
Optical, Thermal and Radiation Shielding Properties
of B2O3 - NaF - PbO – BaO - La2O3 Glasses
Kh. S. Shaaban  (  khamies1078@yahoo.com )

Al Azhar university https://orcid.org/0000-0002-5969-3089

Research Article

Keywords: glasses, DTA, UV-VIS, Phy-X / PSD, FNRCS

Posted Date: February 19th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-217044/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Journal of Materials Science: Materials in
Electronics on April 17th, 2021. See the published version at https://doi.org/10.1007/s10854-021-05885-
8.

https://doi.org/10.21203/rs.3.rs-217044/v1
mailto:khamies1078@yahoo.com
https://orcid.org/0000-0002-5969-3089
https://doi.org/10.21203/rs.3.rs-217044/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10854-021-05885-8


1 

 

Optical, thermal and radiation shielding properties of B2O3 - NaF - PbO – BaO - La2O3 

glasses 

Kh. S. Shaaban1,  

1Chemistry Department, Faculty of Science, Al-Azhar University, P.O. 71452, Assiut, Egypt. 

 

Abstract 

The techniques of melt-quenching were used to generate 53B2O3 - 2NaF - 27PbO – (20 − 𝑥)BaO - 𝑥La2O3  (0 ≤  𝑥 ≥  15) 𝑔𝑙𝑎𝑠𝑠 𝑠𝑦𝑠𝑡𝑒𝑚. XRD patterns have established the 

amorphous character of glass samples. There is clear evidence of the role of La2O3 modifier in 

the glass network. The thermal characteristics were identified to increase with an increase in 

La2O3 content. Increasing La2O3 increases the linear and non-linear optical bandgap energy and 

the Urbach energy. By adding La2O3 to the glass samples, the refractive index, molar 

polarizability, polarizability, and optical basicity are increased. Theoretically, the bulk modulus 

and the glass transition temperature increase because of the increase in bond strength. The 

number of bonds per unit increased with the increase in La2O3 content because of 

the modifier character of La2O3 in the glass samples. Multiple optical parameters ( ∞), ( o),  𝜒(1), (𝜒(3))  and (𝑛2)  as a function of linear and non-linear 𝐸𝑜𝑝𝑡 were obtained. The extent of 

shielding in this article was examined with the increment in La2O3 at the expense of BaO. The 

results correspond with similar studies conducted previously. 
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1-Introduction  

We have been aware of halide glasses such as NaF for just a long time [1]. These 

glasses are fundamentally hygroscopic and have low transition temperature glass values, 

thereby decreasing their potential application. To increase hygroscope resistance, these glasses 

were doped with transition metal ions (TMi) and rare earth ions (REi) [2-3]. Halides such as 

NaF, LiF, are incorporated into the glass matrix to develop mobile ion species, Li+, Na+, etc. 

Due to its unique characteristics, glasses combining halide ions have been studied [1-7]. The 

modified fluoroborate glasses manufactured by the substitution of certain oxygen ions with 

fluoride ions have shown interesting and motivating characteristics [8-11]. 

 Due to the importance of glass materials containing multiple transition metal ions 

(TMi) and rare earth ions (REi) for multiple applications, these glasses have been intersected 

over the past few years. In specific, the glass based on B2O3 has become common among a wide 

variety of glass systems, keeping in mind its glass status, transparency, and multiple physical 

and chemical properties. Due to the ability of the B to transform its coordination number 

between 3 and 4 with oxygen supplying with the modification of metal cations, these glasses 

are considered important [12-22]. 

53B2O3 - 2NaF - 27PbO – (20 − 𝑥)BaO - 𝑥La2O3  (0 ≤  𝑥 ≥  15), glasses as well gain 

significant interest, and La2O3 to investigate their optical properties. These glasses are of 

financial advantage to semiconductor applications because of their properties: a greater 

refractive index, good unique physical and chemical characteristics. The creativity of this 

research paper is reflected in the optical and radiation shielding characteristics of B2O3-NaF-

PbO-BaO- La2O3 glass samples. Results from thermal, optical, and radiation are described in 

this article. 

