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Papers published In this book concern with  original
experimental and thecoretical studles of physical preperties of
oxygen octahedra ferroelectrics 1performed from 1 to 1990 and
mairu{ by the division of f{erroelectric physica of the
Institute of Sclid State Physlcs of the University of Latvia.

The phase transitlon dynamics and 1ts crossover features
in BaT1), single crystals are analyzed In the quasthermonic
rigid 13n approximaticn, the calculated T4 and G0 1on
displacements being related to the experimental data of X-ray
diffraction. measurements of microstructure, dilelectric,
optlcal, electrooptical, thermal, elastic, and mechanical

rameters and studles of transfer processes phase transltions
ave been examined In a number of more complex syatems like
Pb Sr,_,TIC, and NaNbO, solfd solutions, SBN aingle crystals

and tranaparent PLZT ceramica. The most recent resulta on
electrlc field indured phase transition micromechaniam studles
in transparent ferroelectric ceramics are also reported as well
as on domain structure and polarization swlitching in pure and
meial-doped PLZT ceramics, and on effecta of {rradlation on
PLIT OEL cal and dlelectric propertiesa. Some of the pwers
refer to Ltechnology of PLZT ceramics, and prmblems o the
control of atoichiometric changes and adm!xture concentration.

The present bock 1s assumed to be of professional help to
people deallng with physicai and chemlical properties of
ferrcelectric materlals and the studies of phase tranattiona,
a9 well a3 Lo graduate and senlor students In so0lld  state
physics. It ma¥ be alsu helpful to sclentists of the Unlversity
of Latvia partic gat]_n% in meetings and business trips in other
countries, as well ac fhe guest sclentists to get acquainted
with the problems being atudled and results obtalined the
Institute of S0lld State Physics.
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LATTICE DYNAMICS IN CUBIC Bafio,

J.2Zvirgzds, J.Cabrusenoks
Institute of Solid State Physics, University of Latvia
8, Fengaraga St., 226063 Riga, latvia

The rigid ion model In quasiharmonic aproximation
was used to Investigate the alteraticns of central force
arameters between lons and lattice normal vibration coordina-
es in the ferroelectric phase transition reglon f{n BaTi0,.

Phoncen dispersion curves, one-phonon diffuse X- scattering
Intensity and the ellipsoids of 1lon thermal vibration were
calculated. The mean-square displacements of the T1 and O ions
bein,g Ehase transition sensitive, show a crossover feature and
are determined by these ilons vibration amplitudes along the
axes T1-0 in the so0ft mode.

Specific features of the rigid fon model

The rigid lon model studles of lattice dynamics in barium
titanate have been r2ported in a number of papers (1,2].
However the most Interestinz phenomenon - the change of
dynamics of the cubic lattice near the [erroelectric phase
transiticn (PT) - has not been paild 1ts due attention. We have
used the rigid !cn model to calculate the parasetera of lattice
dynamics in cubic barium titanate, mean - aquare displacements
of lons, thermal capacity and X-ray diffuse scattering
intensity. The latter provide suggestions conceming the
mechanlsm of the PT.

interaction potential of the rigid fon mcdei 18 aupposed
to Include the Couwlomb contribution and tne short-range
Born-Mayer potential [3). The short-rangs force calculations as
in (3] were 1Imited to the nearest nelghbours only: Ba-0(1),
T1-0¢(2), 0-0(3). The short-range interaction potential 1in the
modal of central Interactlon is determined by two parameters A
and B . The long-range Coulomb terms Cikk') of the dynamic
matrix D have been ealceulated by the method reported by Cowley
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fd43. Since the matrix elements C(kk') and matrix elements of
ghort range terms P(kk') contain unknown parameters and
effective charges of lons, the matrix is first written for the
wave vecter § = 0. To simplify following caleulaticns the olock
diagonalizaticon of the matrix D has been performed. The 48
elements of symmelry group 0}'1 beirg taken 1into account to
chtaln unitary matrix U(C) at the M-peint of reciprocal apace
g = 0. The dlagonalized matrix D' 13 cobtained by
tranaformation D' = UT(M)DU{T). The method of caleulatlon has
been reported earllier [5,6,7,8).

Porce conatants and effective charges of lons

Elastic parameters and effective charges of 1cns have been
found from experlnental values of elastic moduil ¢ (9} and
calcuiated Ww{T) [10]1 from IR reflection by the method of least
squares. The charges belng assumed as a result. of mixed
lon-covaient interactlor. Ionic contribution in the wvalue of
the lon charge 13 expressed by the coefficlent e¢. Minimizatlon
1s made seperately for transverse and longltudinal modes, the
accuracy of 4 and B, values belng within 20,1 R/m for a serles
of ¢ vaiues. Parameters of the model are given In Table 1,
Compared 10 experimental data the beat results are obtalned
with ¢ close to one. Por further calculatlions the value e =
1.95 has been chosen. The error of mode freyuencles has a amall
effect on the A and B values. At the same time the values of
elastic modull are important: the values of c, are determined
within the accuracy of 10-15% and different single crystal
specimens provide astrongly different sets of elastlc modult.
Nevertheless, the calculated values of force parameters and
effective charges are 1n good agreement. with the data obtained
for similar perovskitesa by other authors (Table 1). To eatimats
validity of tne model the frequencies of fon  viorations
propagating along the main directions of the crystal lattlce
for different values of wave vestor q in the first Brillouln
zone were calculated and compared %o the data »f neutron
scattering {11). A satisfactory agrecment 1s obtalred for all
vibration modes (Pig.1).
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Table !
Force mr'ameters‘ 4 for rigld lcn medel In perovokites
Pa- BaT10, | Bal10,/1/ | PoT10,/1/ | SrT10,/13/
mrg“ Temperature in T-T X
fer -
l9s0 K | 3 | -103  [-470 | -0 | 190 | -15
4 69 &) 47 34 an 24.7 25.8
a1 &R &7
44 12 '3
A, 194 194 267 347 as53 360 364
133 -2} aC
vaT 221 184
A, -19 ~23 9.8 B.T T.0 -2.27 -2.77
: 8.2 11,3 T.5
g.4 .
Z, 2.46 2.46 2.68 2.AT 3.68 3.68 3.68
2, 1.47 1.47 .58 V.69 1.2 1.9 .03

')Poz-:e parameters a valuss are given I N/m, ‘fonde
charges - 1n electron charge units.

w.THz
T (L ||T L ||Tz
| 1 L Pig.t . Calculated
20 | [_ Jerernlun cirvaa of
;.__/-ﬁ L e BaT10, for rigld fon
fae - / model et "=T 43 A,
10% . :._H_,.u'r.._J Fillled circles nsutron
>< K \ data (20,
l\:._ .c: ™.
0 ) 1 A“

R T RX r XM I M T

The value of [orce parameter A, (parameter of the a-0
bttt in perovexlite ABO,Y 1s higher  in the case of
Gisplazements of the oxygon octahie:va {e.g., In BaTiQ,y as
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compared Lo rotetlons (e.g., in SrfiQ,). Parameter A, 1s the
¢he describlng the foree preventing rotation of the octahedron.
I'he value of A, suggests that lon B 13 the moat strongly bonded
to the oxygen In all perovakites. In SrTi0, and PbFI0, where
these bonds are the strongest among perovskites displacement
and rotatlon of the octahedra do not digtort them. Parameter A,
characterlzing {nteraction between the oxygen lons 1s  small.
It3 vaiue belng cloge to zerop suggests that the effect of
Interaction between the. oxygen ions cn the ociahedron stability
13 weuk, the Coulomb forces being repulsive. Parameters B
gascribe the force appiled to the 1on at 1ta displacements
nermal to the bond direction and mainly are negative. The 1ion
15 1ngtable with respect to its displacements normal to the
bond. Effective charge vailues are close in all the three
perovskites glven 1n Table 1. They are 0.6-0.7 of the free lon
charge. »

We have cbtained the following symmetry of wvibratlon
modes. The high-frequency mode determined by the amall values
of parameter A, and mass of the oxygen 1ions refers to
counterphase wvibrations of the oxygen sublatilces. The
middle-frequency mode corresponds to vibrations of the
cctanedra Including oxygen ané titanum with roapect to the Ba
sublattice, the force parameter A, descrilbing the oxygen-barium
interaction belng the most important, Tne soft mode relatea to
the vibration of the titanium lon with respect to the oxygen
octahedra. The low value of the vibration frequency of the
titanium 1s posslbly due to equilibrium between all the forces
at small dispiacements through the titanum-oxygen bond
(characterized by parameter A,) 1s the most rigld. The symmetry
of the modes 13 the same aa 1n the tetragonal phase (1].

Accordlng to the rigid 1lon approximation there are
considersad two basic reasons which may vause the change of
force parameters and elgenvectors upon approaching the T..
Usually only one of them s regarded - the decrease of soft
mode frequency, the elastic moduli c, veing assumed not to
dependent on temperature. However, the decrease of the elastlc
moduli values at T->27 provide at least a  comparable
contribution.
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A for riglad fon model
veraus lemperaturs 1in
cuble BaT10,.
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Tablae ¢

FPorce parame!.’ers' B, for rigid ton model versua temperaturs
in cubls BaliQ,

S B, B, B,
1 -6.11 -52.3 5.13
3 ~4.45 -59.8 5,42
10 -3.€9 -59.6 4.1
20 -2.70 -63.3 4.70
50 2.08 641 4.31
100 -1.63 -66.1 4.8
200 183 -65.1 3.9
400 1.2 -64.6 3.92
600 -1.5¢ -62.3 3.49
B0V ST -60. 3.0

* Porce rarametera B values are givsn in N/m.

Porce paramoter values at Aifferent temperature have bdeen
determined  froin thersnal  behaviour of  frequency wi(T)  and
<, tyomintmisation aveording  tn the procedure used by
Poeweel, Thormal pebaviour of force parometers A Is gshown in
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Fig.z. In Tabls 2 are glven the values of force constanls B
used in the model for dilfferent temperature. Approaching T_ the
OXygen-oxygen interaction (A)) decreases. Thils 1is consistent
with the assumptlon thdt the oxygen I8 the least strongly
beunded lon In the lattice. The low value of B, (about -60 N/m)
suggesting a comparatlvely free dlsplacement of the oxygen
normal to the Ti-0 bond s another argument o regard the
gymmetric position of the uxygen as a relatively unstahle ona.

v ﬁ-‘lﬂ.nm
o2
e M_‘__ 4 Pig.3. vibratlon amplitu-

de of lonsa In the soft
mode  versus temperature
in BaTi0, In Briilouln
gone center,

— O -

w N

0 {00 800 T-TcK

Plg. 2 and 4 show the .lon amplitudes In different
vibration modes as fimctlion of temperature. Dependence of lon
amplitudes on temperature I1s due to: Lhe change of elgenvector
moduil e(kJd) ( mode frequency w, elastic modult c ), the
change of mode J freyuency wijd) and the change of mode

energy BE.
2
==
= Fig.4. ¥Yibration
ED'--"'-'-h'__-'-‘----_-"‘ oy
3 — e amplitude of Ions i

two highfrequency maodes
versus temperature in

1
|
]

:
o e RaT0, in  Brillouln
for——— e ZOND Zenter.
Ba 0
Al iy




A8 the mode frequency decreases the ampliiude of  hs
relevant 1lon vibration grows which 18 true for the scft monde az
well, However, as the soft mode becomes saturated at 7=T +100
K, the change of the ampiitude U(J]) 1s gZetermined by Lhe
decreass of elastlc moduli and mode energy E{J4) alcne. It s
important that thermal tehaviour of the sofi mode frequency and
the elastic medull do not change the sign of elgenvectors and.
consequently, the form ol normal vibration cocordlnates at ?; :
when T->T7. Nelther the decrease of soft mode frequency nor the
decreasce of elastic modull bhave an effect on the ampiitudes of
high-frequency vibration modes. '

Thermal vibration eliipscid and the soft mcde In BaT1C,

Half-axes of thermai viobratlcon ellipsolos (TVE; for the
three baslc directions of the crystal lattilce, calciulated from
slgenvectors and elgenfrequencies of the rigid lon model, are
shown in Fiz.5. Far from the P‘I‘ vihraticns of the Ba and T1

<u2)-102. nm2
m -

Fig.5. Ellipscld of
thermal vibratlon
versus temperature 1n
Baf10,. The thermal
vibratlicns ¢f B3a and T4
0 L. L 1 are lsntroplc.
1] 400 800 T K
are 1sotrople whlle vibrations of the 0 1lon form rotaticnal
elllpsoid flatteried along the axls (the 4-th order axis O-T!1 of
the lattlce). Approachlng ihe FT no change 1s chserved In  the
themal behaviow: of <u1,, of the Ba lons while the slope of
< M> of the M and 0 1oy btecomes less pronounced the thermal
vibration of the O belng extended along the 0-T1 axl1s. Dilagmal
termg of the thermal vibration tensor <ujy> of the T1 and 0
pa3s throwgh 4 step of maximun at the temperature of 1060 K
above T, correaponding to the soft mode saturation temperature
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{ the crosaover temperaiure [(101). The amplitudes of iong of
the soft mede vibratlons are by an order larger than thelr mean
square displanementis near the PT.

- The PT has collective behaviowr not only with respect o
seperale lons but as well to some reglon of wave vector values
In the Briliculn zone center. Let us evaluate the s5ize of the
regioh arount -polnt providing essentis! contrihution  to
thermal vitrations of Jons and, oonsequently. o the PP,
Caleilated valuea of amplitude sguares of lona  ~f the
iranaverse scli mode vibratlons propagating alongs the  three
baslc directions [CO11, 01101, [111] of the crysizl lattlece at
temperature T=1_+20 K are shown In Flg.o. The soft mode has
three branches - two transversal and one songltudinal. Orily the

w02 nm?
06 3\\ mos
o4l ‘\?z 1

Pig.6. | Caleulated
values of amplitude
squares of icnt In the
tranaverse soft  mode

vibrations rpropagating
alcig the ‘three basic

directions (o,
(1101, {1111 at 7=T_+20
% in BaT10,.

transversal modes conuribute to the PP. Along [001) and (111
directions transversal vibrations are degenerate, In the (110])
Mrectlon the branches have dlfferent frequency for the same
value of the wave vector - they are gplit. It means that they
are split in any cther direction except (0011 and [111]1. In the
latter case important 1s contribution from the branch polarized
along (D011 ¢{ dlrectlon of spontanecus deformation of  the
crystat). Prom Pig.6 1t follows that the most signiflcuwn



-11I -

contribution 1n the IVE of oxygen 1s due to the soft mode
vibratlon at the zone center - 1ts amplltude square exceed by
10 times the mean-square displacements In the TVE. Regardless
to the directlon at T-T_+2C K prevailing 1s the <u).> component
- vibratlon of the 0 along 1ts bend to the Ti. At high
temperature dominate <ul > - vibration of the O in the plane
perpendicular to the T1-0 axis.

The data show that apart from soft mode vibrations of 15!13
in Brillouln zone center, 1.e., vibrationa of 1infinite
wavelength, a rather considerabie nelghbourhcod of the 2zone
center contributes to the phase transition. So, up to &0% »f
the TVE 13 due to the oxygen soft mode vibratlions of q wvaluao
up to 0.2 while only 50% - to theose of ¢=0.1. Ampiitude square
of oxygen lon vibration drops most rapldly as q grows In  Lhe
direction of point R of Brillouln zone. Amplitude square of
the soft mode vibration of the T1 ion at the =zone center s
about five times its mean-square dlsplacements in the TVE.

Trhese data show constderable contribution of the soft mede
lon vibraticns to the TVE the soft mode belng the only one
atrongly dependent cn temperature. Though thers 13 only ore
soft mode 1t 13 the one resoonslble for mean-squars
dlsplacements of lons depsnuent on temperature.

First order X-ray diffuse scattering

Diffuse scattering bands were observed in cuble KNGO, aud
BaT10, by several authors [12]). The bands were ascrlbed to
static corelated displacements of Icng along certaln axes.
Iater on 1t was supposed that the bands are due t¢ anisotropy
of the mode disperslon surfaces [13!. We have checked this
assumpticn by calcuiatlons for BaTl0, the total dynamic matrix
of the rigid lon model belng used. Diffuse scattering
intensities were calculated in planes (001), (-110) and (100
of the reciprocal lattice in the flrst Brilloutn 2one around
three types of points of the lattice: (00L), (110) and  (1il).
The ealculatlons were made with the step 0.005 of the reduced
wave vector § = 20 /alq :q,:q,} up to 0.06. The following
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polnts of the recliprocal lattlce have been used to find
anlsotropy of diffuse scattering from the scattering indicatrix
and 118 change: (004), {011), (3307, (880), (222), (666). Three
_baslc directions of the lattice were selected and such  values
of (hkl) for which the effects of Debye-Waller factor on the
scattering intensity would be about the szame.
The shape of scattered intensiiy maxima depends onky- on
the reciprocal latilce point, i.e., - (001), (il0) or (111).
The most anisotropic calculated scattering was found t.o lay 1In
the plane (110)}{ or (0G1Q), Fig.7). The scattered mtensity
max imum
6

Pig.7. The contours of
one-phonon X-ray
scattering intensity In
the plane (110). The
shape ‘of contours
changes very little
with temperature.

