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Microstructure and Properties of Cu-6Ni-6Sn Alloy Sintered by Spark Plasma Sintering
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YUAN Xia', QIN Jiawei’

(1. School of Mechanical Engineering, North University of China, Taiyuan 030051; 2. School of Materials Science
and Engineering, North University of China, Taiyuan 030051)

Abstract: To address the problems of dendritic segregation commonly occurred in traditionally cast Cu-Ni-Sn alloys,
pre-alloyed powders were employed to fabricate Cu-6Ni-6Sn alloy bulk by spark plasma sintering (SPS) technology,
and aging treatments were applied. Effects of different sintering temperatures and aging times on microstructure and
performance characteristics of alloy specimens were systematically investigated. The results reveal that SPS effectively
inhibits dendritic segregation, and segregation from the powder is dissolved into the matrix during sintering. As the
temperature rises, the sintering driving force is increased, accelerating the recrystallization rate. The average grain size
is initially increased slowly to 23.9 pm and then rapidly increased to 84.8 pm, with the proportion reduction of discon-
tinuous precipitation (DP). At sintering temperature of 800 ‘C, optimal mechanical properties are obtained. After aging
treatment, desirable mechanical properties are achieved after aging at 400 °C for 1 h, where the hardness and yield
strength reach 241.4 HV and 475.63 MPa, respectively. Meanwhile, mechanical performances as well as antifriction

and wear resistance which are identical to those in casting conditions are realized.
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Fig.4 Metallographic structure, DP and particle size statistics of sintered specimen
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Fig.11 Performance testing of specimens prepared by SPS method and cross-section metallographic structure of compressed specimens
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Fig.14 Counter-friction morphologies and scratch depth of pin specimens prepared by casting process

(D 5L, 8 i SPS i il 4 1 Cu-6Ni-
6Sn A < 1T LAAT AL B AT, R 2 2 20, T
728

RN ETREY S PR S e i A R i F A o /i N T
KLAH/N  AEBE A 1 B b Sn PR FEVE TR Z .

(2) Bl 8 485 1 B 7t o, D i i B3 i T % O 1
PR SE R 21.8 pm 2248 b+ % 23.9 pm, J5 20



T S5 B FBE4h Cu-6Ni-6Sn &

SHHOAN SR ERE %

& 84.8 pm, FEBE A4S TH K, DP Ky 8 H 3h F1 k)
A 3 ¥ ik 2>

(3 @ﬁﬁ SPS Be4E Cu-6Ni-6Sn 1 i 358 45 W B N
800 °C, M i}, 1 A B (HV) Sy 135.5, Ji IR 58 J& K
158.18 MPa, ¥ iZ ik FEAE 400 °C R #E4T 1 h B &L, 3545 #f
R 1 24 PR RE D B R R A B O 2414, 8 IR SR E R
475.63 MPa, iX 5 5% 1 10 RE 25 [8 ¥ B30k B (9 1 fig
F el (H 3 SPS vk il £ i A AT DA 3 — R UE | 3R
K718

(4) ffi I SPS K45 1 Cu-6Ni-6Sn fE M2 i N £ P
MO g JEE 4 R EE 4R IR B R R R K TS

T

T T A A A a2 A 39 R, T R T B T
5 % X #
[1] ®cse, M7, R4, % & T A% Cu-15Ni-8Sn & 4 floki
FEAE A7 2 MR RE 0 52w [T]. B OREBAL B 2 4, 2024, 45(4)
78-86.

[2] IhZoge, B0k, BT 6 45 .Cu-Ni-Sn A 4 i T AS F B0 K 30 25 1
4R AT N [T P i S (i 4, 2022, 42(3) £ 376-379.

[3] ZHOUF, ZHOU Y J, SONG K X, et al. The influence of microal-
loying and preparation process on phase transformation, mechanical
properties, and friction/corrosion behavior of Cu-Ni-Sn alloys: A
review [J]. Journal of Materials Research and Technology, 2024,
28: 951-996.

[4] GUO Z K, JIEJC, LIU S C, et al. Solidification characteristics
and segregation behavior of Cu-15Ni-8Sn alloy [J]. Metallurgical
and Materials Transactions, 2020, A51(3): 1 229-1 241.

[5] LIANG ZQ, FANW X, WANG P F,
of phase composition and transformation on the mechanical proper-
ties of a Cu-6Ni-6Sn-0.6Si alloy [J]. Materials, 2021, 14 (18) :
5201.

