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1. Introduction

The study of metal oxide-modified tellurite glass systems for radiation shielding presents a fascinating
crossroads of materials science and nuclear engineering. Basically, tellurite glasses are TeO2 with other
added oxides that have been studied for their unique properties: high refractive index,[1,2]good
thermal stability, [3] and excellent optical transmission in the infrared region. [4-6] These features make
them attractive hosts for different applications, including telecommunications, photonics, and
sensing.[1] The addition of metal oxides to tellurite glass matrices can add to their potential use in
radiation shielding.[8] There are metal oxides that have high atomic numbers; examples include PbO,
Bi203, and WO3,[3] which can interact effectively with ionizing radiation and hence reduce its
penetration in a material.[4]-[7] Most probably, the work will be focused on the detailed study of
composition-property relationships of the modified tellurite glass systems. ZnO, in combination with
other materials, can be used for radiation shielding, especially in medical and industrial settings. It's
been used in nanocomposite forms to provide protection from various forms of radiation, including X-
rays and gamma rays.[14,15 ]

The growing use of radiation in fields like medical imaging, nuclear power generation, and industry
has raised the demand for efficient materials for shielding against radiation. Tellurite glasses have
emerged as potential candidates because of their structural features, high density, and transparency to
visible light. Among these, binary and ternary tellurite glasses are of particular interest for their
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potential to provide enhanced radiation shielding. [12,16] In summary, research into tellurite glass
systems enhanced with metal oxides offers significant potential for advancing the development of
high-performance materials designed to attenuate the detrimental effects of ionizing radiation. Such
materials hold considerable promise for diverse applications, including industrial, medical, and nuclear
sectors, where effective radiation shielding is critical. [12,13,17-19] Prior research has demonstrated
the attenuation characteristics of TeO.-based glasses, including diverse metal oxides, both theoretically
and empirically. M.S. Al-Buriahi et al. have explored the influence of TeO: on modifying the radiation
shielding capacity of calcium boro-tellurite glasses. Aljawhara H. Almugrin et al. have established the
efficacy of the Phy-X program in quantitatively evaluating the radiation shielding capacity of glasses
and materials. Ravangvong et al. have explored the influence of WOs on the radiation shielding
efficiency of the binary tellurite glass system of composition WOs—TeO:. Tijani S.A. et al. have
explored the influence of TeO. and Bi:Os on the efficacy of the radiation shielding of lead-free
transparent bismuth tellurite glasses with special focus on the region of low gamma energy. Al-
Hadeethi and Sayyed have applied the Phy-X software for the analysis of the influence of the variation
of the content of BaO from 40 to 50 mol% on the radiation shielding capacity of CaF»-BaO-P20s
glasses. Sayyed et al. have also explored the influence of ZnO in the TeO2-ZnO-Fe:0s glass matrix on
the radiation shielding characteristics of the latter using Phy-X software for energy levels of 0.284 to
2.506 MeV. They have also compared the attenuation of their glass system with that of other glasses
at 0.662 MeV.

The radiation shielding properties were theoretically investigated using the Phy-X software, a
computational tool renowned for its accuracy in analyzing material performance against radiation.

In this study focuses on the comparative evaluation of radiation shielding properties in binary tellurite
glass samples in the form TeO: + ZnO, TeO: + WOs, TeO: + Bi20s, TeO: + PbO and ternary tellurite
glass samples in the form TeO2 + ZnO + WOs, TeO2 + ZnO + Ta20s, TeO2 + WOs + Bi20s, TeO2 +
Bi20; + PbO, and TeO: + PbO + ZnO, Notably, critical parameters such as the mass attenuation
coefficient (up), effective atomic number (Z.r), effective electron density (Neg), half-value layer
(HVL), tenth-value layer (TVL), and mean free path (MFP) have been calculated and compared to
examine the efficacy of such materials for attenuation of various types of radiation. By systematic
comparison of the parameters, this work aims to identify the most effective glass composition with
optimal shielding performance. Results are likely to yield valuable information for the design and
fabrication of new materials for the purpose of radiation shielding.

