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Armomauuﬂ. HCHOHBSyﬂ YpaBHCHUA (1)I/IBI/IKO—XI/IMI/I‘-IGCKOI‘/‘I TUAPOAUHAMUKU U MOJTYUYCHHBIC paHCE B PE3YJIbTATC I/ISMepeHI/Iﬁ JAaHHBIC O MMOBEPXHOCTHBIX

u Mexda3HbIX CBOMCTBAX METAJUNIMYECKUX M OKCHJIHBIX PACIIaBOB, OIMCAHbI YCIOBUS (JOpMUpPOBAHUS MeTajutHdeckoi (asbl npu Gapboraske pac-
111aBa OKUCIICHHOI HHKE/ICBOH Py/Ibl MOHOOKCHIOM yriIepoja. ONpeie/ieHbl KpUTHUECKHE Pa3MephI [a30BOIO My3bIpst R 1 METAIUIMYECKOH Karlin
I xp> ABHAYIIIXCSA B OKCHIHOM PACIIaBe 6e3 npobneHus B TemiepatypHoM nHTepBaie ot 1550 go 1750 °C. OOHapyxkeHO, 4TO C TeMmeparypoi
3Ha4YEHHS R“_Kp MEHSIOTCSl HE3HAYUTENBHO U BO3pacTaroT ¢ 6,35-102 m (pu 1550 °C) 10 6,58-1072 m (ipu 1750 °C), napametp T xp 3ABUCHT OT
COCTaBa KaIlli U TeMIeparypsl 1 Mensercs ot 2,1-1073 10 2,9-1073 m. OnpesienieHbl pa3smepbl Kanelb MeTalla, 00pasyomuxcs Ha eAMHUYHOM I1y-
3bIpe IIPH BOCCTAHOBJICHHUH HUKEJIA U JKeNe3a U3 OKCHIHOTO paciuiaBa. [1o Mepe yMeHbIICHHS COIEP:KaHUs OKCUI0B HUKEIA U JKeJle3a B PacILIaBe ¢
yBenyeHueM obuero pacxona CO NPOMCXOAUT CHIKEHUE COAEP KaHHs HUKeNs B Karuix (epponuxens ¢ 89 1o 18 %, a ux 1uamMeTpbl yMeHbIIa-
torest ¢ 1,4-1073 10 8,0-10* m. IIpu sToM Macca karu camkaercs ¢ 9,4-1075 10 1,6- 107 kr. BbIsBiIeHbI yCI0BUS BCILUILIBAHMS CUCTEMBI Ta30BbIH ITy-
3bIPb—KaIlId MeTallIa OT X pa3MepoB. Bo Becex HHTepBanax TeMmepaTyphl H COAEpKaHus HUKeN cucTeMa my3biph CO — KaIuist MeTaiuia HaduHAeT
TMOJIHUMATHCS B OKCHIIHOM PacIliaBe pu cootHomenuu I /R menee 0,68 —0,78. Jlns ouenku crabunbHOCTH cUCTEMBI y3bIph CO — Karmis MeTasuia
IpHU BBILICYKa3aHHBIX pa3Mepax My3bIpsl U KaIld TIPOBEACHBI PacyeTsl MapaMeTpoB, ONPEICIAIONIMX UX COBMECTHOE jaBMKeHue. ITokazaHo, uto
OTPBIB KaIlIU METaJlIa OT ITy3bIPs He BOSMOXKCH IIPH YCIOBHAX pealn3aliy polecca B MIPOMETaTyprudecKux arperarax. Omucas nporecc ¢hop-
MHpPOBaHHs METaJUTM4YECcKOl (a3bl B pe3ynbrare 6apOOTa)XHOI0 BOCCTAHOBISHHSI HUKEIS U XKeJle3a MOHOOKCHIOM YITIEpO/ia, KOTOPBIH 3aK/II04aeTcst
B cenyroneM. B3anmoznelicTBie OKCHAHOTO pacmiaBa ¢ Ta3oM COMPOBOXKAACTCs HOPMUPOBAHUEM KallelIb METaJlIa, KOTOPbIE, 3aKPEMIIsACh Ha ITy3bl-
PAX, JBUTAIOTCSA K IOBEPXHOCTH OKCUIHOTO paciuiaBa. [lepBoradansHo hopmupyercs Metam ¢ cogepkanueM 80 — 90 % Ni, a o Mepe yMeHbIICHHSL
JIOJIM HUKEJIs B OKCHIHOM PACIlIaBe ero CoAep KaHue B Karulsix MeTaia cHuxkaercs 10 20 %. Ha moBepXHOCTH OKCHAHOTO pacillaBa Karld MeTaia
CIIMBAIOTCSL M TP JOCTIKEHNH pasmepa Gosee 51073 M OHHM «IIPOPBIBAIOTY MOBEPXHOCTD U OyCKAIOTCS Ha JIHO. B cilyyae CTONKHOBEHHMS Kalli ¢
HOIHUMAOIIUMUCS HABCTPEUy CHCTEMaMH ITy3bIPb — KAl OHH MOTYT KaK CIIUTBCS C HUMH, TaK ¥ 00TeKaTh uX. [Ipn cIusHuE MenKue Kariu OymyT
ACCHMMIIMPOBAHBI U ITOJIHATHI HA MTOBEPXHOCTL. CHila OTPbIBA KAIUIH OT ITy3bIPsl CYIECTBEHHO MPEBBIIIAET CUILY TSKECTH Karlellb, OITOMY CUCTeMa
Iy3bIpb — KaIlIsl MEeTajla CTabuIbHA IPU BCEX PACCMOTPEHHBIX COOTHONICHUAX UX PAa3MEPOB.

