
INTRODUCTION

Since its discovery by Hench in the 1960s [1], 45S5 
bioglass has been the subject of countless studies for its 
application in regenerative medicine [1-3]. Upon contact 
with body fluids, this glass of the Na2O-CaO-SiO2-P2O5 
system forms a surface layer of calcium phosphate apatite-
type that chemically binds the glass to living tissue [2]. In 
vitro, in vivo and cell culture studies also confirm the ability 
of bioactive glasses to stimulate and guide bone and soft 
tissue regeneration [2-6].

Three characteristics are key in the formulation of these 
bioglasses, which differentiate them from conventional 
glasses and allow high reactivity on the surface of the 
biomaterial when exposed to an aqueous biological medium 
[7]: less than 60 mol% SiO2, high content of Na2O and 
CaO, and high CaO / P2O5 ratio.

The formula called 45S5 is named this way because 
its composition contains: 45 wt.% of SiO2 and CaO/P2O5 
ratio= 5 designated with the letter S. The high reactivity 
of 45S5 bioglass demonstrated in vivo has led to multiple 
investigations that have allowed the development of various 
bioactive glasses and glass-ceramics of different chemical 
compositions. Today, research on this topic includes 
the study of conventional silica-based glasses (bioglass 
type), phosphate-based glasses, borate-based glasses, and 
metallic glasses [8, 9]. But in addition to the investigation 

of the composition of glasses, many studies have focused 
on analyzing them in massive form, rods, discs, and more 
recently fibers [9, 10]. However, the uses of these materials 
in the form of microspheres are currently receiving a lot 
of attention because they present several advantages over 
other morphologies: they can be designed and manufactured 
to be solid, hollow, or porous, providing a greater surface 
area for therapeutic coatings, an increased degradation rate, 
beneficial ion release profile, improved drug absorption and 
release kinetics, superior cell attachment and proliferation 
[9-11].

There are a variety of methods for the preparation of 
glassy microspheres including vertical tube furnace [9, 12], 
pouring molten glass onto stainless steel plates to create 
droplets [13], sol-gel method, and spray drying of sols 
[14], and via the flame spheroidization process [2, 9-11, 
15]. In particular, the flame spheroidization method has 
the following advantages over the previously mentioned 
techniques: it is a fast, economical method and allows the 
manufacturing of microspheres on a large scale [2, 9, 11, 
15]. It consists of spraying glass particles with the desired 
composition onto a flame. This decreases the viscosity of 
the material and due to the effects of surface tension, the 
particles develop a spherical shape [2, 16, 17]. 

Since flame forming exposes previously fabricated 
glass particles to an aggressive chemical and thermal 
environment, it is desirable to investigate the effects of this 
fabrication process on the chemical integrity and bioactivity 
of the obtained bio-glass microspheres.

In this work, we present the synthesis of microspheres 
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Abstract

45S5 bioglass microspheres are very attractive in the biomedical field, as they can stimulate and guide bone and soft tissue 
regeneration. One of the main factors influencing the success of these materials is their chemical composition. Therefore, knowing 
the effect of the microsphere synthesis method on this composition is extremely important. In this work, microspheres with a 
diameter distribution of 35-150 µm were prepared from a bio-glass with the composition 45S5 using the flame spheroidization 
method. Their bioactivity was studied in a simulated biological fluid (SBF) at 37 ºC. An important loss in the concentration of Na 
and P was detected in the spheroidization process, reaching 85% and 73%, respectively, in microspheres smaller than 65 µm. The P 
distribution was heterogeneous. These modifications affected the early stages of the hydroxyapatite formation mechanism, delaying 
its deposition on the surface of the microspheres concerning the parent bio-glass.
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from a bio-glass with the 45S5 composition by flame 
spheroidization, its structural and microstructural 
characterization, and the effect of its chemical composition 
on its in-vitro bioactivity.

