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YBAXAEMBIE JAMbBI U I'OCIIOJA!

S pam NpUBETCTBOBaTH YYAaCTHHUKOB KOH(EpeH-
uuM "PeHuit, MonubaeH, BONMb(ppaM - MepCrieKTHBLI
NPOU3BOJCTBA M MPOMBILIJIEHHOT'O NMPHMeHeHHs", Ha
KOTOpO# 6yayT obCyXieHbl NPOGIEMbI, CBA3aHHELIE C
pPaCIIMpeHHEM CBIPDbEBbIX MCTOYHHKOB PEHHA, MO-
mbaeHa U BonbdpaMa, PacCMOTPEHbI TEXHOJIOTHH
UX U3BJIEYEHHS B TOBapHbie GopMbl (METAIIBI U CO-
€IMHEHHA), TEXHOJIOTHH MPOU3BOACTBA KOHCTPYKLH-
OHHBIX MAaTEPHANIOB H CIIIABOB, @ TAKKE KaTaJlH3a-
TOPOB I XHMHUYECKHUX peaKUUd Ha OCHOBE 3THX
METAJUIOB; HOBble OONACTH U MEPCMNEKTHBLI MCIIONb-
30BaHHA.

I'vHLBETMET - OXWH M3 OPraHU3aTOpOB KOHe-
PEHLIMH, ABJISETCA OCHOBOIIONIOKHHKOM OTEYeCTBEH-
HOU mmmgpmqecxoﬁ Haykd B OOJacTH UBETHBIX
metayioB. B 1998 rogy WHCTHTYT OymeT mpa3gHo-
BaTh cBoe 80-metue. I10 HalwKM TeXHOIOrHAM, pas-
paboTaHHBIM cneuuamucTaMd 'uHUBeTMeTa, pabo-
TalT OOIBIUIMHCTBO OGOTaTHTENbLHBIX (GabpUK M
3aBOJIOB LBEeTHO#l Merayuryprum Poccuu W cTpaH
CHI'. B nocneguune rojibl MHCTUTYT YAEIAET 6OJbILOE
BHMMaHHE TNPOW3BOICTBY NPUOPUTETHBIX W KOHCT-
PYKLHOHHBIX METAILIOB.

JIpYTHM OpraHH3aTOpOM KOI){I?CPGHLIPII/I ABIAeTCA
xypHan "lIBetHble MeTasuist". JKypHan CyliecTByeT
yxe 70-71eT, INMpOKO H3BECTEH KakK B Poccui, Tak U 3a
pyGexoM. bomee 20 ner JXYPHAJI H3JAETCs HAa aHr-
JIMHCKOM S3bIKE U PACTPOCTPAHAETCS W3HATEIbCTBOM
"Allerton Press", CIITA. Ydensle I'mHuBeTMeTa Tec-
HO COTPYIHHMYAIOT C XYPHAJIOM, NYOIMKYIOT Ha €ro
CTpaHHLIaX HoBeiilune paspaboTkd U paboraloT B
PEAKOINEr HH KypHAIA.

Bonbwio#l Bkiaax B ycrex Hawed KoHdepeHUHH
BHecn EBponeiickuii o%uc BBC CLIA no a3pokoc-
MHMYECKHUM HCCIEXOBAaHHAM H pa3R260TxaM u Oduc
CHIA no uccnenpoBanuaM pis BMC B Espone, 3a
4TO s XOTeNl Obl BbIPAa3UTh MM MPH3HATENBLHOCTH U
6marogapHoCTh.

Xenaro yuacTHHKaM KOHQepeHLUH IUI0J0TBOP-
HOMH M ycneiiHOH paboThbl, HazleeMcd, YTO KOH}pepeH-
LU MOCTYXHUT YCTAaHOBIIEHHMIO NIEJIOBLIX KOHTAKTOB
YYEHBIX W NPOU3BOACTBEHHUKOB € MOTEHLMATbHBIMU
HUHBECTODAMH.

.c/

Amngpeii Tapacos

I'eHepasbHBli IUPEKTO

T'HII P® "T'unisermer”,
akazeMUK MexayHapoaHOH 1
Poccuiickoit HH)KEHEPHBIX,
axKajgemuii, 1.T.H., I-i 3am.
[JIABHOTO PEAAKTOPA XypHasa
"IIBeTHbIE METAILTRI"
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TexHonmOrn4yeckHe acnexThbl NMONY4YE€HHA IJICHOK,

CIUIABOB, COCAMHEHHI U METAJUIOB I'PYIIbI
BoJlb¢paM, peHUH U MonuOaeH IS MHKpO-
IEKTPOHHKH
H.IOJOCHNOB.......cooveeriiieniieicieceeer e enens

HaHeceHHe MOKPBITHIA U3 NIATHHOBBIX METAII-
JIOB Ha TYTOTUIABKHME METAJIIbI C TOMOILLIO
neTy4ux $TOpUaOB

DI .PaxoB, M.U.HHKHTHH. .......ccoeeeerrinreennn,

HccnemoBaHue U MOAENHPOBaHUE
B3aUMO/IEACTBUSA 2IEMEHTOB B CIIOMCTBIX
KOMIO3ULIMOHHBIX MATEpPHANIaX Ha OCHOBE
TYTOIUTABKHX METAIIOB
E.M.CIIOCAPEHKO.....ccueeenieeeerieeeerieeeeeseeenieennes
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HaHokpHcTamnueckoe TepMUYecKoe
ynpouyHeHue TBepabIX cruiaBoB BK ¢
mMomubHLMpoBaHUeM noBepxHocTH SiC

A .H.UexoBoii, BM.BbIukoB..........cc0eeeeennee.

ITonyuyeHHe MONH- H MOHOKPUCTAJUTHYECKHX
BOJIbPaAMOBBIX M3JENMHH NEKTPOIHIOM

pacniasjieHHBIX coJied

A.M.Monuanos, H.O.Ecuna,

O.H.BuHorpanos-XKabpoB.............ccccceeueemeenen.

Onpenenerue GpasoBbIX paBHOBeCHIH
B cucteMme Ni-V-Nb-Ta-Cr-Mo-W

npu 1375 K

E.M.Cmiocapenko0,2.}0 . Kepumos,

B.M.Cotsun, A.E.Yactyxun
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I CEKIIs
CBIPBE U OBOT'AILIEHUE

PA3ZPABOTKA U KCILTYATAIIAA
IKCTPAKITMOHHOI'O ITPOLECCA
H3BJIEYEHHWA PEHUSA U3 YPAHOBBIX PY /]
HABOMICKOI'O 'MK

H.M . Meuepsakos

Bceepoccuiickuil HayuHO-UCCIENOBaTEAbCKUI
MHCTHTYT XUMHYECKOH TexHoNoruu, Mockea

Pa3puTHE THAPOMETAIUTyPTUYECKHX METOIOB e-
pepaboTtku ypaHoBbIX pya B 70-80-x romax npuseno
K CO3JJaHHIO HOBbIX TEXHOJIOTHiIi KOMIUIEKCHOTO HC-
MOJL3OBAHHSA CHIPBS.

Jns u3BneyeHHs peHHs M3 YPAHOBBIX PYA U pac-
TBOPOB INOJ3€MHOTO BbIlI[eIAaYHBAaHUS ypaHa Ha Ha-
Bouiickom I'MK pa3paboraHa opuruHajabHas TEXHO-
JIOTHYECKass CXeMa ¥ HECTaHAApTHOE 3KCTPAKUMOH-
HOe 000opyIOBaHHMe, MO3BOJAIOLINE CENEKTUBHO U3-
BJIEKATh PEHMIT U3 pacTBOPOB ¢ coxepxanueM ot 0,1
mo 0,3 mr/n. TexHonorus BxIOuYaeT IPOLIECCHI Ce-
JEKTUBHOI PE3KCTPAKLMH PEHHS U3 IKCTPAKLUHOHHOMN
CMECH OCHOBHOI'O YPaHOBOI'O MPOM3BOACTBA C MO-
CICOYIOIHM SKCTPRKLIMOHHBIM KOHUEHTPHPOBAHHEM
U OTHeNIeHHEeM OT ypaHa M MonubaeHa. IlonyueHHbie
4YEPHOBBIE KPUCTAILIbI NIEppeHaTa aMMOHHA MOJBEp-
raloT JABOWHOH NEpeKpHUCTAIM3ALUU ¢ NPOMbIBKOH
STHJIOBbIM COUPTOM. IIpuMeHeHHe 3JIeKTpoAHanIMU3a
olbecreynsio YHCTOTY KPHCTANJIOB MeppeHaTa aM-
MOHHUs Mapku AP-O.

MoIHOCTh YCTaHOBKH NO3BOJISET NMOJNy4YaTb OT
1,5 mo 2,0 TOHH neppeHaTa aMMOHMS B I'OJ, B 3aBM-
CHMOCTH OT COAEPXaHHUS PEHHA B YPAHOBOM ChIPbE,
MOCTYMAIOWEM Ha THAPOMETAILTYPrUUECKUI 3aBOL.
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IIPOBJIEMBI [IEPEPABOTKH
IEPCIIEKTUBHOI'O PEHUII-
COJIEPKAILIEI'O HETPA JUIIMOHHOT O
ChIPbS

A M. Yexmapes, 1. [{. Tpouwxuna, [.I'.Ierpos,
I0.A Kpecopa

Poccuiicknit XHMHKO-TEXHOIOTHYECKHI YHHBEPCUTET
um.JI.11. Meuneneesa, Mocksa

PaccMOTpeHbl THAPOMETAILTYPriYeCKHe CIOCOOLI
U3BNEYEHHUS PEHUS U3 MPOMIPOAYKTOB H OTXOHOB,
o0pa3sylolliuxcs TNpH KOMIUIEKCHOH mepepaboTke
HEKOTOPLIX BUIOB NEPCIIEKTHBHOIO HETPAAUIIHOH-
HOro Chbipbs (0TpaboTaHHOW NPOMBIBHOH CepHOMH
KHCIIOTBI, CTOYHBIX H OOOPOTHBIX BOJ, CIIMBOB CTy-
CTUTENEH, YIIEPOACOAEPXKALUEro ChIPbS - OUTYMH-
HO3HBIX TOPIOYMX CNAHLIEB, BBICOKOBA3KHX HedTeil u
NpPUPOAHBbIX GUTYMOB, TBEPABIX OMTYMOB).

Pa3zpaboTaHbl H C MONOKHUTENbHBIM PE3YILTATOM
UCIIBITaHbl HA PEAJbHBIX MPOAYKTaX NMPHHLUNHAIIL-
Hble TEXHOJIOTHYECKHE CXEMbI M3BIICYEHHUSA DEHUS M3
3THX ChIPbEBbIX HCTOYHHKOB.

BYJIKAHUUYECKWE I'A3bI - HOBBIA
CBIPBEBOY NICTOYHHK PEHUS

®.M.1lanepman, A A KpeMereuxuii

HWHCTUTYT MUHEPAIOTHH, TEOXUMHH H KPUCTATUTOXH-
MHHU PEIKHX 3JIeMeHTOB, MockBa

Ha npumepe Bynxana Kynpssbii (0. Utypyn,
Kypunbckue o-Ba) oueHeHbl pecypchl Re B HOBOM
CbIDbEBOM HMCTOYHHKE PEIKHUX METAIUIOB - BYJIKaHH-
YeCKUX ra3oBbIX BbIOpocax. OHH cocTaBisoT n-10
TOHH/TOJ, ¥ TIPEACTABJAIOT GONBINON MpaKTHYecKuit
nHTepec. PaspaboTana TexHoJNOrUs M3BIeueHus Re u
conyTcTByOIUX peakux metawioB (In, Ge, Bi u
Ip.), UCMONb3YIOLIas MOrNIOLIEHHE METANIOB M3 ra-
30B0# (a3bl MPHPOAHBIMH MHHEPANbHBIMH COPOCH-
TaMi, BBIIIONIHEHA €€ ONEpeXarolas IKOHOMHYECKas
OLIEHKa, KOTOpas MOKa3alla BO3MOXHOCTh JAOCTHXeE-
HHS BBICOKOH 3KOHOMHYECKOH 3hEeKTUBHOCTH MpO-
H3BOACTBA.
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IlpuBeneHb! naHHbIE O COOEPKAHUHN PEHUS U IPY-
IMX pENKHX METAJJIOB B ra3oBbiX BbiOpocax BYNKa-
HOB Mupa. OOcyxOeHbl NepCreKTHBbI HCNONB30BA-
HHs HOBOT'O HCTOYHHKA PEAKOMETAJIbLHOTO ChIpb.

O ITOITYTHOM H3BJIEYEHUN PEHUSA ITPU
ITOJA3EMHOM BBIHIEJTAYUBAHWH (I1B)
YPAHA

B.B.Kpotxos, ¥0.B.Hectepos, JI..Py3un,
M.® IllepemeTnen

AO “Atompenmersonoro”, Mocksa
Bceepoccuiickuii HayuHO-HCCIeN0BaTENLCKUM
HUHCTHTYT XUMHYeckoi TexHoNIOruu, Mockea

AnpobupoBaHbl 3bQeKTHBHbIE IKCTPAKLHUOHHAS
1 COpOIMOHHAS TEXHOJIOTHH MOIMYTHOTO U3BIEYEHHUS
penus u3 pactsopoB IIB ypana, conepxamux 0,1-0,5
mr/am3 Re.

B kayecTBe IKCTpareHTa HCIIONbL30BAlach CMeCh
TAA u TB® B pa3z6asutene. CopbeHTaMu Ciyxuin
aHHOHHMTBl AM-11, AMII 1 aKTHBHpPOBAHHBINA Yroib.
H3Bneuenve Re M3 pacTBOPOB aKTUBHPOBAaHHBIM
yraeMm coctaBuno 90-95% rpy cTeneHM ero KoHIEH-
TpupoBanus 400-500.

OmoupoBane Re ¢ aHHOHUTOB MPOBOIMIOCH
pactBopamu H>SOs B pexuMe 3KCTpaKIMOHHOH me-
copbuMH, a ¢ aKTUBHPOBAHHOTO YIJIA - aMMHAKOM C
NOCIEAYIOUIAM KOHLIEHTPUPOBAHHEM C TOMOILBIO
amponutos BIT-14KP unu BII-18KP.

T'oToBas npoaykuHs - NeppeHaT aMMOHHUA.

INOITYTHOE U3BJIEYEHUE PEHMA ITPU ITE-
PEPABOTKE MO/IMBAEHUTOBBIX 1 MEJI-
HO-HUKEJIEBBIX KOHIIEHTPATOB C I1O-

MOIIBIO CENTEKTUBHBIX MOHUTOB

A.A.BnoxuH, A.A . Konbipux
Canxr-IleTepbyprexuii rocyjapcTBeHHbIH TEXHONO-

TUYECKNH HHCTUTYT

IIpn nepepabotTke MOMMOOEHUTOBBIX KOHLEHTpA-
TOB 110 a30THOKHCIIOTHOM cXeMe coAaepXaiuuica B
HUX PEHWH  KOHUEHTpUpYeTC B  HUTPATHO-
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cylb(aTHbIX MaTOYHbIX pacTBOpax, a NMpH Mnepepa-
60TKEe MEIHO-HUKENEBbIX KOHLEHTPATOB MO ITMPOMe-
TAJULYyPrUYeckoil TEXHOJIOTHH - B [IPOMBIBHOM CepHOM
KHCIIOTE CHMCTEM MOKPOH ra3004ucTkd. H3yyeHsl
n3bupaTencHble CBOWCTBA MO OTHOLIEHUIO K PEHMIO
Pa3TUYHBIX CHJILHO- U cNaGOOCHOBHBIX AHUOHHUTOB
reneBoi U NOPUCTON CTPYKTYPHI ITpH copbLMU ero u3
yKa3aHHbIX PacTBOpoB. BbiBieH c1aGoOCHOBHBIA
AHWUOHUT, HE YCTYHNAOWUH Mo U3OHUPATENIbHOCTH K
PEHHIO M €MKOCTHBbIM XapaKTEPUCTHKaM IyYLUHUM
CHIIbHOOCHOBHBIM AHHOHMTaM, U TPU 3TOM pEreHe-
pupyemsili pactBopaMu ammuaxa. IlokasaHa BoO3-
MOXHOCTb €r0 HCHOJb30BaHUA A IIyOOKOro W3-
BIICYEHNS PEHHUS M3 CEPHOKUCIOTHBIX M a30THO-
CEPHOKHUCIIOTHBIX MOJIMOAEHCOIepXKallluX PACTBOPOB.

COBEPIIEHCTBOBAHUE TEXHOJIOIHH
OBOTALLIEHVS MEJHO-MOJIUEIEHOBBIX
PYJI MECTOPOXIEHIS
«3P[3HITHITH-0BOO”

C.[JaBaansamM, 1.111.Cataes, X.baarapxyy,
A.M Jecaro*, M. 1. Xepconckuit*

CormecTHOE npeanpuaATHe “IpAIHIT”, MOHTONIHA
*THI P® IN'ocynapcrBeHHbIii Hay4HO-
HCCEAOBATENbCKHI UHCTUTYT
LBETHBIX MeTannos “T'uHuBeT™Mer”, MockBa

ExeronHbiit 06beM npousBoacTBa MoInOAcHa HA
CII “OppsHat” cocTaBiseT 2 ThiC.TOHH. TeXHOIOTH-
qeckas cxeMa MepepaboTKH pyn Ha 06OraTUTENbHOM
¢$abpuke BKIIIOUAET KOJIEKTUBHBIA LUK (GIOTALUH
C TIONy4YeHHEM  MEIHO-MONHUOIEHOBO-ITUPHTHOIO
NPOAYKTa, €r0 OKUCIUTENbHYIO mpomnapky (mocie
CTylIeHHA) B HM3BECTKOBOM Cpefie MpHM TeMmmepaType
80-90°C B Teuenue 60-90 muu, dpnorauuo Monndae-
HWTA OCNE OTMBIBKH, AOBOJKY IEHHOTO MpPOJAYKTa
MOIUOIEHOBOH GUIOTaMM C TpPUMEHEHHEM CEPHH-
cToro Hatpua (8 mepeuucTok), QroTaUUI0 MHHEpa-
JIOB MEXH M3 KaMepHOTO MpPOAYKTAa KOHTPOJBHOM
MonuOOeHOBOH QroTauMu npM Jenpeccud MHPHTA
H3BECTBIO.

IlpunsaTas cxema obecrieuMBaeT NONyYeHUe MIa-
HOBBIX TEXHONOIMYECKUX MOKa3aTeNeid Mpu OTHOCH-
TeIbHOM COJEPXXaHUM MeAd B BHME MePBHYHBIX
cynbpunos He Honee 40%. B cooTBeTCTBUM C MIAHOM
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ropHbIX paboT B Omkaiiline roapl OXWAAETCS yBe-
JIMYEeHHE JONH TEPBUYHBIX PYI, B CBA3M C Y4eM Ha
KOMOWHATe NPOBOJISATCA WCCIENOBAHHUA MO COBEp-
LIEHCTBOBAHHIO TEXHOJIOI'HH HX MepepaboTKH.

JIabopaTOpHBIMH M TOJIYNPOMBILIEHHBIMU HC-
NbITAHHUAMHU Ha paAfe npob pynabl oka3aHa BO3IMOX-
HOCTb MONy4YeHHS OOraThlx MO MeOH MEAHO-
MOJIMOZIEHOBBIX KOHLIEHTPATOB B LHKJIE KOJUIEKTHB-
HOH ¢IOTalM¥ C NPUMEHEHHEM CEEKTHUBHBIX IO
OTHOLIEHHIO K MNUPUTY coOupareneil (M3ompo-
MUIOBbIA  aspodior, S-703) BMmecTo OyTHIOBOrO
KCaHTOT€HaTa.

B HacTofllee BpeMs HayaThl MOATOTOBUTEIbHbIE
paboThl K NPOBENECHHIO MPOMBIILITIEHHBIX UCTIBITAHHN
pa3paboTaHHOH TEXHOJIOMM HAa OIHOM H3 CeKLHii
¢babpuku.

MMEPCIIEKTHUBBI TIPUMEHEHUS MEM-
BPAHHBIX METOJIOB JUIl IIEPEPABOTKH
PEHHUIICOJIEP)KALIIIX PACTBOPOB

U 1. Tpouxuna, A.M.Yexmapes, A.b.Maii6opona,
A.I' Ilerpos, B.®.ManbixuH

Poccuiicknit XMMHKO-TEXHONOTHYECKMH YHUBEPCUTET
umM.J[.U.MeHpeneea, MockBa
HKesxasran Peamer, Pecnybnuka Kazaxcran

Jid CceneKTHBHOTO M3BIIEYEHHS U KOHLEHTPHPO-
BAHHSA PEHUA M3 CIOXHBIX MHOTOKOMITOHEHTHbIX
cHCTEM ONpoOOBaHbl MeMOpaHHblE METOIbI, B YACT-
HOCTH, METOJ KOMIIekcoobpa3oBaHUs - yJIbTpa-
¢mnbTpaund (KOY®), ocHOBaHHBIH Ha BBEICHHHU B
pactBop nommanektponura (II3), oOpasyroumero
KOMIUIEKC C LeJIEBLIM KOMIIOHEHTOM, M NOCIeAyIoLIe
ero ympTpadunbTpauud. IlpemsapurenbHo H3ydeHa
arperaTMBHas ycroiunBocTs IIO B BOJHBIX cHCTeMax
IIPH BBeZIeHHH aHHOHOB. Onpe/eneHbl KOHLEHTPALNH
aHHOHOB, NpH koTopeix IID Haumnaer koarymmpo-
Bath. HM3yueHO BiMAHHEe BHemHHX (akTopoB-pH
cpenel, cootHomenHe I1D k meppeHaT-HOHY, noBene-
HHe npuMecell Ha pa3feNuTeNbHble XapaKTePHCTHKH
npouecca KOVY®. OnpeneneHbl pexyMbl pereHepa-
uun I19. H3yueHO BIHAHME YMCIIA ITUKJIOB M3BJeYe-
HHE-DErCHEpalUA Ha CTENEHb M3BJIEUCHHS DEHMS.
PazpaboTaHbl U ¢ MONOXKUTEIbHBIM 3 pEKTOM UCIBI-
TaHbl TNPUHLHIKANbHbIE TEXHOJNOTHYECKHUE CXEMbI
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W3BIIEYEHUS PEHUA U3 CTOYHbIX U OOOPOTHBIX BOJ, a
TAKXe CIIMBOB CTYCTUTENEH IBYX NPEANPUATUH.

TNIPOMETAJITYPTUYECKOE H3BJIEYEHHUE
PEHMA U MOJIMBJEHA 3 TEXHOT'EHHOI'O
CbIPbA

A.I' Xonmoropos, O.I1. Kamsxuna, O.H.KoHoHosa,
C.B.Kauuu

Kpachospckuii rocynapcTBeHHbIH YHHBEPCUTET
HHCTUTYT XUMHM U XUMHYECKOH TEXHONOTUH
CO PAH, KpacHospck

HccnenoBanbl TEXHOIOTHUECKHE MPOLECChl copo-
UMOHHOI0 KOHLEHTPHPOBAHUS PEHUSX HA aHHOHMTAX
HEMOPHCTON U MOPUCTON CTPYKTYPhI C TETEPOLIMKIIH-
YeCKMMH aMHMHAaMH W H3BJIeYeHHs MOJMOIEHA Ha
aHMOHHTAaX MAKPOMOPUCTOH CTPYKTYphbl Ha OCHOBE
COMOJIMMEPOB C JIMHHOLENOYHBIMU CIIUBAIOIAMH
areHTaMu M IOJIMAMMHOB, KOTOPble IIMPOKO ampo-
OMpOBaHbl Ha NPOMBILITIEHHBIX PACTBOPAX C pa3iHy-
HbIM CONEBbIM (POHOM C IONyueHMEM HYHCTBIX CoJei
penus ¥ moiubaeHa. AunoHutsl Mapok AH-82, AH-
105, AH-106, AH-108 MoxHO pekOMeHHOBaTh is
UCITONIb30BAHHUA. IIPH CO3AaHHN MPOMBILUUIEHHBIX Yc-
TaHOBOK MNo nepepaboTke peHHH-MONIHOIEHOBOTO
BTOPUYHOTO ChIPbSi THIPOMETAJUIYPrUYECKUMH CHO-
cobamu, a TaxKe npy nepepaboTke NEPBUYHOTO MU-
HEPANbLHOTO ChIPbi (B TOM YHCIE BONLGPAMOBOLO).

IIPOAYKTHI BYJIKAHUYECKON JEATENDb-
HOCTH - CBIPBLE VIS ITIPON3BO/JCTBA PE-
HHUSA U PYTUX METAJLIOB

T".C.IUIreiinGepr

HUHCTUTYT BYJIKAHOJIOTHH W T€OAMHAMMKH,
FOxHo-CaxanuHck

PCBYIIbTaTbI ClNICHHANIbHBIX TCOXUMMHUYCCKHUX, XH-
MHKO-TCXHOJIOTUYECKHX H TE€0JIOrO-3KOHOMHYECKHX
UCCIIENOBAaHUH MO3BOJIHIA 00OCHOBATH NPUHLIMITN-
AJIbHYIO BO3MOXHOCTb H3BJIEYCHHA PEHHA U OPYTHUX
OEHHBIX KOMITOHEHTOB U3 NPOAYKTOB ByJ’IKaHPI‘lCCKOﬁ



JeATeIbHOCTH BynkaHa Kyapsasbiii Ha octpoBe UTy-
pyn (Kypunbt). CpenHsisi KOHUEHTpaUMsA DPEHUA B
nopoJax B 30HaX (yMapolbHOW aKTHBHOCTH paBHa
30 r/t. OZHOBpPEMEHHO OMNpeAeieHO B 3THX IMPOIyK-
Tax 23 KOMIIOHEHTa, B TOM 4ucie BrepBble - La, Sm,
Ag v Au. HccrenoBaHus 1o BBISBIEHHIO HOBBIX 30H
MHHEPATU3ALMH NPOJOJKAOTCS.

HN3YYEHME IHOBEJEHUA MOJUBAEHA U
PEHMA ITPU IIEPEPABOTKE CBAHEII-
COJEPKAIUX ITPOMITPOAYKTOB

T.H.I'peiisep, E.2.Cepreesa, T.H.Bepruzosa,
H.T" 3aiiuesa

Cankr-IleTepOyprckuii rocyaapcTBeHHblH TOPHBIH
WHCTHTYT
(TexHUYeCcKH# yHUBEpCUTET)

Ilpn BOAHOM BbIENAYHBAHUN KOHBEPTEPHBIX
nbUIEl MeaHO-HUKENIEBOTO NMpon3BoacTBa 5-30% Re u
25-40% Mo He M3BIEKAlOTCA U OCTAIOTCA B CBHHEL-
comepxameM keke. HMccmezoBaHbl 3aKOHOMEPHOCTH
MOBEICHUS PEIKHX 3JIEMEHTOB B Ipolleccax M3BJeYe-
HHMS CBHHLA XJIOPHAHBLIMH M LIENOYHBIMH pacTBOpa-
mu. IlokazaHa BO3MOXHOCTL 006OpOTA IETOYHBIX
pacTBOpoOB ¢ HakoruieHueM Mo. Jlns ycnoBHil KoM-
O6unaTa "CeBepOHMKeENb" MPEIIOXKEHA CXEMa, Mpeay-
cMaTpuBarouas o6beIMHEHHEe PACTBOPOB BOJHOIO U
IeNT04HOro BblmenayuBanus. [Tokaszano, 4yto B 065-
eIMHEHHBIE pacTBOPbI U3BNeKkaerct 99-100% Re u 97-
100% Mo. HUzpneueHue u3 pactBopoB Mo u Re ocy-
IIECTBIIAETCA NYTEM MOCIENOBATENIbHON CENEKTHBHOM
copOLMH HAa AaHWOHHUTAX.
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MOHOORMEHHBIE ITPOITECCHI
I''TYBOKOI'O PA3ZJJEJEHNA 1 OYUCTKH
MOJIMBIEHA A BOJIb®PAMA

A A BnoxuH, A.A.KonbipuH, 9.A.IlupMaTtos,
HN.C.Acanos

Cankr-IleTepOyprekuit rocy1apcTBeHHbIHA
TEXHOJIOTMYECKU HHCTUTYT
¥Y36ekckuil KOMOMHAT TYTOIMIABKKUX M XKaPOIPOYHbIX
MeTamnoB, Ynpuuk

PaspaboraHbl ¥ BHEApEHbI B MPOMBILLIEH-
HOCTb MOHOOOMEHHbBIE MPOLECChl OYMUCTKUA KOHLIEH-
TPHPOBAHHBIX PACTBOPOB MOIMORATA AMMOHWA OT
Bonbdpama M BodbppamMara aMMOHHA OT Monubje-
Ha. 1IepBblif U3 HUX 3aKTIOYAETCS B KOPPEKTHUPOBKE
NapaMeTPOB MCXOAHOTO PAacTBOpPa M MOCIEAYIOLIEM
NPONYCKaHUK €ro 4epe3 KOJNOHHY ¢ aHUOHHTOM, Ce-
JEKTUBHO CcOpOMpYyIOIUHM BoNbGpaM, BTOpOH - B
00paboTke HCXOJHOTO pPacTBOpPa A03MPOBAHHBLIMU
KONIM4YeCTBaMU CyNbQUAMPYIOWETO peareHTa Jyis
nepeposa MoiubneHa B GoOpMy THOKOMITIEKCOB K
MPONYCKAaHHU €ro 4epe3 KOJNOHHY ¢ AaHHOHHMTOM, Ce-
JIEKTUBHO COPOMPYIOMIEM THOKOMIUIEKCH MonuOne-
Ha. IIpuMeHenne paspabGoTaHHBIX NpoieccoB obec-
NIeYHBAET HE MEHEE, YEM CTOKPATHOE CHUKEHME KOH-
LCHTPALUN YAAIAEMbIX KOMIIOHEHTOB B -PACTBOpPAX M
NOIy4eHHe COOTBETCTBYIOLIMX COJIEH ¢ COAepKaHHeM
npumMeceit 3neMeHToB-aHanoros n-(10-4-10-3) mac.%.

