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ABSTRACT

Surface Characteristics and Biocompatibility of Sr—HA
Coated Ti—35Nb—xTa Alloy via PEO and RF-sputtering

Hyun—Jun Kim

Advisor : Prof. Han—-Cheol Choe, Ph. D.
Dept. of Biodental Engineering
Graduate School of Chosun University

In this study, a new titanium alloy (Ti-35Nb-xTa) was prepared by adding
elements such as tantalum (Ta) and niobium (Nb) to improve the
biocompatibility and surface properties of the titanium alloy (Ti-6A1-4V).
And then, after forming ceramic coatings such as hydroxyapatite (HA) and
Sr-HA on the Ti-35Nb—-xTa alloy surface using plasma electrolytic oxidation
(PEO) and RF-sputtering, the biocompatibility and surface properties of the
alloy was investigated by using various experimental techniques.

The Ti-35Nb—xTa (Ta = 0, 3, 7, and 15 wt.%) ternary alloys were fabricated
by using arc melting furnace. The prepared Ti—-35Nb—-xTa alloy was homogenized
in an Ar gas atmosphere and 1050C for 1 hour, and then quenched in 0T
water. Surface treatment was carried out in a 0.15M calcium acetate
monohydrate + 0.02M calcium glycerophosphate electrolyte through a plasma
electrolytic oxidation (PEO) at DC 280V for 3 min. Also, a small amount of
0.0075M strontium acetate, which is a bio—functional materials, was added to
the electrolyte to increase bioactivity. After that, Sr was coated on the
PEO-treated surface in electrolyte containing of Ca and P by using
RF-magnetron sputtering. The surface and mechanical properties of the Ti-
35Nb-xTa alloys were analyzed by optical microscopy, field-emission scanning
electron microscopy, energy-dispersive X-ray spectroscopy, X-ray diffraction

spectroscopy, and nanoindenter. In addition, biocompatibility was analyzed

Collection @ chosun



by using surface roughness test, wettability test, SBF formation, and cell

culture test. The results are as follows;

1. In the Ti-35Nb—xTa alloy, as the Ta content increased, the martensite

structure decreased. The peaks of the a and « phases, which are
martensitic crystal structures, mainly decreased as the Ta content
increased, whereas the p-phase peaks of the equiaxed structure increased.
In addition, indentation hardness and elasticity modulus decreased with

increasing Ta content.

2. As a result of the PEO treatment of Ti—-35Nb—xTa alloy in different
electrolytes, the overall surface was porous with irregular pores. In the
case of PEO treatment in the both electrolytes, the porosity and pore size
of the alloy surface increased, as the content of Ta increased, but the
number of pores decreased. In addition, Nb,Os, Tas0s, TiO,, anatase, and HA
were observed on the surface of the alloy after the PEO treatment in both
electrolytes. However, in the case of PEO treatment performed in an
electrolyte containing Ca, P, and Sr ions, the XRD peak of HA shifted to the

left side.

3. There was no significant difference in the surface morphology of the
Sr—coated Ti-35Nb—-xTa alloy through the sputtering process after the PEO
treatment in the electrolyte containing Ca and P ions, but Sr elements were
detected on the surface from EDS analysis. After the sputtering process
using the Sr target, XRD peaks of Nbs0Os, Ta0s, TiOp, Sr, anatase, and HA
appeared on the surface, and the peak of HA shifted to the left side after

the sputtering process.
4. After all surface treatment, surface roughness of the Ti—-35Nb—-xTa alloy

did not show a significant difference, but the surface roughness decreased

as the Ta content increased, whereas the Ti—-35Nb—15Ta alloy increased.
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5. As a result of wettability test of etched and surface-treated Ti—-35Nb—xTa
alloy, the contact angle was increased in the case of the etched alloy, as
the Ta content increased. Also, the contact angle was decreased as a whole
compared to the etched alloy after surface treatment. And then, as the Ta

content of the alloy increased, the contact angle was decreased.

6. Initially, the hydroxyapatite was nucleated on the whole surface of the
oxide film including anatase and HA crystal phase, and grew mainly around
the pores with coating time. In addition, when Sr elements were added on the
alloy surface during the surface treatment, Sr element was also detected in

the hydroxyapatite, and the growth rate of hydroxyapatite increased.

7. As the Ta content increased, cell adhesion and proliferation were well
improved, and when Sr was contained in the oxide film through surface
treatment, Sr element affected the proliferation of cells, and filopodia of
MC3T3-E1 cells was observed around the small pores and in places with a

short distance between pores.

In conclusion, the developed Ti-35Nb—xTa alloy is non-toxic and has a low
elasticity modulus compared to the Ti alloy used an generally implant
material. Especially, a large surface area can be obtained by forming a
porous oxide film through the PEO process, and biocompatibility can be
improved by doping in the oxide film with a bio-functional elements.
Therefore, it is thought that the Ti—-35Nb—xTa alloy surface-modified with
Sr-HA  coating will shorten the healing time through improvement of

osseointegration between bone and implant after clinical surgery.

Collection @ chosun



oD

Ju

()]
0l

o JIAHAE =40l

=
[=)

LHOt2 S

i0J

o

0D

ok

IM==2 X

X

=

1o

uir

—_

)

u
(=]

0lJ
Al

)
0

flJ

I

|0 ACH [2].

WA

00

FOILAL AF

)
o4
00
RO

X

al
=<

=)

<F
ioll
X0
0
ol
®r
ok

Rl

o)

&I
ol

DS

JI

RHA b <t

Ct [3].

o3

i <

o)

Bt Hl+= 30 GPaE Lt

i

[
Rl

ol

D

Kk

Kl
=

oF

nl

<
W]
HiY
ol
Ju
=
10d
=
K

Al
010

S$HE =9 AIHZE OI0XIA ECt [2].

Hy

o
]

O
Rr
K0

g

= M=EEE

Ti-6AlI-4VE =

2D U=

A

o2

]
e}

ol
S0l A

HEld UCH

=
—

i

J

o

H0

-
110

o3

JHRI D

o
0
Wr

oy

N

<
ol

al
=<

201 Mo, Ta, Zr

2

B-S+E 3t

f=d0IH,

ol

o
F

E
9)

-

ol

1
|lx

Ol2olH MZ2 ElEts &39

~

WA

|
1o

KJ

&l

JI
76}

g2 AHMAIZIH, W

i ol=22

0

=2 =
=2 o

HUE X

Ct [9].

o3

oK

ur

0l

o]

180

o3
g

sy

-

oll

0l
)

J
m

[0

EdAd=Jt £ JIAH It

o
0
]
Rl
=

pum

<

i0)

OF

KO

J
5%
&
il

-

<0
100

2t

ol

1210l 2

Ex

tH,

1].

