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In the Bi,Ti;O,,~BiFeO; system, new compounds of general formula Bi,,,,Fe,_3Ti;O03,.5
with different m values have been synthesized having the structure of Aurivillius phases.
The phase transition and decomposition temperatures of the obtained compounds have been
determined. Thermomechanical properties of the materials based on those compounds have
been studied, the linear thermal expansion coefficients and the sintering onset tempera-

tures have been determined.

B cucreme Bi,Ti;O0,,—BiFeO; monryuen psan HoBeIX coepmmenmit cocrasa Bip,,,Fe,, sTiz05,. 5
C pPasJINYHBLIM 3HAUEHHEM M, UMEIIIUX CTPYKTYpPy (as Aypusmianunyca. OmpegeseHb TeMIle-
paTypsl (Pa30BBIX IIEPEXOJ0B U TEMIIePAaTypPhl PAasIOMKeHUs ITOJYyUYeHHBIX coequHeHMii. Vceciemo-
BaHBl TEPMOMEXaHWUYECKHe CBOMCTBA MATepHUajioB HA OCHOBE 3THUX COEQUHEHUN — OIpeeseHbl
KOa(pPUIMEeHT JUHEHAHOr0 TePMUUYECKOr'0 PACIIMPEHNs M TeMIIepaTyphl Hauaja CHeKaHUsd.

In the BiyTi3O4,—BiFeO5 system, a series
of compounds is realizable having the lay-
ered perovskite-like structure similar to the
Aurivillius phases and corresponding to the
general formula Bi,,.,Fe,_3Ti303,+3 [1]. In
those compounds, ferroelectric, semiconduc-
tor and ferromagnetic properties are com-
bined [2, 3], thus, those are of good prospects
for various technical applications and, first of
all, in development of composite systems for
data storage and processing devices. Within
the unit cells of those compounds, the fluorite-
like bismuth- oxygen layers of the {(Bi,0,)?*},,
composition are interchanged with perovskite-
like {(Biys1F€m_5T130 3m4+1)° boo layers of aifferent thick-
ness M, separated out of the perovskite lat-
tice by (001) planes.

The compounds were synthesized from
bismuth oxide (pure grade), iron (III) oxide
(analytical purity grade) and titanium (IV)
oxide (special purity grade), the amounts
used corresponding to the (0.5n + 2)Bi,O5 +
0.5nFe;,05 + 8TiO, stoichiometry with n = 0,
0.14, 0.17, 0.25, 0.67, 1, 1.5, 1.75, 2, 2.5,
3, 3.5, 4, 4.5, 5, 5.5 and 6. The composi-
tions mentioned answer to the ratio of
1 mole Bi,TizO4, per n moles BiFeO5 and to
Bim+1Fem_3Ti303m+3 compounds with the
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perovskite-like layer numbers in the struc-
ture m =n + 3.

After each synthetic stage, the samples
were subjected to X-ray phase analysis (XPA)
using D-500HS (Siemens) and DRON-3 dif-
fractometers (Cu Ko emission). The struc-
ture and XPA studies were based on powder
diffractographs. The microstructure diag-
nostics and chemical analysis of the re-
vealed phases were carried out by scanning
electron microscopy and electron probe mi-
croanalysis using a CamScan MV2300 scan-
ning electron microscope with an Oxford
Link microprobe extension. The sample
thermal behavior was examined by differen-
tial thermal analysis (DTA) and differential
scanning calorimetry (DSC) wusing a
Q-1500D derivatograph (Paulik-Paulik-
Erdey) and a STA 429 (NETZSCH) calorime-
ter, respectively. To determine the sintering
onset temperatures and the linear thermal
expansion coefficients, a DIL 402 ED dila-
tometer (NETZSCH) was also used.

