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Fig.1 Tensile specimen size of Cu-14Sn-0.3Ti alloys
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Fig.2 Microstructures of Cu-14Sn-0.3Ti alloys in different states: (a) sintered state; (b) hot-rolling state with 50% deformation; (c) hot-rolling

state with 70% deformation
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Fig.3 XRD patterns of Cu-14Sn-0.3Ti alloys with different states
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Fig.4 TEM image of Cu-14Sn-0.3Ti alloy (a) and SAED patterns of region A (b) and region B (c) marked in Fig.4a
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Fig.5 Microstructures of hot-rolled Cu-14Sn-0.3Ti alloys after different ECP time: (a) 50%, 2 min; (b) 50%, 5 min; (c) 50%, 10 min; (d) 70%,

2 min; (€) 70%, 5 min; (f) 70%, 10 min
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Fig.6 XRD patterns of hot-rolled Cu-14Sn-0.3Ti alloy after different ECP time: (a) 50% deformation and (b) 70% deformation



%54 3]

FFHTEE PG+ BT AL B 5 Cu-148n-0.3Ti & S 441 S MR RERT S I

* 1159 -

Pl AEAE a MRS IR

MY AR EE Bk R LS A Sl SR, DAL
B4 70%[) Cu-14Sn-0.3Ti A& A%, KA TEM
SXof e B Ik R A B AT IS RO L S AT 8, e ke Ak B
B4 10 min. fHPE 7a AT %0, #AELES Cu-14Sn-0.3Ti &
SR RERNZE, ERIX IR 2 & SR
FLACER B AR R SIS A% P A T R AL RS, 2
B IR A A O R s R AR AR KB E T AR A T
TEM X} Bk b Ab B S 1) Cu-14Sn-0.3Ti & 4 (M 21 21
M 2L Al LAk B, Cu-14Sn-0.3Ti & 4w 11 )2 4 ok />
(B 7b) , JFRILT KEZH (B 7b~7d) . &4
ey 1 QN TP uw s S b S S il et EES VOVASE | et
RUSII R o TN T T IPREA B B s fEL,  AE A RE
bk R 22 SRR EAREON, P g AR PR R FE AR
AT LR NP,

AT =pj*t/C,d (2)
X, AT R EEEN I PRI PR, | R
FE, t RBKEPESTEL p, Cpo d AMRIEAEMEEER,
R

M 5 H R RN I 32908 8 SO RS T BT s R
RSN BT HL T AT, %A AT B

Faw = Po I Npen, (3)
XA, pp RAEMHEEE, Np 25N %EE, e 2

Stacking fault

10 1/nm

AT, ne LT, j Rk . BT HTR
NFEEE RN L EIVER, SRR gdT I, HRAE
BT, HARATER, [, RS A b
ORI, R 1A P T K A R AR R P, A8 R T
Bk i, AR5 R R T HEE Ak b3 5K T R
GEIIHEBIIN T, DRI AE ik 5 (& G 21 23R B T i
7c FaRZE . Bl 7d Bros, Zad ke b s, AR
A CLLL) & T P 5 T 1) 2264 0.2210 nm(dgyi1=0.208 nm),
FECT4E Cu AT, XZ&MT Sn 5 Ti R FIiEE
AT 918 U b i W A
2.3 Bk NESMERERNRMm

P 8a fE 7~ T AR T Cu-14Sn-0.3Ti & &I ¥ .
BR4EAS Cu-14Sn-0.3Ti & & (Al B 78 LA FE 5 A /M
BTt &3t 0% B IE, G4arEEh 8.14 glem® T}
# 8.52 glem®, Lk Ab B S5 5 A5 Ti,Sng HK Sn J&
TR Ti R FAEEH A7 R ER R AEENE, &
&% R R BT NIE S i, 70% JE A& & 1)
Cu-14Sn-0.3Ti A47E 10 min [k ab PR fG, 2w
i% 8.84 g/lcm?.

HHEl 8b A%, HTHLMIEENE N T Cu-14Sn-0.3Ti
G e AL R, A RIS IS R T A 4 BN A
L8, [t 30%738 % B Cu-14Sn-0.3Ti & 4 T (HB)
FHEE4E A5 1) 1082.9 MPa #2 7+ & 1531.74 MPa, 445 &

d(111)=0.21 nm

5nm

Bl 7 Cu-14Sn-0.3Ti A423d 10 min fikh AL H S ) TEM B A
Fig.7 TEM images of Cu-14Sn-0.3Ti alloy before (a) and after (b, ¢) 10 min ECP treatment; SAED pattern of alloy after ECP treatment in Fig.7c (d);

high-resolution image of the matrix in Fig.7c (e)



- 1160 + Wi B RS T %53 %
16 - -
i 240 Bl 0% deformation b 18 F Hl 0% deformation c
14+ B 0% deformation B 50% deformation 16k B 50% deformation
I 50% deformation B 70% deformation - I 70% deformation
12 Bl 70% deformation E14F}
E10f ﬁ 12f
2 gl 2101
B} 2l
2 6f S 6
[ o o
(&) | [
4 S af
2t ot
0="0 2 5 10 G 10 0="0 2 5 10
Time/min Time/min Time/min

K8
Fig.8 Effects of different ECP treatment time on density (a), hardness (b), and conductivity (c) of Cu-14Sn-0.3Ti alloys
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Fig.9 Mechanical property of Cu-14Sn-0.3Ti alloys in different states: (a) stress-strain curves; (b) strength and elongation change curves
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Effect of Hot Rolling+Electric Pulse on Microstructure and Properties of Cu-14Sn-0.3Ti
Alloy for Superconducting

Wang Yuxuan®, Zou Juntao®, Feng Qiaoli*, Bai Yunfei', Cheng Junsheng?, Shi Lin*,
Song Dazhuo®, Sun Lixing®, Jiang Yihui*, Zhang Zhiwei*

(1. Engineering Research Center of Conducting Materials and Composite Technology, Ministry of Education, Shaanxi Key Laboratory of
Electrical Materials and Infiltration Technology, School of Materials Science and Engineering, Xi’an University of Technology,
Xi’an 710048, China)

(2. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: The strength and elongation of Cu-14Sn-0.3Ti alloy were improved synergistically by hot rolling+electric pulse treatment. The
influence of deformation energy storage and pulse current on reduction of stacking faults and twin growth was investigated by adjusting hot rolling
and electric pulse processing. The results show that the elongation of Cu-14Sn-0.3Ti alloy increases from 4.7% to 40%, and the strength increases
from 298 MPa to 530 MPa after 70% hot rolling+10 min electric pulse treatment. The strength and density of Cu-14Sn-0.3Ti alloy increase with
the increase in deformation energy storage. The J phase dissolves, and the deformation-induced stacking faults are reduced because of the
synergetic effect of Joule heat and electron wind. After electric pulse treatment, the formation of twins provides additional slip systems for the
movement of dislocations and improves the elongation of Cu-14Sn-0.3Ti alloy. On the one hand, the appearance of twins divides and refines the
grains. On the other hand, the formation of twin boundaries hinders the movement of dislocations during the deformation of Cu-14Sn-0.3Ti alloy,
improving the strength of Cu-14Sn-0.3Ti alloy.

Key words: Cu-14Sn-0.3Ti alloy; hot-rolling; electric pulse treatment; strength; elongation
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