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Abstract: This article reports the influence of thulium oxide, Tm2O3 on radiation shielding 
parameters of {[(B2O3)0.25(TeO2)0.75]0.75 [(Bi2O3)0.25]}1-x [Tm2O3]x glass system. The Xcom, Phy-X, 
and NgCal software are specialized tools designed to evaluate the radiation shielding 
properties: mass attenuation coefficient, half value layer, mean free path, atomic cross-
section, electronic cross-section, effective atomic number, and effective electron density.  The 
radiation performance of the bismuth-boro-tellurite glass reaches its best when the Tm2O3 is 
at 0.030 mol%. The incorporation of thulium significantly improves the glass network 
density and enhances the gamma-ray attenuation ability, suggesting its potential as an 
efficient and eco-friendly radiation shielding material. 
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1. Introduction

The attenuation of gamma radiation by glass materials has attracted considerable interest from 
researchers in investigating their radiation shielding properties qualities of glasses. The growing 
utilization of high-energy ionizing radiations, especially gamma rays, across various scientific and 
technological domains has led to the emergence of radioactive pollution, posing multiple radiation 
hazards to both humans and the environment. Radiation safety and protection techniques must be 
developed to keep radiation at safe and acceptable levels and to reduce the effects of radiation 
exposure. High radiation exposure can lead to radiation sickness as well as long-term health issues 
like cardiovascular disease and cancer [1]. To reduce the radiation to safe and appropriate levels, a 
high-quality  shielding  material  is  needed.  Clay  bricks,  concrete  blocks,  and  tiles  are  common 
materials  used for  radiation protection.  Theoretically,  each material  with a  specific density  can 
function as a shielding material and reduce radiation intensity.
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Three computational software tool- Xcom, Phy-X and NgCal were used in this study to 
theoretically assess the radiation shielding properties. The Xcom program was developed by 
[2] and its function is to calculate mass attenuation coefficients for any compound, element, 
and 
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combination at energies ranging from 1 keV to 100 GeV. Xcom could compute 
attenuation coefficients for a standard energy grid or a user-specified grid. The development 
of Photon Shielding and Dosimetry (PSD) software, also referred as Phy-X is an online platform 
developed for the theoretical  evaluation of photon interaction and shielding parameter such as 
mass attenuation coefficient (MAC), mean free path (MFP) and half value layer (HVL) across a 
wide  energy  spectrum.  Its  user-friendly  interface  and  comprehensive  calculation  capability 
motivated its use in present work. While,  NgCal was developed for narrow beam transmission 
properties to ensure theoretical estimates of shielding properties of elements, composites subjected 
to thermal, and compounds, fast neutrons, and photons with energy of X-rays and gamma rays 
ranging from 0.002 MeV to 20 MeV. The developed software provides for additional data input in 
the form of elements /compounds/oxides and their fractions, as well as an explanation of multiple 
shielding  results  required  by  researchers  and  scientists  working  on  the  radiation  shielding 
properties of multi-component materials [3]. Identifying the interaction of radiation emitted, the 
absorption  and  attenuation  of  gamma  energy  in  materials,  and  analyze  the  parameters  that 
determine the effectiveness of a material's shielding. Hence, the determination of linear attenuation 
coefficient  (LAC),  mass attenuation coefficient (MAC),  half-value layer (HVL),  tenth-value layer 
(TVL), mean free path (MFP), effective atomic number (Zeff), effective electron density (Nel) is crucial 
in order to develop suitable shielding materials. A great shielding glass provides complete safety 
for persons who operate in potentially hazardous environments, such as nuclear power plants or 
hospital  X-ray rooms,  by combining high shielding capabilities  and resistance against  radiation 
exposure.

Traditionally,  many  radiation  shielding  materials  include  glasses  rely  on  lead-based 
component due to the high atomic number and density of lead, which make it highly effective in 
attenuation ionizing radiation. Higher atomic number (Z) or heavy metal oxide concentration in 
glass  allows  for  enhanced  radiation  shielding  properties.  However,  lead  toxicity  possesses a 
serious environmental and health concern due to its harmful effect on the human body. According 
to the findings, glasses with bismuth content are a potential alternative to conventional radiation 
shielding. These types of glasses also serve several purposes being gamma radiation absorbent, 
transparent to visible light, and having low melting points  [4]. Due to its larger density, greater 
third-order nonlinear optics susceptibility, and higher refractive index, Bi2O3 is suitable to be used 
as a radiation shield [5]. 

Borate and tellurite glasses are commonly used as the host matrix among all glasses due to 
their outstanding properties that are desirable for specific applications [7], [8]. Boro-tellurite glasses 
produce non-linear optical properties, a high refractive index, and a wide infrared transmission 
window for different applications [9], [10]. Thulium is one of the rare earth ions that is particularly 
fascinating since it  can have significant spectroscopic properties like a fluorescence that is quite 
sensitive to the environment where the Tm3+ ions are located [11],  [12].  The choice of the host 
depends on a variety of factors, including thermal stability, lower phonon energy, etc., that varied 
between  different  host  matrices.  The  host  has  a  significant  impact  on  the  rare  earth  ions' 
luminescence properties [13]. Based on the previous studies tellurite glass system with higher levels  
of  thulium doping significantly  enhance its  radiation shielding efficiency.  This  improvement  is 
reflected by a higher linear attenuation coefficient together with reduced half-value layer and mean 
free  path,  demonstrated  better  shielding  performance  compared to  Er2O3  and Ho2O3 modified 
glasses as well as other rare-earth doped system [14], [15], [16]. In line with this observation, several 
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theoretical  studies  have  explored  the  influence  of  thulium  oxide  on  the  radiation  shielding 
behaviour  of  glass  materials  through  computational  analyses.   In  those  studies,  the  mass 
attenuation coefficient has been obtained using the Xcom software, and the result shown that the 
incorporation of glass dopant (Tm2O3) enhances gamma-ray attenuation and improves the overall 
radiation shielding performance of the glass system. In addition, the Zeff and Nel were calculated 
using a comprehensive and consistence set of formula [17].  However, there is still  a need for a 
systematic evaluation of thulium’s effect on the radiation shielding parameters of bismuth-boro-
tellurite glass system using multiple, well-validated computational tools remains limited.

In this study, a boro-tellurite base glass was chosen as it possesses desirable and distinct traits, 
such as excellent transparency and efficient shielding against gamma radiation when combined 
with heavy metal oxide. The addition of bismuth oxide (Bi2O3) to the glass modification is expected 
to further improve its shielding properties. Additionally, thulium oxide (Tm2O3), which is a high-
density rare-earth element,  has been introduced into the glass system and shows promise as a  
potential substitute for lead.