Furthermore, computational modelling and simulation techniques may complement experimental
efforts, providing insights into the essential processes regulating radiation interaction inside the glass
matrix. This interdisciplinary approach enables the optimization of glass composition to achieve the
desired balance between radiation shielding effectiveness, mechanical properties, and other relevant
factors.[20,21]

2. Materials and methods

The determination of photon attenuation properties of materials is of crucial relevance in designing
new advanced shielding solutions for radiation. Manually computing photon attenuation parameters
with precision is inherently cumbersome and time-consuming when selecting and classifying materials
for shielding applications in various areas of technology. It is hence critical to compute such parameters
rapidly, conveniently, and with precision either across the continuous energy range or at specific energy
points to select the most suitable material from a set when designing new shielding systems. In this
research work, we employed the simple-to-use web-based Photon Shielding and Dosimetry (Phy-
X/PSD) program [21] to compute shielding- and dosimetry-related quantities. With this program, one
can compute eighteen photon attenuation parameters at any selected energy point within minutes. It is
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enough for users to provide the chemical composition of the material, density, and energy values, upon
which the program outputs the corresponding photon attenuation values. Out of the eighteen computed
parameters, the most crucial for the determination of the photon attenuation ability of any material is
the mass attenuation coefficient (L) because it quantitatively characterizes the photon-material atomic
structure interaction. Additionally, pp is also the basis for the computation of other quantities such as
electron density N, linear attenuation coefficient p, and effective atomic number Z.i, among many
others.[22]

Gamma rays of certain energies are attenuated in matter through three primary mechanisms of
interactions: the photoelectric effect, Compton scattering, and pair production. The intensity of the
radiation falls off exponentially as it passes through the thickness of the absorbing material
quantitatively described by the equation of exponential attenuation.:

(1) [=le M

Here, 10 and I are the incident and transmitted y-ray intensities, respectively, xx is the absorbing
medium thickness, and p is the linear attenuation coefficient with units of cm—1. Linear attenuation
coefficient p is one of the most critical shielding parameters and is a function of y-ray energy and
absorbing material composition.

The other shield parameters, such as half-value layer (HVL) and tenth-value layer (TVL), were also
calculated using Egs. (2) and (3). They are the absorber thicknesses required to reduce the y-ray
intensity to 50% and 10% of their initial values, respectively.[23,27, 29-45]:

) HVL = ==

3) TVL =

Furthermore, the effective atomic number of relevance for gamma-ray interactions in compounds
and composites as opposed to pure elements was computed using Eq. (4). [30-32]:
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Here, Ai, Zi, and fifi are the atomic weight, atomic number of the ith component element of the material
composition, and molar fraction, respectively.

The effective electron density (Ner) is calculated using Eq. (5) as the number of electrons per unit mass
of the composite material. [33-38]:

= N, 2t

NA is Avogadro’s number and (A) = Y ifiAi{A) is the mean atomic mass of the composite material.
3. Result and Discussion
3.1 Mass coefficient attenuation

The mass attenuation coefficient (u/p) is the measure of the extent to which a material reduces the
intensity of a beam of radiation for each unit of mass. It varies with the energy of the incident photons
and with the atomic structure of the material. It is crucial for applications in the fields of material
characterization and radiation shielding.
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The investigation of the mass attenuation coefficient is presented for two panels, each focused on
different TeO: (Tellurium dioxide) mixes. The detailed discussion on the mass attenuation coefficient
for TeO:-based binary mixture samples is shown in Fig.1 and Panel (a). This panel reveals variation in
the attenuation coefficient with photon energy range for these two-component systems, which provides
a clear idea of the role of TeO: in the modification of photon interaction inside binary mixtures. Results
showed large variation, especially by the mixture composition as well as by the photon energy range
of 0.1-100 MeV.

