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Abstract

Bioactive glass is explicitly accredited for its marvelous biological and bioactive tendency. Also, this is importantly proclaimed
for its potential to generate bonds with the bone. There are numerous applications of bioactive glass, one of the noteworthy
applications is the reproduction of bone grafts that is applied for both orthopedic and periodontal function. Bioactive
glass based on silica designated 1393 bioactive glass [Composition wt.% 53Si0,-12K,0-6Na,0-5Mg0-20Ca0-4 P,0,] has
been acquired from the 45S5 bioactive glass configuration, Bioactive glass based on silica designated 1393 bioactive glass
[Composition wt.% 53Si0,-12K,0-6Na,0-5Mg0-20Ca0-4P,0 ] has been acquired from the 4555 bioactive glass configuration
but the percentage of Si0, and network modifiers, like K,0 and MgO, are comparatively higher in 1393 bioactive as a
comparison to 4555 bioactive glass, In the medical field, mostly 1393 bioactive glass is also considered useful. In this study, the
outcome when boron trioxide (B,0,) is added to 1393 bioactive glass has been explained. The preparation of boron trioxide
substituted bioactive glass. FTIR spectrometry, SEM, and most important bioactivity of the samples of glass were inspected
by a test called in vitro in presence of Simulated Body Fluid (SBF). The results indicate that when silica is replaced with boron
trioxide in 1393 bioactive glass improved its biocompatibility, density, and mechanical behavior.
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1.0 Introduction

There are different Bio-glass® one of them is known as
bioceramics'. Defects of bone that come in the category
of non-healing and injured or infected parts of the
musculoskeletal system be revamped and permeated by
the bioceramic. Bioceramic composites? can be produced
by sintering), biomaterials are found in various forms as
bioinert (composition of alumina and boron trioxide),
bioactive (form hydroxyapatite layer), resorbable
(composition of tricalcium phosphate), or porous for
tissue growth (hydroxyapatite-coated metals, alumina
Bioactive Glasses (BG) have been developed in various
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forms over the past years. There are numerous natures
of Bioactive Glasses (BG) but the topmost ability is to
generate strong bonds with a bone when it comes in
contact with the bone it develops a layer of hydroxyapatite
on the surface of the bone®. Bioactive Glasses (BGs) such
as “45S5 Bio-glass® (24.5 wt% CaO, 6 wt% P2OS’ 45
wt% SiO, 24.5 wt% Na,0,) and “1393” (53 wt% SiO,, 6
wt% Na O, 12 wt% K,O, 5 wt% MgO, 20 wt% CaO, and
4 wt% P,O,) compositions have been broadly used for
applications of bone tissue engineering. Hench et al**
inspected the cause of the bonding mechanism with
synthetic material in vitro and found these occur because
of chemical responses that arise on the surface of the
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glass. These chemical responses are the main cause of the
bonding of bone tissue with implants; Therefore diseased
or injured parts of the human cartilage® can be replaced.
A number of researches have been done and also going on
for the establishment and improvisation of glass-ceramics
and bio-glasses, added with various ions for instance
Ti, B, Zr, Zn, Sr, Mg, Li, K, and Fe, for the reason that
they show differently tendency for the proliferation of
the osteoblastic cell and for mineralization of bone®'2
In this work boron trioxide (B,0,) is replaced in place
of SiO, in 1393 bioactive glass is fabricated by controlled
crystallization of bioactive glasses. The B,O, ceramic has
outstanding strength including fracture toughness which
is why it is extensively utilized as a substrate in hard tissue
applications. A number of research articles recommended
that boron trioxide has good in the field of chemical
qualities and stability of dimensions, and mechanical
properties and it represents a feature of bioinert materials.
In previous research'***. Resistance against hydrolysis can
be minimized by increasing the percentage of trioxide of
boron in the glass formation. (Order of countering for
hydrolysis: B-O-B<Si-O-B<Si-O-Si)*.

2.0 Materials and Methods

2.1 Composition and Glass Preparation

The source of SiO, was in the form of Fine-grained
quartz, Anhydrous calcium carbonate (CaCO,) and
sodium carbonate (Na,CO,) was used to introduce
Na,O and CaO, respectively. Ammonium dihydrogen
orthophosphate [NH,H,PO,] was responsible to introduce
P,O,. Carbonates of potassium and magnesium, which
are the raw materials for, KO and MgO respectively.
The B,O, is already present and was added to create
Bioactive Glass (BG). Flow chart for melting of glass
samples is represented in Figure 1 various glass samples
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Flow chart for melting of glass samples.

