U3BECTHY
TOMCKOIrO OPJIEHA OKTSABPBCKOM PEBOJIIOLUMHU U OPJAEHA TPYIOBOIO
KPACHOI'O 3HAMEHUM MOJWUTEXHWYECKOTO MHCTUTYTA um. C. M. KUPOBA

HCCHAENOBAHHE BJHAHUA NOBABOK
HA KHHETHKY BZAUMOJEUCTBHSA IIUPKOHA
C KAPBOHATOM KAJIbLLUA

[1. T. YCOB, 3. I1. CO/JOMATUHA

{ITpencrasacna nayunpiM ceMHHApOM Heopranuucckix kadeip XTD)

Mayuenuio BJAMSHUS Pa3IMUHbIX JOGABOK B NPOLECCe PasJioxKeHHs LHP-
KoHa KapOOoHATOM KaJbLHd MOCBAIIEHO GOJAbLIOE YHCJIO HCCACAOBAHHI
[I—4]. Ha ocHoBaHHM aHa/M3a NPUBEIEHHOI JIHTEPATYpPbl HAMH NOCTABJAEHA
3azavya wnccaenoath BaudaHue Na,CO; u CaCly, BBOAMMbBIX B KoanuecTse 1,
3, 5, 8% x Becy WIHXThI, HA B3aHMOAEHCTBHE LHMPKOHA ¢ KADOOHATOM KaJlb-
1A TpH cooTHoWleHUU B cMecu ZrSiQy:CaO=1:1, 1:2, 1:3, uro umeer
HauboJblllee NPOMBILLICHHOE 3HAYEHHE,

B paGore ucnonb3oBanucs LUHPKOHOBBII KOHUEHTPAT C COAeprKaHHEM
ZrSi04=97,5% un3 necxoB TyraHCKOTO MECTOPOXK/IEHHS H PeaKTHBbI: yIJie-
KHCJIBIH KaJbUHH, YIVICKHC/BI1 HaTPHi, X/JOPHMCTBIA KaJjblinil MapKu 4. . a.
Vicnoab3oBanue yIJIGKHCJAOTO Kadbliusd 0OO0YCAOBJICHO YCTOIYHBOCTBIO €ro
1pd OOBIYHBIX YCIOBHAX B aTMocdepe BO3JAyxa H TEM, uUTO [OJy4aoliascs
NpH QUCCOUHAUMH €r0 OKHCh KaJ/bLHS siBJfeTcs HauGonee peakLMOHHOCHO-
cobnoii. Beeaenne go6asok B Koauuectse 1, 3, 5, 8% x Becy 1HXTH 00bdcC-
HAETCA TeM, UTO, KAK YCTAHOB/JICHO MHOTHMH PafoTaMH, JJs CyL[eCTBeHHOI
MHTEHCHUKAUMH DeaKUUil B KPHCTAMJIHUECKHX CMeCSX JOCTATOYHBIM SIBJS-
eTcst cofepxKanue No6aBKu B HUX 1—39%.

Bonbuioe 3sHaveHHe NpH U3YYEHHH BANUAHMA 100aBOK HMeeT Ccrlocod moj-
FOTOBKH IIHMXTbi, HEOOXOAHMO TIIATENbHOE TepeMellHBAHHEe COCTABJMIOIMIHX
KOMIOHEHTOB JJis1 JOCTHIKEHHsI TeCHOTO KOHTAKTa AO0ABKU C KPHCTaJJHye-
CKOIl CMEChI0. YUHTBIBAS 3TO, CMEMIMBAHHE KOMIOHEHTOB IIUXTH ¢ A06aBKa-
MU POBOAMJIOCH B ULIUKEDHOM COCTOSTHHM 3JIEKTPHUECKOH MeIIaJKOH B Te-
denne 30 MunyT. 3aTeM IIKXTHl NMOJCYIIMBAIACh HA BO3AyXe H Ha NecdaHoil
Hane.

OnTtrHManbHOe KOMMYECTBO BBOAMMON 100aBKH, oXaswbiBalolliee 3ddek-
THBHOE BJMSAHHE HA B3AWMOACHCTBHE LHPKOHA € OKHCBIO KaJbliMs NPH pas-
HBIX CTEXHOMETPHUYECKHX COOTHOIIEHHSAX KOMIIOHEHTOB B CMeCH, ONpeseJis-
10¢h AnddepedunasbHO-TepMUYECKHM aHann3oM. TepMorpaMMbl CHHMAMHCh
Ha nupomerpe KypHaxoBa ¢ Hemosb3oBaHHEM B KAuecTBe 3TAN0HA KOPYHJA,
oboxkendoro npu 1200°C. VesioBua chbeMKH COBMIOAAMCH TTOCTOSHHBIMI
H OB CJEAYIOUHMH: CKOPOCTh NOJbeMa TeMnepatypsl 10° B munyry, tep-
monapul Pt/Pt, Rh, pononnutenbnoe conporusienne 500 oM. ITonyuennwre
TePMOTPaMMbl IpeJCTaBAEHbl Ha pHC. 1.

