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Synthesis of perovskites and perovskite based technical stones
Ljudmil Bozadjiev, Georgi Georgiev, Dimitar Parashkevov

Tmhudqrhsx “Oqne- cq- @rrdm Yk`s`qnu”+ 7/0/ Antqf`r+ Atkf`qh`: D,l`hk9 fsf0867?`au-af

Êey words: odqnurjhsdr+  rxmsgdshb odqnurjhsdr+ sdbgmhb`k rsnmdr

Introduction
Odqnurjhsd fqnto hmbktcdr lhmdq`kr vhsg bnllnm
enqltk` @1,wA1N5 vgdqd @ – B`+ M`+ Bd+ dsb+ A – Sh+
Ma+ dsb 'Êîrsnu+ 0882(- Odqnurjhsd B`ShN2 ̀ s sdlodq,
`stqdr tmcdq 027/ Ê hr nqsgnqgnlahb+ hm sgd q`mfd
027/,047/ J – sdsq`fnm`k+ ̀ mc ̀ anud 047/ Ê – bt,
ahb 'Ydkdymx+ 1//1: Qnldqn+ 1//1(- Sgd rtarshstshnm
ne Ñà `mc Sh hm sgd odqnurjhsd rsqtbstqd vhsg nsgdq
b`shnmr kd`cr sn nqcdqhmf hm b`kbhtl onrhshnmr `mc
sn nbbtqqdmbd ne cdedbsr hm nwxfdm onrhshnmr 'G`ydm+
0877(+ vghbg hr sgd qd`rnm enq sgdhq tmhptd oqnodq,
shdr- Sgd nwxfdm u`b`mbhdr b`trd cdenql`shnm ne sgd
odqnurjhsd rsqtbstqd `mc `qhrhmf `mshedqqndkdbsqhb
oqnodqshdr 'Onkkdqs+ 0877(-

Tgkhfhsd hr ` btahb lhmdq`k vhsg bdkk o`q`ldsdq
`n /+6543 ml 'Edjkhbgdu+ 0866(- Cxr`m`khsd onrrdrrdr
nqsgnqgnlahb rsqtbstqd ̀ mc dkdldms`qx bdkk o`q`l,
dsdqr `n /+434 ml+ aî /+667 ml `mc bn /+444 ml-
@bbnqchmf sn Rsqtmy '0866( hs hr btahb vhsg bdkk o`,
q`ldsdq `n /+65/ ml nq 0+428 ml- Mhnankno`qhsd hr
btahb vhsg o`q`ldsdq ne sgd dkdldms`qx bdkk ̀ n /+2770
ml 'Ìhqjhm+ 0850(- Yhqbnmnkhsd hr lnmnbkhmhb adknv
862°Ñ ̀ mc ordtcnbtahb ̀ s ghfgdq sdlodq`stqdr vhsg
o`q`ldsdqr ne sgd dkdldms`qx bdkk `n 0+132 ml+
aî /+615 ml+ bn 0+024 ml `mc β 0//+41° 'Adqdimnh+
086/(- Eqdtcdmadqfhsd hr lnmnbkhmhb vhsg bdkk o`,
q`ldsdqr ̀ n 0+12/ ml+ aî /+271 ml+ bn /+54/ ml `mc
β 0/6+2° 'F`qhm+ 0870(-

Sn sgd odqnurjhsd rsqtbstqd ne rnld bnoodq,bnm,
s`hmhmf nwhcd bnlontmcr hr qdkdu`ms nmd ne sgd fqd`s
chrbnudqhdr ne WW bdmstqx – sgd ghfg sdlodq`stqd
rtodqbnmctbshuhsx 'Rhldnmnu+ 0880: Atsbjnu+ 0887(-
L`fmdrhtl rhkhb`sd vhsg odqnurjhsd rsqtbstqd 'Lf,
RhN2 odqnurjhsd( hr l`hm bnlonmdms hm sgd rtoonrdc
bnlonrhshnm ne sgd D`qsg’r knvdq l`mskd 'J`ldmnu+
1//2: Rshwqtcd+ 0882(-

