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INTRODUCTION 

 

Metallic nanoparticles, NPs, e.g. AuNPs and NP systems are extremely 

powerful tools for the selective and specific delivery of therapeutic agents, such as 

anti-cancer drugs such as doxorubicin, to their site of action. In general, ceramic NPs, 

such as unsubstituted hydroxyapatite, HAPs and multisubstituted hydroxyapatites, 

ms-HAPs, and magnesium silicates such as nano-forsterite, FS, are important for bone 

tissue engineering, as bone substitutes and biomimetic coatings on metal implants, 

and prostheses with biomedical applications in orthopedics and dentistry. Also, 

ceramic NPs can be widely used as carriers of various NPs, such as AuNPs and 

AgNPs, or therapeutic agents such as antibiotics, ensuring a slow delivery to their site 

of action. Therefore, the research and development of NPs as well as their applications 

are important from a scientific and industrial point of view. 

The engineering of these NPs, their synthesis and physical and chemical 

characterization, as well as their in vitro behavior were carefully studied in this 

doctoral thesis under the leadership of Univ. Prof. Dr. Maria Tomoaia-Cotisel, 

Director of the Research Center in Physical Chemistry, CECHIF, at Babeș-Bolyai 

University of Cluj-Napoca, UBB. The results obtained in this doctoral thesis are part 

of significant achievements, achieved in the last decade in the CECHIF center at UBB. 

Chapter 1 aims to investigate the effects of gold nanoparticles, obtained by 

reducing HAuCl4 with trans-resveratrol, Resv, alone or in combination with 

doxorubicin, Dox. This study presents the effects of doxorubicin, alone or in a mixture 

with resveratrol and AuNPs on two human cervical cancer cell lines (HeLa and 

CaSki). The experimental results demonstrate for the first time "in state of the art" the 

remarkable combined effects of doxorubicin, gold nanoparticles and resveratrol on 

these types of cancer cells, at very low doses of doxorubicin, a situation in which there 

are no side effects on healthy cells [1]. 

Chapter 2 reports the synthesis and physico-chemical characterization of 

some hydroxyapatites: Stoichiometric HAP, unsubstituted and multi-substituted with 

magnesium, zinc and silicon, ms-HAP-Mg-Zn-Si. Also, a study was done on the 

influence of heat treatment on these nanomaterials. The results indicate a very good 

thermal stability, which recommends these nanostructured biomaterials for various 

applications in bone tissue engineering [2]. 

Chapter 3 continues to explore the thermal stability of more complex 

samples of multi-substituted hydroxyapatite with essential physiological elements 
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such as magnesium, zinc, strontium and silicon, HAP-Mg-Zn-Sr-Si, at high 

temperature up to and including 1000 oC. The objective of this study was to investigate 

the simultaneous effect with the four elements, Mg, Zn, Sr and Si (HAP-Mg-Zn-Sr-

Si), in the HAP structure as well as the thermal behavior of the synthesized PAH 

biomaterials [3]. 

Chapter 4 presents the thermal analysis of some multi-substituted 

hydroxyapatite pastes (the compositions being the previous ones, HAP-Mg-Zn-Sr-Si). 

In this case, the water content of the pastes, an important parameter for certain 

applications, was determined by thermal analysis. The thermal stability of the pastes 

was monitored for one year; the thermal analyzes being performed after 4 months and 

one year after their preparation [4]. 

Chapter 5 addresses an in-depth study on the influence of heat treatment 

on multi-substituted hydroxyapatite powders in order to identify and explain the 

processes that can take place at different temperatures (300, 800, 1000 and 1400 oC). 

These nanomaterials were analyzed by advanced physical and chemical methods: TG-

DSC, RXD, FTIR coupled with Rietveld analysis of the hydroxyapatite structure 

investigated. An exceptional stability of the HAP structure at 1000 oC was found, 

which indicates an optimal synthesis, and a rigorous pH control on the colloidal 

chemistry of the structuring processes of nanomaterials. 

Chapter 6 focuses on the study of the antibacterial activity (ie, 

Staphylococcus aureus by Kirby-Bauer diffusion test) of ceramic samples in the form 

of discs, based on hydroxyapatite, previously charged with nitroxoline (antibiotic) and 

silver ions [5]. 

Chapter 7 aims to research Portland cement enriched with hydroxyapatite 

with endodontic applications. The main parameter followed was the setting time, a 

particularly important parameter in the clinical use of this nanomaterial [6]. 

Chapter 8 presents the study of sintering and characterization of new 

ceramic materials based on forsterite. Fluctuations in the characteristics of 

compactness (apparent density, apparent porosity) as well as shrinkage with 

increasing temperature (1200 and 1450 °C) are crucial parameters in the construction 

of bone implants. Also, cell cultures demonstrate an excellent biocompatibility of 

forsterite [7]. 

Chapter 9 evaluates the biocompatibility and bioactivity of innovative 

ceramic materials based on porous forsterite. In this investigation, the main objective 

was the development of forsterite-based ceramics with different porosities and the 

evaluation of its quality testing by the sintering behavior of nano forsterite powder. A 

detailed study was also performed for the in vitro assessment of biocompatibility in 

cell culture and bioactivity in simulated body fluid, SBF [8]. 

Chapter 10 presents nanostructured forsterite in combination with silver 

nanoparticles. The purpose of this chapter is to evaluate the antibacterial activity of 

these composites on two pathogens, Staphylococcus aureus 6538P (ATCC) and 

Escherichia coli 10536 (ATCC). The antimicrobial potential is particularly important 

in the use of forsterite for metal implant coatings with medical applications [9]. 

Chapter 11 is an unpublished complex study on the in vitro bacterial 

activity of standalone forsterite nanopowder, synthesized by two methods (sol-gel, 
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FSsg, and precipitation, FSpp). In-vitro antibacterial activity was investigated on a 

strain of Staphylococcus aureus 6538P (ATCC). 

Chapter 12 aims to develop a fast, low-cost method for removing heavy 

metal ions from wastewater using a low crystallinity HAP prepared by a precipitation 

method. This study correlated the adsorption behavior of HAPs with low crystallinity 

and its efficiency in removing a wide range of various metals (Al, Cd, Co, Cr, Cu, Fe, 

Mn, Ni, Pb and Zn) from a mine wastewater from Roșia Montană [10]. 

Capitolul 13 presents the general conclusions.  

Capitolul 14 is comprised of a selective reference list.  

