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Surface Characteristics of Dental Orthodontic Wires Coated with
DLC, TICN, and TIN Film

Hee-Jong Mun, Han-Cheol Choe’

Department of Dental Materials, College of Dentistry, Chosun University,
Gwangju 01452, Korea

This study aimed to evaluate the potential for improving surface characteristics by applying thin films of DLC, TiCN, and
TiN to Ni-Ti, Ti-Mo, and SS wires. Surface characteristics were analyzed using FE-SEM and EDS. In addition, scratch testing
was conducted to evaluate coating adhesion, tribological testing to assess frictional behavior, and electrochemical corrosion
testing to determine corrosion resistance, The surface roughness of all wires coated with DLC, TiCN, and TiN was reduced,
with the DLC-coated surfaces showing the most significant decrease. Scratch testing revealed that no delamination occurred
beyond the second critical load (Lc2) in any coated specimen, All coatings exhibited critical loads exceeding 30 N, indicating
good adhesion to the wire substrates. The coefficient of friction was lowest for DLC, at approximately 0.13, followed by TiCN
at around 0.25. TiN initially showed a low coefficient but eventually increased to 0.9, indicating that DLC provided the most
stable frictional behavior. In corrosion testing, the DLC-coated specimens exhibited the highest corrosion resistance. In contrast,
TiCN-coated specimens showed the highest corrosion current density and the lowest polarization resistance, indicating the poorest
corrosion resistance, Post-corrosion FE-SEM analysis showed that DLC-coated SS wires maintained a uniform coating layer without
oxide formation or cracking. In contrast, TiCN-coated specimens exhibited clear local delamination and oxidation, indicating
the most severe coating degradation. In conclusion, these findings suggest that DLC-coated wires may be particularly suitable
for clinical use in lingual orthodontics due to aesthetic limitations of DLC coatings. Further studies under simulated oral conditions

and long-term durability evaluations are needed to validate their clinical applicability.
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Figure 1, Non-coated orthodontic archwires used in this study;
From left to right: Ni-Ti, Ti-Mo, and SS(rectangular type: 0.019
X 0,025 inch).
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Figure 2, Photographic comparison of orthodontic archwires,
(a) Non-coated, (b) DLC-coated, (¢) TiCN-coated, and (d) TiN-
coated,



Figure 3. Surface appearance of coated specimens.
DLC (black), TiCN(gray), and TiN(golden) from left to right.
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Figure 7, FE-SEM images and EDS elemental analysis of SS wires coated with (a) DLC, (b) TiCN, and (c) TiN.

+ Load type : Progressive + Initial load [N] : 0,50 + Final load [N] : 30,00
+ Loading rate [N/s] : 1,30 + Length [mm] : 5,00 + Speed [mm/s] : 0,22

0.0 mm 10 20 Position 30 40
050 N 6.40 1230 Normal Load 1820 2410

0.0 mm 10 20 Position 30 40
050 N 6.40 1230 Normal Load 1820 2410

00 mm 10 20 Position 30
050 N 6.40 1230 Normal Load 1820

Figure 8, Scratch test results showing adhesion performance of (a) DLC, (b) TiCN, and (¢) TiN coatings on wires.
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Figure 9. Coefficient of friction (CoF) curves for DLC, TiCN, and TiN coatings measured during sliding wear tests,
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Figure 10, Corrosion test results of Ni-Ti archwires: non-coated,
DLC-, TiCN-, and TiN-coated samples.
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Figure 11, Corrosion test results of Ti-Mo archwires: non-coated,
DLC-, TiCN-, and TiN-coated samples.
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Figure 12, Corrosion test results of SS archwires: non-coated,
DLC-, TiCN-, and TiN-coated samples.
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Table 1, Electrochemical corrosion test results of Ni-Ti wires, non-coated and coated with DLC, TiCN, and TiN,

S Ecorr leorr ) Epp fpass ) ke ) Be Ba Ay )
(mV) (A/cm?) (mV) (A/cm?) (A/cm?) (mV) (mV) (2 .cm?)

Bulk -266.1 21x1071 -109.7 1.4x10°  63x10™ 318 2836 59x10"

DLC -3105 49x1071 -262.1 48x10°  11x10° 44 1 1289 2.9x10"

TICN -217.7 72x10°® -141 1 58x107  15x107 88.8 2540 40x10°
TiN -118.7 15%x10° -28.2 23x107  33x10°® 1352 2273 2.4%x10°

Table 2, Electrochemical corrosion test results of Ti-Mo wires, non-coated and coated with DLC, TiCN, and TiN,

Sl Ecorr /corr2 Epp /passz ke ) Be Ba Ay )
(mV) (A/em?) (mV) (A/ecm?) (A/cm?) (mV) (mV) (£2.cm?)

Bulk -212.1 9.0x10* -137.1 59x10%  16x10° 1517 2821 48x10°
DLC -308.9 43x107 -237.1 15x107 16x10° 162 1323 7.3x10"
TICN -251.6 3.0x10% -183.9 41x107  64x10° 911 1855 8.7x10°
TiN 4242 8.7x10° -354.8 15x107  18x10° 108.3 201.8 35x10°

Table 3, Electrochemical corrosion test results of SS wires, non-coated and coated with DLC, TiCN, and TiN,

Ecorr /corr Epp /pass /c [8 c [8 a qu
Sample 2 2 2 2
(mV) (A/cm?) (mV) (A/cm?) (A/cm?) (mV) (mV) (2 .cm?)
Bulk -466 .9 17x10°8 -387.1 18x107  38x10°® 828 4314 18x10°
DLC -498 4 12%x10° -454.0 10x10%  2.0x10° 66.7 192.9 18x10'°
TiICN -3895 24x10 -339.5 19x107  39x10°® 1157 4771 17x10°
TN -556 8.4x10° 419 32x10% 51x10°8 79.0 112.3 2 4%x10°

Aem?, 8.7x107 A/em’E F-AAF{IL S7Fstge, 53 HAAHo 2 vl UEE fFASHE 545
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Figure 13, FE-SEM images of non-coated wires after corrosion testing, observed at X2500 magnification, (a) Ni-Ti,
(b) Ti-Mo, and (c) SS.

Ni-Ti / DLC ternn e 100um 100um

Figure 14, FE-SEM images of Ni-Ti wires after coating and corrosion testing, observed at X500 magnification, (a) DLC,
(b) TiCN, and (c) TiN,

100um @Ti-Mo / TiCN ] ] 100um @ Ti-Mo / TiN 100um

Figure 15, FE-SEM images of Ti-Mo wires after coating and corrosion testing, observed at X500 magnification, (a) DLC,
(b) TiCN, and (c) TiN,

Figure 16, FE-SEM images of SS wires after coating and corrosion testing, observed at x2500 magnification, (a) DLC,
(b) TiCN, and (c) TiN,
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