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Abstract:
The present work scrutinizes the radiation protection features and mechanical characteristics of neodymium zinc-tellurite of
composition [(TeO2)70-(ZnO)30]1−x-(Nd2O3)x: x = 0−5 mol% in steps of 1 (TZNd1 – 5). The Makishima–Mackenzie’s
model was adopted for the computation of the Poisson’s ratio (PR) and elastic moduli. WinXcom and EXABCal software’s
were performed to evaluate the radiation shielding parameters and buildup factors, respectively of TZNd-glasses. Results
revealed that the increasing of Nd2O3 concentration in TZNd-glasses from 1 to 5 mol% had a positive effect on their
elastic parameters: Young’s modulus increased from 53.13 to 54.81 GPa, bulk modulus changed from 31.95-33.65 GPa,
and the PR varied from 0.222 to 0.228 for TZNd1 to TZNd5. There was a small increase in the Z/A as the Nd content
increased, which leads to slight increase in TMSP of the particles. The mass attenuation coefficient (µm) increased in the
order TZNd1 < TZNd2 < TZNd3 < TZNd4 < TZNd5. The maximum value of LAC obtained at 15 keV were 246, 249,
253, 257, and 260 cm−1 for TZNd1, TZNd2, TZNd3, TZNd4, and TZNd5, respectively. The HVT varies inversely with
the linear attenuation coefficient. Throughout the considered energy spectrum the range of Ze f f for the glasses varied
from 22.65−40.22, 22.64−40.25, 22.64−40.29, 22.63−40.32, and 22.63−40.36 for TZNd1, TZNd2, TZNd3, TZNd4,
and TZNd5, respectively. The values of fast neutron removal cross section ΣR showed a steady increase as the partial
densities of Nd and oxygen of the TZNd-glass systems increased. Generally, one can conclude that the additive of Nd2O3
to TeO2-ZnO glasses leads to enhance their mechanical properties and increase their ability to absorb neutron and photon
to apply in nuclear medicine applications.
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1. Introduction

Scientific and technological advancements have persistently
extended the utilization of Ionizing Radiation (IR) for hu-

man welfare, thus significantly escalating the number of ra-
diation facilities globally [1]. Today, IR is widely employed
in various sectors. These include the healthcare system for
diagnostic and therapeutic procedures, and medical instru-
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Table 1. Code, chemical composition, and density of the [(TeO2)70-(ZnO)30]1−x-(Nd2O3)x: x = 1, 2, 3, 4 and 5 mol%
glasses.

Sample code Composition, (mol%) Density, Molar volume
TeO2 ZnO Nd2O3 ρ (g/cm3)±0.001 Vm (cm3/mol)

TZNd1 69.3 29.7 1 5.390 25.628
TZNd2 68.6 29.4 2 5.437 25.775
TZNd3 67.9 29.1 3 5.507 25.811
TZNd4 67.2 28.8 4 5.570 25.879
TZNd5 66.5 28.5 5 5.606 26.070

ment sterilization; power industry for power generation;
agriculture and food processing industries for crop enhance-
ment and food preservation; scientific research for material
characterization and isotope development, and environmen-
tal studies for pollution evaluation and geological structure
delineation. Consequently, this broadening scope of IR ap-
plications has, over the years, sustained and occasionally
elevated the radiation dose rate impacting both human be-
ings and the environment from artificial IR sources [2, 3].
In light of the risks posed by unchecked radiation exposure,
it becomes imperative to optimize all methods involving
radiation of atomic and nuclear origin. From a radiation
protection standpoint, optimization encompasses measures
designed to minimize human and environmental radiation
exposure to the lowest possible level. According to the Inter-
national Commission on Radiation Protection (ICRP), safe-
guarding individuals from an external source incorporates
three fundamental strategies: time reduction near radiation
sources, space maximization between individuals and the
sources, and using structural barriers to segregate people
from the radiation source in all radiation installations [4].
Among these protective measures, shielding stands out as
the most effective and practical method due to its minimal
administrative oversight requirement.
Shielding involves the application of a barrier, often con-
structed of specific materials and designed to contain IR
within a defined area, ensuring the radiation dose outside it
remains at a safe level [5, 6]. The design of an appropriate
shield necessitates a careful examination of radiation pa-
rameters, structural requirements of the source and facility,
and the permissible dose rate outside the facility. Various
parameters, depending on the type of IR, are used to gauge
the shielding effectiveness of a material [7].
The potential of glass as a radiation protection barrier con-
tinues to gain recognition [8–13], primarily due to its advan-

