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Abstract

Vanadium-doped CaBTi,0;5 (CBTVy, x=0-0.2) bismuth layered structure ferroelectric (BLSF) ceramics were prepared by the solid-state
reaction method. X-ray diffraction pattern showed that single phase of BLSFwithformed wherx < 0.1. The sintering temperature of the
CaBi,Ti,O,5 ceramics was lowered by doping of vanadium. The effects of vanadium doping on the dielectric, ferroelectric and piezoelectric
properties of CaBiTi4_,V ceramics were investigated>Wopant slightly increased the Curie temperature, enhanced the remnant polarization
and decreased the coercive field of CBTaéramics. V* dopant decreased the temperature coefficient of dielectric constant and dielectric
loss at high temperature 5¥doped CaBjTi;O15 ceramics have superior piezoelectric properties. As a restitdbped CBT ceramics are
a promising candidate for high temperature piezoelectric applications.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction been made to enhance the piezoelectric constant by incorpo-
rate other ions, such as%yMn?*, into the A-site or B-site
Bismuth layered structure ferroelectrics (BLSFs) have re- of the crystal lattice. Most of them got better piezoelectric-
cently attracted a great deal of attention because of theirity but decreased the Curie temperat[8€5], for example,
low dielectric constant, high Curie temperature and high dsz of Cay g0Sro.40BisTi4O15 ceramics increases from 10 to
resistance to polarization fatigue. They are considered to14.7 pC/N, but its Curie temperature decrease from 700 to
be a good candidate for high temperature piezoelectric and678°C. Noguchi and Miyayamps] and Uchida et al.7] re-
nonvolatile memory applications. BLSFs compounds can ported that B-site substitution by?¥/could increase the rem-
be described by the formula #D,)%*(Am—_1BmOzm+1)%", nant polarization of BjTizO12 ferroelectric ceramics, and de-
where A denotes mono-, di- or tri-valent ions with a large crease its high-temperature conductivity. They ascribed the
ionic radius, and B denotes tetra- or penta-valent ions with better performance to a decreased in vacancy of oxygen thus
a small ionic radius. The integan ranges from 2 to 5  significantly reducing the influence of domain pinning. Since
[1,2]. the structure of CaBIili4O15 is similar as that of BjTizO12
CaBi;Ti4O15(CBT)is avery promising candidate forhigh  ferroelectric, the authors anticipated that\doping could
temperature piezoelectric applications due to its high Curie enhance the ferroelectricity of CaBi4O15 ceramics. To the
temperature and high resistivity. However, its low piezoelec- best of the authors knowledge there has been no report on
tric activity needs to be improved further. Many efforts have the electrical properties of ¥-doped CaBjTisO15 ceramic
yet. In this paper, the effects of>V dopant on the dielec-
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2. Experimental 100
—u—CBT
- . —e—CBTY,,,
CaBiyTig—xVxO15 (x=0-0.2) (CBTV) ceramics were o5 | —A—CBTV,
prepared by the solid-state reaction method. The starting —v—CBTV,
raw materials were analytical pure degree oxides and car-3 —¢—CBTV,,

bonate powders: BO3, TiO2, V205, and CaCQ. Chemical 90 |-
stoichiometric amounts of the starting powders were thor- I /
oughly mixed with ethanol in a ball mill for 4 h, dried and
calcined at 850C for 3h in an alumina crucible. After cal- 8r
cination, the ground and ball-milled powders were pressed &
into disks of 15mm in diameter and about 2 mm in thick- 80
ness. The pressed samples were finally sintered at tempera
tures of 1000-1180C for 4 hin a sealed alumina crucible. Pt
electrodes were sputtered on both sides of the ceramic speci 75
mens. The samples were electrical poled in a silicon oil bath
at 200°C under electric field of 8—9 kV/mm.
