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B ApeN e 2% AZAE As2A AH 7}
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Table I. Electrolyte compositions of each exper—-
imental group

B-glycerophosphate Calcium
Group disodium salt acetate
hydrate (mol/L) (mol/L)
A 0.01 0.1
B 0.01 0.2
C 0.02 0.2
D 0.02 0.3
E 0.03 0.3
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Fig. 1. Scanning electron micrographs of anodized and hydrothermally treated for 2hrs in each
electrolyte solution. (a) A (b) B (¢) C (d) D (e) E
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Fig. 2. Scanning electron micrographs of anodized, hydrothermally treated, and immersed in
Hanks solution for 30 days. (a) A (b) B (¢) C (d) D (e) E
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Table II. Composition of surface films (at%)

Group Ti 0 Ca P Nb Al Ca/P
A 24.1 67.27 1.53 2.31 2.7 2.09 0.66
B 12.03 68.72 9.72 5.93 2.55 1.05 1.64
C 18.18 69.11 5.37 3.17 3.13 1.04 1.69
D 18.27 70.55 5.31 2.15 2.45 1.27 2.47
E 19.54 67.45 5.28 3.05 3.44 1.24 1.73

o THEARTND
<& TiO, (anatase)
*TiO, (rutile)
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g: ! INE; m e ° “g
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Fig. 8. XRD spectra of Group B. (a) Untreated, (b)
Anodized, (c) Hydrothermally-treated, (d) Soaked
in the Hanks balanced salt solution.
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Binding Energy (eV)

Fig. 4. XPS spectra of the hydrothermally-treated
specimen of Group B.

80l HFHE FHle AgH g AHEH &
o, o] gt A Wit Ti-6AI-4V FFe] 19)
H& AE2AM HEH Stk Hanawa™< Vo] 4+
32 A% AfelU 7} Tivk Alell Bl&l] Fopd =)=t
o] Abslol Bsir) oz Vel 2L E47) 5
A evln Ruslga, Ask $22 Ti-6AH4V &3
o vlRAlE T FAHZM T 3.5~3.6 me
TiO2 Zo] BEHUAR Ve HAEHA aittx &
Art. ol A Ti-6AMV 332 + Eletgol Hlal 2
Tt ygidol $sta Vb S4 Rk
=4 58 °]6H 2 3Eo| Wst=
SUE AZ2AM F840] IFHUA
3 VE Qld ILU‘rZ] & .
0] 2TV il B3 b3t damx AAAT

O



go] ¥ Ao 2 HriE 3 gl NbE ti A Ti-
13Nb-137r,® Ti-6A1-7Nb $=,* Ti-29Nb-13Ta-
4.6Zr° S 2L A2 o FEEol U A
224 n3¥ 3 31t} Sarinnaphakorn 5 Ti-
BAI-TND T2 Ti-6AIH4V 339 8= 52
BTE Zteva 81993, Nakagawa $2&
Y Helg P82 Ay Eiroled g4t
ol Ti-6Al-4V gl HaiA $-+3 WS B
Aotz st

FFAts} of=Hbd Ay FFAtsle] s AA
Aol $at Astujurg Adastn ofadd
oA o8l d3ds s FAe) ALrIE Adshe
FAA] e shto|tt, dERHES T FAEHL
7 YENE Alolo] FEUA oEuz UF
HE FUHINH AV e F A AHA
FES A F U 27 EFHE AH A
FAEE ZIAAL ARl A oEslnz BH
g WYl EFE v w2 A¥YS 4+
o g g A o] &g sl Ha)
2 St ol A9 AS- 2] A9
ol F o]9] F&o] dojuinz B AL B
olz ElebE YEUE &4S Foste Zo] s
g gAdel giek, oo £ A ME Ti-6A-TND &
a5 YSUE AREA AHEES o] f84S 7
E3l7] 93l Cas} PE gHishe Had 49
A FFArs otk A g thad o

