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Abstract This study was to investigate the surface properties of electrochemically oxidized Ti-6Al-7TNb alloy
by anodic spark discharge technique. Anodizing was performed at current density 30 mA/cm? up to 300V in
electrolyte solutions containing DL-o-glycerophosphate disodium salt hydrate(DL-a-GP) and calcium acetate
(CA). Hydrothermal treatment was done at 300°C for 2 hrs to produce a thin outermost layer of hydroxyapatite
(HA). The bioactivity was evaluated from HA formation on the surfaces in a Hanks' solution with pH 7.4 at
36.5°C for 30 days. The size of micropores and the thickness of oxide film increased and complicated multilayer
by increasing the spark forming voltage. Needle-like HA crystals were observed on anodic oxide film after the
hydrothermal treatment at 300°C for 2 hrs. When increasing DL-a-GP in electrolyte composition, the
precipitated HA crystals showed the shape of thick and shorter rod. However, when increasing CA, the more
fine needle shape HA crystals were appeared. The bioactivity in Hanks' solution was accelerated when the
oxide films composed with strong anatase peak with presence of rutile peak. The increase of amount of Ca and
P was observed in groups having bioactivity in Hanks' solution. The Ca/P ratio of the precipitated HA layer
was equivalent to that of HA crystal and it was closer to 1.67 as increasing the immersion time in Hanks'

solution.
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bioactivity, anodizing, hydrothermal treatment, hydroxyapatite, Ti-6Al-7Nb.
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Ca%}

Al olgElo|E(HA) o2 7 AAsE fkstd &
4% 542 MHE & Jde
Ogino, Fini 5 pB-glycerophosphate disodium salt
hydrate(B-GP)2} ZAMAH(CAYS THhsle Asldz 4=
243l A& g wute] CaP ¥l HAONAM Y A8 e
Byom NEAFPAo| YA yepgta syx,!t?
Zhu 52 GP-Ca& Ffshe a2 At g=4ts)
gdto] B-GPE e ASAR Al A-$H HA
o} AAAel o A veidtkr 9ok 53, Camara
5 Felske 52 A7|sstd o2 JAT ey sty
godes Aajds HF FFAY gl wet g ey
Aol B F AL P o9 AT A= |
Fo| & ol gely $54e vty g4z dsds
71t 34 A 24 g3 /fME & Ag AR
Az

YEHE AFREAN & EHEHS 2 o] B
9o Hasplole 2 et FESA ¥ AeE A
Ao} Hr}'¢® A2 EABEEA T ARZ )
dd A= WEHC] $FY a+f39 Ti-6Al4V T
Fo| AMEHo go} 92 g gfE vhE 94
(V)] E440] A7} A Ti-6Al-INb a3t 2+ Al
2 g9 T dEH b Ti-6AI-TNb ¥
F2 vhtE didlel Yo B®NbS B HHE 94
ARE-3H o) Ti-6Al1-INb $52 Ti-6A1-4V &3}
AR g 1AA A, dvisd 2 RS
Aoz BiH ¥ Yrp2®

2 AP e AL JESTES ASE A 7
Ti-6Al-INb 329 BEHIAIE 7|4e EHO 2 Ca%} P
g gishs dejdoz ksl E3vbd Ags d
FHgol 9s) THe] HA 24 & 4&% o Az
<]

A,

- ollE . HlepA -

o)

2. 4

]

HFH]
[=3—|

2.1, AjHe| FH|

AHE A7 16 mm X Do} 100 mme] Ti-6AI-7Nb &
F E-E(TAlloy Tough, GC, Japan)2 <}olo] #H 713
7}(a-0PiB, FANUC, Japan)E AH&-3tY T4 2 mmZ
ddste] ARG e #220~#10009 SiC At
A2 Agsd $AALE QAT BRE, BT 2
ol E &40 g Z}7t SEZF EAPFoE 2&u A3
Bom, FHA] Mol 50°C e 7Ax7]e 2477 o) B
A3ttt

