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A multi component silicate glasses based on Li,O-MgO-P,O+SiO, system were synthesized and modified by Na,O/
Li,O, SrO/MgO and CaOQ/SrO replacements. The prepared glasses have been characterized by X-ray Diffraction (XRD)
and Fourier Transform Infrared Spectroscopy (FTIR). Additionally, bulk density, microhardness, chemical durability and
in vitro bioactivity were evaluated as a function of introducing different alkali and alkaline element substitutions. For
comprehension the in vitro bioactivity, the glass samples were soaking in simulated body fluid (SBF) solution at 37°C
for 14 days. Scanning electron microscopy coupled with energy-dispersive X-ray (SEM-EDX) and (FTIR) were used to
characterize forming hydroxyapatite layer produced on glass specimen surfaces. The results show that Na,O/Li,O, SrO/MgO
and CaQ/SrO replacements led to enhance the bioactivity behavior of the glasses. The results are harmonious with a weaker
network glass structure consequence of Na,O/Li,O and SrO/MgO replacement in the glasses. However, the glass network
connectivity increased with addition of the higher charge to size ratio of Ca’* instead of Sr**. The prepared glass samples
had microhardness in the range, 4920 - 6017 MPa; density values in the range, 2.46 - 2.78 g-cm™ and the weight loss percent

was ranged between 0.72 and 1.67 %.

INTRODUCTION

The bioactivity of a material is defined as the
potential to form bone-like phase when implanted into
bone tissue. Bioactive glass is of particular interest in
orthopedic as bone substitute materials and used in
dental applications [1]. The advantage of this material
is that it is possible to design the glass to get controlled
properties, rate of degradation and bonding to the bone. It
is important to note that small changes in the composition
can lead to variety of properties and this gives the
chance to use a bioglass in different implantation site
of the prosthesis. Composition significantly affects the
bioactivity, physical and chemical properties of bioglass.
The presence of network modifier cations in the glass
causes a discontinuity of the glass network, which gives
rise to the high reactivity of these glasses in aqueous
environments. This high reactivity is a major advantage
in applications in biomedicine; mainly for bone repair
and replacement [2].

There are three main groups of bioactive glass
divided basically on the type of former oxide in glass
composition, silicate glasses; phosphate glasses; and
borate glasses [3]. Silicate-based bioactive glasses
are ordinarily used for biomedical applications. The
limitation associated with Si-based bioactive glasses is

the slow rate of degradation and conversion to apatite
which further complicates the rate of implant resorption
and simultaneous bone growth [4]. When the SiO,
content exceeds 60 %, the bioactive glass is not able to
induce the formation of apatite layer even after several
weeks immersion in SBF solution and it failure to bond to
either bone or soft tissue [5]. The main reason is that high
SiO,-containnng glasses prepared by the melt derived
method lead to increase the rigidity of the glass structure
and do not easily liberate alkali or alkaline cations,
leading to insufficient silanol groups on the surface of
glasses to motivate the apatite layer formation.

Hench et al., were the first researchers prepared
silicate-based bioglass, and this material can form a
chemical bond with both bone and soft tissue due to the
formation of hydroxyl carbonate apatite (HCA) phase
[6]. Many silicate bioactive glasses have been studied
such as 45S5, 528 and 55S.The 45S5 Bioglass® with the
composition (45 % SiO,, 24.5 % Na,0, 24.5 % CaO,
6 % P,051in weight %) has the highest solubility rate and
exhibits excellent bioactivity enabling its application
in bone regeneration and tissue engineering [7].
Many elements like Li, K, Mg, Sr, Zn etc., have been
incorporated into different silicate glass compositions to
improve dissolution, enhance the cellular response, rate
of tissue regeneration and amelioration their physical
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properties [8, 9]. Lithium ions has great potential to
treat bone healing and its efficiency shows that it is best
candidate to incorporate in CaP bone in orthopaedic
as bone substitute materials [10]. Lithium has many
therapeutic advantages, it acts as antidepressant, it is
very effectual against many kinds of microbes and can
stimulate osteoblast cell activity [11]. Furthermore,
lithium ions can maintain or improvement bone density
[12]. Magnesium is an important element and exists in
large amount in human body and exists in relatively
high quantities in bone [13]. Interestingly, magnesium
participate lots of biological mechanisms, such as
the formation of apatite crystals [14]. The presence
of magnesium in low quantity in plasma leads to the
increased hazard of neurological events in patients
with symptomatic peripheral artery disease [15]. Also,
magnesium-containing bioglass has the ability to form
a chemical bond with bone and support the growth
of osteoblast-like cells [16]. Strontium element has
pharmacological effects on bone when present at levels
higher than those required for normal cell physiology.
Besides its antiresorptive activity, strontium was found
to have anabolic activity in bone. This would have
significant benefits to the bone balance in normal and
osteopenic animals [17]. In vitro studies strontium was
found to enhance the replication of preosteoblast cells
and the activity of functional cells and bone [18].

