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Annomayusn. VI3BeCTHBIH cr0co0 nepepabOTKN OKHUCIEHHBIX HUKENEBbIX Py BKIIOYACT MOAATY PY/bl B IPOTUBOTOKE € BBICOKOTEMIIEPATYPHBIMA OTXO-

JSIIUMH Ta3aMH, IUIaBKy B 0apOOTaKHOM 30HE JABYX30HHOM Ie4n, ojady yriepoCcOoAepKallero TOIIMBA 1 KUCIOPOACOAEPIKAILETO Ty Ths H IOIY-
YeHHUE PacIlaBa, KOTOPbIH BOCCTAHABINBAETCS TBEPAbIM BOCCTAHOBUTEIIEM B IIIA3MEHHON 30HE NpH Harpese a30ToM. OCHOBHOM HEZOCTATOK 9TOTO
crococOa — HU3KOE COAEPIKaHUe HUKENIS B CIIaBe, HATMYUE KPEMHHUS, yIIIepo/a, XpoMa U APyrux npumeceil. s noBbleHHs KauecTBa (peppoHuKe-
JIs IPEAJIOKEHO B MIIA3MEHHOM 30HE MCIOIb30BaTh KOHBEPTHPOBAHHBII IPUPOIHBII ra3, KOTOPBIH P 00paboTKe Mi1a3Moii OyIeT SIBIATHCS HE TOMb-
KO TEIUIOHOCUTEIIEM, HO U BOCCTAHOBHTENEM. MeTOI0M TEPMOANHAMHYECKOTO MOAEIHPOBAHUS, B OCHOBE KOTOPOI'O JIEKHUT AOIYLIEHUE O TOM, UTO
npu 6apOoTaXke BaHHBI C PACIVIABOM COCTAB ra3a B JOCTUIIINX MOBEPXHOCTH BCILUIBIBAIOLINX ITy3bIPSIX OJM30K K PABHOBECHOMY, OITMCAHBI IIPOLIECCHI
COBMECTHOTO BOCCTAHOBIICHHUS HUKEIs U skene3a B cucreme 1,8 % NiO — 17,4 % FeO — 13,5 % CaO — 1,9 % MgO — 58,0 % SiO, - 7,4 % Al,0,,
OMU3KOI1 1O COCTaBY K MarHe3HaJlbHbIM HUKEJIEBBIM pyAaM. [ 'a3-BOCCTAHOBUTENb MOJIYYEH B PE3yJIbTaTe KMCIOPOJHON KOHBEPCUH MPUPOIHOTO rasa ¢
ko3 dunrentom pacxona (o) 0,25, 0,35 u 0,50 (mpu Temneparype 1823 K). B pesynbrare npoBeeHHBIX PaCU€TOB BbISBIEHBI 3aBUCHMOCTH COZIEPHKa-
HMS OKCHJIOB HUKEJISL M JKeJie3a B CUIIMKaTHOM PacIuIaBe, CTENeHH X BOCCTAHOBIICHHUS, KPATHOCTH 1IUTAKa M COAEPIKAHMS HUKEJIS B CIJIaBE OT OOIIEro
pacxozia rasa, OIpezeIIeMOro Kak pou3BeAeHNE KOJIMUECTBA Ia3a B €IMHUYHON IOPLHY HA KOJIMYECTBO PACYETHBIX LIUKIIOB, @ TAKKE KOJIMUECTBA
HMKEJIS 1 Kelie3a, BOCCTAaHOBJICHHBIX €IMHMYHON nopruel raza. HezaBucumo ot oM BOAOPO/A M OKCHJIA YIVIEPO/ia B HCXOAHBIX Ia3ax yBeJIHYEHUE
UX PacxoJa MOHOTOHHO CHIXKAET COJepKaHHe OKCHa HUKEJIS B PACILIaBe, B TO BPEMs KaK COZlepKaHUe OKCHA XKelle3a IepBOHAYaIbHO BO3PACTAET,
a 3areM — cHibkaercs. [1pu npoayBKe paciuiaBa NpoayKTaMK KOHBEPCHH NPUPOAHOro rasa ¢ o = 0,25 npolecc BOCCTAHOBICHHUS POTEKAET 3a CYET
Boztopoza, BiusiHue CO He3HaunTenbHo. Pacxor 54 M/T rasa 103BoJIseT JOCTUIHYTh CTENIEHH BOCCTAHOBICHHS HUKENs 98,5 %, conep:KaHus OKCH A
nukens B pacmiase 0,028 %, kparnocty nuiaka 46 eaunui. [lpun ognHakoBOM pacxoe raza ¢ yBeIMUYEHHEM B UCXOIHOM cMecH Joeit CO2 " H20
3a CYET MOBBIMIEHHS 0. YXY/IIIAKOTCS [IOKA3aTENH BOCCTAHOBIIEHUs METAILIOB U3 paciuiasa: 3Hadenns Cy,, u Cp o 1 KPaTHOCTD IUTAKA MOBBIIIAIOTCS,
a CTEINEHU BOCCTAHOBIICHMS HUKENS M XKele3a CHIKaloTcsl. CpaBHEHUE Pe3ysbTaToB ¢ paHee MOMyYSHHBIMU JAHHBIMU 110 BOCCTAHOBJICHHIO METall-
JIOB U3 aHAJIOTUYHBIX PACIUIABOB OKCHIOM YIVIEPOJA U BOAOPOAOM MOKa3alo0, 4To Oosbliuel 3 (eKTHBHOCTBIO 001a1aeT BOAOPOM, HECKOIBKO XyXKe
MOKa3aTeNu MpY UCHOJIb30BaHUN KOHBEPTHPOBAHHOTO ra3a ¢ o = (,25. BoccraHOBIEHNE HUKENsT KOHBEPTUPOBaHHBIM ra3zom (o = 0,35) 1o creneHu
BOCCTaHOBJICHHSA 88 Y%, UTO COOTBETCTBYET ero pacxoxy 60 M*/1, npoucxoaut Gonee spdexrisHO, ueM rcTbiM CO. ORHAKO KOHEUHbIC CTENCHH
BOCCTAHOBJICHHSI [P MCTIOJIL30BAaHIUH KOHBEPTHPOBAHHOTO ra3a jocturatot 90 %, B To Bpemst kak npu ucnonb3oBanun CO npubmmkatores k 100 %.
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BBEAEHME 00TaXKHbBIE MPOIECCHl, MOXKET OBITH NMPHUMEHEHA MpH I0-

