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ABSTRACT: The development of effective radiation shielding materials is essential due to the toxicity, cost, and weight 

associated with conventional lead-based shields. This study computationally investigates four tellurite-based glass systems 

containing different metal oxides across an energy range of 0.015–15 MeV. The studied compositions incorporate Er₂O₃, MgO, 

BaO, and SrO as modifying oxides. Key shielding parameters, including mass and linear attenuation coefficients, half-value 

layer, mean free path, effective atomic number, effective electron density, and transmission factor, were evaluated using 

WinXCom and Phy-X/PSD software. The results demonstrate that the BaO-containing glass exhibits marginally superior 

shielding performance compared with the other investigated compositions, attributed to the higher atomic number and density 

contribution of barium. Comparative analysis indicates considerable attenuation effectiveness across the studied energy range, 

with performance exceeding several conventional shielding materials at specific energies. These findings highlight tellurite-

based metal-oxide glasses as promising radiation shielding materials for medical and other radiation protection applications. 
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1. INTRODUCTION 
 

Ionizing radiation technologies have become indispensable 

across numerous beneficial applications, particularly in the 

fields of medical imaging and cancer therapy [1-3]. The 

continuous advancement of diagnostic and therapeutic 

techniques has led to increased utilization of x-rays, gamma 

rays, and other forms of ionizing radiation, bringing 

substantial benefits to patient care while simultaneously 

introducing inherent risks that must be carefully managed. 

The fundamental principles of radiation protection center on 

three primary factors: minimizing exposure time, 

maximizing distance from radiation sources, and 

implementing effective shielding strategies. Despite the 

undeniable advantages of these technologies, there exists a 

well-documented association between ionizing radiation 

exposure and potential harmful biological effects, which has 

prompted extensive investigation into the relative 

contributions of medical exposures to population dose 

burdens [4-8]. 

Radiation shielding constitutes one of the most critical 

components in comprehensive radiation protection programs, 

serving to attenuate radiation beams and reduce the dose 

received by both patients and healthcare workers to levels 

that are considered safe for human health. The effectiveness 

of any shielding material depends on multiple interrelated 
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factors, including the energy of incident photons, the type 

and intensity of radiation emission, and the intrinsic physical 

characteristics of the shielding material itself. Generally, 

materials possessing high atomic numbers and high densities 

demonstrate superior shielding effectiveness due to their 

increased probability of photon interactions through 

photoelectric absorption and Compton scattering processes. 

Historically, lead, tungsten, and various concrete 

formulations have served as the primary materials for x-ray 

and gamma-ray shielding applications, with lead being 

particularly favored due to its combination of high atomic 

number (Z=82), substantial density, and relatively low cost 

compared to other heavy metals [9-12]. 

However, the widespread use of lead in radiation 

shielding presents several significant drawbacks that have 

motivated researchers to seek viable alternatives. Lead is 

highly toxic and poses serious health risks during 

manufacturing, installation, and disposal processes, requiring 

stringent safety protocols to prevent occupational exposure 

[10]. Additionally, lead shielding materials are remarkably 

heavy and bulky, making them impractical for many 

applications where mobility or space constraints are 

considerations. The poor mechanical strength and relatively 

low melting point of lead further limit its applicability in 

certain environments. These limitations have driven 

substantial research efforts toward developing alternative 

shielding materials that can match or exceed the attenuation 

properties of lead while eliminating its disadvantages [11-12]. 

Among the most promising candidates for next-

generation radiation shielding materials are phosphate, 

tellurite, and germanate-tellurite glass systems doped with 

various metal oxides [13-32]. These glass materials offer a 

remarkable combination of properties that make them 

particularly attractive for radiation protection applications, 

including excellent thermal stability, good optical 

transparency that allows for visual monitoring of equipment, 

high shielding efficiency across a broad energy spectrum, and 

the ability to be fabricated into complex shapes using 

established glass-forming techniques. The incorporation of 

metal oxides such as sodium oxide (Na₂O), barium oxide 

(BaO), erbium oxide (Er₂O₃), and zinc oxide (ZnO) into the 

glass matrix allows for systematic modification of the 

material's physical and shielding properties through careful 

compositional tuning. 

