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0 BO3MO)XHOCTH HCNOJIb30OBAHHS
NPOAYKTOB B3AUMOJEHNHCTBHS
LLHPKOHA C KAPBEOHATOM KAJIbLHA
B NMPOU3BOJUCTBE KOHIOEHCATOPHON KEPAMHKH

1. T. YCOB, 3. Il. COJIOMATHHA

(Ipeacranpicia HAayUHbIM CeMHHAPOM Ka(eapEl TeXHOJOTHH CHJIHKATOB)

[TpuMeHeHne LUPKOHA OTKPLLIO HOBOe MarnpaBiaeHie B 0O0J1aCTH H3bI-
CKaHHsl HOBBIX MaTepuasoB /st 3JeKTPOTCXHHKH. LIHDKOHOBas KepaMHKa ¢
MaJblM 3HAUEHHEM  H3JEKTPHUYECKOH TNPOHHIAeMOCTH, € tg6=0,008—0,01
NMpH pajguMOyYacToTax IepcrnekTHBHA, Tpe/(HA3HAUEHA B OCHOBHOM JJIS1 M3TO-
TOBJEHHA PaA3JIHUHBIX YCTAHOBOYHBIX 3/1eKTPOM3ONAUMOHHBIX leTajed N Ha-
XOAUT HpUMeHeHHe B KOH/CHCATODHOM NPOHM3BOJCTBE [/1 KOHCHCATOPOB
MaJOH eMKOCTH.

Llupxonuficopepxauiie CoeiuneHnsi 06JaaloT PALOM crenHbHYecKux
CBOJCTB, YeM NPHUBJEKAIOT BEHMaliMe MHOTHX HccnenoBarteneft [1-6]. Oxnako
NpeacTaBasioT HHTepec M AajbHefllHe HCC/IEOBaHHS ¢ LEeNbI0 IOJyUeHHH
Go/siee LIMPOKHX CBEIEeHHIt 0 CBOHCTBAX 3THX COC/IMHEHHH, UuTOObl HAMETHTD
pacuwippeHye obaacTefi HX NPHMEHEHHS.

B crarbe TPHBOJAATCS pe3ysibTaThl HCCJAEAOBAHUSA O BO3MOAKHOCTH HC-
MOJb30BAHHS IIHPKOHATOR M LIHPKOHOCHJIHMKATOB KaJblMi B TPOH3BOACTBC
KOHAEHCATOPHOH KepaMHKH.

Jas cunTesa coeJuHEHHA BLIOPAH NPOMBILLIEHHbIH CIOCO0 BCKPLITHS
LMPKOHOBOTO KOHIIEHTPATa IyTeM clleKaHus ero ¢ Meaom. B pabore Hcnosib-
30BaH LUMPKOH H3 MecKoB TyralncKoro MecTOpOXKAeHHs, ONTHMaJblible yCJ0-
BHSl BCKPBITHSI KOTOPOro peKOoMeHA0BaHbl 6a30Boil J1abopaToprei MHHepa b+
HOro CHIpbs MpH TOMCKOM NMOJHTEXHUUECKOM HHCTHTYTe [7]. /st BbiAB/IEHHAS
MEeXaHH3Ma B3aUMOJENCTRISI MPKGHA C OKHCBIO KadblHs H YCTAHOBJIEHHS
(¢ a30BOTO cocTaBa NPOAYKTOB PeaKUHH IPH CTEXHOMETPHUYECKHX COOTHOLIe-
unsax B cmecd ZrSi0O4; CaO=1:1,1:2, 1:3 npuMeHsacsd TepMOARHAMHKYE-
CKHIf, KHHETHUECKHH, PEHTICHOBCKHH MeTOJbl aHajH3a.

Tepmonunamuueckuit ananus peakuuft B cucreme CaCO;— CaO —
ZrSiQ4 moxaszas, 4o B3aUMOIeACTBHEe MeKAYy WHPKOHOM H OKHCDIO KaablLus
TeopeTnueck Bo3MoxHo ¢ H60°K, koraa TepmoanHaMHYeCKH BeposATHO obpa-
30BaHHe JBYOKHCH UHPKOHHA. 18 OLeHKH TepMOJHHAMHUCCKOH TocaeloBa-
TEJBbHOCTH 00PA30BAHNA U YCTOHYHBOCTH COEXHMHEHHS NPH BLICOKHX TeMIepa-
iypax B cucteme CaCQO; — CaO — ZrSiO, paccmorpena sapucuMocts AZ?
PeaKLinil OT cocTaBa HCXOIHLIX cMecel. Pesyabratel pacueros AZ%=f (T} 1o
COCTaBaM IMO3BOJHAH COCTABUTL PAABI TEPMOAMIAMHUUYECKOH IOCAELIOBATEIb-
HOCTH oO0pasoBaHusl 11 YCTOHUHMBOCTH COEIHHEHHH B [JAaHHOH CHCTCME
(raba. 1, 2).

