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Annomayusa. ObmemMupoBoit 00beM crany, BiIaBiaeHHol B 2016 1., mpesbicn 1600 MiH. T, 13 HuX 6osee 1200 MIIH. T cTanM BBIIIABICHO B ar-

perarax KOHBEpPTEpPHOIo THma. B 3aBucumocTn OT psiga TeXHONOrnueckux (akTopoB B Ipoliecce BHIIABKM 1 T cramu obpasyercs 10 25 Kr
MEJIKOAUCIIEPCHON NBUIH, KOTOpas COAEPKUT 10 65 % xkene3a B GpopMe OKCHIOB. PelMKIMHT 0TX0I0B, 00Pa3yIOIUXCsS B METAILTYPrUUECKOM
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pemieHus npoOIeMbl PELUKIMHIA KOHBEPTEPHBIX LIJIaMOB pa3paboTaH U COBEPLIEHCTBYETCS CIOCOO KOHIMLHMOHUPOBAHUS OTXOIOB BBICOKOM
BJIQKHOCTH, BKJIFOUAIOIIHI MX HETepMUUYECKOe aJcOpOIOHHOE 00e3BOKMBAHME M MOCIEYIoNIee TEPMOXUMUUECKOe OKycKkoBaHue. B pabore B
KayecTBe aJICOPOEHTA UCIIONb30BaH TBEPAbIH OCTATOK MUPOIN3a Oyporo yIiis — MEJIKO3EpHUCTBI OypOyroyibHbII 101YyKOKC, IPOU3BOIUMbIH Ha
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METPHYECKUH cocTaB OypOyroJibHOTO MOJTYKOKCa MPAKTHYECKU HACHTHYEH IPaHyIOMETPUUECKOMY COCTaBy Linama. B To e Bpems IIOTHOCTh
qacTull OypoyrolbHOrO MOJNYKOKCA AAKe MPU YCIOBMHU 3aIOJHEHHMs BCEro MOPUCTOIO MPOCTPAHCTBA aAcopOMpoBaHHOI Biaroil Gonee yem B
2,5 pasa HMKE IFIOTHOCTU YacTHI[ KOHBEpPTepHOro muiama. IIpu cMemmBanuu GypoyroibHOrO MONTYKOKCA M KOHBEPTEPHOTO IIIaMa IOTyKOKC
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YTHIN3aIMH KOHBEPTEPHBIX IIJIAMOB C MOTy4YeHHeM GeppoKOKCca, IPUIOHOTO A/ CIIONb30BaHH B JOMCHHBIX U CTANECIIaBUIIBHBIX arperarax
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B HaCTOALICC BpPEMs HECMOTps Ha CTPEMUTCIBHOC
pacimpenre odnmacTeil NpUMEHEHHS HEMETAUTHYEeCKUX U
KOMIIO3UIITMOHHBIX MAaTCpUaJIOB CTAJIb 1O o0beMaM npous-
BOACTBA, KOMIIJICKCY (bI/I3I/IK0-MCX3.HI/ILI€CKI/IX 1 3KCIuTyara-
IIMOHHBIX CBOMCTB 110 NPC)KHEMY 3aHUMACT JIMAUPYIOIIUC
O33N CPEAN MU3BCCTHBIX KOHCTPYKIIMOHHBIX Marcpua-
joB. B CTPYKTYPC CTAJICIIaBUIBHOI'O IPONU3BOACTBA BEAY-
ast pojb TPAAULMOHHO IPUHALICKUT KUCIOPOAHO-KOH-
BepTepHOMY Tiporieccy [1 — 6].

“Pa6ora BbINOJIHEHA B paMKax 0a30BOii 4acTH roCy1apCTBEHHOTO 3a-

naHus MuHHCTEpCcTBa 00pa30BaHUSA U HAayKH Ha BbinonHeHne Cubl'IY
HAy4HO-HCCIIe/I0BaTENbCKON paboThl Ne 2555.
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[Tpy KOHBEpPTUPOBAHMHM METAllIa B 3aBUCUMOCTH OT CO-
CTaBa METAJUIONINXTHI, KOHCTPYKIIHN arperara i TeXHOJIOTHH
IUIaBKU 0OpasyeTcs 10 12 — 25 Kr/T cTany MeIKOAUCIEPCHON
TIBUTH, CTENEHb OYFCTKU OTXOIINX Ta30B OT TBUIH IPEBEHI-
maet 80 %, cTeneHp yTunu3anuu coctasmser 72 % [7, §].

BecbMa IIEHHBIM JKEIE30COACPIKANIIM TEXHOTCHHBIM
CBIPBEM SBIISIOTCS MOJydyaeMble KOHBEPTEpHBIC IIJIaMbI, B
gactHOoCcTH KOoHBepTepHble niaMbl AO «EBPA3 3CMK»,
KOTOpBIE copepikat 110 57 — 65 % xeneza. OCHOBHAsI 4acTh
[IUTAMOB TIPE/ICTABIICHA OKCHIOM FezO3 [9, 10].

PerukiuHr 1UTaMOB B MPOW3BOACTBEHHBIN LMK pe-
IIaeT OJAHOBPEMEHHO PsII BaKHBIX 33Jad: 0OCCIIeUnBacT
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MPEANPUSATHS JKEJIC30COEPKAIIUM ChIPHEM, PEIIACT HKO-
JOTHYECKHE MPOOIEMBl YTHIIN3AIMNA MEIKOIUCTIEPCHBIX
orxonoB [11, 12], cmocoOCTBYeT SKOHOMHH MPHUPOAHOTO
CBIPbS. M CHIDKCHHIO Ce0ECTOMMOCTH TPOU3BOANMON CTa-
mu [10, 12, 13]. B cBa3u ¢ 3TuM npuMeHeHue 3G QeKTuB-
HBIX TEXHOJIOTHI PEIIMKIIMHTA SBISICTCS OMHON U3 aKTyallb-
HBIX 3aJ1a4 COBPEMEHHOW MeTaJUTyprHH.

