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ARTICLE INFO ABSTRACT
Keywords: Doping the glass structure with Bi;Os3 “is known to increase structural stability, and to drastically
Bismuth oxide alter physical parameters including density and molar volume. The goal of this work was to assess
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Nuclear radiation
Radiation protection

3

cm” was found to have exceptional gamma-ray attenuation qualities, according to our findings. It
can be concluded that the prospective attributes of BiO3-doped glass systems and associated glass
compositions would be beneficial for scientific community in terms of providing a clearer view for

some advanced applications of these glass types.

the nuclear radiation attenuation competences of several types of glasses based on the xBi»O3-(70-
X)B203-8Ba0-16Zn0-5.55i02- 0.5Sb203 system. In order to determine the requisite gamma
shielding parameters, as well as effective conductivity at 300 K and buildup factors, five different
glasses with varied BipO3 concentration (i.e., from 10 mol.% to 30 mol.%) were examined
thoroughly. These critical parameters were determined using the Phy-X/PSD program. In addi-
tion, factors such as half value layer (HVL), tenth value layer (TVL), and mean free path (mfp)
were examined over a wide energy range of 0.015-15 MeV. The findings revealed that the
amount of BiyO3 reinforced in each sample is critical in determining the samples’ shielding
abilities. The linear attenuation coefficients (1) and mass attenuation coefficient (uy) values were
reported in the highest level for the sample with the highest Bi;O3 content. For glass sample A5,
the lowest mean free path, half value layer, and tenth value layer values were also reported. The
effective conductivity and effective atomic number had an inverse relationship with photon en-
ergy, meaning that as energy increased, the effective conductivity and effective atomic number
declined fast, especially in low-energy regions. The greatest values for both parameters were
found in glass sample A5. Furthermore, the exposure buildup factor and energy absorption
buildup factor values for glass sample A5 were the lowest. A5 glass sample with the chemical
composition 30Biz03-(70—30) B203-8Ba0-16Zn0-5.58i02- 0.5Sb,03 and a density of 5.8391 g/
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1. Introduction

