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ABSTRACT KEYWORDS
The perovskite samples with genera formula Bi,SrV, Ti O,, where (x= Bi—Vanadates;
0.05, 0.1, 0.2, 0.3, 0.6) were carefully synthesi zed and processed by using Ti—dopant;
solid state reaction route and sintering temperature at 900°C for 25 hrs. Perovskite;
TGA and DTA thermal analyses were carried out on the green mixture to Ceramic;
identify the best thermal treatment for processing of Bi-Sr-V-O system. X-ray;
Structural investigations by using XRD — analysis of the prepared samples SEM;
proved that Ti-dopant can substitute successfully until x= 0.45 mole on ESR;
the Bi-layered perovskite crystal structure. SE-microscopy indicated that IR

the average grain size was found to be in between 1.25 and 1.66 pm. Ti-
dopings have slight to moderate effects on both ESR-signals and conduc-
tion mechanism of Ti-doped Bi-Sr-V O regimeferroelectric ceramic. Infrared
absorption spectrarecorded for Ti-doped samples show broad band char-

acteristicsto different M-O-M vibrational modes.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Thebismuth—oxide layered perovskite materials
such as Bi-Sr-V-O haveattracted increasing attention
intheresearch community becausethey arefatigue—
freeand lead freg 3,

Thewide spread application and commercidization
of bismuth- layered perovskiteferroe ectricshavebeen
limited by drawbacks, their rather high processing tem-
peratureand their rel atively low remanent pol ari zation'*
%I, Recently, effortshave been madeto enhancethe prop-
ertiesof layered perovskiteferrod ectricsby addition or
subgtitution of dternativecationg®®.

It’s now well established that the variation of oxy-
gen content and distribution of oxygen atomsonthe
lattice site strongly influencesthe physical and struc-

tura properties(e.g. ectricd conductivity) at high-tem-
perature. Superconductors and many other metallic
oxides?.

Thediscovery of high temperature superconduc-
tors hasattracted much attention for their technol ogica
gpplication such assuperconducting quantuminterfer-
ence devices (SQUID), The high Tc ceramic super-
conductor, the Bi —based system has been studied be-
causeof itshigh critical temperatureespecidly withthe
partial substitution of PbinBi and Sr sitessinceit pro-
motesthe stabilization of 2223 phasewhen grown from
2212 phasegt®1,

Aurivilliuspublished aseriesof paperd>4 explain-
ing thediscovery of mixed metal oxideshaving bismuth
layer aternating with perovskite structure layers, be-
causeof theirionic structural framework, Aurivillius
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phasesexhibit greeat flexibility with respect tometd cat-
ion subgtitution. Therefore, these phaseshavehigh po-
tential for systematic control of their properties™.

Therearedifferent studies showing the chemical
substitution such as Pb doping on Bi-O layersthat can
be used toimprove conductionin the blocking layers
and soto alarge decreaseintheresistivity anisotropy.
Thereduced anisotropy leadsto improvement of the
critical current inthe heavy Pb-doped!*&-28l,

It’s shown that the Sn doping in Bi-system super-
conductors does not change the Tc significantly>29,
Shrivastavaet al.[?! found that theincorporation of
Lacationsinto A sites up to 50% continuously de-
creased the Curietemperaturein SBN ferroelectric
ceramics.

Daset al.[?? reported theimproved remanent po-
larization of SBN and SrBi, Ta,O, thisfilms, whena
small amount of Cacationswereincorporated intoA
sites: Bismuth layered perovskite materiad shave high
fatigueresistancé® and thereforehave attracted anin-
creasing attention for non-volatile random access
memory (NVRAM) application?4,

Thecrysta structureand chemica composition of
theselayered perovskitesweresystemeticaly studied®
withthegenera formulaof (Bi,O,)* (Am'BmO°m*)*
, cong ting of m-perovskite unites sandwiched between
bismuth oxidelayerscalled thefamily of bismuth lay-
ered structured ferroel ectricg?l, where A and B two
typesof cationsthat enter the perovskiteuniteAisBi®*,
Ba&*, Sr*, and B is Ti*, Ta**, and m=1-6 layered
perovskite strontium tantaliteisamember of bismuth
layer- structured ferroel ectrics.

The crystal structure of Sr Bi, Ta,0, comprises
pseudo- perovskiteblocks (SrTa,0,)* that are sand-
wiched between (Bi,O,)* layers. Sr occupiesthe A
site of the perovskite block and Ta occupies the B-
ste?,

Theessentid god of the present articleistoinves-
tigatewiderangeof Ti —dopings on- vanadium sites of
212 Bi-Sr-V-Oregimeon;

(& Structura & microstructure properties.