Capitolul 15 includes results from original scientific research. 
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Chapter 1.  EFFECTS OF DOXORUBICIN MEDIATED BY GOLD 

NANOPARTICLES AND RESVERATROL. A STUDY IN TWO TUMOR 

CELL LINES - HeLa and CaSki 

 

Gold nanoparticles (AuNPs) were prepared by green synthesis by reducing 

HAuCl4 with trans-resveratrol in basic solution by a modified procedure. AuNPs are 

very stable, with an average diameter of about 20 nm. Supramolecular nano-

assemblies of resveratrol-coated gold nanoparticles (AuNPs) with different 

doxorubicin (Dox) content were prepared by mixing the nanogold colloidal solution 

(Au content, 179 mg / L) with aqueous doxorubicin solution (42 mg / L doxorubicin 

hydrochloride) by self-assembly. The cytotoxic effects of Resv-Dox mixtures and 

Dox-AuNPs complexes were found in HeLa and CaSki cells for the first time. 

 

                     
Figure 4. TEM images of the dispersion containing Dox-GNPs nanocomplex: GNPs 

(Au 54 mg/L), Dox (4 mg/L), and PBS; bars are 200 nm (a), respectively 100 nm 

(b); the histogram for size distribution is also shown. 

 

In the TEM images (Fig. 4) of the dispersion containing the Dox-AuNPs 

nanocomplex, described above, the onset of nanoparticle aggregation is difficult to be 

observed even after two weeks. The thickness of the organic coatings also appears to 

remain rather unchanged, so it appears that doxorubicin molecules are trapped in the 

resveratrol coatings on AuNPs. 

In the microscopic analysis, Resv-treated HeLa cells (Fig. 7) show a cell 

density that is comparable to that of untreated control cells (CTRL). The combination 

of resveratrol with very low doses of doxorubicin (0.1 and 0.2 g / ml, samples 2 and 

3, respectively in Fig. 6a) gives a rather similar response to that for simple Dox, at the 

high concentration of 2.1 g / ml (Fig. 6a, sample 7). The gold nanoparticles coated 

with Resv (Fig. 6a, sample 4) induced only a very small effect compared to the control 

sample. However, like Resv-Dox mixtures, AuNPs and doxorubicin (Dox-AuNPs) 

nanocomplexes at very low Dox doses (Fig. 6a, samples 5 and 6) induced a response 

close to that of simple Dox at 2.1 µg / mL. Although, there are no statistically 

significant differences between the cell viability results for samples 2, 3, 5-7, they are 

all significantly different from the control 



9 

             
Figure 6. HeLa (a, c) and CaSki (b, d) cell response to Resv of 0.75 g/mL (sample 1), 

Resv-Dox mixtures: 0.5 g/mL Resv and 0.1 g/mL Dox (2), and 1 g/mL Resv and 0.2 

g/mL Dox (3), GNPs of 2.7 g/mL (4), Dox-GNPs nanocomplexes, namely 0.1 g/mL 

Dox and 1.3 g/mL GNPs (5), and 0.2 g/mL Dox and 2.7 g/mL GNPs (6), and three 

free Dox concentrations: 2.10 g/mL (7), 6.25 g/mL (8) and 12.5 g/mL (9), after 24 h 

incubation. CTRL represents the control given by untreated cells. Cells viability was 

determined using MTT assay and it is given in% of CTRL (a, b). Apoptotic cells were 

evaluated by flow cytometry analysis; the values are normalized to the CTRL (c, d). 

The bar values are the mean from at least three different experiments. Error bars 

represent the standard deviation (± SD). 

 

                   
Figure 7. Phase contrast images in optical microscopy of HeLa cells treated with 

Resv (0.75 g/mL), Dox alone, at 2.10 and 12.5 g/mL, Resv-Dox mixture (0.5 g/mL 

Resv and 0.1 g/mL Dox), and Dox-GNPs nanocomplex (0.1 g/mL Dox and 1.3 

g/mL GNPs). Intracellular dark purple granules indicate viable cells  

(Magnification× 400). 
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Chapter 2. SYNTHESIS AND THERMAL TREATMENT OF 

HYDROXIAPATITES DOPED WITH MAGNESIUM, ZINC AND SILICON 

 

Pure nanocrystalline hydroxyapatite (Hap) and Hap doped with magnesium, 

zinc and silicon, namely Hap-0.25% by weight Mg: Hap01, Hap-0.25 wt% Mg-0.47 

wt% Si: Hap02, Hap-1.50 wt% Mg-0.47 wt% Si: HapO3, Hap- 0.67 wt% Mg-0.2 wt% 

Zn-0.13 wt% Si: Hap04, were synthesized using a precipitation method from aqueous 

solution. Pure and doped hydroxyapatites were calcined individually at 400, 650 and 

850 °C for 2 hours. 

The thermal behavior of pure Hap and doped Hap powders was determined 

by thermogravimetric analysis (TGA) and differential thermal analysis (DTA), for 

temperatures ranging between 30 and 1000 °C. The analysis of the results shows a 

high thermal stability (up to 1000 °C) of these nanomaterials, including for triple 

substituted Hap with Mg, Zn and Si (Hap04). 

 

 
Figure 1. TG and DT curves for uncalcined Hap (Hap-nc) (Hap01, a) and Hap-

0,67%Mg-0,20%Zn-0,13%Si (Hap04, f) 

 

When heated to high temperatures up to 1000 oC, the weight loss is about 

0.86% for Hap-nc, and rather close to 0.98% for Hap04. This small weight loss of 

approximately 1% found for these powders could be attributed to the decomposition 

of possible traces of CaCO3 due to the synthesis of nano powder in the air and / or to 

the loss of lattice water. However, structural dehydroxylation of Hap and doped Hap 

powders cannot be ruled out at very high temperatures close to 1000 oC. 

A porous aggregate structure is also revealed by Figures 3c and 3d for 

Hap04, calcined at 850 oC. Moreover, the SEM results are in substantial agreement 

with the BET measurements. Therefore, the specific surface area for Hap04 calcined 

at 850 oC (19 m2 / g) is much smaller than for Hap01 (48 m2 / g). By calcination of 

Hap04, the pore volume decreased from about 0.18 cm3 / g, found at 400 oC, to about 

0.02 cm3 / g, at 850 oC and consequently, the specific surface area gradually decreased 

and the particle size increased. A similar situation is encountered for all samples. 
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Figure 3. SEM images for Hap04: Ca9,69Mg0,28Zn0,03(PO4)5,95(SiO4)0,05(OH)1,95 (c 

and d), powders calcined at 850 oC. Image scale: 10µm (c) and 1µm (d). 

 

 

 
 

Figure 4. SEM image and EDX analysis for Hap04: 

Ca9,69Mg0,28Zn0,03(PO4)5,95(SiO4)0,05(OH)1,95 calcined at 650 oC. The quantity of Ca, 

P, O Mg and Zn is presented. 

 

Elemental analysis of Hap01-Hap04 powders was determined by the SEM-

EDX technique. EDX analysis showed the presence of Ca, P, Mg and O in all 

powders, almost corresponding to the synthesis. In addition, Si was identified in 

Hap02 and Hap03, while Zn was identified in Hap04 (Fig. 4).  

