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ABSTRACT  

One material that can be used in bone and soft tissue engineering is bioglass. By adhering to 

bone tissues and forming an apatite layer that further starts the biomineralization process, it can 

also encourage skin regeneration and wound healing in addition to playing a significant part in 

the healing processes of bone fractures.In this research, Syrian clay was used as a cheap silica 

source for preparation bioglass by melting method. Pure silica was isolated by mixing clay with 

sodium hydroxide in the following amounts (1:1), (2:1), (3:1), treated at different temperatures 

(700, 800, 900)˚C, treated with HCl solution, filtrated, dried, the yield reached to 96% with 

purity of 99% when clay was mixed with NaOH by (2:1) and treated at 800˚C. Bioglass was 

prepared using isolated silica according to thermal program, the formation of bioglass was 

confirmed by XRD, IR and biodegradability test, which confirmed formation of hydroxyapatite, 

on the surface which confirmed the biological effectiveness of the prepared bioglass.  
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1. INTRODUCTION 

Biocompatible materials are made specially to work with the human body, helping to evaluate, 

support, and replace particular organs or tissues. The performance of these materials is assessed 

according to their compatibility and functionality in the biological environment after 

implantation, and they are designed for implantation and smooth integration into the body. The 

ability of these materials to perform a certain physical or mechanical function is known as their 

biological function, whereas their ability to continue performing this function without 

endangering or rejecting the surrounding tissues is known as their biological compatibility 

(Silver, Deas and Erecińska, 2001; Negut, and Ristoscu, 2023; Miguez, Hench and Boccaccini, 

2015). 

Because of their superior biological compatibility, low porosity, corrosion resistance, and low 

electrical and thermal conductivity, bioactive materials are highly prized as biologically active 

materials. By creating a physiologically active hydroxy apatite (HA) layer that closely 

resembles the chemical and structural makeup of natural bone minerals, bioactive materials 

create a link with bone tissue and promote interfacial bonding. (Mubina et al., 2021; Shan et 

al., 2020; Crovace et al., 2021; Dimitriadis et al., 2021; Wetzel et al., 2020) 

Composed of 45% SiO2, 24.5% CaO, 24.5% Na2O, and 6% P2O5, the 45S5 bioactive glass 

system is the most bone bonding constituents. When exposed to human plasma or comparable 

fluids, the highly reactive surface of this bioactive glass interacts actively, forming a silica gel 

sheet and causing a calcium phosphate sheet to precipitate (Lefebvre et al., 2007; Satyendra et 

al., 2024; Abbasi and Hashemi, 2014). 

For bioactive glass, there are two primary preparation techniques that are frequently discussed: 

melt-quench and sol-gel. The desired qualities and their intended uses determine the post-

treatment that is applied to the samples. Notably, both the creation of contaminant-free products 

and the purity of the raw materials are essential. While bioactive glass made using the sol-gel 

approach is more porous and has a greater specific surface area, melting-quenching reduces the 

specific surface area and creates bioactive glass with a soft and low porosity on their surface 

(Srinath et al., 2020; Et al., S. 2019). 

Large-scale production of bioactive glasses is significantly hampered by the costly and 

hazardous nature of the commonly used alkoxysilane precursors, such as tetraethyl orthosilicate 

(TEOS) and tetramethyl orthosilicate (TMOS), despite the fact that the sol-gel method has 

several advantages over the melt and solidification method, including greater homogeneity and 

purity as well as a greater variety of compositions (Kaou et al., 2023; Pajares and Chatzistavrou, 

2020; Shearer, Montazerian and Mauro, 2022; Abd Dleam, and Kareem, 2021). 
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As a result, in their quest for large-scale bioactive glasses, some research has looked into 

alternate sources of silica. In order to create bioactive materials, silica has been extracted from 

a variety of industrial and agricultural wastes, particularly egg shells, rice straw, and soda-lime-

silica waste glass (Essien et al., 2013). 

Clay minerals are fine-grained hydrous silicates with an octahedral or tetrahedral layered 

configuration, and recent research has included using them as precursor materials for the 

creation of bioactive glass (Essien et al., 2013), their chemical composition implies that they 

may yet serve as an economically viable non-toxic silica source for large scale synthesis of 

bioactive glasses. 

