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INPUMEHEHHWE 3HEPTETUYECKHUX YIJIEMN
B BOCCTAHOBHUTEJILHBIX NPOLECCAX

O.1. Hoxpuna, M J1. Poxcuxuna, H.E. Xodocoe

Cubupexnii rocytapeTseH b 1111y CTpHATEHBL yHusepcurer, r. Hosokysueux, Pocens

Beesenue

Hapsuty ¢ pyawoii cocTapasioneit 0CHOBHBIM KOMIIOHEHTOM npu npouseoactse deppociiasos
ABIACTCA YIAEPOAMCTRIH BOCCTAHOBHTE/Ib, AHANNS COBPEMEHHOIO COCTORHIA ChIPhCBOH Gasel yrie-
POAMCTLIX BOCCTAHORMTCIIRH JULA IPOU3BOACTBA (HEPPOCILIABOR BLIABHI ipobiemy, koropas spis-
TCA AKTYaIBHOMH Ha CeroAnsIIHNIT ICHb 1 OTPAKACTCH B OUTYTHMOM Jle(pHuMTE METAITYPIHYECKOr0
kokea [1, 2. TloTeRuMaIbHO BOIMOIKHOE HAPALMBAHNE OOLEMOR MPOH3BOACTBA YCYTYONAEeT HEXBATKy
KOKCa, 4TO HEU3OEKHO HPHBOJIMT K POCTY ChipbeBbIX npobiemM. s pelicHHA 3THX npobiem nocro-
AHHO BEACTCSH MOHCK HOBIX YTIIEPOAUCTBIX BOCCTAHOBHTCIRH — 3aMenuTelei kokea. OTHIMMU W3 TAKHX
AMBTEPHATHBHBIX KOKCY BOCCTAHOBHTCACH MOTYT OBITh 3HEPreTHYECKHE yIim, HCIOJIb3yemble O3
MPCABAPHTCILHON TEPMittiecKol 06paboTkH B 2/1eKTPOTEPMUUCCKOM TIPOH3BOACTRE,

Ha kadenpe metammypruu wepnsix metaznos CuélMY 6simu MIPOBC/ICHB! HCCIEAOBAHHS BIIHSA-
HHA (PU3NKO-XHMHUCCKHX CROACTE Yrimeil pasHbix MapoK Ha MpoNecChl BOCCTAHORICHHS MapraHua,
KPEMHHA H KENC3a U3 OKCHAOB, BXOAAMX B COCTAB MAPTaHUEBOH Pyiibl, KBAPLHTA H KeNe3HOi PY/IBL

Marepuaisi

B 3KCHEPUMEHTAX HCHOTB30BATH KOKCORYIO MESIOYb H yrmi Kysbacca: yrone Oypeiii Mapks B2;

Yroa uTHRHOMIAMEHHRIH Mapkn J1; yroas Tomuit Mapku T. BuiGpanusic MapKH YIJieH oT/IH4anTcs

CBOMMH (PH3MKO-XHMHUCCKUMU XapaKTCPUCTHKAMH | yeioBuAMH MeTamopdusma [3, 4], Pesynptarst

TEXHHYCCKOrO aHATH3a BOCCTAHOBHTE/ICH MpHBEACHE! B Tabauue |, cOCTAB 30/16I BOCCTAHOBHTCICH
- B Tabaune 2.

Tabanua 1.

TexHHUCCKHI AHAIN3 BOCCTAHOBHTEICH

) ' Xapakrepucruka g
Boccranosurens — Cix | A vt W
Yromb mapku B2 | 49 7,83 42,1 24,7
Yrone mapkn 55,6 5,64 36,2 10,4
Yrons mapku T 763 8.34 9,34 5.1

Koxcosas yenoun 844 12,3 2,1 [ 1,2

Tadanua 2.
XHMHYCCKHI COCTAR 20.0bI ROCCTAHOBHTE/ G

Xung‘p'ffu_:cxuﬁ cocrag, %
Fe:0s | ALOs | Ca0O | MgO | Si02 | P:0s S

Boccranoeurests

Yrous Mapkn b2 1 1030 | 540 | 4530 | 590 | 2690 | 020 | 068
Vromnn Mapku J 8,17 25,60 9,70 3,70 50,00 1,80 0,61
| Yross mapku T 16,40 25,00 5,38 1,66 | 47,90 0,75 0,1(3_

