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Table 1 Chemical composition (wt.%) of CM247LC alloy

Element C Co W Ti

Al Cr Hf Mo Ni

Content 0.07 9.2 9.5 0.7

5.6 8.1 1.4 0.5 bal.
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Fig.1 SEM morphology and EDS results of CM247LC alloy
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Table 2. EDS Point Analysis Results of Carbides at Grain Boundaries (at. %)

Element C Al Ti Cr Co Ni Hf Ta
1 56.68 0 447 079 1.03 4.74 15 17.29
2 58.85 0 342 068 138 539 15.82 14.46
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Fig.2 Weight change per unit area curves of CM247LC alloy

under various water vapor contents
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Fig.3 Surface morphology of CM247LC alloy after oxidation under different water vapor contents: (a) and (d) Ar+10%H-0; (b) and (e)
Ar+50%H0; (c) and (f) Art90%H>0
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Table 3 EDS point analysis results of the oxide scale shown in Fig.3

Cr Al Ti Ta

TR 0 Ni  Co
1 509 287 99
2 422 469 638
3 452 403 108

3.6 0.9 0.7 0.1
3.4 0.3 0.3 0.1
0.7 0.5 0.2 1.4
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Fig.4 Cross-sectional morphology and oxide scale thickness change curve of CM247LC alloy after oxidation under different water vapor contents:

(a) Ar+10%H20; (b) Ar+50%H.0; (c) Ar+90%H-0;(d) oxide scale thickness change curve
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WIEICE D (2) Art10%H20; (b)) Ar+50%H0; (¢) Ar+90%H20;

Fig.5 Elemental distribution of CM247LC alloy after oxidation under different water vapor contents: (a) Ar+10%H20; (b) Ar+50%H-0; (c)
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Fig.6 Line scan analysis results of CM247LC alloy after oxidation under different water vapor contents: (a) Ar+10%H20; (b) Ar+50%H20; (c)

W ¥Hs B EA:

EEWE: ERARRIHES (52274386)
EEEN: £FW, L 2001 484, Wid, LlRREMEES S TSR, i 200444, E-mail:3308329627@qq.com

XRD #— P HiE T EAMBERAM, SR Wl 7

Ar+90%H.0

Fi7s o A b A B D 58 60 R AE (A K P o AN P e



Wity l@pRLS TR Eik

BEE K ZE S S EIGm, SRR AR AR R AR AR
M Ar+10%H,0 | Ar+90%H,0, ALY H NiO . Cr,0s.
HfO,. TiTaO4 Fl CoCrO4 H . 56 5 WA, 1EAFE
KESGETEMNG, FAUBERRNEEN. F—ENR
NiO, 252N Cr,0; il CoCr:04, 3 =JZN TiTaOs, =5
WEAE Al EALYH HIO,.

4 NiO
= HfO,
® CoCr,0, ¥ Matrix

* Cr,04
¥ TiTaO,

#NiO * Cr,0, w HIO, 3 TiTaO, » CoCr,0, ¥ Matrix
.
e )
.
.
# A ;
1 SRy
"
. i
= w em o R

h
! . 20 30 40 50
' * ! 20 (degree)
L L\ T . 90%H,0
) [
y 1

Intensity (a.u.)

E)

2,

&

5

5 +
D Faem st e o 50%H,0
D Taom gt lﬁijim ’ 10%H,0

10 20 30 40 50 60 70 80 90

20 (degree)

Bl 7 CM247LC & & A FKZ & R AMLEK XRD B
Fig.7 XRD patterns of CM247LC alloy after oxidation under
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Fig.8 Gibbs free energy of oxides (Calculated by HSC software)
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Fig. 9 Cross-sectional morphology and elemental distribution of CM247LC alloy with deposited Pt layer and oxidation in a water vapor
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Fig.10 Schematic Illustration of the Oxidation Process of CM247LC Alloy under Different Water Vapor Contents
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Study on the Steam Oxidation Behavior of Nickel-Based Superalloy CM247LC

Che Xueyu!, Xuan Weidong!, Zhao Dan!, Liu Ming!, Yin Minghui!, Ren Zhongming'
(1. Shanghai University School of Materials Science and Engineering, National Key Laboratory of Advanced Special Steel, Shanghai 200444,
China)

Abstract: A systematic investigation was conducted on the oxidation behavior of nickel-based superalloy CM247LC at 1100 °C for 2 h under
different water vapor contents. The surface and cross-sectional morphologies, phase composition, and formation mechanism of the oxide scale were
analyzed by means of scanning electron microscopy (SEM), energy-dispersive spectroscopy (EDS), X-ray diffraction (XRD), and thermodynamic
calculations. The results indicate that water vapor significantly accelerates the oxidation of CM247LC alloy. As the water vapor content increases,
the oxidation weight gain intensifies and the oxide scale thickness gradually rises. The surface oxide scale evolves from fine and uniform oxide
particles into coarse particles, which subsequently agglomerate to form a continuous oxide layer. The oxide scale exhibits a multi-layer structure,
primarily composed of NiO. Cr203. HfO2. TiTaO4. CoCr204 and Al-rich oxides. The formation sequence of these oxides is consistent with the
order of their Gibbs free energies of formation. Water vapor promotes the growth of oxides and induces spallation of the oxide scale, thereby
deteriorating the oxidation resistance of the alloy.
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   1 2   Cr 2  O 3  ( s ) +  H 2 O  ( g ) +  3 4  O 2  ( g ) =   CrO 2    ( OH ) 2  ( g )
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