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a b s t r a c t

We investigated the radiation shielding competence for TeO2eV2O5eMoO3 glasses. The Phy-X software
was used to report the radiation shielding parameters for the present glasses. With an increase in TeO2

and MoO3 content, the samples' linear attenuation coefficient improves. However, at low energies, this
change is more apparent. At low energy, the present samples have an effective atomic number (Zeff) that
is relatively high (in order of 16.17e24.48 at 0.347 MeV). In addition, the findings demonstrated that the
density of the samples is a very critical factor in determining the half value layer (HVL). The minimal HVL
for each sample can be found at 0.347 MeV and corresponds to 1.776, 1.519, 1.391, 1.210 and 1.167 cm for
Te1 to Te5 respectively. However, the highest HVL of these glasses is recorded at 1.33 MeV, which cor-
responds to 3.773, 3.365, 3.218, 2.925 and 2.908 cm respectively. The tenth value layer results indicate
that the thickness of the specimens needs to be increased in order to shield the photons that have a
greater energy. Also, the TVL results demonstrated that the sample with the greatest TeO2 and MoO3

concentration has a higher capacity to attenuate photons.
© 2022 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Our knowledge of radiation science has quickly advanced over
the past century, which has resulted in the proliferation of nuclear
engineering applications. The establishment of such technologies
carries with it an obvious disadvantage, which results from the
inadequacy of the safeguards taken against the ionizing radiation
caused by the operation of the devices and the usage of radioactive
sources [1e3]. Gamma rays are an example of an ionizing radiation
type. This form of radiation is produced when an unstable nucleus
emits photons. Radioactive isotopes may be put to a variety of
beneficial purposes in our day-to-day lives, spanning from the
exploitation of the radiation in medical settings to applications in
the agricultural and industrial sectors [4e7]. An excessive amount
of radiation exposure can have negative impacts on a person's
health, including nausea, exhaustion, vomiting, and even possible
death. It will be vital to construct structures that are resistant to the
negative effects of radiation on humanity as nuclear sectors
eethi).

by Elsevier Korea LLC. This is an
develop further. This is because radiation may cause cancer and
other diseases. To reduce the likelihood of occurrences that might
result in a loss of control over nuclear plants, it is essential to put in
place sufficient radiation shielding measures and a comprehensive
set of preventative health and safety protocols [8e11]. Accidents
involving nuclear power, such as the one that occurred at Cher-
nobyl, will continue to cause harm to people and be a source of
danger so long as new materials with superior radiation shielding
qualities are not developed. The proper design of radiation
shielding materials is essential in order to meet the requirements
for reducing the dangers associated with ionizing radiation expo-
sure. The currently available techniques of shielding are unsus-
tainable because of the high expenses involved and the potential
risk to human health that they pose. Lead sheets are a good
example of a material that is functional but harmful. As a result, as a
replacement for products that include lead, special protective ma-
terials that are harmless, friendly to the environment, and inex-
pensive need to be produced [12e16]. Materials that consist of a
high atomic number (Z) are good choices due to their capacity to
interact with radiation. Glass, for instance, is among the most often
utilized materials in the nuclear sector due to the material's
favorable features. This is because glasses are ecologically benign,
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have cheap production costs, can be made denser by adding heavy
elements and are transparent -protective layers [17e20]. Due to its
use in thermoluminescent dosimeters, scintillators, solar cells, laser
technology, and gamma radiation detectors, research on diverse
glass systems has become more popular. Tellurite glasses have
received attention as the need for superior glass systems for
modern technological purposes intensifies. TeO2 glasses exhibit
noteworthy physical features such as good thermal and chemical
stability, low phonon energy, high refractive index, good devitrifi-
cation resistance, and low melting temperature. Because of their
exceptional properties, tellurite glasses are considered promising
materials for a variety of optical applications as well as applications
involving radiation shielding. Recent research has shown that tel-
lurite glasses have potential shielding qualities that are on equiv-
alent with or perhaps superior to those offered by other types of
glass systems [20,21]. Because of this, having a knowledge of the
shielding efficiency of tellurite-based glasses as well as their ca-
pacity to lower the intensity of radiation exposure has become very
necessary in order to be capable of utilizing these glasses in an
environment that is contaminated with radiation [22,23]. In light of
this, the purpose of this study is to analyze the radiation shielding
capabilities of TeO2eV2O5eMoO3 glasses in order to assess their
possibility for use in applications involving the shielding of gamma
rays.
2. Materials and methods

