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Properties and microstructure evolution of
hot rolled-quenched Cu-Cr system alloys
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Abstract: The strips of Cu-Cr system alloys were manufactured by online hot rolling-quenching (HR-Q) and subsequent
thermomechanical treatments process. The properties and microstructure evolution of alloys were investigated by
measurements of microhardness and electrical conductivity, and observations of optical microscopy (OM) and analytical
transmission electron microscopy (TEM). The results show that the HR-Q and thermomechanical treatments process can
successfully manufacture the strips of Cu-Cr system alloys with high hardness, high conductivity and excellent softening
resistance. The Cr precipitates with ordered FCC structure, which are decomposed from the thermomechanically treated
alloys, are responsible for the improvement of properties during near peak aging. The high hardness of the alloys is
ascribed to the interactions of grain boundary strengthening, strain hardening and precipitation hardening, and the high
electrical conductivity results from the reduction of the solute atoms concentration in the matrix during aging treatment.

Key words: Cu-Cr system alloy; hot rolling-quenching; precipitate; hardening; softening resistance

<

AL IR R At e P AR RELL  SRASCLBR IR iR, sk, o ek AR
L yetkfie, HASSEOURMEA ™, g 2T Z0RE S itk e e 2R m s e, Bt e

EEWE: HFKARPAEEETIIIH (51174234); ZRUERHBOGHHRII H (08010201026)
Wi EH: 2011-07-19; fEITHHEA: 2011-11-13
BIE1ER: WIS, HdZ; Hif: 0731-88830264; E-mail: wangmp@csu.edu.cn



5522 %5 8

EORIR, 55 BELVEK Cu-Cr RAE S RITERE R U AR 2231

Ha P T T 42 OC R I AR AT 0 A B B4 D T B A R A
FHUY, LU S e, BAR ) R AR Bl K A A 1
L 5| 2 HE B ) B} 25Kk & G B s 2 KT 600
MPa, HEAT 180 HV, HLFHE AT 80%IACS.

Cu-Cr R4 TS = A s ZL T Hh A 80
T DA Ay o B A 9 0 0l A KRS G R R A i v
PG| RAERRER A5 4 NECE IR R % RIS 40
SR %, [ AT Z R A e AT KR
Gt &30 SRR T e bR, W Lo SRR T
T L EHIMAE R Cu-Cr-Zr T4 AT A5, &
G AE 480 CINAL 1 h [543 21 1 oA i S 38 1) R 4T 45
#(530 MPa, 78%IACS). £kl T Cu-Cr-Zr
G L F AL B ANRE S AR AL B S , I hThr g
HIHL S 255 [k £ 527 MPa Fl 82%IACS.

SR, HEr LI Cu-Cr REE0F7T TAE
BRI 5 A A B 25 G A BE T2, i L
ZACEH TS S, SHG S Tl
AEPEAEAARR I 220 . BT, AR L2022 M
M TG SR, hETHT H i B 5 Ay 4
(ST R A = AT 4O, Kk TS S L
FAZE G, A — O SE 8) ) A AN PR L -7
KARFE, (RIS SRR [ 0 H R, Ak b0 T A4t
LR LSO R I AR iR AT [ A . A
BB AT KA m A= %, B! AR S 24
EHR GG K T ENHT Cu-Cr RAEEH
MAAEF=, JERREE . T 2R IR DA S A S P
B LT BB S 1 VAR 1% TS A A
SHIVEREAAZUEAL, JEaHrT IR RIESFT R
UFEEGPERERI RN, A G il e G BRIV 0 A4k
AR T 2R ARG A

1 I8

ARELIH44T 3 Fié4: Cu-Cry Cu-Cr-Zr Fll
Cu-Cr-Zr-Ni-Sio 50 R4 MR . aig ., 2l 4l
FERT 13%(T 20 0 A s rp R) 25 40 6 HPAURR B g
HE S, REARRRY, BeRER R 180
mm X 120 mm X 30 mm ¥EE. H ICP-AES Wl & %5 i
AHITRL T

e 2B R I G B b J5 e IR U 3 A0 40R
Ko BRI 920 °C, BECA 5 ho A4k fE PUE
FLEK S mm BIMH, FEVEKAEL. BRI T
RIS, 79T 60%F1 80% A 4L, AR ARG
FE 53 AT 55 I RN 55 IS 280 o 5 I8 I8 8] 24 60 min,