Knrouesnle cnosa: meramunueckas pasa, OKCHIHBIN pacIuiaB, ra3-BOCCTAHOBHUTENb, 0apOOTaXK; Ta30BbIil My3bIPh, KAIUISI METAIIIA, YCIOBHS BCILUIBIBAHUS,
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B cooTBeTcTBHM ¢ paHee MPUBENCHHBIMU TEOPETHUYCC-
KUMHU BBIKJIaAKaMu [1] u pesynbraraMu HM3MEpeHHUH IOo-
BEPXHOCTHBIX CBOMCTB PACIIaBOB [2] BBITTOIHEHBI pacYeThl
apaMeTpoB, ONMPEACIIIONINX pa3aeicHue HeppOHHUKENs H
OKCHJTHOTO pacIuiaBa B xoJle 0apOoTaka ra3oM-BOCCTaHO-
urenem (CO).

960

B Gap6oTakHBIX Mporeccax MpeaeabHbIH pa3Mep Iy3bl-
pst Ta3a, BCILTBIBAIONIEro Oe3 ApOoOIIeHH s B KHKOCTH, 3aBH-
CHT OT €€ MOBEPXHOCTHOTO HATSHKEHHUS (G, ) ¥ IIIOTHOCTH
(p,,)> @ TAKKe OT IUIIOTHOCTH rasa (p, ). B coorsercTBUM €
TEOPETUYECKUMH BBIKIJIaTKamu [ 1] ¢ ncronp3oBanneM JgaH-
HBIX O MOBEPXHOCTHBIX CBOMCTBAaX M INIOTHOCTSX MeETaj-
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nudeckux xene3o-HukeneBbix (0 — 100 % Ni) [2] u okcun-
HOTO PYAHOTO PACIUIaBOB IPOBENEHBI PACUETH U3MECHEHHS
KPUTHUYECKOTO pajinyca Mmy3bipsi RHKp MOHOOKCHIA YIJIEPO-
na B TemneparypHom uHTepsaine ot 1550 mo 1750 °C. Kaxk
CJIeyeT U3 TIONYy4YeHHBIX JaHHBIX (puc. 1), ¢ Temneparypoit
BEIMYMHA R~ MEHSAETCS HE3HAYMTENBHO M BO3PACTacT ¢
6,35-102 m (pu 1550 °C) 10 6,58-1072 M (11pu 1750 °C).
lNazoBast hmorarust yacTuI] MeTaaia B OKCHIAHOM pac-
IJIaBE TPOMCXOMNT, €CIU cuia omyckanus kamm (F )