The Si content in Hap04 was not identified as it was in a very small amount, 

probably below the detection limit of the EDX technique. In general, EDX analysis 

indicated that Mg was fairly evenly dispersed in all doped Hap powders. The EDX 

analysis is in accordance with the chemical composition corresponding to the 

synthesis. 
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Chapter 3. BEHAVIOR OF DOPED HYDROXIAPATITES 

DURING HEAT TREATMENT 

 

Stoichiometric hydroxyapatite (HAP) and multi-doped hydroxyapatite 

samples, doped with essential physiological elements, such as Mg, Zn, Sr and Si, were 

prepared in the form of pastes with controlled humidity and powders with controlled 

crystallinity, which were lyophilized or lyophilized-calcined at 300 oC for 1 hour. 

 

 
 

Figure 2. SEM images for powders: HAP (a), HAPc-10%Sr (d) 

lyophilized and calcined at 300 oC for 1 hour, 100nm scale 

 
Figure 2 provides the morphology for calcined lyophilized HAP powders, 

calcined at 300 oC for 1 hour. Analyzing the SEM images, a porous structure can be 

observed, and the particle packaging seems significantly different from that for pure 

PAH morphology, depending on the composition of the biomaterial. 
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Figure 5. AFM images for HAPc-5% Sr, lyophilized powders: (a) 2D-topography, 

(b) phase, (c) amplitude and (d) 3Dtopography images; (e) cross section profile 

along the arrow in panel (a). 

 

As an example, AFM images for uncalcined lyophilized HAPc-5% Sr 

powders dispersed in pure water and adsorbed as a self-assembled layer on glass are 

shown in Figure 5. As observed in the 2D topography (Fig. 5a), the phase image (fig. 

5b), amplitude image (fig. 5c), 3D topography (fig. 5d) and in the cross section profile 

(fig. 5e).  

The particle shape is almost spherical with an average diameter of 39 ± 2 

nm. AFM images also confirmed an average particle size for all calcined lyophilised 

powders, as follows 45 ± 3 nm for HAP, 40 ± 2 nm for HAPc, 37 ± 3 nm for HAPc-

5% Sr and 35 ± 2 nm for HAPc-10% Sr.  

In particular, AFM images indicated that nanoparticles of HAP powders, 

uncalcined lyophilized or calcined lyophilized, consist of particles of almost identical 

size in very good agreement with the crystallite size determined in the X-diffraction 

data. 
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Chapter 4. THERMAL ANALYSIS OF PURE AND MULTISUBSTITUTED 

HYDROXYAPATITE PASTES 

 

The thermal stability of pure and multisubstituted hydroxyapatite (HAP) 

pastes, doped with magnesium, silicon, strontium and zinc, synthesized using an 

aqueous precipitation method, was investigated. 

 

 
Figure 1. Thermal curves of the four pastes: 1) pure HAP (sample 1); 2) HAP 

1.5%Mg, 0.2%Si, 0.2%Zn (sample 2); 3) HAP 1.5%Mg, 0.2%Si, 0.2%Zn, 5%Sr 

(sample 3); 4) HAP 1.5%Mg, 0.2%Si, 0.2%Zn, 10%Sr (sample 4), after 4 months. 

 

The thermal curves (TG, DTA) of pure and doped HAP pastes have the 

same shape in the range of 30-1000 °C. After 4 months, no significant differences in 

thermal behavior were observed. The only difference is in the moisture content of the 

sample. Thermogravimetric monitoring of weight loss shows that the weight of all 

samples decreases continuously with increasing temperature. The highest weight loss 

occurs in the range of 30-200 ° C and can be attributed to the very high water content 

of the pastes, because water molecules surround hydroxyapatite particles. The 

corresponding DTA data indicate an endothermic transformation for all samples at 

approximately 160 °C. 
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Chapter 5. INFLUENCE OF SUBSTITUTION ELEMENTS AND THERMAL 

TREATMENT ON THE STRUCTURE OF MULTISUBSTITUTED 

HYDROXIAPATITES 

 

This study focuses on the synthesis and characterization of unsubstituted 

and / or substituted hydroxyapatites (HAPs) with Mg, Zn, Si and Sr. All HAP 

nanomaterials were synthesized using a wet precipitation method. 4 series of HAPs 

(HAP1, HAP2, HAP3 and HAP4) were synthesized and characterized, each 

uncalcined lyophilized (lnc) and calcined lyophilized (lc), at 4 chosen calcination 

temperatures, 300, 800, 1000, 1400 oC, resulting in a total of 20 compounds with HAP 

structure. 

Thermal stability was monitored for each nanomaterial, i.e. uncalcined 

lyophilized HAP (lnc) and calcined lyophilized (lc) one hour each. The thermal 

stability of unsubstituted hydroxyapatite was also determined in accordance with the 

requirements of ISO 13779-3: 2008, mainly at 1000 oC, for calcination for 15 h. 

 

    
                                        A                                                         D 

 

Figura 1. TG curves for HAP 1 and HAP 4, both uncalcined lyophilized (lnc), and 

thermally treated at the 4 experimental temperatures (300, 800, 1000, 1400 oC):  

A) HAP 1; D) HAP 4 

 

It can be seen that all uncalcined lyophilized hydroxyapatites suffer a higher 

mass loss than the heat-treated ones, the mass loss decreasing with increasing 

temperature. For uncalcined samples, the total weight loss varies between 9.13% and 

12.44%, the lowest value being in the unsubstituted HAP sample, and increases in the 

substituted one. The thermal behavior of the calcined samples at 300 oC is very similar 

to the uncalcined ones, the differences being the lower values of the total mass losses 

due to the elimination of physical water during calcination. In samples calcined at 

high temperatures, 800, 1000 and 1400 oC, the mass losses are significantly reduced, 

because all the decomposition processes present up to 800 oC took place during the 

calcination. The values of the total mass loss in these samples are below 2%, in some 
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cases on small temperature ranges there is even a slight increase in mass (0.2%) due 

to rehydration during the thermal analysis. 

 
                                   A                                                             D 

Figure 3. XRD diffractograms for samples HAP1 (A, HAP), and  HAP4 (D, HAP-

1,5%Mg- 0,2%Si-0,2%Zn- 10%Sr ), lyophilized uncalcined (lnc) and lyophilized 

calcined, at selected temperatured, (300 oC, 800 oC, 1000 oC si 1400 oC), for 1 hour. 

HAP-Sr is the compound: (Ca8.98Sr1.02)(PO4)6(OH)2;  

 

 It can be seen that HAP1 (Figure 3A) contains hydroxyapatite as a single 

phase up to and including 1000 oC (PDF 72-1243) for one hour of calcination. For the 

HAP4 sample (Figure 3D) the appearance of beta tricalcium phosphate (PDF 70-

2065) at 800 oC can be observed. An increase in the calcination temperature to 1400 
oC highlights the presence of a minor secondary phase, alpha- tricalcium phosphate 

(α-TCP, Ca3(PO4)2, PDF 70-0364). 

