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Abstract

Introduction: In this research, at first, glass ceramic with the same
composition as 45S5 glass ceramic was synthesized by solid state
method from soda lime glass waste. Then, by substituting calcium

fluoride instead of calcium oxide with different weight percentages, the
bioactivity behavior of these glasses and also their mechanical strength
were investigated

Methods: Phase analysis of the samples after calcination was done by
X-ray diffraction. The bioactivity of the samples was investigated by
immersing them in the simulated body solution for different periods of
time and then scanning the surface of the samples with a scanning
electron microscope to observe and compare the sediments formed. The

sediments formed on the surface of the samples were also identified by
X-ray diffraction analysis at small angles. After that, the density and
compressive strength of the samples after sintering were determined by
Archimedes method and pressure test, respectively.

Findings: X-ray diffraction diagrams of glass samples subjected to
calcination at different temperatures showed the crystalline phases of
Na,Ca,SizsOg and CaNaPOs, which indicates the transformation of the
calcined samples into glass-ceramics. X-ray diffraction analysis of the
samples with different percentages of calcium fluoride that were calcined
at a temperature of 800°C showed the CasF(PO.)s phase in addition to
the previous crystalline phases. In fact, with the addition of calcium
fluoride to the samples, the fluorapatite phase has been formed.

Phase analysis of sediments formed on the surface of the samples after
placing them in simulated body fluid determined the phases of
fluorapatite CasF(PO4)s, hydroxyapatite Cas(PO4)3 (OH) and calcium
ultra-phosphate  Ca,P¢O17 which have the characteristic of
biocompatibility with the body.

The results showed that the synthesis of glass ceramics by the solid-state
method from waste glass was successful and by substituting calcium
fluoride instead of calcium oxide, the bioactive properties and
compressive strength of the samples increased.
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Extended Abstract

Introduction

The use of biological materials can help to heal
the damaged organs in the human body as
quickly as possible. The behavior of biological
materials in the body depends on factors such
as the properties of these materials and their
biocompatibility. Among biological materials,
bioactive materials are materials that, when
they are placed in the body under specific
surface reactions, layers such as hydroxyapatite
are formed on them, which encourage the
binding of biological materials to hard and soft
tissues.

Glass-ceramics are among the bioactive
materials that have become common. Glass
ceramics are amorphous- crystalline solids that
are formed by the nucleation and growth of
crystals in the glass phase. These glasses
consist of network-forming oxides such as SiO;
and some network-modifying and nucleating
oxides such as Ca0O, Na,0, K;0, MgO and P20s

1.

Compared to other glasses, silicate-glass-
ceramics have been used more due to theirs
chemical and thermal stability and achieving
the desired mechanical properties. Among the
different compositions of these glasses, glass-
ceramics made by fusion method with 45 to 50
percent by weight of silica, such as 45S5 glass,
have shown the highest bioactivity. In this range

of chemical composition, connection with soft
and hard tissue will occur in 10-15 days [2]. In
order to achieve a desirable glass ceramic that
can have the necessary biological reactions, it is
necessary to modify the composition of the
glass with the help of additives such as alkaline
and alkaline earth oxides [3- 4].

Glass ceramics are produced and shaped by the
usual glass method, then crystallization takes
place in them by heat treatment. The ability of
nucleation and growth of crystals depends on
the glass formulation. Oxides such as ZrO,
TiO,, P,Os are wused to encourage
crystallization. [3].

In general, the chemical reaction of a bioactive
glass in the body leads to the formation of
calcium phosphate phases such as hydroxy-
carbonate-apatite (HCA) on the surface of the
glass [5]. Hydroxyapatite with chemical

composition Caio(PO.)6(OH). and atomic ratio
of calcium to phosphorus 1.67, exists in the
hard tissues such as bone and tooth enamel. In
addition to excellent biocompatibility, which is
the most important property of hydroxyapatites,
we can also mention the direct chemical bond
with hard tissues. The hydroxyapatite network
can easily include different types of substitute
elements in its structure and modify its crystal
properties, morphology, network parameter and
thermal stability [6]. By entering the fluorine
(F) ion in the hydroxyapatite structure, the F ion
is placed in the OH position with a slight
change, and the fluorapatite compound
Caio(PO4)6(F). with high chemical stability is
obtained [7-9]. In this research, where bioglass-
ceramics are usually produced by melting and
then rapid cooling or other expensive processes,
it was aimed to produce a glass similar to 4555
glass ceramic by using soda-lime glass waste
and using a solid-state method. Then, by adding
CaF, to the composition of this glass, the
formation of fluorapatite phase in the glass and
finally its  biological  properties and
compressive strength will be investigated.

