WHCTHTYT XUMUH 1 XUMHIYECKOH TexHomorun Cubupckoro otaeneHust PAH ‘

I/IHCTI/ITyT HIBCTHBIX MCTAJIJIOB U MATCPUATIOBEACHUA

OT'AOY BO «Cubupckuii GenepaibHbIid YHUBEPCUTET WHCTUTYT LIBETHbIX METANOB
N MATEPUANOBEAEHWA

¢

MeTajuiyprusi iIBETHBIX,
peaKuX U 0JIaropoaAHBbIX METAJJIOB

COopHMK TE€3MCOB I0KJIA/I0B
X1V MmexayHapoaHou KOH(pepeHIuu,
nocBsameHHou 40-geTturo UHcTuTYyTa XUMUH
U XUMHUY€eCKON TeXHOJIOTUH
Cudupckoro oraesennss PAH

6—9 cenmsaops, 2021
Kpacnospck, Poccus

Hay4Ho-MHHOBALIMOHHBIN LIEHTP
Kpacnosipck, 2021



VK 669.2.8

bbK

M54

34.33
M54

IIpeoceoamenv Opekomumema:
OuneiinnkoBa Haraabsa BacuibeBHa, J1.T.H.
(MHCTUTYT BETHBIX METAJUIOB M MaTepUaIOBEICHUS,
Cubupckuil penepanbHblil yHUBEPCUTET)

Mertanayprusi HBeTHbIX, PeIKHUX M 0J1aropoAHbIX MeTaJJI0B [DIEeKTPOHHBIH pecypc]:
COOpHHUK Te3UCOB MOKIaM0B XIV MexayHapoaHON KOH(EPEHIINH, TOCBIIIeHHONW 40-TeTHIO0
Wuctutyta XuMuu 1 xumuueckor TexHosnorun Cubupckoro otnenenust PAH (Kpachospek,
6-9 cents0ps 2021 r.). — DnexTpoH. TekcToBble AaH. — KpacHospck: HayuHo-nHHOBaIMOH-
HBIH 1eHTp, 2021. — Cuctem. TpedoBanusi: IBM PC; Internet Explorer u nip.; Acrobat Reader
3.0 unu crape.

ISBN 978-5-907208-65-0
DOI: 10.12731/978-5-907208-65-0

B cOopHuKe Te3ucoB J0KIIaI0B OMmyOnrKoBaHbl MaTepuaisl X1V MexayHapoaHoit on-line
KoH(pepeHN «MeTamuyprusi IBETHBIX, PEIKUX U OJaropoHbIX METAJJIOBY, MOCBALICHHON
40-netuto MHCTUTYTA XUMHUHM B XUMUYECKON TexHonoruu Cubupckoro otnenenus Poccuii-
CKOM aKaJieMUH HayK.

B marepuanax Te3ucoB OKJIAJ0B IPUBOAUTCS MH(OpMaIus o pe3ynbraTtax GyHaaMeH-
TaJbHBIX U MPUKIATHBIX UCCIEAOBAHUM B 0071aCTH PAallMOHAIBLHOTO MPUPOAOTIOIH30BAHUS
U TPOMBIIIIEHHON 3KOJIOTUHU, PECYpCO-IHEpProcOepekeHusl, COBEPIICHCTBOBAHUS TEXHO-
JOTUYECKHUX MPOILECCOB MPOU3BOACTBA LIBETHBIX, PEAKUX U OJAropoJHBIX METAJIOB, CO3-
JTAaHWUSI HOBBIX MaTEpHaJIOB HAa UX OCHOBE. JlOKJIaAuMKM NPEACTaBIISIIOT YHUBEPCUTETHI U
BY3b1, npombinieHHble npeanpusatus U komnanuu Poccuiickoit ®denepaunu, Kasaxcrana
u Y30ekucraHa.

COopHUK MpeHa3Ha4YeH ISl HH)KEHEPOB, TEXHOJIOTOB M MEHEKEPOB METAJLITYPrHUYECKOM
IIPOMBIIIUIEHHOCTH, CIELMAIUCTOB B 00JIACTH OXPaHbl IPUPOABI, IPOheCcCOpCKo-Npenoaana-
TeIbCKOro cocTaBa BY30B, acnupaHTOB M CTYIEHTOB CTapIIUX KypCOB.

B Te3ucax nokiagoB cOXpaHEH aBTOPCKUN CTWJIb. ABTOPBI COXPAHSIIOT CBOM aBTOPCKHUE
IpaBa Ha MyOIMKalMK, HeCs MOJIHYI0 OTBETCTBEHHOCTh 3a UX COJEp KaHHUE.

VIIK 669.2.8
BBK 34.33

ISBN 978-5-907208-65-0 © Komnnextus aBropos, 2021



S v LN

WMHCTUTYT LUUIBETHbIX METANJIOB
W MATEPMANNOBELEHUA

MHCTUTYT XMMHMH U XUMHYECKOH HucTuryT
TexHoJI0TuM CHOMPCKOro oT/IeJIeHus LBETHBIX METAJLJIO0B
Poccuiickoii akajeMun HayK — U MaTepuaJIoBeleHus
000c00/1eHHOe TToApa3/ie/ieHne ®PI'AOY BO «Cudupckuii
®UILl KHI[ CO PAH (enepanbHbIil yHUBEpCHUTET»

Memannypzusa ueemmuix,
PeoKux u 0;1a20pO0OHbBIX MEMA106

Coopruk me3zucos 00K1a00e
X1V mexncoynapoonoit konghepenuuu,
noceauiennou 40-nemuro Hncmumyma xumuu

U XUMUYECKOU MexXHON02UU
Cuoupckozo omoenenus PAH

6-9 cenmaopa 2021 zo0a
Kpacnoapck, Poccus

2021



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

XIV Mexnynapoasasi on-line kongepenuus
“METAJIIYPI'USA IBETHBIX, PEJIKUX U BJIAT'OPOJAHBIX METAJIJIOB”,
nocesimeHHas 40-jaetur0 MHCTUTYTA XMMHMH M XUHMHYECKON TEXHOJIOTHH
Cudupckoro oraenenusi PAH

OPI'AHUM3ATOPHDI:

WuctutyT xumuu u xumuudeckoit rexunonoruu CO PAH, o6ocobnennoe noapasaeneHue
denepanbHOTO MCCIe0BATEILCKOTO IIeHTpa «KpacHospckuii Hay4dHbIi neHTp CHOUPCKOTO OTAeIeHUs
PAH», (MXXT CO PAH, ®UIL] KHII CO PAH) — nupextop, n.x.H. TAPAH Oxcana [laBmoBHa

WMHcTUTyT NIBETHBIX MeTaiuioB u MarepuaioBeneauss, PTAOY BO «Cubupckuii ¢henepanbHbIi
yausepcutet» (ULIMuM, CDY), nupexrop, k.T.H. BAPAHOB Bnagumup Hukonaesuu

[Ton nayunbsim pykoBoactBoM akajgemuka PAH XOJIBKMHA Anaronus MBanosuua
(MOHX umenu H.C. Kypnaxosa PAH)

IMPOI'PAMMHBIA KOMUTET
IIpeoceoamenu:
OJIEMHUKOBA Haranss Bacunbesra, 1.T.0H. (MLIMuM, COY)

KY3bMUWH Bnagumup MBanosuy, n.x.H. (UXXT CO PAH, ®UIL] KHIL] CO PAH)

* BEJIOYCOB Ouner Brnagucnasosuy, a.x.H. (MXXT CO PAH, ®UL KHI[ CO PAH)

« MUXAWJIOB Anexkcannp ['ennangseBuy, A.T.H. (MXXT CO PAH, ®UIL] KHI] CO PAH)

» MUXJINH Opuii Jleonunosuy, 1.x.H., npod. (MXXT CO PAH, ®UL] KHI] CO PAH)

« CAIKOBA Caetnana BacuibeBHa, 1.x.1H., mpod. (MXXT CO PAH, ®HIL KHI[ CO PAH, CDY)
« YEKVYIIIMH Bnagumup CemenoBud, 1.T.H., npod. (MLIMuM, COY)

« JOXWH IOpwmit Muxaiinosud, 1.1.H., ipod. (MXTTuM CO PAH)

OPFAHI/I3AHI/IOHHblﬂ KOMMUTET
IIpeoceoameny:
OJIEMHUKOBA Haranss Bacunbesra, 1.1T.0., (MLIMuM, CDY)

« BOPUCOB Poman Brnagumuposuy, k.x.H. (MXXT CO PAH, ®UIL KHI] CO PAH)

« BOHI'O Bornan BanepseBuu (MLIMuM, CDY)

« BOPOBBEB Cepreii Anekcannposud, k.X.H. (MXXT CO PAH, ®UI[ KHI] CO PAH)
« KOKOPUHA Anna Hukonaesna (MXXT CO PAH, ®UIL KHI[ CO PAH)

o JIMXALIKNI Maxcum HukonmaeBud, K.X.H. (MXXT CO PAH, ®UII KHIT CO PAH)
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I/IHCTHTyT XHUMHUHM U XUMHY€CKOH TeXHOJI0THH

Cubunpckoro oraenenusi PAH "

lﬁ. HHCTHTYT HBETHBIX ME€TAJIJIOB 1 MAaTCPHUAJIOBECICHUSA

®I'AOY BO «Cubupckuii penepajbHblii yHUBEPCUTET)» VHCTUTYTLBETHLIX METAIOB
N MATEPUAJTOBEJEHUA

up

|

XIV mexnaynapoanas Kondepenuus
«MeTa/LTyprusi IBETHBIX, PeIKUX U 0JIarOpPOAHBIX METAJJIOBY,
nocBsimenHas 40-j1eTuio
HNHcTUTyTA XUMHHM M XUMHYE€CKON TEXHOJIOT U
Cubupckoro oraenenusi Poccuiickoii akageMumn HayK

6—9 cents0ps npouuta MexxayHapoanas Kondepenmus «Mertamryprust [BETHBIX, PEAKHX
U 01aropoJIHbIX METAJIOBY, MocBsleHHas 40-netuio MHCTUTYyTa XUMUU U XUMUYECKOM TeX-
nonoruu Cubupckoro otaenenus Poccuiickoit akagemun Hayk (UXXT CO PAH). Opranu3a-
topamu Kondepenunu sBistmucs UXXT CO PAH u UHCTUTYT IBETHBIX METAIIJIOB U MaTe€pH-
anoseneHust COY. B padore Kondepenuuu npunsian yyactue okoso 60 yenosek u3 Poccun,
Kazaxcrana u Y30ekucrtana. beuin 3acimymanst 40 10K/1a/10B IpeICTaBUTEIIEH HAyYHO-UCCIIe-
JI0BaTEIbCKUX UHCTUTYTOB, BY30B 1 npeanpusaruii.

[IpencraBneHbl T0KIaabl COTPYAHUKOB MHCTUTYTa XUMUU U XUMUYECKOM TexHosnoruu CO
PAH, ®UILI «Kpacnosipckuii Hayunslii nentp CO PAH», LlenTtpa HanOMarepuanoBeneHus
1 J1a0opaTopun MPUPOAONIOJOOHBIX TEXHOJIOTHIA U TeXHOC(HEpHOI 0e30macHOCTH ApPKTUKH
Konwckoro nayunoro nienrpa PAH, UuctutyTta xumuun JlansHeBocTtounoro otnaenenust PAH,
WNuctutyTta 061mel n Heoprannueckor xumun um. H.C. Kypnakosa PAH, UncTturyTa metan-
ayprun Ypanbckoro otaenenuss PAH, UHctutyTa xumuu tBepaoro tena u mexanoxumuu CO
PAH, OOO «HayuHo-uccienoBaresbckoro ueHTpa «l mapoMeramyprus».

B pa6ote Kondepenunu aktuBHoe yyacTtue npuHsuim kosuieru u3z BY3oB: Cubupckoro de-
JIepaIbHOTO YHUBEPCUTETA, YPAIbCKOTO (PeiepaabHOr0 YHUBEPCUTETa MEHH iepBoro [1pe-
suaeHTa Poccun b.H. Enprmna, HoBocubupckoro I'ocymaperBeHHoro TexHUUECKOro YHH-
BEpCUTETA U JP.

beun caenan psag goknanos oT npomslnnieHHbIX npennpusatnii: ' MK «Hopuibckuii Hu-
kenby 3anonsipHbiid punman [TAO, OOO «AMypckuii THAPOMETAILTYPTrUYeCKUNA KOMOUHATY,
00O «3aBox penkux metamio» (HoBocubupckas oomacts), OO0 «MHTEKO», «PAJOCH
(r. Kpacnosipck), UccnenoBarensckoro nentpa AO «Ilomtoc KpacHosipck» u nip.

B pa6ote Kondepennuu yuactBoBanu npeacrasurenu Pecnyonuku Kazaxcran — AO «Mn-
CTUTYT METAJUTypruu u oboramieHus», Satbayev University (1. Anmatser), Pecriybmuku Y30e-
kuctan: MuctutyT obmieit u neoprannueckod xumun AH PY3 (1. Tamkent) u HaBoutickuit
roCyJIapCTBEHHbIN TOpHBIN HHCTUTYT (T. HaBom).

OpranuzaropaMu ObLIO OTMEUEHO aKTUBHOE yuacTue B padbore Kondepenuuu monoasix
YUEHBIX, CIIUPAHTOB U CTY/IEHTOB.



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

[To pesynsraram pabotsl KoHdepeniuu omyOnukoBaH 3MeKTpOHHBIM COOPHUK TE3HCOB
noknanos (PUHLI). Bcem yuacTHuKaM BbIIaHbl cepTU(DUKATHI.

Oprkomuter KoHepeHumu onpenenut 4eTblpe JIydIInX J0KJIa/1a MOJOABIX YUEHBIX:

» «Onexkrpodu3ndeckast akTUBAIHSI THAPOMETAILTYPTHYECKON TepepadOTKNA OKHCICHHBIX
HUKEJIEBBIX Pyl YpaJabCKoro peruoHa», gokiaaquuk JI.B. Cokonos, ®I'AOY BO «YpdY
umenu nepsoro [Ipesunenta Poccun b.H. Ensiuna, r. EkarepunOypr, Poccus;

» «CHWXeHne ToTeph 30J10Ta MPH MepepadoTKe 30J0TOCYPHMSIHUCTBIX KOHIICHTPATOBY,
noknaguuk B.A. [lyukuna, OOO «HayuHo-uccnenoBarenbckuid neHtp «l uapomerarn-
ayprusi», T. Cankt-IlerepOypr, Poccus;

» «OmnpeneneHre yCIOBUH CHHTE3a HAHOTIOPOIIKA JKEJIe30-0pOHEBOTr0 rpaHaTa U UCCIie-
JIOBaHHME CBOMCTB MOJYYEHHOTO MpoAyKTa», nokmanuuk E.A. Kupmnesa, UXXT CO
PAH, . Kpacnosipck, Poccusi;

» «OOoramnieHne KaOJUHUTOBOW TNIMHBI AJIEKCEEBCKOTO MECTOPOXKICHUS», TOKIa-
yuk C.b. {rocenoBa, AO «MHCTUTYT MeTalIypruu U oborameHus», r. AiaMmarsl,
Kazaxcran.

OpranuzaropaMu MepOTpUsATUs ObLJIO BHECEHO MPEAJIOKEHNUE, a 3aTeM €IMHOTIIACHO TMpHU-
HATO PellIeHUe PUCBOUTH MexX1yHapoaHOU KOH(pepeHINH «MeTanyprusi UBETHBIX, PEAKUX
u 6rmaropoaHbix MeTaysioBy ums [ennanus Jleonnnosuya [lamkoBa — yueHOro-mMeTamnypra,
JIOKTOpa TEXHUYECKUX HaykK, podeccopa, uinen-koppecnonaenta PAH, Beigatomerocs opra-
Huzatopa u ocHoBarelns Kondepenmuu.

VY4uuTeIBasi HECOMHEHHBI UHTEPEC MPEICTABUTENECH HAYYHOTO M TEXHOJIOTUYECKOTO CO00-
HIECTB K pEHICHHIO MPo0IeM rnepepadoTKu MUHEPATIbHOTO ChIPhSl M HAYYHBIM U TEXHUYECKUM
JOCTHKEHUSM B 3TOM 00NacTH, MpeAsiaraeTcsi pacCMOTPETh BOBMOXKHOCTh OPTaHU3aluH pe-
TYJISIPHOTO OH-JIaiiH cemuHapa «HayuHble ncciaeqoBaHus U TEXHOJIOTHUECKHE pa3paboTKu B
METaJUTyPTrUu [BETHBIX, PEIKUX U OJIArOPOHBIX METAIIIIOBY. JlaHHBIN ceMUHAp MIIaHUPYETCS
IIPOBOJUTH C YYaCTHUEM BEIYIIMX CIIEHHAIMCTOB AKAJEMUYECKON U BYy30BCKOM HayKH, IpO-
MBIIIJIEHHBIX TPEITPHUITHIA.

VYuuteiBasi MO3UTUBHBIN ONBIT U MpOsiBIEHHBIH UHTEepec Kk Kondepenuu, Oprkomurer
IUIAaHUPYET U B TaJIbHEHIIIEM €KEeTOHO MPOBOUTH JaHHOE Hay4YHOEe MepornpusaTue. Mbl Haze-
eMcsl, 9To maHaeMus 3akoHuuTcs 1 XV MmexxayHnapoanas Kondepenmus «Mertamtyprust BeT-
HBIX, PEAKUX U OJIarOpoAHbIX MeTaiioB uMeHu [ ennanus Jleonngosuya [amkoBa» npoiiaer
B ceHTsA0pe 2022 rona B ropojae KpacHosipcke B pamkax mexayHapogHoro Konrpecca «1Ber-
HbIE METAJIJIbl U MUHEPAJIBI.

Oprkomurer 0Jarogapur
Bcex yuacTHUKOB Kondepenuun u Hageercst Ha Berpeuy B 2022 ronay.
7Kesraem BceM Kpenkoro cMOMpPCKOro 310pOBbsi, YCIIeX0B B padore,
HOBBIX /Ipy3eil H HaJle/KHbIX NAPTHEPOB!

[Ipencenarens: ak. PAH A.W. XonbkuH
Conpencenarenu: A.1T.H. H.B. OnelinukoBa, 1.x.H. B.1. Ky3smun
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XOJIbKVH A.W.

TE3UCDI

CO3JAHHUE U PASBUTUE
IKCTPAKHUAOHHO-ITUPOJIUTUYECKOI'O METOJA
HOJYYEHUA HEOPTAHUYECKHUX MATEPUAJIOB

Xonokun AU, Ilampywesa T.H.">, Meokoe M.A.?, Cmebnesckas H.I1.?,
FOxun FO.M.3, Tumkoe A. 1.3, Axamvesa JI.B.*

"MuctutyT xumun 1 xumudeckoit texnonorun CO PAH, 1. Kpacunosipck, Poccust
Mucturyt xumuu JIBO PAH, 1. Bmagusocrok, Poccus
‘UuctutyT Xxumun TBepaoro tena u Mmexanoxumuu CO PAH, r. HoBocubupck, Poccust
*UuctutyT 00IIei 1 Heopranuueckoit xumuu PAH, . Mocksa, Poccust
Sbantuiickuii TOCy1apCTBEHHBIN TeXHUUECKUiT yHuBepeuterT, I. Cankrt-IletepOypr, Poccus

[IpuHIMNMATBEHON 0COOEHHOCTHIO Pa3pabdOTAHHOTO SKCTPAKIMOHHO-ITUPOIUTHYEC-
CKOIO0 METO/A SIBJISIETCS IMOJIyYEHHE MaTepuajioB HEMOCPEICTBEHHO M3 IKCTPAKTOB,
MUHYSI CTaJIUIO0 PEIKCTPAKIIUU COCTUHEHNN METAIJIOB B BOJHYIO (pa3y U MoCIeayolle-
ro CHMHTE3a IIeJIEBBIX NMPOAYKTOB. DyHIaMEHTaNIbHbIC U MPUKIIAIHBIE UCCIEIOBAHMS,
KOTOpbIe TTpoBoAMINCh Ooniee 30 JeT Hazajl, MOKa3alu CYIIeCTBEHHBIE 0COOCHHOCTH
U IPEUMYIIECTBA HIKCTPAKIIMOHHO-TTUPOIUTUYECKOTO METO 1A MOJTyYEHHUsI HeOpraHuye-
CKHX MaTepHuasoB.

DKCTPAKIIMOHHO-MTUPOTUTUUECKUIM METO 3aKJIF0UAETCS B AKCTPAKUUU PA3IMYHBIX
KOMITOHEHTOB M3 BOJIHBIX PACTBOPOB, CMEIICHUH PA3TUYHBIX SKCTPAKTOB (IIPH MOTyYe-
HUU CIIOKHBIX MAaTEPHAJIOB) B TPEOYEMbIX COOTHOIICHUSIX, TIOJYUYE€HUN TIACT U HaHe-
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METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

CEHHUM CMECEeU IKCTPAKTOB Ha MOJIOKKHA U MOCIEAYIONIUM MUPOJIU30M MPEKYPCOPOB
C MOJYYEHUEM OKCUIHBIX U METAIUTMYECKUX MAaTEPUAJIOB B BUJIE TTOPOIIKOB, IIICHOK U
ITOKPBITHM.

[IpoBen€H HUKII MCCIIEIOBAHUN TTOTYUYE€HUS CBEPXIIPOBOIAILIECH KEPAMHUKHU U3 OKCUAA
Gapus, uttpus u Mean YBa Cu O, . O6pasyromascs cMeCh KapOOKCHIIATOB METAILIOB
pasyiaraercs ¢ mojiydeHueM MoHo(dazHoro Marepuana. [lomyyeHHbIe TOPOIIKU OBLIN
ucnosib3oBanbl 1715 npurotosiienuss BTCII. Ananoruunele ncciaenoBanus ObLTU MPO-
BegeHbl st BTCIT marepuanoB cocraBa Bi-Ca-Sr-Cu-O. ITonyuenst BTCII nnenku
Ha MOJJIOKKAX OKCUJAa MarHusi, TATaHaTa CTPOHILIMs, candupa.

Paszpaboran npouecc mojaydYeHus HAHOCTPYKTYPUPOBAHHBIX IIEHOK In,SnO Ha
IIOJICIIOE Zr9'7Yo_3OX. UccnenoBanue o0pas3noB mokazajiv, 4YTO B BUIUMON 0O0IaCTH
CIeKTpa MponyckaHue mi€Hok coctapisieT 90-95%. Pa3paboranHas TEXHOIOTHUS SIB-
JISIETCS BAKHOM apTeIbHATUBOM METOIY MAarHETPOHHOTO PACTIBUICHHUS.

CraObuin3upoBaHHbBIE KPACUTEIEM COJTHEUYHBIC 3JIEMEHThI OB U3TOTOBJIEHBI C UC-
M0JIb30BAHUEM TOJIYYEHHOTO SKCTPAKIIMOHHO-TUPOJIUTUYECKUM METO0M MHOTOCIOM-
HOTO (hOTOAHO/A.

O} PeKTUBHOCTh TEXHOJOTUU MPOJEMOHCTPUPOBAHA HA MPUMEpPax MPOU3BOJCTBA
000JIOYKOBBIX TUTMEHTOB, T.€. CHCTEM THUIIA «SAPO-000JI09Kay, MPOIEMOHCTPUPOBAB-
IIUX MPEBOCXOJIHYIO YKPBIBUCTOCTh TUTAHOBBIX TUTMEHTOB, HAHECEHHBIX HA SIIPO CU-
JIMKaTa KaJbIusl.

Hcnonb3yst npeumyniecTBa dKCTPAKIMOHHO-TTUPOIUTHIECKON TEXHOJIOTUH T10-
Jy4YeHbl Ba)KHBIC B TMPUKIATHOM aCTEKTe TJICHKH CETHETOIEKTPUKOB, MYJIBTH-
bepponkoB, peppoMarHeTUKOB, YTO OTKPHIBAET HIMPOKHE BO3MOKHOCTHU JISI €€
NpUMEHEHHSI B MUKpOCEeHCOpuKe. B paboTe 3To moka3aHO Ha MpUMeEpPE TIICHOYHBIX
XUMHYECKHUX CEHCOPOB Ha OCHOBE JMOKCHUJA 0JIOBA, MAarHUTHBIX IJIEHOK Ha OCHO-
BE KOOaNbTOBBIX (HeppHUTOB, (HOTOXPOMHBIX MOKPBITUH W APYTUX MaTepHajoB Ha
pa3NUYHX MOJJIOKKAX.

Ocob6o0e MecTo B mepeuHe pa3padOTaHHBIX TEXHOJIOTUN 3aHUMAIOT MaTepUajbl Me-
JTUIUHCKOTO MPUMEHEHHUSI — IOPOIIKU U TIOKPBITHSA, 00J1a1at0II1e CBOMCTBaMU OHOCO-
BMECTUMOCTH C TKaHSIMH Y€JIOBEKA.

PazpaboranHasi TEXHOJIOTHUS ABIISIETCS YHUBEPCATbHON U MO3BOJSET MOIYy4YaTh OK-
CUJIHBIE BEILIECTBA U MaTepHUaIbl MPAKTUYECKH 0000 COCTaBa, MPU HEOOXOIUMOCTH
C Pa3JIMYHBIM KOHTPOJUPYEMBIM COOTHOIIIEHMEM KOMIIOHEHTOB, a TaK)Ke MaTepHasioB
¢ MOIU(MDUIIMPYIOITUMHU J0OABKAMU KaTHOHHOTO WM AHUOHHOTO THUIIA VISl TIOTyYEHUS
Pa3ITUYHBIX MaTEPHAIOB — KEPAMUYECKUX 00PA3I[0B, TOPOIIKOB, IJIEHOK U MOKPHITHI
Ha TMOJIOKKAX M HOCHUTEJISIX PA3JIMYHOTO COCTaBa, B TOM YKCJIE Ha KPYITHOMACIITa0-
HbIE TTOBEPXHOCTH PA3TUYHON KOH(PUTYpALTUH.
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XOJIbKVH A.W.

CONSTRUCTION AND DEVELOPMENT
OF THE EXTRACTIVE-PYROLYTIC METHOD
FOR OBTAINING INORGANIC MATERIALS

Kholkin A.1"*, Patrusheva T.N."°, Medkov M.A.?, Steblevskaya N.P?,
Yukhin Yu.M?’, Titkov A.1°, Akatyeva L.V*

Institute of Chemistry and Chemical Technology SB RAS, Krasnoyarsk, Russia
Ynstitute of Chemistry FEB RAS, Vladivostok, Russia
SInstitute of Solid State Chemistry and Mechanochemistry SB RAS, Novosibirsk, Russia
‘Institute of General and Inorganic Chemistry RAS, Moscow, Russia
>Baltic State Technical University, St. Petersburg, Russia

A key feature of the developed extractive-pyrolytic method is obtaining the ma-
terials directly from the extracts avoiding re-extraction of metal compounds into the
aqueous phase and subsequent synthesis of target products. Fundamental and applied
studies that have been carried out for more than 30 years demonstrated substantial
features and advantages of the extractive-pyrolytic method of obtaining inorganic
materials.

The extractive-pyrolytic method involves extraction of various components from
aqueous solutions, mixing different extracts (in the case if complex materials are to
be obtained) in the required ratios, paste preparation or deposition of the mixtures of
extracts onto substrates followed by pyrolysis of precursors to obtain oxide and metal
materials as powders, films and coatings.

Studies of the synthesis of superconducting ceramics YBa Cu,O, from barium,
yttrium and copper oxides were carried out. The formed mixture of metal carbox-
ylates is decomposed with the formation of a one-phase material. Thus synthesized
powders were used to obtain high-temperature superconductors (HTSC). Similar
studies were carried out with HTSC materials having Bi-Ca-Sr-Cu-O composition.
HTSC films on magnesium oxide, strontium titanate and sapphire substrates were
obtained.

A process was developed for manufacturing nanostructured In,SnO_ films on
Zr,.Y ;O sublayer. Investigation of the samples showed that film transmission is 90-
95 % in the visible spectral region. The developed technology is a relevant alternative
to magnetron sputtering.

Dye-stabilized solar elements were manufactured using multilayer photoanode ob-
tained by means of extractive-pyrolytic procedure.
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The efficiency of the technology was demonstrated in the production of shell pig-
ments, that is, the core-shell systems, titanium pigments deposited on calcium silicate
core and exhibiting excellent covering power.

The advantages of the extractive-pyrolytic technology were used to obtain practical-
ly important films of ferroelectrics, multiferroics, ferromagnetics, which opens broad
outlooks for the application of this technology in microsensorics. This is demonstrated
in the work by the example of film chemical sensors based on tin dioxide, magnetic
films based on cobalt ferrites, photochromic coatings and other materials on various
substrates.

A special position in the list of the developed technologies is held by the materials
for medical applications — powders and coatings possessing biocompatibility with hu-
man tissues.

The developed technology is universal and allows obtaining oxide substances and
materials with almost any composition, if necessary, with variable controllable compo-
nents ratios, as well as the materials with modifying additives of cation or anion type
for manufacturing various materials — ceramic samples, powders, films, coatings on
substrates and supports of different compositions, including large-scale surfaces with
various configurations.
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BBIAEJEHUE CEPEBPA U3 BOAHbBIX PACTBOPOB
KAPKACHBIMU TUTAHOCHUJIMKATAMHA

Cambypos I'O.!, Karawnurosa I O.?, Huxonaes A.H.?

!JTaBopaTopust pUPOIOTIOTOOHBIX TEXHOIOTHI 1 TeXHOC(EpHOH 0€30IacHOCTH
ApxkTuku @enepallbHOTO UCCIIEN0BATENBCKOrO LEHTpa «KobCcKuil HayUHBINA LEHTP»
Poccuiickoit akanemuu Hayk, I. Anatutsl, Poccust
’[lentp HaHoMmaTepuasoBeneHus deaepaabHOr0 UCCICA0BATEILCKOTO IICHTPa
«Konbckuil HayuHslii neHTp» Poccuniickoil akagemMun Hayk, I. Anatutsl, Poccus

B nHactosimiee Bpemsi cyiecTByeT mpodiema yiajaeHus npuMeceit u3 cyiab(haTHbIX U
XJIOPUIHBIX PACTBOPOB MEAHO-HUKEIEBOIO MPOU3BOACTB, B YACTHOCTH, TOM3BICUECHHUS
OJaropoAHBIX METAJIOB, OCTAIOUIUXCA B PACTBOPE B Ipoliecce pahUHUPOBAHUS MEH.
B anexTponuTax copeprkarcsi 3HaUUTENbHbIE JJIs [TOJIy4YeHUs] UTOTOBOTO MPOAYKTa (110
5 /1) mpuMecHu OIaropoOAHBIX U TSHKENBIX METAJIOB, B TOM YHMCIE cepedpa U CBHH-
na. Jlaxke mocne craauu GUIBTpaLUU cofepKaHue cepedpa B MPOMBIIIJICHHBIX CTOKaX
MOKET BapbUpoBarhbcs B npenenax 50-250 mr/n. B mpouecce 35eKTponn3Horo Bbije-
JICHUS] MEJIM U HUKEJIS MO00HBIE TPUMECH CHIKAIOT YHCTOTY KOHEUHBIX MPOTYKTOB,
YTO MOXET OBITh MMPUUYMHON BO3BpaTa Marepuaia Ha JIOMOJHUTEIBHYIO epepaboTKYy,
U TIOBBIIIAIOT PacXoj IEKTpodHepruu. JIoOUThCs MOTHOTO M3BJIEUEHUs cepedpa u3
PacTBOPOB MOCJI€ UX KOHTAKTUPOBAHUS C U3BECTHBIMU OPraHUYECKUMHU SKCTPAreHTa-
MU JJOCTaTOYHO CJI0XKHO. VIcronp30BaHNe 1IEOTUTHBIX COPOEHTOB OCIOKHEHO UX HU3-
KOM YCTOMUYMBOCTBIO B KHCIIBIX cpefax. Pemenuem nmpoOiieMbl MOKET CTaTh IPUMEHe-
HUE TUTAHOCWJIMKATHBIX COPOCHTOB C KAPKACHOU CTPYKTYPOii, 00JaJar0IIX BBICOKOM
YCTOMYUBOCTHIO B MUHEPAJIbHBIX KUCIOTaX U NPOSBISAIOMIUX COPOLMOHHBIE CBOMCTBA
10 OTHOILIEHUIO K OJTHO- U JBYX3aPsAIHBIM KaTHOHAM METAJIJIOB.

B paGote u3yueHo COpOIIMOHHOE MOBEJACHUE CHHTETUYECKUX aHAJOTOB MUHEpa-
JIOB UBAHIOKWTA, TUHTUCUTA, 30PUTA U UX MPOTOHUPOBAHHBIX U MOIU(DHUITMPOBAHHBIX
dopm. O6pa3ibl A5 UCCaeI0BaHMS MMOYYEeHbI B aBTOKJIABAX MyTEM THIPOTEPMaIbHO-
IO CHHTE3a W3 TUTAaH-KPEMHUEBOM KOMIIO3UIMU PA3HOIO COCTaBa. J{OMOJHUTEIBHOE
MOJU(DUIIMPOBAHUE OCYIIECTBIISLIA MyTeM 00pabOTKH MOPOIIKOB PACTBOPAMHU COJIECH
rujapasrHa. JTa omnepaius MO3BOSET CENEKTUBHO U3BIIEKATh KATHOHBI OJaropoIHbIX
METAJUIOB C MX BOCCTAHOBJIIEHHEM 1O METAJUIMYECKOIO COCTOSHUS Ha MOBEPXHOCTH
4acTHUll COpOEHTA.

B xozne npoBeaeHus uccienoBaHus ObUIO YCTaHOBJIEHO, YTO BCE 00Opa3Ilbl B MOJIHOM
mepe (10 99%) u3BIeKaloT KaTMOHBI cepedpa M3 BOJHBIX PAaCTBOPOB ero coiu. [lpu
MOBBINICHUN KOHIIEHTpanuu aHnoHoB Cl cTteneHb W3BIeUeHHs cepedpa CHIDKAETCH,
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P KOHLIEHTPALIMK B PACTBOPE COJITHOM KUCIOTHI 5 MOJIB/JI COPOIIMU HE HAOI0naeTcsl.
[Ipu >TOM NaHHBIE PEHTTEHOCTPYKTYPHBIX MCCIEAOBAHUSIX MOKA3BIBAIOT, YTO CTPYK-
Typa BceX 0Opa3IloB COXPAHSIETCS MPU KOHIICHTPAIIMU CEPHON WIIU COJISTHOW KHCIIOT
BILIOTH 110 250 1/71.

Bricokoe (oHOBOE cofiepKaHUE LIBETHBIX METAJIOB, B YACTHOCTH HUKEJSI HA YPOBHE
200 r/n mpu coneprkanuu cepedpa ~0,3 1/1 CHUKAET CTeNEeHb U3BJIeUeHUs. BeposiTHO,
BapbUPOBAHUE TTAPAMETPOB COPOIMU (TUAPOMOIYIb, TEMIIEPATypa, BpeMsi KOHTAKTa
¢az) MoxkeT crmocoOCTBOBATH YBEIMUYCHUIO YPHEKTUBHOCTH COPOIIHH.

[Ipennonaraercsi, 4To OTpaOOTaHHBIE TUTAHOCHUIKATHBIE COPOEHTHI, MOKPBITHIE
TOHKOM IJICHKOW METaJIJTMYeCKOTO cepedpa, CMOTYT HaTH ceOs B 00JIaCTH KaTaau3a
U B chepe MMMOOMIIM3ALIUK PAIMOAKTUBHBIX (POPM Hoja U3 KUIKON U ra3000pa3HOi
CpeBbl.

Agropbl npusHarensHbl A.B. bazaii, f.A. IlaxomoBckomy, E.A. CenuBanoBoi
(' KHII PAH), JL.T. I'epacumosoii, B.H. fxoBenuyky, A.I. KacukoBy — 3a 11eHHBIE
COBETHI U KOHCY/bTalMK. MccaenoBanus NpoBOAMINCH MTPU (PUHAHCOBOW MOIEPIKKE
rpanta PO®U 18-29-12039 (uccnenoBanrie mpupoHbIX 00pa3IoB, CHHTE3 UX aHAJIO-
roB) u rpanta POOU 20-33-90326 (ucciaeqoBanre COpOIIMOHHBIX CBOMCTB TUTAHOCH-
JIMKATOB IO OTHOIIECHUIO K OJ1aropoHBIM METaJlJIaM).

ISOLATION OF SILVER FROM AQUEOUS SOLUTIONS
BY FRAME TITANOSILICATES

Samburov G.0O., Kalashnikova G.O., Nikolaev A.I.

'Federal Research Centre «Kola Sciences Center» of the Russian Academy of Sciences.
Russia, Murmansk region, Apatity, Fersmana st, 14, 184209

Currently, there is a problem of removing contaminations from sulfate and chloride
solutions of copper-nickel production in particular the recovery of precious metals re-
maining in the solution during the refining of copper. The electrolytes contain signifi-
cant contaminations of noble and heavy metals, including silver and lead, for obtaining
the final product (up to 5 g/1). Even after the filtration stage, the silver content in indus-
trial effluents can vary in the range of 50-250 mg/l. In the process of electrolysis sepa-
ration of copper and nickel, such contaminations reduce the purity of the final products,
which may be the reason for the return of the material for additional processing and
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increase energy consumption. It is quite difficult to achieve complete extraction of
silver from solutions after their contact with known organic extractants. The use of ze-
olite sorbents is complicated by their low stability in acidic environments. The solution
to the problem can be the use of titanosilicate sorbents with a frame structure that are
highly resistant in mineral acids and exhibit sorption properties with respect to single -
and double-charged metal cations.

The sorption behavior of synthetic analogues of the minerals ivanyukite, lintisite,
zorite and their protonated and modified forms was studied. The samples for the study
were obtained in autoclaves by hydrothermal synthesis from a titanium-silicon com-
position of different compositions. Additional modification was carried out by treat-
ing the powders with solutions of hydrazine salts. This operation makes it possible to
selectively extract noble metal cations with their reduction to a metallic state on the
surface of the sorbent particles.

During the study, it was found that all samples fully (up to 99%) extract silver cat-
ions from aqueous solutions of its salt. With an increase in the concentration of CI-
anions, the degree of silver extraction decreases with a concentration of 5 mol/l in a
hydrochloric acid solution sorption is not observed. At the same time, the data of X-ray
diffraction studies show that the structure of all samples is preserved at a concentration
of sulfuric or hydrochloric acids up to 250 g/I.

A high background content of non-ferrous metals, in particular nickel at the level of
200 g/l with a silver content of ~0.3 g/l reduces the degree of extraction. Probably, the
variation of the sorption parameters (hydromodule, temperature, phase contact time)
can contribute to an increase in the sorption efficiency.

It is assumed that the spent titanosilicate sorbents coated with a thin film of metallic
silver will be able to find themselves in the field of catalysis and in the field of immo-
bilization of radioactive forms of iodine from liquid and gaseous media.

The authors are grateful to A.V. Bazai, Ya.A. Pakhomovsky, E.A. Selivanova (GI
KSC RAS), L.G. Gerasimova, V.N. Yakovenchuk, A.G. Kasikov for valuable advice.
The research was carried out with the financial support of the RFBR grant 18-29-12039
(study of natural samples, synthesis of their analogues) and the RFBR grant 20-33-
90326 (study of the sorption properties of titanosilicates in relation to noble metals).
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JIMHAMUMKA B3ANMOIEVCTBUSA ITY3bIPBKA BO3TYXA
C IOBEPXHOCTSIMU CYJIb®UJTHBIX MUHEPAJIOB
U MOJEJBbHBIX CYBCTPATOB: U3YUEHUE C IPUMEHEHUEM
BbICOKOCKOPOCTHOM BUJIEOCBEMKHA

Kapauapos A.A., Muxaun [O.J1.

NXXT CO PAH, r. Kpacnospck, Poccus

OnoTallMOHHOE O00OTallEHUE SBISIETCA OAHUM U3 HauOoJee KPYyNMHOTOHHAXKHBIX
MPOMBIIIJIEHHBIX MPOIIECCOB, OCHOBAHHBIM HA KOHTPACTHOCTU CBOMCTB MOBEPXHOCTH
MUHEpaJioB. [s yBenuueHus: GaoTUpyeMOCTH Cyb(UIHBIX MUHEPAJIOB UCIIOJIB3YIOT
paznu4HbIe COOMpaTeNH, Yalle BCEro KcaHToreHarsl W AuTHO(ocdarsl. KitoueBbim
IPOIIECCOM B MEHHOU (UIOTAIIMU SBISETCS B3aUMOICHCTBUE My3bIphKa BO3yXa C Ya-
CTULIEH MUHEpAJa.

Mexay TeM, 0CTa€Tcsi HEe BBISICHEHHBIM BOIPOC, KAaKUM 00pa3oM aJicopOIust KoJi-
JIEKTOPOB BIMSIET Ha JaHHBIA MPOLIECC; HE SICHA POJib B 3TOM IPOIIECCe HAaHOpa3Mep-
HBIX MMOBEPXHOCTHBIX Ta30BBIX CTPYKTYp (HaHOMY3bIpbKOB). Hanbomnee monxomsimum
METOJIOM U3yYEHHsI OBICTPOTIPOTEKAIOIINX MPOTIECCOB SIBIISICTCSI METOJT BBICOKOKOPOCT-
HOM BUICOCHEMKH. OJHAKO OOJIBIIMHCTBO PabOT C UCIOJIB30BAHUEM JJAHHOTO METO/Ia
OBLIN BBITTOJTHEHBI HA MOJICTIbHBIX 00BhEKTaX (BHICOKOOPUEHTHUPOBAHHBIN MUPOTUTHYEC-
ckuit rpadut (BOIID), Si0,, cirona u ap.).

[ens paboThl — M3y4YEHHUE C MTOMOIIBIO BHICOKOCKOPOCTHOM BUJIEOCHEMKH OCOOCH-
HOCTEW B3aMMOJICMCTBUS BCILIBIBAIONIETO MMy3bIpbKa BO3/1yXa C MPUPOAHBIMU (TAJICHUT,
canepur, muput) 1 mogenbubiMu (BOIIL, Si0,, 30moTas donbra (Au)) cydocTparamu
JI0 ¥ TIOCcJie UX MOAU(DUKAIIMUA PACTBOPAMH H-OyTUIIKCAHTOTE€HATA KaJusl U SMYJIbCUEH
IOy THUIIKCAHTOTEHA.

B3auMoneiicTBre MorpykeHHON MOBEPXHOCTH € My3bIPHKOM BO3/lyXa OBLJIO HU3y4Ye-
HO C MCITOJIb30BaHHEM BBICOKOCKOpOCTHOM Buaeokamepsl CP70-1-M-1000 (Optronis,
I'epmanust) co ckopocthio 4087 kaapoB/C U UBMEPEHUHN KPaeBbIX YITIOB HA ONITUYECKOM
ananuzarope OCA 15EC (DataPhysics, ['epmanust). B skcniepumeHTax omnpeaeisiain
BpEMsI 3aKpEIUICHUS My3bIpbKa K MOBEPXHOCTAM CYyOCTPaToB, CKOPOCTh POCTA AHAMeE-
Tpa TpaHUIlbl pa3aena ra3 (Bo3ayx)-TBEpaoe Teino (I.-T.), aHAIU3UPOBAIU POJIb MPEJi-
BapUTEIbHON copOImn H-OyTrikcanToreHara kanus (KBuX) n nubyTuinkcanTerenara
(BuzXz) Ha IMHAMHUKY JaHHBIX ITPOLECCOB.

CormacHO MOJIYYEHHBIM JTaHHBIM, BpeMsl PWIMNAHUS MUAJTUMETPOBOTO My3bIphKa
BO3/yXa K HEMOJIU(PHUIIMPOBAHHBIM OBEPXHOCTSM cocTanisio 20—150 mc amnst ruapo-
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dboo6nsix BOIIL, nupura, 3010T1a, a Ha ranenute (PbS) u chanepure (ZnS) npununa-
HUS HE MIPOUCXOAUIIO.

[Tocne o6padotku 0,1 MM p-pom KBuX Bpemst cokpamanocs 10 2—3 mc Ha BOTIT”
u ranenure, 20 mc Ha 3o50Te. [Ipu noBeimenun konenTpanuu KBuX yBennuuBaioch
Ha nopsaok Bpems npwiunanus st BOIIL, nuputa, PbS, HO nponomkano ymeHs-
mwarbes 1t Au (<1 mc). Ilpenodpadorka 1 MM smynbeueit Bu X, BbI3biBaia nMpaxkTy-
YeCKH MTHOBEHHOE, IPUITUTIaHKE MTy3bIpbKa K TOBEPXHOCTU nupuTa, PbS u Au.

B ciyuae ucxomgnoro ZnS, nocie numdoBKH, a Takke nocie aeicteus KBuX, wim
aKTUBHPOBAaHHOTO ZnS, He oOpadoranHoro KBuX He HaOmiomanm pasphiBa MIIEHKH
BOJbI. TosbKO Mociie 00paboTKK akTMBUPOBaHHOTO ZnS pactopamu KBuX umm Bu, X,
IIPOUCXOJUT pa3pbIB MIIEHKUA BOAbI 32 40—150 mc. OTMETHM, YTO aHAJIOTUYHO BEAET
ce0st CMHTE3UpOBaHHas TUVIEHKA ZNnS, TO €CTh PUMECH JKelle3a WU UHbIE 0COOCHHOCTH
COCTaBa M CTPOCHUSI MUHEpAJIa HE SBJISIOTCA MPUIUHON ThapodmibHoCcTH. [Ipeamona-
raeM, 4TO TaKoe€ MOBEAECHUE OOBACHAETCS OCOOEHHOCTSMU 3JIEKTPOHHOM CTPYKTYpHI
MOBEPXHOCTHOTO €0 ZNnS, BO3MOKHO, OTPULATENIbHBIM 3apsSA0M MeTauiIepuimT-
HOU MOBEPXHOCTH, 00pa3yroliencs Mpu OKUCICHHUH.

Js1st GonpIIMHCTBA TUAPOHOON3UPOBAHHBIX COOMPATETIEM MUHEPAJIOB MOCTIE Pa3phl-
Ba IUIEHKU BOJBI IIPOMCXOIUT MEUIEHHOE, B TEUEHHUE JIECSITKOB CEKYHJI, YBEIMYECHUE
IUIOIIAIA TPAHULIBI MUHEPAJT — ITy3bIPEK BO3yXa 3a CUET yAaneHus BoAbl. CyliecTBo-
BaHUE MENJICHHOTO <JIPEHaXa», BEPOATHO, CBsI3aHO ¢ AU(Qy3ueil razoB B MMy3bIpEK
BO3/lyXa, B TOM YHUCJIE U3 COCEIHUX MOBEPXHOCTHBIX T'a30BbIX CTPYKTYp, U, BUIUMO,
SIBJISIETCSA OJHUM U3 MPU3HAKOB UX MPUCYTCTBHUS.

THE INTERACTION DYNAMICS OF AN AIR BUBBLE
WITH THE SURFACES OF SULFIDE MINERALS AND MODEL
SUBSTRATES: STUDY WITH A HIGH-SPEED CAMERA

Karacharov A.A., Mikhlin Yu.L.

ICCT SB RAS, Krasnoyarsk, Russia

Froth flotation is one of the most large-scale industrial processes based on the con-
trast of the surface wettability properties of the minerals. Collectors such as xanthates
(commonly n-butyl xanthate (KBX)) are used for increasing the mineral floatability.
The key process in froth flotation is the interaction of an air bubble with a mineral par-
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ticle. Nevertheless, the question how the adsorption of collectors affects the attachment
of mineral particles to the air bubbles in the flotation process are poor understood. Also,
the role of nanoscale surface gas structures (nanobubbles) is a challenge. The most
suitable method for studying fast processes is the method of high-speed video record-
ing. However, most of the experiments using this method were carried out on model
substrates (highly oriented pyrolytic graphite (HOPG), SiO,, mica, etc.).

The aim of this work was to investigate the interaction of a floating air bubble with
natural (galena, sphalerite, pyrite) and model (HOPG, SiO,, Au foil) substrates before
and after their modification with solutions of potassium n-butylxanthate and micro-
emulsions of dixanthogen using fast video recording.

The interaction of a immersed surface with an air bubble was studied using a high-
speed camera CP70-1-M-1000 (Optronis, Germany) with a speed of 4087 frames / s
and contact angle measurements on OCA 15EC optical analyzer (DataPhysics, Germa-
ny). In the experiments, the time of bubble adhesion to the surfaces of substrates, the
rate of growth of the diameter of the gas-solid (g-s) interface were determined, and the
role of preliminary sorption of potassium n-butylxanthate (KBuX) and dibutylxanthe-
genate (Bu, X)) on the dynamics of these processes was established.

The fast video recording demonstrated that the time of adhesion the mm-sized air
bubble to unmodified substrates was in the range of 20—150 ms for hydrophobic HOPG,
pyrite, and gold, while no adhesion occurred on galena (PbS) and sphalerite (ZnS).

After the treatment in 0.1 mM KBX, the adhesion time to 2—3 ms for HOPG, pyrite,
galena, 20 ms for Au decreased. With an increase in the KBuX concentration, the adhe-
sion time for HOPG, pyrite, and PbS increased by an order of magnitude, but that fur-
ther diminished for gold (<1 ms). The treatment with 1 mM Bu, X emulsion gave rise
to almost instantaneous adhesion of the bubble to the surface of pyrite, PbS, and Au.

In the case of the initial ZnS, after polishing, as well as after the treatment in KBuX, or
activated ZnS, not treated with KBuX, no rupture of the water film was observed. Only af-
ter the treatment of activated ZnS with KBuX or Bu X solutions the water film was broken
in 40—150 ms. Note that the synthesized ZnS film behaves similarly, that is, an iron impurity
or other features of the composition and structure of the mineral are not the cause of hydro-
philicity. Such essentially hydrophilic behavior different from other metal sulfides seems to
be due to specific electronic properties of the Zn-deficient surface formed upon oxidation.

Due to the removal of water, after the break of the water film, a slow, within tens
of seconds, increase in the area of the mineral — air bubble boundary occurs for most
of collector treated minerals. The existence of slow “drainage” is probably associated
with diffusion of gases into the air bubble, including that from neighboring surface gas
structures, and, apparently, is one of the signs of their presence.
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AJNEKTPOOUINUYECKAA AKTUBALIUA
T'UJPOMETAJLTYPITMUECKOM NEPEPABOTKH OKUCJIEHHBIX
HUKEJIEBBIX PY/l YPAJIbBCKOI'O PETTMOHA

Tonvicanoe C.3., Cokonos JI.B., Koimauuxuna O.B., Jlobanos B.I'

OI'AOY BO «Yp®Y nmenu nepsoro IIpesunenta Poccun b.H. Enblinna,
r. EkarepunOypr, Poccust

Oxkucnennbie HuKenessie pyasl (OHP) mo mpuunHe ocobeHHOCTE MHUHEPATOTH-
YECKOT0 COCTaBa HE MOMAAITCS 00OTallleHUI0 TPAAUIIMOHHBIMU METOAaMHU, YTO SIB-
AsieTCsl IPUYMHOM HHU3KOM 3(PPEKTUBHOCTH NMUPOMETAIIYPruyecKoi mnepepadoTka
JNAHHOTO ChIpbA. M3BECTHBIE THAPOMETAIIYPTrUY€CKUE TEXHOIOTUU TPUMEHUTEIBHO
K HCXOJTHOMY, BeChbMa O0€THOMY CBIPbIO ¢ copepxkanreM Hukens ot 0,5 go 1,4%, Tak-
e He o0ecTieunBaloT TpeOyeMoil peHTabeTbHOCTH PEHTA0CTFHOCTH TAKXKE HE TIOJTY-
YUIM npakTuueckoro npumenenus. C yuerom 6onpmux 3amacoB OHP Ypanbckoro
peruoHa, OleHUBAEMbIX B pa3Mepe 1,5 MIIH TOHH akTyaJleH MOUCK aJbTEPHATUBHBIX
TEXHOJIOTUM.

T'osioBHOM M onpeAensomen YJKOHOMUKY OIEepaueld THIpOMETAIUTYPruYeCKOn me-
pepabotku OHP siBnsiercs BbllenaunBanre HUKeNs1. Yaiile BCero B KauecTBE BhIIIENa-
YUBAIOIIEH CUCTEMbl PACCMATPUBAETCSI PACTBOP CEPHOU KUCIOTHI. MHTEeHCcHpuKarus
ATOW CTaJMH MO3BOJISIET YCKOPUTH MPOIECC U OOJIee MOJHO MEePEeBECTH HUKEIb B pac-
TBOpP. B paboTe paccMoTpeHbl pe3yabTaThl HCCIEIOBAHUM, 1EIbI0 KOTOPBIX SBISIOCH
akTuBanus BeienadnBanus Hukens 3 OHP Ypana ¢ ucrnonp3zoBanuem 3MeKTpodusn-
YECKHUX METOJIOB.

OnbITHl MPOBOJMIN B YCTAaHOBKE, CMOHTUPOBaHHOM Ha 0a3e ObITOBOTO M3JIydare-
JIsl BBICOKOM 9acToThl. Peakrop OTKpbITOro THa 00bemMoMm 0,3 aM°, M3TOTOBICHHBIH
u3 roporuiacta, ycTaHaBIMBAIM B 30HY MAKCUMAJIbHOW HAMPSX)KEHHOCTH U3ITy4YECHHUS,
IIEpEMENIMBAHNE PEAKIIMOHHON MACChl OCYIIECTBIISIIIN CTEKITHHON BEPXHEITPUBOIHOU
MeIIanko. B peakTop 3arpyajiu IMynbIly C 33JaHHBIMA XapaKTEPUCTUKAMH, yCTa-
HAaBJIMBAJIA B 30HY JACHUCTBUA U3TydaTelisi, BKIOYAIU MIEPEMENIMBAHNE U MMOJABEPrain
00paboTKe B TEUEHUU 33JJaHHOTO BpeMeHU. [IpoaomKUTebHOCTh ONIBITOB BapbUPOBa-
jach ot 2 10 20 MUHYT.

