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ABSTRACT

The techniques of melt-quenching were used to manufacture 53B2O3–2NaF–

27PbO–ð20 � xÞ BaO–x La2O3 ð0� x� 15Þ glass system. To check the status of

these samples, the XRD diffractometer procedure was used. The molar volume

of the glass system is decreased while density is increased. The current glass

sample’s mechanical properties depend on the glass structure. Ultrasonic

velocity and elastic modulus (experimental and theoretical) of glass sam-

ples were observed to be increased. FT-IR analysis shows that with the increase

of La2O3 increases the changes of BO3 to BO4 and increases the degree of

glass connectivity and the structural units of (BO3/2 F)- tetrahedra are formed.

It has been noted that the MAC values of glass samples are decreased to 1 meV,

apart from a small increase at 0.1 meV. At low energy, this significant decline

and small peak are directly linked to the current photoelectric effect. The sample

with the highest La2O3 content is owned the MAC’s greatest values. It has been

noted that the (HVL) and (TVL) increase with the increase in the photon energy

and La2O3 content rendering to the achieved results. It has been noted that the

Zeff has the largest values at lower energy and at lowering concentration of

La2O3 content. It has been noted that EABFs and EBFs have originally lower

values at low energy levels, because the photoelectric effect dominates and BaO

is replaced by La2O3.

1 Introduction

For a long time, halide glasses like NaF have been

known to us [1]. Such glasses are formed by simply

quenching the method by moltening their halides.

These glasses are inherently hygroscopic and have

low values of glass transition temperature, by

reducing their applicability. Therefore, these glasses

are doped with transition metal ions (TMi) and rare

earth ions (REi) to increase the resistance of
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hygroscopic. The halide glasses doped with (TMi)

and (REi) have been more resistant to attack of

hygroscopic [2]. To vary the properties of the glass

like the dielectric, mechanical, thermal, and optical

dopants with halides or sulphates are presented into

the host glass [3]. Halides such as NaF and LiF are

introduced to the glass matrix to generate mobile ion

species Li?, Na?, etc. Several studies have shown

that dopant halides do not enter the glass’s macro-

molecular chain. Thus, halide glasses are great metal

ion solvents. Due to its unique physical properties,

glasses incorporating halide ions have long been

studied. The development of numerous devices and

technologies, including solid-state batteries and

radiation protection, has led to investigations of such

glasses [1–7]. Increasing attention has been devoted

to fluoride-based glasses due to their potential use for

making infrared optical components and fibres.

Interesting and remarkable properties were demon-

strated by the modified dimension of fluoroborate

glasses synthesized by replacing some oxygen ions

with fluoride ions [8–11].

Borate glasses can be regarded as an adapt-

able type of glass that is used in various applications

because they have high thermal stability and optical

properties. Besides, it is considered good for TMi,

REi, and halides as host glasses. Due to their attrac-

tive structural, optical properties and infrared radia-

tion shielding, there has been considerable interest in

the study of borate-based glasses over the last few

years [12–19]. Many efforts have been made to dop-

ing with lanthanide ions the lead fluoroborate glass,

the result showing that this material is a good can-

didate for laser applications [20].

B2O3–NaF–PbO–BaO glasses have also great

attention and La2O3 to investigate their optical

properties. FT-IR measurements of these glasses

showed that tetrahedral fluoroborate (BO3F) groups

have the same characteristics as tetrahedral borate

(BO4) groups [21]. Because of their properties, these

glasses are of benefit to optoelectronic devices: a high

refractive index of about 2.2 and good physical and

chemical stability. Studies of B2O3–NaF–PbO–BaO

doped with La2O3 are presented. In addition to Phy-

X/PSD [22] software calculations, results from FT-IR,

mechanical, and radiation are presented.

2 Experimental approaches

53B2O3–2NaF–27PbO–ð20 � xÞ BaO–x La2O3

ð0� x� 15Þ glasses in Table 1 have been prepared

according to the chemical equation:

NaFþPbOþBaOþLa2O3þ2H3BO4 �!650
�Cð�3H2OÞ

ðNaFþPbOþBaOþLa2O3þB2O3Þ �!1200
�Cð2hÞ

glasses

Table1 �!annleadat400
�C

glass samples. Glasses are

prepared using the technique of melting/annealing.