MeHpIne noabeMuon cuibl (F ) myseipa (F_<F ), mpu
1/3

stom < | —Pur

Rn Pume ™ Pun
Ipu KOHTaKTe Karu (epponukens ¢ myssipem CO-CO,
3TO COOTHOLLIEHUE 3aBUCUT OT COAECPKAHUSI HUKETS B CILIa-
BE M TeMIIeparypsl (puc. 2).

Bo Bcex uHTepBanax TeMIeparypbl U COAEPHKAHUS
Hukessd cucrema my3blps CO — Kamys MeTa/lla HauMHAeT
MOJAHUMATBCS B OKCUIHOM pACIaBe MPH COOTHOIIEHHH
r/R =0,68—-0,78. Hukenb kak wmetamn, obGnanaromuii
OorbIIel TUIOTHOCTHIO, HAaUYMHAET BCIUIBIBATH IIPH COOT-
nowenuun I /R =0,74 (nmpu 1550 °C). C ysennuennem

. B paccmarpuBaemom ciyuae
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Puc. 1. I3MeHeHne KpUTUUECKOTO pajidyca Iy3bIps OT TEMIIEPATyPbl

Fig. 1. Temperature dependence of bubble critical radius
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Puc. 2. Biusinue Temneparypbl Ha cooTHolnenue I /R npu conepxanuu
uukesst B ciwiase 0 (1), 25 % (2), 50 % (3), 75 % (4), 100 % (5)

Fig. 2. Temperature dependence of r /R, ratio (Nickel content in alloy:
0 (1), 25 (2), 50 (3), 75 (4), 100 (5), mas. %)

COJIepKaHus Keje3a B CIUIaBE €ro MJIOTHOCTh YMEHbIIa-
eTCsl, MOITOMY Karllsl OAHUMAEeMOro Ha IIOBEpXHOCTh Me-
Tajyia MOXKeT ObITh OoJiee KpyImHas, M ISl JKejie3a UMeeM
r/R =0,78. YMeHblIeHHEe MIOTHOCTH IIAKA C POCTOM
TeMIepaTypbl MPOUCXOAUT UHTEHCUBHEE, YeM MeTaia [2],
MOATOMY B paccMaTpUBaeMOW CHCTEME BO3MO)KHA (IIoTa-
LIS TOJIBKO 00JIe€ MENKHUX KaIleib.

BrIHOCHMEIE C Ta30BBIMH IY3BIPSIMH Ha TOBEPXHOCTH
OKCHJTHOTO paciijlaBa MEJKHe KaIuld MeTajia MOTYT oce-
JIaTh Ha JHO B CIIydYae MPEBBIIICHUS HX MACChl HaJl CHIIAMH
MOBEPXHOCTHOTO HaTsDKeHUs utaka. Panee [3, 4] mpumeHu-
TENFHO K BOCCTaHOBUTEIHHO-CYIbOUANPYIONMICH aXTHOH
TJIaBKC OKUCJICHHBIX HUKEJICBBIX DY OIMPCACICHbI MacCa U
IFIaMeTp Kamelb MITeiHa, CIIOCOOHBIX «IIPOPBAThY MOBEPX-
HOCTb 1IIJIAKOBOIO paciuiaBa, KoTopsle cocrasunu 0,35 r u
51073 M cooTBeTCTBEHHO. [10CKOIBKY MIIOTHOCTH METAILIA
B 1,5 —2,0 pa3a Bblllle IUIOTHOCTH IITEWHA, 3TH BETUYUHBI
B PacCMaTpHBaEMOM Cilydae cocTaBusior 0,35 ru 4107 m.