Considerable research attention has been directed 

toward understanding the relationships between glass 

composition, physical properties, and radiation shielding 

parameters. Kaur and colleagues [18] conducted a 

comprehensive investigation of the bismuth borate glass 

system modified with barium oxide (Bi₂O₃-BaO-B₂O₃) 

across a wide energy range spanning from 1 keV to 100 GeV, 

demonstrating that the addition of barium effectively 

increases the effective atomic number while simultaneously 

decreasing the tenth-value layer and mean free path, thereby 

enhancing shielding performance. Vania and coworkers [19] 

examined the structural, optical, thermal, and gamma-ray 

shielding characteristics of fluoro-tellurite glasses doped 

with barium and zinc, concluding that glass systems 

incorporating heavy elements such as barium exhibit 

strengthened shielding properties and represent viable 

substitutes for conventional concrete and lead-based glasses. 

Grelowska and associates [20] investigated the influence of 

barium oxide on the optical and thermal properties of TeO₂-

BaO-Na₂O and TeO₂-BaO-WO₃ glass systems, finding that 

barium-containing glasses demonstrate higher refractive 

indices, greater network polymerization, and enhanced 

crystallization tendencies compared to glasses containing 

other heavy elements. 

The novelty of the present work lies in the 

comprehensive evaluation of four novel tellurite-based glass 

compositions that have not been previously investigated for 

their combined optical and radiation attenuation properties. 

Specifically, we have designed and analyzed glass systems 

incorporating magnesium oxide, barium oxide, and strontium 

oxide as modifiers within the same base glass framework, 

enabling direct comparison of the effects of these different 

alkaline earth oxides on shielding performance. While 

individual studies have examined some of these components 

separately, the systematic comparison of RO oxides (where 

R represents Ba, Mg, or Sr) within identical tellurite glass 

matrices provides unique insights into the relative 

contributions of each modifier to the overall shielding 

effectiveness. 

Furthermore, the present investigation extends beyond 

simple attenuation coefficient calculations to encompass 

comprehensive shielding parameters including total atomic 

cross-sections, electronic cross-sections, effective atomic 

numbers, effective electron densities, equivalent atomic 

numbers, and exposure buildup factors, thereby providing a 

thorough characterization of these materials for radiation 

protection applications. 

In this paper, we report the synthesis and comprehensive 

evaluation of four novel tellurite-based glass systems with 

compositions of 75TeO₂-10P₂O₅-10ZnO-5PbF₂-0.24Er₂O₃, 

70TeO₂-10P₂O₅-10ZnO-5PbF₂-5MgO-0.24Er₂O₃, 70TeO₂-

10P₂O₅-10ZnO-5PbF₂-5BaO-0.24Er₂O₃, and 70TeO₂-

10P₂O₅-10ZnO-5PbF₂-5SrO. 

The radiation shielding parameters including mass and 

linear attenuation coefficients, half-value layers, mean free 

paths, atomic and electronic cross-sections, effective atomic 

numbers, effective electron densities, equivalent atomic 

numbers, and exposure buildup factors have been 

systematically calculated across a wide energy spectrum 

ranging from 0.015 to 15 MeV using the WinXcom program 

and the Phy-X/PSD online software platform. Additionally, 

the optical properties including dispersion energy, single 

oscillator energy, refractive indices, and nonlinear optical 

susceptibilities have been evaluated to establish 

comprehensive structure-property relationships. The 

shielding effectiveness of the proposed glass systems is 

compared with commercially available radiation shielding 

materials including RS-253 G18, RS-520, and RS-369 glass 

formulations as well as chromite and ferrite concretes, 

demonstrating the considerable potential of these novel glass 

compositions for practical radiation protection applications 

in medical diagnostic and therapeutic settings. 
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2. EXPERIMENTAL DETAILS 
 

2.1 Experimental Procedure 

 

The Er3+ ions doped glass systems with a composition of We 

developed tellurite glass systems with different compositions: 

