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Table 2. The condition of electrochemical corrosion test........ccccovcviviivviivieiieinnenn, 5
Table 3. Corrosion potential(Eco), corrosion current density (I.or), and current
density (Insomv) of orthodontic screw alloy after electrochemical test in 0.9%

NaCl solUtion at 36.5 £ 1 T oot ettt 12

_ii_



M1
1
N

Fig. 1. FE-SEM and EDX showing surface morphology of non-coated

orthodontic screw. (a) overall (b) surface at arrow mark point of photo (a), (c)

Fig. 2. FE-SEM and EDX showing surface morphology of TiN-coated

orthodontic screw. (a) overall (b) surface at arrow mark point of photo (a), (¢)

Fig. 3. FE-SEM and EDX showing surface morphology of ZrN-coated

orthodontic screw. (a) overall (b) surface at arrow mark point of photo (a), (¢)

Fig. 4. Anodic polarization curves of non-—coated, TiN coated and ZrN coated

orthodontic screw after potentiodynamic test in 0.9%NaCl solution at 36.5=%

Fig. 5. CPPT curves of non-coated, TiN coated and ZrN coated orthodontic
screw after potentiodynamic test in 0.9%NaCl solution at 36.5+1C.......c.cc......... 14
Fig. 6. SEM and EDS peaks showing the corrosion surface of non-coated (a),
TiN coated(b) and ZrN coated(c) orthodontic screw after potentiodynamic test

in 0.9%6NaCl solution at 36.5F 1T ..o e 15
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Effects of TiN and ZrN Coating on Corrosion
Characteristics of Orthodontic Screw

Kim, Sin—-Yeong, D.D.S,,
Director : Prof. Choe, Han-Cheol, Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The dental orthodontic mini-screw requires good mechanical properties and
high corrosion resistance for implantation in the bone. The purpose of this
study was to investigate the effects of TIN and ZrN coating on corrosion characteristics of
orthodontic mini-screws, mini-screws were used for experiment. Ion plating was carried
out for mini-screw using Ti and Zr coating materials with nitrogen gas. Ion
plated surface of each specimen was observed with field emission scanning
electron microscopy(FE-SEM), energy dispersive x-ray spectroscopy(EDX),

and electrochemical tester.

The results were as follows.:
1. The surface of TiN and ZrN coated mini-screw were more smooth than
that of other kinds of non coated mini—screw due to dercrease of machined
defects.
2. The corrosion current density of the TiN and ZrN coated mini-screw

decreased compared to non-coated sample. The corrosion potential of TiN and

ZrN coated mini—screw were higher than that of non-coated mini—-screw in
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0.9%6 NaCl solution.

3. The pitting corrosion resistance increased in the order of ZrN coated, TiN
coated and non-coated wire. Pitting potential of ZrN coated mini—screw was

the highest in the other specimens.
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1. My2=3 /e TiN % ZrN ion-plating

Ao ALEH IR FHLE Table 13 #Zomw Ze=vl o= jon plating & A
(Cliotek Ion-Plating, Cliotek, Inc. Korea)ol Al d#HS& #ze & AFAHE 3.0

x 107 torr7b A Wi 7] A1 712 mass flow controllers o] &3¢ Ar gasZ 10 ~ 20

mtorr® FF3FA T o] F 900W ] power® Ar Zgtxw

_,d
Ll
e
03':,
l
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i
>
i
=
=

DCE l7Fste] of 10% ¢ 23S HET Aldd 2989 ed=ds AAT

%+ 10 ~ 20 mtorr, ZtN IZ ¥ A ¢+ 9 ~ 10 mtorr® &+
st e FYRAZLSE 10 mine = sto] ZEFo FAZ 20 ~ 25 um/F HEE
stk AAe 3d £5E 05 RPMOR do] nyxafe BE 9o =

TAsHA o] FoJAEE don HALE F7HA7]7] ko] YA & 350

- 380C= 3}t



Table. 1. Coating condition of TiN and ZrN

TiN ZrN
Base Pressure 3.0x10% Torr 3.0X10% Torr
Gas Ar(10-20m torr) Ar(10-20m torr)
Ny(10-20m torr) N,(9-10m torr)
Deposition Time 60min 60min
Power Supply 900w 900w
Thickness 2.0— 2.5 pm 2.0— 2.5 pm
2 FWH WUsAFY RUVL U 24 EA

ion plating®d WAXAY HeA FWHE FE5AVH Y FE-SEM(field emission
scanning electron microscopy) o = ##sF o A2 EDS(energy dispersive

X-ray spectroscopy)& Al&3dlo] E2431A0).

