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ABSTRACT 
 

The ability of attachment to the living tissue via the reach CaP layer in their interface is one of the most important 
properties of bioactive glasses. In recent years, there was attempt to improve the bioactivity of glasses, that in this 
way the effect of composition on some properties of these glasses is cosidrable. In this project molar ratio of 
CaO/P2O5 as a effective parameter on chemical composition is investigated. 
To this aim, a gel was formed with constant molar percentages for SiO2 (%60 Mole) and 3, 6, 9, 12 and 15 for 
CaO/P2O5 molar ratio. So 30, 34.3, 36, 36.9 and 37.5 for CaO and 10, 5.7, 4, 3.07 and 2.5 for P2O5 was calcuteted. 
The thermal treatments of gels were investigatetd with STA, finally gels formed and calcined at 600˚C to obtain 
glass powders with different composition. For Invitro assay the powders were soaked in simulated body fluid (SBF) 
for 14 days. To investigate the bioactivity of the glasses, FT-IR before and after & ICP after soaking in SBF was 
conducted. Finally, after finding the optimal composition, the morphology of the samples were studied with XRD. It 
was concluded that the sample with 60mol% SiO  and the 	ratio of 6 was the best sample from bio-activity point 
of view.  
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1. INTRODUCTION 

 
The study about bioactive glasses began in 1969, when hench opened a new research field by using glasses as 

clinical materials [1].These group of biomaterials bond to and integrate with living bone in the body without 
forming fibrous tissue around them or promoting inflation or toxicity. From a biological and chemical point of view, 
silica bioactive glasses exhibit many of 

the properties associated with an ideal material for grafting and scaffolding. This feature promoted new 
perspectives for SiO2 based glasses as third-generation biomaterials for bone tissue regeneration. Some textural 
characteristics will have major effects on the material dissolution and kinetics of physico-chemical reactions at the 
surface, and thus influence the bioactivity process and the calcium phosphate-rich layer formation [2].  

Dissolution of calcium and silicat ions have important role in apatite layer formation [3]. Calcium ions go into 
the glass structure as a network modifier. Ca2+ cations disrupt the SiO2 covalent network, establishing ionic 
interactions with O atoms, which become non-bonding oxygen atoms [1]. CaO provides reactivity and mesopore 
volume to glass and is fundamental to initiating the first stage of the bioactive process, i.e. the hydrolysis of Si–OCa 
leaching Ca2+ cations to the surrounding fluid, followed by H+ incorporation to the glass surface by alkaline earth 
cation exchange and increasing the interfacial pH. Thereafter, the reaction sequence follows up to CHA formation as 
explained above. The role of P2O5 in the sol–gel SiO2–CaO–P2O5 glasses is more complex .In fact, amounts over 10 
mol.% of this component lead to non-bioactive compositions, and studies carried out in 1999 demonstrated that 
SiO2–CaO sol–gel glasses are also bioactive. A schematic overview of biological responses to ionic dissolution 
products of bioactive glasses is given in Fig. 1.  
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Fig. 1. Overview of biological responses to ionic dissolution products of bioactive glasses[4]. 
 

To investigate of Invitro bioactivity and compare the samples, simulated body fluid (SBF) was used in this 
research. The composition and concenteration of ions in SBF is similar to human blood plasma. There ara different 
ways to produce this solution, but Kokubo way the most famous of them[5]. 
 

2.MATERIALS AND METHODS 
 
2.1. Sol-Gel processing 

The bioactive glass samples were prepared by a standard alkoxide-hydrolysis sol–gel method. The sol with 
composition SiO2-CaO-P2O5 was prepared utilizing tetraethoxysilane(TEOS), triethylphosphate (TEP) and calcium 
nitrate(CN) as Si, P and Ca precursors, respectively. In this 

process, ethanol was added to aqueous HNO3 solutions, to which was added TEOS. The solution was stirred 
for 30 min before adding triethylphosphate and being stirred for an additional 30 min before dissolution of calcium 
nitrate in the solution. The molar ratio of TEOS:H2O was 1:4 and H2O:ethanol was 50:50, also molar ratio of 
HNO3:(TEOS+TEP) can be calculated with 1 equation. [3]. The sol was continuously and slowly stirred for another 
3 hours. The samples were dried at oven for 24 hours at 60˚C, to formation of wet gel, obtaining of dried gel is 
possible with staying wet gel in oven for 24 hours at 37˚C. The samples were then calcined for 2 h at 600˚C. 