[Ipu Bceli OYEBWIHOW MEPCIEKTHBHOCTH TMepepadoT-
KH KOHBEPTEPHBIX MUIAMOB CYIIECTBYET M D HPOOIEM.
B wacTHOCTH, BBOI JKENI€30COMCPIKAIINK MATEPHAIIOB B JI0-
MEHHYIO T1e4b WJIHM KOHBEpTEep OCYIIECTBISETCS, Kak mpa-
BIJIO, B KyCKOBOM BHJIE, B CBSI3H C 3TUM TEXHOTCHHOEC CHI-
pbe (IPOKaTHYIO OKaJNWHY, MbUIb, 00E3BOKEHHBIC IIIJIAMbI
U T.I.) TPAAUIIMOHHO YTHIM3HPYIOT TOCPEICTBOM T0OABKH
B arnomuxTy [7]. OfHaKo BBeleHNE METKOAUCIIEPCHBIX Ma-
TEPUAJIOB B aIVIONINXTY B 3HAYUTENBHBIX KOJTHICCTBAX, KaK
MIPAaBWJIO, COMPOBOXKAACTCS] CHIDKCHHUEM IPOM3BOAUTEIIb-
HOCTH aIfIOyCTAaHOBOK M BEIET K YXYAUICHHIO MPOYHOCT-
HBIX XapaKTEPUCTUK TOTOBOTO ariomepara [9].

B gacTn penukIiIMHTa jKEeIe30ConepKAIINX JUCIEPCHBIX
OTXOJIOB QJITEPHATUBON arjioMepalid MOTYT OBITh MpPO-
[IECCHI UX OKYCKOBAHUS MM OPUKETHPOBAHHSL.

[MpeumymiecTBa OpUKETUPOBAHHS B TOM, YTO 3TOT
Croco0 TO3BONSET M3 OTXOIOB PA3IUIHOTO XUMHUYECKO-
IO COCTaBa U CBOWCTB MOJYYUTh KOHIUIIMOHHBIC TIPOIYK-
THI C PETYIUPYEMBIMH pa3MepaMH M TEXHOIOTHYCCKUMHU
CBOWCTBAMH, YBEJIUYHUTH IJIOTHOCTh CBHITyYHUX MaTepHua-
JIOB, TIPEAOTBPATHTh 3aBUCAHUC W CICKUBAEMOCTH MEJl-
KOJMCIIEPCHBIX OTXOAOB B OyHKEepax M IO3UPYIOIIEM
o0opymoBaHUY, CHU3UTH NBUICHHE B IPOIECccax TpaH-
CIIOPTUPOBKU H ucmonb3oBanusa [9]. DddexTuBHOCTDH
HCTIOJIF30BaHUS TIOJIE3HBIX KOMIIOHEHTOB B COCTaBe OpH-
KETOB 3HAUUTENILHO BBINIE, YeM B KAKOM-JIHOO IPyrom
COCTOSIHHH (B MEITKOW HITH MOJMUANCICPCHON (QpakIny, B
copTupoBaHHOM BHJE). [lo cpaBHeHHUIO ¢ armomeparuei
OpUKETHPOBAHUE KEIE30COACPIKAIINX OTXOIOB UMEET IIe-
JBIN psAg mpeumyects [9]:

— OpHKEThl WMEIOT OJMHAKOBYIO (GOpMy M Maccy,
XapaKTEepPU3yIOTCSl BBICOKMMHU COJEP)KAaHHUEM Kelesa,
IUIOTHOCTBIO M TIPOYHOCTBIO, JIyUIeH TpaHCIopTaOeb-
HOCTBIO;

— KOJIMYECTBO 0OOPOTHOTO MPOIYKTa Ha arnopadpukax
moxkeT pocrturarb 20 —25 % u Ooiiee OT OOIIEro I0TO-
Ka IIUXThI, B TO BpeMs Kak Ha OpUKETHOH (abdpuke Bcero
2—6%,;

— BECh KHUCITIOPOI B OpUKETE OCTAETCSl aKTHBHBIM, B TO
BpEMs Kak B arjoMepare OH HAXOJUTCS B CBA3AHHOM CO-
CTOSIHWH (B BHJIE CHITUKATOB), YTO OCOOCHHO BaXKHO JJIST JI0-
MEHHOTO TIPOU3BO/ICTBA;

— BKOJIOTHYECKasi Oe30MacHOCTh OPUKETUPOBAHHS: 0€3-
OTXOJIHOCTb, OTCYTCTBHE BBICOKHX TEMIIEpaTyp MPH U3TO0-
TOBJICHUW;

— BO3MOXHOCTb IIPUMEHEHUS B OpHKETe B JIIOOOM CO-
OTHOIICHUH YTIIEPOICONEPIKAICTO HAOTHHUTEIIS IS aKTH-
BH3AIMHU NIPOIECCOB B METAJLTYprUdecKoi neun (kaporopu-
3aTOp, BOCCTAHOBUTEIb, YHEPTOHOCUTEIIH);

— BO3MOXHOCTb YTHJIM3allUM BCEX BUJAOB TOHKOAMC-
MIEPCHBIX OTXOIOB METAJUTYPTUIECKOTO MTPOM3BOICTBA.

OnHaKo KOHBEPTEPHBIE MIJTAMBI [ 3TOTO HEOOXOUMO
IpeIBapUTENHHO 00e3BOKMBATh. B HacTosIIee BpeMs n3Be-
CTEH psJl CI0CcO00B 00€3BOKMBAHHUS IIIJIAMOB: KaK MPaBHUIIO,
9TO TPOMO3IIKUE U SJHEPTOSMKHE TEXHOJIOTHH, BKITIOUAIOIITIE
npeaBapuTenbHOe yaaneHne Buard (messine 20 —25 %)
MEXaHUIECKUMH CII0CO00aMH (CTyIIeHue, (prIbTPOBaHUE) U
TepMuyeckoe BoicymmBanue [9, 10, 13 — 15], koropoe mno3-
BOJISIET BBICYIIIMBATh MaTepral (pakTHUECKH O CYXOro CO-
CTOSAHUS. OHHaKO HWHTCHCUBHOCTbH BBICOKOTEMIICPATYPHOI'O
BO3IIEHCTBUS CTPOTO OTPaHWYEHA TPESOOBAHUSIMH MOXKAPO-
u B3pbIBOOe3omacHoctu [13 — 15].

