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ABSTRACT

The study seeks to evaluate the radiation shielding properties of Neodymium
Nanoparticles doped Zinc-Tellurite Glass System with chemical composition
[(TeO2)0.70(Zn0)o.30](1-x(Nd203 NPs)x), x = 0.01, 0.02, 0.03,0.04, and 0.05 mol
glass, and are coded as S1, S2, S3, S4 and S5 in increasing Nd»Os. The glasses
were prepared by using a conventional method of melt quenching. Phy-X/PSD
simulation software was used to determine the mass attenuation coefficient
(MAC), linear attenuation coefficient (LAC), half value layer (HVL), effective
atomic number (Zeff) of the investigated glasses. The maximum values for all the
glasses were observed at the lowest tested energy, 0.28 MeV. At this energy, the
MAC of the glasses can be observed to increase as the Nd>Os concentration of the
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Keywords: sample increases as well, which could be due to the increase in density. The
Neodymium, minimum HVL values occurred at the lowest tested energy, 0.2447 MeV, and
Radiation, increased with increasing energy, meaning that the glasses are more effective at
Shielding, lower energies. The results proved that the S5 glass, the glass with the greatest
Zinc-Tellurite, Nd»Os content and density, has the greatest potential for radiation shielding
Glass. applications.

INTRODUCTION research interest in the development of improved

Devices that generate artificial ionizing radiation, such as
X-rays and y-rays, have been widely adopted in a variety
of industrial, medical, and nuclear configurations. This
widespread adoption is a direct result of the utilization of
technological breakthroughs. Nevertheless, prolonged
and excessive exposure to such radiation can have
adverse effects on health, potentially leading to the
development of cancer, as well as symptoms such as
vomiting, nausea, and, in severe situations, even
mortality (Dong et al., 2021). The interaction of high-
energy photons with human tissue results in the
ionization of water molecules, leading to the formation of
reactive free radicals. These radicals can induce
significant biological damage, including both surface-
level and internal disruption of DNA structure. Such
damage may result in mutations, cell dysfunction, or cell
death. In addition to photons, other forms of ionizing
radiation such as neutrons, y-rays, and X-rays also pose
serious risks to humans, animals, and the environment
due to their high penetration power and ionization
capability. For these reasons, minimizing exposure to
ionizing radiation is critical, and there is considerable

materials for radiation attenuation and shielding

(Alajerami et al., 2020). To decrease the amount of
hazardous radiation that workers are exposed to, it is well
known that shielding and attenuation materials act as a
barrier between the sources of radiation that release
radiation and the surrounding area or the workers
themselves. When it comes to minimizing or reducing the
potentially harmful effects of radiation, one of the
fundamental concepts of radiation protection is the
selection of appropriate shielding materials. This is one
part of the radiation protection process. This particular
selection is of utmost significance. This specific aspect of
the situation is still the subject of investigations and study
inquiries that are currently being carried out. Polymers,
natural rocks, rubber, concrete, brick, and alloy are just
some of the materials that have been investigated in a
number of studies that have been published in the
literature (Singh et al., 2020).

For several years, lead and concrete were the best choice
for shielding, despite the great benefits of metallic lead in
terms of advanced attenuating characteristics in
particular to the higher photon energies (i.e. gamma-
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rays), the toxicity issue on humans and the environment
has recently begun to be restricted its wide preference
(Vani et al., 2021).

Generally, the actual shielding material depends on some
factors, such as high density and atomic number,
radiation resistance, ease with which heat dissipates,
ability to lower levels of radiation, required thickness,
permanence of shielding, possibilities of multi-use, and
obtainability. Some scientists studied and tested different
materials, including alloys, polymers, concrete, glass,
and glass-ceramics for ionizing radiation shielding
applications (Itas et al., 2024). Among all the
aforementioned materials, glasses demonstrated superb
shielding suitability owing to their ease of fabrication,
transparency, and flexibility of design (Geidam et al.,
2022).

