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Table 1  Content and mass fraction of three different graphite/ 

copper composites (ω/%) 

Sample Gr C-Gr Cu(60%)/Gr Cu powder SiO

2

 powder 

Gr/Cu 16 - - 83 1 

C-Gr/Cu - 16 - 83 1 

Cu-Gr/Cu - - 40 59 1 
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� 1  3���/����	
 SEM��� 

Fig.1  SEM images of the three kinds of graphite/copper composites: (a, d) Gr/Cu; (b, e) C-Gr/Cu; (c, f) Cu-Gr/Cu 

500 µm 

500 µm 

500 µm 

a 

b 

c 

d 

e 

f 

100 µm 100 µm 

100 µm 



� 10�                             �  ����������/����	������                         �3267� 

v
�Æ�P�r` 2V�6�` 2b�2e. 2h�b�

½¾¿À��/�����m�d�d��e�_��

��
�j�l�·�(
��Vm��=�P;p

qdé` 2be6���:´�²³���ý���m

�fgf�vx�·�(�o&'�zÁ
A|.

��dé` 2e . 2he6�` 2c�2f . 2i �b�½¾

¿À��/�����m��d�d��e��·�(�

=s�jkdé` 2(c)e6w���:´�²³���

ý���m
��Gf����(�nÎs��.�

�p�dé` 2f . 2ie6v���z���:´�²

³���Í�_��u�����m�fg
�·�

.��
���6 

���������	
��������������

����

� 2� 3`��/�����
?�@A�.�

��6���b�8½¾¿À��/�����G¼�

���:´�²³���ý���
?.���_

���u�6²³è´�
��/�����
?

����4��@A�4R�#��E� 5.26 g·cm

-3

�

9.87 MS·m

-1

. 2.25%6�©�é����:´�²³

���Í�_�u�����
ÄÅ���=���

:´�²³
���56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  3���/����	 EPMA !"#� 

Fig.2  EPMA images of the element distributions in the three kinds of graphite/copper composites 
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Table 2  Physical properties of the three kinds of graphite/ 

copper composites 

Sample Density/g·cm
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 Open porosity/% Conductivity/MS·m
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Gr/Cu 4.91±0.06 3.45±0.04 5.56±0.04 
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Cu-Gr/Cu 5.01±0.03 5.11±0.02 7.77±0.03 

���������	
���������� !"#

$%#����

` 3.` 4�E� 3`��/�����
DE�

.36�`�b����:´�²³���ý��

���
DE�.3Íu��=����/���

��
DE�.34���E� 89 MPa�230 MPa6 

Cu 

C 

40 µm 

Cu 

C 

40 µm 

Cu 

C 

40 µm 

a 

b 

c 

d 

e f 

g h i 

Morphology 

Cu C 

G
r
/
C

u
 

C
-
G

r
/
C

u
 

C
u

-
G

r
/
C

u
 



�3268�                                          $%&'�	()*                                           � 48+ 

 

 

 

 

 

 

 

 

 

 

� 3  3���/����	
,-./ 

Fig.3  Flexural strength of the three kinds of graphite/copper 

composites 
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Fig.4  HV hardness of the three kinds of graphite/copper composites 
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Fig.5  Curves of bending load vs bending displacement for the 

three kinds of graphite/copper composites 
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Fig.6  Microstructures of cross-section fracture for Gr/Cr (a), C-Gr/Cu (b), and Cu-Gr/Gu (c) 
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Fig.7  SEM morphologies of fracture in the three kinds of graphite/copper composites: (a, d) Gr/Cu; (b, e) C-Gr/Cu; (c, f) Cu-Gr/Cu 
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Fig.8  Curves of friction coefficient vs wear time for the three 

kinds of graphite/copper composites 
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Fig.9  Volume wear rate of the three kinds of graphite/copper 

composites after 600 min 
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� 10  3�?@��/����	M 600 minIJO
FG=�IS SEMDE 

Fig.10  SEM morphologies of worn surface (a~c) and debris (d~f) in three kinds of graphite/copper composites after 600 min: 

(a, d) Gr/Cu; (b, e) C-Gr/Cu; (c, f) Cu-Gr/Cu 
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Fig.11  SEM images of natural graphite (a), resin-coated graphite (b, c), and carbon-coated graphite (d) 

a 

200 µm 

200 µm 

Spalling pit 

Sliding 

direction 

Sliding 

direction 

Sliding 

direction 

b 

c 

d e 

f 

200 µm 

20 µm 

20 µm 

20 µm 

a 

Graphite 

Inlaying resin 

20 µm 

b 

c 

d 



� 10�                             �  ����������/����	������                         �3271� 