FT1 Cu-Cr ZA SR RS

Table 1 Chemical composition of cast Cu-Cr system alloy ingots

Mass fraction/%
Alloy
Cr Zr Ni Si Cu
Cu-Cr 0.40 - - - Bal.
Cu-Cr-Zr 0.42 0.18 - - Bal.

Cu-Cr-Zr-Ni-Si~ 0.39 0.24 0.12  0.027  Bal

HELE A 350~650 'C, Hrfr 550 °C J LA R EAE SR
AT, w1550 CNZER IR TR oE s AR I
AE SR TR AT, LN 450 °C, B 1~1 800
min. RIEAFPREARTEE, ¥ 60%FH 80%A FL7
BIbRE T2 A FIB.

WIEREE HV-5 B B A2 v B, 2Tk
24.5 N, JIZIHE Y 10 so £F QI-19 RIXUE ti b Ll
€ HLBH, AR [ Bl K bR iE, R p B A 4 A
F#., {£ LEICA EC3 Jt&* il AT Wid A 200
%%, TEM IRFEAE 30% MM FH B v oS, i
L h—40 °C, WK 15~20 V, HL 70~90 mA. 7
FEI Tecnai G*20 & % Hi 7 B s LR TZLSURIBT HAH
ML, IE R R 200 kV.

2 FHRE55

2.1 ERBTR

PELIFKIFAFLG AR RERG 50 °C i 250k
FE R FAE R S22, D33 Cu-Cr RIS 4
AR RORE o S AR BORFE R IA Z2 B 2 60 min
Ji o A RE R G A BRI B R 25 onf RS . 18
1 iR I ELEE K IR LG Cu-Cr RINEG A I 3%
60 min Ji (AL ATHL G238 i 26

HIE 1 AR, A AR R T R A
(YIS 5T A, s N o i P R L, S 236 357 T P58 1) T i T
FHan, R FR G 4 80% AL Cu-Cr
Cu-Cr-Zr 54 MR8 B2 W {E B AE 400 “CIF 2%, 1M
Cu-Cr-Zr-Ni-Si 754 (1B T AR ) HH IAE 450 "CIFRL,
JLUEAB 2059k 156+ 177 F1 179 HV. 500 C LA _E I
SO IR R A 80%+4 KL ) Cu-Cr 7542 4£ 550 °C
I 2850 J5 B G T R BEF] 89 HV, i Cu-Cr-Zr Al
Cu-Cr-Zr-Ni-Si &4:4F 650 CHf % 60 min J7 4 F %5
81 HV. XK Cu-Cr GaAM LT HAWPIFI& 45 )
TIEB Rk 3 Fh G i F 241 450 “C I 2 60 min 5
B =N &, SRR TS gEg BT, IR
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Fig. 1 Hardness (a) and conductivity (b) of Cu-Cr system

alloys isochronally aged for 60 min

AN AR T S (1) 45 4 s AR AR B R AR AT A
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Fig. 2 Hardness (a) and conductivity (b) of Cu-Cr system

alloys isothermally aged at 450 °C for different times

X =54, KRR A S e 30d
iR s T/NA BT RN G . 76 12 A FI L
2 B %A, Cu-Cr-Zr fil Cu-Cr-Zr-Ni-Si & & I6AH g
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S REFEAE 2 A 162 F1 170 HV . 80% ¥4 5L 11
Cu-Cr-Zr fil Cu-Cr-Zr-Ni-Si 45 41 % 1 200 min J&, H
B FEE ARG T AR ) e 23 00 17 F109 HV, R 1 %
AN 9.7%H1 5%, i Cu-Cr A5 4xHf 244X 960 min
MR Atk 67 HV, 0N TR 42.2%. X E W], Cu-Cr
B 4 A5 I R0 W) Ok BT 2 T i, T
Cu-Cr-Zr 5445 Cu-Cr-Zr-Ni-Si 54, WATH
TLOL R IPUR AL PERE . IR S I Ak 2 IR e 4 —
ES8

