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ABSTRACT: The work aims to compound zinc coating with antibacterial nanoparticles to modify the zinc coating and prepare
a functional composite coating with photocatalytic antibacterial properties. Bismuth sulfide nanoparticles were prepared by
hydrothermal method, which possess high. By adding gradient concentration of bismuth sulfide nanoparticles with antibacterial
properties excited by visible light into the zinc sulfate electrolyte, a series of bismuth sulfide-zinc composite coatings were
successfully prepared on 20# carbon steel surface through galvanostatic electrodeposition. The deposition potential during the
deposition process was monitored by electrochemical workstation. By recording the mass and depositing area before and after
deposition, the current efficiency was calculated. The morphology and composition of the coatings were analyzed by SEM,
XRD and EDS. Furthermore, E.coli was used as the representative bacteria to evaluate the antibacterial properties of composite
coatings. Compared with the pure zinc coating, the addition of bismuth sulfide significantly promoted the crystal growth of the
(100) orientation, while suppressing the (102) orientations. The coating morphology altered from the standard hexagonal system
to the bulk crystal. With the addition of bismuth sulfide, the potential of the electrodeposition process shifted positively and
increased with the increase of bismuth sulfide amount. The addition of bismuth sulfide increased the current efficiency of the
electrodeposition process by 5% compared with the current efficiency of pure zinc coating. However, the amount of bismuth
sulfide did not influence the current efficiency obviously. Moreover, the bismuth sulfide-zinc composite coating had good
bactericidal property against E.coli under visible light, and the more the composite amount of bismuth sulfide was, the better the
antibacterial rate was. Bismuth sulfide nanoparticles can be successfully composited into the zinc coatings by the proposed
electrodeposition method, thus the bismuth sulfide-zinc composite coating obtains antibacterial properties. When the
concentration of bismuth sulfide in the electrolyte is 2 g/L, the composite amount in the coatings is the highest, leading to the
most effective antibacterial property.

KEY WORDS: bismuth sulfide nanoparticles; zinc-based composite coating; galvanostatic electrodeposition; photo-catalyzed
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Fig.3 Current efficiency of bismuth sulfide-zinc composite
coating during deposition
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Fig.6 EDS analysis of bismuth sulfide-zinc composite coating
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Tab.2 Surface element content of bismuth
sulfide-zinc composite coating

Element Weight% Atomic%
SK 1.20 2.50
ZnL 94.26 96.05
BiM 4.54 1.45
Totals 100.00 100.00
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Fig.7 XRD analysis of bismuth sulfide-zinc composite coating
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Tab.3 Results of coating adhesion test

Sample name Test items Method Results(grade)
Bismuth sulfide-zinc composite coating adhesion GB/T 9286—1998 0
Pure zinc coating adhesion GB/T 9286—1998 0
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Fig.8 Fluorescence photos of bacteria adhesion on the surface of Ay(a), A (b), As(c), As(d) and Ay(e) after 2 hours of illumination

in 107 cfu/mL E.coli PBS bacterial solution
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composite coatings after 2 hours of illumination in 107
cfu/mL E.coli PBS solution
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