Ca®t PE THdte tad hstauts F4st7] 9
g, Msld e FFol DL-a-glycerophosphate disodium
salt hydrate(DL-a-GP)9} Calcium Acetate(CA)E Table
1o 2408 EIE §AL AgAAT Y B
TR AYE ) 48 YA AdF REE F
FL o]F HHAF R MY REE AF 3
=& DC A9 X (Kwangduck FA, Korea)E AHg-3}
Aot F= S5 2z ERs Al wgRs AM
ISl AYS 7+ 240V, 280V, 300V H 320VE A
Ag g AFEE 30 mA/em’e] FANA FFatsl 3
AL, o] F 5% B AW HHE FA A &
25 Ael & H7 59 Ca®t PE ¥H3AIA HA &
B MEg fFxdt7] d L2, 1 LEFH B
(Ishin Autoclave Co, Ltd, Korea)ol &F4+E x$1
S5 300°C, 5714 8.8 MPag] ZAA 2417k Het &
TFAYE APt

2.2. In vitro AIE

AlHe = AeA Hrks Hs pHS olREREES
el AT frAtsbAl 2-s fAR O A A E
2 AAEAT 121°CollA 207 T AlHY IqHE
g & FARG A Aol 5% CO, 7t B
2171¢] AdpHlelEldl ¥ A% 365°CE 30d &<
st 3 Al AglM AR e FERsE o
Azl Y8l 29 Aoz §Ag wEIATE KA Y
2 Hanks &% (H2387, Sigma Chemical Co, USA)°l
calciom chloride dihydrate 0.185 g/L, magnesium sulfate
0.09767 g/1., sodium hydrogen carbonate 0.350 ¢/LE 3
7Vsl2 pHE 742 2AEste AZ3I9 .

>
=

Table 1. Electrolyte compositions of each experimental group.

DL-o-Glycrophosphate Calcium acetate

Group (DL-a-GP) (CA)
A 0.06 mol/L1 0.2 mol/L
B 0.02 mol/L 0.2 mol/L
C 0.02 mol/L. 0.4 mol/LL
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23. ZH BN
FHAE o S P nATR 9 FAE F
AP R 7 (SEM, JSM-6400, JEOL, Japan)o 2 #-aHs}
AL, A FY FAaFE duix] B XA A9EY
(EDX, Oxford, England)2 2 ZAFS}GITH 3t met &
o) EAgls Y29 2R YL A Cu targetZ A}
£3te X-4 3)ZA7|(Dmax UI-A type, Rigaku, Japan)
A9, E0d4e) g8 24 2 AAFEE
Al target® ARSI XA #dzp BEA7(XPS, MX-
PEOBE, USA)E ¥4t th

3.&d

Fig. 1(a)= DL-a-GP 0.06 mol/L% CA 0.2 mol/LE
irete AT Asjdom oS4kt HE F oA g
FAE & #ohe] SEM Ao 2| obFAtsl Azlw A
48 A¥AY o 2y Yol 1~3 um® FH3F HA
AR HEol ALHUAAY, 30872 A HF
Aol Ao} E44g Hojx| UTHFig. 1(a). Fig. 1(b)=
DL-a-GP 0.02 mol/L9} CA 02moll.E 3§31 B2
AN oz FFistAe] & A7 A & yuky
SEM Atde =, thad bsieet 9o 1~2 yme) 2
3 HA 2R3 1 um °l3tel 2718 Rele mA g
o) B AE S B, 309709 fARAY
A A 57] & TS HAZ 9] AAgo] #FEHYY
(Fig. 1(b"). Fig. I(c)&= DL-a-GP 0.02 moV/L¢} CA
04 molLE THstle C Aoz I3} 2e) &
/N7 EAEl §F 9ete) SEM AFRC® | | um ©)8}e)
718 Hols uAst HA AFAE BYLeH, 30279

o

)

e

(Fig. 1(c?).

Fig. 2& B s HolA] S 240-360 V7HA] W3}
AlF| F=4kek A2k Bae) i s Fad Al
SEM Atglel}, Ql7bxiste] Asdel] ugl 7139 a7
7F E7kei 713 R4vt EEEYeY, A9 2 5
o 7+ JERACE 300 v oY) Hgte] ItERE o)
Yot ZoME 1~4um VS RolE 71EFH 2~4 um
FAL B Fo] AYHE L HAHFg 3).

