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Introduction

Perovskite group includes minerals with common
formula A, B,O,where A — Ca, Na, Ce, etc, B—Ti,
Nb, etc (Kostov, 1993). Perovskite CaTiO, at temper-
atures under 1380 K is orthorhombic, in the range
1380-1580 K — tetragonal, and above 1580 K — cu-
bic (Zelezny, 2002; Romero, 2002). The substitution
of Ca and Ti in the perovskite structure with other
cations leads to ordering in calcium positions and
to occurrence of defects in oxygen positions (Hazen,
1988), which is the reason for their unique proper-
ties. The oxygen vacancies cause deformation of the
perovskite structure and arising antiferroelectric
properties (Pollert, 1988).

Uhligite is a cubic mineral with cell parameter
a, 0,7654 nm (Feklichev, 1977). Dysanalite possesses
orthorhombic structure and elementary cell param-
eters a, 0,545 nm, b, 0,778 nm and c, 0,555 nm.
According to Strunz (1977) it is cubic with cell pa-
rameter a, 0,760 nm or 1,539 nm. Nioboloparite is
cubic with parameter of the elementary cell a, 0,3881
nm (Mirkin, 1961). Zirconolite is monoclinic below
973°C and pseudocubic at higher temperatures with
parameters of the elementary cell a, 1,243 nm,
b, 0,726 nm, c, 1,135 nm and B 100,52° (Berejnoi,
1970). Freudenbergite is monoclinic with cell pa-
rameters a, 1,230 nm, b, 0,382 nm, c_ 0,650 nm and
B 107,3° (Garin, 1981).

To the perovskite structure of some copper-con-
taining oxide compounds is relevant one of the great
discoveries of XX century — the high temperature
superconductivity (Simeonov, 1991; Butckov, 1998).
Magnesium silicate with perovskite structure (Mg-
SiO, perovskite) is main component in the supposed
composition of the Earth’s lower mantle (Kamenov,
2003; Stixrude, 1993).

Experiment and discussion

For synthesis of the perovskites and the perovskite
technical stones — perovskitites, oxides and carbon-
ates with p and pa purity are used taken in amounts
corresponding to the stoichiometric formulae of the
relevant minerals of the perovskite group:

perovskite CaTiO,,

tausonite SrTiO,,

makedonite PbTiO,,

latrapite CaNbQO,, lueshite NaNbO,,
zirconolite CaZrTi,0,,

zirkelite CaZr(Tiy,Nb, ;Fe 5),0,,
hawthorneite BaTi,Cr,Fe,MgO,,,
freudenbergite Na,Fe,Ti,O,,

latrappite (Ca,;Na, ;)(Nb, , Ti, ;sFe, 5)O;,
jeppeite (K, Bao 3)(T10 7Feo 2,06

priderite (K, Bao 3)(Tig;F€,3){0,
loparite NaCeT1206, knopite (Cay,Ce,y)TiO,,

dysanalite Ca(Ti,;Nb,;)O;,

nioboloparite (Na, ,Ca,,:Ce, 5)(Ti,,Nb, ;) O;,
ankangite Ba(Ti, ,Cr,,)O,

and uhligite Ca(Ti,,Al,,sZr, ,5);0;

The technological scheme for preparation of the
perovskite technical stones includes: grinding and
homogenization of the starting powders — drying
— preliminary thermal treatment — milling and
preparation of perovskite press-powders — mould-
ing of samples — annealing. The perovskites are syn-
thesized at preliminary thermal treatment of the sam-
ples in the temperature range from 900 to 1300°C,
for 30 min. Thus prepared perovskites are subjected
to milling, moistening with water up to 8 % humec-
tation, granulation through sieve 0,5 mm and plac-
ing in sealed polyethylene bags for 24 h. From these
perovskite press-powders by means of semidry press-
ing at 50 MPa samples for annealing in the temper-
ature range from 1250 to 1350°C for 30 min are pre-
pared.

The chemical composition of the starting pow-
ders, identical to the chemical composition of the
corresponding perovskites, their temperatures of syn-
thesis, the average crystal size and temperatures of
annealing of the perovskite technical stones are pre-
sented in table 1. The theoretical density and char-
acteristic interplanar spaces of the perovskites are
given in table 2, and some physical-chemical and
electrical properties of the technical stones in table 3.

