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Effects of Hf on Microstructure and Properties of Cu-Cr Alloys
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(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024 ; 2. Ningbo Insti-
tute of Dalian University of Technology, Ningbo 315032)

Abstract: Rolling-solid solution-cold rolling-aging treatment was conducted on Cu-Cr alloys with different Hf addi-
tions, and the mechanical and electrical properties of Cu-Cr alloys were tested. The results indicate that Cu-0.6Cr-
0.4Hf alloy exhibits excellent mechanical and electrical conductivity after deformation heat treatment, with a conductiv-
ity of 45.2 MS/m and a hardness of 213.6 HV,;. Hf addition hardly refines the grain structure, which significantly
affects the high-temperature performance of the alloy, and the high-temperature resistant softening temperature can
reach up to 570 °C after aging. In spite that the tensile strength is reduced at high temperature, Hf element can improve
the high-temperature stability of the alloy by forming a stable Cu;Hf phase, and alloy can still maintain a certain
strength at high temperature, where the tensile strength reaches 348 MPa at 500 “C. After aging treatment, fine granu-
lar Cr distributed in the matrix and hemispherical Cus Hf,, distributed in the grain boundary are observed in Cu-0.6Cr-
0.4Hf alloy under TEM.
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Tab.l Nominal and measured composition of Cu-Cr-Hf alloy
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(b) Cu-0.6Cr-0.4Hf
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Fig.1 Microstructure of as-cast Cu-Cr-Hf alloy
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Fig.2 XRD patterns of Cu-Cr-Hf alloys

TR BRI E HE S X Cu-Cr 4 4 fb 4 # B0 5%
W, 38 3 23 BT XRD [ 3% w0 67 14 i 3% &, 1 H5E T % A&
S W R R R R SR R/ TR XA G ) R SRR 22
BEAT TACIE , 5 B AT M AT 3 A R S 1A At A o
B HIE AR R o %7 A RERE 18 78 HITE Cu & 1K
Hh B [ R AR i i S R O g — 2R A
GV APERE R AL T EEMAE R

XF T A2 B4 T ChlD  FLrf A R I L EA O AT R,

B a I E AR N
PR e s Y D
2sind
TG At 7 1T, R A R R a TR R
2 2 2
_MNWRE L (2)
sin @

AP AN X BP0 BT A s bk LR AT
Eil SRR & LR R iR BN G G
g S RPN A O R IRZE . AT I BR
KR R GE R 22, R e AR R AT B Al Ak B
i o e /A TR 22 B T AR SR LS S 8 it
S, GG E R B () K it — 20 BRI iR 22, HE
Xﬂ‘j:

(3

(6)—l cos’0  cos’ 0
S 2\ sind 0

HEWEAOME, LE2, BR2PEERALUT
NV
Sy=>a+ bXx (4)

£2 Cu-0.6Cr-04Hf T E L
Tab.2 Calculated data of Cu-0.6Cr-0.4Hf alloys

#its T 98 B Chked) Liep 0/C) a/nm AD
(11D ke, 21.6375  0.361833  2.315605
(200) fa, 251550  0.362435  1.896 829
(220) ke, 37.0000  0.362027  1.023755
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Fig.3 As-cast microstructure and element distribution of Cu-0.6Cr-0.4Hf alloy
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Tab.4 EDS point analysis in Fig.3d %
[ Iy
HRER VA o u -~
1 0.46 91.87 7.67
2 32.39 66.65 0.96
3 49.29 50.71 —
4 31.35 74.09 —

# 50 Cu-Cr-HI & G TE# 8 T R BEE 5 %
AT LA Y BE HE O, 4 o R B 5 ST R
R B0 3, 5 oA B 8 AR BT . HESS N
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aof i 0 VE A CAn CusHIE L Cus HELD L 5 808 i W 28 28 K
A AR T B TR 7 A R R B EL AL RS A D
TN E G, B AEE R . [R] HE 8 {5 A i
ARG, T RO R SRR AR, A TR HE
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Tab.5 Hardness and conductivity of as-cast Cu-Cr-Hf alloys

G4 Wiz (HV, ) SR/ (MS m )
Cu-0.6Cr-0.2H{ 75.9 22.4
Cu-0.6Cr-0.4Hf 100.5 215
Cu-0.6Cr-0.6Hf 82.0 20.5

Bl 4% Cu-Cr-HI & & W N Sy -R A4, T LR

i, Cu-0.6Cr-0.4HI G & B A i i M HU P s B, R WIALE

ZREAEMRAUAE T, L ¥k 8 5IKE.

