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ABSTRACT

  본 연구는 NiTi 교정용 와이어의 부식특성에 미치는 폴리머코팅의 영향에 관하여 연구한 논문으로 교정용 

와이어에 페릴린을 코팅하여 표면분석장비와 전기화학적인 부식시험을 통하여 다음과 같은 결과를 얻었다. 

코팅된 표면은 작은 코팅 입자가 뭉쳐있는 모양을 보였으며 그 두께는 약 20 µm를 보였다. 표면 거칠기는 

코팅되지 않은 경우는 0.381 µm를 코팅한 경우는 4.70 µm를 나타내었다. 공식전위는 코팅하지 않은 경우가 

1240 mV를, 코팅한 경우는 공식전위가 나타나지 않았다. 300 mV에서 전류밀도는 코팅하지 않은 경우가 

2.99×10-6 A/cm2를, 코팅한 경우가 2.13×10-7 A/cm2를 각각 나타내었다. 정전위나 정전류 실험으로부터 내식

성은 코팅한 경우가 증가하는 경향으로 나타났다.
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INTRODUCTION          

  Esthetic orthodontic treatment is available using ceramic 

or polymeric brackets and coated metallic wires so 

that these orthodontic appliances have appearances 

that match the shades of teeth. Gold alloy wires were 

originally used for orthodontics, but these have been 

replaced by base metal wires for many decades. The 

first base metal orthodontic wires were stainless steel 

and cobalt-chromium-nickel (Elgiloy), but subsequently 

introduced nickel-titanium wires (termed NiTi wires, 

because of their near-equiatomic NiTi composition) and 

beta-titanium wires have become clinically popular 

since their lower values of elastic modulus provide the 

desired lighter forces for tooth movement [1]. Ortho- 

dontic wires and brackets should exercise appropriate 

biomechanical force on teeth to enable rapid and 

accurate tooth movement without damage to surro- 

unding tissues during orthodontic treatment. How- 

ever, loss of orthodontic force occurs from friction 

between the archwires and brackets during tooth 

movement. The numerous factors that affect these 

frictional losses are the bracket material and its surface 

condition [2]; the wire alloy and cross-section dimensions 

[3]; the types of ligating agent and ligation method; 

the bracket slot size and width [4]; the direction of 

orthodontic force application; and environmental elements 

such as saliva, dental plaque and corrosion [5].

  However, metal archwires lack the esthetic tooth-color 

appearance desired by patients, and the orthodontic 

force from a coated metal archwire can be substantially 

decreased by the coating thickness. Moreover, many NiTi 

wire products being used widely are very sensitive to 

the manufacturing process or clinical user environment, 
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and their orthodontic force depends on temperature 

and stress, which can cause phase transformation from 

martensite to austenite [1,6]. To improve the esthetics 

of metal wires, some manufacturers have developed 

polymer-coated wires and metal-coated wires which 

are commercially available. However, when performing 

wire drawing and subsequent esthetic polymer coating 

on a NiTi product that is sensitive to temperature and 

stress, many manufacturing processes are involved that 

can affect the phase transformation behavior: (1) 

permanent deformation and heat treatment steps during 

the wire drawing, and (2) subsequent heat treatment 

during the coating procedure. For example, in esthetic 

polymer-coated superelastic [1] NiTi wire used for 

orthodontic treatment, there should be minimal change 

in the superelastic force delivery and archwire-bracket 

friction from the presence of the coating layer. There 

are a few reports on corrosion of coated archwire 

with manufacturing process. Therefore, in this study, 

new information is reported about the surface morpho- 

logy, microstructural phases, and corrosion characteristics 

of an orthodontic NiTi wire that has an esthetically 

pleasing polymer coating. 