The mole percentages of the constituents are given in Table 1. 
 

molar	ratio	of
HNO3

(TEOS + TEP) = 0.05									(1) 

 
Table.1. Composition of samples (mole percentages) 

Composition                         
Sample      

푪풂푶
푷ퟐ퐎ퟓ

 CaO +P2O5 CaO  P2O5 SiO2  

BG3 3 40 30 10 60 
BG6 6 40 34.3 5.7 60 
BG9 9 40 36 4 60 
BG12 12 40 36.94 3.06 60 
BG15 15 40 37.5 2.5 60 
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2.2. Characterization  
In order to study the phase evolution and formation of crystalline HA, the as-dried powders were analyzed by 

using differential thermal analysis (DTA) and temperature gravity (TG), on a PL-STA-1640. BET method were used 
to determine the surface area and pore volume with Micrometrics,Gimini. FT-IR spectra were obtained on a 
Nicolet870 Thermo FT-IR spectrometerin the range of 400–4000 cm−1. 

To evaluate the influence of composition, the bioactivity in vitro was assessed by soaking 4 mg of each 
samples into 10 ml simulated body fluids (SBF) at pH 7.40 for periods of 1, 3, 7, 14 days at 37˚C [6]. The SBF 
solution, as described, has an ionic concentration similar to that of human blood plasma. After soaking, the samples 
were removed from SBF solutions and dried at 60˚C.  For each of the five samples, at dissolution time points as 
discribed the SBF solution was collected for analysis. The entire SBF was replaced evry 2 days. The ion 
concentrations of P and Ca in the collected solutions were measured with optical emission inductive coupled plasma 
(ICP) spectroscopy (Thermo Scientific ICP Spectrometer, Model iCAP 6000). 
 

3.RESULTS 
 
3.1.Simultanous Thermal Analysis 

Fig.2 shows TGA traces of bioglass dried at 60˚C (unsintered). A DTA trace as shown in Fig.3 is a plot of heat 
changes of the glass as a function of temperature and is used to determine temperatures at which phase transitions 
occur. The TGA trace is a plot of the weight loss as a function of temperature. Fig. 3 shows that the DTA trace 
exhibited two endothermic peaks and one exothermic peak. The first endothermic peak, which initiated at room 
temperature, corresponds to the release of physisorbed water and the pore liquor (water and alcohol by-products 
from the polycondensation reaction) that were not removed during drying. The TGA trace shows that all water and 
pore liquor was removed by 103˚C (33.8% weight loss). The exothermic DTA peak, at 190˚C, is related to removal 
the organic composition,), resulting in a further 15.7% weight loss. The peak was exothermic due to carbon chain 
fragmentation or decomposition with early oxidation of different fragments [7]. The second endothermic peak (onset 
at 125˚C) was due to the condensation of silanol groups and the removal of nitrate groups that are usually removed 
in the thermal stabilisation process. The removal of species at these temperatures is reflected in the weight loss trace 
from TGA. All nitrates were removed by 500˚C (a further 30.5% of the total weight loss). The total weight loss was 
80%. Fig. 2 shows that the glass structure changed at higher temperatures. 
 

 
 

Fig.2. TG and DTG  traces for dried sample 
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Fig. 3. DTA  traces for dried sample 

3.2.Specicfic surface area 
The detailed data on specific surface area, pore volumes and pore size of each sample are summarized in Table 

2. The specific surface area of the powders (SA) after sintering was calculated by the BET method from the nitrogen 
sorption isotherms. The SA of the foams decreased from 107.3 to 104.1m2 g-1 as CaO increased. High specific 
surface area is so effective in  ion dissolution and considrable physic-chemical reactions in the biomaterial surfaces; 
so the bioactivity Ca-P layer formation could be affected. 

 
Table.2. Specific surface area 

Pore volume (cm3g-1)  Specific surface area(m2g-1) sample  
0.01  ±0.17 0.1 ±107.3  BG6 
0.03  ±0.22 0.1 ±104.1  BG9  

 
3.3. FT-IR analysis 

Figures 4-8 show the FT-IR spectra of bioactive glass samples which was sintered at 600 °C before and after 
14 days after soaking in SBF. The representative FT-IR spectrums show some characteristic absorption peaks of 
nanopowders That appear after soaking in SBF. The peaks at 700-800 and 1400-1600 cm-1 ranges can be 
recognized as CO32- - absorption bands that formed due to HAP layer formation[8]. The bands assigned to hydroxyl 
groups (OH-) and PO4 in the hydroxyapatite could be observed at 3400 and 100-1200 cm-1, respectively that 
weren’t appear before soaking. The bands at 500–1000cm−1 and at 1200cm-1 correspond to Si-O bands in SiO4 and 
Si-OH, respectively, show the ability of these nanopowders to form HAP layer to be bioactive. 

