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Glass samples with (86-x)TeO2 – 12Nb2O5- x(Ta2O5) -1.0La2O3 where 𝑥 = 1.0 

(glass TNTL1), 5.0 (glass TNTL2), 8.0 (glass TNTL3), and 10 (glass TNTL4) 

mol% composition were synthesized by a melt quenching technique. The gamma-

ray attenuation parameters of  TNTL system such as MAC, LAC, HVL, MFP, Zeff, 

and Neff  were analyzed in this study in order to better understand the effect of 

Ta2O5 on photon absorption.Within the 190-2500-nm wavelength range, the 

optical properties of prepared TNTL glasses were also evaluated. It was observed 

from the optical absorption spectra that all glass samples studied had good optical 

transparency. The findings indicated that adding Ta2O5 to glass enhances the 

gamma protection ability as well as the optical properties. The densities of the 

samples ranged from 5.66 to 6.49 g/cm3, depending on the Ta2O5 concentration. 

Sample TNTL4 had the best preformace, according to the results recorded. 
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1. Introduction  
 

Shielding against ionizing radiation is based on the idea of reducing or eliminating any 

negative effects on the population. One of the most commonly used gamma rays is used in nuclear 

research centers, radiotherapy and medical equipment sterilization. Medical professionals, patients, 

and others who come into contact with gamma photon sources need to be protected from the harm 
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that these photons can cause [1-3]. Radiation-protection materials have been developed using a 

wide range of novel materials, including lead and concrete. The primary function of these 

materials is to shield humans from harmful radiation [2, 3]. Lead has a number of drawbacks, 

including low mechanical strength and toxicity, according to current research. Nuclear and 

substance engineers and researchers are working on developing new shielding materials to reduce 

harmful radiation [4–6]. Radiation shielding glass, on the other hand, is becoming increasingly 

popular. As a result, glass materials, such as X-ray rooms, CT scans, and other imaging systems, 

can be used to create doors and windows in medical and nuclear facilities. Because of their unique 

mechanical and physical properties (such as hardness, improved corrosion resistance, and ease of 

production in a variety of methods), glasses are becoming more popular with scientists. Glasses 

have a wide range of fascinating properties, including high attenuation, excellent optical 

transparency, and strong mechanical and thermal properties, particularly in samples containing 

heavy metal oxides. In order to achieve an adequate level of safety, the glass composition must be 

modified as little as possible [10-14]. Heavy metal oxide (HMO) glass, which contains lead, 

tellurite, bismuth, and antimony, has a wide range of unusual properties, including high electrical 

conductivity, high solubility of rare-earth ions, high infrared transmissivity, and a wide optical 

bandwidth. For example, HMO-based glass has a higher shielding capacity than ordinary glass 

[15–17]. In order to create a variety of different types of glass, additional oxides can be added to 

the host glass system. Innovations in high-strength, structurally stable glasses have led to an 

increase in the popularity of glasses over the past few decades. Because of the development of 

structurally stable glasses with high radiation shielding capabilities, the usage of glasses as 

radiation shields has continued to rise. In addition, the fabrication of glass materials and the 

measurement of their radiation shielding properties have continued to grow in popularity among 

researchers and material scientists throughout the world. There are also many parameters that can 

be used to determine the gamma-ray attenuation attributes of any glass system, the most important 

of which are the mass attenuation coefficient (MAC), linear attenuation coefficient, effective 

atomic number, tenth-value layer, mean free path, electron density, and half-value layer [18–20]. 

In the present work, the radiation shielding characteristics and optical properties of glass system 

with the composition of (86-x) TeO2 –12Nb2O5- x(Ta2O5) -1.0La2O3 (Where x = 1.0, 5.0, 8.0, and 

10 mol%) were investigated. Furthermore, the prepared glasses were compared with some 

standard material 

 

 

2. Experiment work 
 

Glasses with the compositions (86-x)TeO2 – 12Nb2O5- x(Ta2O5) -1.0La2O3, where 𝑥 = 1.0 

(glass TNTL1), 5.0 (glass TNTL2), 8.0 (glass TNTL3), and 10 (glass TNTL4) mol%. The raw 

materials were put in a platinum crucible at 900 °C, and then cast in a graphite mould. The 

fabricated glasses were annealing at 320 °C for 2hr. Then the furnace switched off and allowed to 

cool. The radiation shielding parameters used to charterized the shielding effeciency of the 

prepared glasses were calculated using new developed software MIKE [21]. 

