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By 1P 3R (1 % 107°)/%
6N 4l — —
Cu-Ag 4 Ag 23
Cu-P&4 P 69
Cr 10
Cu-Cr-Ni 54
Ni 10

FHRBLHUS T2 KT 4T 20 38 U i itk 30 Pk
T CEHA R LA rBER, 28 A i T,
AT EAEN 1.50 mm [ A BRI HIZ L o

SrIXTEAR N D1.5 mm 1) 4 Fhhr 4R A H0 LA it
HEATYIE], ABEHEE RS em itFE. R FH SX-6-130

@ (b)

——

) PN
(SRS
— Yk

6N  Cu- cu- Cu-
Cu Ay pa4 Cr-

e e A 2 HEL BELY 43 3910 15 SR 300, 400, 500 “CFE R
S PR AT 1 h BB T B
T, FERCAGRAR), A8 U RaRE U 2 74
Y%, AR AR, AR T B R (SEM)

WL Z2 48 A S A b R 1) 28 T 30 D B S A R
FE, R X SFRAT S OXRD) S0 ke S AT, 33t
TR 10~90°, #5424 2(°)/min, FIH Jade 6.0 Ff4:
XoF SRR BEA AL T, DAARAS R 2 i A AL )
AHLL RS R

2 HREW®

WMEL PR, SRR E A 1Y AL IR 2 )
Ay R =02, Al e AR R | AR P R T
FL U
2.1 JRETEXEWEINRERIR IR G

K2 7R T 4 FP 2 FE 5 (6NCu, Cu-Ag, Cu-P
K Cu-Cr-Ni) 7£300 ‘CT 44k 1 b5 B &AL ISR T
TOIE S o BT R i 18 A B A D 2 1T 359 by i 252
FoR L, JCFLIR GG, BAERARUNERIR SRR
ToA 255 .

& 3 R4S AEARTE 400 “CF AR 1 b5 YA AR SR
RMIEH. 576300 CT A LMFEM A, SR
PRI SIEIR, KA TBRAR ., 6NHAE i
1) S8 AL RS A0 2 1T [ 18] 3(a) ] 810 W R 222 22 31 0 5%
FERR, M ABE] s Cu-Ag A4 kE AL R AL AT
FI [ & 3(bh) AL EUR A, o ML AL

SALIES N

AN AR T

BT SCHRedh MO EIREEHE « (a) TR SEIL IR AOREAIESL; (b) LG RIZEH R IR

Fig. 1 Experimental samples and their oxide film structures: (a) Morphology of samples after isothermal oxidation;

(b) Structures of oxide film on wires
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Fig. 2 Surface morphology of the oxide film on copper wires after oxidation at 300 °C for 1 hour: (a) 6N copper; (b) Cu-Ag alloy;
(¢) Cu-P alloy; (d) Cu-Cr-Ni alloy
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Fig. 3 Surface morphology of oxide films on copper wires after oxidation at 400 “C for 1 hour: (a) 6N copper; (b) Cu-Ag alloy;
(¢) Cu-P alloy; (d) Cu-Cr-Ni alloy; (e) High-magnification morphology of 6N copper; (f) Needle-like crystallization of
Cu-Ag alloy; (g) Flake-like crystallization of Cu-P alloy; (h) Needle-like crystallization of Cu-Cr-Ni alloy
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Fig. 4 Surface morphology of the oxide film on copper wires after 1-hour oxidation at 500 “C: (a) 6N copper; (b) Cu-Ag alloy;
(¢) Cu-P alloy; (d) Cu-Cr-Ni alloy
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Fig. 5 Surface morphology of the oxide film on copper wire after oxidation at 300 °C and 400 °C for 1 hour: (a, e) 6N copper;
(b, f)Cu-Ag alloy; (¢, g) Cu-P alloy; (d, h) Cu-Cr-Ni alloy
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Fig. 6 Surface morphology, corresponding oxygen elemental map and energy spectrum of the oxide film on copper wire after oxidation at

500 °C for 1 h: (a~c) 6N copper; (d~f) Cu-Ag alloy; (g~i) Cu-P alloy; (j~1) Cu-Cr Ni alloy
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Fig. 7 Surface energy spectrum of cross-sectional structure of oxide film on copper wire : (a) Longitudinal cross-sectional morphology ;

(b) O element distribution map; (c) Longitudinal section structure
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Fig. 8 Thickness of oxide film on copper wire after oxidation at 300 °C for 1 h: (a) 6N copper; (b) Cu-Ag alloy;
(¢) Cu-P alloy; (d) Cu-Cr-Ni alloy
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Fig. 9 XRD patterns of the surface of the experimental sample after oxidation at 300 “C for 1 h: (a) XRD patterns of each sample;

(b) Magnitude patterns at region I in (a)
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Fig. 10 XRD patterns of the surface of the experimental sample after oxidation at 400 °C for 1 h: (a) XRD patterns of each sample;

Magnitude patterns at (b)region I and (¢ ) region V in(a)
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Fig. 11 XRD patterns of the surface of experimental sample after oxidation at 500 °C for 1 h: (a) XRD patterns of each sample;

Magnitude patterns at (b)region I and (¢ ) region V in(a)
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Tuning Trace Elements to Improve High-temperature Oxidation Resistance of

Oxygen-free Copper Wire

YUE Fengli', LIU Yuhang', WANG Songwei’, SONG Hongwu’, PENG Shuyao’, HUO Jianping’, PENG Xiaofei’

(1. School of Automative and Transportation, Shenyang Ligong University, Shenyang 110159, China; 2. Shichangxu
Advanced Materials Innovation Center, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016,
China; 3. Jiangxi MicroBlue Electronic & Technology Co., Ltd., Ji'an 343000, China)

Abstract: To enhance the high-temperature oxidation resistance of high-purity oxygen-free copper wire, this study prepared copper wires
using 6N high-purity copper as the matrix with trace additions of Ag, P, Cr and Ni. Oxidation behavior of the wires in air at 300, 400,
and 500 °C was systematically investigated. Scanning electron microscopy (SEM) and X-ray diffraction (XRD) were employed to analyze
the morphology, thickness, and phase composition of the oxide films. Results indicated that the introduction of trace elements significantly
affected the characteristics of the oxide films. Ag addition thickened the oxide film and promoted formation of CuO at high temperatures.
P incorporation refined the oxide film structure and inhibited oxygen diffusion. Synergistic effect of Cr and Ni effectively enhanced the
density of the oxide film and promoted Cu,0 formation, significantly strengthening the texture of Cu(111) and other crystal planes, thereby
improving overall oxidation resistance.

Key words: pure copper wire; microalloying; antioxidant activity; trace element; oxide film
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