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The rclaxor fcrroelectric propcrties of the Pb(Mgi/3Nb2/3h(l_.r)Ti:r03 (PMNT) system are presented. The diffuse phase transitions are
an<llyzed using the Smolenskii-Isupov and the Spin.Glass superparaelectric theories. Dielectric pcrmittivity curves as function of tempcrature
and frcquency as wcll;)s the In f dependence with the reciprocal temperature are reported. The samples were sintered using the conventional
ccramic techniquc.
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Se presentan las propiedades de ferroeléctrico relajador del sistema cerámico Pb(Mgl/3Nb2/3h(l_r)Tiz03 (PMNn. Las transiciones de
fase difusa son analizadas utilizando la teorías de Smolenskii-Isupov y la teoría de vidrio de espín supcrparaeléctrico. Se reportan las curvas
experimentales de pcrmitividad dieléctrica en función de la temperatura y de la frecuencia así como la dependencia en In f de inverso de la
temperatura. Las muestras fueron preparadas utilizando la técnica convencional de preparación de cerámicas.
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1. lntroduction

There are many ferroclectric material s that due to their
peculiar dielectric hehavior are known as rclaxor feno-
eleclries [1). Among Ihem, we can find a number of eomplex
pcrovskiles of Ibe Iype A(B~B~_x)O" Pb(Mg1/3Nb2/3)O,
(PMN) is one of Ihem. Solid solulions of relaxor PMN and
Ihe first order ferroeleetrie, Pb1iO, (PT), exhibil many at-
tractive properties for dieleetric and eleetrostrictive applica-
lions [2]. Thc high dielectric constant, over bruad temper-
ature ranges, close to room temperature make systems Iikc
PMN,_x Tx very allraelive for muhilayer eapaeilor (MLC)
and actuator applications. Several previous investigations on
Ihe dielectric properties, sueh as maximum dicleetric permit-
livily (ó-..) [2], diffuseness (Ihe effeetive widlh of Ihe max-
¡mal and aging, have bcen shown to be dependcnt on the
processing conditions. in particular, the role of stoichiomc-
try and grain size on the aboye mentioned propcrties. Choi
et al. [3] rcported Ihe existence of a mOlpllOtmpic pllase
bOlmdary (MPB) al 35% Ti eontent separating Ihe pseudo-
eubie and tetragonal phases as well as Ihe role of Ihe Pb1iO,
(Te - 490°C) in Ihe dieleclric properties.

In this work, a study 01' Ihe relaxor ferroeleclric prop-
crlics of lhe Ph(Mgl/3Nb2/3h(1_x)Tix03 solid solutions is
prcscllled. For sueh purpose. mcasurements of the dicleetric

permittivity as a funclion of temperature and frequency were
perfonned and the diffusc phase Iransitions are analyzed us-
ing Ihe Smolenskii-Isupov and Ihe Spin-Glass superparaelec-
trie theories.

2. Experimental procedure

The eonventional ceramic method was utilized to prepare the
Pb(Mg1/:!Nb2/3hII -x) TizO, solid solulions. The culombite
precursor technique wilh cxeess magnesium oxide [4] was
used to prevenllhe formalion of pyroehlore phases [51lhat
depress the dieleetrie properlies of lead oxide based ferro-
eieelrie eeramies [6J. The samples were prepared with high
purily reaelives (E. Merk, Darmsladl, Germany); PhO (>
99%), MgO (> 97%), Nb205 (> 99.9%) y 1i02 (> 99%).
The MgO powders wilh a 5% excess and lhe Nb205 were
ealcined al 1000°c for 4 hours wilh a lOoClmin heating rale,
to form Ihe MgNb20. eulombite slruelure. These powders
were then groond and properly mixed with PbO and Ti02,

ealcined al 800°C for 2h and finally sinlered al 1200°c for 2h
with a heating rate of 1oC/mino The bchavior of the die lec trie
pcrmittivily as a funelion of tempcrature and frequcney was
mea'iurcd with the hclp of a loek.in amplifier in the range of
25 lo 350°C ano 500 IIz lo 100 kHz, respeelively.
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FJ(;URE 3. The curve of (he reciproc;)1 dielectric pcrmittivity as a
function of T - Te shows a non Curie- \Veiss behavior.
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calions tend lo oceupy lhe B cryslallographic siles of lhe per-
ovskitc slruClurc incrcasing lhercfmc Ihe cationic disoroer.

However, as Ihc lí eonccnlration is inercaseo. a limit is
rcached whcrc clcelroslatic anO elaslic forces 'lel in sueh a
way lhat higher oroer is ¡ntrooueeo in Ihe structurc of lhe
material. losing. thcrefore. the relaxor charactcrislics. This
phel1omenon can "Iso he explaincd with the help of the phase
diagram wherc. as the Ti contenl is increascd lhe relaxor oe-
havior 01' the material decrea"ics Hnd transforms into a nonnal
ferroclectric system hcyond the morphotropic phase bound-
'lry [t J. In the lan Ó \l,\'. teml'erature curves for different
frcquencics prcscnted in Fig. 2. some anomalics possibly
cmresponding to conduction phenomena are ohscrved fm
T » Te. The analysis of lhese results is currcntly hcing per-
[orOled and will be (he subjeel of a fulure publieation.

