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STRUCTURAL CHARACTERISTICS OF Sodium Calcium Silicate Glass 

Ceramics 
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Abstract 
 Glass ceramics were prepared by the sol-gel method using sodium metasilicate (Na2SiO3) as a 

silica source. The obtained samples were sintered at three different temperatures ( 800℃, 900℃, 

and 1000℃ ).The presence of sodium calcium silicate was observed by an X-ray diffraction 
(XRD) pattern. The major phase formation of combeite (Na2Ca2Si3O9) and the secondary phase 
formatting were also observed. The optical band gap of this sample was investigated with the help 
of a UV-vis spectrophotometer. The optical band gaps were found to be in the range of 4.7 eV – 
4.92 eV. The Fourier Transform Infrared (FTIR) spectroscopy was employed for the 
characterization of these materials. 
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Introduction 
The field of biomaterials began to shift emphasis from achieving exclusively a bioinert 

tissue response to producing bioactive components that could have a controlled action and 
reaction in the physiological environment. Biomaterials have recently been improved for new 
medical applications(Abbasi and Hashemi 2014).The original bioactive glass was first discovered 
in 1970 by Larry L. Hench. Its composition consists of 45 % SiO2, 24.5 % CaO, 24.5 % Na2O, 
and 6.0 % P2O5 (wt. %, noted as 45S5 ) (Dang et al. 2020). Peitl et al. have developed the first 
bioactive glass–ceramic in the SiO2– CaO–Na2O–P2O5 system with both good mechanical 
properties and high bioactivity. After that, Ravagnani et al. developed a highly bioactive , fully 
crystalline glass–ceramic in the SiO2–CaO–Na2O–P2O5 system. Almost all the works have shown 
that Na2Ca2Si3O9 formation, observed in some glass-ceramics, enhances the mechanical 
properties of the starting glass and maintains the high bioactivity of particular compositions in 
the SiO2–CaO–Na2O–P2O5 system (Mezahi et al. 2018).  Recently, calcium silicate based glass 
ceramics have been regarded as a potential candidate for bone replacement and regeneration due 
to their excellent biocompatibility and bioactivity. Controlled surface crystallization of calcium 
silicate glass ceramics develops such versatile mechanical properties that it can be utilized as a 
dental implant or as a coating for an implant (Mirza et al. 2017).Bonding between bioactive  
glass– ceramic and the surrounding tissues takes place through the formation of a hydroxyapatite 
layer, which is very similar to the mineral phase of bone (Kumar n.d.). One of the more 
interesting methods to synthesize organic–inorganic hybrid materials at low temperature is the 
sol–gel technique. Two important reactions are involved; in fact, in this chemical synthesis, the 
precursor undergoes hydrolysis to form a colloidal suspension (sol), followed by a condensation 
reaction that allows “sol” evolution into “gel” (Fernandes et al. 2018). Generally, sol–gel-derived 
glass, with its inherent mesoporosity, provides a larger surface area and consequently a more 
rapid degradation rate than melt-derived glass of similar composition (Gmeiner et al. 2015). 
Nevertheless, different results found in the literature show that not just composition but also the 
preparation method influence on the final structure and the resultant biological properties of the 
material(Quintero Sierra and Escobar 2019). In this study, glass ceramics powder in a quaternary 
system was synthesized through the sol-gel route using sodium metasilicate as a cheap silica 
source. The synthesized glass ceramics were analyzed by X-ray diffraction (XRD). The optical 
band gap of the glass ceramic powder was characterized by Ultraviolet visible spectrophotometer 
(UV-vis). The functional groups of the glass ceramics powders were analyzed by Fourier 
Transfer Infrared (FTIR) spectroscopy. 
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Materials and methods 

Experimental procedures  

 Glass ceramics were synthesized through the sol-gel process from sodium metasilicate, 

Na2SiO3 according to the following procedure. The Na2SiO3 was stirred in a beaker using a 

magnetic stirrer in deionised water followed by addition of ethanol to give a clear solution. To 

the stirred mixture was added 1M HNO3 drop wise, stirring was continued further for 1 h to 

allow complete hydrolysis. P2O5 and Ca(NO3)2·4H2O were added in sequence under constant 

stirring. Each reagent was allowed 45 min to react before adding the next reagent, finally the 

mixture was stirred for 1 h after the last addition. The resulting gel was aged at room temperature 

for 5 days, dried at 60 ˚C for 72 h. The resulting glass ceramics were sintered at 800 ℃, 900 ℃ 

and 1000 ℃ for 2 h. The sintered specimen was analyzed by X-ray diffraction (XRD) using 

