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Abstract

This research aimed to synthesize of fluorapatite(FA)-ZnO (FAZ) nanocomposite powder using a one-step 

mechanical alloying process without any post-calcification process. Furthermore, the role of various 

concentrations of ZnO (0, 4, 8 and 11 and 15 wt.%) on the chemical and biological characteristics of FA was 

examined. Our research confirmed the successful synthesize of FAZ nanopowders with irregular-shaped 

particles and particle size of 38-52 nm. The crystallinity, crystallite size and, c-axes parameter of FA decreased 

with increasing ZnO content. Moreover, while all FAZ powders revealed superior bioactivity than FA, FA-8 

wt.% ZnO nanopowder significantly enhanced MG63 cell proliferation. Besides, between various samples, FA-

11 wt.% ZnO nanopowder revealed drastically greater antibacterial activity. It could be concluded that the in-

situ synthesis of FAZ powder meaningfully improved the biological activity of FA making it a promising 

coating for orthopedic and dental implants.
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1.Introduction

Hydroxyapatite (HA), Ca10(PO4)6(OH)2, is the most extensively applied calcium phosphate-based 

bioceramics to repair bone and tooth tissue 1, 2. However, due to its poor mechanical properties, such 

as brittleness and low strength, HA usually applied in the form of powders and/or coatings 1, 3. HA 

could directly interact with bone tissue through the formation of the apatite layer, while it does not 

expose any toxic effect 4. In spite of its advantages, HA shows weak stability in the oral environment 
2, 5. Also, the weak thermal stability of HA at high temperatures results in the decomposition of HA 

into unwanted phases such as tri-calcium phosphate 6. Furthermore, HA does not show any 

antibacterial activity. To improve the properties of HA, various ions such as Mg2+, Zn2+, Sr2+, Fe2+, 

K+, Na+, F-, Cl-, citrate, and carbonate have been replaced in the chemical structure of HA 7. Among 

them, fluoride ion plays an important role in the physical and biological properties of HA. Wide 

studies have focused on the replacement of hydroxyl ions (OH-) in the HA structure by fluorine ions 

and the formation of fluorapatite (FA)Error! Hyperlink reference not valid.. FA is a biocompatible 

component with higher chemical and thermal stability and less solubility than HA 8, 9. Fluorine ion 

promotes the resistance of FA in acidic conditions. Consequently, FA is a promising component for 

dentistry applications 2, 10, 11. Fathi et al. 2 synthesized fluoridated-HA nanopowder with different 

fluoride ion concentrations and showed that the bioactivity of powders decreased with increasing 

fluoride ion content. However, the antibacterial activity and osseointegration of FA are not satisfying. 

To promote the biological properties of calcium phosphate-based components, wide studies have 

focused on the substitution of various ions such as Zn2+,  Ag2+ and  Cu2+ in the structure of FA 1, 12. 

Among them, zinc (Zn) is one of the most abundant elements in the bone. Zn ion is essential for the 

growth, and maintenance of bone tissue 13. Moreover, it plays a crucial role in the biochemistry of 

bone tissue 14, 15. Thian et al. 7 found that the biocompatibility and antimicrobial activity of HA 

increased after the substitution of zinc ions in its structure. Moreover, the Zn ions in the concentration 

range of 125-250 ppm promote in vivo osteoblast metabolic activity. In another word, ZnO has been 

introduced as a biocompatible component in contact with various types of cells 16, 17. Moreover, 

results showed that the incorporation of ZnO as the second phase could promote the antibacterial 

activity for both, gram-positive and gram-negative bacteria18. 
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The commonly applied techniques for the synthesis of calcium phosphate-based powders are sol-gel 
19, precipitation 20, mechanical alloying 21, microwave 22, wet chemical 23 and hydrothermal process 24. 

