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Abstract In this paper, the laser surface remelting of ultra-high strength steel 300M was performed by using fiber
lasers. The microstructure, hardness, and electrochemical corrosion behavior of the remelted surface at different
laser powers and scanning rates were analyzed. The results show that the microstructures in the surface remelting
zone primarily comprise martensite and retained austenite. The higher the scanning rate, the higher the
microhardness. The average microhardness is about 704 HV. The electrochemical tests show that the self-corrosion
potential of the surface of the material subsequent to laser remelting positively shifts, and the corrosion current

density decreases. Thus, the corrosion resistance of the remelting layer is optimal when the laser power and

scanning rate are 300 W and 33 mm/s, respectively.
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Table 1 Parameters for laser surface remelting

Number Power P /W  Speed S /(mm * s ')
1 300 33
2 600 66
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Fig. 1 Microstructure of 300M steel used in test
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Fig. 2 Energy density distribution of Gaussian heat source and surface morphologies of laser remelting layer. (a) Energy

density distribution of Gaussian heat source; (b) macro morphology; (c¢) micro morphology of x-y cross section

when P=600 W and S=66 mm/s ; (d) micro morphology of z-y cross section of remelting layer when P =300 W

and S=33 mm/s; (e) micro morphology of y-z cross section of remelting layer when P =600 W and S=66 mm/s;

(f) micro morphology of y-z cross section of remelting layer when P =300 W and S=33 mm/s
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(a) P=300 W,S=33 mm/s./H4EX;

(b) P=300 W,S=33 mm/s, JREHIFIX ; (c) P=600 W,S=66 mm/s, R4 X;(d) P=600 W,S=66 mm/s, 4% E} X
Fig. 3 Microstructures of different regions of laser remelting layer in 2-y direction for different parameters. (a) P =

300 W, S=33 mm/s, weld zone; (b) P=1300 W, S=233 mm/s, weld remelting zone; (¢) P =600 W, S=

66 mm/s, weld zone; (d) P=600 W, S=66 mm/s, weld remelting zone
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Fig. 5 Microhardness contour maps of laser remelting layer for different parameters. (a) P=600 W,

S=66 mm/s; (b) P=300 W, S=33 mm/s
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Fig. 6 Polarization plots of substrate and remelted samples

in 3.5% NaCl solution
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Table 2 Polarization curve fitting results of substrate and remelted samples in 3.5% NaCl solution under different processes

Sample Eon/mV i/ (pA s cm *) B,/(mV +dec ') B./(mV + dec ')
Substrate sample —518.201 0.867 9.7 18.2
Remelted sample (P=300 W, S=33 mm s ') —505.378 0.529 7.1 20.1
Remelted sample (P =600 W, S=66 mm *s ') —506.816 0.817 6.3 23.2

Note: dec represents decade.
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Fig. 7 Electrochemical impedance spectra ofsubstrate and remelted samples in 3.5% NaCl solution. (a) Nyquist plots;

(b) Bode plots (impedance); (c¢) Bode plots (phase angle)
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Table 3 EIS fitting results of substrate and remelted samples in 3.5% NaCl solution

Sample R./(Q « cm®) Q/(Q ' eem ¥ es) e R./(Q + cm®)
Substrate sample 20.12 2.69X107* 0.63 518.60
Remelted sample (P=300 W, S=33 mm *s ') 16.70 3.96 X101 0.70 7245
Remelted sample (P =600 W, S=66 mm *s ') 17.18 2.63X107* 0.69 4971
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