Ha repmorpammax cmeceil LHPKOHA ¢ KapGOHATOM KaJblis HaGM014-
eTc OAMH 3xgoTepmuueckuit apdexr npu 960° C, coorBeTCTBYIOMHNIT AHCCO-
UHAIMH  YTJEKHCJAOro Kajblius, NpHYeM IJIomaAb 3Toro 3ddekra 3amMerHo
yBeJanunBaercs ¢ ysenunuennem colepxkanus CaCO; B cmecu. I1pu BBemenuu
NayCO; B kauecTBe JI0GABKH K HCXOAHBIM CMeCAM Ha TepMOTPAMMAN
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Puc. 1, a. TepmorpaMMbl cMecedi HUPKOHA ¢ KapOOHATOM KaJbIlHA.
1 a ¢ no6aBxamu NagCOjz
16 ¢ no6askamu CaCl,y

(puc. 1, a) nosiBasietcst BTOpO# 3HAOTEpMHuecKhit 3ddexT npu 840°C, co-
OTBETCTBYIOUIHH AHCCOLMAUUN coipl. OTMeueHO, 4TO HanuuHe 31oro 3dgdex-
tTa npu yBeandeHuu cogepxanuss CaCO; B mmmxte Gukcupyencs npu G0Jb-
1eM COJEpaaHUH BBOAUMON Ao0aBkH. OOIMM /51 BCeX HCCAEAYEeMbIX CMe-
cefl ABJSIETCA TO, 4TO C yBeJuueHHeM xonwvectsa BBoauMol Na,CO; Ha-
6J100aeTCsl yMeHbIIeHHe INVIOIMAAN 3HAOTepMHueckoro sddexra auccouua-
unyt CaCOjz; 1 cMemieHde ero B 00J4CThb HU3KHX TeMIepaTyp, MpHYeM 3TH
H3MeHeHHs1 HauboJlee CYL(eCTBEHHB! NIPH MOJISIDHOM COOTHOLIEHUM KOMIOHEH-
TOB B CMECH.

Ha Ttepmorpammax cmecell LLMpKOHA ¢ KapOOHATOM Kajabuus ¢ podan-
kamu CaCly (puc. 1, 6) Tak:ke 3aMETHO pe3Koe yMeHblIeHHe MJIOUAAH IH-
Aotepmuteckoro sddekra gexkapborusanun CaCOs u cABUT ero B CTOPOHY
HU3KHX TeMmmepaTyp, npimepHo Ha 40—100° B 3aBHCHMOCTH OT KOJIHYECTBA
BBOAMMOIl foOaBku. Kpome Ttoro, Ha Tepmorpammax npu sBegenuun CaClg
HaOMIONAI0TCA JIBa SHAOTEDMHUECKHX S¢pdexrta npu 560—5H80° u  600—
620° C. [Iaq BBISIB/JEHHS XapaKTepa ITHX MHUKOB OBIA CHATH TEPMOTPAMMAbI
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Puc. 1, B. TepmorpaMmul cMecelt 1IpKoHa ¢ KapOo1aToM KaJbiHA.

Kpunsole a — Zr5i0,: CaO=1:1, | — TepMorpaMmbt cMeceil Ge3 106aBOK
6— » =1:2, 2—1% NaCOs, 1% CaClg
c— » =]:3. 3—3% » 3%  »
4 -— 50/0 > 50/0 »

5~ 8% > 8% »
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ancroro CaCly-6 Hy0, n emecu CaCly ¢ kap6onatom kanaslius. Ha nepsoit
oTMeueHbl ABa supoTepmuueckix addexrta npu 40 u 220°C, coorBeTCTBYyIO-
IHe JerdHjpaTaliid, a Ha BTOPOH — 3HAOTepMHUecKHe 3(deKTol npH 560—
600° C. MoxKHO NpennosoKUTh, YTO Haauuue 5TUX 3QPEKToB Ha TepMO-
rpaMMax uccraenyeMblx cMmeceil oOyc/aoBaeHO O6pa3oBaHHEM ABOHHOTO CO-
CAUMHEHHUS, nalollero ¢ A00aBKOH JerkomIaBKYyl 3BTEKTHKY, CIOCOOCTBYIO-
myo yckopenunio pucconranun CaCQO;, a 3TUM caMbIM M HeNOCPeACTBEHHO-
My B3aHMOJAEHCTBHIO LNPKOHA ¢ OKHCBIO KaJbLUS.