He MeHee BakKHBIM (haKTOPOM, OTPaHUINBAFOIIIM ITPH-
MCHCHUEC KOHBCPTCPHLIX HIJIaMOB B Ka4€CTBC KOMIIOHCHTA
IIMXTHl JOMEHHOM ITTaBKH, SIBISCTCS HATMYUE B HUX OKCH-
J0B IIMHKA, OTPULIATCIIbHO BJIHMAIOIIUX Ha CTOMKOCTh KOp-
myca 1 pyTepOBKU JTOMEHHOM TIEUH.

Heo6x0oauMo OTMETHTB, YTO SKOHOMHYECKAsS U IKOJIO-
rudeckas 3(Q(HEeKTUBHOCTh MepepaboTKH OTXOJOB B Me-
TaJTypriy BO3pacTaeT MpH 3aMEHE MPUPOIHBIX PECYPCOB
0TX0AaMH Ha 0oJiee O3IHUX CTAIUSIX METAJLTYPIHYECKOTO
nepenena [9, 16 —19]. B ycnoBusx pemeHus mpoOnemMsl
PEIMKIIMHTa KOHBEPTEPHBIX IIUIAMOB pa3padoTaH M COBEp-
IIGHCTBYETCSI CIIOCO0 KOHIMIIMOHUPOBAHHS OTXOJOB BbI-
COKOH BJI@)KHOCTH, KOTOPBIN BKITFOYaET UX HETEPMUIECKOE
a7IcopOIMOHHOE 00E3BOKUBAHUE U MOCIEAYIONIEE TCPMO-
xumudeckoe okyckoBanue [20—22]. IlpuHnmmmansHas
cxeMa pa3pabOTAaHHOM TEXHOJOTMH PELUKINHTa KOHBEp-
TEpHBIX [IJJAMOB IIPEACTaBICHa Ha pHC. 1.

Konseprepnsiit nutam (KII) u3 mmamonakonutens /
MOCTYIAeT B CTYCTUTENb 2 WM 3aTeM IEepPeIacTCsl B CMECH-
TeNnb-aacopoep 5 A KOHTaKTa ¢ MEJIKO3EepHUCTHIM Oypo-
yroibHbIM monykokcoMm (BIITK), BermomHsFOmmM QyHKIHEO
ancopbenra Bnaru. 3arem cMech BIIK u KIII nepenaercs
Ha paslesicHHe B ITHEBMOKIACCH(HUKAINOHHYIO YCTaHOB-
Ky 7, oTkyna Oonee serkuii BIIK uepes mpuieoTaennutesns-
HYIO cucTeMy (IIUKJIOH 6, pyKaBHBIA (DUIIBTpP &) MOCTyIaeT
B OyHKep 9, oTKyaa 3a0upaeTcs Ha YHEPrOTEXHOIOTHUYEC-
Kre Hyxabl. OUHIEHHBIH OT TBUIA BO3AYX cOpachIBaeTCs
B arMocdepy. bonee Tspkenslii maaM U3 MTHEBMOKIACCH-
(ukaropa uepe3 JO3HMPYIOIIee YCTPOHCTBO TMOCTYyHaeT B
cMmecutenb 12, Tyaa ke u3 OyHkepa // depe3 Jo3upyrouiee
YCTPOMCTBO MOCTYMAET KOKCYIOIIMKCS yrojb. B meunm c
BpallalomMUMes MoAOM /3 TMOJIydeHHast B 3aJJaHHOM COOT-
HOIIICHUH CMECh TIOIBEPTraeTCsl TEPMOOKUCIHTEIEHOMY
KokcoBaHMIO. [loydeHHBI MpHU KOHEYHOW Temmeparype
1100 — 1150 °C deppokokc (puc. 2) oxyiaxmaeTcs B ycra-
HoBKe cyxoro Tymenus kokca (YCTK) /5, coptupyercs Ha
knaccel 0 — 10 mm, 25 — 10 MM 11 +25 MM ¥ TIOCTYTIAET B KO-
Ten-ytunuszarop /7. Ilpu cxkuranum Haj CII0EM HMIMXTHI BbI-
JETSTIOIINXCSI Ta3000pa3HBIX MPOAYKTOB B MIEYH C BpaIaro-
IIAMCSI IOZIOM BBIJEIISIETCSL TEIUIO, KOTOPOE UCTIONb3YeTCs
Ut KOKcoBaHMS. OTHOBPEMEHHO Ha KOHEYHOU CTaIUH KOK-
coBanus npu temneparype 1050 — 1100 °C 3aBepiiatorcs

IPOLECCH BOCCTAHOBIIEHUs OKCHIOB keneza no Fe —wu
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Puc. 1. IlpuHiunuanbHas cxemMa npolecca KOHANIMOHMPOBaHHs BIaKHOIO KOHBEPTEPHOIO IIJIaMa aicCOPOLIMOHHBIM 00€3BOKUBAHUEM U TEPMOXH-
MHYECKUM OKYCKOBAHHEM:

1 — 1TaMOHAKOIIUTEINb; 2 — CTYCTHTENb; 3 — IIIaMOBBIH Hacoc; 4 — OyHkep BIIK; 5 — cmecutenb-ancopoep; 6 — HUKIIOH; 7 — ITHEBMOKIIAaCCU(HKATOP;
8 — pykaBHbIH QuisTp; 9 — OyHKep BraxHoro BIIK; /0 — Bo3nyxonyBka; /1 — Oynkep yrwst 12K + XK; /2 — cmecutens; /3 — KokcoBast IIedb C BpaIlao-
mmMest ogoM; /4 — razotypounHas ycranoBka (I'VBT); /5 — ycraHOBKa CyXoro TyIICHHs KOKca; /6 — COPTUPOBKA JKEJIE30KOKCa,

