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Metonamu rpaBumerpuu, [[TA, POA u UK-cneKTpocKOIUY U3yUYEHBI CTAAUN U
IIPOMEKYTOUHBIEe IHPOAYKTHI TEPMUYECKOTO PAal3OKeH!A TUTAHMJIOKcAIaTa
PbH,[Ti0,(C,0,),]-4H,0 un nupkonmioxcanara ceusuma Pb[Zr0O(C,0,);]-6H,0, —
IIPEeKyPCOPOB TUTAHATA U IIUPKOHATA CBUHIIA. [loKa3aHO, YTO peaKkI[isid CUHTE3a
TIEPOBCKUTA MMPOTEKAET 10 HECKOJIBKUM MapaJlieIbHBIM BETBSIM, YaCTh U3 KOTO-
PBIX BEAET K cuHTe3y HaHOKpucTtaaaundeckoro PbTiO; niau PbZrO,. Beixox mpo-
IYKTOB IIO 3TUM BETBAM BO3DACTAET C yBeJIUUEHNEM CKOPOCTH Harpesa.

Metomamu rpasimerpii, [ITA, P®A ta IY-cnekTpockorii BuBUeHO cTaii Ta mpo-
MiKHI MPOAYKTU TepMiuHOro poskJany TutaHigokcanary PbH,[TiO,(C,0,),]x
x4H,0 Ta mupkouijgokcanary oausa Pb[Zr0O(C,0,);] 6H,0 — mpexypcopis Tura-
HATy Ta MUPKOHATY oJnBa. IloKkasaHo, 110 peaKIlis CUHTe3! IIePOBCLKITY mepebi-
rae 3a KiJbKOMa IapaJjejbHUMU TiJIKaM1, YaCTUHA 3 AKUX IIPU3BOAUTH IO CUHTE-
3u Hanokpucramiyaoro PbTiO; a6o PbZrO,. Buxin npoaykTis 3a numu riikamu
301IBIITYETHCA 31 3pOCTAHHAM HIBUAKOCTH HATPiBY.

By means of gravimetry, DTA, XRD and IR spectroscopy, the stages and in-
termediate products of thermal decomposition of lead titanyloxalate
PbH,[Ti0,(C,0,),]-4H,0 and lead zirconyloxalate Pb[ZrO(C,0,);]-:6H,0 used as
precursors in lead titanate and lead zirconate synthesis are studied. As shown,
the decomposition process proceeds through several parallel routes and some of
them result in synthesis of nanocrystalline PbTiO; and PbZrO,. The output of
products via these routes increases with an increase in heating rate.

KaroueBbie c10Ba: OKCAJIATHBINA IIPEKYPCOP, HAHOKPUCTALINYECKOE COeIUHe-
HUe, (a30Bble IIePexoabl, MEXaHN3M CHUHTEe3a, IEePOBCKUT.

(ITonyueno 18 oxmasaodps 2010 e.)
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1. BBEJEHUE

IKCIepUMeHTaJIbHO YCTAHOBJIEHO, UTO IPU (POPMUPOBAHUY CTPYKTYPHI
KepaMUKHU C YMEHBIIIeHNeM ee CTPYKTYPHBIX 3JIEMEHTOB OO0 HaHoMac-
IITA0HOTO YPOBHSA MPOABIAIOTCA 3(p(heKThI, CYIIIeCTBEHHO N3MeHAI0IIIe
CBOMCTBa PYHKIIMOHAJILHBIX MaTepuasos [1, 2]. [I1d momyuyeHus Ibe3o-
KepaMUKHU C OTHOPOJHOM HAHOCTPYKTYpPOU HeoOXOOMMO HeTabHO HC-
cJeIoBaTh 3aKOHOMEPHOCTH CHHTEe3a HaHOJUNCIIEPCHLIX MOPOIIKOB, B
YaCTHOCTH, 13 OKCAJIATHBIX IPEKYPCOPOB.

IIpuBemenubie B JaUTepaType MeXaHM3Mbl TEPMOIECTPYKIIUU OKca-
JIATHBIX IPEKYPCOPOB He 00'bIACHSAIOT SKCIePUMEeHTAIbLHO HabIogaeMble
ocobeHHOCTHU cuHTe3a nepoBcKuToB [3]. Tak, psax aBTOpoB mpeamoJiara-
eT, UTO IPU TEPMHUUYECKOM PAa3JOKEeHHN OKCAJATHBIX IIPEeKypCcopoB,
HampuMep TuUTaHaTa Oapus, obpasyiorcsa coeguHenusa Ba[TiO(CO),],
BaTiO;, Ba[TiO4(CO)], Ba,Ti,05(CO;3) u T.A. CcyIlllecTBOBaHME KOTOPHIX
SKCIIEPUMEHTAJbHO He T0Ka3aH0, I UX CTPYKTYPY TPYIHO O0BACHUTD.