75TeO2 -10P2O5 -10ZnO-5PbF2 - 0.24Er2O3 (Sample A), 

70TeO2 -10P2O5 -10ZnO-5PbF2 -5MgO -0.24Er2O3 (Sample 

B), 70TeO2 -10P2 O5 -10ZnO-5PbF2 -5BaO- 0.24Er2O3 

(Sample C) and 70TeO2 -10P2O5 -10ZnO-5PbF2 -5SrO 

(Sample D). We prepared the samples with a melting 

technique. We put the raw material in Pt crucible in the 

heating furnace at a temperature of 850 °C for 30 min, the 

melt was stirred, when the viscous of it was high 

consequently the melt cast in the brass mold. The prepared 

sample was put in the annealing furnace for 2h at 320 °C and 

after that switch off. The prepared samples A, B, C, and D 

after annealing were homogeneous by our research group [33] 

and were shown in Figure 1. Table 1 shows the weights of 

prepared samples with the mole fractions of their component 

elements (Te, O, P, Zn, Pb, F, Mg, Ba, Sr, Er). The densities 

of these glasses are in the range between 5.126 to 5.267 

g/cm^3. The shielding parameters of the proposed glasses 

system were computed using the program WinXcom [34] and 

the online developed software (Phy-X/PSD) [35]. The results 

of shielding properties were compared with other 

commercial shielding materials commonly used in photon 

and neutron applications. 

 

 

 
 

Fig. 1. Photographs for the prepared glassy samples as 

quenching after annealing by the same authors [33]. 

 

 

The probability for the interaction of photons with the 

material could be achieved by the total atom cross-section 

( 𝜎𝑎 ) and total electronic cross-section ( 𝜎𝑎 ) using the 

following relations [32]: 

 

 

 

 

Table 1. Summary of the chemical compositions, densities, and weight fractions of the elements utilized for the proposed 

sample A, B, C, and D. 

 

Sample 

ID 

Composition 

in mol% 

Density 

ρ 

(g/cm3) 

The weight fraction of elements in percentage 

Te O P Zn Pb F Mg Ba Sr Er 

Sample 

A 

75TeO2 -

10P2O5 -

10ZnO-

5PbF2 - 

0.24Er2O3 

5.267 0.6166  0.2172  0.0399  0.0421  0.0667  0.0122  ------ ------- ------ 0.0052 

Sample 

B 

70TeO2 -

10P2O5 -

10ZnO-

5PbF2 -

5MgO- 

0.24Er2O3 

5.126 0.5985 

 

0.2205  0.0415  0.0438  0.0694  0.0127  0.0081  ------- ----- 0.0054 

Sample 

C 

70TeO2 -

10P2O5 -

10ZnO-

5PbF2 -

5BaO- 

0.24Er2O3 

5.262 0.5876  0.2119  0.0380  0.0401  0.0636  0.0117  ------ 0.0422 ----- 0.0049 

Sample 

D 

70TeO2- 

10P2O5- 

10ZnO-

5PbF2-5SrO 

5.208 0.6001  0.2157  0.0388  0.0410  0.0650  0.0119  ------ ------- 0.0275 ----- 
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Where 𝑓𝑖 is the fraction by mole of the ith atomic element, 

𝐴𝑖  is the atomic weight of the ith atomic element, 𝑍𝑗  is 

atomic number and 𝑁𝐴 is Avogadro constant. The effective 

atomic number is a basic parameter, which can be used to 

characterize the properties of a radiation shielding 

composition. The effective atomic number which varies with 

energies can be calculated from the ratio of atomic and 

electronic cross-sections by the following relation: 

 

𝑍𝑒𝑓𝑓 =  
𝜎𝑎

𝜎𝑒
                                     (4) 

 

The electron density which represents the number of 

electrons per unit mass of the shielding material can be 

computed as follow [32]: 

 

𝑁𝑒 =
𝑁𝐴

𝐴
𝑍𝑒𝑓𝑓                                   (5) 

 

