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Abstract This study was to investigate whether the bioactivity of the anodized and hydrothermally treated
Ti-6Al-7TNb alloy were affected by the time of hydrothermal treatment. Anodizing was performed at current
density 30 mA/em? up to 300 V in electrolyte solutions containing DL-er-glycerophosphate disodium salt hydr

(DL-0-GP) and calcium acetate (CA). Hydrothermal treatment was done at 300°C for 30 min, 1 hr,

ate

2 hrs, and

4 hrs to produce a thin film layer of hydroxyapatite (HA). The bioactivity was evaluated from HA formation

on the surfaces in a Hanks' solution with pH 7.4 at 36

2'C for 10, 20, and 30 days. Anodic oxide films were

porous with pore size of 1~4 ym and 3~4 um thickness, The anodic oxide films composed with strong anatasc

peak with presence of rutile peak, and showed the increase in intensity of anatase peak

after hydrotherr

nal

treatment. It was shown that the intensity of anatase peak increased with increasing the time of hydrothermal

treatment but was no difference in rutile peak. The corrosion voltage w
hydrothermal treatment for 2 hrs (Ecorr; -338.6 mV). The bioactivity

increasing the time of hydrothermal treatment.
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Table 1, Time of hydrothermal treammient in each group

Group Heating time{min)
A 30
B a0
C 120
1)) 240
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Fig. 2. XRD patterns of Ti-6Al-TNb alloy surfaces: {a)
untreated, (b) anodized, (c) hydrothermally treated for 2 hrs.
2F TiO, anatase #2228 A F7hH9 v} e ¥
S WEE 2ol gl

Fig. 47 @5:82] Ao wpe 191 &
HozZ daaje] Azte] Zriglel) upe} —L% %l $ ﬁ%OE
TS 22 @9 AHelst el A 7370‘ =& 243
9] HEcom: -3386 mV)E B o
M daAels SellA 7 ‘*Lf’_ %‘—’—}Ziv‘%} FH(Ecarr:
480 mV)E B gt}

Fig. 5~7& #5:22] A7}e) %hf‘%f:%ﬁ} ¥jote] ¥ g
Hoﬂ ojale o gke #rialr] 98
L2090 230y Has A]ﬁdﬂ’-i SEM AHM XRD

ojr 1~

see) 7

_L
s
g
e
i
ol
D
x.’-
=)

/H /i

Bicions

Fig. 1. SEM image of anodic oxide film and line scanning data of cross section.




&l _)F: .

gEd

Intensity (arb. unit)

Al3e] Wk TiGARIND §ae] gaies vt 4

T THRATND
$TO (aretase)
R $TiO (ntile)
5 | HA
&

(€ g?@ % g éﬁ
e oy
AL Tl

© !

©

@)

3:3 4‘0 ' )

Fig. 3. SEM images and XRD pattems of anodic oxide filnis after hydrothermal treatment: {a), (1), (c} and (&) were hydrothermal-
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Fig, 6, SEM images and XRD pattemns of hydrothermally treated anodic oxide films after smmersed in Hanks' solutien for 20
days: (a), (b), (¢) and (d) were hydrothermal-treatment groups of Table 1,




6 e Aol -y . evlm - el - olo iy

o
; o THBATND
2O faretass)
& IO frdite)
pive
g | .
] Sie g8e
3 = L
o Y Lid
£ X R
&
B ©
o
po » Jiw.
1= H
5 ; |
(b} ’
@)
™ @ P m
2 Treta(degree)

Fig. 7. SEM images and XRD} pattens of hydrethermally treated anodic exide films after fmmersed in Hanks' solution for 30
days: (a), (b}, (c) and (d) were hydrothermal-freatment groups of Table |

Indensity
{eounts |

Funn (a) (b) ‘;i T i

1500 - k
i -

weE

g

550

rewo-f (€} ()
A0
0 -
)
ites
SOk
2171
o
L)
P n
Hb
{FAL
LR e B
i t

Fig. 8. EDX graphs of surface composition afier immerged in Hanks' solution: (a) hydrothermaliy treated for 2 s, (b) immerged
in Hanks' solution for 10 days, (c) immerged in Hanks' solwien for 20 days, (d) immerged in Hanks' solution for 30 days.