nydeHHH (HEPPOHUKENSI M3 OKUCICHHBIX HHKEJCBBIX PYII.
IIIupoko u3BECTHAs B METAIYPIMH TEXHOJIOIUA MnaB-  Ha 6a3e 3Toil TexHOIOTH pa3paboTaH psj| Cloco00B, B KO-
KU B JKUJIKOH BaHHE [l — 4], B OCHOBE KOTOPOIf JIexaT 6ap-  TOPHIX IUIABJIEHHE IIMXTHI U BOCCTAHOBICHHE METALIOB

* PaGora BbINOJNIHEHA B paMKax rocyaapcrerHoro saganus UMET 13 OKCHJHOTO pacIlyiaBa pasjClCHbI BO BPCMCHH 1 MCECTC

VpO PAH 1o Teme Ne 0396-2015-0082. pcanusanuu [5 - 10]. B uactHoCTH, TIPCITIOKCH croco0
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nepepaboTKU OKUCICHHBIX HUKEIEBBIX Py, BKIIOUAIOIIUH
MoAa49y Pydsl B MPOTHBOTOKE C BBICOKOTEMIIEPATYpPHBIMH
OTXOASIIMMU Ta3aMH, IJIaBKy B 0apOOTaXHOM 30HE ABYX-
30HHOW MEYW C MNojadeld ymiepoACOAEPKAIlero TOIUIMBA
1 KHCJIOPOJICOJIEPIKAILETO JyThsl C TIOJy4YEeHHEM pacIljiaBa,
KOTOPBI BOCCTaHABIMBAETCS] TBEPABIM BOCCTAHOBUTEIEM
B 1uiazMeHHoW 30HE [11]. OCHOBHOW HEZOCTAaTOK CHOCO-
0a — coctaB (eppoHHKeNs OJM30K MO COCTaBy K CILIARY,
MONy4YeHHOMY B aJekTponeun [12, 13]: Hu3koe comepka-
HUE HUKEJS, HATMIHE KPEMHUS, yITIepoia, XpoMa H IPYTUX
MIPUMECEH.

s moBBIIICHNST KauecTBa (DeppOHUKENS TIpelaraeT-
Csl B IUIA3MECHHOU 30HE KCIOJIb30BaTh KOHBEPTHPOBAHHBIN
MPUPOJHBIN ra3, KOTOPBIA Mpu 00paboTKe MIa3Moil OyneT
SIBISITBCS. HE TOJIBKO TEIIIOHOCUTENIEM, HO i BOCCTAHOBHUTE-
nem [14], Tak kak B pe3yabrare 0apOoTaka OKCHIHOTO pac-
IjiaBa BOCCTAHOBUTCJIbHBIMU T'a3aMU IOJIYYaroT 6OFaTI)II71
(heppoHuKenb 6e3 BpeaHbIX ipuMecei [15].

