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Pa3Butie npowecca KOBLLOBOW Aecynbypauumn YyryHa
BAYBaHWEM 3EPHUCTOro MarHusa’

PaccMOTpeHO npoucxoxaeHne pe3epBoB (M0SIBJIEHNE KOTOPbIX SIBASIETCS CAEACTBUEM PaccpenoTo4YeHHOro
BAYBaHWSI MarHusi v nocaeayroLero AMcrneprupoBaHns noTOKOB B pacriiaBe) rpouecca Aecynbdypaumm HyryHa
rpaHyIMpoBaHHbIM UM 3EPHUCTbIM MarHuem. loka3aHo, 4TO AaHHbIe TEXHOJIOrn4eckmne paspaboTky yBEenYnBarT
Ternsa0- 1 MaccoOBMEHHYIO MOBEPXHOCTb B papuHupyemori BaHHe Ha 30-50 %, 3a c4eT 4Yero roBbILLaeTcsl CTerneHb
YCBOEHWSI MarHusl, yBeJINYNBaETCS MHTEHCUBHOCTb BAYBaHWS MarHus ¢ 7-12 go 18-22 kr/MuH v BABOE cOKpallaeTcs
rpPoAO/IXUTEILHOCTL rfpoLecca 06paboTkn. YCTaHOBIEHb! napaMeTpbl MPoLecca NMHXEKTUPOBAHMS.

KnioyeBbie cnoBa: necynb@ypaumsi, MHXEKUNS, MHTEHCUBHOCTb BAYBaHUs, MOBEPXHOCTb MacCcoObMeHa

ocmosiHue rpobnembl. HeobxoaumocTb ynyulleHus

TEXHUKO-3KOHOMUYECKUX MoKa3aTenen npoueccoB

BbIMMaBKM CTanM K MOSyYeHMs1 MeTannonpoayk-

LMW C HU3KMM N 0COBO HU3KUM CoepPKaHUEM cepbl
obycnaBnuBaloT MNOTPEOHOCTL yBENMYEHUS OOBLEMOB
n rnybuHbl gecynbdypaunm dyryHa nepeg ero crare-
nnaeBuibHbIM nNepegenom. WHXeKUMOHHbIe npoLecchl
KOBLLOBOW Aecynbdypaunm YyryHa BayBaHMem pasnud-
HbIX MarHumcogepXallmx peareHTOB 3aBoeBanu B Mo-
cnegHee BpeMs nuampyoLme no3uuumn B NnoBCEMECTHON
npakTvke NoAroTOBKW XXMAKOrO YyryHa K KOHBEPTEPHO-
My nepegeny [1-4]. ObecneunBasi 4OCTATOUYHO BbICOKMNE
nokasaTtenu pecynbypaumm M HaJexXHyl MNPOMbILL-
NEeHHyIo aKkcnnyaTaumio [2, 4, 5], aTn npouecckl, TeM He
MeHee, He NULLEHbI KY3KMX» MECT, K KOTOPbIM B MEPBYIO
oyepelb MOXHO OTHECTU OrpaHMyeHne MHTEHCUBHOCTU
BBOJA MarHusi B pacnnas 4YyryHa, npefaenbHas Benunyun-
Ha koTopown coctasnseTt 10-13 kr/mMuH [2, 4-6].

Mpn BOyBaHUM MarHMsi B CMECU C U3BECTbIO MHTEH-
CVMBHOCTb BBOJA MarHus, Kak npaBwusio, HaxoguTcsl B
npegenax 7-12 kr/muH [2-4], a B npouecce BOyBaHuWs
rpaHynMpoBaHHOro MarHusi (6e3 pasyboXxuBaroLLmMX
[obaBok M3BECTN) 3TOT MokasaTesnb BapbupyeTcsl, Kak
npasuno, B npegenax 7-13 kr/muH [1, 4, 5]. YBenuye-
HMEe NHTEHCUBHOCTW BAYBaHUS MarHus BblLle YKa3aHHbIX
NpegenoB COMPOBOXAAETCHA MOBbILLEHMEM OYypHOCTU
npouecca 06paboTkn U, COOTBETCTBEHHO, PE3KUM YyBE-
nMyYeHnem noTepb YyryHa.

[ns noBbIlEeHNsT UHTEHCUBHOCTU BBOAA MarHusi B
BonbLUuerpysHble KOBLUX C YyryHOM amepuKkaHckas dump-
ma «ESM» peanusoBana Ha YepenoBeLKOM MeTKOM-
buHate «CeBepcTanby [2, 6] BoyBaHWe MarHuiM3BecT-

