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TECTUPOBAHUVE ANATPAMMbI COCTOAHNA Al,O5 - SiO;
COINNACHO 3KCINEPUMEHTAJIbHBbIM JAHHBIM
TEPMUWYECKOW 3BOTIOLIN KAOTVHUTA

PO3rnsiHyTi NPUYMHK TEPMIYHMX eheKTiB B MPOLECI HarpiBaHHS KaoniHIiTy, K HalBaXKMBILLOro MiHepa-
Ny TIMHUCTOI pevoBuHK. NpoaHanizoBaHO (ha3oBi 3MiHM B NPOLLECT TePMIYHOT €BOMHOLIT KAONIHITY 3rifgHO
3 6y[10BOIO NpeAcTas/eHoil giarpamu cknagy cuctemu Al,O; — SiO,. BkazaHo Ha 0C06/IMBMIA XapakTep Ta
3a/1eXHICTb Bif TeMnepaTypy MexaHi3My AMCMPOMNOPLiOHYBaHHA CUANIMaHITY, SKUIA BU3HAYae eK30Tep-
MiYHi eeKTM Y KaoNiHITOBOMY LUaMOTi. HaflaHO TPaKTOBKY MPUYMH 4acTKOBOI aMmopdizauii NpoayKTiB
(ha30BOro nepexomy a-kBapL, — O-KpUCTobaniT.

The reasons of thermal effects during heating process of kaolin, which is one of the most significant min-
eral from clay binders were considered. Phase changes during thermal kaolin evolution process in con-
formity with building of constitution diagram Al,O3; — SiO, were analyzed. It is pointed out the particular
character and temperature dependence of sillimanite disproportionation mechanism. It rates exothermal
effects in the kaolin chamotte. Tractability observed amorphism reasons of the phase transformation
products a-quartz — a-cristobalite is given.

B HacTosLee Bpems onybnnkosaHa guarpamma coctosHus Al,O; — SiO; [1],
MOCTPOEHME KOTOPOW 6a3mpyeTcs Ha OCHOBe (hyHAaMeHTa/IbHbIX TepMOAVHAMMYeE-
CKMX pacyeToB TBepA0asHbIX peakumii B aTon cucteme [2]:

3A1,045-25i0, + SiO, = 3(Al,05-5i0,) 1)
2(A|203S|02) + A|203 — 3A|20328|02 (2)

CornacHo TepmMoguHamMnYecKnM pacyetam [2] npoTekaHue peakumn (1) Bbl-
rofHO B PaCCMOTPEHHOM MHTepBase Temnepatyp 577 — 1107 °C ¢ TeHAeHUMeR no-
BblLLEHWS BEPOSATHOCTW ee peann3aumm npu Bo3pacTaHuM Temrepatypbl. Peakuus
(2) cornacHo gaHHbIX [2] obpatmuma npu 914 °C 1 ee npoTekaHWe TepMoAMHaMM-
YeCKM BEPOATHO B MPAMOM Harpas/ieHUW BbilLe TeEMNepaTypbl 06paTUMOCT. ITU
pe3ynbTaTbl 6e3a/lbTePHATMBHO OTOOPaXKAKOTCA CXEMO TBEpAOMasHbIX B3aMMO-
[EeNCTBUIN MeXAY UCXOAHbIMU OKCUAAMU UCCNefyeMO CUCTEMbI C y4acTUeEM CTe-
XUOMETPUYECKMNX COEAMHEHUIA 3TOW CUCTEMBI:
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(1-mA+mS =2~ (1_m)AS + 2m—1)S (3a)

m<0,5

(1-m)A+mS

oasms0s =  me0d

(1-2m)AsS, + 5m—-2)AS  (4a)  0,5mAS, + (1-2,5m)A  (46)

mAS + (1 - 2m)A (36)

roe m — KoagomumeHT ot 0 A0 1, XapaKTepuayoLLmMiA MONIbHOE COOTHOLLIEHME
NCXOLHbIX OKCWU/O0B.

[na 0oTobpaXkeHUs peasibHbIX MNPOLECCOB (Ha3000pa3oBaHMA C y4vacTueM
TBepAbIX pacTBopoB B cucteme Al,Os;— SiO, B paboTe [2] nocTynnpyeTtcsa B3aMMo-
CBA3b MeXay CTEXMOMETPUYECKMMU coeanHeHnaMn — mynnutom (3Al,05:2Si0,),
cunnumaHuToMm (Al,O5:SiO,) 1 TBepAbIMM pacTBOpaMy C MOMOLLbIO MexXaHu3mMa
NepUTEKTONAHOIO B3aUMOAENCTBUS:

(5m = 2)AS + (1 - 2M)AsS; o AgmSn (5)

rfie paHee 0XapakTepn3oBaHHbIA KO3MULMEHT M OLHOBPEMEHHO ABNAETCA U
napamMeTpom HecTexnomeTpum Teepabix pacTBopoB (Al>O3):.m (SiO,), B Hanbonee
06LLel hopme KX 3anncu.

