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Abstract

Mesoporous bioactive glass/hydroxyapatite nanocomposite (MBG-HA) synthesis was conducted through evaporation-induced self-
assembly (EISA) method followed by in situ carbonization, with non-ionic block co-polymer as mesoporous template and glucose-
derived carbon sphere as co-template. The mixture of different carbon sphere contents into a glass network in the CaO-SiO,—P,Os5
system tailored the structural, morphological, and textural properties of MBG—-HAs. Based on the preliminary results, the carbon sphere
content and textural and structural parameters of as synthesized MBG-HAs showed a negative trend. The MBG-HA 0.5 with
additional low carbon sphere content, showed a high surface area and large pore volume. The inclusion of HA nanoparticles inside the
channels strongly influenced the high carbon sphere content of the MBG-HAS8 mesoporous structure. For in vitro bioactivity tests,
MBG-HAs with higher textural parameters possessed a faster apatite phase formation kinetics following the sequence MBG-—

HAO0.5 > MBG-HA2 > MBG-HAS > MBG-HAS.

Crown Copyright © 2012 Published by Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Since the discovery of 45S5 bioglass by Hench in 1971,
various bioactive glasses (BGs) and glass ceramics (BGCs)
have been investigated as bone-repair and bone-substitute
biomaterials. These bioactive materials can generate an
amorphous calcium phosphate layer (ACP) or hydroxya-
patite (HA)-type material when exposed to physiological
solutions, which is their ability to strongly integrate with
live bone [1-5]. Both the chemical composition and
textural features of these bioactive materials are important
in HA growth. As a result, significant progress has been
achieved in the development of improved BGs and the
assessment of their bioactive properties [6—11]. In 1991, Li
et al. [9] exploited a sol-gel technique to prepare a new
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family of BGs with improved bioactivity compared with
the conventional melt-quenching procedures. The sol-gel
method enabled the preparation of glasses at low synthesis
temperature and expanded the SiO, content in the bioac-
tive composition range by up to 90 mol% [10,11]. More-
over, the method simplified the glass composition and
particularly avoided the addition of sodium oxide.
Mesoporous materials have gained attention as potential
biomaterials in bone tissue regeneration and drug delivery
systems. Currently, studies on mesoporous materials for
bone tissue regeneration are conducted by several groups
[12-21]. Vallet-Regi [12—14] systematically investigated the
in vitro bioactivity of different mesoporous material types,
such as MCM-48, SBA-15, MCM-41, and ordered meso-
porous bioactive glasses (MBGs), allowing their use in
biomedical engineering for tissue regeneration. Zhao et al.
prepared a multicomponent MBG (CaO-SiO,—P,05)
through the evaporation-induced self-assembly (EISA)
method [15-17]. Xia and Chang prepared MBG (M58s)

0272-8842/$ - see front matter Crown Copyright © 2012 Published by Elsevier Ltd and Techna Group S.r.l. All rights reserved.

http://dx.doi.org/10.1016/j.ceramint.2012.10.242


www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2012.10.242
www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2012.10.242
dx.doi.org/10.1016/j.ceramint.2012.10.242
dx.doi.org/10.1016/j.ceramint.2012.10.242
mailto:jychen58@yahoo.cn

3948

using a two-step acid-catalyzed self-assembly (TSACSA)
method followed by hydrothermal treatment [19-21].
This strategy highlighted the incorporation of structure-
directing agents in obtaining successful structures with
tunable pore size and internal pore architecture. This
method resulted in new-generation MBGs in the ternary
Ca0O-Si0,—P,0Os system exhibiting superior bioactivity
in vitro, which is attributed to their outstanding surface
area and porosity values. These characteristics certainly
made BGs highly relevant for drug carriers and bone tissue
regeneration.

