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Absirace- In this paper, lead-free (Bio B )Tv0y ceramics
doped with 5T30,; was prepared by e convendons] solid sease
reaction mechod with sinrerimg temperatore st 1040°C. The
samples were characterized by Norwy diffrecoos apslyss and
Sramming Fleomon Microscopy. The dielecmic,  ferroelectric
properoes were alio invesggated The revole of Xorey diffraction
reves] chat SrTel, diffose mro the B, BTV, Bcoces fo form a
solid soludem with a pore perowsldee scructure. After che
inreduction of SrTvll iméo Bi. JB5 . Tilk, e dislectoric consisme
&f rocen temperamre (5] was foumd oo decreaze with izereazing
SrTily. The brosdness of the diglecmic comstane peak weas
ohzerved with increasing SrTidy comtent, especially thar of the
08454, K, Tidy, — 006 5rTi0y, ceramic which erhibited & very
bread corve over a wide temperamre renge. The Bi, K Ti0, -
SrTi0); syseem was expected to be a new amd prooyans candidase
fer kead-free capaciiors.

I INTRODUECTEON

Laad zircozats tiznate [PhiZr, Ta0¢PET] are widaly
nsed for prezosleczic actnaiors. sensors and ransdocess dus o
thatr axcellszt plezoelectic properties [1.2] However the
toxicity of lead oxids amd its high vepor pressume duzing
processing  demand  alterpatvs sovioomesially  frendhy
materials. Iz Enrope, the Lgiladion on wnaste alectrical
wlectronic equipment bhas been tssued; the uwse of hazardows
substznces soch as lead in slecmical pasts i prohibited Seom

2006, From the viewpotm of sustzizabls developmeant of werld

TRE-1 -4 5607 RS 00 SN0 BCTT

society, the mse of towic subskmpces should be prohbibited =
many other counfmiss iz the field of plezealecmic caramics.
Therafore, it is necsssary to dewelop lead-fres ceramics witk
axcallazt plazoalscoic propartias [3]

Bismenth potassium fitazars (Big«HeeTily BET) =
cozsidared as the ome of the capdidetes for lexd-Ewe
piezoslecinc carazmics. BET was discoversd by Smelemskii [4].
A=d it has 2 perovsiii struchime belezging te tamage=al cryscal
syitem of room tezoperatars. [t w=dergoes a phess tramsiticz
aree=d 330°C, the Ssrmealectzic Curie peimt (T, Li ac 2l[5])
mposted the dislectmic melamor properties of famoslecwic
BtooKe:TilDy preparad by sol-gel meethod Thedir stuctzral
siudie: mndicate the twiragozal lattics type for BET with point
gromp 4 mom end lettics paremeters a= 35941 A o= 4.0004
7] suggasted that
EET. 2z high mmpszatars kas c=bic sy=metry o= cooling to 2
temparrtre I, = 380°C, 2 mazsiton fem cubic to mmagezal
svmrzeTy take place. According to Ivanova &2 al. [B]. team is 2
sscezd phase mansitton at abews Ty = 17090, whils Gadazhives:
at al. obssrred this second order phese Tansiton af 300°5 and
they aceriba this phase cansitton as the ome aszocizted with ans-
farrosleciric ckazacter of the phase. Hew &t 2l [?] synthermzad
BET by sol-gel techzique 2nd prepared kigh-density ceransc
sazples siztered at L0S0PC. The stadies indicats relaxar

bekavior with dislectic maximmp: arommnd 3E0-400°C.



