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Abstract: B-Wollastonite (B-CaSiOs) microfibers were successfully synthesized
using a one-step, template-free hydrothermal reaction involving calcium nitrate
and sodium metasilicate in an alkaline medium. The synthesis of microfibers was
completed at 220 °C within only 240 minutes under an autogenous pressure of
19 bar. This method avoids the formation of xonotlite as an intermediate phase,
eliminating the need for subsequent calcination to achieve wollastonite. X-ray
diffraction (XRD) confirmed the B-wollastonite phase, while post-calcination
analyses indicated enhanced crystallinity and structural characteristics. Scanning
electron _microscopy (SEM) revealed a needle-like morphology, and N»
adsorption-desorption analysis demonstrated a developed surface area of 26 m?g”
! with. notable mesoporosity. These advantageous features facilitated the
integration of f-wollastonite into the synthesis of a glass-ceramic composite,
which was characterized for its morphological, structural, textural, and in vitro
bioactivity properties. The composite was prepared by mixing B-wollastonite
and bioactive glass powders in a 1:4 mass ratio, followed by compaction through
uniaxial pressing and sintering at 1000 °C for various time intervals. For
comparison, compacted pure bioactive glass samples were also sintered under
identical conditions. Structural, morphological, textural, and in vitro bioactivity
characterizations demonstrated that the incorporation of B-wollastonite led to a
more uniform and narrower pore size distribution and promoted neck formation
between particles, indicating its potential for bone regeneration applications.

Keywords: sintering; bioceramics; mineral; mesoporosity.
INTRODUCTION

Wollastonite is a naturally occurring mineral with the chemical formula
CaSiOs and two polymorphic forms; low-temperature phase f-wollastonite, and
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high-temperature phase a-wollastonite (pseudowollastonite).! It is a member of
inosilicates with the single-chain structure and physical properties that are stable
to about 1125 °C (transition temperature of S-wollastonite to a-wollastonite),
making wollastonite important in refractory ceramics production. Due to its
needle-like morphology, thermal stability, low thermal expansion and low thermal
conductivity there is increasing demand for wollastonite as a substitute for short-
fiber asbestos. Another boost to the industry came from its low dielectric constant
and low dielectric loss at high frequency, making this material suitable for high
frequency insulators.’> In the production of plastics such as nylons, phenolic
moulding compounds, polyesters, polyurethanes and polyureas, wollastonite is
used as filler providing reinforcement, hardening, crack resistance, high brightness
and other benefits.* In ceramics, wollastonite reduces warping and cracking and
acts as a sintering aid which accelerates densification of ceramics and increases
strength. In the recent years studies reported improvements in strengths, shrinkage
resistance and reduction in permeability for concrete mixes containing
wollastonite as cement replacement.” Moreover, several studies concern
wollastonite as an adsorbent for the removal of heavy metal ions, such as As** and
Cr'®, from water.®

Another high merit for wollastonite is its good bioactivity, biocompatibility,
degradability and favorable mechanical characteristics. Consequently, it is
increasingly being used as biomaterial suitable for orthopaedic applications
including medical material for bone substitution and dental roots. It should be
emphasized that f-wollastonite phase has bioactivity performance better than a-
wollastonite: Hence, f-wollastonite nanowires may be used as strength-enhancing
additives  for preparation of the ceramics or bioactive nano-composites with
improved mechanical properties.?

Biomaterials are generally defined as natural or man-made materials designed
for use in the manufacturing of medical devices to replace part or function of the
biological system in a safe, reliable, economic, and physiologically acceptable
way. Although biomaterials are primarily intended for medical applications, there
are also studies in which term biomaterials refers to those materials produced by
living organisms.’