A Rigaku Miniflex 600 X-ray diffractometer was

used to test the glass states. Changes in the structure

of these glasses will be explored by Bruker’s VERTEX

70 FT-IR Spectrometers. Physical features of these

glasses are projected as ion concentration of La3? has

been considered as

Ti ¼ 6:023 � 1023x mol fraction of cation � valency of cation

Vm

� �

ð1Þ

Inter-ionic distance (Ri) between La and La has

been calculated as

Ri ¼
1

concentration of Ti

� �1
3

ð2Þ

La–La separation was projected as

ðdLa� LaÞ ¼ VB
m

N

� �1
3

ð3Þ

and VB
m ¼ Vm

2 1�2Xnð Þ. The polaron radius rp, and inter-

nuclear distance ri have been calculated as

Table 1 Chemical composition of the prepared glasses (in mol%)

Samples name Chemical compositions

B2O3 PbO NaF BaO La2O3

G 1 53 25 2 20 0

G 2 53 25 2 17.5 2.5

G 3 53 25 2 15 5

G 4 53 25 2 10 10

G 5 53 25 2 7.5 12.5

G 6 53 25 2 5 15
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rp ¼
1

2

p
6N

� �1
3 ð4Þ

ri ¼
1

N

� �1
3

: ð5Þ

Pulse-echo technique was applied to calculate

ultrasonic velocities at room temperature. In this

technique, 4 MHz transducers are x-cut and y-cut.

The glass ultrasonic velocities had a measuring

uncertainty of ± 15 m/s. The density (q) of the

combined glass samples was measured using the

Archimedes method at room temperature. The elastic

moduli have been projected as [23–26]. Longitudinal

modulus,

L ¼ qv2
l ; ð6Þ

Shear modulus,

G ¼ qv2
s ; ð7Þ

Young’s modulus,

Y ¼ 1 þ rð Þ2G; ð7Þ

Bulk modulus,

K ¼ L� 4

3

� �
G ð8Þ

The theoretical calculation of the dissociation

energy and packing density of the elastic module is:

[27, 28]

Vi ¼
3p
4

� �
NAfmR3

m þ nR3
i g

m3

mol

� �
; ð9Þ

where Rm and Ri are Pauling radii of metal and

oxygen. The elastic moduli,

L ¼ K þ 4

3

� �
G; ð10Þ

G ¼ ðVi
2GiÞ= Við Þ�1; ð11Þ

Poisson’s ratio,

r =
1

2
� 1

7.2* Vi

� �
; ð12Þ

Microhardness,

H ¼ 1 � 2rð ÞY
6 1 þ rð Þ ; ð13Þ

Debye temperature,

hD ¼ h

k

9N

4pVm

� �1
3

Ms: ð14Þ

Average of ultrasonic velocities,

Ms ¼
1

3

2
v3
T

1
v3
l

0
@

1
A

1
3

; ð15Þ

Thermal expansion,

aP¼23:2 vL�0:57457ð Þ; ð16Þ

Oxygen molar volume,

Vo ¼
M

q

� �
1P
xini

� �
ð16Þ

Oxygen packing density,

OPD ¼ 1000C

Vm

� �
Mol

L

� �
: ð18Þ

Phy-X/PSD can calculate numerous shielding

variables at any level of energy [22]. The law of Beer-

Lambert is written as

l ¼ �
ln I

I0

x
; ð19Þ

where the linear coefficient of attenuation is l (cm-1)

I0 and I , respectively. The mass attenuation coeffi-

cient MAC (l/q) has been estimated as

l
q

� �
¼

X
i
wi

l
q

� �
i

; ð20Þ

where q is the density of the material and the coef-

ficient of attenuation of mass is (l/q). The mean free

path (MFP) was calculated as

MEP ¼ 1

l

� �
; ð21Þ

It is possible to calculate the tenth (TVL) and half-

value layer (HVL) as

TVL ¼ ln10

l

� �
; ð22Þ

HVL ¼ ln2

l

� �
: ð23Þ

Zeff can be estimated as
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Zeff ¼
ra
re

