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Fig. 1. TEM micrographs showing microstructure of

depositing nanocrystalline Ni.
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Fig. 2. Compression stress-strain curves of nanocrys-

talline Ni at different temperatures.
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Fig. 3. Compression stress-strain curves of nanocrystalline Ni at different strain rates: (a) 25 °C; (b) —50 °C;

(c) —125 °C; (d) —196 °C.
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nanocrystalline Ni under different temperature.
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Fig. 5. In¢ and vs. true stress at 1% strain at various compression temperatures (the activation volumes are

obtained by the linear fits and Eq (2)).
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nanocrystalline Ni under compression derormation.
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Fig. 8. Microstructure of the nanocrystalline Ni (a)
TEM observation; (b) HRTEM observation of the

grain boundary.
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Fig. 9. Schematic diagram of dislocation motion emilled from grain boundary: (a) dislocation bow-out from

left boundary; (b) the dislocation segment BC arriving at the right boundary; (c) two segments AB and DC

traveling in the nanograin; (d) the change in energy for two segments AB and DC.
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Fig. 10. HRTEM images taken from the nearby area of fracture surface (a) and (b) are the images of different

sites of grain boundary.

AR, Y BC B AR HE N BI04 iy o S AR 45 1
MAER XS, 251%80 AR 45 7= 422 H
YRR Hgh B — 2 AT Re e dh Ao — 2T Re sl
gm gt PR G M. OO A S AL AR A,
WK 10 Fros.

1 BC Btz ahid f2d, &8 T ABFIDC B
BRE BN, [ BC B ) BN —HE, AB, CD B
W AR AR BE R LE kL N S IS R i2 3, S8
s BB X A R, il 9 () FioR. 5 BCEJ]
RILL AR A E 52, AB, CD BUE R A7 55H4E B st 7 4
Uiy e LU A SIS B X AP RR AL F i A A S RIS B 2
M —ANHEP RS ) 57 — A HEP IR S (19 % AR 1
T, RN AEAS [FHE- SRS 18] S &2 B0 ET FLAI i 5T
HAE, WK 9 (d) P, XFENEERERE TN
POHOE, X R A —196 °C T YK & Ni JE 45
PEREZE S B R IR 22— U P AR AT o R i R 2R A7 e iy
123, B4 I0ALES 7E df R HERR 2R, AD B4
(IANT 5], 22 75 0T T i T Ak 5 B B HERR, AT
fEARHIE N BT B B, B EE (R I S & R AR
HR IR, (HAEGK & Ni (1) 48 1 F2 P O i 47
BT RATTRER A, B %, MLES AT I B 14
AR TE 10063 B2 P01, T AR AR 36 PO s A R/
TXAVE R Foik, BRI R AR AL R T A —
JE B R I B AT AL B o A, ARSI R R O,
T BB RAL AR W R T B — KR, YK i
Ni gk T DR 2% PR T A g 124,

Br 7T IRAAL IS B TR EABOE I R ER Y
IR GHK 5 NI 46 P B F= A 22 7 2 A, 84T
B 5 S AR A A P X A 22 EAR AR A
TEAT NPA A — B IR, 4B A7 4 ] A A B AR
AiE ) BT A AE LA RIS, AT Be A dr 5 A 4L AT, o
Bl 10 fras. i S BT B 1 B AR 4 T Ak 1 Y 77 £
Hh ek 55 it R[] R AR AN AE 51, DT S 21 0 A
TR P [RIE, 78 kil 5 9 K & Ni A Ky

WPATI, ¥ 2 b S B 1 i S M B B v, A
U B L B R A VS M S 5 S B0 S Ak 1 B
14, R SRR AR . B AN, R E
B 710 A0k AR A AR AR SR SR B B B TR T
— 5, BT R IR R, BT AR e
U2 ) M B DRI TR IS SRy A R T
SHF L BRILE S S BRI, XA
A DL 48 W7 1 4 i T RO R A
K11 . R4 RE T 1 RLR /N2 500 nm 1939 &
DR IR T 1R S0 UE B 44 K i N TE R 45
et R, AR KA B2 B 10—20 A dh R B
DN TGHET . DR, AR TR S I ) B A A ]
JIT R 5 P R 70 A7 At 2 ok 490 2K s N 1) s 46 72 7 e W
AT R A —E R R

Bl 11 7E —196 °C FHKE Ni B4l 0 SEM 4347
Fig. 11. SEM observation of nanocrystalline Ni frac-

ture surface deformed at —196 °C.
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Fig. 12. Correlation between the yield strength and 1/7T.
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Abstract

In this paper, compressive behavior of electrodeposited nano-crystalline (nc) Ni at various temperatures and strain
rates is studied using a low temperature mechanic test system. Plastic deformation mechanisms of nc Ni caused by
compression are characterized by the strain rate sensitivity index, the activation volume, and examined by scanning elec-
tron microscopy and high resolution transmission electron microscopic analysis. Results show that at low temperatures,
the plastic deformation of nc Ni is mainly dominated by grain boundary accommodated dislocations. In other words,
during plastic deformation of nc Ni at low temperatures, the intrinsic dislocation at the grain boundary bends up and
expands without obstacles to the opposite grain boundary in the inner grain dislocation-free zone, until the occurrence
of similar cutting forest-dislocation behavior appearing at opposite grain boundary. Moreover, the residual dislocations
in the grain boundary bending out during plastic deformation could increase the strain compatibility and decrease the
stress concentration. At room temperature, the plastic deformation mechanism of nc Ni is controlled by the deformation
of grain boundary accommodated dislocations and grain slipping/rotating. Based on the above analyses, differences in
compressive behavior of nc Ni at various temperatures and strain rates can be revealed by the correlation of deformation
mechanisms of grain boundary accommodated dislocations and residual dislocation movement, temperature and defects

in nc Ni.

Keywords: plastic deformation, strength, dislocation, strain rate
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