In mesoscopic scale, MBGs exhibit well-ordered pore
arrangement due to the incorporation of a mesoporous
template. However, for MBG materials, they exist in an
amorphous state due to the amorphous nature of bioglass
walls. Processes were explored to prepare mesoporous
bioceramics with improved crystalline property similar to
the microcrystalline technology-prepared BGCs [22-25].
This progress in MBG modification has fueled research
interest to obtain nanocrystalline bioceramics while main-
taining the mesostructure. The rapid development of
nanotechnology allows advancements in designing a novel
silica mesoporous/apatite nanocomposite, where HA
nanocrystals are dispersed in noncrystalline silica matrices
[26-29]. Furthermore, this nano-sized HA, similar to bone
mineral component, has been studied extensively for bone
tissue regeneration because of its bioactivity, exceptional
biocompatibility, and osteoconductivity. Therefore, an MBG—
HA nanocomposite design where the amorphous MBG and
nanocrystalline HA combination is dispersed will broaden the
functionality beyond the pure material [30,31]. A possible
method in preparing bioglass-apatite composite was explored
using carbon sphere as the co-template. The role of hydro-
philic carbon sphere favored the localized enrichment of
calcium ions and facilitated HA nanocrystal formation [30].
However, few studies report the synthesis of this material and
consider the influence of carbon sphere content on the
mesostructure physiochemical properties and its subsequent
in vitro bioactivity. The relation of textural properties (i.e.,
related to pore volume and size) and apatite nucleation rate
are considerably interesting in determining the final properties
required for biomedical applications.

The current study demonstrated the MBG-HA nano-
composites in 85Si0,—10CaO-5P,0O5 ternary system
through the EISA method followed by in situ carboniza-
tion, with non-ionic triblock co-polymer (EOQ,yPO7,EO,,
P123) as template and glucose-derived carbon sphere as

Table 1
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co-template. Different from previous reports, the dried gel
was initially carbonized for 3 h at 350 °C under Ar atmo-
sphere to stabilize the mesostructure network, and then
calcined for 8 h at 700 °C under ambient air to remove the
organic template. The effects of carbon sphere content on
HA nanoparticle formation in the nanocomposite was
studied. Subsequent variation in textural properties, with
the addition of carbon sphere content, was observed to
expound their influence on the bioactive behavior.

2. Experimental section
2.1. Preparation of carbon sphere

The carbon spheres were prepared by the hydrothermal
process described in the literature [32]. Briefly, 8 g glucose
were dissolved in water (40 ml) to form a clear solution,
which was transferred into a 40 ml teflon-sealed autoclave
at 160 °C for 20 h. The black products were collected by
centrifugation at 8000 rpm for 10 min, then washed with
distilled water and ethanol three times, respectively, and
dried at 80 °C for 12 h.

2.2. Synthesis of MBG-HA nanocomposites

According to the method reported by Lopez-Noriega
et al. [14], the MBG-HA nanocomposites in the 85SiO,—
10Ca0-5P,05 system were carried out with 4 g of P123,
I mL of 0.5 N HCI, and 60 g of ethanol. The mixture was
stirring at 40 °C in water bath until the solution became
clear. Accordingly, 7.4 g of tetraethyl orthosilicate (TEOS),
0.68 g of trithyl phosphate (TEP), 0.98 g of Ca(NOs) -4 H,O
(CaNT), carbon spheres (C) with CaNT at a definite ratio
were added into solution. After stirring at 40 °C after 72 h,
the resulting sols were cast in Petri dishes (9 cm diameter) to
undergo the EISA method at 40 °C. The gelation process
occurred after 3 days, and the gels were aged for 7 days in the
Petri dishes at 40 °C. Finally, the dried gels were first
carbonized at 350 °C under Ar atmosphere for 3 h, and
afterwards calcined at 700 °C in air for 8 h. The heating rate
for the calcination was controlled at 1 °C/min. According to
the weight percent of carbon spheres to the total amount of
CaNT, the obtained MBG-HAs with different amount of
carbon spheres were denoted as MBG-HAO0.5, MBG-HA2,
MBG-HAS5 and MBG-HAS, respectively (Table 1).

Chemical compositions and structural parameters of MBG-HAs with different carbon sphere contents.

1

Sample CaNT/(g) C/(g) C/CaNT weight BET surface Pore volume/cm® g~ Pore size/nm
ratio area/m’g !

MBG-HAO0.5 0.98 0.49 0.5:1 426.1 0.583 5.4

MBG-HA2 0.98 1.96 2:1 376.0 0.539 5.2

MBG-HAS5 0.98 4.90 5:1 352.8 0.462 49

MBG-HAS 0.98 7.84 8:1 315.2 0.403 4.8
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2.3. Assessment of in vitro bioactivity

The in vitro bone-forming bioactivity of MBG—HAs
were tested in simulated body fluid (SBF) [33], which has
similar composition and ion concentrations to human
blood plasma. The weight ratio of MBG-HAs powders
to SBF solution volume was 1.5 mg/ml. The samples were
immersed into a polythylene bottle without refreshing the
SBF solution. After soaking, the powders were collected
from SBF by centrifugation, washed with acetone and
dried in air.

