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This article is devoted to the study of determination of gamma radiation shielding efficiency by new
radiation-resistant glasses of the 0.5TeO,-(0.5-x)Bi,O3-xWO;3 type. As a method of obtaining glasses,
the method of solid-phase synthesis combined with thermal annealing and subsequent hardening was
used. The amorphous nature of the synthesized samples was confirmed by X-ray phase analysis. De-
termination of the shielding efficiency, as well as the effect of Bi; O3 and WO3 content in the glass
composition on the attenuation efficiency was carried out by evaluation of gamma radiation intensi-
ties from the 3Cs source, with a gamma ray energy of 661 keV. The evaluation was performed on
parameters such as radiation protection efficiency, linear and mass attenuation coefficients, half-value
layer and mean free path. During the studies, it was found that glasses of the following composition
0.5Te0,-0.1BipO3-0.4WQO;3 are most effective, which are 1.3-2 times higher than those of the composition
0.5Te0,-0.4Bi; O3-0.1WO3.

Keywords: glasses, radiation protection efficiency, mean free path, half-value layer, TeO,-Bi,O3-WOs3.

Introduction

Today, the widespread use of sources of ionizing radiation has led to an expanded
search for new materials capable of high shielding efficiency [1, 2]. As a rule,
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conventional shielding materials are lead and concrete, which, despite their high
absorption and attenuation efficiency, have a number of significant disadvantages.
These disadvantages for lead include high toxicity, low melting point, limiting
their use at elevated temperatures. Concrete products, in turn, are limited by
crack resistance and mechanical resistance [3-5].

In turn, one of the alternative methods of protecting against the negative
effects of ionizing radiation is telluride glasses, which contain oxides of rare-
earth elements [6-10]. This type of glass has high performance of shielding
and attenuation of ionizing radiation, especially gamma-quantum and neutron
radiation, which have a high penetrating ability. Also, telluride glasses have
good transparency indicators, which makes them promising materials for areas
where direct visual observation of sources of ionizing radiation and their effects
is necessary [11-15].

At the same time, despite quite a large number of scientific works in this
area of research [16-27], there are still many unresolved issues related to the
search for optimal compositions and structural compounds, which will combine
high absorbing and weakening ability, as well as minimum thickness. One of
the promising compositions for shielding materials is a composition containing
TeO,, BiO3, WOj3, a combination of which allows obtaining high values of
density, stability and values of shielding efficiency [28-30]. The main purpose
of this article is to study the effect of changing the stoichiometry of the selected
TeO,-BipO3-WO3 composition on the shielding characteristics and attenuation of
gamma radiation with an energy of 662 keV. The relevance of this work lies in
the development of technologies for the production of radiation-resistant glasses
and their potential use.

Experimental part

The objects of study were 0.5TeO,-(0.5-x)Bi,O3-xWO3 glasses with different
contents x=0.1-0.4. The synthesis of glasses with different stoichiometric compo-
sitions was carried out using the method of solid-phase synthesis followed by
thermal annealing at a temperature of 1100 ° C. Annealing was carried out for 5
hours, followed by taking out the samples and hardening in air. As a result of
the performed procedures, a series of glass samples with good transparency and
crack resistance were obtained.

The study of the phase composition and crystalline nature of the glasses under
study was carried out using the X-ray diffraction method, performed on a D8
Advance ECO X-ray diffractometer (Bruker). The survey was carried out with the
Bregg-Brentano geometry.

The shielding efficiency was determined according to the standard scheme
for measuring the intensity of gamma radiation and its reduction as a result
of the use of protective shields. Intensity measurement was carried out using
a Nal detector located at a distance of 10 cm from a gamma radiation source
located in a lead box with an opening at the end with a diameter of 1 cm. The
source of gamma radiation was '¥Cs, with a gamma ray energy of 661 keV.
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The exposure time of the dose acquisition in order to determine the shielding
efficiency was carried out for 2 hours and 5 consecutive measurements in order
to obtain statistical data and determine the measurement errors.

The change in Radiation protection efficiency (RFE) value, which reflects the
efficiency of reducing the transmitted gamma radiation intensity by a protective
shield, was carried out according to the standard method of comparative analysis
of gamma radiation intensity before and after transmission and was calculated
using the equation (1) [29]:

RFE = (1-— Ii) x 100%, (1)
0

where I and I are the spectral intensities before and after shielding.
The values of the linear attenuation coefficient (¢ ) and the mass absorption

coefficient of gamma radiation (1, ) by the protective shield were estimated using
equations (2) and (3):

logIn/1
p= 0, @
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w=, (3)
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where Iy is initial intensity value, I is the intensity value after shielding; d is
thickness, p is the glass density.

The half-value layer (HVL) and mean free path (MFP) coefficients, which
make it possible to determine the required thicknesses of protective shields
in order to attenuate the radiation intensity by 50% and the average distance
between two successive interactions of gamma quanta with the crystal structure,
were determined using equations (4) and (5) [29, 30]:
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Results and discussion

Figure 1 shows the results of studies of the phase composition of the synthesized
glasses depending on the concentration of Bi;O3 and WO;. The general view
of the presented diffraction patterns testifies to the amorphous nature of the
synthesized glasses, which is confirmed by the absence of obvious diffraction
reflections in the obtained diffraction patterns. At the same time, a change in
the concentration of Bi;O3 and WOj; leads to the formation of a halo peak in
the area of 260 =23-30°, however, full reflexes characterizing the presence of an
ordered structure are not observed for all samples.

