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ABSTRACT

This study presents the synthesis, physical, structural and gamma-ray shielding
characteristics of 40P,05-20CaO—-(30—x)Na,0O—10K,O-xPbO (x = 0, 5, 10, 15, 20
mol%) glasses. The glass samples coded as PbCKNP1, PbCKNP2, PbCKNP3,
PbCKNP4, and PbCKNP5 were prepared using the melt quench method. Na,O
substitution by PbO influenced the molar volume and mass density of the
glasses. Structural analysis of the glasses using the X-ray diffraction (XRD) and
Fourier transform infrared (FTIR) spectroscopy confirmed amorphous structure.
The photon shielding parameters of the glasses examined via the Monte Carlo
simulation code (MCNP-5) revealed that the glasses’ shielding ability improved
as PbO content increased. The highest simulated linear attenuation coefficient
(LAC) achieved at 0.015 MeV increased from 21.46 to 159.07 cm ™' as the PbO
concentration increased from 0 and 20 mol%. The LAC for all fabricated glass
samples showed an exponential reduction trend with gamma photon energy.
Based on the simulated LAC values, calculated mass attenuation coefficient
(MAQ), half-value layer (HVL), transmission factor (TF), and radiation shielding
capacity (RSC), PbCKNP5 possessed the best gamma-ray protection ability
among the investigated glasses. Furthermore, the calculated shielding
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parameters of the PbCKNP glasses showed that they possess a good potential
for radiation shielding applications.

1 Introduction

Radiations (neutrons, electrons, charged heavy par-
ticles, x- and gamma-rays) with sufficiently high
energies are important tools in modern technology
that have made life on earth more comfortable and
enduring. Notable among the areas in which these
radiations are applied for the general benefit of man
and his environment include: in the diagnosis and
management of health impairments, power genera-
tion, non-destructive testing, and industrial pro-
cesses, research, material characterization,
environmental conservation, food cultivation, pro-
cessing, and preservation [1-7]. These application
frontiers continue to soar despite the enormous haz-
ards associated with exposure to all forms of artificial
radiation sources. This is because such risks have
been successfully brought to the barest minimum and
eliminated in some cases through the availability of
adequate radiation control measures.

Radiation control is efficient when good radiation
dosimetry and shielding systems are in place in all
radiation facilities. Radiation interaction parameters
are crucial for determining the chosen material for
radiation shielding analysis and design as they pro-
vide information about the amount of radiation and
energy absorbed by different materials. Hence,
interaction parameters can be processed to provide
information about a material’s competence to provide
radiation protection in nuclear facilities. Further-
more, they are used to quantify the comparative
advantage a material has over existing radiation
shields. Many functional materials such as steel,
alloys, ceramics, metallic, and glasses have been
investigated for their radiation shielding competence
via analysis of various radiation interaction parame-
ters [8-15]. Many of these materials have shown great
potential, similar and sometimes superior to lead (Pb)
and concretes two traditional shielding materials. The
demand to replace these two basic shields has
increased in recent years due to non-homogeneity
and stability of chemical components, presence of
crack and pores in concrete, opacity, high density,
and environmental issues associated with Pb.
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Today, many oxide glasses possessing diverse
structural, mechanical and chemical characterization
have been investigated for their radiation shielding
efficiency against different radiations. This is possibly
due to their comparatively better chemical and
mechanical stability relative to other glasses [16, 17].
Phosphate glasses have the ability to host a high
concentration of transition metals in their amorphous
state [17]. Their unique chemical structure and com-
position flexibility enable one to alter their chemical
composition, thus allowing the tailoring of their
structural, physical, and chemical properties to any
desired state for several applications easier.

For the purpose of radiation shielding, the addition
of PbO into glass systems has been reported to
enhance the photon and charged particle shielding
competence of such glasses [18-21]. The high atomic
number and density of Pb have been concluded to be
responsible for this. The effect of different amounts of
PbO in the nuclear shielding competence of the
Na;O5-BaO-PbO-Nb,05-510,-Al, 05 ceramic system
was investigated previously [18]. Via the Geant4
simulation tool's use, the gamma and heavily
charged particle absorption capacity of the ceramics
were found to be superior for those with higher PbO
content. Similar increases in radiation shielding
ability with higher PbO content have been reported
for different glass systems by Aly et al. [19] and
Alalawi et al. [20]. Also, Kavaz et al. [21] discovered
that mass density increased, and molar volume
decreased while the optical, photon, and the neutron-
absorbing tendency of V,0s-SrO-PbO glasses
improved with an increase in their PbO content.

