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Synthesis of TiNr TiN gradient coating by hybrid method of
laser cladding and laser nitriding

YANG Yongqiang, ZHANG Curhong
(Institute of Mechanical Engineering,

South China University of Technology, Guangzhou 510641, China)

Abstract: Laser cladding, together with laser nitriding was used to irrsitu synthesize TiNt TiN gradient coating on
the pure nickel substrate. During the cladding process, Tiand Ni powders react with each other and irrsitu synthe-
sized a cladding layer composed of Ti, Niintermetallic compounds. Then, laser nitrding was carried out in nitrogenr
rich atmosphere. A golden yellow TiN layer forms on the cladding surface. Microscopy and scaning electron micros-
copy were used to investigate the microstructure of the cladding layer. The thickness of TiN layer and the clad layer
were measured respectively. X-ray diffractometry was used for phase identification. Also the microhardness profile
of the cladding layer was tested with Vicker hardness tester. The optimum process parameters were obtained: laser
power 600 W; scanning velocity 0.5 m/min; Ti powder feeding rate 2. 5 g/ min; Ni powder feeding rate 3. 2 g/ min.
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Fig. 1 Powder feeding system

with six-hole coaxial nozzle
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Table 1 Specification of titanium

and nickel powder

Powder Average particle size/ Hm w(02)/ %
Ti 38.5 18.5
Ni 0.70 0.16
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Fig.2 Schematic diagram of interaction

between laser and powders
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Table 2 Ralevant process parameters
Parameter Sample A Sample B Sample C

Power: P= 600 W;
Power density: 1.9x 10*

Laser parameter focus distance:

150 mm;

Power: P= 1000 W;
Power density: 3.2x 10*

Power: P= 1000 W;
Power density: 3.2x 10*

Offset distance: 6 mm; W/ em?; W/ em?; W/ em?;
Scanning overlap: 50% ; Scanning velocity: »= 0.5 Scanning velocity: v= 0. 75 Scanning velocity: v= 0.75~
Beam spot size: 2 mm m/min m/min 1.0m/min

Powder feeding rate: Ti2.5
g/min, Ni 3.2 g/ min;
x(Ni)= 50%, x(Ti)= 50%

Powder feeding parameter

Powder feeding rate: Ti2.5
g/ min, Ni5.6 g/ min;
x(Ni)= 65%, x(Ti)= 35%

Powder feeding rate: Ti2.3
g/min, Ni9.2 g/ min;
x(Ni)= 76%, x(Ti)= 24%
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Fig. 3 Microsructures of cladding layers
of sample A(a), B(b) and C(c)
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Fig. 4 XRD patterns of cladding layers
of samples A(a), B(b), and C(c)
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Fig.5 Phase diagram of Tt Ni alloy
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Fig. 6 SEM morphology of
TiNtTiN gradient layer of sample A
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Fig. 7 Energy spectrum patterns of
points 1, 2 and 3 shown in Fig. 6 of sample A
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Fig. 8 Microhardness profile of
cladding layer of sample A
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