tages over many other radiation shielding materials [14, 15].
Glass shields are versatile and can be shaped into any geom-
etry and size to contain and shield point radiation sources.
Studies exploring the radiation shielding efficacy of numer-
ous glass types with different structures and compositions
have yielded promising results [16,17]. Research into the ra-
diation shielding parameters of different glasses is an active
area of study. The flexible composition of glass, allow-
ing the formation of new structures with superior shielding
properties, is a key factor driving this research focus. Tel-
lurite glasses, in particular, have exhibited excellent radia-
tion shielding capacities for various IR classes due to their
unique properties [18–22].
This study primarily aims to investigate the mechanical
properties, proton and alpha-particle stopping power, range,
photon shielding properties, and fast neutron removal cross-
section of Nd2O3-doped tellurite-zinc (TZNd) glasses. We
endeavor to enhance the existing data on tellurite-based
glasses’ shielding characteristics by examining the radiation
(gamma-ray, neutron, proton, and α-particle) absorption
capacity of neodymium-zinc-tellurite (TeO2-ZnO-Nd2O3)
glasses, referred to as TZNd-glasses, via WinXcom and
EXABCal software. Additionally, we assess the mechanical
characteristics of the TZNd-glasses.

2. Materials and theories

2.1 TZNd-glasses

Neodymium-zinc-tellurite glasses with composition
[(TeO2)70-(ZnO)30]1−x-(Nd2O3)x: x = 0−5 mol% in step
increase of 1 were taken from Ref. [23]. These glasses
codes are named TZNd-glasses. code of each glass sample,
chemical compositions, and mass density are listed in Table
1.

Table 2. Coordination number per cation (n f ), crosslink density per cation (nc), stretching force constant (F), packing
density factor (Vi), and dissociation/bond energy per unit volume (Gi) of the oxides TeO2, ZnO, and Nd2O3.

Oxide n f nc F (N/m) Vi (m3/mol) Gi ×106 (KJ/m3)
TeO2 4 2 216 14.7 54
ZnO 6 4 219 8 49.9

Nd2O3 6 4 138.274 25.6 68.9
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2.2 Mechanical characteristics
The Makishima-Mackenzie (Mak-Mac) model has been
employed to examine the changes in oxide ratios of TZNd-
glasses in response to variations in structure. This model
incorporates several parameters, such as the stretching force
constant (F), dissociation energy per unit volume (Gi), co-
ordination number per cation (n f ), crosslink density per
cation (nc), and the packing density factor (Vi) of oxides
in TZnd-glasses. These parameters are presented in Table
2 and are used to determine mechanical features such as
Young’s modulus (Em), longitudinal modulus (Lm), hard-
ness (H), shear modulus (Gm), Poisson’s ratio (σm), and
bulk modulus (Km) of TZNd-glasses. The equations re-
quired to evaluate these mechanical features are outlined in
Refs. [24, 25].
The Mak-Mac model is useful in analyzing the properties of
TZNd-glasses, which are important in various applications.
By examining the changes in oxide ratios of TZNd-glasses,
this model provides insights into the structural changes that
affect the mechanical properties of the glass. By evaluating
parameters such as Young’s modulus, hardness, and bulk
modulus, researchers can better understand the performance
of TZNd-glasses in specific applications. Overall, the Mak-
Mac model provides a valuable framework for investigating
the properties of TZNd-glasses and their potential applica-
tions.

