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ABSTRACT

The samples having the general formula Pb, Cu ZrO, perovskite regime
were synthesized carefully viasolid statereaction rout (where x = 0.0, 0.05,
0.1,0.2,0.25,0.4,0.5, 0.6 and 1mole). Many investigationswere performed
including structural, micro structural (SEM) and thermal analysis (TGA&
DTA) which carried out on green mixture. The prepared sampleswere found
to have semiconducting feature with minimum activation energy 1.98x10
“ev. The estimated grain size were found to be in between 80 and 150 nm.
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Furthermore, Infrared- absorption spectrarecorded show broad-to medium
peaksliesat 1(400-600cm?), [1(250-400cm?) and 111(150-250 cmh). Finally,
EPR spectrawererecorded for pure- and variant Cu-doped perovskite giv-
ing broad signal which is good indication to Cu*?-ion existence.
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INTRODUCTION

Most of the compoundswith thegenera formula
ABO, havetheperovskitestructure! inwhich “A” may
beamono-, di-, or tri-vaent cation and “B” may be a
penta, tetra-, or tri-valent cation.,

Solid solutions of lead zirconate-titanate (PbZrO,-
PbTiO, system) attract the attention of researchersand
devel opersinvariousfieldsof scienceand technology
because of their potentid applicationsin memories, mi-
crowave tunabl e capacitors, microel ectromechanical
systems (MEMYS), pyroel ectric sensors and electro-
optical switchesi*'2, It was reported that the
antiferrodectric (AFE) toferrodectrictransition leads
to significant energy storagefor adcfield. Thisfeature
of PbZrO, makesit a candidate material for energy

storage applicationg™.

Preparation of lead zirconate or (PZ) by conven-
tional processesrequiresthe useof high temperatures
at which PbO volatility becomessignificant. It wasre-
ported that thefull devel opment of pure PoZrO, phase
occurs after sintering at temperatures above 1200C°
for at least 2hin controlled PbO atmospheres+17,

PZ powderscan a so be prepared by wet-chemis-
try based process routs, which include chemical
copreci pitation*3¥, microemul s on and Sol-gdl tech-
niquet?,

Bernd et d .2 prepared PZT thinfilmsby thedepo-
sition sol durry, thismethod consistsof aPZT-sol on
acetic acid basisand PZT powder. Furthermore, Kong
et al.[?2 prepared PZ by ahigh-energy ball milling pro-
cessusing oxidesasgarting materids.
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Bharadwajaet al.[?® studied the X-ray diffraction
(XRD) for lead zirconateand L a-doped | ead zirconate
thinfilmsand reported that purelead zirconatethinfilms
showed apseudo-cubic (110) orientation, whereasall
the La-modified filmsshowed apseudo-cubic (111)
orientation. The XRD analysis for lead lanthanum
zirconaetitanate (PLZT) thinfilmshasbeen studied 4
and showed that the PLZT thinfilmsarepolycrystdline
and thelattice parameter adecrease dightly within-
creasing Laconcentrations.

Boutarfaid® studied XRD, differential thermal
andyss(DTA) andthermd gravimetricandyss(TGA)
for xPbzrQO,-(0.95-x)PbTiO,-0.05Pb(Fe, ,Ni, .,
Sb,,.)O,, it was reported that, the endothermic peak
observed at about 240°C isdueto Pb,O, decomposi-
tion and a appreciable weight loss of 2.5% isfound
with TGA, and another endothermic signal at 560°C
whichisrelated to Pb,O, fina decomposition.

The scanning € ectron microscope (SEM) hasbeen
studied™ for PbZrO, and showed the submicrometer
and spherical nature of the PoZrO, powder.

Akimov!® studied the R spectraof |ead zirconate-
titanatewith arhombohedrd and atetragond strucrures
andit hasbeen established that withincreaseinthe con-
tent of lead titanatein solid solutionsof |ead zirconate-
titanatewith atetragond structure, thefrequency of the
ferrod ectric- activemodeshiftstoward higher frequen-
cies.