2.4. Characterization

The surface structure and morphology of MBG-HAs
were characterized by field-emission scanning electron
microscopy (FESEM; Ultra-55, Carl Zeiss) and fourier
transitioned infrared spectroscopy (FTIR; Nicolet 5700,
Nicolet USA). Transmission electron microscopy (TEM)
images were obtained on a JEOL JEM2100 under a work-
ing voltage of 200 kV. Powder X-ray diffraction (XRD)
patterns were recorded on a PNAlytical/X’Pert PRO dif-
fractometer using Cu—Ka radiation (40 kV and 40 mA).
Nitrogen adsorption and desorption isotherms for all
prepared samples were measured at 77 K on a Micromeri-
tics ASAP 2020 system. The specific surface areas and the
pore size distributions were calculated from the Brunauer—
Emmett-Teller (BET) and Barrett-Joyner—Halenda (BJH)
data, respectively.

3. Results and discussion
3.1. Carbon sphere morphology

Fig. 1 shows the TEM and FESEM images of carbon
sphere. Fig. la shows that the obtained glucose-derived
carbon microspheres present spherical and smooth mor-
phology. Previously, various reaction temperature time
and raw material concentrations provided carbon micro-
sphere with different sizes [32]. The current study prepared
larger carbon microsphere compared with those from Sun.
Upon extended reaction time, the carbon microsphere

aggregated together under high pressure, with carbon
sphere particles size ranging from 100 nm to 300 nm.

3.2. Surface morphologies of MBG-HAs

Fig. 2 shows the surface morphology of MBG—HAs with
the addition of carbon sphere using FESEM. After the
addition of carbon sphere into the glass matrix, several
macropores existed on the surface, with length ranging
from 200 nm to 2 um (Fig. 2), which was attributed to
carbon sphere traces left after air calcination. Comparing
the images of MBG-HAs with different ratios, the amount
of macropores on the glass surface increased along with
increasing carbon sphere content. The MBG-HAS sample
exhibited a loose sponge-like morphology with several
larger holes on the surface. The larger holes were attrib-
uted to the random agglomeration during the synthesis
process caused by high carbon sphere content, thereby
indirectly increasing the carbon sphere size in the matrix.
Therefore, the surface of MBG-HAS left behind macro-
pores that were larger than the regular size of the carbon
sphere after calcination.

3.3. Phase analysis and structural investigations of
MBG-HAs

The WAXRD and FTIR techniques proved the nano-
crystalline apatite particle formation in the nanocompo-
site. The powder XRD studies on MBG—HAs samples are
shown in Fig. 3. The X-ray diffractograms exhibited the
vitreous phase characteristics along with nanocrystalline
HA. The obtained MBG-HAs samples showed a broad
band at 22°, relative to amorphous silicate, in all WAXRD
patterns. Crystalline diffraction peak around 20=32° to
34° appeared after carbon sphere incorporation (Fig. 3(a—d)),
suggesting the presence of carbon sphere in facilitating HA
crystal formation. The emergence of sharp peak at 26=26°
and the corresponding (002) apatite was observed with the
increase in carbon sphere content. In addition, the main
diffraction (211) peak became narrower and more intense
aside from other diffraction peaks (300, 202, 310, 113, 222,
213, 004) that correspond to the apatite reflections, indicat-
ing that the crystallinity of the apatite precipitates further

Fig. 1. TEM (a) and FESEM (b) images of carbon spheres.
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Fig. 3. WAXRD patterns of MBG-HAs, including the standard diffrac-
togram pattern for HA: (a) MBG-HAO.5, (b) MBG-HA2, (c) MBG—
HAS and (d) MBG-HAS.

increased with increasing carbon sphere content. A standard
pattern (JCPDS 09-0432) was inserted in Fig. 3 to distin-
guish the HA phase.