64

<%

0

+

13 oriented 1n [011] directlon - intensity maximum 1s <xtended
in this direction. This extension resembles the bands observed
experimentally [12], their shapes being 1ittle dependent on
temperalure. Approaching the PI' temperature anisotropy of
diffuse scattering somewhat increases - Intensity maxima become
more extended in the [110] direction (Flg.7, curve 1). It scoms
to be due to the small change of mode dispersion anlsotropy. |
Contrary to the angular distributlon of scattersd
intensity. 1ts absolute value strongly depends on temperature.
As the sum of index squared amounta to above 120 the thermai
. 3haviour of the interisitles become similar to that of lons
displacements In the soft mode. This 1s most pronounced in the
[001] direction (the (0O11) polnt of the reciprocal lattice).
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B T Concluslcns

1. Iattlcs dynomics ab ipe Brillouln zone center of Larium
titanate in the reglon of phase transiticn are well described
by the rigld Jon moedel In quasi-harmonic  approximation,
Parameter &, of Interachlon betwsen ths oxygen lons is the only
rigld ion model parameter having a relatively critical thernal
behaviour. It may be assumed that this Interaction 13 the mzst
important In the phass transitlon mechanizu.

2. The soft mode vihratisn amplitudes of the lons are the
largeat and inerease strongly. approacnlng T, at  coeling,
passing a maximum at the mode saturation.

3. Thermal vibration e¢llipssld of the orygen lon in cublc
barium titanate at the dlstance of 20C K [ron the [aaze
transiticn polnt changes 11s snape from flattened to  erterded
along the T1-0 axes (the direction of spontanecus displaceasnta
at the phase transiticn).

4. A contributlon to the pnaze transition 1g provided oy
vibrations at wave vectors Iin a conslderabis nelgnbovrhood  -f
the r-point of the first Brilleuln cone. Howewver, the features
of thermal behaviour of mean square displacaments of lons  of
Bario, arz due to the zoft mode virraticn ampiliudes near th-
r-point. ‘

- 5y Anlacirepy of the diffuse scallerirg  io Livtr
pronounced ard little changed at T->77. Disrersion anisolriry
of the meodes 1s not sufficient to  forin proncunced  bapis of
diffuse scattering.
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THE ONE-PARTICLE POTENTIAL IN BaT10, CRYSTAL

J.Zvirgzde, P.Kaposting, J.Zvirgzds
Institute of Solld State Physics, University of latvia
8, Rengaraga St., 226063 Riga, latvia

The one-partilcle potentlzis cf seperate lons In  BaTH),

glngle crystals has oeen investigated by X-ray diffractlon 1n
the region of ferroelectric phase transition. The probaci!is
fer the O ion to acquire enargy higher than the potentia
barrier 13 increasing notlceably near the melting point and Lie
ferrpelectric phase iransitlon temperature. The reason of thls
15 the thermal ene wWith at high temperatures and ihe
lowering of tentl barrler of -the 0 fon due LG
pretransitlonal anharmonic Interactiona.

Introduction

-The interpretatlon of Debye-Waller factors (DWP'sy fram
weakly anharmonlc systems 1n terms of the paramslers "of an
effective one-particle potential (OPP) 1nas become an
established technlque [1,2]. The effective QPP may be viewel a3
representing the mean field seen by the atom In questlan,
resulting from the 1nfluence of all other atoms. Tre
temperature dependence of OPP*3 may be related te  cooperati:e
effects in the crystal and microscoplc mechanisms of phase
transition (PT). -

OPP for seperate lons 1In BaTiC, has been Investigatel
theoretically [3,4] and experlmentally (51. The rilef of 1Imn
potentle@s 1s suppcosed Lo be constant wlth temperaiure KERR
Therefors:  these lnveastigations 4o net  revesl posatvis
alterations of the PP with temperature.

In the sresent siudy we nave Investigated the charges i
OPP mear the PT In Baltid, by X-ray diffruction. In the provious
paper [2) the scatterdng from tho oxygen wow not taken  into
wocourt. That mz rezulted 1n clevated sgerstitivivy of  the
Litantan OFP neer T, Predently e oxyeen has been Ineluded in
calenlutlens. Some data has been prulillched proviousty [T1,
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Theoretical

In the 1sotrople approximation OPP has the same form for
iattice points with symmetry m3m and 4. /mun (2].
V (u)=V el 240’ (
Then for Bragg reflections (COl) the Debye-Waller factor for
each lon
: 7 (Q)=exp 817 ®>1%/4a), @
where general (anharmonic) mean-square displacements for each
ion
afy=<uy*s (1-20K,Tr /o7 ) (33
X and r are harmonic and anharmon® potential (1) parameters.
Harmonlc mefn-square dlaplacements <> canh be expressed as
K T/a . Near P? the anharmonlcity grows and general
(anharmonic) mean-square displacements (MSD) get additional
gingular component <u'>(T) and deviate upward from the <u;_> (T
slope. The latter is extrapolated from iemperatures higher than
T=T +100 K Intc the PT reglon
G (D= > (B)= > (). (4)
i{n (6] we suggested to deseribe the growlng anharmonlcity and
related changes In OPP near PT by additional growth
ar of the anharmonic parameter r:
ar =- a"[20(K,T) (<u'>-cup>)l. {5
Then general mean-square displacements near PT
W= > [3-20Kk,7 (Ar+7)/=" 1 {6)
Expresaing general MSD by OPP parameters we get

w’> (2=l T (1 —T[Erga-zuxb‘r<rmr)/a‘] Y. D

Experimental °

The sample 4x4x1 mm® was prepared from a single crystal
grown by the Lopaeeded method from T10, rich T10-Bad melt. The
normal of the sample plane was parallel to the cublc a-axis.
The Integrated Intensitles of Bragg reflections (0,0,1; i
varies from 1 to 11) were measured by"DRON-2* (» = 0,071 nm) ir
the temperature range from ‘I'c up to Tc+300 K. Before making
analysis, 1(0,0,1,T) were corrected for Lorentz, polarlzatlorn
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=it  therm . di:fuse scattering (one phonon procedure of
Merisalo and Rurittu, TFig.1). The extinction corfaction by
BecKer and_ _

(=
Fi 1. TIS correctlon o, = (Ie/‘It-l)
02t versus scattering angle at two emnpera-
' tures in cubic Ba®l0,: t - T = T _+90 K;
2 - I=7,+3 K.
01 P

0 20 40 B0 8deg
Coppens was included In mi ‘mization. Least-square refinerents
by Powel method were employed to minimize the difference
betweenn the obgserved and calculaten mtensit.y; After
refinements we get general (anharmonic) MSD a™>{F) for
seperate lons (P1g.2. <u>(T) of the O and G, 1lons are
suppased to pe w«ual). The accuracy of A3 (Py was determined

—

Fig.2. M2an-squszre
displacements Vv ersus
temperature in BaTiQ,. 1 -
RBa, 2-71,3 - 0, 4 -
approximation <u'>{P} for
thr 0 lon [8] by pollnom
(§), 5 - the devlations of
the exrerlmental curve
> ) from vollnom (2}
0 20 400 TK peart. '

by mea : o~ sta'lstlc modeliing. ¥ : get the following
meagurement. accuracy values of <«u®> for the Ba, 71, O lons 1;
1,6 and 5% at 1% acc'lracy for Intensity.

Por furtner use of experimental daia <u'>(T) (P1g.2) we
have to fit (21 them by the polinom In terms of T and



s multaneously determ'ne the absolute term -- statie component
oi MSD <l >,
The experimental data of «>(T) for the Ba and T!{ 1ons
in 8ali0, &~ In the case of the Cs and Po fons in PoCaCl, [1],
are weil fitted by the cwurve, passing through the origin: T=0,
u*>=0 (P1g.2). Consequently, <u> 1s very small for the Ba
and T1 lons. MSD could be well f tied by second order poliinom
wilth no atsolute iterm
<> (T)=bP+c?”. (&)
Experimental data of <u’>(T) for the ogygen lon (Fig.2) have an
pronounced non-lirear chare2ter and a crusiderable singular
component <u’ -, To gat the growth Ar for annarmonic paraneter
we had Lo determine statistic component <u:l> for <> and
parame ters « and ». We used for that purpose experimental data
of «u*>{T) from (8] 1In temperaturs range from 400 up to 1100
. These data are of a strongly nonlinear temperature
Jependence, however, by use of a third orde: po inom
A (T) = arbPrcTeal” CH
tie experimental data [B] have been fit.ed very well. We
obtained the following val'.:3 for polinom coefficients: a =
(0,425%0,0053- 107" nm®, b = (0,274:0,002)107 mm'-T'. ¢ =
(0,300+0,005)-10°° nm™-T °, d = (0,20¢0,02)-107"° m™ T, BY
us.ng these values we fit our experimental data <u’>(T) for the
oxyg'm by polinom (%) 1n the temperature range from ‘1‘ up to
+30:J K. The follnwing va.lues were obtalned a = (0O, 8*0 et
11m and b = (0,25:4,03)-107° om T
M.e potential parameters were determined by means of
comparison the polinom coefficlenta at corresponsing terms of T
in V), (6) and (9)

azka/a. (m

y = o (2r_x —oc/Ky)/20M,. D)

The obtained parameters are given in Tsble 1. According to
Table ° ,the tighest coupling i lattice has the Ba 1on - the

par'ameter 't elastic coupling o 1s around  6-7-107  eV.om®
Different authors had observed simllar walues .Jor ",
anharmenic parameter » In all papers are poaitiv - the vei.city
of <«u® (T) growth decreases with riging temperature.
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Tablasa 1
Tne JPP parameters for ions in Balig,

Ba ol ! o
Paper a v @ 4 a | o Y ay
8/ 5.82 8.11 3.0 0.76 2,46 -2,7
Present 7.14 . 4.7 . 0,32 o =207
/47 4 .85 4.08 14.3 83.7 4.2 1.7
£3/ 6.68 6.63 2.17 3.9 - 1.23 0.95
/5 6,35 0.34 4.55 4.24 e 1:880 —2.ag
6.24° 18.65

Values of o in 1077 eVerm ™, » and &y fn 107 eV-om *, 1 =g 2
parameters for (he oxygen fcn in directions x,y, and
correspondingly.

In the 3ame time the parameter vailes o and r for the T1
lon differs notlceably from different scurces

Bxperimental datz (81 for the oxygen !on testlfies, that

wlth rising temperature <’y (?) are growlng faster. #dnwever, in
[1,2) authors gst values » >0, what con’ —adliects Lo that. The
game contradictlon 1s true aiso for the titanium ion.

hNear the phase iransitlon the character of the P{ ani 0
iona MSD temperalure dependence changes. The MSD  <u'>(®)
cbtalns an additional component in the temperaiure reglon
T,+100 K down to T,: «w’> deviates up from the slopss (8} and
{9). Tha' deviatlon forr the T{ and ¢ 1lons reaches values
(C.3*0,1,10° nm” and (0,B820,2)10°" mm® at T = 403 K,
corresponding to values of anharmonicity parameter dy =
(0,3%0,1)-10° and (-2,220,8)-107" ev-nm *.

By use of parameters a, r, ar the CPP fc. .ithe Ba, T1 and
0 lons were calculated (P1g.3). The OPP curves testifles, that
the Ba and Tl lons are riglder bo 1ded in the lattice. The
0 ton 1o les; harder btounded in the latcice. The considerable
value of anharmenicity parameter (= = 2,7-10° e¥'nm ™) results

from
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Fig.3. The changss c¢f harmonlc
oxygen ion OPP and lowering (dashed
areal energy levels by rising
temperature from 400 K up to 1500 §
In cubic BaT10,. 1 * Ba, 2 - T1, 4 -
Q; 3 and & - chauges 1n 2 and 4, when,
near PT Increasing anharmo:alclity is
taken into account, 6 - changes 11 &
when temperaturs 1s rised to 1500 K

In formatio a welative low potentlal barrier around the oxyeger
Ton - only 8,14 eV high. When temperature increasea from 400 ugp
in 1500 £ , the barrier nigh lowsred by 0,01 eV (Plg.4). 1
catimate the importance of barrler lowering, we calculate the
ti.2 O lon's disiribution on energy levels 1in OPP. We  used
Dege-Einelelin distribuilon. The energy levels are it following
values [21: o

Flg. . The 1nfiuence of P¥ on oxygen
ion OPP and eneray levels In cubic
BaT10,. Dashed area - 3  encrey
level decreasing when 1->T,. 1 ~ OPP
far from %,, 2 - (P-T,)=100 K. 3 -
B0K, 4-60K, 5-40FK, 6-20 XK,

5}

T - (21,).

0 0,Zui0"nm ’
= WYEM (e /2 Y+ 3r (8 ey (T4 1 /23 /2 Qe
and ;robablllty to find the 0 1on on corresponding level are
P, = (exp(-E K D)-1] e, U

where )
=t lexp(-E/¥D)-11 7"
n .
{ chemical potential for phonons 18 zerc). Bhe calculated
values E and P, are collected 1in Table 2. The 'Of:,ectmg
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Table 2
Energy levels and corresponding probabilities for the O fon OPP
n BaTi0,

400 K 400 K 1500 K
n _ with PT accoufited
E .~V P E .oV ? E,.ev P
0 00,0124 0,709 0,22 0,683T 0,0119 0,485
1 0,0368 a,l60 0,0359 0,1598 0,0355 0,173
2- 00,0604 30,0646 0,0581 03,0667 0,0681 0,083
3 0,0831 Q,0303 0,0788 0,0332 0,019t 0,055
4 0,1060 0,0154 0,0979 Q,0182 0,1008 0,040
5 0,1260 0, 0081 0,1155 0,007 0,i1204 0,030 .

1 0,1464 0,0045 0,145 0,0066 0,1393 0,024
0,1654 0,0025 0,1480 0,0043 0,1573 0,020
0,1838 0,0015 0,1589 o,00e9 0,1744 0,07
9 0,2014 ¢,0009 0,1703 0,001 0,1906 0,014
00,2184 0,0006 0.1802 0,0016 0,2059 o,mz.

@ -

probability of the oxygen locns with energy higher than the
potential barrier (at n»5): :

P,= E . By (14
The detect” 'g provability of the 0 ions with energy higher than
level n=15 is am ll. Value of P, 1s growing fast with rising
temperature (Table 2). Por example ~ at T=400 K P_=0,11. That
means, that barrier is relatively high. At temperature 1500 K
b, reaches value 0,132 and there 1s some possiblilty 1o find
the O fon shifted from symmetri.al position. When T->T; the
Increase ~f annarmonic parameters (r = 4. ) causes conslderable
decrease .f pcuentlial barrier high arouna the 0 ifon and small
lowering of energy level (Pig.4). The probabllity to detect the
0 1onz shifted from sy.ametrical positions growth fast  when
T->T, and reachet P,=0,084 at T,. There 1s an analogical
situation as al the high temperatures and near PP - the



- 22 -

probabl™ 1ty to find the © l1on shifted from 1ihe symmetrlc
positions of cublce lattlce grows - the disordering of  oxyger
suplattice :en occur.

The probabllity to dsteéct the O 1ons shifted fron
aymnetriczl positlon by scme distance can be calculated, uding
rivcbabll ity density function (PL.y. The PDF at ™0 1s equa’

L2is

B = exp /KD / { [ exp (V@61 dub15)
oy

In PIR.5 vrorabllity to find the O fon in range 0,001 nm 1s

PiLjAu alpluaupg3
004 ‘Fig.5. The oxygen 1en detecilng

44 probability Ptuja u in reglon

~ 4 e Ay = 0,001 mm in BaT10, shifted at

N 2 distance u. t - for anharmonic

002 |- ’ 0 potential, 2 - change P(u)au %, el
anharmonicity near PT 1s included, 3

2 - .hanges In (P(ujau), when

anharmonlcity near T, 18 included.

P o
0 9 02 a3uithem

pictted versus distance from lattlce site { the probabllity v
equal multiplikation the PDF¥ by range (,C01 nm}). Near the ¥
the dls.ributlon P(u)au broadened. The probabllity to find the
0 1lon shifted more than 0,02 nm from lattice peint arow:
(P1g.5,c¢.3). Similar changes of PDF was observed In  PhisCl
(101 at P->T! from neutron data (4P changes sign at r=0,035 nn
and has maximum at r=0,07 nm).

Discussion

The followling approximations have been used In the paper.
The OPP model are based on assumption that esach atom _xlzts !
a seperate potentlal well, entireslv unaffected by the mo.lonr
of netghtours. In the wlcinity of a structiry PT 1t is to It
expe.ed that the atomls moticns will e chararierloed L
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interparticle corre atlons. However, we can still work within
the framewcrk of the LPP formsalism, obtaining atomic OPP's at
each 1nalvidual temperature, recognizing, that the lJebye-Waller
1s an exact ocone-particle - »operty of the system. The
temporature dependence of OPP'a may then be related to  ‘the
cooperatlve effects in the crystal.

It was assumed the O ion cccupy the site with 1sotrople
gymmnetry. in rea’ity the O ilon occupy lattice site with 4/mmm
gymmei~y and ccrresponding QPP 1s anilactropic. Therefore
calculated anharmonte parameter » in (i} contalns 1in acme
combination algo t e anlsotroplc parameters r, .

The essential feature of determined OFP parameters are
following. Far from PT OPP 13 supposed to be oy quasiharmonlc
dependent on temperature as in papers [3,4.5]. The magnitude of
«w’>(T) deviations from stright line <u™>(T)=kyT/ =  at high
tenperatures allows us to dat. mine anharmonic  parameter r.
Pre deviatlon <u™>(T) up from expexted curve (3) near PT { a3 a
result of appearance <u:>('1') * ) allows ug Lo determine the
grov. wh ¢f anharmcniclty 1n addition to that detenmnined from
curves <u’>(T) at high temperatures far from T_.

