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Abstract— Glasses in the system 70B;0s-(30-x)CdO-xLi,O
(BCdL) with different Li.O contents (0, 5, 10, 15 and 20
mol%), has been prepared by standard melt quenching
technique. XRD, SEM, FT-IR, DTA and ultrasonic studies
have been employed to study the impact created by Li,O on
the structure of the prepared glasses. The amorphous nature of
the glass samples is confirmed by absence of Bragg peaks in
the XRD pattern.The pictorial representation of SEM image
clearly postulates the homogeneous nature existing in overall
surface and further confirms the amorphous nature of the glass
samples. FT-IR spectra of the samples predict that the borate
network consists of three and four-fold structural units and is
affected as the concentration of Li,O increases. The results of
the IR spectra indicate Cd?* ions behave as network former
and Li* ions behave as network modifier. Thermal stability of
the glasses against devitrification is studied using DTA was
found to increase with the increasing concentration. Density
and ultrasonic (shear and longitudinal) velocities of all the
glass samples were measured using Archimedes principle and
Pulse Echo technique respectively. The molar volume is
calculated using measured density. Elastic properties,
Poisson’s ratio, microhardness and Debye’s temperature are
calculated using ultrasonic velocity and density data. The
variation of above parameters with respect to the composition
is analyzed in terms of structural change in the glass network.
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I. INTRODUCTION

Borate- based glasses have created many more arenas
where it triggered to explore for new variety of glasses
with interesting structural peculiarities in view of fact to
change its coordination number with oxygen between three
and four and hence form various structural units in the glass
network with the added dopant [1-4] and such a phenomenon
is relatively special compared with silicate and phosphate
glasses which form only tetrahedral coordinated units with

oxygen. Glasses containing transition metal ions have been a
great deal of interest owing to their oriented applications in the
field of memory and photoconducting devices, cathode
materials in batteries, magnetic materials. In addition,they are
quiet potential in the improvement of solar energy converters,
new tunable solid-state lasers and fibre-optic communication
devices [5,6].

Cadmium oxide often represented as heavy metal oxide /
divalent oxide falls under transition or d-block elements in the
periodic table. They are so called as their place in the periodic
table is between s and p block elements, and their properties
intermediate between the elements of the s-block that are
highly reactive metallic elements which typically form ionic
compounds and the elements of the p-block that are largely
covalent in nature[7].In general, the glasses based on CdO
under ionic nature, resemble that of pure B,Os; with the glass
transition region being thermally unstable and behave as a
network modifier.Whereas under covalent nature,a progressive
substitution of three to four-fold structural units is encountered
and stimulates the formation of boron-oxygen rings composed
of the connection of bridge oxygen between [BO3] and [BO4]
units. On account of this fact, the trend to crystallization is
impaired and the stability of the glass is improved. This means
that, CdO act as a network former.The above fact catches the
reason for CdO being called as divalent oxide,dual in nature
and acting as network former and as modifier at the same
time. Various studies on B,03-CdO glass system are done by
several researchers[8-10] and they have discussed about the
dual nature, ability of the oxide against irradiation, structural
properties,etc.

Lithium is widely used in lithium ion conducting batteries
due to their light weight[11]. On account of its light weight
and large electropositive character they have enormous usage
especially in vacuum ultraviolet (vuv) optics, semiconductors
lithography, phosphors, lasers, solar energy converters and in
number of electronic devices. The glasses containing Li,O was
seen as bubble free, highly stable and moisture resistant
suitable for systematic analyses[12].

In common, alkali borate glasses show anomalous behavior
in physical properties, such as density, oxygen packing
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density, sound velocity and thermal property[13]. The alkali
ions do not indulge in the network formation but occupy
interstitial spaces. As a consequence, the structure of modified
borate glasses is covalently bonded structural units, while the
ionic bonds are formed between cationic and anionic units,
and their bond strength depends on the specific alkali cation.
Earlier results by nuclear magnetic resonance and Raman
scattering measurements illustrates that the fraction of BO.
units of alkali borate glasses decreases with a increase in size
of an alkali ion.This fact indicates that the preference of large
alkali induces more NBOs [14].