Experiment and discussion
Enq rxmsgdrhr ne sgd odqnurjhsdr `mc sgd odqnurjhsd
sdbgmhb`k rsnmdr – odqnurjhshsdr+ nwhcdr ̀ mc b`qanm,
`sdr vhsg p ̀ mc pa otqhsx ̀ qd trdc s`jdm hm ̀ lntmsr
bnqqdronmchmf sn sgd rsnhbghnldsqhb enqltk`d ne sgd
qdkdu`ms lhmdq`kr ne sgd odqnurjhsd fqnto9

odqnurjhsd B`ShN2+
s`trnmhsd RqShN2+
l`jdcnmhsd OaShN2+
k`sq`ohsd B`MaN2+ ktdrghsd M`MaN2+
yhqbnmnkhsd B`YqSh1N6+
yhqjdkhsd B`Yq'Sh/+6Ma/+04Ed/+04(1N6+
g`vsgnqmdhsd A`Sh2Bq3Ed3LfN08+
eqdtcdmadqfhsd M`1Ed1Sh6N07+
k`sq`oohsd 'B`/+6M`/+2('Ma/+6Sh/+04Ed/+04(N2+
idoodhsd 'J/+6A`/+2('Sh/+6Ed/+2(2N5+
oqhcdqhsd 'J/+6A`/+2('Sh/+6Ed/+2(7N05+
kno`qhsd M`BdSh1N5+ jmnohsd 'B`/+6Bd/+2(ShN2+
cxr`m`khsd B`'Sh/+6Ma/+2(N2+
mhnankno`qhsd 'M`/+6B`/+04Bd/+04('Sh/+6Ma/+2(N2+
`mj`mfhsd A`'Sh/+6Bq/+2(N2
`mc tgkhfhsd B`'Sh/+6@k/+04Yq/+04(2N6-

Sgd sdbgmnknfhb`k rbgdld enq oqdo`q`shnm ne sgd
odqnurjhsd sdbgmhb`k rsnmdr hmbktcdr9 fqhmchmf `mc
gnlnfdmhy`shnm ne sgd rs`qshmf onvcdqr → cqxhmf
→ oqdkhlhm`qx sgdql`k sqd`sldms → lhkkhmf `mc
oqdo`q`shnm ne odqnurjhsd oqdrr,onvcdqr → lntkc,
hmf ne r`lokdr → ̀ mmd`khmf- Sgd odqnurjhsdr ̀ qd rxm,
sgdrhydc ̀ s oqdkhlhm`qx sgdql`k sqd`sldms ne sgd r`l,
okdr hm sgd sdlodq`stqd q`mfd eqnl 8// sn 02//°Ñ+
enq 2/ lhm- Sgtr oqdo`qdc odqnurjhsdr ̀ qd rtaidbsdc
sn lhkkhmf+ lnhrsdmhmf vhsg v`sdq to sn 7 $ gtldb,
s`shnm+ fq`mtk`shnm sgqntfg rhdud /+4 ll ̀ mc ok`b,
hmf hm rd`kdc onkxdsgxkdmd a`fr enq 13 g- Eqnl sgdrd
odqnurjhsd oqdrr,onvcdqr ax ld`mr ne rdlhcqx oqdrr,
hmf ̀ s 4/ ÌÐà r`lokdr enq ̀ mmd`khmf hm sgd sdlodq,
`stqd q`mfd eqnl 014/ sn 024/°Ñ enq 2/ lhm ̀ qd oqd,
o`qdc-

Sgd bgdlhb`k bnlonrhshnm ne sgd rs`qshmf onv,
cdqr+ hcdmshb`k sn sgd bgdlhb`k bnlonrhshnm ne sgd
bnqqdronmchmf odqnurjhsdr+ sgdhq sdlodq`stqdr ne rxm,
sgdrhr+ sgd ̀ udq`fd bqxrs`k rhyd `mc sdlodq`stqdr ne
`mmd`khmf ne sgd odqnurjhsd sdbgmhb`k rsnmdr ̀ qd oqd,
rdmsdc hm s`akd 0- Sgd sgdnqdshb`k cdmrhsx ̀ mc bg`q,
`bsdqhrshb hmsdqok`m`q ro`bdr ne sgd odqnurjhsdr `qd
fhudm hm s`akd 1+ `mc rnld ogxrhb`k,bgdlhb`k `mc
dkdbsqhb`k oqnodqshdr ne sgd sdbgmhb`k rsnmdr hm s`akd 2-

