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ABSTRACT

Effects of ZrN Coating on the Electrochemical
Properties for Biological Ti Alloys by RF-Sputtering

Ro, Sang-bok, D.D.S
Director : Prof. Ko, Yeong—-Mu, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

In order to investigate the electrochemical characteristics of ZrN coated
Ti—Nb alloys by using RF—sputtering method, the Ti containing Nb up to
3.0 wt%, 20.0 wt% and 40.0 wt% was melted by using a vacuum furnace
and then homogenized for 24 hrs at 1050C. The samples were cut and
polished for corrosion test and RF coating. The specimens were coated
with ZrN having 600 /m order thickness, respectively, by RF— magnetron
sputtering method. The microstructures were observed by using OM and
FE—SEM. The corrosion behaviors were investigated using potentiostat
(EG&G Co, 263A, USA) in 0.9% NaCl solution at 36.5 = 1T and corrosion
surface was observed using OM, FE—SEM and EDX.

The results are as follows :
1. Ti alloy containing 3 wt%, 20 wt% and 40 wt% Nb showed @, ¢ + 8

and A phase, respectively.



2. The current density of Ti—40 wt% Nb alloy was lower than those of
other alloy in the 0.9% NaCl and corrosion potential of Ti—40 wt% Nb
alloy was higher than those of Ti—3 wt% Nb and Ti—20 wt% Nb alloys.

3. The cosrrosion resistance of Ti—40 wt% Nb was higher than those of
Ti—3 wt% Nb and Ti—20 wt% Nb alloy in the 0.9% NaCl solution.

4. The corrosion potential, passive film breakdown potential and repassivation
potential of ZrN coated Ti—Nb alloy increased with increasing Nb
content but the critical anodic current density at active region and the

current density at passive region decreased.

These results suggest that, the ZrN coated Ti—Nb alloy is a good

corrosion resistance for dental implant compared with non—coated Ti—Nb

alloy.
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LA &

Tigl 2 &= 578 7144 54, dad 2 AAFEAES 7 e oA
A AEHEE BIFEst] AAE a5AREE ol AREHI v (Koike &
2001, Paul & 1996).

53] AAAEE AHEEE oA Fao=e CP-Tigk Ti—6Al-4V g
o] =, CP-Ti¢ A% XAz 42 E—OFOH ARE-E]7Tell = Z1AIA L A
b ofstrhe Al AZER e, Ti—6A1-4V &2 4 el 7t
A VelAe] H4ole 8% o= g FAlFle] Huwi Qlrk uhEbA]
olF thile] MEE FadiE Hrtsto] das Axdhs A77F 13 ot
(Shukla & 2005). o]&st tha| ¥4+ Nb, Pt, Ta, Zr % Mos ©]¥ o] ¢
A AAA T 0] Sk s FEAE Atk ARlo] Qi Bntk of
Yep o] eAIFe] Apolm Qs sk 7AIAQl S8 AHI A (Kuroda &
1977) & &°17] S8t ARAATE 2es kol 1% A
4% ve A3E 7 vk 53] Nbe A ellA wj2ldo] -3t
gk oopuet FAANEI ARAE " A T3 j2E vhgo] glo] A
sdo] 78 5o dHA At (Kuroda & 1998).

Tizh Ti F=¢ s A3 AT Ti el Fs8iu 2 (oxide
film)o] &/d= o] U7] wfiEolw, o] F-Fej e wi-g- Zpetar, vuto] v E Q)

f HA A FsEstEr] wite] AHJIYARG o £ ‘41’53*3% LER]

HYH-2 (general corrosion) ol &2 =& &2 (pitting),
HH-2A14+ 4 (stress corrosion cracking) ol tjste] = wjj-$- —401‘4 # ekl S 7k

AtH(Shtansky & 2005). o2t #Zo] Tie F-Fef 992 Hgsh vhiewhe]
1] TiOz ¥ el Ao zR A AT 2ol FskARt TiOy
ko] wtyE Qlale] AT V)5S HA AT 5 93 (Gokul S 2004)