Hence it is deemed worthwhile to determine how the
structural aspects of B,O3-CdO- Li2O glasses with increasing
concentration of lithium ions enlightens their structural,
morphological, thermal and mechanical properties

I1.EXPERIMENTAL PROCEDURE

Ternary glass samples were prepared using standard melt
quenching technique. B,0s, CdO and Li>COs of reagent grade
were taken as starting materials. Batches based on
stochiometric ratio of 70B,0s-(30-x)CdO-xLi,O (where x= 0,
5, 10, 15 and 20 mol %) were weighed using digital balance of
accuracy +0.001g and mixed together in a agate mortar and
grinded finely to obtain a homogeneous mixture. The
aforementioned mixture is transferred to a porcelain crucible
and kept inside the muffle furnace. Melting is carried out in a
temperature range of 800-900° C under controlled conditions.
The molten mixture was casted into a prewarmed copper
mould of 10mm diameter and 6mm thickness. Then annealing
of the glass samples were carried out at 450°C for two hours to
avoid the mechanical strain developed during the quenching
process. Using diamond disc and diamond powder, the
prepared glass samples were smoothened and polished to
obtain perfectly plane surfaces. The samples prepared were
chemically stable and non-hygroscopic.

According to the Stoch’s expression, glass is a solid body
with a flexible random structure.The construction and
regularity of the glass structure depends on the chemical
composition, the origin and the history of glass
preparation[15,16]. Table | shows the nomenclature and
composition of prepared glass samples.

2.1 Theory and Calculation

2.1 a) Spectroscopic study

The non-crystalline nature of the samples is confirmed by X-
ray diffraction technique using diffractometers de rayons X-
Inel- Equniox1000 at a range of 26= (10-100) degrees utilizing
copper radiation with operating voltage of 40Kv 30 mA anode
current.

The morphology of the samples was examined using
Scanning Electron Microscope (SEM) with an acceleration
voltage of 20 kv and working distance of 20-26 mm at high
vaccum (Hv) mode. The materials for investigation are hot air
oven dried for about 1 hour at 110° C, then coated with the
help of gold coater using JEOL auto fine coater model JES-
1600, coating time is 120 seconds,10 mA and deposited with a

thin layer of gold on the sample and later taken for
examination.

Thin pellets were made by compressing the samples using
KBr for the infrared measurement. The infrared spectra were
recorded using spectrum RX1 Perkin Elemer at a range of 400
cm ! to 4000 cm ! at room temperature with accuracy of 4
cm?

Table I.Nomenclature and composition of glass samples

S.No. Nomenclature Composition Remarks
in mol%o
1 BCd 70 -30
2 BCdLO5 70-25-05 Mol%ofB,0;
3 BCdL10 70 -20-10 is constant
4 BCdL15 70 -15-15
5 BCdL20 70 -10-20

2.1 b) Thermal study
Differential thermal analysis (DTA) has been carried out
using Thermal Analyser NETZSCH-STA449F3 Jupiter
instrument at a heating rate of 20°C/min in nitrogen gas
atmosphere. Following parameters are calculated using DTA
spectrogram.
(i) Glass stability factor (S) = T¢- Ty
(ii) Hruby’s Parameter (Kg) == (Tc- Tg) / (Tm-Te)

where Ty represents glass transition temperature, T,
crystallization temperature and Tm, melting temperature.
2.1 ¢) Ultrasonic study

The longitudinal and shear wvelocities of the glass

specimen were measured using the Pulse — Echo overlap
method at 303K by making use of 5MHz X-cut and Y-cut
transducers. These transducers were brought into contact with
each of the samples by means of a couplant, in order to ensure
that there was no air void between the transducers and the
specimen. By applying constant pressure on the probe, the
echo waveforms were obtained on the display unit and stored
in the memory.

Ultrasonic velocity is calculated using the relation:

U = [2d/t]

where d and t are the thickness of the specimen (mm) and
transit time in microsecond respectively.
2.1d) Density
The density (p) of the prepared glass samples is determined by
Archimedes principle using ionized water as buoyant at room
temperature. The following relation is used:

3%
P a—b Pw

where, a is the weight of the glass samples in air, b is the
weight of the glass sample in water and pw is the density of
water.