Sedimentary clay with a three-layered structure is a naturally occurring clay mineral that is 

created when volcanic ash weathers. It shows two silicon oxide sheets encasing one aluminum 

oxide layer. Fig 1. In terms of structure, the external silicon oxide sheet and the inside aluminum 

share oxygen atoms, and Mg2+ ions frequently replace Al3+ ions, producing a net negative 

charge. Counter ions, often Na+ and Ca2+, that are found between platelets balance the charge 

in the platelets. The silicon oxide in clay minerals can be removed using alkali at a high 

temperature to get the equivalent alkali silicate, which might be used as a precursor for the 

manufacture of glass (Battaglia, Cuevas, and De Wolf, 2016; Tawfiq and Asaad, 2021; Bakhshi, 

Mozdianfard, and Hayati, 2020). 

This study aims to use Syrian clay as a cheap silica source for preparation a type of bioglass by 

melting method, as no previous study has used this raw material to produce bioactive glass.  

 
Fig. 1. Crystal structure of clay mineral 1:1 layer and 2:1 layer (Battaglia, Cuevas, and De Wolf, 2016) 

2. MATERIALS AND METHODS 

Raw clay samples 

Raw clay was gathered in Syria's Wadi Al-Zakara region. A porcelain mill was used to grind 

the raw clay, and particles smaller than 100µm were separated using a standard sieve and an 

electric vibrator manufactured by Retch Model (AS.200). X-ray fluorescence (XRF) analysis 
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was used to determine the raw clay's chemical composition, and X-ray diffraction (XRD) with 

a nickel filter and Cu Kα1 radiation (λ=1.5405°A) from a (BRUKER AXS Diffractometer D8) 

was used to identify the crystal phases. 

Isolating pure silica from clay 

An electric oven with multiple heating systems, manufactured by Carbolite, was used to 

thermally treat the mixtures of clay: NaOH (1:1) (2:1) (3:1) at various temperatures (700, 800, and 

900)˚C. The mixtures were placed in a carbon crucible, temperature was gradually increased at 

a rate of 10 degree per minutes until it reached (700, 800, or 900)˚C. The temperature was fixed 

for 60 minutes, mixtures were cool gradually. Subsequently, each combination was heated to 

80˚C and treated with a 2:1 diluted hydrochloric acid to separate silica (as H2SiO3) from the 

remaining compounds. Filtered and washed with distilled water, dried at 105˚C, to yield silica 

(1): 

H2SiO3 → H2O↑ + SiO2          (1) 

silica yield was calculated as (2): 

Sp% = (Ws / Wc)x 100          (2) 

Where: Sp%: silica yield, %.Ws: silica weight, Wc: t of clay's silica weigh. 

Isolated silica was examined with XRF, the distance between the crystal planes determined by 

Miller's clues (hkl) was calculated based on Bragg's law (3): 

nλ=2dsinθ            (3) 

Where: 

The distance between parallel planes was computed using the crystal lattice constants of the 

tetragonal structure and the lattice constants in accordance with (4). The variables were d: 

distance between parallel crystal planes, θ: diffraction angle, n: diffraction order, and λ 

wavelength of X-ray (λ=1.540A˚). 

1/d2 = (h2+k2/a2) +(l2/c2)          (4) 

Based on the Debye-Scherer connection, calculate the stress or tension coefficient (crystal 

lattice strain ε) and the density of dislocations using (5): 

D = Kλ/βCosθ           (5) 

where: D is the size of the crystalline grains; K is a constant equal to 0.94 in the case of spherical 

particles; and βhkl is the mid-intensity breadth of the diffraction peak corresponding to the 

plane hkl. Using (6), the δ density of dislocations was computed (Abd Dleam, and Kareem, 

2021; Battaglia, Cuevas, and De Wolf, 2016): 
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δ = n/D2             (6) 

To get the lowest value for the density of dislocations, where n is a constant equal to one. 

Additionally, using (7), the stress or tension coefficient (crystal lattice strain ε) was determined 

(Abd Dleam, and Kareem, 2021; Battaglia, Cuevas, and De Wolf, 2016). 