MATERIAL AND METHODS 

Reagents used in glass microspheres and SBF 
preparation: bio-glass with the 45S5 composition: 
45SiO2·24.5Na2O·24.5CaO·6P2O5 (in wt.%) was prepared 
using analytical grade reagents, purity> 99%: SiO2 (Fluka), 
CaCO3, Na2CO3 and P2O5 (Sigma-Aldrich). These reagents 
were dried for 16 h at 90 ºC and weighed in the stoichiometric 
amounts suitable for obtaining 200 g of glass (Table I). The 
SBF used in the in-vitro tests was prepared following the 
Kokubo protocol [18]. The reagents and quantities used are 
also listed in Table I.

Bio-glass preparation: to achieve homogeneous 
mixing, the components cited in Table I were placed in 
an airtight container and mixed on a roller shaker for 20 
h. Subsequently, the mixture was placed in a high purity 
platinum crucible and heated at 1350 ºC for 2 h in a Deltech 
DT-31 oven. The molten material was poured onto a thick 
steel plate and rapidly pressed with another plate of the same 
material to vitrify the casting (Splat cooling).

Microspheres preparation: Fig. 1 illustrates the assembly 
used to obtain the glassy microspheres. In this system, which 
belongs to the Department of Nuclear Materials, three basic 
zones stand out: one for feeding the powder, another for 
spheroidization, and one for collecting the microspheres. 
The spheroidization region works with a flame obtained 
from the combustion of propane-butane-oxygen and reaches 
a temperature close to 2000 ºC [16, 17]. The methodology 
followed for the preparation of the microspheres is described 
in more detail below.

Bio-glass with the 45S5 composition prepared by 
fusion was pulverized in an alumina mill and separated 
granulometrically in the range of 25 to 70 µm. The bio-
glass powder was placed in a feed hopper with constant 
vibration and sprinkled into the hottest region of the flame. 
The irregular glass particles underwent a decrease in 
viscosity, adopting a spherical shape due to the action of 
surface tension [15,16]. The formed microspheres passed 
through the coldest zone of the flame to a cyclonic collection 
system and were finally collected in a metal plug as seen in 
Fig.1. Once the system had cooled, the microspheres were 
transferred to a beaker with alcohol and were subjected to 
ultrasound for a few minutes and then dried in an oven at 
80 ºC.

In-vitro bioactivity tests: the bioactivity of the 

microspheres was studied in SBF to reproduce the chemical 
environment to which they could be subjected in a medical 
application.

The bio-glass microspheres were immersed in SBF and 
kept at 37 ºC for 7, 14, and 21 days. The SBF solution was 
replaced every 48 h to ensure the availability of fresh reagent 
ions and to favor the reaction with the samples. At the end 
of the immersion time, the samples were removed from the 
SBF, rinsed with distilled water, and left to dry at room 
temperature before carrying out the characterization tests.

X-ray diffraction (XRD): the phase analysis was 
conducted by X-ray powder diffraction (XRD) employing 
an XRPD, Bruker D8 using CuKα radiation, λ= 1.54060 A°, 
graphite monochromator, 40 kV-30 mA, 2θ= 10-90 °, and 
step size of 0.0260°. 

Fourier-transform infrared spectroscopy (FT-IR): 
Fourier-Transform Infrared Spectroscopy (FT-IR) was used 
to investigate the functional groups present in the samples 
before and after immersion in SBF for 7, 14, and 21 days. The 
infrared transmittance spectra of the bio-glass samples were 
recorded at room temperature in the frequency range 4000-
400 cm-1 using a PerkinElmer Spectrum 400 spectrometer.

Scanning electron microscopy and Energy dispersive 
X-ray analysis (SEM-EDS): the morphology and elemental 
composition of the samples before and after the storage in 
SBF were investigated by scanning electron microscopy 
(SEM) and energy dispersive X-ray spectroscopy analysis 
(SEM-EDS) using Zeiss crossbeam 340 Equipment. To 
study the morphology of the microspheres, the samples were 
mounted on carbon tape and covered with a layer of gold, 
while to perform the EDS analysis the samples were coated 
with a layer of carbon. To investigate the microstructure and 
composition inside the bio-glass microspheres they were 
embedded in epoxy resin, polished with SiC paper, followed 
by diamond paste, and finally 0.25 µm alumina. The mount 
was washed with ethyl alcohol and allowed to air dry. As 
in the previous case, the samples were covered with a gold 

Figure 1: Scheme of the equipment used in the synthesis of 
microspheres.

