
� 48�    � 3�                               ��������	                                Vol.48,   No.3 

2019�      3�                      RARE METAL MATERIALS AND ENGINEERING                    March   2019 

�����2018-03-15 

�������������	
(51601151)����
�	��	
(2016YFA0401701)��������	
(2017ZDJC-19) 

���	����	
	1981��	�
�	����������	�� �� 710072	E-mail: wpf_chenxi@163.com  

 

Cu-Nb-C-Nb ��������	
�� 

 

���

1,2

����

1,2

��  	

2

�
��

2

�
��

2

����

2

��
�

1 

(1.�������	����� 710072) 

(2.����������	����� 710016 �

�


  ��!"#$%&�'	()*+,-./0123456789#$:; Cu-Nb <=>?)@�A3#BC456

D789#$:; Cu-Nb =>?)@�A4#BCEF9#:; Cu-Nb =>?)@�A5#B3 G(H?)@�IJKLM

NOP�'QR	@�S 750 T/60 h NOPU	V@�< Nb (110)WXY;Z[\]�^_`Q�3ab<:;Ic

d(HE EDS efghia	jkNOP�lm Cu/Nb nopq<rcst	:]3no<();Z	@�<uvw

xvyz3ab{|IJK} 3 G@�cd(HC~�veE��ve<gh�a	456789#$< Cu-Nb-C-Nb

@���veLm�� 2 G@�I�U	gh3 3 G��@�<uv���0E��ve�M<cd�PI�23�

��LM�'	�j;j�=�(H?)@�<01��3�G��<��I 

�
��456789#�*+,-./�uv���0�Cu-Nb-C-Nb =>?)@��

�������TG146.1

+

1        ������A        �����1002-185X(2019)03-0936-05 

 

����������	
��
������

��

[1]

�������������� �!"#$

%�&�'�()*�+,-./01234567

89� Cu-Nb:;��<�=>?@ABCDE(F

G	
�HBI�	
������"JKL�M

90.6 T�	
�H"NOLPQRS"TU@VFW

XF�����YZ�����[�&'�)*W\

()*]�^�./01��"_B`aYZ���

������Y�0�23bcWdefgh�"+

Cu/Nb-AgiCu/Nb-CuiCu-AgiCu/Nbjklmn"o

� Cu-C

[2]

p����qr=23W789s"=tu

�?@�	
�H����ivwx�iyz{|i

Ey}~��<�y��|p

[3]

���"��YZ�

���>?
�������_��������"

����� CuZ����)*����s����

��"Cu-Nb ��������?@	
���

����"����=tu�>?@Ey}~��<

�y��|p"�� Cu-Nb��<��)*�9L�

����"~�� Cu-Nb��<� ?��¡¢£¤

¥��f¦"§��:U��$%¨�¡¢ Nb ¤¥

©]����ªfm78� Cu-Nb��<�56z«

�¬�­�®¯"�°�±¥²³ 800´900 MPa h

µ

[4]

��¬¶·ABCE	
�HBI�¸O 100 T

	
�H"��<���°³ 1 GPao¹�;º»¼

½�¾¿�iCu/Nb z{ÀÁ�E"ÂÃÄ�°�"

��y)���)*���ÅÆhÇ� 

È23 ?ÉÊËÌ� "Í��[ÎÏÐDÑ

ÒÓ789LÔÕÖ×Ø£ÉÊ�� Cu-Nb:;��

<�iÔÕÖÙ×Ø£ÉÊ�� Cu-Nb:;��<�i

o�Ú£É�� Cu-Nb :;��<�p 3 ���<

�"�ÛÜÝL 3 ������Þß�)*a���

�à7"]����:á����<��78xâL

��ãä�fg� 

1  �  � 

��å�æç�Û�ÔÕÖÉÊi£ÉÊèéê

��"ë½ìb×Øí�"î�åê�ÉÊW�æç

��YïðñYÌB"Í��[ÎÏÐDÑ"3 UË

YÌ��789ÔÕÖ×Ø£É��Cu-Nb� 7

3

;�

�<�iÔÕÖÙ×Ø£É�� Cu-Nb��<�o�

Ú£É�� Cu-Nb��<�"_78�!ò×Ø��

qó�ô�� ]õÔÕÖò£Éö÷ç�Ûê�jÔ

ÕÖ:£É=1:50n"­ñøùúWûüê�ýþBjù

ú:ûü=1:0.2~1n"�­��þ" ?y����Ü�

� 30 min�"`Ò��ÔÕÖ×�£É�	�
å	

���
�:�ýþ�"³�����½ìbí��

�"%øÔÕÖ×��£É
î�åê�ÉÊ­ñY

ï���ðñø Cu ÌB"½ì�)ÏÐ���[Î



� 3�                                �����Cu-Nb-C-Nb=>?)@�<01E��                            �937� 

