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� 1  520 ��35 MPa��;-.= 1%~15%Gr45=>?������ 

Fig.1  Optical images of micro-morphology of Gr/6061Al composites sintered at 520 � under 35 MPa pressure with graphite content of 

1% (a), 5% (b), 10% (c, d) and15% (e, f) 

 

�ýñ�®	2>ÓNÏ� GrÕ 6061AlOP�

ÑÔ 6061Al OP�Ìb>2� Gr (á2>@Knieke

\

[23]

Ô¶Ñ� 50G 100 µm	>2���(á°±ì

cÌ��>@ABñò	ÕqTÛAÖ��2>ÓP

q	�<*+â	OV½ñò	OV(5.86 m/s)�×�

Õ Gr ØÙ�5 6061Al OP	OVØ½ 1 mm/s@7

6061Al OPpÚ¬��	?���72>Ûx	q

.x?ìÜÃ

[23]

G 

( )

-1

3 2 2

P

Kin,P GM GM 1,GM 2,GM

GM

π

∆ 1

12

Y

E = ρ d v v +

Y

 

⋅

 

 

�

 �2� 

�2>�®N���D>2Ûx	Ô���(á

¼��)�(2)	�Ã
ÝÏ�ØÙVW	�Þ�Ð 2

D>2	Ô¼�b���Ï�ÃMN 1 D>2�ÞD

��	¼�@�N	ß��ë� 1)�@ 

E�(2)/� 1 �Ã�d7 6061Al pÚ¬��	

?�½ 31[10

-14 

J/mm

2

�?à°± �½ 5.6 µm

2

	á

Í!���@�4��Ñ�	���P+A�KL�

20~50 µm��ª4���OP Gr�î^�Ã
Ý��

Qâã���	K��)�äÑ�	��� å��

|�âã�Y%)à°±?*+@ÑÇ�6061AlP+

½ 50 µm9:�ëÑ�P+	 AlOPæçÈ�ýñ	

�®N����¯ AlOPðA°±	��ÄÅí¶�

6¶Ç�.�
èé	OP�ê�®NOP Ö	�

�¼��)�ABCDN���v��	&�
��@

s 1f Ä�	� Gr ÕFI�	± 
B£À@7sN

���R�GrÕFI�± 
Bâë�¨Ä	ìí�

��^± 
Bâî ïð
�ës 1fNño)��

§¨± 
B�=@ 

Etter\

[24]

Ñ�0��.òóÎcÌ Gr/AlABC

D�î^�FÒN¶·� Siì�ô± ð�5�Al

4

C

3

	!"���ABCDNª4f®�õ
 Al

4

C

3

�	

���ÒÓÎcÌQ± ð�	 Gr/Al ABCDª� 

1% Graphite 

1 

5% Graphite 

2 

10% Graphite 

10%Graphite 

15% Graphite 

3 

15%Graphite 

a 

b 

c 

d 

e 

f 

20 µm 



�1964�                                          ��
������                                           � 48� 

 

 

 

 

 

 

 

 

 

� 2  505 ��35 MPa��;-.= 10%Gr45>?�� 

=ab#c�0 

Fig.2  TEM image of the Gr/6061Al composites with graphite 

content of 10% sintered at 505 � under 35 MPa pressure  
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Fig.3  Interaction energies per unit area between two plates with 

finite thickness: (a) energy required to separate monolayer 

graphite from graphite substrates with different thicknesses 

and (b) energy required to separate different thickness 

graphite from graphite substrates with thicknesses of 2 µm 
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Table 1  Parameters for the calculations of the transferred energy 

Parameter Value 

Density of the grinding media, ρ

GM

/kg·m

-3

 

2700 

Diameter of the grinding media, d

GM

/µm 50 

Velocity of faster bead 1, v

1,GM

/m·s

-1

 5.86

 

Velocity of slower bead 2, v

2,GM

/m·s

-1

 5.859 

Young’s modulus of the product, Y

P

/GPa 230 

Young’s modulus of the grinding media, Y

GM

/GPa 69 

Minimal relative velocity of the grinding media, 

v

rel,min

/mm·s

-1
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� 4  505�535 ���;-.= 10%Gr>?��= 

XRD�© 

Fig.4  XRD patterns of Gr/6061Al composites with graphite con- 

tent of 10% sintered at 505, 535 �  
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� 5  ()*+,K 520 ��35 MPa;-.=¢< Gr45=

Gr/6061Al>?��=jklpqrs: 

Fig.5  Relative densities (a) and COF (b) of Gr/6061Al com- 

posites with different graphite contents sintered under 35 

MPa pressure at 520 � 
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Table 2  Hardness, relative density and COF of the Gr/6061Al 

composites sintered in this experiment 

Graphite 

content, 

ψ/% 

Sintering 

pressure/ 

MPa 

Sintering 

temperature/ 

� 

Hardness, 

HBS/ 

ª10 MPa 

Relative 

density/ 

% 

COF 

5 35 520 39.26 90.93 0.41 

10 35 505 34.42 91.24 0.42 

10 35 520 37.75 91.35 0.455 

10 35 535 48.51 91.95 0.509 

15 35 520 33.92 90.78 0.415 

25 35 520 22.68 88.31 0.194 
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� 6  520 ��35 MPa��;-.=¢< Gr45= Gr/6061Al>?��=qr���� 

Fig.6  SEM micro-graphs of worn surface of Gr/6061Al composites with different graphite contents sintered at 520 � under 35 MPa: 

(a) 1%, (b) 5%, (c) 10%, (d) 15%, and (e) 25% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  1%Gr45 Gr/6061Al>?��=qr��«U= EDSU¬­ 

Fig.7  EDS mapping of worn surface of Gr/6061Al composites with graphite content of 1% sintered at 520 � under 35 MPa: 

(a) SEI, (b) O, (c) Al, (d) Fe, and (e) C 
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Fig.8  Wear rate of Gr/6061Al composites with different graphite 

contents sintered under 35 MPa at 520 � (a) and with 

graphite content of 10% sintered under 35 MPa at different 

temperatures (b) 
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Microstructure and Properties of Gr/6061Al Composites Sintered by Hot Pressing 

 

Lu Ningning, Xu Lei, Li Changyun, Wang Youchao, Mi Guofa, Yang Erkuo 

(Henan Polytechnic University, Jiaozuo 454000, China) 

 

Abstract: The graphite sheet (Gr)/6061Al composites with Gr content of 1%~25% (volume fraction) were prepared by vacuum 

hot-pressure sintering. The nano-aluminum powders were adopted as cladding materials on the surface of graphite sheet to improve the 

dispersal uniformity of graphite sheet within aluminum matrix. The graphite sheet disperses uniformly in the aluminum matrix, and the 

interface between aluminum and Gr is well without interfacial reaction product being found. Few layer grapheme is observed by transmission 

electron microscopy (TEM). The relative densities of the Gr/6061Al composites with 1%~15% Gr content are all higher than 90%. The 

relative density, hardness and coefficient of friction (COF) of the samples decrease with the increasing of graphite content. However,, with the 

increasing of the sintering temperature, the relative density and hardness of the Gr/661Al composite with 10% Gr increase. The wear rate of 

the samples with Gr content of 5%, 10% and 15% are all higher than that with 1% and 25% Gr. 

Key words: graphite sheet; aluminum matrix composite; relative density; wear rate; coefficient of friction 
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