The aim of the present work is to prepare,
characterize and in Vitro bioactivity study of novel high
chemically resistance silicate glasses to evaluate their use
as biomaterials. In order to understand the composition-
property relationships of glass several samples were
designed with varying compositions.

EXPERIMENTAL

Glass synthesis

Glass compositions were prepared based on 23.12
Li,0 — 13.28 MgO — 2.0 P,05 — 61.6 SiO, glass system
(mol. %) with Li,0/Na,O, SrO/MgO and CaO/SrO re-
placements, the chemical compositions are given in
Table 1. The glasses were synthesized using thoroughly
mixed batches of reagent grade silica (Si0O,), lithium car-
bonate (Li,CO,), sodium carbonate (Na,CO,), magne-
sium carbonate (MgCOs;), calcium carbonate (CaCO;),
strontium carbonate (SrCO;) and ammonium dihydrogen
phosphate (NH,H,PO,,) powders. The powders were
mixed for 30 min and the resulting mixture was trans-
ferred in a platinum rhodium (Pt, 2 % Rh) crucible.
The crucible was then placed in an electric furnace
(Vecastar, United Kingdom) for a period of 1.5 hours at
a temperature of 1300 - 1350°C depending on the batch
composition. The molten glass produced was poured
into pre-heated stainless steel mold, annealed for 1
hour at 500°C and allowed to cool to room temperature
overnight to relieve stresses in a carbolite muffle furnace.

Table 1. The composition the investigated glasses.

Composition Mole %

Sample. T3 Na,0 Mg0 SO Ca0 P,0. SO,
Gl 2312 - 1328 - - 20 6160
G2 1156 1156 1328 — - 20 6160
G3 ~ 2312 1328 - - 20 6160
G4 - 2312 664 664 - 20 61.60
G5 ~ 2312 - 1328 — 20 61.60
G6 - 2312 - 664 664 20 61.60

X-Ray analysis

X-Ray Diffraction (XRD) was used to show that all
glasses synthesized were completely amorphous prior
to characterized. The (XRD) data was recorded with a
Panalytical X-Ray Diffractometer (PW 1080, Panalytical,
Netherlands) using Ni filtered Cu Ka radiation (4 =
1.5406 A), an anode current of 30 mA and a voltage of
40 k. Diffraction patterns were collected between 5 and
70°C 2-theta.

Fourier Transform Infra-Red
Spectroscopy (FTIR)

Fourier Transform Infra-Red Spectroscopy (FTIR)
is a technique with which information about the func-
tional groups of a material were identified at room tem-
perature in the frequency range of 400 - 4000 cm™ with
a resolution of a 0.2 cm™ using infrared spectrophoto-
meter (JASCO, FTIR-300E, Japan). About 10 mg of the
glass powder was mixed with 200 mg of KBr, which had
been used as a background scan material, and introduced
into the FTIR spectroscopy.

Density measurements

The bulk density of the glass samples were measured
at room temperature using standard Archimedes’ prin-
ciple with distilled water as immersion liquid. Five
different pieces rods for each glass sample free from
bubbles and inclusions were used during the casting
process. The relative weights of glass rod samples in air
and in distilled water were measured using an electrical
digital balance with an accuracy of + 0.1 mg. The
densities were calculated using the equation below:

P zpw(T) ! Wv/(Wv_ Ww) (1)

where: p is the sample density (g-em?), p,, (T) is the
density of water at the measured temperature (g-cm™),
W, is the sample weight in air (g) and W, is the sample
weight in water (g).

Microhardness measurements

Microhardness tests were carried out on well-po-
lished glass samples using a Vicker’s microhardness
tester (Shimadzu, Type-HMYV, Japan). A load of 100 g
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was applied to the sample for 15 Sec. The measurements
were carried out under normal atmospheric conditions.
The resulting indentation diagonals were measured
and the hardness was calculated using the following
equation: The microhardness values are converted from
kg'-mm? to MPa by multiplying with a constant value
9.8.

H,=1.854 - (P/d’) [kg mm’] )

where: H, is the Vickers hardness, P is the applied load
(g), d is the average diagonal length (um).