KOBOW CMecu 4epes OBe OAHOBPEMEHHO Norpyxaemble
dypMbI C NCMONb30BaHMEM OBYX HE3aBUCUMbIX UHXKEK-
LMOHHbLIX cucTteM. C NpUMEHEHNEM 3TOro TEXHOMorn4e-
CKOrO peLleHns MosiBuIiacb BO3MOXHOCTb YBEMUYUTL
WHTEHCMBHOCTb BAYBaHUSA MarHus B CMECU C U3BECTbIO
00 16-22 Kr/MUH 1, COOTBETCTBEHHO, COKpaTUTb NPOJOS-
XWUTENbHOCTL onepaumm paduHupoBaHus YyryHa. OgHa-
KO aHanu3 faHHOro npouecca ykasblBaeT Ha HEKOTOpble
CYLLECTBEHHbIE €ro HeJoCcTaTk1, 0O bACHSAOLWME OrpaHu-
YeHHOEe MPUMEHEHNE 3TOro TEXHOSTOMMYECKOro peLleHuns
B NMPOW3BOACTBEHHOW NPAKTUKE, U K KOTOpbIM crnegyeT
OTHECTU criefylolime: BbICOKME KanuTanbHble 3aTpathbl
(3a cyeT ABYyX cuCTeM BOYBaHUSA Ha OAMH KOBLU); HEBbI-
coKasi CTeneHb YCBOEHWSI MarHusi, BAyBaemMoro B CMecu;
NOBbILLEHHbIE 3KCMyaTaunOHHbIE 3aTpaThbl; 3HaYMTENb-
Has cebecToMMOCTb 00paboTKM YyryHa.

Pewerue npobriembl. C Lenblo yBENUYEHUS WH-
TEHCUBHOCTU BBOAA MarHuWs B >XWOKWAW YyryH aBTopbl
C ydactTmem creunanmnctoB YkpauHel n Kutasa peanu-
30Banu gpyrovi nogxod. 3TO pelUeHWe OCHOBbLIBAIOCh
Ha cos3fgaHuM Hawmbonee opHoOpoaHOro AByxdasHoro
MarHumMcoaepKaLlero noToka, pasgeneHmm aToro noTo-
Ka Ha HEeCKOIbKO paBHbIX (40 UCTeYeHus 13 ypmbl) u
obecneyeHMn MakcMMarnbHOro AMCNEPrMpoBaHus BAY-
BaeMbIX NMOTOKOB B pacnrase YyryHa (B 30He UCTEeYeHUs
n npudypmeHon). OCHOBHbIE Mepbl, HanpaBrieHHbIE Ha
OOCTWKEHWE YyKa3aHHbIX YCMOBWUA BAYBaHWS MarHus,
3aknyanvcb B criefyowem: NpuMEHEHUN 3epHUCTOro
Tuna marHus (c anameTtpom Yactuy 0,4-1,6 mm) 6e3 nbi-
neBUAHbIX opakumin 1 4o6aBOK; paBHOMEPHOM pacnpe-
AeNeHnn YacTuL, MarH1s Mo CeYEHUI0 NHXEKTUPYIOLLLEro
MarHuenposoaa; obecnevyeHn MUHUManbHbIX Nynbca-

' B pabore npuHumanu y4actme: B. I. Kucnsakos, H. B. Moposos, A. [1. Toncronst, B. U. Enucees, J1. 1. Kypunosa, V. B. MocsruHa,
C. A. lWrena, A. B. Kynukos, Maa L|3o YxeH, BaH TeH [3sH, fOaHb Xyvi [3sH, Y3+ Cros CuH
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LUUA noToka B MarHMenpoBode; pasgeneHun eavHoro
MarHMmcogepXallero notoka Ha HEeCKOMbKO paBHbIX
(nepen nctevyeHmem NoToka B pacnsiaB YyryHa); Makcu-
MarnbHOM paccpefoTOYeHMU U OUCNEPrupoBaHvuM BAY-
BaeMbIX MOTOKOB B pacrniaBe YyryHa.

Peannsauus BblweyKkasaHHbIX COCTaBMASIOWNX WH-
KEKLMOHHOro BBOAA MarHus B XWOKWN YyryH BKIIOYa-
na: cneumanbHble YCNOBUS Y NapameTpbl 403UPOBaHMS
MarHus; HeobxooMMble MapameTpbl pa3roHa MnoToka U
MOArOTOBKN €ro K pasfgeneHuto; ocobyt KOMMOHOBKY
OrorfioBka oypmbl ¥ napaMeTpbl BAyBaHWUS. 3TN YCNOBUS
obecneunBanu MakcvMMarnbHOe AucrneprupoBaHue no-
Toka U obpasoBaHne Hanbonee pas3BUTON MexXdasHOM
Tensno- n maccoobmMeHHOM MOBEPXHOCTU B pacniase yy-
ryHa.

ViccnepoBaHuaMmn Ha nabopaTopHOW M OMNbITHO-MPO-
MbILLIIEHHON YCTaHOBKaX NHXEKLMOHHOW MOA4Aa4YM MarHuns
YCTaHOBWIM, YTO MPU KOHLIEHTPALIMN 3€PHMUCTOrO MarHms
B rase okono 8 kr/Hm® (unm 16-25 kr/m®) n ckopocTu nNoTo-
ka 6onee 80 m/c nynbcaumii MOTOKa NPaKTUYECKN HE Ha-
onogaeTca, a no CBOMM CBOMCTBAM ABYX(a3HbIN NOTOK
asoTa C 3epHUCTbIM MarHMem nNpubnmxkaeTcsi K ra3oBoMy
MOTOKY, CNOCOBHOMY pa3gensaTbcs Ha Heckonbko. C Tou-
KV 3peHnst yCTOMYMBOCTUN BAYBaHUS 3€PHUCTOrO MarHusi
MUHUManbHbI AnameTp kaHana (conna) AormkeH ObiTb
He meHee 6,0-6,4 mm.