Theessentiad god of present articleisstudying the
effect of copper dopingsor/ substitution ontheA-site
of perovskiteon:

(a) Structural and microstructural propertiesof lead
zirconate (PbZrO3) regime.

(b) Transport properties, Magnetic order and spectral
properties.

EXPERIMENTAL

Samplesperparation

The pure lead zirconate (PbZrO,) and doped
sampleswithgenerd formula(Po,_ Cu, ZrO,) where (x=
0.05, 0.1, 0.2, 0.25, 0.4, 0.5, 0.6 and 1 mole) were
prepared by the conventiona solid statereaction route
and sintering procedure using approprtiate amounts of
Pb,O,, ZrO, and CuCO, each of purity >99%. The
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mixturewasgrindingin an agate mortar for 1h. Then
thefinely ground powder weresubject tofiring at 800°C
for 20 hrsand reground and finally pressed into pellets
with (thickness 0.2cmand diameter 1.2cm).

Sintering processwas carried out at 850°C for 48
hrs. Then thefuranceis cooled slowly down to room
temperature. 10% more off-stoichiometric Pb,O, were
used in order to compensiate lead deficient whichis
duetoitssublimation during sintering process.

Itiswdl knownthat, the particlessizeof CuO and
ZrQ, resulted fromthermal or/hydrothermal sintering
processwill beintherangeof 10-50 nm specially after
mechanica millingasmentioned in many previoudy re-
ported articlesliké?, Sothedopingswill beintherange
of nano-dopings powders.

Structur al measurements

The X-ray diffraction measurements (XRD) were
carried out at room temperature on the fine ground
sampleson therange (26=15-75°) using Cu-Ka ra-
diation source and acomputerized [ Shimadzu (Japan)]
X-ray diffractometer with two thetascan technique.

Scanning electron microscope (SEM) measure-
mentswere carried out using small piecesof the pre-
pared samples on different sectorsto be accurate to
the actual molar ratiosby using “JXA-840A, JEOL-
DC-éelectrical conductivity measurements

TheDC-dectrica conductivity were measured as
afunction of absolutetemperature using thetwo-probe
technique.Measurementswere carried out from room
to elevated temperatures up to 500°C.

Thermal analyses measurements

The thermogravimetric analysis (TGA) and the
differentid thermd andyss(DTA) measurementswere
carried out on the green mixtures of the prepared
samplesusingacomputerized Shimadzu (Japan) TGA/
DTA analyzer and Al O, asreferencefor DTA mea-
surements.

Solid infrared absor ption spectra measurements

The IR absorption spectraof thesampleswerere-
corded using “Perkin Elmer” Infrared Spectrophotom-
eter Germany in the range 200-1500 cm'! using spec.
Pure KBr matrix.
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M agnetic measur ements

The electron spin resonance spectra (ESR) were
recorded at X-band frequenciesona‘“Bruker-Germany”
ESR Spectrometer at room temperatureat the National
Research Center, Egypt. The magnetic field was swept
from Oto over 8 KG and the calibrated energy was 1
KGwithadigitd gaussmeter. Severa sdected samples
wereinvestigated.

RESULTSAND DISCUSSION

Figure(1,,) displaystheX-ray diffraction patterns
of pure lead zirconate (PbZrO,) and Cu-doped PZ-
regime having general formula(Pb,, Cu ZrO,) where
(x=0.05,0.1,0.2,0.25,0.4, 0.5, 0.6 and 1 mole).

Analysisof the corresponding 20 valuesand the
interplanar spacings d (A) by using computerized
programme proved that, the compound ismainly be-
longsto orthorhombic crystal structure, that expressed
by assigned peaks.

Theunit cell dimensionswerecd culated usngthe
parametersof the most intense X -ray reflection peaks
and found to be o = 7.7042A, b = 12.09A and
¢ =6.6345A for the pure PbZrO,. Eventhough PZ was
first reported to be tetragonal(® at room temperature,
sngle-crystd studiesreveded the structureto be orthor-
hombic?.

