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Abstract

Purpose To produce an experimental dense silica-based bioceramic composite added with nano-sized hydroxyapatite (HA)
for biomedical application and physicochemical/ microstructurally characterize varying the firing temperature and the amount
of binder, polyvinyl butyral (PVB).

Methods Fumed SiO, and nano-sized HA powder from bovine bone were ball milled aiming the mixture of powders. Groups
were divided into HA (3, 5 and 10%), and PVB (1.2 and 2.4 wt.%) addition, and sintering process (1100, 1200 and 1300 °C
with a 4 h plateau). The materials were characterized by X-ray Diffraction (XRD), Fourier Transform Infrared (FTIR) and
Scanning Electron Microscopy (SEM) with Energy Dispersive X-ray Spectroscopy analysis (EDX).

Results The group fired at 1200 °C presented potentialized chemical bonds without the degradation of HA at XRD profile,
based on its microstructural evolution. FTIR spectra shows the degradation of HA, with an increase of CO, band and a loss
of the calcium-phosphate bands as the temperature increases. The binder concentration showed no chemical changes in the
material. 2.4 wt.% of PVB addition resulted in optimized compaction and a lower inclusion of pores or cracks, suggested
by SEM images.

Conclusion This study suggests that the match composition of SiO, matrix with 5% of HA and 2.4 wt.% of PVB, sintered
at 1200 °C, exhibit potentially superior properties to biomaterial applications.
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and structurally similar with the mineral portion of human’s
bone [8]. Bovine bone has the benefit of an easily available
and inexpensive source associated with Ca/P ratio, particles
shapes and crystalline phases favorable to use as bioactive
material [9]. Bioactivity and osteoconductive properties
coexist with insufficient mechanical properties for mono-
lithic load-bearing use [10].

The association between Si-HA enhaced for bone forma-
tion [7, 11] and attachment [12], and long-term Si delivery
system [13] are promising characteristics of this association
in different arrangements, e.g., granules [14], microspheres
[15], plasma-sprayed coatings [7], scaffolds [16], porous
[17] and dense bioceramics [18]. Although the association
Si-HA has been much discussed, there is a gap in the litera-
ture regarding the densified conformation with silica matrix
and HA acting as its additive. Sintering temperature, tim-
ing and atmosphere, powder grain size and shape, pressure,
composition and manufacture processes are some factors
that influence on dense ceramics preparation [19, 20].

Considering the obstacles at reaching proper composi-
tion, particle size, synthesis process, microstructural and
physicochemical properties, idealizing an experimental
material combining SiO, and HA (SH composite ceramic)
would be remarkable. SH could present a high bioactivity
through the release of dissolution ions such as Si, Ca and P,
which may also affect vascularization, gene expression in an
osteogenic cell, and consequently improve bone formation
[21, 22]. Therefore, since high silicon material associated
with HA has been produced by different processing meth-
ods and achieved interesting results, the aim of this study
was to produce a new glass ceramic containing SiO,/HA via
uniaxial/isostatic powder compression and structurally and
chemically characterize this material, varying the sintering
temperatures and concentration of binder.

2 Materials and Methods
2.1 Nano-sized HA

HA was obtained from bovine femurs. The nanoparticula-
tion process was performed with the aid of a ball mill [23].

2.2 Synthesis of Experimental Material

For the matrix of the experimental material, fumed silica
(Si0,, Sigma-Aldrich) was used, with particle size of
0.007 um, surface area of 395 +25 m?/gram and apparent
density of 2.3 Ib./cu. Ft (0,037 g/cm?). The study variables
were (1) the percentage of HA addition (3, 5 and 10%), (2)
the temperature of the sintering plateau (1100, 1200 and
1300 °C), and (3) the concentration of PVB (1.2 and 2.4
wt%) (Sigma-Aldrich, USA).
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The mixing of the experimental material was mechani-
cally carried out in a ball mill. Considering the molecu-
lar weight of amorphous SiO, is 2.2 g/cm® and of HA is
3.156 g/cm?®, the same jug (100 cm® of useful volume)
was loaded with 500 g of griding elements (spheres of
3Y zirconia @ 10 mm), 30 cm® of powder (SiO, +HA),
70 cm? of isopropyl alcohol (Sigma—Aldrich, USA) and
paraminobenzoic acid (PABA, Sigma—Aldrich, USA, 0.05
wt.% over powder wight,), and was placed for 2 h in a
rotatory ball mill. After this period, 1.2% or 2.4 wt.% of
PVB, previously diluted in isopropyl alcohol, was added
to the jug and mixed and homogenized in a rotary ball
mill for 10 min.

