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3

(65%) 

50~100 mL/L	HF(40%) 50~70 mL/L	H
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*!^"#
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Table 1  X-ray fluorescence spectrometry analysis of titanium  

alloy substrate materials 

Element ω/% at/% 

Al 7.14 12.03 

Ti 89.68 85.13 

V 3.18 2.84 

Totals 100.00  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  DE�* ¡nJK¢pLM£¤ZHI¥¦ 

Fig.1  Surface morphologies of the used titanium alloy substrate 

before (a) and after (b) covered with the "activated film" 

 

 

 

 

 

 

 

 

 

 

� 2  DE�*nJK¢pZ XPS�� 

Fig.2  XPS spectra of “activated film” on the surface of titanium 

substrate 

 

 

 

 

 

 

 

 

 

 

� 3  DE�*nJK¢pZ XRD�� 

Fig.3  XRD pattern of the TC4 substrate with the “activated  

film” 
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� 4  Q[�DE�*WE§¨ 

Fig.4  Bonding strength between the coating and titanium alloy 

substrate: (a) before activating and (b) after activating 
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Fig.5  SEM images of the prepared composite coating: (a) surface  

and (b) cross section 
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Table 2  Comparison of friction and wear properties between  

the TC4, Ni-cBN composite coating with the 

Ni-based sealing coating 

Temperature/

« 

Counterpart 

Counterpart 

mass loss/mg 

Abradable seal 

coating mass loss/mg 

TC4 11.7 1.3 

300 

Ni-cBN 2.5 1319.4 
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Fig.6  Friction coefficients between the TC4 alloy, Ni-cBN 

composite coating with the Ni-based sealing coating 
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� 7  TC4kNi-cBN0EQ[ij¤Z SEM¥¦ 

Fig 7  Wear morphologies of the TC4 (a) and the corresponding Ni-based abradable seal coating (b); the Ni-cBN composite coating (c) 

and the corresponding Ni-based abradable seal coating (d) 
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Abstract: To solve the problem of friction and wear of titanium alloy blade in aero-engine compressor, we prepared a Ni-cBN composite coating 

on Ti-6Al-4V (TC4) substrate with improved bonding strength by composite electroplating combined with the surface activation of the titanium 

alloy processing. The friction and wear properties of the coating with the Ni-based abradable seal coating were studied by high temperature 

friction and wear test, and the results were compared with the TC4 rub with Ni-based abradable seal coating. The coating was characterized by 

scanning electron microscopy (SEM), X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS). The results show that a well 

bonded composite coating on the TC4 substrate is obtained after surface activation treatment of titanium alloy substrate. The deposited Ni-cBN 

composite coating exhibits a very strong grinding ability and low friction coefficient, which provides protection for the titanium alloy tips. 

Key words: aero engine; titanium alloy; composite electroplating; sealing coating 
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