Industries, medical physics, and nuclear research facilities all benefit greatly from nuclear technology. Besides these fields,
advanced applications of nuclear technologies can be found in agriculture and food technologies, such as plant gene mutation and food
preservation; medicine and nondestructive testing via radiography; radiation shielding and radiation dosimetry via structural char-
acterization of materials; and so on. On the other hand, widespread reliance on radiation does not mean that the risks associated with it
are disregarded. While widespread use of ionizing radiation is not yet a reality, there is a significant increase in the quantity of ra-
diation released by artificial sources to society and the environment. Radiation has a significant ability to permeate the human body,
which can cause damage directly or indirectly through distortion and inheritance to future generations. As a result, individuals have
made significant attempts to limit ionizing radiation’s harmful effects. One of them is to investigate shielding materials, which en-
courages scientists to develop novel shielding materials. Lead and concrete have been proven to be among the most effective materials
in this field after extensive study of their radiation attenuation capabilities by several studies. This is owing to lead and concrete’s high
densities and, as a result, their high ability to attenuate photons and diminish their intensity. Despite their high photon attenuation
ability, these materials have several drawbacks that prevent them from being used in numerous practical applications. These draw-
backs stem from lead’s high weight, which makes it difficult to wear as an apron since it strains the spine; also, lead and concrete are
opaque materials, making it hard to construct face shields or eye protection from them. Most importantly, lead’s toxicity has resulted in
its categorization as a hazardous substance with unfavorable environmental consequences. Concrete is an affordable, durable material
that provides a great resistance against X-rays and gamma-rays. On the other hand, concrete that has been subjected to radiation is
more likely to fracture and lose its moisture content. Instead, glass is one of the most promising materials that has been shown to be
effective in radiation shielding. To replace concrete and lead, glass is a viable option because to its transparency, high homogeneity,
and simplicity of manufacture. As they can accommodate a broad variety of heavy metal components in their matrix, glass materials
show great promise as radiation shields. Since a consequence, several types of glass have found employment in nuclear applications in
recent years, as they may serve as both a transparent radiation shield and a protective barrier. Both its rigidity and its optical char-
acteristics should be somewhat unaffected by irradiation. Glasses’ attenuation capacity may be improved by doping them with heavy
metal oxides (HMOs) or dense metal oxides. Previous studies have indicated that density is positively correlated with attenuation
effectiveness. Lead glass, which is readily accessible, is often used for shielding against nuclear radiation [1-12]. However, lead’s
toxicity meant that drinking out of lead glasses was discouraged. Radiation shielding glasses devoid of lead have been the subject of
several research efforts [13]. Due to its versatility, bismuth oxide glasses have lately gained a lot of interest. High density, high
refractive index, high dielectric constant, and so on are all properties of the produced glasses. In light of this, scientists are curious in
the synthesis, physical features, and radiation attenuation qualities of glasses containing bismuth oxide [14-16]. Mohammad and
Bektasoglu [17] investigated the role that bismuth borate glasses played in determining the gamma-ray shielding capacities of the glass
system, and they found that increasing the quantity of bismuth in the glasses improved their attenuation properties. Bismuth is a
realistic option since it is an HMO with shielding properties comparable to lead’s, with the extra bonus of being environmentally
benign. Bismuth-based glasses, which have a greater mass attenuation coefficient and half-value layer properties, may be preferable to
lead-based glasses for gamma ray shielding applications. Glass modifiers are introduced to the system in order to alter the properties of
the glass. ZnO is one of several transition metal oxides utilized as a chemical intermediate. To alter the system’s shielding charac-
teristics, glass modifiers may lower the melting point and viscosity without changing the system’s chemical properties. Glass with the
highest concentration of Bi203 was found to have the greatest shielding characteristics in an investigation by Sayyed et al. [18] into
the properties of a tellurite germanate glass system including Li»O, ZnO, and Bi203. The goal of this research is to find a suitable
replacement for lead or lead-based shielding materials in nuclear medicine facilities and develop an innovative, highly effective, and
environmentally conscious alternative. In the study by Liu et. al. in which 5 glass structures having Bi»03-B303-Ba0O-ZnO [19]
composition containing different ratios of BizOs3, glass structures and changes in the density, molar volume and thermal properties
were focused on. Increasing Bi203 ratio was both determined to improve the chemical stability of the glass and also increase the
density significantly. These favorable changes were considered to have positive impact on radiation shielding properties, thus the
effectiveness of shielding against diagnostic radiation in nuclear medicine was studied by analyzing these 5 different glass samples
with BizO3 contents between 10% and 30%. In this research, we characterized the gamma-ray shielding characteristics of this
xBip03-(70-x) B203-8Ba0-16Zn0-5.55102-0.5Sb,03 glass system. Each sample’s efficacy and superiority will be scrutinized and
debated as the additive concentration increases.

Table 1

Sample codes, composition, elemental weight fractions and densities of the glass samples.
Sample code B o Si Zn Sb Ba Bi g/cm®
Al 0.186343 0.493873 0.025709 0.128548 0.004177 0.071652 0.089699 4.111
A2 0.170814 0.464552 0.025709 0.128548 0.004177 0.071652 0.134548 4.6973
A3 0.155285 0.435231 0.025709 0.128548 0.004177 0.071652 0.179398 5.0905
A4 0.139757 0.40591 0.025709 0.128548 0.004177 0.071652 0.224247 5.5821
A5 0.124228 0.376589 0.025709 0.128548 0.004177 0.071652 0.269097 5.8391
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Fig. 1. Variation of glass densities from Al to AS5.
2. Materials and methods

The gamma ray shielding properties of five different glasses with the chemical composition xBizO3-(70-x)B203-8Ba0-16ZnO-
5.58i05-0.5Sby03 (Where x = 10-30 mol.%) were extensively investigated. Glass samples A1, A2, A3, A4, and A5 were made using the
conventional melt-quenching technique, as described in the cited research [19]. Densities of Glass Samples Al, A2, A3, A4, and A5
were reported to be 4.111 g/cm®, 4.6973 g/cm®, 5.0905 g/cm®, 5.5821 g/cm®, and 5.8391 g/cm® in the cited research [19]. (See
Table 1). Here, one can see the technical details and the computed parameters for nuclear radiation shielding. Radiation attenuation
parameters of the samples were calculated using Phy-x PSD software [20].

2.1. Investigated nuclear radiation shielding properties of glass samples

The mass attenuation coefficient may be simplified by knowing the Lambert-Beer law, which is expressed in Eq. 1.
I= ILe™ @

Primary radiation intensity (Ip), attenuated radiation intensity (I), attenuator thickness (t), and the linear radiation attenuation
coefficient (u) are all represented by the equation. [21]. Using the measured p values, we calculated the glass samples’
density-independent radiation attenuation property by computing their mass attenuation coefficients (uy) [22].

