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Avrticle Info: Abstract:

This manuscript has investigated the effect of TiO2 and PbO-coated glasses
on radiation absorption properties to develop alternative materials for
radiation shielding. The shielding properties of glass materials coated with

oxides were calculated experimentally with a gamma spectrometer with
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GATE simulation program. Within this scope, the shielding properties of TiO,
GATE, Pb0, and Pb0 doped TiO; glasses at 511, 662, 1274 keVV gamma energies were
XCOM, calculated. The results obtained showed that 50% Pb0 contribution can increase
TiO, the shielding properties of TiO, glasses. Also, it has been observed that the
PbO, experimental and theoretical results obtained are compatible with each other.
Gamma

1. Introduction

Developing protective materials that are suitable to
reduce the effects of increasing radiation dose is
important with the development of technology.
Placement of a shielding material between the
radiation source and the living being is the best way
to protect from radiation. Radiation protection
materials are used to protect radiation workers and
patients from the harmful effects of exposure to
ionizing radiation, such as x-rays, gamma rays, and
neutrons, which are used in many fields [1]. Due to
the importance of shielding in radiation protection,
studies on the development of protective materials
in the nuclear field have gained momentum [1].
Radiation absorption properties of various materials
have been examined by many scientific studies
such as granite [2], concrete [3], historical building
[4], polymer [5], steel [6], steel and iron slags [7],
glasses [8-11] and marble [12].

The use of TiO; as a coating element for thin films
is advantageous due to its photocatalytic properties,
low toxicity, thermal stability, and dielectric
properties [9].

In addition to experimental studies, simulation
programs are important in shielding studies.

For this reason, the purpose of the development of
alternative materials that can be used in radiation
shielding, absorption properties of TiO,, Pb0, and
Pb0 doped TiO, glasses at 511, 662, 1274 keV
gamma energies investigated experimentally and
theoretically.

2. Material and Methods

2.1 Experimental Procedure

PbO and TiO; solutions were prepared using the
lead (II) oxide (powder, <10 um, Sigma Aldrich),
Titanium dioxide (powder, 5 um, Sigma Aldrich),
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poly (methyl methacrylate) (PMMA,
ThermoScientific), and Toluene (Merck). 1 mL of
toluene was added to 60 mg of PMMA, thoroughly
mixed, and kept at 50 °C for 24h to obtain a
homogeneous transparent solution. A 0.5 mg
sample was weighed and 2 mL of stock PMMA
solution was added and mixed at 500 rpm at 50 °C
for 2h.

Glass sheets were washed with isopropyl alcohol to
remove metals and organic contaminants from the
glass surface. Then prepared solutions were coated
on a glass sheet by spin coater at 2500 rpm two
times.

2.2 Theoretical Procedure

The XCOM and GATE simulations used in the
study were made with the same method in the
article on the effects of BiO, additives on the
radiation absorption of PbO [1].

The linear attenuation coefficient is calculated
from the Beer-Lambert’s Law given by Eq.1:

I =1 e™# [1]

where u(LAC) is the linear attenuation
coefficient, x is the thickness of the glass
samples, | and lp are the net count which are the
measured with and without the absorber,
respectively.

The mass attenuation coefficient of a material
characterizes how easily it can be penetrated by a
radiation beam and it is given by Eq. 2:

m=t Cmil) (2]

where p is the density of the material [8].

The material thickness required to halve incident
gamma radiation is referred to as the Half Value
Layer (HVL) given by Eq.3 [9]:

Tn T
[ ¥

HVL =
B

(cm)

3]

Mean Free Path (MFP) is the average distance
the gamma-ray moves without interacting with
the material, and it is given in Eq. 4 [10]:

MFP = i (cm) [4]

3. Results and Discussions

In this study, the radiation attenuation properties of
glass materials obtained by coating PbO and TiO,
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nanopowders were investigated. First of all, mass
absorption values were calculated in the photon
energy range of 511, 662, and 1274 keV with
GATE and XCOM theoretical programs. The
absorption properties of the obtained glass
materials were examined in a laboratory
environment using a Nal(TI) detector and point
sources. Additionally, using LAC, MFP and HVL
values were calculated using the Eqg. 1, 3, and 4.
Graphs of the theoretical and experimental LAC (p)
values given Fig.1- Fig. 3.
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Figure 1. LAC values of TiO;
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Figure 2. LAC values of PbO
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Figure 3.LAC values of the mixture

In the study, it was observed that while the
absorption coefficient of PbO at 511 keV energy
value was 1.44 cm, this value decreased to 0.806
cm* with the addition of TiO,. It was observed that
as the energy increased, it decreased from 0.55 cm
to 0.38 cm™’. The decrease in the linear absorption
coefficient at 1274 keV can be considered as the
emergence of the Compton effect rather than the
material contribution. While the photoelectric effect
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is dominant at 511 keV, the Compton effect
becomes dominant as the energy increases.

The theoretical and experimental HVL and MFP
graphs obtained by substituting the LAC value in
Eq. 3 are as follows.

Figure 4. Experimental HVL values

Figure 5. Experimental MFP values

£ & 4

Figure 6.Theoretical HVL values

MFP

&

Figure 7. Theoretical MFP values
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Figure 4 and Figure 5 give experimental HVL and
MFP values, and Figure 6 and Figure 7 give
theoretical HVL and MFP values. It is seen that the
experimental values are compatible with the
theoretical values.

4. Conclusions

As a result of the study, experimental and
theoretical values were found to be compatible with
each other. According to the absorption coefficients
obtained, 50% PbO addition to TiO; increases the
absorption properties of the prepared glass material.
At the same time, a decrease in the absorption
property was observed as the energy value
increased. This situation is compatible with the
interaction of gamma radiation with matter.
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