Kpurnueckuii paguyc My KQIUTH METallia, OCesaro-
el B OKCHIHOM paciuiaBe 0e3 JpOOIeHUs, 3aBUCHT OT
ee CoCTaBa M TEMIEPATyphl. 3HAauCHUA [ B MHTEpBAIIC
1550 — 1750 °C puis crutaBoB ¢ coaepkanneM HHUkelns ot 0
1o 100 % mpeacraenensl Ha puc. 3.

Kpurnuaeckuil pagnyc Karid MpsiMo IIPONOPIHOHAICH
MeK(Da3HOMY HATSDKCHUIO HA TPAHUIE METAJUIMYECKOrO U
OKCHJIHOTO PacIUIaBOB U 00paTHO MPOIIOPIIHOHAJICH TUIOT-
HocTu MeTaia. [Tockonbky MexdasHoe HaTsKEeHHE MeTall-
JIa ¢ pOCTOM KOHIICHTPAIIIH HUKEIS B CIUIABE U YBEIIHMICHH-
€M TeMIlepaTypbl YMEHbBIIACTCSI OBICTPEE €ro IUIOTHOCTH,
CHIDKAETCSl M BEIMYMHA KPUTHYECKOTO paJNyca KaruIH.
Bo Bcem nHTEpBasIe TeMIEpaTyp U COCTaBOB 3HAYCHHE I
mensetcs or 2,1:107 10 2,9-107 M. DTu 3HaYeHUs OIU3KU
K pagnycy Karuiu, «IIPOpPbIBAOIICi» OBEPXHOCTD IIITAKa.

s ommcaHuss  0apOOTaXKHBIX  MPOILECCOB  BOC-
CTAaHOBJICHHS  OKCHJHBIX  pAcIJIaBOB  ra30oM-BOCCTa-
HOBUTEJIEM TMPEIIOKEHA MOJENb, IO3BOJIIOIAs, He
npuberass K 9KCIePUMEHTaM, C IIOMOIIBIO0 PacyeToB Tep-
MOAWHAMHUYECKOTO PAaBHOBECHS ONHCATh KUHETHUKY Oap-
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Puc. 3. 3aBHCHMOCTb KPUTHUYECKOTO pajiyca Karik OT TEMIIEPaTypbl
st craBoB ¢ 0 (1), 25 % (2), 50 % (3), 75 % (4), 100 % (5) Ni

Fig. 3. Temperature dependence of drop critical radius (Nickel content in
alloy: 0 (1), 25 (2), 50 (3), 75 (4), 100 (5), mas. %)
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0oTaka OKCHUIHOTO pacijiaBa Pa3InYHBIMH BOCCTaHOBH-
TeJNbHBIMHE Ta3amu [4]. Monesb anpoOupoBaHa Ha CHCTEME
NiO-FeO-Al0,-Si0,-Ca0-Mg—-CO-CO,. Cpapnu-
TEJBHBIA aHAIM3 PACYETHBIX [5] W OSKCIIEPUMEHTANb-
HBIX [6, 7] JaHHBIX MMOKa3aJ, YTO MPEATIOKEHHAs METOIUKA
MOXET OBITh HCIOJNB30BaHA IMPU KAaueCTBEHHOM aHAJIM3e
MPOIIECCOB B3aUMO/IEHCTBHUSI MHOTOKOMITOHEHTHBIX OKCHUJI-
HBIX PACIUIaBOB C Ta3aMH-BOCCTAHOBUTEISIMH PA3IHIHOTO
cocTaBa.

