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ABSTRACT

Fabrication and Cell Attachment Characteristics of Nanotubes
on the Surface of Ti-6Al-4V Dental Implant Alloy

Hoon Ahn
Advisor : Prof. Dong-Kie Kim, D.D.S. Ph.D.
Department of Dental Engineering,

Graduate School of Chosun University

Although titanium and titanium-based implants are widely used in different
fields, the nature of uses in dentistry requires the implants to possess good
mechanical strength, easy malleability, and excellent surface adhesion properties
to facilitate bonding with bones.

Bonding between titanium surface and the biomolecule is an important factor
for biocompatibility and properties of adhesion, morphology, cell function, and
cell hyperplasia are affected by the surface characteristics of biomaterial.

In this study, fabrication and cell attachment characteristics of nanotubes on
the surface of Ti-6Al-4V dental implant alloy have been investigated.

TiO2 nanotubes were formed on the Ti—-6Al-4V alloys by anodic oxidation.
The electrolyte solution was prepared by adding HsPO, solution to 0.8 wt%
NaF solution and then stirred with a magnetic stirrer.

With a platinum electrode and a saturated calomel electrode, Electrochemical
experiments were performed using a conventional three—electrode configuration.
Anodic oxidation was carried out using a sScanning potentiostat, and all
experiments were carried out at room temperature.

Crystallization treatment of nanotube surface was at 450 C for 3hr. MC3T3-El

cell culture was performed with MC3T3-E1 mouse osteoblasts for 2 days.
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Microstructure of the alloys and nanotube surface were observed by optical
microscope(OM), field emission scanning electron microscope(FE-SEM), and

crystallization of nanotube was identified by X-ray diffractometer(XRD).

The results were as follows.

1. The resulting round, closed-bottom nanotubes mainly consisted of chemically
bonded TiO, with diameters ranging from 50 to 200 nm, and with thickness

of 6 nm, which consisted of amorphic structures.

2. The nanotube diameter and thickness were increased by anodic oxidation

time and voltage.

3. In as—anodized nanotubes typically have an amorphous structure, whereas
nanotubes converted to mixture phases of anatase and rutile after

crystallization treatment.

In conclusion, the formation of the nanotube structure on the Ti-6Al-4V alloy
significantly increased the surface area, which could be useful for the adsorption
and adhesion enhancements of cells and could be applicated for drug delivery

system.
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Table 1. Physical properties of titanium and titanium alloys Ti-6Al-4VZ#,

Cassification Cp-Ti Ti-6Al1-4V
MP(C) 1668 1540~1650
structure hep <883Chbcc  hep+bee<990Chec
density(g/cm’) 451 4.42
atomic number 22
young's modulus(GPa) 106 113
poisson’s ratio 0.34 0.30~0.33
electrical conductivity (%) 3.1 1.1
thermal conductivity(cal/cm®/s/C/cm)  0.041 0.018
thermal expansion coefficient(cm/cnC)  8.4x10° 8.8x10°
specific heat(cal/g/C) 0.12 0.13
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1

ﬁ\_._‘
A8 o}=-g3] 2 (Consumable vacuum arc furnace)el

]
J(Vacuum arc remelting process) .2 A ZstF o #A3 g @ A77aS A
A Az Aol tjaje] mAlz

A, Wad R AESA Bt Ads s8I tk(Fig. 5.

Sample preparing

Consumable arc melting/

Homogenization treatment

Anodic oxidtion

Treatments ¢

Crystalline treatment

v

Cell culture

Analysis - ¢ ; ¢
Microstructure Microstructure
XRD
OM SEM

Fig. 5. Flow chart of experimental procedures.
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3.1.1. A5 &3

ARE WA FYARE Nany FaAYoR Sast] 4 2o Yz w5, of

2
5 Adatel ARA AS5E Axd F 2 ok &3yl o8 Az li
B ofAmo M= HdT Fus @7] flske] 400torre] Ar 917104 43] ol HA
ol AgaME Ao, g3l Fue &3 A5 e FA Wzt 02% olst
ol AW Melale] AR AT Ax8oF ALY, Fig. 6 HARA o= &3H

o
fru
b
i,
>
kil
il
o
£
M
Au

s SE o

Fig. 6. Photograph of small arc-melted ingot specimen.

AR oka g3l FNsk 1 831 B Fig 79 HehiRn (0 274 oka &

 FAE, (b= &2RA ofa &N ARgH e Y & EVHUE, (0O 2R o=
&3 Fo WE AejoltPt. amA ofm &l AMRE FY B wride] A7E A
35mm, *°] 150mme]tt
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(c)

Fig. 7. Photographs of (a) VAR equipment, (b) Copper hearth, and (c) Melting

51
process ).