2. Methodology

The glass system with chemical  composition of  {[(B2O3)0.25(TeO2)0.75]0.75  [(Bi2O3)0.25]}1-x[Tm2O3]x 

(where x = 0.000, 0.005, 0.010, 0.015, 0.020, 0.025, and 0.030 mol%) successfully prepared by melt 
quenching technique. Each glass batch was prepared from certified reagent grades of TeO2 (99.95% 
purity), B2O3 (97.5%), Bi2O3 (99.975% purity), and Tm2O3 (99.99%) of commercial origin which was 
manufactured and supplied by Alfa Aesar. The chemicals were firstly mixed and ground repeatedly 
for 30 minutes in an alumina crucible until  became excessively a fine powder substance before 
being heated at 1000˚C for 1 hour. After the batch was completely melted, the molten was poured 
onto the preheated stainless-steel plate and annealed at 400˚C for 1 hour before being allowed to  
cool down to room temperature. The density of these present samples was determined using the 
Archimedes principle through precise mass measurement in air and in water, with water used as 
the immersion medium.

In this study, the shielding parameters are calculated by using three software which is the 
Xcom, Phy-X, and NgCal software. These programs were used to determine several parameters of 
thulium-doped  bismuth  boro-tellurite  glass  based  on  the  empirical  compositions 
{[(B2O3)0.25(TeO2)0.75]0.75 [(Bi2O3)0.25]}1-x [Tm2O3]x, where x varied from 0.000 to 0.030 mol%. 

Theoretical  values of the mass attenuation coefficients of mixture or compound have been 
calculated by Xcom, based on the rule of mixture [2].

MAC =∑
i

w i (MAC )i  (1)

where 𝑤𝑖is the weight fraction of the element and (MAC)𝑖 is the mass attenuation coefficient for the 
individual elements. 

Linear attenuation coefficient (LAC) value can be determined using the following equation 
[13] where ρ is the density of a glass sample: -

LAC =  MAC  ∙ ρ  (2)

Half value layer, HVL is the convenient parameter to represent the gamma ray interaction of a 
material. The HVL is the thickness of a particular material needed to reduce the intensity of the 
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gamma ray to half of its initial value. The half-value layer value can be calculated by the following 
relation [14]:

HVL= ¿  (2)
LAC

= 0.693
LAC

(3)

While,  mean  free  path,  MFP  corresponds  to  the  average  distance  travelled  by  a  moving 
particle (atom/molecule/photon) between two consecutive collisions [14]. It can be calculated by 
using the equation:

MFP=
∫
0

∞

t e(−LAC ∙ t )dt

∫
0

∞

e(−LAC ∙ t )dt

= 1
LAC

(4)

Using Avogadro’s number,  NA,  an atomic weight of a constituent element,  A,  the weight 
fraction of  element,  w and  MAC value,  one can find the atomic cross-section value with the 
equation as follows [15].

ACS= MAC

N A∑ w
A

(5)

Here, the weight fraction of element,  w, refers to the number of formula units that can be 
found by [16]: -

w= n ∙ A

∑ n ∙ A
(6)

Furthermore, the electronic cross-section can be found using equation (7) [16]: -

ECS= 1
N A

(∑ f ∙ A
Z i

 ∙(MAC )) (7)

Where f, Z, Zeff are the fraction of abundance of an element 𝑖 with respect to the number of atoms 
such that  𝑓1+𝑓2+𝑓3+….  𝑓𝑖=1,  𝑍𝑖 is  the atomic number of  the  𝑖𝑡ℎ element,  atomic number of 
element and effective atomic number respectively.

The effective atomic number, Zeff refer to how effectively the glass can interact with or absorb 
radiation based on its element composition and it can be calculate using the above equation.

Zeff =
ACS
ECS

(8)

The electron density, Nel can be defined as the number of electrons per unit mass, and it can 
be mathematically written as follows [14]:

N el=  MAC
ECS

(9)

3. Results and discussion

3.1. Raman spectroscopy
Raman spectroscopy is a laser on a material and observing how the light interacts with the 

atoms inside it. Most of the light bounces back unchanged, but a very small part changes its energy.  
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Figure 1 shows the obtained Raman spectrum for {[(B2O3)0.25(TeO2)0.75]0.75 [(Bi2O3)0.25]}1-x[Tm2O3]x glass 
at different thulium concentrations. At the low-frequency region (~200-500 cm-1) is dominated by a 
near 400-450 cm-1, first band at 415 cm-1 which can be assigned to Te-O-Te bending modes in TeO4 

trigonal bipyramidal and TeO3 trigonal pyramidal units that form the tellurite network, the shift left 
to a lower value of wavenumber is due to the formation of Te-O-Bi and Bi-O-Bi structural units 
consistent  with  assignment  in  rare-earth  doped boro-tellurite  glass  [22],  [23],  [24].  In  the  mid-
frequency  region  (~500-800  cm-1),  the  intense  band  around  650-750  cm-1 corresponds  to  Te-O 
stretching vibrations in TeO4 and TeO3 units and Te-O-Te linkages, which is typically the most 
prominent Raman feature in boro-tellurite glass [22], [25], [26]. The high-frequency band (~1200-
1500 cm-1)  observed near 1300-1400 cm-1  is  attributed to B-O stretching in BO3 triangular units 
associated with the borate component of the glass [22], [27]. With increasing Tm3+ concentration, the 
systematic decreased in intensity of the main tellurite band, together with a nearly constant peak 
position, indicates that Tm3+

  

 behaves predominantly as a network-modifying ions: it weakens Te-O-
Te linkages, promotes conversion of TeO4 to TeO3 units, and increases the population on non-
bridging oxygens (NBOs) leading to reduced network polymerization while preserving the basic 
TeO4/TeO3/BO3 structural motif [28], [29], [23], [24]. Overall, the evolution of Raman intensity and 
the background with Tm3+ content reflects a transition from a more connected tellurite network 
toward a depolymerized structure enriched in NBOs, in agreement with structural trends deduced 
from spectroscopy and modelling studies on Tm-doped bismuth boro-tellurite glass.

