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K1 Cu/Ni/Sn ZEMEE LZE
Fig.1 Schematic diagram of the manufacture process of

Cu/Ni/Sn by ARB process

Two-stage diffusion heat treatment Deformation aging

1000 C

30-120 min

Cold rolling

B2 Cu-2INi-5Sn & & B & MBAN % T ZHE
Fig.2 Manufacturing process of the Cu/Ni/Sn alloys treated by the

two-stage diffusion heat treatment and deformation aging
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Fig.3 Dimensions of the tensile specimen of Cu-21Ni-5Sn alloy
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B, HAEMS Sn o LA IE XAFAE

50 im

K4 REMBFAFEX Cu/Ni/Sn 2R E A4 RD-ND 100 4544 & TT 3 73 A
Fig.4 Micrographs and element distributions on RD-ND cross section of Cu/Ni/Sn layer composite treated by ARB process: (a-d) 1 pass;

(e-h) 3 passes; (i-1) 5 passes; (m-p) 7 passes
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Fig.5 Micrograph (a) and XRD pattern (b) of Cu-21Ni-5Sn alloy
after diffusion heat treatment at 650 C for 5 h
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100 pm

100 pm

Ko ZBBE-FHA S Cu-2INi-5Sn & & 414001 RD-ND [fi 6 % 4 fii
Fig.6 Macroscopic view (a) and microstructure (b) of ARB-DA Cu-21Ni-5Sn alloy and its EDS mapping at RD-ND plane (c)
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Table 1 Element contents of the corresponding areas in
Fig.6¢ (/%)
Area Cu Ni Sn Average
A 72.85 73.84 74.02 73.57
B 22.12 21.47 21.28 21.62
C 5.03 4.68 4.7 4.81

'(220)

)
. “ (EOO)

g% 0 nm PUREIN O[OOT] Cu

7 40%A T Cu-21Ni-5Sn & 4 1) TEM 4347
Fig.7 TEM analyses of Cu-2INi-5Sn alloy after 40% cold
deformation: (a) bright-field image and (b) SAED pattern
of a-Cu
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MPa, JAF|EE . B R T 60 min f5, &40
THAE T B B2 ) 9 120 min B, & &R HTH 98
BE % 699 MPa. [l N 20 B3 0, e R
6.0% IACS, KREH RS BRSI-¥ st
Cu-21Ni-5Sn & 4347 40%A 2 H+470 “C/60 min i 2%
AP S & IR PIRLIRZ IS $) 925 MPa. FHIEN
6.23% IACS. #MERiEN 135.4 GPa.
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8 470 ‘CHJ % Cu-21Ni-5Sn & 4 [ HiHi R E A T B3
Fig.8 Tensile strength and conductivity of Cu-21Ni-5Sn alloy at
470 °C for different aging time
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Fig.9 Schematic diagrams of atomic diffusion and IMC evolution in the ARB-DA Cu-21Ni-5Sn alloy
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A AR A S E BRI S S HON ¢=0.3615 nm,
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R RE LUAR GUIE R 7 VR I8, 0 B IS 20T 1) ¥4 AR AT LA
A AR 1 R A

Bl 11 5 470 ‘CH 2L 60 min J5 &4 ) TEM & A .
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NI WA R s BE AT SRR (B 11b) . B Tle~11d A%F
PRAR B BRI A 0 55 20 (HRTEMD B8 Fy, 454 Hf
Bk AR AR, AT LU H K S s AT ST AR .
11b FRTHRAERE 3R TP A S [E A R RITAT H AR
(DOyy~ L1,2 FIAT 5 [ 95 440 P AR AT S AERE B 0T B o
DOy, Al L1, /7 [R5 o B AR Z 18] BRI 2 R N

@
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. Dzno)

«(020)

- / .
.S 1/nm

(1T1)e, 220),, 5 (200),,//(310),, o FH T~ 6 250 BE BAE 50 1 45

BRI /N T PR B R, R T R I JRE 1 5 5 T
OB . B & Iu R N A A E KR A T E—09
B 3 PG R AR SR X 38R 7 ELIA 2 (CuNiyL);Sn B, &
AT AT, TG 5 [ A AR e IR TR S
1) DOy, A7 B . DOy £ 7 [l 75 1 5 % PR AR B AR
e, PREFH ALK, BEWMER T AEMBE. L,
FIRTES PEIRE§9 T DO,y, DOsy A 7 ARTFUA 1A BORLIR
A AR L1, #48, 146 DOy, A FF [ 1 1k 5 34K L
ST KR, & & MAF SN Spinodal 77 fi#
-DO2,-L1,, D0y K L1, 2 FiA 7 [ ¥ AR 5 78 43 B i
I H DOy, M L1, SEAE N Cu-Ni-Sn & 4 58 & A B A .