electrode, SCE)& ZTd=o=2 stgor AP Fvld AHoRZ 319

o

AlA 7} %A F(reference electrode)?te] AElE ¢ 1 mm=Z A3 o, Bx
A = (counter electrode)2Z 1T BAAFE ALE5 Y. &=+ 5 24 (anodic

polarization curve)S 7] Y3 365+1C 2 0.9% NaCl A& A (pH7} 5.34)0 4 &
=

2
do

AW ol 85t 100 mV/min® FAFEERE -1500 mVelA +2000 mV7tA|

Q98 Aol 1A A71seE $ANYE saow APAvig AR ds e
nAsdY X5e AFUEe] 2I3%e Y3 A9 o] ARHAA AFoz
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Mg AU

nyx=A7e  F2EA(pitting corrosion)=  ZAFS7] Yol CPPT(cyclic
potentiodynamic polarization test)®H” & Al439dth. = 0.9% NaCl = &) o of 4]
1.667 mV/s®] HAAFAE =R AWFFAE A9 E7F 1500mV7EA gk § 3
< AYFAEER -800mV7EA AHFFAAZ E FAAAS FASGASH
T2 A 9 (pitting potential) & F 5 8 33 A $](Epit: passive film breakdown
potential) ¢} A= € 3} A 9 (Erep: repassivation potential)Z TiN % ZrN = H

20 FAAGE 2AEAT

Table. 2. The condition of electrochemical corrosion test

Potentiodynamic Test CPPT Test
Potential E; - ~1000 mV
Potential : —1500—2000 oV Potential E;; - 1500 mV

Potential E - -800 mV

Solution : 0.9% NaCl

Working electrode : Sample

Reference electrode : SCE

Counter electrode : High dense carbon
Scan rate - 1.667 mV /s

Temp.: 36.5+-1TC
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e
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4. %4 3
09% NaCl Asi el A 29€ Ane] A71getd AL 2487 ko] %
A9wel APe A vUsAF wWe FEEANHE zAes] Ao

FE-SEM % EDSE A}-&3lo] #2351t}
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Counts

B (C) Ti Elmi &padl. bppamnt &l kRAdin  kRalio
Tyw  Conc  Soma Sigma.
1000— MK ED  2.255 0409 0.04255 000208
4 TiK ED 33578 0.5 0355 000534
VK ED 1498 031 00139 000809
Eimi Spad. Inkn. Sd Ekmeni Siama lomic
Typa Conm. Corm. % % %
K ED 0807 153 a5 082 1145
s00—] TiK ED 0589 127 8341 0% 8530
v K ED 0885 1.23 447 031 &85
Tokal 100,00 10000
W Al hel
i Ti
v
A
o = T T
-] 10
Energy (keV)

Fig 1. FE-SEM and EDX showing surface morphology of
non-coated orthodontic screw. (a) overall (b) surface at

arrow mark point of photo (a), (c) EDX.



Energy kel

Fig. 2. FE-SEM and EDX showing surface morphology of
TiN-coated orthodontic screw. (a) overall (b) surface at

arrow mark point of photo (a), (c) EDX



Elmi Spad. sppamn  &al.  kRdic  kFRalio
Typa  Conc  Spma Gigma
MK ED 1.085 0414 001954 000215
Tik ED 14505 040l 014505 o.0ndod
WK ED 0998 0250 000808 000257
ZrL ED 2782 0539 0.29732  0.00539

Emi Gpad. Infan. &d Ehmani Sgma Sfomic
ypa Corn. Corm. % % %
MK CED 1088 153 181 021 484
Ti TiK ED 0872 127 3021 0.2 4508
WK ED 0ETT 125 24T 052 arT
Zrl ED 0818 182 85.01 080 4950

Total ALIRT] RETNT
v
Ti
T 1
5 a0

Energy ike')

Fig. 3. FE-SEM and EDX showing surface morphology of
ZrN-coated orthodontic screw. (a) overall (b) surface at

arrow mark point of photo (a), (¢) EDX
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=
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x 10° A/em®ES YElo] ZrN

A9 @S ZrN Z"9 g 4

R
ot

o A7 AFEEsE 7 GHA GErsth 5
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Fig. 4. Anodic polarization curves of non—-coated, TiN
coated and ZrN coated orthodontic screw after

potentiodynamic test in 0.9% NaCl solution at 36.5t1C
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Table 3. Corrosion potential(Ecorr), corrosion current
density (Icorr), and current density (Isomv) of orthodontic
screw alloy after electrochemical test in 0.9% NaCl

solution at 36.5 + 1 TC.

Non—coated TiN-coated ZrN-coated
Feorr 510 270 280
( mV)
ICOI‘I‘
1.2x10°% _ 7.0x10°7
(mA/ar) 1.8X1077
IZSOmV
3.0x10% 5.0x1077 3.010°7
(mA/cer’)
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— Maon-coated
— ZrM-coated

1500 —

1000 =

500

-500 o

Potential {mV vs SCE}

-1000

Current Density {Ah:mzl

Fig. 5. CPPT curves of non—coated, TiN coated and ZrN
coated orthodontic screw after potentiodynamic test in

0.9% NaCl solution at 36.5+1°C
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Fig. 6. SEM and EDS peaks showing the corrosion surface
of non-coated (a), TiN coated(b) and ZrN coated(c)
orthodontic screw after potentiodynamic test in 0.9% NaCl

solution at 36.5t1°C
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