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U8 Nb iz, WG XN Cu AL G X
B, KA RSTECRIN Cuge B TAMBMARMRK, T
B Cuz A1 Cuy FIRSFHHZEANK, ARMETE A X 43t Cug
Cuy, LA Cupano F78 Cug A1 Cuye

i TEM W52 Cu-Nb & A 28 Rk I I ROu T3,
Wi 2 fiizn . Nb S22 20/ 26 R 3T LE Clpane
SEYJERELISN 7.7 1Mo Clnano B Nb 8522 53 s AN KLU (1)
TEAR, PR (Nb S22 AEE) 2574 23.8 nm. [FE 6
LR RSF SN ZH/INE Nb 22, IX 841/ ) Nb i 22 5
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K1 Cu-Nb EELMINE KL SEM M

Fig.1 Multi-scale microstructures of Cu-Nb composite wires

Kl 2 AJEE Cu-Nb E-ELM BTN TEM Iy
Fig.2 TEM images of the cross section of as-deformed Cu-Nb wires

(the dashed positions show the Nb fibers after splitting)
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3 AFHEEIR-K 1h (¥ CuNb XIS TEM K
Fig.3 TEM bright-field images of the cross section of CuNb regions after annealing at different temperatures for 1 h: (a) 200 ‘C, (b) 300 C,
(c) 400 °C, (d) 500 C, (e) 700 C, and (f) 900 ‘C

&1 Cu-Nb EEZ&MIRAG CuEiF. NbBLRTFFEEE
Table 1 Cu matrix size (dcy), Nb fibers size (dny), and Cu-Nb interface

density (Sy) of Cu-Nb composite wires after annealing

Annealing

temperature/'C d/nm dey/nm Sy/pm’™
As-drawn 7.744.8 23.8+20.7 53.7#4 .4
300 7.943.8 30.6423.8 48.316.8
400 9.044.6 37.2431.0 36.546.2
500 56.4425.9 132.1447.1 13.3+.7
600 116.8440.0 275.3194 .4 10.1+2.1
700 131.1439.0 305.6495.7 7.640.6
800 149.8453.0 352.44118.2 6.31.7
900 205.9486.4 578.6+174.3 4.840.6

5. %4500 CiBKJG, WFEMROMA LK T 23
e, K5 Nb 22 AR, Cnane K A2 45 A TR A
S SRR Nb &322 F0 Cu 4 RF 43 I AZ) 9 F1137.2 nm
1K F %) 56.4 A1 132 nm. Nb A ES /373 41 £ Clpano fit
R gt b, BT SR, Wik 3d ATk AT
7No Cu-Nb FLHIZEFE BT Nb b 22 sk ALK KT s B4
Ko ZEEETHER KR, Nb BUKIAT Clupano Sk gk 4L K
K, £ 900 CiBKJ5E Nb FURLFN Clpano ik T 43715

F#5 206 1580 nm.
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14 (200) (220) F1(311) I L4 REH AL 0.5, T (111)
(2R RN GRFRTE 3.3 BT, KT HAth 3 A dhih
IR 2B, R WIRIEZE 800 CHIEIRIE K, LA
ZARFFIRGRIN<111>c, 22230, BA RIFMHATEE M.

M 4c F1 4d H Nb(110)F1 Cu(111) T 5 =B jsok
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Fig.4 XRD patterns of the cross section of as-drawn and annealed Cu-Nb composite wires (a), variation of texture coefficient of Cu as a function

of annealing temperature (b), the enlarged views of Nb (110) (c) and Cu (111) (d) diffraction peak of Fig.4a
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Fig.5 Longitudinal sectional TEM image of CuNDb region in as-drawn Cu-Nb composite wires (a), the enlarged view of the red box region in

Fig.5a (b), the selected area electron diffraction pattern of the deformation twins in Fig.5b (c), three dimensional schematic of the

dislocation loops in parallel close planes (d), the projected view of Fig.5d on {110}Cu plane (e)
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Fig.6 Variation of nanohardness of CuNb regions with annealing

temperatures
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Fig.7 Experimental nanohardness (H) and calculated nanohardness

(Hcis) values of Cu-Nb composite wires after annealing
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Study on the Microstructure and Mechanical Properties of Cu-12%Nb Composite Wires
During Annealing

Xiang Shihua, Xu Junyao, Li Jingxiao, Qiu Youcai, Yang Xiaofang, Zhang Dingfei
(College of Materials Science and Engineering, Chongging University, Chongging 400044, China)

Abstract: Microstructure and texture evolution of as-drawn and annealed Cu-Nb microcomposite wires were characterized by scanning electron
microscopy (SEM), transmission electron microscopy (TEM), and X-ray diffraction (XRD). The variation of hardness of the wires with the
annealing temperature was investigated using nanoindentation. The results show that the Nb fibers begin to spheroidize and the nanoscale Cu
matrix to recrystallize when annealed at 400-500 °C. The texture of wires changes insignificantly after annealing, maintaining a strong
<111>¢,//<110>; fiber texture along the wire axis. Nanohardness was analyzed by the rule of mixtures and the confined layer slip (CLS) model.
The nanohardness is fitted well with the CLS model before the spheroidization of the Nb fibers, while the nanohardness conforms to the rule of
mixtures when the annealing temperature is above 800 °C.

Key words: Cu-Nb composite wires; annealing; texture; nanohardness
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