2- Methodology 
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The glasses in Table 1 are prepared using a melt quenching technique, as reported in our 

published articles. By melting together specific weights of B2O3 in its H3BO4 (Merck), NaF in it 

(Aldrich), La2O3 in it (Merck), BaO and PbO in it (Merck) in an o pen ceramic crucible, glass 

samples were prepared with the formula 53B2O3 - 2NaF - 27PbO – (20 − 𝑥)BaO - 𝑥La2O3  (0 ≤  𝑥 ≥  15). With the evaporation of H2O, H3BO4 are converted into B2O3 throughout 

melting in open ceramics crucibles. Thus, it is possible to estimate the required amount of oxide 

to match the chemical formula used by knowing the molecular weight of H3BO4, and B2O3. The 

porcelain crucible with the blend was kept at 650 °C for 30 minutes to decrease the tendency to 

volatilize. At the melting temperature 1200 °C, the furnace temperature was modified. the melt 

the glass was cast a clean stainless-steel mold. These glass samples annealing at 400 °C. 

 To verify the status of these glasses the Philips X-ray diffractometer (model PW / 1710) 

was used. Optical parameters were predictable by using spectrophotometer type JASCO, V-670 

(Japan). DTA-50 For thermal investigation, (Shimadzu- Japan) was used. Phy-X / PSD, by 

Sakar et al. [23] can compute various shielding features. Beer-Lambert law µ = − 𝑙𝑛 𝐼𝐼𝑜𝑥  , . 
Where μ the linear attenuation coefficient (cm-1) I0 and I respectively. The mean free path 

(MFP) has been estimated as  𝑀𝐸𝑃 = (1𝜇) ,.  Electron density (Neff) has been estimated as: 

Neff = N  Zeff∑ FiAii  ,. Effective cross-section of removal(ΣR) predicted as: (ΣRρ ) =  ∑ wi (ΣRρ )ii    and 

R =  ∑  ρi  (Rρ)ii  ,. 
3. Results and Discussions 

3.1 Optical characteristics  

There were no sharp peaks in the XRD in graph 1, indicating the high glass status of 

these samples. 
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Figure 2, 3 exemplifies the absorption (A) and transmittance (T) and reflectance (R) of 

glass samples. It has been reported that spectral UV-absorption is increasingly absorbed. 

Therefore, La2O3 is accountable for the slight growth of BO [24-36]. Absorption coefficient of 

the glasses exemplifies Fig. 4. 

3.1.1 Direct and indirect energy gap Eopt 

Glass absorption spectrum in the ultraviolet and visible regions were used for the 

estimated of the band gap energy 𝐸𝑜𝑝𝑡 is estimated by (𝛼. ℎ𝜈)1/2 = 𝐵(ℎ𝜈 − 𝐸𝑜𝑝𝑡.)  where B is 

an energy independent constant and ℎ𝜈 is photon energy. By plotting the (𝛼. ℎ𝜈)1/2 versus ℎ𝜈  
as Fig.5. Plot of (𝛼. ℎ𝜈)1/2 against photon energy (ℎ𝜈) to evaluate the indirect 𝐸𝑜𝑝𝑡from the 

intercept. 𝐸𝑜𝑝𝑡increases with increasing La2O3 content, as shown in Table 3, because of the 

formation of oxygen bridges (BO) that bind excited electrons more strongly than non-bridging 

oxygen electrons (NBO).  Urbach energy 𝐸𝑢 of samples has been projected as  ∝0 𝑒𝑥𝑝 (ℎ𝜐𝐸𝑢 ) ,𝐹𝑖𝑔. 6 and recorded in table 3, demonstrating that an opposing relation is noticed between their 

values of Eopt. Fig.7 presented the values of Eopt and 𝐸𝑢. 

3.1.2 Refractive index (n) 

  Refractive index of manufacturing glass (n) has been already computed as:  𝑛 = (1− 𝑅)2+𝑘2(1+ 𝑅)2+ 𝑘2        where k = /4 . (n) of manufacturing glasses obtainable in Fig.8, it detected 

that (n) of the investigated glasses are increases as density increase. It has been mentioned that 

a direct correlation between the density and refractive index, i.e., the denser the glass study, the 

greater the refractive index. So, the refractive index is exactly applicable to reflection and 

density, and the molar volume is inversely comparable. 

