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Abstract 

The aim of this research to study uncharged and charged radiation attenuation properties of xPbO–20SiO2–10Na2O–(70–

x)B2O3 glass system where x = 20, 30, 40, 50 and 60 mol %. Uncharged radiation has been simulated mass attenuation 

coefficient (µm), effective atomic number (Zeff), effective electron density (Nel), half value layer (HVL), mean free path (MFP) 

and build–up factors (BFs) while parameters of charged radiations as alpha (He2+) and proton (H+) particles have been 

calculated attenuation properties. The µm, Zeff, Nel, HVL and MFP values were derived from WinXCom program at energy 

ranging 1–108 keV. BFs values were determined using geometrical progression (G–P) fitting method for energy ranging 

0.015–15 MeV at deep penetration 1–40 mfp (mean free path). While the alpha (He2+) and proton (H+) particles attenuation 

properties were simulated from the SRIM software at energy ranging 0.01–10 MeV. The results reported that 60PbO–20SiO2–

10Na2O–10B2O3 glass sample was excellent glass in terms of shielding for uncharged and charged radiation. The results of this 

research can be useful for variation radiation shielding purpose. 
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Introduction 

 

The development glasses containing heavy metal oxides (HMO) were intended for ionizing radiation 

shielding. The effective of radiation shielding glasses depend on chemical composition used for glasses (Kaur, 

Singh & Anand, 2015; Rammah, Al-Buriahi & Abouhaswa, 2020; Rammah et al., 2020; Rammah et al., 

2020; Olarinoye et al., 2020; Sayyed et al., 2018; Elazoumi et al., 2018). When these glasses are actually 

applied to specific area, it is necessary to examine the physical and mechanical characteristics of the glass. 

Ionizing radiation is divided into charged and uncharged radiations, whereas the important in radiation 

shielding engineering is the interaction which occurs between neutron or photon with a medium (Mahmoud, 

El-Khatib, Halbas & El-Sharkawy, 2020; El-Sharkawy et al., 2020; Al-Buriahi, & Rammah 2019;  El-

Agawany et al., 2019;  Rammah et al., 2018; Sayyed, 2016;  Kavaz et al., 2019; Rammah et al., 2021; 

Sayyed, 2016;  El-Bashir, Sayyed, Zaid & Matori, 2017). Therefore, to study against radiation shielding 

properties of glass, it is necessary to study the parameters of neutron and photon (Rammah et al., 2020; 
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Rammah et al., 2021; Sayyed, 2016; El-Bashir, Sayyed, Zaid & Matori, 2017; Sayyed et al., 2019; Issa  

et al., 2019).    

The excellent glass materials for photons shielding requires high density and atomic number elemental 

composition and large mass attenuation coefficients, such as PbO, Bi2O3, WO3, and BaO. Whereas glasses for 

against neutron requires good neutron absorbing elementals composition, such as B and H. PbO as HMO is 

commonly used for radiation shielding glasses due to it has high density and high atomic number (Chanthima 

et al., 2011). Therefore, Pb2+ structure in glass network has been extensively analyzed (Rabinovich, 1976; 

Witke et al., 1996; Chakradhar, Murali & Rao, 1998; Leventhal & Bray, 2012; Mydlar, Kreidl, Hendren & 

Clayton, 1970; Dupree, Ford & Holland, 1987; Meera, Sood, Chandrabbas & Ramakrishna, 1990; Meera & 

Ramakrishna, 1993; Akasaka, Yasui & Nanba, 1993; Hubert, Harder, Mosel & Witke, 1997). At 25–45 

mol%, PbO will behave network modifier but at 50–60 mol%, it will behave glass network former. 

Moreover, PbO is exhibited very good mechanical, thermal and electrical properties (Pisarska, 2009). Borate 

(B2O3) wildly used for glass network former, due to it shown good radiation shielding properties (Singh, 

Singh, Singh & Singh, 2006; Singh, Singh, Singh & Singh, 2004; Singh et al., 2002). 