Mpn BOyBaHUM TakMX MNOTOKOB B >XWOKYI BaHHY B 30-
He ncTeyvyeHnsa n B nNpudypmMeHon obractu obpasyroTcs
Tenno- n maccoobmeHHas 30Hbl. VlccnegoBaHvammn Ha
XOMOAHbIX MOAENAX MpoueccoB ra3oobpasoBaHus B
XMOKOW BaHHe No pa3paboTaHHOM M NPOBEPEHHOW pa-
Hee meToauke [7, 8] ycTtaHOBUAW, YTO Mpu BOYBaHUU
noToKa, HanpumMep, Yepes ABYXCOMMOBYO PypMy Benu-
4YnMHa obpasyrolencss MexdasHon NoBEPXHOCTU MOIy-
yaeTtca 6onbLuen (puc. 1), 4em Yepes 0QHOCOMIOBYHO (B
OOVHaKOBbIX YCINOBUSAX NPOAYBKM). OTa pasHuua yBenu-
yyBanacb C MOBbILIEHMEM pacxoda BAyBaemoro rasa.
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m MNameHeHne ycnosHo MexdasHor nosepxHocTy (M) B npo-
AyBaemoW BaHHe B 3aBMUCMMOCTM OT pacxoda (V) rasa npu BayBaHWu
Yepes OfHO- U ABYXCOMIOBYIO PypMbl (C PaBHLIMU CEYEHUSMU KaHa-
noB): 1 — 0O4HOCOMIOBOW; 2 — BYXCOMNOBOW

Takylo 3aBMCMMOCTb YCTaHOBWIMY MPU pasnmyHbIX napa-
MeTpax BOyBaHUs Yepes AByxconsioBble pypmel. 1o pe-
3ynbTatam 3TUMX MCCNEedoBaHWM caenanu 3akmnyeHue
O TOM, YTO B YCroOBUSX, ONM3KUX K peanbHbIM (pacxop
rasa 120-140 HM®/4), Npu BCEX NPOYUX PABHbIX YCIOBUSIX
nepexon oT BAyBaHWS 4epe3 OO4HOCOMMOBY PypMy K
OBYXCOMNJIOBOM yBENMYMBaET MexXdasHyt NoOBEPXHOCTb
(M) co 115 go 165 '/ unun Ha 43 % (OTHOCUTESbHbIX).

BoeiwenpusegeHHoe CBUAETENBCTBYET O TOM, 4TO
npv BAyBaHUM MarHunsi Yepes MHOroCOMoByo oypmy 3a
CYET M3MEHEeHUs yCNoBun BBOAA ABYX(as3HOro noToka B
XMAOKOCTb MPOUCXOONUT HE TOMbKO AEneHne noToka, HO
N JocTuraetcs nocnegyollee nydwee gvcnepryposa-
HWe BAyBaeMbIX MOTOKOB 3a CYET MX B3aUMOOENCTBUSA
C padMHUPYEMON BaHHOW. YCTaHOBMNEHHble GOnbluMe
3HaveHus N Ha mHoroconnoeon dypme npegonpene-
naT 6onee GraronpuATHbIE YCNOBUS B3aMOAENCTBUS
BAYyBaeMbIX MarHMmcogepXalwux cpeq ¢ pacnniaBoMm Yy-
ryHa.

ConocTtaBrneHne BENNYMH YCNOBHOM MeXdasHoM no-
BEPXHOCTU MPU pasnuyHbIX METOAAX U YCITOBMAX BAyBa-
HUS NoKasbIBaEeT (pUC. 2), YTO B LUMPOKUX Npeadenax yrna
OTKMOHEHWs ocu conen (Ha Bbixoge 13 ypmbl) BENU4m-
Ha MexdasHOM NOBEPXHOCTU NPU ABYXCOMNOBOM hypme
(kpuBag 2) 6ornblue 4YeM npu ogHoconnoBon (kpueas 1)
Ha 25-42 '/ (v Ha 33-50 % oTHocuTenbHbIX). OnTu-
MaribHbIM 3Ha4eHMEeM yrna OTKIIOHEHUS Conen Ha BbIXO-
e (OT BepTMKanbHO OCK) NPUHSANW BENUYMHY 45°,

