�0�� 9�5 I �	B���� � �2�/ H���� � I8���	�

 �5��< h�	2� ����� �� �� ���� 
�C�D��� ;��< 	0 �7�@
�� E�	p�

.�/  
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��>4 -  *$%S0SEM  1T�� UO���%�� 20GF2Grphn  ��

 �$��	-�V�1000 *�(*�  

  

3 -2- �774 '(%)   

 L�/ ��5 
�C�D������� 3�
4a� c��� E�	���� L0�@� �� �5

.
4� ��/ ���� ,�2� I �	B ��C� �G��  ��5�2� �� ��[��75

�� ���7� ���7� �� ���/ c��� T��X � ]^�0 H���� �G�� T��X � �5

 T��X � I�� ���@� �� 
4� ��/���7� �� �0 9�530 H���� ��C� %

k-� .
4� 	�172\ ��2�/�� �� 	�� I�� 
8^ I�	� ����0 c��� ,���

 H���� �0 9	7�8� b	� ����C C� ��0 c�@
�� 	�pq� � �2�/ H���� 	�a�0


F4 �	� 	�W 	�]5�11�17[.  

 L�/ 9�5����7�5 �� ,�2����7� 9�	0 �� �5�  �010 ��C� %

 ��_> ��2�/ H����1 � %2 3�
4a� c��� �`��	� �0 I �	B ��C� %

 C� 	
2�0 ��16 � %21 3�
4a� c��� T��X � .
4� ���� T��X � %


�C�D������� 9�	0 �I �	B E�AFG���� ��_> 	�pq� 
A� �0 9�520 %

 �� ���0 �� �
F4 T��X � I�� L��� .
4� �z>v� L0�K X�� H���� ��C�

�� I�0 �B����\ �� E��W���� T@� ?0�[� .�	� �:
�. ����C � H��

 	���Z� C� �� �P��SEM �� 
/��	0 ��/ �
 	BL�/) ��/ 3 �(

 ~	
2� h[4 	
2�0 �B����\ ]^�0 `��	� �� I �	B���� ��_>

9�K 9�5����� L��2� � H���� � ����C �� �
F4 T��X � �� ��/ 	�

 
4� �
/�� �� �� �� 3�
4a� c���]17�18[���7� 9�	0 ��� .�5 �0 9

30 ,�2� 3�
4a� c��� �� 9���C 	�pq� I �	B ,��X � ��2�/ H���� %

 E��K T5�� ]^�0 ,� �1
/���� � H���� k��	� sK�� �� .
4� �����

 .
4� ��/ E��W���� T@� 9�F��  

  

  
  

��>5-  +,(*- ��2& �!�E *�(*� �E �
J�\( F&�� ](*

^0  

  

 L�/6 ���7� �22� b��A
4� E�	���� �� �5 ��C� �G�� `�>	0

�� ,�2� I �	B.�5�  

  
��>6-  +,(*- ��2& �!�E *�(*� �E �774 _���J�( ](*

^0  

  

 �� 
4� �22� T�� ���@� I�	
2�0 ��U� �0 �22� b��A
4�

�� ���� �0 9�5����7� ����@� �0 .��� L7A� T2� ,��C� �� �����

 L�/ �� ���� 
4�6 �� ��_> �8� ��e �0 �� 
 ���� ,��� I �	B

�8� `��	� �� �22� b��A
4� T��X � ]^�0 �2�/ H���� /I8���	�

�� ���7� 9�	0 .��/10GF2Grphn  �22� b��A
4�MPa 

77/38  T��X � �kK� I�� �� 
4� ���� 
4� �052/66 �� b��A
4� %

 I �	B ,��0 ���7� �0 
���10GF �� ,�2����7� 9�	0 .�5� �0 9�5
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��>9-  5�6�(E%��DSC  IE*4 E*� �	$;*,  

  

  
��>10-  9�5����7�DSC  ����	 b	B  ,�	�  

  

  

 F&��2-  I%�2; 2( ���; 1�E �� ]�?b`(DSC  

���7��5  

,�	� �	4 �8>	�  ,�	� b	B �8>	� 
 �.��

�1����80
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 9���

��8��
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��8��(J/g)  

 9���

V�W
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 �D��
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V�W(J/g)  
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