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ABSTRACT

This thesis reports a concise study of physical, structural and elastic
properties of tellurite based glasses in search of strong materials for improving their
potentials as commercial glasses in wide range of applications. A series of glass
samples with the composition (65.0-x)TeO>—14.9Li,0-15.0Nb205—5.0S10>—(x)V20s
with 0 < x < 6.0 mol% was prepared via melt quenching technique. These samples
were characterized by X-ray diffraction (XRD), energy dispersive X-ray (EDX)
spectroscopy, atomic force microscopy (AFM), differential thermal analysis (DTA),
Fourier transform infrared (FTIR) spectroscopy, Raman spectroscopy, Vicker’s
hardness and ultrasonic measurement. XRD pattern verified the true amorphous
nature of the prepared glass and the EDX spectra detected the presence of right
elements in the glass composition. The AFM analysis manifested the surface
roughness of the glass sample which increased with the increase of V2Os content,
indicating its three-dimensional growth. The synthesized transparent samples
revealed good thermal stability over a wide glass formation region. FTIR and Raman
spectra showed the incorporation of vanadium slightly modified the glass structure
due to the introduction of a small amount of vanadium content in the glass system.
The Vicker’s hardness values and ultrasonic elastic properties were found to increase
with the increase of vanadium content and this showed the glass structure was more
rigid and contained the fewest non-bridging oxygen. The sound attenuation
coefficients and internal friction of the glass system were found to decrease along
with the increase of vanadium concentration due to the absorption and scattering
phenomena. The inclusion of V2Os in the tellurite based glass system was verified to
improve its physical, structural and elastic properties and it promises a wider

application in industries.



ABSTRAK

Tesis ini melaporkan satu kajian padat tentang sifat fizikal, struktur dan elastik
kaca berasaskan tellurit dalam mencari bahan yang kukuh bagi penambahbaikan
potensi kaca sebagai kaca komersial dalam pelbagai aplikasi. Satu siri sampel kaca
dengan komposisi (65.0-x)TeO02—-14.9Li1,0-15.0Nb205-5.0S102—(x)V20s5 dengan
0 < x < 6.0 mol% telah disediakan dengan menggunakan teknik lindapan leburan.
Sampel ini dicirikan dengan menggunakan pembelauan sinar-X (XRD), spektroskopi
serakan tenaga sinar-X (EDX), mikroskopi daya atom (AFM), analisis perbezaan
terma (DTA), spektroskopi inframerah jelmaan Fourier (FTIR), spektroskopi Raman,
kekerasan Vicker’s dan pengukuran ultrasonik. Corak XRD mengesahkan sifat
amorfus sebenar kaca yang disediakan dan spektrum EDX mengesan kehadiran
unsur sebenar dalam komposisi kaca. Analisis AFM menyatakan kekasaran
permukaan sampel kaca didapati meningkat dengan peningkatan kandungan V,Os,
menunjukkan pertumbuhan tiga-dimensi bagi kaca tersebut. Sampel yang terhasil
bersifat lutsinar dan mempamerkan kestabilan terma yang baik dengan julat
pembentukan kaca yang lebar. Spektrum FTIR dan Raman menunjukkan kemasukan
V205 mengubah sedikit struktur kaca disebabkan pengenalan kandungan vanadium
yang kecil dalam sistem kaca. Nilai kekerasan Vicker’s dan sifat elastik ultrasonik
didapati meningkat dengan peningkatan kandungan vanadium dan ini menunjukkan
struktur kaca adalah lebih tegar dan mengandungi jambatan oksigen tidak
bersambung yang paling sedikit. Pekali pengecilan bunyi dan geseran dalaman bagi
sistem kaca didapati berkurang bersama-sama dengan peningkatan kepekatan
vanadium disebabkan oleh fenomena penyerapan dan serakan. Kemasukan V;Os
dalam sistem kaca berasaskan tellurit telah berjaya memperbaiki sifat fizikal, struktur

dan elastik kaca tersebut dan ia menjanjikan aplikasi yang lebih luas dalam industri.
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CHAPTER 1