Where A represents the mean atomic mass, which is equal to 

∑ 𝑓𝑖𝑖 𝐴𝑖; 𝑓𝑖 is the fraction by mole of the ith atomic element, 

𝐴𝑖 is the atomic weight of the ith atomic element. The mean 

free path (MFP) and the half-value layer (HVL) are also play 

a prime role in characterizing the effects of the ionizing 

radiation shielding materials. The HVL is the thickness that 

reduced the intensity of the mono-energetic beam to half of 

its value. The average distance between two successive 

interactions represented as the MFP. These parameters can 

define by the following relations: 

 

𝐻𝑉𝐿 =
0.693

𝜇
                                    (6) 

 

𝑀𝐹𝑃 =  
1

𝜇
                                     (7) 

 

Where 𝜇 is the linear attenuation coefficient. The equivalent 

atomic number (Zeq) for the proposed shielding composition 

can be computed through matching the mass attenuation 

coefficients’ ratio of the compton component to the total mass 

attenuation coefficients at selected energies with the ratio of 

an element within the same range of the selected ionizing 

radiation energies. If the ratio lies between two elements, the 

equivalent atomic number (Zeq) is calculated using the 

following interpolation procedure [29, 30]: 

 

𝑍𝑒𝑞 =
(𝑍1𝑙𝑜𝑔𝑅2−𝑙𝑜𝑔𝑅)+(𝑙𝑜𝑔𝑅−𝑙𝑜𝑔𝑅1)

𝑙𝑜𝑔𝑅2−𝑙𝑜𝑔𝑅2
                   (8) 

 

Where 𝑍1 and 𝑍2 are atomic numbers of two elements in 

relation to the ratio 𝑅1 and 𝑅2, R is the ratio of the proposed 

shielding material. In estimating the physical properties of 

the proposed shielding material using Lambert-Beer Law, the 

thin absorbing material is considered which is not the general 

condition, for the general condition an additional correction 

factor needs to be introduced which account for the photon 

buildup in the material of intersect. The buildup factor is the 

proportion of the overall radiation quantity at any spot to the 

quantity value of the uncollided ionizing photons reaching 

the same spot. Two types of buildup factors are of interest: 

The exposure buildup factor (EBF) and the energy absorption 

buildup factor (EABF) [35]. These factors depend upon the 

atomic number of the shielding composition, photon energy, 

and the mean free path of mono-energetic beam. The buildup 

factors can be computed utilizing the geometric-progression 

(G-P) developed by Harima et.al [35, 36]. The G-P fitting 

parameters for the proposed materials can be computed using 

the following formula: 

 

𝐶 =
(𝐶1𝑙𝑜𝑔𝑍2−𝑙𝑜𝑔𝑍𝑒𝑞)+(𝑙𝑜𝑔𝑍𝑒𝑞−𝑙𝑜𝑔𝑍1)

𝑙𝑜𝑔𝑍2−𝑙𝑜𝑔𝑍1
                  (9) 

 

Where 𝐶1  and 𝐶2  are the values of the G-P fitting 

parameters, which correspond to the atomic numbers 𝑍1 

and 𝑍2,  respectively. Using the G-P fitting parameters at 

selected range of energies, the Buildup factors can be 

estimated from the following equations [31]: 

 

𝐵(𝐸, 𝑋) = 1 +  
𝑏−1

𝐾−1
(𝐾𝑥 − 1)   𝑓𝑜𝑟 𝐾 ≠ 1        (10) 

 

𝐵(𝐸, 𝑋) = 1 + (𝑏 − 1)𝑋   𝑓𝑜𝑟 𝐾 = 1            (11) 

 

𝐾(𝐸, 𝑋) = 𝐶𝑋𝑎 + 𝑑
tanh(

𝑋

𝑋𝐾
−2)−tanh (−2)

1−tanh (−2)
𝑓𝑜𝑟 𝑥 ≤

40 𝑚𝑓                                      (12) 

 

Where x represents the source -detector distance (SDD), in 

MFP units. E represents the energy of the incident photons, 

(𝑋𝐾, b, a, and d) expresses the G-P fitting parameters, and 

K(E,x) represents the dose multiplicative factor. 