The synthesis and XPA of the layered
perovskite-like compounds of the BiyTizOqo—
BiFeO5; system has demonstrated a high ho-
mological capacity of the BisFey_3Ti303,.3
series expressed as realizability of numer-
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Fig. 1. Dependence of the face area perpen-
dicular to the ¢ axis, S =ab (z&z), on the
number of the perovskite-like layers in the
structure of Bip,,,Fe, 3Ti305.,., compounds
(I — Aurivillius phases; 2 — BiFeO,).

ous structurally similar compounds corre-
sponding to both integer and fractional m val-
ues. Thus, in the BiyTi;O,,-BiFeO5 system, com-
pounds with complex interchange of the
perovskite-like layers in the crystal structure
may exist along with those having integer m
values. For example, the compound Bi;3FeTigO3g
(m = 3.25) contains in its structure interchanging
perovskite-like layers having thickness values mq
:3, m2:3, m3:3, and m4:4.

Consideration of the unit cell parameters
of Aurivillius phases has shown that the ¢
parameter changes essentially linearly as
the number of the perovskite-like layers in
the structure increases, i.e., the distortion
extent of the perovskite-like lattice frag-
ment built-in into the layered compound
structure varies only slightly along the ¢
axis. At the same time, as the number of
the perovskite-like layers increases, the
basal face area (S = ab) approaches the cor-
responding value for BiFeO; unit cell at-
taining that value at m = 12 or 13 (Fig. 1).
So, the structure parameters (and thus the
formation energy of perovskite-like layered
compounds) can be believed to approach
similar characteristics of mnon-layered
perovskite-like BiFeO; as m increases. It
follows therefrom that the stability of mul-
tilayered  Aurivillius phases in the
Bi,Ti;O,—BiFeO; system decreases as the
layer number increases.

According to TEM and electron probe mi-
croanalysis, all the samples studied show a
good agreement of the elemental composition
with the stoichiometry that, being combined
with the X-ray examination data, evidences
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Fig. 2. Dependence of the Curie temperature on
the number m (I— DTA data; 2 — DSC ones).

reliably that the compounds belong to the
Aurivillius phase family. The DTA and DSC
results evidence a progressive thermal sta-
bility decrease for the Biy/Fe,_3Tiz03,+3
compounds as m increases, thus confirming
the above suggestions. The thermal analysis
data make it possible to consider the ther-
mal decomposition mechanism of the
perovskite-like Bi,Ti;O4,—BiFeO3; system com-
pounds as a successive peritectic decomposi-
tion into compounds of the same homological
series but containing a smaller number of the
perovskite-like layers in the structure.

Fig. 2 presents the Curie temperature
(T¢) dependence on the number m. The T
value seems to be defined by the iron ion con-
tent in the perovskite-like layers (BiFeO5; molar
content).

The data on thermal expansion of the
Bi,+1Fem—3Ti303y,+3 compounds show that the
linear thermal expansion coefficient is essen-
tially independent on the number of the
perovskite-like layers in the structure and its
average value is about (11£2)-1076 K~1, The
sintering onset temperature T'g of the sam-
ples synthesized is within limits of 500 to
850°C and decreases progressively as m in-
creases, thus evidencing indirectly the
above-mentioned decrease in thermal stability.

This work has been done under financial
support of Russian Foundation for Funda-
mental Researches (Grant #03-03-3240-a).
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Hocaigsxkenna ¢a3 Aypisimrica
y cucremi Bi4Ti3012—BiFeO3

H.A.Jlomanoéa, M.I.Moposoé, B.B.I'ycapoé

¥ cucremi Bi,Ti;O,,—BiFeO; ogepmxano pan mosux cmonyk Bi,,,Fe,_sTi305,,, 3 pisaumn
3HAUEeHHAMU M, AKi MaioTh CTPYKTYpPy (had AypiBininica. Busnaueno Temneparypu (asoBux
IepeXoJiB Ta TeMIEepaTypu PO3KJIaLy OJep:KaHWUX CIOJYK. JlocaimikeHo TepMoMexaHiuHi
BJIACTUBOCTL MaTepiajiB Ha OCHOBI IITUX CIOJYK — BU3HauUeHO Koe(ilieHT JinifiHOrOo Tepmiu-
HOTO POBIIMPEHHA Ta TEMIepaTypu HOYATKY CHiKaHHI.
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