Glasses were recently developed as novel appropriate
gamma photon protection materials. Glasses options
demonstrated remarkable shielding suitability, due to
their optical transparency, cost-effectiveness, as well as
environmental sustainability through recyclability and
flexibility in shape and size. The formation of glass
systems involves glass formers, intermediates and
modifiers. The formers are Silicate SiO,, Borate B,0Os3,
Phosphate P,Os, Telluride TeO,, and Germanite GeO;
glasses. Glass formation require the addition of modifiers
and intermediates to create a stable and durable glass
system (Mahmoud et al., 2022).

Nowadays, focus on the fabrication of tellurite glasses
cannot be overemphasized due to their notable features
like high dielectric constant, index of refraction (, low
phonon energy (~750 c¢m~ !), broad infrared
transmittance, and low melting temperature. Besides the
above-mentioned properties, they possess a high
coefficient of thermal expansion and less hygroscope,
contrary to phosphate and borate glasses (Dong et al.,
2021). The incorporation metals, such as MgO, ZnO and
BaO, into the glass system, substantially increases the
shielding features of glass. Because Zinc has a high
density and absorption cross section, it is said to have a
high effectiveness of radiation attenuation. According to
earlier studies, doping glass structures with rare earth
(RE*") ions such as Eu**, Sm*", Nd**, and Dy*" improves
optical properties and raises density. Among Rare earth
elements, Nd*" is a promising option for solid-state
lasing, solar energy, fiber optics and radiation protection
(Sayyed, 2024).

By introducing nanoparticles into the composition of
glass, the radiation shielding properties of glass can be
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enhanced, as well as its structural and mechanical
properties. Nanoparticles improve these characteristics
by improving the bulk properties or packing model
structure of the glass samples. Much literature has been
conducted to evaluate impact of particle size on the
shielding ability of the samples greatly diminishes as
energy increases, meaning that smaller particles perform
better against lower energy photons (Halimah et al.,
2019). The aim of this research is to evaluate radiation
shielding properties of Neodymium Nanoparticles doped
Zinc-Tellurite Glass System

MATERIALS AND METHODS

The radiation shielding properties of Neodymium
Nanoparticles doped Zinc-Tellurite Glass System were
determined using computational software Phy-X/PSD
and XCOM. The parameters calculated include: Mass
Attenuation Coefficient (MAC), Linear Attenuation
Coefficient (LAC) Half-Value Layer (HVL) and Mean
Free Path (MFP). These calculations help in evaluating
the effectiveness of these glasses for radiation shielding
applications.

Materials

The materials used in this research work include Phy-
X/PSD software (version 3), a laptop computer (HP-
2560) with a 64-bit operating system, 8.00 GB RAM, and
Windows 10 installed, as well as Microsoft Office 2023.

Sample Preparation

The glass samples of Nd*" doped zinc tellurite glass
system with chemical formula [(TeO2)0.70(Zn0O) 030] (1-x)
(Nd»03 NPs) (x), x =0.01, 0.02, 0.03, 0.04, and 0.05 mol,
were prepared by using a conventional method of melt
quenching by (Halimah et al., 2020). High purity raw
materials (99.99%, purity grade) of TeO, (Puratronic,
Alfa Aesar), ZnO (Assay, Alfa Aesar), and Nd,O3
nanoparticles (Assay, AlfaAesar) were used to prepare
the glass samples. The oxide components used in
preparing the glasses were weighed by using a high
accuracy (£0.0001g) digital weighing machine and
mixed together in an alumina crucible. The mixture was
put in a furnace for lhour at 400 to allow complete drying
of the mixture. After heating, the mixture was transferred
to a second furnace at 830°C for 90 minutes for the
melting process. The glass compositions and their
respective densities are listed in Table 1.
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Table 1: The Doped Chemical Composition [(Teo2)o.70(Zno) o.30] a-x (Nd203 Nps) x), x = 0.01, 0.02, 0.03, 0.04,