Takum o6pasom, aKCnepMMeHTanbHO Mokas3aHo, YTo
BAyBaHWe rasocopepkallmx NOTOKOB 4Yepe3 MHOrocor-
noByt ypMy conpoBoxgaeTcsi 00nblumMm gucnepru-
poBaHuem naporasoson cpeapl (Mg + N,) ¢ obpaso-
BaHMeM 0Oonee pas3BuMTOM Tenmno- M MacCOOOMEHHOMN
NoOBEPXHOCTN B padomHMpyemMon BaHHe YyryHa. Nocnen-
Hee MOCMYXWNo OCHOBOW OpraHu3auuu npouecca Bay-
BaHUS MarHWsi Yepe3 MHOroconsoBble ypmbl (Hanpu-
Mep, OBYXCOMIOBbIE), KOTOpble obecneunBatT Gonee
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m M3ameHeHve ycrioBHoM MexdasHon nosepxHoctu (M) B npo-
AyBaemou BaHHe BOAbl OT yrna OTKIOHEeHUs ocu conen (o) oT BepTu-
KarnbHo ocu (pacxog rasa V. = 1,3 HM?/u): 1 — BAyBaHWe ofHOKaHas b~
HoW dpypmon; 2 — BAyBaHue AByXKaHarnbHOW pypMon
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A eKTUBHOE B3aMMOOENCTBME MarHUs ¢ pacniaBom,
MOBbILLAKOT €ro YCBOEHUE W yCrNoKamBatlT npouecc 06-
paboTkM YyryHa B KOBLLE, YEM CO34a0T GraronpusaTHbIe
YyCnoBusi Ans YBENUYEHWs: UHTEHCUBHOCTU BAYBaHMWS
MarHus B XXUOKUA YyTyH.

lMpoaHanmaupoBaB napamMeTpbl BAyBaHWS MarHus
Yyepes ABYXCOMIoBYy dypmy, paspaboTtanu Homorpam-
My B3aMMOCBS3UN BEMNUYNH NMHTEHCUBHOCTW Nodayn mar-
HWs1, pacxoda asoTa, AMaMeTpoB NOOBOASLLEro KaHana
W gnameTpa conern Ha Bbixoge 13 ypmeol. [leneHune no-
TOKa Ha [ABa paBHOLEHHbIX obecneynBaeTcsl napameTt-
pamMy BOyBaHWS, KOHCTPYKUMEN OenuTensi U OrorioBka
dypmbl.

OkcnepvMeHTanbHbIe, ONbITHBIE, @ 3aTEM MPOMbILL-
MNEeHHble MPOAYBKM YyryHa MarHuem yepes OBYXCOMMo-
Bble DypMbl MPOBENN Ha KOBLUAX PasfnuyHOro Tmunopas-
mMepa. Npn obpaboTkax OAHO3HAYHO YCTAHOBMUIU, YTO
Mpu BCEX MPOYMX PaBHbIX YCIOBUSX NPOLIECC BAYBaHUS
MarHus Yyepes ABYXCOMMOBY hypMy npoTekaeT 6onee
CMOKOWMHO, YeM Npu NpoayBKax 0gHOCOM0BOM hypMON.
Ecnn ckopocTb noToka Ha Bbixoge M3 conen 6Gonee
80-90 m/c — mpouecc BOyBaHUSA NPOTEKAET HaAEXHO.
[eneHne noToka Ha gBa comnna B OrofloBke oypm ocy-
LLeCTBNSAETCA AOCTaTOYHO YCTOMYMBO, MO3TOMY 3abu-
BaHWe Wnu 3apacTaHue conen NpakTU4eckn He Habro-
aaetca. C NOMOLLb YCTAHOBIIEHHbLIX MOJOXUTENbHbIX
SABNEHMN MOSIBMIIaCb BO3MOXHOCTb MCMNOMb3oBaTb MO-
ny4YeHHbIn 3hdeKT B ABYX HanpasreHusx (npu BayBa-
HUM Yepes3 ABYXCOMMoBble PypMbl) — ANS YBENUYEHUS
WHTEHCUBHOCTM BAyBaHMsA MarHust B 1,5-2,2 pasa (B 3a-
BMCMMOCTM OT TUNopa3mepa KoBLUA) U HanuBa YyryHa B
KOBLUM C YMEHbLUEHMEM «BbICOTbI CBOGOAHOrO GopTax
(8o 0,3 m, a B HekoTopbIX cry4vasx — go 0,15).

ConoctaBneHne 3hPeKTUBHOCTN YCBOEHUS MarHus
npv BOyBaHWM Yepe3 OOHO- U OBYXCOMMOBY ypMmbl
(Ha npumepe macchbl YyryHa B koBliax 135-148 1) cBu-
OeTenbCTByeT O TOM, YTO B paBHbIX YCINOBUSAX ObOpa-
BOTKM W, HaNpUMep, NPU CHKEHNM COAEPXKaHWUS cepbl
B yyryHe go 0,002-0,003 % cTeneHb yCBOEHUS MarHusi
Ha cepy (K;’g) npu asyxconnoBon ypme Ha 10-15 %
(abcontoTHbIX) M Ha 18-32 (OTHOCUTENbHBIX) GonbLue,
yem npu ogHoconnoBon dypme (puc. 3). MNoBbiweHne
CTeneHn yCBOEHUS MarHus npv BOyBaHUW OBYXCOMMO-
BOV cbypmown obycrnoBneHo co3gaHMeM B BaHHe Gonee
pa3BMTON Macco- U TENITOOOMEHHON NOBEPXHOCTU, YTO
obecneynBaeT 6onee GnaronpuaTHbIE YCIOBUS €ro B3a-
UMOLENCTBUA C pacniiaBoM YyryHa.