2.3 Stopping power and projected range
When charged particles interact with a medium, they lose
energy. This energy loss is commonly described in terms of
Mass Stopping Power (MSP). For heavy ions, the MSP is
typically calculated as the average energy loss per unit mass
thickness, primarily due to Coulomb interactions between
the ion and the orbital electrons of the medium.
The MSP of protons and α-particles in a glass medium
can be estimated using parameters associated with both the
charged particle and the glass material. An approximate
expression has been developed to describe the relationship
between these parameters and the MSP of the charged parti-
cle in the glass, as outlined in Refs. [26, 27].
Understanding MSP is crucial in various fields, including
nuclear physics, materials science, and radiation therapy.
The ability to accurately predict the energy loss of charged
particles in a medium can provide insights into the behavior
of ionizing radiation and its effects on materials. In medical
applications, for example, MSP is an essential parameter in
calculating the radiation dose delivered to cancerous tissues
during proton therapy.
Overall, the characterization of MSP and its dependence
on various factors is critical in predicting the behavior of
charged particles in a medium and has significant implica-
tions in fields ranging from materials science to medicine.
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where wi is the mass fraction of elements in the glass com-
position.
Also, the average thickness of a material which is enough
to just stop a charged projectile is called the projected range
(R) in the medium. Similar to the MSP, R may be expressed
as [26, 27]:
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To evaluate the Mass Stopping Power (MSP) and Range (R)
of protons and α-particles in the glasses under investiga-
tion, the researchers utilized the SRIM-2013 software [28].
SRIM uses a quantum mechanical approach to calculate
the interactions between charged particles and atoms in the
TZNd-glass system, enabling the computation of MSP and
R.
The use of SRIM-2013 is significant as it provides an accu-
rate and reliable tool for predicting the behaviour of charged
particles in materials. By utilizing a quantum mechanical
approach, SRIM can account for various complex interac-
tions between charged particles and atoms in the glass, such
as electronic stopping and nuclear scattering. This approach
allows for a more accurate estimation of MSP and R val-
ues than empirical methods that rely on experimental data
alone.
Overall, the utilization of SRIM-2013 provides valuable
insights into the behaviour of protons and α-particles in
the TZNd-glass system. By computing MSP and R val-
ues, researchers can better understand the energy loss and
penetration depth of charged particles in the glass. This
information is essential in various fields, including radiation
therapy and materials science, where the ability to predict
the interaction of ionizing radiation with materials is critical
for designing effective treatments and materials.

2.4 Photon attenuation quantities of TZNd-glasses
Numerous quantities may be used for explaining photon in-
teraction features of the medium. Generally, the attenuation
of a single energy beam of photons as they travel through a
thin medium of thickness x (less than one free path) can be
given by the Lambert-Beer expression:

I(x) = I0e−σx (4)

where, I(x) and I0 is the photon energy flux after and be-
fore interacting with the absorber respectively. The e−σx

term in Equation (4) describes the degeneration in values
of I0 as a function of x. The parameter, σ depends on the
characteristics of the absorbing medium. σ is referred to
as the linear (µ) and mass (µm) attenuation coefficients of
the absorber, when it’s thickness, is stated in linear (cm),
and mass thicknesses accordingly. For a given medium of
density ρ , µm and µ are related as:

µm =
µ

m
(5)
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Figure 1. TMSP of proton and alpha-particle as a function
of energy in TZNd-glasses.

The, µm and µ gives a measure of the fraction of inci-
dent photon flux that penetrates the shield without inter-
acting. The µm of TZNd-glasses were evaluated in this
work through WinXCom [29], while Equation (5) was used
to estimate the µ .
The value of x in Equation (4) reduces I0 by 50% is referred
to as the HVT. The HVT is obtainable from µ thru the
expression:

HVT =
ln2
µ

(6)

The µ , µm, and HVT are critical parameters that are often
used for relating the photon absorbing ability of diverse
materials. HVT of the glasses in this study were evaluated
through Equation (6).

