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Intergrowth Bi ,WOg—Bi3TINbO 4 ferroelectrics with high ionic conductivity

Z.G.Y?and Y. X. Li¥
State Key Laboratory of High Performance Ceramics and Superfine Structures, Shanghai Institute of
Ceramics, Chinese Academy of Sciences, 1295 Dingxi Road, Shanghai 200050, People’s Republic of China

Z. Y. Wen and S. R. Wang
Advanced Functional Ceramic Engineering Research Center, Shanghai Institute of Ceramics, Chinese
Academy of Sciences, 1295 Dingxi Road, Shanghai 200050, People’s Republic of China

J. T. Zeng® and Q. R. Yin
State Key Laboratory of High Performance Ceramics and Superfine Structures, Shanghai Institute of
Ceramics, Chinese Academy of Sciences, 1295 Dingxi Road, Shanghai 200050, People’s Republic of China

(Received 10 December 2004; accepted 13 April 2005; published online 3 May 2005

Two dielectric relaxation loss peaks associated with oxygen-ion diffusion in the intergrowth
Bi,WOg—Bi;TiNbOy«(BisTINDWO,5) bismuth layered ferroelectrics were observed. The activation
energy and the relaxation time at infinite temperature, for these two peaks, were determined to be
(0.89 eV, 1.3 10713 s) and(0.84 eV, 3.6< 1071°s). The ac impedance spectroscopy indicated that
the BETiINbWO;5 ceramic is an ionic conductor with an electrical conductivity of approximately
2.6x 102 S/cm at a temperature of 1073 K. ZD05 American Institute of Physics
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The family of mixed bismuth layer-structured oxides of sintered specimens were recorded usingkGuradiation
(BLSO9, has been the focus of much interest in regard to thén a Rigaku D/max-2550\scanning from 5° to 80%26),
relationship between their crystal structure and their ferro- oysing a step of 0.02° and counting time3os for each step
piezoelectric propertie%.“ These types of compounds are For electrical measurements, the pellets surfaces were pol-
usually made up of an intergrowth of one-half of the unit celljsheq prior to applying platinum electrodes. The alternating
of a usual BLSO, and one-half of the unit cell of another g, rrent electrical properties of the specimens were measured
BLSO alon_g gackn axis, with the dlfference of the_numzbers by an HP4194A and a Solartron 1260 impedance analyzer in
of perovskitelike layers that sandwiched betwéBivO,)* air at a heating rate of 3C/min.

lé‘ggg eg_ugﬁbw\gy(mé_n;_ll)\ibFor exgn;pge,_r;hg mixed Figure 1 shows the Rietveld refined results for the BW-
S Bl 15 BizTi,NDOy;, an BiTi70z7 are gy powders. The XRD pattern was calculated under the

gia_cli_ie OUp (n?i 3)B£r:l(\jlb§9'ri|£1r252)(nig? ;%VF?SB.EE:OD’ assumption that BW-BTN has an intergrowth structure as
47 sv12 5 v ’ 4114915 onicted above with a space group of PmcZhe

(m=4) and ByTi;0,, (n=3) along eacfc axis, respectively. R-weighted patteriR,,,) was 16.2% and the goodness of fit
Since the discovery of these naturally heterostructures, i P . .
S) was 1.5. It can be seen that all diffraction peaks can be