& PPRAG ] wE A we] W ARl vk A o] e AR 3

TH(Geetha & 2004). ol&fst EAA = st flste] Holl TiNoly ZrN<&

—

o~

£

o

_4

2l (erosion),

oo 2 o

=

FEFOEHN =2 AL} nfR AT Y 2 Ao IS FrE 4 Qg
(Fossati & 2004). ¥RFH o= 7rNo| b3t F-ztg Ad 4 I{ §5o| ¢l
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ohd FREA] 92 Ti gERU 958 UAAdS Btk ol ZrNS IHT
% o] N’ o] BE g3} (Fossati & 2004) S 8}7] w&oln] ZrN2 TiN
Hl S w) g 71A1E] 4AE Bt
Wb 2 A E =4 Tiol 3 wt.%, 20 wt.% 1213 40 wt.%2] NbE
A7vete]l 0.9% NaCl Aafdolr FAAES AR} FAlo] ZrN& RF
magnetron sputtering= ©]-§3to] TE 3 & NbH7}ol|l W& F-2AA5S ALt

ek



1. 97 A=

< Tiol 3 wt.% Nb, 20 wt.% Nb 4 40 wt.% NbZE 718l H]4ARA
2E okARE olgate] Fas Axdte] B Aol o] &SItk AlxE AEL-
U] SEAAS} TteRAS sEeta AAAAIZIZ] $18ke] 1050T A 244
ZF Bt dx gk

A

Azd AlEe vAlzs #Es flste] boloftt= Hr]E o]
712 Aekst £ 1200 grite] SiC ArpA|7EA] @AA o ® 524 dAntstal
[e)

=
AFHOR 0.3 m TV FUE v} F opE, AT W FFRF 2AR

5 nt HNOg + 90 m 1,001 Ax|ahe] B3} fsﬂu]ﬂur Zab AR AR
sto] mA|ZzAS HAE

FHlE Al ZrNE F938H7] 918kl RF—magnetron sputters ©]-8-3}0]
A U 1x107° torr7bd] RAFOE WE F, BA(99.99% Zr, Williams
advanced materials, USA) #EWHO| EES A7) flete] ARdel 204
& AA-E FAE ArEdn 28 ¥z £ 19 #rh ZrN 19
TAvAFRE #2387 98] FE-SEM¥} EDX 58 A3t ¥de 4
Sttt

Ti—xNbe] #A7]stetalQl SAS H7Fsh7] fleke] 0.9% NaCle 36.5 =+
1TE A AI7IWA &9 &= A8 (potentiostat, model 263, EG&G,
USA)& A&l ojw) ARg-d AAd5L A, REdSS 149s &4
AEE APy, 7143 ¥3E S (saturated calomel electrode,

SCE)= AHgaklth. — 500 mVe] &= A7 stollA 1023 ds&d o= ¢l

& A7)E BAO] Ar 7IAE FQlete] mkto Ry AW mWe] BaE, Absh
2 U gE4AS AL £ 25 2 A7l drstety Auzae i}
gk Aol



Table 1. The coating condition of sample.

Condition
Base pressure (torr) 1x107°
Working pressure (torr) 75x107°
Power (W) 100
Time (min) 30
Temperature (C) 100
N, gas (sccm) 35
Table 2. The corrosion condition of sample.
Condition
Solution 0.9% NaCl
Working electrode samples

Counter electrode
Reference electrode
Scan rate

Temp

high dense carbon
SCE (KCl)
100 mV/min
365 + 1T




78 1S Tidl 247 3 wt% , 20 wt% 2 40 wt% NbZ H7}ste] a+&
#A3 dA g F v AxAS OMY FE-SEMO 2 #z3t Alzlo|t},
(a) o] A WA TZ4S el 3, 19 10+ 349 #

