Preface

lonic conductivity originates from the migration @ins. The solid materials which
exhibit high ionic conductivity comparable with #eof liquid electrolytes and molten
salts are termed as solid electrolyte, superionimdactors or fast ion conductors. This
type of solid electrolyte materials possessesyragving ions (cations or anions) which
can move freely from crystal lattice site to crysiite. Oxygen ion conductors are a very
interesting subgroup of solid electrolyte whichpiés high anionic conductivity where
the oxide ions (®) are the charge carriers. Oxygen ion conductore Hmeen widely
investigated for use in several electrochemicaladsvsuch as components of fuel cells,
oxygen sensors, oxygen pumps and oxygen permeadmebrane catalysts. In most of
the applications high temperature is required tuea@ high oxygen fluxes for efficient
operation. For example, solid oxide fuel cell (SQFBe promising power generation
option utilizes YSZ (yttria stabilized zirconia)eetrolyte which must be operated near
1000C. A large number of problems such as high costnwfterials, stability,
compatibility and thermal degradation of the matlsretc. are associated with operation
at high temperature of such devices and hence tEntieir broad commercialization.
These facts continue to motivate the researcheddwoeloping electrolyte materials with

high ionic conductivity at intermediate temperasuf400-608C).

BIMEVOX compounds derived from the parent compouBdV,0:; by partial
substitution for vanadium/bismuth with a metal amnsidered as the best oxide ion
conductors at moderate range of temperatures @®@DOC). BiyV,Oy; is structurally
perovskite-related type built up from ¢Bh)?* layers separated by [\4@0o.5 perovskite
like slabs, where o stands for oxygen ion vacaitye high temperaturgphase of the
parent compound BV,0;; can effectively be stabilized down to room tenapere by
partial substitution of V-sites by aliovalent mei@hs like Cu, Co, Ti, Ni, Nb, Zr etc. A



wide range of metals can be substituted into thsit®-and most of them found to
stabilize the high temperatugephase at relatively low temperature. In the reqeatt,
extensive interests have been paid for the devedapf novel oxygen ionic conductors

at intermediate temperatures between 400 t6@00

In the present study a series of compound®ELV.0115 (ME = Li, Ca, Ba) have been
synthesized by solid state reaction technique. dthectural characterization has been
done by using XRD, FTIR, SEM/EDS and DSC. The ingme# spectroscopy was used
to study the impedance, dielectric behaviour, dt @nconductivity of the systems in the
temperature regime from room temperature to° 60 all the systems, the composition
selected is x = 0.1, 0.2, 0.3, 0.4. This was umdteri because no systematic studies for
substitution at Bi-site with the above metals h&een reported in the literature The
broad objective of this research work is to invgste the effects of doping on bismuth
vanadate (at Bi-site) and to obtain a material lgiihg high oxide-ion conduction so that
it becomes an excellent technical product with drvefterformance. In particular, this
work is devoted to display the variation in phasansition behaviour, electrical

conductivity and dielectric response induced byidgat bismuth sites.

The room temperature XRD patterns of all the samph®w orthorhombia / -phase of
the parent compound except for x = 0.4 of Ca dogeies which possegsphase of
tetragonal superstructure. In all the doped samphes—f phase transition is found to
be suppressed which is also supported by DSC anductivity measurements. The
FTIR studies on the doped samples reveal localtaltggraphic distortions in the

perovskite vanadate layers giving rise to strud¢fpinase transitions.

Chapter lll describes the structural, thermal afettgcal studies carried out on the
system by doping with monovalent metalwhich notably changed the physical as well
as the electrical properties. The parent as welthasdoped composition with x=0.1
possess orthorhombie-superstructure anfl-polymorph is partially suppressed in the
substitution range x 0.2 at room temperature. It has been observedtti@tonductivity

of all the doped specimens is higher than the par@mpound in the intermediate (380

°C to 470°C) as well as in high temperature region (above 500 In the low



temperature region (below 38Q), decrease of conductivity is observed with insieg
dopant concentration which might be attributedn@easing grain boundary contribution
due to gradual decrease of sintering temperatunée(sg temperature of the samples
decreases with Li content). On the other hand, drigionic conductivity for the
substituted phases as compared to the parent comipcan be correlated with the
increasing oxygen vacancies created by aliovalebstgution. The highest conductivity

with respect to the parent compound is obtained fo10.3 at 430C.