The elastic moduli and other parameters[17-19] of the glass
specimen are calculated using the measured density,
longitudinal velocity and shear velocity as given below,
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A
h|{ 9N
i Debyet rature (fp) = — u
(ix) ebye temperature (65 % [ e ] .

where p, U, Us h, k, N, Vi and Up, are the density,
longitudinal velocity, shear velocity, Planck’s constant,
Boltzmann’s constant, Avogadro’s number, molar volume and
mean ultrasonic velocity respectively.

A. XRD analysis

X-ray powder diffraction (XRD) is a primary and most
common systematic technique used for phase identification of
crystalline and amorphous materials that provide information
about the crystal in the glassy matrix based on unit cell
dimensions. The analyzing material is finely ground and
homogenized to give complete information regarding solid
type such as amorphous or crystalline material. They
distinguish crystals in the glass matrix if the dimension of the
crystals is greater than 100nm [20].The XRD pattern of
70B20; - (30-x)CdO-xLi>O samples are shown in the Fig.l.
The analysis of the pattern from the figure show absence of
continuous or discrete sharp peaks and long- range atomic
arrangement that reflects to indicate amorphous nature ofthe
prepared glass samples.

B.SEM analysis

The morphological investigation of the prepared glass
samples, are taken using Scanning Electron Micrograph as
shown in Fig. Il. From the pictures, it is observed that
different sized grain particles are distributed and the size of
the particles varies in each micrograph. The particles are
extremely angular and spherical in nature. Some sphere like
agglomerates were found spreading in the glass surface, due to
the deposition of amorphous apatite. These results are in
agreement with the information provided by the XRD patterns.

RESULTS AND DISCUSSION
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Fig. | X-Ray diffractogram for 70B,Os3 - (30-x)CdO-
xLi>Oglass samples

C.FTIR analysis

The FT-IR absorption spectrum occurs due to change in
the dipole moment of the molecule and gives significant
information about molecular vibrations as well as rotation
associated with a covalent bond. It involves the twisting,
bending, rotating and vibrational motions in the molecule.
Borate glasses are very promising candidates for the
application of infrared spectroscopy to determine various
structural units. They possess rich chemistry and specific
properties. The vibrational modes of the borate network are
seen to be mainly active in three infrared spectral regions,
which are similar to those reported by several workers [21-
24].

Fig. Il. SEM photograph of the prepared glasses
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(i) The first group which occurs at 1200 - 1600 cm is
due to the asymmetric stretching relaxation of
the B-O bond of trigonal BO3 units.

(ii)The second group lies between 800 - 1200 cm* and is
due to the symmetric stretching of B- O bond of
tetrahedral BO4 units.

(iii) The third group is observed around 700 cm™and is
due to bending of B- O-B linkages in the borate

networks.
From Fig Il1, the broadening of IR bands indicates that there
iS no detectable wvariation in peak position to

crystallization.The band around 1300 cm? is due the
asymmetric stretching relaxation of the B-O bond of trigonal
BO; units and 1035 cm? is due to the B- O bondstretching of
BO, units. The intensity of the band due to tetrahedral borate
groups are shifted higher and a reverse trend is observed in the
bands due to triangular borate groups. The band around 700
cm? is due to bending of B- O-B linkages in the borate
networks[25-28]. In binary B;Os- CdO, the band due to Li* is
not detected but the addition of Li>O in the glass matrix, a new
band at 467cmis observed. This band of Li,O increase in
intensity on further additionof Li,O content. Eukondalu[29],
Padmaja and Kistaiah,[30] also observed similar vibrations of
Li cations in mixed alkali tungsten and zinc borate glasses
respectively. The absence of peak at 806 cm™ indicates the
absence of boroxol ring formation. The band around 2700 -
3400 cm? is attributed to the molecular water or BOH
vibrations.

