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A B S T R A C T   

The purpose of this study is to conduct a thorough examination of the direct and indirect impacts 
of increasing the quantity of heavy WO3 on gamma-ray transmission, shielding and mechanical 
properties for some selected barium-phosphate-tungsten glasses. Accordingly, mechanical prop
erties of barium-phosphate-tungsten oxides with chemical formula (50-x)P2O5-50BaO-xWO3 (x =
0.0(S1), 5.0(S2), 10(S3), and 15(S4)) mol% was evaluated using Makishima-Mackenzie model. 
Next, newly online Phy-X/PSD software and Monte Carlo code were used to examine the gamma 
radiation characteristics. Gamma-ray transmission factor (TF) values were calculated for S1, S2, 
S3 and, S4 glass samples for a range of well-known radioisotope energies such for 67Ga, 57Co-57, 
111In-111, 133Ba, 201Tl, 99 mTc, 51Cr, 131I, 58Co, 137Cs, 60Co. The total packing density (Vt) was 
enhanced from 0.589 for S1 glass sample (free with WO3) to 0.605 for S4 glass sample (with 
highest WO3 =15 mol%). The total energy dissociation (Gt) of the investigated glasses was 
increased with increasing the WO3 content: from 51.7 (kJ/cm3) for S1 glasses to 52.45 (kJ/cm3) 
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for S4 glasses. All mechanical moduli were improved with increasing the tungsten trioxide con
centration in the studied glasses. Poisson’s ratios were increased with increasing the WO3 con
centration. The trend of linear (LAC) and mass attenuation (MAC) coefficients were followed as: 
(LAC, MAC) S1 < (LAC, MAC) S2 < (LAC, MAC) S3 < (LAC, MAC) S4. Half (HVL) and tenth (TVL) 
value layers have the trend as (HVL, TVL) S1 > (HVL, TVL) S2 > (HVL, TVL) S3 > (HVL, TVL) S4. 
The effective atomic number (Zeff) and electron density (Neff) have the same trend. The lowest 
transmission Factor (TF) values for all glass specimens were examined at a thickness of 3 cm. 
Furthermore, the S4 sample displayed the least transmission tendency across all glass thicknesses 
evaluated.   

1. Introduction 

The application of ionizing radiation has risen dramatically in recent years, particularly in the medical and pharmaceutical in
dustries. Considering ionizing radiation increases cancer risk, it is essential to practice radiation protection in all settings that employ 
radiation. For this purpose, the ALARA (As Low As Reasonably Achievable) principle was established. The three pillars of this radiation 
protection strategy are limiting exposure duration, increasing distance from the radiation source, and utilizing shielding to reduce the 
scatter radiation [1]. In many applications, the duration of exposure and distance cannot be manipulated as they affect the purpose of 
the radiation procedure. Therefore, shielding can be used and formulated in different formats, including concreate, garments, and 
glass. Concrete is a time-honored means of radiation shielding. It is available in various forms and sizes and has a reasonable price. 
Nonetheless, it has some drawbacks, including high thickness, opaqueness, the possibility of cracks resulting from excessive radiation 
exposure, and a gradual loss of density and mechanical strength over time [2]. While garments, aprons and gloves provide radiation 
protection, they are delicate structures prone to rip and interfere with radiation protective processes [3]. Glass shields are an excellent 
choice for radiation shielding due to their low cost and ease of fabrication. Nonetheless, it is unclear, has a low strength, and poses 
toxicity concerns [4]. The determinant of the quality of shielding materials is atomic number, density, and composition. In addition, 
the construction of shields varies by manufacturer, and the metal content and rubber quality affect their flexibility, durability, ra
diation absorption effectiveness, and weight [5]. As a result, there is a surge of attention in developing innovative shielding materials 
to overcome drawbacks of the available shielding materials and increase the efficiency of radiation protection [6–9]. Recently, several 
scientists have focused their attention to glass systems as radiation shielding materials. The major radiation shielding parameters such 
as mass and linear attenuation coefficients (MAC and LAC), half value layer (HVL), tenth value layer (TVL), mean free path (MFP), 
effective atomic number (Zeff), exposure (EBF) and energy absorption buildup (EABF) factors are evaluated for several suggested 
shielding materials [7–24]. Monte Carlo simulation techniques MCNPX [25] as well as theoretically using Phy-X/PSD program [26] 
were used to determine the mass attenuation coefficient (μ/ρ) numerically [27–30]. In the current study, the direct influence of 
tungsten trioxide (WO3) on mechanical and radiation shielding properties of barium phosphate (BaO/ P2O5/ WO3) glass system was 
investigated. 

