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The need for effective shielding materials has grown as radiation-based technologies have 
been more widely used. Glasses doped with rare earth elements like neodymium oxide, are 
promising candidates due to their enhanced radiation attenuation properties. Using Phy-X 
software, this research examines how neodymium oxide doping affects the shielding 
properties of yttrium lead borotellurite glass. X-ray diffraction confirmed the amorphous 
structure, while density measurements showed increased density with neodymium oxide 
addition. The Phy-X software calculated radiation shielding parameters for gamma energies 
from 10⁻³ to 10⁵ MeV. The results demonstrate that neodymium oxide improves gamma 
irradiation attenuation and enhances the glass system's radiation shielding capabilities.  
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1. Introduction 
 
Radiation refers to the emission and propagation of energy in the form of particles or waves 

across space or a medium. It is categories into two types which are ionizing and non-ionizing 
radiation. Alpha, beta, gamma, electron, proton, neutron, and x-rays are examples of radiation that 
is frequently used in medical, science, industry, agriculture, as well as nuclear power plants. 
However, exposure to extremely high doses of radiation, such as proximity to an atomic blast, can 
cause severe health effects, including acute radiation syndrome and skin burns. It may also lead to 
long-term health issues like cardiovascular diseases and cancer [1, 2]. Therefore, radiation shielding 
was required to block the radiation from entering the body and destroying biological materials like 
DNA and tissue [3].  

With the increasing utilization of radiation-based technologies, there is a pressing need for 
innovative materials capable of efficiently attenuating radiation while remaining lightweight, cost-
effective, and environmentally friendly [4]. Therefore, to develop suitable shielding materials, it is 
crucial to comprehend the interaction between radiation and matter, as well as the gamma energy 
absorption and attenuation in materials. Other than that, various parameters influence the 
effectiveness of shielding materials, including mass attenuation coefficient (MAC), linear 
attenuation coefficient (LAC), mean free path (MFP), half value layer (HVL), effective atomic 
number (𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒), and effective electron density (𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒) [5]. Materials with exceptional optical 
transparency and strong radiation attenuation characteristics, such as optical glasses, are good 
options for radiation shielding [6]. A high level of shielding capability and resistance against 
radiation are combined in an excellent shielding glass to provide complete protection for those who 
are working in potentially hazardous environments [7, 8].  
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Rare earth element doped glass materials have become attractive options for radiation 
shielding due to their ability to offer tailored properties suitable for radiation attenuation [9]. Among 
these rare earth dopants, neodymium ion has attracted considerable attention owing to its high 
emission cross-section, broad optical absorption range as well as high quantum efficiency [10, 11]. 
Lead borotellurite glass system, characterized by the presence of lead oxide (PbO), boron oxide 
(B2O3), as well as tellurium oxide (TeO2), has been extensively studied for its versatile properties, 
including high density, good chemical durability, wide optical transmission range and 
simultaneously create glass that is highly stable [12]. However, to explore the reliance of radiation 
shielding behavior, incorporating rare earth dopants such as neodymium oxide into this glass matrix 
presents an opportunity to enhance its radiation shielding capabilities while maintaining desirable 
glass properties. 

Consequently, the purpose of this study is to use the Phy-X program to examine the 
theoretical radiation shielding characteristics of neodymium doping on lead borotellurite glasses. A 
direct link to the web-based program Phy-X immediately accessible via https://phy-
x.net/module/physics/shielding/ [13] It is essential to comprehend how the concentration of 
neodymium affects the effectiveness of radiation shielding for optimizing the composition of these 
glasses for practical applications in radiation shielding. 

 
 
2. Materials and method  
 
To analyze the radiation shielding capability of a sample material, the radiation shielding 

parameter for different concentration of neodymium doped yttrium lead borotellurite glass have been 
analyzed by using the Phy-X software [13]. A step-by-step guide is necessary for the user to achieve 
the desired results. First, the composition was entered on the Phy-X main page to define the glass 
using the "+" symbol to separate the oxides. In Phy-X, the formula for the glass sample was input 
as listed in Table 1. Next, the glass density was provided at this stage and energy range of 10-3 to 105 
MeV was selected. The data of MAC, LAC, MFP, HVL, 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒, and 𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒  were then chosen and saved 
in an Excel file for further analysis, discussion, and interpretation. The details of glass composition 
with varying Nd2O3 concentration from 0.0 to 2.5 mol% and density of all the samples used in this 
present study was calculated from an earlier work done by M.R.S. Nasuha et al., (2021) as listed in 
Table 1 [14].  

 
 

Table 1. Nd2O3 amounts, Sample compositions and Density of the glass sample. 
 