According to the type of material used, biomaterials can be classified into one
of four broad categories: metals, polymers, ceramics and composites. Among
them, ceramic materials are very biocompatible and show exceptional wear
resistance, but they are usually stiff and brittle. In order to improve mechanical and
textural characteristics of ceramics, new structures have to be created. Those
structures may include, among the rest, ceramic composites with various fibers
used as reinforcement. Moreover, calcium silicate based glass ceramics possess
excellent biocompatibility and bioactivity, and have been considered as potential
candidate for bone replacement and regeneration.® Controlled crystallization of
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calcium silicate glass ceramics produces certain sodium calcium silicate phases,
such as Na2Ca2Si309 which develop improved mechanical properties and enhanced
stability of biomaterial to physiological conditions.!® Also, there is a wide group
of biomaterials developed for bone tissue engineering based on hydroxyapatite
scaffolds.!!"1?

Needle-like bioceramics can be prepared by various techniques such as
coprecipitation, sol-gel, sonochemical and hydrothermal methods.  There are
several studies which report that wollastonite fibers could be obtained by
calcination of tobermorite or xonotlite fibers as precursors over 800 °C.
Hydrothermal process and hydrothermal microemulsion technique are also utilized
to synthesize precursors for wollastonite fibers using small droplets of
microemulsion as nanoreactors for the synthesis of nanoparticles with a low
polydispersity.*!'* However, microemulsion and soft template methods are limited
by the large amount of template material required and the use of organic solvents
and surfactants, which are dangerous pollutants. The autoclaving has been
explored by Ismail et al. as a safe and environment-friendly technique for
wollastonite synthesis.!> However, all these techniques produce precursors which
demand additional sintering step to obtain S-wollastonite. '

Herein, we report the fabrication of needle-like wollastonite through a facile
one-step hydrothermal method without any additional templates. The obtained
product was employed for the bioactive composite production through powder
sintering routé using bioglass as matrix and needle-like wollastonite as
reinforcement. To study in detail the structure, morphology and sintering behavior
of the wollastonite and glass-ceramic composites, X-ray diffraction (XRD),
adsorption-desorption isotherms of N2 at -196 °C, scanning electron microscopy
(SEM) equipped with EDX, FTIR and Raman spectroscopy methods were applied.
In vitro bioactivity assessment of the composite and its potential as an implantable
material was examined by immersion in the simulated body fluid (SBF) at 37 °C
for 21 days.

EXPERIMENTAL
Wollastonite synthesis

The procedure applied for the synthesis of wollastonite is as follows. The amount of 3.54
g Ca(NO;),x4H,0 was dissolved in 35 ml of deionised water to obtain clear solution. In a
separate beaker, 3.18 g of Na,SiOsx5H,0 was dissolved in another 35 ml deionised water and
then dropped into Ca(NO3), stirring solution to obtain milky-white suspension. The suspension
was stirred for 30 min to ensure that the particles are well mixed and finely dispersed into the
liquid. Subsequently, 10 ml of 5SM NaOH was added and stirring was continued for 5 min. The
suspension was then transferred into stainless steel autoclave and heated at 220 °C for 240 min
at autogenous pressure of 19 bar, followed by cooling to room temperature naturally. After the
hydrothermal reaction, the obtained suspension was filtrated and washed with deionised water
three times. The resultant powder was dried at 105 °C for 3h. This synthetic route is based on
the following chemical reactions:



RANDELOVIC et al.

Ca(NOs)2 = Ca?" + 2NO5 (1)
Na:2SiOs = 2Na* + SiOs* (2)
Ca(NO3)2-H20 + NazSi03-5H20 = CaSiO3-H20 + 2NaNOs + 5SH20-. (3)

Bioglass synthesis

During the synthesis, a specific melting regime of SiO,, Na,COs, P,Os and CaCOs is used
in order to obtain a composition given by the mass fraction of oxides: 45 wt% SiO2, 24.5 wt%
CaO0, 24.5 wt% Na,O and 6.0 wt% P,0s. The melting regime in a platinum crucible included
heating at 1000 °C for 15 minutes, then heating at 1100 °C for 15 minutes with maintaining that
temperature for the next hour. After that time, the procedure was ‘continued by heating up to
1200 °C for 15 minutes and keeping that temperature for another hour. The melted mass was
poured onto a metal plate heated to 380 °C and allowed to.cool. After cooling, the glass was
crushed in agate mortar and pulverized by grinding in a ball mill. The powder was passed
through a sieve of 180 mesh.