Chemical durability measurements

In the present work, the powder glass samples for
durability testing were prepared and measured. Based
on the procedure, the glasses were crushed in an agate
mortar and then sieved to achieve the recommended
particle size between 0.60 and 0.32 mm [19, 20]. The
sieved glass particles were ultrasonically washed with
ethyl alcohol three times, then dried in the oven 2 h at
120°C. About one gram of the dried glass particles of
the tested sample was accurately weighed in a sintered
glass crucible of the G, type which was placed into
a polyethylene beaker (300 ml). The samples were tested
for their chemical durability in distilled water; 200 ml of
water were introduced into the polyethylene beaker. The
polyethylene beaker with its contents was covered by
polyethylene cover to reduce evaporation. The chemical
durability was expressed as the weight loss percent.
The experiments were carried out at 95°C for 1 h to the
different glass samples. The sintered glass crucible was
then transferred and kept in an oven at 120°C for 1 h,
then cooled in a desiccator for 30 min. After cooling, the
glass crucible was reweighed and the total weight loss of
the glass grains was calculated.

Bioactivity in simulated
body fluid (SBF)

The bioactivity behaviour of selected glass com-
positions in the simulated body fluid was studied by
in vitro tests. To determine the bioactivity of the glass
powders, it was subjected to in vitro testing using
SBF solution. About 0.075 g powders were soaked in
50 cm® of SBF at 37°C and pH 7.4. The soaked samples
were placed in an incubator at a constant temperature
of 37°C for time periods 14 days. The preparation of
SBF solution was carried out according to Kokubo et al.,
[21]. The Tris-buffered SBF composition is (Na" 142.0,
K" 5.0, Mg* 1.5, Ca’* 2.5, ClI" 147.8, HCO* 5.0,
HPO,* 1.0 and SO,* 0.5 mol m?). After soaking for
14 days the glass powders were removed from the SBF
solusion using filter paper (1 um), gently washed with
acetone, and dried at room temperature. The filtered
glass powders were analyzed by SEM-EDX and FTIR
to detect the appearance of hydroxycarbonate apatite

(HCA) layer. The surface morphology of glass samples
was analyzed after immersed into SBF solution for
14 days at 37°C using a scanning electron microscopy
operating at an accelerating voltage of 30 kV, equipped
with an energy dispersive spectroscopy analysis
(SEM-EDX) (Quanta FEG 250, Netherlands).
This technique was used to investigate the surface
morphology and elemental composition of the surfaces
of glass materials after soaking in the SBF solution.
FTIR also can be successively used to determine the
formation of a layer rich in calcium phosphate using
infrared spectrophotometer (JASCO, FTIR-300E,
Japan) in the frequency range of 400 - 4000 cm™. The
changes in pH of the SBF solution as a function of time
were monitored using a pH meter (Jenway 350 pH
meter, UK).

RESULTS AND DISCUSSION

Glass characterization

Figure 1 shows the XRD spectra for all the prepared
glasses during this study. All glasses exhibit a broad
halo appeared between 20° and 30° (20) confirms the
absence of any crystalline phase and a fully amorphous
state was detected.

Fourier transform infrared spectroscopy (FTIR) is
a sensitive technique to the local structure of silicate
glasses. It determines the types of chemical bonds, hence
structural units present in the glasses. Thus it is possible
to determine any changes in the Si—O-Si vibrational
modes and elicit useful information about the molecular
structure of the glass. This technique is also sensitive to
vibrations associated with non-bridging oxygen so it is
useful when studying the glass structure following the
glass network connectivity model [22]. Figure 2 shows
the FTIR transmittance spectra of the prepared glass
samples. The FTIR spectra of the glass samples G,—G;,
exhibited some infrared bands located at around 427,
468, 788, 940, 1040, 1620, 2845, 2920 and 3440 cm™.
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Figure 1. XRD patterns of the prepared glasses.
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The main characteristic bands ranging from 400 to
1400 cm™ are related to the silicate network group
vibrations with different bonding arrangements silicate.
While, the spectra from 1400 to 4000 cm™ clearly con-
sists of vibrations refer to water or hydroxyl groups [23].
The spectrum located at around 427 ¢cm™ is ascribed
to the Si—O symmetric stretching of bridging oxygen
atoms between tetrahedrons [24]. The spectrum at
468 cm' situated in the range 463 - 498 cm' is attributed
to Si—O-Si bending vibration mode [25]. The spectra of
the FTIR also shows band at around 788 cm™ which is
assigned to Si—O—Si symmetric stretching vibration of
bridging oxygen between tetrahedral [26]. The bands
at the 800 - 1200 ¢cm™ are assigned to the stretching
vibration of the SiO, tetrahedra with the different
number of bridging oxygen atoms. Si—-O-NBO (1 non-
bridging oxygen per SiO, tetrahedron, corresponding to
a Q° structure) situated in the range 890 - 975 cm™ [27].
According to that the bands presented at 940 and 1040
cm are assigned to three-dimensional network structure
i.e. Si-O with one non-bridging oxygen (Si-O-NBO)
per SiO, tetrahedron stretching vibration Q° structure.
The band at around 1620 cm™ is assigned to hydroxyl-
related band. While those observed at 2845 and 2920 cm'™
are related to asymmetric and symmetric stretching
modes of interstitial H,O molecules. Whilst the spectrum
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Figure 2. FTIR spectra of the prepared glass samples.