ÏÐDÑ"3 UËÌ��789 3 ���<�"��

å 3 �<��Uðñ£Ì�"�ðñøYÌB"­�

$% 3� Cu-Nb-C-Nb:;��<�j���U] 3#i

4#i5#n��<����Þßi\()*��y)*½

ì��� 1 ] Cu-Nb-C-Nb ��<��!"��Þ

ß"­�#µ��½ìq>�$%í�� 

&?'È JEOL ()KJ� JSM-6700F *Hd+

,-y./�0�Cu-Nb-Cu��<�����½ì�

�
 ? Instron mode 5982y.Ï1à·æ>\->a

2<"Ï1�°] 2 mm/min
 ?34<mÍ��(

¦·5W�6<�³ 300 K�y78Wy�2<� 

Sandim p9

[5]

23�:/;"Cu-Nb ��6�b

í��"�������dKL</�a�"=>�6

� 850 ��?í��"Cu Z�W Nb ;º@dKL�

ó!°���A
B_C?°�M 1050 �D"Nb;º

hµ�~�ÇE%oF��Æ@;º]ê��GHÉ

Ê"}�)I"�)a`��J"�JÉÊòZ�hµ

���°KL"MNí@ÜOPH"<��)I"QR

)�S�TU"VWÔÕÖ×Ø£ÉWYÉðÌÉ�X

Y½ì�?�DµZ?í�[\� 2] Cu-Nb-C-Nb

];���� XRD ^�Æ 2#_"qÛ­�HX

Y"�?í��"Nb (110)`+a�°</��"b<

�?í��"AcdKL</�d�i��A"e%A

fWAcdKLv�"ghiaLjg�k"<��)i

l)i�°%øLim"�òno[6]pq��:�J� 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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Fig.1  Cross section (a) and longitudinal section (b) of the 

Cu-Nb-C-Nb composite with multi-filaments 
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Fig.2  XRD patterns of Cu-Nb-C-Nb single core composites 

  

 3 ]XY� SEM ÷r� EDS ás<,-�Æ

 3 �t�du"�?�DµZ?í��"3#XY

fÀvwdKLx��yz"fÀf¯��{|}"

5#XY~.dKfÀyz"fÀvw�]|���

2  ����� 

2.1  XRD ���

 4 ] 3#i4#i5#XY�!"À XRD  ^�Æ

 #o�9"CuW Nb���=�a{</"~._

���q�³"C a��{</"Æ@�­�ÔÕÖ

ÉÊ��"óDÉÊ��èéÜ�"�J­�BÔÕ

ÖÉÊ�}�"Ca{L"�ò EDS*^ÜÝ��:

�J���(110)

 Nb

`+a��°���L"3#XY�

aß��&"�°��"� Cu(111) W Cu (220)`+

a��°�³���E"b<ÔÕÖ×Ø£É� 3#X

Y�Ac¿�</"�A)*�"jg)�@_� 2

�XY"�]ÔÕÖ×Ø£É�"�­��a`�E

LÔÕÖW£É�Û�ÀÁ"��)ia`���J"

��ÉÊ���}�)I"a`��J"gh�J;

ºÉÊ�èé

[7]

�Dengp

[6]

 ? EBSDDÑ��ó»

¼£;º� Cu/Nb��<��Egß�½ìL���

�:�<"��<�³ÏÐ�!B"��ß��³I

�,ß���Æ�� ��"¡��g¢ì@ÏÐfg

�£111¤ºß�¥["a`�E�<�¦§ß��[

B@<111>ß�ÞÜ"¨`Ò¡¢ Nb¤¥Þß���

4#i5#����s©"ÉÊhµ}�)I�E"a`

��J"�J;ºÜ��èé"��Æ@Y£hµ�

Aª�«¬"Nb ÉÊòYZ�hµ{­��`Òf

À"®�­��!B¯]�à°��"fÀ���   

°L� 

2.2  ������ 

 5]�óÃÄ`¦XY�±"À SEM÷r�Æ 

10 20 30 40 50 60 70 80

 

♣

♣

♣

 ♠

 ♠Nb

 ♠

♦ c

C
u
(
2
2
0
)

750 

o

C/60 h

As-drawn

2θ /(

o

)

I
n
t
e
n
s
i
t
y
/
a
.
u
.

