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TEXHOJOTHHU ITPOU3BOACTBA ®EPPOHHUREJI U3
PY PA3JIMYHBIX MECTOPOKIEHUN

Anomayia. Y pobomi Haeedeni pe3ysvbmamu nNOPI6HANLbHO20 AHALI3Y NOKASHUKIE
supobHuymea @Qeponikenr 6 ymosax Ilo0y3viKozo0 @QepoHikeneozo KombiHamy 3
BUKOPUCMAHHAM HiKedb CUPOBUHU 6imuu3nanozo (KRanimarnieécvrkozo) i 3apyobiiHux
(Hosa Kanedouis, Indonesis, I'eamemana) podosuw,. BnposadiceHHs 6 6UPOCGHULME0
iHHOB8aUillHO-IHBecMUUIllHUX 3ax00i8: nonepedns cyuika pyou; ompumanHs Hedozapka 6
mpybyacmux o6epmosux newax 3 GUKOPUCMAHHAM NUNL08YziibHozo naausea (IIBII);
pexoncmpyryia newi N 1, arxa dozeonuna nidéuuwumu it paxmuiny nomyxricmov 00
42 MBm; O0CB0€EHHA MexXHON02il BUNJLABKU YOPHOB8020 (IepOoHikenl0 6 Uyiik neui 3
Hedoaixom 6i0H0BAEHHA i iH. 3a0e3nedunu MOIAUBICMb 3HAYHO 3HU3UMU cobisapmicmy
npodyryii i nidsuwumu egpexmuenicmo 6UpPOOHUYMEQ. Memodom
penmezenocnekmpanivnozo Mikpoarnanidy (PCMA) 0Oocnidxeno posnodin Oomiutkosux
ejleMeHmi6 6 npobax UOPHOB020 (epoHikKentld MPaduuiilHol i 0cB80108aHOI MeXHOJOzill.
Iokasano, wo cipka 3naxodumuvca 6 euzaadi cyavidy mapeanyro (MnS), a it smicm 6
2 pasu suuwe, HiKN 6 36ULATHOMY CNJAGI.

Knwouoei cnosa: Hikenesy cuposuHy, pydomepmivHux niu, cipka, paiHy8anHHA, NILA6
codu, PCMA, cyavgiou.

Annomayusa. B paGome npugefeHv. pe3yabmamv. CPAGHUMENbHOZ0 AHALU3A
noxasameaneil npouszeodcmea @eppoHukrens 6 ycaosusx I1o6ynckozo (pepporHUuKeLe6020
KOMOUHAMA €  UCNONLb306GHUEM  HUKEAbCOOepHau,ezo  Culpbs  OMe4ecmeeHH02z0
(Kanumanosckozo) u 3apybexcnvix (Hosas Kanedonus, Huoonesus, I'eamemana)
mecmopoxcOenuil. Buedpenue 6 npou3godcmeo UHHOBAUUOHHO-UHBECMUYUOHHBLX
Meponpuamuil: npedeapumenvras cyuka pyovl, nNoayienHue 0zapKa 6 mpyouamulx
spaw,aruiuxca newax € UCNOAb308AHUEM  NbulleyzonvHozo monausea (IIYT);
pexoncmpykyus newu MNe 1, no3eoausuwlas nosvicumbv ee GaKmuiecKyio MOuHOCcmb 00
42 MBm; oce0eHUe MeXHOA02UU 6blNJAABKU UePH0B020 (PeppoHUKeNs 6 Imoil neyu c
HedocmamKoM 6occmanogumens u Op. obecneqyuiu B603MOMHHOCMb  3HAYUMELbHO
CHU3UMb cebecmoumocmd npodyKYUU U no8blcumbsd 3IPPexmueHocms npousgodcmaa.
Memodom PpenmeenocneKmpanbHozo mukrpoanaauza (PCMA) uccaedosarno
pacnpedenenue  nNPUMECHbLX  INEMEHMO8 6  npobax  UepHo80z0  (eppoHUKeNs
mpaduyuonHoit u oceéausaemoii. mexnonozuil. Ilokaszano, umo cepa Haxodumcs 8 ude
cyavguda mapzanya (MnS), a ee codeprcanue 6 2 pasa 6viuie, 4em 6 00blUHOM CnaaAGe.
Knrouesvle cnosa: Hukenegoe cuipve, pydomepmuueckas neuv, cepa, papuHuposanue,
naae codvi, PCMA, cyavgudst.