Panee MeTomoM TEpPMOAMHAMUYECKOTO MOJCIHPOBA-
HUSI, B OCHOBE KOTOPOTO JISKHT JIOIYIICHHAE O TOM, UTO IIPH
OapOoTaxke rTyOOKOW BaHHBI C PACIJIABOM COCTaB Tasza BO
BCIUTBIBAIOIIUX ITy3BIPSX, TOCTHTIINX ITOBEPXHOCTH, OJTH-
30K K paBHOBECHOMY [ 16], onucaHbl po1iecchl COBMECTHO-
TO BOCCTaHOBIICHUSI HUKEIS U ’KeJle3a B CHCTEMe, OJII3KOM
O COCTaBy K MarHe3najJbHbIM HUKCJICBBIM pyJiaM, CMECIMU
CO-CO, [17]u H,—H,0 [18]. B pesynbrare npoBeaeHHbIX
pacdy€ToOB BBIABJICHBI 3aBUCHUMOCTU COACPIKAHUSA OKCUIOB
nukens (Cy,,) v xenesa (Cp, ), CTENEHN UX BOCCTaHOBIIE-
HUSL (Qy; ¥ @, ), KPATHOCTH LIJIAKA U CONEPKAHUSA HUKEIIS B
crnase (Cy;) B CHJIMKaTHOM pacIuiaBe oT OOLIEro pacxona
rasa (M_, MOIIb), OTIPEIENSIEMOTO KaK NPOU3BEIECHHUE KOJIH-
YE€CTBA Ia3a B €IMHUYHON MOPIKUH (71, MOJIb) HA KOJIMYECT-
BO LUKJIOB (K), @ TaKKe KOMMYECTBA HUKETISA (1, ) U Kenesa
(71, ), BOCCTAHOBIICHHBIX O/IHOM MOPLMEN rasa, u comepxka-
HUS Ta30B B AMHUYHON MOPIMHK OT HOMepa HuKia (Z).

PE3YNLTATbI MOAE/IMPOBAHUA U UX OBCYXXAEHUE

B Hacrosieit pabote mpuUBeACHBI Pe3yIbTaThl MOJICIH-
pOBaHUs MpoLecca COBMECTHOIO BOCCTAHOBJICHUSI HUKEIIS
U Kelle3a W3 CUIIMKATHOIO pacrjiaBa KOHBEPTHPOBAHHBIM
ra3oM pa3HOro COCTaBa.

[Tpomeccyl KOHBEPCUH MPHUPOMHOTO Ta3a IIMPOKO H3-
BecTHHI [19, 20].

[To ucnonb3yeMoOMy OKHCIUTENIO BBIACISIIOT CIEAYIO-
1€ BapUAHTHI MTOTYYEHU KOHBEPTUPOBAHHBIX ra30B: KUC-
JIOpOJIHAs KOHBEPCHS, KOHBEPCHS BOASHBIM ApOM, YIJIe-
KHUCJIOTHAsI KOHBEPCHSI.

OxwuceHne MeraHa (OCHOBHOTO KOMIIOHEHTA YTIIeBOIO-
POIIHBIX Ta30B) MPH MOITYYEHUH KOHBEPTHPOBAHHOTO rasa
MPOTEKAET IO CIEAYIONIMM OCHOBHBIM CYMMapHBIM peak-
LIUSIM:

CH, + 0,50, —» CO + 2H,; (1)
CH, + H,0 — CO + 3H,; @)
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CH, + CO, — 2CO + 2H,. 3)

Jns ananuza BBIOpaH MPOIECC KUCIOPOAHOM KOHBEp-
CHH KaK HauMCHEe DHEpreTHUSCKH 3aTparHbIil. B ocHOBY
mpolecca MoJ0KEHa PEaKIHsI

