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The Influence of Pulse Bias Frequency on the Transformation
Temperature of Nickel Titanium Dental Arch Wire
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Abstract Patho-occlusion, which is characterized by the abnormalities of denture, jaw and craniofacial
region, is an oral disease with high incidence in all countries. Orthodontics has been widely employed for
the treatment of patho-occlusion, during which the nickel-titanium (NiTi) arch wires with shape memory and
superelastic properties play a vital role. With the great development of manufacture technology and clinical
applications, surface coatings such as titanium nitride (TiN) have been introduced onto the NiTi arch wires for
lower frictional coefficient, better wear resistance and greater biocompatibility. In particular, physical vapor

deposition (PVD) is the most common method for TiN coating, but the transformation temperature of target
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NiTi wires will be greatly affected during the conventional PVD process. Here in this study, the direct current

bias of conventional PVD process was changed to pulsed negative bias for fabricating TiN coating, which

could retain the shape memory and superelastic properties of target NiTi wires by avoiding temperature rise.

Different TiN coated NiTi arch wires were prepared by adjusting the frequency and duty cycle of negative bias,

and the morphology and transformation temperature of various samples were systematically investigated. The

results reveal that the PVD process with lower frequency and duty cycle is more suitable for the preparation of

TiN coated NiTi arch wires and better clinical applications can be anticipated.

Keywords orthodontics; nickel-titanium arch wire; pulse negative bias; titanium nitride coating
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Fig.1 Schematic diagram of arc ion plating equipment
employed in this study
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Table 1 The arc ion plating parameters used in present work and naming

S804l HZEE (Pa) ERONEETE (A WEME (V) HEHE (kHz) A (%) SEFERFIE] (min)
NiTi F 5% 1X102 0 0 0 0 40
TiN-NiTi-1 1X10°2 60 —100 2 20 40
TiN-NiTi-2 1X10°2 60 —100 6 40 40
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Fig.2 Comparison of the macroscopic observation for

different NiTi dental arch wires before and after arc ion
plating
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Fig.3 The coverage and uniformity of TiN coatings on the surface of NiTi arch wires observed by optical microscope
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Fig. 4 The microstructure of untreated and TiN coated NiTi arch wires
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Table 2 Surface element compositions of different NiTi arch wires
SR Ti Ni O N
At (%) Wt (%) At (%) Wt (%) At (%) Wt (%) At (%) Wt (%)

NiTi F 5% 45.81 43.18 40.13 51.90 14.06 492 0 0
TiN-NiTi-1 40.06 47.05 35.74 49.24 3.27 1.55 20.93 2.16
TiN-NiTi-2 36.26 45.03 27.33 41.61 2.12 0.90 34.29 12.46
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