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Abstract. Hydroxyapatite doped carbon nanotubes (HAp/CNTs) was synthesized successfully
as a coating on the surface of titanium alloy (Ti6Al4V)dgcanning potential methodhe
biomineralizationof the materials soaked into simulated body fluid (SBF) solution was
investigated.The SEM images observeithdicaied that the formation of neviydroxyapatite
crystals on the surface of Ti6Al4V with HAp or HAp/CNTs coatiisgbetter than that of
Ti6Al4V . The formedhydroxyapatite crystals areonfirmed by XRDpatternsof Ti6AI4V after

21 dayssoaked in SBF solution. These results indicated that the coatings of HAp or HAp/CNTs
have a goodiomineralization

Keywords: HApP/CNTsITi6AI4V, simulated body fluid solution biomineralization
hydroxyapatte crystal

Classification number2.4.3, 2.5.3

1.INTRODUCTION

Titanium and titanium alloys such as Ti6Al4Wave excellent mechanical and
biomineralizationwith the human bodyfluids. They haveattracted scientists for a purpose
applicationin biomedical implant.In particular theyare used to replace loagaring bon¢l, 2].
However,these materials lack biomimetic surface properties leaditigetosseointegratiocan
require 34 monthslIn order to enhance thddomineralizatioras well ago shorten thehealing
time, the scientists modified surface properties of these materials by pure HAp coating or doped
HAp coating.The results were reporteédatthe presence of HAp or doped HAp coatings on the
substratesurface can promethe formation ohewhydroxyapatite crystal§3, 4].

Recently,carbon nanotubes (CNTs) are used as a reinforcement for the HAp c¢&tings
14]. Theresearches7[- 14] showed that the presence of CNTs in HAp/CNmanocomposite
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improved mechanical propertias well as théiomineralizatiorof the materialsThe formation
of hydroxyapatite crystals on the surface Ap/CNTgsubstrate$mmersed ina physiological
environmentwas reported.In our previous report, the coating of HAp/CNTs waslized
succesfully on the surfae of 316L SS[15]. The results confird the role of CNTs in
improving the mechanical and biological propertiestioé material. Nowadays, Ti6Al4V
substrate receives the attention of scientists becaudis ekcellent mechanical properties
Therefore, thdiomineralizatiortesting of this material is necessary.

In this study,the biomineralizationof Ti6Al4V with and without HAp or HAp/CNTs
coating in the SBF solutionis investigated.The charactestics of thesematerialsafter an
immersionperiodin the SBF solutionwere analyzedoy Scanning Electron Microscopy (SEM)
andX-Ray Diffraction (XRD)

2. MATERIALS AND METHODS

The chemicalsuch asCa(NG),.4H,0 (99 %), NH;H,PO, (99 %), NaNG (99 %) were
imported from China. Multivalled carbon nanotubes (CNT&O0 % pure, diameteof 20+ 100
nm, lengthof 1 + 10 um) was synthesized by chemical vapour deposition (CVD) frotitumes
of Materials Science, Vidlam

Ti6AI4V substratewas used as a working electrodsize of 12x 10 x 2 mm) with
elemental contenihcluding Ti(89.63%), Al (6.04%), V (4.11%), C (0.05%) and Fe (hlance).
The working surface areaas limited to 1 cni using epoxy. The surface of Ti6Al4V substrate
wastreated similarlyasin our previous repoitl6]. An electrolyte solution containin3x10%M
Ca(NQ),, 1.8x 10°M NH,H,PO,and 0.15 M NaN@was used to synthesize coatiitAp. To
synthesize nanocomposite HAp/CNTSs, 5 g/L of modified carbon nanotdmedispersed into
the above electrolyte solution using a microwave for 10 mind@ls The coating of HAp or
HAp/CNTs was perfornmed on the surface of Ti6Al4V by the scanning potential metivitti
synthesis conditionasthe following: a potential range of 0 2.0 V/SCE, scanning rate &f
mV/s, 5scans a5 °C in a cell of three electrad i.e. working electrode (Ti6Al4V), counter
electrode (Pt) and reference electrode (SCE)

Three materials of Ti6AI4V, HAp/Ti6AI4V and HAp/CNTs/Ti6Al4Were investigate of
thebiomineralizatiorin SBF solution. A liter of the SBF solution was prepagdlissolution of
chemicals in distilled water (8.00 gINaCl; 0.40 g[* KCI; 0.18 gL™* CaCl; 0.35 gL't NaHCO;;
0.48 gL' Na,HPQ,.2H,0; 0.10gL™ MgCl,.6H,0; 0.06gL™ KH,PQ;; 0.10 gL™* MgSQ,.7H,0
and 1.00gL™ glucos®. These chemicalshave purity 0f99% andwere purctased from China.
The pH of this solution was adjusted to 7.4 using a solution of 1 M HCI. The experinesats
performed at a temperature of 37 °C = 1°C by a thermostat.