[MocTynmpoBaHHas nepuTekToMaHasa peakums (5), Ha Haw B3rNsg, 0rMyYecku
060CHOBaHa M COrnacyeTcs ¢ MTepaTypHbIMU CBEAEHUAMW IKCNEPUMEHTa/IbHOIO
XapakTepa:

- MeX[y coCTaBaMn CUIIMaHNTA U My/UTa 3KCMEPUMEHTa/IbHO (IUKCUPY-
eTCcA BO3MOXHOCTb 006pa3oBaHMs TBEPAbIX PacTBOPOB, CMOCOOHBLIX K (Pa3oBOMy
pacnagy no CnvHofaibHOMY MexaHusMmy [3], a ApYruX CNOXHbIX OKCUAHBLIX CO-
eVMHEHNI B N3y4aeMOi CUCTEME HE OOHAPYXKEHO;

- B 3aBMCUMOCTM OT COOTHOLLEHNA UCXOAHbIX OKcnaos (m) peakums (5) oto-
OpaXkaeT pasIMYHO HarpaB/ieHHbIE MPOLLECChl PeakUMOHHOW anddy3nn, KoTopble
MPU rpaHNYHbIX 3HAYEHNAX KO3h(MLMeHTa m COOTBETCTBYIOT peakumsam (3) — (4):

npu m=0,5: (5m-2)AS - Au-mSm+ (2m - 1)AsS, (6)
04<m=<05  (Gm-2)AS+ (1-2m)AsS; - Ag-mSm (7)
npu m < 0,5: (1-2m)AsS; - (2-5m)AS + Ay - m)Sn (8)
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- NEPUTEKTONHbIV XapakTep peakumin B cybconuayce cuctemol Al,Oz — SiO,
COrfiacyeTca C 3KCNepuMeHTalbHO (uKcupyrowmmmnca [3] neputekTUYecKMMm
B3aVIMOLENCTBMAMM C y4acT1eM pacnaBa;

- HaXoAAT 00bACHEHMEe BOMPOCHI CTYMEeHYaTOCTN CUHTE3a MY/IIUTA U 3KCre-
PUMEHTa/IbHO BbIIB/IEHHbLIX BUHOAA/TbHO-CNNHOA4AIbHBIX KYMO/I0B (Pa3oBOro pac-
Naja TBepAblX pacTBOPOB Ha OCHOBE MOCTPOEHUS 00beANHEHHOI (C yyeTom (3) —
(5)) cxembl TBepAOMha3HbIX MHOrOCTaMNHbLIX B3aMOAeNCTBIIA (puc. 1).

B cBA3M C Tem, 4TO NOCTpoeHHas B paboTe [1] Anarpamma COCTOAHUA CUCTe-
Mbl Al,O3; — SiO, ABnseTcs cynepnosunumein TepMoaMHaMNUYECKNX pacyeToB, 10ru-
4eCkn 000OLLEHHbIX C paHee M3BECTHbIMU CBEAEHVAMMN 3KCMEePUMEHTAIbHOIO Xa-
pakTepa, a Takke y4mTblBas OCOOYH0 3HAYMMOCTb 3TOW CUCTEMbI B TEXHOOTUN
CUJIMKATHBIX M TYronjaBKnx HeMeTaI/IMYecKMX MaTepmasioB, — akTyaJlbHOW ABNS-
eTCA NpoBepKa ee afleKBaTHOCTU C MPUB/IEYEHEM BU3YyasibHO-MONNTEPMUYECKOTO
aHa/M3a NyTW MiaBfeHnss KaomHUTa (rMapoatoMOCUNKAT, OTBeYatoLwmin gop-
myne Al,03:2Si0,:2H,0) 1 TeCTOBOro cpaBHeHWs ero pesynbTaToB C MOAPO6HO
nccnefoBaHHbIMU TEPMUYECKMI NPOLLECCaMU B KAOSIMHUTE.

Mo KONM4ecTBy M TemnepaTypHbIM MHTepBasiaM pasBUTUA TenaoBbIX addek-
TOB B MPUPOAHBIX KaO/IMHAX W CreLmasibHO CUHTE3MPOBaHHOM Kao/IMHUTE Yy pas-
NINYHBIX UCCNefoBaTenieil UMeeTcs efuHOe NpeacTaB/ieHne ¢ COXpaHEHNEM HeKo-
TOPOW [AMCKYCCMOHHOCTU OTHOCUTE/IbHO 3HAYeHWI rpaHUyHbIX TemnepaTyp KOH-
KPeTHbIX NWHTePBa/IOB PasBUTUA npoueccos [4 — 7]. [And KaonMHuUTa XapakTepHbl-
MW athpeKTamm Ha TepMOrpaMmMax ABNAKTCS: 3HA0TepMuyeckuin npu 450 — 600 °C
N Tpwn 3k3oTepmmyeckux npm 920 — 980, 1150 — 1250 n 1280 — 1370 °C. Pacxox-
[leHNsi B BO33PEHUSAX MaTepuasioBefj0B CBOAATCA K pas3/iMyHbIM TPaKTOBKaM TuMa
CTPYKTYPHbIX W3MEHEHWA W MOC/efoBaTe/IbHOCTU (Pa30BbIX NPEeBpaLleHnin npu
TEPMUYECKOIN 3BOJIOLMN KAONIMHMUTA B OTMEYEHHbIX TeMMepaTypHbIX NHTepBasax.
Hanbonee noagep>kvMeaeMble MaTepuanoBefaMm TOUKN 3peHns 0606LLEHbI HAMW B
Tabn. 1 v NpuHATLI B KayecTBe 6a30BOro BapmaHTa /1 COMOCTAB/EHUSA C HUXKE
NpesCTaBNAeMbIMY pe3y/ibTaTamy BU3yasibHO-MOMIMTEPMUYECKOr0 aHa/n3a.

