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OJIHUM 13 OCHOBHBIX CIIOCOOOB NepepabOTKU MPOMBIIII-
JICHHBIX THIIOB OKHMCJIEHHBIX HUKeNeBbIX pya (OHP) sBns-
€TCsI MX BOCCTaHOBHTEIIFHAS JIEKTPOIIABKA C ITOTYICHUEM
¢depponukens [1, 2]. Cpeanee copepkaHue HUKENS B HUX
cocraBmsieT oT 1,57 % B IIIMHO3EMHCTO-MarHe3uajabHOM
tune pya a0 0,87 % B xenesucrom. ConepxaHue xejesa
kojiedsercs ot 12 % B marnesnanbHoM Tuie 10 44 % B
xeneszuctoM [1]. [TockonbKy copepikaHue xenesza B pyze
BO MHOTO pa3 BBIIIE, YeM HHKENS, IPH IMOJTHOM BOCCTa-
HOBJIICHUH YIIEPOOM (KOKC, yrojib, TpaduT 3JIEKTPOIOB)
o0pazyromrwiics cruiaB conepkut 5 —20 % Hukens. AHao-
TMYHag CUTyallss BOSHUKACT MPU IJIABKE PYA B arperarax
Oapb6oTaxkHoro Tuna (rmponecc Banrokosa [3], «Poment» [4]
U T.IL).

Teopernueckue pacuersl [S5S — 10] u dSkcriepuMeHTANb-
Hble JaHHble [11] mokaszamnu, uyto B3aumoneiicteue OHP ¢
ra30M-BOCCTAaHOBHUTEIEM (BOIOPOI, MOHOOKCH]I YIIeposa,

KOHBEPTHUPOBAHHBIM TPUPOAHBIA Ta3) COMPOBOXKIACTCS
o0Opa3oBaHUeM cIIjiaBa, cojepxaniero okono 70 % Hukens.
Hcxons u3 COBPEMEHHBIX MPEACTABICHUNM O BOCCTAHOBH-
TCIbHBIX MpoHecCax, B MUPOMCTAJUTYPIrUiCCKUX arpera-
TaX, BHE 3aBUCHMOCTH OT HCIIOIB3YEMOTO BOCCTAHOBUTEIIS
(yrepon (yromb), OKCHJ YIepoaa, BOAOPOA, YIIEBOAO-
POZBI) peakIii BOCCTAHOBICHMS B paciliaBaX IPOTEKAIOT
yepe3 rasoBylo (azy. dopMmupoBaHHE YACTHIl (Kameib)
MeTaJljla Ha TBEPJOM YIJIEpOJe MM 3a cdeT OapOoraxa
MHOTOKOMIIOHEHTHOTO OKCHJIHOTO pacIllaBa Tra3oM-BOC-
CTaHOBHTENIEM HEHM30€KHO CBS3aHO C MAacCOOOMEHHBIMU
nponeccamMu B3aHMOﬂCI71CTBPIﬂ, 3HAYUMBIMH JIs1 ITIOHUMa-
HUSI TIPOLIECCOB MUPOMETAILTYPIUIECKOTO IPOHM3BOICTBA
(epponuxens [12].

B 3aBucHMoOcCTH OT METOOB BBOJA IYThs (OHHAS, 00-
KOBasi, BEPXHSIS [IPOYBKA) U €ro IapaMeTpoB (IuaMeTp co-
IUTa, TaBJICHHUE Ta3a, €ro YACHBHBIA pacXox U T.1.) B XOze
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IIPOYBKH 00Pa3yrOTCs My3bIPHU I'a3a ONPEICICHHBIX Pa3Me-
POB, KOTOPEIE BCILIBIBAIOT Ha IIOBEPXHOCTH paciuiasa. [Ipo-
1ecc 00pa3oBaHUs U BCIUIBIBAHMS ITy3bIpel pacCMOTpPEH B
JUTEparype N0CTaToyHo moapooHo [13 — 17]. Makcumalb-
HBIA pajsryc my3bIps (7, ), BCIUIBIBAIOLIETO B paciuiase 0e3
JPOOJICHHs, ONIPECIISIOT 10 YpaBHEHUIO [13]

1/3

O P P M

ro=— B

S

e W, — CKOPOCTb IOABbEMA Iy3bIPs, M/C; kf — K03 du-
LMEHT COMPOTUBJICHUS; G — IOBEPXHOCTHOE HATSKEHME
pacmaBa, MJDK/M%; p_, p_— INIOTHOCTb PACIlIaBa M ra3a co-
OTBETCTBEHHO, KI/M?.