Figure 1. Raman Spectrum of {[(B2O3)0.25(TeO2)0.75]0.75 [(Bi2O3)0.25]}1-x[Tm2O3]x glasses

3.2. Density
The densities and the chemical compositions of each glass sample with different concentrations 

of Tm2O3 of the studied glasses were respectively reported in Table 1. In the present bismuth-boro-
tellurite system, the addition of Tm2O3 up to 0.030 mol%, the density of the glass system increased 
from 6.066 g/cm3 to 6.308 g/cm3. The increased in density upon Tm2O3 doping might be attributed 
to  the  higher  molecular  weight  of  thulium oxide compared to  other  chemical  oxides  [30].  The 
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presence of thulium in the glass network increased the total molecular weight from 219.31 g/cm 3
 to 

269.28 g/cm3 material.  The  density  of  the  glass  was  also  increased  since  density  is  directly 
proportional to molar mass [3], [31]. The previous research [32] also reported that the density of  
thulium-doped barium tellurite  glass  system increased depending on their  parameters  such  as 
interstitial  lattice  spacing,  coordinator  number,  and  the  higher  atomic  mass  of  the  rare-earth 
dopant. Another contributing factor to the observed increase in density of these samples are denser 
packing arrangement of atoms and the consequent structural rearrangement of the glass network 
caused by the incorporation of the rare-earth oxide [3], [31].

Table 1. Glass code, molar fraction of Tm2O3, density and glass composition of present glass samples

Glass

code

Molar fraction 

of Tm2O3, x

Density 

g/cm3
Glass Composition

0Tm 0.000 6.07 {[(B2O3)0.25 (TeO2)0.75]0.75(Bi2O3)0.25}1

0.005Tm 0.005 6.08 {[(B2O3)0.25 (TeO2)0.75]0.75(Bi2O3)0.25}0.95 (Tm2O3)0.05

0.010Tm 0.010 6.09 {[(B2O3)0.25 (TeO2)0.75]0.75(Bi2O3)0.25}0.90 (Tm2O3)0.10

0.015Tm 0.015 6.11 {[(B2O3)0.25 (TeO2)0.75]0.75(Bi2O3)0.25}0.85 (Tm2O3)0.15

0.020Tm 0.020 6.18 {[(B2O3)0.25 (TeO2)0.75]0.75(Bi2O3)0.25}0.80 (Tm2O3)0.20

0.025Tm 0.025 6.27 {[(B2O3)0.25 (TeO2)0.75]0.75(Bi2O3)0.25}0.75 (Tm2O3)0.25

0.030Tm 0.030 6.31 {[(B2O3)0.25 (TeO2)0.75]0.75(Bi2O3)0.25}0.70 (Tm2O3)0.30

3.2. Mass attenuation coefficient and linear attenuation coefficient
The theoretical  values  of  the  mass  attenuation coefficient,  MAC  of  {[(B2O3)0.25(TeO2)0.75]0.75 

[(Bi2O3)0.25]}1-x  [Tm2O3]x glass system is obtained in the energy range of 1keV-100GeV using Xcom, 
Phy-X, and NgCal as shown in Figure 2. The mass attenuation coefficient generally decreases as 
the energy of the energy of the incident radiation increases across all glass codes. This trend is  
expected because higher energy photons are typically less likely to be absorbed or scattered by the 
material. The addition of Thulium (Tm) dopants seems to have a minor effect on to the MAC  at 
lower energies (0.662 MeV). The values remain relatively consistent, showing little variation across  
different dopant concentrations. For higher energies, (1.173 MeV and 1.332 MeV), the values are 
also stable with slight fluctuations, indicating that the dopant content does not significantly alter 
the attenuation characteristics in this energy range. When comparing the results from the different 
software  tools  (Xcom,  Phy-X,  and NgCal),  there  is  a  close  agreement  in  the  calculated  values,  
suggesting reliability and consistency in the methods used for evaluating the MAC .  The result 
from Xcom and Phy-X shows similar trends, with slight variations likely due to difference in the 
underlying algorithms or databases used in the calculations. The  MAC  for the undoped glass 
(0Tm) and glasses with varying Tm concentrations are quite close, particularly at 0.662 MeV, with 
values around 0.0837 cm2/g. 
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Figure 2. Graph mass attenuation coefficients of present glasses using a) Xcom, b) Phy-X, and c) NgCal

From Table 2, the  MAC  values increase as thulium oxide, Tm2O3 concentration increases. 
The glass sample 0.030Tm (with a composition of 0.030 mol% of Tm2O3) displays the highest MAC  
in the energy range of 1keV-100GeV. Previously, Xcom was used to study the  MAC  of various 
concentrations of thulium oxide (0.1-2.0 mol%) in multicomponent borosilicate glasses with 0.015-5 
MeV energy range with 10% Li2O or MgO. Compared to other glass samples, the 2.0 mol% Tm₂O₃-
doped glasses  exhibited greater  gamma-ray attenuation properties.  This  indicates  that  with the 
addition  of  Tm₂O₃,  photons  with  higher  energy  can  penetrate  the  glass  samples  more  easily,  
whereas low-energy photons are more effectively shielded by the prepared glass [33]. Meanwhile, 
Phy-X was used to study the mass attenuation coefficient  (MAC) for  various concentrations of 
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samarium. As the Sm₂O₃ concentration increased, the MAC values decreased, while the density 
values  increased.  This  behaviour  may be  explained by  the  increased  contribution  of  the  high-
density element samarium to the glass samples and the corresponding reduction in the contribution 
of the boron component. [34]. In the energy range between 0.356 and 0.662 MeV, the MAC  values 
decrease slightly as the photon energy increases, and the dominance of Compton scattering [35]. 
The value of  MAC  is reduced exponentially with increasing photon energy up to 7 MeV and 
almost constant thereafter,  and this is expected according to Beer Lambert’s adsorption law. At 
higher  photon energies,  the  MAC values  are  very  small,  indicating that  as  the  photon energy 
increases, photons can penetrate the glass samples more easily. 

At photon energy of 0.662 MeV, the mass attenuation coefficient (MAC) values obtained in the  
present work using the Xcom software within the range of 0.08373-0.08379 cm 2/g, which are slightly 
lower values compared with some previously reports  results.  For comparison,  Alshamari  et  al. 
(2023) reported MAC value range of 0.048-0.089 cm2/g, while W. Cheewasukhanont et al. (2022) 
obtained values between 0.08728 -0.08899 cm2/g at the same photon energy using Xcom [47], [51]. 
These  differences  can  be  attributed  to  variation  in  glass  compositions,  density,  and  rare-earth 
dopant  concentration.  Nevertheless,  the  close  agreement  between  the  present  results  and 
previously reported data confirms the reliability and validity of the current theoretical calculations.

