BucHOBKHM Ta HANPSIMOK MOAAJBIIUX J0CTiITKeHb. [IpoBeaeH] nocmiau
Ta MpaKTUKa BUKOPUCTAHHS MOKA3Ye, IO MIBUIKE 3HOIICHHS CTPIYKN BUKJIHKA-
HE BIUTMBOM IIKIIIMBHX (DaKTOPIB Ta HEHAJEKHOIO eKcruryarariero. Cepen
OCHOBHMX (aKTOpiB, SIKI MPHUBOAATH A0 aOpa3UBHOIO 3HOIICHHS OOKJIAJKH
CTPIUKH Ta MOPHUBY ii KapKacy BapTO BUAUIUTH 3yCUIUISL HATSKIHHS CTPIUKH, B
SKOTO 3aJIe)KaTh apaMEeTPU KOJIMBAHHS CTPIUKH, a OTXKE 1 JUHAMIYHE HABaHTa-
KEHHS, Ta YMOBU KOHTaKTy 3aBaHTaKyEMOTO BAHTAXKY 31 CTPIYKOIO. 3MiHA 3Y-
CUJUIS HATSDKIHHS CTPIYKH 11T 9ac poOOTH KOHBeEpa MOTpeOye OUIBIIT TITHOOKO-
ro JociipkeHHs. B moganpiioMy HEOOX1THO pO3pOOUTH AOCIITHUN CTEHJ, Ta
BUBUHUTH SIK 3MIHIOE€TbCS 3yCUJUISI HATSDKIHHS CTPIYKHU B Yaci.

Cnucok nimepamypu

1. BonotkoBckuit B.C., Hoxpun A.I'., I'epacumoBa M.®. M3HOC 1 10T0-
BEUYHOCTh KOHBeHepHBIX JeHT. —M.:Henapa, 1976r. -176 c.

2. Epodeea H.B. UccnenoBanne cerperaiiuu rpy3a Ha JEHTOYHOM KOH-
Beliepe MoJl. BO3/ICUCTBUEM YAAPHBIX UMITYJIbCOB: JUC. KaHAMUJIATa TEXH. HAYK:
05.05.06./ H.B. Epodeea —Kemeporo, 2011. -178 c.

3. Wytkun M.B. OneHka 10ITOBEYHOCTH PE3MHOTKAHEBBIX KOHBEHEPHBIX
JICHT TpU YAAPHO-YCTAJIOCTHOM M a0pa3WBHOM HW3HAIIMBAHUM HA TOpPHAX TMpE-
OpUSTHIX: Auc. Kanauaara texd. Hayk: 05.05.06/1.B. Ilytkun —M., 2000. —181
C.

4. ABTOMaTHYecKas CUCTEMa OHJIaifH MOHUTOPUHTA B peajbHOM BPEMEHU
s pesuHoTpocoBoi ieHTel TCK. — Pexxum goctyma: www.tck-cn.com/ru.

5. Peiokun C.K. IIporao3upoBanne TEXHHUUECKOTO pecypca pe3MHOTKaHe-
BbIX KOHBEHEPHBIX JICHT JJIi TOPHOM MPOMBIIUIEHHOCTH MPHU yAapHOM pa3py-
IICHUHA KPYIMHOKYCKOBBIM TPy30M: JucC...KaHaA. TexH. Hayk/ C.K. PbiOkunH -
M.:MI'1,1990r. -155 c.

YK 669.295+669.295
BABOHIKO JI.1O. acrmpant, TKAY B.B. x.1.H., npod., 'YBUH TI'.B. a.1.H.,

mpod., SMUMA C.H., x.r.-m.1., OPEJI T.B. x.1.H., 1011,
I'BH3 «KpuBOpOKCKHI HALIMOHAJIBHBI YHUBEPCUTET»

MEXAHUW3M KAPBOTEPMHUYECKOI'O BOCCTAHOBJIEHUA
TUTAHOMATHETUTOBOI'O KOHIHEHTPATA

Lenvio uccnedosanus sA61A10CL U3yueHue 0COOEHHOCMEU CMPYKNYPHbIX
npeobpazo06anull MUHEPAIbHBIX YaCmuly 6 npoyecce Kapoomepmuiecko2o 80c-
CMAHOBNEHUS. MUMAHOMACHEMUMOBLIX OKAMblULEll ¢ 8bICOKOU MACCOBOU Q0Jell
mumana (bonee 20% TiO,) 6 unmepsane memnepamyp 800-1500 °C.

