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Fig. 1 Schematic diagram of the preparation of as-cast Cu-15Ni-8Sn-0.8Zr alloy
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Fig. 2 Metallographic microstructure of as-cast Cu-15Ni-8Sn-
0.8Zr alloy: (a) Dendrites : (b) Magnified image of (a)

TR RGN a8 RS X, T
R i SR S 2 ) DX R Ry AR X, 7E TS (i
P DX AP FEI B SR ] DX, 53 o URCR B IR 1Y
= SnAH,

3J& 7R T Cu-15Ni-8Sn-0.8Zr & 4x 5 A5 H 41
(1 SEM K4 b2 EDS T8 53 A1 25 5%, v 37 Wl 1, 52 28
RN R AR TEOR S5 1 . =g R, %4

i a-CuEfk

20 m s

F LW a-Cu AR S =B A [R]E 350 00 5 —AH 20 B
K3(b, b) B HEREZoMH, SaP(ERD E
W H 5 & Zr(23.46%), Ni(49.52%) F1Sn(6.85%)
Kl 3(c, e)/R 140 T i S ML v- & Sn A, HiSn
NI 5T 4385000 91K 44.65% F1127.88%. [&13(d, d,)
)52 87 ORIR & Zoe A, Zr, Ni R Sn 5 43500
K 21.92%, 40.29% F19.73%, 5B #IR E Ze M
AT —80, IEAh, WA SR IREE B IR 0 52
PRIXIR, 12 X3 o-Cu 5 y- & Sn S B M AL, B
Gty FEMTAL LU, AR S5 S0 AT 143 (Sn 43
B 20.41%, NiJ5t it 53 500 19.99%) 41 T a-Cu %k
WS yHZ N, B4 XRD KL E S S ETE
H a-CuFEAA | y-CuNi,Sn 4 F1 Ni,SnZr H4H A%, X5
SEM-EDS &5 53—, BI# T B 8 RAERCIR & Ze A
4 Ni,SnZr A1, 11 y- & SnAHI A CuNi,Sn A,

(®)
Cu Ni
Sn Zr
(c)
Cu Ni
Sn Zr
)
Cu Ni
‘ n 7r

K3 #545 Cu-15Ni-8Sn-0.8Zr 3421 SEM [E1 X EDS B 7pHr45 R : (a, a,) Bili; (b, b)) BHCARE Zedll; (¢, ¢y M3
(d, d) BRI E Ze 5 (e, o)) NIEZITRE
Fig. 3 SEM images and EDS analysis results of as-cast Cu-15Ni-8Sn-0.8Zr alloy: (a, a,) Dendrites; (b, b,) Bone-like Zr-rich phase;
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Table 1 Energy spectrum point analysis results of the

white box area in Fig. 3 (%, mass fraction )

JLH Cu Ni Sn Zr
HHRE 2o 20.18 49.52 6.85 23.46
WORLIR & Ze Al 28.06 40.29 9.73 21.92
STy A 27.47 27.88 44.65 0.00
a-Cu 2E{A 77.78 16.86 5.19 0.16
yHH 26.88 28.28 44.60 0.24
a+y Hfl 59.53 19.99 20.41 0.08
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Fig. 4 XRD pattern of as-cast Cu-15Ni-85n-0.8Zr alloy
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Fig. 5 TImages of (a) OM, (b)SEM, (c) Magnified images of (b) and (d) energy dispersive spectroscopy analysis results of

Cu-15Ni-8Sn-0.87r alloy after solution treatment
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Fig. 6 XRD pattern of Cu-15Ni-8Sn-0.8Zr alloy
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Fig. 7 Microstructure of Cu-15Ni-8Sn-0.8Zr alloy after solution treatment: (a, b, d )TEM images; (c )SAED pattern of the red circle
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Fig. 8 Microstructure images of Cu-15Ni-8Sn-0.8Zr alloy aged at (a,~d,) 400 °C and (a,~d,) 450 °C for different time
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Fig. 9 Hardness curves of Cu-15Ni-8Sn-0.8Zr alloy aged at
400 C and 450 °C for different time periods
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Fig. 10 OM images of Cu-15Ni-8Sn-0.8Zr alloy with different cold rolling deformation amounts aged at 400 °C for different time