 

Table 3. Crystallite sizes, crystallinity degree for HAP1 and HAP4 
No. Sample Crystallite 

size 

(nm) 

Crystallinity  

degree 

(%) 

1 HAP1-lnc   39   52.5 

2 HAP1-300   43   55.3 

3 HAP1-800   63   99.2 

4 HAP1-1000 128 100.0 

5 HAP1-1400 144 100.0 

16 HAP4-lnc   32   38.2 

17 HAP4-300   36   40.1 

18 HAP4-800   56   98.6 

19 HAP4-1000   89   99.8 

20 HAP4-1400    97 100.0 

 

As shown in Table 3, the crystallite sizes are the smallest (i.e., 32-39 nm) 

for all lyophilized and uncalcined samples. The size of the crystallites increases 

strongly with the increase in calcination temperature. 
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Chapter 6. ANTIMICROBIAL ACTIVITY OF CERAMIC DISKS LOADED 

WITH SILVER IONS AND NITROXOLINE 

This chapter discusses the use of porous discs of stoichiometric 

hydroxyapatite (HAP) loaded with silver ions and nitroxoline (5-nitro-8-

hydroxyquinoline, NHQ) in vitro against pathogens such as Staphylococcus aureus. 

Two synthesized HAP powders are used, namely HAP1 calcined at 450 oC and HAP2 

further calcined at 850 oC. 

Table 1. Characteristics of the ceramic disks 

Ceramic 

discs 

Sample 

No. 

Apparent 

density 

ρa (%) 

Water 

absorption 

am (%) 

Apparent 

porosity 

Pa (%) 

 

HAP1 

1 1.24 38.27 47.67 

2 1.36 34.41 47.01 

3 1.46 37.31 54.73 

 

HAP2 

1 1.57 29.44 46.39 

2 1.31 36.70 48.12 

3 1.21 36.63 44.56 

 

The compactness characteristics of sintered ceramic discs were determined 

using Archimedes' method. The apparent density, ρa, water absorption, am and the 

apparent porosity, Pa were determined (Table 1). The apparent porosity of the ceramic 

discs is high. This property allows various solutions to penetrate the porous disks and 

provides an optimal choice for the adsorption on the disk surface of the components 

in the solutions. Consequently, active silver ions and NHQ biomolecules, impregnated 

in HAP discs, can be released into the microbial environment. 

Figure 4 shows representative images of agar plates with Staphylococcus 

aureus cultures of after incubation at 37 °C for 24 hours, with ceramic discs (Figure 

4a) and with the initial solutions in which the discs had been immersed (Figure 4b) . 

The diameters of the inhibition zones, in mm, are shown in Table 2. The control discs, 

samples 1 and 6 (HAP1, HAP2, in pure water) do not produce any inhibition zone. 

The greatest effect is observed for the discs loaded with NHQ, sample 4 (HAP1) and 

sample 8 (HAP2) (Figure 4a) and for their corresponding NHQ solutions, which 

remained after the discs were removed (approximately 24 hours after preparation) for 

antimicrobial evaluation (Figure 4b). The antimicrobial effect of the HAP1 disc 

impregnated with NHQ (sample 4) was very strong (> 30 mm) and comparable to that 

of sample 8, HAP2 / NHQ. This is clear evidence that NHQ adsorbed and incorporated 

into ceramic discs has a strong effect on S. aureus. 
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Figura 4. Inhibition zones for Staphylococcus aureus in presence of ceramic disks 

loaded with antimicrobial solutions (a), or in presence of antimicrobial solutions in 

wells (b). Samples are numbered as follows: 1 for HAP1/water and 6: HAP2/water, 

each as control; 2 and 3: HAP1/AgNO3; 7: HAP2 /AgNO3; 4: HAP1/NHQ; 

8: HAP2/NHQ; 5: HAP2/NHQ + AgNO3; 9: HAP1/NHQ + AgNO3 

 

Table 2. Inhibition zones for samples presented in Figure 4; The lables are the same 

as in Figure 4 

Sample Inhibition zones (mm) 

1 2 3 4 5 6 7 8 9 

Disks - 15 15 >30 14 - 17 >30 18 

Solutions - 18 18 >30 17 - 18 >30 18 
 

The antimicrobial effect of NHQ-loaded ceramic discs is also comparable 

to that of NHQ solutions (samples 4 and 8, in Figure 4b) which show that S. aureus is 

very sensitive in vitro to NHQ. The discs charged with Ag + ions (Figure 4a) and their 

corresponding AgNO3 solutions (Figure 4b), namely samples 2, 3 and 7, also show 

distinct areas of inhibition. The antimicrobial effect of the HAP1 disc loaded with Ag+ 

(samples 2 and 3, Figure 4a) is smaller than that corresponding to the Ag+ solutions 

(Figure 4b). The cause could be the interaction of Ag+ with the surface of the ceramic 

nanoparticles inside the disk leading to a slowed supply of Ag+. However, the area of 

inhibition is almost the same (Table 2) for the HAP2 disc loaded with Ag+ (sample 7, 

Figure 4a) and for Ag+ in solution (sample 7, Figure 4b). This shows that these features 

of HAP disks are also important. 

The antimicrobial effect (Table 2) for the HAP1 disc (sample 9) previously 

immersed in the initial NHQ solution for 30 min, is greater than that of the HAP2 disc 

immersed for 15 min (sample 5), both immersed, after removal from NHQ , in 5 ml 

10-2 M solution of AgNO3 each. 
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Chapter 7. PORTLAND CEMENT ENRICHED WITH HYDROXYAPATITE 

FOR ENDODONTIC APPLICATIONS 

 

This paper focuses on endodontic cement obtained from Portland cement 

enriched with two types of hydroxyapatite, simple and doped with 5% Zn. 

Hydroxyapatites were synthesized using a wet precipitation method and were 

investigated by X-ray diffraction, FTIR, TEM and AFM. From a structural point of 

view, both hydroxyapatites were obtained in a single crystalline phase, which contains 

particles in the nanometric range, as shown by XRD, TEM and AFM analyzes. Several 

experimental compositions of commercial Portland cement mixed with 

hydroxyapatite were prepared. 

 

 
Figure 5. AFM images of HAP-5%Zn particles adsorbed on glass for 10 sec from 

aqueous dispersion: 2D topography (a), phase (b), amplitude (c), 3D- topography (d) 

and cross section profile (e) along the arrow in image (a); scanned area of 

0.5 μm x 0.5 μm; average nanoparticle size of 27 nm 

 

 

Most particles are elongated, with a length of about 40/20 nm for Zn-doped 

hydroxyapatite. 