Summary

In the frame of mentioned approximations 1t 1s shown that
the O lon has the softest OPP in BaT10,. That conciuslon 1s
censistent --1th the theoretical (43 and the previous
experimental worke {5J. We had shown, that the oxygen lon OPP
suftened significant when T—T;. The analogy betwesn
ferrcelectric phase transitlon (T =400 X) ana melting (T=t5G0
R tiav2 been shown: In both cases the detectlon prubablilty of
the oxygen 1on at energles hig eor than potentlial barrier
reaches vaite U,1. Befors nelting it was caused by growling
aceupancy t.oghel energy levels by the oxygen ifons  (the OCPP's
oarrler lowers very little). Near the PT the energy level
acoupancy changes very 1°ttle, but the barrler hign  lowered
slgnificant from 014 to 0,08 eV from temnperature T:’I‘CHCG R
Lo L. that phenomenon have teen observed only for the oxyegen
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ic:, which thermal vibrations is moat anharmonic. Therefore we
can conclade, that shift some number of the O lons from  high
gymmetrical nositions 18 the first step in both melting and
ferrcelectric phase transition.
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REE¥AM™™ATION OF PHASE TRANITT B 1N
FERRCELFCTRIC SGLIL SOLUTION b Sr TIiO,
* Podiva. A.Cajevsk.=s & Liberts
Institute of Solid stat.e Physics, Unbversity of Latvia

B, Kenga'aga St . 276063 Riga, Latvie

ABSTRALCT. Ts  clardfy ‘e puolar propertier sna phase dlagram
uf lead-strortium -itapei~ solld «olutlon . dielectiric, »lastic and

aon - linear optlcal propersies has heen tesieuw and discassed.

INTRODIICTION

Tier has been continoed Interest con:*raing the role nt
structural disaorder in the ferraelectric (FER1 phare transition (P-Tl.
Beh.vior of the m.xed FL - paraelectric and FE- antiferroelectric
systems  Hke K, 1+ _TaO, . PLLT and oticrs / -3/ have
2d to conflicting interpretations which rarre from a simple
increase of the Curle point TC with concentratlon x, te their being

no phase transitions at all, bot merely a ~ dipole glass at low
temperatures /4 /. There has been a sprrial questlon regarding the
polar properties of ferroelectric mixed systems, where  samne
/dditlenal Ylsordering talkes place due to the well detined
structural P af « 1# af the components e g stromtium titanate.
Earlier studies of the SrTiO, based FE solld soluticws /3-87 have
revealed some anamalies of physical properties im dilute tsmall con-
centration ot P'F component) solutions. Despite the fairly general
vhararter of the Pbh Induced ferroclectric #T da PbKSrI_xTIOS many
questiens | ove  arisen about the Interval of o-acentration  where

hoth the ferrartectric agd steactural PT occar.
We have Investipated fielectrical, elast and optical properties

61 lead - stronriumm tranate cogamics ina wide region of temperatureres
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SAMPLE PREFPARATION AND EXPERIMENTAL METHORS

Homogeneous ceramtc samples of (Pb,Sr)Tl% were synthesized by
convenstional two-stage ceramic technology at the Ferroelectric
Material Syuthesis Divislon of the Institute of Solld State Phyaics
t Liniversity of Latvia ). Spcé:lal procedures to control paramsters
of Pk ambient during annealing and'anatase/rutlle (TIOZ) ratio
of raw TiO, haye been applied. Poillshed ceram’~ platea with planar Ag
electroctes were used for th: dielectric constant measurements.
Bar shaped samples were nsed for the soand velocity (langitudinal)
measurements by mechanical resonance method. Polished surfaces
of the ceramics were otillzed Ffor the optical investigations.
Dielectrical measurements (dielectric conatant) were made over the
frequency range 102 - !OTHz with a SWM-1 and SWM-2 hrldg.es [,
a wide range of temperatdare and external btas de field. Dlelkectric
hysteresls measurements we: e performed in quasistatic regime (with
bipolar syminetric triangular h!'gh-voltage [ period 100 s )generator}.
Conventinnal loagitadieal Pleeo- resonance method was used to
evaluate the somwd velooity th the ceramic bars. Initializing blas fleld
ndp to 100 ¥/cm was applied along the bar.

Additional noncontact spontancons polarization vs temperature
meas rements were made by optical second harmonic generation
(SHG } 7 9 /in & reflection mode. Qur experimental equlpment for SHG
nondestrauctive probe has been based on application of a CW pamped
mode-locked and Q-switched Nd laser supplied with a gated photon
counting system. Inour case .wher highly-absorbing ceramlc sampiea
have been tested, auch an approach allows the correct determination
of t.he averaged apontan‘eoua polarization and Jts dependence on tem
peratare. Frum the other point of view, SHG technique does not need
‘elactrodes to determine polarization and provides a possible method

in the case of conductive samples.
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RESULTS AND DbISCUSS1ON

Dielectric ~onstant wversts *fenperatire curves iar (Pb.SrITiD,
ceramic samples are cormpared in Fig.l. Very small amplitudes
ol measuring ac electric fteld + 01 - 2 V/cm) have beeu used to
svoid suppression of the second peak of dicleciric constant carve.
Ali the dleleciric constant mreasorements were made at cooling.
Cn the other haad, the 8c  field frequency was limited te
500 kHz |, that means “unclamped” condltiﬂﬁs of the sample.
Dielectrlc data presented in Fig.! Indlcate, that for dilute solid
solutions of Pb Sv _ Ti0, (x<15 3} two subsequznt dielectric con
stant pcaks nccurs,indicating the presence of twa phase transitions.
First observation of such a phenomena  In lead- stroptiam titanate
has been reparted earlier by b .rtin et al. / 6 /., Maxisoksm magnitude
of dielectric noulinearily paramster N = 1/£ af / 3R . Lacic obtained
from the measurements of the d¢ blased dielectric suwgceptibillty
was been observed for x = 6-B X Pb, It shonld be stressed that these
values of N are very high! N = 1.5 cm/kV) which compares to nonli-
nearity of pure $:TI03 710/ single crystals at ".quid He temperatures.
Similar properties have  been observed for solid solunons of

Ba (Ti Zr 10 and Ba LTI, Sn YO_ /1 7/ where for »=0.10-015
-y 7y 3 -y Uy

the same two - © peaks and extre::ne nonlinrarity takes place.
Dielectric constawnt versus temperature corves fragments for various
frequencie and different blas fleld Intensities are shown in Fig.?
and Fig.d . Thes: fragments clearly demonstrates two pecuallarities-
first - suppression of the low temperatore £ peak by an external
fileild and1 second - frequency disperslon of dhe diel=ctric constant

maximum peaks. It should be pointed cut, that a similar sappression
under high pressgre for the “high tesmperatore” £ peak has heen
whserved  preously /t-ol. Sach a different Lshaviour of two E peaks

is nmeore proaounced for “0.-01‘8’0.03"‘.0 5
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A remarkable feature of the lead-strentium titanare sohid colutions
1~ the atrong dependence of sound veloclty or temperatdare  eapecialiy
tor x f~ 0,07 | ace Fig. ). Fo. these samples a typuinal  two step
d.erease of the sound veloclty takes place, which fndicaten vhe pressnce
of two-subsequent structdral PT Such adrastic decrease ot the couand
velocity values has not been observed for a similar solid sulutious of
tBa 8nYTIO, 712/, where the two suli .equent FE  PT takes place.

S$HG measurements, provided for the whol- lead sironbiim Citapate

system, clearly show the prescuce ui FE PT when increasing the
« values . A char.cteristic. I'T  parameter ch/ dx ¢ 7 dew fwmol
hs: been obtained from the SHG vs rewperature curves Ao rindlecrion
puornt of the SHGU temperature dependence  serves tor determivatio:
ot the FE to paraeleciric phase transition,
Snehoan approach stvmms to be vaulid for the P1 diagram constructon,
<hlle *he use ar rhe SH{ data tar the "low” temperature PT is5 under
descussion and turther investigation, The typica! second harmeuic
tempersture depeudences are shown in Figs. 5 and 0. These tervperatnre
urves , dlelectric measurements and aconstic studles give inlormartion
About the phase diagram of rhe system ,shoewn in Vg,

It is necessary to point out . .that tor the svstem under investigation
two  signiticant tendencles take place - Hrst |, the low temperat re
strn twral BT temperature U tor pure S:Ti0, <106 K respertively ) is
gotnp down, aud  second the terrnelecrrie PT T-hne {1 "point™
lowered as far an the "crossover” of these two PT lLines occurs

The baser phenomena seems to be in contradicrion with the Gibss phase

equllibrive: rule To solve then dlsagresmwment with a thermodyvnannsal

principles a regivn of  undetermined symmetry 1 or maxed phase 1

has been proposcd. [Pis interesting to p 'nt ont the carly obser.atious

of tite duuble hysterenis Toopas in lead-stronlinm titanate system J o/,

shich i siunlar to the adeatiue taking olaee do PLAT and related
~
waterals ooty the addnoatnal srrmernre and doelecrnic golarizaton

dynamies  Measdrensa Are needed

»ootarity th nature af tores

ety o the ooy atranrine Titanate system
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Fig. 7. Phase dlagram of the lead strontium titanaie diiute solid
solution. Collected experitmentzl points correspoads to

open circies - diclectric constant hign temperature dquaxima,

Fullfille i quadrates - low temperziure dielecrrle constant
maxima, fulifilled circies - sound rvelocity data and half

filled quadrats - SHCG data.

CONCILSIONS

Detsiled analysls of polar properties of the Po, sr, Ti05 system

reveals Ewo s:beequeat FE phase transiticas Yor small lead titancte

“oncentratior . jead-strontiom fitanaie secms to be uselul material
for virlous appricatious due tou nigh dielectric and optical sonlinezriry
and possibllity 2f the tine "temperature tuning’ ot such proportles
ACENOWELEGGMENTSY

The authors are indebted to A.Kulvane, A Kalnberga and A.Rubulix
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COEXISTENCE AND EVOLUTION OF THE POLAR PHASE
IN Nahbo, SOLID SCLUTIONS

M.N.Palatnikov, K.J.Borman,” v.Samulyonis,®**
Yu.A.Serabryakov, V.T.Ralinnixkov
Instituie ¢f ¢ mistry, Kola Sclentific Center
Academy of Sclences, Apatity, USER
*Institute of -olld State Physics,University of latvia
“Bepartmem. of Physics, V. mius Universily

Die. ztrele, thermal and accustle studies of syntheslzed
ferroglecuric L1 Na Ta Nb 0 solld soiutlon  ceramic

samples are reported. The cbialned resulls have een used Lo
f1x the temperature and character of phase transizicns and make
presumpticns on gstable and metagtable polar phase cocxlistence.
A4 3slow relaxation of the pblar phases s been observed =2t low
temperatures, the ratlo of phase cncentration at a  glven
Lemperature being dependent on Ta content.

Introduciion

amongst  the perovskite oxides sodium niobate 18
distinguished by its complex and multiple properiiea. In pure
NaNoO, at the room temperature I, 1lhere may slmultanecusly
2x1st apart fram the =lectrie  field-induced uhases LWC
crtheromble piiazes P and Q {1). Phase P i3 an antiferrcelactric
(APE) one while the Q phage 13 motastable Its structure belng
iderntical to that of the "forced" ferrcelectric phase.

To stdy the eveolution of these phases and the change  of
phase transition (Pl) ~ temperature caused by izsvaleni
substitution in A and B sites {of an aBC, coumpound: we have
used LiNa, Ta Nb,_ O, (LNTN: seolid .sclutlons (857 in  the
concentration Interval of 0 = x = 0,18 and 0 <y < 1. Dven ¢
emall amount «(about 0.02 mele parta)y of 1iintwrs  induces
transitfon of NeNbO,tu ferroelectric (FE) state at v, (21 anc
the phase plcture of the 55 1 mads compliczated by Lhe yresence
of morghotropic regions (3,41,

Presently hureafter are roported experimental data or
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thermal behaviour of dielectrle permeability () and thermal
gxpansion («), conductlvity (v) and resistlvity (e), accustlic
properties and the low-fre: iency spectra of e* in the polar
phase of polycrystalline INtN SS.

The method

The S8 samples were prepared by conventional ceramics
technolegy. Density of the mat:rlal was no less than 95% of
that calculated for a structure of clic e packed ions. The real
and imaginary parts of dielectrlc permeabllility (' and <='")
were determine] from the phase shift of current through the
sample 1n circuit serles, the measurements belng made by
automated phase 1 tectlon In the fredquency .-ange from 10 Hz 1o
{1 MHz. AC conductlvity was nieasured at 1 kHz by bridge method

while the dc conductivity - DY terrachmmeter "Eo-134A". The
thermal expansion was measured by & mechanic quarts
5 &
FL _____ -1
17 |
| |
7 | 8 | § [ 3 4 ]
! I
o 7
o 2]
|
2

P 1 g. 1. Shematlc ::lagram of the apparatus of acoustic
measurements:

i - pulse generator, 2 - svnchrenizer, 3 -  wilde-band
amplifier, 4 - oscllloscope, 5 - Jhermal atabllizer, & - mierc—
voltmeter, T - sample chamber, T - electric-acousiic
transformer, B - adound delay line, $ - sample, T -

accustic-electric transformer.

diiatometer, an woptical attachment to which ?Jrovided the
accu acy wiin £10°° cm (51, Acoustic meas rements were made
by the pulac method two transmitting wave transfornors at 19
FHz [reguan:y beliy wsed (Blg.d ).
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Results and discussion

The linear thermal expansion coefflclent (LTEC) o wa
cbtalned as functlon of temperature. In NaWNb0, a sharp minlmurm
of the @ (T) curve is observed at -3 °C upon heatling (P1g.2).
According 10 the well-snown phase sequence it correspends tc
tr: altion from the FE N 1o the AFE P phase, Reverse transitlor
18 observed at —60 °C at :00ling. The temperatiure of the P—!
transition 1s dependent on production technology and ceramics
history. .In our case it has revealed itself as a change of the
o (T minimum from 80010 K* to 100610 K*, and a shift of
the T,, as low as -190 °C. Gradual substitutlon of Na by LI
decreases ‘e « (T) anomaly, the N—P transition being moved t¢
higher temperature and 1ts diffuseness considerably enhanced.

R /LN
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F 1 g. 2. Thermal behaviour of tr: LTEC of NaNC,.
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¢ g X Taermal behaviour of LTEG I 8§ Li, 3,Na, , NoO,.
1 - the firat heatlng beyond Tp; 2 - heitlng from 180 "0
3 - Looling Tielow Toi 4 — sm_xbsequenqt heat from -190 °C; 5 -
gepeatiedz%eg}m be ond-‘l‘a 61 a specimen ter belng cooled
own Lo (.

Since addltion of Ll_ induces itransition of }.’aM'b.():s “to the ¥
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state at T_,, 1t 1s a transitlon between FE phases.

A considerable hysteresis of the peaks (AT = 102 "o L=
observed at the N—P PP in Na . T1 __NbO,. The N—F
transition minimum on the a (T) curve at heating from T, was
also observed 1n a sample never having been cooled below 0 °C.
Ite value 18 about 5 times less compared to that observed 1in
th same sample when he: 'ec after being cooled down to -180 °C
(P1g.3, curves 1,2). At oling below 0 °C a sharp minimun
(curve 3) was observed whille at subsequent heatlng (curve 4)
the anomaly of = (T, obrerved near 64 “C was repeated exactly
ciirve 2. A following f1fth heating bey.nd the T, did nct reveal
any anomal‘2s up to nearly 360 °C. The PFE N phase may be
supposed t. exlst in INTN at 20 °C not cnly as a consequence of
N-+P transition hysteresls, but also due to relaxatlon at Tg,
the thermodynamic equilibrium between the phases Dbeling
essentially hindered in INTN compounds with a high tantalum
content., E.g., 1n 835 with y>0,5 complate relaxation of the
low-temperature phases takes hundreds of hours at T_.

Thermal behaviour of acoustic propertles (veloeclty V.  and
abscrptlon a' of socund) Indicate that the low-temperature
phases lose stabillity near 30-50 °C and effects characteristic
to the first order PT are observed in the first cycle of
heating (Fig.4). The measurements made after heatlng the
samples beyound 50 ° reveal quite clearly the low-temperature
anomalles (Fig.5). The latter diszppear in S5 belng held for
scme days at T, and are restored only upon heatims beyond 50 °C.
A simllar behaviour of (T) has been observed in SS with a high
content of tentalum.