4gc

fpm

[Tpunumas kf OJIM3KHM CAUHULIE U W, = 4

(18],

TIOJILyYUM
r =0, 726;(/2p;(1/6p;1/3g71/2‘ )

BennbiBaronmuii razoBblii ITy3bIpb B3aUMOJEHCTBYET C
pacriaBoM ¢ 00pa30BaHMEM METaJUTMYECKOH (a3bl. YBe-
JWYEHUE pajuyca Iy3bIpst (€ro MOBEPXHOCTH M 00beMa)
C OJIHOHM CTOPOHBI CITIOCOOCTBYET PAa3BUTHIO PEAKIHI BOC-
CTAHOBJICHUSI METAJJIOB, C JPYToi — MOBBIMIAET CKOPOCTH
BCIUTBIBAHHS M COKpAIIAeT MPOJODKHTEIFHOCTh KOHTAKTa
rasa c paciuiaBoM. [103ToMy KOIM4YECTBO BOCCTAHOBJICHHO-
rO MeTaJula 3aBHCHUT OT COCTaBa ra3a, CBOMCTB OKCHIHOTO
U METAJUINYECKOTO PACIUIaBOB, NHTEHCUBHOCTHU OapOoTaxa
U T.0.

[lepBoHauanbHO MeTana 00pas3yercst MO MOBEPXHOCTU
Ty3BIpsI, @ 3aT€M KOHIIEHTPUPYETCSI B KOPMOBOH €ro 4acTH
[13]. Panee [18] npennoxxeHbl ypaBHEHHUS, ONMCHIBAIOIINE
COBMECTHOE JIBHIKCHHE CHCTEMBI I'a30BbIH IMy3bIPb (7 ) —
Karuis MeTamia (7,) B IUIAKe, CBA3BIBAIOLINE CKOPOCTh €€
MepEeMEIICHUS C (PU3UKO-XMMHUYECKUMH CBOMCTBAMU Me-
TAJTMYECKOTO U OKCUAHOTO paciuiaBoB. Eciu mapa omycka-
€TCs, T. €. €CJIM OAbeMHas cuna nyseipsa I =V g(p, —p,)
MEHBIIE CUIIbI ONyCKauus Kar I =V g(p,,, —p,,.), 1BU-
JKCHUE TIPEATIOKEHO ONICHIBATh CHCTEMOM ypaBHEHHUI

U] — 2ArK2g nmn + nMe

3nmn znmn + 3nMe

3)

.
e 4= Pate ~ P 1+_3 > M P> Mages Page — BASKOC-

K
tH, I1a‘c ¥ IUIOTHOCTH, KI/M® IIJIaKa ¥ METaJlIa COOTBETCT-
BEHHO; G, — MEK(a3HOE HATSIKEHHE, MJIK/M2.
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B cnyuae, xorma (F > F ) cuCTeMa BCIUIBIBAET — CUCTE-
MOW ypaBHEHHI

“4)

3
r
F,Z[eB: pMe _(pl_un _pMe)% .

1
l'a30BBIi Iy3bIpb, yBJIEKAs METAUIMUECKYIO Kallllo,

MOJHUMAETCSl BBEpX, JIOCTUraeT IOBEPXHOCTH pacruia-
Ba U JiomaeTcsa. B psze ciiyuaeB BO3MOXXHO BCIICHMBAHHE
OKCHJIHOTO paciuiaBa (Ilaka), MPOUCXOASIIee B Ciydae,
KOTJla CKOPOCTh IMOCTYIUICHUS IMYy3bIPEl BBIIIE CKOPOCTH
WX paspyiieHus Ha noBepxHoctH [ 1, 19]. Menkue my3bipu,
o0naasi HU3KOM KMHETHYECKOW PHEprHeH, HEe Pa3phIBAIOT
MIOBEPXHOCTHYIO TUICHKY, 3aJCPKUBAIOTCS B IITaKe U 00pa-
3yI0T IeHy. Ha ycToiuMBOCTh NMEHBI OKa3bIBAIOT BIUSHUE
MHTEHCHBHOCTh WX TOCTYIUICHHS M (PH3UKO-XUMHUYCCKHE
cBoiictBa paciuiaBa. OJHO3HAUHO HE YCTaHOBJIEHO BIIUS-
HUE TOBBINIEHHOW BSI3KOCTH HAa yCTOMYMBOCTH reHbI [20].
[ToBblIlIeHHE BA3KOCTH IIJIaKa W CHIKEHHE €ro MOBEpX-
HOCTHOTO HATSHKEHUS MOTYT Kak CIIOCOOCTBOBAaTh IEHO-
00pa3oBaHUI0, TaK M TpenoTBpammarh ero. OmnpeneneHue
CKJIOHHOCTH IlJIaka K OOpa30BaHMIO IEHbl M YCIOBHH ee
CTaOMIN3aIMN SIBIISIFOTCS TIPEIMETOM CaMOCTOSITEIIBHOTO
HCCIIC0BaHMUS.