Ho == @

After passing through an attenuator material, a photon typically travels a distance equal to its mean free path (mfp), which can be
calculated with the help of Eq. 3.

1
MFP = — 3)
U

Based on Eq. 5, the half value layer (HVL) is the thickness of the attenuator required to lower the radiation intensity by half.

in (2)

HVL = ()]

The thickness of the attenuator needed to lower the radiation intensity by a tenth is referred to as the tenth value layer (TVL) [23,24].
In order to calculate it, we use Eq. 5:

6]

The technical and theoretical information about the critical gamma-ray absorption parameters calculated in this study can be obtained
from previous studies in the literature and, elsewhere [25-30] (Fig. 1).
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Fig. 2. Variations of linear attenuation coefficients (ecm™) as a function of photon energy (MeV) for A1-A5 glasses.
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Fig. 3. Variations of mass attenuation coefficients (cm?/g) as a function of photon energy (MeV) for A1-A5 glasses.
3. Results and discussion

In this work, the gamma-ray attenuation properties of five distinct glass samples were thoroughly studied using various types of
critical calculations. The samples were previously prepared from a system consisting of xBi;O3-(70-x) B203-8Ba0-16Zn0-5.55i05-
0.5Sby03 (Where x = 10-30 mol. %). The variation in the linear attenuation coefficient (1) of the analyzed glass samples is shown as a
function of photon energy in Fig. 2. Photons can get their energy in one of two methods, both of which include certain types of in-
teractions between the incident photons and the electrons on the orbit of the atoms. Through one situation, the photon is completely
absorbed, but in the other, just a portion of the photons are absorbed, allowing the rest to be scattered [31]. It would appear that
photons with lower energies (0.1 MeV) have been greatly affected from photoelectric effect. The probability of this interaction
occurring substantially rises with each successively higher atomic number. When photons have a medium to high energy (i.e., more
than 0.1 MeV), the Compton effect may be seen most effectively. When photons have an energy that is more than 1.02 MeV, a phe-
nomenon known as pair production may take place. It is acceptable to suppose that the linear attenuation coefficient is
energy-dependent and varies with the energy of the photon given the sorts of interactions that have been described. Fig. 2 depicts the
variation of the linear attenuation coefficients as a function of incident photon energy (MeV). It is seen that a sharp drop between the
0.015 MeV and 0.08 MeV, which is the zone where the photoelectric impact is most frequent. The first zone in the graph exhibited a
gradual decline, much as the second zone, which referred to the predominance of Compton scattering and exhibited a smooth drop.
Based on the findings, it seems that the values for the A5 glass sample were the highest. The presence of BizO3 in the sample provides
sufficient evidence to support this assumption. When compared to the other samples, A5 stands out as having the greatest density (i.e.,
5.8391 g/cm3) as well as the highest percentage of Bi;O3 amount in its structure (see Table 1). The increase in the amount of Bi»O3 that
was present in the glass samples was responsible for the precipitous increase in density. The sample with 10 mol.% Bi»O3 (also known
as A1) has the lowest density (4.111 g/cm>) among the investigated glass samples, while the sample with 30 mol.% Bi;O3 (also known
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Fig. 4. Variations of half value layer (cm) as a function of photon energy (MeV).
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Fig. 5. Variations of mean free path (cm) values as a function of photon energy (MeV) for A1-A5 glasses.