[lenpro nccnenoBaHuii SABISLIIOCH:

— BBISIBUTh OXHJAEMOE MOJIOKUTEIBHOE BIIMSHUE AIICKTPOPU3UUECKOTO BO3/CH-

CTBHUS Ha BhIlIeIaunBanue Hukeas u3z OHP;
— OLICHUTh 3aBUCUMOCTh CTEIIEHU M3BJICUECHUSI HUKEIST 00CYKIAEMbIM METOJIOM OT
IIPOIOJKUTEIIBHOCTH, COCTaBa PACTBOPA U PACX0/la CEPHON KHUCIOTBHI.
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Pe3ynbrarsl CpaBHUTENBHBIX OMBITOB MOKA3JIM, YTO MPU MPOUYUX PABHBIX YCIOBUSIIX
U3BJICYCHNE HUKENS B PACTBOP B CPAaBHEHUM C OOBIYHBIM BAPUAHTOM BBIILIETIAYMBAHUS
MOKET ObITh yBenuueHo Ha 20-25% u B ipenene gocturaet 85-90%.

Jpyroit 0COOEHHOCTRIO MPEIAraeMOT0 METO/Ia SBIISIETCS PE3KOE COKPAIICHHE MPO-
JOJKUTEIIbHOCTH BBIIICIIAYMBAHNS M COOTBETCTBYIOIIME SHEPTETUUECKUE 3aTPAThI.

N3BecTHBIC TpUMEpHI annaparypHOro 0hopMIICHUS MEKTPOPU3NIECKON aKTUBALIUN
XUMHUYECKHUX MPOLIECCOB JIETAI0OT MPeIaraéMyt0 TEXHOJIOTHUIO 10CTATOYHO pPealbHOM.

ELECTROPHYSICAL ACTIVATION
OF HYDROMETALLURGICAL PROCESSING OF OXIDIZED
NICKEL ORE IN THE URAL REGION

Polygalov S.E., Sokolov L.V., Kolmachikhina O.B., Lobanov V.G.

Federal State Autonomous Educational Institution of Higher Education
«Ural Federal University named after the first President of Russia B.N. Yeltsin»

Oxidized nickel ores (ONO), due to the peculiarities of the mineralogical composi-
tion, do not lend themselves to enrichment by traditional methods, which is the reason
for the low efficiency of pyrometallurgical processing of this raw material. The known
hydrometallurgical technologies as applied to the initial, very poor raw materials with
a nickel content of 0.5 to 1.4%, also do not provide the required profitability and have
not received practical application. Taking into account the large reserves of the ONO
of the Ural region, estimated at 1.5 million tons, the search for alternative technologies
is relevant.

Nickel leaching is the pivotal and economically defining operation of ONO hydro-
metallurgical processing. Most often, a sulfuric acid solution is considered as a leach-
ing system. Intensification of this stage makes it possible to speed up the process and
more completely transfer nickel into solution. The paper considers the results of studies
aimed at activating the leaching of nickel from the ONO of the Urals using electro-
physical methods.

The experiments were carried out in an installation mounted on the basis of a house-
hold high-frequency emitter. An open-type reactor with a volume of 0.3 dm?, made of
fluoroplastic, was installed in the zone of maximum radiation intensity; the reaction
mixture was stirred with a glass overhead stirrer. The pulp with the specified character-
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istics was loaded into the reactor, installed in the zone of action of the emitter, stirring
was switched on, and subjected to processing for a specified time. The duration of the
experiments varied from 2 to 20 minutes.

The aim of the research was:

— to identify the expected positive effect of electrophysical impact on the leaching
of nickel from the ONO;

— to evaluate the dependence of the degree of extraction of nickel by the discussed
method on the duration, composition of the solution and the consumption of sul-
furic acid.

The results of comparative experiments showed that, other parameters being equal,
the extraction of nickel into solution in comparison with the conventional leaching op-
tion can be increased by 20-25% and reaches as high as 85-90%.

Another feature of the proposed method is a sharp reduction in the duration of leach-
ing and the corresponding energy costs.

The well-known examples of the instrumental design of the electrophysical activa-
tion of chemical processes make the proposed technology quite realistic.
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KOMIIVIEKCHAS TIEPEPABOTKA ITMPUTHBIX OI'APKOB
C IIOJTYYEHUEM KOHUHEHTPATA LHIBETHBIX METAJIJIOB

Abuxax E.F., Kenocanues b.K., [advuues C.B.,
Aboyneanues P.A., Kacvimocanosa A.K.

AO «MHCTUTYT MeTaJUTYpruu B oboramieHus», Satbayev University, r. Anmarsl, Kazaxcran

HoBuzHoii pazpaboTaHHON TEXHOJIOTHH ISl TIepepabOTKH MUPUTHBIX OTAPKOB, SIB-
JsieTCsl MPOBEJICHUE TTPEABAPUTEILHON XUMUYECKON aKTUBAIIMU B paCTBOPE THAPOKAP-
OoHaTa HaTpusl.

HcxonHbIM ChIpbeM JI MCCIEAOBAHUI MCIOJB30BaHA MpEACTaBUTEIbHAs Mpoba
MUPUTHBIX OrapKOB MOJYYEHHBIX Ha CEPHOKHUCIOTHOM IIPOU3BoACTBE LlennHHoro rop-
HO-XUMUYECKOTO KoMOuHara PecryOnuku Kazaxcras.

B pesynbrare XuMruecKo akTUBALIMKM MUPUTHBIX OTAPKOB B PACTBOPE TUIPOKapOO-
HaTa HATPUs MPOU3OIUIM U3MEHEHUS UCXOAHOTO (ha30BOTO COCTAaBa U YMEHBIIHIOCH
cofepkanue puMecHbIX KomroneHtoB P O, SO, u As O,. B 3aBucumocTtu 0T TeM-
Teparypbl, NPOAOILKUTENLHOCTH, oTHOMEHHS JK:T n konnenrpaunu NaHCO, BoiOpan
ONTUMAJIBHBINA PEKUM akTuBaruu. [[s onpenenenus BausiHusa (HakTOPOB HA MOKa3a-
TEJIW aKTUBALMK TIPOBEJIM UCCIIEAOBaHUE 3aBUCUMOCTH U3MEHEHUs (Da30BOro cocTana
oT Temriepatypsbl, oTHomeHus JK: T, KOHIIEeHTpaluK TUAPOKapOOHaTa HATPUSI U IIPOAOJI-
KUTEIBHOCTH. MeToIOM MOTHO(DAKTOPHOTO IMIIAHUPOBAHUS IKCIIEPUMEHTOB MOCTPOE-
Ha MaTeMaTuyeckasi MO/IeJib mpolecca.

OrnpeneneHbl ONTUMANIbHBIE YCJIOBUS BBINIECIAYMBAHUS MIUPUTHBIX OTapKOB IMOCIIE
XUMUYECKOM aKTUBAIIMU B PACTBOPE CEPHOM KUCIIOTHI.

Heiirpanmuzauuto no pH 3,7 npoBoawin 1uisi OCa)XAEHUSI U3 PacTBOpPa TPEXBAJICHT-
HOTO KeJe3a. B 3Tux yclnoBusiX COBMECTHO € 5KEJIE30M B 0CaJI0K U3 pPACTBOPA YACTUYHO
nepenutt Gpocdop, MBIIBIK U CETICH.

[Tpu pH 5,46 B ocaiok HEUTpaIu3alMu U3 pacTBOPA BBLACIHINUCH Xkeye30, hocdop
Y OCTaTKH MBIIIbSIKA.

Heitrpanuzauus no pH 9,7 nposenena ¢ yuetom pH moiHOTO OCa)XIeHUS IIMHKA U
Meau. B pesynbrare moinydeH KOHIEHTPAT BETHBIX METAJUIOB C COIEpPIKAHUEM, Mac.
%: CuO 6,4; ZnO 12,55. Beixoxa KoHIleHTpaTa cocTaBui 8,5% OT 00111ero KojinuecTna
0caJIkoB HehTpanuzauu win 1,5 % OT UCXOIHON MacChl MUPUTHBIX OrapKoB. BeIixosy
ocaJkoB HeWrTpanuzauuu rnpu pH 5,46 cocrasun 2,1 %, npu pH 9,7 — 14,2%.

N3 nony4eHHbIX pe3ylbTaToB CIEAYET, YTO HEUTpaIU3alUIo IJIs BbIICICHUS MPH-
Mecen Fe203, P205 u A5203 Y TOJIYYE€HHUs KOHIIEHTpAaTa LIBETHBIX METAJUIOB CIIEIYET
IPOBOAUTSH B JiBe cTaauu 10 pH 5,46 u 9,7.
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COMPREHENSIVE PROCESSING
OF PYRITE CUTTERS TO PRODUCE A CONCENTRATE
OF NON-FERROUS METALS

Abikak E.B., Kenzhaliyev B.K., Gladyshev S.V.,
Abdulvaliyev R.A., Kassymzhanova A.K.

JSC “Institute of Metallurgy and Ore Beneficiation”,
Satbayev University, Almaty, Kazakhstan

The novelty of the developed technology for the processing of pyrite cinders is the
preliminary chemical activation in a solution of sodium bicarbonate.

A representative sample of pyrite cinders obtained at the sulfuric acid production of
the Tselinny Mining and Chemical Combine of the Republic of Kazakhstan was used
as the initial raw material for the research.

As a result of the chemical activation of pyrite cinders in the sodium bicarbonate
solution, the initial phase composition changed and the content of impurity components
PO, SO,, and As,O, decreased. The optimal activation mode is selected depending on
the temperature, duration, ratio W: S and concentration of NaHCO,. To determine the
influence of factors on the activation indices, a study was made of the dependence of
the change in the phase composition on temperature, the ratio W: T, the concentration
of sodium bicarbonate and the duration. A mathematical model of the process was built
by the method of full-factor planning of experiments.

The optimal conditions for the leaching of pyrite cinders after chemical activation in
a sulfuric acid solution have been determined.

Neutralization to pH 3.7 was carried out to precipitate ferric iron from the solution.
Under these conditions, together with iron, phosphorus, arsenic, and selenium were
partially transferred from the solution to the precipitate.

At pH 5.46, iron, phosphorus, and arsenic residues were precipitated from the solu-
tion into the neutralization precipitate.

Neutralization to pH 9.7 was carried out taking into account the pH of complete
precipitation of zinc and copper. The result is a concentrate of non-ferrous metals with
a content, wt. %: CuO 6.4; ZnO 12.55. The concentrate yield was 8.5% of the total
amount of neutralization precipitates or 1.5% of the initial mass of pyrite cinders. The
yield of neutralization precipitates at pH 5.46 was 2.1%, at pH 9.7 — 14.2%.

From the results obtained, it follows that neutralization to isolate impurities Fe,O,,
P O, and As O, and obtain a concentrate of non-ferrous metals should be carried out in
two stages to pH 5.46 and 9.7.
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PASPABOTKA TEXHOJIOI'MHA
OBOIAIEHUA TEXHOI'EHHBIX OTXOA0B
30/IOTOU3BJIEKATEJIBHOI'O ITPOU3BO/ICTBA
HABOUICKOI'O TOPHO-METAJLTYPTMYECKOI'O
KOMBHHATA

Typeceberos A.X.', lllapunos X.T?, [llyxypos III.P"

"MucTuTyT reonoruu u reopusuku ['ockomreonoruu PYs3
*MuctutyT 001ei u Heoprannueckoit xumun AH PY3 (Y30ekucran)

B pesynbrare MuHEpaaoro-TeXHOJIOTHIECKOTO KAPTUPOBAHHMS XBOCTOB 00OTaIICHUS
30510TO-U3BNeKaTenbHbIX (padbpuk (I'M3-4) u (IIKB3-3) HI'MK 6butn oTOOpaHbI TeX-
HOJIOTHYECKHUE TTPOOBI JJIsl TPOBEICHUS TEXHOIOTHUECKUX UCTIHITAHUH.

TexHoreHHbIe pya U MPOMIIPOIYKThI, TEXHOJIOTHYECKOTO TIepeiesia OblIn 1eTaIbHO
V3YUYCHBI PA3JINYHBIMU METOJIAMU UCCIIEA0BAHUN MUKPOCKOIIUEN, CIEKTPAIbHbIN, IIPO-
OMpHBIEC aHAJIU3bI, MACCTIEKTPOMETPUS, MUKPO3OHIUPOBAHUE, PACTPOBAS JIEKTPOHHAS
MUKPOCKOTIHS.

Yepennennblie mpoObl MOABEPIIUCH IPOOICHUIO, UCTUPAHUIO, CUTOBaHHIO. OTOOD
poObI Ha JJa0OpaTOPHBIC TEXHOJIOTHYCCKUE UCTIbITaHus B KonuecTBe 100 K.

HccnenoBannsi TEXHOTEHHBIX OTXO/I0B (OTBaJIBI 3a0QJIAHCOBBIX PYJl U XBOCTBI 30J10-
TO-U3BJIEKATEILHOTO MPOU3BOCTBa HAaBOMHCKOTO TOPHO-METAJUTYPrUY€CKOr0 KOMOU-
Hara (HI'MK) npoBoamiuch ¢ 11e71b10 U3y4eHHUs] BO3MOXHOCTH JOM3BICUCHUS U3 HUX
JIparMeTasyioB M IPYTUX LHEHHBIX KOMIIOHEHTOB).

Marpuiia 0TX0A0B 0 JAHHBIM MUHEPAJIOTUUYECKUX U XUMUYECKUX UCCIEAOBAHUSAM
NpEACTaBIsAIOT B OCHOBHOM Si>Ae>Na>K>Ca>Mg>Te> S>As reoXuMUYECKYyIO CH-
CTEMY WJIM CHJIMKATHO-aJIFOMOCHJIMKATHO-KapOOHATHO-OKCUIHO-CYIb(PUIHYIO MHUHE-
PaJbHYIO CUCTEMY.

Cynbhumabie MUHEPAITBI MPEACTABICHB B OCHOBHOM MHUPUTOM U apCEHOIUPUTOM.
CamopoaHoe 30JI0TO B BUJI€ TOHKOJIUCTIEPCHBIX BKIIOYEHUN MPUCYTCTBYIOT B XBOCTaX
u3BnekarenbHbiX padpuk ['M3-4 u LIKB- 3. «<HeBuanmoe» ynopHoe 30J10TO yCTaHOB-
JIEHO BO BCEX OTXO/aX, BXOJAIIUX B COCTaB nupuTa u apcernonupura ao 0,71%, koto-
pbl€ UHTEHCUBHO OKHUCJICHHBIE.

[To naHHBIM MPOOUPHOTO U MACCIIEKTPUUYECKOTO aHAJIM3a COJIEPIKAHUE 30JI0Ta U Ce-
pebpa B orxonax koneonercs (ot 0,63 mo 1 8r/1) u (0,4 -2,1% r/1).

TexHonOrnyecKkne MCCiIeOBaHUs OTXOAOB IMPOBOJWUIIUCH C NMPUMEHEHUEM TpPaBH-
TUIIMOHHOTO MeToja (TPAaBUTAIIMOHHOTO CTOJ MapKH 30KC) B MHCTHUTYyTE MHUHEpasb-
HO-CBIPBEBBIX PECYPCOB (OTXO/Ibl, U3MEIBUCHHUE, KOHLIIEHTPAIIMOHHBIN CTOJ, EPEYUCT-
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Ka Ha CTOJIe, OJIyYeHHEe TPaBUaKOHIIEHTpaTa, MPOMITPOIYKTHI U XBOCTA TPaBUTALIUN) U
Ha 1eHTpadexKoM Konuenrparope Mmapku MTOMAK KTI'-0, u maruuTHOM GapabaHHOM
cenaparope (MBC-JIM1) st paboThl ¢ CyCleH3UsIMU BOJHOTO PacTBOpa C colepka-
HUEM CYXHUX BEILECTB 72. DKCIEPUMEHTHI 110 OOOTAIIEHUIO OTXOI0B 30JI0TOM3BIICKA-
TenbHBIX (hadpuk npooawin B nadoparopuu CII «EBpoasusiHBecT».

[lo naHHBIM KOMOMHHUPOBAHHOW TEXHOJOTHMM: OOOramieHue Ha LEeHTPOOEKHOM
koH1eHTpaTope « M TOMAK)» ¢ nojtydeHreM KOHIIEHTpaTa U JaibHEHIIeH JOBOIKOM
JTAHHOTO KOHIICHTpATa Ha TPaBUTAIIMOHHOM CTOJIE, OBLIN MOYUYCHBI CIAEAYIOIIUE pe-
3yJbTaThI.

ConeprxkaHue 3070Ta B KOHLIEHTPATAX, Moixy4deHHbIX 13 orxonoB HI'MK Ha nenrpa-
o6exxaoM konreHTparope “UTOMAK™ konebnercs ot 0,9 no 2,5 1/1, cepedbpa (o1 5 10
27 1/T), Tne u3BaedeHue coctaBmiio ot 7 10 34%, cepedbpa ot 7 10 22% COOTBETCTBEH-
HO. [lociie JOBOJKYM MOTYUYEHHOTO HA LETPOOSKHOM KOHIEHTPATOPE KOHIEHTpaTa Ha
IrPaBUTAILIMOHHOM CTOJIE, COAEpKaHue 3010Ta coctaBuiio (ot 7,8 mo 21,8 1/1), cepedpa
(ot 5 no 44 r/1). IIpu sTOoM H3BIeUeHUe 30510Ta cocTaBuio (ot 29 no 70%), cepedpa
(3—24%). Kpome 3050Ta 1 cepedpa B KOHIIETpATaX MOJIYYECHHBIX KOMOMHUPOBAHHBIM
yTEeM MPUCYTCTBYIOT BBICOKHE conepkanus Boibhpama <0,92 %], Bi (mo 103 r/1), Cu
(10 0,25%), Zn (10 0,13 %, Se (7o 124 r/1), Mo ot 64 1o 300 r/T.

DEVELOPMENT OF TECHNOLOGY FOR ENRICHMENT
OF TECHNOGENIC WASTE GOLD PRODUCTION PRODUCTION
OF THE NAVOIYSK MINING AND METALLURGICAL COMBINE

Turesebekov A.Kh.', Sharipov Kh.T?, Shukurov Sh.R.!

nstitute of Geology and Geophysics of the State Committee for Geology
of the Republic of Uzbekistan
Institute of General and Inorganic Chemistry, Academy of Sciences
of the Republic of Uzbekistan (Uzbekistan)

As a result of the mineralogical and technological mapping of the tailings of the con-
centration of gold-extracting factories (GMZ-4) and (TsKV3-3) NMMC, technological
samples were taken for technological tests.

Technogenic ore and middlings, technological conversion were studied in detail by
various research methods, microscopy, spectral, assay analyzes, mass spectrometry,
microprobe, scanning electron microscopy.
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The averaged samples were crushed, abraded, and sieved. Sampling for laboratory
technological tests in the amount of 100 kg.

Investigations of man-made waste (dumps of off-balance ores and tailings of the
gold-extracting production of the Navoi Mining and Metallurgical Combine (NMMC)
were carried out in order to study the possibility of additional recovery of precious
metals and other valuable components from them).

According to mineralogical and chemical studies, the waste matrix is mainly Si>
Ae> Na> K> Ca> Mg> Te> S> As reochemical system or silicate-aluminosilicate-car-
bonate-oxide-sulfide mineral system.

Sulfide minerals are mainly represented by pyrite and arsenopyrite. Native gold in
the form of finely dispersed inclusions is present in the tailings of the extraction plants
GMZ-4 and TsKV-3. “Invisible” refractory gold is found in all wastes included in the
composition of pyrite and arsenopyrite up to 0.71%, which are intensely oxidized.

According to assay and mass spectral analysis, the content of gold and silver in
waste varies (from 0.63 to 18 g/t) and (0.4 to 2.1% g/ t).

Technological studies of waste were carried out using the gravity method (gravity
table of Zox brand) at the Institute of Mineral Resources (waste, grinding, concentra-
tion table, cleaning on the table, obtaining a gravity concentrate, middlings and gravity
tail) and on a centrifugal concentrator of the ITOMAK KG-03 brand and magnetic
drum separator (MBS-LM 1) for working with suspensions of an aqueous solution with
a dry matter content of %2. Experiments on the enrichment of waste from gold recovery
factories were carried out in the laboratory of the JV “Euroaziyanvest”.

According to the combined technology: enrichment on a centrifugal concentrator
“I'TOMAK” with obtaining a concentrate and further refinement of this concentrate on
a gravity table, the following results were obtained.

The content of gold in concentrates obtained from the wastes of the NMMC at the
centrifugal concentrator “ITOMAK” ranges from 0.9 to 2.5 g/ t, silver (from 5 to 27
g / t), where the recovery ranged from 7 to 34%, Silver from 7 to 22%, respectively.
After finishing the concentrate obtained on the centrifugal concentrator on the gravity
table, the gold content was (from 7.8 to 21.8 g/ t), silver (from 5 to 44 g/ t), while the
gold recovery was (from 29 to 70% ), silver (3-24%). In addition to gold and silver,
the concentrates obtained by the combined method contain high contents of tungsten
<0.92%], Bi (up to 103 ppm), Cu (up to 0.25%), Zn (up to 0.13%, Se (up to 124 ppm),
Mo from 64 to 300 ppm.
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CIHOCOB 3AIIUTBI BHYTPEHHUX
MNOBEPXHOCTEM ®JIOTALIMOHHBIX MAILIUH
OT KOPPO3UU U ABPASUBHOI'O U3HOCA

Husep O.A.', Jlobanos B.I'!, Tpemvsix M.A.", Jluzep E.A.?

'®I'AOY BO «Yp®dY umenn nepsoro [Ipesunenta Poccun b.H. Enbruna, 1. Ekarepun0ypr, Poccust
2000 JlauksuTiep, I. Mocksa, Poccust

XuMuyeckasi Koppo3usi 1 adpa3uBHBIA U3HOC SBIISIOTCA CEPbEIHON IPOOIEMOI IKC-
IUTyaTaliyd THAPOMETAJUTyPTrU4ecKOro U o0oraruteiabHoro odopynoBanus. Paboune
NOBEPXHOCTU PEAKTOPOB, HACOCOB, TPYOONPOBOIOB, (PIOTOMAILINH, KOHIEHTPATOPOB
U JIp. YCTPOMCTB MOABEPraloTCs BO3IEHCTBUIO MUHEPAJIBbHBIX YACTHUII, PUCYTCTBYIO-
IIMX B IIyJIbIIE, U BO3IECHCTBUIO XUMUYECKUX PEareHTOB. B 4acTHOCTH, CHIIBHOMY BO3-
JEMCTBHUIO KOPPO3UU U U3HOCY MOJIBEPTaIOTCSI MOBEPXHOCTH (PIOTAMOHHBIX MAIIMH B
30HE a’paLMH.

Haubonee pacnipocTpaHeHHBIM pEIIEHUEM JAaHHOM MpoOIeMbl SBISETCA TYMMHUPO-
BaHUE — (PyTEpOBKA BHYTPEHHUX MOBEPXHOCTEN (PIIOTOMAIIMHBI M UMIIEJUIEPOB PE3U-
HOM. JlaHHBIN NTpUEM BECbMA JJOPOT, KpPOME TOTO, AE3UHTETPUPOBAHHAS PE3UHA 3arpsi3-
HseT NpoAyKThl (prnoraumu. [IpeacraBisieT MHTEpPEC MOUCK TEXHUYECKUX PELICHUH,
COYETAIOIMX YCTOMYMBOCTh K a0pa3suBHOMY BO3JIEHCTBUIO, XUMUYECKOM KOPPO3UU U
HKOHOMUYECKH 00Jiee MPUBJIEKATEIbHBIMU B MPAKTUYECKOM HCIIOJIb30BAHUU.

OpHUM M3 TakKMX BApPUAHTOB MOXKET CTaTh 3MOKCHJHAs TpyHT-3Maib «EvoProtect
132» xomnanun Lankwitzer. JlanHast rpyHT-3Majib XOPOIIO 3apeKOMEHI0Bajta cedsl B
Ka4eCTBE M3HOCOCTOMKOIO MOKPBITHUS B MUIIEBOM, CTPOUTENIHHOM, Mycoporiepepada-
THIBAIOLIEH U JIp. IPOMBIIIIEHHOCTSX. /{151 ycTaHOBNIEHUS 11e71eco000pa3HOCTH ITpUMe-
HEHUs JAaHHOTO MOKPBITHS BO (prroToMannHax Oblila MPOBEIEHA Cepusl IKCIIEPUMEHTOB
B HeltpanbHOU (pH=7) u menounoit (pH=13) cpenax.

JlaGoparopHble FIKCIEPUMEHTHI 110 U3YUEHUIO a0pa3UBHOIO U3HAIIMBAHUS TPYHT-
smanu «EvoProtect 132» mpoBOANIN B CTEKISTHHOM CTaKaHe 00bEMOM 5 IM>, TPOI0JI-
xuTenbHoCThIO 10, 20 1 30 cyTok. UeThlpe cTanbHble uiacTulbl (Ctans 3) pasmepom
50x50 MM, OKpBIBAJIM TPYHT-AMAJIBIO 110 METOJIUKE MPOU3BOAUTEINS, 3aKPEIUISLIIA B
CTakaHe Ha ypPOBHE yCJIOBHOUM 30HBI a’pallMOHHOTO y37a. B xauecTBe abpa3smBHOIO
MaTepuaja UCI0JIb30BaJICsA TECOK KpYMHOCThIO 10,1 MM, COOTHOLIEHNE NTECKA K BOJIE
cocTaBisuio 1:3, mepemmnBaHue OCYIIECTBISIIOCH MPHU MOMOIIM BEPXHEIPUBOAHOMN
memanku ¢upmbl Cat R-100C, Bpamatomieiicst co ckopoctbio 450 o6/mun. Ilpen
Ha4yajgoM IKCIIEPUMEHTa KaXAYyI0 IJIacTUHY B3BemuBain Ha Becax Ohaus PA214C.
[Tocne 3TOro miuacTUHBI MOMEIIANN B CTaKaH, 3aJMBajId BONY, AOOABISIN MECOK U
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BKJIIOYAJIM nepemeniuBanue. [Ipu npoBeneHnu onbITOB B 1Ie104HOM cpene pH goBo-
JUIICS 10 HE0OXO0IMMOI0 3HAaYEHMSI U MOAAEPKUBAJICS IIPU IIOMOLIU U3BECTH, 3aMEPBI
npoBoaniu Kaxble cyTku pH-merpom Hanna HI 9124. 1o okoHuaHuu s3xciepuMeH-
Ta, IUIACTUHBI IPOMBIBAJIH, CYIIWIN B TeueHHe cyTOK npu 80°C B CyLINJIBHOM IIIKa-
¢y HIC-80-02, 3areM B3BELIMBAJIM, 32 PE3YyIbTaT NIPUHUMAIN MAKCUMaIbHOE 3HAUE-
HUE YMEHbIIIEHUs1 Macchl 00pa3ioB (Tadmuna 1). B 3TuX onbITax NPUHUMANIOCh, YTO
aOpa3suBHOMY M3HOCY IOJBEPraeTcsi Kak COOCTBEHHO MOKPBITHE, TaK U OCHOBA MpHU
pa3pyLIEHUH TOKPBITHS.

Tabnuya 1.
Pe3yabrarbl H3ydeHns a0pa3MBHOIO H3HAIMBAHUS dNMOKCHAHOM rpyHT-5Man «EvoProtect 132»
Cpena YMeHblIeHHE MacChl IPyHT-3MaJId, %o
10 cyT. 20 cyT. 30 cyT.
HeittpanpHas 0 0 0
Ilenounas 0,074 0,112 0,163

DKCTpaIoJIMpOBaHUE TMOJYYEHHBIX PE3YJAbTaTOB MO3BOJUIIO CHPOrHO3UPOBATH
YMEHBIIIEHHE MACChl OJIMMEPHOTO MOKPBITHS B IIEJIOYHBIX cpenax Ha 16 % 3a 10 ner
OKCIUTyaTallid. Y YUTHIBAs MOTYUYEHHBIC PE3yAbTaThl U MEHBIITYIO Ce0€CTOMMOCTh TI0-
KpBITHS, 110 CPAaBHEHUIO C T'YMMHUPOBAHUEM, SMOKCUAHAs IpyHT-3Malb «EvoProtect
132» MoxeT ObITh UCIOJIB30BaHA B KAUECTBE 3AIIMTHOIO MOKPHITUS BHYTPEHHUX TO-
BEPXHOCTEH (PIOTAIMOHHBIX MAIIIMH OT XUMUYECKOTO U a0pa3uBHOTO BO3/ICHCTBHUS.
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METHOD FOR PROTECTING
THE INNER SURFACES OF FLOTATION MACHINES
AGAINST CORROSION AND ABRASIVE WEAR

Dizer O.A.', Lobanov V.G.\, Tretiak M.A.", Dizer E.A.?

'«Ural Federal University named after the first President of Russia B.N. Yeltsiny,
Yekaterinburg, Russia
2LLC Lankwitzer, Moscow, Russia

Chemical corrosion and abrasive wear are serious problems in the operation of hy-
drometallurgical and processing equipment. The working surfaces of reactors, pumps,
pipelines, flotation machines, concentrators and other devices are exposed to mineral
particles present in the slurry and chemical reagents. In particular, the surfaces of flota-
tion machines in the aeration zone are exposed to strong corrosion and wear. The most
common solution to this problem is gumming - lining the inner surfaces of the cell and
impellers with rubber. This technique is very expensive; moreover, disintegrated rub-
ber contaminates the flotation products. It is interested to search for technical solutions
that combine resistance to abrasion, chemical corrosion and that are more economical-
ly attractive in practical usage.

One of these options could be the epoxy primer “EvoProtect 132 by Lankwitzer.
This primer enamel is well established as a wear-resistant coating in food, building,
waste recycling, and other industries. To establish the feasibility of this coating in flo-
tation machines, a series of experiments were carried in a neutral (pH = 7) and alkaline
(pH = 13) environment.

Laboratory experiments to study abrasive wear of soil-enamel EvoProtect 132
were carried out in a 5 dm® glass beaker for 10, 20 and 30 days. Four steel plates
(Steel 3) with a size of 50x50 mm, covered with a primer-enamel according to the
manufacturer’s method, were fixed in a glass at the level of the conditional zone of
the aeration unit. Sand with a grain size of +0.1 mm was used as an abrasive mate-
rial, the ratio of sand to water was 1:3, mixing was carried out using a Cat R-100C
overhead stirrer rotating at a speed of 450 rpm. Before the experiment, each plate
was weighed on an Ohaus PA214C balance. After that, the plates were placed in a
glass, water was poured, sand was added, and stirring was turned on. When carrying
out experiments in an alkaline invironment, the pH was brought to the required value
and maintained with lime, measurements were carried out every day with a Hanna HI
9124 pH meter. At the end of the experiment, the plates were washed, dried for a day
at 80°C in a ShS-80-02 drying oven, then weighed. The result was taken as the maxi-
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mum value of the decrease in the mass of the samples (table 1). In these experiments,
it was assumed that both the coating itself and the base are subjected to abrasive wear
when the coating is destroyed.

Table 1.
The results of the study of abrasive wear of epoxy primer-enamel “EvoProtect 132”

Environment Reducing the mass of the primer-enamel, %
10 days | 20 days 30 days
Neutral 0 0 0
Alkaline 0,074 0,112 0,163

Extrapolating the results obtained made it possible to predict a decrease in the weight
of the polymer coating in alkaline media by 16% over 10 years of operation. Consid-
ering these results and lower cost coating, compared to the rubberizing epoxy primer
enamel “EvoProtect 132” can be used as a protective coating the inner surfaces of flo-
tation machines from chemical and abrasive influences.
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NCCIIEAOBAHUE U PASPABOTKA
TEXHOJIOI'MA U3BJIIEYEHUSA METAJIJIOB IIVIATUHOBBIX
I'PYIIII U3 TEXHOT'EHHOI'O CbIPbA AO «AI'MK»

Boxuooe B.P.!, Xacanos A.C.?

"HaBouiicKbIil rocy1apCTBEHHBII TOPHBIN HHCTUTYT, T. HaBon, Y30ekucran
?AO «AT'MK» (AnMabIKCKbIi TOPHO-METAIUTYPrUYeCKUl KOMOMHAT), I. AJTMaJIbIK, Y30eKHCTaH

PecnyOnuka Y30ekuctan o01a1aeT HaJIEXKHOU ChIPHEBOM 0a30i1 JIsl U3BIICUEHHUSI U TIPO-
M3BOJICTBA I1EJI0T0 Psijia O1arOpOIHBIX, PEIKUX U PACCESTHHBIX METAUTOB. YacTh W3 HUX KOH-
HEHTPUPYETCS B CAMOCTOSATEIIBHBIX MECTOPOXKICHUSIX, KaK, HAapUMEp, Me/Ib U MOJIMOJIEH,
JPYTUE MOTYT U3BJIEKATHCS B KAYECTBE MOITy THHIX KOMIIOHEHTOB U3 MECTOPOKICHUIN ME/IH,
MOJIMMETAJUIOB YpaHa U JIPyTuX MOJIe3HbIX UCKOMaeMbIX. B Y30ekucrane 0CHOBHBIE 3amachl
IUIATUHBI, TAJUIAIMs, POANS U PaMOTEHHBIE N30TOoNa OCMUsS — 187 MMEIOTCS B MEHO-TIOP-
(UPOBBIX MECTOPOKICHUSIX AJMAIBIKCKOTO pyaHOro paiiona. B Yarkano-Kypamunckom
PErMOHEe U3BECTHBI MPOSIBICHUS rabOpOMIHOTO MarMaTh3Ma U CB3aHHbIX ¢ HuMu MITT(-
yaiie BCero najijiaiui, IiaTiHa U pojuil). biaropomHeie MeTalIbl, paBHOMEPHO pacIpe/ie-
JIEHBI B YEPHOBOM METAJUTMYECKON MEIU, IPY PACTBOPEHUH AHOJIA OHM MOT'YT IEPEXO/IUTH B
pactBop. [Ipu 3ToM nepexop ruiatuHbl 1 najwiaaus He npesbiaet 0,5%, poaust — 1,7-2,5%.
Takum 00pa3oM, ANEKTPOTUTHYECKOE pahUHUPOBAHUE MEIU 0OECIICUYMBACT BBHICOKOE M3-
BJICUEHHE MAJJIa/Ius, IIAaTUHBI, POAMS, @ UCIIOL30BaHUE Olepalliy LIEMEHTAIIM HUKeIle-
BBIM TTOPOIIIKOM MOBBIIIAET U3BJICUCHUE PYTCHUSL, UPUIUSL K OCMUSL.

HccnenoBanne oTpabOTaHHBIX AIIEKTPOJIMTOB C 1Eb MOJyYeHHUE TJIaTUHOUIOB, B
YaCTHOCTH, IJIaTUHA, Najutaaus u poaus owuia nposeaeHo MII3 AO «AI'MK» B pe-
3yJBTaTe YeT0o MPUILIOCH 00CTIET0BAaTh MHOKECTBO IIPOIIECCOB MPETHA3ZHAYCHHBIC KOM-
IUIEKCHOE M3BJICYEHUS TUIATUHOBBIX METAJUIOB U3 AJIEKTPOJIMTHBIX pacTBOpoB. Cpeau
HUX ONTUMAJbHBIMU ONEPALIUSIMU SIBJIIETCS CIACAYIOIIEr0 MOPSIIKA:

— HAKOIUIEHUE IJIaTUHA-NAJIaJUEBBIX PACTBOPOB MOCIHE JIEKTPOIU3a 30JI0Ta, CO-

JepKaHUe TUIaTHHA W MauTauil B pacTBope cocrapiseT Oonee >100 mg/dm’® u
OHH HaXOIATCs B XJIOpUAHBIX coenunenusx: PtCl, u PdCl;

— COpOCHBIE PACTBOPHI AIIEKTPOJIUTA TIOCIIE FIEKTPOIU3A 30JI0Ta C KOHIICHTPAIHEH
miartuael 10-80 mg/dm’ okucisrores ¢ mepekuchio Bogopona, npu 3tom PtCL
nepexoaut PtCl -

— OCaKJICHUE NMaJIIagusi THOMOYEBUHHOTO KOMILJIEKCA B THOMOYEBUHHOM PacTBOPE,
¢dunsTpanus npoaykra, 0oxkur keka npu S00—-600°C. ITpu 3Tom Bpems o0xkura co-
CTaBJISLIO 2—3 4YacoB, IJI€ MOJIYUYEHHbBINA MPOAYKT MOJIBEPraeTcsi BOCCTAHOBJICHUIO
pacTBOpPOM THpa3uHa. BocCTaHOBIEHHBIN MPOAYKT HAINPABIIAETCS HA OTMBIBKY
JTUCTUUIMPOBAHHOW BOJOM, ocie yero cymutes npu temneparype 100-120°C u
pacTBOpsIETCS B APCKON BOJIKE.
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C yBennyeHHeM MPOAOIKUTENIbHOCTH CTENEHb PACTBOPUMOCTh METAJUIOB MOBBIIIIA-
€TCsl, TaK KaK 1IapCKO-BOAOYHOTO BhlienaunBanust Pd u Pt cBsizaHo ¢ KUHETHUKOM pacTBO-
pumocTH. BuaHo, uto crenens pactBopeHust Pd Beicokoe ueM cTeneHb pacTBOPUMOCTH
Pt. D10 00BSICHSAIOT, YTO OOIIME U3BICUCHUS MTAJUIAANS BBICOKUI YeM y TIaTUHBL. Takxke
OCHOBHOH BIMAIOIINN MapaMeTp Ha pacCTBOPUMOCTbH SIBISIETCS KOHIIEHTpALUsS PAacTBO-
pa, pacxo]l HApCKO BOJKE M MPOAOKUTEIBHOCTh MPOLECCa PACTBOPEHUS. DKCIepH-
MEHTAJIbHO OMPEIEIICHO, YTO MIPU YBEIUUYEHUH BPEMS LAPCKO-BOAOYHOIO PACTBOPEHUE
MOBBILIAETCSA PACXOl PACTBOPA, B PE3YNIBTATEe YEro KOHLUEHTPALWs NaJIaJnus B PacTBO-
pE COOTBETCTBEHHO yBeIMYMBAeTCsl U coctapisiercss Ha 200 g/dm’ mpu 120 MunyT TIpo-
JTOJDKATEIIbHOCTH TIpoliecca ¢ pacxoqoM pearenra 2 i Ha 100 mautagmueBoro npoaykra.
CenexkTUBHBIMU METOIAMU M3 PacTBOpa M3BJIEKaeM IulaTUHbL. C 3TOW 1eJIbI0 BEIOPAHO
MMEHHO CEJIEKTUBHBIA OCAXIAIOIINI peareHT XJI0pUAa aMMOHUS, KOTOpast OCaXAaeT U3
pacTBOpa TOJNBKO IUIATUHBL, IIPU 3TOM NaUIAAUA octaercs B pactBope. OcakaEHHbBIN
NaJIaui HaIpaBiIsieTcs Ha NpOoKaIKY. [locie mpokanku nmoiay4eHHbIN IIATUHOBBIN T10-
POILIOK UCTUPAETCS BPYUHYIO U ITPOMBIBAETCS 35%-HOM a30THOM KHUCIIOTOM IS yaase-
HUS IpUMECEH. 3aTeM OTMBIBAETCS JUCTUIUTMPOBAHHOM BOAOW M HAIPABIISIETCA HA CyI-
Ky B pe3yJIbTaTe Yero Nojay4aeM IUIaTHHOBOM nmopoiok ¢ untotoi 98,00-99,00%.

Crioco0 MpUroJieH M ¢ IKOJIOTHUECKON TOUKH 3peHHMs, TaK KaK 00pa3yIouIecs: K1uc-
able (PUIBTPAThl HEUTPAINU3YIOTCS PACTBOPOM IIEJIOUH WJIU IIETOYHBIMU (UIIbTpaTa-
MU, TIOJIy4YEHHBIMU IIPH BOCCTAHOBJIEHUHU NAJUIaAMs 10 METaljla MypaBbUHON KHCIIO-
TOM WJIA COJSIHOKHMCIIBIM THJIpa3sMHOM. BHeIpeHne NJaHHOW TEXHOJOIMM HECOMHEHHO
TIAeT TMOJIOKUTEIBHBIA YKOHOMUYECKHM d(DPeKT Oaromaps MOTyISHHUIO IPAroIeHHOTO
IJIATUHBI U NAJIAAUS, TAKKE TONOJHUTEIBHOMY U3BJICUEHHUIO POAMS U YIy4YIIAeT KO-
JIOTUYECKYIO0 0OCTAaHOBKY B MECTaX CKOIJIEHUSI TEXHOTE€HHBIX OTXO/IOB.

RESEARCH AND DEVELOPMENT OF TECHNOLOGY
FOR EXTRACTION OF METALS OF PLATINUM GROUPS
FROM MAN-GENERAL RAW MATERIALS OF JSC «KAGMK»

Vohidov B.R.!, Khasanov A.S.?

"Navoi State Mining Institute, Navoi, Uzbekistan
2JSC «AGMK» (Almalyk mining and metallurgical plant), Almalyk, Uzbekistan

The Republic of Uzbekistan possesses a reliable raw material base for the extraction
and production of a number of noble, rare and trace metals. Some of them are con-
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centrated in independent deposits, such as copper and molybdenum, others can be ex-
tracted as associated components from deposits of copper, uranium polymetals and
other minerals. In Uzbekistan, the main reserves of platinum, palladium, rhodium and
the radiogenic isotope of osmium — 187 are found in the porphyry copper deposits of
the Almalyk ore region. In the Chatkal-Kuramin region, manifestations of gabbroid
magmatism and associated PGMs (most often palladium, platinum and rhodium) are
known. Precious metals, evenly distributed in blister metallic copper, when the anode
dissolves, they can go into solution. In this case, the transition of platinum and palla-
dium does not exceed 0.5%, rhodium — 1.7-2.5%. Thus, the electrolytic refining of
copper provides a high recovery of palladium, platinum, rhodium, and the use of the
cementation operation with nickel powder increases the recovery of ruthenium, iridi-
um, and osmium.

The study of spent electrolytes for the purpose of obtaining platinum-group met-
als, in particular, platinum, palladium and rhodium, was carried out by the MPZ JSC
“AGMK?™, as a result of which it was necessary to examine many processes intended
for the complex extraction of platinum metals from electrolyte solutions. Among them,
the optimal operations are of the following order:

— accumulation of platinum-palladium solutions after electrolysis of gold, the con-
tent of platinum and palladium in solution is more than> 100 mg / dm3 and they
are in chloride compounds: PtCl, and PdCl.;

— waste electrolyte solutions after electrolysis of gold with a platinum concentration
of 10-80 mg / dm” are oxidized with hydrogen peroxide, while PtCl, passes over
to PtCl,;

— precipitation of palladium thiourea complex in thiourea solution, product filtra-
tion, cake roasting at 500—-600°C. In this case, the firing time was 2-3 hours,
where the resulting product is subjected to reduction with a hydrazine solution.
The recovered product is sent for washing with distilled water, after which it is
dried at a temperature of 100—-120°C and dissolved in aqua regia.

With an increase in duration, the degree of solubility of metals increases, since aqua-
aqua leaching of Pd and Pt is associated with the kinetics of solubility. It is seen that the
degree of dissolution of Pd is higher than the degree of solubility of Pt. This explains
that the overall recovery of palladium is higher than that of platinum. Also, the main in-
fluencing parameter on the solubility is the concentration of the solution, the consump-
tion of aqua regia and the duration of the dissolution process. It was experimentally
determined that with an increase in the time of aqua-vodka dissolution, the consump-
tion of the solution increases, as a result of which the concentration of palladium in the
solution increases accordingly and is equal to 200 g/dm? at 120 minutes of the duration
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of the process with the consumption of the reagent 2 liters per 100 palladium product.
We extract platinum from the solution by selective methods. For this purpose, a selec-
tive precipitating reagent of ammonium chloride was chosen, which precipitates only
platinum from solution, while palladium remains in solution. The precipitated palladi-
um is sent for calcination. After calcination, the resulting platinum powder is rubbed
by hand and washed with 35% nitric acid to remove impurities. Then it is washed with
distilled water and sent to drying, as a result of which we obtain platinum powder with
a clarity of 98.00-99.00%.

The method is also suitable from an environmental point of view, since the result-
ing acidic filtrates are neutralized with an alkali solution or alkaline filtrates obtained
during the reduction of palladium to metal with formic acid or hydrochloric acid hydra-
zine. The introduction of this technology undoubtedly gives a positive economic effect
due to the production of precious platinum and palladium, as well as the additional
extraction of rhodium, and improves the environmental situation in the places of accu-
mulation of industrial waste.

32



JINXALKWUA M.H.

O POJIM <MHEPTHbBIX» HOHOB
B HEKJTACCUYECKOM MEXAHU3ME HYKJ/IEAIIUH 30JI0TA
N NJVIATUHBI B BOAHBIX PACTBOPAX

Jluxayxkuu M.H., Kapacee C.B., Muxaun FO.JI.

NXXT CO PAH, r. KpacHosipck, Poccus

HanouacTtuipl On1aropofHbIX METaUIOB B CHIIy pslia OCOOBIX CBOMCTB HaXOAST
IIUPOKOE MPUMEHEHUE B KaTATUTHUYECKHUX, aHAIMTUYECKUX, OMOMEIUIIMHCKUX U TIp.
npwiokeHusax. C oduiamem paboT Mo CUHTE3y HAHOYACTHUL, B TOM YHCIIE C AMIIUPUYE-
CKM HaWJIEHHBIMHU (paKTOpaMHU KOHTPOJS, COCYIIECTBYET HEMOIHOE U HEOCTATOYHOE
MOHUMaHUE MEXaHU3MOB (OPMHUPOBAHUSI YACTHUI] IPU BOCCTAHOBJICHUM U3 BOJHBIX
PacTBOPOB (XJIOPO)KOMILIEKCOB. B 4acTHOCTH, MPUMEHHUTENBHO K TABHO U3BECTHOMY
CUHTE3y HAaHOYACTHII 30J10Ta MeTo1IoM TypkeBruYa, B OCHOBE KOTOPOTI'O JIEKUT BOCCTa-
HOBJIEHHE 30J10Ta U3 BoaHOro pactsopa HAuCl, uuTtpaTtom HaTpus B HEHTpabHOM
cpelie, HailieH psii (PaKTOB, HAXOJALIUXCA B OCTPOM MPOTHUBOPEUHH C KIACCUYECKUM
MEXaHM3MOM HYKJI€AIMH, KOTOPBII BKJIIOYAET B CeOsl JIIMTEIbHYIO CTAJUIO0 MPEIHY-
KJIealu, OBICTPYI0 M TOMOTCHHYIO HYKJICALMIO U TMOCJEIYIOMIMA POCT 3apoibliiei
TBepaoH (a3bl. [Tocne cMemmBanus peareHToB HaOMoIaeTcs psl NEPEXOA0B OKPACKH
(OecLBETHBIN-CEPBIN-CUHUN-TEMHO-(HOJIETOBBIM-IpKO KpacHbIil). Ha n3o0pakeHusx
[I9M 00pa3ioB, NPUrOTOBICHHBIX U3 AJIMKBOT TAKMX PACTBOPOB, OOHAPYKUBAIOTCS
pacTyIiMe YacTULIbI 30J10Ta, «CKJIEEHHBIE» aMOP(PHBIM 30JI0TOM B «4EPBIYHBIE» HAHO-
CTpyKTypbl. Hamm uccienoBanus MetogaMu AMHaAMUYECKoro paccesinus csera (DLS),
MaJIOyIJIOBOTO PEHTI€HOBCKOTO paccesHusi (SAXS) u aTOMHO-CUIOBON MUKPOCKOTTHHI
(AFM) nokazanu, 4To HyKJIealus U pOCT HAHOYACTHUIl TPOCTPAHCTBEHHO OTPaHUYECHBI
KUJIKUMH [IPOMEXKYTOUYHBIMU CTPYKTYpaMH, BKJIIOYAIOIIUMU B ce0sl I100yJbl Juame-
TpoMm 30—-50 HM MpPU KOHEYHOM CpPEHEM JuaMeTpe HaHodacTull ~20 HM, aCCOLIMUPO-
BaHHBIE B IIPOLIECCE POCTA U «paz0erarouinuecs», BUIUMO, 3a CUET AIEKTPOCTATUYECKO-
ro OTTAJIKUBAHUS TOCIIE aJICOPOIUU IIUTPAT-UOHOB, B KOHIIE MpoIecca, ¢ 00pa3oBaHu-
€M «HM30JIMPOBAHHBIX» YACTHUIL KPACHOTO 30JI5.

OCHOBHOI1 1IENTbI0 HACTOSIICH pabOThl OBLIO BBISICHEHHWE OTKJIMKA JKUJIKUX CyOMU-
KPOHHBIX CTPYKTYp M BIMSIHUS Ha MapuUIpyT HYKJ€alMd M POCTa HAHOYACTHUIL Psjia
croporaux uoHOB (Cu**, Pb*, Ca**, Mg*") B mpolieccax BOCCTAHOBIICHHUS TE€TPAXJIO-
poaypar- 1 reKCcaxJopoIuIaTUHAT-UOHOB IIUTPATOM TPUHATPUS U CYJIb(MHUIOM HATPHUS B
BOJIHBIX PaCTBOPAX.

B Tunu4HOM SKCIIEpUMEHTE B CTEKJISIHHOM CTaKaHE MPH MEpEeMEeIInBaHUK padounid
pactBop xsopokomiiekcHo kucaotsl (HAuCl,, mu6o H,PtCl,) narpeanu coBMECTHO
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¢ BHECEHHOH croponHei conmpro (CuSO,, Pb(NO,),, MgCl,, CaCl,) no 70°C, nanee
B YCJIOBUSIX TepMoMeTpudeckoro u pH-merpuueckoro koutposs npudasisiau 0,05 M
pacTBOp LUTpaTa HaTpus, U, NOPUUSAMH 10 noctuxkenus pH~6,7-6,8, 0,1M pactBop
NaOH. Koneunas koHIIeHTparus 0;1aropoHOro MeTauia B pacTBope coctanisiia 0,33
MM; MossipHOE OTHOIIEHHE [1uTpaT]/[0maropoaubiii MeTami] GUKCUPOBAIM Ha 3HA-
yeHuu 5:1. MossipHoe OTHOIIIEHHUE [CTOPOHHUN MeTasl1]/[ OiaropoaHbIi MeTalI] B ce-
pUM SKCIEPUMEHTOB BapbupoBain B auanazone 0,01-0,4. AIMKBOTBHI peaKIMOHHOTO
pacTBopa, oTOMpay B MPOOUPKH, U TTOCIIE OXJIKICHHUS Ha JIeAsIHON 6aHe B TeueHue 1
MUHYTHI, IEPEHOCHIN B KIOBETHI /ISl MOTYUYEHHS] ONTUUYECKUX CIIEKTPOB MOIIOIICHUS
B YO- u BuaANMOI o6sactu (¢ moMmolsio npudopa cnexkrpomerpa Shimadzu 3600), a
TaK)Ke C TOMOIIBIO (DOTOHHO-KOPPEJISIIMOHHON CIIEKTPOCKONMUU Ha nipubdope ZetaSizer
Nano (Malvern). Karto peakiimoHHOTO pacTBOpa HAHOCHWIIM Ha TIOBEPXHOCTH BBICO-
KOOPUEHTUPOBAHHOTO MUPOJIMTUUECKOTO TrpaduTa (nanee — muporpaduT), OCTaBISIIH
BBICOXHYTbH Ha BO3AYXE U U3y4anu ¢ nomoupo POOC.

OO6Hapy:xeHo, 4To yckopstolee nerictsrue HoHHbIX ¢popM Cu(l) B peakiuu nuTpar-
Horo Boccranosinenus HAuCl, conpoBoxaaercss (GOpMUPOBAHMEM HMHTEPMEIUATOB
Au, Cu,, BEpOSTHO, THITA TOHKHX YACTHUI] CILIABA, KOTOPBIC B MPOLECCE KPUCTAILIH3A-
U 100 GOPMUPYIOT SAIPO YKPYITHSIOMIUXCS HAHOYACTHUII, W/ WA TPAHCHOPMUPYETCS
B CIUIONIHBIE HAHOYACTUIIHI 30JI0Ta. [lonaraem, 4To KaTaIMTUYECKOE OKUCICHHE I1U-
Tpata B npucyTcTBuu komruiekca Cu(l), B coueTaHuu ¢ UHEPTHOCTHIO XJIOPOKOMILICK-
coB Pt(IV) samennser, mubo 1enaeT HEBO3MOKHBIM BoccTanoBinenue Pt uz H PtCl..

B skcniepumenTax 1o usydeHuro Biusuus 100asku CuSO, Ha nponecc BOCCTaHOB-
nenust HAuCl, cynbhuaom Harpus yCTaHOBJIEHO, YTO B CUCTEME 0OPa3yrOTCs HaHOYa-
ctuiel CuS, ipu 3TOM CyOMUKPOHHBIC «TIJIOTHBIE KaIuTHy, 000TaIlleHHBIC COSTMHCHM-
MU AuXSy-szO, YKPYIHSIOTCSA, OTHAKO, 00pa30BaHMUs KOMIIO3UTOB HE OOHAPYKEHO.

ON A ROLE OF “INERT” IONS IN NON-CLASSICAL
MECHANISM OF AU AND PT NUCLEATION PROCESS
IN AQUEOUS MEDIA

Likhatski M.N., Karasev S.V., Mikhlin Yu.L.

Institute of Chemistry and Chemical Technology SB RAS, Krasnoyarsk, Russia

Due to a series of specific features, noble metal nanoparticles are widely used in a range
of applications such as catalysis, sensors, biomedicine etc. In contrast to a plenty of papers
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considering nanoparticle syntheses, including those experimentally found control factors,
the mechanisms of particles formation in the course of corresponding (chloro)complex-
es reduction in aqueous solution are poor understood. Particularly, for well-known gold
nanoparticles synthesis via Turkevich method based on HAuCl, reduction by sodium ci-
trate at neutral pH, a series of experimental findings were published which are in strong
disagreement with the classical nucleation theory implying long-term pre-nucleation stage
following by burst nucleation and slow particle’s growth. After the reagents mixing, a few
color transitions were observed (yellow-colorless-grey-blue-deep-violet-ruby red). TEM
images exhibit enlarging gold nanoparticles associated into worm-like nanostructures by
some amorphous gold. Our DLS-, SAXS- and AFM-data revealed that nanoparticle nucle-
ation and growth are spatially confined by intermediary quasi-liquid structures, including
globules ~30-50 nm in diameter, which finally dissociate into isolated nanoparticles ~20
nm in diameter via electrostatic repulsion due to citrate-ions sorption.

The work was aimed at an effect of “inert” ions (Cu?*, Pb*, Ca*, Mg?*) on liquid
intermediary species arising in citrate and sulfide reduction of tetrachloroaurate- and
hexachloroplatinate-ions in aqueous solutions.