12
2 o ¥ oft md rQ

oo o

g T dadel 24 W3] wjuke] wiA Pz g
EHEZ v X & Gl B3t AL
Schreckenbath®} Marx® & Ca(HePO4)2, NaF 2
NazCOsE gHdte dsdolr 165 Ve AgE
A7bete] FFAte) ol AHePs W FHde
1~5 me] 713& ke th2d Hute] YA
o, 35tE YA Cas} P& EEg A8HEd) 2
FAsE o2 EAetHcha 3t} Ishizawa9}
Ogino'®& B-GP9} CAE rdte As| ol =
A} ofanbd X Eskd S W) 3ukE o] Ca/P H|
© RSl A5E,E HA 249 a4 241
3 k-2 Zh=tla 319 1, Fini 592 A-GP 0.06 md
/Lo ZAEBES 0.3 ml/LE &85t A oA

689

275 Vol AskE A7kt FF4tst otmwka Az
315& o Cast P/} £44€ 7339 #4d] gle
oA FubEe] A4S Heldu Haudgd. &
TollA 300 Vel AE Q7Ist gFAts) of=
A A 23, oFedAe 1~4 m 2719 7]
Frete AR Fdol #AHUY. wmeE

o Hlal A FHAM © FALE AHHNEE
, = AEY ddrt 4EHE ZHe AR
g #AE deve dFE 29E 9

Eo} 29 ZAf Hop ¥ A9E 2d
AzZrE ) 5% £33 yon Recum™S YZHE
o] T 1~2me] 7]Fo] EA wf THAM 2
Fx2 9] Hug Fatol dojyttiy Bk v} g},
BAGA Y Sets A& FAR Ao A A8

< o BN 84E vehllo] HA 239 ¥
o] doju AR *® EElwd} dR9] HEly I3
Hute] 24 Fo Cast P/t EAl3te Aol
TiOz T2 2 o] Folzl FHH A9| X TolA] A}o]
& Rolx] 9=t} [shizawa®t Ogino®'” =43}
o=z M3t Hletw 23} Hutel| Cas} P7t E4)
el = EFetn FAH el E4& Holx] ¥
AL TiO2 #2E WollA Cast P 34t ¢ HAR
2R3} doju=d Zgd SAsluixzt A
g4 ek Alghed v AN g S
zk7] giEoleta sttt 2s B89 Tioz 9%
o 2L FA7] Y= Ats} gdZo] o]
Fe| 2 ZA8te Cast PE 12 1% stilA -OH
719} ¥HgAIA HA 249 &% fed)of stk
ot B Ao Akl vt o] & AE)
2 F35 0] SlE Cast PO AA3E frEsl) 4
3008 12 1 F7) shellA 241t B DA
2] 3ivt. HA 239 dd= £-GP 0.01 mol/L%}
CA 0.2 mol/LE &3hs Aejd ez Xalgh Fol|
A BAE AT sben 1 i Rge] AR o] 7}
AW HEd FE HPon, Afd v =
7b F7¥gel wet vl A} o] aHE @
< 2t} Hanks €9 33 A deAgz A&
HA A% o] 23 Z¢E} nlAg 23S 1y
o 2 848 EYed, ole U3 Adde
1] PYAE ol 5o B FAo] =g A Jeht
ulA gk 23e] A Sl

T

ok

foox 5 otlo X

olf &
=]

offl
I

1o 5 uo N, oft Hd ol
lo
)

N
wo r2 O B M ox

]

gt & WweA



ol7] g £2 §49) S 4,

EUgAol $50 AR XPSE Fobed A5k

e, & L%oﬂ% Cah PE FHE22 ae A
1

Z4 e JNLEY BEFAsIEC| EAgte
orAtS Wt HAYA Ca2p AR P2p

Ao x]7} 7h2} 347.8 eVl 1334 eV HE 1L
2T o F9| F FA} olufeto| EVE AAHUE S
golg ¢ glon, web Aol wastRE o +
S FHE o= el F Ao B AR
AzZHE

v.g B

£ A7E Ti-6AMND &5 BAAFAH &
AEAL /HAE B8 22 fglycerophosphate dis-
odium salt hydrate (ﬂ—GP)Q]' calcium acetate(CA)
£ gedte FErt ve 2 A Asjdor ¢
A} ol =P A2t i“ﬂ"ﬂ oA 9 A
sta, 27149 d5Aed o3 HA 285 A&
oL Aol 24 #Ey) A wATE 2 R