2.5 Effective atomic number (Ze f f ) of TZNd-glasses
When photon interaction with a compound or a chemical
mixture is to be analyzed, the effective atomic number
(Ze f f ) comes to the fore. Ze f f characterizes the number
of available electrons for photon interaction. This is im-
portant as most photon interaction procedures involve the
electrons of the interacting compound/mixture. The Ze f f
may be used to compare different media’s relative photon
absorption capacity.
Ze f f is related to µm based on the equation [30, 31].

Ze f f =
Σi fiAi(µm)i

Σi f j
Ai
zi
(µm)i

(7)

The Ze f f of the glasses were calculated from the Auto-Ze f f
software [32]. Values of Ze f f calculated from Equation (7)
are consistent with those obtained from the software.

2.6 Photon buildup factors of TZNd-glasses
When scattered photons within the materials that emerged
are considered, Equation (4) is usually corrected by multi-
plying it with factor B (photon buildup factor). The expo-
sure (EBF) and energy absorption (EABF) buildup factors
were estimated for the TZNd-glasses using the EXABCal
software [33].

Figure 2. Projected range of proton and alpha-particle as a
function of energy in TZNd-glasses.

2.7 Removal cross section (ΣR) of Neutron of TZNd-
glasses

The ability of a glass medium to slow down fast neutrons
is typically characterized by the fast neutron removal cross-
section (ΣR). In a similar manner to how the linear attenua-
tion coefficient characterizes the interaction of photons with
matter, (ΣR) represents the removal of fast neutrons by the
glass. The (ΣR)g value for a given glass can be estimated
using the addition rule, as outlined in Refs. [34, 35]:

(ΣR)g = Σiρi

(
ΣR

ρ

)
i

(8)

Here, ρi and (ΣR/ρ)i represent the density contribution and
macroscopic removal cross-section of the elements present
in the glass, respectively. The (ΣR/ρ)i values can be ob-
tained from Ref. [36].
Estimating (ΣR)g is important for understanding the behav-
ior of fast neutrons in glass materials. This information has
implications in fields such as nuclear engineering, where
the design of radiation shielding materials is critical for
safety. The ability to predict the removal of fast neutrons
by the glass is also important in developing new radiation
detection materials and instruments.
Overall, the use of the addition rule to estimate (ΣR)g pro-
vides a valuable tool for characterizing the slowing down
of fast neutrons in glass materials. By considering the den-
sity contribution and macroscopic removal cross-section of
each element present in the glass, researchers can better un-
derstand the behaviour of fast neutrons in the material and
design effective radiation shielding and detection materials.

3. Results and discussion

3.1 Elastic moduli of TZNd-glasses
The Mak-Mac model is a widely accepted and reliable
method for determining the elastic moduli of glass mate-
rials, which is based on the relationship between the total
bond energy (Gt) and total ionic packing density (Vt) of
the glasses. The model has been successfully applied in
numerous studies to predict the mechanical properties of
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Table 3. Total ionic packing density (Vt ), total dissociation energy (Gt ), Young’s modulus (Em), bulk modulus (Km), shear
modulus (Gm), longitudinal modulus (Lm), and Poisson’s ratio (σm) based on Makishima-Mackenzie model of the
TZNd1-TZNd5 glasses.