Anomall 8 of €' (T), ''(T), o(T), o(T) are observed 1n
INTN SS in the lnterval -40-0 °C. The anomaly of o (as tihe
effect of positive thermal coefficient of resistivity - PICR:
may reach 5-6 orders (F1g.6) and decreases as the frequency
grows. The effect of PPCR ceems Lo he caused by “he Increase of
conduetivity of the int'rlayers and th change of potential
barriers on grain boundarles [6]. Az the fleld 15 lacreasec
the PTCR appears upon 'ieating at a lower temperature, the
ancma.y of o remaliing almecst uncharsed (P1g.€). At ccoling
under a high fleld Intenstty (10" V-em™: the ancmalles of «
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F 1 g. 6. Thermal behaviour of ac condiictivity (4 and 2
at f=10He, BE,=45V-em’, E_- 450V-em' and
resistivity (3 an¢ 4 E =10 V-em ', E, - 10° V-em™) In &
‘L:‘O. DSNaO. WTab.DSNbO _I’JOI °
practically de net show up since the domaln reorientatlon indy
ced by a strong measuring flelu lowers potentlal barriers {71.
The & .osmalous hysteresla ¢f the ex remities of (T
curve, the interval between gtructure rearrangement (which 1.
related to a {T) minima) and the elsctrophysical propertle:
{e.g€., PICR effect, «'(Ty and <'' (T} anomalies), 8eams Lo ¢
caused by simultaneous exlatence of several polar phases (N,
and Q) In INTN S3 ov r & wide Inter .l of lemperature, the ¥
occuring in the process of measure; =nt belng dependent <.:  the
atate of cryatal lat'lce sublect to externzl action aa well &
on the sample hi tory. An esgentia” part of cvolution ol ¢
metasisabie. phase 4 1n anomalous benaviour of © 18 auggested LI

e
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the fact that 1tg anomalous change 18 decreased by 4-5  orders
after a long {about a year) aging of samples and 18 reatcred by
heatlng beyond T, (the Q phase In NaNbC, is stabllized near o
ISR )

Dispersion of experimentally observed minimum wvalues of
~{T)1s malnly caused by coexistence of phases at T, and
microvolumes of phases N, P and Q being present 1n a sample.,
Only ohe of the phases (P or N), l.e., only a part of tilhe
gample, 13 involved in a particular PE. In ithe precesses
related to ancmalies of ¢ and o (In the region of PICR effect
moat protably clusters of at least two FE phases are involved.
Phug, as the fleld applied to measure conductiviiy is Increasrd
(from 45 to 450 V-cm™ at 10° Hz) a second maximum appears ol
the conductivity va. temperature curve (FIg. 6. nurve 1,23, The
zame 13 cbserved with «'({T). Thlia seems to bc related Lo
different non-linearity of the coexisting polar phasea. Two
distingulshed dispercion reglons appear In dlelectric spectra
approaching the PICR effect (P1g.7)., The frequencles ~f
dielectric absorption maxima differ by two-thrze orlers. Both
of the dispersion regicng ar-y closely similar to the €oul-Coul
type (Flg. 8) and seem to be due to polarizatlion precessas
concerned wlth domaln and interphase boundarles. However,
expraln the very mechanism of these phenomena regulrea a0
further investigation.
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Conclusion
Studles of low-frequency dieleciric spectra, thermal
benaviour of conductivity, acoustic properties, the coefficlent
of linear thermal expanslon have suggest c¢oexlstence of several
polar phases In a wide Interval of temperature (-190-80 °C) 1In
INTN 58, at leasl one of ihe phases being metastable. The siate
of a sample within the Interval 13 essentlally determined by
its thermal hilstory. A considerable relaxation of the
low-temperature phases la found to occur at T,., the rate of
change of the phase ratio Increasing with the increase of
concentration of tantalum. )
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MICROMECHANISM OF ELECTRIC FIELD INDUCED FPHASE
Y e TRANSITION IN PL2T CERAMICS %' * N

- M. Knlte, A.Rapenieks, and A.Storiberg
Institute of Solid State Prysicy, Uniserslty of iatvia
8,Rengaraga St., 22¢06% Riga, lawvia

S, A meagre . e
-}
AN expe*‘l'nelntdl study of eiectrlce Fleld controlled
bir’-\frirzgenf'e and iight scattering at wa\reler%m 0.425-5.56 o1
in hot-pressed PI.Z‘I‘ &.5/€5735 13 reported ne dlameter of

electric fileld induced poler microreglons vs fleld Intenzity 1s
determined.
ol B
B
(RS = - 2329 W Dileleciric polarization

. T o
EE T T TR}

In coarse gralie {(4-6 wum) hot-presged  opticall
itransparent  PLZT 8.5/68/35 dielectric polarizaticn P v
tonperate decreases rapidly at 17 “C. At the temperzture o
21 °C a doutle dlelectiric hyateresis locp B(E}, polarization ve
electric fieid E 18 chourved (Flg.td,

At the fleld intensity 2 > B ,= 6.8 ¥V/em a ferroslectric
phase 1s Induced, a followlng decrease of E reverts to  the
non-ferroelectric state at E< E, = 1.6 KV/cm. It corresponds
to the quasiparaeleciric-ferrcelectric phass transition [11.

(S I

Yoow e redfs ﬁ‘ Birefringence . -?r iuF
e . NLL

.- ) H l,:,“' - p" -ilg vk

in order to eilminate the 1ilght seattering and
depolarization ihe measurements of birefringence an(E) wer
carrled out using a GO cw lager {» = 5.56 sm). We observed the
quadrat? c electrooptic effect an ~E" only at temperature higher
than €3 °C (P1g.2). At lower temperature the sn(E) dependance
changes. At roum temperaiure we observed An-E') at 4 ¢ B ¢ ¢
k¥/cm. We 3uppose that 1t 13 dug to the increase of the znoun:
of fleld-1nduced ferrcelectric phase according to
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F1g.°1. PLZ? 8.5/65/35 polarizaticn P vs electric tleld
nysteresis loop. ® = 21 %C. 1 - B <8 ;2-E_>'R,. _

&n = v . an + 0.5 0'rvE + 0.5 N'RU-V)E, (1)

where v - volume concentratlon of polar phase, hn_p—
spontaneous birefringence, r and R — electrooptic coefflclents,
n - refractive index. &n 1a calculated from the wvalue of
spontanecus polarlization P, . determined from P(E) hysteresis
lcop. The quadratie dependence &n,, = 0.5 n"MP. i3 typleal
for all the temperaturea Investlgated. In {1y the first
additive rharacterizes the spontanecus polarized volume vs E,
The gecond sdditive characterizes linear electrooptic effect
Ingide the amall single domaln microreglons. The third additive
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correaponds to the quadratic electrooptic effect, it 1s typlcal
in paraelectric phase. We calculated the v(E) using an(E) curve
(F1g.2) and the experimentally determined valuea for PIZT

g (Am) 1 2
_ /S

: O/.A/././ D/DJ '
! ot S

- A
-3.5 L D/./ /Lj

O_ ] | - ]

N b 1% g (EXkb/en

F 1 g. 2. Blrefringence an vs eleciric field E at diffe
Tent temperature. = 5,56 um, ' - 25 %, 2 - 40 ¢, 3 - 60 °C,
4 - 80 %¢. :

8.5/65/35: r= 3.7510 " m/Vat T =21 °C, E =10 kV¥em: R
3-107" m*/¥ at =80 °C, E = 8 kV/cm; M = 1.38-10° m*s2¢* =
25 ®C; n = 2.26. All the parameters are determined at lase:
wavelength » = 5.56 vm. The calculated curve v(E) 15 show’
in Fig. 3, curve 3.
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Scattering

The valuea of the extinction coelficilent # determined by
dcattering were measured v8 the light wavelength » at different
constant values of E < B,, (Flg.4). The experimenial value of 7
was calculated from: .. . . . —

a ., e Wp 40748, en™d
L .
. O
! Ve 2 e _®
/4 \ -~
: o A"'é i
’F O/g A”/‘ =]
- — __,_..-0"”_-. \/ /
P ><°/
i - d P E |
/ Vo \
a A I
.:’/ / \
«— 2 0/2 ~ ,
& A y
«— O \\
o’/ : a
a1 J ‘ -
4 2 E, kVU/cm

® 1 g.e3. Dependence on the electric fleld B of:

1 - polarized microregion diameter a; 2,3 - Enlar phase
volune v determined from azattering data (2) and birefringence
(3 4 - comceniratlon of polarized microreglons N_.

I =1, exp(-nd), 2%

where T 15 the 1ntensity of teansmitted ilght 2t E = 0; § is
the Intensity of tramswitted 1ight at B0, and d 18 the sanple
thickness,



To explain the acatltering behavior we use .he
Usov-Shermergor relatifonship () [2,3) for lignt scattering on
dlelectric sphercs In homogeneous dfelectiric. We suppose  the
gcatiering on polarized microreglions in a pareeleclric matrlix.
The effective difference of refractive index In microreglons
and matrix is A The scattering on another non-electirlc

p, tnt .
1.5 {”?
9
[
- ©
1.0 -0 -
s
Y
EREAN
o
5L o O
I\ { A,
| Q' O-,\\ \\\h__\_\-_ho
b e 09
4 6 8 L0 fi, um

P 1 g 4. Spectra of 1the extinetlon goefficlent /+ for PL2T
B8.5768/35 at diflersnt values 0f the clontrle flejg .

1 - E =4 &W/em; 2 - 5 kV/cm; 3 - 6 ¥¥%/em.  Temperature
73 °c. optical aperture 4-10" rad. Clrcles - experlment, 50)1d
curve - calculation zecerding to [21.
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“eld controlled non-homogeneities (pores, graln boundaries)
wag compensated Iin the measurement,

Anv(hv)an’ A 16 2 2 161757 ¢

- LI € &a N

= - ni .
’\nz [Ina )\'(1-}4‘“:3:/?\!) 31’3 [ + 1 J] (33

The linear size of microregiona a and the changs of volume
soncentratlion of ferroeiectric phase v va E are shown In Pig.3.
e amount of micrereglona per cm' N, 18 calcilated from a ani
7. We have obtalned both the Increase of microreglon dlameter
and the concentration of ferroelectric phase with E. The number
of polarized microreglons v8 E shows the incivass up to B = 4.8
k¥/cm which 18 followed by a drop Aas E»4.8 KV/cm. The
concentration of polar prase determined from acattering ata
{(P1g.3, curve 2) and blrefringence measurement data (PI1g.3,
curve 3 arve In good agreament. With the Increase nf  the
etectric fleld intensity formatlon of new polar reglions 12 the
moat important up to E = 4.8 k¥/sm. 4L higher intensitlies E the
Increase of *he mlcroregion dlameter 1s more important.
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DIELECTRIC INHOMOGENEITY OF THE SBN SINGLE CRYSTALS

A. KAPENIPKS
fostitate of Sclid 3tate Poysics, Universiiy of Latvia
8. Kecgporaga St., 226063 Riga, Latvia

. R. STUMPE
Institut Flir Experimentalphystk Johazne: Kepler Universitit. A-4040 Linx,
Austria *)

The conlact acd balk dlelectric preperties are devived from  thickness
dependent complex Impedance of strostium barium plobate | SBN ) slugle
crystals with Au-electrodes perpendicalar and paralell to the ferroelectric
axls. The particojar dielectric propertles of the surface layer are accounted
for by eiectrical lnkomogenelties within the contact region. The types of
lnhmllmgcncluea posslble are evaiotad using fatte element method computer
simulations.

INTRODUCTION

it Is kncwn thdt contaci effects {dependence of dlelectric constant & and loss
tangent tan! on sample thickness) arz typlcai im  relaxor ferroelectrics
£, 2,3 /. The coatact effects are prasent !n the case of silver paiat
electrodes. They are aiso  detectable empioying hugh quality vacoum
evapgorated gold contacts. Here wr ghew that the matn aspects of the
dielectric behavior of the surface lsyer «f relaxor ferrvelectrics can be
ucconnted for by electrical Inhomogeneities.

In the recent letter It was reported that the dielesiric properties In
terroeiectric  SBN Sr,,, Ha, nb O} single crystai  the 1nterfaciat
electrode-crystal layer differs from the bulk / 4 /. Here we present how
the sarface layer tan be accounted for by the electrical imhomogeneitles
withiu the contact regian.

EXPERIMENTAL PROCEDURE

Samples of about 2.2 mw were cut from the SBN crystals with the
polar ¢ -axis normal apd paqalle! te the planes of tie rectangle The
thickness of the samples varled bhetween 0.4 and 3 mm The wtwo faces of
the rectangles were electroded with evaporated goisg. Thew the sampic-
were put in a sanipie cell
. L ... —_—

Fresent adress: Gablonzerstraie 44, A 4540 Kremsmimster, Austria
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Temperature was varied between - 180 %C and 400 °C with a bheating rate
of 1 °C per mioute. The amblent medium in all of the dielectric
measnurements was air.

The dielectric measurements have been performed at frequenciex
ranging from 10 kHz to 10 MHz (Hewlett Packard LCR metar HP 4275A3.
The parallel circuit mode was osed.

EXPERIMENTAL OBSERVATIONS

In order to determine dlelectrical propertles of the SBN bnlk and
bulk-electrode Interface, we have investigated dependence of the dielectric
response on the thicknzss, for temperstures both below and above the
maxlmum in the dielectric constant of the mwaterial, which occurs at
T, ® 60 °C (10 XHz).

Pigure 1 showa the diclectric constant e deduced from capacitance
measarements and the geometry of the sample, and the loss tangent. it can
be scen from the flgure that both quantities are not material constants, but
show & marked dependence on the sample thickness. This dependence is
wore or less pronounced, depending on the electrode material, measoring
frequency and temperature. The measnred valoe of £ Increasea with the
sample thickpess in the whole temperature range investigated.

15000
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Fig 1. Measured dielectric constant ¢ and loss tangent tano
45 a function ot sample thickness at frequercies of 10 kHz («) apd | MH7 (=)
T-2'C. 6y ¢ aus.




- B2 -

To obtaln farther information on the conlact properties of electrodes
we have acparated bulk apd aorface (see Fgure 2a) contributions from the
thickness dependence of the (complex) Impedance. If neither the balk nor the
ooutact properties depenc on the sample thickness h the measured impedance
Z 1s expected 1o increase iincarly with h. Thus, the bulk diclectric properties
can be dertved from Zth) acocording to

1 1 I
£y, T — ' - i1
we A {[3ReZi)/ 307 + C3ImZ I ftan® 3 + 112
IRe Zih} / 3k
tag By = —————— (2}
2ImZih) 7 3k

while the behavior of the contact/surface layer can be evaluated from the
extrapolation of Z(h to zero thickness, i2. h -= 0, according to

i i 1

CiAz— — (3)
WA ((ReZEO)) + UmZ@)'HT qtan®s o 1t/
X ZiO)
tmy, = —— (4)
tm Z(0}

where C, is the surface layer capacitance, A is the electrode area, ¢ is the
vacugm permittivity and o I8 the angular frequency. Re and lm depote the
real and Imaginary part of Z. The method also works for deduciog the bulk
pruperties wihcn employlng “bad” electrodes Isiiver palnt).

Figures 34,5678 show the balk and contact properties derived
from ~gqs. (1} - {4) for varoue frequencies as a functon of the sample
temperature., The experimental data were taken during the heating cycle,

It becomes evident from the Flgures that dependences of bulk and
sortace propertles are different. Eoth parailel! and perperdictler to the
ferroelectric ¢-axls the measured dislectric constant locreases  with
Increasing sample thickness soggesting, in a superficial point of view, that u
low permittivity surface (contact) layer masks the bulk dlelcctric properties.
On the otrer hand the temperatire deperdence of the surface capachtance
qralltatively resembles the bulk behavior, which is in cuntradiction to the flat
responie expected. A r—asopable explapation for the cwmpirical diclectric
response is that che transport properties within the metal SBN  |unction
are determlined by electrical iohomogeneities wmacroscopivally resulting in a
deticienty of sorface volume contributing to the response.
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CALCULATIONS

In. order to validate the kinds of i{nhomogeneities possible the
following madel calculationa have been performed employing some Idealized
assumptions oo the electrical structure of the junction, We explain the
experimental  results Figs. 34,5678 with the local distortion In the
balk-electrode interface. In order to do the caicnlations we simulate the
sample with a cylindric net of complex jmpedances (Fig- 2, b ). The values
of R, e.g. tand and C were taken eqoal to the experimentally determined e
and tand for bulk perpendicular and parallel to c-axis, correspondingly
{Figs. 3.4,5.6 }. Different sorface layers were proved to vary the values of R
and C Io the surface layer

The valoes of macroscopic € and tanbd of the simolated sample were
caiculated from the current In the sample and voltage on the electrodes.

Potentlal at every polot of the iotersection U, was calculated
from the potential Ip four neighbouring poluts O! the intersection LI, and
the valucs of CJ and Rl to nejghboar polnts:

'Zu (L v dugp)

o R .
uP : E‘: 1 o - i"*
' ( + o wC )y e B . .
ol Rj }

With the 300 - 6000 cyciic calcolations of U_ for all the points of the
Intersection we obtain the values of U_ for all the simolated sample. From
the values of U we determipe the current In the sample and calcolate the
C and K £ g ¢ and tand of the sample. Using the equivalent cireait{ Flg. 2,8
we calcuiated the effective parameters of surface C, and tan B,

We tried 10 do the explanation without the occurrence of elemeants
with turned direction of c-axis. The increase of the imaginary as well as
the real part of the impedance dne to electrodes we Introduce in oar
calzulation with the presence of holes between the electrode and bolk
| Fig. 2.F ). With such an approximation it was possible to explaln the
experimental results of dielectric parameters meatured with electrodes
perpendicular but not parallel to the ferroelectric axs . '

The next step was the occorrapce of conducting (metallic) elementa
In our calcalation. [n order to increase the vaive of computer-simulated
sampde up to the experimental value we introduce the hole uander the
electrodes. The calculation of this configuration yielded gualitatively agrceable
results for sitwatlon with electrondes perpendicnlar to c-sxis. In the next step,
we locally chauged the elements { turmned c-axis by 90° ) ar the condacting
element (Fige. 2d; 2, e). Results of calculation of this confignration are
presented 1n Figs. 9.50.
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The :esults of caiculation from Fig. d.d.e are presented ju Flg. 4.aL.
The character of CT} and tanb [T) are similar to experimental ang
computer-simulated resnlts. The differences are caused by the simple
two-dimensional model applled . The simple " geometrical” varatlon can
change the maxmuom temperatore of tand,. As - following fram the meode!
catculattons the niomogenelty of the electrical fieid is disturbed in reglons
zxeeding the extension of the Inhomogeneity by far (20 elements).
Therefore an inhomogeneily within a thin surface layer (interface, junction)
ipads to an * effective” surface layer of aporectable thickpess. The pesults
of computer-simulation show that simple changes in the nnlk-electrode
joterface can cecvse the effects in the dielectric respopse of S5BN siogle
coystals, almilar to the experimentaliy determived.

