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Abstract
The glass series of xEu2O3-5PbO-25TeO2-(70-x) B2O3, where x=0.1 mol% to 0.6 mol% were
prepared by employing the conventional melt quenching method. The non-crystallinity of prepared
BTE glasses was examined by the X-ray diffraction method. The very important mechanical properties
such as elastic moduli, Debye temperature, Poisson’s ratio, fractional bond connectivity, softening
temperature, acoustic impedance, and the thermal expansion coefficient of the BTE glasses have been
studied by measuring ultrasonic velocity. The experimental results indicate that the calculated parameters
strongly depend on increasing Eu2O3 concentration. The elastic moduli of the prepared samples were
found to decrease with Eu2O3 concentration and this increases the discontinuity in the glass network.

Revised date
5 March 2022
Accepted date:
17 March 2022

Keywords:
Elastic modulus;
Microhardness;
Thermal expansion coefficient;
Acoustic impedance;
Fractional bond connectivity

1. Introduction
The ultrasonic non-destructive method is one of the best methods
for evaluating mechanical properties, phase changes, and elastic moduli
[1-4]. The elastic properties of solid materials are of considerable
importance in the various experimental methods available to study
structure-property relationships [5]. The transmission of ultrasonic
waves in glass-like solids gives information about the solid-state
motion of an object. Acoustic wave transmission in bulk glasses is
of great attention to understand the mechanical properties [6]. Many
physical parameters of the glasses, which are subjective to elastic
moduli can be determined by using ultrasonic velocity [6-9].
Consequently, the choice of the most appropriate material for a specific
application needs awareness of its mechanical properties [9-11].
Glasses having divalent ions such as Te2+, Pb2+ play a significant
role in the modification of property [12-14]. It is perceived that the
incorporation of metal oxides like PbO, ZnO into the boro-tellurite
glass matrix could do changes in the densities and molar volume of
the glasses [14-16]. It is reported that tellurite (TeO2) converts TeO4
into TeO3+1 and TeO3units when B2O3 is added to the TeO2 glass
network and it also improves the ability of glass formation with
TeO2 [17,18]. The addition of B2O3 decreases B-O coordination and
increases B2O3 concentration in boro-tellurite glasses. Boron oxide
is an exceptional material for blending with tellurium oxide, which
improves the quality of glass in terms of glass stability, transparency,
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and hardness of rare-earth ions solubility. Borate-based specimens
find widespread applications in all fields due to their various physicalchemical properties [19-21]. Additionally, it is shown that the elastic
properties associated with acoustic properties are most useful due
to their preferred applications in a few devices like light modulators
and solid-state sensors [1-3,16,21,22].
Glasses embedded with rare-earth ions have great interest due
to their broad range of applications such as temperature sensors,
memory devices, solid-state lasers, infrared to visible up-converters,
bulk lasers, planner waveguides, optical fiber amplifiers, high-density
memory devices, flat plane displays, field emission displays, electroluminescent devices, optical data storage devices, color display devices
[23-27]. The europium consists of energy level with simple structure
and non-degenerate ground state 7F0 and emits5D0 states. Hence
the substitution of Eu3+ ions into the glass network is relatively
advantageous to the study of disordered materials [28,29]. As per
the literature survey, there is insufficient information regarding the
effect of the addition of Eu3+ ions to the boro-tellurite matrix on
mechanical properties. Therefore it is very motivating to discover the
relation between the significant changes in the glass structure, the
density, and mechanical properties of Eu3+ ions in boro-tellurite glasses.
In the current work, detailed information on the influence of
europium oxide on density and elastic properties of boro-tellurite
glasses were deliberated, and it also examined the structural conversion
of the boro-tellurite system induced by the addition of Eu2O3.
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2. Materials and methods

Longitudinal modulus (L)