EXd X F&l Bele] AR AT, o
34 2L A2S dU

41%4; N2® HA 24L BE Asdez

%E.“&E} AYg Follre 223 A G 2
Ao HEg BIAT, Add F=rt F7He
ute} 2o stE e 23S B

2. Hanks &9 ZFollAo] g oA 244 2%
o] W3 &g Hol B AF|Hoz F=4tkst

A g 2olA 7 B A Yebg '

3. %243 F9ke] Ti02 T3+ anatase 337t
FE o] 23 rutile ¥ALE A Ve = LS
Helch

4. Hanks € oM 24& B2 #9] Ca/PHle
A8 HAGIM ] Ca/P 1191 1,670 A2k 7
&g Byt '

mt

rQ

I

1. Kasemo B, Lausmaa J. Metal selection and
"surface characteristics. In: Branemark
PI, Zarb GA, Albrektsson T(eds), Tissue-

690

integrated prostheses, Osseointegration
in clinical dentistry. Quintessence, Chicago,
1985;99-116.

. Hayashi K, Inadome T, Mashima T,

Sugioka Y. Comparison of bone-implant in-
terface shear- strength of soild hydrox-
yapatite and hydroxyapatite-coated tita-
nium implants. J Biomed Mater Res
1993:27:557-563.

Hanawa T, Asami K, Asaoka K.
Microdissolution of calcium ions from cal-
cium-ion- implanted titanium. Corros Sci
1996:38:1579-1594.

. Ishizawa H, Fujino M, Ogino M. Mechanical

and histological investigation of hy-
drothermally treated and untreated anodic
titanium oxide films containing Ca and P.
J Biomed Mater Res 1995;29:1459-68.

. Lemons JE. Hydroxyapatite coating. Clin

Orthop 1988:235:220-223.

Wang BC, Lee TM, Chang E, Yang CY. The
shear strength and failure mode of plasma-
sprayed hydroxyapatite coating to bone: the

" effects of coating thickness. J Biomed

10.

Mater Res 1993:27:1315-1327.

. Kokubo T, Mijaji F, Kim HM, Nakamura

T. Spontaneous apatite formation on
chemically surface treated Ti. J Am Ceram
Soc 1996,79:1127-1129.

Yan WQ, Nakamura T, Kobayashi M,
Kim HM, Mijaji F. Bonding of chemically
treated titanium implants to bone. J
Biomed Mater Res 1996:37:267-275.
Kim HM, Mijaji F, Kokubo T, Nakamura
T. Bonding strength of bonelike apatite lay-
er to Ti metal substrate. J Biomed Mater
Res 1997:38:121-127.

Chung HW, Won DH, Bae TS, Lee MH.
Effect of potassium hydroxide treatment of
titanium implant on the precipitation of cal-
cium phosphate and tissue compatibility.



11.

12.

13.

14.

15.

16.

17.

18.

J Korean Res Soc Dent Mater 2001:28:223-
233.

Hanawa T, Ukai H, Murakami K. X-ray
photoelectron spectroscopy of calcium-
ion-implanted titanium. J Electron Spe-
ctrosc 1993:63:347-354.

Hanawa T, Ukai H, Murakami K, Asaoka
K. Structure of surface-modified layers of
calcium-ion-implanted Ti-6Al-4V and Ti-
56Ni. Mater Trans JIM 1995;36:438-
444,

Ducheyne P, Van Raemdonck W, Heugh-
ebaert JC, Heughebaert M. Structural
analysis of hydroxyapatite coating on ti-
tanium. Biomaterials 1986;7:97-103.
Ban S, Maruno S, Harada A, Hattori M,
Narita K, Hasegawa J. Effect of temper-
ature on morphology of electrochemically-
deposited calcium phosphates. Dent Mater
J 1996:15:31-38.

