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METAJJYPITHYECKAYd OUEHKA TOONAUBO-NJABUJIbHbIX
MATEPHAJIOB HA OCHOBAHHH HCIIBITAHHUA B NEYH
UMET

I I'. KPHHHUIIKMH, B. C. APXHIIOB, C. 1. CMOJIbAHNHOB

(I'lpeacrasieHa HAYUHO-METOAMYECKHM CEMHUHAPOM XHMIKO-TEXHOJIOrHYeCKOro (axymanrera)

JlaGopaTtopHble HCIOBITAHHS HA INIPOYHOCTL H BOCCTAHOBHMOCTL TOPdO-
PYAHBIX (QOPMOBOK AAIOT OCHOBAHMSA AJs ONBITHOH NPOMBILIJIEHHOI mpoBep-
ku TIIM. Onnako He HM3BeCTHO, KakK HOEefeT cels 3TOT NPUHIUNHAALHO HO-
BB MarepHasn B YCJOBHAX NPOTHBOTOKA ['a30B M INUXTH, NpH IMIIaKooGpa-
30BaHHH, HACKOJbKO OOJBIIHE TOMEXH CO3XaAyT ra3 ¥ CMoJa THDPOJIH3A
Topda. HakoHel, cyllecTBeHHOe 3HAUEHHE HMEST COCTAB [OMEHHBIX Ta20B
KaK CLIpbS MJs XHUMHUYECKOH nepepabGOTKH.

Bce st BOmpockl MOTYyT OLITb paspelleHBI TOJMBKO B YCJIOBHAX JOMCH-
Horo npouecca. IIpoBeaeHue N0CTATOUHOrO KOMHYECTBA IVIABOK B MPOMBILI-
JeHHBIX U JaxKe HOJYNPOMBIUIIEHHBIX YCJIOBHAX NOTpe6oBaso Obl UPE3BbI-
yafiHo GoJblIMX 3aTpaT (MatepHaJdbHbiX). [losTomy npeasapuTesbiible lc-
NBITAHUST pellieHo OblJ0 NPOBECTH HA JabOpaTOPHON NOMeHHon Meun Mucru-
TyTa MeTaanaypruu uMm. A. A. Baiikosa. IionoGHble ycTaHOBKH He pas Tpu-
MEHAJMCh MPH HCCAeNOBAHHAX B AoMeHHoM mpoussoncrse [1, 2]. Corpyxn-
HHKH HHCTHTYyTa METaJAAypPrud OTMEUaoT, UTO chenu(HuecKHe O0COOEHHOCTH
Jabopatoproit maxTHol meun MMET He Mo3BoJISIIOT ee CUMTATL MOZeJbIC
AOMEHHOH Ile4yH, a CKopee-— 0cOOLIM YKDYIHEHHBIM JaGopaTopHBIM mpHGO-
pOM I/ KOMIJICKCHODO CPaBHHTEJBHOTO MeETaJdTyPrHYecKoro HCIBITAHUS
HeGOo/IBbIINX KOJHYECTB HOBBIX LIMXTOBBIX MaTepHaJsOB B YCJAOBHAX IPOTHBO-
TOKa B BOCCTAHOBHTE/JBLHOH cpefle NpH OOJBILIOM TpajueHTe TeMIepaTyp OT
450—500°C na xomommuuke jpo 2300°C B ouare ropeHus Kokca Ha (yp-
Max [3].

KonnugecTBo TOMAMBO-MJIABHJABLHOTO MaTepHasja XapakTepH3yeTcs 110
pesyJjbTaraM IJIABKH CJAeIYIONIUMH [10KA3aTeJAAMH: XOJA IeYd, MoKazaTe/i
HHTEHCHUBHOCTH X0Ja, MaTepHaJbHBIH GalaHC, XapaKTepUCTHKA MaTeDHAIOB,
H3BJCUEHHBIX H3 IIeYH, IPHYEM B OCHOBY BCeX OLEHOK KJAATEeTCS CPaBHEHHE.
Pesyavratet naasku Ha TIIM cpaBHUBAawOTCS ¢ pe3yabTaTAMM ILJIaBKH Ha
cranjpaprHoi wymxTe. Takof cnoco® oueHKH mo3BoJgasgeT ¢ Gogabiued Hia#
MEHbIICH AOCTOBEPHOCTBIO 3KCTPATIONHPOBATH MOJAYUYCHHBIC HAHHBIE Ha Npo-
MBIILJIEHHBIe Nevyd. B xayecTBe cTaHZApPTHOM NPHMEHSAAACH IIHAXTA, COCTOHA-
1asi M3 KOKCa, JIErKOBOCCTAHOBHMOI PY/JbI H H3BECTHSIKA. JKCIEPHMEHTAb-
Has UIHXTA COCTOSJIA H3 TOIJHBO-NIJIABUJBHBIX MaTepHaJsoB, (urocos (Kpac-
HLIH KUPMHY H H3BRCTHAK) H KOKCa, KOTOPHIH 106aBsjcd BBUIY OOJBIIHX
TeMJIOTOTEPh J1abopaTOPHOR NOMEHHOH Ieyw.

