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Fig. 1. The morphology and depth of

A AR Ti — Ti" + 4e’, 282 Ti" + 2H:0
— TiO. + 4H+, 39AZ Ti" + 2H' + 6F —
HiTiFs 22 Y FHE A g}

2 @7A7 HYATOIN T34 Nbo|
ufe} e R H R m A gae] Bafe] ou) A3
gt AdtoflA] B 20V, IM HsPO. + 0.15M NaF
AsflHol A 12048 <t F=r4ts) & At a4 Tis
273 100nm, F77F 400nm A=2] nanotube’}
FAE ot Ti- be@‘%J Ao HEA o= g5
oxide layer7} ©@¢ %11 Ti— 10Nb+= 150& &
2t FF4EA ] g A} 217 100nm 2] nanotube
7F AT Nbareko| 2712 oxide layer
7} nanopore FEIZ A 5}o] ThFHao] ok ot
REHO 57|12 23} 2 gle g of o7 &4
Bl 4pe] 5] wheh ek ne) 94 270 e
Al Y-S HEsHcHFig. 1), E3F 20VelA] 60
5% IM HsPOs + 0.15M NaF ZaiollA TiO.
o WeREES P43 A3, A7) whaba
UefHo] 3771 F7HES o £HO) o]
+=500nm, 2742 80nmE Bt

ol MPAFE B3lo] B u] Ti-35Nbe} Tigt
woll o871 AEd4E H7lete] YeRHE g4
St3le ol 2447t F/4dshs Alshate] Lz H o] ¢
717 BlXE GRS ZARECEN AAtolA Y3t

r{
y

o_>|: >
BN ;9

ASD "] 25} 0|29 == Hafld/chaat A
HOo 2HE 7Pto] Y24E w1 thyy/ZEA W
RS Wokltt, A& 501 QI(P)2 A4k M
2 AR = Elolekg AlRHEY| EAlske oz
deA St Cast PE 73t calcium glycero—
phosphate(Ca—GP)%} calcium acetate (CA)S
AREEIE W Cagl P HAT FAKGE Ca/PHISS
Abghatgoll 3Rl Hrk, 3719l sd A gAe
HA ZA7o] = Arshat ko) EA)517 whed), o]
HA Z2ALS F4Hcolumnar) &-& vhsa} 28 mof
olc},

dubz o 2 Astatala| g} o|stoflA AAEE o
34 Bloletyolz B oL, Abstutata) Aet o)A}
|4 anatase’y = rutiledo 2 EA3ch
%, AL Fo) 2HRE oo EL =
Ao g WA 4= 9lgo] BRuE 1 ot ofyet
o}xﬂ ol F'_Elroljgr L% ;H;d A]—QUT— simulated
body fluid(SBF) & ¢tolA] HAE FAAIZ4 Q)
. Yang 5’2 HaSO oA EfolEHES S=4135}5)H
T AEE SBFY| 6Y 5% SAEIHLS u], #U3t o}

-2

CHebx| 2ol ALgiS|R| HjasH

M1z 2001] 689



Korean Dental Association

Uy

i

#

rok
Am

<12

nanotube layer

Swbstrate

dissodation of
nano-porous layer

growth of nanctube layer

Sutstrate
/’f

ptv’ervnw utx:hmq of tubes

o

Subdb-ﬂl.‘

lel

Fig. 2. Schematic representation of the growth stages of self-organized nanotubes on the Ti alloy”.

690 | chatx|ZrefAbeis| x| M5 X113 2007

o oelA Q. sk FAE 1 m ofStol A 4
A molth AHOE YEIHOR F8T hef
BPEE ALY 248t goRA %%t
8] Alojd 4 ek, T3 271 1Yo ofa) 24
o123 4= 4} molA] 7] 100 m7}H) Theyshe 4 %)
o, Fupmel st S pH, Aol £5
o} 5= Aofho = 4 W molA) 5 w7 Aol
g 4 ok QBeree] RANGHL AL T 1
SASEe] AL el 2 371 o) S,
ol FriL A4S FHol2o| A Y S}
of §2E AL B 4 9] whold), JejEe 7
i e Hsiste 2 AR E SUAID o
ARk SR QERES] 7144 42