Annotation. The results of the comparative analysis of ferronickel production
indicators in terms Pobuzhsky ferro-nickel plant using domestic raw materials
(Kapitanovskogo) and abroad (New Caledonia, Indonesia, Guatemala) deposits.
Introduction of innovation and investment activities: pre-drying of ore; getting cinder
in tubular rotary kilns using coal injection (PCI); reconstruction of furnace number 1,
it will improve the actual power up to 42 MW, development of ferronickel smelting
roughing technology in this furnace to a lack of a reducing agent, and others. have
provided an opportunity to significantly reduce production costs and improve
production efficiency. The method of X-ray microanalysis (EPMA) studied the
distribution of trace elements in the samples of crude ferronickel and mastered
traditional techniques. It is shown that the sulfur is present as manganese sulphide
(MnS ), and its content is 2 times higher than in the conventional alloy.

Keywords: nickel raw materials, ore-thermal furnace, sulfur, refining, melting soda,
EPMA, sulfides.
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IIpousBomcTBO  (DEPPOHUKENSA  DBJIEKTPOTEPMHUECKUM  CIIOCOOOM U3
OKMCJIEHHBIX HUKEJIbCOAEPIKAIUX DPYA SBJIAeTCA HamboJiee paciIpoCTPaHEeHHBIM
U, IPU BCEH CJIOKHOCTH U SHEPrOeMKOCTH, OJHOBPEMEHHO caMbIM 3(h(heKTUBHBIM
TexHOJOoTUYecKUM mporeccoM [1, 2]. Iloxg coBpeMeHHOI TeXHOJIOTUE! BBITIJIABKU
(beppoHUKENIA TOHMMAETCS KOMILIEKC TeXHWYEeCKUX IIPUEMOB U CPEICTB WX
peanusanuu, oOecIIeUMBAIONMI  BBIIIJIABKY CIIJIaBa 3aJaHHOTO COCTaBa,
s deKTUBHOE yIIpaBjeHUEe IIPOIlecCaMy IIPU PaIMOHAJIBLHOM WCIIOJIb30BAHUU
CBIPpbSA U MaKCHUMAaJbHON YTHJIMBAIIUU TeXHOTeHHBIX OTXO0A0B. Takas TeXHOJOTUA
JoJpKHA ofecriedmBaTh CTAOMIBHYIO pPabOTy, HOOJTOCPOUHYIO BSKCIIyaTaluio,
HaJeXKHOCTh pPaboTbl o00o0pymoBaHUA U (PYTEPOBKU 9DJIEKTPOIeUedl IIpu
MakCUMaJbHON 3(MGEKTUBHOCTH IIPOM3BOJACTBA MAJIA MHAHHBIX YCJIOBUN U
SKOJIOTUYECKUX OTPaHUYEHUH.

IloBoIIIeHTE TpeboBaHUH K KadecTBY cmJjaBa, ysKeCcTOUeHUe
SKOHOMMUYECKUX ¥ OHKOJOTUYECKUX TpPeOOBAaHUU MAUKTYIOT HEOO0XOAUMOCTDb
JaJbHEMNIIero IOBBIIIEeHUA OSP(HEeKTUBHOCTU TEXHOJIOTMYECKOTO IIpollecca
ILJIaBKU.

IIoOy:xckuii (eppoHUKEJEeBLI KOMOMHAT BBeJeH B OJKCILIyaTanuio B
mexabpe 1972 roma. B 2000 romy mpeoOpasoBan B 000 «IloOy:kckumit
deppouukeaensrii komouHaT» (000 «IIPK») — eguHCTBEHHOE B IIOCTCOBETCKOM
IIPOCTPAHCTBE TOPHO-METAJIYPTUYECKOe IPEAIPUSATHE C TEXHOJOTHUEH NpAMOI
nmepepaboTku (0e3 oboramieHUsI 1 OKYCKOBaHus) 10 1,5 MJIH. TOHH OKHCJIEHHON
HUKeJeBo#l pyabl B rox u moaydenusa gm0 100—120 Teic. TOHH (eppoOHUKENs
(cimaBa keJiesa ¢ HUKeJIEM).

Ilocie pauTesbHOM  aBapuiiHOW  0O0CTAHOBKM IIPU  BOCCTAHOBJIEHUU
nesteabHocTH KomOmHata B 2003 romy OblLIum  OOCTABJIEHBI  3aaduu
MOJepHU3aI NN, PEKOHCTPYKIIUU IIPOU3BOJCTBA, aBTOMAaTU3AI N
ITPOU3BOJACTBEHHBIX IIPOILECCOB, CTPOUTEJNHCTBA HOBBIX YYacTKOB c
HCIOJIb30BAHMEM IIEPEJOBOTO OIIBITA 3JEKTPOTEPMUHCTOB OTE€UECTBEHHBIX U
3apyOe’KHBIX NPENNPUATHH, JIYUIINX pPaspaboTOK YKPAWHCKUX U 3apyOeKHBIX
Hay4YHO-UCCJIEIOBATeIbCKUX OpraHu3anuii W WHCTUTYTOB. KoHeuHas 1ieap —
co3ZaHMEe  IIOJIHOCTBIO 0OEe30TXOMHOI0, 3YKOJIOTHUYECKU UYHCTOTO IIPOM3BOICTBA
(heppoHUKENSA ¢ MUHAMAJbHLIM PAacXOJO0M DHEPreTUYEeCKUX M TEXHOJOTUYECKHUX
pecypcoB Ha €AWHUIY IIPOM3BOAUMON MPOAYKIWM U MOJHON YTHJIU3aIVEN
BTOPUUYHBLIX MaTepPUAJIOB.