17 — xoten-yTunu3zarop; /8 — KOHIEHCcaTop

Fig. 1. Schematic diagram of the conditioning of wet converter sludge by adsorption dewatering and thermo-chemical agglomeration:
1 — sludge dump; 2 — thickening agent; 3 — sludge pump; 4 — bunker BSC; 5 — mixer-adsorber; 6 — cyclone; 7 — pneumoclassifier; § — bag filter; 9 —
Bunker of wet BSC; 70 — blower; /1 — bunker of coal GZh + Zh; 12 — mixer; /3 — coke furnace with a rotating hearth; /4 — gas-turbine unit (GUBT);
15 — dry coke quenching plant; /6 — iron coke sorting; /7 — heat boiler-utilizer; /8 — capacitor

OKCHJIOB IIMHKa 10 ZnMeT. [To manHbBIM paboTel [20] TeM-
neparypa Hayalla BOCCTAHOBJIEGHUSI OKCHJA LIUHKA COCTaB-
asier 1070 °C. IIpomyKThl cropaHusi COBMECTHO € IlapaMu
LMHKA U3 [1e4U MOCTYNAT B KOHJEHCATOp /8, B KOTOPOM
napsl IUHKA KOHACHCUPYIOTCS M COOMPAETCs KHUIKUI Me-
Tanandeckui nuHK. OcraBiuecs ra3000pa3Hble MPOLYKThI
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MOCTYMAloT B ra3oTypOunHyto ycranosky (I'YBT) /4 mns
MO CJIETYIOMIETr0 IPHMEHEHHSI.

B Hacrosmeit paboTe mpu CO3JaHHU YCOBEPIICHCTBO-
BaHHON TEXHOJIOTHYECKOH CXEMBI BBITIOJIHEH KOMILICKC
IKCTICPUMEHTANBHBIX UCCICIOBAHNH 110 00E3BOKUBAHUIO U
OKYCKOBaHHIO IIJIAMOB.
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Puc. 2. O6pa3ub! ONBITHOIH MapTuu GeppoKoKca

Fig. 2. Samples of the experimental batch of ferrocoke

O0e3BOKMBaHHE IIIJIAMOB

[Ipomecc ancopOIMOHHOTO 00E3BOKMBAHUS HCCIEIO-
Banu Ha BbICOKOBIAXHBIX (W =50,0%) KOHBEpTEpHBIX
nutamax AO «EBPA3 3CMK». Xumudeckuii coctaB Cy-
XOro KOHBEPTEPHOro uuiama cienyromuii: 46,81 % Fe o
64,05 % Fe,0;; 1,82 % FeO; 4,59 % MgO; 16,68 % CaO;
5,75 % Si0,; 0,19 % K,0; 0,069 % V,0O,; 0,10 % Cr,0,;
0,63%C; 0,24%S; 1,11 % ZnO; 0,061 % CuO; 0,11 % PbO;
1,08 % MnO; 1,93 % Al,O,; 0,88 % Na,O; 0,32 % P,O;
0,21 % TiO,; Fe _ orcyrcTByeT (110 Macce).

I'panynomerpryecknii cocTaB TEPMUUYECKH BBICYIIECH-
HOTO IIUTaMa OMNpENCILUIM HAa JIa3epPHOM TPaHYIOMETpPe
MALVERN-2000 B 1eHTpe KOJIJIEKTUBHOTO IMOJIb30BaHUS
«MatepuanoseneHue» Cuol' Y.

AHanu3 JaHHBIX T'PaHyJIOMETPUYECKOIO COCTaBa MOKa-
3BIBAET, YTO TBEPJasi YacTh IlIJIaMa IpeACTaBIeHa METKUMU
yactunamu pazmepamu 0,5 — 1000 MkM, MakCUMyM T'paHy-
JIOMETPHICCKOW KPUBOH MPUXOAUTCS HA pa3Mep IPHOIH-
surenbHo 500 MxM. B kadecTBe ancopOeHTa HCTOIb30BaIN
TBEPABIA OCTATOK MUPOJIH3a OypOro YIS — MEIKO3EPHHUC-
ThIit OypoyrombHblii noaykokc (BIIK), mpousBoauMerii mo
texHosorun «Tepmokokc-KC» Ha ONBITHO-NPOMBILUIEH-
HOH ycTaHOBKe pa3pesa bepezonckuii-1 [21].

O6pasiel BITK 065agaroT BEICOKOPa3BUTOM U MTOPUCTOM
CTPYKTYPOH H, COOTBETCTBEHHO, BBICOKOH aICOPOLIMOHHOM
CIOCOOHOCTBIO M XOPOILLIMMH 3HEPreTHUECKUMHU CBOMCTBA-
mu [20, 21].

O6bem mukporiop BITK Goree, yem B jgecsaTh pa3 mpe-
BBIINIACT 00BEM MHUKPOIOpP B CTPYKTYype KaMEHHOYTOJIBHOTO
kokca. ClienoBareibHO, aacopOIonHas crocoOHocTh BITK
OMM3Ka MO 3HAUCHUIO K MOKA3aTeN0 TPAAUIMOHHO HCTIONb-
3yeMbIX aKTHBHBIX yIIeH. AJCOPOIMOHHAS CIOCOOHOCTh
BIIK He3HAUMTETbHO YCTYMAeT aKTUBHOCTH COPOEHTa MapKH
ABI'-]l (axtuBupoBansbii yroms TY600209591-443 —95) n
3aMETHO TPEBbIIIACT aKTUBHOCTB copbenTta JJAK (yroms aktu-
BUPOBAHHBIN JipeBecHbIN apoonenbiii TY0321002-51577712),
YTO MOKA3bIBACT 3HAUUTENBHBIC BO3MOXXHOCTH MCHONb30-
Banus BIIK 11 Mogudukanuym TeXHOIOTHUSCKUX CBONCTB
YTOJIbHBIX CMECEH.

I'panynmomerpudeckne cocraBsl bIIK u mmmama mpak-
TUYCCKU UACHTUYHBI. CHeﬂyeT OTMETHUTH, YTO IINIOTHOCTH
yactul BIIK naxe npu yciaoBuu 3aroHEHUs BCEro nopuc-
TOTO MPOCTPAHCTBa ancopOupoBanHoi Biaroi (1,42 r/cm?)
Oyzmet Ooree, ueM 2,5 pa3a HIKE TUIOTHOCTH YaCTHI[ KOH-
BeprepHoro mama (3,8 r/em?).

