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It is important to improve fatigue fracture characteristics when using dental Ni-Ti files in EDTA solution
clinically. This is necessary to prevent fracture during a treatment process such as a root canal. To improve
this problem, fatigue fractured surface of dental file in EDTA solution with different coating materials was
investigated. In the non-coated case, there were mechanical defects. However, when DLC was used for
coating, the surface roughness was reduced. In the case of TiN coating, the surface roughness was reduced
compared to that of TiAIN coating. Elements constituting the coating film were uniformly detected on the
coated surface. The hardness of the DLC coating film was the highest. The elastic modulus of the DLC
coating film was lower than that of TiAIN or TiN. TiN showed the best adhesion of the coating film while
DLC showed the lowest. In the EDTA solution, DLC showed small bending deformation, while TiAIN and
TiN showed large bending deformation. In the clinical fracture test, the time until fracture was the shortest
for the non-coated case and the longest for the DLC coating. The coated file showed a reduced wall frac-
ture area and fatigue striation compared to the non-coated specimen.

Keywords: Ni-Ti file, Coating materials, EDTA solution, Fatigue fractured surface

1.ME file AHE-S] Q= AA F7HE I Sk FHE A AR
o A£FESQ L Ni-Ti filed] 271 £713H

SHAEE AAAERT T LHA 010111 il:LOl off et oA FeA] AR FO|7] Wikl o] tha
BT AXE Alglstal vEe] Q7 wlieel A7ES Al S7tEYRE AR o2 Fxtel Al ot B
Aok HAgollA Fo] WAstar s)dHS o] &ElA A 7tell A== 882 FHael nx= s a it A4
gst7] wZol A5HFelx A bt 7Eel= 2hg-gitt, olelgt 719te] 3PS 7R lﬂo} sht
AEIRIFAZFS o] &3 Y-S ARSI oY FEsE e 2 A= B}, vkaro] AR s8] 23 B3
2 ARG o] W] wite] xRS 2 A7) 2L FlellA F= dAshe 3], 4o ﬁleO] 4 5]
32l Ni-Ti a5 ARESHAl = QIT} [1]. Ni-Tigh= W AAZ 7] Yo B A7 o] Faska, A
& 2R, 3719, B A W e AR b 27Fse AE low o] A e Lol
A& AYaL glo] HE AHg AEadel AL AL eHd3] Aw7F HA g A AL 5 9k 94
S 9k [2]. NiTi file 53] o8] 241 & 9 FA0 [4]2 27k Alell e o] A9t

&0l il AARAIAZE Fstel ZHRAIRCNM Ni-Ti o dafe] WHasks Ao wde] yste] vk [3,5]
A H=d ol W8] flste] mdel ol 7HA]
=4S PG At o5 it glovt

Corresponding author: hcchoe@chosun.ac.kr
Fokd: W, Az A, vy 2

34



FATIGUE FRACTURED SURFACE OF DENTAL FILE IN EDTA SOLUTION WITH COATING MATERIALS
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Table 1. Coating conditions of TiAIN and TiN film

Process Factors Conditions

Ultrsonic cleaning Acetic acid for 5 min

Basic vacuum 9.9 x 10 Torr
Process vacuum N, 500sccm 1.2 x 107 Torr
Substrate temp 200 °C

Target current Ti: 60 A, TiAl: 70 A
TiN:75V, TIAIN: 75V

50V

Substrate voltage

Bias voltage
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Fig. 1. Ni-Ti files after coating; (a) Non-Coating (b) DLC (c)
TiAIN (d) TiN

Fig. 2. FE-SEM surface of Ni-Ti file before coating
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Fig. 5. FE-SEM surface of Ni-Ti file after TiN coating
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Table 2. Surface roughness with coating conditions

Surface roughness (um) Bulk DLC TiAIN TiN
1 0.100 0.079 0.193 0.086
2 0.096 0.069 0.364 0.107
3 0.081 0.076 0.256 0.092
4 0.086 0.071 0.228 0.088
5 0.106 0.082 0.198 0.101
6 0.100 0.064 0.352 0.111
7 0.090 0.061 0.222 0.095
8 0.092 0.076 0.211 0.093
9 0.108 0.065 0.189 0.093
10 0.094 0.073 0.246 0.088
Avg. 0.095 £ 0.008 0.072 £ 0.007 0.246 + 0.059 0.095 + 0.008
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Fig. 7. XRD patterns of Ni-Ti file after coating
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Fig. 8. Nanoindentation test results of Ni-Ti file after coating

Fig. 8 Y AAYde B4 s
A ‘%ﬂH AEE JustA go
HaHA] o2 Bulkell H]3te]
Hol=t| O]L 7:5_} 35
Zt}. Table 33 4+ gl
AL} BAAITE HolF
AE7F 7V A ERsE e
TIAINZ} TiNKEh SHA Vepsttr, &2 A5
Hrkehzl so8t, /a3 AT b
2 Yehdlo] e AGTE RErE 2
e maapt & AS YeERgY] HJHOH
7t = EWE S5 4 5 AT S
IR AgtEs f\lfﬂo}ﬂ 3t E}
010}% tips AHE-3te] FEAIPS 3Tt Table 5
oA B FRuke] AfEL IYLEI} HETH T

H v a- ST=T 1 o

P

HJ

o

e —
r&

o
J?i

X

T i
o

il
h
ot

T
u)
4 FL

:L

g
)
oy
@

2 vo

o
rlr

2L

ol mfu rlr MR = bd ot 2 rlo
IO O.u.;

Fl

39



HAN-CHEOL CHOE, SU-CHAN KIM, AND SEON-YEONG PARK

Table 3. Nanoindentation hardness of samples

Hardness (Hv) Bulk DLC TiAIN TiN
1 1188 2868 1419 2547
2 1052 2010 1135 1499
3 1066 1778 1257 1277
4 1120 2212 1126 1295
5 1139 1773 1085 2208

Avg. 1113 +£55 2128 +£452 1205 + 136 1765 + 578

Table 4. Elastic modulus of samples
Elastic modulus (GPa) Bulk DLC TiAIN TiN
1 133 181 151 187
2 124 149 156 155
3 119 128 150 136
4 129 164 144 134
5 136 160 252 184
Avg. 128+ 7 157+ 19 171 £ 46 159 £25

Table S. Bonding strength of coatings
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Fig. 10. Root canal formed by coated Ni-Ti rotary file in
EDTA soution. (a) Before (b) after
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Fig. 11. FE-SEM surface of Ni-Ti file after clinical use
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