110
<
o

0

Ct 10,

Collection @ chosun



L T = =
o____ﬁﬂ Emom_w = =
w " L =] pd B 8 R RS
Wl i0J 7 q g T _ RO Bk @0 O _—
w oronla.a4n_ S S JJ X0 AT Ko %o Ol X
wﬁm E.mn____mwmu_ E%%M%ﬁ@ Mﬁ%@%ﬂ NS g 0
o o %m,EE_E anlor,m_xu m|wm_m3 p B o uh.__“eHA_;._
al 5 S = ¢m_a¢|@o| Iémoa W ol R
- ot S = 5 [ = = ...Aq, oT 0 9, - m g D0 0l
ooE ™ mao_x :gmg__g_m_ H S_HIOI_G.I_E :A__ma B L
< WDm,m.Mm_ﬁ%_ﬁ_wﬂ ﬂrmmwuoo_ # T 2 ¥
mAﬂoTme.ommﬁHgé@ﬁ ___E_zmorm.mu.ﬂ g o &
=50 dmwhgé_mm%m __d?o_ﬁwﬁmgﬂa EolﬂA__
ol r_rgmafr&% B o ) % R’ G S o3 M o B8 &
mwcmqmec T O A n o
ﬁmon\n_MAmaooMsm_;_ﬁéao woe S ﬂﬂﬁA 0 O
8¢ =B = K0 D.llinLu |aon_=_@ - = _:Mpoaﬁ |mw_L
Aoy o0 5 £ 82 © 3 W = =z 8 3 M AN L ~ =2 ot
T W oG NI B < & % R 3 4 oo o
_.,_ -5 - na g ..._L le_ _.A_uo“_._._|
H_._.rgﬂ_vAo_JWO .mOuE TélMo_:_ Eonﬁ7P34+x_.o_o_=_ A
;I__g@____ﬁ s M%m:_:m_ﬂ%oé ﬁmaﬁo_m_xm%;mé T
o d/\J.LEu = 5 9 oW oy o oll
Uns & o Seinbwewm ¢ m &£ 2" LI -
mWa_z__gos(o%%o_magﬂ J...___%wf = o o Us U
_mgg,wmgc@ggﬂgu@ = L S - g K9
T m_rwaogmM_iA A#,H\\Hmm%a,o_& 5 04
FOIEo-eaimlH4&J = — OMOB:I@BO_:_OJ = iy 0
_gEiD_xﬂ&aam_m& 4__Hoo_=_45m_=e_/m+, = < 2 M > _
m___ﬂ+4|x_om m_awfﬁad_gu1HonaaoSMom___i o g W
T m N8 aaeragmxrﬁ,or%#rg i 0 0 ™
@amo__z(gomomn S M&E(OTSNN__OOQDE 5 %
L ,am_gmlua%ugmw LN R
L|L|.Ho|~m_| MWE_EOPLQ&.@DEO_”O[JW%PSWO, WWI_
gm__mqga|mm +a9n%O__OMLMAo_mme_gor_m 2 = 4
I OTD D_.Eltp _J._ _=_ o0 T & - K= = .__u
Hal_ﬁ . ng;a,ﬁ;m%.:I%G_Aﬂ&%& )M_ﬂ
O__p__ow|o__),(o gar.4a_|£ao:|_ao_+ ~ A .
_._D o% o ol 1l — o o ) KM O ol — o O._._ — X =< joa) _zﬁ = .__._
fl .r04%E|_|_|w_cko_Jo_=|Or_._._._Moj Kl 0 =
__gmg%gn% T~ XS 35 o0 _o__o|Mww1_,o__1:____ >
ﬂamnAd__% .So_um(kammﬁuuﬂ.m_._0@34Hmﬂo_”mﬁo_C\HDr|oJ mz____xﬁ
i ﬂﬂo$t§10wo,|+ﬁr,m__MN oro* 2 5} KIo
X0 oW vog 5 DU = = 03 o = W o] o[, - U Y =}
_I%o:m__kgmAalﬂr w0 oo s o ™ . W o g W o
o < mamaﬂo:uéwﬁam:r_w_fg@,:_:__:_w_ = Ol mo
i DI.IAQulH —_— - =
é%@@CMIEHAOEmmmm.ﬂna
oz_im_xkﬁﬂ%?m%w
L o.
oA

Collection @ chosun



0l
1A

ok

iy
4

KM
KI0

0l
A

70
oll
S|

i0J
oF

i
il

A
<

_

=
<l

A
ol

B

al
=<

S

o1

=0l

ol

@]

HIOf

B2 2

OH OH

X~
(=}

[0

0 ACH [13, 19].

[[e]

Tas TiOl &It

al
=<

E 35t
= 2!

ol Z0lM PEOSES

N2 OE &
FXI2F, PE

Ct [10].

SHEoH,

=
=

K1

il

lNsd

=
=X

<

o)

10

][
RO
[0
o

1o

&
94

I

i0J
Al

o
B

<[l
Y

D
ok

ol
Kk

ol
Kl

i)
)

00

30
]

180

ok

H

Ol M

=

A0 E

=]
[—

et A

™

o

Ti—35Nb—xTa

20|
[==Twi}

b

&otet 3 A &

ol
X0
oD
Rr
=

o

<
)

70
ur

puy

(m]

I
B

5
70
70

ol
Ko
I
)
70
o

i0J
ilo0
H

ol

ok

0l
1l

-

10

)
i
o

XR

al
=

HHEEHEZ2 OM, FE-SEM, EDS, AFM,

ol
il
el

i0J

o0

1o

Ho

ol
0

d A

ANE, HE=

ESE=W
oo

’

S
=]

A

10
'
IH

==
1o

oD
Kr

o

puy

O
=

Collection @ chosun



i &

O|§7€-I

1l

4ar

<

J
Il

dr
o

00

=
X

<

-

n0

0l
1A

JU
U

dr

EHZ At

[=]
S

LAl =S JHEOF StCh.

0l

Il

=
o

il

ol

-
1o

ol

Of
70
0

<

-

oK

=
=2

3

L d
= o

=52 0

M LHOIA

’

o 5t

IH

10
o]
Kt
0l
mil |
X

<
oM

o3

B
Kk

iy

i
=)
Al

&l

0

Ti, Mg, Si, P, Ca, Zr, Nb, Mo, Ta, Pt= 2iH

Ct.

X0
00
=
nr
I

ol

<
oM

4Ar
o

JIJ
N

!

Fe, Co, Ni, Cu

i0J

HOo O A
ST T T

Ti,

SHE

AOL 2
JHAI D /J2O, Co-Cr alloy, Ag, Au,

Nb, Ta, Ptel

LIEtH He =z Zr,

(=)
TT

A
Y U

Fel

Mo, Al,

ol
70
oD
Kr
i<

o

<

ol

[20].

Collection @ chosun



Coefficient of fibroblastic outgrowth

1.8

16

14

1.2

1.0

0.8

06

0.4

02 -

Relative growth rate of 1.929 cells

Fig. 1. Cytotoxicity of pure metal [20].
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Table 1. Physical properties of unalloyed titanium [21].

PROPERTIES VALUES

Atomic number 22
Atomic weight [g/mol] 47.9
Crystal structure
a (HCP)
c[A] 4.6832 + 0.0004
a[A] 2.9504 + 0.0004
p (BCC)
a[A] 3.28 +0.003
Density [g/em’] 4.54
Coefficient of thermal expansion [K''], a-phase at 8.4x10°
20 °C e
Thermal conductivity [W/mK] 19.2
Melting temperature [°C] 1668
Estimated boiling temperature [°C] 3260
Transformation temperature [°C] 882.5
Electrical resistivity
High purity [uQcm] e
Commercial purity [uQcm] 55
Elastic modulus, a, (GPa) 105
Yield strength, o, (MPa) 692
Ultimate strength, o, (MPa) 785
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Fig. 3. Alpha (a) and beta (B) crystal structures of titanium and the
different categories of titanium phase diagrams depending on the alloying

elements [21].
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Table 2. Biomedical grade titanium alloys [21].

