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ABSTRACT: The work aims to study the influence of negative current density on bioactivity coating formed by micro-arc oxi-
dation (MAO) on TC4 alloy in the electrolyte with Ca(H,PO,), and Ca(CH3COO), H,0, which provides a reference for the bio-
logical modification of titanium alloy. The bio-ceramic coating was prepared on TC4 alloy by AC pulsed MAO technology. The

growth process, structure and chemical composition of MAO coating formed under different negative current densities were
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analyzed by SEM, EDS, XRD and EIS. The scratch test was used to characterize the effect of negative current densities on the

bond strength of the film/substrate. When titanium alloy was micro-arc oxidized in the electrolyte with Ca- and P-, the MAO

ceramic coating was composed of rutile-TiO,, anatase-TiO, and a small amount of Ca- or P- amorphous compounds. However,

the content of Ca and P slightly increased and the relative proportion of anatase-TiO, gradually decreased with the increase of

negative current density. Meanwhile, the molar ratio of Ca/P always stayed around 1.67. Although the application of negative

current would decrease the growth rate of MAO coating, the micro-cracks on the coating surface decreased obviously and the

adhesive strength of coating/substrate increased greatly. The critical load (L.) for the cracking of the coating increased from

(15.1£0.5) N when 0 A/dm? to (19.9+0.5) N when -3 A/dm? was used in MAO process. The application of negative current can

increase the coating/substrate adhesive strength and decrease the micro-crack defects in the coating, which is more helpful to the

bonding of titanium alloy implant and bone in theory.
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Tab.1 Chemical components of simulated body fluids (SBF)

g/L

NaCl NaHCO; KC1

KzHPO4 ° 3H20

Mgc126H20 CaClz Nast4

7.996 0.350 0.224

0.305 0.292 0.071
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Fig.1 Effect of negative current density on thickness (a),
growth rate and negative final voltage (b) of coating
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Fig.2 SEM images of MAO coating formed on TC4 alloy at various negative current densities
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Tab.2 Surface EDS analysis of PEO coatings at different negative current densities marked in Fig.2

Negative current

Element/wt.%

density/(A-dm ) Location ca b - o N M (Ca/P)
0 Spec.1 22.30 10.38 17.79 47.63 1.03 0.86 1.66
-1 Spec.2 24.03 10.77 17.57 46.09 0.82 0.73 1.72
-3 Spec.3 25.17 11.48 15.50 46.53 0.74 0.58 1.69
-5 Spec.4 25.50 11.72 14.97 46.28 0.83 0.72 1.68
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A—Anatase TiO,; B—Brookite TiO,
R—Rutile TiO,; Ti—Titanium
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Fig.3 XRD patterns of MAO coating formed on TC4
alloy at various negative current densities
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Fig.4 EIS plots of MAO coating formed on TC4 alloy at
various negative current densities in SBF solution
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Fig.5 Equivalent circuit of MAO ceramic coating
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Tab.3 Fitting parameter valuesfor EIS of MAO coating
formed at various negative current densities

Negative current

density/(A-dm™?) 0 -1 -3 -
R,/(Q-cm?) 7134 5685 3084 3386
Oy/(WF-cm™?) 0340 0354 0301 0370
n, 0.543  0.641 0515  0.496
RY/(x10° Q-cm®)  1.191 1.221 1392 1.385
Ou/(LF-cm™) 24.6 29.2 26.5 24.1
1y 0.869  0.902  0.875  0.898
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Fig.6 Adhesive force between TC4 substrate and MAO coating formed at various negative current densities
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