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Phase Composition and Crystal Structure of the
RE-Substituted BiFe{JRE = Er, Tm, YD)

0. KuZ, V. Handysh, Yu. Prot and L. Vasylechkb

Abstract. The work deals with the study of the phase andiffractometer at beamline B2, equipped with STOE
structural behaviour of the rare-earth substituted Bire®-  capillary furnace and image plate detector OBI).
ray powder diffraction examinations revealed that the polar
R3c phase in the BREFeO; systems with RE = Er, Tm Ill.  RESULTS AND DISSCUSSION

and Ybdo not exceed 7, 4 and 3 mol.% of rare earth, x_ray powder diffraction examination revealed that all
re_zspe_ctlv_ely.PamaI substitution of Er and Tm for the B_l samples synthesised possess rhombohedral perovskite
sites n BlF.e.Q; reduce the temperature of the ferroelectrchiFeos type of structure. Besides the main perovskite phase,
phasetransition R3ePbnmon 30-60 K. minor amount of parasitic phases BteQ, and BjFeOq

Key words: BiFeO;-basd solid solutions, multiferroics, crystal have ben detected. The content of these phases was largest

structue, thermal expansion, phase transition. in the nomilnallyl pure.BiFep sample and sqmewhat
decreass with increasing of REcomponent in the

I. INTRODUCTION Bi; xREFeO; specimens. According to the literature data,

these pases are always present in Bigeltased materials

Among multiferroic materials BiFe@is one of the most . . . )

g ) ~~ obtainal by solid-state synthesis and its content strongly
promishg compounds which have attracted extraordinar . o . .
: ) . . . epends on the purity of the initial materials. Starting from
interest owing to its high-temperature ferroelectric an

. . . - ) Tthe nominal compositions §i e(; the orthorhombic
antiferromagnetic transitions. Substitution of the cations in P BieRBo.0f~€0)

. : erovshte phases isotypic with GdFgQappear in the
the BiFeQ perovskite structure has been proven to be agr)‘/stemswith Tm and Yb. The amount of these phases

effectve method to enhance the ferroelectricity and t?ncrease with increasingRE content in Bj,REFeO;,

'mprove the magne_tlc properties and magnetoelectr}gachi@ 21.4 and 24.6 wt.% in the samples with nominal
coupling of the material [1]. Numerous studies are devoteCom ositions  BjeTMoiFe0  and  BpYboadel,
to the structure and properties investigations of the P 887 101 b.757 Do.2 ’

Bi. REF hRE = Lok d Y M4 respedwvely. Fig. 1 represents the graphical results of
l1.REFeQ; systems wit = Lattr an [1-4]. . multiphase Rietveld refinement of the sample with nominal
However, to the best of our knowledge there are no ment'oggmposition Bi 02Ybo 0d-€0;

in the literature on the Tm and Yb substituted Bikelhe

aim ofthe present work is the study of the cation substitution
in the BiFeQ-RBE-eC; systems with Er, Tm and Yb in order
to evaluate the existence ranges of the pd&ac phases at
room temperature (RT) and to establish the influence of
substitution on the ferroelectric phase transitions in these
systems.

Il. EXPERIMENTAL

Seriesof Bi,.,REFeQ; (RE= Er, Tm, Yb) specimens with
x in the range of 0.05-0.25 for Er and Yb and 0.0-0.12 for
Tm have been prepared from stoichiometric amounts of theig. 1. Graphical results of three-phase refinement of crystal
RE oxides, BiO; and FgO; by solid-state reaction technique structures in the sample BigsYboofeOs. Vertical lines show the
accordng to the following reaction scheme: position of the peaks for the phases BiFe{(top row), BixFeOun

(1-X)- BiOs +x-RE,0; +F&,05 —2- Biy RE,Fe0; (middle row) and YbFeO; (bottom row).