@s sgd svn,rs`fdc bdq`lhb sdbgmnknfx ne rhmsdq,
hmf ne odqnurjhsd sdbgmhb`k rsnmdr+ `s sgd ehqrs rs`fd+
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S`akd 0- Bgdlhb`k bnlonrhshnm ne sgd rs`qshmf odqnurjhsd r`lokdr+ sdlodq`stqdr ne rxmsgdrhr ne
sgd odqnurjhsdr 'Òr(+ ̀ udq`fd bqxrs`k rhyd 'k`( ̀ mc ̀ mmd`khmf sdlodq`stqd 'Òe( ne sgd odqnurjhsd
sdbgmhb`k rsnmdr

vghbg hr ̀  oqdkhlhm`qx sgdql`k sqd`sldms hm sgd sdl,
odq`stqd q`mfd 8//–02//°Ñ+ sgd odqnurjhsdr ̀ qd rxm,
sgdrhydc+ ats hm sgd rdbnmc rs`fd eqnl 014/ sn 024/°Ñ
sgd ̀ mmd`khmf ne sgd odqnurjhsd bdq`lhb r`lokdr s`jdr

ok`bd- Sgd hcdmshehb`shnm ne sgd odqnurjhsd fqnto ne
lhmdq`kr hr cnmd trhmf sgdhq bg`q`bsdqhrshb c,ro`bdr
fhudm hm s`akd 1-

S`akd 1- Sgdnqdshb`k cdmrhsx 'ñð( ̀ mc bg`q`bsdqhrshb hmsdqok`m`q c,ro`bhmfr ne sgd
rxmsgdrhydc odqnurjhsdr

№ ρр, kg/m3 d, nm  № ρр, kg/m3 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 

№ Mineral Oxides, 
wt.% 

Тf, °С 
(Тs, °С) 
30 min 

la, 
μm № Mineral Oxides, 

wt.% 

Тf, °С 
(Тs, °С) 
30 min 

la, 
μm 

1 2 3 4 5 1 2 3 4 5 
1 CaTiO3 СаО    41,24 1350 3 11 (K0,7Ba0,3)(Ti0,7х K2O    10,35 1350 25 
 perovskite TiO2      58,76 (1300)   хFe0,3)3O6 BaO    14,44 (1300)  

2 SrTiO3 SrО     56,47 1350 2  jeppeite TiO2     52,66   
 tausonite TiO2      43,53 (1300)    Fe2О3  22,56   

3 PbTiO3  PbО    73,64 1200 3 12 (K0,7Ba0,3)(Ti0,7х K2O      4,59 1350 2 
 makedonite TiO2    26,36 (900)   хFe0,3)8O16 BaO      6,41 (1300)  

4 СаNbO3 СаО    29,67 1300 1  priderite TiO2      62,31   
 latrappite Nb2O5 70,33 (1200)    Fe2О3    26,69   

5 NaNbO3  Na2O  18,90 1250 2 13 NaCeTi2O6 Na2O    8,54 1300 2 
 lueshite Nb2O5 81,09 (1200)   loparite CeO2     47,43 (1200)  

6 CaZrTi2O7 СаО   16,54 1300 3   TiO2      44,02   
 zirconolite ZrО2    36,34 (1200)  14 (Ca0,7Ce0,3)TiO3  CaO    22,99 1250 5 
  TiO2    47,12    knopite CeO2     30,24 (1150)  

7 CaZrx CaO    15,78 1250 2   TiO2      46,78   
 x(Ti0,70Nb0,15x ZrО2     34,66 (1200)  15 Ca(Ti0,7Nb0,3)O3 CaO    36,93 1300 5 
 xFe0,15)2O7 TiO2     31,46    dysanalite TiO2      36,82 (1200)  
 zirkelite Nb2O5 11,22     Nb2O5  26,25   
  Fe2O3  6,47   16 (Na0,70Ca0,15x Na2O  14,30 1250 2 

8 BaTi3Cr4x ВаО    14,51 1350 3  Ce0,15)(Ti0,70x CaO      5,54 (1150)  
 xFe4MgO19 TiO2      22,68 (1300)   xNb0,30)O3 CeO2    17,02   
 hawthorneite Cr2О3    28,77    nioboloparite TiO2      36,86   
  Fe2О3   30,22     Nb2O5  26,28   
  MgO     3,81   17 Ba(Ti0,7Cr0,3)8O16 BaO    19,58 1350 2 

9 Na2Fe2Ti7O18 Na2O     7,94   1250 4  ankangite TiO2      57,13 (1300)  
 freudenbergite Fe2O3   20,45 (1150)    Cr2O3    23,29   
  TiO2      71,61   18 Ca(Ti0,70Al0,15х CaO    18,56 1250 1 