In typical experiment, under agitation a predetermined volume of solution contain-
ing chlorocomplex acid (HAuCl, or H,PtCl,) and “inert” electrolyte (CuSO,, Pb(NO,),,
MgCl,, CaCl,)) was heated to 70°C. After that, a portion of 0.05 M trisodium citrate
solution was quickly added. Then, under pH- and thermal control, 0.1 M NaOH solu-
tion was introduced to adjust pH value to 6.7—6.8. The noble metal molar concentration
was 0.33 mM. The [citrate]/[noble metal] molar ratio was fixed to 5:1, with the [“inert”
ion]/[noble metal] ratio was varying in range of 0.01-0.4. Test cuvettes with portions
of reaction solutions were put into an ice bath for 1 minute, and transferred into Shi-
madzu 3600 UV-vis-near-IR spectrometer camera to acquire spectra. DLS data were
acquired with ZetaSizer Nano ZS instrument (Malvern, UK). A drop of intermediary
solution was put onto HOPG support, and, after drying in air, was examined by XPS.

An acceleration effect of Cu(l) ionic species on the citrate reduction of HAuCl,
was revealed to be accompanied by the formation of AuXCuy compound, possibly, as
ultrafine fusion particles, which could play a role of nucleation seeds, and/or to be
transformed into solid gold nanoparticles. The oxidation of citrate-ions catalyzed with
the Cu(l) complex species in combination with inertness of Pt(IV) chlorocomplexes is
suggested to decelerate the reduction of Pt from H PtCl,, or even makes it impossible.

In experimental investigation of CuSO, influence on the process of HAuCl, reduc-
tion by sodium sulfide, the formation of CuS nanoparticles was detected, with the sub-
micron “dense droplet” intermediary species being enlarged, although, composite for-
mation was not found.
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NCCIEJOBAHUE TEXHOJIOI'MAN
MOJYUYEHUS CBUHIIA U3 KOHBEPTEPHOM MNbLIHU

Cauoaxmeoos A.A.

Hapowuiickuii TocynapcTBEHHBIN TOPHBIN HHCTUTYT, T. HaBoui, Y30ekucran

B nannoM Te3uce nmokazaHa BO3MOXKHOCTH 3 (HEKTUBHOI aBTOHOMHOM KOMITIEKCHOM
nepepabOTKU TOHKOH MBI MeAeTIaBuiIbHOTO 3aBojia AO « Anmanbikckuit MKy, kak
pecypcocOeperaroniee 1 MpupoI00XpaHHOE MEPOTIPUSITHE.

JIns vccneoBaHuii UCIOJIb30BaId TOHKYIO KOHBEPTEPHYIO IMbLIb CO CPEIHUM CO-
JEpKAHUEM KOMIIOHEHTOB: 31,56% Pb; 2,2% Cu; 14,7% Zn; 0,46% Fe; 0,65% SiO,;
11,47% So6m; 8,52% S5 0,33% MgO; 2,84% CaO; 0,19% Cd. B pamkax ma"HHOTO
WCCIIeTIOBaHUs pa3paboTaHa HOBAs TEXHOJIOTHYECKAs CXeMa JIJIS IOTYYSHUS U3 TOHKOM
KOHBEPTEPHOU MbLIM OUUILIEHHOTO KapOOHATa CBUHIIA, IPUEMJIEMOTO JIJIsi TPOU3BO/I-
CTBa METAJUIMYECKOTO CBUHIIA 0€3 JOMOIHUTEILHOTO paUHUPOBAHUSI.

CyIIHOCTh TEXHOJIOTUYECKOTO MPOIecca MPEA0CTABIAET COOON KUCIIOE BhIIIEIaun-
BaHUE, JIBYX CTAJMITHOE COJICBOE BbIIIEIAUYMBAHUE MbUIU, KApOOHU3AIUS U3 COJIEBO-
ro pacTBopa kapOoHara CBHHIIA, MPOKAJIKa U BOCCTAHOBUTEIbHAS IJIaBKa KapOoHaTa
CBHHIIA C TIOJIy4YEHUEM METaUIMYE€CKOTO CBUHIIA.

J171s1 BeIICIIEHUS] MEIM, IMHKA U JKeJIe3a B paCTBOP MPOBOJUIIN CEPHOKUCIOTHOE BBI-
IelaYuBaHNe KOHBEPTOPHOU MUK C JOOABIIEHUEM OKUCIHTENS (MapraHI[OBBIN KOH-
IIEHTPAT), C cofepKaHueM cepHOil kKuciaoTel 80+120 1/ B mynbIie Mpu TeMIeparype
60—90°C B Teuenuu 2 yacoB, T:2K=1:3+8 no pa3paboTaHHOI TEXHOIOTUYECKOUN CXEME.

B pe3synbrare BollenaunBaHus npu 3aJaHHOM cooTHomeHnu T:0K=1:3+8 npoucxogur
HEUTpaM3aIys CEpHON KUCIOTHI OT UCXOHOM KoHIleHTparuu 80120 1/11 10 3HaYeHUH
pH 0,8-1 (30-35 1/n1). I1o noiy4eHHbIM JaHHBIM, ONTUMATIBLHOMU SIBIISETCS KOHIICHTPAITUS
CEPHOU KUCIIOTHI JIJIs TIOJTHOTO TIePexXo/1a MeIM U IUHKa B pactBop 110—-125 /.

N3 nonyyeHHbIX JaHHBIX BUJIHO, YTO IIPU CEPHOKKUCIOTHOM BbIIIEIaUUBAHUU B 0O-
Jee pa30aBICHHBIX MyJIbIIaX MOBBIIMICHUE TEMIIEPATYPhI MOJOKUTEIBLHO BIUIET HA CTE-
NIEHb PACTBOPEHUS MEJIU, IIMHKA B pPACTBOP U HE CIIOCOOCTBYET paCTBOPEHUIO CBHUHIIA.
Bricokoe n3BneueHne Meiu ¥ IMHKA B PACTBOP MPU KUCJIOTHOM BbIILETaYNBAHUU MTbLIN
C TIOJIHBIM pa3/IeJIEHHEM CBUHIIA OT MPUMECEH Meau, IIMHKA U Keje3a JOCTUTHYTO B
MPUCYTCTBUE OKUCITUTENS OKCUAa MapraHIia.

[Tocne gunbsrpanuu ocaaok mpomeiBaan Bogou g0 pH=5,5+6,0 mpu Temmeparype
BozibI 80°C. TlomyueHHBIN pacTBOP ¢ coepKaHUEM MEIH S5 T/11 U [IUHKa 22,5 T/71 sIBJis-
€TCs MPOAYKTUBHBIM PACTBOPOM JIJIs1 U3BJICUCHUS IIMHKA U MEIIH.
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JI71st U3BJICUEHUS CBUHIIA U3 KEKA IIPOBOJUIIMN JIByX CTaJUaIbHOE COJIEBOE BBIIIEIIA-
YUBaHME MIPU KOHLEHTpAIMU HaTpus xjiopuctoro 250 u 150 r/1 cOOTBETCTBEHHO MPHU
temneparype mnpouecca 80-90°C. IIpoaoKUTEILHOCTh BhIIIETAUMBaHUS 2 Yaca Ha
KaX10M ctaguu npu cootHomeHuu T:0K=1:5. Jlss ouncTky Xjaopuaa CBUHIIA OT Hepa-
CTBOPEHHBIX KOMIIOHEHTOB IYJIbITY MOABEpraau GUIbTpaIuio.

B pesynbrare TeXHOJIOrMYeCKUX U IKCIIEPUMEHTAIbHBIX UCCIICIOBAHUM Ompesese-
HBI ONTHMAJIbHBIE TEXHOJOTMYECKHE IMOKa3aTeIu Mmpoliecca BoimenadnBanus. Kapoo-
HU3AIMIO CBUHIIA TPOBOWIIH C TOOABICHUEM KaJIbIIMHUPOBAHHON TEXHUUYECKON COJIBI
B cpeny pH mo 8,5-9.

[Tocne kapOoHU3aMKU Mynbla OTQUIBTPOBHIBAIACH U PACTBOP MCIIOIB30BAJICS KaK
oboporubii pactBop. [lomyuennsiii kexk PbCO, npokanusainu u nony4unu et (PbO).
I'nét ¢ noGaBnenuem ¢uroca u rpaduTa MOABEPIIIM BOCCTAHOBUTEIILHOM TUTABKE U T10-
JYy4YWIIA METAJNIMYECKUM CBUHEL C coiep:kanreM cBUHIA 99,06%.

AHaJIN3 MPOBEACHHBIX SKCIIEPUMEHTOB MO3BOJISIET CIENIATh CIEAYIOUINE BHIBOBI:

— TIPHU COJIEBOM BBIIIENIAYUBAHUM KEKA B MHTEpBaje temneparyp ot 60 no 80°C, ot-
HomeHnu T:0K = 1:6 u mpoaomKUTeIbHOCTH TIpoliecca oT 2 A0 4 4acoB KBapll U
OnaropoiHbie METAJIJIbl B PACTBOP HE U3BJICKAIOTCS,

— TIOBBIIIEHUE TEMIIEPATypbl MOJOKUTEIBHO BIMSIET HA CTENEHb PACTBOPEHUS
CBHHIIA TIPU COJIEBOM BbIIIEIAUUBAHUY;

— Ha OCHOBE HAy4YHBIX UCCJIEAOBaHUMN pa3paboTaHa TEXHOJIOTUS IepepabOTKH KOH-
BEPTEPHOU MBI, KOTOPas MO3BOJISET MOBBICUTH BBIXOJ METAJUIMYECKOTO CBUHIIA
C BBICOKUM HM3BIICYCHUEM U HAUITYUIIIMMU TEXHUKO-3KOHOMUYECKUMHU U TEXHOJIO-
TUYECKUMU MOKA3aTEISIMHU.

Takum 00pazoM, MPOBEICHHBIE UCCIIEIOBAHMS ITOKA3aIH MIPUHIUITHATBHY O BO3MOKHOCTb

nepepabOTKU KOHBEPTEPHOM MBUIH C TIOYYEHHUEM METAUTUUECKOTO CBUHIIA He HIKE 99%.

RESEARCH OF TECHNOLOGY
FOR OBTAINING LEAD FROM CONVERTER DUST

Saidakhmedov A.A.

Navoi State Mining Institute, Navoi, Uzbekistan

This thesis shows the possibility of effective autonomous complex processing of fine
dust of the copper smelting plant of JSC “Almalyk MMC”, as a resource-saving and
environmental measure.
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For research, we used fine converter dust with an average content of components:
31,56% Pb; 2,2% Cu; 14,7% Zn; 0,46% Fe; 0,65% SiO,; 11,47% S 5 8,52% S;
0,33% MgO; 2,84% CaO; 0,19% Cd. Within the framework of this study, a new tech-
nological scheme was developed for obtaining purified lead carbonate from fine con-
verter dust, which is acceptable for the production of metallic lead without additional
refining.

The essence of the technological process is acid leaching, two-stage salt leaching of
dust, carbonization from a salt solution of lead carbonate, annealing and smelting of
lead carbonate to obtain metallic lead.

To isolate copper, zinc and iron into the solution, sulfuric acid leaching of converter
dust was carried out with the addition of an oxidizer (manganese concentrate), with a
sulfuric acid content of 80—120 g /1 in the pulp at a temperature of 60-90°C for 2 hours,
S: L= 1: 3 + 8 according to the developed technological scheme.

As aresult of leaching at a given ratio of S: L = 1: 3 + &, sulfuric acid is neutralized
from the initial concentration of 80 + 120 g / 1 to a pH value of 0.8-1 (30-35 g/ 1).
According to the data obtained, the optimal concentration of sulfuric acid is for the
complete transition of copper and zinc into a solution of 110-125 g/ L.

From the data obtained, it can be seen that with sulfuric acid leaching in more dilute
slurries, an increase in temperature has a positive effect on the degree of dissolution of
copper and zinc into solution and does not contribute to the dissolution of lead. High
extraction of copper and zinc into solution during acid leaching of dust with complete
separation of lead from impurities of copper, zinc and iron was achieved in the pres-
ence of an oxidizing agent manganese oxide.

After filtration, the precipitate was washed with water to pH = 5.5 + 6.0 at a water
temperature of 80°C. The resulting solution with a copper content of 5 g /1 and a zinc
content of 22.5 g /1 is a productive solution for the extraction of zinc and copper.

To extract lead from the cake, two-stage salt leaching was carried out at a sodium
chloride concentration of 250 and 150 g / 1, respectively, at a process temperature of
80—-90°C. Duration of leaching is 2 hours at each stage at a ratio of S: L= 1: 5. To purify
lead chloride from undissolved components, the pulp was subjected to filtration.

As a result of technological and experimental studies, the optimal technological pa-
rameters of the leaching process have been determined. Lead carbonation was carried
out with the addition of soda ash to a pH of 8.5-9.

After carbonization, the pulp was filtered off and the solution was used as a circulat-
ing solution. The resulting cake PbCO, was calcined to obtain lint (PbO). Litter with
the addition of flux and graphite was subjected to reduction melting and obtained me-
tallic lead with a lead content of 99.06%.
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An analysis of the experiments carried out allows us to draw the following conclu-

sions:

— with salt leaching of cake in the temperature range from 60 to 80°C, the ratio S: W
= 1: 6 and the duration of the process from 2 to 4 hours, quartz and noble metals
are not extracted into the solution;

— an increase in temperature has a positive effect on the degree of dissolution of lead
during salt leaching;

— on the basis of scientific research, a technology for processing converter dust
has been developed, which makes it possible to increase the yield of metallic
lead with high extraction and the best technical, economic and technological
indicators.

Thus, the studies carried out have shown the fundamental possibility of processing

converter dust to obtain metallic lead of at least 99%.

39



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

METAJIVIOTEPMUA KAK CITOCOBb U3BJIEYEHUA OJIOBA
N3 NIPUPOJHOI'O KACCUTEPHUTA

Trownaros C.H., I'yiaeea P.U., Yooesa JI.IO., Cepeeesa C.B., I[lemposa C.A.

HNucturyTt metamnyprun YpO PAH, 1. ExatepunOypr, Poccus

BaxkneiiuM 010BOCOAEpKAIIIM MUHEPATIOM, UMEIOIIUM POMBIIIJIEHHOE 3HaYe-
HUe, ABIgeTcs kKaccutepuT. CyIlecTByeT psiJi METOIOB TIOJYyUEHHUS OJIOBA U3 KaCCHUTE-
PHUTOBBIX KOHIICHTPATOB, CPEeIX KOTOPHIX HanOojee MHUPOKOe MPUMEHEHUE MOMyYnIT
croco0 kapOOTepMUYECKOTr0 BoccTaHOBIeHUs. Kak pa3Butue crnocoba, mpeaioxKeHo
yIJIETEPMUYECKOE BOCCTAHOBJICHHS KACCUTEPUTOBOIO KOHIIEHTPATa B pacIlyiaBe COJeH
Na,CO, — NaNO,. M3BecTHbI ¥ JpyrHe CIOCOOBI MOTYYEHHs 0JI0BA: IETOYHOE CILIaB-
JICHUE OJIOBSHHOTO KOHIICHTPATa C TOCJICTYIONINM BBIIEIIAYMBAHUEM U U3BICUCHUEM
0JIOBa U3 PACTBOPA; CYJb(PUAUPOBAHUE KOHLEHTPATA CyJIb(pAToM HaTPHs; BOAHOE BbI-
1IeJladyrBaHME MJIaBa ¢ MePEBOJIOM THOCOJIEH 0J0Ba B pacTBOP; MEPEBOJ 0JI0BA B JIETY-
yre coeAMHEeHUs (CyIb(UIbI, XJIOPUJIBI) C UCTIONH30BAHUEM XJIOPCOMIEPIKAIIUX COJIEH
WJIH Ta3000pa3HOTO XJIOpa.

3a4acTyio B OJOBSHHBIX PYyAax KaCCUTEPUTY COMYTCTBYIOT MHUHEPAIbHBIE MPHUMeE-
CU pEeIKUX TYroIJIaBKUX METAJUIOB, YTO JI€JaeT MX MPHU KOMIUIEKCHOW mepepadoTKe
CBIPbEBBIM HCTOYHUKOM HE TOJIBKO OJIOBA, HO W, HAIIPUMEp, TaHTajla, HUOOUS, BOJIb-
dpama, TuTana u T.4. Kak U3BECTHO, B TEXHOJOTUH PEIKUX TYTOIUIABKUX METAJUIOB
LIMPOKO HCIOIB3YIOT METOABl METAUIOTEPMHH, IMOTOMY HMCCIIEOBAHUE TOBEICHUS
KaCCUTEPUTA B YCIOBHUSAX METAJUIOTEPMHUUYECKOTO (ATIOMUHUMN, KaJIbLIM) BOCCTAHOB-
JICHUS TIPEJICTABIISET KaK TEOPETUUECKU, TaK U MPAKTUYECKUI UHTEpeC.

[lenpro pabOTHI ABISAIOCH U3YyUECHUE HU3KOTEMIIEpaTypHOTO (ha3000pa3oBaHus Mpu
METAJIIOTEPMHUYECKOM BOCCTAHOBJIEHUH MPUPOJHOIO KACCUTEPUTA C UCIIOJIB30BAHUEM
AJIOMUHUSA U €70 CMECEH WJIM CIUIaBOB C KaJIbI[UEM.

B pab6ore ucnonb3oBasin 00pasel] NpupoJHOro MUHEpaaa MECTOPOKIeHN ChIphIM-
oet (Peciyonuka Kazaxcran), conepxanmmii, Mmace. %: 60,0 Sn, 2,0 Si, 1,9 Fe, 0,72 Al,
0,16 Mo, 0,04 Mg, 0,03 S, 0,02 Cu, 0,02 Mn, 0,02 Ta, 0,01 Nb, 0,01 Ni. B kaue-
CTBE BOCCTAHOBUTEIS OITPOOOBAIH MOPOILIKOBBIN amoMuHuii Mapku [1A4, ero cMech ¢
kanbieMm u Ca-Al nurarypy (69,4 macc. % Ca).

Pe3ynbrarhl cciaeqoBaHui CBUAETEIBCTBYIOT O BO3MOKHOCTH MOJIYUYECHUS OJIO-
Ba M COIYTCTBYIOIIUX METAJIJIOB, TAKUX KaK JKEJI€30 U KPEMHHUH, U3 MPUPOTHOTO
KACCUTEPUTA NMYTEM METAJJIOTEPMUUYECKOIO0 BOCCTAaHOBJIEHHs. Mcmonb30BaHUE B
KayeCTBE BOCCTAHOBUTENS aJOMHUHHUS MO3BOJISIET MPU HENPEPHIBHOM HATrpPEBE J10

40



TIOWHAKOB C.H.

1250°C nonyuuTh U BBIAEIUTH OJIOBO B OTAEJIbHYIO (pa3y, Onarojgaps ero HU3KOM
TeMIeparype IIaBJIeHUs. YCTaHOBJIEHO, YTO PACXOJbl aTIOMUHUS BBIIIE CTEXHUO-
METPUUYECKOT0 KOJIMYECTBA MPAKTUYECKU HE BIMSAIOT HA TEMIEpaTyphbl Ipolecca
BOCCTAHOBJICHUS, aKTUBHO TpoTekaromiero B uatepnaige 1000—1150°C. Ilpu sTom
HEMOJIHOE BOCCTAHOBJIEHHE KPEMHHS M3 KBaplla MOXKET COCOOCTBOBATH IMOJIy4e-
HHIO 00JIE€ YHCTOTO IO IPUMECAM 0JI0Ba M CBA3bIBaHMIO Si0O, B 1MII1aK000pasyro-
1€ KOMIIOHEHTHI.

KoMOunupoBaHHbBIE peareHThl U3 KaJdbIUs U ATIOMUHUS TaKXKe CIIOCOOHBI BOC-
CTaHOBUTH OJIOBO M3 KACCUTEPHUTA JO MeTajaa. PaccMOTpeHHble KOMOMHAIIMN Me-
TajioB-BoccTaHoBUTeNEH ¢ oTHomeHuem Ca / Al (macc. %) ot 0,20 no 2,27, npu
Harpese 10 1200°C no3BOJSAIOT U3BJIEKATh OJIOBO B NPOAYKTHI B3aUMOJAECHCTBUS B
BUJIE MeTalia, JInbo ero cruiaBa. Hanbosee mosHoe BOCCTaHOBJIEHHUE OJIOBA MPO-
UCXoauT Tpu ucnonb3oBannu Ca-Al nurarypsl 6osee nerkomiaBkoii (535°C), yem
AJIOMUHUAW M KaJIbLIUM, YTO CABHUTAET HA4ajl0 BOCCTAHOBHUTEIBHOIO IpoLEcca B
obnacTe Oojee HU3KHMX TeMmmepaTryp. Eiie ogHuUM NpeuMylecTBOM KOMOWHHPO-
BaHHBIX BOCCTAHOBUTENEH SIBISETCS 00pa3oBaHHE B MPOAYKTaX B3aUMOJECHCTBUS
aJIOMUHATOB KaJbIMs, UMEIOMMUX 00Jiee HU3KUE TEMIIepaTyphl IUIABICHUS, YEM
npocteie okcuapl AlLLO, n CaO, 4T0 Npu MPakTUYECKON peanu3aliy Ipouecca mo-
3BOJINT ONTHMH3HUPOBATH COCTAB IINIaKa MyTeM PAIlMOHAIBHOTO BBIOOpA COOTHO-
menust Ca / Al B ucnone3yemoit nurarype. [loaydeHHble pe3yabTaThl HAIPaBIECHBI
Ha pelieHue npoOiaeMbl pa3pabOTKU HAYYHBIX OCHOB HOBBIX 3KOJOTMYECKH 0€30-
HNACHBIX TEXHOJOTUH KOMIUIEKCHON MepepabOTKU 0JI0BO-PEAKOMETAIIBHOTO ChIPhs
IPUPOJHOTO U TEXHOTEHHOI'O I'€HE3HUCA.

Paboma evinonnena npu ¢ounarncosoii noooepoicke PODPU (npoexm Ne 18-29-24051
MK) € UCNONb308AHUEM 000PYOOBAHUS YEHMPA KOLLEKMUBHO20 NONb3068aHUsl « Ypan-My.

METALLOTHERMY AS AMETHOD FOR TIN EXTRACTION
FROM NATURAL CASSITERITE

Tyushnyakov S.N., Gulyaeva R.1., Udoeva L.Yu., Sergeeva S.V., Petrova S.A.

Institute of Metallurgy of the Ural Branch of the Russian Academy of Sciences, Ekaterinburg, Russia

Cassiterite is the most important tin-bearing mineral of industrial importance.
Nowadays there exist a number of methods for tin obtaining from cassiterite con-
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centrates, among which carbothermal reduction method has received the most
widespread use. As a development of the method, carbothermic reduction of cas-
siterite concentrate in the Na, CO, — NaNO, molten salts was proposed. There are
other methods of tin obtaining: alkaline melting of tin concentrate with subsequent
leaching and tin extraction from solution; sulfidation of the concentrate with so-
dium sulfate; water leaching of a smelt with transfer of tin thiosoles into solution;
transfer of tin into volatile compounds (sulfides, chlorides) using chlorine salts or
chlorine gas.

In tin ores cassiterite is often accompanied by mineral impurities of rare refrac-
tory metals, which makes them a raw material source during complex processing.
It happens not only for tin, but also, for example, tantalum, niobium, tungsten, ti-
tanium, etc. It is known that metallothermy methods are widely used in rare refrac-
tory metals technology, so the study of the cassiterite behavior under conditions of
metallothermic (aluminum, calcium) reduction is of both theoretical and practical
interest.

The aim of the present work was to study low-temperature phase formation during
metallothermic reduction of a natural cassiterite using aluminum and its mixtures or
alloys with calcium.

A sample of a natural mineral from the Syrymbet deposit (Republic of Kazakhstan)
which contained, wt. %: 60.0 Sn, 2.0 Si, 1.9 Fe, 0.72 Al, 0.16 Mo, 0.04 Mg, 0.03 S,
0.02 Cu, 0.02 Mn, 0.02 Ta, 0.01 Nb, 0.01 Ni was used in this work. The PA4 powdered
aluminum, its mixture with calcium and a Ca-Al master alloy (69.4 wt. % Ca) were
tested as a reducing agent.

Research results indicate the possibility of obtaining the tin and associated metals
such as iron and silicon from natural cassiterite by metallothermic reduction. Applica-
tion of aluminum as a reducing agent makes it possible to obtain and separate tin into a
single phase when continuously heated to 1250°C due to its low melting point. It was
found that aluminum consumption above the stoichiometric amount has practically
no effect on the reduction process temperatures, which is actively proceeding in the
range of 1000—1150°C. In this case, incomplete silicon reduction from quartz can con-
tribute to obtaining the tin that is cleaner in terms of impurities and to SiO, binding in
slag-forming components.

Combined calcium and aluminum reagents are also able to recover tin from cassit-
erite to metal. The considered combinations of reducing metals with a Ca / Al ratio
(wt. %) from 0.20 to 2.27 when heated up to 1200°C allow tin to be extracted to the
interaction products in the form of metal or its alloy. The most complete reduction
of tin occurs when using the Ca-Al master alloy with a lower melting point (535°C)

42



TIOWHAKOB C.H.

than aluminum and calcium, which shifts the beginning of the reduction process to
a lower temperature range. Another advantage of combined reducing agents is the
formation of calcium aluminates in the interaction products that have lower melting
points than the simple oxides Al,O, and CaO. This will allow the optimization of a
slag composition by rational choice of a Ca / Al in the used master alloy during the
practical implementation of the process. The obtained results aimed at solving the
problem for the development of the scientific foundations for the new environmen-
tally friendly technologies of the complex processing for tin-rare metal raw materials
of natural and technogenic genesis.

This work was financially supported by the Russian Foundation for Basic Research
(project No. 18-29-24051 mk) using the equipment of the Ural-M collective use center.
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ABTOKJ/IABHASA IIEPEPABOTKA
YINIEPOAUCTBIX 30JIOTOCY/Ib®U/IHBIX KOHIUEHTPATOB
C UCIIOJIb30BAHUEM A30THOM KUCJIOThI B KAYECTBE
BTOPUYHOI'O OKUCJIUTEJIA

Topoees /I.B., @omenxo 1U.B.

00O «Hayuno-uccnenoparenbckuii meHTp «I mapomeramnyprus», . Cankr-IletepOypr, Poccust

CoBpeMeHHbIE TEXHOJIOTHH NepepaboTKH YIIOPHOTO 30JI0Ta MO3BOJISIOT Nepepadarhl-
BaTh MaTepuall ¢ MUHUMAIbHBIMU TOTEPSIMH, OJHAKO MepepaboTKa BBICOKOYTIIECPOIH-
CTBIX MarepuaJioB JI0 CHX IOp MPEACTABISET OOJBIIYIO MPOOIEMy JJisi COBPEMEHHOM
30JI0TOI00BIBAIONIECH MPOMBIIUIEHHOCTH U3-3a MPOTEKaHUs Mpoliecca Mper-poOOuHra.
Opnaum n3 HanboJee BOCTPeOOBaHHBIX CITOCOOOB MepepadOTKH CYMb(PUIHBIX 30JI0TOCO-
JIepKaluX KOHIIEHTPATOB SIBJISIETCSl aBTOKJIABHOE OKUCJEHUE. B aBTOKIIaBHOW MeTali-
Jypruu 30JI0Ta pa3anyaroT JBa BUAA MpEr-poOOUHra: MepBblil MPOSIBISETCS BO BPEMs
ABTOKJIABHOTO OKHUCIIEHUSI, BTOPOM — B MpoIIecce IMaHUPOBAHUS AaBTOKJIABHOT'O OCTaTKa.

Cnemnamucramu HULL «'mapometammyprus» Obl1 pazpaboTan criocod CHUKEHUS
COpPOITMOHHOM aKTHBHOCTH YIepoAaucToro Bemiectna (YB), KoTophlil 3akirouaeTcs B
CTUMYJIMPOBAHUH OKHMCIIEHUS U MAaCCUBALMM €ro MOBEPXHOCTH B XOJE€ aBTOKJIABHOIO
okucienus (AO) nmoj geicTBUEM a30THOM KUCIOTHL. B paMkax naHHO#M paboThl ObLIO
IIPOBEJICHO MCCJIE0OBAHUE TIO0 OIICHKE MPUHIUIIHUAIBLHON BO3MOKHOCTH HCITOJIb30Ba-
HUS a30THOM KUCJIOTHI B KQUECTBE BTOPUYHOTO oKuciutess npu AO 30510Tocoaepka-
IIMX KOHLIEHTPATOB JBOMHOW YIIOPHOCTH.

B pabore ObuIO MPOTECTHUPOBAHO 5 YMOPHBIX KOHIIEHTPATOB Pa3IMYHBIX MECTO-
POXKIEHUM C collepkaHreM opranudeckoro yriepoaa ot 0,5 no 3,6%, uzBneueHue 30-
JIOTA TIPH CTaHIAPTHOM aBTOKJIABHOM OKHCJIE€HHMHU KOTOphIX (225°C, P = 5 Oap) Ba-
peupyetcs ot 70 10 90%.9kcnepumenTsl o AO cOCTOSIM U3 ABYX 3TAOB: B HAa4alle
IIPOBOIMIIN TIOJTHOE OKHCIICHHE CYTh(UI0B KUCIOPOIOM, 3aT€M B aBTOKJIAB MOIABAJICS
pPacTBOpP a30THOW KUCJIOTHI U MPOBOJIMIIN «IIEPEOKUCICHHE» Marepuana B TeueHue 30
MUHYT. bbl10 BEIOpaHo 2 pacxoaa a30THOM KUCIOTHL: 25 kr 1 100 Kr Ha TOHHY MCXOA-
HOTO KOHIIEHTpara. B HECKONbKHX AKCIIEPUMEHTAX B UCXOJIHYIO MYJIbIy JT00ABIISIICA
XJIOPU-UOH B KonuecTBe 20 MT/JI AJi OIICHKW €T0 BIUSHUS HA W3BJICUCHUE 30JI0TA.
Taxoxe ObLIM IPOBEIEHBI ONBITHI ¢ «IIEPEOKUCIICHUEM) MaTepuana 6e3 nobasku HNO.,.

B nenom no6aska HNO, oxa3sbIBaeT NOJOKHUTENBHBIN (P(EKT Ha OCHOBHBIE TOKa3a-
e AQO. JIo6aBka 25 Kr/T a30THOM KHCJIOTHI CITOCOOCTBOBAJIA TOBHIIICHHIO U3BICUCHUS
somora Ha 10-15%, mobaska 100 kr/r HNO, okasbiBana Oosnee 3HaYUTENLHBIA dQHEKT,
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OPUPOCT U3BJICUEHUS OTHOCUTENBbHO Oa3oBoro gocturain 20%. ConepxaHue 3070Ta B
XBOCTaX [IUAHUPOBAHUS CHUKAJIOCh B HECKOJIBKO pa3: HAa HU3KOYIIIEPOAUCTBIX MaTepHU-
anax B 2—3 pasza, Ha BBICOKOYIIIEpOAUCTHIX B 5—17 pa3. Crenenb okuciaeHus (ynaacHus)
VB npu no6aenennn 100 xr/t HNO, nocturana 85% (npu 6a30BOM 3HAYEHMU OKOJIO
10%). B pabote ObU10 MOKAa3aHO, YTO U3BJICUECHHUE 30JI0TA MPSIMO MPOMOPLIMOHATBLHO 3a-
BUCUT OT CTENEHU yJAJICHUsI OPraHUYecKoro ymieposaa. [IpumeuarenbHo, 4ToO ISl He-
KOTOPBIX MarepuasioB 3((HeKT OT J00aBKM a30THOM KHCIOThI CYIIECTBEHHO OTIMYAJICS.
J1y1s OONBITMHCTBA KOHIICHTPATOB a30THAsI KUCJIOTa CIIOCOOCTBOBAIA OKUCICHHIO YB 1
MOBBIIICHUIO U3BJICUeHHsI 30510Ta 10 98-99%, crenenp okucienus YB npu stoMm no-
crurana 85%. OgHako Ha OJHOM KOHLIEHTPATE yAaloCh yIAIUTh TobKo 50% YB npu
u3BJIeueHnH 3010ta 99%. 310 HaOMIOAEHKE ellle pa3 AOKa3bIBAaeT TO, 4TOo Y B Kaxoro
MECTOPOXKICHUSI YHUKAILHO MO CBOUM (PU3NYECKUM M XUMUYECKIUM CBOMCTBAM.

OnbITHI P MTOBBIIIEHHOM XJIOPUAHOM (hOHE MPOBOAMIUCEH Kak ¢ 1o0aBkoii (100 kr/T),
Tak u 0e3 1o0aBku HNO,. Kak 1 05k1/1a710Ch, TIOBBINIEHHOE COIEPKAHUE XJIOPU/I-HOHA
B mynblie AO oKa3aJio HEraTHMBHBIMA 3PQPEKT Ha U3BJICUEHUE 30JI0TA B OOOUX CIIydasix.
OnHako B OIbITaX ¢ JOOABKOM a30THOM KHUCJIOTHI M3BiIeUeHUE 30i10Ta ObUI0 Ha 10-20%
BbIlle. OUEBHUJIHO, YTO OCTABIIMIICS B MaTepHalie MOCIe OKUCICHUS C MCIOIb30BaHU-
em HNO, ymiepon no-npexHemy 00/1a1aeT COpOLMOHHON aKTHBHOCTBIO, M IOOUThCS €€
MIOJTHOTO TO/IABJICHUS HEBO3MOXKHO.

[TonyueHHble pe3ysbTaThl JOKa3aJIU MEPCIEKTUBHOCTH UCIIOIH30BaHMS @30THOM KHC-
JIOThI B KaY€CTBE OKUCIUTENS/TTaccuBaTopa nosepxuoctu Y B. Meron no3BosiutT MUHU-
MU3HPOBATh IOTEPH 30JI0TA, CBA3aHHBIC C ABTOKJIABHBIM U IIUAHUHBIM TPET-pOOOHH-
rom. [IpenoxxeHHas TEXHOIOTHSI MOKET OBITh YCIIEITHO MTPUMEHEHA HA COBPEMEHHBIX
ABTOKJIABHBIX MPEINPUATHSIX, 0€3 CYIIECTBEHHBIX KalUTAIbHBIX 3aTpaT. Pazpaboran-
Hasi TEXHOJIOTHUS SIBJISIETCSI YHUKAJIBHOU U 3amuiieHa narenrom PO RU2732819.

TECHNOLOGY OF AUTOCLAVE PROCESSING
OF CARBONACEOUS GOLD-BEARING CONCENTRATES
USING NITRIC ACID AS A SECONDARY OXIDANT

Gordeev D.V., Fomenko LV,

LLC Research Center «Hydrometallurgy», St. Petersburg, Russian Federation

Modern processing technologies of refractory gold make it possible to efficiently
process material with minimal gold losses, however, processing of materials with high
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content of organic carbon is still a big problem for modern gold mining industry due
to the phenomenon of pre-robbing. The pressure oxidation (POX) is one of the most
popular ways to process sulfidic gold-bearing concentrates. There are two types of
preg-robbing in the POX: the first appears during autoclave oxidation, and the second
in process of cyanidation of autoclave residue.

Specialists of the SRC «Hydrometallurgy» have developed a method for reducing
the sorption activity of a carbonaceous matter (CM), which consists in enhancing the
oxidation and passivation of its surface under autoclave conditions under action of
nitric acid. In this work a study was carried out to assess the fundamental possibility
of using nitric acid as a secondary oxidant in the POX process of gold-bearing concen-
trates with high content of CM.

5 refractory concentrates from various deposits with an organic carbon content of
0.5 to 3.6% were tested in this work, gold recovery during standard autoclave oxidation
of which (225° C, P, = 5 bar) varies from 70 to 90%. POX experiments consisted of
two stages: at the first stage sulfides were completely oxidized with oxygen, then at
the second stage a solution of nitric acid was fed into the autoclave, and the material
was over-oxidized for 30 minutes. There were tested two consumptions of nitric acid:
25 kg and 100 per ton of the original concentrate. In several experiments, chloride ion
was added to the initial slurry in an amount of 20 mg/L to determine its impact on gold
recovery.

In general, addition of HNO, has a positive effect on the main POX indicators. The
addition of 25 kg/t of nitric acid contributed to increasing gold recovery from 10 to
15%, the addition of 100 kg/t of HNO, had a more significant effect, the increase in
recovery relative to the standard experiment reached by 20%. The gold content in cy-
anidation tailings decreased several times, on low-carbon materials by 2—3 times, on
high-carbon materials by 5—17 times, the degree of CM oxidation (removal) with the
addition of 100 kg/t HNO, reached by 85% (with a base value of 10%). In this work it
was shown that gold recovery is directly proportional to the degree of organic carbon
removal. It is noteworthy that for some materials the effect of addition of nitric acid
was different.

For the most tested concentrates nitric acid enhanced the oxidation of CM and gold
recovery reached up to 98-99%, while the degree of CM oxidation reached 85%. How-
ever, with one concentrate, only 50% of the CM was removed with 99% gold recovery.
This phenomenon proves the fact that CM is unique in its physical and chemical prop-
erties for each material.

Experiments with an increased chloride background were carried out both with the
addition (100 kg/t) and without the addition of HNO,. As expected, the increased chlo-
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ride ion content in POX slurry had a negative effect on gold recovery in both cases.
However, in experiments with the addition of nitric acid, the recovery of gold was
10-20% higher. It is obvious that the remaining CM in the material still has sorption
activity after oxidation with addition of HNO,, and it is impossible to achieve its com-
plete inhibition.

The obtained results proved the perspectivity of nitric acid as an oxidizing agent
/ passivator of the surface of CM. The method can significantly minimize losses
associated with autoclave and cyanide pre-robbing. The proposed technology can
be successfully applied at modern autoclave plants without significant CAPEX ex-
penses. The developed technology is unique and protected by the Russian patent
RU27328109.
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BXOJHOM KOHTPOJIb AKTUBUPOBAHHOI'O YIUIAA
N3 CKOPJIYIIbI KOKOCOBOI'O OPEXA JJISA U3BJIEYEHUA
30J10TA U3 HIMAHUCTbBIX PACTBOPOB U1 I YJ/bII

Acmanuux C.B., Kaumanyee B.C., [Ipockypskosa H.A.,
Kosanes C.B., Kosanes E.B.

Uccnenosarensckuil neHtp AO «llontoc KpacHosipck»
(AO «ITomoc Kpacnosipck»), . Kpacnosipck, PO

AKTHBUPOBAHHBII Yrojib HA OCHOBE CKOPJIYIbl KOKOCA MPEACTABIIAET COOON MaTe-
puan ¢ BBICOKOM YIENbHOH IUIONIaJbl0 MOBEPXHOCTH, YTO MO3BOJISIET COPOMPOBATH
LIEHHBIE KOMIIOHEHTHI U3 TEXHOJIOTUYECKUX PACTBOPOB.

ChIpbe 17151 TPOU3BOACTBA AKTUBUPOBAHHOTO YISl pa3HOOOpa3Ho. s koMmaHuu
AO «Ilomoc KpacHosipck» HauOONBIIMI WHTEPEC MPEACTABISIOT aKTUBUPOBAHHBIC
YIJIH, TTOTYy4YaeMbI€ U3 CKOPIYIbl KOKOCOBOTO OpeXa, KOTOPbIE HIMPOKO UCIOIb3YIOTCS
B 30JI0TOJJ0OBIYE B THPOMETAIUTYPIHUECKUX MPOIECCAX «YTOJb B MYJbIIEH.

K akTuBHMpOBaHHOMY YIUIIO IIPEIBABISAETCS Psii TPeOOBaHMIM, 00ECTIEUNBAIOLIUX MU-
HUMAJIbHBIN yIENbHBIN pacxoa copOeHTa, H, COOTBETCTBEHHO, MUHUMAJIbHO BO3MOXK-
HBIE€ MTOTEPU 30J10Ta BMECTE C Pa3pyLIEHHBIM COPOEHTOM C XBOCTAaMU COPOLMOHHOTO
BBIIIIEJIAUUBAHMSL.

OcHOBHBIMHU TPeOOBaHUSAMU K COPOCHTY SIBJISIFOTCSI BBICOKAsi MEXaHUYECKas MpoU-
HOCTb, HU3KOE COJIEpKaHUE TUIOCKUX YacTHll, TpeOyeMas KpylmHOCTb, BIaXKHOCTh, Ha-
CBIMTHAS TJIOTHOCTH. J[J1 MOCTOSIHHOTO 0OecreueHus: ATUX TpeOOBaHUI OCYILECTBIIS-
€TCsl PETYJISAPHBINA BXOJAHOU KOHTPOJIb NAPTUN aKTUBUPOBAHHOIO YIUIS.

HaubGonee xputuuHbiM TpeOOBaHHEM K COpOEHTY SIBJIIETCS MEXaHUYecKas Ipod-
HOCTb, BEJIMYMHA KOTOPOMW OIPENEIseT MOTEPH 30JI0TA C YIOJIbHOW IBUIBIO U MEJIO-
YbI0 B XBOCTAaX COPOIMOHHOIO BBIIIEIAYNBAHMS, TAK KAK 3TU IOTEPU HA CETOAHSIIHHMA
JIEHb SABJISAIOTCA 0e3BO3BpaTHbIMU. VccienoBanue cCOpOCHTOB Ha JAHHBINA MOKa3aTelb
npoBoauTcs B Kommanuu o I'OCT 16188-70, cornmacHo KOTOpoMy JijIst OOJIbIIMHCTBA
COpOEHTOB MOKAa3aTelb MPOYHOCTH JIKUT B mipenenax 94-98%.

ConepxaHue TUIOCKUX YacTULl B aKTUBUPOBAHHOM YIJIE IIPH UCIIOIB30BAaHUU B IIPO-
M3BOZICTBE HA ONEPALMAX pa3/ieJIieHUs: COPOCHTA U MYJbIIbl, & TAKKE TPOXOUECHUS YIIIS
CUT C MPSAMOYTOJIbHBIMU STYEHKaMU Tak:ke 00YyCIIOBIMBAET BHICOKHE MOTEPHU 30JI0Ta C
YTOJIbHON MeNoYbto. ISl TECTUpOBAaHUS HA ATOT IMOKA3aTelb B HCCIEN0BATEIHCKOM
LEHTPE MPUMEHSIOTCS CUTA C IPSIMOYTOJIbHBIM CeueHneM siueek. Kak rnpasuio, Macco-
Basl J10JI4 IUIOCKUX YACTUIl HE IOJKHA MpeBbimarh 1-2%.
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Tonbko TOCIIE KOHTPOJIS BBIIIEU3I0KEHHBIX MTAPAMETPOB MPHU TOJI0KUTEITHHOM pe-
IICHUU BBITIONHSIOTCS MCCIIEIOBAaHMUS COPOIIMOHHBIX XapaKTePUCTHK aKTUBUPOBAHHO-
ro yris. Kak npaBuiio, oHM BKIIIOUAIOT B ce0s1 MOCTPOEHUE U30TEPMBbI COPOIIMU U UC-
CJIeTOBAaHNE KUHETUKHU COPOITMH C MPUMEHEHUEM TEXHOJOTUYECKUX MYJIbIT ACHCTBYIO-
IIETO MPOM3BOACTBA MO Pa3padO0TaHHBIM METOIUYCCKUM HHCTPYKITASIM.

JItst cokpareHusl HaKOILICHUST 30J10Ta B HE3aBEPIICHHOM MPOU3BOACTBE TPEIIPH-
ATHS YIIOBJICHHYIO 30JI0TOCOACPIKAIIYIO YTOJIBHYIO MEJIoYb MepepadaThIBatOT WIH OT-
MPABJISIIOT CTOPOHHEMY TTOTpeOuTent0 C pOCTOM KOJTMYECTBA HEKOHAUIIMOHHOTO COP-
OCHTa BO3PACTAIOT M IOTIOJHUTEIBHBIC YOBITKH JIJIST TIPEIITPUSATH.

Ha cerogusmHuil 1eHh Ha TPEINPHUATHIX KOMIIAHUU B MPOIECCaX COPOIMOHHOTO
BBIIIETAYMBAHISI IPUMEHSIOTCS JBa 00pasiia akTHBUpoBaHHOTO yriisi — Alcarbon IC55
npousBogctBa DONAU CARBON u HayCarb RPMC 1004 npoussoactsa HayCarb
Group. [IpombIieHHBIE TAPTUN ITUX COPOSHTOB TTOCTOSIHHO TTOJIBEPTAIOTCS MPOBEP-
K€ UX MEXaHUYECKOUW MPOYHOCTH U TPAHYJIOMETPUUECKOTO COCTaRBA.

[Tpu BHEApPEHNN HOBBIX COPOSHTOB B MPOM3BOJCTBO UX MCCIIEAOBAHUE TAKXKE TPO-
TEKaeT M0 aHAJIOTUYHOU cxeme (MeXaHuuecKasi IPOYHOCTh, COJEPKaHNUE TIOCKHUX Ya-
CTHIl, KPYITHOCTh, BII&YKHOCTh, HACHIITHAS TIJIOTHOCTB), C 00S3aTebHBIM HCCIIE0BA-
HUEM COPOIMOHHBIX XapakTepHUCTHK. [Ipr 3TOM Bce HOBBIE 00pa3Ibl CPABHUBAIOTCS C
AKTHBHPOBAHHBIM YIJIEM, IPUMEHSIEMbIM Ha JICHCTBYIONIEM ITPOU3BOJICTBE.

QUALITY CONTROL
OF ACTIVATED CARBON USED TO RECOVER GOLD
FROM CYANIDE SOLUTIONS AND SLURRIES

Astapchik S.V., Klimantsev V.S., Proskuryakova I.A.,
Kovalev S.V., Kovalev E. V.

Research Center, Joint Stock Company Polyus Krasnoyarsk,
Krasnoyarsk, Russian Federation

Activated carbon is characterized with a high specific surface area, which enables
adsorbing valuable components from the process solutions.

Activated carbon is produced from various source materials. Polyus Krasnoyarsk
is mainly interested in the coconut shell activated carbons, which are widely used for
gold sorption in the hydrometallurgical processes carbon-in-pulp (CIP).
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The activated carbon shell has a number of requirements to minimize its per-unit
consumption and, therefore, to reduce the gold losses in the CIP tails because of the
destroyed carbon.

The main requirements are high mechanical strength, content of flat particles, and
the particle size, moisture and bulk density. To ensure compliance with the require-
ments above we make regular quality control incoming activated carbon lots.

Mechanical strength is the most important characteristic because it determines the
gold losses with carbon dust and fines in the CIP tailings and these are irrecoverable
losses. In Russia and in Polyus Company we use GOST 16188-70 to control mechan-
ical strength. According to the company standard mechanical strength must be from
94% to 98%.

To minimize the content of flat particles mesh screens are widely used in technol-
ogy. Flat particles in the activated carbon give the serious problem to the gold losses
with the carbon fines. The Research Center uses slot mesh screens to complete tests
for this property. According to the standard, the mass content of flat particles must
be less than 2%.

If the control tests for the mechanical strength and the content of flat particles meet
the requirements the activated carbon sample is tested for its gold adsorption proper-
ties. The adsorption property control include the adsorption isotherm and the adsorp-
tion kinetic. The current slurries from the process are used for these tests.

Nowadays Polyus has to sell the gold-bearing carbon fines and it’s not technological one.

Two types of activated carbon are used in CIP processes of Polyus company: Alcar-
bon IC55 (produced by DONAU CARBON) and HayCarb RPMC 1004 (produced by
HayCarb Group). Commercial-scale lots of these adsorbents are continuously tested to
determine their mechanical strength and particle size distribution.

All new adsorbents are tested according to the described procedure: mechanical
strength, flat particles content, fineness, moisture content, bulk density and adsorption
properties. All new samples are compared with the activated carbon currently used in
the process.
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CHUHTE3 META/VIMYECKHUX
HAHOYACTHUI UPUIUA B ABTOKJIABE

bopucos P.B., benoycos O.B.

OI'bHY ®enepanbhblil uccnegoBarenbckuil HeHTp «KpacHospckuii HayuHbii 1ieHTp CO PAHY,
HNucturyt xumun xumuueckoi texnonoruu CO PAH, r. Kpacnosipck, Poccus

[Topomiku TIaTHHOBBIX METANIOB HAXOJST IIMPOKOE NMPUMEHEHHUE B Pa3HOOOpas-
HBIX c(epax: B NMEKTPOHUKE, B BOJOPOJHON SHEPreTHKE, B OMOJIOTMYECKUX U KaTa-
JUTUYECKUX UccaenoBaHuax. OQHO U3 KIIFOYEBBIX HAMPABIECHUN — CO31aHue (PyHKIU-
OHaJIbHBIX HAHOMATEPUAJIOB Ha OCHOBE IUIATUHOBBIX METAIIOB. Vcronbs3oBaHue me-
TaJUIOB IJIATMHOBOMW TPYMIBI B KAUECTBE KaTaJIU3aTOPOB TPEOYET BHICOKUX 3HAYCHHIM
MOBEPXHOCTH C LIEJIbI0 00€CTIEYNTh MAKCUMAJILHO BO3MOXKHOE KOJIMYECTBO KaTalluTH-
YECKHM aKTUBHBIX LIEHTPOB. [103TOMY pa3paboTka HOBBIX METOJOB CHHTE3a IUCIIEpC-
HbIX HAHOMATEPHUAJIOB UMEET PEIIAIONIEE 3HAUCHHE ISl UX MTOCIEAYOUIErO PUMEHE-
HusA. HaHouyacTuibl METAJIOB IUIATUHOBOW TPYIIbI MPOAEMOHCTPUPOBAIA MPEBOC-
XOJIHYI0 KaTaJIUTUYECKYI0 aKTUBHOCThH MO CPABHEHUIO ¢ UX OOBEMHBIMU aHAJIOTaMH
U3-32 UX OOJBIIOr0 OTHOIICHHUS IUIOIIAIN MOBEPXHOCTU K 00bemy. OTinHyuTeNnbHas
0COOEHHOCTb UPHUHS — KHHETHYECKasl 3aTOPMOKEHHOCTD ITPOLIECCOB C €T0 YYACTHEM.
Hecmotpst Ha MCnonb30BaHME CHUIIBHBIX BOCCTAHOBHTEINEH, MPOLECChl 00pa30BaHUS
METAJUINYECKUX YACTHULl B OTKPBITBIX CUCTEMAX IPOTEKAIOT BECbMA HE3HAUYUTEIBHO U
CONPOBOXKJAKOTCSI BBEIECHUEM MHOTOKPATHOTO M30bITKAa BOcCTaHOBUTENA. [I0BBICHTH
3¢ (HEKTUBHOCTH BOCCTAHOBIJICHHSI ITO3BOJISIET MPOBEACHUE MPOLIECCOB MPHU MOBBILIEH-
HBIX TEMIIEPATypax B 3aKPBITHIX CUCTEMAX.

B nacrosiei pabote uccienoBaHbl MPOIECChl MOMYYSHHUs] HAHOYACTULl UPUIIUS U3
KOMILJIEKCHBIX COEIMHEHMI B BOIHBIX Cpelax P pa3IMuHbIX 3HaYeHUsX pH npu rem-
neparypax 130—-180°C B 3akpbIThIX cucTeMax. B kauecTBe BOCCTaHOBUTES UCITONIB30-
BaJIM OOPOTUAPU]T HATPUS U TUAPA3UH THJIPAT.

YcTaHOBIIEHO, YTO BOCCTAHOBJICHUE OOPOTHAPUIOM HATPUSI BOJHBIX PACTBOPOB I'eK-
caxyiopoupuaara(lll) kanus B mmpokom nuanazone pH npu remneparypax 130—-180°C
npoucxogut B teueHne 5—30 muHyT. B ciiydae runapasmH-rupara BOCCTaHOBIICHUE
nporekaeT MeHee 3(h(PEeKTUBHO, HA CTEHKaX aBTOKJaBa 00pasyeTcsl 3epKalio, BOcCTa-
HaBIIMBaeTCsA TOJAbKO 10 70% upuaus. Bapeupysa Bpemst u pH ucxogHeix cucrem, a
TaKe UCXOHYIO KOHIIEHTpAIHo Ir’" B pacTBOpe, OB CHHTE3UPOBAH PsiJ] TIOPOIIKOB.
OO6pazyromuecs: 0caiku, COIACHO TAHHBIM PEHTTeHO(PA30BOT0 aHAIN3a, PEACTaBIe-
HBI TOJIBKO (pa3oit MeTasmmueckoro upuaus. st 60abIIMHCTBA 00Pa31I0B XapaKTepHbI
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3HAUUTEIbHBIC YITUPEHUS JIUHUSI, KOTOPbIE MOTYT OBITh O0YCJIOBIEHBI MaJOCThIO Pa3-
MEPOB KPUCTAIUIUTOB. MeTO10M HU3KOTEMIIepaTypHOI ra30Boil acopOIuu a3ora pac-
cuMTaHbl ¢ momolibo moaenu BET ynenbHble HOBEPXHOCTH CUHTE3UPOBAHHBIX MaTe-
pHaioB, KOTOPBIE JIEXKAT B Auana3one 10 50 M*/T B 3aBUCUMOCTH OT YCJIOBUH CHHTE3a.
Cpennue pa3Mepbl HAHOYACTUI] UPUAUS, COITIACHO JAHHBIM CKaHUPYIOIIEH 3IEKTPOH-
HOM MUKPOCKOIHUH, HaxoasTcd B quana3zone 3—300 aM. OTMeueHa CKIIOHHOCTh UPUIAUS
K arperaiuy B LETOYKH.

OnpeneneHsl mapaMeTpsl I MOJIYyYEHU HAHOYACTUL UPUINS ¢ pa3MepaMu 3—5 HM
u (popmupoBaHus UpUAHICOACPKAMUX (QYHKITMOHATHHBIX MAaTEPHATIOB B THIPOTEP-
MaJIbHBIX YCIIOBUSIX.

Paboma evinonnena 6 pamkax eocyoapcmeennoco saoanus Huncmumyma xumuu
u xumuyeckou mexnonocuu CO PAH (npoexm 0287-2021-0014) c ucnonvzosanuem

obopyoosanusa Kpacnospckoeo pecuonanbnozo yenmpa KoiieKmueHo20 nolb3068aHUs.
QU] KHI] CO PAH.

SYNTHESIS OF IRIDIUM NANOPARTICLES IN AUTOCLAVE

Borisov R.V., Belousov O.V.