Table 2 The theoretical values of the mass attenuation coefficient, 
MAC

 of Xcom, Phy-X, and NgCal 

{[(B2O3)0.25(TeO2)0.75]0.75 [(Bi2O3)0.25]}1-x [Tm2O3]x glass system at a photon energy of 0.662, 1.173, and 

1.332 MeV.

Glass 

code

Mass attenuation coefficient, MAC  (cm2/g)

Xcom Phy-X NgCal

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0Tm
0.083

73

0.056

14

0.052

07

0.0930

97

0.0581

43

0.0535

22

0.0935

89

0.0583

13

0.0536

68

0.05T

m

0.083

63

0.056

14

0.052

07

0.0930

71

0.0581

34

0.0535

15

0.0935

54

0.0583

00

0.0536

57

0.010T

m

0.083

60

0.056

12

0.052

07

0.0930

45

0.0581

25

0.0535

09

0.0935

57

0.0582

98

0.0536

55

0.015T

m

0.083

61

0.056

12

0.052

07

0.0930

19

0.0581

17

0.0535

02

0.0935

05

0.0582

84

0.0536

44

0.020T

m

0.083

73

0.056

14

0.052

08

0.0929

93

0.0581

08

0.0534

95

0.0935

05

0.0582

80

0.0536

41

0.025T

m

0.083

73

0.056

14

0.052

08

0.0929

68

0.0581

00

0.0534

89

0.0934

55

0.0582

67

0.0536

31

0.030T

m

0.083

79

0.056

15

0.052

09

0.0929

43

0.0580

92

0.0534

82

0.0934

55

0.0582

64

0.0536

28

The linear attenuation coefficient for all  the gamma energy increased with the addition of 
Tm2O3 composition as shown in Table 3. It is well known that the radiation shielding efficiency of a  
material depends on its density. When compared with other studies [36, 37], the LAC values were 
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found to increase at lower photon energies due to the dominance of the photoelectric absorption 
mechanism. Thulium-doped glasses exhibited the highest LAC value of 0.375 cm⁻¹ at 0.662 MeV for 
15 mol% MoO₃-doped boro-tellurite glass [36]. As the gamma photon energy increased, the LAC 
values showed a significant decrease, which is typical behavior as the interaction gradually shifts  
from the photoelectric effect to the Compton scattering region. However, a slight and unexpected 
rise in LAC was observed between 0.1 MeV and 0.3 MeV, which can be attributed to the increasing  
contribution of Compton interactions in this energy range. At very low photon energy (0.015 MeV), 
the simulated LAC values increased with the addition of Tm₂O₃, corresponding to the higher molar 
mass and effective atomic number introduced by the thulium oxide [37].

Table 3. Theoretical value of linear attenuation coefficient, LAC for Xcom, Phy-x, and Ngcal 

{[(B2O3)0.25(TeO2)0.75]0.75 [(Bi2O3)0.25]}1-x [Tm2O3]x glass system with different Tm2O3 concentration at a 

photon energy of 0.662, 1.173, and 1.332 MeV.

Glass 

code

Linear attenuation coefficient, cm-1

Xcom Phy-X NgCal

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0Tm 0.50791 0.34055 0.31592 0.56473 0.35269 0.32466 0.56771 0.35373 0.32555

0.05Tm 0.50805 0.34105 0.31633 0.56541 0.35316 0.32511 0.56834 0.35417 0.32597

0.010Tm 0.50921 0.34183 0.31716 0.56674 0.35404 0.32592 0.56986 0.35509 0.32681

0.015Tm 0.51119 0.34312 0.31836 0.56872 0.35533 0.32711 0.57169 0.35635 0.32798

0.020Tm 0.51754 0.34700 0.32191 0.57479 0.35917 0.33065 0.57795 0.36023 0.33156

0.025Tm 0.52499 0.35200 0.32654 0.58291 0.36429 0.33538 0.58596 0.36534 0.33627

0.030Tm 0.52855 0.35419 0.32858 0.58628 0.36644 0.33737 0.58951 0.36753 0.33829

3.3. Half-value layer and mean free path
The gamma shielding efficiency can also be described in terms of the half-value layer, HVL 

and mean free path, MFP. To generate a radiation shielding material that is more effective, lower 
HVL values  are  required.  The half-value layer  is  the thickness  of  a  material  that  is  required to 
absorb  half  of  the  incident  radiation.  Meanwhile,  the  mean  free  path  is  the  average  distance 
travelled the by photon between two subsequent interactions. The theoretical values of half value 
layer and mean free path of {[(B2O3)0.25(TeO2)0.75]0.75 [(Bi2O3)0.25]}1-x [Tm2O3]x glass system is obtained in 
the energy range of 1keV-100GeV using Xcom, Phy-X, and NgCal as shown in  Fig. 2 and Fig. 3. 
Across all photon energy ranges, the half value layer (HVL) and mean free path (MFP) gradually 
decreased  with  increasing  Tm₂O₃  content  up  to  0.030  mol%,  as  presented  in  Tables  4  and  5, 
respectively.  This  decreasing  trend  of  HVL  and  MFP  for  the  {[(B2O3)0.25(TeO2)0.75]0.75[(Bi2O3)0.25]}1-

x[Tm₂O₃]ₓ glass system can be attributed to the enhanced density and mass attenuation coefficient 
resulting from the incorporation of thulium oxide. The present findings reveal that the 0.030Tm 
glass exhibits a lower HVL compared to the SrO–B₂O₃–TeO₂–BaO–MoO₃ glass reported by [37],  
indicating  its  superior  photon  attenuation  capability  [26].  Similarly,  the  0.030Tm  glass 
demonstrated  the  lowest  MFP  compared  to  the  50BaO–xBi₂O₃–(50–x)  glass  system  [38],  with 
corresponding values of 2.84, 4.21, and 4.62 cm at photon energies of 0.662 MeV, 1.173 MeV, and 
1.333 MeV, respectively. The gradual increase in MFP with rising photon energy is attributed to the 
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dominance  of  the  Compton  scattering  process,  in  which  the  scattering  probability  is  directly 
influenced by the atomic number (Z) through the interaction cross-section [39].