In the experiments, stoichiometric, uncalcined hydroxyapatite and Zn-

doped hydroxyapatite were mixed together with Portland cement. The compositions 

of the endodontic cement samples are shown in Table 2. Sample S0 is composed only 

of Portland cement and is the standard sample. Cements S1, S2, S3 and S4 contain 

different amounts of stoichiometric hydroxyapatite, while endodontic cements S5, S6 

and S7 contain different amounts of Zn-doped hydroxyapatite. 

The experimental data regarding the setting times of the studied endodontic 

cements, which contain a water of consistency of 87 ml, at temperatures of 22 °C and 

37 °C, are presented in table 4. 
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Table 2. The studied compositions of endodontic cements 

                       Material (%)                                 
Sample 

Stoichiometric 
HAP 

Zn doped 
HAP 

Portland 
cement 

S0 - - 100 

S1 1 - 99 

S2 2 - 98 

S3 3 - 97 

S4 5 - 95 

S5 - 1 99 

S6 - 2 98 

S7 - 3 97 
 

The setting times for all experimental samples, including the standard, S0, 

decrease with the increase in temperature temperature from 22 °C to 37 °C, the normal 

temperature of the human body. No difference can be observed by adding 1 and 2 

wt% of uncalcined hydroxyapatite (samples S1 and S2). Sample S3, which contains 3 

wt% hydroxyapatite, shows a more pronounced decrease in setting time at both 

working temperatures. By increasing the hydroxyapatite content by up to 5 wt%, as 

seen in sample S4, a halving of the endodontic cement setting time can be observed. 

A progressive decrease in the setting time for all samples containing Zn-

doped hydroxyapatite, namely S5, S6 and S7, can also be observed. Sample S7, which 

contains 3 wt% of Zn-doped hydroxyapatite, shows a behavior similar to sample S3, 

which contains 3 wt% of stoichiometric hydroxyapatite. The two types of 

hydroxyapatite show comparable results in reducing the setting time of endodontic 

cement. 

 

Table 4. Setting time of Portland cement and studied endodontic cements 

Sample Consistency 
water 
(ml) 

Setting time (min) 

at 22 ° C at 37 ° C 

S0  
 
 

87 

85 70 

S1 70 60 

S2 70 60 

S3 55 45 

S4 45 35 

S5 70 65 

S6 65 60 

S7 55 45 
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Chapter 8. SINTERING AND CHARACTERIZATION OF NEW 

FORSTERITE CERAMICS 

 

  

This study shows the sintering of new forsterite (FC) ceramics using nano 

forsterite powder, obtained by a sol-gel method. The forsterite ceramic was sintered 

between 1200 and 1450 °C. Forsterite ceramics (FC) have undergone some changes 

in their structural characteristics, such as apparent porosity, apparent density, and 

linear shrinkage depending on the sintering temperatures, 1200, 1300, 1400 and 1450 
oC used in the production process (FC (1200) ), FC (1300), FC (1400) and FC (1450)). 

 

                     
Figure 1. Apparent density, apparent porosity and linear shrinkage determined for 

forsterite ceramics in function of sintering temperature. 

 

As shown in Figure 1, the linear shrinkage of the sintered forsterite 

ceramics displayed a steady increase from 12.46±0.16% to 17.03±0.15%, with 

an increase in sintering temperature from 1200 to 1450 oC. Apparent density 

increased from 1.91 ±0.02 to 2.33±0.01 (g/cm3), while the corresponding 

porosity decreased from 39.15±0.16 to 25.05±0.14 %. 

Statistical analysis evaluated with GraphPad Prism program showed 

that increasing the sintering temperature induced an increase in linear 

shrinkage. Statistically significant differences (p< 0.05) evaluated by one-way 

ANOVA and Bonferroni's multiple comparison test were observed between 

forsterite ceramics sintered at 1200 oC versus all the others forsterite ceramics 

sintered at chosen temperatures. Strong differences were also identified between 

forsterite ceramics sintered at 1300 oC versus both ceramics sintered at 

1400 oC and 1450 oC. No significant differences were found between ceramics 

sintered at 1400 oC and 1450 oC. The order among forsterite ceramics (FC) is: 

FC(1200) <FC(1300)< FC(1400)≈ FC(1450). 
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Chapter 9.  NOVEL POROUS FORSTERITE CERAMICS. 

BIOCOMPATIBILITY AND BIOACTIVITY EVALUATION 

 

The study aims to evaluate the biocompatibility and bioactivity of new 

porous forsteritic (FC) ceramics produced from high-purity nano-forsterite powder, 

synthesized by an original sol-gel method, which was then pressed into pellets using 

a polyvinyl alcohol solution as a binding agent. The raw pellets were then sintered at 

1200 °C, 1300 °C, 1400 °C and 1450 °C. The four obtained forsterite ceramics, FC-

1200, FC-1300, FC-1400 and FC-1450, were completely characterized by density, 

porosity and shrinkage measurements.  

 
Figure 1.  Linear shrinkage (LS) of forsterite ceramics (FCs) versus 

sintering temperature. Error bars stand for standard deviation (SD); the tips of error 

bars just touch the average values, indicating high data quality with an excellent 

reproducibility. Data are given as mean ± SD. Statistically significant differences for 

p<0.001 are (***) marked 

 
As indicated in Figure 1, the statistical analysis showed a significant 

difference between linear shrinkage (LS) for FC- 1200 vs FC-1300, and FC-1400, and 

FC-1450 (red stars), as well as for FC-1300 vs FC-1400, and FC-1450 (blue stars), 

for p<0.001; while LS for FC-1400 vs LS for FC-1450 were not statistically different, 

p>0.001. The following order FC-1200< FC-1300<FC-1400, was found for p<0.001. 

So, the highest LS value (%) of 16.73 ± 0.13 was found for FC-1400. These data, 
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shown in Figure 1, revealed that FC-1400 is apparently the best regarding the 

compactness of particles in the fosterite ceramics potentially of interest for bone repair 

defects. 

 

 

 
 

Figure 5. SEM image (a) and EDS spectrum (b) for forsterite ceramic, FC-1400, 

after 3 months of immersion in SBF 

 

 

The SEM image for surface morphology and EDS spectrum obtained on 

forsteritic ceramics, FC-1400 sintered at 1400 °C, immersed in SBF for 3 months, is 

shown in Figure 5. In the SEM image, Figure 5, newly formed hydroxyapatite crystals 

are highlighted on the surface of forsteritic ceramics, FC-1400. The EDS spectrum in 

the area containing hydroxyapatite crystals shows the presence of calcium and 

phosphorus together with silicon and magnesium, belonging to FC. Thus, it is 

demonstrated that by maintaining the FCs samples in SBF, hydroxyapatite crystallites 

are initiated and grow on porous forsteritic ceramics. 

Figure 6 shows the results of the MTT test for forsteritic ceramics, FC-1200, 

for different time intervals in HFL culture. Cell viability was assessed with the MTT 

test and showed a gradual increase in cell proliferation on FC-1200 scaffolds, with 

statistically significant differences between 3 versus 7 days and between 3 versus 14 

days, in fibroblast culture (p <0.001), but without a statistically significant difference 

between 7 and 14 days in cell culture, p> 0.001. 