Table 2 AR sz} Zzbe) AajdAld] uhe
uho] EDX H4 ZAdoltt Cas} PY e SA4S
o)A k& AT2} ZA$-ofE Hanks & 3047 I
& AL WgtE Bolx) FstA|nl, B4 B BE
# CZo AYolEs Hanks €9 I3 & Cast Py =&
= 7 BT fA A Folre] EHEALS &=
Absh watofAje] Caf Hi7F 2 ojAo R &8 u do
%O, Hanks £ 37 F9} CaP vl HANAM S #
APSHAl 1679 Hdhe AEFSE Rt

Fig. 4= AZ, Bt ¥ C& Hadoz JF4tala
g 27 B @A e S AEe XRD B4 Ast
olty, I¥ (DA & 4 URe], BE Asd =4
A1 A8 3 yHolM e anatase®} rutile 722 TIO,
274 739 3 HA 24 Favt B2 o) rtile
101 HFZ= AT A Yo A F At s B
ZEA AT B C2 Asjgez M3 ol
= dEgUTh

Fig. 4(= 7 g AJEE fAR e 3047k
g £ XRD BA4% A0 AtE oz d43g

.

f
A

(% o

Fig. 1. SEM images of anodic oxide films after hydrothermally-treated for 2 hrs((a),(b) and (c)) and immersed in Hanks' solution
for 30 days({a),(b") and (c"). (a), (b) and () are treated in group A, group B and group C, respectively.
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Fig. 2. SEM images of anodic oxide films treated at 240(a), 280(b), 320(c), and 360 V(d). (a), (b"), (c¢") and (d’) are cross section

images of (a), (b), (¢) and (d), respectively.

Table 2. Changes of surface composition.

Counts

Gmu(‘;t‘&%z;mms Andizeg Myeroemmall Iﬂ;“fﬁiid
solution
Ca 7.86 7.59 6.77
A P 5.12 6.13 530
Ca/P 1.54 1.23 1.28
Ca 5.70 5.28 14.65
B P 2.65 3.07 8.70
Ca/P 2.15 1.72 1.68
Ca 6.96 6.47 16.45
C p 1.68 1.80 929
Ca/P 4,14 3.59 1.77

1600

800

400

Oxide Film

Ti
7 / Ca, P, O
000 111 222 333 444 555 686 778 889 10.00
Microns
- K 4 -— PG - CaKk 0 -_—TiK 1

Fig. 3. Line scanning analysis data of cross section(anodized films at 300 V in group B).

274 F=e] A7 A= AEE BA
doF A oA HA 4% Iae
FAA HA Ao AY AolE Heolx| &8t e
v Bd ¢ A3
2] A 2F 3 HA 2439 w=ze) B-TCP 4%
Azt EAste &

Fig. 5(a)c B Asido= F=41st Aeg § 300°C
oAl 2A]7kE 9t E4AE] g Al XPS B4 ARE
A H ZoME Ti, Nb, Ale] A =39 SFA+3}

A5l 9 Ca, P & 09 HArt A HaE
2t} Fig. 5(b)= BT Aaldoz =54kst Aefsta,
300°Cell A 2417He?t A2 & o fAR S 30
A FoF A3 AHe XPS AN AdzA Hd F9
Ti, Nb, Al®] BA #A=ZEs 7482 Casl PY Has
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Fig. 4. XRD patterns of hydrothermally-treated for 2 hrs(I), and immerged in hanks' solution for 30 days(Il). (a), (a), (b), (b),
(c) and (c") are treated in group A, group B and group C, respectively.

Hydrothermally
Treated

@

T~ 0ft)

Intensity(arbit.unit)
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5 .
2 §
§ g8 1, Z
= g 2 8
g e b T 1
o RS | B8
E ey .
- »\Jxﬁwi v
1200 1000 800 600 400 200 O
Binding Energy (eV)

Fig. 5. Broad-range XPS spectra of Ti-6Al-7Nb alloy. Anodized
and hydrothermally-treated for 2 hrs (a), immersed in Hanks'
solution for 30 days (b).