2. Materials and methods 

2.1. Studied glasses 

Four glasses of barium-phosphate-tungsten oxides with chemical formula (50-x)P2O5-50BaO-xWO3 (x = 0, 5, 10, and 15 mol% 
were selected from previous work [31]. All details along with the chemical composition of the studied glasses are collected in Table 1. 

2.2. Mechanical properties of the studied glasses 

Mechanical properties (elastic moduli and Poisson’s ratio) of the studied BaO-P2O5-WO3 glasses (S1-S4) were examined via the 
conventional model (Makishima-Mackenzie) [32–36]. It is well known that the elastic moduli is the function of both packing density 
(Vt) and the dissociation energy per unit volume (Gt) of the chemical bonds in the glass as [32–36]: 

Vt =

(
1

Vm

)
∑

i
(Vixi) (1) 

Table 1 
Samples code, chemical composition, density, and molar volume of (50-x)P2O5-50BaO-xWO3 (x = 0.0, 5.0, 10, and 15 mol% glasses.  

Samples Code Composition (mol%) Density, ρ (g/cm3)[27] Molar volume, Vm (cm3/mol)[27] 

BaO P2O5 WO3   

S1  50  50  0.0  3.64  40.6 
S2  50  45  5.0  3.87  39.3 
S3  50  40  10  4.21  37.2 
S4  50  35  15  4.45  36.2  
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Gt =
∑

i
(Gixi

)
(
kJ
/

cm3) (2)  

Where, (Vi) is the ionic radius and (Gi) is the average strength of each oxide in the glassy system. The Young`s (EMM), bulk (KMM), shear 
(SMM), and longitudinal (LMM) moduli can be evaluated in GPa unit as in the nest relations (3–6) [32–36]: 

EMM = 2VtGt (3)  

KMM = 1.2VtEMM (4)  

SMM =

(
3EMMKMM

)

(
9KMM − EMM

) (5)  

LMM = KMM +
4
3
SMM (6) 

In addition, Poisson’s ratio (σMM) can be calculated via: 

σMM =

(
EMM

2GMM

)

− 1 (7)  

2.3. Monte Carlo simulation phase for transmission factors (TFs) 

It is well recognized that structural adjustments to materials influence the reduction rates of energetic photons. These changes may 
be studied using parameters or computed by performing an assessment on the whole material. The Transmission Factor [37] is defined 
as the ratio of the input radiation intensity to the output radiation, also known as secondary radiation, produced by the material as a 
consequence of attenuation. In this study, we determined the TFs of the studied glasses for a range of well-known radioisotope energies 
such 67Ga, 57Co-57, 111In-111, 133Ba, 201Tl, 99 mTc, 51Cr, 131I, 58Co, 137Cs, 60Co using the MCNPX [25] general-purpose Monte Carlo 
simulation code (Version 2.7.0). Two detecting zones are defined in front and behind the glass shield to obtain primary and secondary 
gamma radiation intensities. The MCNPX simulation setup for estimating the gamma-ray transmission factor is shown in Fig. 1. 
Throughout the Monte Carlo simulation codes, the procedure begins with the creation of an acceptable input file that contains the 
features of the complete simulation environment in which the research will be conducted. In this study, a basic input file was prepared 
to provide cell, surface and data cards and visualized as in Fig. 1. The prepared input file’s two primary deciding criteria are the 
elemental percentage distributions and densities specified for each glass sample. Additionally, by specifying the energy values of the 
aforementioned radioisotopes for each simulation cycle, it was possible to assess the transmission factor as a function of energy, as 
described in the following sections. We used Lenovo® ThinkStation-P620/30E0008QUS Workstation during the Monte Carlo simu
lation phases. 

