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MASS ATTENUATION COEFFICIENT OF [(TeO2)0.7(B2O3)0.3]1-x(BaO)x GLASS 

FOR ENERGY OF 1 KeV – 100 GeV 
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The gamma shielding parameters of [(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass system in terms of 

attenuation coefficient, effective atomic number and electron density have been obtained 

theoretically by WinXCOM programme. The mass attenuation coefficient of all glasses 

increases with increasing amount of barium oxide, BaO. In present work, the highest 

composition of BaO in glass system (x = 0.25 mol %) give the highest value of mass 

attenuation coefficient, μm. Another shielding parameter such as effective atomic number 

(Zeff) and electron density (Ne) estimated using WinXCOM programme are depending to 

the barium composition and photon energy. 
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1. Introduction

Lead-shielding glass has been widely used to reduce ionizing radiation in medical x-ray 

imaging systems, particularly on windows. The use of lead however has led to a number of 

adverse effects including damage to the kidney and brain, miscarriage, and disturbance of the 

nervous system. The International Agency for Research on Cancer (IARC) and The Department of 

Health and Human Services (DHHS) have found that lead and its compounds cause environmental 

toxicity and are potentially carcinogenic to humans. Due to the effects mentioned above, barium 

has a significant role in replacement of lead for the development of radiation shielding material. 

The introduction of barium in lead-free glass can improve radiation shielding properties [1]. Saudi 

et al. (2019) [2] proved that barium-borate glass are good candidate as a protective shield against 

nuclear radiations. Previous work also found that barium borate glass system has superior 

shielding capacity against gamma rays and fast neutrons as compared with different conventional 

shielding material and commercial glasses [3]. 

The aim of present work is to evaluate the theoretical shielding parameter of 

[(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass system using WinXCom program at energy of 1 keV – 100 

GeV. In this study, boro-tellurite was selected as the base glass due to its specific characteristics, 

such as high transparency and good gamma shielding properties when combined with heavy metal 

oxides. The addition of barium oxide in boro-tellurite-based glass is expected to improve the 

shielding parameter for the gamma radiation. Current work aims to synthesize transparent 

radiation shielding glasses modified with barium element. This paper will report the effects of 

barium in a boro-tellurite glass system which concentrates on two properties: (i) physical and 

structural properties, and (ii) gamma radiation shielding properties. Boro-tellurite was chosen as a 

base glass in this research because of its unique characteristics such as high transparency, good 

gamma shielding properties and high thermal resistance when added with heavy metal oxides [8]. 

It is expected that the addition of barium oxide in boro-tellurite glass would increase the glass 

density and improve the gamma radiation shielding properties. 

*
Corresponding author: azuraida@upnm.edu.my

https://doi.org/10.15251/CL.2021.183.123



124 

 

2. Theoretical calculation for shielding parameter 
 

The glass system with chemical composition of [(TeO2)0.7(B2O3)0.3]1-x(BaO)x (where x = 0, 

0.05, 0.10, 0.15, 0.20 and 0.25 mol%) were studied in this work. Based on the mixture rule, the 

theoretical values of the mass attenuation coefficients of this glass system were evaluated by 

WinXCom programme [6]: 

 

𝜇𝑚 = ∑ 𝑤𝑖(𝜇𝑚)𝑖

𝑖

                                                                                    (1) 

 

where 𝑤𝑖 is the weight fraction of element and (𝜇𝑚)𝑖 is the mass attenuation coefficient for 

individual element (Te, B, Ba and O). The total atomic cross-section (𝜎𝑡,𝑎) can be determined 

from the value of the mass attenuation coefficients obtained using the following relation. 

 

𝜎𝑡,𝑎 =
𝜇𝑚

𝑁𝐴 ∑ (𝑤𝑖/𝐴𝑖)
𝑛
𝑖

                                                                                  (2) 

 

where 𝑁𝐴 is Avogadro’s number, 𝐴𝑖 is atomic weight of constituent element. The total electronic 

cross-section (𝜎𝑡,𝑒𝑙) for the element is also expressed by the following formula: 

 

𝜎𝑡,𝑒𝑙 =
1

𝑁𝐴

∑
𝑓𝑖𝐴𝑖

𝑍𝑖

(𝜇𝑚)𝑖

𝑛

𝑖

                                                                            (3) 

 

where 𝑓𝑖 is the number of atoms of element 𝑖 relative to the total number of atoms of all elements 

in glass system and 𝑍𝑖 is the atomic number of the 𝑖𝑡ℎ element. The total atomic cross-section and 

the total electronic cross-section are related to the effective atomic number (𝑍𝑒𝑓𝑓) of the glass 

material by the following relation [7]: 

 

𝑍𝑒𝑓𝑓 =
𝜎𝑡,𝑎

𝜎𝑡,𝑒𝑙

=
∑ 𝑓𝑖𝐴𝑖(𝜇/𝜌)𝑖

∑ 𝑓𝑗(𝐴𝑗/𝑍𝑗)(𝜇/𝜌)𝑗)
                                                                 (4) 

 

The electron density can be defined as the number of electrons per unit mass, and it can be 

mathematically written as follows: 

 

𝑁𝑒𝑙 =
𝜇𝑚

𝜎𝑡,𝑒𝑙
                                                                               (5) 

 

 

3. Results and discussion 
 

The theoretical values of mass attenuation coefficients (μm), effective atomic number 

(Zeff), and electron density (Nel) of [(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass system are calculated for the 

energy range from 1 keV to 100 GeV. These theoretical values are calculated by using WinXcom 

program. The prediction of theoretical shielding parameters are also found for polymer [8], 

concrete [9], alloy [10] and compound [11,12]. 