H3BO3, PbO, TeO2, and Eu2O3chemicals were procured from
Sigma Aldrich with 99.9% purity and were taken as starting materials
for glass sample making. The glass samples xEu2O3-5PbO-25TeO2(70-x) B2O3, x=0.1 to 0.6 mol%, are made by the conventional melt
quenching method. By proper and repeated grinding of the chemical
mixture, fine powder was obtained. To obtain a uniform mixture the
chemicals were stirred with a glass rod for about 30 min, then transferred
to porcelain crucibles, and then heated in a muffle furnace. The mixture
was dissolved in the crucible for about 1 h at 1150 K to homogenize
the solvent. Glass samples were annealed for 2 h at 350 K to avoid
mechanical stress developed through quenching. The obtained glasses
are termed BTE1-6. The obtained glasses are colourless, transparent,
and the glasses are well polished by P1500 grade emery paper to
achieve the cylindrical shape of thickness around 10 mm.
Solubility was performed under controlled conditions with stirring
periodically. The molten samples were cast in the size required for
ultrasonic velocity measurements. The ready glass samples were polished
and the outer surfaces were made completely horizontal. By using
digital vernier calipers having an accuracy of about 0.0001 mm, the
thickness of the BTE glasses was measured.
The non-crystallinity of obtained BTE glasses was confirmed
by employing X-ray diffraction measurement. Cu Kα radiations with
wavelength 1.54 Å at 40 kV were used for the diffractometer.
Diffraction radiations were collected by scintillation detector in the
range of 10° to 80°.
Using acetone as a buoyant fluid, the density of specimens are
measured by the Archimedes principle [6-8],

ρ=

ρb × Wa

Wa - Wb

(1)

Where Wa is the weight of the specimen in air, Wb is the weight
of the specimen in buoyant liquid and ρbis the density of the buoyant
liquid. Digital balance was used to weigh each sample. Using the
molecular weights and density, the molar volume (Vm) of the glass
samples can be calculated by the relation [12,13],
Vm =

M
ρ

L = ρV21

(3)

G = ρV2s

(4)

Shear modulus (G)

Bulk modulus (K)
4

K = L - 3G

(5)

Y = (1 + σ)2G

(6)

Young’s modulus (Y)

Fractional bond connectivity (F)
F=

4G

σ=

(L-2G)

(7)

K

Poisson’s ratio (σ)
(8)

2(L-G)

Acoustic Impedance (Z)
Z = ρV1

(9)

Microhardness (H)
H=

(1-2σ)E

(10)

6(1+σ)

Debye temperature (θD)
θD =

h 3nN
kB 4πVm

Um

(11)

Where Vm, kB, N, h, Um, and n are the molar volume of the sample,
Boltzmann’s constant, Avogadro number, Planck’s constant, mean
sound velocity, and many oxygen ions in the sample, respectively.

(2)

Where M is the average molecular weight of the specimen and
ρ is its density.
The ultrasonic longitudinal and shear velocities of the sample are
measured by the pulse-echo procedure with the frequency of 2 MHz
X-cut and Y-cut transducers. Ultrasonic velocity is measured by the
V = 2d/t relation, where d denotes the thickness of the sample, t refers
to the transit time and V is the ultrasonic velocity [3-7].

2.1 Theory and calculations

Mean sound velocity (Um)
1

2

V1

Vs

-

1
3

(12)

Thermal expansion coefficient (αp)

αp = 23.2(V1 -0.57457)

(13)

Softening temperature (Ts)
M

With the help of acquired values of longitudinal velocity (V1),
shear velocity (Vs), and density (ρ) at room temperature, the different
elastic modulus, and thermal properties were calculated by using
mathematical relations [9,30-32]as shown here:

1

Um = �3 � 3 + 3 ��

Ts = � c w � V2s
p

(14)

