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Crystal structure and conductivity
of hismuth-containing complex oxides

In the paper, a comprehensive systematic study of different classes of bis-
muth containing oxide compounds was carried out. The relationship between
composition, temperature and concentration regions of existence of stable,
specific structure and properties of solid solutions on the hasis of vanadates,
molybdates, niobates and bismuth was found. The general regularities of
synthesis of solid solutions with different variants of solid-phase and soluble
methods were determined. On this basis, the optimal conditions for obtaining
single-phase materials were formulated. For the first time the temperature and
concentration boundaries of the regions of homogeneity and areas of stable
existence of polymorphic modifications of solid solutions were defined and/or
refined. The structural parameters of the synthesized phases were determined.
By the method of electrochemical impedance spectroscopy the nature and fea-
tures of impedance spectra, the temperature and concentration dependences of
electrical conductivity of ceramic materials based on bismuth containing com-
plex oxides were identified.

Key words: method of electrochemical impedance spectroscopy; bismuth containing oxides; oxygen-ionic
conductivity; thermocycling.
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Introduction

The complex oxides on the ba-  fundamental and applied science. Among

sis of Bi,O, provide a vast class of objects  practically important physical and chemi-
of interest from the point of view of both  cal properties can distinguish oxygen-ion
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and mixed conductivity in middle tem-
perature region (300-700 °C), ferroelec-
tric and magnetic effects. Bismuth-con-
taining compounds crystallize in different
structure types to a greater extent crystal
- or perovskite-like, including having a
layered structure. Depending on the di-
mensionality of charge transfer process,
the bismuth-containing complex oxides
can be divided into 3 types: three-dimen-
sional (family of complex oxides that is
similar to §-Bi,0,); two-dimensional (BI-
MEVOX family); and one-dimensional,
represented by phases on the basis of
Bi, Mo, O, containing column [Bi ,O ] ..

10 769’ oo
An important feature of the compounds is

The experimental part

The series compounds of Bi,V, Me_
O,,s or BIMEVOX (Me=Cu, Fe, Ti, Nb),
BinOsfoexOsz;fs and BilsfoexMososua’
(Me=Mg, Ca, Sr, Ba, Co, Fe), Bi_ .Y .Nb_
YMeyOIS’ShS and Bi3Nb17yMeyO7i5 (Me=Fe,
Zr, W) were obtained by standard ceramic
technology, or using different variants of
synthesis of the mortar. The features of
synthesis for each particular case are de-
scribed in [1-15].

X-ray examination of samples was
carried out using diffractometer DRON-3
(CuKa-radiation, monochromator of py-
rolytic graphite on the reflected beam),
D8 ADVANCE (CuKa-radiation, B-filter,
position sensitive detector VANTEC,
high-temperature chamber Anton Paar
HTXK 1200N). Analysis of the phase com-
position and calculation of the crystallo-
graphic parameters was carried out using

Results and discussion

For all systems the processes of phase
formation during their synthesis using a
solid-phase, different versions of mortar

the presence of the cation of bismuth 6s
lone-pair electrons, which leads to a high
polarizability of the cationic sublattice.
The stereochemical activity of the elec-
tron pair of bismuth ions is manifested in
the ability to the formation of highly dis-
ordered oxygen environment of bismuth,
change in symmetry of the coordination
polyhedras and the way to ensure the dis-
sociation of oxygen molecules.

This work presents the results of stud-
ies of bismuth-containing complex oxide
compounds of different structural fami-
lies, held at the Ural University in recent
years.

DIFFRACP EVA, Match-DEMO, Celref
and databases PDF4+ ICDD, COD and
AMCSD. Dilatometric analysis was per-
formed using the dilatometer DIL 402 C
Netzsch with a vacuum-tight oven, dif-
ferential thermal analysis was performed
using thermoanalyzer STA 409 PC Luxx,
Netzsch. Microscopic investigations were
performed using scanning electronic
(raster) microscope JEOL JSM 6390LA
consoles and energy dispersive JEOL JED
2300. Elemental analysis of samples was
performed by atomic emission spectros-
copy with inductively coupled plasma and
atomic absorption spectrometry on the
spectrometer iCAP 6500 and M6 Solar
Thermo Scientific. The total conductivity
of the samples was measured by the meth-
od of impedance spectroscopy (imped-
ancemetry Z-350M, Z-3000 firm “Elins”).

methods, mechano-chemical activation
were systematically investigated, the op-
timum conditions for obtaining single-
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phase compositions were found. The
phase formation in the systems Bi,O,-
V,0O.-oxides Cu, Fe, Ti, Nb is always in
some series-parallel stages with formation
of intermediate products of composition
Bi, ,,V,O,and BiVO,, vanadates of the re-
spective metals, for example, CuSVZOIO)
Fe,V,0,,, mixed oxides of bismuth and
related cations (Bi,,Ti,O,, BiZOTiOﬂ’ Bi N-
b O.). It is established that the oxides of
bismuth cations and the relevant cations
the processes of formation of phases BI-
MEVOX in the synthesis using liquid
precursors is generally similar to the pro-
cesses of phase formation during solid-
phase synthesis. The vanadate bismuth of
the composition BiVO, is formed in all
methods in the primary sludge. The inter-
action of the bismuth components with
the formation of single-phase product in
the field homogeneity during the synthe-
sis phases BIMEVOX using liquid pre-
cursors ends at temperatures 100-150 K
lower than during solid-phase synthesis.
When using the mechano-chemical meth-
od, the samples composition Bi,V,0
Bi4V1A7cu0A15TioA1501175’ Bi4V1.sFeo,201175 were
obtained only after annealing of the me-
chanically activated mixture at a tempera-
ture of 873 K. Under the same conditions
of mechano-chemical synthesis of single-
phase Bi,V, Nb O, . was obtained after
two minutes of activation. The phase for-
mation by mechanical activation, as with
other methods of synthesis goes through
several series-parallel stages, which con-
firms the general complex nature of the
interaction in the layered perovskite-like
systems. However, at the final stage of the
synthesis by any of the proposed options
with appropriate concentrations of metal
formed solid solutions belong to one of

11°
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the possible polymorphic modifications
of bismuth vanadate are formed [1-5].
The formation of solid solutions based
on bismuth molybdate Bi ,Mo_O,,,, dur-
ing the synthesis of solid-phase method
goes through the stage of formation of
intermediate compounds Bi,. Mo O, and
Bi,MoO_; complex oxides of bismuth and
a metal dopant. In the synthesis using sol-
uble reagents as impurities has a signifi-
cant amount of a-phase (Bi,Mo,0,), a
hydroxide of bismuth, Bi, MoO,. Analysis
of reaction products after different stages
of thermal processing has shown that in
the case of the introduction in the process
of synthesis procedures for the temper-
ing of samples, the number and concen-
tration of intermediates is significantly
reduced, and single-phase final product
forms at a temperature 1073-1123 K. The
structural features of the different struc-
tural families of complex oxides are inves-
tigated, the boundaries of the regions of
homogeneity, structural parameters and
concentration intervals of existence of
polymorphic modifications are defined.
The high-symmetry complex oxides are
formed on the basis of §-Bi,O, with the
fluorite structure with the occupancy of
the oxygen sublattice at about 75 % (PR.
gr. Fm-3m) with partial substitution of
metal ions for other cations. In this case,
the region of homogeneity of solid solu-
tions has a small length, for example, for
a series BiNb _Zr O,  is the boundary

located at x = 0.4, the series Bi .Y, Nb,
Zr O, ..; wheny=0.3.For Bi .Y,  Nb,
yFeyolsASié at a maximum temperature of

1073 K synthesis it is limited by the com-
position y = 0.2.

Outside the homogeneity region, or
when the temperature changes often there
is a mixture of two phases pseudokoningii
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type Bi,NbO, with close lattice param-
eters and different content of metals. At
low concentrations of dopant the stabi-
lization of the tetragonal modification of
solid solutions is possible, for example,
for BiNb,_W O or BiNb, FeO,
(y=0.1).

