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Table 1 Chemical composition of pure Cu and Cu alloy with different elements addition

Mass fraction/%

Sample -

Fe Mg Ca Y Cr Mo Si P Cu

Pure Cu <0.001 - - - - - <0.0015 - Bal.
Cu-0.12Mg <0.001 0.12 - - - - <0.0015 - Bal.
Cu-0.09Ca <0.001 - 0.09 - - - <0.0015 - Bal.
Cu-0.10Y <0.001 - - 0.10 - - <0.0015 - Bal.
Cu-0.08Cr <0.001 - - - 0.08 - <0.0015 - Bal.
Cu-0.10Mo <0.001 - - - - 0.10 <0.0015 - Bal.
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Fig.1 Schematic diagram of alternative rolling
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Fig. 2 EBSD-IPF diagrams of unidirectional rolled pure Cu and Cu alloys with different elements addition exposed at
(950 °C, 10 min): (a) Pure Cu; (b) Cu-0.12Mg; (c) Cu-0.09Ca; (d) Cu-0.10Y; (¢) Cu-0.08Cr; (f) Cu-0.10Mo
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Fig. 3 Pole figures of unidirectional rolled pure Cu and Cu alloys with different elements addition after exposed at (950 C,
10 min): (a) Pure Cu; (b) Cu-0.12Mg; (c) Cu-0.09Ca; (d) Cu-0.10Y; (e) Cu-0.08Cr; (f) Cu-0.10Mo
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Fig. 5 Microstructures and EDS mapping result of unidirectional rolled Cu-0.12Mg alloy exposed at (950 ‘C, 10 min):
(a) HAADF-STEM image, fine second-phase particles distributed in alloy; (b) Enlarged HAADF-STEM image, second-phase
particles gathered at grain boundaries (GBs); (c) Enlarged HAADF-STEM image, second-phase particles in inner grain;

(d) Cu element; (e) Mg element; (f) TEM image, second-phase particles taking polygon shapes; (g) HRTEM image at

interface between second-phase particle and Cu matrix; (h) Corresponding Fourier transform (FFT) pattern of (g)
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Fig. 6 Microstructures and EDS mapping result of unidirectional rolled Cu-0.09Ca alloy exposed at (950 C, 10 min):
(a) TEM image, fine ellipsoidal second-phase particles in alloy; (b) Cu element; (c) Ca element; (d) HRTEM image at
interface between Cu,Ca phase and Cu matrix; (¢) HRTEM image of Cu matrix; (f) Corresponding FFT image of (e);

(g) HRTEM image of Cu,Ca phase particle; (h) Corresponding FFT image of (g)

.Cu

7 HEELH] Cu-0.10Y A4 £8(950 °C, 10 min)#E #2 /5 (10U ZH 2R EDS TH 43 #7145
Fig. 7 Microstructure and EDS mapping results of unidirectional rolled Cu-0.10Y alloy exposed at (950 ‘C, 10 min):
(a) HAADF-STEM image, second-phase particles at GBs; (b) Cu element; (c) Y element; (d) Fe element; (e) O element
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Fig. 8 EBSD-IPF diagrams of alternative rolled Cu-0.12Mg and Cu-0.09Ca alloys exposed at (950 ‘C, 10 min): (a) Cu-

0.12Mg alloy; (b) Cu-0.09Ca alloy

Y0

{100} {0y {11}
N XD 0 0

{110}
: @

W —

[Pole Fi

oy -
(S cpr]
Copper (m3m)
Complete data set
74843 data points
E qual Area projection
Upper hemispheres
[Half width:10°
Cluster size:5"
Exp. densities (mud)
[Min=0.01, Max= 5.05

Pole Figures

S

[10.cpr)

Copper (m3m)
Complete data set
74844 data points

E qual Area projection
Upper hemispheres
Half width:10*

Cluster size:5*

Exp. densities (mud):
Min= 0.02, Max= 4.61

9 i E %L Cu-0.12Mg Al Cu-0.09Ca & 4:42(950 “C, 10 min) P55 J5 [ HL &
Fig. 9 Polar diagrams of alternative rolled Cu-0.12Mg and Cu-0.09Ca alloys exposed at (950 ‘C, 10 min): (a) Cu-0.12Mg

alloy; (b) Cu-0.09Ca alloy
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Fig. 10 Texture volume fractions of alternative rolled Cu-
0.12Mg and Cu-0.09Ca alloys exposed at (950 ‘C, 10 min)
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WA AE ] S P it s AR DX LI 11(d)). AHEL T HR
L, e LSRR B R AR O E A, ]
AE T BUE 2 Al AR DX 3 AR 1) T A e AR X
B J7H Ny MR IR T 2 AR T, T
fRHE Ty AR5 40 A, 53— J7 Th H 3 )
L it 2 T By AH AR AR