XoJ Tleud TO3BOJAST CYAHUTL O TIOBEIEHMM HCNBITYEeMOTo MaTtepuaJa.
Ecan maTepua/J NpoOuYeH H COXPAHAeT CBOIO CTPYKTYPY M0 30HB GhypM, T
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Neuyb NpHHUMaeT AyTbe Oe3 3ajepiKek, He HabawpaeTcs o06BaJOB, CKAYKOB
AaplenHss AyThsi. Henpounwifi maTepHas nox BAHSIHHEM TepMHYECKHX W Me-
XaHHUeCKHX HArpy30K HaUWHaeT PpaspyllaThCd, MeJOUb U NblLab 3a6HBaeT
NPOXOABI H KaHAJEl B CTO/N0E WWIHXTE, Yy (QypM MOSBIAIOTCH TEMHble KyCKH
HEIIDOTPETHIX MaTepHaloB, LABJISHHEC LyTbs PE3KO H3MEHSETCs 1IPH 3aTPYyd-
HEHMSIX B npoxone rasoe. [lpuw mepexoie c¢o CTaHAapTHON WUXTH HA
9KCIEPUMEHTAJbHYIO He OBIJIO 3aMEUEHO HHKAKHX OCJIOMKHEHHH, CBSI3daHHDBIX
¢ NpHMCHOHHEM HeMPOYHBIX MaTepHanoB. Xoji HeuH 3a BPeMs HCMbITAaHHK
OBIT HCKJIOUHTENbHO POBHBIM, NPHYEM CKOPOCTb CXONA IUHXTHl 3HAUHTESBHO
BO3pocJa. IloBbllleHHe CKOPOCTH XO4a MeuH SIBASETCS BHOJHE 3aKOHOMED-

Ta6aunnma i
Texuuyeckuii aHaNH3 TOIIMBA, HCTIOJL3YEMOro NIPH ONBITHOMN MAABKE
PasuMep
Bug romnnsa Ac % Vroog | Wa oy Sc % | C™® % Kycka
MM
Koxke 9,7 1,0 2,8 1,85 87,b 25—-40
Topdo-pynublii matepuaa | 27,4 57,0 — — 15,6 25— 40

HBIM. [laHHEIe TeXHHYECKOTO aHAJH3a rOBOPAT O TOM, YTO B TOpdO-pyaHOH
dopmoske 57% neryunx semects (taGu. 1). JleTyune yaassorcs B OCHOB-
HoM Jo Temmepatypnt 800—850°C. D10 npuBOANT K GHAUUTEABHON 06BeMHOMN
ycalke MartepHanos B maxrte Ieud. HeoGXomumo TakKe yuHTLIBATL, 4TO
TOp(OKOKC, 06pa30BABIIMACS B pe3yJbTaTe TeMIepaTypHON obpaborkuy,
cropaet B 30He QypM ¢ ropasfo Oo/buied CKOPOCTHIO, HEKeNH KAMEHHO-
YTOJIBHBI KOKC. B CBA3H ¢ ONHOCTOPOHHOCTBIO H PABHOMEPHOCTHIO IG CHTO-
BOMY COCTaBY SKCHEepPHMEHTaJbHasi WHXTa o6sanaer Xopoilel ra3onpoHua-
emocteio. CyMMa 3THX (paKTODOB JaeT NOBHIIIEHHE CKOPOCTH HPOXOMK/EHHS
Martepranos no waxre ¢ 30, 50 nogau B yac no 38,6 u coxkparenHeM BpeMe-
HH Npe0blBaHUa MaTepuasoB B MaxTe ¢ | yaca 42 muu. fo | gaca 21 Mui,
T. €. Ha 209%.