IKCTPAKIITHOHHBIE METO/IbI IIEPEPA-
BOTKH TEXHOI'EHHOI'O PEHIMCO/JEP-
KAHIET'O CbIPbS

B.®.Tpaexun, H.E.Hexopomes

I'HII PP INocynapcTBeHHBLH HAYYHO-
UCCIIENOBATENbCKMHA HHCTHTYT
1BeTHBIX MeTannoB “T'unisermer”, Mocksa

IIpu BHILIETAYNBAHMHM TEXHOIEHHOTO peHHHACO-
JEPXALIETO ChIPbS MOTLYT ObITb MOJNYYEHBI COJISIHO-
KHUCNIble, A30THOKUCIIbIE, CEPHOKHCIbIE THOO LIenoU-
Hbie pacTBopbl. Haubomnee 3h ek THBHBIM METOZOM
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CEIEKTHBHOT'O H3BJIEYEHHsS PeHMs U3 NOJOOHBIX pac-
TBOPOB ABNAETCA KUIKOCTHAS IKCTPAKLMS.

Ha 3KcTpakLuio peHus IOMHUMO NPHPOIbI Op-
FaHUYECKOTO PEareHTa BIUSIOT KUCIOTHOCTb BOJHOM
(a3bl, BAJIEHTHOE COCTOSIHUE PEHUS, MPUPOAA M KOH-
LIeHTpalMs BbICAlMBATeNA, a TaKXKe NpHpPOAa opra-
HMYECKOoTO pa3baBuTens.

g aKCTpakiUuy peHus u3 cIaboKUCIbIX BOX-
HbIX pacTBopoB (pH=2+3) Hanbonee uenecoobpasxo
HCHONb30BaHNE TPETHYHBIX WM BTOPHYHBIX amvda-
THYECKUX AMHHOB.

IIpoBeneHbl MCMBITAaHMA  IKCTPAKLMOHHON
TEXHOJIOTMH H3BIECYCHHS pPEHUA U3 oTpaboTaHHBIX
KaTaJlM3aTOPOB ¢ NOJYYCHHEM METAJUINYECKOTO De-
Hus THOO NeppeHaTa aMMOHHA.

PA3PABOTKA 1 HCIIBITAHHUA TEXHOJIO-
I'HA SKCTPAKIIMOHHOI'O U3BJIEYEHUA
PEHHNA U3 PACTBOPOB CYJIb®ATH3AIINH
CBUHIOBLIX ITBLTENA

I' . K. Kynmyxamenos, JI.M.Konaues,
HN.10.®neiitaux*, I'.J.ITamxos*, A. M. Xonpkun**

AOOT "Hucrutyt I'mapouserMet”, HoBOoCHOUpCk
*MHCTUTYT XUMHH U XHMHKO-METAUTyPrUYeCKUX
npoueccoB CO PAH, KpacHosipck
**UHcTuTyT 001el U HeopraHuyeckoi xumuu PAH,
" Mocksa

IIpy wu3BmeueHMM peHUs M3 cy’abdaTHO-
XJIOPHIHBIX PacTBOPOB CBHUHLOBOIO MPOM3BOACTBA
JKUAKOCTHOM 3KCTpakuueid TpuankuiaaMuHoMm (TAA)
IPOLECC OCNOXKHAETCA HM3-33 COBMECTHOIO H3BJICYE-
HUS PEHUA H KaJMUS.

IIpencraBieHbl pe3ynbTaThl pa3paboTKH TEXHO-
JIOTUM M3BJIEYEHUS PEHHA M3 XJOPHAHO-CYIb(HATHBIX
KaJIMHEBLIX PACTBOPOB, 00pa3yOLIMXCS NPHU nepepa-
60TKe CBUHLOBBIX MbUICH:

- MCCTIeOBaHA SKCTPAKLUA PEHUS U KaaMHsA CMe-
caMu TAA ¢ pa3nMuHBIMH OPTaHHYECKHMH KHUCIIOTa-
MH;

- ompefielieH ONTHMANLHBINH COCTaB 3KCTpareHTa
JUIs U3BIEYEHHS PEHUS;

- IOKa3aHa BO3MOXHOCTb CEJIICKTUBHOI'O pasjacne-
HHA PEHHA U KaAMHUA Ha CTaZlUK PEIKCTPAKLHH;
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- NPUBEIACHBE pe3ynbTaTbl YKPYINHEHHO-
na60pa‘ropuux M 32BOJICKMX UCTIBITAHHHA TEXHOJIOTUHU
NMPUMEHUTENBHO K MPOLECCY nepepa6or1<u arJIoNbI-
neit YUMKeHTCKOTO CBHHLIOBOTO 3aBOJa.

Texnonorus 3anateHTosaHa B Poccuiickoil ®@exe-
pauuu 1 Pecniybnuxe Kazaxcran.

PA3PABOTKA, OCBOEHHE 11 YCOBEPIUEH-
CTBOBAHME DKCTPAKIITHOHHO! TEXHO-
JOI'HA ITIOJTYYEHHWSA ITAPABOJB®PAMATA
AMMOHHA

I'.II.'urasos, B.I'.T'urasos

I'HII P® I'ocymapcTBeHHbIH HAyYHO-
) UCCNEAOBATENbCKHN HHCTUTYT
UBETHBIX MeTau10B “THHUBeTMeT”, MOCKBa

Pa3paboTanHas B MHCTUTYTe “I HHLIBETMET” 3KC-
TPaKLMOHHASA TEXHOJOrUsA W3BJIeYeHUs Boibppama
6bina BHenpeHa Ha HanbuMkcKkOM rHAPOMET3ABOE B
1985 r. 1 KuposrpaackoM 3aso/ie TBEpIbIX CIIABOB -
B 1996 r. B kauecTBe sKcTpareHTa MCIONB30BaH TeX-
HUYeCKU#l TpUAIKWIAMHUH, colepxkawmui 85% Tpe-
TUYHbIX AMUHOB.

YunThiBas cEpbe3HbIE HEZOCTATKU NPUMEHIEMOr0
IKcTpareHTa, 6buT pazpaboTaH W BHeIOpeH B MpPOM3-
BOACTBO Ha 000uX 3aBogax MOAHPHUUUPOBAHHBIN
9KCTPAreHT, KOTOPBIA [MO3BOJIHI:

- MONHOCTBIO HCKIIOYMTb 00pa3oBaHHE TpeTbeit
¢ha3bl, CHU3UTL KOHUEHTPALMIO 3IKCTPAreHTa M KU-
CIIOTBI Ha €70 3apsAAKY B KHCITYIO popMy;

- YMEHLIUMTL KOHLIEHTPALHIO CBODOJHOrO IKCT-
PpareHTa U COIKCTPAKUHMIO NpHMeceli, YTO MPUBEIO K
MOBBILIEHUIO KAYeCTBA KOHEYHOMH MPOIYKLMH.

OnmHako 3KCTpakUUA NO-TIpeXHEMY MPOBOIUTCH
K3 KHCIbIX pacTBopoB ¢ pH 1,5-2, 4To BmI3BIBaET
KOppO3UI0 000pYyIOBaHUA U MOBbLILMIEHHBIH pacxon
peareHToB.

B pesynnTaTe MPpUBEACHHBIX HCCIIEOBaHUH OblLn
HalIeH JKCTpareHT, W3BIIEKAIOWHA BonbdpaM IpH
pH 5-5,5, 4TO CylIeCTBEHHO YMpPOILUAET 3KCIUIyaTa-
uuio o6opynoBaHus. .

PazpaboTaHa TeXHONOrHA O3KCTPAaKUUH BOJbG-
paMa HEMOCPEACTBEHHO M3 COAOBBIX PACTBOPOB
ABTOKJIABHOT'O BbILIENAYHBAHUS WIEETUTOBBIX KOH-
LCHTPATOB.
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ITocne u3BneyeHHs BoIbQpaMa CONOBBIA PacTBOP C
NPHMECAMH BO3BpALUAeTCs Ha ABTOKJIABHOE BbILLENA-
YMBAHHE, NPH 3TOM HCKIIOYAETCd NPHMEHEHUE Ku-
CIIOT ¥ 3HAYMUTENBHO COKpaLaeTcs cOpPOC CONEBBIX
PacTBOpPOB.

YTWINBAIIUA XBOCTOB OGO ATUTEIb-
HOU PABPUKU HHTHYKUHCKOI'O
BOJIb®PAMOBOI'O PYJTHHUKA

A.B.ExxoB, X.T.Illapunos, .0 IlIxens

Pecnybnukanckas opranusanus "Cneucnias”,
Tawkent
M HruuknuHcKas onbITHAs METOJUKO-
TEXHOJNOTHYecKas IKCIeAULHs,
Pecny6iuka Y3bekucran

OT1MeueHo, 4TO nepepabotka pyn MHIrHYKUHCKO-
ro BobHpaMOBOTO MECTOPOXAEHUA MpPHBENA K 00-
Pa30BaHHIO 3HAYUTEIHLHOrO KOJIHYECTBA JIEXANbIX
XBOCTOB, COJIEP)KaHHE OKCHIA BOIb(paMa B KOTOPhIX
coctapnser 0,07-0,08%.

ITpoBeneHHbIE TEXHOMOIHYECKHE W KOHDBIOHKTYp-
HBbI€ MCCIIEAOBAHMUSA MOKA3aJIM BO3MOXHOCTL M LIEJe-
c000pa3sHOCTb TPABUTALIMOHHOIO ODOrALUEHHA XBO-
CTOB C MOJyYeHHEM BOJNLGPAMOBBLIX KOHLEHTPATOB,
NPUTOOHBIX IUIS pPeHTaOeNbHOH mnepepaboTKH Ha
V3KTXM.

HUcnbiTaus Ha MHrHYkHHCKOM 060raTHTEILHOM
¢dabpuke B HENMPEPLIBHOM PEXHUME TEXHONOTHYECKOH
CXEeMBbI, BKIIIOYAIOMEH TPH CTagUU OOOTALLEHUS: KO-
HYCHBIH cenapatop, 4-X EeKOBOH KOHLEHTPALHOH-
Hblil cron CKO-30, koHueHTpauuonHsblid cron CKM-
7,5, MarHuTHBINA cenapatop OBM-1, no3Bonunu Bbi-
6path palHMOHANbHBINH PeXUM fpoliecca, 0Oecneyus-
WU MoNyd4eHHE BOJIbPPAMOBOrO KOHLEHTapaTa ¢
cogepxaHieM BolbdpamMoBoro aHruapuaa 25-30%.

HccnenoBanusa N0 rufpoMeTaIypruyeckon me-
pepaboTke NOJYYEHHOTO KOHLEHTpaTa [MOKa3alM
YHOOBIIETBOPHUTENIbHBIE PE3YNIbTAThl - H3BIICYECHHE
BosIbpaMa B pAcCTBOP MpPU aBTOKIABHO-COXOBOM
BbIIIETAYHBAHUH HAXOAMIIOCH B npeaenax 91-98%.

Texuonorus oboramenus aexansix xeoctos UBP
BHEJIPeHa B MOCTOSHHYIO 3KCILTYaTALHUIO.
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OPTAHM3AIIMA ITPOU3BOACTBA N3BJIE-
YEHUS PEHUA U IPYTUX IIEHHBIX KOM-
INOHEHTOB 13 BTOPUYHOI'O CbIPbA

A.B.EmotuH, M.B.Uctpaiukuna, 3.A Ilepenepeena,
M.H.ByroBa

I'HIT PO T'ocymapcTBeHHBIR HAYYHO-
UCCIIENOBATENbCKUN HHCTUTYT
PEIKOMETAIIMYECKOH POMBILIIEHHOCTH
"T'upeamet", Mockea

IlpencraBnensl gaHHbIE 06 3G GEKTUBHBIX CHOCO-
0ax pereHepallUd peHUS W APYTHX LEHHBIX KOMIIO-
HEHTOB M3 Da3lHWYHbIX BUIOB BTOPUYHOIO Chbiphs
(0TX0IOB AMIOMOIIATHHOPEHHUEBLIX KATAJIU3ATOPOB
¥ peHHifco/iepKalUX CNIaBOB).

IlokazaHa 3KoHOMHMUYeckas LUenecoo6pasHOCTDb
nepepaloTKy BTOPUYHOTO PEHUICONEPKALIETO ChI-
pbA.

Jns w3BneyeHus peHUA M MIATHHbI U3 oTpabo-
TaHHBIX ANIOMOIUIATMHODEHUEBbIX KaTaJlU3aTOPOB
MPEIOKEHO HECKOJILKO TEXHOJIOFMUYECKHX PElleHuH,
OTIIMYAIOMIMXCA KaK METOAOM BCKPBITHS, TaK U IO-
CIENYIOUIUM H3BJICYEHHEM PEHHMA M IUIaTHHbL. Bce
TEXHHYECKHE PELIEHHS TapaHTUPYIOT BLICOKOE H3-
BiieueHHUe Kak peHus (93%), Tak u niuaTuHbl (98%).

PaccMoTpeHbl cnocobbi  nepepaboTKH  OTXOIOB
PEHHHCOJEpKAILUX CIUVIaBOB (KaK OBONHBIX, TaKk H
MHOTOKOMIIOHEHTHBIX) C U3BJIEUEHHEM DEHHS U ApY-
THX HEHHbIX KOMIOHEHTOB (HMKelb, KODaNbT, TaH-
Tal, BonbbpaM, MoIubaeH).

PEAKOMETAJIBHOE ITPOU3BOJACTBO H
MHHEPAJIBHBIE PECYPCHI Y3BEKHCTAHA

X.T.Ilapunos, E.1.Hukonaesa, M.A . Kaxuxux

PecnyOmukanckas opranusauus "Croeucnias”
WHCTUTYT MHHEPAIBHBIX pecypcoB, TallIkeHT,
Pecniybnnka Y36ekucran

OTMeyeHO, YTO Ha COBPEMEHHOM 3Talie Pa3sBUTHA
Pecnybmuku Y30eKHCTaH MPUOPUTETHbIM HAIpaBJie-
HHEM fBIAeTCS MpobneMa GOpPMHPOBaHUSA, HCIIOJNb-
30BaHHA U BOCIPOM3BOACTBA MHHEPAILHO-CHIPLEBOH
6a3bl peKNX METAIOB M pAaccesiHHbIX 31EMEHTOB U
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3SHAYHTENBHOTO POCTa HX MPOW3BOACTBA AJIA YBEIH-
YeHHS] BHYTPEHHET0 NOTPeOIeHHS U 3KCIIOPTA.

Jns pemenus 3azay B 061aCTH PeIKOMETAILHOTO
cbipbs  ['OCynapCTBEHHbIM KOMHMTETOM TIEOJIOTHH
MpoBelleH aHAIM3 U BbUSBJIEHb! NEPCNEKTUBbl Pa3BHU-
THS OTeyecTBeHHO# Oa3bl PO, paspaboTaHbl HayyHble
OCHOBbBI NIPOrHO3a, MOUCKOB U OLEeHKH PM 06bekTOB,
H3Y4eHbl MUHEPAJIOTO-TeOXUMHUECKHE OCOOEHHOCTH
MECTOPOXIEHHIL, BKIIOYas HETPaJULIMOHHBIE TUIIbIL.

ITokasano, yto Pecnybnuxa Y36ekucrau no psgy
peIKHUX METAJUIOB M PacCesHHbIX 3JIEeMeHTOB obnazaa-
eT 3HAaYUTeTbHbIM PE3ePBOM 3aIacoB, a M0 pecypcaM
MomubIeHAa W peHHS BXOJUT B JECATKY BEAYLIMX
cTpaH Mupa M 3aHuMaet 3-4 mecto B CHI'. Bricoka
00eCIeYeHHOCTh pa3BelaHHbIX 3aMacoB, UX COOTHO-
IIeHHe C IKCIUTyaTHPYEMbIMH 3alacaMH COCTAaBIISET
3:1.

B HacTosfllee BpeMs OCHOBHBIM ChIpbEM JUIA MO-
JIy4eHUs MOJIMOIEHA M PeHUS CIIYKAT MOJIUOAECHOBbIE
KOHLIEHTPAThl YHHKAJNbHBIX KOMIUIEKCHBIX MeJHO-
NOpGHPOBBIX MECTOPOXKIEHUN AJMANBIKCKOIO Py.-
Horo paifoHa. ITepepaboTky pya, comepxaiuux 6omee
10 NOTyTHLIX KOMIIOHEHTOB, IPOU3BOIAMUT AJIMAIIBIK-
CKHH TOpHO-MeTaJLTypruyeckuit kom6uHat. OqHako
KaueCTBEHHAsA XapaKTepHCTHKA 3aracoB PO He Bce-
Ia YHOOBIETBOPAET COBPEMEHHbIM TpeGOBAHHAM,
HEOOXOZMMO YCOBEPIICHCTBOBAHME TEXHOJOTHYE-
CKHX CX€M HX JA0ObIYM 1, 0c0OeHHO, repepaboTKH.

O6cyxneHsl BOMpOCHl BOBIEYEHHS BTOPHYHBIX
PecypcoB B APOH3BOACTBO.

IMMPOBJEMBI 1 COCTOSSHHE KOMILIEKC-
HOU INEPEPABOTKH PYJHOI'O 1 TEXHO-
JOTHYECKOTI'O CBIPbSI PEIKHX
METAJLIOB

X.T.IHapunos

Pecny6auxaHckas opradusauus "Crneucrnias”
HHcruryT XuMuu Axagemuu Hayk
Pecniybnuku Y36exucraH, TauwkeHT

OTMeYeHO, YTO F€OXHMUYECKHE 0COOEHHOCTH Y-
IooOpasoBaHus Ha TeppuTopuu LleHTpanbHOH A3un
CMOCOOCTBOBAIM KOHLCHTPALlMM MHOTHX PEAKHX,
paccCesHHbIX, OIarOpoOAHBIX M PEOKO3EMENbHBIX Me-
Tamos. [To cBOMM MHHEPATOTHYECKHUM, XHMUYECKUM
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(dbopMaM HaxXOXIEHHS W KOJIHYECTBY PYIHLIX 3JIe-
MEHTOB MECTOPOX/IEHHA ABNAIOTCS YHHKAILHBIMH B
mupe. Bmecte ¢ TeM, pa3BUTHE TOpPHO-
METAJUTYyPrU4ecKOM, MeETAJUypruuecKoi, XuMHuYe-
ckol, HeTeXHMHYECKOH NMPOMBILIIEHHOCTH NPHBEIO
K BO3HHMKHOBEHHIO HOBbIX HCTOUHHKOB DENKHX Me-
TAJUIOB- BTOPHYHOT'O WIIH TEXHOTEHHOTO ChIPBS.

Ha ocHOBaHHMH IeoJIOrHYeCKHX U FeOXHMHYECKHX
HCCIIEOBAHNHA NPHBEAEHB! JaHHbIE [0 COAEPKAHUIO
PEeIKUX, PACCEAHHBIX W APYTHX METAUIOB B MONHME-
TAJINYECKOM Chipbe W pydax ("HeCYaHHHKOBBIN
tun"). C NpUMeHEHHUEM UHCTPYMEHTANLHBIX METONOB
aHaNM3a W3YYEHO paclipeAelieHHe IEHHBIX KOMIIO-
HEHTOB 110 TEXHOJOTMYECKHM MNepefesiaM TOpHO-
METATYPTHYECKHX W  METAJUIyPrHYECKHX TPOM3-
BOACTB PeCnyOJIMKH.

Ha npumepe otnensHeix Meraos Re, Co - no-
Ka3aHbl BO3MOXHbIE MYTH MOBbLIMIEHHA H3BIEYEHHA
METAJIOB U3 OTXOIOB, KEKOB, IIIIAMOB U NPHBEAEHbI
pe3ynbTaThl TEXHOJNIOTHYECKHX MCCHEAOBAaHHHA IO
MOJY4Y€EHHIO 3THX METAJUIOB.

B kadecTBe HETPAJMLIMOHHBIX UCTOYHUKOB ChIpbA
PEeIKUX METAJUIOB PACCMOTPEHbI TEXHOTEHHbIE OTXO-
bl XHMHYECKOH, He(PTEeXMMHUECKOH, 3JIEKTPOHHOM
npombliieHHocTH. TIpuBesieHbl AaHHBIE MO pa3pa-
6oTke TeXHOIOrMH nepepaboTKH KaTamM3aTOpoOB -
Mo, Bi, Co u apyrux. Iloka3zaHa BO3MOXHOCTb IO~
Iy4eHHA OIaropOXHBIX METAIOB U3 OTXOHOB 3JIEK-
TPOHHOH NPOMBIIIEHHOCTH, BOBJIEYEHUA B [epepa-
60TKy OTBaNbHLIX KEKOB H XBOCTOB B KauecTBe Chl-
pbs METAITYPrUYECKHX MPOH3BOJACTB PecryOIHKH.

O6cyxaeHbl BONPOCH NOJTYyYeHHS IKCIIOPTOPHEH-
THPOBAHHOH M MMMOPT3aMelamoued NpoIyKLUUH B
BHJe 0ocobo0 uucThIX MetamwioB (99,99-99,999%) n
U3IENHii, MaTEpHAIOB Ha UX OCHOBE.
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II CEKIIUA
CITOCOBBI IIEPEPABOTKMU CbIPhS U
ITOJYYEHHUE METAJUIOB 1 X
COEMUMHEHUI

COBPEMEHHOE COCTOSSHHUE U
IMEPCIIEKTUBLI PA3BBUTHUSA BOJIL®PAMO-
MOJUBAEHOBOY OTPACJIH B CTPAHAX
CHT

3.A.I'egraros, A.[l.Beccep

T'HII P® I'ocymapcTBeHHBINH HAY4HO-
HCCIeAOBATENIbCKHI MHCTUTYT
HBeTHLIX MeTamnos “T'unusermer”’, Mockpa

TIpuBenensl maHHble NO ChIPhEBOH Oa3e, YPOBHIO
TEXHOJIOTHM M KadeCTBY BBINYCKaeMOH MNpOAYKUHUH
NpeAnpUATHAMH  BONb(paMo-MonuOReHOBOH mpo-
mplineHHocTd crpad CHI'. OcHoBHBIMH (akTOpa-
MH, OOYCIaBIWBAIOIUMHM BXOXIECHHE B MHPOBOIA
PBIHOK, ABIAIOTCA CHHXeHHe cebecToMMoCTH ToBap-
HOW NPOAYKUHMH, MOBLILIEHHE KAauecTBA Ha OCHOBE
MCNIONIb30BAHUA COBPEMEHHBIX TEXHOJIOTHH, TaKMX
Kak HOHOOOMEHHbIe MpOoLecchl B THAPOMETAIUTYPIHH,
NIa3MOXHMHYECKHE METOAL! B MOPOIIKOBO# MeTan-
nypruu ¥ np. Baxweiilnee 3HaueHue mnpuobpetaer
BHEJPEHHE HOBBIX HAY4HO-TEXHHYECKHX Pa3paboTox
B 001acTH 006OTaleHHd It MONYy4eHNS BBICOKOKAYE-
CTBEHHBIX KOHLIEHTPATOB, BCKPLITHA 00OTallleHHOTO
CbIPbS W Da3lIMYHBIX OTXOZOB NPOHU3BOICTBA, IEpe-
paboTKK YHCTHIX COETHHEHHH MoMuOaeHa, BONbGpa-
Ma M PEHHS IO METAJUIOB M U3ACIUiA.
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NEPCIIEKTHBLI METAJUIOTEPMMH B 110-
JIYYEHHMH TYTI'OIVIABKUX PACCESSHHBIX
METAJUIOB B UX COETUHEHNI

B.B.J1azapenko, A .I1.ITapwunH, B.B.IllaTtanos

Bcepoccuiickuit HayuyHo-MCCIeROBATENLCKUH HHCTH-
TYT XMMHYECKO# TexHoaornun, MockBa

MetannoTepMuueckie MpoOLECChl ABIAIOTCA OCO-
6€HHO NEpPCHEKTHBHLIMH [UIf CO3JaHUA Pecypco- M
3HeprocbeperaomMx TEXHONOTHA TMONy4YeHHS He
TONBKO JIMTATYP, CIIIABOB H YHCTBIX METAJUIOB, HO H
HEKOTOPBIX HEOPTaHUYECKUX COEOMHEHHH Ha OCHOBE
TYTOIUIABKHX PACCEAHHBIX METAJUIOB BBICOKOTO Kaue-
CTBa.

Pe3ynbTathl MCCRENOBAHMH MOCHEAHHX JIET IO-
3BOJIMNH, NPUMEHAS METOJ METAJUIOTEPMHMH, B 4acT-
HOCTH aflIOMMHOTEPMHH, pa3paboTaTh BLICOKOID-
(eKTUBHBIE TEXHOJIOTHM MOJIYYEHHUS:

a) Re-Mo-Ni-Al nuratypsl mis Hyx[ aBHalllOH-
HOHM NPOMBILILIEHHOCTH,;

0) BbICOKOKA4eCTBEHHOTO MiaBjeHHOro xapouaa
Boibdpama, HeOOXOZUMOro Iyl MU3rOTOBIEHHS Kax
6ypoBOro HHCTPYMEHTA, TaK M Ui NPOU3BOACTBA
TBEpAbIX CIIJIABOB;

B) MIABJIEHHOTO METAIHYECKOrOo MOJIHOIEHA.

HENPEPBIBHOJEHCTBYIOUMII AIITIAPAT
JJIA BOOAOPOJAHOI'O BOCCTAHOBJIEHUSA
IIOPOLIKOB TYI'OILIABKMX METAJLJIOB

M.M.Cnusak, B.E. Xpanynos, A.T.1lloun6aes,
XK. A.AxuMxaHoB

HHCTHTYT MeTaJlIypruy u oboralenus, AnMa-ATa,
Pecny6mnxa Kazaxcran

PazpaboraH HenpepbiBHOAeHCTBYIOMMIT BHOpPO-
annapart A4 BOZOPOAHOTO BOCCTaHOBIIEHN NOPOIL-
KOB TYrOMNaBKHX METaJLIOB.