around 3440 cm™ is assigned to stretching vibrations of
OH, molecular water or Si—-OH [26].

The influence of SrO/MgO replacements on FTIR
spectrum i.e. G, and G; glass samples are shown in
Figure 2 patterns IV and V respectively. At high SrO
addition instead of MgO (i.e Gs), the FTIR analysis
(Figure 2, Pattern V) revealed that new spectra at 580,
1743 and 3731 cm™ were detected. The band appeared
around 580 cm™ are corresponding to bending P-O ben-
ding vibrations [28]. The spectra at 1743 and 3731 are
referred to water or hydroxyl groups [23]. This may be
due to increase the hygroscopic properties of the glass
samples by addition of SrO instead of MgO. Addition of
calcium instead of strontium i.e. G4 did not detected any
structural changes in the glass network. Therefore, it
would be very difficult for FTIR to detect any chemical
bonds vividly. This may be attributed to the mixture of
Ca?" and Sr*" ions in glasses form a solid solution owing
to their similar lattice parameter. Xiang et al., [29]
reported that the SrO/CaO substitution, have similar
glass structure as compared to the original composition
due to chemical resemblance of Sr**and Ca®* ions.

Glass properties

Density measurements have been widely used to
study the effects of composition on glass structure. The
glass density depends mainly on network compactness,
the change in geometrical arrangement, cross-link den-
sity and molar mass of elements [30]. The effect of
different alkali and alkaline element replacements on the
glass densities are presented in Figure 3. The addition of
Na,O instead of Li,O led to increase the density from
2.463 to 2.487 g-em™ for G, to G, glasses. This may be
attributed to the molar mass of Li (6.941 g-mol™) which
is lower than that of molar mass of Na (22.989 g-mol™).
From another perspective the Na,O (2.27 g-cm™) has
large density than Li,O (2.01 g-cm™) and this leads to
increase the density as the quantity of Na,O increases
[31]. The effect of addition SrO at the expense of MgO
on the density of the glasses show that introducing SrO
into the glass causes an increase in density. This may
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Figure 3. Density of the glass samples.
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be due to the higher density of SrO (4.7 g:cm™) than that
of MgO (3.58 g:em™) [31]. As CaO with molar mass
(56.08 g'mol™") is systematically substituted for SrO
with molar mass (103.62 g'mol™) i.e. G, overall weight
of glass decreases, thereby decreasing the density of
the glass. Du and Xiang [32] reported that the CaO/SrO
substitution leads to a decrease of glass density indicating
a more shrunken glass network.

The hardness is very important properties for a ma-
terial it can be measure its structural compactness. The
effect of different cation replacements on the glass
hardness is graphically represented in (Figure 4). The
substitution of Li,O by Na,O at constant magnesium
and silica content generally decreased the microhardness
values of the glass samples as compared with that free
of Na,O (i.e. G,). The reduction in microhardness may
be related to the decrease in glass network coherence
as a result of the replacement process. As shown Li"
has a cationic field strength of 0.26 A while Na* has
a cationic field strength of 0.18 A [33]. The decrease
in glass network connectivity and compactness by
Na,O/Li,0 replacement allows the glass to have a more
open structure, thereby resulting in a soft material with
low microhardness. The microhardness data (Figure 4)
indicated also that the addition of SrO at the expense of
MgO i.e. G; and G, led to decrease the microhardness
values. This may be due to Sr*" possess lower cationic
field strength (0.29 A?) than that of Mg** (0.46 A?) in
octahedral coordination [34]. This may explain the de-
crease of the coherency of glass network, which leads
to reduce of microhardness values. On the other hand,
the glass microhardness progressively enhanced by the
addition of CaO instead of SrO in the glasses. This may
be attributed to the fact that decreases the disruption of
the glass network by the slightly smaller calcium cation,
and due to the stronger calcium—oxygen bond strength as
compared with strontium—oxygen bond [35]. Obviously
it is clear that the cation with the highest field strength
resulted in the glass with the highest microhardness.
As shown Ca”" has a high cationic field strength 0.36 A~
compared with Sr*’, which owns cationic field strength
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Figure 4. Microhardness of the investigated glass samples.