Cho KH, Kim MY, Song KY, Bae TS,
Lee MH. Effect of electrochemical treatment
of titanium on the precipitation of calcium
phosphate in a simulated body fluid. J
Korean Res Soc Dent Mater 2002;29:263-
269.

Ishizawa H, Ogino M. Formation and
characterization of anodic titanium oxide
films containing Ca and P. J Biomed
Mater Res 1995a,29:65-72.

Ishizawa H, Ogino M. Characterization of
thin hydroxyapatite layers formed on an-
odic titanium oxide films containing Ca and
P by hydrothermal treatment. J Biomed
Mater Res 1995b:29:1071-1079.

Fini M, Cigada A, Rondelli G, Chiesa R,
Giardino R, Giavaresi G, Aldini NN,
Toricelli P, Vicentini B. In vitro and in vi-
vo behavior of Ca- and P-enriched anodized
titanium. Biomaterials 1999:20:1587-
1594.

- 28.

691

19.

20.

21.

22.

23.

24.

25.

26.

27.

29.

Hirata T, Nakamura T, Takashima F,
Maruyama T, Taira M, Takahashi J.
Studies on polishing of Ag-Pd-Cu-Au al-
loy with five dental abrasives. J Oral
Rehabil 2001:28:773-777.

Kawazoe T, Suese K. Clinical Application
of titanium crowns. J Dent Med 1989;
30:317-328.

Kuroiwa A, Igarashi Y. Application of
pure titanium to metal framework. J Jpn
Prosthodont Soc 1998:42:547-558.

Cai Z, Shafer T, Watanabe I, Nunn ME,
Okabe T. Electrochemical characterization
of cast titanium alloys. Biomaterials 2003;
24:213-218. ‘

lijima D, Toneyama T, Doi H, Hamanaka
H, Kurosaki N. Wear properties of Ti
and Ti-6Al1-7Nb castings for dental prothe-
ses. Biomaterials 2003;24:1519-1524.
Wang K. The use of titanium for medical
applications in the USA. Mater. Sci. Eng
1996A:213:134-137.

Long M, Rack HJ. Titanium alloys in to-
tal joint replacement-a materials science
perspective. Biomaterials 1998:19:1621-
1639.

Niinami M. Mechanical properties of bio-
medical titanium alloys. Mater. Sci. Eng
1998A:243:231-236.

Hanawa T. Characterization of surface
films formed on titanium in electrolytic so-
lutions. J Jpn Soc Dent Mater Dev 1989:
8:832-844.

Ask M, Lausmaa J, Kasemo B. Preparation
and surface spectroscopic characteriza-
tion of oxide film on Ti-6Al-4V. Appl Surf
Sci 1989:35:283-301. ,

Khan M, Williams R, Williams D. The cor-
rosion behaviour of Ti-6Al-4V, Ti-6Al-
TNDb and Ti-13Nb-13Zr in pfotein solutions.
Biomaterials 1999;20:631-637.



30.

31.

32.

33.

34.

35.

Niinomi M. Fatigue performance and cy-
to-toxity of low rigidity titanium alloy, Ti-
29Nb-13Ta-4.6Zr. Biomaterials 2003:24:
2673-2683.

Sarinnaphakorn L, Yoneyama T, Doi H,
Kobayashi E, Hamanaka H. Elastic prop-
erty of Ti-6Al-7Nb alloy castings for re-
movable partial denture. Proceedings of the
5th ISTD, 2001;pl2.

Nakagawa M, Matsuya S, Udoh K, Ohta
M. Development of titanium alloys with
high corrosion resistance in fluoride con-
taining solution. Proceedings of the 5th
ISTD, 2001:p16.

Buser D, Schenk RK, Steinemann S,
Fiorellini JP, Fox CH, Stich H. Influence
of surface characteristics on bone integration
of titanium implants. A histornorphomet-
ric study in miniature pigs. J Biomed
Mater Res 1991:25:889-902.
Schreckenbath JP, Marx G. Characterization
of anodic spark-converted titanium surfaces
for biomedical applications. J Mater Sci:
Mater Med 1999:10:453-457.
Albrektsson T, Branemark P-I, Hansson

36.