  

Figure 3. Graph half value layer Tm-doped borotellurite glass using a) Xcom, b) Phy-X, and 

c) NgCal



100

Journal of Ovonic Research, 2026, 22, 2

     

Figure 4. Graph mean free path Tm-doped borotellurite glass using a) Xcom, b) Phy-X, and c) NgCal

Table 4. Theoretical value of half value layer, HVL for Xcom, Phy-X, and Ngcal of present glasses with 

different Tm2O3 concentration at a photon energy of 0.662, 1.173, and 1.332 MeV.

Half-value layer (for Photons), cm
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Glass 

code

Xcom Phy-X NgCal

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0Tm 1.3644 2.0350 2.1936 1.2274 1.9653 2.1350 1.2210 1.9595 2.1292

0.05Tm 1.3640 2.0320 2.1908 1.2259 1.9627 2.1321 1.2196 1.9571 2.1264

0.010T

m
1.3609 2.0273 2.1850 1.2230 1.9578 2.1267 1.2164 1.9520 2.1209

0.015T

m
1.3557 2.0197 2.1768 1.2188 1.9507 2.1190 1.2125 1.9451 2.1134

0.020T

m
1.3390 1.9971 2.1528 1.2059 1.9299 2.0963 1.1993 1.9242 2.0906

0.025T

m
1.3200 1.9688 2.1222 1.1891 1.9028 2.0668 1.1829 1.8973 2.0613

0.030T

m
1.3111 1.9566 2.1091 1.1823 1.8916 2.0546 1.1758 1.8860 2.0490

Table  5. Theoretical  value of  mean free  path,  MFP for  Xcom,  Phy-x,  and NgCal  of  present  glasses  with 

different Tm2O3 concentration at a photon energy of 117, 133, and 662 keV.

Glass 

code

Mean free path (for Photons), cm

Xcom Phy-X NgCal

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0Tm 1.9689 2.9365 3.1654 1.7708 2.8353 3.0801 1.7615 2.8270 3.0717

0.05Tm 1.9683 2.9321 3.1613 1.7686 2.8315 3.0759 1.7595 2.8235 3.0678

0.010Tm 1.9638 2.9255 3.1530 1.7645 2.8245 3.0682 1.7548 2.8162 3.0599

0.015Tm 1.9562 2.9145 3.1411 1.7583 2.8143 3.0571 1.7492 2.8063 3.0489

0.020Tm 1.9322 2.8818 3.1065 1.7398 2.7842 3.0243 1.7302 2.7760 3.0161

0.025Tm 1.9048 2.8409 3.0624 1.7155 2.7451 2.9817 1.7066 2.7372 2.9738

0.030Tm 1.8920 2.8233 3.0434 1.7057 2.7289 2.9641 1.6963 2.7209 2.9561

3.5. Atomic cross section and electronic cross section
Table 6 shows the atomic cross section, ACS of thulium doped borotellurite glass. All the ACS 

results from Xcom, Phy-X and NgCal are in the order of 10–24 cm2. According to Koirala et al, (2021) 
[41], ACS provides information on radiation scattering when photons interact with or strike atoms. 
Since scattering is an important factor in nuclear physics, theoretical analysis of ACS enables the 
understanding of target material without actually making physical contact. Based on the energy of 
photons, either coherent scattering, Compton scattering, and photoelectric absorption may occur 
[40].  Gamma ray photon absorption is  favoured by high ACS values.  Xcom, Phy-X and NgCal 
exhibit similar ACS pattern, with ACS being high at low gamma energies and low at high gamma 
energies.  Interaction  probability  is  highest  at  low  energies  due  to  dominant  photoelectric 
absorption,  decreased  in  the  intermediate  Compton  region,  and  become  influenced  by  pair 
production  at  higher  energies  [41],  [32].  Additionally,  it  is  seen  that  the  ACS  rises  as  Tm2O3 

concentration does as well.  This demonstrates that there is significant scattering, which denotes 
strong photon divergence and increases shielding against  gamma ray energy.  According to the 
findings, the suggested glass 0.030Tm is the best radiation shielding material.
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Table 6. Calculated atomic cross section of Tm-doped borotellurite glass using Xcom, Phy-X and NgCal 

software.

Glass 

Code

Atomic Cross Section (for Photons) (×1024) (cm2)

Xcom PhyX NgCal

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.000Tm 7.8691 5.2762 4.8946 8.7496 5.4644 5.0302 8.7826 5.4723 5.0364

0.050Tm 7.8783 5.2886 4.9052 8.7676 5.4764 5.0413 8.8119 5.4913 5.0540

0.010Tm 7.8939 5.2991 4.9167 8.7856 5.4884 5.0524 8.8466 5.5125 5.0735

0.015Tm 7.9133 5.3115 4.9282 8.8035 5.5003 5.0635 8.8472 5.5147 5.0757

0.020Tm 7.9430 5.3257 4.9405 8.8214 5.5122 5.0746 8.8843 5.5375 5.0967

0.025Tm 7.9613 5.3380 4.9519 8.8392 5.5240 5.0856 8.8828 5.5383 5.0976

0.030Tm 7.9853 5.3512 4.9643 8.8569 5.5358 5.0966 8.9202 5.5612 5.1188

Table 7 shows the software Xcom, Phy-X, and NgCal produced ECS that were in the range of 
10-25 cm2/g. The tendency of increased ECS as the concentration of Tm2O3 increases is seen based on 
the data from all  software.  According to Koirala et  al.  (2021) [41],  a high ECS indicates a high 
interaction  between  radiation  shielding  material  and  gamma  rays,  which  results  in  enhance 
shielding performance. The best recommended glass composition for radiation shielding materials 
in Xcom, Phy-X and NgCal is 0.030Tm glass which has the highest concentration of Tm2O3. This 
demonstrates the rare earth oxide of Tm2O3 has beneficial qualities to be used as radiation shielding 
glass.  In studied energy range,  ECS decreased with increasing photon energy in the Compton-
dominated region, consistent with photon interaction theory; however, at any fixed energy, ECS 
increased with Tm2O3 content, indicating enhanced electron density and shielding effectiveness. 
Thus, it can be inferred that at higher gamma energies, photons and radiation shielding material 
interact more strongly. This claim also is supported by [42].