The present XRD Patternsof PZ areinfull agree-
ment with results reported by Fang et a . and Kong
et al.?2, They reported and confirmed that the lead
zirconateregime crystallizeto yield an orthorhombic
crystal form regardlessthetype of processing or tech-
niques of preparation. Only the % gradient of phase
formed might changed according to thetype of prepa-
ration techniquesapplied (solid state- solution route or
emulsion, etc).

It was observed that c-axisexhibitsdight length
compression by increasing Cu-content on thebasis of
ionicszeradiusasshowninfigure(2), theionicradius
of Cu-ion smaller than that of Pb-ion suchthat, Cu?=
57pmwhile Po?*=78pm.

Fromfigure(1,,) Onecan notifiesthat orthorhom-
bic phase kept asit iswithout changefromx =0.0till x
=0.25molewhilethe most intensereflection peaksin
therangeof dopingratio 0.25 < x< 1 represent orthor-
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Figurel(a-k): Theobtained room temperature XRD pat-
ternsfor theprepared (a) PbZrO,, (b) Pb,Cu, ZrO,, (c)

Pb,.Cu, ZrO,, (d) Pb,Cu ZrO, (e) Pb,.Cu,,ZrO,(f)
Pb,.Cu,,ZrO,,(g) Pb,.Cu, Zro,, (h) Pb,,Cu,  ZrO,and

(k) Cuzro,
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Figure2: Therelation between c-axisand doping value

hombic phase shifted and di sappeared withx = Lindi-
cating that the successful range of Cu-doped liesin be-
tween0.0 <x< 0.25whichisfully cons stent with most
literature.

Figure (3_,) Shows the SEM-micrographs re-
corded for pure and Cu-doped PbZrO,with (x= 0.1,
0.5and 1 mole) which gpplied onthesmal speciesthat
prepared by solid state reaction route (SSR) and it
showsthe submicrometer and spherical nature of the
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Figure3(a-d): SE-micrographsfor purePbZrO,and Cu-
doped Pb, Cu ZrO,where(a) x=0moal, (b) x=0.1mol, (c)
x=0.5mol and (d) x=1moal

@

PbZrO, powder. Theaveragegrain sizewas cal culated
and found in between 80 and 150 nm. These results
arecons stent with those resultsreported by Pai et .Y
and Fang et al.*¥inwhich the conventionally PoZrO,
powder iscovering the sizerangefrom 20to 130 nm.

Fromfigure(3, ) it obvioudly that thereisnolarge
aggregationsof theimpurity phaseswereobserved and
at the sametimethereisnoinhomogenietiesin gray
coloration degreethat reflectstherelative quality of
preparation for measured samples.

Resultsof grainssizeandysisarepartialy agree-
ment with datareported by*-*3 in point of view con-
cerned by grainsize, sinceour caculated averagegrain
sizeisdglightly smaller dueto preparation conditions
changmentsand Cu ions dopant e ement which make
assplitter to thegrain during theformation process spe-
cidly at dopingratio 0.25<x<1.

Figure (4,,). Show thesolid Infrared spectrafor
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Figure4(a-k): Solid Infrared Spectrafor (a) PbZrO, (b)
Pb,..Cu,ZrO, (c) Pb,,Cu,,ZrO,(d) Pb, Cu,,Zro,(e)
Pb,..Cu,..Zro,(f) Pb, Cu,,Zro,(g) Pb,.Cu, ZrO,(h)

0.75 0.25

Pb,,Cu,ZrO, (k) CuzrO,

pure and Cu-doped PoZrO, powders, The spectrafor
pure PbZrO, display bands at 225, 344 and 418 cm*
whichhavebeenassgnedto ZrO, torsons{ see TABLE
1} and those at 561 and 739 cm* are due to Zr-O
stretching and the other weak and very weak bands
appearing a higher wavenumbersresult fromthevaent
oscillation of Metal-O bands™®.