CH, + 200, — kCO + hH, + mCO, + nH,0,  (4)

rae o — k03(h(UIHUEHT pacxoja, OMpeAensIeMblil KaKk OTHO-
IIEHHEe KOJIMYECTBA KHUCJIOPO/ia, TIOJaHHOTO Ha OKHCIICHHE
YIJICBOMOPOAOB, K €r0 KONUYECTBY, HEOOXOTUMOMY IS
IIOJIHOTO OKHCJIEHWS METaHa Ji0 CO2 u HZO 10 peakuuu
CH,+20,— CO,+2H,; k, h, m u n — ko>dHuLHEHTDI,
ONpEENAIONHME KOJIMIECTBO ra3oB npu okucienun CH,
IIpU 33laHHOM 3HAYCHUH 0.

TepMonrHAMHUYECKOE MOJEIHPOBAHHE MPOBEICHO IIPH
temmneparype 1823 K, nanenun 0,1 MIla, razosas ¢asza —
KOHBEPTHPOBAHHBIH Ta3. Pe3ynbraTsl IpUBEICHBI HIXKE:

Conepxanue, % (00beM.)

Ta3 o
CO Co, H, H,0
1 0,25 33,1 0 66,3 0
2 0,35 30,9 2,4 55,8 10,9
3 0,50 26,3 6,9 40,4 26,4

KonndecTtBo raza B COIUHWYHOM IIHKJIEC pPACUCTOB —
1 MOJIb, @ KOMIIOHEHTOB B MCXOZHOM OKCHJHOM pAacCILIaBe:
1 mose NiO, 10 mons FeO, 40 mons SiO,, 3 mons ALO,,
10 monp CaO, 2 mons MgO.

AHaIu3 MONyYCHHBIX JaHHBIX ITOKa3bIBACT, YTO B XOJE
OapOoTaka copepKaHue OKCHIa HUKEIIS B PacIlilaBe MOHO-
TOHHO YMEHBINIACTCS, & CTEIIEHh BOCCTAHOBJICHHS YBEIIHU-
YMBACTCS HE3aBHCHUMO OT JOJHM BOJAOPONA M OKCHIA yIiie-
pona CO B HCXOIHBIX ra3ax, UCIIOIb3YEMBIX JIJIS paCUeTOB
(puc. 1). Ecnu BoccTaHOBIEGHHE METAIJIOB BECTH CMECHIO
CO + H,, To ¢ yBeMYEHNEM Pacxo/ia ra3a CoAEpiKaHue OK-
CHJIa HUKEIS B PacIulaBe MOHOTOHHO YMEHBINIACTCS MPaK-
THYEeCKM 710 Hyis. Ilpu Hanuuuu B ncxonnoi cmecu CO,
1 H,O pasHoBecHbie 3HaueHust Cy,, NOBBIIAIOTCS, & CTe-
TICHW BOCCTAHOBIICHUS CHIKAIOTCAL.

Conep:kaHHe OKCHJA KeJie3a B PacIylaBe CHadana BO3-
pacraet, MPOXOIUT Yepe3 MAKCHMYM, a 3aT€M CHIKACTCSI
(puc. 2). KoHCTaHTHI paBHOBECHS PEAKIINI BOCCTAHOBICHHUS
HUKEJISI BOJOPOIOM 1 okcuaoM yrepona CO MHOTOKpaTHO
OosnbIie, yem I kene3a. KommuecTBO MeTaTHuecKoro
HUKeNs (ny;),, 0Opa3oBaHHOIO B XOJ€ B3aUMOJCHCTBHUS
€ro OKCHJa C eAMHUYHOH mopuueil ra3a, Ha IOPSIOK BBIIIE
STUX 3HAYEHUH Juis kenesa (ng,),. B pesynwrare conep-
’KaHUE OKCHJIA HUKEJSI B CHCTEME YMCHBINACTCA, & OKCHAA
JKelle3a He3HAYUTENIFHO Bo3pacTaeT. B nampHeliem 3Have-
HUSL 71, ¢ POCTOM PACX0/1a ra3a MOHOTOHHO YMEHBIIAKTCH,
a ng, — MPOXOnAT Yepe3 MakcumyM. [Tostomy usmeHeHne
3HaueHuit Cy,, MPOUCXOUT MOHOTOHHO, & C ) — TIPOXOUT
gepe3 MakCUMyM. KolmdecTBO BOCCTAHOBICHHBIX HHKEIS
W Keleza Mpu o0padOoTKe paciuiaBa eJUHUYHON MOpIUEH
ra3a MEHSIOTCSI CUMOATHO.
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Puc. 1. I3menenue conepkaHust OKCHIAa HUKETS (a) U CTETIEHH ero BOC-
CTaHOBJICHUs (0) B pacIuiaBe B 3aBUCUMOCTH OT O0LIEro pacxoa rasa
(3nech 1 nasnee Homepa kpusbix 110 Tabmuue, CO [9], H, [10])