as A5) has the greatest density (5.8391 g/cm?®) This situation is driven about by the fact that Bi has a greater atomic number than Z,
which is equal to 80. In Fig. 3, we illustrated that how the mass attenuation coefficients (u,) varies as a function of the energy of the
photon. One way to express the rate of attenuation is to consider it in terms of the mass of the substance that photons collide with. The
mass of an attenuator’s total area, rather than its total mass, is the factor that determines the rate of attenuation it produces [32]. The
mass attenuation coefficient is a criterion for assessing the shielding qualities of a material that is independent of the substance’s
density. In this research, the values of the samples’ u,, were estimated using photon energy ranges that ranged from 0.015 MeV all the
way up to 15 MeV. Fig. 3 depicts the distribution of yir, as a function of the incoming photon energy for all of the glass samples that were
investigated. There is a variation pattern that can be compared to the one observed in u values. The prevalence of the aforementioned
interactions was also given in terms of their p values. The density of the glass samples has been shown to exhibit gradual fluctuations,
which may be the cause of this similarity. A similar trend is expected because y, values can be calculated by dividing density by u. The
variation in ym values has been shown to be affected by the incoming photon energy as well as the chemical compositions of the glass
samples. The difference in energy levels is clearly discernible across three distinct zones. In the low energy range, where the photo-
electric effect is the predominate mechanism in the interaction, the yum values drop down dramatically as the gamma energies increase.
The rate of decrease slowed down as the energy increased. In the second area, the predominance of Compton scattering showed an
equivalent declining trend. On the other hand, it was found that the values of u,, decreased as the gamma-ray energy increased. Sample
AS5 has the highest up, values across the range for the various photon energies. For example, the values of u, were reported to be 0.850,
1.101, 1.352, 1.602, and 1.853 cm?/g for glass samples A1, A2, A3, A4, and A5, respectively, when exposed at 0.8 MeV gamma-ray
energy. The increase in the mass attenuation coefficient that is brought on by a greater concentration of Bi;O3 might be connected to a
larger mole fraction of a component with a higher atomic number (Bi) in contrast to the mole fractions of other elements. Research on
radiation shielding uses an essential term namely HVL, which is also known by the notation T;,. This term is significant since it
enables the calculation of the minimum required thickness of the shielding material that should be used to reduce the primary
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Fig. 7. Variations of equivalent atomic number (Zeq) values.

gamma-ray intensity to its half. This is because radiation-based investigations need selecting the most proper shield in advance
depending on the type and energy of the radiation that is being utilized. As a consequence of this situation, the quantity of HVL
required for every possible form of shielding material has to be determined. Fig. 4 shows the relationship between the incoming photon
energy and the HVL (cm) values of the different glasses that were investigated. The linear attenuation coefficients and the HVL values
have an inverse connection with one another. Eventually, it is reasonable to suppose that the sample with the greatest values of the
linear attenuation coefficient would have the lowest values of the HVL. According to the results of this study, the A5 sample had the
highest density and linear attenuation coefficients, although having the lowest HVL values. For instance, the HVL values reported for
glass samples A1, A2, A3, A4, and A5 at 0.1 MeV were correspondingly 0.198, 0.134, 0.101, 0.077, and 0.064 cm. The MFP values, on
the other hand, for the various glass samples that were analyzed are shown in Fig. 5. The MFP, along with the HVL, should be as low as
possible. As the mean free path (MFP) becomes smaller, the distance between two consecutive contacts gets shorter, which suggests
that the attenuation ability of materials of equivalent thickness becomes more relevant. Therefore, the performance of each and every
gamma-ray shielding media may be directly represented by the MFP value [33]. Fig. 6 illustrates the variation that occurs in the values
of the effective atomic number (Z.¢) of the glass samples that were tested as a function of the input photon energy (MeV). According to
Fig. 6, the sample A5 has the greatest Z.¢ values, while the sample A1 has the lowest Z¢ values. These results can be seen by comparing
the two samples. This is due to the fact that Z.g increases as the amount of Bi;Os present is increased (Z = 83). According to our data,
the point at which the Z.¢ value was at its highest for the A5 sample was 0.02 MeV, and it was 57.84. In addition, the peak seen at
around 0.1 MeV may be due to Bi’s k-absorption edge being responsible for it. In order to compute the exposure buildup factor (EBF)
and the energy absorption buildup factor (EABF), the geometric progression (G-P) fitting method was used. This resulted in the
establishment of equivalent atomic numbers (Z.q) for the five different types of glasses. The variant of Z is seen in Fig. 7. According to
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the given graph, there was a discernible rise in the amount of activity in the low-energy zone. Thereafter, there was an abrupt decline
up to the photon energy of 1 MeV, which was then followed by a slow decrease. At 1 MeV, the greatest Z.q values that were recorded
were 42.59, 46.88, 50.42, 53.48, and 56.21 for glass samples with the designations A1, A2, A3, A4, and A5, respectively. Despite this,
the A5 sample had the greatest Z.q values across the board for the various photon energies. Fig. 8 illustrates how the effective con-
ductivity (Cegf) varies across all glass samples when measured at 300 K (s/m). An attenuating shielding material’s effective conduc-
tivity Cegs (s/m) is proportional to the effective electron number per gram when measured at a temperature of 300 K, which
corresponds to room temperature. As can be observed in Fig. 8, the Ces values experience a rapid decrease with increasing photon
energy, particularly in the zone, where photoelectric interactions are dominant [34]. In addition, the sample with the largest amount of
Biy03, sample A5, also has the highest Ce¢ values across the board for all photon energies. Meanwhile, the term of buildup factor is a
correction factor for dispersed radiation that compensates for secondary particles in the medium. It is sometimes referred to as the
buildup coefficient. It is necessary to take into consideration the factors of accumulation in order to properly account for the accu-
mulation of secondary ionizing radiation. As a consequence of this, the buildup factor is a multiplier that takes into consideration both
the contribution of scattered photons and the reaction to photons that have not been scattered. There are two sub-definitions of the
word "buildup factor." These sub-definitions are the exposure buildup factor (EBF) and the energy absorption buildup factor (EABF).
The G-P fitting method was used to determine the EBF and EABF values of five different glass samples, and the results ranged between
0.5 and 40 mfp. The variation of EBF and EABF values shown in Fig. 9 as a function of energy, measured in MeV, for a range of different
mfp values. When the incoming photon energies are lower, the depth-dependent absorption rises until it reaches a maximum in the
intermediate energy range, after which it begins to decline. This continues until the incident photon energies are high enough to cause
a reduction. The vast majority of gamma-ray absorption takes place at energies lower than that at which the photoelectric effect is
predominate and energies higher than that at which pair formation interactions are predominate. In certain energy zones, the
accumulation of photons is restricted. However, at intermediate energies, the process that is most often seen is called Compton
scattering. This mechanism includes photon absorption but does not result in an absolute loss of photons. As a direct consequence of
this, EBF levels in the Compton region have reached an all-time high. In the course of this investigation, it was discovered that sample
AS5 had the lowest EBF values. It is important to take note that the EBF values will drop to a lower level as the sample’s amount of BipO3
increases. For example, the EBF values for glass samples A, A2, A3, A4, and A5 were reported to be 60.788, 48.511, 40.267, 34.110,
and 29.376 at 1 MeV and 40 MFP, respectively. These values were found to be the highest at 1 MeV. The variance in EABF is also seen
in Fig. 9 for A1-A5 glasses. The fluctuation pattern that is seen by EABF is somewhat comparable to that of EBF. In a similar manner, the
values are lowest for sample A5, which has the greatest concentration of BixO3.