11(e)~(g) FT7~ J i [al L1 Cu-0.12Mg & 4 1)
HAADF-STEM {4 f1 EDS T 4 T 45 . AT LLAE H
B B Mg G ER [y FERLF7E df S AL 1) 2 BEAR SRR,
Ut B L TEAZR T S AR BRI 2 UK

12 fr 75 9 # \] §L ] Cu-0.09Ca & & &
(950 °C, 10 min)#F55 J5 (IO L2 EDS i 43 A

Mg

El11  #emELH] Cu-0.12Mg & 4:4:(950 °C, 10 min) P & J5 MO AL 2R EDS TH 73 b 45 5

Fig. 11

Microstructures and EDS mapping results of alternative rolled Cu-0.12Mg alloy exposed at (950 ‘C, 10 min):

(a) HAADF-STEM image, uniformly distributed fine second-phase particles; (b) Enlarged HAADF-STEM image, second-phase
particles in inner grain; (¢) TEM image, part of second-phase particles taking polygon shapes; (d) TEM image, some irregular-
polygon shaped second-phase particles; (¢) Enlarged HAADF-STEM image of second-phase particles at GBs; (f) Cu element;

(g) Mg element
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50 . MHECT B AL, e AL S Cu-0.09Ca &
S AR THE B2, I HaRE e s N
R FAL . 5 BRERL T3 AR (L S TR AL, AT DA &5
FOEFETILE A OLE 12(b)), B &SARE R,
MRk SRR E, 32 5 Cu & 4 1 R R S 34 S
SE T

2.5 AMAERERERECudeHBESESH
K2 R A4 Cu KR INA R E TR & Cud
B SER, HETF4 Cu, BIAFEMETCERE
Cu B &M FRIAPTFEIC. R ALK T,
Cu-0.12Mg. Cu-0.09Ca. Cu-0.10Mo & 4= i 5%

MR /N, 758 1.4%. 0.8%+ 1.1%. Cu-0.10Y
A1 Cu-0.08Cr &4 LT 0 W&, FElEI:
AN 12.6% A115.1%. tbAk, AHECE L],
FLHIXF T Cu-0.12Mg £ Cu-0.09Ca & 4= I HiL 5 K 1)
RN, AEEERESFETRFT 0.1%.

3 Wig

3.1 AMBETEN Cud&RRRTHRREM
0
ARG, CulkHE SN AA B
Ak RE . PRI, FEREJE MR ORI R T, ik

12 #efAELH] Cu-0.09Ca & 4:245(950 °C, 10 min) 2 72 J5 B O ZH 23R EDS 1 4 #7485
Fig. 12 Microstructures and EDS mapping results of alternative rolled Cu-0.09Ca alloy exposed at (950 “C, 10 min):

(a) HAADF-STEM image, uniformly distributed fine second-phase particles in alloy grain boundaries and within grains;
(b) Enlarged HAADF-STEM image, second-phase particles at GB; (c) Ca element; (d) Cu element

®2 A Co KIS FITE TR I Cu G %

Table 2 Conductivity of copper and copper alloys with different elements addition

o Conductivity/%IACS
Condition
Pure Cu Cu-0.12Mg Cu-0.09Ca Cu-0.10Y Cu-0.08Cr Cu-0.10Mo
Unidirectional rolled 99.9 98.5 99.1 87.4 84.9 98.9
Alternative rolled - 98.4 99.0 - - -
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ARAEMSSIFREKKPEH . 20950 C, 10
min) # B8 AL TS, 4 Cu (1 dl kLR ~F KK E 200
um BL b, I HER A ok R ST IA 2 500 pm(IL ] 2).
WF 58 2 WIRS, % T Cu 5 18 0 3277 db K 1) <8
Cube H[7] & Fii P9 350 14 057 485 AH BLVE FH IR 55, 7R 45
I AR P 5 T B R A R SR A%, AR S R AR
PO K. ik, 26 CufE & il AR 28 5 R I R
SR [ Cube ZFHFAE o