PaspaboTaHHbI TEXHONMOMMYECKMIA NpoLecc BAyBa-
HUa marHus (6e3 [obaBok) Yepes ABYXCOMNSoBble dyp-
Mbl MPOBEPUIM N OCBOMIIN B MPOMBbILUIEHHBIX YCIOBU-
AX Ha MeTKkombuHaTax B KOBLUAxX C MacCoW 4YyryHa oT
96 go 300 1. OcHOBHble TexXHONOrM4Yeckne nokasaTte-
v gecynbdypauum YyryHa Ha 3TMx KOMOuHaTax npu
paboTe Ha OBYXCOMMOBbIX (PypmMax npencTaBneHbl B
Tabn. 1, N0 AaHHbIM KOTOPOM MOXHO CAenaTtb BbIBOA O
TOM, 4YTO Bnarogapsi OCBOEHUIO TEXHOMOrMU BAYyBaHMWS
MarHMs 4Yepes ABYXCOMMOBble PypMbl B NEPEMEHHbIX
YCINOBMSAX MNPOMbILUIEHHOrO MPOU3BOACTBa yBENUYM-
BaeTCA MHTEHCMBHOCTb BBOAA B KOBLUM C YyryHOM A0
16-25 kr/MmnH (npakTuyeckn BOBOE), a 3TO: obecneuym-
BaeT cyneprnyboky gecynbdypauuto 4yryHa (BnnioTb
no < 0,001-0,002 % S); cokpalwiaeT NPOAOIHKUTENb-

HOCTb BOYBaHWS MarHUsi B KOBLUWM C YYTyHOM A0 4-7 MWH;
COXpaHsAeT BbICOKYK yAeNbHYl CTeneHb Adecynbdy-
paumm yyryHa (B cpegHem 17,6-22,6 %) n cymmapHyto
(Bnnotb go 99 %). HecmoTpst Ha 60MbLUY0 MHTEHCKB-
HOCTb BBOAA MarHus B YyryH, MOLEPHM3NPOBAHHbIV
NpoLecC COMPOBOXAAETCH HEBBICOKUM YAErNbHbIM CHU-
XeHneMm Temnepatypsbl YyryHa — 0,6-1,1 °C/MuUH.

OavH 13 nocnegHnx NPOMbILLNIEHHbIX OOBHEKTOB OC-
BOEHMST YKpanHCKOro npouecca rnybokon gecynbdypa-
LUK YyryHa BOyBaHMEM 3epPHUCTOrO MarHus vyepes AByX-
COnfioBble Mnorpyxaemble (PypMbl — HOBbLIN KOMMSEKC
aecynbdypauun yyryHa (KOY) n ckaumBaHus wnaka B
3anmMBOYHbLIX KOBLUAx ctanb3aBoga Ne 2 koprnopauuu
China Steel Corporation (CSC, TaneaHb), KOTOpbIli BBE-
nn B aKcnnyaTaumio B KoHue 2012 r., aBnsowuncs ca-
MbIM BbICOKOMPON3BOANTENBHBIM B MUPOBOM MpPaKTuKe
(n3 gencrteytowmx) KOY. 3TOT kOMNIeKc BKIIOYaeT ABa
He3aBMCUMbIX nMocTa obpaboTkn yyryHa (puc. 4) Baoy-
BaHneM marHus B 300-TOHHbIE 3anMBOYHbIE KOBLUW, Ha
KOTOPbIX B aBTOMAaTM3UPOBAHHOM pPeXnmMe OCyLLeCTBMs-
€eTCH BbINOSIHEHME BCEX onepauun no gecynbdypauun
YyryHa, CKadvMBaHMIO LUMaka, KOppekTUpoBke (B cryvae
HeobXxoaMMOCTN) PU3NKO-XMMUYECKNX CBOMCTB KOBLLIO-
BbIX LUSAKOB, 0T6opy Npob 4vyryHa u 3amepy Temnepa-
Typbl.

MponyckHasa cnocobHocTb KOY coctaensieT Gonee
7 MnH. T/rog, ocobo unctoro no cepe (< 0,002-0,005 %)
YyryHa 3a CcYeT MNPOAOIPKUTENbHOCTM MOMHOIO LMK-
na onepauuni obpabotkmn 4vyryHa (B KOY) (B cpegHem
26 MWH, MakcumanbHasa — He npeBbiwaeT 32 MuH). 3a
MHorve nepuogbl padotbl KOY nomnHbIn LMK onepaumn
ocyuwiectBnanca 3a 16-20 muH. lNocnegHve Mecsubl
paboTtbl KOY cBMOeTenbCTBYOT O TOM, YTO MpoLecc
BOYBaHUSA 3E€pPHUCTOrO MarHuWsi 4Yepes3 [BYXCOMMOBblE

S

Ky, %
50
40
30
20
0,01 0,02 0,03 0,04 0,05
S, %

ncx?

m M3meHeHne nokasaTenen CTeneHW YCBOEHUS MarHus Ha
cepy ypaneHHylo (K, ) OT MCXO[HOMO COfEpXaHus Cepbl B uyryHe
([S],.,): — BOYBaHMe Yepes ABYXCOMMoBy dypMy; — — BAyBaHWeE Ye-
pe3 04HOCOMNMoBY hypMy (KOHEYHOe coAepKaHue cepbl B YyryHe:
0 -0,003; © —0,002)
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dypMbl peanu3yeT BbICOKYHO WMHTEHCMBHOCTb BBOAA MNevMBaeT [JOBOSIbHO [MyOOKy aecynbdypaumio 4y-
MarHus B KOBLUM C YyryHOM (8o 25 kr/mMuH) u 3a kopoT- ryHa (CT1. D — go 99 %) co cHuxeHnem cepbl g0
KM NPOMEXYTOK BpeMeHn (B cpegHem 7,4 muH) obec- 0,0002-0,0005 %. CteneHb yCBOEHUSI MarHWsi Ha cepy

