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In the biomedical field, there is increased interest in developing bioactive materials that have the ability 
to bond with hard and soft tissues of the human body. As the first biomaterials that will be used in the 
implants must themselves possess high osteogenic properties, many scientists have started 
manufacturing them. This work involved the preparation of the bioactive glass powder 46S19 and the 
fluorapatite powder FA using the sol-gel method with organic acid. The powders used in the preparation 
of hybrid biocomposites samples are identified using Fourier transform infrared (FTIR) spectroscopy to 
identify the presence of specific functional groups and phase composition, which are crucial for 
understanding the bioactivity. Pure bioactive glass and fluorapatite-doped bioactive glass of samples by 
increasing the concentrations of fluorapatite from 5 wt. % to 25 wt. % by pressing uniaxially at pressure 
of 624 MPs and sintered in air at 1000 °C temperatures for two hours have been synthesized. The 
resulting sintered samples are coated with a suspended solution of gum Arabic and Ajwa date seed 
powders to form hybrid biocomposites grafting material for bone implantation. Fabricated hybrid 
biocomposites samples are characterized through morphological analysis and physical tests. Emission 
scanning electron microscopy (FESEM) examination of proposed hybrid biocomposites samples showed 
the size of the particles as well as the bonding between them. The porosity and linear shrinkage of the 
study results showed that hybrid biocomposite samples slightly reduced with an increase the weight 
percentage of fluorapatite that acts as a filler in 46S19 BG. 
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1. INTRODUCTION 
 
Advanced materials, including bioactive glasses, are gaining traction in tissue engineering, with research 
focusing on developing substances that promote bioactivation or are resorbed. Current orthopedic 
surgery materials, typically metallic, polymeric, or ceramic, are biocompatible and resistant to corrosion 
in the in vivo environment [1]. Since the discovery of the first bioactive material in the 1970s, bioactive 
glasses (BGs) caused a turning point in the field of biomaterials and have gained remarkable attention 
in various biomedical applications in the last five decades due to their special properties[2]. These 
materials replace many older types of materials, particularly those used to treat bone diseases [3], [4]. In 
general, bioactivity refers to the ability of the material to interact with the surrounding biological 
environment and have a beneficial effect on the host tissue by stimulating the attachment of biological 
tissues, the process of bone apposition, and the healing of the implicated tissue [5]. This study focuses 
on the routine use of bioceramics like bioactive glass (BG) and fluorapatite (FA), in response to the 
growing demand for bone graft substitutes. Bioactive glass is an artificial bioceramic that has been 
studied a lot and has been shown to work in clinical settings. It is biocompatible, osteoconductive, and 
osteoinductive, and it can bond to bone and skin, helping to restore bone or dentin [6]. Fluorapatite (FA) 
is another widely studied bioceramic with excellent biocompatibility and bioactivity because of its close 
similarity in composition to natural bone apatite [7]. It is now widely accepted that the presence of a FA 
phase in a bioactive system in general, and BGs in particular, enhances the mechanical strength of the 
material while reducing its brittleness, as demonstrated experimentally. Furthermore, the bioactivity 
performance of the already bioactive phases is significantly improved in bioglasses [8,9]. 
 
