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Fig.2 Oxidation kinetics curves (Aw-7) of the y’ structured alloy

samples (a) and the enlarged heating up period (b)



<1272 - FiAq < JE AT RL S TR %50 &

g . _ 1200 Awlt=k 2)

T Temperaure_JU00C Sad sty At Aw (mgeem™) B RLITBINER, ( (5) J¥

obo a7 0002 R, k Cmgem s WS HEHCKIEL. B S by

{;4_ : iz 5;"3"/ c00 g G TR B P A A S 2 e Aw-r, S 3

Ni;: ,&f’% ;i MR, AT PRI A, LR O A A
T2p 300 & N 2 P R L ko

N s | 4 4 R S SRR, 2606 GBS, 5

0 20 40 60 80 10 120 ST AR R AR ALY B B AR R R, S5 R LR

2.0 b Lo FHERPTE, A AT RIS 26 1 SR AR Aw= kt, 2R

Heating up period

) 0 .

0 30 40 50

Oxidation Time, #min

B3 A SR R AL B ) 2 i e Aw?-o FITHIR I R SR OK

Fig.3 Oxidation kinetics curves (Aw’-f) of the y' structured alloy

samples (a) and the enlarged heating up period (b)

YA RSP
VRSO AL IR AL T T Aw SI(E]

WIEH G RPY, s

(2):

R E R ke HANBIR R kp<bas<kos<ksy, S 2b
RIS 45 B —2, b kst K, A0 kyH 3.3 £ &
B, S RGP L E AL Aw?=k,t, S
TR EL ke, RN BRI N heprs<bepan<bepos<kyssr 5
3a AR AL SEIR 25 RAHST, 4 Pt & 20at%I,
kst K5 2 ksl 20 R A5 £ b4, Ni;Al 54
VS IN— € B 1) Pt Ae AT H AR TR R 45 i S AL B B IR 4
A TH S H ke R ke, B3GR T A 1) PR
2.2 PtIUMENGAIESEZERENUTY SEM 2o 5

EDS 2 #f

K 6  Ni-xPt-25A1 (x=0, 10, 20, 30, at%) &
SEME TS T, R OREE T RE I REREE,
KR ANEZE DL, N STA FHECHFESL I, I 48 Py R L
2 i S R B = T R RSN 41 6 37 o I i
G () /NEEE A s 288 IR TH R R K X

I I
: : b
- Heating up period i
| - - Isothermal %)xidation S >
L R2=0.994
P
|
L L . i L L
0 20 40 60 80 100 120
: 4
. P : : gd
Heating up Herlod 3 Heating upjperiod P
- - Isothermal oixidation - - Isothermal joxidation 4~
. o5 R*=10.996
2 _
R>=0.996 1 yr
i . . 0 : , , . .
0 20 40 60 80 100 120 O 20 40 60 80 100 120

Fig.4

Oxidation Time, #/min

Oxidation Time, #/min

B4y HA SRR E) 2 gk Aw’-r oy BLLS

Segmental fitting of the oxidation kinetics curves (Aw’-7) of the ' structured alloy samples: (a) 1#, (b) 2#, (c) 3#, and (d) 4#



a4

¢ Pt Sk NisALJES SR IN il S AT BT

© 1273 -

Table 1 Rate constants (k, k;) for the oxidation samples
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Fig.5 Fitting of the oxidation kinetics curves (Aw-7) of the y' structured alloy samples during the heating up period:
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Fig.6  SEM images of overview of y’ structured alloy samples after oxidation at 1100 °C: (a) 1#, (b) 2#, (c) 3#, and (d) 4#
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Fig.7 SEM images of surface morphologies (a~f) and EDS results (g, h) of sample 1# after oxidation at 1100 ‘C: (a) surface mor-

phology, (b, c¢) zone A marked in Fig.7a, (d~f) zone B marked in Fig.7a; (g) EDS spectra of points 1, 2, 3 marked in Fig.7c, (h) EDS

spectra of points 4, 5 marked in Fig.7e, 7f

7b A IR A PIRTE, LENYES, A
WORDIRY I, HAT /ANEI LI, P R HE £ T
e B Te by A X% SEM 1% K EDS 3T AL E .
XL Points 1~3 HIRERE (& 7g) nI UL, Point 2 4bJL
PWA O JuE, AHRERIIEER, 1 Points 1 13 24
EAW, BEAA NRT AL T RIT NiALO,, H:
h Point 1 HA &4 . Kl 7d~7f 4 B XA S A
A SEM JESH, H S XU R KPUIRY) (Point 4),
S BPR A A AE B RS K BN HURAH (Point 5)
b 1f . H1 Points 4 15 [f] EDS figils (& 7h) HIWr,
T F Y NiO F1 NiALOg. THEE R KL ALO;.
8a by 2#FE AL G R SEM JESI. 7 KA
oA, HingMie, 2B C. D AE 3 My
X4, [ 8b A C IXIHCRAE, A7 G 25, X C-1
5 C2 B WL, Efs SEM M W&l 8c Al 8d

Fior. g6 Kl 8g 1 EDS 5 H KW, C-1 £ % Point 6
Ab A R ALO;, C-2 X3 & IR ALO; (Point 7)
AR BB ) NiALO, (Points 8 f19) . HK 8h
Points 10 F1 11 G&3 1] 1, & 8e 1 D X 3824 14K NiO,
BONELRS, TR Z, wAtgikii. B8N E X
Wsif SEM B3, fF{Eii% “IWE”, K 2E45LL0K,
Points 12 1 13 fig i (& 8h) F W] E X484 4 8 1 14