Subsequently, phosphate glasses with a certain
level of PbO content could potentially be a good
radiation shield that might be used to construct
containers for storing and transporting nuclear waste.
They could also be used as radiation shields in
nuclear facilities where high-energy photons and
charged particles are utilized. The addition of PbO
encourages the formation of Pb—O-P chemical bonds,
which is expected to improve the chemical stability
significantly and the amorphous state, among other
benefits in phosphate glass systems [22]. Such
chemical structure enhancement has also been
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reported to improve physical properties [23]. Above
all, the environmental toxicity concern of the Pb
shield can be drastically reduced since Pb is oxidized
and reacts with the phosphate glass network. The Pb
in such a network can only be freed via extreme
physicochemical processes [24] thus, preventing it
from becoming a contaminant in the environment.
Phosphate glass systems containing PbO could be
subsequently safe and potentially effective radiation
absorbers. However, this assertion requires a quan-
titative investigation as radiation shielding ability
depends on the nature and energy of the radiation,
chemical composition, and state of the absorbing
material. Furthermore, the structural, mechanical,
chemical and other properties of glass shields deter-
mine how they could be deployed for a shielding
function and dictate the nature of the environment
they can be deployed for such functionality.

The novelty of the present work comes from the

fabrication of a glass series consisting of five glass
samples. The chemical composition of the fabricated
glass samples described by the chemical formula
xPbO + 20CaO + 10K,0+(30—x)NayO + 40P,0s,
x take values 0, 5, 10, 15, and 20 mol%. The structure
and physical properties were studied experimentally
for the fabricated glass samples. Moreover, the Monte
Carlo simulation code (MCNP-5) was used to evalu-
ate the radiation shielding parameters, while the
XCOM database was used to confirm the simulated
shielding parameters.

2 Materials and methods
2.1 Preparation of samples

The glass samples of the selected glass composition of
40 P,05—20 CaO-(30—x)Na,O—10K,O-xPbO and
(x =0, 5, 10, 15, 20 mol%) were prepared using the
method of melt quenching technique. The initial
chemicals are taken as P,Os, CaCO;, PbO, NaOH,
and KOH in the stoichiometric amount, and also
analytic grade chemicals were used to prepare the
selected glass composition. In this glass composition,
lead oxide was added of different molar percentages
(x mol%) where x = 0, 5, 10, 15, and 20 mol% to make
the mixtures. The selected chemicals were mixed
thoroughly, and the mixture was melted at 1050 °C in
an electrical furnace. The melt was poured into pre-
heated graphite molds. The samples were annealed
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in an annealing furnace at 320 °C for 2 h and then
slowly cooled to room temperature for 24 h to reduce
the selected glass samples’ cracking and thermal
strain. The detailed procedure has already been
explained in our previous findings [25, 26]. The pic-
ture of prepared glass samples is displayed in Fig. 1.
Each prepared glass samples’ density was measured
using the Archimedes’ principle [27, 28]. The densi-
ties increase from 2.3337 to 3.5431 g/cm? as the mol%
of the PbO increases, which is listed in Table 1. The
prepared glass samples were subjected to structural
characterizations via XRD and FTIR spectroscopy.

2.2 Structural characterization

XPERT-PRO XRD system was used to determine the
amorphous phase of the selected powdered glasses.
The voltage and current values of 45 kV and 40 mA
were used, respectively. The analysis was conducted
with Cu (K-alpha wavelength) and approximately
equal to 1.54 A with 20 varying from 20° to 80° with a
step size of 0.02.

The FTIR spectra of the selected glass samples in
the spectral range 1600-400 cm ™' were obtained with
PE-IR sub-tech spectrum ASCII FTIR Spectropho-
tometer. The fine mixture was mixed with potassium
bromide (KBr), and the mixed mixture was pressed
in a hydraulic press. FTIR spectra were obtained to
study the structural variations present in the selected
glass samples.

