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ABSTRACT

Variation of dc ionic conductivity with temperature and mole
percent in dispersed mixed ionic conductors of Sodium and Strontium
nitrates is presented. The host materials, mixed systems of NaNO3 and
Sr(NOs)2 single crystals were grown by solution technique. The powders
of different compositions of mixed systems were prepared and then
dispersed with SiO2 (10nm) in a particular mole percent. Pellets were
made at a pressure of about 5tonnes/sqg.m. and sintered at 250°C for
20hours. The room temperature X-ray diffraction patterns of dispersed
systems show the co-existence of three phases. The Fourier Transform
Infrared spectrum of dispersed systems in the wave number range from
400 to 4000 cmt show the existence of three phases and also confirms
the existence of OH ™ band. In the dispersed systems the enhancement in
conductivity is observed to increase with mole percent (m/o) with a
threshold at 20.55 m/o where from enhancement starts falling with
further increase in mole percent. The maximum enhancement at 20.55

m/o is observed to be above two orders of magnitude with respect to
mixed system in the extrinsic conduction region. The enhancement of
conductivity in these systems is explained using Maier’'s space charge
model. The enhancement of conductivity in the dispersed systems is
mainly attributed to the increased concentration defects in the space
charge layer formed between the host material and the dispersoid.
Further, the fall in conductivity may be due to the fall of total effective
surface area of contact between the host and dispersoid materials.

INTRODUCTION

In recent years there has been much interest in materials which show high ionic conductivity at ambient
temperatures, because their potential applications in various electrochemical devices such as, solid-state batteries,
sensors, fuel cells etc (1. There exist many solids with high ionic conductivity (> 104 S/m) and negligible electronic
conductivity (<1012 S/m) which are referred as fast ion conductors. One of the most important applications of
superionic conductors is, as electrolyte in batteries and hence, often, they are also called as solid electrolytes.
There are many advantages in electrochemical devices using solid electrolytes instead of liquid electrolytes namely:
longer life, high energy density, compact power batteries which are used in pacemakers and mobile telephones and
laptops and no possibility of leakage current etc. Various solids with high ionic conductivity, such as AgsSl and
RbAgals were discovered in 1960s [2 31, The discovery of B-alumina, an excellent solid electrolyte in 1967 by Yao
and Kummer and used successfully in battery cells boosted the research in the framed structures [4. The synthesis
and characterization studies on Li ion conductors are motivated by its small ionic radii of Li*, lower weight, ease of
handling and potential use in high energy storage batteries 5678, Though the above are of crystalline but many of
the superionic solids of glassy in nature 910111 as well as polymer based (121314151 gnd also dispersed solid
electrolytes [16.17.18,19] gre also being studied extensively. The dispersion of second phase particles into host ionic
material is one among several approaches to increase the ionic conductivity of solid electrolytes. In the present
study we have chosen the mixed system of a particular composition, where in the maximum conductivity is
recorded among all, as a host ionic solid in which the SiO2 is used as dispersed second phase particle and
presented the results of variation of conductivity with temperature and mole percent of dispersoid SiO2.
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EXPERIMENTAL

The host materials, (85.32) NaNOs - (14.68) Sr(NOs)2 single crystals, were grown by solution technique
using analar grade BDH chemicals of 99.5 purity. The powders of mixed systems were prepared by grinding the
single crystals for several hours to obtain fine powder and sieved with No.300 mesh, then dispersed with SiO2
(10nm) in 7.94, 14.71, 20.55, 25.64 and 30.12 mole percentages by mixing them mechanically in the presence of
acetone until the uniformity is obtained in the powder. These powders were made pellets by applying a pressure of
about 5tonnes/sg.m. and sintered them at 250°C for 20 hours. These pellets were polished smoothly and applied
silver paint on either flat faces and these were mounted between the electrodes of the sample holder for
conductivity studies. A small dc voltage of 1V was applied across the sample and the current was recorded by
Agilent electrometer. The small amount of well grounded powder was used for XRD and FTIR analyses.