TITANIUM ALLOYS STANDARD ALLOY TYPE
First generation (1950-1990)
Commercially pure Ti (cp Grade 1-4) ASTM 1341 o
Ti-6Al1-4V ELI wrought ASTM F136 otp
Ti-6Al-4V ELI Standard grade ASTM F1472 a+p
Ti1-6Al-7Nb wrought ASTM F1295 otP
Ti-5Al-2.5Fe - o+p
Second generation (1990-till date)
Ti-13Nb-13Zr wrought ASTM F1713 | Metastable
Ti-12Mo-6Zr-2Fe (TMZF) ASTM F1813 B
Ti-35Nb-7Zr-5Ta (TNZT) - B
Ti-29Nb-13Ta-4.6Zr - B
Ti-35Nb-5Ta-7Zr-0.40 (TNZTO) - B
Ti-15Mo-5Zr-3Al - B
Ti-Mo ASTM F2066 B

_11_
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Table 3. Mechanical properties of titanium alloys developed for biomedical

applications [21].

e Gb s MIELD - younG MODULUS
MATERIALS STRENGTH STRENGTH [GPa]
[MPa] Wiy
a alloys
cp Ti Grade 1 240 170 102.7
cp Ti Grade 2 345 275 102.7
cp Ti Grade 3 450 380 103.4
cp Ti Grade 4 550 485 104.1
a+B allo
Ti-6A1-4V 895-930 825-869 110-114
Ti-6A1-4V ELI 860-965 795-875 101-110
Ti-6Al-7Nb 900-1050 880-950 114
Ti-5Al1-2.5F¢ 1020 895 112
B alloys
Ti-13Nb-13Zr 973-1037 836-908 79-84
Ti-12Mo-6Zr-2Fe 1060-100 1000-1060 74-85
Ti-15Mo 874 544 78
Ti-15Mo-5Zr-3Al 852-1100 838-1060 80
Ti-15Mo-2.8Nb-0.2Si1 979-999 945-987 83
Ti-35.3Nb-5.1Ta-7.1Zr 596.7 547.1 535
Ti-29Nb-13Ta-4.67r 911 864 80
— 12 —
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Elastic Modulus Cell Viability
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Fig. 4. Elastic modulus and effect of cell viability for sample [24].
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Table 4. The

method [29].

result of applying the PEO method on titanium

in various

Collection @ chosun

N Voltage Time Preheat, oxidationand
Ti alloy Electrolyte V) (min) XRD detected phase annealing temp (°C)
Ca(CH3C00)z, 0.028-0.085 M . No preheating.
Cp2Ti Na B—glycerophosphate, 350 3 Ti, TiOz anat'ase, HA, Oxidation at 70 £ 3.
0.005-0.02 M a=TCP, CaTiOs No heat treatment
No preheating.
) Ca(CH3C00)2H20, 0.26 M 400 15 TiO2 anatase, TiOz2 rutile, Oxidation at room
Ti6AIV | NauHPOS2H20, 0.12 M TiV, AlosTit7, HA temperature.
No heat treatment.
TiO2 anatase, TiOz2 rutile, No preheating.
) Ca(CH3C0O0)2Hz20, 0.26 M TiV, AlO, 3Til, 7, HA, Oxidation at room
Ti6Al4V NazHPO4-2H20, 0.12 M 400 60 CaTiOs, Al20s3, temperature.
Ca10(P0O4)6(OH)2 No heat treatment.
Preheated at 300.
_— Oxidation at room
83((6}713?00?‘ }(1)'01}? FOI/L - - Ti, TiOz anatase, TiOz2 temperature.
Cp2Ti a glyceropnosphate, 450 7.5 rutile. HA Heat treatment for
0.02 mol/L ’ 10 h at 190 with
autoclave
go preheating.
. . . A, - xidation at 15.
oo Ca(CH3C00)2, 0.03 M 400 60 TiOz anatase, TiOz rutile, | oot treatment for 4
P Ca [B—glycerophosphate, 0.02 M CazTi206 h at 220 with
autoclave
Ca(CH3C00)z, 0.2 mol/L . . No preheating.
Cp2Ti Ca B—glycerophosphate, 350 3 szz anatase, TiO2 rutile, Oxidation at 70 £ 3.
0.02 mol/L No heat treatment
‘ . . . . No preheating.
Co2Ti Ca(CH3C0O0)2, 0.2 mol/L 350 6 TiO2 anat'ase, TiO2 rutile, Oxidation at 70 + 3.
Ca B—glycerophosphate, 0.02 mol/L HA, CaTiO3, a—TCP No heat treatment
. , ‘A . . No preheating.
Co2Ti Ca(CH3COO0)2, 0.2 mol/L 350 " TiO2 anat.ase, TiO2 rutile, Oxidation at 70 + 3.
Ca B—glycerophosphate, 0.02 mol/L HA, CaTiOs, a—TCP No heat treatment
; , ey A, No preheating.
CooTi Ca(CH3C0O0)z2, 0.13 mol/L 400 5 Tl,'Tloz anatase, TiO2 Oxidation at ~40.
NaH2PO4, 0.06 mol/L rutile, CaCO3 No heat treatment
. C e, . No preheating.
Co2Ti Ca(CH3C00)2, 0.13 mol/L 450 5 Tl,'Tlof anatase, TiO2 Oxidation at —40.
NaH2PO4, 0.06 mol/L rutile, CaCOs3 No heat treatment
‘ ] - A No preheating.
Co2Ti Ca(CH3C00)2, 0.13 mol/L 500 5 Tl,-TIOZ anatase, TiO2 Oxidation at ~40.
NaH2PO4, 0.06 mol/L rutile, CaCOs, HA No heat treatment
§ C e X . No preheating.
—— Ca(CH3C0O0)2, 0.20-0.26 mol/L 260 to 50 Tl,-TlOZ anatase, TiOz Oxidation at —65.
NaHz2PO4, 0.12 mol/L 420 rutile, HA No heat treatment
No preheating.
Ca(CH3C00)z, 0.02-0.2 mol/L 430 5 Ti, TiO2 anatase, TiOz2 Oxidation at room
Cp2Ti NasPO1 0.01-0.1 M rutile temperature.
No heat treatment
. o No preheating.
I%a(ggSCOO(%)fé 108/[2 0.2 mol/L Ti, TiOz2 anatase, TiOz Oxidation at room
Cp2Ti as '4 : : 450 5 rutile. HA temperature.
NazSiOs, 0.01-0.1 M, pH = 12 No heat treatment
. , _ No preheating.
(a{CHsC00)2 0.02-0.2 mol/L i Ti, TiO2 anatase, TiOz | Oxidation at room
Cp2Ti asts U. : 450 10 . . temperature.
Naz8i0s, 0.01-0.1 M, pH = 5.04 rutile, HA, CaTiOs
o : ’ ’ No heat treatment
Ca(CH3C00)z2, 0.02-0.2 mol/L Ti, TiO2 anatase, TiOz2 g;ifgggﬁagtn%;)om
Cp2Ti NasPO4, 0.01-0.1 M 480 10 rutile, HA, CaTiOs, temperature
Na2Si03, 0.01-0.1 M, pH = 5.94 Ca10x)Srx(PO4)6(OH)2 No heat treatment
— 1 9 _
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Fig. 6. Surface morphology changes of Ti-6Al-4V alloy with time in the PEO process.
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Fig. 7. Schematic illustration of PVD magnetron sputtering [16].
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dentin, and bone [16].

