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ABSTRACTS

Effect of TiN coating on the electrochemical behaviors of anoidzed dental

implant alloy

Kang Lee

Advisor . Prof. Han-Cheol Choe, Ph. D.
Dept. of Optical Application Engineering,
Graduate School of Chosun University

Cp-Ti of 995 % purity (grade 4) and Ti-6Al1-4V ELI were used as a
substrate material for anodic oxidation. Titanium were anodized in solution
containing typically 1 M H3POs at room temperature. A direct current
power source was used for the process of anodization. Anodized titanium
was prepared using 120~220 V anodization voltage at room temperature.
The TiN coatings were produced by RF magnetron sputtering on anodized
layer, using target of Ti (99.99%). Coated layers microstructure, chemical
composition, crystal structure and corrosion properties were determined using
SEM, XRD and electrochemical equipments. The corrosion behavior was
measured using electrochemical impedance spectroscopy (1000 KHz ~ 10
mHz: M-1025, Potentiostat, Model 263, EG&G, USA) and

potentiodynamic(-1500 mV ~ +2000 mV) test at 0.9 % NaCl solution.

The results were as follows:
1. From the micro structure analysis, Cp—Ti shows the acicular structure of a

-phase and Ti-6Al-4V shows the needle-like structure of a+[B phase.



2. From the surface properties of anodic layer, input voltages increased with
increased pore size and numbers. But the corrosion resistance of input 180 V

anodic layer were higher than another conditions.

3. From the analysis of TiN coated layer analysis, TIN coated surface

showed columnar structure with 610nm thickness, respectively.

4. The corrosion resistance of anodized, TiN and anoidzed/TiN duplex coated
Ti alloys were higher than those of the non-coated Ti alloys in 0.9% NaCl

solution from potentiodynamic test, indicating better protective effect.

5. From the A.C. impedance analysis in 0.9% NaCl solution, R,
values of anoidized/TiN duplex coated Ti alloys showed 7.922x10° Qcm® and
9.992x10° SEch, respectively. Anodized/TiN duplex coated Ti alloy were higher

than those of non—coated Ti alloy, anoidzed and TiN coated.

- vii -



£

=]

AA A

NEE o8

[e)

5

R

Fel =
fai3 76]

©

A} o
H

A el

=

A 173 A

-(:5_]__

_CH

7ol BE A B ofol A thok

3} 7]

FHo oA

—_—

A 71EE S

o

S
4r
k!

pu—

o

1 QA7 ArE o =

G

of ARg5 i

SCrew &

=il
=

o

p—

X
)l

59

1 2)
LR

ol

22!

7] = ol

o]

gl

ol

e

1

©2 Eolg

"
e

ko] 2~5 nme| TiO.2h= A

5

fgny
o

o

T

o
pad

xr
hin
X
el
TOo
fpase
A
3
o}
e
T
xr
Tor

Hn

) 4

N

gk ol f = =

sk o

o, ol

[e3}
PR

o7 dHA

=3
"o

T
)

o

=

=

stol A A Z 4 = (bioactivity)

3

[¢]

=
A

AT,

ElolEbF Zefzul A~ Z g o]

‘EO
™

ol
e

XY
B

Ho

W
i

=3
o

1A

[¢]

vl

4

3]

K5

SLER

€

oL

o

s, o

[¢)

=]
1=t

s} 7] 7}

A of

el

N

el

Ho

o
B
22!

fils)
—

el

®

i
oR



o)
I

—

<

i
il
|
i)

wK

e

3

& A5 9

47

] 4 7] 3 9]

¥

Tor
_

=

R

KH
~

)

R
+
)

jze)

~
o

B

ol

i
oR

Hi

25

TR

i

el

o))
HH

~r

oz gA o

Aol A

o:
R

Ti-6A1-4V 3

=y
=

Cp-Ti

3
=

al

102

SRIE

L
fu

2

w2} A
7] 3}

o mpm A
RF-magnetron

M

701—

=

—_—
o
ze]

s
el

B
o
=

zel

Ho

o}
B
2

=)

