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Avrticle info ABSTRACT
First Submission Background: Tin(IV) oxide (SnO>) has favorable photon shielding properties due to its
21" June 2023 high atomic number (Z), which enables effective attenuation of gamma rays and X-rays.
Revised When incorporated into bioactive glasses, SnO, dopants enhance the overall photon

shielding performance of the composite material. The high Z of Sn (Z=50) assists in
attenuating the photons through photoelectric effect, Compton scattering, and pair
Accepted production mechanisms.
14t September 2023 Objective: The research is to assess photon and neutron shielding competence of SnO-
reinforced 22Na,O —15B,03 —45P,05— (18 — X) KO — xSnO; (NBPK) (x =0, 2, 4, 6, 8,
and 10 Mol% ) bioactive glasses for better radiation shielding.
Methods: In this study, the melt quenching process is assumed in making the glass
system 22Na;0 —15B,03 —45P,05— (18 — x) K20 — xSn0,, x =0, 2, 4, 6, 8 and 10 mol
%) using NHiH;PO4, H3BO4, Na,COsz, K,CO3 [12]. Computational approach was
applied to estimate for each value of x. The nominal compositions of the prepared
glasses were given as S1-S6 and was run in the WinXCOM software. The XCOM code
is a database for calculating mass attenuation coefficients at different photon energies
[11, 13].The obtained value from WinXCOM (S1-S6) were transported to excel for
further calculations and thereby taken to the origin software for graph plotting.
Results: The result of the simulation shows that as energy changes, the Mass attenuation
coefficient (MAC) values of all the glass samples change in a similar way. As a result,
the MAC values tend to be in the order of S1 < S2 < S3 < S4 < S5 < S6 for the majority
of the energy spectrum. S1-S6's LAC maximums were 0.08, 0.45, 0.59, 0.71, 0.80, and
0.92, respectively. The greatest HVT was acquired for all glass tests with values 65.56,
13.28, 11.18, 10.26, 9.81, and 9.16 cm for S1-S6 accordingly. .
Conclusion: The calculated radiation interaction parameters revealed that S6
outperformed the other five bioactive glasses in this study as a photon, proton, and
neutron absorber. In general, photon shielding applications may benefit more from the
studied bioactive glasses than conventional concrete.
Keywords: WinXCOM software, effective electron density, mass density, Mass
attenuation coefficient (MAC), linear attenuation coefficient (LAC), Mean free path
(MFP), Halve value thickness (HVT), and Effective atomic number (Zeff).
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Introduction

Radiation poses the greatest threat to humans and the
environment today. Due to the increasing use of
radiation in a variety of fields, it is therefore necessary
to find suitable alternative shielding materials.
Presently, lead (Pb) and conventional concrete are
regarded as ideal neutron shielding materials, but they
are prohibitively expensive, toxic, and ineffective [1,
11]. Finding radiation shielding materials that are
useful, inexpensive, non-toxic, and effective has been
the subject to a lot of researchers up to this point. It has
been suggested that numerous commercial glasses,
concretes, rocks, and alloys glasses are competing for
radiation shielding materials [2, 10]. Glasses are
increasingly being used as protective materials in
applications that utilize radiation to absorb incoming
photons that may harm workers and patients
surrounding the radioactive source. There are currently
hundreds of applications for radiation in a variety of
fields, including energy generation and medicine [3].
Despite the benefits of radiation, precautions must be
taken when dealing with radioactive sources as high-
energy photons can be extremely harmful to the human
body [4, 5]. Depending on the application, a variety of
materials are frequently utilized for this purpose.
Concrete is typically used as the absorber to line the
walls of X-ray rooms because of its practicality and
effective attenuation of X-rays. Despite the fact that
concrete is susceptible to cracking and loses its water
content after prolonged radiation exposure, it is
sometimes necessary to use other materials because of
this. Low glass transition temperatures, high thermal
expansion coefficients, and low optical dispersions are
just a few of the desirable characteristics of these
glasses. They are likewise incredible attenuators
against a large number of frequencies, have a high
dielectric consistent, and low phonon energy [8, 9].
This work will therefore assess photon and neutron
competency of SnOz-reinforced with 22Na20 —15B203
—45P205 — (18 — x) K20 — xSnO ( x < 10 Mol% )
bioactive glasses for better radiation shielding.
Materials and Methods:

In this study, the melt quenching process is assumed in
making the glass system 22Na20 —15B203 —45P20s —
(18 — x) K20 —xSnO2,x =0, 2, 4, 6, 8 and 10 mol %)
using NHzH2POs, HsBOs4, Na2COsz, K2COs [12].
Computational approach was applied to estimate for
each value of x. The nominal compositions of the
prepared glasses were given as S1-S6 and was run in
the winXCOM software. The XCOM code is a
database for calculating mass attenuation coefficients
at different photon energies [11, 13].The obtained
value from winXCOM (S1-S6) were transported to
excel for further calculations and thereby taken to the
origin software for graph plotting.