Table I - Reagents used in the preparation of 200 g of bio-glass and 1000 mL of SBF solution.
Preparation Amount of reagents
Bio-glass 90.452 g SiO2; 84.210 g Na2CO3; 88.337 g CaCO3; 12.121 g P2O5

SBF 8.035 g NaCl; 0.355 g NaHCO3; 0.225 g KCl; 0.231 g K2HPO4.3H2O; 0.311 g MgCl2.6H2O; 
0.072 g Na2SO4; 6.118 g TRIS; 0.292 g CaCl2; 0-5 mL HCl 1.0 M

Air extraction
Irregular
particles

Feeding
system Propane-butane

mistura

Flame
Air

Oxygen
Refrigeration coll

Collected
microspheres

Cyclone
collection
system

Flame channeling system Microspheres



M. G. Verón / Cerâmica. 2025, v.71:eRUCJ8414 4

layer for imaging and a carbon layer for the EDS analysis. 
The images were analyzed using the ImageJ program to 
extract information about the size of the particles.

Optical microscopy (OM): the presence of bubbles inside 
the manufactured bio-glass microspheres was visualized 
using a Leica DM2500M microscopy. Images were acquired 
with transmitted light.

RESULTS AND DISCUSSION

Fig. 2 shows the XRD patterns of the ground bio-glass 
and of the microspheres obtained by flame spheroidization 
(Figs. 2a and 2b, respectively). In both cases, a broad peak 
at 2θ around 32° can be observed, which is characteristic 
of amorphous glass structures [19, 20]. This indicates that 
no crystallization occurs during the spheronization of the 
bio-glass, probably due to the short residence time of the 
particles in the flame [16].

Fig. 3a shows the infrared spectrum of the 45S5 glass 
used for the fabrication of the microspheres.

The absorption band at 1036 cm-1 is assigned to the 
asymmetric Si-O-Si stretching of the bridging oxygen 
atoms, while the bands at ~928 cm-1 and 850 cm-1 may be 
related to Si-O stretching of non-bridging oxygen atoms 
(NBO) [19, 21-23]. Bands in the range of 732 to 805 cm-1 
are attributed in the literature to the Si-O-Si bending mode, 
which is characteristic of several silicate species containing 
unbridged oxygen atoms [19]. Lebeqc [23] and Araujo et al. 
[24] attributed the band at 738 cm-1 to the Si-O symmetric 
stretching vibration mode with 3 or 4 bridging oxygen 
(BO) atoms. The zone between 450 and 550 cm-1 comprises 
symmetric Si-O-Si vibrations [19], and the shoulder at 600 
cm-1 can be assigned to the presence of symmetric P-O 
vibrations [19]. The band at ~1460 cm-1 can be assigned to 
the presence of residual CaCO3 and CO2 carbonate groups, 
while the bands at ~1630 cm-1 and 3472 cm-1 correspond to 
the bending of the H-O-H bonds and O-H stretching of water 

adsorbed on the surface [19, 21, 22]. 
After the spheroidization process, the shoulder at 850 

cm-1 disappears, and a shift of the band at 738 cm-1 to 750 
cm-1 is observed (Fig. 3b). These changes can be associated 
with the modification of the Si-O NBO and Si-O BO 
stretching due to the modification of the glass composition, 
particularly the loss of network modifiers such as Ca and Na 
in the spheroidization process. The intense absorption band 
at ~3472 cm-1 present in the starting bio-glass, attributed 
to the stretching vibrations of the O-H group (Fig. 3 a), is 
not present in the spectrum of bio-glass microspheres (Fig. 
3b). This effect can be attributed to the decomposition of 
the hydroxyl groups during the passage of the glass powder 
through the torch [11].

The morphology, surface, and cross-section of the 
obtained microspheres can be observed in Figs. 4a and 4b, 
and their size distribution can be seen in Fig. 4c.