Sample code Vt Gt ×106 Em Km Gm Lm H σm
(m3/mol) (KJ/m3) (GPa) (GPa) (GPa) (GPa)

TZNd1 0.501 53.00 53.13 31.95 21.72 60.92 4.012 0.222
TZNd2 0.502 53.09 53.34 32.16 21.80 61.22 4.017 0.223
TZNd3 0.506 53.25 53.96 32.80 22.00 62.15 4.022 0.225
TZNd4 0.510 53.41 54.52 33.38 22.20 63.00 4.028 0.227
TZNd5 0.511 43.56 54.81 33.65 22.31 63.39 4.038 0.228

various glass systems. The total bond energy (Gt) and to-
tal ionic packing density (Vt) values for TZNd1-TZNd5
glasses were calculated using the method described in Ref-
erences and can be found in Table 3 [25, 26]. These values
were employed in the Mak-Mac model to determine Km,
Em, Gm, Lm, H, and σm, which are also listed in Table 3.
The findings reveal that the (Vt) values exhibit a similar
pattern to the molar volume parameter (Vm) displayed in
Table 1. As a result of replacing Nd2O3 with TeO2 and
ZnO, the (Gt) values decreased from 53.00×106 (KJ/m3)
for TZNd1 to 43.56×106 (KJ/m3) for TZNd5 glasses.
From Table 3, it can be observed that the minimum elastic

coefficients were found for TZNd1 glass, while the maxi-
mum values were found for TZNd5 glass. This suggests that
increasing Nd2O3 in the TZNd-glass compositions enhances
their elastic moduli, hardness, and Poisson’s ratio. This en-
hancement may be attributed to the formation of a higher
number of bridging oxygen groups that increase the com-
pactness of the glass structure, as outlined in Ref. [25][25].
Overall, the computation of Gt and Vt values for the TZNd1-

Figure 3. MAC of TZNd-glasses and other materials as a
function of energy (a) and at 0.1 MeV (b).

TZNd5 glasses and their application in the Mak-Mac model
provides a valuable tool for predicting the mechanical prop-
erties of these glasses. The observed trends in elastic co-
efficients and other mechanical properties provide insights
into the structural changes in the glasses and have impli-
cations in various fields, including materials science and
engineering.

3.2 Proton’s and alpha-particles MSP and R in TZNd-
glasses

Values TMSP of p and α in TZNd-glass samples as a func-
tion of kinetic energy T up to 10 MeV are shown in Figure
1. The result reveals a strong overlap between the TMSP
of the glasses as Nd-concentration increased in the glasses.
Nevertheless, a closer look at Figure 1 indicates that there
is a slight increase in TMSP as Nd-molar concentration
increased in the glass for both p and α and at each point in
the energy spectrum considered. The observed trend is com-
patible with Equation (1). The (Z/A) of the glasses were
0.4367, 0.4368, 0.4368, 0.4369, and 0.4369 for TZNd1,
TZNd2, TZNd3, TZNd4, and TZNd5, respectively. The
almost constant value of Z/A ensured that their TMSP was
almost equal as seen in Figure 1 for a particular particle.
The slight increase in the Z/A as Nd-molar content en-

Figure 4. Variation of linear attenuation coefficients of
TZNd-glasses with photon energy.
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Figure 5. Variation of HVT of TZNd-glasses with photon
energy.

hanced is responsible for the slight increase in TMSP of
the particles. Also, at all values of T , the TMSP for α

exceeds that of p. At the same T , the value of TMSP for
p is about a third of that of α . This is consistent with the
predictions of Equation (2). The maximum value of TMSP
for p and α in all the glasses was obtained at 0.1 MeV and
0.6 MeV, respectively. The variation in the value of R of
p and α in the TZNd-glasses concerning T is presented
in Figure 2. The figure shows that R increases as T in-
creases in all the glasses; this is consistent with the fact
that Rglass ∝ (Tion)

k (Equation (3)). Also, R decreases as
the concentration of Nd2O3 increases in the glass system.
The trend in the projected range for each particle is in the
order: of TZNd5 < TZNd4 < TZNd3 < TZNd2 < TZNd1.
Accordingly, the particle’s R varies directly with A/ρZ of
the glasses. A/ρZ values for the TZNd-glass are 0.4248,

Figure 6. Changes in Ze f f of TZNd-glasses with photon
energy.

Figure 7. EBF (a) and EABF (b) of TZNd1 as a function of
energy.