Where, Mw refers molecular weight of the glasses, c is constant
equivalentto 1.35 × 109cm5⋅s-2molK-1.
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3. Results and discussion
The experimental values of longitudinal velocity (Vl), shear
velocity (Vs), and density (ρ) of the boro-tellurite glass samples for
change in Eu2O3 mol% are tabulated in Table 1. The value of density
increased from 4372 kg⋅m-3 to 4584 kg⋅m-3, while the value of molar
volume decreased from 31.530 cm3 to 30.321 cm3 with a gradual
increase of Eu2O3 concentration in the boro tellurite glasses. The
difference in density and molar volume with mol% of europium oxide
for the prepared glass system is shown in Figure 2. The density of
any glass is the volume of the constituent ions present in the glass
network and it is subjected to the number of ions, the nature of ions,
and how the ions can move in the structure of the glass. The addition
of Eu2O3 with a higher molecular weight of 351.926 g⋅mol-1 into
TeO2-B2O3 having low molecular weight can lead to a rise in the
density. Additionally, europium oxide ions reduce the molar volume
and result in shrinkage in the glass network, which improves the
density. The observed increase in density is endorsed to the rise in
the hardness of the glass sample[12,13,33-36]. The linear deviations
in density and molar volume of BTE glasses with the rise in the
europium oxide content state that the glass network is exhibits
continuously close-packed.
The longitudinal ultrasonic velocity (Vl) and shear ultrasonic
velocity (Vs) decrease with the increase in the Eu2O3 concentration
as shown in Figure 3. The ultrasonic longitudinal velocity decreases
from 4340 m⋅s-1 to 4015 m⋅s-1whereas ultrasonic shear velocity also
decreased from 2530 m⋅s-1 to 2345 m⋅s-1. This type of decreasing
trend in both velocities are might be owing to the flagging in the
glass network with an accumulation of Eu2O3 content into the glass
structure and which results in the piercing of O-B-O and Te-O-Te
units. Furthermore, splitting of O-B-O and Te-O-Te units reasons
the bridging oxygens (BOs) were converted into non-bridging oxygens
(NBOs). So there is a reduction in rigidity or weakening of the glass
structure [11,14,36].

Figure 1. Depicts X-ray diffraction spectra of the prepared glass samples.
It does not show continuous or discrete sharp peaks but rather a broad halo,
revealing the properties of the non-crystalline glass structure.
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Figure 2. Graph of density and molar volume of xEu2O3-5PbO-25TeO2-(70-x)
B2O3 glasses.

Figure 3. Ultrasonic velocity of xEu2O3-5PbO-25TeO2-(70-x) B2O3glasses.

Figure 4. Elastic moduli of xEu2O3-5PbO-25TeO2-(70-x) B2O3 glasses.
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Table 1. Values of density (ρ), molar volume (Vm), ultrasonic velocities (VL and VS), and elastic moduli of the specimen.
Specimen ID

Density, ρ

Molar volume, Vm

BTE1
BTE2
BTE3
BTE4
BTE5
BTE6

(kg⋅m )
4372
4421
4445
4493
4536
4584

(cm ⋅mol )
31.530
31.232
31.115
30.834
30.592
30.321

-3

3

-1

Elastic moduli (GPa)

Ultrasonic velocity (m⋅s-1)
Longitudinal, VL
4340
4270
4150
4122
4073
4015

Shear, VS
2530
2493
2452
2421
2373
2345

The calculated values of longitudinal modulus (L), shear modulus
(G), bulk modulus (K), and Young’s modulus (Y) are listed in Table 1.
The values show that the elastic moduli reduce with an increase of
Eu2O3 concentration as shown in Figure 4. Longitudinal modulus
decreased from 82.34 GPa to 73.89 GPa, shear modulus from 27.98 GPa
to 25.21 GPa, bulk modulus from 45.04 GPa to 40.29 GPa, and
Young’s modulus from 69.55 GPa to 62.57 GPa. The addition of
Eu2O3 concentration produces NBOs, which decrease the rigidity
of the BTE glasses, resulting in a decrease of elastic modulus.
As reported in previous work, the Poisson’s ratio is influenced
by the fluctuations in the cross-link density in the glass structure
[4-7]. It is well explained by V Rajendran et al. [37] that, Poisson’s
ratio having values from 0.1 to 0.2 indicates the high cross-link
density whereas Poisson’s ratio values ranging from 0.3 to 0.5 exhibit
low cross-link density. But the Poisson’s ratio values of BTE glasses
come in the range of 0.2318 to 0.2426 (Figure 5) showing the presence
of low cross-link densities. The measured fractional bond connectivity
values vary from 2.486 to 2.612 as shown in Figure 7 and hese values
also support [37] the presence of low cross-link density in BTE glasses.
This low cross-link density could be owing to significant structural
changes originated by the insertion of Eu2O3 content into the borotellurite glass network [36].
In addition, as stated by Srivastava and Srinivasan et al., [38],
the important parameter, microhardness (H), describes the stress
required to remove the free volume inside the glasses, and the other
parameter, the thermal expansion coefficient of materials depends
on the strength of bonds. The free volume in the glasses gives a fact
of openness in the glasses which is the characteristic nature of glasses
having consistent structure. Figure 6, shows the reduction in microhardness and which reveals the presence of non-bridging oxygen
ion(NBO) and this causes the formation of a soft glassy network
[39-42]. For solid materials, Debye temperature (θD) is another vital
parameter, which relates the atomic vibrations. Also, it characterizes
the temperature at which all types of vibrations are excited [18-20,
43-46]. Figure 7 shows the reducing behavior of the Debye temperature
indicating the weakening of the structure and the reduction of the
rigidity of the glass systems. The reduction in Debye temperature
in BTE glasses is mostly attributed to the alteration in the number
of atoms per unit volume and the presence of NBOs. [22-25,43-46].
The values of thermal expansion coefficient (αp), acoustic
impedance (Z), and softening temperature (Ts) are listed in Table 2.
These values reduce with the mole% of the doped Eu2O3 content in
a TEO2-B2O3 glass sample. The acoustic impedance values decrease
from 1.8974 kg⋅m-2s-1 to 1.8404 kg⋅m-2s-1, thermal expansion coefficient