IMocne pa3py1enus my3sIps Karuis METana OCTaeTCs Ha
MIOBEPXHOCTH OKCHJHOTO pacmiiaBa. OHa MOXeT IpopBaTh
3Ty MOBEPXHOCTb TOJBKO B CIy4ae JOCTIDKCHHUS ONpese-
JIEHHOH Macchl, IPU KOTOPOI €€ Cuila TSYKECTH MPEBbIIIAeT
BEJIMYUHY CYMMBI CHJI THJPOCTAaTUYECKOTO BBITAJTKUBAHHS
Y TIOBEPXHOCTHOIO HaTsKEeHUs. B CBsI3M ¢ 3TUM MeJKonucC-
MIEPCHBIC KaIlUIM METaJlJla HAKAIUIMBAIOTCS Ha MOBEPXHOCTH
L1JIaKa, YKPYIHSIOTCS NPU CTOJIKHOBEHMSAX M, JIOCTHTHYB
OTIPE/ICTICHHON BETMUMHBI MacChl, OCEAAIOT B IIJAKe.

Ocenanue Kamiyd MeTajula MPOUCXOAUT A0 BCTyIUIE-
HUSl B KOHTaKT C MOJHUMAIOUINMCS y3bIPEM Ta3za CO CKO-
POCTBIO, orpesensieMoit ypaBHeHus MU [19]

U = 2(pMe _pmn)grxz Nite T Nuan
1 3num 2num + 3nMe
U _ 8(pMe _pl_un)grx (5)
? 3pumkf
4o le— 1111 (p e _pLLlﬂ)g
Uy=4 M 02 AZ .
' f

Koadduiuent conpoTuBneHus kf IIpYU IBUKEHUU B pe-
xume U, paBeH 0,5, B pexxnume U, OJIN30K K €ANHHULIE.
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MakcuMabHBIM painyc Karld MeTania, KOTOpbId Mo-
JKET HAXOJMTHCS B IUTake 0e3 npoonerus [18]

ro = 0,9k} %0yt _papin (Pae = Pua) 0872, (6)

e kf— ko3¢ purment conpotusieHus (~1,0).

Takum oOpazom, ¢ pocToM MeX(]a3HOro HATSHKEHUS
BO3pACTaeT pa3Mep CTAOMIHLHOM KaIlTH U, COOTBETCTBEHHO,
CKOPOCTH ee oceanus. CleayeT y4ecTh, UTO IPUBCICHHbIE
YPaBHEHUS [103BOJISIOT BBIYUCIUTD TOJIBKO MAKCUMAJIbHYIO
CKOPOCTb OCEaHMsI Ky 0e3 ydeTa KOHTAaKTa C Iy3bIpsi-
MU, BCIUIBIBAIOIMMH B 00bEME pacIuiaBa U TOPMO3SILIUMHU
ee. [Ipu 5TOM Karisi MeTaia MOXKeT Kak 00TeKaTh ra30BbIi
Iy3bIpb, TaK U CIUBATHCS C METAJUIOM, IMOJHUMAIOLIUMCS
¢ 3TuM my3slpeM. Jlanee, B 3aBUCUMOCTH OT COOTHOILCHHUS
cun Fu F_, cucteMa «ra3oBblil Iy3bIph — KaIljls MeTajlay
B OKCHJHOM pacIUIaBe NPOAODKUT MOAHUMATHCS, Oyaer
HaXOJUThCS B HEMOIBUKHOM COCTOSIHUM WIJIM OITyCKaThCs.
B pesynbrare meTamn OyeT HaKalIuBaeTCs B TOBEPXHOCT-
HOU YacTH IIUTaKa B BUJIE TUCIIEPCHBIX KaIleb WIH 00pasy-
€T IOHHYIO (a3y.