Fig. 1. (a) 2-D view of designed MCNPX simulation setup (b) 3-D illustration of designed MCNPX setup (2-D and 3-D views are obtained from 
MCNPX Visual Editor VisedX22S). 
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3. Results and discussions 

3.1. Mechanical properties 

By raising the WO3 concentration in the glass network, the network’s structural configuration changes dramatically; this shift may 
be due to a reduction in the bond length or interatomic gap between the glass network’s atoms, which results in structure compaction 
[31]. Numerous tungstate compounds, notably W2O3(PO4)2 (which is also a member of the BaO-WO3-P2O5 system), form WO6 
octahedra [38,39]. Each WO6 octahedron in this combination is connected by corner sharing to four PO4 tetrahedra, with one corner 
shared with another WO6 octahedron and one oxygen atom remaining unshared [31]. In the molecule W2O3 (PO4)2, it is capable of 
forming terminal W––O bonds. In the studied BaO-WO3-P2O5 glasses, the presence of Ba2+ compensating ions resulted in the existence 
of non-bridging oxygen atoms in P-O or W-O links [31]. The total packing density (Vt) was calculated via Eq. (1) and the total 
dissociation energy (Gt) was calculated via Eq. (2) for all studied glasses (S1-S4). The mentioned step was achieved using the (Vi) and 
(Gi) values of the glass system oxides BaO, P2O5, and WO3. Fig. 2 displays the variation of Gt and Vt as a function of tungsten trioxide 
(WO3) in mole% of the studied glasses (S1-S4). The (Vt) was increased in from 0.589 for sample free with WO3 (S1) to 0.605 for sample 
rich with WO3 (S4) as shown in Fig. 2. This trend can be related to the increasing content of WO3 at the expense of P2O5, is energizing 
the glass structure. The bonds P-O with lower energy strength 599.1 ± 12.6 (kJ/mole [40]) are replaced by W-O bonds of higher 
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Fig. 2. : Variation of Gt and Vt as a function of WO3 content (mol%) of the investigated glasses.  
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energy strength 672.0 ± 20.9 (kJ/mole [40]) in the glass structural network. As well, the total packing density Vt of the studied system 
increases with WO3. Although the packing density of the increasingly forming WO6 is lower than that of PO4, 2.13 and 3.46 × 10− 5 

m3/mol, respectively. This behavior could be correlated with the decreasing molar volume Vm of the glass system P2O5-BaO-WO3 [31]. 
From Figure, with increasing the content of WO3 than 10 mol% in the studied glass network, the total packing density (Vt) starts to 
somewhat decrease, this may be attributed to with increasing WO3 than that value, the peak of the greatest band for W-O bond vi
brations moves to a lower wavenumber, as previously shown by Raman and 31P NMR. spectroscopies of the studied glasses [31]. In 
addition, the insertion of WO3 at the expense of P2O5 increases the total dissociation energy (Gt). The WO3 forms predominantly in 
octahedral WO6 units [40], that have much higher dissociation energy than that of tetrahedron PO4, 6.78 and 2.82 × 1010 J/m3, 
respectively [41]. Thus, the substitution of WO6 in place of tetrahedron PO4 is gaining Gt of the system P2O5-BaO-WO3. Moreover, the 
WO3 has higher dissociation energy (67.8 kJ/cm3) compared to that of BaO (40.6 kJ/cm3) and P2O5 (62.8 kJ/cm3) [29]. Young’s 
modulus describes a material’s ability to deform under the influence of applied stress. It is higher as the sudden strain is minimal [42]. 
By applying the (Vt) and (Gt) values in relation (3), Young`s elastic (EMM) modulus can be calculated for all studied glasses (S1-S4). The 
trend of the (EMM) is collected in and drawn in Fig. 3. One can observe that the values of the (EMM) were increased with enhancement of 
tungsten trioxide (WO3) content in glasses; the (EMM) values were changed from 60.99581Gpa for sample S1 to 63.53405 GPa for 
sample S4. Using relation (4) with applying the values of (EMM), the values of the bulk (KMM) modulus of S1-S4 glasses were obtained. 
Values were increased from 43.17782 GPa for sample S1 to 46.17626 GPa for sample S4. Also, by using relations 5 and 6, shear (SMM) 
and longitudinal (LMM) elastic moduli were computed, respectively and graphed in Fig. 3. Values of the (SMM) were increased from 
24.11749 GPa to 24.99996 GPa, while values of the (LMM) was increased from 75.25408 GPa to 79.42621 GPa. As seen in Fig. 3, the 
elastic moduli tend to rise as the network grows from a two-dimensional structure formed of PO4 chains randomly dispersed within the 
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P2O5 in glasses devoid of WO3 to a more strongly cross-linked compact structure in glasses enriched with WO3. The increase in elastic 
moduli is more pronounced when the WO3 content is more than 5%, indicating that the insertion of additional WO6 units improves 
network connection and crosslink density [42]. The Poisson’s ratio (MM) of the analyzed glasses was determined using relation (7). As 
seen in Fig. 4, the value of (σMM) raised from 0.2645 for S1 glasses to 0.2706 for S4 glasses. The Poisson’s ratio values found for the 
examined glasses were consistent with the notion that the Poisson’s ratio is approximately invariant and close to 0.252. According to T. 
Rouxel [43], Poisson’s ratio may be indicative of the vitreous network’s structural structure. Poisson’s ratio, on the other hand, is 
equivalent to 0.4, 0.25, or 0.15 for a glassy network with connectivity of one, two, or three. As a result, one may deduce that the 
addition of WO3 retains the examined material’s two-dimensional structure [40]. Our results corroborate previous research on the 
propagation of ultrasonic waves in tellurium glasses [44,45], which shown that increasing the concentration of WO3 in glasses im
proves elastic moduli. Fig. 6. 