At the two-staged ceramic technology of sinter-
ing of perovskite technical stones, at the first stage,
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Table 1. Chemical composition of the starting perovskite samples, temperatures of synthesis of
the perovskites (T,), average crystal size (1,) and annealing temperature (T ) of the perovskite

technical stones
N Tf, °C . Tf, °C
Ne | Mineral O"t'ﬂ',fs’ (T.°0) | = | n Mineral Oxt‘ﬂ',fs’ (T, °C) | ™
W7o 30 min | MM W7o 30 min | MM
1 2 3 4 5 1 2 3 4 5
1  CaTiOs CaO 41,24 1350 3 11 (K¢7Bag3)(Tip7x KO 10,35 1350 25
perovskite TiO, 58,76  (1300) xF€03)306 BaO 14,44 (1300)
2 SrTiO; StO 56,47 1350 2 jeppeite TiO, 52,66
tausonite TiO, 43,53 (1300) Fe, 05 22,56
3 PbTiO, PbO 73,64 1200 3 12 (Ko7Bags3)(Tip7x KO 4,59 1350 2
makedonite  TiO, 26,36 (900) «F€03)5016 BaO 6,41 (1300)
4 CaNbOs; CaO 29,67 1300 1 priderite TiO, 62,31
latrappite Nb,0570,33  (1200) Fe,0; 26,69
5  NaNbO; Na,O 18,90 1250 2 13 NaCeTi,0¢ Na,O 8,54 1300 2
lueshite Nb,O5 81,09  (1200) loparite CeO, 47,43 (1200)
6 CaZrTi,0, CaO 16,54 1300 3 TiO, 44,02
zirconolite 71O, 36,34 (1200) 14 (Cay7Cey;)TiO; CaO 22,99 1250 5
TiO, 47,12 knopite CeO, 3024  (1150)
7  CaZrx CaO 15,78 1250 2 TiO, 46,78
x(Tig70Nbg sx  ZrO, 34,66  (1200) 15 Ca(TipsNby3)O; CaO 36,93 1300 5
xFe 15)207 TiO, 31,46 dysanalite TiO, 36,82 (1200)
zirkelite Nb,O5 11,22 Nb,Os 26,25
Fe,0; 6,47 16  (Nag7oCag,sx Na,O 1430 1250 2
8 BaTi;Crax  BaO 1451 1350 3 Ceo.15)(Tig 70 Ca0 554 (1150)
xFe,MgO g TiO, 22,68 (1300) xNbg 30)O; CeO, 17,02
hawthorneite  Cr,O; 28,77 nioboloparite TiO, 36,86
Fe,0; 30,22 Nb,Os 26,28
MgO 3,81 17 Ba(Tiy7Cry3)sO16 BaO 19,58 1350 2
9  NayFe,Ti;O;3 Na,O 7,94 1250 4 ankangite TiO, 57,13  (1300)
freudenbergite Fe,O; 20,45  (1150) Cr,05 23,29
TIOZ 71,61 18 Ca("[‘i()j()tAl()!15X CaO 18,56 1250 1
10 (Ca0,7Nao,3)x CaO 23,71 1300 2 XZI'(),15)306 TIOZ 55,51 (1 150)
x(Nbo7Tioisx Na,O 5,62  (1200) uhligite ALO; 7,59
XFCO!15)O3 NbZOS 56,20 ZI'OZ 18,35
latrappite TiO, 7,24
F6203 7,23

Table 2. Theoretical density (c,) and characteristic interplanar d-spacings of the
synthesized perovskites