Cy1ecTBOBaHHE CUCTEMBI «Ta30BbI My3bIPb — Karllsd
METaJ1a» BO3MOXHO JI0 TEX IOP, OKA CUJIIBI, 00€CIIeUNBAt0-
LIM€ 3aKperyieHUe Kaluld Ha ITy3bIpe, MPEBBIIAIOT CHJIbI,
CTpeMsIIecs pa3opBarh 3Ty CBsI3b. Cuila, yAepKUBaIoIIas
KaIlIio Ha My3bIpe [, ONPENENAETCS KaK anrebpanyeckas
CyMMa MPOEKIUil CHJI TOBEPXHOCTHOTO HATSKEHHUS Ha BEp-
THUKaJIbHYIO OCh (CM. PUCYHOK), YMHOKE€HHAs Ha JUIMHY I1e-
pHMeTpa COSIUHEHUS Karuu U my3bIpst [20]

CxeMma 3aKperieHus: MeTainueckoit karuu (/) Ha ra3oBoM y3sipe (I7)

The scheme of metal drop (/) fixing on a gas bubble (/)

F_ =2mr.oc, Sil’l(%-f-M) m sin(%—Mj+

+sin(9+Mj —nsin(Q—Mj , (7

2 2

rne M = arctg utg9 ; mzﬁ; nzi;cl,cz—no-
ro+r. 2 o, o,

BEPXHOCTHOC HATSHKEHHE MeTajlla M MIIaKa COOTBETCTBEH-
HO; G, — ME&XK(a3HOE HATSHKEHHUE HA TPAHUIIE METAJLI — LILJIAK.

Vron © (Mexay 6, U G,) ONPENENSIOT U3 YCIOBHS pa-
BEHCTBA HYJIFO MPOEKIMKA CHJI TOBEPXHOCTHOTO HATSIKEHHS
Ha TOPU30HTAIBHYIO OCh

ncos(g—Mj+mcos(9+Mj—
2 2

—co0s< arcsin| msin (% - Mj =0. ®)

1-n

Boipaxkenue (8) cmpaBeasiuBO Mpu <1. Takum

m
00pa3zoM, OY4EBHIHO, YTO yroi O 3aBUCHUT HE TOIBKO OT CHII
MeX(a3HOro HaTSKEHHUs, HO M COOTHOILIEHUS Pa3MepOB IIy-
3BIPsI U Karlu.

Cuna otpbiBa IMysbips OT Karm (F ) onpejernena u3
cnenyromux nonoxeHuid. [1y3plpb U Karuig pasaenstorcs,
€CI cula pWIMnanus (F) MeHbIIe CHlbl OTphIBa. B ciry-
yac F_>F_ cucrema «Ily3pIpb — Kalisf» IOJHUMAETCSA
BBEPX, IIPU 3TOM KaIUls CTPEMUTCS OTOPBAThCS OT MY3bIPS U
F_=F =V gp,,—P,,) Bcm F <F_ cucrema «ra3o-
BBIM My3bIpb — Karjisi MeTaJljia» OIMYCKaeTCsl BHU3 U OTPbI-
BaTbCs OyeT my3wipb, T.e. | =F =V g(p, —p,). B cuy-
4ae, KOrjia Mmy3bipb C Karuiei HEmoABUKHBI, BEMYUHbL F,
F wu F_pasubl Mex1y coOoi. Ecnu karuist umeeT napamer-
PbIL, IPH KOTOPBIX £/ > F'_, OHA OIyCKAeTCsl Ha JHO.

HanpagieHnue IBUKEHUSI CUCTEMbI «Ta30BbIN My3bIPb —
Karjisi METajlla» OIpPENENsieTCs] COOTHOIIEHHUEM CHIIbI
BCIUIBIBAaHUSA ITy3bIPsl U OIyCKaHMsI KallIM. YTOJ cMaduBa-
HUSI MEX]ly METaJUIOM M OKCHIHBIM PacIulaBOM OIperess-
€TCsl HE TOJIBKO COOTHOIIEHHEM IOBEPXHOCTHBIX M MEX-
(ha3HBIX HATSDKCHHM, KaK B Cilydae Karli, JIeKamed Ha
TBEPJI0i TOBEPXHOCTH, HO U pa3MepamMH My3bIps U KaIUlu.
[ToBepxHOCTHBIE CBOWCTBA OKCHIHOTO W METAIIUYECKOTO
pacIuiaBoB U HX MeK(ha3HBIC XapaKTEPUCTHKH BIUSIIOT Ha
mpolecchl paccianBanus. Mi3MeHeHneM aHHbIX mapaMeT-
POB MOKHO BJIMATH Ha MPOLECCH 00pa3oBaHUs MeTaia U
€ro KoaryJsiiuu.
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METALLIC PHASE FORMING IN BARBOTAGE OF MULTICOMPONENT
OXIDE MELT BY REDUCTION GAS
REPORT 1. THEORETICAL BASIS OF THE PROCESS