3.2. Radiation shielding characteristics 

In addition to extensive mechanical properties, gamma-ray shielding properties of S1-S4 glasses have been studied in a wide photon 
energy range (i.e., from 0.015 MeV to 15 MeV). For the glasses examined, it is worthy to state a considerable rise in densities between 
the S1 and S4 samples owing to the varied WO3 additive rates. An important factor contributing to the rise is that the heavy atom 
contribution rate has been steadily increasing in the S1 sample. S4 sample’s highest density was 4.45 g/cm3, a consequence of the most 
significant WO3 additive’s influence. Linear Attenuation coefficient (µ) may be used to describe an essential characteristic that is based 
on material density and can be studied for each energy value. To illustrate how attenuation changes with increasing energy, Fig. 5 
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shows the linear attenuation coefficient’s evolution with respect to various energy values. Depending on the photon’s energy, a variety 
of interactions may take place when it comes into contact with matter [46–49]. The photoelectric effect (PE), for example, is the most 
common type interaction in the lower energy band. This is evident in Fig. 5, which shows a fast drop in linear attenuation coefficients 
in the low-energy area. We noticed that the linear attenuation coefficients of the S4 sample were the highest of all the glass materials 
tested. The additive’s indirect effect on glass density and the maximum WO3 contribution both play a role in this situation. After that, 
we calculated the density-independent crucial gamma-ray shielding parameter namely mass attenuation coefficients (µm). With 
increasing photon energy (MeV), mass attenuation coefficients (cm2/g) for all S1-S4 glasses vary. Over a wide range of gamma-ray 
energies, we noticed similar characteristics, such as linear attenuation coefficients. S4 had the highest mass attenuation coefficients 
of all of the glasses tested, however. There’s a possibility that the larger atomic number of WO3 at S4’s maximum concentration 
influenced the behavior of mass attenuation coefficients. Half value layer (HVL) is the thickness of the shielding material that reduces 
the gamma radiation’s intensity by half. As a result, materials with better gamma-ray shielding properties are those that can reduce 
their intensity by half at thinner thicknesses. The HVL values of the glass samples utilized in this study were obtained using an energy 
range of 0.015–15 MeV. Fig. 7 shows the gamma-ray energy values for samples S1, S2, S3, and S4 in relation to their HVL values. 
According to the results shown, the glass samples’ behaviors changed dramatically as the thickness of the half-value layer rose. For 
example, in the low-energy zone, half-value thicknesses are the lowest, but as energy increases, they expand in proportion. Low-energy 
photons have weak penetrating abilities, which reduces their intensity by a factor of two when travelling through extremely thin 
materials. Because of their density and weight, all glass samples investigated had a relatively modest HVL thickness for the low energy 
zone. Thickness values in the high energy zone reached 3–4 cm, as seen in the graph. Using Fig. 7, we can observe that the S4 sample 
has the lowest HVL values over the entire energy range. With respect to a particular radiation intensity, the attenuation coefficients of 
the S4 sample lead to an understanding of its ability to achieve the thinnest potential half-value thickness among all of the glass 
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samples tested. As an alternative, the TVL may be used to determine another fundamental shielding component that is identical to the 
half-value layer and offers the same operational information. This value, like the HVL, describes the thickness of the material needed to 
reduce the radiation intensity of the material by 10%. Fig. 8 shows how the thickness of one tenth of the tested heavy metal oxide 
glasses changes as a function of energy. Compared to half-value layer values, tenth-value layer values have bigger quantitative values 
for the same energy levels. This is an inherent occurrence to observe higher shielding material thicknesses are needed to reduce the 
intensity of radiation with a specific energy value by one tenth of its original value. Quantitatively, however, the S4 sample has the 
lowest one-tenth value thickness values for each of these properties, even when comparing the identical energy values. S4 provides half 