ITo cpaBHEHMIO ¢ CYLIECTBYIOLUMMHU annapaTaMy,
paspaboTtanHas BHGpoOycTaHOBKAa MMO3BONAET Cylie-
CTBEHHO CHM3HTb CeGECTOMMOCTb mepefena 3a CYET
aBTOMAaTH3allMH TMPoOLEecca ¥ YMEHbLIEHUA pacXoAa
3JIEKTPO3HEPTHHU U BOXOPOJA.
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MNPON3BOACTBO TYI'OILTABKHMX METAJI-
JOB C UCITOJb30BAHHUEM COPBITHOH-
HBIX ITPOITECCOB

B.A.Ileranos, A.H.Backakos, T.B.MonuaHoBa,
T.I1.XapuHa

Bceepoccuiickuit Hay4HO-HCCIIEAOBATENbCKHHA HHCTH-
TYT XUMHYecKOH TexHoyioruu, Mocksa

Ha ocHOBaHWM HaKOIUIEHHOTO OMNbITa NPHMEHe-
HUS MOHOOOMEHHBIX NPOLECCOB B THAPOMETAIYD-
MU ypaHa CO3JaHbl TEXHOJIOTHYECKHE CXEMbI Iepe-
paboOTKH pa3sAMUHbIX CHIPbEBbIX HCTOYHUKOB TYIoO-
MIaBKUX MeTaynoB. OCHOBO# cxeM fBIAOTCA copO-
LIUOHHbIE TPOLIECCH M3BJICYEHHS U KOHLEHTPUPOBa-
HHA METaUIOB, 00ECIIeUNBAIOIINE BbICOKOE KaYeCTBO
nonyyaemoil MPOAYKLUMH H MOBBILIEHHOE CKBO3HOE
U3BJICYEHHE LIEHHBIX METAJLITOB.

Hawnb6onee a¢deKTHBHBIMH HOHOOOMEHHBIMU TO-
TIIOTUTENAMH ABIAIOTCA COPOEHTHl BUHHIMHPHANMHO-
Boro Ttumna. llemeHanpaBieHHbI CHHTE3 MO3BONMI
3} (dexTHBHO peanu3oBaTb COYETAHHE JOCTOMHCTB
MaKpOTIOPUCTOH CTPYKTYPbI cOpOEHTA ¢ XUMHYECKH-
MH CBOWCTBaMH TYTOIUIABKHX METAJIOB.

HInpokue BO3MOXHOCTH COPOLIMOHHOM TEXHOJIO-
MM 00ecneyHBalOT pacCUIMpEeHHe ChLIPbeBOH 6a3bl
IPOU3BOJCTBA TYTONIABKUX METAJIIOB.

HOBBIE HAIIPABJIEHHS B TEXHOJOTI'MHA
TITEPBUYHOM INEPEPABOTKHY BOJIb®PA-
MOBBIX KOHIHEHTPATOB

A.C.Menseges

MoOCKOBCKHit TOCYAapCTBEHHBIH HHCTUTYT CTAIK H
CIIaBOB

"~ Han 0030p HOBBIX TEXHOJNOTHH, pa3paboTaHHbIX
MHUCuC, B TOM 4HClIE COBMECTHO C HHCTHTYTOM
"TugpoiseT™MeT”", MO NEPBHYHON  mepepaboTke
BOJILOPaMOBOTO ChIPbA: ABYXCTaIHUHHOTO aBTOKIAB-
HO-cojoBoro Bbienaunsanus (ACB) Bonbdpamu-
TOBBIX M ILIEETHTOBBLIX KOHLEHTPAaTOB C BO3BPaTOM
YACTH OTBAJbHBIX KEKOB B roioBy mporecca; ACB
MEXAHOXUMHYECKH MOAMGHIMPOBAHHBIX B PacTBO-
pax KalbLHeBbIX coliell BONb)PAMUTOB; OKHCIIH-
TenbHOE, B TOM YHCIIE BhicokoTeMnepaTypHoe ACB
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BOJIbPAMHTOB;, BAPHUAHTHI HW3IKOTEMIEPATYPHOIO
BbILUENAYMBAHUA BOILYPAMUTOB PacCTBOPAMU LIEIIO-
4H; A30THOKHCIIOTHOE BblUIENaYHUBaHHUE 1LEETUTOBBIX
KOHLEHTPATOB € BO3BPAaTOM HAacTH BONbHpaMoBO#
KHMCIIOThI B TOJIOBY Mpoliecca; pa3jioxkeHue Boibdpa-
MHTOB B pacilllaBe JIETKOIUIABKOA 3BTEKTHKU coja-
CeNnTpAa.

H3BJIEYEHUE PEHUS 1 OCMUS ITPH
OBXUT'E MOJIUBAEHOBOT'O
TIPOMIIPOIYKTA

T.H.I'peiisep, E.B.ITonkos, B.M.ITuneuxnii,
I0.H.oi, b.I1.Pynexko

Cankr-IlerepOyprekuii rocyxapcTBeHHBIH TOPHBIR
MHCTHTYT (TEXHHYECKHH YHHBEPCHTET)
AnMansbIkckui TOpHO-MeTaUTyprudeckui koMbuHar,
Pecnybiuka YaGekucran

PaszpaboTaHa TexHoIorMyeckas cxeMa KOMIUIEKC-
HOH MepepaboTKH MONHOAEHOBOTO NPOMMNPONYKTA,
NPeAyCMaTPUBAIOLIAA eT0 OBXUT C Liellbl0 OTTOHKH B
rasoByio a3’y OCMHS W PEHMs, UX TIOTNOIUCHHE U
U3BIICYEHHE, 2 TaKxe nepepaboTKy orapka M3BecT-
HeiMu mpuemamy. Ilpomnponykt AI'MK ornmnyaercs
BBICOKHM COHEpXaHHeM "OPraHMKH", MOKa3aHo, YTO
€e HaJlnuMe NMPUBOAMT K "pa3Ma3blBaHHIO" BO3TOHOR
MO BCEMY Fa30XOAZHOMY TPaKTy W 3aTpyOHAET MX
KOHUEHTpHpoBaHHe. M3yueHa BO3MOXHOCTb OcCyllie-
CTBJIEHHS MpOLECca CXKWraHHWA "OpPraHuku' Hemno-
CPEOCTBEHHO B MEYHOM arperaTte, YTO TNO3BOJIMIIO
IOCTHYb CTEMEHH BO3FOHKH He MeHee 92% peHUd U
OCMHMs M3 MPOMNPOAYKTA NpPH BHICOKOW CTeneHu
abcopbumn n3 razosoii ¢aswl. [Ipennoxena ycosep-
UICHCTBOBAHHAA KOHCTPYKIMS LIAXTHOW meYd 1A
o6>xura MomubIeHOBOTO NPOMITPOLYKTA.
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TEXHOJIOI'S N3BJIEYEHUS PEHUA 13
PACTBOPOB C EI'O INPEJAEJBHO HU3KUM
COXEP)KAHHEM

B.M.Bonk, A.}JO.Baxpywns, A.J[.Beccep*
I'HL] P® Bcepoccuiickuii Hay4Ho-
UCCIIENOBATENbCKHIT MHCTHTYT HEOPTaHHYeCKHX Ma-
TepHANIOB UM.akaaeMuka A.A bouBapa, Mocksa
*I'HI P® I'ocygapcTBeHHbIH HaydHO-
UCCNENOBATENbCKHIA HHCTUTYT UBETHBIX METAJUIOB
"T'unuseT™Mer", MockBa

Paspaborana TeXHONOTHS W3BJIEYEHHS DPEHHS H3
TEXHONOTHMYECKHX PACTBOPOB MPOH3BOACTBA MeIOH C
ero couepxxanueM okomno 0,1 mr/n (o6opotsl obora-
THTeNbHbIX (abpuK, IpeHaXHble PacTBOPbI XBOCTO-
XpaHWIHML] M T.N.). TeXHOIOTHA OCHOBAaHA Ha H3BIIe-
YEHHH PEHHA W3 BOIOHBIX PAacTBOPOB BbiCOKOOCHOB-
HbIMM aHHOHHTaMH, €ro JecOpOLHY ¢ aHHOHUTOB
OpraHU4YeCKUMH PacCTBOPAMH TPETHYHBLIX AMHHOB M
HocleayIoueH pesKCTPaKUMH PeHHI U3 aMHHOB BOJ-
HBIMH DacTBOpaMH aMMHaKa.

IIpoBeneHHble HCNBITAHWA TEXHOJOTHH (IIECTh
MOJIHBIX TEXHOJMOTHYECKHX I[MKIOB) Ha IHIOTHOI
YCTAHOBKE U PEJIbHBIX TEXHOJIOTHYECKHX pacTBOpax
HITO ")XKeskasraHiBeTMeT" NoOKa3ajdM, YTO PEHHii
MOXET ObITh M3BJIeYeH U3 HUX Ha 70-80% U cKOHLIEH-
TpupoBad B 103-10¢ pas. HecMoTps Ha CIOXHBIii
COCTaB PacTBOPOB M HAJHYHE B HUX NpHMeceidl opra-
HHYECKHX BellecTB (pnoToareHToB, (QIOKYIAHTOB U
T.I.), YXYOIUEHHS XapaKTEPHCTHK MCIONb3YEMBIX B
TEXHOJOTMH aHHOHUTA U PacTBOpa aMUHa, OTMEYEHO
He ObLIO, @ CaM TEXHONOTHYECKHI IIPOLIECC OCTABAIICS
CTAOMIILHBIM.

IlonyTHO NPOUCXOOUT H3BJIEYEHHE PACTBOPEHHOM
B 3TUX TEXHOJIOTHYECKHX pacTBOpax Memu Ha 40-
50%. OcHOBHas 4acTh MEOW JIETKO OTHEIAETCS OT
PeHHMs Ha OHepaly OTMBIBKM HACBILEHHOIO COp-
6eHTa OT LUIAMOB BOAHO-aMMHMAUYHLIMH PACTBOPAMH
nepen gecopbuMeii peHus pacTBopoM aMuHa. KoHeu-
HBIHA peakcTpakT cogepxut 100-200 Mr/n meau u 400-
600 Mr/im pesns 1 MoxeT ObITh MepepaboTaH H3BECT-
HBIMM 3KCTPAKI[HOHHBIMH HIH COPOLMOHHBIMH Me-
TOHAMH C MTONYYEeHUEM TIEPPEHATA AMMOHHUA.
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i

OIITUMM3AIIVA PASSABUTEIA U 13-
BIIEYEHHS PEHMS (VII) DKCTPAKITUEU
TPUANKMIAMHWHAMHA

B.U.Bonk, A.}O.Baxpyiuux

T'HI{ P® Bceepoccuiicknii HayuHO-
UCCIIENOBATENLCKUI HHCTHTYT HEOPraHHUECKHX Ma-
TepuanoB UM.akageMuka A.A.bouBapa, Mocksa

HccnenoBaHbl 3KCTPAKLMOHHBIE CBOWCTBA CHCTe-
MBI HAa OCHOBE PAacTBOPOB TPUANKWIAMMHA B MOJIH-
ankwibeH3oNie, KaK 3KCTpareHTa mjd H3BICYEHHS
perus (VII) u3 pactBopoB cepHoi kucmotsl. Ilony-
YEHHbIE XapaKTEPHCTUKH CPABHHUBAJIUCH C AaHAJIOTHUY-
HBIMH JUIA PacNpOCTPAHEHHOIO MPOMBIIUIEHHOTO
IxcTpareHTa (PacTBOp TPHANKHIAMHHA B CMECH TeX-
HHYECKHMX CIOUPTOB M KepocuHa). Ilpennaraemas
cucreMa obnanaer HeckoNbKO Ooyiee BLICOKHMHU 3KC-
TPAKIHOHHbIMH CBOMCTBAMH IO OTHOILIEHHIO K pe-
HHIO 32 CYET OTCYTCTBHS JENPECCUPYIOLIErO BIMSAHUA
cnupTa. PacTBopUMOCTb CynbhaTOB aMHUHOB B MOJIH-
ankunbeH3oNe COMOCTABUMA C TAKOBOM A pa3ba-
BUTENSA CHHUPT-KEPOCHH, OJHAKO JXBYXKOMIIOHEHT-
HOCTb MNpEAJIaraeMoOro SKCTPAreHTa CYUIECTBEHHO
YNPOIIAET KOHTPOIb 33 €r0 COCTABOM IPH MPOMBILI-
JICHHOH 3KCIUTyaTaLUH.

B xadecTBe MONHANKUIOEH30lla MpeIOXEHA
CMECh M30MEPOB TPHATHIOEH301a (B TOM uucie 1, 3,
S-tpmatnnbenzona He Menee 70%), ONTUMANBHO CO-
yeTaromas (H3HKO-XHMHYECKHe (XapakTep H30Tep-
MBI 3KcTpakuuy penns (VII) TpuankumamunoM, Ba3-
KOCTb, OBEPXHOCTHOE HATAXKEHHE) W TEXHOJOrHYe-
ckHe (PacTBOPHMOCTb B BOIHBIX PAcTBOpax, CKOPO-
CTH pacCaMBaHHA, TEMIIEPATYpa BCIBILIKH OpraHu-
YECKOTO PacTBOPAa) XapaKTEPUCTHKY 3KCTPareHTa.
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O HEKOTOPBIX ITPOIECCAX
B ITPOU3BOJACTBE COEIMHEHHUI
BOJTb®PAMA

H.H.Paxosa, A.B.Banb3oscknuii, J.M.JIeoHosa,
B.K.Pymsaunes*
MocKoBCk#i TOCyJapCcTBEHHBIH MHCTUTYT CTAIH U

CIUIABOB
*Bcepoccuiickuii HayuHO-HCCIENOBATENLCKHIA HH-
CTUTYT TBEPIBIX cILIaBOB, MockBa

ITapaponbdpamar ammonus (IIBA) - mpomexy-
TOUYHBIH NPOAYKT B NPOH3BOACTBE BosibhpaMa, CBOM-
CTBa H CHOCOOBI MOJYYEHHS KOTOPOIO OMNpeNeaioT
KayecTBO H3Aenuii u3 Bonbdppama. B nocnearue roap
u3 ocobo uucroro IIBA nojyyaroTt romy6oil OKCHA
Bonbpama (I'OB), ucnonb3yeMsliii 1% MPOH3BOJCT-
Ba TBEPABIX CIUIABOB M HEMpoBucawlleil Boibdpa-
moBoi HuUTH. IIBA ocoboit YHCTOTHI MONYYaOT MO
CIIOXXHOH! TEXHOJNOTHYECKoH cxeMe, MpAMas MepeKpH-
CTAJUIM3ALNA HE HCNONb3YeTCs BCHEACTBME Maloi
pactBopuMoctid IIBA B Bome W BOOHOM pacTBOpE
amMuaka. OnTuMH3anus YCIOBHil pacTBOpeHUd,
NpenBapHTelbHAs HHU3KOTEMIIEpaTypHas NpPOKAaJKa
MO3BOJMIIN  [PENJIONKUTH  YCOBEPUIEHCTBOBAHHYIO
TEXHOJIOIrM4ecKylo cxeMy mnponssoactsa I[IBA mno-
BBIIIEHHOH YHCTOTBl C CYMMapHBIM COAEPXaHHEM
npuMeceii He 6o1ee 0,007%.

IIpoBeneHHbli aHAMW3 NHUTEPATYPHBIX HAHHBIX
MOKa3bIBAET, YTO MPOMBILITEHHO MonyyaeMblit OB
HUMEET CIIOXKHbIH XHMHUuecKMil U (a3oBbIli COCTaB.
Cocras TTOB 3aBHCHT OT LIEIeBOI'O HA3HAYEHHA U
omnpezenseTca cnocodbaMu noayueHus. McenenoBansl
ceoiictBa I'OB 1 cnocoGbl ero nomyueHus B anmapa-
Tax pa3lIM4HOTO THIIA.

IIpH BCKpBITHH BOIb(YPAMHUTOBBIX KOHLEHTPATOB
XeJe30, MapraHell, TaHTajl, HUOOHit, ckaHaud ocra-
I0TCS B OTBANbHBIX KeKax, MPEICTaBIAOIMX coOoi
TeXHOTE€HHbIE MECTOPOXACHHA, CONepKaHUE LEHHbIX
KOMIIOHEHTOB B KOTODBIX Bbllle, 4eM B pymax. Hec-
CIENOBAH U MPEIOXKEH TEXHOJOTHYECKHH BapHaHT
nonyueHuss 6OraToro MapraHelCOAepXaliero KOH-
LIEHTpaTa, KOTOPbIM MOXHO HCMOJIL30BATh B MPOU3-
BOACTBE (EeppOCNIABOB, XUMHUYECKHX COeIUHEHUH
Pa3JIMYHOrO Ha3HAYEHWs H XUMHYECKUX HCTOYHUKOB
TOKa.
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TEXHOJOI'MS U ATITIAPATYPA ITPOIIECCA
HENPEPBIBHOI'O THPOTEPMAJILHOI'O
OCAXNEHHUA TPHOKCHUJA MOJIMBIEHA U3
PACTBOPOB EI'O COJIEH

A.T.Iounbaer, I A Tpywun, A.¥O.[Janabaes

WHcTuTyT METasmypruu u oboraueHus
(HauuoHanbHeIH LEHTP 110 KOMIUIEKCHO#H!
nepepaboTke MUHEPAILHOTO ChIpbA PecnyOmuku
Kazaxcrah), Anma-ATa

Pazpaborana M npemnoxeHa NPUHUUMHANBHO
HOBasl TEXHOJIOTHA OCAXIEHHUA TPHOKCHIA MONHOIe-
Ha B THIPOTEPMANbHBLIX YCIOBHAX H3 PACTBOPOB
BbILENaYHBAHHA MONMMONEHOBBIX NMPOAYKTOB, KOTO-
pas NO3BOJSET B NPOMBIUUIEHHBIX YCIOBHAX TNPH
COXPAHEHUH OCHOB CYLIECTBYIOIleH cxeMbl MONUOIe-
HOBOTI'O IIPOU3BOJICTBA B KOPOTKHE CPOKY MEPEHTH Ha
BBIMYCK BbICOKOKa4YeCTBEHHOH MONHUOAeHOBOH mpo-
AYKLMH.

HCCIEJOBAHME ITPOLTECCOB
KOMILTEKCHO! IEPEPABOTKHA
KOHIIEHTPATOB 1 OTXO0OB
TYT'OILTABKIX METAJLIOB

B.A Kpacunenukos, I' T Auapees, ®.A.Bopoumios,
T.H.I'yzeeBa, A.C.JIeBanor, }0.M.Kobzaps*,
A.H.Kayaes*, B.I1.Illenuxon*, T.C.3aiinera*,

B.I1.Ctonbos*

ToMCKHI MOMUTEXHAYECKHH YHUBEPCUTET
*Cnbupcknii xuMuyeckuii kKomounat, CeBepck

IToelnenHble TpeOOBaHHA K KauecTBY NpHMe-
HAEMBIX TYTOIUIABKMX METaUIOB: Bonbdpamy, pe-
HHIO, MONUOEHY M HX CIUIaBaM B ATOMHOH M paxer-
HOM TeXHHKe, 3JIEKTPOHHKE, XMMHYECKOH NPOMBILI-
JIEHHOCTH W JpPYTHX OONacTAX HayKM W TEXHHKH,
NPEANONAraoT YCOBEPLICHCTBOBAHUE TEXHOJIOTHH HX
NOTY4eHHs, PACIIMPEHHE ACCOPTMMEHTA HM3NCIHH U
ux ypemesnenve. Ocobo npucTanbHOro BHUMAHMA
3aCTy)XXMBaeT MepepaboTka OTXOJOB TYIOMIABKUX
METAJUIOB.
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OnHUM M3 BO3MOXKHBIX MyTeil COBEPLUEHCTBOBA-
HUSI TEXHOJIOTHM [ONYY€EHUS PEeHUS ABIAETCA UCMOJIb-
30BaHHe Ta3opTOPHIHOH CXeMbl NepepaboOTKU Me-
TAUUIMYECKHX OTXONOB M KOHLEHTPATOB pEHHA,
Boabdpama U MOIUOaEHA.

PECYPCOCBEPET' AIOIIAS TEXHOJIOT U
IMPOU3BOACTBA COENJUHEHUN
BOJb®PAMA

I'.B.BepeBkuH

3A0 “3anamHo-Cubupckas Komnanus”,
HoBocubupcx

CoBpeMeHHas TEXHOJIOTUSl MPOU3BOACTBA COEIH-
HEHUH BoJb(paMa XapaKTepU3yeTCA BBLICOKMM pac-
XOIOM p€areHTOB M OOIbUIUM OOBEMOM IKOJIOTHYE-
CKH OMNAaCHBIX COJIEBbIX CTOKOB.

Hamu B compyxecTBe ¢ pAZOM HHCTUTYTOB AKa-
Jemuu Hayk U oTpacieBblX HUHCTHTYTOB B T€4EHHE
nocnegHux 15 Jner paspabaTbiBalach KOHLEMLHs
JaHHOTO Iepeeiia, OCHOBaHHas Ha IKCTPaKLUOHHOM
(UM copOLIMOHHOM) KOHLIEHTPHPOBAaHHH BOJIb(pama
HEMOCPEACTBEHHO W3 (PUILTPOBAHHBIX LIEIOKOB Oe3
HeHTpanu3aluuy U30BLITOUHOH comb! MM Leno4H. B
pe3yibTaTe 3aBeplieHa pa3paboTka 3TOro 3aMKHYTO-
ro Mo MaTepHAIbHbIM [OTOKaM TEXHOJIOTHYECKOro
npouecca.

BoinonHeHHbIE McCNEAOBAHKUA O MAKPOKHHETUKE
npoliecca NOKa3biBalOT, YTO HECMOTPA Ha OoJiee HU3-
Kyl0 OOMEHHYI0 €MKOCTb MCHOJIb3YEMbIX IJI KOH-
LIEHTPHPOBAaHUA BOJbQpaMa SKCTPAareHTOB, Mapa-
METpbl MaccooOMeHa MpPEBOCXOAAT TAaKOBblE s
IIPHMEHAEMON MOBCEMECTHO TEXHOJOIMH NPOU3BOJI-
CTBa COEeIUHEHHH BosjbdpaMa, 4TO NO3BOJIAET MOYTH
BIBOE COKPATHTb 00BEM TeXHOJOrHyeckoro obopy-
JOBaHHUS.
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TEXHOJOI'NS ITIEPEPABOTKH
BOJIb®PAMCOJAEPKAIIMX OTXOJ0B

B.A Kpacunshukos , I.T. Aunpees,

@.A Bopoiuunos, T.A.I'yzeeBa, A.C.JIeBilaHOB,
10.®.Kob3app*, T.C. 3aiiuesa*, A.K.JIenoBckux*,
A .H.Kauaen*,

B.I1.Ieauxos*, 3.0 IlopTHATrMHA*

ToMcku#t mOMUTEXHUYECKUH YHUBEPCUTET
*Cubupckuit xuMuueckuid kombunat, Cesepck

OCHOBHOIf 1ETbI0 JaHHOW paboThbl ABIAETCH HC-
ClleNOBaHKeE Npoliecca nepepaboTKU OTXOA0B BONbG-
paMa u NOJy4eHHe KOHIUIMOHHOTO METAJIa B BUMIE
MOPOIIKA, BONb(GPAMOBBIX MOKPLITHH WX KOMNAKT-
HBIX U3JIETTUHA.

CpaBHenue TpaAMHMOHHBIX METONOB NepepaboT-
KH OTXOHOB Bonbpama ¢ pa3paboTaHHBIM HaMH
meronoM ¢TopuaHOH mnepepaboTKM yKa3bIBaeT Ha
NPEUMYLIECTBO NOCTIEIHETO.

HEKOTOPBIE HAITPABJIEHHA 9KOHOMMH
PECYPCOB ITPR T'HPO-
METAJUTYPTHYECKOH ITIEPEPABOTKE
BOJIb®PAMOBBIX ITPOAYKTOB

JI.U . Knauko, B.H.I'nywkos, B.K.Pymauues

Bceepoccuiickuii Hay9HO-UCCHENOBATENbCKUIA U PO-
€KTHBI HUHCTHTYT TYTOIUIABKUX METAIUIOB M TBEPAbIX
crasoB “BHHUUTC”, Mocksa

ITpousBoncTBO BOMbdpamMa U CIUIABOB HA €r'0 OC-
HOBE BEIETCA U3 BONbOPAMOBLIX COENUHEHHI, YHCTO-
Ta KOTOPBIX [0 COAEpXKaHUIO mpuMeceii oOyciaBiu-
BaeT B OOJBINOH CTeMeHH KauyecTBO T'OTOBOW Mpo-
AYKLHH.

Haubonplnas o4yncTka OT NpUMeceld OCyL[ecTBIA-
eTcs MNpH THAPOMETAILTyprHYeckoil mnepepaGoTke
BOJIbpaMOBHIX KOHLIEHTPATOB.

B noxmane paccMOTpeHbI BOMPOCHI BCKPBITHA
BONB(PAMOBLIX KOHLEHTPATOB C LIEJIbI0 MOJYy4eHUA
PacTBOPHMOrO COEAMHEHMA BOJb(paMa - Boibpa-
MaTa HaTPHA, HOBBIE CIOCOOb! nepepaboTKH PacTBO-
PpOB BONb(h)paMaTa HaTPHA C IPUMEHEHHEM HOHHOTO
obmera, croco6sl onTUManbLHOH mepepaboTKH

35



OTXOJIOB, COJEPKALLMX BOJIb(paM, a TakxKe CrocoObl
YTHUITH3ALUMH BONbdpaMa M IPYrMX XHMHYECKHUX CO-
eIMHEHHH U3 CTOYHBIX BOJI.

IlpennoxeHHble MYTH 3KOHOMWM BONbpaMa,
peareHToB, KalHTaJbHBIX BIIOXEHHH YyCMEeLUIHO pea-
JIU30BaHbI B TPAKTHKE POU3BOJICTBA.

BHEJIPEHHME HA Y3KTKM HOHO-
OBMEHHOM TEXHOJIOT OYUCTKHU
PACTBOPOB BOJIb®@PAMATA AMMOHUA
OT MOJUBJEHA

2.A.Ilupmaros, A.A.bnoxuH

Y30ekckuit KOMOHHAT TYTOTUIABKHX W KapONPOUYHbIX
MeTaJUI0B, Yupuuk

IIpu npousBonacree BoNLGPAMOBO MPOBONOKH
g aMn obutero nasHaueHus (JIOH) permaMeHTH-
pyeTcs npumech MoaubaeHa He bonee uem 0,03% Bec,
a 1A ranoreHHbIX namn He 6onee 0,005% Bec.

IlpoBeneHure xKoMIIEKCa HCCIEHOBAHUNA OYUCTKH
pacTBOpoB Bonlb(dpaMaTa aMMOHHS OT NpHMecel, B
TOM YHCIE H OT MOJHOIEHa, TMO3BOAMIO BhIOPATh
HOHOOOMEHHYIO TEXHOJOTHIO, KOTOpas BKIIOYaeT B
ceDd cleAyoole OCHOBHBIE CTAIUH:

- 00paboTKy pacTBOpa I03MPOBAHHBIMH KOJIHYe-
CTBaMH cynbOUIAa aMMOHHS ¢ LENBI0 NEPEeBOJa MO-
nubxena B popMy THoKoMILIekca [MoS4]%;

-IPONYCKAHUE PAacTBOpA 4Yepe3 KOIOHHY C CHUIlb-
HOOCHOBHBIM aHHOHMTOM, wu3bupaTenbHo copbu-
pYyOLIUM MoubaeH;

- yHapKy OYMILIEHHOTO PacTBOpa M KPHCTAJUIN3A-
L{HIO NTapaBoiib(ppaMaTa aMMOHHS;

- pereHepalyio aHMOHHTa NyTeM o6paboTku ero
PaCTBOPOM OKHCIIUTEIIA.

B kauectBe copbenra Obi BbIOpaH anuoHut BII-
1An 61M3kHii MO CBOMM €MKOCTHBIM XapaKTepHCTH-
KaM K OpYrdM CHILHOOCHOBHBIM aHHOHUTaM (AM,
AM-n1), HO JNerue pereHepUpPyeMblit H XHMHYECKH
bonee croiikuii B ycinoBusx paboThl B LHKIAX copo-
LHs-PET¢HEpaLiids, a B KAUeCTBE OKHCIUTENA - a30T-
Has Kuclnora. BHeapeHue 3Toil paboThl MO3BOIUIIO
KOoMOWHATy pemiuTh NpobiieMy MoayuyeHus Boiabgpa-
MOBOIi MPOAYKLHH BBICOKOW YMCTOTHI 10 MOIHOME-

Hy.