CormnacHo pacueraM [5], B X0/1€ BOCCTaHOBJICHHSI OKCH/I-
Horo pacruiaBa (1550 °C), nmepBoHadajIbHO COIAEPIKAIIETO
1 monb NiO (1,8 % mo macce) u 10 moneit FeO (17,4 % mo
Macce), MOHOOKCHIOM yriieposia mpu temneparype 1550 °C
CofiepKaHne OKCH/Ia HUKEISI B OKCHIHOM PACIUIaBe YMEHB-
maetcs J0 0,04 %, a okcuna xene3a — 110 17,0 % (puc. 4).
Jorns HUKeNs, Iepeleero B MeTaluInIecKyo (asy, Bo3-
pacraet 10 97,8 %, a xenesa 10 4,4 % (puc. 5).

[omy4eHHbIe aHHBIC UCTIONB30BAHBI UTS OLCHKH Pa3-
MEpOB €MHUYHON KaIluld, e Macchl U COCTaBa MpPH BOC-
CTaHOBJICHUH METaJUTa EIWHHYHBIM ITy3BIPEM MOHOOKCH-
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Puc. 4. smenenue copeprxanus okeuaoB Hukenst (1) u sxenesa (2) B
pacriiaBe OT KOJM4eCTBa BBEJIEHHOr0 MOHOOKeH 1a yriepona (Q.)

Fig. 4. Nickel (1) and iron (2) oxide dependence on injected carbon
monoxide (Q.)
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Puc. 5. Usmenenue nomnu (g, %) BoccTaHOBIEHHBIX HUKeNs (1) 1 jxenesa
(2) ot KonMuecTBa BBEJIEHHOrO MOHOOKCH 1A yrieposa (Q. )

Fig. 5. Quantity dependence of reduced nickel (1) and iron (2)
on injected carbon monoxide (Q,) quantity
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Ja ymIepojia, pajuyCc KOTOPOrO paBeH mnpenenbHomy R,
BCIUIBIBAIOIIEMY B pacriase Oe3 apoOnenus. 3Hauenue R
cocrasysier 6,35-1072 M, 06bem 1,07-1073 M3, ITy3bIps TaKo-
ro oosema comgepxkut 7,06-1072 mons CO, OCKONBKY IpH
temneparype 1550 °C mioraocts CO = 0,174 kr/m>. Usme-
HEHHE paJiyca Takoi KaIlTh M €€ COCTaBa B 3aBUCHMOCTH
0T 00111ero pacxosa rasa mpeacTaBiIeHo Ha puc. 6. Paanyc
KaruTl MeTaJlla, BOCCTAHOBICHHOTO €AWHHYHBIM Ta30BbIM
Iy3bIpeMm, 110 paBHOBeCcHOTO coaepxkanus CO—CO,, mens-
ercs ¢ 1,4-1073 1o 8,0:107* M 1pu M3MEHEHMH COIEPKAHUS
HUKeTs B Karie depponukenst ¢ 89 o 18 % . Ilpu stom
Macca Karu cHuxkaercs ¢ 9,4-107° go 1,6-107 kxr.

Jns oneHku cTaOMIBHOCTH cucTeMbl my3bipp CO —
Karuisl MeTaJula MPH BBIIIEYKA3aHHBIX pa3Mepax IMy3bIps 1
KaITl TIPOBE/ICHBI PACUETHI MAPaMETPOB, ONMPEICIISIOINX
UX COBMECTHOE IBIDKCHHUE. Pe3ynpraTsl pacyeToB yrios O,
paauycoB Karum I ¥ my3eips R, u ux coorHomenui I /R,
OTIPECIISIONINX Pa3MBIKAHUE CUCTEMBI, & TAKXKE CHJI OTPhI-
Ba KK a/IreOpanyecKoi CyMMBI CHII TshkeCTH Kariu F , mio-
BEPXHOCTHOTO HaTsvKeHus F _, mpuBenensl B Tadn. 1. Pasme-
PBI TA30BOTO IMy3bIPsi, CHJI TIOBEPXHOCTHOTO HATsDKEHUs F
Y COOTHOIICHHUH Fg/ F, npu paguyce karm = 2.4 103 ™M
u ee cuie Tsokecetu 3,1-104 H MIPUBEJICHBI B Ta0. 2.