3HpoTepmuyeckni apdekT npn 450 — 600 °C B CUHTETMYECKOM, YMCTOM
Kao/IMHUTE BbIpaXKeH Ha TepmorpaMmMax 60/1ee OTYET/IMBO, YeM PacTAHYTbIA [0
800 °C aHanoruyHblin apgekT B NPUPOAHLIX KaonnHax. MpuynHa ero nposisieHus
He nojBepraeTcs MccnefoBaTensimMmm COMHEHUAM M OH O4HO3HAYHO COOTBETCTBYET
yAaneHVeM TUAPOKCUIbHBIX TPYMNM U3 KPUCTa/IIMYECKOW pelleTKn KaonnHuTa. B
HacTosLLee Bpems 60/ee [0Ka3aTeNbHOWN BbIFNAAUT Teopus 06pa3oBaHus Npu ge-
rmaparaumm KaonmHmta metakaonnHuta (Al,05-2S10,), a He cmecK aMOPMHbIX OK-
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m=0,5

(I-mA+mS —— (1-m)AS + (2m-1)S
1-m (1—m)(2m-1)
A(1—mSm + A3S
5m -2 (1-=m)>m 5m-2 322
l l
2
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}
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Puc. 1. Cxema MHOrocTauiiHbIX TBepAodasHbIX B3aumogeincteunii B cucteme Al,O; — SiO,
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Tabnuua 1

TepmunyecKkune NpeBpaLleHns B KaoIMHNUTE

TemnepaTypHbIi UHTEpBas
N XapaKTep TensoBoro
ahhekTa

MpPOAYKThI N XapaKTep TePMUYECKMX NPOLLECCOB

450 — 600 °C, aHA0 aththekT

1. [Jerngpatauus n obpasoBaHne MeTakaoMHuTa AS,.
2. [Herngpataumsi n o6pasoBaHme aMmopgHoi cmecn A n S.

920 — 980 °C, 3K30 athdhekT

1.1 AS, - A+ 2S napannenbHo ¢ Kpuctanmsayuen j-A un
obpaszoBaHmem AS nnn AsS,

1.2 3AS, - AsS, + 4S ¢ TennoBbIM 3eKTOM K3-3a U3-
MEHEHUS KOOpAMHaLMOHHOro ymcna Al.

1.3 2AS; - A Ssuwmmensy T S W MocneaytoLLero npespa-
LLEeHNS KPEMHE3EMUCTON LUNUHENN B MYNUT: A,S; — 2/3
AsS, +5/3 S.

2.1 3agepxaHHas (M3-3a HanMuMa amMopgHOro S ) Kpu-
cTannm3aums amopgHoro A B j-A (06bIYHO OCYLLECTBASET-
cs npy 600-900 °C)

2.2 BsaumopeiicTare aMopHbIX A 1 S: 3A + 2S - A;S,
(4S B 136bITKe)

2.3 Bsaumopeiictre amopHbIX A S: A+S - AS (SB
N30bITKE)

1150 — 1250 °C, 3K30 3(hheKT

3.13( - A) *+ 2Sauopp. — AsS;
3.2 CobupatenbHas pekpuctanmsaumns AsS,
3.33AS - A;S, +S

1280 — 1370 °C, 3K30 3(hcheKT

4a Vcye3HOBEHME KpUCTobanuTa:

4a.1 BxoxpaeHve B cocTaB My/iMTa ¢ 06pa3oBaHNEM TBep-
[0ro pactsopa

4a.2 [1naBneHve c nocnegyrowWnM ucnapeHnem B Bufie
MOHOOKCUAA KPEMHUSA

4a.3 T1naBneHve C BOB/IEYEHWEM B pacnsaB MNPUMECHbIX
OKCWAOB LLUEMNOYHbIX METAIIOB N A, NOBbILWAKLLEro Nnoka-
3aTe/ib NpenomneHnsa ctekna ao 1,538