The content was oven dried at approximately 80 °C and
granulated in stainless steel sieves (# 200 mesh <75 um).
The powder was portioned and pressed in a uniaxial press
(100 MPa/ 30 s), with the aid of a matrix that was lubricated
with a thin layer of oleic acid (C,gH;,0, Exodo Cientifica,
Brazil). Once compacted, the specimens were vacuum
packed and received the second pressing in an isostatic press
(200 MPa / 1 min).

The SH composite ceramic samples were sintered in
atmosphere air by a chamber-type oven (Lindberg Blue /
M). Sintering scheme: from room temperature to 160 °C
with a heating rate of 2.7° C / min, then to 600° C to 4 °C /
min, then up to 1100 °C at 5° C / min and finally up to the
maximum temperature (1100, 1200 or 1300 °C) at 6 °C /
min, with a 120-min plateau followed by cooling the oven
to room temperature.

2.3 Characterization Methods

Four different investigative methodologies were used to
chemical and structurally characterize the samples: X-ray
diffraction (XRD), Fourier transform infrared (FTIR), scan-
ning electron microscopy (SEM) and energy dispersive
X-ray spectroscopy (EDX). They were performed on the ini-
tial powders, the blend of powders prior to sinterint process
(initial characterization) and the pellets after sintering (final
characterization), aiming to compare them and observe the
changes caused by sintering and variations in the concentra-
tion of HA and PVB.

2.3.1 SEM/EDX

The samples were gold-coated at = 10 nm thickness and
investigated using an, on an ultra-vacuum system (base pres-
sure of 1 x 107> Pa and acceleration voltage of 20 kV, XL30
FEG). Images were taken (JEOL-JSM 56000LV microscope,
Tokyo-Japan), and chemically analyzed with an X-ray detec-
tor (Voyager, Noran Instruments).
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2.3.2 XRD

Samples were submitted to X-ray diffraction on a diffrac-
tometer (Rigaku Miniflex600 X-ray) using CuKo radiation
source (A=1.54056 A) with rotatory anode operation at
40 kV and 150 mA. Counting time 0.3 s and scanning
angle ranging from 10 to 80°.

The amorphous characteristic of the fumed silica pow-
der and the crystalline phases of HA were identified and
validated by XRD. In order to propose standards and eval-
uate the profiles, the Joint Committee on Powder Diffrac-
tion and Standards (JCPDS) was used. Some of the cards
selected was: # 29-0085 for amorphous SiO,, # 024-0033
for HA, # 009-0080 for CaHPO,, # 001-1160 for CaO, and
# 001-0941 for Ca;(PO,),.

2.3.3 FTIR

Spectra were recorded using KBr pellets (FTIR-Vertex
70, Bruker), in the transmittance mode with the range
of 500-2500 cm™', in order to investigate the functional
groups of resultant powders.

3 Results and Discussion
3.1 Silica and HA Powder Characterization

The use of fumed silica for the experimental ceramics was
motivated by the submicron-sized of its particles (like
flakes). The smaller the particles, the larger the estimated
surface area. This correlation results in a larger area avail-
able for interaction with nano-HA and the unique particle
flocs promote a dispersion to mechanical stress [24]. The
alcoholic medium was attempted to not exceed the thresh-
old concentration (Py) because the viscous liquid charac-
teristic is beneficial for the ball-mill method making the
dilute dispersion flowable when perturbed by mechanical
action [25]. Associate fumed silica and polar organic sol-
vents tends to form low viscosities medium and networks
of overlapping agglomerates and clusters [24, 26]. Hydro-
gen bonding between silanol groups on different particle
surfaces are caused by the attractive interactions between
particle aggregation and network formation [26, 27].
Bovine bone is a well-studied natural source of HA
with predictable and reliable characteristics [9]. Due to the
structural and morphological similarity with the human
bone, the cortical portion of the femur was chosen for the
study [28]. The pre-treatment step removed the collagen,
lipids and non-collagenous proteins organic from the bone
matrices [29] and if any residue remained, it was burned

during calcination at 900°, remaining only the mineral
phase (HA).

