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ABSTRACT

The glasses of the type (30 — x)Li,0 — xK,0 — 10CdO — 59B,0; doped with 1 mol% of Fe,O; were prepared by melt
quench technique and their non-crystallinility has been established by XRD studies. The glasses were investigated for
room temperature density and electrical conductivity in the temperature range 300 - 523 K and in the frequency range
10%to 10° Hz. The frequency and temperature dependence of conductivity as dielectric constant are presented.
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1. Introduction

Oxide glasses containing Transition Metal Ions (TMIs)
are technologically important because of their switching

behaviour. These glasses are of semiconducting in nature.

TMIs in these glasses exist in more than one valance
state and electrical conduction here is of polaronic in
nature, where the hopping of charge carriers is from low
valance state ion to a high valance state ion. Electrical
properties of oxide glasses containing TMI along with
the alkali ions will be of mixed type, i.e. polaron and
ionic [1-3]. Boron Oxide (B,0;) is unique in its ability to
transform between two local environments when they
mixed with alkali content. These B,O; containing Alkali
borate glasses are an important class of materials for
various technological applications like, solid state elec-
trolytes, insulation materials, textile fiber glass etc. In
alkali borate glasses the number of ionic sites increases
in the high temperatures because of the conversion of
co-ordination changes leading to increase in NBO [4-7].
When the second alkali is introduced into glasses, they
exhibit remarkably lower conductivity and the conduc-
tivity passes through a deep minimum. This phenomenon
is called “Mixed Alkali Effect” (MAE). This property of
alkali glasses is useful in electrochemical devices such as
solid state batteries, fuel cells, chemical sensors and
smart windows [8,9]. Mixed alkali glasses have a lower
dielectric constant than the corresponding single alkali
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glasses, and larger dielectric loss than the corresponding
single alkali glasses. An electrodynamic interaction be-
tween different types of neighbouring alkali ions in glass
network can account for the increase in the energy of
thermal activation of the ions as found from ionic con-
ducting measurements. When an ion of a different type
happens to exist within the neighbourhood of the ion of
interest, their interaction energy, which increases the
total energy required for activation of either ion, effec-
tively reduces the mobilities of both ions involved [10].
In the present study, a.c. conductivity and dielectric
properties of Fe** doped (30 — x)Li,O — xK,0 — 10CdO
— 59B,0;3 where x = 0, 10, 15, 20 and 30, glasses are
studied through electrical transport properties and the
results are discussed in the following sections.

2. Experimental

Multi - component glasses with the composition, (30 —
x)leO - szO - 10CdO — 59B203 - 1F3203, where x =
0, 10, 15, 20 & 30 (LKCBF) were prepared through stan-
dard melt quenching technique. Thus prepared glasses
were characterized through XRD, DSC, density and mo-
lar volume measurements. For dielectric measurements, a
thin coating of silver paint was applied to the two sides
of the samples to serve as electrodes. The dielectric
measurements were taken on ZENTE CH 3305 LCR
meter in the frequency range 10° - 10° HZ in the tem-
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perature range 30°C - 250°C.

3. Results and Discussion

Figure 1(a) depicts the temperature dependence of di-
electric constant (¢) and loss of LKCBF specimens at 100
KHz, respectively. The dielectric constant increases with
temperature in x = 30 & 0 specimens and decreases in x =
10, 15, & 20 specimens. The variation of loss is also
similar to the dielectric constant.

The a.c conductivity (o) is calculated at different tem-
peratures using the equation,

o =2IIfg,etan & €))

where f'is frequency, &, is the vacuum dielectric constant,
¢ dielectric constant and tand is dielectric loss. Figure
1(b) shows a plot between o vs 1000/T. The frequency
dependence of dielectric constant ¢ and loss at 300 K in
the range of 0 - 1 MHz for LKCBF specimens is shown
in Figure 2. ¢ values at room temperature are found to
decrease with the increasing frequency and dielectric loss
also varies. Figure 3 shows the mixed alkali effect in
dielectric constant values at different temperatures and
different frequencies. Figure 4 shows mixed alkali effect
at different temperatures and frequencies along with the
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concentration dependence of activation energy of LKCBF
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From these plots, the activation energy for a.c conduc-
tion in the high temperature region over which a linear
dependence of logo with 1/T could be observed is calcu-
lated by fitting the data using least square fitting to the
formulae [11],

Gzaoexp(—Eg/ka) )

where o) is a prefactor, E, is activation energy and k is
Boltzmann’s constant.

The evaluated activation energy values are listed in
Table 1 and compositional dependence is given in Fig-
ures 3 and 4. These values show a nonlinear trend in
with the alkali ratio depicting the mixed alkali effect. The
a.c. conductivity at 583 K for LKCBF specimens and 585
k for LKCBM specimens is listed in Table 1. These ac-
tivation energies and conductivities vary non-linearly
with the concentration of alkali ions.

In general the a.c conductivity of the amorphous mate-
rials, where charge carriers experience an approximately
random potential energy, is found to obey the equation
(Austin and Mott 1969) [12]
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Figure 1. (a) Temperature dependence of ¢ of LKCBF specimens at 100 KHz; (b) plot between o vs 1000/T of LKCBF speci-
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Figure 2. Frequency dependence of & and loss of LKCBF specimens.
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Figure 3. Concentration dependence of dielectric constant of LKCBF specimens.
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Figure 4. Concentration dependence of a.c conductivity and activation energy of LKCBF specimens at different temperatures
and frequencies.

Table. 1 Evaluated polaron and transport parameters of KCBF glasses.

Gae (300 K, 1 kHz)

0. (500 K, 100 kHz)

Glasscode R(AY) 1, (A Wu(eV) N (Qeem) ' x 10 (©-cm) ' % 10 AE (ev) NE) 10*' V' em?
OLKCBF 5.70 229 0.62 0.75 5.95 5.38 1.13 1.136
10LKCBF 6.07 224 0.59 0.74 5.65 1.072 1.08 0.982
15LKCBF 7.59 3.05 0.73 0.79 5.91 1.325 0.54 1.046
20LKCBF 6.24 2.51 0.48 0.68 4.86 0.596 0.59 1.651
30LKCBF 6.22 2.50 0.57 0.73 0.19 2.820 1.03 0.958

where A is constant, o is frequency, s frequency expo-
nent. Where s < 1 up to the frequency of 1 MHz .The
frequency exponent S is defined as

S=6(logo)/5(logw) “)

Here, the data has been analysed using HOB model. In
this model the values of the exponent (s) are more than
0.8, which is permitted in the limit of the tunneling
model, s is temperature dependent, the magnitude of s at
any temperature is determined by the polaron binding
energy (W),) in its localized states. The temperature de-
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pendent of s in this HOB model should follow an equa-
tion of the form [1]

1-S = 6kT/W,, (5)

which indicate an almost constant value of s (~0.8) at
different temperatures. In the present study we have cal-
culated s at RT (300 k). The calculated S value lies be-
tween 0.68 - 0.79 for LKCBF specimens and W), value is
observed to be in the range 0.48 - 0.73 eV for LKCBF
specimens. Polaron radius (7,) and distance between po-
larons (R) and Density of states N(Ey) are also calculated
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and given in Table 1.

4. Conclusion

TMI doped K-Li borate glasses were prepared through
melt-quenching method. The dielectric and conductivity
properties were studied in detail. The observed activation
energies and conductivities showed typical non-linear be-
haviour which was a manifestation of MAE. The emer-
gence of MAE in these glasses was explained using My-
uller and Stevel’s ideas.
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