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Fig.1 XRD patterns of NiAl, NiAl-8Si, NiAl-17Si, and
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Fig.2 Surface morphologies of NiAl (a), NiAl-8Si (b), NiAl-
17Si (c), and NiAl-30Si (d) coatings
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Fig.3 Cross-sectional SEM morphologies (a-d) and EDS element line scanning (a’-d") of NiAl (a, a’), NiAl-8Si (b, b’), NiAl-17Si (c, c¢'),

and NiAlI-30Si (d, d’) coatings
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Surface morphologies of the coating after constant
oxidation at 1000 ‘C for 100 h: (a) NiAl, (b) NiAl-8Si,
(c) NiAl-178Si, and (d) NiAl-30Si

Fig.9
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Cross-sectional morphologies of the coating after
oxidation at 1000 ‘C for 100 h: (a) NiAl, (b) NiAl-8Si,
(c) NiAl-178Si, and (d) NiAl-30Si

#2 E10F A, BIICXHMAS
Table 2 Composition of A, B and C regions in Fig.10 (at%)

Spot Al Si Ti Cr Ni Co W
A 327 1382 472 3733 2591 1148 3.46
B 7.17 1359 816 31.67 25.60 1037 3.43
C - 2842 1554 3.04 45.58 7.19  0.23
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Surface morphologies of the coating after oxidation at
1000 ‘C for 500 h: (a) NiAl, (b) NiAI-8Si, (c¢) NiAl-17Si,
and (d) NiAl-30Si

%3 E 11 % A-HRXHKS
Table 3 Compositions of the A~H regions in Fig.11 (at%)

Spot (0] Al Ti Cr Co Ni Si w

A 1440 2062 2.83 6.06 6.99 49.11 - -
B 17.11 9.09 5.10 16.87 8.79 4221 - 1.82
C 73.03 1599 871 1.54 - 0.27 - 0.45
D - 341 920 17.61 9.20 34.68 23.95 1.96
E 5754 13.02 23.73 224 038 184 1.24 -
F 7246 16.01 888 2.20 - 0.22 - 0.23
G 16.19 1931 431 11.06 5.73 3525 8.15 -
H 4132 19.19 220 6.76 396 2420 1.77 0.61
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Fig.12 Cross-sectional morphologies of the coatings after oxidation at 1000 ‘C for 500 h: (a) NiAl, (b) NiAl-8Si, (¢) NiAl-17Si, and

(d) NiA1-30Si
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Fig.13 EPMA element mappings of the coatings after oxidation at 1000 ‘C for 500 h: (a) NiAl, (b) NiAl-8Si, (c¢) NiAl-17Si, and
(d) NiAl-30Si
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Fig.14 Schematic diagrams of the high temperature degradation process of the coatings: (a) NiAl and (b) Si-modified NiAl coating
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Modified Aluminide Coatings(FEiUMEAR LR E I =LA

High Temperature Oxidation Resistance and Degradation Mechanism of Al-Si Coatings
on Nickel-Based Superalloy at 1000 °C

Ma Dezheng', Fan Qixiang', Wang Tiegang', Zhang Chao’, Yu Haojun’
(1. Tianjin Key Laboratory of High Speed Cutting and Precision Machining, Tianjin University of Technology and Education,
Tianjin 300222, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(3. No.703 Research Institute of CSSC, Harbin 150078, China)

Abstract: Si-modified NiAl coating has been studied by researchers due to its good performance in high temperature corrosive
environment, but the effect of Si content on the high temperature oxidation resistance of the aluminide coatings has been seldom studied.
To figure out this issue, three modified NiAl coatings with different Si contents were prepared by varying the Si contents 8wt%, 17wt% and
30 wt% in the slurry. Phase structures and microstructures of the simple NiAl coatings and three Si-modified NiAl coatings before and after
oxidation were analyzed by XRD, SEM and EPMA, etc. The results show that the 6-Ni,Al; and f-NiAl are the primary phases of the four
aluminide coatings. Si mainly locates in the upper zone of the Si-modified NiAl coatings in the form of silicides as CrSi,, CrsSi3 and Ni,Si.
After oxidation at 1000 °C for 500 h, the simple NiAl coating has the maximum mass gain of 1.93 mg/cm?, while the Si-modified NiAl
coating with Si content of 8wt% has the smallest mass gain. The dopant of Si into NiAl coatings can promote the formation of protective
a-Al,Os film, retard the outward diffusion of refractory metal elements and improve the surface quality of the oxide film, resulting in
reduced oxidation rate. However, the addition of Si reduces the Al content on the surface layer of the coating and may make the coating
insufficient of f phase to maintain the selective oxidation of Al in the later period of long-time oxidation. Therefore, when the Si content is
8wt%, the Si-modified NiAl coating possesses the best oxidation resistance.

Key words: slurry method; Al-Si coating; high temperature oxidation; structure
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