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TOMCKOTO OPJEHA TPYIAOBOI'O KPACHOTIO 3HAMEHU NNOJUTEXHHUUYECKOI'O
HHCTUTYTA umenu C. M. KHUPOBA

Tom 185 1970

XUMHUYECKHE PEAKUHH PA3JIO)KEHHSA LIUPKOHA
KAPBOHATOM KAJIBUHA

f

I1. T. YCOB, 2. Il. COJIOMATHHA

(IlpencraBnena HayuHblM ceMHHapoM KadeJpHl TEXHOJOTHH CHJIHKATOB)

3a nocaennune roasl B CoBerckom Coro3e pa3BellaHO MHOIO HOBBIX Me-
CTOPOKIEHHH LHPKOHA, K YHCJIY KOTOPBIX OTHOCHTCS TyraHckoe MeCTOPO kK-
nenne Tomckoil o6aacTH.

Ha ocHoBe 3kcnepHMeHTa/NbHBEIX HCC/AeJOBaHHH, BLINOJHEHHBIX KOJIEK-
1BOM 6a30BOi J1abOpPaTOPUH MHHEpasbHOro chipbsi TOMCKOTO MOJHTeXHHYe-
CHOTO HMHCTHTYTa [l], peKkoMeHAyIOTCS ONTHMAaJbHEIE YCJAOBHA Ipoliecca
BCKPBITHS LUHMPKOHOBOrO KOHIEHTpaTa M3 MNeCKOB TyraHCKOro MecTopOxK/Ie-
HuA MyTeM clleKaHud €ro ¢ MeaoM. Hacroaniee coofuieHHe BKAOUACT UCCE-
JIOBaHHS O XHMMHM B3aUMOJCHCTBHA LUPKOHA ¢ Kapb6OHATOM KaJjblius, 4TO
SIBAACTCA TPOLOJIKEHHEeM npojesaHHod paborel. Jiumb mocsie BHIACHEHHHA
3TOTO BONpPCCA MOXHO HPUCTYINHTb K H3YYCHHIO KHHETHKH Iipolecca pasJo-
JKEHHST LHPKOHA OKHCBIO KajbliUf, NaTb TeopeTHUueCKH OOOCHOBaHHHBIE TeX-
HOMOTHYECKHE PeKOMEHIallHH.

B paboTte ncnosb3oBadHCh HUMPKOHOBbIH KOHIEHTpAT TyraHckoro Mecto-
poxsaenus c¢ cogepxanueMm ZrSiOy— 96,97%, ecTecTBeHHOH KPYIHOCTH 3ep-
Ha, uTo cocTtaBasier 0,074 mm, u KapboHaT KaJbliHsg MapkH 4.x.a. Hcnoabso-
sanie CaCO; o6ycnoBNHBAeTC YCTONUHUBOCTBLIO €rc NpH OOBIYHLIX YCAOBU-
X B aTMOocepe BO3AyXa H TeM, 4TO HOJAyyalomascsa Npyu AHCCOLHaUUy OKHCh
Kanbliusa siBasieTcs HauboJlee peaknHOHHOCHCCOOHOIL.

B 3aBHCMMOCTH OT COOTHOLUEHHSI OKHCH KaNbUWA M LHPKOHA, YCJAOBHII
CT€KaHHsi B HNPOAYKTAX DPa3JOKeHHS! OOHAPY)KHBAIOTCS LUHUPKOHAT M CHJIM-
KaTbl Kajblus, cBOOOJHAA OKHCb KanabLua [2], opTOCHIMKAT Kajablus, TBep-
nei pactsop CaO B ZrOy; MOHOKAHHHOH HJAH KyOHYECKOH MOJAU(DUKALHH,
CTEKJ1000pasHbie cocTaBasAImke [3], UHPKOHOCHAHKATH KaJblivs, ABYOKHCH
nupkonua [4]. AHanHM3 TMepeuHCNeHHOR JHTepaTypbl MOKA3aJ, uTO BHIBOJIHI
HEKOTOPBIX ABTOPOB IO XHMHH INPolLecca B3aUMO/IENCTBHS HHPKOHA ¢ OKHCHIO
KaJblIUA NPOTHBOPCUHMBE], OCOGEHHO MNpPU CHEKAHUM IHPKOHA C YMEHbIIEeH-
HpMu KosnvyectBaMM CaQ, npeicTaBAsOLIMMH MHTEpeCc /i TEeXHOJOTHH
CUPAHHEHHI UPKOHUA. '