At the present state of investigation, In order to aovziote the
dominating mechanism, the model calculations have been restricted to the
acsumption of sorae extreme kinds of inhomogeaeity. For forther Improvement
a broad distriburicn of propertles, ac typical for relaxor ferroelectrics, has
to be taken into account. The best agreement with the experimental data is
sbtuined by piesuming both Insulating and highly conducting {"metallic")
regions. The resulte are compatible with an lacrease of the electrical
mhomogeneity, Inherent in the material, within a thin surface layer.
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DOMAIN STHRUCTURE OF DOPED PLZT CERAMICS

A. Plaude
Inatitute of Solid State Physlics, University of latvia
8, Kengaraga Su., 226063 Riga, latvia

Regults ¢f mlcrostructure studles of Cr, Mn, Pe, Co, N!
and Cu dened PLIT B/65/35 ceramics are re ried. Most of them
are explained by dopant-induced domaln structure furmation in
PLZP ceramics.

introduction

A number of atudies of PLIT 8/65/35, whare 1. notation
refers te atomlc % lasZr/T1, nave been reportied [i1-6]. It has
heen Indicated thatl atructure and domaln structure of  the
material depend on the thermal and electrical histery of the
materlal. In thermally depolarized state it helongs to the 3o
called undelined symmatry state (4], Scme results of X-ray
diffraction and mlcroatructure measurements of PLZT B8/65/35
coramics doped by Pe, Co and Bu have been reported [7,8]1,
newever full mictrostructure examinations have not bpe made
vefore.,

Experimental

We have studled micreatructure of hot-pressed PLZIT 8/65/35
ceramlics doped by Cr, Mn, Pe, Co, N1 and Cu with different
concentrationa up 1o 3% of welight, The graln woundaries and
domaln structure were revealed by TEM chemlcal etching  amd
repilca technique or by SEM with au couatod specimens.
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Results

Phe domaln structure in thermally depolarized PLZT 8/65/35
i3 aubgent. It 1s induced by applying eleciric fleld or
unlaxiall stress. We noticed forming of domaln structure 1n
dopad PLIT £/65/35 without external flelds. In the case of
amall dopant ccncentration the effect is small and there 18 nc
mablguocus  interpretation of 1t, whille as  the dapant
concentration increases, the microformations are anhanced and
+he domain astructure becomes evident.

For PLZT 8/65/35 + Pe, Co and NI the microstructure 1n
etched patierns suggeal ihe presence of domalns In ail of the
dopant concentration range (Fig.1).When the concentratlon of
P2, Co and Ni Increaces, the domalina grow but never cross the
grain boundaries. Regular lamellar structures were cbserved in
egen gralin In electirically polarlzed material (Plg.2,z).

Por PLZT 8/65/35 + Cr changes In microstructure which ‘we
may relate to deomain structwre, appear when dopant
concentration reahes 0,5 ¥ of welght (Fig.2,D).

Por PLZT 8/65/35+Cu in the case of smaill dopant
ccncentration domains were noticed 1in some grairns, not,
throughout of the whole sample at conceniratlion Inciease up to
1% of welght, domain concentraticn becomes regular (Fig.2,cj.

For PLZT 6/65/35:Mn In the case of small dopant
concentration there 1z no unambiguous Interpretation of
microstructure, but when dopant concentratlon rises up te 3% cf
welght, mlzcrostructure consiats of large grains and wide grain
boundarrles without domaln structure (Plg.2,d3.
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Conelusion

Doping of PLZT &/65/35 ceramlcs by Cr, Mn, Pe. Co, N1 and
Cu essentially changes microstructure, but not 1n the same
manner in all case3. (omparatively less concentratlon of Pe, Co
and NI cauzed domaln formation in PLIT 8/65/35. With the growth
of dopant concentration domain structure appears 1m  PLZT
8/65/35 doped by Cr and Cu but disappears in PLZT 8/65/35 doped
by 3 wt.¥ Mn. Domalin structure in ceoped cesaclcs gralns i3
regular, but domalns do not cross grain boundaries in the case
of thermally depoled material.
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POLARIZATION SWITCHING IN TRANSUARENT PLZF CERAMICS

L.I.Dontsova
Civ1l Enginceiring Institute,
1, arademicheskaya St., 400074 Volgograd, USSR

The process of pclarization switching was observed 1In
trangmitted 1ight under polarizing microscope, the time of
complete switching of the samples pe measured as the tlme
required for transitlon of the sample from one P:51n31e domain
state 1o the other of antiparallel directlon of P,.

Introduction

Polarization switching in PLZT ceramics has been studled
by Rarkhausen method (1,2) providing information of the
discontinuous c¢hange only, by polarization loops {31,
pyroelectric response {41, by the change of light scattering
ceefficlent and other indirect methods. ‘

In the studi.3s belng reported the switching process 1n
PLZT ceramics has been examlned by the nematic liguild crystal
(NLCY methed 15,61 in unannealed samplas of PL2T T/65/35, PLZT
8/65/35 ard PLIZT B/65/35:Me. The process of polarization
switching was observed in transmltted light under polarlzing
microscope, the time of complete switching of the samples belng
measured as the time required for transition of the sample (1its
part seen in the mlcroscope) from one single domain 8tate 1o
the other of antiparallel direction of 155. It has to be notlced
that with the NILC method the polarization switching of a
ferroelectric occurs under conditions of dielectric gp when
the proress 18 essentlally slowed and the absolute values of r,
are Increasad as compared 10 the process in the presence of
well conducting (€.g8., mewal) electrodes. However, as shewn in
{71, the features of the process are malntained, and such



B

characteristics of the materlal as activation flelc
swltching do net depend on the type of electiodes.

Results

i. In the initial (non-polarized) state the PLZT samplec
with a thin iayer of NIC between 1ts polished surface and =&
transparent electrode (8n0, fired on glass plate) appears 1o be
oriented, and the NIC-PLZT cell - 4iransparent. A plcture of
inhomnogeneous electric potential digtributicn 1s seen on the
PLZT surface @eflecting the featuregs of sintering technology
and other "defects" caused, e.g., W mechanical treatment of
the surface. ‘

2. As In single crystals (TGS, GASH, BaliO, &.0.)(6,8] the
switching of PLZT ceramics from one polarized (single domaln)
state to the opposite occurs by forming domain nucle: (with B_
directed along B) at places predetermined hy local distinctlons
of the sample, thelr growth and widening throughout the sample.
Upon coalescing of several closer domains, switching "fronts"
(boundaries hetween the part switched and that unswitched) of
arbitrary shapes - closed, extended, often starting from the
sample sides - are formed. Since the boundaries are not flat
they coalesce at separate places as the reglons of unswitched
phase disappear. Thils last stage of the switching process we
shortly call "erasing" (81. With the increase of applied fileld
the number of domaln nuclea, number f boundarles  and
propagation velocity of the latter grow, the complete switching
time v_ belng shorter (Flg.1.).

-3. At the begimning of the switching process a large
number of domain nuclea arilse, and a strong scattering of light
13 cbserved - the cell darkens, then .the swiltched reglons
become transparent, thelr growth and coalescing makes
transparent the whole cell as the switching process ends (the
cell returns to the Initial state of light transmh:mance)._ln £
number of earlier studles [3,9] an Interrelation between the
light scattering and appearance of pnlarized regions or tihelr
switching by applied fleld In PLZT ceramlcs has been noticed.
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switching time,

in PIZT celamics regnresent.ed as funct.lon of the applied
de rieid E at increass (1,2) and decrease (1', 2') of the
Intensity of the opposite fleld (i and 1*, 2 and 2').

4. Disinclination lines in the NIC layer and remnants of
the awltching boundary ccalescence obgserved upan the end of the
awitehlng process suggest the presence of defects in PI2T. A
highly possible appearance of the latter in PLZT has been
notlced in (10). Ssme of the defects hehave like twin
boundaries where domains arise under electric fleld wildenling
and propagating in both dlrections (similar to the loop domains
In GASE crystals” (11]1). Different parts of these dcmain
boundaries move with a different velocity resuiting (at E =
consty in branching, partitioning and coaleseling of those
moving towards each other.

5. As & rule, the distribution of the field-Induced domain
nuclea over the sample 18 random which sSuggest a random
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* { g. 2. The total switching time *_ "as functlon of de
fleld Intensity E for two parts of an PIZT 8&/65/35 sample.

distribution cf polnt defecls or thelr clusters being the
rnucleation centers. The number, localizaticn and activity
fevainated from the threshold field at switching) of the domain
nucleation centers being different for different dlrections of
the fleld *E the switehing charactieristicsgpecome unipclar: Tj
= «_ (Fig.1}. The unipolarity determined by / <7 -v_//v} 1s high
(0,6-0.7) for PLZT 7/65/35 and essentially less (0,1-0,4) for
PIZT B/65/35. It nas a@lso to be notlced that the switching time
may differ twice or more for daifferent parts of a sample
(P1g.2) suggesting 1the dlatribution of defecis belng not
nomegeneous. The switching boundaries arising in PL2P  8/65/35
under applied field are made amaller at doping (Mn, Pe, Eu,
Co). In PLZT: Pe ceramlca, bealdes a randem distripbution  of
domaln nuclea, In some areas they are cobssrved Lo be arrénged
in rows. . ' .

6. Any state induced during the polarlzation switching In
3 Sample «pon tagking off the aprlled fileld 1s more stabls In



the case of PL2T 7/65/35 as compared to PLIT &/65/35 where 3
rather culck spontanecus decay of the fleld Induced state and
return Lo the initlal one (the state before the fleld was
applied} is observed Lo take place. The "decay” time 1s
Aifferent for oppogite directlons of the applied fleld suggest-
tng the Initiat gtate of the ceramics being a unipolar one.

7. A consilderable difference of switching time curvs
v,({B; between direct (increasing) and reverse “(decreasing’
change of the applied fleld 13 observed in PIZT ceramlcs
{P1g.1.): the reverse values of 7_ are less, 1.e., the value
and duratlion of the previous fleld are important.

8. Dependence of the switching time <, on the applied dc
field Intensity 18 described, as for & lot of single cryatals,
by =xponential law (P1g.3): /7, = (/7 exp{</E) which
correiates with the time of transition from optically
depolarized to OP-state: L= 1 exp («/E) [12]. However, as seen
frem the 1n {1/} va (1/B) dlagrams there are two values of
the actlvation fleid = observed within the fleld Interval
cxamined (4-40 k¥/cm). Mn and Fe dopands cause a shift of the
it/ ) vs  {1/E) dlagram Lo smaller T, values and change the
value of o« (determined from the .slope of ihe linear interwval}.
Tre values of u; and «,, for the Intervals I and 1T,
respectively, determined for the samples examined, are given 1n
the Table. The change of the 1n(1/t )vs (1/E) diagram and the
o vaiue upc1 doplng show that Mn 1s a8 more efflclent dopand as
compared to Fe. This agrees with 1the change of Ifundamental
dbgorption edge: the hlgher 1s ithe number of the dopand element
the less 1s the shift {13].

9. The total switching time r_ 1s a general characteristic
of uhe switching pricess. Partlcular stages contribute to  1it:
generation and toward-growih of the dowaln muclea - +,, aide
movement of the domain walls and their coalescing at separate
areas - 7, and "erasing” time - v . For PLZT ceramics as 1in
the case cf TGS single crystals [8) v <7, within the whale
interval of fizld values. "Erasing” time remains less than tihe
Lims of stde movement of the domaln walls v, , but the relative
contributlon of the first 1s growing with the Intensity of the
applled flold (Fig.4).
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F1g. 3. The total switching time representation by Ir
(1/7,} (v, In seconds)) vs 1/E dlagram for eramlcs samples:

1 - PI.ZT &/65/35 (undoped). 2 - PLZT B/65/35: 0.01 Pe: 3 -
PL2T B/65/35: 0,01 Mn; - PLZ1" 8/65/35: (0.1 Mn; 5 -
PLZT 7/65/35 (undoped). - . . .
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Table
The values of the activatlon fleld for the undoped and
doped samples

Activation fleld, Transition fleld

kV-cm between I and [I
Compound - E , k¥-cm
o8 o '~
1 F3 -
PLIT 8/65/36, undoped 5.5-9.5  20-33 20
PLZT &/65/35; .01 Pe g T2 33
PLZT 8/65/35: G.01 Mn 19 110 31
PLZT 8/65/35; 0,1 Mn 40 200 ‘ 15
PLZT-—'T/GS/SS.. undoped - T0-82 -

| d 1

0 1
5 @ 15 20 25
ExV-cm?

Fig. 4. Total tlme (r+ 7v,) of mucleation, growth and
slde propagation of domalns or "switching frontiers™ (curve 1)
‘and erasing time v . (curve 2) as functions of the dc fleld E
in PLZT 8/65/35 (undoped) ceramlcs.
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Discusslion

“he switching of the PILZT ceramicr has many features
common with the 180°- switching of singie crystals (TGS, Bal10,
a.¢.). It includes the same stages and follows the same law.
The polycrystalline structure of PLZT does not exnlbit 1tself,
at least at the stage of extending the switched areas providing
the most conelderable contribution to the total switching time.
The slze of crystailites .1s possibly Important at forming
reglons polarized parallel tc the applied fleld. N

Different from single crystals 1n PIZT ceramics there 1s
no anigotropy of the velocity of side movement of the domaln
wallg which 1s naturally expected {n polyerystals. Unusual for
ceramles 1la the switching unlpolarity In ILZT desplite the
different orientation of crystaliltes with respect to  the
gample surface to which the fleld 18 applled. The 180°-
switching 1s likely to be the oniy to speaX aboul 1n PLET.

Really, 1f the initlal state of PLEZT ceramlcs is a
ferroelentric macroscopically polarized cne, the” crystallites
conalating of domalns with different orientation of 1?'s with
respect to the sample surface (which Is possible In PLZT at
recom temperature), then as the fleld 1s applled, I.e., during
the pelarization, the domalin structure 1s destroyed, and the
sample .changes 1ts state from optically and electrlcilly
isotropic to another one of fleld-1induced anlsotropy, the
ceramlic material belng turned similar to a glngle domain
uniaxial crystal, the optical and polar axis of which Is
parallel to the appiled fleld. Tre following cycles of
reversing the fleld (*E) will resuit 1in 180°  polarizatlon
switching from one single domaln state te another. The
awltehing 18 not related to .the initial statice domain structur:
(1f 1t has beend) and 1n any fleld iInterval the changs of
polarization lnevitably proceeds the stage of forming  nucles
wit: B, parallel to the applled field.

" Assuming the electronic state of the sample Lednn
responsible  for . domain nucleatlon (14,151, and the e
polarization under applied fleld beling Induced by exoiting
electrons from the surface states the concentratfon of  d.malr
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niciea al a given value of E 1s determined by the depth of the
ievels and numbé\"_ of electrons on tham. Distribution of
elactrons In the su~face 3tates 1s swWwongly dependent on
defects. PLEP 1z krnown (16,171 to have a high derect.
concentration, the _eac vacancles being about 107 em°, 1ihe
denor (Ia® 1ons) concentration - about 107 wm . Doplrx
irtroduces agditlonatl 'vcalized states. The unipolarity of PLIT
awitching characterist '3 thus iy be due to the surface states
being different with eagprect 10 oppo3 ke directions of the
applied f1leld and to the hbipoler conductlvity belng also
different for *3. The latter 1s due to a higler mobility of
holes In PLZT {17}. & acmewhat less unipolarity of PLAT
8/65/35 samples £ comp wel to PLZT T/65/35 aay be explained by
the dlfference of T_. Bezldes, appearance of polarized reglons
inder applied field 18 possibly easler in the casse of
macroscopically nonpolarined matrix (PLZT 8/65/35) as compared
ta rec~lentation of B, (PLNT T7/€6/36).

The total switchine time, 1.e., the speed of polarilzatlon
switching, 18 determined by i1 spewd of compensation of the
olarizaticn charge (external -- from the electrodea, internal -
from the bulk and surface atates of the ferroelect~ic sampie;.

The growling contribution of "erasing” time wilth the
applied field (P1g.4) (simllar t> what 13 opserved In TGS
single cryatals [151) suggests that the charge stoied by
surface states 1s smaller than requlred for fast compensation
of conslderable bounded charge agprearing In a strong fleid
becadse of *momentaneous” nucleatliom of a large number of
domalng and fast growth of thelr size.,  Therefore the
propagating domaln wall (.he "swltching fronts”) will have a
tall of uncumpensatled charge the conssensation of which will be
continued by carrlers from the electrodes and the bulk  2ven
after the polarization switehing 13 fi'nished ‘the single domatln
ctate belng achieved). Decause of a amill condustivity of PI2T
(107 t/0cm (1€1) the relavatlon time of charge carcisrs  1is
rathar large (~10° & at room temperatired. If the applled fluld
13 re wved bafore full compensation a' decay £ the  polarized
state wlll tale place decause of depolarizing fleld -and, the
peed and degree of the decay v:-‘"?lm‘qsly depending =i the
intensity and endurar e cf preceding fleld.
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The hysieresis of v (B) at mcreasc; 01 oeciease oi  th»
applied field Pig.t1) may be explained 1rI a simi.ar way. The
effects, however lessg pronoudncsd, should) Lo observed, 1o ths
case of weyrl conduciing electrodes ?,.f‘SJ_nce. according te
calculatiena [181, the density of the i{fi;acted charge of frec
carr'ers 1s amall a3 compared to densify of .the bounded charge

(~1i0 ' em® at P20 i C/c 7).

i

Gonclusing

1. The ~olarlzation swit.ching‘of PL2T ceramlcs proceeds
the same st zes and follows the same laws as the 180°
polarization swiltching of slrngle ¢ryatais. The 180° switehling
of PLIT compared to glngle crygfais 18 dilstingulsned by =
rather high threshold fleld (gpo.ie FKEV/cm) and absence of
anlzsotropy of the domain wall stde velccity.