It is general information that the gamma-ray shielding proper-
ties of any material are determined by both the substance's
composition and its density. The mass attenuation coefficient
(MAC, or m/r) may be calculated for multi-component specimens
(like the tested TeO2eV2O5eMoO3 glasses) by utilizing Equation
(1):

ðm=rÞglass ¼
X
i

wiðm=rÞi (1)

In the formula shown above, the (m/r)i represents the MAC for the
following elements: O, V, Mo and Te. While the wi is the weight
fractions of the aforementioned elements in each sample. In addi-
tion, there is a parameter known as the linear attenuation coeffi-
cient (LAC, or m), which gives information about the percentage of
gamma photons that are reduced after entering a medium. Usually,
it is measured in a unit of 1/cm or 1/mm. It is a parameter that
depends on density as well as on energy. The preceding parameter
is significant since it contributes to the determination of many
other shielding variables, for example the half value layer (HVL).
HVL refers to the thickness of the barrier at the point at which fifty
percent of the photons have been reduced. HVL is photon energy-
dependent, like LAC. For the purpose of determining the HVL of
any given attenuator, the next formula is applied:

HVL¼0:693
m

(2)

In addition, the mean free path (MFP) can be another compo-
nent that the inventors of shielding glasses are using to determine
the distance that photons move inside the sample between colli-
sions. It is desirable to use a sample that has a short HVL in addition
to an MFP for useful uses, particularly in situations where there is
limited space. This may be accomplished by utilizing samples with
a high density that are rich in heavy metal oxides like TeO2 and
MoO3. For the purpose of determining the MFP of the
TeO2eV2O5eMoO3 glasses that were tested, the formula given
below can be utilized:
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MFP¼ 1
m

(3)

In addition, we assessed the effective atomic number (Zeff) for the
particular TeO2eV2O5eMoO3 glasses that we had chosen. This is a
description of how radiation interacts with composites. High Zeff for
the medium indicates that it has a strong capacity to shield the
incident radiation. The Zeff is related to basic parameters known as
the total atomic and electronic cross sections (sT and se). They are
given by:

sT ¼

0
B@
P
i
fiAi

NA

1
CAðm = rÞ (4)

and

se ¼ 1
NA

X
i

��
fiAi

Zi

�
ðm = rÞ

�
(5)

here NA and Zi represent Avogadro's number and the atomic
number of the ith element respectively. From these two equations,
the Zeff is calculated. Namely:

Zeff ¼
sT
se

(6)

Using the computer PhyX [24], we were able to derive the
aforementioned values, which are provided in equation 1 through
6, for the glasses that were tested. This user-friendly online soft-
ware was produced in 2020, and it can estimate a number of
radiation-shielding variables, such as Zeff, in the continuous energy
area or for selected energy values. This program is easily accessible
to researchers over the internet at https://phy-x.net/PSD. In brief,
the following is a description of the procedure that may be used
with this program to calculate specific shielding variables for any
given sample:

(1) Define the composition and the density of the sample: by
selecting the plus sign on the program's main screen, the
researcher could simultaneously specify an infinite number
of samples.

(2) Selection the energies
(3) Selection of the radiation shielding quantitates to be

computed

More details about this software are available in the recent work
[24].