 

 
3. Results and Discussion  
 

3.1. Optical investigations 

A single monochromator UV-Visible-Near Infrared spectrophotometer with a resolution of 

2 nm in the wavelength range of 190–2500 nm was used to analyze the optical absorption spectra 

of the produced glasses. Fig. 1 shows absorbance against wavelength in the 300–2500 nm range. 

As shown in Fig. 1, in the wavelength (𝜆) range from 300 nm to 600 nm, there is a significant 

decrease in absorbance. As from Fig. 1, it is shown that there is no sharp absorption edge in the 

spectra, which confirms the amorphous nature of TNTL samples.  

The optical refractive index was determined using ellipsometry data acquired with an M-

2000 Woollam ellipsometer. The ability to use the prepared glasses (TNTL1-TNTL4) in optical 

applications is mostly determined by the optical refractive index. As a result, n was calculated for 
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all prepared glasses. Equation 1 was used to calculate the refractive index (n) for indirect allowed 

transitions in the Tauc model. Table 1 lists the n values for the investigated samples. The value of 

the optical energy band gaps was inversely proportional to the refractive indices of the samples 

studied. Since the value of all glasses was high (about 2.19), the prepared glasses can be used as 

potential photocell and optical filter devices. At 479 nm, n rises from 2.1281 to 2.2083 as the 

doped ion concentration rises from 1.0 to 10%. The refractive index is influenced by a variety of 

variables, including: (i) the coordination number of the doping ions, (ii) the polarizability of the 

first adjacent ions (anion), (iii) the density of the component substance, and (vi) the bulk glasses' 

optical basicity. The refractive index in direct and indirect allowed transitions is calculated using 

Equations [22, 23]: 

 

                                                        (
𝑛2−1

𝑛2+1
) = 1 − (

𝐸𝐵𝐴𝑁𝐷

20
)0.5                                                                (1)                                                                                                

       
The glass samples' densities were determined using Archimedes' Principle by the 

following equation:                 

                  

                                                               𝜌 = (
𝑊𝑎

𝑊𝑎−𝑊𝑙
) 𝜌𝑙                                                                        (2)                                                                                                              

 

where (𝜌, 𝜌𝑙 , 𝑤𝑎 , 𝑤𝑙) are the density of the glass sample, the density of toluene, the weight of the 

glass sample in air and the weight of the glass sample in toluene, respectively. The density of 

toluene is 0.865 𝑔/𝑐𝑚3 with an error of ± 0.005. Table 1 shows the density values of the prepared 

glasses. 

The values of molar volume, 𝑉𝑚, the molar volume of oxygen, 𝑉𝑜, and oxygen packing 

density, 𝑂. 𝑃. 𝐷., were calculated using equations the following equations:     

                         

                                                               𝑉𝑚 =
∑ 𝑖𝑥𝑖𝑚𝑖

𝜌
                                                                          (3)      

                                                                                                                     

                                                              𝑉𝑜 = (𝑉𝑚). (
1

𝑥𝑖𝑛𝑖
)                                                                       (4)     

                                                                                                                

                                                        𝑂. 𝑃. 𝐷. = ∑ 𝑖
1000.𝜌.𝑛𝑖

𝑚𝑖
                                                                    (5)  

 

where, (𝑥𝑖 , 𝑚𝑖 , 𝑛𝑖) is the molar fraction of every oxide compound, the molecular weight of the 

glassy structure, and the number oxygen atoms of each oxide.  

 

 
 

Fig. 1. Absorbance spectroscopy of different compositions of TNTL. 