ε = β cosθ/4     (7)  

Preparation of bioglass 

45S5 glass, which is regarded as one of the glass systems with biological qualities and is a 

member of the glass system (CaO.P2O5.SiO2), was made using the silica that was isolated for 

this study as shown in Table 1 (Satyendra et al., 2024). For preparation 45S5, the same glass 

combination was made using pure ingredients from Sigma-Aldrich: calcium phosphate 

Ca3(PO4)2 (99%), sodium carbonate Na2CO3 (98%), and calcium carbonate CaCO3 (99%), as 

indicated in Table 2. 

Table 1. Composition of 45S5 (Satyendra et al., 2024) 

W% )%(Σ  

SiO2 CaO P2O5 Na2O 
100 

45.0 24.5 6.0 24.5 

 

Table 2. Chemical precursors for syntheses 45S5  

W(gr) (gr)Σ 

SiO2 CaCO3 Ca3(PO4)2 Na2CO3 
132.42 

44.13 31.29 13.26 42.19 

 

The mixture's moisture content was eliminated through thermal processing. At a pace of 10 

degrees per minute, the temperature was raised progressively to 200°C and maintained there 

for 30 minutes. The temperature was gradually raised to 1100°C at a pace of 15 degrees per 

minute in order to stop the mixture's constituent parts from dispersing as a result of the carbon 

dioxide being released. This temperature was held for 60 minutes while monitoring the melting 

of the sample. After that, it was raised by 20 degrees per minute and held for 35 minutes at 

100°C intervals. The sample completely melted ten minutes after the temperature hit 1300°C. 

The thermal program utilized to create bioglass is depicted in Fig 2. (An experimental program 

that was concluded after several experiments). 

The Bruker Vector 22 FTIR spectrometer was used to measure the IR spectra of the prepared 

samples in the 4000–400 cm-1 range after the prepared bioglass was characterized by XRD. 
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Fig. 2. Thermal program to synthase sample 

Biodegradability of prepared bioglass 

For synthetic biomaterials, biodegradation is essential because it should coincide with tissue 

regrowth. Si4+, P5+, and Ca2+ ions are essential for tissue function. In order to investigate 

biodegradability in the lab, prepared bioglass was crushed into a powder, soaked in the 

"simulated body fluid" solution (SBF) for 7, 14, 21, 28, and 35 days, placed in an incubator set 

at 37°C. Bioglass mostly degrades by dissolving in surrounding medium. The investigations 

included in Table 3 served as the foundation for the creation of the SBF solution Table 3 

(Yadav, Singh, and Pyare, 2020). 

The ratio of SBF solution to powder was measured at 50:1. On several days, the pH was 

monitored, and the biodegradability equation was computed using the following formula: 

%WL = W0 – W1/W0, where W0 the sample's weight prior to sinking in SBF, W1 the sample's 

dry weight following SBF dipping, and %WL is the percentage of weight loss. (Yadav, Singh, 

and Pyare, 2020) 

Table 3. components of SBF  

Weight Substances 

7.91 gr NaCl 

0.33 gr NaHCO3 

0.24 gr K2HPO4.3H2O 

0.25 gr KCl 

0.30 gr MgCl2.6H2O 

0.27 gr CaCl2 

0.08 gr Na2SO4 

43 ml HCl 1M 

7.94 gr NH2C(CH2OH)3 

3. RESULTS AND DISCUSSION 

In accordance with the siliceous structure of clays, silicon dioxide (SiO2) made up 49.34% of 

the clay sample, according to chemical analysis. Aluminum oxide (Al2O3) made up 17.15% of 

the components of the clay under study Table 3. Clay's XRD patterns in Fig 3 revealed that the 

main minerals it contains were quartz, illite, and kaolinite. 
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Table 4. Chemical composition of clay  

Compound Clay% 

SiO2 49.34 

Al2O3 17.15 

Fe2O3 7.85 

MgO 2.12 

CaO 7.48 

Na2O 0.19 

K2O 1.35 

L.O.I 12.85 

 

 

Fig. 3. XRD of Clay sample 

When utilizing a clay:sodium hydroxide mixtures of (2:1) and (3:1) and proses at (800 or 

900)˚C, the yield of silica was 96%, with a purity of up to 99%. This suggests that the process 

used to create silica in this study was successful. Because it produced heterogeneous 

agglomerates and had a poor silica yield (no more than 39%), the mixing ratio (1:1) was 

disregarded, indicating that the clay did not completely disintegrate. Varied agglomerates were 

also produced by thermally treating the clay and sodium hydroxide mixtures at 700°C. 