Fig. 1. Change in content of nickel oxide (a) and degree of its reduction
(6) in the melt depending on total gas consumption (hereinafter, numbers
of curves as are in the Table, CO [9], H, [10])

IMapamMeTpsl, COOTBETCTBYIOIIHE 3aBePILAKLIEMY

HUKJIY PacyeToB (Z ) NpH pasjinvHbIX COCTABAX

KOHBEPTHPOBAHHOIO ra3a

Parameters corresponding to the final calculation cycle
(Z_ ) at different composition of the converted gas

max

3HaueHUe oKa3aTels s ra3a
Ilokazarens

1 2 3

Z . 8 11 21

M_, monn 8 11 21
Cyio» %0 (o macce) 0,028 0,177 0,884
Creo» Y0 (10 Macce) 16,89 17,29 17,44
v, M3/t 54,0 74,7 142,5
H,, % 58,80 53,45 38,47
H,0", % 8,30 13,21 28,19
CO", % 32,10 31,40 28,08
CO;, % 1,16 1,97 5,24

KparHocts mmaka 46 59 97
Cyi» % 65,3 78,1 87,6
Py» V0 98,5 90,4 51,7
O pe» %0 5,50 2,70 0,77

0,
CFeO H %o

0,
(PFeO ’ Yo

20

M., mone

Puc. 2. I3mMeHeHue copepkaHus OKCHa skernesa (a) U CTETIEHH ero Boc-
CTaHOBJICHUs (0) B paciulaBe B 3aBUCUMOCTH OT OOIIEro pacxoja rasa

Fig. 2. Change in content of iron oxide (a) and degree of its
reduction (6) in the melt, depending on total gas consumption

OO1ee KOJIMYECTBO MeTallla, BOCCTAHOBIEHHOTO €U~
HHYHOM IopumMel rasa, kak cymma (), ¥ (1), B IEpBOM
[UKJIE MMEeT MaKCHMaJbHOE 3HaueHHUe, M0 Mepe pa3Bu-
THS TIporiecca — yMeHbImaeTcst. COOTBETCTBEHHO, IIEPBO-
Ha4aIbHO B oTxofsmieM rase jgomu CO u H, MuHMManbHbl,
B JTaJIbHEHIIIEM YBEIIMUINBAIOTCS U IPHOIIIDKAIOTCS K TIperie-
ay (puc. 3).

ConeprkaHre HHKETI B 0OpasyromeMcsl MeTajuinde-
CKOM CIUIaB€ MOHOTOHHO YMEHBILIAETCS TI0 Mepe yBeInye-
HHSI KOJIMYIECTBA BBEJICHHOTO B CHCTeMy Taza M_ (puc. 4).
DTO CBsI3aHO € TE€M, YTO IO MEpe Pa3BUTHUSA Mpoliecca BOc-
CTaHOBJICHHS 3HAYECHHUS 71, YMEHBINAKOTCSA, & 3HAYCHUS 71,
OCTAIOTCSl Ha TOM K€ YpOBHE. B ompeneneHHBII MOMEHT
BOCCTAHOBIICHUE HUKEIIS IPAKTHUECKA IIOTHOCTHIO 3aBEp-
mraercsi, B TO BpeMsl Kak eJie30 MPOoJ0JKaeT BOCCTaHAaB-
NMBaThCs. B MPUBEEHHBIX pacyeTax MpH @y, ONTU3KOM K
98,5 %, Benuuuna @, He mpesbimaer 6,0 % (puc. 1, 2).
Jlumres mocse MoTHOTO BOCCTAHOBIICHHUS HUKEIS TIPOHCXO-
JUT BOCCTaHOBIIEHHUE JKeJie3a, YTO COIPOBOXKIAETCS yBe-
JIYEHUEM €T0 JTOJH B CILIaBE.

