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Superplasticity of nanostructured
nickel alloy and composite fabricated by electrodeposition

ZHANG Xu-yun', WANG Guo-feng?, BI Feng-gin', WANG Yong'

(1. Department of Materials Science and Engineering, Daqging Petroleum Institute, Daqing 163318, China;
2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: A nanostructured nickel alloy and a Ni/Si;Ny,, composite were fabricated by pulse current electrodeposition,
and their superplastic tensile deformation behaviors were investigated at strain rates ranging from 1x107° to 2x10 s
and temperatures ranging from 673 to 823 K. Optimal superplastic condition and the maximum elongation were
determined. The results show that the maximum elongation of Ni-Co alloy can reach the value of 279% at strain rate of
5x103 s and temperature 773 K, the maximum elongation of Ni/ Si;Ny,, composite is 635% at strain rate of 1x 1072s7!
and temperature 713 K. Scanning electron microscopy and transmission electron microscopy were employed to examine

the microstructures of the as-deposited and deformed samples. The superplastic behavior of the alloy and composite were

compared with and discussed in terms of their grain growth behavior and accommodation mechanisms.

Key words: Ni-Co alloy; low temperature superplasticity; pulse current electrodeposition

TR PRI I R4 T s H KA KR (1
S P B K A 200% L U Sl AR R
JE T 0.5T,, 2 BB IR LB, IXH T, Je HefAps
RINAERHRIE . HEVEAT  BAT B T e,
RBEAFEAR R ICRLL, B RIERAF 2 2 1)
S FEVE R R RS Uk 31 AR g4 >k
AP, Ba R THRARI R R MR . Pk

B MILEEME KA SRS JE R R O
A3 Y R, AE BT & 4K
i AR P WA IR I ™ . TR AT S5 R AR
Lt 29K AR AR S PR I B AR T 400 K, RV FESK
B gR S ARAF AT, (R GIK R, ST
AR BRI S, RAT 0.4T,. {EHBARE, RE
A B ARFF AR A K dib R

EEWH: FEX ARSI H (50605016); HE 1 153k 8 M V148 [ Ja Bt B B H

Yk BHA: 2007-01-05; 1&iTHHA: 2007-09-13
BIAEE: Ky,

BHEZ, B 04596505266, 13836758478; E-mail: zxydqpi@sina.com



ERVE AR ]

SR, S PTRAORE G LI SRR 1845

ARSCAER F Bk e ORI 48 4K Ni-Co & 42 &%
Ni/SizNy) AL LEIGEEAT R KR 1 4
AR A LA B e T L o

1 XIe

FH ik B T AR R A T 410K Ni-Co & 4 M
Ni/SizNyo Z A kL HFRRIIEC U R SRR AR
350 mL/L, SAb4R 15 /L, B 30 g/L, BkS 1 g/L.
HEL B VBT DR (5041) C o HLHE PH AW Ay e Al B AR (4 %
99.98%), FHA Ay 263 i AL BE A AR AN . HL B I (] 7
he b THI# 41K Ni-Co 642 S Ni/SisNyw 2 &M KL
) AR 0 SN T 20 g/L B FER IR AL AT 5 /L
(R4l a-SisNg e UG B4R SisNy R ELARA 100
nm, K5 pum,

PR Z DI BN T, FREERSE R 10 mmx3
mm, JEREZIH 120 pm. PRSI E FCAT B gk
() Instron 5565 RIGHL L HEAT. HIBRARILIGN, X
BV I i AR 20 min FEIFAG 5L, DA ik )
IS RE . T SEI AR T, SRAAS R R AE
TR ST .

RPESRL S RN AT TEM (235430, R
DSC WG RN AT Ky o AR TEHT 5 IR A O
SERY T SEM HEATMLEE.

2 HR5H

21 MREEMBIRIAGSHEAMNE

YK Ni-Co A4 Ni/SisNy 2 A b RIS S Hi Bt
WA E 1 B, nLVEH, A EMATEALR N
W, TR EMEHFREIERE N HEHE . HIEAE
FEFR WA SRLE AL, B ZeBE ri R W] o-SisNy A0 I A7
o WML, RG4S KE AR
BLRSF RN 93024 20 nm AT 50 nme ] EDS M%E T &
SR SRR SN, S AR, 4 A
22.6%(JBE 7K 53 B 5%(J5T 53 K)o

WRIIRIUR Y], R TR T, 2l
A NVSICp E A MBI kL R 43 T ik 3] 65
nm A1 40 nm. Pk, FEPURI Al g7 A i oS i s ]
AMARTER SRR, 10 SiaNy B2 3 I B AS K

22 MTREMTRIEE BRI
TENASHZ N 1x10°~1x10% s, A TR JE 43 5

oA 723, 773 F 823 K B Ni-Co A &b AT FL s L .

AN S50 RS FRLYTRR A 4 T VAR T 0 5 (K S8 1 O

1 WU EMAZUN TEM 4
Fig.1 TEM images showing as-deposited microstructures: (a)

Ni-Co alloy; (b) Ni/SizNy ) composite
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Fig.2 Variation of elongation as function of strain rate at
different temperatures: (a) Ni-Co alloy; (b) Ni/SizNyw,

composite
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Fig.3 True stress-strain curves at different strain rates and
constant testing temperature: (a) Ni-Co alloy; (b) Ni/Si3Ny,

composite
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Fig.4 DSC trace of deposited Ni/SizNy () composite
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Fig.6 Microstructures of deformed Ni-Co alloy: (a), (b)
Transverse to and along tensile axis, respectively, at

temperature of 773 K and strain rate of 5x10 s

7 LU Ni-Co 5 ) W37 5 i BE 15
Fig.7 Bright-field TEM image of electrodeposited Ni-Co

after superplastic tension
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