The existence regions of structural
modifications phases BIMEVOX vary
depending on the composition and less -
used method of synthesis. With a small
content of operauser metal the solid so-
lutions crystallize in the monoclinic
(Pr. gr. C2/m) or orthorhombic ((Pr. gr.
Aba2 wmun Amam) modification, by in-
creasing the concentration of the dop-
ant leads to the formation of tetragonal
y-modification. In the wide concentration
interval of the tetragonal y-modification
(Pr. gr I14/mmm) at room temperature is
stable due to the substitution positions of
vanadium to niobium (0.30 < x < 0.90),
iron (0.20 < x < 0.50) and with a double
substitution of iron and niobium (0.2 <
x < 0.575). y-modification BICUTIVOX
at room temperature was obtained for
compositions with 0.25 < x < 0.50 only
during rapid cooling (tempering) with
the last stage of synthesis. The series of
solid substitution solutions based on bis-
muth molybdate Bi ,Mo.O,, , crystallize
in triclinic and monoclinic modifica-
tions. In particular, the triclinic modifi-
cation of (Pr. gr. P-1) forms by substitu-
tion in the sublattice of molybdenum
and low concentrations of dopant for
the series BiBMOS,yCOyOMﬂ; (y<0.05) or
bismuth for Bi,, Mg Mo.O,, , (x < 0.1),
Bi, Ca(Sr, Ba) MoO,,, (x < 04),
Bi, Co Mo.,O,,,, (x < 0.05). Monoclinic
modification (Pr. gr. P2/c) forms with the
substitution in the sublattice of molyb-
denum compounds for Bi,;Mo, Co O
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34+8

(y £0.2) or bismuth, for example, Bi,
Mg Mo.O,,,, (x < 0.4), Bi,, Ca(Sr, Ba)_
Mo.O,,.. (x < 0.7), Bi, CoMo.O,,
(x < 0.2). An x-ray when you change the
symmetry of the unit cell for different
structural types is shown in Fig. 1, an ex-
ample of the dependence of unit cell pa-
rameters from the structure is shown in
Fig. 2.

The regularities of the change of sym-
metry and the unit cell parameters of dif-
ferent polymorphic modifications of in-

vestigated series of samples depending on
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Fig. 1. Examples of radiographs of different
structural types: : 1 - Bi , Ba; Mo.O,, .
(Pr. gr. P—l);2 - Bi3Nb0.8WO_2O7t5, (Pr. gr.
Fm—=3m); 3 - Bi,Nb Fe O, . (Pr.gr. I-4m2);
4 - y-BIMEVOX (Pr. gr. I4/mmm); 5 -
B-BIMEVOX (Pr. gr. Amam),

6 - a-BIMEVOX (Pr. gr. C2/m)
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temperature were revealed. For example,
for phases BIMEVOX family with in-
creasing content of the dopant extends the
temperature region of existence of the te-
tragonal y-modification. The effect of the
uneven change of parameters while main-
taining the linearity of the change of unit
cell volume with temperature for a series
BICRFEVOX is found that is explained
changes in vanadate layer structure.

The study of the crystal structure of
tetragonal Bi,V, Fe O, , depending on
temperature and oxygen partial pressure
revealed a significant stability of this mod-
ification in a fairly wide range of thermo-
dynamic parameters. The change in the
structure of the tetragonal modification
BIFEVOX in orthorhombic occurs in an
environment with low oxygen content (at
IgPo, = -18.0 (atm.)) and at temperatures
above 770 K. The baric dependences of the
volume of the unit cell Bi,V Fe O, at
different temperatures are shown in Fig.3.
In addition, the samples of this series with
x = 0.3-0.4 have the greatest stability un-
der thermal cycling.

Using high-temperature x-ray stud-
ied the thermal behavior of the series
Bi Mo, Me O,, ; and Bi, Me Mo,O

34+8
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Fig. 3. The baric dependence of the volume
of the unit cell Bi,V, Fe O, , at different
temperatures
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with different dopants was studied. The
changes of unit cell parameters in the
phase transition from triclinic to mono-
clinic modification occurs abruptly and
is accompanied by a small contraction of
the unit cell. In the areas above and be-
low the transition temperature the depen-
dence is linear. However, at temperatures
above 950 K there is a slight deviation
from the linear behavior. An example of
such dependencies for Bi Mo, Fe O,,
obtained according to x-ray and neutron
diffraction, are given in fig. 4. Most likely
this is due to the change in the mecha-
nism of interaction between columnar
elements and/or disordered polyhedra of
molybdenum-oxygen framework of the
same symmetry.

With the increase in the concentra-
tion of the dopant the transition tempera-
ture from monoclinic to triclinic modi-
fication expected decreases: for example,
with the composition Bi, ,Ca ,Mo.O,,,,
the phase transition temperature was
equal to ~593 K, for the composition
Bi,, Ca ,Mo.0,, ; ~523 K.

The evaluation of the elemental com-
position of the investigated phases, taken
in powder, or near the surface and in the
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Fig. 4. The dependence of the volume of the
unit cell Bi Mo, ;Fe O, . on temperature
according to neutron and x-ray diffraction.

The arrow shows a linear plot
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bulk sintered pellets by atomic spectros-
copy, and electron microscopy revealed
that is not always realized even distribu-
tion of atoms in the structures of the solid
solutions. This necessitates not only the
phase, but the element of local and gen-
eral control elements content in them.
For example, for the system BICUTIVOX
regardless of the method of synthesis has
been uneven joining of titanium atoms
into the crystal lattice of the solid solution
accompanied by the formation of uncon-
trolled trace impurities phases, enriched
with titanium, which affects mechanical
and electrical properties. Such effect is ab-
sent for BIFEVOX, BINBVOX. The uni-
form distribution of atoms in the struc-
ture is observed for all columnar series
of molybdates of bismuth. For bismuth
niobates with increasing concentration
of the dopant is observed the formation
of two structures pseudokoningii (lets
denote them as § and &/). For example,
by the results of surface analysis and
Sample VOlume Bi6.95Y0.05Nb1A4erAGO15A5i5
single-phase slightly is saturated with
bismuth, and the other is saturated with
niobium. The composition of one phase
is 8- Bi,Nb _Zr O_,, and the second
is¢/-Bi, Nb . Zr O, .. The coefficients
of thermal expansion of both phases are
close, the only difference between them is
in the area 973-1073 K, where the phase
0/ is observed an anomaly of the unit cell
parameters associated with the beginning
of the collapse. According to the RFA
above 973 K we observe the emergence of
phase Bi Nb O, . and a simultaneous
decrease of the intensities of the reflexes
of the phase &/.

For all series of samples the processes of
non-isothermal sintering of ceramic bri-
quettes were investigated that are allowed

to establish their characteristics and the
optimal values of the temperature-time
characteristics of sintering. The samples
were characterized by density, sintering,
porosity, values of linear coefficients of
thermal expansion. The highest value for
LCTR phases BIMEVOX is ~20x10¢ K™
and is characteristic of high-temperature
y-modification at low concentrations of
dopant. For columnar of molybdates of
bismuth it is a bit lower, 14-16x10° K™
Thus, unlike phases BIMEVOX , size
LCTR for triclinic and monoclinic modi-
fications are close, therefore, a sharp
change in their volume during the phase
transition does not occur, which is ben-
eficial to the mechanical properties of the
ceramic briquettes. The average values for
LCTR bismuth niobates are in the area of
11.7x107¢ - 11.8x10°K™.

By the method of electrochemical
impedance spectroscopy identified the
nature and features of impedance spec-
tra, the temperature and concentration
dependences of electrical conductivity
of ceramic materials of all investigated
series of samples were identified. The
hodographs of the impedance of the stud-
ied compounds have the typical form of
polycrystalline ionic conductors, and
are composed of two or more combined
semicircles, corresponding to the total re-
sistance of the sample, the electrode and
diffusion processes. The example of im-
pedance diagram is shown in Fig. 5. The
corresponding equivalent circuit is based
on a block-layered model that includes
as mandatory elements of the impedance
and the frequency-dependent component
(examples in Fig. 6).