XRD analysis of the silica fumed and HA as shown in
Fig. 1 exhibited peaks within the 20 range from 10° to 80°
that corresponds to stoichiometric of the amorphous struc-
ture of SiO, (JCPDS no. 29-0085) and HA (JCPDS no.
9-432). No phase decomposition (CaO, TTCP, a-TCP and
b-TCP) was found and it can be observed the high crystal-
linity and single phase on HA spectra of starting powder.
This finding highlight that the sintering treatment produced
pure HA.

The IR spectrum of starting powders coincide with those
described in the literature. Silica fumed presents the vibra-
tion of Si-O-Si and Si-OH bands while the inorganic phase
of HA is composed mainly of Ca and P with some minor
components (O, C, Na, and Mg) [30]. Spectrum of HA
shows the presence of major inorganic species, phosphate
(from the mineral HA), carbonate (from carbonate substitu-
tion for hydroxyl and phosphate groups in HA), and organic
components such as amide functional groups I-III from the
bone protein constituents (mainly type I collagen) (Fig. 2)
[31].

3.2 SH Composite Ceramic Conception
3, 5 and 10% of nano-HA were selected based on previous

studies with silica-based ceramics that receive the addition
of crystalline material, such as ZrO, [32, 33], and studies

| ‘ —— SI0/HA3% 1300°C —— HA —g SO,

Intensity (arb.unit)

10 20 30 40 50 60 70 80
26 (degree)

JCPDS No. 9-432
0 20 30 40 50 60 70

Fig. 1 XRD pattern of SiO,, HA and SiO,+3% HA (1200 °C) group.
Correspond to the characteristic peak of SiO, (JCPDS no. 29-0085)
and of HA (JCPDS no. 9-432)
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Fig.2 FTIR pattern of SH composite ceramic in different concentration of nano-HA, 3 (a), 5 (b) and 10% (c), sintered at 1100, 1200 and

1300 °C

that associate SiO, and HA [33, 34]. The homogeneous dis-
tribution of HA nanoparticles enhances the mechanical and
tribological properties acting as load carriers [35]. Increas-
ing the proportion of HA results in a greater challenge for
homogeneous distribution within the bulk, which may result
in aggregated particles and the formation of mechanical defi-
ciency regions. However, a higher concentration can provide
greater bioactivity to the material [36].

In order to favor the compacting and pressing of speci-
mens, PVB was used as a binder in this study. Definned as
an amorphous thermoplastic that presents an excellent flex-
ibility, fil-forming and adhesion, PVB acts as a cross-linked
according to the number of residual OH groups presented in
the material [37]. The conformation of fumed silica powder
presents a great oxygen coating under ambient conditions
and, although the use of binders can provide the formation
of porosities in the material [38, 39], its absence could make
the manipulation of the specimens unfeasible before sinter-
ing [32, 39].

3.3 Sintered SH Composite Ceramic Results

The association between uniaxial and isostatic pressing
[38] combined with mechanical milling process [32] has
been successfully used for the production of bioceramics
with high density and mechanical behavior. These processes
favored the bulk homogenization as well as the samples con-
formation. In this way, the material is prepared for sintering.

In this study, the plateau temperature was variated aim-
ing to observe the reflects on physicochemical characteris-
tics of SH composite ceramic and predict the optimal sin-
tering scheme. Although the fusion temperature of silica
is 1710 °C, further collisions result in some irreversible
mechanical entanglement or agglomeration from 800 °C
[40] and around 1250 — 1300 °C the compaction can occur
[41]. Once the decomposition of HA initiates at 1250
— 1300 °C and reflects in grain boundaries and deterioration
of mechanical properties of ceramics [42, 43], the elected
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temperatures were 1100, 1200 and 1300 °C to sinter the
green-body specimens. Also, at temperatures above 1200°,
fumed silica, glassily, affected by the presence of HA, begins
a devitrification process, crystallizing and undergoing recon-
structive transformations that leads to fragmentation of the
material structure.

A low sintering scheme was used in order to establish a
graduation of temperature favoring, i.e., the effective burn
out of binder at 600 — 700 °C [44], reducing the imprison-
ment of CO, on composite ceramic body. Band at 2300 cm™"
could indicate these CO, imprisonments [45] inside the bulk
of the material on FTIR analysis (Fig. 2). For concentrations
of 3 and 10% HA, according to the sintering temperature,
the bands of CO, became more prominent, while for the
concentration of 5% this relationship was reversed.