Another evidence for the presence of nanocrystals with
additional carbon sphere can be obtained from the FTIR
spectroscopy. Fig. 4 presents the representative FTIR
spectra of MBG-HAs samples. All samples were typically
dominated by Si—O-Si asymmetric stretching mode at
1090 cm ~'. The Si-O-Si bending vibration was observed
around 800 cm ™' [34,35], a characteristic of the glass
matrix ring structure along with the Si—O-Si rocking mode
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Fig. 4. FTIR spectra of MBG-HAs with different carbon sphere
contents: (a) MBG-HAO0.5, (b) MBG-HA2, (¢c) MBG-HAS5 and
(d) MBG-HAS.

at 470 cm~'. After carbon sphere incorporation, two
obvious bands at 603 and 566 cm~' appeared in the
spectra, assigned to the crystalline O-P-O vibrational
bands, indicating an apatite-like phase formation [36].
Another characteristic peak of the P-O bands at
965 cm ' was observed. More specifically, the vibrational
band intensity at 603 and 566 cm ~ ' increased with increas-
ing carbon sphere content, confirming that carbon sphere
incorporation caused an expected HA nanoparticle forma-
tion, which was consistent with the WAXRD results.
TEM images directly showed the ordered mesostructure
and HA nanocrystals of MBG-HAs (Fig. 5). The MBG-HA
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2 eald

Fig. 5. TEM images of MBG-HAs showing HA nanocrystals around the mesoporous region: (a) MBG-HAO.5, (b) SAED pattern of MBG-HAO0.5
material, (c) high-resolution TEM image of the boxed area in (a), showing lattice spacing at 0.278 nm apatite phase, () MBG-HA2, (¢) MBG-HAS and

(f) MBG-HAS, where the HA nanocrystal is indicated by arrow marks.

samples showed that majority of the HA nanocrystals
aggregated outside the mesoporous arrangement (Fig. 5
(a, d-f)). The result differs from the obtained HA nanocrys-
tals reported by Dinesh et al., which were located around the
macropores modeled by carbon sphere. At low carbon
sphere content, the selected-area electron diffraction (SAED)
of MBG—HAWO.5 showed a polycrystalline pattern, typical of
hydroxyapatite nanocrystals (Fig. 5b). The high-resolution
TEM image of MBG-HAQO.5 material showed that the HA
nanocrystals exhibited a lattice spacing of 0.278 nm, which
correspond to the (112) HA reflections (Fig. 5c). However, at
high carbon sphere content, majority of the MBG-HAS
sample pore channels were obviously deformed (Fig. 5f),
suggesting a distinct mesostructure ordering decrease, which
may be attributed with HA material inclusion inside the
channels.

The mesostructural properties of calcined MBG-—HAs
were evaluated by SAXRD (Fig. 6), with N, adsorption—
desorption characterizations (Fig. 7). The SAXRD pat-
terns of the MBG-HAs materials are shown in Fig. 6.
These materials show an apparent diffraction peak around
20=1.3°, similar to previously reported MBGs and scaf-
folds [24,25], indicating that all samples after the carbon
sphere incorporation have mesoporous pore walls. Diffrac-
tion intensities decreased and diffraction peaks gradually
broadened with increasing carbon sphere content, suggest-
ing a decreased mesoscopic ordering in the nanocomposite.
The MBG-HAS sample showed that the intensity of (100)
reflection was the lowest among all samples, indicating a
severe decline in mesoscopic regularity. The diffraction
peak positions for the MBG-HAs materials shifted to a
higher angle compared with the MBG-HAO0.5 material,

=T —— MBG-HAO0.5
= —— MBG-HA2
2 —— MBG-HA5
a —— MBG-HAS
2
=
T X T g T y T y
1 2 3 4 5

2 Theta (degree)

Fig. 6. SAXRD patterns of MBG-HAs after calcination.

which may be attributed to a slight decrease in pore size
after carbon sphere incorporation.