The attenuation coefficient generally diminishes as photon energy increases, due to high-energy
photons give rise to less opportunity of being interacted with or taken off by the material. Overall
energy variance, the variation in a mass attenuation coefficient in energy for a binaryTeO- -ZnO
combination in its pictorial representation would lie across the fluctuations. Specific changes happen,
which are decided by the interaction characteristics of ZnO and TeO:. In the combination of TeO: +
WOs, a similar trend is observed, where the attenuation coefficient diminishes as photon energy
increases. WO; provides additional attenuation features due to its special interaction features with
photons, leading to abnormal fluctuation features. High-Z materials like Bi2Os and PbO mixed with
TeO2, on the other hand, show high variations in attenuation, especially at lower energies of photons.
In these combinations, TeO: + Bi20s, TeO:+ Pb, the mass attenuation coefficient generally diminishes
as photon energy increases, [39] Panel (b) presents the oscillations of the mass attenuation coefficient
for the ternary mixtures containing TeO.. This panel addresses the behavior of three-component
systems and focuses on the contribution of TeO- to the photon attenuation in these complex mixes. The
mixture of TeO2, ZnO, and WO shows a complex oscillation due to the synergistic interaction of ZnO
and WO:s. The variation at different energies of photons shows the complication of these components
interacting with each other to give that fine response due to the photons. Inclusions of Ta20Os within a
mixture of TeO2+ZnO result in the incorporation of new attenuating properties.

The mass attenuation coefficient varies within the range of the binary mixtures, especially at particular
photon energies. These variations are ascribed to some unique features of Ta.Os, which change the
course of attenuation. TeO> + WOs + Bi20s and TeO: + Bi20s + PbO mixtures represent high photon
absorption values at low energies, primarily because of the incorporation of high-atomic-number
elements, namely W, Bi, and Pb. [39-41], which elements contribute to a higher X-ray interaction with
the proposed mixes. The attenuation profile of the binary TeO:-PbO-ZnO is, by nature, intricate. As
the variation of the mass attenuation coefficient has an impact on the overall attenuation, the TeO--
PbO glass combines both PbO and ZnO in its composition with TeO: in such a way that a complex
pattern of their interaction with photons over an energy spectrum comes into play.

The study indicates that the mass attenuation coefficient for TeO: blends is highly sensitive to the
composition of the mixtures and to the photon. The TeO:-based glasses contain various metal oxides
to attenuate X-ray photon energy effectively. All the binary and ternary chemical combinations have
different attenuation properties. In particular, the binary mixtures such as TeO: + Bi.Os and ternary
mixtures such as TeO: + Bi20s + PbO normally show a decrease in the mass attenuation coefficient
with the increase in photon energy.




Eurasian J. Sci. Eng., 11(2) (2025), 179-195 183

105 4 10 b
TeO,+Zn0O TeO,+Zn0O+WO,
TeO,+WO, Te0,+Zn0+Ta,04
TeO,+Bi,0, Te0,+WO0,+Bi, 0,
TeO,+PbO TeO,+Bi,0,+PbO

TeO,+Pb0+Zn0O

. v ¥ syeey 14 L) LA L] ] . LR a2 |
0.1 1 10 100 0.1 1 10 100

Energy (MeV) Energy (MeV)
Figure 1: The study of the mass attenuation coefficient is presented in Figure 1. Figure 1(a) illustrates

the dependence of the mass attenuation coefficient for each binary mixture with TeO-, and Figure
1(b) illustrates the dependence for the ternary mixture with respect to TeOs-.

Figures 2a, 2c, and 2e represent the mass attenuation coefficient for the binary mixture in the energy
spectrum between 100 and 600 keV with a remarkable trend. Among the binary systems, TeO:
combined with Bi-Os reflects the highest mass attenuation coefficient beyond all other combinations
in the whole energy spectrum. That reflects that the TeO»+Bi2Os combination shows better photon
attenuation properties than other binary systems. Consequently, TeO: + PbO shows a relatively high
value of mass attenuation coefficient, which is, however, always lower than TeO2 + Bi.Os. These
results thus indicate that the incorporation of BiOs significantly enhances the efficiency of photon
attenuation in the material and thus increases its effectiveness in energy absorption in the concerned
energy range.

In contrast, Figs. 2b, 2d, and 2f depict, in the same energy interval, the mass attenuation coefficients
obtained for ternary combinations: The highest value of MAC for ternary systems provides TeO: +
Bi20s + PbO, and thus this combination was most efficient in the attenuation of photons. TeO2+ WOs+
Bi:20s also gives a remarkable mass attenuation coefficient, though it was slightly lower than in the
case of TeO2 + Bi20s + PbO system. The results obtained revealed that the addition of Bi2Os enhances
the capability of photon absorption of the ternary mixes, in particular when combined with PbO or
WO:s, within the specified energy range.