4e melFeh ol Nbo| FFol Z7hgel weh WA 4L Ehl: ool

§

5 &
2= Nb 7bgel] we mAlzAe] WskE FE-SEMO® #H3 RS Ho
a9tk 19 2(a) = Nbg 3%37Hst 235} A

Aes & F Ak o9 2 e I 33 o] S| pAow
Nb gteFo] F7keh 2% 2(b) 9F o] @ pAde] EATS & & AN

ok 40%°] NbE H7Fsk 19 2(0) 9 ASAH Zdd g2 Nb—Ti Al &

A7k Al M el wlante] A4S
B7o] E71E = dxE Hol Nb7F Tiel B <43t d4dS 58 & A
b ®E XRD Z¥b= OMi FE-SEME % A =
!

e warh

N
2
o
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Fig. 1. OM showing surface morphology of Ti—3Nb (a), Ti—20Nb (b)
and Ti—40Nb (c).

Fig. 2. FE-SEM showing surface morphology of Ti—=3Nb (a),
Ti—20Nb (b) and Ti—40Nb (c).
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Fig. 3. X ray diffraction pattern of Ti alloys.
(a) Ti—3Nb, (b) Ti—20Nb and (c) Ti—40Nb.

9 49} 5+ AlxE AJHC ¥ o] RF—magnetron sputtering™-S ©]-83}

o ZrN& FE3 AHE OMY FE-SEMO.® ##3st Alzlolth, OMS E3)o]
&3t Ay} THES S A wgAloF noln o]x= FEo| # o]Fo
&S YR Budke 5 1999). FE-SEMO.Z WS #zst Ay} ¥o|
11t RS ElEd 4 QIsiTh
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o] & o]Fo] H&& 7tk
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Fig. 4. OM showing surface morphology of ZrN coated Ti alloys.
(a) Ti—3Nb, (b) Ti—20Nb and (c) Ti—40Nb.

Fig. 5. FE—SEM showing surface morphology of ZrN coated Ti alloys.
(a) Ti—3Nb, (b) Ti—20Nb and (c) Ti—40Nb.
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Fig. 6. EDX peaks showing ZrN coated Ti alloys. (a) Ti—3Nb, (b)
Ti—20Nb and (c) Ti—40Nb.
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Fig. 7. FE—SEM micrograph showing ZrN coated layer of Ti alloy.
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I3 82 Tioll 3 wt%, 20 wt% L 40 wt% NbE H7lste] A =3t o+
ol A71gksta] 54 Hrkstr] skl 4 ol g vl=dt 0.9% NaCl 7
AAE=34E vepdlla ok 2F e 72 A9 Eeorr)
2lo] Yeph}A] o= P FEEl o]

[¢)

fuj
o2
192

lo
o
N
N
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iind
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ol
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e
dz)

A TH(Gokul Lakshmie 5 2004).

ads 7HAE 3 wt%d NbE 713k 2Kt gAS 7FAE= 40 wt% Nb

= A7re el iAol eds BEE vk ol HElg @welA B
& s dae FAARES TS o DS das FAAREE F
b, URbF o % B-EHEhE TS o —EHERE @0 Bk FAA o] ¢
Fat7] "otk (Khan 5 1996). & A3FNAE + 250 mV o]delA p&
Zb= Ti—40Nb 8rZo] 7}& e Ry Aauu= tlehjo] Yalale] 7p4

¢-FatA YERsTh

%9 9& 0.9% NaCl Asje]A Ti—3Nb, Ti—20Nb % Ti—40Nb 3=+
Ho]] RF—Magnetron sputters ©]&3td ZrNS FHSE & 0.9% NaCl =&
Mol M S FA9] a4 Uepda ok ARbAow IR A 94> A
of mlste] Ujaide] FrtEw o= ZM7; ZrNS IR SE A H-Al8-Hof A
Ede] N3 o] FAAARZ 2Hgate] WAEdE FEA7
S 2004). ¥ 3 SHAEAE ARE &
(Eeorr) & AFUE Teorr) #HS HOFaL Stk - S Al F
o Aol wla] Aol Frteke AEe
Fah= 4+ 250 mVelx AR
Heplom ZrNe 393 A5
HERNITHGE 4)

a3 10 — 13L& 36,5 = 1TY 0.9% NaCl gbo|x] HH9] = A8 &
AlE] v ZAE OM¥} FE-SEMO.Z 3t Aus "ol i, 7214
3 A IRHA & AEY A 2AE uet FAE s HERIAT