 

 

3. RESULTS AND DISCUSSION 
 

Optical parameters such as; dispersion energy, Ed, single 

oscillator energy, Es, electronic with magnetic oscillator 

strength, linear refractive indices, n, non-linear refractive 

indices, n2, and third-order susceptibility χ (3) are important 

to use in the process of fabricating optical devices. These 

parameters strongly depended on the chemical composition 

of prepared glasses. By utilizing the single oscillator model 

estimated by wimple and DiDomenico, the results of Ed and 

Es were evaluated by using the following relation: 

 

[𝑛2 − 1]−1 =
𝐸𝑠

2− 𝐸2

𝐸𝑑𝐸𝑠
                              (13) 

 

Where 𝐸 =
ℎ𝑤

2𝜋
, Figure (1) shows a plot of [𝑛2 − 1]−1versus, 

𝐸2 , for prepared samples A, B, C, and D were investigated. 

From the linear regression, we can determine the values of, 

Es, and, Ed, for prepared glasses, which Es and Ed are in two 

different ranges between 7.13 and 7.48, and from 20.33 to 
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21.28 eV, respectively. 

Based on the above model, the single oscillator 

parameters, Es and Ed are related to the imaginary component, 

i, of the complex dielectric constant and the -1 and -3 

moments of the, i, the optical spectrum can be derived from 

them; 

 

 𝐸𝑠
2 =

𝑀−1

𝑀−3
                                      (14)     

    

𝐸𝑑
2 =

𝑀−1
3

𝑀−3
                                       (15) 

 

hence, 

 

𝑀−1 =
𝐸𝑑

𝐸𝑠
,                   𝑀−3 =

𝐸𝑑

𝐸𝑠
3          (16) 

 

Moreover, sample B has the highest value of both Ed and Es 

in eV otherwise sample D has the lowest value. Thesis value 

depends directly on the single bond strength BM-O in kJ/mol 

of the modifier in the glasses sample where it is of MgO= 

155kJ/mol, BaO= 138 kJ/mol and of SrO= 134 kJ/mol), 

otherwise the value of M-3 indirect sequences with BM-O in 

kJ/mol. The third-order nonlinear optical susceptibility, χ (3), 

could be determined through utilizing linear optical 

susceptibility, χ (1), by: 

 

𝜒(3) = 1.7 ∙ [𝜒(1)]
4

× 10−10   𝑒𝑠𝑢               (17) 

 

Where, 𝜒(1) = (1/12.56) × (𝑛2 − 1) . The χ(3), and, n2, 

values at 1700 nm of prototyped glasses are listed in Table 1. 

They increase from 4.78 to 5.47 x 10-13 esu and from 2.28 to 

2.6 10-12 esu with increasing TeO2 in the glasses matrix. 

Depend heavily on the polarizability of the Te2+ ions within 

the glass network, because the third equatorial position of the 

ions of Te4+ is occupied by a lone pair of electrons phase of 

TeO4 which has a greater polarizability relative to TeO3 and 

TeO3+1 phases. Moreover, sample B has the highest value of 

both Ed and Es in eV otherwise sample D has the lowest 

value. This value depends on the single bond strength BM-O 

in kJ/mol where it is equal of MgO= 155kJ/mol, BaO= 138 

kJ/mol and of SrO= 134 kJ/mol). This behavior will result in 

increasing the value of the χ(3) and n2. The molar refraction, 

Rm, 

 

𝑅𝑀 =
𝑀∙[𝑛2−1]

𝜌∙[𝑛2+2]
                                 (18) 

 

and molar polarizability, M, equal; 

 

𝛼𝑀 =
3𝑅𝑀

4𝜋𝑁𝐴
                                    (19) 

 

Where NA represents Avogadro’s number and M expresses 

the molecular weight of prepared glasses. The RM, and M 

values at 1700nm are decreased from 14.63 to 14.21 in 

cm3mol-1 and from 5.8 to 5.64 in A03, respectively. Sample 

A has the highest value of the linear refractive index and also 

has the highest molar polarizability. Nevertheless, sample B 

(MgO) has the lowest value of both RM, and, M at 1700 nm, 

which occurred in the sequence BaO, SrO, MgO which is 

directly proportional to the increasing cation polarizability of 

metals of modifiers as follows: Ba2+ (1.595 Ӑ3)  Sr2+ (0.861 

Ӑ3)  Mg2+ (0.094 Ӑ3).  