2. Unlpolarity of the Yotal switching ilme e for
opposite directlons of applied dc field fE has been obser'ved
The unipoiarity of awitch*m,is assumed 10 ve related ¢
difference of surface gtatea pf Lhe sample wWith regard to e
sign of B and te the blpolarf conductance of PLIT ceramica,

3. The tutal switehing time r_ 1s shown ¢ depend on  the
value and durstion of *le preceding fleld. A direct chservallon
has conflrmed the decay oi wlarlzes state In PLIT ceramlcs
after applied fleld 1s rejhox ed. The effects are tentatively
explained by -mpomrlzlﬂ; field belng l=ft uncompenszted during

the awitehine: the charge of carrlers 1Injected from  the
electrodes @ . the charge accumulatsd 1n arface states s
insufficlent to achlev¢ 2 fast and complete compensatlon of the
poiarigation charge wplle the relaxation of majority carrler:
from the bulk in PLZY, because of small conductlvity (dlspite s
Ligh concentvratlony, 13 slow and may take :much longer time thar
the applizd fleid takes.

4, At doping by Mn, Pe, Fu. the J:nslty of domaln nucles
twith P_|1E) appearing under applied fleld in PI2T 8/65/35 1a
increased causing 1 Increase of "he number of switehing
“Irontiera”, for which reeson the awitching proceeds faster (r,
decrenses) and the actlvallon flsid 1a changed.
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5. The atudy of polarization switching In PLZIT by nicans of
NLC may be used as express - examinatlon of sample gquallity - to
reveal Innomogenelty of swl ching in different paris of ihe
sample and the distributior of point as weil as extended
defects 1n the sampla.
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sis 01 indentation diagrams has shown that propertles
of ferroelectric ceramics are characterized by micrchardness H,
fracture toughmecs K _  intrinsic tenslonge nd critlcal . size

£ cracks c*. No chan of microhardness has been obgerved In
PLZT 8/65/35 upon dop by Mn, Pe, Co, Cu, . . Fe. Co, Eu
dopanis cause an increass of parameter Es C and > vajues 4

minimum 18 observed on concentratlon curves K _ {x) and ¢t
at x = 0.1 wt.% of Cu-doped PL2ZT 8/65/35 ceramics.

Introduction

Deformatlion and fracture of ceramlcs 18 a8 rather
complicated phenomenon and physical processes of indentation of
the materlal have not been cleared completely. Speaking ¢ such
a complicated compound as PIEZT (1] In terms of plasticity and
resistance to deformation of s2o0lids, the contribution of
different components to 1Its resistance to deformatlon and
fracture 1s determined by ceramic characteristics {(grain =size,
compoaltlon and structure of the interlayer etc.) as well as by
a good nunber of characteristics ot the cryatallites themselves
concerning lonice and valent bonding, defectness (vacanciles,
dislecations ete.) and heterogenelity (compositional
floctuations, enclousures of dlfferent phase etc.). Since these
problems presently are far from having been solved even In pure

*PLZT, the more 1L 18 true for metal- -doped I_ZT+Me ceramlcs ard
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any discussions of the deformation mechanisms conceryl: @ to=
latter are to be regarded as preliminary assumpl_.ons Ofiy

To vary the light absopticn, dieleciric and anocivher
properties of PLZT ceramics different dopands are used to
extend application of the material In optoelectronlcs ({2,31.
Technological processing of PLZT+Me ceramics has been developed
and .he structure, dlelec =1 and optical propertles of the
obtalned samples studle: [2,3]. To continue the atudles
mechanical properties of Mn-, Pe-., Co- and Eu-doped PLIT
ceramlcs are prese; .1y reported. Arart  from utliltarian
purposes the present studies allow to widerstand the tension
pelng forw~d at doping and to make quantitative esiimates
of 1t.

The method of structural test

Mechanlcal properties of undoped and 0.01, 0.t and 1 mol.%
Me-doped (Dy Mn, PFe, Co, Eu)} PLZT 8/65/35 ceramics were
examined by the indentatlen method on pelished surfaces of
non-polarlized, unannealed samples.

Teating was performed by a Vicker's Indentor on a "PMT-3"
mlcrohardness meter in the load Interval P = 0,1-2.0 N. At a
glven load velue the average values (from a number of at least
20 testa) of the plt lirgonal d and the length of the radial
crack ¢ were measured. The i{nformztion ls presented as the 1gP
ilgd) and 18 P (lg ¢) diagrams (Fig.1}, whers from the
glastic-plagtic deformatlon and fracture of the material may he
examined to mciect criteria for mechanical strength and gtress
estimates of .he material.

The study of indentation dizgrams.
Criterda of mechanical strength

1. ¥or all the samples examined -.1thin the load Interval
P~d*.In this case the microhardness H=1.854 ¥- a7 doez  nol
depend on the load.
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2. The curve 1g P (lg ¢) ls knowni4! to have ihres linear
1ntervala detetrmined by 3 stages - . crack development., fhe 1
and III raglons are characterized by P ~o”, the 11 B3
P 2%, Ior all the examine i samples within the load fnterval
malnly. the 71 stage - a distinct growth of cracks hzas  bean
ohaerved which makes 1t poaslble to calculate the 1ntrinsic
fracture toughness {(reslstance to cracking) of 1ihe material
K, . lndependent on the load (5,1 '

K, = 0.0726 P.~" ",

Tre B and K, values were calculated at the load P = 0.2 N &t
willeh the I1 sta 2 of the crack developmen: 1s observed in all
the examined samples.

2. In some cf the samples within the load interval the 111
atage of crack development was also observed. To rsveal
t.oansitien o the III stage 1n all ihe samples the load need io
te  Inereased. Unfortunately, the small thickness  of
electrooptic samples has not allowed for thai. Determination of
the inflection polnt between the II and III reglons of the
indentatlion dlagram 1s Important for the following reascns.
Relatlon between the effective K;_ and Intrinsic K,_ fracture
toughness has been obtalned [T]1 to,be

Ki = K+ 20/ e :
and the averaged intermal atress o 1s determined {fov
fb, , . La, T10, ceramics) from the slope of experimental
K',, ¥ ¢ ) line. With Tregard to the linar dependence of
#0077 ) &t the III stage 'of crack develcpment {winere
¢y, a simple method o determine o from fixed coordinate
values P, and ¢, of the point between the IT and IIT reglons of
the Indentatlon dlagram 1a suggested:
= = 0.0726 P ¢’ or o= K e 7.

4, An important characterictic of mechanical tension 1Is
«the eritical slce of the crack c*, obtained as thea crosapoint
of tite Indentqllon dlagrams lg P {lg d/2) and g Pdlg c). 4ao
shown sarller, e.g. (8], the valueg of ¢* 1s character stle  to
the cenle of U2 roglor w crein the tensions are locallzod.
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F1g. 1. Indentatlon dlagram (half diagonal of the
imprint 42 and length of the crack ¢ nearby 1t as functions cf
the indentor load P) for PLIT 8/65/35 (0) and PLIT B/65/35+Mn
{(x-0.01%, 2a-D.1%, 9-1 wt. %).

Thus, resulta of structural tests of PLIT 8/65/35+Ve
ceramics are represented by the values of mlcrohardness i1 and
fracture - toughness X, _ determining reslstance of the materlai
1o elastlc-plastic deformaticon and brittle  deatruction,
respectively, a3 well as by the valuss of < and <*  which
characterize the value of Internal stiress and the aize of the

reglen of thelr lo:allzation, respec.lvely.
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Experlmental resulte

Mercnardness i

fndentotion mzasurenents of the plt dizgonal o wee
pregsented In the rorm g P (1g 472y, In the cose of PLIT
BAES/35 + Mn 1t lg shoun (Flg.iy that 1g P (g J/2% 18 o llnear
function and all the polnts reg rriless to the concentration o
Mn as well as other dupants lay on the Jwme lins. Herefrom the
microhardness valus of all the exumined PLIAT B/85%/285 Gie}
materials cocur: Lo be the same and equal o H-5.1+0,1 4Pa.

fracture Loughness A |

Resulis of experlnentnl study of the damaged sumples area
oound the Indentztlon mark - the length of the moat  exitended
radlal ciscK) are pressnted as lg Po{lg c). The linear
intervals of thlsg funct.on in doped PLIT 8/65/32Me  oamcles
.hifr we Lthe left as the Me concentraticon grows (exzept Cu at
small concentratlions) and little depend on the element used a2
dopanit (#1g.1%. The fracture toughness K, 1s cdetermlued for
each compound and the functlon X, «x) found (Fig.2).

Interpal stress o

Imternal stress & are determined from the coordinates of
the inflectior podnt, betw en the 1§ and the III intervals  of
the: Indentatton dizgran lg P o(lg ¢ Experimental sondlilons
oy allowed to deternlne the = values for some  particalar
compaeunds: for purs PLAT o = 80 Mbar parametsy o lnereases  al
doping ny Fe - frem 130 (0.0 Wt .2 Fe) to 146 0.1 wi, € P
MPas by Co - from 187 (0.0 whok Coy te 16U (01 w_}t% Co) Mbs;
by Fu  froam 128 (0000 wilo® Ba) te 140 (0. wt.% Bu) MPa;  but
at donhigg by o o»oatl first Inereases 1o 134 ¥2a (G0 WL % Cin
then derreasos to 100 MPo (0.1 w2 €. v
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F1g. 2. Practure touginess K of PLIT 8/65/35+Me

ceramics as function of dopant concentration (e-Mn, o-Pe,
x-Co, ABu, ¥-Cu).

The critical size of cracks c”

The critical size of cracks c* s determined as Lhe
coordinate of intersection of linear extrapolations of
1g P (lg &/2) and 1g P (lg ¢) (P1g.1). The concentratlon curves
c'(x) (F1g.3) are characterized by monot nuua growilh 1o concen-
tration intarval 0.01 < x < 3.0% for al. the dopantc axcept Cu
in the czse of which ¢® 1as a mintmum &t x=0.1 wi.€ Cu.

The cbtained results show some general features:
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P 1 g. 3. The critical silze of cracksc® 1In PLZT 8/65/3%+Me
ceramlcy as funciion of dopant concentration (e-Mn, o-Fe, x-Cc,
< -bu, Aa-Cu).

1. No change of elasto-plaslic propertles charactericad by
microhardness B has been observeu in PLIT 8/65/35 upon  daplnr
by the eloments Ma, Pe, Co, Eu, Cu.

2. lntreductien of Mo, P, Co aa Bu In PLAT causs an

. Amerease or K, of (P15.2,3) and 0 values, the  {oneeniration
curves £, (r, ¢y ape Lionotorously aseding with x.
Z.Tra encenirablen curves of K (0 and otos o 1n prge
CRsGEZSSI0H hse L minh omoat ¢ b, LT G,
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Discussion

1.Internal stress In ceramics may e due to structural
defects of different scale. As shown earller [81, the values of
a* and graln size do notl correlate 1 PLZT  (in contrast to
other types of ferroelectric ceramics). Inis agrees with  the
cor -lusions In a number of papers concerning the sma.l effsct
of graln boundarles on olner physical properties 1In  PLZT
[9,10), Present Investigatlons show, Llhat there has not been
revealed any correls lon between the strength and the size  of
crystallites. Really, our studies by m wms of scamning electron
micrescope (SEMY {detalled resualts are reported I a oiparate
papar), th  fractograms of PLZT and PLZT+Me have shown. that Po
and Mn dopante reduce the grain sige from 3-& om for pure PLAT
to 1-3 um 1n the cagse of 1% Fe and 1% Mu, however, a further
tnerease of Mn concentration up tu 3% welght calse an  increase
of the grain size to 10-20 #m. AL the _ame time from Flgs, 2,3
1L 1s seen thal the coencentration curves K (x) and e*ixy o tor
Mri- and Pe-doped a3 well as for the Fu- and Co-dojed  samples
{where the change of graln slze has not bzen observed) are
irorotonousiy growing Iin a almliar way.

2. As shown earlier (8], the increase of K, caused by the
growth of La concentration in PLZT X/€65/35 ceramics may he a
congequence of the derease of unit cell volune V. The  change
of siructure paramet-rs 1n PLYT+Me caused by acceptor admlxziure
iz opposite t¢ that of tne donors. At doplng by Mn, Pe., GCo,
velng 3d-elsments and Bu-ianthanold, 1.e., the dlffersnce  of
the electron shells of the elementz, a3 well as Mp, Fe, Co
occupylng B 1te while Bu, obviously - the A slte 1= less
Important thdan Lhe unit cell velume V uf PLZC belng reduced Dy
Mri, Pe and Cc rdopante while increased by Bu, the change of  tho
ratlo eof X-ray difrractinon maxbsa  Inteppated Inlensitles
1,1, caused by Eu algn belng opposite to that of  olher
dopants /3/.

However, the presem. dlscussion reveals that micrchardness
H 15 not changed by dopbig, the growth of X () and c*(x)
belng similar in PLZT at doplng by Mo, Pe, O and By, Tl
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vieans that i this -ase behaviowr of mechanica! resizianes
characterlstics s not determined by  the change of
siructure-sensitive characteristics v and I, /1

210" T211 "

3. At the same t'me, the strenglth propertioz hc  scme
extent ares detsrmlned by we  Sther atructure-sensitive
characteristlica: the «:1ath of the X-ray diffraction maxlna D
and the Polsson's coefflclent ¢. As compared with PLEZT+¥n,Pe,Cu
and Bu rat the same dopant concentrations) amallier wvalues of
K. and c* have been cbserved 'n PLZT+Cu (x- 0.1 wt.%) whnich
most ilkely 1s due to the same reasons as the  discrepant
Bbehaviour of @ and D at doplng by Cu, on one hand, and Mn, Pe,
¢o and B - on tne other. Really, 1f linewidih D 1s decreased
and # Increased by adding copper, then In the case of Mn-, Pe-,
Co- and Bu-dopcd gamples the change of the twe  urameters 1=
afther weak or of npposite character [3) (¢ = 0,28: 0,32; 0,71
3,253 0,24 0,56 correspondlry 'y for pure PLZT 8/€5/35 and PLIT
3. 65/35:¢Cu, Mn, Fe, Co, Fu at x = 1 wi,% Me), Tha detalls of
the mechanism of this phencmencn are no! cleoar so far, howsver,
the charucter of the change <f D and # suggegste that Ly
Intreduction of copper the atricture 1s made more homogeneous.
It has to be notleced that the wvalue of the coeffliclem
acessar: Lo calculate K dependa, to some xtent on the value
of Polsson'a coefficlent, the latter having no =2ffect on the
correasponding fzctor in the fermula used to calculate H (1),

Behaviour of K _(x; and c'(x' in PLZT+Cu seems to  suggest
a one-dimenaional superposition of two opposite contributlonsg:
1) a dcrease ~f K _, ¢* and = due tc homogenizatlon of  the
materfal at  concertration of Cu 0.1 wt.% and 2) an increasa of
b, oand o at larg. concentratlions of Cu, l.e.,  strengthening
of the camples due to similar mechan!sm ag at deping by M, Fe,
Cooand i owopanis.

4. Prom what has been told above ohe may  presume  that
intr-duction of dopants In PLAT coramles (o stromely  defeet ful
matertal {9 the defoot concentrat lon fe Dwerassed,  clugiers
and, rossibly, extended defects belng formed {121, All of this
extends the reglons of locallzatl no af tenslens and explains
appearnnee of adlitlonal tnternal crress (as comparea  to o pure
PIZTY the rresonee of which 08 well as inhomogenelty of gralns



18 shown by examining etchsd smfaces of Goped and undoped PLZT
:-a.nlples {.]. The values of o estimated Inm the piesent  study
aliow to mmke some evajuation of the iension appearing  upon
depling P22 1f 1n the case or undoped ceramlics they are atoul
80 MPa, then al deplng (up w0 1% of admixture) they are
increassd vy 60-100%. Besldes, 1t seems possible to  esiimate
the size of the reglons of defect clusters In doped and undope:d
MZT. The studles of radiation damsgz In TGS crystals [1R] have
shown that the slze of radlatlon defez's and the regions of
Icralizatlon of itensions {characterlzed by the critlcal size of
cracks C.") In TCS are close Lo each other. Assuming this to be
true 1n the present case, one “optalns {(seec "Fig.3) that L1
undoped ceramics the ¢lusters of defects are of the size «f 0.3
-m while at doplng (up to 1% admixturs) they Increase to
D015 um. l h

Thus, some conclusions and suggestlons concerning the
nature of mirrcmechantisms responsible for mechanical reslstance
uf PIZT and PLZT+Me we have besn able to cobtain by compuring
tHe  characteriatics of st“ength propertles with ather
Structure senaitive charactertstics obtalned by other methods,
vartirularly by SEM, ultrasonlc, X-ray diffraction.