And 0.05 Mol
Glass Code TeO2 ZnO Nd203 NPs Density (g/cm?)
S1 0.693 0.297 0.01 5.39
S2 0.686 0.294 0.02 5.44
S3 0.676 0.291 0.03 5.51
S4 0.672 0.288 0.04 5.57
S5 0.665 0.285 0.05 5.61

Radiation Shielding Simulation

The radiation shielding parameters of the Neodymium
Nanoparticles doped Zinc-Tellurite Glass System were
determined using user friendly online Phy-X/PSD
software developed by (Sakar et al., 2020) and XCOM
software. The shielding parameters were calculated in
the energy range from 0.015 to 15 MeV.

Phy-X/PSD Software

Phy-X/PSD software, recently developed by Sakar et al.
(2020) for evaluating radiation shielding parameters of
various materials, was employed in this study. The
calculation procedure begins with inputting the
material’s chemical composition and density into the
program. Within the software, compositions can be
defined in terms of mole fractions. The shielding
parameters are then computed across a broad energy
range by selecting appropriate energy sources (**Na, >°Fe,
%0Co, '°Cd, 31, '*3Ba, '*’Cs, '*?Eu, 2! Am, as well as the
K-shell energies of Cu, Rb, Mo, Ag, Ba, and Tb) (Sakar
et al.,, 2020). Finally, the software determines the
required

RESULTS AND DISCUSSION

A computational analysis using Phy-X/PSD software was
carried out to assess the radiation shielding performance
of Nd** doped zinc tellurite glass system. Theoretical
evaluations provided several shielding parameters,

including the Mass Attenuation Coefficient (MAC),
Linear Attenuation Coefficient (LAC) Half-Value Layer
(HVL) and Mean Free Path (MFP) and fast neutron
removal cross section (ZR) within the energy range of
0.015 to 15 MeV, originating from '3’Cs and ®Co
sources. Additionally, a comparative study was
conducted to examine the shielding efficiency across
different Nd3* doped zinc tellurite glass system
compositions.

Mass Attenuation (MAC)

The key factor in describing any material’s gamma
radiation absorption characteristics is the mass
attenuation coefficient (MAC), with higher values
indicating more effective gamma radiation shielding. Fig.
1 and Table 2 depict the variation of MAC (cm?/g) with
the gamma-ray photon energy (MeV) for the five
analyzed glass systems. Consistent with prior studies on
mass attenuation, our results also demonstrate that MAC
values are higher at the lower photon energy of 15 KeV,
increasing from 28.691 cm?g to 51.748 cm?/g as the
Nd»O3 concentration increases from 0.01 to 0.05 mol.
The progressive rise in MAC from samples S1 to S5
suggests a dependence on the Nd,Os content, or oxide ion
concentration, possibly due to substituting heavier Nd,O;
molecules with lighter TeO, molecules in the glass
system.

Table 2: MAC Values of the [(Teo02)0.70(Zno) 0.30] 1-» (Nd203 Nps) x), x = 0.01, 0.02, 0.03, 0.04, And 0.05 Mol

Glass System Obtained Using Phy-X/PSD Software

Energy (MeV)

Mass Attenuation Coefficient (cm?/g)

S1 S2 S3 S4 S5
0.015 28.691 36.577 42.739 47.687 51.748
0.02 13.288 16.976 19.858 22.172 24.071
0.03 4.523 5.771 6.746 7.529 8.172
0.04 6.271 6.341 6.396 6.440 6.476
0.05 5.694 7.340 8.626 9.658 10.506
0.06 3.569 4.593 5.393 6.036 6.563
0.08 1.719 2.196 2.568 2.867 3.113
0.1 0.994 1.254 1.458 1.621 1.755
0.15 0.404 0.489 0.556 0.609 0.653
0.2 0.241 0.279 0.309 0.333 0.352
0.284 0.142 0.154 0.163 0.171 0.177
0.3 0.109 0.114 0.118 0.122 0.124
0.4 0.093 0.095 0.097 0.099 0.100
0.5 0.083 0.084 0.085 0.086 0.087
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Energy (MeV) Mass Attenuation Coefficient (cm?/g)
S1 S2 S3 S4 S5