Further research has demonstrated that the mass attenuation coefficient of a binary mixture of TeO2 +
Bi20s has diminished considerably with an increase in photon energy. For example, a decrease in the
mass attenuation coefficient is observed by about 96.5% when the photon energies increase from 100
to 500 keV and by about 78% from 200 to 600 keV. This represents the ternary mixture of TeO2, Bi20s,
and PbO with a significant drop to 96.87% at 100 and 500 keV and 81.67% at 200 and 600 keV. These
results illustrate that mixes containing heavy metals like PbO and Bi2Os have very good X-rays and
gamma rays attenuation capability, especially at a special energy range, making them highly effective
in radiation shielding applications.
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Figure 2: "The mass attenuation coefficient (i/p) of some TeO2-based binary and ternary mixture at
different energies."

3.2 Effective atomic number (Z.s)

Zfris considered the atomic number average of every material or mixture that is normally used, given
the elemental composition and type of radiation interaction of interest. The calculation of Z for a
shielding material will, therefore, help foresee its performance in radiation protection. Zeff is an
important parameter to understand and thus optimize the performance of a material in high-energy
photon shielding applications.

Fig. 3 reports that at 0.1 MeV, maximum Zeff has been determined to be around the binary mixtures
of TeO: + Bi2Oswith Zegr= 75 and TeO2+ PbO with Z.ir = 72. At the initial energy, the studied mixtures
have a maximum increase in their values. Above 1.05 MeV minima was the obtained value for both
the above mixtures42 Among the ternary mixtures of the glass system TeO: + ZnO + WOs, TeO: +
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Zn0O + Ta:0s, TeO2 + WOs + Bi20s, TeO2 + Bi20s + PbO, and TeO: + PbO + ZnO, the maximum values
of Zeff have been recorded in the TeO2: + WOs + Bi1.0s mixture at Z.s of 74 and in the TeO: + PbO +
ZnO mixture at Z.g of 68.5.

For the present ternary systems, minimum values of Z.i are observed at 1.05 MeV energy level.
Generally, the higher the value of an effective atomic number (Z.f) better the shielding material for
photons like X-rays and y-rays.

A high Z.i will mean that the material is more effective in attenuating the radiation and is thus the best
choice for the application of radiation shielding. It gives the capability of a material to interact with
and effectively stop the radiation.
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Figure 3: "Effective atomic number (Zeff) for some TeO:-based binary and ternary mixtures at
different energies."

3.3 Effective electron density (Nes):

The effective electron density, Neff, is the total number of electrons in a substance per unit mass. [42]
It is an important parameter in radiation shielding because it shows the number of electrons that can
interact with the incoming radiation. This parameter is essential for understanding how different
materials attenuate various forms of radiation, especially in X-ray and gamma-ray shielding.[43]

Further, we have computed the effective electron density, Nes, for binary mixtures of TeO: + ZnO,
TeO: + WOs, TeO2 + Bi20s, and TeO: + PbO in the glass network. Nesr is defined as the electron density
per unit mass in the samples of glass. The results reflected that the Ner of WOs, Bi20Os glass system at
0.1 MeV was at its maximum values as 6.65 x 10?* and 5.8 x 10 electrons per gram, which was
depicted in Figure 4.[28] We then measured (N.sr), defined as the number of electrons per unit mass of
ternary mixtures TeO2 + ZnO + WOs, TeO2 + ZnO + Ta20s, TeO2 + WOs + Bi20s, TeO2 + Bi2Os + PbO,
and TeO: + PbO + ZnO in a glass system. The results obtained showed that in the TeO--based glasses
with ZnO + WOs and ZnO + Ta:Os additions, the maximum Ng values were 6.75 x 102 and 6.65 x
10? electrons per gram at 0.1 MeV, respectively. It was concluded from this study that at low photon
energy, the binary combinations in TeO2, ZnO, WOs, Bi2Os, and PbO showed a high value of Ny,
which is indicative of high electron concentration. With the rise in the energy of photons, Nes
decreased, which means the electron density has decreased. This trend has been consistent for all three
ternary glass compositions tested, where Ner was very low at 1.1 MeV, indicating low interaction of
electrons with photons of higher energy. A higher (Nerr) is often advantageous for shielding
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applications as it improves the material's capacity to absorb and attenuate radiation. Consequently,
materials exhibiting elevated Nesr values are advantageous for the design of radiation shielding.
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Figure 4: illustrates the effective electron density (N.g) for several TeOz-based binary and ternary
combinations across different energy levels.