Institute of Chemistry and Chemical Technology of the Siberian Branch of the Russian Academy
of Sciences — a separate division of FSC KSC SB RAS, Krasnoyarsk, Russia

Platinum metal powders are widely used in various fields such as electronics,
hydrogen energy, biological and catalytic research etc. One of the key areas is the
design of functional nanomaterials based on platinum metals. The use of platinum
group metals as catalysts requires large surface area in order to provide the maximum
possible number of catalytically active sites. Therefore, the development of new
methods for the synthesis of dispersed nanomaterials is of decisive importance for
their subsequent application. Due to their large surface area to volume ratio, platinum
group metal nanoparticles have shown superior catalytic activity compared to their bulk
counterparts. A distinctive feature of iridium is the kinetic inhibition of processes with
its participation. Despite the use of strong reducing agents, the processes of formation
of metal particles in open systems proceed very insignificantly and are accompanied
by the introduction of a multiple excess of the reducing agent. The recovery efficiency
can be increased by carrying out processes at elevated temperatures in closed systems.
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In this work, we investigated the processes of iridium nanoparticles synthesis from
complex compounds in aqueous media at different pH values at temperatures of 130—
180°C in closed systems. Sodium borohydride and hydrazine hydrate as reducing
agents were used.

The reduction of aqueous solutions of potassium hexachloroiridate (IIT) with sodium
borohydride in a wide pH range at temperatures of 130-180°C was found to occur
within 5-30 minutes. In the case of hydrazine hydrate, the reduction proceeds less
efficiently, with a mirror forming on the walls of the autoclave, and only up to 70%
of iridium reducing. By varying the time and pH of the initial systems, as well as the
initial concentration of Ir** in the solution, a number of powders were synthesized. The
resulting precipitates, according to X-ray phase analysis, are represented only by the
metallic iridium phase. Most of the samples exhibited a significant line broadening,
which may be due to the small size of the crystallites. Using the low-temperature gas
adsorption of nitrogen method, the specific surface areas of the synthesized materials
were calculated using the BET model, which are in the range of up to 50 m?/g, depending
on the synthesis conditions. According to the data of scanning electron microscopy, the
average sizes of iridium nanoparticles are in the range of 3—300 nm. The tendency of
iridium to aggregate into chains was found.

The parameters for iridium nanoparticles with sizes of 3—5 nm and the formation
of iridium-containing functional materials under hydrothermal conditions were
determined.

This work was conducted within the framework of the budget project # 0287-2021-
0014 for Institute of Chemistry and Chemical Technology SB RAS using the equipment
of Krasnoyarsk Regional Research Equipment Centre of SB RAS
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BbICOKOTEMIIEPATYPHOE ABTOKJIABHOE OKUCJIEHUE
30JI0TOCOJAEP)KALIETO ChIPbSI IBOMHOMN YIIOPHOCTH

Jlaesckuu C.U., maaowiuii HayuHwlll cOMpyOHUK

Jlax C.HU., enaenuiii unoicenep, K. m. H.
Mapxenos A.B., gedywuii HayyHvlli COMPYOHUK, K.M.H.

000 «HUII «I'uppomeramnyprus», Cankr-IlerepOypr, Poccus

B nocneanue roasl KpynHbie 3070TO100bIBAIOIINE KOMIIAHUHU, KaK POCCHUICKUE,
TaK U 3apyO0eKHBIC 3aHUMAIOTCSI BOBJICUECHUEM B IIepepabOTKy YIIOPHBIX PYII, B CBSI-
3 C UCTOIIEHUEM 3aM1acOB IMIPOCTOTO JIJIs MepepaboTKU Chipbsi. TecHas accolranus
30J10Ta C CyJIb(pUIHBIMA MUHEPAJIaMH (B OCHOBHOM MUPUTOM M apCEHOTUPUTOM) H
HaJIN4ue COPOIMOHHOAKTUBHOIO YIJIIEPOJAUCTOrO BEIIECTBA SIBJISIIOTCA MPUUYMHAMU
YIIOPHOCTHU 30JI0TOCOJEPIKAIIUX KOHIEHTpATOB. s BCKPBITUS CYIb(PUIOB yIIOp-
HOTO 30JI0TOCOJIEPIKAIETO ChIPbs Yallle BCEro MPUMEHSIOT OaKTepUabHOE OKHUC-
JIeHUE, aBTOKJIAaBHOE OKHCJICHUE UJIM OKUCIUTENbHBIN 00xur. [lotepu 30mota, cBs-
3aHHBIC C HAJTUYUEM OPTaHWYECKOTO YIIiepoja OOBSICHSIIOTCS CIIOCOOHOCTHIO yTIie-
POIMCTOTO BEILIECTBA aICOPOMPOBATh HA Ce€0s 30JI0TO KaK BO BPEMsI aBTOKJIABHOIO
OKHCJICHMS, TaK U BO BpeMs I[[MaHUPOBaHUs. [[aHHOE sSBJIECHHUE MOJYUYMJIO Ha3BaHUE
nper-poOOuHT.

ABTOKIIaBHOE OKHCJICHUE SBIISICTCS OJHUM M3 HamOoiiee 3((HEKTUBHBIX CIIOCOO0OB
nepepadOTKU 30JI0TOCOAEPKAIMX KOHLIEHTPATOB M pyJ ABOMHOW yHOPHOCTU. ABTO-
KJIAaBHOE OKHCJICHHE TapaHTHPYET HauOoJiee BHICOKOE M3BJIEUEHUE 30JI0Ta, BHICOKYIO
CKOpPOCTBH MPOIECcCa BCKPBITHS 30J10Ta, a TAK)KE OTIIMYAETCS DKOJIOTHYECKoi Oe3omac-
HOCTBIO, TI0 CPAaBHEHHIO C IPYTUMH CIIOCOOaMMU.

TexHOMOTHS aBTOKJIABHOW TEPepadOTKU CYIb(PUIHBIX 30JI0TOCOACPKANINX PYI U
KOHIICHTPATOB HAa BCEM MPOTSHKCHHUH €€ CYIIECTBOBAHUS UMEET TCHJICHIIMIO K MOBBI-
IICHUIO KJIIOYEBBIX MMapaMeTpoOB IMpollecca: TeMIeparypbl U AaBieHus. [loBbiienne
apaMeTpOB MO3BOJISET CYIIECTBEHHO YCKOPUTD MPOIIECC OKUCICHUS CYIb(PHUIOB, TEM
CaMbIM YBEJIMYWBas MMPOU3BOAUTEILHOCTh TEXHOIOTHH.

B nannoit pabote /15t BO3AEHUCTBUS HA YIVIEPOJUCTOE BEIIECTBO MYJIbITy B aBTOKJIA-
BE MOCJIE MOJTHOTO OKUCIICHUS BBIAEPKUBAIM IPU PaOOUMX MapaMeTpax U MOCTOSTHHOM
NepeMelIMBaHNM B TEUEHUE OMNPEACIIEHHOTO BpeMeHU. J[ns ycuneHus BO3IEHCTBUS
TEeMIIepaTypa aBTOKJIABHOTO OKHCIIEHUs Oblia oBkimeHa 10 250°C, a obmias mpood-
KUTEITBHOCTH BBIJIEPKKH MYJIbIIbI B ABTOKJIABE MOCJIE 3aBEPILICHUS OKUCIICHUS CYNb(pu-
JIOB cOCTaBiIsiyia 1o 6 4acoB (ITPOLIECC aBTOKJIABHOTO MEPEOKUCIICHHUS).
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B xone BeimonHeHus: paboThl OBLIN MOMTYYEHBI 3aKOHOMEPHOCTH BIHMSHUS MPOJ0I-
KUTEIBHOCTH BBIICPKKU HA YIaJIEHUE YITIEPOAMCTOrO BEIIECTBA U U3BJICUEHHUE 30J10-
Ta. J{st Maso- ¥ cpeHeyIIepOIUCThIX KOHIEHTPATOB BEICOKOTEMIIEPATYPHOE OKUCIIE-
HHUE C MPOJOHKUTEIBHOCTHIO MepeokucieHust 30 MUHYT 1aéT BO3MOXXHOCTb MOAHSATD
U3BJIEYECHHE 30J10TA U3 KOHIIEHTPATOB 10 97-99%. OnTumansHas IpoaOJKAUTEIBHOCTH
MIEPEOKUCIICHHS BRICOKOYTIIEPOUCTHIX KOHIICHTPATOB COCTaBIsIeT 1—6 4acoB U 3aBU-
CUT HE TOJIbKO OT COZIEpKaHUsI OPTaHUUYECKOTO YIJIepo/ia, HO U OT €r0 CBOMCTB, SIBJISI-
IOUIUXCSl YHUKAJIbHBIM JJIs KaXKJI0TO MecTopokaeHus. JlabopaTtopHblie Ucclie0OBaHUs
IPOAEMOHCTPUPOBAIIH, YTO ABTOKJIABHOE OKUCIIEHHE OPraHUYECKOT0 yIiiepoaa npoTe-
KaeT 3HAYUTEJIbHO MEJIJIEHHEE, YEM OKHCIIEHUE CYIb(PUA0B, U TpeOyeT He MeHee 16 u.
VYBenuueHHoe BpeMs MpeObIBaHUsI MaTepHaia, CBepX HE0OXOIMMOro JUIsl OKUCIICHHUS
Cynb(GUIHBIX MUHEPATIOB, ABIISETCS 3()(PEKTUBHBIM CIIOCOOOM TIEPEpabOTKH 30JI0TOCO-
JepKaIuX KOHIICHTPATOB JABOMHOM yIOPHOCTH, 00ECTIEUMBAIOIINM JOCTHKCHHUE BbI-
COKHMX TE€XHOJIOTUYECKUX TTOKa3aTesei.

HIGH TEMPERATURE PRESSURE OXIDATION
OF DOUBLE REFRACTORY GOLD MATERIALS

Laevskiy S.1., Junior researcher
Lyakh S.1., Chief Engineer, PhD,
Markelov A. V. Senior researcher, PhD

LLC SRC Hydrometallurgy, Saint-Petersburg, Russia

Large gold mining companies, both Russian and foreign, have been engaging
in refractory ore processing, in recent years, due to the depletion of reserves of
raw materials that are easy to process. The close association of gold with sulfide
minerals (mainly pyrite and arsenopyrite) and the presence of carbonaceous matter
sorbing gold on itself are the reasons for the refractory of gold-bearing concentrates.
Bacterial oxidation, autoclave pressure oxidation or oxidative roasting are most of-
ten used methods to break open sulphides of refractory gold-bearing materials. The
losses of gold associated with the presence of organic carbon in gold-bearing raw
materials are explained by preg-robbing phenomenon. Pre-robbing is the ability of
a carbonaceous matter to adsorb gold on itself both during autoclave oxidation and
during cyanidation.
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Autoclave pressure oxidation is one of the most efficient ways to process gold-bear-
ing and double refractory ores and concentrates. Autoclave oxidation guarantees the
highest gold recovery, high speed of the gold opening process, and it’s also environ-
mentally friendly compared to other technologyes.

The technology of autoclave processing of sulphide gold-bearing ores and concen-
trates throughout its existence tends to increase the key parameters of the process:
temperature and pressure. By increasing the parameters, it is possible to significantly
accelerate the oxidation process of sulfides, thereby increasing the productivity of the
technology.

In this paper slurry after the complete oxidation was kept at the operating parameters
for a certain time to influence the carbonaceous matter. To strengthen the influence, the
temperature of the autoclave oxidation was increased to 250°C and the total retention
time of the slurry in the autoclave was up to 6 hours.

Regularities of the influence of the retention time after autoclave pressure oxidation
on the removal of carbonaceous matter and the recovery of gold have been obtained.
Gold recovery raises to 97-99% from low- and medium-carbon concentrates with the
help of high-temperature pressure oxidation with a retention time of 30 minutes. The
optimal duration of the retention time of high-carbon concentrates is 1-6 hours and
depends not only on the content of organic carbon, but also on its properties, which are
unique for each deposit.

Laboratory studies have shown that the autoclave oxidation of organic carbon pro-
ceeds much slower than the oxidation of sulfides and requires at least 1-6 h. Increased
temperature and retention time of the material, in excess of that required for the oxida-
tion of sulfide minerals, is an effective method for processing double refractory gold
concentrates, ensuring the achievement of high technological parameters.
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PACTBOPEHUE META/IVIMYECKHUX POAUA
N UPUAUSA B ABTOKJTABHBIX YCJIOBUSAX

Axumenko A.A., benoycos O.B., bopucos P.B.

HNHCTUTYT XUMUK U XUMHYECKON TEXHOJIOTUU
Cubupckoro otaenenust Poccuiickoli akaieMun HayK — 000COOICHHOE MOIpa3ieiIcHUe
OUILL KHIL CO PAH, r. Kpachosipck, Poccust

Ponuii n upuanii — Hanbosiee HEPTHBIE METAILIBI TUIATUHOBOM TPYIIIIBI, TTIOITOMY
METO/Ibl UX IEPEBO/IA B PACTBOP HE TPUBUAJIBHBI. B TO 5k€ Bpems perieHue 3Toil 3a1auu
KpaliHe aKTyaJbHO B O0JIACTSAX MPUKIIATHON, aHATUTUYECKOM XUMUU U METAJUTYPIHH.
Cy1iiecTByoIMe METO/Ibl PACTBOPEHUS ITUX METAJUIOB XapaKTEPU3YHOTCS OOJBbIINM
KOJIMYECTBOM OIlepalii, TPyIOEMKOCTbIO. A TaKXe OHU HE Bcerga 00eCTOYMBAIOT
TpeOyeMyI0 YHCTOTY MPOLYKTOB pacTBOpeHHus. Mcciemyemple METOAbl OJHOCTaIUM-
HOTO MEepeBOJia TUIATUHOBBIX METAJUIOB B PacTBOpP OONANalOT PSAOM IPEUMYILIECTB.
PacTtBOopeHue MeTaysioB IUIaTUHOBOM I'PYIIIBI B THAPOTEPMANIBHBIX YCIOBHSIX MEHEE
TPYZLOEMKO, 3KOJIOTUYHO,HE ITPUBOIUT K IIOTEPSIM LIEJIEBOTO MIEMEHTA U 3arPSI3HEHUIO
npumecsMu. [IpuHrMas BO BHUMaHUE MPEUMYIIECTBA, KOTOPBIE ONMHUCAHBI BBILIE, MOXK-
HO T'OBOPUTH O TOM, YTO pa3pabOTKa TEXHOJIOTMYECKU 3(PPEKTUBHOIO METOIa PACTBO-
peHUst POAMS M UPUIUS KaK JJisl MOCIENYIOEro aHATUTHUYECKOrO ONPEeIeHUs], TaK
U JUIsl TEXHOJIOTUYECKOW NepepabOTKU ChIpbsl, COAEPKAILETO 3TU METALIbI, SIBISETCS
AKTyaJIbHOM 3a/1a4ei.

Lenp HacTosmeil padOTHI 3aKIOYAIACh B MCCIECIOBAHUU BIIUSAHHS TEMIIEPATYpHI,
BpPEMEHU TIpolecca, pa3MepPOB YACTHULl, OKUCIHUTENEH Ha MPOLECCHl pACTBOPEHUS Me-
TaJUIMYECKUX, POIUS U UPUIHSL.

JUJIs1 ONBITOB 10 PACTBOPEHMIO HUCIIOJIB30BAIM METAJUIbI PA3JIMYHON AUCIIEPCHOCTH.
WccnenoBanusi MpOBOAWIM B CPEIE CONSIHOM KHCIIOTBI, B KQUECTBE OKUCIMUTEIS UC-
M0JIb30BAJIM O0ABKHU JIMOKCUJA MapraHia U MepoKCHAa BOAOPOJA B TEMIIEPATYPHOM
nuanasone 170-210°C.

PesynbraTel Hcciie0BaHUI OKa3al, YTOMJIS IPAKTUYECKU KOJMYECTBEHHOTO pac-
TBOPEHMS UPUIMEBON YEPHU B CPEJIE€ COJISTHOM KHUCIOTHI B IPUCYTCTBUU JUOKCHU Map-
raHia Heobxoguma temmneparypa He menee 195°C. B mpoTuBHOM ciiydae, mOJHOTA
pactBopenus He npesbiana 20%. [TokazaHo, 4TO MOTHOTA U CKOPOCTh PACTBOPEHUS
METAJUIMYECKOI0 UPHUIMS 3aBUCUT OT YZIE€JIBbHOM IUIOIIAIA TOBEPXHOCTHU U pa3Mepa Ja-
ctuil. B nepByto odyepenn pacTBopsAroTcs Oosiee Menkue dacTuipl. KoMmakTHbl Me-
TaJuUl B JAHHBIX YCJIOBUSIX MPAKTUYECKU HE pacTBOpUM. Ciie0BaTeabHO, HEOOX0IUMO
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U3MeJIBYeHUE MeTallla nepes mpoieccoMm. JlobaBieHre nepekucu Boopoja B CUCTeE-
MY, 3HAYUTEIBHO MOBBIIIAET CKOPOCTh U MOJHOTY PACTBOPEHHSI.

YcTaHOBIIEHBI TeMIEepaTypbl, HEOOXOIUMbIE NIl pacTBOpeHUsT a@pUHUPOBAHHOTO
UPHUINS ¥ POAMS B BHJIC KOMIIAKTHOTO METAJUIaB MPHUCYTCTBUH TEPEKUCH BOIOPOA.
Ponuii pacTBOpsI€TCSI KOMMUECTBEHHO JIaXKe B KOMITAKTHOM COCTOSIHUM.

Ha ocHOBaHMM NIPUBEAECHHBIX JAaHHBIX MOYKHO MPEAIOIararh, 4TO IMPH MOBBIIIEC-
HUU TEMIIEpaTypbl Mpoliecca, MPOUCXOAUT CMEHA MEXaHW3Ma PACTBOPEHUS METaJI-
noB. [lonnManve MexaHu3Ma PacTBOPEHUsI B 00JaCTU BBICOKMX TeMIEpaTyp, Io-
3BOJIUT pa3padoTaTh METOIMKY KOJMYECTBEHHOTO, OMHOCTAIUWHOTO PACTBOPECHUS
poaust 1 upuausA. UTo MOKET OBITh TOJIE3HO KaK I aHAJTUTHYECKOTO OIpeaeie-
HUS JIATUHOBBIX METAJIOB, TAK B TEXHOJOTUU MEPEepabOTKU ChIPbS, COJAEpIKaIlle-
ro MIII, Tak 1 A4 MOJyYECHUSI KOMIUJIEKCHBIX COCIMHEHUM C BBICOKOW CTEIEHBIO
YUCTOTHI.

DISSOLUTION OF RHODIUM
AND IRIDIUM METALS IN THE AUTOCLAVE

Akimenko A.A., Belousov O.V., Borisov R. V.

Institute of Chemistry and Chemical Technology of the Siberian Branch of the RAS —
Division of Federal Research Center “Krasnoyarsk Scientific Center of the Siberian Branch
of the RAS”, 24, bil. 50, Akademgorodok, Krasnoyarsk, Russia

Rhodium and iridium are the most chemically inert metals of the platinum group,
therefore the methods oftransfering metals into solution are non-trivial. Also addressing
the task is extremely important for applied and analytical chemistry and metallurgy
at the present time. The existingmethods used for dissolution of these metals are
characterized by a huge amount of operations and labour intensity. Furthermore,
these methods cannot provide appropriate purity level of dissolution products in some
cases. One-step methods of transfering metals into solution covered in the study have
a number of advantages. Dissolution of platinum group metals under hydrothermal
conditions is less laborious, ecologically acceptable, and does not result in reduction
of the target element and contamination with impurities. Taking into account the
advantages described above, it can be said that the development of a technologically
efficient method for dissolution of rhodium and iridium is a current challenge both
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for following analytical determination and for the technological processing of raw
materials containing these metals.

The study purpose was to examine the effect of temperature, processing time, particle
sizes, and oxidizing agents on the dissolution of rhodium and iridium metals.

Metals of different dispersion degree were examined for dissolution. The
experiments were carried out in hydrochloric acid environment; manganese dioxide
and hydrogen peroxide additives were used as an oxidizing agent in the temperature
range 170-210°C.

The study revealed that a temperature of at least 195°C is required to practically
quantitative dissolution of iridium metal powder in hydrochloric acid environment
with use of manganese dioxide. Otherwise, the efficiency of dissolution did not exceed
20%. It is demonstrated that the efficiency and the rate of dissolution of iridium
metal depend on the specific surface area and particle size.The finer particles dissolve
first. The compactmetalparticles are almost undissolving under these conditions.
Consequently, it is necessary to grind the metal before the process.The efficiency
andthe rate of dissolution can be significantly increased by adding hydrogen peroxide
to the system.

The temperatures required for the dissolution of refined iridium and rhodium in
the form of a compact metal with hydrogen peroxide added have been set. Rhodium
dissolves quantitatively even in the compact metal form.

Based on the data presented, it can be assumed that the mechanism of metal dissolution
changes due to an increase in the temperature of the process.An understanding of the
dissolution mechanism in the high temperature rate will contribute to the developmentof
a method for the quantitative one-stage dissolution of rhodium and iridium. This may be
useful for such tasks as the analytical determination of platinum metals, the technology
of processing raw materials containing PGMs and obtaining complex compounds with
a high purity degree.
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HNPUMEHEHMUE OIIEPALIUN
I'OPAYEI'O KOHANIINOHHUPOBAHMUA ITYJIbIIbBI
PA3I'PY3KH ABTOKJIABA C I EJbIO CHUKEHUSA
HNHKAIICYJIALINUUA 30JI0TA MUHEPAJTAMMU KEJIE3A (I1I)
N NOBBILIEHUSA U3BJIEYEHUA

Bonkoe A.B., Kopmun A.B., Cacumos PX.

00O «AMypckuil ruAPOMETAIUTYprudecKuii KoMOuHar», . AMypck, Poccus

000 «AMypckuii THAPOMETATUTYPTUUECKUN KOMOMHATY) CHIEIUATN3UPYETCS Ha W3-
BJIICYCHUH 30J10Ta U3 YMOPHBIX 30J0TOCYIb()HUIHO-MBIIIBIKOBBIX KOHIIEHTPATOB Me-
TOJIOM aBTOKJIABHOTO OKMCIJIEHHUS KHCIOPOAOM MO JABJIECHUEM C MOCIEAYIOIENH Hel-
Tpanu3aluen IPOAYKTOB OKUCIECHUS U COPOIMOHHBIM [IMaHUpOBaHUEM. [ 0TOBO Mpo-
nykiueir KomOunara siBisieTcst 3oi0tocepedpsiabiii cra Jlope. M3Bneuenue 30mota
coctaBisieT oT 94 10 97,6% B 3aBUCMMOCTHU OT TUIIA IEPEPaOATHIBAEMOTO ChIPbS.

B npouecce Boieuenus B nepepadotky Ha AI'MK B 2019 1. BBICOKO MBIIIBSKO-
BUCTOTO KOHIIEHTpara bakeipunkckoro mecropoxaenus (Kazaxcran) npousonuio He-
KOTOpOE€ CHW)KCHME W3BJIeYeHUs 30510Ta. C LENbI0 BBISBICHUS IPUYHUH MOBBIIICHUS
HOTeph 30J10Ta MPOBEIEHBI (PA30BBIA U MUHEPATOTUYECKUN aHAJIU3bl MPOIYKTa pa3-
I'Py3KH aBTOKJIaBa U XBOCTOB COPOLIMOHHOIO ITMaHUpOBaHus. B pesynbrare nposeaeH-
HBIX MCCIIEIOBAaHUH BBISBIIEHO, YTO OCHOBHBIE TIOTEPH 30JI0TA B XBOCTAX COMPSKEHBI
OoJbIIIel yacThio ¢ oOpa3zoBaHueM B aBTokiaBe (pa3el BFAS — ocHOBHBIX cynbdoap-
cenaros xenesa (II1) obmen popmynnr Fe(AsO,), (SO,) (OH),, nHKancymmpyromumx
4acTh 30J10Ta. Takke HEKOTOpas 4acTh 30J0Ta HAXOAMUTCS IO/ IJIEHKAMH OCHOBHOTO
cynbdara xene3a u ckopoauta. [lomns 30m0Ta B maHHBIX (hopmax coctaBisetr 52—57%
OT COZIepKaHusA ero B XBocTax copoumu; OcakjeHue BTOPUYHBIX MUHEPAJIOB JKeJe3a
(III)mpoucxoauT MpeuMyIIECTBEHHO B XBOCTOBBIX OTCEKaxX aBTOKJIAaBa B PE3yJbTare
OKHUCJICHUS B KUIKOM (aze mynbiibl xenesa (I1) qo sxenesa (III) u ero mocneayromiero
ruaponnsa npu temreparype 200-205°C u KoHIeHTpauu CepHOM KUCI0ThI > 20 T/11.

C nenblo CHMXKEHHUS NOTEPh 30JI0Ta B XBOCTaX B PE3yJIbTATe WHKAICYJSALUHA BTO-
PUYHBIMU MUHEpasiaMu kenie3a, B 2020 r HaMu ObUIM HCCIIEOBaHbl HECKOJIBKO Me-
TOJIOB U3 KOTOPBIX HaUOOJBIYI0 3PPEKTUBHOCTH MOKA3aJ MPOIECC TOPSUero KOHIu-
LAOHUPOBAHUS IYJIBIIBI, Pa3rpyKa€MOW U3 aBTOKJIaBa. /IaHHBIM METOJ 3aKIIFOYAECTCA
B BBIJIEP/KKE MEPEMEIIMBAEMON MYJBIIBI U TeEMIlepaType okono 95°C B TeueHue 3a-
JTaHHOTrO BpeMeHu. [Ipu »ToM moja JelcTBUEM CEpHOM KUCIOThI, 00pa30BaHHON B aB-
TOKJIaBE, MPOUCXOJIUT MOCTENEHHBIN MEepexo/l OCaKIeHHbIX MuHepasoB xerne3a (I1I) B
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pacTBOp M TaKUM 00pa3oM, 30JI0TO, 3aKITIOYEHHOE B (ha3e OCHOBHBIX CyIb(oapceHaToB
’&Kee3a, 0CBOOOXKIAETCS M CTAHOBUTCS TOCTYMHBIM Ui TMaHUpoBaHus. B pesynbra-
T€ NMPUMEHEHUS ONEPALUH TOPSIYEr0 KOHAUIIMOHUPOBAHUS JTOCTUTAETCS TTOBBIIICHUE
U3BIICYCHUS 305I0Ta Ha 2—2,5%. BaxkHOW 0COOEHHOCTHIO TAaHHOTO TIpollecca SIBISICT-
Csl MO00p ONTUMAIBLHOTO BPEMEHU BBIJICPKKH MYJbIbl. B Halllem ciiyudae onTumaib-
HOE BpeMs KOHAUIIUOHUPOBAHUS COCTABISECT S—6 4acoB. YUUTHIBASI, YTO MPU TOPSUECH
BBIJICPXKKE B PAcTBOpPE 3HAYMTENILHO MOBBIIMIAETCS KOHIEHTpAIUs Cylb(ara keie3a
(IT1) 1 MBIIBAKOBOW KHUCIOTHI C OJJHOBPEMEHHBIM CHUKEHUEM KOHIIEHTPAUU CEPHOM
KHUCJIOTBI — B CJIy4ae MPEBBIIICHUS] ONTUMAJIBHOTO BPEMEHH BBIJEPKKU MOCTENEHHO
NpOTEKaeT mpoiecc oopazosanus pasel ckopoaura FeAsO,*2H,0, criocobHOro BHOBb
MHKAICYJIMPOBaTh YacTh 30JI0TA.

[Io pesynpraram mnpoBeneHHbIX wHccinenoBanuii, Komnanueit «llonumeranm B
2020 r. npunsTo peuerue o crpoutesbcTBe Ha OO0 «AI'MK» yuactka ropsuero KoH-
JTULUOHUPOBAHMSL.

USE OF THE AUTOCLAVE DISCHARGE SLURRY
HOT CONDITIONING OPERATION TO REDUCE THE GOLD
ENCAPSULATION BY FERRIC (1II) MINERALS
AND INCREASE ITS EXTRACTION

Volkov A.V., Kormin A.V., Sagitov R.Kh.

Amur Hydrometallurgical Plant LLC, Amursk, Russia

Amur Hydrometallurgical Plant LLC focuses on extracting gold from refractory
gold sulphide-arsenic concentrates by autoclave oxidation with pressurized oxygen
followed by subsequent neutralization of oxidation products and sorption cyanidation.
The final product of the Plant is the dore gold-silver alloy. The gold extraction ranges
from 94 to 97.6%, depending on the type of raw material being processed.

Some decrease in the gold extraction has occurred during engaging concentrate with
high content of arsenic from the Bakyrchik deposit (Kazakhstan) to the process at
AHMP in 2019. In order to reveal the reasons for increasing the gold loss, phase and
mineralogical essays of autoclave discharge product and sorption cyanidation tailings
were performed. As a result of the essay performed, it was revealed that the main losses
of gold in tailings are mainly due to generation in the autoclave of BFAS phase — basic
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ferric (IIT) sulpharsenates with general formula Fe(AsO,) _ (SO,) (OH) that encap-
sulate the part of the gold. Also, some of the gold is covered by films of basic ferric
sulphate and scorodite. Percentage of gold in these forms is 52—57% of its content in
sorption tailings. Precipitation of secondary ferric (III) minerals occurs mainly in tail
compartments of the autoclave as a result of oxidation of the ferrous (II) slurry to ferric
(ITI) in the liquid phase and its subsequent hydrolysis at a temperature of 200-205°C
and concentration of sulphuric acid of > 20 g/I.

In order to reduce gold losses in tailings as a result of encapsulation with secondary
iron minerals, we investigated several methods in 2020. The process of the hot con-
ditioning of the slurry discharged from the autoclave showed the greatest efficiency.
This method consists in conditioning the agitated slurry at a temperature of about 95°C
for a specified time. Thus, under action of sulphuric acid generated in the autoclave,
a gradual transition of precipitated ferric (III) minerals into the solution occurs and
thus gold contained in the phase of basic ferric sulpharsenates is released and becomes
available for cyanidation. Because of use of hot conditioning operation, an increase in
gold extraction by 2-2.5% is achieved. An important feature of this process is deter-
mination of the best slurry conditioning time. For our case, the best conditioning time
i1s 5—6 hours. Considering that with hot conditioning in the solution concentration of
ferric (IIT) sulphate and arsenic acid significantly increases with a simultaneous de-
crease in concentration of sulphuric acid — if the best conditioning time is exceeded,
the FeAsO,*2H, O scorodite phase generation is gradually proceeds, which can again
encapsulate part of the gold.

Based on the results of the essays performed, Polymetal made a decision in 2020 to
build a hot conditioning area at AHMP LLC.
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HHOBBIINEHUE U3BJIEYEHUA 30J10TA
N3 YIIEPOAUCTOI'O CBIPHA C ITIOMOIIBIO OBKUTA
ABTOKJ/IABHBIX OCTATKOB

Xacanos A.B., Mapxenoe A.B., [loneocaes C.FO.

00O «HayuHno-uccnenoBarenbckuil HeHTp « mapomMeramtyprus»,
r. Cankr-IlerepOypr, Poccuiickas @enepanms

OOXur NpoayKTOB THAPOMETAIUTYPrudecKoi nepepaboTKu 10 OCHOBHBIM MapamMe-
TpaM HJEHTHYEH TPAJUIMOHHON TEXHOJOTHUU OOXHra CyIb()HUIHBIX KOHIIEHTPATOB.
OCHOBHBIM OTIIMYUEM SIBISIETCS CYIIECTBEHHO (B JAECSITKHU Pa3) MEHBIIIEE COACPKAHHE
Cynb(pUI0B, KOTOPOE HE MOKET O0ECIIEUUTh aBTOTEHHOCTH Ipu obxwure. s monaep-
KaHus pabouelt TeMrepaTyphl B TIeUd MPU OKUCICHUH OCTATOYHBIX CYIb()UIOB U Opra-
HUYECKOTO yIepona, TpeOyeTcs mojada J0pOrocTosAIIero TOMIMBa. JTo Mpenonpese-
JHUIIO OTPaHUYEHHOE MPUMEHEHHE 00KUTa K TOJJOOHOMY THIY ChIpbsi. OHaKO, Cylie-
CTBEHHOE YBEJIMYECHHE BOBJICKAEMBIX B IEPEPAOOTKY YIOPHBIX KOHIIEHTPATOB, COJEP-
KaluX cOpOLMOHHO-aKTUBHOE YIIIEPOANCTOE BEIIECTBO, U HEBO3MOXKHOCTb B MTOJIHOM
Mepe YCTPAHUTh CBA3aHHBIC C HUM TIPOOJIEMBI B XOJI€ aBTOKJIABHOTO M OaKTepUaTHLHOTO
OKHCJICHUS, IPUBETU K HAKOIJICHHUIO I0CTAaTOYHOTO 00bEMA THIPOMETAILTYPrHYECKIX
OTXOJIOB KaK MOTEHIIMAIBLHOTO 30JI0TOCOACPIKAIIETO ChIpbs. [Ipu 3TOM AeicTByroIIHe
NPEINPUSATUS UMEIOT OTpaHUYECHHS TI0 TIepepadoTKe 0cO000 YIOPHOro (Kak MpaBuio ¢
BBICOKUM COJIEP’KaHUEM OPraHUYECKOTO YIIIEPOAa) MUHEPATLHOTO ChIPhS.

B pabote Obput0 mpoTecTHpoBaHO 13 YMOPHBIX KOHUEHTPATOB PA3IMYHBIX MECTO-
POXAEHUI C cofepkaHrueM opranuyeckoro yriepoaa ot 0,1 10 9,5%. DkcnepuMeHThI
COCTOSITH U3 IByX ATanoB. [lepBrIit aTarm: aBrokinaBHoe okucienue (AQO), BTopoi start:
00T aBTOKJIABHOTO OCTaTKa. JKCIIEPUMEHTHI MMPOBOMINCH NP CICTYIONINX Mapa-
MeTpax: TeEMIIEpaTypa aBTOKJIABHOTO OKKciIeHUs 225°C, n30bITOYHOE JaBJIEHUE KUCIIO-
pona 5 6ap; obxur: temneparypa 500—-700°C, BpemMs npeObIBaHUSI MaTepualia B Meuu
1-2 yaca. AO npoBOAMIIOCH HA ABYX JIAOOPAaTOPHBIX TUTAHOBBIX aBTOKJIABaX (hUPMBI
Bichi o6sémom 1,1 nm® u Premex o0némom 1,2 am®. OOXKHr aBTOKJIABHOTO OCTAaT-
Ka MPOBOJIMJIN B JIaOOpAaTOpHOM TpyOuaToil Bpalarolieics neuu. B skcnepuMenTax ¢
JIOTIOTHUTENIBHON To/lauell KMCJIOPOa B PEaKTOp MPEIBAPUTEIILHO yCTaHABINBAIACH
TpyOKa momaun raza. MlctouHnkom Kucimopona ObuT KOHIIEHTpaTop (GupMbl «Bitmosy
Oxy 6000, yucrota kuciopoja cocrarisuia 95% npu pacxoxae 1-2 1/muH.

TexHoMOTHsI 0OKMTA aBTOKJIABHBIX OCTATKOB XapaKTEPU3YETCS BHICOKUMHU U YCTOM-
YUBBIMU [TOKA3aTeIsIMU U3BIIeUeHUs 30510Ta (6osee 97%) naxke mpu CyeCTBEHHOM KO-
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nebaHuu coaep KaHusl YIIIEPOIUCTOrO BEIIECTBA B UCXOHBIX KOHIIEHTpaTax. [ mybokoe
pa3NoKeHUe YIJIEpOAUCTOrO BEIIECTBA JOCTUTAETCS ITPU 00KUTE B OKUCIUTEILHOM aT-
Mochepe. ONTUMaNbHBIN PEKUM OKUCIIECHUS JIJIsi OOJIBIIMHCTBA MaTepuasoB ObLI J10-
CTUTHYT TIPH CIEAYIOMUX mapamerpax ookwura: t = 500°C, npogomKuTeTbHOCTh — |
gac, pacxon O, — 1 n/mun. Jlns BeIcoKoyrmepoauctoro konuentpara (C(opr) = 9,5%)
HEOOXOUMO YBEIIMUCHHE MPOJIOJKUTEIHLHOCTH O0XKHUTa JI0 2 4acoB IS 1OCTUXKECHUS
ocrarouHoro coaepxanus C = 0,4% u 1oOBbIIICHUS U3BJICYCHUS 30J10Ta BbIlIe 97%.

TexHoMOTHS TTO3BOJISIET C BHICOKUMHM TTOKA3aTEIsIMU U3BJICUEHHUS 30JI0Ta repepada-
THIBaTh KOHIIEHTPAThl MPAKTUYECKH C JIFOOBIM COJEPIKAaHUEM YITIEPOAMCTOTO Bele-
CTBa, T.K. o0ecreunBaeT myookoe ero yaaineHue. JlaHHas TEXHOJOTHS SBISIETCS YHU-
BEpCaJbHBIM PEIICEHUEM MPOOJIeMbl Mper-poo0rHra, 1 MOXKET ObITh PEKOMEH/I0BaHA
JUTSI BHEPEHUS HA PA3NIMYHBIX MPEANPUATUIX, PAOOTAIONIUX O TEXHOJOTHUSM aBTO-
KJIABHOTO OKUCJICHUS WM OMOOKUCIICHUS CYTb(UTHOTO CHIPHSI.

GOLD RECOVERY IMPROVEMENT BY ROASTING
OF PRESSURE OXIDIZED CARBONACEOQOUS RESIDUES

Khasanov A. V., Markelov A.V., Polezhaev S.Yu.

«SRC Hydrometallurgy» LTD, Saint-Petersburg, Russia

The roasting of hydrometallurgical processing products is identical to the traditional
technology of roasting sulfide concentrates in terms of the main parameters. The main
difference is a significantly (ten times) lower content of sulfides, which provide auto-
genic during roasting. To maintain the temperature in the furnace during the oxidation
of residual sulfides and organic carbon, an expensive fuel supply is required. This fact
predetermined the limited application of roasting to this type of raw material. However,
significant increase in refractory concentrates involved in processing, which include
sorption-active carbon and inability to fully eliminate the problem of carbonaceous
matter using autoclave and bacterial oxidation technologies, it led to the accumulation
of a sufficient amount of hydrometallurgical waste as a potential gold-containing raw
material. At the same time, existing enterprises have restrictions on processing refrac-
tory materials with high content of carbonaceous matter (CM).

13 refractory concentrates of various deposits with an organic carbon content of
0.1 to 5.0% were tested. The experiments consisted of two stages. The first stage was
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pressure oxidation (POX), after the second stage was roasting of the autoclave resi-
due. Experiments were carried out with the following parameters: POX temperature
of 225°C, oxygen overpressure of 5 bar; roasting: temperature of 500—700°C, material
residence time in the furnace of 1-2 hours. POX was carried out on two laboratory tita-
nium autoclaves from Buchi with a volume of 1.1 dm? and from Premex with a volume
of 1.2 dm’. The autoclave residue was roasted in a laboratory tubular rotary furnace. A
gas supply tube was pre-installed in experiments with additional oxygen supply to the
reactor. The «Bitmos» oxy 6000 concentrator was used to supply oxygen with purity
0f 95% and flow rate of 1-2 L/min.

The technology of roasting autoclave residues is characterized by high and stable
gold extraction degree (more than 97%), even with a significant fluctuation in the con-
tent of carbonaceous matter in the initial concentrates. Deep decomposition of the car-
bonaceous substance is achieved by firing in an oxidizing atmosphere. The optimum
oxidation regime for the materials were achieved with the following roasting parame-
ters: T=500°C, durationl hour, O, consumption — 1 I/min. For high-carbon concentrate
(C —9.5%), it is necessary to increase the duration of roasting to 2 hours to achieve a
residual content of C — 0.4% and increase the gold extraction degreeabove 97%.

The technology makes it possible to process concentrates with almost any content of
carbonaceous matter with high extraction degrees of Au, since the technology provides
deep removal of CM. This technology is a universal solution to the problem of pre-rob-
bing, and can be recommended for implementation at various enterprises operating on
the technologies of autoclave oxidation or biooxidation of sulphide raw materials.
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TEXHOIOI'MYECKASA DQOPPEKTUBHOCTD
HPEABAPUTEJBHOI'O OBOTALIEHUSA PY/l IBETHBIX,
PEJIKUX U BJIAT'OPOJAHbLIX METAJIJIOB

Kones A.B.', lllynveuna K.A.?, Kyzuna JI.H.?,
Muponosa JK.B.?, Kopomkesuu B.A.>

'000 «MHTEKOw, 1. Kpacnosipck, Poccus,
2OI'AOY BO COV, r. Kpacnosipck, Poccus,
2000 «PAJIOC», 1. Kpachosipck, Poccust

C wucTorieHneM MIUHEPATIbHO-CHIPHEBOM 0a3bl, BOBICUEHHEM B TIepepabOTKy OCIHBIX U
TPYIHO O0OTaTUMBIX TpaBUTALMEN U (hIoTalmeil pya pacTyT U3NEPKKH, UCUEPIIHIBACTCS
NOTEHUMAaJT pa3BUTHsI ropHoaoObIBatomx npennpustuid (II1) B Texnonornveckoit mose-
71 OTPaOOTKH 3ajIexkel Kak ICTOUHUKOB MOHOPY/IbI C TNTyOOKUM OOOTraIieHueM Beeit oTou-
TOM ropHoii Maccel. PentadensHocts /11 momiepkuBaroT mpu 3TOM HapaliMBaHUEM IIPO-
M3BOIUTEIBHOCTH PYIHUKOB M 00OTaTUTeNbHBIX (haObpHK, OrpaHNYMBAEMbBIX 3alacaMH U
pecypcami ChIpbsi CHIKAIOIIET0Csl KauecTBa. 3aTpaThl Ha MX epepabOTKy, Ha yTUIIN3ALHIO
MEJTKOIMCIIEPCHBIX OTXO0B MOBBIIIAIOT CE0ECTOMMOCTD M CHIYKAIOT PEHTA0ETbHOCTD ITPO-
M3BOZICTBA KOHIIEHTPATOB M METAJJIOB. 3aMKHYTHIN KPYT MPOOJIEM CYIIIECTBYIOIIEH MOAEIH
IPOU3BOJICTBA «Pa3phIBACTCSD BHEIPEHUEM TEXHOJIOTHI MPEaBapUTEIbHOIO 00OTallleHHs
(ITO) otbuTOI TOpHOI Macchl KpymHOCTHIO 0T 500—-1500 MM u 10 5—10 MM BbIZIETICHHEM
MYCTON U €1a00 MUHEPATM30BaHHON MOPO/bl, HO CIEPKUBAETCSI HECOBEPILIEHCTBOM €r0
TexHosorui, Beaencraue yero 11O ganexo He Beerna SKOHOMUYECKH 11e71€c000pa3Ho.

BbInonHeHHbIM aBTOpaMu aHAJIM3 COCTOSIHUS Teopuu U nipaktuky [10 mokazai, 4to oc-
HOBHOM MPUYMHOM 3TOTO SABJISIETCS CIa00CTh HAYYHO-METOAMYECKON 0a3bl, OCHOBAaHHOW Ha
YIPOLIEHHBIX Mpe/ICTaBIeHUsIX 60-bIX T0I0B MPOILIONO BeKa O KOHTPACTHOCTU M O0TOUTOM
TOPHOM MAacChl KaK OTHO3HAYHOIO MOKazarens TexHomornueckoi agdexruHoctH E e€ pa-
JMOMETPUYECKOro oboraiieHus: — yactu u3 komruiekca merono 110. C ucnons3zoBannem
W3BECTHBIX BRIpAXKEeHUH XaHkoka-JlyiikeHa 11st orieHKH A PEKTUBHOCTH MPOIIECCOB IITY00-
KOro 00OramieHusi 1 KOHTpacTHOCTH M aBTopaMu Moy4eHO aHATUTHYECKUM ITyTeM 0011ee
BeIpakeHue 11t E oOoraienns: pa3iuyHbIX BUIOB MOJIE3HBIX MCKOMAEMBIX METOAAMU U
TEXHUYECKUMU CPEICTBAMU IpeABapUTENbHOro odoraieHus. [lokazano, uro E onpenens-
ercsl coziepKaHueM [} IEHHOTO KOMIIOHEHTA B €10 MPUPOJHOM MUHEPAJIe U CPEIHUM COJIep-
YKaHUEM 0L B OTOUTOM TOPHOM Macce, KOHTPACTHOCThIO M U cenekTuBHOCThIO F pasnenenus
nocieHer komruiekcoM cpectB 110 Ha oboraieHHbIN 1 00eTHEHHBIN TpoayKThl. Mccre-
nosanue BeipaxkeHus E = (M, a, B, F) mokazaso, 4To npu HU3KUX COACPIKAHUAX O [ICHHO-
'O KOMIIOHEHTA (30JI0TOCOZIEp KAILIME, YPAHOBBIE U peIKOMeTanbHbIe py/ibl) E cBsi3ano ¢ M
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YCTOMUYMBOM KOPPEISIIMOHHON 3aBUCUMOCTBIO, CTaBIIIEH OCHOBAaHHEM 17151 (DEHOMEHOJIOTH-
YECKOIo TO/IX0/a K Pa3pabOTKe TEXHOIOTUHN paAMOMETPUIECKOr0 00OTallieH s, TPOMBIILI-
JIEHHO UCTIONB3yeMbIX C 3(P(PEeKTUBHOCTHIO B 2—3 pa3a HIbKe TeopeTnieckor Ha Boctounom
I'OKe (Ykpauna), [Tpuaprynckom [11'XO (Poccus) u HoBoniickom ' MK (Y30ekucran).
[Tpu conepxanusix o> 3-5% (o : B> 0,10) u npu KpynmHOCTU pyAHOrO Marepuaia 0o-
nee 5—10 mm E 3HaunMo 3aBUCUT OT BceX (PaKTOPOB, U3 HUX JIOMUHUPYIOLIEH SIBISIETCS
CBSI3b ¢ M, SIBIISITOILIEHCS B ICWCTBUTEIBHOCTH OOJIBIIIE T€OCTAaTUCTUUECKOW U BEPOSIT-
HOCTHOM XapaKTePUCTUKOU 3aJICKH, YEM ITOKa3arejaeM 000raTUMOCTH ChIphs. Benmnmunna
M omnpezensercss HEOMHOPOAHOCTBIO PACIPEEIIEHUSI LIEHHOTO KOMIIOHEHTa B PYIHOM
TEJIe MECTOPOXK/ICHUS U B OTOUTOM TOPHOM Macce, 3aBUCUT OT €€ TPaHyJIOMETPUUECKOTO
COCTaBa U paclpe/ie]ieHHsl IIEHHOT0 KOMIIOHEHTA 10 (PaKIUsaM, CTPYKTYPHO-TEKCTYP-
HBIX U (DU3MKO-MEXaHMUYECKUX XapaKTepUCTUK. BenencTBre 3Toro pa3paboTka BICOKO
a¢dexTuBHBIX mporeccoB [10 GperomeHonornueckiuM moaxoa0M, 6e3 yuera n3MEeHIHBO-
CTH XapaKTEPUCTUK OTOMTON TOPHOM MacChl HE TIPEICTABIISETCS BO3MOKHBIM. ABTOpaMu
npeUIokeH (PU3NUECKH TOAXO/, PU KOTOPOM OLIEHUBAETCS] 3HAUUMOCTh BIUSTHHS KaXk-
7I0T0 U3 (PaKTOPOB U MX B3aUMOCBSI3b, TIO3BOJISIFOIINIA Pa3padaTbiBaTh CXEMbI U TEXHOJIO-
ruu npegodoramieHus pyn B oobeme 85-90% oTOuToi ropHON MacChl N30MPATEILHBIM
TPOOJIEHUEM-TPOXOYEHUEM 10 KPYIMHOCTU KYCKOB, PAJIUOMETPUUECKUMHU METOAAMHU T10
UX BEIIECTBEHHOMY COCTaBY U IUNIOTHOCTHU C TEXHOJIOTMUECKUMU MTOKA3aTeIsIMU, OJTU3KHU-
MU K TEOPETUYECKUM, C BBICOKUM TEXHUKO-YKOHOMHUYECKUM d(PPEKTOM 3a CUET CHUMKE-
HUST cCe0ECTOMMOCTD MPOU3BOCTBA KOHIICHTPATOB U METAJLIOB OT ypoBHs padoTsl 111
B TEXHOJIOTMYECKOM MOJIENIN IITyOOKOTr0 000raleHusl, KamuTaIbHbIX 3aTPaT Ha COOpPYKe-
HUE nepepadaThIBAOIINX KOMITJIEKCOB, CPOKOB BO3BpaTa MHBECTHUIIUH, YBEITMUCHUS JKU3-
HEHHOT'O IMKJIa IPEINPUATHHN 3a CYET BOBJICUEHHUSI B IIepepabOTKy 3a0aIaHCOBBIX PY/I.

TECHNOLOGICAL EFFICIENCY OF THE PRELIMINARY
PROCESSING OF NON-FERROUS, RARE AND PRECIOUS METALS

Konev A. V', Shulgina K.A.%, Kuzina L.N.%, Mironova Zh.V?, Korotkevich V.A.?

'Ltd. “INTECO”, Krasnoyarsk, Russia,
?Siberian Federal University, Krasnoyarsk, Russia,
’Ltd. “RADOS”, Krasnoyarsk, Russia

With the depletion of the mineral resource base, the involvement in the processing
of poor and difficult to enrich by gravity and flotation of ores, costs grow, the potential
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for the development of mining enterprises (ME) is being exhausted in the technological
model of mining deposits as sources of mono-ore with deep enrichment of the entire
mined rock mass. At the same time, the profitability of the ME is supported by an in-
crease in the productivity of mines and processing plants, which are limited by reserves
and resources of raw materials of decreasing quality. The expenses for their processing,
for the disposal of finely dispersed waste, increase the cost and reduce the profitability
of the production of concentrates and metals. The vicious circle of problems of the ex-
isting production model is “broken” by the introduction of technologies for preliminary
enrichment (PE) of chipped rock mass with a particle size of 500—-1500 mm and up to
5-10 mm by separating empty and weakly mineralized rock, but it is constrained by
the imperfection of its technologies, as a result of which preliminary enrichment is not
always economically feasible.

The analysis of the state of the theory and practice of PE carried out by the authors
showed that the main reason for this is the weakness of the scientific and methodolog-
ical base, based on simplified concepts of the 60s of the last century about the contrast
M of the reclaimed rock mass as an unambiguous indicator of the technological effi-
ciency E of its radiometric enrichment — part of the complex PE methods. Using the
well-known Hancock-Luiken expressions for evaluating the efficiency of deep enrich-
ment processes and contrast M, the authors analytically obtained a general expression
for E enrichment of various types of minerals by methods and technical means of pre-
liminary enrichment. It is shown that E is determined by the B content of the valuable
component in its natural mineral and the average a content in the broken-off rock mass,
the contrast M and the selectivity F of the separation of the latter by a complex of PE
means into enriched and depleted products. The study of the expression E = f (M, a,
B, F) showed that at low a content of the valuable component (gold-bearing, uranium
and rare-metal ores), E is associated with M by a stable correlation dependence, which
became the basis for a phenomenological approach to the development of radiometric
enrichment technologies. industrially used with an efficiency 2-3 times lower than
the theoretical one at Vostochny mining and processing plant (Ukraine), Priargunsky
industrial mining and chemical association (Russia) and Novoiysky mining and metal-
lurgical complex (Uzbekistan).

At grades o> 3—5% (a: B> 0.10) and when the size of the ore material is more than
5-10 mm, E significantly depends on all factors, of which the dominant relationship
is with M, which is actually more of a geostatistical and probabilistic characteristic.
deposits than an indicator of the enrichment of raw materials. The value of M is de-
termined by the heterogeneity of the distribution of the valuable component in the ore
body of the deposit and in the broken-off rock mass, depends on its granulometric com-
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position and the distribution of the valuable component by fractions, structural-textural
and physical-mechanical characteristics. As a result, the development of highly effi-
cient PE processes using a phenomenological approach, without taking into account
the variability of the characteristics of the broken-off rock mass, is not possible. The
authors propose a physical approach, in which the significance of the influence of each
of the factors and their interrelation are assessed, which makes it possible to develop
schemes and technologies for pre-enrichment of ores in the amount of 85-90% of the
chipped rock mass by selective crushing-screening according to the size of the pieces,
radiometric methods according to their material composition and density with techno-
logical indicators close to theoretical, with a high technical and economic effect due
to a decrease in the production cost of concentrates and metals from the level of work
of the ME in the technological model of deep concentration, capital costs for the con-
struction of processing complexes, investment return periods, increasing the life cycle
of enterprises due to involvement in processing of off-balance ores.
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BAPUAHTbBI UBMEHEHUA
KOHCTPYKIMHU NEYEW B3BEIIEHHOM ITJIABKH
JUIA YIYUIHIEHUA IMHAMUKU I'A3OBOI'O ITOTOKA

Kpynnos JI.B.!, I[laxomoe P.A.%, Tananos B.A.>, Manaxos I1.B.!

13d [MTAO «I'MK «Hopwuibckuii Hukesnb», Hopuinbek, Poccust
2000 «MHucTuTyT «l'HripoHukenby, Poccus
3OI'AOY BO «Cankr-IletepOyprekuii monurexHudeckuii yuusepeuteT [letpa Bemukoroy,
Cankr-IlerepOypr, Poccus

Pa3paboTka v npuMeHeHUEe pa3IUYHbIX aBTOIMC€HHBIX CIIOCOOOB TUIABKHU MO3BOJIMIIN
MHTEHCU(UIIMPOBATH METAJUTYpPrUuueckoe Mpou3BocTBO, OAHAKO, B MOCIEAHUE TOIBI,
B CBSI3U C BOBJICUYCHUEM HEXAPAKTEPHBIX BUJIOB CHIPbs, OTIIMYAIOIINXCS HU3KOM aBTO-
TE€HHOCTBIO, MPU IKCILTyaTalliyi aBTOTEHHBIX arperaroB CTajlyd BO3HHKATh TEXHOJIOTHU-
yeckue coou. [IpuumHoit 3TUX COOEB SIBISETCS HACTHIIICOOpPAa30BAHUE BHI3BIBAIOIIEE
poOJIEMBI C BBIITYCKOM PACIIaBOB U3 MEYEH.

