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Fig. 2 Oxidation kinetics curves of porous Ni-Cr-Mo-Cu

materials oxidized at different temperatures
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Fig. 7 SEM images of surfaces of porous Ni-Cr-Mo-Cu materials oxidized at different temperatures for different time: (a)

Unoxidized; (b) 600 °C, 1 h; (c) 800 ‘C, 1 h; (d) 800 ‘C, 20 h
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Fig. 8 Energy spectra analysis of porous Ni-Cr-Mo-Cu materials oxidized at different temperatures for different time: (a),

(a') 600 °C, 1 h; (b), (b') 800 °C, 1 h; (c), (¢') 800 ‘C, 20 h

FERIEETN: Mo JC 3 & Sl A U0 I B2 1) T e £ ek
A, B MR RE R AE S I AR R AR BRI MO, 7E
R SR,

K] 8(a)~(c)Fric X HH ) O & & 73 7l N 8.14%.
26.09%- 28.46%(Jii fE 5340, M0 AT LAAS HH &5
bt LR E 4R AL R O A, BE LR
MO mHE S B2, =AHMEIS SR
IR 2 IR R T FE R s 5 B
2, I H5 Z B T A A o R it 2 A A
AHXF R o

2.5 FLBRLEHET
251 fLBREN

N T RICEA TR AR FLAR 2 AT ISR, X
BUREASE FH H ok A, S5 R 9 o HE 9(a)
AL, RZEALK Ni-Cr-Mo-Cu £ fLA BH LR 2
M, HAEER S, S£HE1332 um. £
800 "C 44k 20 h 1) 2 FLAA BHBLIH 1) FLA% 70 A1 45 2R 4
Elob)Frr. HE9b) A%, AME M2 LA kL
BRI AE9.52 um, JEIL P E X ELRBL, Al
JE R 0 P 1A I R k), LR R 20 il A



2292 T A e E SR

2022 £ 8 H

50
100 [(2)
<80 140
g S
(9]
£ 60l 308
5 5
a, o)
240} 20 &
£ o
g z
20} 110

1 i . L 0
0 10 20 30 40 50 60 70 80
Mean diameter/um

—_
o
(=]

T

W

(=]

= 80 140
2 5
s 3
§60- 30 £
5 5

4 [=1)
40 20 g
E —
s <
E J10

20}
10

00 ll() 2IO 3I0 42) SIO 6l0 7|() 80
Mean diameter/um

9  Ni-Cr-Mo-Cu £ LA BHER I FLAE 7 A

Fig. 9 Cross-sectional pore size distribution of porous Ni-

Cr-Mo-Cu materials: (a) Unoxidized; (b) Oxidized at

800 C for 20 h

g, ZAMEFNI, Crn R 5EH AR
AR T NiO Ml Cr,O, 8L I, SFLNEELS &,
AAEFLIRT, AEAR LA .
252 JFALBRZAR

THALBR A RN E Z LM R e RE EE S
—, KH Archimedes % 2 2 LRI TF LB % .
M5 FFFLBRZR AT, 75 E TR = m,, SR
JETER RS T IRBUSRARS, (R4 AT FLIR
WA, WA R E R IR A5,
T RREE I T my, R FHEZ KR & dshiet 5 38
FERER v, Z LR IFFLBR % 0] DL 2 (17)
TH
P=[(m,—m,)lp, /Vx100% (17)
s PAZAMEETTALER A vV s 5 ke
ARAL, em™; my my 43 50 B FE S §T S (19 5

=, g p, NIERIEREE, gem’. L2005, £l
ARE T AL IR 2 15 35 2 [A) (1) 84 0% & a0 1 10 B
AN, Gk E R A, SEAHT B R T LR E N
42.10%, 7£600 ‘CHEAL20h)5F, WRFEFFFLERR T %
F141.63%. BEFH ARG, ZHMEITAL
PR R IAHT N RS . 76800 CHAL20h 5, ik
FEFFFLER R R B 21 37.84%, S5 ALATHRFEMIEL,
FFALBR R R B T 10.12%, F I H B4 I HrE L
PERE

43

Open porosity/%

37

600 650 700 750 800
Oxidation temperature/C

E10 Ni-Cr-Mo-Cu £ fLABHLIE 52 IR E X &

Fig. 10

oxidation temperature of porous Ni-Cr-Mo-Cu materials
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Table 3

oxidation temperature of porous Ni-Cr-Mo-Cu materials

Relationship between gas permeability and

Temperature/C Permeability/(m* m™-kPa™"-h™")

25 97.8
600 96.3
650 93.2
700 90.5
750 86.1
800 81.3
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REFIRE R RIS HiEEIAR] 800 C
i, FAE Z M ERE S EL R 7 81.3 mY/(m*
kPah), TMEAMHTZ LA EHIIE SE N 97.8 mY/(m*
kPah), PHFAHLL, A7 BESE T T 16.8%.
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materials and porous Ni during cyclic oxidation at 800 C
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High temperature oxidation behavior of
porous Ni-Cr-Mo-Cu materials

WEN Yi, YANG Jun-sheng, ZHANG Chuo, ZOU Hao-ran, FAN Yi-quan, XIONG Lie-qiang, YE Jian-ping

(School of Mechanical Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: Porous Ni-Cr-Mo-Cu materials were fabricated by the activation reaction sintering method using Ni, Cr,
Mo and Cu element powders as raw materials. The high temperature oxidation kinetic property was measured by
the static mass gain method. And X-ray diffraction (XRD), scanning electron microscope (SEM), X-ray
photoelectron spectroscope (XPS), energy dispersive spectroscopy (EDS) and pore size tester were conducted to
characterize the surface oxide composition, structure and morphology of porous Ni-Cr-Mo-Cu materials at 600 -
800 ‘C. The experimental results show that the oxidation kinetic of the porous material is pseudo-parabolic type.
After oxidation at 800 C for 20 h, the maximum pore size decreases from 13.32 pum to 9.52 pm, the air
permeability decreases from 97.8 m*/(m*kPa-h) to 81.3 m*/(m*kPa‘h), and the air permeability of the porous
material only decreases by 16.8%. Furthermore, the high temperature oxidation mechanism of porous Ni-Cr-Mo-
Cu materials was also investigated. The surfaces of the porous materials are composed of Cr,0, and NiO films.
Thorough the calculation of oxidation kinetics, the activation energy of the porous materials is 152.18 kJ/mol.

Key words: nickel based alloy; porous material; high temperature oxidation; oxidation kinetics
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