Composite fabrication

The glass-ceramics composites were fabricated by sintering of pellets (& 15 mm), which
were previously prepared from the wollastonite and glass powder in mass ratio 1:4 (0.1 g+ 0.4
g) by cold pressing in a laboratory hydraulic press. Components were well mixed in ethanol
suspension through sonication. Then polyvinyl alcohol (PVA) solution was aded to achieve
agglomeration of particles. Obtained precipitate was dried, powdered in agate mortar and
pressed in laboratory hydraulic press at 10 t. The temperature of sintering was selected to be
1000 °C, acording to our preliminary findings. The samples were heated at the chosen
temperature for 15, 30, 55 and 85 min, initially cooled down to 300 °C, and then to room
temperature. After cooling, the sintered samples were subjected to subsequent analysis. Pure
bioglass powder was sintered under the same conditions as the composite in order to compare
their physicochemical properties and to more clearly demonstrate the influence of the
wollastonite phase on the characteristics of the composite.

Characterization

The microstructures of the powder samples and composites substrates were analysed by
scanning electron microscopy (SEM) using a JEOL JXA-8500F and a Leo Gemini 1530 by
Zeiss with an Everhart-Thornley detector for collecting secondary electrons. The accelerating
voltage was 10 kV.

Structural characteristics of crystal phases were examined by X-ray diffraction, using a
STADI P instrument from STOE & Cie GmbH with a Mythen1K detector. Cu-Ko-radiation
was used at 40 kV and 40 mA. The XRD technique was used to identify the phase composition
of the bioglass, wollastonite as well as sintered glass-ceramic composites. The diffraction data
were collected in the 20 Bragg angle range of 20 to 100 °. The crystallite size of the wollastonite
was calculated by the Scherrer equation with data obtained from the XRD analyses. This
equation is given as:

KA
L= B cosb (4)

where L is the crystallite size, K is the Scherrer constant, 1 is the X-ray wavelength, f
(expressed in radians) is the width of the peak (full width at half maximum - FWHM) after
correction for instrumental peak broadening and theta () is the Bragg angle. The K value used
in this calculation is 0.94. The quantification of individual crystalline phases in the samples was
carried out based on the Reference Intensity Ratio (RIR) method.
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For textural analyses of wollastonite, Horiba SA-9601 MP BET Surface area analyzer and
Thermo SCIENTIFIC" from SURFER were used. Experimental parameters for the N,
adsorption/desorption analysis are presented in Supplementary material.

Additional structural characterization of the wollastonite samples was performed by
Raman spectroscopy using a Raman Spectrometer Renishaw inVia 2 Raman microscope with
applying a laser source with a wavelength of 532 nm. All FTIR absorption spectrawere recorded
in the wavenumber range from 400 to 4000 cm™ (transmission mode) using Bomem
spectrometer. The resolution used was 4 cm™! and the number of scans was 32.

In vitro bioactivity assessment of the prepared glass-ceramics

Simulated body fluid (SBF) has nearly the same ionic composition and pH value as blood
plasma. SBF is used for in vitro testing and evaluation of the bioactivity of artificial materials
by forming an apatite layer in the fluid. Additionally, it is used for the preparation of bioactive
composites that will form bone-like apatite on various substrates. For SBF preparation, 750 ml
of deionized water was poured into 1 L beaker and placed onto the heated magnetic stirrer with
the temperature being maintained at 37 °C. Defined quantities of the following chemicals of the
highest purity have been added slowly in small increments: 7.996 g NaCl, 0.35 g NaHCOs,
0.224 g KCl, 0.228 g K,HPO4x3H,0, 0.305 g MgClx6H,0, 40 ml 1 M HCI, 0.278 g CaCl,,
0.071 g Na,SOs, 6.057 g Tris(hydroxymethyl)aminomethane (TRIS), and certain volume of 1
M HCI for pH adjustments. Prepared solution was kept in polyethylene bottle at 5-10 °C.

