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Table 1 Chemical composition of three alloys (/%)

Alloy Co Cr w Mo Al Ti Ta Nb C/B/Zr/Hf Ni
WZ-A3 19 13 4.0 4.0 3.0 3.7 1.0 1.2 Minor Bal.
FGH96 13 16 4.0 4.0 2.2 3.7 0.7 Minor Bal.
FGH97 16 9.0 5.6 3.9 5.1 1.8 2.6 Minor Bal.
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Fig.2 Evaluation of antioxidant properties of three alloys
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Oxidation kinetics curves (a—c) and logarithmic fitting diagrams (d-f) of oxidation mass gain and time of alloys at the temperature
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Fig.3 Surface morphologies of alloys after oxidation for 200 h
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Fig.4 XRD patterns of the surface of alloys after oxidation for 200 h at different temperatures: (a) WZ-A3, (b) FGH96, and (¢) FGH97
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Fig.5 Cross-sectional morphologies of alloys after oxidation for 200 h
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Fig.6 Microstructure and corresponding EDS element mappings of WZ-A3 alloy after oxidation at 1000 °C for 200 h
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Fig.7 Microstructure and corresponding EDS element mappings of FGH96 alloy after oxidation at 1000 °C for 200 h
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Fig.8 Microstructure and corresponding EDS element mapping of FGH97 after oxidation at 1000 °C for 200 h
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Fig.9 Free energy of oxidation reaction
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Fig.10 Schematic diagrams of alloys during the oxidation process: (a) WZ-A3, (b) FGH96, and (¢) FGH97
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WP B o, TS O WY B AE
FGH97 ' Nb & & H =, X% 2.6% (JHESH), H
BT 4MZE M ALOs EHE O ZEERRE S, FI W
2R K Nb 4L .

FGH96 f FGH97 1E A — & & RE M Ta, =A%
E4 WZ-A3 N 1.0% CFRE%) 1) Ta LLF
S5 1 VERE IR PRAR TCP AH AT BT 17 o Ta 7E &1 il
Ga PR IERE R FLIEA 2, Shi VKL Ta
2 FEAG Ti A48, T8 % TaO2 A ALE Cra0s )2
W R, 185 1 CrnOs A A 2%, H Ta ibfe 4]
il N ALOs A AL, HE— DR E &SP
etk . B 5g WZ-A3 NZREVIR ALOs &4 /N A
RAD SR 3 A, B Shoh FGHO96 i ALOs NI 5 Hj 3% 48
K&WRH» A, WZ-A3 N Ta J6 R 1E— & F2JE 15
m 7 &4 sE

4 % i

1) fE 815 1900 CHF, 3 Fi & 438 5% A i
g%, 1E 1000 CHf, WZ-A3 NHiE ALY, FGHI6
NIRILEM G, FGHIT i adiaid. 3 Masd
MRA IR FEIIAE 900 CLAR, KUk 3 F& &7 TAER
JE 56 Bl P9 Bt S A P R A R

2) WZ-A3 Al FGH96 £ 1000 C4% 1t )5,
AAGJE A KL, R ANE R TiO, HHJE A
Cr20s+7> & TIO MR &2, W EZE RN ER
AlO3; 5 FGH96 AN [H, WZ-A3 1& H (8] 2 Fl 5%
WZ I 4r FAb IR AFfE Nb Al Mo 6 & I & 4 .
FGH97 & 1k )2 45 #4 A %F i 5, 2 1000 C &
G, RMEERESLMEN ALOs B, S KREAAZTE
MR TiOe HTHMWWEFH T H T EEITLE, 3
P& & TE R T — € R AL m X .
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. FGH97 H Al & B8 &, 78R ¥ HEUE 1

ALOs =, A MM 7 HAb & 60 & Wk i

B, MEE&RAHMRMIAMLE. WZ-A3 H

FGH96 1 Al & & HH Xf 8K, TB B i A B IR

ALOs ToVEA B TE g B k47, H Cra05 % Ak

FEEGR FER, WA TENEHNHEE. WZ-

A3 1 1.0% Ta Ml 1.2% Nb i & 4> $0) # n

fE—ERRERE T & &0 huE b e .
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Oxidation Behavior of Different Powder Metallurgy Nickel-Based Superalloys

Xiong Jiangying 2, Yin Chao?, Zou Zhihuan'*, Wu Jing?, Yang Jinlong'-3, Huo Hongguang?*
(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)
(2. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(3. Shenzhen Wedge Aviation Technology Co., Ltd, Shenzhen 518000, China)
(4. Unit 93145 of the Chinese People’s Liberation Army, Shenzhen 518000, China)

Abstract: Three nickel-based powder superalloys FGH4113A (WZ-A3), FGH96 and FGH97 were subjected to oxidation tests in air at 815,
900 and 1000 °C. The oxidation dynamics curve of the alloys at different temperatures was determined by static mass gain method and the
oxidation resistance was evaluated. The surface and cross-sectional morphology, composition and structure of specimens were analyzed
by XRD, SEM, EDS after oxidation tests. The results show that three alloys are completely antioxidant grade at 815 and 900 °C. WZ-A3,
FGH96 and FGH97 are antioxidant grade, secondary antioxidant grade and complete antioxidant grade, respectively at 1000 °C. The oxide
layers of WZ-A3 and FGH96 alloys are similar after oxidation at high temperature of 1000 °C, which consist of an outermost layer TiO2, a
middle mixed layer of Cr203 and a small amount of TiO2 and an innermost layer of dendritic Al,Os. There is the enrichment of Nb and Mo
elements at the boundary between the middle and the innermost layer for WZ-A3. The difference in oxidation properties of the three alloys
is related to Al content. Al content in FGH97 is high, and the formation of a dense Al>O3 layer on the surface can effectively block the
outward diffusion of other alloying elements after oxidation at 1000 °C, so the FGH97 exhibits excellent oxidation resistance. Al content is
low in WZ-A3 and FGH96 and the dendritic Al,O3 layer formed can not effectively form isolation. After the Cr2O3 reaction, it evaporates
to form holes, which destroys the density of the oxide layer at high temperature. The additions of 1.0wt%Ta and 1.2wt%Nb can improve
the oxidation resistance of WZ-A3 alloy to a certain extent.

Key words: nickel-based superalloys; oxidation resistance; oxidation behavior; oxidation layer
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