Prroclacmic proparties, Vijzyra Bhasker Rao et 2l [10] reported
the prcalscoic mamimam at 3B0P0 2=zd obssrved remzmand
pelanizaton is about 2 HC cm’

With the increasmg demaand of exide fameclecmics,
paralectzic Stroztfium THazate (ScTily 5T) are most
promusi=g capacitor matarials, becauss of their high dielectric
constext and themmual stability. 5T & a guantom pamaalectric,
where tie SSmoalscmic fluctzatioms ame suppmessed by the
quanczm fhichiations of the atomic postte=s [11]. Itis known
tizat tha polar sf2fe m 3T can be mduced via: electric Sald [12]
unzaxial sowss [13] caticz [14] or cxyeen isotops substcations
in the lattice [13].
diglactzic response as well a5 on the grain growth of nndoped

Howwvar the role of S0Ti retic oo the

5T & zot defintte. Dlorsover. tfhe dependence of tie quanram
behzvics on the grain size of uzdoped ST meferzls is met
cleazly sstablished. The optimization of the dielsczic msponse
is closaly ralated to fhe precise comirol of the cozapesition [16].
In this papar, if has been indicated that 5T dopizmg of BET

caramics show imprevement of slactzizal propartes

II. EXFERIMENTAL

Tk (I-BET-xET;, x = 000-0.10 lead-Ges
caramics ware syothesized by the comventionally sclid stabs
rsactton mgtheds. Thiz method used high parity AR gads
B OO0y (000%), By (59.5%), 5000, (90.5%) amd Tid;
[90.0%:). Alkeli carbonates wars wsed 23 2 sfarting mowteral,
which bed baen treassd camafully by a specizl drving process
befors use. Thass powders ware placed i an ovez 2t 230°C for
2 days and thez stored in a medstore-Sres vessal [17] Reagent
grade oxide pewrdass wears watghed according to stedchiometric
formula, 2zd ball-midled with sthznol 2nd yirrem-stabdized
zircomia madia for 18 k. After drving, the prixtars was calcined
2t B50°C for 4 b The calcized powrdars. with pelyvingd alcekel
[PVA} 2dded 2z bindaz, wers pressed izto pellaes of 15 =m
diapzeter 2zd 1 mee eickness, :nd sinmred at 1,040°C i EET-
atmosphare for Ik
diffraction (XED; Bruker-AKS DE) wang Col,. redizbon was

in a clossd alumipa cmucible. X-may

nused to detemxine e phaces formwd 2=zd optimom firng

87

temparzfures  for formatenm of the  desired phase. The
microstraciars 2zalyees wers modertaken by sciz=ing slsctrom
microscopy (SEM. Lao [455WVP). The dislectric constazt was
then calculazed from & = Cal€.d. whers £ was the capacitance
of the sampls, 4 and A weme the thick=zar and arsa of the
alecmods, respectivaly. and £, was the dislectric permittivity of
vacuwem (B854 « 10 I:'Fl:l:l._':. Polarizations, 25 2 fumctiom of
alacmic feld (P-E loop) at 4 Hz of the samples, wars observad
systemn  (ETSEH; FBadoan:
Tachzologies, Inc). The peak field was maintaned at 30

using 2 ferroslestrics  test

'V om during measaransezt.

III. EESULTS AMD DISCLIRSION

Fig. 1 skows the x-ray diffacton pattams of the
(l-)BET-xtT ; x = 0.00-0.10 caramics. It caz be seez that all

the cazamics waze datectad 25 single peroviiit smactare

Irdessds (a0

I B = g o
‘-.r.nl'.q.—r'-..up_..f"l—fr-—“"q_._..ﬁ_'.._.-_
Fi ] o ] =] s F 1] 5]
L8 T

Figure 1. HRD patlenn of {T-olBET-(2I8T cormmis wriering af HHIEC
=Xk

The msult indicated that tee dopants wars consplately diffe
inte the (BiasEaq)TiDy lettices, with Sr sxtering the
(BigaMoa™ sifs to form 2 bomegszecws solid solatiom.
Furthemmeors, it can be clearly sesz that crystal sthectors of
samples with x= 008 sxhibited 2 feiragomal souctare. At the
cozpesition x = 0.1, the ceramic bas a cubic stucrere. As

increasing the 5T contant, the peaks skift towand 2 higter 2zgle



slighely because the bost Bi™ (fomic radims 1.14 A) a=d K
(1.64 A) ars roplaced by deped 35°° (1.44 A). Fizzre 2 s2ows
the SEM images of ths Hactured surfaces of e (1-81BKT5T
;x = 0.00-0.10 ceramics. It 15 well knowz thae the pure SKT
could Dot Do sinkered to obtaw sufficient density