(b) Therma and processing temperature.

(c) Spectroscopic properties (IR, ESR).

(d) Conduction behaviour of 212-Bi-Sr-V-0, sys

tem.

CHEMICAL TECHNOLOGY

EXPERIMENTAL

The pure Bi,SrV,O, and doped sampleswith the
general formulaBi,SrV, Ti O,, wherex=0.05, 0.1,
0.2,0.3, 0.6 molewere prepared by conventiond solid
state reaction route and sintering procedure using the
gppropriateamountsof Bi (CO,),, S'CO,, (NH,),VO,
and TiO, (each purity >99%y). The mixturewasground
inan agatemortar for onehour. Thenthefiney ground
powder was subject to firing at 800 °C for 10 hours,
reground and finally pressedinto pdlletswith thickness
0.2cm, diameter 1.2 cmand Sintered at 900 °C for 30
hours. Thenthefurnaceiscooled dowly downto room
temperature. Finaly the material sarekept in vacuum
desiccator over silicagd dryer.

Sructural measurements
(a) X-ray diffraction (XRD)

The X-ray diffraction measurements (XRD) were
carried out at room temperature on the fine ground
Bi,SV,0,andBi,SV, Ti O,systemsintherange(20
=10-70°) using Cu-Ka radiation source and a com-

puterized [Bruker Axs-D8 advance] X-ray
diffractometer with two thetascan technique.
(b) Scanning electr on —microscope

Scanning electron microscope (SEM) measure-
mentswerecarried out using small piecesof prepared
sampleson different sectorsto betheactua molar ra-
tios by using “TXA-840,JEOL-Japan” attached to
XL30 gpparatuswith EDX unit, accelerant voltage 30kv,
magnification 10x up to 700.000x and resol ution 3. nm.
The sampleswere coated with gold.

Conductivity measurements

The DC-electrical conductivity of thesampleswas
measured using the two terminals DC-method. The
pellets were inserted between spring loaded copper
electrodes, AKEITHLEY 175 multimeter (ASA) was
employed from room temperature up to 500K. The
temperature was measured by acalibrated chromel -
aume thermocouple placed firmly at thesample. Mea
surementswere conducted in such away that at each
temperature, sufficient timewasdlowed to attain ther-
ma equilibration.

Thermal analyses measur ements

Au Tudian Yournal



CTAIJ, 7(3) 2012

Khaled M.Elsabawy and Morsy M.Abou Sekkina 95

Thethermogravimetricanalyss(TGA) and thedif-
ferential thermal analysis(DTA) measurementswere
carried out on the green mixtures (starting powders)of
the prepared sampl esusing acomputerized Shimadzu
¢ Japan TGA/DTA analyzer and Al O, asareference
for DTA measurements.

Solid infrared absor ption spectral measur ements

ThelR absorption spectraof the prepared samples
wererecorded using “ Nexus 670 FT IR spectrometer
intherange 500-2500 cm-1 using pure KBr matrix”.

Electron par amagnetic r esonance measur ements

The electron spin resonance spectra (ESR) were
recorded at room temperaturefor the prepared samples
using at x-band frequencieson a“Bruker- ELEXSYS
E 500 Germany” spectrometer at the National Research
Center, Egypt.

RESULTSAND DISCUSSION

Phaseidentification
(a) X-ray diffraction

The X-ray diffraction patterns of pure and Ti-
doped samples with the general formulaBi,SrV,
Ti O,, where x=0.05, 0.1, 0.2, 0.3, 0.6 mole are
showninFigure(1,,).

A
M
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Two Theta ( Degree )
Figurel ,: XRD patternsrecorded for (a) pureBi,SrV,0O,
and Ti-doped samples, (b) Bi,S'V, . Ti O, (0 Bi,STV, Ti
°‘1-O?')(d) Bi,Srv, Ti,, 0, (e Bi,SrV, Ti O,f)Bi SV,
i
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Analysisof the corresponding 20 values and the
interplanar spacing d (A°) by using computerized pro-
gram proved that the compound ismainly belongsto
distorted perovskitetypewith hexagona crysta form
seeFigure 1g, that expressed by assigned peaks. The
unitecell dimensionswere ca culated using parameters
of themost intense X -ray reflection peaksand found to
be a= b= 5.8804 A° and c= 7.304A° for the pure

212Bi-Sr-V-0.
OQ Ty A =
." & r .U Bit++

02
s V0405

5.