K 2(b) 7R T 3 P& 4 1E 450 CEREM 0 %
Mk, SREREARLL, BT G483 SRR H R Z R i i
AN o BT I RT3 i i~ AT R 4
B, 3 FhGr 4 i S e 3800 F Tt 4% 30 min 5,
H R BA AN G GG KOE kg . 1K A2 T e
SEAA I T S5 A B I P (TR P o AR T
Hat Cu-Cr 4 S R, M 30min 5, H
M5 RIA 85.2%IACS, TMILES Cu-Cr-Zr Fl Cu-Cr-Zr-
Ni-Si 4709 24T 81.7%IACS Fl 78.2%IACS. X} T
AN AR T S [ — Bear 6 4, AERT RO R I
JUFARI], RLEARIG AT T, A TEXS G4 i 2L
TEFE L 2% LT AT o B B I g T AT
80% N[N Ky /& Cu-Cr RE ARG A &,

2.3 fULALR
231 SAHALR

Kl 3 sl Cu-Cr R G SAEA R BAAT T 14
. HE 3@, it 920 CHIAME S h G,
HaM AR OO B, EZE R S
En 2, RIS T U 5 ) S OR £ PR AORELE i P R
A EWBL. B Cu-Cr &4 _JetHE A%, Cr 4 Cu
(s KA P T 70 20 A 0.65%(1 076 °C), TILE 920
CHIPATEARIEL ] 0.3%. BT AR5 4 v i
Cr Wi T IHAE 920 C ISP A RE, DRI AE AL AT
ISR KANGE 58 A A A e [ 1 2 v T i Aok
it Cr AH o ALK T 2500 0 K AR T AL R R
Al N BN AT, ORI T diokE, Wil 3(b)
FiRe B IR 5L TERE— 2D s RT3
T &K, Bk, AELERKAF-BTE
AT SRAG AR /N AR R
232 TEM ZH4URI&5H

P 4 FT7n b Cu-Cr-Zr-Ni-Si &L K () TEM 4
ZURTAH R e X L RTS 10% o FH ] 4(a)mT WL, FAELVE
KIG, BARRLA /N, JFEELHIT s A R
TEARSE IR T A /NP5 it i, X R B L
TR AT AASTRG: ito AHRIE X L FATH B8 T Cu

B3 Cu-Cr ZESAEAFPRE T ESAHAL
Fig. 3 Optical microstructures of Cu-Cr system alloys under
different conditions: (a) As homogenized (920 °C, 5 h); (b) As
hot rolled; (c) As 80% cold rolled
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BT T AN IR ECRL T, Wil S(o)FrR. Xk
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4 HFLAEKE Cu-Cr-Zr-Ni-Si 41 TEM W75 ML D i 1R i
Fig. 4 TEM BF image (a) and corresponding SAED pattern (b) of hot rolled-quenched Cu-Cr-Zr-Ni-Si alloy, zone axis close to

[011]cy

5 ARFEAHIRA T Cu-Cr-Zr-Ni-Si &4: ) TEM 4

Fig. 5 TEM images of Cu-Cr-Zr-Ni-Si alloy under different conditions: (a) As 80% cold rolled; (b) As 80% cold rolled+(450 C,