B To Xe BpeMs 3aMeTHO NOHH3HJACh TeMNepaTypa B IIaXTe IeYH.
TloHnKeHue TeMmepaTyphl B IIaxTe Ieyd IIPH Iepexojie Ha TopdsiHoe TOn-
JHBO 3aMeyaJoch McciaefoBarensMu padee [4]. Pesyibtatel usmepenuit
TEMIEpaTypel 10 IyOHHe INAXThl NpH paBoTe Ha CTAHLAPTHOH H SKCIEpH-
MEHTaJbLHOH IIHXTE, MPOBEAGHHBIX NMPH NOMOILM 174 THHO-TLIATHHODOIHEBO
TEPMONApHI, MOKA3LIBAIOT (PHUC. 1), YTO MPOH3CIIO CHHIKEHHE TeMIepPATypHI
0 BCEM TOPHM30HTaM IIaXThl TMeyd. TeM He MeHee TeMmmepaTypa B 30He TO-
PeHust He TOHMIKANACh, & II0 HEKOTOPHIM HAGMIONCHHAM /axke YBeJHIHBA-
nach. IloHuKeHHe TeMnepaTypnl OGDBACHAETCS COBMEINeHHEM MPOLecca KOK-
COBaHHA TOp(a MU BOCCTAHOBJNEHHS Dyabl. KpaTKoBpeMeHHOCTb TAaBKA HA
SKCNIePUMCHTAJBHON IIHXTe He M03BOJAET CIeJaTb 0G0CHOBAHHBIE BHIBOLLI
O BJHAHHH 3TOTO SIBJeHHS HA TEIJIOBOH DEeXKHM.

VIHTeHCHBHOCTD XOXA TeYM BHIpaXKaeTcd Ko3(hOUIUEHTOM HCMOIb30BA-
HHs TosiesHoro obwvema meun (KUIIO), spemenem npeGuiBanns marepua-
JIOB B IT€UH, HMHTCHCHBHOCTBIO IopeHHst B QypMeHHON 30He B Kr Ha 1 M2 ce-
YeHHS.

KHUTIO omnpemensiercst Kaxk ToJe3HEH o6bem meuw, NpUxondAIuiica Ha
TOHHY CyTOuYHON BeIMiaBku uyryHa. KHIIO o6paTHo mponopuuoHameH HH-
TEHCHBHOCTH X0/1a TOJIBKO HPH TIOCTOAHHOM Dacxofe MaTepHaaoB. OH MOXKeT
IPHHAMATb DA3HBIE 3HAUCHHS INDH HEH3MEHHOH WHTEHCHBHOCTH X044, HO
MEHSTIONIEMCH KauyeCTse Chipbsi. Pe3yabTaTsl uenmTaHull TOKasadm, YTO
KHIIO ysenmuunica ¢ mepexomom Ha SKCTepHMeHTaAbHYyI0 muxTy ¢ 0,668 zo
0, 821 M*T cyTKH. 3HaUUTEbHYIO POMb B 3TOM H3MEHEHHH CHIFpaJio Kayect-
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BO CHIpbsl. BBHAY BbICOKOTO BBIXOAA JIeTYYHX OOBEMHBIH PacXod 3KCIepH-
MeHTaJbHOH WHXTH HA eIHHUILY MEeTaNaa BHIIe, UeM CTAHJAPTHOH IUHXTH,
yto BhI3Basno u yBeauwuenune KHUIIO. ITostomy B nansom cayuae KHIIO ne
oTparkdeT ()aKTHUYECKH YBEJHUHBIIVIOCS HHTEHCHBHOCTB IIpoHecca.