The present glasses are selected from Ref. [25] and the following
are the description of the composition of these glasses:

Te1: 30TeO2e55V2O5e15MoO3, density ¼ 3.574 g/cm3

Te2: 40TeO2e40V2O5e20MoO3, density ¼ 4.033 g/cm3

Te3: 50TeO2e25V2O5e25MoO3, density ¼ 4.246 g/cm3

Te4: 60TeO2e10V2O5e30MoO3, density ¼ 4.705 g/cm3

Te5: 66.7TeO2-33.3MoO3, density ¼ 4.757 g/cm3

https://phy-x.net/PSD


Fig. 2. The linear attenuation coefficient for TeO2eV2O5eMoO3 glasses.
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3. Results and discussion

In order to analyze the attenuation characteristics of the chosen
TeO2eV2O5eMoO3 glasses, we utilized the Phy-X software to derive
the values of m/r. This allowed us to examine the attenuation fea-
tures of the present system. The range of energies that was looked
at for this study was from 0.347 MeV up to 1.33 MeV, and the data
are presented in Fig. 1. It is clear that the m/r values for all of the
samples are greater at 0.347 MeV than they are at the various en-
ergies that were taken into consideration for this work. These
values are equal to 0.109, 0.113, 0.117, 0.122 and 0.125 cm2/g for the
Te1 to Te5 glasses, respectively. The maximum levels for this vari-
able, which occurred at 0.347 MeV, may be a sign of a higher
possibility of photons interacting with TeO2eV2O5eMoO3 glasses
through a photoelectric process.

It is important to note that 0.347 MeV is less than the other
selected energies, and it is well known that radiations with lower
energies have a greater likelihood of interacting through this
mechanism. When the energy is increased from 0.347 to
0.826 MeV, there is a noticeable trend toward rapid declines in the
values of m/r (for instance, the m/r for Te1 falls from 0.109 to
0.066 cm2/g as the energy increases from 0.347 to 0.826 MeV).
Further, it has been shown that m/r reduces extremely slowly at
higher energy, and this is ascribed to Compton scattering (for Te1,
the m/r lowers from 0.066 to 0.055 between 0.826 and 1.173 MeV).
This is because Compton scattering causes the m/r to fall very
slowly. According to Fig. 1, the TeO2eV2O5eMoO3 glasses exhibit a
rise in their MAC value for E < 0.826 MeV whenever there is an
increase in the amount of TeO2 present. On the other hand, this rise
is much more noticeable at lower energies. As an illustration, we
looked at how the presence of TeO2 affected the m/r at two different
energies: 0.347 and 1.173 MeV. When the TeO2 concentration shifts
from 30 to 66.7 mol% at the first energy, the m/r value goes up from
0.109 to 0.125 cm2/g (the difference is 0.016), but the difference
between them is just 0.001 at 1.173 MeV.

For the TeO2eV2O5eMoO3 glasses, the m values are displayed
versus their TeO2 contents in Fig. 2. It was clear that there was a
correlation between the concentration of TeO2 and the m. At en-
ergies of 0.347 and 0.511 MeV, the rate of growth of m is very
evident, but at the other energies, it grows at amoderate speed. The
rationale for why m is dependent on the amount of TeO2 in the
Fig. 1. The mass attenuation coefficient for TeO2eV2O5eMoO3 glasses.
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sample might be attributed to the density. TeO2 causes a rise in the
density of the glasses, which goes from 3.574 to 4.757 g/cm3, and it
is common knowledge that the m is proportional to the density of
the glasses in a linear way. Consequently, the glass sample with the
highest density, Te5, also has the largest LAC at all different energies
(0.594 cm�1 at 0.347 MeV and 0.312 cm�1 at 0.826 MeV). In
accordance with the Lambert-Beer Law, we saw in this figure that
the m reduces as the energy level rises. This finding is consistent
with this important law [26].

In order to calculate the effective atomic number (Zeff) of the
glasses that were investigated, it was necessary to first determine
their sT and se values. The data of the total atomic cross-sections
(ACS) and total electronic cross-sections (ECS) analyses are pre-
sented, respectively, in Fig. 3 and Fig. 4. It is easy to observe from
Figs. 3 and 4 that the ACS and ECS values decrease as the energy of
the photon increases. Each glass' ACS value is higher than its ECS
value.

Wewere able to figure out the Zeff for TeO2eV2O5eMoO3 glasses
by making use of equation (6), together with the values for ACS and
ECS obtained from Figs. 3 and 4.
Fig. 3. The total atomic cross section for TeO2eV2O5eMoO3 glasses.