RESULTS AND DISCUSSION
X-ray Diffraction (XRD)

Figurel shows XRD patterns, of pure mixed system [NaNOs] 1x[Sr(NO3s)2]xx = 14.68 , SiO2 and dispersed
with different mole percent of SiO2 systems, recorded at room temperature by using Regaku miniflex
diffractometer. It is observed from the figure that the pure mixed system has distinct peaks indicating that it is in
the crystalline form and XRD pattern of pure SiO2 shows that broad prominent peaks along with intense
background pattern indicates that the size of SiO2 particles is in the order of nanometers. It can be noticed from the
Fig.1 that XRD peaks of the composite systems move to lower diffraction angles and become broader with respect
to pure mixed system. This indicates that the average crystallite size of ionic salt decreases due the spreading of
ionic salt along a large surface of the dispersoid. No additional peaks have been noticed in the patterns of
dispersed compositions signifies that there is chemical reaction or the formation of solid solution between the host
material and dispersoid SiO2. It also reveals that the phases of the parent compounds exist separately, i.e. the
samples remain in multiphase mixture of NaNO3, Sr(NO3s)2 and SiO» [20.21,23],
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Figure 1: X-ray diffraction patterns of the pure mixed system [NaNOz] (1.x) [Sr(NO3)2]x
x = 14.68, pure Si02and dispersed systems of different m/o of SiO2 systems.

Fourier Transform Infrared Spectroscopy (FTIR)

Figure 2 shows the FTIR spectra of the pure mixed system, SiO2 and dispersed systems of different m/o of
SiOz2in the wave number range from 400 to 4000 cm-. It can be observed from the figure that sharp peaks at 735
cm1.835 cmtand 1385 cmt in pure mixed system. The sharp peak observed at 835 cm-? is due to the vibration of
N in and out of NOs plane and the strongest absorption at 1385 cm due to asymmetric NOs stretch which confirms
the presence of nitrate 24, The weak absorption which is observed at 735cm™ gives the doubly generate O-N-O
bending [25]. In the pure SiO2 spectrum broad absorption bands at 468 cm1, 800 cm? and 1101 cm are attributed
to the asymmetric stretching vibration, symmetric stretching vibration and bending vibration of Si-O-Si bond. A
broad absorption band around 3420 cm™ is designated to O-H vibration of the absorbed H20 [26l. The FTIR
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spectrum reveals as much hydroxyl existing as in nano-SiO2 particles. The presence of other bands corresponding
to pure NaNOs, Sr(NO3)2 and SiO2 in the dispersed mixed systems show the existence of three phases
independently.
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Figure 2: FTIR spectra of the pure mixed system [NaNOs] (1.x[Sr(NOs)2]x, pure SiO2 and dispersed systems of
different m/o of SiO2 systems.

Differential Scanning Calorimetry (DSC)

DSC curves of the pure mixed system and dispersed systems of different m/o of SiO2 systems are shown in
Figure 3. Pure mixed system exhibits one endothermic peak due to the only transition that a pure NaNOs has at
2729C and another peak at 299 °C pertains to the melting point of pure mixed system [271, As observed from the
DSC curves, the SiO2 content appears to have not affected the transition temperature but showed a slight distortion
of the peak toward its low temperature end. The hump which observed here is similar to that in the cases of
cesium, rubidium and Sodium nitrate systems. This could be due to the formation of an amorphous phase within
the space charge layer that is expected to form between the host material and the dispersoid particles.
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Figure 3: DSC curves of the pure mixed system [NaNOz] 1x[Sr(NOs)z2]x, and dispersed
systems of different m/o of SiO2 systems
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lonic Conductivity