B oAM= A4 15mm, 7 lmme] YA E 7Esk AHS Abgskaith
Ao AHEE AES TAERE 2T JoR olgs =

[1

O

L, E‘

171 91eko] A 2E UK Table 2). 3, A7 AFHA e
AR W AR AR FEE,
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Table. 2. Experimental sample prepared on different condition.

Procedures Number of sample Treatment Remarks
2 (#01-02) Standard sample
ﬁ“o“ty. OM/XRD
pbroduction 2 (#03-04) Homogenizing
2 (#05-06) Standard sample
Anodic B Crystallization _
oxidation 2 (#07-08) (Surface/Cross section) FE-SEM/XRD
B Amorphous
2 (#09-10) (Surface/Cross section)
Cell 2 (#11-12) Crystallization
attac}fmem OM/FE-SEM/XRD
2 (#13-14) Amorphous

3.1.2. €3 &<

AR ob=L gaflo] e AW AFLS 1050T Y] eANGA WFRA 24X F
oF st dAEE At on, dXe ¢ =Wl o] Y-S At o3
& oA A3t

1000Cel A #F i gol 5007} Hws Azednh Heky o
Yal ASER A%t HgAAS) AekE WA skl 10°torre] 3042891
€7 Fuol Bqstel gt

3.2. MlA x4 #&F 3 XRD &4

ghel ATl WAEY BEE AT AP nEHD %
M00gits] SIC AoAZIA WAHER G2 Arishn, AFHER e -
we kel dvd F 28 AFsg

HCI(3m)+HNO3(5m0)+HO(190ml) 2] &3 o 2 o st & Fsten] 7 (Japan Olympus

O:

it

i
¢

N,
Ll
2,
ofo
Oft
o
£
FSL
ot
o
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Co., PMG-3)& o|&3}o] njA| x2S
VB o] dxjgdso] AA4sE 2A8H7] 95t Cu Ka X-AS o] &3te 7144
40 KW, #4dF 3BmA Ao 2 A7k X434 (Small angle X-ray scattering

diffraction) A< sk
3. FF4ts)

Heby % Helagds fdo A8t 99S FA4A717] S8t 29 "= (Working
electrode)oll Elelg AlAS, B3 =(Counter electrode)ol =& AA3AL 7|&7
=< Z3eH J(Saturated calomel electrode, SCE)< A}-&-3}31Th.

It 7= e A oF 2nmE AL HeE5EA19] Scanning potentiostat
(Model 362, EG&G Company, USA)S o]&3}o] 10V A} o R Ao A] F=ikst
£ A dajde SFSel 1M HsPOsot 0.8 wt% NaFE 3 7bshe] Azt

FArsl & A Aol Aol 2= =l oF 20 B AHE F 5ol
30w AAA F Azt
3.4. 243 A3
AA S Crystallization) & w2)7]&e] dFom A S2 VA9 dddeniy =
o et Adubdow n|ARA}

4 Bae] wAYA, F ARCos)E B A
[e)

(Amorphous phase)®] 2743} B thga) 22 37k 79 g or o] FolxnP

1) Amorphous phase — Metastable phase(I) — Metastable phase(Il) — Stable phase
2) Amorphous phase — Metastable phase — Stable phase
3) Amorphous phase — Stable phase

FALHYCN oloh FY T, aciiatel A5 ALl L olgsel Ar 2
917164 450C7HA 5C/ming] 2 o® 23 th, 3ARE F¢F 2EE FAAT

Y33
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35. Al vt 2 #F

FRAEL} AR MC3T3-E1S A5 wejwold F&3 MEFEA 10% FBS
(Fetal bovine serum)”’} #7Fel a-MEM(Alpha modified eagle’s minimum essential
medium)& AH&sto] 37Tl A 48A17F &<t vidkete Ao A+ W sdetA A
2 ekl e™?, wjkgt Folli= Branemarko] AAIE AlE wEe]l A stE wyo
2 24kl ¢4 PBS(Phosphate buffer solution)® A 23+ & 70% ol gh&= 20487+
SHshE W o® Ae sl QPESIAIRL Fell= 25% S FERdtlste] =(Glutaraldehyde)
2 AN T 2 GEACA ARSI AH el B theelis 1% 0sOt A
7}l HgCl, #Esh&HolA 5 A7, oehE® YA 7 BE JAo] 2 &
PALZAAN AXAT|AL WF O i‘%‘b‘}@ AAFAAAAN F o2 24 #2613

o,

351 Z4dAs 24

e
=

1S 258 d4F2 AZ3 & Vapour steam damp® 22} X735}
e N
=

250121C, 15719, 20min)S Aldsiglon AHES SAUXAE 98l HEels 2
o

=t
ped

352 AlEFEY FH|

AR AV R AR AES A wiAe HJte] Aok AR 2241 37T
A 159 FQ skl o] FEHS o]&ste] 1HA Q1 AlxE5/dd d(Indirect method)

% 939
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42 4x=RE FZ A= FFAAY A R A} IF
4.2.1. Nzt 4%
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dehiglon 2 thefn Felo) g veRust Be el AL BAT 9

AT

(a) (b)

Fig. 9. FE-SEM images of nanotube layer formed on the Ti-6Al-4V alloy
surface with various time in 10V in 1M H3PO, + 0.8 wt% NaF solution
at 25 T (35000X): (a) 30 min, (b) 90 min, (c¢) 150 min, and (d) 180 min””.