Materials and method

In this research, raw materials and waste glass
with characteristics according to tables 1 and 3
were used. Also, in order to investigate the
effect of fluorine on the properties of glass-
ceramic 45S5, according to the chemical
composition of this glass (Table 2), some
percentages of calcium fluoride were
substituted instead of calcium oxide.

After performing the calculations related to
determining the weight percentage of each of
the powders, their mixing and homogenization
was done with an abrasive mill. Then the
powders were converted into tablet-shaped
samples and calcined at three temperatures of
700, 750 and 800 degrees Celsius for one hour.
After that, the biocompatibility properties of the
samples in simulated body solution and also
their compressive strength were investigated.

The samples were examined by X-ray
diffraction analysis in order to determine the
created phases. The density and percentage of
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porosity of the samples were measured by
Archimedes method. Scanning electron
microscope (SEM) was used to investigate the
microstructure and morphology of sediments
and to detect the formation of apatite layer.

Findings and Discussion

X-ray diffraction diagrams of 45S5 samples
without additives that were subjected to
calcination at different temperatures are shown
in Figure 2. Crystalline phases Na,Ca,Si;Ogy and
CaNaPOs were observed in all diffraction
diagrams [17]. So it can be said that the calcined
samples have become glass-ceramics. Also, by
comparing the intensity of the peaks and its
effect on the crystallinity of the samples, the
temperature of 800°C was chosen as the
appropriate temperature for the calcination of
the samples.

The electron microscope images of the surface
of the samples after being immersed in the
simulated body solution at different times are
shown in Figures 4 to 6. As can be seen in the
figures, sediments are formed on the surface of
the samples in all the samples, and with the
increase of the immersion time, the amount of
sediments has increased, so that in some places
these sediments are observed in the form of
agglomerates.

Changing the pH of SBF solution is one of the
phenomena that occurs when the apatite layer is
formed on the surface of the samples. The pH
changes of the solution in which the samples
were placed for 14 days are shown in Figure 7.
The pH value increases gradually. The pH
change for the samples with calcium fluoride is
different compared to 45S5 sample, and this
difference is due to the dissolution of anions
such as phosphate and fluorine present in the
glass in the SBF solution.

In order to identify the phases formed on the
samples after immersion in the simulated body
fluid, X-ray diffraction analysis was performed
using the Greasing method. In the X-ray
diffraction patterns of the samples (Figure 8),
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fluorapatite  CasF(PQO4)s,  hydroxyapatite
Cas(PO4)s (OH) and calcium ultra-phosphate
CaPsO17 phases were detected. Calcium
phosphate phases are included in the category
of bio ceramics, and the ratio of calcium to
phosphorus plays a significant role in
determining the type of phase formed.

The stress-strain diagram of the samples is
shown in Figure 9. Also, in Table 7, the
compressive strength of the samples and the
percentage of their volume reduction after
sintering are reported. As can be seen, the
compressive strength of the samples and the
amount of reduction in their volume is a
function of the percentage of calcium fluoride
in the samples. These results are also consistent
with the results obtained from the density of the
samples. In fact, with the increase in the
percentage of calcium fluoride in the samples,
their porosity is reduced and increased
compressive strength.

Figure 10 shows the scanning electron
microscopic images of the fracture cross-
section of the samples. As can be seen in the
figure, the largest porosities are related to
sample 45S5 (Table 7), which is in good
agreement with the results after sintering the
samples and their dimensional changes and
volume reduction.

Conclusion

Synthesis of glass ceramic 45S5 from soda lime
glass powder by solid state method, which is an
economical method compared to other
synthesis methods, was done well, and
crystalline phases of Nay,CaSi;Oy and
CaNaPO4 were observed in the samples. By
substituting calcium fluoride instead of calcium
oxide, in addition to the previous crystalline
phases, the crystalline phase CasF(PO4); was
also detected in the samples.

The bioactivity of the samples after immersion
in simulated body solution (SBF) was
confirmed by the formation of hydroxyapatite,
calcium phosphate and fluorapatite deposits on
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the surface of the samples. Also, the results
showed that the substitution of calcium fluoride
instead of calcium oxide increases the
biocompatibility of the samples. With the
replacement of calcium fluoride in the glass-
ceramic composition and the presence of
fluorine ions, fluorine apatite deposits were
formed on the surface of glasses after
immersion in SBF solution. Also, the presence
of fluorine was effective in improving the
sintering behavior of the samples and
increasing their compressive strength.
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