A= AFS EAFA Fig. 62 AR Al 317
3t m)2te] Ca®} PE narrow scandt A2 Ca 2p A
28] A2HEHNME 347.6eVY 351.1eve] AT oY
AE zte Hart FAHAIL P 2p ALY AHEH)
Al 133.7eve] AF AUAIE 2= =7 AU

4. 1 &

Cast PE Tfohe Aald 8o FolM =543} =
20 Aelsld oed v 34T o deAzel
o Fdol HA 4L H&shks ARdgue, A=
gdo] 54e Bole TO, 9% F9 HA 239 A
¢ frestd @ A=A MRS A e 6
S g 22 SRS Fsle] dEUE FEE U
T el Z1edsiAl "ot Fig 28 B 3oz
FEAASE A G A Ao S dHE BeF= SEM
ARICE, Ajkel St wet mure) Soeh 1] A

E 2~4um2 3= FA9} 1~4 um A719] 7)ol #z
gt ol e g e 3 v EH B3|
72 A o FA

r:l

) =k
of wrh Y ATHE BY ZOow AZHET. FFu
Sere [gte] F7b] oeh B% HEE YATZE B
e, ol Ferel WY Aol BEY 5 e 7
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Fig. 6. XPS spectra of Ca and P obtained from the
hydrothermally treated anodic oxide films for 2 hrs following
immersion in Hanks' solution for 30 days.

A M & 73S EFske B
F7b Aol HaTAe] BEgdgdel F7He] Wi
oh Asfi2 244 Wl wetM e CA FFol B A
sHom FF4st AT 99 FollA] Ca FFol FA
vepdon, E4xe] & AR JA Al o wE g
4L BHo FJH(Table 2, Fig. 1).
dstalgtel] @48 Fojstr] Hsf Al sl 3
2 Zol HA 24 & AH&ske R F34s) Fut o]
232 F2E Ca® P7F AT Fol AUFOZE o)
3t 2 F719 -OH 7)€} wrgsted ZAA S o|F A
O, HA 248 =42 adsA 43 dides &
Bgts sg3ch'D olgelolEY] sERAE
Mo(ZO)eX,2 BEAEH, M, Z, Xl F7]&3% 2] 4t o]
4 EH0] AEE F e T2 FAHE VXA, A
7HA @E 7P At AARISEE Hole oluEle]
E FEl= Co/P B} 1.67°]3L 24 Cap(PO,)s(OH),
o= dHA AUt
Caoll H3 P} gako] J7HE Aoz fFikst B
A Mg o 5 A3 duele 4E" HA

EXY

o]\g_]_—@—_ . HHEH)B] . o]_Q_q-]i

Aol zUstEe FEe BReH (Fig. 1(a), FAH
Hefl 3047 FAS o] T E Ao BE Holx| &A%
=4 (Fig. 1)), )& 4% HA Z73o| oln) 337
S FE3 FRE ORI WELE ¥ DL-
a-GP o] 7hadial CAZY S7HE Hald 2AH0= A
23 7Tt A=, Ishizawa®t Ogino7t )& zAJ ol A
CA9] g0l Z71slA HA ZHo] vA3} ok o
X3 R o'V wAF A4 AA H2s BEX
(Fig. 1(b), (©)), FAMAINAS 3047F A& Ao AL B

<=dl (Fig. 1(b), (c¢), °ole EQFET mlAl e
HA ZAo] FARY FollA o] e 2 EAlsls Ca ¥
Po} WHS-3le E7]) A& E¥sleE T A oltElolE
2 AZo] dojytr] W]t}