Memoio Oocnioscenns 6yi0 6usuenHs 0CoOOIUBOCMEN CMPYKMYPHUX Ne-
Pemeopenb MIHEPAIbHUX YACMOK 6 Npoyeci KapOomepmiuno2o 6iOHOG/LeHHS
MUMAHOMASHEMUMOBUX OKAMUULIE 3 BUCOKOIO MACOB0K) HACMKON MUMAHY
(6invue 20% TiO2) 6 inmepesani memnepamyp800-1500 °C.
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The aim of this research was to study the peculiarities of structural trans-
formations of the mineral particles in the process of carbothermic reduction of
titanomagnetite ore pellets with a high mass fraction of titanium (20% TiO2)
the temperature range of 800-1450°C.

BBenenne. Turan (Ti) - xumudeckuii snmement |V rpynmbl nmepuoamnde-
CKOM cucTeMbl MeEHJENeeBa, €ro COAEPKAHUE B 3EMHOU KOpPE COCTABJISET
0,57%. Ilo pacnpocTpaneHHOCTH B mpupoje 3aanMaeT 10 mecto, B CBOOOTHOM
BUJIC HE BCTpevaeTcs. TUTaH BXOJUT B COCTaB MHOTUX MUHEpPAoB. B HacTos-
ee BpeMsi U3BeCTHO okojio 70 MHHEpaJlOB THUTAaHA, OJIHAKO OCHOBHBIMH IIPO-
MBIIUICHHBIMH HCTOYHUKAMH TUTAHOBOTO CHIPbS SIBIISIOTCS. WJIBMEHUT —
FeTiOz (comepxkanue TiO, - 43,68-52,7%); pyrtun — TiO, (TiO, - 91,96-
98,96%); netikokcen — TiO,Fe,03nH,0 (TIO, - 77,9-97,59%); a B mocaennee
Bpems, aHataz — 110, (TiO2 - 94,05-99,75%). Taxxe npu nepepaboTKe KOM-
IUIGKCHBIX PyJ TUTaH M3bIMAIOT W3. TUTaHoMarHeTuta — Fe30, + FeTiOs; me-
poBckuta — CaTiO3 (TiO, - 38,7-57,75%); nunapura - (TiO, - 38,3-41,0%). B
mupe BbIgBIeHO Oosnee 310 mMecTOpoXkIeHUIl TUTAHOBBIX MHHEPAJIOB, B TOM
gucie 70 - marmatnyeckux (69% mupoBsix 3anacoB), 10 B kope BbIBETPUBAHUS
(oxosto 10% 3amacoB) u 6oiee 230 pocchinHbix (0xoso 20% 3amacos).

IIpobaema u ee cBSA3b ¢ HAYYHBIMHU M MPAKTHYECKUMH 3a]a4aMu. YK-
pauHa sBiserca Bropou crpanor CHI' o 3anacam turana. Pa3Benannbie 3ana-
Chl TUTaHA 37eCch cocTaBittoT 40,5% ot obmmx 3amacoB ctpan CHI', k HUM
OTHOCSITCS KPYITHbIE WJIBMEHUT-PYTHI-IIAPKOHEBBIC POCCHIITHBIC MECTOPOXKIC-
Hust - Wpranckoit rpynmel (JKutomupckas o6siacts) u Masbiiiesckoe (/luern-
pornieTpoBckasi 001acTh). JIOBOJIBHO 3HAUMTEIBHBIE 3aITachl TATAHA COCPEIO0TO-
YEeHbI B KOPE BBIBETPUBAHUSA U KOPEHHBIX pyAax kpynHeitmero B CHI' Ctpemu-
TOPOJICKOI0 MJIBMHUT-THTaH-MaraeTuToBoro mMecropoxaenus (30,8% ot 00-
mmx 3anacoB CHI'). Cxema nepepaOOTKH OCHOBHBIX TUTAHOBBIX KOHIICHTPATOB
npuBeneHa Ha puc. 1. B mocnegnee Bpemsi HA MUPOBOM PBIHKE TUTaHA HE JI0-
CTaTOK pyIHOTO Chipbsi. Mpmannckas kommanus Kenmare Resources mporHo-
3UpyeT Ae(PUIUT TUTAHOBBIX KOHIIEHTPATOB HAa MHUPOBOM PBHIHKE B TEUEHHE
JIBYX JIET U3-3a 3aKpBITUS psna pyaHukoB. Jlepurut konuentpatos B 2015 ro-
ny MoxeT coctaBuTh 20% OT cerogusiiiHero MupoBoro crpoca. [loatomy Tu-
TAHOBBIE KOMITAHUY TUTAHUPYIOT Pa3pabOTKy HOBBIX MECTOPOKICHHIA.