The course of temperature dependenc-
es of electrical conductivity is consistent
with the concentration intervals of exis-
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Fig. 6. Examples of equivalent circuits used
for analysis of impedance

tence of structural modifications: in the
presence of phase transitions within the
interval on politermo reflect the changes
in the slope of the dependencie. For ex-
ample, for phases BIMEVOX at low con-
centrations of dopant (for example, x =
0.05), typical observed y->p (853 K) and
B>a (723 K) of successive phase transi-
tions corresponding to the change of
structure (I4/mmm > Amam -> C2/m)
and is characterized by the change of ac-
tivation energy of conductivity of solid
solutions. For y-modification phases
BIMEVOX solid solutions the values of
activation energies at high temperatures
are characteristic of the magnitude of
0.2-0.4 eV. The transition into an ordered
y/-modification with decreasing tempera-
ture is accompanied by a change of the tilt
according to Igo — 10°/T and the increase
of the activation energy to 0.5-0.7 eV. The
electrical conductivity of ceramics made
from powders obtained by the methods
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of synthesis using liquid precursors, is in
average by 0.5 orders of magnitude higher
compared with ceramics of the same com-
position obtained by a solid phase meth-
od. Investigation of electrical conductivity
of some compositions of the solid solu-
tion BIFEVOX, BINBVOX depending on
the partial pressure of oxygen showed that
this dependence has a linear character, in-
dicating a predominant oxygen-ion con-
ductivity of this type of solid solutions.

On the temperature dependence of
conductivity of solid solutions on the
basis of Bi ,Mo,0,, ; are dedicated three
ranges, characterized by different values
of activation energy of conductivity: low-
temperature is inherent triclinic form E__
(HT) = 0.9-1.3 eV; medium- and high-
temperature ((E,_ (BT) = 0.5-0.6 3B;
E . (CT) = 0.65-0.8 5B is inherent to the
monoclinic form. On the example of the
samples of molybdates of bismuth-doped
iron it is shown that the change in con-
ductivity of materials in high-temperature
and medium-temperature interval is cor-
related with changes in the oxygen sublat-
tice of compounds within the life of the
monoclinic modification, namely, due to
the disordering of the oxygen polyhedra
and the emergence of structure in the
solid solution of the conjugate Mo-O of
trigonal bipyramid.

For bismuth niobates the temperature
dependence of electrical conductivity
are linear, as determined by the absence
of phase transitions in solid solutions of
these compounds. The value of activation
energy of conductivity is an average value
of 0.9-1.1 eV. The highest conductivity
have samples with a high concentration of
phase &/, which is a solid solution based
on the highly conductive §-modification
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of bismuth oxide. Examples of the de-
pendences are shown in Fig. 7.

The dependence of the conductivity
on the concentration of the dopant usual-
ly has a parabolic type with a maximum at
small concentrations of the dopant, which
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is typical for many oxide systems (Fig. 8)
and can be determined by the interaction
of defects, or any structural factors. For
example, the columnar bismuth molyb-
dates the maximum value of conductiv-
ity is typical for the «transition state»: the
area of occurrence of monoclinic or tri-
clinic modifications modifications in the
parameters is close to monoclinic.

According to the results of the execut-
ed complex studies you can identify the
most promising formulations from the
viewpoint of conductive properties and
stability under conditions of operation
at elevated temperatures and variation of
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Fig. 8. The dependence of the conductivity of
complex oxides on: 1 - BINBVOX,
1023 K; 2 - Bi, Mo, Fe O, ;1023 K;
3-Bi, Ca_ Mo O

0,5 1023 K4 -Bi_
CaMo.O,,, 723 K; 5 - BIFEVOX, 673 K

thermodynamic parameters. It is series
of solid solutions BIFEVOX, BINBVOX,
BIFENBVOX with a dopant concentra-
tion of 25-30 mol. % substituted colum-
nar bismuth molybdate compositions
Bi, Ba Mo.O,, - Bi Mo, Fe O
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Kpuctannuyeckas CTpykTypa u npoBoAMMOCTb
BUCMYT-COAEPXKaLMX CNIOXKHbIX OKCUA0B

B paboTte BbIMOSHEHO KOMMIEKCHOE CUCTEMATUYECKOE UCCIefoBaHWe pas-
JIMYHBIX KNACCOB BMUCMYT-COLEPXALUMX OKCUAHBIX COeAMHeHWid. HaioeHa B3aw-
MOCBS13b COCTaBa, TeMNePaTYPHbIX U KOHLEHTPALMOHHBIX 06/1acTel yCTORUMBOrO
CYLLEeCTBOBaHMSA, creumchmkn CTPYKTYPhI M CBOWUCTB TBEPAbIX PACTBOPOB Ha OCHO-
Be BaHaAaToB, MOM64ATOB, HMOGATOB BUCMYTA. YCTaHOB/EHBI 06LLME 3aKOHO-
MEpHOCTW CMHTEe3a TBepblX pacTBOPOB C MCMO/b30BAHWEM PA3/INYHbLIX BapuaH-
TOB TBEpA0JA3HOro 1 pacTBOpHbLIX MeTofoB. Ha 3Toii 0cHOBE ChopMynMpoBaHLI
ONTUManbHbIE YCNOBUSA MOJyYeHWst opHoasHbX Matepuanos. OnpeneneHs
BriepBble /WK YTOUHEHbI TeMMepaTypHble U KOHLLEHTPALUMOHHbIe rpaHuLbl 06-
nacTeit roMoreHHOCTV 1 0b6nacTelt YCTOWYMBOrO CyLLECTBOBAHUS NOMMMOPHbIX
MoZuchrkaLmii TBepAbIX pacTBOPOB. YCTaHOB/IEHbI CTPYKTYPHbIE NapamMeTpbl CUH-
Te3UPOBaHHbIX (ha3. MeTofoM CeKTPOCKONUM 3MIEKTPOXMMUYECKOr0 UMMeaaHca
BbISIB/IEHbl XapakTep U 0COBEHHOCTM WMMeQAHCHBIX CMEKTPOB, TEMMepaTypHbIX
¥ KOHLIEHTPALWOHHbIX 3aBUCKMOCTEIN 3N1eKTPONPOBOAHOCTU KepaMmyeckyx mare-
p1anoBs Ha OCHOBE BUCMYTCOAEPXKALLUMX CIIOXKHBLIX OKCUO0B.

Kniouesbie cnosa: vetop CNeKTpoCKonuM 3NeKTPOXMMU4YeCKoro nMnefaHca,; BucMyTconep atime okcuabl;
KNCNOpPOAHO-MOHHAA NPpOBOAMMOCTL,; TepMOLMKIMPpOBaHKE.

© bysHoga E. C., Emenbsa+osa H0. B., Mopo3osa M. B., Muxaiinosckas 3. A., Kaiimmesa 0. C., Xykosckuit B. M.,
Metposa C. A., 2015

Beepenue

Cro>xHble OKCuabl Ha OCHOBE€ MOJXHO BbBIIEINTD KUCIOPOJHO-MOHHYIO

Bi,O, flaloT o6MmMpHbIil KTacC 06beKTOB,
NPeCTABSININX UHTEPEC C TOUKHU 3pe-
HMs KaK (yHJAMEHTAIbHOI, TaK 1 TpU-
KnagHoil Hayku. Cpeay NpaKTHYecKu
3HAYUMBIX PUSMKO-XUMUYECKUX CBOVICTB
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Y CMELIaHHYI0 NPOBOJUMOCTb B Cpef-
Heil obmacTu Temneparyp (300-700 °C),
CETHETOIIeKTPUUYECKIe ¥ MarHUTHbIE
a¢dexTsl. BucMmyT-comeprkamie coemu-
HeHMsI KPUCTA/UIMSYIOTCS B Pas3MIHBIX
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TUIIAX CTPYKTYpP, B OOMbILeil CTeleHu,
¢dmoopuTo- MM MEPOBCKUTOIORO00-
HBIX, B TOM YNC/Ie VIMEIOIIUX CIOMCTOe
cTpoeHue. B 3aBUCMMOCTI OT MEPHOCTHI
mpoliecca IepeHoca 3apsja BUCMYT-CO-
fep)Kallye C/IOKHbIE OKCUIBI MOXKHO
pasfenUTh Ha TPYM TUIIA: TPeXMepHbIe
(ceMeiiCTBO C/IOXKHBIX OKCUZIOB, MOROO-
upix §-Bi,0,); mBymMepHble (cemeificTBO
BIMEVOX) u opHOMepHBIE, IIpenCTaB-
nenHble pasamyu Ha ocHose Bi, Mo, O,
copepxamumu kononku [Bi O ] . Bax-
HOJl OCOOEHHOCTBIO COENMHEHUII ABJIA-
eTcs HajM4Me y KaTMOHa BMCMYTa He-
HOfIeJIEHHO 6S® Iapbl 3JIEKTPOHOB, 4TO
HIPUBOJUT K BBICOKOI HONAPU3YEMOCTH