3.4 Half-value layer

The half-value layer (HVL), also referred to as half-value thickness, is defined as the thickness of a
material required to reduce the intensity of incident radiation by 50%. While HVL and the mean free
path (MFP) are interrelated, they describe distinct aspects of radiation interaction with materials. The
MFP represents the average distance a radiation particle travels within a material before undergoing
absorption or scattering, whereas the HVL quantifies the material thickness needed to attenuate half
of the incoming radiation.[4,44-45]

In addition to HVL, three other widely used transmission factors for characterizing photon attenuation
are the tenth-value layer (TVL), HVT, and MFP. Lower values for these transmission factors are
indicative of more effective attenuation because they require less volume of material to absorb a certain
amount of radiation.

The Phy-X/PSD program was employed in the present study to calculate such transmission factors for
binary and ternary glass systems at various energy levels.
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Figure 5: The half-value layer layers for different TeO.-based binary and ternary mixtures between 0
MeV and 1000 MeV.
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Figure 6: Half-value thickness for some binary and ternary mixtures of TeO2 in the energy range of
100-600 ke V.

The HVL values for various binary and ternary glass mixtures, such as TeO: + ZnO, TeO2 + WOs,
TeO: + Bi20s, and TeO: + PbO, and ternary mixtures like TeO2 + ZnO + WOs, TeO2 + ZnO + Taz20s,
TeO: + WOs + Bi20s, TeO: + BiOs + PbO, and TeO: + PbO + ZnO, were investigated in detail within
the energy range of 0 MeV to 1000 MeV, as shown in Fig.5.

Notably, the binary mixtures TeO2 + ZnO, TeO2 + WOs, and the ternary ones of TeO: + ZnO + WOs
and TeO:2 + ZnO + Ta20s exhibit high HVL values and low mass attenuation coefficients. It means that
high-energy particles can pass with small attenuation in these materials and become very suitable for
those cases of applications where the minimal interaction of radiation is demanded, for example,
particular optical or radiation-permissive devices.

The combinations of TeO: + Bi20s, TeO2 + PbO, TeO2 + WOs + Bi20s, and TeO: + BiOs + PbO possess
lower HVL and greater mass attenuation coefficient values; therefore, these glasses are better at
attenuating radiation. The increase in the mass attenuation coefficient will provide more opportunities
to decrease the shielding thickness of radiation protection devices using these glasses. The high HVL
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values found in all glass samples show the excellent performance of the developed TeO:-based glasses
containing various metal oxides to effectively attenuate X-ray photons.

Fig.6 depicts the relationship between HVT and various energy compositions. The chart illustrates that
HVT is inversely related to the linear attenuation coefficient (w), as represented by the subsequent
formula. (HVL=0.693/u ) As shown in Fig.6, glass systems containing TeO: + Bi.Os and TeO: + Bi.Os
+ PbO exhibited the lowest HVT values, indicating the best attenuation performance.

In contrast, the systems including TeO: + ZnO and TeO: + ZnO + WO; exhibited the least effective
attenuation properties. Fig.6 illustrates that HVT escalates with increasing photon energy, indicating
that thinner shielding materials are sufficient for low-energy photons, whereas bigger thicknesses are
required for good protection against high-energy photons.