has been found that the piezoelectric property o i
Bi;Ti,NbO,; and the ferroelectric property of Agii;0,, Well indexed by the space group Pmczhough the
(A=Pb, Sy are enhanced when compared to their compose&-weighted pattern is a little large. The refined lattice con-
BLSOs*®However, the structure and electrical properties ofstantsa, b, and ¢ are 2.08868) nm, 0.54295) nm, and
Bi,WOs—Bi;TiNbOy (BW-BTN) system require much fur- 0.54064) nm, respectively. These lattice constants are the
ther exploratiorf‘.’6 average of those of the constituent compounds of BW and
Low dielectric loss is a necessary requirement for theBTN, respectively. More detailed structure information will
application of ferroelectric materials. However, the dielectricbe investigated further by neutron diffraction.
dissipation of BW-BTN ceramic is prominent especially at  Figure 2 shows the variation of dielectric loss with fre-
high temperaturé” In view of the fact that electrical prop- quency at different temperatures. Two dielectric loss peaks
erties are of fundamental importance for ferroelectric devicegan pe seen in Fig.(8). Though, the higher-frequency peak
applications, in this letter, dielectric relaxation and ac 'mpeo_l'(denoted asPy,) is not as obvious from this graph as the
ance spectroscopy are used to probe the nature of the h|g er-frequency ongdenoted asP,,), the P, peak does

dielectric dissipation of BW—BTN ferroelectric ceramics. . o - )
The wafer specimens of BW—BTN with a diameter of 13 exist "?‘”‘.’ th!s N demor_lstrated clearly in Figbj2 Owing to
tpe elimination of the influence dPy, peak, Py, peak be-

mm and a thickness of 1 mm were prepared by conventiona s o .
solid-state reaction method. Appropriate amounts of high_comes distinct in a lower-temperature range. With increasing
emperature, the positions of both peaks shift to a higher

purity raw materials were first mixed and presintered att ) > 2 ) .
850 °C for 7 h, then pressed into pellets and sintered af€duency. Corresponding 8y, and Py, this is evident in

1040 °C in air for 4 h. The X-ray diffractiotXRD) patterns ~ Fig- 3, where two prominent dielectric loss peaks are also
observed in dielectric loss versus temperature. These phe-

: . nomena indicate that the two loss peaks are of relaxation
dGraduate School of the Chinese Academy of Sciences, Beijing 100039 P

People’s Republic of China. characteristic and associated with a thermally activated re-
PElectronic mail: yxli@mail.sic.ac.cn laxation process.
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FIG. 1. XRD patterns and the Rietveld
refinement for BiTINbDWO, 5 powders,
where the solid circles are data points,
the thin solid line is the refinement re-
sult, the short bars are the position of
the diffraction peaks predicted from
the space group Pmg2and the thick
line below is the difference between
the data points and the fitted line.
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For a thermally activated relaxation process, the activaation parameterg andr, can thus be deduced. The so-called

tion energy(E) is generally related to the relaxation time

through the Arrhenius law:
7= 19 eXp(E/kgT),

wherer, is the pre-exponential factdor the relaxation time
at infinite temperatupeT is the absolute temperature, alg

Arrhenius plots for the two dielectric loss peaks are shown in
Fig. 3, where the solid lines present the linear least-square
fittings. From this figure, the relaxation parameters
E;=0.89 eV, 7,,=1.3x 10 *%s for the Py peak, andE,
=0.84 eV, 15,=3.59x 1071% s for the Py, peak are obtained
from these fitting lines. The values of the relaxation param-

is Boltzmann constant. It is well known that at the peaketers are in the same range as those for oxygen ion diffusion

position the conditionw,7,=1 is fulfilled, wherew=2=f is

in oxide ceramic%® suggesting a mechanism of short dis-

the angular frequency of measurement, and the subsgript tance diffusion of oxygen ions via vacancies for fg and

denotes values at peak position. Therefore, if we plabin
as a function of the reciprocal of peak temperatu#ehen-

Pg, peaks.
Figure 4a) presents the impedance spectra of the BW—

ius plotg, a linear relation would be obtained and the relax-BTN specimen measured at different temperatures in air.
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FIG. 2. (@

dependence dPy, peak at a lower temperature range.
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When the temperature equals 574 K, from high frequency to
low frequency, there are three semicircles attributed to bulk,
grain boundary, and electrode resistance, respectively. With
the increasing of temperature, these three semicircles shift to
higher frequency.