and tenth value thicknesses in processes with photon energies ranging from 0.015 to 15 MeV when these two important properties are 
taken into consideration. Thus, the S4 sample is the most cost-effective and takes up the least amount of space when compared to the 
other glass samples. Interactions between a single photon and the material occur within the material after the radiation first contacts 
the absorber layer and penetrates into the background. When the energy of the incoming radiation is lowered to zero, the radiation is 
completely absorbed. With the mfp parameter, we may choose how far apart two photon interactions inside a material should be. 
Investigators may use this tool to assess how modifications in doping and chemical composition impact the subsequent interaction 
length, which is critical for comparison-based studies. All S1-S4 glasses’ mean free path (cm) changes as a function of photon energy 
(MeV) are shown in Fig. 9. Clearly, Fig. 9 shows that gamma ray penetrating characteristics are linked to the gamma ray’s mean travel 
distance. As the energy of gamma rays increased, the mean free component values increased as well. However, the S4 sample exhibited 
the lowest mean free path values of all of the gamma ray energies. Fig. 10 depicts the relationship between the photon energy and the 
effective atomic number (Zeff) (MeV). In the low-energy zone, photoelectric-interaction was most prevalent, hence Zeff values were 
highest. The glass matrix’s greater Z (W=74) increased Zeff significantly in the lowest energy range. Because of the high frequency of 
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Compton scattering, the Zeff values in the intermediate energy band decreased significantly. This clearly shows that the maximum 
possible Zeff values for the photon energy are found in the S4 with the highest mass attenuation coefficients. The effective electron 
density (Neff) is directly related to the effective atomic number (Zeff). The Neff values of glasses S1 through S4 were determined utilizing 
a compound concept for multi-element glass samples. As shown in Fig. 11, the photon energy (MeV) influences the change in effective 
electron density (electrons/g) for all S1-S4 glasses. The Neff values, when compared to the Zeff values, exhibit a similar 
energy-dependent trend. The findings indicated that the S4 sample, which had the greatest effective atomic number, also possessed the 
highest effective electron density, implying a relationship between these two measures. The term build-up factor is a very important 
term in terms of materials engineering, which is generally used to understand the contribution of photons that interact and do not 
interact during the absorption process to the total absorption process. The build-up factor is also crucial in medical radiation protection 
devices to better understand how the material interacts with incoming gamma rays. The build-up factor term may be divided into two 
primary categories: exposure (EBF) and energy absorption (EABF) build-up factor values. Using gamma-ray energy (MeV) as a vari
able, the EBF and EABF dispersion along different mean free routes are shown in Figs. 12 and 13, respectively. Due to photoelectric 
absorption, which absorbs the majority of incoming gamma rays, we discovered low EBF and EABF values in the low gamma-ray 
energy range. At around 0.1 MeV, however, the EBF and EABF values quickly increase as Compton Scattering becomes significant. 
According to our findings, increasing the amount of WO3 reinforcement decreased EBF and EABF values across the board (i.e., from 0.5 
to 40 mfp). When W increases from S1 to S4, the collision rate of incoming gamma rays with glass samples increases significantly. 
Finally, gamma-ray transmission factor (TF) values were calculated for S1, S2, S3, S4 glass samples for a range of well-known 
radioisotope energies (see Table 2) emitted from 67Ga, 57Co-57, 111In-111, 133Ba, 201Tl, 99 mTc, 51Cr, 131I, 58Co, 137Cs, 60Co. The TF 
values of the glasses under examination were derived using two separate approaches. In Fig. 14, the TFs of the investigated glasses are 
shown against the radioisotope energy (MeV) employed at various glass thicknesses. As radioisotope energy increases, the predicted 
transmission factor increases as well (i.e., from 0.0086 MeV to 1.3326 MeV). To begin, we discovered that glass samples of all 
thicknesses exhibited the lowest TF values in the low-energy zone. This is because these dense samples have a large capacity for 
attenuating low-energy gamma-rays. Nonetheless, there seems to be a considerable divergence at 0.1 MeV. After 0.1 MeV, glass 