CuKα radiation source operated at 40 kV and 30 mA. The diffraction patterns were obtained in 

the 2θ range from 10˚-70˚. The obtained glass ceramics were investigated with UV-vis 

spectroscopy. The functional groups of the materials were studied by FTIR spectroscopy.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure.1 Block diagram of the preparation of glass ceramics 
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Results and Discussion 

X-Ray Diffraction Analysis 

 The XRD patterns containing crystalline peaks Fig. 2 (d) were used to obtain the 

crystalline size of combeite at various heat treatment temperatures using the Scherrer equation 

(Patternson 1939). 

                                           𝐷 =
𝑘𝜆

𝛽𝑐𝑜𝑠𝜃
        (1) 

 In this formula, λ = 0.154056 nm presents the wavelength of CuKα,  𝛽 is for the full 

width at half maximum ( FWHM ), k is the Scherrer’s constant, which is taken as 0.9 , and θ 

stands for the diffraction angle. In figure 2(d), the intensity of the peaks was a good match to the 

standard PDF # 96-900-7712, indicating the formation of the crystalline phase of Na2Ca2Si3O9. 

This peak shows agreement with the results from several other researchers (Aswad, Sabree, and 

H S Abd 2021). Above a sintering temperature of  800 °C, 45S5 starts to crystallize, forming 

mainly the Na2Ca2Si3O9 crystalline phase (Kaur et al. 2019).With increasing sintering 

temperature, the intensity of the peaks increases, and the diffraction peaks become sharper and 

narrower. This indicates the enhancement of the crystalline nature and an increase in the 

crystallite size. Peaks in the 2θ range from 33°–35°, with the corresponding Miller Indices (220), 

are more intense compared to the remaining peaks across all the samples. This occurs because 

crystal planes orient along a specific direction over a long-range, leading to a preferred 

crystallographic orientation. Low-intensity peaks indicate, the random arrangement of the 

crystals. Thus it could be concluded that the size of the combeite crystals increased up to 33.2 nm 

by increasing the heat treatment temperature from 800 °C  to 1000 °C . The crystallite sizes of 

combeite calculated using eq. (1) and the XRD patterns of Fig. 2(d) are summarized in table. 
 

 
 

Figure- 2(a)  XRD pattern of the glass ceramics sintered at 800 °C  for 2 h . 
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Figure- 2(b)  XRD pattern of the glass ceramics sintered at 900 °C  for 2 h 

 
Figure- 2 (c ) XRD pattern of the glass ceramics sintered at 1000 °C  for 2 h . 
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Figure- 2  (d) XRD pattern of the glass ceramics sintered at 1000 °C , 900 ℃  and 800 °C           
   for 2 h . 
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Table –  The crystallite sizes of the combeite (Na2Ca2Si3O9) samples at various      

 temperature. 

Heat treatment temperature 

(°C) 

800 900 1000 

Crystallite sizes  

(nm) 

31.2 31.7 33.2 

UV-Vis Analysis 

 The absorption spectrum and the energy band gap of glass ceramics were measured using 

a UV-vis spectrometer (PerkinElmer) in the Department of Physics, Yangon University. The 

energy band gap value Eg could be determined by analyzing the optical data with the optical 

absorption coefficient α and the photon energy h using Tauc’s relation, (αh)2 = A(h- Eg). The 

optical absorption spectra were recorded at room temperature in the range of wavelengths from 202 nm to 1100 nm. 

The optical band gap was evaluated by plotting (αh)2 vs h as shown in Figure 3(a-c) . 

