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§ 1  EFN¨J OMfg 

Fig.1  Cross-sectional OM microstructure of coating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

§ 2  EFNe XRD§b 

Fig.2  XRD patterns of coating: (a) dendrite region and 

(b) cellular crystal region 
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� 3  
����� SEM �� 

Fig.3  SEM images of the cladding layer: (a) cross section, (b) dendrite region, and (c) cellular crystal region 
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Table 1  EDS analyses results of test points in coating in Fig.3 

Element composition/at% 

Point 

Ni Ti Si Cu 

1 6.69 91.85 1.56 - 

2 63.42 23.76 10.25 2.57 

3 - 98.70 - 1.30 

4 34.05 1.16 2.15 62.64 

Area-scan 23.40 17.20 3.70 55.70 
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Fig.4  SEM morphology (a) and EDS area-scan results of cellular 

crystal region: (b) Si, (c) Ti, (d) Ni, and (e) Cu 
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Fig.5  Crystal tip undercooling degree vs solidication velocity 
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Table 2  Physical parameters of Ni-Ti-Si alloy used for the calculation of solidification process 

Parameter Value Ref. 

Liquidus temperature of coating, T

m

/K 1900 Obtained using CALPHAD 

Pre-exponential diffusion coefficient for chromium, D

Ti0

/×10

-7 

m

2

·s

-1

 3.52 [13] 

Pre-exponential diffusion coefficient for nickel, D

Ni0

/×10

-7 

m

2

·s

-1

 4.92 [13] 

Pre-exponential diffusion coefficient for copper, D

Cu0

/×10

-7 

m

2

·s
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 4.66 [13] 

Activation energy for diffusion for chromium, Q

Ti

/×10

4

 J·mol

-1

 6.35 [13] 

Activation energy for diffusion for nickel, Q
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/×10

4

 J·mol

-1

 6.77 [13] 

Activation energy for diffusion for copper, Q

Cu

/×10

4

 J·mol

-1

 6.57 [13] 

Length scale for solute trapping, a

0

/×10

-9

 m 5 [13] 

Gibbs-Thomson coefficient, Γ/×10

-7

 K·m 2.47 [8] 

Linear kinetic coefficient, µ

k

/m·s

-1

·K

-1

 4.696 [8] 

Dendrite crystal region   

Slope of liquidus surface with respect to titanium concentration, m

Ti

1

/K·at%

-1

 –16.47 Obtained using CALPHAD 

Slope of liquidus surface with respect to nickel concentration, m

Ni

1

/K·at%

-1

 –2.57 Obtained using CALPHAD 

Equilibrium partition coefficient for titanium, k

Ti

1

 0.42 Obtained using CALPHAD 

Equilibrium partition coefficient for nickel, k

Ni

1

 1.69 Obtained using CALPHAD 

Cellular crystal region   

Slope of liquidus surface with respect to titanium concentration, m

Ti

2

/K·at%

-1

 –6.3 Obtained using CALPHAD 

Slope of liquidus surface with respect to nickel concentration, m

Ni

2

/K·at%

-1

 –8.7 Obtained using CALPHAD 

Slope of liquidus surface with respect to copper concentration, m

Cu

2

/K·at%

-1

 –9.5 Obtained using CALPHAD 

Equilibrium partition coefficient for titanium, k

Ti

2

 0.56 Obtained using CALPHAD 

Equilibrium partition coefficient for nickel, k

Ni

2

 0.1 Obtained using CALPHAD 

Equilibrium partition coefficient for copper, k

Cu

2

 0.4 Obtained using CALPHAD 
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Fig.6  Indentations (a, b) and microhardness (c) of the cladding layer: (a) cellular crystal region and (b) dendrite crystal region 
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Fig.7  Schematic diagrams of crack propagation in cellular 

crystal (a) and dendrite crystal (b) 
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Microstructure and Micromechanical Properties of Ni-Ti-Si Coating 

Deposited by Laser Cladding 
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Abstract: A cladding layer 55Ni-35Ti-10Si (at%) was synthesized on copper using laser cladding, which was composed of two kinds of 

microstructures. The microstructures of the cladding layer were characterized by optical microscope (OM), scanning electron microscope 

(SEM), X-ray diffraction (XRD) and energy dispersive spectrometer (EDS). The results show that the phases in upper layer are Ti solid 

solution+Ni

3

Si and the morphology is dendritic. The under layer is composed of Ti solid solution+Cu solid solution and the morphology is 

cellulate. The crystal growth in solidification process was analysed using a modification model which is combined Kurz-Giovanola-Trivedi 

(KGT) model with Lipton-Kurz-Trivedi (LKT) model. The mechanism of cladding layer stratification was studied by thermodynamics. The 

microhardness of cladding layer was tested. The average hardness (HV) of upper layer and under layer are 8000 and 2200 MPa, 

respectively. The synthesis of under layer is beneficial to the performance transition between the cladding layer and substrate, increasing 

the stability of cladding layer. 

Key words: laser cladding; Ni-based alloy; surface modification of Cu; rapid solidification 
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