Nitrogen sorption isotherms were recorded to access the
pore properties of the samples, as shown in Fig. 7.
According to the [UPAC classification, all samples exhibit
type IV isotherms with type H1 hysteresis loop, which are
typical for one-dimensional pore channels having narrow
pore size distribution. The data obtained from surface area
analysis on nitrogen adsorption/desorption curves are
listed in Table 1. The values obtained for the MBG-HAs
samples gradually decreased with increasing carbon sphere
content. However, the obtained surface area and pore
volume were still higher than those from conventional BG
samples [37]. The pore size distribution exhibited a slight
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Fig. 7. N, adsorption/desorption isotherms (a) and corresponding pore
size distribution (b) of MBG-HAs materials.

decrease ranging from 54 nm to 4.8 nm, which was
consistent with the SAXRD analysis results. Furthermore,
the hysteresis width indicated the pore interconnectivity:
the wider the hysteresis, the more interconnected pores are
[38]. Fig. 7 shows more considerable difference between the
hysteresis recorded for MBG-HA samples. MBG-HAS
exhibited narrower hysteresis loops compared with the
others, indicating the existence of less interconnected pores.

The XRD, FTIR, SEM, and TEM investigations clearly
demonstrated the dependence of the MBG—HA nanocom-
posite structure on additional carbon sphere amount.
Furthermore, the carbon sphere incorporation was con-
ducive to the crystalline HA nanoparticle formation in the
glass network. Meanwhile, HA nanocrystals agglomerated
and formed clusters with increasing carbon sphere content,
resulting in the collapse of glassy network and the
destruction of mesopores. This phenomenon can be an
occurrence assumed in sample MBG-HAS&, which had the
highest carbon sphere content. Moreover, their nitrogen
sorption capacity decreased with increasing carbon sphere
amount, indicating a negative correlation between the
carbon sphere amount and the mesostructure (ca. surface
area and pore volume). This morphological behavior
variation can be caused by the potential presence of HA
nanoparticles in  the nanocomposite. = Therefore,

considering the mesostructure and HA nanocrystals, the
carbon sphere content should be added in an appropriate
range to prepare the ordered MBG-HA nanocomposite
using the EISA process.

3.4. In vitro bioactivity assessment

HA formation on MBG-HAs in SBF is an in vitro
bioactivity, which is important in assessing the ability to
induce bone growth in the human body in vivo. The bone-
forming activity of MBG—HAs in vitro was tested in SBF
by observing the HA formation on the surface. The MBG-
HAs XRD patterns, after SBF soaking for 5 d, are
provided in Fig. 8. Compared with the untreated samples
in Fig. 3, the samples showed increased contact intensity
with SBF for 5 d. From Fig. 8, the intensity of MBG-HAs
HA peaks decreased with increasing carbon sphere con-
tent, suggesting a slow crystal growth rate in SBF.
Furthermore, apatite formation was confirmed by char-
acterizing the SBF soaked samples using FTIR (Fig. 9).
After SBF exposure, the other vibrational peaks at
approximately 1490, 1440, and 873 cm ™' in the MBG-
HAs samples after 5 d SBF were associated with the C-O
bending mode, indicating a carbonated HA characteristic
[36,39]. The appearance of carbonate absorption bands
further revealed the bone-forming activity of MBG-HAs
in vitro due to the reaction with SBF. By contrast, these
sharp peaks detected in a MBG-HAQ(.5 sample soaked in
SBF, the FTIR spectra of MBG-HAS8 sample shows weak
peaks for similar soaking periods. Furthermore, curve-
fitting was done in the O-P-O bending region (530-
630 cm ") to compare the effect of different carbon sphere
amounts with the MBG—HAs bioactivity. The curve-fitting
results (Fig. 10) showed that all MBG-HAs samples
exhibited a weak band (577 cm ') for amorphous calcium
phosphates [40,41], whereas the crystalline phosphates
exhibited two distinct bands at 566 and 603 cm ' for O—
P-O bending vibrations. The decreased intensity of the
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Fig. 8. WAXRD patterns of MBG-HAs soaked in SBF solution for 5
days: (a) MBG-HAO0.5, (b) MBG-HA2, (¢c) MBG-HAS and (d) MBG-
HAS.
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crystalline band indicated that the MBG-HAs sample
bioactivity decreased with increased carbon sphere con-
tent. In the current study, the higher in vitro bioactivity of
MBG-HAQO.5, with lower carbon sphere content, can be
alternatively interpreted through the MBG-HAO.5 mate-
rial possession of larger pore area and higher pore volumes.
Therefore, the samples with superior textural properties
exhibited a faster apatite layer nucleation; and these
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T
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Fig. 9. FTIR spectra of MBG-HAs after immersing in SBF for 5 days:
(a) MBG-HAO.5, (b) MBG-HAZ2, (c) MBG-HAS5 and (d) MBG-HAS.
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assumptions have been further confirmed by FESEM
investigations.

