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This scientific paper gives the research data relating to the opportunity for variation
of the properties of segnetoceramic materials due to hetero- and isovalent substitutions in
the cation sublattices of solid solutions by varying the parameters of crystalline lattice and
basic material characteristics at maintaining monophasicity. For the materials based on
barium and strontium titanates, the admixtures were used that enabled the variation of
the cation substitution of barium, strontium and titanium. The parameters for the stable
synthesis of the similar materials of a preset composition were defined experimentally.
The compositions for segnetoceramic materials with appropriate performance charac-
teristics have been developed.
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IIpuBegensl pesyJbTaThbl MCCJIENOBAHUA BO3MOMKHOCTU BAapbUPOBAHUSA CBOIMCTB CEerHETOKe-
paMHUYECKHX MATEepHUaJIOB 3a CUET I'eTepo- M M30BAJEHTHBIX 3aMeIeHUIl B KAaTUOHHBIX IIOLpe-
HIeTKaX TBEPABLIX PACTBOPOB ¢ MSMEHEHUEM IIapaMeTPOB KPUCTAJJINUYECKON PeIleTKH U OCHOB-
HBIX XapaKTepHCTUK MaTepruasa IIPU COXPaHeHMH onHOo(asHOCTH. B MaTepuanax Ha OCHOBE
TATAHATOB CTPOHIIMA U 0apus NNPUMEHAJU JOO0aBKH, KOTOPHIMU BapbUPOBAIN KaTUOHHOE 3aMe-
mieHre 0apus, CTPOHIUA M TUTAHA. JKCIIEPUMEHTAJbHO OIIPeJesieHbl IIapaMeTpPhl yCTOWUYNBOIO
CHHTEe3a IIOJOOHBIX MATEPUAJIOB 3aJaHHOI'O cOoCTaBa. PaspaboTaHbl COCTaBbl CerHETOKEpaMmuyec-
KHUX MATEPHUAJTIOB ¢ HEOOXOIUMBIMU 9KCILIYATAIIMOHHBIMY XapPaKTePUCTUKAMU.

Bnuaus izomopdizmy TBepaux po3umHiB 6apiil-CTPOHIi€BHX THTAHATIB HA BJIACTHUBOCTI
cernerokepamixku. [I'.M.Illa6anosa, C.M.JTozsinrkos, A.M.Kopozodcvrka, O.B.Xpucmuu,
B.B [Jeiinexa, [.B.Tapadyda.

Haseneno pesayiabTaTtu MOCHIIKEeHHS MOMKJIMBOCTI BapiloBaHHS BJACTHBOCTEH CErHeTOKe-
pamiuHMX MaTepiasiB 3a PaXyHOK reTepo- TA i30BaJeHTHHX 3aMillleHb y KaTiOHHHX Iixrpar-
KaX TBEPIMX PO3UMHIB 3i 3MiHOIO mapamMeTpiB KpPHCTAJIUHOI PEIIiTKM Ta OCHOBHUX XapaKTe-
pucTuK mMaTepiany upu 30eperkenHi ommodaszHocTi. ¥V MaTepiasax Ha OCHOBI TUTaHaATy CTPOH-
miro Ta Oapiio sacrocoByBasu 00aBKK, AKHMIN BapioBainu KarTionHi samimienusa 6apiro,
CTPOHILiII0 Ta TUTAHY. EKCIepUMEHTAaIbHO BUBHAUEHO IIapaMeTPH CTAJOr'0 CHUHTe3y HOoIibHUX
MarepianiB sagaHoro ckjaangy. Poapo0jeHo cKJIagum CerHeToKepaMiuHmx martepianiB 3 He0O-
XIJHUMHE eKCILIyaTAIliMHIMU XapaKTePUCTUKAMU.
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1. Introduction