Cu-Nb-C-Nb

C
u
(
2
0
0
)

C
u
(
1
1
1
)

N
b
(
1
1
0
)

 

 

 

♦ 

 ♠

♣Cu

3# 

4# 

5# 

a 

b 



�938�                                          ¢�����V�£                                            � 48� 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� 3  _`< SEM � E EDS �¤@¥¦ 

Fig.3  SEM images (a, b) and EDS element line scanning (c, d) of samples: (a, c) 3# and (b, d) 5#�
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Fig.4  XRD patterns of as-drawn and annealed samples in 

vacuum�
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Fig.5  Microstructures of Cu-Nb-C-Nb: (a) 3#, (b) 4#, (c) 5#, and (d) cross section�
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Fig.6  Stress-strain curves of 3#, 4#, 5# samples 

 

Ø��8���î
ï-ð'<Ø�ä"UD>\ σñÛ

@ ε

1/2

"Ø��8���î�Æ@É�WZ��Là°�

�"»�Òq"<�dK�S�";ºWÉ��ãí@

òOPH"b<�óhµ���\�L�nopq

[10]

Ô

ÕÖ�Æô�.�Ò�®.���.õ°��¥A�"

���du��Ki�°�Ei�y�b)*����

�ä*¡¢��"_�S�°Û���ö���� 200

÷�óD�ø.{��æ)"Ï1ù°*Mø�^»¼

� 20%�ÔÕÖ×Ø£É�"_èé)a�"ê�ÉÊ

a`�J"{E!°�u9LÔÕÖ�=)"4#XYú

î»ÃÄLÔÕÖÉÊ"Æ@ÔÕÖW£É�ûÅ�"

qÄhµa`I�E"�J<�èé)I"~.dü9

ÔÕÖ���=c"5#XY®.£É"òYZ�hµ�

��°Li�°ý"�)�I� 

2.4  
��
 

 ?34<mÜ>·5L 3#i4#i5#XYjΦ4.68 

mmn�y7"þ�(¦�6Ly�"+� �À;�#

o�9"y�W�°QñÛ�k"�ò~� Cu-Nb�

��°�ý"y�Åî��.À�ó

[11]

�Pantsyrnyi

[12]

�

�9L Cu-Nb �����y78�6(¦"_ ρ

dis

�

��¦§ÂÃz+4��"ρ

int

�fÀz+4��"�

._�Ts����³�L�� Cu-Nb����"�

��y78��	T@_¦§�ÂÃz+WfÀz

+"��­��>a����E"CuZ�W Nb;º

»¼���î"Ac¿�</"��¹ºi�
°Â

Ã�­"óDJKLE��qfÀ"�y.�z+­  

 

� 1  �� Cu+Nb+C �����	
��
�� 

Table 1  Strength and conductivity parameters of different 

Cu+Nb+C samples 

Sample No.� Strength/MPa Conductivity/%IACS�

3#� 770 64 

4#� 740 52 
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Preparation and Characterization of Cu-Nb-C-Nb Multi-core Composite Wires 
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Abstract: Three kinds of multi-core composite wires were prepared by powder casting technology combined with bundling and drawing 

process, including graphene-coated niobium powder reinforced Cu-Nb (3#), grapheme and niobium powder reinforced Cu-Nb (4#), and 

pure niobium powder reinforced Cu-Nb (5#). It is found that the intensity of Nb (110) diffraction peak is obviously enhanced after 750 

°C/60 h heat treatment. The analyses on the microstructure and energy spectrum (EDS) show that the high temperature heat treatment is 

favorable for the slight diffusion between the Cu/Nb interface, increasing the bonding strength of interface; plasticity and toughness are 

also improved greatly. The results show that the conductivity of Cu-Nb-C-Nb wire with graphene-coated niobium powder is better than 

that of the other two kinds of wires. Finally, plastic deformation mechanism and micro-mechanism of performance change of the three 

different materials were analyzed. An idea of further optimization of the process is put forward, which opens up a new direction for the 

preparation of high strength and high conductivity multi-element composite wires. 

Key words: graphene coated niobium powder; bundling and drawing process; plastic deformation mechanism; Cu-Nb-C-Nb multi-core 

composite wire 
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