Fig. 4= S8t B398 M £ 242 5% 4
223t Al He XRD 4 AF#EA, anatase®} rutile
T2 TiO, 274 ¥aAse &7 d4-xaEz A" HA
A7e] J=7F S I Uk AF A0l ¥iEl B
= 249 Aedog s A $o) anatase (101) ¥
Azt ¥ 73 Jeldz el o3 Ao ve
anatase T2 HTE FAA Y FoA FH wk-gAlo]
71 Aolng wute] &4 2o} {elsA e A
o2 A7}ET). anatase F29 AEuute SAMA N &=
g SHEE WA HER Ca o] & F531A H, Ca
o] &2 olFEPIEE A7) A3l PO, o] & 473}
A HEZ TiO, Y2 29 T ¥A@A e Qb
o] NZHths HuoX 9l 7o) ¥ Az zAHTH BZ
ze] dafjdor Mgt 9ol anatase 7=7F S43}
WA HEZ FARY FAM Cast Po &S &
slod 848 YehlA Fth Tio, mtile (101) I 3E
Azff oz Mg HYoX e FHEAHA AT B
7 Cat Afid oz A FuteAs gas, 53
Rt Co Ha|doz A FooA o 7}e 53
B3t TiO, rutile (101) ZFHL o}dlelo| E (002)
AW FEL A EE oluelolE AAANALS 93
Hol & F glthes 9L 2HT WP B AFoN ¢
AR oz X2l et rutile (101) ZHHEo] 5
g Alo] olgtelelE AN A9 Ho= LA HE
2 HA 2R NAFY 5719 ASE o8 4%
FESNTE BAEok Fig 4(IDE FARE A 30U7F
A4 F XRD B4 AFA=ZM HA 4% FJ3s 45
A2k Fh(Fig. 4ol vls) AR oz w79 Al7)7}
kA= AYS B oA 48 12 Fig. 1(b),
©lA & F de A Zo] ™ Z FAF A
& o] FAE verd Axeta AzE

Fig. 5(@)% Fig. 5(b)= €523 Ao fAR A
A HAge] gdte] 24& XPSE BA% Aoz, dF
2% AHe] BEAHAME Ti, Nb, Ale] 2A] D3] %
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Aol 93] 459 HA Z27o] Ti-6Al-INb 0] AR@Adol| mx= Fgk

FAtslel Aol 28 Ca, P 2 09 =7t 3
HFEHUT FAR A FH3E AlHe FHME A
o] &AL Ry wal Ti, Nb, AlY] BA] ¥aLe 74
SPAL ARFAIAL Ca, PO 937} iR AEE e
Wl 53] Fig. 6914 Ca 2p9t P 2p2] AU A}
747} 347.6eVS} 133.7eVE Vel o] QAkzgo] A
¢l CaHPO,-2H,07} A€ e HAFAT T3 Ca
2p AFNAA] 351.1 eV Ca09 313E0] AAE oA
g YERHS, FARI AHe & FHFo= Cas} P
st QiHEE SES A BY
slEo] EAgE & 4 T, HAYA Ca 2p A
YAlet P 2p A7t 2+t 347.8 eV} 13346V
HE 2T | ZH F {4} obgele| BV AAFH

2 BAT F Ak

A=)
FHRo

el o

5 E

DL-a-GP$t CAE ot dald ¢80 =
Ash 238 Aejsla daAflel ofs) Wl HA 2

& HET ths Hanks $o] st Mo 5
HME7E e 2o WA TR 2488 B in vito
A ke BAEd pAE Il Bt 2ARRE 2

[o

A2 g gutoE 1~4 um 9] 7)
o3 "ute] FA =
2. A7l Aol wEk Hute] FA) v)A7)F
2 BJ¢ S 7XE o)F
At
3. XA FEEN A, $F23 J90M Tioe 7
St anatase ¥ A8} T rutile ¥} A BR—E
4. 300°CellA 277+ g2 Jjut 2o FAA¢e] HA
AR o]l HEHon, Hajde) 24X DL-a-GP &
o] F71¥ 7%= HA A7l 23} HAA v CA
Yol Frkeke A-ole nAE He A4S Byt
5. AR FollMe] B BAHEE 718 anatase
At A rudle WA} BREE Aol VERGoH,
rutile I =7} oA o2 g oo o ¥ ¥H &
A=E 2.
6. FAAIY FollA A& Yebd ZolME Cast P
9} % F7HE Ui on, CaP vl 923 HA Z
gollM el Ca/P ¥l 1.679] FIsl 7t e AFE R4t
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