Hamu mocras/ieHa 3ajaya H3YYHTh NOBEAEHHE HPKOHA HCCACIYEMOTO
MECTOPOK/ASHHSI NIPH CIEeKaHuH ero ¢ 1, 2, 3 moaamu oKucH KajabHus B HH-
tepBane temneparyp 900—1300°C. Temnepatyphl BbIGHpAJHCh TAK, 4TOOBI
BO3MOXKHbIE NMPH 3TOM peakUWH NpPOTeKaad C 3aMeTHOH cKopocThlo. Ilocae
TILATeIbHOTO NepeMellHBAHHA HCXOIHBX KOMIOHCHTOB H3 IUHXTHI IOJ JaB-
aenneM 700 ke/cm? npeccoBaduich TaGNeTKH AuaMeTpoM 14 mm M TOJIHMHON

2 MM, KOTOPHIe O6XKHIaJMCh B 3JEKTPHUECKOH Meun ¢ KapOOPYHAOBLIMH Ha-
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rpeBaTensiMH. Bhiiep:Kka NpH KOHEUHOf TemIepaType of:xura cocrabJisiia
JiBa yaca.

s mccaefoBaHUS TNPOAYKTOB B3aUMOJEHCTBHA LHMPKOHA C OKHCHIO
KaJIbIMsl NPHMEHSAJUCh BBICOKOTEMINEPATYPHbIH PEHTIeHO(a30BLll H MeTPo-
rpacduyecknii MeTOAbl aHaau3a. PeHTrenoga3oBbil aHaJK3 OCYUIECTBJAICA
Ha nudpakromerpe YPC-50u B uanyuennn Cu-Ko c BeiIcOKOTEMIlepaTypHOH
npucraBxoil. IlpuctaBka mpexacrasaser co0ofl neub € NJIATHHO-DOAHEBBIM
HarpeBaTeJseM, MO3BOJASIOLIHM MPOU3BOIHThL PEHTTEHOBCKHE MCCJIEA0BAHUSA
B nporecce HarpeBa ao 1500°C. Cbemka peHTreHorpaMm MPOU3BOJANIACH
¢ NOJYUHJIHHAPUYECKUX o0paslloB, CHPeCCOBAHHBIX H3 IIOPOIIKOB HCCAEHY-
CMLIX cMeceH. 3aluch NPH CbheMKe OCYILECTBJAIACh HCIPEPHIBHO MyTeM MO-
CTOSIHHOTO peBepCHPCBaHHs B 3alaHHOM HHTepBaJe yrios 20. B pesyasrare
CpaBHEHHs1 OCHOBHBIX MHIEKCOB PEHTIeHOTpaMM HCXOAHBIX KOMIIOHEHTOB H
BO3MOKHBIX TMPOLYKTOB B3aHMojelcTBHsl Obln BhiOpaH HHTepBaa 20=
=24—34° B KOTOPOM B HAuaJbHEIl MOMEHT UYeTKO (PUKCHDVIOTCHA [IBa [AH-
{hpakKIHOHHLIX MakcuMyMma, cooTBercTBywue uupkony u CaCOs. Ilpu na-
rpeBaHuy o6pasua AUGpPaKIHOHHASN KAPTHHA H3MEHAECTCA, PHYEM PA3JIHIHO
B 3aBHCHMOCTH OT COOTHOLIEHHSI HCXOJIHBIX KOMIIOHEHTOB. DKCIIepHMEHTaJlb-
Hble JlaHHBIE IPE/JCTABJCHB B Tabd. 1.