Kl 12 24 470 ‘CHE 2L 120 min J5 & 4/ TEM & H .
ME 12a ] LLEH, G&F Ot A EST0E »
(DO3) HatEAH, y AHAZEFREE M, 5 a-Cu FA6ZZ#
3. B 12b~12d 2 I JE FAR SRR &b I 7] diokn
HAEKTESR, B, & &MbihiR L) 700 MPa,
AHE T B0 BE T ) IR S A PG 24% . B 25T, &4

[520] cu©O 10 1/nm

K10 470 ‘CHI%( 30 min /5 Cu-21Ni-5Sn % 4 ) TEM M35 1%
J« SAED 1#¥
Fig.10 TEM analyses of Cu-21Ni-5Sn alloy after aging at 470 ‘C
for 30 min: (a) bright-field image and (b) SAED pattern

b 10 nm

K 11 470 ‘CHEF2 60 min f§ Cu-21Ni-5Sn & 411 TEM #3514, SAED {68, DO =2 HG K Bk, L1, ma i

Jo A L5 4

Fig.11 TEM images of Cu-21Ni-5Sn alloy after aging at 470 ‘C for 60 min: (a) bright-field image; (b) SAED pattern; (¢) HRTEM image
and FFT pattern of DO»,; (d) HRTEM image and FFT pattern of L1,
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Grain boundary

500 nm.

Bl 12 470 ‘CHAL 120 min J§ Cu-21Ni-5Sn &4 y A TEM B354 K N X I8OK, y-DOs & kL P Kok
Fig.12 TEM analyses of Cu-21Ni-5Sn alloy after aging at 470 ‘C for 120 min: (a) bright-field image; (b, c¢) local magnification area in

Fig.12a, and (d) grain growth of y-DO3

B 13 470 CHY 2 A A B 8] Cu-21Ni-5Sn & & 1 b 1 TR 35
Fig.13 SEM morphologies of the tensile fracture for the Cu-21Ni-5Sn alloy after aging at 470 C for different time: (a) 30 min,
(b) 60 min, and (c) 120 min
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High Difference Melting Point of Ternary Alloy by Accumulative Roll
Bonding-Diffusion Alloying Preparation Process

Wang Wenjing ">, Feng Qihang®, Liu Xuefeng'**, Tu Yingming'
(1. Beijing Advanced Innovation Center for Materials Genome Engineering, University of Science and Technology Beijing,
Beijing 100083, China)
(2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation, University of Science and Technology Beijing,
Beijing 100083, China)
(3. Key Laboratory for Advanced Materials Processing, Ministry of Education, University of Science and Technology Beijing,
Beijing 100083, China)
(4. Baoshan Iron & Steel Co., Ltd, Shanghai 201900, China)

Abstract: In order to solve the problems of elemental segregation, limited properties and high cost in the preparation of multi-alloys with
high difference of multi-alloys melting point, a new process of accumulative roll bonding (ARB)-diffusion alloying (DA) has been
developed. The properties of the ARB-DA Cu-21Ni-5Sn alloy were characterized by SEM, EDS, TEM, XRD and the universal testing
machine. The effects and mechanisms of the ARB and step diffusion heat treatment processes on the compositional homogeneity of the
Cu-21Ni-5Sn alloy were investigated, and the effects and mechanisms of the subsequent aging regime on the properties of the
Cu-21Ni-5Sn alloy were revealed. The results show that Cu-21Ni-5Sn alloy with elemental error of less than 5% and homogeneous
composition was prepared by ARB (7 passes + 650 °C/5 h + 1000 °C/8 h) and step vacuum diffusion heat treatment process. Cumulative
rolling is used to reduce the intermediate layer, shorten the diffusion distance, and increase the atomic diffusion channels such as grain
boundaries and dislocations. The low melting point Sn elements form a high melting point (Cu,Ni)3Sn intermetallic compound critical
layer with Cu and Ni elements at 650 °C, and the diffusion of Cu and Ni elements is accelerated at 1000 °C. The Cu-21Ni-5Sn alloy was
aged at 470 °C for 60 min under 40% pre-cooling deformation for 60 min for fully spinodal decomposition. Dense DO;; and L1, ordered
solid solutions are precipitated, and the orientation relationship between these solid solutions and the matrix with a-Cu matrix is
(111), /(220),,, and (200),,//(310),, , respectively. The as-prepared alloy has maximum tensile strength of 925 MPa, elastic modulus of
135.4 GPa, and conductivity of 6.23% IACS.

Key words: high difference in melting points; accumulative roll bonding and heat treatment; homogenization; aging
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