Doping with divalent metals Ca and Ba at Bi-sitetlo& parent compound B1,0;; with
the general formula BWIMELV,0:15 (ME = Ca, Ba) is carried out to investigate the
structural and electrical properties of the systefte detailed study by XRD, DSC and
electrical conductivity measurements for Ca doperes reveal orthorhombig-phase
for the compositional range< 0.3 with partial suppression af—f3 phase transition for
x = 0.3 and stabilization of tetragonaphase for x = 0.4. Similarly, for the Ba doped
series the compounds show orthorhombghase with partial suppressionet phase
transition for x> 0.3. The observed impedance spectra for bothyistersis are similar to
those other BIMEVOXes. For Ca doped system, thelgativity of the samples x 0.2

is higher than the parent compound and ferx3, it is lower than the parent compound
(throughout the entire temperature range, i.e., 2600 °C). The highest conductivity
with respect to the parent compound is observedxfdr.2 sample (Ca doped) with
1.3x10° S/ cm'at 470°C. On the other hand, except for the composition x4 of Ba
doped series the temperature dependent d.c. caviduof the doped specimens is found
to be higher than the parent compound in the lonperature region (below 470 °C). In
the high temperature region (above 520 °C), thelgotivity of all the compounds except
x = 0.1 is lower than the parent compound and dese® consistently with the increasing
dopant concentration. The highest ionic condugtigdt3x10® S/cm®) with respect to the
parent compound is obtained for x = 0.1 composiio®60°C.The increase of ionic
could be correlated with the increasing oxygen iwacancies and decrease of

conductivity with increasing x could be explainedaaresult of defect pair formation.



The study of dielectric behaviour (for Ba dopediesrreveals strong low frequency
dispersion of dielectric constants (bathande”) which suggests ferroelectricity in the
material. It has been observed that at a certaiquency, Tdecreases with increase in
dopant concentration. The appearance of anomatgdrtemperature (T) vs. legplot

near the transition temperature reveals a couplbejween space charge and

ferroelectricity.

The electrical behaviour of solid electrolyte systeBi.MexV,0115; 0<x<0.4 (Me =
Ca, Li, Ba) were further analyzed by using ac catiglity and complex modulus. For
both pure and doped compounds the frequency dependaductivity plots (logo vs.
log 62 show three distinct regime a) low frequency dispd b) an intermediate
plateau and c) conductivity dispersion at high diesacy which is a typical frequency
dependent conductivity spectrum exhibited by sel&ttrolyte. Atvery low frequencies,
more and more charges are accumulated at the acaleetdectrolyte interface and as a
result drop in conductivity is observed. In theemmbediate frequency plateau region, the
conductivity ©o) is found to be frequency independent and is aneagial to dc
conductivity which originates from the random dgfon of the charge carriers through
activated hopping. At the high frequency regione tbonductivity increases with
frequency. In the plots of log vs. logo,, the frequency at which the dispersion region
starts from the dc conductivity plateau is termedhapping frequency or crosser
frequency @o). With rise in temperature, the hopping frequesleijts towards the higher
frequency. For all compositions, the scaled pldtg (/o VS, logcadog) at various
temperatures merge to a single plot which suggests the conductivity relaxation
mechanism is temperature independent. In the fdoisnaginary part of modulus vs. log
of frequency i.e., log vs. M", the imaginary part of the electric modulssassociated
with a clearly resolved peak at unique frequencyctishifts towards high frequency
region with the increase of temperature. These paak a sign of transition from long
range to short range mobility of oxygen ions. Extdep the composition x = 0.4 of Ca
doped series, all the normalized plots of eleatradulus (logm/®max VS. M/M  may) for

different temperatures data superimposed on edwr @thich indicates that relaxation



mechanisms associated with different frequenciesgss the same thermal energy and
the corresponding dynamical processes are temperatependent. On the other hand a
diffused peak observed in the middle frequencyamdor x = 0.4 composition of Ca
doped compound can be correlated with the domigasin boundary contribution as

evident in the Mversus M plot.