Cu-0.6Cr-0.2Hf il Cu-0.6Cr-0.6Hf & 4 1Y $t $ir 32 JF AH

AR, Hoh Cu-0.6Cr-0.6HI A 4 (0 1 P75 B 1 &5 T
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R3 Cu-CrHIEEMREAETHMRE
Tab.3 Lattice constant comparison of Cu-Cr-Hf alloys

G4 i H B/ nm

Cu-0.6Cr-0.2Hf 0.362 07
Cu-0.6Cr-0.4Hf 0.362 19
Cu-0.6Cr-0.6Hf 0.362 03

EEMAGKE S HIAE M LE 3a), — R IR
T E & Crid 28 A (WL 3d) . F 4 MK 3d AT
EDS %3 #3348 #F Cu-HE F1 Cu-Cr (9 — ST AH Kl , I
GEERATH, HESE ZAHATGEN Cu Cu HIA & (7]
B WRIR A A, BAHLUN Culs CrimiREY .

(c) HE G 3 M4

(d) sd

Cu-0.6Cr-0.4H{ & 4 . XKW HI & & A3 i JF 9k B2
AR T A A PR o m e HOS &l g S 3K
s B A5 R B D | T 5 e R R I SR R Ll A
ReHIM & A DU AG G 4 R TOUL S5 K8, DA T 42 55 I )

FERE .

Cu-0.6Cr-0.4Hf
Cu-0.6Cr-0.6Hf

Cu-0.6Cr-0.2Hf

LRI /%
B4 Cu-Cr-Hi&&FA-EEHE
Fig.4 Stress-strain curves of Cu-Cr-Hf alloys
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(4 200 Al 2 PR L ok B, A R IR RN T B A DT R R
ST RO AT N T QR A P I 3 S T I SR i B
J& 5 AT T 58 4 [ AR b XU B T 0 g
T SR T2/ 6 ZE & BE 2R, HIE Scrl
HLTER L R, A A 0 R AR 15 TE S 44 HUTEL I



HiJGEX] Cu-Cr 54 HA 5 ke

VR M S

10 pm

500 pm

(a) AL

(b) [

(c) 4L

H5 RE#LAEET Cu-0.6Cr-0.4HIA4 09 MR
Fig.5 Microstructure of Cu-0.6Cr-0.4Hf alloy under different heat treatments

J5 1) HE S, [ B & S T RO, B 52 05 IR T FL o R
SRR AR I .

AR FET 25 F Cu-0.6Cr-0.4Hf 4 4 19 J1 24 1k g
W6, Al LLE M, B 5 iR k(960 ‘CX24 W5 B T
R T e R S R v VA B (S Sl E =~
FAE Cu SR iz Wik T34 50 50 A, o 78 B A4 v 32 %)
B IS T 9D H A8 2l A BELAS B80S, AT il H
FHBESN 21.5 MS/m 45 ] 35.8 MS/m., 7E AL
(L A S o S AN 7 N S o A Y )
28.9 MS/m. [& & A4b B 5 , 5 kU fie 2506 R AR A%
W A R 7 A T R A SN B B 2 B e [
L3RR AR, 18.0 MS/m. B ALIE & &7 4
R A VARl -l | R 57 N B S A 195
R R R OEL S A RS R AR R W AR O
A RS B K B T T B R, Rl B

#6 Cu-0.6Cr-04Hf 5§ & A EREH N HEE
Tab.6 Mechanical properties of Cu-0.6Cr-0.4Hf alloy at differ-

ent conditions

g iz AR/

T 1V, (MS-m™) Pihrsh i/ MPa K E/%
¥4k 82.4 35.8 194.2 23.9
AL 92.5 28.9 264.6 22.2
[ v 111.0 18.0 — —
eh 166.5 15.7 359.5 8.1
i L 213.6 45.2 — —

LT
& 6 & Cu-0.6Cr-0.4Hf 2 450 ‘CF £ 2 h i U5
M BUE 5 Kot R oA B . n] LU Y B Rokh 3 )
PR TS AN HLOREL S AR S 0 R A5 A, DL
Kl 6a. EDS 208 & M, % B A5 A EE 48 Cr
A [] Fof L BE UL 0 1) HLE o0 2% 0 SR A, by ) mT BB A7 AE
B HIME A0, B Crdl 3 R 41/ .