0.29 A2[33], this may be explain the increase of hardness
in the glass by CaO/SrO replacement.

The dissolution of glasses is one key determines their
applications in different environments and is therefore
considerable significance. The dissolution sequences
of the glasses vary with the composition, surface area,
structure of the glass, nature and contribution of the
different cations, pH of the solution, etc. [36]. The
chemical durability results of the investigated glasses
are presented in Figure 5. It is clear that in the studied
glasses, the dissolution is increased with increasing the
content of sodium instead of lithium. An explanation
for the increased solubility of glasses may be due diffe-
rence in atomic sizes of lithium and sodium. The size of
a lithium atom is 1.67 A whereas the size of a sodium
atom is 1.90 A [37]. When the smaller lithium atoms
are present in the network, the glass tends to be more
stable. As it is replaced with the larger sodium atoms,
it is possible that resulting in a more loosely glass
network structure and causing the glass to be becomes
more reactive with the solutions. In the same context, the
decrease in chemical durability of the glasses as SrO is
substituted for MgO may be due to the different degrees
of network disruption by those alkaline earth ions con-
sidered. The decrease in durability as Sr** ion content
increases implies that the strength of the glass structure
is weakened. Avramov et al., [38] reported that the larger
cations are, the greater the restriction on disrupting
the glass networks. Substitution of SrO with atom size
[2.19 A] for MgO [1.45 A] in the glasses will result
in weaken the coherence of glass structure. While, the
positive linear relationship between chemical durability
and CaO/SrO replacement in the glass indicates that the
glass network structure is strengthened. This suggests
that introducing a relatively small calcium atom size
[1.94 A] instead of strontium atom size [2.19 A] leads
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Figure 5. Chemical durability of the glass samples.

to an increase of cross-linking in the glass structure and
enhancement the chemical durability of the glasses.

A glass is believed to be bioactive if a calcia-phos-
phate (CaP) layer is formed on its surface. This bioactivity
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depends strongly on glass compositions and its structure.
The more open glass network structure results in faster
glass degradation, consequently precipitation of apatite
because more ions can readily travel, thereby increasing
the ion exchange rate [39]. Apatite formation is also
strongly dependent on pH whether in vivo or in vitro
tests. The change in pH of SBF solution is taken as
a measure of glass samples dissolution and bioactivity.
The variation of the pH of SBF solution after immersion
at different time durations has been clearly seen from
Figure 6. With each of the glass composition the initial
dissolution kinetics of the different glass compositions
does not change, but the overall pH change increases with
decreasing network connectivity. The results showed
that there was a slight raised in the pH values along the
inundation time until 14 days. The maximum pH values
were recorded in all the samples after 14 days immersion
compared with the initial pH of the SBF solution
(pH = 7.4). The pH values on fourteen days were mea-
sured as pH = 7.71, 7.75, 7.78, and 7.89 for the glass
samples G,, G;, G5 and G, respectively. The increase
in pH with the immersion time for all samples may be
attributed to ionic exchange between soluble cations in
the glass composition like Li*, Na" Ca®", Mg*" and Sr*
with H" or H;O" in SBF solution. Therefore, this ionic
exchange led to the boost in hydroxyl amount of the
solution which led to offensive in silicate glass network
and formation of silanols groups [40]. The results also
showed that the base glass composition i.e. G, exhibit the
low pH value compared with the other glass specimens.
This may be due to increase the durability of glass
by increasing the Mg content. By increasing the Mg
content in the glasses, it leads to the formation of more
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Figure 6. pH changes of SBF solutions after immersion of
samples for 14 days.

bridging-oxygens within the glass network, as well as
big tetrahedral angle values [41].