Table 5. Comparative composition of human enamel,

Dentin Bone

Enamel

40.3 36.6

37.6

Ca (wt.%)

17.1

18.6

18.3

(wt.%)

4.8

4.8

3.0

(wt.%)

Ye)
~ 7o) PN N~
0o 0D — — N O —
— 0O o0o0co oM o o o o
™ v S
Ye)
N~ <t N~ I~ N~
— o —o oo ~© o
CO— 00O MOMOAUAN—O OO <
N Ao O —
o v ™ —
K oOoOaud <o © — © —
OO0 OMUWDMOO—O— O O <
O Al — @ ISp)
Nl — —

P N e P 8
P N e e

S e e e e e e e e e e e N e e S e

1.65

1.67

1.59
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Table 6. Properties, preparations, and occurrence of the biologically relevant

phosphates [16].

Abbreviation Formula Name (mineral) Ca/P ratio pKi, pH Main preparation methods Occurrence in
(25 =C)* stability® biological tissues
HA Cajo(PO4)s(OH) Hydroxyapatite 1.67 116.8 95-12 (i) Titration of Ca(OH)z with H;PO;  Bone, dentin, enamel,
(ii) Dropwise addition of HPOZ~ deptal calcifications,
solution to Ca** solution, pH > 9 urinary stoaes,
(iii) Hydrolysis from other phosphates atheroscleratic plaques
ocp CagHy(PO,)s-5H;0 Octacalcium phosphate 133 96.6 55-7.0 Dropwise addition of Ca{Ac); to Dental and
HPOZ~ [H2PO; solutions at 60 °C, pH 5 urinary calculi
p-TCP Cay(PO4), p-Tricalcium 15 289 a (i) Solid-state reaction of CaC0; and Dental and urinary
phosphate (whitlokite) DCPD at 900°C calculi, soft-tissue
(ii) Thermal conversion of CDHA deposits, artritic
cartilage, usually
present as -TCMP
o-TCP Cay(POy4), a-Tricalcium phosphate 1.5 255 L Heat treatment of p-TCP at 1300°C  Not found
ACP Ca,(PO4),nH,0  Amorphous 12-22 ¢ L Fast mixing of Ca®* and Soft-tissue
calcium phosphate HI"O:';' solutions, RT calcifications
MCPM Ca(H,P0,),-H,0  Monocalcium 0.5 1.14 0-2 Titration of H,PO, with Ca{OH), in  Not found
phosphate monohydrate strong acidic environment
MCPA Ca(HzP04)2 Anhydrous monocalcium 0.5 1.14 & Heat treatment of MCPM at T>100°C Not found
phosphate
DCPD CaHPO4+2H20 Dicalcium phosphate 1.0 6.59 2-6 Dropwise addition of a Ca** solution Dental calculi,
dihydrate (brushite) to a HPO;~ solution at 60°C, pH 4  urinary stones
chondrocalcinosis
DCPA CaHPO,4 Anhydrous dicalcium 1.0 6.90 L Heat treatment of DCPD at T> 100 °C Not found
phosphate (monetite)
TICP Cay(PO4), Tetracalcium phosphate 20 38-44 L Solid-state reaction of DCPA Not found
with CaCO4 at high T
CDHA Cayg_[HPO4) Calcium-deficient 15 85.1 6.5-95 Hydrolysis of ACP or «-TCP Not found

(POs )5 OH)z2-x

hydroxyapatite

(«/Collection @ chosun
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. &e

par

Mz 2 &

. 1. Ti-35Nb—xTa& =22 M=

=2 AEUAE Ti-35Nb—xTa (x= 0, 3, 7, 15 wt.%)e=2s &H 2 HXSIUCH. &2
HZEE <ol 23 (pellet) EEHQ Cp-Ti (G & S Titanium, Gradr 4, 99.5% USA), Nb

2 Ta (Kurt J. Lesker Company, 99.95% pure, USA)E AIZ26IQLH. 29 MXs D=
T o222 2JI0AM TE ot3-2di=Z (Model MSTF-1650, MS Eng., Korea)Z AtE6t
A[2M, ZHs &2 MEIoIl & 0l A4LE HMHokI| Ao Cp-TiE S M 5~103)
EEAMA e g39 LE xAEolLH. HHE g32 22 HE 2222 10
3, IR L2 103 E2AIH 2 301 2ESHH 4A0E=E otUACH. MELO &

0%

ol

O 2000 rpmel ===2 3 mmel SHZE EHolUCt. 0l= 2&3 H2E ol L=
22 22II0M 1AIZ2H S2F 1050CUHAM EXMelE et =

gxicle AlE2 100, # 600, # 1000, # 2000 =2=2
paperES 0|5t HHNCZ AHOlolU LD, 0.3 wm L20ILF 2L (Al0)S AIE5
HEHO0| Lk= MOtX OIA 0ot ALE. OIMSH0DE 22 AlIEESE2 HE-222 £ 3
F2 2t NE = 420M S| S0l AX6ALH. =2 Zd2 X-d 8224
Jl (XRF, Analyzer Mde-Alloy, Analyzer Serial number-581331, OLYMPUS, Japan)& &
of S&oIUSH, AEo ZEIRZ= X-& JEFEAHI| (TF-XRD, X' pert Philips,
Netherlands)E AFE56I0 20° ~90° 2l 2 6 R2S 245IRUL.

o
—
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o
&g
2 &

. 2. 22 0lK=Z 2F

Ti-35Nb-xTaB 22 Keller's 8 (2 m HF, 3 mL HCI, 5 m HNO;, and 190 me H0)
5542 231

A2 A 2] S0 AXoldend, Zss0ld (M, Olympus BX 60 M, Japan)
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Ti-35Nb-xTagf=2 HEHO

P
st = Olg-23s 2 B2

EO=X S ot <6 100-20002 SiC paperE AtEZ26t0 Ao
=2 X380 M=ESIH AES =HIotC. 0C &

(Keysight Co. Ltd., USA)2 AIE0I0 MEE AIBE2 ¥=3, BASS S322 AMESH
AUCH. QLY L KH2IAIZE2 280V0IA 3222 XGRS0, A0l 2Lt AIEHE2 o
g-232 2 SFFE ME = 2| S0AH AXZI/CH PEOSHOU AI=2E HMGHE=2
calcium acetate monohydrate  [Ca(CHiC00), - H:0], calcium  glycerophosphate
[CaHCalsP] & strontium acetate hemihydrate [Sr(CH;C00), - 0.5 HO]E Z&ot0 M=

UK, Mol sE= H 700 LIEHLHRUCE.
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Table 7. The condition of plasma electrolytic oxidation.