An increase in the efficiency of funec-
tional materials and a reduction of the over-
all dimensions of microelectronics devices
enable the creation of a wide range of ra-
diotechnical devices on their basis, in par-
ticular sensory and medical ultrasonic diag-
nostic devices, different optic devices, high-
capacity memory units, etc. To attain
required performance characteristics of
segnetoceramic materials based on the compo-
sitions of solid solutions of barium strontium
titanates, the investigation of the influence
of the initial segnetoceramics ingredients on
the morphology and grain size of materials
formed at specific synthesis conditions is of
interest [1, 2]. It is known that the origina-
tion of substantial internal stress fields re-
quired for the manifestation of magnetoelec-
tric effects is possible in the compounds with
the structure of a perovskite type having the
general formula of ABOj; [3].

The Ca, Sr, Cd, Ba, and Pb titanates have
the perovskite type structure (CaTiO3) and are
crystallized in the cubic system [3, 4]. In this
crystalline system, a Ti4* ion can be substi-
tuted by tetravalent Zr*, Hf4*, Th4* and other
ions and a bivalent Ca?* can be substituted by
Ba2*, Sr2*, and Pb2?*. Non-isovalent substitu-
tion that includes cation sublattices of a differ-
ent type is also possible. Nearly all the given
titanates have a peculiarity that allows for the
formation of substitutional solid solutions with
unbounded solubility and this feature is suec-
cessfully used to adjust the properties of the
ceramic materials produced using the ti-
tanates. Different combinations of the binary
and ternary solid titanate solutions can shift
the Curie point to the side of higher or lower
temperatures and provide the stability of prop-
erties in a wide temperature range [3].

Therefore, studying the possibility to
change the properties of segnetoceramic ma-
terials due to hetero- and isovalent substitu-
tions in the solid solution cation sublattices
accompanied by appropriate changes in the
parameters of crystalline lattice while main-
taining the single-phase material were of
interest. The cation substitution of barium,
strontium, titanium and their combinations
can be carried out in barium strontium ti-
tanates. AI(NO3)39H20, B|203, Nb205, SnOZ,
MnCQOj;, PbO,, ZrO, (reagent grades) were
used as dopants to initial raw materials:
BaCOj-barium carbonate, SrCOj-strontium
carbonate of the reagent grade TU48 PT
0516-10-95, and TiO, — pigment titanium
dioxide "SUMTITAN R-202".
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2. Experimental

2.1 Specimen synthesis: compositions and
conditions

To synthesize the specimens of a speci-
fied phase composition, the following tech-
nical operations were performed, in particu-
lar, the dosing of raw components, grinding
and mixing and also the molding and firing
of the raw mixtures. The thorough grinding
and mixing of raw components was per-
formed in the laboratory ball mill using the
"wet method” (the sludge moisture content
was 35 mass%, the balls-to-material ratio
was 1:7). The grinding fineness was control-
led using the method of sieve analysis (full
passage through the mesh aperture of
No0063) [5]. The drying was conducted in
the drying chamber at a temperature of up
to 100°C. Prior to the firing, the raw mix-
tures were formed using the method of two-
sided pressing at the specific pressure of 50
to 100 MPa. The briquettes were fired in
silite and cryptol furnaces at preset synthe-
sis temperatures and isothermal holding
time. The temperature in the firing zone
was measured using an optic pyrometer
"Smotrich-5P-01" and a platinum-rhodium
thermocouple. The compound synthesis com-
pleteness was controlled using the method
of chemical analysis to check the absence of
free barium oxide [6].

The admixtures were added to provide an
appropriate variation of the properties of
obtained segnetoceramic (Ba,_,Sr,)TiO3-
based materials; the strontium sublattice
nonstoichiometry coefficient was 0.12, i.e.
(Bag ggSrg 12)TiO3 and the admixture content
was of 1 to 3 mass % (Table 1).

