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ABSTRACT

Indium-doped vanadate ceramic samples with general formulaCa, ,In VO,
were synthesized by using solution route technique depending upon two
different precursors (oxalate and citrates) to get maximum homogeneity in-
side the bulk of the material where x = 0.05 and 0.25 mole. Structural and
microstructural propertieswere monitoring by using both of XRD and SEM
evaluating that indium doped-calcium vanadate ceramic has the semicon-
ducting classical doubly perovskite phase as proved in the X-ray
diffractogram, grain size of thematerial bulk wasfound to bein between 1.57-
2.23umwhich arelower than those reported in literatures.Magnetic measure-
ments indicated that the In- doped- calcium vanadate ceramic exhibits an
semiconducting behavior confirming that indium-hole dopings enhance the
paramagnetic character and semi-conduction mechanism of the hexagonal
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INTRODUCTION

Based ontheéd ectricd, magnetic and other rl ated
properties, therehasbeenrapid progressin developing
new materials of different structural families (i.e.,
perovskite, tungsten bronze, layer structure, etc.) for
different devices, such as capacitors, actuators, pyro-
electric detectors, transducers, eectro-optic, ferroel ec-
tric random access memory and display, etc.[*7. Out
of thematerialsdeveloped only afew canbeusedin
wireless communication technologiessuch ascd lular
phones, microwave multilayer integrated circuits, etc.
(810, |nthisatempt physical propertiesof somemate-
rid shavebeentail oredeither by substituting suitabled-
ementsat different atomic sitesof the structure of the

material or fabricating complex/composite systemd
33, Though alot of complex systems now-a-daysare
availablefor the purpose, CaO-Nb,O,, BaO-Nb,O,,
SrO-Nb, O, binary systems'“ have been found very
interesting and useful because of diversity of their crys-
ta structurd, stability and physica properties.
Somemixed metd oxidescontaining vanadium (V*4)
with perovskite-rel ated structure have recently been
found interesting as transition metal analogs of the
cuperate superconductorsand ionic conductorg !>,
Although Nb*5, Ta*® and V*° containing systems
have recently been studiedin detailsfor different appli-
cations, not much has been reported on structural and
electrical properties of Ca-O-V O, whichisthe sub-
ject of thispaper. Themagjor goal inthepresent article


mailto:ksabawy@yahoo.com

ICAIJ, 4(1) March 2009

Khaled M.Elsabawy et al. 19

istoinvestigatethe effect indium-dopingson;

a. Structural and micro-structural properties of In-
doped Ca,  In VO, ceramics,

b. Electrica conduction and Magnetic propertiesof In-
doped- Ca, In VO, samples.

EXPERIMENTS

A. Samplespreparation

The In-doped-vanadates ceramicswith generd for-
mulaCa,, In VO, were sel ected from another study for
authorsto bethetarget of thisinvestigation wherex =
0.05and 0.25 mole.The preparation was attempted by
applying solution route and sintering procedureusing
the molar ratios of In,0,,V,O,, and CaCO, each of
highly purechemical grade purity. Themixturewere
ground carefully then solublizein few dropsof concen-
trated nitric acid forming nitrate extract which diluted
by distill water. Thenitrate solution was neutraized by
using 30 % ureasol ution and pH becomes~6. Mixture
| wasfor calcium solution and mixturell wasfor (in-
dium + vanadium) nitrates. Mixture | wasdiluted by
distill water to be 100 ml then pH was adjusted to be
8.5 concentrated solution of oxalic acid was added
carefully till heavy white preci pitate from cal cium ox-
daesisobtained and the pH must behigher than8.The
oxalate precursor isfiltered and washed by 5 % am-
monium nitrate solution.Mixturell of indium and vana:
dium waspassi ng through the sametreatment but citric
acid was appliedinstead of oxalicin present of ethyl-
eneglycol ascomplexing agent to produce gelatinous
precipitate of indium-vanadium citratesthat formaing
Citrates precursor.