4. Conclusion

It is known that doping the glass structure with Bi2O3 renders the glass structure more stable, in addition it is known to significantly
change physical properties such as density and molar volume. Considering that increase in BisOs in the glass structure having BizOs-
B203-Ba0-ZnO composition would increase glass density significantly and would also change and improve radiation shielding
properties of the glass distinctly, we have focused on the radiation shielding properties of 5 samples from the abovementioned glass
series. Across a broad spectrum of input photon energy, we set out to compare the nuclear attenuation shielding capabilities of five
glasses belonging to the xBizO3-(70-x) B203-8Ba0-16Zn0-5.5Si0,-0.5Sb,03 system (0.015-15 MeV).

e The density of the samples increases linearly from 4.111 g/cm® to 5.8391 g/cm® when the amount of BiyOs in the samples rises
from 10% to 30%.



G. ALMisned et al.

= 05mfp
~@— 1mfp
—A—2mfp
—¥-3mfp
~O— amfp
——5mfp
6mip
7mfp
~—— 8mfp
~—10mfp
~@— 15mfp
~—— 20mfp
~—>4 25mfp
—- 30mfp
—— 35mip
—+— 40mfp

Exposure buildup factor (EBF)

Sample: A1

—m—05mip
—&— 1mfp
A 2mfp
3mfp
~& 4mfp
—— 5mfp
—p—6mip
—&—7mfp
—— 8mfp
- 10mfp
~3- 15mip
20mfp
—>¢-25mfp
~—>— 30mfp
—— 35mfp
—— 40mfp

Exposure buildup factor (EBF)

Energy (MeV)

Sample: A2

100 4

—8-0.5mfp
—@—- 1mfp
—A 2mip
3mfp
O 4mip
—4—5mip
—p—6mfp
—&—7mfp
—H— 8mfp
—&- 10mfp
~- 15mfp
20mfp
<~ 25mfp
107 = 30mfp
-~ 35mfp
—+— 40mfp

Exposure buildup factor (EBF)

0.1 1
Energy (MeV)

Sample: A3

Energy (MeV)

Energy absorption buildup factor (EABF) Energy absorption buildup factor (EABF)