� �
ð24Þ

where ra is the atomic cross-sections

rara ¼ rm
1P
i ni

¼ l
q

� �
target

,
NA

X
i

wi

Ai
ð25Þ

and re is the electronic cross-sections

re ¼
1

N

X
i

l
q

� �
i

f iwAi

zi
; ð25Þ

G-P fitting parameters were estimated as

P ¼ P1ðlogZ2�logZeqÞþZ2ðlogZeq�logZ1Þ
logZ2�logZ1 . G-P fitting parame-

ters have been estimated as P ¼
P1ðlogZ2�logZeqÞþZ2ðlogZeq�logZ1Þ

logZ2�logZ1 where P1 and P2 are the G-

P fitting parameters corresponding to the atomic

numbers Z1 and Z2, respectively. EABF and EBF have

been estimated by using G-P fitting

BðE;XÞ ¼ 1 þ b�1
K�1(K

x � 1Þ for K 6¼ 1, BðE;XÞ ¼
1 þ ðb� 1Þx K ¼ 1 where KðE;XÞ ¼ cxa þ

d
tanhð x

Xk�2Þ�tanhð�2Þ
1�tanhð�2Þ for x � 40. where E is the photon

energy, x is the penetration depth in mfp, and K (E,

X) is the dose-multiplicative factor.

3 Results and discussions

3.1 Physical properties of glasses

Figure 1 shows the X-ray results of the studied glas-

ses. These diffractograms show no discrete lines and

no sharp peaks and indicate that the glass samples

have a high degree of glassy state. The slight shift in

the peak at (20–30) 2h values with respect to La2O3

concentration can be related to the decrease in the

bond length and to the higher coordination number

with oxygen’s.

Glass density is typically directly compared to

molecular weights and densities [29–33]. In our

paper, at the expense of BaO, La2O3 increased. The

molecular weights of La2O3 and BaO [325.809 &

153.326] and densities [6.5 & 5.72 g/cm3] corre-

spondingly. It has been observed that the density of

our samples has increased. The increase in density is

correlated to changes in the density and molecular

weights of La2O3 and BaO. Due to the difference in

atomic radii and bond length for Ba2? and La3?

(0.4347 nm, 0.215 nm) and (0.3739 nm, 0.195 nm),

respectively, the decrease in the molar volume of

studied glasses. In Fig. 2, the density and molar vol-

ume are presented.

Fig. 1 XRD of the studied

glasses
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Because of the reduction in molar volume, the

concentration of La3? has been raised. With the

increase in La3? concentration, the inter-ionic dis-

tance decreased, associated with decrease in molar

volume. Because of the decrease in molar volume,

values of (dLa–La) decreased with La2O3, as well as

polaron radius, and inter-nuclear distance are

decreasing. These values are shown in Table 2.

3.2 FT-IR analysis

The FT-IR spectrum of synthesised samples consist-

ing of 6 perceptible vibrational absorption bands in

the range of 400–4000 cm-1 is illustrated in Fig. 3.

The technique of deconvolution is used for resolving

wide bands [34–39]. Table 3 and Fig. 4 list the out-

comes of the deconvolution process. It is therefore

possible to the interpretation of the current FT-IR

result obtained for B2O3–NaF–PbO–BaO–La2O3 glas-

ses as follows: the first bands at * 3434 cm-1, the

second bands at * 1630 cm-1, the third bands

at * 1380 cm-1, the fourth bands at * 995 cm-1, the

fifth bands at * 710 cm-1, and the sixth bands

at * 480 cm-1. The band at * 3434 cm-1 is accred-

ited to vibrational modes of H2O, OH, or BOH. The

band at * 1630–1440 cm-1 is accredited to the stret-

ches of B–O in BO3 (or BO2O-) groups. The band

at * 1088–830 cm-1 is accredited to vibrations of

tetrahedral BO4 groups and B2O3 can be partially

improved by NaF and the structural units of (BO3/2

Table 2 Various physical

parameters of the studied

glasses

Samples G 1 G 2 G 3 G 4 G 5 G 6

Ion conc. (Moi) (10
21 ions/cm3) – 1.43 2.9 4.46 6.26 9.89

Inter-ionic distance Ri (Å) – 9.02 7.13 6.18 5.52 4.74

Inter-nuclear distance, ri (Å) – 10.44 8.265 7.173 6.415 5.515

Polaron radius, rp (Å) – 2.997 2.372 2.06 1.84 1.583

Boron–Boron separation(dB–B), nm 0.558 0.531 0.523 0.515 0.502 0.484

Fig. 2 Density and molar volume of the prepared samples with La2O3 by mol%
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F)- tetrahedra are formed. The band

at * 709–655 cm-1 is due to bending vibrations of

B-O linkages in the borate units. The band

at * 579–463 cm-1 is accredited to Na?, Ba2?, Pb2?,

and La3?.