JKcnepuMeHTaNbHasA 4acTb

Coepunenna cepuit Bi,V, Me O, .
i BIMEVOX (Me = Cu, Fe, Ti, Nb),

Bi13M057xMex03478 n Bi137xMexMOSO3415
(Me=Mg, Ca, Sy, Ba, Co, Fe),
B i6,95Y0,05Nb2—yMeyO15,5i15 n BiSNblfyMeyO716

(Me =Fe, Zr, W) momydens! mm6o IO
CTaH/JAPTHOI KePAMUYIECKOI TEXHOIOTHI,
6O C UCIONb30BAHMEM PAa3TUMYHbBIX Ba-
PUMAHTOB pacTBOpHOrO cuHTe3a. OcobeH-
HOCTHU CMHTE32 JIsl KaXK/JOTO KOHKPETHO-
ro c/Ty4as onucassl B [1-15].

PenTrenosckue UICCTIeIOBAHMSA
00pasiioB MPOBOAWINM C  HCIOIB3O-
BaHuMeM pucdpakromerpo JIPOH-3

(CuK -usnyyeHme, MOHOXpOMATOp M3
NUPONUTUYECKOTO0 TpaduTa Ha OTpa-
xennom myuke), D8 ADVANCE (CuK -
usnydenue, [-QunabTp, MO3UIMOHHO-
gyBCTBUTENbHBIT feTekTop VANTEC,
BBICOKOTeMIlepaTypHas Kamepa Anton
Paar HTK 1200N). Anamus d¢asoBoro
cocTaBa M pacyeT Kpuctauiorpadude-
CKMX INIapaMeTPOB OCYIIECTB/IAIN C JC-
[O0/Ib30BaHMeM IPOrPAaMMHBIX IIaKEeTOB

KaTMOHHO IO peIIeTKN. CTepeOXI/IMI/I-
YeCKad aKTUBHOCTDb SHGKTPOHHOIZ I1apbl
VIOHOB BUCMYTa IIPOABIACTCA B CI10co6-
HOCTU K O6p330BaHI/IIO BBICOKO Pa3yIio-
PAZOYEHHOTO KMCIIOPOJHOIO OKpYXKe-
HMA BUCMYTA, M3MEHEHUIO CUMMETPUN
KOOpAMHAIIMOHHBIX IIOIN3APOB M BO3-
MOXKHOCTM 06ecIieunBarh aucconmanmnio
MOJIEKYIT KUCIOpOaa. B HacTosIIeNn pa-
6ote IIpeACTaBI€Hbl pE3y/IbTaTbl CCIE-
MOBaHUI BUCMYT-COAEP KaIINX  CI0XK-
HOOKCUIHBIX COeIMHEeHUN Pa3MMIHbIX
CTPYKTYPHBIX CEeMEIICTB, IIpOBENEHHBIX
B ypaTIbCKOM YHUBEPCUTETE 3a IIOC/IEN-
HI1E TOBI.

DIFFRACPs EVA, Match-DEMO, Celref
n 6a3 gamapix PDF4+ ICDD, COD n
AMCSD. [IumaToMeTpUYecKuii aHamn3
BBIIIOJIHEH C IIOMOIIIbIO AntaToMeTpa DIL
402 C Netzsch ¢ BAaKyyM-IIJIOTHOJ I1€YbIO,
mnddepeHIaNbHbIN TePMUYECKIIT aHa-
7U3 — C MICIIONb30BaHMeM TepMOaHaIn3a-
topa STA 409 PC Luxx, Netzsch. Muxkpo-
CKOMMYEeCKNe MCCAeNOBaHNA MPOBefleHb
C TIOMOIIbI0 CKAHMPYIOLIETO 3/1eKTPOH-
Horo (pactposoro) mukpockoma JEOL
JSM 6390LA m sHepropucuepcuoOHHON
npuctasku JEOL JED 2300. 9nmeMeHTHBIN
aHa/mu3 o6pasI[OB BBIMONHAMMA METOLOM
aTOMHO-5MUCCUOHHOM  CHEKTPOCKOMUNI
C MHAYKTMBHO CBS3aHHOI II/Ia3MOil U
aTOMHO-a0COPOLIMOHHOI  CIIEKTPOCKO-
nuu Ha crnekrpomerpax iCAP 6500 nu
Solar M6 Thermo Scientific. O6uiyio
37IEKTPONPOBOJHOCTD 00PA3L[OB U3MePsI-
M METO[OM MMIIEJAaHCHOI CIIeKTPOCKO-
muu (uMregancMeTpel Z-350M, Z-3000
¢dbupwmst «Elins»).
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Pe3ynbTartbl n 06cyxaeHne

Jnsi BceX CUCTeM CHUCTeMaTH4ecKU
MCCTIefOBaHbI Hmpolecchl $pazoobpaszosa-
HUA IPU UX CMHTe3e C UCIOIb30BaHNMEM
TBep/il0Pa3HOro, pas3JIM4YHbIX BapUAHTOB
PacTBOPHOTO METOJOB, MeXaHOXMMMUe-
CKOJl aKTMBAI[UM, HaliieHbl ONTUMAb-
Hble YC/IOBUA HONy4YeHVs OfHO(]A3HBIX
cocraBoB. dazoobpasoBaHye B CHUCTe-
max Bi O,-V,O,-okcuapt Cu, Fe, Ti, Nb
Bcerja MAeT B HECKONbKO IOC/IefoBa-
TeNbHO-TIApa/UIeNIbHBIX CTafuii ¢ obpa-
30BaHNEM IIPOMEXYTOUHBIX IPOLYKTOB
cocTaBa BiszO6 n BiVO4, BaHAIaTOB
COOTBETCTBYIOLINX MeTa/llIo0B, Halpu-
Mep, CuSVZOw, Fe,V 4013, CJIOYKHBIX OKCU-
TOB BUCMYTa M COOTBETCTBYIOLINX KaTH-
onos (Bi,TiO,, Bi, TiO,, BiNb O_).
YcTaHOB/IEHO, 4YTO TIpolecchl (popmu-
poBanua BIMEVOX npu cunTese yepes
JKUJIKVE TIPEKYPCOPHI B 11€I0M aHATIOTH4-
Hbl npoueccaM (pa3zoobpazoBaHma INpu
TBeppiodasHoM cuHTe3e. Bo Bcex MeTo-
Iax B IEepBUYHOM oOcajike oOpasyercs
BaHa/JaT BUCMyTa coctaBa BiVO,. Bsan-
MOJIeJICTBIIE KOMIIOHEHTOB C 06pa3oBa-
HIteM OfHO(}A3HOTO IPORYKTa B 06/1acTH
roMoreHHocTu npu cuarese BIMEVOX
C UCIIONb30BaHMEM >KUAKUX IIPEKypco-
POB 3aKaHYMBAeTCA NPU TeMIepaType
Ha 100-150 K Hmbke, 4yeM npu TBepHoO-
¢dasHom cunTese. IIpu ucnonb3oBaHUM
MEXaHOXMMMYIECKOTO MeTofa 06pasiibl
cocTaBa Bi4VZOH, Bi4V1,7Cuo,l5Tio,15011,5’
Bi V| Fe ,O, s mOIy4eHBI TOIBKO MOCTIE
OTXKITAa MeXaHOaKTMBUPOBAHHOI CMe-
cu npu Temneparype 873 K. Ilpnu rex xe
YCIIOBMAX MEXaHOXMMMYECKOTO CHHTe3a
opnodasueli Bi,V, Nb O, . momyden
y>Ke Toc/ie IByX MUHYT akTuBanum. Pa-
3000pa3oBaHye IpU MeXaHOaKTUBALMY,
KaK I TIpU MCIONb30BAHUNU JPYTUX METO-
TOB CUHTe3a, UeT Yepe3 HeCKOIbKO MO-
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CllefloBaTe/bHO-TIapasIIeNIbHbIX  CTAUIL,
9TO TOATBEPXKAAET OOLIMIT CITOXKHBII
XapaKTep B3aMMOJENCTBUA B C/IOMCTBIX
[EPOBCKUTONOAOOHBIX cycTeMax. TeM He
MeHee Ha KOHEYHOM 9Talle CMHTe3a JIio-
OBIM 13 IpeMIOKEeHHBIX BaPUAHTOB NIPK
COOTBETCTBYIOIMX KOHIIEHTPALMAX Me-
Ta/yla 00pasyloTCsl TBEpAble PacTBOPBIL,
OTHOCAIMECA K OfHO 13 BO3MOXKHBIX
nomMMOpGHBIX MoayUKaLuil BaHagaTa
BucMyTa [1-5].