Experimental  Composition of electrolyte

condition _ Calcium Strontium Acetate
Calcium Acetate
Glycerophosphate Hemihydrate
[Ca(CH3C00)22H-0]
Solutions [C3H7C8.06P] [SI’(CHsCOO)z - 0.5 HQO]
CaP 0.15M 0.02M 0
CaP + Sr ions 0. 1425M 0.02M 0.0075M
—_ 30 —
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II. 4. RF-0IQUIEE ANHE

Ca2 POI20| &R MHEWA PEO2FEE Ti-35Nb-xTagt20 AEZE (Sr)

DEGI| ot Sr (99.5%, Teawon scientific co., korea)ES RF-OIOHIEZ

HEHY 20 08 = AHHES NOIRUCH. &0 Ar=2E SrEle HAE2

A[SM, BHUINA AIEDIXIS] Hel= 50 mACH. ScetX0tE 28 AI210] fIoi =D|

|> o

SEE= ZHel BZZ2 10° Torr DA ZH 8 08 2 &t BOIE AZ6I0 107°
Torr MKl NBEE 2AARACH IBEE 10° Torr MK | & LA (mass
flow meter)S AMEGH0 40 scoml D= ArdtASE F & 1.1 mlorr 2 A3 =
KIotRACE., 5002 IHRIZ pre-AIHEHES 2022 Mdst = Hof&l A2t =0t O
BlotS =XGIYCH SrERIE 0I28 RF-AHEZC XIMEH A2 HE 80l LIEHHSU
Ct.

Table 8. RF—magnetron sputtering condition.

Coating condition RF
Target Sr (99.99%)
Base pressure 107 Torr
Working pressure 110 mTorr
Gas Ar (40 sccm)
Operation temperature 25C
Pre—-sputtering 20 min
Deposition time 3, 5, 10, 20 min
Power supply 50W

— 31 —
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. 5. Ti-35Nb—xTagt22 HEEHL 24

HHXEl & Ti-3bBNo-xTagt=28 HHSH2 FAMXE0IZ (FE-SEM) & HIHXI-=2
A= X-& 22&8 (EDS, Inca program, Oxford, UK)E ArZot 2AGIUACH. EHXHE
EOAIES I8 3JI, "El 2 JI8E2 O0I0IA 24J1 (Ilmage J, Wayne Pasband,
USA)E ALESH0 SESIACH. HHO FF2EE= X-& 3IEY (XRD, X' pert Philips,
Netherlands)E OI&dt 20 ° ~ 90 ° SI&2 HANAM SACIUCH. XROLIAN THE 2
FREE MY 3 HEO &8 SR 3| (JCPDS, PCPOFWIN) JtE #21-12722F HIW
ot &HRIoHAL.
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_32_



6. JIHAH &

Kr

6.

HEDI| A&l (Surfcorder SE 1700, Kosaka, Japan)
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Substrate

ys : Surface free energy of solid

Y. : Surface tension of liquid

ys. : Interfacial tension between liquid and solid
Ys = YL €os@ + yg

Fig. 8. Equilibrium wetting state of liquid.
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=
<

d= 8= Z Aot

body fluid)MlAl 24A12t
(@)

& XA
0, SBFEAHS 2= QX2 2&% g8 36.5 £ 1C, pH s== 7.4 £ 0.5
=1 (

Om
)

2 KX ACH. MO pH=E tris (hydroxymethy!l) aminomethane, 99.0% (CsH{sNOs

= 121.14) & 1:9 HCI (hydrochloric acid, 36.46 g/ mol)& At20l0d =& & &

0l

Kot A2 1000 ml2 SBFEH0l S0 U= HIHANW HXAALMH, EX
HHES 2Fol)| ?loil FE-SEMS 016t 2&EoHRALE.

Table 9. Concentration of human plasma and SBF solution.

lons Concentration (mM)
Blood plasma SBF
Na* 142.0 142.0
K 5.0 5.0
Mg® 1.5 1.5
Ca? 2.5 2.5
Cl™ 103.0 103.0
HCO® 27.0 10.0
HPO* 1.0 1.0
S0.% 0.5 0.5
- 35 —
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NIZZ=2A 1x10° M/

ron

L2 SASH MC3T3-E1S MF 2 FIHSZRH ==&
wel ls&2 MAES| ZUHSIACH. MIIEE 10% LEHOIEEA (
Ael/AEYEDolAI2l 10 U/ mlOl 235 o-MEM (Alpha - minimun essential
medium, without L-ascorbic acid)OlA BHFGHACE.

MIZZ SH=Z phosphate buffered saline (PBS)Z AIEGHLD, trypsin-DTAZRH
(0.05% trypsin, 0.53 mM EDTA - 4Na, phenol red in HBSS)OIM 37CE S=XIStH 10=
2F BHOI0l MIZE =22IotUCE. HEES 12-wel IZ20IE &0 1.5x10° cells/well2)
sEZ2 Tigla ¥ DEE AIE ZH0l el 24A12F S AEAIZICH HMelE AIES
PBSZ MIESID 4TOHA 12A12F SOt 10% EZELHoIEE DERMCE. NEHE AIEH2
50%, 60%, 70%, 80%, 90%, & 95% OE-2Z=2=2 SHE EATVH, DEE AES
SEHE 20t2D| 2ol FE-SEMS 0|85t ZHZEoIRULH.

Fetal Bovine Serum) &' HL|
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B &f0l, 38.487° OIAN= o & BOI SAIN 2EEHALH,

40.391° , 53.362° , 63.424° , 74.800° & 78.052° GiA= a &0l 2

Ti-6AI-4VEi =20t B-2H&Es I 2 Ti-3NblllAE Ti-6AI-4VE =

CIUE 38.487° L3It o " el 37.264" 2 B &Ql 38.7417 2 A2E0H 2

[, 42.060° , 54.744° , 58.521° % 64.935 OlA o A0 2

55.922° & 70.227° OlA B &0l 2ZERY
Ol Sotefoll et 37.264° , 42.060° , 54.744°
4, 38.775° , 55.965° & 70.185° 2 B &f

. L8, Ti-35Nb—xTa&=
& 64.935° 2 o " &

2t TaOl B-Qt&3H AAE HESIH &=20A
IRA2MH, 8 10 OIMR2XZ0AL Tagtd SIH0I [
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PEIF LASHE D LR ots NS oI & UL
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(a) Ti-35Nb
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(b) Ti-35Nb-3Ta
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Ti Ti Ta
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_ (c) Ti-35Nb-7Ta

Court

Fig. 9. XRF results of Ti—-35Nb—xTa alloys after heat treatment at 1050C for

ik

Nb
[

Nb
Ti Ta

(d) Ti-35Nb-15Ta

th in Ar atmosphere, followed by 0T water quenching
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Table 10. XRF results of Ti-35Nb-xTa alloys after heat treatment at 1050°C

for 1h in Ar atmosphere, followed by 0C water quenching.

Element Ti-35Nb Ti-35Nb-3Ta Ti-35Nb-7Ta Ti-35Nb-15Ta

Ti 64.50 £+ 0.96 61.06 + 0.67 57.43 + 0.84 49.87 + 0.78

Nb 3550 £+ 0.96 3599 + 0.62 3553 + 0.70 35.39 + 0.55

Ta 0 295 + 017 7.03 = 0.30 14.74 + 0.36
— 40 —
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Fig. 10. Optical micrographs of Ti—-35Nb—xTa alloys after heat treatment at
1050°C for 1h in Ar atmosphere, followed by 0C water quenching: (a) Ti-35Nb
(b) Ti-35Nb-3Ta, (c) Ti-35Nb-7Ta, and (d) Ti—-35Nb—x15a.