The objective of this work to study the ionizing radiation shielding properties of xPbO–20SiO2–10Na2O–

(70–x)B2O3 glass system where x = 20, 30, 40, 50 and 60 mol % (El-Kameesy et al., 2019). The 

ionizing radiation shielding properties of glass system have been studied in two aspects as uncharged and 

charged radiation. The parameters studying of uncharged radiation are included mass attenuation coefficient 

(µm), effective atomic number (Zeff), effective electron density (Nel), half value layer (HVL), mean free path 

(MFP) and build–up factors (BFs) while parameters of charged radiation as alpha and proton have been 

calculated attenuation properties. The µm, Zeff, Nel, HVL and MFP values were derived from WinXCom 

program at energy ranging 1–108 keV. BFs values were determined using geometrical progression (G–P) 

fitting method for energy ranging 0.015–15 MeV at deep penetration 1–40 mfp (mean free path). While the 

alpha and proton attenuation properties were derived from the SRIM software at energy ranging 0.01–10 

MeV. 

 

Methods and Materials 

 

1. Glass samples 

 This work, the composition chemical and code of glass samples in formula xPbO–20SiO2–10Na2O–

(70–x)B2O3 glass system where x = 20, 30, 40, 50 and 60 mol % were exhibited in Table 1 (El-Kameesy 

et al., 2019). 
 

Table 1 Chemical composition and code of glass system (El-Kameesy et al., 2019) 

Code 
Composition (mol%) 

PbO SiO2 Na2O B2O3 

PbSiNaB1 20 20 10 50 

PbSiNaB2 30 20 10 40 

PbSiNaB3 40 20 10 30 
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Methods and Materials 

 

1. Glass samples 

 This work, the composition chemical and code of glass samples in formula xPbO–20SiO2–10Na2O–

(70–x)B2O3 glass system where x = 20, 30, 40, 50 and 60 mol % were exhibited in Table 1 (El-Kameesy 

et al., 2019). 
 

Table 1 Chemical composition and code of glass system (El-Kameesy et al., 2019) 

Code 
Composition (mol%) 

PbO SiO2 Na2O B2O3 

PbSiNaB1 20 20 10 50 

PbSiNaB2 30 20 10 40 

PbSiNaB3 40 20 10 30 

 

Table 1 (Cont.) 

Code 
Composition (mol%) 

PbO SiO2 Na2O B2O3 

PbSiNaB4 50 20 10 20 

PbSiNaB5 60 20 10 10 

 

2. Uncharged and charged radiation shielding properties 

 In this context, for PbSiNaB glasses, the important parameters for uncharged radiation shielding 

parameters such as µm, Zeff, Nel, HVL, MFP were computed by WinXcom program while BFs were 

determined using geometrical progression (G–P) fitting method. Charged radiation (proton and alpha 

particles) interaction parameters were simulated by SRIM software. All parameters have been evaluated as in 

formerly reports (Kaur, Singh & Anand, 2015; Rammah, Al-Buriahi & Abouhaswa, 2020; Rammah et al., 

2020; Rammah et al., 2020; Olarinoye et al., 2020; Sayyed et al., 2018; Mahmoud, El-Khatib, Halbas & 

El-Sharkawy, 2020; El-Agawany et al., 2019; El-Bashir, Sayyed, Zaid & Matori, 2017; Agar et al., 

2019; Kilicoglu et al., 2019; Mhareb et al., 2012; Issa et al., 2020). 