YMenbluenne snjotepMudeckoro sdrpexra (960°) npu BBegeHuu joba-
BOK B CMCCH MOXKHO OOBACHUTBH cjAeAyiomUM ob6pa3oMm. Bsaumoneiicteue
uuprona ¢ CaO nauunaercs B uurepBate temnepatryp 900—1000°C u co-
NpoBOXKIAeTcH norjaollendem rtemsa. [Ipu Hammuuu 106aBOK B CMecH, yCKO-
PSIIOLUMX 3TO B3aMMOJEHCTBHE, 3TOT NpPOLECC COBMAagaeT C NPOLECCOM JHC-
connaunn CaCOs, conpoBoxkiaroluuMcs BblAegeHHeM Temia. Takum obpa-
30M TIDOMCXOJAUT HAaJMOKeHHe 3K30Tepmuyeckoro 3sddexra ¢ 3HIAOTEpMHYUE-
CKHM ¢ yMeHbITeHHeM T/OLANAK TMOCAeIHEr0 ¥ CMeLleHHeM ero B 00JacTh
HU3KKX Temnepatyp. CueloBaTesabHO, IO CTeNEHH yMeHbUIEHHS IJI0LLaLH
sgaoTepmiyeckoro addexra npu 960°C MOXKHO CYAHTBH O HPOTEKAHHM B3a-
HMOLENCTBHA UHPKOHA C OKHCBIO KaablUusd U 06 3DGPeKTHBHOCTH BBOAMMON
106asku. Hanuune munumanpubix Touek mpud 8% Na,CO; u 5% CaCl, na
KPUBLIX H3MEHEeHUd IVIOILAAM SHAOTepMHUeCKOro sddekra ¢ H3MeHeHHeM
IIPOLEHTHOTO cojlepzKkanusl 106aBku B cMecu (puc. 2) yxkasmiBaeT Ha 3bdek-
THBHOCTb [1e{ICTBUS ONpedeseHHOTO KOJHUecTBa A00aBKU B JAHHBIX YCJAOBU-
fIX IIPOTeKaHHs rpolecca.

Sorw. Ippexma, %

? % 6 8 2 4 5 8
codeprcanue Na:(0s, % codepcanue Lalls, %

Piic. 2. MaMenenne OTHOCHTENBHON TJIOLIAAH 3HAOTEPMUUECKOTO 3D dheKTa
auccounanin CaCO; npyu BBeeHUH A00aBOK.

2 a— NasCOs, 2 6 — CaCly nast cMecelt
1— ZrSi0y : CaO=1:1; 2—ZrSi0y:Ca0O=1:2; 3—ZrSi0;:Ca0=
=1:3

KuHeTHKa B3aHMONCHCTBHS UHPKOHA C OKHMCbH) KaJblHsl TPU COOTHO-
wennn ZrSiO4: CaO=1:2 B npucyrcreuu 1% CaCl, B kauecTBe n06aBKH
uayuanachb Ha oOpasuax auamerpom 14 MM u BoicoTol 2 MM, OGpasusl npec-
COBAJINCh Ha rHAPAaBJHYECKOM Ipecce mMoa AaBaeHueM 750 k[/cmM2 H 3aTeM
O0XKHUTANNCh B 3/1EKTPHYECKOH MeYyd ¢ KapOGOPYHIOBLIMH HarpeBaTessMH
npu temmneparype 1200, 1250, 1300, 1350° C ¢ Boimepxkait or 0 go 2 gacos
¢ 20-munyTHBHIM MHTepBajoM., Temmeparypa o6KHra KOHTPOJHPOBaJach
Pi/Pt, Rh trepmonapoli. OGoK:KeHHbIe 06Pa3lbl 0XJAaXKAaNUCh B SKCHKATOPE
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Haj Ge3BOJHbIM XJOPHCTHIM KaJjibliieM BO n3fexkanue KapOOHH3alHH CBO-
6onHoll oxucH kKaabuusi, KoHTpoaupoBasoch comepxaHue cBoboanor CaO
B 00paslax rnocje TepMHueCKoH 06paboTKH, Ha OCHOBAHHH 4ero onpeae/sau
KpHBBIE 3aBHCHMOCTH KOJHYecTBa cBs3aHHOH uupkoHom CaO oT BpemeHH,
Jist onncaHua 3KclNepHMEHTaJbHBIX JAHHBIX YAOBJECTBODHTE/AbHLIM O0Ka3a-
JIOCh CTerleHHOe ypaBHeHHe BHAa

a

lan:B ~Z”
CKOPOCTI) CBA3LIBAHUSA CaO B J1000f1 MOMEHT MOKHO BBLIDA3UTD!:
dx _ n(a—x)?
—_—=—, Tie
dz  a-Z-23 A

a — KoanyectBo cBg3aHHoii CaO k MOMeHTYy Hauajda Bblaepxkxu B U,
x — KoJuuecTBo cBsizanHoilt CaQ 3a onpeneneHHbll NPOMEKYTOX Bpe-

