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ABSTRACT: In practical applications, 304 stainless steel is prone to pitting and crevice corrosion damage, which will
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adversely affect the performance of the product. In order to further improve the corrosion resistance and other related properties
of 304 stainless steel, surface modification treatment can be carried out on it. At present, the surface modification treatment of
laser cladding technology is widely used at home and abroad.

The test used a 304 stainless steel plate as the cladding substrate, and the cladding material was Stellite12 alloy powder
with an average particle size of 45 um and a spherical powder morphology. After many experimental studies, the processing
parameters were set to a laser power of 1 400 W, a spot diameter of 3 mm, and a scanning speed of 15 mm/s. Field emission
scanning electron microscope SEM (FEI, ZEISS) and OXFORD Ultim Extreme energy spectrometer (EDS) were used to
observe the microstructure morphology of the coating, the corrosion morphology of the coating and the substrate, and element
analysis. An Empyrean X-ray diffractometer was used to determine the phase structure of the coating. An electrochemical
workstation with RST5000 three-electrode system was used to conduct electrochemical experiments on the samples.

The overall surface of the stellite12 coating was light green, and the overall perfection of the coating showed no obvious
defects. The penetrant inspection of the sample did not find defects such as coating surface cracks, and the coating surface
roughness Ra=40.1 pm. The upper, middle and lower parts of the coating cross-section showed different microstructure
characteristics. The cross-section elements of the coating had abrupt changes in the transition zone, which proved that the
coating and the substrate were diluted under strong metallurgical bonding. The dilution rate was calculated to be about 16.9%
based on the composition of Fe element in the coating. The coating surface was mainly columnar crystals, small planar crystals,
and short dendrites. Compared with the cross-section of the coating, the growth direction of the surface structure of the coating
became more disordered. This was because the surface coating had a wide molten pool area and more diversified heat
dissipation.

The main phase of the coating was a-Co, CoC, and other compounds. The open circuit potential, Tafel polarization curve,
Nyquist plot, and Bode plot of the coating and the substrate in the 3.5wt.% sodium chloride test solution. It can be seen from the
figure that the open circuit potential measured by the coating and the substrate remains in a stable state, the self-corrosion
potential of the coating was —504.5 mV, and the self-corrosion potential of the substrate was —579.7 mV. The corrosion potential
of the coating was more positive than that of the substrate, and it was more resistant to corrosion than the substrate. At the same
time, the annual corrosion rate of the coating was 0.002 mm/a far less than the substrate rate of 0.05 mm/a.

A Stellite12 coating was prepared on a 304 stainless steel substrate, and the structure, phase and electrochemical corrosion
performance of the coating and the substrate are studied. The interdendritic was a eutectic structure of Co and carbides, and the
primary phase of a-Co was mainly contained in the dendrites. The main components of the coating phase were a-Co, CoC, and
other compounds. The self-corrosion potential of the coating was —504.5 mV, and the self-corrosion potential of the substrate
was —579.7 mV. The corrosion potential of the coating was more positive than that of the substrate. Stellitel2 coating can
improve the corrosion resistance of 304 stainless steel.

KEY WORDS: laser cladding; stellite12 alloy coating; 304 stainless steel; electrochemical corrosion; corrosion mechanism
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Tab.1 Chemical compositions of 304 steel and Stellitel2 alloy powder

wt.%

C Si Mn P S Ni Mo Cr \% Nb Fe Co
304 0.08 0.77 1.60 0.03 0.02 8.04 — 18.04 — — Bal. —
Stellite12  1.37 1.32 0.07 — — 2.21 0.33 30.11 8.11 — 2.28 Bal.

R 2 Stelite12 AR HNABELIEZSH

Tab.2 Stellitel2 coating laser cladding process parameters

Powder feeding/  Scanning velocity/ Shielding gas flow/  Carrier gas flow/ o
Laser power/W (rmin"") (mm-minY) (L-min ) (L'min") Overlap rate/%
1 400 1 900 20 5 66.7
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Fig. 1 Macro morphology and surface roughness of the coating surface: a) macro morphology of
coating surface; b) surface roughness; ¢) surface penetrating flaw detection
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Fig.2 Cross-section Microstructure characteristics of coating: (A) Overall morphology of the coating;
(a-c) Lower microstructure; (d-f) middle microstructure; (g-i) upper microstructure
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Fig. 3 Element distribution of the coating cross-section along the linear scanning
direction: a) the overall element distribution of the coating; b) Fe distribution
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Fig.4 Microstructure characteristics of coating surface: a) microstructure of
coating surface; b) enlarged view of area 4
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Table 3 EDSresults at point marked in fig.4b

at.%
EDS point C Si Cr Fe Co Ni w
1 3.01 0.98 25.43 3.06 58.45 2.50 6.57
2 6.66 0.99 35.60 2.19 42.64 1.70 10.22
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Fig.6 EIS diagram of coating and substrate in 3.5wt.% Nacl solution: a) open circuit potential diagram;
b) polarization curve fitting diagram; c) Nyquist diagram; d) Bode diagram
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Table 4 Fitting results of polarization curve parameters of substrate and coating

Specimen E on/mV bo/(mV-dec™) JJ/(A-cm™) b/(mV-dec™) JJ/(A-ecm™)  Corrosion rate/(mm-a”")
Substrate -579.7 62.12 7.14x107°8 49.77 4.27x10°° 0.050 29
Coating -504.5 256.5 1.45x10°° 144.7 2.02x1077 0.002 38
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Fig.7 Equivalent circuit models of coating
and substrate
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Tab.5 Coating and substrate impedance fitting data
Specimen Ry/(Q-cm?) Ry/(kQ-cm?) CPEJ/(F-em™) n
Substrate 7.057 9.836 1.01x10™  0.805
Coating 6.667 166.06 2.61x10°  0.865
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Fig.8 Electrochemical corrosion surface morphology of coating (a) and substrate (b)
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Fig. 9 Electrochemical corrosion micromorphology of coating (a) and substrate (b)
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