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Formation mechanism and wear behavior of titanium nitride layer on the
Ti-6Al-4V surface using a gas tungsten arc welding
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Abstract

In this investigation, titanium nitride (TiN)
reinforcements were synthesized in situ on the
surface of Ti-6Al-4V substrate using a gas
tungsten arc welding (GTAW) cladding process.
The evolution of the microstructure during
cooling was elucidated and the relationship
among the wear behavior of the clad layer,
microstructures, and  microhardness  was
determined. The experimental results reveal that
the TiN clad layer specimen under a dry sliding
wear test condition exhibited much better wear
performance than that of the un-clad Ti-6Al-4V
alloy specimen.

Keywords: Gas tungsten arc welding,
Wear-resistance, Ti-6A1-4V alloy,
Titanium nitride layer
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Fig. 1 Schematic illustration of the GTAW
method.
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Table 1 The GTAW process parameters.

Specimen  Current Voltage Z;ZZI
number (A) ) (cm/min)
S1 60 8 16
S2 60 8 8
S3 120 16 16
S4 120 16 8

Table 2 The wear test conditions.

Sliding conditions Dry sliding
Load (N) 40
Sliding speed (m/s) 0.9
Sliding distance (m) 540

Temperature (°C) Room temperature
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Fig. 2 Photograph of the surfaces after various
process parameters.
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Fig. 3 Thickness of the clad layer at various heat

input.
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Fig. 4 Surface profile and roughness of the
surfaces after various process parameters.
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Fig. 5 X-ray diffraction spectra of TiN clad layer.
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Fig. 6 Typical BEI micrographs of (a) S1; (b) S2;

(c) S3 of TiN clad layer.
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Fig. 7 Typical SEI micrographs of (a) top zone;
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layer.
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Fig. 8 . The diagram showing the formation mechanism of TiN clad layer.
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Table 3 The hardness of the phases in the clad

layer.
Area Hardness
TiN 3940 HV 25
matrix 1106 HV 25
HAZ 1061 HV 025
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specimen.



Fig. 12 Typical worn surface of the Ti-6Al-4V
specimen.
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