In the fraction (N4), the area under the bands was

considered, N4 ¼ BO4

ðBO4þBO3Þ. As a result, the value of

the N4 fraction increases with the development

of structural units [BO4]. In Table 4, peak assign-

ments for the glass samples are provided. The addi-

tion of La2O3 increases the changes of BO3 to BO4 and

increases the degree of glass connectivity.

Table 3 The deconvolution parameter of the infrared spectra of studied glasses (C) is the component band centre, and (A) is the relative

area (%) of the component band, the area under both (BO4, BO3) and N4 fraction

BO4 BO3 N4

G 1 C 468 579 – 701 850 963.5 1072 – 1321 1447

A 3.3 11.4 – 9.41 18.5 15.13 16.4 – 11.22 14.74 50.0123 25.9671 0.65823

G 2 C 463 564 – 703 830 952 1087 – 1316 1439

A 3.1 10.8 – 11.66 7.83 30.1 11.6 – 8.7 16.42 49.4533 25.094 0.66338

G 3 C 461 577 – 703 835 960 1092 – 1313 1450

A 5.41 10.6 – 9.5 12.82 21.9 14.44 – 9.9 15. 6 49.1354 25.4369 0.6589

G 4 C 457 533 695 – 847 962 1088 – 1315 1443

A 3.54 10.5 16 – 11.89 21.4 13.93 – 8.9 13.9 47.1901 22.8023 0.67422

G 5 C 465 574 – 706 840 951 1065 1234 1342 1463

A 3.7 9.7 – 10.12 13.54 20.7 14.85 4.43 12.4 10.4 53.5492 27.2576 0.66268

G 6 C 479 – 665 709 847 963 1083 1237 1339 1453

A 4.7 – 4.3 4 15.96 19.84 19.86 6.45 11.8 13.2 62.0932 31.409 0.66408

4000 3600 3200 2800 2400 2000 1600 1200 800 400

A
bs

or
ba

nc
e 

(A
.U

)

Wavenumber (cm-1)

G 1

G 2

G 3

G 4

G 5

G 6

Fig. 3 Infrared spectra of the

investigated glasses
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Fig. 4 Curve-fitting of IR spectra of the investigated glasses
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3.3 Mechanical properties

Figure 5 and Table 5 represented sound velocities

(VL) and (VT) of glasses. Both velocities have been

observed to increase with the increase of La2O3 con-

centration. This observation because of increased

density, cross-link density, and glass matrix connec-

tivity. VL increases from 5155 ms-1 at 0% La2O3 to

5315 ms-1 at 15% La2O3, and VT increases from

2940 ms-1 at 0% La2O3 to 3015 ms-1 at 15% La2O3.

Based on the previous analysis of FT-IR, this conduct

is associated with the increase in the N4 and La–La

separation. As well as the increase in (BO) and, con-

sequently increased glass network connectivity,

where the La breaks the bonds of BO4 tetrahedral

units with the structural units of (BO3/2 F)- tetrahe-

dra are formed.

Numerous types (experimental and theoretical) of

elastic modules have been evaluated for the glass

samples displayed in Figs. 6 and 7, and Table 6. Both

Table 4 Peak assignments for the prepared glasses

Wavenumber,

(cm-1)

Vibrational modes

* 3434 Are accredited to vibrational modes of H2O, OH or BOH

* 1630–1440 Are accredited to the stretches of B–O in BO3 (or BO2O
-) groups

* 1088–830 Are accredited to vibrations of tetrahedral BO4 groups and B2O3 can be partially improved NaF and the structural

units of (BO3/2 F)
- tetrahedra are formed

* 709–655 Are due to bending vibrations of B–O linkages in the borate units

* 579–463 Are accredited to Na?, Ba2?, Pb2? and La3?
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Fig. 5 Dependence of the longitudinal and shear ultrasonic velocities vL and vT of the investigated glasses with La2O3 by mol%
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elastic modules have been observed to increase with

the increase of La2O3 concentration. There is a clear

link among elastic modules and ultrasonic velocity.

This observation because of Ba–O bond strength is

(33 kcal/mol) is lesser than La–O (58 kcal/mol) [40].

The increase of La2O3 causes a shift to higher

wavenumbers which connected to the formation of

BO4 with the structural units of (BO3/2 F)- tetrahedra

are formed causes increase the connectivity of glass

samples.