Theseresultsarein full agreement with thosere-
ported by'® who were referring to the IR-spectrare-
corded for lead zirconate and specified types of
vibrational smodesthat attributableto the different M-

TABLE 1: IR -absor ption spectral bandsrecor ded for thepurePbZr O, and Cu-doped samples

Materials Wavenumber (cm’)

PbZrOs 225(m) 344(vs) 418(w) 561(b) 739(w) 866(w) 983(w) 1080(m) 1196(b) 1456(m)
Pbo.osCUo.6sZrO3 350(vs) 423(m) 559(b) 744(w) 836(m) -  937(w) 1036(m) -  1397(m) -
PbooCug1ZrOs  222(m) 348(vs) 423(w) 562(b) 745(s) - 938(w) 1027(m) - 1395(m)
PbogCugoZrOs  222(m) 355(s) 458(w) 531(w) 752(s) 838(m) 885(m) 936(m) 1034(m) 1380(m)

Pbo 5CuUp 25Zr03 223(w) 353(s) 564(m) 749(s) 886(m) 935(m) 1039(m) 1395(m)
PbosClUoaZrOs  219(m) 361(w) 524(m) 750(s) 888(m) 935(m) 1028(m) 1399(m)
PbosCuosZrOs  221(m) 362(w) 522(m) 749(s) 888(m) 935(m) 1028(m) 1395(m)
PbaCluosZrOs  221(m) 328(w) 465(b) 585(m) 787(w) - - 1020(m) 1383(w)

CuzrOs 221(m) 473(s) 799(w)

- - 1050(b)

w =week b =broad s =strong vs =very strong m=medium
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Figure5(a-d): ESR spectraat roomtemper aturefor pure
PbZrO,and Cu-doped Pb, Cu ZrO,Where(a) x=0moal,
(b) x=0.1mal, (c) x=0.5mol and (d) x =1 mol

ih)

Endo, - T Exo.

In}

.

(b S
[eh— ;

Wit.loss Wteain

AECT] B 1011 4-1.:|.H ﬁ-l:; In }-!Hjhl
Temperature c”
Figure6(a-d): Thermogravimetric (TGA) and Differen-
tial thermal analyses (DTA) curvesrecorded for green
mixtureof purePbZr O, and Cu-doped Pb, Cu ZrO where

(@) x=0mol,(b) x=0.1mal, (c) x=0.5moal and (d) x=1 mol

TABLE 2 : The effective g-values (g_) of some prepared
samplesof Cu-doped PbZrO,

Material Giso values

PbZrO, 211
Pbg gCug1ZrOs 2.282
Pbg 5CugsZrOs 2.34

Cuzros 213

Ovibrationa modesins derhombohedrastructureand
classifieditinto several ranges of spectra; [(400-600
cmb), 1l (250-400 cm?) andI11(150-250 cmt). These
strands of spectraappear in our recorded datafor pure
and Cu-doped lead zirconate.

Figure (5, ). Display the €l ectron-spin resonance
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(ESR) sgndsrecorded for pureand some selected Cu-
doped PoZrO, sampleswith (x=0.1, 0.5and 1 mole),
theg-valuesparallel and prependicular to the symme-
try axisand the effective g-valueswhich nominated as
(9,,) aecdculated asshownin TABLE 2. Itisclearly
that theeffectiveg-vaues(g,_ ) exhibitanincreasefrom
x =0.0tox =0.5and decreasewithx =1 moledueto
the strong coupling between Cu*2ion that substitutes
Pb*2ion successfully at low dopant concentrations 0.0
<x <0.5whileat higher concentration of doping range
0.5<x <1 copper inmost casesas appear in our x-ray
isout of crystallinelattice structure of lead zirconate.

Theseresultsof EPR istotally supported byt
who investigated EPR-signals of doped BaTiO, and
some Cu-contai ning ceramic deducing that the ani sot-
ropy occurred asresult of doped € ement and/or lattice
defects could be thereason why g-effectivevariesas
function of doping e ement.