Calculation of radiation interaction parameters
The absorption of photons within any medium, may be
described by several parameters. According to the
Beer—Lambert equation, the transmission (Tx) of
photons may be macroscopically represented by:

T,_e % (1)

Where T, is the ratio of transmitted and incident
measurable quantity (x) of the photon. X could be dose
(energy or number flux/fluence) [13]. The absorber
thickness is represented by t while the parameters p is
referred to as the linear attenuation coefficient (LAC)
of the absorber. Generally, LAC is a function of
absorber thickness, photon energy, and the chemical
nature of the medium. When LAC is divided by the
density of the absorber it is called mass attenuation
coefficient (MAC) defined as:

MAC = %z T 2)

With p the mass density of the absorbing medium. In
contrast, LAC, MAC is dependent not only on
thickness but also on the nature of the absorbing
material and the energy of the photon.

The sum of all possible photon absorption cross -
sections, photoelectric (PA), Compton scattering, and
photon pair production in the absorber is referred to as
MAC [6]. Comparing the relative photon absorption
capacities of various media can be done with the help
of MAC and LAC.
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Many other parameters can be adopted to measure the
photon absorbing capacity of a different photon
interacting medium. These are: mean free path (MFP),
half-value layer (HVT), and the effective atomic
number (Zerr). They are related to LAC or MAC
according to equations 3 -5.

MFP = % (3)
HVT = ”‘72 4
i l(p)l (5)

Zeff = SWiAT
e Z]VZ:]A](%)J,

Where, W;, Z;, and A; is the mass proportion, atomic
number, and atomic mass number of the ith elemental
component of the absorbing glass. The MAC values of
S1-S6 glasses were evaluated through the use of
WinXCOM computer code for photon energies
between 0.1 MeV and 10 MeV. Equation 1-5 were used

Table 1. Codes, Chemical compositions and Densities of the glasses

to calculate LAC, MFP, HVT, and Zer respectively
[12].

Results:

The shielding competencies of 22Na:O -15B203 —
45P205— (18 — x) K20 — xSnO2 metal oxide of different
mixing ratio (x = 0, 2, 4, 6, 8, and 10 mol% ) was
investigated. The WinXCOM computer software was
used to generate the mass attenuation coefficient for the
energy range 0.10 to 10 MeV. The linear attenuation
coefficient, halve value thickness, mean free path and
effective atomic number were calculated for
comparisons between the glasses S1, S2, S3, S4, S5and
S6 in search for good shielding materials. The chemical
compositions and densities of the investigated glasses
are summarized in Table 1 and the comparisons are
shown in Figure 1, 2, 3, 4 and 5 respectively.

Glass mixture Weight fraction Density

Code B O Na P K Sn

S1 0.05 0.44 0.16 0.20 0.15 0.00 2.31

S2 0.05 0.45 0.16 0.20 0.13 0.02 2.38

S3 0.05 0.45 0.16 0.20 0.12 0.03 2.42

S4 0.05 0.45 0.16 0.20 0.10 0.05 2.47

S5 0.05 0.45 0.16 0.20 0.08 0.06 2.51

S6 0.05 0.45 0.16 0.20 0.07 0.08 2.56
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Figure 1. MAC values as a function of photon energy Figure 2. LAC values as a function of photon energy for
for NBPK-glasses NBPK-glasses.
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Figure 3. Half Value thickness values as a function of
photon energy for NBPK-glasses.
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Figure 5. Effective Atomic Number (Zesr) values as a function of
photon energy for NBPK-glasses.

Discussion:

The study conducted by Rammah et al. [12] in 2021 on
SrO-reinforced potassium, sodium, borophosphate,
bioactive glasses is comprehensive and provides
valuable insights into the properties and radiation
attenuation competence of these materials. The optical
absorption spectra and the calculated MAC, LAC,
HVT, and MFP values provide essential information
about the radiation attenuation capabilities of the
glasses. The trend of decreasing MAC and LAC values
with increasing SrO content indicates improved
radiation absorption properties. This aligns with the
authors' assertion that the studied bioactive glasses
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Figure 4. Mean free path values as a function of
photon energy for NBPK-glasses.

could perform better than ordinary concrete for photon
shielding applications.