Pamee aBTOpamMmu HacTosAllell CTaTbU OBLIIM AETAJIbHO HMCCJIETOBAHEBI
MeXaHM3Mbl TePMOIECTPYKIIMH OKCAJaTHBIX IIpeKkypcopoB BaTiO,,
SrTiO;, BaZrO; u mpoMe:KyTOUHBIX IPOAYKTOB UX pacHaga, HaIpuMep
TiOC,0, [4—6]. YcTaHOBIEHO, UTO IPU TEPMOIECTPYKIIUU TUTAHUIMO-
HOOKcaJiaTa obpasyeTcdA pAl MOJUTUTAHUIKapOOHATOB ¢ 001Ieit hopmy-
Joii Ti,0,, ;CO;. ITo aHHBIM TEPMOTPABUMETPUY BBIAEISIIOTCA CTAAUU C
Beauuuuoiin=1, 2,4 u 26 [6].

Ilens ucciemoBaHUIT — M3yUYeHHEe MeXaHU3MAa U KMHETUKU TEPMU-
YeCKOTO PAa3JIOKEeHHUA OKCAJATHBIX IIPEKYPCOPOB ITMPKOHATA U THUTA-
HaTa CBUHIIA.

2. METOJUEKHU 9KCIIEPUMEHTOB

Ha mepBoii cragum cuHTe3a OKCAJaTHBIX IIPEKYyPCOPOB MOJIydaau THU]-
pokcuabl Zr u Ti mpaAMBIM ocasKJAeHUeM 13 PaCTBOPOB XJiopuaos (2—-2,1
M) BoguBIM pacTBOPOM amMMuaka (4,4—4,5 M):

ZrOCl, + 2NH; + 2H,0 — H,Zr0,! + 2NH,C],
TiCl, + 4NH, + 3H,0 — H,TiO,! + 4NH,CI.

ITonyuennsle BIakHbBIEe ocagku (comep:xkaHue BoAbl 85—90% ) oTMBI-
BaJI OT SJIEKTPOJUTA MUCTUJIJIUPOBAHHON BOJOIM B CJIo€ HAa BOPOHKE
Broxuepa moa BakyymoM, 1o orcyTeTBusa Cl™ (mpoba mo AgNO;,).

MeTamupKoHMeBasa KUCJI0TA MOJHOCTHIO PACTBOPAETCA JIUIIH IIPU 00-
Pa30BaHUM TPHUALEHTHOIO KOMILIEKCA, II09TOMY IPH PACTBOPEHUU B
KHCJIOM OKCAJaTe aMMOHUSA Heo0X0AUMO T00aBIATH 9KBUMOJIAPHOE KO-
JITUECTBO CBOGOMHOI I1laBeJIeBOM KMUCIOTHI:
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H,ZrO; + 2NH,HC,0, + H,C,0, — (NH,),H,[Zr0(C,0,);] + 2IL,0.

BuaxkHBIN ocaoK MeTaTUTAHOBOM KUCJIOTHI PEeNyJbINPOBAJIN B IU-
crunnupoBauuoil Boge (T:dK =2:1), marpesaau go 50-60°C um pac-
TBopaau B 2M pacTBope KHCJOTO oKcasata ammouusa npu T = 60°C:

H,TiO; + 2NH,HC,0, — (NH,),H,[Ti0,(C,0,),] + H,O.

Hna ocamxIeHUs TPEKYPCOPOB B IOJNyUYeHHBIE OT(MUILTPOBAHHEIE
pacTBOPHLI OKcaJaTHBLIX KOMILJIEKCOB, IIOAAep:KuBadA 3HaueHue pH B
uHTepBase 4—5 mpu Temmeparype T =80°C m MHTEHCUBHOM IIepeMe-
muBaHuu, npuausaan 1.5M pacTBop HUTpaTa CBUHILA:

(NH,),H,[ZrO(C,0,);] + Pb(NO,), + 6H,0 —
— 2NH,NO; + PbH,[ZrO(C,0,);] 6 H,0.,
(NH,),H,[Ti0,(C;0,).] + Pb(NO;), + 4H,0 —
— 2NH,NO; + PbH,[Ti0,(C;0,),]-4H,01.

ITonyuennsie mocyie GUIAbTPAIIUYA OCATKN OTMBIBAIOT HA BAKYYMHOM
buapTpe IUCTUIINPOBAHHON BOIOM.

OTMBITBIE OCaIKW BBICYIIIMBAJIM B BaKyyMHOH CYINIUJIKE NOpPHU
T=120°C u AP =0,07 MIla.