2.3 Gamma-ray shielding and geometry
setting

Due to the dangerous effect of radioactive sources,
their wrong use and handling, many research works
have reported the shielding properties of different
shielding materials by means of theoretical calcula-
tions as alternative methods for the experimental
measurements. Monte Carlo N-Particle transport
code is a useful creative code able to estimate the
gamma photons’ average track length per unit
shielding material. An accurate arranged input file is
required to obtain precise simulated shielding
parameters. The organized geometry is illustrated in
Fig. 2. As shown in the geometry described in Fig. 2,
the radioactive source existed in the center of the
geometry. A lead collimator surrounds the
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Fig. 1 Picture of the prepared
samples
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Table 1 Chemical composition and density of PbCKNP glass
samples

Glass code Glass composition (mol%) Density (g/cm®)

PbO CaO Kzo NaZO P205

PbCKNP1 0 20 10 30 40 2.3337
PbCKNP2 5 20 10 25 40 2.8930
PbCKNP3 10 20 10 20 40 3.1726
PbCKNP4 15 20 10 15 40 3.4531
PbCKNP5S 20 20 10 10 40 3.7431

Gamma- ray source

Shilding of lead
Detector F4 tally

z I Glass sample

X

Collimator of lead

Fig. 2 The MCNP geometry used in the radiometric study

radioactive source with a vertical slit of 1 cm diam-
eter. The collimator was used to collimate the inci-
dent photons and directed them along the
Z direction. Figure 2 also shows that the fabricated
glass sample was between the collimator and the
detector. The fabricated glass samples’ chemical
composition, dimensions, and density were intro-
duced to the input file in the parts related to material,
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surface, and cell cards. The detector was located at a
distance of 10 cm from the collimator. The detector
type was chosen to be an F4 tally. Thus, it can esti-
mate the mean flux per unit cell of the detector. The
MCNP-5 code was reached with the cross-section

nuclear databases ENDF/B-VI.8, ACTI, ENDL, ACTI,
and T-16 files. The NPS card is arranged to be 10°
histories [29].

The simulated results were confirmed using the
XCOM database program. Moreover, based on the
gamma-flux simulated mean track length, the linear
attenuation coefficient (LAC) was calculated. After
that, the mass attenuation coefficient (MAC), half-
value thickness (Ays), transmission factor (TF), and
radiation shielding capacity (RSC) were evaluated
using standard expressions.

3 Results and discussion

3.1 Glass physical and structural
characterization

The fabricated glasses’ density (p, g/cm®) was
determined experimentally using the Archimedes
method with a standard uncertainty of £ 0.01 g/ cm?®.
After that, the molar volume (Vy;, cm®/mol) was
calculated based on the fabricated glass samples’
measured density and molecular weight. The
obtained values for p and Vs were plotted versus the
PbO content, as presented in Fig. 3. Figure 3 depicts
that the p (g/cm’) was enhanced with rising PbO in
the fabricated glass system. The density takes values
2.334, 2.893, 3.173, 3.453, and 3.743 g/ cm® for glass
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Fig. 3 Variation of the glass density and molar volume versus the
PbO insertion ratio

samples with PbO concentration 0, 5, 10, 15, and 20
mol%, respectively. In contrast, the V), decreased in
order 41.14, 35.972, 35.34, 34.81, and 33.83 cm®/mol
with raising the PbO concentrations. This increase in
density is due to the replacement of Na,O contents
(p =227 g/ecm® and M,= 6197 g/mol) by PbO
content (p = 9.53 g/cm’ and M,,= 223.2 g/mol). The
drastic influence over density by the first 5% of PbO
addition to the base material which may be due to the
effect of other modifiers present in the glass network.
These modifiers also play important role to change
the structure of glass which directly affect the density
of the glasses.

The X-ray diffraction spectra of selected samples
have been recorded and shown in Fig. 4. It shows no
sharp peaks, but there is only one hump representing
the selected samples having an amorphous structure.
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Fig. 4 The XRD spectra of the present glasses
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So, it is cleared that all the presented samples are
glassy materials of the order of amorphous
structures.