46 O6pa3oBaHMe LUENOYHbIX TNMHO3EMOB, COMPOBOXAat0-
Leecs 06 bEMHbIMU N3MEHEHUAMM

CW[I0B aJIIOMUHUSA N KPeMHWMS. MeTakaoIMHUT paccMaTpUBAEeTCs B Ka4YecTBe MHAN-
BUAYa/IbHOTO COENHEHMS C HApYLLEHHbIM KPUCTa/IIMYECKUM MOPSAAKOM — TpaHC-
NALUMOHHAA CUMMETPUS COBNMIOJAETCS HE B TPEX, a NMLLb B ABYX KpucTannorpagu-
YECKMX HarnpaBfeHmsx. B cBS3M ¢ aTVM npuBedeM aHanvM3 NyTy NnaB/eHns cocTa-
Ba MeTaKao/MHMTa B COOTBETCTBUW C AMarpamMmMoii cocTosHUs cuctembl Al,O; —
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SiO, (puc. 2). Takol nogxof 060CHOBaH eLle U TeM, YTO C NO3NLMIA Anarpammb
COCTOSIHUS KPEMHE3EM U TNIMHO3eM He NPeACTaBNsoT TeEPMOANHAMUYECKN PaBHO-
BECHOW KOM-OMHaumn (a3 U CTPeMATCS K B3aMMOENCTBUIO ¢ 06pa3oBaHnem (9a)
HU3KOTEMMe-paTypHbIX MOMMMOPMHLIX MOAUMUKALMIA CUNIMMAHNTA (KWMaHWT, aH-
[lany3nT) B KOMOMHALUN C KPpeMHe3eMOM, a B KBa3MpPaBHOBECHOM COCTOAHUU (He-
npopearnpo-sasLem A0 914 °C) OHM MOryT COXPaHUTLCA B CUCTEME ML B pe-
3ynbTate KUHe-TUYECKUX U CTEPUYECKUX 3aTpyAHEHWIA, 00YCOBNEHHbIX (Pa30BbI-
MW MnepexofamMun U COOTBETCTBYHOLMMU 06bEMHBIMU U3MEHEHUSAMUN KPeMHe3ema y
06pasyoLMXCs COeAUHEHWNIA CUNTMMAHUTOBOM rpynnbl (96):

oL I(AS + S) (9a)

AS,

n(A + 25) (96)

roe 1, n — KoaghduumeHTbl, onpegenstowme L0/EBOe yyacTne peakuuii B 06-
LLiem npoviecce.
B peanbHbIX YCNOBUAX HELOCTATOYHO MeA/IeHHbIA HarpeB He Mo3BOJISET YCTaHO-
BUTLCA MAea/lbHOMY TepMOAMHAMUYECKOMY PaBHOBECUIO B COOTBETCTBUW C Me-
XaHM3MOM peakumu (9a), YaCTUYHO MpoLecc NpoTeKaeT No cxeme (96) N K MOMeH-
TY Hayana nepBoro sk303dekTa Bbiwe 914 °C (no Tabn. 1 Ha4yano NepBoro 3K3o-
apekta 920 °C) B NpoAyKTax TEPMUYECKOI 3BOJIHOLMN KaONMHMUTA 3KCNEpUMEH-
Ta/IbHO MOXeT mkcmnpoBaTtbes j-Moangmkaums Al,Os. MNpu fanbHenweM aHanmse
Mbl HE YYUTbIBA/IN 3TY BO3MOXKHOCTb B CBA3W C TEPMOLMHAMMNYECKOW paBHOBECHO-
CTblO Amarpammbl cocToAHNA cuctembl Al,Oz— SiO..

MpyYnHOW NepBOro 3K30TEPMUYECKOTrO 3(h(heKTa B COOTBETCTBMM C AMarpam-
MoK cocTosHMA cucTembl Al,Os — SiO, sBNsSieTCa npouecc AUCrponopLUMoHMpoBa-
HUA CUNNIMMAHUTA COrNacHO MexaHu3Mmy peakuuu (6). Mpu 3ToM cocTas TBEPAOro
pacTBopa, 06pasytoLerocs COBMECTHO C CUHTE3MPYEMbIM MY/JIMTOM He OCTaeTcs
HEeW3MEHHbIM C POCTOM TeMMepaTypbl, T.K. 3aBUCUM OT MOJIbHOIO COOTHOLLIEHNS M,
a OHO MeHsleTCs 13-3a Hayasia B3auMOAENCTBUSA MynTa C U30bITOUYHLIM KPEMHe-
3emom (puc. 1, ctagum B3anmogeincTaua ans m = 0,5, a Takxke peakuma (1)). Pak-
TUYECKN KXKAbIA NOCNeAYOWNA aKT peakuMoHHOW Andgy3nm npy B3anMOoLenCT-
BN MY//IUTA U KPEMHe3ema B/IeYeT U3MEHEHVE CYMMapHOro MexaHusma Aucnpo-
MOPLIMOHMPOBaHNS CUNNNMAHUTA U3-3a PACTBOPEHNA «BTOPUYHOI0» CUNIMMAHNTA
B TBEPAOM pPacTBOpe, YTO HArnsa4HO NPOCNEXUBAETCA B NPeACTaBeHHON Tab. 2,
rfe TBepApble pacTBOpPbI YKa3aHbl B MPUBeLeHHON (hopme 3anmcu B COOTBETCTBUN C
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T,°C 10 20 30 40 50 60 70 80 90 Al,O3, Mac. %
2054 + 6°
2000 | Pacnnas a-Al,0; +
T 44 pacnnas
B. p-p pacnnas +10°
1900 L 1890 + 10
SiO; + pacnnas 63,9 mon. %,
1800 1828 + 10°
1700 MynnuTt + pacnnas
1600 F 1587 +10° TB.pp4
\ C.--—" 7~ T
-KpUCTOGAUT =~ TB. p-p 4 + a-Al,O
1500 | ?TE op2 o 355 ; PP T ol
-'\ mon. % ;
1400 + /7 | | 1387°
v i
1300 1) :
g 4 h mj
A TB.p-p 2 Myt + a-Al,O3
1200 ‘l
£ /p! e
1200 F7 L X
o-kBapy, + TB.p-p 1
1000 | !
TB.p-p1l
a_ 914° l
900 d
CunIMMaHuT + o-KBapLy Cunnumanut + y-Al,03
800 » 7750
700
AHJanysuT + a-KapLy
600  573° AHganysut + y-Al,O3
T AHpanysuT + 3-KBapy, T
200
161°
100 KunaHuTt + 3-KBapLy AS KnaHuut + y-Al,03
2
T T T I/I T T T T
SiO, 10 20 30 40 50 60 70 80 90  Al;03, mon. %