Nd2O3 
(mol%) 

Glass Composition Density 
(g/cm3) 

0.0 0.490H3BO3-0.35TeO2-0.15PbO-0.01Y2O3-0Nd2O3 4.591 
0.5 0.485H3BO3-0.35TeO2-0.15PbO-0.01Y2O3-0.005Nd2O3 4.783 
1.0 0.480H3BO3-0.35TeO2-0.15PbO-0.01Y2O3-0.01Nd2O3 4.870 
1.5 0.475H3BO3-0.35TeO2-0.15PbO-0.01Y2O3-0.015Nd2O3 4.920 
2.0 0.470H3BO3-0.35TeO2-0.15PbO-0.01Y2O3-0.02Nd2O3 5.203 
2.5 0.465H3BO3-0.35TeO2-0.15PbO-0.01Y2O3-0.025Nd2O3 5.286 

          Source: M.R.S. Nasuha et al., (2021) [14] 
 
 
3. Results and discussions 
 
Data on the MAC shows an increasing trend as the amount of Nd2O3 increases from 0.001 

MeV to 100000 MeV of photon energy except at 1 MeV (Table 2). The increment of MAC is related 
to glass density as it shows a similar trend with increase in concentration of Nd2O3 from 0 mol% to 
2.5 mol% (Table 1). This found that when the concentration of Nd2O3 increases, the possibility of 
photon attenuation is rises as well [4]. Therefore, this finding suggested that the Nd2O3 dopant in the 
glass samples is suitable to be used in shielding gamma radiation as gamma ray photons in generally 
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have energy larger than 0.1 MeV [15]. At 1 MeV of photon energy, the MAC reduce can pertaining 
to the substitution of a higher atomic number of Nd (Z = 60) for a lower atomic number of B (Z = 
5) [16]. 

 
Table 2. MAC of Nd2O3 doped yttrium lead borotellurite glass. 

 

Energy 
(MeV) 

Mass Attenuation Coefficient  
(MAC) 

0.0% 
Nd2O3 

0.5% 
Nd2O3 

1.0% 
Nd2O3 

1.5% 
Nd2O3 

2.0% 
Nd2O3 

2.5% 
Nd2O3 

0.001 5943.230 5954.025 5964.583 5974.910 5985.0150 5994.904 
0.01 91.209 92.884 94.521 96.123 97.690 99.224 
0.1 2.145 2.153 2.160 2.167 2.174 2.181 
1 0.06347 0.06343 0.06340 0.06336 0.06333 0.06329 

10 0.03493 0.03503 0.03514 0.03524 0.03533 0.03543 
100 0.05556 0.05584 0.05611 0.05638 0.05664 0.05690 
1000 0.06813 0.06848 0.06883 0.06916 0.06949 0.06982 

10000 0.07085 0.07122 0.07158 0.07193 0.07228 0.07261 
100000 0.07128 0.07165 0.07201 0.07236 0.07271 0.07305 

  
 
The MAC values depended not only on the density and composition of Nd2O3 in the glass 

but also depend on the incident photon energy [17]. The MAC values versus photon energy for the 
sample was plotted in Fig. 1 respectively. For this analysis, a broad range of low, medium as well as 
high energy levels of photon were used. Therefore, we are able to comprehend the glass samples' 
attenuation performance across a variety of energies. It was observed that in Fig. 1, the MAC decline 
quickly as the photon energy increases at range from 0.001 MeV to 0.004 MeV. This showed that at 
lower photon energy, more photons are being attenuated. This result might be related to the 
photoelectric effect interaction between gamma ray photons and the glass sample’s atoms [16]. A 
sharp rise in the same photon energy area is seen, which is related to the gamma photons being 
absorbed by the Neodymium element's K-shell electrons [18]. Within the spectrum of medium 
energy of 0.004 Mev to 0.02 MeV, the MAC steadily drop with the enhancement of photon energy. 
The MAC steadily decline is attribute to the dominance of Compton scattering interaction [19]. At 
energy range higher than 0.02 MeV, the MAC values almost constant as a result of the pair 
production become the dominant. Similar graph pattern is also displayed for glass samples with 
varying composition such as the glass system compose of TeO2–MgO–Na2O–Nd2O3 [18] 

 
 

 
 

Fig. 1. MAC of glass samples with different Nd2O3 concentrations against energy. 
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Fig. 2. LAC of glass samples with different Nd2O3 concentrations against energy. 
  
 
Fig. 2 presents the LAC against photon energy for the glass samples. The pattern of the 

graph is similar for all the glass sample but each of them changes by a factor according to the density 
of the glass. According to Fig. 2, the glass sample containing 0 mol% of Nd2O3 has the lowest LAC 
and the LAC gradually increases as the concentration of Nd2O3 increases. So, 2.5 mol% of Nd2O3 

has the best shielding potential since it has highest LAC due to its high density compared to the 
other glass samples.    

 
 

 
 

Fig. 3. HVL of glass samples with different Nd2O3 concentrations against energy. 
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Fig. 4. TVL of glass samples with different Nd2O3 concentrations against energy. 