| AR ot

S 4 = e
Faiz] AlTte] ME Ti-6ALTND 22
GE FIIT NI B2 T
NT 1043 DIRT D tIE < 'OJ (a) —_
= AREA 4273 1557 77Q s )
= { =
3 S =
o i fal
£ £
g. ALD, B0, g
b .MaD:. H)Q . >
k] ¥ &
[ A0 o
@ S . &
© : i Y]
= &
583 835 38 538 512 S50 653 4% fee §42

Binding Energy (eV)

E-E 5237 53120 58128 AIRA

ndensity (arbitrary unity

]

T Il[4 DEPH D815 CIN2 N - EEUL Y —_
AREA £253 t634 321D - T, g RREA g
a3 =
Pl &
E o et B
5 20, OH H =
s H &
g o REOLEED, £
i e
%‘ ARQLHD L 3
£ -~ <
3 4
2 2
S4% £33 A3 £3& 532 530 A3S ".‘\5 5.‘:-! 22 =13 REE B &Pa %74 E2E

Binding Energy {(eV)

Binding Energy (eV)

PO aH L
LY AL e,

Binding Energy {gV)

Fig. 9. XPS spectra of O 1s region of oxide Films: {a) Ti-6A)-7Nb, (b) anodic oxide film, (¢) anodic exide film after hydrothermal
treatment for 1 hy, (d) anodic oxide film after hydrothermal treatment for 2 hrs, (2) anodic oxide film after hydrothermal treatimeni

for 4 hrs.

S} 9Aek POt OH 239 Javt Srhelgon] ¢ g ol dasis fole e A% vlug At
21ZE B Al T FEEtEe] B2 Fvkel @Rl So) 24k o)k o] 2e] FHo] dohil 5
Bert PO OH 29 v Zaerd o 2, olF g SLE s} Eella) O 7)8h veAlA HA
Aget HEFig )2 5 A9 Z3 odZalEa) 4
4 1 & ol A ghatd Hihs e 4 JoRR wa I g
AEE e 4 odvh G4l w2 s)lard Ada
T BERgE WHAd A Hgdodol 94abn] el Hstod Ishizawa®t Ogino'™& Cadl PH oG8l A
}‘}O]Dﬂ olERFEE HelF 9T wEdl Afe] dofihe ooz Zumbn okzads) xelst & ogabxicle] Al
olFel AL Z1AA AEvh dold] EFE ARE 2w B Ti0, ©9 & el Cash pel B
AoES gEe] wishe 9o AEslole R 2 HAR 23] dohlsd) e s oAt
& R ouiA otk ol EAHOR os] AN B obdAe Uehlr] wlRe)] u)T o) 2
28] EARRA el dAde]l $95 o+ 8% Ti- & welal @=nly ). 5[-"?1', 23 Tio, #T
6AI-AY §hao] ARE ol AR v offg] B&o] 93 o] AL Rojals) SsidE 9 2 o] ol A
=40l SAA HEA TieALTNDG $HEF 28 MRS R BASE Cadl PE Te 1Y slelA] of )9k vl
ool PEE D 9o MY A HA Aol 22 fralor solw i
AR A RS e o8 x| Msd el A R Elebge] 35l Y AE) aalase. brookite, mitile
A AHEEEe) A d) gk e dEt WalFEe] ¢ Fxe) AElEe] ZEE 4 lon] aAwidog ofxsl
ChoEERTS] HE PEe A B89 542 8 ruile P37 FH MNEE 984 o) B o] 4]
°¥h Zqiidat o) AR g e Rolaled BuA)rhe Bk ak=aE Ae] Fown 2] xa slEES 4
chEalz] St R A 9 Zate) sAEe 1§ E?, Ti:2] anatase 317 o] Fi A yutile =7}
S =Skl Rleh TR Ay K Fol Haxe) &) %"ﬁiﬂ?ﬂ.gﬂi. el 3 oanatase )=o) A
vl B odpellA Elely dE@Ee) ZuAAe 26 AT S Fe] FvRE GIERICHYIg. 2). Mattson®h
A Buabn oksasige dejaia] A9 %.'5}%‘?};5, Rolander™ = anatase 727} rutile 7% Bls] we 2
of el g dalmahe uFgEssle AAsE T A4S vl slglize, 9T o) Aaladal e
=M dEfES] T A" E Jldste WieltkFig. 2 U9 whgAdo] ZoMe oz B el B2y
D. 4ZEe §RHE Tt dEAE Aole] HI:W 7 43I sle] F D4Ae Ae Zrh7le) wel
Ao AR oFs Bz 2ol d4e] HHol & anatase W =Q) WA w7} Zvbele] TUigAel] w
TE W =2 AREE 3 9o EE Asjles o falsl Aas e PR Fig, 2), 35 4hs)