Table 7. Calculated electronic cross section of Tm-doped borotellurite glass using Xcom, Phy-X and NgCal software

Glass 

Code

Electronic Cross Section (for Photons) (×1024) (cm2/g)

Xcom PhyX NgCal

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.000Tm 2.9910 2.0044 1.8594 2.9155 2.0620 1.9200 3.3358 2.0797 1.9142

0.050Tm 2.9886 2.0038 1.8589 2.9147 2.0618 1.9198 3.3355 2.0796 1.9142

0.010Tm 2.9883 2.0036 1.8587 2.9139 2.0615 1.9196 3.3370 2.0799 1.9143

0.015Tm 2.9836 2.0026 1.8581 2.9131 2.0613 1.9194 3.3367 2.0798 1.9143

0.020Tm 2.9830 2.0025 1.8579 2.9123 2.0611 1.9192 3.3382 2.0801 1.9145

0.025Tm 2.9838 2.0030 1.8578 2.9115 2.0608 1.9190 3.3378 2.0800 1.9144

0.030Tm 2.9869 2.0027 1.8579 2.9107 2.0606 1.9188 3.3387 2.0803 1.9146

3.6. Effective atomic number and effective electron density 
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The effective atomic number (Zeff), which characterizes the gamma-ray attenuation capability 
of a radiation shielding material, is one of the key parameters in evaluating its performance as an 
absorber  medium.  For practical  applications,  the  proposed thulium-doped borotellurite  glass  is 
expected to  exhibit  a  high Zeff value  to  ensure  superior  shielding effectiveness.  Materials  with 
higher Zeff values tend to attenuate photons more efficiently, as their atomic constituents present a 
greater probability for photon interactions, thereby increasing the likelihood of collision events [43]. 
In this study, the 0.030Tm glass exhibited the highest effective atomic number (Zeff), as shown in 
Table 7, making it the most favorable composition among the proposed glass samples. The  Zeff 

values are strongly influenced by the density of the material,  where a higher density generally 
corresponds to a higher Zeff [44]. Therefore, the higher atomic number and density of the 0.030Tm 
glass  make it  reasonable  that  this  composition exhibits  the  highest  Zeff among all  the  studied 
samples. Furthermore, the results reveal that Zeff decreases with increasing gamma-ray energy. At 
higher photon energies, the lower Zeff values indicate that photons are less likely to be absorbed by 
the target material due to the dominance of the Compton scattering process over the photoelectric  
effect.

Table 8. Calculated effective atomic number of Tm-doped zinc borotellurite glass using Xcom, Phy-X and 

NgCal

Glass 

Code

Effective Atomic Number (for Photons)

Xcom Phy-X NgCal

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.000T

m

26.345

3

26.345

4

26.344

8

30.059

7

26.519

0

26.214

9

26.305

4

26.305

3

26.305

0

0.050T

m

26.403

5

26.403

3

26.403

2

30.113

3

26.574

0

26.270

2

26.400

3

26.400

4

26.399

8

0.010T

m

26.462

9

26.462

4

26.463

7

30.166

8

26.628

9

26.325

3

26.501

1

26.501

1

26.500

3

0.015T

m

26.519

1

26.523

0

26.522

7

30.220

0

26.683

6

26.380

2

26.514

7

26.515

2

26.514

6

0.020T

m

26.580

3

26.580

6

26.580

4

30.273

1

26.738

1

26.435

0

26.623

5

26.623

8

26.624

3

0.025T

m

26.638

8

26.639

3

26.638

8

30.326

0

26.792

4

26.489

6

26.631

0

26.631

3

26.630

4

0.030T

m

26.697

7

26.697

2

26.698

4

30.378

8

26.846

6

26.544

0

26.740

8

26.740

4

26.741

2

A comparative analysis of the effective atomic number (Zeff) was performed to further evaluate 
the gamma-ray attenuation capability of the prepared glasses. As presented in Table 9, the 0.030Tm 
glass  exhibits  a  noticeably  higher  Zeff value  compared to  several  reported  radiation  shielding 
materials, including Barium–Magnesium–Sodium–Alumina–Borate glass [45], TeO₂–Na₂O–NdCl₃–
Sm₂O₃ glass [46], 10Bi₂O₃–70B₂O₃–20BaO glass [47], and 10Bi₂O₃–35TeO₂–35B₂O₃–20BaO glass [48]. 
This enhancement can be attributed to the higher density and the presence of heavy metal oxides 
such as Bi₂O₃ and Tm₂O₃ in the proposed composition, both of which contribute to an increased 
effective atomic number and improved photon interaction probability. The higher Zeff value of the 
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0.030Tm glass therefore suggests its enhanced ability to attenuate gamma radiation, highlighting its 
strong  potential  for  use  as  an  efficient  radiation  shielding  material  in  nuclear  and  medical 
applications.

Table 9. Comparison between the values of the effective atomic number of the proposed glass(0.030Tm) and 

other reported shielding materials

Radiation Shielding Material Effective Atomic Number

1.173 MeV 1.332 MeV 0.662 MeV

Barium–Magnesium–Sodium-Alumina- Borate [35] 11.57 11.56 12.06

TeO2–Na2O-NdCl3-Sm2O3 [36] - 17.52 -

10Bi2O3-70B2O3-20BaO [37] - - 15.62

10Bi2O3-35TeO2-35B2O3-20BaO [37] - - 21.95

0.030Tm Phy-X (Present Work) 30.37881 26.84666 26.54404

0.030Tm NgCal (Present Work) 26.74081 26.74040 26.74120

0.030Tm Xcom (Present Work) 26.69776 26.69727 26.69840

The effective electron density (Nel), which represents the number of electrons per unit mass, is 
another  key  parameter  in  evaluating  the  shielding  effectiveness  of  materials  against  ionizing 
radiation. For efficient absorption of gamma photons, a high effective electron density is essential 
[48]. Table 10 presents the Nel values calculated using Xcom, Phy-X, and NgCal software at photon 
energies of 0.662 MeV, 1.173 MeV, and 1.332 MeV. The results show that Nel decreases as the photon 
energy increases, following a similar trend to that observed for the mass attenuation coefficient  
(MAC) and atomic cross-section (ACS). This correlation indicates that Nel is directly dependent on 
MAC and ACS, consistent with the findings reported by [49]. Moreover, the incorporation of Tm₂O₃ 
significantly enhances the effective electron density of the glass samples.  As the Tm₂O₃ content 
increases,  the  overall  glass  density  and  number  of  available  electrons  per  unit  mass  also  rise, 
confirming the potential of Tm₂O₃-doped borotellurite glass as a promising material for gamma 
radiation  shielding  applications.  According  to  Table  9,  the  radiation  shielding  glass  [(TeO2)70 

(B2O3)30]70 [Bi2O3]30 and  {[(TeO2)70 (B2O3)30]75 (Bi2O3)25}99 (CeO2)1 in  the  study  by  [50]  had 
substantially lower effective electron densities than the 0.030Tm glass sample and thus, proves the 
effectiveness of suggested glass composition for radiation shielding material.