VYkpanHa oOnaznaer 0JaronpusiTHBIMU BO3MOKHOCTSIMHU JIJISL TOTO, YTOOBI
MOBBICUTh CBOIO POJIb B MHUPOBOM TUTAHOBOM MPOMBIINLICHHOCTH. CBHIPhEBOM
MOTeHITMA cTpaHbl oneHuBaeTcs B 900 MIH. TOH MIIBMEHUTA W PYTHIIA, COOT-
BercTByeT 30% BBISBICHHBIX MUPOBBIX 3amacoB. Kpome Toro, B Ykpaune co-
CPeIOTOYCHBI 3HAYUTENbHBIC MPOW3BOJICTBEHHBIC MOIIHOCTH, Kak B cdepe
MPOM3BOJICTBA KOHIIEHTPATOB, TaK M MeTajlIn4eckoro tutana. Ha teppuropun
VYkpanHa Takke COCpeqOTOYCHBI OONBININE 3arachl KOMIJIEKCHBIX TUTaHOMAr-
HETUTOBBIX PY/I, UCIIOJIH30BAaHNE KOTOPHIX BO3MOXKHO TOJIBKO, TIOCTIE pa3paboT-
KM TEXHOJIOTMH HOBOTO THUIA JIJISl IEpepabOTKU TUTAHCOEPKAIIUX KOHIICHTPa-
TOB C BBICOKHMM cojiepskanneM Tutana (He 6omee 23 % Ti0O,) [1].
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AHauu3 uccjieqoBaHuil u myoaukanmid. 13 puc. 1 cneayer, 4ro He ogHa
U3 TPEACTABJICHHBIX MPOMBIIUICHHBIX TEXHOJOTHHA IMepepabOTKH THUTAHOBBIX
KoHIIeHTpaTOB (45-96 % TiO,) He 1enecoobpa3Ha a1 THTAHOMArHETUTOBOIO
KOHIICHTpaTa ¢ coaepkanuem T10,. He 6osee 23 %.

HawnGosee mepcrieKTHBHOM IS TTPOMBIIINIEHHOTO MPUMEHEHUS  SIBIISICTCS
nUpoMeTajurypruyeckas texsosorus, pazpadoranHas UMET um. A.A. Baiiko-
Ba, IIpeIycMaTpHUBaloNas IepepadoTKy TUTAHOMAarHeTUTOBOTO KOHIIEHTpATa T10
JBYXCTaJUMHON CXE€ME BOCCTAHOBJICHUS, HO OCHOBHBIM HEIOCTATKOM JAaHHOM
TEXHOJIOTUH SIBJISICTCS TIOBBIIIICHHBIA PacX0]l SHEPrOPECYPCOB, UTO HA JTAHHBIN
MOMEHT BPEMEHH JIEJIAeT 3Ty TEXHOJOTHI0 YKOHOMHYECKH HeIeliecooOpa3Hoi
[2-4]. TlepciekTrBHOM I TepepaObOTKKU OOraThIX THTAHOMArHETHTOBBIX KOH-
LIEHTpaToB, BKItoHaromas 3neMeHTbl TexHosorun UMET um. A.A. baiikosa,
SBIIIETCSl TexHoyoruss Tperbero mokosenus 1TmMK3 (Ironmaking Technology
Mark Three), paspaboTannas sl IpOM3BOACTBA YyT'yHA K OCHOBaHHAs Ha IPO-
1ecce TBepA0(}a3HOro BOCCTAHOBIICHHUS JKEJIC30COICPIKAMINX OKATBIMICH KOH-
IICHTPATOB B Ie4ax C BpamiaroimuMcs nojaom [5-7] Texunonorus 1Tmk3 xapak-
TEPU3yeTCs] BEICOKUMU MTOKA3aTeIIMUA Ka4ecTBa KOHEYHOTO MPOAYKTa, MAJIbIMU
BBIOpOCAMU 3arpsS3HSAIONINX BEIIECTB M CPABHUTEIIBHO HEOOJBIITUMH YICTbHBI-
MU KallUTaJIbHBIMH 3aTpaTaMH, a TakyKe BO3MOYKHOCTHIO ITPOM3BOJICTBA YyryHa
B YCJIOBHUSIX TOPHO-000TaTUTEIbHBIX KOMOUHATOB [7, 9]

IMocTanoBKka 3a1aum uccjaeq0BaHusi. Panee npoBeieHHBIC UCCIIETIOBAHNUS
KapOOTEPMUYECKOTO TIPOIlecCa BOCCTAHOBIICHUS THUTAHOMArHETUTOBBIX KOH-
LIEHTPATOB, BBINIOJHEHHBIC ISl Pa3HBIX MECTOPOXKJICHUW C MACCOBOW JI0JIEU
Feosu. 56,5-64,5 %, oxcuna turana 3,0-16,7 %, mokazanu, 4To mpu MeTaIU3a-
IIUM TIOJYYCHBI IUTAKK C IIUPOKMM CIIEKTPOM XHMHYeckoro coctana (15,4-62,5
% TiO,) 1 3T0 ABIAETCSA BaXKHBIM (PAKTOPOM IS M3YUCHHS U BBISBICHUS 3aKO-
HOMEpPHOCTHU (opMupoBaHHUs (a30BOTO COCTaBa TUTAHOBAHAIUEBBIX TUIAKOB H
pacmpeieJicHUs 3JICMEHTOB, B YaCTHOCTH, BaHAIUS M TUTaHa, MEXIy (GazaMu B
Hux [8]. [l TUTaHOMArHETUTOBBIX KOHIIEHTPATOB C MAacCOBOM J0JICH OKCH/a
tutana 6osee 20 % uccienoBaHus HE IPOBOIIINCE.