3.1.3 Dispersion parameters 
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Molar polarization, and polarizability of samples were projected as 𝑅𝑚 =
⟨𝑛2 − 1|𝑛2 + 2⟩𝑉𝑚, ∝𝑚= (3|4𝜋𝑁)𝑅𝑚, and ∝02−= [ 𝑉𝑚2.52(𝑛2  −1𝑛2+2 )−∑∝𝑐𝑎𝑡]𝑁𝑜2− . The optical 

fundamentality of investigated glasses has been linked to polarization; 𝛬 =  1.67 (1 −  1∝02−). 

The molar polarizability, polarizability, and optical basicity of the glass under study were 

described in Figures 8,9&10. The same refractive index trend with concentrations of La2O3 has 

been observed. With the alteration of density and refractive index indicating that the samples 

are more polarized because of the increase of La2O3, thus, the molar polarizability of glasses 

increases. 

The molar refractivity as 𝐸𝑜𝑝𝑡.  𝑅𝑚 =  𝑉𝑚(1 − √𝐸𝑔/20) and molar polarizability (∝𝑚)  ∝𝑚= ( 34𝜋𝑁) 𝑅𝑚. Reflection loss  𝑅𝐿 = (𝑅𝑚𝑉𝑚). These values of (𝑅𝑚) (∝𝑚) and (𝑅𝐿) decrease 

with La2O3 because of the decrease in the molar volume are presented in Table 3. The criterion 

for metallization is predicted as 𝑀 = 1 − 𝑅𝑚𝑉𝑚 , the metallization value rise with La+3. The 

electronegativity (χ) is predicted as   𝜒 = 0.2688𝐸𝑜𝑝𝑡.. where 𝐸𝑜𝑝𝑡. bandgap. Thus, with La+3 

increasing, the electronegativity (χ) values increase. The electron polarizability is predicted 

as, ∝ ° = −0.9 𝜒 + 3.5 and optical basicity  ∧= −0.5𝜒 + 1.7. ∝ ° and ∧ have the inverse value 

of (χ) thus, with La+3 increase ∝ ° and ∧ decrease. This explanation is linked to the value of the 

optical basicity of La2O3 (1.3149) and BaO s (1.23) [37-38]. Table 2 shows these values.  

The bulk module (K) and the temperature of the glass transition are directly related to 

Eopt and projected as 𝐾𝑡ℎ = −478.93 + 200.13 𝐸𝑔, 𝑇𝑔(𝑡ℎ𝑒𝑟𝑜.) = −701.87 + 403.33 𝐸𝑔. Values 𝐾𝑡ℎ 𝑎𝑛𝑑 𝑇𝑔(𝑡ℎ𝑒𝑟𝑜.) in Table 3. It stated that, because of increase in bond strength, these values 

increase with La2O3. 
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For BO or NBO connection confirmation, a significant parameter is the coordinated 

average number and is defined as 𝑚 = ∑ 𝑛𝑐𝑖 𝑋𝑖 where cation coordination is  𝑛𝑐𝑖 . As the value 

in Table 2 it was originate that 𝑚 increased with the rise in La2O3 content. 

The number of bonds per unit is calculated as 𝑛𝑏 = 𝑁𝐴𝑉𝑚 ∑ 𝑛𝑐𝑖 𝑋𝑖. As the value in Table 2 

it was initiate that 𝑛𝑏 increased with the rise in La2O3 content. Clearly, it demonstrates 

the modifier character of La2O3 in the glass samples. 

The factor of two-photon absorption TPA (𝛽) cm / GW, expressed as 𝛽 = 36.67 −8.1𝐸𝑜𝑝𝑡 where 𝐸𝑜𝑝𝑡 bandgap energy. For solid-state physics, one of the most significant 

parameters is TPA. As the value in Table 3 it was originate that (𝛽) decreased with the increase 

in La2O3 content because of 𝐸𝑜𝑝𝑡 increase. 

 The ionic and covalent character of glasses can be established as the electronegativity 

difference ∆𝑋 = ∑ 𝑋𝑖 ∆𝑋𝑖,  𝑤ℎ𝑒𝑟𝑒 ∆𝑋𝑖 = 𝑋𝑂 − 𝑋𝑀 , 𝐼𝑏 = [1 − 𝑒(−0.25)(𝑋2))] where 𝐼𝑏 Ionicity. 

