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Fig.1  FT-IR spectra of CNTs before and after mixed acid 

treatment 
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� 2  Cu-1.0%CNTsG7(HF SEM«¬ 

Fig.2  SEM images of Cu-1.0%CNTs composite powders processed by molecular-level mixing (a), planetary milling (b), 

and two-step mixing (c, d) 
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Fig.3  Relative density and microhardness of composites with 

different CNTs contents 
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� 4  Cu-CNTsG7��F SEM«¬ 

Fig.4  SEM images of Cu-CNTs composites: (a) 0.5%CNTs, (b) 1.0%CNTs, (c) 1.5%CNTs, and (d) 1.0%CNTs after chemical etching 
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Fig.5  Tensile strength and elongation of composites with 

different CNTs contents 
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� 6  ® CNTsBDG7��F���¯«¬ 

Fig.6  Tensile fracture morphologies of composites with different CNTs contents: (a, b) 1.0% and (c, d) 1.5% 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  G7��F"WX| CNTsBDF¤°±² 

Fig.7  Relationship between the electrical conductivity and CNTs 

content of composites 

 

y�\P�*� ! CNTs ½£�XS[K@A��

�4¡¢ef�x CNTs½£? 0.5%�1.0%b�[K

@A���4��? 53.5u 51.7 MS/mn89.1%IACSt�

¤Ò Cun57.2 MS/mt��7e 6.4%u 9.6%��x

CNTs½£�J 1.0%Ö�[K@A���47e¯¼� 

[K@A���4 CNTs ½£�XS�"�g

�m�7e��P�?½>é�j~�ñê§-�P

7¾l;n1tCNTs��x? 10

-3 

Ω·cm��Ò Cu��

x? 10

-6 

Ω·cm�ê` CNTs� ���4�Ò Cuf

2~3 ¿ã£À

[9]

�CNTs S�£Á}��� Cu �g�

�ãÁ �ê���4ef�n2tCNTs��<	
�

�T?w	�il�>?u�?���4��\�

100 s

[18]

�ê`Zg�ÂÃ4?� CNTs �Ä'[K

@A���4ÅÆçQ�ûü�n3tZg�� CNTs

½£Á}�ÙjJ��ÅÆ¿�u���"�ÇÁd

Dn/y 4ct�é¨©ªÄx����È}���e

f[K@A���4��ê`�x CNTs½£�J 1.0%

Ö�[K@A���4*"+�]7e� 

� 1? 3CçaµÃ�·' Cu-1.0%CNTs[K@

A�pÞ	
u��4�ûü�\P�*�_�
Æ

Ç���ÄÅ±Â�µÃ�·���µ¶®jKî

ï±µK�·É��[K@A�ÉK	
,v��� 

 

� ��������	
� Cu-1.0%CNTs ���� 

�������� 

Table 1  Tensile properties and electrical conductivity of Cu- 

1.0%CNTs composites prepared by different mixing 

processes 

Mixing process 

Tensile 

strength/ 

MPa 

Elongation/ 

% 

Electrical 

conductivity/ 

MS·m

-1 

High-energy ball 

milling

[16] 

225 - 41.2 

Molecular-level 

mixing

[12] 

380 1.2 - 

Two-step mixing 279 9.8 51.7 

a 

1 µm 

5 µm 

500 nm 

CNTs 

Agglomerate CNTs 

5 µm 

b 

c 

d 

0.0 0.5 1.0 1.5

40

45

50

55

60

 

E
l
e
c
t
r
i
c
a
l
 
C

o
n

d
u

c
t
i
v

i
t
y

/
M

S
·
m

-
1

Mass Fraction of CNTs/%



�1254�                                           ������>�                                          � 48� 

ÄÅ±NO� Cu-1.0%CNTs [K@A�opYm9

��q? 380 MPa��ÝÖÞ»4q? 1.2%Ü�
Æ

Ç�·NOÉ�� Cu-1.0%CNTs [K@A�opY

muÝÖÞ»4Ê¤fÜ�Õ�îïµK�·NO�

Cu-1.0%CNTs[K@AYmu°	��? 279 MPa�

9.8%�éÎê?����
ÆÇNO� Cu-CNTs[K

@A� CNTs ���ÊË	¤����¥ CNTs _Z

g�����jK�Ê��Õ���ÄÅ±NO�[

K@A� CNTs ���,ÊË��ÎËÌÃgÏÐÑ

M����¥[K@A°	�ºM�B��Õ�µ¶

®jKîïµK�·NO�Cu-CNTs[K@A��

�4����]�v��éÎê?�����ÆÇ�·


£�'¤f�ë� CNTs��Í�� CuÃ��

[19]

�

�J SPSÙjÖ�ÃöVW�ñÎ¼Ï�IJVW�

�Ðy�ñ���+J?ñ���ÑLjK�^>Ò

½ Cu-CNTs ������WÓëÔJ>Ò Cu sn/

y 4dt��ÕHºBC����1��� CNTsÏÐ

^>Ö?×I�Ø�jk�é
À�Ê����WP

Q��_������Ö��

[20,21]

��Jµ¶®Ö�

CNTs��¼��½ O¾
¿
À¨©(_ CuZg�

����jK

[10]

�é��Q���1����¥�

B��¤f
£�ÆÇ' CuVWu CNTs�jkÓÔ

�m�¤��ê`��1�ÙJ��ê?©ª�¥�

}£ÚÛÇÁ �@A���4�ÇÁ�� 

��������

1) P CNTs��õ Cu Ã�Cu(CH

3

COO)

2

·H

2

O ?

