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Abstract Laser polishing, as a noncontact green processing technology, can replace the traditional polishing technology.
In this paper, the surface of DC53 hardened steel is continuously polished by a laser with a 1064 nm wavelength to
investigate the effect of laser polishing on the surface quality of DC53 hardened steel. Additionally, the surface roughness,
hardness, Young’s modulus, corrosion resistance of the material, and the changes in the subsurface microstructure of the
processed surface after laser polishing are thoroughly investigated. The experimental results show that the average
roughness is reduced from 4. 829 pm to 0. 505 um at a rate as high as 90% when the laser power is 180 W, the laser scan
speed is 20 mm/s, and the laser scan interval is 0. 06 mm. Simultaneously, the surface hardness and corrosion resistance
of the material after laser polishing are reduced compared with the initial sample, the hardness of the molten zone is
reduced by 40% , and the self-corrosion potential is reduced by 4%
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Table 1 Chemical composition of DC53 die steel

Element C Mn

Mo Si Cr \Y%

Mass fraction /% 0.95-1.05 0. 30-0. 35

2.00 0.90-0. 95 7.55-8.50 0.25-0. 30
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Fig. 1 Laser polishing test. (a) Device diagram; (b) principle diagram
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Table 2 Experimental parameters

Experimental parameter Value
Laser power /W 150-210
Scanning speed /(mm-s") 10-70
Defocus /mm 0
Spot size /pm 300
Scan interval /pm 50
Protective gas Ar
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Fig. 2 Effect of scanning speed on surface roughness under

different powers
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Fig. 3 Scatter plot. (a) Energy density and surface roughness; (b) energy density and surface roughness reduction rate
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Fig. 4 Mechanism of laser polishing. (a) Incomplete melting; (b) shallow surface melting; (¢) surface over melting
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Fig. 5 Comparison of surface topography before and after laser polishing. (a) Before laser polishing; (b) after laser polishing
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Fig. 6 Effect of different scanning spacings on surface roughness
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Fig. 7 Surface morphology of sample 2 after laser polishing
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Fig. 8 Comparative analysis of laser polishing results. (a) Surface profiles before and after polishing;

(b) power spectral density analysis results
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Fig. 9 Internal structure and properties of the material after polishing. (a) Microstructure; (b) hardness; (¢) internal Young’s modulus
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Fig. 10 Microstructure of each region of DC53 material under 1000 X scanning electron microscope. (a) Melting zone; (b) heat affected

zone; (c) annealing zone; (d) matrix zone
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Fig. 11 Tafel curves before and after polishing
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Table 3 Self-corrosion potential, self-corrosion current density,

and corrosion rate of DC53 before and after polishing

L./ Corrosion rate /
Sample E /mV i, .
(10°Am %) mpy
Initial sample ~ —710. 484 10. 647 0.67305
Laser polished ~ —739.049 131. 314 8. 30040
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Fig. 12 XRD diagram before and after laser polishing
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