Bi2Sr1v209
Figurelg: Hexagonal crystal structureof Bi-Sr-Vanadates

¢

Singlephaseof thelayered perovskite structure ap-
peared when Ti isup to or equal 0.0518, The substitu-
tion of Ti** for V** in BSV would induceA-site cation
vacanciesin perovskite layers, which leadsto anin-
creaseof interna stressfor the shrinkage of unite cell
volumé?!, Theincreasing of Ti ionsinthecrystd lattice
of BSV will resultin strong stress, whichwill expel other
Ti ionsfromthecrystd latticeof BSV.

Thelayered perovskite structure would be more
restrictivesince (Bi,O,)* interlayeresimpose agreat
condraint for sructura relaxation. Suchagructurd con-
straint induced from (Bi,O,)*" interlayeres may well
explainthelack of an appreciabledecreasein lattice
parameters with an increased amount of vanadium
dopping™.

From Figure 2 It isclear that C-axisincreasesas
result of substitution Ti dopant on the bases of ionic
radiusit isexpected that C-axisincreasesas Ti* dop-
ingratio increases.

Furthermore, Ti** islower in chargethan V*" and
asaresult it isexpected to decreasestressinsdelattice
and consequently the shrinkagefactor of latticewill be
increased.
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Figure2: Therelation between c-axisand Ti-dopant

FromFigure(1,_,), Itisclear that the Ti- substitu-
tionsare successful inthemost of investigated range
even a high concentration x=0.6 molesincethereisno
evidencenoticegbleat X-ray diffractogramreferringto
Ti impurity phase. Thisconfirmsthat Ti-dopant can sub-
stituteinthe V-sites successfully inthewholeinvesti-
gated range.

(b) Microstructural properties(SEM)

Figure (3, ) showsthe scanning electron micro-
graphsrecorded for pure 212-Bi-Sr-V-O system and
Ti-doped havingtheformulaBi,SV,, Ti O, wherex=
0.1,0.3male.

Theaveragegrain size of pureand Ti-doped 212-
Bi-Sr-V-O system were cal cul ated carefully and found
to bein between 1.5-1.9 um which is totally matched
withthosereportedintheliteratures®:32,

Figure (3, ) for pure Bi-212 showsthat the high
content of bismuth resultsin attraction for thegrainwith
each others and porous appeared between thegrains
dueto bismuth evaporation.

For samplewith Ti-doping (0.1,0.3), the Ti-ions
connect to grainwith other, theincreasing of Ti concen-
tration leadstoincrease of grain sizefrom 1.58 um in
pureBi-212t01.901 um and 1.981 um forx=0.1 and
0.3 respectively (Figure2__).

From Figrue (3, ) onecan notify that thereisno
sharp differencesin thegrey colourationthat reflects
homogeneity and the quality of processing of 212-Bi-
S-V-Oregime. Furthermore, TiO, can not be detected
inthegrain boundarieswhich emphasisthat Ti-ionssub-
gtitute successfully onthevanadium sites.

CHEMICAL TECHNOLOGY

Figure3_ .: SE-micrographimagesrecorded for pureand
some selected Ti-doped 212-Bi-Sr-V-O system with two dif-
ferent magnification factor s2000 X pm & 5000 x pm: where
(a) Bi,SrV,0, (¢)Bi,SrV, Ti O, (e)Bi,SrV, Ti O

19" 0179 17" 0379
(c) Thermal analyses measur ements

Thermogravimetricandyss(TGA) and differentia
thermal analysis(DTA) were carried out in thetem-
perature range from room temperatureto 850°C at a
heating rate of 10°C min* onthegreen mixtureof pure
212-BiSr'VO and some selected Zr doped sampleswith
thegenera formulaBi, SV, Ti O, wherex=0.1,0.3
mole

FromTGA/DTA curvesasshowninFigure(4, ),
the TGA analysiscan bedivided into four steps, the
first step occupiestheregion from room temperature
till 230°C for which theweight lossoccurred isattrib-
uted to the humidity and decomposition of (NH,),VO,
into NH,, and vanadium oxide.

The second region from 230°C to 400°C at which
Bi,(CO,), is decomposed into Bi,O, and CO,. The
third region of temperature from 400-660 °C at which
weight lossoccurred isdueto partid decomposition of
SrCQ, incorporated with high temperature solid state
initial phaseformation reaction. Thefourth step occu-
pying intherange 660-850 °C isdueto finad decompo-
sition of SrCO3 and thefinal formation of solid state
oxide3l,

Theendothermic peasksabove400°CinDTA curves
correspond to solid state reaction formationt33.