O6pas3oBaHye TBEpAbIX PaCTBOPOB Ha
ocHoBe Monubpara BucMyTa Bi ,Mo.O,,
IpU CUHTe3e TBepHo(asHbIM METOLOM
uzieT yepes crapuy GopMupoBaHnA Ipo-
MEXYTOUHbIX coeguHenmit  Bi, Mo O
n BizMOO6; CJIO>KHBIX OKCHJIOB BUCMYTa
U MeTaja-gonaHTa. Ilpu cuHTese ¢ mc-
MOIb30BaHMEM PACTBOPUMBIX peareH-
TOB B KauecTBe IIpuMecell NMPUCYTCTBY-
eT 3HAYUTe/IbHOE KONMMYeCTBO a-(asbl
(Bi,Mo.0O,,), TUIPOKCUT BUCMYTA,
Bi,M0O,. AHanmus mpomyKTOB peakuuu
IIOCTIe Pa3AMYHBIX CTafuil TeMIleparyp-
HOJT 006pabOTKM IIOKa3as, YTO B CAydae
BBefleHNA B IIpOIjecC CMHTe3a INpOoLeny-
pbl 3aKa/jMBaHMUA 00OpPa3L[OB KOIMYECTBO
U KOHIIEHTpalMs IPOMEXYTOUHBIX coe-
OVHEHNI 3HAYMTEeTbHO YMEHBINAKTCA, U
KOHEYHBII OFHO(A3HBII IPOFYKT 0Opa-
3yeTca npu temneparype 1073-1123 K.

VccnenoBaHbl  CTPYKTypHBIE
OE€HHOCTM  pasINYHbIX  CTPYKTYPHBIX
CeMeJICTB  CIOXKHBIX OKCUIOB, OIpe-
[e7leHbl TPaHuIbl 06/macTell TOMOTeH-
HOCTHM, CTPYKTypHBle TlapaMeTpbpl U
KOHIIEHTPAlLIMOHHble MHTEpPBAsbl Cylle-
CTBOBAHNS IOMMMOPQHBIX MOAMpUKa-
1uit. BbICOKOCMMMeTpPUYHbBIE CIOXKHbIE
OKcHbI 06pasyroTcsa Ha ocHose §-Bi,O,,
UMEIOLIeT0 CTPYKTYpY ¢oopura c 3a-
CEeTIeHHOCTDIO TI0 TIOfpelIeTKe KUCIO-

0CO-
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pona oxono 75 % (up. rp. Fm-3m) npu
3aMelleHN) YacTU MOHOB MeTa/Ula Ha
Ipyrue KaTMOHBL. IIpm 3TOM 00671aCcTDb
TOMOT€HHOCTM  TBEPABIX  pacTBOPOB
uMeeT HeOOJbLIYI0 IIPOTHKEHHOCTb,
HallpuMmep, A cepun Bi3Nb17eryO7hS
ee TpaHuua Haxogurca npu x = 0,4,
cepum  Bi .Y, Nb, Zr O 5525 npu
y =0,3. Ina B1695Y005Nb Fe O, . ; mpu
MaKCUMaJIbHO TeMr[epaType CHHTe-
3a 1073 K oHa orpaHmyeHa cCOCTaBOM
y = 0,2. 3a npegenamu 06/1aCcTV TOMOTeH-
HOCTY VIV IIPY MU3MEHEHUY TeMIIepaTypbl
4acTO HaOJIIOflaeTCsA CMeCh JIBYX IICEBJIO-
Kybuyeckux ¢pas tuna Bi, NbO, ¢ 6nmusku-
MM ITapaMeTpaMy JJIeMeHTapHON A4eiiKu
U Pa3INYHBIM COJlep>KaHMeM MeTajljIoB.
ITpn MasnbIX KOHLIEHTpAaLMAX [OIaHTa
BO3MO)KHa CTaOWIM3alMs TeTparoHallb-
HOMl MopuduKaLuu TBEPAbIX PacTBO-
pOB, Hanpumep, A Bi3Nb17yWyO7hS um
Bi3Nb17yFeyO7i6 (y=0.1).

O6macty CyljecTBOBaHUA CTPYKTYp-
Hpix Mopudukanuit BIMEVOX pasnu-
YaloTCS B 3aBMCUMOCTH OT COCTaBa U B
MEHBIIIe/l CTeleHn -
ro Mertofma cmHTe3a. Ilpy HeOOIbLIOM
COflep>KaHUM  JONVPYIOLIEr0  MeTaslla
TBep/ible PacTBOPBI KPUCTA/UIM3YIOTCA B
MOHOK/IMHHOI (1p. Tp. C2/m) umu opTo-
pombuueckoit (mp. rp. Aba2 wnmu Amam)
MopMYKaLNH, IPY YBeTUIeHNY KOHIIeH-
Tpauyu [OIaHTa IPOUCXOAUT 06pa3oBa-
HIle TeTParOHa/JIbHON Y-MOAMQUKAIVN.
B nambormee WIMPOKOM KOHIEHTpALU-
OHHOM  VHTepBaje TeTparoHajJbHaA
y-Momgudukanus (mp. rp I4/mmm) npu
KOMHATHOJI TeMIlepaType CTabuInsupo-
BaHa 3a CyeT 3aMellleHNA 03Nl BaHa-
musa Ha Huobuit (0,30 < x < 0,90), xxennes3o
(0,20 < x £ 0,50), a Tax>Ke IpK JBOITHOM
3aMell e Ha xKene30 u Huoomii (0,2 < x
< 0,575). y-Momudukanua BICUTIVOX