MATERIALS AND METHODS  

  The commercial rectangular 0.016 ´ 0.022 inch NiTi 

wire (Ni-Ti®) selected for the present study is 

manufactured by Ormco (Glendora, CA, USA) and is 

shown in Fig. 1(a). Prior to the coating process, the 

as-received wire surface was first treated by chemical 

etching, and then heat treatment was performed at 

120°C for 4 h in 10 mTorr vacuum to minimize the 

occurrence of hydrogen embrittlement. To increase 

the adhesive property for the polymer coating, silver 

plating of about 3 µm thickness was deposited onto 

the surface, and heat treatment was performed again 

at 120°C for 4 h in 10 mTorr vacuum. The tooth- 

colored polymer(parylene) was applied by plasma 

deposition(Dany Harvest, Co) at room temperature for 

4 h in 15 mTorr vacuum to yield a coating thickness 

of about 20 µm. To minimize physical property 

changes and increase the adhesion of the polymer, a 

final heat treatment of the coated wire was performed 

at 130°C for 2 h in 10 mTorr vacuum.

  The surfaces of the NiTi wire in the as-received 

condition and after polymer coating were observed 

with a metallographic microscope and a field-emission 

scanning electron microscope (FE-SEM), as well as 

analyzed by X-ray diffraction (XRD), to investigate the 

surface morphology and the phases present before 

and after the polymer coating, respectively. Elemental 

compositions of the wire and coating were obtained 

using energy dispersive X-ray spectroscopy (EDS). 

Using laser 3D-surface microscopy (Veeco NT800), the 

arithmetic average (Ra) and maximum (Rmax) values of 

surface roughness were measured, along with the 

quadratic mean roughness (Rq).

  Electrochemical corrosion testing by cyclic potentio- 

ndynamic polarization was performed with a potentio- 

stat (PARSTAT 2273; EG&G, USA). The electrolyte was 

de-aerated 0.9% NaCl at 36.5°C ± 1°C; a saturated 

calomel electrode (SCE) was the reference electrode, 

and the prepared specimen was the working electrode. 

The distance between the specimen and reference 

electrode was adjusted to about 1 mm, and a high- 

density graphite electrode served as the counter electrode. 

To obtain the corrosion curve, potentiodynamic polari- 

zation was first conducted over the potential range 

from –1500 mV to +2000 mV for the forward scan 

and subsequently from +2000 mV to –1000mV for the 

reverse scan. A scan rate of 100 mV/min was used, 

and tests were performed at 36.5°C ± 1°C. To evaluate 

pitting behavior and stability of the polymer-coated 

wire surface, galvanostatic and potentiostatic tests were 

performed at 300 mV potential and 0.0001 mA/cm2 

current density, respectively, in the same electrolyte 

after de-aeration with pure argon. Morphologies of 

the non-coated and coated specimens after corrosion 

testing were observed using FE-SEM.

RESULTS AND DISCUSSION

  Figure 1 shows the (a) as-received and (b) polymer- 

coated NiTi wire surfaces, respectively. The polymer- 

coated surface had a tooth color appearance. Surfaces 

of the rectangular wire had uniform coating on the 

curvature area, and scratches from the manufacturing 
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process were covered by the coating, providing good 

esthetics for the wire [2,7].

Figure 1. The samples used in this study. (a) non-coated 
wire; (b) polymer-coated wire.

  Figure 2 shows details of the non-coated and polymer- 

coated surfaces observed with the FE-SEM. Processing 

defects in non-coated rectangular wires, Fig. 2 (a) 

and (b), were absent when the polymer-coated wires 

were examined at high magnification, Fig. 2 (c) and 

(d). These defects affect the wire surface roughness 

during orthodontic treatment of the teeth, causing 

some loss of orthodontic force due to increased 

friction with brackets, and these defects may decrease 

the biocompatibility of the wire in the oral enviro- 

nment. It is evident that most of the surface defects 

from manufacturer processing have disappeared for 

the coated wires, with the appearance now controlled 

by the coating material [8].

Figure 2. FE-SEM images showing non-coated and coated 
NiTi wires. (a) and (b), non-coated surface; (c) and (d), 
coated surface.

  Figure 3 shows the XRD peaks from the non-coated 

and polymer-coated surfaces. For the non-coated NiTi 

wire surface, weak peaks for martensite [1] or 

R-phase [9] and strong peaks for austenite [1] were 

observed, whereas for the polymer-coated surface, the 

peaks of austenite and silver were observed but 

martensite or R-phase peaks were not detected [10]. 