Electron paramagnetic r esonance measur ements
Figure (5, ) explain theelectron spin resonance
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(ESR) signalsrecorded for pure Bi212 and some se-
lected Ti doped sampleswith x=0.1, 0.3 mole.
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Figure4___: Thermogravimetric(TGA)and differential ther-
mal analyses (DTA) curvesrecorded for green mixture of
pureand somesdected Ti- doped 212-Bi-Sr-V-O sygemwhere
(@ Bi,Srv.,0,, (c) Bi,SrV, Ti (e)Bi,Srv, Ti O,
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Figure5, .: ESR spectraat room temperaturefor pureand
some selected Ti-doped 212-Bi-Sr-V-O system where (a)
Bi,SrVv,0,, (c) Bi,Srv, Ti O, (e) Bi,SrV, Ti O,
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It was shown that the effective g-values (g, ) ex-
hibit anincreasefrom x= 0.0 moleto x=0.3mol dueto

0179’
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strong coupling between Ti* ionthat substitutesV*ion
successfully at low dopant concentration Figure 6.
Theseresultsof ESR proved that the anisotropy oc-
curred asaresult of Ti-dopingwhereg,, variesasfunc-
tion of x valug®s37,

2.30 =
2.33.- o
2.324
2.31 - e
2.30:

2.29 =

228 '

0.00 0.05 0.10 0.15 0.20
x-values of Ti-dopant Mole

Figure6: Therelation between G, and x-value

025 0.30

DC-Electrical conductivity measurements

Figure(7,,) displaysthevariation of dc-electrical
conductivity as afunction of reciprocal of absolute
temperaturefor various Ti** dopings.
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Figure7_: Thevariation of DC- electrical conductivity asa
function of temper aturefor pure212-Bi-Sr-V-O system

Thedatafrom Figure(7, ) exhibit conducting and
semiconductor behavior sincetheconductivity increases
asthe temperaturerisein case of conductor and the
conductivity decreaseasthetemperaturerisein case of
semiconductor’,

Figure(8,,) show therelation between theenergy
gap (Eg), number of & in conduction band (N ,) for
Tidopedinwhichthe E, and N, increaseastheratio of

———— 3 OCHEMICAL TECHNOLOGY
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Ti dopingincreasesfrom x = 0.05till x =0.6 high con-

centration.
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Figure7,: Thevariation of DC- électrical conductivity asa
function of temperaturefor (d) Bi,S'V, Ti , O,
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Figure8, : Therelation between Ncb and Ti doped
Solid infrared absor ption spectral measurements

Theinfrared absorption spectraof pureBi.SrV.,0,
and their Ti doped intherange of 500-2500 cm are
showninFigure9.

BiSrv, TiO,

IJ

x = 0.0 mole

500

1000 1500 2000 2500

Wavenumber Cm’'
Figure9: Theroom temperaturesolid infrared absor ption
spectrarecorded for (a) pureBi2SrVV209, (b) Bi2SrVV1.95
Ti 0.0509, (c) Bi2SrV1.9Ti 0.109, (d) Bi2SrV1.8 Ti 0.209,
(e) Bi2SrV1.7 Ti 0.309, (f) Bi2SrV1.6Ti 0.409

Itiswell Knownthat 212-Bi-Sr-V-Ot¢ system is
mainly bel ongsto deficient perovskitesructureand extra
oxygen atom (Ox¢). Oxygen nine converts it to dis-
torted perovskite structure and consequently the com-

3000 3500

—= Pyl Paper

mon vibrational modesof IR-spectraof perovskiteare

clearly appear.

From Figure 9 we can summarizethedifferent vi-
brational modesand their reasonsasfollows;

(@ Therangefrom 400-600 cnt includesthemost of
infrared active phononsinvolving stretching modes
of vibrating Bi-O, Sr-O and V-O/Ti-O plus bend-
ing modes of Bi-O-V, Bi-O-Sr, respectively.

(b) TheBroad band around 800 cmismainly dueto
anincreaseinthefreecarrier scattering asreported
i n[39—40] .

(¢) Thevibrational modesat ~ 700-800 cmisdueto
theeffect of charge exchangrment of V*°/Ti** carri-
erswhichisenhanced by increasing Ti-dopings.

CONCLUSION

In summary, 212-BiSrV O ceramics doped with
variousx-vaueswere prepared by the solid Statereac-
tion method. X-ray diffraction proved that the com-
pounds have distorted perovskite structure with hex-
agonal crystal form and the Ti substitutions are suc-
cessfully evenat high concentration x=0.6 mole. The
ferrodectric propertiesof thelayered perovskite have
been significantly enhanced with Ti doping. The DC-
electrical conductivity show conducting metallic and
semiconducting behavior. ThelR spectradisplay that
the system bel ongsto deficient perovskitestructureand
extraoxygenaom (Ogtg).
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