Kokcorag Meious 13,12 23,72 5.15 1,76 47 81 » 9,69 0,02
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IdekTHBHOCTE UCTIONBIOBAHHSA IHCPIETHUCCKUX YITIEH B KAUCCTBE YINIEPOAMCTRIX BOCCTA-
HOBUTEIICH CBA3AHA C NPOLECCAMU KX TEPMUHECKOrD PA3IOKEHMS, IIpu 31OM Ha ocHOBe Texunye-
CKHX XaPaKTCPHCTHK M XHMUYCCKOIO COCTARA HEBO3MOKHO NPeayrajiaTh XapakTep npolecca TepMu-
HCCKOTO pasnowenns. B cBsi3u ¢ aTuM Obiin nposeaens 71ab0PATOPHBIE MCCAC/IOBAHMSA MPOLIECCOB
TEPMHYECKOTO PABIIOKCHMA HCCICAYCMBIX MAPOK yrieil, MccieoBanua nokasami. wro Iponece
HIPOTCRACT B JIBC OCHOBHbIC CTAMH: CTajnA | — yQNCHHE FUIPOCKONHECCKON I KOUIOMTHOCBS3aH-~
HO# Birary; craaus [l — peskoe u3menciue Maccet YU, BBISBAHHOE BLIACICHUHEM NPOAYKTOR rasuu-
Kauuu yriis (pucynok 1),
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Puc. 1. Mamenennc maccet yrneit ot remneparypui
MPH HATPeRe B IICUH TEPMOAHATH3ATOPA

W3 nonyuennbix aauusix cacayer, uro ll—s cragus 118 Byporo yria HauMHACTCA NPU TeMrepa-
Type 443 K, 10 et Ha 60 rpajycor HiKe, yeM TEPMHYCCKOE PAsTIONEHUE JUTHHHOIIAMEHHOTO YIS,
1 Ha 210 rpajycos Huxke ueM Towero. Kommuecrso raz000pa3sHLIX IPOYKTOB, BBIICHAIOUMHXCA TPH
TEPMUHECKOM pasfoKenun Syporo yris, CymecTselto 5o/plue, Yem npH pasioKeHHH THHHOMLIA-
MEHHOrO 1 tomero. [loTeps Macest Gyporo yris cocrasuna 90,6 %; LTHHHOMIAMEHIOTO — 84.5 %:
Touiero — 78,3 %. [Ipotiece TepMuyCCcKOro pasiokeHNs UIMHHOMIAMEHHOTO YIUIA POTEKACT MeHee
HHTCHCHBHO B CPABHEHHH C OCTA/ILHBIMH PACCMATPHBAEMBIMH MAPKAMH yIieil. AHAINE ra308, Bhi-
ACAAIOUIHXCA 1PH TCPMUYECKOM pasnoxernu yraeii (Tabnuia 3) nokasan, 4ro raszosas pasa yricii
NPEUMYICCTBCHHO cocTonT 13 Ho. Hanbonkmee konuyectro Ha couepkures B razosoit daze 6yporo
yras, a Hanbosnbiee koauiectso CO CoACPANTCR B ra30Boil (hase KOKCOBOIE MEAOMM M THHIOMIA-
MCHHOTO Y1714,

Tabumna 3.
Coctas rasa npu Harpese Boceranosures g0 1173 K
Cocras rasa, %
Boccranosurens co, co i, CH, 0, N,
| Vrom vapki 52 147 | 609 | 7559 | 663 | 02 -
Yronp mapku 1 10,73 16,03 7~_66.01 4.86 2.36 -
Yrone mapku T 221 13,55 72,67 385 0,82 6,89
Kokcosaa menous 29,52 53,38 11,59 396 | 1,55 -
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JlabopaTopreie HecaeqoBanus

