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ABSTRACT 
In this paper, the photon-shielding parameters for tellurite-based glasses has been studied using GEANT4 toolkit 

under photon energy range from 10-3 to 10 MeV. Then were compared with the theoretical WinXCOM software 

for different concentrations (100-x-y)TeO2-xTiO2-yZnO, (x,y)=  ) 15,10) (15,5), (10,15), (10,10), (5,30) and 
(5,10) mol%. The examined attenuation properties were then utilized to calculate the Zeff  effective atomic 

number and the HVL half value layer and MFP mean free path of the radiation shielding glasses. The present 

results found the utilization of the new tested glasses are good promising materials for photon shielding 

applications. 
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I. INTRODUCTION 
Although scientists have only known about 

radiation for a century, they have developed a wide 
variety of uses for this natural source. Today, for the 

benefit of mankind, radiation is used in medicine, 

industry and agriculture, as well as to generate 

electricity. Hospitals use a variety of nuclear 

materials and procedures to diagnose and treat a 

wide human disease such as Radiology, X-Ray 

machines, cancer therapy and others.   

There is always a risk of damage to cells or 

tissue if exposed to any amount of ionizing 

radiation. Staff and patients might be put in grave 

danger if they are exposed to excessive levels of 
radiation. Over time, skin cells may be permanently 

damaged as a result of radiation exposure, cancer 

and other health problems and even death. [1]  

Radiation is becoming a useful 

instrumentation in our daily life [2-7]. Therefore, 

much scientific research has been carried out to 

create a novel radiation shielding materials for 

human protection against these dangerous effects. 

[8-9] A material that can be employed as a 

protective material under high levels of nuclear 

radiation exposure is still needed.  

These materials must possess specific 
characteristics, like high density, good thermal and 

structural properties where heat is easily dissipated, 

good resistance, shielding durability, availability, 

reusable with homogeneity quality, and effective 

cost to be a useful material are all factors to 

consider. Choice of these materials mainly based on 

its ability to reduce the exposure level by absorption 

or attenuation of sufficient amounts of incoming 

radiation. 

To protect employees from radiations like 

as X-rays, gamma-rays, and neutrons, the most 
frequent materials used are lead and concrete. While 

lead continues to be a widely used source of 

radiation protection material because of its 

inexpensive cost and strong attenuation ability. 

However, the hazardous nature to human health of 

lead (Pb) and its environmental toxicity are serious 

problems encouraged scientists to investigate non-

toxic alternatives [10-12]. 

The same for Concrete is commonly used 

as a barrier against high-energy photons, owing to 

its unique properties, structural flexibility and its 

density sufficiently efficient [13]. However, the 
concrete is impermeable to visible transmitted light, 

and it has various flaws, such as variations in 

substance and the creation of fissures due to water 

content. [14] 

In this regard, various alternative glass, 

steel, composites, resins, alloys, and polymers, 

among other materials, can be used to shield against 

radiation, but only when the thickness is good 

enough to keep the radiation below safe levels. 

Because of their transparency to visible 

light and the ability to modify their optical and 
physical properties and preparation methods, glass 

materials are especially ideal choices for use as g-

rays and neutron radiation shielding in medical 
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services and nuclear research institutions [15-21]. 

[22-23]  

Various heavy metal oxide glasses have 

been studied for their shielding and optical 

properties. By increasing the density of the 

materials, the adding of heavy metal oxides 

improves the attenuation achievement of the glass 

sample [24-27]. 
The aim of the present study is to 

investigate the radiation shielding properties of the 

suggested glass through photon energies from 1 keV 

to 10 MeV by GEANT4 toolkit. 

 

II. MATERIALS AND METHODS 
In this purpose, we investigate a collection of 

tellurite glasses having a certain composition of 

(100- x -y)TeO2-xTiO2-yZnO, (x, y)=  ) 15, 10) (15, 
5), (10, 15), (10, 10), (5, 30) and (5, 10) mol%, The 

names and densities of the glasses compositions 

used in this study listed in Table1. 

 

2.1 Monte Carlo simulation Geant4   

GEANT4 is a Monte Carlo toolset for radiation 

propagation. This toolset has applications in a 

several domains, likes radiation shielding, medical 

applications, high-energy and Astor-particle 

physics, [28]. 

To cover all nuclear and electromagnetic 
interactions that might happen if the radiation 

collides with the material shielding, GEANT4 

covers a diverse range of physical models for 

radiation shielding research.  