Kax BHIHO U3 IPUBEICHHBIX TaHHBIX, OTPBIB KaIlTH Me-
Tajyia OT My3bIPsl HEBO3MOXKEH TP YCIOBHUSIX PEaTU3alUu
mporiecca B MHPOMETAILTYPIrHYeCKUX arperarax. [Ipu 3Ha-
ueHusAX R ¥ I MEHbIIe KpUTHIECKUX U JTIFOOOM COOTHOIIIE-
HUH WX Pa3MEPOB B YCIIOBHSX IBIKCHHS BBEPX CHCTEMBI
my3bIps CO — Karuis MeTajuia B OKCHUAHOM PACILIaBe OT/e-
JICHUS KaIUTA OT ITy3BIpsl He TIPOUCXOMINT.

C yueToM MOJIyYeHHBIX JaHHBIX Ipolecc GOpMUPOBaA-
HUSI METAIUTHIECKOU (ha3bl IPU BOCCTAHOBICHUN HUKEIS U
JKeJie3a U3 OKCHHOTO pacIuiaBa pyibl MOHOOKCHIOM yIJIe-
poma B pexxume OapOoTaxka MPEICTaBICH PSIOM IIOCIe-
JIOBaTeNbHBIX TpolieccoB (puc. 7). IlepBoHauanbHO Mpo-
ucxoaut BocctanoBieHre MetamioB (Ni u Fe), kotopeie
00pasyIoT KaIulio, 3aKPEIJICHHYIO Ha TIOBEPXHOCTH ITy3bIps
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Puc. 6. MI3menenne pagnyca Karmiy MeTaxia, BOCCTAHOBICHHOTO €IH-
HUYHBIM ITy3bIpeM MOHOOKcH 1A yriepoaa (1), u comepikaHust HUKEIs B
karie (2) ot napamerpa (Q.q)

Fig. 6. Drop radius of metal reduced by single CO bubble (1) and nickel
content (2) dependence on injected carbon monoxide (Q.) quantity
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Tabnuma 1

IMapameTps! opmupoBanus cucreMbl ny3pips CO — kamis MeTajl1a

Table 1. Parameters of bubble CO — a drop of metal system formation

[Tapamerp 3HaueHue napamerpa
0O, rpag 30 35 40 45 50 55 65
r/R, 0,066 0,23 0,37 0,48 0,58 0,65 0,74
r,10°m 7,9 8,5 9,1 9,771 10,4 11,1 12,8
R, 10°m 119 37,0 249 20,4 18,2 17,0 17,2
Fg =F_.H 0,011 0,014 | 0,017 | 0,021 | 0,025 | 0,031 | 0,046

Tabnuma 2

YenoBust iBHKeHUsI cucTeMbl y3bIph CO — KaIuIst MeTaJl1a

Table 2. The motion conditions of the bubble CO — a drop of metal

[Mapamerp 3HaueHne mapaMerpa
r/r 0,066 | 0,23 0,37 0,48 0,58 0,65 0,74
F..H 0,0033 | 0,0038 | 0,0044 | 0,0051 | 0,0058 | 0,0066 | 0,0087
R,10°m 38,1 10,4 6,6 5,0 4,2 3,7 3.2
Fg/ F, 0,09 0,08 0,07 0,06 0,053 | 0,047 | 0,035
raza. Cucrema my3bips CO — Karis MeTajuia JIBIKETCS K
- o MOBEPXHOCTH OKCHJIHOTO paciuiaBa. Karum metaiina nume-

