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Abstract

Objectives: To study gamma ray irradiation effect on dielectric and AC
conductivity of V,0s doped bismuth borate glasses designed with the
compositions 50B,03-(50-X)Bi,03-XV,05 where, X =0, 0.2, 0.4, 0.6, 0.8, 1.0 and
establishing the conduction mechanism. Methods: Glasses were synthesized
by traditional melt quenching technique at 1323K. The prepared samples were
subjected to annealing at 623K, which helps to remove strain in the samples.
Absence of crystalline phases in the samples was confirmed by X-ray diffraction
studies. An independent measurement of dielectric constant, dielectric loss
and AC conductivity was carried out for temperature range from 300Kto
493K by impedance analyzer. Findings: The physical properties of glass were
achieved by studying the density and the molar volume. Dielectric constant
(€") and dielectric loss (¢") were measured as a function of temperatures in
the range from 300K to 493K, over the frequencies 10°Hz - 10°Hz before
and after gamma ray irradiation. AC conductivity (oac) of the glasses was
measured as a function of frequency for different temperatures before and
after gamma ray irradiation. Novelty: For the first time, it was attempted
that the effect of gamma ray irradiation on dielectric and AC conductivity
properties of bismuth-borate glasses doped with vanadium oxide has been
investigated. Here we have observed the change in the variation of dielectric
constant, dielectric loss and AC conductivity with frequency and temperature
before and after gamma ray irradiation. The borate network becomes more
compact after being exposed to gamma rays, and the energy band gap may
even narrow. Furthermore, it has been found that the composition of the glass
influences how radiation impacts conductivity.
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1 Introduction

Amorphous materials are drawing a lot of interest because of their distinctive properties, which include excellent corrosion
resistance, chemical resistance, hardness, and transparency "), These materials that have been exposed to high energy gamma
radiation are always a popular topic of research. When these materials are exposed to high intensity radiation, such as gamma
rays or x-rays, they change in terms of their optical, chemical, magnetic, and electrical properties >,

As one of the main glass formers, BoO3 (boric acid) can be found in almost all glass materials with commercial significance.
Due to their fascinating characteristics in numerous fields, including science, technology, and industry, these glasses are an
extremely fascinating group of materials¥. Among all oxide glasses borate-based glasses have attracted a lot of interest, due to
their exceptional qualities such as low melting point, strong thermal stability, great transparency and high dielectric constant.
B, 03 is well-known glass former and has [BO3] and [BOj4] structural units linked through B-O-B linkage(s’é).

Heavy metal oxide (Bi»O3) is considered to be a non-conventional oxide with a glass-forming ability that can form a stable
glass with BoO3. Bismuth oxide has the ability to give a share in the glass network both as former and modifier oxide. Bismuthate
glasses are good for the fabrication of infrared transmission component, ceramic super conductors, and photonic devices”).

Transition Metal Oxide (TMO) doped borate glasses (especially the vanadium) presents unique electronic features that
nominates it to the usage in many applications such as optical switching devices, optical fibre, threshold and memory switching
devices®.

It is important to study gamma ray interaction with a glass system as it can lead to various changes in glass structural,
optical, and electrical properties. The radiation interaction with the host glass may result in the displacement of lattice atoms
or electronic defects involving changes in the lattice or impurity atoms ‘valence state’ ©).

Borobismuthate glasses doped with vanadium oxide glasses were investigated for physical, optical and structural properties
in earlier studies and reported that they have good semiconducting behaviour 1?). The AC conductivity has not been studied.

Arunkumar V. Banagar, et al. (2020) 1, have reported the DC conductivity of strontium vanadium borate glasses by varying
V20s. The frequency variation with conductivity has not been investigated. In our work instead of strontium oxide we have
used bismuth oxide for better conductivity observation.

Pavan Kumar Potuganti, et al. (2020) '?) have investigated optical and AC conductivity characterization of alkaline earth
borobismuthate glasses doped with nickel oxide. Gamma ray irradiation effects on AC conductivity have not been studied.

The previous researchers Sahar A.El-Ghany et al. (2020)(!%, investigated the effect of gamma ray irradiation on struc-
tural, physical and optical properties of bismuth borate

glasses containing different transition metals. But gamma ray irradiation effect on AC conductivity has not been reported.

Roopa et al. (2020)¥), have been studied the gamma irradiation on structural and optical properties of zirconium
incorporated sodium borate glasses. In their work irradiation on conductivity properties have not been investigated.

As seen in the above reported literatures bismuth borate glasses doped with vanadium oxide (V,05) have not been studied for
gamma ray irradiation effects on conduction mechanisms. Therefore to overcome these “limits” and it was planned to prepare
bismuth borate glasses doped with vanadium oxide at different concentrations. Further we have made an attempt to study the
effect of gamma ray irradiation on dielectric constant, dielectric loss and AC conductivity. The obtained results are presented
in this paper.

