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Influences of Heat Treatment Atmosphere on Interface Reaction of ZrQO, Active

Diffusion Barrier and NiCrAl Coating
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Abstract: ZrO, ceramic film and NiCrAl coating were respectively deposited on DD5 Ni-based supper alloy by electron
beam physical vapor deposition (EB-PVD) to investigate the formation of ZrO, active diffusion barrier. The specimens
were heat treated under 700, 800 and 900 C for 5 h in both vacuum and atmospheric conditions. By comparing the cross sec-
tion morphology, the thickness of the diffusion—reaction zones and the element nearby the interface of ZrO, /NiCrAl, the influ-
ences of the interface reaction between the ZrQ, active diffusion barrier and the NiCrAl coating under different heat treatment con-
ditions were investigated. The results indicate that the vacuum condition is more conducive to the interfacial reaction, and after
900 C/5 h vacuum-treated, a continued and dense Al, O, diffusion barrier forms on the interface of Zr(O,/NiCrAl. However, a
portion of Al element in NiCrAl coating is diffused to the surface to form the oxidation scale under heat treatment in the atmos-

pheric condition, which would damage the interface reaction between Zr(), and NiCrAl coatings.
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Fig. 1 Schematic diagrams of the formation of ZrO, ac-

tive diffusion barrier
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Table 1  Composition of the nickel — base single crystal
superalloy (w/ %)
Element Cr Co A Al Ta
Content 7 7.5 5.0 6.2 6.5
Element Mo Re Hf C Ni
Content 1.5 3.0 0.15 0. 05 Bal.

X DS 45 L L & 8 R G A BRI b R BEAT %
GEAT RS RN P VRS R ] EB-PVD 4 78 H
RGBT EEE ¥ 28 50 pm 1 ZrO, 3K 2
1 NICrAL R 2, il 4 H DD5/ZrO, /NiCrAl & £
ke, oo EB-PVD B4 it RIS #F 44K 53 51 0
ZrO, (4l FE 99.9%) Fl Ni-30Cr—12A1(w/ %) &
4. EB-PVD TAEZEHREE 600 C CZLAMM A
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Fig. 2 Interface morphology of the as—deposited ZrO,/
NiCrAl coating
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Table 2 Corresponding EDS results of the area 1 in Fig. 2
(a/ %)

Element O Al Cr Ni Zr

Content 22.09 0.74 0.96 17.09 59.12
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Fig. 3 Interface morphologies of the Zr(O,/NiCrAl coatings under different atmosphere treatments
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Fig. 4 Thickness of the diffusion—reaction zones of the
ZrO, /NiCrAl coatings under different atmosphere heat

treaments
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Fig. 5 XPS spectra of the Zr element in interface reac-
tion zone between ZrQ, /NiCrAl coatings under different

atmosphere heat treatments
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Fig. 6 Interface morphology of the ZrO,/NiCrAl coat-

ing treated in vacuum at 900 C for 5 h
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Table 3 Corresponding EDS results of the ZrO, /NiCrAl

coating in Fig. 6 (a/%)
Area O Al Cr Ni Zr
1 25.24  23.28 24.09 24.78 2.61
2 6.65 18.66 5.15  69.54
3 48.19 3.10  10.77  14.02 23.91
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