0.6 0.070 0.070 0.070 0.071 0.071
0.662 0.062 0.062 0.062 0.062 0.062
0.8 0.050 0.049 0.049 0.049 0.049
1 0.043 0.043 0.043 0.043 0.043
L.5 0.036 0.037 0.037 0.037 0.037
2 0.033 0.034 0.034 0.035 0.035
3 0.031 0.032 0.033 0.034 0.034
4 0.030 0.031 0.032 0.033 0.034
5 0.029 0.031 0.032 0.033 0.034
6 0.029 0.031 0.032 0.034 0.035
8 0.029 0.032 0.034 0.036 0.037

As photon energy rises from 15 keV to 15 MeV, the
MAC experiences a rapid decrease initially (within 15 to
50 keV), then decreases more slowly, and ultimately
stays constant. This decline in MAC is influenced by
several factors namely, photoelectric effect (PE),
compton scattering, (CS) and pair production, PP (Stalin
et al., 2021).

MAC values rapidly decline at lower energies (E < 0.5
MeV) because of the photoelectric effect, which is
proportional to and inversely related to energy raised to
3.5. In the intermediate energy band (0.5 < E <5 MeV),
Compton scattering takes precedence, varying as Z
divided by E. For higher energies (E > 5 MeV), pair
production dominates, with MAC values remaining
almost unchanged for all samples (Sayyed et al., 2021).

@)

T T
0.00 0.05 0.10

T T T
015 0.20 0.25 0.30

Photon energy (MeV)

Figure 1: Variation of MAC of the glass samples with photon energy

The MAC of the glasses can be observed to increase as
the Nd>Oj3 concentration of the sample increases as well,
which could be due to the increase in density that
correlates with Nd,Os content. The results demonstrate
MAC of the Nd** doped zinc tellurite glass system
increase with varying concentration of Nd*"in the order
of S1 S2 S3 S4 S5. The MAC of the glasses decreases as
energy increases because as the incoming radiation has
more energy, more photons can penetrate through the
sample, decreasing its absorption ability, and decreasing
MAC. This trend also demonstrates that at lower energies
the samples are the most effective, with S5 being the
most, and as energy increases, their shielding ability
becomes less effective, to the point that at high energies

the differences between the shields are negligible.
Nevertheless, at most energies, the S5 glass can be
concluded to have superior attenuation abilities over the
other investigated samples.

The MAC values of studied glasses are compared with
those previous reported in radiation shielding glasses at
the selected photon energy of 0.662 MeV as illustrated in
the Fig. 2. It can be observed that the MAC value is
higher than those reported in phosphate glass “ZBP-4”
by, Borate glass “Sm 2.0” and commercial RS 253 glass,
respectively. However, the result of MAC is comparable
to that of Si0,-MgO “SM1” glass material. The S-5 glass
exhibits superb shielding efficacy due to its higher MAC
compared to other investigated samples.
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Shileding materials

Figure 2: Comparison of MAC of the Studied Glass Sample
with Previously Studied Shielding Materials

Linear Attenuation Coefficient (LAC)

The linear attenuation coefficient (LAC or ) is a crucial
parameter used in radiation shielding calculations to
determine other shielding parameters like mean free path
(MFP), half-value layer (HVL), and tenth-value layer
(TVL) for the radiation absorber material. The
attenuation of gamma-ray photons passing through an
absorber is determined by different types of scattering
and absorption processes. The linear attenuation
coefficient (LAC or p) depends on the energy and the
density of the considered material. The LAC of the glass

system under investigation rises alongside the Nd,O;
content. This is attributed to the gradual rise in density as
the Nd,Os content increases, as depicted in Figure 3 and
Table 3. The values of LAC at the minimum incident
photon energy (E = 0.015 MeV) are 100.707 (S1),
139.724 (S2), 171.811 (S3), 202.670 (S4) and 228.207
cm! (S5), respectively. Whereas, at the maximum energy
(15 MeV), the LAC values were found to be 0.102 (S1),
0.122 (S2), 0.137 (S3), 0.152 (S4) and 0.158 cm™! (S5)
respectively.