INTRODUCTION

1.1 Background Study

Glass is a non-crystalline solid material which is typically brittle and often
optically translucent with irregular atomic structure. Glass is also known as an
amorphous solid and has no long range order in periodic arrangements as a
crystalline solid (Shelby, 2005). Nowadays, glass is widely used for many
applications because it is relatively reasonable in price, easy to produce and it can be
made up over a wide range of compositions (Raewat & Cherdsak, 2015). Glasses is a
material with unique properties such as high hardness, transparency at room
temperature along with sufficient strength, excellent corrosion resistance, physical
isotropy and the absence of grain boundaries (Halimah et.al., 2010). Due to possible
utilization in various technological and engineering fields, the study of glass
characterization is of great significance. Interest in glasses has escalated in many
years because of diverse applications in electronic, nuclear, solar energy and
acousto-optic devices (Kannappan et.al, 2009). Glass is one of the most versatile
substances on earth where it is used in many applications and a wide variety of forms,
from plain clear glass to tempered glass, tinted glass and many more. The
technological relevance of glasses has led to an increased effort to resolve their
structures where this information permits a deeper insight into their physical,
morphology, thermal, structural, mechanical and ultrasonic properties relationship

that can be exploited for materials like tellurite based glasses.



Among the variety of glass former, tellurite glasses have shown interesting
both physical and optical properties where it possesses several advantages over
conventional silicate, phosphate and borate glasses (Baki et.al., 2014; Sib et.al.,
2015). Tellurite glasses have an interesting glass forming ability, good
semiconducting properties, electrical conductivity, non-hygroscopic properties, great
stability and low melting point (Lezal et.al., 2002; Jiang et.al,, 2004; Zheng et.al.,
2013). Moreover, besides having a unique structure, tellurite glasses also have good
mechanical strength and chemical durability (Lin et.al, 2004), high values of linear
and non-linear refractive indices (Yousef et.al., 2007; Lakshminarayana et.al., 2009)
and good optical transmission in a wide range of infrared (IR) (Sidkey et.al., 1997;
Mohamad et.al., 2006). Transitional position of Te between metals and non-metals in
the periodic table has long held special significance which attracts researchers to
explore more about this type of glasses (Raouf, 2002). It has been known that pure
tellurium dioxide is only a conditional glass former where it required fast quenching
techniques to form glass. The conventional methods were unable to form a glass
straightforwardly without adding other elements (transition metal oxides, alkaline or
alkaline earth) or glass modifiers to the pure tellurium dioxide (Lambson et.al., 1984;

Sharaf et.al., 2008).

Most of the most commercially made glasses today are based on silica (SiO5)
(Kiranpreet, 2011). Silicate glasses are thermally stable, high chemical resistance to
corrosion, good fluorescence properties and optically transparent at excitation and
lasing wavelength (Wang et.al., 1994). The high viscosity of this type of glasses
allows the glass to be formed, cooled and annealed without crystallization. Silicate
glasses are useful in optics as beam splitters or lenses, optoelectronics, optical
telecommunications, laser and amplification applications (Desirena et.al., 2009).
This type of glasses is also commonly used for bottle containers and windows in
industries (Neelam et.al., 2016). Studies on tellurite glasses with silicate has been

done by previous researchers (Neelam et.al., 2016; Shams & Mostafa, 2017).



Alkaline tellurite glasses have strikingly high non-linear optical
susceptibility, excellent chemical durability and provide transparency and
homogeneity (McLaughlin et.al., 2001; Khattak & Salim, 2002). Lithium niobate is
one of the most versatile material owing to its superior physical, optical and
electronic properties, being simultaneously non-linear optic, acousto and
electro-optic, ferroelectric, piezoelectric and photorefractive (Rachel et.al., 2009;
Dehong et.al., 2016). Tellurite glass doped with alkaline lithium niobate shows high
thermal stability against crystallization (Hyun et.al., 1995). Previous studies on
tellurite glasses doped with lithium niobate have been reported (McLaughlin et.al.,
2001; Rajeswari et.al., 2010; Nurhafizah, 2014).

