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Mechanical properties related to the relaxor-ferroelectric phase transition
of titanium-doped lead magnesium niobate
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The dielectric properties, internal friction, and Young’s modulus of %) PHMgysNby3) O
—X%PbTiO; (for x=13, 23, and 3Bceramics have been measured. A phase-transition-like internal
friction peak associated with Young’s modulus softening has been observed at tempEgature
which can be attributed to the relaxor-to-ferroelectriBs-F) phase transition. Therefore, tRe-F

phase transition can be explained in terms of the paraelectric-to-ferroelectric phase transition of
paraelectric matrix in the materials. @002 American Institute of Physics.
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Relaxor ferroelectrics has a very complicated phaseonvenient to study thR—F phase transition. Because inter-
diagram!~3 The transition from the paraelectric phase to thenal friction and Young’s modulus measurements are very
ergodic relaxor phase corresponds to the appearance of polsensitivity to phase transition and relaxation process, we
nanodomains below the temperatufg.* Cooled under a think our results will be very helpful for the understanding
high enough bias electric field, relaxor ferroelectrics wouldthe R—F transition.
undergo a transition to the long-range ferroelectric phase be- The PMNTx ceramic samples were prepared with raw
low a certain temperaturéz_g . Otherwise, it would evolve materials of high purity, and were sintered at 1200 °C for 2 h
to a nonergodic state without long-range ferroelectricusing the Columbite precursor method as described by Swart
order?®® The ergodic-to-nonergodic transition shows theand Shrout® The samples were of pure perovskite structure
Vogel—Fulcher freezing process of nanodomains, which caand no pyrochlore phase was detected by x-ray diffraction.
be simulated with the spin glass modél®—°The relaxor-to- ~ Silver electrodes were evaporated onto the surfaces of the
ferroelectric R—F) phase transition, as reported in somesamples. The dielectric properties were measured using a
papers, was assumed to be due to the increase of the cortdP4194A impedance analyzer in the frequency from 100 Hz
lation length among nanodomains with the decrease ofo 100 kHz range in a vacuum chamber in the temperature
temperatur&!® and could be explained by the spin glassrange from 170 to 520 K measured by a thermal couple
model as well. However, some neutron inelastic diffractionattached to the bottom electrode. The mechanical properties
measurements on relaxors show a zone center transverse @j- the samples were measured by the free—free bar
tic mode which softens in a manner consistent with that of @pparatu¥’ in a vacuum chamber in the temperature range
ferroelelctric soft mode at a high temperattté? So there  from 90 to 570 K measured by a thermal couple. The mea-
would be not only the change of correlation length of polarsurement frequency is around 1 KHz.

domains but also a structural change aroundRkhé& phase As shown in Fig. 1, the dielectric permittivities of
transition. Therefore, thB—F phase transition of relaxors is PMNTx (x=13, 23, and 3Bceramics are strongly frequency
not very clear and further investigation is needed. dependent and show peaks with the peak temperaiyyesf

It is well known that the complex perovskite
Pb(Mg4,sNb,2) O3(PMN) is a typical relaxor ferroelectrics
which has been studied for more than 40 years since it was
discovered by Smolenski¥. Doping PMN with PbTiQ(PT),
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a complete crystaline  soluton of  (1x%) 3x10°
Ph(Mg45Nb,,5) O3 —x%PbTiO; (0=<x<100 (abbreviated as .
PMNTX) is formed. With the addition of PT, PMNT will -, 210
change continuously from relaxor ferroelectrics to normal

ferroelectricsfor x>35).° As reported in some papers, in the 1x10*
range of 13<x<35, a R—F phase transition can happen
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spontaneously even without bIE'lS voltdéé.. So, in this pa . S50 300 350 400 430 500
per, we focused on the mechanical and dielectrical properties T (K)

of PMNTx ceramics withx=13, 23, and 33 for it is more

FIG. 1. Real part of dielectric permittivities of PMNT(x=13, 23, and 33

from the left- to right-hand sigemeasured at the heating rate of 1 K/min

dAuthor to whom correspondence should be addressed: electronic mailising HP4194A. The measurement frequencies are 0.1, 1, 10, and 100 kHz,
wyn@nju.edu.cn respectively, from top to bottom.
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35 of the same value as that B-F phase transition. Therefore,