0.4211, 0.4157, 0.411, and 0.4082 cm3/g for TZNd1,
TZNd2, TZNd3, TZNd4, and TZNd5, individually. For
all the glasses R of the proton exceed that of α at the same
T . Due to the difference in masses, R for both p and α

can be the same if they have the T per nucleon. This im-
plies that the T of p would be 25% less than that of α for
them to have equal R in the same glass material. From the
results, the R of the α-particle was observed to be about
8.23% less than that of p at the same particle kinetic energy.
The greater rest mass and electric charge of α explain this
observation. The greater charge results in higher Coulomb
potential, leading to higher force opposing the motion of
the ion and hence stopping at a rather shorter range. Higher
particle mass on its increases the collision probability with
orbital electrons, thus giving rise to energy losses and con-
tinuous slowing down in the glass. Increasing the molar
concentration of Nd2O3 increases the p and α absorbing
capacity of TZNd-glasses.

3.3 Photon shielding quantities
Mass attenuation coefficients (µm) of TZNd1, TZNd2,
TZNd3, TZNd4, and TZNd5 as a function of photon energy
from 15 keV to 15 MeV in comparison to those of barite
concrete (BC), borosilicate glass (BSG), ordinary concrete
(OC), and PbO-glass (LOG) [37] are presented in Figure
3a. Generally, the figure showed that µm decayed smoothly
as photon energy decreases. The decay was discontinuous
at 40 and 100 keV where peaks appeared. The sudden rise
in µm at these two energies is attributed to the high photo-
electric absorption of photons by K-shell electrons of Te
and Pb, correspondingly. In all the TZNd-glass samples,
the highest value of µm was gotten at 15 keV with corre-

Figure 8. EBF (a) and EABF (b) of TZNd2 as a function of
energy.
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Table 4. Density, partial density, and ΣR of TZNd1-TZNd5 glasses.

Glass Density Partial density (g/cm3) ΣR (cm−1) Total

Code (g/cm3) Te Zn Nd O Te Zn Nd O (cm−1)
TZNd1 5.39 3.4863 0.7659 0.0571 1.0807 0.0467 0.014 0.0007 0.0438 0.1052
TZNd2 5.437 3.4677 0.7617 0.1136 1.0939 0.0465 0.0139 0.0014 0.0443 0.1061
TZNd3 5.507 3.4617 0.76 0.1735 1.1119 0.0464 0.0139 0.0022 0.045 0.1075
TZNd4 5.57 3.4517 0.7586 0.2312 1.1285 0.0463 0.0139 0.0029 0.0457 0.1087
TZNd5 5.606 3.4236 0.7523 0.291 1.1391 0.0459 0.0138 0.0036 0.0461 0.1094

sponding magnitudes of 45.58, 45.8, 46.0, 46.2, and 46.4
cm2.g−1 for TZNd1, TZNd2, TZNd3, TZNd4, and TZNd5,
respectively. The least value of µm was obtained at a pho-
ton energy of 6 MeV for all the TZNd-glasses included
herein. The observed variations in the value of µm concern-
ing energy can be attributed to the energy dependence of
the cross sections of the various photon interaction proce-
dures. The behaviours of these cross sections sum up that
of µm. Generally, µm increase in the order at each energy
as: TZNd1 < TZNd2 < TZNd3 < TZNd4 < TZNd5. This
order is consistent with the mass density (ρ) of the glasses.
Also, there is a direct relationship between the Nd2O3 con-
tent of the glasses and the mass density. The relative (µm)
of the glasses were hence dictated by their ρ which in turn
was dictated by the chemical content of the glasses. It may
be concluded that the addition of Nd2O3 in the glass system
thus improved the mass attenuation coefficients. Further-
more, comparing the mass attenuation of TZNd-glasses
with those of BC, BSG PbO and LOG throughout the con-
sidered energy spectrum and at 0.1 MeV (Figure 3b), it can
be seen that the TZNd-glasses have outstanding shielding
concerning OC, BC and BSG. However, the (µm) of LOC
was higher than those of the TZNd-glasses.
Figure 4 illustrates the changes in the linear attenuation

coefficient (µ) of the TZNd-glasses in relation to photon
energy. The behavior of µ among the TZNd-glasses is
similar to that of the mass attenuation coefficient (MAC).
However, variations in µ values are more pronounced due
to the differences in glass density. The plots also show
strong photoelectric absorption by the K-shell electrons.
The highest linear attenuation coefficient values at 15 keV
are: 246, 249, 253, 257, and 260 cm−1 for TZNd1, TZNd2,