Figare 2 SEM microgngh of fwcure sfaces of the (I/BRT<x81
cemimcy agveed et J040°C for 2 & with () = 000, (h) x =~ 00
e =008 (d)x= 006, (g)x= O Fand (Hz=010
Afier the doping of ST, 124 ceramics becoms demser, porosty
degrades and the grmiz mze mcreases. Fizwre 3 shows the
empematire  dependencs of duwlectic
{(1-x)BRT-x5Tx = 0.00-0.10 ceramzics. The broadzess of the
dislectic comstant peak was observed with mmcrean=g SrTiC,
content, especizlly that of the 09481, K. Ti0; — 0.065rTi0,
cemamic wiich exbibited a very broad curve over a wids
1RIEDEIANIe Fange.

Itis also apparsz: m figare 3 thar thers is 2 sywsxatic
broadenizg of psak i dielectric coustant at 7, witk increasing

constan:  of the

ST cootent The broadenizz of the peak may b an mdication
that the zrain zize of the ceramics :lightly imcrsases with
increasing ST conten:. Piszomencz ruzgests 3 Tansition fom
2 zormal Hmoslscenc to ‘ralaxorlixe’ Horoelecoic (18] dms 20
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the caton disorder in parovskite wxit coll and the formaton of
microdemain sizce non-farroslectric ST was added. However 2
more detaled stady is roquired in order to establish the cause.
Figare 4 shows t2e F-F kvsterssis loops of polanzation versas
slectmic Seld for the ST-substimated BKT ceramics moasurad 2
Toom wxperaturs :zd 4 Hz

L) i
Fugure 3 Tenp fepend of dhedoct () s diclooric
o (e §) of e (I =BET-GT cmenizy eaterecd @t 10407 fior 2 b wath
=000, (b)x» 002 fc)x = Q04 (d) x» 008 (o x » OO mul
(Dx=010

It is seex thar typacal femroelectric polarization kysterasts loops
were obtaived for all the ceramics The decrease of the
remzaz: polamzatioz () indicasss tzat the addition of ST
could mansform the base compositon tnte 3 soft faroslecTic
materizl. The skghedy distorted P~ Joop for t2e BET ceramic
with x = 0.1 izdicates the weakeming of farroslecTicity when
the ST comtans is Righar.



Polariastion (i om )
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Eleexie Feld (WY e

Fgaro 6 The P-E hytereais looge of the (1) B T<x &1 ceumice

Tz ceramics with kizher ST content exkibit a lower
area of the bystaresic Joop and as a resule Zyvsterstic losses a6

lower too.
IV. CoNcrusions

Lexd &ee piezoslecwic ceramics BKT-ST bave been
preperad the couventiomal mixed oxyde route with zormal
sizenng. At room wzaperaturs, the ceramics withk a perovskite
structare are iz the tecragomal phase at x =008 At 0l = x|
they become 2 cubic perovikite soucturs. T2e resulis of X-ray
diffrscoon reveal thar S7TiO; diffase imto the BiyKasTiO;
lattices o form a sold solubon with 3 pure perovskite
souctare. After the intzeduction of 3:Ti0, w=to By, K, Ti0,,
the dieloctric comstanr at room temperature (g.) was fouzd o0
decrease with imcrersing SeTiO;. The brozdnmess of the
dielectzic comstane peak was observed with ncreasnizg S1TiCy
content, especially that of the 09434, K, Tt0, — 0.06 SrTi0,
ceramic wiich exhibited a very broad curve over a wids
tempematie range. 126 Biy Ky 10y — SeTi0; system was
sxpected to be 2 pew and promising candidate for lead-Sree
capacuors.
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