HetictBytomaa B Hacrosamiee BpeMsa Ha OO0 «IIPK» TtexHOMOTrMUECKasd
cxeMa mnpousdBojcTBa (heppoHUKena (puc. 1) mnperepresia 3HAYUTEJIbHBIE
U3MEHEeHUA U YCOBEPIIIEeHCTBOBAHUA.

Ha xomOummaTe BHeapeHa  TEXHOJIOTUSA  IIPEIBAPUTEJIBHON  CYIIKH
HUKeJbCOJEep KaIlleid pyAbl, KOTOPasA MOCTYIIaeT OT HOCTAaBIIMKAa C BJIATOM 0OoJiee
35 % m cHmMkaerca B mporecce cymku g0 20 %.

3a 1mepuoj OCBOEHUA TEXHOJOTUU ITpom3BoacTBa (eppoHukensa ma [IPK c
HMCIIOJIb30BaAHUEM HUKEJbCOMEPIKAIleld PYAbl Pa3JIUYHBIX MECTOPOMKIECHU
0OJIBIIIOE BHUMAHUE YIEJAJNOCh IIOMCKAM AaJbTePHATHUBHBLIX YHEPTOHOCHUTEJE
IIpu IOJIlyYeHUU orapKa B TpyOuarwhix Bpamiatomuxcsa medax (TBII) muamerpom
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4,5 m u gauso# 70 m. KomOuHaT HaunmHAaa padoTaTh, NCHOJb3YS IJIA MOJYUYEHUST
orapka Mas3yT, B3aTeM OBl MOAKJIUYEeH K MarucTpajau IPHUPOSHOTO Tasa,
IIOCTPOMB CBOMMM CHJIaMHM rasompoBon anmHor 90 KM, a B HacTosdlee BpeMsd,
VUUTBHIBAS CJIOYKUBIIYIOCS CUTYaIlWi0 C I[eHOM Ha ras, BHeApPeHa TeXHOJOTUS
oOkura muxToBoii cMecu B TBII, wucmoabsyioleil MIbLIEYTrOJbHOE TOIJINBO
(ITYT), uTo mO3BOJMJO IOUTHM B 3 pasa CHUBUTL 3aTpPaThbl B CPaBHEHUU C
paboToii Ha MPUPOJTHOM rase.

Boabiioe BHUMaHUME yhAejadeTcA KadvecTBY, (PPaAKIIMOHHOMY COCTaBy u
YCTAHOBJIEHUIO ONTUMAJBHOTO COOTHOINIEHUS KOMIIOHEHTOB BOCCTAHOBUTEJILHOM
cvmecu [3, 4], obecmeumBaiomiero IoJydeHue (DEePPOHUKENIsA C MUHUMAJIbHBIM
pacxomoM OdJIEKTPOSHeprum Ha 1 TOHHY orapka M COCTaBa, II03BOJISIOIIErO
Hambojiee pAIMOHAJIBLHO BECTH PEXUM OaJbHEHIIero paduHUPOBAHUA IO
cxeMe — KOBIIeBad [gecyabdypanusa KaJbIWHUPOBAHHONW CONOM WM IIJIaBOM

coabl 1 KOHBepTepHOe padpuHupoBanmue ot Si, C, Mn, Cr, P u S.
TEXHOINOIMYECKAA CXEMA NMPOU3BOOCTBA ®EPPOHUKENA HA 000 “NOK”
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Pucynox 1 — TexHosioruueckasa cxema
npousBozacTBa (eppouukena Ha 000 «IIDPK»

IIpousBomcTBO (hepPOHUKENSA XapaKTepusyeTcAd BBICOKOM KPaTHOCTHIO
IJIaKka, KOTOpas B 3aBUCUMOCTH OT KadeCTBa HUKEJIbCOAEPIKAIIero ChIPh
KoJsiebaerca or 6 mo 10, uTto oOyciaaBiamBaeT HEOOXOAWMMOCTH  ONEePATHBHON
sBaKyanuu BbICOKoTeMmIepaTypHbIX (1400—-1600 °C) OKCUIHBIX IPOAYKTOB W3
IIeUHBLIX arperaTtos. B Ilexe BHeApeHA CHUCTEMAa HPUIIEUHON IPAHYJIAIUA IIJIAKOB,
YTO II03BOJIMJIO 3HAUUTEJBHO COKPATUTh KOJHYECTBO PA3JMBOUHON IIOCY/IbI,
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pacIIiupUTh BO3MOXKHOCTH €ro YTHUJAMU3AIIUA W HaMeTUTL IIyTH W3BJIeUeHUSI
MUKPOKOPOJLKOB UYEPHOBOTO (DEePPOHUKEJISI BLICOKOMHTEHCUBHBLIM MATHUTHBIM
TIoJIeM.