When the modifier oxide Li,O enters the glass network, the
oxygen of these oxides break the local symmetry, while the
cation Li* ions take the interstitial positions. Since B,Os is
more acidic than CdO, it takes up the oxide ions from Li2O on
priority for the modification of B-O-B bonds. Each BO4 unit
is linked to two such other units and one oxygen ion from each
unit is linked with a metal ion and these linkages form long
tetrahedron chains. This behavior is consistent with the
variation of molar volume. Formation of BO, at the expense of
BO; may decrease the molar volume as glass structure
becomes more compact. This also indicates that Li-O though
act as modifier, occupy the interstitial position and account for
closed network. Kamitos[31] reported through his IR studies
on alkali oxide borate (Li-O, Na,O, K;0) glasses and alkaline
earth borate glasses (CaO, SrO, BaO). As the concentration of
Li,O is restricted upto 20mol% only tetrahedral coordination
is more pronounced.

D.Differential Thermal Analysis

The DTA is very useful for determination of melting
points of crystals and glass transformation and crystallization
temperatures of glasses[32].In all samples, the DTA curve
exhibits a small endothermic hump at lower temperature,
which is characteristic of the transition temperature(T), single
exothermic peak at high temperature region is characteristic of
crystallization temperature(T¢). The exothermic peak is
followed by an endothermic peak, which is characteristic of
the melting temperature (Tm). Glass transition temperature
(Tg) is one of the essential properties correlated with the
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viscosity of the glass and considerably dependent on the
composition of the glass. Fig. 1V shows differential analysis
traces for BCdL glasses. From Table Il, Tg T¢, Tm, thermal
stability and Hruby’s parameter increases with increasing Li>O
concentration. This means that the stability against
devitrification of the investigated glass system increases
gradually with the increasing lithium ion concentration.

T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 BOO 400

Wavenumber(cm ')

Fig. Il FTIR spectra for 70B,0; - (30-x)CdO-xLi,0
samples

In binary BCd glass, the intermediate oxide CdO probably
becomes a part of the glass structure along with the glass
former B,Os. The successive replacement of Li»O with higher
bond strength (335+8.4 KJ/mole) in place of CdO with lower
bond strength (235.6+ 83.7 KJ/mol) increases T4 Thus bond
strength plays a vital role in increasing T4 congruently as the
concentration of Li»O increases thus promoting increased
cross-link density between the atoms involved.

Thermal stability is an essential factor of consideration in
the glass technology. It refers to a temperature range within
which the glass does not tend towards crystallization. The
higher the glass stability, the better is the glass quality. In
general thermal stability should be greater than 100°C to avoid
microcrystal formation. For the glass system under study, the
thermal stability increases with the Li,O concentration and
stability factor is also >100°C and clearly depicts that the
prepared glass sample is less prone to crystallization.

Tablell. Values of glass transition temperature (Tg), crystallization temperature (T),
melting temperature (Ty), thermal stability (S) and Hruby’s parameter (Kg) of BCdL
glasses

Glass

Name of (ransition Crystallization Melting Thermal Hruby’s
the temperature temperature temperature stability parameter
sample TyC T/ C Tw/C S Ka
BCd 380 632 741 252 2.3119
BCdLO5 402 694 810 292 2.5172
BCdL10 410 705 816 295 2.6577
BCdL15 416 720 824 304 2.9231
BCdL20 419 720 831 310 3.0392
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Fig.1V. DTA curve forprepared glass samples

E. Ultrasonic study

Ultrasonic, a non-destructive technique gained momentum
owing due to its significance in understanding the structural
characteristic of glass network. The measurements of
ultrasonic parameters such as velocity as a function of
composition, temperature and frequency are of immense
interest in glass. These ultrasonic parameters in addition with
density and molar volume are more informative about the
changes occurred in the structure of glass network. Any
change in the inter-atomic forces and potentials in the lattice
structure is associated with the properties of the glasses. Thus,
modification occurring in the lattice due to modifier doping
can be directly noted [33].