0.01 0.1 1 10

100

101

102

103

104

105

106

107

108

109

1010
Ex

po
su

re
 B

ui
ld

up
 F

ac
to

r (
EB

F)

Energy (MeV)

 0.5 mfp
 1 mfp
  2 mfp
 3 mfp
 4 mfp
 5 mfp
 6 mfp
 7 mfp
 8 mfp
 10 mfp
 15 mfp
 20 mfp
 25 mfp
 30 mfp
 35 mfp
 40 mfp

S1 Sample

0.01 0.1 1 10

100

101

102

103

104

105

106

Ex
po

su
re

 B
ui

ld
up

 F
ac

to
r (

EB
F)

Energy (MeV)

 0.5 mfp
 1 mfp
  2 mfp
 3 mfp
 4 mfp
 5 mfp
 6 mfp
 7 mfp
 8 mfp
 10 mfp
 15 mfp
 20 mfp
 25 mfp
 30 mfp
 35 mfp
 40 mfp

S2 Sample

0.01 0.1 1 10

1

10

100

1000

Ex
po

su
re

 B
ui

ld
up

 F
ac

to
r (

EB
F)

Energy (MeV)

 0.5 mfp
 1 mfp
  2 mfp
 3 mfp
 4 mfp
 5 mfp
 6 mfp
 7 mfp
 8 mfp
 10 mfp
 15 mfp
 20 mfp
 25 mfp
 30 mfp
 35 mfp
 40 mfp

S3 Sample

0.01 0.1 1 10

1

10

100

1000

Ex
po

su
re

 B
ui

ld
up

 F
ac

to
r (

EB
F)

Energy (MeV)

 0.5 mfp
 1 mfp
  2 mfp
 3 mfp
 4 mfp
 5 mfp
 6 mfp
 7 mfp
 8 mfp
 10 mfp
 15 mfp
 20 mfp
 25 mfp
 30 mfp
 35 mfp
 40 mfp

S4 Sample

Fig. 12. : Variation of exposure buildup factors (EBF) of investigated glasses at different mean free path values.  
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samples of varied thickness exhibit a spectrum of gamma ray reactions. The highest self-absorption values were established for all glass 
samples examined at a thickness of 3 cm. This is because shield thickness influences the attenuation capacity of any shielding material, 
suggesting that increasing shield thickness enhances the attenuation capacity of incoming gamma rays. Following that, we thoroughly 
studied the TF values of the investigated glasses by comparing their attenuation capabilities for glass thicknesses of 0.5 cm. The 
Transmission Factors (TFs) of different glass thicknesses are shown against the radioisotope energy (MeV) used in Fig. 15. When can be 
seen, as the incoming gamma-ray energy rises, the TF values fall throughout all thicknesses. However, across all glass thicknesses 
investigated, the S4 sample exhibited good transmission qualities against powerful gamma-rays. In the final phase of the study, the 
HVL values of the S4 sample, which showed superior gamma ray absorption properties, were compared with many glass and concrete 
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Fig. 13. : Variation of energy absorption buildup factors (EABF) of investigated glasses at different mean free path values.  

Table 2 
Radioisotopes and gamma-ray energies used for gamma-ray TF calculations.  