Fig. 4. The total electronic cross section for TeO2eV2O5eMoO3 glasses.

Fig. 6. The half value layer for TeO2eV2O5eMoO3 glasses.
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The Zeff values for the present samples are displayed in Fig. 5
between 0.347 and 1.33 MeV. When it comes to protecting
against radiation, a higher Zeff rating indicates that the glass in
consideration is superior. According to the figure, the photoelectric
effect causes all of the current samples to have a reasonably high
Zeff when the energy is minimal. Because the Zeff decreases as the
energy level increases, this suggests that the photons have a greater
possibility of interacting with the samples while the energy level is
lower. According to Fig. 5, the Zeff improved with a greater quantity
of TeO2 across all energies. This can be due to the substitution of
V2O5 by TeO2 and MoO3 (Z for V, Mo and Te is 23, 42 and 52
respectively). The MoO3 and TeO2 are responsible for an effective
improvement in the Zeff, and this is demonstrated clear when we
consider the Te5. If we compare the Zeff for Te1with this sample (i.e.
Te5), we found that the Zeff for Te1 is 16.17 at 0.347 MeV, while it is
24.48 for Te5 at the same energy. For 0.511 MeV, the Zeff for both
samples are 15.27 (for Te1) and 22.27 (for Te5). Based on the results
that are shown in Zeff figure, we can draw the conclusion that the
photons have the least penetrating power when they contact Te5
Fig. 5. The effective atomic number for TeO2eV2O5eMoO3 glasses.
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samples and have the maximum penetrating ability when they
connect with Te1 samples correspondingly.

Half value layer, also known as HVL, is one of themost important
photon-shielding characteristics of the medium, especially in sit-
uations when there is a limited amount of space available. The
smaller the HVL, the more advantageous the shielding qualities.
Fig. 6 depicts the relationship between the HVL and the sample
density. At energies of 0.347 and 0.511 MeV, the HVL drops at a
rapid rate with increasing density, however at the other energies, it
only declines at a slower rate. This indicates that the density of the
specimens has a very crucial influence in the HVL rates, and
consequently, the thickness of the specimens that is employed to
prevent or reduce the photons. For instance, the HVL of Te4 and Te5
is smaller than that of Te1eTe3 for the same energy because of the
difference in the density of these samples. Therefore, a high density
of the sample will certainly have an effect on the HVL and will
minimize the thickness that is necessary for reducing photons; this
Fig. 7. The tenth value layer for TeO2eV2O5eMoO3 glasses.



Fig. 8. Comparison between the HVL for the Te1eTe5 glasses with B2O3eTeO2eSiO2

glasses containing Bi2O3.
Fig. 10. Comparison between the HVL for the Te1eTe5 glasses with lead strontium
borate glasses.
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seems to be significant in the event that there is a restricted amount
of space available. Theminimal HVL for each sample can be found at
0.347MeV and corresponds to 1.776,1.519,1.391,1.210 and 1.167 cm
for Te1 to Te5 respectively. However, the highest HVL of these
glasses is recorded at 1.33 MeV, which corresponds to 3.773, 3.365,
3.218, 2.925 and 2.908 cm respectively.

In a manner analogous to that of HVL, we are able to analyze the
tenth value layer (TVL). At the energies that were studied, the TVL
for the TeO2eV2O5eMoO3 glasses can be found in Fig. 7. It is clear
from looking at this figure that both TVL and HVL are following a
similar pattern. Because it is evident that TVL grows with
increasing energy, this indicates that the thickness of the speci-
mens needs to be increased in order to shield the photons that have
a greater energy. In addition, Fig. 7 demonstrates that there is a
downward trend in the TVLwhen the amount of TeO2 in the sample
increases. The TVL value of Te1 is the highest, while the TVL value of
Fig. 9. Comparison between the HVL for the Te1eTe5 glasses with barium boro-
vanadate glasses.
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Te5 is the lowest. For example, the TVL for Te1 was 5.901 and
12.534 cm, whereas for Te5 it was only 3.877 and 9.661 cm at the
lowest and maximum energy levels, respectively. These data pro-
vide further evidence that the sample with the greatest TeO2 and
MoO3 concentration has a higher capacity to attenuate photons, as
was revealed in the earlier curves. The TVL figure indicates that the
Te5 sample has the potential to be themost successful candidate for
the development of radiation protection glasses.