Puc. 2. Anarpamma coctossHusa cuctembl Al,O; — SiO,
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YCNOBMEM TOXAECTBEHHOCTM COCTaBOB A(1-m)Sm = ASpyi-m), BbINONHEHA 3aMeHa

o (2m-1) K+1
nepemMeHHon k :1— nnm m:—z, 4yTO onpeaenseT n3mMeHeHe BMUa peak-
-m +
umn (6):
(Bk + 1)AS - AS( .1y + kAsS; (10)
Tabnuua 2
LNCKPETHbIN XapakTep peakuuu (6)
No KoathgpuumeHt Peakuus (6)
) m k B chopme 3anmcy peakuum (10)
1 1 + 00 3AS - S+A3S,
2 0,95 18 55AS — AS;y + 18A;S,
3 0,9 8 25AS - AS, + 8A;S,
4 0,8 3 10AS - AS, + 3A;S,
5 0,75 2 7AS - AS; + 2A;S,
6 0,66(6) 1 4AS - ASZ + 1A382
7 0,6 0,5 2,5AS - AS; 5+ 0,5A:S;
8 0,5 0 1AS = AS;,

3 conocTtaBneHmsi peakumii Ne 1 — 6 (Tabn. 2) cnegyer, YTO YEM MeHbLUee
KONNYEeCTBO MOJIEN CUINMMaHMTA AMCNPOMNOPLMOHNPYET, TEM COCTaB 06pasytoLLie-
rocs TBepAOro pactsopa 60/bLUe CMELLaeTCq OT COCTaBa YMCTOr0 KpemMHesemMa K
COCTaBy 6/M3KOMY METaKao/IMHUTY. Takas 3aBMCUMOCTb, O4EBUAHO, 06YC/0OB/EHA
He TO/IbKO CTEXMOMETPUE MYNIUTa U CUIIMMAHUTA, HO U KPUCTa/IIOXUMUYECKUM
NX CTpoeHneM. V13 Tabn. 2 MOXKHO cAenaTh BbIBOA, YTO COCTaB MeTaKao/IMHUTA SiB-
NAETCA FPaHWUYHBbIM MeXAy MeTacTabunbHON U NabuibHON 06/1aCTAMU TBEPLbIX
pacTBOPOB, T.K. MNPV YMEHbLLEHUN 3Ha4YeHnss m Huke 0,66(6) y>xe He obecreunBa-
eTCA BO3MOXXHOCTb 06pa30BaHNA LIeNoro ymcna Mone mynnmra (Hanpumep, peak-
umsa Ne 7 Tabn. 2). Ha gnarpamme cocTosHUA (pUC. 2) 0TMeYaeTCs BepLUMHa Kyrno-
na a3oBoOro pacnaga TBEPAbIX PaCTBOPOB C KOHLEHTPALMOHHOW KOOPAMHATOW
(m = 0,645), 611M3K0IA Bbille NPUBEAEHHOMY 3Ha4YeHM0. 3Ta KoopAuHaTa onpefe-
NeHa B pabote [1] Gnarogaps Apyromy MPUHUMNY — YCTaHOB/IEHWE MaKCUMYyMa
AN anredbpanyeckoin PyHKLMKN, OTBEYaLOLLEN CTEXMOMETPUYECKOMY KO3h(ULMEH-
Ty NpU My/IUTE B YpPaBHEHUAX TBEpAOMa3HbIX peakunin (KpemHesemuctas 06-
nactb puc. 1). Oba TeopeTUyecKUX NoAxoja Aat0T COMOCTaBUMbIA pe3ynbTar U
YKa3blBatOT Ha Hax0XAeHue KOHLIeHTPaLMOHHOW KOOpAMHATLI Kymnona (pasoBoro
pacnaga TBep/blX PacTBOPOB KpeMHe3eMUCToi obnactn cuctembl Al,O; — SiO,
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BO/IM3M coCTaBa MeTakao/fMHuTa. lNpaBas BeTBb («C — M — e») Kyrnona a3oBoro
pacnafa TBepAblX PacTBOpoB (puUc. 2) 0TOOpaKaeT BO3MOXKHOCTb Pa3BUTUS MPO-
Liecca (pa3oBOro pacrafa CUAIMMaHUTa No MexaHu3My Mnofo6HOMY peakuusM C
0,66(6) < m < 0,5 (tabn. 2). MNMpn 3TOM He BO3MOXXHO TEOPETMYECKMN Y4eCTb B3au-