Radioisotope Gamma-ray energy (MeV) 
67Ga 0.0086, 0.0093, 0.1840 
57Co 0.0144, 0.1221, 0.1365 
111In 0.0230, 0.1710, 0.2450 
133Ba 0.0532, 0.0796, 0.0810, 0.2764, 0.3029, 0.3560, 0.3838 
201Tl 0.0710, 0.1350, 0.1670 
99 mTc 0.1405 
51Cr 0.3201 
131I 0.2843, 0.3645, 0.6370, 0.7229 
58Co 0.5110, 0.8108 
137Cs 0.6617 
60Co 1.1732, 1.3325  
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Fig. 14. : Transmission Factors (TFs) of investigated glasses as a function of used radioisotope energy (MeV) at different glass thicknesses.  

Fig. 15. : Comparison of the Transmission Factors (TFs) as a function of used radioisotope energy (MeV) for different glass thicknesses.  
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shielding materials available in the literature in a wide energy range. Other shielding materials used for HVL comparison are listed as 
follows.  

• Glass1 [50]  
• Glass2 [51]  
• Glass3 [52]  
• Glass4 [53]  
• Glass5 [54]  
• Ordinary Concrete (OC) and Hematite-Serpentine Concrete (HSC) [55] 

Fig. 16 depicts the comparison of HVL values for other glass shields and concrete shields in 0.015–15 MeV photon energy range. As 
can be seen from the figure, the of the HVL behaviours of the compared materials as a function of the energy values are similar for all 
materials. For example, the lowest quantitative values of HVL values in the low energy region indicate that the required thickness by all 
materials for low energy gamma rays are low. However, it is seen that the HVL values increase with the increase in the gamma ray 
energy values, and the maximum HVL values were observed in the high energy region for all shielding materials. This behavioural 
tendency is an expected situation for all candidate shielding materials, and as mentioned in the previous sections, shielding material 
that provides a lower HVL value for the same energy value is considered superior. As can be seen from the figure, the HVL values 
provided by the S4 sample have the lowest quantitative values among all the compared materials in the low, medium, and high energy 
regions. It is clearly seen that the S4 sample shows much lower HVL values, especially in the 0.015–1 MeV range. This indicates that the 
S4 sample may be a more advantageous sample if used for medical radioisotopes existing in the relevant range and considered as part 
of this study. 

4. Conclusion 

Using Makishima-Mackenzie model, the mechanical properties of barium-phosphate-tungsten oxides with chemical formula (50-x) 
P2O5-50BaO-xWO3 (x = 0.0(S1), 5.0(S2), 10(S3), and 15(S4)) mole% was evaluated. As well as the newly online Phy-X/PSD software 
and Monte Carlo code were used to examine the gamma radiation attenuation characteristics. Our findings. 

revealed that: The total packing density (Vt) was enhanced from 0.589 for S1 glass sample (free with WO3) to 0.605 for S4 glass 
sample (with highest WO3 =15 mol%). The total energy dissociation (Gt) of the investigated glasses were increased with increasing the 
WO3 content: from 51.7 (kJ/cm3) for S1 glasses to 52.45 (kJ/cm3) for S4 glasses. All mechanical moduli (Young’s, shear, bulk, and 
longitudinal) moduli were improved with increasing the tungsten trioxide concentration in the studied glasses. Poisson’s ratios were 
increased with increasing the WO3 concentration in the studied glasses. At the conclusion of the study, it was determined that 
increasing the WO3 additive had a direct influence on the gamma ray absorption capabilities. For example, the S1 sample with the 
lowest WO3 contribution had the lowest LAC, MAC, and maximum HVL values, while the S4 sample with the greatest WO3 contri
bution had the highest LAC, MAC, and minimum HVL values. This behavioral tendency, which was observed in the energy range of 
0.015–15 MeV, corresponded with the energies of many industrial and medicinal radioisotopes. The comparison to other glass and 
concrete shielding materials in the literature revealed that the S4 sample with the greatest WO3 addition outperformed many glassy 
structures and, more crucially, shielding concretes that had previously been shown with better qualities. One of the most significant 
implications to be derived from these findings is that S4 and comparable glass shielding materials may be one of the most viable 
choices for medical and industrial radiation areas that employ conventional concrete and reinforced concrete. Consequently, this 
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Fig. 16. Comparison of HVL values for other glass shields and concrete shields.  
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research is a continuation of a previously published work, and glass samples were modeled and studied based on their chemical 
composition. Additionally, experimental examination and testing of these materials with medical radiation sources in clinical regions 
is recommended. 
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