SEM images show solid microspheres, porous ones, 
semi-hollow ones, as well as microspheres inside hollow 
microspheres (Fig. 4a), while MO images allow to 
distinguish bubbles inside the microspheres (Fig. 4b). A 
result of this type was found and analyzed by Poitier and 
Quercia when they used the flame synthesis method [25]. 
They proposed that during the spheroidization process 
bubbles are generated inside each particle. These bubbles 
can come from gases remaining in the starting glass or 
from the volatilization of elements, and the evolution of 
these bubbles is similar to that observed in magmas [25, 
26]. In the case of fine particles, during their flight in the 
flame, heat transfer is high, and several small bubbles arise 
inside each globally heated particle. Some of these bubbles 
can migrate to the surface and explode outside producing 
open cavities, others fuse inside resulting in semi-hollow 
microspheres (Fig. 4a), even hollow spheres can originate 
when the coalescence of the bubbles inside the sphere is 
complete. In this case, the crust of the hollow spheres may 
collapse and the molten sphere remains may be converted 
into smaller solid spheres by surface tension [25]. When the 

Figure 2: XRD patterns of a) Starting bio-glass. b) Microspheres 
obtained by flame spheroidization.
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Figure 3: FTIR spectra of a) Starting bio-glass. b) Microspheres 
obtained by flame spheroidization of bio-glass irregular particles.



particles are larger, the heat transfer during their flight takes 
longer to reach equilibrium, which produces a temperature 
gradient in them, creating microspheres with a cold core 
and a hotter surface. In this case, bubbles form in this hot 
zone, grow, and coalesce, opening on the surface of the 
microspheres, while other bubbles remain trapped inside the 

sphere (Fig. 4b). Bulk spheres are often seen inside larger 
hollow spheres. This is because the bubbles originating near 
the hot surface, as they grow and coalesce, isolate the cold 
core inside the microsphere until at some point the growth 
and coalescence of the bubbles are such that the surface of 
the microsphere breaks, leaving the cold core exposed to the 
heat, which by surface tension spheroids [25].

From the SEM images, the diameter of 400 microspheres 
was measured. The particle diameter distribution was 35-150 
µm, with an average diameter of 69 µm (Fig. 4c). Despite having 
used bio-glass powder sieved in a certain range of particle size 
(25-70 µm), larger microspheres were obtained. This can be due 
to several causes such as: i) the presence of acicular particles in 
the sieved powder. These particles have a mass that gives rise to 
microspheres of larger diameters than desired; ii) the fusion in 
the flame of agglomerated particles from the feed hopper. This is 
due to the increase in relative humidity inside the feed hopper as 
a consequence of the high temperatures in that area, and iii) the 
bubbles that originate inside the particles in the spheroidization 
process (Fig. 4b).

The elemental composition of the microspheres 
prepared was determined in the first instance over the entire 
diameter distribution (35-150 microns) using the SEM-EDS 
technique. Secondly, to carry out a more in-depth study 
of their elemental composition, the element concentration 
and distribution were investigated as a function of the 
microsphere size using the linear scanning method. Table II 
summarizes these results.

Fig. 5a shows the elemental composition of the starting 
bio-glass (BG) and its variation after passing through the 
flame. A decrease in the concentration of the elements Ca, 
Na, and P can be observed (red arrows), being more marked 
in the case of P and Na (~59% and ~52%, respectively) and 
an increase in the content of Si and O after the spheroidization 
process (blue arrows).  The results of the EDS line scan 
analysis presented in Fig. 5b show that the concentration 
of the elements varies according to the diameter of the 
microspheres, but it was possible to distinguish that certain 
elements such as Si, Ca, P and Na individually showed a 
similar concentration profile within groups of microspheres 
whose diameters were < 65 µm, 65-90 µm and > 90 µm 
(Fig. 5b). Based on these observations three groups of 
microspheres with the diameter distribution mentioned 
above were considered. The average concentration of each 
element within each group was calculated and compared 
with the composition of the starting glass (Table II, Fig. 6a).