Between them, mechanical alloying is a solid-state and simple technique to synthesis nanostructured 

materials such as ceramics, composites and intermetallic compounds25. Kheradmandfard et al. 8 

applied mechanical alloying to synthesis Mg-doped HA. Ahmadi et al. 26 also synthesized silicon- and 

magnesium-doped FA using a mechanical alloying technique. According to our knowledge, the 

synthesis of FA-ZnO nanopowder using mechanical allying has not been investigated, yet. 

Hence, the present study aimed at in-situ synthesis of FA-ZnO(FAZ) nanocomposite powders using a 

one-step mechanical alloying process without any heat-treatment process. Moreover, we investigated 

the role of ZnO on the bioactivity, antibacterial property and, cytotoxicity of the FAZ nanopowders.

2. Materials and Methods

2.1. In-situ synthesis of FA-ZnO nanopowders

FA-ZnO nanopowders consisting of various amounts of ZnO (0, 4, 8, 11 and 15 wt.%) were 

synthesized via a simple mechanical alloying process. In this regard, a combination of calcium 

hydroxide (Ca(OH)2, 95.0%, 0.5–3 μm, Mw=74.09 gr/mol, Merck), phosphorus pentoxide (P2O5, 

>98.5%, Mw=141.94 gr/mol, Merck), calcium fluoride (CaF2, 95.0%, 1–3 μm, Mw=78.07 gr/mol, 

Merck) and zinc oxide (ZnO, >99.9%, particle size<5 m Mw=81.39 gr/mol, Sigma) powders with 

appropriate ratios was milled in a high energy planetary ball-mill (Frestch Pulverisette 5) using 

Alumina vial and Alumina balls at ambient temperature. The relative amounts of each component in 

various powders are presented in Table 1. The ball: powder mass ratio and milling speed were kept 

constant at 20:1 and 250 rpm, respectively. Moreover, the milling time was optimized at 12 h. The 

weight of the initial powder mixtures in all different were was kept constant (5.4 g). According to the 

amounts of ZnO content (0, 4, 8, 11 and 15 wt.%), the samples were named FAZ0, FAZ4, FAZ8, 

FAZ11 and, FAZ15, respectively. 

2.2. Characterization of FA-ZnO nanopowders

The phase composition of FA-ZnO (FAZ) nanopowders was evaluated by a Philips XʹPert 

diffractometer (Cu Kα radiation, λ= 0.15406 nm, radiation at 40 kV and 30 mA, in the range of 

20° < 2θ < 60°, time per step: 1.25 s and step size: 0.05°). The XRD patterns were identified using the 
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standards gathered by JCDPS (FA JCDP card# 00-1880 and ZnO card# 79-0206). To evaluate the 

crystallite size of powders, Williamson-hall equation was applied (eq. 1) 27: 

=Bcos θ                                                    (1)                   
0.89𝜆

𝑑 +𝜂sin 𝜃 

Where λ is X-ray wavelength (nm), d is the crystallite size (nm), B is the full-width at half maximum 

intensity, η is the strain and θ is the Bragg angle.  Also, the XRD patterns were applied to determine 

the “a” and “c” lattice parameters of FA crystallographic structure by using MAUD software. The 

chemical composition of the powders was also estimated using X´Pert software. Moreover, the 

crystallinity of powders, Xc, defined as the crystalline phase fraction in each composition, was 

calculated according to the XRD patterns. Xc was calculated using the integrated areas of amorphous 

(Aamor) and crystalline (Acryst) peaks, according to the equation 2 28:

Xc =Acryst / Aamor+Acryst                                                                                                                 (2) 

Furthermore, the particle size distribution and morphology were also considered using Field emission-

scanning electron microscopy (FE-SEM, QUANTA FEG 450). The average particle size of powder 

(n=100) was also estimated from more than three images with high magnification. Moreover, SEM 

(Philips XL30, Netherland), operating at an accelerating voltage of 25 kV, equipped with an energy 

dispersive X-ray spectrometer (EDS) analyzer was applied to determine the chemical composition of 

the powders. Before imaging, the samples were sputter-coated with a thin layer of gold (several 

nanometers thick). In addition, Fourier transforms infrared spectroscopy (FTIR, Bomem, MB100) 

was applied to identify the functional groups in each composition. The spectra were obtained in the 

4000–400 cm−1 region with a 2 cm−1 resolution.