Table 3: LAC Values Of the [(Te02)0.70(Zno) o0.30] 1-» (Nd203 Nps) x), x = 0.01, 0.02, 0.03, 0.04, And 0.05 Mol

Glass System Obtained Using Phy-X/PSD Software

Energy (MeV)

Linear Attenuation Coefficient (cm?/g)

S1 S2 S3 S4 S5

1.50E-02 100.707 139.724 171.811 202.670 228.207
2.00E-02 46.640 64.847 79.827 94.229 106.151
3.00E-02 15.875 22.045 27.119 31.999 36.038
4.00E-02 22.012 24.223 25.711 27.368 28.557
5.00E-02 19.987 28.038 34.676 41.048 46.330
6.00E-02 12.526 17.545 21.681 25.653 28.945
8.00E-02 6.035 8.389 10.325 12.187 13.728
1 .00E-01 3.488 4.791 5.859 6.889 7.739
1.50E-01 1.419 1.869 2.234 2.588 2.879
2.00E-01 0.846 1.066 1.241 1.413 1.553
3.00E-01 0.498 0.588 0.656 0.726 0.780
4.00E-01 0.383 0.437 0.476 0.517 0.548
5.00E-01 0.326 0.364 0.391 0.420 0.442
6.00E-01 0.290 0.321 0.342 0.365 0.381
8.00E-01 0.245 0.268 0.283 0.300 0.312
1.00E+00 0.216 0.235 0.248 0.262 0.271
1.50E+00 0.174 0.189 0.198 0.209 0.216
2.00E+00 0.152 0.165 0.173 0.183 0.189
3.00E+00 0.128 0.140 0.149 0.158 0.165
4.00E+00 0.116 0.129 0.138 0.147 0.155
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5.00E+00 0.109 0.123 0.132 0.143 0.150
6.00E+00 0.105 0.119 0.130 0.140 0.149
8.00E+00 0.101 0.117 0.128 0.140 0.150
1.00E+01 0.100 0.117 0.130 0.143 0.153
1.50E+01 0.102 0.122 0.137 0.152 0.164

Thus, the overall results of the LAC at both minimum and
maximum photon energies show an increase as the
content of Nd»Oj rises from 0.01 to 0.05 mol. eventually,
the increase is slow in the compton and pair production
absorption region. The increment of LAC implies that the
sample containing a greater amount of neodymium oxide
attenuates gamma photons much better compared with

200

those containing less. This trend indicates a strong
dependence of LAC on the atomic number of glass
materials and the superiority of the S5 sample against
radiation penetration. Previous studies have reported that
rare earth element doped glasses improved shielding
against gamma radiation.

(b)
160

p{cm)
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Figure 3: Variation of LAC of the Glass Samples with Photon Energy

Half Value Layer (HVL), Tenth Value Layer (TVL)

Half value layer (HVL) and Tenth value layer (TVL) are
the thickness of the materials necessary to reduce the
intensity of incident gamma photon by one half and one-
tenth respectively. The lower the values of HVL and
TVL, the higher the shielding against the gamma
radiations. The HVL and TVL variations for Nd,O;
doped zinc tellurite glass system are shown in the Figures
4 and 5, respectively. At the lowest energy level, HVL
values span from 0.057 cm in SBPS-1 to 0.024 cm in S-
5. Similarly, TVL values decrease from 0.030 cm to
0.012 cm across the same samples. As photon energy
rises from 0.015 MeV to 9 MeV, these values increase,
but they start decreasing beyond 9 MeV. When Nd,Os