MzytucHue npoueccos TeepaodhasHOro BOCCTANOBICHHS Kene3a H3 OKCHAOB IE€MaTHT-MarieTH-
TOBOH pyJinl (coctas, %: Feoou — 52,3; Si02 ~ 19,15; ALO: ~ 3,13; P20s — 0.072: S - 0.42) npogoanan
€ HCNONE30BAHHEM B KAYCCTBE BOCCTAHOBHTCICH Yriel ykasanHeix Mapok. [1o pesyisraram YCTanoB-
FICHO, YITO MpH BOCCTAHOBHTCILHOM O0KHTe PYIOYIOMBHEIX KOMIOSHITHI NpH Temreparypax 1273-
1473 K u spemenn 60 Mun. BO3MOAKHO IMONYHECHAC METATUTH30BAHHLIX MATCPHATIOB ¢ COJIEPKAaHHEM
Feyer 82-85 %, Si02 10-12 %, ALOs 3,2-3.9 %, S 0.75-0.125 % [5]. TIpu s10M KO/M4ecTBO yrus B
PYAOYIOIIBHON CMECH IOKHO COOTBETCTBOBATEL HEAOCTATKY OTHOCHTEABIO CTEXHOMCTPHUYCCKH
HeoOXoaumoro no peakimu: Fex0: + 3C = 2Fe + 3C0. pasromy 0,8, Tlpu mMetamnmsaimm Take
BAKHO 00CCTICHNBATH BBICOKHI BOCCTAHORHTE/LHBIH MOTCHINAN FA30BO thasel B newn, s mocTue-
HIA HEr0 HEOOXOUMMO OCYLUECTBIATL MOAA'Y FOPAUMX IPO/LYKTOR TEPMUYECKOrO Pa3I0MeHHA YrIeH.
Yronb noasepraerca 6e3KMCIOPOAHOMY HarpeBy npy Temueparypax 873-1073 K s pesynsrare uero
00pasyioTca raz006pasIbIC MPOAYKTHI €10 TCPMUICCKOI0 pasiokenus, Jlist Harpesa yriig Bo3aMoxKio
HCIHIONL30BAHKE neperperoro 1apa noJay4yeHHoro MpH PEKYNCpaunn Terjia OTXosMLWKX ra3os, oGpa~
3YIOUMXCA 1IPH BOCCTAHOBHTENBLHOM 06XKHTe.

[o pesynnraTam HCCACIOBAHNS YCTAHOBICHO, ITO I/ C BOMCE HHIKOH CTCTTCHBIO MeTaMop-
(hH3Ma U BBICOKMM COACPKAHMEM JIETYHHX (Oypeiii. AnuuHONIAMEHHBIIT) 061a2310T G0JICE BLICOKHMHM
BOCCTAHOBHTC/IBHBIMH CBOHCTBAMM TIPH TBEPAODA3IOM BOCCTAHOBNCHHH JKEJIS3d H3 OKCHIOB, 1pu
YTOM A71s YPOro YIiis XapakTepHO BLICOKOE COACPIKAIUC MHHCPAILHON HaCTH, B COCTAR KOTOPOIi
BXOMAT OKCHABI KabLst. 30ALHBIA OCTATOK DYPOro yris yuacrsyer B obpasoBaHuu NepPBHYHBIX
LLIAKOBBIX (a3, B PE3YALTATE YCro NpH Temneparype doaee 1523 K IPOHCXOIMT 3AMEIICHHUE BOC-
CTAHOBHTEMLHBIX NPOLCCCOB H CIIMMAHUE OKATBILIETH ¢ 00Pa30OBaHHEM CIICKOB. M3ydcHHe nipolcccor
00pasoRaHMs ITAKORBIX (a3 npy TepAOPAIHOM BOCCTAHOMBEHUH JKENE3a H3 OKCHAOB, NO3BOIHIO
YCTAHOBHTEL HEKOTOPOE 3aKOHOMCPHOCTH AaHHBIX Npoteccon. OnpeaencHo, 4To akruBHOE oGpasosa-
1HC TICPBHTHBIX UUIAKOBBIX ()a3 MPOMCXOIHT TPH  MOBBIICHHH TCMIICPATYPbl MCTALIH3O0BAHHOIO
MAaTEpHalia, B KOTOPOM COOTHOIICHHE MEXKIY OKCHAAMM KPEMHHS ¥ OKCHAAMH HENOBOCCTAHOBICHHOIO
ejlesa Haxoaures B ananasonce 0,3-0.4 [6].