Table 10. Calculated effective electron density of Tm-doped zinc borotellurite glass using Xcom, Phy-X and 

NgCal.

Glass 

Code

Effective Electron Density (for Photons) (×1023)

Xcom PhyX NgCal

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0.662 

MeV

1.173 

MeV

1.333 

MeV

0Tm 2.80324 2.80322 2.80370 3.1984 2.8217 2.7893 2.80315 2.80313 2.80310

0.5Tm 2.80280 2.80280 2.80278 3.1966 2.8209 2.7887 2.80287 2.80290 2.80283

1.0Tm 2.80255 2.80250 2.80263 3.1949 2.8202 2.7880 2.80262 2.80264 2.80256

1.5Tm 2.80194 2.80236 2.80232 3.1931 2.8194 2.7874 2.80231 2.80235 2.80230

2.0Tm 2.80193 2.80196 2.80196 3.1914 2.8187 2.7867 2.80205 2.80206 2.80213

2.5Tm 2.80165 2.80168 2.80166 3.1896 2.8180 2.7861 2.80182 2.80185 2.80177

3.0Tm 2.80140 2.80134 2.80144 3.1879 2.8172 2.7855 2.80157 2.80154 2.80160
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According to Table 11, the radiation shielding glass [(TeO2)70(B2O3)30]70[Bi2O3]30 and {[(TeO2)70 

(B2O3)30]75(Bi2O3)25}99(CeO2)1 in the study by [21] had substantially lower effective electron densities 
than the 0.030Tm glass sample and thus, proves the effectiveness of suggested glass composition for 
radiation shielding material.
Table 11. Comparison between the values of the effective electron density of the proposed glass samples and 

other known shielding materials

Radiation Shielding Material Effective Electron Density (×1023)

1.173 MeV 1.332 MeV 0.662 MeV

[(TeO2)70 (B2O3)30]70 [Bi2O3]30 [21] - - 1.8003

{[(TeO2)70 (B2O3)30]75 (Bi2O3)25}99 (CeO2)1 [21] - - 1.8873

0.3 Tm Using Phy-X (Present Work) 3.1879 2.8172 2.7855

0.3 Tm Using NgCal(Present Work) 2.80157 2.80154 2.80160

0.3 Tm Using Xcom (Present Work) 2.80140 2.80134 2.80144

3.7. Percentage Deviation between Xcom, Phy-X and NgCal 
To compare the results of Neff obtained from Xcom, Phy-X, and NgCal, the deviation between 

the results of MAC, LAC, HVL, MFP, ACS, ECS, Zeff, and Nel was calculated. As shown in Table 12, 
it  was found that the comparison of percentage difference for Xcom with respect  to PhyX and 
NgCal with respect to PhyX is very high that is about 14% for MAC, LAC, HVL, MFP, ACS, ECS,  
Zeff, and Nel  at energy 0.662 MeV. The high percentage difference is due to different determination 
methods of ACS, ECS, Zeff and Neff of Phy-X when compared to Xcom and NgCal. The result of 
MAC, LAC, HVL, MFP, ACS, ECS, Zeff, and Nel for Phy-X was generated from the software directly 
while Xcom and NgCal results was obtained by calculation mentioned in the methodology section. 
Thus, there could be different in the decimal point used such as for Avogadro’s constant. Also, the 
mol fraction and weight fraction generated by Xcom, Phy-X and NgCal are significantly different 
even  though  similar  composition  were  inserted  in  each  software.  This  is  due  to  the  different 
database of  each software that  holds the different  information related to reference materials  of 
elements. The result of different reference materials database can be seen by the different MAC 
value  generated  by  each  software.  However,  significantly  very  low  percentage  difference  is 
observed at energy 1.173 MeV and 1.333 MeV that is less than 4%. This concludes that at energy 
1.173 MeV and 1.333 MeV more the results are more precise.

Table 12. Percentage deviation of MAC, LAC, HVL, MFP, ACS, ECS, Zeff, and Nel calculated of Xcom and 

NgCal with respect to Phy-X.

Glass Code

Percentage difference of MAC (%)

Xcom with respect to Phy-X NgCal with respect to PhyX

0.662 

MeV
1.173 MeV 1.333 MeV 0.662 MeV 1.173 MeV 1.333 MeV

0.000Tm 10.06 3.44 2.68 0.53 0.29 0.27

0.050Tm 10.14 3.43 2.70 0.52 0.29 0.27

0.010Tm 10.15 3.45 2.69 0.55 0.29 0.27

0.015Tm 10.12 3.44 2.68 0.52 0.29 0.27

0.020Tm 9.96 3.39 2.65 0.55 0.30 0.27

0.025Tm 9.94 3.37 2.63 0.52 0.30 0.27
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0.030Tm 9.85 3.34 2.60 0.55 0.30 0.27

Glass Code

Percentage difference of LAC (%)

Xcom with respect to PhyX NgCal with respect to PhyX

0.662 

MeV
1.173 MeV 1.333 MeV 0.662 MeV 1.173 MeV 1.333 MeV

0.000Tm 10.06 3.44421 2.69418 0.52786 0.29394 0.27297

0.050Tm 10.14 3.42986 2.70064 0.51919 0.28633 0.26562

0.010Tm 10.15 3.45003 2.68850 0.55049 0.29653 0.27351

0.015Tm 10.12 3.43589 2.67645 0.52192 0.28725 0.26629

0.020Tm 9.96 3.38744 2.64579 0.54964 0.29555 0.27255

0.025Tm 9.94 3.37350 2.63391 0.52381 0.28774 0.26658

0.030Tm 9.85 3.34245 2.60342 0.55114 0.29583 0.27267

Glass Code

Percentage difference of HVL (%)

Xcom with respect to PhyX NgCal with respect to PhyX

0.662 

MeV
1.173 MeV 1.333 MeV 0.662 MeV 1.173 MeV 1.333 MeV

0.000Tm 11.16404 3.54507 2.74695 0.52509 0.29308 0.27223

0.050Tm 11.26552 3.52969 2.75377 0.51651 0.28551 0.26492

0.010Tm 11.27423 3.55131 2.74095 0.54748 0.29566 0.27276

0.015Tm 11.22994 3.53615 2.72823 0.51921 0.28643 0.26558

0.020Tm 11.03983 3.48423 2.69588 0.54664 0.29468 0.27181

0.025Tm 11.00935 3.46930 2.68335 0.52108 0.28691 0.26588

0.030Tm 10.89964 3.43606 2.65121 0.54811 0.29495 0.27193

Glass Code

Percentage difference of MFP (%)