= O
A7 F7REeEA o8 8 4 Urk. 439

(g ol

o[)lr

_llj
B 4n

rlo

9
A

ek

T+




Efo]eRg Alo]9] a2 95 MPaz2® U2A 9l
o ARSH/HAF R I 71E 7]3Ate] o] Hakgle yo
=9 AsjdS AMSIEE W 40 MPa7bz] 44
o= Qlokar B =of Qi

ol XS Blolekg 9ol Zat=u} 2= ol
of osff ZHE HAY FAHc}t AU Zot At
G4 & dA e H HAE SefRup AZgo] g
HAECH ¢ oFgsith, SBFoA A HAY He-e

22 4F 5 28.1 MPa~20.4 MPaZ Z2cy®, 3t
H [shizawa 52 HA7} SBFSHA 300Y Zoj&
& WS FARITE AL Heusith 71413
{% o2 & o £EAP F A E ElolelE
o] YAHE HAL E}ZUP £xgo|2 AlzE Efo]et

|,

1. Pourbaix, M.: “Atlas of electrochemical Equilibria in
Aqueous solutions”, Pergamon Press, New York,
1966193

2. Mgt "l
1992;11.

3. Choe H.C, Ko Y.M, and Kim B.O: The Surface
Characteristics of Ti/TiN Film Coated Sintered
Stainless Steels for Dental Materials Use, J. of
Dental Research, Conference, 2002;81:261.

dHA =2 =, A

AL

—

A

4. Choe H.C, Ko Y.M, Kim B.O, and Park JC: The
Biocompatibility and Electrochemical Characteristics
of HA, Ti, Ti/TiN and Ti/TiN/HA Film Coated
Sintered Stainless Steels for Dental Implant
Materials Use, J. of Dental Research, Conference,
2003;82:61.

5. Lausma J and Kasemo B, “Surface spectroscopic
characterization of titanium implant materials”, ppl.
Surf. Sci. 44, P. 133 (1990).

8.

10.

| o

e do (B K

. S. Szmukler-Moncler, T. Testori and JP. Bernard,

“Etched implants: a comparative surface analysis
of four implant systems”, J. Biomed. Mater. Res.,
15;69B, p. 46 (2004).

. H-M. Kim, F. Miyaji, T. Kokubo and T. Nakamura,

“Preparation of bioactive Ti and its alloys via
simple chemical surface treatment”, J. Biomed.
Mater. Res., 32 (3) p. 409 (1996).

J. A Jansen, S. Swann et al., “Application of
magnetron sputtering for producing ceramics
coatings on implant materials”, Clin. Oral Impl.
Res., 4 p. 28 (1993).

HEM, Me24, ZLQUZEIES| MM T

=g, J|H < J(H+L, 10, p37-52 (2004).

BD. Boyan, TW. Hummert, DD. Dean and Z
Schwartz, “Role of material surfaces in regulating
and cartilage cell response”, Biomaterials 17, p.
137 (1996).

CHER| 2tolAFRiEIA] MasA M 2007] 691

o
U
A
ol
o
>
R
ot
1o
o,
o

é
N
N,
5o
52
o
II
e
fo
_L.[‘E,
s
OO
4
o
1ok
=2
1o
rot
=]
‘H d
T2 o
oo




—— Korean Dental Association

(0]
Qs

7

i
El
dm

f

x| i
= 4

1.

. T. J. Webster and J. U. Ejiofor,

it

Y Sul, C. Johnsson, S. Petronis, A. Kroxer, Y.
Jeong, A. Wennerburg and T.Albrektsson,
“Characteristics of the surface oxides on turned
and electrochemically oxidized pure titanium
implants up to dielectric breakdown: The oxide
thickness, micropore configurations, surface
roughness, crystal structure and chemical
composition”, Biomaterials, Vol.23-2, p491-501
(2002).

CUME, FEIY, L3MEE 0|88 HEY EHO|
Efjo} HZE 2 AZUE HBI|E MEDIAE,

10, p18-27 (2007)

“Increased
Osteoblast Adhesion on Nanophase Metals: Ti,
Ti6AI14V, and CoCrMo", Biomaterials, 25 4731
(2004).