Marepuajbl U MeToANKa HccaenoBanust. OObEKTOM HCCIICIOBAHUS SIB-
JISUICS TUTAHOMArHETUTOBBIM KOHIIEHTpAT anaTUT-UIbMEHUT-
tuTaHoMarHetuToBbix pyn [10, 11] , umerommii cocras, macc. %: 45,5 FeO;
23,0 Fe,03; 22,03 TiO,; 1,5 SiO,; 1,2 Al,0Os; 0,26 CaO; 3,4 MgO; 0,42 MnO;
0,516 V,0s; 0,04 Cr,03. C yuetom pexomennaiuii [8] maccoBas moiis yriiepo-
na u (proca B MIMXTE UCCIEAYEMBIX OKaThImel quamerpoM 5-10 MM cocTaBu-
ma, coorBeTcTtBeHHO 20 1 3 %.
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Puc. 1. Cxema nepepa60m7<u OCHOBHbLX NMUMAHOBbIX KOHYEHMpamaoe

Pe3yabTathl uccienoBanuii U ux oocy:xkaenne. Heo0xoqumMo oTMETHUTH,
YTO JUIsl OLEHKH MPOIECCa BOCCTAHOBJIECHHUS UCIIOIB30BAJICA U TEPMUH ‘MHTEH-
CHUBHOCTb BOCCTAHOBJICHHUs, 0€3 YTOUHEHHUS KaKUM W3 MapaMmeTpoB (Temrmepa-
Typa — BpeMsl BBIZICPIKKH) OH O0YCIIOBJICH.

MuneparpaduuecKuMu UCCIICIOBAHUSIMU CEPUM OKATHIIICH B yKa3aHHOM
muamnasone temmeparyp (800-1500 °C) Beinepikex (5-40 MuHYyT) OBLIO yCTAaHOB-
JIEHO, YTO 3aMETHOE BOCCTAHOBJIEHHWE TUTAHOMATrHETUTOBOI'O KOHIIEHTpaTa Ha-
uypHaeTcs npu Temneparype okoio 900 °C, Beimepxkkax 10-20 MuHyT M ompeie-
JsieTcst pasmMepoM 3€peH. BoccTaHaBMBarOTCs CHadasia caMmble Menkue (MeHee
40-50 mxm), kpymabie (10 0,6-0,7 MM) — MOTYT COXPaHSTHCS IO CaMBIX BBICO-
KUX Temmneparyp. Ho uem Bblllle CTeNeHb BOCCTAHOBJIEHHSI KOHLIEHTpaTa, TEM
MEHbIIIE B HEM KOJIMYECTBO OCTATOYHBIX 3EPEH TUTAHOMArHETUTA U TEM OHHU
kpynHee. [Ipu BocCTaHOBIEHUH KeNe30 YXOAUT U3 KPUCTATUIMUECKON PEIIETKU
MUHEpAJIOB U MUTPUPYET 3a Mpeiebl PYIHBIX 3epeH. B KOHTypax pyaHbIX 3e-
PEH COCPENOTAuMBAKOTCS MEJIKUE JacTulbl Fe°, a 3a mpenenaMu pyaHbIX 3EpeH
dbopmupyeTtcs xene3Has ryoka (puc. 2-a). Becb MK H3MEHEHUH, B TOM YHCIIE
U CTPYKTYPHO-MOP(OJIOTHUECKUX, TTPEACTABISAET COOOM:

- Ha TIOBEPXHOCTH PYJHBIX 3€PEH, 110 KOHTYPY, MOSBISIOTCS KaliMbl Cepo-
ro msera (puc. 2-0);

- 3epHa MPUOOPETAIOT OJIOKOBOE CTPOCHHE, TTOTUEPKHYTOE PA3BUBAIOIIIM-
Csl BOCCTAHOBHTEJIBHBIM ITpoIieccoM (puc. 2-B);

- O10kM pazodmarorces (puc. 2-T, 1), B HEKOTOPBIX CIydasX YMEHBIIAITCS
B pa3Mmepe, Kak Obl “TaroT , HO IMOYTH BCETJa COXPAHSIETCA MPH 3TOM KOHTYP
NEepPBOHAYAIBHOTO 3€pHA.
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Puc. 2. Cmaouu npeobpazoeanus 3epen mumaromasHemuma 6 npoyecce 80c-
CMAHOBIeHUS