     As can be seen in Fig. 6a and Table II, the concentration 
of Na and P elements was lower in microspheres of smaller 
diameter, only 2.1 wt.% of Na and 0.6 wt.% of P were 
determined in the group of microspheres with a diameter < 65 
µm. This is equivalent to a concentration decrease of ~85% 
and ~73%, respectively, compared to that of the starting BG. 
Calcium showed the opposite behavior to Na and P, in which 
the microspheres with a larger diameter presented a lower 
concentration of this element (Fig. 6a). In the BG-M > 90 µm 
sample, a decrease of approximately 18% was detected 
concerning BG (Table II).  Microspheres BG-M 65-90 µm 
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spheroidization from starting bio-glass. b) Optical micrograph 
of microspheres. Yellow arrows indicate the presence of bubbles 
inside microspheres. c) Particle diameter distribution.
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Figure 5: a) Elemental composition of the starting bio-glass (BG) and its variation after the spheronization process (the blue arrow indicates 
an increase in elemental concentration and the red arrow a decrease). b) Elemental composition of BG-M included in epoxy resin by EDS 
line scan analysis as a function of particle diameter.

Figure 6: a) Elemental composition of microspheres in different size ranges by line scan. b) SEM image and EDS line scanning profile 
across a microsphere showing P signal.

Sample Average elemental composition (wt.%)

O Si Ca Na P

BG* 45.8 ± 0.4 19.3 ± 0.3 19.0 ± 0.4 13.7 ± 0.3 2.2 ± 0.2

BG-M 35-150 µm* 53.1 ± 0.4 22.1 ± 0.3 17.3 ± 0.4 6.6 ± 0.2 0.9 ± 0.2

BG-M < 65 µm line scan 51.9 ± 0.2 25.6 ± 0.2 19.8 ± 0.2 2.1 ± 0.1 0.6 ± 0.1

BG-M 65-90 µm line scan 50.2 ± 0.2 23.9 ± 0.2 17.6 ± 0.2 7.0 ± 0.1 1.4 ± 0.1

BG-M > 90 µm line scan 50.2 ± 0.2 22.0 ± 0.2 15.6 ± 0.2 10.7 ± 0.1 1.6 ± 0.1
*without EDS line scan analysis

TableII - Elemental composition of starting bio-glass (BG) and microspheres obtained (BG-M) with 
different diameter distribution.
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and BG-M < 65 µm did not show a significant concentration 
variation. 

The distribution of the elements inside the microspheres 
was generally homogeneous, with the exception of P, 
which had a higher concentration near the surface of the 
microspheres (Fig. 6b).

The microspheres were immersed in SBF at 37 ºC, and 
their bioactivity was studied at different immersion times 
using SEM-EDS, XRD, and FTIR techniques. After the first 
7 days of immersion, the microspheres showed a surface 
with sediments and deposits distributed in a heterogeneous 
manner (Fig 7a). However, as the immersion time passed, a 

layer with rounded agglomerates deposited on the surface of 
the microspheres was observed (Figs. 7b and 7c).

EDS analyses showed a notable increase in the concentration 
of Ca and P along with a decrease in the concentration of Si, Na, 
and the appearance of Mg in the microspheres after immersion 
in SBF for 7, 14, and 21 days (Fig. 8). 

The increase of Ca and P on the surface suggests the 
formation of compounds of Ca-P. The Ca/P molar ratio 
calculated from SEM-EDS analyses was 1.81, 1.89, and 1.75 
for 7, 14, and 21 days of immersion in SBF, respectively. 
These results differ from the Ca/P ratio= 1.67 of stoichiometric 
hydroxyapatite [23], but agree with non-stoichiometric 
carbonated hydroxyapatite reported by Stanciu et. al [27], 
who observed a variable Ca/P ratio between 1.6-1.8 after 9 
days of immersion of bioactive glass in SBF. The decrease 
in Si concerning the starting microspheres can be attributed 
to the layer of hydroxyapatite that forms on the surface [27, 
28]. These results were investigated by FTIR and XRD.