37.

38.

39.

HA, Lindstrom J. Osseointegrated titanium
implants. Requirements for ensuring a
long lasting, direct bone-to-implant an-
chorage in man. Acta Orthop Scand 1981;
52:155-170. '

Chehroudi B, Gould TRL, Brunette DM.
Effect of grooved titanium coated implant
surface on epithelial cell behavior in vit-
ro and in vivo. J Biomed Mater Res
1989;23:1067-85.

von Recum AF. New aspects of biocom-
pability: Motion at the interface. In:
Heimke G, Soltesz U, Lee AJC (eds).
Clinical Implant Materials, Advances in
Biomaterials vol 9, Elsevier Science
Publishers BV, Amsterdam 1990;p297-302.
Kokubo T, Ito S, Sakka S, Yamamuro
T. Formation of a high-strength bioactive
glass—ceramic in the system MgO-CaO-SiOz-
P20s5. J Mater Soc 1986;21:536-540.
Kim KN, Bae TS, So JM. Comparison
on the calcium phosphate precipitation of
NaOH-treated titanium and bioglass—ce-
ramic CaO-P20s system. J Korean Res Soc
Dent Mater 2001:28:247-252.

Reprinf request to:

Kwang-Yeob Song, D.D.S., M.S.D., Ph.D.
Department of Prosthodontics, School of Dentistry, Chonbuk National University

664-14 Dukjin-Dong, Dukjin-Ku, Jeonju, 561-756, Korea

skydent@chonbuk.ac.kr

692



ABSTRACT

EFFECT OF ELECTROLYTE CONCENTRATION ON THE
SURFACE CHARACTERISTICS OF ANODIZED AND
HYDROTHERMALLY-TREATED TI-6AL-7NB ALLOY

Tae-Yeob Jang, D.D.S., M.S.D., Kwang-Yeob Song, D.D.S., M.S.D., Ph.D.,
Tae-Sung Bae, Ph.D.*

Department of Prosthodontics, * Department of Dental Materials,
School of Dentistry and Institute of Oral Biosciences, Chonbuk National University

Statement of problem: Ti-6AI-7Nb alloy is used instead of Ti-6AI-4V alloy that was known
to have toxicity.

Purpose: This study was performed to investigate the effect of electrolyte concentration on the
surface characteristics of anodized and hydrothermally-treated Ti-6Al-7Nb alloy.

Materials and methods: Discs of Ti-6AI-7Nb alloy of 20 mm in diameter and 2 mm in thick-
ness were polished sequentially from #300 to 1,000 SiC paper, ultrasonically washed with ace-
tone and distilled water for 5 min, and dried in an oven at 50C for 24 hours. Anodizing was per-
formed at current density 30 mA/cn? up to 300 V in electrolyte solutions containing f-glycerophosphate
disodium salt hydrate (3-GP) and calcium acetate (CA). Hydrothermal treatment was conducted
by high pressure steam at 300C for 2 hours using a autoclave. All samples were soaked in the
Hanks' solution with pH 7.4 at 36.5C for 30 days.

Results and conclusion: The results obtained were summarized as follows:

1. After hydrothermal treatment, the precipitated HA crystals showed the dense fine needle shape.
However, with increasing the concentration of electrolyte they showed the shape of thick and
short rod. '

2. When the dense fine needle shape crystals was appeared after hydrothermal treatment, the
precipitation of HA crystals in Hanks solution was highly accelerated.

3. The crystal structures of TiO2 in anodic oxide film were composed of strong anatase peak and
weak rutile peak as analyzed with thin-film X-ray diffractometery.

4. The Ca/P ratio of the precipitated HA layer was equivalent to that of HA crystal in
Hanks solution.

Key words: Ti-6Al-7Nb, Anodizing, Hydrothermal treatment
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