 
 
In designing any radiation shielding material, the HVL and TVL are two important factors 

that need to be considered because they show how thick an absorber has to be in order to reduce 
radiation intensity to half and a tenth of its starting value, respectively [20]. The smaller values of 
HVL and TVL present a good gamma ray protection capability [21]. The HVL and TVL data were 
calculated directly from Phy-X software. The data obtained were analysed in the form of graphs as 
plotted in Fig. 3 and Fig. 4. As shown in the figures, the values of HVL and TVL are almost zero at 
lower energy level in range 0.001 to 0.04 MeV. Then, at energy range between 0.008 to 6.0 MeV the 
values start to increase rapidly before its start to decrease and remains constant at energy level higher 
than 6.0 MeV. Additionally, we observed that the HVL and TVL values are decreases as the 
concentration of Nd2O3 increases from 0.5 to 2.5 mol%. This effect is likely due to the increasing 
percentage of Nd2O3 in the glass sample. As Nd2O3 content rises from 0 to 2.5 mol%, the glass 
density increases. As a result, the increase in density lead to a reduction in the HVL and TVL values. 
Therefore, based on both graphs, the glass sample with 2.5 mol% of Nd2O3 has the lowest HVL and 
TVL values, making it the most optimal gamma ray protection capability. 

 

 
 

Fig. 5. MFP of glass samples with different Nd2O3 concentrations against energy. 
  
 
Fig. 5 shows the variation in MFP against photon energy for glass samples with different 

Nd2O3 concentrations. The MFP, which represents the average distance that photons travel before 
interacting with the material [22]. From the graph, the MFP values decrease with increasing Nd2O3 
concentration across all photon energies, particularly noticeable at higher energy levels. At lower 
photon energies below 0.1 MeV, all samples exhibit similar MFP values, indicating negligible 
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differences in photon absorption. However, as the photon energy increases between 0.1 to 10 MeV, 
a significant reduction in MFP occurs, with the sample containing 2.5 mol% Nd2O3 showing the 
lowest MFP values across most energy levels. This suggests that increasing Nd2O3 content enhances 
the photon absorption capability of the glass, as the density of the glass increases with higher Nd2O3 
concentrations. Consequently, the higher-density glasses with more Nd2O3 reduce photon 
penetration more effectively, resulting in lower MFP values [23]. The trend in MFP values, 
particularly the reduction observed as Nd2O3 concentration increases, supports the observation that 
glass samples with higher Nd2O3 content offer improved shielding properties against radiation. This 
behaviour aligns with previous studies that have shown an inverse relationship between glass density 
and MFP [24]. 

Another important consideration when evaluating a material's capacity to attenuate gamma 
radiation is its effective atomic number (𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒). Prior research has demonstrated that materials with 
a high 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒 exhibit excellent radiation shielding properties [25]. The 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒 values were plotted as a 
function of photon energy (MeV) for investigated glass samples with various concentrations of 
Nd2O3 as shown in Fig. 6. The 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒 values increase in the energy region below than 10 keV and then 
decrease as the energy increase to 1 MeV. In the same photon energy region, there is a sharp rise in 
𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒 peaking around 0.02 MeV. This is indicative of the photoelectric effect is strongly influenced 
by the atomic number as well as suggests that the inclusion of Nd2O3 with its high atomic number, 
significantly impacts photon interactions in this region [26]. The peak is more pronounced at higher 
Nd2O3 concentrations, reflecting the strong atomic number dependence of the photoelectric effect. 
As the photon energy increases, photon-matter interactions are dominated by processes like 
Compton scattering and pair production, which are less sensitive to the variations of atomic number 
[6]. Therefore, the data suggest that the sample with 2.5 mol% of Nd2O3 concentrations is more 
effective at lower photon energies, making them suitable for applications requiring enhanced photon 
attenuation, such as radiation shielding in medical and nuclear fields [27]. This trend of data is 
aligned with previous study that have been done by A. Acikgoz et al., (2023) [18]. 

 

 
 

Fig. 6. Zeff of glass samples with different Nd2O3 concentrations against energy. 
  
 
The values of 𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒 versus photon energy are show in Fig. 7. Since the graph follows a 

pattern similar to the 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒 parameter, a comparable approach can be explained. In the low energy 
region lower than 0.1 MeV, the 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒 and 𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒 show the same graph pattern and both obtain highest 
value attributed to the photoelectric absorption. Above intermediate region, the parameters gradually 
decline with increase in the photon energy due to Compton scattering prevails. Then, they become 
constant in the greater photon energy level starting around 100 MeV due to the dominance of pair 
production. A equivalent trend in the graphs of 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒 and 𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒 for photon energies ranging from 1 
keV to 100 GeV was also noted by H.O. Tekin et al., (2021) and Y. Elmahroug et al., (2015) [16, 
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19]. The 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒 and 𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒 values were thought to be affected by the chemical composition, as well as 
the molecular and thermal environment [28]. 

 

 
 

Fig. 7. Neff of glass samples with different Nd2O3 concentrations against energy. 
 
 
4. Conclusion 
 
The results demonstrated a significant improvement in radiation shielding effectiveness with 

increasing Nd2O3 content. The glasses doped with higher concentrations of Nd2O3 exhibited higher 
LAC and MAC values, while the HVL and MFP decreased, indicating enhanced shielding efficiency. 
These improvements are related to the high atomic number and density of Nd2O3, which contribute 
to greater attenuation of gamma radiation. Overall, the study concludes that Nd2O3 doped yttrium 
lead borotellurite glass systems offer promising potential for advanced radiation shielding 
applications, combining effective gamma-ray attenuation with desirable physical properties. 
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