The glass-ceramic samples in the form of pellets were placed in polyethylene flasks
containing 50 ml of simulated body fluid (SBF) in order to estimate their bioactivity. The
covered flasks were kept at 37 °C for 21 days. Subsequently, the samples were removed from
the SBF solution, washed with distilled water and then air-dried at room temperature. The
sample was examined by an EDX and XRD analysis of the powdered glass-ceramic samples.

RESULT AND DISCUSSION
SEM

Wollastonite morphology analysed by SEM along with element mapping and
distribution of main elements are given in Fig. 1. Needle-like wollastonite particles
with length up to 25 um and very sharp ends can be noticed at Fig. 1a and b. In
addition, it can be observed that larger particles are composed by aggregation and
stacking of smaller ones which form broom-shaped structures at the ends. Fig. lc,
d and e show element mapping and distribution of main elements in the
wollastonite. EDX analysis of needles, shown in Fig. 1k, confirmed the ternary
system of the wollastonite, containing the elements silicon, calcium and oxygen.
However, sodium is also present in the structure probably due to its adsorption on
the surface from reaction mixture during autoclaving. Peaks for C and Pt originate
from sputtered platinum and carbon which served as coating material used to coat
non-conductive wollastonite samples for standard SEM observations.

From the SEM image of the calcined powder (Fig. 1f and g), it can be seen
that the original shapes and sizes of wollastonite were predominantly preserved,
but sintering process occurred giving morphologies which could be described as
needles of different sizes between 2 and 20 um in length. The edges and ends of
needles are rounded and probably are the result of surface melting of particles due
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to the presence of sodium on the surface which acts as a flux. Such behaviour of
wollastonite at calcination temperature could be exploited well for strong adhesion
between wollastonite reinforcement and glass matrix during preparation of
composite. Fig. 1. h, i and j show element mapping of calcined wollastonite. The
additional micrographs of the wollastonite at different magnifications are provided
in Suplementary materials (Fig. S1-S2)

Fig 1. SEM images of needle-shaped wollastonite along with element mapping and
distribution of main elements. a) and b) as-synthesized wollastonite and distribution of: c) Ca,
d) Si, e) O; f) and g) calcined wollastonite and distribution of: h) Ca, i) Si, j) Si; k) EDX
analysis of as-synthesized wollastonite.

XRD

X-ray diffraction patterns of the as-synthesized wollastonite and wollastonite
after its calcination at 900 °C for 2 h are shown in Fig. 2. The observed diffraction
peaks of the XRD patterns could be indexed as monoclinic wollastonite (5-CaSiO3)
with space group of P2i/a (PDF 00-066-0271). The geometry of the unit cell is
defined by the following parameters: approximately a=15.43 A, b=7.33 A,
c¢=7.07 A, and angles o = 90.00° , #=95.31°, y = 90.00°.

The position, intensities and shape of the strong diffraction peaks for the
calcined sample of wollastonite are well coincided to the standard values and imply
that it was better crystallized than that of as-synthesized sample. Table S1 shows
the positions (26) of the peaks, interplanar d-spacings, full width at half maximum
(FWHM), background intensity and areas of the peaks collected from the XRD
pattern (Fig. 2). The effect of autoclaving and subsequent calcination on the
crystallite size and micro strain of the f-wollastonite was calculated with data from
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the XRD analysis and also shown in Supplementary materials (Table S1). The
results indicate increasing in average crystallite size after calcination from 46.3 nm
to 48.6 nm, while micro strain was reduced from 0.340 to 0.234 indicating
improved crystallinity and reduced internal defects. The peaks observed at 23.2,
25.3,26.8, 28.9, 30.0, 36.2, 39.04, 41.3, 50.9, and 53.05 correspond. to the (400),
(002), (-202), (202), (-320), (412), (-422), (040), (004), and (523) planes.