Therefore, the cell density on FC-1200 scaffolds increased with incubation 

time to 7 days without a significant increase between 7 and 14 days after seeding. The 

results indicate that FC-1200 scaffolds can promote cell adhesion, proliferation and 

growth and therefore have excellent biocompatibility. 

 In addition, the 14-day test in culture shows that cell proliferation is only 

slightly increased compared to the level reached at 7 days and without statistical 

significance. Therefore, the highest level for cell viability and proliferation was 

reached at 7 days for FC-1200 in HFL culture, when the surface of the scaffolds was 

completely covered with adherent cells. 
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Figure 6. Cell viability and proliferation rate, given as optical density (OD) 

units, of HFL cells cultivated on FC-1200 scaffolds for 3, 7 and 14 days by using  

MTT test. Error bars stand for standard deviation (SD). Statistical analysis of OD 

(average values) indicates significant differences for p<0.001 and are (***) marked 
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Chapter 10. IN_VITRO ANTIBACTERIAL ACTIVITY OF NOVEL 

NANOSTRUCTURED COMPOSITES BASED ON FORSTERITE AND 

SILVER NANOPARTICLES 

 

This study was performed to evaluate the antimicrobial activity of two 

nanostructured forsterite powders, both in the absence and presence of silver 

nanoparticles (AgNPs). The two forsterite powders (FS) were prepared by advanced 

methods of synthesis, sol-gel (FSsg) and precipitation (FSpp). The preparation of 

colloidal AgNPs was performed using the precursors, AgNO3, trisodium citrate and 

tannic acid, ensuring the formation and stabilization of AgNPs. 

 

            
Figura 1. X-ray diffraction for FSsg powder 

 

The XRD diffraction spectrum is shown in Figure 1 for the FSsg powder. 

The XRD spectrum shows a well crystallized phase with narrow, very well defined 

peaks. Moreover, Figure 1 shows forsterite as a single phase with only traces of 

magnesium oxide (MgO). 

The forsterite obtained by the sol-gel method was investigated in the 

presence of AgNPs both in neutral medium (pH-7) and in alkaline medium (pH-12), 

related to the FSsg content, having a constant amount of 0.25 mM AgNPs. Aspects of 

the mode of action of the FSsg product on the tested strains are shown in Table 1 and 

Figures 9a and 9b. Testing of the antibacterial effect of the obtained forsterite, FSsg 

and FSpp, variants with AgNPs and variants without AgNPs, namely forsterite in pure 

water, as well as in neutral pH and in alkaline pH media, was performed by the agar 

diffusion method against strains. S. aureus and E. coli. 
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Table 1. FSsg content of samples prepared in two media of pH 7 and distinctly pH 

12 at the same content in AgNPs (0.25 mM), and the diameter of zones of inhibition 

at 24 h, tested strains: S. aureus și E. coli. 

Tested strain 

Composite characteristics  
AgNPs in aqueous medium of 

pH-7, versus 
 FSsg content 

AgNPs in aqueous medium, 

of pH-12, versus  
FSsg content 

Diameter of inhibition areas (mm) for the four wells 

1 (4 mg FSsg/ 
mL) 

3 (8 mg FSsg/ 
mL) 

2 (4 mg 
FSsg/ mL) 

4 (8 mg FSsg/ 
mL) 

S. aureus 6538P 
ATCC 

10 9 9  8 

E. coli 10536 ATCC 0 0 0 0 

 

              
Figura 9. Inhibition zones for Staphylococcus aureus 6538P ATCC (a) and lack of 

inhibition for Escherichia coli 10536 ATCC (b), versus pH value and FSsg content. 

Wells are numbered according to their FSsg content and pH value, (see Table 1); 

well 1: 4 mg of FSsg/mL, pH 7; well 2: 4 mg FSsg/mL, pH 12; well 3: 8 mg 

FSsg/mL, pH 7; well 4: 8 mg FSsg/mL, pH 12; each sample has the same content 

0.25 mM AgNPs. Insets: magnified images for each well 

 

From the analysis of the data listed in Table 1 and Figures 9a and 9b, it can 

be seen that the FSsg product had only an inhibitory effect on the S. aureus strain. The 

zones of inhibition were between 8 and 10 mm and were not influenced by pH or the 

amount of FSsg (at 4 mg / ml and 8 mg / ml). We also mention that the inhibition 

areas did not change their dimensions after storing the plates for another 3 days at 

room temperature (in humid rooms). No inhibitory effect was found on the E. coli 

strain. 
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Chapter 11. IN-VITRO ANTIBACTERIAL ACTIVITY OF FORSTERITE 

NANOPOWDER 

 

Forsterite nanopowder (FS) was prepared by two methods, namely sol-gel 

(FSsg) and precipitation (FSpp). To characterize both FSsg and FSpp, the TG-DSC, 

XRD, TEM and AFM methods were used. The in vitro antibacterial activity was 

investigated on an S. aureus 6538P strain (ATCC). 

 

 
                                    a                                                                  b 

Figure 13. Antimicrobial testing for samples FSsg 1c (a) and FSpp 2c (b) against 

Staphylococcus aureus: 1 = 10 mg; 2 = 5 mg; 3 = 2,5 mg; 4 = 1,25 mg; 5 = control 

(without forsterite) 

 

In sample 1c (FSsg) no inhibitory effect was observed at any dilution, with 

the development of colonies in all the corresponding triangles of the Petri dish in 

which the inoculations were made (positions 1, 2, 3 and 4), including the triangle 

corresponding to the control tube (position 5) (figure 13 a). 

In sample 2c (FSpp), an inhibitory effect was found in tube 1 (containing 

10 mg of solid forsterite + 1 ml of nutrient broth), noting the absence of colonies in 

the corresponding triangle (position 1). At the other dilutions, namely 5 mg, 2.5 mg 

and 1.25 mg, no inhibitory effect was observed, with the development of colonies in 

all corresponding triangles (positions 2, 3 and 4), including the triangle corresponding 

to the control tube (position 5) (figure 13 b). 

Identical results were obtained after testing with samples 1a and 2a, thus 

demonstrating that FSpp induces an inhibitory effect at the first dilution (10 mg FSpp 

+ 1 ml broth) and has no inhibitory effect at lower dilutions. The plates shown in 

Figure 12 were kept under observation for another 5 days (in damp microrooms), 

without any changes compared to the initial appearance. 



28 

From the primary tubes with FSgs (10 mg + 1 ml broth) and FSpp (10 mg 

+ 1 ml broth), which were seeded in the above-mentioned plates, maintained at 

laboratory temperature (48 hours), seeding was performed by striations on a Petri dish 

with Muller Hinton agar, divided into two halves: the left side 1a and 1c (FSsg) and 

the right side 2a and 2c (FSpp). 