In Fig. 8, we compared the HVL for the Te1eTe5 glasses at
0.662 MeV with B2O3eTeO2eSiO2 glasses containing Bi2O3 [27].
The HVL for Te1 is about 2.6 cm, whereas it is around 2.7 cm for
56TeO2e24B2O3e20SiO2. Te3 has slightly higher HVL than
55.44TeO2-23.76B2O3-19.8SiO2e1Bi2O3. Te4 and Te5 samples have
close HVL with the B2O3eTeO2eSiO2 glasses containing 2 and
3 mol% of Bi2O3. In Fig. 9, we compared the HVL for the Te1eTe5
glasses at 0.662 MeV with barium boro-vanadate glasses [28]. Te1
Fig. 11. Comparison between the HVL for the Te1eTe5 glasses with CaF2eBaO eP2O5

glasses.



Fig. 12. Comparison between the HVL for the Te1eTe5 glasses with titanium vanadium
sodium tellurite glasses.
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has close HVL with 56B2O3e4V2O5e20BaF2e20Na2O sample,
while all the barium boro-vanadate glasses given in Fig. 9 have
higher HVL than Te2eTe5 glasses. In Fig. 10, we compared the HVL
for the Te1eTe5 glasses at 0.662 MeV with lead strontium borate
glasses [29]. Evidently, 20SrOe10PbOe70B2O3 has almost same
HVL with Te3, but lower HVL than Te1 and Te2$Te4 and Te5
possess HVL values that are higher than the given lead strontium
borate glasses (except 20SrOe10PbOe70B2O3). The comparison
between the HVL for the Te1eTe5 glasses with CaF2eBaOeP2O5
glasses is given in Fig. 11 [30]. Only one sample from the
CaF2eBaOeP2O5 glasses has close HVL with our glasses (i.e. with
Te1), while other CaF2eBaOeP2O5 glasses have much higher HVL
than our selected glasses. Fig. 12 represents Comparison between
the HVL for the Te1eTe5 glasses with titanium vanadium sodium
tellurite glasses [31]. From the titanium vanadium sodium tellurite
glasses, the sample with 14 mol% of Bi2O3 has much higher HVL
than all the Te1eTe5 glasses. Te3 has close HVL with the titanium
vanadium sodium tellurite glass sample contains 18 mol% of Bi2O3.
Te5 has the same HVL with the glass with composition of
20Bi2O3e2TiO2e15V2O5e3Na2Oe60TeO2.
4. Conclusion

In order to report the photons shielding parameters for the
TeO2eV2O5eMoO3 glases, the Phy-X software was utilized. We
analyzed the impact of TeO2 on the m/r at lowand high energies and
we found that when the TeO2 concentration shifts from 30 to
66.7 mol% at the first energy, the m/r value goes up from 0.109 to
0.125 cm2/g (the difference is 0.016), but the difference between
them is just 0.001 at 1.173 MeV. At all energies, an increase in TeO2
content causes a rise in the m of Te1eTe5 glasses; however, the
magnitude of this rise is most pronounced at low energy regions. As
a result of a photoelectric phenomenon, the samples which contain
different concentrations have a Zeff that is significantly high at low
energies. The Zeff for Te1 and Te5 at 0.511 MeV is 15.27 and 22.27.
The findings also demonstrated that the density of the samples has
a significant impact on the optimal sample thickness for preventing
or reducing the transmission of photons. We investigated the
relation between the energy of the radiation and the HVL.We found
that at energies of 0.347 and 0.511 MeV, the HVL drops at a rapid
1223
rate with increasing density, however at the other energies, it only
declines at a slower rate. The HVL and TVL results demonstrated
that the thickness of the specimens needs to be increased in order
to shield the photons that have a greater energy. Also, the HVL and
TVL results showed that the sample with the greatest TeO2 and
MoO3 concentration has a higher capacity to attenuate photons.
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