55 11 2006 11
1000-3290/2006/55 11 /6157-06

Vol.55 No.1l November 2006

ACTA PHYSICA SINICA (©2006 Chin. Phys. Soc.

17
1
2
2005 11
Ni/NiO
PACC 8160 6170T 7630K
1.
1—4
5—11
6 12
/
NiO
* 29231011

04KJD460010

T E-mail doctorjhm@ sohu. com

900°C

*
Felix Adriana®  Aroyave Majorri’
225009
23715
17 2006 1 1
900°C
NiO
NiO
2.
99.99wt % 10mm x 10mm x
Imm 0.2pm AL O,
MEVVE-8010 3
x 107Y" /em’ . M25DV
TGA Ni 900°C
SEM TEM
AE
2mm
AE-100
1. 900°C
90h
84dB.
MO018327



6158 55
HUEBCRHS = -
4
AE{X Kk P
Fdh
VL U:* i
1
900°C
2.
3 Nia b  48h SEM
0. 64
AE
. 0.48 Ni AE
£
A 4.
E
5 ol O g
k2
=
B o6 Ni+Y PBR Pilling-Bedworth ratio : Ni
PBR = 1.43. NiO
10
0. 00 1 1 1 1 .
0 12 24 36 48 60
HHAl/ b T
2 Ni
3 48h oy = EOXATI aMV_ Qox 1
SEM 3b ,
Eox Young' s modulus
Poisson’ s ratio  ay @ ox
100nm AT
78 Oox
_ ExAT ay — ag o)
NiO S8
AE 90h cracking spalling




11 900°C 6159

100

900
< /
%) N
§ & 450 g
£ = 5
~ 50 /
= -0
i 212
&
25
! 3.6H Ey
) s
0
1 1 1 1 1 1 1 H C
0 2 4 6 8
IR/ h
100
900
o .
g 450 g AT
e =
N
% H0
& 4 AE
® 251
[sa)
< .
0 2 3 4 O'g“
0 1 I2 1 ; 1 6I 1 8
W/ h M) 12
C _]'9H(AT y — aon
4 Ni a b 90h 2
1 ( ExH 1-v )
N ==fl3.6—5——].
Ar Zf Cz ay — Qox
o o5 NiO Eox Y
153GPa 0.32 Ni NiO
) - 2 4 Qox 1.2x107°K"  2.3x107°K"'
9 11
90h 650°C .
AE VA 6.
AE . AE-100 Hi-Draw2.1
AE AE
n=f AT n AE 5 6
AE . AE /
Zhangﬁ / N C
VA AE Z -1 AE 6.
through- 6 /
thickness cracking 1 AE Ni
A 5 8 . / 27.0pm
_n _ [fAT
N = 7 = 7 3 '
Evans > 7 Ni 48h
buckling . TEM

NiO 7b



6160

e 6 e 60 60 49 40
Vot b b or ©® Oua WA T
0% AT o Ni
O I I e e T e oL o NitY
N 1 Ver  HBOLYIR
&
&
® 20
=
B
10 -
ALY N
A
] — —
o S B . . . |
0 10 20 30 40
RGBT /pm
6
e N / KW
sml T | W

N A
Rlsy xxk }zf ST
SR FFESFIE
) S
BRI
&0
5 /
14 . 7 Ni a b 48h NiO
Ni NiO TEM
. Y3+ 11 16
NiO . 49 HREM
Raman NiO  Cr0; FEEM/EDS
: 3 Ni/NiO
b 7 b NiO 6 NiO
SEM
14 15 100
SEM

NiO Y, 0, 2.0 .AE



11 900C 6161
. Przybilla 4.
13
¢ ” 1. N 900°C
NiO
AE 2. /
/
615 16

1 Evans A G Cannon R 1989 Mats. Sci. Forum 43 243 10 Sohn R Narita Toshio 2003 Oxid. Met. 59 333

2 Evans H E 1989 Mats. Sci. Eng. A120 139 11 Birnie J Cragga C 1992 Corr. Sci. 33 12

3 Rahmel A Schutze M 1992 Oxid . Met. 38 314 12 Tang G Ma B K 2001 Acta Phys. Sin. 50 851 in Chinese

4 JnHM LiTF LiMS etal 1999 J. Rare Earths 17 34 O 2001 50 851

5 Jn HM Chen RF Zhang L N et al 2003 J. Southeast Univ. 19 13 Przybilla W Schutze M 2002 Oxid. Met. 58 103

364 14 Seal S Kuiry S C Bracho L A 2001 Oxid. Met. 56 583

6 Zhang Y ¥ Shores D Rahmel A et al 1993 Oxid. Met. 40 529 15  Ul-Hamid A 2002 Oxid. Met. 58 23

7 Vasyliv B D 2002 Mats . Sci. 38 724 16 LiXN Nie D Dong C et al 2002 Acta Phys. Sin. 51 115 in

8 Hou P U Stringer J 1988 Oxid. Met. 29 45 Chinese 2002 51115

9 JnHM Zhang LN Li M S et al 2001 J. Rare Earths 19 34



6162 55

Influence of yttrium ion-implantation on oxidation behavior of
nickel and property of oxide scale at 900°C *

Jin Hui-Ming' ' Felix Adriana®  Aroyave Majorri*
1 College of Mechanical Engineering Yangzhou University = Yangzhou 225009  China
2 College of Materials Science and Engineering  National University of Antioquia ~ Medellin 23715  Colombia
Received 17 November 2005 revised manuscript received 1 January 2006

Abstract

Isothermal oxidation behaviors of pure and yttrium-implanted nickel were studied at 900°C in air. SEM and TEM were used
to examine the oxide scales formed on nickel substrate. Acoustic emission AE technique was used to monitor the cracking and
spalling of oxide film in isothermal oxidizing stage and subsequent air-cooling stage. AE signals were analyzed in time and
number domain according to the related oxide fracture model. It was found that Y-implantation greatly lowered the isothermal
oxidizing rate of nickel and improve the anti-cracking and anti-spalling properties of NiO oxide film. The main reason for the
improvement was that Y-implantation greatly reduced the grain size of NiO and increased the high temperature plasticity and
creeping ability of the oxide film. Meanwhile Y-implantation reduced the size and number of Ni/NiO interfacial defects hence

remarkably enhanced the adhesion of protective NiO oxide scale formed on nickel substrate.
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