 

 

 
 

Fig. 1. The linear attenuation coefficient (A) and the mass attenuation coefficient (B) for the four prepared glass samples 

(Sample A, B, C, and D). 
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Fig. 2. (A) The reported half-value layer (HVL) values for the proposed shielding materials (Samples A, B, C, and D); and (B) 

Comparison of the reported HVL values with other HVLs for a variety of ionizing radiation shielding materials. 

 

 

Herein we determine metallization criterion, Mc, of the 

prototyped samples A, B, C and D at a varied wavelengths by 

following the relation: 

 

𝑀𝑐 =
3

𝑛2+2
                                    (20) 

 

The value Mc, reported in the range from to 0.501 to 0.507 at 

1700nm which strongly depended on optical basicity [(n))] 

of modifier MgO, BaO and SrO. It is occurred in the 

sequence as follow MgO SrO BaO increasing direct with 

(n)) of metal modifier (MgO = 0.69, SrO= 1.10, BaO= 

1.21). 

Figure 1 (A, B) show the computed linear and mass 

attenuation coefficients (LAC, MAC) of the four proposed 

samples namely, 75TeO2 -10P2O5 -10ZnO-5PbF2 - 0.24Er2O3, 

70TeO2 -10P2O5 -10ZnO-5PbF2 -5MgO -0.24Er2O3, 70TeO2 

-10P2 O5 -10ZnO-5PbF2 -5BaO- 0.24Er2O3 and 70TeO2 -

10P2O5 -10ZnO-5PbF2 -5SrO in a wide energy spectrum 

ranging from 0.015 to 15 MeV.  As seen in Figure 1 (A, B), 

the photon attenuation for the four samples depends on the 

doped oxide materials as well as on the x-ray photon energy. 

For instant, sample C which contains Barium oxide (BaO) 

recorded slightly higher linear attenuation and mass 

attenuation coefficients compared with the other samples 

under. These results agree with other findings [18-20]. The 

decrease of attenuation coefficients with the increased 

photon energy as shown in Figure 1 (A, B) is due to the 

contribution of the photoelectric effect and Compton 

scattering which are the most predominant interaction in the 

diagnostic energies range. For example, the value of the 

linear attenuation coefficient recorded for sample C was 

3.14cm-1 compared to 3.09, 2.99, and 3.01cm-1 at 0.15MeV, 

with percentage differences of 1.33%, 4.6%, and 4.2% for 

sample A, B, and D respectively. Similar behaviour was 

recorded for the mass attenuation coefficients.  

The half value layer (HVL) is one of the prime shielding 

factors to study the effectiveness of shielding materials in 

terms of the required thickness that need to reduce the 

intensity of radiation beam to its half value. HVL is 

commonly used to estimate the required shielding thickness 

for the specific energy range. Figure 2(A) shows the 

computed half-value layers of the proposed sample materials 

in a wide energy spectrum ranging from 0.015 to 15 MeV. As 

shown in Figure 2(A), the reported values for sample C are 

slightly lower than that of the other samples under 

investigation, which is expected due to the higher linear 

attenuation recorded for sample C compared with other 

samples. The high attenuation recorded is due to the high 

atomic number and density of the doped materials as 

discussed before, which increases the possibility of photon 

interaction within the material and decreases the possibility 

of the transmission of a photon through it. For example, the 

computed HVL value of sample C was found 0.22cm 

compared to 0.223, 0.2314, and 0.2304cm at 0.15 MeV, with 

percentage differences of 1.33%, 4.6%, and 4.2% for sample 

A, B, and D respectively. The superior behavior of sample C 

is mainly due to the contribution of the photoelectric effect 

and Compton scattering which are the most predominant 

interaction in the diagnostic energies range. The lower values 

of HVL of sample C is an evidence of the fact that doping the 

glass shielding material with oxide materials that have a high 

atomic number and high weight will improve the 

effectiveness of the shielding material. These findings agree 

with other findings [27-30].  Furthermore, the half-value 

layer (HVL) of common commercial and recently 
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investigated shielding materials [17-22] were used for 

comparison with computed values for the proposed glass 

materials. 

