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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
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Fig.3 SEM images (a, b) and EDS element line scanning (c, d) of samples: (a, ¢) 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
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Table 1 Strength and conductivity parameters of different

Cu+Nb+C samples

Sample No. Strength/MPa  Conductivity/%IACS
3# 770 64
4# 740 52
S# 728 47




- 940 -

WA GRS TR

48 %

Joil o DRI, A B AT BT AT Cu-Nb-C-Nb
KR AL, BB A S A OURE P i M 1
JretiRe, RN RESE ML S PERE. S AMB R T A
[, O HLHL P R AN R], ok TR AT AN RE
[ I 2 o 1 2 i o SCHR[ 1410 A1k kA S8 085 1 N
FH R b gl /D A7 8 S S ) R, PN A SRR AN B
SRR A, ML AR TR, B2THS
Bk EARRRE, EeT RS B, TSR
LKA, ahtEZE, AR ARR K, Ak
i) WP, A AN 2), (H 3#FE AT LU 48 i 3L
BAvEs, i SR .

3 4 i

1) 750 ‘C/60 h #ALFEJ5 , Zeb4 () Nb (110)A7 5 i
5P BN A AE R AR T B S ) O

2) 3uFf i, B SEGOESN K, SMmn T
VR PIVELF T 4%, S#HEM, JTCHZ St 8T
e 2 Fhgs ket o

3) tHTPM ka2, BEA—8, WEHE
BARLF S, SES20m. H5IANs), ek
T LR R B, 9 AN

4) Sk EA S B TR A B D) 2 R 2
RE, A1 800 W R AR S A T i R v, R TR
BRI RAER, 06 T &M e LRSI E .
D SEIGAE B A S A 5 A% L L 32Dk
WFE T E, WM R T2, b wils), #5
Ak, AFLM T AR AT SR AL R R

[1] Wang Pengfei( L% &), Liang Ming((Z ), Xu Xiaoyan(#& 1
i) et al. Rare Metal Materials and Engineering (Wi 4 J&#
BLL T R[], 2015, 44(4): 918
[2] Yao G C, Mei Q S, LiJ Y et al. Materials and Design[J], 2016,
110: 124
[3] Xu XY, Lu Y F, Liang M et al. Materials Science Forum[J],
2013, 745: 163
[4] Xu XY, Lu Y F, Liang M et al. IEEE Transactions on Applied
Superconductivity[J], 2012, 22(3): 6 002 004
[5] Sandim M J R, Sandim H R Z, Bernardi H H et al. Supercond
Sci Technol[J], 2005, 18(1): 35
[6] Deng L P, Han K, Wang B S et al. Acta Materialia[l], 2015,
101(5): 181
[71 Lei R S, Wang M P, Wang H P et al. Materials
Characterization[J], 2016, 118: 324
[8] Fogagnolo J B, Adilson V. Surface & Coatings Technology|[J],
2016, 297: 34
[9] Costa F A D, Melchiors G, Gomes U U et al. Int Journal of
Refractory Metals & Hard Materials[J], 2015, 51: 207
[10] Zhou W Y, Yi M Z, Peng K et al. Materials Letters[J], 2015,
145: 264

[11] Botcharvoa E, Freudenberger J, Gaganov A et al. Materials
Science and Engineering A[J], 2006, 416: 261

[12] Pantsyrnyi V 1. IEEE Trans Appl Superconduct[J], 2002,
12(1): 1189

[13] Lei R S, Wang M P, Wang H P et al. Materials
Characterization[J], 2016, 118: 324

[14] Guo M X, Wang F, Yi L. Materials Science and Engineering

S %Hk  References A[T], 2016, 657: 197

Preparation and Characterization of Cu-Nb-C-Nb Multi-core Composite Wires

Wang Pengfei'?, Zhang Pingxiang'?, Liang Ming?, Jin Lihua’, Xu Xiaoyan’, Li Chengshan®, Li Jinshan'
(1. Northwestern Polytechnical University, Xi’an 710072, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

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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