A.S. Vusikhis', L.I. Leont’ev®34, V.P. Chentsov', D.Z. Kudi-
nov!, E.N. Selivanov'
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Abstract. Metallic phase formation model in the barbotage process of oxi-
de melt by gas-reducing is considered. The model includes following
stages: bubbles formation during gas injection into the melt, reducing
of the metal on the bubble surface and its drops concentration on bub-
ble stern and this system “gas bubble — metal drop” movement. The
direction of this movement was determined by the balance of forces
that provide bubble floating and metal drop sinking, drops ejection
onto the surface, its coalescence and sinking after reaching sizes that
provide excess over the sum of the gravity force and the hydrostatic
ejection surface tension. The equations related to estimation of the
sizes of gas bubble and metal drops moving in the oxide melt with-
out fragmentation, direction of the “gas bubble — metal drop” system
movement, the rate of its floating and sedimentation and separation
conditions. The factors that affect stratification processes were deter-
mined — that are surface properties of the oxide and metal melts and
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their interfacial characteristics. These parameters variation controls the
formation processes of metal bottom phase.
Keywords: metallic phase, oxide melt, reduction gas, bubbling process, gas
bubble, metal drop, surface properties, interfacial tension, liquation,
coagulation.

DOI: 10.17073/0368-0797-2016-9-639-643
REFERENCES

1.  Gran’ N.L, Onishchin B.P., Maizel’ E.I. Elektroplavka okislennykh
nikelevykh rud [Electric smelting of oxidized nickel ores]. Moscow:
Metallurgiya, 1971, 248 p. (In Russ.).

2.  Reznik 1.D., Ermakov G.P., Shneerson Ya.M. Nikel’: Monografiva
v 3 tomakh. [Nickel: Monograph in 3 vols.]. Vol. 2. Moscow: OO0
“Nauka i Tekhnologiya”, 2001, 468 p. (In Russ.).

3. Tsymbulov L.B. Knyazev M.V., Tsemekhman L.Sh., Kudaba-
ev E.A., Golovlev Yu.l. The analysis of different variants of the
technological scheme of processing of oxidized nickel ores to fer-
ronickel using a two-zone Vanyukov furnace. Tsvetnye metally.
2010, no. 10, pp. 15-21. (In Russ.).

4.  Protsess Romelt [Romelt process]. Romenets V.A. ed. Moscow:
Ruda i metally, 2005, 399 p. (In Russ.).

5.  Kormilitsyn S.P., Tsemekhman L.Sh, Afanas’ev S.G. Rafinirovanie
i obogashchenie ferronikelya [Refining and processing of ferroni-
ckel]. Moscow: Metallurgiya, 1976, 240 p. (In Russ.).

6.  Vusikhis A.S., Dmitriev A.N., Kudinov D.Z., Leontiev L.I. The
study of liquid and gas phases interaction during the reduction of



DU3UKO-XUMUYECKUE OCHOBBI METAJIJIYPTUYECKUX TIPOLECCOB

10.

11.

12.

13.

metal oxides from the melts by gas reductant in bubbled layer. The
Third International Conference on Mathematical Modeling and
Computer Simulation of Materials Technologies (MMT-2004), Ari-
el, Israel. 2004.

Vusikhis A.S., Dmitriev A.N., Kudinov D.Z., Leontiev L.I. Teoreti-
cal base and method of studying of liquid and gas phases interaction
during the reduction of metal oxides from the melts by gas in bub-
bled layer. The optimization of composition, structure and proper-
ties of metals, oxides, composites, nano- and amorphous materials.
Proceeding of the Fourth Israeli-Russian bi-national Workshop
2005. Jerusalem-Tel Aviv, 2005, pp. 276-283.

