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ABSTRACT: A100 ultra-high-strength steel is one of the ideal steel choices for the landing gear of amphibious aircraft. During

actual service, it is often directly exposed to the marine environment, resulting in serious corrosion risks. Without affecting the
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mechanical properties of A100 ultra-high-strength steel, preparing a coating on its surface has become the first choice for surface
protection. The high-entropy alloy coating prepared by laser cladding can achieve good protection on the surface of A100
ultra-high-strength steel. While ensuring the excellent mechanical properties and good corrosion resistance of the high-entropy
alloy coating, it can achieve the metallurgical bonding of the coating and the substrate. Compared with traditional coatings and
plating, the bonding strength is greatly improved. This paper designed high-entropy coating systems with different B,C contents
to explore the effect of B,C content on the microstructure, mechanical properties and corrosion resistance of laser-clad
CoCrNiNbg ;+B4C high-entropy alloy coatings on A100 ultra-high-strength steel, and elucidate the corrosion mechanism.

This article explored the optimal laser processing process parameters, comprehensively considering the coating formability
and performance, and finally determined the laser processing parameters as follows: laser power was 1.4 kW, scanning rate was
300 mm/min, and spot diameter was 3 mm. Heat-treated A100 ultra-high-strength steel with a size of 100 mmx15 mmx5 mm
was selected as the base material, and different proportions (0%, 2%, 2.5%, 3%, 5% mass fraction) of B4C CoCrNiNb,; powder
was used as coating raw material, and the coating was prepared after laser cladding. Then, the microstructure and element
distribution of the coating were analyzed through SEM and EDS tests, and the phase composition of the coating was analyzed
through XRD tests. The mechanical properties of the coating were characterized through microhardness testing, the corrosion
resistance of the coating was characterized through electrochemical testing and immersion experiments, and the corrosion
mechanism of the coating was analyzed. The results showed that the microstructure of the high-entropy alloy coating was
composed of dendrites, in which Cr, Nb, B, and C elements were enriched in the interdendritic region, and Co, Cr, and Ni
elements were evenly distributed. The physical phase composition of the coating was the matrix FCC phase and the ceramic
phase. The contents of the ceramic phase Cr,;C;, (Cr, Nb),3(C,B)s increased with the increase of the B,C content. The emergence
of the ceramic phase formed a second phase strengthening effect, which lead to an increase in the microhardness of the coating,
with the highest hardness value reaching 1 090HV,,. As the B,C content increased, the corrosion resistance of the coating
decreased, which was manifested by a decrease in capacitive arc resistance, a decrease in impedance mode value, and a decrease
in over-passivation potential. During the immersion experiment, the ceramic phase had a higher potential as the cathode phase,
and the initiation site of the corrosion reaction was the FCC phase. The potential difference between the two phases lead to the
occurrence of galvanic corrosion, which was the main corrosion failure mechanism of the coating.

In conclusion, the addition of B,C leads to an increase in the microhardness of the coating and a decrease in corrosion
resistance.

KEY WORDS: Co-Cr-Ni based high entropy alloy coating; laser cladding; marine corrosion
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Tab.1 Nominal element contents of coating

Composition/at.%

Sample
Co Cr Ni Nb B4C
SO CoCrNiNby 32.96 29.05 32.79 5.20
S1 CoCrNiNb, ;+2%B,C 32.31 28.47 32.14 7.09
S2 CoCrNiNb, ;+2.5%B4C 32.14 28.32 31.97 7.57 2.5
S3 CoCrNiNb, ;+3%B,C 31.97 28.18 31.81 8.04
S4 CoCrNiNb, ;+5%B,C 31.31 27.60 31.15 9.94 5
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Fig.4 Potentiodynamic polarization curves (a), Nyquist plots (b), Bode plots (c),
equivalent circuits plots (d) of CoCrNiNb, ;+x% B4,C HEAs coating in 3.5% NaCl solution
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Tab.2 EISfitting parameters of entropy alloy coating of CoCrNiNbg ;+x%
B,C HEAs coating in 3.5% NaCl and 0.1 mol/L H,SO, solution

Solution  Materials R 2 s C_ITEI/ 2 n 4R1/ 2 -5 C—ITEz/ 2. ny 4R2/ 2
(Qem’)  (10°Q -cm ~s") (10"Q-cm”)  (10°Q "-cm “-s") (10" Q-cm”)
SO 8.438 1.189 0.91 4.292 0.501 0.77 53.210
3 504 S1 4.277 1.697 0.92 39.880 9.313 1.00 9.350
NaCl S2 4.827 2.196 0.92 39.080 19.610 1.00 5.518
S3 2.215 2.382 0.94 33.450 8.290 1.00 7.939
S4 1.821 0.508 0.69 0.177 1.743 0.94 35.160
SO 2.786 8.957 0.89 2.448 18.260 0.87 5.606
S1 6.988 20.750 0.88 2.588 6.620 0.89 2.120
0.1mol/L
H,S0, S2 29.67 9.562 0.82 4.024 2.555 0.87 1.364
S3 17.89 3.020 0.89 2.080 18.050 0.88 3.263
S4 18.59 1.773 0.80 2.764 23.850 0.76 1.898

% 3 CoCrNiNbo1+x% B.C E& & RET 3.5% NaCl iZifi s EIS HtR{LEHE
Tab.3 EIS polarization resistance of entropy alloy coating of CoCrNiNbg ;+x% B,C HEASs coating in 3.5% NaCl solution
Solution SO S1 S2 S3 S4
R,/(10* Q-cm?) 57.502 49.230 44.598 41.389 35.337

a S0 ) b SI ﬁ cs2

dS3  es4

Kl 6 CoCrNiNby,+x% ByC i i U JZ 75 sl i A Al J5 R T 5
Fig.6 Surface topography of CoCrNiNb, ;+x% B4C HEAs coating after potentiodynamic polarization
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Fig.8 SEM diagrams of CoCrNiNb, ;+x% B4C HEAs coating immersed in 3.5% NaCl solution containing 5 mol/L HCI for 24 h
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