Table ITL. Values of density, molar volume, longitudinal velocity and
w  shear velocity of 70B,03- (30-x) CdO-xLi;O glass systems

Name Density () ‘111?112; Ultrasonic velocity ms!

of the 10".kg.mg V) Longitudinal ~ Shear
sample cm¥/mol ) ©

BCd 3.5556 24.55 4697.2 2698.6
BCdLOS 4.0087 20.53 4997.3 2043.1
BCdL10 4.2342 18.28 5256.2 3190.7
BCdL15 4.3704 16.59 5418.2 3345.1
BCdL20 4.5189 14.96 5616.6 3497.8

The density and molar volume of each sample are listed in the

Table I11.The successive replacement of cadmium oxide by
lithium oxide and the corresponding variations of density and
molar volume cause a monotonic increase in the former and
decrease in the later. Generally, density and molar volume
shows opposite behavior to each other and also with the
replacement of high density cadmium oxide(8.15g/cm®)with
low density lithium oxide (2.01g/cm3) a decrease in density

12

value is expected. But density increases from 3.5556 to
4.5189 g/cm? and molar volume decreases from 24.55 to 14.96
cm®/mol%. These results are in accordance with the structural
changes occurring in the coordination of the boron glass
network, such that the addition of modifying alkali metal
oxide Li,O converted three coordinated boron BOs3 units to
four coordinated boron tetrahedral and thus the network
dimensionality and connectivity increases. In addition,the
above fact can also be confirmed with the effect of replacing
high ionic radii of cadmium(0.78A) with low ion radii of Li*
(0.58 A)with which favors to occupy intrinsic position
between B-O-Cd linkage and make them more compact.

As observed from earlier literature [34],the increase in the
density is related to the reconstitution of the glass rather than
to the type of the structural units. Masao Kodama[35] also
observed similar variations of density and molar volume.
Since molar volume is directly associated to the spatial
distribution of the oxygen in the glass network, their decrease
may be due to increase of bridging oxygen and also depends
on bhoth density and molecular weight.

Both the ultrasonic velocities (Longitudinal (U;) and shear
(Us) for the studied ternary glass system with variation of CdO
and Li,O content were listed in the Table. 3.The longitudinal
ultrasonic velocity increases from 4697.2 to 5616.6ms™ and
the shear velocity increases from 2698.6 to 3497.8ms™. It is
well known fact that in borate glasses, the added concentration
of the Li>O content, converts BOj3 trigonal to BO4 tetrahedral
units up to 33.3mol% of the modifier oxide, on further
addition reconversion occurs from BO4 to BOs with more non-
bridging oxygen leading to a loosely packed network
structure. In general, CdO is dual in nature acting both as
network former and modifier. As a modifier, when its
effective concentration(Li.O+CdO) exceeds 33.3mol% a
decrease in both velocities may occur.Since the effective
concentration is <33.3 mole % increase in both longitudinal
and shear velocity is observed. Therefore, the above fact
strongly suggests that the excess of oxygen supplied by Li,O
has been utilized by Cd?* and it is likely to be incorporated
into the network as a glass former. A similar result was
reported by Veeranna Gowda and Anavekar[36] on increasing
Li,O at the expense of PbO in B,Os- PbO - Li,O glass system.

Elastic properties of solids are very significant, because
their measurement gives information regarding the forces that
are acting between the constituent atoms of a solid.This is
important in interpreting and understanding the nature of
bonding in the solids and non-destructive nature of the
technique.Therefore the choice of appropriate solid material

for particular purpose requires information about its
mechanical properties. Hence, elastic properties are suitable
for describing the glass structure as function of

composition[37].

From Table IV the longitudinal, shear, bulk and Young’s
moduli shows a gradual rise over the entire range of
composition of alkali ion in BCdL glass system. The
substitution of alkali metal ions in place of Cd?* strengthens
the borate network and hence the glass structure. The increase
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in elastic moduli is due to the formation of bridging oxygen
which makes the glass more compact. 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. This indicates resistance to
deformation and itis most probably due to large number of
covalent bonds[38-41].

As stated by Rajendran et al,[42] Young’s modulus is
sensitive for any change in the nature of the chemical bond
and its strength, while characterizing the glass structure, and
bulk modulus is more sensitive in exploring the changes in the
cross-link density and the bond stretching force constant.
Since both the moduli value increases the above mentioned
factors is enhanced with respect to Li>O concentration.