NN

/4 Oxcuomniii
pacnias

Hooaua eaza ~~—

Puc. 7. Cxema nporiecca popMUpOBaHUS METAJUTMUECKOH (a3bl pu
GapboTake OKCHIHOTO paciiiaBa MOHOOKCHIOM YIJIEpOIa

Fig. 7. Scheme of metallic phase formation in barbotage process of

oxide melt by CO

0T OTHOCUTENLHO Oonpmon pasmep (1,0 —1,5):103 M u
cogepxkar 6onee 70 % Hukens (puc. 6). Ha mosepxHocTu
pacIiiaBa Ta30BBIH IMy3BIPh pa3pymIacTcs, Kaluld MeTajlia
YKPYIHSIIOTCSL 10 pasmepa f =~ 2,5-1073 M, «IIPOPHIBAIOT»
MIOBEPXHOCTH M OCENAIOT Ha THO. B cilyuae CTOIKHOBCHMS
Kaluld ¢ TOJHMMAIOUIMMUCSA HABCTpE4y CHCTEMaMH IIy-
3BIpb — KaIlII OHU MOTYT KaK CIUTBCSA ¢ HUMH, TaK U 00Te-
KaTh uX. [Ipy cIMSIHUN MeNKKe Kariu Oy1yT acCHMUIIMPO-
BaHBI M MOJHATHI Ha TIOBEpXHOCTH. CHiIa OTPBIBA KaIUTH OT
My3bIpsl CYIIECTBEHHO MPEBBIAET CUITY TSHKECTH Karellb,
MIOATOMY CHCTEMa ITy3BIph — KaIljIsl MeTajlIa CTabuIbHA [TPU
BCEX PACCMOTPEHHBIX COOTHOIICHUSIX UX pa3MepoB. Ha Ha-
YJaIbHOM CTa K BOCCTaHOBJICHUS Ha THO OCENAIOT KaIlIH C
noBbIIeHHBIM (0os1ee 70 %) conepxkanuem Hukens. B xozxe
BOCCTAHOBIICHHS Pa3Mep BCIDIBIBAIONINX Kamelb MagaeT 1
K 3aBEpIIEHHUIO MPOoLiecca BOCCTAHOBJIEHHs HUKENS UX pa-
auyc coctaBisier 7-1074 M, a comepikaHne HUKENS YMEHb-
maercs 10 20 %. [Ipu B3auMoJeCTBUU ¢ MOHOOKCHIOM
yIIepoaa TEpBBEIM BOCCTAHABIMBACTCS HUKETH (pHC. 5),
a 110 Mepe CHUXKCHUS €r0 COIEPAKAHUS B OKCHTHOM pacIlia-
Be (puc. 4) BOCCTaHABIIMBAETCS JKEJe30.

Buo1600wt. [Tpu 6apOOTa)KHOM BOCCTAHOBIICHUH HUKEJS
U JKele3a MOHOOKCHIOM yIiiepona (GpOpMHPYIOTCS Karlid
MeTajla, KOTOPbIE ABUIAIOTCS K MOBEPXHOCTH OKCHHOTO
paciiaBa COBMECTHO ¢ ITy3BIpsSMH Taza. Ha moBepxHOcC-
TH KaIUIM METajla, pasMep KOTOPBIX 3aBHUCUT OT pa3Mepa
SIUHUYHOTO Iy3BIPs, CIIMBAIOTCS M OITyCKAIOTCS Ha JHO.
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B nepBoHavyaneHBIA MEepHOA MOXKET OBITH CPOpPMHUPOBaHA
MeTayumaeckas noHHas ¢asza ¢ 70 — 80 % Ni, koropas B
JanbHEHIIeM pa3yOOoKUBACTCSI METAJUIOM C MEHBIIUM CO-
Iep KaHHeM HHUKEIIS.