Fig. 11 shows the representative FESEM images of
MBG-HAs after soaking in SBF for 5 days. The micro-
graphs revealed that the surface of the nanocomposites
exhibited the macropores modeled by carbon spheres and
the important changes upon SBF reaction. For the MBG-
HAO.5 sample immersed in SBF for 5 d, the HA layer
surface was fully covered with denser plate-like crystallites
that were packed together, forming a thicker layer.
Furthermore, a new phase composed of ball-like particles
covering the glass surface can be distinguished. Examining
the samples at higher magnification showed that the size of
the ball-like crystals ranged from approximately 200 nm to
300 nm in diameter (Fig. 11b). The MBG-HA2 sample
surface undergoes a similar process as that of the MBG—
HAQO.5 sample after immersion in SBF. A layer composed
of several spherical particles can be observed covering the
glass surface when soaked in SBF for 5 d. Furthermore,
agglomerated nanostructured particles formed a dense
coating. The plate-like shape crystallites were reduced in
number and in size compared with that on MBG-HAUO0.5
surface after soaking in SBF for 5 d. The high magnifica-
tion FESEM micrograph showed the size of the spherical
crystals at a diameter of approximately 100 nm (Fig. 11d),
showing typical apatite morphology.

The surface morphological evolution in MBG-HAS and
MBG-HAS8 with SBF reaction was different compared
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Fig. 10. Curve-fitting results of FTIR spectra of (a) MBG-HAO.5, (b) MBG-HA2, (c) MBG-HAS5 and (d) MBG-HAS after soaking in SBF for 5 days.
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Fig. 11. FESEM images of the MBG-HAs with different chemical compositions after soaking in SBF for 5 days: (a-b), (c—d), (e-f), and (g-h) stands
for sample MBG-HAO0.5, MBG-HA2, MBG-HAS5 and MBG-HAS, respectively.

with that observed from other samples. The MBG-HAS
sample showed small clusters of plate-like crystallites
(Fig. 11f). However, the layer toward the plate-shaped
crystallites was significantly thinner than those grown on
MBG-HAO0.5 and MBG-HA2, with the same soaking
time. The MBG-HAS8 samples showed no morphological
changes on their surface even after soaking in SBF for 5 d.

Small plate-like crystals were barely observed in Fig. 11h.
FESEM results revealed that the bioactivity of MBG-HAs
in vitro follows the following sequence: MBG-—
HAO0.5 > MBG-HA2 > MBG-HAS5 > MBG-HAS8, which
agreed with the XRD and FTIR experiments.

The apatite layer formation rate and layer thickness
greatly depends on the textural parameters derived from
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the mesopores. Therefore, the high surface area and large
pore volume are responsible for the enhanced in vitro
bioactivity, which agreed with previous reports [17]. The
new MBG-HA nanocomposite, MBG-HAOQ.5, with its
larger pore volume and more accessible mesopore surface
area, possessed better bone-forming bioactivity in vitro
than other MBG-—HA materials. This novel nanocompo-
site, with controllable morphologies has the potential as
new biomaterials for drug delivery, implant coating mate-
rials, and tissue engineering.

4. Conclusion

Mesoporous bioactive glass/hydroxyapatite nanocom-
posite was successfully synthesized, with P123 and carbon
sphere as cotemplate approach, through the combination
of EISA and in situ carbonization method. The presence of
carbon sphere was beneficial to HA nanoparticle forma-
tion. The partial addition of carbon sphere in the glass
framework maintained the mesoporous structure of the
pore walls. However, at high carbon sphere content, the
mesostructure ordering in MBG-HAS8 was greatly influ-
enced by the HA nanocrystal formation. Their physio-
chemical and biological properties were influenced when
mixing different carbon sphere contents. Pore size
decreased with increasing carbon sphere content, whereas
a concomitant decrease in specific surface area and pore
volume was observed. The in vitro bioactivity measure-
ments of these nanocomposites revealed that the lower
carbon sphere content in the nanocomposite led to a
higher HA layer formation rate in SBF. Furthermore, this
synthesis method can be extended to other simple and
multicomponent bioactive glass for the production of
controlled surface area and pore size distribution with
different carbon sphere contents.
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