Figure 2(B) show the comparison of the HVLS of the 

proposed glasses systems with the most common commercial 

shielding glass materials developed by Schott Co. (RS-253 

G18, RS-520 (71 mole% of PbO) and RS-369(45 mole% of 

PbO) ) [38] and common concrete materials Chromite and 

Ferrite [18]. The proposed samples materials show lower 

values of HVL compared to the common commercial 

shielding materials RS-253 G18, Ferrite, and Chromite at all 

energies, which indicates that the proposed samples have 

better shielding characteristics compared to them. In addition 

to that, the proposed samples were recorded lower values of 

HVL in high energy above 0.4 MeV compared with that of 

RS-369. For example, the computed HVL values at 0.5MeV 

of sample C, RS-360, Chromite, and RS-253 G18 were 1.369, 

0.89, 1.65, and 3.12cm respectively, with percentage 

differences of 17%, 2%, and 56%. Nevertheless, RS-520 

shielding materials have better performance than the 

proposed shielding materials at all energies, this is due to the 

presence of high weighted lead oxide contain RS-520 

(89.59%). 

The mean free path (MFP) is also an important 

parameter used to evaluate the capability of a radiation 

shielding material, which determine the average distance 

between two successive interaction. The lower the value of 

MFP the better the effectiveness of the shielding materials. 

Figure 3(A) illustrated the mean free path (MFP) as a 

function of photon energy (keV) of the proposed four 

samples. Sample C recorded the lowest value of MFP among 

the other samples under investigation, this agrees with 

findings recoded for the HVL, in which both are strongly 

dependent on the attenuation coefficients and the physical 

density of samples under investigation. Furthermore, the 

mean free path of proposed samples was compared with other 

shielding material (RS-253 G18, RS-520, RS-369, Chromite, 

and Ferrite) as shown in Figure 3(B). Similar findings to the 

half-value layer were noticed. The higher the density and 

photon attenuation of shielding material the lowest the 

recorded mean free path. 

Figure 4 shows the values of the total atom cross-section 

(𝜎𝑎) and total electronic cross-section (𝜎𝑎) as a function of 

photon energy for the prototyped glass system. These values 

define the probability of photon interaction with the material. 

The higher the values of atomic and electronic cross-sections 

the more effective the shielding material. Sample C recorded 

the higher values of atomic and electronic cross-sections 

compared with other samples under investigation. These 

results are consistent with the findings discussed before for 

linear and mass attenuations. 

The density of the material is highly dependent on the 

atomic number and the number of electrons available in the 

elements, the higher the atomic number and number of 

electrons the greater the density of the element. For a 

compound or mixture, the atomic number and number of 

electrons are defined as effective atomic number (Zeff) and 

effective electron numbers (Neff), which can be computed 

from the mass attenuation coefficients of the compound 

elements. Effective atomic number and effective electron 

numbers are also prime factors for investigating the 

effectiveness of the prototyped shielding materials. Figure 5 

(A, B) illustrates the effective atomic number (Zeff) and 

effective electron numbers (Neff) as a function of photon 

energy (keV) of the proposed samples.

 

 

 
 

Fig. 3. (A) Recorded mean free path (MFP) values for the proposed materials, i.e. Samples A, B, C, and D; (B) Comparison 

of the reported MFP values with other MFPs for a variety of ionizing radiation shielding materials. 
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Fig. 4. Line graphs showing the total atom cross-section (𝜎𝑎) (A) and total electronic cross-section (𝜎𝑎) (B) as a function of 

photon energy for the prototyped shielding samples. 

 

 

 

Sample C recorded the highest effective atomic number (Zeff) 

and effective electron numbers, which consistent with 

previous findings for the linear attenuation coefficient and 

the other shielding parameters. The effective electron 

numbers (Neff) is directly proportional to the effective atomic 

number and inversely proportional to the mean atomic mass 

of the proposed shielding material. Sample C has the highest 

mean atomic mass among other samples, this results in 

slightly lower values of effective electron numbers (Neff) 

compared with the other samples. 