PenrrenodasoBerii ananus (PPA) mCXOAHBLIX IPEKYPCOPOB U MPO-
IYKTOB MX TepMOJIM3a BLINOJHAJU Ha nudparxtomerpe [IPOH-3 B or-
dunsrpoBanaoM CukK,-usnyuenuu. MK-cmeKTphl cHUMAaJIM Ha CIEK-
tpomeTrpe Brucker Tenzor Ne27. Tepmuueckuit ananus (ITA u TT') BoI-
nmosuAau Ha gepusarorpagde Paulic-Paulic-Erdei.

3. OKCIIEPUMEHTAJIBHBIE PE3YJIBTATDBI

PesynabraTel uccaenoauuii meromamu ITA, POA u MK-cumexkTpocko-
OUU IpeJcTaBJIeHbl Ha puc. 1, 2, 3. OTHeceHUe I'PYIIIIOBLIX YACTOT KOJIe-
0aHuil B CIEKTPaX OKCAJATHBIX IIPEKYPCOPOB U IIPOAYKTOB NX TePMUUE-
CKOT0 pasJyiokeHusd [ 7] mpeacraByieHo B TadJI. 1.

A ymobcTBa ompefesieHUs COCTABOB IPOMEKYTOUHBIX ITPOAYKTOB
TepMOJIM3a IIPeKypcopa PacCUMTHIBAIU IIpHBefeHHy0 maccy M,, —
Maccy obpasiia mpeKypcopa UM MPOAYKTOB eTo PasjioKeHusd, COOTBET-
CTBYIONTYIO OJHOMY MOJII0 KOHEUHOTrO MIPOAYKTAa CUHTe3a — ITMPKOHATAa
WM TUTaHaTa CBUHIA — M,

an = man,}c /m,, (1)

rge m u m, — TeKYyIllee U KOHEUHOEe 3HaY€HMEe MAaCCHI o6pa3ua.



324 B. M. IIOTUBKO, B. B. IPUCEJICKIH, U. JI. CUJAK, H. I'. KUCEJIb

A

B
B B
B
I
?K S S 1 r'

—_ LN
= W
200 400 800 T, °C 200 400 600 80OT, °C
a )

Puc. 1. Kpussie TT' u ITA TepMOAeCTPYKIINU IIPEKYPCOPOB IIPU CKOPOCTH
Harpera 10°C/MuH: ¢ — IUpPKOHATa CBUHIA; 6 — THUTaHATa CBUHIIA.
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Puc. 2. UK-cuexktpsi: a) I — ucxopmoro Pb[TiO(C,0,),]; mpoaykToB TepMOJIH-
da: 2 — mpu T =360°C, 3 — mpu T =950°C; 6) I — ucxopuoro Pb[ZrO(C,0,).],
npoaykToB tepmoaiusa: 2 — upu T =360°C; 3 — mpu T =900°C, 4 — mupu
T =950°C, Brigep:kKa 90 MuH.

IIpuBenennas macca o0pasma paBHa MOJIAPHOI Macce oqHO(MA3HOTO
IPOAYKTa pasjoKeHus (B pacuere Ha oguH Moab Pb u Ti unu Zr), a gnsa
CMeCHU BelIlleCTB JIETKO OIIpeJleJIgeTCs 0 IPaBUIy aAJUTUBHOCTY MOJIAD-
HBIX Macc:

M,, = ZMx (2)

i=1
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Puc.3. udparrorpamma npoayxToB tepmoausa: a) Pb[ZrO(C,0,),] mpu
T =360°C, A — ¢asza o-PbO, B — dasa B-PbO, C — x-dasa; 6) Pb[TiO(C,0,),]
npu T = 360°C, oo — smuum nepoBckuTta PbTiO;, A — dasa a-PbO, B — dasa -
PbO, C — x-¢asa.

TABJINIA 1. OrHecenue IpyIIOBBIX YAaCTOT KOJeOaHMUIA.

Aromuas rpynna |Yacrora, cm ! Moasr Kosebanmii

CO,2

ITepoBckuTter ABO,

750—990
1100-1600
1310-1320
1640-1650

860-1080
1410-1450
1700-1750

180-210
410-450
920-1010
1050-1200
1420-1480

2 HUBKOYACTOTHBIX BAJIEHTHBIX
3 BBICOKOYACTOTHHIX BaJIEHTHHIX
nedopManOHHOE

BasenTHOe Ienouku C, B C,0,%

2 HUBKOYACTOTHBIX BAJEHTHBIX
BBICOKOYACTOTHOE BAJIE€HTHOE
BaJsieHTHOe rpymnnsl CO

BaJIeHTHBIe KoJyiebarus A—O
HUBKOYACTOTHBIE Aedopmalinontbie B—O
HHU3KOYacTOTHLIEe BajleHTHBIe B—O
BBICOKOYACTOTHEIE Aepopmarinomabie B—O

BBICOKOYACTOTHBIE BajieHTHBIe B—O

Te X; — MOJbHAdA J0JA i-T0 KOMIIOHEHTa cMecH (TI0 OTHOIIIEHUIO K OfI-
HOMY MOJIIO TepoBcKuTa). ComocTaBieHne BeIudnHbl M, ¢ MOJIAPHBIMHI
MaccaMu TpPeAIoJaraeMblX MPOAYKTOB PAa3JIOKEeHUA ITO3BOJIAET
HATrJISATHO aHAJIHU3HUPOBATH BO3MOKHEIE MEXAHU3Mbl TEPMUYECKOI'0 pac-
majna.