Cu-0.12Mg Fl Cu-0.09Ca & 4> 28 #15% 72 )5 v bt
JRSF RN, 3 SRR S 50~60 pm. 3X
BUR A 4 BT R 56 AR T X it AUk B
IFHIETHLIE . AT Cu-0.12Mg &4, HAREE
TERK &S Cu R AFAE 3% SR B p AR o 31X
By FHI AL T B BE BN BUR, 255 & BAE
X3, WFFERBIRY, edLhg SR b S AR
G & R IE S AR RE P BHASE A . R,
Cu-0.12Mg & 4 HH B B y AH B8 2 25 H0 ) =y i
[ em AT, I RIRSE &6 4 1 alobL RS #vEa e
Y. FREHL, Cu-0.09Ca &4 6ok T L BE
X} i SR A AT HAEH . ARIBASEPTRIL, Ca
TCHR IR INRE NS 1E & 4 AT A CutB I L a2,
NI dfR S 21— A AE o« AR FE I — 25k
W, 26 JmiR AR S Cu-Ca BB TR KR
BEERR (1 BT, JFAE S ] 48 Cu & &1
FLRSF#FEEE . METCRIE S & EZA WML
TR, — P DAIENE T 2R B A6 T R T
T DU AR B S i . AR EE [
WETFIM S, J0ER A AR e 0 7
TR FH IR /NP, AR5 5 5] iR LS 28 K
Mg B . BT Cu-0.12Mg A1 Cu-0.09Ca & 4 1 1)
Mg. CaJt 3 K #@ I LA T 1 55 Ak T
A2 AR SR 7 A7 e, BRI &S
SRR TFRET 1.4%- 0.8%.

Cu-0.10Y &4 A2 F2 o Sk R [F) F B 2
N, FESRHT Y mERE# Cud & Fes OTT
RN TE S AR FIRETHLa A RS T
I IE R . ZEZEEPM AN, BTY
J5 F- 2 4%.(0.180 nm) BH 8 K F Cu Ji 1 - ££(0.128
nm)", Y JE AR 5 SRAEAE Cu & <5 1 T SRR
M BEAS Cu iR K K. SR1T, WANG ZECU A 72
WA, YR T ICR R INFEAC T Cu Sk oA

JCR M EEE, MmEdE T2 M, JFaEss
TR, AFRERRI, FMtuR YU
W]V IR 1 T I S A fE Cu Bk, FERER
16 GB UL KSR M IAH AL . RIS, Y Je & RN
el 1 Fe. O %% it 3 M Cu T IVEPIE B3R —
A, TR EETHLR S ER . HIf, Y IGEX Cu
A & in I # I BH S AE F B8 77 A WANG S50 1) 1
M. HTHCuEFERNEEER, KEY
JR 7 51 Cu fb S 1) B 5 W As, BEn T T
BUER . Bk, BE R 0.10% Y SR A0,
W2l Cufr & 1L TR BUKTE T R .

R 0.08%Cr A1 0.10%Mo 7T % ) Cu & 45 28 #4
BTG R R 54 CudE AR Y, XU
FhoC RIS & & b R #0081 152 A K
WF 78 % BB, 950°C K Cr £ Cu 1 i [ ¥ FE R
0.40%. A1, AW FA I 0.08%Cr 3= 22 DL [ ¥
(7% XAFAE T Cu ZEAR NS, X AT HAE A
PR o Sl [ VA 20AFAE 1 Cr JE 15X Cu i b 1 FEL T
BORHE 58, 80T Cu-0.08Cr &4 H SR H
AR R £ (15.1%). BE4h, Mo 5 Cu JLFA
WEOY, BRI R 06 0.10%Mo 32 25 BL Mo oy B0k () I
KREETCut e, HETHHEE M, Xik
Mo K FiRL ) ROSF AR, %) s 5 AT LA
HRR.

3.2 #EELHIXT Cu G &Rk R~ RIS E MR

FHEC ) LA, #8 1) %L ) Cu-0.12Mg 1 Cu-
0.09Ca 5 <& H dithr RS SE NI 5940/ o 3R B 36 1]
FLAA A T2 8 Cu & b RO e v, &
LR A EAELL AT

T, mELHIBI AR RERESL T E
S HIRM, A T Cube HUA) & b 7 F 45 g g
PR E [ AR KL . AE B R LS AR, 323
— IR, SaNIERK T8 2 1S, Brass
H ) &7 oRiB, BT Cube d ki 5 S+ Brass fi ki 2 [8]
TEAERF IR IR JC &, PRk Cube & K AE P45 ol
FE Ay DL o A W JE 21 19 S Brass df R G K
KRBT W5 R BPS,  Cube BUH] fobi 5 S B [A) ks
AFAE40° (L) A IRH A 22, [RI1T Cube SRRLAE A S
A AL RIS AR ) b ST A A . A B AR A AL
i, e ALHE S SN E AR, ST HAb
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AFIT- Cube gt A KB A H dkz, 53X Cube difi
AR BT R

