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Section 3. Ceramics

Vibrational investigation of sintered titanium
biomaterials
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Titanium-hydroxyapatite (Ti-HA) composites were obtained by sintering 95 wt% titanium and 5 wt% hydroxyapatite type
calcium phosphates powder prepared by sol-gel method. X-ray diffraction (XRD) and infrared analysis confirm the
development of HA type crystallites in the sol-gel samples. Ti and HA powders were pressed without the use of any
lubricant. The bioactivity of composite Ti-HA was tested in simulatated body fluid. Biologically active hydroxyapatite similar
to the mineralised bone tissue was developed in vitro under in vivo simulated conditions. Raman spectroscopy and XRD

data evidence the development on composite surface of hydroxyapatite type phase after (simulated body fluid) soaking.
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1. Introduction

Local defects in bone as aresult of disease or trauma
are frequently restored by bone graft substitutes. Calcium
phosphate ceramics, especidly hydroxyapeatite and
B-tricacium phosphate are widely used for hard tissue
replacement due to their biocompatibility and
osteoconductive properties [1,2]. These ceramics are
utilized in powder and block forms as bone defect fillers.
Hydroxyapatite, HA (Cayo(PO4)s(OH),), is an important
biomaterial, and is the principal inorganic constituent of
bones and teeth. In situ mineralization of HA and the role
of organics in initial nucleation and growth of HA is
critical for the resulting nano and microstructure of HA.
Biologicaly active hydroxyapatite similar to the
mineralised bone tissue may be devel oped in vitro under in
vivo simulated conditions. Hydroxyapatite is both
biocompatible and bioactive, but its poor mechanical
properties, such as low strength and limited fatigue
resistance, limit the pure hydroxyapatite applications in
load bearing implants.

Among metallic implant materials titanium is largely
used because it is highly biocompatible and its density is
considerably lower than that of stainless steels[3]. In order
to improve the bone attachment, bioactive hydroxyapatite
layer deposition is often used for “biomimetic” coating [4]
of titanium implants. Titanium-hydroxyapatite (Ti-HA)
composites are extensively studied as potential bone
replacement materials. New functionally graded meterias
based on sintered titanium and hydroxyapatite powders are
much adequate as bone substitute because they have
bioactive properties and provide enhancement in
mechanical properties[5-7].

This study presents the results of infrared
spectroscopic analysis of hydoxyapatite type powders
obtained by sol-gel method and of Raman investigation of
the graded layer formed after immersion of sintered Ti-HA
powders in simulated body fluid.

2. Experimental

High purity titanium powder (grain size between 63
and 100 pm) and hydroxyapatite powder (grain size less
than 40 um) were used for sintering Ti-HA composite
samples. Hydroxyapatite was prepared by sol-gel method.
The precursor reagents were Ca(NOz), and (NH,4),HPO,.
The Ca/P molar ratio in precursors was 1.67 because like
in the mgjor mineral phase of the bone Cayo(PO,4)s(OH),
(hydroxyapatite). The dried sol-gels were hesat treated in
air for 3 hours a 900°C and for 1 hour a 1150 °C.
Titanium powder with 5wt % HA (95Ti-5HA) was mixed
in a tubular mixer. Powders were pressed by applying
forces of 30 and 35 kN in arigid die with the surface of
0.5 cn?, without the use of any lubricant. The compacts
were subsequently vacuum sintered (10°° torr) at 1160 °C
for 60 minutes, with dwelling stages at 200, 600 and
800 °C.

Bioactivity was investigated by an in-vitro test. The
samples were soaked in simulated body fluid (SBF)
solution [8]. SBF volume to sample surface was around
30 m, according to the soaking conditions in such
experiments. For structurd characterization of the HA sol-
gel samples X-ray diffraction (XRD) and Fourier
transform infrared (FTIR) attenuated total reflectance
(ATR) microspectroscopy were used. For estimating the
response to SBF exposure the samples were anaysed by
XRD and Raman spectroscopy. X-ray diffraction, FTIR
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and Raman andyses were caried out on Bruker
equi pments at room temperature.

3. Results and discussion

The X-ray diffraction pattern of as prepared sol-gel
sample (Fig. 1a) revedls feaures of hydroxyapatite type
crystallites. The principal diffraction peaks of HA [9]
appears at 20 values of 25.9° for reflection (002), at 31.9°
(triplet) for reflections (211), (112) and (300), and at 34.0°
for reflection (200). The crystal size D was estimated from
diffractograms using the Scherrer formula[10]
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is the wavelength of X-rays, 0 is the diffraction and 3y,
expressed in radians, is defined as

B,, =V B? —b? whereB isthe diffraction peak width at

half height and b is the natura width of the instrument.
Using the corresponding data for the (002) reflection a
mean size of 8.2 nm s obtained.
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Fig. 1. XRD patterns of the (a) as prepared, (b) heat
treated at 900 °C and (c) heat treated at 1150°C sol-gel
HA type sample.