2 Methodology

The glass samples were prepared with the composition of 50B,03-(50-X) BiO3-XV,0s where, X=0, 0.2, 0.4, 0.6, 0.8, 1.0, by
traditional melt-quenching technique and labelled as BiBV1, BiBV2, BiBV3, BiBV4, BiBV5, BiBV6 respectively.

The Analytical Reagents (AR) with 99.9% purity (Loba Chemicals) H3BOs3, Bi;O3 and V205 were used as starting materials.
Appropriate amounts (in mol %) of these powders were weighed in electronic balance and mechanically grinded with the help
of an agate mortar and pestle. The homogeneous composition was melted in a silica crucible by using a high temperature muffle
furnace with PID controller at temperature around 1323K for three hours.

The transparent and free from air bubble melt was poured on a brass plate containing smooth polished inner surface at
room temperature. The samples were subsequently annealed at 623K at cooling rate of 274K per minute. Finally the samples
were cooled to room temperature and the samples were polished with appropriate dimensions.

The details of the preparation of glasses have been described in references 1>19),

Powder XRD studies were carried out for the confirmation of non-crystallinity nature of the prepared glasses. This
experiment was carried out in a Rigaku make diffractometer with Cu-Ka radiation in the Bragg’s angle range from 10° to
100°.

Core attributes: 3 kW sealed X-ray tube, D/teX Ultra 250 silicon strip detector.
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Core option: HyPix-400 (2D HPAD) detector.

Core dimension: 1270 (W) x 1880 (H) x 1220 (D) mm.

Power Requirements: 3¢, 200 VAC 50/60 Hz 30 A.

The density (p) of the samples was measured by Archimedes principle using digital microbalance (WEN-
SAR Co.Ltd) in a suitable measuring jar. The density was determined using

the formula

W,

Pe
Where W,, W and p; are the weight of the glass in air, weight of the glass in immersion liquid and density of the immersion
liquid (toluene, density=0.865gm/cm?>) respectively. The molar volume V,, was calculated by using the relation

M,,

V= —~

()

Where M,,— molecular weight of glass sample and p, — density of glass sample 17).

The samples of the range from 4.11 to 4.94 mm thickness and cross sectional area in the range 88 to 133 (in 10°°m?) , the
well shaped glass samples were silver coated on both surfaces for good electric contact. By measuring capacitance (C) and dis-
sipation factor (tand) by using LCR (HP 4263B) meter with the accuracy of 10 and 10 over the frequencies range 100Hz to

IMHz and in the temperature range 300K to 493K. Dielectric constant (&') and dielectric loss (SH) are computed by equations
(3) and (4) respectively. The AC conductivity (c4c) at various frequencies of the glasses was computed by using equation (5).

/ Cd
€T ®
e = tand 4)
Ouc = weye” (5)

Where, £ is the permittivity of free space, @ =27 f (fis the applied frequency), d is the thickness of the samples were measured
by using micrometer screw gauge, & is the dissipation factor and A is the cross sectional area of the glass 1.

Gamma ray irradiation of the samples has been carried out in a gamma chamber manufactured by BRIT, Mumbai.
Specifications: Model-GC5000, Source Used: Co-60, Activity: 518 TBq, Dose rate: 15KGy/Hour 1),

3 Results and discussion
3.1 X-ray Diffraction (XRD Studies

The x-ray powder diffraction patterns of prepared glass samples are shown in Figure 1 . No sharp peaks are observed in the
spectra of the patterns, which confirm the amorphous nature of all the glass samples ).
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Fig 1. XRD patterns of prepared glass samples

3.2 Physical Properties

Table 1. Physical Properties of prepared glasses

] Glass Samples
Properties
BiBV1 BiBV2 BiBV3 BiBV4 BiBV5 BiBV6
Density (g/cm3) 6.51 5.93 5.89 5.38 5.14 4.95
Molar Volume (cm3 / mol) 41.11 45.06 49.63 51.86 53.47 55.25

Density is an important physical property of a material which is capable to explain tightness in material structure. The
measured densities along with molar volume were shown in Table 1. Densities of the samples were decreased from 6.5137 +
0.0001 g/cm?® to 4.9543+ 0.0001 g/cm? as the concentration of vanadium oxide increases. In the same table , although the
molecular weight of V,05 is more than B, O3, density is found to not depend on V,Os concentration and BiyO3 has higher
molar mass than V,0Osand B,0s3.

The molar volume of the glass samples were enhanced with V,Os content. This increase of Vs with V,Os content describes
the increase in the number of non-bridging oxygen (NBOs). The molar volume depends on both molecular weight and density.
However, the decreasing rate in density and increasing rate in molecular weight by increasing V,Os.

