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Table 1 Chemical composition of experimental alloys (wt%)

Alloy Cr Zr La Cu

Cu-Cr-Zr(0La) 0.94 0.09 - Bal.

Cu-Cr-Zr-La(0.069La) 0.87 0.11 0.069 Bal.

920°Cx2h 960 °Cx1h

6. Pre-validity period
7. Secondary cold rolling
8. Aging treatment
350-500 °C
400 °Cx2 h 0.5-4h

Technological Process

31 O Bt o

Fig.1 Process flow diagram
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3.1 Cu-Cr-Zr(-La)& &iB%L4H4
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SPIZ A KT OLa & &, sk & LI B b K, AN TS
M. P& 2e 2893 il Ak rp 5 i o 6 SR O 1
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OLa & 4, F1 B HE PN AT DU H 8 4 o s 5 L1 1)
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FFAES CrAf J Laffl. KRB HRRAIAE CrAHTRELH
Ji T B HEA B R ORI AE Cr AR 24 La
FHAL FL, DLERIRAAAE , & La A0 A T DAERE AR B 40 26 Cr
Ao A, RSP RZ 2 um 224 . B3¢ M 0.069La &4 )R
i 2 TR S5 R, 1T LG 40N SR EC URLR Cr
At A A A2 B A b, ROSFAE 20~50 nm. X 0.069La
G AU AT I 0 B 3d, Kk BURE G X La o
FEHER S, Bk DU 8 A EAHNE Latd, B
N Crif,

1424 0.069La & < I FLA K i TEM JE SR AL [X i
TRTET A H . WA [110] 8 5L 5% (& 4a~4b) , o] I3
AT H R B R Ao A (R 20 /N AT D 3 X F T S
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K2 Cu-Cr-Zr(-La)& & in LS S MHAH L
Fig.2 Metallographic structures of warm-rolled Cu-Cr-Zr(-La) alloy: (a—b) OLa alloy; (c—f) 0.069La alloy; (e) matrix of 0.069La alloy; (f) grain

of 0.069La alloy
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Fig.3 SEM images (a—c) and EDS element mappings (d) of warm-rolled Cu-Cr-Zr(-La) alloy: (a) OLa alloy; (b) 0.069La alloy; (c) high-

magnification secondary electron image of 0.069 La alloy; (d) distribution of elements in Fig.3b
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Fig.4 TEM images of warm-rolled 0.069La alloy along [110] Cu strip axis (a—b); (c) TEM bright field image; (d) HRTEM bright field image of
Cr phase; (e) SAED pattern of Cr phase; (f) schematic diagram corresponding to Fig.4e along [110] Cu strip axis
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5 %L 0.069La A 451 TEM 73-#7
Fig.5 TEM image (a, c¢), SAED pattern corresponding to Fig.3a (b), and TEM image of dislocation entanglement and corresponding EDS element
mappings (d) of substructure of warm-rolled 0.069La alloy
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K6 Cu-Cr-Zr(-La) & &3 LS50 s S AHH 4
Fig.6 Metallographic structures of cold-rolled and aged Cu-Cr-Zr(-La) alloy: (a) cold-rolled OLa alloy; (b) cold-rolled 0.069La alloy; (c) aged OLa

alloy; (d) aged 0.069La alloy
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Fig.7 Microstructures of cold-rolled (a, c, ) and cold-rolled+aged (b, d, f) Cu-Cr-Zr(-La) alloy: (a—b) OLa alloy; (c—f) 0.069 La alloy
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Fig.8 Backscatter diagrams and corresponding EDS element mappings of cold-rolled (a) and cold-rolled+aged 0.069La alloy (b)
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Fig.9 Hardness (a—b) and conductivity (c—d) of cold-rolled OLa (a, c) and 0.069La (b, d) alloys after aging at different temperatures for different time
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i, OLa & 4 115 H 26 H A SLUFE 11 42.83%IACS 2 51 2]
400~500 °C i 25 FE 1K) 69.82%~82.22%IACS, 0.069La &
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F La s IE RIS Be 238 K T 7 BIECHAE A (&
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Jii » Cu-1Cr-0.1Zr-0.069La & 4 5 HL N 66.5%IACS, i
Cu-1Cr-0.1Zr &4 T L F(K 3.5%IACS.
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10 KA ELES Cu-Cr-Zr(-Lay & & HHA 50 & 0 i
Fig.10 OM (a-b) and BSE (c—d) images of cold-rolled Cu-Cr-Zr(-La) alloy: (a, ¢) OLa alloy and (b, d) 0.069La alloy; (e) element distribution of

precipitates in 0.069La alloy
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3.4 Cu-Cr-Zr(-La)& & R85 +BT3 7S R R 1 RE
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% Cr-La(Zr)#% 7 4544
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BT RS+ 200.069La & 4 i fZH 4
Fig.11 Microstructure of 0.069La alloy prepared by double cold-
rolling+aging