8 Aesd - A8 . way
olete] il (1 ol ofutele]E (002)Rah #A-2 7}
7 ctslelolE A o‘ é% o gez 289 4 glds B
3198} anatase TFRE & }7%]""0%])\1 29 #As) g 7
AN Ca ol FoEl Ca ole ofulelolize] &
4e flell POy ol &8 Fdthe wg g
di, @A) Akl el ubel Elubs anatase 7
o] A e Zokel A ruled) EAlE Twrel 4
S frshed 83 o428 sigva Az,

A,
el ¥Els XPSE
Heol ge gy A

Fig. 9% dgdhye] n& Hi
43 Ao =ia Au
sh¢] Aol ek Cag}t P 4 0] Aol 2z} o}
g, ol Agoldx| “ék—: Cast P7t ¥8 7la)
Aol A F=4ksl A El F guie} Cael pr| bl

S 91T 4 e Adoloha). &
itst & %Tﬂiﬂlbl A vlelel iz okZskale) W
%S 531.8eve] AYAE zH= POSE OH 2
B =Z27F THEE o n 022 il Blvlel e
o] dAe|7t Ca®} P2 olujele|E AN FuES
& vehdar glde). 2] 24Tl 1A 7F
o st magatslgat PO@% ;E—Qi 2l
D=t FrEle] g 2 7o) el o} F
Elo|E A 517} vidy]g) -‘-’~—-2~ ZHel 4= 9igdon)
AL bt o AgEggs o = elelehd).
7] XPs ¥ **73"'40] o|&ie gk # o ] CaE} p

7} ;-»a—/iﬂ | 2]8e] olujelelE o]
™, 53] d5a{e] 24)7be) FHa
ujuete] %}f‘o‘ °ﬂ 717 #H2g

)H
i

1

=k
N
=0

b Ilo'i
i _l_IN_‘,
P

= o
F9e

s
o&i
!

ofy
F‘F’
m
o
‘J\‘ o

- o] %0)

,J,}_ /\(Li/r

_H i

Ho},

R S B
7 2 o)A o
o] el Aol w/}%‘*ﬂ? -
AaAe] 24 7keliA] 74 &-iko
I b de 438 9 Belw
aF 2} 247 gt A] 3telE

149 ghol 74 28 Hge]g 2

k] %

b
—
-'\l

5 #

£

Fh2a

JRste) 4}0”;3

¥ 1ol M) Ti-6A1-7ND ARG A4 i
£ % DL-ceglycerophosphate disodium salt hydrate(DL-
o-GP) 0.02 mol/L# caleium acetate(CA) 0.2 mol/L-8-
AR Weladoln FFVs BEYA Aslo] iy
AhslaluRs PR o3, whE BlEde Rl g
& 300°CeA] WA e T HA 472 Hea
o, 58 TRBYL M) Slo) AT Spay
3 _

A)Zho] FREg mR) s A% Al A3 ohedt

agk
k)
¥
9
=
&
An
r-h
]
S
2t
_i,

CHFEAER o) BHEele 1~d um AT 3
: £

Sl - olos

5] 3~4 tm
SE AEuv So] gAnglon) &
ol HA AAel H&x9d,

75 Ti0, anatase ¥)=19}
dEHslon, A A

] ?7]'?_1'01] H}d} TlO; anatase ¥]Ili FbE 2 elx

T omtile WEE WEkyh g

3

of F7idel wet o] W= 24
4, B35
A 7}7} Lo

5.

.%i

S‘;',

=5

s

6,

=
15
ks
i

W Q. Yan, 1

. HOW.