85

=
5

3

NaCl #

0.9%

5o

[e)
& =Y

Fol TiN

S

sputterd & o] &

ek

A A

9

o



Al 27 ol 2F W7

A 18 HeEY 54

ElEl 52 50| 454 g/ 2 A1 &F1] 5271 g/em)ol vldlA = 168 #3533, 2

(7.87 g/ci)el vl E 60 XA ER 71 ey, gud oz AFLEow EHEHE

it

Zolth. & HEwEY 42 1668C=2 H(1536T )Rt =3, & AFAF, ddEE
b e 54& A Qi Fig 194 Yehi el Hegols ¥ oA T4
A7F Aok 2E 50 (hep)d ot A AH A (bee)o] BFHORA AF2olA 882
5C7HA & adbol b4 etal 8825°C o] e xol X Babo] ergain
HEelg & F71&34 Al 457], NVBagFol X Axws 2299 o] g & o]
2% F O, Si, Al, Fe, Ca, Na, K & Mg o]o] 9
AR ZFHI diroltt =5 HEFEY T+ERE d4AH 0 F Pearson Symbol (hP2),
Space Group (P6/mmc), WEH&X(883C), ZAAAFF(a=0.295 mm, ¢=0.468 nmm,
c/a=1587)2 o= o 9ltl. Table 1= Tie & A<l

vy

Pl

4% el QoA

Ti= ¥aA HlFo] vra gHo] o, & ¥ =& v

o,

flo
J[m

)
o

8825 Coll A astoll A Baro & gwezt ol

Table 20| A= &5 ¢ EHEbwZ EAQd Hely 59 Ti-6Al-4VEa<] &g
A AL e AYARES vusd Yeidn”? HeEe Bade FES
E5d Axg Aol 53, ol HEetw 3Wel IAH= AstEEE 9
o] Aaste]l Aw WF=o FAAA Iyt = Eu ofye}, o] RFE o] I}
AEdes A A7) mEolth BEbEe 53 @aol&ol tiE WAl
ouf gAY, MEF TF2E L YA B RN FHol e Aot}



2.95 A 882.5TC

-

I

4.65 A

B — phase
BCC

Fig. 1. Allotropic transformation of titanium'®.



Table 1. Physical properties of titanium

16~17)

Physical property

Value

Density (at 20C)
Melting Point
Volume change in a— transformation
a—B transformation temperature
Coefficient of expansion (20TC)
Thermal conduction
Specific heat (25TC)
Electricity conductivity (about Cu)
Characteristics resistance (0C)

Elastic modulus

Crystal lattice a-phase (below 882.57T)
B-phase (above 882.57C)

454 g/cn (a-phase)
1668°C
5.5%
882.5C
8.41x10°/C
0.035 cal/cm/cnt/C/sec
0.126 cal/g
2.2 %
80 pn& - cm
103-107 (Pa

HCP
BCC




Table 2. Comparison of physical properties of various

18)
alloy ™.
Property Pure Ti-alloy Zr Al Al alloy Fe 18-8  Hastelloy-C Cu
Ti Ti-6A+4V 755-T6 STS
AIST 304
Melting point 1668 1540 1650 1852 660 1530 1400~ 1305 1083
() 1427
hep<  heptbee  hep< fce fce bee< fce fce fce
Crystal 883C  <900C  893T 830C
structure
bee bee bee fee
Density (g/cr) 451 4.42 6.52 2.70 2.80 7.86 8.03 8.92 8.93
Atomic 22 - 40 13 - 26 - - 29
number
Young's 106 113 89 69 71 192 199 204 116
modulus
(GPa)
Poisson's 0.34 0.30~ 0.33 0.33 0.33 0.31 0.29 - 0.34
Ratio
0.33
Electric 3.1 1.1 3.1 64.0 30.0 18.0 2.4 1.3 100
conductivity
(Cu comparison,%)
Thermal 0.041 0.018 0.040 0.487 0.294 0.145 0.039 0.031 0.923
conductivity
(cal/cn/S/C/cm)

