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Cyclic oxidation and interdiffusion behavior of
Ru/NiAIHf coating on Ni-based single crystal superalloy

ZHAO Qing, PENG Hui, GUO Hong-bo, GONG Sheng-Kai, XU Hui-bin

(School of Materials Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: A novel Ru/NiAIHf coating was deposited onto an Ni-based single crystal superalloy N5 by electron
beam-physical vapor deposition(EB-PVD) of Ru and NiAlHf layer. The cyclic oxidation and interdiffusion of the
Ru/NiAIHf coating at 1 100 C was investigated by X-ray diffraction(XRD)and scanning electron micrograph (SEM)
equipped with energy dispersive spectroscopy (EDS). The results show that the discontinuous Ru,AlTa phase forms at the
interface of coating and substrate at initial diffusion stage, which effectively inhibits outward diffusion of refractory
elements in the superalloy. The phase disappears after 100 h annealing. The Ru/NiAIHf coatings effectively suppress the
formation of secondary reaction zone (SRZ). No apparent scale spallation is observed on the Ru/NiAlHf coating even
after 150 h cyclic oxidation, indicating that the coatings exhibit a good cyclic oxidation-resistance.
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Table 1 Chemical composition of Ni-based single crystal

superalloy N5 used in experiment (mass fraction, %)

Ni Cr Co Mo w Ta
Bal. 6.22 7.77 - - 6.76
Re Hf Al C B Y

4.48 - 7.76 - - -
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Fig. 1 Cross-sectional images of Ru film (a) and as-deposited
Ru/NiAIHf coatings (b) deposited by EB-PVD
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Fig. 2 BSE images of cross-section of Ru/NiAIHf coated N5
alloy annealed at 1 100 ‘C for 5 h: (a) Low magnification; (b)
High magnification
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Table 2 Chemical composition of discontinuous precipitates

under interface shown in Fig. 2(b) (mole fraction, %)

Al Cr Co Ni Ru Ta

27.79 2.28 - 5.77 47.1 17.05
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Fig. 3  Elemental distributions curves through thickness

direction of coatings annealed at 1 100 ‘C for 5 h

"—NiAl
A—NiAl

As-deposited J . i E

Annealed for 0
100 h
. O O, NS
20 30 40 50 60 70 80 90
26/(°)

4 RwNIAIHFRZHI#ES K 1100 C RS H 100 h 5
XRD i

Fig. 4 XRD patterns of Ru/NiAIHf coatings as-deposited and
annealed for 100 h at 1 100 'C
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Fig. 5 BSE image of cross-section of Ru/NiAlHf coated N5
alloy annealed at 1 100 ‘C for 100 h
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Table 3 Chemical composition of TCP phase in Fig. 6 (mass
fraction, %)

Al Cr Co Ni W Re

1.2 8.4 3.38 21.32 23.17 42.53
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Fig. 6 Cyclic oxidation kinetics of Ru/NiAlHf coatings

during cyclic oxidation at 1 100 ‘C
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Fig. 7 XRD pattern of Ru/NiAlHf coating after 150 h cyclic

oxidation in air at 1 100 C

Kl 8 s AZeid 150 h M4 AL S R HTTESL .
i 8 ITLAER, 4t 150 h IHAREAL SR E R IT
B H IR BT S T A — NiAL R 2R AR R
Ak 80 h JE o Hh I K o AR AN I R K I I % .
Ru/NIiAIHS ¥ 2 PR IEAL 22 o n 3k 4 B, A4k
B 5y FE R ALOs, JIAME A /b & 1) Cr 1l Ni.
T B ER, R 2 AL #R Bl 2 Bl —
Rk IUE, (g EEAIGE M WL Mo, Cr %)
WIZMEA ALY B, ST R IEEA Y, NIffE
K5 2A TGO Z TG RALI, A5 IES) T 37
KR AREWAEMEE D S AR > EEA TR, Y
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Fig. 8 Surface morphologies of Ru/NiAlHf coating after 150
h cyclic oxidation in air at 1 100 ‘C: (a) Secondary electron

image; (b) Backscattering electron image

F4 RUNIAHFREE 1100 CHEFALL 150 h 505
HI 7 o)
Table 4 Chemical compositions of TGO after 150 h cyclic

oxidation in air at 1 100 ‘C (mole fraction, %)

Al Cr Co Ni O

36.82 0.59 - 3.52 58.07
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Fig. 9 BSE image of cross-section of Ru/NiAlHf coating after
100 h cyclic oxidation in air at 1 100 'C
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