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Abstract: The growth of titanium oxide layer on titanium . . . L
: A . Production of implants with adequate surface fimighs
surface by the micro-arc oxidation technique was

. A extremely important  for biocompatibility  and
investigated. Ca(C#OO), (0.3M), NaCO; (0.6M) and . . L ) )

N&HPQ, (0.1M) Solutions were employed as electrolytes S TERE 00 FEEC NS O 2 BOC L ELEEE
SEM and EDS microanalysis were used for morphology ' P

composition characterization and low-angle X-ray$pedfiC cellular responses bridge the gap between
. : ; o . . fundamental knowledge and the product developmeeatis
diffraction to describe titanium oxide -crystalloghéc in_industry specia?lly in dgveloping megsurement
orientation. TiQ fiims formed by wusing 0.3M '

Ca(CHCOO), and 0.IM NgHPO, solutions showed a methodologies and reference materials to assesaati@ns
porous, homogeneous surface structure, with presefic in complex systems of living cells with synthetiat@rials.

phosphorous and after an hydrothermical treatmsimgua In this work, pure titanium samples were coated@isi
Ca(OH) suspension during 24h at 60°C was observeAO to produce TiQlayers. Scanning electron microscopy
phosphorous and calcium. (SEM) and energy-dispersive x-ray spectrometry (EDS

microanalysis were used respectively for morpholegy
composition characterization. X-ray diffraction wased for
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crystallographic characterization of titanium oxide

implants.
2. MATERIALS AND METHODS

Pure titanium (ASTM grade 2) samples of 1 x 7 enm
5 x 3 cnf were carefully grounded in SiC paper, polished
and submitted to the electrochemical treatmentguéivo
. ' . o . configurations of the MAO process to produce pordif,
0, IO, SEPICALONS o QMR ayers. I e i1t experimentl setup @ venyAuSOH:
AC power supply was used to apply 140 V between the

and excellent biocompatibility [1]. However, altative sample and a oure Pt electrode during aporoximagel
approaches to produce bioactive, porous and nhang- P P g app y

crystallized titanium implant surfaces are beingdid [2]. minutes f(l)r _each sample. ((;a(QGOO)Zl(O.BM? and INQCO"’

An attractive option is to induce the growth ofaural, bio- (0.6M) solutions were used separately as eleceslyt

inert titanium oxide film [3]. The micro-arc oxidah In another MAO experimental setup a 60Hz, pulsed DC
(MAO) is a particular interesting process to praglisuch power supply was used to apply 110 V between thepka

oxide layers due its versatility and cost-effe¢yifd]. This  and a stainless steel cube during approximatelynitutes

technique can electrochemically produce porous anfbr each sample. In this case, a,NRO, (0.1M) solution
uniformly coated oxides on metal surfaces. was used as electrolyte and a stainless steelazibeunter-
electrode. Generation of sparks was observed in all

agxperiments.

1. INTRODUCTION

Titanium and titanium alloys are currently usedbase
materials for surgical implants in biomedicine agr f
example in artificial joint replacements, maxilloial

In order to produce high performance implants itesy
important to measure some film properties such
thickness, chemical composition and surface mogghol An hydrothermical treatment using a Ca(@QH)
The morphology and pore configuration of titaniuxide  suspension during 24h at 60°C was employed on sampl
films seems to be related to its biological perfante [5]. anodized with phosphate solution to produce a sarfich
The presence of the allotropic phase anatase iroxide in calcium and phosphorous. The presence of cal@noh
structure is also important because it is respémdidr the  phosphorous on sample surface can provide biologic
biocompatibility of the material [6]. However, tlmatase is advantages for surgical and odontological appbeeti7].

a meta-stable phase, so that the synthesis comglithust be

carefully controlled. SEM and EDS microanalysis were employed for

morphology and composition characterization, respely.



Crystallographic characterization of the oxide @sasvas growth of osteoblast cells [8This can be related with the
done by X-ray diffraction analysis. acceleration of the bone-like apatite layer formad its
surface.

3. RESULTS

produced with the Ca(G@0O0), solution. As can be seen,
the film surface presents a porous structure, pitte sizes
of approximately 1 um, homogeneously distributedttom
surface. On the other hand, the surface of the filaduced

surface with a great quantity of delaminated ar@agure
1b). This suggests that the conditions of ionicduamivity
and/or applied pqtentlal Us_ed for th? O-E_SMZM_SMU“O" Figure 3. Images of TiQ layer produced with 0.3M Ca(CHCOO),
were too aggressive, causing delamination of théeobayer  solution as electrolyte: a) SEM micrograph and b) alcium mapping
during the process of titanium oxide film growing. (white dots) by EDS microanalysis. Magnification 000x. Bar =5 pm.