The calcium oxaateand In/V-citrates precursors
wereforwarded to mufflefurnaceand calcinaionspro-
cesswas performed at 780°C under acompressed O,
atmospherefor 10 hrsthen reground and pressedinto
pellets (thickness 0.2 cm and diameter 1.2 cm ) under
6 Ton /cm?. Sintering was carried out under oxygen
stream at 900°C for 20 hrs. The sampleswereslowly
cooled down (20°C /hr) till 500°C and annealed there
for 8 hrsunder oxygen stream. Thefurnaceisshut off
and cooled d owly down to room temperature. Finally
themateria sarekept in vacuum desiccator over silica
gd dryer
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B. Phaseidentiication

The X-ray diffraction (XRD) measurementswere
carried out at room temperature on the fine ground
samplesusing Cu-K o radiation source,Ni-filter and a
computerized STOE diffractometer/Germany withtwo
theta step scan technique.

Scannig Electron Microscopy (SEM) measure-
mentswere carried out at different sectorsinthepre-
pared samplesby using acomputerized SEM camera
withedemental andyzer unit (PHILIPS-XL 30ESEM /
USA).

C. Magnetic measurements

The cryogenic AC-susceptibility of the prepared
materia swasundertaken asafunction of temperature
recorded in the cryogeni c temperature zone down to
30K usingliquid heiumrefrigerator.

RESULTSAND DISCUSSION

1. Phaseidentification

Figure (1a-c) displaysthe X-ray powder diffracto
metry pattern for In-doped-vanadates ceramicswith
general formulaCa,, In VO, wherex =0.0, 0.05and
0.25 molerespectively. Analysisof the corresponding
20 vauesand theinterplanar spacingsd (A) were car-
ried out and indi cated that, the X-ray crystalline struc-
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Figurel: X-ray diffraction patternrecorded for I n-doped-
vanadates ceramics with general formula Ca, In VO,
wherex =0.0,0.05and 0.25mole
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Figure2(a-c) : SE-Micrographsrecor ded for in-doped-vana-
datesceramicswith general formulaCa, In VO, where;
() x=0.0, (b) x=0.05and (c) x = 0.25 mole, with different
magnification factors2 and 20um

TABLE 1: EDX-elemental analysisrecor ded for Ca,VO, sys-
tem

CaVO K-

Element W3t%8 At % ratio z A F
OK 65.38 60.15 0.1037 1.1119 0.7131 1.0019
V K 7.29 9.139 0.0159 1.2443 0.2253 1.0011
CaK 2326 3048 0.1831 1.0336 0.5507 1.0313

TABLE 2: EDX-demental analysisrecordedfor Ca, . In, VO,
system

Cay g5l N g5V Og At K

Element Wt % % ratio Z A F
OK 65.38 60.15 0.10371.1119 0.7131 1.0019
V K 7.29 9.139 0.01591.2443 0.2253 1.0011
CaK 23.26 30.48 0.18311.0336 0.5507 1.0313
InL 0.1606 0.145 0.03320.9481 1.0218 1.0118

TABLE 3: EDX-elemental analysisrecorded for Ca, .In VO,
system

Cay 75l N 25V Og At K

Element Wt % % Ratio z A F
OK 63.32 61.15 0.12471.1259 0.8131 1.0022
V K 8.21 9.189 0.01491.1563 0.2252 1.0021
CaK 21.26 29.87 0.17311.0126 0.5607 1.0213
InL 0.706 0.645 0.03520.8721 1.0518 1.0123

ture mainly belongs to a single hexagonal doubly
pervoskite phase Ca, In VO, in major besides few
peaks of In,O, as secondary phasein minor. Thelat-
tice parametersof the unit cell wererefined usingthe
| east-squares sub-routine of astandard computer pro-
gram these refined lattice parameters are: a= b
=16.8312A, c =40.3783 A with estimated standard
deviationin parenthesis. Theseunit cell parametersare
in good agreement with those of thereported onesfor
Ca,Nb,O, structure!®,

Theunit cell dimensionswereca culated usngthe
most intense X -ray reflection peskswhichisfully agree-
ment with those mentioned intheliterature -2,

Itisobvioudly that, the additions of In,O, hasa

negligibleeffect onthe main crystallinestructure hex-
agonal doubly pervoskitephase Ca, In VO, with In-
content (x =0.25) asshowninfigure 1c.

From figures 1ab onecanindicatethat hexagonal
pervoskitephase Ca,, In VO, isthedominating phase
by ratio exceedsthan 90 % confirming that In-ion sub-
stitutes successfully onthe Ca-Sit at low concentration
x = 0,0.05 mole without damaging the original-
pervoskite hexagonal phase.