Tabnuuya 1
Mokasatenu Aecynbdypauumn uvyryHa (cpegHue) BAyBaHMEM 3epHUCTOrO MarHWsi ABYXCOMMOBON ¢hypmon B
3afIMBOYHbIX KOBLUAX (MPOMbILLSIEHHbIE NPOAYBKN) METKOMOMHATOB

MeTKOMGUMHATbI Kopnopauus
Moxkasarenu* ToHrxyaHckui | CAHMUHCKMIA | [3UNMHCKUIA TAHB3UHL- «CSC»
(KHP) (KHP) (KHP) "";‘é‘;g‘)‘““ (TanBaHb)
Macca yyryHa B KoBLax, T 147 108 139 98 265
YOenbHbIn pacxoq MarHus, Kr/T 4yryHa 0,55 0,38 0,37 0,36 0,41
WNHTEHCMBHOCTb BOYBaHUSI MarHusl, Kr/MuH 10-22 10-16 10-15 7-10 16-25
MpoaomKnTENbHOCTL BAYBAHUS MarHus, MyH 4.8 4,7 4.5 5,0 6,8
eXoaHoe 0.015-0,055 0.012-0,042 0.,012-0,067 0,013-0,021 0.012-0,061
CopepxaHue 0,030 0,024 0,026 0,0163 0,029
0,
cepbl B UyryHe, % nocre mecynbdypaLmm 0.0000,8601.9050 0.00&86%8120 0‘0002,3607‘(7)150 0‘0001,86%8050 0‘008)’%&8048
CreneHb cyMMapHas 93 74 70 82 90
S [pementaae | e | 1o
CreneHb YCBOEHMS Ha cepy yaarneHHyto 38 35 35 28 48
marnus, % cymMmapHas 76 74 69 95 97
Faenisos cieine TlnepTYL T

* Yycnutens — npefesibl 3Ha4eHuvi; 3HaMeHaTeslb — cpegHee
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Komnnekc gecynbdypaumm YyryHa BayBaHMeM rpaHyrniMpoBaHHOro MarHusi U ckadmBaHus wnaka B 300-TOHHbIX KOBLUAX Kopriopaumm
CSC (TamBaHb): 1 — kamepbl 06paboTKM YyryHa; 2 — 3anMBOYHbIE KOBLUW; 3 — NOABMXKHbIE YYTryHOBO3bI; 4 — YyCTPONCTBa ANsi BBoAa ypM B pac-
nna.; 5 — norpyxaemble ypmbl; 6 — MOOYNb-A03aTOPbl MarHusi; 7 — KOHTEMHEP C KOPPEKTUPYHOLLEN (LUraK) 3acbkInkon; 8 — kpaH-6anka; 9 — 3arpy-
304HbIV MoAyrb; 10 — KOHTEWHep ¢ MarHueM; 7171 — ByHKep Nofayn KOpPeKTUPYHOLLEN 3achIMNKN B KOBLU
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Tabnuua 2

Pe3ynbTaTbl paboTbl KOMNEKca gecynbdypaumm YyryHa BoyBaHMEM rpaHyNMPOBaHHOro MarHus (6e3 nsBectu
M Apyrux no6asok) B 3anuBOYHbLIX KoBLUaxX ctanb3asoaa Ne 2 (CSC, TansaHb)

Macca uyryHa

CopepxaHue cepbl B YyryHe, %

CopaepxaHue cepbl Mpwxoa cepb!

B 3aJIMBOYHbIX B CTanu (nepea cimBom
KoBLaXx, T nepen aecynbdypaunen | nocne aecynbdypaummn n3 KorsaegTepa), % B koHBepTepe, %
0.014-0,056 0.0002-0.0048 . .
240-280 0.026" 0.005" 0,0047 0,0015

* CpegHne 3Ha4veHusi

(K;g) coctaBnseTr B cpegHeM 48,3 % (npy HU3KOM
KOHEYHOM coaepXaHuu cepbl nocne obpaboTkm —
0,0029 %), a c y4eToM OCTATOYHOrO MarHusi B YyryHe
cymmapHas coctasnsiet 95 %.

Cnepyetr 06paTuTb BHMMaHWE Ha TO, YTO OYEHb
BbICOKME MokasaTenu Aecyrnbdypaumm n obpaboTkn B
Lenom nonyvmnu npu HebnaronpusiTHbIX YCrnoBusiX, K
KOTOPbIM OTHOCSTCSI: MUCXOAHbIN Lnak B KoBLUax (bonee
1 % OT Macchbl YyryHa); ero Hm3kast OCHOBHOCTb (OKOMO
0,3); BbICOKOE coepaHne KMcnopoaa B YyryHe (BnnoTb
0o 20,017 %) v gp.