Due to the amorphous nature of the synthesized glasses, density determina-
tion was carried out using a standard procedure for immersing the test samples
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Figure 1. Dynamics of X-ray diffraction patterns of the studied samples of 0.5TeO;-(0.5-x)Bi,O3-xWO3 glasses.

in a liquid and subsequent calculation according to the Archimedes method.
According to the data obtained, a change in the concentration of BiO3 and WOs
in the composition of glasses leads to an increase in the density of the synthe-
sized glasses from 7.09 g/cm? for the 0.5Te0,-0.4Bi03-0.1WO5 sample, to 7.24
g/cm3,7.29 g/cm?, and 7.54 g/cm? for samples 0.5TeO,-0.3Bi03-0.2WOs3,
0.5Te0;-0.2Bip03-0.3WO3 and 0.5TeO,-0.1Bi;O3-0.4WQO3, respectively. The in-
crease in glass density depending on the change in concentration of the compo-
nents is due to the difference in density of the initial components, as well as their
weight. The change in density is known to lead to a decrease in oxygen packing
density and a decrease in the porosity of the glasses, which has a significant effect
on both strength characteristics and shielding ability.

Figure 2 shows the results of the change in radiation protection efficiency
depending on the concentration of WO3 in the composition of TeO,-BiyO3-WO3
glasses. The data obtained indicate that in the case where the concentration of
WOj3 in the glass composition is 0.1-0.2, the value of the decrease in the intensity
of gamma radiation passing through the shield was less than 50%, which indicates
a rather low shielding efficiency. However, an increase in the concentration of
WO3 in the glass composition leads to an increase in shielding efficiency by
5-15%, which is associated with an increase in the density of the glass, as well as
a change in its electronic structure as a result of a change in the stoichiometric
ratio of the components.

Two important parameters for estimating the shielding efficiency are linear
and mass attenuation coefficients of the intensity of gamma radiation transmitted
through the material. These parameters make it possible not only to evaluate
the required thicknesses for effective radiation protection, but also to carry out a
comparative analysis with other various protective materials. Figure 3 shows a
graph of changes in these values depending on the concentration of WO3. As
is known, for gamma quanta with energies above 0.5 MeV, the main processes
of interaction with matter, leading to energy loss and beam weakening, are the
formation of electron-positron pairs and subsequent cascade effects leading to
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Figure 2. Graph of the dependence of the change in the radiation protection efficiency on the WO3 concentration in
TeO,-BirO3-WO;3 glasses.

a change in the electron density in the matter. At the same time, an increase in
glass density, and therefore a change in electronic states, leads to an increase
in intensity reduction due to large energy losses of gamma quanta in the glass
structure. At the same time, an increase in the concentration of WQOj; in the
composition of glasses leads to an increase in attenuation coefficients by more
than 1-1.5 times.
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Figure 3. Graph of the dependence of the change in the linear and mass attenuation coefficient of gamma radiation on
the concentration of WO3 in the composition of TeO,-Bi,O3-WO;3 glasses.

Figure 4 shows the results of changes in half value layer and mean free path
values for synthesized glasses depending on the concentration of WO3, which
characterize the required glass thicknesses to attenuate 50% of radiation, which is
a standard value in the development of safety standards for the use of protective
shielding materials.

It can be seen from the presented data that in the case of 0.5TeO;-0.4Bi;O3-0.1WO3
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Figure 4. Graphs of half value layer (a) and mean free path (b).

composition, the glass thickness should be at least 1.9 cm in order to halve the
gamma-ray flux. At the same time, an increase in WO3 concentration leads to a
significant decrease in the half value layer and mean free path, which indicates
an increase in gamma radiation shielding efficiency.

Conclusion

By analyzing the data obtained, we can come to the following conclusion. Chang-
ing the stoichiometry of the glasses, in particular increasing the concentration
WOj3 leads not only to an increase in density, and therefore a decrease in porosity,
but also to an increase in the shielding efficiency and gamma radiation attenuation.
At the same time, glasses of the following composition 0.5TeO,-0.1Bi;O3-0.4WO3
are most effective. Such high efficiency indicators, which are 1.3-2 times higher
than the same for the composition 0.5TeO,-0.4BiO3-0.1WO3 are due not only to
the change in glass density, but also to the electronic configuration and vacancy
density, and therefore to the value of Z,r;, which directly depends on the glass
composition. The data obtained are also in good agreement with the literature
data [18-20] devoted to the study of the efficiency of WO3 doping in various
types of glasses and radiation-resistant ceramics. The prospect of the obtained
data on the shielding efficiency opens up wide opportunities not only for the
development of technology for creating such glasses, but also for further research
in this direction in order to increase the shielding efficiency.
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