B 11 AR HLAETE 5 1) Cu-15Ni-8Sn-0.8Zr &
4 AE400 CAEL2 h A5 h AU SEM &, mE R %1, AN
HESEUEH LA OISO ATt . 2P
BRI, M T 50% %52 GG 4, T18% 135
IR SAER —I RS T, RELIEHL
PVARB B /N, RV 5LASTE 5 vl LA AS
HEDIEHA RIS KR, R R EE A
FE U Ni,SnZe AHRSTHOR , RS AR 1Y 2R T
16

AT AR P45 i R A% L, DT A P85 1Y
KA AR AR IR ARt A e B Rk R A A
A, FEORELLDTTE T e il o

& 12 1 A 1] ¥ 5L 722 JE £ 1 Cu-15Ni-8Sn-0.8Zr
G ATE400 CRPRL R REALIth 2, BRI, T A
AT 8 () A A eI RO B, 2 PR 2 S B
& EFHE TR &G TRENES, Hi: 30%
RELRIE A 7R AL 2 hif iR B EAE R,



IRIGERAE  Zr USHINT Cu-15Ni-8Sn A 4 WO LS F4 1 1 24 HERE R 52 )

2026 4F55 2 4]

30% | | 50%

|| 78% || 90% |

2h

Sh

20 pm

Bl R FLASTE it Cu-15Ni-8Sn-0.8Zr & 42 7E 400 CHIZIA I H] ) SEM 5]
Fig. 11 SEM images of Cu-15Ni-8Sn-0.8Zr alloy with different cold rolling deformation amounts aged at 400 “C for different time periods

400 | —=—30%
350 +
S
jan)
ﬁj 300
1
250
200
0 2 4 6 8 10 12 14 16
i) /h
B 12 AEEELAEIE R Cu-15Ni-8Sn-0.8Zr A4 £ 400 °C
B RECAN ] ] A et £ phh 28

Fig. 12 Hardening curves of Cu-15Ni-8Sn-0.8Zr alloy with
different cold rolling reductions aged at 400 °C for

different time periods
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Effect of Zr Addition on Microstructure and Mechanical Properties of Cu-15Ni-
8Sn Alloy

LE Shuncong', YU Qi', ZHANG Jinhan’, ZHANG Pengfei', XI Anwu', ZHONG Fangyou', HU Yanbo', LIU Qiyang'

(1. JCC Processing Business Division, Nanchang 330096, China; 2. JCC Copper Strip Company Limited, Nanchang
330096, China)

Abstract: Beryllium bronze faces limitations in production and application due to high manufacturing costs, complex processing, and
toxic dust. In contrast, Cu-15Ni-8Sn alloy has emerged as an ideal alternative material owing to excellent comprehensive properties.
This study systematically investigated the influence of 0.8% (mass fraction) Zr addition on the microstructural evolution and mechanical
properties of Cu-15Ni-8Sn alloy. Results demonstrated that the as-cast alloy exhibited a dendritic structure, primarily composed of o -Cu
matrix, 7y -CuNi,Sn phase, and skeletal/particulate Ni,SnZr phases. After solution treatment, the dendritic structure was eliminated,
with the Ni,SnZr phase retained due to thermodynamic stability, while CuNi,Sn phase completely dissolved. Aging behavior studies
revealed that the alloy’s hardness initially increased and then decreased with aging time. The decline was primarily attributed to the
formation of discontinuous precipitation. Moreover, higher aging temperatures accelerated discontinuous precipitation, leading to reduced
peak hardness. Cold rolling significantly modulated microstructural evolution: a 78% cold deformation rate suppressed discontinuous
precipitation while promoting the precipitation of ordered phases, achieving a peak hardness of 383HV after aging at 400 °C for 1 h.
However, 90% deformation induced recrystallization softening, causing hardness to decrease to 378.5HV.

Key words: Cu-15Ni-8Sn alloy; microstructure ; mechanical property; discontinuous precipitation microstructure
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