PesynbTaThl pacueToOB COCTABOB II0 MIPOMEKYTOUHBIX ITPOAYKTOB
TepMoAecTpyKIiuu ypaBuHeHusM (1), (2) maA cKopocTm HaTpeBaHU
ob6pasmoB 5 u 10°C/MuH mpuBeneHbl B Taba. 2—5.
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TABJIAIIA 2. CocTaBbl IPOMEKYTOUHBIX IIPOAYKTOB TEPMUUYECKOT0 Pa3JIoKe-
uusa Pb[Zr(C,0,);]'nH,0. CkopocTs Harpea — 5°C/MuH.

ITos. TI1 T, °C |m, MI‘| M, | Cocras
A 20 206 660,8 Pb[Zr(C,0,);]'5,56H,0
B 160 185,1 593,7 Pb[Zr(C,0,);]-1,7H,0
B 267 175,2 561,8 0,98Pb[Zr(C,0,)5] + 0,02Pb[Zr(C,0,),CO;]
r 358 113,5 364,0 0,2(a-PbO + ZrO,(am.)) + 0,8(SZr,05,CO; + a-PbO)
Ji| 528 109,5 351,2 0,57PbZrO, + 0,43(jZr,0,CO; + B-PbO)
E 745 108,1 346,7 0,833PbZr0O;+ 0,167(1/26Zr,;05,CO; + B-PbO)
K 940 108,0 346,42 PbZrO,

TABJIAIIA 3. CocTaBbl IPOMEKYTOUHBIX IIPOAYKTOB TEPMUUYECKOTO Pa3JIoKe-
uusa Pb[Zr(C,0,);]'nH,0. Ckopocts HarpeBa — 10°C/MuH.

ITos. TI1 T, °C |m, MI‘| M, | CocTaB
A 20 198 659,5 Pb[Zr(C,0,);]-5,4H,0
B 168 177,4 591,0 Pb[Zr(C;0,);]-1,6H,0
B 277 167,1 556,7 0,79Pb[ZrO(C,0,);] + 0,21Pb[Zr(C,0,),CO;]
r 365 108,7 362,0 0,3(a-PbO + ZrO,(am.)) + 0,7(SZr,0,CO; + o-PbO)
a 533 104,9 349,5 0,72PbZrO; + 0,28(jZr,0,CO; + B-PbO)
E 750 104,1 346,6 0,879PbZrO;+0,121(1/26Zr,,05,CO; + B-PbO)
H 950 104,0 346,42 PbZrO;

TABJIAIIA 4. CocTaBbl IPOMEKYTOUHBIX IIPOAYKTOB TEPMUYECKOT0 Pa3JIoKe-
uuda PbH,[Ti0,(C,0,),]-nH,0. CkopocTs Harpera — 5°C/MuH.

ITos. TI1T, °C| m, MT | M, | CocTaB
A 20 204 5285 PbH,[Ti0,(C,0,),]-3,48H,0
B 175 183,2 474,6 Pb[TiO(C,0,),]1,52H,0
B 250 169,2 438,3 0,685Pb[TiO(C,0,),] +0,315Pb[TiO(C,0,)CO,]
0,081(0i-Pb0 + TiO,(am.)) +
I' 320 136,8 354,3 +0,919(PbCO, + 1/26Ti,0,,CO,)
0,081PbTiO; + 0,255(0-PbO + 1/26Ti,,05,C0;) +
A 370 128,9 333,9 +0,664(PbCO, + 1/26Tis0,,CO5)
E 585 117,3 303,8 0,582PbTiO,+ 0,418(8-PbO + 1/26 Tin0,,CO;)
K 740 117,0 303,09 PbTIO,

4. OBCYRIEHHUE PE3YJbTATOB 9KCIIEPUMEHTOB

W3 pesyabTaToOB TEPMOTPaBUMETPHUN BUAHO, UTO yAaJeHHEe BOIAbLI U3
00pasioB nporekaer B ABe craguu — ADB u BB:
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TABJIAIIA 5. CocTaBbl IPOMEKYTOUYHBIX IPOAYKTOB TEPMHUYECKOTO PasJjio-
skenusa PbH,[TiO,(C,0,),] nH,0. Cxopocts Harpera — 10°C/mMuH.

