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ABSTRACT: Titanium alloy has been widely used in aerospace, weapon equipment, medical and other fields because of its good
corrosion resistance, light weight and high specific strength. TC4 titanium alloy has good biocompatibility and unique shape

memory and hyperelasticity. Its elastic modulus is closest to the elastic modulus of human bone among the existing biological
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alloy materials. It has been widely used in human hard tissue repair operations such as artificial joint, bone repair, broken bone
joint and so on. The main research content of this experiment is to obtain anodic oxide film on the surface of TC4 titanium alloy,
analyze the variation law of anodic oxide film thickness with voltage, and explore the friction performance of anodic oxide film
in simulated body fluid.

The anodizing experiment adopts a self-made oxidation device, which is mainly composed of constant voltage and constant
current MP2002D power supply, electrolytic cell, stirring system and cooling system. The self-made electrolyte consists of
sulfuric acid, phosphoric acid, hydrofluoric acid and deionized water in a specific proportion. The anodic oxidation is carried out
in the self-made electrolytic solution. The anode is made of TC4 medical titanium alloy, and the cathode is made of stainless steel
plate. The distance between the two poles is maintained at more than 5 cm. The pulse voltage is applied with 15V, 35V, 60 V, 75
V and 100 V respectively, and the pulse frequency is 550 Hz. The temperature of the electrolytic solution is maintained at 20 C
through the cooling device for 3 min. The oxide films of different colors are obtained by sampling. XRD and SEM experiments
were used to analyze the phase structure, film thickness and microstructure of the anodic oxide film. The friction properties of the
anodic oxide film in simulated body fluid were tested by CFT-1 surface comprehensive performance tester.

The experimental results show that the thickening rate of anodic oxide film of titanium alloy is gradually uneven with the
increase of voltage,  Phase titanium gradually becomes bald and fades, a The pit becomes more and more obvious, resulting in §
Phase harmony o The pore size of the oxide film increases with the change of phase concavity and convexity; When the anode
voltage increases from 15 V to 100 V, the oxide film thickness increases from 6.2 um increased to 28.4 um. At the same time,
through the phase analysis experiment, it is found that the content of rutile TiO, in the anodic oxide film increases continuously
with the increase of voltage, which shows excellent properties in hardness, density and dielectric constant; Therefore, with the
increase of voltage, the anodic oxide film will have better surface properties. Through the friction experiment, it is found that the
friction behavior of oxide film in simulated body fluid is divided into three processes. In the first stage, TC4 alloy oxide film with
various voltages completed short-time running and running in the first 5 minutes. In the second stage, the friction coefficient
fluctuates and rises. With the increase of voltage, the wear of oxide film abrasive particles intensifies, and local spalling occurs.
The spalling of 75 V is the largest, and the wear mark of 100 V is relatively flat. In the third stage, the oxide film friction
coefficient of each voltage climbs again at different times, 15V, 35 V and 60 V at 36 min, 75 V at 40 min and 100 V at 48 min. At
this time, the anodic oxide film is worn through.

The anode voltage will affect the color, thickness, surface morphology, phase and wear resistance of the oxide film. The
higher the voltage, the darker the color, the higher the thickness and the stronger the wear resistance of the oxide film. The results
of friction in simulated body fluid show that with the increase of anode voltage, the friction coefficient of oxide film first
increases and then decreases; The anodic oxide film of titanium alloy has good wear resistance in simulated body fluid, and the

wear type is abrasive wear.

KEY WORDS: TC4 titanium alloy; voltage; modulation of strong acid solution; anodic oxidation; corrosion friction
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Tab.1 Chemical composition of TC4
wt.%

Ti Al v Fe (6] C H N
Bal. 6.0 3.9 02 0.16 0.01 0.005 0.01
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Tab.2 Compositions of Hank’s simulated body fluid

g/L
NaCl KCl MgSO,4-7H,0 CaCl, MgCl,-6H,0 NaHCO; Na,HPO, KH,PO, Glucose
8 0.4 0.06 0.14 0.1 0.35 0.06 0.06 1
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LA AARIR, PEREH R AN, SRR AR
BT, AR R e e A B el

408

K1 R A R TC4 BRI R

Fig.1 Photos of oxidation film on TC4 titanium alloy at different voltages
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Tab.3 Eletric voltages on thicknesses of oxidation
film on TC4 titanium alloy
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Fig.2 SEM photos of anodic oxidation film on TC4 titanium alloy at different volta
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Fig.3 XRD analysis of anodic oxidation film on
TC4 titanium alloy at different voltage
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