The SEM micrographs showed that the surface of
glass specimen G, after the immersion for 14 days in the
SBF solution was free of apatite layer (Figure 7). That’s
which has been clearly proven from EDX analysis by

disappearance of calcium and phosphorous peaks and
existence of high intensity peaks of silica and oxygen.
This result agrees with the sequence of surface reactions
of bioactive glass mechanism suggested by Hench from
stage [ up to stage III [42] i.c.,

(i) Rapid cation exchange of Na' and Ca*" in the glass
with formation of H" or H;O" from the aqueous so-
lution, creating silanols (Si—OH") within the glass:

0 i
Qfsli*O*Na + HzO - Q*SIi*O*H + Na+(aq) + OHi(aq)
(@) (@)
(ii) The cation exchange increases the hydroxyl (OH")

concentration of the solution, which leads to an
attack on the silica glass network:

9 ¢ ¢
Q-Si-0-5i-Q + OH 4 — Q-5i-0-H+ 0-51-Q
O O 0 0

Soluble silica is lost to the solution in the form of
Si(OH),, resulting from this breaking of Si—O-Si
bonds and the continued formation of silanols at the
glass-solution interface.

(iii) Condensation and repolymerization creates a silica
(Si0,) rich surface layer, depleted in alkalis (e.g.
Li*, Na*, K") and alkaline-earth cations (e.g. Ca*").

The addition of Na,O at the expense of Li,O led
to slightly improve the bioactivity of the glass sample.
The SEM micrograph of the glass sample G; Figure 7
showed precipitates fine crystals of calcium phosphate
layer. This finding was supported by another proof to
confirm the formation of apatite phase on the surfaces
of G; glass specimen, which was sought by using the
EDX techniques. The EDX analysis revealed that peaks
of calcium and phosphorous were depicted along-
side with sodium, magnesium and chlorine peaks
attributed to apatite formation. In the SEM micrographs
corresponding to G; and G, after 14 days of soaking in
SBF solution it is clearly proves formation of apatite
layer. The results also confirm that CaO/SrO replacement
induced formation of this layer as shown in (Figure 7).
The Si/P ratio observed in EDX spectra of specimen G
as compared with the sample G; refers the formation of
apatite layer higher thickness this means that a higher
amount of Ca—P layer is precipitated (Figure 7). This
result is consistent to the findings of the Hesaraki et al.,
[9] they reported that the substitution of Ca for Sr in the
glass composition promotes formation of apatite layer
onto the glass surfaces.

FTIR can be used to determine the bioactivity of
a glass by analyzing the peak locations appeared on
the spectrum, thereby identifying the corresponding
chemical bonds. When bioactive glasses are exposed to
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body fluids, they undergo corrosion by the leaching of  glasses powder before and after soaking in SBF solution
alkali ions resulting in the formation of a silica gel and  for 14 days. The FTIR of G, after immersion in SBF
a layer rich in calcium phosphate. Successively, the solution show sharpening of the Si—O-Si bending peak
calcium phosphate layer crystallizes to form hydroxy- at 468 cm™ [41], formation of Si—O-Si (tetrahedral)
apatite [3]. Figure 8 shows the FTIR spectra of the peak at 790 cm™, the peak of Si-O stretching (2NBO)
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Figure 7. SEM Micrographs and EDX spectra of the glasses after immersion in SBF solution for 14 days. (Continue on next page)
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Figure 7. SEM Micrographs and EDX spectra of the glasses after immersion in SBF solution for 14 days.
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Figure 8. FTIR spectra of glasses before and after immersion for 14 days in SBF solution.
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at 910 cm™ [41] and the formation of Si—O-Si stretching
peak at 1238 cm™ [41]. The FTIR results refer to the
formation of silanol to form a silica rich layer on the
surface and there is no evidence on the formation of
apatite layer.After soaking the glass samples G; G; and
G, in SBF solution for 14 days, additional peaks with
different intensities appears in the FTIR spectra around
570 cm™, 600 cm™ and 1080 cm™. The appearance of
these peaks is characteristic for the formation of apatite
layer [43].

CONCLUSIONS

Silicate glasses based on Li,0-MgO-P,0,-SiO,
system modified by alkali and alkaline oxides replace-
ments have been successfully synthesized by the con-
ventional melt technique. The properties of glasses
like bulk density, microhardness, chemical resistance
and in vitro bioactivity in simulated body fluid (SBF)
were evaluated. The results obtained were provided
good information about the glass structure, chemical
and physical properties of the investigated glasses.
The results of in vitro bioactivity test show that most
of the glasses have capacity to form apatite layer after
immersion in the SBF for 14 days. Therefore, it could
be concluded that the investigated glass materials can be
used in biomedical applications.
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