ITos. TI1T, °C| m, mr | M, | Cocras
A 20 202 527,8 PbH,[TiO,(C,0,),] 3,48H,0
B 180 179,7 469,6 Pb[TiO(C,0,),]-1,25H,0
B 255 167,3 437,1 0,64Pb[TiO(C,0,),] + 0,36Pb[TiO(C,0,)CO;]
r 330 134,9 352.6 0,111(0-PbO + TiOy(am.)) +

0,889(PbCO, + 1/26Ti,;0,,CO,)
0,111PbTi0, + 0,43(0-PbO + 1/26Ti,0,,C0,) +
375 124,3 3248 +0,459(PbCO, + 1/26Ti,0,,C05)
600 116,2 303,6 0,699PbTiO,+ 0,301(B-PbO + 1/26Ti,;0,,CO,)
745 116,0 303,09 PbTIO,

e

Pb[Zr(C,0,)]-6H,0 — Pb[Zr(C,0,);] H,0 + 5H,0 (20-170°C),
Pb[Zr(C,0,)s] H,0 — Pb[Zr(C,0,)s] + H,O (170-280°C) u
PbH,[Ti0,(C,0,),]-4H,0 — Pb[TiO(C,0,),] + H,0 + 4H,0 (20-180°C),
Pb[TiO(C,0,),] H,0 — Pb[TiO(C,0,),] + H,0 (180-250°C).

ITOT BBIBOJ COOTBETCTBYET Pe3yJbTaTaM CTPYKTYPHBIX HCCJIeTOBAHUI
[8, 9], cormacHO KOTOPHIM MOJIEKYJIBI BOABI B TPUOKCAJIATOIMPKOHATAX
11139 mo-pasHOMY KOOPAWHUPYIOTCA MEXKIY W BHYTPHU CJ0€B, 00paso-
BaHHBIX nmoaudapamu ZrOg u MeQOg.

IIpu TepMoOAeCTPYKIIMHU OKCAJATHBIX IIPEKYPCOPOB MOTYT 00pa30BbI-
BaThCSA TOJBKO OKCAJATHI, KapOOHATHI, UX OKCUIIPOM3BOIHbBIE NI OKCH-
nul. Kak okcasaT-moHBI, TaK 1 00pasymoluecs Ipu UX pacmajne Kapbo-
HaAT-UOHBI, KOOPAUHUPOBAHLI KOBAJEHTHLIMHU CBA3AMHU Uepe3 aTOMBI
Kucjopoaa, obpasysa ogHotunHbie menouku Me—0—C—. IlosTomy Bepo-
ATHOCTH paclaja KoopAuHupoBaHHEIX noHoB C,0,%” m CO,* comocTaBu-
MBI, UTO CO3JaeT YCJOBHUA AJA MPOTEKAHUS Pa3JIOKeHUS OKCAJATHBIX
MIPEeKYPCOPOB II0 HEeCKOJIbKHUM IIapaJlieJbHBIM PeaKIuaM.

IIpu TtepmomecTpykiuu npexkypcopa PbZrO; ma yuactxe BI', B un-
TepBayie Temiepatyp 260—300°C, mpoTeKaioT CIeayolue Iapaijesb-
HBbIe PeaKIluu:

Pb[Zr(C,0,)s] — Pb[Zr(C,0,),CO,] + COT,
a) Pb[Zr(C,0,),CO;] — Pb[ZrO(C,0,)CO;] + CO,T + COT,
Pb[ZrO(C,0,)CO,] — ZrOC,0, + PbCO;,

a npu temneparype Boiilie 300°C pasiaaraerca MUPKOHUJIOKCAIAT:

27r0C,0, — Zr,05C0; + CO,T + 2COT,
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0) Pb[Zr(C,0,)CO;] — Pb[ZrO(COs),] + COT,
Pb[ZrO(CO;),] — PbCO; + ZrO,(amopd.) + CO,T.
Anmopdusiit ZrO, yacTUUYHO KPUCTAJJIU3YETCS B BUIe HUBKOTEMIIE-

paTypHOil IICeBAOKYyOMUeCcKoi (pasbl.
Amnanornuso nporekaer pacmnaja mpexypcopa PbTiO,:

Pb[TiO(C,0,),] — Pb[TiO(C,0,)COs] + COT u T.x.