Other mechanical parameters such as (Vi), (Gi), (H),

(aP), (Z), (OPD), (Vo), and (r) are listed in Table 6.

These parameters are affected by the glass network.

All these parameters have been observed to increa-

se with the increase of La2O3 concentration except

(Vo) as it is decreased because of the decrease in

molar volume. This observation is in agreement with

the analysis of FT-IR.

3.4 Radiation shielding properties

The degree of shielding in this paper was investi-

gated from the increase of La2O3 at the expense of

BaO with a nominal composition of 53B2O3–2NaF–

27PbO–ð20 � xÞ BaO-x La2O3 ð0� x� 15Þ. First, the

mass attenuation coefficients (MAC) is attained by

Phy-X/PSD software calculations for the energy

range of 0.015–15 meV to gather information about

the resistance of the glass samples to ionizing radia-

tion [30, 41–50]. The behaviour of the glass samples’

MAC values is exemplified in Fig. 8 based on the

Table 5 The values of sound

velocities and elastic moduli

(experimental and theoretical)

of the studied glasses

Samples name vL vT L G K Y LM GM KM YM

(m s-1) (GPa) (GPa) (GPa) (GPa) (GPa) (GPa) (GPa) (GPa)

G 1 5155 2940 91.84 29.87 52.01 75.22 52.2 21.29 23.81 46.62

G 2 5215 2975 110.5 35.96 62.54 90.52 59.7 23.03 28.99 51.76

G 3 5250 2995 117.5 38.23 66.5 96.26 70.21 25.31 36.47 58.42

G 4 5265 3005 124.92 40.69 70.66 102.42 77.95 26.94 42.03 63.09

G 5 5275 3015 136.1 44.46 76.81 111.81 90.18 29.33 51.08 69.97

G 6 5315 3035 154.51 50.39 87.36 126.8 110.4 33.1 66.3 80.66
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Fig. 6 Elastic moduli

calculated of the studied

glasses with La2O3 by mol%
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energy of photons and La2O3 content. It has been

noted that the MAC values of glass samples are

decreased to 1 meV, apart from a small increase

at 0.1 meV. This increase can be related to absorption

edge of the atomic composition of the glasses. At low

energy, this significant decline and small peak are

directly linked to the current photoelectric effect. The

sample with the highest La2O3 content is owned the

MAC ’s greatest values. This reduction is related to

the molecular masses of BaO (153.326) with La2O3

(325.809) and density of samples. Therefore, the

addition of La2O3 leads to an increase of gamma-ra-

diation protection. Figure 9 exemplified of LAC val-

ues based on the energy of photons and La2O3

content. It has been noted that the LAC values as

MAC. Table 7 characterizes MAC (cm2/g) 53B2O3–

2NaF–27PbO–5BaO–15La2O3 in comparison with

other glasses.

The variations of the HVL and TVL values of the

glasses based on the energy of photons are exempli-

fied in Figs. 10 and 11. It has been noted that the

(HVL) and (TVL) increase with the increase in the
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Fig. 7 Elastic moduli

theoretically of the studied

glasses with La2O3 by mol%,

according to Makishima–

Mackenzie Model

Table 6 Values of, packing density (Vi), dissociation energy (Gi), thermal expansion coefficient (aP), acoustic impedance (Z), and Debye

temperature (hD), oxygen packing density, oxygen molar volume (Vo), softening temperature (Ts), and microhardness (H) of glass systems

Samples

name/parameters

Vi 9 10–6,

(m3)

Gi,

(kcal/

kJ)

ap,
(K-1)

d r Zx107

(kg.m-2.s-1)

hD,
(K)

OPD,

(mol/

L)

Vo,

(cm3/mol)

H,

(GPa)

Ts,

(�C)

G 1 0.43 13.1 119582.7 2.30 0.2 1.78 409.52 56.764 19.222 4.80 586.36

G 2 0.47 13.2 120974.7 2.30 0.2 2.12 422.64 66.067 17.501 5.78 646.96

G 3 0.52 13.4 121786.7 2.30 0.2 2.24 436.43 68.672 15.673 6.15 700.78

G 4 0.56 13.6 122134.7 2.30 0.3 2.37 442.67 71.963 14.667 6.55 749.86

G 5 0.61 13.7 122366.7 2.32 0.3 2.58 453.02 77.451 13.366 7.19 800.45

G 6 0.69 14 123294.7 2.31 0.3 2.91 464.65 85.301 11.838 8.13 906.36
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photon energy rendering to the achieved results. At

low energy, the HVL of all samples is close together

due to the increase of secondary scattering photons.