OTtpakeHHBIN cBeT, O0e3 aHanmu3aropa. YB. X200. bemoe — xene3o meran-
JMYECKOE; KPEMOBOE PA3MUHbIE OTTEHKH — TUTAHOMArHETHUT; CEpOe U TEMHO-
cepoe — (as3pl IIIaKa; YEpHOE — IIOPHI; OPAH)KEBOE — BBIJICICHHUS MEIIKUX
“OpaHKeBBIX "’ 3€pEH.

a) HA4YaJI0 U3MEHEHUS 3EPECH TUTAHOMAreTUTa ¢ Pa3BUTHEM B HUX TOHKOH
BkpamieHHoctu Fe®; T=1100 °C, t= 10 muH.;

0) M3MeHeHHas KaiiMa IO KOHTYPY 3€pHa, OOYyCIOBICHHAS pPa3InYHON
CTETEeHbI0 U3MEeHeHus ero coctasa; 1= 1100 °C, t= 10 muH.;

B) OJIOKOBasi CTPYKTypa 3epeH, 00YCIOBICHHAS Pa3IUYHON CTEIECHBIO H3-
MeHeHwus ero coctaBa, T= 1250 °C, t= 40 muH.;

I) pa3jnyHas CTCIICHb M3MECHEHUsS JBYX 3¢pEH THTAHOMArHETHTA B OKPY-
KEHUHM MeTaJutndeckoi ryoku n naka;, T= 1300 °C, t= 40 mun.;

1) pa3o0IeHre OYeHb M3MEHCHHOI'O 3epHa THTAHOMArHETHTa Ha pa300-
1arommuecs OJI0KH, Bblienenue “opamkeBbix” 3epeH; Harpes 800-1300 °C, BbI-
nepxka 40 MuH.;

¢) MepeKpHCTaIn3alnsi H3MEHEHHOro 3¢pHa TutaHoMarderuta; 1= 1300
°C, t= 40 mun.

[Ipu BBICOKOM MHTEHCHBHOCTH MPOLECCAa OCTATOYHBIE PYAHBIC 3EPHA BO-
o0I11e TTOABEPTrarOTCs MEePEeKPUCTAIUIU3AINKI ¢ 00pa30BaHUEM MPU3MATHICCKUX
WIA TOHKOUTOJBYATHIX PYTHJIOMOMAOOHBIX arperatoB (puc. 2-¢). ITH H3MCHe-
HUS IPOUCXOAIT B TBEPIOM (aze U CIEAYIOT APYT 3a IPYroM UMEHHO B yKa-
3aHHOM TIOPSJIKE, CMEHSS MPEABIIyIINe C YBEIMYCHHEM WHTCHCUBHOCTH BOC-
CTaHOBJICHHS, €CJIM BEIIMYMHA 3€pHA K TOMY BPEMEHH €IIE IMO3BOJISIET €My CO-
XPaHUTHCA.

Craguu oOpa3oBaHus ITUTAKOBOM (Da3wl MOKa3aHO Ha pHC. 3:

- B PyJHBIX 3€pHAX CO CTPYKTypamH pacraja TBEPAOTrO pacTBOpa cHavasa
BOCCTAHABIMBACTCS MArHETUTOBAA MaTpuLa ¢ o0pasoBanueM Fe° ¢ yxoaom ero
B MEX3E€pPHOBOE MPOCTPAHCTBO, @ HA MECTE PYIHOTO 3€pPHA OCTACTCS MIbBMEHU-
ToBas “cerka” (puc. 3-a);
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- WIbBMEHUTOBASI “CeTKa” HEKOTOPOE BPEMS OCTAETCSl Ha MECTE, CTPYKTYp-
HO U IO COCTaBy W3MEHSSCHh W 3aKJIaJbIBasi OCHOBY OYIyIIero TUTAaHOBOTO
nuiaka (puc. 3-0), TpeOyroriero mjas cBoero (GopmupoBaHHs 0ojiee BBICOKON
UHTEHCUBHOCTH (TEMIIEPATyphI) MPOIIECCa;

OTtpakeHHbIN cBeT, 0e3 ananuzaropa. YB. X200. benoe — xene3o mera-
JMYECKOE; KPEMOBOE PA3IMYHbIE OTTEHKH — OCTATOYHBIE 3€pHA TUTAaHOMAarHe-
TUTA; KPAaCHOBAaTO-KOPUYHEBOE (1) — METaul; pa3in4YHbIe OTTEHKH CEPOro —
WIBMCHUT (2) U IIIJIaK; YSPHOE — ITOPHI.

a) “ceTka” WJIBMEHUTAa — OCTATOYHAsl OT CTPYKTYPHI pacraja TBEPIOTO
pacTBopa B OYEHb M3MEHEHHOM 3epHe Turanomarmerura, 1=1100 °C, t=40
MUH.