The Fourier transformation infrared (FTIR) spectra
recorded is displayed for all the selected glasses in
Fig. 5. The various peaks and their assignments of
recorded FTIR spectra are represented in Table 2.
There are various modes of vibrations and linkages
present in the selected glass samples. The IR trans-
mission spectra of investigated glasses have main
bands at around ~ 510 cm™}, ~ 710 em™}, ~ 880
em™', ~ 1100 cm ™', ~ 1240 cm ™', and ~ 1366 cm™".
A strong peak of FTIR recorded at 510 cm™' is
attributed to the Pb—O symmetrical bending vibra-
tion, Pb—O bending of PbO, groups, and bending
vibrations of bridging phosphorus ¢ (O-P-O) [20-32].
A peak is observed at 710 cm ™', which reveals the
covalent bond between non-bridging oxygen and
calcium ions as P-O—Ca stretching vibrations [30]. P-
O-P groups’ asymmetric stretching vibration linked
with linear metaphosphate chain is observed at the
peak position 880 cm™' [30]. The IR peaks at 1100
cm™! may be due to Pb-O asymmetrical bending
vibration as well as asymmetric stretching of P-O-P
groups [31, 33]. A peak around 1240 cm ™' and 1366
cm ™ is attributed to the asymmetric and symmetric
stretching vibration (P=0), respectively [30, 34]. The
first band around 400-650 cm ™' reveals the Pb-O
symmetrical bending vibrations [31, 32]. The second
band around 650-800 cm™' is due to the symmetric
stretching vibrations of P-O-P linkages in rings [30].
Around 800-1200 cm ™, the third band is assigned to
the symmetric, asymmetric stretching vibration of P-
O-P linkages. The last band around 1200-1400 cm ™"
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Fig. 5 The FTIR spectra of the present glasses
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is assigned to the stretching vibration of doubly
bonded oxygen, respectively [34, 35]. We know that
as lead doping increases the bond between lead and
oxygen becomes weaker which indicates the increase
in number of the non-bridging oxygen. So we can say
that, Pb-O bond become more dominating as lead
increases than Pb=0 bond. This is the reason why we

get very small kinks at 1240 and 1360 cm ™.

3.2 Evaluation of the radiation shielding
capacity

The average track length simulated using the Monte
Carlo N-particle Transport code-version 5 (MCNP-5)
was used to estimate the synthesized glass samples’
LAC wvalues in the energy range between
0.015 < E <15 MeV. Figure 6 clarifies the LAC
variation along the various energy spectrum regions
(low, mid, and high). It is clear the LAC takes its
maximum values at gamma-ray energy 0.015 MeV,
concerning the studied energy range. The highest
LAC values were 21.460, 56.287, 89.597, 123.788, and
159.078 cm ™" for glass samples PB.CKNP1, Pb.CKNP2,
PbCKNP3, PbCKNP4, and PbCKNP5, respectively.
This is due to the predominance of photo-electric
interaction (PE). After that, the LAC values for all
fabricated glass samples were highly diminished
with rising incident gamma photon energy. The
decreasing trend is due to the decreasing of the PE
interaction with rising incident gamma energy in the
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Fig. 6 The LAC (x, cm™") of the PbCKNP glass series, as a
function of the gamma-ray energy

12377

low energy interval between 0.15 and 0.15 MeV. In
the energy interval between 0.08 and 0.1 MeV, an
increase in LAC value was observed for all samples.
This increase is attributed to the K-absorption edges
of lead Pb at 0.088 MeV. Above 0.15 MeV, the
Compton scattering interaction (CS) regularly
increased with energy to 1.5 MeV. Thus, the LAC
values in this interval decreased linearly with gamma
photon energy. In the mentioned energy region
between 0.15 and 1.5 MeV, the LAC value decreases
from 0.330 to 0.118 cm ™' and from 3.061 t0 0.190 cm ™
for glass samples PbCKNP1 and PbCKNP5 glass,
respectively. This linear decrease is due to the CS
cross-section where the gcs o E~ ', Figure 7 depicts
that above gamma photon energy 2 MeV, the fabri-
cated glass samples’ LAC is nearly constant and
independent of the incident photon energy. This is
attributed to the pair production interaction (PP),
where the gpp o log (E).

Figure 7 shows the PbO influence on the fabricated
glass samples’ LAC values at some fixed energy.
Replacement of the NaO, with PbO content causes an
enhancement in the fabricated glasses’ molecular
weight and density. Thus, the atomic number (Z) of
the fabricated glass samples increased. Since the
gamma-ray interaction cross-section varied with Z*
for photo-electric, the LAC values were observed to
rapidly improve with rising the PbO content in the
PE interaction region (i.e., 0.015 MeV). On the other
hand, the LAC values were slightly increased with
the PbO content in the Compton scattering and pair
production interaction regions (i.e., 1 and 15 MeV)

180
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Fig. 7 The variation of the LAC (i, cm™") of the PbCKNP versus
the PbO content
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due to the variation of the cross-section with Z and Z*
of the fabricated glass samples.