2.3. In vitro bioactivity evaluation of FA-ZnO nanopowders

To evaluate in vitro bioactivity of the FAZ powders, the disk-shaped samples with a diameter of 12 

mm and a thickness of 2 mm were prepared using cold isostatic pressing under a pressure of 400 

MPa. In vitro bioactivity was considered by immersing the samples in simulated body fluid (SBF, 

pH=7.4) at 37±0.5 C for 28 days. The SBF solution was prepared according to the Kokubo protocol 29. 

At the specific time points, the discs were washed with deionized water and oven-dried. The 

formation of bone-like apatite on the surface of samples was examined using SEM imaging. 

Moreover, the concentration of calcium and phosphorous ions in the SBF solution was determined 

using inductively coupled plasma - optical emission spectrometry (ICP-OES, Jobin Yvon) in the high A
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sensitivity mode. To evaluate the apatite formation mechanism, the pH value of the SBF solution was 

recorded using a pH meter (GLP 22, Crison, Spain). 

2.4. Antibacterial activity evaluation of FA-ZnO nanopowders

The antibacterial activity of FAZ powders was evaluated via the inhibition zone method. In this work, 

Staphylococcus aureus (S. Aureus, Gram-positive bacteria) and Escherichia coli (E. Coli, Gram-

negative bacteria) were applied. Moreover, Brain Heart Infusion Broth (BHI Broth) was selected as 

the culture medium. 0.5 McFarland (108 CFU/ml) of microbial suspension was prepared and was 

diluted to 106 CUF/ml. Then, 50 µl of microbial suspension was transferred to a plate containing the 

culture medium. Consequently, a hole was created in the middle of the plate and 50 µl of each powder 

suspension (100 µg/ml ) was added to it. After 24 h incubation at 37  C, the thickness of the area in 

which a bacterial colony had stopped growing was determined as the antibacterial activity of samples.

2.5. Cell Culture

The role of ZnO on the biocompatibility of FAZ nanopowders in contact with MG63 osteoblast-like 

cells (obtained from the National Cell Bank, Iran) was examined using 3-(4,5-dimethylthia-zolyl-2)-

2,5-diphenyl tetrazolium bromide (MTT) assay. MTT assay was performed based on ISO 10993.5, 

using a dilution of powder extracts. After 2h UV sterilization, FAZ nanopowder suspensions (200 

μg/ml) in full culture medium (Dulbecco’s Modified Eagle Medium (DMEM, Bioidea, Iran) 

supplemented with 10 % fetal bovine serum (FBS) (Bioidea, Iran) and 1 % streptomycin/penicillin 

(Bioidea, Iran)) were prepared. Then, MG63 cells with a density of 104 cells/well were cultured in a 

96-well plate and incubated at 37 ͦC under 5% CO2, overnight. Consequently, the medium was 

removed and the diluted extracts (50, 100 and 200 µg/ml) were replaced. 

After 1 and 3 days of culture, the medium was replaced with 0.5 mg/ml of MTT solution. After 3 h 

incubation, the formed formazan crystals were dissolved in dimethyl sulfoxide (DMSO, Sigma) and 

the optical density (OD) was determined using a microplate reader (Bio-Rad) at a wavelength of 490 

nm. Finally, the relative cell survival was determined according to the equation 3 30:

Relative cell survival (%) = Asample – Ab / Acontrol – Ab                               (3)

Where Asample, Ab and Acontrol are the absorbance of sample, blank (DMSO) and control (TCP), 

respectively.