MOAENCTBUE MYNNUTA C KpeMHe3eMoM (puc. 1), 06ycnoBNMBatoLLEro CABUM KOH-
LIeHTPaLMOHHOW KOOpAMHATLI BEPLUMHbI Kyrnona OT cocTaBa MeTaKaonMHUTa
(puc. 2). OTMeTMM TakXXe Ba)KHOe O0OCTOATENbCTBO, HArffgHO credyrouiee un3
thopmbl 3anucu ypasHeHus (10) 1 nocneaoBatenbHOr0 U3MeEHeHUs rnepemeHHon K
Ansa peakumin Ne 4 — 6 (Tabn. 2). ObpazoBaHmne 04HOW MOMEKYbI My/NTa B KOM-
OvHauMmM C OfHOWM MOJIEKY/ION TBEPAOro pacTBopa rpaHWYHOro coctasa
(Al,03:2S10,) o06ecreyunBaeTca AMCNPONOPLMOHNPOBAHNEM YeTbIpeX MOJEKY
CUINMMaHUTa, a Kaxgas [AOMOJSIHWUTEIbHO CrnocobHas 06pa3oBaTbCA MOJSEKyNa
MynnuTa TpebyeT f06aBOYHOr0O pacxoda TPex MOJeKyn CUAMMAaHUTA U AOHAChI-
LLIeHNA cocTaBa TBEPAOro pacTBopa Ha OfiHY MOJIEKY/TY KpeMHe3eMa. Y CIOXKHSAETCA
MexXaH13M AMCNpPOnopLMOHMPOBaHNS CUIIMMAHNTA eLe U He N3BECTHON B aHa/In-
TUYECKOM BUAe TemrepaTypHOW 3aBUCUMOCTbIO. B 06LLeM Buie C MOBbILLEHNEM
TemrnepaTypbl HeIMHENHO BO3PacTaeT HaCbILLEHHOCTb a/IFOMUHWUEBON MOAPELLIETKN
obpasytoLlerocs TBepAoro pactsopa OT cocTaBa 6/IM3KOro YMCTOMY KpeMHesemy
npu 914 °C K coctaBy 6nmnskomy Al,03:19Si0, npu = 1100 °C (KpmBas «a — b»
puc. 2 n Tabn. 2) n fjanee K coctasy OM3KOMY COCTaBy MeTakKao/IMHWUTA
npu = 1550 °C (kpuBas «b — c» puc. 2 1 Tabn. 2). Kpome Toro, TepmognHammuye-
CKasi HeCcTabunbHOCTb MYy//IMTa C KPEMHE3eMOM, BepOATHO, ObecrneymBaeT WX
B3aVIMOLENCTBME MO 3apoAbllle — KPpUCTa/IM3aUMOHHOMY MexaHu3My. o 3Tou
MPUYMHE Ha MPaKTUKe (PUKCUMPYHOTCA HepacKpPUCTa/IM30BaHHbIe TBEpPAble PacTBO-
pbl OT cOoCcTaBa My/nnuTa 4O COCTaBa CUIIMMaHUTa B TemMnepaTypHOM MHTepBasie
900 — 1150 °C (Ha puc. 2: KpuBas «d — e», CM. TakxKe Tab/. 2). B aTom Xe Temne-
paTypHOM nHTepBasie (Ha puc. 2 ot 914 ao = 1100 °C) npomcxoamuT (asoBbli Me-
pexoq O-Keapua B 0-KpUCTO6aIMT, KOTOPbIA CNOCOOCTBYET NOAOOHOW «pacTBOPU-
MOCTU» KPeMHe3emMa B MY/IINTE, YTO 0ObACHAET cneunduky (asosbixX Nepexoos
KpeMHe3ema B NPUCYTCTBUN TNINHO3eMA: TPUAUMUT He 06pa3yeTcs, a IKCNepumeH-
Ta/lbHO (PUKCMPYETCA Hamume aMop(nM3vpoBaHHOM (hasbl. B COOTBETCTBUM C Bbl-
LLeyKa3aHHbIMWU 06CTOATEIbCTBAMW, K TEMMepaType Havasa BTOPOro 3K30TepMu-
YECKOro 3(h(heKta B MPOAYKTax TEPMOLECTPYKLUN KaONMHUTA CNefyeT OXuaatb
Ha/IMYMs N30bITOYHOIO KPeMHEe3eMa, My/nTa U AByX TUMOB TBEPAbIX PaCTBOPOB C
coctaBamu 6m3kummn Al,O3-19S10, n Al,05-SiO, (puc. 2).