[6] SRYEVE 4EEN, Bl , 5 . flit Mg e R %) Cu-15Ni-8Sn &
GURAERERY R [ T] FE R0 B3 AT (6 42,2021, 41(5) : 547-551,

[7] GUOCIJ, SHIY F, CHEN J S, et al. Effects of P addition on spi-

et al. Revealing the effect

il

nodal decomposition and discontinuous precipitation in Cu-15Ni-
8Sn alloy[ J]. Materials Characterization, 2021, 171: 110 760.

[8] LB, FiEE, FAEH,F BB K P % # Cu-15Ni-8Sn &
S AL URE Sy 43 A 5 [T ] R R 86 3 B A 5 4, 2020, 401D
69-74.

[9] XIAOJK, ZHANG W, LIU L. M, et al. Microstructure and tribo-
logical properties of plasma sprayed Cu-15Ni-8Sn coatings[J]. Sur-
face and Coatings Technology, 2018, 337: 159-167.

[10] OUYANG Y, GAN X P, ZHANG S Z, et al. Age-hardening
behavior and microstructure of Cu-15Ni-8Sn-0.3Nb alloy prepared
by powder metallurgy and hot extrusion[J]. Transactions of Nonfer-
rous Metals Society of China, 2017, 27(9): 1 947-1 955.

[11] ZHANG ZH, LIU Z F, LU J F, et al. The sintering mechanism in

spark plasma sintering-proof of the occurrence of spark discharge

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

[23]

[24]

[J]. Scripta Materialia, 2014, 81: 56-59.

LIJ K, ZHANG Z W, XU W H, et al. Hot isostatic pressing of
Cu-15Ni-8Sn alloy with suppressed Sn macro-segregation and
enhanced mechanical properties[ J]. Materials Science and Engineer-
ing, 2022, A855: 143 866.

HUANG L, HE X, FEI W, et al. Effect of ball milling and spark
plasma sintering on microstructure and properties of Mn-Cu based
damping alloy [J]. Materials Transactions, 2021, 62(9): 1 279-
1284.

CIRSTEA C D, CIRSTEA V, MARINESCU V, et al. The
microstructure influence on mechanical properties of Ti;Nis, ,Cu,
materials achieved by spark plasma sintering at 800~900 °C [J].
Romanian Journal of Physics, 2023, 68(5-6):615.

DUDINA D V, GRIGOREVA T F, KVASHNIN V I, et al.
Microstructure and properties of Cu-10Al bronze obtained by high-
energy mechanical milling and spark plasma sintering [ J]. Materials
Letters, 2022, 312:131 671.
ZE AR A . AL B TR AR
[D]. RJ5 ALk, 2021.
TENG Q, WEI Q S, XUE P J, et al. Effects of processing tem-

A 4 J1 2 T RE A BOW 4 2L S i

peratures on FGH4097 superalloy fabricated by hot isostatic press-
ing: Microstructure evolution, mechanical properties and fracture
mechanism [ J].
118-131.

WANG N, SHEN Y D, AN Q, et al. Microstructure evolution and

Materials Science and Engineering, 2019, A739:

mechanical property of Cu-15Ni-8Sn-0.2Nb alloy during aging treat-
men [J]. Journal of Materials Science & Technology, 2021, 86:
227-236.

YANG T H, CAI B, SHI'Y J, et al. Preparation of nanostructured
CoCrFeMnNi high entropy alloy by hot pressing sintering gas atom-
ized powders[J]. Micron, 2021, 147: 103 082.

YADAV V, MOELANS N, ZHANG Y, et al. Effects of disloca-
tion boundary spacings and stored energy on boundary migration dur-
ing recrystallization: A phase-field analysis [J]. Acta Materialia,
2021, 221: 117 377.

CAIC, GAO XY, TENG Q, et al. Hot isostatic pressing of a near
a -Ti alloy: Temperature optimization, microstructural evolution
and mechanical performance evaluation [J]. Materials Science and
Engineering, 2021, A802: 140 426.

ZHAO J C, NOTIS M R. Spinodal decomposition, ordering trans-
formation, and discontinuous precipitation in a Cu-15Ni-8Sn alloy
[J]. Acta Materialia, 1998, 46(12): 4 203-4 218.

GUO Z K, JIEJC, LIU J M, et al. Effect of cold rolling on aging
precipitation behavior and mechanical properties of Cu-15Ni-8Sn
alloy[J]. Journal of Alloys and Compounds, 2020, 848: 156 275.
SAHEB N. Spark plasma and microwave sintering of Al6061 and
Al2124 alloys [J]. International Journal of Minerals,

and Materials, 2013, 20(2): 152-159.

Metallurgy,

(FiE X RIE)

729