—— As-synthesized
—— Calcined
S
©
=
‘@
[ =4
[}
-]
£
—————— e e e,
20 30 40 50 60 70 80 20 100

20 /°
Fig 2. XRD patterns of as-synthesized wollastonite and calcined sample at 900 °C.

BET analysis

The N2 adsorption—desorption isotherm and the Barrett-Joyner-Halenda (BJH)
pore size distribution for the as-synthesized sample of wollastonite are plotted in
Fig:3a and 3b, respectively. The specific surface areas as obtained by the BET
method, BJH adsorption cumulative surface area of pores, BJH total pore volume
and BJH average pore diameter are listed in Table S2.

The surface area of the wollastonite ceramics was measured to be 26 m2g™.
The single-point adsorption total pore volume for pores with a diameter less than
1.038 nm at p/p° = 0.01 was found to be 0.006 cm’g™!. The average pore diameters
from BJH adsorption and desorption measurements were 6.1 nm and 6.3 nm,
respectively.

As can be seen in Fig. 3a, as-synthesized wollastonite sample showed unusual
type III isotherm pattern which is convex to the P/P° axis over its entire range. The
isotherm does not exhibit a point B but very narrow hysteresis loop can be
observed. This indicates that the adsorbent-adsorbate interaction is weak as
compared with the adsorbate-adsorbate interactions.



RANDELOVIC et al.

50 7.0E03
45 4
a) 60603 b)

50603 -

—~adsorption

40E03 -

3.0E03 -

2.0E03 -
~adsarption

Yolume adsorbed (cm’g!}

10E-03

Pore volume /cm3glnm!

-=-desorption

q 02 04 06 s 1 D0E<00 )

P/Po 19 pore diameter / nm 100

Fig 3. a) The N, adsorption—desorption isotherm and b) BJH adsorption pore distribution of
as-synthesized wollastonite sample.

Raman spectroscopy

The Raman spectra of as-synthesized and calcined wollastonite samples over
the 100-1200 cm™ spectral range are shown in Fig. 4. This figure shows the
position and relative intensity of ‘the Raman bands that originate from the
unoriented sample of wollastonite. The most intense Raman bands, listed in order
of increasing wavenumber at 330, 404, 580, 636, 860, 971, and 1042 cm™', align
well with the fS-wollastonite (2M) phase. The low-frequency bands occurring
below 500 cm™ are attributed to Ca—O stretching and Si—O bending modes. The
prominent bands around 636, 860, 971, and 1042 cm™! are associated with the Si—
O-Si and O-Si-O vibrational stretching modes in the SiO4 tetrahedron.'®!” The
comparative overview of the positions of Raman bands for native and calcined
wollastonite is provided in Table S3. The observed redshift in Raman peaks after
calcination at 900 °C is attributed to lattice relaxation, reduced internal strain, and
increased crystallite size, as confirmed by XRD analysis
FTIR spectroscopy

The FTIR spectra were used to analyse the structures of the wollastonite, as
illustrated in Figure 5. The most prominent bands are observed in the range from
850 to 1200 cm™! and correspond to the vibrational modes of the asymmetric SiO4
tetrahedron. Based on literature, the bands detected at 1087 cm™ and 1028 cm’!
correspond to stretching vibrations of bridging Si—O-Si, while those at 971 cm
and 930 cm'! are associated with non-bridging oxygen (Si—O) bonds.!®

The presence of Si—O—Ca non-bridging oxygen bonds was confirmed by the
FTIR spectra of the fired powder, which exhibited vibrational modes at 903 cm'.
These stretching vibrations of Si—~O—Ca bonds indicate the formation of 5-CaSiO3
which is consistent with the obtained XRD patterns. Furthermore, the band peaking
at 846 cm™' is associated with Si-O—Ca vibrations, while the bands at 682 cm™ and
648 cm reflect the symmetric stretching vibrations of Si—O-Si bonds. The
bending vibrations of Si—~O-Si bonds are detected around 567 and 452 cm™. Tt is
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important to note that many peaks in the spectrum overlap, making it challenging
to identify specific bonds unambiguously.