Bl 9a S 3#FE ARG TES . AR, A
A AN FORE AL =Y, X Zone 1 A1 Zone 2 HEAT
ME. B 9b 4 Zone 1 TSR E, B 9¢~9e 437 A F
G A1 H X3k =i fis SEM [ FiL EDS 43 Bt 247 . 1] 9c
b F X3k SEM JCRE, EPEIRIR . B 9j KR, Point 14
FEARE A, NEEAR, 1 Points 15 F1 16 W/ #aiL T
NiO. Kl 9d Wor G Xk % 5L ik NiO (Point 17
AETE ). 18 9k H Points 18 Al 19 g iR W] H X 5k A #t



4 TG Ptttk NisAlJES SN mrli S AT I BT

© 1275«

g : h
Al Lt Ni
Onip Pt Ni N Point 9 | APt UNi Pt Point 13
S
% L Point 8 » A Point 12
@
5 | ‘
= Point 7 0‘ A Point 11
A ’ Point 6 \ ) A Point 10

0 2 4 6 8 10 12 14

Energy/keV

0 2 4 6 8 10 12 14

Energy/keV

K8 2#RKE 1100 ‘C44k )5 1 SEM &5 & EDS &3
Fig.8 SEM images of surface morphologies (a~f) and EDS results (g, h) of sample 2# after oxidation at 1100 C: (a) surface morphology,

(b) zone C marked in Fig.8a, (c, d) zone C-1, C-2 marked in Fig.8b, (¢) zone D marked in Fig.8a, (f) zone E marked in Fig.8a;

(g) EDS spectra of points 6, 7, 8, 9 marked in Fig.8c, 8d, and (h) EDS spectra of points 10, 11, 12, 13 marked in Fig.8e, 8f
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Fig.9 SEM images of surface morphologies (a~i) and EDS results (j, k) of sample 3# after oxidation at 1100 °C: (a) surface morphology,

(b) zone 1 marked in Fig.9a, (c~e) zone F, G, H marked in Fig.9b, (f) zone 2 marked in Fig.9a, (g) zone J marked in Fig.9f,
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Fig.10 SEM images of surface morphologies (a~f) and EDS results (g, h) of sample 4# after oxidation at 1100 C: (a) surface

morphology, (b, c) zone L marked in Fig.10a, (d, ¢) zone M marked in Fig.10a, (f) zone N marked in Fig.10a; (g) EDS spectra of

points 23, 24 marked in Fig.10c, 10e, and (h) EDS spectra of points 25, 26 marked in Fig.10f"
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Fig.11 XPS survey spectra for the surfaces of y’ structured alloy samples after oxidation at 1100 C: (a) 1#, (b) 2#, (c) 3#, and (d) 4#
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Table 2 XPS characteristics of the signals detected on different compounds

Metal Cation Oxygen (Ols) Refs.
BE/eV FWHM/eV BE/eV FWHM/eV BE/eV FWHM/eV
Ni° 852.7~853.1 1.2 - - - - [25-32]
Ni 2p NisAl 852.8 1.2 - - - - [27]
NiO - - 853.9~854.9 1.4 529.4~530.3 1.1~1.3 [24,25,28-30, 33]
NiALO, - - 856.1~857.2 2.5 531.1~532.7 2.3 [28,30,31,33]
Al° 72.4~72.8 0.8 - - - - [27,32,34,35]
NisAl 72.4 0.8 - - - - [23,27,36,37]
Al2p  NiAlLO, - - 73.8~74.8 1.6 531.1~531.4 - [27]
ALO; - - 75.8 1.6 532.7 2.3 [27]
AlO, - - 74.1 531.4 [29]
Pt 4f pt’ 70.9 - - - - [32]
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Fig.12 XPS spectra for the surfaces of y’ alloy samples after oxidation at 1100 C: (a~d) 1#, (a’~d’) 2#, (a"

(a~a"") Ni 2p3a, (b~b"") Al 2p, (c~c"") O 1s, and (d~d"") Pt
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Table 3 Reactions leading to formation of NiAl,O4 and
standard Gibbs free energy

AGS/kI-mol™  Refs.
NiO+a-ALO;—NiALO,  (3) -25.1 [42]

Reaction

Ni+2A1+20,NiALO;,  (4) ~1819.2 [42]
Ni+1/20,+0-Al,0;—NiALO,  (5) ~220.0 [42,48]
4NiO+2A1-NiALOS3NI  (6) -951.0 [42]
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Short-Term High Temperature Oxidation Behavior of Pt-Modified Ni;Al-Based Alloys

Zhang Zhixi, Cao Yiran, Cao Guanghui
(School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China)

Abstract: The Ni-xPt-25A1 (x=0, 10, 20, 30, at%) alloys were fabricated by cold crucible levitation melting under argon atmosphere on a
water-cooled Cu crucible. The effects of Pt content on crystal structures, oxidation kinetics, morphologies of oxides, and oxidation
resistance of the Ni-xPt-25Al alloys were studied using X-ray diffraction, simultaneous thermal analyzer, scanning electron microscopy,
and X-ray photoelectron spectroscopy (XPS). The results show that Pt-modified NisAl-based alloys still keep y’ phases with increasing Pt
content. In heating up and isothermal periods, the oxidation kinetics of the Ni-xPt-25A1 (x=0, 10, 20, 30, at%) alloys yield to the linear and
parabolic kinetic laws, respectively. Pt plays a beneficial role in promoting the formation of oxides, meanwhile, the increased addition of Pt
also improves the integrality and compactness of the oxide films.

Key words: Pt-modified NizAl; short-term high temperature oxidation; oxidation rate; morphology of oxide; XPS
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