[MpryMHa BTOPOro 3K30TEPMMYECKOr0 3(PeKTa y KaoSIMHUTa pacCMaTpuBaeT-
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CA HaMM KakK pesy/nbTaT WHTEHCU(MKAUUW KpucTanvMsaumm CUAIMMaHuTa W13
TBEpAOoro pacteopa cocrasa 6amskoro Al,O5-SiO, 1 nocnefyroLero ero AMcnpo-
NopLMoHMpoBaHMA (Ha puc. 2 npoLecc oTobpaxaeT KOHHoAA «e — f») B COOTBETCT-
BUW C OMNUCAHHbLIMW Bbllle 3aKOHOMEPHOCTAMW MexaHu3ma (Tabsn. 2). MNpu atom
napanfieflbHO Pa3BMBAETCA B3aMMOLENCTBME MY//MTa C OCTAKOLLEMCA B U30bITKE
KPEMHE3eMOM N BHOBb CTAHOBUTCS BO3MOXHbIM 00pa3oBaHMe CUSIMMaHWUTA, HO
OMATb XKe N0 3apofbllle — KPUCTaIN3ALNOHHOMY MexaHu3My (hopMnpoBaHus 13
npeABapuTenbHO 06pasyroLLerocs TBepaoro pactsopa. Ha puc. 2 cocrtasbl Takux
TBEP/bIX PaCTBOPOB OTOOPaXKeHbI IMHNEN «e — Tovka 1387°», orpaHNYMBatOLLEN
TPEYronbHy no hopme 061acTb «X», BHYTPU KOTOPO MYNINT COCYLLECTBYET C
TBEPAbIMM pacTBopamMu ¢ cocTaBamy «d — e» Ao = 1020 °C u c cocTaBamu
«e — To4yka 1387°» o1 1020 go 1387 °C. OTMeTUM Takxe, YTo BUHOaIbHas BETBb
Kyrnona pa3oBoro pacrnaga «f — g — c» Ha puc. 2 umeeT 60/1ee Nonoryto Gopmy no
CPABHEHMIO CO CMMHOAANLIO «b — h — C», T.K. 06pa3yloLLMecs Ha AaHHON CTaaum
AMCMPOMOPLMOHMPOBAHNA CUNIMMAHNTA TBEPAble PacTBOPbI O0Ka3bIBalOTCH MNpW
6onee BbICOKOM TemnepaType C 60/bLUeit HeAOHACbILLEHHOCTbIO a/TtOMUHUEBON
nogpewletkn. COOTBETCTBEHHO, COCTaB TBEPLOrO pacTBopa, 6/IM3KMIA KpemMHesemy
(Touka «f» Ha puc. 2), cnocobeH K 60ee aKTUBHOMY [OHACHILLEHUIO aNtOMUHME-
BOM MOAPELLETKN B CPaBHEHUWN C BUHOAAIbHBIM cOCTaBoM, 6/M3kuM Al,03-19Si0,
(Touka «b» Ha puc. 2). bBUHogabHLIM — abCONMOTHO HEYCTONYMBLIA COCTaB TBep-
foro pacteopa npu 1250 °C  npubanM3NTENbHO COOTBETCTBYET (hopmyre
Al,03-9Si0; (Touka «h» Ha puc. 2, m ~ 0,9 1 obpa3oBaHMe MO MeXaHU3MY peak-
umm Ne 3 T1abn. 2). bBUHoAanbHbIA — MeTacTabusbHbIA COCTaB TBEPAOro pacTeopa
npu 3TOM >Xe Temnepatype nNpubAN3UTENIbHO COOTBETCTBYET  (popmyre
Al;03:24S10, (Touka «g» Ha puc. 2, m ~ 0,96 nnm k = 25 ¢ obpazoBaHMeEM NO Me-
XaHn3my peakumm (10)). Bbiwe KOHHOAbI «f — e» 0T Toukn «e» ( puc. 2) Habnoaa-
eTcA OTMeYaroLLeecs paHee BETB/IEHME MOrPaHNYHbIX KPUBbIX, COOTBETCTBYHOLLMX
COCTaBaMm TBEP/bIX paCTBOPOB ABYX TUMOB: | —COCTaBbl HA BETBU KYMo/a «e — m — C»
(hopmMuUpyrOTCA NPU B3aMMOLENCTBUN MY//IUTa N U3ObITOYHOIO KpPeMHe3eMa C Bbl-
COKOI CKOPOCTbIO CUHTE3a M3 HUX CUNIMMAHNTA MO 3apojpllle — KPUCTaNin3aum-
OHHOMY MexaHu3My (Ha puc. 1 BepxHsAs cTagus B3aUMOAENCTBUA MY/NTA);
Il — cocTaBbl Ha BETBM «e — TOUKa 1387°» 06pa3ytoTcs No MexaHn3My peakumu (7)
npy NepUTEKTOMAHOM B3aMMOLENCTBUN MY/IIATA U CUNIMMaHMTa, 06pa3oBaBLLe-
rocsd B Mpefbioyliem Tune B3aMMOLENCTBUA. M3-3a aKTMBHOWN KpuUCTaim3auum
CUINMMaHNTa U3 TBEPAbIX PACTBOPOB MEPBOr0 TUMA BETBb «& — M» (PaKTUYECKN He
OTK/IOHSIETCA OT BEPTMKa/IM ero coctasa Ha puc. 2. o ykazaHHbIM 06CTOATENbCT-
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BaM (Da3oBblii COCTaB MPOAYKTOB TEPMUYECKOTO Pa3/IOKEHNA Kao/MHUTA K
1250 °C 6ypeT npencraBfieH M3ObITOYHbIM KPEMHE3EMOM, KPeMHE3eMUCTbIMU
TBEpAbIMK pacTBopamu ¢ coctaBammn oT Al,03:9Si0, go Al,03:19Si0, 1 Hachbl-
LLeHHbIMW MO a/TIOMUHUEBOM NOAPELLETKE TBEPAbIMM pacTBOpamMu [BYX BblLLIE pac-
CMOTPEHHbIX TUNOB. MynMT MOXET (DMKCUPOBATLCH, KakK He BCTYMMBLUWIA BO
B3aMMOAENCTBME C KPEMHE3EMOM WM C CUJIMMAHUTOM U3-3a CTEPUYECKOW pas-
rPaHNYeHHOCTN WM He MPOopearvpoBaBLLUMA B MOSIHOW Mepe MO KUHETUYECKUM
NpU4mMHam.