100 pm__ 100 pm__ 100 pm

(a) SEMJEH

(b) Crifi#

(c) HfTHI 94

B6 Cu-0.6Cr-0.4HIM #EARHRAELFE 5 H B
Fig.6 Morphologies and element distribution of Cu-0.6Cr-0.4Hf after aging

IR0 A B, A 4 B B (HV ) #E— B3R T), 35 5
213.6, B SR W E F 45.2 MS/m, ILFE 6.

& 724 Cu-0.6Cr-0.4HT 45 4 B 2805 v A5 JE 3 M ot
EomE ., mE 7an] DIOWELE] 1 pm 09 & HIS M.
HIJC R ) 12 4 A e Cu btk I AT £ & Crdrih
31 %%, 3 H BT 5 Cr A 0 1 B2 47 3 #E 69 R b i)
Cr, FECE CrAl Bz B AT Cr X, 27 Cr X g 1 HI [
& CrA B P Sk 4 i, 5 80 HIRE 15 F 7 Crffr i A
RV Sk T O U b R G I S AR A Y 4 2

(a) T4
A7 Cu-0.6Cr-0.4H{&& BB RAETE > H A
Fig.7 Morphologies and element distribution of Cu-0.6Cr-0.4Hf

(b) Cr(lE)~ HCE)TCH 4 B (T IR Rt fifi id)

alloy after aging
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Tab.7 EDS point analysis in Fig.7

NN Iy
A7 &
f Cr Cu Hf
1 5.01 72.39 22.6
48.76 51.24 —

)m

L
.
¥

S

i

(a) A5 I A

(b) A A

Kl 8 A Cu-0.6Cr-0.4Hf & 4 W 8% 5 1 15 5T BT
(TEMDEM& . & Sa vl %, Je 4k b 2 7 76 4 ) 5k 1K
O3 A5 B 4 K G URLIR BT H 4 B0RE RS 40/ B 2SR
# g AR AT A CrAl . WA 8b A 8c AT
TR 5 5o A 0 2 BROIR BT A, R SE 258 100 nm,

X2 T H P SR AR X AT 3 X HL A3 40 A, DL R 8d L, 42
B € S W (403 ] &k Al Bl ny A 5 RS, R BT
Cus HE, AT S BE 3, H AT 0 22 B 8b iy 2 B BT i
PRI Cus HEL A1 o

.

Cu, Hf,,Z=(403)

(d) PE8CIEA Rl A 325 DX T S HE A

(c) FfE B

B8 Cu-0.6Cr-0.4Hf& &8 25 69 TEM B K
Fig.8 TEM images of Cu-0.6Cr-0.4Hf alloy after aging treatment

& 9 Jg B 2 A 9 Cu-0.6Cr-0.4Hf & 4 i #0461 1
FepEh £, IR I E 1 he AT RLFE Y, 78 570 “CIR i
1hiGg,Za 4R (HV) Ik 3] T 169.2, it il B 4
T R R R R Y 80% o FE T X — B s, vl DL 2
570 ‘CEI A Cu-0.6Cr-0.4Hf & 4 BRS04k

2401

60 1 1
500 520 540 560
A/
B9 Cu-0.6Cr-0.4H{ &4 HRAL R JE 45 1 W 2%
Fig.9 Characteristic curve of softening temperature of
Cu-0.6Cr-0.4Hf alloy

& 10 K 252 Cu-0.6Cr-0.4HT 4 4 76 6] 5L BE T
W R F7 -0 AS 2k o AT LA Y, = IR, %A & PR
JE W H 0] ik 612 MPa.  Bifi e 507 BE T, PR s 1R S0 ol
TS5 6 T 005 bR AR TR 4G K, A A PR B
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PR 4 R 0 B o X R T 4Kk G HIHT A
(Cus HED ¥ 5404 T d b, 78 00 5532 3 i B B, >4 0r
AR SR A M S AH B 2 Az BT B £ 4L L 07 4 02 B 2
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Fig.10 Stress-strain curves of as-aged Cu-0.6Cr-0.4Hf and Cu-

0.6Cr alloy at different temperatures
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