The G4EmPhysicsList class to manage the physical 

processes involving electrons and photons has 

adopted the conventional electromagnetic package. 

This package includes interactions between photons 

with energies ranging from 1 to 100 TeV. 

G4PhotoElectric-Effect, G4Compton-Scattering, 

G4Rayleigh-Scatterin, and G4Gamma-Conversion 

are some of the basic photonic interactions that have 
been incorporated. To ensure appropriate precision 

in simulations, the value of the range cut, which is 

the minimal limit for secondary particle generation, 

has been changed to 0,01cm for all desired particles. 

The energy of gamma photons were defined as 

0.001–10 MeV. Depending on the gamma-ray 

energy, the glass thickness ranged from 0.1 to 1 cm. 

The mass number, atomic number, densities and 

weight fractions of the glasses samples were also 

computed. 

One million photons were launched at a glass 
sample target from a mono-energetic source in this 

experiment. A sodium iodide (NaI) detector was 

used to record the photons. 

 

 

 

2.2 Radiation shielding properties 

2.2.1 Mass attenuation coefficient (µ∕ρ)  

The mass attenuation coefficient (μ/ρ) is 

the basic parameter used to measure the radiation 

absorption properties of any material. The 

expression of mass attenuation coefficient (μ/ρ) is a 

metric for the probability of incident photons 

interacting with substance per unit density. 
According to Lambert–Beer law [29], The amount 

of attenuation is determined by the gamma-ray 

energy and the glass sample's chemical structure. 

The formula is used to compute it:     

 

μ∕ρ=           

 

Where (μ) is the linear attenuation coefficient, (ρ) is 

the density and wi is a percentage of weight of ith 

composed element in the shielding material sample. 

 

2.2.2 Effective atomic number (Zeff): 

The effective atomic number (Zeff) is a 

metric that is used to measure the efficiency of a 

shielding material that contains a variety of 

components. A greater Zeff number shows that the 

material can filter incoming radiation better, thus a 

glass system with a greater Zeff value may attenuate 

input photons better than one with a lower Zeff 

value. The effective atomic number (Zeff) for any 

sample is widely used to explain the sample's 

attenuation behavior, and it is provided by the 
relation below. [30]: 

  

      
      

 
    

      
 
    

 

Where Ai is the atomic weight and Zj is atomic 

number and μ/ρ is the mass attenuation coefficient, 

fi is the fractional abundance of the element. 

 

2.2.3 Half‑ value layer 

The half-value layer is a highly important measure 

for studying gamma-ray shielding properties. and to 

judge the radiation efficiency of a material . 

The half-value layer is the thickness that reduces the 

intensity of radiation by half and may be calculated. 

by the relation below [31]. 

 

    
     

 
 

Where HVL Half-value layer and μ the linear 

attenuation coefficient.  

 

2.2.4 Mean free path (MFP) 
The mean free path (MFP) is the mean distance 

travelled by a photon inside a shielding material 
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prior to encountering an interaction, and can be 

obtained according to the equation [32]:  

 FP 
 

 
 

Where μ the linear attenuation coefficient and MFP 

Mean free path 

 

2.2.5 Neutron removal cross section (ΣR) 

The ∑ʀ calculates the ability of the shielding 

material to reduce the neutrons by measurement the 

mass removal cross section        of substances 

that are compose the samples. ∑ʀ is given by the 

relation below [33]: 

To calculate         the mass removal cross section 

of substances that compose the samples ∑ʀ used to 

determine the shielding material's ability to 

attenuate neutrons. 

       

 

     
 
  

Where    is the partial density (g∕cm³) of the ith 

substance. 

 

III. RESULTS AND DISCUSSION 
Tellurite glasses TeO2−TiO2−ZnO with a 

composition of (100-x-y)TeO2-xTiO2-y ZnO, (x,y)= 

)15;10) (15;5), (10;15), (10;10), (5;30) and (5;10) 

mol%, used in this study listed in Table1. 
The mass attenuation coefficient μ/ρ of 

these samples were calculated using the Geant4 

toolkit and the WinXCOM application for photon 

energy ranging from 1 keV to 10 MeV. In Figure.1, 

the μ/ρ values were presented against photon 

energy. The μ/ρ values obtained from Geant4 

simulations were compared to those calculated by 

the WinXCOM algorithm, as shown in Figure.2. 

The values of μ/ρ were used to determine the Zeff 

values, Figure.3. In Figure.4, the Half-value layer 

values of the investigated glasses were calculated 
and plotted. In figure 5 the mean free path values 

were computed and plotted. 