The plates were introduced at 37 oC for 24 hours. The interpretation found 

a lack of inhibitory effect on FSgs 1a and FSgs 1c (colony development) and an 

inhibitory effect on FSpp 2a and FSpp 2c (lack of colony development, the 

environment remains sterile) (Figure 14 a and b). The results obtained in the two tests 

with products 1a and 2a, respectively 1c and 2c were identical. 

 

 

 
 

 

Figure 14. Inhibitory effect of FSsg si FSpp asupra Staphylococcus aureus, 1a, 1c 

(FSsg): lack of inhibitory effect (colony development); 2a, 2c (FSpp): existing 

inhibitory effect (lack of colony developmet) 
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Chapter 12. HYDROXYAPATITE FOR THE REMOVAL OF HEAVY 

METALS FROM WASTEWATER 

 

 

Hydroxyapatite powder (HAP) of low crystallinity and a fairly large 

specific surface area was synthesized by a precipitation method. HAP has been used 

to remove metals (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) from mining 

wastewater. Metal contents in the initial and treated samples were quantified by 

inductively coupled plasma atomic emission spectrometry and high-resolution 

continuum source atomic absorption spectrometry. By the use of HAP, an efficient 

removal of all metals was ensured. The increase of Ca2+ ions content in the treated 

water suggests an ion exchange mechanism. 

 

Table 1. Removal of metals from wastewater using nanometric HAP powder 

(results are given as mean ± standard deviation) 

Metal Initial 
content 
c0, mg/L 

Final content 
ce, mg/L 

Removal 
degree, %a 

Limit values  
for wastewater, mg/L 

Al 
Cd 
Co 
Cr 
Cu 
Fe 
Mn 
Ni 
Pb 
Zn 

313 ± 37 
0.21 ± 0.07 
1.1 ± 0.6 
0.046 ± 
0.024 
1.0 ± 0.7 
92 ± 9 
189.7 ± 4.3 
0.47 ± 0.22 
0.16 ± 0.07 
14.4 ± 0.9 

1.9 ± 0.6 
0.068 ± 0.043 
0.15 ± 0.07 
0.009 ± 0.006 
0.014 ± 0.011 
0.9 ± 0.6 
0.81 ± 0.48 
0.16 ± 0.09 
0.066 ± 0.045 
0.18 ± 0.08 

99.39 ± 0.24 
67.6 ± 1.2 
86.4 ± 1.1 
80.4 ± 1.1 
98.6 ± 1.4 
99.02 ± 0.20 
99.57  ± 0.05 
66.0 ± 1.0 
58.8 ± 1.0 
98.75 ± 0.13 

5      (STAS 9411-83) 
0.2   (SR EN ISO 5961:2002) 
1      (SR ISO 8288:2001) 
1      (SR EN 1233:2003) 
0.1  (SR ISO 8288:2001) 
5      (SR ISO 6332-96) 
1      (SR ISO 6333-96 ) 
0.5   (SR ISO 8288:2001) 
0.2   (STAS 8637-79) 
0.5   (SR ISO 8288:2001 ) 

a the degree of distance and its confidence interval were calculated by a common 

standard difference and deviation 

 

the removal degree, R(%) was calculated as:  

𝑅(%) = 100
𝑐0−𝑐𝑒

𝑐0
    (2) 

where c0 is the element’ content (mg/L) in the initial mine wastewater sample, 

while ce is its final content at equilibrium, after adsorption for 120 min on HAP. 

The initial and final content and the calculated removal degree for each metal 

are given in Table 1, along with the standard errors from determinations on 

3 parallel samples. In the same table the limit values for the metal content 

admissible in wastewater discharged in natural waters are indicated. 

 All metal ions are removed to final values below the values admitted 

in standards for wastewaters. The removal degree is near to 100% for metals 

existent in higher amounts in the wastewater, and lower (60-80%) for those 

present initially only in very low concentration (even under the admitted limit 

value – Table 1). Probably, their sorption on the surface of HAP nanoparticles is 
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limited by the simultaneous sorption of ions existent in high excess in the 

wastewater. The confidence intervals are wide due to the existence of some 

metals (Cu, Cr, Pb, Ni) near the quantification limit of analytical methods. However, 

an efficient removal of these metals below the values of admitted levels in 

wastewater in the presence of those in high concentrations can also be observed. 
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Figure 5. The removal degree of metals from mine wastewater on HAP with low 

crystalinity  

 

The concentration of Mn2+ ions in mine wastewater was measured at 

different time points. The Mn uptake, x, from the contaminated solution on 

the HAP, was calculated in mg Mn/g HAP for each moment by the formula:  

𝑥 =
(𝑐0−𝑐𝑡)𝑉

𝑚
               (3) 

where co is the initial Mn2+ content, ct is the content at time t (mg/L), V is the 

volume of solution (0.1 L), and m is the mass of HAP (10 g).  These values are 

introduced in table 2. 

 

Table2.  Mn2+ adsorption on HAP nanoparticles 
Contact 
time, t, 
min. 

Mn2+  

content 
t,c, mg/L 

x, 
mg/g 

xe-x,  
mg/g 

ln(xe-x) t/x, 
min.g/mg 

t1/2, 
min1/2 

0 
1 
2 
15 
30 
60 
120 
240 
300 
600 
960 

189.7 
146.6 
108.3 
3.925 
1.951 
1.156 
0.811 
0.726 
0.707 
0.659 
0.652 

0 
0.4310 
0.8140 
1.8578 
1.8775 
1.8855 
1.8889 
1.8897 
1.8899 
1.8904 
1.8905 

1.8905 
1.4595 
1.0765 
0.0327 
0.0130 
0.0050 
0.0016 
0.0008 
0.0006 
0.0001 
0 

0.6368 
0.3781 
0.0737 
-3.4195 
-4.3436 
-5.2903 
-6.4440 
-7.2089 
-7.5056 
-9.5670 

0 
2.3202 
2.4570 
8.0743 
15.9788 
31.8228 
63.5294 
127.002 
158.74 
317.39 
507.81 

0 
1 
1.4142 
3.8730 
5.4772 
7.7460 
10.954 
15.492 
17.321 
24.495 
30.984 
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Chapter 13. GENERAL CONCLUSIONS 

 

1. In vitro viability testing of two human cervical tumor cell lines (HeLa and CaSki) 

with different behavior in terms of chemosensitivity to Dox, led to a reversal of 

chemoresistance for cells treated with new gold nanocomplexes with doxorubicin 

stabilized with Resv, at a much lower concentration of Dox, compared to the same 

degree of cellular response to Dox alone, at higher doses. 