Extrapolating the linear portion of the absorption edge (α h)2 the photon energy axis gives the 

direct energy band gap of the glass ceramics. The band gap energies (eV) for the combeite 

(Na2Ca2Si3O9) are 4.7 eV, 4.82 eV, and 4.91 eV, respectively. The values for Eg of the glass–

ceramic samples show an increase as the heating temperature increase gradually(Kolli, 

Kanikaram, et al. 2022). The results of this study indicate that combeite could be employed in 

optoelectronic devices (Zosiamliana et al. 2022). 
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Figure - 3 The energy band gap values of combeite (Na2Ca2Si3O9) at (a) 800 °C, (b) 900 °C and 

(c) 1000 °C  . 
 

Fourier - transform infrared (FTIR) Analysis 

 The information from the infrared spectra of the samples can be used to investigate and 

gain additional information and data regarding the existence of different structural groups in the 
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materials. Fig. 4(a-c) shows the FTIR spectrum of the glass–ceramics within the range of 400 

cm−1 and 4000 cm−1 sintered at different temperatures. The bands in the low-frequency range 

around 400 cm−1 –600 cm−1 can be attributed to the vibration of Si–O bonding. The mid-

frequency band between 600 cm−1 to 800 cm−1 can be associated with and related to the presence 

of Si–O and Si–O–Si bond bending symmetric stretching vibrations in the sample. Besides, the 

higher frequency band within the spectral range 800 cm−1  to 1250 cm−1 can be related to the Si–

O bond inwards the SiO4 tetrahedron asymmetric stretching modes (Zaid et al. 2020). The 447 

cm−1 ,449 cm−1 and 451 cm−1 peaks are assigned to Si-O-Si bending vibration, which is attributed 

to normal vibration modes of Si-O in the SiO4 group, indicating the presence of amorphous 

silicate. The absorption bands at 574 cm−1  and 576 cm−1  can be assigned to O-P-O  bending 

vibrations of bridging phosphorous, and the one at 518 cm−1  to O=P-O vibrations (Gavinho et al. 

2021). The band at 621 cm−1 and 698 cm−1 confirmed that the presence of cristobalite phase in 

glass ceramics and it was most likely arising from the sodium calcium silicate phase. The broad 

peaks at 923 cm−1 and 931 cm−1 indicate the presence of Si-O-Ca vibrations. Similar values were 

observed for other cyclo-silicates (Kolli, V M, et al. 2022).The spectra at 1031 cm−1 , 1033 cm−1  

and 1039 cm−1  showed a strong absorption band of  Si-O-Si asymmetric stretching vibration. The 

peak is located at 1446 cm−1 due to the presence of carbonate (𝐶𝑂3
2−) .The presence of carbonate 

bonds is attributed the a carbonation process of the material due to the atmospheric CO2 as a 

consequence of the high calcium content in the preparation. The high Ca2+ content also causes the 

formation of a band at 1483 cm−1. The band at 2852 cm−1 and 2924 cm−1 were assigned the 

symmetric and asymmetric stretching vibrations of C-H bonding. The broad peak centered at 

3400 cm−1, 3442 cm−1 and 3452 cm−1 and the peak at 1637 cm−1 and 1653 cm−1 are ascribed to the 

stretching  and bending vibrations of the O-H group in adsorbed water molecules. These bands 

were present in the sintered samples because the water molecules were unable to escape from the 

silica matrix. 

Figure-4 ( a) FTIR spectrum the synthesized combeite heat treated at 800 °C 
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Figure-4 ( b) FTIR spectrum the synthesized combeite heat treated at 900 °C 

 

Figure-4 ( c) FTIR spectrum the synthesized combeite heat treated at 1000 °C 

Conclusion 
SiO2-CaO-Na2O-P2O5-based glass ceramics were synthesized through the sol-gel process using 

sodium metasilicate as a silica precursor. Extensive thermal treatments and characterizations 

reveal that the optimized protocol could be employed to produce pure combeite at temperatures 

between 800 °C – 1000 °C. The X-ray diffraction (XRD) patterns of the glass-ceramics show the 

presence of crystalline phases of sodium calcium silicate, Na2Ca2Si3O9. The secondary phase 

formatting may be P2O5 phase. This phase was confirmed by FTIR results. From the optical 

studies, the optical band gaps were estimated to be in the range of 4.7 eV – 4.91 eV. In the 

presented spectrum, the absorption bands of silicate groups were clearly evident.  This spectrum 

was indicated high surface area silica structures.  
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