[TocieroBaTe/bBHOCTD IPOTEKaHHUs (peakii U 'pa3oBbIi COCTAB MPOAYK-
TOB B3aUMOJAENCTBUA LHPKOHA ¢ KApGOHATOM KaJbUHA B 3aBUCHMOCTH OT CO-
OTHOLIEHHST KOMIIOHEHTOB B CMECH yCTAHOBJIEHBI BHICOKOTEMIIEPATYPHBIM PEHT-
FEeHOBCKHM aHa/Ju30M. PeHTreHOrpaMMbl (CHHUMaJMCh ‘Ha JUdpakroMeTpe
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Tadauua l

TepMoANHAMHYECKas NOCJSLOBATENLHOCTb 06pa3oBaHHA COEJHHEHHH B CHCTeMe
CaCO;—Ca0—ZrSi0,

COOTHOIIEHI{e KOMIOHEUTOB TepsmoIHHAMUYECKH PAT IIOCAEA0BATENbHOCTH
B cmecH ZrSiO,: CaO o0pa3oBanua CcoeaHHeil

Zr02, CaZrOa, C822F5i4012y CaaeriQOg
CaZf03, ZI'OQ, CaaeriQOQ, C822r8i4012
CaZrOS, ZI‘Oz, CaszTSizog, CEQZI'SL;O]Q

——
L3 N =

Ta6awua 2

TepMOAHHAMHYECKANA NOCACHOBATENLHOCTH YCTOHUHBOCTH COEAWHEHMA CHCTEMBI
CaC0O3—CaQ—ZrSi0,

TepyMoiuHaMMUecKHi P YCTONUHBOCTH, HAUHIAs
¢ MAKCHMaAbHo YCTOHYHBOr® COEAHIeHHI
B Hurepsase 1100-1600°K

CooTHOLEeHHe KOMIIOHCHTOB
B emecu ZrSi03Ca0

1:1 ZI'OQ, CHQZI'Si4012, CHZT03, Ca;;ZrSi;;Og
1:2 ZI'Oz, CaZI‘Os, CaseriQOg, CﬂzZl’Si4012
1:3 CaZrQs, CasZrSiy0s.

VPC-501 ¢ BbICOKOTeMNepaTypHOH IIPHCTaBKOH B HHTepBaje yriop 20=
24—34°, B KOTOpOM B HauyaJ/JbHBIH MOMEHT PUKCHPYIOTCA ABa AH(paKIHOH-
HbIX MakKCHMYyMa, COOTBETCTBYIOLIHe HCXOHbIM BetlectBaM. C noBHIIeHHEM
TEMMEepPaTyphl MOABJASIOTCS JLOMNOJHHTABHbIE 1U(MPaKLHOHHBEE MaKCHMYyMBI,
MOJIOXKEHHe KOTOPHIX MeHsIeTest ipas3/iuno 175 cMecelt uupkoHa ¢ 1, 2, 3 mo-
JSIMH OKUCH KaJlbIHSL.

B pesyabrare HHAMUMPOBAHHS PEHTICHOTPAMM YCTAHOB/JEHO, YTO KO-
HEYHBIMH NMPOAYKTAMH B3aUMORENCTBUS IHPKOHA C OKHCBIO KaJblHA NIPH MO-
JASPHOM COOTHOLIEHHH UX SIBJAAIOTCS ABYOKHCH LIHPKOHH A H 'METACHIIKAT Ka/1b-
LIS, KOTOpble 06pasyloTes NOCAe0BATEILHO Uepe3 pPAJ IIPOMeKyTOYHbIX pe-
akuuit. TIpu crmekaHHu UMPKOHA ¢ JABYMS U TPeMS MOJAMH OKHCH KaJblHA
KoleunbiMu npoaykramu sapiastoress CaZrO; uw CagZrSiy0Oy. Kuneruka B3a-
HMOJIeHCTBHS] LUUPKOHA € KapOOHATOM KaJblUus MCCAeLOBaHA TakkKe B
3aBUCHMOCTH OT COOTHOIIEHHS KOMIOHEHTOB B CMeCcH B TeMNepaTypHOM HH-
reppaJje 1000—1300°C yepes 100°. Bruay Tpy HOCTH KOJAHUECTBEHHOH H/eH-
TH(HKALUH BCeX TPOAYKTOB PEaKIii H3Y1aaach KHHeTHKa PassoKeHHs 1LHp-
KOHA4 M CBA3LIBAHMA OKHCH KaJblMg B LEJOM HE3aBHCHUMO OT TOrO, 34 CHET
KaKHX TPOMEXYTOUHBIX peakiuil mporexaer B3aumogeicrsue. CKopocTh pe-
AKUUA U KOHCTAHTLI 'CKOPOCTEH peaklHi pPacCUUTHIBANUCH 10 VpaBHEHHSM:

e

[~ =B.Z" unn
dx _ n(a— x)?
dz 23.a Z

"
d.

K= 2.7 5 xotopbix:
dz

d — KOJMYeCTBO Pa3JOKHBIIErocsi UMPKOHA WK cBsasannolt CaO K Mo-
MEeHTY Hauana Bbiaepxkku, Y ;

X — KOJIMYeCTBO Pa3/IOKHBIIEIOCS LHPKOHA MaH cBsAzanHoid CaO 3a on-

peJesenHblll TIPOMeKYTOK BpeMeHH TedeHHs peakuud, %.

Hannble 1151 NPOBELEHHS KHIIETHUECKOH 06paboOTKH IOMYUeHbl B PE3Y/h-
TATe XUMHUYeCKOro analii3a o0pasloB Tocje COOTBETCTBYIOUIEH TepMHUecKoil
06paboTKu,.

Hpsmonnneitnas 3aBicHMOCTh JOTapHgMa KOHCTAHTHL CKOPOCTH PeaKiuu
OT 06paTHOrO 3HayeHHs aGCOJMIOTHON TeMIepaTypul NOATBEPKIAET NPaBH/Ib-
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HOCTb BHIOPAHHOTO KHHETHYECKOro ypaBHEHHs! JIs OMHCAHHSA SKCHepHMEH-
TaJbHbiXx AaHubix (pHC. 1). IToayyeHHble faHHble KOHCTAHT CKOPOCTEH peak-
UMH IPH HECKOJNBKHX 3HAUEHUAX TEMIEPaTyp NO3BOJIHIK PACCUHTATH SHEPTHIO
aKTHBalluu 1o ypaBreHuio Appenuyca. OHa 'COCTaBJsfeT NPH COOTHOLIEHHH
ZrSi04:Ca0=1:1—10,5 kxasjmoas, mpu ZrSi04Ca0=1:2—5,6 kxaa/mors,
npu ZrSi04:C O=11:3 — 7[2 kkar/mons.

KpuBble puc. 2 mAMOCTPHPYIOT HU3MEHEHHe — PE3KOe yMEeHbIIeHHe CKO-
POCTH peaxilid co BpeMeHeM. DTO YKa3biBaeT HA TO, YTO ¢ MaKCHMaJ/bHOH
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CKODOCTH peakIHH 0T abCoaior-
HOH TeMOepaTypbl: 3
1 —ZrSiQ, : CaO=1:1, : i
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CKOPOCTBIO  peaKkUHH [POTeKalT B 1o
NepBbIH MOMEHT, @ 3aTeM B CHIY JAH{)-
(y3HOHHOrO Xxapakrepa TedeHHe HX 14 X
3aMeansiercs.

Huddysnonnplii  xapaxkrep npo-
liecca pasioXKeHHs LHPKOHA OKHCBIO te
KanbUHs NOATBEPXKAAETCH MHUKPOCKO- ’
TMHYECKHMH HCCAE10BAHHAMH, IPH NPO-
BeJCHHH KOTOPBIX BBISBJIEHA Ompene-
JIEHHas 110Cael0BaTeNbHOCTb ero, Baa-
HMOJEHCTBHE IHPKOHA C OKHCBIO KaJb-
IHSA HAEeT B TBEPIOH ¢ase mocJoiiHo
C NOBEPXHOCTH KaJI0ro KpHcrajja
OUpKOHA, HAa TpaHAX KOTOPOTO CHaya- 06
Jda 006pasyloTcsi MeJKHe KPHCTAJJIbI
HOBOOOpA30BaHHUs, CO3JaI0IHE peak- "

HHOHHYIO KaeMKY, BOOCAEICTBHH OTKA- |
JbIBAIOI[HECA OT 3epeH LHpKoHa. Pas-
pBIXJIeHHe,  CKaJbIBaHHE  TPOAYKTA n2 \
peaxuu NPpoHCXOAUT BCIEACTBHE TOTO, o
4To obfpasywoliyecs CoeJHHEHHS HMe-