As-synthesized
—— Calcined
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Fig 4. Raman spectra of as-synthesized wollastonite and wallastonite after calcination at 900
°C.

The significant difference in spectra was observed only in the 3625 cm™, 1490
cm! and 1449 cm™! peaks: Last two bands were ascribed to the carbonate group.
The bands at 3625 cm™ and 3438 cm™ were evidence of O-H stretching vibration
of the structural -OH groups and absorbed water, respectively. The band at 1637
cm’!' associated with O-H bending vibration. Calcination of sample caused
decomposition of carbonates and removal of structural -OH groups.!*%°
Composite characterization

To highlight the influence of wollastonite on the sintering behavior and
physicochemical properties of the composites, a comparative analysis of sintered
materials based on pure bioglass and wollastonite-bioglass composites is
presented. Sintered samples of pure bioglass (BG) (Figures S3-S6), obtained at the
same temperature but with different sintering times, exhibit a very broad pore size
distribution, ranging from several nanometers up to 100 um, indicating a diverse
range of pore sizes within their structure. This characteristic can significantly
influence its adsorption properties and overall performance in biomedical
applications. The specific surface area of the material is less than 1 m?g’,
suggesting a relatively low surface area compared to other materials. Additionally,
the pore volume (Vp) is within the range of 0.036-0.055 cm’g! and the highest
measured porosity of the sintered bioglass is 10.7%. (depending on sintering time),
indicating a limited capacity for storing fluids. The predominant mineral in the
composition of the samples is combeite, which comprises between 96% and 100%



RANDELOVIC et al.
of the material. This percentage increases with the duration of sintering. The SEM
micrographs presented in Figures S3-S6 indicate surface melting of the material,

particle coalescence through the formation of so-called necks, and the development
of globular and rounded particle morphologies.

As-synthesized

Calcined

Transmittance

4000 3500 < 3000 2500 2000 1500 1000 500

-1
Wavenumber /cm

Fig 5. FTIR spectra of as-synthesized wollastonite wollastonite calcined at 900 °C.

Figure 6a and Figure S7 show SEM micrograph of the composite treated at
1000 °C for 15 minutes (COM 15). There are clear signs indicating the onset of
the sintering-process, characterized by the formation of interparticle contacts,
commonly referred to as necks, which are established between the particles
through weak cohesive forces. The chemical composition of the composite
obtained using the EDX method indicates that the amount of sodium is about 12%,
which acts herein as a flux and facilitates the consolidation of the composite during
the heat treatment. Crystallographic analysis indicates that the dominant mineral
is combeite Na2Ca2Si309 (98%), the presence of which increases the mechanical
strength of the material while maintaining its biocompatibility. Sodium-calcium-
silicate which is also known in the literature as a bioactive material was also
detected in the composite, with a mass fraction of several percent. The specific
surface is less than 1 m?g’!, the porosity is 21%, while the average pore diameter
is 4256 nm. These results confirm that the sintering process is in the initial phase,
so that there has not yet been significant densification of the material and
elimination of porosity.

Figure 6b and Figure S8 show micrographs of the composite surface after 30
min of sintering (COM 30). At this stage, the presence of large, consolidated
particles that were formed during the process is observed, as well as the presence
of smaller particles with an elongated morphology that indicate that sintering has
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not been completed yet. Despite this, the data obtained by nitrogen
adsorption/desorption indicated that the porosity remained the same (21%), but a
decrease in the mean pore diameter was noted, which changed to 1368 nm. The
mass fraction of combeite has been shown to be at the level of the previous sample
(98%).

