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Abstract-  In the present study nanostructured bioactive glass was synthesized via sol–gel technique. The obtained 
powder was characterized using several techniques: [X-ray diffraction (XRD), Fourier transform infrared spectrometer 
(FTIR), scanning electron microscopy (SEM), energy dispersive X-ray (EDX) and transmission electron microscope 
(TEM)]. The specific surface area and mean pore size of the calcined bioactive glass powders were investigated by 
nitrogen (N2) adsorption and desorption isotherm. In vitro bioactivity of the prepared system was tested by immersion it 
in simulated body fluid (SBF). EDX and FTIR and SEM techniques were done also after soaking in SBF to confirm the 
hydroxycarbonate apatite (HCA) layer formation or not. The results showed that the formation of hydroxycarbonate 
apatite (HCA) layer on the sample surface, approving the considerable bioactivity of prepared glass powder. 
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I. INTRODUCTION 

Recently, bioactive glass (BG) represent one of the most successful bioceramic for repairing and regeneration of 
bone tissues [1]. The possible applications of bioactive glasses have been expanded into soft tissue repair 
applications particularly in wound healing [2, 3]. Larry Hench invented the first bioactive glass which contains 46.1 
mol.% SiO2, 24.4 mol.% Na2O, 26.9mol.% CaO and 2.6 mol.% P2O5 [4]. The bioactivity of this glass was achieved 
with the formation of hydroxycarbonate apatite (HCA) layer upon immersion in physiological fluid [5]. For silicate 
bioactive glasses, there are various reactions that occur to form HCA layer. These reactions are cations exchange 
with hydrogen ions from the surrounding solution; surface glass dissolution and silica network breakdown; 
formation of silanols bonds at the glass solution interface; formation of a rich silica layer; migration of Ca2+ and 
PO4

3- to the surface through the SiO2-rich layer, the formation of a Ca-P layer and crystallization this layer to form 
HCA [6, 7]. A lot of studies have been done on bioactive glasses due to their good bioactivity, osteoconductivity and 
biodegradability [8– 10].  
Bioactive glasses can be produced by the traditional melting route or by sol-gel process [4, 11, 12]. Sol-gel method 
has advantages over traditional melt method due to its lower processing temperature, presence of porosity and 
homogeneity and the better control on composition [12- 14]. Moreover, bioactivity of sol-gel glass can be controlled 
not only by the composition, but also by the process in itself [15, 16].  
Li et al. presented that CaO-P2O5-SiO2 powders formed by sol-gel method had bioactivity better than the melt-
derived glasses of the identical composition [14]. The properties of bioactive glasses depend strongly on the 
compositional range [17].  
The nanostructured bioactive glass present high specific surface area and are biocompatible. Therefore, 
nanostructured bioactive glass formed via sol-gel method are good applicant to be carriers for drug delivery [15]. By 
joining sol-gel and surfactant supramolecular chemistries, it is possible to acquire ordered mesopore structures, 
giving a higher specific surface area [15, 18, 19]. 
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In the present work, we prepared a nanostructured bioactive glass composed of 52 wt.% SiO2, 41 wt.% CaO, 7 wt.% 
P2O5 via sol –gel method. Structure and bioactivity of prepared sample were investigated using various techniques: 
(XRD), (FTIR), (TEM), (SEM) and (EDX). Also, the specific surface area and mean pore size of the prepared glass 
powders were examined by N2 adsorption and desorption isotherm. 

II. MATERIALS AND METHOD 

2.1 Materials 

Tetraethyl orthosilicate (TEOS, Merk), calcium nitrate tetrahydrate (Ca (NO3)2.4H2O, LOBA) and triethyl phosphate 
(TEP, Fluka) with purification ≥98% were used as starting materials to prepare bioactive glass powder for the 
present study. Absolute ethanol (C2H5OH, Merk), 33% ammonia solution (NH4OH, Merk) and 68% nitric acid 
(HNO3, Merk). 