Figure 1.

1393 (G-1), G-2, G-3, G-4 and G-5 is depicted in Figure 2.
Analytical grade chemicals made up every component of
the batch, which was used without further purification.
A list of Bioactive Glass (BG) compositions is provided
in Table 1. A mortar and pestle were used to mix the
weighed portions thoroughly. The mortar and pestle were
professionally rinsed and desiccated moisture thoroughly
before utilizing. materials for the batch were well mixed
before being kept in crucibles made of alumina and heated
in a furnace running by electricity. The temperature of the
furnace was set to 1400 C by controlling the electricity
supply, and after it reached that temperature, a constant
condition was maintained for an additional 3 hours.
When the melting process of the prepared bioactive was
completed the liquid form of glass samples was poured
into molds and in this condition, these samples were
put into a muffle furnace temperature which can be
controlled and maintained up to 500°C for the process of
annealing. After an hour, the cooling process of the muftle
furnace was started at room temperature In the process of
melting of composition, some internal stresses generate
and these stresses can be detached with help of annealing

Table 1. The compositions of bioactive glasses.

30, NgO
G1 8 6
G2 B 6
G3 X5 6
G4 185 6
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Figure2. Glass Sample 1393 (G-1), G-2, G-3, G-4 and G-5.

from the bioactive glass. Since those bioactive glasses had
not followed the methods of annealing, therefore sudden
change in temperature, often known as a thermal shock,
or a mechanical shock might cause them to break. The
heating process of the glass continues until it is soft
enough to allow the tensions to relax but is still too rigid
to deform.

2.2 Preparation of Simulated Body Fluid
(SBF)

Kokubo and his colleagues developed a biotic simulated
body fluid that has concentrations of ions that are released
from inorganic materials. this fluid is well known by
the name SBF and is responsible for the in vitro testing
of bioactive glass. In the process of in vitro testing",
the presence of SBF generates a layer of apatite over the
surface of bioactive glass. When there is a need of coating
an apatite layer on the surface of any material, SBF can
play a tremendous role, Table 2.

2.3 Powder X-ray Diffraction Analysis

There are various types of processes to determine the
crystalline one of them is known as the XRD. In this way,
glass has been converted in form of fine powder (70pm
80um) with the help of grinding. The fine powder of glass
is inspected by the process of X-ray Diffraction (XRD).
When the process of measurement starts, the size of the
step and speed of the step were set to 0.00033° and 0.016°

per second respectively meanwhile. The parameters for
the step size and speed were 0.51° per minute, respectively.
International Center for Diffraction JCPDS Data Cards
was used as a source.

2.4 In vitro Bioactivity Study of Bioactive
Glass

While in vitro test, samples of bioactive glass got ready for
examination on the basis of their bioactivity. First of all
10 ml of SBF and 1g of samples were assorted and held on
in the plastic container These plastic containers remained
in an incubator at 37.50°C in a unique and similar
environment for certain time periods of 2, 5, 7, 15, and 31
days. The samples are filtrated when they are drenched,
washed with pure distilled water, and then start to dry for
two hours in an electric air oven at 120°C. FTIR, XRD,
and SEM techniques were used to determine the cause of
the production of the layer of Hydroxy Carbonate Apatite
(HCA) on the surface of the bioactive glass sample that
comes in contact with SBE.

2.5 Structural Analysis of Bioactive Glasses

Using a technique FTIR (Fourier Transform Infrared
Spectrometer), the functional groups of glass samples
were investigated at average room temperature when the
frequency range was 4000-400 cm™ (VARIAN scimitar
1000, USA). To create clear, homogenous discs, glass-
ceramic powder of acceptable nature samples and KBr
were assorted in a proportion of 1:100, respectively, and
then the mixes were sent through an evocable die at a
pressure of 10 MPa. In order to prevent moisture assault,
the discs were immediately placed in an IR spectrometer
to measure the absorption spectra. For 2, 5, 7, 15, and 31
days, the sample (one gram) was immersed in 10 ml of
SBEF solution with a pH value of 7.4 in a plastic container
at 37.5°C. The samples were filtered after soaking and
then dried for two hours at 120 °C in an oven. After that,
FTIR analysis is performed.