0) Hauano GOpMHUPOBAHUS YUACTKOB IIJIaKa HA MECTE 3€peH THTaHOMarHe-
tTa (BUIHBI KOHTYpHI) U BeigeneHns Fe° 3a ux npenenamu; T=1100 °C, t=40
MUH.;

B) pa3zoOmenue yuacTkoB nuiaka u Fe® ( maraucras texcrypa); T=1200 °C,
t= 20 MuH.;

I') pa3BUTHE YKPYIHsOIIEHcs ryOku Fe® B cpacTaHum €O IIJIAKOM, BHIHBI
KOHTYPBI PYJHOTO 3€pHa C OCTAHIIAMA M3MEHEHHOTO THTAHOMArHETHTa; |=
1250 °C, t= 40 muH.;

) pacKpHCTAJLIM3aIMs KPYITHBIX BBIICJICHUHN MUTaKa ¢ 00pa30BaHUEM Py-
THJIANIOJOOHBIX KPUCTAJUIOB B IJIEHOYHOM IIeMeHTe (CTEKJIO), BBIICTICHUS OeII0-
I'0 U KpacHOBaTO-KopH4yHeBoro Meramnos;, T= 1350 °C, t= 50 mun.;

€) TOHKO3CPHUCTBI PYTHUJIOBBIN IIIIAK, OCTATOYHOE 3€PHO THTaHOMATrHE-
tuTa ¢ wiénkoi Fe° T= 1500 °C, t= 5 muH.

OTtpakeHHbIN cBeT, 0e3 ananuzaropa. YB. X200. benoe — xene3o mera-
JMYECKOe; KPEMOBOE pPa3IMYHbIE OTTEHKH — OCTATOYHBIC 3€pHA THTaHOMAarHe-
THTa; KPaCHOBATO-KOPHYHEBOE () — METaul, Pa3iMyHbIe OTTEHKU CEpOro —
WIbMEHHT (a) ¥ [UIAK; YePHOE — TIOPHI.

a) «CeTKa» WIBMEHHTa — OCTaTOYHAas OT CTPYKTYphI pacraja TBEPIOTo
pacTBopa B OYEHb M3MEHEHHOM 3epHe Turanomarmerura, T=1100 °C, t=40
MUH.

0) Hauano (OPMHUPOBAHMUS YYACTKOB IIJIaKa HA MECTE 3€PEeH TUTaHOMAarHe-
tiTa (BUAHBI KOHTYpHI) U BhleneHus Fe° 3a ux npenenamu;, T= 1100 °C, t= 40
MUH.

B) pasoOienue yyacTkoB 1uiaka u Fe° (msrrucras tekerypa); T=1200 °C,
t= 20 muH.;

I) pa3BUTHE YKpyIHsIomEecs Tyoku Fe® B cpacTaHum co IUIaKOM, BUIHBI
KOHTYpPBl PYAHOTO 3€pHA C OCTaHI[AMH HW3MEHEHHOTO THUTAaHOMArHETHTa,

T=1250 °C, t= 40 muH.;
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Puc. 3. Dopmuposanue winaxa

1) PacCKpUCTAILIU3AIUs KPYITHBIX BBIJICJIICHUH IIIJJaKa ¢ 00pa30BaHUEM PY-
THJIAMIO00HBIX KPUCTAIJIOB B INIEHOYHOM IIeMEHTE (CTEKJI0), BBIACICHUS OeI10-
I'0 U KPaCHOBAaTO-KOpH4HEBOro merawios, T= 1350 °C, t= 50 mun.;

€) TOHKO3CPHUCTBI PYTHUJIOBBIN IIIAK, OCTATOYHOE 3€PHO THTaHOMArHE-
tuTa ¢ iéakoi Fe°; T= 1500 °C, t= 5 muH.

- Fe°, ymansromeecs n3 KpUCTAUIMYECKON PEIIETKM MHMHEpasa IIPU BOC-
CTaHOBJICHMHM MHIPUPYET Ha HeOosbine pacctosiHus (kak Obl “crekaet”) u
KOHIICHTPUPYETCS B OTJCIBHBIX ydacTkax (puc. 3-B);

- TIpU Ja’bHEWIIEM yBEIMYCHUH MHTEHCUBHOCTU BOCCTAaHOBJICHHS Bbljie-
nenust Fe° yKpyIHAIOTCS, CIMBAIOTCA ¢ 00pa3oBaHMEM KPYITHOW T'yOKH, THE3N
pa3MepoM JI0 IECATHIX J0JIeH MUILTUMETPOB (puc. 3-T);