 

When the Ta2O5 ions concentration increased from 1.0 to 10 mol%, the density increases 

from 5.892 to 6.1221 g/cm3 as shown in Table 1. Similarly, as shown in Table 2, Vm have 
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increased from 30.01 to 33.03 cm3 and VO have decreased from 12.50 to 12.37 cm3 mol-1 in 

relation to the oxygen spatial distributions in the glass matrix. Otherwise, increasing the Ta2O5 

concentration from 1.0 to 10 mol percent raises the O.P.D. value from 79.97 to 80.83 gm atm L-1. 

The Molecular weight, number of oxygen atoms, bond lengths, and the cation radius and 

coordination number all affect Vm and VO. When interpreting changes in Vm and VO, these factors 

must be taken into account. The molecular weight and coordination numbers of glass composition, 

as well as cross-link density, are the factors that affecting the density of glass system. 

 

Table 1. Chemical compositions of prepared glasses in mol% doped with 𝑇𝑎2𝑂5 concentration,  

density, and refractive Index. 

 

Glass sample 

code 

Composition (mol%) Density Refrective 

index 

 TeO2 Nb2O5 Ta2O5 La2O3   

TNTL1 86 12 1.0 1.0 5.8921 2.1281 

TNTL2 82 12 5.0 1.0 5.9745 2.1513 

TNTL3 79 12 8.0 1.0 6.0316 2.1827 

TNTL4 77 12 10 1.0 6.1221 2.2083 

 

 

Table 2.The 𝑉𝑚, oxygen molar volume, 𝑉𝑜, optical packing density, 𝑂. 𝑝. 𝑑, energy gap 𝐸𝑜𝑝𝑡,  

Urbach energy, ∆𝐸, of glass. 

 

Sample code Vm V0 (cm3.mol-1) OPD (cm3.Mol-1) Energy gap, 

Eopt, in (eV) 

Urbach energy 

∆E, in eV 

TNTL1 30.01 12.59 79.97 2.791 0.351 

TNTL2 31.49 12.49 80.03 2.912 0.576 

TNTL3 32.59 12.48 80.07 3.048 0.449 

TNTL4 33.03 12.37 80.83 3.105 0.408 

 

 

The following formula [24,25] is used to determine the optical band gap. 

 
                                            (𝛼ℎ𝑣)𝑛 = 𝐴(ℎ𝑣 − 𝐸𝑔)                                                               (6)  

 

𝐴 is a constant, 𝐸𝑔 is the optical band gap, ℎ𝜈 is the energy of the incident spectrum, and 𝛼 

is the absorption coefficient.  

Moreover, 𝑛 describes the transition process whose value is equal to 2 in the case of a 

direct allowed transition. On the other hand, if 𝑛 equal to 1/2, it is related to an indirect allowed 

transition as shown in Fig. 2.  

As shown in Table 2, the value of  𝐸𝑜𝑝𝑡 depends mainly on the 𝑇𝑎2𝑂5 ions concentration 

doped in the host glasses. It increases from 2.912 to 3.105 eV when increasing 𝑇𝑎2𝑂5 from 5.0 to 

10 mol% in the host matrix. The Urbach energy is considered to be a measure of disorder in the 

glasses. According to Tauc, transitions from the non-bridging oxygen (NBO), which has a less 

firmly bound electron than bridging oxygen (BO), correlate to a shift in the absorption band to 

lower energy. As a result, it can be deduce that the growing quantity of NBO is causing a decrease 

in the energy gap of sample TNTL1. Furthermore, because of its small energy gap, sample TNTL1 

can be considered as an excellent semiconducting material. In amorphous materials, there exists a 

band tailing in the forbidden energy band gap.  

The Urbach energy was computed by using following relation which defines the width of 

band tails [26]. 