° 3 6 ) 12 15
Photon energy (MeV)

Figure 4: Variation of HVL of the Glass Samples with
Photon Energy

levels are raised from 0.01 mol% to 0.05 mol%, the
values for both HVL and TVL drop, due to increased
glass density from the high-Z Nd** ions. This leads to
greater interactions between gamma photons and the
material. Thus, S-1, with minimal Nd,O3, requires more
thickness for radiation attenuation, while S-5 achieves
the same with significantly less thickness. These findings
highlight S-5’s superior performance in gamma-ray
shielding among the studied samples.

As reported previously, lower value of HVL means better
shielding ability of the material. These evaluations
concluded that the studied glasses show evidence of good
shielding proficiency.

o 3 6 9 12 15
Photon energy (MeV)
Figure 5: Variation of TVL of the Glass Samples with
Photon Energy
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Mean Free Path (MFP)

The mean free path (MFP) is another crucial metric for
assessing the effectiveness of a material in shielding
against gamma radiation. It defines the average distance
a gamma photon covers between two interactions. Figure

Aji et al.,
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6 and Table 4 present how MFP changes with photon
energy in glasses with varying neodymium oxide content.
Prior studies confirm that materials exhibiting lower
MFP values generally offer better gamma-ray
attenuation.

Table 4: MFP Values Of the [(Teo2)0.70(Zno) 0.30] a-x (Nd203 Nps) x), x = 0.01, 0.02, 0.03, 0.04, And 0.05 Mol

Glass System Obtained Using Phy-X/PSD Software

Energy (MeV) Mean free path
S1 S2 S3 S4 S5

1.50E-02 0.010 0.007 0.006 0.005 0.004
2.00E-02 0.021 0.015 0.013 0.011 0.009
3.00E-02 0.063 0.045 0.037 0.031 0.028
4.00E-02 0.045 0.041 0.039 0.037 0.035
5.00E-02 0.050 0.036 0.029 0.024 0.022
6.00E-02 0.080 0.057 0.046 0.039 0.035
8.00E-02 0.166 0.119 0.097 0.082 0.073
1.00E-01 0.287 0.209 0.171 0.145 0.129
1.50E-01 0.705 0.535 0.448 0.386 0.347
2.00E-01 1.182 0.938 0.806 0.708 0.644
3.00E-01 2.009 1.702 1.524 1.378 1.282
4.00E-01 2.611 2.291 2.103 1.936 1.826
5.00E-01 3.071 2.746 2.556 2.378 2.262
6.00E-01 3.450 3.119 2.928 2.742 2.621
8.00E-01 4.080 3.732 3.533 3.332 3.203
1.00E+00 4.619 4.248 4.040 3.823 3.686
1.50E+00 5.740 5.300 5.055 4.796 4.633
2.00E+00 6.598 6.074 5.781 5.475 5.281
3.00E+00 7.827 7.126 6.724 6.324 6.066
4.00E+00 8.633 7.767 7.262 6.781 6.467
5.00E+00 9.165 8.154 7.561 7.016 6.657
6.00E+00 9.516 8.384 7.719 7.123 6.730
8.00E+00 9.872 8.559 7.790 7.127 6.688
1.00E+01 9.971 8.539 7.705 7.004 6.541
1.50E+01 9.799 8.221 7.315 6.583 6.101

At the lowest photon energy of 0.015 MeV, the MFP
values are 0.010 cm for S-1 and 0.004 cm for S-5. At the
higher energy level of 15 MeV, the MFP values rise to
9.799 cm and 6.101 cm for S5. These results indicate that
glasses with higher neodymium oxide content and greater
density exhibit lower MFP values, confirming their

radiation. According to the above trend, low incident
photon energy might easily lose its energy in a few
centimetres of penetration through Nd** doped zinc
tellurite glass system compared to the high photon
energy, which might penetrate a long distance before
losing its energy.