The mass attenuation coefficient (MAC) was cal-
culated for the present glass samples to ignore the
density effect and estimate the attenuation coefficient
per unit mass. The MAC (i, cm?/g) was calculated
theoretically using the XCOM database and simu-
lated using the MCNP-5 code, as shown in Table 3.
Table 3 indicates that the simulated yu, highest values
are 9.195, 19.456, 28.241, 35.840, and 42.499 cm?/g,
while the lowest are 0.0216, 0.0251, 0.0281, 0.0307
cm?/g, for glass samples PbCKNP1, PbCKNP2,
PbCKNP3, PbCKNP4, and PbCKNP, respectively.
The simulated yu,,, was comparable to the theoretically
calculated using the XCOM database. The difference
(A, %) between the simulated and XCOM results is
calculated and plotted in Fig. 8. The A (%) presented
in Fig. 8 was in the range & 2%. This A (%) may be
related to the different cross-section databases used
by XCOM (NIST) and MCNP-5 code (ENDF/B-VL8).

The half-value layer (HVL) is a potential shielding
parameter used to describe the shielding material
thickness to reduce incident photons’ intensity to
half. It is inversely proportional to the LAC. Thus,
Fig. 9 depicts that the HVL increases with the
incoming energy. The lowest HVL values were
achieved at 0.015 MeV. their values are 0.0322, 0.0123,
0.0077, 0.0055, and 0.0043 cm for glass sample
PbCKNP1, PbCKNP2, PbCKNP3, PbCKNP4, and
PbCKNP5, as illustrated in subfigure 9. The HVL
values were exponentially progressed with energy

2 s ———
@ PbCKNPI1
@ PbCKNP2
@ PbCKNP3
14 @ PbCKNP4
@ PbCKNPS
04 -y O 9 o e
3 8 8 8 § go ° g o 009
=~ ] °
< 0
14 °
] o 9
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8 °
-2
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Energy (MeV)

Fig. 8 Variation of the difference (A%) as a function of the
gamma-ray energy
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due to the PE interaction in the low energy region.
Due to the CS cross-section, the HVL trend trans-
formed to a linear increase with the mid-energy
interval incident energy. The thinner HVL values
were achieved at 0.015 MeV. They are 0.0323, 0.01231,
0.00774, 0.0056, and 0.00436 cm. In contrast, the
highest HVL values were achieved at high energy
(i.e., 10 MeV); they take values of 12.895, 9.319, 7.802,
6.694, and 5.837 cm for glass samples PbCKNP1,
PbCKNP2, PbCKNP3, PbCKNP4, and PbCKNP5. At
energy 10 MeV (for example), with increasing the
PbO increased in order 5, 10, 15, 20 mol%, the HVL
enhanced by factors 27.73, 39.49, 48.08, 54.72% for
glass samples PbCKNP2, PbCKNP3, PbCKNP4, and
PbCKNPS5.

Also, the effect of glass composition appears
brightly in Fig. 9, where the HVL is reduced gradu-
ally with increasing the PbO concentration in the
fabricated glass. This effect also varies from one type
of photon interaction to another. One can see that
HVL values are highly dependent on the chemical
composition of the material in the PE interaction
region, where the cross-section of interaction varies
with Z*°. While this effect decreased for CS and PP,
where the cross-section varied with Z, and Z?
respectively. The lowest HVL was obtained for the
PbCKNP1 glass sample. It increased from 0.032 to
13.75 while the thinner achieved for PbCKNP1 and
increased from 0.004 to 5.61 cm, increasing energy
between 0.015 and 15 MeV, respectively.

The transmission factor (TF) describes the photon
ratio transmitted through a known thickness of the
fabricated glass samples. Figure 10 depicts that
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Fig. 9 The half-value layer (HVL) of the fabricated glass samples
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photons’ transmission depends mainly on three fac-
tors, incident energy, chemical composition, and
shielding thickness.