The TGA and DTA analysiswere carried out on
thegreen mixturesof pure and Cu-doped PbZrO, pow-
derswith (x=0.1, 0.5 and 1 mole). From TGA/DTA
curvesfigure(6, ) The TGA analysiscan bedivided
into steps.

Thefirst step occupiestheregionfrom room tem-
peraturetill 230°C for which theweight loss occurred
isattributableto the humidity of samplesand partial
decomposition of CuCO,. Thesecond regionliesfrom
230-360°C at which cupric carbonate decomposed
completely into CuO plus CQO,,

Thethird region of temperature from 360-410°C
at which the weight loss occurred attributable to the
onset of the crystallization process.

These results are consistent with those reported
by6-381, They mentioned that the broad/dlightly sharp
exothermic peak that liesat (390-450°C) isrevealed
totheinitia stageof phaseformation of lead zirconate
by additional to complete decomposition of CuCO.,.

Fromfigure(6, ) itisclear that theexothermic pesk
lies at ~ 400°C begin to be sharp as Cu-dopant con-
centrationincreasefrom x =0.0till x =1 molewhich
emphasizethat thispeak ismainly dueto the CuCO,
decompositiont.

Figures(7_,8) show the conductivity-temperature
curvesplusconductivity asfunction of dopingratio re-
spectively. Itisclear that al samplesexhibit semi con-
ducting behaviorssince conductivity decreaseastem-
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Figure7(a-d): Thevariation of DC-Electrical Conductivity
as a function of temperature for (a) PbZrO, (b)
Pb,,Cu,,ZrO,(c) Pb,Cu,,ZrO,(d) Pb, Cu, ZrO,

TABLE 3: Theactivation ener gy for purePbZrO,and some
selected Cu-doped samples

Material Activation energy (AE) ev
PbZrO; 1.98x10"
Pbg oClo1ZrOs 4.47x10*
Pbo gCu2ZrOs 4.47x10*
Pbo 5CUosZrOs 4.31x10*
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Figure8: Thevariation of DC-Electrical conductivity asa
function of Dopant concentration

peratureincreaseand theactivation energy valueswere
calculated {see TABLE (3)} which exhibitinganin-
creasewithx =0.0 moletill x= 0.2 moleand dight de-
creaseagain a x~0.25 mol e (optimum doping ratio).

Itiswell known that PbZrQO, crystal and ceramic
usualy contain vacanciesin the Pb and O sub lattices
dueto PbO sublimation during preparation over tem-
perature (650°C) that sufficefor Pb-sublimation and as
aresult the e ectrical and conduction propertiesvaries
according to theamount of vacanciesexist inddecrys-
tal structureof PbZrQ,1#414,

Furthermore PoZrQO, regimeisbelonging tothe p-
type conductivity since Pb*?/and Cu*2iso-dopant ele-
ment make as acceptor!*? that mean the conduction
mechanism ins de PZ-system occur through hole hop-
ing mechanism, which enhancing by Cu?iondopings
asclearinfigures(7_ , 8).

For theseresultsone canindicatethat Cu*2 doping
enhance conduction mechanismwith out changing on
the magnetic order of PZ or internal structure of this
regime.

CONCLUSIONS

Thefind condusveremarksinddethisarticlecould
be briefed in thefollowing points:
1. Cuionscan besubstitute successfully on the lead-
siteupto 0.25mole.
2. Theaverage grain size found to be in between 80
and 150 nmwhich confirmed that Cu-dopant make
assplitter tothegrainthat reflectswhy thisestimated
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grangzeissmaller thanthosementioned onlitera-
ture.

3. Themost common vibrationa modesthoserecorded
for M-O (Zr-O) and (Pb-O) of perovskite which
liesat 561 and 739cm? respectively.

4. Most of sampleshavethe semi conducting behav-
iors and Cu ions dopings enhancethe conduction
mechanism of PZ-regime.

5. The EPR signalsrecorded confirm that Cu-dopant
increasethe paramagnetic character of PbZrO3 sys-
tem and giveasignal refersto Cu?ion existence.
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