enhanced shielding performance against gamma
12
©
9
g e
Ko
g p,
=
—=—s1
3 —e—S8-2
S3
—r—S-4
|——S-5
[1] T T T
1] 4 8 12 16

Photon energy (MeV)
Figure 6: Variation of MFP of the Glass Samples with Photon Energy
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Table 5: Mean Free Path (MFP) and Half Value Layer (HVL) Values of the Studied Glass and Some Other

Shielding Materials at 662 Kev

Type of material MFP (cm) HVL (cm)
(TeO2)0.70(Zn0)0.30](1-x(Nd203 NPs) ), (present) 2.812 1.782
Concrete (Kumar, 2017) 5.5803 3.867
30BiBTe glass (Halimah et al., 2019) 2.9265 2.0281
50Ba0—xBi203—(50—x) borosilicate glass (Bagheri et al., 2017) 1.7215 1.1929

A comparative analysis was conducted at 662 keV to
establish the validity of the present study in term of HVL
and MFP of materials in the other studies. The HVL and
MEFP values for S-S glasses of the present work are lower
than that obtained in the previous studies by for concretes
(Kumar, 2017) and for 30BiBTe glass (Halimah et al.,
2019). However, HVL and MFP values are comparable
to those obtained for Barium borosilicate glass (Bagheri
et al., 2017), as shown in Table 5. It can be concluded
that S5 glass has better attenuation ability, surpassing
other samples investigated. In Table 5, we compare the
MEFP values of the current glass systems with Nd** doped
systems at some specified photon energies. Notably,
there is good evidence that the current glass systems
under study can actively act as gamma ray shielding
materials.

CONCLUSION

The main goal of the current study was to evaluate the
effect of rare earth (Nd*?) on gamma photon shielding
properties of Nd*" doped zinc tellurite glass. The
chemical forms of the glass system are
[(TeO2)0.70(Zn0)o.30](1-x(Nd203 NPs)«), x = 0.01, 0.02,
0.03,0.04, and 0.05 mol glass system with sampling code
S-1, S-2, S-3, S-4 and S-5, respectively. The gamma
photon shielding parameters were evaluated at energy
range of 0.015 and 15 MeV, the results revealed that the
values of MAC and LAC increased as the Nd,Os;
concentration and density of the glass samples increased.
The MAC values are higher at the lower photon energy
of 15 KeV, increasing from 28.691 cm?/g to 51.748 cm?¥/g
as the Nd,Os concentration increases from 0.01 to 0.05
mol. The progressive rise in MAC from samples S1 to S5
suggests a dependence on the Nd,Os content, or oxide ion
concentration, possibly due to substituting heavier Nd,O;
molecules with lighter TeO, molecules in the glass
system. The values of LAC at the minimum incident
photon energy (E = 0.015 MeV) are 100.707 (S1),
139.724 (S2), 171.811 (S3), 202.670 (S4) and 228.207
cm! (S5), respectively. Whereas, at the maximum energy
(15 MeV), the LAC values were found to be 0.102 (S1),
0.122 (S2), 0.137 (S3), 0.152 (S4) and 0.158 cm™! (S5)
respectively.

At the lowest energy level, HVL values span from 0.057
cm in SBPS-1 to 0.024 cm in S-5. Similarly, TVL values
decrease from 0.030 cm to 0.012 cm across the same
samples. As photon energy rises from 0.015 MeV to 9
MeV, these values increase, but they start decreasing

beyond 9 MeV. When Nd»Oj3 levels are raised from 0.01
mol% to 0.05 mol%, the values for both HVL and TVL
drop, due to increased glass density from the high-Z Nd**
ions. This leads to greater interactions between gamma
photons and the material. Thus, S-1, with minimal
Nd»03, requires more thickness for radiation attenuation,
while S-5 achieves the same with significantly less
thickness. These findings highlight S-5’s superior
performance in gamma-ray shielding among the studied
samples.
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