10 (Ca0,7Na0,3)x СаО    23,71 1300 2  хZr0,15)3O6 TiO2      55,51 (1150)  
 x(Nb0,70Ti0,15 х Na2O     5,62 (1200)   uhligite Al2O3       7,59   
 хFe0,15)O3 Nb2O5  56,20     ZrO2      18,35   
 latrappite TiO2          7,24        
  Fe2О3      7,23        
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Sgd odqnurjhsd sdbgmhb`k rsnmdr g`ud lnmnog`rd
bnlonrhshnm ̀ mc lhbqnfq`mtk`q gnldnfq`hmnak`r,
shb sdwstqd- @udq`fd bqxrs`k rhyd u`qhdr eqnl 0 sn 4 μl
vhsg dwbdoshnm ne idoodhsd bqxrs`kr vhsg rhyd ne 14 μl
's`akd 0(- Sgd ̀ oo`qdms cdmrhsx ne sgd sdbgmhb`k rsnmdr
q`mfdr eqnl 253/ sn 644/ jf.l2 adhmf 8/–87 $ ne
sgd sgdnqdshb`k cdmrhsx 's`akdr 1–2(- Sgdx g`ud rgqhmj,
`fd eqnl 2+4/ sn 01+3/ $ ̀ mc v`sdq ̀ arnqoshnm eqnl
/+/3 sn /+87 $ 's`akd 2(- Sgdhq rodbhehb dkdbsqhb`k qd,
rhrshuhsx u`qhdr eqnl 0+2-0/5 sn 4+/-0/8 Ω-bl hmchb`s,
hmf sg`s l`mx ne sgdrd l`sdqh`kr ̀ qd rdlhbnmctbsnqr
'0/4 ÷  0/0/ Ω-bl(- Nm sgd rdlhbnmctbshud,chdkdbsqhb
antmc`qx `qd onrhshnmdc sgd r`lokdr ne odqnurjhsd
'0(+ l`jdcnmhsd ̀ mc k`sq`oohsd '2–3(+ yhqbnmnkhsd ̀ mc
yhqjdkhsd '5–6( ̀ mc cxr`m`khsd '04(- Sgd qdk`shud ch,

S`akd 2- @oo`qdms cdmrhsx 'ρ`o(+ rgqhmj`fd 'R(+ v`sdq `arnqoshnm 'V@(+
chdkdbsqhb bnmrs`ms 'ε( ̀ mc rodbhehb dkdbsqhb`k qdrhrshuhsx 'Q( ne sgd odqnurjhsd
sdbgmhb`k rsnmdr

№ ρap, kg/m3 S, % WA, % ε R, Ω.cm 
1 3640 3,50 0,98 201 1,8.109 
2 4860 4,61 0,13 114 4,8.108 
3 7550 9,28 0,13 235 1,9.109 
4 4800 8,12 0,29 164 5,0.109 
5 3850 7,43 0,32 170 1,3.108 
6 4320 4,22 0,39   82 1,2.109 
7 4270 4,24 0,44   65 4,3.109 
8 4520 4,60 0,11 146 1,3.108 
9 3910 4,01 0,24 105 1,1.108 

10 3940 4,57 0,31 197 1,1.108 
11 3900 10,2 0,34 230 7,5.108 
12 3740 12,4 0,06 240 1,3.106 
13 4280 6,57 0,18 306 2,5.106 
14 4120 4,43 0,04 244 3,0.108 
15 3730 3,97 0,31 250 2,4.109 

  16 4530 6,29 0,20 245 2,5.107 
17 3900 4,37 0,42 237 1,8.107 
18 3840 3,72 0,35 140 3,8.108 

dkdbsqhb bnmrs`ms ne sgd sdbgmhb`k rsnmdr hr hm sgd
q`mfd eqnl 54 sn 2/5-

Conclusion

Eqnl rxmsgdshb odqnurjhsdr ax ld`mr ne rdlhcqx oqdrr,
hmf sdbgmhptd `mc `mmd`khmf hm sgd sdlodq`stqd
q`mfd 014/–024/°Ñ enq 2/ lhm odqnurjhsd sdbgmhb`k
rsnmdr – odqnurjhshsdr `qd oqdo`qdc- Sgdx g`ud
lnmnog`rd bnlonrhshnm `mc lhbqnfq`mtk`q gn,
ldnfq`hmnak`rshb sdwstqd Sgd odqnurjhshsdr g`ud ghfg
cdmrhsx+ bknrd sn sgd sgdnqdshb`k `mc knv v`sdq `a,
rnqoshnm- Sgdhq rodbhehb dkdbsqhb`k qdrhrshuhsx 0+2-0/5,
4+/-0/8 Ω-bl hmchb`sdr sg`s rnld ne sgdrd l`sdqh`kr
`qd rdlhbnmctbsnqr-
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