36



Ao 1S 1

IIOATrOTOBKA HIEEJIUTOBOI'O
KOHUEHTPATA ITEPE THIPO-
METAJUTYPTHYECKHM ITEPEJIEJIOM C LIE-
JIbIO TTOBBILIIEHHS CTEITIEHHA
N3BJIEYEHHSA BOIb®PAMA

3.A.Ilupmaros

Y36ekckuii KOMOHHAT TYTOIMIABKHX M )KaPONPOYHbIX
MeTamoB, Ynpumnk

OcraTkn GNOTOpEAreHTOB B IEETMTOBOM KOH-
LIEHTpaTe NpPH aBTOKJIABHO-COJOBOM BbIIlENa4yHBa-
HUM He paspymaroTcd U ¢joTHpyloT BoibdpaM B
NEeHHBIH MPOAYKT 3a cueT BbigeneHus CO: u nmapos
BOAbl. B pesynbTaTe CHMXAeTcsa cTemeHb NepeBoia
BonbpamMa B pacTBOp BoiabppamMaTa HaTpHf, T.C.
CHHKAETCA H3BJIEYeHHE OCHOBHOTO KOMIIOHEHTA.

C uenbio OYMCTKH LIEETHTOBOTO KOHLEHTpATa OT
OCTaTKOB (QIIOTOPEAreHTOB, XXHIKOTO CTEKNa W NpU-
Mmeceil xapbonatoB M cynmbduaoB paspaborana u
BHEJpEHa TEXHOJNOTHA MOATOTOBKH KOHLEHTPATOB,
BKIJIIOYaloLIas B cebs:

- NPOKAJIKy BO BPAILAIOLMUXCA NeYax MpH TemIie-
patype 400-420°C;

- NPOMBIBKY MHHEPAILHbIMA KHCTIOTAMH (230THaA
KHCI0Ta KOHLeHTpauueii 25-30 r/m).

PeaynbTaToM BHEOpeHHA ITOH TEXHOJOTMH SBH-
JIOCh CHIDKEHHe coliepxkaHHd Bonbdpama B BeIGpOC-
HbIx kekax go 0,8+0,9% u yRenuueHHe cTeneHH nepe-
Boza Bonbdpama B pacTBop Ha 1,5+2,0%, a Tak xe
COZIEpXaHHA OKcHIA BodbdpaMa B obpaboraHHOM
KoHUeHTpaTe 10 72% (06biuHO 60-65%).

KOMILIEKCHASA YTHIN3AITAA ITPOMBIILI-
JJEHHBIX CTOKOB THIPOMETAJLTYPTHYIE-
CKOI'O ITPOA3BO/ICTBA BOJIB®PAMA H
MOJIMBAEHA B YCIOBHAX YV3KTKM

3.A.IlnpmaToB
V36ekckuii KOMOMHAT TYTOMIABKHX H XApOMPOYHBIX
MeTaIoB, YKpYHK

H3yyeH cOCTaB CTOKOB FHIPOMETAILTYPrHYECKOTO
MPOM3BOIACTBA MONHOAEHa M BoNbpaMa, KOTOpPbLIE B
OCHOBHOM COCTOAT W3: HAaTpPHEBOH  CEJIHTPBI,
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AMMHa4HOW cenuTpsl, cyiabdaTa HaTpHsd, cylbparta
aMMoHus. U3 METauioB MPUCYTCTBYOT Bosibdpam,
MoaubaeH, PeHUit U B NOCTATOYHO OONBLIMX KOIH-
4ecTBaxX - MEAb U XKEIE30.

PazpaboTraHa TEXHONOTMA HU3BJIEYECHUS MeId U
Xeje3a U3 CTOKOB, KOTOpas MO3BOJAET U3BJIEKATh
3TH METaJUIbi MpPaKTHYeCKN NOJHOCThIO. Y3 CTOKOB,
COAEPXALUUX HATPUEBYIO CEIIUTPY, MOJIyYEHbl Kajlb-
LUHMHUPDOBAHHAA COJA M TEXHHUYECKU UHCTas HaTpue-
Bas CeIMTpa, KOTOpble BBO3ATCA B Pecnybnuky no
umnopty. OcTaBillMecs CTOKH YIapHBAIOTCA AOCYXa,
U NoJly4aeTcs, TAaK Ha3blBacMass CMecCb coJieil, co-
CTOsALIas U3 HATPUEBOH U CynbPoaMMUAYHOM CeNUT-
Pbl, Cyib(haTOB HATPUA M AMMOHHA, KOTOpas Hc-
NOJB3YETCA KaK KOMIUIEKCHOe ymoOpeHue, obora-
LLIEHHOE MUKPOAJIEMEHTAMHU.

IIPUMEHEHMHME IIOBEPXHOCTHO-
AKTHMBHBIX BELLIECTB (ITAB)
B I'HIPOMETAJLUIYPI'MH BOJIbO®PAMA

9.A.ITupmatos, b.[1.{iocebexon

V36eKcKHil KOMOMHAT TYFOIUTABKMX M XapOMPOUYHbIX
MeTajutoB, YupuMk

PaspaboTaHa M BHeZpeHa TEXHOJOTHA OUHCTKH
BOJIbGPaMATHBLIX PACTBOPOB OT KPEMHHS C MPHUMEHE-
HHeM MOBEPXHOCTHO-aKTUBHBLIX BeillecTB (ITAB).

H3yyeHbl BIUsAHUE TEMIIEPATYPhi, KOHUEHTPALHUH
ITAB, MUHepanbHbIX KHCIOT U X aMMOHHWMHBIX CO-
JIel HAa OCaXKIEHHE KPeMHHS B MpoLecce HellTpanu3a-
UMM COJOBbLIX BOJb()PaMaTHBIX PACTBOPOB U Hake-
Hbl ONITUMAJIbHBIE PEXHMBI IpoLIecCa.

IlpenoxeHHas TEXHOJOTHA BHeApeHa Ha pado-
TawieM obopynoBanuu Uexa Ne 4 YV3KTXKM u no-
3BOJIMJIA COKPATHTb NOTEPH BOJIbQpaMa, KOTOpbIE
00pa3zoBaich NMPH FMAPOIUTHYECKOM CIIocobe OuH-
CTKH BOJb}paMaTHBIX PaCTBOPOB OT KPEMHHS H3-3a
HEMOJHOT'O0 OCAXKAEHUA, MJIOX0H QUIBTPALMH H YHO-
ca MOJIE3HOTO KOMITOHEHTA ¢ KPeMHHEBOI KUCIIOTOM.
YBennueHa CTeNneHb OYHCTKH OT KPeMHHS, COJepKa-
HHe KOTOpOro B BonbdpaMe METALIHYECKOM OIpa-
HuueHo He 6onee 0,003% Bec.
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3KCIIPECCHOE OITPEJEJIEHHUE
MOIJINBAEHA B TEXHOJIOTHYECKHNX
PACTBOPAX C HCTIOJIb30BAHUEM
IPOU3BOJHON CIIEKTPO®OTOMETPUH

10.B.lemun

HHCTHTYT reOXHMMHH H aHAJTUTHYECKOH XMMHKHU HM.
B.!.Bepnanckoro PAH, Mocksa

HalineHo, 4yto MeTOHA nepBOil MPOW3BOAHOH IO-
3BONAET 3HAUHTENBHO TOBLICHTh CEJEKTUBHOCTb
onpeaenenus Mo B npucyrcTBun Nb u V (6e3 npen-
BApUTENBLHOIO UX OTAENCHHA) B CEPHOKHUCIION CpeJie B
NIPHCYTCTBHH MEPOKCHIA BOAOPOAA M CyNbOOHUTpa-
30.

PaspaGoraHa akcnpeccHas (Bpems ananusza 8-10
MHH.), YyBCTBUTENbHAA (0 | Mr/n Mo) u cenektus-
Had METOAMKa onpeneneHus Mo B TEXHOJNOTHYECKHX
pactBopax (Mo MOXHO OnpeAeniTh B NPHUCYTCTBHH
1000-kpaTHbIX xonuuecTs Nb, dTopua-uoHOB ¥ Ipy-
rux aneMeHToB; 30-KpaTHbIX KonuuecTB V M T.A.).
Meronuka XapaKTepH3yeTcs HOCTATOYHOH BOCHpO-
H3BOAUMOCTBIO: St = 0,16 mna 3,1 mr/a Mo.

IKCITPECC-AHAJIN3 ITPHPOJIHBIX U
TEXHOJOIHYECKHX MATEPHAJIOB HA
COJAEPXAHVE PEHUSA

JI.B.Bopucosa, 10.B.Jemun, O.B.boxxop*

VIHCTHTYT reoXMMHH U aHATUTHYECKOH XUMHH
um.B.H.Bepnaackoro PAH, Mocksa
*UncruryT o6meit # HeopraHnueckoi XUMUH
Bonrapckoit Axagemun Hayk

Jns aHATMTHYECKOTO XOHTPOJS NPHPOIHBIX H
TEXHOTEHHBIX MATEPHANIOB HAa COACPXAaHHE PEHHA B
arpecCHBHBLIX Cpefax, MOJYYaeMbiX NMOCIE pa3jiokKe-
HMS 9THX MaTepHaloB, pa3paGoTaHa cepus BBHICOKO-
9 (EeKTHBHBIX TIPAMBIX KHHETHYECKHX METOXOB C
doToMerpHyeckoif MMM BH3yanbHOW HHAMKaUMe,
OCHOBAaHHbIX HAa KATANIM3HpyeMbIX peHHeM red-ox
PeaKIHMsAX OPraHMYECKMX PEATeHTOB.

Pa3zpaGoTaHbl  BbICOKOYYBCTBHTENbHbIC (mo
Inr/MnRe) n w3bupatenbHbie METOXbI HA OCHORBE
red-ox peakunii gudeHnnamuna B cMecH koHiL.H2SO4
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n HCl, cynbdonntpaszo P B cmecn HaSOs4 m HNO:s,
IuMeTHIIuTHOOKcaMuaa B kowni. NaOH B mipucyr-
CTBUM OKHCIMTeNIed. METOMbl O YYBCTBHTENBHOCTH
He ycrynaroT AQC-HUCII u Macc-cnekTpaibHOMY, HO
6onee 3koHOMHYHBI (He TpeOyIOT moporoii anmapa-
Typsl), skcapeccHbl (15-20 MuH.), He TpeOyroT mpen-
KOHLECHTPUPOBAHUSA H OTHeNeHUA Re oT Marpuusl
MeTtoapl yCHEMIHO HMCMONb30BaHbl UI CEPHItHBIX
aHAJIM30B TEXHOJOTHYECKUX PACTBOPOB U MPOJAYKTOB
BYJIKAHW4ECKOM JedaTenbHocTH (ocTpoBa Kypuibckoi
TpAnbl), KaK B CTAalHOHAPHBIX, TAK U B MOJEBBIX yC-
JIOBHSAX.

OCHOBHBIE ITPEAITOCBLIKHA
COBEPUHIEHCTBOBAHMA I'HAPO-
METAJUIYPITHYECKHX ITPOIECCOB
) IIEPEPABOTKH MOJIVUBAEH-
COJEPXAIIEI'O CbIPBS

A E.Bopobbes, B.B.Xabupos*

MockoBckuil rocynapCTBeHHblH TOPHBIH
YHUBEPCHUTET
*HauunoHanbHas akajgeMus Hayk KeiprbisctaHa

OTMeueHOo, YTO COBEpPILUEHCTBOBAHHE IMPOLIECCOB
BKPBITUA MOJHOEHCONEPKAILETO ChIPbS MPU I'HAPO-
MeTAJIypru4yeckoif nepepaborke TOJDKHO NMPOBOAUT-
Ci B HAMPaBJICHHH UHIHOUPOBAHWA COMYTCTBYIOLIMX
€My B3aUMOJEHCTBHH, WHUUHUPOBAHHS HCXOIHBIX
peareHTOB H B3aUMOJEHCTBYIOLIHX CpeN.

IlokazaHo, 4YTO 1npH BKPLITHH MOIHOAEHO-
PEHHEBOTO CYIb(UIHOTO ChIPbA a30THO# KHCIOTOM
HMEET MECTO lienass COBOKYMHOCTb BTOPHYHBIX TeX-
HOJIOTMYECKH BPEXHBIX MPOLECCOB, PE3KO CHHXKAIO-
IIHX BENMYMHY H3BJIEYCHHUS MOJNHMOIECHA U DPEHHA U
INPHUBOJALLMX K 00pa30BaHHIO 3HAYUTENBHOTO KOJH-
YecTBA OTBAJNbHBIX KekoB ¢ comepxanueM 1,0-3,5%
Mmonubzaena u 0,01% penus.

Pa3paboTaH ¥ OCYILECTBIEH B MPOMBILIICHHOH
NpPaKTHUKe METOX HHTHOMpOBaHHA ANA MONUOIEHO-
PEHHEBOTO ChIpbS, 3aKIIOYAIOUHIiCA B XHMHKO-
TepMHYecKol 00paboTKe PYA KOHLEHTPHPOBaHHOH
CepHOH KUCIOTON NpH aTMochepHOM IaBIEHHWH B
Inana3oHe Temnepatyp 120-160°C. Meton nosBois-
€T JMKBHIMPOBaTb BCE HEXeNaTelbHbIE Oapbepbl
I y3HoOHHOro MOpsAKa, MPUBOAMUT K AECTPYKLHH
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OpraHUKM, MNpeJoTBpallaeT oOpa3oOBaHHE 3JIEMEH-
TAPHOH CEPb! U BblIEJIEHHE NOIUMOIMbIaTOB, yCcTpa-
HAET YCJIIOBMA 3KPAaHUPOBAaHWS LEHHbIX MHHEPAJIOB
BMEUIAIOUMMH MOPOJAMH, YTO oObOecrmeumBaeT Npu
JanpHelleM BCKPBITHH NMOJNYYEHHE BECbMA BBICOKHX
NOKa3aTelleH U3BJIEYEHMS LIEHHBIX KOMIIOHEHTOB.

PA3PABOTKA YHUOPUIIUPOBAHHOTI'O
METOJA OITIPEAEJIEHUSA PEHYIS B
MHOI'OKOMITOHEHTHBIX OKCHHBIX
KOMIIO3NIAX

A.B.Jpobot, A.B.Benses, B.A.KyTtBuukuii,
A.I1.Pbices

"MockoBckas rocyiapcTBeHHas akaieMus TOHKOM
XuMuueckoi rexHonornn um.M.B.JlomoHocoBa

CoobleHHe NocBALEHO co3aaHuI0 3 dekTHBHOM
METOIMKH MPUTOTOBJIEHUS PEHUICOREPKAINUX CTEK-
JOBUAHBIX 00pa3uoB CpaBHEHHS IS PEHTIeHOGIYO-
PECLIEHTHOTO aHAJIN3a Ha OCHOBE OKCHAOB BHCMYTa H
6opa. IIpemmokeHa METOOMKA HA OCHOBE BBEJIEHUS B
LWINXTY PeHUs] B BUAE MAIONETYYero OKCHIA - OKCHIA
penus (IV). lnsa nonyyeHus cTexiia ¢ ONITHMAJIbHBIMH
(bH3MYeCKUMH CBOHCTBaMM KOHUeHTpauus BiO3
(0.C.Y.) nomxHa cocrasnath 70% (Macc.). YcTaHOB-
JIeH ONTHMAIbHBIA PEXHUM CHHTE3a CTEKIOBHUIHBIX
obpasuos ¢ pasauynsiM (ot 0,1 mo 3% (macc.)) co-
aepxanneM ReOs : nonyueHue TBEpIOro pacrsopa u3
oxcuzoB Bi u Re npu 750°C B Teuenue 3 u., 3aTeM
nnasjieHre WHXTH ¢ B203 ¢ BbiAepxKOH peaxuuoH-
Ho#l cmecu npu 800°C B Tevenne | u. ITomydyeHHbIe
CTeK]Ia MCCIe0BAJIM METOJaMU PpeHTreHodiyopec-
LIEHTHOTO aHaJM3a M TPATULHOHHBIM CNeKTpPodoTO-
METPHYECKHM DPOAAHUAHBIM. YCTaHOBIICHO CHIIBHOE
6ydepupyroee BausHue B2Os B OpUCYTCTBUH KOH-
ueHtpupoBannoii HCl. PaspabGoranHHas Merommxa
NI03BOJIAET OMPEAENATh PEHUH B COCTaBE OKCHIHBIX
cMeceif B uHTepBaye ero copepxaHns 0,01-10%
(macc.) ¢ S5:=0,03.
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- III CEKLISA
CILTABBI 1 UX IIPUMEHEHUE

XUMHNYECKHE ACIIEKTBI ITPON3BOJICTBA
HEITPOBMCAIOILE! BOJIb&PAMOBON
HUTU METOJAMMU ITOPOILIKOBOM
METAJLTYPTHH

X.-H. Jlynk

Komnanusg "OSRAM SYLVANIA Products Inc."
Tosanga, IlencunbBanus, CIIIA

OTMeueHO, YTO HECMOTPSA Ha Mporpecc B odacTu
pa3pabOTK¥ MCTOYHUKOB CBETA C MOBBIIICHHOM BbI-
COKOM CBETOBOH oTHauvel, JJaMibl HaKaJHBaHHA IO
CHX TIOp HaxOAAT WHPOKOE PUMEHEHHe, 4 B HEKOTO-
PBIX CIIydasx JUIs HHUX He HAJeHO aleKBaTHON ajlb-
TEPHATHUBBI.

Bo BceM MMpe mpolecc NPOU3BOACTBA BOJdb(pa-
MOBOW HHTH METONaMM TIOPOIIKOBOH MeTaiLTypruu
HayuHaerca ¢ "ronyboro oxcuaa Bonbdpama”, KOTO-
pHIH NOMYy4YaloT NpoKaIUBaHHEM B aTMochepe Boao-
pona TeTparuapara napaBoibdpaMara aMMOHHUSA
(APT-4H:»0), (NH4)10[H2W12043] - 4H20. "T'ony6oii
oKcuZ Boiibpama” He ABNsAeTCA YyeTKO cHOpPMYIHPO-
BAHHBIM COEHMHEHHEM, JTOT TEPMHH HCIIONB3YETCH
U1s 0003HAYEHUA TPOAYKTA ronyboro Lpera ¢ 06-
meit popmynoit xNHs-yH20-WOn, rae n<3. [Tomumo
KpUCTaJuIMueckux coenuHeHnid (WOs3, rekcaroHanb-
Has ¢a3a BonbdppaMuctoil 6ponsel W20ss, WisOas,
WO3) "ronyboit okcupy Boabdpama"’ MOXET comep-
*aTb 0 50% amopdHoii dasbl.

ITokxa3aHOo, YTO XHMMYECKHH, KOJMYECTBEHHbIM
PEHTTEHOCTPYKTYPHBIH aHAJU3 MOPOIIKA W aHANIU3
obmena NH4+/K*, a Taxxe uccnenosanus JH NMR c
BLICOKOH paspellarolied COCOOHOCTLIO AAKOT MONA-
HYI0 W JIOCTOBEDHYI0 XapDAKTEPHUCTHKY Ppa3inu-
HBIX BUIOB "ronyboro okcuaa Boibdpama”. Toib-
KO OKCHIBl C HEKOTOPBLIM COJIEpXaHHUEM TreKcaro-
HadbHOM aMMOHHUEBO-BONbYPAMUCTOH  OpOH3BI,
h-(NH4)(WO3)(,33, 0OHapyxuBaioT BHeapeHue K*
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nyTeM HOHOOOMEHHOrO MexaHM3Ma B Mpouecce
"nerupopaHus”.

OnucaH cnoco® "neripoBaHus” roayboro okcuaa
Bonbdpama, 3akiovarlpiics B 06paboTke ero Boa-
HbIM PACTBOPOM, CONEPXKAIUUM KalHii, KPEeMHMH M
amOMUHUI ¢ obied koHueHTpauueit 5000 ppm, u
obecneunBarOLMil OTIMYHOE CONMPOTHBIIEHHE MON3Y-
4YeCTH TaK HasblBaeMoi HempoBucawoulcit ronbdpa-
MOBOIM HUTH NpHU BBICOKUX TeMmeparypax. Ilokasa-
HO, YTO JIETUpOBaHHaA BOIbGpaMoOBas HUTb, Npen-
crapasolas coboil KOMMO3WT, comepxawMid IBa
HENETHPYEMBbIX JIEMEHTA: BONbMpaM U Kaluii - yHH-
KaJibHa. YCTaHOBIIEHO, YTO COMPOTUBIIEHHE MOJI3yYe-
CTH 00ecneynBaeTCs 32 CYeT MHUKDPOKOHLEHTpaLuii
kamus (mopsiaxka 70 ppm), pacnpedeneHHOro B
BONb(PaMOBO HUTH B BUAE TNPOIJOILHBIX DPAIOB
KUOKHX MK Ta3000pa3HbIX my3ulpbkoB. KpeMuuii u
AMIOMHHHH  CNTYXAT MCKMOYUTENBHO B KauecTBE
BCIIOMOTATENbHbIX KOMIIOHEHTOB, HEOOXOAUMBIX Ha
CTaJHAX BOCCTAHOBJIEHUS U CTICKAHHS.

NPUHIUIIBI PABPABOTKH CILTIABOB
PEHUA

K.b.IloBapoBa, M.A. Tbutkuna

HHcTuTyT MeTamnypruu uM.A A baiixosa PAH,
Mocksa

B ocHoBy pa3paboTKu CIaBOB peHMs MOJIOKEHDI
auarpaMMbl COCTOAHHA, anarpaMmbl COCTaB-
CBOMCTBO M OCOGEHHOCTH BIMSHUA TEPMOILTACTHYe-
cKoil 06paboTKH Ha CTPYKTYpPY U CBOUCTBA CIUIABOB.
H3yueHne IOBOHHBIX U MHOTOKOMIOHEHTHBIX IHa-
TPAaMM COCTOAHMA € YYacTHEM PeHUS TO3BOJMIO
ONpEeAEeIMTh 00JIACTH TOMOrEHHOCTH TBEDPABIX pac-
TBOPOB, [/ie peHUii BBICTYNAeT KaK OCHOBA WIIH JIETH-
pyioluii 31eMeHT, 06IACTH TOMOTEHHOCTH MHTEpMe-
TAIUTHYECKHX COEAMHEHUI, a TaKOKe TEMIEPATypbl
($a30BbIX IPEBpPALICHUH, YCTAHOBHTh 3aKOHOMEPHO-
cTd HU3UKO-XMMHYECKOTO B3aWMOIEHCTBUA PEHHA C
anemedTaMHu Ilepuomnyeckoii cHCTeMbl M BBIAEIHMTb
KOMIIO3HLIMH, MEPCNeKTHBHBIC IIA CO3LAHUA KOHCT-
PYKUHMOHHBIX CNJIABOB M/HJIM CIUIABOB CO CHELMATb-
HBIMH QU3HKO-XHUMUYECKHMH U CITYXeOHBIMU CBOMCT-
BaMH.
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PEHU B )KAPOIIPOYHBIX HUKEJEBBIX
CIITABAX JUISI IOITATOK I'A30BBIX
TYPBUH

E.H.Kab6nos, H.B.Ilerpywun, H.I".Opexos,
I''M.I'nesep

I'HII P® Bcepoccuiickuii HayyHo-
UCCNEIOBATENbCKHI HHCTUTYT
aBuaLMOHHBIX MaTepuanoB “BUAM”, Mockga

H3noxeHbl OCHOBHBIE NPHUHLUNBI JIETHPOBAHUS
KapONpPOYHBIX PEHUHACONEPKAIUX HUKENEBBIX CIIa-
BOB (MONUKPUCTAJITHYECKHX €O CTONOYAaTOH CTPYyK-
TYpOH M MOHOKPUCTAJLTHYECKHX, & TAKXKe IBTEKTHYe-
CKMX KOMIIO3UTOB), BKIIIOYAIOI[HE BLIOOp XHMHUe-
CKOI'O COCTaBa MePCIEKTUBHBIX KOMNO3MLMiA B dop-
MHUpOBaHHe 3afaHHOH cTpykTyphl. IToka3aHa Heob-
XOJUMOCTh MPHUMEHEHHS aHAJTUTHYECKHX METOROB U
KOMIIBIOTEPHOTO NPOEKTUPOBAHUA B IIpoLiecce CO3-
JIaHHUS KAPOMPOYHBbIX MATEPHANIOB, KOTOPhie MO3BO-
JAXOT MAKCHMANBLHO OTPAHHYHUTL SKCIIEPUMEHTANb-
Hylo 6a3y MOHCKa, COKPATHTb, BpeMs pa3paboTox d
3HAYHTENBLHO MOBLICHTb X 3QHEKTUBHOCTS.

KOHCTPYKIIMOHHBIE MATEPHAJIbI HA
OCHOBE MOHOKPHUCTAJIJIOB
MOJIMBJEHA, BOJIb®PAMA, HUOBHS

A.A SctpebxoB

HITO “Jly4”, ITomonbck, MockoBckoii 0011

Pa3paboTaHbl KOHCTPYKLUMOHHbIE MaTepHaNIbl Ha
OCHOBE MOHOKDHCTAJLUIOB TYrOIUIaBKHX METAJLIOB
(Mommubaena, Bombppama, HuoOus). Braromapsa ot-
CYTCTBHIO 'DAHHI| 36p€H MOHOKPHCTAJUIBl 00IafaoT
PAOM TIPEHMYILECTB 10 CPABHEHHIO C TPaaHLHOH-
HbIMH TYTOMJIAaBKMMH METAIUTAMH C MOJMKPUCTAIIH-
4eCKOH CTPYKTYypoil.

TexHonoruueckue BoszmoxuHocth HITO “JIyy”
MO3BOJAIOT BbIPALIWBATh MOHOKDHUCTANIbl B BHIE
NPYTKOB, TPYD, MAACTHH, AUCTOB, GONBTU U MHOTO-
cnoiHbIX w3zenuid. Co3gaHa TEXHONOTHA 3JIEKTPOH-
HO-JIy4eBOH CBapKH MOHOKPHCTAJUIOB C COXPaHCHH-
€M MOHOKPHCTaJIbHOCTH.
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Pa3spa6oTannbie 8 HIIO “JIyy” aponpouHbie
MOHOKDHCTAJIMYECKHE CIUIaBbl MOTYT YCMEIUHO
KOHKYPHPOBATh 110 COMPOTHBJIEHUIO NTON3YYECTH MTPH
t°< TUIaBJIEHHS CO BCEMH KJIAaCCAMM MOJIMKPHCTAILIIH-
YeCKMX MaTepHagoB, a KOMIUIEKC TEXHONOTMYECKUX
NPHEMOB MO3BOJIAET M3TOTABJIMBATE MOHOKPMCTAI-
JMYecKye M3Jenus pasHooOpasHOil reomeTpuuecKoit
dopMbl, pa3MepoB ¢ 3aJaHHOH TOYHOCTBIO 06paboT-
KH TOBEPXHOCTH - MEKTPOAbl TEPMOIMHUCCHOHHBIX
npeobpa3oBaTeneii SHEPrUH, MOILHBIX PEHTTEHOB-
CKMX TpYOOK, JeTanu BbICOKOTEMIEPATYPHbIX YCTa-
HOBOK Pa3iM4YHOIO THIA.