The electrical conductivity of the specimen can be cal-
culated from the interceptions of the observed semicircles on
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FIG. 3. The Arrhenius plot of the two dielectric loss pedRg, and Py,)

Frequency dependence of the dielectric loss for thefrom the frequency spectri@olid symbol$ and temperature specttapen
BisTiINbWO, 5 specimen measured at different temperatuii@sFrequency

symbols. The ordinate Inw is the exponential logarithm of measuring an-
gular frequency. The solid lines are linear least-square fittings.
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B mixed conductor, the electron or hole contribution to the to-
~ 1l (a) ® T=574K tal conductivity is minimal. This result, associated with the
_g 12F O T=627K dielectric spectroscopy experiments mentioned above, con-

- A T=680K . . . . .
O 1} firmed the suggestion that the two prominent dielectric loss
@ s - peaks originate from oxygen vacancy relaxation.
2 6L Rgb . In the BLSOs, it is generally believed théBi,0,)%
X IR LTI _-' layers act as insulating layers and oxygen diffusion at a high
'\,l oL bulk g temperature is through the pseudo-perovskite layers. How-
o o .Vh.e‘ectmdq ever, there was lack of convincing experimental evi%ence
0 5 10 15 20 25 along a(b)-axis for a long time. Recently, Yasuda al.
: 3 investigated the layer-structured 4Bh;C0,011-5 (X
Zx10 (Ohm) =0.0-0.1 single crystals by impedance analysis and re-
\ vealed that the electrical anisotropy do indeed result from the
1°' | - - highly conductive perovskite block. But, for the intergrowth
. :go : (b) "D Experiment data BW-BTN ferroelectrics, do they also include highly
= o' b Linear fit conductive perovskite _Iayers?lln view of the oxygen ion
X&) 10° § Ot conductors BiVOgs BisV,0q;, BisSKpNb,GaO, 5 and
0w . f ® Experiment data Bi,Sr,Ta,Ga0;; 5 there are intrinsic oxygen vacancies or
el | — Linear fit extrinsic oxygen vacancies that are introduced by doping
© w0 . . : o
0k mto the perovskne.'For BW-BTN ceramics, are there mtrm-

10 f sic oxygen vacancies? Maybe t_he fpllowmg smple consid-

B N S S R N S eration is helpful to understand its high oxygen ion conduc-

08 10 12 14 16 18 20 22 tivity: It seldom avoids the volatilization of bismuth during
-1 the fabrication of BLSOs at high temperature. To maintain
1000/T (K ) electrical neutrality, oxygen vacancies will be generated both

FIG. 4. () ac imped ra of the BNDWO , g in the perovskite layers anBi,0,)?* layers. However, to
. 4. (a) ac impedance spectra of thesBi 15 Specimen measure . . s
at three different temperatured) The bulk and total conductivity for the underst_and the_ mechanism of th_e oxygen ion or vacancy dif
BisTINbWO,5 ceramic as a function of inverse temperatures. Solid linesfusion in detail, .further theoretical analysis based on the
show the Arrhenius temperature dependence. crystal structure is necessary.

In summary, two dielectric loss peaks were observed in

the real axis of the impedance spectra. Figut® ghows the the BW-BTN ceramics, which are associated with oxygen
Arrhenius plots of logr versus 10007 for the specimen. ion diffusion. The impedance spectra experiments indicated
From the fitting lines, it can be seen that the conductivitythat the intergrowth ferroelectric BW—BTN is a superionic
data obey the Arrhenius law quite well in the temperatureconductor and has potential applications in solid oxide fuel
range from 523 K to 1123 K. The total conductivity at 1073 cells, oxygen sensors, oxygen pumps, oxygen-permeable
K is about 2.6<102 S/cm, and the grain conductivity at membranes, catalysts, etc.

823 K can reach 21072 S/cm. The activation energies are . . .
0.91 eV and 0.88 eV, respectively, which are in accordance This work was-supported by the Mlnlstry of Science and
with the activation energies calculated from above dielectricl €chnology of China through 973-Project under Grant No.
loss spectroscopy. The reason that the activation energy ce4002CB613307.
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