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Abstract Penetration depth and compressive residual stress of laser-carburized TiZrN coating by thickness of carbon paste
were investigated in terms of carbon potential. The carbon paste was covered with a thickness of 1.1 mm using screen
printing, and applied to a thickness of 0.4 mm using spin coating, and laser carburization was performed under the same
conditions. As the thickness of carbon paste increased, the diffraction pattern of the laser-carburized TiZrN coating shifted to a
lower angle, indicating solid solution strengthening and lattice distortion. For microstructure analysis using TEM, the defects
and carbon concentration of the laser-carburized TiZrN coating increased as the carbon paste was thicker. It indicated that the
variation of the carbon potential corresponds to the change in the paste thickness. In XPS depth profile analysis, high
concentration of carbon and formation of carbide were observed in laser-carburized TiZrN coating with thick carbon paste. It
revealed that the carbon concentration on the surface and carbon potential were changed by the thickness control of carbon
paste. The compressive residual stress increased from 3.67 GPa to 4.58 GPa by the variation of carbon concentration.
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Table 1
Deposition conditions of RF/DC magnetron sputter for TiZrN
coatings

Base pressure (Torr) 1.0x107
Working pressure (Torr) 1.0x 107
Rotational velocity of substrate (rpm) 15
RF power (W) 200
Ar : N, gas ratio (sccm) 5:1
Deposition temperature (K) 723
Deposition time (h) 6
Table 2
Thickness of paste before carburizing process
Method Thickness (mm)
Spin coating 0.4
Screen printing 1.1
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Fig. 1. GIXRD patterns of as-deposited and laser-carburized
TiZrN coatings with the different paste thickness.
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Fig. 2. TEM and EDS images of laser-carburized TiZrN coatings: (a) Thin C-TiZrN and (b) Thick C-TiZrN.
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Fig. 3. XPS depth profile of Thin and Thick C-TiZrN coatings: (a) carbon atomic concentration, (b) T 2p spectra, and (c) Zr 3d spectra.
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Fig. 4. Compressive stress of (a) as-deposited TiZrN, (b) Thin
C-TiZrN, and (c) Thick C-TiZrN coatings.
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