Figure 9. EBF (a) and EABF (b) of TZNd3 as a function of
energy.

TZNd3, TZNd4, and TZNd5, respectively. HVT of TZNd-
glasses concerning photon energy is shown in Figure 5. The
HVT graph is the inverse of the linear and attenuation co-
efficients, therefore, the uppermost values of HVT were
obtained for TZNd1. This is a result of its low density and
LAC values. This also implies that photons move through
the glass with relatively lower energy loss compared to the
other TZNd-glass samples. The decrease in the HVT as
Nd2O3 concentration increased to a maximum value of 5
mol% in TZNd-glasses was within 8%.

The variation of Ze f f for TZNd-glasses under study is
depicted in Figure 6 in relation to photon energy. For the
energy spectrum of interest, the range of Ze f f for the glasses
varied from: 22.65−40.22, 22.64−40.25, 22.64−40.29,
22.63 − 40.32, and 22.63 − 40.36 for TZNd1, TZNd2,
TZNd3, TZNd4, and TZNd5, respectively. There was a
peak at the K-absorption edge of Te. The characteristics of
the Ze f f concerning energy is similar to that of the partial
photon interaction modes dominating each energy. Hence,
the value of Ze f f was maximum at the photon energy range
where photoelectric absorption dominates and minimum
where Compton interaction dictates photon interaction pro-
ceedings. The trend in the Ze f f is such that TZNd1 had the
least Ze f f except at 1.5 MeV while TZNd5 had the highest.
The range of the Ze f f is also dictated by the atomic number
(Z) of the atomic species that make up the glasses’ chem-
ical structure. The least (maximum) Ze f f value is not less
(more) than the least (maximum) Z value of the atoms in the
composite [38–40]. The Ze f f the result shows that a higher
effective atomic number implies a relatively higher photon
absorbing capacity for the TZNd-glasses.

Figure 10. EBF (a) and EABF (b) of TZNd4 as a function
of energy.
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Figure 11. EBF (a) and EABF (b) of TZNd5 as a function
of energy.

3.4 Exposure and energy absorption buildup factors
(BUFs)

Figures 7-11 (a and b) present the energy-dependent attenu-
ation buildup factors (EABF and EBF) for the five TZNd-
glass systems at specified photon energies ranging from
0.15 MeV to 5 MeV and penetration depths of up to 40
mean free paths (MFP). The figures demonstrate that the
variations in the buildup factors with photon energy follow
a similar pattern for all glasses and penetration depths. Both
EABF and EBF values are generally low at the lower end of
the energy spectrum, except at absorption edges, and they
increase with energy up to a peak for all glasses and depths.
The higher buildup factors observed at elevated energies
can be ascribed to Compton scattering and pair production
interactions of the photons. The Compton scattering process
reduces the energy of photons due to multiple scattering
events, leading to an increased number of low-energy pho-
tons (i.e., buildup factors) within the glass medium.
The variation in the buildup factors with penetration depth

is depicted in Figures 12 and 13. The buildup factors are
lower at lower depths, but they increase quickly as the depth
increases up to 40 MFP. This is because as the glass depth
increases, photons suffer more collisions, leading to an in-
crease in the number of low-energy photons building up in
the glasses. Based on the energy dependence of the evalu-
ated photon shielding parameters, it is clear that TZNd5 is
a better photon absorber among the studied TZNd5 glasses.
These findings have implications in various fields, including
radiation protection and shielding design. By understanding
the behaviour of photons in glass materials, researchers can
better design and optimize radiation shielding materials to
protect personnel and equipment from ionizing radiation.