 

                                                   ln(𝛼) = ln(𝛼0) +
ℎ𝑣

𝐸𝑈
                                                                  (7)  
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The α and α0 are the absorption coefficient and constant, respectively;  denoted by, and 

the 𝐸𝑢  is the Urbach energy. The 𝐸𝑢 values are obtained by plotting 𝑙𝑛(𝛼) versus ℎ𝑣 and  

calculating the adverse slope for the curves  as shown in Fig. 3. The 𝐸𝑢 values of the prepared 

glasses increased as the 𝑇𝑎2𝑂5 concentration increased as represented in Table 3. The glass with 

composition of 77𝑇𝑒𝑂2 −  12𝑁𝑏2𝑂5 −  10𝑇𝑎2𝑂5 − 1.0𝐿𝑎2𝑂3 has highest value with ∆𝐸= 0.4080 

eV, while 86𝑇𝑒𝑂2 −  12𝑁𝑏2𝑂5 −  1.0𝑇𝑎2𝑂5 − 1.0𝐿𝑎2𝑂3 −  1.0𝑚𝑜𝑙 𝑇𝑎2𝑂5 has lowest value ∆𝐸 

= 0 .3516 eV. As a result, glass with lower Urbach energies have a lower risk of bond breakage 

and defect creation. This implies that the glasses under investigation have a good homogenous 

nature. 

 

 
 

Fig. 2. Spectral dependence of ln (𝛼ℎ𝑣)1/2, and ℎ𝑣 in 𝑒𝑉 for prepared glasses. 

 

                                                                           

 
 

Fig. 3. Spectral dependence of ln (𝛼), and hv in eV for prepared glasses. 
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The molar refraction, 𝑅𝑚, molar polarizability, 𝛼𝑚, and the metallization criterion, 𝑀𝑐, 

were calculated using equations (8), (9), and (10). 

 

                                                          𝑅𝑚 = 𝑉𝑚.
𝑛2−1

𝑛2+2
                                                                         (8)  

 

                                                     𝛼𝑚 =
3

4𝜋𝑁𝐴𝑉𝑚
 . ( 

𝑛2−1

𝑛2+2
)−1                                                               (9)  

 

                                                           𝑀𝑐 = 1 −
𝑛2−1

𝑛2+2
                                                                       (10)  

 

The 𝑅𝑚 and 𝛼𝑚 values are increased from 16.22 to 18.62 𝑐𝑚3 𝑚𝑜𝑙−1 (from 6.43 to 7.38 

𝐴03) with increasing doped 𝑇𝑎2𝑂5 from 1.0 to 10 mol% in the host TNTL1 glasses. Table 3. 

summarizes these findings. In the present work, we discovered that the refractive index value 

strongly depends on the ratio 𝛼𝑚/𝑉𝑚 (i.e., the 𝑛 value increases with increasing ratio 𝛼𝑚/𝑉𝑚). 

 

Table 3. The molar reflection, 𝑅𝑚, electronic polarizability, 𝛼𝑚,of the studied glasses. 

 

Glass sample code Molar polarizability, 𝜶𝒎, (Å𝟑) Molar refraction, 

𝑹𝒎, (𝒄𝒎𝟑/mol) 

TNTL1 6.4369 16.2211 

TNTL2 6.8395 17.2356 

TNTL3 7.1975 18.1378 

TNTL4 7.3898 18.6224 

 

 

3.2. Gamma shielding properties 

The gamma ray shielding is dependent on the value of mass attenuation coefficient, which 

can be determined using the Beer–Lambert law [25, 26]: 

 
                                                       𝐼 = 𝐼0𝑒−𝜇𝑥                                                                     (11)   

 

where, 𝑥, µ, 𝐼 and 𝐼0 denote to thickness, linear attenuation coefficient, and the intensities of the 

transmitted and incident photon beams, respectively. MIKE software [21] was used to calculate 

theoretical MAC values for the glasses from their constituent elements based on the mixing rule 

[25, 26]:               

 

                                                𝜇𝑚 = (
𝜇

𝜌
) = ∑ 𝑖 𝑤𝑖(

𝜇

𝜌
)𝑖                                                               (12)  

 