JCIIOZIb3OBAaHHO-

IpY KOMHATHOJI TeMIIepaType HOTydYeHa
g coctaBoB ¢ 0,25 < x £ 0,50 TonmpKO
npyu OBICTPOM OXTaXAeHUM (3aKaayuBa-
HJM) C TIOC/IeTHEl CTaiu CYHTe3a.
Cepum TBepAbIX pacTBOPOB 3aMe-
I[eHN)sT Ha OCHOBe MOJMOHaTa BUCMYTa
Bi, ,Mo,O,,,, KpuCTammmsyiorcs B Tpu-
KJIVMHHOM ¥ MOHOKIMHHOI Mopuduka-
myax. B 4acTHOCTH, TPUKIVHHAA MOJY-
¢uxanys (mp. rp. P-1) obpasyercs mpu
3aMelleHN) B IIOApeLIeTKy MOonubaeHa
U Ma/IbIX KOHLIEHTpaLMAX JIONaHTa I
cepun Bi Mo, Co O,, . (y < 0,05) mwm
BucmyTa i Bi, Mg Mo, O, (x < 0,1),
Bi, Ca(Sr, Ba) Mo,O, . (x < 04),
Bi, CoMoO,, , (x < 0,05). Mono-
KauHHasg Mopudukaums (mp. rp. P2/c) -
Ipy 3aMelleHN! B IIOApeLIeTKY MOmuo-
lleHa s coctaBoB  Bi Mo, Co O34+s
(y £0,2) wmm BMCMyTa, HaanMep, B113 .
Mg Mo.O,,,, (x < 0,4), Bi,, Ca(Sr, Ba)_
M05034¢«S, (x = 07), B113—xCOxMOSO3418
(x £ 0,2). VsmeHenme Bupga peHTre-
HOTpaMM IIpM U3MEHEHUM CUMMeTpPUN
97IeMEHTApHON AYENKYU I PasINYHBIX
CTPYKTYPHBIX TUIIOB IIPMBEJEHO Ha pUC.
1, npyMep 3aBUCHMOCTH ITAPaMeTPOB 3JIe-
MEHTApHOI AYEVIKM OT COCTaBa — Ha pUC. 2.
BbiAB/IEHBI 3aKOHOMEPHOCTY M3MeHe-
HYSL CUMMETPUY U ITapaMeTPOB 9/IeMeH-
TapHOI AYeNKM PasINYHBIX IOTNMOP-
¢HBIX MopudUKALMI MCCIeSOBaHHBIX
cepuit 06pasIioB B 3aBUCUMOCTH OT TeM-
neparypsl. Hampumep, mnsa cemeiicTa
BIMEVOX mpu yBenuueHUM cofepsKa-
HJIA JIOIIAHTA pacIIupsAeTcA TeMIIepaTyp-
Hag O0/lacTb CYLIeCTBOBAHNA TETpParo-
Ha/bHOI Yy-Mopudukanuyu. O6HapyXeH
a¢dexT HepaBHOMEPHOrO M3MEHEHMsA
napaMeTpoB IIpM COXpaHEHUM JIVHeli-
HOCTM M3MeHeHNs1 o0beMa 3eMeHTap-
HOJ AYEVIKM C TeMIIEpaTypou [/ Cepun

3448
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BICRFEVOX, 4T0 00'bsICHEHO I3MEHEHU -
SAMM B BAaHAJJATHOM CTI0€ CTPYKTYPBHI.
Wccnemobanne KPUCTAJUTNIeCKO
CTPYKTYpbl ~ TeTparoHampHoro Bi 'V,
Fe O,, ; B 3aBUCUMOCTH OT TeMIIEPATYPbI
U MapIUaZbHOTO HAABJAEHUA KUCTOPOAa
BBISIBUTIO 3HAYUTENbHYIO YCTONYMBOCTD
DaHHON MoaMUKanuy B JJOCTATOYHO
MIMPOKOM MHTEepBaje TepMOAVHaMUYe-
CKUX TapaMeTpoB. VI3MeHeHue CTpPYyK-
TYpbl TETPAarOHA/JIbHON MOAUQUKALUY
BIFEVOX B opTOpOMOMYeCKyI0 IpOWC-
XOJUT B Cpefie C HU3KUM COJlep>KaHueM
kucnopona (mpu IgPO, = -18,0 (atm.)) u
npu temneparype Bbiile 770 K. bapuue-
CKIe 3aBUCMMOCTM OObeMa 3/IeMeHTap-
Hoit styeitku BL V. Fe O  npu pasnmnd-
HBIX TeMIlepaTypax IpuBeIeHbl Ha pUC.
3. Kpome Toro, 06pasibl 9T0il cepuy pu
x =0,3-0,4 obmagarot HanbOIbIIIEN YCTOI-
YMBOCTDIO TPV TEPMOLVIKINPOBaHNUNL.
MeTtomoM  BBICOKOTEMIIEpPATYpPHOI
peHTreHorpaguy M3y4eHo TepMMUYecKoe
noBefiene cepuit Bi Mo, Me O,, . u

Bi,, Me Mo O,,,. ¢ pasnmuyHbIMM [IO-
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Puc. 1. IlpuMepsl peHTreHOTpaMM
Pas/IMYHbIX CTPYKTYPHBIX TUIIOB:
1- Bi ;Ba; Mo,O,,, (np.rp P-1)
2-Bi,Nb W 0O, ; (up. rp. Fm—3m);
3 - Bi,Nb Fe O, (up.rp. [-4m2);
4 - y-BIMEVOX (up. rp. [4/mmm),
5 - B-BIMEVOX (Ilp. rp. Amamy), 6 -
a-BIMEVOX (mp. rp. C2/m)
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naHramu. V3MeHeHusA mapaMeTpoB 3jle-
MEHTApPHOII s19eiiku B 06macty Gpa3oBoro
nepexofia U3 TPUKIVMHHON B MOHOK/IMH-
HYI0 MOAU(UKALUIO IPOUCXOLAT CKad-
KOOOpPa3HO, COMPOBOXKAASCH HeOOMb-
MM CKaTyeM 3/IeMEHTAPHON AYeNKIL.
B obmacTsax Bbllle ¥ HIDKe TeMIlepary-
pbl Ilepexoja 3aBUCMMOCTM JIMHENHBL
Opnako mpu Temneparype Bbiie 950 K
HaOMIOfaeTCss HeOOMbIIOe OTK/IOHEHVEe
OT NMHeTHOTo Xoa. [IpumMep mOxO6HOI
3aBUCUMOCTU IS BiBMo 4)913e0)103 ey TO-
JTY4E€HHOJI IO JAaHHBIM PEHTI€HOBCKOI 1
HeNTPOHHOI AndpaKkumuy, IpuUBefieH Ha
puc. 4.

BeposaTHee Bcero, aTo CBsA3aHO C U3-
ME€HEHMEM MeXaHM3Ma B3aMMOJENCTBIA
KOJIOHYATBIX 37IEMEHTOB V/MIM PasyIo-
PSOYEHHBIX IIONMIAPOB MOMUOLEH-KI-
CIIOPOJ;, B paMKaxX OJJHO CMMMETPUIL.

C moBblllleHNeM KOHIIEHTpaluM Jo-
IIaHTa TeMIIEpaTypa Iepexofia U3 Tpu-
KIMHHOJ B MOHOKIMHHYIO MOmMuKa-
LMI0 OXMJAEMO CHIDKAETCA: HaIlpuMep,
I/l COCTaBa Bilz)gCao’lMOSO34i6
parypa ¢a3oBoro Iepexoja cocTaBuUIa
~593 K, mng cocraBa BilMCao’ 4M050
~523 K.
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Puc. 2. 3aBucumocTb 06beMa 37IeMEHTaPHOI

A4eriKkn oT cocrasa: 1 - Bi Mo, Fe 0, 3
-y~ Ty 34%8

2-B 113—xcaxM0503415; 3- B14V2-xFex/2Nbx/zOu-a;

4-BiV, Fe O, ¢
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O1ieHKa 3/1eMEHTHOIO COCTaBa MCCe-
nyeMbIX (a3, B3ATHIX B BUJie HMOPOIIKA,
160 BOIM3U MOBEPXHOCTU U B 0ObeMe
CIIeYeHHBIX OpPUKETOB METOHAaMU aTOM-
HOJl CIIEKTPOCKOINM M 3/IEeKTPOHHON
MUKPOCKOIINM BBISIBM/IA, YTO HE BCErha
peami3yeTcs paBHOMEpHOe pacIpefiere-
Hlle aTOMOB B CTPYKTypax TBepJbIX pac-
TBOPOB. ITO BBI3bIBAET HEOOXOMMMOCTD
He TOJbKO (Da30BOTO, HO IJIEMEHTHOTO
JIOKaJIbHOTO ¥ OOIIero KOHTPOJISL Cofep-
>KaHUs 97IEeMEHTOB B HMX. Hampumep,
s cuctembl BICUTIVOX He3aBucuMO
OT MeTofa CMHTe3a HAOMIoaeTCsl HepaB-
HOMEpPHO€e BXOXKJICHIe aTOMOB THUTaHa B
KPUCTa/UINYECKYI0 PeIIeTKY TBEPHOro
pacTBopa, COmpoBOX/awIeecst 06paso-
BaHJEeM HEKOHTPOIMPYeMbIX MUKPOIIPU-
Meceit a3, 060raleHHbIX TUTAHOM, YTO
CKa3bIBAa€TCA HA MEXaHUYECKUX U 3JIeK-
TPOMPOBOAAIINX CBOMCTBaX. [Tof06HbIIT
apdexr orcyrcrByer pns BIFEVOX,
BINBVOX. PaBHOMepHOe pacupenerne-
HIle aTOMOB B CTPYKType HabirofaeTcs
IUIsT BCEX Cepuil KOJOHYAThIX MOnmbpa-
TOB BuUCMyTa. 11 HMOOATOB BUCMYTa
IIpY POCTEe KOHI[EHTpAIMy IOIAHTa Ha-
Oniofaetcss obpasoBaHMe ABYX IICEBO-

| 247 o o?
1 246 _/o’°
.
@ /
= Jus
N
¢ —+— 773K
J 244 —e—973 K
—o—1073K .
{213 ® * *
20 45 A0 5 0
1gPo, (atm)