Recently, there has been a growing interest in plant-derived materials for the preparation of new hybrid 
biocomposites. Plants contain secondary metabolites (phytochemicals) with a wide range of bioactivity 
and low toxicity, and they have enormous potential for bone repair and regeneration [10]. Date palms 
(Phoenix dactylifera) typically discard Ajwa Date seeds as waste [11]  . Ajwa date seeds are rich in 
cellulose fibers and bioactive compounds that are promising for biomedical and pharmaceutical 
applications [12].  Ajwa date seeds, when ground into powder, provide numerous benefits in research 
due to their high nutrient content, antioxidants, and anti-inflammatory effects [10]. They are rich in 
potassium, magnesium, copper, iron, calcium, phosphorus, niacin, and pyridoxine and can reduce 
oxidative stress and inflammation. Ajwa date seed powder is biocompatible, making it safe for use in 
biomedical implants and scaffolds [13]. Gum Arabic is a natural polysaccharide with various 
pharmaceutical actions, such as anti-inflammatory, biocompatibility, and sustained drug release. Gum 
Arabic is a natural adhesive that facilitates the binding of other materials, making it ideal for coating 
bioglass samples with date seed powder. It can also form a protective film on surfaces, controlling 
porosity and surface characteristics. Its water solubility makes it suitable for aqueous coatings [14], [15]. 
Coating with bioactive biomaterial is another way to improve the properties. A natural polysaccharide 
like gum Arabic improves the functional groups, which makes it easier for the date seed powder to stick 
to the substrate [16]. Therefore, the incorporation of Ajwa date seed powder into coatings could 
potentially enhance the surface characteristics and biocompatibility, aid in the biodegradation of 
bioglass-fluorapatite composites, contribute to mechanical stability, reduce surface porosity, aid in 
uniform distribution of date seed powder on the sample surface, and aid in the release of bioactive 
compounds for artificial bone graft material[17,18]. 
  
This study aimed to investigate the physical-chemical properties and morphology of hybrid 
biocomposites grafting samples, which are derived from pure bioactive glass 46S19 and fluoroapatite-
doped bioactive glass 46S19 in different weight percentages (5%, 15%, and 25%) wt. The samples are 
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pressed uniaxially at a pressure of 624 MPs, sintered in air at 1000 °C temperatures for two hours, and 
then coated with a suspension of ajwa date seed powder and gum Arabic.  
 
2. MATERIALS AND METHODS 
2.1 Preparation of Bioglass Powder 
 
The process involves hydrolyzing 22 mL of tetraethoxysilane in 200 mL of distilled water and ethanol, 
then adding 5 mM citric acid to achieve a pH of 2, dissolved 16 g of calcium nitrate hydrate, and added 
11 g of sodium hydroxide to solution (A). A solution (B) is created by dissolved 2.5 g of ammonium 
dihydrogen phosphate in distilled water and NH4OH, resulting in a pH of 10. The solution is stirred 
overnight, filtered, rinsed, and centrifuged. The cleansed gel is dried overnight. To test the impact of 
heat treatment on bioactive glass production, the dried powder is sintered at 700°C for two hours, 
resulting in a clear, stable, and homogenous product called powder [19], [20]. As shown in Figure (1) . 
 
2.2 Preparation of Fluorapatite Powder 
 
To create fluorapatite sol, dissolve 12 g of hydrated calcium nitrate and 2.5 g of diammonium hydrogen 
phosphate in 40 mL of ethanol/water for two hours to achieve transparency. While stirring, add the 
aqueous solution to the alcoholic solution at a rate of 5 mL/min, and add NH4OH to adjust the pH to 10. 
Gradually add and constantly mix a 0.58 g ammonium fluoride solution in ethanol/water with the 
previous solution. It stores the solution at room temperature for 20 days until it solidified into a 
homogeneous gel. The gels undergo centrifugation, rinsing, drying, and grinding, followed by sintering 
at 600 °C for 2 hours [21], [22]. As shown in Figure (1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Preparation of Bioactive Glass and Fluorapatite Powders. 
 
2.3 Fabrication of hybrid biocomposites samples 
 
Four hybrid biocomposites Samples are produced, consisting of the pure bioactive glass sample and 
three samples of bioactive glass powder is mixed with fluorapatite different weight percentages (5%, 
15%, and 25%) wt. The mixtures are prepared in a planetary ball mill for 1 hour to ensure a well-
homogeneous powder. The resulting hybrid biocomposites powders are pressed damp in metal die, by 
pressing uniaxially at a pressure of 624 MPa to form cylindrical samples, sintered in air at 1000 °C 
temperatures for two hours. 
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To coat, date seed powder is made by extracting date seeds from fresh Ajwa dates in Jeddah, Saudi 
Arabia, soaking them in distilled water, removing adherent layers, washing, drying in an oven, crushing 
and grinding, and using a ball mill to create a fine powder. Gum arabic is prepared by dissolving 0.1 g 
in 50 mL of distillation water, mixing with 0.3 g of date seed powder, and agitating for 60 minutes in a 
stirrer magnetic. The mixture is then ultrasonically stirred in double-distilled water for 2 hours to create 
a homogeneous suspension. Samples are coated by immersing them in the suspension for 5 minutes, 
drying them in an oven at 60°C for 15 minutes, and repeating this process multiple times until completely 
coated. As shown in Figure (2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Preparation of hybrid biocomposites Samples. 
 