Kucnble saexTpoleuHble IIJIaKKW IIPOM3BOJACTBA UYEPHOBOTO (PEePPOHUKEIS

( g - CaO + MgO
SiO,
0co0eHHO B 30HE IIMJIAKOBOTO MOsica ¥ HA TPaHUIle Ilepexoa IMJIaK — MeTaJsl.

MuorouncjieHHbIE HCCIeIOBAHUS U Pas3spaboTKU KaK OTeUeCTBeHHBLIX, TaK U
3apyOesKHBIX CIIeI[aJIucToB [5, 6, 7], HampaBjeHHbIe Ha MMOBBLIIIIEHNE CTONKOCTHU
¢dyTepoBKH, IIPOAJeHNe CcpPoKa ee CJOYy:KObI U yBeJlWueHHe Iepuoaa
MeKKaIuTAJIbLHOTO PEMOHTAa, IIOKa He IPUBEJU K CYIIeCTBEHHBLIM pe3yjabTaTaM U
He MpuOJIM3UINCL K II0OKasaTelAM, MJOCTUTHYTHLIM SJeKTPOTEPMHCTAMHU IPHU
IIPOU3BOJACTBE MapPraHIeBLIX (PEPPOCILIABOB B aHAJOTHUYHBIX JEKTPOIIeUax THUIIA
PII3-63, KoTopble MOBBLICUJIN CPOK COY:KOBI mmeueit mo 20—25 mer [8].

B cenrsope 2011 roma Ha KomOuMHaATe [IJIA IIPOM3BOACTBA UEPHOBOTO
deppoHuKeaa KaHagcKoi ¢upmoit Hatch Onlma BBemeHa B sKcIyaTaluio Iedb
PTII-1, KoOHCTPYKIIMA KOTOpPO# obecreunBaeT BO3MOYKHOCTH pabOTBI Ha
neMmipupymoireii ¢yrepoBKe [5]. AKcmayaranuA IIeUud B TeUeHUE IIUTEIHHOTO
rmepuoga IMOKaKeT IIePCIeKTUBHOCTL €e HCIIOJIb30BAHUSA MPU MHOTOIIJIAKOBBIX
IIpolieccax IIPOU3BOJACTBA (DEPPOHUKEA.

B coBpeMeHHBIX YCJIOBHAX pelecCHy M CHUMKeHUs ob0beMa IIPOM3BOJCTBA
METAJJIONPOAYKIIUMA YCUJIUSA YUYEHBIX U MeTaJUIyproB HaIpaBJeHBI HAa
IIOBHIIIIEHNE KadecTBa NPOAYKIINU, CHUKEHUE SHEepreTUYecKuX, MaTepruaJbHbBIX
daTpaT u ce0eCTOMMOCTH  IPOAYKIIMKM, BHEIPEHUIO IIPUPOJOOXPAHHBIX
MEePOIIPUATHAN, 00eCcIeunBAOIINX IIOJHYIO YTUJIM3AIUI0 BTOPUUYHBLIX PECYPCOB U
OXpaHy cpeabl OOUTaHUA.

Kosoniaukosble rasbl pygOTEPMUYECKUX II€UEel IIOJHOCTHIO MCHIOJIb3YIOTCS
B KauvecTBe YaCTHUYHON B3aMeHbLl JSHEPreTHUYeCKUX YIJel, HCHOJb3yeMbIX KakK
IIBLJIEYTOJIbHOE TOIJIMBO TPU IIOJyYeHUU Orapka, cyxasd IbLIb TI'a300YHCTOK,
comep:kamtad Ni — 2,8 %; Fe — 23,5 %; SiO2 — 34,3 %; CaO — 2,4 %;
MgO - 15,6 %; Al:O3 — 3,4 %, mpumMeHsieTcs [IJA CHUKEHUS BJIAKHOCTH
HCXOMHON HUKeJNbCOoAep:Ka-Illell pyabl Iepel IIogaveil ee Ha CYIIAJIbHBIE
OapabOaHBI.

BricokoMarusesuajbHbIe 9JIEKTPOII€UYHBIE IMJIAKKM  HCIOJB3YIOTCS  JIJs
PEeKyJbTUBAIINY OTPAOOTAHHBIX KaphepOB, ITPOMU3BOACTBA CTPOUTEJNHLHOTO Ie0HHd,
abpasWBHBIX MAaTEPUAJIOB, ONTUMUIAIUU IIJIAKOBOTO PEKUMA MPU IIPOU3BOACTBE
MapraHIEBBIX CIJIABOB W B APYTI'MX HAIMPABJIEHUAX.