Iin tne present paper we do not make mors  speculations
voncenning the detalls responsible for the obgerved  phencmena
as tie otidles of structure and pessible imicrcscopifc medels of
the relevant, change: of PLZT+Me are belng contlnued. Rehildes,
more  dotalled farther studles of the rutes revealed at
indentation are needed.
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o

Comprehensive studles of radlation effestz on the
optical and dlelectric properties of PLIT X/£5/3% ceramics have
been made. The samples have been exposed to gamma-:leclrqy and
reactor neutron irradiation.

With re to th> ogttcal pmpert.les a maximum In the
absorption difference wit spect Lo the pre-irradiated state,
appears 1n samples of PLZT8-11/65/35at wavelength of 380 nn,
1r esaegt.ive of the type of radiation.

ith regard to the dlelectric proper:.les, the
radiation-1induced effects have been found to be strongly
dependent on the sample composition, especlally thelr
La-cantent. ‘I‘nose samples. which are characterized by a slim
hysteresis loop, show linear correlations between the 380
rn-maximum  of = th> optlcal density difference, which Is
presumably proportlonal to the defect concentration, and the
change ¢ polarization in the neutron-irradlated state.

Intreduction

Trancparent ferrcelectric ceramlcs (TFC) are promising
materials for a nunber of optoelectronic devices [(1,2]
inecluding electrooptical modulators for wvarlous ‘unctional
purposes. Some of these =pplicatlons may also Invelve radlatlon
environments. In addition to this applied point of view,
gtudies of radiation damage processes in TPC seem to represent
an Intercsting acpect of materlals scfence. Purthermor ., TFC,1In
vartlcutar the well-laiown system of La-doped zirconate-tit.inte
(PIZ® /Y7, X oo La, Yoo 2r, Z=T1) has become a madel]
materlal for studles of dlffused phase tranciticne.
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Many bagic properties of ferrcelectrie materials and, in
particular, thelr optical quallty and electrooptical
propertleg, are controlled by defects such as oxyge . vacancles,
redlstributions of vacancies " :tween the & and the B sites or
additlons of transiticn metal 1lons (31. Hence, studles of
radlation’ effects represent an Interesting pogsibllity te
change the defect structure In a controlled way and to
introduce new delects into the material. Preliminary resulits of
our studleg on radilatlon effects in TPC nhave been reported
previcusly (4-6] and reviewed recently [T1. In the present
paper we 'v1ll report on radlatlon-induced property changea in a
series of PIIT X/65/35 -cermamics. Speclal emphasis wili be
placed on first results of optlcal property <c¢hanges upon
reactor neutren irradiation.

Expe. 1mental

The experiments were made on ceramic specimens of PLAT
X/65.35 (X = 4.5 - 10.5 at.¥ Ia)., Starting from chemlcally
copirecipitated raw materlal, the TFC were prepared hy a
‘vyo-glage hot pressing technique. The latti .2 parameters and
the phase crmpositlion of the samples were determined by X-rag
diffraction, the detection of the stolchlometry was made by
neutreon activation analysls.

The optlcal measurements were made on thin polighed
samples of restangular shape (10x!0x0.2 mm®), 1n order to
a:hileve an i~ 1form distribution of defects also in the case of
electron Irrdiat?! 1. Por the dielectric measurements, larger
samples (SxSx! mm’) With fired silver paste electrodes were
used. :

The frradiation was done at three different facllitles.
The samples were exposed to gamma-.rradlation Inr the gamma-locp
of the Salrplls research reacior (average gamma-elergy: 1.15
MeV: dose rater 1050 r/s: doses up to 6:1¢° rad: sample
temperature  during Irradfation: 45-60 €3 secondly, tc
electron-irradiation at e linear accele=ator In  Salasplls
felociron enerey: - 4.5 MeV; flux density: 107 eiectr./cm .s;
fluencaz up to 4-10'7 electr./om’): and, thirdly to neutron and
gammi- trend1at ton 1n the TRIGA MARK IT reacter (81 1In Vienna
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{fiux dengity at a reacior power of 256 kW: 2.1-10" n/em™ s
(total), 7 .6-310"° n/em™.s (E > 0.1 MeV); fluences up to 1-10*°
nfem’ gamna-Ciose rate: < 2.7-10° r/s; sample temperature: < &0
“cy.

ihe specira of the optical absorption difference aD
between the irradiated and a refer-nce sample were obtalned by
an  automatic double -beam  apectrometer {Parkin-Elmer
lambda 9) over & wide range of wavelengths (340-3200 nm).  The
hysteresis loops were measured by quas.-static Sawyer-Tower
techniques using an ultralow-frequency gpecial-shape
hignh-voltage geneifator "CillpotaJs 2000 EP" dueveloped at  the
Institute of Soild State Physics, Riga. Duration cof the whole
measurls 1 cycle was set to 60 s. Capaclty and dlelectric josses
of tne samples at 1 kHz were measured using a GR 1657
Dizlbridge. All the optlcal and dlelectrlc mezsurements were
made at room temperature. The annealing experiments were made
In a thermostat using flxed presst rates of temperature ch-nge
and employing especlally fast coolling rates to room temperadire
after each annealing cycie, 1n order tc preserve the particular
dafast structures.

Resujts and discussion
Optlcal propertles *

Viouz~ inapection of all the 1rradiated PLZT gamples
showed a change of color  to yellow, suggesting
radiaticn-induced absorptlon 1n the UV part of the  speclrus.
Phis was indeed conflimed by the spectroscopy data. A typical
exanple (PLZT 9/65/35), whleb is characterlstic for all the
recults obhtalinec on famples with a ILa-content betwean = ana 11
3t %, 1s shown In F1g. 1. The main features ay be sunmarlzed
as follows.

A oronotriced maximum AIn the absorptlcn difference 2D as 4
function of ‘wavelengih occurs at a wavelengrh of ~380 rr In all
of the irradlaved sampies, 1.e., lrrespective of “he ind »f
radlation usad (neutron, electron, and gamma-irradiztlion).
Phig ge~¥ne o Indlcate, that only onc typ~ of defcets,  which
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P L g 1. Optlcal density difference a] versus wavelength of PLIT
9/65/35 ceramlcs:

a) neutron Irrediated ,(fluence 5-40' n/em’); b)  electron
irradiation (fluence 4,210 electr./cm™); ¢©) gamma-{rradiat ion
(dose: £,36-10° prad).

The nunbers refer to the anmeallng temperatures (A anneallng
time of 8 min was cmployed throwsn the experiments). The upper curves
show the srale of Lthe Iepwdlated oomede before amealing.
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P { g. 2. Dieléctric hysteresis 'n PLIT X/65/35 ceramics
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ted to reactcr neutron 1rradiation and annealing treatments. All

measurements were done at room temperature.
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can be preducszd by all Kinds of radiation, 1s Involved in  the
optical proverty clanges of the PLET ceramicas Investigateq.

These defecla nave a rather low aciivation energy, aincz
ihey can bz annealed out already at temperaturea ietween 400
and 300 °C. :

The most signifi:ant changes of the opilcal propertics are
observed after reactior neutron irradiation to a fluence of
510" nser®, B > 0.1 Me¥, (4D = 0.8), fellowed by eleciron
irradiation (4.2-10 electr./cm®, B = 4.5 MeV}, aD = 0.2, and
finally by gamma-irradiation to a dose of 6.36-10" rad
(4D = 0.1). However, since no damage calculatlons are avallaple
yet for inls compound, a comparlson between these different
types of radiatlon 18 difficuit,

The eifect of annealing temperature seems (~ he dlfferen’
for ihe different types of radiation (Fig. 1). Whereas the
annhesling proceases presumatly  begin  already at O0m
t-mperature 1n the neutron-iriadiated samples (rote the amail
differences etween the upper curves in ?ig.ta), slgn!ficant
annealing effecta in the sleciroi- and gamma-irradiated samples
occur only at temperatires of = {10 and = 145 °C, regpsetively.

The 1initial optlcal proserties are restored ad
omperatures between 400 and 500 °C in the -:ases of neutron and
electron irrasdiation, whereas ihe dirferences betumsen the
gamma-1irradiated and the reference samples fall below thz
experimantal resolution already &t a Lemperaturs of = 300 °.

Very simllar resuita, 111 particilar, the maxima arcund 350
nm, have been obtalned also for PLZT 4.3-7/65/35 samples.
licwever, & ending on the actual compousition as w2ll 23 on the
“tate of polarl.ation, some qualitative and quanvitative
differences have been cotaerved, which require additicnal
experimental examination. e

Dlalectric propertles

A summary =f neutron lrradiatlon effects on thc gdlelocrrl
properties (quasi-static hysreres1s; is shown in P1g.2 for twu
fast neutron fluences (410" and 1-107 n/am®3. AL elecirlc
fisld strength of 15 kKV/em was used for the &samples PIAT
4.5 65725 and 10 kVrem for the other materials.
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The pre-lrradlation propertles of all the materials are
re; refented very closeiy by the solid !ines 1n coiumn ¥V of Plg.
2 ranneal d at 380 °C following frradlation to 5-107 n/emt).
The effect of neutron irradiation {column I, Pig. ») 1s very
algnificart 1n all the samples 1nvestigated. The most
rronowced change occurs in tie Shape of the hysteresls loops
in samples PIZT 4.5/65/35. This may bLe explained by the
ciassical mechanism [9] leadirg tu the appearance of 1Intrinsic
radlation-Inticed blas filelds In ferroelectric substances.
Aceordingly, ithe radiation-induced defe ts are responsibie for
alabllizing the di~ection of spontaneous pelarization, which
leads to an Incrsase 1n the coercive field and pravents
swltching procegses. For samp.ss PLIT 4.5/65/35, eg, no
swilch'ng can be achleved by a 15 kV/cm field, nless
amrealing temperatures of * 150 °C (5-10°7 n/em®) or  even
70 °C (1-10"° n/em?) have been employed (cf. row | In P1g.2).
I. addition, the dJdefacts reduce the magnitude of the
spontaueous  pelarization by sereening  the long-range
interaction and, hence, the phase transition in the mat rial
becomes more diffused. fhis 1s 1llustrated nicely by the last
graph 1n row 1 (column V), w.nere the completely annealed data
(solid line, fience: 5-10° n/cm®) are compared to
Inccmpietely annealed results (dacshed line) cbhialrad aifter
exposure to a fluence of {-10" n/em®.

Due to the radiation-induced bias field, the hysteresls
loops become asymme ric in "hard® ferroelectrics such as” PLZT
4.5/65/38 (row 1, column IV in Pig. 2), wnlle -doubls loops
appaar in "soft® ferrcelsctrics (row 2, Fig. 2) or "propeller
shaped” curves in slim-loop samples (row 3, Fig. ) The Dblas
fleln strengih increases with decreasing La-zoncentration and
increasing neutron fluence.

After each annsaling stage a more or less [ronounced
ta1ld-up of the loojs size has been observed under repsated
f£1eid cyeling conditlions {(cf. ihe arrows 1n Pig. 2 1Indicatlng
the @irectlon «f loop formation). Such a bulldi g-up process
can be related to a rearrangement arli! relaxa: on  of
radiation-tndnced defects. The most efflcient pulld-up has h=en
chservedi, when the sampie 1s brough. Into a state, where ths
applicd fleld compensated ithe defect-imduced intrinsic fleld



P I g 3. Fermation of hysteresis loops In PLZD  4,5/€5/35
ceramirs irradia’ zd by reactor neutrons (fluence 5-10°7  n/em®)
and annealed {150 ¢ for # miny at repe ted awltching (the
number of cycles 1s given ateach cwrve) under arslied field.

and the zpontanevus pelarizatlon startsd to reverce ltg
direction under the applied field. The vaiue of the awirtchad
polarizatl: groos and 18 then stablllized after a certain
aumber of eyceles {(F1g.3). Thils unigque formaticon of  the
hysteresis loow has teen obgerved I PLZr 4.5/65/35 ifter
neutron frradtation to 5100 n.’cm2 and arn el ng  treatment
al 150 °C for 2 minutes (P1.2, rw 1, column III, and PLz.3).

Regarding thiz locp formation, an additional Interesting
feature 18 “een bserved. A3 deplc ad in Fig. 3, toe
hystereslis loop becomes practlcally symmotric after a  certaln
nunber of cycles, Howerer, upon tncreasing the temperature o
the next annealing stoge, the loop starte out  asymmetrlcally
agatn {ef, row t, eolumns IIT and iv in Plg. 23, a featwre
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hich can be explalin:d by a redistribution (diffusion, drift>
of the -adlation-induced defecis.

Becauss of a @mall rhombohedral distortfon of their
crystal la tice in the polarized stale. PLZIT X/65/35 ceramica
With 7.5 = X < 9 are extremely sensitive to all external
effecta, such as electric field and mechanlcal pressure [{107,
and show the largest electrocp.ie coefficlents. Irradlation
leads to a mere diffused phase transition: the maximum of the
s {T)-curve breadens and both the pol: "izatlon and the coercive
fieid are decroased. A change of the 1on charge and
redistributions. of vacancles in the A and 3 sublattices may be
congltdere 1 a.. being the respoisible irradiation mechanisms [71.
Thia genzlitivity 1s alsc observed with regard o the
radtacion- induced blas fleld as shown by the hysteresis loops
In row &, columns I and IT in Fig. 2: these nsarly rectangular
loops with an ebvious narrowing in the ceunter, which were
ochserved 1in PLIT 8/65/35 following mneuiron Irradiation to
510 n/em?, are very simllar to loops observed 1n irmx ilated
muwltidomaln single cr -stals. Due to the small values of B, the
remanent polarization goes practically to gero when the  field
is removed. 1hls process occurs within a few seconds after the
field removali and foliows a nearly exponentlal law.

In PLZT X/65/35 ccompounds with 9 = X < 11, Irradlation
lerus to a decrease of the total rpolarization and tc  ihe
appearance of small remaneni polarized volumes. The anneallng
hehavior (Pl1g. 2, row 3) dAiffers from the resulis cblalned on
the materials with lower Ja-content and the loop 3shapes are
nearty identical for the two neutron fluencey Ir estlgated, at
least al amnealing temperatures above 116 °C.

4 common feature oblerved in all irpadlated samples Ig the
decrease of the dieleciric permeability £ at room temperature.
Jialectric permeat 111ty has been measured after each annealing
atep as well as Immediately after hysteresis loop experiments.
In tha latter casz, the <-values were always fol 2d to be hlgher
inltially and 19 decveaze with time fo lowing 1o Thiy an
exponential law. ‘This behavier 1s iypleal for  Strueture
srabllization and defect relaxatlor precesses. :
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Summary

We have observed significant changes In the optlcal and
dielectric properties of PIZT X/65/35 ceramics following
irradiation with neutrons, electrons and gamma-rays.

With regard Lo the optical propertles, we have found a
characteristic maximum in the absorptlon difference al (pricr
to and followling 1rradlation) at a wavelength of ~380 nmm,
irrespective of the type of radiatlion employed. However, some
differences in the anneallng behavior have bheen ¢bserved
depending on the type of I1rradlatlon. The radiation-Induced
defects have a rather low activation energy, since they can be
annealed cut at temperatures between 400 and 500 °C (and even
at lower temperatures, = 300 °C, 1In the «case of
gamma-1irradiation). .

With regard to the dlelectric properties, neutron
irradiation leads to significant effects on the shape and size
of the hysteresls loop, especlally in materials with low
Ia-content. Ih some cases, an  Intereating lcop bulld-up has
been obaerved under fleld cycling conditlons. In all cases, the
dielectric permeabllity £ at room temperature decreased upon
irradiation. ]

In conclusioh, we wish to point cut an interesting
correlaticon between the change of optical and the dlelectric
properties which seems 10 prevall at least 1In materials with
X>9 at.- ¥ la, and lattice structure approaching cuble
symmetry. Since the apectral distribution of the optical
abaorption difference AD 1s constant and the absolute values of
& depend on fluence and annealing temperature, aD may be
agsumed to be proportilonal to the defect concentration. Pig. 4
shows that the relévant change of sample total polarilzatilon,
|aP| = Plrr‘Pun-lrr’ 18 In fact linearly correlated to aD. The
magnitude of the slope, however, becomesa smaller with
increasing La-content. Thils sugegesta that the Influence of
radlation-induced defects on polarization becomes smaller with
the increase of Ta-content. It should be noted that the
absolute values of polarization and of the electrooptical
ecefflelents also become smaller in this serles of materlala as
the structure approacies c¢uble gymmetry. In the case of



Cianl,
Aéfomt|

qz ' as Y

? 1 8.4. Neutron-induced {fluence 5-10" n/em”) polariza-
tion change |AP| wversus radlaticn-induced optical density
difference aD at 380 nm 1n PLZF samples sublected to sequentlal
annealing. 1 - PLZT 9/65/35; 2 - PLZT 9.75/65/35; 3 - PLIT
10.5/65/35; 4 ~ PLZT B/65/35.

ceramics with X < 9 at.% Ia {non-cublc materzals), this corre-
lation becomes less obvious {(curve 4 In FPig.4). Thia 1s not.
unexpected, slince the interactlon between the defecis and the
structure of macrosecopic polarization 1s mors complicated, the
optical properties of the ceramics depending on the state of
polarization 1tself. a

In order to obtain more information about the naturecf th

radiation-induced defect3 as well as thelr activation energles,
further coptical, electrooptical and structural Investlgations
w1ll be needed.
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L

*

Lead nitrate and zirconyl chlorlde salts, the basis source
materlals used In PLZT powder synthesis by chemlcal
coprecipltation, have been purifled by recrystallizatlon and
sedimentation. Concentration of impurities was measured in the
fource material before and after purification as well as in the
synthesized PLZT powder. amount of many impurities (Zn, Ni, Cr,
Co, Cu} was decreased by an order while content of Pe, Si, Al,
Mg -~ by several times: this has Increased thz light
transmitiance of the end product by 5% and reduced scattered
light by 10%.