3.5 Tenth value layer

The tenth-value layer (TVL) is the average material thickness required to absorb 90% of incident
radiation and reduce its intensity to one-tenth of the initial. A single TVL equals or is more than
log2(10)log2(10), which is approximately 3.32 half-value layers (HVLs) with equality being valid for
a monoenergetic beam of radiation. TVL values for various binary and ternary glass mixtures,
including TeO: + ZnO, TeO2 + WOs, TeO: + Bi20s, and TeO: + PbO, as well as ternary combinations
such as TeOz + ZnO + WOQOs, TeO:z + ZnO + Ta20s, TeO2 + WOs + Bi20s, TeO: + Bi20s + PbO, and
TeO: + PbO + ZnO, have been extensively analyzed over an energy range of 0 MeV to 1000 MeV, as
illustrated in Fig. 7.

Among these mixtures, the glass combinations TeO: + ZnO, TeO: + WOs, and the ternary mixtures
TeO:z + ZnO + WOs and TeO: + ZnO + Ta20s are noted for their high TVL values and low mass
attenuation coefficients. This suggests that these materials are effective in allowing high-energy
particles to pass through with minimal attenuation, making them suitable for applications where
reduced interaction with radiation is desired.

Fig.8 presents the computed tenth-value layer (TVL) for various binary and ternary glass systems at
different energy levels. The investigated glass compositions encompass systems including TeO: +
Zn0, TeO2 + WOs, TeO: + Bi20s, TeO: + PbO, as well as combinations such as TeO: + ZnO + WOs,
TeO: + ZnO + Ta.0s, TeO2 + WOs + Bi20s, TeO: + Bi20Os + PbO, and TeO: +PbO ZnO.

Fig. 8 demonstrates a fast escalation in the total volume loss (TVL) for all glass systems up to 0.6 MeV
with increasing photon energy, succeeded by a more steady rise at elevated energy levels. This pattern
underscores the energy dependency of photon attenuation, indicating that greater energies necessitate
thicker material layers for adequate shielding. Forty-five
The TVL results indicate that the glasses comprising TeO: + Bi2Os; and TeO: + Bi2Os + PbO had
superior attenuation performance at all energy levels. The enhanced performance is ascribed to the
decrease in TVL with elevated TeO: concentration, which augments the material's capacity to attenuate
photons. Conversely, the systems including TeO: + ZnO and TeO: + ZnO + WOs demonstrated the
least effective attenuation, as evidenced by their elevated TVL values in Fig. 6. The findings
demonstrate that the TVL ratio among the samples was comparatively elevated at reduced photon
energy. It also means that TeO: had a significant effect on the TVL by causing an improved shielding
efficiency for lower energies compared with the higher energies. Further authentication on the TVL
disclosed that samples containing high fractions of TeO:, especially incorporating Bi-Os, and the
combination Bi-Os + PbO showed improved attenuation features; these are more adequate in medical
applications such as computed tomography scan or diagnostic imaging, which may need frequent use
of low-energy photons. Their suitability for these applications is due to the sufficiency of the shielding
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against gamma radiation at these reduced energies. Fig. 7 The tenth value layers for the different TeO»-
based Binary and Ternary mixtures between 0 MeV and 1000 MeV.
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Figure 7: The tenth value layers for different TeO--based binary and ternary mixtures between 0
MeV and 1000 MeV.
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Figure 8: The tenth value layers for different TeO:-based binary and ternary mixtures between 100
keV and 600 keV.

The rest of the mixtures-TeO: + Bi20s, TeO: + PbO, TeO: + WOs + Bi120s, and TeO: + B1.0s + PbO-
have a lower value of TVL and a high mass attenuation coefficient. All these materials are more
efficient in attenuating radiation; this is an indication of better suitability for applications that require
immense radiation shielding.

3.6 Mean Free Path:

MEFP is an essential concept in medical imaging, radiation therapy, nuclear medicine, and radiation
safety, providing significant insight into the optimization of diagnostic procedures, treatment precision,
and safety for both patients and medical personnel. In general, in radiation shielding, MFP refers to
the average distance that particles, such as photons, neutrons, or charged particles, travel through a
material before undergoing significant interactions like absorption or scattering. Knowledge of MFP
is imperative in the design of appropriate shielding materials to block harmful radiation by reducing
its intensity.[46]
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MEFP values for a range of binary and ternary glass mixtures, including TeO: + ZnO, TeO: + WOs,
TeO: + Bi20s, and TeO: + PbO, as well as ternary combinations such as TeO:z + ZnO + WOs, TeO: +
Zn0O + Taz20s, TeO2 + WOs + Bi20s, TeO: + Bi2Os + PbO, and TeO: + PbO + ZnO, have been thoroughly
investigated over an energy range of 0 MeV to 1000 MeV, as depicted in

Fig. 9. Indeed, this large energy window encompasses considerable variations in the incoming
particles' energy and would, therefore, allow detailed evaluation of the MFP values for these various
glass compositions and energies.