When comparing the prepared silica's XRD spectrum with the reference XRD spectrum in Fig4, 

it was observed that there was perfect agreement between the prepared silica's peaks and the 

reference code No. 00-046-1045. This indicates the prepared silica's purity Table 5, Table 6. 

Table 5. Chemical analysis of extracted silica 

Component W% 

SiO2 99.02 

Al2O3 0.08 

Fe2O3 0.07 

CaO 0.06 

MgO 0.08 

SO3 0.01 

K2O 0.05 

Na2O 0.05 

L.I.O 0.03 
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Fig. 4. XRD spectrum of isolated SiO2 

 

Table 6. properties of extracted silica 

βo
hkl 

𝛆 

(10-4 line 𝒔−𝟐. 𝒎−𝟒) 

δ 

1015 ( line𝒔. 𝒎−𝟐) 
D(nm) d (Aº) hkl 2θ Sample 

0.8423 35.78 10.4 9.8 3.369 101 26.452 Isolated SiO2 

 

XRD spectrum of bioglass that has been prepared The absence of peaks in Fig 5 that would 

have suggested the existence of a crystalline constituent validates the development of a glass 

phase, results of the generated bioglass's IR spectra in Fig 6 were in agreement with earlier 

research (Xanthippi et al., 2004.).  

 

Fig. 5. XRD spectrum of syntheses bioglass 
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Fig. 6. FTIR spectrum of syntheses bioglass 

Because of the ionic interaction between the prepared bioglass and the constituents of the SBF, 

the weight loss increased over the course of the 28-day SBF immersion period, reaching 9.8% 

before nearly stabilizing at 9.9%. As a result, the pH of the SBF solution increased to 8.4 during 

the first 14 days and then stabilized with longer soaking times Fig7 (Xanthippi et al., 2004.). 

The alkaline pH increased osteoblast cell proliferation, according to the previous report. When 

phosphate and calcium are present in these precise molar ratios during the bioglass preparation 

process, a layer of hydroxyapatite forms. Once HA forms, the pH stays comparatively constant 

as the immersion time rises, as shown in Fig 8. 

 Fig. 7. Weight loss in SBF 

Fig. 8. pH during soaking 
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The white layer that developed on the surface of bioglass submerged in SBF solution was 

separated, dried, and its composition was ascertained using XRD. The peaks in the XRD were 

used to demonstrate the production of hydroxyapatite. After the prepared bioglass was 

submerged in SBF solution, Fig 9 showed that the hexagonal hydroxyapatite Ca5(PO4)3OH 

phase with card number 00-001-1008 was present. The main (hkl) indices for the formed layer 

hydroxyapatite were (002), (211), (112), (300), (202), (222), (004), and (223), which validated 

the prepared glass's biological efficacy. Research steps are shown in Fig 10. 

  
Fig. 9. XRD of the formed layer on surface of the prepared bioglass and reference cod 

Fig. 10. Research steps 
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4. CONCLUSION 

Pure silica was isolated from Syrian clay as a cheap silica source for preparation of bioglass by 

melting method, isolated was prepared by mixing clay with sodium hydroxide in the following  

percent (1:1), (2:1), and (3:1), then treated at different temperatures (700, 800, 900)˚C, treated 

with HCl solution, filtrated, dried, the yield reached to 96% with purity of 99% when clay was 

mixed with NaOH by (2:1) and treated at 800˚C. 

Bioglass was prepared using isolated silica according to thermal program, the formation of 

bioglass was confirmed by XRD, IR and biodegradability test, which confirmed formation a 

layer of hydroxyapatite on the surface of the bioglass immersed in SBF solution. 

The specifications of the prepared bioglass make it usable in some related medical applications 

such as bone tissue restoration, dental fillings, etc. 
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