B HopuiibckoM MPOMBIIIJIEHHOM PailoOHE 3KCIUTYyaTUPYIOTCS aBTOTEHHBIE arperaThl
nByX TUNOB — neun Bantokosa (I1B) u neun B3Bemennoi miasku Oyrtorek (I1BIT).

HactreuieoobpazoBanue B epuo/ibl YXYAIICHHUS KaueCTBa UCXOAHOTO ChIPhS U TIepe-
PabOTKH «HU3KOIHEPIETUYHOE ChIPHE», XapaKTEPHO Jisi 000MX TUIIOB arperatoB. Of-
HAKO CJIE/ICTBUS, BbI3bIBAEMbIC 3TUMH IPOIECCAMU HACTHLIICOO0OpA30BaHUs Il HOP-
MaJIbHOM SKCIUTyaTalliy arperaroB, HECKOJIbKO PA3INYHBI.

Jliist meueit BanrokoBa XxapakTepHO oOpa3oBaHHe OOKOBBIX M MMOJOBBIX HacTbuiel. bia-
rofapsi akTHBHOMY 0apOOTHUPOBAHUIO JAHHBIC HACTHUTN HAXOIATCS B JHMHAMUYECKOM PaB-
HOBECHH C PACIJIAaBOM U HE BBI3BIBAIOT CEPhE3HBIX CIMKHOCTEN € SKCIUTyaTalliy arperara.
Bonee omnacHbIM siBisieTCs SIBJIEHHME OOpa30BaHMsI TaK HA3bIBAEMOTO «IPOMEXKYTOUHOTO
CIIOSD», TIPEJCTABIISIIOIIETO COO0M TeTepOreHHyI0 MUIAKO-IITEHHOBYIO AMYILCHIO, 000Ta-
LIEHHYI0 MAarHeTUTOM, OTIIMYAIOLIYIOCS TOBBILICHHOW BS3KOCTHIO. [lomamanue maHHOM
MacChl B IITEMHOBBIN K 0COOCHHO ITUIAKOBBIM MEPETOKU MIPUBOAUT K UX 3apacTaHHIO, T0-
TEpEe MOJIE3HOro cedyeHus. [Ipu 3ToM sIBJIeHHH, B CITydae HEMPHUHATHUS JIEHCTBEHHBIX MEp,
BO3MOKHO TOJTHOE MEePEXBAThIBAHUE MEPETOKA, BIUIOTH JJO OCTAHOBKH arperara.

B nepByto odepesib 3TO BpeMEHHOE W3MEHEHHE COCTaBa IIMXThI, CHUKEHUE B €r0
COCTaBe JIOJU TEXHOTEHHOIO ChIphA. [[pyrumMm JeMCTBEHHBIM CIIOCOOOM SIBIISIETCS pe-
areHTHOE BO3CHCTBHE MyTEM IOJAYU YyryHa, PEeppOCHIIUIIMS, a TaKXKE HACTPOMKa
paboTHI Ta30BBIX TOPENIOK C Heao)oroM (kodddunuent a<l). B cBoro odepenb 0CHOB-
HOM poOnemoii A sxcruryatauuu [IBII, B HacTosiee Bpems, siBisieTcst 00pa3oBaHue
HACTBUIEH B alITEMKE W Ha MIEPEXOJIE U3 allTelKa B KOTEJI-yTUIIA3aTOP.

Mephl peareHTHOTO BO3JICUCTBHUS B IAHHOM CJIy4ae HE BO3MOXKHBI U €IMHCTBEHHBIM
criocoOOM SIBJISIETCS OCTAHOBKA arperara M MeXaHW4decKasi 3a4iCTKa HaCTHIIH.
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[IpoBeneHHbIe UCCENOBaHUS J1alid IOHMMAHUE YTO MPUYMHON HACThUIeOOpa3oBa-
HUS B OTUX 30HAaX SIBJSIOTCS MapaMeTpPhl ra30-MbUIEBOTO NOTOKA. JlJIsl pemenust npo-
O51eM OBLITU MOJKITIOYEHBI CIIeIUaTUCThl prpMbl OYTOTEK, SBISIOMEHCS JTUIIEH3UAPOM
JAHHOW TEXHOJIOTMH. BBUIO OCYIIECTBIEHO MAaTEMATUYECKOE MOJACINPOBAHUE CKOPO-
CTEeM ra3o-nbUIEBOTO MOTOKA B AlTEMKE, OTCTOMHUKE, allTEMKE U KOTJIE-yTUIIN3aTOPE.

[To pesynbraram MoJieTUPOBaHUs ObUTH TIPEUIOKEHBI CIICAYIONINE TEXHUUECKUE pelie-
HUS: YBEIMYEHA BBICOTA PEAKLIMOHHOM 1IaXThl; YMEHBILIEH JUAMETP alTEiKa; yMEHbIIICHA
BBICOTA AITEHKA; YMEHBILIEHBI PA3MEPHI IPOEMA BX0O/1A B KOTEJI-YTUIIN3aTOP; U3MEHEH YIOJI
HAKJIOHA CTEHBI allTeKa CO CTOPOHBI TOPJIOBUHBI; N3MEHEHA BBICOTA OTCTOMHUKA Ha 0,4 M.

[Ipu peanuzaruu TaHHBIX TEXHUYECKUX PELICHUM MPOUCXOAUT 00JIee pABHOMEPHOE
pacrpeneneHue 4acTull B PEAKIIMOHHON IIaXTe, CHUXKAETCA CKOPOCTh ra30MbLIEBOrO
MOTOKA B OTCTOMHUKE U YBEJIMYMBACTCS €r0 CKOPOCTh B anTeiike ¢ 7 m/c 10 15 m/c.

Takoro ke poma uccienoBanusi npoBoawiuch cnenuanucramu [TAO I'MK «Ho-
PUIIbCKHI HUKENbY» U crieruanuctaMu « MTHCTUTYT [ unpoHUKenby.

bbuta nmpennioykeHa ycTaHOBKa KO3bIpbKa (CIoiyiepa), 4To IpH MPOYUX PABHBIX YC-
JIOBUSIX, CHU3UT TBUIEBBIHOC U 0E€3BO3BpATHBIE TOTEPH I[BETHBIX METAJIJIOB, a TAKKe
MI03BOJINT MUHUMH3UPOBATH PUCK HACThUIEOOpa3oBanus B miakoBoM Topiie [IBI1 u Ha
MEPEXOJHUKE ANITEUK-KOTEI yTUIIU3aTOpP.

[Ipennaraemsie hpupmoit OyTOTeK U3MEHEHUS HOCSIT 00JIee KapIMHAJIbHBIN XapaKTep
U TpeOYIOT U3MEHEHHUsI KOHCTPYKIIMH MPAKTUYECKU BCEX OCHOBHBIX 3JIEMEHTOB IEYH.

Pewenus, npemnaraemsie cnenuanucramu [TAO I'MK «Hopuinbckuii HUKeNb», HO-
CAT JOKAJIBHBIN XapaKTep W HAMPABJIEHbI HA NPEAOTBPALICHUE U, UM MUHUMHU3ALHIO
PHCKOB HACThLJICOOpAa30BaHUS B OTCTOMHUKE TICUH.

POSSIBLE OPTIONS OF FLASH SMELTING FURNACE
REDESIGN TO IMPROVE GAS FLOW DYNAMICS

Krupnov L.V.!, Pakhomov R.A.%, Talalov V.A.°, Malakhov PV

'PJSC MMS NORILSK NICKEL Polar Division, Norilsk, Russia
2000 Institute Gipronikel, Russia
’Federal State Autonomous Educational Institution for Higher Education Peter
the Great St. Petersburg Polytechnic University

Development and implementation of various autogenous smelting methods allowed
to intensify metallurgical operations. However, in recent years, process failures have
been observed during the operation of autogenous units due to addition of atypical feed
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with low autogenic characteristics. Such failures are attributed to accretions that cause
problems during process gases disposal.

Norilsk operations utilize two smelting processes: liquid bath smelting in Vanyukov
furnaces (VF) and flash smelting in Outotec Flash Smelting Furnaces (FSF).

Furnaces of both types suffer accretions when processing poor quality or low-heat
feed. However, accretion build-up has a bit different effects on the furnaces operation.

Side and hearth accretions are typical for Vanyukov furnace. The accretions does not
challenge the process while in dynamic equilibria with the melt due to intense bubbling.
More troubling is the issue of so-called intermediate layer formation, which is a heteroge-
neous slag-matte emulsion, enriched with magnetite, characterized by increased viscosity.
After getting into slag and especially matte overflows, this substance results in build-up
formation reducing the useful section of the overflows. Unless effective measures are tak-
en, this issue can provoke plugging of the overflows and even shutdown of the furnace.

First of all, it includes the temporarily modification of the charge composition reduc-
ing the portion of technogenic raw material. Another way is to use the reagents such as
cast iron and ferrosilicon and to adjust the burners to underburning (coefficient a<1).
Nowadays, the main issue that occurs during FSF operation is the accretion build-up in
the uptake and at the uptake-WHB transition. In such case, the reagents are not applica-
ble and the only way to remove the accretion is to stop the furnace and to punch it off.

The investigation showed that the gas-and-dust flow parameters in such areas cause
the accretion. Outotec was involved to settle the issue of build-up formation as the
technology licensor. Numerical simulations of the gas-and-dust flow velocities inside
the uptake, the settler and at the uptake-WHB transition were performed.

Based on the simulation results it was recommended: to increase the reaction shaft height;
to decrease the uptake diameter and height; to reduce the WHB inlet opening; to change
the slope angle of the uptake wall at the mouth side; to change the settler height by 0,4 m.

Implementation of these design solutions will result in more homogenous particles
distribution inside the reaction shaft, decrease the gas-and-dust flow velocity inside the
settler and increase it inside the uptake from 7 m/s to 15 m/s.

PJSC MMC Norilsk Nickel and Gipronickel Institute conducted a similar study.

It was suggested to install a protective deflector (spoiler) that under otherwise equal
conditions would decrease the dust emissions, reduce the permanent losses of non-fer-
rous metals and mitigate the risk of accretion build-up at the FSF slag side and in the
uptake-WHB transition area.

The Outotec solutions being more drastic in nature require to redesign almost all key
elements of the furnace.

The design solutions proposed by PJISC MMC Norilsk Nickel are localized and in-
tended to prevent or minimize the accretion inside the furnace settler.
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CHU’KEHHUE HOTEPD 30J10TA IIPU IIEPEPABOTKE
30J10TOCYPBMAHUCTBIX KOHIUEHTPATOB

Ilyukuna B.A., Mapkenos A.B., Yyeaes JI.B.

OO0 «Hayuno-uccnenoBatensckuii neHTp «I mapomeramnyprus», T. Cankt-IletepOypr, Poccus

B mupoBoit npakTuke aJis nepepaboTku Cyab(OUIHBIX CYPbMSHUCTBIX KOHIIEHTpA-
TOB, COJIEp>KaHUE CYpbMBbI B KOTOPBIX cocTaBisaeT 20—30%, 4acTo MpUMEHSIETCS TEXHO-
JIOTHUSI CYyAb(DUIHO-IIETOYHOTO BBIIIEIAYMBAHUS C TOCJIETYIOIIUM BbIJICJICHUEM METalI-
JIMYECKON CYpPBMBI 3IEKTPOIKCTpakiueil. ONHAKO TaHHBIA METOJ MMEET CEPbE3HbIN
HEJ0CTATOK MpU paboTe ¢ 30JI0TOCYPbMSIHBIMU KOHIIEHTpaTamu. Bmecre ¢ cypbmoii u3
KOHIIEHTpaTa B pacTBop nepexoaut Ao 10—15% 3om0ta, KoTOpoe mpu nocieayomein
AIIEKTPOIKCTPAKIINK C CYpPhbMOM ocaxkmaercs Ha karozae. CriennanbHas oOpaboTka Ka-
TOJIHOM CYypbMBI PU OKOHYATEILHOM paMHUPOBAHUY C IIEJIBIO JOU3BIICUEHUS 30J10Ta
MPUBOUT K JOTIOJHUTEIIbHBIM 3aTparam.

Cnemnanucramu HULL «'mapomeramnyprusy» Obuia pazpaboTaHa yCOBEPIIEHCTBO-
BaHHAs TEXHOJIOTHUS CYIb(OUIHO-IIETOYHOTO BBIIEIAYUBAHNSA ¢ MUHUMAJIBHBIMU TIO-
TepsiMu 30j10Ta. CyTh €€ 3aKJII0UaeTcsl B KOHILIEHTPAIIUU 30JI0Ta B TBEPIOM OCTaTKe
aTMOocC(epHOro BBIIIECIAYMBAHMS, YIIOMSIHYTOTO BBIIIIE, C €r0 MOCIETYIONMM U3BIIeUe-
HUEM aBTOKJIABHBIM METOAOM. B pamkax gaHHOU pabOThI MPOBEACHBI MCCIEIOBAHUS
TUTSL pa3pabOTKU CXEMbI KOMIIJIEKCHOM MepepabOoTKH 30JI0TOCYPbMSIHBIX KOHIICHTPATOB
C BBICOKHMM HU3BJICUCHHEM CYpPbMbl 1 MHUHUMAJbHBIMU MOTEPsIMU 305i0Ta. JJis 3TOrO
MPUMEHSUIA CEJICKTUBHYIO IIEMEHTAIUIO 30JI0Ta U3 CYPbMSIHBIX PACTBOPOB.

B pabGore Obu1 HccienoBaH 30J0TOCYPbMSIHBIN KOHLIEHTPAT, MPEACTaBICHHbBIN
nByMs mpodamu, ciaenayromero cocraBa: 90—100 r/T Au; 20-23% Sb, 1,7-2,7% As,
5,2-8,5% Fe, 12,7-16,2% S . IIpuMeHsiemMast TEXHOJIOTHs BKIIIOYasa B ce0s aTMocC-
(epHoe BhIIETaUNBAHKE MCXOIHOTO KOHLEHTpara cynbpuaom Harpus (Na,S) B cpe-
ne NaOH wu manpHEHIIyro IeMeHTAI|I0 IIMHKOM 30J10Ta U3 MYJIBIBI WU (UiIbTpara
MOCJIC BBIIIEIauBaHMUS.

B xozne uccnenoBanus onpenesaceHo BIusHUE psiia (PAKTOPOB HA CKOPOCTh W TOJTHO-
Ty BBIIIEIAYUBAHUS CYPbMBI, a TAKKE Ha MOTEPH 30JI0TA, B YACTHOCTHU: KOHIICHTPAIUH
cynb(huia HaTpusi, BPEMEHH BBITIETAYUBAHUS, TEMIIEPATYPhI M KOHIICHTPAITUH IIEI0YH.

JI71s1 CHUKEHUS TOTEPh 30J10Ta ObLIT KCCIE0BAH MPOLIECC €ro IEMEHTAIIUN IIMHKOM
U3 MyJbIbl aTMOC(EPHOTO BhIIIEIaYUBaHUs. BbIIO yCTaHOBIEHO, YTO MPU OTCYT-
CTBUM Cynb(puI0B, T.c. Henocrarke Na,S (menee 100% or crexuoMeTpun) B pac-
TBOpE, IIUHK XOPOIIO IEMEHTUPYET 30J0TO (10751 Au B pactBope He Oonee 0,05%).
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OmnpezneneHsl mapaMeTpbl OCaXAEHUS U ONTUMalbHbIE pacxodsl peareHToB. [logaua
nuHKa 1,7-3,3% oT Macchl UICXOJHOTO KOHIIEHTpaTa 00€CIeUnBAET CHUKEHUE 10JIU
3osi0ta B pactBope 10 0,3—0,7%. JlaHHBIM pacxoa JOCTATOYHO BBICOKHM, MTOITOMY
OBLIIM TTPOBEICHBI HKCIIEPUMEHTHI 110 [IEMEHTALMU 30JI0Ta U3 PacTBOpa MocCiie PUiib-
TpalKUH aTMOC(EPHOTO BHIIIECIAYUBAHMS C LIEJIbI0 YMEHBIIEHUS PAacXo/1a LIMHKA U €r0
MOBTOPHOIO UCTOJb30BAHUS.

B pesynbrare cepun onbITOB ObUIM MOIYYEHBI CIAEAYIOLINE JAHHBIE: IIPU COAEpkKa-
HuM nuHKA 2,5 1 Ha 100 M1 pacTBOpa ocaxaeHue 3010Ta rpesbiiiano 90%, norepu cy-
PBMBI COCTaBIISLIIN MeHee 5%. DTH mapaMeTpbl 00€CIIeUNBAIOT HAMTYYIINE [TOKA3aTean
LEMEHTALIUH.

[leMeHTaNMIO 30JI0TAa IMHKOM M3 CYPBMSIHBIX PACTBOPOB MOXKHO YCIIEIIHO IPUMeE-
HATH JJI CHUOKEHUS 1oTephb 30510Ta. OCHOBHas mpolieMa MpHu 3TOM 3aKJII0YaeTcs B
TOM, UTO Tporecc IPPEKTUBEH TOIBKO B OTCYTCTBUE CBOOOTHOTO Cylb(Hia B pacTBO-
pax, T. €. Ipu padboTe ¢ HEAOCTATKOM cyib(puaa HaTpus. [Ipu 3TOM CUIIBHO CHMXKAeTCs
U3BJICUEHUE CYpbMBbI, TaK KakK Cylb(puaa HaTpUsl HE XBaTaeT JJIs €€ MOJHOrO pacTBO-
peHust. ((HEKTUBHO MPOBECTU TAKOM MPOLECC C BHICOKMM HU3BJICUEHUEM CYPHMBI U
HU3KUMH MTOTEPSAMHU 30J10Ta MOKHO B JIBE€ CTaJIMU B POTUBOTOYHOM PEXHUME.

Pa3paGoTanHasi TEXHONOTUS SBISETCS YHUKAJIbHOM M 3aliuiieHa nareHTom PO No
2744803.

REDUCTION OF GOLD LOSSES IN PROCESSING
OF GOLD-ANTIMONY CONCENTRATES

Puchkina V.A., Markelov A.V., Chugaev L.V.

LLC Research Center «Hydrometallurgy», St. Petersburg, Russian Federation

In world practice, the technology of sulfide-alkaline leaching with next the separa-
tion of metallic antimony by the electrowinning often used for the processing of sulfide
antimony concentrates, which the antimony content 20-30%. However, this method
has a serious flaw when we are working with gold-antimony concentrates. Up to 10—
15% of gold, together with antimony, goes into solution from the concentrate. After
that, gold is besieged on the cathode with antimony at the electrowinning. Special pro-
cessing of antimony cathode during final electrolytic refinery leads to supplementary
costs, to recover additional gold.
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Specialists of the SRC «Hydrometallurgy» have developed an advanced sul-
fide-alkaline leaching technology with minimal gold losses. The essence of it is the
concentration of gold in the solid residue of atmospheric leaching, which is men-
tioned above, and subsequent gold recovery by autoclave method. Within of this
work, research has been for schema development of comprehensive processing of
gold-antimony concentrates with a high extraction of antimony and minimal gold
losses. For this purpose, selective cementation was used for deposition of gold from
antimony solutions.

In this paper antimony-gold concentrate represented by two samples was tested. Av-
erage chemical composition of the samples: 90—100 r/T Au; 20-23% Sb, 1,7-2,7% As,
5,2-8,5% Fe, 12,7-16,2% S . The applied technology includes atmospheric leaching
of concentrate with sodium sulfide (Na,S) in NaOH environment and next zinc cemen-
tation of gold from the pulp or filtrate after leaching.

Several factors influence on the rate and completeness of antimony leaching, on gold
losses. They were identified in this study, in particular: sodium sulfide concentration,
leaching time, temperature and alkali concentration.

The process of zinc cementation from atmospheric leaching pulp was investigated,
to reduced gold losses. It has been found that zinc cements gold well (concentration
of Au in solution is less than 0,05%), in the absence of sulfides, i.e. lack of Na_S (less
than 100% of stoichiometry) in solution. Parameters of the deposition and the optimal
consumption of reagents have been determined. Gold content in the solution is 0,3—
0,7% with the consumption of zinc 1,7-3,3% of the mass of the basic concentrate. This
consumption of zinc is very high, so experiments were carried out on the cementation
of gold from solution after filtration of atmospheric leaching. The purpose of such ce-
mentation is reduction of zinc consumption and its reuse.

As a result of a series of experiments data was received: zinc content 2,5 g on 100
ml of solution secure a gold precipitation more than 90% and antimony losses less 5%.
These parameters perform the best results of cementation process.

Cementation of gold with zinc from antimony solutions can apply successfully to
reduce gold losses. The main problem is process efficiency only in the absence of free
sulfide in solutions, with a lack of sodium sulfide. But this process is efficient in case of
free sulfide absence in the solution, in other words with the lack of the sodium sulfide.
So, antimony recovery gets lower because sodium sulfide isn’t enough for its complete
dissolution. This process can be efficient (high antimony recovery and low gold losses)
if it carries out in two stages in a countercurrent mode.

The developed technology is unique and protected by the Russian patent RU
Ne2744803.
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TEXHUKO-O9KOHOMHWYECKASA
HEJECOOBPASHOCTD ITPEABAPUTEJIBHOI'O OBOT'ALLIEHUA
PYJ IBETHbBIX, PEJKUX U BJIAT'OPOJHbLIX METAJIJIOB

Kones A.B.', Illynveuna K.A.?, Muponosa JK.B.?, Kysuna JI.H.>

'000 «<MHTEKOW, 1. KpacHosipck, Poccus,
2OIAOY BO COV, r. Kpacuosipck, Poccust

C ucToueHrneM MUHEpaIbHO-ChIPbEBOI 0a3bl UCUEPIIBIBACTCS TOTEHIIMAI PA3BUTHS
ropHonoOsiBaromux npeanpusituid (IJII1) B TexHomornueckoit Moienu oTpadoTKu Me-
CTOPOXKJIEHUHN KaK UICTOYHHUKOB MOHOPY/bI C IITyOOKUM 0oOoraiieHueM oTOUTOM ropHOM
Macchl TpaBuTanueit u guoramueil. [Ipu 3ToM crucTeMHO CHMXXKAeTCsl peHTa0eIbHOCTD
['JIT1, He koMmeHCUpyeMasi HapaluBaHUEM 00BEMOB MEPEPAOOTKHU CHIPhS YXY/IIIAr0-
merocs kauectsa. [Ipodnemsl I'/{I1 pa3perniarorcst BHEAPEHUEM TEXHOJIOT UM PEABAPH-
tenpHOro oboramienus (I10) oroéutoii ropHoit Maccsl (OI'M) B kiacce KpymHOCTH OT
500-1500 1 no 5-10 MM BhIJICJICHHEM MYCTOM U ¢J1a00 MUHEPATU30BaHHOU MOPO/IBI,
KOTOpBIE HE BCEria SKOHOMHYECKH 11eJI€CO00pa3HbI.

ABTOpaMu CTaThbU yCTAHOBJICHbBI TEXHUKO-I)KOHOMHUECKHE KPUTEPHH 11€7I€CO00pa3HO-
cti npuMenenust Texnonoruid 110 na I'II1: yBenuuenue o0beMOB nepepabOTKU ChIPbS
3a CUET BO3MEILEHHUS BBIIECIEHHON MOPO/IbI, CKBO3HOTO M3BJIEUYEHHUS B KOHIIEHTPAT LIEH-
HOTO KOMIIOHEHTA, a TaK»e OOIIUX 3aTpaT Ha MIPOU3BO/ICTBO KOHIIEHTPATOB U METAJIJIOB.
OTO B CBOIO OYEPE/b 3aBUCUT OT KAYECTBA ChIPbsl, MECTOHAXOKIEHUSI PYI0COPTUPOBOY-
HOTO KOMIUIEKCA — BO3JI€ PyJIHUKA WK 000TraTUTENbHOU (PAOPUKHM M PACCTOSTHUSI MEKITY
HUMH, 00beMa BBIJICISEMBIX OTBAILHBIX XBOCTOB M MOTEPh C HUMH IIEHHOTO KOMITOHEH-
Ta, CTPYKTYphI U YKPYIHEHHBIX napaMmeTpoB padotsl ['JII1 B 11€510M, OT KOHBIOHKTYPBI
PBIHKA U 1I€H Ha KOHIIEHTPAThl M METAJUTBL. B CBs3H, ¢ yeM pa3paboTka MpoeKTa CTPOu-
TEeJIbCTBA pyaocopTupoBouHoro kommiekca (PCK) nomkHo npeaBapsaTbes TEXHUKO-IKO-
HoMmuueckuM obocHoBanueM (TO0) ero nenecoodbpazHoctu. [logroroBka TOO ocmox-
HSIETCS TEM, UTO B IPOLIECCE T€OJIOTMUECKOMN pa3BENKU HE OLIEHUBAETCS KAYE€CTBO ChIPbSI
noy; TpeboBanus 110, He peramMmeHTHPOBaH OTOOP MPEACTABUTEIBHBIX MPOO PYIIbI, UX
MOATOTOBKA K MPOBEACHUIO HAYYHO-HCCIIE0BATEIBCKIX paOOT U TECTOBBIX HCIIBITAHUI.
YcranapnuBaeMble MIPU 3TOM B COOTBETCTBUU C CYLIECTBYIOIIMMHU METOAMKAMH IOKa-
3arenu [1O oTIMYaroTcst HU3KOW TOCTOBEPHOCTHIO, HE OTPAXKarOT 000raTUMOCTh BCEX
3armacoB ['JII1, namenunBocth xapaktepuctuk OI'M B peasibHbIX YCIOBHSIX IMPOU3BO/I-
cTBa, 3PPEKTUBHOCTh TEXHOJOTUU €€ MOATOTOBKH K Pa3IeICHHIO Ha 00OTalleHHbBIN 1
00eIHEHHBIN MPOAYKTHI IPUMEHSIEMBIMU MeTOIaMu U cpenctBamu 110 u T.1.
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Tpaguimonnast cxema noArotroBku TOO TpedyeT OOobIIIoro o0bemMa NCXOIHbBIX JdaH-
HBIX C M3/IepKKaMHu, focturaroimx 10% or o0bemMa MHBECTHUIIMIA B MPOSKTUPOBAHUE U
ctpoutensctBo PCK, HO HE yCcTpaHseT puUCKH, MOTYIIIME OOCpHYThCS MOJHOM WM Ya-
CTUYHOM MOTEepel MHBECTULIMM. ABTOpAMH MPEUIOKEHA METOIUKA MPEABAPUTEIHLHOTO
(mporuo3noro) TOO npoekTa ¢ ONTUMATBHBIMU 3aTpaTaMy U PUCKaAMU ITyTEM MOJIEIH-
poBanus mporeccoB 110, OLIEHKNM TEXHOJIOTMYECKUX IOKa3aTelie Ha OCHOBE JAHHBIX
re0JI0rM4eCKOr pa3BEAKU U TECTOBBIX UCIBITAHUM, YciaoBuil BcrpauBanus PCK B cTpyk-
typy [II] 1 yKpynHEHHBIX MapamMeTpoB ero paboThl B 11esI0M. MeToanka OCHOBaHA Ha
CpPaBHEHUU KOHEUHBIX pe3ynbTaToB padoTsl [ /11 B TexHOMOrH4YeCcKOM MOJIENH TITyOOKOTO
oboramenus 0e3- u c- npumeneHneM PCK, yuuThiBasi OCHOBHBIEC MapaMeTphbl padOThI
nocneanero. DpdextuBHocts 110 onpenensiercs yBenuyeHUEM 00bEMOB MEPEPadOTKU
pynst ['JII1 3a cyetr Bo3MeleHusT BBIJICICHHOM MOPOIBI, 10U niepepadarsiBaemoii PCK
OTOUTOM TOPHON MacChl, BBIXOJ]a OTBAIBHBIX XBOCTOB U TIOTEPh C HUMHU IIEHHOTO KOM-
noHeHta Menee 5—10%, cOOTHOIIEHUE 3aTpaT Ha TOObIYY U MEepepabOoTKy ChIPhS B Ce-
0eCTOMMOCTH MTPOU3BOICTBA KOHIIEHTPATOB U MeTaiioB. [1O MOkeT MOBBICUTH OOBEMBI
nepepaboTKH ChIphbsi 0€3 HapallMBaHUS MOIIHOCTEH oOoraTuTeIbHBIX (haOpUK Ha Me-
CTOPOXKIECHUSIX MONUMeTaIInYeckux pya B 1,1-1,3 paza, penkoMeTalbHbIX U YPAaHOBBIX
pya — B 1,3-2,2 pa3za, 3o5otocoaepxamux — B 2,1-7,6 pa3. [IpumepHO B Takux e mpo-
MOPLHUSAX TOBBIIIACTCS COACPNKAHUE IIEHHOTO KOMIIOHEHTAa B OOOTAIllEHHOM IMPOIYKTE
PCK. CymiecTBeHHO CHIKAETCsl ce0ecTOMMOCTh OT YpoBHs pabotsl ['JII1 B TexHomoru-
YEeCKOM MOJIEIH TITyOOKOTO 000TaIleH s, KAalTUTaTbHBIC 3aTPaThl HA COOPYKEHHUE Iepepa-
0aThIBAIOIIIMX KOMIUJIEKCOB, CPOKM BO3BpaTa MHBECTUIMHN, YBEIMUMBACTCS KU3HECHHBIN
IUKJT IPENTPUATHH 3a CUET BOBJIICUCHUS B TIEpPEepadbOTKy 3a0a1aHCOBBIX PY/I.

TECHNICAL AND ECONOMIC FEASIBILITY
OF THE PRELIMINARY PROCESSING OF NON-FERROUS,
RARE AND PRECIOUS METALS

Konev A. V', Shulgina K.A.?, Mironova Zh.V?, Kuzina L.N.?

'Ltd. “INTECO”, Krasnoyarsk, Russia,
“Siberian Federal University, Krasnoyarsk

With the depletion of the mineral resource base, the potential for the development
of mining enterprises (ME) in the technological model of the development of deposits

77



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

as sources of mono-ore with deep enrichment of the mined rock mass by gravity and
flotation is being exhausted. At the same time, the profitability of the ME systemati-
cally decreases, which is not compensated by the increase in the volume of processing
of raw materials of deteriorating quality. The problems of the ME are resolved by the
introduction of technologies for the preliminary enrichment (PE) of chipped rock mass
(CRM) in the size class from 500-1500 to 5—10 mm by separating empty and weakly
mineralized rocks, which are not always economically feasible.

The authors of the article have established technical and economic criteria for the
feasibility of using software technologies at gas-displacement units: an increase in the
volume of processing of raw materials by reimbursing the separated rock, through ex-
traction of a valuable component into concentrate, as well as total costs for the produc-
tion of concentrates and metals. This, in turn, depends on the quality of raw materials,
the location of the ore sorting complex — near the mine or processing plant and the
distance between them, the volume of waste tailings and losses with them of a valuable
component, the structure and enlarged parameters of the operation of the ME’s as a
whole, on the market situation and prices for concentrates and metals. In this connec-
tion, the development of a project for the construction of an ore sorting complex (OSC)
should be preceded by a technical and economic justification of its feasibility. The
preparation of the technical and economic justification is complicated by the fact that
in the process of geological exploration, the quality of raw materials is not assessed
for the requirements of the software, the selection of representative ore samples, their
preparation for scientific research and test tests are not regulated. The software indi-
cators established in accordance with the existing methods are characterized by low
reliability, they do not reflect the washability of all reserves of the gas-pressure gen-
erator, the variability of the characteristics of the CRM in real production conditions,
the effectiveness of the technology of its preparation for separation into enriched and
depleted products by the applied methods and software tools, etc.

The traditional scheme for preparing a feasibility study requires a large amount of
initial data with costs reaching 10% of the volume of investments in the design and
construction of OSCs, but does not eliminate the risks that may result in full or partial
loss of investment. The authors proposed a methodology for a preliminary (predictive)
feasibility study of a project with optimal costs and risks by modeling PE processes, as-
sessing technological indicators based on geological exploration data and test tests, the
conditions for embedding OSCs in the structure of the MEs and enlarged parameters
of its work as a whole. The methodology is based on a comparison of the final results
of the work of the ME in the technological model of deep enrichment without and with
the use of OSCs, taking into account the main parameters of the operation of the latter.
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The efficiency of PE is determined by the increase in the volume of ore processing by
the ME due to the replacement of the separated rock, the share of the mined rock mass
processed by the OSCs, the output of tailings and the loss of a valuable component with
them is less than 5—10%, the ratio of the costs of mining and processing of raw mate-
rials in the cost of production of concentrates and metals. PE can increase the volume
of processing of raw materials without increasing the capacity of concentration plants
at the deposits of polymetallic ores by 1.1-1.3 times, rare metal and uranium ores — by
1.3-2.2 times, gold-bearing — by 2.1-7.6 time. In approximately the same proportions,
the content of the valuable component in the fortified product OSCs increases. The
prime cost is significantly reduced due to the level of work of the ME in the techno-
logical model of deep concentration, capital costs for the construction of processing
complexes, investment return periods, the life cycle of enterprises increases due to the
involvement of off-balance ores in processing.
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JIEKTPOXUMHNYECKOE YIAJTEHHUE
JIEMEHTHOM CEPbI U3 ITPOAYKTOB KOHIULIMOHUPOBAHMUSI
30JIOTOCOAEPKAIINX KOHIHEHTPATOB

Yexkywun B.C., [lepeunes A.C., Oneiinuxkosa H.B.

CoV, 1. Kpacnosipck, PO

JlanHOE co0O01IeHNEe KacaeTcsl MOJArOTOBKH KEKOB 0aKTEpHAIbHOTO OKUCIUTEIBHOTO
pa3ioKeHus Cylb(PUIHBIX MUHEPAIbHBIX (HOPM, BXOISAIIUX B COCTaB (PIOTALMOHHBIX
KOHIIEHTPATOB O0OTalieHusl 30JI0TOCOAEPKAIIMX Py K HuaHupoBaHuio. OcoOeHHO-
CTBIO JTaHHBIX MPOAYKTOB SIBISIETCSI BBICOKOE COJEPHKAHUE DIIEMEHTHOM CEPBI, JOCTH-
ratouiee 5—12%. Takne marepuansl HE SBISAIOTCS NPUTOJHBIMM IS TOCIETYOLIETO
BBIIEIAYMBAHUSA 30JI0TA IMAHUPOBAHUEM, YTO CBSA3aHO C BBICOKMM PAaCXOJOM peareHra
¥ HEYJOBJIETBOPUTEIbHBIM U3BIICUCHHUEM 1I€JIEBOTO MeTasuia B BoAHYIO (azy. [TorTomy
yIaJeHHe U3 COCTaBa OMOKEKOB AIIEMEHTHOW CEphI SIBISIETCS BaXKHEHIIEeH 3aaaueit.

Hamu npoananu3upoBaHbl BApUAHTHI OKUCIUTEIBHON THAPOMETAIUTY prudeCcKoi 00-
pabOTKM JaHHBIX MaTepUajIOB C UCIIOJIb30BaHUEM BO3/yXa, KUCIOPOJa, BOAHOPACTBO-
PUMBIX PEareHTOB-OKUCIUTENEN B KUCIIBIX U IIEJIIOYHBIX CPEAAX B YCIOBUAX TEMIIEPA-
Typ 20-230°C npu HOpMaIbHOM U U30BITOYHOM JaBieHuu kuciopoza (0,45—1,2 Mlla)
C MOJYyYE€HHUEM BOJHOPACTBOPUMBIX COETUHEHUHN cepbl (THOCYIb(ATOB, CYIbPUTOB U
cynb(aToB), a TaKkKe cepo-cylbPpuaHon GuoTanuu. YKa3aHHbIE TIPOLECCHl SBISIOTCS
HSHEPrOEMKHMH, B OOJIIIMHCTBE CIy4YaeB, PaCTAHYThl BO BDEMEHH U CBSI3aHBI C I0TOJI-
HUTEJIBHON COBOKYITHOCTBIO KalIUTAJIBHBIX U HKCIUTYyaTAlIMOHHBIX 3aTpar.

B mpoTHBONONIOKHOCTh U3BECTHBIM IPEMAJIATAETCS OCYIIECTBUTH AJIEKTPOXUMHUYE-
CKO€ MpeoOpa3zoBaHKE HIEMEHTHON CEpPhI C UCII0JIb30BAHNEM ITOCTOSIHHOTO U IIEPEMEH-
HOT'O TOKA, KOTZa JIENOIApU3aTOpPOM KAaTOI0B M aHOIOB BBICTYIIAET JJIEMEHTHAs Cepa,
OPUCYTCTBYIOLIAsl B BOAHOUIENIOUYHOM mynble. [Ipu 3ToM Ha katone oOpa3yroTcst Kuc-
JIOPOJIHbIE AHWOHBI, BCJEICTBHE OApOOTHPOBAHUS UEPE3 CEPO-ILIEIOUHYIO CUCTEMY
KHCIIOPOJIA € LEJIbI0 NCKIIFOUEHUS KOHIIEHTPALMOHHOM NOJIIPU3ALMK KaTo/a.

UccnenoBanust mpoBoauiau B rpa@uToBOi sueiike. OYHKIIMIO OAHOTO U3 IEKTPO-
70B (KaTo/ia UM aHO/1a) BBIMIOJIHS IPpa()UTOBBIN THUTEb C TOTUPOBAHHON BHYTPEHHEH
NOBEPXHOCTHI0. BTOpO#i 351€eKTpoa — rpadMTOBBINM CTEPKEHb B (popME LIMIIUHJpPA, TO-
IPy’KAaeMbIi B CEPO-IIEJIOUHYIO Iynblly. OTHOLIEHNE BEIMYHUH IIOBEPXHOCTEN CMavyu-
BaHUs 2J1EKTPoAOB paBHO 4. [IpegycMoTpeHa BO3MOKHOCTD OT/AEJIEHUS PUAIEKTPOA-
HOTO TIPOCTPAHCTBA CTEPXKHS OT 00bEMa CepO-1IEIOUHOM MyIbIIbI AHapparMoi B BUE
MEIIKA U3 IJIOTHOW IIEJI0YEyCTONYNBON TKAHU.
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B pabote nmpuBoasiTCst pe3yiabTarhl MEKTPOXUMUYECKUX UCCIIETOBAHUM TTOBEICHUS
AJIEMEHTHOM CEPBI B LIEJOYHBIX CPENAX B YCIOBHSIX KaTOAHOW M aHOIHOM JETOJISApHU-
3anuu. MccnenoBaHo BIUSHUE COBOKYMMHOCTH (DAKTOPOB HA KOHBEPCHUIO JIEMEHTHOM
CephI C MOJIYYEHHUEM B PACTBOPE THOCYIh(ATHBIX, CyIb(UTHBIX U CYJIb(ATHBIX COE-
JVHEHUW TIPU AaHOIHOW JENoisipru3aunu. B yCIOBHUAX KaTOOHOW AEMOJSIPU3ALAN TTPO-
CJICKEHO HaKaIUIMBaHUE CYIb(DUIHON cepbl B 3aBUCUMOCTU OT COCTABOB MCXOJIHBIX
ANEKTPOJIUTOB, MEKAJIEKTPOAHOTO HAMPSKEHUS, TUIOTHOCTH TOKA, TEMIIEPATYPbI, UH-
TEHCUBHOCTHU MEPEMEIINBAHUS, POJIOIKUTEIBLHOCTH MPOIECCa, pacXoda YIHEPTUH.

YcTaHOBIIEHO, YTO MPU KaTOHOM JAENOJISIpU3aLUU yIaeTCcsi 00€CIIEUUTh U3BJICUEHUE
cynbdUIHON cepsl, AocTuratomee 99,6% or KoaudecTBa MOJAHHOM B MPOIIECC dJie-
MEHTHOMW Cephl IIPU BBICOKOM CKOPOCTU BOoccTaHOBieHUS. [Ipu aHOIHOW Aenossapu3a-
IIUU B PACTBOPE HAKAIUTMBAETCsl cMech CynbdarHbiX (70%), cynbhuthbixX (17%) u TH-
oCyNb(aTHBIX COCTUHEHUM.

Oco0oe 3HaueHne UMEET NIyOOKasi OTMBIBKA KEKOB MOCIIE 3JIEKTPOXUMUYECKON 00-
paboTku oT cyabdua-uoHoB. YTo kacaeTcs aHOAHOM 0OpabOTKM MaTtepualia, KUCIO-
POJIHBIE aHUOHHBIE COSAMHEHUS CEPhI HE BIUSIOT HAa 3PPEKTUBHOCTH MOCIETYIOIIETO
IMaHUPOBAHUSI.

[TonyueHnHble pe3yabTaThl JAIOT OCHOBaHUE MOJIararh, YTo B JaJIbHEHIIIEM Mpeiara-
€MBbIH METOJ] AMEKTPOXUMHYECKOTO BO3JICUCTBUS HA PJIEMEHTHYIO CEpy MOXKET KOHKY-
pPUPOBATh C CYIIECTBYOLINMH.

ELECTROCHEMICAL REMOVAL
OF ELEMENTAL SULFUR FROM CONDITIONING PRODUCTS
OF GOLD-BEARING CONCENTRATES

Chekushin V.S., Dergilev A.S., Oleinikova N.V.

SFU, Krasnoyarsk, Russian Federation

This communication concerns the preparation of cakes of bacterial oxidative decom-
position of sulfide mineral forms that are part of flotation concentrates for enrichment
of gold-bearing ores for cyanidation. A feature of these products is the high content
of elemental sulfur, reaching 5-12%. Such materials are not suitable for subsequent
leaching of gold by cyanidation, which is associated with high consumption of the re-
agent and unsatisfactory recovery of the target metal into the aqueous phase. Therefore,
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the removal of elemental sulfur from the composition of biocakes is the most important
task.

We have analyzed options for oxidative hydrometallurgical processing of these ma-
terials using air, oxygen, water-soluble oxidizing reagents in acidic and alkaline media
at temperatures of 20-230° C at normal and excess oxygen pressure (0.45—1.2 MPa) to
obtain water-soluble sulfur compounds (thiosulfates, sulfites and sulfates), as well as
sulfur-sulfide flotation. These processes are energy intensive, in most cases, extended
in time and associated with an additional set of capital and operating costs.

In contrast to the known ones, it is proposed to carry out the electrochemical transfor-
mation of elemental sulfur using direct and alternating current, when the elemental sulfur
present in the water-alkaline pulp acts as a depolarizer of the cathodes and anodes.

In this case, oxygen anions are formed on the cathode, due to bubbling oxygen
through the sulfur-alkaline system in order to exclude the concentration polarization of
the cathode.

The studies were carried out in a graphite cell. The function of one of the electrodes
(cathode or anode) was performed by a graphite crucible with a polished inner surface.
The second electrode is a cylindrical graphite rod immersed in a sulfur-alkaline pulp.
The ratio of the values of the wetting surfaces of the electrodes is 4. It is possible to
separate the near-electrode space of the rod from the volume of the gray-alkaline pulp
by a diaphragm in the form of a bag made of dense alkali-resistant tissue.

The paper presents the results of electrochemical studies of the behavior of elemen-
tal sulfur in alkaline media under conditions of cathodic and anodic depolarization.
The influence of a combination of factors on the conversion of elemental sulfur with
the production of thiosulfate, sulfite and sulfate compounds in solution during anodic
depolarization has been investigated. Under conditions of cathodic depolarization, the
accumulation of sulfide sulfur was traced depending on the compositions of the initial
electrolytes, interelectrode voltage, current density, temperature, stirring intensity, pro-
cess duration, and energy consumption.

It has been established that during cathodic depolarization it is possible to ensure the
extraction of sulfide sulfur, reaching 99.6% of the amount of elemental sulfur supplied
to the process at a high reduction rate. During anodic depolarization, a mixture of sul-
fate (70%), sulfite (17%) and thiosulfate compounds accumulates in the solution.

Of particular importance is the deep washing of cakes after electrochemical treat-
ment to remove sulfide ions. Regarding the anodic treatment of the material, oxygen
anionic sulfur compounds do not affect the efficiency of the subsequent cyanidation.

The results obtained give reason to believe that in the future the proposed method of
electrochemical action on elemental sulfur can compete with the existing ones.
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IKCTPAKLIMS BAHAIUS (V) COJISIMUA
YETBEPTUYHBIX AMMOHUEBBIX OCHOBAHMUIA
U3 HEMTPAJIBHBIX U CJIABOLLEJIOYHBIX PACTBOPOB

Dnevumaux U IO.", Kyimyxameoos I'K.2, I puecopvesa H.A.'

"MHCTUTYT XMMHUHU U XUMHYECKOH TexHonorun Cudupckoro otaenenus Poccuiickoii akagemMun
Hayk — o0ocobnenHoe noapaszaenenue UL KHIL CO PAH, Kpacnosipck, Poccus
’TOO «Cesepnbiii Karmapy, npocnekr Byxap Xeipay 49/6, Kaparanna, Kazaxcran

3HauuTenbHas A0 TexHuuecko naruokucu BaHaaus (TY 14-5-92-90) ucnonb3y-
€TCA B CTAICIIUTEIHON MPOMBIIIIEHHOCTH, IPH MPOU3BOJICTBE KAaTaIU3aTOPOB JIJIsl XU-
MUYECKOU MPOMBIIIUIEHHOCTH U JIp. B TO ke Bpemsi JiJis MOJTy4eHUs ClieliualbHbIX Ba-
HAJIMEBBIX CIUIABOB TPeOyeTCsl OKCHUJ BaHaAusl O0JIee BRICOKOTO KauecTBa, HAIpUMeED,
BHO-1 (>98,5% V.0, TV 48-4-429-82). IIpu ruapoMeTallypru4ecKoii nepepaboTke
BaHAIMEBOTO CHIPhs (KeJIe30BaHaIMe-Bble KOHIIEHTPAThI, OTPaOOTaHHbIE KaTalln3aTo-
PBI CEPHOKHCIIOTHOTO MPOU3BOACTBA U JP.) 00pa3yroTCsl CIIOKHBIC 110 COCTABY TEXHO-
JIOTUYECKUE PacTBOPhL. DPPEKTUBHBIM METOJIOM U3BJICUCHUSI BaHAIUS U3 TAKUX pac-
TBOPOB, C MOJYYEHUEM BBICOKOUHMCTBIX MPOAYKTOB, SIBIISICTCS KUJKOCTHAS IKCTPAKITHSI.

N3ydena skcrpaxius BaHaaus (V) coiasiMi YeTBEPTUUHBIX aMMOHHUEBBIX OCHOBAHUMN
(UAO) u3 HEUTpaIbHBIX U CIIA0OIIEIOUHBIX pacTBOpoB. [lokazaHo, 4ToO BO BCEX CUCTE-
max npu pH = 5,0-9,0, T.e. B 001acTu CyilleCTBOBaHUSI METaBaHAJaT-MOHOB, CTETICHb
u3BneueHus: Banaaus Onuska k 100%. KarnonHasi yacTh SKCTpareHTOB HE OKa3bIBAET
CYUIECTBEHHOTO BJIMSHHS Ha W3BJICUCHHUE V, OMPEAEISIONUM SIBISETCS THI aHHMOHA B
skcTparente. Peskcrpakius Banaaus ¢ cosimu YAO 3arpyaHeHa v MPOXOAUT B TBEPAO-
(basnom Bapuante Hezapucumo ot Tuna peskcrparenta (NH,Cl, NaOH umu NH,HCO,),

YTO SIBJISICTCS CYIIECTBEHHBIM HETOCTAaTKOM. B 4acTHOCTH, TI0 ypaBHEHUIO 1:
[R,CH,N),(V,0,)*] o, T 8OH & 4HVO 42_(3) +4 (R,CH,N)OH (1)
N3ydeHbl HOBBbIC SKCTPAKIIMOHHBIE CHCTEMBI Ha OCHOBE TPHUATKHWIMETHIAMMOHUIN XJTO-
puna wim TpuankuimMeTuiammonnit cynabgara (TAMAC) ¢ napaankuidenonom (HA). B
ITHX CHCTEMax, Hapsimy ¢ BBICOKOA((HEKTUBHON IKCTpaKIuel, peanusyercs 3hdeKTus-
Hasi peskcTpakius pactsopamu NaOH B nByxdazHoil cucteMe, 4To Mo3BOJISET MOMyYaTh
KOHIICHTPUPOBAHHBIC PEIKCTPAKTHI BaHAIUS O€3 BBITAJICHUS OCAJKOB M 00ECIeUnBacT
€ro BBICOKOE M3BJICUCHHE M3 OpraHudeckoi (asbl. JIErkocTh peskcTpakiuu 00yCIIoBIeHA
00pa3oBaHNEM B OPraHUIECKOM (haze TpUaIKWIMETHIaMMOHUH eHosTa (yp.2).

R.CH,N),(V,0,)"] o F4HA +80H «—4HVO N » T4RCHNA +4HO (2)
Perenepanmsi skcTpareHTa oCymecTBiseTcss 00padoTKoi opraHndeckoit (pasel pac-

TBopamu kuciot mim NH,HCO.,.
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Pe3ynbraThl NUJIOTHBIX UCIBITAHUN MO 3KCTPAKLIMOHHOMY H3BJIEUEHHUIO V M3 pac-
TBOPOB BBILIEIAYUBAHNUS OTPAOOTAHHBIX BAHAJMEBBIX KaTaJIU3aTOPOB CEPHOKHUCIIOT-
HOTO TIPOU3BOJICTBA, cofep:amux; r/am’: 7,13 V; 0,012 P; 0,08 As u 0,35 SiO, ¢ no-
motbio 0,2 M pactBopa TAMAC B cmecu ¢ 0,4 M mapaankundenona B KEpoCHHE +
15% 2-3Trnrexcanona, u peskcrpakuuen Banaaus 1,5 M pactsopom NaOH noka3zanu
BBICOKYIO 3(D(PEKTUBHOCTH JAHHOU CUCTEMBI. 3a 4-€ CTYNEHH SKCTPAKIIMK U 2-€ PEIKC-
TpPaKLIUK — CTENIEHb U3BJICYECHMS BaHaAUs cocTaBuia 99,7%.

[TomyueHHast U3 pesKCTpaKTa MATUOKUCH BaHAJAMsI COOTBETCTBOBaIAa TPEOOBAHUSAM
TV mapku BHO-1.

EXTRACTION OF VANADIUM (V)
WITH QUATERNARY AMMONIUM SALTS FROM NEUTRAL
AND WEAKLY ALKALINE SOLUTIONS

Fleitlikh I.Yu.", Kulmuchamedov G.K.%, Grigorieva N.A."

nstitute of Chemistry and Chemical Technology SB RAS,
Federal Research Center “Krasnoyarsk Science Center SB RAS”, Krasnoyarsk, Russia
*Northern Katpar LLC, 49/6 Bukhar Zhyrau Avenue, Karaganda, Kazakhstan

A significant part of technical vanadium pentoxide (TU 14-5-92-90) is used in the
steel industry, in the production of catalysts for the chemical industry, and etc. At the
same time, to obtain special vanadium alloys, vanadium oxide of a higher quality is
required, for example, VNO-1 (> 98.5% V, O, TU 48-4-429-82). During the hydrome-
tallurgical processing of vanadium raw materials (iron-vanadium concentrates, spent
catalysts of sulfuric acid production, etc.), technological solutions of complex com-
position are formed. Liquid extraction is an effective method for extracting vanadium
from such solutions to obtain high-purity products.

Vanadium (V) extraction with quaternary ammonium salts from neutral and slightly
alkaline solutions was studied. It was shown that in all systems at pH = 5.0-9.0, 1.e. in
the region of the existence of metavanadate ions, the degree of vanadium extraction
is close to 100%. The cationic part of the extractants does not significantly affect the
recovery of V, the type of anion in the extractant is determining. Stripping of vanadium
with PAO salts is difficult and takes place in a solid-phase version regardless of the
type of stripping agent (NH,Cl, NaOH or NH,HCO,), which is a significant drawback.
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In particular, according to equation 1:
[R,CH,N),(V,0,,)*] 0T 8OH & 4HVO 42'(3) +4 (R,CH,N)OH (1)

New extraction systems based on trialkylmethylammonium chloride or trialkylme-
thylammonium sulfate (TAMAS) with paraalkylphenol have been studied. In these
systems, along with highly efficient extraction, efficient stripping with NaOH solutions
in a two-phase system is realized, which allows to obtain concentrated vanadium strip-
ping without precipitation and ensures its high recovery from the organic phase. The
ease of stripping is due to the formation in the organic phase of trialkylmethylammoni-
um phenolate (eguation 2):

R,CH\N),(V,0,)*],+4HA  +8OH —4HVO? '+4 R,CHN)A +4H,0 (2)

The extractant is regenerated by treating the organic phase with solutions of acid
solutions (H,SO,) or NH,HCO,.

The results of pilot tests on the extraction of V from leaching solutions of spent
vanadium sulfuric acid catalysts containing; g/dm?: 7.13 V; 0.012 P; 0.08 As and 0.35
Si0, with a 0.2 M solution of TAMAS mixed with 0.4 M paraalkylphenol in kerosene
+ 15% 2-ethylhexanol, and stripping of V with 1.5 M NaOH solution showed high
efficiency of this system. For the 4 stage of extraction and 2 stripping, the degree of
vanadium extraction was 99.7%. Obtained from a re-extract vanadium pentoxide met

the requirements of TU brand VNO-1.
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MEXAHOXUMHNYECKOE BOCCTAHOBJ/IEHUE OKCHUJIOB
HUOBUA U TAHTAJIA MAT'HUEM

Yoanosa T.A.'?, Bocmepukoe C.B.!, I pucopvesa T.@.,
Anapnes AU, Jesamrxuna E.T.', J/laxoe H.3.!