` 11be6jk&'#,:�²³�Ê 1~5 µm�=�

�8²³�HP��O?dé` 11ce6²³´���

µu 950 ���m�P 2 hý��
²³è´���

µ�#�:F!������lËÌdé` 11de6 

` 12a �½¾¿À��dnatural graphite�NGe

.²³è´���dresin carbon-coated graphite, CCGe


 X +NÍ+`a6�`�b�²³è´�ý��

d002e:d2θ ¿� 26.52°e
Î�®.6²³èi

ý�½¾¿À���:KLy��èPÈ����:

ABABPÈ�s�è
 ABCABCPÈ���¡2PÏ

QR

[16]

�Á�� XRD Î�QR6` 12b �½¾¿

À��.²³è´���
ÐÑ`a6�`�b�>

`��
ÐÑ`a¹§_ 2 ¨�+�]Î�Î��

E�ÛÐÑ��¿ 1350�1580 cm

-1

 �ÒÎ
Î�Ó

�;s�7ÒÎ
G»�Ô_D�6�zu²³´

�ºÕi Åý����:PÈÖ�«LSsi6$

è��
ÐÑ`a¹�1580�1350 cm

-1

 
Î�El

ì� GÎ. DÎ6GÎ)����
Î�DÎ)�;

r$Û×²Ï¢È�
��ÏgØ
Ù\KL
6D

ÎG»Û G Î
�¼ RdI

D

/I

G

e��Ú��iø9


�Û���yÜi�ç R8vÌ:¹y����

��¼ÝB

[17]

6OP`4Q�b�²³è´���	

_��
 R�d0.47e�ç���:²³�ÕiýKL


y���Ïè�xoS���g
yÜi6 

` 13 �½¾¿À��.²³è´���
*+

��ÁÂ#(TEM)�_6�`�b�²³è´���

�:_Ê 40 nm � 1 µm 
²³è´��dé` 13b

. 13ce�=´��8��9:P�Þ�dr` 13cß

àV�e6²³´��
ÊVá)�èi©ªd~900 

�e²³âã
��Ï.ÊÏ�O<�ä«�Äêdr

å°ÍLÄ.æçi�Äe.�g��dr CO�CO

2

� H

2

eè�wéê


[18-20]

6	g�M²��r�d4e

~d6eV�6 

 

d4e

 

CO

2

+C↔2CO                          d5e 

2H

2

+C↔CH

4

                           d6e 

�¹ëP��b�²³è´���/�����	

_¼����/�������
?����.�R


@A�������
,-UV���#[�ËÅ

ìÔÛ�(>²:6�²:�²³��í���ËÌ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 12  TUVW����������
 XRD �Z� Raman

�Z 

Fig.12  XRD patterns (a) and Raman spectra (b) of natural 

graphite and carbon-coated graphite 
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Fig.13  TEM images of natural graphite (a) and carbon-coated graphite (b, c) 
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Fig.14  Fracture schematic illustration of natural graphite/copper 

composites (a) and carbon-coated or copper-coated graphite/ 

copper composites (b) 
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Fig.15  Schematic diagram of wear mechanism of the three kinds of graphite/copper composites: (a~c) Gr/Cu; (d~f) C-Gr/Cu or Cu-Gr/Cu 
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Microstructures and Properties of Resin Carbon-Coated Graphite/Copper Composites 

  

Xiao Peng, Jiang Xu, Zhu Jiamin, Liu Tan, Fang Huachan 

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China) 

 

Abstract: In order for high properties of graphite/copper composites, resin carbon-coated graphite/copper composites were fabricated 

using phenolic resin-coated graphite, electrolytic copper and silica as raw materials via a traditional powder metallurgy method. The 

difference in the microstructures and properties of the fabricated composites, natural graphite/copper composites and copper-coated 

graphite/copper composites was researched. The results indicate that the structure of graphite can be protected through phenolic resin. 

Phenolic resin can reduce the oxide layer on the Cu powder surfaces. The reduced Cu can accelerate the elements’ diffusion and sintering 

between the Cu particles and increase the sintering densification of the Cu matrix. Compare to those of the natural graphite/copper 

composites, the conductivity, mechanical and tribological properties of the resin carbon-coated graphite/copper composites improve. The 

electrical conductivity, flexural strength and hardness are 9.87 MS·m

-1

, 81 MPa and 220 MPa, respectively, which are equivalent to those 

of copper-coated graphite/copper composites. Besides, tribological properties of the resin carbon-coated graphite/copper composites are 

slightly better than those of copper-coated graphite/copper composites. 

Key words: resin carbon-coated graphite/copper composite; copper-coated; conductivity; mechanical property; tribological property 
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