Figure 12. EBF (a) and EABF (b) as a function of depth at
0.15 MeV for TZNd-glasses.

Figure 13. EBF (a) and EABF (b) as a function of depth at
1.5 MeV for TZNd-glasses.

3.5 Removal cross section (ΣR) for fast neutrons
The computed partial density and ΣR of the five TZNd5
glasses are shown in Table 4. The values of ΣR indicate a
steady increase as the partial densities of Nd and oxygen of
the TZNd-glass systems increase. Based on the values of
ΣR, TZNd5 presents the best fast neutron shielding prowess.
Based on the analysis of the photon and fast neutron inter-
action parameters, TZNd5 showed a superior capacity to
absorb a photon and fast neutron among the TZNd glass
samples.

4. Conclusion
This work examines the mechanical characteristics,
proton, alpha, gamma-photon, and neutron protection
features of neodymium zinc-tellurite of composition
[(TeO2)70-(ZnO)30]1−x-(Nd2O3)x: x = 0−5 mol% in steps
of 1 (TZNd-glasses). Results confirmed that:
∴ Increasing Nd2O3 concentration in TZNd-glasses from 1
to 5 mol% had a positive effect on their elastic parameters:
Young’s modulus increased from 53.13 to 54.81 GPa, bulk
modulus changed from 31.95−33.65 GPa, shear modulus
varied from 21.72 to 22.31 GPa, longitudinal modulus
increased from 60.92− 63.39, and Poisson’s ratio varied
from 0.222 to 0.228 for TZNd1 to TZNd5.
∴ There was a slight increase in the Z/A as Nd-molar

concentration increased, which leads to a slight increase
in the TMSP of the particles. Also, for all particle kinetic
energy, the TMSP for α was higher than that of p. ∴ The
increase in the molar concentration of Nd2O3 leads to an
increase in the proton and alpha particle absorption capacity
of TZNd-glasses.
∴ The order of the mass attenuation coefficient (µm) is:
TZNd1 < TZNd2 < TZNd3 < TZNd4 < TZNd5.
∴ The peak value of LAC obtained at 15 keV was: 246,
249, 253, 257, and 260 cm−1 for TZNd1, TZNd2, TZNd3,
TZNd4, and TZNd5, respectively.
∴ The HVT varies inversely to the linear attenuation
coefficient, consequently, TZNd1 has the highest HVT.
∴ Within the investigated energy spectrum, Ze f f
changes within the range: 22.65− 40.22, 22.64− 40.25,
22.64 − 40.29, 22.63 − 40.32, and 22.63 − 40.36 for
TZNd1, TZNd2, TZNd3, TZNd4, and TZNd5, respectively.
∴ The values of ΣR showed a steady increase with the
partial densities of Nd and oxygen of the TZNd-glass
systems increased. TZNd5 thus presents the best fast
neutron shielding prowess among the glasses.

2251-7227[https://dx.doi.org/10.57647/j.jtap.2023.1704.44]

https://dx.doi.org/10.57647/j.jtap.2023.1704.44


Zakaly et. al JTAP17(2023)-172344 9/11

The enhanced mechanical and radiation shielding properties
of Nd2O3-doped tellurite-zinc glasses make them suitable
candidates for applications in nuclear facilities, medical
radiation therapy, and aerospace industries. However,
further studies are needed to optimize the glass composition
for specific applications and address potential limitations,
such as the effect of prolonged radiation exposure on the
glasses’ structural stability and long-term performance.
One can conclude that the additive of Nd2O3 to TeO2-ZnO
glasses enhances their mechanical properties and increases
their ability to absorb neutrons and photons. Additionally,
The TZNd5 with 5 mol% Nd2O3 concentration is a better
photon shield than other investigated TZNd-glasses.
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