The equivalent atomic number (Zeq) of the proposed 

shielding materials also evaluated against a wide energy 

spectrum ranging between 0.015 and 15 MeV. Figure 6 

shows the values of Zeq for the proposed shielding materials. 

As Zeq was estimated from the ratio of ratio mass attenuation 

coefficients of the Compton component to the total mass 

attenuation coefficients, sample C recorded the highest 

values among the other samples. The highest values of the 

equivalent atomic number were recorded at intermediate 

energies as a result of the effect of the Compton scatter 

process which the most predominant process in this region.  

Figure 7(A-D) illustrates the exposure build-up factors 

(EBFs) for the proposed samples as a function of penetration 

depth at energies 15keV, 500keV, 2MeV, and 15MeV. As 

shown in Figure 5 at low energy (15keV) the exposure build-

up factors for all samples increase as penetration depth 

increases up to the certain depth and then curve become 

flatter, this is because at low energy the photoelectric 

absorption is the predominate interaction process, in which 

all photons are completely absorbed. At intermediate and 

higher photon energies, the exposure build-up factors for all 

samples increase gradually as penetration depth increases 

due to the contribution of the more energetic Compton 

scattering photons and the production of the annihilation 

gamma photons. In low energy photon, it can be seen 

obviously that the EBFs increase as the equivalent atomic 

number (Zeq) increases, while at intermediate and high 

energies the values of EBFs become independent of the Zeq 

due to the contribution of Compton scatter. These results 

agree with other findings [39, 40]. 

 

 

 

 
 

Fig. 6. The equivalent atomic number (Zeq) of the proposed 

samples as a function of ionizing incident photons’ energy. 

Sample C recorded the higher values of Zeq in comparison 

to other proposed samples.  
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Fig. 5. Line graphs showing the changes in effective atomic number (A) and effective electron density (B) as a function of 

incident photons’ energy. 

 

 

 

 
 

Fig. 7. Line graphs illustrating the exposure build-up factors (EBFs) for the proposed shielding materials as function of 

penetration depth at energies 15keV (A), 500keV (B), 2MeV (C) and 15 MeV(D).  
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4. CONCLUSION 

 

The development of new shielding materials for medical 

applications is a matter of interest for radiation protection 

purposes.  The effectiveness of a material as a shielding 

material depends on its physical properties and the shielding 

parameters including density, linear and mass attenuation 

coefficients, HVL, MFP, Zeff, Neff, and the transmission factor. 

The study aimed to investigate the photon shielding 

parameters for four glasses sample materials doped with 

several oxide namely, 75TeO2 -10P2O5 -10ZnO-5PbF2 - 

0.24Er2O3, 70TeO2 -10P2O5 -10ZnO-5PbF2 -5MgO -

0.24Er2O3, 70TeO2 -10P2 O5 -10ZnO-5PbF2 -5BaO- 

0.24Er2O3 and 70TeO2 -10P2O5 -10ZnO-5PbF2 -5SrO) in a 

wide energy spectrum ranging between 0.015 and 15 MeV. 

The shielding parameters have been calculated the program 

WinXcom [33, 34] the online developed software (Phy-

X/PSD). Sample C which contains Barium oxide (BaO) 

recorded the highest linear attenuation and mass attenuation 

coefficients compared with the other samples. Furthermore, 

sample C show superior shielding performance to that of the 

other samples under investigation in terms of the lowest 

recorded Half-value layer (HVL), Transmission factor and 

Mean free path (MFP) and it possesses the higher recorded 

values of Zeff.  Comparing the effectiveness of proposed 

samples under investigation with some commercial shielding 

materials (RS-520, RS-369, RS-253 G18, Chromite, and 

Ferrite), the proposed samples materials show better 

shielding effectiveness compared with the commercial 

shielding materials; RS-253 G18, Chromite, and Ferrite at all 

energies and superior to that of RS-369 at energies above 0.4 

MeV. These results indicate that the proposed samples have 

good characteristics as radiation shielding materials, which 

can be used in various diagnostic and therapy applications. 
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