2.2. Sol-gel synthesis 

Bioactive glass powder composed of [52% SiO2, 41% CaO, 7% P2O5] in wt. % was synthesized via a quick alkali-
mediated sol– gel method [20, 21]. For the preparation, firstly TEOS, distilled water, 2 M nitric acid (as a hydrolysis 
catalyst), were consecutively mixed in absolute ethanol at room temperature. The mixture was stirred well for 1 hour. 
Then for each compound: (TEP), Ca (NO3)2.4H2O) was added respectively under magnetic stirring at room 
temperature. After the last addition, the mixture was kept under continuous stirring for 1 hour to facilitate hydrolysis 
reaction to complete. Then, 2 M ammonia solution (a gelation catalyst) was dropped into the resulting transparent 
solution during vigorous stirring. The final solution was swiftly gelated. The resulted gel was moved into a 
conventional ultrasonic bath to prevent the formation of a bulk gel. Finally, the obtained gel was kept in the drying 
oven at 75 °C for 3 days. The dry gel powder was heated at 650 °C for 2 hours (3 °C /min) to stabilize the glass and 
remove the residual nitrate. Then, the stabilized glass was ground and sieved.  

2.3 Preparation of SBF  

The SBF was prepared by dissolving NaCl, KCl, K2HPO4.3H2O, MgCl2.6H2O, CaCl2, and Na2SO4 in distilled 
according to the formula proposed by Kokubo et al. [22]. The solution was buffered at pH 7.4 with tris 
(hydroxymethyl) aminomethane and 1M HCl at 37 0C. The SBF ion concentration (mM/litre) were Na+ 142.0, K+ 5.0, 
Ca2+ 2.5, Mg2+ 1.5 HCO3

- 4.2 Cl- 148 HPO4
2- 1.0, SO4

2- 0.5. The mentioned Ion concentration of SBF analogous to 
those of the human plasma. 

2.4 Characterization of nano-bioactive-glass 

The powder X-ray diffraction (XRD) pattern was recorded using GNR X-ray diffractometer, APD 2000 PRO Model, 
with Cu-Kα1 radiation (λ= 1.54056 Å). The morphology and particle size of the calcined bioactive glass powder were 
characterized by TEM (JEM-2100 model) working at 200 kV. The infrared absorption spectra of the calcined bioglass 
powders before and after immersion in SBF were recorded using FTIR spectrometer, Tensor 27 Model, in 400–4000 
cm-1 range. The composition and surface morphology of bioactive glass disks before and after soaking in SBF were 
analyzed by using EDX (energy dispersive X-ray analysis) unit attached to SEM model Quanta FEG 250. The 
specific surface area and mean pore size of the calcined bioactive glass powder were investigated by N2 adsorption -
isotherms desorption isotherms using high-speed gas sorption analyzer (NOVA 2000 series, Chromatic, UK) at 77 K. 
The Barrett–Emmett–Teller (BET) method was used to estimate the specific surface area.  

III. RESULTS AND DISCUSSION 

X-ray diffraction (XRD) pattern of the prepared bioactive glass powder after calcination at 650 0C for 2 h is given in 
Fig. 1. The obtained XRD chart shows the lack of any peaks exhibiting only abroad hump between 200 and 400 (2θ) 
which is indicating of the amorphicity of the structure of the prepared bioactive glass. 
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Figure 1.  XRD pattern of the bioactive glass powder 

 

Fig. 2. shows TEM image of the prepared glass powder calcined at 650 0C for 2 h. As demonstrated in this image, 
there are agglomerated particles. These particles have rod like to spherical features. As seen from image the 
measured size range of these particles was significantly less than 100 nm. Therefore, TEM analysis confirms that the 
prepared BG particles were in the nonorange and our goal in preparing the samples in nano range is achieved.  
 
 

 
Figure 2.  TEM analysis of calcined glass powder at 650 0C for 2 h. 

Fig. 3. shows the infrared spectra of the calcined bioactive glass powder before and after immersion in SBF for 14 
days. From the analysis of Fig. 3a. it can be easily seen that the unsoaked and soaked powders have distinguished 
peaks of silicate glass. Where, the peak which at nearly 460 cm-1 is attributed to a bending mode of Si–O –Si [6, 23]. 
Moreover, the band around 770 cm-1 and that a broad one around 1020 cm-1 are assigned to symmetric and 
asymmetric stretching vibrations of Si–O–Si respectively [6, 23]. Whereas, the peak around 600 cm-1 is corresponding 
to O–P–O phosphate bending absorption [24, 25]. The band at 1400 cm-1 is associated with carbonate group 
absorption. The peak at around 1600 cm-1 is corresponding to hydroxyl bending mode and a broad band around 3400 
cm-1 is assigned to hydroxyl symmetric stretching mode due to tending of silicate glass to absorb moisture [26-28].  
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Fig. 3b. demonstrates the infrared spectra of sample after immersion in SBF for 14 days. As shown in the figure the 
new shoulder appears at about 880 cm-1 may be attributed to C−O stretching in carbonate groups which joining into 
the Ca−P layer for HCA formation [29]. Also, it shows the increasement of phosphate and hydroxyl intensities which 
also indicates the formation of hydroxycarbonate apatite (HCA) layer on the surface of sample after soaking in SBF. 