Puc. 3. Bapudeckue 3aBucnmoctu obbemMa
aneMeHTapHoit siueriku Bi V, Fe O,  mpu
PasIMYHbIX TEMIEpaTypax

KyOudeckux cTpykTyp (o603HaumM ux
kak O u &). Hanpumep, mmo pesynbratam
aHa/mM3a MOBEPXHOCTN 1 0O6beMa 06pas-
na Bi6,95Y0,05Nb1,4zr0,6015,5i5 ofHa (1)333
He3HAYNMTE/TbHO HachIllleHa BUCMYTOM,
a ppyras - HuobmeMm. CocTaB OZHOI
dasbl — 8-Bi,Nb _Zr , O, ., a Bropoii -
§'-Bi Nb . Zr O, ;. Koadpduunenrst
TEPMUYECKOTO pacuiipenus obeux ¢as
O/IM3KY, eOVHCTBEHHBIM OT/IMYMEM MEX-
Iy HUMU ABJIAETCA obmactpb 973-1073 K,
B KoTopoit s daspr & HabmomaeTcs
AQHOMA/VsI IIapaMeTPOB 9IEeMEHTAPHOI
SYeVIKY, CBSI3aHHAs C HAYa/JIOM pacrafa.
ITo manubIM P®A Boime 973 K Habmona-
ercs mosiBnenyue ¢asol Bi Nb , O, . u
OHOBpeMEeHHOe IafieHue MHTeHCUBHO-
creit pediekcos ¢assi .

It Bcex cepuil 0OpasIioB MCCIERO-
BaHbl IIPOLIECCBl HEM30TEPMUIECKOTO
CIIeKaHWsI KepaMIU4ecKux OpMKeTOB, 4TO
II03BO/IM/IO YCTAHOBUTD MX OCOOEHHOCTHI
U ONTVMAaJIbHble 3HAUEHVs TeMIepaTyp-
HO-BPEMEHHBIX XapaKTepUCTUK CIleKa-
Huss. OOpasupl OXapakTepy3OBaHbl IO
IVIOTHOCTY CIIeKaHMsI, HOPUCTOCTH, 3Ha-
YeHSM JIMHEeIHBIX KO3 PUIIEHTOB Tep-

MMYECKOTO PpaclIVIpEeHNA. Hawubonpiuee

17104 o
v the neutron diffraction heating /9/ ’
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Puc. 4. 3aBucuMocTb 06beMa d7IeMeHTaPHO
ayeriku Bi ;Mo Fe O, <or remmeparypsl
II0 JaHHBIM HEMITPOHHOM I PEHTTEHOBCKO
mudpaxiyy. CTpenkoit MOKa3aH JIMHeHbII
Y4YacTOK
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sHauenne JIKTP mra BIMEVOX cocras-
ms1eT ~20x 10K nxapakTepHO 7151 BBICO-
KOTeMIlepaTypHOIl y-MopfuuUKaunum npu
HU3KMX KOHIEHTpauuAx jomasra. [lna
KOJIOHYATBIX MOJMOIATOB BUCMYyTa OHO
HEMHOTO HIDKe U paBHO 14-16x1076 K.
IIpu srom, B ormmume or BIMEVOX,
BemmuuHbl JIKTP pnd TpuknumHHON 1
MOHOK/IVHHON MomuduKauii 61musKu,
CJIeOBATE/IbHO, PE3KOr0 M3MEHEHMS MX
ob6bema 11pu $a3oBOM IIepexoie He Ipo-
UCXORUT, YTO O/MarOnpusATHO CKa3bIBa-
eTcs Ha MeXaHMYeCKMX CBOJCTBax Kepa-
MudecKnx OpukeToB. CpenHie 3HAUCHNS
JIKTP pyis1 HHO6ATOB BUCMYTa HAXORATCS
B o6macty 11,7x107°% - 11,8x10° K.

MeTofOM CIEKTPOCKOINU 3NEKTPO-
XMMMYECKOTO VIMIIefIJaHCa BbISAB/ICHBI Xa-
pakTep ¥ OCOOEHHOCTV VIMIEFAHCHBIX
CIIEKTPOB, TEMIIEPATYPHBIX U KOHIIEHTpa-
LVIOHHBIX 3aBUCUMOCTENl 3JIeKTPOIpO-
BOJHOCTM KepaMMYeCKUX MaTepuanoB
BCeX JCC/IEHOBAHHBIX Cepuit 06pasIioB.
Tomorpagp! MMIenaHca MCCIeLOBaHHBIX
COeIVHEeHMIT UMEIOT BUJI, TUIINYHBIN JIAd
HOMMKPUCTA/UINYECKMX MOHHBIX IpO-
BOJHUKOB, ¥ COCTOSIT U3 ABYX Wn 6o-
Jlee COYeTAIOMIMXCA IIOYOKPY>KHOCTEI,
OTBeYaIOUMX OOILIeMy COIPOTUBICHIUIO
obpasiia, 9MeKTPORHbIM U AU PY3UOH-
HBIM IpoleccaM. [Tpumep uMIegancHoO
IMarpaMmbl npyuBefieH Ha puc. 5. Coor-
BETCTBYIOIINE SKBVBAJIEHTHbIE CXEMBI
OCHOBaHBI Ha OJIOYHO-CIIOUCTOI MOJie-
N, BKIIOYAIOIell Kak oOsi3aTenbHble
9JIEeMEHTBI CONPOTYBJIEHNE U YaCTOTHO-
3aBUCHMMYI0 KOMIIOHEHTY (IpuMepbl Ha
puc. 6).

Xop TeMnepaTypHBIX 3aBUCHUMOCTEN
9NIEKTPOIIPOBOTHOCTY  COIVIACYeTCA  C
KOHI|eHTPAL[IOHHBIMMI VHTEpPBaTaMU
CYILeCTBOBAHNUA CTPYKTYPHBIX Moinpu-
Kauyit: mpy Hanuauy asoBbIX Hepexo-
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JOB BHYTPM MHTepBajJa Ha IOAMTEPMax
bUKCUPYIOTCA M3MEHEHNUsI HaK/IOHA 3a-
Bucumocrteit. Hanpumep, g BIMEVOX
IpM MajbIX KOHLEHTPALMAX [OMaHTa
(mampumep, x = 0,05), HabmogaOTCA
tunuyassie y>P (853 K) u f>a (723 K)
HocyefoBarenbHble  (asoBble IMEPexo-
CMeHe CTPYKTYpBbI
(I4/mmm > Amam > C2/m) u Xapakre-
pusymouecs M3MeHEHMEM SHeprUM ak-
TUBAlMM IIPOBOMMOCTY TBEPHBIX pac-
TBOpOB. /s y-MOmudUKaLMM TBEPABIX
pactBopoB BIMEVOX 3HaueHus sHeprumn
aKTMBAlMM IIpY BBICOKMX TeMIlepaTy-
pax COCTaB/IAIOT XapaKTEPHYIO BeIU4YM-
Hy 0,2-0,4 3B. Ilepexon B ymopsmoyeH-
HYI0 Y/-MOIM(UKALNIO TIPU TTOHVDKEHNUN
TEMIIEPATYPhl CONPOBOXKJAETCA CMEHOI
HakJIOHa 3aByucumoctu Igo - 10°/T u mo-
BbIIIEHMEM 3HEpPIuy akTuBauuu no 0,5-
0,7 3B. 91meKTpoNpOBOJHOCTD KEPAMUKI,

