CHEkX|2p7 [RfEHS|X| 40(3) : 179~184, 2013

oo
)
R
_'k
o
1x
on
lol
r

1%{2]=l Ti-27Nb-10Ta-3 5Zr sk2o| MAEME

Bioactivity of Ti-27Nb-10Ta-3.5Zr Alloy Modified by Anodic Oxidation and Precalcification
Treatments

Woo-Yong Jeon

Dept. of Dental Technology, Gwangyang Health College, Gwangyang, 545-703
(Received: Jul, 12, 2013; Revised: Aug. 26, 2013; Accepted: Aug. 26, 2013)

ABSTRACT

This study was performed to investigate the bioactivity of Ti-24Nb-17Ta-5Zr alloy modified by an anodic
oxidation and an precalcification treatments, Ti-27Nb-10Ta-3.5Zr alloy was anodized to form the
nanotubular TiO, layer. To increase the bioactivity, calcium phosphate deposition was carried out by an
immersion treatment in 0.5 M CaHPO; solution at 90C for 30 min . Bioactivities were evaluated by the
apatite forming ability in simulated body fluid (SBF) for 10 days, Nanotubular TiO, layer showed the
dense and self-organized structure, Nanotubes showed the separately connected tube structures and it was
opened and enlarged as going down. The bioactivity of nanotubular TiO, layer on Ti-27Nb-10Ta-3.5Zr
alloy was improved with precalcification treatment in 0.5 M CaHPO; at 90C. These results suggest that the
bioactivity of Ti-27Nb-10Ta-3.5Zr alloy could be improved with the formation of nanotubular TiO, layer
and the precalcification treatment in 90C 0.5 M CaHPO; solution,
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Niiomi, 2001; Eisenbarth &, 2004; Warchomicka, 2006),

JEAEY aazA & Holthre e o] i
ASR= ok 1 Ak BEA ge ACE A7
e H(Kuroiwa®} Igarashi, 1998), o|#gt o= <l
3 1o EAEEAN FEok HEFol e a+pEHI
Ti-6Al-4V EF0o] =YFHATHCai &, 2003; Tijima T
2003), ZFAPRE, Ti-0Al4V S S AL Fo
AZEAo] A% Voh A ol3E ZAE Alo] E
gteo] QlojA 1990t FHHRE] o] e tAE
S AT S Al i Be a7 olFolzirt
(Cai &, 2003; lijima %, 2003; Eisenbarth &, 2004).
THGA4Y Tl E e EARe) shis Alge] Wl
HaiA BAIF7E or g AZUE A7 F9oA &
Hx}¥ (stress  shielding) 2 ¢1&}e] FEEr} 72U
=4%o| oFstEE Fo wAE AT old &

AA BEAe EAS Hole Eolebs YESUES]
Fulo] B4 Rolsh) 91T Wle) shteA Sol=e
Alo}atelo] E(hydroxyapatite: HAp)9F -2 AYJA|EHAd 9]
A AsE Eekznt AL osiA ZHsh= W ol
S=YEAT. o] Wl Blolgkge e 7IAH 4R
I HApY| =S ARlgh AsEA 23S Uge
w, 719 Elelebad 2®F Al utelzh dof
U AEHES HE sk EAHE Eth(Wang
S, 1993; Fini 5, 1999). o|2| o]f= He] EoJet
UESHES] g gt oAM= HApE &
F AT fARE 29E THAEAME o] fA &4
2] o= A whgel sl wile]l HFH 3
o M3lgl A2 (precalcification treatment method)
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=, 1997; Ma 5, 2008).

2o YEFUELR AR Elolehr ol gk <

= AAAFAE 2 AAETY F4 AR SHAA
SARES-S Hole daE FHshA 9 Y Eholekr
S Al gk A7t del =l 9lal(Eisenbarth
S, 2004; Sakaguchi &, 2003; 2006, Warchomicka,
2000), H3F Virleo] WHHEHA] EfolElE YETUE
FATZE Y722 HsiAZF 3 3] A%
Z28b7] Sl A DS Fofshks Wil gk
T7h el AYHAL QIth(Wen 5, 1997; Ma 5, 2008).
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1. AR AlEe H%

B oM E ARFEOR % 99.9%2] Ti, Nb,
Ta % Zr (Pure Chemical Co, Japan)& ARE-3}SH
Ti-27Nb-10Ta-3,52r $a& AZ3E7] SIsix 242k A
B85S 249 ol HESE AR v Hlandy
AFE2719] ola g Z(Arc Skull Meting System,
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S, ohEd dme gaoN 77t sE &
AR e & olerm AHsta Az