It was experimentally proved that the ad-
dition of doping Bi3*, Nb®* and Mn2* cations
to the developed segnetoceramic materials
failed to provide a required nonlinearity for
the properties [7]. Possibly, the composition
was unbalanced due to the multivariance of
cation substitutions and unordered vacancy
(V) distribution:

3BaZt — 2Bi%t + V;
5Ba2t — 2Nb5t + 3V; BaZ — Mn2+.

In addition, manganese can easily change
its valence and it can partially provide the
isovalent cation substitution in the titanium
sublattice of the solid solution:

Ti* — Mn4+.,
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Table 1. Specimen synthesis: compositions and conditions

No. Initial ingredients Firing temperature, |Compacting pressure,
°C/time, h MPa
1 BaTiO4, SITiOg, TiO,, Bi,Oz, Nb,Og, MNCO4 1200/3 50
2 BaTiO;, BaO 1350/3 70
3 SrTiO,, 1350/2, 120
5 Ba ggSry 12 Ti04 1370/2 100
6 Bag ggSrg 121105 with 0.8 % of AI(NO,); solution 1350, 1370/2 100
7 Ba 5Srg 55n04 1350/2 100
8 Bag ggSrg 12,1105 + 8 % additive of Bag 5Sry; s5Sn04 1350/2 100
9 | BagggSry 1,105 + 8 % additive of Bay 5Sry 5ZrO4 1350/2 100
10 Bag 5Srg 52r0, 1350/2 100
11 Baj ggSry 121105 + 2 % additive: 1300/2 100
95 % BaO-ZrO-TiO, solid solution with 5 %
of 8rO-ZrO-PbO,-TiO, solid solution
12 (Bag 75515 55)(Tig 95275 05)O4 1300/2 100

Table 2. Phase composition and chemical composition of the material of synthesized specimens

Phase composition

Chemical composition, wt %

BaO

SrO TiO, Zr0,

51.58

(Bag 75875 05)(Tip 95270 05)04

11.62 34.04 2.76

To increase the mobility of structural re-
groupings and provide an appropriate re-
duction of the relaxation time of the domain
structure of the materials with the induced
changes of electromagnetic field, we selected
the method of the preliminary synthesis of
the materials possessing a considerable indi-
vidual dielectric permittivity and the basic
composition analogous to that of barium-
strontium sublattice (Baosssr012T|O3).

When wusing fine-dispersed segneto-
ceramic material admixture (fraction <
45 um) consisting of the mixture of solid
solutions (in equal portions) BaO-ZrO,—TiO,
and SrO-ZrO,—PbO,~TiO,, a considerable
linear shrinkage is observed during the fir-
ing and it is conditioned by the processes of
decomposition of initial carbonates and sin-
tering of the specimens. The versions of
other studied compositions with the admix-
ture require technological modification and
o ptimization (insufficient mechanical
strength < 50 MPa).

The compositions containing BaTiO; and
PbZrO; or PbLTIO; have the Curie point
higher than 120°C; their nonlinear proper-
ties are manifested as weakly as those of
barium titanate or even weaker. The compo-
sitions containing BaTiO; and small addi-
tions of BaZrO; or BaSnO; have the Curie
temperature lower than 120°C and show bet-
ter nonlinear properties in comparison with
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barium titanate and the compositions of
BaTiO3—SrTiO5 system; this result correlates
with the earlier research data [7].

3. Results and discussion

Consideration was given to barium-stron-
tium stannate and barium-strontium zircon-
ate (Bao_5sr0_58n03 and Bao_5SI’0_5ZrO3) as to
promising admixtures for the material doping.

For further investigations we selected
the option of synthesized material whose
phase composition and chemical composition
are given in Table 2.