TaG6auuwa |

®a3zoebiii COCTAB MPOLYKTOB B3aHMOAEHCTBHS OKHCH KAJbIHA C UMPKOHOM MO AAHHBIM
BLICOKOTEMIIEpATYPHOre peHTreHoda3oBoro aHanausa

Uexomnos ' Temnepatypa, °C
71810, Ca0 900° 1100° 1200° 1300°
ZrSi0y, Z1Si0y, Z7Si0y, ZrSi0,, Z10,,
11 CaO CaO, Z1Q0,, Ca;Z1Si,Cyq
CaZrO,, Ca;ZrS1,04 '
Ca,yZrSi 0,
Z15i0,, Z1S10,, ZrSi0y, ZrSi0,,
1:1 CaO CaZrO, CaZrQO,, CaZrO,,
Ca;Zr1Si,04 CayZrSiyQy, CazZ1Siy0y
Zr3i0,, Z1Si0y, ZrSi0,, Z1SiQ,,
1:111 CaO CaZrOg, CaZrQO,, CaZrQg,
Caseri;;Og CaSZrSIZOQ CageriQOQ

ABanu3upyss 3KCHepHMEHTaJbHEE JaHHbie, HAMH MpPEANoNaraeTcs cJae-
AYIOLHH XHMHU3M IIpolecca pasnoxenus nupkora CaO.

BsarmojaeficTBHe HHPKOHA C OKHCBIO KaJblldsd NPH MOJSAPHOM COOTHO-
LIEHHH X B CMECH NIPOHCXOAUT MO PEaKIHH;

ZrSi044+Ca0=CaSiOs;+ZrO,.

Hanwnune tpofinoro coennnennss CazZrSizOy roBOpHT 0 TOM, 4TO KOHeu-
Hble TIPOAYKTH B3aHMOAEHCTBHUS 06pA3YyIOTCS He cpasy, a MOCAelIOBATENbHO
epe3 psaJl NPOMEXYTOYHHIX peaklHil 1o cxeMe, npennoxenHoil Kopnok [5].

2Ca0+ZrSi0y=CaySi04+Zr0Oy;
ZrOy+Ca0O=CaZrOs;
Ca,Si04+ZrSi0,=2CaSiOs;+ Zr0Oq;

2CaSi03+CaZrOs;=CasZrSiy0q;
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CaszZrSisOy+ZrSi04,=3CaSi03+2Zr0q;
CaO+ZrSi0;=CaSiO;+Zr0s.

IIpu cnekaHuu UMPKOHA C ABYMS MOJASIMH OKHCH KaJbLUHA KOHEUHBIMH
npoaykramu siBaswTca CaZrO; u CazZrSiog(ds, B3aUMOAEACTBHE HAET MO pe-
AKLHU:

ZrSi0,+2Ca0=0,5CaZrO;+0,5Ca3ZrSiyOq.

BaauMoaelicTBHe IUPKOHA C TPeMsl MOJSMU OKHCH KaJblH$l ONHChiBa-
etcsl peakuuesi: ZrSi0y+3Ca0=CaZrO;+CapSi0,. Hannune tponHoro co-
ennuernsi cocraBa CazZrSisQy MOXHO OOGBIACHHTBH NMPOTeKaHHEM NOOOYHbIX
peakuuii, Bbi3BaHHbIX TeM, uTo CapSi0; u CaSiO; He COCYLHECTBYIOT C
ZrSiOy, T. e. Hapsay ¢ peakuueir obpasoBanua CaZrOs HAYT caedylollHe
PCAKIHH:

2C825i04+2[’5i04=C832r5i209+caSiO3;