After calcination for 55 min (COM 55), no significant changes in the surface
morphology of the composite were recorded, as can be seen in Figure 6¢c and Figure
S9. The porosity has been shown to be 19% with the mean pore diameter of 1956
nm. The chemical changes that occur during thermal treatment led to the complete
dominance of combeite minerals, whose mass fraction turned to 99.5%. The last
sample was sintered for 85 min (COM 85), and it’s surface morphology can be
seen in Figure 6d and Figure S10. In the figure, elongated particles of worm-like
morphology, like spaghetti, can no longer be observed, as was the case with the
previous samples. Based on morphology, it can be concluded that this is the final
stage of sintering. The pore volume did not change significantly, but there was an
increase in the mean pore diameter.to value of about 3928 nm. Therefore, during
sintering and the formation of the liquid phase at a given temperature, the smaller
pores were filled, or they joined each other into pores with a larger diameter. It
should be kept in mind that sintering did not take place under high pressure.
Generally, the composites typically exhibit a higher pore volume (Vp) of up to
0.122 cm’g! and a narrower pore size distribution compared to sintered bioglass.
These properties- enhance their performance and suitability in the field of
biomedical engineering.

Interaction of bioactive composite COM 30 with SBF

To test the interaction of the bioactive composite with SBF, the COM 30
sample was used, as the sintering time of 30 minutes had been established as
optimal for obtaining a mechanically stable material. After interaction with the
solution, some changes were observed in the XRD diffractogram. This suggests
that the crystal structure of the material remained largely unchanged, except for
the appearance of small peaks associated with hydroxyapatite formation, which
were just above the detection limits of the XRD method (Figure S11). This result
aligns with findings from other studies, as the phosphate content in SBF relative
to the mass of the composite sample is minimal resulting in sparsely distributed
apatite precipitates.
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Fig 6. SEM micrograph and pore size distribution of the composite treated at 1000 °C for: a)
15min (COM 15), b) 30 min (COM 30), ¢) 55 min (COM 55) and d) 85 min (COM 85)

CONCLUSIONS

This study demonstrated a robust approach to synthesizing of f-wollastonite
microfibers through a simple, template-free hydrothermal technique, followed by
calcination at 900 °C to improve crystallinity and eliminate constitutional water.
The resultant f-wollastonite exhibited a needle-like morphology with high
mesoporosity and surface area, as confirmed by SEM, XRD, and BET analyses.
These characteristics were favourable for enhancing the structural and bioactive
properties of the composite material.

The wollastonite microfibers were successfully employed as constituent in a
glass-ceramic composite, which was prepared by a powder sintering method using
bioglass as the matrix. The addition of wollastonite contributed to the formation of
sodium-calcium-silicate phases (mostly combeite), which improved the
mechanical properties of the composite while maintaining its biocompatibility.

The calcination and sintering processes facilitated the consolidation and
densification of the composite, supported neck formation between particles, and
led to the development of appropriate porosity suitable for the intended
application. XRD analysis confirmed the dominant S-wollastonite phase with
improved crystallite size and reduced microstrain post-calcination, contributing to
the composite’s structural stability and bioactivity. Overall, the in vitro bioactivity
assessment in simulated body fluid highlighted the composite's potential for its use
as a bioactive implant material, with surface changes suggesting the formation of
bioactive phases, though further studies are needed to optimize hydroxyapatite
formation.
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SUPPLEMENTARY MATERIAL

Additional data are available electronically at the pages of journal website:
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HU3BOJ

PA3BOJ CTAKJIO-KEPAMHWYKOI' KOMITIO3UTA OJAYAHOI 3-BOJIACTOHUTOM
CUHTETUCAHUM XUIPOTEPMATHOM METOIOM

MARJAN RANDELOVIC'!, CHARLES C. SORRELL?, SHARON KOPPKA?, ALEKSANDRA ZARUBICA', MILAN Z.
MOMCILOVIC!, DIRK ENKE?

