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Table 1 Standard for degree of adhesion failure

Rank Adhesion failure Degree
10 No loss of plating along scribes Qualified
9 Very slightly beyond scribe Qualified
8 Slightly beyond scribe Qualified
7 To 0.8 mm beyond scribe Qualified
6 1/8 of plating inscribe area gone Unqualified
5 1/8 of plating inscribe area gone Unqualified
4 1/8 of plating inscribe area gone Unqualified
3 1/8 of plating inscribe area gone Unqualified
2 No plating left in scribe area Unqualified
1 No plating left in scribe area Unqualified
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Fig.1 Interface morphologies after heat treatment at different
temperatures and holding time: (a) 400 C, 2 h; (b)
400 “C, 4 h; (c) 500 C, 2 h;: (d) 500 ‘C, 4 h; (e) 600 C,
2 h; (f) 600 C, 4 h; (g) 700 C, 2 h; (h)700 C,4h
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Fig.2 Relationship between holding time and diffusion layer

thickness at different temperatures
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Fig.3 Arrhenius lines of growth speed of diffusion layer
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Table 2 Errors between the actual and theory data

500 C 600 C 700 C
Timelh Actual/ Theory/ Error/ Actual/ Theory/ Error/ Actual/ Theory/ Error/
Lm KM % KM pmo % m pm o %
2 4 3 25 10 9 10 29 24 17%
4 9 8 11 21 18 14 59 50 15%
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Fig.4 Line scanning analysis of Ti, Ni at cross section after heat

treatment at different temperatures: (a) 400 ‘C, 4 h;
(b) 500 °C, 4 h; (c) 600 C,4h;(d)700 C,4h
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Fig.5 XRD patterns of the interface for Ni-P coating after heat

treatment at different temperatures
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Table 3 Thermal stress of coating at different temperatures

Temperature/'C 400 500 600 700
Thermal stress/MPa 58.2 73.7 89.2 133.3
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Table4 Testing results of adhesion
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Thermal Diffusion Behavior and Internal Stress of Ni-P Coating on Titanium Alloy

Sun Jie, Song Xiuxiu
(Shenyang Ligong University, Shenyang 110159, China)

Abstract: Ni-P alloy coating on TC4 titanium alloy was prepared by an electroless plating method. The influence of annealing

temperature on the adhesion of the Ni-P coating was investigated. Dynamic equation to describe the interface layers thickness,

diffusion heat treatment temperature and holding time were established by SEM analysis. The product of the diffusion interface and

the influence of different annealing temperatures on thermal stress of the coating were studied by X-ray diffraction. The results show

that the Ni-P coatings has no diffusion layers when treated at 400 <C for 2 and 4 h, while the diffusion layers appear when treated

above 400 <C. The dynamic equation,
y:2.72exp(—T

5353)t , can be obtained according to the relations between the thickness of the

diffusion layer and the time as well as temperature of heat treatment. The thermal stress of the coating increases significantly after

heat treatment; the adhesion of the coating with heat treatment is much higher than that without heat treatment. The best adhesion of

the coating can be achieved when the heat treatments are 400 <C x2 h, 400 <C x4 h and 500 Tx4 h.

Key words: TC4 titanium alloy; heat treatment; diffusion layer; thermal stress; adhesion
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