 

Table1: list of investigated glasses samples, chemical and atomic composition and density. 

 
 

3.1 Mass attenuation coefficient (μ/ρ) 

In Figure.1, the mass attenuation 

coefficient declines when the photon energy rises 

due to partial photon interactions with the shielding 

material in different energy ranges. As a result, the 

µ∕p values decrease in low-energy zone (10-3-0.39 

MeV) because the photoelectric absorption 

mechanism dominates at these energies. Then, 
because Compton scattering dominates in the 

middle energy zone (0.6-3.9 MeV), the µ∕p value 

significantly decline. Following that, because the 

pair production process, µ∕p values gradually 

increase in the high energy zone (3.9-10 MeV). It 

can also be seen in Figure.1 that the photoelectric 

effect causes some abrupt discontinuities around the 

K-edges of Titanium, Zinc, and Tellurium 

substance. Furthermore, the relationship between the 

µ∕p value and the chemical structure of the sample 

indicates that gamma-rays are attenuated more in the 

samples with a high Te weight component. The µ∕p 

values of T85T5Z10, for example, are larger than 

those of the other glasses tested. The reason for this 

is that T85T5Z10 sample includes 85 mol% TeO2 

(see Table 1). The TeO2 concentration in the glasses 

T80T10Z10 and T80T15Z5 is the same. However, 

T80T10Z10 includes 10mol% ZnO, and T75T15Z5 
includes 5mol% ZnO. As a result, the µ∕p values for 

T80T10Z10 are larger than those for T75T15Z5.  

In Figure 2 provides a comparison of µ∕p 

using WinXCOM and Geant.4 programs calculation 

for 123, 357, 665, 844, and 1333 keV photon 

energies. For all of investigated sample, we found 

the mass attenuation coefficient. Then correlation 

factor (R2) was determined to ensure that the 

theoretical and simulation data were linear. The R2 

for all glasses was found to be almost one. 

T85T5Z10 T65T5Z30 T80T10Z10 T75T10Z15 T80T15Z5 T85T15Z10

TeO2 85 65 80 75 80 75

TiO2 5 5 10 10 15 15

ZnO 10 30 10 15 5 10

O 0.206 0.206 0.211 0.212 0.217 0.217

Ti 0.016 0.018 0.033 0.034 0.050 0.051

Zn 0.044 0.148 0.046 0.070 0.023 0.047

Te 0.734 0.628 0.710 0.684 0.710 0.685

5.490 5.420 5.420 5.410 5.440 5.400

Compositions (mol%)

Atomic composition (wt.%)

Glasses Samples 

Density (g/cm
3 )
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Fig. 1:   TeO2-TiO2-ZnO glasses: Mass attenuation coefficient (μ/ρ) from 1 keV to 10 MeV 

 

 
Fig. 2: Comparison of GEANT4 and WinXCOM mass attenuation coefficients for TeO2-TiO2-ZnO glasses. 

 

3.2 Effective atomic number (Zeff) 

Figure. 3 shows the computed Zeff values 

for the examined tellurite-based glasses with various 

TeO2 - TiO2 and ZnO concentrations for photon 

energy zone from 10-3 to 1MeV. 

When the photon energy is low, there is 

clearly an increase in Zeff values. The (L, M, K) 
absorbed borders of titanium Ti, zinc Zn, and 

trillium Te components cause some peaks at 19–31 

keV. 

However, in the photon range of energies 

of 39–800 keV, the Zeff values significantly drop as 

the photon energy increases. The values of the 

effective atomic number Zeff for tellurite-based 

samples are then constant in the photon energy zone 

of 0.9-2 MeV because of the photoelectric 

interaction. 

The Zeff values gradually increase when the 

photon energy is increased up to 10MeV according 

to pair production process. Due to the atomic 
number (Z) of the material constituent atoms is 

significantly connected to the partial photon 

mechanisms; T85T5Z10 glass had the greatest Zeff 

value, whereas T65T5Z30 glass had the lowest Zeff 

value. As a result, the glass with the greatest Zeff is 

T85T5Z10, which includes the largest weight 
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percentage of Te (0.734 percent ). The T65T5Z30 

glass, which has the smallest proportion of Te, has 

the lowest Zeff (0.628 percent ). It is commonly 

known that as Zeff rises, so does the effectiveness of 

the gamma-ray shield. 

As a result, we can conclude that the 

T85T5Z10 sample has the greatest gamma-ray 

shielding qualities of all the glasses we investigated. 

