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Abstract

The effect of hardening methods and process parameters on surface hardening of a Ti-6Al-4V Alloy has been investigated
in this study. To characterize the effectiveness of the respective surface hardening methods, samples of a Ti-6Al-4V alloy
were self-quenched, laser-nitrided, laser-carburized, laser-carbonitrided at the same laser irradiation conditions. This
experimental procedure was followed by comparing the microstructural evolutions and mechanical properties of the
respective samples after the laser surface hardenings. The hardening characteristics of the respective laser surface
hardenings were well defined in this study, and the hardness was significantly influenced by the reaction compounds and
laser energy density.
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Table 1 Chemical composition of Ti-6Al-4V alloy
Element | Ti | Al V | Fe N O C
Wit% Bal. | 65 | 43 | 0.18 | 0.13 | 0.13 | 0.01

-
- - e

Fig. 1 Morphology of the pure graphite powder
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Fig. 2 Schematic of direct laser melting system
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Fig. 3 Schematic of the laser surface hardening: (a)
layering of graphite slurry, (b) methods of laser
scanning
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Table 2 Table of process parameters
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Fig. 4 Cross sectional bead shapes after laser surface
hardening: (a) quenching, (b) nitriding, (c)
carburizing, (d) carbonitriding
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Fig. 5 Variations of the hardened areas
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Table 3 Comparison of laser energy density
Laser Scanning Beam Laser energy
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Fig. 6 Effect of laser energy density on (a) hardened
area, (b) hardened depth
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