Appropiiate amounts of the previously fired oxides were
mixed and pressed to pellets which were subsequentl
loaded into alumina crucibles and reacted in air at 1093
for 6 h. X-ray phase and structural characterisation of t
samples at yroli)m temperature was performed by usi nd n the 85,90_0,7£r0_1_0,0,2£e(}samples in the amount of
imaging plate Guinier camera G670 (y, radiation,A = 10.3-383 wt.%, re§pectlvely. , i
1.54%66 A). Thermal behaviour of the structure has been FTOM @ comparison of the obtained values of the lattice
studiedin situ in the temperature range of 298-1173 K gparameters of rhombohedral and orthorhombic perovskite

synchrotron laboratory HASYLAB at DESY (powderpr_lases in the EILmeFeQ and Bi..YbFeQ spegimens
with the own and literature data for the “pure” BiFe@s

In contast, the orthorhombic perovskite phase do not
pears in the corresponding erbium system. Instead of the
sF&0O,-based phase with the garnet structure has been

! Lviv Polytechnic National University, Lviv, Ukraine well as with the reference data for the thulium and ytterbium
fMPI CPfS, Dresden, Germany orthoferrites, the existence ranges of both perovskites phases
crystal-lov@polynet.lviv.ua can be evaluated (Fig. 2).
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structual behaviour is also observed in the Tm-substituted
BiFeQ;, in which theR3c-Pbnm transition takes place at the

62 ,

‘;’2 60 - Or temperatures 993-1083 K, and the phase decomposition and
;’Q 58] reaction with Si@begins at 1023 K. The temperatures of the
s8] Kupias 00000000055 phase ransitions in BjgErodFeC (1070 K) and

2 o Big.gsT Mg of€0; (1030 K) estimated as a middle point with
— 407 : the eqal amount of polaR3c and HT Pbnm phases, are
"EEQ 39; e lower than in “pure” BiFe@ (1083-1103 K [1]).
° : Tempeature evolution of the cell dimensions of both
Q_Q 3.8 A modifications of BdosTmyof€Q;  illustrating a
o disconinuous phase transitioR3c-Pbnm are shown in
3.7 %D Fig. 4. The R3c-Pbnm transitions in BjgsErFeQ; and

BiFeO, 02 04 06 08 YbFeO,
YbFeO, (mole fraction)

Fig. 2. Concentration dependencies of the lattice dimensions
(normalised to the perovskite cell) in the BiFe@-YbFeO; system.

Big.gsTMpof€0; are accompanied by an abrupt decrease of
the cel volumes, which decrease more than at 2 % (Fig. 4).

In order to determine the existence range of the polar
BiFeOs-type phases in the studied systems more precisely,
the comentration dependencies of the cell volumes of
Bi,«REFeQ; specimens were analyzed (Fig. 3). From this
plot it is evident, that solubility of Er, Tm and Yb in
Bi;«REFeQ; do not exceed 7, 4 and 3 mol.%, respectively.
This finding is in a good agreement with the literature data
[1], according of which the polar phases in the
BiFeO;—REFe(; systems become less stable with a decrease
of the rare earth ionic radii. According to structural phase
diagram on Bi,REFeQ; systems published in [1], the
existerte range of the polaR3c phase decreases from Fig. 4. Temperature dependerjcies of the normalised lattice
15 mol.% in the La system to 7.5 mol.% in the system of Dy Parameters and cell volumes of BissTMo o€

=— Data from Ref. [4] IV. CONCLUSIONS
6247 Based a the results of X-ray phase and structural
1% examinations it was established that the existence range of
s~ 6221 L Yb polarR3c phase in the BiFe@RBE-e0; systems with Er, Tm
=< yoaTTT a andYb do not exceed 7, 4 and 3 mol.% of RE, respectively.
S gvvv Tm Partial substitution of Er and Tm for the Bi sites in BigeO
620+ B o reduce the temperature of the ferroelectric phase transition
BN i oo B on 30-60K.
61.8 i ~—The lines reflect the Vegard's low
; . forthe Yb, Tm and Er systems ACKNOWLEDGMENT
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