Semiconducting transition metal oxides glasses have gained importance due
to their possible applications in various technological fields (Pant et.al., 2009; Sung
et.al., 2009). Among various transition metal ions, the vanadium ions are considered
as effective and useful dopant ions owing to the fact that they exist not only in
different valence states but also different co-ordinations [VOs4 and VOs]
simultaneously in the glass networks. In addition, glasses containing vanadium oxide
(V20:5) are also being extensively used in memory and switching devices (Takahashi
et.al., 1998; Garbaczyk et.al., 2003). TeO>—V20s glass is a new class of vitreous
materials. Pure, single crystal vanadium oxide can act as a network former and also
network modifier in the presence of tellurium dioxide since it produces structural
modification in the tellurite network (Rajinder et.al, 2018). These glasses have
relatively high electrical conductivity as compared with vanadium phosphate glasses
or other glass containing metal oxides with the same amount of charge carriers
(Nadia et.al., 2009). Particularly, a broad variety of different structural units exists in
the TeO,—V20s glass network (Baia et.al., 2004). Tellurite glasses doped with heavy
metal oxides were found to show remarkable physical properties (Mohamed et.al.,
2010). Previous studies on binary and ternary tellurite glasses modified by the
conditional glass former vanadium oxide have been reported (Baia et.al.,, 2004; Abd
El-Moneim, 2011; Thirumaran & Earnest, 2014; Raewat & Cherdsak, 2015; Majid,
2016). Tellurite glass systems containing transition metal oxides are a type of
non-crystalline solids with a lot of applications over a wide range of compositions,

temperatures and frequencies (El-Mallawany et.al., 1998).



For almost a century, the non-destructive evaluation (NDE) or
non-destructive testing (NDT) of materials has been an area of continued growth.
NDT of materials is commonly performed to identify, characterize, assess voids,
defects and damage in metals, metal alloys, composites and other materials (Berke &
Hoppenkamps, 1990). This method is well known for finding defects in a structure or
component without interfering with its integrity, causing no damage and undesirable
effects on the test material (Worden, 2001; Mehdi et.al., 2014). There is a large
number of NDT techniques for identifying local damage and material
characterization such as eddy current testing, magnetic particle inspection,
radiographic testing, dye penetrant testing and ultrasonic testing where each
represents different ways with distinct advantages and disadvantages depending on
their actual existing inspection conditions (Schadow et.al., 2017). Among all of them,
ultrasonic testing is a well-known technique which has been used regularly due to its
flexibility, inspection capability, minimal part preparation, fast inspection speed and
relative cost-effectiveness (Karasawa et.al., 2000; Kundu, 2003; Victor & Adrian,
2005; Xuan & Piervincenzo, 2011; Sina, 2011; Lynnworth, 2013; Pavel, 2014;
Wissam et.al., 2015).

Ultrasonic NDT has been used in industrial applications for over than 80
years. The laws of physics that govern the propagation of high frequency sound
waves through solid materials have been used to detect surface and subsurface
discontinuities (Chung, 1984; Bernard, 2006), thickness measurements (Thompson &
Chimenti, 1993; Kenneth et.al., 1997) and material characterizations (Farley &
Saunders, 1975; Daponte et.al., 1995; Dodd et.al., 2001; Rojek et.al., 2007; Shiuh &
Sheng, 2014). For material characterization, ultrasonic testing is a versatile tool for
investigating the changes in structure, deformation process, mechanical properties of
materials and controlling the material behaviour based on the physical mechanism to
predict the future performance of the materials (Dharmendra & Shri, 2010; Diamanti
& Soutis, 2010). These possibilities owing to the fact that ultrasonic waves are
closely related to the elastic and inelastic properties of the materials. The increased
application of this technique is due to the availability of different frequency ranges

and many modes of vibration provided by the ultrasonic waves (Rajendran, 2000).



The ultrasonic velocities, elastic properties and attenuation are the important
parameters, which are required for the ultrasonic NDT of material characterization.
The velocities of ultrasonic waves in glasses as well as the elastic properties are
practically very useful for describing the glasses as a function of composition since
they give information about the microstructure and all the dynamics of glass (Tariq
et.al., 2012; Karabutov & Podymova, 2013). Sound travels through the material at
velocity characteristic of that material and the type of wave being propagated. On the
basis of mode of propagation, there are four types of ultrasonic velocities which are
longitudinal, shear, Rayleigh (surface) and Lamb (plate) wave velocity (Zhongqing
et.al., 2006). However, longitudinal and shear wave velocities are more important for
the material characterization because they are well related to elastic moduli and
density of material (Halimah et.al., 2005; Dharmendra & Shri, 2010). Studying the
elastic properties for selection of glasses for application in industries such as
electrical, optical, electronic and other fields are immense due to their ability to gives
useful information about the glass structural stability, strength, rigidity and they are
directly related to the interatomic forces and potentials (El-Mallawany et.al., 1994;

El-Mallawany et.al., 2006; Thirumaran & Earnest, 2014).