The Poisson’s ratio is the ratio of transverse and linear
strains for linear stress. According to Rao[43], Poisson’s ratio
depends on the dimensionality of the network structure and
cross-link density.A three dimensional network structure has a
lower o value probably between 0.1 - 0.2 than that of two-
dimensional network structure with o value between 0.3 - 0.5
since the number of bonds resisting a transverse deformation
decreases in that order. From the Table IV, the observed
decrease in the Poisson ratio with the addition of lithium oxide
indicates the compactness or tight packing such that Li,O has
stronger effect than CdO on the density of the borate network
structure and consequently the direct effect on the
dimensionality of the network structure of these glasses. As
the concentration of Li,O increases BO; units are converted
into BO. units and hence enhance the cross-link density and
dimensionality of the glass network.

The increase in the values of acoustic impedance and
microhardness with increase in mol% of alkali oxide is shown
in Table V.The increasing trend in the values clearly confirms
the rigidity of the glass structure. Further, the increase in
microhardness strengthens the glass structure as the LiO
content is increased. The continuous increase in
microhardness reveals the absence of non-bridging oxygen
and increases the degree of connectivity.

The Debye temperature 0p is significant parameter and
plays vital role in determination of elastic moduli and atomic
vibrations in solids. 6p represents the temperature at which
nearly all the low frequency vibrational modes are excited
which in turn increases the rigidity of the glass[44]. It is
known that Debye temperature is directly proportional to the
mean ultrasonic wave velocity. As both the longitudinal wave
velocity and shear wave velocity increases 6p also increases.

TableIV. Values of longitudinal, shear, bulk and Young’s moduli and Poisson’s ratio of

BCdL glasses

Name of Longitudinal Shear Bulk Young’s Poisson’s
the sample modulus meodulus modulus modulus ratio(0)
L(GPa) G(GPa) K(GPa) E(GPa)

Bed 78.44 25.89 43.93 61.16 0.2537
BCdL 05 100.10 34.72 53.82 79.79 0.2345
BCdL 10 116.99 43.10 50.53 96.50 0.2083
BCdL 15 128.30 48.90 63.11 107.25 0.1920
BCdL 20 142.55 55.29 68.86 118.24 0.1832
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TableV. Values of acoustic impedance, microhardness and Debye temperature of BCdL
glasses

Name of Acoustic Debye
. Microhardness i
the impedance H(GPa) temperature
2 a

sample  Z ( 1[]7kgm" s B (K)
BCd 1.6701 5.5049 366.30
BCdL 05 2.0032 8.1251 422.90
BCdL 10 2.2257 10.9404 475.17
BCdL 15 2.3680 13.1518 513.63
BCdL 20 2.5380 15.8779 555.43

Table V show the variation of Debye temperature with Li-O
mol%. It is clear that 6Op increases with increasing
concentration of Li-O indicating that the rigidity and the cross-
link density increases as the ratio of modifier to glass former
increases. The increase in Op can also be attributed to the
strengthening of the glass structure as revealed by the decrease
in the molar volume and increase in the microhardness value.

IV. CONCLUSION

The following conclusions are drawn from the present
study, XRD and SEM confirms amorphous nature of the
prepared glass samples. IR spectra indicate that the structural
role played by the Li,O and CdO ions and preferentially get
incorporated as modifier and former respectively. A
progressive conversion of BO3 to BO, structural units are also
observed from the traces of IR spectra. Differential thermal
analysis depicted an increase in Tg, T¢, Tm, stability and
Hruby’s parameter with the successive replacement of CdO by
Li,O and account for an increase in three-dimensional linkage
and rigidity of the glass network. The density and molar
volume is observed to agree with the general behavior of
opposite trend, showing an increase in the former and decrease
in the later respectively. All the moduli, acoustic impedance,
microhardness and Debye’s temperature values found to
increase and Poisson’s ratio decreases with the alkali ion
concentration thus increasing the dimensionality and cross-
link density of the as prepared glass samples. The improved
stability make them promising candidate against irradiation
and various dosimetric applications.
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