Table 2. Ton content (mM/litre) of SBF and human blood plasma
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2.6 Mechanical Behavior

Microhardness tests of the bioactive glasses with 6mm
x 6mm x 6mm dimensions being well polished and
performed by a Digital hardness tester by using ASTM
C730-98. The loading that is responsible for indentations
was fluctuating from 30.00 MN to 2000.00 MN, at the rate
of 1.00 mm/s. Microhardness (H) was evaluated using the
formula (2) given below,

H = 1.854 (P/d?) (2)

In this formula, P represents the value of load that
applied load on the sample, and the indication of diagonal
(m) is represented by d (m).

The fine ground glass powder was pelletized into
25x10x10 mm dimensions for a bending test using
3-point. The measurement was performed at 25°C using
Tinius Olsen H10KL (USA) of 0.5 mm/min cross-head
speed at a maximum loading of 10kN. Flexural strength
(o) was assessed with the help of ASTM C1674-11 as (3)
follows

o = (3PL)/ (2bh?) (3)

In the above formula, the value of load applied is
denoted by P and the other parameters as length, breadth,
and height are represented by L, b, and h respectively.

3.0 Result and Discussion

3.1 X-Ray Analysis of 1393 (G-1) and
Replacement of Silica by Boron Trioxide
Glass

The patterns of the XRD for the bioactive glass samples
G1, G2, G3, G4 and G5 are shown in Table 1. The findings
are in stalwart agreement with the idea that the nature
of glass is an amorphous substance; as a result, Figure
3 lacks any peaks, indicating the lack of any crystalline
phase. Replacement of silica in the place of boron trioxide
in the glass network has been intensified by the hump for
20 varying 35 to 25 that depict the dissolving nature of
boron oxide in the matrix of glass®.

3.2 FTIR 1393 (G-1) and Replacement of
Silica by Boron Trioxide Glass
Figure 4, shows (FTIR) absorbance spectra of bioactive

glasses before immersion into the SBE. The trend was
for G1 and G2 to exhibit almost the same peak, at
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Figure 3. X-Ray diffraction of bioglass samples before SBE.

wave numbers 1337 cm™ and cm’, respectively. There
are different peaks at 1030 cm™ and 944 cm™ that are
represented by samples G1 and G2. With the help of the
infrared spectrum band table, it can be concluded that
indications of these peaks ensured the bond of -O-Si-
and bond of -Si-P- bond”*. The other three glasses are
exhibiting peaks in the range 1561, 1555, and 1557 cm™,
1337 cm’!, and 944, 942, and 946 cm™. The 1337 cm™ is
the wave number denoted to the bond of P = O*%. The
1556 cm™ is another wave number that indicates the bond
-Si-P-*%>_ The peaks of the spectrum by FTIR inspection
of G2, G3, G4, and G5 samples have the same behavior as
G1 with a slight change in the intensities of the peaks as
shown in Figure 4.

3.3 Flexural Strength and Microhardness

When the Ions of boron (ionic radius ~1.3A) are replaced
by Si** ions there is no major change in glass structure but
the result of this replacement could show an increment in
the density of the glass''"">. when the mechanical evaluation
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Figure 4. FTIR of bioglass samples after 13 days in SBE
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Figure5. Flexural Strength and Micro hardness of samples
G1, G2, G3, G4 and G5 respectively.

of base glass is performed some crucial results have been
found in this analysis and are micro hardness and flexural
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strength of base glass (Figure 5) is 6.92 GPa and 56.87
MPa respectively while the samples of bioglass after
substitution represent enhancement in microhardness
and flexural strength in (G1, G2, G3, G4 andG5) and
flexural strength in MPa of the samples increases when
the percentage of boron trioxide enhanced. As a result of
the glass powder’s compact molecular structure, adding
boron ions boosted the micro hardness and flexural
strength of the material.

4.0 Conclusion

The XRD examination showed the non-crystalline of the
glass, FTIR absorbance spectra shows the arrangement of
the HCA layer on a superficial level G-1, G-2, G-3, G-4,
and G-5 bioactive glasses after dipping into SBE In this
way, it very well may be closed from the exploratory work
that all the substitution of silica by boron trioxide glass
bioactive glass have shown superior properties. Among
every one of the examples, the G-4 glass is the best one as
it has shown the higher form of the HCA layer. It tends
to be seen from the FTIR graph of G-4 that every one of
the bonds is showing noticeable HCA layer formation.
It also shows that mechanical behavior also enhances
considerably by substituting B,O,. The pre-arranged
bioactive glasses can be utilized with respect to bone
tissue designing applications.
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