299 A9 ole@ x4o] = Loﬂ olste] HojH oM Hao] d & 9

3

(-

|
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= s AAT = Qo] YAl aA F7hE Aoz Als ¥t I Nbo
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Fig. 8. Polarization curves of Ti—3Nb, Ti—20Nb and Ti—4O0Nb after
potentiodynamic test in 0.9% NaCl solution at 36.5Fx17C.
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Fig. 9. Polarization curves of ZrN coated Ti—3Nb, Ti—20Nb and
Ti—40Nb after potentiodynamic test in 0.9% NaCl solution at
36.5+17TC.

Table 3. Corrosion potential (Ecor), corrosion current density (Ieor) of
non treated and ZrN coatied Ti alloys after electro— chemical

test in 0.9% NaCl solution at 36.5 £ 1T.

Non-treated ZrN coating
Ti-3Nb | Ti-20Nb | Ti-40Nb | Ti-3Nb | Ti-20Nb | Ti-40Nb
ECOIT
-2.777.255 | -308.333 | -296.765 | -333.880 | -455.128 | -468.817
( mV)
Icorr g 9 3 ) ) -3
(/) 5.561x10 | 5.766x10 “ | 1.281x10 ~ | 2.092x10 “ | 2.021x10 “ | 6.700x10 ~
1A/ et
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Table 4. Corrosion current density (Icor) of non treated and ZrN

coatied Ti alloys after electrochemical test in 0.9% NacCl
solution at 36.5 £ 17TC.

Non-treated

ZrN coating

at 250 mV —— , , , , ,
Ti-3Nb | Ti-20Nb | Ti-40Nb | Ti-3Nb | Ti-20Nb | Ti-40Nb
Icorr . — — . _ .
1.26x10% | 1.97x10° | 1.24x10° | 1.4x10* | 47x10° | 1.7x10*
(uA/crt)

Fig. 10. OM showing corrosion morphology of non treated Ti alloy after

potentiodynamic test in 0.9% NaCl solution at 36.5 £ 1TC.

Fig. 11. FE-SEM showing corrosion morphology of non treated Ti

alloy after potentiodynamic test in 0.9%

365 £ 1T.
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Fig. 12. OM showing corrosion morphology of ZrN coated Ti alloy after
potentiodynamic test in 0.9% NaCl solution at 36.5 = 1T.

Fig. 13. FE-SEM showing corrosion morphology of ZrN coated Ti

alloy after potentiodynamic test in 0.9% NaCl solution at
36.5 £ 1TC.
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2 EAE AN e 2 AdE 4

1. =578 Tiol 3 wt%, 20 wt% % 40 wt% NbZ FH7lste] &S A%
% OM, FE-SEM 9 XRDZ #2413t A3} 27t o, o + B gAo
2 UEhdS gl & & it

2. 36,5 £ 1T 0.9% NaCl Aafjdolr 7]3}8t4 H2AFS A A3}
Nbel FHrol T7hdss Yol S7tstdlen, ol ot Bup g Ti

FF Yayol $5FE s,

3. ZF AlHe PVD (Physical vapor deposition) 2l Magnetron sputtering
U5 o] &8t ZrNe IHS § d7)geha FAAETS A A, 3"s)

A ke AN IHE @ AT TR A4S ngh

oldel AuzRE ARt g4 MRS A= Ti gl $EE )
A4S BATH: Z1e & = A9, ZrN ZHE el 53 s g
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