Table 1 The chemical composition of hybrid biocomposites samples used. 
 

No. Sample 
Code 

Basic Chemical 
Composition 

Chemical Composition 
of Coating 

1 P BG DS+GA suspension 
2 F1 BG + 5 wt. % FA DS+GA suspension 
3 F2 BG + 15 wt. % FA DS+GA suspension 
4 F3 BG + 25 wt. % FA DS+GA suspension 

 
3. CHARACTERIZATIONS 
3.1 Spectroscopy test 
 
Fourier transform infrared spectroscopy (FTIR), spectra use a Bruker, Germany, scanner with such a 
scanning range from 400-4000 cm-1, is performed to investigate the structural properties and functional 
groups of the powders prepared in hybrid biocomposites samples synthesis. 
 
3.2 Microstructural analysis 
 
Felid Emission Scanning Electron Microscope (FE-SEM) to study the microstructure of all prepared 
hybrid biocomposites samples. It coated samples with a thin layer of gold, which evaporated onto the 
sample surface, to prevent electrostatic charging of their surface. 
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3.3 Physical measurement 
 
The porosity of hybrid biocomposites samples is measured using the Archimedes method, which 
involves boiling a dry sample in water for 35 minutes to remove trapped air, then cooling to ambient 
temperature, and weighing the sample for infiltration and immersion. The apparent porosity is calculated 
using the following equation [23]. 
 
 (A.P)% = (Ws – Wd )/(Ws – Wa ) × 100                                                                                  (1) 
 
 
3.4. Linear Shrinkage Measurement 
 
The length variation of hybrid biocomposites samples before and after sintering is evaluated using a 
Vernier caliper, and linear contraction is tested [23]. 
 
( L.Sh )% = ( Lo – L ) / Lo  × 100                                                                                            (2) 
 
4. RESULTS AND DISCUSSIONS 
4.1 FTIR results 
 
The FTIR spectrum is utilized to analyze the chemical bonds and microstructural properties of bioactive 
glass, fluorapatite, Ajwa date seed, and gum Arabic powders in the 500-4000 cm-1 wavenumber range, 
as depicted in Figures (4-3 a, b, c, d). The FTIR spectrum of BG powder, created using the sol-gel 
method, shows several bands, including characteristic peaks of Si-O stretching and Si-O-Si stretching at 
941 cm-1 and 1087 cm-1, bending vibrations at 474 cm-1 [24], [25], phosphate groups P-O stretching at 
794 cm-1, double peaks at 567 cm-1 and 651 cm-1, 717 cm-1, and weak peaks related to residual carbonate 
groups of precursors and hydroxyl groups at (3500–4000) cm-1, as shown figure (3, a). [19], [26]. In 
figure (3, b) The FTIR spectrum of FA powder, obtained using the sol-gel method and heated to 600 ⁰C, 
shows apatite phosphate vibration bands at 466 cm-1, 570 cm-1, and 600 cm-1. The bands at 964 cm-

1correspond to symmetric stretching vibrations of phosphate groups [27], [28], while bands at 1041 cm-

1 and 1095 cm-1 correspond to asymmetric stretching vibrations. Absorption bands at 1431 cm-1 and 
1454 cm-1correspond to stretching vibrations of CO2

-³ group [29]. The FTIR spectrometer is used to 
analyze the functional groups of Ajwa date seed powder and gum Arabic powder [30], [31]. The spectra 
showed compounds like hydroxyl group signals, stretching vibrations of C-H bonds in aliphatic 
hydrocarbons, and C=O stretching vibrations of carbonyl groups in esters, ketones, and carboxylic acids. 
The spectra also showed C-H stretching vibrations at 1427 cm-1, C=O stretching vibrations linked to 
carbonyl groups, and broad O-H stretching vibrations at 3390 cm-1 [32,33]. 
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Figure 3 FTIR spectra of resulted samples a) Bioactive glass, b) Fluorapatite, c) Ajwa Dates Seed and 
d) Gum Arabic. 
 