Ilo smuTepaTypHBIM AAHHLIM KapOOHAT CBUHIIA HaYMHAET pasJjia-
ratbcsa npu Temmepatrype T > 300°C. B [10] mpuBeneHbI pes3yJIbTaThl
nccaeq0oBaHUIl IIpoIlecca TePMHUUECKOTO paciiaza KapOboHaTa CBUHIIA:

2PbCO, —283YC 5 PHCO,-PbO + CO,1,
3(PbCO; PbO) —204%C 5 2(PhCO,-2PbO) + CO,1,
PbCO,-2Pb0 —2%47C 5 34-PbO + CO,1,
0-PbO —2030C 5 3.phO.

B BozayimHO# cpeme mpu Temmeparypax B mHTepBajsie 480—-550°C
MOJKET IIPOTEeKATh PeaKIlus:

6PbO + 0, — 2Pbs0,.

ITockonbKy 1OHOE pasjiodkeHHe KapboHaTa HaCTyIlIaeT IpU
T >470°C, B IpOoAYKTAaX paclaja Ha 3TOM CTaAUU MOYKET COLepPKaThb-
¢ HEKOTOPOe KOJIMUYEeCTBO KapOoHAaTa CBUHILA.

Ha yuactke I'Il, B uatepBase Temmepatryp 280-365°C miasa mpexkypco-
pa PbZrO; m B unrepBase temmeparyp 260-330°C mas mpexypcopa
PbTiO;, porCXOIUT CHUHTE3 IePOBCKUTA 13 AMOP(PHBIX JUOKCUIOB:

0-PbO + ZrOys0pp) = PHZr0O;,
0-PbO + TiOypopp.) = PbTiO;.
IIpu rTemmepatrype T >550°C mpoucxXomuT pasaoKeHHe ITOJUIUP-
KoHMJIKapboHara, a mpu T > 457°C — moauTuTaHMIKapOOHAaTa:
Zr3605,C05 — 26 0-ZrO, + CO,T,
Tiy05,CO5 — 26 0-TiO, + CO,T.
ITockonsky o-TiO, (amaras), 0-ZrO, (IIceBIOKYyOMUYEeCKUIN WM MOHO-

KJIUHHBINA) 00pa3yioTcAa B HAHOIUCIIEPCHOM COCTOSHUM, TEeMIIEPATYPhI UX
KpUCTAJLIN3ANA 1 (PA30BLIX IIEPEXOJOB CMEIAITCSI B 00JacTh 0oJiee
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HusKux temneparyp [11]. UsBectHo [12], yTo BOM3U TeMIiepaTypsl da-
30BBIX II€PEX0JJ0B KPUCTAJINUECKAA PellleTKa TePAeT YCTONINBOCTb, YTO
IIPUBOJUT K PE3KOMY YBEJINUEHNIO XUMUYECKO aKTUBHOCTH BEIleCTBA U
Ha TeMIIepaTypHOM MHTepBaJe (pa3oBoOro nepexoia IPOTeKAaIOT PEaKIIIN:

o-PbO + a-ZrO, — PbZrO,,
o-PbO + 0-TiO, — PbTiOs.

ITokasano [13, 14], uTo (hopMuUpoOBaHTe CTPYKTYPHI IIEPOBCKUTA IPO-
WCXOIUT B pedyabraTe Auddysun, HaupuMep, MOHOB 6apuA U KUCIOPO-
Ia, B KpuctamanuecKyio pemretky TiO, uau ZrQO,.

ITpu T = 540°C npoucxoauTt dhasossiii mepexo o-PbO — B-PbO. IIpu
remnepatypax Bbiire 700°C mpoucxogar (GasoBbie IIepexoanbl aHaTasa B
PYTHJI U TCEeBIOKYOMUYECKOM MM MOHOKJMHHON mMomuburanuu ZrO, B
TeTParoHaJIbLHYIO:

0-Zr0O, — B-Zr0,,
o-Ti0, — B-Ti0,.

ITosunrii cuares PbZrO,; sasepmraerca npu T > 900°C, a PbTiO; —
apu T > 745°C mo peakIusaM:

B-PbO + B-ZrO, — PbZrO,,
B-PbO + B-TiO, — PbTiO,.

CxeMBl MEXaHM3MOB paclajia OKCaJaTHBIX NPEeKYPCOPOB IIPeaCcTaB-
JeHBI Ha puc. 4.

ITonu:keHue TeMIepaTyphl (PasoBOr0o Ilepexoja aHaTas — PYyTUJI C
T;=850 go 730°C u gna ZrO, o — B (rerparonanshslit) ¢ T,=1175 no
860°C obycuoBieHo HaHoauciaepcHbIM cocTtossHueM TiO, u ZrQO,, KoTo-
pbIe 00pas3yIoTCs IPU TePMUYECKOM paciiajie OKcaJaTHOTO IIpeKypcopa.