WAk, e FLHE— R T AR RO
BT HY S AT ISR 1 28 AR X T @ S R AT
HMEH . ffGEig)E, BIfLElE &n5E Mk
KZHEE TR AE i SR P I DXI8, 17 s P AT HE R 5
/N o SXFPANIE 5] 73 A7 B 55 —AH T BEH 43 XK T
m T AT FLAE AR, A I T DR R
SRR . e m) FL A TN B B AR AR TEAT B 4 i A IR AR
DXIIE 22 o it A g A X 3 ) vy 3 8 S A8 Dl 55 — A
KirHe b8 Z MR P, ARt 156 Ak 1
TE &n R RBINT Y o SRR BRI 1 55 AR 79k
INT B AR TR IER N Z R, BN
G A INGERRR JE W SRR RST SEINAH/N, ok 23 AT B 0
$1%7.

4 ZEip

1) (950 °C, 10 min)# 5 5& f5 , 46 Cu I diy b
BERKK, B R IE ] 200 pm. 545 Cu #H
Et, Cu-0.12Mg. Cu-0.09Ca. Cu-0.10Y & &4 &
IR R 5 SR ZE A /)N, Hodt Cu-0.12Mg & 4 Al
Cu-0.09Ca & <& i fi KL R~ HA 50~60 pme 78 1
0.08%Cr A1 0.10%Mo JG 2 %f T~ Cu & 4 9 diy b R )
A EHEREIA K.

2) £2(950 “C, 10 min)#\ 5 f5, M LA Cu-
0.12Mg. Cu-0.09Ca. Cu-0.10Y &4 Cube ZIF 1)
i A B AE BE T 4l Cu |2 />, 1T Brass.
Copper. S ZUF) & F 73 e W) 2 19 . L op Cu-
0.12Mg A 4 Fl Cu-0.09Ca A 4 (1) Cube 2144 53 5 T
7 77.4%. 62.7%. Cu-0.08Cr & 41 Cu-0.10Mo
B2 TR FE IS R A ATRFAE 5 46 Cu ZE A AR AL .

3) ¥ £l Cu-0.12Mg & 4 M1 Cu-0.09Ca & 4>
GBI K B 22 I AR [ p(Cu, Mgy s -1 FIHER IR (1)
S(Cu,Cayfbi ¥ o X LEEE AR X f S LA B0
METHLIER, RERS 7RSI RFREE. Yoo
FAE (L Cutr & Feu OZEI0 R MMV L K
AR, R SR BIETHAEA .

4) M LC L EL], e FL ] Cu-0.12Mg & 4
Cu-0.09Ca & 4 20 A28 53 J5 I ok RS 58 ¥ &) 48
No X FESRFOHeA FL G — 7 g T A 4R

T3] T Cube HRUIA] i 4 78 P 25 iy I RE 1A 2€ 17
AR, 55— TR EE T AR AR T R R AT
ISR TR S AR S EAT LR
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Effects of microalloying and alternative rolling on
thermal stability of grain size of Cu alloy

HE Zi-min', CHEN Yu-qiang', LIU Wen-hui', XIE Gong-yuan', PAN Su-ping’, SONG Yu-feng', TAN Xin-rong'

(1. Hunan Engineering Research Center of Forming Technology and Damage Resistance Evaluation for High
Efficiency Light Alloy Components, Hunan University of Science and Technology, Xiangtan 411201, China;
2. Advanced Research Center, Central South University, Changsha 410083, China)

Abstract: The effects of trace element addition and alternative rolling process on the thermal stability of grain size
of Cu alloy were studied using electron backscatter diffraction (EBSD) and transmission electron microscopy
(TEM). The results show that the average grain size of pure Cu exceeds 200 pum after thermal exposured at
(950 C, 10 min) and a strong Cube texture forms. The additions of 0.12% Mg, 0.09% Ca and 0.10% Y
significantly decrease the grain size of Cu alloy after the thermal exposure, which weaken Cube texture obviously
and increase the volume fractions of Brass, Copper and S textures as well. The second phase particles in Cu-
0.12Mg, Cu-0.09Ca and Cu-0.10Y alloys have a strong pinning effect on the grain boundary and significantly
improve the thermal stability of grain size. Alternative rolling leads to a more uniformly distribution of grain size
in Cu-0.12Mg and Cu-0.09Ca alloys after thermal exposure, and has little effect on the electrical conductivity of
alloy. This is mainly because that alternative rolling inhibits the orientation growth mechanism of Cube-oriented
grains during recrystallization process and promotes the more dispersive distribution of second-phase particles.

Key words: Cu alloy; microalloying; alternative rolling; grain size; conductivity
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