The completeness of the synthesis of the
given phase was controlled in the specimens
using the XRD method with a diffractome-
ter DRON-3M (a CoKa tube was the radia-
tion source, and the Fe filter was used). The
obtained X-ray pattern clearly shows the
diffraction peaks of the basic phase except
for the (Bao75SI’025)(TI095ZI’005)O3 solid so-
lution: d(zgx) = 3.982; 2.822; 2.303; 2.002;
1.992; 1.783; 1.628; and 1.409. In addition,
a slight diffraction peak characteristic to
Zr0,, d = 2.985 A is observed. The calculated
amount of free ZrO, is about 1.5 to 2 %,
which is indicative of the low solubility of
Zr02 in the (Bao758r025)(T|095Zr005)O3 solid
solution for selected technological parame-
ters of the synthesis (Fig. 1).
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Fig. 1. The bar X-ray pattern of segnetoceramic
material of a (Bay 7551 25)(Tig 95Zrp 05)O3 composi-

tion: (V — (Bag 7551 25)(Tig 9521 05)03, 4 — ZrO,.

The studies of the electric characteristics
of different segnetoceramic materials, first
of all the solid solutions of barium titanate
with isomorphic doping admixtures, showed
that some solid solutions manifest more
pronounced temperature dependence of di-
electric permittivity and the others mani-
fest it less explicitly. The compositions with
a high value of dielectric permittivity show
a considerable change in the Curie point as
a function of the intensity of electric field.
The nonlinearity degree of segnetoelectrics,
the Curie temperature and the value of ¢
turned out to be the interrelated values to a
certain extent [8].

It is known that the segnetoelectric ma-
terials show the highest nonlinearity of
electric properties near the Curie point. For
the hands-on use of segnetoelectric materi-
als developed for high-voltage devices the
phase transition point of the synthesized lot
of materials is within 45°C, i.e. it exceeds the
room temperature. Hence, the experimental
specimens of segnetoceramics were studied in
the temperature range of 25 to 80°C. A rela-
tive dielectric permittivity of such specimens
is in the range of 4-10% to 1.2.10% for the
fields with E = 106...5.106 V/m that meets
the preset performance characteristics.

Fig. 2 shows the experimental depend-
ences of dielectric permittivity and electric
induction of the segnetoceramic material of
a basic (Bao758r025)(T|0952r005)03 composi-
tion on the electric field intensity. Fig. 3
gives the micro-images of the surface of the
segnetoceramic specimen of this basic com-
position that was synthesized using the de-
veloped technology. The image (Fig. 3) is
indicative of the fact that the obtained ce-
ramic structure corresponds to the basic
material structure. The X-ray analysis data
prove the formation of segnetoceramics of
the preset phase composition and the ab-
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Fig. 2. The dependences of dielectric permit-
tivity (D) and electric induction (e) of the
segnetoceramic material with a
(Bag 7551 25)(Tig 9521 95)03 composition on the
electric field intensity (E).

Fig. 3. The image of the surface of segneto-
ceramic specimen of a (Bag 7551 25)(Tig 95210 05)C4
composition.

sence of any incidental crystalline admix-
tures. The specific features of microstruc-
ture, in particular, the value of mechanical
stresses, the size and shape of pores and
their volume distribution depend on the
specificity of fabrication processes and de-
fine the final properties of obtained materi-
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als. The indicated factors are not always
recordable and therefore the specimens fab-
ricated us ing the similar flowchart may
show considerable variations in € values,
nonlinearity coefficients and other parame-
ters of segnetoelectrics.

4. Conclusions

Based on the research data, an efficient
method was selected to control the proper-
ties of barium strontium titanates for in-
creasing the nonlinearity of their electro-
magnetic characteristics due to the adjust-
ment of the structure parameters of solid
solutions and the symmetry of individual
crystalline sublattices using doping admix-
tures. The types of doping admixtures that
have a synergetic effect on the enhancement
of nonlinearity due to its isomorphism abil-
ity in all the cation sublattices can be
formed up as Ti4—>Zr**, 2Ba2*-> Zr4+
2812+ 5 7r4*,  Ba?t + Sr2t-> zr4t, Tt +
2Ba?*- > 2Zr%*,
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