Several elastic studies have been reported for the binary and ternary tellurite
glasses such as TeO>—ZnO (Lambson et.al., 1984), TeO>—V20s5—Bi,03 (Rajendran
et.al, 2003), TeO,-WOs-PbO (Hesham et.al, 2007), TeO—WO3 (Begum &
Rajendran, 2007), TeO>—La,03 (El-Mallawany et.al., 2010), TeO>—Nb2Os (Gaafar
et.al, 2011). From these previous studies, it has been observed that all the elastic
moduli variations are similar in trend with the velocity variations along with the
composition. The increasing trend of the elastic moduli and velocities were attributed
to the increased connectivity of the network structure thus, the glass network rigidity
(Sidkey et.al., 2008). Attenuation of ultrasonic waves in a material is mainly due to
the absorption and scattering phenomena. The absorption converts sound energy into
heat via viscosity, relaxation and heat conduction while the scattering converts the
energy of the coherent, collimated beam into incoherent and divergent waves
(Viktorov, 1967; Kazys et.al., 2008). Previous studies on ultrasonic testing on
tellurite based glasses network have been reported (Rajendran et.al., 2003; Sidkey &
Gaafar, 2004; El-Mallawany et.al., 2006; Nadia et.al., 2009; Mohamed et.al., 2010).



In this research, the physical, morphology, thermal, structural, and
mechanical properties of silicate lithium niobate tellurite glasses with different
vanadium oxide concentrations will lead to the discovery of new glass network
systems where it can be used for various applications in industries. Addition of
transition metal oxides has been suggested to increase the glass network rigidity
through the formation of bridging oxygen and permits the possibility for the glasses
to exhibit semiconducting behaviour, as reported by previous researchers (Hesham &
Samier, 2003; El-Mallawany et.al., 2006; Saddeek et.al., 2015; Majid, 2016; Emara
et.al., 2017).

1.2 Problem Statement

Glasses based on tellurium dioxide (TeO2) and modified by transition metal
oxides have promising properties that are of technological interest due to their
increasing applications in different fields (Raewat & Cherdsak, 2015). Many
different works such as tellurite lead vanadium glasses, tellurite lithium vanadium
glasses, tellurite vanadium titanium glasses, tellurite vanadium copper glasses,
tellurite vanadium sodium glasses, tellurite vanadium lithium glasses, tellurite
vanadium glasses and tellurite vanadium silver glasses (Vinokurov et.al., 2006; Krins
et.al., 2006; El-Mallawany et.al., 2006; Nadia et.al., 2009; Umair & Yahya, 2013;
Laila et.al, 2014; El-Mallawany et.al., 2014; Souri et.al., 2016) have been carried
out in the study of the physical, morphology, thermal and structural properties of
different composition of tellurite and vanadium glasses. However, according to the
previous study, elastic properties are among the least studied of all the physical
properties of glasses where this is a topic that is completely omitted in most standard
glass science studies and it has been given only limited attention in the scientific
literature (Mauro et.al., 2014). Therefore, in this research, a deeper understanding of
the elastic properties of the tellurite based glass systems will be part of the

discussion.



The mechanical properties of TeO>—V20s glasses depends on the percentage
of vanadium oxide concentration. According to previous studies, when the vanadium
oxide (V20s) concentration is below 20 mol% in the tellurite glass structure, the
three-dimensional tellurite network is partially broken by the formation of TeOs3
trigonal pyramids which in turn reduce the glass elastic properties and rigidity.
Meanwhile, it is observed that the glass structure changes from the continuous
tellurite network to the continuous vanadate network when the vanadium
concentration is above 20 mol% in tellurite based glass system (El-Mallawany et.al.,

1998; Nadia et.al., 2009).

The existence of transition metal oxide Nb,Os and V20s in the same group
in the periodic table of elements are expected to exhibit a similar trend in glass
mechanical properties. However, the addition of second transition metal oxide in the
glass system was suggested to increase the rigidity of the glasses through the
formation of bridging oxygen as reported in previous ultrasonic studies (Umair &
Yahya, 2013). This is confirmed by the addition of Nb2Os in tellurite vanadium
glasses from 5 to 20 mol% which results in an increasing trend of glass elastic
properties (Gaafar & Azzam, 2014). Hence, in this study, the concentration of 15

mol% Nb,Os is chosen due to the expected increase in glass mechanical properties.