AS shown in Fig. 4 the shielding characteristics of the glasses (86-x) TeO2 –12Nb2O5- 

x(Ta2O5) -1.0La2O3 (Where x = 1.0, 5.0, 8.0, and 10 mol%) were illustrated for energy ranging 

0.015 MeV to 15 MeV. As shown in Fig. 4a, the MAC values of all samples decreased rapidly as 

photon energy increased up to 0.2 MeV due to the dominance of the photoelectric process but 

stayed almost constant between 1MeV to 3MeV due to the dominance of Compton scattering. The 

values of MAC then slowly increase, which may be attributed to the pair production process. The 

discontinuities in MAC curve can be seen at the low energy range at the K-edge of Nb at 20.67 

keV, due to the effect of photoelectric absorption.  

Additionally, as the 𝑇𝑒𝑂2 concentration declined from 86 to 77 mol % as shown in Fig. 4, 

the MAC values reduced from 52.90 to 0.03617 cm2/g at 10MeV. Furthermore, it is seen that the 

substitution of 𝑇𝑒𝑂2 with 𝑇𝑎2𝑂5 causes a decrease in the MAC values. For the present glass 

system, the calculated MAC values increase in the order TNTL4 < TNTL3 < TNTL2 < TNTL1. 

Finally, it should be noted that the greatest MAC values are found in TNTL4 and TNTL3 glasses, 

which means that they offer the best protection against gamma radiation. This may be explained 
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by the fact that TNTL3 and TNTL4 glasses possess a high concentration of 𝑇𝑎2𝑂5 (8.0 mol% 

TNTL3, 10 mol% TNTL4), which is also correlates to the highest densities values. 

The linear attenuation coefficient (LAC) is frequently used to describe and differentiate 

gamma photon penetration through glasses and other shielding materials.The MIKE programe was 

used to evaluate the LAC TNTL glass system with various amount of Ta2O3. Fig. 4b depicts the 

energy dependence of the LAC for the samples under investigation. The of values of LAC 

decreases rapidly with increasing energy, and this is due to a variety of photon interactions [27]. 

 

      
(a)                                                                    (b) 

 

Fig.4.  (a) Mass attenuation coefficients MAC (b) Linear attenuation coefficients of the prepared glasses  

at photon energy from 0.015 to 15 MeV. 

 

 

A material's radiation shielding capabilities are primarily indicated by the half-value layer 

(HVL), tenth values layer (TVL), and mean free path (MFP), which are all considered critical 

gamma-ray shielding parameters. These parameters can be determined using the following 

equations [28, 29]:                                    

                      

                                          𝐻𝑉𝐿 =
ln (2)

𝜇
=

0.693

𝜇
(𝑐𝑚)                                                             (13)   

                                        

                                            𝑇𝑉𝐿 =
ln (10)

𝐿𝐴𝐶𝜇
=

2.302

𝐿𝐴𝐶𝜇
(𝑐𝑚)                                                          (14) 

 

                                                          𝑀𝐹𝑃 =
1

𝐿𝐴𝐶𝜇
(𝑐𝑚)                                                                (15) 

 

The HVL and TVL and MFP are illustrated in fig. 5 a, b and c. As shown in Fig. 5, the 

calculated 𝐻𝑉𝐿, 𝑇𝑉𝐿, and 𝑀𝐹𝑃 values have the lowest values at low energies. The values of HVL, 

TVL, and MFP increase as the energy increases, reaching their highest values at 5 MeV. The 

variations in LAC values for known glass samples can be explained by the dominance of different 

photon interaction types in different energy zones. Additionally, these values drop as the density of 

the glass samples increases. For a preferred gamma ray shielding material, low MFP, HVL, and 

TVL values are needed because the likelihood of photon interaction with the material is higher 

when these values are low. The TNTL4 glass sample has the lowest HVL, TVL, and MFP, as well 

as the highest density and mass attenuation coefficient, when compared to the other glass samples. 

