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Uplatnenie vysledkov projektu

Vysledky Studia novych tuhych roztokov na baze komplexnych oxidov BiMg0.5Ti0.503 a
BiFeO3 s perovskitovou Struktirou ziskané pocas rieSenia projektu prinasaju dolezité
poznatky potrebné pri ladeni vlastnosti multiferoickych a piezoelektrickych keramik. Vyuzitie
vysokotlakej syntézy prina8a moznost stabilizacie Strukturnych faz, ktoré mézu mat vysoku
elektricku polarizaciu alebo je v nich indukovany nevykompenzovany feromagneticky
moment, oproti pévodnému antiferomagnetickému BiFeO3, ktory je mozné prakticky vyuzit
pre magnetoelektricku detekciu v senzoroch. Nemagnetické keramiky typu Bi(Mg1-
xZnx)0.5Ti0.503 su potencialnou ekologickou bezolovnatou nahradou za v su¢asnoti
vyuzivané piezoelektrika na baze PbZrO3 a PbTiO3.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
Projekt BIOXPER bol venovany priprave a Studiu novych tuhych roztokov (TR) na baze
komplexnych oxidov BiMg0.5Ti0.503 a BiFeO3 s perovskitovou Strukturou, v ktorych méze
dochadzat ku koexistencii réznych Struktdrnych faz. V projekte bolo detailne Studované
spravanie sa parametrov elementarnej perovskitovej bunky v oblasti koexistencie faz aj v
zavislosti od stupria substitucie Mg, Fe, alebo Bi, €0 méze nasledne viest k vzniku
zaujimavych piezoelektrickych a pri zloZeniach obsahujucich i6n Fe3+ aj feroelektrickych
vlastnosti. Bielorusky tim zo SPMRC sa venoval ladeniu podmienok vysokotlakej syntézy
TR a samotnej priprave Studovanych TR a ich Strukturnej charakterizacii. Slovensky tim z
UPJS savenoval $tudiu magnetickych a elektrickych viastnosti pripravenych TR a dal$ich
multifunk&nych materialov.
V ramcirieSenia projektu boli vysokotlakou syntézou pripravené nové keramické TR typu
BiFe1-x(Zn0.5Ti0.5)x0O3 a Bi(Mg1-xZnx)0.5Ti0.503 v celom koncentracnom rozsahu x a pre
potreby magnetického Studia aj materidly typu BiFe1-xScxO3 a BiFe1-xCrxO3. Symetria
kryStalovej mriezky perovskitov vytvorenych pri vysokom tlaku zavisi od zloZenia a mozna
koexistencia réznych perovskitovych faz predstavuje tzv. morfotropnu fazovu hranicu
(MFH). V Bi(Mg1-xZnx)0.5Ti0.503 je MFH limitovana na len Uzky rozsahu okolo x = 0,75 a
tepelnym spracovanim vdaka ireverzibilnej transformacii Struktury sa posuva k x =0,6. V
pripade Fe1-x(Zn0.5Ti0.5)xO3 je MFH pritomna v ovela vacSom substitu¢nom rozsahu 0,30
<=x <=0,9. Nasledne Studium TR Bi1-yLayFe1-x(Zn0.5Ti0.5)xO3 a Bi1-yLay(Mg1-
xZnx)0.5Ti0.503 kde bol bizmut substituovany lantanom ukazalo, Ze substiticia La za Bi
posuva MFH k vy§§im koncentraciam x.
Podrobne sme skumali magnetické vlastnosti TR BiFe1-xScxO3 a BiFe1-x(Zn0.5Ti0.5)x0O3
a nasledne bol zostrojeny ich doteraz najkomplexnejSi magneticky fazovy diagram. V oboch
TR bol pre x <= 0,3 pozorovany reverzibilny fazovy prechod z nesumeratelnej cykloidainej
magnetickej Struktury ako v BiFeO3 na kolinearne antiferomagnetické usporiadanie typu G.
Naviac bola pozorovana nova magneticka transformacia nad teplotou 300 K, ktora
pravdepodobne suvisi so zmenamiv cykloidalnej magnetickej Strukture. V TR typu Bi(Mg1-
xZnx)0.5Ti0.503 bolo uskuto€nené aj Studium lokalnej piezoelektrickej odozvy v blizkosti
MFH. Zaujimavostou je najniz8ia hodnota piezoelektrickej odozvy prave pre x = 0,75, kedze
v inych keramickych piezoelektrikach je tato odozva silnejSia v oblasti MFH. Tento efekt je
pravdepodobne dosledkom malych rozmerov feroelektrickych domén pre x = 0,75 a
namerany koeficient je vysledkom prispevku susednych domén s opacnou polarizaciou. Vo
vybranych vzorkach zo syntetizovanej série TR Bi1-yLayFe1-x(Zn0.5Ti0.5)xO3 pre x= 0,6 a
Bi1-yLay(Mg1-xZnx)0.5Ti0.503 pre x = 0,75 s réznym podielom substituovaného lantanu
boli uskuto€nené aj merania dielektrickej odozvy. Bi1-yLay(Mg1-xZnx)0.5Ti0.503 vykazuje
vlastnosti relaxorového feroelektrika. So zvySovanim y prispevok relaxacnej zlozky rychlo
klesa, z ¢oho sada usudit, Ze relaxacna zloZka charakteristik dielektrickej odozvy tohto
systému suvisi s tetragonalnou fazou, ktorej podiel klesa so zvySovanim y. TR Bi1-yLayFe1-
x(Zn0.5Ti0.5)xO3 v oblasti MFH su skor charakterizované pritomnostou Maxwellovho-
Wagnerovho efektu spojeného s akumulaciou naboja na rozhranifaz na zaklade rozdielu v
relaxacnych ¢asov nosiCov naboja v nich. Boli ziskané aj nové poznatky pre vytvorenie
multifunk&nych materialov v kombinacii s TR perovskitov pre ziskanie materialov so
zvySenym magnetokalorickym javom kontrolovanym pomocou piezoelektického javu alebo
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pre vytvorenie magnetoelektrickej odozvy v organickych feroelektrikach.