Coefficient of
linear expansion
(en/en/ C0~1007C)
0.13

Specific heat 0.12

(cal/g/C)

0.07

0.21

0.23

0.11

8.4x10°°% 88x107° 5.8x107° 23.0x10° 23.1x10° 12.0x10° 165x10° 115x10° 16.8x10°

0.12 0.09 0.09




SRR

=

pu

of ut

A 24 BAANE=ZANY Ti &5

=
)A

N
o

el
=i

or
)

el
—.AO

B

‘mo

=
JF

el

!

ol 7}
ol

Bl

0]
PR

S
¥ of

i

Al
£l

pu
R

Gt

e

©

7o)

=

[¢]

2 A

71

A= 7]

A A

tolof ok,

SRR, AP,

5%

7R &2

pul

[e)

=
T

v}

=

1

kel
PN

9o) gk v, o] 4] o
2]

]O}—y 37‘:]-7@y JE]J_J_

2

= o]

AHH
A

R

pu

oA

ol

9

L
1

o
pad

Ay A
+ A1 (biocompatibility) ©]

b
9

o

o
}

pas|

S|

0

b2 9
7 87

ofell A tF

=

o
o] ]
A A

A
ZS|
=]

fLS

(cytotoxicity) el Yt ¥ 9+Ad (carcinogenic) ©]

o Al

o

Nfo

—_—
o

-

T
o
o

o
o}

Al el A A= = skt

p—

]

ki3

=

shofof @}

A=

N
~K
oy
70

—

<

=

Bl

71 el A

=]
o

RS ERE S

t Q1

S

% % 3 of

o] of

o]

Fol A A

S

O 2~
T

A g A4 of

A A

al

A
ZS|

Eagol

B8
el

—_.—

W

-

= AAddo=

3
s

]_E}_19>.

ok A A

T

1
A A 9k A A (biostability)



I A5 Ao FAEFE AAAHTA (biocompatibility) > 27 s}o ofgkt}. A A oA
AL A7 A HEIS o 2dE, &8, w4

oA mARA eoko s, AAAFHOoZE o] 4A} AAH, YGHoR

A R ddE27Hs Sol AA

O_L4

o

BN
»
_YJ‘

_?_
35S olFoFTH. oY turd: 2dER d&, AAAER AHEH

rlr
ql
Sy

7] 5 o
Agk= o] k. ASTM 4o HAE 715 dZSHE 5459 340 7]
A A AL Table 39 Aelste] JeEPAR. o] 7o dAE Tigse o2 3o

v E=rF v vra xAd 7bY gAY g sE ZHA, Z1AE A E

rr

28 e =27 (B16L), Co-CrAl &= % Tist 2 v T2 A

ol
il

DAY S0 W wol} JBAE AR A% ABRT Y= AAE 244
=



Table 3. Typical mechanical properties of implant
20)
metals™.
Young's Yield Tensile
ASTM o
Alloys ) . Condition modulus strength strength
designation
(GPa) (MPpa) (MPa)
SUS 316L F745 annealed 190 221 483
annealed 190 331 586
F55, 156 30% cold
SUS 316 F138 190 792 930
worked
F139
cold forged 190 1213 1351
as—cast
210 448-517 655-889
Co-28Cr- F75 /annealed
6Mo HIP 253 841 1277
F799 hot forged 210 896-1200 1399-1586
Co-20Cr- o annealed 210 448-648 951-1220
. 44% cold
15W-10Ni ’ 210 1606 1896
worked
) 30% cold
CP Ti F67 110 485 760
worked
forged
) 116 896 965
Ti-6Al-4V annealed
F136
(ELD forged heat
116 1034 1103
treated
. forged
Ti-6A1-7Nb F1295 110 900-1000 1000-1100
annealed
) forged
Ti-5Al-2.5Fe 110 820-920 940-1050
annealed
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M2+ Acid Solution

Anodic reaction e Cathodic reaction
2H + 2 —H, M — M? + 2e
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Fig. 3. Corrosion reaction of metal in acid solution ),
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Table 5. Deposition condition of TiN film on the Ti
alloys.