These data reveal that the energy increase makes the

photon capable of deliberately transmitting the

prepared sample. In the energy range of 12–15 meV,

HVL values are reduced because of absorption and

loss of energy during the PP process. The sample

53B2O3–2NaF–27PbO–5BaO–15La2O3 has the lowest

HVL and TVL values. Figure 12 exemplifies that

Table 7 Mass attenuation

coefficients (in cm2/g) of

53B2O3–2NaF–27PbO–

5BaO–15La2O3 in comparison

with different glass samples

Samples (MeV)

0.02 10

53B2O3–2NaF–27PbO–5BaO–15La2O3 [present work] 40.06405 0.0371

66B2O3–5Al2O3–29Na2O 1.074 0.020

5Bi2O3–61B2O3–5Al2O3–29Na2O 5.059 0.022

10Bi2O3–56B2O3–5Al2O3–29Na2O 9.043 0.023

0PbO–30SiO2–46.67B2O3–23.33Na2O 1.386 0.023

5PbO–25SiO2–46.67B2O3–23.33Na2O 5.167 0.021

10PbO–20SiO2–46.67B2O3–23.33Na2O 8.952 0.024

49.46SiO2–26.38Na2O–23.08CaO–1.07P2O5 3.982 0.024

47.84SiO2–26.67Na2O–23.33CaO–2.16P2O5 3.985 0.023

44.47SiO2–27.26Na2O–23.85CaO–4.42P2O5 4.057 0.024

40.96SiO2–27.87Na2O–24.39CaO–6.78P2O5 4.113 0.024

37.28SiO2–28.52Na2O–24.95CaO–9.25P2O5 4.061 0.024

48.98SiO2–26.67Na2O–23.33CaO–1.02P2O5 3.983 0.023

43.66SiO2–28.12Na2O–24.60CaO–3.62P2O5 4.100 0.024

38.14SiO2–29.62Na2O–25.91CaO–6.33P2O5 4.190 0.022

40.71SiO2–28.91Na2O–25.31CaO–5.07 P2O5 4.131 0.022
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HVL of examined glasses is compared with barite,

magnetite, ferrite, chromite, RS-253-G18, and RS-520.

HVL values of examined glasses are in the same

range of predictable materials. The behaviour of TVL

based on the energy of photons and La2O3 content is

like HVL.

The variation of Zeff based on the energy of pho-

tons and La2O3 content is exemplified in Fig. 13. It

has been noted that the Zeff has the largest values at

lower energy and at lowering concentration of La2O3

content. The Zeff values for samples de-

creased rapidly in the range of 0.05–0.1 meV and

from G 1 to G3 because of photoelectric effect. There

is a sudden growth in the energy range of 3–15 meV

and from G3 to G 6 for all the glasses because of

interaction of Compton scattering. The sample

53B2O3–2NaF–27PbO–5BaO–15La2O3 has the highest

values of Zeff.