'®I'BYH UuctutyT Xumun tBepaoro tena u mexanoxumun CO PAH, yi. Kyrarenanse, 18,
HoBocubupck, 630128, e-mail: udalova@solid.nsc.ru
*OI'bYH Horocubupckuii ['ocynapcteennsiii Texuudeckuii Yauepcuret, np-T K. Mapkca, 20,
Hosocubupck, 630073, e-mail: udalova@solid.nsc.ru

Huo6wuit n TanTan o0nanaT BEICOKON KOPPO3UOHHOW CTOMKOCTHIO KO MHOTHM XH-
MUYECKH arpeCcCUBHBIM cpeiaM (MUHEpaIbHBIM U OPraHUYECKUM KHCIOTaM, MOPCKOM
BOJIE, )KMJIKUM METaJlaM U Jp.), BBICOKOW TemrepaTypoil miuasiaeHus. OHU BXOIAT B
COCTaB IIEHHBIX KOHCTPYKIIMOHHBIX MaTepuajoB 00OPYIOBaHUS XUMHUYECKOTO U Me-
TaJUTyprHY€CKOTr0 MPOU3BOJCTBA, HAXOAAT NPUMEHEHUE B COBPEMEHHBIX MUKPOJICK-
TPOHHBIX YCTPOMCTBaX, MEIMUIIMHE, ATOMHOW 3HEPIreTHKE, IPUMEHSIOTCS MPU CO3/a-
HUU paJapoB, aKyCTHUECKUX YCTPOMCTB, KBAHTOBBIX reHeparopoB. M3 meTonos mo-
Jy4YEHUsl METANTMYECKUX HUOOMS U TaHTalla CIEAyeT OTMETUTh: HATPUUTEPMUUECKOE
BOCCTaHOBJICHHE (PTOpTaHTaNaTa Kajaus, SJEKTPOTUTHYECKUI METO/T, BOCCTAHOBIICHHE
TaHTaJla U3 €ro MEHTaXJOpUJa U OKCHJA AKTUBHBIMU METaJlIaAMH, B TOM YHCIIE Me-
toiom CBC. CymiectByeT NoTpeOHOCTh B Pa3BUTHUU YKOHOMHUYECKH U IKOJIOTUUYECKHU
Oosee 11e51eco00pa3HbIX CIOCOO0OB MOMYYEHUsI MOPOIIKOB ITUX METaJIoB. Peakiuuy,
peanusyembie B YCIOBUAX MeXaHW4YecKol akTuBanuu (MA), Kak MpaBuUiio, BHITOIHBI,
KaK C TOYKH 3PEHUS SKOJIOTHH, TAK U KOPOTKUX BPEMEH CUHTE3a. MEXaHOXUMHUYECKOE
BOCCTaHOBJICHHE OKCHI0B HUOOMS M TaHTaJa B 9K30TEPMHUECKUX OKUCIUTEIHHO-BOC-
ctaHoBUTENbHBIX peakuusx (OBP), mpoBoaumeix B npouecce MA cMeceil TBepabIx
okcuioB MeTaiioB (MeO) ¢ akTUBHBIM METAJIJIOM MPUBOAAT K (DOPMHUPOBAHUIO BbI-
)0, IIpu-
MEHEHHE B KaUE€CTBE aKTUBHOIO METajlla MarHus, kotopslii mpu MA B OBP okucns-

COKOIIMCIEPCHBIX MEXaHOXMMHYECKUX KOMIIO3MTOB coctaBoB Me/(Me
ercs 10 MgO, obnagaromiero Beicokoi Temmeparypoi miasieHus (~3000K), mo3so-
asieT uzderars crnekanus npoaykroB MA. C apyroil CTOpOHbI, pU B3aUMOJIEHCTBHH
MEXaHOXMMHYECKHUX KOMMO3uToB Me/MgO (cMecu TOpOIIKOB BBICOKOIMCIIEPCHBIX
JacTuIll okcuja akTuBHoro meramia (MgO) u BoccTaHOBIEHHBIX MeTauioB (Me)) ¢
pas0OasnenneiMu pactBopamu HCI mmm H SO, okcua Maruus nepexoauT B XOPOLIO
pPacTBOPHUMBIE COEAMHEHUS. DTO CO3/1A€T BO3MOXHOCTh ITOMCKA YCJIOBHM KHCIOTHOMN
00paboTku komMro3uToB Me/MgO, mpu KOTOPBIX BOCCTAHOBICHHBIC METAIIIBI B BUJIC
MOPOIIIKOB OCTAIOTCSI XUMHUYECKH WHEPTHBIMH, HO IOCTUTAETCS UX OT/ICIICHUE OT OKCH-
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Ja Martaus. PeaKHI/II/I BOCCTAHOBJICHUA BBICIINX OKCHUIO0B HUOOWS M TaHTAaa SBIISTIOTCS

BBICOKOIK30TEPMHUECKIMH:
Nb,O +5Mg—Nb+5MgO; AH° , = — 1108k /Ix-

2987
Ta,O, + SMg—Ta + SMgO; AH®, . = — 962k]x-

OCHOBBIBasICh Ha Pe3yJbTaTax PEHTIeHO(PA30BOro aHaIM3a MPOAYKTOB MEXaHOXH-
MHYECKOro BoccTaHoBjIeHUs okenaoB Nb O, n Ta O, MarHueM npu pasjiMyHbIX Ha-
Ipy3Kax U CTEXUOMETPUHU, HAMH OIPEAEIICHBI ONTUMAJIbHBIE YCIOBUS IPOBEACHUS Me-
XaHUYECKOM aKTUBAIMU JJIsl TaHHBIX cucTeM. [oka3aHo, 4TO MpU CKOPOCTH BpalllCHUS
OapabanoB Bokpyr obmieit ocu 100006/mun Mexanoxumuaeckue OBP 3aBepiatorcs
¢ (popmupoBanuem kommno3utoB Nb(Ta)/MgO 3a BpeMst akTuBanuu 8MHUH, TTPU CTEXU-
OMETPHYECKMX COOTHOLIEHUAX KOMIOHEHTOB cMmecel Nb O (Ta,0,) : Mg = 1:5.01. B
TaKUX YCJIOBHSX B COCTaBaX KOMIIO3UTOB KPOME OKCH/Ia MarHusi 1 BOCCTAHOBJIEHHOTO
MeTajula MPAKTUYECKA OTCYTCTBYIOT MOOOUYHBIE MPOAYKTHI. OmnpeseneHsl HeoOX0au-
MBI€ YCIIOBHUSI OTHETICHUS BhICOKOAUCTIEPCHBIX Nb 1 Ta M3 COOTBETCTBYIOIMX MeXa-
HOXUMHYECKUX KOMMO3UTOB oT MgO mnocnenoBaTebHON 00pabOTKON KOMITO3UTOB
pas0asnennbiMu pactBopamu HCl mimm H SO, ¢ nocnenyromieii IpoMbIBKON TUCTHII-
JUPOBAHHOM BOJIOM M anieToHOM. PasMepsbl yactuil mopoikoB Nb u Ta, oT/ieieHHBIX 13
mexanokoMmno3uToB Nb(Ta)/MgO ot okcuma Maruusi, onpezieIieHHbIe METOJIOM CKaHH-
PYIOLIEH IEKTPOHHOW MUKPOCKOIUH, cOCTaBuiu oT ~ 0,1 1o 0,2 Mkm.

Paboma ewvinonnena 6 pamkax cocyoapcmeenunozo szaoaumusi UXTTM CO PAH
(npoexm Ne. AAAA-A17-117030310277-6).

MECHANOCHEMICAL REDUCTION OF NIOBIUM
AND TANTALUM OXIDES BY MAGNESIUM

Udalova T.A."?, Vosmerikov S.V.', Grigor’'eva T.F.', Aparnev A.1°,
Devyatkina E.T', Lyakhov N.Z.!

'FSBIS Institute of Solid State Chemistry and Mechanochemistry SB RAS, st. Kutateladze, 18,
Novosibirsk, 630128, e-mail: udalova@solid.nsc.ru
’FSBIS Novosibirsk State Technical University, K. Marksa Ave., 20, Novosibirsk, 630073,
e-mail: udalova@solid.nsc.ru

Niobium and tantalum have high corrosion resistance to many chemically aggressive me-
dia (mineral and organic acids, sea water, liquid metals, etc.), and a high melting point. They
are a part of valuable structural materials of equipment for chemical and metallurgical pro-
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duction, find application in modern microelectronic devices, medicine, nuclear power, and
are used to create radars, acoustic devices, and quantum generators. Among the methods for
producing metallic niobium and tantalum, it should be noted: sodium thermal reduction of
potassium fluorotantalate, electrolytic method, reduction of tantalum from its pentachloride
and oxide with active metals, including the SHS method. There is a need to develop econom-
ically and environmentally more expedient methods for producing powders of these metals.

The mechanochemical reduction of niobium and tantalum oxides in exothermic re-
dox reactions carried out in the process of mechanical activation (MA) of mixtures of
solid metal oxides (MeO) with an active metal leads to the formation of highly dis-
persed mechanochemical composites of Me/(Meact_)XOy. The use of magnesium as an
active metal, which is oxidized to MgO with a high melting point (~3000 K) during
MA in redox reactions, makes it possible to avoid sintering of MA products. On the
other hand, during the interaction of mechanochemical composites Me/MgO (mixtures
of powders of highly dispersed particles of oxide active metal (MgO) and reduced
metals (Me)) with dilute solutions of HCI or H,SO,, magnesium oxide transforms into
readily soluble compounds. This makes it possible to search for acid treatment condi-
tions of Me / MgO composites, under which reduced metals in the form of powders
remain chemically inert, but their separation from magnesium oxide is achieved.

The reduction reactions of the higher oxides of niobium and tantalum are highly
exothermic:

Nb,O +5Mg—Nb+5MgO; A H® | = — 1108k Ix-

2987
Ta,O, + 5Mg—Ta + 5MgO; AH°,, = — 962k /Ix-

Based on the results of X-ray phase analysis of the products of mechanochemical reduc-
tion of Nb,O, and Ta,O, oxides with magnesium under various loads and stoichiometry,
we have determined the optimal conditions for carrying out mechanical activation for these
systems. It is shown that, at a speed of rotation of the drums around a common axis of 1000
rpm, mechanochemical redox reactions is completed with the formation of Nb (Ta)/MgO
composites during an activation time of 8 min, at stoichiometric ratios of the components of
Nb,O, (Ta,0,): Mg = 1: 5.1 mixtures. Under such conditions, in the composition of compos-
ites, in addition to magnesium oxide and reduced metal, there are practically no by-products.

The necessary conditions for the separation of highly dispersed Nb and Ta from
the corresponding mechanochemical composites from MgO were determined by se-
quential treatment of the composites with dilute solutions of HCI or H,SO,, followed
by washing with distilled water and acetone. The particle sizes of Nb and Ta powders
separated from Nb (Ta)/MgO mechanocomposites from magnesium oxide, determined
by scanning electron microscopy, were from ~ 0.1 to 0.2 pm.

The work was carried out within the framework of the state assignment of the ISSCM
SB RAS (project No. AAAA-A17-117030310277-6).
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COBEPIIEHCTBOBAHMUWE NIEPEPABOTKH INTPOAYKTOB
IKCTPAKIIUU INTATUHOBBIX METAJIJIOB

Pabyxun E.A.', Jlobanoe B.I', Epmakoe A.B.%,
Kysomenro I'@.2, Cromopoxos B.A.?

'«Ypaibckuii (enepanbHblii YHUBEPCUTET HMEHH niepBoro npesujaenta Poccun b.H. Enbinnaay,
. ExatrepunOypr, Poccuiickas ®enepanus
2AO «YpabcKkue MHHOBAIIMOHHBIC TEXHOJIOTUWY, I. EkatepunOypr, Poccuiickas denepanus

AdduHaXK MIATHHOBBIX METAIOB OTIMYAETCS MHOTOOOpa3ueM TEXHOJIOTUYECKHX
IIPUEMOB U MCIIOJIB3YEMBIX PEareHTHBIX PeKUMOB. Llenbio MaHHON paboTHI SIBISUIOCH
YCOBEPIIICHCTBOBAHKUE SKCTPAKIIMOHHOTO KOHJIUITMOHUPOBAHUS TIPH BBIJICTICHUU POIUS
U3 MPOMIPOAYKTOB TepepaboTku KoyuieKTuBHBIX KoHIeHTpaTtoB MIII. IIpu ouncrtke
poauiicomepKaiux pacTBOPOB METOAMU IKCTPAKIIUU OOJNbINNAss 9acTh IJIATHHOBBIX
METaJUIOB-CITyTHUKOB 1 HEOJIArOPOTHBIX METAJIOB ITEPEXOIAT B PEIKCTPAKT. B pe3yib-
Tare 00pa3yeTcs 3HAYUTEIHFHOE KOJIMYECTBO BTOPUYHBIX PACTBOPOB, MepepadOTKa KO-
TOPBIX C UCTOJB30BaHUEM M3BECTHBIX METOJIOB IpoTeKaeT HedddekrnBHO. B pabote
U3yYCHA I1eJIeCO00PA3HOCTH MOBHITIICHUS KOHAUITHOHHOCTH TEXHOJIOTHYECKUX PACTBO-
POB YITapUBaHUEM.

Jl1s1 pereHepanu OpraHuveckoi ha3bl UCIIONB3YETCS PEIKCTPATUPYIOIIUN pacTBOP
cienyromero cocrasa: 10 r/om? Na,SO, + 40 r/nm® HCI. CocraB peakcTpakra npej-
cTaBJieH B Tabnuie 1.

Tabnuya 1.
CocraB pe3kcTpakTa

O0BeM Konnenrparwst, r/am’ IInotHOCTS,
pactBopa, cM® | DPt | Ru | Rh | Pd Ir Pt | Ag | Pb | Cu | HCI r/cm®
4982 0,555(0,086|0,029(0,149|0,054 {0,218 {0,025 (0,088 {0,034 | 25,2 1,019

C uenpto nosbieHus koHUeHTpauu MIIT peskcTpakT nojgsepraiu ynapuBaHHUIO.
B naGopatopHbIX yCI0OBUSX YTapUBaHUE MPOBOIUIN B CTEKJISTHHOM CTaKaHe IIPH repe-
MeIIMBaHuU U Temieparype 95°C, 00beM ynapeHHOTO pEedKCTpakTa coctaBuil 650 M.
[Ipu oxnakaeHnH ymapeHHOTO PEIKCTPAKTa HA BOASHON OaHe U3 pacTBOpa BhINIAJAcT
Oenblil KpucTaummueckuit ocagok. Ocagok oTQUIBTPOBAIN, COCTAB pacTBOpa M OCa-
Ka aHAJIM3UPOBaJU. Pe3ynbTrarhl aHAIMU30B MPEICTaBICHBI B TaOIuIe 2.

JIomoMHUTENbHOE HCCIIEOBAaHUE OCaJKa MOKa3auo, yTo TBepaas (aza npeacranie-
Ha CyJIb(aTHBIMU COJIIMHU HATPHUSl M aMMOHUSI, 1ipu 3ToM notepu MIII ¢ nanHbBIM 11po-
JIyKTOM B CYMME HE MPEBBIIAIOT AECIATHIX JI0JIEH MPOLECHTA.
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Tabnuya 2.
Pe3yJbTaThl aHAIM32 YIIAPEHHOT0 PEIKCTPAKTA H CYXOro 0CaKa
O0beM, Konnenrparusi, r/am’ / % macc. IT110THOCTB,
cMm? / r/cm? /

>Pt | Ru | Rh | Pd Ir Pt | Ag | Pb | Cu | HCI

Macca, r Bnaxxnocts,%
YnapeHHsblil pacTBOp
650  [3,915]0,627]0,197]1,162]0,3021,626]0,020|0,244]0,197 | 159 | 1,162
Ocaiok ynapuBaHusi

49.5 10,024]0,004

0,009 0,001 |0,006|0,003| 0,19 | 0,25 [0,001| - | 5.1

Bricokas cymmapnas konunentpanus MIII B ¢punsrpare u ero KUCIOTHOCTH BIOTHE
NO3BOJISIET BEPHYTh PACTBOpP B OJHY M3 BeTBeil ad(uHa)ka IparolieHHbIX METaJIIOB.
BriBon Oosblieil yacTu pacTBOPUMBIX CyJb(DAaTHBIX coiel ienaeT noJo0HbIH 000pOoT
BIIOJIHE OIPABJAAHHBIM U PEKOMEHI0BAH IS IPAKTUYECKOTO IPUMEHEHMUS.

IMPROVEMENT OF PROCESSING
OF PLATINUM METAL EXTRACTION PRODUCTS

Ryabukhin E.A.', Lobanov V.G.', Ermakov A.V?,
Kuzmenko G.F?, Skomorokhov V.A.?

'Ural Federal University named after the first President of Russia B.N. Eltsyn,
Yekaterinburg, Russian Federation
2JSC “Ural Innovative Technologies”, Yekaterinburg, Russian Federation

Refining of platinum metals is distinguished by a variety of technological methods
and reagent regimes used. The aim of this work was to improve the extraction of rhodi-
um conditioning the allocation of processing middlings collective PGM concentrates.
When rhodium-containing solutions are purified by extraction methods, most of the
platinum satellite metals and base metals pass into the re-extract. As a result, a signif-
icant amount of secondary solutions is formed, the processing of which using known
methods is ineffective. In this work, the feasibility of increasing the conditionality of
technological solutions by evaporation has been studied.

To regenerate the organic phase is reextracted using a solution of the following com-
position: 10 r/mm? Na,SO, + 40 r/nm® HCL. The composition of the reextract is shown
in Table 1.

In order to increase the PGM concentration, the reextract was subjected to evapora-
tion. Under laboratory conditions, evaporation was carried out in a glass beaker with
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stirring at a temperature of 95°C; the volume of one stripped off reextract was 650 ml.
Upon cooling reextract evaporated on a water bath of solution falls white crystalline
precipitate. The precipitate was filtered off, the composition of the solution and the
precipitate was analyzed. The analysis results are presented in table 2.

Table 1.
The composition of the reextract
Volume, Concentration, g/l Density, g/
ml >Pt | Ru Rh Pd Ir Pt Ag Pb Cu | HCI1 cm®
4982 10,555 0,086 | 0,029 | 0,149 | 0,054 | 0,218 | 0,025 | 0,088 | 0,034 | 25,2 1,019

Table 2.
The results of the analysis of evaporated reextract and dry precipitate

Volume, Concentration, g/l / %. Density,

ml / g/cm’/
Weight, ¢ Pt | Ru | Rh | Pd Ir Pt | Ag | Pb | Cu | HCI Moisture.%

Evaporated solution
650 | 3,91 ]0,627]0,197]1,162]0,302|1,626/0,020[0,244[0,197| 159 | 1,162
Evaporation precipitate
49.5 | 0,02 [0,004]0,009]0,001]0,006]0,003| 0,19 | 0,25 [0,001] - | 5.1

Additional research precipitate showed that the solid phase consists of sodium sul-
fate and ammonium salts, with the loss of PGM with the product in an amount not
greater than tenths of a percent.

The high total concentration of PGM in the filtrate and its acidity make it possible
to return the solution to one of the precious metals refining branches. The withdrawal
of most of the soluble sulfate salts makes such circulation completely justified and rec-
ommended for practical use.
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IHHEPEPABOTKA METAJIVIMYECKOI'O BUCMYTA
C NOJYYEHHMEM EI'O COEJIUHEHUI

[Oxun FO.M.", Jlamunos A.C.2, Koneoosa E.C.!

"MucturyT Xumun tBepAoro tena u mexanoxumun CO PAH, . HoBocubupck, Poccust
2000 «3aBox peakux MeTauioB», HoBocubupckast ooi., Poccust

BucmyT — penkuii MeTaii, a ero MUpoBoe MoTpedieHue coctabisieT 15—16 Thic. TOHH
B rof. [Ipu aToM morpebneHne BUCMyTa B BUIE COCTUHEHM orieHnBaetrcs B 57,2%. B
TEXHHUKE HanboJiee MUPOKOE MPUMEHEHNE HAXOISAT OKCHI, CPETHUN U OCHOBHOM HUTpa-
Thl BUCMYTA JIsl IOJTyYEeHUSI KaTaJIu3aToOpOB, MUTMEHTOB, ONITUYECKUX CTEKOJI, KepaMu-
KU, JIIOMUHO(GOPOB, CETHETOAIEKTPUUECKHX, aKYCTOONTHUECKHUX, CBEPXIPOBOISIINX U
JPYTUX MaTepuaioB. BUCMyT HUTpaT OCHOBHOM, TpUOPOMQEHOIISIT, TajiaT, CaTuIuIaT,
UTpPAT U BUCMYT-KaJIU-aMMOHUN UTPAT HaXOAST MPUMEHEHUE B MEUIIUHE TIPU MPU-
TOTOBJICHUH JICKAPCTBEHHBIX CPEACTB VIS JICUCHHUSI COIMATTbHO 3HAYMMBIX 3a00JIEBaHUM.
[Ipouiecc nonyvyeHus: COETUHEHU BUCMYTA CBSI3aH C THIPOJIUTUYECKON MepepadOTKOM
A30THOKHCIIBIX PAacTBOPOB, MOCKOJIbKY a30THAsl KHCJIOTA SIBJISIETCA OJHUM M3 JIyUILHX
pacTBOpUTENIEH METAUTMYECKOTO0 BUCMYTa. B KauecTBe MCXOAHOTO ChIPbS UCIOJIB3YIOT
Metaul mapku Bul, conepxkamuii He menee 98,0% Bucmyta. IIpu sTOM cragus npuro-
TOBJICHUS PACTBOPOB CBsI3aHA C BBIJICJICHUEM B ra3oByI0 (pa3y TOKCHUYHBIX OKCHIOB a30-
Ta, a MPOLIECC OUUCTKU BUCMYTa OT PUMECHBIX METAJJIOB MPOJIOJHKUTEIICH TI0 BPEMEHHU.

Pa3zpaboTan sKOJIOTHYECKH YUCTHIN CITOCOO MOTyUYeHUs KOHIIEHTPUPOBAHHBIX a30T-
HOKHCIIBIX PACTBOPOB BHUCMYTA, OCHOBAHHBIM Ha MPEABAPUTEIHLHOM OKHCJICHUU Me-
TaJUIMYECKOTO BUCMYTa BBelI€HHEM B ero pacruiaB mpu temmeparype (350+£20)°C u
nepememmuBanu 20% HUTpaTa aMMOHMSI, SBIISIOIIETOCS OTXOAOM IPOU3BOJICTBA CO-
€IUHECHUN BHUCMYTAa, C MOCIEAYIOLIEH MTPOMBIBKOW IMPOAYKTa BOJAOW U €ro IMpOKaJIu-
BaHueM 1pu temreparype 350°C B Teuenue 4 4. [lokazaHna BO3MOXKXHOCTb MOTYy4YEHUS
BHCMYTa HUTpara natusoaHoro cocrasa Bi(NO,),-5SH O kanubpukanun «41a» u3 Me-
Tajmyeckoro BucmyTta Mapku Bu00 (ne menee 99,98% BucMyTa) myteMm ero okuciie-
HUS C TIoCNIeaytonieil 00pabOTKOM MOIy4YeHHOTO OKCHJIa BOJHBIM PACTBOPOM a30THOM
KHUCJIOTHI ¢ KoHeHTparumed 12,0-15,0 monb/n. YcraHOBIEHO, YTO MpeaBapuTebHAS
OYMCTKa BUCMYyTa Mapku Bul OT mpuMECHBIX METaJIOB OCAXICHUEM B BUAE OKCO-
ruapokconuTpara cocrasa [Bi O ,(OH),](NO,),-H,O ¢ nocnenyromei ero 06paboTkoii
KOHIIEHTPUPOBAHHBIMU PACTBOpPaAMHU a30THOM KUCIIOTHI MO3BOJISAET MOTY4YaTh MPOIYKT
kBanudukanuu «ocu». [lokazaHa 1enecoo0pa3HOCTh NMepepabOTKH METaIMYE€CKOTO
BUCMyTa Mapku Bu 1 ¢ moimyueHneM OCHOBHOTO HMTpaTa M OKCHJIa PEaKTUBHOW YH-
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CTOTBI ITyTEM PACTBOPEHUSI OKCUJIA BUCMYTa TEXHUYECKON YMCTOTHI B A30THOM KUCIIO-
T€ ¢ KOHIIEHTpalMe 7 MOJb/J, TUAPOIUTHUECKON OUMCTKE BUCMYTa OT MPUMECHBIX
METaJuIoB 0OABIIEHUEM PAacTBOpa HUTpaTa BUCMyTa B Harperyo g0 60°C Bomy npu
00BEMHOM OTHOIIIEHWHW BOJIBI U BUCMYTCOZIEpKAIIero pacTBopa 9:1 ¢ mocneayrommum
noBesieHneM pH cMecu BOIHBIM pacTBOpOM amMuaka Ao 1. [[ns monydeHust MeJKOKpH-
CTAJUIMYECKOI0 OKCHJIa BUCMYTa OCaJ0K OCHOBHOTO HHUTpaTa oOpabdaThiBaiu pacTBO-
poM KapOoHaTa aMMOHHUS ¥ TPOKAIMBAIM OCHOBHOM KapOOHAT BUCMYTa JI0 OKCUA ITPU
temmneparype (380+20)°C.

YcranosiieHo, 4to nuTpar BucMyra coctaBa BiC H O, BBICOKOW YMCTOTHI MOXKET
OBITH TOJY4YEH B pe3yabTare 00pabOTKHM OKCOTHIPOKCOHHUTpATa BHUCMYTa COCTaBa
[Bi,0,(OH),](NO,),-H,O BOmHBIM pacTBOPOM JIMMOHHOW KHMCJIOTHI IIPX BECOBOM OT-
HomeHuu JX/T, paaom 2,3-2.5, u npu Temieparype mnporecca (22+2)°C, a Takxe
ImyTeM 00pabOTKK TPUTHIPATA OKCOTUIPOKCOHUTpaTa BUcMyTa coctasa [Bi,O (OH),]
(NO,),-3H,0 BoanbIM pacTBOpOM JMMOHHOM KucnoThl ipu XX/ T, pasrom 10,4, B 0Ona-
ctu 3Hadenuit pH 0,1-0,3 npu temneparype npouecca (22+2)°C. Pazpabortan criocod
MOJIyYEHUS BUCMYT-KaJIuH-aMMOHUM ITUTpaTa MyTeM pacTBOPEHHUSI LIUTPATa BUCMYTa B
BOJIHOM PAcTBOpE FUAPOKCUIA KaJlMs B IPUCYTCTBUH JIMMOHHON KUCJIOTHI U aMMHUaKa
npu pH 7-10 u remneparype (50-90)°C, nory4yeHHbIN pacTBOP YIIAPUBAIOT C MOJIyYe-
HUEM MacThl, KoTopyto cymar pu (70-90)°C.

[TokazaHo, 4TO BUCMYT OCAKIAETCS U3 A30THOKHUCIIBIX PACTBOPOB MPH 100aBIEHUH pac-
TBOpa TpuOpoMdeHosiTa HATPUS B BUJIE OKCOTUAPOKCO-2,4,6-Tpubpompenosita coctaBa
[Bi,O,(OH) ](C ,H,Br,0),, a cymxa npomyKra MOXET IPOBOAUTLCA IIPH TEMIIEPATYPE 110
200°C. YcTaHOBIEHO, YTO YCIOBUS CYIIKH 2,4,6-TprOpOMQEHONISTa BUCMYTa OKa3bIBAIOT
CYLIECTBEHHOE BIIMSHUE HA YAETbHYIO MOBEPXHOCTh MPOIYKTa, KOTOpask NMpU CYLIKE Ha
BO3IyXe cocraBisiet 31,9 MY/T, a B CyIImIbHON MaruHe OapadanHoro Tuma — 16,6 M/,

METAL BISMUTH PROCESSING TO OBTAIN ITS COMPOUNDS

Yukhin Yu.M.', Daminov A.S.?, Koledova E.S.!

Institute of Solid State Chemistry and Mechanochemistry SB RAS, Novosibirsk, Russia
’Rare Metals Plant, the Novosibirsk Region, Russia

Bismuth is a rare metal, and its world consumption is 15—16 thousand tons per year.
The consumption of bismuth in the form of its compounds accounts for 57,2%. The
compounds winning the widest application in technology are bismuth oxide, neutral
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and basic nitrates for obtaining catalysts, pigments, optical glass, ceramics, lumino-
phores, ferroelectric, acousto-optical, superconducting and other materials. Basic bis-
muth nitrate, bismuth tribromophenolate, gallate, salicylate, citrate, and bismuth-po-
tassium-ammonium citrate are used in medicine to prepare pharmaceutical products
for treating socially significant diseases. The process of obtaining bismuth is connected
with the hydrolytic treatment of nitric solutions because nitric acid is one of the best
solvents for metal bismuth. The initial raw material is Vil grade metal containing bis-
muth in the amount not less than 98.0%. The stage of solution preparation involves the
release of toxic nitrogen oxides into the gas phase, and bismuth purification from metal
impurities is a time-consuming process.

An ecologically friendly method of obtaining concentrated nitric solutions of bis-
muth has been developed. It is based on preliminary oxidation of metal bismuth in its
melt at a temperature of (350+20)°C under mixing by adding a 20% solution of am-
monium nitrate, which is a waste product from the production of bismuth compounds,
followed by washing the product with water and its annealing at a temperature of
350°C for 4 h. The possibility to obtain bismuth nitrate pentahydrate Bi(NO,),-5H,O
of analytically pure reagent grade from metal bismuth of Vi00 grade (bismuth not
less than 99.98%) by its oxidation, followed by the treatment of the resulting oxide
with an aqueous solution of nitric acid with the concentration of 12.0—15.0 mol/L
was demonstrated. It was established that preliminary purification of Vil grade bis-
muth from metal impurities by precipitation in the form of oxohydroxonitrate with
the composition [Bi,O,(OH),](NO,) -H O, followed by its treatment with the concen-
trated solutions of nitric acid, allows obtaining the product of the highly pure grade.
It is demonstrated that it is reasonable to process metal bismuth of Vil grade with
the formation of basic nitrate and oxide of the chemically pure reagent grade through
the dissolution of the technical-grade bismuth oxide in nitric acid with the concentra-
tion of 7 mol/L, hydrolytic purification of bismuth from metal impurities by adding
bismuth nitrate solution into water heated to 60°C, with the volume ratio of water
to the bismuth-containing solution 9:1, followed by adding the aqueous solution of
ammonia to reach pH 1 in the mixture. To obtain fine crystalline bismuth oxide, the
precipitate of basic nitrate was treated with a solution of ammonium carbonate, and
then the basic bismuth carbonate was annealed to obtain the oxide at a temperature
of (380+20)°C.

It was established that high-purity bismuth citrate with the composition Bi-
CH,O, may be obtained as a result of the treatment of bismuth oxohydroxonitrate
[Bi,O,(OH),](NO,),-H,O with an aqueous solution of citric acid at the liquid to solid
mass ratio equal to 2.3-2.5, and process temperature (224+2) °C, as well as by the
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treatment of bismuth oxohydroxonitrate trihydrate [Bi O,(OH),](NO,),-:3H,0 with
the aqueous solution of citric acid at the liquid to solid ratio equal to 10.4, within pH
range 0.1-0.3 at process temperature (22+2)°C. We developed a method to obtain
bismuth-potassium-ammonium citrate by dissolving bismuth citrate in the aqueous
solution of potassium hydroxide in the presence of citric acid and ammonia at pH
7—10 and temperature (50-90)°C; the resulting solution is evaporated to obtain paste
and dry it at (70-90)°C.

It is demonstrated that bismuth is precipitated from nitric solutions, after the addition
of a solution of sodium tribromophenolate, in the form of oxohydroxo-2,4,6-tribro-
mophenolate with the composition [Bi O ,(OH),](C.H Br,0),, and the product may be
dried at a temperature up to 200°C. It is established that the conditions under which
bismuth 2,4,6-tribromophenolate is dried have a substantial effect on the specific sur-
face of the product, which is 31.9 m?/g after drying in the air and 16.6 m*/g after drying
in a cylinder drying machine.
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MEXAHOXUMHWYECKHNH CUHTE3
BbBICOKOAUCIIEPCHbBIX BOJIb®PAMA, MOJIMBAEHA U HUOBUSA
BOCCTAHOBJIEHUEM CJIOKHBIX OKCHA0B

Yoanosa T.A.'?, Bocmepukos C.B.!, Anapnes A.1.%, [ pucopvesa T.®.',
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MexaHOXMMHYECKOE BOCCTAHOBJIEHUE TBEPHABIX CMECEW CIIOKHBIX OKCUIOB Me-
Taios (MgWO,, MgMoO, nu MgNb,O,) akTUBHBIMH METalIaMH C MOJIYyYEHHEM
BBICOKOJIUCIIEPCHBIX MOPOIIKOB METAJUIOB BBITOJHO OTIMYAETCS KOPOTKUMHU BpeMme-
HaAMHU CHUHTE3a M OJHOBPEMEHHBIM YCTPAaHEHHEM psiia SKOJIOTMUECKUX mpodieM. B
pesyabTare dK30TepMudecknx Mexanoxumuueckux OBP gopmupyrorcss KOMIo3uThb
Me/(MeaKT)XOy— CME€CH MOPOUIKOB BbICOKOJIUCTIEPCHBIX YACTHUIL OKCHJIa aKTUBHOTO Me-
TaJljla ¥ BOCCTaHOBJIEHHBIX 31eMeHTOB (W, Mo, Nb). IlenecooOpa3Ho npuMeHeHue B
Ka4eCTBE aKTUBHOTO METaJlJla MarHusi, MOCKOJbKY B PE3yJbTaTe MEXaHOXUMHYECKOM
OBP o6pa3yercs okcuj MarHus, oOJalaroIInii BHICOKOW TeMIEpaTypol TUIaBIICHUS
(~3100K), 4To mpenaTCTBYET CIIEKaHUIO MTPOYKTOB MEXaHUYECKOM aKTHUBAIIUH, a TIPH
B3auMoeiictBun kommno3utoB W(Mo, Nb)/MgO ¢ paz6aBiieHHbIMH pacTBOPAMHU COJISI-
HOM WM cepHOU KnucaoT MgO nepexoauT B XOpOUIO pacCTBOPUMBIE COEUHEHHS.

Bonbdpamar u moanbaar Marausi HaXoAsIT MIPUMEHEHHE B KaUe€CTBE B KAYECTBE JTIOMU-
HO(OPOB, IETEKTOPOB MOHU3UPYIOIINX U3ITYUCHHI, B OMITOIEKTPOHHBIX YCTPOMCTBAX.
Huo6ar maraus (MgNb,O,) co CTpyKTypoi KOTyMOUTA XapaKTepU3yeTCst BBICOKUMHU JIH-
aneKTpuueckumu cBoiictBamu B CBYU-auana3one, 001agaeT BEBICOKUM 3HAYEHUEM DJICK-
TpHUYECKO# 100poTHOCTH. CriokHble okcuasl MgWO,, MgMoO, u MgNb,O,, kak npa-
BUJIO, MOJYYAIOT JUIUTEIbHBIM CIIEKAHUEM TBEPJBIX CMECEW OKCHIA MarHusi U OKCUOB
COOTBETCTBYIOMIMX MeTAIIOB (~10-244ac) mpu T » 1200K, ¢ npumeHeHreM MexaHuye-
CKOTO MepeMENINBAHUS 1JI1 PABHOMEPHOTO pacIpeiesIeHUs KOMIIOHEHTOB.

MeI nipeisiaraeM MEXaHOXUMHUUECKUM METOJT CUHTE3a BoJIb(hpamara, Moiaud1aTa v Hul-
obara Maruus u3 cmecelt Teepabix MgO ¢ WO, (MoO,, Nb,O,). Metogom pentreHoda-
30B0r0 ananusa (POA) Hamu ObLIO MOKa3aHo, 4To A 00pasoBanus MgWO,, MgMoO,
1 MgNb, O, nocrarouno 8 MUH aKTHBALMM COOTBETCTBYIOIIMX OKCUJIOB (IIPU CTPOTOH
crexuomerpun MgO : WO, (MoO,, Nb,O,) = 1:1 u ckopoctn Bpaienus 6apabaHo B
BBICOKOAHEpreTuieckor rianerapHoit Mensuuiie 100006/mun). JudpakrorpamMmmsl 00-
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Pa3lioB, CHHTE3UPOBAHHBIX B TAKUX YCIOBUSX METOJIOM MEXaHOXUMUYECKON aKTUBALIUH,
XOPOLIO COMIACYIOTCSA C JINTEPATyPHBIMU JaHHBIMHA. MEXaHOXUMHUYECKH CUHTE3UPOBAH-
HbIe BOJb(pamar-, MoMoaT- 1 HUOOAT MarHusi, ObUTM PUMEHEHbI HAMU JIJISl KX Me-
XaHOXMMHUYECKOTO BOCCTAHOBJICHUS MarHueM. V3 pe3ynbTaroB peHTreH0(ha30BOro aHa-
JIM3a IPOITYKTOB MEXaHOXUMHMIECKOT0 BoccTanopenuss MgWO,, MgMoO, n MgNb,O,
Mar"vem, onpeesieHbl ONTUMAIBHBIC YCIOBUS MPOBEACHUSI MEXaHUUECKON aKTUBAIIUU
U crexuoMeTpudeckue coctaBbl cMeceit (MgMexOy + zMg). [TokazaHo, 4To MpHU CKO-
pocTH BpamieHus 6apadanoB Bokpyr obiiei ocu 100006/MuH Mexanoxumudeckrne OBP
3aBepmiaroTcs ¢ hopmupoBanueM kommo3utoB W(Mo,Nb)/MgO 3a Bpemsi akTHUBAIUH
&muH. OnpeieneHpl He0OX0IMMBIE YCIIOBHS OTIeNeHus BhIcokoauctiepcHbix W, Mo, Nb
U3 COOTBETCTBYIOIIMX MEXaHOXMMHUYECKUX KOMIIO3UTOB OT OKCHIA MarHus Mocje10Ba-
TEJIbHON 00paboTKO KOMITO3uTOB 1M pacTBOpamu COJISTHOW MM CEPHOM KHCIIOT C TO-
CJIEYIOIIEH MPOMBIBKOM JUCTUIUIMPOBAHHOW BOAOW U allETOHOM.

Pa3Mepsl yacTull nopoiikoB Bojib(pama, MOIUOIEHA U HUOOUS, TTOCIIE KUCTIOTHOTO
OTJIeJICHUs OT OKCHJa MarHus u3 komrno3utoB W(Mo, Nb)/MgO MexaHOXUMHUYECKO-
IO BOCCTAHOBJIEHUS COOTBETCTBYIOIIUX CJIOKHBIX OKCHJOB, ONPEAEIECHHBIE METOIOM
CKaHUPYIOIIEH 3IMeKTPOHHON MHUKpockonuu, coctaBwin oT ~ 0,01 mo 0,2 mxm. Co-
Jep>KaHue MarHusi, ONpeIeICHHOE METOJIOM SHEPrOAUCIIEPCUOHHOTO PEHTIEHOBCKOTO
CIIEKTPAJIIBHOTO aHAJIN3a COCTaBUIIO MeHee 2%.

Paboma evinonnena 6 pamxax cocyoapcmeennozo 3aoanus UXTTM CO PAH (npo-
exkm Ne. AAAA-A17-117030310277-6).
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The mechanochemical reduction of solid mixtures of complex metal oxides (MgWO,,
MgMoO,, and MgNb,O,) with active metals to obtain highly dispersed metal powders
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is favorably distinguished by short synthesis times and the simultaneous elimination
of a number of environmental problems. As a result of exothermic mechanochemical
redox reactions, Me/(Meact)xOy composites are formed — mixtures of powders of high-
ly dispersed particles of active metal oxide and reduced elements (W, Mo, Nb). It is
advisable to use magnesium as an active metal, since as a result of mechanochemical
redox reaction, magnesium oxide is formed, which has a high melting point (~3100
K), which prevents the sintering of the products of mechanical activation, and when
W (Mo, Nb) / MgO composites interact with dilute solutions of hydrochloric acid or
sulfuric acid MgO transforms into highly soluble compounds.

Magnesium tungstate and molybdate are used as phosphors, ionizing radiation de-
tectors, and optoelectronic devices. Magnesium niobate (MgNb,O,) with a columbite
structure is characterized by high dielectric properties in the microwave range, and
has a high value of electrical figure of merit. Complex oxides MgWO,, MgMoO, and
MgNb,O,, as a rule, are obtained by long-term sintering of solid mixtures of magne-
sium oxide and oxides of the corresponding metals (~10—24 hours) at T ~ 1200K, with
the use of mechanical stirring for uniform distribution of components.

We propose a mechanochemical method for the synthesis of magnesium tungstate,
molybdate and niobate from mixtures of solid MgO with WO, (MoO,, Nb,O,). Using
the method of X-ray phase analysis (XPA), we have shown that for the formation of
MgWO,, MgMoO, and MgNDb,O,, 8 minutes of activation of the corresponding oxides
is sufficient (with strict stoichiometry MgO: WO, (MoO,, Nb,O,) = 1: I and drum ro-
tation speed in a high-energy planetary mill 1000 rpm min). The diffraction patterns
of the samples synthesized under such conditions by the method of mechanochemical
activation are in good agreement with the literature data.

The mechanochemically synthesized tungstate, molybdate and magnesium nio-
bate were used by us for their mechanochemical reduction with magnesium. From
the results of X-ray phase analysis of the products of mechanochemical reduction
of MgWO,, MgMoO,, and MgNb,O, with magnesium, the optimal conditions for
carrying out mechanical activation and stoichiometric compositions of mixtures
(MgMe OY + zMg) were determined. It is shown that, at a speed of rotation of the
drums around a common axis of 1000 rpm, mechanochemical ORF is completed
with the formation of W (Mo, Nb) / MgO composites during an activation time
of 8 min. The necessary conditions for the separation of highly dispersed W, Mo,
Nb from the corresponding mechanochemical composites from magnesium oxide
by sequential treatment of the composites with 1M solutions of hydrochloric or
sulfuric acids followed by washing with distilled water and acetone have been de-
termined.
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The particle sizes of tungsten, molybdenum and niobium powders, after acid sepa-
ration from magnesium oxide from W (Mo, Nb) / MgO composites by mechanochem-
ical reduction of the corresponding complex oxides, determined by scanning electron
microscopy, ranged from ~ 0.01 to 0.2 um. The magnesium content, determined by
energy dispersive X-ray spectral analysis, was less than 2%.

The work was carried out within the framework of the state assignment of the ISSCM
SB RAS (project No. AAAA-A17-117030310277-6).
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COPBIIMOHHOE U3BJIEYEHUE KOBAJIBTA
N3 KUCJbIX PACTBOPOB

Maxoeckasa O.10., [lemvxun U.A.

OI'AOY BO VYpanbckuii dhenepaibHbIii yHUBEPCUTET
umenu nepsoro [Ipesunenta Poccun b.H. Ensiinna, ExarepunOypr, Poccus

KoGanbT siBisieTcst BaXKHBIM DJIEMEHTOM B IIPOU3BOACTBE CIUIABOB, KaTaIN3aTOPOB, ITHT -
MEHTOB. B mocienHue rojpl 0TMEYAaeTCsl pOCT CHpOCca Ha KOOAJIBT CO CTOPOHBI MTPOM3-
BOAMTEJICH HUKEIb-KOOAIBTOBO-MAPIaHIEBbIX AKKYMYIISITOPOB IJISl SNIEKTPOTPAHCIIOPTA.
OCHOBHOI TeHJEHLUEN MTOCIIEAHETO ACCIATUIETUS SBISETCSI U3MEHEHUE ChIPhEBOM 0a3bl
koOasibTa. Ecnu paHbllie OCHOBHBIM MCTOYHMKOM TOJTYYEeHHUsl KOOallbTa ObUTH CYIb(UI-
HbIE MEIHO-HUKEJIEBBIE PY/IbI, TO B HACTOSIIIEE BPEMSI OCHOBHYIO YacTh KOOaJIbTa Moyya-
0T U3 OKUCIJICHHBIX HUKEJIEBBIX Py MOMYTHO C HUKENIEM. BOJbIIMHCTBO MECTOPOXKICHUN
OKHCJICHHBIX (JIATEPUTOBBIX) Py, MPEICTABISIIOMINX HHTEPEC ISl JOOBIUH, COCPENOTOUE-
HO B 3KBaropuaiibHoM Tosice: B Hopolt Kanenonun, Ha Ky6e, Manarackape, @unurmmu-
HaX, B IHnoHe3un u ip. XOTd CUIIMKAaTHbIE HUKEJIEBbIE MeCTOpOXKAeHUs: Poccuu urparor
MOAYMHEHHYIO POJIb B 3aracax v 100bIue HUKEIS U KoOaibTa, MX pa3padoTKa mpecTaBIs-
€T Ompe/eeHHbIH nHTepec. MuHepalbHbIN COCTAB OKUCICHHBIX HUKEJIEBBIX Pyl OYCHb
CITOXHBII: METaJThI pacrpeeNIeHbI 0 MHOTUM MHHEPAJIbHBIM ()OpMaM U MPECTABICHBI
KaK CHJIMKATHBIMH, TaK U OKCUJTHBIMHU M THJIPOKCUIHBIMU COCTUHEHUSIMHU.

[Tupomerarurypruueckre MeTo/Ibl, PUMEHSBILIMECS paHee s IepepaObOTKU HUKEJIEBBIX
Py He 00ecTeYnBaOT SKOHOMUUYECKON A(P(PEKTUBHOCTH, B CBS3U C YEM IPE/I0KEHA THIPO-
METaJLTypruuecKasl TEXHOIOTHsI, TIPE/Ioararomias BeIeIauuBaHIe PyIbl CEPHON KUCIIO-
Toil. Hukemnb, KoOAIBT 1 JKeJe30 MEePeXOAiT B pacCTBOP, U BO3HHUKACT 3a/1a4a CEIEKTHBHO-
IO W3BJICUCHUS IIEHHBIX KOMITOHEHTOB. [lepcrieKTHBHBIM crTOCOOOM M3BJIEUEHUs KOOAIbTa
ABJISIETCS COPOLIMST HA HOHOOOMEHHBIX cMolaX. M3—3a BBICOKOTO coziepKaHus IpuMeceii B
pacTBOpax BBIIIEIAYMBAHNS TSI U3BIICUCHUS KOOAJBTA 1IEJIECO00Pa3HO MPUMEHEHUE CETeK-
TUBHBIX XeJIaTHBIX MOHUTOB. bbutn paccmotpens! nonntsl Purolite S930, Lewatit TP207,
Lewatit TP220. Lewatit MonoPlus TP220 npencrapisier co6oit cMoTy ¢ OUC—ITHKOIMIaMH-
HOBBIMU (O¥C— (2-TIMpUAMIMETHIT) aMUHHBIMH) (DYHKITMOHATIBHBIMU TpyMnamMu. MOHUTHI
Purolite S930, Lewatit TP207 conepskar MUHOIHMAIETAaTHBIE (DYHKIIMOHATBHBIE TPYTITIHL.

Ha mMonenbHBIX pacTBOpax B CTAaTUYECKUX YCIOBHUIX ObUTH MOTYYEHBI PSIIbI CETICKTUB-
Hoctu nouuToB. Purolite S930 u Lewatit TP207 Ni>Co>Fe, Lewatit TP220 Ni>Co>Fe.
ITpu aTom emrocts Purolite S930 u Lewatit TP207 o uccrienoBanHbpIM MeTau1aM OblLIa Ha
ypoBHe 22-23 mr/r. B ommuune oT ocTalbHBIX UCHBITaHHBIX Mo, Lewatit TP220 npen-
nouturenbHo nortomaeT Co(Il) u Ni(Il) mo cpaBuenuto ¢ Fe(Ill). EMkocTh 1o HUKESTIO CO-
cTaBmiia 32 MI/t, o kKobaybTy 29 Mr/T, a 1o xkene3y 13 mr/r. CopOrust xese3a yMeHbIIaeT-
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cs B pany Lewatit TP207> Purolite S930> Lewatit TP220, nuxens Lewatit TP220>Lewatit
TP207>Purolite S930, xobansra Lewatit TP220> Purolite S930> Lewatit TP207.

PesynsratuBHOCTH TIpoIIecca cCOpOIIMU BO MHOTOM 3aBUCHT OT BenmuuHbl pH. J{7st uz-
ydeHus BIusHUs pH roToBUiIM MoebHBIC PacTBOPHI ¢ KOHIIEHTpanmen kobansra 0,3 1/
nv’. 3nadenne pH ycranapiusaiy myteM go0asienus pactBopos H SO, nmm NaOH. U3
NOJYYEHHBIX JaHHBIX, CJIEAyeT, 4To MakcuManbHoi eMkocT o Co(Il) Lewatit TP207
u Lewatit TP220 nocturaror npu pH=3, u nipu nanpHeieM nopeimeHud pH eMKkocTh
NPAaKTUYECKU HE MeHsieTcs. TakuM oOpa3oM, TIpH MPOBEICHUH OTIEPAIlUY BhIIIEeTIadynBa-
HUS CIIEAYET CTPEMHUTHCS K TTOTyYEHUIO PacTBOPOB ¢ pH OMM3KHUM K 3TOMY 3HAUEHHUIO.

Lewatit MonoPlus TP 220 o6nagaeT camMoii BICOKOH COpOIIMOHHOM CTOCOOHOCTHIO
Onaromapsi TOMy, 4TO (PyHKIIMOHAJIbHAS TPYIIa COACPKUT TPU JTOHOPHBIX aToMa a30-
Ta, anu(paTUIECKUX U APOMATUUECKUX, KOTOPhIE CIOCOOHBI CEJIEKTUBHO COPOUPOBATH
nonbl kobaneTa (I1), myTem oOpazoBaHus KOOpAUHAITMOHHON CBsi3u. brarogaps atomy
Lewatit MonoPlus TP 220 MoxeT coueTarh peakiiui HOHHOTO OOMEHa U KOMILJIEKCO-
oOpazoBanus. OHUT MPOSIBIISIET BHICOKOE CPOJCTBO K MOHAM METAJUIOB JaXKe B KHC-
abix pactBopax. [Ipu pH 1,5 nBa mupuaniabHbIX JOHOPHBIX aToMa a30Ta Bce elle Je-
IPOTOHUPOBAHBKI), U MOKET oOpa3zoBaThcsi komruieke ¢ monamu Co (II).

CrnenyeT OTMETUTD, UTO COPOLIMOHHASI TEXHOJIOTHUS SIBISIETCS] JOCTATOYHO JOPOTOM,
U €€ MPUMEHEHHE YKOHOMUYECKU OMPaBIaHO TOJBKO MPU KOMILJIEKCHOM W3BJICUCHUU
BCEX LIEHHBIX KOMIIOHEHTOB U3 ChIPbsI: HUKEJISA, KOOAIbTa, peIKUX MeTaIoB. OqHaKo
THUAPOMETAILTYPTrUYECKasi TEXHOJIOTHSI 00JIaJaeT IKOJIOTHIECKUMH MPEUMYIIIECTBAMH.

SORPTION EXTRACTION
OF COBALT FROM ACID SOLUTIONS

Makovskaya O.Yu., Petkin I.A.

FGAOU VO Ural Federal University named
after the first President of Russia B.N. Yeltsin, Yekaterinburg, Russia

Cobalt is an important element in the production of alloys, catalysts and pigments. In re-
cent years, there has been an increase in demand for cobalt from manufacturers of nickel-co-
balt-manganese batteries for electric vehicles. The main trend of the last decade is the change
in the raw material base of cobalt. If earlier the main source of obtaining cobalt was sulphide
copper-nickel ores, now the main part of cobalt is obtained from oxidized nickel ores along
with nickel. Most of the deposits of oxidized (laterite) ores of interest for mining are concen-
trated in the equatorial belt: in New Caledonia, Cuba, Madagascar, the Philippines, Indone-

101



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

sia, etc. Although silicate nickel deposits in Russia play a subordinate role in the reserves and
production of nickel and cobalt, their development is of certain interest. The mineral com-
position of oxidized nickel ores is very complex: metals are distributed over many mineral
forms and are represented by both silicate and oxide and hydroxide compounds.

The pyrometallurgical methods previously used for the processing of nickel ores do
not provide economic efficiency, and therefore a hydrometallurgical technology has
been proposed, which involves leaching the ore with sulfuric acid. Nickel, cobalt and
iron go into solution, and the problem of selective extraction of valuable components
arises. Sorption on ion-exchange resins is a promising method for extracting cobalt.
Due to the high content of impurities in leaching solutions for the extraction of cobalt,
it is advisable to use selective chelated ion exchangers. lon exchangers were consid-
ered Purolite S930, Lewatit TP207, Lewatit TP220. Lewatit MonoPlus TP220 is a resin
with bis-picolylamine (bis- (2-pyridylmethyl) amine) functional groups. Ionites Puro-
lite S930, Lewatit TP207 contain iminodiacetate functional groups.

Selectivity series of 1on exchangers were obtained on model solutions under static
conditions.Purolite S930 u Lewatit TP207 Ni>Co>Fe, Lewatit TP220 Ni>Co>Fe. At
the same time, the capacity of Purolite S930 and Lewatit TP207 for the studied metals
was at the level of 22-23 mg / g. Unlike the rest of the tested resins, Lewatit TP220
preferentially absorbs Co (II) and Ni (II) over Fe (III). The capacity for nickel was 32
mg / g, for cobalt 29 mg / g, and for iron 13 mg / g. Iron sorption decreases in the se-
ries Lewatit TP207> Purolite S930> Lewatit TP220, nickel Lewatit TP220> Lewatit
TP207> Purolite S930, cobalt Lewatit TP220> Purolite S930> Lewatit TP207.

The efficiency of the sorption process largely depends on the pH value. To study the effect
of pH, model solutions were prepared with a cobalt concentration of 0.3 g / dm3. The pH
value was set by adding solutions H SO, or NaOH. From the data obtained, it follows that
the maximum capacity for Co (II) Lewatit TP207 and Lewatit TP220 reach at pH = 3, and
with a further increase in pH, the capacity practically does not change. Thus, when carrying
out the leaching operation, one should strive to obtain solutions with a pH close to this value.

Lewatit MonoPlus TP 220 has the highest sorption capacity due to the fact that the func-
tional group contains three donor nitrogen atoms, aliphatic and aromatic, which are able to
selectively adsorb cobalt (II) ions through the formation of a coordination bond. This al-
lows Lewatit MonoPlus TP 220 to combine ion exchange and complexation reactions. lon-
ite exhibits a high affinity for metal ions even in acidic solutions. At pH 1.5, the two pyridyl
donor nitrogen atoms are still deprotonated) and a complex with Co (II) ions can be formed.

It should be noted that sorption technology is quite expensive, and its use is eco-
nomically justified only with the complex extraction of all valuable components from
raw materials: nickel, cobalt, rare metals. However, hydrometallurgical technology has
environmental benefits.
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METAVIOTEPMUYECKOE BOCCTAHOBJ/IEHHUE
HPUPOJHOI'O KOJIYMBUTA

Jlapuonos A.B., I'visesa P.U., Yooesa JIIO.,
Ilemposa C.A., Cepeeesa C.B.