Energy absorption buildup factor (EABF)

100 A

10

Optik 272 (2023) 170214

—m- 0.5mip
—@- 1mfp

—A—2mip /
3mip

O 4mfp ,l

——5mip 1

—p—6mip

—&—7mfp

—%— 8mfp ’

—@- 10mfp

~2— 15mfp

20mip / °\
—<— 25mfp W/ s

—¥-— 30mfp I D

—— 35mfp
—+— 40mfp

100 4

104

Energy (MeV)

—m-05mfp Sample: A2
—@- 1mfp
—A— 2mfp
3mip
O~ 4mfp
—d-5mfp
- 6mfp
—@-7mfp
—k— 8mfp
—&- 10mfp
~2- 15mfp
20mfp
—>< 25mfp
—%- 30mfp
—— 35mfp
—+— domfp

100

0.1 1 10
Energy (MeV)

Sample: A3

- 0.5mip

T T T

0.1 1 10
Energy (MeV)

Fig. 9. Variation of exposure buildup factors (EBF) and energy absorption buildup factor (EABF) of investigated glasses at different mean free path
values (from 0.5 mfp to 40 mfp).



G. ALMisned et al. Optik 272 (2023) 170214

—=-05mip

—@- 1mfp 100
2mfp
3"\:9 . —m-05mfp
mfp [ ~0- 1miy
10000 + < smip @ 2mip
™ —p— 6mip < 3mfp
) —@-7mfp EJ/ 4mfp
w —&— 8mfp - ——5mfp
= - 10mip S - 6mip
<] 15mfp © & 7mip
+ 1000 4 20mfp S —k—8mfp
g 25mfp o —@- 10mfp
b %~ 30mfp = 15mfp
Q —— 35mfp S 20mip
= i 25mfp
e} Aomép E 10 4~ 30mfp
=1 a —— 35mfp
a 100 '5 —— domip
2 g
a o
a @
o o
Z 10 g
w 3
5]
c
4T}
14 14
T T T
0.1 1 10
Energy (MeV) Energy (MeV)
8 -
10 —m-05mip 100
- 1mfp — - 05mip
. 2mfp ™ o 1nip
107 4 3mfp m 2mfp
. 4mfp < 3mip
i —4—5mfp w amfp
om 1 05 i —p— 6mfp - - 5mfp
I:I_J/ —@-7mfp .Q 16mlp
—k— 8mfp 15 7mip
] —@ 10mfp ke k- 8mip
= 5 ~@- 1omfp
o 10° 4 15mfp Q 15mif
o] 20mfp S Somtn
w— mfp
25mip S 25mf
Q = p
S 4 —#—30mfp =} —¥- 30mfp
2 10% 4 —— 35mip a 104 —amp
= —+— 40mfp c —— 40mip
el o
2
< =3
> [o]
173 @
o Qo
g_ ©
>
u =
[}
c
w

0.1 1 10
Energy (MeV) Energy (MeV)

Fig. 9. (continued).

e The greatest attenuation of gamma rays was seen in the sample with the highest Bi;O3 concentration, demonstrating that BizO3
reinforcement has a great potential in terms of improving the anti-nuclear radiation characteristics.

We may further describe the results of this investigation as follows: the u., values at 0.8 MeV were 0.850, 1.101, 1.352, 1.602, and
1.853 cm2/g for glass samples A1, A2, A3, A4, and A5, with the greatest values found in glass sample A5. Based on our results, sample
A5 had the minimum T; /5 values throughout the whole spectrum of photon energies investigated. Further, both the Zegr and Cefr values
for sample A5 were the highest of all the samples. Sample A1 (10 mol. % BiyO3) was found to have the highest EBF and EABF values,
whereas sample A3 (30 mol. %) was claimed to have the lowest (i.e., A5). We found that the A5 glass sample is better at absorbing the
incident nuclear radiation type, demonstrating that the addition of Bi,O3 to the glasses significantly improves their already good
shielding qualities. Finally, we would like to provide some suggestions for follow-up research that may be conducted as part of the
scientific community’s continued work on the present promising glass system. In this study, we provided in-depth findings after
considering a variety of factors. While the suggested glassy system shows promise, it will need continued optimization and
improvement due to the considerable material features associated with glass materials. A general view of the Bi;O3 incorporated
glasses samples was provided based on the information supplied. The proposed glass system, however, requires ongoing work in terms
of overall optimization and improvement because of the significant material attributes associated with glass components.
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