[T I AL

S+r *e A e -2 Tntroduction . N

Successful application of ‘the lanthasum-doped lead
titanate-zirconate (PLZT) transparent electrcoptic ceramics 1In
otlcal electronice  requires  Improved quality  (optlcal
transmittance and homogenelty) and a good reprcduclbility  of
properties. Thls can be achleved by exact stolchiometry, of
chemical homogenelty and high purity of the syntheslized ctock,
The study was malnly ailmed at improvement of the quality of
PLZIT ceramice by use of chemleally purified lead niltrate
(Pb(HOS)z) and zirconylchloride (21‘0(112'8}!20) - scurce materfal
for stock synthesis by chemlcal coprecipltation.

The salts were purified by recrystallization and
sedlmentation on rather commonly practiced in iaborateories due
to  simplicity and effectlveness. The method of
recryatallization 1s based on the 1ncrease of solubllity at
heating used to obtain saturated solutions. At coollng
30i 'b1lity of salts decreases and crystals of  purified
substance separate out of the cooled solutlon which 1s
saturated with respect to the basic substance whlle smaller
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amounts of admixtiures remain sulved. Thia method 18 used a2
well Lo obtaln exira pure chemicald as 1n proguction commen
subgtances. The effect of purificatlon 18 ephancad by rercated
procedure.

Another commonly used methcd of purification is
sedimentation of admixtiure {or basic substance) by uge of
suitable chemical agent io form insoluhle compounds of the
substance %o be flltered from the soluticn. -

R Anaiysls of impuritles .

We used an EMAT-2 mass-spectromeler and automated dala
precessing  {lmproved In the ISSPY for  fast Impuritlec
detectlon. Samples of the slze from 2x3 to 40x40 mnt and 0.5 ic
3 mm thick were pressed from the powders subfect 1o
examination.

For more complete detection of impurities kind and
concentratlon the Inatrumental neutron activation araivsis
(INAA)Y reported In (1,2] was used. The method allows to detect
about 22 admixlure eiements 1n lead and titanium comcoundo. ani
18 - 1n zirzonium and 1anthamm compounds .

. ] Experimentai procedure.
Purificatlon of lead nitrate Pb(NOS)E
- .

Several methods described in [(3,4] were tried to find the
optimal one.

1. To obtaln extra pure lead nitrate, nitric acid 1s used
to sediment it from concentrated solutlons, With the FUrpose
37.5 g of lead nitrate are 8oived In 95 ml water, by stlrring
tntensively during an hour 100 ml of nltric aci¢ of 41.4%
concentration (density 1.24) 1s added to the solutlen.
Sedimented crystals are fillitered through Bdchner's funnel,
repeatedly rinsed by distilled water and dried at 60-70 °C. The
processing reduces copper, lron and zinc admixture content by
two orders (100 times). The process is coften made 1284
efficlent because of 1somorpnic admixture being encloused in
the solid phase. This 13 avolded {f (i) the radil of equivalent



- 102 -

Table 1

Impurity concentratlon in lead nitrate (Ph(NO,), by INAA

Concentration,

wl.%

Impurity umpurified

urified
NG 5@5&@1{{1{ Ion recrystallzation

Na {2,020,4y10™ (6,020,1)-10™ (4.050,1)-107* -
Ba <, 7-10™"* =p.8-10°" =0,8-107*

Fe (1,520,1) 107" (1,0:0,1)10°° (1.5:0.1)-1;}"
Mn (0,37+0,03)1G™*  (0,250,03)-10*  (0,30t0,03)-107*
v £0,0t-10 ¢ 0,01+107° =0,01-107*

Al (0,40:0,05)-107¢  (0,10%0,05)+10™  (0,1540,05)-10°*
Se (0,5¢0,05)-10"  (0,50,05)-10°° {0,620,05)- 137
tr {1,620,1)-107° {0.60£0,1)-107°  (1,0:0,1) 107"
Au {(1,4:0,1) 107 (1,620,110 {1,4:0,1)107
1 =0,9-107° 0,710 £0,8+107°

Zn (2,8t0,1)- 10" (2,6%0,1)-10°° {5,6:0,1)-107°
AZ (0,70£0,05}-10"°  {0,500,05)-10°  (0,60+0,05)-10"
Br <0,2-10™ <0,2-107° ‘=<p,2-107°

Co 0,2: 10" <0,5-107 =0,15.10°°

Sh (4,50,13-10°° (4,0:0,1)-10°° (4,3+0,1)-10°
ia <0,6-107° <0,4-107° =0,6-107°

sc 10,8¢0,1)107° {0,78:0,1)-10™° (0,75%0,13-10"°
Ta (3,0:0,2)-10°"7 (3,0:0,2)107 {3,0t0,2)-1¢; 7
cu® 2.0-10° 1,0°107 5,0-107*

* Fmisalon spectiral analysis.

ions differ more then 10-15%, as it 1s in the case of Pv°  and
o (the 1on radii being 1.26 & and 0,8 & respectively), (2}
the formula or structure of the salts are different, e.£..
Pb(NO,), and Cu(NOg),'6Hy0, (3) admixture components are more
solvable compared to baslic substance.

It is possibie to reduce iron and copper Impurity amount
about ten times agaln by repeated sedimentatton.

2. Efficlent and slmple enough 13 recrystallization of
lead nitrate from asaturated solution. Dissolve 150 g lead
nitrate iIn 150 ml of distilled water by intenae stirring ang
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heating, then fliter the hot solutlon and el 1t  crystaillze
whtile cocling. The crystallized substance 15 separated 1in
Bichner's rarmel and dried ai 60-T0°C. A8 seen from fTable |
this method 18 an easier one, however ypurificatlon from
adnixtures 1s less eff{cient as compared to sedimentation by
altric acid.

Parlfleation of zirconylchloride /ZroCl, &H,0)
2

Chemlcal grade zirconylehleoride also contalns undestired
impurity edmixture, maimiy Fe>*, cu2t, M&*. Cro" 2.0. We trica
the methods descritied In (3,4} and based onn zirconylehlorlde
recrystallization from hydrochloric acid solutions to eiiminzie
Impurity contents. The Ifollowlng zirconylehlorigde purlfying
technlques were developed from the methods.

1. i0 g of zirecnylehloride 1s solved in 1200 mi  of
distillad water.

Tabla 2
Impurity concentratlion of zirconylenloride (Zr0Cl,-8:10)
by INAA
Conrentration, wi.% B

Impurity unpur! fted _ purified .

Ia 4-107 g0 f

A 3-107° s5-1077

rg {60:3)- 107" {80£3)- 107"

Ba (78002200)107* (160022005107

Ro g0t 10"

v 201077 . 2,540

" (230015107 (200+15)- 10"

Yo <2-107° <610 °* .

st 210" 2107

B (,720,1)107 (1,520,1)-107"

Ta (1610,53-107 (8:0,5y-10°

co <7407 : 810"

Eu 0,2-10°" 5,210

ou? 2.1 Doyt .

E!":ISE'-!"."J‘.. spectral analysts.
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2. Tc separate mechanical admixtures solutlon is filtered
in Buchner's fanne! through double filter paper.

3. Solution is once more filtered throuwsh Buckner’s fannel
and a mixture of activated charceoal and Zr02 powder. The
f1itrate must be clear as water without any opalescence.

4. The cleared solutlon 18 poured 1nto thermoreaistant
@lass and an equal volume of 25% chemical grade hydrochloric
acid added. Then 1t 13 heated up 10 30 O¢ and stirred until the
sediment 13 completely dlssolved,after which solutlon is left
overnignt to cool. J

5. Sediment of szirconylchloride 1s filtered  through
Buchner's famnel and rinsed by diatilled water.

6. To the salt, placed into a thermoresistant glass, 1s
added 25% hydrochleric acld,stirred and left ovemmight.

T. The chrystals are filtered through Buchrner's fannel. If
they are yellowlsh, they are rinsed with 300600 ml of extra
pure hydrochloric acid.

8. The obtalned salt then is dissolved 1in up to 1500 ml of
water, and the zlreonylchloride concentratlon of the  solutlon
1s about 20%.

The method 18 labor-consuming and complicated however It
18 good to clean away microadmixtures {(gee Table 2;.

Results and dlscussion

Copper, 1ron,zinc and other admixtures from lead nltrate
are most efflclently removed by sedlmentation 1In HNO3 {see
Table 1). The concentration of these admixtures 13 reduced
about 100 times with respect to chemical grade lead nitrate.
However, the method 1s not cconvenlent because of concentrated
acid an¢ hot solutlons. Recrystallization can be regarded to be
rather efficient amount of iron, zinc and copper being reduced
by i0 times. Efficlent reducing of admixture concentration {In
pra-tice often falla not because of chemical purliylng process
but accidental contamination during the technologlcal course by
water, chemical agents and instruments. This 1s, partlcularly,
the case of powders and ceramic: the synthesizing of which 1s a

long technology.
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Table 3
Mass-apectrometrlce Impurity analysls of PLZT-10/65/35 ceramics
_ Sample —
Impurity, wt.% from unpurified from purffled
3urCe Jurce
¥e 3-107° "
s1 310" g
Al 3-10° 10°°
Mg 3107 107°
cr 10 1
Co 107" 10
N1 ‘ o™ 1
Zn 107 107
Na 107" 5107
Cu 5107 4107
ca_ 107" 3107

Admlxture contents of purified and wnpurifled stock of
PLZT are glven In Table 3. It 13 seen that ccncentration of Pe,
S1, Al, Mg and other adimixtures 1g reduced by severzl tlmes,
Zn, N1, €r and Co - by 10 times while concentratlon of Na ané
Ca has increased a littie. These are admixtures of high
abundance: S1, Al, Na, Ca, K, Mg, Pe, TI, Mn, Cl1, F, N, 5 a.c.
Microadmixtures of this kind is difficult to remove since they
are easlly brought from environment during the technological
proceas - by water, chemical glass, ware, Instruments ete. It
has Lo be noticed that concentration of Si, 4Al, Mg, ¢€a, Na
mlcroadmixtures in synthesized stock and ceramics 18 relatively
high. PLZT ceramics produced from purifled stock 1s of  Dbelter
quality because of reduced contents of so calied color elements
Pe, Cr, Co, N1, Zn. Transmittance of the purifiad ceramios 18
lncreased by 5%, the scattering of light  belng decreased by
10%.
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SIMULTANECUS DETERMINATION OP LEAD, LANTHANUM, ZIRCONIUM
AND TITANIUM BY 14 MeV NEUTRON ACTIVATION ANALYSIS

I.Pupova
Institute of Sclid State Physlcs, Unlveratty of Latvia
&, Rengaraga St., 226063 Riga, latvia

Instrumental neutron activation aralysats (INAAY hasa  besn
used teo determine slmultaneously four macrocomrohents in  PLAT
ferroelectric materlais. Pb, Zr, T1 have been detected Dy

nructides °'pb, "Ir,*"Sc created by fast reutron (14 MeV)
activation. The application of paraffin to slow down  and
reflect neulrons ailowed Lo determine simulianecusly lanthanum

bi' nuctide **“la. The accuracy of determinatton of zlrconium,
tltaniun and lanthanum was *0,' Wt %, iead = 0,7 wt.%.

Introduction

The content of four macrcelemants (Po, Ls, 2r, Ty  in
ferrcelectrin iranaparent materfals can e detormined by using

i

nuelear IRT -Ltype preactor with flx density 1,6410"7  nom™en
[t1. The arccurary »of determimtisn was 0,07 wt.% for
lanthanums * 2,0 wt. % for* lead: + 1.8 WU, % fop oireontum and
* 0,t wt.% {for uitanium. But there was 1nfluence of lanthans
on tivunium determination and the accuracy of determination of
Lhise  elemerntsa (Pb, 21, T!1Y was inaufil-lent [for  ou»
techitelogleal purposes. This methed wis wied as a genstiive ons
forr 1a determinztion (the deviation 3,07 wt.s ¢orresponds Lo
},.> at.® lanthamn).

2he atm of th!s work was Investigation of uslng 14 Mov
neutron generator for almultanecus detetmination of pb, 1a, Ir
ard 1.

Experimental

Ag source of fast neutrons with enaigy 14 HeV and thermal
peatrens wealreen generator KG-200 wad used (2], Dansity of
Lottt flux o the place of  radlaticonn was apploximately
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neutron flux In the place of radlation wag approximately

140" n'm™+g™", The part of thermal neutrons In fast neutron
fiux was amell, their relation belng !.4-10°°. Productlon of
radloactive nuclides in Table 1 [3]) was estimated hy 14 MeV
neutron Iirradlaticn of PLZT material. The detsection limits were
calculated from S/E [4], where N, - experimental counts of
background. The calculation of gamma ray apectira was done by
COVELL's method, Samples were prepared as powder (tableta)
about 100 mg or srall ceramic plates with diameter 6 mm and
thickness £ 0,5 mm. Standards - pure metals b, 2r, T{ and Ia
in 1dentical shape as samples with mass 50, 20, 15 and 10 mg,
respectively.These samples and standards were each encased in
polyethylene and arrauged In the following order: Pb. sample,
Ia, Zr, T!, sample, Pb. Then all three packels were irradiated
with 14 MeV neutrona.

As the size and masa of asamples were- small, the
corrections for geometry of radiance [5) and measurements (6],
and alac selfshlelding (61 and aelf—absbr'ption cf gamma-
radfation {6,7] had not been taken Into ccnsideration.

It wa3s assumed that the part of thermal neutrons in total
neutron flux had been increased by using parafiin block around
the target of generator and the packets (in order to slow down
and reflect neutrons). Then thermal to fast neutrons ratlo
Imcreased appr. 6 times 1l.e. to 0.8-10" (81, and the
reaction "lat,r) “la may go together  with fas?
neutroninduced reactions In elements Pb, Zr, 71.

After investigation of a wide-spread varlely of materiais
the following parameters of INAA method were chesen: Llme of
Irrad:iatlon on neutron generator with parafifin - 6 h and
cocling time - 20 n. Then, the gamma ray spectra of each =ample
and standard were measured during 20 min. The spectrometiric
ayatem consisted of a Ge detector with an active volume of 20
em® and 800-channel analyzer LP 4840. The resolution of the
apectrometric system was 3 kKeV for 1,332 MeV agamms-line of
*0o. The gamma ray spectirum of PLZT specimen irradisted by 4
Me¥ neutrens 1is shown in Plg.

Table 1 give3 the radionuclldes produced by thermal and
fast neutron reactions with major elements of PIZT,  excspy
oXygen. delghbouring, disturving reactlonz wlith rmespect Lo
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»Oa

Pb :n,2n) ***Pb are rnot kmown under theae axperimental
conditions [9].

8 .
. § hiy %
E SN £ %ﬁ
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24' | 23 v & zg'
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\-—\___j4
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Flg. The gamma ray spectrum of one PLIf sampie Iliradiated
by 14 MeV neutrons.

Table 1
Huclear data for elements detected in PLZT matarlal by INAA

Element Muclear Neutren Product T . , Proiwo- Na'.1so- Concen-
reac- flergy,. nucllice daifs peak  toplc tration

tion Mey uced, abundan- found,

Ke¥  ce,% wt. %

Pb r,2n 14 - " 2,07  279,! 50 44107
Zr n.2n 14 *®gr 3,27 909,299 200
1 n.2n 14 5 tL,E3Z 0 odd,5 100 7-107°
la n,r therm, “"Ia 1,66 187.0 48 24107

neutr.
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Accuraey In measuring the concentiration of elementis
in PIZT 4,25/65/35 material

Element b Ia r T1
Concentraiion, wt.% 58,134 3,972 11,920 5,067
Pnotopeak counts for
t g specimen 25000 4000 56000 4000
Standard deviation © =300 +140 *260 9N
Coefficient of
variation,% 1,2 2.5 0,5 2,2
Quantity of standard
deviation, wt.% 0,70 0,13 3,08 1y, 1

Resulis

Table 2 shows the results for PLZT 9,25/65/35 material.
They are given as counts obtalned in 20 min counting per &ram
of each element. C¢Coefflclent of wvariation for 3 parcllel
determinaticns 1s 1,2 ¥ for Pb:; 3,5 % for Ia: G,5 % for Zr; 2,2
% for 1, In wt.% appr. * 0,1 % for Zr, 7!, lIa and ¢ 0,7 % for
Po.

The accuracy of determining %r 13 improved by an order of
magnitude, but for iead - 2 times compar<d with the experiment
[1]. After- 30 days of cooling irradiated speclmens can e used
for further measurementad as nomradicactive.

The aceuracy of chemlzal anaiysis (101 ¢ PLZT
materials 18 as follows: PG * 0,23 wt.%; [a0, * 0,07 wi.%;
Zro, * 0,13 wt.%; T10, * 0.12 wt.%¥. Required quantity for
analysia 13 1 g, analysls tlme is 6T I per aample, the
spacimens being destroycd durlng the experiment.

Conecluation
The method 18 most suited for aimultzneous analvsis of &

mafor componenta 1r ferreclectiric PLET matertals.
TPre method can be recommended [or rayid and  sufftclently
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accurate detormination of stoichlometric changes and can be
used to develop high quality transparent PL2T ferroelectric
materlals.
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