XapakTepUCTUKH OypOyroNbHOTO IOIYKOKca (yroib
paspesa bepe3oBckuii-1) mpuBEaEHBI HIDKE:

IToxkazarens 3HaueHue

Buara o6mas, % 3,0
3oina (cyxoe cocrosiHue), % 9,7
Brixon neryunx BemecTs, % 9,9
DJIeMeHTHBIN cocTaB (roprodasi macca), %:

YIIIepos 92,8

KHUCJIOPOZ 4,45

BOZOPOJ 1,52

cepa (cyxoe COCTOSIHUE) 0,24

bocdop (cyxoe cocrosiHuE) 0,026
Beicmas reruora cropanusi, MJx/kr 32,8
Huswas temnora cropanus (padodee COCTOSHUE), 28,0 - 28.5

M]x/xr

AncopOuMOHHAas aKTUBHOCTB 110 Hoxy, % He menee 42

O6mmii 06beM mop, cM>/r 0,47
ViesbHast MOBEPXHOCTB TIOP, M%/T 500
IlnotHOCTH, KI/M3
JIEUCTBUTENbHAS 1880
KaXKyIIasicst 974
HACHIITHAS 550
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Kax Buano, BIIK siBasieTcs HU3KO301bHBIM HU3KOCED-
HUCTHIM BBICOKOKAJIOPHHHBIM TIPOITYKTOM, O0JaJarOIiM
BBICOKOPA3BUTON U JOCTYTHOW MOPUCTON CTPYKTYpPOH.

B mpomecce mccnenoBanus 00€3BOKUBAHUS OIICHUBA-
mu ceimydects (S) marepuana (IFOCT 25139 —93). Ilpu
MIPOBEACHUN aHaJM3a B OCHOBE ONPEAEJICHHsS MacoBOIO
cootHotenus BIIK:uuiam, HeoOXoAMMOTO ATl OTYYeHHS
ChIITyuell CMecH, JIeKaT JAaHHbIE 110 BJIAXHOCTH IIJama U
aacopbumonHoi crnocodHoct BIIK. TlpenBaputenbHbie
pacueTsl MMOKa3bIBalOT, YTO NpU BiIaxHOCTH uuiama 50 %
(mo macce) u aacopobunonnoit cnocodbnoctu BIIK cooTHO-
LIEHWE UX KOJIMYECTB B CMECH AJIS JOCTUIKEHUS ChIITYyUYero
COCTOSIHUSL JIOJDKHO ObITh Kak 1:1,3. DkcrepuMeHTaNbHO
MIOATBEPIKI€HA MPaBUIIBHOCTb PACYETOB.

3Ha4eHUs BIAKHOCTH U CBHITYYECTH UCCIEAYEMbIX MPO-
JYKTOB IPUBEIEHB] HIKE!

IIponyxt W,% S, t/c
[nam ncxonuslii (rpsizenogodHoe cocrosiuue) 50,0 0
BITK 3,0 2528
[IInam TepMu4ecKU BbICYIIEHHBIN 1,35 0
Cwmech nutama u BITK 16,55 33,34

ITpu cmemmBanuu BIIK 1 xoHBepTepHOTO IUTaMa Tep-
BbIM [OIVIOILAET Biary, IpuUjaBas CMECH BBICOKYIO CBIITy-
YecTb. B TEXHOJIOrMYecKuX MOTOKaxX 3TO MMEET Ba)KHOE
3HA4YEHUE [IPU TPAHCIIOPTUPOBKE NPOLYKTa. B T0 ke Bpemst
ajicopOupoBaHHasi B TIOpax Biara MEpexXOIuT B CBSI3AHHOE
COCTOSIHUE U CTAHOBUTCSI AKTUBHBIM Y4aCTHUKOM OKHUCIIU-
TEJIbHO-BOCCTAHOBUTENIbHBIX MPOLIECCOB.

Coinyuas cmech nutama u BIIK noasepraercs nHes-
MoOcenapaloHHOMY pazjeneHuto, nociae koroporo BITK
HAaIpaBJIAETCS IJIs1 TEXHOJIOT0-I)HEPIeTUUECKOrO UCII0IIb30-
BaHUS, a LJIaM — Ha TEPMOXUMHUECKOE OKYCKOBAHHUE IS
HOJIyYEHHUs KyCKOBOI'O KeJIE30yJIEPOJAUCTOIO KOMIIOHEHTA.

ITaeBmocemapanmonnoe paznenenne bBIIK u nutama (pu
UJICHTUYHOCTH UX TPAHYJIOMETPUYCCKOTO COCTaBa) OCHOBA-
HO Ha 0oJiee yeM JByKpaTHON pa3HMLE UX IUIOTHOCTEH.

OkyckoBaHue HIJIAMOB

lupokre BO3MOXXHOCTH [UISI YTHIH3AIUH MEJIKOIHC-
MIEPCHBIX OTXOJIOB OOecreunBaeT OpPUKETHPOBAaHUE, OHO
MEPCICKTUBHO M C TOYKH 3PEHUS IOTYYCHHS METajlTh-
30BaHHOTO TPOJYKTa, TaK KaK B COCTaB OpPHUKETUPYEMOii
IIMXTBl MOTYT OBITH BBEICHHI BOocCTaHOBHTENHU. [Ipenmy-

IIECTBOM OPHKETOB IO CPaBHEHUIO C BOCCTAHOBIICHHBIMH
OKAaTBIIIAMH SIBIISICTCS OOJee HU3KOE 3HAYCHUE OTKPBITON
MTOPUCTOCTH, BCJIEJCTBHE YEro OPUKETHI HE MOABEPIKECHBI
AKTHBHOMY BTOPHYHOMY OKHCIICHHIO Ha arMochepHOM
Bo3ayxe [9].