2. Stoichiometric hydroxyapatite powders were prepared - HAP and multisubstituted 

- HAP-0.25% mg, HAP-0.25% Mg-0.47% Si, HAP 1.5% Mg-0.47% Si, HAP- 0.67% 

Mg-0.2% Zn-0.13% Si, HAP-1.5% Mg-0.2% Si-0.2% Zn, HAP-1.5% Mg-0.2% Si-

0.2% Zn-5% Sr, HAP-1.5% Mg-0.2% Si-0.2% Zn-10% Sr. Thermal stability studies 

performed by thermal analysis (TG-DSC-DTA) have demonstrated excellent thermal 

stability of all HAP compositions. For example, stoichiometric HAp is stable up to 

1000 oC in accordance with ISO 13779-3: 2008. 

3. Stoichiometric hydroxyapatite pastes were prepared - HAP, and multisubstituted - 

HAP-1.5% Mg-0.2% Si-0.2% Zn, HAP-1.5% Mg-0.2% Si-0, 2% Zn-5% Sr, HAP-

1.5% Mg-0.2% Si-0.2% Zn-10% Sr. The results of the thermal analysis confirm a high 

thermal stability of pure and multi-doped hydroxyapatite pastes, up to 1000 °C, even 

after aging for 1 year from their preparation. The thermal behavior of pure and doped 

hydroxyapatite pastes over time shows that this depends mainly on the loss of 

physically and chemically adsorbed water. 

4. Porous ceramic disks made of hydroxyapatite, HAP, loaded with silver ions and 

nitroxoline (5-nitro-8-hydroxyquinoline, NHQ) were prepared and used in vitro 

against pathogens such as Staphylococcus aureus. The results demonstrate for the first 

time the ability of NHQ and Ag+ to diffuse from ceramic discs and exert their 

antimicrobial effect. 

5. Experimental compositions of endodontic cement obtained from Portland cement 

enriched with two types of hydroxyapatite were prepared, simple and doped with 5% 

Zn (1, 2, 3, 5 wt%). The setting time was tested at 22 oC and 37 oC. The setting time 

for both sets of samples, with the addition of stoichiometric, uncalcined 

hydroxyapatite (S1-S4) and Zn-doped hydroxyapatite (S5-S7) decreased 

exponentially at both working temperatures. 

6. Forsterite-based ceramics (Mg2SiO4) sintered at 1200, 1300, 1400 and 1450 oC 

were obtained (marked FC (1200), FC (1300), FC (1400) and FC (1450)). The 

apparent porosity of the four forsterite ceramics gradually decreased with increasing 

sintering temperature from about 39% for 1200 °C to 25% for 1450 °C. FC (1400) 

developed a fairly high hardness of about 3 GPa. 



32 

7. The linear shrinkage values (%) for forsterite ceramics show an almost linear 

increase, with significant differences between all CF in the temperature range from 

1200 to 1400 oC, from 12.46 ± 0.16% to 16.73 ± 0.13%. There is a nonlinear 

dependence of the relative density on the sintering temperatures. The relative density 

increased from 59.1 ± 0.8% to 68.2 ± 0.6%, with a significant difference between FC-

1200 and FC-1300 and FC-1400, for p <0.05, but without a significant difference 

between FC-1300 compared to FC-1400, p> 0.05. Total porosity decreased from 

40.83 ± 0.11% to 31.77 ± 0.08%, with significant differences between all CFs. 

8. The fosterite ceramic FC (1200) revealed an excellent biocompatibility in HFL 

culture, assessed by the FDA test. By increasing the maintenance time of forsterite 

ceramic scaffolds, FC (1200) in the culture medium, from 1 to 3 and 7 days, the 

number of living cells also increased. Cell density on FC-1200 scaffolds increased 

with incubation time up to 7 days without a significant increase between 7 and 14 days 

after seeding. 

9. Nanostructured composites based on forsterite (obtained by sol-gel, FSsg, and 

precipitation, FSpp) and silver nanoparticles were obtained. Their antibacterial 

activity on Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) was 

studied. The inhibitory effect of the synthesized forsterite, FSsg and FSpp, in the 

variants with AgNPs was found only on the S. aureus strain, the inhibition areas being 

between 8 and 10 mm and more intensely expressed in the FSpp product. The 

difference between FSsg and FSpp can be related to the size of the nanoparticles in 

these nanomaterials. 

10. The inhibitory effect of FSsg-AgNPs and FSpp-AgNPs was not significantly 

influenced by neutral pH and alkaline pH or by the amount of fosterite / mL (i.e. 4 mg 

/ mL and 8 mg / mL, respectively) present in different samples / products. Thus, an 

optimal amount of forsterite of 4 mg / ml was recorded in this study. 

11. Forsterite, FSsg or FSpp, used only in pure water, as well as in neutral medium 

(pH-7) and alkaline medium (pH-12), in the absence of AgNPs, had no inhibitory 

effect on the bacterial strains tested. 

12. The antibacterial inhibitory effect of stand-alone forsterite obtained by sol-gel 

(FSsg) and precipitation (FSpp) was tested on a strain of Staphylococcus aureus (S. 

aureus). Testing of FSgs and FSpp products, using the nutrient broth dilution method, 

showed that an inhibitory effect on S. aureus strain was found only in the FSpp 

product, at a dilution of 10 mg / 1 ml and not at lower dilutions (5 mg / ml, 2.5 mg / 

ml and 1.25 mg / ml). Inoculation on Petri dishes with Mueller Hinton agar confirmed 

that the FSsg product has no inhibitory effect (development of colonies in the culture 

plate), and the FSpp product has a bactericidal inhibitory effect (lack of development 

of colonies in the culture plate). Seeding in nutrient broth tubes also confirmed that 
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the FSsg product has no inhibitory effect (turbidity in the culture tube), and the FSpp 

product has an inhibitory effect (the broth remained clear, being sterile). 

13. In relation to different contact times, 5, 10, 15, 30 and 60 minutes, it was found 

that both FSsg and FSpp products do not have inhibitory capacity, developing colonies 

in the control Petri dish. Extending the contact time to 24 hours, it was found that the 

FSgs product has no inhibitory capacity, while the FSpp product produced inhibition, 

the effect being bactericidal. 

14. Hydroxyapatite - HAP has been used to remove metals (Al, Cd, Co, Cr, Cu, Fe, 

Mn, Ni, Pb and Zn) from mining wastewater. The metal content of the initial and 

treated samples was quantified by inductively coupled plasma atomic emission 

spectrometry and high resolution continuous source atomic absorption spectrometry. 

By using HAPs, an efficient removal of all metals was ensured. The increase in Ca2+ 

ion content in the treated water suggests an ion exchange mechanism. 

15. The structure of HAP by Rietveld refinement is given. Hydroxyapatite crystallizes 

in the hexagonal crystallographic system, has the spatial group P63 / m and the 

following network parameters: a = b = 9.4166 Å; c = 6.8745 Å; cell volume = 527.91 

Å3. Substitution with other cations takes place primarily in the Ca2 position and then 

in the Ca1 position, depending on the concentration of the substituent ion. 
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