it can be explained in terms of thiR—F phase transition.
Thus, theR—F phase transition for PMNT13 should be at
297 K. Because the internal friction method is very sensitiv-
ity to the phase transition, so tlie-F phase transition can
be detected more obviously by this method than by dielectric
measurement. A kink of Young’s modulus can be observed at
312, 361, and 410 K fox=13, 23, and 33, respectively,
25 which is the same value as that of the peak temperatyre

of dielectric permittivity of 1 kHz. Therefore, it may be due
to the dynamic relaxation of nanodomains, which will be
explained carefully next. Another very broad internal friction
peak associated with a modulus minimum at 320 K is found
for PMNT33. It corresponds to the phase transition from
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The dynamic relaxation of hanodomains may affect the
dielectric permittivity and Young's modulus. The relationship
between the dielectric permittivity and frequency and that
between Young's modulus and frequency due to the relax-
ation of the nanodomains are:
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T (K) where w is the measurement frequenay is the static di-

fG 2| |t 4 Youne's modulus of MM dinth electric constante,. is the high-frequency dielectric con-
heating rﬂf{;aof”;ﬁ.ﬁ}ig, (b)ogf”gimr\l“?z;“;ng(c) ety inthe  stant, andy(,T) is the distribution of relaxation units with
relaxation timer. My(T) is the modulus if there is no nan-
odomains relaxed with applied stregsM(T) is the relax-
312, 363, and 410 K for three different samples, respectivelyation modulus, which depends on the number and size of
For PMNT23, there is a weak drop of dielectric permittivi- nanodomains. Polar nanodomains appear bé&lgywhich is
ties at the temperature of 340 K, and for PMNT33, a steepehigher than~600 K, and with the decrease of the tempera-
drop happens at 402 K. We attribute the drop of dielectridure the number and the size of them increase ASH(T)
permittivities to the spontaneouBR—F phase transition, increases with the decrease of temperature b&lpwEven if
which has been reported and pointed out in some papers. Tidy(T) did not change with frequencil (w,T) would de-
drop of dielectric permittivities at the transition temperaturecrease with the decrease of temperature for the increase of
Tr_g IS not as sharp as that of single crystals that we reAM(T). But in this case, modulus would show a minimum
ported beford® We assume it is due to the reason that thenear the peak temperature of dielectric permittivity of same
component of the ceramics is not homogeneous and the trameasurement frequency for the functighr, T) in Eqgs. (1)
sition temperatures of different parts have a distributionand(2) is the same. However, the modulus minimum appears
around the temperatui®s_g . No dielectric anomaly related at the R—F phase transition temperatuiigs_r. So M(T)
to R—F phase transition can be observed in PMNT13 ceramalso changes with temperature and has a minimum value at
ics. As reported by Collat al,® the R—F phase transition of Tg_g. Since a kink of modulus appears at the peak tempera-
PMNT13 hardly can be detected by dielectric measuremerture of dielectric permittivityTy,, the relaxation of nan-
without bias voltage applied. odomains did influence the modulus as shown in . So
The internal frictionQ ! and Young's modulusy of  the decrease of modulus with the decrease of temperature
PMNT ceramics are shown in Fig. 2. An internal friction above Tg_g is due to two factors: one is thR—F phase
peak associated with Young’s modulus minimum appears atansition, another one is the relaxation of nanodomains.
297, 340, and 402 K fox=13, 23, and 33, respectively. The modulus softening near tiRe-F phase transition is
Because the internal friction peak and the Young's Modulusexactly like the paraelectric—ferroelectrie£F) phase tran-
minimum appear at almost the same temperature, we corsition of some normal ferroelectrics, which can be explained
sider that the internal friction peak is due to a phase transiby Landau’s theory considering the coupling between strain
tion which happened at that temperature and the peak is irend order parameter in the free enefgyn the relaxor
duced by the motion of new phase boundaries or thghase, the polar nanodomains are already in the ferroelectric
fluctuation of a new phase under periodically applied stresphase. So only the paraelectric matrix around polar nan-
Forx=23 and 33, the internal friction peak temperatures are@domains may change to the ferroelectric phase and induce
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