. B. Yang, M. Uchida, H.-M. Kim, X. Zhang, and T.

Kokubo, “Preparation of Bioactive Titanium Metal
Via Anodic Oxidation Treatment”, Biomaterials, 25
1003 (2004).

. D. Gong, C. A. Grimes, O. K. Varghese, W. Hu, R.

S. Singh, Z. Chen, and E. C. Dickey, ‘Titanium
Oxide Nanotube Arrays Prepared by Anodic
Oxidation”, J. Mater. Res., 16 3331 (2001).

. G. K. Mor, O. K. Varghese, M. Paulose, N.

Mukherjee, and C. A. Grimessa, Fabrication of
Tapered, Conical-Shaped Titanium Nanotubes’, J.
Mater. Res., 18 2588 (2003).

. J. Choi, R. B. Wehrspohn, J. Lee, and U. Gosele,

“Anodization of Nanoimprinted Titanium: a
Comparison with Formation of Porous Alumina’,
Electrochimica Acta, 49 2645 (2004).

. H. Tsuchiya, J. M. Macak, L. Taveira, E. Balaur,

A. Ghicov, K. Sirotna, and P. Schmuki, “Self-
organized TiO2 Nanotube Prepared in Ammonium
Fluoride Containing Acetic Acid Electrolytes”,
Electrochem. Commun., 7 576 (2005).

. Q. Cai, M. Paulose, O. K. Varghese, and C. A

Grimes, ‘The Effect of Electrolyte Composition on
the Fabrication of Self-organized Titanium Oxide

692 | Cistx|ato| AL S| K| Ml4sH H11Z 2007

Bll

20.

21.

22.

23.

24,

285

26.

21.

28.

Nanotube arrays by Anodic Oxidation”, J. Mater.

Res., 20 230 (2005).

C. Ruan, M. Paulose, O. K. Varghese, G. K. Mor,
and C. A. Grimes, ‘Fabrication of Highly Ordered
Ti0O2 Nanotube Arrays using an Organic
Electrolyte”, J. Phys. Chem., B109 15754 (2005).

J. M. Macak, H. Tsuchiya, and P. Schmuki, “High-
Aspect-ratio TiO2 Nanotubes by Anodization of
Titanium”, Angew. Chem. Int. Ed., 44 2100 (2005).

K. S. Raja, M. Misra, and K. Paramgura,
“Formation of Self-ordered Nano-tubular Structure
of Anodic Oxide Layer on Titanium” ,
Electrochimica Acta, 51 154 (2005).

Hiroaki Tsuchiya, Jan M. Macaka, Andrei Ghicov,
Yee Chin Tang , Shinji Fujimoto, Mitsuo Niinomi,
Toshiharu Nodad, Patrik Schmuki, Nanotube oxide
coating on Ti--29Nb--13Ta--4.6Zr alloy prepared
by self-organizing anodization, Electrochimica Acta
52 94-101(20086)

P. Kurze, W. Krysmann, and H. G. Schneider,
“Application Fields of Anof Layers and
Composites”, Cryst. Res. Technol., 21 1603 (1986).

J. L. Delplancke, and R. Winand, ‘Galvanostatic
Anodization of Titanium Structures and
Compositions of the Anodic Films”, Electrochim.
Acta, 33 1539 (1988).

J. P. Schreckenback, G. Marx, F. Schlottig, M.
Textor, and N. D. Spencer, ‘Characterization of
Anodic Spark-Converted Titanium Surfaces for
Biomedical Application”, J. Surf. Sci. Mater. Med.,
10 453 (1999).

H. Ishizawa, and M. Ogino, ‘Formation and
Characterization of Anodic Titanium-oxide Films
Containing Ca and P", J. Biomed. Mater. Res., 29
65 (1995).

Y. C. Yang, E. Chang, and S. Y. Lee, “Mechanical
Properties and Young' s Modulus of
Plasmasprayed Hydroxyapatite Coating on Ti
Substrate in Simulated Body Fluid”, J. Biomed.
Mater. Res., A67 886 (2003).