The variation of the solutiopH andmaterial weightveredeterminedusing pH3110 Meter
and Preisa XR 205 SMDR analysis balanceespectively The surface morphology and phase
composition of these materialsefore andafter 21 days soakedin the SBF solutiornwere
determinedcorrespondinglyby SEM (S4800 of Hitachi, Japaand XRD (SIEMENS D5005
BrukerGermany.

3.RESULTS AND DISCUSSION

3.1. The variation of solutionpH
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The Dbioactivity and biomineralization of Ti6Al4V, HAp/Ti6AlI4V  and
HAp/CNTSsITi6Al4V were investigated in the SBF solution at 37 £CL Figure 1 shows the
variation of the pHbof solutions containing the above materiaith different immersion times
The pH of the initial solution is 7.4. After 1 soaked day, the pkhlbthree SBF solutions
containing the materials rises.

With the SBF solution containing TA®4V, the pH has a slight variation throughout the
immersion period. The value tends to decrease with a long immersion time. After 21 days of
immersion, the pH value of the solution containing Ti6AI4V matesidl22.

The variation is the same for bothf solutions containing HKp/Ti6AI4V and
HAp/CNTSsITi6AI4V. The pH solution rises with a short immersion time (1, 3 or 5 days) and
tendsto decrease strongly at the long immersion time. The pH value of the SBF solution
containing HAp/Ti6AI4V rises strongly ad reaches 7.75 after 5 soaked days. The value tends
decrease at the next immersion time. After 21 soaked days, the pH value of the SBF solution is
6.86.

For the SBF solution containing HAp/CNTs/Ti6Al4V, the pH value of the solution
increass slightly a& time of 1 and 3immersiondays then tends to decrease at the next
immersion times. The pH valugecrease slightly after 5 days of immersion thatecrease
strongly at 7, 14 and 21 days. The pH of the solution reaches 6.28 after 21 soaked days.

The varation of thesolutionpH can be explained ake following: When these materials
were immersed in SBF, €&dons in SBF were increagdy the dissolving of materials; and then
OH was accumulated gradually because of the exchange’6&i@hH, whichresutedin the
increase of pH value. The accumulation of ‘G the surface is believed necessary for
hydroxyapatite nucleation. The results Eragreementvith other report$9, 17).
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Figure 1.Thetime variation of pH value 08BF solution containin@i6Al4V, HAp/Ti6Al4V, and
HApP/CNTSs/Ti6AI4V.

Figure 1 is clearly that the pH values of the SBF solution containing HAp/CNTs/Ti6Al4V
are always lower thathat of thesolution containing HAp/Ti6AI4V. The results show that the
dissoldion of HAp/CNTSs coating is lower than that of HAp coating. In addition, the HAp/CNTs
coating has ability to promote the formation lofdroxyapatite crystals faster thahe HAp
coating.

3.2. The variation of material weight
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Figure 2 shows theveight variaion of HAp and HAp/CNTs coatings on the surface of
Ti6Al4V substrate following soaked time in the SBF solution.
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Figure 2.The variation oimaterialweightwith immersion time.

For Ti6Al4V substrate, the material weight isang unchange at beginning times of
immersion period and tends to increase slightly with long immersed times. The weight of
Ti6Al4V increasesy 0.21 mg.cnf after 21 soaked days.

With the material of HAp/Ti6Al4V, the weight decreases slightl§,& and5 soaked days
and reachegum = - 0.16 mg.cm“after’5 days. The value rises strongly after 14 soaked days and
continues to rise at 21 soakealys (o = +0.59 mg.cm?).

The weight variation of the material coateith HAp/CNTs can be deséreédas following:
the weight decreasedter1 and 3 soaked days atigenincreases strongly with the long soaked
times. After 21 days soaked in SBF solution, the weight variatiodAQ@/CNTs/Ti6AI4V is
¢om = +0.89 mg.cnf.

The variation of weightis explainedas the following: When the materials based on
hydroxyapatite immersed in the SBF solution, there are two procassasng simultaneously:
the dissolution of HAp or HAp/CNT coating and the formation of new hydroxyapatite crystals.
These processes affect tetiweight of materials during immersion time. If the formation of
hydroxyapatite occurs faster than the coating dissoluthisleads to the increase of material
weight. On the contrary, the material weight decreases in the case of the coating dissolution
processdominaton. In this study, the material weight decreased at early stage (after 1 or 3
immersed days) because of the dissolution of the coating. The result is the formationafsOH
around of the working electrode. The combination of @Hs aml C&*, PQ* in SBF solution
forms new hydroxyapatite crystals on the surface of the material. It is cause of the strong
increase of the material weight at long immersion tifriee experimentalresults are clear that
the weight of HAp/CNTSs/Ti6Al4V incre@smorethan that of HAp/Ti6AlI4V or Ti6Al4V. Thus,
HAp/CNTs or HAp coatings act amicleusto promote the formation dfydroxyapatite crystals
on the surface of the material.

3.3. The surface morphology
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Figure 3.SEM images of TiBl4V, HAp/Ti6Al4V and HAp/CNTs/Ti6Al4V before
and after soaked in SBF solution with different taime
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