NuctutyT Metanmnypruu Ypanbckoro otaeneHus PAH,
r. ExarepunOypr, Poccus

KomyMOuUT-TaHTaIUTBI, OTHOCSIIHMECS K TPYIINEe MHUHEPAIOB ¢ oOmei Ghopmynon
(Fe,Mn)Ta,O,,
Taja, MoJIy4aeMbIX U3 PyA U KOHIICHTPATOB C HCTIOIB30BaHUEM IITUPOKOTO CIIEKTPA TH-

ABJIAOTCA OAHHUMH M3 HanOoJiee Ba)KHBIX MCTOYHUKOB HHOOHWS M TaH-

JPO- ¥ MHUPOMETAIUTYPTHYECKUX TEXHOJOTUH. MeTamioTepMus B IIPOU3BOACTBE PE/I-
KHAX METAJIJIOB Yallle BCETO MPUMEHSTCS Ha CTaJIMA BOCCTAHOBIICHHUS YUCTHIX OKCHIOB
U TajioreHuI0B. [{ebro paboThI SIBUIIOCH N3YYECHHE MTPOILIECCOB HU3KOTEMITepaTyPHBIX
(dazo00pa3oBaHUNH, TPOUCKOIANINX MPU BOCCTAHOBICHUH METAIJIOB U3 MPUPOTHOTO
KOJTYMOHTA alFOMUHUEM HIIH €T0 CIUIABOM C KaJIbI[EM.

OOBEKTOM HCCIIEIOBAHUS SIBUJICS KOJUICKIIMOHHBIH MUHEpal — KOJIYMOHT, OTO-
Opanubiii B Mnbmenckux ropax (Poccus), comepkamuii, macc.%: 20.5 Nb, 38.4
Ta, 10.2 Fe, 2.7 Mn, 0.62 Ti, 0.67 Mg, 0.46 Ni, 0.35 Sn. Hccnenxyemsiii oOpa-
3l TpaKTUYeCKH OAHO(MA3HBIA, MPEICTABICH TBEPIbIM pPACTBOPOM COCTaBa
(Fe,,,Mn_ Ti ,)(Nb  Ta O,. Temneparypa IUIaBI€HUST MHHEpajaa OIpeje-

0.75 0.19 7 70.04
neHa paBHout 1468°C.

0.41)2.05

MeTtooM TepMOJIMHAMUYECKOTO MOJICIMPOBAaHUSI TIOJITBEPKIEHA BO3MOKHOCTb T10-
JTy4eHHsl CIUIaBoB Ha ocHoBe cuctembl Nb-Ta-Fe anromunorepmMuyeckum 1mbo Kajib-
Ue-aTFOMUHOTEPMUYECKUM BOCCTAHOBIIEHHEM KOIIYMOUTA.

DKCHEPUMEHT 110 BOCCTAHOBJIECHUIO METAJIJIOB U3 KOJIyMOUTA MPOBEJEH B YCIOBUSIX
HernpepbsiBHOTO Harpesa 0 1250—-1550°C cmeceii n3Mens4eHHOTO MUHEpaia ¢ HOpoul-
kamu amtomunus (mapka [TA-4) unu Ca-Al (69.4 macc. % Ca) nuratypsl Ha TepMoa-
Hanuzarope Netzsch STA 449 C Jupiter co ckopoctbto 20°C/mMun B Toke aprosa. [Ipo-
JTYKTbI BOCCTAHOBJIEHUS MOJIBEPIVIUCH PEHTT€HO(PA30BOMY U PEHTI€HOCTIEKTPAIILHOMY
aHaJu3am.

CorynacHO JaHHBIM TEPMHUYECKOTO aHAIM3a B3aUMOJACHCTBUE KOITYMOUTA C aTlOMU-
HueM uHunuupyercsa npu 860—890°C u nmpoTekaeT npu HarpeBe ¢ 00pa30BaHUEM Ha
JCK nvHUM HECKOJIBKUX 3K30TepMUYECKUX 3(PPEKTOB, CBUACTENBCTBYIOIIHUX O BOC-
CTAaHOBUTEINIbHBIX Tponieccax. Ilpu HarpeBe peareHtoB 10 1500-1550°C mpouecc
IPAaKTUYECKH MOJHOCTBIO peanu3yeTcsi ¢ 00pa3oBaHHEM TBEPABIX PacTBOPOB Ha OC-
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HOBE MHTEPMETAJIIIUIOB TUIIA Me:3A12 u MezAl. Tak, mpu MOJILBHOM COOTHOIIEHUU Al/
kosrymOouT=4 u Harpee cmecu 70 1500°C cocraB TBepabIX pacTBOpoB 0Jn30K K (Nb
Ta,, Fe, ,Mn )Al ., mbo k (Nb, ., Ta  Fe Mn Ti ) Al Oxcuanas pasza

0.32770.27 0.29 1.88°
TIPY 3TOM TIPEJCTaBNIEHa, B OCHOBHOM, AL O,

0.02

B3aumoneiictBue konym6uta ¢ Ca-Al nuratypoil HaunHaercs npu 564°C npakTu-
YeCcKu OAHOBpeMEHHO ¢ ee pacruiaBieHueM (540°C) u npu Harpese ao 1250°C co-
npoBoxkaaercs Ha JICK psanom sk3zorepmudeckux 3¢ (HeKToB, CBUIETEIHCTBYIOIIHUX O
Pa3BUTHH BOCCTAHOBUTEIBHBIX MpolieccoB. [IpomykraMu BOCCTAaHOBICHUS SIBUJIHCH
TBep/bIe pacTBOphl Ha ocHoBe (Nb Ta .Fe ) . M3 okcuaubix (a3 Hapsamy C anmro-
munatoM Kasbuus 12Ca0-7AL O, eissiensl okeuanl Ca, Nb O, u Cu, Nb, Al .,
CBUJIETEIBCTBYIOIINE O HE3ABEPIICHHOCTH MPOLIECCa BOCCTAHOBIEHUS B HEU30TEPMHU-
yeckuX ycloBusx. [loBbIlIeHHE TeMnepaTypbl U MPOAOIKUTEIbHOCTH U30TepMUYe-
CKOM BBIZICP’KKH MOT'YT CITOCOOCTBOBATh HAaMOOJIEE MOJIHOMY BOCCTAHOBIICHUIO PEIKUX
METaJIJIOB.

Paboma evinonnena npu noooepoicke PODU (npoexm Nel8-29-24051 mx) ¢ uc-
nonb308aHUEM 000PYO0BAHUS YEHMPA KOJLIEKMUBHO20 UCNONb308aHUA « Ypan-My.

METALLOTHERMIC REDUCTION OF NATURAL COLUMBITE

Larionov A.V., Gulyaeva R.1., Udoeva L.Yu., Petrova S.A., Sergeeva S.V.

Institute of Metallurgy of the Ural Branch of the Russian Academy of Sciences,
Ekaterinburg, Russia

Columbite-tantalites, belonging to the group of minerals with the general formula
(Fe,Mn)Ta,O,, are one of the most important sources of niobium and tantalum, which
are obtained from ores and concentrates using a wide range of hydro- and pyromet-
allurgical technologies. Metallothermy in the production of rare metals is most often
used at the stage of reduction of pure oxides and halides. The aim of this work was to
study the processes of low temperature phase formation that occur during the reduction
of metals from natural columbite using aluminum or its alloy with calcium.

The object of the study was a collection mineral — columbite, selected in the [lmen
mountains (Russia), containing, wt. %: 20.5 Nb, 38.4 Ta, 10.2 Fe, 2.7 Mn, 0.62 Ti, 0.67
Mg, 0.46 Ni, 0.35 Sn. The sample is practically single-phase, represented by a solid
solution of the (Fe, . Mn, Ti ,(Nb,  Ta , ), O, composition. The melting point of

0.75 0.19 0.04 0.59
the mineral is determined to be 1468°C.
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The possibility of obtaining alloys based on Nb-Ta-Fe system by aluminothermic or
calcium-aluminothermic reduction of columbite has been confirmed by the method of
thermodynamic modeling.

The experiment on the reduction of metals from columbite was carried out under
conditions of continuous heating up to 1250-1500°C of mixtures of a crushed mineral
with powders of aluminum or Ca(69.4)-Al (wt. %) master alloy on a Netzsch STA 449
C Jupiter thermal analyzer at a rate of 20°C/min in an argon flow. The reduction prod-
ucts were analyzed by X-ray phase analysis and X-ray spectral microanalysis.

According to the thermal analysis results, the interaction of columbite with alumi-
num is initiated at 860—-890°C and proceeds upon heating with the formation of several
exothermic effects on the DSC line, indicating reduction processes. When reagents are
heated up to 1500-1550°C, the process is almost completely realized with the forma-
tion of solid solutions based on intermetallic compounds such as Me,Al, and Me Al.
Thus, with a molar ratio of Al/columbite =4 and heating the mixture up to 1500°C,
the composition of solid solutions is close to (Nb,,Ta . Fe Mn ).Al .., orto (Nb,

. Ta, Fe  Mn  Ti ) Al . Wherein the oxide phase is mainly presented by Al O,.

The interaction of columbite with the Ca-Al master alloy begins at 564°C, almost si-
multaneously with its melting (540°C), and when heated up to 1250°C is accompanied
by anumber of exothermic effects on DSC, indicating the development of reduction pro-
cesses. The reduction products were solid solutions based on (Nb, [ Ta .Fe ) .Among
the oxide phases, along with calcium aluminate 12Ca0O-7A1,0 the Ca Nb O, and

273 0.68 — 3
Cu,,,Nb, Al ., oxides were revealed, indicating the incompleteness of the reduction
process under non-isothermal conditions. Increasing the temperature and duration of
the isothermal soaking may contribute the most complete recovery of rare metals.
This work was supported by the Russian Foundation for Basic Research (project No.

18-29-24051 mk) using the equipment of the center for collective use “Ural-M”.

105



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

OINIPEJEJIEHUE YCJOBUM CUHTE3A
HAHOITIOPOLIKA KEJIE3O-9PBUEBOI'O I'PAHATA
U UCCJIEJJOBAHUE CBOMCTB IMOJYYEHHOI'O ITPOJYKTA

Kupuwnesa E.A.'?, I pucopvesa E.B.%, [lanmeneesa M.B.', Caiikoséa C.B."*

MuctutyT Xumun 1 xumuuaeckoit Texuonoruu, UL KHII CO PAH, Kpacuosipck, Poccust
MIHCTUTYT LBETHBIX METAJLIOB U MaTepuasoBenctus, CDY, Kpacuospck, Poccust

Keneszo-opouesniii rpanar (JKOI'), npencrasiennslid popmynon Er.Fe O, 06paso-

12°
BaH OKCHJIaMH keie3a u apous. Kak u apyrue npencrasutenu dhepput-rpanaroB P3M,
KOOI obnagaeT BbIpaKEHHBIMUA ONITHYECKUMU U MAarHUTHBIMU CBOMCTBAMHU, B CBSI3H C
YeM HaXOJUT IIUPOKOE MPUMEHEHHUE B PA3JIMUHBIX 00IaCTX.

B nannoit pabore cunres XII' npoBoauics ¢ mpuMeHEHHEM aHUOHOOOMEHHOTO
ocaxxaeHus. B kauecTBe ocaauTensl UCIOIb30BAJICA CHIIBHOOCHOBHBIN aHMOHUT AB-
17-8 renesoro Tuna B pasnmu4HbIX popMax: kKapoonatHou (A-CO,), rupoKcuIHON (A-
OH), a Takxe B THUAPOKCUIHOU (opMe, TMPOIICAIICH AONOTHUTEIbHYIO OUHUCTKY OT
IpPUMECHBIX KapOoHaT-uoHOB (A-OH™*).

[Ipu coBMECTHOM aHMOHOOOMEHHOM OCaKJIEHUHU MOHOB 3pOUS U *Keye3a C UCTIONb-
3oBaHueM A-OH crenenb ocakeHus THAPOKCHUIOB METAJUIOB He mpeBbimaet 50% 3a
14. Onrako npu ucnonb3oBannu A-OH* mpakTudecku momHoe ocaxaeHue (99,5%)
MOHOB METAJIJIOB JIOCTUTAETCSl MEHEE YeM 3a 7 MUHYT. BeposiTHO 3TO CBSI3aHO C TeM,
YTO MPU UCTIOIH30BAHUU OUMIIIEHHOTO OT MpUMEcel cOpOeHTa JOCTUTAeTCs HanboJee
Bbicokoe 3Hauenue pH: 11,1 nna OH-popmbl ounmennoit or CO,> npotus 5,9 u 7,2
i A-OH n A-CO, coorBeTcTBeHHO (Tabu. 1).

Tabnuya 1.
YcaoBusi npoBeeHUs AaHUOHOOOMEHHOTI0 0CAXK/ICHUS
U XapPaKTePUCTHKA MOJYy4YeHHbIX IPOAYKTOB
Homep dopma MomnsipHast 1oJist PaBHOBeCHas Brixon
n_/n
oOpasia aHHOHNTA METaJIJIOB B aHUOHHTE, % | BenmumHa pH ocanaka, % Me' Fe
1 A-CO, 11 7,2 75 0,6
2 A-OH 9 5.9 51 0,5
3 A-OH* 5 11,1 85 0,6

N3yueHne mpoayKTOB OCa)JIeHHUs TMOKa3ajao, YTo NMpH ucnois3oBaHuu A-OH mo-
JTy4aeTcs NPOAYKT C HApYIIEHHOW CTEXMOMETPHUEH, a BBIXOJl 0CaJIKa JOCTUTAET JUIIb
51%. DT0 MOXXHO OOBSICHUTH HEIMOJHBIM OCaXKJISHHEM HOHOB 3pOus. B ciyuae wuc-
MI0JTb30BaHMsI KAPOOHATHOM (POPMBI MOJIIpHAS TOJISI METAJIJIOB B AaHUOHUTE MTPEBBIIIACT
11%. Dt1o cBsizaHo ¢ TeM, yTo Tporiecc hopMupoBaHus ¢aszbl 0cajgka Mpu aHUOHOOO-
MEHHOM OCa)KJICHUU HAYMHAETCS Ha 3e€pHaX aHMOHHUTA. B nanpHeliemM moBepxHOCT-
HBIM 0CaJIOK OTCIIauBaeTcs, GopMUPYS OTIIETBHYIO (ha3y.
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Jst mosy4denust Er,Fe O, 00pasiib 2 u 3 oOxkuramu npu temneparypax 800°C u 900°C.
OGsxur 06pasua 2 pu STUX TeMIeparypax IPUBOAUT K hopmuposanmio cmect ¢as Er,Fe,O
ErFeO,n Fe,O,, mpu 9T0M € yBeTMYEHHEM TEMIIEPATYPBI 10/ (Dasbl IPaHaTa yBEINIUBACTCS
110 93,7%. O6pazert 3, 00oxok€HHBIN pu Temmeparype 800°C, kpucTayumsyeTcs B a3y rpa-
Hara (95,1%) ¢ He3HaunTENBHOM NPUMECHIO (a3 neposckuta (3,2%) u Fe, O, (1,6%).

Pa3mep wactui, nomyueHusix 00xkurom oopasios 2 (900°C) u 3 (800°C), Obu1 pac-
CUMTAH MO0 HauboJiee MHTEHCUBHBIM MaKCUMYyMaM, C UCToJIb3oBaHueM (popmyisl [lep-
pepa, u cocraBuil 96 HM u 49 HM cooTBeTCTBEHHO. [lo pe3ynprataM mpocBedHBaro-
IIEH AIIEKTPOHHON MUKPOCKOTUHU YaCTHUIIBI 00pasia 3 uMeroT OJIM3KYI0 K C(heprudecKoi
dbopmy, a ux cpeauuii pazmep cocrasiseT S0 M. Yactuiipl oopasia 2 ariioMmepupoBa-
HBI B arperarbl HeperyisipHoi opmsl pazmepoM 100-300 HMm.

B pesyinbrare npoBeAeHHBIX UCCIEI0BAaHUN NPeAIokeH MeTo cuHTe3a JKOI, 3akroya-
IOIIHIACS B COBMECTHOM OCKICHUHU MOHOB KeJie3a U dPOus, C TOCISTYIONUM 00KUTOM
MPOIYKTOB OCAXKJCHUSI. YCTaHOBIIEHO, YTO aHHOHOOOMEHHOE OCAKICHHUE TTPU KOMHATHOM
Temneparype B TeueHue 1 1 ¢ ucrnonb3oBanueM annonuta A-OH* obecrieunBaeT BEICOKUM
BBIXOI (85%) cTeXMOMETPUYHOTO MPOIYKTA, IIPU TOM MOJISIpHAS JIOJISl METAJJIOB B aHHUO-
HUTE He TpeBbImaeT 5%. JlampHermii 00Kur MoTydYeHHBIX 00pa3I0B CTEXHOMETPHUIHOTO
cocrana nipu Temneparype 800°C mpuBoIuT K 00pa30BaHUIO KeJIE30-IpOUEBOTO rpaHaTa ¢
HE3HAYMTENBHON IPUMECHIO (pa3 nepockuta u Fe, O,. Mexons u3 nannbix [TOM nommyyen-
HBIE YaCTHUIIBI UMEIOT OJTU3KYIO K cheprueckoit popmy, a ux cpeHuil pazMep COCTaBIISET
50 um. Iy popmupoBanus ¢a3bl TpaHaTa U3 HECTEXMOMETPUUHBIX 00pa3IoB, MOTyYeH-
HBIX MHBIMA METO/IaMU, O0KHUT HEOOXOMMO TIPOBOIUTH MPH O0JIee BHICOKUX TEMITEpaTy-
pax (900°C), uto mpUBOAUT K 3HAYUTETHLHOMY YKpyIHEeHHIO yacTuil (100-300 um).

DETERMINATION OF THE SYNTHESIS CONDITIONS
FOR IRON-ERBIUM GARNET NANOPOWDER AND STUDY
OF THE PROPERTIES OF THE RESULTING PRODUCT

Kirshneva E.A.'?, Grigorieva E.V?, Panteleeva M.V.!, Saykova S.V.!?

nstitute of Chemistry and Chemical Technology of the Siberian Branch
of the Russian Academy of Sciences, Krasnoyarsk, Russia
*Siberian Federal University,School of Non-Ferrous Metals and Materials Science,
Krasnoyarsk, Russia

Erbium iron garnet Er,Fe O , (ErlG), is formed by oxides of iron and erbium.
Due to its magnetic and optical properties, erbium iron garnet is used in micro-
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electronics, magneto-optics, thermomagnetic recording, laser and microwave
technology.

For the synthesis of rare earth iron garnets, the methods such as solid state reaction,
the sol-gel process and chemical coprecipitation are most often used. Every presented
methods have some drawbacks. For example, for the solid state reaction method is usu-
ally required a high sintering temperature and long time ball milling to obtain garnet
phase.

In the present study, the synthesis of ErlG was carried out using the method of anion
exchange resin precipitation. As a precipitant we used a strongly basic gel-type AB-
17-8 anion exchange resin in various forms: carbonate (A-CO,), hydroxide (A-OH),
and a hydroxide form, which underwent additional purification from carbonate ions
(A-OH*). To obtain A-OH*, the anion exchange resin in OH-form was treated with
an aqueous suspension of Ca(OH), with stirring for 12 hours. After that, the anion ex-
change resin was washed from the CaCO, phase and excess alkalinity with distillated
water (freed from CO, by boiling) until a neutral reaction and to prevent sorption of
carbon dioxide stored anionite under a layer of water.

Table 1.
Conditions for carrying out anion exchange precipitation
and characteristics of the obtained products

The mole fraction metals g The
No. of Form o o Equilibrium .
sample of resin cations in the anionite value of pH precipitate nMe/nFe
phase, % yield, %
1 A-CO, 11 7,2 75 0,6
2 A-OH 9 5,9 51 0,5
3 A-OH* 5 11,1 85 0,6

According to the data available from experiment (Table 1), it was revealed that the
most optimal is to carry out anion exchange precipitation at room temperature for 1 h
using the A-OH * anion exchange resin. This method provides a high yield (85%) of
the stoichiometric precipitation product in 1 h, while the molar fraction of metals in the
anionite phase does not exceed 5%. Further calcining of the obtained sample of stoi-
chiometric composition (Sample 3) at a temperature of 800°C leads to the formation
of Er,Fe O, with an insignificant admixture of ErFeO, and Fe, O, phases. The size of
garnet particles, calculated from the XRD data, is 50 nm. The transmission electron
microscopy showed that the produced garnet particles have a nearspherical shape and
an average size of 45 nm. To form a garnet phase from nonstoichiometric samples ob-
tained by other methods, calcining must be carried out at higher temperature (900°C),
which leads to a significant agglomeration of particles (100-300 nm).
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PA3SJIEJIEHUE P3M B ITIPOTUBOTOYHbBIX
IKCTPAKIHMOHHbBIX KACKAJAX C HPUMEHEHHUEM
BUHAPHBIX DKCTPAI'EHTOB

Kanaxun C.H., Kyzemun B.U., Mynacaneeea M.A.

HNuctutyT xumun n xumuueckoit rexnonorun CO PAH, . Kpacnosipck, Poccust

Haubonee »ddextuBHbie TexHoMOrUM pasaeneHus P3M ocHOBaHbI Ha MpUMEHe-
HUU MPOTHUBOTOYHBIX IKCTPAKIMOHHBIX KacKaJoB. CXeMbl 3KCTPAaKIMOHHBIX KackKa-
OB 00€CIEeYnBAIOT MOCIIEA0BATEIBHOE BBIIEIEHUE OTAEIbHBIX IPYIIl U pa3JeieHUe
nap 3JIeMeHTOB. /{151 monyyeHust Bcex uHAMBUAYyalbHbIX P3M HeoOxoaumo 6omee 15
Kacka/ioB. YKCI0 SKCTPAKIIMOHHBIX allapaToB B KACKaJe 3aBUCHUT OT KO3 (PUIIMEHTOB
pasaeeHus SJIEMEHTOB M OOBIYHO COCTABISET HECKOIBKO JIECSITKOB.

B nacTosiiee BpeMsi B IPOTUBOTOYHBIX KackajaX OOBIYHO UCIOJIB3YIOT KaTHOHOO-
OMEHHBIE PKCTPAreHThl B HATPUEBOM (hOpME — Ha y4acTKe IKCTPAKIIMU U BOJHBIE pac-
TBOPBl MUHEPAJIBHBIX KUCIIOT — HA YYaCTKaX IMPOMBIBKM U pe3KCTpakuuu. st Bbiie-
nenus Bcex 15 P30 (Bkirouas UTTpuii), Ha OAMH Kujorpamm okcuaa P39 pacxomyer-
cst mpubmmsurensHo 10 xr 31 mac.% HCl u 2-3 xr NaOH. I[Ipumenenne 6nHapHBIX
sKkcTpareHToB (bJ) MO3BOMUT MCKIIOUUTH PacxXo]] YKa3aHHBIX pPEareHTOB, TaK KaK B
KaueCTBE BTOPOM pazesitonieil MoIBMKHON (a3bl B KacKaJie MOXKET ObITh UCIIONIb30-
BaHa JICMOHW30BaHHAs BO/AA. DTO 00YCIIOBIEHO OCOOCHHOCTSIMU Ipoliecca OMHAPHOM
AKCTPAKIIMKA — OOPATUMOTO COMPSKEHHOTO MEX(Pa3HOTO Mepexo/ia KaTHOHA ¥ aHUOHA
AKCTparupyeMoil HEOpraHu4eCKOM COJu.

B nponecce paznenenuss P3M B 3kCTpaKIIMOHHBIX TPOTHUBOTOYHBIX Kackanax ¢ bD
Ha y4acTKaxX IMPOMBIBKH 3KCTPAareHTa U PeIKCTPAKIMKA BO3MOXKHO 3HAYUTEIBHOE pa3-
OaByieHHE BOIHOM (pa3bl 110 KOHIIEHTpAIMu MeTaiiioB. [1o cyTu, mpoiiecc pa3zaeneHus B
Kackazax ¢ bO npoucxoauT He 3a cUET pacxoda HEOPraHUYECKUX KHCIOT U OCHOBAHMIM
(KaK MpU MCIOJIb30BAaHUU KaTHOHOOOMEHHBIX IKCTPAreHTORB), a 3a CUeT pa30aBlICHUS.
[TosrTOMYy mpu onTUMH3ALMK CXEMBI MOcheAoBareabHoro pasaenenus P3M Heobxo-
JUMO MHUHUMHU3UPOBATh PACXO]l OUMIIIEHHON BOABI U YHCIIO TEXHOJIOTMYECKUX CTaaUN
KOHLIEHTPUPOBaHUSI pacTBOPOB. COOTBETCTBEHHO CXEMBbI MOCIIEA0BATEIBLHOIO pa3ze-
nenus P3M B npOTHBOTOUHBIX SKCTPAKIIMOHHBIX KacKajax npu npuMeHeHuu b3 u ka-
THOHOOOMEHHBIX IKCTPAreHTOB JAOKHBI PA3IMYATHCA.

Oco0eHHOCTHIO TIpoliecca OMHApHOM dKCTpakiuu coserd P3M, B cpaBHEHUH ¢ KaTHO-
HOOOMEHHOM SIBJISICTCSI MEHbBIIIAs 3aBUCUMOCTh KOd(h(UIIMEHTOB pacnpenenenus ot pH
BO/IHOM a3bl. [loaTomy npu ucnonb3oBanud b3 B MPOTUBOTOUYHBIX IKCTPAKITUMOHHBIX
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KaCKaJlax yIpaBJlIEHUE MPOLIECCAMU SKCTPAKIMU-pedKCTpakumu P3M 3a cuet n3meHeHus
cofiepaHusi MUHEpPaIbHBIX KUCIOT B BOIHOUM ¢a3e HerpdekTuBHO. COOTBETCTBEHHO,
JUTSL BBIIETICHUSI OTZIEJBHBIX TPYII JAHTAHOUJIOB (JIETKUX, CPEIHUX U TSAKENBIX) U HX
paszeneHust BHyTpHU IpyII, HeOOXOAUMO UCTIOIb30BaTh b pa3inyHbIX COCTaBOB C pas-
JUYAIOLIEICS CEIEKTUBHOCTBIO M Ko3(ppuieHnTamu pactpenenenns P3M.

Hamu noapo6HO n3ydeHbl SKCTPaKIIMOHHBIE CBOMCTBA COCTaBOB b MmoTyueHHbIX Ha
OCHOBE MPOMBIIIJICHHBIX KATHOHO- 1 aHHOHOOOMEHHBIX SKCTPAr€HTOB, TPUMEHSEMbIX
s pasnenenns P3M - EHEHPA, DEHPA, Versatic® 10, TOA 1 mpOMBITIUICHHBIX pPa3-
OaBuTeNeil. YCTaHOBIEHO, UTO BbICOKUE conepxkanusi P3M B oprannyeckoil ¢aze mo-
I'yT ObITh pEeaJIM30BaHbI 111 HUTpATHBIX cucTeM st bD Ha ocnoBe EHEHPA, DEHPA.
[TonyuyeHbl 1aHHBIE IO KOHUEHTPALIMOHHBIM KOHCTAHTAM OCHOBHBIX I'€TEPOT€HHBIX pe-
akuii 1 kodduimenTaM paseraeHus AMeMeHToB. Pa3paboTaHbl alropuTMbl pacuera
ko3 unmentoB pacnpenenenuss P3M 1 ClI0XKHBIX MHOTOKOMIIOHEHTHBIX AKCTpPaK-
UOHHBIX cMmeceil. Jlyist BD pa3nuyHbIX cOCTaBOB pa3paboTaHa MaTeMaTH4ecKas Mo-
Jelb TUHAMUYECKOTO pacyeTa pacnpeneneHus pasaenseMbix P3M no ctyneHsMm npo-
TUBOTOYHBIX 3KCTPAKIIMOHHBIX KacKaloB. lIpemokeHa >KCTpakLMOHHAsA cXxema Ui
MIOJIyYEHHS] B YUCTOM BUJE IIECTH HAauOOJee BOCTPEOOBAHHBIX B IPOMBIIUIEHHOCTH
P3M, oTHOCAIIMXCS K IETKOM U JIETKOU-CPEHEN IpyIIIaMm.

SEPARATION OF RARE EARTH METALS
IN COUNTER-CURRENT EXTRACTION CASCADES
USING BINARY EXTRACTANTS

Kalyakin S.N., Kuzmin V1., Mulagaleeva M.A.
Institute of Chemistry and Chemical Technology SB RAS, Krasnoyarsk, Russia

The most effective technologies for the separation of rare earth metals (REM) are
based on using of counter-current extraction cascades. Schemes of extraction cascades
procure sequential excretion of individual groups and separation of pairs of elements.
To obtain all individual REM, more than 15 cascades are required. The quantity of ex-
tractors in a cascade depends on the separation coefficients of the elements and usually
amounts to several tens.

At present, in counter-current cascades, cation-exchange extractants in sodium form
are usually used in the extraction site and aqueous solutions of mineral acids in the wash-
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ing and stripping sites. To separate all 15 REEs (including yttrium), approximately 10 kg
of 31 wt% HCI and 2-3 kg of NaOH are consumed per kilogram of REE oxide. The ap-
plication of binary extractants (BE) eliminates the consumption of these reagents, in that
as the second separating mobile phase in the cascade deionized water can be used. This is
conditioned by the peculiarities of the binary extraction process — a reversible conjugated
inter-phase transition of the cation and anion of the extracted inorganic salt.

In the process of separation of rare-earth metals in extraction counter-current cas-
cades with BE in the areas of washing the extractant and stripping, a significant dilu-
tion of the aqueous phase in terms of the concentration of metals is possible. In fact,
the separation process in cascades with BE occurs not due to the consumption of in-
organic acids and bases (as when using cation-exchange extractants), but due to dilu-
tion. Therefore, when optimizing the scheme of the sequential separation of rare-earth
metals, it is necessary to minimize the consumption of purified water and the number
of technological stages of concentration of solutions. Accordingly, the schemes of se-
quential separation of rare-earth metals in counter-current extraction cascades should
be differ when using BE and cation-exchange extractants.

A feature of the process of binary extraction of REM salts in comparison with the
cation-exchange extraction is the lower dependence of the distribution coefficients on
the pH of the aqueous phase. Therefore, the control of the processes of extraction-strip-
ping of rare-earth metals by changing the content of mineral acids in the aqueous phase
is ineffective by using BE in countercurrent extraction cascades. Accordingly, for the
separation of individual groups of lanthanides (light, medium and heavy) and their
separation within the groups, it is necessary to use binary extractants of various com-
positions with differing selectivity and distribution coefficients of rare earth metals.

We have explored in detail the extraction properties of BE compositions obtained
on the basis of industrial cation and anion exchange extractants used for the separation
of rare earth metals — EHEHPA, DEHPA, Versatic®10, TOA and industrial diluents.
It has been established that high substances of rare-earth metals in the organic phase
can be realized for nitrate systems for BE based on EHEHPA, DEHPA. Data by the
concentration heterogeneous reactions constants and the separation coefficients of el-
ements have been obtained. Algorithms for calculating the distribution coefficients of
rare earth metals for complex multicomponent extraction mixtures have been devel-
oped. For binary extractants of various compositions, a mathematical model has been
developed for the dynamic calculation of the distribution of separated rare-earth metals
over the stages of counter-current extraction cascades. An extraction scheme is pro-
posed for obtaining in pure form the six most industry demanded REM, belonging to
the light and light-medium groups.
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AHAJIN3 110 TIEPEPABOTKH
30JIOHIJTAKOBBIX OTXOA0B T2C

Llapunos X.T.!, Bozopos A.H.?, Kamonos T.0.?, Xowumxanoea M.A.?

"MucTuTyT 001IeH M Heoprannueckor xumun AH PY3, Tamkent, Y30ekucran
T'VII «®DaH Ba Tapakku€» npu TalIKEHTCKOM rOCYIapCTBEHHOM TEXHUYECKOM YHHBEPCHTETE
(TT'TY) umenn Ucnama Kapumona, Tamikent, Y36ekuctan
SAnvanbikckuit umuan TT'TY umenn Mcnama Kapumona, TamkeHt, Y30ekucran

V36ekucTan 1o HakorieHuo 31O BXOIUT B YHCIIO APYTUX CTPaH ¢ O0IMM 00BEMOM
6onee 12,5 mun.ToHH. CoracHo naHHbIX pykoBoacTBa AO “Yangi Angren IES”, TOC
SIBIIICTCSI €IMHCTBEHHBIM KPYITHBIM SHEPro MPEeIpHpUsITHEM MOTPEOSSIONNM Oypblid
yTOJIb AHTPEHCKOT'0 YTOJILHOTO MECTOPOXKICHUS B KOJTMuecTBe OT 2,5 110 3,0 MJIH. TOHH B
roj ¢ 00pa3oBaHUEM 30JIOIUIAKOBBIX OTXOA0B B kKosinuecTBe 130 ThIC. TOHH B TO/I.

3ononuiakoBbie 0Tx0Abl TOC Hanbosee MMPOKO UCTOIB3YIOTCSL B IEMEHTHOM Mpo-
MBIIUIEHHOCTH B KQUE€CTBE BSIKYILETO, ISl TOPOAKHOTO CTPOUTENIHCTBA KAK aKTUBHAS
TUApaBINYECKas J0OaBKa B COUETAHUU C HEOPraHUYECKUMU, OUTYMHBIMU WUJTU TIOJIU-
MEPHO-OMTYMHBIMU BSDKYIIMMH, B KAY€CTBE HATIOTHUTEIS WJIM MAJIOAKTUBHON 100aB-
KM B3aMEH 4aCTH LIEMEHTA.

3a cuer TexHuueckoil pekoHcTpykunu HoBo-Anrpenckoit TOC, BbI3BaHHON HEOO0-
XOIUMOCTBIO YBEIIMYEHUS JOIM CKUTAEMOTO YIVIsl B TOIUTMBHOM OajaHce CTaHIIHM,
30JI01IJTAKOBBIE OTX0/bI OyayT Aocturarh 1200,0 ThIC. TH. B roJl. DTO MOBJIEUET 3a CO-
0ol moTpeOHOCTH O0JIee 3HAYUTEIBHBIX 3€MEbHBIX TIIOMACH MO 30JI00TBAJBI U K
HE0OXOJIMMOCTH MCIOIb30BaHMUs €llle OOJIBbIIEro KOJIMYECTBa BOJIbI, TPyOOIIPOBOIOB,
HACOCHBIX arperaToB JJIsl MEPEKAuKu 30JI0IIJIAKOBON MYJbIbI O MECTa YTUIU3AINU.
Jpyrium HETaTUBHBIM TOCJEICTBUEM SIBIISIETCS YXYIIIIEHUE YKOJIOTUIECKON 0OCTaHOB-
KM PEruoHa, a COJep’KaHHE OTBAJIOB TpeOyeT OOJBIINX AKCILIyaTallMOHHBIX 3aTpar,
BJIMSIIOIIMX HA TTOBBIIIEHUE CE0eCTOMMOCTH ITPOU3BOJICTBA SHEPTOHOCUTEIICH.

Bwmecre ¢ TeM OTBaIbHBIE 30JI0IUIAKY COAEPKAT 3HAYUTEIBHBIE KOJIMYECTBA LIEHHBIX
KOMIIOHEHTOB, TAKUX KaK: )KeJIe30, aTFOMUHUMN, PEJIKUE U PEJIKO3EMENTbHBIE METAJIIOB U
Ip., UX KOMITJIEKCHAs TiepepaboTKa MOXKET CYIIECTBEHHO PACUIUPHUTH CHIPhEBYIO 0a3y
JUTSl TPOU3BOZICTBA ATUX METAJIIIOB.

BrimotHeHHBIE HAMU WICCIIEIOBAHUS TIOKA3aJIu,9TO B OTACIBHBIX MPo0ax 30JbI 00-
Hapy’KEHO BBICOKOE COJEp>KaHUE PEAKUX, OJarOpOAHbBIX, PEIKO3EMEIbHBIX U MOMYT-
HBIX A5eMeHTOB B 30i1ax TOC Anrpena (1o JaHHBIM PEHTIEHOMIYOPHUCIIEHTHOTO U
npobupHoro ananuza): Cu-500 r/T, Mo-50-100 r/t, La-150 r/t, Y-1000 r/T, Yb-100 /T,
Ge-10-100 r/1. [Io xuMHUYecKkoMy 1 BEIIECTBEHHOMY COCTaBY TOIIJIMBHBIE IUTAKH MPE-
CTaBJISIIOT COOOM TEeTEPOTCHHYIO CHCTEMY C IMEPEMEHHBIM COCTaBOM; IJI¢ TJIABHBIMH
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KOMIIOHEHTaMHU ABIAETCSA KUCIOTHBIA S10, n ocHoBHBIE okcuabl Ca0, Fe pexxe MgO,
a Taxke HeuTpanbubie AL O..

[Tpu komrutekcHo# nepepadotke 100 teic.T 3O npu cpeHeM conepskaHiK OKCHUIA JKe-
ne3a — 22-24%, neyokucu kpemaus — 36—42% mpu nepepadoTku 100 ThIC.TOHH. ¥ CKBO3-
HOro u3BiedeHus 80% MOKHO MONyYHTh: - SiO, 32 THIC.TOHH.; - BTOPUYHBINA YTOJIb — JIO
10—12 TeIC.T; - 7)€N€30pYAHBIA KOHLIEHTPAT — 110 1,5-2 ThIC.T; - Apar. metamisl — 20—60 k.

OpHako TEXHOT€HHBbIE MECTOPOXKIACHHS CYUIECTBEHHBIM 00pa3oM OTJIMYAIOTCS OT
IPUPOIHBIX MECTOPOKICHUN. 32 CUET BO3AEHUCTBUS KIMMAaTUYECKUX YCIOBHI MTPOUC-
XOIUT TpaHc(opmaIus 0TX00B U X (POpMUPOBAaHUS COBEPIIIEHHO WHBIE. HakorieH-
HbIE 32 MHOTHE€ TOAbl TEXHOTEHHBIE OTXOJbI 00JIaJJal0T YHUKAIBHBIM MHHEPATHHBIM
COCTaBOM U 3a4aCTYIO0 UMEIOT CII0)KHOE, HEXapAKTEPHOE JIJIsl IPUPOAHBIX MECTOPOXKIE-
HUU pacIpeiesieHUe MOJIE3HbIX KOMIIOHEHTOB.

Hcxons U3 TeXHOIOrO-MUHEPATOrHUECKIX 0COOCHHOCTEHN pa3paboTaHa KOMILIEKC-
Has TexHosorus nepepadorku 31O, koTopast mperycMaTpuBaeT UCIOIb30BaHUE Psiia
TEXHOJIOTUYECKHX Olepauii, BKIIOUAIOMMX (IOTAINIO JIJIsl OT/AEJIEHUS HECTOPEBIIETO
yIIIst (HEJIOXKOT') SIBJISTFOIIMICS TOBAPHBIM MPOTYKTOM, MOKPYIO MATHUTHYIO CETapaliuio
JUTSL OTJICTICHUS Kemne3a U (DTOPUIHYIO TEXHOJIOTHIO MOTYUYEHHUs IBYOKUCH KPEMHHUS —
«0esoi ca)xu» UCXOIHOTO ChIPbs JUIS MOMy4YeHus: KpeMHusa. OcTtaBmmecs nocie yaa-
JIeHUs yIiepoja, KpeMHe3eMa, Kele3a, NIMHO3eMa UIAMbl COJIEPKAT PEJIKUE U PEIKO-
3€MEJbHBIE METAJIJIbI C BBICOKOW KOHLEHTPALIUEH.

Taxkum 00pa3om, B pe3yabTrare MpOBEICHHBIX CUCTEMAaTHIYECKIX UCCIIEIOBAHUN yCTa-
HOBJICHBI (PU3UKO-XUMHUYECKUE OCOOCHHOCTH OTXOOB, MPEICTABISIONINNA COOON TEXHO-
noruyeckyro MmuHepasioruto 3O ITocnennee siBnasieTcss HAyYHOM OCHOBOM ISl pa3pa-
OOTKM KOMIUIEKCHOM TEXHOJIOTUU TIepepadOTKH.

ANALYSIS ON PROCESSING OF ASH WASTE TPP

Sharipov H.T.!, Bozorov A.N.?, Kamolov T.O.?, Khoshimkhanova M.A.?

nstitute of General and Inorganic Chemistry of the Academy of Sciences
of the Republic of Uzbekistan, Tashkent, Uzbekistan
*GUP «Fan va tarakkiyot» at the Tashkent State Technical University (TSTU)
named after Islam Karimov, Tashkent, Uzbekistan
3Almalyk branch of TSTU named after Islam Karimov, Tashkent, Uzbekistan

In terms of the accumulation of ash and slag waste, Uzbekistan is among other coun-
tries with a total volume of more than 12.5 million tons. According to the data of the
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management of JSC “Yangi Angren IES”, The TPP is the only large energy enterprise
that consumes brown coal from the Angren coal deposit in the amount of 2.5 to 3.0
million tons per year with the formation of ash and slag waste in the amount of 130
thousand tons per year.

Ash and slag waste from TPPs is most widely used in the cement industry as a bind-
er, for road construction as an active hydraulic additive in combination with inorganic,
bituminous or polymer-bitumen binders, as a filler or low-activity additive instead of
a part of cement.

Due to the technical reconstruction of the Novo-Angrenskaya TPP, caused by the
need to increase the share of burned coal in the fuel balance of the stations, ash and
slag waste will reach 1200.0 thousand tons. in year. This will entail the need for more
significant land areas for ash dumps and the need to use even more water, pipelines,
pumping units for pumping ash and slag slurry to the disposal site. Another negative
consequence 1s the deterioration of the ecological situation in the region, and the main-
tenance of the dumps requires high operating costs, affecting the increase in the cost of
energy production.

At the same time, dump ash and slag contain significant amounts of valuable com-
ponents, such as: iron, aluminum, rare and rare earth metals, etc., their complex
processing can significantly expand the raw material base for the production of these
metals.

Our studies have shown that in some ash samples a high content of rare, noble,
rare-earth and associated elements was found in the ashes of the Angren TPP (accord-
ing to X-ray fluorescence and assay analysis): Cu-500 g/t, Mo-50-100 g/t, La-150 g/t,
Y-1000 g/t, Yb-100 g/t, Ge-10-100 g/t. n terms of chemical and material composition,
fuel slags are a heterogeneous system with a variable composition; where the main
components are acidic SiO, and basic oxides CaO, Fe less often MgO, as well as neu-
tral ALO..

With integrated processing of 100 thousand tons of ash and slag waste with an av-
erage content of iron oxide — 22-24%, silicon dioxide — 36—42% during processing
of 100 thousand tons. and through extraction of 80% you can get: - SiO, 32 thousand
tons; - secondary coal —up to 10—12 thousand tons; - iron ore concentrate —up to 1.5-2
thousand tons; - drag. metals — 20-60 kg.

However, technogenic deposits differ significantly from natural deposits. Due to
the impact of climatic conditions, the transformation of waste and their formation is
completely different. The man-made waste accumulated over many years has a unique
mineral composition and often has a complex distribution of useful components, which
is not typical for natural deposits.
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Based on the technological and mineralogical features, a complex technology
for ash and slag waste processing has been developed, which provides for the use
of a number of technological operations, including flotation to separate unburned
coal (underburning), which is a commercial product, wet magnetic separation
to separate iron and fluoride technology for producing silicon dioxide — «white
soot» raw materials for silicon production. The sludge remaining after the re-
moval of carbon, silica, iron, alumina contains rare and rare earth metals with a
high concentration.

Thus, as a result of the carried out systematic studies, the physicochemical char-
acteristics of waste were established, which is the technological mineralogy of ash
and slag waste. The latter is the scientific basis for the development of an integrat-
ed processing technology.
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BUOBBILIEJTAYNBAHUE
CYPBMAHUCTBIX-30J10TOMBIHIBAKOBbBIX
OJOTOKOHIEHTPATOB 110 TEXHOJIOT'MH BIONORD®
COBMEHIIEHHOE C IPOIECCOM COPBLINH
CYPBbMbI U3 BUOITYJbIIbI

benvini A.B., Manawonox A.11., Cononosa H.B.

Uccnenosarensckuii Llentp AO «Ilomoc Kpacnosipck», Kpacnosipck, Poccus

AO «Ilomoc KpacHosipck» ycneniHo ucnodb3yer TexHosoruto BIONORD® nis
U3BJICYEHUS 30JI0Ta U3 (UIOTOKOHUEHTpara pyasl ONMMINaAMHCKOTO MECTOPOXKICHHUS.
B pynax mectopoxaenus «OIMMIHaIMHCKOE» TTOMHUMO 30J10Ta, TaK K€ COJep Karcs
Cylnb(UIbl CYypbMbl, KOTOPbIE MOTYT CIIY>KHTh UCXOAHBIM CHIPHEM JIJIsi TPOU3BOJICTBA
METaJUTMYECKON CYPbMBI, a TAK)KE €€ TIPOU3BOHBIX. B CBSA3M € 3TUM OBLIN MPOBECHBI
UCCIIEA0OBaHUS MO PAa3IMYHBIM BapUaHTaM MOJTYUYEHHUS CYpPbMSHUCTOTO npoaykra. Of-
HUM M3 BapUAHTOB, KOTOPBIN MpopabdaThIBajics, ObUIO U3BICUCHUE CYPbMbI U3 HKUJKOMN
(a3bl MyJbIIbI, COBMEIIEHHOE C MTPOILIECCOM OMOBBIIIETAYUBAHUS (DIIOTOKOHIIEHTPATOB
pya ONMMIINAIUHCKOTO MECTOPOKACHUS.

[Tonxox 3axmrouancs B cienyromeM. B peakrop OnMooKucIeHUs BBOIUIICS COPOCHT,
CEJIEKTUBHBIN 1O OTHONIIEHUIO K cypbMe. B miporiecce Ouookucienus cyinbduuos ¢io-
TOKOHIIEHTpAaTa, ¥ B YaCTHOCTH, aHTUMOHHUTA, MIPOUCXOIUIIO €TI0 OKHCIICHUE U CyphMa,
nepele/as B pacTBop, copoOupoBaiach Ha cMoiy. JlaHHas TEXHOJIOTHS MO3BOJISIIA
MOBBICUTh KOMILUIEKCHOCTh TEPEPaA0OTKH 30JI0TOCOACPKANTUX Py U HAPSIy C 30J10-
TOM, U3BJIEKaTh CYpbMY KaK TOBApPHBIN NPOAYKT.

Pacxon cmobl cocTapisit He 6osee 5% oT oObema OuomybIibl B peaktope. CMoy
Ha COpOLMIO MO/aBaId B COPOLIMOHHBIX SYEiKax, BHIMOJHEHHBIX U3 HEpPKaBEIOIIeH
poBoJIOKH Auamerpom 0,6 MM. BennunHa oTBEpCTUI B CETKE JOCTATOYHAs JJIsI KOH-
TaKTa pacTBOpa OUOIYJbIbI U CMOJbI, U yAEpKaHUS CMOJIbI BHYTpHU ceTku. Mcnomnb-
30BaHUE COPOIIMOHHBIX SYEEK MPEAOTBPAIIATIO KOHTAKT CMOJIbI C MEXaHUYECKUMU Ya-
CTSIMH NEPEMEILINBAIOIINX YCTPONUCTB PEAKTOPA U MPEAOTBPALLATIO €€ U3HOC, CHIXKAS
pacxos cMOJIbl. 3alOJIHEHHASL CMOJIOHN slUY€iKa yCTaHABIMBAJIACh B PEAKTOP 10 MOIHO-
ro morpykeHus croyida cmoibl. [locie 24-dacoBoit copOiuu sueiika rnepemMenianach
B CIEAYIOUIMI BBIIIECTOAIMN peakTop. [lepeaBrnKKy HACBIIIEHHOW CMOJBI MO peak-
TOpaM MPOBOJIWIIH 10 MPUHIIMITY TPOTUBOTOKA OT KpaHET0 XBOCTOBOTO JI0 3arpy30u-
HOTO peakTopa. Takol cmoco0 moia4u CMOJIbI TTO3BOJIIET HauboIee OJTHO U3BJIEKATh
MOHBI CYPbMBI U3 pacTBOpa Ouomynbibl. [locie moaHOro copOIMOHHOTO UKIIA B Te-
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YEeHHE HE MEeHee 24 4acoB SUEHKa C HACBIIIEHHOW CMOJIOM BRIHUMAJIACh U3 PEAKTOPA,
CMOJIa BBITPY’KaJlach U3 SYEHKHU U OTMPABISIACH HA MPOMBIBKY, J1€COPOLIUIO CYPHMBI
U pereHepanuio N3BECTHBIMU CIOCO0aMU. A MONTyYEHHBIM OMOKEK HAIIPABIISIICS B TH-
JPOMETAJTYPIrUU€CKOE OTJEICHUE VISl U3BJICUCHHUSI 30JI0TA.

Cwmona, 3apsikeHHas B cylibpaTHyI0 (GOopMy, CEIIEKTUBHO U3BJekana 6osee 90% cy-
PBMBI U3 KUAKOW (pa3bl Ouomnynbnbl. [1ockonbKy COpOSHT, MOMUMO CYypbMBI, 3a0upall
Ha ceOs U3 KUIKOU (ha3bl OMOITYIBITBI YACTh JKEJe3a U MBIIIbSIKA, YMEHBIIAIO0Ch TOKCH-
YEeCKOE BO3JIEHCTBHE ATUX AIIEMEHTOB HA MUKPOOPTAaHU3MBI, U TIPOLIECC OMOOKHUCIICHUS
MIPOXOIMJT 00JI€€ HHTEHCUBHO.

BBenenrne aHMOHOOOMEHHBIX CMOJT B OMOMYJIBITY, HEITOCPEJCTBEHHO B PEAKTOP, MO-
3BOJIIET U3BJIEKAaTh U3 PACTBOPA 3TH METAJUIbl U OKA3bIBAaTh 3HAYUTEIBLHOE BIIMSIHUE HA
paBHOBECHE TPOIIECCOB PACTBOPEHUSI U OKUCJICHHS CYTh(UIHBIX MHUHEPAJIOB, YTO B
KOHEYHOM UTOT€ CKa3bIBAETCSI HA YBEIMYEHUU KOMIUIEKCHOCTU MEPEPabOTKHU 30J10TO-
CoJepIKaILUX Py U 00Jiee MOJHOM U3BJICUEHHUE CYPbMBbI U3 CEPHOKHCIIBIX PACTBOPOB.

JlanHas TexHoJorusl He TpeOyeT JAOMOIHUTEILHOTO 00opynoBanus. bakoBoe 060-
PYZOBaHUE OJHOBPEMEHHO HCIIOJIb30BAJIOCH JIJIsl ABYX MPOIECCOB: OMOBBIIIEIaYHBa-
HUS (IOTOKOHIICHTpAaTa U COPOIMU CYphbMBI M PEKOMEHJIOBAaHA sl IPUMCHCHUS B
npoieccax 0aKTEpUaTIbHOTO OKUCIEHUS CYPbMSHUCTBIX-30JI0TOMBIIIBSKOBBIX ()JIOTO-
KOHIIEHTPATOB.

BIOLEACHING OF ANTIMONY-GOLD-ARSENIC
FLOTATION CONCENTRATES USING BIONORD®
TECHNOLOGY COMBINED WITH THE PROCESS

OF SORPTION OF ANTIMONY FROM BIOPULP

Belyi A. V., Malashonok A.P,, Solopova N.V.

Research Center JSC «Polyus Krasnoyarsk», Krasnoyarsk, Russia

JSC Polyus Krasnoyarsk successfully uses BIONORD® technology to extract gold
from flotation concentrate of ore from the Olympiada deposit. In addition to gold,
the ores of the Olimpiada deposit also contain antimony sulfides, which can be used
as a feedstock for the production of metallic antimony, as well as its derivatives. At
this point, researches have been conducted on various options for obtaining antimony
product. One of the options was the extraction of antimony from the liquid phase of the
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pulp, combined with the bioleaching process of flotation concentrates of the ores of the
Olympiada deposit.

The approach was the following. An antimony-selective sorbent was introduced into
the biooxidation reactor. During the process of biooxidation of sulphides of the flotation
concentrate, and, particulary of antimonite, its oxidation took place and the antimony,
which converted into solution, was sorbed onto ion exchange resin. This technology
allows increase the complexity of processing gold-bearing ores and, along with gold,
to extract antimony as a marketable product.

The resin consumption was no more than 5% of the biopulp volume in the reactor.
The resin was fed for sorption in special sorption cells made of stainless steel wire 0,6
mm in diameter. The size of the holes in the mesh is sufficient for free contact of the
biopulp solution and the resin, and to keep the resin inside the mesh. Use of sorption
cells prevented the contact of the resin with mechanical parts of the reactor mixing de-
vices and prevented its depreciation, reducing resin consumption. The resin-filled cell
was installed in reactor until the resin volume was completely immersed.

After 24 hours of sorption, the cell was moved to the next upstream reactor. The
transfer of saturated resin through the reactors has been conducted according to the
principle of counterflow from the tail to the loading reactor. This method of resin sup-
ply allows the most complete extraction of antimony ions from the biopulp solution.
After a complete sorption cycle for at least 24 hours, the cell with the saturated resin
was removed from the reactor, the resin was unloaded from the cell and sent for wash-
ing, desorption of antimony and regeneration by well-known methods. And the result-
ing biocake was sent to the hydrometallurgical department for gold extraction.

The resin, charged in the sulfate form, selectively extracted more than 90% of the
antimony from the liquid phase of the biopulp. Since the sorbent, in addition to anti-
mony, took a part of iron and arsenic from the liquid phase of the biopulp, the toxic
effect of these elements on microorganisms decreased, and the biooxidation process
proceeded more intensively.

Addition of anion exchange resins in biopulp, directly into reactor, allows to extract
these metal ions from the solution and might have a significant effect on equilibrium
of processes of dissolution and oxidation of sulfide minerals, which ultimately has
affects to increase the complexity of processing gold-bearing ores and more complete
extraction of antimony from sulfuric acid solutions.

This technology does not require additional equipment. The tank equipment was si-
multaneously used for two processes: bioleaching of flotation concentrate and sorption
of antimony. So, this technology can be recommended for use in processes of bacterial
oxidation of antimony-gold-arsenic flotation concentrates.
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OUTOIKCTPAKLUA NTPOAYKTOB
I'OPHO-OBOTATUTEJIBHOI'O KOMBHUHATA

Kunsaxun A. .

