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ABSTRACT: The ternary glass system of B,03-K,0-BaO with different concentrations of BaO (5 to 20 mol. %) were
prepared by melt-quench technique. The longitudinal and shear ultrasonic velocities were measured for all the glass
samples at room temperature and at 10 MHz frequency. The amorphous nature of the samples was checked by X-ray
diffractometry. Density of the samples was measured using relative measurement method. Elastic moduli, Poisson’s
ratio, acoustic impedance and Debye temperature were calculated from velocity and density data. Compositional
dependence of ultrasonic velocities and related parameters are discussed to understand the rigidity and compactness of
the glass system studied.
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I. INTRODUCTION

The study of elastic properties plays a significant role in understanding the forces between the atoms or ions,
in interpreting the bond nature existing in the solid materials. Since the elastic property measurement yields valuable
information, they are suitable for portrayal of glass structure as a function of composition. Borate glasses containing
alkali or alkaline earth oxide exhibit high mechanical strength and are relatively moisture-resistant when compared
with the pure borate glass. Some of their applications include phosphors, solar energy converters and optical devices
[1].

The conventional method, for studying the microstructure, phase changes, mechanical properties and elastic
properties of glasses is the ultrasonic non-destructive testing [2-4]. The ultrasonic pulse echo technique is one of the
most useful techniques available for the characterization of glasses. The measurements of ultrasonic velocity and
attenuation as a function of composition, temperature and frequency can furthermore play a significant role in
understanding the structural characteristics of glass network. These parameters produce information about the
microstructure and the dynamics of glasses, because they are directly related to microscopic properties through the
behavior of the network former and modifier. Mitsuru Kawashima et al. [5] studied the elastic properties of alkali
borate glasses discussed the formation of 4- coordinated boron atom.

Alkali borate glasses containing divalent oxides such as BaO have attracted many researchers as they can be
used as solid-state electrolytes in the fabrication of solid-state batteries and various technical and industrial applications
[6]. The insulating property of borate glasses turns into a semiconducting or electronic or ion conducting nature when
metal oxides such as alkali and alkaline earth oxides are added to them [7-9].

The present study is aimed to investigate the elastic properties of the ternary 60B,03-(40-x) K,O-xBaO (where
x =10, 15, 20, 25 and 30 mol %) glass system, using ultrasonic technique. The elastic moduli, Poisson’s ratio, acoustic
impedance and Debye temperature have been calculated using ultrasonic and density data which will give further
insight into the rigidity of the glass under investigation.

ILEXPERIMENTAL PROCEDURE

Glass Preparation

In this research work, samples of formula B,0;—K,O-BaO were prepared by the melt-quench technique. A
gradual increase in the concentration of BaO was done from 0 to 20 mol% while K,O concentration was decreased
from 35 to 20 mol%. The raw materials of boron trioxide (B,0s), potassium oxide (K,O) and barium oxide (BaO) were
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mixed together by grinding to obtain a fine powder. The obtained mixture was melted in a silica crucible for 3 hours in
a muffle furnace at 900 °C until a bubble free liquid is formed. The melt was poured into a brass mould to form samples
of dimensions 10mm diameter and 6mm thickness. Glass samples were annealed at 420 °C for 2 hours to avoid the
mechanical strain developed during the quench process. Then the furnace was switched off and glass was allowed to
cool gradually to room temperature. The obtained samples of two parallel sides were polished using a polishing
machine in order to obtain a suitable sample for the ultrasonic measurements.

The amorphous nature of glasses was determined by X-ray diffraction technique using GE-Inspection
technology 3003TT model made in Germany, copper target at operating voltage 40 Kv and 300 mA current rates. The
densities of the glasses were determined by Archimedes principle with water as a floatation medium. Ultrasonic
velocity measurements have been carried out using Pulse-Echo overlap technique at a frequency of 10 MHz at room
temperature. By measuring the thickness of the sample (d), the ultrasonic velocities were calculated using the relation

U = 2dh,
where t is transit time taken by ultrasonic waves to propagate through the glass samples.

The molar volume, elastic moduli, acoustic impedance, Poisson’s ratio and Debye temperature have been
calculated using the following relations,

M
(i) Molar volume Vn= —
p
. o 2
(if) Longitudinal modulus L=p Ug
(iii) Shear modulus G= »p U52
4
(iv) Bulk modulus K=L- 3 G
(v) Young’s modulus E=(1+0)2G
(vi) Acoustic impedance Z=U,p
(vii) Poisson’s ratio c = ﬂ
2(L - Q)
(viii) Debye t t hi SN %U
viii) Debye temperature =—
ye e ° T K\anv, ) "

where h, K, N and V,, are the Planck’s constant, Boltzmann’s constant, Avogadro’s number and molar volume of the
sample respectively. The mean sound velocity U, is given by
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The nominal compositions in mol. % of glasses are presented in Table 1.

Table 1
Nomenclature and the composition of glass samples

Composition (Mol %)
Nomenclature

B2Os; K20 BaO
BKBa05 60 35 5
BKBal0 60 30 10
BKBal5 60 25 15
BKBa20 60 20 20

IHILRESULTS AND DISCUSSION

X-ray diffraction
Fig. 1 shows XRD spectra of BKBa 05 and BKBa 20 glass samples. The spectra did not show any sharp peaks

and this confirms the fact that glass samples are amorphous in nature [10].