12a+, B S 94.9wt% Cr It &, N Cr M, A B AR AE
SR TS 6.86Wt% Zr A1 16.55wt% La, Ui B 3 2
Zr JLFE A La e R A A, 8 H #1045 kG Lafl Zr
A o047 JUFAR TR, Cr A% La A1 Ze AR . B 120K
ZAWCKAH I 414, vT LA 21 el 5 3 21w 18] 4 F o R 1

10 pm

5 \N CuLal2 e b
R7) 3 N gt
& N / e
k= 2 3 4 5 6 7 8 9
é“ : CrKal
z E
Culal,2| & E ) ) ) )
~stg, | 2 3 4 5 6 7 8 9
CrKal § 700: Zr Lal
& 4000 2 S00¢
2 Z 300f
Z 3000f 2 j00E L et T
b = 2 3 4 5 6 7 8 9
E 2000 & 700 —
> 500f
1000 £ 300f m
oo |€ 100b. . LT
2 3 4 5 6 7 8 9 — 2 3 4 5 6 71 8 9
Distance/pm Distance/pm

Bl 12 kA FLIN 200,069 La 7 43 70 3R 43 A S 21 4
Fig.12 EDS element mappings (a) and EDS line scanning results (b) of 0.069La alloy prepared by double cold rolling+aging
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TR, Cu T RIENEA TR ST EZH N, Cron RiRHT
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OLa & 4= 350 “C I 4% 2 h J5 ik 24 & i K EH 199.2 HV,
400 450 °C i 2 1 h ik 2 W& H B £ 197.9.192.6 HV,
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Effect of La-microalloying and Warm Rolling on Microstructure and Properties of
Cu-Cr-Zr Alloy

Liu Jinsong'?, Tang Xujing', Wang Songwei’, Xiao Yu’, Zhang Renwei’, Song Hongwu’, Zhang Shihong”
(1. School of Materials Science and Engineering, Shenyang Ligong University, Shenyang 110159, China)
(2. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(3. Shenyang Institute of Industrial Technology, Shenyang 110013, China)

Abstract: Cu-Cr-Zr alloy is widely used in communication electronics, rail transit, acrospace and other fields, and improving its strength and
conductive properties is a research focus in recent years. In this research, Cu-1Cr-0.1Zr and Cu-1Cr-0.1Zr-0.069La alloy ingots were designed and
prepared, and treated by solution-warm rolling-cold rolling-preaging-cold rolling-aging processes. The macrostructure and microstructure of two
alloys were analyzed by optical microscope, scanning electron microscope and transmission electron microscope. The hardness and conductivity
of the alloys were measured by microhardness tester and eddy-current metal conductivity meter. The results show that after 400 °C warm rolling, a
small amount of nanoscale Cr phase with fcc structure is precipitated from the alloy matrix. The primary Cr phases are distributed in spherical and
rod-like forms at grain boundaries and within grains, and rare earth La is wrapped around the outer layer of Cr phase to form a core-shell structure,
which inhibits the growth of Cr phase. After 83% cold rolling+400 °Cx2 h aging treatment, Cu-1Cr-0.1Zr-0.069La alloy reaches the peak hardness
of 199.8 HV and the conductivity of 66.5%IACS, which is an increase in peak hardness of 20 HV and a decrease in conductivity of 3.5%IACS
compared to Cu-1Cr-0.1Zr alloy. After further 44% cold rolling, Cu-1Cr-0.1Zr-0.069La alloy reaches the peak hardness of 212.9 HV, tensile
strength of 640 MPa and the conductivity of 74.4%IACS after aging at 400 °C for 4 h. The peak hardness of Cu-1Cr-0.1Zr-0.069La alloy is
17.2 HV higher than that of Cu-1Cr-0.1Zr alloy, and the conductivity is decreased by 4.7%IACS.
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