Fig. 9 shows the FTIR spectra of the microspheres immersed 
in SBF at 37 ºC, during 7, 14, and 21 days. The absorption band 
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Figure 9: FTIR spectra of microspheres after immersion in SBF at 
37 ºC during a) 7 days, b) 14 days, and c) 21 days

Figure 7: SEM images of microspheres immersed in SBF at 37 ºC 
during a) 7 days, b) 14 days, and c) 21 days.
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Figure 8: EDS composition of microspheres after immersion in SBF 
during 7, 14, and 21 days.
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observed at approximately 930 cm-1 in the sample immersed for 
7 days, associated with Si-O stretching of non-bridging oxygen 
atoms (NBO), disappears after 14 and 21 days of immersion. 
This has been related to the leaching of Ca and dissolution of 
soluble silica at the glass interface during the period of immersion 
in SBF solution [28]. A shoulder around 570 cm-1 assigned to 
a P-O bend in amorphous calcium phosphate was observed 
[28]. After 14 and 21 days of immersion of the microspheres 
in SBF two bands at 564 and 604 cm-1 associated with the P-O 
bending vibration of the groups (PO4)

3-were observed in this 
zone (Figs 9b and 9c). Simultaneously, new bands were found 
at 1415 cm-1 and 1440-1550 cm-1 that can be attributed to the 
split asymmetric stretching vibration of (CO3)

2- groups. This 
indicates the incorporation of these groups in the HA structure 
[27, 28], giving rise to a hydroxycarbonated apatite (HCA). 

According to some authors, such as Bano et al. [29] and 
Markovic et al. [30], if the position of the band due to asymmetric 
stretching ν3 of carbonate is located at ~1548 cm-1 the apatite 
is A-type with the (CO3)

2- substituting the OH- in the HAP 
lattice, and if the positions of the asymmetric stretching ν3 of 
carbonate is located at 1410 cm-1 and 1452 cm-1 it is B-type, 
with the (CO3)

2- substituting the (PO4)
3- groups in the HAP 

lattice. In our work, the positions of the bands corresponding 
to the asymmetric stretching vibration of (CO3)

2- groups 
are in agreement with those reported by Markovic et al. 
[30], suggesting a Type-B HCA. In addition, as observed 
in Fig. 9, the intensity of the band centered at 3429 cm-1 
corresponding to OH groups increases from 7 to 21 days of 
immersion in SBF.

Fig. 10 shows the diffraction pattern of bio-glass 
microspheres immersed in SBF at 37 ºC, during 7, 14, 
and 21 days.  After 14 days of immersion, new diffraction 
peaks were observed at 2θ = 25.9°, 31.8º, 46.8º and 49.5º, 
corresponding to planes (002), (211), (222) and (213) of 
the HA, in agreement with JCPDS 9-432 card [29, 31]. 
These peaks intensify after 21 days of immersion (Fig. 10 
c). These results demonstrate the bioactivity of the prepared 
microspheres after 14 days of immersion in SBF at 37 °C 
however it was not possible to corroborate the presence 
of HA at shorter times. To compare the bioactivity of the 
microspheres with the starting bio-glass, the bio-glass was 
immersed for 7 days in SBF at 37 ºC. 

After the experiment, the irregular particles showed 
the rounded agglomerate characteristics of HA deposited 
on their surface (Fig. 11a). XRD analysis confirmed the 
presence of this phase (Fig. 11b). Therefore, the changes 
that occurred in the composition and structure of the bio-
glass due to the spheroidization process delayed the growth 
of HA during the first days of immersion in SBF.

The flame spheroidization process of bio-glass particles 
with the 45S5 composition produced a modification in 
the chemical structure and composition of the bio-glass as 
determined by FTIR and SEM-EDS analyses (Fig. 3 and 
Fig. 5, respectively). These modifications associated with 
a decrease in the concentration of the elements Na and 
P, mainly in microspheres smaller than 65 µm (Table II) 
influence the bioactivity of the microspheres when they are 

immersed in SBF at 37 ºC.
It is known that the mechanism of HA formation in 

bioactive glasses comprises different stages observable in 
vitro [32-37]. Fig. 12 shows a scheme of the stages and 
reactions that occur therein.

