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Effects of Voltage on Structure and Corrosion Resistance of Anodic Oxidation
Film on Biomedical Titanium Alloy
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Abstract: Potentiostatically anodic oxidation of TC4 titanium alloy was employed with different voltages in sulphuric acid solu-
tion, result in formation of oxide films with different colors on the sample surface. The thickness was determined by eddy current
thickness measurement. The surface morphologies and phase composition were characterized by means of SEM and XRD. The
oxidized samples were soaked in Hank’ s simulated body fluid for immersion corrosion test. The corrosion process was investiga-
ted by electro-chemistry workstation. The effects of voltage on the color, thickness, phase, surface morphology and corrosion re-
sistance of the oxide film were discussed. Results show that the color change, thickness, phase, surface morphology and corro-
sion resistance of the oxide film have a periodic variation with the anode voltage. With the voltage increasing from 15 V to 100 V,
the thickness raise from 6 pm to 28 pwm, and the corrosion resistance is correspondingly improved. Oxide films of titanium alloy
after anodic oxidation are all consisted of rutile and anatase phases.
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Table 1  Chemical compositions of TC4 alloly (w/% )
Element Ti Al v Fe 0] C H N
Content Bal 6.0 3.9 0.2 0.16 0.01 0. 005 0.01
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Table 2 Compositions of Hank’ s simulated body fluid

Reagent NaCl KCl  MgSO,-7H,0  CaCl,

MgCl, -6H,0  NaHCO, Na,HPO, KH,PO, Glucose

Content/(g-L™") 8 0.4 0. 06 0.14

0.1 0.35 0. 06 0. 06 1
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Fig. 1  Photos of oxidation films on TC4 titanium alloys

at different voltages
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Table 3  Effects of voliage on thicknesses of oxidation films

on TC4 titanium alloys

Voltage/V 15 35 60 75 100
Thickness/pum 6 8.5 14 18.5 28
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Fig. 2 SEM images of anodic oxidation films on TC4 titanium alloys at different voltages
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Fig. 3 XRD patterns of anodic oxidation films on TC4 titani-

um alloys at different voltages
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Fig. 4 Immersion corrosion diagrams of anodic oxidation films on TC4 titanium alloys
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TC4 titanium alloys at different voltages
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Table 4  Corrosion resistance parameters of anodic oxidation

films on TC4 titanium alloys

Voltage /V E../V b/ (Ascm™)
15 -0.98 7.943%x107
35 -0.88 3.162x107
60 -0.82 1.259x1077
75 -0.77 6.309x107®
100 -0.71 3.162x107°
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