Bulk densities of the sintered ceramics were measured by
the Archimedes method. The crystal phase of CRT¥-
ramics was determined by X-ray diffraction (XRD) analysis
(D/max 2550 V) using Cu K1 radiation with a scan speed of  x < 0.1, while further increasing of ¥, an unknown impu-
4°/min and a step width of 0.02The lattice constants were rity phase emerged. It indicates the solid solution capacity of
calculated from the XRD patterns using a CHECKCELL re- V°* substitute of Ti* is about 0.1 mol.%. The comparison of
finement software. The accuracy df @f the X-ray diffrac- the ionic radii reveals that¥V is 11% smaller than ft. The
tometer is+0.002. The ferroelectric hysteresis loops were low solid solution capacity results from smaller radii size and
measured by a TF Analyzer 2000 FE-Module ferroelectric higher valence of ¥*.
tester. Dielectric constants as a function of temperature were  Fig. 3is the lattice constants of CBT\Mamples as a func-
measured with an HP4284A LCR meter at 100 kHz. Piezo- tion of vanadium content. The lattice constanta andb axes
electric constardsz was measured by a quasi-statig meter decrease in the range of 0-0.05. In the range of 0.05-0.1, the
(Model Z2J-3A, Institute of Acoustics, Chinese Academic of lattice constant ob axis nearly keeps constant, while the
Sciences). lattice of a axis increases. As a result, it is considered that
the anisotropies of andb axes decrease whers 0.1. Be-
cause the ferroelectric and piezoelectric properties BLSFs are
3. Results and discussion strongly affected by the anisotropiesacdindb axes, it can be
expected that increasing®V dopant to 0.1 mol.% will lead
Undoped CBT ceramics are yellowish, whil@*doped to decrease of the ferroelectricity.
CBT are red and the color get darken with the increase’sf V Fig. 4shows the temperature dependence of the dielectric
dopant. The sintering characteristics of bismuth layer struc- constant of the CBTYceramics. It can be seen that the max-
ture CBTV ceramics are shown iRig. L Undoped CBT imum value ofe decreases upon vanadium-dopifgg. 5
ceramics get the highest density at 13180and its density ~ shows the Curie temperature as a function 6t \opant.
decreases beyond the temperature. For CBdaramics, the ~ With doping of \P* the Curie temperature of CBR\e-
densification curve was shifted to a lower temperature range,ramics increases slightly withix= 0.05, however, wheris
and the samples with higher vanadium content have higherbeyond 0.1 mol.%, th&: decreases.
density when sintering at the same temperature. The optimal The variation of T, with vanadium doping can be ex-
sintering temperatures become lower with the increas@bfV  plained by tolerance factor and cation vacancy. The tol-
dopant concentration. The optimal sintering temperature of erance factor for the perovskite structure is givenrby
CBTVp.1 ceramic is 150C lower than that of CBT ceramic.  (ra + ro0)/~2(rg + ro) wherera, rg andrg are ionic radii of
The low sintering temperature of CBL\¢hould be ascribed  an A-site cation, a B-site cation, and an oxygen ion, respec-
to the low melting point of YOs (690°C). Since bismuth is  tively. The tolerance factor of Capii4O15 is 0.957. Since
volatile at high temperature, low sintering temperature is sig- V°>* has smaller ionic radius than*fi incorporation \?* into
nificant to avoid the loss of bismuth during high-temperature B-site will increase the tolerance factor of CBT. The Curie
sintering. temperature of BLSFs decreases as tolerance factor increases
Fig. 2 shows the X-ray diffraction patterns of CBLV  [8], thus \P* doping will decrease the Curie temperature of
(x=0-0.2) ceramics. The XRD peaks were indexed and the CBTVy ceramics. On the other hand®Vhas higher valence
crystal structure belongs to the orthorhombic system. The X- than Tf**, the substitution of ¥* for Ti** introduces cation
ray diffraction analysis indicated that pure single phase of lay- vacancy in A-site to meet the requirement of charge neutrality.
ered perovskite ferroelectrics with=4 was obtained when  The cation vacancies at A-site could lead to an enhancement
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Fig. 1. Sintering characteristics of CB%\¢eramics.
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