N
i

E
il

il

2. Lt=FH TO, &9 A
THSE BE Al Al 1HF] AsES AlASE
71 Y3iA HNO; : HF : H,OE 12 @ 7 : 812 %3

golol ¥ 102 B9t A selt Yefu

TiO, < Y437 faid DC A LA (nverter
Tech Co, ILtd, Korea)d] =3} &=of z4zh FH|3F A
Ht wigds Mg o Ry 20 v, AREE
20 mA/em®] Z7AoA] 60 B FFAtEAEE Skt

3. Mal3t T2 H Bxz

UeRR TO, 3 34 F Qe 43S fus)

7] ¢JalA] 90T 0.5 M CaHPO; 4~8Hol| 3082 &

% 3
Asgich, oloA] e TO, 33 Hue] AZH <l
WEEe) P24 PHHE Q4 ST 22 5
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M3t dAe] § YALAEE 2Akeb] s AlE
& pHst F7jole FEE QRke) WA fA8] 24
3l AR (simulated body fluid: SBF)el] 1 &8}3A]
HAp| H& Fd& ARSI EE AlEe 120T oA
208 &9t ahETEAEE & o SBRell AAsl,
37C, 5% CO, #9171 wlg7]elM 10 5k FrAlskal
o SBFE Al@AAox sxwsE AAler] 913 mid
w33}Itt, SBFE Hanks -89 (H2387, Sigma Chemical
Co, USA)el| calcium chloride dihydrate 0,185 g/L, mag-
nesium sulfate 0,09767 g/L, sodium hydrogen carbonate
0.350 g/LE H7kste] AxsFgen, IN HCl 8995
A3t pHE 7,42 2739ich
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[e]
A7 7 8 HApel WS vAPES BAMAE
APAAFE ] (Field Emission Scanning Electron Micro-
scope: FESEM, S800, Hitachi, Japan)© & &3}l
$49) FE WHalE XA 2HE-(EDS, Bruker, Germany)
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Table 1, Ca and P concentration after immersed in a SBF for 10 days

Ca
Group/Element (Wt%)
Anodized 0.25+0,03
Precalcified 10,12+091

P Ca/P
(wt%) (at%)
6134043 1274011

g JuE 2, A7t RHEL AR27te] oHol
AgEle] e dHe] FRFZRE olFIth YieRHEY]
Bt A dole 77t 583183 mob 1294.4%14.7
mE HI}

Fig, 2& W=RESS AT AlF@% 90T 0.5 M
CaHPO; T84 30 B - £ s500T el 241k
st dAget A3lsl dA gt THb)}S SBFe] 109
b F#s & FE-SEMOE #Wast BW AplEo|a,
Table 1& ZIE¢] EDS #4 ZAijo|t}, FFakslA]ed
o] EHdME g HEE Rolx] okgkAnt A 3lg)
Ao BHelM= HApS M Z7IdAlel et
e B2 72 AA B9l AxAM Adsi B4
ool #FENon, 19 EDS #4 ZAioAe
HApe| M&= QlsiA Cadl Pl &7} 374 S7HE A
5 2ok

Fig, 1, FE-SEM images of nanotubular TiO» layer on Ti-27Nb-
107a-3.5Zr alloy. (a) Top view (X200K), (b) Fractured
nanotubular layer (X40K),

10,08V 6 40

Fig, 2 FE-SEM images after immersion treatment in SBF
for 10 days, (a) Anodized group (x 10K), (b) Anodized and
precalcified group (x 10K),
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T EolEhre sAaHHE Yo7l 45924, 88
2T 25 Hhexagonal close pack: hep) 2]
adolal, 1 olde] LxoME  AAUWAAKbody
centered cubic: bee)e] o R EAgct. IEARE Ef
olebEe] TANH 2ev HtEHE duddel wEbA
FoMAAY Gobxlt}, @ QM3 dd= Elolebge] WH
A EEE AN HEZEHRAA o} F9s G
3= a3 = dFYAEA, Al Sn, Ga, Ge, C, O,
N 5] Qlth, B M43} dae Elolelge] WEHd &%
£ gojmex FFFe =M P 99 sk ¢
¥42A, Mo, V, Ta, Nb, Cr, Mn, Fe, Si, Co, Ni,
o] itk (Boyer 5, 1994). ¢¥2 279t Az
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Stttk AN, WIbedo] FHoketar, dxjgel
ofgk 71A1A AdAe] Mgt olele Ao| dog A
Ha ok pFEL «Fol| HsiA AT Y, 717
7ol b, dAeel ofgth ﬁi}%Ol 2 Y #
AE 2 QU] el AAREgeR @it A9t
2= Qoklin 5, 1984; Sridharl®} Sarmal, 1988).
B g3t Y& F Mo, Nb, Ta T2 ALl 5
é}i g o5 dAE ke ¥F T ¢Fe UE