2.6. Statistical analysisA
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Statistical analyses were performed via one-way ANOVA and Tukey's post-hoc test was applied to 

assess statistically meaningful differences between the results according to the P-value< 0.05.

3. Result and Discussion

3.1. Characterization of FA-ZnO nanopowder

In this study, FA-ZnO nanopowders consisting of various amounts of ZnO were synthesized via a 

one-step mechanical alloying process to control its biological properties. The XRD patterns of various 

powders after 12 h of mechanical alloying is presented in Fig. 1. Based on JCDP card #00-1880, FA 

powder was successfully synthesized in the presence of various amounts of ZnO. The ZnO 

characteristic peaks were also detected at XRD patterns of powders as the minor phase beside FA. In 

addition, the diffraction peaks of FA (specifically, the peak at 2=31.78) were shifted slightly to 

higher degrees with increasing ZnO content. This peak was shifted to 31.83°, 31.87°, 31.88°, and 

31.93° when ZnO content was 4, 8, 11, and 15 wt.%, respectively.  It could be due to the partial 

substitution of zinc ions with calcium in the FA structure 31. Moreover, the diffraction peaks became 

wider and their intensity reduced as the Zn content increased. For instance, the intensity of the peak at 

2=31.775 reduced 1.2 times, when ZnO content enhanced to 15 wt.%. which might be due to the 

smaller ionic radius of zinc (0.074 nm) than calcium (0.099 nm). The presence of the ZnO as the 

second phase and partial replacement of Ca with Zn could affect the crystallinity and crystallite size 

of powders, according to Table 2.  Results revealed that the “c” lattice parameter decreased with 

increasing ZnO fraction, while the “a” lattice parameter enhanced with increasing ZnO fraction upon 

8 wt% and consequently decreased. Such behavior was due to the difference in the ionic radius of Ca 

and Zn 32. The zinc ions could be sited in three positions in the structure of FA consisting of Ca(I), 

Ca(II) and P positions. While Ca(I) atoms formed an octahedral structure with O2- atoms, Ca(II) atoms 

with surrounding O2- and P5- ions organized a tetrahedral structure. Compared to the octahedral 

structure, the tetrahedral structure required less energy formation. Hence, Zn2+ ions preferred to 

replace with Ca(II) 33. Consequently, the replacement of zinc ions in the structure of FA revealed a 

greater effect on the “c” parameter. It could be concluded that the changes in the lattice parameters of 

FA structure in various FAZ powders were depended on the synthesis methods 34. For instance, Uysal 

et al. 33 applied a precipitation method to dope zinc and fluoride ions in HA and showed that the A
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parameters of “a” and “c” decreased. Moreover, Predoi et al. 34 synthesized zinc-doped HA structure 

via a co-precipitation method and concluded that “a” parameter increased and the “c” parameter 

decreased with increasing zinc content. In another word, the crystallite size of FAZ powders was 

estimated in the range of 19-32 nm (Table 2). With increasing ZnO concentration, FA crystallite size 

and crystallinity reduced with increasing zinc content, upon 11 wt.% and consequently remained 

almost constant. Therefore, zinc had an inhibitory effect on the FA crystallization. According to 

previous studies, the crystallinity of HA reduced with increasing zinc concentration 34. In this study, 

FA was synthesized during a mechanical alloying process which released energy. The release of 

enough energy enhanced the diffusion, which promoted the formation rate of FA synthesis. In this 

study, ZnO with a great ability to absorb the released energy may postpone the diffusion process of 

atoms. As a result, the crystallite size and crystallinity of FA powder reduced with increasing ZnO 

content. However, at higher ZnO content, due to the limited solubility of Zn in the structure of FA and 

formation of the secondary phase, the crystallite size and crystallinity were not changed. 