Figure 3 shows Ihe l/é' \'S (T - Te) curves for the
Ph(Mg¡/3Nh2/3h(l_x)Tix03 saOlples al 1kHz. where a (he
Cllrit'-l~t>iJs Law no longer holds in its c1assical forro l/é;o.,.¡
C(T-Tr). For fcrroclectric Illalerials with diffusc phase tran-
sitian, such law l1lust he modilicd 'lnd takes the form
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The dieleelrie response of Ihe Pb(Mg1¡,Nb2¡ah(1_7)Ti,O,
sys(eOl wilh.r = 0.3,004 and 0.5 is shown in Figs. la, Ih
and le whcrc it can he secn that lhe diclcctric pcrmittivity
dccrcasc:-. wilh the measuring frequeney and its peak shifts
loward higher temperatures. The oon- coincidence hclwccn
corresponding peaks uf the permittivity and dielectric loss is
shown in Fig. 2 as an cvidence of the diffuse phasc transition.

In Figs. la. 1h and le:' C:Inalso he uhserved that. as the
Ti eonccntration is incrcmented. the shifts of the diclectrie
pcrmitlivily maxima towaro higher temperatures for higher
frcqucncics hecomes smaller, ref1eeling therchy a rcmission
01" lhe rclaxor character 01" the system.

Thc ahovc-describcd hchavior of these ceramics Illay he
cxplaincd in terms of lhe Smolenskii-Isupov theory hy notic-
ing that. when lhe doping {)f the sample increases. lhe Ti+4

FIGURE 2. Dcpcndence 01' the permittivity and diclectric losscs as
funclion 01'Icmpcralure and frcquency for PMN 1.5T0.5 sample.

3. Results and discussion
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FIGURE 4. Thc rcciprocal of the dielectric permittivity max.ima lcmperalure as a function 01' the measuring frequcncy.
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FIGURE 5. Varia[ion of the activation energy with Ihe TI content (x)
for Ihe Ph(Mgl/.1Nh2/3h(l_J:)TirOJ syslem.
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heing Eillli Ihe anisotropy encrgy of a ferroclectric material
and Ve the VOllllllCol' (he c!us(crs. With (he increase in the Ti
conlenl. Ihc telragonality oí" lhe unil ce)) increases affccting
the conlrihution of Ihe c1uslers lo the diclectric relaxation.
Tllal is. in a pscudo-cuhic struclure. the polar clusters in-
side lhe grain are randolllly oriented whereas in the tetrag-
onal case such randomlless is less likely (o cxisl due to in-
crease in lhe anisolropy ofthe syslcm. A prc-exponential fac-
tor Jo = 1011 Hz was obl<Jincd for all compositions.

From Ihe experimenlal results ano (he application
01' Ihe ahoye menlioned lheorics it can be said that a
Ph(Mg1j:lNh2/Jh(1_x) Ti,tO;l relaxor systelll has been oh-
lained whcre Ihe relaxor properties diminish with Ihe Ti
con ten! The diffusc phase Iransilion coefficienl is ohtaincd
from the Smolcnskii-Isupov lheory and lhe aClivalion ener-
gies from Ihe superparaclectric spin-glass theory.

% TI(x) J
(0.3) 38.51
(0.4) 35.20

(0.5) 29.67

TABLE l. The valucs ofthc diffusc phasc cocfficicnl obtaincd from

(he slopc of the l/é' - l/é~,••."s. (T - Tc)2 curve fOf the non
sloichiomclric prvlN~JYr syslem are prescnted.

wherc £' is (he diclcclric pcrmittivity maximulll. T is (he
Icmpcra;~"';eanu Te is the Curic tempcraturc. ó is a rneasurc
nI' the width 01'the diffuse phase transition. assuming a Gaus-
sian distrihution 01'the Curie lemperatures [71. Tahle 1shows
how Ihe diffuse phase transition coefllcienl 6 decreases wilh
Ihe Ti contenl. It is also worth noticing that. as the Ti concen-
Iration increases. the syslcm moves in Ihe phase diagram to.
ward lhe morpholropic region showing a lesscr diffusc char-
acter oue lo :In increase in order ano graill size (Shrout l'(

al. [flJ). This facl essenlially means lhat the polar microrc-
gions will gel smaller and therefore the normal phase will he
larger.

\Vilhin the Iramework 01 the super-paraclcetrie the-
ory [11. the dispersion of the permiltivity maxima may he
JI1()ueled hy Ihe Volger-Fulcher rela!iun [81. Figures 4a, 4b
ano 4c shows Ihe dcpcndencc of Ihe tempcralure 01' Ihe di-
dectric pcrmillivity maxima with frequency. A very good
agrecmcllt belween Ihe experimental data and lhe values oh-
lained with the Volger-Pulchcr expression is eviocnt. This re-
sult leads us lo hclieve Ihat Ihe rclaxor hchavior of this systelT1
is similar lo a spin-glass system wirh a polarization f1uctua-
[ion arollnd lhe freezillg point.

Encrgy activation values Ea for each 01'the studied com-
position are shown in Pig. 5 where it can be noticed that EfI
illcreascs as the Ti concclltratioll incrcases in agreclllcllt wilh
lhe Srnolicnskii-Isupov theory that states that. as t!le Ti con-
Icnt increascs. lhe relaxor properties 01' lhe systel1l tend lo
disappear. This behavior may he explained by exprcssing Ea
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4. Conclusions

Studics perforrned 00 lhe diclectric perrnlltlvlty as
a function 01' temperature and frequency show that
Ihe Ph(Mg¡/3Nb2/3 h(l-x) TixO, syslem hehaves in
a similar way as its stoichiometric counterpart
Ph(Mg1/3Nh2/3h-x TixO:J regarding their ferroelectric rc-
laxor charactcristics. Accon.ling lo lhe rcsults ohtained in
this work lhe diffuse phase transition coefficienl decrcascs
faSlor in Ihe Ph(Mg¡/3Nb2/")(I_x) TixO, sYSlem wilh Ihe
Ti contenl as compared lo lhe Pb(Mg¡/3Nb2/3h(l_x) Tix03
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