"Yrusepsuineinn y Huusy, ITpupogro-matiiemamuuxy Gaxyniteit, Jleuapmuman 3a xemujy, Buweipagexa 33,
18000 Huw, Cpduja, *Illxona 3a nayky o matdepujaiuma u undicerepciueo, Ynusepsuitem Hosu Jyxnu Beic,
Cugrej, NSW 2052, Ayctapanuja, u SHucTiutiyml 30 Xemujcky mexHonotujy, Yrnusepsuiteid y JIajuuuty,
Linne str. 3, 04103, Jlajuyui, Hemauxa.

MukposnakHa [-BonmactoHuTa (B-CaSiO3) cy ycmemHo CHHTeTHCaHa NPHUMEHOM
jemHocTeneHe XWOpOTEpManaHe peakuuje Oe3 ynorpebe TemIuiejTa, KOpUIIhemeM KallHjyM-
HHUTpaTa U HaTpHjyM-MeTacHINKaTa y ajlkaaHoj cpenuHu. CHHTe3a je u3BeleHa Ha TeEMIIEpaTypy
on 220 °C 3a camo 240 MuHyTa [10J] ayTOreHUM NpUTHCcKoMm of; 19 bar. OBuM nocrynkom usberasa
ce ¢opMHpame KCOHOTIHTA Kao HHTepMenwjapHe dase, uMMe Ce elMMHHHIIE ToTpeda 3a
HaKHAJIHOM KaJIIIMHAIIHjOM y Ly NoOHjama BoJMIacTOHUTA. PeHnreHcka mudpaknuja (XRD) je
NOTBpPAW/Ia MPHUCYCTBO (Pase [3-BONACTOHHUTA, JOK Cy aHAIW3€ HaKOH KajIlMHALUje ykasaae Ha
nodo/kbllaHy KPUCTAJIMYHOCT M CTPYKTYpDHE KapakTepuctuke. CkeHHMpajyha enekTpoHCKa
mukpockondja (SEM) je orkpuia Mopgonorvjy y oO/MMKy MIIMLA, a aHalu3a afcopILHje-
necoprumje asorta (N2) je mokasasna passHjeHy crienUuYHy MOBPIIKHY of 26 m?g! U U3paxeHy
Me30110po3HOCT. OBe NOBO/bHE KapaKTepUCTHKe oMoryhuie cy MHTerpauujy (-BonacToHHTA y
CUHTE3W CTaKJI0-KepaMH4YKOI KOMIIO3WTa, KOjU je IIOTOM KapakTepucaH Yy IOIIeny
MOP(QOJIONIKHX, CTPYKTYPHHX, TEKCTYPHHUX M in Vitro DMOaKTUBHUX CBOjCTaBa. Kommosurt je
NPUIPEMIBEH MELIabeM IPaxoBa [3-BOJIACTOHMTA U DMOAKTUBHOT CTaKIa y MaCEHOM OfHOCY 1:4,
HaKOH Yera je yClIequIo KOMIaKTHPame jeHOOCHUM NPeCcOBambEM U CMHTepoBame Ha 1000 °Cy
PaziMYUTUM BpPEMEHCKUM HHTepBaivmMa. Pamu mnopehema, KOMIaKTHe IacTWie YHCTOT
OuocTakia Takohe cy CHHTepoBaHe IO WUCTUM YyciaoBuMa. CTpykTypHa, Mopdoronuika,
TEKCTypaJlHa U in vitro DHO0aKTHBHA KapaKTepH3alHja oKasasa je fa je JofaBame [3-BOlIacTOHUTA
TOBEJIO je N0 yjeoHaueHHje M y)Ke pacrofesie BeIW4YMHa Nopa U MOACTaKIo (OpMHUDame Be3a
(BparoBa) usmehy vectuna, ykasyjyhu Ha NOTeHIMjal KOMIIO3UTa 38 IPUMEHY Y pETeHepaLuju
KOCTH]y.

(ITpumsseno 26. anpuia; pesunupano 20. Maja; mpuxsaheno 25. asrycra 2025.)
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