After heat treatments at 900 and 1150 °C well defined
crystalline phases of hydroxyapetite type (Fig. 1b and c),
with crystals much larger than in as prepared sol-gel HA
sample, are developed. The examination of the influence
of heat trestment temperature on as prepared HA sol-gel
powder shows that the structure of the developed
crystalline phases are stable up to 1150 °C.

The same conclusion is mainly supported by the
feature stability of the absorption bands from IR spectra of
the samples heat treated at 900 and 1150 °C (Fig. 2). The
IR characteristic peaks of phosphate groups in HA appear
between 1030-1090, 900-950 and 560-600 cm* [11,12].
Similar IR bands for the phosphate units were recorded
from a sol—gel derived bioactive glass—ceramic [13]. The
bands recorded around 680, 760, and 1250 cm™ from the

sample heat treated a 900 °C (Fig. 2a) are not evidenced
for the sample heat treated at 1150 °C (Fig. 2b). One
observes that instead of the well developed bands
oceurring a 790 and 1310 cm™ in the spectrum of the
sample heat treated a 900 °C, very large bands appear for
the sample heat treated a 1150 °C. These bands occur in
the IR spectrum of f-tricalcium-phosphate crystals [12],
that is aso a crystaline component entering in the minera
phase of bone tissue.

Since no differences are seen in the XRD pattern
regarding the crystallinity the samples hesat treated at 900
and 1150 °C, these changes in the FTIR spectra are
indicative of smadl rearrangements in the locd
environment and bonding in HA type sol-gel samples heat
treated at these temperatures. Particularly the large IR
bands recorded around 790 and 1310 cm™ for the sample
heat treated at 1150 °C show that a vitrification processis
starting at thistemperature.
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Fig. 2. FTIR ATR spectra for HA sol-gel sample heat
treated at 900 °C for 3 hours (a) and at 1150 °C for
1 hour (b).
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Fig. 3. XRD patterns of samples pressed under 30 kN (a,
b) and 35 kN (c, d), before (a, ¢) and after (b, d) soaking
in SBF.

After sintering 95Ti-5HA composite samples, like in
the case of 90Ti-10HA [14], only atitanium metallic
phase is identified [15] in the XRD patterns of the
obtained samples (Fig. 3 aand c).

The absence of any lines associated with
hydroxyapatite type phases points out that after sintering
process these phases are very distorded or/and partialy
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vitrified. The titanium metallic phase seems to consists in
crystals preferentialy oriented to the sample surface,
depending on the sintering pressure. HA  type
polycrystalline phases developed at the surface of Ti-HA
powder sintered samples after seven days immersion in
SBF confirmed in XRD pattern (Fig. 3b and d) by
appearance of new intense lines a 26 = 29.5° and 35°. An
other effect of the SBF soaking is observed on the titanium
microcrystals orientation on the sample surface, that are
after seven daysimmersion in SBF randomly oriented.

The Ti-HA sintered sample is Raman silent before
immersion in SBF, i.e. it does not reveal any spectroscopic
feature (Fig. 4a and c). After 7 days immersion in
simulated body fluid the Raman spectra (Fig. 4b and d)
evidence changes on the surface layer of Ti-HA sample.
The line at 1083 cm™ occurs from calcium hydroxyapatite
[16] devel oped by surface minerdisation in SBF.
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Fig. 4. Raman spectra for Ti-HA sintered sample (a)
before and (b) after seven days soaking in SBF.

The Raman band recorded a 1040-1045 cm™ from a
human bone ex vivo formed is assigned to P-O stretches
[17]. In our samples the band position is expected to vary
because the loca ion environments of the phosphate
mineral lattice.

4. Conclusions

Thesintered Ti-HA samples incorporating 5 wt % HA
type phase prepared by sol-gel develop on sample surface
in simulated body fluid a bioactive layer. The as prepared
sol-gel HA phase contains nanocrystal s sized under 10 nm,
while in crystalline hydroxyapatite type powders used for
sintering Ti-HA composites the crystals are much larger.
The IR anaysis of the heat treated HA phase evidence
beside bands characteristic to hydroxyapatite also
absorption bands arising from [-tricalcium-phosphate.
Both crystalline phases enter in the mineral composition of
bone tissue. The Raman results prove the growth of an
bioactive layer on the Ti-HA sample after immersion in
simulated body fluid.
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