Coating condition TiN film
Target Ti (99.99%)
Base Pressure 1x10°° Torr
Working Pressure 1x107° Torr
Gas N, (35 sccm) +
Ar (5 sccm)
Operation .
100TC
Temperature
Pre-sputtering 20 min
Deposition Time 40 min
Power Supply 100 W
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Fig. 8. Schematic diagram of corrosion apparatus.
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Table 6. The condition of electrochemical corrosion test.

Potentiodynamic test A.C. impedance
Electrolyte 0.9% NaCl
Working electrode Sample
Counter electrode High dense carbon
Reference electrode SCE
Temperature 365 £ 1T
Scan rate 1.66 mV/s
Frequency range — 100 Kz = 10 mHz
A.C amplitude — 10 mv
Point — 5 point/decade
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Fig. 9. Microstructure of Ti alloy by FE-SEM and
spectra. (a) Cp-Ti, (b) Ti-6A1-4V
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Fig. 10. XRD spectra of Cp-Ti and Ti-6Al-4V.

_80_



A 28 FIusue] YHAE

Fig. 112 7bAshel we Agsve g3 Jug4A5e 257 95
Cp-Tig ol 43te] F=43st F EWL SEMS ol4dte] waa Aslolth Fig.
H@E 120 VE A74d Aoz

o] 160 Vol F¥ Fa3 vA7]|FE0] AT = AL & 4= 9} 180 V o]

1o ALRET B AR 160 V ol 4g ol

uj

23 AFHY AAFE el el we 25tae A7 BE FE gaHE A

Itk Fig. 12 A7 ol w2 mA7Fe] =2 o

o ez s veld Aolth 1207 140 VellA & 73 4y

T A SE B F AR, 160 VoA = w7z A4 A7 H+ 0.25
Eul

me 2 HFEY T 220 VA E H 1.2 m7tA AFsteE Aoz #zygrt. o

_81_



WD21 . 8mm 20/ 0k¥ x50k

10 5.0kV 14:3mmix5,00k SEfL)

()

Fig. 11. The Surface morphologies of anodic oxide film
with anodizing voltages(120~220 V) in 1 M H3PO,
solution. (a) 120 V, (b) 140 V, (c) 160 V, (d) 180 V,

(e) 200 V, (f) 220 V
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100um:

Fig. 13. FE-SEM showing the TiN coated surface of Ti
alloys and surface layer.
(a) Cp-Ti, (b) Ti-6Al1-4V (c) cross-section
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Fig. 15. FE-SEM showing the microstructure of
anodized/ TiN coated Ti alloys.
(a) anodized Cp-Ti, (b) anodized Ti-6Al-4V, (c)
anodized/TiN coated Cp-Ti, (d) anodized/TiN coated
Ti-6A1-4V
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Fig. 23. Bode plot for Ti alloy after AC impedance test in
0.9% NaCl soution at 36.5+1C.
(a) Cp-Ti, (b) Ti-6Al-4V
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Table 7. Values of solution resistance(Rs) and polarization
resistance(R,) determined for anodized and
anoidzed/TiN coated Ti alloys from EIS plots obtained
in 0.9% NaCl solution at 36.5 + 1TC.

Sample Rp(Q cr) Rs(Q cr)
Cp-Ti B8IxI0 771,33
non—-treatment
Ti-6A1-4V 5.92x10° 46877
Cp-Ti 6.77x10° 54
anodized
Ti-6A1-4V 8181 127
CpTi 520510 432
TiN coated
Ti-6A1-4V 1.40x10° 26.05
Cp-Ti 7.92x10° 108
anodized/TiN
Ti-6A1-4V 9.93x10° 140
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