B pamkax uccieoBanuit U1 ONEHKH BIHSHUS 1A30B0fi (hasvr yraepozcosepxammx marepu-
J10B OblIa NPOBENCHA CEPUSA IKCTEPHMEHTOB 110 GECKOHTAKTHOMY BOCCTAHORNEHHIO MAaprasieBoi
pyibl Cene3eHbekoro MecTopoxkacHus (coctas, %: Mnosu — 37: Feotu — 11; AROs - 1,25; Si02 -
15,5: CaO - 2,03; P20s~0,11). B rpadpuToBHBlii THrean, Ha aHe KOTOPOro HAXOIHICH BOCCTAHOBHTCIT
(paxumm 5 My, nomeanu 0bpasen npeBapUTEALIO OTULGOBAH O MAPIAHIICBOI PYIB! HA MOIHO-
ACHOBYIO PEIIETKY, pACONOKEHHYIO Ha paccTosHuy | oM oT BoccTaloBHTe A, THIC/Ib yeTaHABTH-
Balli B IIPCARAPHTEIILHO PASOrPCTYIO NCUL COMPOTHRICHHA ¢ YTOMBHBIM TPYGUATHIM HArpeRATEICM
H BoiaCpAUHBANH B Teuchue 10 mui npu 1073 K. Jlna noayueHHbix 06pa3ios nposoamimu CTPYKTYp-
HBIH ¥ penTreHOa30BbIH aHaIu3kI.

Pesyiibrath ananu3o. nokasanu, 4To HCNOIL30BAHHE OHCPreTHHCCKHX yIuIcH Oe3 ux npeisapu-
TENBLHOH TCPMHUUECKOIT 00paBOTKM N0AOKHTCALHO BAUSET HA BOCCTAIORICHHE ICMEHTOB M3 OKCHA0B
HCCACYCMOIT MAPIaHIICBOil pyJibl. TIPO/LyKTBI TEPMHUCCKOrO PasioxeHus YIJIEH CMeILaioT NpoLece
BOCCTAHOBJICHUA BBICHIMX OKCH/IOB Mapratua B 30Hy Gomee Huskux temneparyp [7).

MexaHu3M BOCCTAHOBACHHA KPEMHMS M3 AHOKCHAA KPEeMHHA KBADLHTA CYLUECTBEHHO OTIIH-
HACTCA OT MEXaHW3MA BOCCTAHOBIIEH A Mapranua. [Ipy u3yyennn QaKTopor, BANAKOIMX HA CTENCHD
BOCCTAHOBJICHHSA KOMIIOHCHTOB M3 OKCH/IOB KRApLIUTA, OBLTO YCTAHOBICHO, YTO 1IPH HACTHYION 3aMeHC
KOKCA AMHHHOIIAMEHHBIMU HIIH GYPRIMH YIAAMH YBIIHUHBACTCA H3BJICHCHHUC KPCMHUA M3 JHOKCHIA
KPEMHHs KBapuHTa. Jlis onpeieIcHns BIHAHUA NPUPOIHBIX BOCCTAHOBHTE/ICH Ha CTENCHb BOCCTa-
HOBIICIUA KPEMHUA H3 AMOKCH/IA KPEMHHA KBAPUMTOB NPOBCIH IKCIICPHMEHTHI 110 BECKOHTAKTHOMY
R3AHMOACHCTBUIO BOCCTAHOBUTCNEH ¢ KBapuuToM. B THreas H3 kapbonntpmja Gopa nomemanu
HABECKY, COCTOABILYIO W3 KBAPLHTA H BOCCTaHOBUTENA (1PAgUT), 3arem CBepXy Ha paccTosnuu 10 mm
OT HaBECKH Ha MOIHO/ICHOBON PELICTKE MOMCUAIH KOKC M YOI (ATHHHOIIAMCHHBIA M Oyphiii,
Gpaxus 20 My ). Turess yeraHaBaMBaIH 8 IIPCABAPHTEIBHO HArPETYHO 11e4b conpoTHracHus. [MTocne
H30TEPMUUECKON BhIAEPAKKH NMpu Temneparype 1973 K i upojiomkutensrocy 60 Mun obpasuwi
KOKCA M YrUIeH OLEeHHBATN BH3YANBHO, a TAKKE NPOBO/ LI XHMHUCCKHI | peurreHodazosbii