3C82FO3 +221’SiO4= Ca3ZrSi209 +4ZI'02

Mukpockonuyeckoe Hcc/efoBaHHe 00pa3lnoB NOCAe TepMHYeCKOH odpa-
OOTKH, BBINIOJIHEHHOE HMEPCHOHHBIM METOJO0M, NOJATBEpPINJI0 pe3y/bTaThl Bbl-
COKOTeMIIepaTypHoro pertrenodasoporo axanusa. OHO MOXasajo, uTO B3a-
BEMOJelicTBHe NUPKOH2 ¢ KapBoHATOM KamdblMs Ha4YMHAeTCHd B HHTepBaJde
temnepatyp 900—1000°C He3aBUCHMO OT COOTHOLUEHHSI HCXOJIHBIX KOMHO-
HCHTOB B CMeCH, Bhipa3uBllieecsl B MOSIBJEHUM PEAKIHOHHBIX KAeMOK BOKpPYT
sepeH uMpkoHa. IlpuueM XKpucTanAbl UHPKOHA COXPAHAIOT CBOH raduTyc, HO
npuobperawt Gypyio okpacky. Kykosqes {6] obbAcHAeT npuoOpeTeHue H30-
TPOTIHOCTH 1€ eKTHOCTbIO CTPYKTYPHOH pellleTKH, BbI3BAaHHOH auccouvauHei
LLHPKOHA.

C noBbllleHHeM TeMIlepaTypbl 006KHra KapTHHa H3MEHSICTCSl B 3aBHCH-
MOCTH OT COOTHOLLEHHS MCXOJIHBIX KOMIIOHEHTOB B CMECH, YTO yKa3biBaeT Ha
pPasJMudsl B IpOILIECCe B3aUMOJEHCTBUS LIHPKOHA C OKHCbIO KaJjbuus. B o06-
paszue u3 cMmecd ¢ cooTtHouwenuneM ZrSiQy:CaO=1:1, oboxxKeHHOM NpH
1300°C ¢ 2-x yacoBsoii BeIepKKOH, Kpucrananueckasi ¢a3a TpeJcTaBieHa
ky&uueckoil dopmMoil ZrOs,, NMCEeBIOBONJIACTOHHUTOM U TPOHHBIM COeIHHEHHeM
Ca3ZrSis0y. O6pasusl u3 cmecedr ¢ coorHomennem ZrSiQ,: CaO=1:2u 1:3
NoCcae TaKOi Ke TepMHYecKoil 06pabOTKH HPeACTaBASIOT COOOH PLIXJYIO
AHW30TPOIHYI Maccy, SIBJAAMYIOCH NPOAYKTOM B3aumoneilctsus CaZrQs.

Ilpn npoBeaeHuu nerporpaduuecKkoro aHanau3a BbIsBJAEHA ONpELe/ieH-
Has nocaeAoBaTeNbHOCTh NpOIeCCa CNEKaHHS UHPKOHA C OKHCbIO KaJibllHs,
4TO BMAHO Ha puc. 1 a, 6, 8. B3aumogeiictBhe HUPKOHA C OKHCbIO KaJibllusl
IIEeT B TBep/oH (pase MOCJOMHO, C NOBEPXHOCTH KaXKAOr0 KPHUCTAJAa LUPKO-
na. Paspoixienue, ckasgblBaHHEe NPOAYKTA peakUHH MNPOUCXOMHT BCJAEACTBHE
TOrG, 4TO 00pa3yIOUIHECs COSTUHEHUsT HMEIOT OOMBIINA MOJeKyJIsAPHbIL 00b-
CM, YeM HUPKOH. ITO 0ODbACHAET TakKe MNPUYHHY OOJbLUIOH CKOPOCTH NpO-
1eKaHNSl peaKUUW B CPaBHUTENbHO HEBHICOKOH ofsacTth TeMmepaTyp, KOTo-
pasi 3akJaoyaeTcs B TOM, YTO HPOJAYKT PeakUHH He ob6pasyer IJOTHOIO CJosl
BOKDYT 3€p€H, CKaJblBasiCh, OH BCe BpeMs OOHaKaeT YHCTbie MOBEPXHOCTH
KpUcTaaia HHPKOHA.

13 Hacrosilee BpeMs HaMH HPOJOJIKAIOTCH MCCJACNOBAHHUS IO KHHETHKE
TBEPAO(a3HbIX PeaKLHA MeXAY OKHCBbIO KaJbLHf H LHPKOHOM.
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