This study investigated the photon shielding
capabilities of glass samples with different
compositions, specifically varying amounts of sodium
oxide (Na20), boron oxide (B203), phosphorus
pentoxide (P20s), potassium oxide (K20), and tin (1V)
oxide (SnO2). To assess the shielding efficiency,
various parameters such as mass attenuation coefficient
(MAC), linear attenuation coefficient (LAC), half
value thickness (HVT), mean free path (MFP), and
effective atomic number (Zefr) were calculated across a
range of photon energies (0.1 to 10.0 MeV).

Variation of MAC and LAC with Energy:

The MAC and LAC values for all glass samples follow
similar patterns with changes in photon energy. The
graphs (figure 1 & 2) show three distinct peaks at 0.8,
3.0, and 7.0 MeV, which can be attributed to the K-
absorption edges of the Sn atoms in the SnO:2
component of the glass. The maximum (minimum)
MAC values were 0.17 (0.02), 0.20 (0.02), 0.22 (0.02),
0.23 (0.02), 0.26 (0.02), and 0.29 (0.02) and The LAC
maximum were 0.08, 0.45, 0.59, 0.71, 0.80, and 0.92
cm2/g for S1- S6 respectively. Based on the MAC and
LAC values, it can be suggested that the increase in the
SnO2 content of the glass leads to increase in the
effective electron density and mass density of the
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material thereby leading to better photon attenuation
capacity [6].

The HVT values of all glass samples increase with an
increase in photon energy but show a slight drop at the
end (figure 3). The highest HVT values are obtained for
S1 (lowest SnO2 content) and decrease as the SnO:
molar concentration increases in the glass matrix 65.56,
13.28, 11.18, 10.26, 9.81, and 9.16 cm for S1 - S6,
respectively. This trend is consistent with the results of
MAC and LAC and also consistent with the findings of
Rammah et al [12]. The decrease in HVT with increase
in SnO2 corresponds to the increase in MAC and LAC
values for all energies. Thus, the increase in SnO2
improve the photon shielding parameter of HVT [2, 3,
5].

The trend of mean free path (MFP) with energy and
glasses' content follow the same behavior as that of
HVT (figure 4). Higher MFP implies that photons
travel through longer distance before interacting,
hence, higher HVT [7, 8, 10]. This means that more of
such material's thickness is required to shield photon
absorption to a certain level compare to one with lower
HVT values [7, 8]. Generally, the MFP is lower at
lower energy, increasing with energy and decreasing
with increase in SnO2 across the glass species. The
maximum values of MFP were obtained with
magnitudes of 12.31, 2.22, 1.69, 1.42, 1.25, and 1.08
cm respectively for S1-S6. The reduction in the
magnitude of MFP as SnO: content of the glass
increased is consistent with the results of MAC, LAC
and HVT.

However, the measure of electron number present in a
composite material is given in terms of the effective
atomic number (Zesr) [9, 10, 11]. The Zess of all the glass
samples as function of photon energy is given in Figure
5, the Zesr had overlaps each other at 0.16 MeV. These
are due increase in the number of electrons available
per mole for photon interactions. The increase in Zesr is
directly responsible for the lower MFP, HVT, and
higher MAC values as Sn molar concentration
increased in the glass samples. Generally, the photon
shielding capacity of the glass was improved as the
SnOz concentration was increased.

Overall, the results suggest that increasing the SnO2
content in the glass composition leads to enhanced
photon shielding properties, making the glass more
effective for attenuating photon interactions. The
findings are essential in understanding the behavior of
the glass samples at different photon energies and can
be valuable for applications where effective photon
shielding is required, such as in radiation shielding
materials for medical and industrial purposes.
Conclusion

The study presents a comprehensive analysis of the
photon shielding capabilities of glass samples with
varying SnOz content. The findings provide valuable
insights into the role of SnO2 in enhancing the photon
attenuation capacity of the glass and hold promising
implications for the development of efficient radiation
shielding materials. With further research and
refinement, these glass composites have the potential to
contribute significantly to advancements in radiation
protection technologies across various sectors.

The density of the prepared glasses has been found to
increase with an increase in the SnO2 content, whereas
an opposite trend has been observed in the molar
volume.

Therefore, the results of the calculated radiation
interaction parameters showed that S6 is a better
photon, proton and neutron absorber compared to the
other five bioactive glasses in this study. Generally, the
studied bioactive glasses can function better than
ordinary concrete for photon shielding applications.
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