Figure 3 presents the three concentration groups sin-
tered at 1200 °C and demonstrates controlled peaks of CO,.
Spectra exhibits vibration possibly attributed to bound (3700
~2600 cm™") and free (3571 cm™") hydroxyl stretch modes,

Si-0
P-O

—— SiO,/HA10%
—— SIO,/HA5%
SiO,/HA3%
0-P-0 S0
iy ) c*co SIOH
co;? a P-OH

-0
P-0

Absorbance (u.a)

T ¥. T v T N T » T T L]
1000 1500 2000 2500 3000 3500 4000
Wavenumber (nm)

Fig.3 FTIR pattern of SH composite ceramic sintered at 1200 °C
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the carbonate asymmetric stretch (1638 cm™!) and out of
bending mode (875 cm™}), and the phosphate asymmetric
stretch (1088/1047 cm™), and v, O—P-O in plane bending
modes at 637 cm™! [34, 47]. Vibrational modes from silanol
(Si—OH) stretch region stretch region (3700-2500 cm™h),
Si—O stretch (1100 and 962 cm™'), Si—-OH deforma-
tion vibration (1020 cm™') and bonded silanol groups
3400-3200 cm™!, and a characteristic Si—~O-Si stretch near
480 cm™! did not appear in spectra, only in 1130-1000 cm™"
[46].

Note that HA and SiO, share a number of simi-
larly spaced vibrational modes of hydroxyl stretch
(37002500 cm™"), carbonate (1635-1640 cm™), Si-O/P-O
stretch (1089-1095 ¢cm™}), Si—O/P-O symmetric stretch
(958-962 cm™'), and Si—O-Si stretch/P—O out of plane
bending (477-483 cm™") that are not represented on Figs. 2
and 3. It could be possibly attributed due to similarities in
vibrational characteristics within the SiO, *~ and PO~ tet-
rahedral molecular units that were possibly incorporated on
the SiO, and HA [34].

The intensities of the weak surface P-OH vibra-
tional mode at 3682 cm™' [47], the free hydroxyl stretch
at 3571 cm™!, the n; phosphate peaks at 2100, 1088, and
1047 cm™!. In addition, the carbonate n, mode at 875 cm™!
and the n; carbonate modes at 1638, 1455, and 1421 cm™!
decrease in intensity with increasing silica-coating amount.

The specimens after sintering were analyzed via XRD
(Fig. 4), an interesting method to identify the phases in
every group. The major peak intensity of the sintered SH
at 1200 °C has a vivid increase in comparison with XRD
of 1100 and 1300 °C groups. This fact indicates a increase
on the powder’s crystallinity. The temperature of 1100 °C
presented an attempt of binding, at 1200 °C the peaks

. Si0,/HA3% 1100°C
Si0,/HA3% 1200°C
Si0,/HA3% 1300°C
AHA ®Si0,
. A
=
c
3
£
a
&
=
(72}
2 A
9]
2
£ A
L
—_—
10 20 30 40 50 60 70 80

20 (degree)

Fig.4 XRD pattern for SH composite ceramic with 3% of HA sin-
tered at 1100, 1200 and 1300 °C

were evidenced, and at 1300 °C the degradation already
prevented its increase, the HA peaks start to disappear
and the formation of Ca(OH), peaks are promoted and
only tha amorphous phase of SiO, could be identified.
The intensity of the characteristic peaks for b-tricalcium
phosphate (p-TCP), located at 20 angles of 27.75, 31.65,
45.55, and 48.00° are more prominent at 1200 °C group,
temperature that would be caused the HA decomposition
into a-TCP {Ca;(PO,),}, B-TCP {Ca;(P,O4)} and calcium
oxide (CaO) [30].

The chemical characterization of starting powders (SiO,,
HA and SH composite ceramic blends) and after sintering
was conducted using SEM/EDX. The EDX analysis detected
silicon (Si) and oxygen (O), in 46.08 wt.% and 53.92 wt.%,
respectively. To HA sample, EDX detected calcium (Ca)
27.38 wt.%, phosphate (P) 12.92 wt.%, carbon (C) 8.69
wt.%, sodium (Na) 0.72 wt.%, magnesium (Mg) 0.48 wt.%,
and oxygen (O) 38.94 wt.%.