Fe TEEel vaA uo We) 2H3 SAsE
Mz AAgel St f3 dael e 99
A ol faE Sl FEdl da At
o]Fo]R|3L  Ith(Eisenbarth &, 2004; Sakaguchi %,
2003; 2000; Warchomicka, 2000), Sakaguchi -&(2003;
2006)-2 Ti-29Nb-13Ta-4,67Zr $3-2] 0174-?/} 2 EAo]
sala, FaRslol wAese W S EAA

= Bolehgel Fohe el A e EOW}J_ 1
23EIAL, Won $(2010)2 Ti-27Nb-10Ta-3,5Zr gF-ollA
EAAITT7E 65.8 nE HOHAE F2lof thgh 3ol
Satthal Barskolc

o‘:% sl glof ofaiA E}OlEHi 9o AR

] WefE TO, 35 sk A7+ A8
B A B AR 5

E5o] gt} Beranek 5(2003)2 1 M H,SO;
FREHE BN 20 v AFS kol
2bekAE] aFls wl HF $HF 0.15 wi%ollA] 24A13F
7‘4]’/]"{ oA 7P #dE YRt gAsgon,
2085 0O E WIAAS 1 A4E
_‘r_-‘rE,—E-O/] dol= 212t 47 me} 540 mE YERHo] Az
A7kl 4%’3}* A¥E Holthal 38ty Kaneco &
(2007)2 TE 10 mA/cmollA] 30 mA/cmr O 2 HI}A]
Zell W}E‘r TiO; 1Jr—‘t BoJ Aol 242 30 mellAd 145
w 710l AR U oleds Bl 3]
31, Crawford 5(2007)& 1M/L H,SO; <89] 0.1 mol/L
NaF¢} 0.2 M/L CeHsOr& F7bske] Hafjdls FHlgh o
+ = Hebgs 5408 Agstds o 22 Ae7iA
£ mRa Zoje) 2748 eIt S9E. Macake}
Schmuki(2006)+= ethylene glycol |4 glycerold} &
71800 0.5 wt% NHAFS #H7}she] Asf|ie Fu|sh

g 0 v AgE Wik 330G A2l S9s
m, ded g L5 oColA 40TE WEAF
b YeFre] AL 40 molA 60 mE, Hol=
0.8 oM 22 mz F7}Eo] &% oEFAS Helta
3Fdtt, ®=3F Valota $(2009)2 glyceroldl] 0.2 M NHF
o B glkS 1 volwollA 50 voln=z W3k
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Aol wEh YieFH AL 74 molA 124 mE F
3 BuEgieh, 2 AFolA 1 wi NHFSF 20
wit% H0Z SH3-3l= glycerol £ =9t 20 v,
FUE 30 ma/arf, A2ARE 60%9] oA °F‘4§M
2l 3 A3}, Ti-27Nb-10Ta-3.57Zr $=2 ZTHd= o
Agk 2pgE dgs ZE Adg 724 YeRE
TIO, Zo| A=, A WefBHES] HHHA
¥ 710]“: Y7y 58.3+8.3 me} 1294.4+14.7 mE HY
oh JEHE g XYl Wif TiO, 2ol 4=
B2 ARGl hdE Ao AN, e e
FHo| FAd SJeia BWZlo] A FTtHER FHAt
frolldA] S7F= ojofAA] SRzl B} 28kl 28
g Flog Az
M3jgl dA e Elolebr JEUHEE HAp
WA QAR Aw olS Tk 78 FolA A
Zl3te] off ol 27| WS fEske WA
Hrjoltt, Wen 5(1997)& 2971 W&ol o3k glole}
' YEHES A3gl dAAel= FAl ofglElo]Eg A
=5 7HEshe 2Rl Wolgta skolh. Feng &
(2002)& Ca(OH), Es}gHe] A staL 302+ #<l o
S SCP (super saturated calcium phosphate solution)ol|
et AN A3, A g efolebgel HIsiA HAp A
20| EX1HS HA3lal, Ma 5(2008)2 TksiAElE
oA TiO, YefFEZS A4 0.5 M NaHPO4
T8 24A7F AA T Ca(OH), X3} 589 SARE 314
T SCP &9 27 Bt FAg AF, HAp A9 %
AN UYehs 71 #EEE Bastglth 2
oIFtol A Ti-27Nb-10Ta-3.52r =9 o] Yf
PAgk thF 90T 0.5 M CaHPO,; 8]
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