CTpoeHune amnarpammbl cocTosHMA cucteMbl Al,O; — SiO, Mo3BonseT aatb
TPaKTOBKY MpUYrHE NPOABMEHUS N TPETLEr0 3K30TEPMUYECKOro spdekTa TepMo-
[EeCTPYKLMM KaoNnMHUTa. HenocpeACcTBEHHAsA NpuymHa 3TOro aekTa obycrosne-
Ha MpeBbILLEHNEM CKOPOCTW AMCNPONOPLMOHNPOBAHUS CUNUMAHNTA Haf, CKOPO-
CTbI0 €ro KpucTa/iM3aumm U3 TBepAblX PacTBOPOB, 00pPa30BaBLUNXCS B peakLuu
My//IMTa C KpeMHe3eMOM. B pe3y/fibTate 3T0ro 0TMeYaeTc OTK/IOHEHWe COCTaBOB
TBEPAbIX PACTBOPOB, BO3HUKAIOLLMX NPU AUCNPONOPLUOHNPOBAHUM CUIIMMAHNTA,
OT MOYTU BEPTUKAIbHOM MOrpaHNYHON KPUBOW «e — M» [10 BETBM KyMnosa «m — C».
BeTB/ KPeMHE3EMUCTbIX TBEP/bIX PACTBOPOB «g — C» MU «h — C» Npu 3TOM CTaHo-
BATCA 00/iee NOMOrMMU, & COCTaBbl TBEPAbIX PACTBOPOB Ha BETBM «e-ToYka 1387°»
(MexaHun3m o06pa3oBaHus No peakumm (7)) obicTpee NPUBAMKAKOTCA K COCTaBy CTe-
xunometpuyeckoro mynnmta 3Al,05-SiO,. B npogykTax TepMUYECKOW 3BOJHOLMM
Kao/IMHUTa B MHTepBane 1250 — 1387 °C cyLlecTBeHHO BO3pacTaeT BEPOATHOCTb
06pa3oBaHus My/nTa 13-3a COKpaLLEeHNs KOMMYecTBa KpeMHe3ema, C KOTOpbIM OH
MOXET NPOB3aVMOLEeNCTBOBaTbL B KOHEYHOM UTOre [0 TBepAbIX PacTBOPOB C CO-
CTaBaMV Ha BETBM «m — C». JTa CUTyaumss MeTacTabu/ibHasi, OTpaKeHa Ha fua-
rpaMMe COXpaHeHVeM TBEep/blX pPacTBOPOB COCTaBa CU//IMMaHWTA A0 Temnepary-
pbl COMMAYCA 1 COOTBETCTBYHOLUM UHTEPMONNPOBaHNEM BETBU «b — h — c» Kymno-
na (hasoBOro pacnaja TBepAbIX PacTBOPOB A0 TOUKWU MepeceyeHus (MyHKTUP Ha
puc. 2). B COOTBETCTBMM C pPaBHOBECHBLIMW YC/IOBUAMU (ha3006pa3oBaHNA aHaIN-
3MpyeMbIil COCTaB MeTaKao/IMHUTa MepecekaeT BeTBb «M — C» Kyrnosa (ha3zoBoro
pacnaga TBepAblX pacTBopoB 0kono 1500 °C u Bbille 3TOM Temnepatypbl B NPo-
AYKTax ero TepMUYecKor 3BOMOUMM OyAyT COCYLLECTBOBaTb JIMLWb MYIAT K
TBEpAble PacTBOPbl COCTaBOB, fieXallMX Ha BeTBM «m — C» (MPUMEpPHO A0
1570 °C), a ot 1570 °C po nosiBNeHWa pacnnasa npu TemnepaTtype conuayca
(1587 °C) — nnwb MynnnT m 0-kBapy, (puc. 2).

Takum 06pa3om, ConocTaB/ieHNe Pesy/bTaToB BU3YyaslbHO-NOMUTEPMUYECKOTO
aHa/sM3a nyTu naaB/eHns cocTaBa MeTakao/IMHMUTA Mo Auarpamme COCTOSHUS CUC-
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Tembl Al,O3 — SiO, (pyc. 2) U 3KCNEPUMEHTA/IbHBIX AaHHbIX 3K30TEPMUYECKNX
3()peKTOB NPV TEPMUYECKOIN 3BOJIOLMN KAO/IMHUTA YKa3blBalOT Ha afleKBaTHOe
0TOOpaXeHWe BCEX 3aKOHOMEPHOCTEN, NO3BOJISET TPAKTOBATb MPUYUHBI NPOsB/Ie-
HUSA TENMOBbIX 3((IEKTOB N [aeT BO3MOXXHOCTb OpraHu30BaTh Lie/IeBOe yrpas/ie-
HMe 0CO6eHHOCTAMM npouecca (Pa3oobpasoBaHUS.
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