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Fig. 1 Schematic diagram of laser cladding test method
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Table 1 Measuring parameters of dry sliding wear test

Wear Hardness Diameter Speed Loa Time Size
material (HRC) (mm) (r-min’%) d (min)  (mm)
(N)
GCr15 60 45 480 200 30 10 x 12

R 2 MBS S

Table 2 Measuring parameters of fretting wear test

Test Load Frequenc Amplitude Time Size
temperature (N) y (um) (min) (mm)
(°C) (Hz)
23~30 100 20 100 30 12x20x10
< Move direction =

B 2 RV AR P i [X i B & v s i

Fig. 2 Schematic diagram of temperature measurement method for friction and wear
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Table 3 Process parameters of composite coating

Cladding Pre-layer Laser Scanning Spot
material thickness power speed size(square)
TiB, 0.4 mm 2.62 kW 6 mm/s 5 mmx5 mm
Ni:TiB,=1:1 0.4 mm 2.36 kW 6 mm/s 5 mmx5 mm
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Fig. 3 XRD spectra of the surface of composite coating: (a) TiB,; (b) Ni:TiB,=1:1
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Fig. 4 SEM images of middle regions of coatings: (a) before addition Ni; (b) after
addition Ni
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Table 4 EPMA point area test result of different positions marked in Fig. 2

Position Ti B Ni Al \Y
1 48.7 43.3 0.9 5.2 1.9
2 36.9 57.2 1.2 3.2 1.5
3 79.5 0 5.6 10.8 4.1
4 34.2 58.5 1.5 4.2 1.6
5 47.5 42.7 1.5 6.5 1.8
6 65.1 0 274 5.3 2.2

K 5 23 as R (a) A, (b) LA FRTR AR
Fig. 5 Test results of line scanning: (a) scanning area; (b) Line scan results for
different elements
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Fig. 6 Wear loss of coatings and substrate: (a) 200 N of load wear ; (b) 100 N of load

wear
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Fig. 7 Wear scar morphology under 100 N of wear load: (a) before addition Ni; (b)

after addition Ni
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Table 5 Temperature of distance 1 mm wear area edge location under dry sliding and

fretting wear



Material Dry sliding wear position Fretting wear position

temperature/°C temperature/°C
Substrate 158 183
Coating 105 132

2

8 NiTi RAy X

Fig. 8 Crack propagation of NiTi
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Fig. 9 Wear scar morphology of coating 1 after 3 min under a load of 200 N: (a) dry
slid wear; (b) fretting wear
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Diboride and NiTi Alloy
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Fujiang 351100, China)
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Abstract In order to prepare two kinds of composite coatings which can be used for
comparison, TiB, and Ni+TiB, were respectively used as cladding materials, and
composite coatings were prepared by laser in-situ cladding technique on the surface of
titanium alloy. The synthesized titanium-based composite coatings were studied by
XRD, SEM, EPMA and friction and wear instruments. The results showed that TiB;
particle and TiB short fiber reinforced titanium-based composite coating can be
obtained when TiB, was used as the cladding material. When Ni+TiB; was used as the
cladding material, the NiTi alloy can be formed to be filled around the TiB, particles
and the TiB short fibers, but the size of the TiB, particles and the length of the TiB
short fibers were all reduced. Through the fretting wear test, it was found that the
composite reinforcementof NiTi alloy and TiB, particles and TiB short fiber could not
effectively resist the fretting wear performance. There were three reasons for this: the
temperature of the friction contact zone exceeded the temperature of the NiTi

superelastic deformation; the crack propagation cannot be deflected by the



introduction of NiTi; the hardness of the NiTi alloy was low. Finally, the difference
between the anti-friction wear and dry sliding wear of the composite coating was
discussed.
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