4.2 Results of FESEM 
 
Figure (4 A, B) shows the FESEM images of sintered hybrid biocomposites samples at a temperature of 
1000 ⁰C for 2 hour, coated with a suspension of (date seed powder + gum Arabic) with different 
magnification. The Pure hybrid biocomposite sample has particle sizes ranging from (145-558) nm with 
irregular shapes, that are related to clear association with the coating layer of agglomerated of particles 
[34]. In the hybrid biocomposites sample (5% wt.) of FA, the nanoparticles have a morphology range of 
(122-240) nm with irregular and spherical shapes, possibly related to the particles. In state nanoparticles 
of hybrid biocomposites samples (15% wt.) of FA and (25% wt.) of FA, the size of the nanoparticles is 
about (260–632) nm and about (66-386) nm, respectively, as shown in Figure (4 C, D). From the results 
above, it found the morphology showed that NPs are made up of irregular and spherical shapes that are 
uniform, possibly related to each other, and are in direct contact with the capping agent, the coating that 
generates indicating stabilization within the aggregation, in addition to being surrounded by pores. [35, 
36].  
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Figure 4 (A-D) FE-SEM images of hybrid biocomposites Grafting Samples with different magnification 
A) Pure (BG-DS) NPs at 1μm. B) (5% FA-BG-DS) NPs at 200 nm, C) (15%FA-BG-DS) NPs at 2μm, 
and  D) (25%FA-BG-DS) NPs at 1μm. 
 
4.3 Porosity measurement 
 
The porosity of all hybrid biocomposites samples is measured using equation (1). When adding FA to 
bioactive glass, sintering at 1000 ⁰C, and coating with date seed powder and gum Arabic, a slight uniform 
decrease in pores is observed  [37], [38]. The study shows that samples with a porosity similar to human 
bone are ideal for bone tissue engineering because they allow cells to grow and multiply efficiently and 
also make it easier for biomaterials to fit into natural bone [39,40]. 
 
 
 
 
 
 
 
 
 
 



Exp. Theo. NANOTECHNOLOGY 9 (2025) 147-156 8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Porosity Measurement of All hybrid biocomposites Samples. 
 
4.4 Linear shrinkage measurement 
 
Sintering time, temperature, and diffusion species influence shrinkage, a material property where pores 
fill with solid material and cause the samples to shrink [41]. It calculates shrinkage percentages based 
on sample dimensions before and after sintering, comparing sintered samples with green samples. It uses 
a digital micrometer to estimate the mean linear shrinkage. Addition of FA to bioactive glass, sintering 
at 1000 ⁰C, and coating with date seed powder and gum Arabic results in a slight decrease in shrinkage 
[42-45]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Linear Shrinkage of All hybrid biocomposites Samples. 
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5. CONCLUSIONS 
 
A novel sol-gel method has been developed for producing bioactive glass and fluorapatite powders with 
varying compositions. The bioactive glass component was produced at 46% SiO2, 30% CaO, 4% Na2O, 
and 19% P2O5. Four hybrid biocomposites samples were created: the pure bioactive glass sample and 
three samples of fluoroapatite-doped bioactive glass with different weight percentages (5%, 15%, and 
25%) wt. and sintered, coated with a suspension of ajwa date seed powder, and gum Arabic. FTIR 
spectroscopy has been shown to identify and detect the presence of specific functional groups and phase 
compositions of raw powders (bioactive glass, fluoroapatite, ajwa date seed, and gum arabic). FESEM 
analysis revealed varying sizes of particles and interconnected pores in hybrid biocomposites samples. 
The porosity and linear shrinkage of all hybrid biocomposites samples showed a slight decrease with 
increasing the weight percentage of FA to bioactive glass. Compared to the pure hybrid biocomposite 
sample, this results in the production of samples with an appropriate porous structure for bone implants. 
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