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Low-temperature Preparation of Cu-containing Aluminum Phosphate Coatings
on Stainless Steel and Antibacterial Properties
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Abstract: Aluminum phosphate coatings containing different levels of Cu’* ions (Cu/Al molar ratio: 0.025, 0.05,
0.1) were prepared on 316-stainless steel based on the curing reaction of monoaluminium phosphate (MAP). The
curing behaviors of the starting materials and phase compositions of the cured products were studied by differential
scanning calorimetry and X-ray diffraction, respectively. Results indicate that the copper-free MAP cures at
<250°C to form 3 major phases: AIH,P;0,y-2H,0, AIPO,, and AlgH;,(P,07)s. When Cu*" ions are introduced into
the MAP, an additional phase of Cu,P,0;appears in the cured product. E. coli was inoculated on the surfaces of
coatings to evaluate their antibacterial properties. After co-culture with E. Coli for 12 h, all Cu®"-containing coat-
ings exhibit antibacterial effect and show a positive association between Cu’" content and antibacterial activity. Af-
ter co-culture for 24 h, no viable bacteria remain on any Cu’'-containing coating. The addition of ethylenediamine-
tetraacetic acid to the culture medium substantially inhibits the antibacterial activities of all coatings, confirming
that the antibacterial effect is attributed to the release of Cu®" ions from coatings. Pull-out tests show that the bond-
ing strengths of the coatings range between 14.5-18.1 MPa. Potentiodyanmic polarization indicates that the coat-

ings reduce the corrosion current density of the stainless steel substrate by approximately two orders of magnitude.
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Fig. 1 DSC curves of powders dried from coating solutions
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Fig. 2 XRD patterns of powders dried from coating solutions
after curing at 250°C
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Fig. 3 SEM micrographs of (a) 316 stainless steel (grit-
blasted), (b) 316-AlP, (c¢) 316-AlP-0.025Cu, (d) 316-AlP-
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Fig. 4 Cross-section SEM images of (a) 316-AlP and (b)
316-A1P-0.05Cu coatings (marked by arrows)
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