Our results confirmed that FAZ nanopowders were successfully synthesized via a simple mechanical 

alloying process, without any calcification process. XRD pattern of FAZ15 powder after calcification 

at 800 °C is presented in Supplementary Fig. S1. After the calcification process, other phases such as 

calcium zinc phosphate (Ca Zn2 (PO4)2) (JCDP card#20-0248), and hydrogen peroxide (H2O2) 

(JCDP#31-377) formed beside the FA, confirming its decomposition. So, the mechanically alloyed 

powders without calcification were more suitable to obtain FA-ZnO powders.

To confirm the partial substitution of Zn with Ca and the presence of ZnO in the structure of FA-ZnO 

powders, FTIR spectra of FAZ0 and FAZ11 powders were investigated (Fig. 2).  Both spectra 

consisted of a broad peak at 3643-3064 cm-1 and an amplified band at 1641 cm-1, corresponding to the 

adsorbed water in the structure lattice. Moreover, the characteristic peaks at 603 cm-1 and 573 cm-1 

were ascribed to (PO4)-3 with the vibrational mode of υ4. Besides, another band related to (PO4)-3 

group was observed at 1049 cm-1 related to the vibrational mode of υ3. The υ1 vibration peak of (PO4)-

3 group was also observed at 966 cm-1. Moreover, a doublet appeared at 1425 and 1465 cm-1 

corresponding to υ3 vibration mode of the carbonated groups. These bands showed that FAZ0 powder 

comprised of CO3
-2 groups in PO4

-3 position of the lattice (B-type substitution) which was similar to 

the biological apatite.  It might be due to the reaction between the carbon dioxide and the precursors A
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during the synthesis process. Moreover, the characteristic bands of FAZ0 at 1425 and 1465 cm-1 were 

not observed in the FAZ11 indicating that Zn could be placed in the carbonate group position of FA 

[34]. In addition to the above peaks, a small band at 458 cm-1 was detected in the spectrum of FAZ11 

which was assigned to the Zn-O band confirming the presence of ZnO in the nanocomposite powders  
2, 33, 35.

To determine the role of ZnO on the morphology of FA particles, FE-SEM images were studied (Fig. 

3). All powders consisted of irregular-shaped particles with various sizes, depending on the ZnO 

content (Fig. 3f). Our results revealed that the average particle size of powders decreased from 52 to 

38 nm, when the ZnO content increased from 0 wt.% to 15 wt.%. It might be due to the effective role 

of ZnO to diminish the diffusion rate of atoms during the FA formation. However, the particles of all 

powders revealed an intense agglomeration due to the nano-matrix nature of particles, in agreement 

with the results of previous researches 8, 34, 36. The EDS analysis also confirmed the presence of Ca, P 

and Zn in the nanopowders. As an example, the EDS-mapping analysis of FAZ4 powder 

(Supplementary Fig. S2) also indicated the distribution of each element in the structure. The dot 

density depended on the concentration and an atomic number of the elements 8. EDS mapping 

confirmed the uniform distribution of Zn atoms in the whole structure.

3.2. In vitro bioactivity of FA-ZnO nanopowder

To determine the role of ZnO phase on the bioactivity of FA powders, in vitro bioactivity evaluation 

test in the SBF solution was performed. SEM micrographs of FAZ powders after 28 days of soaking 

in SBF are presented in Fig. 4a. Apatite granules deposited and grew on the surface of samples with 

different densities, depending on the sample type. The amounts of apatite deposition enhanced with 

increasing ZnO content up to 11 wt%. Lqbal et al. 37  suggested that the incorporation of zinc in the 

Zn-Ag-HA structure promoted the apatite formation ability and growth on the surface of samples. It 

might be due to the decrease in the crystallinity of FA with increasing ZnO content. The EDS 

spectrum of the FAZ4 sample (Fig. 4b) confirmed the deposition of Ca and P on the surface of 

samples. The presence of chlorine (Cl) and sodium (Na) was also due to the deposition of NaCl from 

SBF salts. The pH changes of the SBF solution during 28 days of immersion for all samples (Fig. 4c) 

confirmed the formation of the apatite layer. In the initial immersion times, the pH of the solution 

gradually increased. It could be due to the replacement of the alkaline ions presented in FAZ powders A
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by H+ or H3O+ ions of SBF leading to an increase in the concentration of OH- and pH value. 