BricokoocHoBHBIE padumHUpOBOUHLIe muIaku (B = 2,2-2,4), coxmepskarmue
cBoitie 40 % Keyieda, HAXOOAT MPUMEHEHNE NMPU BBHIIJIABKE UYr'yHA B JOMEHHOM
IeYr W MPOM3BOJCTBE O(JIIOCOBAHHBIX MATEPUAJIOB.

IToGy:kcKuii (heppOHUKEJIEBBINT KOMOMHAT M3HAUAJHLHO OPHMEHTHPOBAJICA Ha
1epepaboTKy OTeYeCTBEHHBIX OKHCJEHHBIX HHUKeJIEeBhIX pya KamuTaHOBCKOTrO
MecTOpOKAeHnusI. IIOCKOJBKY MECTHOEe MEeCTOPOKIAeHMe OeIHOM OKMCJIeHHON

= 0,65J OKAa3bIBAIOT arpecCHBHOE BO3IEHCTBUE Ha (PyTEepOBKY,
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HUKEeJeBOW pPyIAbI B HACTOsAINEe BpeMsA NIPAKTHUYECKU BBIPAOOTAHO, KOMOWHAT
mepernieJ Ha WMIOPTHYIO pyay. BmHauane mocTtaBiasigach pyra us HoBoit
Kanemouuu, sarem — u3 HMugoHesuu. B cBasu ¢ Tem, uto Mumouesusa c 2013
roga ImpeKparTuiga SKcmopT pyabl, IIPK meperresn Ha rasaTeMaJbCKyI0 DPYIY.
XuMHUUYECKHUH coCcTaB Py PA3IUUYHBIX MECTOPOKIECHUI IpuBeaeHo B Ta0a. 1.

Ta6aumna 1

XuMHuuecKuii cOCTaB Py PA3JIUUYHBIX MECTOPOMKICHUHN
HaunmenoBanue XuMuuecKuil cocras, % II0 Macce
MEeCTOPOKIECHU S Ni Fe SiO, CaO MgO Cr203 Al,O3
HoBaa Kanenonusa 2,22 14,89 38,77 1,11 20,60 1,66 1,74
(2006 r.)
Wugonesusa 2,08 12,62 42,95 1,05 21,45 1,18 1,91
2006—-2012 r.r.)
I'saTemaina 1,88 15,66 34,8 1,23 22,0 0,98 2,7
(2013-2016 r.r.)

Ha II®K pabGoraroT aBe PyAHOTEPMHUUYECKUE JJIEKTPOIEYN YCTAaHOBJIEHHOM
MOIITHOCTBIO TpaHchopmaTopoB 48 MB A (Taba. 2).

Ta6aumna 2
YnenbHBIH pacxo dJIeKTPOSHEPTUM HA ChIPhE PA3JNYHBIX MECTOPOKICHUN
HanmeHoBaHME MECTOPOMKIEHUHI VaenbHBIE pacxol BJIEKTPOIHEPTUH,
KBru/T orapka
Hosasa Kanenonus 650
WNugonesusa 620
I'Baremasia (cTapas T€XHOJOTH) 600
I'BaTemaia (TexHoOJIOTUA HuU3Koro | 580
BoccTaHOBJIeHNA MeTayaoB PTII-1)

IJIEKTPOILJIABKY OCYINECTBJIAJNA W OCYIIEeCTBJAIOT, WCIIOJb3ysI OrapoK C
remuepaTtypoii 700—800 °C — mpu paboTe Ha OTe4eCTBEHHOM CEHIpbe CJIeLYIOIero
cocrasa, %: 0,7-0,9 Ni; 0,03-0,05 Co; 15-18 Fe; 36—45 SiOy; 16—20 CaO;
4-6 MgO; Ha cweipbe I'BaTemanbr cocraBa, %: 2,10-2,15 Ni; 0,05-0,06 Co;
18,5-19,7 Fe; 35,0-37,5 SiOg; 23,0—-25,0 MgO; CaO. BoccranoBieHnue orapka
uaeT 3a cyeT yriaepoza aHTpanuTa Mapkum AC uam aHTPAIXMTOBOIO IMITHIOA
mapku Alll.

YepuoBoii ¢eppouukenb ¢ 10—-14 % Ni mMeeT BBICOKOE coAep:KaHUEM
cepbl, IOCTymalomieii u3 YIrJIEPOJMCTOTO BOCCTAHOBUTENA U U3 PYIbI,
noaBepraeTca paGUHUPOBAHUIO, a 3aTeM pPa3IMBAeTCs HA Pas3jIMBOYHON MAaIlliHe
WV TPaHyJIUPYyeTCs.