Figure 10 shows that the transmission factor at low
energy (i.e., 0.08 MeV) decreases exponentially with
PbO content; this is attributed to the PE interaction
where the opg < Z*°, as mentioned in the LAC sec-
tion. For example, a glass sample with a thickness of
2 cm has the ability to reduce the incident intensity
with ratios 63.439, 91.732, 97.982, 99.525, and 99.893%
when the PbO content increased in order 0, 5, 10, 15,
and 20 mol% at 0.08 MeV, respectively. Increasing the
PbO content in the fabricated glass samples leads to
additional resistance for the passing photons. Thus,
the transmission factor decreased with increasing the
PbO content. This decreasing trend depended mainly
on the Z of the fabricated glass. So, as mentioned
early, the TF was exponentially reduced with the PbO
composition in the low energy region (i.e., 0.08 MeV).
It linearly decreases in the mid and high energy
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region, the CS and PP cross-section, which is pro-
portional to Z and Z?, respectively. For example, the
glass with the same previous thickness (2 cm) can
reduce the intensity by a factor of 25.30, 30.58, 33.20,
35.73, and 38.25% with increasing the PbO ratio
between 0, 5, 10, 15, and 20 mol% at 1 MeV,
respectively.

The transmission factor is also affected by the
gamma photon energy, as shown in Fig. 10a—c. The
TF for a thickness of 1 cm from glass sample PbCKP5,
as an example, increases in the order of 3.263, 78.589,
and 88.386%, for gamma-ray energy 0.08, 1, and 15
MeV, respectively. Raising the incoming photon
energy leads to a decrease in the gamma-photon
wavelength. Thus, the penetration power of the
projected photons increased. As a result, the gamma
photons spend fewer scattering events while passing
the shielding material thickness. A small number of
interactions between the shielding material atoms
and gamma photons took place. Thus, the material
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Fig. 10 The variation of the transmission factor as a function of the PbO content
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resistance to the passing photons decreased, and the
TF increased with gamma photon energy.

The radiation shielding capacity (RSC) is a measure
of the investigated shielding material’s protection,
and it is inversely proportional to the transmission
factor (TF). Thus, the materials with a high gamma-
ray TF are not suitable for protection against gamma-
photons. In contrast, the materials with a lower TF
are an excellent selection for protection against
gamma-photons. Figure 11 shows the variation of the
RSC for the fabricated glass samples versus the glass
thickness at some fixed gamma photon energies (0.08,
1, 15 MeV). The selected gamma-ray energies cover
all the gamma-ray interaction types (PE, CS, and PP).
Figure 11a—c show that the RSC increases gradually
with the material thickness. Thus, the thicker glass
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samples have better RCS than the thinner thicknesses.
For example, the RSC of 4 cm thickness of glass
PbCKP5 enhanced from 21.41 to 61.67%, increasing
the glass thickness from 0.5 to 4 cm. This means that
the RSC was improved by 34.7% when the glass

thickness increased from 0.5 to 4 cm.

Also, the mentioned figure illustrates that the RCS
level decreased gradually with raising the gamma
photon energy. This decrease is related to the high
penetration power which the high-energy photons
received. Photons with high penetration power can
penetrate the material thickness speedily with a few
collisions number. Thus, the RSC decreased with
raising the gamma-photon energy. For example, The
RSC values offered by 2 cm thickness of the fabri-
cated glass sample PbCKP5 are 99.89, 38.25, and 21.87
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Fig. 11 Variation of the radiation shielding capacity (RSC, %) as a function of the glass thickness
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when the gamma photon energy increased between
0.08, 1, and 15 MeV, respectively.

4 Conclusion

The structural characterization of synthesized glasses
40P205-20C&O—(30—X)N320—10K20—XPbO and
(x =0, 5, 10, 15, 20 mol%) was studied using the
X-ray and Fourier transform infrared spectroscopy.
The density (p) and molar volume (Vy) of the fabri-
cated glass samples were evaluated. The glass den-
sity increased from 2.333 to 3.743 g/ cm3, while the
Vy decreased from 41.139 to 33.832 c¢m?®/mol,
increasing the PbO concentration between 0 and 20
mol%, respectively. The absence of any sharp peak in
XRD spectra indicates that samples were amorphous
in nature. The FTIR spectra showed the various
modes of vibrations and linkages present in the pre-
pared glass samples. Moreover, the Monte Carlo
simulation was used to estimate the radiation
shielding properties of the PbCKNP glass system.
The highest LAC achieved for the fabricated glass
sample PbCKNP5 decreased in the range between
159.07 and 0.123 cm™' with increasing the gamma
photon energy between 0.015 and 15 MeV. The sub-
stitution of the Na,O by PbO in the fabricated glass
system positively affects the LAC values. Thus, the
fabricated glass PbCKNP5 with 20 mol% of PbO
content has the best photon shielding parameters
among the studied glasses.
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