 

 
 

Fig. 4. FT-IR transmission spectra of BG3 nanopowder(a)before, (b)after of soaking in SBF.  
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Fig. 5. FT-IR transmission spectra of BG6 nanopowder(a)before, (b)after of soaking in SBF. 
 

  
 

Fig. 6. FT-IR transmission spectra of BG9 nanopowder(a)before, (b)after of soaking in SBF. 
 

 
 

Fig. 7. FT-IR transmission spectra of BG12 nanopowder(a)before, (b)after of soaking in SBF. 

379 



Esfehani et al.,2013 

 

  
 

Fig. 8. FT-IR transmission spectra of BG15 nanopowder(a)before, (b)after of soaking in SBF. 
 

3.4. In vitro bioactivity 
Fig. 9 and 10 show Ca and P ions concentration changes in bioglass nanopowders duration of 1, 3, 7 and 14 

days after soaking in SBF. The considerable point in the figure 9 is the lowest Ca2+  ions in BG3 in compare with 
others. Also there is completely different behavior in this sample; Indeed in all samples after 3 days were showed 
great increase in Ca2+ concentration, but after that it was increased. On the contrary, the Ca2+ ions concentration in 
BG3 was increased after 3 and 7 days and then decreased a little. This difference can be due to low CaO molar 
percentage in BG3 rather than others; That caused to sever reduction of Ca2+ ion release in SBF. In particular it 
have negative effect on apatite formation in glass surface[9]. On the contrary of CaO, P2O5 molar percentage is 
maximum in BG3(Fig10). In this sample,till 3 days of soaking P ion concentration is increased and after that is 
decreased. Altogether, P ion concenteration in BG3 is more than others, because Ca ions shortage in this sample 
caused to reduction of Ca-P layer formation. 

 

 
 

Fig.9 . Ca ion concentration changes due to vary composition. 
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Fig.10 . P ion concentration changes due to vary composition. 

 
After all, dissolution of unstable part in initial stage of soaking caused to Ca and P ions release in SBF, till, the 

solution is supersaturated. Then, dissolution is stopped and to get a stable  situation, Ca and P ions in solution return 
to form apatite precipitation on powder’s surface. Therefore, these powder can form apatite bonelike. And be 
applied in clinical application. 

Reduction of Ca ion concentration in 3th day in BG6 is sever than others, also in BG9 it’s similar, That it can 
be a good reason for the more bioactivity rather than others. In BG12 and BG15 apatite formation happened too, but  
ions are leaving the solution lower than BG6 and BG9. In the other words, reduction of P ions in BG12 and BG15 
decreased the Ca-P layer formation and delaed bioactivity. 

3.5. Fig. 11. shows XRD traces for the BG6 before and after soaking in SBF, following drying at 60˚C. Before 
soaking in SBF the glass wasn’t crystallizing too much. As the soaking time increased glass  began to crystallize; 
probably the crystalphases was HCA (Ca10(PO4)6OH). This 

means that the sol-gel process caused to make an amourphus phase, but Ca-P layer formation is changed it to 
crystal, gradually. 
 

 
 

Fig .11.comparison of BG6 XRD patern before and after soaking in SBF 
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4.COCULUTION 

 
In vitro reactions of bioactive glass nanopowders is investigated in different compositions. The in vitro 

behavior of glass particles strongly depended on the particle size, glass composition and local environment around 
the separate particles. For the same concentration an average percentage of CaO and P2O5 have maximum 
bioactivity. In the other word, the composition with 60SiO2-34.3CaO-5.7P2O5 (mole percentage) showed most 
bioactivity. With Ca and P ions reduction in SBF we can guess formation of Ca-P precipitations, that show 
bioactivity. This is considerable that P existence isn’t necessary, because there is P ions in the SBF composition, but 
it can help to Ca-P formation to be earlier and IR spectrum before and after soaking in SBF showed variation in the 
band was formed, also crystallized HCA in XRD pattern emphasized bioactivity. 600˚C was calcinations 
temperature due to weight stability of glasses to form amorphous structure. 
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