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1. Introduction – The rapid development of medicine and numerous implantation operations, the 

attempts to improve biomaterials properties, aroused considerable interest in bioglasses. Bioglasses are 

materials which could be widely used in modern medical practice due to 

their ease of design and specific (e.g. chemical, antibacterial or 

bioactive) properties. Designing a bioglass is a multidisciplinary 

problem as a material has to be biocompatible and biodegradable, 

supporting osteoblasts growing and chemically resistant. After 

implantation into a human body, bioactive glass forms a biologically 

active layer of hydroxyapatite (HA) on the implant's surface, which 

chemically resembles the mineral composition of bones and teeth. HA 

allows the implant to integrate with tissues and bones successfully. 

Bioactive glasses, especially magnetic bioactive glasses, deserve a 

special place in health care as they can be used in the process of cell 

separation or as a contrast agent in magnetic resonance imaging [1-2].   

 

2. Experimental - A series of glasses with a composition corresponding to the popular 45S5 bioglass 

doped with various concentrations of iron ions was obtained by the sol-gel technique using citric acid as a 

catalyst. The structure and properties of the glasses were characterized by photoluminescence, SEM, 

DSC, XRD methods, UV-VIS, IR and Raman spectroscopy. The bioactivity of the samples was tested by 

in vitro immersion in artificial plasma (Simulated Body Fluid - SBF) –  all samples are bioactive 

regardless of the concentration of iron ions.   

 

3. Results and Discussion - SEM analysis showed that the greater the addition of Fe in the glass, the 

more porous the sample becomes. The mass degradation in SBF develops relatively fast - about 35-44% 

of the glass was degraded within two weeks, which resulted from the simultaneous degradation of the 

samples and the growth of HA/HAC (HAC – hydroxyapatite carbonate). Raman spectra and FT-IR 

spectra confirm the formation of HA. The band gap analysis obtained with the Munk-Kubelka theory 

showed that the highest energy of the optical bandgap (about 3.35eV) was obtained for a glass containing 

0.6% Fe after 14 days of immersion. 

 

 4. Conclusions – Studies have shown that citric acid can be effectively used as a catalyst for producing 

bioactive sol-gel glasses with metal dopants. Immersion of the glasses in SBF solution leads to the 

formation of hydroxyapatite and, in some cases, hydroxyapatite carbonate, which was confirmed by the 

analysis of IR and Raman spectra - this effect is promising from the point of view of potential medical 

applications. The HA/HAC layer is developed just after hours of immersion in SBF.  The growth of the 

HA/HAC layers increases with higher content of Fe ions in the glass; it is important to note that with 

increasing concentrations of the iron ions, the surface of the glasses turns out to be more developed, 

which was shown by SEM measurements. The sample containing 0.6% of Fe ions is characterized by the 

highest degree of degradation and significant bioactivity; also, the mass of the formed HA, compared to 

the initial mass, is the highest for this glass, indicating this composition of glass has the most promising 

properties among the tested bioglasses. 
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Image 1.  IR spectra of a bioglass sample after 

immersion in SBF for different amount of time. 