IIpomecc paduHMpPOBaHUS UYEPHOBOTO (hePPOHUKEJS BBIIOJHAETCA B TPU
cTaauu’:

1. Breneunasa pecysibdypanua KUIKOTO YePHOBOTO (DEPPOHUKEJA.

2. PajpuHUpOBaHmMe OT mOpuUMeced yriaepoaa, KpPeMHHUA © XpoMa B
BEPTUKAJBHBIX KOHBEPTEPAX C <«KUCJOU» (PYyTEepOBKOU M BepxHeEN ITPOAYBKOU
KHCJIOPOJIOM.
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3. PadurupoBanme ot cepnl, ¢ochopa M AOBOAKA MeTasja IO XUMCOCTaBY
U TeMIlepaType B BePTUKAJHLHOM KOHBEPTEPE C «OCHOBHOM» (PyTepoBKOM u
BepXHell MPOAYBKOU KUCJIOPOIOM.

Bueneunasa gecynabgypaliusa UepHOBOTO (eppOHUKeNA IIPOU3BOLUTCS
KaJILIIMHUPOBAHHOU COMOM, MJIABOM COABLI MJIM UX CMECHIO B KOBIIE JJIsI MeTaJljia
HEIIOCPEICTBEHHO TIPM BLIIIYCKe uepHOBOTO (peppouukenss ud PTII. Ilpoiecc
Jecyabdypanum KaJbIIMHUPOBAHHOM COZOM OCHOBAaH Ha oOpasoBaHuMU
YCTOMYUBOTO CyJAb(@UAa HATPUSA, KOHIIEHTPUPYIOIIETOCA B IILJIaKe:

[FeS] + 2(NayCOs) + [C] + [Si] = [Fe] + (Na2SiO3) + 3COT + (NasS)

ITocne mpumeuHo#t gecyabpypalium MeTaJJd C COJOBLIM  IIJIaKOM
ImepeanBalOT B KOBII ¢ ILIaBoM conabl. OOpasymomuiica IIocjie IIOBTOPHOM
00paboTKM COMOBBIH IJIAK CKAUMBAETCSA C IMOBEPXHOCTH MeTajlja JAePEeBIHHLIMU
cKkpeOKaMM; B UAIlly C «COAOBBIM» IIIJIAaKOM, a PadUWHUPOBAHHLIN OT Cephbl METaJIJI
3aJIMBAETCA B «KUCJBI» KOHBEPTED.

PadpunupoBanue ¢QeppoHUKead B KHUCJIOM KOHBepTepe (mocjie KOBIIIEBOM
Iecyab(dypanuu) mpeaycMaTpUBaeT CHUKEHUE COJIepKaHUsA KPEeMHHUSA, XpoMa u
YACTUUHO yrJiepoza. ITpu 9TOM ity £ IMUXTOBKU HWCIIOJIB3YETCA
HUKEeJILCOAEPsKAIuil JIOM, TBepAblili (heppoHUKeIb, OOOPOTHBII CKpall, KpyHoHad
MarHuTHas @QpakIus I[ocjie MAarHuTHOM cemapanuu IILJIaka, JOM YepPHBIX
MEeTaJIJIOB.

WM3-3a mOBBINIEHHON 3pO3UM AWHACOBON (PYyTEPOBKM B KHCJIIOM KOHBEPTEPE
OKHCJISIETCA TOJbKO YacTb KPEMHUS U yIJIepoJa, a OCTAJbHOE KOJUYECTBO dTUX
mpuMeceil yJaajasdeTcsa IIPU KIUCJIOPOOJHOM KOHBEPTHPOBAHMM B OCHOBHOM
KOHBepTepe.

XuMu4ecKuil cocTaB 4epHOBOTO (heppPOHUKeEJISA, B 3aBUCUMOCTUA OT KadecTBa
HUKeJbCOEPIKAaIllero ChIPbs PAa3JIMYHBIX MECTOPOKIeHMUIi, IpuBeaeH B Taba. 3.

Tao6aumna 3

XUMUUECKUHA COCTAaB UEPHOBOTO (hePPOHUKEIIA PA3JIUUYHBIX MECTOPOKIECHUI
Hawunmenosauue XumMuuecKuii cocras, % macc.
MECTOPOKIAEHUA Ni Si Cr C S P Fe
Hosaa Kanemonusa 16,89 | 1,93 1,29 2,84 0,3 0,02 ocTaJbHOE
Wuponesus 18,561 | 4,02 1,53 2,55 0,26 0,0313 | ocTrambHOE
I'saTemaina 13,41 | 3,41 2,11 2,79 0,17 0,053 ocTaJIbHOe
(cTapas TeXHOJIOTUS)
I'saTemaina 43,0 0,01 0,04 0,03 0,48 0,064 ocTaJIbHOE
(TexHOJOTUA  HU3KOTO
BOCCTAHOBJICHUS
meTasmoB PTII-1)