BpukerupoBanue sBJIs€TCS MEHEE 3aTpaTHbIM CIIOCO-
0OM yTHIM3aIlMKM OTXOAOB MO CPABHEHUIO C arjoMepalu-
el MM TToNTydeHHeM 000X KEHHBIX OKaThIiel. [Iporecchr
OpUKETUPOBAHUSI MEJKOJUCIIEPCHBIX OTXOIOB HamOosee
TEXHOJIOTUYHBI, YEM JIPYrHe CIIOCOOBl OKYCKOBAaHHUS, TaK
KaK Ka4yeCTBO OPUKETOB B HaWMEHbBIIIEH CTEIEHU 3aBUCUT
OT IPaHyJIOMETPUYECKOrO COCTaBa U BIAKHOCTH UCXOAHO-
ro Marepuana, a ux pasmep, GopMa U XUMHUYECKUH COCTaB
MOTYT PEryJlIipoBaThcs B HIMPOKHX Npenesax IMyTeM o[-
6opa pa3Mepa 1 GopMbI STUEEK MATPHILBL, BEIOOPA CBA3YIO-
IMX BEIIECTB ¥ BBOJIA PA3IIUYHBIX JI00aBOK [9].

B pa3paboTaHHOI TEXHOMOTHUYECKOM cxeMme Mpejiara-
€TCsI MCIONB30BaTh TEPMOXHMHUUECKUI CITOCOO OKYCKOBa-
HUS IIJIaMa B TPOIIECCE ero TEPMOOKUCIUTENBHOTO (BOC-
CTAHOBUTEJIBHOIO 110 OTHOLIEHMIO K KeJe3y) KOKCOBaHMS
B CMCCH CO CIICKAIOMHMUMUCA YITIIMU B KOHLHCBOﬁ neym ¢
BpAlLAQIOIIMMCS [TOJOM ISl MOJY4YEeHHs ClIeLUaJIbHBIX BU-
JIOB Kokca [23].

Jlns wccnenoBaHuid ObLTH pa3pa0OTaHBl JBE CMECH:
1 —50 % xonnentpara LIO® Kysneukas yrieir mapox K
u X, 50 % xonseprepHoro uuiama; 2 — 50 % KoHLEeHTpaTa
yrist Mapku 2K Mexoarelickoro mectopoxaenusi, 50 % koH-
BEPTEPHOIO I1lIJIaMa. XapaKTePUCTUKU yTOJIbHBIX KOHLIEHT-
paToB MPHUBE/ICHBI B TAOIHUIIE.

[Ipu ompeneneHU COOTHOLIEHUS] Macc KOMIIOHEHTOB
CMECH PYKOBOJCTBOBAIMCH TEM, YTO B JaHHOM clydae
[UTaM SIBIISIETCS OTOIMIAIONIECH T0OABKON K KOKCYIOITUMCS
YIIIsIM € BBICOKHUM BBIXOJOM JIETYHYUX BCLICCTB, a JJId MOy~
YEHUS MIPOYHOTO KYCKOBOTO MaTrepraia HeoOXoanma ompe-
JIeJIeHHas] CIIeKaeMOCTh CMecCH. TOMNIIMHA TIACTHYECKOTO
ciosi mpo6 / u 2 coctaBmwia 10 u 17 MM COOTBETCTBEHHO.

Jns  BoCIpOM3BEACHUS MPOMBIIUICHHOTO Tpolecca
TETUIOBOH 00pabOTKH (KOKCOBAaHUS) B KOJBIIEBBIX ITeUaX C
BpallaromeMcs moaoM OIBITHBIC CMECU 6])IJ'[I/I MOABCPTHY-
Thl HarpeBy B almrnapare IJIaCTOMETPUUYECKOro aHalu3a J10
temrieparypsl 730 °C. B pesynbrare yaaleHus JeTy4HX
BEIIIECTB M3 YTOJBHOM YacTH MpoO comepykaHue IuiamMa B
obpasnax Bozpocno 10 56 — 57 %. YcTaHOBJIEHO yBeu-
YeHue B IIJIaMe conepikanms okcuia skenesa FeO c 1,82
no 14,3 % wu mossnenue B konmudectBe 2,03 % skemesa
Fe . Conmepxanne B 00pa3nax OKCHIOB IIMHKA COCTABHIIO

Mer”

0,48 %.

XapakTepHCTHKA Pa3padoTaAHHBIX COCTABOB YIOJbHbIX KOHLEHTPATOB

Characteristics of the developed compositions of coal concentrates

Texanmanus [Imactomerpus Ierporpadus
Konuenrpar - ;
Wi, % | AL % | V% % | S % | X, MM Y, MM Vt, % S, R
'K + XK 10,5 7,8 38,0 0,56 17 24 85,0 0,560 0,864
XK 8,6 8,1 38,2 0,67 -2 34 93,0 0,045 0,853
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[Tocne mutacTOMETpUYECKHX HCCIENOBAHUN 00pa3Ilbl
HarpeBaiy B ieun Tammana B TeueHue 30 MUH 110 Temmiepa-
TypBI 3aBepleHus mpouecca kokcoBanus (1050 — 1100 °C).
[IpokanmmBaHue COMPOBOXKAAIOCH TIPOLECCAMU TBEPO-
(ha3HOrO BOCCTAHOBJIEHUS Keje3a. B 4acTHOCTH, CTENneHb
BOCCTaHOBJIEHHs /10 Fe B mpobe / cocrasuna 84,9 %, B
mpobe 2 — 94,4 %.

[TonydeHHBIN B pe3ysbTaTe 3KCIEPUMEHTOB MaTepHall
mpeacTaBnsieT coOoi aHanor ¢eppokokca (puc. 2). Kon-
LeNI¥s MPOU3BOJICTBA (eppoKOKca pa3paboTaHa elie B
30-x rogax mpoIUIOro BeKa U Obl1a OPHEHTHPOBAHA HA CIIe-
KaHHe JKEJIC30PYAHON ITBUIH, HEIPUTOAHON UIS TUIABKU B
JAOMCHHBIX Ne4ax, C JKXUPHbIM HJIN 61/ITyMI/IHI/ISI/Ip0BaHHbIM
YIJIEeM B KOKCOBEIX OaTapesx. DeppoKoKc MOKHO KIIacCH-
(GUIMpoBaTh KaK KEIC30yNICPOJHYI0 KOMIO3UIUIO, MPO-
IEJIIIYIO TEMJIOBYFO 00pa00TKY BHE TUIABUIIBHOTO arperara.
DeppOoKOKC — KOMIIO3ULIUOHHBIM MaTepuall, CoaepKaluil B
OCHOBHOM BOCCTaHOBIIEHHOE Kelle30 U yriepon [24 — 26].
OKCIepUMEHTAIbHBIH MaTepuai conepxur 35 —39 % Fe
u 45 —49 % C, conepxxanne ZnO nue nipessimaet 0,017 %,
IIPOYHOCTb Ha cikaTue cocrasiser 2,8 Mlla.