Aiming to characterize the effects of the sintering temper-
ature variation, SEM was conducted on bulk area. Figure 5
instance the SH composite ceramic with 10% of HA sintered
at 1100 (a, b, c), 1200 (d, e, f) and 1300 °C (g, h, 1). Insuffi-
cient densification of the sample can be observed with pores
and cracks in the material, functioning as potential areas to
catastrophic failure during eventual mechanical challenge.
Some pores can also originate from the evaporation of the
PVB. At 1100 °C the flaking aspect of the agglomerated
fumed silica, although compacted, continues to be observed
at higher magnifications (Fig. 5b, ¢), in agreement with the
findings of physical-chemical analysis. At temperatures of
1200 °C and 1300 °C the matrix is more homogeneous, with
union of particles. However, the pores of the highest tem-
perature appear to be of greater volume.

The starting powder of SiO, (Fig. 6a) demonstrates the
initial appearance of flake-like with a large surface area,
similar to previous description [24], and starting powder
of nano-HA (Fig. 6b) showing uniformity in size, although
they are agglomerated due to the high surface energy of the
nanoparticles. Bends before sintering and after interaction
with the alcoholic medium and homogenization with a ball
mill already demonstrate a different pattern and networks
of overlapping agglomerates and clusters [24, 26]. As the
volume of HA increases, there is a greater dispersion and
less volume of agglomeates (Fig. 6c, d, and e). The tem-
perature chosen to demonstrate after sintering was 1200 °C
as it is the average between the groups studied and help to
compare the structural change that has occurred. The greater
the addition of HA, the more evident the filaments within the
ceramic bulk (Fig. 6h). According to EDX their composition
is mostly magnesium. It was observed on the concentrations
studied, but other concentrations could be investigated and
arange of sintering temperature between 1200 and 1300 °C
is valid to be exploited.

@ Springer
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Fig.5 SEM images of SH composite ceramic with 10% of HA sintered at 1100 (a, b, ¢), 1200 (d, e, f) and 1300 °C (g, h, i)

3.4 PVB Concentration Results

The use of a binder is essential because of the hard and
limited plastic deformation capability of a ceramic powder
at room temperature [48]. Lubricant, in this case the oleic
acid, is used in small quantities and should not infer adhesive
forces between particles. To plastically deform in between
particles and transmit sufficient strength to the green com-
pact, PVB helped to maintaining the integrity during pre-
sintering handling [39]. Although, the use of organic bind-
ers requests the effective remotion in a long heating time,
releasing gases that may lead the deformation of the green
compact or the initiation of cracks.

PVB is usually used in necessity of a strong binding,
with the ability of adhesion in different surfaces and char-
acteristics such as toughness, flexibility and optical clarity
[49]. The heat-resistance of PVB is deficient due to their
low glass-transition temperature (T,) [50]; The PVB Butvar
B98 has a glass-transition temperature (Tg) between 72—78
°C; warming up over this range will be promotes stress

@ Springer

relief allowing handling, drilling, machining and sanding
of samples, therefore, the binder performs its stabilization
function and as the ceramic is sintered it will be eliminated
at 600 — 700 °C [44]. Containing a hydroxyl group via
polyvinyl alcohol (PVA) that dominates the adsorption on
Si0O, by hydrogen bonding, interaction already described
between PVB and yttria-stabilized zirconia (YSZ) [51]. The
high number of hydroxyl groups possibility more effective
adsorption of PVB on the ceramic particles.

Figure 7 shows SEM images of SH composite ceramic
with different concentrations of HA, sintered at 1200 °C,
produced with 1.2% or 2.4 wt.% of PVB. EDX maintained
the dispersion previously described and the groups with the
highest concentration of PVB showed a slight increase in
carbon levels. In lower magnifying, cracks can be seen in
SH composite ceramic with 3% (Fig. 7a, ¢) and 10% (Fig. 7i)
of HA, being more frequent in groups with less HA addi-
tion. The group of 10% of HA and 2.4 wt.% of PVB did
not present them anymore (Fig. 7k). All groups have appar-
ent pores, which indicates inefficiency in the compaction of
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Fig.6 SEM images of starting powder of SiO, (a), HA (b), SH composite ceramic with 3% of HA (c), 5% of HA (d) and 10% of HA (e). After
sintering at 1200 °C the SH composite ceramic with 3% of HA (f), 5% of HA (g) and 10% of HA (h)

green body samples. Qualitatively, it can be observed that
groups with 2.4 wt.% of PVB have fewer pores, which sug-
gests more effective compaction.