IIpu nepexone €O CTaHAAPTHOH HIHNXThl Ha 3KCNePHMEHTaJbHYIO HHTEH-
CHBHOCTL FOpeHHsI KOKca yMeHbHiajgach ¢ 535 kr/m? uac no 488 kr/m? uac.
IIpHuMna 3TOro ABJEHHS 3aKJAIOUAETCH B TOM, UTO KOJHUECTBO HEJETYYEero
VIJiepola Ha eQHHHIY Beca IUHXTH OBIO CHHKEHO B 3KCIEDHMEHTAJbHOM
wuxTe A0 35% 10 opaBHeHHIO ¢ CcoJepXKaHHEM ero B CTAHAapPTHOH IIHXTe,
kotopoe cocrasisao 53%. Takum o6pasoM, CONOCTABJCHHE HHTEHCHBHOCTH
ropeHnsi HOCHT ‘B 3TOM CJydyae BecbMa YCJIOBHBIE Xapakxrep.
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[To BHewmHeMy BHAY MaTepHaJOB, H3BJECUEHHBIX H3 I€YH, MOKHO CYAUTb,
KaxK OHH M3MEHSIOTCS TPH JIBHXKEHHH OT KOJOIUHHKAa 10 ropHa. AHaaus no-
KasblBAET, KAK NDOTCKACT BoccTaHoBdenne xenesa. OcobeHHO BaXHa KapTi-
Ha B 30He (ypM, rie MaTepHasJ HCHBITHIBAET OCOGEHHO CHJBHBIE TepMHUYe-
CKHE H MeXaHHUYecKHe Bo3JeHcTBHA. MexaHHYeOKH M TepMHUYECKH HECTOHKHH
Marepuas OyJleT JaBaTh OOJbIIOE KOJMUYECTBO MEJIOUH, 3aMYyCOpHUBAIOLIeli
TOpH M 3arpyaHsionledl ABuXKeHHe razor. OTCyTCTBHE ONBITA B pafoTe ¢ HIUX-
TOH, NOJ0GHOH 3KCIEpHMEHTAJJbHON, IPUBEAO K TOMY, UTO [0CJAE OCTAHOBKH
Tleud B Ipollecce ee OXJaaxkAeHHss POPMOBKH, Paclo/IOKeHHEe B BepXHel
YacTH II&XTHl, GBIAH 030/eHBl o ropusoHTta 500 MM Hax ypoBHeM (ypM.
Ecrecrenno, Hasuune BO3AyXa B OXJaXKAalollelcs XOMEHHON MeuH IOBJH-
S0 Ha CBOMCTBA H TOFO MaTepHasa, KOTOPBIi He 6bLT o3ojed. PasGopka
COXDaHUBUIMXCSL MaTepHaJIOB MOKa3aJa, uTo B NPOLecce JBHAKEHHST MaTepH-
aJ MeHsCT CBOM CBOKCTBA: OH TOABepraeTcst 3HAUHTEABHOH ycajixe H B 34a-
BUCHMOCTH OT TeMNEpPAaTypbl MeHSeT TPOYHOCTb, YACTHYHO pAa3pyLIasiCh,
B OCHOBHOM cOXpaHsfeT GOopMy IO 30HE MaKCHMaJbHHX TeMmepatyp. IIpou-
HOCTb MaTepHaJ/a NPH 3TOM 3aMeTHO NOHHKAaeTcd. Kazasoch 6B, 4To Taxoil
MaTePHA] [OJIKEH paspyliaTbCst B MecThix yeaoBusx nesu MMET, npuso-
A K OCJIOMHEHAAM B XOJe TleuH, Kak yKasaHo suille. OfHAKO Ha NpPaKTHKE
3TOTO He HA0/MI01a/10Ch,4TO NOATBEDPKAAECTCS H MATEPHAJIBHHIM GaJaHCOM.
Marepuany:piii €aradc MH3B0ASCT OLCHUTL NPOYHOCTD MaTepualia, ¢ TOUKH
3peHHA YHOCA WIHXTH B BUAe Nbiau. Paspymajpomuunfica 1 HempouHbilt Mate-
pHam paeT BBICOKHE 3HA4EHHSA YyHOca Mesoun ¢ rasaMu. OcofeHHyI0 men-
50
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HOCTb MpeAcTaBjsieT GajaHc Mo XKeaesy, KOTODbiil NOKa3blBaeT, KAKasd 4aCTh
Kesesa BbLIerada c mblablo. HopmasbHbiM cudTaeTcs YHOC XeJesa He Oojee
20% . PacueTs MOKa3BIBAIOT, UTO YHOC ¥Keljesa cocraBua 6,2%, urto csaje-
TeJqbCTBYET O J0CTATOUHO BBICOKOH mpounoctd TIIM. B 1o e Bpems mexa-
HHYeCKHe XapPaKTePHUCTHKH MaTepHAJOB, H3BJICUCHHBIX M3 MeYyH, He NMoATBep-
JKIAT TAKOro BLIBOAA. [103TOMy HEOGXOZHMO HPOBECTH AaJjbHeHIIHe HC-
cnefloBaHUa s yToudHeHus noBexeHus TIIM B meun,

V3MeHeHHs B XAMHUYECKOM cocTaBe GopMoBOK JaHe B ta6a. 2. HauGo-
Jlee MHTEPECHBIM SIBJSAETCS TIPOLECC BOOCTAHOBJICHHA JKele3a. Kak Buano u3
tabanuel, yxe B 3one 300 MM Hag yposHem dypMm, rle TemMneparypa papHa
750°C, KOJHMYeCTBO BOCCTAHOBJEHHOTO XKesesa cocrasaseT 56%. B nocae-
AyiolleM TOPHU30HTE CTEeMeHb BOCCTaHOBJAeHHA coctaBaser 99%. Taxum o6-
pasoM, Keje3o NpPH BXOLe B 30HY BHICOKHX TeMNepaTyp HAXOXHTCS TPaK-
TUYeCKH B BOCCTAHOBJEHHOM COCTOSTHHH.

CpaBHeH¥e PACCMOTPEHHBIX TIOKa3aTeJsell He BBIABASET KaKux-iubo dax-
TOPOB, KAaTEropu4eCKH MPeNsiTCTBYWOIUX npuMmeHeHH TIIM B gomeHHO!
fleyd, ¥ TOKAa3blBaeT INPHHUHIHAJbHYIO ‘BO3MOXKHOCTb NpHMeHeHHS Topdo-
PYAHBIX (POPMOBOK Ji/I51 BBIIIABKH YYTyHa.
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