As a result, it provides excellent protection of any of the glass analyzed samples The prepared 

samples were compared to other standard concrete materials such as barite, chromite, magnetite, 

ferrite, and commercial glass materials such as RS-253-G18, RS-360, and RS-520). As shown in 

Fig. 6 a and b the prepared samples recoded the lowest HVL and MFP compared to all standard 

materials at the energy range under investigation. The standard material that contains the highest 

concentration of lead oxide (71%) has slightly better performance than the prepared. 
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(a)                                                                      (b) 

 

 
(c) 

 

Fig. 5 (a) The half-value layer (b) The tenth -value layer (c) The mean free path of prepared glasses. 

 

    
(a)                                                                  (b) 

 

Fig. 6 (a) The half layer values (HVLs)  (b) Mean free path of the investigated glass systems compared  

with standard materials. 
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The photon interaction with the TNTL glasses system can aslo be described by the 

effective atomic number (Zeff) and Neff, which  presents the number of electrons per unit mass. 

Neff, which is closely related to Z eff, can be calculated using the following equation [32]:    

                                                         𝑍𝑒𝑓𝑓 =
𝜎𝑎

𝜎𝑒
                                                                            (16)  

 

                                                𝑍𝑒𝑓𝑓 =
∑ 𝑖𝑓𝑖𝐴𝑖(𝜇𝜌)𝑖

∑ 𝑗𝑓𝑗

𝐴𝑗
𝑍𝑗

 (𝜇𝜌)𝑗

                                                                       (17)  

 

                             𝑁𝑒𝑓𝑓 =
(𝜇/𝜌)ℎ

𝜎𝑒
=

𝑁𝐴

𝑀
 𝑍𝑒𝑓𝑓  ∑ 𝑖 𝑛𝑖 (𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠/𝑔)                                               (18)  

 

The Zeff values for TNTL glass systems are shown in Fig. 7a. The Neff values of the 

prepared samples derived from the Zeff  are shown in Fig.7b. Figure 7 shows a rapid increase in Zeff 

at energy of 0.09 MeV as the concentration of Ta2O5 in glass structures is increased. This is due to 

the dependency of photon interaction of the atomic number of the shielding material at lower 

range, where the photoelectric absorption is dominant (Z4). A significant decrease in Zeff values 

occurs in the 0.09 MeV - 0.2 MeV range. As photon energy increases, the Zeff becomes virtually 

independent of the energy. There is a gradual rise in the value of Zeff when it crosses the threshold 

of 2.0 MeV, which indicates the presence of pair production. TNTL4 sample has the highest Zeff 

value, while TNTL1 scored the lowest values.  

 

    
 

Fig. 7. Effective electron density (Nel) of the glass samples with photon energy. 

 
 

4. Conclusion 
 

Four glass systems composition of (86 − 𝑥) 𝑇𝑒𝑂2 −  12𝑁𝑏2𝑂5 −  (𝑥)𝑇𝑎2𝑂5 −
1.0𝐿𝑎2𝑂3,) (where 𝑥 =1.0, 5.0, 8.0 and 10 mol%) were synthesized using a quenching melt 

procedure. Density, molar volume, and UV–Vis measurements were preformed for the prepared 

glasses. Moreover, the photon attenuation performance was investigated using the MIKE software. 

The results indicated that the MAC values are greatly affected by the 𝑇𝑎2𝑂5 concentration and the 

energy. The acquired findings indicate that, of the examined glasses, the TNTL4 glass sample with 

a 𝑇𝑎2𝑂5 concentration of 10% mol% exhibits superior gamma-ray shielding performance due to 

its higher MAC and  the lower HVL and MFP. Furthermore, The investgated glasses were 

compared to standard materials. Except the RS-520 glass that contain the highest concentration of 

lead oxide, the TNTL1–TNTL4 glass samples exhibit lower HVL and MFP values than all 

standard materials. The prepared glasses were found to have good optical properties such as 

transparent to visible light, in addition to the high shielding effciency, which make them suitable 

candidates for many applications in medical and industrial. 
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