IIOPOIUKOBBIE TYT'OIINTABKHE
. MATEPHUAJIbI AJIA BBICOKO-
‘TEMIIEPATYPHOM TEXHUKHU

W.0.Epwiosa, 0.B.MaHernx

HHcrutyT nopoiukosoii Merautypruu I'HII PO
IMHHUWYepmer um.H.I1.Bapauna, Mocksa

Pazpabotanbl mucnepcHoynpodHeHHble Mo, Mo-
W, W cninnaBbi 4 nceBgocnaBbl Ia pabounx Temie-
patyp (2000-3000)°C. HepopMupoBaHHble nonydad-
pUKaTbl M3 CIUIABOB oO0ecrmevyuMBa0T NPOYHOCTH

O g = (650-1000) MIla, nnactuusocTs 10 & = 25%

npu 20°C, O g = (40-110) MIla npu 1800°C. Cne-

4YeHHble noaypabpukaThl U3 NCEBIOCIUIABOB NOBbI-
IIEHHOHM 3PO3MOHHON CTONKOCTM MMEIOT MeXaHHye-

CKME CBOWCTBA Ha ypoBHe O p = (392-450) MIla, &
22% npu 20°C, O = (22-70) MIla npu 1800°C.
Bricokonpounsle usHococtoiikue Mo-MeO xepMetsl
(HB = 3000 MIla, O g= 1200 MIla) ornuyaroTcs

XHMHMYeckoll MHepTHOCThIO k Fe u Ni pacnmaBam.
HemaruuTHble "Tsxenble criaBel” cucteMsl W - MeO
nmnoTHOCTbIO (15-16) r/em? ¢ Huskum TKIIP - (3,3-4,0)
x 106 K-' xapakTepu3yloTca BBICOKOH TBEPIOCTBHIO

HB = 2800 MIIa u npounocteio O 5 = 1200 MIIa.
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PA3ZPABOTKA BbICOKOTEMIIEPATYPHBIX
(1800-1900°C) MOJIMBAEHOBBIX
HATPEBATEJEN C 3ALIMTHBIMHA
NOKPBITUAMMA

}0.A BacaHos, . M.Boponun*, A.1.Epemuna**,
B.B.KoHOKOTHH***,
A.B.Kysneuos***, E.B. Cupaxopa*

T'HII P® IlenTpanbHblit A3 oruﬁpomfmamuqecxnﬁ
ndctutyT "HATH",

XKyxoBckuil, MockoBcko# 0611
*I'HII P® Bcepoccuiickuii HayuHo-
HCCIIeOBATENbCKHId HHCTHTYT
aBUAlMOHHBIX MaTepuanoB "BUAM", Mocksa

**HIIO “Monnus”, Mocksa .
***]"ocylapCTBEHHbII HayYHO-UCCIEN0BATEIbCKHA
; HHCTHTYT "I'padut”, Mocksa

C y4eTOM COBPEMEHHOIO COCTOSHHSA BBICOKOTEM-
NepaTypHbIX HarpeBaTelleil, NPeAIOKeHO HaNpable-
Hue paboT WIA MOBLIEHHS 3aLIUTHLIX CBOHCTB IO-
KpbITHl HarpeBaTeNell M3 CIIIaBOB Ha OCHOBE MO-
nnbaeHa.

Ha npumepe LUKIHYECKHX HCMBITAHHH BBICOKO-
teMmnepaTypHbix (mo 1600°C) 3neMeHTOB KOHCTpYK-
unii OK “Bypan” noxaszana 3¢ $peKTHBHOCTb NpUMe-
HEeHHsA TaKUX HarpeBaTeneil.

JlaHO onHcaHMe KCTIEPUMEHTANILHOM TEMIoBaKy-
YMHO#M YCTAHOBKH NEPEMEHHOrO XABIIEHUA BO3AyXa
(103 + 760 MM.pT.CT.) H BIEpBbIe CO3JAHHOIO KpYI-
HorabapuTHOro MoOIMOJEHOBOro Harpepatens (B
nnane 900 x 900 mM) TpybuaTOoro THNa ¢ MPOTHBO-
OKHCITUTENBHBIM 3aIUUTHBIM MMOKPLITHEM.

OTMeueHbl BO3MOXHbIE 00NacTH 171 BHEAPEHUA
TaKHX HarpeBaTelici B IPaXJaHCKYIO NPOMBILIJIEH-
HOCTBHIO.
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CILTABBI HA OCHOBE MOJIMBJIEHA BE3
MOKPLITUL U C IIOKPLITUSIMU,
IMPUMEHEHHE UX B HAPOJHOM

XO3SIICTBE U IIEPCITEKTUBBI PA3BUTUA

I''M.Boponun, E.B.Cuakosa

I'HI P® Bceepoccuiickuii HayuHo-
UCCIIENOBATENBCKHI HHCTUTYT
aBHALMOHHBIX MaTepuanos "BUAM", Mocksa

Hauunas ¢ 1950 roma, 8 BUAMe nposoautca
pa3paboTka TEXHOJOTHH TMONYydYeHHs MONUOmeHa H
crnaBoB Ha ero ocHose. Co3nxaHbl cniaBol: BM-1,
BM-1A, BM-2, BM-3, BM-3I1, BM-4, BM-5, BM-6
U IOp. B COOTBETCTBUH C TpeGOBaHMAMH, I'TABHLIM
06pa3oM, aBMALIMOHHOM U PaKeTHOH TEXHUKH W Ipy-
THX oTpacied npombluuieHHoCTH. OTpaboTadbl Tex-
HOJIOTHYECKHE [IPOLIECChl W3TrOTOBJEHHS CIUJIABOB:
BblIUIaBKa, Aedopmaius, MexaHuyeckas odopabotka,
cBapka M mnaiika, tepMuyeckas odpaborka u np. Cos-
IaHbl [OKPBbITHA Pa3IMYHOrO Ha3HaueHus, B TOM
ypucae W MHOroyHKLHOHaNbHblE (>25) U TeXHOJIO-
FMM MX HaHeceHus, obecneuuBalolque padoTocHo-
cOOHOCTb JeTaleil B U3JENUAX MPH TeMIepaTypax oo
2000°C u BbllLIe B OKMCIMTENBHBIX H APYTUX Cpelax.

BoinynieHa TexHHYeCKas JOKYMEHTALHS: HAcnopT
(Ha crimaBbl), MHCTPYKLWU M PEKOMEHALIMM HA TeX-
HOJIOTUYECKHE MPOLECCH! MO CIUIaBaM H 3aLIMTHLIM
TTOKPBITHSAM.

Cnnasel MonubaeHa ¢ NOKPLITUSMH HAUUIA ILIH-
POKOe NPUMEHEHHE: B PAKETHOM TEXHHKE - Ha JeTa-
79X a9POAUHAMMYECKOTO YIpaBIeHHS H Ip.; B KOC-
MHYECKOM - B u3genusax "bop" u Op.; B kauecTBe Kpe-
NeXa, BCTABOK KPUTHYECKOTO CEYEHMS, WIMEPHUTENb-
HbIX Npubopax U HArpeBaTeNlbHbIX YCTPOKMCTBAX H
Ap.

IIpuMeHeHHe MOJHOEHA U CNIABOB B MOCIEAHME
5-7 1meT 3HAUHTEIILHO COKPATHIOCH, HO MEPCIEKTUBBI
obHaexXUBaIOLIHE.
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NPUHITMIIHI CO3JAHUSA CILIABOB HA OC-
HOBE BOJ/Ib®PAMA

K.b.IloBaposa

HHerutyT MeTamnyprun uM. A A Baiikosa PAH,
Mocksa

Co3nanne cniuaBoB Bosbbhpama Oa3upyercs Ha
KOHILIENMUMH,  OMNpeNenseMoil:  COCTaB-CTPYKTypa-
csoiictBo. OcobGeHHOCTH Bonbdpama - camast BbICO-
Kas TeMIepaTypa MIABIEHHS H CKIOHHOCTb K XOJOA-~
HOJIOMKOCTH, OTPAHHYMBAIOT BLIOOD JIETHUPYIOLINX
37IEMEHTOB U a3 TeMH, KOTOpPbIE He CIHIIKOM CHJlb-
HO CHWXAIOT TEMNEepaTypy IUIABNEHUS, HEe CHUIBHO
NOBBLIIAIOT CKOPOCTE Pa3BUTHA  IUDDY3HOHHBIX
TIPOLIECCOB, a TAIOKE JIEMEHTHI M (a3bl, ypouHeHHe
KOTOPBIMM He BbI3BIBAET KaTacTpOGUUYECKOro CHH-
XEeHHA TIACTUYHOCTH.

BBICOKOYUCTBIE MOHOKPHUCTAJLTBI
BOJIb®PAMA 1 MOJIUBJIEHA

I'.C.BypxaHoB

HHcTHTYyT MeTayprun uM.A A Baiikosa PAH,
Mocksa

B uctopun pa3sBHUTHs HayKH YeTKO MPOCIIEXHBA-
€TCd CTPEMJIEHHE K MOBBILIEHHIO CTENEHH YHCTOThI
NpHUMEHAEMBIX BelllecTB. B pesynbTaTe MHOTrOneTHEN
paboThl HccnemoBaTeNeil BO MHOTHX CTpaHaXx Mupa
chopmupoBanach HOBas HayyHas QUCLUIIIMHA - XU-
MHSl BBICOKOYMCTHIX BEHIECTB, COCTABHON YACThIO
KOTODOH fBNAETCH MOJYUeHHE, aHANU3 U H3YYEHUE
CBOJICTB METAJITIOB C HH3KUM COZIEP)KaHHEM [IpUMecet
1 KpucTamiorpaduueckux aedekTos.

Meramnbl pa3sNUyYHBIX TPYNI UMEIOT CBOM OCO-
OeHHOCTH, KOTOpbie OKa3bIBAIOT Pelalolee BIUAHUE
Ha METO/BI MONIyUYeHHU A, TITyOOKOH OYHCTKH, aHAIH3A,
BbIPAILLMBAHNSA MOHOKPHCTAJUIOB. B HacTosAIeM ToK-
Jajie 3TH BONPOChl PACCMATPHBAIOTCA NPUMEHHUTENb-
HO K MOHOKpHUCTaJUIaM BoOJibppaMa KW monuOneHa:
00CyXAaI0TCA METOAB! pas3feieHus U Tiybokoil oun-
CTKH, NOTy4eHHs MOHOKPHCTAIUIOB U3 XHUAKOi (asbl,
dbopMHPOBaHUT MOHOKPHCTATIHYECKOH CTPYKTYpHI B
00beMe TBepHoii ha3bl.
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3HauMTeNIbHOE BHUMaHHWE YAENeHO 30HHOMY pa-
GUHUPOBAHHIO M MPUMEHEHHUIO TIa3MEHHOrO Harpe-
Ba NPH BbIpallMBAHHHA MOHOKPHCTA/UIOB BoJibdpaMa
1 MoIHOOeHa.

IpuBonsATCs NPUMEPHI TTPUMEHEHH BbICOKOYHMC-
TbIX MOHOKPHCTAIIOB BojbpamMa U MoIubIcHa B
HayKe Y TEXHHKe.

PEHMEBBIE KATAJIM3ATOPBHI B ITPOINECCAX
PUOOPMHHI'A, METATE3UCA
INEPCIIEKTHUBBI UX UCIT10JIb30BAHUA

M_.A Pawmenuesa

HMHCTUTYT OpraHU4ecKoil XHMHU HM.
H.[d.3enunckoro PAH, Mocksa

O¢dexturnbie Pt, Re/Al;O3 kaTamuzaTopsl pH-
dopmuHra cocraBnsioT 6omee 30% ot ob1uero xomu-
YecTBa KaTallM3aTOPOB, NPHUMEHAEMBIX B MHUDE B
npouecce nepepaborku Hedreil. [Iponeccom merare-
3Mca NONY4YalOT LIEHHbIE HempeaesbHble, (QyHKIHO-
HaJbHbI€ ANKEHbI W TPYIHOOOCTYMHbIE HEMpPEEb-
Hble OpraHuvyeckue coefumHeHus. IIpumeHeHue Re-
COAEPXAIMX KaTaJIM3aTOPOB [103BOJISET NMPOBOJINTD
METaTe3HC MM COBMECTHBINH MeTaTe3uc B 6oJiee MAT-
KHMX YCIIOBHAX, YeM Ha OPYTHX KaTaJIMTHYECKHX CHC-
TeMax. PeHueBble kxaTanu3aTopbl NposBiAloT Oonee
BLICOKYIO aKTHBHOCTb, YeéM H3BECTHbIE MPOMBILIIEH-
Hble OKCHAHLIE KATAIH3ATOPLI, B PEAKLUUAX THIPHPO-
BaHHS KHCIOPOACOJEPXALIUX COeqUHEHHH: Kapbo-
HOBBIX KHCJIOT, JIbAETHIOB, 3QUPOB CHHTETHYECKHX
JKHPHBIX KUCIOT U Jp. IPOAYKTOB OCHOBHOI'O Opra-
HMYECKOTO CHHTe3a. IMApHI peHuelleHa, MEeHTaKap-
OOHMJI peHUSA, OKCUIB! PEHUA W TenTacylbhH peHHs
ABNAIOTCA 3((EKTUBHBIMH KaTaNU3aTOPAMH THIDH-
POBaHHA PAfa OPraHHYECKHX COCTUHEHHUN U KOHMEH-
CHPOBaHHBIX N-COJepXall¥X apOMaTHYECKHX MOJe-
KyJ-MPOAYKTOB TOHKOI'O XMMMYECKOTO CHHTe3a. B
NMaTeHTaX MOCIEOHUX JIET yAelnseTcs BHUMaHHE CMe-
maHHBIM Re-comepxaliuM kaTaaWzaTopaM Ha pas-
JIMYHBIX HOCHTENAX B THAPHPOBAHHH pa3HooOpas-
HBIX OpPraHU4YecKHX COeJHHEHWIl M YCOBEpIUEHCTBO-
BaHHIO H3BECTHBIX KATAIM3aTOPOB PUPOPMHUHTA.
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COBEPIHIEHCTBOBAHUE TEXHOJIOI'MY U
INEPCIIEKTHUBBI PA3BHTHSA ITPOMU3BO/ICT-
BA N3JIEJIMIN U3 TYT'OTLIABKMX
METAJUIOB

N.I".Pobepos, I1.A.Kopuaruu

MoCKOBCKHii 3aBOJI TYTOMIAaBKUX METAJIIOB
TBEPABIX CIUIABOB

IIpencraBneH aHaNW3 COCTOSHUS TPOHM3BONCTBA
IehopMUPOBAaHHBIX mnony}pabpukaToB M  H3HEIMiA
LIHPOKOr0 COPTaMeHTa (MPYTKH, NPOBOJIOKA, MOJIO~
cbl, dosbra, TpyOsl M Op.) U3 MonubaeHa, sonbdpa-
Ma, HHoOUs Ha npumepe ONBLITHOTO 3aBOAA TYro-
TJIaBKUX METAJUIOB M TBEpAbIX crinaBoB (r.Mocksa).

IToka3aHbl BO3MOXHOCTH COBEPIIEHCTBOBAHMA
TEXHOJOTH4eCKHX MPOLECCOB INPOMBIIIIEHHOTO APO-
U3BOACTBA MPOAYKLMM U3 TYTOINIABKMX METALIOB B
COBPEMEHHBIX ycnoBusax. ChopMyITHpOBaHbl TEXHH-
yeckhe TpeOOBaHUs K MapaMeTpaMm KauyecTBa MCXO[-
HOrO ChIpbsi M TOTOBOH mnpoxykuun. OnpeneneHbl
OCHOBHbIE HAalPaBJICHHA W MEPCHEKTHBbl Pa3BHTUA
[IPOU3BOACTBA M3NENHH Pa3sNIU4YHOTO Ha3HAYEHUS U3
MoumbaeHa, Bonbgpama, HHOOHS.

TEXHOJIOI'HA 110 ITPOU3BOJICTBY ITPO-
AYKIHUH C HCITOJIb30BAHUEM
METAJUIMYECKOI'O PEHUA

A.A.Cemun, C.B.Ctenanos, E. A .JOauH,
B.C.IlIunkuu

OAO “OnbITHBIA XHMHKO-METAJIYPrUYECKHH 3aBO
I'mpenmera”, Ilomonbek, MockoBckoi 06,

Ilopoumox penns mapku Re 0 u Re | cobersenHo-
ro npoussoacTea no TY 48-19-92-80 3aBox ucnosns-
3yeT IJIA NOIYy4eHH:

- CIICYEHHBIX B BAKYYME 3arOTOBOK PEHUS;

- NPYTKOB peHusa guamerpoMm oT 10 go 15 mm,
ImuHoi He MeHee 200 MMm;

- penneBoii ponbru TY 48-0533-062-91, wnpuna
usnenus 40 MM, Tommuua 30-40 [k, HMHA 1o

60 MM;

- CIMTKOB CmJiaBa MonubaeHa ¢ peHueM TV 48-4-
197-83 u Bonbdpama ¢ penuem TY 48-4-285-83.
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Jis nmpou3sBOACTBA MPOBOJIOKH HCIOJNb3YIOTCH
3aroTOBKH AuaMeTpoM otT 10 po 20 MM, JIHHOH He
meHee 250 MM, nolryueHHbIX OecTUrenbHONH 30HHOH
MJIaBKOH.

Jns npousBoACTBa MJIOCKOTO MpOKAaTa WCNONb-
3yI0TCd CIMTKU AuametrpoM oT S50 mo 100 MM u anu-
Hoil He MeHee 100 MM.

CoznepxaHne peHHs MO TpeOOBAHMIO 3aKa3uMKa
COCTABIIeT JJI1 CIUIABOB BOJIbpaMa ¢ PEHHEM OT
0,1% nmo 25%, nns cruiaBoB MOMHOAEHA C PEHUEM OT
0,1°/o a0 47%.

PA3PABOTKA Y BHEAPEHME CKBO3HON
TEXHOJOI'MIM ITPOM3BOJICTBA BOJIL®PA-
MOBOM ITPOBOJIOKH U3 HIEEIMTOBOI'O
KOHITEHTPATA (B TOM YHCJIE CO3JAHUE
HOBOI'O IOKOJIEHHS BOJOYHJIBHOTO
OBOPYJOBAHHUS)

3.Allupmaros, B.B.I'onuaposa, B.B. Xaiinapos

V3bekcknit KoMOMHAT TYTOMIaBKUX M )KAPONPOYHbIX
MeTaJuioB, Ynpuuk

Pa3paboTka u BHeZpeHHE HOBBLIX TEXHOJIOTHH B
THIPOMETAIUTYPTHYECKOM MMPOW3BOACTBE MPH Iepe-
paboTke WIEENMUTOBLIX BOJIbPPAMOBBIX KOHLEHTpa-
TOB MO3BOJIMIA MOJYYHTh NMapaBojibhpaMaTr aMMo-
Hus (IIBA, APT) c conepxaHuem npuMeceit He 6oee
0,05% BecoBbix. Takas XuMHYECKas YHCTOTA ABIIAET-
¢ HCXOZHOH MmN HajbHEHUIEro MpPOU3BOACTBA U3
TIBA 3aroToBoOK U1f BoJb$paMoOBOil MPOBOJIOKH.

OO6uenpusHaHHoOi TeXHOJNOrMeH NPOU3BOACTBA
IIBA nns BonbppaMoOBO#l MPOBOJIOKH ABIAETCS TeEX-
HoOJIOrua mnepepaboTky BONbGPAMHUTOBLIX KOHLIEH-
TPATOB C MOJyYeHHEM NEPEOYHLIEHHOH BOMb(paMo-
BOI KUCIIOTHI U JaJibHeAuuM BhifienieHneM [IBA.

ITonyuenne coOOCTBEHHOH 3arOTOBKH MO3BOJIMIIO
npoecty HUP no paspaborke HOBOIi, MpPUMEHU-
TelbHO K ycnoBusM Y3KT)KM, TexHosoruu mpous-
BOACTBA MNPOBOJOKHM, BKJIIOYAs M TOHYAHIIYIO
(Brutoth o 14 Mxm). Ha ocHoBe 3TOH TeXHOIOTMHU
6binM pa3spaboTaHbl KOHUENMUMA M TEXHMYECKOE 3a-
IaHUE Ha pa3pabOTKy H U3rOTOBJICHHE HOBOTO MOKO-
JdeHHs BONOYMILHOTO OOOPYHOBaHHA C IUHPOKHM
CIEKTPOM BO3MOXHOCTE MO peryIHpoBKe ApoOHO-
CTH TEPMOILIACTHYECKHUX AedopMaLHi M OTHKHIOB.
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PaspabotaHHOE ¥ U3FOTOBIIEHHOE HeMeLKOH GUpMOi
“SKET” (r.KeMHHL) 3TO 000pyAoBaHue NO3BOIIUIIO,
He OCTAHAaBIIMBAaA OCHOBHOTO MPOM3BOJICTBA, POBEC-
TH B 1997 rony TeXHHYECKOE MEPEBOOPYKEHHE.

HOBBIE TEXHOJIOI'MH ITIOJTYYEHUA
IIEPCIIEKTHBHBIX TYT'OILTABKHX
KOMIIO3UIIHI HA OCHOBE BOJIL®PAMA

A.®.ITyspsxos, H.K.ITpoxonenxo, U.I1.Cokonos

T'ocynapcrBeHHas akageMus cdepbl ObITa U yCIyT,
Mocka

HoBas TexHONOTMS HaHeCeHHs NOKPBLITHH BhICO-
KOrO KayecTBa U3 METAJUIOB M HX KOMIIO3HLUHA mpen-
CTaBJIeHA .Ta30TepMHUYecKUM MeToaoM. CyIHOCTb
MeToAa 3aKJIIoYyaeTcs B HCMONb30BAHMM TEIUIOBO#
9HEPTHH BLICOKOCKOPOCTHOrO IIOTOKAa HOHH3UPO-
BaHHOrO ra3sa, Mojy4aeMoro B IJIa3MeHHOM IeHepa-
TOpE.

Hcnonb3oBaHue pa3paboTaHHOTO MeTOIA MO3BO-
JIgeT NOoJydarb NOKpbITHA ToimuuHoH 0,1-10 MM ¢
npo4yHocTbio cuerieHua 20-50 Mna. Ilpoussoau-
TENIbHOCTh YCTaHOBKH, KOTOpas peajn3oBaHa B CTa-
LHUOHAPHOM, MEPEOBHXHOM H IIEPEHOCHOM BapHaH-
Tax - 5-7 xr/u.

PaccMOTpeHbl BO3MOXXHOCTH HOBOH TEXHOJIOTMH
IUIA TIOJIyYEHHS MEePCHeKTHBHLIX TYTOTUIABKMX KOM-
MO3MIIHI Ha OCHOBE BoJIbdpama.

ONPEJAEIIEHUE PEHHS B CILIABAX
METOJOM JIEKTPOHHOI'O
IIAPAMATHHUTHOI'O PE3OHAHCA

JI.B.Bopucosa, KO.H.Ay6pos

HMHCTUTYT T€OXHMHHM M aHAJIMTHYECKOH XMMHH
um.B.1. BepHanckoro PAH, Mocksa

Coenunenns penus (VI) xapakrepusyrorca che-
uuduyeckumMu  cnektpamu JIIP, 4to mno3Bonuio
paspaboTraTh Ha HX OCHOBE BbICOKOM3OMpaTenbHbIE
METOABI KOIMYECTBEHHOT'O OnpeneneHHa penus. On-
peneneHbl  ONTHMAaNIbHBIE YCIOBUA 0OpasoBaHHH
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komruiekcoB penus (VI): oxcoxmopmanoro (I) -
ReOCls, oxcobpomumsoro (2) - ReOBrs4 u Tproau-
tronatHoro (3) - Re (TAT):. Haiinenst mapaMeTpnl
ux crnexkrtpoB IIIP: mna (I)- gn - 2,011, g1 = 1,96,
Anfem! - 0,939, Avem! = 0,915; ona (2) - g = 2,173,
g = 1,770, Av/em! = 1,014, Avem! = 0,876; ana (3) -
g1 = 2,044, g2 = 2,016, g3 = 1,999. 3apucumMocTb UH-
TEHCHBHOCTH curHaioB OIIP oT KoHueHTpauuu pe-
HUs TpsMonponopuvoHainsbHa B uHTepBaie (0.5 -
5).10M mna (I) u (2) u (0,1 - 10,0) . 10-*M gmna (3).
MeTtozap! XapakTepU3yIOTCS BbICOKOH M3OMpaTenbHO-
CTBIO M OBbLITH UCNIOIL30BAHBI [JIS OTIPEAENIEHUS PEHUS
B critaBax Mo - Re, W - Re, Re - W, Nb-Zr.

METO/JBI “MSAT'KON” XUMUH B
TEXHOJIOTUU ITOJYYEHUA MATEPUAJIOB
HA OCHOBE PEHWSI, MOJIUBJEHA 1
BOJb®PAMA

I.B. Apobor, I'.A.CeiicenbaeBa, B.I".Keccnep*

MockoBcKas rocygapcTBeHHas aKaJeMHst TOHKOH
XUMHUecKo# TexHomoruu uM.M.B.JIoMoHocoBa
*MOCKOBCKHI T'OCYAApCTBEHHbIH YHHBEPCHTET

uM.M.B.JlomoHocoBa

Pabora nocBswmena  paspaboTke  MeTOIOB
“markoit” xumuu (“soft chemistry”) - rugponuruye-
CKOMY MM TEPMHYECKOMY PAa3lIOKEHUIO KOMILJIEKC-
HbIX coenuHeHMH Re, Mo, W ¢ opraHnueckumu jiu-
raHiaMy B TEXHOJIOTHHM YNPABISEMOr0 CUHTE3a WH-
JUBUAYAJIbHBEIX OKCHIIOB U HX TBEPAbIX PacTBOPOB, a
TaKxe [MOoJIy4eHHs HAHOPa3MEPHBIX NOPOLIKOB WHAM-
BUAYQJIbHBIX METAIUIOB H MX CIUIABOB MpPH HHU3KHX

(450°C) Temnepatypax.
Jns nonydyeHus oxcoMmerunatoB ResO2(OMe)s,
ReMoO»(OMe)r, Re1xWxO2(0OMe)is H

RexMoyO2(OMe)r ncnosnb3oBaH 3MeKTPOXUMHUECKUI
meTod. MX TepMHueckoe pa3lokeHHe Ha BO3JyXe

-BE€ACT K MNONYYCHHUIO TPHOKCHIOB MOIIPI6I[CH& n pe-

Hui. TakkKe YCTAHOBJIEHbl YCIOBHA TEPMHYECKOTO
pa3noXeHUs COEAHHEHMIH ResO2(OMe)s,
Re2Os(acca)z, Re207-2 THF u xommiekca RexO7 ¢
C:HsOH. IToka3aHo, 9T0 HECMOTPA Ha KOMIJIEKCHOE
CTPOEHHE HCXOAHBIX OKCOMETHIIATOB, X BOCCTAHOB-
JeHHE BOZOPOIOM IIO3BOJIAET MOJIYYMTh HAaHOPaA3-
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mepHbie (pasmep wactuu 0,01-0,05 pm) nopouixu
METAJLIMYECKOTO PEHHUS U €ro CILIABOB.

BO3MOKHOCTH BBICOKO-
TEMITIEPATYPHOI'O I'AJIbBAHO-
INIACTHYECKOI'O METOJA
H3rOTOBJIEHMA W3JAEIUN U3 PEHHA U
MOJIMBJIEHA

O.H.BuHorpagos-XXa6pos, A.M.Momn4aHos,
JI.M.Munuenko, M.®.Bonxos, I'.A.IlaHos,
B.A Mexyes, I'.I".Ilotockaes, B.U.Kanautoips,
B.C.KypckoB

HHCTUTYT BBICOKOTEMIIEPATYPHOM 3/IEKTPOXUMHUHM
YpO PAH, Exatepunbypr
OAOQ "MamuHocTpouTeNbHbI#i 3aBox",
Snexkrpocranb, Mockosckas 061

PaspabotaHbl crmocobbl M OCHOBBI TEXHOJIOTHIA
MOJIyYeHHUs W3IENUi (B TOM 4YHCIIE CIIOXHBIX GOpM)
3NIEKTPOJH3OM COJIEBBbIX paciuiaBoB. IlonyuyeHbl H
HCOBITaHbl B PANE OPraHW3alluii peHHeBble (HONBrH
(tomuuHo# 5-100 MxM), npoBoyioka (AMaMeTpOM
100-200 MxM), ocHacTKa I BbIpPALMBAHUA TIPO-
GHIBHBIX MOHOKPHCTAIDIOB, PEHHMEBble W MOJIHOIE-
HOBble TpyObl, THIIH (xuameTpoM a0 150 MM u ToOnI-
IHHOH CTEHOK A0 6 MM), NPAMOYTOJIbHbIE KIOBETbI
(150 x100x50 mm).

IlokasaHo, uto 6narogaps 3aZaHHbIM H KOHTPO-
JUPYEMbIM MapaMeTpaM OCAXIEHHBIX CJIOEB, CPOK
CIyxObl U3JENHid 3HAYMTENLHO YBETHYHBAETCA [PH
COXpaHEHHH NEPBOHAYANLHON (OPMBI, H HUMeeTCs
BO3MQXXHOCTb MAaKCHMalbHO DEanM30BaTh TNOJIOXHU-
TeNIbHbIC IKCINYaTALIMOHHbIE KAY€CTBA.