MonyyeHHbI oBeccepeHHbIn YyryH Mocne Cckaudu-
BaHUS LUMaka MCMonb3oBanu Ansi BbIMNfaBkuM B KOHBEP-
Tepax pasfuyHbIX HMU3KOYrNepoaucTbiX MapoK cTanu.
B Tabn. 2 npvBeAeHbl nokasatenu NpUMeHeHUs 3Toro
4yyryHa B KOHBEPTEPHOM Mepeaene, No KOTOpbIM MOXHO
cAenaTb BbIBOA O TOM, YTO BBEAEHHbIN B 3KCMlyaTaLuuio
KoMMnekc gecynbdypauum 4yryHa rpaHynmMpoBaHHbIM
MarHMeMm M ckauvMBaHus Lunaka obecneymn KoHBepTep-
HbI/ LUeX HU3KOCEPHUCTbIM (6e3 wnaka) YyryHom c co-
nepxanunem cepbl < 0,005 %, a B cpeagHem — 0,0033 %,
6narogaps Yyemy npu cCrnvBe K3 KOHBepTepa Mony4u-
nn ctanb co cpegHuMm copepxaHuem cepbl 0,0047 %.
Mo BbIXO4y cepbl B CTanu nornyyaeTcs B cpedHemM Ha
0,0015 % 6onblue, YeM B 4YyryHe, 4To OBYCNOBMEHO
NPUXOAOM Cepbl C OPYrMMW LUNXTOBbIMU COCTaBNsA-
IOWMUMK 1 OocTaTKamy KOBLUOBOTO wwinaka. CopepxaHue
cepbl B KOHBEpPTEpe BO MHOMMX nnaBkax obecneyeHo
Ha yposHe 0,002-0,003 %.

BbilwenpuBegeHHoe noaTeBepxaaeT, YTO MUCMosb30-
BaHWe yKpPauWHCKOM TEXHOMNOrMM gecyrnbgypaumm YyryHa
BAYyBaHMEM rpaHynupoBaHHOro MarHus (6e3 pobaBok
N3BECTN) N HafEeXHOe CKayMBaHue Lunaka B YCIOBUSIX
ctanb3aBoga Ne 2 koHuepHa CSC obecneunno nony4e-
HWe cTanu B KOHBepTepe Ha nosarke ¢ cepon 0,0047 %
(npu cpepHem copepxaHumn cepbl B YyryHe 0,0033 %),
TO eCTb AOMOJSIHUTENbHbIA NPUX0L CEPbl B KOHBEpPTEpPE
coctaBun Bcero 0,0015 %, 4To cBMaetenbcTByeT 06
3PPEKTMBHOCTM U HAAEXHOCTU MOAEPHU3NPOBAHHOIO
npouecca BAyBaHUS 3EPHUCTOrO MarHusi (4epes OBYX-
connoBble (OypMbl) U CKayMBaHMSA KOBLUOBOIO LuUfaka
nocne pagHMPOBaHNS YyryHa.

ConoctaBneHve paspaboTaHHOro npouecca BAYy-
BaHWA rpaHynMpoBaHHOro (3epHuUcToro) marHus (6es
pasnuyHbIX 006aBOK) Yepe3 MHOroComnmoBy ypMy C
apyruMmu Hanbonee 3eKTUBHBIMU TEXHONOMMYECKN-
MW aHanoramu (BayBaHue MarHMmcogepXalimnx cMmecen)
nokasblBaeT (puc. 5), 4To B NepBoM crny4ae (kpusas 1)
MPOLLECC COMPOBOXAAETCA HaMMEHbLUUMW yOemnbHbI-
MU pacxodamMyu MarHusi, a npu OAMHAKOBbLIX pacxodax
MarHus (no kpuebiM 71-3) yKpanmHCKMI npouecc Aecyrb-
dypaumm obecneynBaeT Hanbonee BbICOKME 3HAYEHUS

cTeneHu gecynbdypauun — 6onblie Ha 6-20 % (abco-
NOTHBIX). BcrneacTBne aToro MOXHO caenatb BblBOA O
TOM, YTO HOBasi MOAEPHM3NPOBaHHasA TEXHONormMs ae-
cynbypaumm YyryHa BayBaHMeM OOHOrO MNWllb MarHus
Yepes MHOroconsoByo PypMy SIBRSIETCA BeCbMa paumo-
HanbHbIM 1 9KOHOMWYHbBIM TEXHOSOMMYECKNM PELLEHNEM
BHEMEYHOro yaarneHusi cepbl U3 YyryHa B HacTosLiee
Bpems 1 Ha bGnvkanilyto nepcnekTuBy.