[IpeanoxxeHHas METOMKA MO3BOJISICT OLICHUTD Mapame-
TpbI OapOOoTaXKHBIX MporieccoB (Pomern, Ausmelt. Sirosmelt,
BantokoBa M T.I.), UCTHOJNB3yeMBbIX B uepHOU [§—11] u
nBeTHOU [12 —21] MeTaluTypruu, U MOBBICUTH 3((HEKTHB-
HOCTb UX MCIIOJIb30BAHUSL.
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METALLIC PHASE FORMING IN BARBOTAGE OF MULTICOMPONENT OXIDE MELT BY
REDUCTION GAS
REPORT 3. FERRONICKEL AND OXIDE MELT SEPARATION

A.S. Vusikhis', L.I. Leont’ev®3*, V.P. Chentsov', D.Z. Kudi-
nov', E.N. Selivanov!

nstitute of Metallurgy UB RAS, Ekaterinburg, Russia

2Scientific Council on Metallurgy and Metal Science of Russian
Academy of Sciences (Department of Chemistry and Material Scien-
ces), Moscow, Russia

3Baikov Institute of Metallurgy and Materials Science, Moscow,
Russia

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

Abstract. Using the equations of physico-chemical hydrodynamics and
the data obtained earlier on the surface and interfacial properties of
metallic and oxide melts, conditions for the formation of the metal-
lic phase during bubbling of the oxidized nickel ore melt by carbon
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monoxide are described. Critical dimensions of the gas bubble (R,)
. and the metal droplet (r,) . are determined, moving in the oxide
melt without crushing in the temperature range from 1550 to 1750
°C. It was found that the value of (R,) . varies with temperature and
increases from 6.35-10 m (1550 °C) to 6.58-102m (1750 °C), (r,)
. depends on composition of the droplet and temperature and varies
from 2.1:103 m to 2.9:1073 m. The size of metal droplets formed on a
single bubble is determined upon reduction of nickel and iron from the
oxide melt. As the content of nickel and iron oxides decreases in the
melt with an increase in the total CO flow rate, nickel content in fer-
ronickel drops decreases from 89 to 18 %, and their diameters decrease
from 1.4-1073 m to 8.0-10~* m. In this case, mass of the drop decreases
from 9.4-107 to 1.6-10~ kg. The conditions for emergence of the “gas
bubble — a drop of metal” system from their dimensions are revealed.
In all intervals of temperature and nickel content, the “bubble CO —
a drop of metal” system begins to rise in the oxide melt at aratio r, /R,
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of less than 0.68 —0.78. To assess the stability of the “bubble CO —
drop of metal” system at the above bubble and droplet sizes, calcula-
tions of the parameters determining their joint motion were carried out.
It is shown that the separation of a drop of metal from a bubble is not
possible under the conditions of the process in pyrometallurgical ag-
gregates. The process of metal phase formation as a result of barbotage
reduction of nickel and iron by carbon monoxide is described, which
consists in the following. The interaction of the oxide melt with the gas
is accompanied by formation of metal droplets, which are fixed to the
bubbles moving to the surface of the oxide melt. Initially, a metal with
content of 80 — 90 % Ni is formed, and as the proportion of nickel in
the oxide melt decreases, its content in the metal drops is reduced to
20 %. On the surface of the oxide melt, the metal droplets merge, when
they reach a size of more than 5-107 m, they “break through” the sur-
face and descend to the bottom. In the case of a collision of a drop with
the “bubble-drop” systems approaching them, they can how to merge
with them, and flow around them. At the confluence, small drops will
be assimilated and raised to the surface. The force of separation of the
droplet from the bubble is substantially greater than the gravity of the
droplets, so the bubble-drop system of the metal is stable for all con-
sidered ratios of their sizes.

Keywords: metallic phase, oxide melt, reduction gas, bubbling process,
barbotage, gas bubble, metal drop, separation, surface properties, co-
alescence, critical dimensions, interfacial tension, carbon monoxide,
liquation, coagulation.
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