The addition of alkaline earth modifiers to TeO network causes a change of
the Te coordination polyhedron from TeOj4 trigonal bipyramid (tbp) to TeO; trigonal
pyramid (tp) (Laila et.al, 2014). Based on the previous study, the addition of
alkaline Li;O leads to significant modifications in the tellurite vanadium glass
structure (Krins et.al, 2006; Laila et.al., 2014). This is proven by current study on
35V205—(65-x)TeO>—xLi20, (x = 10, 20, 30, 40, 50 mol%) where the ternary glass
network shows an increase in elastic properties with the increase of Li.O content. In
this research, the concentration of 15 mol% of Li>O is chosen where it is expected to

modify and improve the glass mechanical properties.



Previous works have demonstrated that composition and type of oxide
material significantly contribute to stiffness, rigidity and elastic properties of the
glasses. As stated by the previous study on (80-x)TeO>—20WO;—(x)PbO glass system,
as the PbO content increases from 10 - 20 mol% in tellurite glass network, the elastic
properties are found to increase. Therefore, in this study, the increasing trend of glass
mechanical properties are predicted due to the same group of PbO and SiO; in the
periodic table of elements. Silicon dioxide was reported to act as either a network
former or network modifier when incorporated into tellurite glass systems. In
addition, SiO; is also known as a good glass former with an excellent rigidity
characteristic (Raewat & Cherdsak, 2015). Therefore, the addition of SiO: into the
glass system is expected to improve the glass elastic properties where in this study,
the addition of 5 mol% of SiO: are anticipated to increase the glass compactness,

stiffness and rigidity.

Various element addition into tellurite glasses which is silica, lithium,
niobium and vanadium are expected to modify the properties of tellurite based
glasses. This research is focused on the effect of vanadium oxide in tellurite glass
system by varying the vanadium concentration from 0 - 6 mol% where it is expected
to improve the physical, structural and mechanical properties of glass network. These
glasses have potential applications in the fields of electronics, nuclear and solar

energy technologies and acoustic-optic devices.



1.3 Objectives

In this research, a stable with wide formation ranges of tellurite glasses are

prepared to full fill the objectives which are:

i. To prepare the tellurite based glasses in the form of
(65.0-x)Te02-14.9L120-15.0Nb205-5.0S102—(x) V205 with 0 < x < 6.0 mol%,

which prepared using conventional melt quenching technique.

ii.  To determine the physical, structural and elastic properties of silicate lithium

niobate vanadium tellurite glass system.

iii.  To determine the effect of vanadium oxide on the physical, structural and

elastic properties of the tellurite based glass system.

14 Scope of Study

Tellurite based glasses have been attracted as gain media because of their
variety of promising properties but unfortunately, there is some difficulty such as low
tensile strength of tellurite glasses that have so far been hindering the tellurite glass
devices for practical applications. It is stated that the difficulty could be overcome by
adding heavy metal oxides to the glass matrix which results in better thermal stability
and tensile strength. The existence of a heavy metal element of Nb2Os in tellurite
glass is found to exhibit a remarkable physical property which reported to improve
the chemical durability of the tellurite glass network. In addition, the superlative
performance of TeO>—Li2O-Nb2Os glass system could enhance the thermal stability
to improve the resistance for crystallization. Previous studies proved that the addition
of transition metal oxide is capable to modify the basic TeOs (tbp) of the tellurite

host matrix and facilitate better glass formation. In this study, the glass composition



of (65.0-x)Te02—14.9Li120-15.0Nb205-5.0S102—(x) V205 with 0 < x < 6.0 mol% are
chosen due to the optimal performance of tellurite based glasses with transition metal

compositions.