As the values in Table 3 it was found that (𝐼𝑏) decreased with the increase in La2O3 content and 

covalency 𝐼𝑐 increase. 

 A refractive index of Moss, Ravindra, Herve & Vandmme, Reddy, Anani, Kumar & 

Singh and Average (n) by direct and indirect bandgap was shown in figures 11&12[39-44]. It 

observed that small deviation in the (n) because of linear and non-linear bandgap. Dielectric, 
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3.2 Thermal analysis 

The thermal behaviours of prepared glasses were characterized by DTA in the 

atmosphere at a heating rate (10℃/min). Fig. 5 is the DTA curves of prepared glasses. From  

DTA curves Fig.13, it was noticed that the glass transition temperature Tg increased with 
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increasing La2O3, it increase from 421℃ at 0% to 457℃  at 15 % as shown in Table 5 and Fig. 

5, the onset of crystallization temperature Tc increased with increasing La2O3, it increase from 

455℃ at 0% to 488℃  at 15 % as shown in Table 6 and Fig.13, the end-set of crystallization 

temperature Tp increased with increasing La2O3, it increase from 494℃ at 0% to 542℃  at 15 % 

as shown in Table 6 and Fig.13. This increases due to increase in the average force constantly, 

connectivity and increase in packing density. 

Thermal stability projected by ∆𝑇 = 𝑇𝑐 −  𝑇𝑔, weighted thermal stability 𝐻𝑔 = ∆𝑇𝑇𝑔  ,  S =
(𝑇𝑝 −  𝑇𝑐 ) ∆𝑇𝑇𝑔  . From Table 5, it was noticed that the thermal stability of these glasses increased 

with the increase in La2O3 content. With the increase La2O3 at expense of BaO increase the 

creation of BO, the stronger La–O–B bonds formation and the bond strength of La–La 

(58kcals) is stronger than bond strength of Ba–Ba (33kcals) [45].  

3.3 Radiation shielding Properties. 

This research examined the degree of shielding [46-54] from increase La2O3 at the 

expense of BaO with a nominal composition of 53B2O3 - 2NaF - 27PbO – (20 − 𝑥)BaO - 𝑥La2O3  (0 ≤  𝑥 ≥  15). The mean free path (MFP) was projected as  𝑀𝐸𝑃 = (1𝜇) ,𝑎𝑛𝑑 𝑠ℎ𝑜𝑤𝑛 𝑖𝑛 𝐹𝑖𝑔. 14 .  It noticed that, as the photon energy and the La2O3 content increase 

the values of (MFP) increase. This motivation discloses that the rise in energy makes the 

photon capable of purposely transmitting samples. From this Fig. 14 shows that, the lower 

value of (MFP) is sample contain higher content of La2O3 therefore it is better samples for 

attenuation of γ radiation. Fig.15 presented (MFP) of glasses comparison with standard 

materials.  

Fig. 16 represented the (Neff) values of samples against energy. It is indicated that (Neff) 

decreases with the increase of the energy and then gradually increase. The Compton scattering 

interaction is responsible for this decrease. The increase in (Neff) is related to the pair creation 
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effect at higher energy and an increase in the content of La2O3. Thus, at the expense of BaO, the 

emergence of La2O5 leads to a better in γ -radiation. 

Fig. 17&18 represented the ASC and, ESC of glass samples against the photon energy. It 

is suggested that, with the increase in energy, the ASC and ESC values are decreased. This 

decreases due to the Compton scattering interaction. Fig. 19 represented the Ceff of the prepared 

samples against the gamma energy. It is proposed that with the rise the photon energy, the Ceff 

will decrease, then increasing gradually. This decreases because of the presence of the Compton 

scattering. The increase of (Ceff) correlated to the higher-energy pair-creation effect and 

increased in La2O3 content. 

Cross-through effective removal (ΣR) designated that the neutron particle crosses the 

material does not any interaction. (ΣR) of investigated glasses with energy characterized in Fig. 

20. It is confirmed that at lower energy, the almost (ΣR) increased. Small deviations of glass 

samples with a decrease in the value of (ΣR) are observed at higher energy. These 

deviations are linked to the increase of La2O3. It is well known that elements that have a light 

atomic number have a strong ability to protect the neutrons. The increase in the content of 

La2O3, enhances the shielding of neutrons. 