In the first stage, a leaching process takes place in 
which the surface of the bio-glass loses sodium and calcium 
ions in an ion exchange process with H+ or H3O

+ from the 
immersion solution. This generates an increase in local 
alkalinity causing the breaking of the O-Si-O bonds. In the 
second stage, the disruption of the glass network permits the 
release of silicon into the fluid in the form of silanol Si(OH)4 
groups. In the third step, Si(OH)4 groups condensate and 
form a polymerized silica gel layer on the surface of the 
glass (SiO2-rich rich-layer). In the next stage, Ca2+ and 
PO4

3- ions solubilized from the glass migrate to the surface 
through the SiO2-rich layer, and together with the Ca2+ and 
PO4

3- from the surrounding SBF solution they form a second 
layer rich in amorphous CaO-P2O5 (ACP). Finally, the ACP 
layer incorporates hydroxyls and carbonate anions from the 
solution, crystallizing in carbonated hydroxyapatite (HCA) 
[32-37].

In the present work, HCA crystallization was detected 
after 14 days of immersion of the microspheres in SBF a 
37 ºC, as verified by SEM (Fig. 7), FTIR (Fig. 9) and XRD 
(Fig. 10). The absence of HCA during the first 7 days of 
immersion could be related to the first stage of the HCA 
formation mechanism proposed by Hench [1] and other 
authors [32-37] (Fig. 12). 

The lower concentration of Na ions on the surface of 
the microspheres compared to that of the starting bio-glass 
produces a lower ionic exchange with the H+ or H3O

+ of the 
SBF and therefore a lower local alkalinity. This effect, added 
to the rearrangement of the chemical structure of the bio-
glass due to the loss of this element during the spheroidization 
process, makes it more difficult breakage of the O-Si-O bonds 
affecting the solubility of the matrix. As a consequence, there is 

Figure 10: XRD pattern of bio-glass microspheres immersed in 
SBF at 37 ºC during a) 7 days, b) 14 days, and c) 21 days. d) HA 
JCPDS 9-432 card.
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a delay in the formation of silanol groups, (2nd stage of the HCA 
formation mechanism) (Fig. 12) as well as in the formation of 
the characteristic SiO2 rich-layer on the surface of the bio-glass 
microspheres necessary for the deposition of Ca2+ and PO4

- that 
allow the crystallization of the HCA layer (4th and 5th stages of 
HCA formation) [35]. 

In addition, another factor that could interfere with the 
appearance of HCA within the first seven days of immersion 
in SBF could be related to the concentration and distribution 
of P inside the microspheres obtained. In the present work, a 

Figure 12: Scheme of the mechanism of HCA formation on the surface of bioglass microspheres in vitro studies, according to [32-37].

significant loss of P was detected after the spheroidization 
process of bio-glass particles. SEM-EDS analysis showed a P 
concentration in the range of 0.6-1.6 wt.% depending on the 
size of the microspheres (Table II), and with a heterogeneous 
distribution inside them (Fig. 6b). These results could affect 
the 4th stage of HCA formation mechanism (Fig. 12), since the 
concentration of PO4

- ions migrating during the dissolution of 
the glass with Ca2+ ions to form the ACP on the SiO2 rich-layer 
is lower [38,39], and is not released homogeneously from the 
interior of the microspheres. 

Figure 11: a) SEM image of a bio-glass irregular particle immersed in SBF during 7 days. b) XRD pattern of bio-glass irregular particles 
immersed in SBF during 7 days showing the main HA peaks (JCPDS 009-432).
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CONCLUSIONS

Microspheres with a diameter distribution of 35-150 µm 
were obtained from a bio-glass with the composition 45S5 
using a low-cost flame spheroidization method. The significant 
decrease in the concentration of Na and P together with the 
modification of the chemical structure of the bio-glass caused 
by the spheroidization process decreased the kinetics of HA 
formation on the surface of the microspheres compared to that 
of the starting bio-glass. These results and the understanding 
acquired in this work about the synthesis method/chemical 
composition relationship, and their impact on bioactivity, may 
allow us to optimize the obtaining of bioactive microspheres 
with potential application in the biomedical field in future works.
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