 

Results and Discussion 

 

1. Uncharged radiation shielding properties 

 The µm value for xPbO–20SiO2–10Na2O–(70–x)B2O3 (x = 20, 30, 40, 50 and 60 mol %) glass 

system with energy has been exhibited in Figure 1. The µm values were high at lower energy ranging and 

decreased rapidly at intermediate energy ranging after that nearly constant at high energy ranging for all glass 

samples. These events can be explained on basic interaction of photon with medium which photoelectric effect 

(PE) (α E–3.5), Compton scattering (CS) (α E–1) and pair production (PP) (α log E) are main interaction, 

respectively (Issa et al., 2020). The graphs of µm values were discontinuities in low energy ranging because 

of M–, L– and K–absorption edges of Pb, Si and Na in glass systems. Moreover, µm value increased with 

increasing of Pb content because of Pb (207.2) are large of atomic weight (Intom et al., 2020).  
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Figure 3 The Nel VS energy 

 

 The Zeff values with energy of glass system has been exhibited in Figure 2. It has been noted that Zeff value 

of glass system at energy ranging less than 102 keV can be discussed on fundamental of absorption edges of 

Pb (K–edge at 88.00 keV; L–edges at 15.86, 15.20 and 13.04 keV; M–edges at 38.51, 35.54, 30.66, 

25.86 and 24.84 keV), Si (K–edge at 18.39 keV) and Na (K–edge at 10.72 keV). At energy ranging of 

102–103 keV, Zeff values for glass system decreases quickly with increasing of energy. During 103–105 keV, 

Zeff values increased with increasing of energy. Above 105 keV, Zeff values were nearly constant for all glass 

samples. Among these selected glasses, Zeff values increased with increasing of PbO content and PbSiNaB5 

sample has the highest Zeff value. This event indicated that PbSiNaB5 sample has the highest probability of 

interaction between energy with electron in medium (Intom et al., 2020). 

 Figure 3 exhibits Nel values with energy for glass system. It has been noted that the trend for Nel opposite 

the trend of Zeff such as PbSiBaB1 sample has maximum Nel value whereas Zeff shows minimum value or 

PbSiNaB5 samples has the lowest of Nel value while Zeff has the highest value. These events occurred from 

vacant sites in glass formation of B2O3 are filled by PbO atoms which results in decreased Nel of glass sample 

(Singh, Sharma & Singh, 2018). 

 Normally, the materials development used for radiation shielding, they should be had low HVL and MFP 

values because of these two values give rise to a higher probability of radiation interaction with shielding 

medium. So, these two parameters best discuss about against radiation. Figure 4, and Figure 5 exhibits HVL 

and MFP of glass samples with energy at 1–108 keV. It was exhibited that, HVL and MFP values of glass 

samples were seen very small at 1–100 keV and rise quickly with increasing until 7000 keV. After that, 

HVL and MFP values decreased and becomes almost constant above 800 MeV. This event is according to the 

cross–section values on energy for various main radiation interaction processes in different energy ranging as 

mentioned earlier. In addition, HVL and MFP values of glass samples were decreased with increasing in PbO 

content. It indicated that both values dependent on chemical composition of shielding medium (El-Bashir, 

Sayyed, Zaid & Matori, 2017; Agar et al., 2019; Issa et al., 2020) and PbSiNaB5 was excellent radiation 

shielding glass compared with the other glass samples in this research.   
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                            Figure 4 The HVL VS energy                                    Figure 5 The MFP VS energy 

 

 Buildup factors (BFs) is value to explain the absorption of radiation in medium and air which composted 

energy absorption buildup factor (EABF) and exposure buildup factor (EBF). Figure 6 and 7 shows until 40 

mfp of the simulated EABF and EBF within energy 0.015–15 MeV. At low energy ranging, BFs values are 

low because of photons were absorbed as PE is main mechanism superiority and these ranging shown peaks 

due to absorption edge (K–edge) of each element which mentioned earlier (El-Agawany et al., 2019; 

Rammah et al., 2021). Beyond 10–1 MeV EABF and EBF values increased again because of photons multiple 

scattering and occurred accumulated of photon as CS is main process (Olarinoye et al., 2020; El-Agawany et 

al., 2019). In addition, EABF and EBF values are maxima which dependent on penetration depth (PD). It is 

clear that EABF and EBF values of results of glass system decrease with increasing PbO content due to the 

replacement of B2O3 by PbO content. This result suggested that PbSiNaB5 sample which has lowest EABF and 