 

 
Figure 3.  FTIR spectra for glass powder (a) before soaking in SBF, (b) after soaking in SBF. 

Texture of calcined glass powder was analyzed by nitrogen adsorption and desorption isotherm technique as shown in 
Fig. 4. According to IUPAC classification, isotherm for the sample is of type IV and has H1 hysteresis loop [24, 30]. 
This means that the prepared glass powder is mesoporous and approximately cylindrical in shape. BET surface area, 
total pore volume and mean pore diameter of the sample are 54 m2/g, 0.15 cm3/g and 11.51 nm respectively which are 
determined from N2 adsorption. The porous property of the prepared glass came from the way of gel formation during 
the preparation [12]. The presence of mesoporous texture makes the prepared glass more bioactive [29]. Fig. 4b. gives 
the curve of adsorption and desorption pore size distribution. This curve demonstrates a wide-ranging pore size 
distribution and approves the pores are in the mesopore scale. The porous property of the prepared glass came from 
the way of gel formation during the preparation [12]. The presence of mesoporous texture makes the prepared glass 
with a higher specific surface area and more bioactive [15, 29]. 

 

 
Figure 4.  (a) Nitrogen adsorption and desorption isotherm of calcined glass powder, (b) the corresponding curve of adsorption and desorption 

pore size distribution. 

 
Scanning electron microscopy (SEM) of the calcined bioactive glass disk (5 mm diameter and 2 mm thickness) before 
and after immersion in SBF for 14 days are given in Fig. 5. There is significant difference in the morphology of the 
surface of sample before and after soaking. The surface of unsoaked sample is nearly homogenous as seen in Fig. 5a.  
After soaking the sample surface is covered with HCA particles layer as shown in Fig. 5b.  

EDX technique also confirms the formation of this new layer on the surface of the sample. EDX analysis was done to 
give the elemental composition of sample and to show the formation or not of an apatite-like phase on the sample 
surface after soaking them in SBF. Fig. 6a. illustrates EDX analysis of prepared glass disk before immersion in SBF. 
As shown in the figure the presence of Si, Ca, O2 and P elements on the surface as any silicate bioactive glass. No 
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presence of any impurities peaks which confirming the high purity and accuracy during the sample preparation. Fig. 
6b. shows EDX analysis of prepared bioactive glass disk after immersion them for 14 days in SBF. As given in the 
figure there is strong change in elemental concentration. The intensity of Si peaks in the specimen is strongly reduced.  
Appearance of Si peak represents silica gel due to the interaction process stage between SBF and glass sample to form 
HCA according to description of Hench [7]. While, the intensities of P and Ca peaks increase and become the main 
elements on the surface of prepared glass. It confirms the formation of HCA layer on sample surface. Additionally, 
the ratio of Ca to P is nearly identical to that of stoichiometric HCA [24, 31] which ensuring the formation of HCA 
layer. It guarantees the good bioactivity of prepared glass sample. EDX results confirms the formation of this new 
layer on the surface of the sample in consistent with the obtained data from SEM. 

 

 

Figure 5.  SEM images of bioactive glass sample (a) before soaking in SBF, (b) after soaking in SBF. 

 

 

Figure 6.  EDX analysis of bioactive glass sample (a) before soaking in SBF, (b) after soaking in SBF. 
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IV.CONCLUSION 

Nanostructured bioactive glass was successfully prepared by sol-gel method. The results show that glass has internal 
disorder and amorphous nature after calcination at 650 0C. Texture analyses shows high surface area and porosity of 
prepared powder. SEM, EDX and FTIR results confirm the hydroxycarbonate apatite (HCA) layer formation on the 
surface of the sample upon soaking in SBF, indicating bioactive response of the prepared glass powder. 
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