Xcom with respect to PhyX NgCal with respect to PhyX

0.662 

MeV
1.173 MeV 1.333 MeV 0.662 MeV 1.173 MeV 1.333 MeV

0.000Tm 11.18765 3.56706 2.76878 0.52509 0.29308 0.27223

0.050Tm 11.28915 3.55168 2.77560 0.51651 0.28551 0.26492

0.010Tm 11.29786 3.57331 2.76277 0.54748 0.29566 0.27276

0.015Tm 11.25357 3.55814 2.75005 0.51921 0.28643 0.26558

0.020Tm 11.06341 3.50621 2.71769 0.54664 0.29468 0.27181

0.025Tm 11.03293 3.49128 2.70516 0.52108 0.28691 0.26588

0.030Tm 10.92319 3.45803 2.67301 0.54811 0.29495 0.27193
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Glass Code

Percentage difference of ACS (%)

Xcom with respect to PhyX NgCal with respect to PhyX

0.662 

MeV

1.173 MeV 1.333 MeV 0.662 MeV 1.173 MeV 1.333 MeV

0.000Tm 10.06 3.45 2.70 0.38 0.14 0.12

0.050Tm 10.14 3.43 2.70 0.50 0.27 0.25

0.010Tm 10.15 3.45 2.69 0.69 0.44 0.42

0.015Tm 10.11 3.43 2.67 0.50 0.26 0.24

0.020Tm 9.96 3.38 2.64 0.71 0.46 0.44

0.025Tm 9.93 3.37 2.63 0.49 0.26 0.24

0.030Tm 9.84 3.34 2.60 0.71 0.46 0.44

Glass Code

Percentage difference of ECS (%)

Xcom with respect to PhyX NgCal with respect to PhyX

0.662 MeV 1.173 MeV 1.333 

MeV

0.662 MeV 1.173 MeV 1.333 MeV

0.000Tm 2.62 2.81 3.18 14.70 0.96 0.22

0.050Tm 2.48 2.81 3.19 14.64 0.93 0.24

0.010Tm 2.43 2.84 3.19 14.62 0.93 0.25

0.015Tm 2.42 2.85 3.19 14.54 0.90 0.27

0.020Tm 2.55 2.81 3.17 14.52 0.89 0.28

0.025Tm 2.54 2.81 3.17 14.44 0.86 0.30

0.030Tm 2.59 2.80 3.16 14.42 0.86 0.30

Glass Code

Percentage difference of Zeff (%)

Xcom with respect to PhyX NgCal with respect to PhyX

0.662 MeV 1.173 MeV 1.333 

MeV

0.662 MeV 1.173 MeV 1.333 MeV

0.000Tm 12.3565 0.6545 0.4954 12.4894 0.8057 0.3436

0.050Tm 12.3194 0.6421 0.5065 12.3302 0.6531 0.4935

0.010Tm 12.2779 0.6252 0.5258 12.1514 0.4798 0.6650

0.015Tm 12.2468 0.6018 0.5403 12.2610 0.6308 0.5095
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0.020Tm 12.1984 0.5889 0.5500 12.0555 0.4273 0.7162

0.025Tm 12.1585 0.5714 0.5635 12.1842 0.6015 0.5316

0.030Tm 12.1172 0.5565 0.5815 11.9754 0.3958 0.7428

Glass Code

Percentage difference of Nel (%)

Xcom with respect to PhyX NgCal with respect to PhyX

0.662 MeV 1.173 MeV 1.333 

MeV

0.662 MeV 1.173 MeV 1.333 MeV

0.000Tm 12.3551 0.6539 0.5158 12.3578 0.6571 0.4941

0.050Tm 12.3200 0.6424 0.5060 12.3178 0.6386 0.5080

0.010Tm 12.2794 0.6267 0.5239 12.2770 0.6217 0.5214

0.015Tm 12.2500 0.6055 0.5362 12.2387 0.6059 0.5353

0.020Tm 12.2025 0.5937 0.5461 12.1985 0.5899 0.5523

0.025Tm 12.1634 0.5778 0.5582 12.1579 0.5718 0.5622

0.030Tm 12.1234 0.5641 0.5733 12.1182 0.5571 0.5789

4. Conclusion
In this study, the gamma-ray shielding parameters of thulium-doped bismuth borotellurite 

glasses were systematically evaluated using the Xcom, Phy-X, and NgCal computational platforms. 
The main objective of this simulation work was to examine how varying thulium oxide (Tm₂O₃) 
concentrations influence the radiation attenuation performance of {[(B2O3)0.25(TeO2)0.75]0.75 [(Bi2O3)0.25]}

1-x  [Tm2O3]x glass  system. Several  key shielding parameters were assessed,  including the linear 
attenuation coefficient (LAC), mass attenuation coefficient (MAC), half-value layer (HVL), mean 
free path (MFP), effective atomic number (Zeff), and effective electron density (Nel). The glass density 
was found to increase from 6.07 to 6.31 g/cm³ as the Tm₂O₃ concentration increased from 0 to 0.030 
mol%. Among all  compositions,  the 0.030Tm glass exhibited the highest LAC and MAC values 
across all photon energies, while the undoped 0Tm glass showed the lowest values. A consistent 
decreasing  trend  in  HVL  and  MFP  was  observed  with  increasing  Tm₂O₃  content,  indicating 
enhanced photon absorption efficiency. Furthermore, the 0.030Tm sample demonstrated the highest 
Zeff and Nel values throughout the investigated energy range, confirming the positive influence of 
Tm₂O₃ on the shielding capability of the glass matrix. The improvement is primarily attributed to 
the increased glass density and the presence of high-Z elements such as thulium and bismuth,  
which  enhance  photon  interaction  probability.  Overall,  the  simulation  results  indicate  that  the 
0.030Tm glass exibit enhanced gamma-ray attenuation characteristics compare to other composition 
studied  and  may  be  considered  a  potential  candidate  for  radiation  shielding  application.  In 
addition,  computational  tools  such  as  Xcom,  Phy-X,  and  NgCal  are  shown  to  be  useful  for 
providing reliable preliminary assessments of glass systems prior to experimental validation.
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