Longitudinal, L
82.34
80.61
76.55
76.34
75.25
73.89

Shear, G
27.98
27.48
26.72
26.33
25.54
25.21

Bulk, K
45.04
43.97
40.92
41.23
41.19
40.29

Young’s, E
69.55
68.22
65.84
65.14
63.50
62.57

(αp) values decrease from 100674.7 αp⋅(K-1) to 93134.67 αp⋅(K-1) as
shown in Figure 8, and softening temperature (Ts) values decrease
from 2875.52 K to 2595.28 K. This has led to a decrease in the
rigidity and compactness of the glass structure [4,47]. This decreasing
trend confirms the rigidity of the glass structure and the weakening
of the glass network in the system.

Figure 5. A graph of Poisson’s ratio and Debye temperature of xEu2O3-5PbO25TeO2-(70-x) B2O3 Glasses.

Figure 6. Microhardness of xEu2O3-5PbO-25TeO2-(70-x) B2O3 Glasses.
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Figure 7. Fractional bond connectivity and Softening temperature of xEu2O35PbO-25TeO2-(70-x) B2O3 Glasses.

Figure 8. Thermal expansion coefficient of xEu2O3-5PbO-25TeO2-(70-x) B2O3
Glasses.

Table 2. Values of fractional bond connectivity (F), Acoustic Impedance (Z), Poisson’s ratio(σ), Microhardness (H), Thermal expansion coefficient (αp),
Debye temperature (θD), and Softening temperature (Ts) of glass systems.
Specimen
ID

Fractional bond
connectivity
(F)

Poisson’s
ratio, σ

BTE1
BTE2
BTE3
BTE4
BTE5
BTE6

2.486
2.499
2.612
2.555
2.480
2.503

0.2426
0.2414
0.2318
0.2367
0.2431
0.2411

Acoustic
Impedance, Z
(×107 kg⋅m-2s-1)
1.8974
1.8877
1.8447
1.8520
1.8475
1.8404

Micro
hardness, H
(×109 N⋅m-2)
4.802
4.737
4.778
4.623
4.375
4.350

Debye
temperature, θD
(K)

Thermal expansion
coefficient, αp
(K-1)

Softening
temperature, Ts
(K)

481
475
468
463
456
452

100674.7
99050.67
96266.67
95617.07
94480.27
93134.67

2875.52
2810.33
2737.93
2702.41
2625.48
2595.28

4. Conclusions
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The xEu2O3-5PbO-25TeO2-(70-x) B2O3 glasses were ready by
the melt quenching method. The amorphous behavior of glass was
found by using X-ray diffraction. The density of glasses at room
temperature was increased almost linearly from 4372 kg⋅m -3 to
4584 kg⋅m -3 and the molar volume of the glasses decreased linearly
from 31.530 cm3 to 30.321 cm3 as function of Eu2O3 concentration
due to the addition of Eu2O3 with a higher molecular weight of
351.926 g⋅mol-1 into TeO2-B2O3 having low molecular weight. The
decrease of elastic moduli indicates the loose packing structure in
the glass network therefore the rigidity and velocities are reduced.
The Debye temperature, softening temperature, microhardness, and
thermal expansion coefficient decreases as Eu2O3 content increases
is attributed to considerable weakening in the glass structure due to
non-bridging oxygen bonds, hence rigidity of the glass structure
decreases. The variation in Poisson's ratio and fractional bond
connectivity reveals the existing glasses contain a low cross-link
density.
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