YCTaHOBIIEHO, YTO 3JEKTPOXUMHYECKHE CIIOCOOBI
MO3BOJIAIOT NOJIYy4aTh U3ACHUA BBICOKOH XUMHYECKOH
YHCTOTHI NIPH HCMOAb3OBAHHH OTHOCHTENLHO 3arpss3-
HEHHBIX UCXOIHBIX METAILJIOB.
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TEXHOJIOTUYECKUE ACIIEKTBI
IIOJIYUEHUS IUVIEHOK, CILJIABOB,
COETUHEHUWI B METAJLIOB I'PVIIIIBI
BOJIb®PAM, PEHUI U MOJIUBAEH 11k
MUKPOJIEKTPOHUKHA

H.1O.IOcunos

Bcepoccuiickuilt HAay4HO-HUCCIIEOBATENbCKHIA MPO-
€KTHO-U3bICKATENbCKUI HHCTUTYT MPOMBIIIIEHHOM
TexHoIornuM, Mocksa

PaccMOTpeHbl  METOALI  MOJNy4eHHS  MIEHOK
BolbdpaMa, peHHss H MONUOMEHA, HX CIIABOB U CO-
emNMHEeHUH 1A uenel MUKpoasiekTpoHUkH. Ocoboe
BHHMAaHHE VIEIEHO TEeXHOJOTHYECKHM acreKkTam
NOJIy4YeHUs MIIEHOK ¢ KOHTPOJMPYEMBIMH MMepeMeH-
HbIMM COCTABOM M CBOJMCTBAMH Ha IUIOIAAM IOM-
JIOXKKH 32 CYET JIOKAJILHOTO BO3JEHCTBHA M3NyYeHUS
BBICOKOIHEPTETHYECKHMX YACTHI XUMHUECKHUX 3TIEMEH-
TOB WIH POTOHOB.

HAHECEHUE I[IOKPBITHIL U3
IUIATUHOBBIX METAJIJIOB HA
TYT'OILTABKHE METAJUIBI C TIOMOILBIO
JETYYUX ®TOPHUIOB

3.I'.Paxos, M.U.HukuTHH

Poccuiickuit XMMHKO-TEXHOJIOTHYECKUA YHHBEPCUTET
um. J[.1.Menneneesa, Mocksa

CyliecTByIole MeTONbI MOAUPUKALMH T1OBEPX-
HOCTH PEAKHX TYIOIUIABKHUX METAJJIOB MyTeM HaHe-
CEHHMS Ha HEe MOKPLITHI U IUIEHOK M3 MIAaTHHOBBIX
METaJUTIOB HE BCETIA IIPUMEHHMBI.

K uucny ManoncciefoBaHHbIX NyTell pelleHHs
337244 OTHOCHUTCSI UCMOJNb30BaHHE OOMEHHBIX peak-
UMHA € y4acTHeM JIETYYUX COEeNUHEHUH NIAaTUHOBBIX
MeTaJJIOB

nM(k) + mPnXu(r) —» mPn(k) + nMXun(r),

rme: M - nokpsiBaeMblii MeTamt, Pn - miatuno-
BBIH MeTajin, X - JIUraH,.

CrenaH BbIOOpD MCXOIOHBIX TEPMOIUHAMHYECKHUX
napamerpoB. s kpucrammnueckux RuFs, RuFg,
razoobpa3neix RuFs, RuFs, Ru2Fio, RusFis peko-
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MEHAOBaHbI 3HTANbNUM oOpa3zoBanus npu O K, co-
CTaBJIAIONIHE COOTBETCTBEHHO, -561,7; -750.,8; -821,2;
-1673,9 u -2563,7 x/Ix/Mons. PaccuMtaHbl TepMOJIH-
HaMHYECKHE TAPAMETPBI MHTEPECYIOIHX PeaKLHii,

B wuHTepRaje TeMmepaTyp OT KOMHATHO# IO
500°C m3yueHsl mpolecchl B3aHMOIEHCTBUSA NOPOLI-
KOOOpa3HbIX 1 KOMIIAKTHLIX BOJbdpaMa u MonubdIe-
Ha ¢ neHtadTopuaoMm pyrtennsa. OmnpeneneHnl Ha-
YaNbHbiC TEMIEPATYPhl PEATMPOBAHUS, COCTAB JIETY-
YUX U TBEPABIX NPOAYKTOB B3auMoneiicTBusa. Iloka-
3aHO, YTO TAKHM MYyTeM yJaercd MojyyaTb pyTeHHe-
Bble NOKPBLITHA Ha BoJbdpame, B TO BpeMA Kak Ha
MoJIUOJeHe Mpouecc OcIoXHseTcs oOpazoBaHueM
HHU3IHX PTOPUAIOB.

UCCIEJOBAHME 1 MOAEIMPOBAHUE
B3AMMO/IEVICTBHSA DJIEMEHTOB B
CJIOUCTHIX KOMITO3NITUOHHBIX
MATEPHAJIAX HA OCHOBE TYI'OILTABKHAX
METAJLIIOB

E.M.CnrocapeHko

MoOCKOBCKHIt TOCYAAPCTBEHHbIH YHUBEPCHTET
uM.M.B.JloMoHOCOBa, XUMHUYECKHil DaKyTdbTET

HccnepoBanbl nponecchl B3auMHO#M nugdysuu B
CIIONCTBHIX CUCTEMAaX Ha OCHOBE TYrOIUJIABKUX MeTal-
nos (Ti, V, Nb, Ta, Cr, Mo). Pa3paboTaHbl OCHOBbI
KOJIMYECTBEHHOTO OMMCAHHA MPOLIECCOB B3aUMHOM
ouddysun u onpeneneHbl 6a3oBble MapaMeTpb! TEO-
puu - napuuanbHbie ko3pduuuenTs 1udPy3na Kom-
NMOoHeHTOB B cucTeMax. Co3faHa BHpPTyalbHad MO-
Jelh mnpoleccoB B3auMomubdy3HH INEMEHTOB Ha
($a30BbIX TpaHHLAX CJIOHCTBIX KOMIIO3HIIHOHHBIX
MaTepUaJIOB M OCYIIECTBICHB! KOJIMYECTBEHHbIE pac-
YeThl B3aUMOJCHCTBHA KOMAOHEHTOB B YCIOBHSAX
JKCIULyaTalHuH.
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HAHOKPUCTAINIMMECKOE TEPMHUYECKOE
YIIPOUHEHUE TBEPJIBIX CITTABOB BK C
MOJUPOHUITNPOBAHHUEM ITIOBEPXHOCTH

SiC
A.H.Yexoroii, B.M.Bblukos*

Wuxenepublit ueHtp Poccuiickoit HHXeHepHO# aka-
Jemun “Ilepemosbie Texnonoruu", Mocksa
*PaxeTHO-KOCMHYeCKMii 3aBok I'ocy1apcTBEHHOT O
KOCMHYECKOT0 HayYHO-IPOM3BOJCTBEHHOT'O LIEHTPA
uM. M.B. XpyHnuesa, Mockpa

Ucnonn3ys sddexTsl “ymapa termrom” u paspa-
foTaHHbIe “HOY-Xay” fIpH TEPMOLMKIHYECKOH 0Opa-
6oTke Ha cTaguy MPOU3BOACTBA MHCTPYMEHTA pas-
JMWYHOIO Ha3HayeHWs ¢ pabouuMy 3NMEMEHTaMH U3
OTEUECTBEHHbIX TBepablx cmmaBoB BK ymamoch
chOpMUPOBATh HAHOKPUCTAIUIMYECKYIO CTPYKTIYPY B
KODaNbLTOBOM CBA3KE U HAMOJHHUTENE ¢ YHHUKAIBLHBIM
coueTaHueM cBOHCTB: TBepaocTh 89-91 HPA Gusr =
1600-1700, mrorHocTs 14500-14900 xr/m3, cnnas
BKS.

[loBblllIeHHAs H3HOCOCTOMKOCTb OIpENENAeTCs
MOIUGHLIHUPOBAHHEM MOBEPXHOCTH paboOUNX KPOMOK
kBasuamop¢HbIM nokpeiTHeM SiC.

Hosble mone3Hble IeMeHTbl CyOCTPYKTYphl UK-
CHPYIOTCS CHEeUHallbHON cTabumusupyoouieii TepMH-
yeckol 06paboTkoii. CToHKOCTP TBEPAOCIUIABHBIX
pabouux 31EMEHTOB HHCTPYMEHTA B YCIOBUAX yaap-
HO-abpa3uBHOrO U3HOCA MOBblmeHa B 1,5-2,5 pa3a B
cpaBHenuu ¢ 'OCT 3882-74.

IIOJYYEHHE I1OJIH1- U MOHO-
KPUCTAUNIMYECKHX BOJIb®PAMOBBIX
HN3AEINN SJEKTPOIN30M
PACILJIABJIEHHBIX COJIEN

A.M.Momnuasoe, H.O.Ecuxa, O.H.Bunorpanos-
XKabpos

HHCTUTYT BBICOKOTEMIIEPATYPHOM 3EKTPOXUMUH
YpO PAH, Exartepunoypr

Ha ocHoBauuu HUCCIIEAOBAHMI MeXaHu3Ma pocTa
[MOJIN~ H MOHOKPDHUCTAJJINYECKOTO Bonb(bpama, noiuy-
YEHHOT'O 3JICKTPOJINU30OM PACIIABJIEHHBIX conen, pa3-
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paboTaHbl HayYHbIC OCHOBbLI TEXHOMOTHY MONYYEHHS
BOJIb()PAMOBLIX U3IETHUH Pa3iH4HbIX HOPM H OPHEH-
TAaLUMH C BBICOKOH CTENEHbIO COBEPLIEHCTBA CTPYKTY-
pbl (TPYOKH, TUIIIH, TOJXOYKH, POJILIH).

YHHKaIbHBIE CBOHCTBA MOHOKPHUCTAIUIOB BOJIb(-
paMa, TakHMe KaK BbICOKAas MNIACTUYHOCTb, HU3KOE
ra3oBbIAEIICHUE, CTORKOCTb K BO3JEHCTBHIO IIa3Mbl
U INEJOYHbIX METAJUIOB, JXECTKOMY H3NIyYeHHIO, a
TaKXKE pe3Kas aHU3OTPONUs paboThl BLIXONA IJNEK-
TPOHOB, IENAlOT €ro MNepCclNeKTUBHbIM IS TepMo-
IMHMCCHOHHBIX NpeobpaszoBaTenieil 3HepTUM, B SOep-
HOM 3HEPreTUKE W PAKETHOW TEXHHKE, B KayecTBe
KOHTEHHEPOB Ui MOJy4yeHUs 0co0O YHMCTBIX MaTe-
pHAaNoB.

OIIPEJEJNEHUE ®A30BBIX PABHOBECHII B
CHUCTEME Ni-V-Nb-Ta-Cr-Mo-W ITPH 1375 K

E.M.Cmocapenko, 3.}0.Kepumon, M.B.CodbuH,
A.E.Yacryxun

MoCKOBCKHI TOCYAaPCTBEHHBIH YHUBEPCHTET
um.M.B.JlomoHocoBa, xuMHueckHii paxkyabTeT

Ipemnoxed cnocod MoaMaaApalMu MHOTOKOMIMIO-
HEHTHBIX JuarpaMM (a3oBLIX paBHOBecHii ¢ MOMoO-
b0 rpados, NO3BONAIOWUA HOPMAITH30BATD U CHC-

 TEeMaTH3UPOBATh AHArpamMMsbl (a3oBbIX PaBHOBECHH,

a TaK € MPOrHO3HPOBAThb CTPOEHHE MHOTOKOMIIO-
HEHTHBIX CHCTeM Ha ocHoBe Goiree mpocThix. Ocyuie-
CTBJIeHA nonudapaius cucteMbl Ni-V-Nb-Ta-Cr-Mo-
W. DxcnepuMeHTalbHbIe HCCIIEIOBAHUS TOKa3anu,
410 MHOTO(a3Hble paBHOBecus (C yucioM ¢a3 >5) B
cucteMe npu 1375 K He cymiecTBYIOT. Y CTaHOBIIEHBI
Bce (a3oBble paBHOBecHA (¢ uuciaoM ¢a3s 4 wiu 5),
KOTOpble CyumecTByloT B cucreMe Ni-V-Nb-Ta-Cr-
Mo-W npu 1375 K.
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DEAR LADIES AND GENTLEMEN,

I have the pleasure to welcome the partici};_ants of the
Conference "Rhenium, Molybdenum, Tungsten -
Prospects  for  Production  an Industrial
Applications". This Conference is dedicated to
discussion of issues related to the extension of sources
for production of rhenium, molybdenum and
tungsten, processes for extraction of these metals into
commercial products (metals and compounds?;
technologies for manufacture of structural materials
and alloys, as well as catalysts based on these metals
for chemical reactions; new fields and outlooks for
their application.

Gintgsvetmet, one of the organizers of this
Conference, is the oldest research institute in the field
of nonferrous metallurgy. In 1998 the Gintsvetmet
Institute will celebrate its 80th anniversary. Processes
and technologies developed in the Institute are used
by most of non-ferrous ore processing plants,
smelters and metallurgical facilities throughout
Russia and other CIS countries. Over the recent years
special attention is given to technology for
production of priority and structural metals.

Another organizer of the Conference is Russian
Journal Of Nonferrous Metals "Tsvetnye Metal(ljy'f.
This Journal has been published for 70 years and is
well known both in Russia and abroad. Since over 20
years, it has been published in English language and
circulated by Alerton Press, USA. Researchers and
scientists of the Gintsvetmet Institute are working in
close cooperation with this Journal and are
publishing their papers in it on° most recent
developments. Some of them are members of the
Journal's Editorial Board.

We would also like to express our sincerest gratitude
to the United States Air Force European Office of
Acrospace Research and Development and the
United States Office of Naval Research, Europe, for
their significant contribution to the success of this
Conference.

I would like to wish all garticipants fruitful and
successful work during this Conference. We hope that
it will provide a good opgortunity to establish
relationships between researchers, representatives of
the industry and potential investors.

Andrey Tarasov "
General Director of p
State Research Center

"Gintsvetmet",

Academician of International and
Russian Engineering Academies,
Doctor of Technical Sciences
First Deputy Editor-in-Chief

of Russian Journal of
“Nonferrous Metals”
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The conference is
supported by:

¢ The Department of Economics of the
metallurgical complex of the Ministry of
Economics of the Russian Federation.

¢ The Russian Academy of Natural Sciences

¢ The Russian Engineering Academy

The participants and organizers of the
conference wish to thank the following for their
contribution to the success of this conference:

UNITED STATES AIR FORCE EUROPEAN
OFFICE OF AEROSPACE RESEARCH AND
DEVELOPMENT (EOARD)

UNITED STATES OFFICE OF NAVAL
RESEARCH, EUROPE
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SECTION1

RAW MATERIALS AND MINERAL
PROCESSING

DEVELOPMENT AND USE OF A SOLVENT
EXTRACTION PROCESS FOR RHENIUM
RECOVERY FROM URANIUM-BEARING

ORES OF NAVOI DEPOSITS

N.M. Meshcheryakov

All-Russian Scientific Research Institute of Chemical
Technology, Moscow

Development of hydrometallurgical methods for
processing uranium ores in the 1970-1980s resulted in
new technologies for integrated utilization of raw
materials.

Based on the extensive experience in the field of
sorption and solvent-extraction processes available,
investigations were initiated in 1986 with the purpose
to develop a process flow-sheet for rhenium
extraction from uranium ores and solutions obtained
by underground leaching of uranium at Navoi,
Uzbekistan. During two years a unique flow-sheet
and non-standard equipment were developed which
ensured selective recovery of rhenium from solutions
containing from 0.1 to 0.3 mg/l Re. This technology
comprises processes for selective re-extraction of
rhenium from extraction solutions of uranium
production circuits with subsequent concentration
and separation of rhenium from uranium and
molybdenum. The crude crystals of ammonium
perrhenate were subjected to double re-crystallization
and washing with ethyl alcohol. After having put into
operation an electrodialysis unit, the purity of
ammonium perrhenate obtained corresponds to AP-0
grade.

The capacity of this unit ensures an output of 1.5 to
2.0 tpy of ammonium perrhenate depending on the
rhenium content in the uranium feed material
supplied to the hydrometallurgical plant.
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ISSUES RELATED TO PROCESSING OF
UNCONVENTIONAL RHENIUM-CONTAINING
RAW MATERIALS

A.M. Chekmarev, I.D. Troshkina, D.G. Petrov,
Yu.A. Kresova

Russian University of Chemical Technology
named after D.I. Mendeleev, Moscow

Hydrometallurgical techniques for rhenium recovery
from intermediate products and wastes have been
discussed. These materials are generated as a result of
integrated processing of some unconventional raw
materials (spent washing sulfuric acid, effluents,
recycled water, overflow from thickeners,
hydrocarbon-containing  materials,  such as
bituminous oil shales, highly viscous oils and natural
bitumen, hard bitumen, etc.).

Basic flow-sheets have been developed and
successfully tested using actual available products as
unconventional raw materials for rhenium recovery.

VOLCANIC GASES AS A NEW RESOURCE OF
RHENIUM

F.I. Shaderman, A.A. Kremenetsky

Institute of Mineralogy, Geochemistry and Crystal
Chemistry of Rare Elements, Moscow

Using the Kudryavyi volcano (Iturup Icefand, Kuril
Islands) as an example, rhenium resources of volcanic
gas emissions have been estimated. This new source
of rare metals is estimated at »#-10 tpy and is of major
practical significance. A technology has been
developed for recovery of rhenium and associated
rare metals (In, Ge, Bi, etc.) by absorption of metals
from the gaseous phase with natural mineral
sorbents. Rough economic estimates indicate that
this resource can be exploited with high economic
efficiency of production.

This report contains some data related to rhenium
and other rare metals contents of gaseous emissions
of various volcanoes worldwide. Prospects for the use
of this new source of rare metals raw material have
been discussed.
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RECOVERY OF RHENIUM AS BY-PRODUCT
OF UNDERGROUND URANIUM LEACHING

V.V.Krotkov, Yu.V. Nesterov, L.I. Ruzin,
M.F. Sheremetyev

J.-S.C. “Atomredmetzoloto”, Moscow
All-Russian Scientific Research Institute of Chemical
Technology, Moscow

Effective solvent-extraction and solid ion-exchange
processes for recovery of rhenium as by-product from
leach solution from in situ leaching of uranium ore
and containing 0.1-0.5 mg/dm3 Re have been tested
and proven.

A mixture of trialkylamine and tributyl phosphate in
a diluent was used as extractant. Sorbents were AM-
p and AMP anionic resins and activated carbon.
Rhenium recovery from leach solutions using
activated carbon was as high as 90-95% with a
concentration degree of 400-500.

Elution of Re from anionic resins was performed
with the aid of HiSOs solutions under stripping
conditions, whereas in the case of activated carbon
ammonia was used with subsequent concentration by
ampholytes of VP-14KR or VP-18KR grades.

The final product is ammonium perrhenate.

RECOVERY OF RHENIUM AS BY-PRODUCT
OF TREATMENT OF MOLYBDENITE AND
COPPER-NICKEL CONCENTRATES WITH THE
AID OF SELECTIVE ION-EXCHANGE RESINS

A.A. Blokhin, A.A. Kopyrin
St. Petersburg State Institute of Technology

In the process of treatment of molybdenite
concentrates using nitric acid scheme route, rhenium
contained in the concentrates reports to nitrate and
sulfate mother solutions, while in the case of
processing of copper-nickel concentrates by
pyrometallurgical route, it reports into washing
sulfuric acid in wet gas cleaning systems. Various
weakly and strongly anionic resins with gel and
porous structures have been investigated to study
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their selective properties with respect to rhenium. A
weakly anionic resin has been selected which has
selectivity with respect to rhenium and sorption
capacity not inferior to best strongly anionic resins;
at the same time, it can be readily regenerated with
ammonia solutions. It has been demonstrated that it
can be used for effective rhenium extraction from
sulfuric acid and nitric/sulfuric acid solutions
containing molybdenum.

IMPROVEMENT OF TECHNOLOGY FOR
PROCESSING COPPER-MOLYBDENUM ORES
FROM "ERDENET-OVOO" DEPOSIT

S. ‘Davaanyam, I.Sh. Sataev, Zh. Baatarkhuu,
A.M. Desyatov,* M.I. Khersonsky*

ERDENET Joint Venture, Mongolia
*RF State Research Center, State Scientific Research
Institute of Nonferrous Metals “GINTSVETMET”,
Moscow

The annual molybdenum output of ERDENET Joint
Venture is 2,000 tonnes. The flow-sheet of the ore
treatment plant comprises bulk flotation to produce
copper-molybdenum-pyrite product, its oxidizing
steaming (after thickening) in lime medium at 80-
90°C during 60-90 minutes, flotation of molybdenite
after washing, cleaning of the froth product (8
cleaner operations) using sodium sulfide, flotation of
copper minerals to recover copper from the scavenger
underflow of molybdenum flotation with depression
of pyrite with lime.

The said flow-sheet ensures planned performance
values with a relative copper content in the form of
primary sulfides not exceeding 40%. In accordance
with the annual mining schedule for a few next years,
it is expected that the portion of primary ores will
increase, and in this connection investigations have
been carried out with the aim to improve the ore
processing technology.

Laboratory and semi-commercial tests of a number
of ore samples have indicated that it is possible to
produce copper-molybdenum concentrates with high
copper contents in the bulk flotation circuit using
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collectors selective with respect to pyrite (isopropyl
aeroflot, S-703) instead of butyl xanthate.

Currently, preparations are made for commercial-
scale tests of the said processing technology in one of
the plant sections.

PROSPECTS FOR THE USE OF MEMBRANE
TECHNIQUES FOR PROCESSING RHENIUM-
CONTAINING SOLUTIONS

I.D. Troshkina, A.M. Chekmarev, A.B. Maiboroda,
D.G. Petrov, V.F. Malykhin

Russian University of Chemical Technology named
after D.I. Mendeleev, Moscow
Zhezkazgan Redmet, Kazakhstan

Membrane techniques have been proven for selective
recovery and concentration of rhenium from complex
multi-component systems, in particular, the method
of complex formation and ultrafiltration (CF-UF)
based on addition of polyelectrolyte (PE) to the
solution to form a complex with the valuable
constituent and  subsequent ultrafiltration.
Preliminary studies were carried out to investigate
aggregate stability of polyelectrolytes in aqueous
systems with introduction of anions. Anion
concentrations were determined at which PE started
to coagulate. The effects of external factors (pH
value, ratio of PE to perrhenate ion, behavior of
impurities) on the separation characteristics of the
CF-UF process were studied. PE regeneration
conditions were determined. The effect of the number
of extraction-regeneration cycles on the rhenium
recovery was investigated. Basic process flow-sheets
were developed and successfully tested to recover
rhenium from effluents and recycled water, as well as
from thickener overflow at two plants.

73



HYDROMETALLURGICAL RECOVERY OF
RHENIUM AND MOLYBDENUM FROM
TECHNOGENIC RAW MATERIALS
A.G. Kholmogorov, O.P. Kalyakina,

O.N. Kononova, S.V. Kachin

Krasnoyarsk State University, Institute of Chemistry
and Chemical Technology, Siberian Division of
Russian Academy of Sciences, Krasnoyarsk

Studies have been conducted to investigate
technological processes for sorption concentration of
rhenium on anion-exchange resins having non-
porous and porous structure with heterocyclic amines
and recovery of molybdenum on anion-exchange
resins with macroporous structure on the basis of co-
polymers with long-chain binding agents and
polyamines widely proven on industrial solutions
with various salt background and production of pure
rhenium and molybdenum salts. Anion-exchange
resins of AN-82, AN-105, AN-106, and AN-108
grades can be recommended for the use in
commercial units for processing rhenium- and
molybdenum-bearing secondary raw materials by
hydrometallurgical route, as well as for treating
primary mineral raw materials (including tungsten-
containing materials).

PRODUCTS OF VOLCANIC ACTIVITY - RAW
MATERIALS FOR PRODUCTION OF
RHENIUM AND OTHER METALS

G.S. Shteinberg

Institute of Volcanology and Geodynamics,
Yuzhno-Sakhalinsk

The results of specialized geochemical, chemico-
technological and geologo-economical investigations
of principal possibility of extraction of rhenium and
other valuable components from volcanic rocks of
Kudryavyi volcano are presented. Average rhenium
concentration in rock and in areas of fumarol

-volcanic activity makes 30 g/t, 23 components

including La, Sm, Ag, Au were determined totally.
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Investigations aimed at  identifying new
mineralization zones have been continued.

A STUDY ON THE BEHAVIOR OF
MOLYBDENUM AND RHENIUM IN THE
PROCESS OF TREATMENT OF LEAD-
CONTAINING INTERMEDIATE PRODUCTS

T.N. Greiver, E.E. Sergeeva, T.N. Vergizova,
1.G. Zaitseva

St. Petersburg State Mining Institute

In the process of water leaching of converter dusts
from copper-nickel smelters about 5-30% of Re and
25-40% of Mo is not extracted and remains in the
lead-containing residue. Certain regularities in the
behavior of these metals in the process of lead
recovery with the aid of chloride and alkaline
solutions have been investigated. It has been
demonstrated that it is feasible to recycle alkaline
solutions with accumulated molybdenum. For the
conditions of the Severonickel Smelter, a flow-sheet
has been proposed which comprises blending of
solutions from water and alkaline leaching and it has
been demonstrated that the Re and Mo recovery into
these combined solutions amounts to 99-100% and
97-100%, respectively. Extraction of Mo and Re from
solutions is accomplished with the aid of selective
sorption on anionic resins.

ION-EXCHANGE PROCESSES FOR EFFECTIVE
SEPARATION AND PURIFICATION OF
TUNGSTEN AND MOLYBDENUM

A.A. Blokhin, A.A. Kopyrin, E.A. Pirmatov,
I.S. Asadov

St. Petersburg State Institute of Technology,
Uzbek Refractory and Heat-resistant Metals Plant

Ion-exchange processes for purification of
ammonium molybdate and ammonium tungstate
solutions to remove tungsten and molybdenum,
respectively, have been developed and introduced on
a commercial scale. The former process is designed to

75

1 s e )



adjust the parameters of -feed solution and
subsequently pass it through a column with anion-
exchange resin, which selectively sorbs tungsten; the
latter process is based on treatment of feed solution
with measured amounts of sulfidizing reagent to
convert molybdenum into thiocomplexes, after which
it is passed through a column containing anion-
exchange resin selectively sorbing molybdenum
thiocomplexes. The use of these processes ensures a
decrease in the said impurities concentrations by a
factor of at least 100 and production of respective
salts with a content of the impurity element of n-(10-*-
10-3) % by mass.

SOLVENT-EXTRACTION TECHNIQUES
FOR PROCESSING TECHNOGENIC
RHENIUM-CONTAINING RAW
MATERIALS

V.F. Travkin, N.E. Nekhoroshev

RF State Research Center, State Scientific
Research Institute of Nonferrous Metals
“GINTSVETMET”

Leaching of technogenic rhenium-containing raw
materials can produce hydrochloric, nitric or sulfuric
acid or alkaline leach solutions. The most efficient
method for selective recovery of rhenium from such
solutions is solvent extraction.

The solvent extraction of rhenium is dependent not
only on the nature of the organic extractant used, but
also on the acidity of the aqueous phase, valence of
rhenium, nature and concentration of leachant, as
well as the nature of organic diluent.

In order to extract rhenium from weakly acidic
aqueous solutions (pH=2-3), it is reasonable to use
tertiary and secondary aliphatic amines.

Extraction technology has been tested for rhenium
recovery from spent catalysts to produce metallic
rhenium or ammonium perrhenate.
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DEVELOPMENT AND TESTING OF SOLVENT-
EXTRACTION PROCESS FOR RHENIUM
RECOVERY FROM LEAD-CONTAINING

DUSTS SULFATIZATION SOLUTIONS

G K. Kulmukhamedov, L.M. Kopanev, I.Yu.
Fleitlikh,* G.L. Pashkov*, A.l. Kholkin**

I-S.C. “Gidrotsvetmet Institute”, Novosibirsk
*Institute of Chemistry and Chemico-metallurgical
Processes, Siberian Division of the Russian Academy

of Sciences, Krasnoyarsk )
**Institute of General and Inorganic Chemistry,
Russian Academy of Sciences, Moscow

The rhenium recovery form sulfate-chloride solutions
from lead production using solvent-extraction with
trialkylamine (TAA) is hindered by concurrent
extraction of rhenium and cadmium.