The commercial Ni-Ti® product is a superelastic wire 

with an austenite-finish temperature above mouth 

temperature, and is expected to consist of mainly 

austenite with some R-phase or martensite at room 

temperature [11]. Thus, the temperature-time regimen 

for the polymer-coating process may resulted in disa- 

ppearance of the martensitic NiTi phase, at least from 

the near-surface region that is analyzed by x-ray 

diffraction [1], although a conclusive statement is not 

possible because of the weak martensite or R-phase 

peaks in the as-received (non-coated) wire.

Figure 3. XRD peaks from non-coated and coated NiTi 
wire.

  Figure 4 (a) shows a cross-sectional image of the 

coating layer on the orthodontic wire, and Fig. 4(b) 

presents the results of an EDS analysis for the coating 

surface. The surface of the polymer coating has the 

appearance of coalesced particles, and the coating 

thickness is about 20µm. The coating covers the surface 

scratches and other surface defects created during the 

original wire manufacturing process, and this should 

increase the biocompatibility and surface stability of 

the NiTi wire. The detection of Ag on the surface by 

EDS is a consequence of the silver coating process 

employed to increase the adhesiveness between the 

NiTi alloy surface and polymer coating. (Because of 

their low atomic weights, the principal elements 
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carbon and hydrogen in the polymer are not detected.) 

EDS analysis of the coating cross-section revealed the 

presence of S, which was attributed to the coating 

process, along with Ag [10].

Figure 4. FE-SEM results showing (a) image of coated 

layer and (b) EDS peaks from coating on NiTi wire.

  Figure 5 compares the three-dimension roughness of 

the non-coated and polymer-coated surfaces obtained 

by laser microscopy. When the coating procedure is 

completed, most of original manufacturer processing 

defects have been covered and the surface roughness 

depends on the coating material, as shown Fig. 2 (c) 

and (d). The roughness of the finished coating may 

have significant effects on the intensity of reflected 

light or surface abrasivity, even when the metal and 

polymer have the same value of roughness. The 

mean surface roughness (Ra) was 0.381 µm for the 

non-coated wire and 4.70 µm for the coated wire, so 

the roughness of the coated wire is approximately 12 

times lower than for the non-coated wire, a 

considerable improvement in surface roughness which 

should have clinical importance [2].

Figure 5. 3D laser morphologies showing the (a) 

non-coated and (b) coated surfaces of NiTi wire.

  Figure 6 presents the cyclic potentiodynamic polariza- 

tion (CPP) curves for non-coated and coated wires. 

While the general appearances of the CPP curves for 

non-coated and coated wires are similar, there are 

important quantitative differences. For the uncoated 

wire, severe corrosion and pitting occurs at 1240 mV 

potential in the CPP curve. This behavior is thought 

to be greatly influenced by the presence of defects 

caused by severe localized damage at the affected 

areas during the wire processing. The dissolution on 

the metal surface is usually accelerated in the areas 

where surface defects, such as scratches, pores, preci- 

pitates, grain boundaries and impurities, are present 

[12]. Therefore, the corrosion resistance of the coated 

wire was increased because the scratches were covered 

by the coating. In contrast, a sudden pitting potential 

(Epit), corresponding to a well-defined localized breakdown 

and rapid increase in corrosion current over several 

decades, was not observed in the coated wire. In the 

mouth, the pitting potential for an orthodontic wire 

must be high compared to 300 mV which is considered 

to be the potential of concern [13]. According to the 

ISO standard [14], generally the corrosion test for a 

clinically acceptable metallic material should indicate 

the presence of a stable passive film at 300 mV. The 

corrosion resistance at the coating thus increased 

substantially, demonstrating that its corrosion perfo- 

rmancer is not adversely affected by the oral 

environment. 

Figure 6. Cyclic potentiodynamic polarization curves of 
non-coated and coated Ni-Ti wire for testing in 0.9% NaCl 
solution at 36.5°±1°C.
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Table 1. Electrochemical parameters of NiTi wires from cyclic potentiodynamic polarization curves for as-received (non-coated) 
surface and polymer-coated surface.

  From Table 1, for the intraoral potential at 300 mV, 

the current density for the forward scan decreased 

substantially from 2.99×10-6 A/cm2 for the uncoated 

wire to 2.13×10-7 A/cm2 for the coated wire, showing 

the large effect of the polymer coating on corrosion 

behavior. For the coated wire, the CPP curve was 

shifted beneficially to the left and down, compared to 

the CPP curve for the non-coated wire (Fig. 6). 