[IpakTnueckuii MHTEpEC MPEACTABISIET NPUMEHEHHE
(heppoKkokca B JIOMEHHOM U OCOOCHHO B KOHBEPTEPHOM ITPO-
W3BOZCTBE, B TOM YHCIIC B KaYECTBE JOTIOTHUTEIHHOTO Te-
TUIOHOCUTENISI U BOCCTAHOBUTES MIPU HCIIOIB30BAaHUHU TEX-
HOJIOTHH C AJIEMEHTaMH KHUIKO(PAa3HOTO BOCCTAHOBIICHUS.

Bwi600wst. Ha 0cHOBE UCCIIEI0BAHHBIX IPUHILIUIIOB KOH-
TUIAOHUPOBAHUS BIAKHBIX KOHBEPTEPHBIX IUIAMOB al-
COpOIMOHHBIM O0E3BOKMBAHUEM U TEPMOXUMHUYECKUM
OKYCKOBaHHEM pa3padoTaHa 3(p(eKTUBHAS TEXHOJIOTHS UX
YTUIMU3aluu C MOoJIy4YCHUEM HOBOI'O MaTepualia, mpruroaHo-
TO JUIS MCTIONIb30BAHUS B JIOMEHHBIX M CTaJICTUIABHIIBHBIX
arperarax B Ka4€CTBC TCIJIOHOCUTEC/IA U BOCCTAHOBHUTC-
ns1. [Ipemraraemasi TeXHOJIOTHST 00XOAMTCS O€3 CIIOKHOTO
MEXaHOTEPMHUUECKOTO 00E3BOKMUBAHUS U OPUKETHPOBAHUS
CO CBSI3YIOIINM.

BUBJINOT PAOGMYECKUI CITUCOK

1.  Protopopov E.V,, Feyler S.V. Analysis of current state and prospects
of steel production development // IOP Conference Series: Materials
Science and Engineering. 2016. Vol. 150. P. 1 — 8 (012001).

2. 10z0B O.B., Cempix A.M., Aponnr C.3. TeHneHuMM pa3BUTHA
U IKOHOMHYECKHE IOKa3aTenu 4YepHoi meramnypruum Poccum //
Crans. 2013. Ne 4. C. 72 -177.

3.  Brun L. Overcapacity in steel. China’s Role in a Clobal Problem.
— In book: Center on Globalization, Governance & Competitiveness,
Duke University, 2016. — 54 p.

4.  Mutumi OHJI. Recent Trends and Future in Steelmaking Technology
in Japan // IS1J International. 1996. Vol. 36. P. S2 — S5.

5. Bynmanos M.A., Yerunos B.C. IlepcrniekTuBbl pa3BUTHS METAJLUTYPri-
yeckoro npousBoacTea B Poccun // Bromterens «UepHas metasnyp-
rus». 2014. Ne 5. C. 3 - 12.

6.  Springorum D. The Management of Research and Technology in
the Ger-man Steel Industry with Respect to the European Union //
IS1J Interna-tional. 1998. Vol. 38. P. 935 — 942.

7.  YTunuzauus NbUIM M HUIaMOB B uepHoil metamrypruu / AWM. To-
nouko, B.W. Cnasun, F0.M. Cynpyn, P.M. Xaiipytauaos. — M.: Me-
tajutyprus, 1990. — 206 c.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Su F., Lampinen H.-O., Robinson R. Recycling of Sludge and
Dust to the BOF Converter by Cold Bonded Pelletizing // ISIJ
International. 2004. Vol. 44. P. 770 — 776.

MeTasypruueckie TEeXHOJIOTHH NepepadOTKH TEXHOTCHHBIX Me-
CTOPOKJICHHH, MPOMBIIUICHHBIX U ObITOBBIX 0TX010B / C.H. Ky3He-
nos, E.Il. Bonsikuna, E.B. IIporononos, B.H. 3ops. — HoBocu-
oupck: U3narensctBo CO PAH, 2014. — 294 c.

[epepaboTka ¥ yTHIM3aLMs IPOMBIIUIEHHBIX 0TX00B YensaOuHe-
koit obmactu / L.I1. JlodpoBonsckwuii, U. 5. Yepnsisckuit, A.H. AGbI-
308, 10.E. Koznos. — Yensounck: Mza-so Yenl'Y, 2000. — 256 c.
Toctennn B.A., Emucees lO.I1., KoBanenkosa E.lIO., Heseposc-
kast I.II. MccnenoBaHue BO3MOXKHOCTH IIepepabOTKU LIIAMOB C
LEJIBIO TTONTyYeHUsl JKele3Horo koHueHTpara // Cranb. 2016. Ne 4.
C.75,76.

KomrmekcHoe wncmons3oBaHue chipbst U 0TX010B / B.M. PaBuuy,
B.I1. OxnanuukoB, B.H. JIsirau, M.A. MenkoBckuii. — M.: Xumus,
1988. - 288 c.

BTopuuHble MarepHaibHbIE PECYpChbl YEPHOH METaTypruu /
B.I'. bapbimukos, A.M. Topenos, I'1. ITankoB u ap. B 2-x . T. 2.
— M.: Dxonomuka, 1986. 344 c.

Jlo6posonbckuit N.I1., Peimapes I1.H. TlepcriekTuBHAsE TEXHOIOTHS
nepepaboTKH MITaMOB KOHBEPTOPHOTO MPOU3BOJCTBA CTAJIM M 3a-
MacJIeHHOH okasnHbl // BectHuk YenssOMHCKOro rocy1apcTBEHHOTO
yuusepcurera. 2010. Ne 8 (189). Dxonorus. Ilpupononosnb3oBanue.
Beim. 4. C. 40 — 45.