Obl, OTBE€YamIne
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Puc. 5. VimnegaHcHbIe fyarpaMMBI /1A

Pa3INIHbIX COCJII/IHCHI/IﬁI
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Puc. 6. IlpuMepsl 5KBMBa/IEHTHBIX CXEM,
JICIO/Ib3YEeMbIX IIPY aHa/IM3e VIMIIeIaHCHbBIX
IMarpaMm
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U3TOTOBJIEHHOI 113 TIOPOIIKOB, TTOTyYeH-
HBIX METOJAaMU CHHTe3a 4epe3 >XUMAKUe
IpeKypcopsl, B cpefHeM Ha 0,5 mopsgka
BbIIlle TIO CPAaBHEHMIO C KePaMMKOI TOrO
Ke COCTaBa, II0JIy4eHHOII TBepo(asHbIM
MeTofioM. JVlccremoBaHme 371eKTpOIpoO-
BOJJHOCTY HEKOTOPBIX COCTAaBOB TBEPABIX
pactBopoB BIFEVOX, BINBVOX B 3a-
BUCUMOCTM OT TApIVaJbHOTO JIaBIeHMA
KMC/IOpOfja TOKa3ano, YTO 3aBUCUMOCTD
HOCUT TIPAMOJIMHENHBIN XapaKTep, 4YTO
CBUJIETENbCTBYET O NPeMMYIeCTBEHHOI
KMCTIOPOJHO-MOHHOII IPOBOJUMOCTH
IAHHOTO TUIIA TBEPAbIX PaCTBOPOB.

Ha TeMmepaTypHBIX 3aBUCHMOCTAX
3NIeKTPOIPOBOTHOCTY TBEP/BIX PaCTBO-
poB Ha ocHoBe Bi Mo,O,, . BbieneHbt
TP [MANA30HA, XapaKTePU3YIOLIMecs
PA3MMYHBIMU 3HAUEHMAMM SHEPIUM aK-
TUBAIMY TIPOBOAMMOCTH:
IepaTypHbIN, MNPUCYIINI TPUKIMHHON
dopme E_ (HT) = 0,9-1,3 aB; cpenne- u
BbicokoTemmneparypubiit (B (BT) = 0,5-
0,6 3B; E_ (CT) = 0,65-0,8 aB), npucy-
Imye MOHOKIVHHOI popme. Ha mpumepe
00pasiioB MONMORATOB BUCMYTA, LOIMN-
POBaHHBIX JXele30M, IOKa3aHo, YTO U3-
MeHeHNe NPOBOIMMOCTY MaTepuanoB B
BBICOKOTEMIIEPAaTYpPHOM 1 CpeffHeTeMIIe-
paTypHOM MHTepBajie COOTHOCUTCS C U3-
MeHEHNAMU B KUCTIOPOJHOI TOfIpeleTKe
COeIMHEeHMIT B paMKax CyL[eCTBOBaHUA
MOHOK/IVIHHOM MOAMUKAINM, a MMeH-
HO, OOYC/IOBIEHO pasyHopsAfoYeHNeM
KMC/IOPOJHBIX TIOMAIPOB U MOSIBIEHNEM
B CTPYKTYpe TBEpAIOTO PacTBOpa COIps-
>KeHHbIX Mo-O TpUroHa/mbHBIX OMIMpa-
MU,

Il H1O6ATOB BUCMYTa TEMIIEPATyp-
HbI€ 3aBMCHMOCTY 3NE€KTPOIIPOBOHOCTHU
UMEIOT IPAMOIMHEIHbIN BUJ, YTO OIpe-
LieTIsIeTCsL OTCYTCTBYEM (Pa3OBBIX IIEpPexo-
OB Y TBEPABIX PACTBOPOB 3TUX COCTABOB.

HU3KOTEM-

3HavyeHue SHEPIUM aKTUBALUY TIPOBOM-
MOCTM COCTaBJIA€T B CPE€JHEM BeINYU-
Hy 0,9-1,1 3B. IIpn stom Hambombleit
IPOBOAMMOCTBIO O0TafaloT 06pasLpl ¢
BBICOKOJ! KOHIIeHTparLelt ¢passt O/, sABs-
IOLIeJiCA TBEPABIM PaCTBOPOM Ha OCHOBE
BBICOKONIPOBOAsIIell  O-Mopyudukanyu
okcupa BucMyTa. IIpumepsl 3aBucuMmo-
CTell IpUBEMIeHbl Ha PUC. 7.

3aBUCUMOCTD  3NIEKTPOIPOBOTHOCTI
OT KOHLIEHTpalMJ JIOIIAHTA 4Yallle BCETO
uMeeT NapaboanyecKuii BIJ, ¢ MaKCUMY-
MOM IIpy HeOONbUIMX KOHIEHTPALMIX
TOIlaHTa, 4TO XapaKTEPHO M/ MHOTUX
OKCUJHBIX cucTeM (puc. 8) ¥ MOXeT oIpe-
HeNATbCA B3aUMOJIEVICTBMEM Jle(peKTOB
60 KaKMMI-TNO0 CTPYKTYPHBIMU (ak-
Topamu. Hampumep, 11 KONOHYATHIX
MO/MMOATOB BUCMYTa MaKCUManbHOE
3Ha4YeHMEe IIPOBOJVMOCTH XapaKTePHO
LIS «IePEXOHOTO COCTOSIHMSI»: 06/IacTn
HOABJIEHNA MOHOKJIVHHOM Mopxnpuka-
OVM VI TPUKIMHHON Mopudukanmu,
O/1M3KOJI 1O HmapaMeTpaM K MOHOK/IVH-
HOIL.

ITo pesynbraTaM BBIIIOJIHEHHBIX KOM-
IJIEKCHBIX MCC/IEOBAaHUII MOXKHO Bbljie-
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Puc. 7. TemnepaTypHbIe 3aBUCUMOCTI
IIPOBOJAVIMOCTH CJIOXKHBIX OKCUJIOB:
1- B14V1,75Fe0,125Nb0,12501175;2 -
BI4V1,9Feo.101176; 3- Bllz,sBao,zM05034¢5;4 -
Bls,ngo,osNb1,7Feo,3O15,5¢5
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UTH Hambonee TIIEPCIEKTVIBHDBIE COCTABDI
C TOYKM 3pe€HUA IJIEKTPOIIPOBOOAIINX

14 v
\V‘V‘\Z\ S CBOJVICTB 11 YCTOMYMBOCTY B YCTIOBUAX Pa-

"] .,.,'/0/::%02 . \\v 1 6OTBI ITpY HOBBILIEHHBIX TEMIIEPATypax 1
33 o0 i SN, BapbUPOBAHNY TePMOIVHAMIYECKNX T1a-
§,] o et e T paMeTpoB. DTO cepuM TBEPAbIX PacTBO-
L X D\ To pos BIFEVOX, BINBVOX, BIFENBVOX

\ C KOHLIeHTpauueit gonanTa 25-30 mor. %,

6 o s 3aMellleHHble KOJIOHYaTble MOMOIAThI
P : : ., BucMmyta cocraBos Bi, Ba ,Mo.O,  u
0,0 0,3 0,6 0,9
Bi ;Mo ,Fe .O,, .

Puc. 8. 3aBuCHMOCTD 3/1EKTPONIPOBOJHOCTI
CTIO>KHBIX OKCUTIOB OT TeMIIepaTyphl:
1 - BINBVOX, 1023 K;2 - Bi Mo, Fe O

57 Ty 3418
1023 K; 3 - Ca MOSO34+5, 1023 K;
4 - Bi, VxCaxMo Omﬁ, 723 K;

5 - BIFEVOX, 673 K
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