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Microstructure of CoNiCrAlTaHfY/Co Composite Coating Formed on C/C Composites

GUO Qi, MENG Tian-xu, XI Wen, DING Wen-qiang, YU Sheng-wang, LIU Xiao-ping
(School of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024)

Abstract: The CoNiCrAlTaHfY/Co composite coatings were prepared in Ha+Ar etched surface of C/C composites by duplex
plasma alloying of Co and CoNiCrAlTaHfY. Effects of etching and Co transition layer on the microstructure, composition and
bonding strength of CoNiCrAITaHfY/Co composite coatings were investigated by comparing with CoNiCrAlTaHfY coatings
formed on C/C composites. The results show that the thickness of CoNiCrAlITaHfY coatings with and without etching is
10 pm and 14 pum respectively. After the etching process, the original rod-like carbon fibers and the carbon substrate tightly
wrapped are respectively etched into needle-like manner and thin-walled tubes, forming pores between the carbon fibers and
the substrate carbon. The increased specific surface area promotes the nucleation and diffusion of the elements, improving the
bonding between the coating and the substrate. The CoNiCrAITaHfY/Co composite coatings of 30 um are formed on etched
C/C composites after adding the Co transition layer. The compact composite coatings are composed of CrCoTa, Al>Ta, Cr2Ta,
Al:Cry, AlCo:Ta, Co and AL:Niy. The Co transition layer and the CoNiCrAITaHfY top layer grow in a columnar manner and
three-dimensional island respectively. The mutual diffusion among the CoNiCrAITaHfY toplayer/Co transition layer/substrate
results in a stronger adhesion between the coating and the substrate.
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1.1 RIedR

C/C BEMEIEMBEE 1.60 g/cm?®, i1
2.5, IFERSF 15 mmx15 mmx5 mm. 4359 320,
600, 1000, 1500 F12 000 S#Akfik /K HP 40K
FEATES 8, ARG LK. Tok Qi
FIEVET, EMENT 130 € F 3 h .

PN 99.99%, NP A @ 3 mmx26 mm 1
64 R Co Z2¥)5) 284 T R~ 100 mmx100 mmx
4 mm A7 Mk IS Co #8 (WKl 1(a)), £tk
BHLN Co25Ni19Cr22A12.5Ta2.5H0.5Y (a/%) R,
RSF R 80 mmx80 mmx3 mm(UNEl 1(b)).
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Fig.1 Schematic diagram of Co wire target and Co25Ni19Cr22
Al2.5Ta2.5Hf0.5Y (a/%) plate target
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Fig.2 Experimental flow chart
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Fig.3 Surface morphologies of C/C composites
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Fig.4 Microstructure of CoNiCrAlTaHfY coating directly formed
on C/C composites and etched C/C composites
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®1 CICEEMBERESTHIEHME CoNiCrAITaHIY 3R &M 5
Table I Composition of CoNiCrAITaHfY coating directly formed on C/C composites (al%)
Position Co Ni Cr Al Ta Hf Y C
Sp.1 26.3 27.2 19.5 224 0.1 0.2 0.1 42
Sp.2 229 21.9 26.3 16.2 0 0.3 0.1 12.3
Sp.3 223 19.6 325 14.2 0.2 0.2 0.1 9.3
Sp.4 22.6 17.4 36.4 10.9 0.1 0 0 12.6
Sp.5 27.4 234 18.2 15.2 0 0 0 15.8
Sp.6 0.1 0 0.1 0.1 0 0.2 0 99.5
Sp.7 0.2 0 0 0 0 0 0 99.8
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Table 2 Composition of CONiCrAlTaHfY coating formed on etched C/C composites (a/%)
Position Co Ni Cr Al Ta Hf Y C
Sp.1 27.5 26.3 22.1 23.1 0.1 0.1 0.1 0.7
Sp.2 26.7 215 30.3 18.8 0.4 0.7 0.1 1.5
Sp.3 30.2 14.5 34.8 17.3 0.4 0.2 0.1 2.5
Sp.4 29.7 12.7 35.8 16.8 0.2 0.5 0.2 4.1
Sp.5 314 12.5 27.8 16.3 0.9 0.6 0 10.5
Sp.6 0.3 0 0 0.1 0 0 0 99.6

Sp.7 0.1 0.6 0

0.4 0 0.1 0 98.8
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Fig.5 Morphology and composition of Co coating formed on
etched C/C composites
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Fig.6 Morphology of CoNiCrAlTaHfY/Co coating chromized on
etched C/C composite
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Table 3 Composition of CoNiCrAlTaHfY/Co coating chromized on etched C/C composite (al%)
Position Co Ni Cr Al Ta Hf Y C
Sp.1 21.2 20.5 20.0 34.7 1.3 0.5 0 1.8
Sp.2 22.1 17.2 25.2 28.1 0.2 0.2 0.1 6.9
Sp.3 44.0 12.5 17.1 14.2 2.4 0 0.1 9.7
Sp.4 73.1 10.6 6.7 43 0.4 0.2 0.1 4.6
Sp.5 85.5 0.1 1 0.1 0.1 0 0 12.9
Sp.6 0.5 0.2 0.1 0.1 0 0 0 99.1
Sp.7 0.3 0 0 0 0 0 0 99.7
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Fig.7 XRD patterns of Co coating formed on the etched surface of
C/C composite

5 um

(b) Cross section

K8 C/C EEMBRMMANMIFE Co )2 MR AT AR

Fig.8 Surface and cross section morphologies of Co coating formed on the etched surface of C/C composite
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Fig.9 Surface and cross section morphologies of CoNiCrAlTaHfY/
Co coating
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Fig.11 Scratch morphologies and acoustic emission curves of C/C composites under different conditions
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