Jns HaHouacTHIl auaMeTpoM d TeMIiiepaTypa (PasoBOro Iepexoia
T4 pasHa [11]:

c
T, =T|1-=], 3
f(d) f( dJ ()

rae Tyq), T; — TeMuepaTypsl ()a30BOTO IIepexofa AJIA KPUCTAJIA C Pas-
MepoM d U A5 OECKOHEUHOI'0 KPUCTAJLIA, COOTBETCTBEHHO, ¢ — CTPYK-
TYPHBIN IIapaMeTp, KOTOPLII MOKeT ObIThH ompenesieH mo gaHHbeiM MKC
IJIA BAJeHTHBIX KoJsiebauuii BO uiam paccunTaH Mo ypaBHEHUIO:

4aV, 6"  3m
cC=—+ ——
C 4k

v(d)

2
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T, °C TIpOXYKTSI pRCRASA
Te AHM:TJJ’ n0
T ‘Mtlzodzf
T AfBOCOJCOY
PR
! l
A[BO(COY Aco,Iaaczc»
1‘[33100:1 400:‘;' %BA0,CO,
] ACO, +i%3401001
Ty ACOs+ BOxmwopd) ACOy+ Y, Br0sCO;s
a” }
Te o4O + BOsmwpd) ACOs + }é By COy
ml l
T ABO, aAO+ ¥ BiOyCOs+ aBO;
* !
T ABOs  pAO+ Jf BrDyCO B-BO;
B-A0+ g -BO;
T ABO,

Puc.4. Cxema TepMHUYECKOIr'0 paciaja OKCAJATHOrO IpPeKypcopa ITMPKOHATA
cBuHIa, rae A — Pb, B — Zr nuu Ti.

rge a — Ko3(P(pUIMeHT TepMUUYEeCKOT0 pacinmpeHus; V,, — MOJBbHBIA
06beM; 6© — CBOGOAHAS YHEPIHUs HMOBEPXHOCTH HaHOYACTUIBI; Cu g —
M30XOpHAs TEIJIOEMKOCTh HAHOYACTHUIILI; K. — BOJIHOBOE YKCJIO JJIs
0eCKOHEUHOr0 KpHucTaJjJja.

OmeHouHLIII pasMep HAHOYACTUIL, IOJYUYEHHBIH IO ypaBHeHUIo (3),
nasa TiO, pasen 3 um, a gaa ZrO, — 2,3 HM.

HawubGosee ob6imee ypaBHeHHMe KMHETHKU HEU30TEPMHUUYECKOTO Tep-
MHUUYECKOTO PasJIoKeHUA TBEPAOro BerlecTBa mMmeeT Bun [15]:

o _ A P (1- ),

dT B
rme o — J0JiA IpOopearupoBaBIIero BeIlecTBa; § — CKOPOCTh HArpesa;
A — TpemsKCHOHEHIINANLHBINA MHOMKUTENb; £ — 9Heprua akTUBAIIUN;
R — yHuBepcaJgbHas rasoBas IIOCTOSHHAasA; 1T — TeMmmeparypa; n —
KaKyIIUNCcsa IMOPANOK PeaKIInu.
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PasznenuB nepeMeHHbIe 1 TPOUHTEIPUPOBAB, MOJIYUUM PaBEHCTBO U
pemiuM ero:

1-«o
1 oc doc——J.eA”dT ~ - =
1

U

o

roge xomcranta A’ =AIl,. Unarerpan I, OpakTHYecKW He 3aBUCUT OT
CKOopocTu HarpeBa. IIpeo0pasoBaB IOJyUYeHHOE YypaBHEHUE OTHOCH-
TeJbHO O, W HpupaBHaB A’ =[(1—n)A'J%‘”, C Y4eToM TOro, d4YTO
1
oy =1 - o momyunm: o, = AP mam o, = AB” .
Il ompemeneHUs MOCTOAHHBIX B YPABHEHUAX PACCMOTPHUM CHUCTE-
My YpaBHEHWUI [JIsi JBYX CKOpocTeil HarpeBa — [, u [y

- AB]

Oiz) = A:B;h

PaspmenuB mepBoe paBeHCTBO Ha BTOPOe, IIpojorapudpMupyeM u pe-
UM II0JIy4YeHHOe ypaBHEHUeE:

o
n =lg| % lg(ﬁlj. (4)
()

IToxcraBuB HalifjleHHOe BHAYEHME 7, B ypaBHEHME [Jd O, U IPeod-
pPasoBaB ero OTHOCUTENBHO A, MOJydYuM:

A =q, /B . (5)

W3 mapabix Tabua. 2—5 HaliieM CTeleHW IIpeBpallleHus O, IPOAYK-
TOB paclajga B IEPOBCKUT II0 OTAEJbHBIM BEPBAM TE€PMOECTPYKIIUU
oT cKopocTu Harpesa o6pasia [°C/mun:

o,=(C,-C)/1-Cy),
rae C, — 10JIs HEPOBCKUTA B IPOLYKTAX PA3JIOKEHU i-BETBH IIpoOIecca.
B COOTBETCTBHH CO CXEMOH TEPMUYECKOr0 pAaclaa OKCAJIATHBIX
IPEKYPCOPOB HOJIS IIEPOBCKHUTA, OOPA30BABIIErOCS IO HEPBOIl M BTO-
POl HUBKOTEeMIIepPATYPHOII BeTBU IIPOIECCA, COOTBETCTBEHHO PABHBI:

Olyyy = Oy, Ol = Olp(1 — 0ly).