Ilo Mepe yMmeHblLIEHUS] 3HAYEHHUU CNiO JI0JU BOJIOPO-
Jla ¥ OKCHJa yIIepOaa, pacXOAyeMbIX Ha B3aUMOJCHCTBHUE
C OKCHJIOM JKelle3a, YBEeJIHUUBAIOTCS.

KparHOCTh mITaka Kak OTHOIIEHHWE KOJMYECTB OKCHII-
HOTO paciulaBa U MeTaJlla COCTABISET MOpsAaKa 45 eTuHHII
(puc. 4). DT0 03HAYACT, YTO JOJS METalla B CHCTEME I10
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Puc. 3. Vsmenenue conepxannit H, n CO B erunnanol nopuuu mo uukiam oopaboTku paciuiasa razamu / — 3 (mo tabmnuiie)

Fig. 3. Changes in content of H, and CO in single portion by cycles of melt treatment with gases / — 3 (according to the Table)

3aBEPILIEHUIO MPOIIecca JIsl TPEJICTABICHHBIX 3HAYCHUH Mr
He npeBbimaer 2 %.

Ha puc. 1, 2 u 4 nna cpaBHEHUs IIPEACTABIEHbI 3HA-
uenust Cy,, Cp.o, Cy;> COOTBETCTBYIONINE BOCCTAHOBIIE-
HUIO KeJie3a M HUKENS BOJOPOJOM H OKCHJIOM YTeposa
CO [9, 10]. U3 mpencraBieHHbIX JIaHHBIX CIEIYET, 4TO
Ooee APGEKTUBHO BOCCTAHOBJICHHUE METAIUIOB YHCTHIM
BOJIOPOJIOM.

[TapaMeTpbl CHCTEMBI, COOTBETCTBYIOIIUE 3aBEpIIaro-
meMy LUKy pacdyeroB (Z_ ) HpU Pa3IMYHBIX COCTaBax

'max
KOHBEPTUPOBAHHOTO ra3a, mpeCTaBJICHbI B Ta6n1/1ue.

700

600 -

500

400 +

300

200 + )i
2

100

0
100

KpamHocmb uaaka

(9%}

90 M ~——
80 |
2

Cooepoicanue Huxens
6 ¢eppocniase, %

60 1 1 1

M., mono

Puc. 4. VI3MeHeHue KpaTHOCTH 1UIaKa (a) U COepIKaHHsl HUKEIIS B CIUIa-
Be (0) B 3aBICHMOCTH OT Pacxojia rasa

Fig. 4. Change in slag ratio (@) and nickel content in the alloy (6)
depending on gas consumption

960

Ilpu mnpomyBke paciuiaBa HPOAYKTAMHU KOHBEPCHH
npupoaHoro raza mnpu o = 0,25 mpoiecc BOCCTAaHOBICHHS
B OCHOBHOM OCYIIECCTBIIICTCS 33 CUCT BOJOPOA, BIMSHHE
CO He3HauuTenbHO. BoccTaHOBICHNE HUKENS KOHBEPTH-
poBanHbIM razoM (a = 0,35) 1o ¢, oxono 88 % (4ro co-
OTBETCTBYET pacxomy okoiao 60 M3/T) mpoucxomut Gosee
s dexTrBHO, yeM ynuctoro CO. OnuHAKOBBIEC MTOKAa3aTeIH
B IICPBOM CIIy9ae JOCTHTAIOTCS IPH MEHBIIEM PacXoJe ra-
3a-BOCCTAHOBUTENS, YEM BO BTOpOM. JlanbHelillee yBenu-
YeHUE PacXola ra3a-BOCCTAHOBHUTENS IPHBOTUT K 00paT-
HOoMy 3¢dexry. Okcun yriepoga CO BoccTaHaBIHMBAaeT
nyumie. CTENeHb BOCCTaHOBICHUS HHUKEIS MOXET ITOCTHU-
rate nioutu 100 %, a B ciryuae UCIIOIb30BAHUS KOHBEPTU-
poanHoro raza ¢ o = 0,35 ensa npesbsicut 90 %.

