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Properties of Plasma Cladding Ni60 Coating on TC4
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Abstract: Ni60 heat-resistant cladding layer was produced on the surface of TC4 titanium alloy by plasma cladding. X-ray diffraction,
scanning electron microscope and micro-hardness test are applied to find out the relation between solidification structure, composition
and hardness of Ni60 cladding layer. The results show that columnar crystals, dendrites, equiaxed crystals and eutectic structures are
sequentially solidified and grown from the substrate of the Ni60 powder cladding layer. Ti preferentially selects solid solution N/O ele-
ments in the trunk of dendritic and columnar crystals while push other alloying elements into the subsequently solidified equiaxed grain
area, and forms a Ni-rich eutectic structure in the final solidification area. The firstly solidified columnar and dendritic zones, in the
cladding layer, have the best strengthening effect after one time aging (600 C/1 h). While equiaxed crystal and eutectic zone, the fi-
nal solidification area in the cladding layer, is rich in various alloy elements. The hardness strengthening effect of equiaxed crystal on
the surface increases sequentially after three times of aging, and the final hardness can reach 800 HV. Compared with TC4 titanium al-
loy, Ni60 cladding layer has better wear resistance and corrosion resistance. After three times of aging, the wear loss of Ni60 coating
decreases from 0. 057 4 g to 0. 017 1 g thus the wear resistance is nearly tripled.
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Table 1 Chemical composition of TC4 titanium

alloy (wt%)

Al v Fe C N H [0) Ti
6 3.9 0.16 0.01  0.017 0. 008 0.09  Bal.

Ni60 ¥ JZHL 5 : LA Ni60 #52K ( B/ 4L W35 2)
HIA > i CREERS R, LA 5088 3% W3R R 0
B (PVA) MERARLZE T ZEREEHL | h SRS R IR
TSI R, 2R R 0.5 mm, ZEIRTE 24 h

F2 Ni60 §EMRLZRB S
Table 2 Chemical composition of Ni60 alloy powder (wt%)

Cr B Si Fe Co C Ni

17 4.5 4.5 3 2.5 1 Bal.
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Fig. 1 Schematic of plasma cladding

600 -

Hold for 1 h
500 +

o 400

2 300l Heating rate: Furnace
s 20 “C/min cooling
3

g 200f

o

&

100 -

0 20 40 60 80 100 120 140 160
Time / min

B2 M E T 2R

Fig.2  Schematic of samples heat treatment process
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Fig. 3 Cladding layer of TC4 titanium alloy cladding layer
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Table 3 EDS element analysis of TC4 titanium
alloy cladding layer (wt%)

Areas Ti Al \4 C N O

A 65.99 1.38 0.78 7.96 4.73 19. 16
B 60.84  0.91 0. 62 10. 08 7.43 20. 12
C 34.88 0.28 0.42 7.46 13. 86 43.10
D 76. 68 9.54 3.18 10. 6 - -
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Table 4 EDS Elemental analysis of Ni60 cladding layer ( wt%)

Areas Ti Al A% Ni Cr B C Fe N
A 80. 58 0.11 0. 64 0.33 0.12 2.83 3.37 0 11.98
B 67.48 7.00 6. 05 6.91 1.77 4.51 3.93 1.74 0
C 54.02 4.38 2.49 21.97 1.29 6.35 5.76 2.32 0
D 83.01 0. 69 0.85 0.16 0.01 3.58 3.64 0.12 7.93
E 69. 19 6. 81 5.67 5.54 1. 06 6. 19 4.25 1. 00 0
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Table 5 Wear test results of samples with different

cladding treatments

Samples Wear loss/g
TC4 0.057 4
TC4 cladding layer 0.0337
Ni60 cladding coating 0.023 8
Ni60 cladding coating+600 °C aging 0.017 1
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Fig. 7 Wear morphology and EDS spectrum analysis of cladding layer
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Table 6 Element content in different areas of the wear surface (wt%)

Samples Areas Fe Cr C Ni Ti Al B AY N
TC4 A 12.22 - 8.63 - 69. 84 6.62 - 2.69 -
Ni60 B 1.16 0.85 7.73 2.71 69.91 4.91 6. 86 3.16 2.71

Ni60+600 °C C 2.70 1. 04 6.95 4.25 59. 47 4.75 8. 06 2.49 10. 29
) D 2.02 1.15 4.95 5.41 64. 38 5.05 5.40 2.91 8.73
agme E 1.05 1.07 3.21 4.77 77.12 5.22 4.07 3.35 0.14
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Table 7 Electrochemical parameters of TC4 titanium

alloy and its cladding layer

Corrosion Current density/
Samples . 2
potential/V (pA-cm™™)
TC4 -0.424 3.014
TC4 cladding layer -0.333 0. 621
Ni60 cladding coating -0.260 2.194
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E
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Fig.9 Electrochemical impedance Nyquist diagram
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