SO Figure 4a shows a SEM micrograph of the porous and
homogeneous oxide surface produced by MAO using

sodium phosphate (MdPQ,) solution as electrolyte. EDS

microanalysis of the same region of Figure 4a (Sigere

4b) shows the presence of phosphorous.

4

Fig. 1. SEM micrographs of TiG, layers produced with: a) 0.3M
Ca(CH3COO0), solution (Magnification = 4000x) Bar = 5 pm and b)
0.6M NaCOssolution (Magnification = 3000x) as electrolytes. & = 10
pm.

EDS microanalysis of the oxide surface produced wit
the Ca(CHCOOQO), solution for the same region of Figure 1a
shows the presence of calcium, as can be seergareR2.
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Fig. 2. EDS spectrum of TiQ layer produced with 0.3M Ca(CHCOO), 2000
solution as electrolyte. o
o 1 2 3 4 5 & 1 8
Figure 3b shows the calcium mapping of the oxide Energy (keV)

surface for the same sample, where the black ddisate

the presence of Ca. This figure corresponds tcéinge area Fig. 4. Images of TiQ layer produced with 0.1M NaHPO, solution as

of the micrograph shown in Figure 3a. It can beeolsd ‘:/:Z‘;trz‘i)f:gﬁionaz) 50505"" micrograph and b) EDS microangsis.
that the calcium is homogeneously distributed oe th '

titanium OXIde Surface. InCOI’DOI’atiOﬂ Of Ca|CIUI’TThe 0X|de Figures 5a and 5b ShOW: a SEM micrograph Of the

structure is Very beneficial to the bloaCtIVItymE surface morphology after hydrothermical treatment and EDS
as results found in the literature show that itphethe



microanalysis of the same region. As can be selea, t
surface becomes more porous and presents a lesedief
structure. Presence of Ca and P on the oxide sunas
observed in this case. Further studies must be ttowerify

if the calcium and phosphorous presence acceletates
bioactivity in relation to each one individually.
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Fig. 5. Images of TiQ layer produced with 0.1M NaHPO, solution as
electrolyte after the hydrothermical treatment with suspension of
Ca(OH), during 24h at 60°C: a) SEM micrograph and b) EDS
microanalysis. Magnification = 1000x.

Figure 6a shows a micrograph of the hydrothermycall
treated titanium oxide and Figures 6b and 6c sh@s E
mappings of the same region for calcium and phospiso
elements respectively. As one can observe, P andr€a
homogeneously distributed on the surface.

Low-angle X-ray diffraction analysis was perfornfed
all surfaces showing the presence of anatase asnitie
allotropic titanium oxide phase. The spectrum ofstédifor
the film produced with N&dPQ, (0.1M) is shown in Figure
7. Titanium oxide layers with this structural canfration
are known to be more bioactive than others surfdoat

present a mixture between rutle and anatase phasgosphorous

However, an in vitro evaluation of the cellular beior for
this set of layers is needed to confirm this issue.

Fig. 6. SEM micrograph and microanalysis of TiQ layer: a) SEM
micrograph, b) phosphorous and c) calcium mapping rbom EDS
microanalysis produced with hydrothermical treatmert. Magnification
=4000x. Bar =5 pum.
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Figure 7. X-ray pattern of titanium oxide film that was produced by
micro-arc oxidation using 0.1M NaHPO, solution as electrolyte.

4. CONCLUSION

Titanium oxide layers were produced onto pure ititam
surface by micro-arc oxidation using a very simpl€
power supply and a pulsed DC supply. The oxide rlaye
produced with Ca(CkOO), (0.3M), NaCO; (0.6M) and
NaHPO, (0.1M) solutions showed a porous and
homogeneous surface topography. Layers produceld wit
Ca(CHCOO), (0.3M) showed the presence of calcium on
the surface, while the ones produced withHNO, (0.1M)
showed the presence of phosphorous. In the lag, s
further hydrothermical treatment using a Ca(@H)
suspension was able to produce a surface rich in
and calcium, as observed by EDS
microanalysis. It is known that the presence ofs¢he
elements on the surface can be extremely benefizigthe
growth of osteoblast cells and osseointegratiomaraing
the bioactivity of the layer. Further investigatiam this
matter will be done to asses the cellular behavi@r these



surfaces. In addition, the presence of homogengousl
distributed calcium on the titanium oxide surfacanc
increase its biocompatibility properties. Low-angferay
diffraction revealed anatase-rich crystallograpkitucture
for all the titanium oxide layers, which is knownstimulate
osseointegration.
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