BbiBOAbI

B 3aBHCHMOCTH OT MOCTaBIIEHHOW IeIM B KauecTBE
BOCCTAaHOBHUTEIHHOTO T'a3a MOXKET OBITh UCITOJIB30BAaH KOH-
BEPTUPOBAHHBIN ra3 pa3jIMyHOro COCTaBa, AJS MOMYYSHHS
KOTOPOTO MOTYT OBITh IPUMEHEHBI PA3IIMYHBIC BHIBI TBEP-
JIOTO, KHUJKOTO UIIM Ta3000pa3HOTo TOIUIMBA. XOTA Haubo-
nee >pPEeKTUBHO BOCCTAHOBICHNE METAIJIOB U3 OKCHIHBIX
pacIuiaBoB ¢ UCIOJIB30BAHUEM BOAOPOJIA, HO TIEPCIIEKTHUBBI
MacCOBOTO HMCIOIB30BAHMUS TAKOTO ra3a BEChbMa OTpaHIYe-
Hbel. Uem Oonblie KOdQQPHUIUEHT pacxoja ¢, TEM MEHbIIE
MIOKa3aTeIH CTEeTIeHN BOCCTaHOBICHUS. llomydeHHbIE CBe-
JIEHHsI BaKHBI 17151 ONMCAHUS TEPMOIKCTPAKIIMOHHBIX MPO-
IIECCOB, CBA3aHHBIX C IIEPUOANICCKUM BBIBOIOM METaJITH-
4yecKoi (pa3bl M HEMPEPBHIBHBIM BBIBOJOM Ia30B.
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THERMODYNAMIC MODELING OF NICKEL AND IRON REDUCTION
FROM MULTICOMPONENT SILICATE MELT IN BUBBLING PROCESS.
REPORT 3. CONVERTED GAS AS A REDUCING AGENT

A.S. Vusikhis', L.I. Leont’ev*34, D.Z. Kudinov?, E.N. Se-
livanov!

nstitute of Metallurgy of the UB RAS, Ekaterinburg, Russia
2Scientific Council on Metallurgy and Metal Science of Russian Aca-
demy of Sciences (Department of Chemistry and Material Sciences),
Moscow, Russia

3 Baikov Institute of Metallurgy and Material Sciences, Moscow,
Russia

4National University of Science and Technology “MISIS”, Moscow,
Russia

Abstract. Common method of oxidized nickel ores processing includes

ore feeding in countercurrent with high-temperature waste gases, mel-
ting in bubbling zone of a two-zone furnace, supplying carbonaceous
fuel and oxygen-containing blasting to produce melt that is reduced by
solid reducing agent in plasma zone when heated with nitrogen. The
main disadvantages of this method are low nickel content in alloy and
presence of silicon, carbon, chromium and other impurities. To im-
prove quality of ferronickel, it is proposed to use converted natural gas
in plasma zone, which, when processed by plasma, is not only a heat
carrier, but also a reducing agent. The method is based on assump-
tion that at melt bubbling, composition of gas in bubbles that reached
bath surface is close to equilibrium. Gas-reducing agent is obtained by
oxygen conversion of natural gas with ratio o equal to 0.25; 0.35 and
0.50 respectively (7= 1823 K). Based on calculations, dependencies
of content of nickel and iron oxides in silicate melt, degree of their re-
duction, ratio of slag and metal and nickel content in the alloy on total
gas flow determined as the product of the gas amount in a single batch
and the number of calculation cycles, as well as the amount of nickel
and iron, reduced by a single portion of gas are revealed. Regardless of

proportion of hydrogen and carbon monoxide in source gases, increase
in their consumption monotonously reduces content of nickel oxide
in the melt, while content of iron oxide initially increases, and then
decreases. When melt is blown with natural gas conversion products
with o= 0.25, reduction process takes place due to hydrogen, effect
of CO is insignificant. Flow rate of 54 m3/t of gas allows to achieve
98.5 % degree of nickel reduction, content of nickel oxide in melt is
0.028 %, ratio of slag and metal is 46 units. At equal gas consumption,
with increase in proportions of CO, and H,O in the initial mixture, by
increasing o, values of metals reduction from melt deteriorate: values
of Cy;o and Cp, and ratio of slag and metal increase, and degree of
nickel and iron reduction decreases. Comparison of results with pre-
viously obtained data on metals reduction from similar melts by car-
bon monoxide and hydrogen has shown that hydrogen has greater ef-
ficiency, somewhat worse results are demonstrated when converted gas
with a = 0.25 is applied. Nickel reduction by converted gas (o = 0.35)
to reduction rate of 88 %, which corresponds to its consumption of
60 m3/t, is more effective than by pure CO. However, final values of
degree of reduction using converted gas reach 90 %, while for CO they
approach 100 %.

Keywords: technique, thermodynamic modeling, kinetics, reducing gases,

bubbling, multicomponent oxide melts.
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