B mnacrosamee Bpemsa Ha Ilobyxckom (eppoHMKesIeBOM KoMOWMHATE Ha
PTII-1 ocBoeHa TeXHOJOTHSA IIPOM3BOJACTBA UYEPHOBOrOo (EepPpPoOHUKETd C
HeIOCTAaTKOM BOCCTAHOBUTENA (MM TEXHOJIOTUA HUIKOTO BOCCTAHOBJIEHUSA
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s)kese3a). Ilpu aToM comepskaHUe HUKeJIs B YepPHOBOM (heppOHUKEJE IMPEBBICUIO
40 %, a comep:kaHue KpeMHHS U yrjaepoja yMeHbImjaoch ~ go 0,01 %, uro
MCKJIIOUYAaeT BO3BMOKHOCTh IIPOBOAUTDH MPOIIECC KOBINEBOU Aecyab(ypariuu COmOM’.
IIpm sTom B nOBa pasa IOBBICUJIOCH COAEep:KaHUE CePbl, UTO COCTABUJIO OKOJO
0,5 %, a TakKe 3HAUUTEIHLHO BBHIPOC PACXO BJIEKTPOAHOI Macchl (B 5—8 pas).

B gamHBIli MOMEHT IJd IOBBINIEHUS S(P@GEeKTHBHOCTH  IIPoIiecca
Jecyabdypanuu  ObLIO HOPUHATO  peIlleHMe CMeIIMBATh  BJIEKTPOIIeYHOM
(eppoHUKeNb, BHIILJIABIASAEMBINI 10 cTapoii TexHomorum ©Ha PTII-2, c
BJIEKTPOIIEUHBIM (depporuKEIEM, BBITLJIABJISIEMBIM c HeJIOCTAaTKOM
BoccranoButresia Ha PTII-1. 9To [gaso BO3MOMKHOCTL HECKOJBKO VJIYUIIUTH
mpoliecc gecysbypaiuu, HO IPOOJeMYy € BBICOKUM COJepsKaHueM Cephbl He
pemtaer. B Tabs. 4 mpuBemeH XMMHUUYECKHH COCTaB UEePHOBOTO (heppOHUKEIIsS Ha
PTII-1 u PTII-2, nponsBefeHHOTO IO PAa3HLIM T€XHOJOTMUYECKUM CXEeMaM.

Tao6aumna 4
XUMHUUECKHUH COCTAB UEePHOBOr0 (PePPOHUKEIIS
Ileun Copep:xkaHue 2JeMEeHTOB, % Macc.
Ni Co Si Cr S C P Cu
PTII-1 43,0 0,42 0,01 0,02 0,5 0,014 0,065 0,063
PTII-2 14,5 0,27 3,90 1,8 0,25 2,5 0,064 0,032

Hna wm3ydeHWMsA TOBEJEHUS Cephl B IIPOIECCe ITPOM3BOJACTBA YEPHOBOTO
(eppoHUKeNA ObLIM OTOOpPAHBI IIPOOBI CIIJIaBa M IIPOBENEHBI MCCJIEJOBAHUA Ha
ycranoBke PCMA (peHTreHOCIEKTpPaJbHBIA MHUKpPOaHAJIM3aTOP). PesyabTaThl
UCcCJIeqOBAaHUUA IIpPUBeNeHbl Ha puc. 2 W 3, U3 KOTOPBIX BUIHO, YTO OCHOBHOE
KOJIMYECTBO Cepbl pPAacCIOJIOKEeHO Ha TI'PaHUIAX B3epeH U IIPeACTaBJIEHBI
coequuenusamu MnS u NiS.

CTpyKTypHBIN 1 (ha30BBIA aHAJIN3 MeTaJJa UCCJIENOBAIN C UCIOJIb30BAHUEM
MeTOJla PEHTTeHOCHEeKTPAJbHOIO MHKPOAHAJIM3a ¢ PACTPOBON BJIEKTPOHHON
MUKPOCKOIIUU.

WUccaegoBanuss uepHOBOro (EPPOHUKEJSA, BBIIOJHEHHbIE II0 YKa3aHHOM
MeTOIMKe, I0Ka3ajid, YTO YEePHOBOU (heppOHHKEJIb COCTOUT M3 (has3 pPa3IUUHON
OTpasKaTeJIbHON CIIOCOOHOCTU: TEMHOM U CBETJIOMH.

3amuch CIEeKTPOB XapaKTePUCTUYECKOTO DPEHTI€HOBCKOTO HUBJIYyYeHUSA
IIOKasaJjia, 4YTO BCe OHM MMEIOT pasHbINl cocTaB. TeMHasa (asa COTEPKUT OKMCJIBI
J)KeJyiesa M, 4yacTHUUHO, cepbl. CBeTsiasg (asa, B OCHOBHOM, COCTOMT M3 Keje3a U
HUKEeJ.