Figure 4 shows the variation of DC ionic conductivity obtained from two-probe dc- technique, with
reciprocal temperature in composite systems between room temperature and nearly the transition temperature of
the host material for pure mixed and dispersed with different mole percentages of SiO2systems. The conductivity in
all the samples is, in general noticed to increase with temperature. As we can see from the figure that there is a
gradual enhancement in conductivity up to 20.55 m/o of SiO2 subsequently there is fall of enhancement for 25.64
and 30.12 mole percentages in the extrinsic region of conductivity with respect to pure mixed system. The
maximum enhancement in conductivity is noticed to be nearly two orders of magnitude with respect to pure mixed
system in the extrinsic region.
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Figure 4: Variation of DC ionic conductivity with reciprocal temperature of the pure mixed system [NaNOzs] (1-
»[Sr(NOs)2]xx = 14.68, and dispersed systems of different m/o of SiO2.

The variations of DC ionic conductivity with m/o of SiO2 plots at different temperatures are shown in figure
5. The enhancement of conductivity in the SiO2 dispersed composite solid electrolyte systems is observed to
increase with mole percent (m/0) and attains maximum at 20.55 m/o, where from enhancement starts falling with
further increase in m/o and finally reaches to a lowest value for 30.12.
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Figure 5: Variation of DC ionic conductivity with m/o of SiO2.
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Enhanced defect concentration in the space charge layer formed between the host material and the
dispersoid is main cause for the enhancement of conductivity. According to the Maier’'s space charge model the
composite solid electrolyte is enriched with defects at the interface of the host and dispersoid due to the surface
interaction between the phases of a composite [28291, The interfacial interaction between the two phases may be
represented as a chemical adsorption of host material (ionic salt) on the dispersoid (SiO2) surface. The insulating
oxide particles can be associated with different hydroxyl groups (OH") present on their surfaces. These hydroxyl
groups attract the cations into the space charge region as a result, the subsurface region of ionic material enriches
in cation vacancies, which describe the subsurface disordering i.e. enhanced defect concentration there by
conductivity enhances [291, The fall of the enhancement of conductivity after reaching the maximum value can be
understood as explained as follows. Initially, for low m/o of the dispersoid, the total surface area of contact
between the host matrix and the dispersoid particles is small. As the m/o increases, the total surface area in
contact increases leading to an increase in the enhancement of conductivity. Further increase of m/o of SiO2, host
material is not enough to surround the dispersoid particles individually. This leads to an agglomeration of the
particles of the dispersoid leading to a fall of total effective surface area of contact [30. 31],

CONCLUSIONS

In the dispersed systems the enhancement in conductivity is observed to increase with mole percent (m/0)
with a threshold at 20.55 m/o where from enhancement starts falling with further increase in mole percent. The
maximum enhancement at 20.55 m/o is observed to be nearly two orders of magnitude with respect to pure mixed
system in the extrinsic conduction region. The enhancement of conductivity in these systems is explained by using
Maier’s space charge model. The enhancement of conductivity in the dispersed systems is mainly attributed to the
increased concentration defects in the space charge layer formed between the host material and the dispersoid.
Further, the fall in conductivity may be due to the fall of total effective surface area of contact. The room
temperature X-ray diffraction patterns of dispersed systems show the co-existence of three phases. No
additional peaks have been noticed in the patterns of dispersed compositions signifies that there is no chemical
reaction or formation of solid solution between the host material and dispersoid SiO>. The Fourier Transform
Infrared spectrum of dispersed systems in the wave number range from 400 to 4000 cm- show the existence of
three phases and also confirms the existence of OH ™ band. The band observed at 835 cm-! is due to the vibration
of N in and out of NOs plane and the strongest absorption at 1385 cm? due to asymmetric NOs stretch which
confirms the presence of nitrate. The weak absorption which is observed at 735cm1 gives the doubly generate O-N-
O bending. DSC curves of the pure mixed system and dispersed systems of different m/o of SiO2 systems exhibit
one endothermic peak due to the only transition that a pure NaNOs has at 272°C and another peak at 299 °C
pertains to the melting point of pure mixed system. As observed from the DSC curves, the SiO2 content appears to
have not affected the transition and melting temperature.
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