ñA�Õ�µ¶®���ÄÅ±jK¬íÆÇîï

µK�·\NO*��	�ÊË	�CNTjkÊ23

ÌÍ� Cu-CNTs[KÃö� 

2) x CNTs½£�� 1.0%b�Cu-CNTs[K@A

� CNTs ���ÊË	ÌÍ�¥Um\�� 99.1%P

æÜx CNTs½£8� 1.0%b�[K@A�¥UmQ

CNTs���ÊË	�]ef� 

3)  CNTs½£:��Cu-CNTs[K@A�°	

��ef��Ym�Ü:�Öef����(�

Cu-1.0%CNTs [K@A�opYm��98� 279 

MPa��Ýb�1�]�±³� 

4)  CNTs½£:��Cu-CNTs[K@A���

4�7e���x CNTs ½£? 0.5%~1.0%b�[K

@A���4? 53.5~51.7 MS/mn89.1%IACSt�x

CNTs½£�J 1.0%b���47e¯¼� 

5) �'�
ÆÇ���ÄÅ±�Â�µÃ�·�

Ý�îï±NO� Cu-1.0%CNTs [K@A�ÉK	


,v�(cdem? 1130 MPa�opYm 279 MPa�Ý

ÖÞ»4? 9.8%���4? 51.7 MS/mn89.1% IACSt� 

 

����    References  

[1] Ďurišinová K, Ďurišin J, Orolínová M et al. Journal of Alloys 

and Compounds[J], 2015, 618: 204 

[2] Dinaharan I, Sathiskumar R, Murugan N. Journal of Materials 

Research and Technology[J], 2016, 5(4): 302 

[3] Thostenson E, Ren Z F, Chou T W. Composites Science and 

Technology[J], 2001, 61(13): 1899 

[4] Bakshi S R, Lahiri D, Agarwal A et al. International Materials 

Reviews[J], 2010, 55(1): 41 

[5] Rikhtegar F, Shabestari S.G, Saghafian H. Journal of Alloys 

and Compounds[J], 2017, 723: 633 

[6] Meng X, Liu T, Shi C S et al. Materials Science and 

Engineering A[J], 2015, 633: 103 

[7] Rezazadeh V, Pourhossaini M R, Salimi A. Progress in 

Organic Coatings[J], 2017, 111: 389 

[8] Yi Jianhong(³´µ), Yang Peng(¶ 4), Shen Tao(· ¸). 

Acta Materiae Compositae Sinica(G7���¹)[J], 2016, 

33(4): 689 

[9] Daoush W M, Lim B K, Mo C B et al. Materials Science and 

Engineering A[J], 2009, 513-514: 247 

[10] Park M, Kim B H, Kim S et al. Carbon[J], 2011, 49(3): 811 

[11] Kim K T, Cha S I, Gemming T et al. Small[J], 2008, 4(11): 1936 

[12] Xue Z W, Wang L D, Zhao P T et al. Materials & Design[J], 

2012, 34: 298 

[13] Cha S I, Kim K T, Arshad S N et al. Advanced Materials[J], 

2005, 17(11): 1377 

[14] Sahraei A A, Fathi A, Givi M K B et al. Journal of Compo- 

site Materials[J], 2014, 48(28): 3485 

[15] Nayan N, Shukla A K, Chandran P et al. Materials Science 

and Engineering A[J], 2017, 682: 229 

[16] Nie Junhui(º»¼), Jia Chengchang(½¾¿), Zhang Yafeng 

(ÀÁÂ ) et al. Powder Metallurgy Industry((HÃ>

Ä)[J], 2011, 21(5): 44 

[17] Nie Junhui, Jia Chengchang, Jia Xian et al. Rare Metals[J], 

2011, 30(4): 401 

[18] Zhang S J, Koziol K, Kinloch I A et al. Small[J], 2008, 4(8): 

1217 

[19] Kim K T, Cha S I, Hong S H et al. Materials Science and 

Engineering A[J], 2006, 430(1-2): 27 

[20] Yang Y L, Wang Y D, Ren Y et al. Materials Letters[J], 

2008, 62(1): 47 

[21] Shin S, Choi H, Bae D H. Journal of Composite Materials[J], 

2013, 47(18): 2249 



� 4�                         �  �M$����ª~��G7��F@A&Z�[\S"WX                     �1255� 

 

 

Preparation, Mechanical Properties and Electrical Conductivity 

of Carbon Nanotube Reinforced Cu Matrix Composites 

 

Zhou Chuan, Lu Xin, Jia Chengchang, Liu Bowen 

(University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: The copper based composite powders containing 0.5%~2% (mass fraction) CNTs were prepared by mixed acid treatment, two 

steps mixing process of molecular-level method and planetary ball milling using CNTs, electrolytic Cu powder and Cu(CH

3

COO)

2

·H

2

O as 

raw materials, and the Cu-CNTs composites were prepared by spark plasma sintering. The influence of preparation process and CNTs 

content on the microstructure, electrical conductivity and mechanical properties of Cu-CNTs composites were studied. The results show 

that when CNTs content is less than 1.0%, Cu-CNTs composite powders prepared by two-step mixing process have good homogeneity and 

good dispersibility. The Cu-CNTs composites with high density and uniform CNTs were obtained after sintering. When the content of 

CNTs is more than 1.0%, the densities and the uniformity of CNTs obviously decrease. With the increase of the CNTs content, the strength 

of composites increases in initial stage and then declines, and the plasticity and electrical conductivity tend to decrease. Compared with 

the composites prepared by high-energy ball milling and molecular level method, the Cu-1.0%CNTs composites prepared by two-step 

method exhibits the superior mechanical properties, including the electrical conductivity of 51.7 MS/m (89.1%IACS), the hardness of 1130 

MPa, the tensile strength of 279 MPa, and the elongation of 9.8%. 

Key words: Cu matrix composites; carbon nanotube; two-step mixing process; mechanical properties; electrical conductivity 
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