Notably, the three-component glasses among glass TeO2 + ZnO, TeO: + WOs;, TeO: + ZnO + WOs,
and TeO: + ZnO Ta.Os have presented high values of MFP while minimum mass attenuation
coefficient.

That means the materials are very effective at allowing high-energy particles to pass through them
with minimal interaction; hence, these materials find applications in areas where low radiation
attenuation and high penetration power are required. The obtained data underlines the importance of
these compositions in optimizing radiation shielding and other high-energy particle applications. The
MFPs of various binary and ternary glass mixtures are represented graphically in Fig. 10. The binary
mixtures of glass systems studied are TeO: + ZnO, TeO2 + WOs, TeO: + Bi20s, and TeO: + PbO, while
some ternary combinations include TeO: + ZnO + WOs, TeO: + ZnO + Ta20s, TeO2 + WOs + Bi20s,
TeO: + Bi2Os + PbO, and TeO: + PbO + ZnO. These mixtures were studied in an energy range from
100 keV to 600 keV, for MFP values from 0 to 2.5 cm.. The results presented an explicit trend: for
every glass specimen, as the photon energy increases, the MFP also does, in a monotonic fashion. This
increase is related to the behavior of p, which decreases with the increase of energy, as will be shown
in Fig. 2. Since the MFP is inversely proportional to the mass attenuation coefficient, this relationship
explains the observed trend. [28]

The findings underscore the importance of material composition in determining the effectiveness of
shielding, as higher MFP values indicate a lower ability of the material to attenuate radiation at higher
energy levels."
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Figure 9: The Mean Free Path for different TeO2-based binary and ternary mixtures between 0 MeV
and 1000 MeV.
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Figure 10: The Mean Free Path for different TeO.-based binary and ternary mixtures between 100

keV and 600 keV.

4. Conclusion

The present article reports an extended theoretical analysis of radiation shielding characteristics in
binary and ternary tellurite glasses. Based on the result obtained, the addition of heavy metals,
especially Bi2Os and PbO, effectively enhanced the shielding performance of TeO:-based glass
systems. The following are some important features emanating from the results of the analysis

obtained:

1.

mass attenuation coefficient (u/p): TeO: + Bi.Os and TeO:. + PbO combinations are highly
attractive for high photon attenuations, especially for low-energy photons. For the ternary
systems, maximum attenuation was recorded in the TeO: + Bi.Os + PbO due to complementary
effects caused by heavy metal addictions.

Effective Atomic Number (Zeff): The highest values of Zeff are observed for the systems
containing Bi-Os-PbO, which represents the great potential of these oxides for better interaction
with photons. The TeO: + Bi20s + PbO ternary combination shows outstanding Zeff.

Effective Electron Density (Neff): High Neff values confirm an increase in the number of
interactions between electrons with photons in TeO--based glasses containing heavy elements at
low energies of photons.

Half-value Layer and Tenth-Value Layer: Minimum values of HVL and TVL are obtained in the
case of TeO: + Bi2Os and TeO»+Bi.0s + PbO systems, and these exhibit their highest efficiency
as a shielding material. Higher values of the same have been found in the combinations
containing ZnO and WOs, which may be used at places where minimum interaction is required
with the radiation.

The obtained results indicate that Bi-Os- and PbO-doped tellurite glasses are promising materials for
radiation shielding applications due to their higher attenuation, high Zeff, and efficient electron density.
These materials hold immense potential for advanced shielding applications in medical, industrial, and

nuclear fields. Further experimental studies are suggested to confirm these theoretical predictions and

explore their practical implementation.
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