Collection @ chosun



—Ti-GAl-4V 1
—Ti-35Nb
——Ti-35Nb-3Ta
—Ti-35Nb-TTa
——Ti-35Nb-15Ta

1
)

|
Ti-35Nb-15Ta zl:h
Bt T R

11
Ti-35Nb-TTa

Ti-35Nb-3Ta
e,

Intensity [arb.units]

Ti-35Nb

2 Theta [deg.]

Fig. 11. XRD results of Ti-6Al-4V and Ti-35Nb—-xTa alloys after heat
treatment at 1050C for 1h in Ar atmosphere, followed by 0T water

quenching.
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Fig. 12. Optical micrographs of Ti—-35Nb—xTa alloys after nano—indentation
measurement: (a) Ti-35Nb (b) Ti-35Nb-3Ta, (c) Ti-35Nb-7Ta, and (d)
Ti-35Nb—x15Ta.
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Fig. 13. Nano—-indentation test results of Ti—35Nb—xTa alloys after heat

treatment at 1050C for 1h in Ar atmosphere followed by 0'C water quenching.
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Fig. 14. Elastic modulus and indentation hardness value of Ti-35Nb—xTa
alloys after heat treatment at 1050C for 1h in Ar atmosphere followed by

0°C water quenching.
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Table 11. Elastic modulus and indentation hardness value of Ti—35Nb—xTa alloys.

Specimen : : : : : :
Ti-6Al-4V Cp-Ti Ti-35Nb Ti-35Nb-3Ta Ti-35Nb-7Ta Ti-35Nb-15Ta

Indentation hardness
(GPa) 5.34 + 0.14 317 + 0.12 2.61 + 0.05 2.30 + 0.11 2.23 + 0.11 2.30 + 0.12
a

Féalfgi)c modulus 135.01 + 0.36 124.01 + 1.17 8457 + 0.76 8158 + 1.45 71.80 + 3.29  63.41 + 1.21
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0Ta

.

Fig. 15. Optical images showing the micro-discharges appearance of Ti—-35Nb, Ti—-35Nb-3Ta, Ti-35Nb—-7Ta, and

3Ta

TTa

15Ta

Ti—35Nb—15Ta al loys with coating time in PEO treatment process in solution containing Ca and P ions.
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0Ta

Fig. 16. Optical images showing the micro-discharges appearance of Ti—-35Nb, Ti—-35Nb-3Ta, Ti-35Nb—-7Ta, and

3Ta

TTa

15Ta

Ti—35Nb—15Ta alloys with coating time in PEO treatment process in solution containing Ca, P, and Sr ions.
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Fig. 17. FE-SEM images of PEO-treated Ti—35Nb—xTa alloys in solution
containing Ca and P ions: (a, a-1) Ti-35Nb, (b, b-1) Ti-35Nb-3Ta, (c, c-1)
Ti-35Nb—7Ta, and (d, d-1) Ti-35Nb-15Ta.
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Fig. 18. FE-SEM images of PEO-treated Ti—35Nb—xTa alloys in solution
containing Ca, P, and Sr ions : (a, a-1) Ti-35Nb, (b, b-1) Ti-35Nb-3Ta, (c,
c-1) Ti-35Nb-7Ta, and (d, d-1) Ti-35Nb-15Ta.
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Table 12. Pore analysis of PEO-treated Ti—35Nb—xTa alloy in a solution containing Ca, P and Ca, P, Sr ions.

Ti-35NbxTa (Ca, P) Ti-35Nb-xTa (Ca, P, Sr)
Specimen
0Ta 3Ta 7Ta 15Ta 0Ta 3Ta 7Ta 15Ta
Porosity ( %) 725+ 016 1039 £ 0.04 1201 £ 0.91 2565+ 1.16 [ 7.91 £ 002 1027 + 047 1181 + 0.72 2623 + 1.10
(3% pore stze( im) 186 £ 040 190 + 0.62 224 + 065 283 %115 | 1.81 £ 044 187 + 046 215+ 053 281 + 1.09
Small pore size( pm) 048 + 013 063 + 017  0.77 + 0.14 . 046 + 013 058 + 015  0.64  0.20 -

Number of pore

R 66.80 + 553 55.00 + 4.34 4040 + 531 12.00
(25 pm7)

+

190 | 69.20 + 8.08 58.20 + 3.49 4040 + 524 1220

+

2.79

Fraction of large pores
per 25 m?( %) 27.32 + 6,11 48.40 £ 3.31 61.14 £ 3.87 90.00

I+

843 | 29.28 £ 3.57 4711 £ 242 6551 £ 429 87.24

I+

6.91
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Figure 19. Porosity of PEO-treated Ti—-35Nb—xTa alloy in a solution

containing Ca, P and Ca, P, Sr ions.
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Fig. 20. Pore size of PEO-treated Ti—35Nb—xTa alloy in a solution containing

Ca, P and Ca, P, Sr ions.
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Fig. 22. Fraction of large pores of PEO-treated Ti—-35Nb—xTa alloy in a

solution containing Ca, P and Ca, P, Sr
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Fig. 23. Cross-sectioned layers of Ti-35Nb-xTa alloys after PEO-treatment in solution containing Ca and P ions: (a)
Ti-35Nb, (b) Ti-35Nb-3Ta, (c) Ti-35Nb-7Ta, and (d) Ti—-35Nb—15Ta.

Denselayer

Matrix 5 um 5 um S um

Fig. 24. Cross-sectioned layers of Ti—-35Nb—xTa alloys after PEO-treatment in solution containing Ca, P, and Sr ions:
(a) Ti-35Nb, (b) Ti-35Nb-3Ta, (c) Ti—-35Nb—7Ta, and (d) Ti-35Nb—-15Ta.
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Fig. 25. Oxide layer thickness of Ti—35Nb—xTa alloys after PEO treatment in
a solution containing Ca, P and Ca, P, Sr ions.

Table 13. Oxide layer thickness of Ti—35Nb—xTa alloys after PEO treatment in
a solution containing Ca, P and Ca, P, Sr ions.

Oxide layer thickness (um)

0Ta 3Ta 7Ta 15Ta
Ca, P 3.084 = 0.570 3.926 + 0.476 4.613 + 0.368 5.850 + 0.497
Ca, P, Sr 3.200 *+ 0.382 3.889 * 0.319 4,789 + 0.258 6.106 + 0.538
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Fig. 26. EDS result of PEO-treated Ti—-35Nb—xTa alloys in solution containing
Ca and P ions: (a) Ti-35Nb, (b) Ti-35Nb—3Ta, (c) Ti-35Nb-7Ta, and (d)
Ti—-35Nb—15Ta.
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Fig. 27. EDS result of PEO-treated Ti—-35Nb—xTa alloys in solution containing
Ca, P, and Sr ions: (a) Ti-35Nb, (b) Ti-35Nb-3Ta, (c) Ti-35Nb—7Ta, and (d)
Ti—-35Nb—15Ta.
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Fig. 28. XRD patterns for Ti—35Nb—xTa alloys after PEO-treatment in solution

containing Ca and P ions.
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Fig. 29. XRD patterns for Ti—-35Nb-xTa alloys after PEO-treatment in solution

containing Ca, P, and Sr ions.
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Fig. 30. XRD pattern analysis of PEO-treated Ti—-35Nb alloy in solution
containing Ca, P and Ca, P, Sr ions.
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Fig. 31. Plasma image of RF—-magnetron sputtering process using Sr target.
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Fig. 32. FE-SEM images of Sr—coated surface by RF-magnetron sputtering with coating time on PEO-treated Ti—-35Nb-3Ta

alloys in solution containing Ca and P ions: (a) O min, (b) 3 min, (c) 5 min, (d) 10 min, and (e) 20 min.
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Table 14. EDS analysis of Sr coated surface with coating time after PEO treatment of Ti—-35Nb—-3Ta alloys in solution

containing Ca and P ions.