- PaCIIUPSIIOTCS W yBEIMYUBAIOTCS MUKPOOOBeMBbI 1miaka. [lpu temmnepa-
type 1300 °C u Beimepikkax 6osee 50 MUHYT CO3AlOTCS YCAOBHS ISl Pa3Msir-
YEHUS OKATHIIIEH M MOSBICHUS PacIuiaBa, YTO CIIOCOOCTBYET MEPEeKPUCTAILIH-
3alMM 1JIaka C YKPYIMHEHHEM WHAWBHUIOB, MPUOOPETAIOMNX BHU]l KPUCTAIIIIOB
pytuionogooHoro oonuka (puc. 3-x). Ilpu 3TOM B IIake MPHUCYTCTBYET 3HA-
YUTENBHOE KOJHMYECTBO CPABHMTENHLHO KPYIHBIX OKPYIUIIBbIX BbleneHuii Fe’
(puc. 4-B);

- mpu Temrepatype 1500 °C u BbLACP)KKH 5 MHUHYT BBIJICICHUS IIIJIaKa, B
OCHOBHOM, PAaCKPHUCTAJIM30BAHBI M CJIOKEHBl TOHKOUTOJIBYATHIMU U TOHKOBO-
JIOKHUCTBIMH arperaTtam pyTuja ¢ TOJIIMHONW MHIWBHUIOB OT JIOJIEH IO Tep-
BBIX MUKPOMETpOB. MHOT/1a B Macce nurtaka HaOII0Jal0TCsl OCTATOYHBIE, TIOJTY-
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OIUIaBJICHHBIE pYJHbIE 3epHa TUTaHOMarHeTuTa pasmepom 0,04x0,07 wu
0,07x0,15 MM ¢ 00s13aTENBHON IUIEHKON METAJUIMYECKOIO JKeJie3a TONIIUHON 1-
3 mukpometpa (puc. 3-¢).

Bunb! BeiiesIeHUI MeTall1a MpeICTaBICHbI Ha puC. 4!

- npu temreparype 1300 °C u Bbiepxkkax okoso 40 MUH. MOSIBIISETCS TaK
Ha3bIBAEMbIN “TPSA3HBIN~ METasUl, C BKIIOUCHUSIMU XUMUYECKUX DJIEMEHTOB Ha
MuKpoypoBHe (puc. 4-0), BIIOCICCTBUN OHU KOHIIECHTPUPYIOTCS B O0Jiee KpyIi-
HbIX (10 0,05-0,07 MM) BBIIEICHUSIX OKPYTJIOH UIN BBITSIHYTON (POPMEI.

OTtpakeHHBIN cBeT, 0e3 aHanu3aTopa. YB. X200, kpome (a) x140. benoe —
KEJIe30 METANTMYCCKOE, KpPaCHOBAaTO-KOPUYHEBOE METAJl; OpaHXKEBOE —
“opamkeBbie” 3epeHa; “pO30BBIN METAT ; pa3JIMUHbIE OTTEHKU CEPOTO — IIIJIAK;
YepHOE — TMOPHI.

a) GopMHUpOBaHKE MUIMPONONOOHBIX CTPYKTYp Fe° B cpacTanmm co muia-
KOM, BBIJIEJICHHE “OpaHKeBbIX” 3epeH B Metauie u uuiake; T= 1400-1500 °C, B
teuenue 40 MuH.;

0) “rpsi3ublii” Metaul (C MUKPOBKIIFOUCHHUSMH) C KpHUCTaIaMH OCJIOro
metaa, T= 1300 °C, t= 40 muH.;

B) BKIIOYEHHS] KPACHOBATO-KOPHMYIHEBOro MeTasuia B oenom; T= 1300 °C,

t= 50 mMun.;

') KPaCHOBATO-KOPHYHEBBIM METALT ¢ IUIEHKAMHU O€JI0r0 MO MOBEPXHOCTH
rpanyi; T= 800-1300 °C, Beinepxka 80 mumn.;

1) BKJIFOUEHHUS PO30BOr0 MeTaylla B OeioM (CTPYKTypa HAalOMHUHAET 3B-
tektuky); T= 1300 °C, t= 50 mun.;

¢) BKIIIOUCHMS OPAHKEBBIX 3€PEH M PO30BOI0 METalIa B OEJIOM, KPYITHbIC
ocrarounsle 3epHa; T= 1300 °C, t= 50 mu=n.