Consequently, the generated negative surface charge on the surface of samples resulted in the 

deposition of Ca ions from SBF solution and formation of a Ca- rich layer. The positive Ca-rich layer 

on the surface of samples led to the accumulation of negative ions such as phosphate and hydroxyl 

ions which reduced the pH value of SBF solution and formation of amorphous Ca-P later on the 

samples.  This trend was similarly reported in previous researches 38, 39. Fig. 4d indicates the 

concentration of Ca and P ions of the SBF solution, after 28 days of soaking. Due to the precipitation 

of apatite on the samples, the concentration of Ca and P ions in SBF solution was changed. Results 

revealed that Ca2+ ion concentration of the SBF solution enhanced with increasing ZnO content upon 

8 wt.% and then slightly reduced. The changes of P ion concentration revealed a similar trend. This 

might be due to the enhanced solubility of powders with increasing ZnO content upon 8 wt.%  due to 

its reduced crystallinity 40. 

3.3. The cytotoxicity of FA-ZnO nanopowder

The cytotoxic effects of FAZ powders on MG63 cells were investigated via MTT assay. We prepared 

various concentrations of FAZ extracts (50 µg/ml (Fig. 5a), 100 µg/ml (Fig. 5b) and 200 µg/ml (Fig. 

5c)) and cell interaction was investigated. All samples supported cell growth as the number of viable 

cells enhanced with increasing culture time. For example, the relative cell viability on FAZ8 sample 

(at 50 µg/ml) increased from 122.4±2%(control) (after a day of culture) to 135±4%(control) (after 3 

days of culture) (P<0.05). Moreover, the relative cell viability enhanced from the highest 

concentration (200 µg/ml) to the least concentration (50 µg/ml). For instance, the relative cell 

viability enhanced from 65±3%(control) (at 200 µg/ml of FAZ8) to 122±2%(control) (at 50 µg/ml of 

FAZ8) at day 1. Moreover, results revealed that with increasing ZnO content upon 8 wt.%, the cell 

viability significantly enhanced compared to pure FA (P<0.05). The positive role of Zn substitution 

and ZnO phase on the biological properties of FA was confirmed in previous researches 41-43. The 

effective role of Zn ions in the in vivo growth was similarly reported in previous researches. Zn ions 

act as a signaling biomolecule affecting the intercellular signaling pathways leading to improved cell 

proliferation 44, 45. Miao et al. 46 showed that the incorporation of Zn in the TCP/FHA structure 

significantly increased the cell viability. Turlybekuly et al. 47 also investigated the biocompatibility of 

HA-ZnO and HA-Alg-ZnO nanocomposites and showed that the improvement of biocompatibility of A
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the nanocomposites materials in the presence of ZnO. Therefore, incorporation of zinc ions in the 

structure of FA and the presence of secondary ZnO phase could increase cytocompatibility.

3.4. The antibacterial properties of FA-ZnO nanopowder

The antibacterial property of FAZ nanopowders against Staphylococcus aureus and Escherichia coli 

was assessed. According to Fig. 6, while there was no inhibition zone for FAZ0 powder, 

incorporation of ZnO in the structure of FA powder significantly enhanced its antibacterial activity. 