TABLES 1 and 2 explain EDX-elementd analysis
data recorded for Ca, In VO, where x = 0.05 and
0.25 molethat prepared viasolution route.lt isclear
that the atomi ¢ percentagerecorded is approximately
typical with the molar ratios of the prepared sample
emphasizing thequality of preparation through solution
technique.

Onthebasisof ionic radiusn-ion can substituteon
theca-sitescausing dight shrinkagein thelatticewith-
out destroying it as clearly appears in the x-ray
diffractogramfigure 1. Since Ca, , In VO, hexagonal
phaseisclearly assignedin our x-ray patternsby * as
showninfigurel.

2. SE-microscopy measur ements

Figure (2a-c) show the SEM-micrographsrecorded
for In-doped-vanadates ceramicswith genera formula
Ca, In VO, wherex =0.0, 0.05and 0.25mole. The
estimated averageof grain sizewascd culated and found
in between 1.57- 2.23um supporting thedatareported
in23,

The EDX examinationsfor random spotsinthe
samesampleconfirmed and arecons gent with our XRD
andydsfor polycrystalineln-doped-vanadates ceramic
sample,suchthat thedifferencesinthemolar ratiosEDX
estimated for the same sampleisemphasized and an
evidencefor theexistence of hexagond phasewith good
approximateto molar ratios see (TABLES 1-3).

From figure (2a-c), it is so difficult to observe
inhomogeneitiy within the micrograph dueto that the
powders used arevery fine and the particle size esti-
matedistoo small.

Thisindicatesthat, theactua grain sizeinthema:
terial bulk issmaller than that detected on the surface
morphology. Furthermore, inour EDX (energy disperse
X-ray) analysis, In®** was detected qualitatively with
good approximateto theactual molar ratio but not ob-
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Figure3(a-c): M agnetic susceptibility curverecorded for

In-doped —vanadatescer amicswith general formulaCa,,

In, VO, where; (a) x=0.0, (b) x=0.05and (c) x=0.25mole
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Figure4: Activation ener giescalculated for indium doped
ceramicsver susin-content

served at vanadates ceramicsgrain boundarieswhich
confirmthat, indium (I11) hasdiffused regularly into
materia bulk of superconducting vanadates ceramics-
phase and In-ion inducesin the crystalline structure
through solid state reaction by someextent. Theinclu-
sion of In-ionisconfirmed a so by the enhancing the
semiconducting behavior of vanadates ceramics semi-
conductor.

3. Magneticand electrical properties

Figure 3 exhibits magnetic susceptibility curvere-
corded asafunction of absolutetemperaturesfor vana-
dates ceramicssamplessynthesized viasol ution route.lt
isclear that the conduction increases astemperatures
rai se reflecting semiconductor behavior for vanadates
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ceramic sample. Although theindium dopant has me-
tallic behavior asreportedinliteratures???! it enhances
semi-conduction mechanism inside material bulk of
vanadates ceramics. From thispoint of view indiumas
dopant dement withmetallic character expectedtomake
ashift towards semiconducting behavior asachievedin
our investigation.

Transport properties of the materials obeying
Arrheniusequationc, = . exp (-E/K,T), wherethe
symbolshavetheir usual meanings. It isobserved that
theac conductivity of thematerid increaseswithrisein
temperature, and showsthe negative temperature co-
efficient of res stancebehavior. Thevauesof activation
energy of the compound are found to be 0.18, 0.20
and 0.23 eV for x = 0.0,0.05 and 0.25 mol e respec-
tivey.

Thisbehavior suggeststhat the conduction mecha
nism of the compound may be due to the hopping of
charge carrier that enhanced by indium holes- dopings
and the energy gabs between conduction and valence
band increase asIn-dopant concentration increase as
showninfigure4.

COCLUSIONS

Theconclusiveremarkesinsdethisarticlecan be

summarized asthefollow ;

1. Solutiontechniqueexhibitsstructurequdity asprepa
rationtechnique.

2. In-dopant make ashift towards hexagonal phase.

3. SE-micrographs confirmed that In-ionsdistribute
regularly through out thel atti ce structure of vana-
dates ceramicswithout destroying hexagonad-phase.

4. Magnetic order of Ca, In VO, (wherex = 0.05and
0.25 mole)does not changed and still semiconduct-
ing order dthoughindium-dopant hasmetalic char-
acter.

5. Thevauesof activation energy of the In-doped-ce-
ramicsareraised asindiumincreases.
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