3.3 Dielectric properties

Dielectric measurements have been examined in the present set of glasses in the frequency range from 10%to10°Hz. Figures
Figure 2 (a) and Figure 3 (a) depicts the variations of dielectric constant (¢') and dielectric loss (¢'’) with frequency at different
temperatures before gamma ray irradiation. It has been observed from the figures that at low temperatures both these quantities
show small variations with frequency. As the temperature increases, an increase in €’ as well as €’ has been observed in the
low frequency region. The nature of variations of both these parameters with temperature suggests that at low frequencies is
mainly due to the space charge polarization effect. The values are compared with literatures and found these results are agrees
with reports ?"). At higher frequencies of electric field, the hopping of charge carriers become less frequent which leads to a
decrease in the polarization. This result leads in decrease the values of €’ and €. Further addition of vanadium ions may create
more non-bridging oxygen ions. These non-bridging oxygen ions may create migration paths for the charge carriers which in
turn increases space charge polarization and hence increases dielectric constant with temperature 2,

Figure 2 (b) and Figure 3 (b) depicts the variations of dielectric constant (¢’) and dielectric loss (¢'') with frequency at
different temperatures after gamma ray irradiation. It has been observed from the figures that at low temperatures, the behaviour
of € and € are similar to the values of before irradiation. But at higher frequency range, €’ and €”’ values nearly same due to
glass network breaking because of high energy gamma irradiation.
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Fig 2. a) Variation of dielectric constant (¢') with frequency at different temperatures for BiBV5 glass before gamma irradiation. b) Variation
of dielectric constant (¢') with frequency at different temperatures for BiBV5 glass, after gamma irradiation
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Fig 3. (a) Variation of dielectric loss (¢'') with frequency at different temperatures for BiBV5 glass, before gamma irradiation b) Variation of
dielectric loss (¢') with frequency at different temperatures for BiBV5 glass, after gamma irradiation

3.4 AC conductivity

AC conductivity versus frequency plots are depicted in figures Figure 4 (a) and (b), before and after gamma ray irradiation
respectively. Small increase in o4¢ with frequency has been observed at lower temperatures. Temperature behaviour of ionic
conductivity is an obvious behaviour of the glasses. An increase in temperature results in more hoppable ions available to
contribute in conduction mechanism. Here the conductivity being contributed mainly by electron hopping between V#* and
V>* ions. Due to small content of vanadium in our composition, we have observed only the variation of ac conductivity with
frequency at different temperatures. The observed variations are agreed with reports, and we tried to calculate the conduction
parameters like s value, beta value, etc. But we have not got the agreeable values of literature due to small content of vanadium
in the composition .

After gamma ray irradiation we have observed small changes in the variations of conductivity with frequency at low and
high temperature due to glass network breaking.
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Fig 4. a) Variation in AC conductivity (o 4¢) with frequency at different temperatures for BiBV5 glass, before gamma irradiation. b) Variation
in AC conductivity (0 4c) with frequency at different temperatures for BiBV5 glass, after gamma irradiation

3.5. Gamma Ray Irradiation Effects

Gamma ray irradiation has a significant effect on the dielectric properties of bismuth borate glasses. Gamma irradiation can
lead to the formation of colour centres, which can alter the refractive index and absorption coeflicient of the glasses. This result
leads to changes in the dielectric constant and tangent loss of the glasses. Additionally, gamma irradiation can also lead to the
creation of defects in the glass structure, which can also affect the dielectric properties of the glasses. The extent of these changes
will depend on the dose of gamma rays and the specific composition of the glasses 4.

The structural changes of the glasses due to gamma ray irradiation can affect the electrical properties of the glasses, such
as the AC conductivity. Gamma irradiation can also leads to an increase in the number of free electrons and holes in the glass
network, resulting in an increase in the AC conductivity. The extent of these changes will depend on the dose of gamma rays
and the specific composition of the glasses .

4 Conclusion

Composition of glasses 50B03-(50-X) BiyO3-XV,05 where, x = 0, 0.2, 0.4, 0.6, 0.8, 1.0, were prepared by conventional melt
quenching technique. The XRD studies confirm amorphous nature of the prepared glasses. The density of the borate glass doped
with vanadium content decreases with replacement of Bi» O3, due to the fact that BiO3 has higher molar mass than V,0Os.

It was a new attempt of the present work, how dielectric constant, dielectric loss and AC conductivity of prepared glasses
varies with respect to frequency and temperature at high energy gamma ray irradiation. The observed results before gamma
irradiation are in agreed with the literature values. But after high energy gamma ray irradiation it was observed that remarkable
changes in electrical properties and some parameters were not observed due to the glass network breakage and creation of
defects in the network.

The borate network becomes more compact after being exposed to gamma ray irradiation and there is possibility of the
energy band gap may even narrow. Furthermore, it has been found that the composition of the glass influences with radiation
effects. Gamma ray irradiation leads to the creation of defects in the glass structure, which also affect the dielectric properties
and AC conductivity of the glasses.
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