Ciele projektu v oblasti syntézy, Strukturnej analyzy perovskitov, ich stability pri tepelnom
spracovani boli splnené a nasledne bol Studovany vplyv existencie morfotropickej fazovej
hranice a konverzného polymorfizmu na ich magnetické, piezoelektrické a dielektrické
vlastnosti.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The BIOXPER project was dedicated to the preparation and study of new solid solutions
(SS) based on complex oxides BiMg0.5Ti0.503 and BiFeO3 with a perovskite structure, in
which the coexistence of different structural phases can occur. In the project, the behavior of
the parameters of the elementary perovskite cell in the area of the phase coexistence was
studied in detail depending on the degree of Mg, Fe, or Bi substitution, which can
subsequently lead to the emergence of interesting piezoelectric and, in compositions
containing the Fe3+ ion, ferroelectric properties. The Belarusian team from SPMRC devoted
itself to tuning the conditions of high-pressure synthesis of SS and the actual preparation of
the studied SS and their structural characterization. The Slovak team from UPJS studied the
magnetic and electrical properties of prepared SS and other multifunctional materials.

As part of the project solution, new ceramic SS of the type BiFe1-x(Zn0.5Ti0.5)xO3 and
Bi(Mg1-xZnx)0.5Ti0.503 were prepared by the high-pressure synthesis in the entire
concentration range x, and for the needs of magnetic studies also materials of the type
BiFe1-xScxO3 and BiFe1-xCrxO3. The symmetry of the crystal lattice of perovskites formed
at high pressure depends on the composition, and the possible coexistence of different
perovskite phases represents the so-called morphotropic phase boundary (MPB). In Bi(Mg1-
xZnx)0.5Ti0.503, the MPB is limited to only a narrow range around x = 0.75, and it shifts to
x = 0.6 by heat treatment due to an irreversible transformation of the structure. In the case of
Fe1-x(Zn0.5Ti0.5)xO3, MPB is present in a much larger substitution range of 0.30 <= x <=
0.9. Subsequently, the study of Bi1-yLayFe1-x(Zn0.5Ti0.5)xO3 and Bi1-yLay(Mg1-
xZnx)0.5Ti0.503 where bismuth was substituted with lanthanum showed that the
substitution of La for Bi shifts the MPB to higher concentrations of x.

We investigated in detail the magnetic properties of BiFe1-xScxO3 and BiFe1-
x(Zn0.5Ti0.5)x0O3, and subsequently, their most complex magnetic phase diagram was
constructed. In both types of SS, a reversible phase transition from an incommensurable
cycloidal magnetic structure as in BiFeO3 to a G-type collinear antiferromagnetic
arrangement was observed for x <= 0.3. In addition, a new magnetic transformation was
observed above the temperature of 300 K, which is probably related to changes in the
cycloidal magnetic structure. In Bi(Mg1-xZnx)0.5Ti0.503, a study of the local piezoelectric
response near the MPB was also carried out. The lowest value of the piezoelectric response
is interesting for x = 0.75 since in other ceramic piezoelectrics this response is stronger in
the MPB region. This effect is probably a consequence of the small dimensions of the
ferroelectric domains for x = 0.75, and the measured coefficient is the result of the
contribution of neighboring domains with opposite polarization. In selected samples from the
synthesized series Bi1-yLayFe1-x(Zn0.5Ti0.5)xO3 for x = 0.6 and Bi1-yLay(Mg1-
xZnx)0.5Ti0.503 for x = 0.75 with different proportion of substituted lanthanum dielectric
response measurements were also performed. Bi1-yLay(Mg1-xZnx)0.5Ti0.503 exhibits the
properties of a relaxor ferroelectric. As y increases, the contribution of the relaxation
component decreases rapidly, from which it can be concluded that the relaxation component
of the dielectric response characteristics of this system is related to the tetragonal phase,
the proportion of which decreases with increasing y. On the other hand, Bi1-yLayFe1-
X(Zn0.5Ti0.5)x0O3 in the MPB region are rather characterized by the presence of the
Maxwell-Wagner effect associated with charge accumulation at the interface of the phases
based on the difference in the relaxation times of the charge carriers in them. New
knowledge was also obtained for the creation of multifunctional materials in combination
with perovskite SS to obtain materials with an increased magnetocaloric effect controlled by
the piezoelectric effect or for the creation of a magnetoelectric response in organic
ferroelectrics.

The goals of the project in the field of synthesis, structural analysis of perovskites, and their
stability during heat treatment were met, and subsequently, the influence of the existence of
a morphotropic phase boundary and conversion polymorphism on their magnetic,
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piezoelectric and dielectric properties was studied.
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