9% Sk ks A e (h)E AHEW & YeFEE oF 200nm B 2 v
& 3

Hiz of 100nmE WERARLAL, Sfa e Yefd et A
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°F 110nm7}F ¥ AT 180% ¢t F=2stx 8 (e & H=fF2 oF 220nm %
\=]

e Ui {FHE ok 115nmE 118k, o= 30

Fob A Aeld hefy A
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300

—8—Large nanotube
400 - —&— Small nanotube
—&— Total nanotube

300

200 /‘_A

100

Nanotube diameter (nm)

R - =

30 &0 a0 120
Time (min)

Fig. 10. The variation of nanotube diameter with different time: (a) 30 min, (b)

60 min, (c) 90 min, and (d) 120 min.
4.2.2. A9 33

Ti-6A1-4V 3a5 o]&3ste] 1M HisPOs + 0.8wt% NaF -&<Hof 180 &<t &F=4tst
A sh= Aol ASh Wt wWE yYieFE Gl vA= dFS dEsr] Hst
ol 247} 3,5, 7 % 10V A= d7bste] F=2tsiA e g &, FAPd A
& ¥EsithFig. 11).
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(0) (d)
Fig. 11. FE-SEM images of nanotube layer formed on the Ti-6Al-4V alloy

surface with various voltage in 1M HsPO, + 0.8 wt% NaF solution for
180 min.(35000X): (a) 3V, (h) 5V, (¢) 7V, and (d) 10 V*.
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400 4

—®—| arge nanotube
—B-Small nanotube
—&— Total nanotube

300 -

200 -

Nanotube diameter {(nm)

10 - -~ o ¢ —*

Potential (V)
Fig. 12. The variation of nanotube diameter with different voltage: (a) 3 V, (b) 5V,
(c) 7V, and (d) 10 V.

4.3. AA 3 A8 (Crystalline treatment)

UrFE AAsA s YeRrrl vdd A7 5 2] wiio] A &a HE
2 o|& Alojsty] flatod AEuiF ATs AR v AAR3IAEE 53

Ti-6AI-4V = Hd=FBE 4% ths XRDE ol&ste] 243t Az d F9
X-A IJH=y #A4S ok thFig. 13). A48 A g deA Al g=a2rt B A &
= 144 AEE B9 oHFig. 13(a)).

WeRE7 49 Ti-6A1-4V &aS 2743t 423 Fig. 13(h) A2 5 91391 2
0=25°(101)ol| Al ol ElAl Aol HEZH AL, 20=37°(004) L 20=47° (200)| A %= Z}7t
A= 20=36°(10D A= FEL A =7t HAEHem, e Akstet 779
e FZ22 2138k hep 2 Orthorhombic 739 Ti 3@ Edo] HAEH7|= 3}
ojluf WA oA ok dH(Metastable phase) o2 A3l o3 oz FAtd
=3

A
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A : anatase
} R : rutile
5 |- 7 ) T titani
3 E gg g nium
]
g M L T rrr o« (b)
=
- 1l - ()
| ] | ] | ]

20 (deg.)

Fig. 13. XRD patterns of nanotubes formed on Ti-6Al-4V alloy: (a) before and

(b) after annealing®.

A 585 2k 4 T shuEA =44 R =73 ddo] St P9,
A3 2 AT} SolA AleH T glrh o, F=akslelg] Aol Be HA FI 2

A Zo Ze W] geME g FRuchs ohdeAl FR7E US S5
T RIHPGP B Aol B Avtel wpavbAE Bad eI g mgtow
ZA8L PP FA 23 ARlE S theRE 727 2

hva =1
44e M 2ot o 1,
4.4, A ¥ 8% (Cell culture) & #F

AZRZ 54S 2A7] 9iste] Ti-6AAV §89 wwe] TRALY FAE

MC3T3-El1S 37ColA 48A17HE<t widkst & FAbdAxtdn oz #zkst Apxlolt
(Fig. 14).
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(b) (©)
Fig. 14. FE-SEM micrographs showing MC3T3-E1 cell cultured on the various

surface of Ti-6Al-4V alloy(35000X): (a) polished, (b) anodized, and (c)

crystallized.
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