60 min)
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Fig. 6 TEM image(a) and SAED pattern(b) of precipitated phase of Cu-Cr-Zr-Ni-Si alloy after near peak aging at 450 ‘C (Zone

axis close to [111]q,; p presents precipitated phase)
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T S EAE L [T (1 H (1 o FEABIEF T, SAELIF K Cu-Cr
RINE AR ROL R B AT 2L I 25 e v, 6
R TR 130 Cry Zr. Ni Al Si 76 AL KR
WG4, SPUEE SO T R g, IF
FERE G RO R TPt vE Tt AT SRAS & s 5 1Y)
WG . D, fEEREL-VF K L 2SIRIA R T %
O R (S N SN E R & N W R &2 A4 £ e Rl &
WA G i M i A e . RN, AR LV kT
SIRIERAS H AN NS T SRR B AT /N A R AL
L 3 M4 FroR), G E S I TR A B
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Fig. 7 Hardness and conductivity of Cu-Cr-Zr-Ni-Si alloy

under various conditions

4 it

1) fELPEL VK T E MBS A b 3 T
BRI T4 Cu-Cr RANG S . BuEL— K
AT A T, BT AR/ oA, nr DA R
HRARAL GobT Hh s At 75 4 110 [ v Ab 2

2) fELEPEL -V K T S8 R S AR b B T
S A G B R 2 Re . sk R
DL IPUR AL ERE . IING 4005 Zrs Ni Al Si K

HsE T a4 PERE. £ 80%A 5L 450 “CHI%YL 120
min Ji5, Cu-Cr-Zr-Ni-Si 54 [l B2 FIHL 5 2853 31 v] ik
180 HV 1 81.1% IACS.

3) HAA)Y FCC 45kl HHARBA L )51 71
AN 1740 % Z2 K5 Cre AF A I A R 5 A o it HE R S T
BOSFET Cu-Cr RA b R i S 5638 s R i AL

4) ELTEK Cu-Cr Z A4 1 bl 2 40 A
VA SR AL AT H S R FH 25 20, f e e 02
EH T B 20T H AR R BRI T A o 3 S AR

REFERENCES

[1] LIU Q, ZHANG X, GE Y, WANG J, CUI J Z. Effect of
processing and heat treatment on behavior of Cu-Cr-Zr alloys to
railway contact wire[J]. Metall Mater Trans A, 2006, 37(11):
3233-3238.

[2] SUJH, DONG Q M, LIU P, LI H J, KANG B X. Research on
aging precipitation in a Cu-Cr-Zr-Mg alloy[J]. Mater Sci Eng A,
2005, 392(1/2): 422-426.

[31 LI Z, PAN Z Y, ZHAO Y Y, XIAO Z. Microstructure and
properties of high conductivity, super high strength
Cu-8.0Ni-1.8Si-0.6Sn-0.15Mg alloy[J]. J Mater Res, 2009, 24(6):
2123-2128.

[4] LIU P, KANG B X, CAO X G, HUANG J L, GU H C.
Strengthening mechanisms in a rapidly solidified and aged
Cu-Cr alloy[J]. J Mater Sci, 2000, 35(7): 1691-1694.

(51 o, JAugds, B, BB, A UR. TBA Sk B

Cu-Cr-Zr &GN LM PERE R EmT]. P EA R E ),
2008, 18(6): 1032—1038.
ZHONG Jian-wei, ZHOU Hai-tao, ZHAO Zhong-kai, LI
Qing-bo, ZHOU Xiao. Effects of thermo-mechanical heat
treatment processing on microstructure and properties of
Cu-Cr-Zr alloy[J]. The Chinese Journal of Nonferrous Metals,
2008, 18(6): 1032—1038.

[6] HEE, ¥R, MR, W, BES, W w, K.

I 24 Cu-Cr-Zr-Mg-RE & &AL LU e[, h A G5 E
2E4R, 2007, 17(7): 1112-1118.
MU Si-guo, CAO Xing-min, TANG Yu-qiong, XIANG
Chao-jian, YANG Chun-xiu, GUO Fu-an, TANG Mo-tang.
Microstructure and properties of aging Cu-Cr-Zr-Mg-RE alloy[J].
The Chinese Journal of Nonferrous Metals, 2007, 17(7):
1112—-1118.

(71 BOBCR, x| P, KT, BRUBY, BRONAL, BORAL, TR
Cu-Cr-Zr JRA S EM BN AL S PERE[]. P EA Qa R A,
2010, 20(7): 1134-1138.