- mpu Temneparype Bbimie 1400 °C HMHTEHCHBHO “‘KOpHUYHEBEIOT U
CIUTOIITHBIC KPYITHBIE MOJISI METAJIa, TOJIBKO MO TPaHUIIaM TpaHyJ1 HaOIoaaeTCs
Oenas, Oonee uucras kaiima (puc. 4-r).. MHoraa, B yCIOBHSX TEMIIEPATyPhI
1300 °C, ¢ Boimepskek 6oaee 50 MuH., B 6eI0M MeTaie HaOII0Ial0TCS MEIIKHE
HENPaBUIbLHOU (OpMbI (HATIOMHHAIOT YBTEKTHKY) BKIIFOUCHHUS PO30BOTO IIBETA
(puc. 4-11), KOTOpPBIC XapaKTEPU3YIOTCS MOBBIIIICHHBIM COJICPYKaHUEM MapraHIia,
HUOOMS M XpoMa. B TeX ke yCIIOBHSAX W HEPEJKO COIMPOBOXKIAS IOSBICHHE
“ po3oBoro ” MeTtayuia, B 30HE KOHTaKTa MeTajula U IIjaka oOpa3yroTcs
Menkue, okoso 50-70 MkM, opaH)XeBbI€ 3epHa U30METPUYHON (DOPMBI C BHICTY-
naronum peasedom (puc. 4-a, ). B kopuuHEeBOM, pO30BOM METAJLIC M B OPaH-
’KEBBIX 3€pPHAX HEPEIKO HAOIIOAAeTCs] aHOMAJIbHO BbIcOKoe 70 1,2-2,4 macc.%,
coJiep )KaHne BaHAIUS.
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a : b
Puc. 4. Ocobennocmu évloenienuti memaid

- ciemyeT OTMETHTh, uto mpu temmeparype 1500 °C Fe® mpeobperaer
cepudeckyro popmy (KOpOJIbKH) ¥ UMEET CTPYKTYPY MeTala.

Takum oOpa3oM, BOCCTaHOBJIEHHE THUTAHOMAarHETHUTOBOTO KOHIIEHTPATa,
Mocjie TOSIBICHUS MeTajsla M IUIaKa, COBEpIIAETCS MapajieibHO B TPEX
BIUSIIONIMX JIPYT Ha JpyTa Cpelax. OCTaTOYHBIX 3€pHaX TUTAHOMAarHeTUTa, Me-
TaJJie W NUIake. B 3epHaxX TUTAHOMAarHeTUTa, XapaKTEepU3YIOIUecss MHOrodas-
HBIM COCTABOM H CJIOXHBIM IpopocTanueM (a3, Ha YPOBHE CTPYKTYp pacmaja
TBEPIOr0 PacTBOpa, BOCCTaHABIMBAETCA cHavana (Temneparypa 1200 °C) mar-
HeTuToBas matpuia. [locie dero, ocraBiascs WILMEHUTOBAS CETKA, MEHSSIChH
CTPYKTYPHO M TIO COCTaBy, €IIE JOJT0 HE OTAAeT JKEJI€30 OKOHYATEJIbHO U
115 GoJIee TOJIHOM ero oTaaun TpedyeTcs BIcoKas TemmepaTyp - 1o 1500 °C.

BoiBoabl. 3yueHne ocoOEHHOCTEN CTPYKTYpPHBIX MPeoOpa3oBaHUN B TH-
TAaHOMArHeTUTOBBIX OKATBINIAX MPH KapOOTEPMUYECKOM BOCCTAHOBJICHHUU IO-
Ka3aJI0 MPUHLIUITUAIBHYIO0 BO3MOXXHOCTh MPUMEHEHHUS 0COOCHHOCTEH TEXHOJIO-
run I TMK3 i pasgenenus skene3a U THTaHA U3 TUTAHOMArHETUTOBBIX 3€peH
Ha Fe° B Bujie KOPOJILKOB M THTAHOCOJEpKAIUK nutak. J[st ocymiecTBieHus
ATOTO Mpoliecca HEOOXOIUMO CO3/JaHKE B KOJIBLIEBOM BpalllalolIeii meun omnpe-
JeNIEHHBIX TEMIIEPATyPHBIX, BPEMEHHBIX U (PU3UKO-XUMHUYECKUX YCIOBUMA:

- HEOOXOAMMO TIPEeNBApUTEIHHOE JTOM3MENbUCHUE KPYMHO3EPHUCTOTO
KOHIIEHTpaTa 10 KpynHoctu He MeHee 96-99 % knacca -0,05Mm ¢ 1enbio ycko-
PEHHUSI MPOLIecca M CHUKCHUS YHEPTETHUECKUX 3aTparT,

- MaKCHMallbHasi TeMIepaTypa MHpoliecca BOCCTAHOBICHHS JIOJDKHA TpPU-
OmmKaThCs K Temieparype miasieaus wibMmennra (1440-1470 °C) u ¢ kpartko-
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BPEMEHHBIM HAXOXJECHUEM TUTAHOMArHETUTOBBIX OKATHINICH B 3TOW Temmepa-
TYPHOM 30HE;

- TEXHOJIOTHSI BOCCTAHOBJICHUS JOJKHA BKIIFOYATH JIBE CTAIUN — HArPEB H
npeaBapUTEIbHAS BBIJEPKKA TUTAHOMArHETUTOBBIX OKATHIIIEH TPU TeMIepa-
type 1300 °C B Teuenue He Menee 20; U MX MOCIEIYIOIIAS BBIICPKKA IIPU TEM-
nepatype okojio 1500 °C B Teucnue 5-15 MunyT.
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