aHann3bl. PesyibTaTel aHanu30B NOKa3ami, 4ro npu 6CCKOHTAKTHOM BOCCTAHOBICHUH KPEMHHA U3
AHOKCH/A KPEMHUS KBAPUHTA NPOAYKTHI TCPMUHECKOTO PA3IOKEHNA IHEPreTHIECKHX yriieii u obpa-
SYIOIHIICA YIJICPOAMCTBLI OCTATOK CHOCOBCTRYIOT O0/CE MOTHOMY YIARTHBAHMIO MOHOOKCHIA
KpEMHUA, HTO IPHBOANT K YBETHUECHHIO CTCNCHH ROCCTAHOBACHHSA KPCMHUA [8].
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B pesyuTare nposeicHHBIX HCCICIOBAHMIT YCTANIOBICHO YYACTHE Ta3oB0il (askl, 00pazyio-

LCHCH 1IPH TCPMHUUSCKOM PA3iI0/KEHHH IHEPreTHIECKNX YIvIel B IPOLeccax TRepAODa3HOr0 BOCCTA-
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K yBEIHUCHHIO H3B/ICHCHNA KPEMHHS W3 ANOKCHAA KPEMHHA, BXOAALIEI0 B COCTAB KBAPUHTA.
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The main component by production of ferroalloys is the carbonaceous reducer. There is an urgent
problem in notable deficiency of metallurgical coke. For the solution of these problems search of new
carbonaccous reducers — coke substitutes is constantly conducted.

The coke trifle and coals of Kuzbass were used: coal brown brands — B2: coal long-flame
brands — D; coal lean brands — T. The chosen brands of coals differ in the physical and chemical
characteristics and conditions of a metamorphism. Laboratory researches of processes of thermal de-
composition of coals were conducted. Process proceeds in two main stages: a stage of T — removal of
hygroscopic and moisture; a stage of T - sharp change of mass of coal (allocation of products of
gasification of coal). The analysis of gases showed that the gas phase of coals mainly consists of Ha.
The greatest number of Ha contains in a gas phase of brown coal, and the greatest number of CO
contains in a gas phase of a coke trifle and long-flame coal.

Probes included experiments on restoration of iron in a solid phase from iron ore, mangancse
contactless reduction from oxides of ore and a silicon from quartzite. Experiments were made by
means of the laboratory furnace with the graphite heater (resistance furnace), crucibles, lattice mo-
lybdenum. Is as a result established that coals with lower degree of a metamorphism and high content
flying have higher recovery properties at solid-phase restoration of iron, at the same time the high
content of a mineral part which part calcium oxides are is characteristic of brown coal. It is defined
that active formation of primary slag phases happens at temperature increase of metal-material in
which the ratio between oxides of silicon and oxides of FeO is in range of 0,3-0.4. Experiments on
contactless restoration of mangancse ore are made. It is defined that use of stcam coals without their
preliminary heat treatment positively influences restoration of elements from oxides of the studied
manganese ore. It is defined that at partial replacement of coke with long-flame or brown coals ex-
traction of silicon from quartzite silicon dioxide increases. It is established that at contactless resto-
ration of silicon from quartzite silicon dioxide products of thermal decomposition of steam coals and
the formed carbonaceous rest promote fuller catching of monoxide of silicon that leads 1o increase in
extent of restoration of silicon.

As a result of the conducted rescarches participation of the gas phase which is formed at ther-
mal decomposition of steam coals in processes of solid-phase restoration of iron, and also restoration
of manganese of oxides of manganese ore is established. [t is revealed that products of thermal de-
composition of coals and the formed carbonaccous rest lead to increase in extraction of silicon from
dioxide of the silicon which is a part of quartzite.