MeHd Z 8 Y,

. d .
A — OHPCJeSICTCs KaK TadHIcHCe yriaa HdKAoHda HPpIMOH —— —Z K ocH

aocuuce.

a—x

dx

KouncranTta CKOPOCTH pedKilHl OTIpeAead]ach U3 BLiDAKEHNA K:?j— Z,
z

paccuuTAHHbIE 3HAYEHHS] NMpuUBedeHbl B Taba. 1. Kak Buano u3 puc. 3, rpa-

Ta6aunal

3HayeHHsT KOHCTAHT CKOPOCTEH peakuuil B3auMoaelHcTBHA
HUPKOHA ¢ KapOOHATOM Kanslud

‘ Z 1200°C 1250°C 1300°C ‘ 1350°C
o 20 998 3.52 6,12 8.0
7 40 104 92.94 5,68 6,6
o 60 204 282 5,40 6,16
~ 80 1,94 2,82 4,90 6.0
o 100 1,91 2,92 5.0 5,76
K 120 1,90 270 4,30 1,88
o 20 3.24 420 3,70 5,24
T 40 3,0 3,44 3,64 4,88
ol® 60 298 3,36 3,48 4,00
© : 80 2,80 3,04 3,26 3,80
S= 100 2,66 2,80 3,10 3,74
E 120 2,48 92.86 3,04 3,44
f
09 rg K
{
07
2
05
Puc. 3. 3aBucumocts IgK ot 1/T°K.
03 . THo' 1 —cmecs ZrSi0;: CaC=1:2 Ges zxo-

0,67 0,65 0,63 0.61

0aBoxK,
2—=10 x)e, Ho ¢ 1% CaCl,



duxu 3aBucumoctu 1gK ot 1/T° pas wuxt 6e3 nobasku U ¢ J106aBKOH
MMeKT BHA NPAMBIX JHHHH BO BCeM HHTepBaJe TeMmepaTtyp, B KOTOPOM HcC-
cNeI0BaJUCh PeaKIliy.,

Ha ocHOBaHHM NOJyYeHHBIX 3HAUEHHIT KOHCTAHT CKOPOCTell peaxuuit
TPH PasyiMUHBIX TeMmIepaTtypax ObIM pacCuuTaHbl 3HAUEHHUS] IHEPTHH aKTH-
Baluu mnpollecca caaspiBanus CaO LHUPKOHOM MO ypaBHeHH0O AppeHuyca,
Paccunrantbie sHauenus £ KkaJja/Mosab NpUBeIeHBI B TadJ. 2.

Tabaunma 2
3nauenus E kxkaa/monab
K
/ 14731523 | 1503-1573 | 1573—1623
E kkan/mModar
ZrSi0, : CaO=1:2 34,2 46,6 21,4
7ZrSi0;: Ca0=1:2 76 8,1 10,5

1 0/0 C3C12

Boisoap!

1. U3 uccaenoBaHHbix KoanuecTB BBOAMMBIX noGaBok Na,CO; u CaCly
Haubosee 3ddekTuBHOe B/IUSHHe oKa3biBaer BBedeHHe 8% NasCOs; u 5%
CaCl; K Becy HIHXTHI. ‘

2. C kuHeTHYeCKOH ToukU 3peHHs mpucyrcrsue B wuxte 1% CaCl;y yse-
JHYHBAeT CKOPOCTb PeaKUH¥ B3aHMOJEHCTBHS LUHPKOHA C OKHCBIO KasbIlHs
1o temneparypn 1250° C.

3. C 3Hepreruueckoil TCuku 3peHus BBefeHHe B wuxty 1% CaCl, 3una-
YHTENLHO TIOHMKAET SHEPTUI0 AKTUBALMH, yeM OOYCIOBIUBAET YCKOPEHHE

JIPOTEKAaHUA TNpolecCa BCKPBITHA UHDPKOHOBOTO KOHIUCHTpaTa MNPH CIEKAaHHU
€ro ¢ MeJioM,
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