Dmitriev A., Leontiev L, Vusikhis A., Kudinov D. Liquid and gas
interactio during reduction in bubbled layer. Proceeding European
Metallurgical Conference Emc2005, 18 to 21 September 2005 Dres-
den, Germany, vol. 3, pp. 1349—1358.

Dmitriev A.N., Vusikhis A.S., Sitnikov V.A., Leontiev L.I., Kudi-
nov D.Z. Thermodynamic modeling of iron oxide reduction by hy-
drogen from the B,0, — CaO — FeO melt in bubbled layer. Israel
Journal of Chemistry. 2007, vol. 47, no. 3—4, pp. 299-302.
Vusikhis A.S., Kudinov D.Z., Leont’ev L.I. A kinetic model of the
joint reduction of iron and nickel from a multicomponent oxide
melt with hydrogen in a bubbling layer. Russian Journal of Physical
Chemistry A. 2008, vol. 82, no. 11, pp. 1819-1823.

Leont’ev L.I., Vatolin N.A., Shavrin S.V., Shumakov N.S Piro-
metallurgicheskaya pererabotka kompleksnykh rud [Pyrometallur-
gical processing of complex ores]. Moscow: Metallurgiya, 1997,
432 p. (In Russ.).

Bystrov S.V., Koshel” D.Ya. Vosstanovienie oksidov nikelya i zhe-
leza iz oksidnogo shlakovogo rasplava [Recovery of nickel and
iron oxides from the oxide slag melt]. Moscow: Izdatel’stvo PKTs
“Al’teks”, 2005, 39 p. (In Russ.).

Levich V.G. Fiziko-khimicheskaya gidrodinamika [Physical and
chemical hydrodynamics]. Moscow: Gos. Izd-vo fiz.-mat. literatury,
1959, 699 p. (In Russ.).

14.

15.

16.

17.

18.

19.

20.

Efimenko S.P., Machikin V.I., Lifenko N.T. Vnepechnoe rafiniro-
vanie metalla v gazliftakh [Secondary metal refining in gas lifts].
Moscow: Metallurgiya, 1986, 264 p. (In Russ.).

Bakanov K.P., Barmotin I.P., Vlasov N.N. etc. Rafinirovanie stali
inertnym gazom [Refining of steel with inert gas]. Moscow: Metal-
lurgiya, 1975, 232 p. (In Russ.).

Vanyukov A.V., Bystrov V.P., Vaskevich A.D. etc. Plavka v zhidkoi
vanne [Melting in liquid bath]. Moscow: Metallurgiya, 1988, 208 p.
(In Russ.).

Berdnikov V.I., Gudim Yu.A., Karteleva M.I. Generalized formula
for calculation of the velocity of solid particles, bubbles and drops in
liquid and gaseous media. Izvestiya VUZov. Chernaya metallurgiya =
Izvestiya. Ferrous Metallurgy. 1997, no. 7, pp. 6—10. (In Russ.).
Baryshnikov V.G., Deryabin A.A., Popel’ S.1., Panfilov M.I. Kinetic
features of sedimentation of metal inclusions in slags. lzvestiva AN
SSSR. Metally. 1970, no. 2, pp. 106-115. (In Russ.).

Popel’ S.I, Nikitin Yu.P., Barmin L.N. Vzaimodeistvie rasplavlen-
nogo metalla s gazom i shlakom [Interaction of the molten metal
with gas and slag]. Sverdlovsk: izd. UPI im. S.M. Kirova, 1975,
184 p. (In Russ.).

Kazakov A.A. The analysis of conditions of droplets flotation in
steelmaking processes. Metally. 1990, no. 6, pp. 13—18. (In Russ.).

Information about the authors:

A.S. Vusikhis, Cand. Sci. (Eng.), Senior Researcher (vas58@mail.ru)
L.I. Leont’ev, Dr. Sci. (Eng.), Professor, Academician, Adviser of the Rus-
sian Academy of Sciences, Chief Researcher (1eo@imet.mplik.ru)
V.P. Chentsov, Cand. Sci. (Eng.), Senior Researcher (vpc44@mail.ru)
D.Z. Kudinov, Cand. Sci. (Eng.), Senior Researcher
(d.kudinov@mail.ru)

E.N. Selivanov, Dr. Sci. (Eng.), Head of the Laboratory of Pyrometal-
lurgy of Nonferrous Metals (pcmlab@mail.ru)

Received June 23, 2016

643