The report presents the following results of a series of
studies aimed at development of a rhenium extraction
process for chloride-sulfide solutions obtained as a
result of lead-bearing dusts processing:

s solvent extraction of rhenium and cadmium has
been investigated using mixtures of TAA and
various organic acids;

e optimum composition of an extractant for
maximum rhenium recovery has been determined;

o feasibility of selective separation of rhenium and
cadmium at the re-extraction stage has been
demonstrated; »

o results of enlarged laboratory scale and
commercial-scale tests have been presented for
dusts from the sintering plant of the Chimkent
lead smelter.

The said technology has been patented in Russia and

Kazakhstan.

DEVELOPMENT, INTRODUCTION AND
IMPROVEMENT OF SOLVENT-EXTRACTION
PROCESS FOR AMMONIUM
PARATUNGSTATE PRODUCTION

G.P. Giganov, V.G. Giganov

RF State Research Center, State Scientific Research
Institute of Nonferrous Metals “GINTSVETMET”

The solvent-extraction technology developed in the
Gintsvetmet Insitute for tungsten recovery was
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introduced  commercially at the  Nalchik

Hydrometallurgical Plant in 1985 and at the

Kirovograd Sintered Carbide Plant in 1996.

Technical-grade trialkylamine containing 85%

tertiary amines was used as an extractant.

Taking into consideration some serious drawbacks of

this extractant, a modified reagent has been

developed and introduced at both of the above
plants, which made it possiblie to:

o completely eliminate formation of a third phase,
reduce the concentrations of extractant and acid
for acidification;

¢ reduce the concentration of free extractant and
co-extraction of impurities, ensuring thereby
better quality of the final product.

However, the extraction is accomplished in acidic

solutions with a pH value of 1.5-2, which causes

corrosion of equipment and an excessive
consumption of reagents.

As a result of the studies conducted, an extractant

has been found capable to extract tungsten at pH=5-

5.5, which substantially simplifies maintenance of the

equipment.

A technology has been developed for direct tungsten

extraction from soda solutions obtained as a result of

pressure leaching of scheelite concentrates.

After the tungsten extraction, the soda solution with

impurities is recycled to the pressure leaching circuit.

Any use of acids has been eliminated and the

discharge of salt solutions substantially reduced.

UTILIZATION OF TAILINGS GENERATED BY
THE INGICHKINSKI TUNGSTEN MINE

A.B.Yezhkov, Kh.Sharipov, 1.0.Shnel

National Organization “SpetsSplav”, Tashkent
Ingichkinski Experimental Expedition, Ingichki,
Uzbekistan

As a result of processing ores from the Ingichkinski
tungsten deposit, substantial amounts of tailings
have been accumulated with tungsten oxide contents
of 0,07-0,08%.

Technological tests and marketing studies have
demonstrated that it appears reasonable to upgrade
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the tailings using gravity benefication methods to
produce tungsten concentrates suitable for
commercial processing in Uzbekistan.

Tests were run at the Ingichkinski ore processing
plant using a continuous process flow-sheet
comprising three stages of benefication: cone
separators, four-deck concentration tables of SKO-30
type and concentration table of SKM-7,5 type, and
magnetic separator of EBV-1 type. The tests made it
possible to select optimun process conditions
ensuring production of tungsten concentrate
containing 25-30% tungsten oxide.

A study of hydrometallurgical processing of the
concentrate produced has indicated that tungsten
recoveries of as high as 91-98% might be obtained by
autoclave soda leaching.

The said technology for processing of stockpiled
tailings has been introduced on commercial scale.

ORGANIZATION OF COMMERCIAL
RECOVERY OF RHENIUM AND OTHER
VALUABLE CONSTITUENTS FROM
SECONDARY RAW MATERIALS

A.V.Yelutin, M.V Istrashkina, Z.A Peredereeva,
M.N.Butova

State Research Center of RF, State Research
Institute of Rare-Metals Industry "Giredmet",
Moscow

The paper presents data relating to efficient
techniques for recovery of rhenium and other
valuable constituents from various types of
secondary raw  materials (spent  alumino-
platinorhenium catalysts and rhenium-containing
alloys).

Economic viability of processing of secondary
rhenium-bearing raw  materials has  been
demonstrated.

In order to extract rhenium and platinum from spent
alumino-platinorhenium catalysts several process
routes have been proposed which differ from each
other in the methods used both for opening-up and
subsequent extraction of rhenium and platinum. All
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technical decisions developed guarantee high rhenium
and platinum recoveries (93% and 98%, respectively).
Methods for processing of rhenium-containing alloys
(both binary and multicomponent) designed for
extraction of rhenium and other valuable constituten
(nickel, cobalt, tantalum, tungsten, molybdenum) are
discussed.

RARE METALS PRODUCTION AND MINERAI
RESOURCES IN UZBEKISTAN

Kh.T.Sharipov, E.I.Nikolaeva,
M.A Kazhikhin

National Organization "SpetsSplav”
Institute of Mineral Resources, Tashkent, Uzbekistan

One of the first priorities in the current development
of the Republic of Uzbekistan is development,
utilization and extension of the mineral reserves of
rare metals and trace elements, as well as an increase
in their production for both domestic consumption
and export. In order to attain this objective the RU
State Committee of Geology has conducted an
analysis of the prospects for development of the
reserves of trace elements, elaborated scientific
methods for forecasting, prospecting and appraisal of
rare metals occurrences, and carried out studies of
the mineralogical and geochemical properties of the
existing deposits, including the use of
unconventional types.

It has been demonstrated that the Republic of
Uzbekistan has considerable geological reserves of
rare metals and trace elements; as for molybdenum
and rhenium resources it is among the first ten
countries in the world and hold third place among
the CIS countries. The degree of proven reserves is
fairly high, the ratio of proven reserves to these
currently exploited is 3:1.

Currently, the main source for molybdenum and
rhenium production is molybdenum concentrates
from unique complex copper-containing porphyry
deposit of the Almalyk region. The ore containing
over 10 associated valuable constituents is processed
at the Almalyk Mining and Metallurgical Complex.
However, the qualitative characteristics of trace
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elements reserves are not quite satisfactory with
respect to up-to-date requirements, which
necessitates improvement of techniques used both for
mining and especially for treatment of ores.

Issue related to the use of secondary raw materials
have been also discussed.

ASPECTS AND CURRENT STATUS OF
INTEGRATED PROCESSING OF ORES AND
OTHER RAW MATERIALS CONTAINING RARE
METALS

Kh.T.Sharipov

National Organization “SpetsSplav”
Institute of Chemistry, Academy of Sciences of the
Republic of Uzbekistan, Tashkent,

It has been demonstrated that some specific
geochemical features of ore formation processes in
Central Asia contributed to concentration of many
rare, trace, noble and rare-earth metals. Ore deposits
of this region are unique as to their mineralogical and
chemical forms of accurrence. On the other hand,
development of the mining, metallurgical, chemical
and petrochemical industries resulted in generation of
secondary and man-made sources of rare metals.
Based on geological and geochemical investigations,
data have been obtained which refer to
concentrations of rare, trace and other metals in
polymetallic raw materials and ores (“sandstone
type”). Distribution of valuable constituents
throughout various steps of benefication and
metallurgical processing at mines and metallurgical
facilities of Uzbekistan has been studied with the aid
of modern analytical instruments.

Using Re and Co as examples, it has been
demonstrated that there are ways for improving the
metals recoveries from waste materials, residues, and
sludges; results of metallurgical tests are discussed.
Some non-conventional raw material sources for rare
metals production are considered, i.e., technogenic
wastes generated by the chemical, petrochemical, and
electronics indusctries. Data is presented relating to
processing of spent catalysts containing Mo, Bi, Co,
and other valuable metals. It has been demonstrated
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that electronic scrap and wastes can be effectively
utilized for precious metals extraction; waste cakes
and tailings accumulated in Uzbekistan can be used
as valuable raw materials.

Issues relating to production of metals of high purity
(99,99% and 99,999%) and products thereof both for
export and as substitutes for imported materials, are
discussed.

SECTION I

METHODS FOR TREATMENT OF RAW
MATERIALS, PRODUCTION OF
METALS AND METAL COMPOUNDS

CURRENT STATE AND OUTLOOKS FOR
DEVELOPMENT OF TUNGSTEN-
MOLYBDENUM INDUSTRY IN CIS
COUNTRIES

E.I. Gedgagov, A.D. Besser

RF State Research Center, State Scientific Research
Institute of Nonferrous Metals “GINTSVETMET”

Data related to raw material reserves, the level of
technology and quality of products manufactured by
enterprises of the tungsten-molybdenum industry in
the CIS countries are presented. The main factors, on
which penetration into the world markets is
dependent, include lower production cost, improved
quality of products to be ensured by using state-of-
the-art technologies, such as ion-exchange processes
in hydrometallurgy, plasma chemical processes in
powder metallurgy, etc. It is essential to introduce
some advanced developments made in a number of
research institutions for production of high-grade
concentrates, liberation of upgraded products and
waste materials, treatment of pure compounds of
molybdenum, tungsten, and rhenium to produce
metals and products.
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PROSPECTS FOR METALLOTHERMY
IN PRODUCTION OF REFRACTORY
TRACE METALS AND THEIR
COMPOUNDS

V.V. Lazarenko, A.P. Parshin, V.V. Shatalov

All-Russian Scientific Research Institute of Chemical
Technology, Moscow

Metallothermic processes have especially promising

prospects for development of resource-conservation

and energy-saving processes not only for production

of master alloys, alloys and pure metals, but also

some inorganic compounds with high properties.

The research results obtained over the recent years

made it possible to develop high-efficiency processes

on the basis of metallothermy, and in particular

aluminothermy for production of:

a) Re-Mo-Ni-Al master alloy for aircraft industry;

b) high-quality fused tungsten carbide required for
manufacture of both drill tools and hard alloys;

¢) fused metal molybdenum.

CONTINUOUS UNIT FOR HYDROGEN
REDUCTION OF REFRACTORY METALS
POWDERS

M.M. Spivak, V.E. Khrapunov, A.T. Shoinbayev,
Zh.A. Akimzhanov

Institute of Metallurgy and Mineral Benefication,
Almaty, Kazakhstan

A continuous vibration-type unit for hydrogen
reduction of refractory metals powders has been
developed.

The said vibration-type unit permits a substantial
decrease in the production cost as compared with
conventional equipment due to automation of the
process and lower electric power and hydrogen
requirement.
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PRODUCTION OF REFRACTORY
METALS USING SORPTION
PROCESSES

V.A. Peganov, AN. Vaskakov,
T.V. Moichanova, T.P. Kharina

All-Russian Scientific Research
Institute of Chemical Technology, Moscow

Based on the experience gained by application of ion-
exchange techniques for hydrometallurgical uranium
extraction, some process flow-sheets have been
developed for treating various raw materials
containing refractory metals. The basis for such flow-
sheets is sorption processes for extraction and
concentration of metals ensuring high quality of
products and improved overall recovery of valuable
metals.

The most efficient ion-exchange resins are sorbents of
vinylpyridine type. Special-purpose synthesis has
permitted an effective combination of advantages of
macroporous structure of the sorbent and chemical
properties of refractory metals.

Extensive prospects for sorption technology
application will extend the raw materials basis for
production of refractory metals.

NEW TRENDS IN TECHNOLOGY OF
PRIMARY PROCESSING OF TUNGSTEN
CONCENTRATES

A.S. Medvedev

Moscow Institute of Steel and Alloys

A review of new technologies developed in the
Moscow Institute of Steel and Alloys and in
cooperation with the Giprotsvetmet Institute is
presented covering processes for primary processing
of tungsten-bearing raw materials: double-stage
autoclave soda leaching of wolframite and scheelite
concentrates with recycling of a part of waste cakes
to the head of the process; autoclave soda leaching of
wolframites mechanochemically modified in calcium
salt solutions; oxidation leaching including high-
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temperature autoclave soda leaching of wolframites;
various modifications of low-temperature leaching of
wolframites with alkali solutions; nitric acid leaching
of scheelite concentrates with recycling of a part of
tungstic acid to the head of the process,
decomposition of wolframites in low-melting eutectic
melt of soda and saltpeter.

RHENIUM AND OSMIUM RECOVERY
IN THE PROCESS OF ROASTING OF
MOLYBDENUM-BEARING
INTERMEDIATE PRODUCT

T.N. Greiver, E.V. Popkov, V.M. Piletsky,
Yu.N. Tsoi, B.P. Rudenko

St. Petersburg State Mining Institute
Almalyk Mining and Metallurgical Complex,
Uzbekistan

A process flow diagram has been developed for
integrated processing of molybdenum-bearing
intermediate product comprising its roasting in order
to evaporate osmium and rhenium into a gaseous
phase, their absorption and subsequent recovery, as
well as processing of cinder using conventional
techniques. The said intermediate product obtained
at Almalyk has a high content of organic matter,
which results in scattering of fumes throughout the
flue ducts and hinders their concentration. Feasibility
of combustion of the organic constituents directly in
the furnace unit has been investigated and as a result
a recovery of at least 92% of rhenium and osmium
from the intermediate product into the fumes was
achieved along with a high degree of their absorption
from the gaseous phase. An improved design of a
shaft furnace for molybdenum middling roasting has
been proposed.
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TECHNOLOGY FOR RHENIUM
RECOVERY FROM SOLUTIONS
WITH EXTREMELY LOW
CONCENTRATIONS

V.I. Volk, A.Yu. Vakhrushin, A.D. Besser*

RF State Research Center, All-Russian Scientific
Research Institute of Inorganic Materials named
after Academician A.A. Bochvar

*RF State Research Center, State Scientific Research
Institute of Nonferrous Metals “GINTSVETMET”

A processing technology has been developed for
rhenium recovery from process solutions obtained at
copper production plants and containing about 0.1
mg/l Re (recycled solutions at ore treatment plants,
drainage effluents from tailings ponds, etc.). The said
technology is based on rhenium recovery from
aqueous solutions using strongly anionic resins,
elution of rhenium from resins with organic solutions
of tertiary amines and subsequent re-extraction of
rhenium from amines with aqueous ammonia
solutions.

The tests conducted at a pilot plant (six full-scale
process circuits) using actual process solutions of the
DzhezkazganTsvetmet Company have indicated that
a recovery of 70-80% of rhenium from such solutions
can be achieved with concentration rates of 103-104.
Despite the complex composition of the solutions
used and the presence of organic impurities (flotation
reagents, flocculants, etc.), no degradation of the
anion-exchange resin and the amine solution was
recorded, while the process itself remained stable.

In the same process, about 40-50% of copper
dissolved in the process solutions was recovered as
by-product. The bulk of copper readily separates
from rhenium at the stage of washing of saturated
sorbent with aqueous ammonia solution to remove
slimes prior to rhenium elution with amine solution.
The final eluate contains 100-200 mg/l copper and
400-600 mg/l rhenium; it can be further processed
using conventional solvent-extraction or sorption
techniques to produce ammonium perrhenate.
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OPTIMIZATION OF DILUENT FOR RHENIUM
(VII) EXTRACTION WITH TRIALKYLAMINES

V.1 Volk, A.Yu. Vakhrushin

RF State Research Center, All-Russian Scientific
Research Institute of Inorganic Materials named
after Academician A.A. Bochvar

Extraction properties of a system based on
trialkkylamine solution in polyalkylbenzene as an
extractant for rhenium (VII) recovery from sulfuric
acid solutions have been investigated. The parameters
obtained were compared with those of a common
commercial extractant (trialkylamine solution in a
mixture of technical-grade alcohols and kerosene).
The proposed system possesses somewhat higher
extraction ability with respect to rhenium due to the
absence of the depressing effect of alcohol. The
solubility of amine sulfates in polyalkylbenzene is
comparable with that of the alcohol-kerosene diluent,
but the fact that the former consists of only two
components substantially simplifies the control over
its composition in commercial processes.

As a polyalkyibenzene, it is proposed to use a
mixture of triethylbenzene isomers (including at least
75% of 1, 3, S-triethylbenzene), which ensures an
optimum combination of physical and chemical
properties (isotherm of rhenium (VII) extraction with
trialkylamine, viscosity, surface tension) and
technological properties of the extractant (solubility
in aqueous solutions, rate of delamination, flash
point of organic solution).

SOME PROCESSES FOR PRODUCTION OF
TUNGSTEN COMPOUNDS

N.N. Rakova, A.V. Balzovsky, L.M. Leonova, V.X.
Rumyantsev*

Moscow Institute of Steel and Alloys
*All-Russian Scientific Research Institute of Hard
Alloys, Moscow

Ammonium paratungstate (APT) is an intermediate

product for tungsten production; its properties and
methods of production are dependent on the quality
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requirements for particular tungsten products. In the
recent years, special high-purity APT is used for
production of blue tungsten oxide (BTO) which is
used for manufacture of cemented carbides and non-
sagging tungsten filament. APT of special purity is
obtained using a complex flow-sheet; direct re-
crystallization is not applied due to the low solubility
of APT in water or aqueous ammonia solution.
Optimization of the dissolution conditions and
preliminary low-temperature calcination made it
possible to apply a simple process flow-sheet for
production of APT of higher purity with a total
impurities content of not more than 0.007%.

An analysis of the data available in the literature
indicates, that BTO produced commercially has a
complex chemical and phase composition. It depends
on the application for BTO and is attributable to the
method used for its manufacture. BTO properties and
methods for its production have been studied using
apparatus of different types.

In the process of wolframite opening-up, iron,
manganese, tantalum, niobium, and scandium
remain in the waste cakes and can be potentially
extracted. These residues constitute a technogenic
resource with concentrations of valuable constituents
higher than in natural mineral deposits. A process
has been investigated and proposed for commercial
use to produce high-grade manganese-containing
concentrate suitable for production of ferroalloys,
chemical compounds for various applications and
chemical electric power sources.

TECHNOLOGY AND EQUIPMENT FOR
CONTINUOUS HYDROTHERMAL
PRECIPITATION OF MOLYBDENUM
TRIOXIDE FROM SALT SOLUTIONS

A.T. Shoinbayev, G.A. Trushin, A.D. Dadabayev

Institute of Metallurgy and Mineral Benefication,
(National Center on Complex Processing of Mineral
Raw Materials of Kazakhstan Republic) Almaty

Basically new technology for precipitation. of

molybdenum trioxide under hydrothermal conditions
from leach solutions has been developed and is
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offered for implementation by the Institute of
Metallurgy and Mineral Benefication. This
technology makes it possible without any radical
changes in the existing molybdenum production
circuits, to ensure within a reasonably short time
production of high-quality molybdenum products.

INVESTIGATION OF PROCESSES FOR
INTEGRATED TREATMENT OF REFRACTORY
METALS CONCENTRATES AND WASTES

V.A. Krasilnikov, G.G. Andreev, F.A. Voroshilov,
T.I. Guzeeva, A.S. Levshanov,

Yu.F. Kobzar*, AN. Kachaev*, V.P. Shedikov*,
T.S. Zaitseva*, V.P. Stolbov*

Tomsk Polytechnic University, Tomsk
*Siberian Chemical Plant, Seversk

The use of refractory metals: tungsten, rhenium,
molybdenum and their alloys in nuclear and rocket
technology, electronics, chemical industry and other
sectors of science and technology requires efforts to
improve the processes used for their production,
extend the range of products and reduce the costs. In
this connection it is essential to process waste
materials containing refractory metals.

One of the possible routes for improving the
technology for rhenium production is the use of
gaseous fluoride flow-sheet for treating metallic
waste and concentrates of rhenium, tungsten and
molybdenum.

RESOURCE-SAVING TECHNOLOGY FOR
PRODUCTION OF TUNGSTEN COMPOUNDS

G.V. Veryovkin
J.-8.C. “West Siberian Company”, Novosibirsk

The conventional modern technologies for
production of tungsten compounds entail high
reagent requirements and generate large amounts of
environmentally hazardous salt effluents.

In cooperation with a number of institutes of the
Academy of Sciences and specialized institutions for
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applied research, we have developed over the past 15
years a concept based on solvent-extraction (or solid
resin sorption) for concentration of tungsten directly
from filtered liquors without neutralization of
excessive soda or alkali. In the recent years, the
development of this closed-cycle technological
process has been completed.

The studies carried out over a few past years on the
macrokinetics of the process have indicated that
despite the low exchange capacity of the extractants
used for tungsten concentration, the parameters of
mass transfer exceed those of the processes
commonly used for tungsten compounds production.
This permits an almost twofold reduction in the
volume-of the technological equipment used.

TECHNOLOGY FOR PROCESSING
TUNGSTEN-CONTAINING WASTES

V.A. Krasilnikov, G.G. Andreev, F.A. Voroshilov,
T.1.Guzeeva, A.S.Levshanov,
Yu.F.Kobzar*, T.S.Zaitseva*,

A K.Ledovskih*, A N.Kachaev*, V.P.Shedikov*,
E.O.Portnyagina*

Tomsk Polytechnic University, Tomsk.
*Siberian Chemical Plant, Seversk

The main purpose of this study was to investigate the
process for treating tungsten-containing wastes and
produce metallic tungsten in the form of powder,
tungsten coatings or compact components.

A comparison of traditional methods used for
processing tungsten-containing wastes with the
proposed process for fluoride treatment indicates,
that the latter has obvious advantages.

RESOURCE CONSERVATION IN THE
PROCESS OF HYDROMETALLURGICAL
TREATMENT OF TUNGSTEN PRODUCTS

L.L. Klyachko, V.N. Glushkov, V.K. Rumyantsev

All-Russian Scientific Research and Design Institute
of Refractory Metals and Hard Alloys, Moscow

Production of tungsten and tungsten-containing
alloys is based on the use of tungsten compounds as
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raw materials and their purity determines to a very
considerable extent the quality of final products.
Most substantial removal of impurities contained in
tungsten ores is accomplished in the process of
hydrometallurgical treatment of tungsten
concentrates.

This report considers issues related to opening-up of
tungsten concentrates to obtain a soluble tungsten
compound, i.e., sodium tungstate, and new methods
for processing its solutions using ion-exchange
technique. An essential factor is optimal processing
of tungsten-containing waste materials. Some other
methods have been also discussed.

A third very important process for production of
tungsten compounds is treatment of effluents
generated as a result of hydrometallurgical processes.
The report considers most recent processes for
recovery of tungsten and a number of chemical
compounds from waste waters.

Methods ensuring saving of tungsten resources,
reagents, and capital costs discussed in this paper
have already found practical application in the
industry.

INTRODUCTION OF ION-EXCHANGE
TECHNOLOGY FOR PURIFICATION OF
AMMONIUM TUNGSTATE SOLUTIONS TO
REMOVE MOLYBDENUM

E.A. Pirmatov, A.A. Blokhin

Uzbek Refractory and Heat-resistant Metals Plant

The content of molybdenum impurity in tungsten
wire for manufacture of common incandescent lamps
and halogen lamps should not exceed 0.03% and
0.005% by weight, respectively.
A series of studies has been carried out to investigate
removal of impurities, including molybdenum, from
ammonium tungstate solutions resulted in selection
of an ion-exchange technology comprising the
following major steps:
o treatment of the solution with measured
quantities of ammonium sulfide to convert
molybdenum into a thiocomplex [MoS4]?;
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e passing the solution through a column with
strongly anionic resin for selective sorption of
molybdenum;

s evaporation of  purified solution and
crystallization of ammonium paratungstate;

e regeneration of the anion-exchange resin by
treating it with oxidant solution.

As a sorbent, anion-exchange resin of VP-1Ap grade
was selected; it is similar with respect to its capacity
to other strongly anionic resins (AM, AM-p), but it is
easier to regenerate and has better chemical stability
under operating conditions in sorption-regeneration
cycles. Nitric acid solution is used as oxidant.
Introduction of this development has permitted the
Plant to ‘produce high-purity tungsten products and
keep within the specified molybdenum impurity
content.

PREPARATION OF SCHEELITE
CONCENTRATE PRIOR TO
HYDROMETALLURGICAL PROCESSING
TO IMPROVE TUNGSTEN RECOVERY

E.A. Pirmatov

Uzbek Refractory and Heat-resistant Metals Plant

Residual flotation reagents in scheelite concentrate
are not decomposed during autoclave soda leaching
and result in flotation of tungsten into froth product
formed by emission of COz and steam. As a result,
the degree of tungsten transfer into sodium tungstate
solution decreases, i.e., the recovery of the valuable
constituent is reduced.
In order to remove the residual flotation reagents,
liquid glass, carbonate and sulfide impurities from
scheelite concentrate, a process has been developed
and introduced for preparation of concentrates for
subsequent treatment. This process comprises:
o calcination in rotary Kilns at 400-420°C;
s washing with mineral acids (25-30 g/l nitric acid
solution).
As a result of the implementation of this process, the
tungsten content of the waste cakes has been reduced
to 0.8-0.9%, while the tungsten transfer into the
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solution improved by 1.5-2.0%. At the same time, the
content of tungsten oxide in the treated concentrate
increased to 72% (instead of common 60-65%).

INTEGRATED UTILIZATION OF INDUSTRIAL
EFFLUENTS FROM HYDROMETALLURGICAL
FACILITIES FOR TUNGSTEN AND
MOLYBDENUM PRODUCTION

E.A. Pirmatov

Uzbek Refractory and Heat-resistant Metals Plant

The composition of effluents from
hydrometallurgical facilities for molybdenum and
tungsten production has been investigated. They
contain mainly sodium nitrate, ammonium nitrate,
sodium sulfate, and ammonium suifate. Metal
impurities include tungsten, molybdenum, rhenium,
and rather considerable amounts of copper and iron.
Processes available currently for removal of copper
and iron ensure virtually complete removal of these
impurities. Soda ash and technical-grade sodium
nitrate are produced from effluents contaminated
with sodium nitrate; at present those products are
imported to the Republic of Uzbekistan. The
remaining effluents are evaporated to dryness leaving
a mixture of salts consisting of sodium and
sulfoammonia nitrates, sodium and ammonium
sulfates, and suitable for the use as complex fertilizer
enriched in microelements.

USE OF SURFACE-ACTIVE AGENTS
IN HYDROMETALLURGY OF
TUNGSTEN

E.A. Pirmatov, B.D.Dyusebekov
Uzbek Refractory and Heat-resistant Metals Plant
New technology has been developed and introduced
commercially for the use of surface-active agents in

the process of silicon removal from tungstate
solutions.
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The effect of temperature, concentrations of
surfactants, mineral acids, and their ammonium salts
on silicon precipitation has been studied in the
process of neutralization of soda solutions of
tungstates. Optimum process conditions have been
established.

The proposed technology has been introduced on full
scale in the No.4 Department of the Uzbek
Refractory and Heat-resistant Metals Plant and
ensured a substantial reduction in the losses of
tungsten incurred in the hydrolytic tungstate solution
purification process for silicon removal due to
incomplete precipitation, inadequate filtration and
entrainment of the valuable constituent with silicic
acid. The silicon removal efficiency has been
improved and the residual silicon content of metallic
tungsten does not currently exceed 0.003% by
weight.

RAPID DETERMINATION OF MOLYBDENUM
IN PROCESS SOLUTIONS BY DERIVATIVE
SPECTROPHOTOMETRY

Yu.V. Demin

Vernadsky Institute for Geochemistry and Analytical
Chemistry, Russian Academy of Sciences

It has been found that the method of first-order
derivative permits a significant improvement of the
selectivity of Mo determination in the presence of Nb
and V (without their preliminary separation) in
sulfuric acid medium in the presence of hydrogen
peroxide and sulfonitrazo.

A rapid (8-10 min), highly sensitive (up to 1 mg/l Mo)
and selective method has been developed for
determination of Mo in process solutions (Mo can be
determined in the presence of 1000-fold amounts of
Nb, fluoride ions and other elements, 30-fold
amounts of V, etc.). The said method has a high
reproducibility: Sr = 0.16 for 3.1 mg/l Mo.