IOT OOJIBIIHH  MOJMEKYJASEPHBIA 06 DeM, 0
4YeM IIUPKOH. ITO OOBACHAET TaKxkKe
NpHYHHY OOJIBIIOH CKOPOCTH MpoTeKa-

HHSI peaklUHH B CP@BHHUTEJbHO HEBBLICO- Puc. 2. MiaMenetine CKOpocTH pe-
Ko obsacTH Temmepatryp, KoTopas aKUHH €O BPCMEHCM TNpH TeMmme-
3aKJII0YAETCST B TOM, YTO NPOAYKT pe- pafyf_ezg?gc-:c;ioz1
aKLHH He o6pasyeT ILIOTHOTO CJ104 BO- 9_. e =1
Kpyr 3epeH, MOCTOANNO CKaJbIBasICh, 3— » =1
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CHOPOCTIL peAKUUL
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OH OBHAXKaeT YHCTble MOBEPXHOCTH KPHCTaMia LHpKoHa. I3 pesyanTaTe KOM-
TAEKCHOTO H3yUeHUs] YCTAHOBJEHO, 4To ¢ HauOOJblIei CKOPOCTHIO B3aHMO-
neficTeue uporexaer npu cooruowednn Zrd5i0y: CaO=1:2 ¢ obpazopannen
B KauecTBe KoHeunhlx nponayxtoB CaZrQO; u CasZrSizOs.

3TH haKThl M0JA0KEHDb B OCHOBY BHIOOPA KpHCTaIIH4YecKoH $hasbl onbITHOH
KepaMHyecKofi Macchl. BBHAY HeCOBMECTHMOCTH CHHTE€3a LHMPKOHATOB C H3-
FOTOBJEHHEM H3IEAHH H3 HHUX, 00yC/I0BJACHHOH OODBEMHBIMH H3MEHEHHSIMH,
CHHTE3 KPHCTAJNJIHYECKOH (Pa3pl lIpejycMaTpHBAeTCa KAk OTJeNbHAs CTaguA
TeXHOJOrHYecKoro mpoiecca. CHHTE3 KpHcTaqanueckol ¢asbl, COBMeILeHHbIH
C MPHIOTOBJIEHHEM KepaMHYeCKOH MacChl, NPOBOJAM/ICA B CHJAHTOBOH MNeuH
npu Ttemnepatype 1320°C ¢ 2-uacosoft Bbiiepikkod. CunTe3npoBaHHbIA
IPOAYKT C cOfeprKaHHeM ¢BOGOIHOH OKMCH Kanbuus He Goaee 2% mnpencras-
ager co6oi PHIXAYI0 Maccy, MO3TOMY TOMOJ He CONPANKEH C TPYIHOCTIMH.
HccnenoBana BO3MOMXHOCTh H3TOTOBJICHHSI H3/€JHH NPECCOBAHHEM H MeETO-
JIOM TOpsIUEro JUTb MO AaBiAcHHeM. Jlast H3yYEHHA TEXHOJOIHYECKHN
CBOHCTB Macchl 00pasilbl mpeccoBasu Ha Ja00paTOPHOM THAPABIHYECKOM
npecce nox aasaeHuem 750 xe/cm® Ycanky npH obxure, oObeMHBIH Bec, BO-
JONOIVIOUleHHe, NMPOYHOCTL IPH CXKATHKM OHpejessiii HAa 06pasuax — LH-
JHHApPAX C JHaMeTPOM H BbICOTOi 14 ma. Pe3yjbraTel HCCIELOBAHHA NMpPeJ-
cTaBjaeHbl Ha puc. 3. [Tpeaen mpounoctu npu cxatuu 1800—2000 ke/cm?. B
HacToAlllee BpeMsa NPOLOJKAIOTCA HCCAEA0BAHUA M0 U3YUEHHIO TeXHHUYECKHX
H 3JEKTPHUYECKHX XaPaKTEPHCTHK MAacchl. JTa KepaMHKa JOJXKHA OLITbh nep-
CIIEKTHBHOl BBHJY NPOCTOTHI COCTABA, HECJOKHOCTH TEXHOJOTHUECKOTO MpOo-
uecca (HeBBICOKasi TeMmepaTtypa 0GKHra NpH JOCTATOUHO LIWPOKOM HHTEp-
BaJe CNeKILerocs COCTOAHUA) H IPH HAJHUHK MeCTHOTO Chipbd — Tyrasckoro
UHPKOHA H MECTOPOKICHHA 11peccoBOLHOTO Meaa PoxaectBenckoro u KyeH-
JAaTCKOrO.
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