IIpoBenerHBIE WCCIIEOBAHUA IIO3BOJIMJIA BIIEPBBIE IIPUMEHUTENBHO K
ycaoBuamM I[IPK wusyuurs (asoBeIii cocTaB ¥ CTPYKTYPY UEPHOBOTO
(beppoHUKEIsA, BBIILJIABIAEMOTO IO PAa3HBIM TEeXHOJOTHUAM, U NOATBEPIUTH
XapaKTep pacupesiesieHuA B HEM CEDPHI.
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20mem ! BnekTpoHHoe wzofpaxeHde 1

Pucynork 2 — O6paszer; Ne 1, PTII-1 (Ni — 43,0; Si — 0,01; Cr — 0,2;
S—-0,5;C—-0,14; P — 0,065; Cu — 0,063)

- :,f:\j /

ETE ! SNeETPOHHOE M20DpaKEHMe 1

Pucynox 3 — Obpaserr Ne 2, PTII-2 (Ni — 14,5; Co — 0,27; Si — 3,9; Cr — 1,8;
S-0,25;C—-2,5; P-0,064; Cu— 0,032)
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PesynbTaThbl BBITIOJHEHHBIX WMCCJIEAOBAHUM MOKA3aJiN, YTO HCIIOJH30BAHUE
HUKEJbCOMEPIKAIIIEer0 ChIPhbA 3apy0eKHBIX MECTOPOKIEHUMN, COAepPIKaIlero
KOHIIeHTpaInui HukKeas B 1,5—2,5 pasa BbIlle, YeM B OTEUYECTBEHHOM,
IMO3BOJIMJIO B3HAUUTEJLHO YJIYUYIIUTL TEXHUKO-9KOHOMUUYECKUEe MOKasaTeJau u
YMEHBINUTh 3HepreTnueckue 3arparbl Ha 90-120 kKBru B CpaBHEHUU C

OTEUYEeCTBEHHO! PYION.
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Brenpenve B TpPOMBBOACTBO YePHOBOrO (heppOoHUKeNA IIpeaBapUTeIbHOMN
CYIIIKM DPYAbI, MOJIydeHUe orapka B TpPyOUaThIX IedyaX C WCIOJb30BaHUEM
neLieyroabuoro TtomauBa (IIVT), pexoHcTpykmusa meum Ne 1, mosBoJsimBIIIasg
IIOBBICUTL €e (PAKTUUECKYIO MOIIMHOCTL 10 42 MBT, ocBoeHne B Hell TEXHOJOTHUU
BBITIJTABKMW CILJIaBa C HEJZOCTATKOM BOCCTAHOBUTEJSA, ITO3BOJIMBINIEN II0JyYaThb
depponuKkenb, coxep:kamuii 6osee 40 % Ni, yTuamsammsa BTOPUUYHBIX
HUKeJbCOJAEepIKaIINX MAaTepPHUaoB [JajJ0 BO3MOYKHOCTb 3HAUUTEJbHO CHUBUTDH
ce0ecTOMMOCTb IIPOAYKIIMKM. OTO II03BOJUJIO KOMOMHATY 3aHATL H-e MeCcTO B
peiitunare TOII-10 sxcmopTepoB MeTaJLIyprudeckoi npoaykiuu [9].

Pabora meum ¢ HeZOCTaTKOM BOCCTAHOBUTEJA IIPUBOAUT K IIOBBLIIIEHUIO
comepskanusa cepbl 10 0,5 % U CHHIKEHUIO COIEp:KaHUA KPeMHUA U yIJepoja B
¢eppoHUKesie, UTO BaTPyAHAET IIpOBeJeHUe IIPUIEYHON HAecysbpypanuu
KaJILIIMHUPOBAHHOU CONOIM MM IIJIaBOM COJBI.

WUccnemoBano pacmpeneseHre cepbl M IPYrux 3JJIEMEHTOB B 00pasiax
yepHOBOTO (heppoHuKeas meromom PCMA. IlokazaHo, 4YTO OCHOBHOE KOJIMYECTBO
cepbl HAXOAUTCA B COeIMHEHUM C MapraHiieM, o0pasysa cyabhug MnS.

B pmanbmelinieM mnpenycMaTpuUBaIOTCA HCCIeIOBAHUSA IIOBeIEeHUSA Cepbl U
IPYTUX  IIPUMECHBIX DBJIEMEHTOB Ha Bcell TEXHOJOTUYECKOUN  IlelouKe
mpousBoAcTBa. HaMeueH IIyThb COBEPIIIEHCTBOBAHUS TEXHOJOTHUECKON CXEMBI
pPamHUPOBAHUA YEPHOBOTO (DEePPOHUKEA.
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