EBF values is superior radiation shielding. 
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Figure 6 EABF of glass system VS energy from 0.015–15 MeV at 1–40 mfp 
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Figure 7 EBF of glass system VS energy from 0.015–15 MeV at 1–40 mfp 

 

2. Charged radiation shielding properties  

 The stopping power of medium is the loss of energy from collision and radiative by charged particles 

per unit path length which the main process is the collision between particles and atomic electrons. Mass 

stopping power (MSP) refers to the loss energy by radiation in unit distance per unit density (MeV/g/cm3). It 

can determine from the SRIM program which estimates the MSP and ion range (PR) using the quantum 

mechanical treatment of ion atom collision (El-Agawany et al., 2019). 

 The mass stopping powers (MSP) is value to discusses the rate of kinetic energy (Ek) loss of ionizing 

particle and this value is important using determine radiation stopping property of medium (Issa et al., 2019). 

For charged particles (Except electrons) total mass stopping powers (TMSP) is caused by electronic and 

nuclear collisions in medium. As a result of this collision, the loss of kinetic energy occurs. Finally, 

electrically charged particles lose all kinetic energy at a certain depth within the medium through which the 

particle passes. The TMSP values for glass system have been estimated using SRIM program and results have 

been exhibited in Figure 9 (a and b). The results of glass system exhibited that TMSP value increase with 

increasing energy at 0.01–10 MeV for proton and 0.01–10 MeV for alpha after that decrease with increasing 

energy. Also, the result reported that PbSiNaB5 glass sample has the lowest values of proton and alpha TMSP, 

respectively. Projected range (PR) values show the mean value of the depth at which proton or alpha would 

penetrate slowing down to rest. The medium with the lowest PR value requested the excellent for radiation 

shielding (Issa et al., 2019; Kilicoglu et al., 2019; Mhareb et al., 2012). Figure 10 (a and b) exhibited PR 

value of glass system and it found that the lowest proton and alpha PR values belong to PbSiNaB5. The results 

indicated that PbSiNaB5 has the best radiation shielding for H+1 and He+2 protection. 
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Figure 8 Total mass stopping powers VS energy of glass system for: a) proton; b) alpha shielding properties 
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Figure 9 Projected range VS energy of glass system for: a) proton; b) alpha shielding properties 

 

Conclusion and Suggestions 

 

The glass system of xPbO–20SiO2–10Na2O–(70–x)B2O3 where x = 20, 30, 40, 50 and 60 mol % was 

studied the ionizing radiation shielding properties. The ionizing radiation shielding properties of glass system 

are studied in two aspects as uncharged and charged radiations. The parameters studying of uncharged 

radiations are included µm, Zeff, Nel, HVL, MFP and BFs while parameters of charged radiations as alpha and 

proton are calculated attenuation properties. The results reported that the 60PbO–20SiO2–10Na2O–10B2O3 

glass sample is the best for uncharged and charged radiations shielding. 
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Figure 8 Total mass stopping powers VS energy of glass system for: a) proton; b) alpha shielding properties 
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Figure 9 Projected range VS energy of glass system for: a) proton; b) alpha shielding properties 

 

Conclusion and Suggestions 

 

The glass system of xPbO–20SiO2–10Na2O–(70–x)B2O3 where x = 20, 30, 40, 50 and 60 mol % was 

studied the ionizing radiation shielding properties. The ionizing radiation shielding properties of glass system 

are studied in two aspects as uncharged and charged radiations. The parameters studying of uncharged 

radiations are included µm, Zeff, Nel, HVL, MFP and BFs while parameters of charged radiations as alpha and 

proton are calculated attenuation properties. The results reported that the 60PbO–20SiO2–10Na2O–10B2O3 

glass sample is the best for uncharged and charged radiations shielding. 
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