For comparison, we included the Zeff for the current 

samples as well as those published for some other 

glass systems in Table 2. 

 

 
Fig. 3: Effective atomic number (Zeff) of the TeO2-TiO2-ZnO samples for total photon interaction 

 

Table 2 the effective atomic number Zeff of investigated glasses samples. 

 
 

3.3 Half‑ value layer 

The HVL is a key metric for determining 

gamma ray shielding performance (for better 

shielding efficiency must lower HVL). As shown in 

Figure. 4, the half value layer values of the samples 

investigated were compared to conventional glasses 
like barite concrete [34] and concrete [35]. 

The gamma-energy ray's determines how 

far it can penetrate through the shielding material. 

The glasses' half value layer ranged from 2 10-5 to 

3.926 cm. Figure 4 clearly shows that for photon 

energies less than 0.1 MeV, the HVL values remain 

constant. Figure 4 demonstrates that the examined 

glasses have greater shielding qualities than either 

ordinary or barite concrete. Then, as the photon 

energy raises, the HVL values directly climb, 
peaking at 5 MeV.  

 

Energy (MeV) 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.10 0.20 0.50 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

T85T5Z10 45.8 46.0 45.5 50.3 49.9 49.3 47.6 45.5 34.3 24.4 22.7 22.8 23.8 25.0 26.1 27.0 27.9 28.7 29.4 30.0

T65T5Z30 41.1 41.2 41.0 48.7 48.3 47.7 46.0 43.7 32.5 23.5 22.0 22.1 23.0 24.0 25.0 25.8 26.6 27.3 28.0 28.5

T80T10Z10 44.8 45.0 44.6 50.1 49.6 49.0 47.2 45.0 33.5 23.8 22.1 22.2 23.2 24.3 25.4 26.3 27.2 28.0 28.6 29.3

T75T10Z15 43.6 43.7 43.4 49.7 49.3 48.6 46.8 44.6 33.1 23.6 22.0 22.1 23.0 24.1 25.1 26.0 26.9 27.6 28.3 28.9

T80T15Z5 43.7 44.0 43.6 49.8 49.3 48.7 46.8 44.5 32.7 23.2 21.6 21.7 22.6 23.7 24.7 25.6 26.5 27.2 27.9 28.5

T85T15Z10 43.7 44.0 43.6 49.8 49.3 48.7 46.8 44.5 32.7 23.2 21.6 21.7 22.6 23.7 24.7 25.6 26.5 27.2 27.9 28.5
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Fig. 4: Half-value layer (HVL) of the TeO2-TiO2-ZnO glasses compared with commercial concret. 

 

3.4 Mean free path 

The shields' capacity to block gamma-rays 

may be assessed by the MFP. The mean free path 

values of the glasses in investigation were 
determined and compared with a certain 

conventional shielding glasses Rs-253-G18, RS-

520, and Rs-360 and present an exceptional gamma-

ray shielding capability show in Figure 5. 

Obviously, at low photon energy, the MFP values of 

the current glasses are low. The values of MFP for 

all of the glasses increase greatly as the photon 
energy is increased. The thickness of these glasses 

must be raised in order for high-energy gamma rays 

to penetrate more deeply. 

 

 
Fig. 5: Comparison of Mean free path of the TeO2-TiO2-ZnO samples with commercial glasses 
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IV. CONCLUSION: 
Tellurite-based glasses, TeO2-TiO2-ZnO 

have been studied for shielding protection against 

neutrons and gamma rays. The Geant4 toolkit and 

the WinXCOM software were utilized to determine 

the mass attenuation coefficient (µ∕ρ) of these 
glasses confirmed with a correlation factor (R2) 

equaling 0.999 after comparison. The greatest Zeff 

values were found in the T85T5Z10 glass, while the 

lowest values were found in the T65T5Z30 glass, 

explained by the weight percentage of Te present in 

each sample. For photon energies range from 1 keV 

to 10 MeV, the half value layer of the investigated 

samples was calculated to be in the zone of 2.10-5 to 

3.93 cm. In terms of Zeff, HVL, and MFP, the 

shielding properties of investigated glasses were 

compared to commercial glasses and standard 
concrete and heavy metal oxide glasses. The 

suggested glass system was found to have good and 

potential alternatives for gamma and neutron 

shielding applications. 

It is also possible to conclude that TeO2 can be 

examined in the context of boosting nuclear 

radiation protection and other system properties.  
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