Both build-up factors EABF and EBF of glass

samples based on the energy of photons are exem-

plified in Figs. 14 and 15. Tables 8 and 9 provide the

G-P fitting parameters of the investigated glasses

[30, 41–56]. It has been noted that at low energy

levels, the EABFs and EBFs originally possess very

high values, as the photoelectric effect dominates and

replaces the BaO with La2O3. At 0.01–0.05 meV, it has

been noted that there are very sharp bands for EABF

and EAB. Clearly, by replacing BaO with La2O3, the

intensity of those increments is reduced because of

the K absorption edges of La and Ba. At 0.2 meV, it

has been noted that the values of EABF and EBF

began to rise gradually because of the formation of

secondary scatterings. The interaction of photons

with matter atoms is more than that of air due to the

greater atomic number of La and Ba in the glass

composition. Therefore, for all samples, the EABF

values are higher than the EBF as shown Figs. 14 and

15. In addition, the EABF and EBF values of 53B2O3–

2NaF–27PbO–5BaO–15La2O3 are lower than the other

samples.
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4 Conclusion

The melt-quenching method has been used to fabri-

cate 53B2O3–2NaF–27PbO–ð20 � xÞ BaO–x La2O3

ð0� x� 15Þ glass system. The current glass sample’s

mechanical and thermal characteristics depend on

the glass structure. It is observed that ultrasonic

velocities and elastic modulus (experimental and

theoretical) for these glasses are increased. FT-IR

analysis shows that with the increase of La2O3

increases the changes of BO3 to BO4 and increases the

degree of glass connectivity, and the structural units

of (BO3/2 F)- tetrahedra are formed. It has been

noted that the MAC values of glass samples are

decreased to 1 meV, apart from a small increase

at 0.1 meV. At low energy, this significant decline

and small peak are directly linked to the current

photoelectric effect. It has been noted that the (HVL)

and (TVL) increase with the increase in the photon

energy and La2O3 content rendering to the achieved

results. It has been noted that at low energy levels,

the EABFs and EBFs originally possess very high

values, as the photoelectric effect dominates and

replaces the BaO with La2O3.

Table 8 G-P fitting parameters for EBF and G-P fitting parameters for EABF of glass name G 1

Energy (MeV) G-P fitting parameters for EBF G-P fitting parameters for EABF

a b c d Xk a b c d Xk

1.50E-02 - 0.430 1.002 1.807 0.301 8.427 - 0.430 1.002 1.807 0.301 8.427

2.00E-02 0.568 1.418 0.612 - 0.784 11.447 0.330 1.064 0.710 - 0.377 14.073

3.00E-02 0.173 1.900 0.605 - 0.107 18.760 0.200 1.184 0.615 - 0.158 16.882

4.00E-02 0.110 3.517 0.323 - 0.041 22.064 0.120 1.423 0.331 - 0.080 23.546

5.00E-02 - 0.258 2.895 0.071 0.035 12.058 - 0.112 1.350 0.084 0.094 8.783

6.00E-02 1.037 2.309 0.031 - 0.147 17.216 0.757 1.311 0.047 - 0.188 14.881

8.00E-02 0.748 1.646 0.047 - 0.251 14.386 0.561 1.298 0.091 - 0.225 14.051

1.00E-01 0.380 1.532 0.124 - 0.071 16.508 0.368 1.533 0.125 - 0.073 15.996

1.50E-01 0.432 1.197 0.181 - 0.241 13.797 0.631 1.453 0.078 - 0.304 13.922

2.00E-01 0.221 1.168 0.404 - 0.117 14.185 0.463 1.493 0.161 - 0.257 13.780

3.00E-01 0.142 1.242 0.548 - 0.065 13.813 0.311 1.675 0.294 - 0.176 13.399

4.00E-01 0.099 1.325 0.671 - 0.053 14.226 0.238 1.887 0.414 - 0.155 13.783

5.00E-01 0.076 1.393 0.743 - 0.045 14.150 0.187 2.020 0.510 - 0.127 13.849

6.00E-01 0.059 1.438 0.797 - 0.036 13.748 0.138 1.967 0.611 - 0.095 13.657

8.00E-01 0.039 1.499 0.867 - 0.028 13.691 0.102 2.047 0.706 - 0.076 13.599

1.00E?00 0.024 1.520 0.923 - 0.023 13.507 0.082 2.052 0.766 - 0.068 13.511

1.50E?00 0.002 1.498 1.026 - 0.017 13.988 0.046 1.909 0.893 - 0.052 13.672

2.00E?00 0.002 1.527 1.043 - 0.021 13.111 0.057 1.941 0.877 - 0.068 13.342

3.00E?00 0.011 1.532 1.035 - 0.038 13.176 0.068 1.804 0.868 - 0.089 13.372

4.00E?00 0.016 1.473 1.034 - 0.045 13.424 0.062 1.586 0.892 - 0.085 13.630

5.00E?00 0.046 1.500 0.952 - 0.072 13.656 0.089 1.562 0.828 - 0.109 13.853

6.00E?00 0.058 1.488 0.927 - 0.082 13.871 0.102 1.513 0.803 - 0.121 14.051

8.00E?00 0.079 1.529 0.890 - 0.098 14.153 0.111 1.479 0.798 - 0.126 14.306

1.00E?01 0.056 1.502 0.981 - 0.077 14.203 0.087 1.414 0.886 - 0.102 14.336

1.50E?01 0.034 1.576 1.131 - 0.059 14.123 0.062 1.407 1.027 - 0.085 14.252
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