XRD patterns for all samples studied are grouped at
Fig. 8. Si0, is the predominant peak at 22° in addition to low
and mean intensity peaks corresponding to Cas(PO,);(OH)
and B-TCP (30 — 35°) [43], revealing that these phases tend
to be maintained independent of PVB wt.% variation once
de sintering temperature is the same (1200 °C). There was
a maintenance of the general intensity of the spectrum, not
varying significantly according to the change in concentra-
tion of the PVB, which suggests complete burn out. The
volume of pores within the sample, with eventual Ca(OH),
imprisonment, should be investigated by methods such as
density and pore count of the samples.

Analysis of FTIR spectra for PVB variation shows that
all samples have typical absorption bands of SiO,*" at
1100, 1277, and 825 cm™!. Indicating the crystalline HA,

PO, presented bands at 1050, 961, 604, and 572 cm™",
OH™ at 3574, 3440, 1630, and 634 cm™', CO;*~ carbonate
groups at 1550, 1457, 1415, 880, and 800 cm™! (Fig. 9). It
was not possible to observe changes in the spectrum in rela-
tion to the variation of the binder, between blends of starting
powders and after sintering.

According to the XRD and FTIR analysis, it can be
observed that the use of presence of 1.2% or 2.4 wt.% of
PVB did not influence the physicochemical characteristics
of the experimental material. However, it seems to have
contributed to a more effective compaction of the green-
body specimens, providing a lower incidence of cracks and
apparent pores.

3.5 SH Composite Ceramic Results

In the present work, the nano-HA derived from bovine
femurs was incorporated into a commercial fumed silica

@ Springer
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Fig.7 SEM images of SH composite ceramic with 3% of HA 1.2% (a, b) and 2.4 wt.% of PVB (¢, d), 5% of HA 1.2% (e, f) and 2.4 wt.% of

PVB (g, h), and 10% of HA 1.2% (i, j) and 2.4 wt.% of PVB (k, 1)

as an application of biomaterial. The study of synthe-
sis details and characterization helped to understand the
experimental material and outline future strategies to
optimize it. The association between silica and HA are
implemented as filled cement [35] and bone substitute
material [52], due to their cell proliferation ability [53],

——5i0, 3% HA 2,66 pvb
——5i0 , 3% HA 4,66 pvb
———(SI0 , 5% HA 2,66 pvb
——5i0 , 5% HA 4,66 pvb
S0, 10% HA 2,66 pvb
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2

Fig.8 XRD pattern of SH composite ceramic with different concen-
tration of HA, varying in 1.2% and 2.4 wt.% of PVB
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early bone ingrowth and repair [16], induction of an oste-
ogenic signal to human mesenchymal stem cells [54], and
biomimetic properties [52].

As described, not only the composition but also the
processing technique can be responsible to physicochemi-
cal and mechanical properties of composite ceramic. It is
worth noting that a porosity between 60 — 80% stimulates
the osteoconductivity and biodegradability for bone substi-
tute [55]. The characterization step is essential to guide the
research line and direct the best composition and micro-
structural pattern for the development of subsequent tests.
Critical planning and analysis will save laboratory time and
financial resources.

Therefore, more investigations are needed with
SH composite ceramic in order to elucidate the
physicochemical, mechanical and tribological prop-
erties deepening variations and analysis of the man-
ufacturing routes, the matrix chemical composition,
different conformation of the silica particle, and the
uniformization of the HA dispersion. In this way, the
positive characteristics from the SH ceramic com-
position such as bioactivity, biocompatibility and
osteoconductivity, which are widely studied, will
provide the applicability of the experimental mate-
rial by medical and dental community.
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Fig.9 FTIR pattern of SH composite ceramic. Comparison between starting powder (s.p.) and after sintering (1200 °C) varying in 1.2% and 2.4

wt.% of PVB

4 Conclusions

In the present work, a silica-hydroxyapatite composite
ceramic was successfully produced and investigated accord-
ing to physicochemical analysis. It was found that:

1- The nano-hydroxyapatite produced from bovine femurs
was feasible for the composition of an experimental
composite ceramic;

2- Based on the microstructural evolution, when sintered
at 1200 °C, the chemical bonds within the material were
potentialized without the degradation of hydroxyapatite
on the XRD profile;

3- The composite ceramic presented no chemical changes
with different concentration of PVB. However, SEM
images suggests that 2.4 wt.% of PVB resulted in an of
material compaction and a lower inclusion of cracks and
pores. Additional methods should be performed aiming
a deep evaluation;

4- The results suggested that the match composition of
SiO, matrix with 5% of HA and 2.4 wt.% of PVB, sin-
tered at 1200 °C, exhibit potentially superior properties
to biomaterial applications.
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