. H. 1shizawa and M. Ogino, 1. Biomed. Mater. Res.,

. O. 5. Kween, D. H, Won, M. H. Lee, ”

. R, C. Browne,
. 5 .G. Sjoberg, Acta. Med. Scand,,
. Z. Cai, T. Shafer, I. Watanabe, M. E. Nunn and T. Okabe,

A 24 s 18

7)]:3] A17]0] g}o g,&]
Fh(Ecomr: -338.6 mV)S Ll?il»}'.

UBAERIS] XPS oA WFNE A2) Foli= ®
% 4BE 2ol Cash pel bzl Blgo], W4
olv= PO, OH ZiF #ekEe] Agelux7) 4

131t o

D?';:
Ao
rar

i

. B. € Wang, T. M. Lee, E. Chang and €. Y. Yang, J.

Biomed. Mater. Res., 27, 1315 (1993),

. K. Hayashi, T. Inadome, T. Mashima and Y. Sugioka, .

Biomed. Mater. Res., 27, 557 {1993).

- T. Kokubo, F. Mijaji, H. M. Kim and T. Nakamura, J. Am,

Ceram, Soc., 79, 1127 (1996).

" Nakamura, M. Kobayashi, H. M. Kim, F.
Mijaji, I Bmmcd Mater. Res., 37, 267 (1996}

Chung, K, H. Choi, M. H. Lee and T. S, Bae, 1.
Korean Res. Soc. Dent. Mater, 26, 269 (1999},

T. Hanawa, H. Ukai, K. Murakami, ). Electron Spectrosc.,
63, 347 (1993).

. F. Hanawa, H. Ukai, K. Murakami, K. Asaoka, Mater.

Trans. JIM., 36, 438 (1995).

. P. Ducheyne, W. Van Raemdonck, I. C. Heughebaert, M.

Heughebaest, Biomaterials, 7, 97 (1986,

- 3. Ban, S. Maruno, A. Harada, M. Hattori, K. Narita, 1.

Hasegawa, Dent. Mater. I, 15, 31 (1996).

29,
H71 (1995).

I. 8 Bae and O.

Y, Lee, Biomaterials Research, 8, 20 (2004).

. 0.8, Kwon, 5. K. Choi, I. W. Moon, M. H. Lee, T. S. Bac

and O, ¥, Lee, Korean J. Mater, Res., 14, 607 (2604).

. T. Hirata, T. Nakamura, F. Takashima, T. Maruyama, M,

Taira and ). Takshashi, 3. Oral. Rehab., 28, 773 (2001).

- A, Kuroiwa and Y. [garashi, I. Jpn. Prosthodont Soc., 42,

547 (1998).
Br. 1. Ind. Med,. 12, 37 (1935}
154, 381 (1956).

Biomaterials, 24, 213 (2003).

. D Hjima, T, Toneyama, H. Doi, . Hamanaka and N.

Karosaki, Biomaterials, 24, 1519 (2003}

. M. Long and 1. I. Rack, Biomaterials, 19, 1621 (1998).




20.
21

22.

23.

A=aje] Alzle] w2 Ti-6ALTND ko) Al H) g

M. Niinami, Mater. Sci. Eng., A243, 231 (1998).

D. Buser, R. K. Schenk, §. Steinemamn, . P Fioreliing, C.
H. Fox and M. Stich, J. Biomed. Mater. Res., 25, 88%
(19913

C. Larsson, P. Thomsen, BO, Aronssen, M. Rodahl, J.
Lausmaa, B. Kasemo and LE. Ercson, Biomaterials, 17,
605 (1996).

L. Mattsson and U, Rolander, Gothenburg Institute of
Physics Report, No GIPR-264, Goteburg, Sweden (1985).

24

25

26

. PR, C Ohtsuki, T, Kokube, K, Nakanishi, N, Sega and
K. de Groot, J. Biomed. Mater. Res., 28, 7 (19%4).

. B. C. Yang, k. Weng, X. D, Li and X. D, Zhang, J.
Biomed. Mater. Res., 47, 213 (1999).

. H. Takadama, H. M. Kim, T. Kokubo and T. Nakamura, 1.
Biomed. Mater. Res., 55, 185 {2001}

. H. Takadama, H. M. Kim, T. Kokubo and T. Nakamura, J.
Biomed. Mater. Res., 57, 441 {2081).