Comparing the pitting resistance quantitatively from 

the forward scan results, for the non-coated wire the 

corrosion potential (Ecorr) is –400 mV and the pitting 

potential is 1240 mV, and thus the pitting resistance 

｜Epit – Ecorr｜is 1640 mV (Table 1). For the coated 

wire, the corrosion potential is –540 mV and a pitting 

potential was not observed on the CPP curve, so that 

a pitting resistance ｜Epit – Ecorr｜could not be 

defined; the pitting resistance is much greater than 

that for the non-coated wire. As mentioned earlier, 

this difference in pitting resistance is attributed to the 

presence of manufacturer processing defects on the 

surface that are not covered by the polymer coating. 

  Figure 7 shows the corrosion morphology of the 

non-coated (a, b) and coated surfaces (c, d). Severe 

pitting corrosion was observed around scratches in 

the non-coated wire. For the coated wire, pitting was 

also observed on the surface, indicating that the 

coating layer was degraded by presumably the 

penetration of Cl– ions from the electrolyte. It is 

evident from Fig. 2 (c) and (d) that corrosion is 

accelerated at the boundary of the coating and wire, 

and at crevices in the coating [12]. The morphology 

at these corroded regions agrees well with the 

characteristics of the CPP curves.

Figure 7. FE-SEM images showing corrosion morphology of 
non-coated (a, b) and coated surfaces (c, d) of NiTi wire 
after potentiodynamic polarization test in 0.9% NaCl solution 
at 36.5°±1°C.

  Figures 8 and 9, respectively, compare the current 

density-time curves at 300 mV potential and the 

potential-time curves at 0.0001 mA/cm2 current density 

for the non-coated and coated wires. The current 

density decreased as time increased due to formation 

of a passive oxide film on the surface, as shown in 

Fig. 8. It can be seen that at longer times the 

current density for the non-coated wire was higher 

than that for the coated wire. From the potential-time 

curves in Fig. 9, the potential increased as time 

increased, and the potential of the coated wire was 

higher than that of non-coated wire (except at very 

short times). These results confirm our previous report 

that coated wire has superior pitting corrosion 

resistance compared to the non-coated wire [10].

  The foregoing results establish that suitable esthetics 

was obtained by the polymer coating on the surface 

of the NiTi wire and that the corrosion resistance of 
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the coated wire was substantially increased. For the 

non-coated wire, severe metal dissolution occurred at 

surface defects caused by manufacturer processing. In 

order to perform optimum coating on NiTi wires, the 

surface quality of the starting non-coated wire from 

the manufacturer needs to be improved.

Figure 8. Current density-time curves of non-coated and 
coated NiTi wire after potentiostatic testing at constant 300 
mV potential in 0.9% NaCl solution at 36.5±1°C.

Figure 9. Potential-time curves of non-coated and coated 
NiTi wire after galvanostatic testing at constant 0.0001 
mA/cm2 current density in 0.9% NaCl solution at 36.5±1°C.

CONCLUSIONS

  For non-coated NiTi wire, many processing defects 

from the manufacturing were observed on the surface, 

and when the polymer coating was performed, the 

processing defects were covered. For the non-coated 

superelastic wire surface, X-ray diffraction peaks from 

martensite/R-phase and austenite were detected, whereas 

for the polymer-coated surface, peaks from austenite 

and silver (used to improve coating adhesion) were 

detected but not peaks from martensite/R-phase. The 

coated surface has the appearance of small coalesced 

particles, and the coating thickness was about 20 µm. 

The surface roughness (Ra) was 0.381 µm for the 

non-coated wire and 4.70 µm for the coated wire. 

The pitting potentials of the non-coated and coated 

wires were 1240 mV and non-defined, respectively. The 

current density at 300 mV potential was decreased 

considerably from 2.99×10-6 A/cm2 for non-coated wire 

to 2.13×10-7 A/cm2 for coated wire. The corrosion potential 

(Ecorr) was –400 mV for non-coated wire and –540 mV 

for coated wire. In case of non-coated wire, the 

current density-time curve was higher than that of 

coated wire, whereas the potential-time curve of coated 

wire was higher than that of non-coated wire.
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