ITogcTaBuB umcaeHHbBIe 3HaUeHUA B ypaBHeHusd (4), (5) mas PbZrO,,
MOJIYUMM:
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o a

, °C/MuH
15 30 45
6
Puc. 5. 3aBucumocTs oy 00pasyroIerocs IePOBCKUTA — (L OT CKOPOCTHU
HarpeBa — [, mo: 1 u 2 — HuU3KOTEMIEpPaTypHOU; 3 — BBICOKOTEMIIEPATYD-

HOI BeTBU IIpoliecca TEePMOJECTPYKIIMU OKCAJATHOTO IpeKypcopa; 4 — cyM-
Ma poseit mo 1 u 2 BetrBu: a — PbZrO;, 6 — PbTiO;.

0= 0,3313B%%7, 0y, = 0,726 717 — 0,241B%%, o, = 1 — Oty — Olyes
nast PbTiO,:
Ox = 0,089B%%%, 0y, = 0,348B%%™ — 0,0136B% ™4, 01, = 1 — 04y — Olgyes

rae MHAEeKChl 1H 1 2H — OTHOCATCA K HU3KOTEeMIIepaTyPHBIM, a BT — K
BBEICOKOTEMIIEPATYPHON BETBU IIpoliecca. Pe3ysbTaThl pacueToB IIpej-
cTaBJieHBI Ha puc. 5. I3 ycimoBusa: o, =0 caemgyer, uro PbZrO; mo:xHO
IMOJIHOCTBIO CUHTE3HPOBATH 10 HU3KOTEMIIEPATYPHEIM BETBAM IIPOIecca
npu ckopoctu HarpeBa [ >26,5°C/mun (T >745°C), a PbTiO; npm
B>44°C/mun (T > 600°C).

4. BBIBOAbI

O6pasoBaHUe IIePOBCKUTOBOI (pas3bl MPOTEKAET II0 TPEM IapaIaeIbHBIM
BeTBAM IporeccaM. CUHTe3 HaunHaeTCsd IPU 3HAUUTENLHO OoJiee HUB-
KUX TeMIepaTrypax, 4yeM IIpU TPAAUIIMOHHON KepaMu4eCKOH TeXHOJO-
Tuu, OJHAKO IIOJIHOE 3aBepIlieHre CUHTEe3a MOMKET 3aTATUBaThCA J0 3HAa-
YUTEJNHLHO 60Jiee BBICOKUX TEMIIePaTyp.

Koukypupyiomiaa peaxiius obpasoBanus IIEPOBCKUTA Ha MePBOii cTa-
IUU — KPHUCTAJLIN3ANUA MOHOKJINHHOTO Z1r0O, 1, coorBeTcTBeHHO, TiO,
B ¢hopMe aHaTasa. Bropas cramusa o0ycioBieHa (Pa3oBbIM IEPEXOIOM Oi-
Zr0, — B-ZrO, (MOHOKJIMHHBIA — TeTPAaroHAJIbHBIN) M, COOTBETCTBEHHO,
aHaTa3—pPYTUJI, a TaK:Ke BLICOKOH ITOABUKHOCTHIO NOHOB CBUHIIA 1 KIC-
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sgopoxa npu (asoBom mepexoxe 0-PbO — B-PbO (TeTparoHaJbHBINH —
— pombuueckuit). KoHKypupyomnaa peaxiinsa o0pa30oBaHUSI ITEPOBCKU-
Ta Ha BTOPOU cTaauu — (opMUPOBaHUE TeTparoHaabHoro Zr0O, 1, cooT-
BercTBeHHO, TiO, B (hopme pyruaa. TpeTha, BBICOKOTEMIepaTypHas
CcTafus, IPOTEKAeT II0 OOLIYHOMY AU(pPY3NOHHOMY MEeXaHMN3My XapakK-
TEPHOMY JJIA TPAAUIIMOHHOTO KEpaMHUYeCKOT'0 CUHTE3A.

Honsa mepoBcKHTa, 00pas3yIolIerocsa II0 HU3KOTEMIIEPATYPHBLIM BeET-
BSIM CUHTE3a, BO3PACTaeT C YBeJInUeHrneM CKOPOCTH HarpeBa o0pasIioB.
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