Elements .
Ti-35Nb-3Ta
(Wt.%)

O K P K Ca K Ti K SrL Nb L Ta M Totals
Time (min)
0 37.20 5.11 8.19 32.42 - 16.21 0.87 100
3 37.65 5.05 7.61 29.67 1.59 15.90 2.53 100
5 38.39 5.35 8.05 29.32 2.75 14.34 1.79 100
10 38.30 4.72 8.38 28.23 5.78 13.24 1.34 100
20 36.50 4.62 7.63 27.23 8.13 12.86 3.04 100
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Fig. 33. FE-SEM images of Sr—coated surface by RF-magnetron sputtering on
PEO-treated Ti—-35Nb-xTa alloys in solution containing Ca and P ions: (a,
a-1) Ti-35Nb, (b, b-1) Ti-35Nb-3Ta, (c, c-1) Ti-35Nb-7Ta, and (d, d-1)
Ti-35Nb—-15Ta.
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Fig. 34. EDS result of Sr—coated surface by RF-magnetron sputtering on

PEO-treated Ti—-35Nb-xTa alloys in solution containing Ca and P ions: (a)

Ti-35Nb, (b) Ti-35Nb—-3Ta, (c) Ti-35Nb-7Ta, and (d) Ti-35Nb-15Ta.
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Fig. 35. XRD patterns of Sr—coating film formed by RF-magnetron sputtering
on PEO-treated Ti—35Nb—xTa alloys in solution containing Ca and P ions.
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Fig. 36. XRD peaks of HA on the Ti—-35Nb alloy coated with Sr and without Sr
using PEO-treatment and RF-sputtering.
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Table 15. The values of surface roughness of Ti—-35Nb—-xTa alloys with surface

treatment method.

Surface
roughness (/m) 0Ta 3Ta 7Ta 15Ta
Ca, P 0.388 + 0.035 0.355 + 0.029 0.320 + 0.028 0.530 + 0.044
Ca, P, Sr 0.374 + 0.039 0.353 + 0.029 0.310 + 0.041 0.450 + 0.034
Ca, P + SrC 0.383 + 0.033 0.353 + 0.033 0.319 + 0.016 0.536 + 0.074
g g (8-
Cea= [Jear.ar [Jeap=sm
* * 1 *
‘E' ne | + ‘E' 0E - ‘E' 0E |
Y I—*—| - |—‘* \ - |_|* ~I~
E o4 I*_| E a4 IL| _I_ E o4 ILl
'] B '
B 5 2
L] u i
,,E [Chr _E [E .,E 0.z
(iRi] I - . . (il i} I : . ' (iR . : r :
aTa ITa TTa 15Ta 6Ta ITa TTa 15Ta aTa iTa TTa 15Ta
Ca.P Ca,P, Sr Ca, P+ 5iIC

Fig. 37. The values of surface roughness of Ti—35Nb—xTa alloys with surface

treatment method.

_75_

Collection @ chosun



Fig. 38. 20 AFM images of surface-treated Ti—-35Nb—xTa al loys:

(a ~ c¢) Ti-35Nb, (a-1 ~ c-1) Ti-35Nb-3Ta, (a-2 ~ c¢-2) Ti-35Nb-7Ta, (a-3 ~
c-3) Ti—-35Nb-15Ta, (a ~ a-3) PEO-treated Ti—35Nb-xTa alloys in solution
containing Ca and P ions, (b ~ b-3) PEO-treated Ti-35Nb—xTa alloys in
solution containing Ca, P, and Sr ions, (¢ ~ c-3) Sr—coated surface on

PEO-treated Ti—35Nb—xTa alloys in solution containing Ca and P ions.
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O0Ta

3Ta

7Ta

15Ta

Fig. 39. 3D AFM images of surface-treated Ti—35Nb—xTa al loys:

(a ~ ¢) Ti-35Nb, (a-1 ~ c-1) Ti-35Nb-3Ta, (a2 ~ c¢-2) Ti-35Nb-7Ta, (a-3 ~
c-3) Ti-35Nb-15Ta, (a ~ a-3) PEO-treated Ti-35Nb-xTa alloys in solution
containing Ca and P ions, (b ~ b-3) PEO-treated Ti-35Nb—xTa alloys in
solution containing Ca, P, and Sr ions, (¢ ~ c¢-3) Sr—coated surface on

PEO-treated Ti—35Nb—xTa alloys in solution containing Ca and P ions.
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Table 16. The values of AFM-surface roughness of Ti—35Nb—xTa alloys with

sur face treatment method.

Surface
roughness OTa 3Ta 7Ta 15Ta
by AFM (¢m)
Ca, P 0.420 + 0.028 0.375 + 0.019 0.317 £ 0.049 0.627 + 0.045
Ca, P, Sr 0.420 £ 0.043 0.384 £ 0.026 0.312 £ 0.048 0.639 + 0.037
Ca, P + SrC 0.417 + 0.013 0.373 + 0.019 0.316 £ 0.030 0.623 + 0.033

_78_

Collection @ chosun



Ol 0l Xl

3

A st

2 =
=

b

2
=

.|

S
=

= Ti-35Nb—xTagt==2l

=l Ti-35Nb—xTa

Ti-35Nb—xTa

=

172 HEHXC

X
o

SXCI0l Tk
Ol

IT
a

JHOICH.

cl

=

V. 4. 2.

=l
=

-

Nl
ir
KD

HOd

110

KI0

It

LIS PP

01 Al =2 2= 0l A

™

i

O

Ir
a

A=
T

Z8CHH BEHe HEIIIL HE

ol

-0 2

Ol

20l

g 109 HHo

[50].
S0l A OF=2EIAIOIE

= O

= OFXI A

Ol LA XI Dt

H

A T

O

Ir

| SII2

HED|C

]

o)

(6]
[l

==

2t0] 54.67° 2 WH LIEIHOD,

R DA = SN
ObM Ti-35Nb-15Ta

S

p

S
=

Ti—-35Nb

SJtoto

=
—/

X
=

Ol LA X1 Dt

g

I

O

==

4
no0

b

HEIIQ

Ol

g

I 0
4L

70
780

KA

K
ulo

Wi

83
H
][
Al
ir

pS|
=]

Lo
IT

==

=Wl 72.57°

F

=)
=

(I3
=

o =

0

o

PEOSE Al2

ol
X0
00
R0

U

=il

ol
00
30

Ie)

K]

iy

o]
i00
30

0

O
(uid

S
Y

c

H

[e=)