HockoB B.A., Maiimyp b.H., Moxapenko H.M Tloaroroska Opu-
KETHPOBAHUEM MEJIKO(PPAKIIMOHHBIX OTXO/I0B TOPHO-METAJLTyprH-
YECKOT0 M MAIIHHOCTPOUTEIBHOIO KOMIUICKCOB YKPaWHBI K yTH-
JM3alMd B METAJUIYyPrU4ecKux arperarax // Meramtyprudeckoe u
ropHopyzaHoe npoun3sBozacto. 2002. Ne 1. C. 119 — 122.

Szekely J. Steelmaking and Industrial Ecology — Is steel a green
material? // IS1J International. 1996. Vol. 36. P. 121 — 132.
Matsubae-Yokoyama K., Kubo H., Nagasaka T. Recycling effects
of re-sidual slag after magnetic separation for phosphorus recovery
from hot metal dephosphorization slag // ISI1J International. 2010.
Vol. 50. P. 65 - 70.

Senk D., Gudenau H.W., Geimer S., Gorbunova E. Dust injection in
iron and steel metallurgy // IS1J International. 2006. Vol. 46. No. 12.
P. 1745 - 1751.

Zhibinova I.A., Shakirov K.M., Protopopov E.V., Shakirov M.K.
Thermodynamic principles in the liquid-phase reduction of oxides
in an oxygen converter // Steel in Translation. 2009. Vol. 39. No. 2.
P. 108 — 110.

Shkoller M.B., Kazimirov S.A., Temlyantsev M.V., Basegskiy A.E.
Conditioning of coal-enrichment waste with high moisture and ash
content // Coke and Chemistry. 2015. Vol. 58. No. 12. P. 482 — 486.
Ucnamos C.P. Dueprorexnonornyeckas nepepadorka ymrst. — Kpac-
Hosipck: OO0 «ITonmukopy, 2012. — 224 c.

komtep M.B., Kasumupor C.A., Xomocos U.E., MBanos B.II.
PeuuniJimHr KOHBEPTEPHBIX 1IUIAMOB Ha OCHOBE aCOPOLIUM BIIark U
kokcoBauus ¢ yrsimu // Koke u xumust. 2017. Ne 2. C. 38 — 44.
Hxomnep M.B., Ilporononos E.B., IOpseB A.b. DHeprorexnomo-
rust TBepporo tommmsa. — HoBocubupck: Msn-so CO PAH, 2015.
—247 c.

VnesroB B.I1,, Bynasun B.U., byrenko A.H. Tepmuueckas nepe-
paboTka HeThb- U JKETEe30COAEPIKAILMX POMBILIICHHBIX OTXOJ0B €
MOJTy4YeHHEM TOBapHOW NpoxyKiuu // IHTerpupoBaHHbIe TEXHOIO-
ruu 1 3Heprocoepexenne. 2004. Ne 3. C. 48 — 53.

A.c. 1151768 CCCP. Cnoco0 yTHiaM3aluK MaciIoOKaJINHOCOAEP-
skanux orxonoB / B.IIL. Vibsuos, A.I. 3mo6un, I.C. YMHOB u nip.
Basei. 09.01.1984; omy6u. 23.04.1985. brom. Ne 15.

Taiiig E.M. Kokc 1 %ene30KoKec Ha OCHOBE OpuKeTHpoBaHus. — M.:
Mertamnyprus, 1965. — 173 c.

Moctynuna 27 ¢pespans 2017 .

273



M3BECTHUS BBICIIUX YUYEBHBIX 3ABEAEHUIN. YHEPHASL METAJJIYPrus. 2017. Tom 60. Ne 4

IzvEsTiyA VUZOvV. CHERNAYA METALLURGIYA = [ZVESTIYA. FERROUS METALLURGY. 2017. VoL. 60. No. 4, pp. 268-275.

TECHNOLOGICAL BASICS OF ADSORPTION DEHYDRATION
AND THERMOCHEMICAL SINTERING OF BOF SLUDGE

S.N. Kuznetsov, M.B. Shkoller, E.V. Protopopov, M.V. Tem-
Iyantsev, S.V. Feiler

Siberian State Industrial University, Novokuznetsk, Russia

Abstract. The global volume of steel smelted in 2016 exceeded 1600 mil-

lion tons, of which more than 1200 million tons of steel were smelted
in the units of converter type. Depending on the number of technologi-
cal factors, up to 25 kg of fine dust forms in the process of smelting of
1 ton of steel, which contains up to 65 % of iron in the form of oxides.
The recycling organization of waste generated in metallurgical produc-
tion makes it possible to reduce production costs by two to three times
in comparison with the use of concentrates obtained from natural raw
materials and minerals. In the context of solving the recycling prob-
lem of converter sludge, the method for conditioning high-moisture
wastes was developed and improved, including their non-thermal ad-
sorption dehydration and subsequent thermo-chemical agglomeration.
The solid residue of brown coal pyrolysis is used as the adsorbent —
a fine-grained brown coal semi-coke produced at the pilot plant of the
open-pit mine Berezovsky-1. The obtained samples from brown coal
char are of highly developed and porous structure and, accordingly,
high adsorption capacity and energy properties. The granulometric
composition of the brown coal semi-coke is almost identical to the
granulometric composition of the slurry. At the same time, the den-
sity of the brown coal semi-coke particles, even if the entire porous
space is filled with adsorbed moisture, is more than 2.5 times lower
than the density of the converter slurry particles. When mixing brown
coal semi-coke and converter slurry, the former absorbs moisture, giv-
ing the mixture a high looseness, while at the same time the moisture
adsorbed in the pores transforms into a bound state and becomes an
active participant in oxidation-reduction processes. As a result of the
experiments, the new material was obtained — “ferrocoke” containing
up to 39 % of Fe_ and up to 49 % of C. The results obtained in the
work made it possible to develop an efficient technology for the utili-
zation of converter sludge with production of a ferrocoke suitable for
use in blast-furnaces and steelmaking plants as a coolant and reducing
agent, without a complicated mechanical-thermal dehydration and bri-
quetting with a binder.

Keywords: converter, ferrocoke, brown coal semi-coke, sludge, adsorption,

reduction, coolant, recycling.
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