BobiBOAbI

Takum obpasoM, NokasaHo, YTO NMPOLLECC KOBLLOBOM
aecynbdypauum vyryHa BAyBaHWEM 3epHUCTOro (rpa-
HYNMPOBAHHOIO) MarHus 4epe3 MHOroconsnoByk (Ha-
npuMep, 4BYXCOMNSOBYHO) Norpykaemyto pypmy obecne-
ynBaeT 3ahEKTMBHOE [UCTNEPrMpOBaHME BOYBaeMOro
AByxdasHoro notoka B pacnnase n 6onee pasBuTyo
(Ha 30-50 %) Tenno- n MaccoobMeHHYH NOBEPXHOCTL B
paduH1pyemon BaHHe. 3a CHET 3TOro noBbIlWaeTcs (Ha
20-30 % OTHOCUTErbHbIX) CTEMeHb YCBOEHWUSI MarHus,

Ct.D, %
100
Mg
Mg + CaO
90
80
Mg + CaC,
70
0,2 0,4 0,6 0,8

Qg Kr/T YyryHa

m M3ameHeHne cteneHn pecynbdypaummn 4vyryHa (Ct. D) ot
yOenbHOro pacxoga (qu) BayBaemoro marHus B 300-350-TOHHbIE
3annBOYHbIe KoBLK: T — O— BAyBaHWE rpaHynMpPOBAHHOIO MarHus
(6e3 pobaBok) 4Yepe3 ABYXCOMMoBYH ypMy (YKPauUHCKWMIA npoLecc
Ha CSC, TamBaHb); 2 — A— BAyBaHWE CMECU MarHus ¢ U3BECTbIO Ye-
pe3 ase dypmbl (Npouecc «kESM» CLUA; «Cesepcrtanby, YepenoseL,)
[2, 9, 10]; 3 — O— BaOyBaHWe marHusi B cMecu ¢ kapbruaom kanbLuusi
(npouecc «kESM» CLUA; «Baosteel», Lanxawn) [11]
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yBenunumaetca B 1,5-2,2 pasa (0o 25 kr/muH n 6onee)
WHTEHCUBHOCTb BAYBaHWS MarHus U COOTBETCTBEHHO
BO CTOJSTbKO X€ pa3 CoKpallaeTcsl NPOAOIKUTENbHOCTb
onepauun BBOAA MarHWsi B KOBLUWM C XXMAOKUM YyryHOM.
To ecTb, CHWXalOTCS 3aTpaThl Ha Aecynbdypauunto 1 no-
BbILLIAETCH NPOM3BOANTENBHOCTL KOMMIeKca Aecynbdy-

MonHbIM UMK onepauuin BHeNe4YHon obpaboTku yy-
ryHa (BKntovas ornepawmm ¢ KOBLLIOM, OTOOp Npob, 3amep
Temnepatypbl, Aecynbdypauuio, CKadvMBaHue Lunaka)
npv BOyBaHUM MarHus, HanpMMep Yyepes ABYyXCOMNMoBbIe
dypmbl, cTaHoOBUTCA B 1,5-2 pasa MeHblle, YeM LMK
KOHBEPTEPHOW NSiaBKu.

PaspaboTaHHbIl  Npouecc BAyBaHWUS 3E€PHUCTOrO
MarHusi Yepes ABYXCOMIoBble (hyPMbl OCBOEH HA MHOTUX
MeTannypruyeckmx kombuHaTax.

pauuu.
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An L3s XKy

Po3B1TOK NpoLecy KOBLIOBOI JecyrbgypaLii YaByHy

BAYBaHHAM 3€PHUCTOrO MarHito

Po3risiHyTO rNOXOAXXEHHSI Pe3epBiB (rosiBa SIknx € HacJiakoM PO30CepenXeHOoro BAYBaHHSI MarHilo 1a rnogasbLioro Auc-
riepryBaHHs1 MOTOKIB y pO3riasi) rpouecy aAecysb@ypauii 4aByHy rpaHy/1bOBaHUM YUY 3€PHUCTUM MarHiem. [loka3aHo,
L0 AaHi TEXHOJOriYHI Po3pobku 36iMbLLYIOT TEM/I0- Ta MacoOOOMIHHY MOBEPXHIO Y BaHHI, Lo pagiHyeTscs Ha 30-50 %,
3a paxyHoOK 40ro MniaBULLYETbCS CTYriHb 3aCBOEHHSI MarHito, 30i/bLLYETbCS IHTEHCUBHICTb BAYyBaHHS MarHito 3 7-12 ao
18-22 kr/xB Ta BABIiYi CKOPOYYETLCS TPMBAICTb rnpoLecy obpobku. BcTaHOBIEHO napameTpu rnpoLecy iHXEeKTYBaHHSI.

|

AHoTauin

aecynbgypadis, iHXeKLis, IHTEeHCUBHICTb BAYBAHHS, NMOBEPXHS MacoOMiHy
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— Shevchenko A. F., Dvoskin B. V., Vergun A. S., Manachin |. A., Ostapenko A. V.,
Shevchenko S. A., Bashmakov A. M., Trotsenko E. A., Liu Dongye, Shiu Ren Lui,
lan Jia Jui
Development of the process of ladle desulphurization of cast iron
by injection of granular magnesium

There are shown the reserves of desulphurization process with granulated magnesium due to its more diffuse injection and
subsequent dispersion of flow in the hot metal. It is shown that these technological developments increase the heat and
mass transfer surface in the refined bath at 30-50 %. This increases the degree of magnesium absorption, the magnesium
injection rate increases from 7-12 kg/min up to 18-22 kg/min and duration of the treatment process is reduced by half.
The parameters of the process of injection.

desulphurization, injection, intensity of the injection, surface mass transfer
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