Al

dHMze Zsd=2

KA

I

Kk

&

(]

I

Wl
nJ
i
ol

MHr
ol
HH

70
0l0
RK

Kk

ol
i00
30

I
I+

ol
H
Al
ok

KM

Hu

10
~
KIO

o0
Rr
o

<0

Ol

~J

=
o

=
ol

KM

_79_

Collection @ chosun



Ti-35Nb-0Ta
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Fig. 40. OM of contact angles for surface treated Ti—-35Nb—xTa alloys:
(a ~ a-3) Ti-35Nb, (b ~ b-3) Ti-35Nb-3Ta, (¢ ~ ¢c-3) Ti-35Nb-7Ta, (d ~ d-3)

Ti-35Nb-15Ta,

~ d-3)

containing Ca and P ions,

solution containing Ca, P, and Sr

PEO-treated Ti—-35Nb—xTa alloys
(a-2 ~ d-2) PEO-treated Ti—-35Nb-xTa alloys in

in solution

ions, (c-3 ~ ¢-3) Sr—coated surface on

PEO-treated Ti—35Nb—xTa alloys in solution containing Ca and P ions.

Table 17. Contact angles of surface treated Ti—35Nb—xTa alloys.

Specimen

Contact Ti-35Nb Ti-35Nb-3Ta Ti-35Nb-7Ta Ti-35Nb-15Ta

angle ( ° )

Etched surface 54.67 + 2.25 59.29 + 0.84 67.42 + 1.11 72.57 + 1.86

Ca, P 43.47 + 0.93 38.75 + 0.88 31.58 + 1.95 20.23 + 1.93

Ca, P, Sr 42.78 + 2.81 38.61 + 1.55 32.07 + 042 19.56 + 0.97

Ca, P + SrC 42.06 + 1.22 36.56 + 0.65 31.26 + 0.79 18.70 + 0.90
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Fig. 41. FE-SEM images of bone growth in SBF solution for 1 day on the
surface treated Ti—-35Nb—xTa alloys:

(a ~ a-3) Ti-35Nb, (b ~ b-3) Ti-35Nb-3Ta, (c ~ c¢-3) Ti-35Nb-7Ta, (d ~ d-3)
Ti-35Nb-15Ta, (a1 ~ d-3) PEO-treated Ti-35Nb-xTa alloys in solution
containing Ca and P ions, (a2 ~ d-2) PEO-treated Ti-35Nb—xTa alloys in
solution containing Ca, P, and Sr ions, (c-3 ~ ¢-3) Sr-coated surface on

PEO-treated Ti—35Nb—xTa alloys in solution containing Ca and P ions.
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Fig. 42. Sr ion mapping results of bone grown in SBF solution for 1 day on
the Ti-35Nb—3Ta alloy: (a) PEO-treated Ti—-35Nb—3Ta in solution containing
Ca, P, and Sr ions, (b) Sr—coated Ti-35Nb—-xTa alloys after PEQO-treatment in

solution containing Ca and P ions.
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Fig. 43. FE-SEM images of bone growth in SBF solution for 1 day on the
surface treated Ti-35Nb-3Ta alloy: (a ~ a-1) Ti-35Nb, (b ~ b-1) Ti—-35Nb-3Ta,
(c ~ c-1) Ti-35Nb—7Ta, and (d ~ d-1) Ti-35Nb-15Ta.
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Fig. 44. Schematic diagrams of hydroxyapatite nucleation and growth process

in the oxidized layer.

Collection @ chosun

_86_



MC3T3-ET

F

aH
HAOIE & Ti-35Nb—xTa

Ot

o 2&

f §
[=]

=2 Al

E

o
(=]

= Ti-35Nb—xTagt

LEEFH FE-SEM AH&IOICEH.

Ti-35Nb—xTa

=

—

HEXCIH T

V. 4. 4.

18 459

SEHE

9

H

O
Rl
Ki

X
(4

.I

e, EHH™E & Ti-35Nb—-xTag 20 =

Ct [55].

o

I

o e
[
-

oll
ol

KI0

Ol
E

OF

T

g

ok
o0

F

t2Holl SrOol=0l

=

-

oll
ry
U
JH

0
Jo

]l
Rr

=
_I_

H OHllelE =0l

Ol dlo
OlAl DI

3% =0Al

9

I

HA

=l
=

1822 A

P

S
—

_I

J19t

=

HE

&

IT
a

ol

322 2l

0
il

<
oD

H

Q=0

J
=)
iof

o)

gdAM B2H, Srolz2e W= A

i
)
IH

ok

<[
Klo

[

Al
Ki

AL,

D
Rl

5
or

i
ol
IH

H

Rl
=

=

Ol 21Z0l
= Al

ANEC=Z

HAO
o,

lamel lipodiadl OlAM 2JI=2S &

st
=5 oo

=20
S TT —

lamel lipodiadt Z2H &

Bl

[ —

—

ot

0

=k
T

=
[

9

-
1o
-

K0
0

Ol

(@]

Y
OF

T

g

ol
o

oD

ER-C

9]

Xh

=
[

0l

0
o

o OIAl 21

=+
=

t

1
—

filopodias

=
[

i

o3
]
KU

]

A

Ju
5

K0
0

Ol
[0

ol
hel
i)

Kk
Ju

IF

Ct [56,

16}
oll
H0

&l
Ju

==
1o

1.2 ~ 3 umOil A Dt

AFOI D}

1201l Ti-35Nb—-0Ta,

Ol
Ho

Ju
H
g
0
Rl
KA

o)

57].

WA ==

Ti-35Nb-15Tagf= 2 ES JIE AOI2 Heldl B2 E2=Z filopodialt & & ol Lt

0
S

-3Ta
IZ filopodias &2 J|

Iz
a

ULH.
0.48 ~ 2.24 um

2N

=cl= #20

—_

|
o
il

ol

Ie]

-
1o

-

10

ol
B

I
IH

-

on

I

a)
I
Wl
nJ
il
ol

J
H

Rl
Ki

il

i

_87_

OICt [56].

Collection @ chosun



Fig. 45. FE-SEM images of MC3T3-E1 cells cultured for 2 day on the
surface—-treated Ti—-35Nb—xTa alloys:

(a ~ a-3) Ti-35Nb, (b ~ b-3) Ti-35Nb-3Ta, (c ~ c¢-3) Ti-35Nb-7Ta, (d ~ d-3)
Ti-35Nb-15Ta, (a1 ~ d-3) PEO-treated Ti-35Nb-xTa alloys in solution
containing Ca and P ions, (a2 ~ d-2) PEO-treated Ti-35Nb—xTa alloys in
solution containing Ca, P, and Sr ions, (c-3 ~ ¢-3) Sr-coated surface on

PEO-treated Ti—35Nb—xTa alloys in solution containing Ca and P ions.
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10 pm

Fig. 46. FE-SEM images of cell cultured morphologies on the surface treated alloys: (a, a-1) Polished Ti-35Nb—3Ta
alloy, (b, b-1) PEO-treated Ti-35Nb alloy, (c, c-1) PEO-treated Ti-35Nb—3Ta alloy, (d, d-1) PEO-treated Ti—-35Nb—7Ta
alloy, (e, e-1) PEO-treated Ti—-35Nb—15Ta al loy.
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