94



RAPID ANALYSIS OF NATURAL AND
TECHNOLOGICAL MATERIALS FOR
RHENIUM CONTENT

L.V. Borisova, Yu.V. Demin, O.D. Bozhkov*

Vernadsky Institute for Geochemistry and Analytical
Chemistry, Russian Academy of Sciences

*Institute of General and Inorganic Chemistry,
Bulgarian Academy of Sciences

A series of direct kinetic methods using photometric
or visual indication and based on redox reactions of
organic reagents catalyzed by rhenium have been
developed for analytical testing of materials for their
rhenium content in reactive media obtained after
decomposition of such materials.

Highly sensitive and selective methods have been
developed on the basis of redox reactions of
diphenylamine in a mixture of concentrated H2SOa
and HCI, sulfonitrazo-P in a mixture of H>SO4 and
HNOs, dimethyl-dithiooxamide in concentrated
NaOH in the presence of oxidants. The methods are
not inferior to AES-ICP and mass-spectral methods
with respect to their sensitivity, but they are more
economic (they do not require expensive equipment),
ensure rapid analysis (15-20 min) and do not need
any pre-concentration and separation of Re from the
matrix. The said methods have been successfully
applied for routine analysis of process solutions and
products of volcanic activity (Kuril Islands) under
both stationary and field conditions.

BASIC CONDITIONS FOR IMPROVEMENT OF
HYDROMETALLURGICAL PROCESSES FOR
TREATING MOLYBDENUM-CONTAINING
RAW MATERIALS

A.E.Vorobyev, V.V Khabirov*
Moscow State Mining University
*National Academy of Sciences of Kyrgystan

It has been demonstrated that improvement of
processes used for opening-up of molybdenum-
containing raw materials by hydrometallurgical
techniques should be based on inhibition of
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accompanying reactions and enhancing the feed
reagents and interacting media.

It has been shown that in the process of opening-up
of molybdenum-rhenium sulfide raw materials by
nitric acid, a number of secondary deleterious
processes takes place which impair recoveries of
molybdenum and rhenium and result in generating
substantial amounts of waste cakes containing as
much as 1,0-3,5% Mo and 0,01% Re.

An inhibition method has been developed and
introduced on a commercial scale for chemical and
thermal treatment of ores with concentrated sulfuric
acid under normal pressure at temperatures within
120-160°C. This method makes it possible to
eliminate any adverse effects of diffusive nature,
ensures destruction of organic impurities, prevents
formation of elemental sulfur and polymolibdates,
and eliminates shielding of valuable constituents by
gangue minerals, ensuring thereby high recoveries of
valuable metals at subsequent processing stages.

THE DEVELOPMEN T OF A UNIFIED METHOD
FOR RHENIUM IDENTIFICATION IN
MULTICOMPONENT OXIDE COMPOSITIONS

D.V. Drobot, A.V. Beliaev, V.A. Koutvitsky,
A.P. Rysev

Lomonosov Moscow State Academy of Fine
Chemical Technology.

The report is devoted to development of an effective
method for synthesis of glassy rhenium- containing
reference samples for X-ray fluorescent analysis on
the basis of bismuth and boron oxides. The
technique proposed is based on the introduction of
rhenium as a low-volatile oxide (rhenium (IV) oxide)
in these samples. The preliminary data on the atomic
emission spectroscopy with ICP study of MoOs-
ReOs mixtures provide some evidence for the
correctness of the idea. The concentration of Bi:O; is
70 wt.%. The thermal processing was carried out in a
wide range of temperature (400°C-1050°C). The
optimum conditions for the synthesis of these glass
samples with different ReO: content (from 0.1 to 3
wt.%) are found to be as follows. At first, the solid
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solution of Bi and Re oxides is obtained at 750°C in
3 h in order to decrease the temperature at which the
vitrifying mixture melts, then it is melted with B2Os
at 800°C in 1 h. The glasses obtained were
investigated by X-ray fluorescent analysis and by
absorption spectroscopy following the rhodanate
technique. A buffer effect of B2Os in the presence of
concentrated HC1 was established. The results
obtained allow rhenium to be detected in oxide
mixtures within a range of rhenium content of 0.01 to
10 wt. % at Sr =0.03.

SECTION III

ALLOYS AND THEIR APPLICATIONS

CHEMISTRY OF POWDER METALLURGICAL
PRODUCTION OF NON SAG TUNGSTEN
FILAMENT

H.-J.Lunk

OSRAM SYLVANIA Products Inc., Towanda,
Pa 18848, USA

The manufacture of incandescent lamps can be
described as the first high technology industry.
Despite progress with other light sources with much
higher light yield, very large numbers of incandescent
lamps are in use, and for some applications there is
still no viable alternative.

All over the world the P/M manufacturing of
tungsten wire for incandescent lamps starts from
“tungsten blue oxide” (TBO), industrially produced
by calcination of ammonium paratungstate
tetrahydrate (APT-4H;0), (NHa4)1o[H2W12042]-4H20,
in hydrogen. TBO does not represent a well-defined
compound, but it is only the designation of a blue-
colored product with the overall composition
xNH3-yH20-WO,, where n<3. Besides crystalline
compounds (WO;, hexagonal tungsten bronze phase,
W200s8, W1304s, WO2) TBO may contain up to 50%
of amorphous phases.
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Chemical, quantitative X-ray powder diffraction and
NH; / K" exchange analyses, and also high-

resolution IH NMR investigation give a complete
and consistent characterization of different TBOs.
Only TBOs with a certain content of hexagonal
ammonium tungsten bronze, h-(NH&)(WOs)e,33),

reveal the incorporation of K * via an ion exchange
mechanism during the doping process.

The “doping” of TBO is done with aqueous solutions
containing potassium, silicon and aluminum with a
total concentration of about 5000 ppm and leads to
the outstanding high-temperature creep resistance of
the so-called NS (non sag) - tungsten wire. Doped
tungsten wire is unique in that it is a composite
between two non-alloyable elements, tungsten and
potassium. The creep resistance is due to a minute
concentration of potassium of about 70 ppm
distributed in tungsten wire as longitudinal rows of
liquid or gaseous bubbles. Silicon and aluminum
serve exclusively as “helpers” during the reduction
and sintering stages.

PRINCIPLES OF RHENIUM ALLOYS
DEVELOPMENT

K.B. Povarova, M.A. Tylkina

A.A. Baikov Institute of Metallurgy,
Russian Academy of Sciences

The procedures used for development of rhenium-
base and rhenium-containing alloys are based on
phase diagrams, composition-properties diagrams
and special features related to the effect of thermal
plastic treatment on the structure and properties of
alloys. Studies of two- and multi-component phase
diagrams of rhenium-containing alloys made it
possible to identify regions of homogeneity of solid
solutions, where rhenium acts as a basis or an
alloying component, as well as homogeneity regions
of intermetallic compounds, and temperatures of
phase transitions. These data enabled the researchers
to establish specific regularities in physical and
chemical interaction of rhenium with other elements
of the Periodic table and identify compositions,
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which have good prospects for development of
structural alloys and/or alloys with special physical,
chemical and service properties.

RHENIUM IN HEAT-RESISTANT NICKEL
ALLOYS FOR GAS TURBINE BLADES

E.N. Kablov, N.V. Petrushin, N.G. Orekhov,
G.M. Glezer

RF State Research Center, All-Russian Scientific
Research Institute
‘ of Aircraft Materials, Moscow

The basic principles of alloying of heat-resistant
rhenium-containing nickel alloys (polycrystalline
alloys with columnar structure and single crystals, as
well as eutectic composites) are discussed, including
selection of chemical composition of perspective
alloys and formation of pre-determined structure. It
has been demonstrated that it is necessary to apply
analytical methods and computer-aided designing for
development of heat-resistant materials, saving
thereby the experimental efforts, reducing the time
required for development and substantially
improving the efficiency of the development.

STRUCTURAL MATERIALS BASED ON
SINGLE CRYSTALS OF MOLYBDENUM,
TUNGSTEN AND NIOBIUM

A.A. Yastrebkov

Scientific and Industrial Association “Luch”,
Podolsk, Moscow Region

Structural materials have been developed on the basis
of single crystals of refractory metals (molybdenum,
tungsten, and niobium) in the “Luch” Association.
Due to the lack of boundaries between grains, single
crystals provide a number of advantages as compared

with traditional refractory metals with polycrystalline .

structure.
The manufacturing facilities available in the “Luch”
Association make it possible to grow single crystals
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in the form of rods, tubes, plates, sheet, foil, and
multilayered products. A technology has been
developed for electron-beam welding of single
crystals without disturbing the single crystal
structure.

The refractory single crystal alloys developed in the
“Luch” Association can successfully compete with
respect to the their creep resistance at temperatures
below or equal to the melting point with any class of
polycrystalline materials. The set of technological
techniques, developed in the “Luch” Association
enables manufacture of single-crystal products with
various pre-determined geometric shapes, sizes with
preset accuracy, and surface finish. They include
electrodes for thermoemission energy converters,
powerful X-ray tubes, components for high-
temperature devices of various types.

REFRACTORY POWDER MATERIALS FOR
HIGH-TEMPERATURE TECHNOLOGY

I.O. Yershova, Yu.V. Manegin

Institute of Powder Metallurgy, State Research
Center I.P. Bardin Institute of Iron and Steel
Metallurgy, Moscow

Dispersion-strengthened Mo, Mo-W, W alloys and
pseudoalloys have been developed for high operating
temperatures (2000-3000°C). Wrought semi-final

products of these alloys ensure high strength (o 5=

650-1000 MPa), ductility of up to 6=25% at 20°C,
0 5=40-110 MPa at 1800°C. Sintered semifinal

products made of pseudoalloys with elevated erosion-
resistance have mechanical properties at a level of

O 5=392-450 MPa, 8>2% at 20°C, o 5=22-70 MPa
at 1800°C. High-stregth and wear-resistant Mo-MeO

cermets (HB =3000 Mpa, O'g =1200 MPa) possess
chemical inertness with respect to molten Fe and Ni.
Nonmagnetic "heavy alloys" of W-MeO system with
a density of 15-16 g/fcm® and low temperature
coefficient of linear expansion (3.3-4.0 x 10 K1)
have high hardness (HB=2800 MPa) and strength

(o 5 =1200 MPa).
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DEVELOPMENT OF HIGH-TEMPERATURE
(1800-1900°C) MOLYBDENUM HEATERS WITH
PROTECTIVE COATINGS

Yu.A. Vasanov, G.M. Voronin*, A.I. Yeremina**,
V.V. Konokotin***, A.V.Kuznetsov***,
E.V Sivakova***

Central Aerohydrodynamic Institute, Zhukovsky,
Moscow Region

*RF State Research Center, All-Russian Scientific

Research Institute of Aircraft Materials, Moscow

**Scientific and Industrial Association “Molnia”,
Moscow

***State Scientific Research Institute of Graphite,
Moscow

Taking into account the current situation with
respect to high-temperature heaters, it has been
proposed to focus research on improvement of
protective properties of coatings on heaters made of
molybdenum-base alloys.

Effective use of such heaters has been demonstrated
in the process of testing high-temperature (up to
1600°C) structural elements of OK “Buran”
spacecraft.

Description of an experimental thermovacuum unit
with variable air pressure (103 + 760 mm Hg col.)
and a unique large-size molybdenum heater (900mm
x 900mm in plan) of tubular type with antioxidation
protective coating has been provided.

Potential applications for such heaters in civil
industry are discussed.

MOLYBDENUM-BASE ALLOYS WITH AND
WITHOUT COATING, THEIR APPLICATIONS
AND DEVELOPMENT PROSPECTS

G.M. Voronin, E.V. Sivakova
RF State Research Center, All-Russian Scientific
Research Institute of Aircraft Materials, Moscow

Starting from the 1950s, research and development of
molybdenum and its alloys have been conducted in
the VIAM Institute. The following alloys have been
developed: VM-1, VM-1A, VM-2, VM-3, VM-3P,
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VM-4, VM-5, VM-6, etc. complying with the
requirements set primarily for aircraft, spacecraft and
other fields of industry. Manufacturing processes
have been developed and adapted: melting,
deformation, mechanical treatment, welding and
brazing, heat treatment, etc. Coatings for various
applications and multifunctional coatings (>25), as
well as processes for coating application have been
developed to ensure durability of components at
temperatures up to 2000°C and above in oxidizing
and other environments.

PRINCIPLES OF TUNGSTEN-BASE ALLOYS
DEVELOPMENT

K.B. Povarova

A A. Baikov Institute of Metallurgy (IMET),
Russian Academy of Sciences

Development of tungsten alloys is based on the
concept, which can be defined as "composition-
structure-property”. Some specific feature of
tungsten, i.e., the highest melting point and its
tendency to cold shortness, impose limitations on
selection of alloying elements and phases: they should
not too significantly reduce the melting point and not
increase too much the rate of diffusion process
development; furthermore, the elements and phases
used for strengthening of an alloy should not result in
a catastrophic decrease in ductility.

HIGH-PURITY SINGLE CRYSTALS OF
TUNGSTEN AND MOLYBDENUM

G.S. Burkhanov

A.A. Baikov Institute of Metallurgy IMET),
Russian Academy of Sciences

In the history of science, there always have been a
tendency to improve the purity of compounds used.
As a result of many years of research, a scientific
discipline has evolved, i.e., chemistry of high-purity
compounds, which incorporates as its integral part
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production, analysis and investigation of properties
of metals with low concentrations of impurities and
crystallographic defects.

Metals of different groups have their specific
properties which impose a decisive effect on selection
of techniques for their production, thorough
purification, analysis, single crystal growth. The
present report deals with these issues using as an
example single crystals of tungsten and molybdenum;
it also discusses methods for separation and thorough
purification, growth of single crystals from liquid
phase, and formation of single-crystal structure
throughout the volume of solid phase.

Special attention is given to zone-refining and use of
plasma heating for growing single crystals of
tungsten and molybdenum.

Examples .are provided to illustrate applications of
high-purity single crystals of tungsten and
molybdenum in science and technology.

RHENIUM CATALYSTS IN REFORMING AND
METATHESIS PROCESSES: OUTLOOKS FOR
THEIR APPLICATION

M.A. Ryashentseva

N.D. Zelinsky Institute of Organic Chemistry,
Russian Academy of Sciences

Effective Pt, Re/Al:O; catalysts for reforming process
account for only 30% of the total amount of catalysts
used worldwide for oil refining processes. With the
aid of metathesis process, valuable unsaturated
alkenes and hard to reach unsaturated organic
compounds are produced. The use of Re-containing
catalysts makes it possible to conduct metathesis or
combined metathesis under milder conditions than in
the case of other catalytic systems. Rhenium catalysts
show higher activity than conventional oxide
catalysts, in reactions of hydrogenation of oxygen-
containing compounds: carbonic acids, aldehydes,
esters of fatty acids, and other products of main
organic synthesis. Rheniecene hydride, rhenium
pentacarbonyl, rhenium oxides and rhenium
heptasulfide are efficient catalysts for hydrogenation
of a number of organic compounds and condensed
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N-containing aromatic molecules-products of fine
chemical synthesis. In patents of recent years, a
strong emphasis is on combined Re-containing
catalysts on different carriers for hydrogenation of
various organic compounds and improving of well-
known catalysts for reforming process.

IMPROVEMENT OF TECHNOLOGY AND
OUTLOOKS FOR DEVELOPMENT OF
REFRACTORY METALS COMPONENTS

L.G. Roberov, P.A. Korchagin

Moscow Factory for Refractory Metals and Hard
Alloys

An analysis of the situation related to production of
a wide range of wrought semi-final and final
products (rod, wire, strip, foil, pipes, tubes, etc.)
made of molybdenum, tungsten, and niobium is
presented using as an example the experimental
factory for refractory metals and hard alloys
(Moscow).

Possibilities for improving the technological
processes for manufacture of components made of
refractory metals under the current conditions are
discussed. Technical requirements to the quality of
raw materials and final products are defined. Major
trends and outlooks for the development of products
made of molybdenum, tungsten and niobium for
various applications are considered.

TECHNOLOGY FOR MANUFACTURE OF
COMPONENTS USING METALLIC RHENIUM

A.A. Semin, S.V. Stepanov, E.A. Yudin, V.S. Shilkin

Experimental Chemical and Metallurgical Plant of
Giredment, Podolsk, Moscow Region

Rhenium powder of Re 0 and Rel grade produced at
the Plant in conformity with technical specifications
of TU 48-19-92-80 is used for the following purposes:
¢ Manufacture of vacuum-sintered rhenium blanks.
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e  Manufacture of rhenium rods of 10-15 mm
diameter and at least 200 mm long.

e Manufacture of rhenium foil to TU 48-0533-062-
91 with width 40 mm, thickness 30-40 pk, length
up to 60 mm.

s Manufacture of ingots of Re-Mo alloy to TU 48-
4-197-83 and W-Re alloy to TU 48-4-285-83

Wire is manufactured from blanks of 10-20 mm

diameter and at least 250 mm long by crucibleless

zone-melting.

Flat rolled products are manufactured from ingots of

50-100 mnm diameter and at least 100 mm long.

The rhenium content varies depending on the

customer’s requirement from 0.1% to 25% in W-Re

alloys and from 0.1% to 47% in Mo-Re alloys.

DEVELOPMENT AND INTRODUCTION OF AN
INTEGRATED TECHNOLOGY FOR
PRODUCTION OF TUNGSTEN WIRE FROM
SCHEELITE CONCENTRATE (INCLUDING
NEW GENERATION OF WIRE-DRAWING
EQUIPMENT)

E.A. Pirmatov, V.V. Goncharova, V.V. Khaidarov
Uzbek Refractory and Heat-resistant Metals Plant

New technology developed and introduced for
hydrometallurgical processing of  scheelite
concentrates made it possible to produce ammonium
paratungstate (APT) with an impurities content not
exceeding 0.05% by weight. Such chemical purity is
the basic requirement for subsequent APT treatment
to produce blanks for tungsten wire manufacture.
The common technology for APT production for
tungsten wire manufacture implies processing of
wolframite concentrates to produce purified tungstic
acid with subsequent APT separation.

Production of own blanks for wire production made
it possible to carry out research and development
studies aimed at elaborating a technology for the
conditions of this particular Plant for manufacture of
different wire grades, including ultra-fine wire (as fine
as 14 um). On the basis of such technology, a concept
and technical specifications were developed for
manufacture of wire - drawing equipment of new
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generation with a wide range of possibilities related
to the control of thermoplastic deformation and
annealing operations.

The required equipment was manufactured by SKET
Company (Chemnitz, Germany) and was installed in
the No.7 Department in 1997 without interrupting
the main production operations.

NEW TECHNOLOGIES FOR MANUFACTURE
OF PERSPECTIVE REFRACTORY TUNGSTEN-
- BASE COMPOSITIONS

A F. Puzryakov, P.K. Prokopenko, I.P. Sokolov
State Academy of Consumer Services, Moscow

A new technology for application of high-quality
coatings of metals or metal-base compositions is
based on gas thermal method. Its principle is in the
use of thermal energy of high-velocity stream of
ionized gas produced in a plasma generator.

This method permits manufacture of coatings 0.1-10
mm thick with an adhesion strength of 20-50 MPa.
The productivity of a unit which is available in
stationary, mobile or portable modifications, is 5-7
kg/hour.

Possible applications of the new technology for
manufacture of perspective refractory tungsten-base
compositions have been discussed.

DETERMINATION OF RHENIUM IN ALLOYS
BY ELECTRON PARAMAGNETIC RESONANCE
METHOD

L.V. Borisova, Yu.N. Dubrov

Vernadsky Institute for Geochemistry and Analytical
Chemistry, Russian Academy of Sciences

Rhenium (VI) compounds have specific EPR spectra,
which made it possible to develop on their basis
highly  selective methods for quantitative
determination of rhenium. Optimum conditions have
been found for formation of rhenium (VI) complexes:
oxochloride ReOCls (1), oxobromide ReOBrs (2) and
triodithiolate Re (TDT)s (3). Parameters of their
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EPR spectra have been identified: for (1) gn=2.011,
2=1.96, An/cm'-0.939, Avecm'=0915; for (2)
gn=2.173, gi=1.770, Aw/cm-!-1.014, Arcm-1=0.876;
for (3) 2:1=2.044, 2,=2.016, g3=1.999. The dependence
of the EPR signal intensity on the rhenium
concentration is directly proportionate within the
interval of (0.5-5)-10-3M for (1) and (2) and (0.1-
10.0)-104M for (3). The said methods have high
degree of selectivity and have been applied for
determination of rhenium in Mo-Re, W-Re, Re-W,
and Nb-Zr alloys.

THE METHODS OF “SOFT CHEMISTRY”
IN TECHNOLOGY OF PRODUCTION
OF MATERIALS ON THE BASE OF
RHENIUM, MOLIBDENUM AND
TUNGSTEN

D.V. Drobot, G.A.Seisenbaeva, V.G Kessler*

Lomonosov Moscow State Academy of Fine
Chemical Technology
*Lomonosov Moscow State University

The thermal decomposition of the ResO2(OMe)is(1),
ReMoO2(OMe):(11), Re1xWx02(0OMe)is (I11)
(x<0,25) and Re20s(acac)z (IV) in air at temperatures
below 400°C leads in case of LIII and IV to oxide
powders where fine crystalline particles (the size in
range 40-60 A°) are included into amorphous matrix.
In case of II a mixture of ReOs and MoQ; phases
obtained.

In inert atmosphere and at 300-400°C 1 decomposes
to ReOs phase; I and III to a tetragonal phase with
ReixMxO2 composition (M=Mo, x< 0,5; M=W,
x<0,25). IV yieldes spherical particles of rhenium
metal.

The reduction of I-III in hydrogen atmosphere leads
to formation of Re or Re-alloys in temperature
range 300-400°C.
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THE POSSIBILITIES OF THE HIGH
TEMPERATURE GALVANOMETRIC METHOD
OF THE PRODUCTION OF RHENIUM AND
MOLYBDENUM ARTICLES

O.N.Vinogradov-Zhabrov, A.M.Molchanov,
L.M.Minchenko, M.F.Volkov, G.A.Panov,
V.A.Mezhuev, G.G.Potaskaev, V.1 Kalantyr,
V.S.Kurskov

The Institute of High Temperature Electrochemistry
of Ural Branch of Russian Academy of Scienses,
Ekaterinburg, Machine-building Plant, Elektrostal

The technological methods and principles of the
production of the articles (including the articles of
the complicated formes) were developed by
electrolysis of salt melts. The rhenium foil (thickness-
5-100 mcm), the wire (diameter-100-200 mcm), the
equipment for the growth of the profile
monocrystals, the rhenium and molybdenum pipes
and crucibles (diameter < 150 mm and wall thickness
< 6 mm), the right-angled cuvettes 150x100x50 mm
were prodused and tested in different organizations.
Due to the controlling structural arameters of
deposited layers the explocation time of the articles
increases considerably while the promery form is
constant, and there is an opportunity to realise at
most their useful qualities.

The electrochemical methods allow to obtain the
articles of high prade chemical purity utilising the
relatively polluted used metals.

TECHNOLOGICAL ASPECTS OF
PRODUCTION OF FILMS, ALLOYS,
COMPOUNDS AND METALS OF THE GROUP
OF TUNGSTEN, RHENIUM, AND
MOLYBDENUM FOR MICROELECTRONICS

N.Yu.Yusupov
All-Russian Research and Design Institute of
Industrial Technology, Moscow

Methods for production of films of tungsten,
rhenium, and molybdenum, as well as their alloys
and compounds for microelectronics applications are
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discussed. Special attention is given to technological
aspects of film production using controlled variable
compositions and properties over the substrate
surface due to local impact of radiation of high-
energy particles of chemical elements or photons.

APPLICATION OF PLATINOID COATINGS
OVER REFRACTORY METALS USING
VOLATILE FLUORIDES

E.G.Rakov, M.I.Nikitin

D.M.Mendeleev University of Chemica
1 Technology, Moscow

The existing methods for modification of the
refractory metals surface by coating it with platinoids
are not always practicable.

One of the possible techniques, which is however not
investigated to a sufficient extent, it the use of
exchange reactions using volatile compounds of
platinum group metals:

nM(k) + mPnXs (g) - mPn (k) + nMXn (g),

where M - the metal to be coated, Pn - a platinoid,
X - aligand.

Basic thermodynamic parameters have been selected.
For crystalline RuFs, RuF4, and for gaseous RuFs,
RuFs, RusFio, RusFis it is recommended to have
formation enthaipy at O K, amounting to -561,7; -
750,8; -821,2; -1673,9 and -2563,7 kJ/mole,
respectively. The thermodynamic parameters of the
reaction of interest have been calculated.

Within a temperature range from room temperature
to 500°C, processes of interaction of powder and
compact tungsten and molybdenum with ruthenium
pentafluoride have been investigated. The starting
temperature of reactions, as well as the composition
of volatile and solid reaction products have been
determined. It has been demonstrated by what means
ruthenium coating can be applied over tungsten; in
the case of molybdenum this process is impaired due
to formation of lower fluorides.
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STUDY AND MODELLING OF INTERACTION
OF ELEMENTS IN LAMINATED COMPOSITE
MATERIALS BASED ON HIGH-MELTING
METALS

E.M.Slyusarenko

Department of Chemistry, M.V.Lomonosov Moscow
State University, Moscow

Processes of interaction diffusion in laminated
systems on the basis of high-melting metals (Ti, V,
Nb, Ta, Cr, Mo) have been investigated. The
fundamentals of guantitative description of
interaction diffusion processes have been elaborated
and the fundamental parameters of theory (partial
coefficients of diffusion of components in the
systems) have been determined. Virtual model of
interaction diffusion processes on the phase
boundaries of laminated composite materials has
been created and guantitative calculations of
interaction of components in working conditions
were realised.

NANOCRYSTALLINE HARDENING OF HARD
ALLOYS WC-Co WITH AMORPHOUS
COATING SiC

A N.Tchehovoy, V.M.Bytchkov*

Engineering Center REA “Progressive
Technologies”, Moscow
*Khrunichev State Research & Production Space
Center, Moscow

Cyclic heat-stroke and new “know-how” are
concerned nanocrystalline structure in serial hard
alloys WC-Co with unique combination of strength,
ductility and density. Amorphous larger SiC have
risen abrasion endurance.

Regenerating heat treatment fixes the new as-har-
dened state of the material with high resistance to
operation loading.

Service life hard alloys instrument of new generation
with nanocrystalling structure and amorphous layers
SiC is 1,5-2,5 times longer as compared to those used
now (standard SU=3882-74); it complies with the
worlds standards.

Innovations design has been elaborated.
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PRODUCTION OF POLY- AND
MONOCRYSTALLINE TUNGSTEN SAMPLES
BY ELECTROLYSIS OF MOLTEN SALTS
A.M.Molchanov, N.O.Esina, O.N.Vinogradov-
Zhabrov

Institute of High-Temperature Electrochemistry of
Ural Branch of Russian Academy of Sciences,
Ekaterinburg

The investigations of growth mechanism of poly- and
monocrystalline tungsten obtained by electrolysis of
molten salts are carried out in the Institute of High-
Temperature Electrochemistry of Ural Branch of
Russian Academy of Science. On basis of these
investigations the scientific foundations of
technological producing of poly- and monocrystalline
of different forms and orientations with high grade
perfect structures (tubes, crucibles, boat containers,
foils) were developed. Such unique properties of
monocrystalline tungsten as high plasticity, low
gassing, stability under plasma and melts of alkaline
metals, thermal and irradiation stability and also
sharp anisotropy of electron output work make them
irreplaceable for the thermoemission transducer of
energy, the nuclear energetics and the rocket technics,
the containers to obtain the pure materials.

INVESTIGATION OF THE PHASE EQUILIBRIA
IN THE Ni-V-Nb-Ta-Cr-Mo-W SYSTEM
AT 1375K

E.M.Slyusarenko, E.YwKerimov, M.V .Sofin and
A_.E.Chastuhin

Department of Chemistry, M.V.Lomonosov Moscow
State University, Moscow

The way of polyhedration of multicomponent phase
diagrams is offered by means of graphs, which aliow
to formalize and systematize the phase diagrams.
Besides this way makes possible to prognosticate
construction of the multicomponent systems on the
base of more simple. The polyhedration of the system
Ni-V-Nb-Ta-Cr-Mo-W has been realized. The
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experimental investigation shows that multiphase
equilibria (where number of phase > 5) don’t exist at
1375 K in the system. All phase equilibria (where
number of phase = 4 or 5) in the Ni-V-Nb-Ta-Cr-
Mo-W system at 1375 K were established.
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