BKBa 20

Counts (a.u)

v v v T u T v T v T v
10 20 30 40 50 60 70 80

20 degree

Fig.1 XRD patterns of BKBa 05 and BKBa 20 glasses

Density and molar volume
The density is one of the effective tools to explore the degree of structural compactness and reflects the

underlying atomic arrangements in a quantitative manner [11]. In the present system, density increases while the molar
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volume decreases with the increase of BaO concentration (Table 2). On addition of BaO, the oxide dissociation occurs
on account of additional oxygen obtained and causes a conversion from trigonal boron atoms BO; to four-fold BO,
coordinated boron atoms. Thus formed units are liable for the increase in connectivity of the glass network. Therefore,
the structure of glass depends on the nature of BaO entering in the network and hence the density of the glass [12].

Table 2 Values of density, molar volume, longitudinal velocity and shear velocity of BKBa glass system

Name of the Density (p) x 10° Molar volume (V) Ultrasonic velocity ms™
Glass kgm® cm®/mol
Longitudinal (U)) Shear(Us)
BKBa 05 2.4416 33.75 4797.2 2581.0
BKBa 10 2.6303 32.45 4825.3 2691.1
BKBa 15 2.7691 31.90 4905.6 2867.7
BKBa 20 2.9590 30.85 5031.7 2998.2
3.0 35
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Fig.2.1. Variation of density and molar volume with BaO mol%

In general, it is expected that the density and the molar volume should show opposite behaviour to each other.
Here, the molar volume decreases from 33.75 to 30.85, indicating that BO, units are preferentially included in the six-
membered rings of penta borate groups which are transformed from boroxol rings. Moreover the decreases in molar
volume causes decrease in interatomic spacing and hence increase in packing density [13, 14].

Ultrasonic and elastic behaviour of BKBa glasses

In general, the acoustic properties of a glass depend upon its composition and to a considerable extent upon its
structure. It can be observed from the Table 2 that the longitudinal velocity and shear velocity increase almost linearly
with the increase in concentration of BaO, but the rate of increase of U, is greater than that of Us. The increase in
ultrasonic velocity has been attributed to an increase in packing density because of transformation of coordination of

boron ion. Due to this increase in packing density, the rigidity of the glass system increases and hence the ultrasonic
velocity and elastic constant.
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Fig. 2.2. Variation of longitudinal and shear velocity with BaO mol%

Table 3 shows the values of longitudinal, shear, bulk and Young’s moduli for increase in mole percentage of

BaO. The increase in the elastic constants has been attributed to the increasing packing density and the rigidity of the

glass network [15]. The large difference between L and G arises from volume effect. The change in volume due to

compressions and expansions involved in longitudinal strain is pronounced while no change in volume is involved in
shear strain [16].

80

75

70

65

L X10° Nm*

60 —

55

50

v . v T . .
0 5 10 15 20 25
BaO mol%

Fig. 2.3. Variation of longitudinal modulus with BaO mol%
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Fig. 2.4. Variation of shear modulus with BaO mol%
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Fig. 2.6. Variation of Young’s modulus with BaO mol%
Table 3 Values of longitudinal, shear, bulk and Young’s moduli, Poisson’s ratio, acoustic impedance, Debye
temperature of BKBa glass system

Name of Longitudinal Shear Bulk Young’s Poisson’s Acoustic Debye
the Glass modulus modulus modulus modulus ratio impedance temperature
LX10°Nm? GX10°Nm? KX 1209 E X 10° Nm? (o) Zx 10" kgm®’s™ 0p K
Nm’
BKBa 05 56.19 16.26 34.50 43.04 0.2963 1.1713 320.97
BKBa 10 61.24 19.05 35.84 50.41 0.2743 1.2692 338.14
BKBa 15 66.64 22.77 36.28 60.26 0.2404 1.3584 360.91
BKBa 20 74.92 26.60 39.45 70.39 0.2247 1.4889 380.88

Poisson’s ratio is the ratio of the transverse and linear strains for a linear stress. Poisson’s ratio has also been
discussed in terms of the dimensionality of glass network. As it can be seen from Table 3, that the Poisson’s ratio is
decreased with increase in concentration of BaO, these composition dependence of Poisson’s ratio may be due to the

change in the structure of the glass network and this suggests that there is no formation of BO; groups with NBOs [17].
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Fig.2.7. Variation of Poisson’s ratio with BaO mol%
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The acoustic impedance increases with increase in mol% of BaO content in the glass system confirming the
increase in rigidity of the structure of the glass. The results are further confirmed by another parameter, the Debye
temperature (0p) which plays an important role in solid materials in the determination of elastic moduli and atomic
vibrations. It is known that Debye temperature depends directly on the mean ultrasonic wave velocity. Debye
temperature increases with increase in mol. % of BaO content in BKBa glass system. The continuous increase of Debye
temperature also suggests that the compactness and structure leading to increase in mean sound velocity [18].

1.50

1.45 4

1.40 +

1.35

1.30

ZX10" kem’s”

1.25 4

1.20

1.15

0 5 10 15 20 25
BaO mol%

Fig. 2.8. Variation of acoustic impedance with BaO mol%
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IVV.CONCLUSION

The B,0;-K,0-Ba0 glasses were prepared and characterized. Based on the results obtained, it is demonstrated
that the density increases as the molar volume decreases with respect to the increase of BaO concentration. The
ultrasonic velocities (U, and Us) were measured at room temperature using the pulse-echo method. The elastic moduli,
Poisson’s ratio, acoustic impedance and Debye temperature have been evaluated. The increase in the values of
ultrasonic velocity, elastic moduli, acoustic impedance and Debye temperature has been attributed to an increase in the
packing density and rigidity of glass samples. The Poisson’s ratio values shows opposite trend. However, the BKBa
series of glasses possess higher rigidity, strength and compactness of the glass network.
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