JIA Shu-guo, LIU Ping, SONG Ke-xing, CHEN Jiang-biao,
CHEN Xiao-hong, TIAN Bao-hong, REN Feng-zhang.
Microstructures and properties of Cu-Cr-Zr in-situ composites[J].

The Chinese Journal of Nonferrous Metals, 2010, 20(7):



5522 %5 8

KRIR, %

PELE K Cu-Cr RE R MPERE A LA

2237

(8]

[11]

[13]

[14]

1134-1138.

GAO N, TIAINEN T, HUTTUNEN-SAARIVIRTA E, JI Y.
Influence of thermomechanical processing on the microstructure
and properties of a Cu-Cr-P alloy[J]. ] Mater Eng Perform, 2002,
11(4): 376-383.

WATANABE C, MONZEN R, TAZAKI K. Mechanical
properties of Cu-Cr system alloys with and without Zr and Ag[J].
J Mater Sci, 2008, 43(3): 813—819.

TRALT. AELVF AL FAEL 1 N AT [T]. AR
17,2009, 38(4): 13-15.

ZHANG Li-xin. Application analysis for on-line quenching in
copper strip hot rolling[J]. Nonferrous Metals Processing, 2009,
38(4): 13—15.

XIACD, WANGMP, XUGY, ZHANG W,JIAYL,YUH C.
Microstructure and properties of Cu-Cr alloys prepared by a
shortened process and a conventional process[J]. Adv Mater Res,
2011, 199/200: 1890—-1895.

CHEMINGUI M, KHITOUNI M, JOZWIAK K,
MESMACQUE G, KOLSI A. Characterization of the mechanical
properties changes in an Al-Zn-Mg alloy after a two-step ageing
treatment at 70 ‘C and 135 ‘C[J]. Mater Des, 2010, 31(6):
3134-3139.

LEIR S, WANGM P, L1 Z, WEIH G, YANG WC,JIAYL,
GONG S. Structure evolution and solid solubility extension of
copper-niobium powders during mechanical alloying[J]. Mater
Sci Eng A, 2011, 528(13/14): 4475-4481.

BONFIELD W, EDWARDS B C. Precipitation hardening in Cu
1.81wt% Be 0.28wt%Co[J]. J Mater Sci, 1974, 9(3): 415—-422.

[15]

[16]

[17]

[19]

[20]

[21]

[22]

HOYT J J. On the coarsening of precipitates located on grain
boundaries and dislocations[J]. Acta Metall Mater, 1991, 39(9):
2091-2099.

GAO N, HUTTUNEN-SAARIVIRTA E, TIAINEN T,
HEMMILA M. Influence of prior deformation on the age
hardening of a phosphorus containing Cu-0.61wt.%Cr alloy[J].
Mater Sci Eng A, 2003, 342(1/2): 270-278.

HUTCHINSON B. The effect of alloying additions on the
recrystallization behavior of copper—A literature review[R].
Swedish Institute of Metals, 1985, No. IM—2003.

KNIGHTS R W, WILKES P. Precipitation of chromium in
copper and copper-nickel base alloys[J]. Metall Trans, 1973,
4(10): 2389—2393.

HUH S H, KIM H K, PARK J W, LEE G H. Critical cluster size
of metallic Cr and Mo nanoclusters[J]. Phys Rev B, 2000, 62(4):
2937-2943.

TANG N Y, TAPLIN D M, DUNLOP G L. Precipitation and
aging in high conductivity Cu-Cr alloys with additions of
zirconium and magnesium[J]. Mater Sci Technol, 1985, 1(4):
270-275.

BATAWI E, MORRIS D, MORRIS M A. Effect of small
alloying additions on behavior of rapidly solidified Cu-Cr
alloys[J]. Mater Sci Technol, 1990, 6(9): 892—899.
HATAKEYAMA M, TOYAMA T, YANG J, NAGAI Y,
HASEGAWA M, OHKUBO T, ELDRUP M, SINGH B N.
3D-AP and positron annihilation study of precipitation behavior

in Cu-Cr-Zr alloy[J]. J Nucl Mater, 2009, 386/388(4): 852—855.

(4mig  FTHBLD)