The chemical composition of [(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass system with different % 

mol are listed in Table 1. The calculated value of μm for [(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass system 

in range of 1 keV to 100 GeV is illustrated in graph at Fig. 1. In general, it can be seen that the 

addition of barium oxide in [(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass system causes an increase in mass 

attenuation coefficient, μm. The decrement and increment of one μm line with other μm lines in the 

graph is influenced by photon energy, glass density [13] and chemical composition in glasses. 
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Table 1.  Glass code with % mol of BaO content. 

 
Glass Code BaO, % mol Glass Composition 

BTe 0 [(TeO2)0.7(B2O3)0.3] 

5BaBTe 0.05 [(TeO2)0.7(B2O3)0.3]0.95(BaO)0.05 

10BaBTe 0.10 [(TeO2)0.7(B2O3)0.3]0.90(BaO)0.10 

15BaBTe 0.15 [(TeO2)0.7(B2O3)0.3]0.85(BaO)0.15 

20BaBTe 0.20 [(TeO2)0.7(B2O3)0.3]0.80(BaO)0.20 

25BaBTe 0.25 [(TeO2)0.7(B2O3)0.3]0.75(BaO)0.25 

 

 
 

Fig. 1. The mass attenuation coefficient, μm for different photon energies of  

[(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass systems. 

 
 

The mass attenuation coefficient of the glass system for energy < 1 MeV dropped quickly 

due to prevalence of photoelectric interaction. The zigzags curve (sharp discontinuities) appears in 

Fig. 1 which also name as “absorption edge” is maybe due to binding energy of electrons from 

atom’s bound shells. The sharp discontinuities exist around 0.09 MeV correspond to the 

absorption K-edge of bismuth. Another sharp discontinuities peak appears in graph maybe due to 

the interaction of photon with electron from L, M and/or N shell in energetically impossible and 

therefore the probability drops abruptly [5]. 

The μm values of present glasses decrease slowly with increasing of energy (at 

intermediate energy range of 1 MeV < E < 7 MeV). Then, it value became nearly zero when the 

energy almost at 7 MeV. In this energy level, the Compton Scattering mechanism and 

photoelectric interaction take place. Then, for the energy E > 11 MeV, the mass attenuation 

coefficient, μm of the glasses is increase moderately until the energy reaches 30 GeV and then the 

μm value are nearly constant when the energy become 100 GeV. This is corresponding to the pair 

production cross section, which is directly proportional to log E [14]. The pattern of graph shown 

in Fig. 1 are not influence by atomic number, Z. The same graph pattern also shown by previous 

work for glasses with Bi2O3 content [5]. This Bi2O3 glass content have higher density compare to 

present work (glasses with BaO). However, the pattern of the graph for mass attenuation 

coefficient against photon energy for both works are same. This similar behavior also shown in 

several works before using different glass based [15-17]. 

The eff ective atomic number, Zeff  of [(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass system is shown in 

Fig. 2. The graphs vary with gamma ray energies ranging from 1 keV to 100 GeV and the values 

range between 31.55 and 54.27. The figure shows that the values of Zeff  increased in the energy 

region E < 10 KeV and decreased as the energy increased to 1 MeV. The Zeff  graph for all glass 

compositions changes drastically in this energy region (E < 1 MeV). The drastic changes are due 

to the Ba (K-, L- and M-edge) and Te (K-, L- and M-edge) absorption edges. However, the small 

absorption edge (K-, L- and M edge) shown for BTe glass, was seen only from Te element. It is 

widely known that chemical effects are appreciable only near the absorption edges [18]. 
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Fig. 2. Effective atomic number for different photon energies of  

[(TeO2)0.7(B2O3)0.3]1-x(BaO)x glasses. 

 

 

The Zeff  values shows a slow increase as the gamma energy increases to 18 MeV. The 

Compton scattering mechanism is dominant and it is found that the interaction cross section is 

directly proportional to the Z atomic number [15]. Moreover, the value of Zeff  value becomes 

constant for energy above 100 MeV. This behavior is attributed to the dominance of pair 

production.  

Fig. 3 shows the results of the electron density, Ne for [(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass 

system. As shown in the figure, the trend in the graphs is similar to the Zeff  graph, which can be 

described in a similar Zeff  approach. At the low energy range E< 0.01 MeV the parameters Zeff and 

Nel are similar and give maximum value where it depends of the photoelectric absorption. Over the 

intermediate region (0.05 MeV < E < 5 MeV) where Compton scattering prevails, the parameters 

decrease with energy. For high energies and around 100 MeV the parameters are constant, which 

attributes to the dominance of pair production. The same pattern result of Zeff  and Ne for energy 

range of 1 keV < E < 100 GeV were also observed by Agar et al. 2019 (BaO–MoO3–P2O5) [19] 

and Abd-Allah et al., 2019 (x ZnO-(30-x) BaO-30PbO-40B2O3) [20]. 

 

 
 

Fig. 3. Electron density, Ne with different photon energies for  

[(TeO2)0.7(B2O3)0.3]1-x(BaO)x glass system. 

 
 

4. Conclusion 
 

The results revealed that 25BaBTe glass sample with BaO of 0.25% mol among the 

studied samples is observed to have highest mass attenuation coefficient. The result from 

WinXCOM programme show that the change of effective atomic number (Zeff) and electron 

density (Ne) in the energy range of 1 keV – 100 GeV are very related to the glass composition and 

photon energy. The interaction between photons and glass material are explained by photoelectric 

effect, Compton scattering and pair production mechanism. 
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