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Abstract : Ni-Ti alloy used as an orthodontic arch wire has super-elasticity and shows excellent corrosion
resistance due to the thin oxide layer of TiO, formed in the atmosphere. However, dissolution of the oxide layer
occurs when HF molecule is formed from H' ion and F~ ion which is contained in dental caries prophylactics. In
particular, an oxide layer breaks in strong acidic environment and as a result both Ti and Ni elute from the alloy.
As adverse effect by the dissolved Ni, cytotoxicity, allergy, and carcinogenicity are known, and accordingly
decrease of the amount of Ni dissolution is strongly desired.

The aim of this study is to confirm decrease of the amount of Ni dissolution by the surface treatment of anodic
oxidation. Therefore, the electrochemical treatment of the commercial Ni-Ti orthodontic wires in acid or alkaline
electrolyte was carried out and dissolution test of treated wires was done in acid solution containing F~ ion.

Commercially available Ni-Ti orthodontic wires were cut into the pieces of 20 mm in length as specimens. In an
aqueous solution of 0.008 mol/L H,SO, or 0.030 mol/L NaOH as electrolyte, the anodic oxidation of the specimens
was carried out for 300 s at applied voltage of 10 VDC at room temperature. Each specimen, as received, anodized
in H,SO, or anodized in NaOH, was dipped at 37 C for 1 hour into one of two corrosive solutions, pH 3.6 or pH 4.4,
which contained 1,000 ppm of NaF. The inductively-coupled plasma mass spectrometer (ICP-MS) was used to
determine the amounts of Ti and Ni that were eluted from the specimens into the corrosive solutions. Before and
after the dissolution tests, the chemical composition of oxide films and thickness of them were estimated from the
depth profiles performed by the X-ray photoelectron spectroscopy (XPS).

The mean values of current density at anodizing treatment were 1.3 mA/mm?® regardless of the electrolyte.
Each thickness of oxide films was as follows; 4.0 = 0.5 nm (as received), 33.3 = 1.5 nm (anodized in H,SO,), and 8.3
+ (0.8 nm (anodized in NaOH). The main component of the oxide films generated by anodic oxidation was TiO,. In
the case of the solution of pH 3.6, each amount of Ni dissolution was as follows; 24.3 * 1.3 ug/cm?® (as received),
191 + 17 ug/cm’ (anodized in H,SO,), and 267 = 0.1 u g/cm?® (anodized in NaOH). In the case of the solution of
pH 44, each was as follows; 65 * 0.7 ug/cm?® (as received), 27 = 14 ug/cm’ (anodized in H,SO,), and 7.6 + 05

ug/cm® (anodized in NaOH). As for the specimen anodized in H,SO,, an oxide layer was generated thicker than
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that of the specimen anodized in NaOH. As a result, the amount of Ni dissolution decreased to about 40 % of that
of as received specimen in the solution of pH 4.4.

The amount of Ni dissolution from Ni-Ti orthodontic wires reduced when we properly performed anodic
oxidation even if containing considerably amount of HF in the solution.
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