The bonding and structural behaviour of the prepared glass sample is
demonstrated using X-Ray Diffraction (XRD), Energy Dispersive X-Ray
Spectroscopy (EDX), Fourier Transform Infrared Spectroscopy (FTIR) and Raman
Spectroscopy meanwhile, the mechanical properties of the glass network are
determined using the Vickers Hardness and ultrasonic measurements of pulse echo
technique. In the case of ultrasonic testing, the mechanical properties include the
glass velocities (longitudinal and shear), elastic moduli (longitudinal modulus, shear
modulus, bulk modulus, Young’s modulus), fractal bond connectivity, Poisson’s
ratio, cross-link density, Debye temperature, softening temperature, microhardness,

acoustic impedance, attenuation coefficient and internal friction.

In the current study, special attention is given to transition metal oxides,
vanadium oxide which is also known as a network former and also a network
modifier. The employment of silicate lithium niobate vanadium tellurite glasses is
also known as quinary tellurite glasses. These element combinations were expected
to increase the glass stability, compactness, rigidity, thermal stability and elastic
properties. Therefore, the effect of vanadium oxide on the physical, structural and
elastic properties of prepared tellurite based glass system are investigated in this

study.

1.5 Significance of Study

The study on glass materials is important due to the increasing demands

from various applications in industries. The measurement of elastic properties of
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glasses yields valuable information regarding the forces operating between the atoms
or ions in a solid. Studies of the glassy materials elastic properties give information
about the structure of the amorphous materials since the elastic moduli are directly
related to the interatomic forces and potentials. Moreover, the acoustical parameters
are very informative about the microstructure and also the behaviour of the glass

network former and modifiers.

Nowadays, the acoustic properties of glass are becoming more
technologically important as glass becomes a candidate material for use in many
automotive and architectural applications and electronic devices. In recent years, the
elastic properties of glass network are quite significant because of their applications
in certain devices such as delay lines, light modulators and solid-state sensors. The
different mechanical properties in every compound such as tensile strength hardness,
fracture toughness at different composition, direction, and temperature can be
determined by the measurement of ultrasonic velocity which is useful for quality

control and assurance in material producing industries.

Despite the recent flow of technology in the glass field, there is still much
opportunity for new breakthroughs in the fundamental understanding of chemically
strengthened glass and the development of new types of glassy materials with
enhanced mechanical properties. To be suitable for a particular application, a glass
must meet stringent requirements for all the properties of interest, which include
characteristic of the glass properties such as resistance to brittle failure. To achieve
the desired requirements, the material optimization involves a careful balancing of
the chemical composition of the glasses and therefore, it is highly beneficial to take
advantage of fundamental understanding of glass structural property relationships
when designing a new glass composition. However, the combination of multiple
networks forming oxides with a mixture of network modifiers can be a challenging
endeavour for many industrial glass composition networks. The structural role of
each network former and modifier depends on both the chemical composition of the

glass and its thermal history.
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Since the elastic properties describe the mechanical behaviour of the
materials, the study of these properties is of fundamental importance in interpreting
and understanding the nature of bonding in the solid-state. In addition, the elastic
properties are suitable for describing the compactness of the glass structure. In the
present work, efforts are made to study the effects of different concentration of
vanadium oxide on physical and structural properties of the silicate lithium niobate
tellurite glasses with the exposure to morphology, thermal and elastic studies where
this can be seen as an alternative to produce glass materials with high modified

ultrasonic properties which useful for applications in industries.

1.6 Thesis Outline

This thesis describes the preparation and characterization of silicate lithium
niobate tellurite glasses doped with vanadium oxide prepared by melt quenching
technique. This thesis has been divided into five main chapters. Chapter 1 is the
introduction where the research studies reviewed. In addition, it will also describe the
problem statement, objectives, scope of study and significance of the research as well
as the thesis outline. Chapter 2 will describe some theories related to glass such as
glass formation, general glass structure as well as the structure of tellurite glass.
Theory on physical (glass density, molar volume and ionic packing density),
morphology (XRD, EDX and AFM), thermal (DTA), structural (FTIR and Raman
spectroscopy), mechanical (Vickers Hardness) and ultrasonic elastic properties will
be elucidated in details in this chapter. Chapter 3 will focus on glass preparation,
research methodology and experimental techniques. In Chapter 4, all the
experimental results and discussion will be given in detail. Special attention will be
given on the effect of vanadium oxide on physical, thermal, structural and
mechanical properties of tellurite glass as well as its ultrasonic elastic properties.
Finally, Chapter 5 will present the major conclusions that can be derived from the

discussion and the future outlook.
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