Ne Pp, kKg/my d, nm Ne  p,, kg/m; d, nm

1 4040 0,270 - 0,191 -0,156 | 10 4380 0,274 - 0,389 - 0,194
2 5110 0,283 -0,231-0,200 | 11 3970 0,307 - 0,299 - 0,281
3 7950 0,390 - 0,284 - 0,276 | 12 3860 0,320 - 0,505 - 0,714
4 5330 0,274-0,389-0,194 | 13 4760 0,275-0,194 - 0,159
5 4280 0,276 - 0,390 - 0,195 | 14 4200 0,270 - 0,191 - 0,155
6 4800 0,293 -0,190-0,180 | 15 4150 0,382-0,269 - 0,191
7 4740 0,293 - 0,282 - 0,251 | 16 4770 0,275-0,194 - 0,158
8 5020 0,277 - 0,241 - 0,147 | 17 4330 0,320 - 0,247 - 0,223
9 4340 0,363 -0,310-0,191 | 18 4150 0,270 - 0,191 - 0,169

which is a preliminary thermal treatment in the tem-  place. The identification of the perovskite group of
perature range 900—1300°C, the perovskites are syn-  minerals is done using their characteristic d-spaces
thesized, but in the second stage from 1250 to 1350°C  given in table 2.

the annealing of the perovskite ceramic samples takes
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Table 3. Apparent density (p,,), shrinkage (S), water absorption (WA),
dielectric constant (&) and specific electrical resistivity (R) of the perovskite

technical stones
Ne Pap, kg/m’ S, % WA, % £ R, Q.cm
1 3640 3,50 0,98 201 1,8.10°
2 4860 4,61 0,13 114 438.10°
3 7550 9,28 0,13 235 1,9.10°
4 4800 8,12 0,29 164 5,0.10°
5 3850 7,43 0,32 170 1,3.10%
6 4320 422 0,39 82 1,2.10°
7 4270 424 0,44 65 43.10°
8 4520 4,60 0,11 146 1,3.10°
9 3910 4,01 0,24 105 1,1.10%
10 3940 457 0,31 197 1,1.10%
11 3900 10,2 0,34 230 7,5.10°
12 3740 12,4 0,06 240 1,3.10°
13 4280 6,57 0,18 306 2,5.10°
14 4120 4,43 0,04 244 3,0.10°%
15 3730 3,97 0,31 250 2,4.10°
16 4530 6,29 0,20 245 2,5.107
17 3900 437 0,42 237 1,8.107
18 3840 3,72 0,35 140 3,8.10°

The perovskite technical stones have monophase
composition and microgranular homeograinoblas-
tic texture. Average crystal size varies from 1 to 5 um
with exception of jeppeite crystals with size of 25 pm
(table 1). The apparent density of the technical stones
ranges from 3640 to 7550 kg/m? being 90—98 % of
the theoretical density (tables 2—3). They have shrink-
age from 3,50 to 12,40 % and water absorption from
0,04 to 0,98 % (table 3). Their specific electrical re-
sistivity varies from 1,3.10° to 5,0.10° Q.cm indicat-
ing that many of these materials are semiconductors
(10°+ 10 Q.cm). On the semiconductive-dielectric
boundary are positioned the samples of perovskite
(1), makedonite and latrappite (3—4), zirconolite and
zirkelite (6—7) and dysanalite (15). The relative di-
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range from 65 to 306.

Conclusion
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stones — perovskitites are prepared. They have
monophase composition and microgranular ho-
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sorption. Their specific electrical resistivity 1,3.10°-
5,0.10° Q.cm indicates that some of these materials
are semiconductors.
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Cunres Ha INEPOBCKUTHU U TEXHUYCCKHU KAMbHU HA THAXHA OCHOBA

JTwoomua bozadowcues, I'eopeu I'eopzues, Jumumosp Ilapawkesos

Pestome. [TocpencTBoM TBBpA0(]A30B CHHTE3 B TEM-  XOYTOPHEUT, JIATPAIUT, [UKENEUT U npuaeput. Ha
neparypaus uaTepBay oT 900 mo 1300°C ot Beme- OCHOBaTa Ha TE3W MUHEPAJIU Ca U3TOTBEHU IIEPOB-
CTBa C KBaU(UKALKS P ¥ pa Ca MOJYyYSHN IEPOBC-  CKUTOBUW TEXHUYECKU KAMBHU — IMEPOBCKUTUTH.
KHT, TAYCOHUT, JIyEIITUT, IONAPUT, KHOIUT, Mu3aHa-  OmnpeneseHu ca HIKOU TEXHU (PU3NKO-MEXaHUIHA U
JINT, HUOOOJIOMAPUT, AaHKAHTUT, QPORIEHOEPTUT, EJIEKTPUIHU CBOKCTBA.
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