Fast neutron removal cross-section (FNRCS) is shown in Fig. 21. It noted that FNRCS 

increased with La2O3. We can say that the addition of La2O3 to glass samples enhances the 

FNRCS. 

4. Conclusions 

Glasses with the chemical formula 53B2O3 - 2NaF - 27PbO – (20 − 𝑥)BaO - 𝑥La2O3  (0 ≤  𝑥 ≥  15) have been manufactured successfully with the technique of traditional melt-

quenching and their radiation, thermal and optical properties have been studied. The XRD 

diffractometer technique was implemented to check the structure of glasses. The thermal 

properties of glasses are dependent on the structure and these characteristics were identified to 
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increase with an increase in La2O3 content. The addition of La2O3 to the glasses enhanced 

physical properties. A refractive index is obtained by direct and indirect bandgap from Moss, 

Ravindra, Herve & Vandmme, Reddy, Anani, Kumar & Singh and Average (n). Multiple 

parameters of optics ( ∞), ( o),  𝜒(1), (𝜒(3))  and (𝑛2)  as a function of linear and non-linear 𝐸𝑜𝑝𝑡 were obtained. Theoretically, due to the increase in bond strength, the bulk modulus and 

glass transition temperature increase. The number of bonds per unit increased with the increase 

in La2O3 content because of the modifier character La2O3 in the glass samples. The degree of 

shielding in this paper was investigated from increase La2O3 at the expense of BaO. The lower 

value of (MFP) is higher content La2O3 therefore it is better samples for attenuation of γ 

radiation. (Neff) decreases with the increase of the energy due to the Compton scattering 

interaction and then gradually increase due to the pair creation effect at higher energy and an 

increase in the content of La2O3. ASC, ESC, Ceff, and (ΣR) are obtained. FNRCS increased with 

La2O3. The γ-ray and fast neutron radiation-shielding abilities of glass samples were 

investigated. Therefore, the glass composition 53B2O3 - 2NaF - 27PbO – 5BaO - 15La2O3 is the 

best candidate for photon shielding applications. Obtaining the physical, and optical values of 

these glasses can help develop multiple equipment and innovations, including batteries with 

solid state and gamma ray’s protection. The results correspond with similar studies conducted 

previously. 
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Figures

Figure 1

XRD of the studied glasses.



Figure 2

The absorbance (A) and transmittance (T) of the prepared glasses.



Figure 3

The re�ections(R) of the prepared glasses.



Figure 4

The absorption coe�cient of the prepared glasses.

Figure 5



a: Plot of (α hν)1/2 against photon energy (hν) to calculate the direct optical band gap from the intercept
of the curves. b: Plot of (α hν)2 against photon energy (hν) to calculate indirect optical band gap from the
intercept of the curves.

Figure 6

Dependence of ln(α) upon the photon energy (hυ) for the prepared glasses.



Figure 7

Dependence all energies as a function of La2O3 for the prepared glasses.



Figure 8

Refractive index of the prepared glasses.



Figure 9

Molar refractivity of the prepared glasses. Electronic polarizability of the prepared glasses.



Figure 10

Optical basicity of the prepared glasses.



Figure 11

Refractive index of Moss, Ravindra, Herve & Vandmme, Reddy, Anani, Kumar & Singh and Average (n)
according to indirect bandgap for glass samples



Figure 12

Refractive index of Moss, Ravindra, Herve & Vandmme, Reddy, Anani, Kumar & Singh and Average (n)
according to direct bandgap for glass samples



Figure 13

DTA of the investigated glasses.



Figure 14

The MFP for the prepared glasses as a function of photon energy and La2O3 content.



Figure 15

The comparison of MFP for the prepared glasses as a function of photon energy with standard materials.



Figure 16

The (Neff) for the prepared glasses as a function of photon energy.



Figure 17

The ASC for the prepared glasses as a function of photon energy.



Figure 18

The ECS for the prepared glasses as a function of photon energy.



Figure 19

The Ceff for the prepared glasses as a function of photon energy.



Figure 20

Effective removal cross-through (ΣR) for the prepared glasses as a function of photon energy.



Figure 21

FNRCS for the prepared glasses comparison with standard materials.