According to our results, FAZ powders showed the positive effects on both bacteria and there was no 

significant difference between the antibacterial activity against two bacteria. The antibacterial activity 

mechanism of Zn is based on the formation of strong bonds between the Zn ions in the crystal surface 

and imidazole, amino, thiol and carboxyl groups of microorganism membrane proteins, leading to 

structural changes 48. Moreover, ZnO could dissolve in the culture medium and release Zn+2 ions, 

leading to the microorganism membrane leakage and loss of proton motive force 49. Moreover, our 

results revealed that by increasing the concentration of ZnO in the FA up to 11 wt. %, the inhibition 

zone enhanced. According to the results, with the replacement of Zn+2 ions in the FA structure, the 

crystallinity decreased and the surface area increased. Consequently, the interaction between FAZ 

powders with microorganisms enhanced with increasing ZnO content which resulted in 

microorganism death 50. Similarly, Ofudje et al. 50 synthesized zinc doped HA and reported that pure 

HA did not exhibit antimicrobial activity while all the Zn-doped HA showed the zone of inhibitions. 

4. Conclusions

The aim of this research was to synthesis FA-ZnO (FAZ) nanopowder by one-step and easy 

mechanical alloy method. Incorporation of ZnO during the mechanical alloying resulted in a decrease 

in the crystallinity (from 34% to 29%) and particle size of FA nanopowder. While all FAZ powders 

revealed good bioactivity, a dense apatite layer was formed on the FAZ11 sample. Besides, FAZ 

nanopowders revealed an increase in cell viability compared to pure FA. Noticeably, FAZ8 powder 

significantly promoted MG63 proliferation. Finally, antibacterial activity evaluation confirmed that 

while pure FA did not show any antibacterial activity, by increasing the concentration of ZnO in the 

FA structure up to 11 wt.%, the antibacterial activity against two types of S. aureus and E. coli A
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bacteria significantly enhanced. Finally, it could be concluded that the cost-effective mechanical 

alloying process resulted in the formation of FAZ nanopowder with noticeable bioactivity and 

antibacterial properties. FAZ powder might be a promising composition to develop biocompatible 

coatings for orthopedic and dental implants. 
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Figure Captions
Fig 1. XRD patterns of powders after 12 h of ball milling.

Fig 2. FTIR spectra of FAZ0 and FAZ11 nanopowders.
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Fig 3. FE-SEM micrographs of (a) FAZ0 (b) FAZ4 (c) FAZ8 (d) FAZ11 (e) FAZ15 powders after 12h 

mechanical alloying. f) Average particles size of powders as a function of Zn content.

Fig 4. In vitro bioactivity evaluation of FAZ powders consisting of various amounts of ZnO: a) SEM images of 

various FAZ samples as well as b) EDS analyses of FAZ4 samples, after soaking in SBF for 28 days. c) pH 

value of SBF solution as a function of soaking time for each FAZ powders. d) The ion concentration of SBF 

solution (Ca and P ion) after 28 days soaking of samples.

Fig 5. Viability of MG63 cells cultured on various FAZ powders at the concentrations of a) 50 µg/ml,  b) 100 

µg/ml and c) 200 µg/ml using MTT assay after 1 and 3 days of culture (*: P<0.05).

Fig 6. Antibacterial activity of the FAZ nanopowders in contact with various gram-positive and gram-negative 

bacterial strain (*: significant difference with other samples (P<0.05)).

Table 1. The weight percent of each component at various powders.

Sample Ca(OH)2 

(wt.%)

P2O5 (wt.%) CaF2 (wt.%) ZnO (wt.%)

FAZ0 57.0  36.0  7.0 0

FAZ4 46.6 41.7 7.7 4.0

FAZ8 42.6 41.7 7.7 8.0

FAZ11 40.0 41.0 8.0 11.0

FAZ15 37.7 40.2 7.1 15.0A
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Table 2. The cell parameters, crystallite size and crystallinity of obtained FAZ nanopowders.

Sample a-Axis

(Aͦ)

c-Axis

(Aͦ)

Crystallite size 

(nm)

Crystallinity

(%)

FAZ0 9.38 6.93 32 34

FAZ4 9.39 6.89 27 32

FAZ8 9.42 6.88 21 29

FAZ11 9.41 6.85 19 29

FAZ15 9.4 6.81 20 30
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