Cubupckuii penepanbHblii yauBepcuteT, KpacHosipek, Poccnst

I[To mpubnm3uTENpHBIM OlleHKaM B Poccrun HakorieHo 70 100 Miipa T pa3inyHbIX TeX-
HOTE€HHBIX OTXOJIOB C €XETOIHBIM UX IpupocToM Oonee 2 miupna T. IlepcnekTuBHBIMU
no o0beMaM M PECYpPCHOM LIEHHOCTH OOBEKTaMH SIBISIOTCS PYIHBIE OTBAJIbI M XpaHU-
JHIIA JIeKaJIbIX XBOCTOB (roTtaru. Kpome Toro, yexanbie OTXOIbI SBISIFOTCS KOJIO-
TMYECKU OTMACHBIMH OOBEKTaMH, BBI3BIBAsI 3arps3HEHHE MPUPOTHON cpenbl. [Tomumo
OTUY)KJICHUS WM J1aXK€ YHUUTOKEHHUSI OTPOMHBIX MAaCCHBOB XO3SHCTBEHHO 3HAYMMBbIX
3eMelb, IPH ITOM €I1Ie HApYIIaloTCs (PYyHKIIUOHAIBHBIE CBSI3U KOMIIOHEHTOB 3KOCHCTEM.
Hapymennsle 3emin Ha ceBepe Poccum npencTaBiisitoT 0coOblii MHHTEPEC HE TOJIBKO B
KauecTBe OOBEKTOB PEKYIBTHBALMU. HECKOIBKO IECATKOB JIET MPOUCXOAUT UHTCHCHUB-
HOE€ TIPOMBIIIJICHHOE OCBOCHHE CEBEPHBIX PETHMOHOB. [Ipy 3TOM MPOUCXOAMUT CHIILHOE
BO3pacTaHHE HArpy3Kd Ha KpailHe ys3BHMbIe SKocucTeMbl. PUTON00BIYa, OCHOBAHHAS
Ha (DUTOIKCTpPAKIMH, TOApPa3yMeBaeT pa3paboTKy MajJOpEeHTAOeTbHBIX PYIHBIX TEl U
XBOCTOXPAHWJIMII C UCTIOIb30BaHNEeM pacTeHnid. OHa BKJIFOUAeT BhIpAIMBAHUE pacTe-
HUI THIIEPAKKYMYJIATOPOB, COOp YpoXKast ¥ epepaboTKy ero Ui MOTy9IeHUsT ONOPYIBL.

MHorue nquKopacTyIye pacTeHUs HOpMaibHO MEPEHOCIT BHICOKHE KOHIEHTPALUU
TOKCHYECKHX BEIIECTB B IOUBE, aTMOC(epe 1 aKTUBHO HAKAIITMBAIOT MX B CBOMX TKAHSX
6e3 BHIMMOTO yiepba Jiis KU3HeIesATeNbHOCTH. Bee 3To o3BoMsieT paccMaTpuBarh
UX B Ka4eCTBE MEPCIEKTUBHBIX aKKyMYJISTHTOB-(PUTOPEMEIUAHTOB, a HCCICIOBAHUS B
ATON O0JIACTU CUUTATH 11€7IeCO00PA3HBIMU C TOUKU 3pEHUS MOydeHus 3(HPEKTUBHBIX
TEXHOJIOTUN peMeIHalii TEXHOTEHHBIX TPYHTOB. [loaToMy duTog00bI4a OTHOCUTCSA K
HKOJIOTHYECKH 0€30MaCHBIM, SCTETUUYECKH MPUATHBIM, HEArpeCCUBHBIM M HEpa3pylia-
IOIIM TEXHOJIOTHSIM, HMEIOIIIUM BBICOKYIO BEPOSTHOCTH OOIIECTBEHHOTO MPU3HAHUS
Y IPUMEHEHUS B IPOMBIIIJIEHHOCTH.

OObEeKT ucCle0BaHNs — PyAa U XBOCTHI OT IepepaboTKu CBUHIIOBOM py/bl [opeB-
CKOTO MECTOPOXKICHHUS.

B kauecTBe aKKyMyISIHTOB-(PUTOPEMEIUAHTOB MCCIEAOBAIN TOPUYHILY OeIyr0, MST-
JIMIK JIyTOBOM, JiroriepHy. [Ipu monbope KynbTyp st (PUTOIKCTPAKIIMU PyKOBOJICTBOBA-
JHCH CIAEAYIOUIMMH XapaKTePUCTHUKAMH HCIIOJIb3YEMBIX pacTEHUI: OHOIKOIOrHUecKast
yYCTOMYMBOCTH, XOPOILIO pa3BUTAasi, MOIIHAs KOPHEBas CHCTEMa, CIOCOOHOCTh 3a/iep-
’KUBATh BJIary, yCTOWYMBOCTH K BHIMEP3aHHUIO.
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VYCcTaHOBIIEHO, YTO Ha CKaJIbHBIX 00pa3liax CeMeHa BCeX KYyJbTYp HE IpPOpacTaloT.
IIpu HaHEeceHMH MIOAOPOAHOIO CJIOST BBICOTOM 4 cM CBEpXy OOpa3loB pyIbl CEMEHA
BCEX pacTeHHM nanu pocTku. Hanbombllyto BCXOKECTh MOKa3ajl CeMEHa TOpPYULIbI.
Jlunamuka pocta Oblaa pa3auaHOM. BeIcoTa cakeHIIeB depe3 JBE HEACIH COCTaBUa
2,5,9 cm anis MOLEPHBI, MATIMKA U TOPYULIBI COOTBETCTBEHHO.

OmnpeneneHo, 4To KOpHEBas cucTemMa Hanboee CUIIbHO pa3BUTa y ropuriibl. Ho xo-
poio ceds mokaszajn MATIMK JyroBoil. Cienyer OTMETUTh, YTO CIA0bIMU OKa3ajuCh
POCTKH JIIOLEPHBI U TOPYULIBL, Y ITUX KYJIBTYP KOJIUYECTBO MOTHOIINX POCTKOB OBLIO
HauOOIbIIMM. MSATIMK JTyTOBOM TaKKe 3apEKOMEHJ0BaJl Ce0sl C XOpOILIEH CTOPOHBI,
BCXOJ1bl OOUJIbHBIE U CUJIbHBIE. TaM ke Tie ObUIM MOCaXEHbI B OAMH TOPIIOK rOpUULIa
Oenasi, MATIUK JJyTOBOM U JIIOLIEpHA HauboJiee KU3HECTIOCOOHBI OKAa3aJIUCh — TOPUMIIA
Oenast 1 MITJIMK JIyTOBOM, CEMEHa JIFOLIEPHBI BCXOJIOB HE JAJIH.

PesynbraTel McciieqoBaHUI NOKa3alu, YTO Hauboliee MEPCIEKTUBHOW KyIbTypOn
JUTsl (PUTOAKCTPAKLIMU SIBISIETCA MSATIIMK JIyTOBOM U ropuuia Oenas. JlanpHeilme uc-
CJIEIOBaHUS ITPOJOJIKAOTCA.

PHYTOEXTRACTION OF PRODUCTS
OF A MINING AND PROCESSING PLANT

Kinyakin A.1L

Siberian Federal University, Krasnoyarsk, Russia

According to rough estimates, Russia has accumulated up to 100 billion tons of var-
ious industrial wastes with an annual growth of more than 2 billion tons. Ore dumps
and storage facilities for stale flotation tailings are promising in terms of volume and
resource value. In addition, stale waste is an environmentally hazardous object, causing
environmental pollution. In addition to the alienation or even destruction of huge tracts of
economically significant lands, the functional connections of ecosystem components are
also disrupted. Disturbed lands in the north of Russia are of particular interest not only
as objects of reclamation. Intensive industrial development of the northern regions has
been going on for several decades. At the same time, there is a strong increase in the load
on extremely vulnerable ecosystems. Phyto-mining based on phytoextraction implies the
development of marginal ore bodies and tailings using plants. It includes growing plants
of hyperaccumulators, harvesting and processing it to obtain bio-ore.
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Many wild plants normally tolerate high concentrations of toxic substances in the
soil and atmosphere and actively accumulate them in their tissues without any visible
damage to life. All this allows us to consider them as promising accumulants-phy-
toremediates, and to consider research in this area expedient from the point of view
of obtaining effective technologies for remediation of technogenic soils. Therefore,
phyto-mining is an environmentally friendly, aesthetically pleasing, non-aggressive
and non-destructive technology that has a high probability of public recognition and
industrial application.

The object of research is ore and tailings from the processing of lead ore from the
Gorevskoye deposit.

White mustard, meadow bluegrass, and alfalfa were studied as accumulants-phytore-
mediates. When selecting crops for phytoextraction, we were guided by the following
characteristics of the plants used: bioecological resistance, well-developed, powerful
root system, the ability to retain moisture, resistance to freezing.

It was found that seeds of all crops do not germinate on rock samples. When a fertile
layer 4 cm high was applied on top of the ore samples, the seeds of all plants sprouted.
Mustard seeds showed the highest germination capacity. The growth dynamics were
different. The height of the seedlings after two weeks was 2.5.9 cm for alfalfa, mint
and mustard, respectively.

It has been determined that the root system is most strongly developed in mustard.
But meadow bluegrass showed itself well. It should be noted that the sprouts of alfalfa
and mustard turned out to be weak; in these crops, the number of dead sprouts was the
greatest. Meadow bluegrass also proved to be a good side, the shoots are abundant and
strong. In the same place where white mustard, meadow bluegrass and alfalfa were
planted in one pot, the most viable were white mustard and meadow bluegrass, alfalfa
seeds did not germinate.

The research results have shown that the most promising crops for phytoextraction
are meadow bluegrass and white mustard. Further research is ongoing.
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UCCJIEJOBAHUE KOMBUHUPOBAHHOM NNEPEPABOTKHA
YIIOPHBIX APCEHOIIUPUTOBBIX KOHIHIEHTPATOB

36onyoe H.O., [{uzep O.A., Kapumoe K.A., Pocoocrnukos /].A.

OI'AOY BO «Yp®Y umenu nepsoro [Ipesunenra Poccuu b.H. Ensuunay,
r. ExatrepunOypr, Poccuiickas ®enepanus

B nacrosiee BpeMsi ymopHOMY 30JI0TOCO/IEPKAIIEMY ChIPBIO YAeseTcsl Bce 00b-
niee BHUMaHHWE. [JIaBHOM NMPUYMHOW YIIOPHOCTH apCEHONMPUTOBBIX KOHIIEHTPATOB
SIBJISIETCS TOHKAsl BKPAIUIEHHOCTH 30J10Ta B OCHOBHBIX BMEIIAIOIIMX MUHEpaiax — ap-
CEHOIUPUTE U MHUPUTE. 30JI0TO B TAKUX MHUHEpaax COJACPKUTCI B CYyOMHUKPOCKOIH-
YEeCKOM BHUJIE, YTO HE IMO3BOJISIET €ro M3BJIeYb 0€3 WX MPeIBAPUTEIHLHOTO BCKPBITHS.
JlokazaHo, 4TO YIOPHOCTH 30J10Ta, ACCOIMUPOBAHHOTO C CYJIb(PUAaMH, CBSI3aHA C Ha-
JUYHMEM HE TOJBKO HAaHOYACTHI] CAMOPOIAHOTO 30J10Ta, HO TAaK)K€ TBEPIOI0 pacTBopa,
KOJUIOMIHBIX YaCTHI], TOBEPXHOCTHOIO 30JI0TA.

OOXKUT ABISETCS OHUM U3 APPEKTUBHBIX CITIOCOOOB MEPEPaOOTKH JAHHOTO TUTIA CHIPHSI.
OnHako 17151 TOCTHKEHHUST HY>KHOTO TIOKa3aTesIsl M3BIICUEHHS 30JI0Ta, O0KHT YacTO MPOBO-
JST B JIB€ CTAAHH, YTO CYIIECTBEHHO YBEIMUYMBACT KAUTAIbHBIE U SKCILTYyaTAllUOHHBIE
pacxozbl. KpoMe Toro, HeMaibIX BIOKEHUI CTOUT 00€3BpeKUBAHKUE U YTHIM3ALIHSI TOO0Y-
HBIX MPOAYKTOB, COAEPKAIIIMX MBIIIBSIK, CypbMY U JIpyrue npumecu. PaccmarpuBaemblit
CHoco0 HU3KOTEMIIEPaTypHOro 0OKUTra MO3BOJISIET YACTUYHO PELIUTD JaHHYIO IPoOIeMy.

OOXUT IPOBOAUTCS TIPU HUZKUX TEMIIEPATYPaX OTHOCUTEILHO TPAIUITMOHHOTO OKHC-
autensHOro ooxkura: B auanazone 200—400°C. [aBHOM 11e11bI0 Mpoliecca SBIsSeTCs IUC-
COILMAIIMSA BBICIIUX CYJIb(PHUIOB KOHIIEHTPATa, C COEP’KaHUEM MBIIIbSIKA, TAKMUX KaK ap-
CEHOITUPUT, U MUHUMHU3ALIMS MPOLIECCOB 00Pa30BaHUs JIETYUUX COCTMHEHUI MBIIIbsIKA.
[Tpu Takom mporiecce MBIIBSIK MPAKTHYECKU HE TIOMAJIET B TICYHBIE Ta3bl U HE TTOTpeOyeT
JOTIOJTHUTENBHBIX MEP IO €T0 YJIABIUBAHUIO U HeWTpanu3auuu. [Ipu nanpHenmen nepe-
pabOTKe C TOMOIIIbIO BHIIIEIAYNBAHUS MOYKHO OTACIIUTH COSIMHEHUS MBIIIIbSIKA OT OCHOB-
HOW MaccChl LIECHHBIX KOMIIOHEHTOB U, BBIBECTH MBIIIBSIK B KOHIEHTPUPOBAHHBIN TIPOITYKT
JUISL TATbHEWIIIETO UCTIONBb30BaHus MO0 yTuim3amu. Y3 ocrasiierocs mocsie BhIlela-
YMBAHMS KeKa 30J10TO MOKHO U3BJICYb MIPHU MOMOIIU TPATUIIUOHHOTO [IMAHUPOBAHUS.

B nactosmiee Bpemsi Ha kadenape MeTajurypruv IBETHBIX METAUIOB YPallbCKOTO
denepanbHOr0 YHUBEPCUTETA MIPOBOASATCS TEOPETUUECKUE U TAOOpATOPHBIE UCCIIEN0-
BaHUs JBYX BapMAHTOB HU3KOTEMIIEPATypPHOTO OOXKHUTIa: B MHEPTHOM aTMocdepe a3o-
Ta W OKUCIUTENbHOTO. [Ipy mepBoM BapuaHTe MaHHOTO OOKWUTA M3Y4YaeTCs CTETICHb
pacrpesiesieHus MbIIIbsKa M0 00pa30BaBIIMMCS MPOAYKTaM, KOTOPbIE, B OCHOBHOM,
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MPEACTaBIEHBI PA3TUYHBIMU COSUHEHUSIMU CEPBI C MBIIITBIKOM, a TaKKe, B MEHbBIIICH
CTENEHU, OKCUIAMH MBIIIbIKAa. ITO MO3BOJIUT pa3paboTaTh JadbHEHIIHI TUIaH dKCIe-
PUMEHTOB 1O OTJIEJICHUIO MBIIIBAKA OT OCHOBHOW MacChl IEHHBIX KOMIOHEHTOB. [Ipu
BTOPOM BApHUAHTE M3Y4YAETCS BO3ZMOXHOCTh MHTCHCU(UKAIIMK MPOIECCOB TUCCOIIHA-
MU BBICIIUX CYJIb(UIOB HE TOIBKO MBIIIbAKA, HO U JKeJie3a, MU, IIMHKa U Ap. ITO
MO3BOJIUT OOJIErYUTh JaJIbHEHIIIEe BCKPHITHE YIIOPHOTO 30JI0Ta Ha ATare BhIIICIaYu-
BaHus. JlanbHeliee oT/IeJIeHIE MBIIIbsIKA OT OCHOBHOW MAcCChI IIEHHBIX KOMITIOHEHTOB
UCCIIEAYETCsl Ha TPUMEpPE BhILIEIAaYUBAHUS B CEPHOU KUCIIOTE.

OcHOBHOM Npo0IEeMOil HA JAHHOM ATarle UCCIIEIOBAHUM SBIISETCS MMOUCK TaKUX Ia-
paMeTpoB TpoIlecca HU3KOTEMIIEPATypPHOTO OOKUTa, IPU KOTOPBIX JOCTUTACTCS MaK-
cuMasbHas 3pGEeKTUBHOCTD, BbIpakaeMasi B: CTEIIEHH TUCCOIUAIIUYU BBICIIUX CYJb(u-
70B, opMax M KOHIICHTPAIUSIX MBIIIbIKA B MPOIYyKTaX 00XKHUTA U BBIIIECTAUNBAHUS, &
TaKKe CTENEHU U3BJICUCHUS 30J10TA.

[TonyueHHble Ha TaHHBIN MOMEHT PE3YJIbTAThI JTaOOPATOPHBIX UCCIEAOBAHUMN MOKa-
3bIBAIOT, YTO BO BPEMsI 00KMTa MBIIIbSK HE IEPEXOUT B Ta30BYI0 (hazy, uTo HE TpeOyeT
JOTIOJIHUTEINIBHBIX MEP MO OYMCTKE M HEUTpaM3aluy OTXOMSAIIMX ra3oB. JlaHHBIN pe-
3yJBTaT MOATBEPKIAET, YTO METOJ] HU3KOTEMIIEPATyPHOTO 00KHUTA SBIISICTCS TIEPCIICK-
THUBHBIM HE TOJIBKO C TOYKH 3PEHUS CHUKCHUS 3aTpaT Ha YTUIIU3AIUIO MBIIIbSIKCOIEP-
KaITUX COSTMHEHHM, HO TAKXKE C TOUYKH 3PECHHUS YIIYUIICHUS YKOJIOTUUECKOU CUTYaIlUH,
HEU3MEHHO CBA3aHHOU C nepepabOTKOM MBIIIBIKCOAECPKAIIETO ChIPhSI.

STUDIES ON THE COMBINED PROCESSING
OF REFRACTORY ARSENOPYRITE CONCENTRATES

Zvontsov N.O., Dizer O.A., Karimov K.A., Rogozhnikov D.A.

Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russian Federation

At present, more and more attention is paid to refractory gold-bearing raw materials.
The main reason for the persistence of arsenopyrite concentrates is the fine dissemina-
tion of gold in the main host minerals — arsenopyrite and pyrite. Gold in such minerals
1s contained in a submicroscopic form, which makes it impossible to extract it without
preliminary opening. It has been proved that the refractoriness of gold associated with
sulfides is linked with the presence of not only nanoparticles of native gold, but also a
solid solution, colloidal particles, and surface gold.
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Roasting is one of the most effective ways of processing this type of raw material.
However, to achieve the desired gold recovery rate, roasting is often carried out in two
stages, which significantly increases capital and operating costs. In addition, the neu-
tralization and disposal of by-products containing arsenic, antimony and other impu-
rities is a significant investment. The considered method of low-temperature roasting
allows to partially solve this problem.

Roasting is carried out at low temperatures relative to traditional oxidative roasting: in
the range of 200—400°C. The main goal of the process is to dissociate higher concentrate
sulfides containing arsenic, such as arsenopyrite, and to minimize the formation of vola-
tile arsenic compounds. With this process, arsenic practically does not get into the furnace
gases and does not require additional measures to capture and neutralize it. During further
processing, using leaching, it is possible to separate arsenic compounds from the bulk of
valuable components and, to remove arsenic into a concentrated product for further use or
disposal. Gold from the leached cake can be recovered using traditional cyanidation.

At present, in Ural Federal University in the Department of Metallurgy of Non-Fer-
rous Metals conducts theoretical and laboratory studies of two options for low-tem-
perature roasting: in an inert nitrogen atmosphere and an oxidizing one. In the first
option of this roasting, the degree of distribution of arsenic over the resulting products,
which are mainly represented by various compounds of sulfur with arsenic, and, to a
lesser extent, arsenic oxides, is studied. This will make it possible to develop a further
plan of experiments for the separation of arsenic from the bulk of valuable compo-
nents. In the second option, the possibility of intensifying the dissociation processes of
higher sulfides not only of arsenic, but also of iron, copper, zinc, etc. is being studied.
This will facilitate further opening of refractory gold at the leaching stage. Further
separation of arsenic from the bulk of valuable components is investigated using the
example of leaching in sulfuric acid.

The main problem at this stage of studying is the search for such parameters of the
low-temperature roasting process at which the maximum efficiency is achieved, ex-
pressed in: the degree of dissociation of higher sulfides, the forms and concentrations of
arsenic in the products of roasting and leaching, as well as the degree of gold recovery.

The results of laboratory studies obtained so far show that during roasting, arsenic
does not pass into the gas phase, which does not require additional measures to puri-
fy and neutralize waste gases. This result confirms that the low-temperature roasting
method is promising not only from the point of view of reducing the cost of utilizing
arsenic-containing compounds, but also from the point of view of improving the envi-
ronmental situation, which is invariably associated with the processing of arsenic-con-
taining raw materials.
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I'MAPOMETAJIJTYPI'MYECKAS IIEPEPABOTKA
YIIOPHOI'O CYJIb®NAHOI'O MEJHO-MbBIHIBAKOBUCTOI'O
KOHIHIEHTPATA

Huzep O.A., babunyes A.A., Tpemvsax M.A., Kapumos K.A., Pocooscruxos J[.A.

OI'AOY BO «Yp®Y nmenu nepsoro IIpesunenta Poccun b.H. Enbninna,
r. ExarepunOypr, Poccust

B MenHo# mpoMBIIEHHOCTH HaOMoMaeTcs: O0IBION HHTEpeC K pa3paboTKe U HC-
MOJTb30BAHUIO METHO-MBIIIBSIKOBBIX MECTOPOXACHUI. B TO Bpemsi Kak OOIBITHHCTBO
3aBOJIOB, KaK MPABUJIO, UCIIOJIB3YIOT TPAIUIIMOHHBIE TEXHOJIOTUHU NEPEepadOTKU, UCTO-
IIEHUE MEIHBIX Py CO37aJI0 KOHKYPEHIIUIO 3a pa3padO0TKy W BHEJIPEHUE HOBBIX TEX-
HOJIOTHYECKUX PEIICHUN s 00pabOTKH MEIHO-MBIIIBIKOBBIX Py, COACPKAIIUX Ta-
KM€ MUHEpaJbl, KAK YHAPTUT, Ty30HUT, TCHHAHTUT U Jip. TeM He MeHee, MOoCieayoIas
nepepaboTKa KOHIEHTPATOB MEAU CO 3HAYUTEIBHBIM KOJUYECTBOM MBIIIbsKA MPEI-
CTaBJIIET COOOM 3HAUUTEIBHYIO METAJLTYPTUUECKYIO MPOOJIeMy ¢ TOUKH 3PEHHS, KaK
BBIJICIICHUS MBIIITBSKA, TAK U €T0 CTAOMIM3aIMK B DKOJIOTHYECKH Oe30macHoi dhopme.

Cno’XHOCTH TUPOMETAILTYPIrHUECKUX CTIOCOOOB MPUBENIH K PACCMOTPEHHIO HECKOITb-
KHX THJIPOMETAUTYPru4eCKIX BapUaHTOB MepepadOTKU MOA00HbBIX KOHIIeHTpaToB. Ha
Kadeape MeTauTypruu BETHBIX METAJIOB 3aHUMAIOTCS pa3pabOTKOi MePCIEeKTUBHO-
ro crnocoba — a30THOKMCIIOTHOE BBIIICIIAYMBAHKE, TTO3BOJIAIONIEE 32 CUET BBICOKOTO
OKHCIIUTEIILHOTO MOTEHIMANIa OKUCIUTENS MEPEBECTU OCHOBHBIE KOMIIOHEHTBI ME-
HO-MBIIIBbSIKOBUCTOTO ChIPhsA (ME/lb, IMHK, KEJIE30, MBILIBSIK U CEPY) B pACTBOP, C Aajlb-
HEWIIIUM CEJICKTUBHBIM BbIJICJICHUEM LIBETHBIX METAIUIOB. BaXkKHBIM MpPEeUMyI1eCTBOM
JTAHHOTO Mpoliecca SBISETCS BOZMOXKHOCTD YJIaBIMBaHUS 00pa3yrOIIUXCS HUTPO3HBIX
ra3oB C MOCJIECAYIOIIEH pereHepanuerd a3oTHOW KHCIOThI, TEM CaMbIM 3HAYUTEJIBHO
CHUYKAIOTCS 3aTpaThl HA peareHT-OKUCIUTENb.

B pesynbrarte npoBeaeHus UCCIEI0BAHUI MO A30THOKUCIOTHOMY BBIIIEIaYUBAHUIO
METHO-MBIIIBSIKOBUCTOTO Cyab(puaHoro ceipbs (S — 39,4%; Fe — 27,9%; Cu — 18%;
Zn —4,83%; As —2,91%) ycTaHOBIEHBI OCHOBHBIE TapaMETPhI BEACHUS JAHHOTO MPO-
necca: temneparypa — 80°C, coorHomenue JX:T — 6:1, koHIIeHTpalysi a30THON KHUCII0-
TbI — 12 Monb, Bpems — 60 muH. [Ipy 1aHHBIX TapaMeTpax U3BJICUCHHE JKEIe3a, MEH,
MBIIIbSIKA, CEPHI U IIUHKA B PaCTBOP cOCTaBIsA0T 6osee 90%.

B cBs3u ¢ BBICOKMM pPacxojioM a30THOM KHCIOTHI (TpeOyemas KoHueHTparus 12
MOJIb) B IaHHBIII MOMEHT IIPOBOJATCS UCCIIEIOBAHUS C IOMOIHUTEILHBIM BBEJICHHEM
B IPOLECC IMPUTHOTO KOHLEHTpara 1 noHoB xenesa (I1I) B Bune Fe,(SO,),-9H,0. Hc-
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M0JIb3yeMbI€ JOOABKH MO3BOJISIOT 3HAUUTEIBHO YMEHBIIUTD PACXO]T @30THOM KUCIIOTHI,
IIPUA 3TOM U3BJICYEHHUE LIEHHBIX KOMIIOHEHTOB OCTAETCS HA TAKOM K€ BBICOKOM YPOBHE,
pe3yNIBTaThl IPEACTaBICHBI B Ta0OmuIe 1.

Tabnuya 1.
YcnoBusi M pe3yJibTaTbl A30THOKUCJIOTHOIO Bblle1adyuBaHus Cu-As KOHIleHTpaTa
Ne Konuenrpamus | KonuuectBo Konuentpanus HNOS’ Wssneuenue, %
/1 Fe’', r/nm? MAPHUTA, T MOJIB/ M> Fe | As| S | Cu| Zn
1 0 0 12 99,5197,3191,5]95,3| 96,8
2 0 5 6 80,1|74,2162,2|76,6| 87,1
3 10 0 6 84,3 187,3(78,7|82,2| 85,68
4 10 5 6 96,2195,2190,6 93,6 99,8

B nanpHeimeM miaHupyeTcs NpoOBEICHUE UCCIIEN0BAHNUN C CEJIEKTUBHBIM U3BJIEYE-
HHAEM MEIU U IMHKA U3 PACTBOPOB A30THOKUCIOTHOTO BBIIIEIAYNBAHNS U BbIJICIICHUEM
MBIIIIbSIKA B €0 HETOKCUYHBIE U TIPUTOAHBIC JIJIs1 3aXOPOHEHUS (DOPMBI.

HYDROMETALLURGICAL PROCESSING OF REFRACTORY
SULFIDE COPPER-ARSENIC CONCENTRATE

Dizer O.A., Babincev A.A., Tretiak M.A., Karimov K.A., Rogozhnikov D.A.

«Ural Federal University named after the first President of Russia B.N. Yeltsiny,
Yekaterinburg, Russia

There is a great interest in the development and recovery of copper-arsenic fields in
the copper industry. While most plants tend to use traditional processing technologies,
the depletion of copper ores has created competition for the development and intro-
duction of new technological solutions for processing copper-arsenic ores containing
minerals such as enargite, lusonite, tennantite, etc. Nevertheless, the subsequent pro-
cessing of copper concentrates with a significant amount of arsenic is an important
metallurgical problem in terms of both the extraction of arsenic and its stabilization in
an environmentally safe form.

The complexities of pyrometallurgical methods have led to the consideration of
several hydrometallurgical options for processing such concentrates. The Department
of Metallurgy of Non-Ferrous Metals is developing a promising method — nitric acid
leaching, which allows transferring the main components of copper-arsenic raw ma-
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terials (copper, zinc, iron, arsenic and sulfur) into solution, due to the high oxidizing
potential of the oxidizer, with further selective separation of non-ferrous metals. An
important advantage of this process is the possibility of capturing nitrous gases with
the regeneration of nitric acid, thereby it is significantly reducing the cost of the oxi-
dizing reagent.

As aresult of studies on nitric acid leaching of copper-arsenic sulphide raw materials
(S —39.4%; Fe — 27.9%; Cu — 18%; Zn — 4.83%; As — 2.91%), the main parameters
were established: temperature — 80°C, Liquid:Solid ratio — 6:1, concentration of nitric
acid — 12 mol, time — 60 minutes. These parameters allow extracting more than 90% of
iron, copper, arsenic, sulfur and zinc into the solution.

Due to the high expense of nitric acid (the required concentration is 12 mol), studies
are currently underway with the additional introduction of pyrite concentrate and iron
(III) ions in the form of Fe,(SO,),"9H,0. The additives used can significantly reduce
the consumption of nitric acid, while the extraction of valuable components remains at
the same high level, the results are presented in Table 1.

Table 1.
Conditions and results of nitric acid leaching of Cu-As concentrate
No Fe** concentration, Amount of HNO, concentration’ Extraction, %
j g/dm? pyrite, g mmol/L Fe | As| S | Cu| Zn

1 0 0 12 99,5197,3191,5|95,3| 96,8
2 0 5 6 80,1 | 74,2 62,2 |76,6 | 87,1
3 10 0 6 84,3 187,3|78,782,2| 85,68
4 10 5 6 96,2 195,2190,6 | 93,6 | 99,8

It is planned to conduct the selective extraction of copper and zinc from solutions
of nitric acid leach and arsenic release in a non-toxic and suitable for disposal form in
future studies.
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NCCIEAJOBAHHUE ITPOLUECCA
XUMHUYECKON AKTUBAIIMU HU3KOKAYECTBEHHbBIX
I'MBBCUT-KAOJIMHUTOBbBIX BOKCUTOB

Iaoviues C.B., Aboynsanues P.A., [lrocenosa C.b., Kacvimorcanosa A.K.

AO «MHCTUTYT MeTaJTypruu u odoramnieHus», Satbayev University, I. Anmatsl, Kazaxcran

[Tonyyenue rmuHo3eMa U3 OOKCUTOB, OCHOBHOTO CHIPhS TITTMHO3EMHOM MPOMBIIILICH-
HOCTH, 0a3upyeTcs Ha IByX OCHOBHBIX crocofax: criocobe baiiepa u criocoOe crieka-
Hus. [Tonydenne muHo3eMa o crocoOy baliepa sxoHoMuuecku 00siee BBITOIHO, HO U
Oosee TpeOOBaTEILHO K Ka4€CTBY OOKCUTOBOTO ChIpbsi. Crioco0 mpeonaraeT BoBJje-
YeHHE B IepepadoTKy OOKCUTOB C KPEMHUEBBIM MOJTyJieM Bhilie 6—7 en. B PecniyOnuke
Kazaxcran oTCyTCTBYIOT MECTOPOXKICHHSI OOKCUTOB, IPUTOAHBIC SISl HETIOCPEACTBEH-
HOM nepepaboTku no crocoOy baiiepa.

Hcnonwszyemble B HacTosimee Bpems Ha [laBnogapckom amromuHueBoM 3aBosne AO
«Amomunuii Kazaxcrana» B MpoM3BOJCTBE MO IMOCIEI0BATEIHHO-KOMOMHUPOBAHHO-
My criocoOy baiiep-criekanue 6okcutbl KpacHOropckoro MeCTopoXXaeHus, OTINYAI0T-
CSl HU3KUM KPEMHHUEBBIM MOJIYJIEM U TOBBIIIICHHBIM COACPKaHUEM BPEIHBIX KOMIIO-
HEHTOB: CHJEPHTA, IIIAMO3UTa, TEMATUTa, MUPUTA, OPTAHUUECKUX U MPOYUX TPHUME-
cel, MpUYeM KauyeCTBO UX YXYAIIACTCs, YTO MPUBOINT K PE3KOMY YXYAIICHUIO COCTaBa
PacTBOPOB, MPOMIIPOAYKTOB M CHUKEHHUIO TEXHUKO-IKOHOMUUYECKHUX TTOKa3aTeneil. ITo
00CTOSITENIbCTBO SIBIISIETCS OCHOBAHUEM JIJISI BHITIOTHEHUS KOMILIEKCA TEOPETUUECKUX
U TEXHOJIOTMYECKUX UCCIIEIOBAHUM JJ1s1 pa3paOoTKu 3PPHEKTUBHON TEXHOJIOTHH.

B cBsi3u ¢ He0OX0AUMOCTHIO BOBIICUEHUS B chepy nepepadboTku OO0IbITUHCTBA OOK-
CUTOB MecTopokaeHui Kazaxcrana mpeniaraercsi HOBasi TEXHOJIOTHsS MepepadboTKU
HU3KOKa4€CTBEHHBIX THOOCHUT-KAOTMHUTOBBIX OOKCUTOB C TMPEABAPUTEIHHBIM JIBYX-
CTauaIbHBIM OOoTameHneM. TeXHOIOTHs BKITIOYAET IPEIBAPUTETHHYIO XUMUIECKYIO
AKTHBAIIMIO, KOTOpas 03BOJISIET TpaHCc(hopMupoBaTh (a30BBIi COCTAB TIEPE] TPaBUTA-
IMOHHBIM oOoraiieHueM 1 3PQPEeKTUBHO YIAIUTh KPEMHUN MPU OCIETYIOUIEH TepMO-
XUMUYECKOM 00pabOTKe U MOTYYUTh ChIPhE TPUTOHOE JJIS POU3BOACTBA TIIMHO3EMa
cniocobom batiepa.

B xone uccnenoBanuit 6611 u3ydeH ¢$azoBbiii COCTaB THOOCUT-KAOJIMHUTOBOIO OOK-
cuta KpacHOropckoro MectopoxkaeHusi, KOTOPBIM npeacTaBieH THOOCUTOM, KaOIHHU-
TOM, CUACPUTOM, THAPOATIOMOCHUIMKATOM, KBAPIIEM, CHIIMKATOM KaJIbIIHsI, TEMaTUTOM,
OKCHJIOM THTaHa U OKCHJIOM (eppoTHTaHa. DIEKTPOHHO-MUKPOCKOMUYCCKHUIN aHaTU3
MCXOTHOTO OOKCHUTA IMOKA3aJl, 9TO KPYIMHO-KpPHCTALTHYECKast (DpaKIIHsl TJIOTHO 3arpec-
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coBaHa MenKoi. OOuMil KpeMHUEBBIA MOAYIb MpoObI cocTaBiseT 3,45. KpemuueBslit
MOJYJIb MEJIKOU (ppaktiuu paBeH 2,19, kpynHoit ¢ppakumu — 4,01.

TepmoauHaMu4YeCKuil pacyeT mpoilecca XMMUYECKON aKTUBAIMK OOKCHUTA B PACTBO-
pe runpokapOoOHaTa HATPUS MOKa3al BBICOKYIO BEPOSTHOCTh MPOTEKAHUS PEAKITHI C
oOpazoBaHueM kapOoHaTa KaJibIus, THAPOATIOMOKApOOHATA HATPUS.

[Tocne xumMuveckoil akTuBallMu OOKCUTA B PAaCTBOpPE TUAPOKapOOHATa HATPUS MPO-
UCXOJIUT OTJIEJICHUE MEJIKOAUCTIEPCHON (PpaKIUu OT KPYITHON U U3MeHeHUs (pa3oBoro
cocTaBa — ncue3aer (pasa cuamkara Kajablus U oOpasyercs ¢daza KaJlbIHTa.

[Ipu Temneparypax xumudeckoil aktuBauuu 120°C, mpogomKuTeNnbHOCTH Ooliee
120 munyTt u 200°C, nponomkutesnbHocTu Oonee 40 MUHYT B OOKcUTE 0Opasyercs
daza ruapoantomokapOboHaTa HaTpus (1ayCOHUTA), KOTOpask yIJIOTHSAET MUHEPAIbHYIO
CTPYKTYpY U JieJIaeT HEBO3MOXKHBIM MPOBEICHNUE JAJIbHEUIIIEro 00oTaleHus MeToaa-
MU TPaBUTAIMH, TIO3TOMY TP BBIOOPE YCIOBHI aKTHBAIIMH HEOOXOAMMO HCKITIOYHUTH
BO3MOXKHOCTb 00pa30BaHMsl TaHHOM (ha3bl U €€ OTPULIATENIbHOE BIUSHUE.

[Ipu rpaBuUTaAIlIMOHHOM OOOTallleHHH OOKCHUTAa KPEMHHUEBBIM MOIYJb BbIAEIAEMON
KPYIMHO3EPHUCTON THOOCUTOBOM (DpaKIMK MOBBIMIACTCS C YBEIMYEHUEM MPOIOKH-
TEJIBbHOCTH MPEIBAPUTEIIHLHON XUMUYECKON aKTUBAIIMM, OJJHAKO MPU STOM yBEIUYNBA-
rorcst motepu Al O, ¢ MENKO3EpHUCTON KaOJIMHUTOBOM (PpaKiuer.

B uccnenoBanusix omnpenenaeHa 3aBUCUMOCTh BIUSIHUSI XUMUYECKON aKTUBAIlMU Ha
pe3yNbTaThl TPABUTAIIMOHHOTO OOOTAIlleHUs] OOKCHUTAa U BO3MOXXHOCThH IepepadOTKU
ero 1o crocody baiiepa.

THE RESEARCH OF LOW-QUALITY GIBBSIT-KAOLINITE
BOXITES CHEMICAL ACTIVATION PROCESS

Gladyshev S.V., Abdulvaliyev R.A., Dyvussenova S.B., Kassymzhanova A.K.

JSC «Institute of Metallurgy and Ore Beneficiation», Satbayev University, Almaty, Kazakhstan

Obtaining alumina from bauxite, the main raw material of the alumina industry, is
based on two main methods: the Bayer method and the sintering method. The produc-
tion of alumina by the Bayer method is more economically profitable, but also more
demanding on the quality of bauxite raw materials. The method involves the involve-
ment in the processing of bauxite with a silicon module above 6—7 units. There are no
bauxite deposits in the Republic of Kazakhstan that are suitable for direct processing
by the Bayer process.
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The bauxites of the Krasnogorsk deposit, currently used at the Pavlodar aluminum
plant «Aluminum of Kazakhstan» JSC in the production of the sequential-combined
method Bayer-sintering, are characterized by a low silicon modulus and an increased
content of harmful components: siderite, chamosite, hematite, pyrite, organic and other
impurities, moreover, their quality deteriorates, which leads to a sharp deterioration in
the composition of solutions, industrial products and a decrease in technical and eco-
nomic indicators. This circumstance is the basis for carrying out a set of theoretical and
technological research for the development of an effective technology.

In connection with the need to involve in the processing of most of the bauxite depos-
its of Kazakhstan, a new technology for processing low-quality gibbsite-kaolinite bauxite
with preliminary two-stage enrichment is proposed. The technology includes preliminary
chemical activation, which allows transforming the phase composition before gravitational
enrichment and effectively removing silicon during subsequent thermochemical treatment
and obtaining raw materials suitable for the production of alumina by the Bayer method.

In the course of the research, the phase composition of gibbsite-kaolinite bauxite of
the Krasnogorsk deposit was studied, which is represented by gibbsite, kaolinite, siderite,
hydroaluminosilicate, quartz, calcium silicate, hematite, titanium oxide and ferrotitanium
oxide. Electron-microscopic analysis of the original bauxite showed that the coarse-crys-
talline fraction is tightly pressed by the fine one. The total silicon modulus of the sample is
3.45. The silicon modulus of the fine fraction is 2.19, and that of the coarse fraction is 4.01.

Thermodynamic calculation of the process of chemical activation of bauxite in a
solution of sodium bicarbonate showed a high probability of reactions with the forma-
tion of calcium carbonate, sodium hydroaluminocarbonate.

After chemical activation of bauxite in a sodium bicarbonate solution, the fine frac-
tion 1s separated from the coarse fraction and the phase composition changes — the
calcium silicate phase disappears and the calcite phase is formed.

At temperatures of chemical activation of 120°C, duration of more than 120 minutes
and 200°C, duration of more than 40 minutes, a phase of sodium hydroaluminocarbon-
ate (dawsonite) is formed in bauxite, which densifies the mineral structure and makes it
impossible to carry out further enrichment by gravity methods, therefore, when choos-
ing the activation conditions, it is necessary to exclude the possibility formation of this
phase and its negative impact.

With the gravitational enrichment of bauxite, the silicon modulus of the separated coarse-
grained gibbsite fraction increases with an increase in the duration of the preliminary chem-
ical activation, however, the loss of Al O, with the fine-grained kaolinite fraction increases.

In the studies, the dependence of the effect of chemical activation on the results of
gravitational enrichment of bauxite and the possibility of processing it by the Bayer
method was determined.
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I'MAPOMETAJIVITYPITHYECKOE OBOI'AINEHUE
MATHUHUCOJEPXKAIIIMX HUKEJEBBIX KOHIIEHTPATOB

Danun K.M., Kocuykasa T.IO., 3aiiyes I1.B.

000 «Hayuno-uccnenosarensckuil ueHTp «I mapomeramnyprus», r. Cankr-IlerepOypr, Poccus

[Ipu pnoranrioHHOM 000OTalIEHUH TPEUMYILIECTBEHHO CYJIb(PUAHBIX HUKEJIEBBIX PYIL
4acTO MOJYy4arOT KOHLUEHTPAThI C BHICOKHM COJIEPKAHUEM MarHusi, B KOTOPBIX 4acTh
[BETHBIX METAJIJIOB aCCOIMMPOBAHA C OKUCJIECHHBIMU MUHEpaJlaMH, YTO OIpaHUYKBa-
€T U3BJICUCHUE 1ICHHBIX KOMIIOHEHTOB. BbICcOKOE cojiep:kaHue MarHusi CHHXKAeT CTOU-
MOCTb HUKEJICBBIX KOHIICHTPATOB MPHU UX MPOoJaXe s AajdbHeHIed TupoMeTautyp-
TUYECKON repepaboTKu.

[TOBBICUTH TEXHOJIOTMYECKHE W PKOHOMUYECKHE TMOKa3aTelid MepepadOTKH TaKHX
PYZA MOXKET TUAPOMETAITYprudeckoe oooramieHue (proToKoHIEeHTpaToB. OTHUM U3 Ba-
PHUAHTOB SABJIAETCSI 00pabOTKa CEPHOI KMCIOTOM C LIENbIO EPEBO/Ia B pACTBOP MarHusl.
[Ipu 3TOM B pacTBOp NEPEXOAUT U YACTh IIBETHBIX METAILJIOB U JKeJie3a.

B paGore sxcrieprMeHTanbHOM TPOBEPKe ObUTH MOABEPTHYTHI 6 (DIOTOKOHIIEHTPATOB
C 3 pa3IMYHbBIX YYACTKOB CYJIb(UTHOTO HUKEIEBOrO MECTOpOkAeHUs. McciaenoBanubie
MaTepHuaIbl MOXKHO MOACIUTh Ha IBE TPYMIIBI IO COJIEPKAHUIO HUKEIS — OeHBIE U 00-
rareie. CoctaB OeqHBIX KOHIIEHTpaToB, % Macc.: Ni 4,5-5,1; MgO 12,4-18,9; Cu 1,3-
2,6; Co 0,14-0,16; Fe 22,9-25,5; S 8,4-15,0. CocraB Oorarblx KOHIICHTpaToB, % Macc.:
Ni 7,2-8,5; MgO 9,1-15,8; Cu 2,0-4,2; Co 0,23-0,26; Fe 23,7-32,3; S 14,9-23,2.

['maBHO# 3aadeil JaHHOUM PabOThI OBLI MOUCK YCIOBUM, 00ECTIEYMBAOIINX MAKCH-
MaJIbHOE Pa3JIOKEHUE MArHUEBBIX MUHEPAJIOB ¢ MEPEeBOJIOM Mg B pacTBOp MpuU MU-
HUMAJIbHOM PacTBOPEHUHU TSKENBIX BETHBIX MeTAIOB. Oco00e BHUMAHHUE YSSIIH
TaKUM acleKTaM KaK MOTpeOJieHne CEPHOU KUCIIOTHI, IEPEX0]l B pAaCTBOP COMYTCTBY-
IOIINX METAJJIOB U BEPOSITHOCTh UX HAKOIUICHHS B TEXHOJIOTUUYECKUX CXEMax ¢ 000po-
TOM KHJIAKOU (pa3bl.

B pabGorte mokazaHo, 4YTO MPEANOYTUTEITHHBIM SBISETCS CICAYIOIUNA PEKUM:
T=95°C, pH=0,5, K:T=4, nponomkutenbHOCTh 6 4. Pe3ynbTaThl ruipoMeTasIypru-
YeCKOro oooramieHus NpuBeAeHbI B Tadnuiie 1.

Paznuuus B moTpebieHnH KUCIOTHI U COCTAaBaX OCTATKOB BhIIETauUBaHUs 00YCIIOB-
JI€HbI 0COOCHHOCTAMH MHUHEPAIOTUYECKOT0 cocTaBa (IOTOKOHIIEHTPATOB.

[Ipu rugpomeramurypruueckom yaaieHuu Mg Beixon keka coctanisier 60—-80%, uto
JIOTIOJTHUTEITHHO TTOBBINIACT Ka4€CTBO KOHEUHBIX KOHIIeHTpaToB. [Ipu stom, 10 10% Ni
1 10 50% Cu nepexonut B pacTBop. I UX BBIIEIEHUS IPETYCMOTPEHA AOTIOJIHATEIb-

131



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

Has orepanus 0CaXIeHUs peareHTaMu-cyibhuauzaropamu. [lomydeHHbI CynbpuIHbIHI
0CaJI0OK MOXET OBbITh OOBEIMHEH C TOBAPHBIM HUKEJIEBBIM KOHIIEHTPATOM, {OTIOJIHUTEIb-
HO TOBBIIIAsl €r0 KauecTBO. Maruuii u3 pacTBOPOB MOXKET OBITh YCIIEIIHO BBIIEJIEH B
BUJI€ TOBAPHOTO renTaruapara cyib(ara Maraus IyTeM BbIIapKU-KPUCTAITH3AINH.

Tabnuya 1.
Pe3yabTaThl rHAPOMETAIYPrHYECKOT0 000TralieHHs
Kormerrpar IoTp. 1T[epexoz[ B pacTBop, % CO,'[[ep)KaHI/Ie B OCTaTke, % Macc.
HSO,,kr/t| Ni |MgO | Cu | Fe Ni MgO Cu Fe
K1-1 (Oorartsiit) 313 6,1 | 64,6 | 4,7 | 18,8 9,7 3,9 4,8 34,2
K1-2 (6ennblit) 407 93 [ 51,2 | 12,2 | 243 6,0 9,7 2,7 21,8
K2-1 (6orarbiit) 593 6,7 | 75,0 | 30,9 | 32,6 | 10,9 6,0 2,1 21,7
K2-2 (6ennblii) 687 10,3 | 77,5 | 49,9 | 49,0 6,1 8,4 1,0 12,6
K3-1 (6orarsiit) 403 1,5 | 559 | 17,6 | 344 9,9 7,6 2,2 26,0
K3-2 (6ennbiit) 506 8,7 | 64,3 | 28,5 | 38,6 7,0 9.8 1,5 20,3

B xone uccnenoBanuii nmokazaHo, 4To Juisi (BIOTOKOHIIEHTPATOB BCEX YYaCTKOB JIOCTH-
raloTCsl BBICOKKME TIOKA3aTeNH 1Mo n3BjiedeHnto Mg B pactop (> 50%) ¢ noimydyeHueM KoH-
JMITMOHHBIX KOHIIEHTpaToB, coAepxkamux 10 10% MgO. Koneunoe orHomenne MgO/Ni
cHmwkaercs ¢ 1,26—1,86 B ucxonubix uiorokonienTparax g0 0,40-0,77 B ocrarkax Kuc-
JIOTHOM 00pabOTKH [t 00TaThIX KOHIIEHTPATOB; ¥ ¢ 2,75-3,71 mo 1,38—1,62 — ayist 6eAHBIX.

HYDROMETALLURGICAL UPGRADE
OF MAGNESIUM-CONTAINING NICKEL CONCENTRATES

Falin KM., Kositskaya T'Y., Zaytsev PV.

LLC «Scientific Research Center «Hydrometallurgy», St. Petersburg, Russia

Upgrade of sulfide nickel ores by flotation often produces concentrates with a high
magnesium content, in which some non-ferrous metals are associated with oxidized
minerals, this phenomenon limits the extraction of valuable components. The high
magnesium content reduces the cost of nickel concentrates when they are sold for fur-
ther pyrometallurgical processing.

Hydrometallurgical upgrade of flotation concentrates can increase the technological
and economic indicators of processing of such ores. One of the options is the treatment
with sulfuric acid in order to extract magnesium to a liquid solution. Meanwhile, a part
of non-ferrous metals and iron also passes into the solution.
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In the research, 6 flotation concentrates from 3 different sites of a sulfide nickel de-
posit were subjected to experimental verification. The studied materials can be divided
into two groups according to the nickel content — high grade and low grade. The com-
position of poor concentrates, % by weight: Ni 4,5-5,1; MgO 12,4-18,9; Cu 1,3-2,6;
Co 0,14-0,16; Fe 22,9-25,5; S 8,4-15,0. The composition of rich concentrates, % by
weight: Ni 7,2-8,5; MgO 9,1-15,8; Cu 2,0-4,2; Co 0,23-0,26; Fe 23,7-32,3; S 14,9-23,2.

The main task of this research was to find conditions that ensure the maximum de-
composition of magnesium minerals and extraction of Mg into solution with minimal
dissolution of heavy non-ferrous metals. Particular attention was paid to such aspects
as the consumption of sulfuric acid, the extraction to a solution of related metals and
the probability of their accumulation in process flowsheet with a circulation of the
liquid phase.

The research shows that the following parameters is preferable: T=95°C, pH=0,5,
L:S=4, duration 6 hours. The results of hydrometallurgical upgrade are shown in Table 1.

Table 1.
Results of hydrometallurgical upgrade

Concentrate Consumption Extraction to solution, % Content in cake, % macc.

H.SO,, kg/t Ni | MgO | Cu Fe Ni [ MgO | Cu Fe
K1-1 (high grade 313 6,1 64,6 | 4,7 18,8 9,7 3,9 48 | 34,2
K1-2 (low grade) 407 9.3 51,2 | 12,2 | 243 6,0 9,7 2,7 | 21,8
K2-1 (high grade) 593 6,7 | 75,0 | 30,9 | 32,6 | 10,9 | 6,0 2,1 21,7
K2-2 (low grade) 687 103 | 77,5 | 49,9 | 49,0 | 6,1 8,4 1,0 12,6
K3-1 (high grade) 403 1,5 559 | 17,6 | 344 | 9,9 7,6 2,2 | 26,0
K3-2 (low grade) 506 87 | 643 | 28,5 | 38,6 | 7,0 9,8 1,5 | 20,3

Differences in the acid consumption and the composition of leaching cakes are due
to the peculiar properties of the mineralogical composition of flotation concentrates.

With hydrometallurgical extraction of Mg, the cake yield is 60—-80%, which further
improves the quality of the final concentrates. Meanwhile, up to 10% Ni and up to
50 % Cu passes into the solution. An additional precipitation operation with sulfidizing
reagents is provided for their extaction. The resulting sulfide precipitate can be com-
bined with commercial nickel concentrate, further improving its quality. Magnesium
from solutions can be successfully extracted in the form of commercial magnesium
sulfate heptahydrate by evaporation-crystallization.

During the research, it was shown that for all investigated concentrates high rates of
Mg extraction into solution (> 50%) are achieved with the production of conditioned
concentrates containing up to 10% MgO. The final MgO/Ni ratio decreases from 1,26-
1,86 in the 1nitial flotation concentrates to 0,40-0,77 in the acid treatment cakes for
high grade concentrates; and from 2,75-3,71 to 1,38-1,62 for low grade ones.
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OBOTAIIIEHUE KAOJIMHUTOBOM IJTUHbBI
AJIEKCEEBCKOI'O MECTOPOXIEHUA

Aboynsanues P.A., I naovuues C.B., /ltocenosa C.b., Umaneanuesa JI.M.

AO «MHcTUTYT MeTamypruu u oborameHus», Satbayev University, . Anmarsl, Kazaxcran

[TocTosiHHOE CHMYXKEHHE 00BEMOB JOOBIYM BHICOKOKAYECTBEHHBIX OOKCUTOB SIBIISET-
cs1 0OOBEKTUBHOM OCHOBOI NepepabOTKU aJbTepHATUBHBIX TIIMHO3EMCOEPKAIINX ChI-
PBEBBIX ICTOUHUKOB, OJTHAKO BBHICOKHE IKCITyaTallMOHHBIE 3aTPaThl, SHEPTOEMKOCTh H
Hu3Kas 3QPEeKTUBHOCTh U3BECTHBIX CIIOCOOOB J1I00OBIYM, OOOTALIEHUSI U MepepadOTKU
TAKOTO CBIPbS CACPKUBAIOT UX BOBJICUEHUE B IIPOU3BOJICTBO.

KaonuHuTOBBIE TIIMHBI MOTYT CIYXXUTh JTOTOJTHUTEIbHBIM UCTOYHUKOM IIMHO3EMa
Kak B BUJE JA00aBKU ISl YIYYIIEHUS B MPOIIECC CIIEKAHHUS KPACHOTO IIlaMa MyTeM
CHWKEHMS COJIep KaHMs Keye3a, TaK U JUIsl CAMOCTOSITENIbHON nepepaboTKU Ha TH-
Ho3eM. Hanbonee nepcnexktuBHbIM B Pecniyonuke Kazaxcran siBisiercs AJIEKCEEBCKOE
MECTOPOK/ICHHE KAaOJWHUTOB, pacrojararomiee 3amacamu 0ojee 200 MIIH. TOH CBIPbS
1 OaronpusATHBIMU YCIOBUSIMH TOOBIYH.

J11s co3nanust peHTabeTbHOM TEXHOIOTHH TIepepabOoTKN KAaOJTMHUTOBBIX TIIMH MPe/-
JaraeTcs MpoBeICHUE ONEPaLliy NPEABAPUTEIIBHON XMMUUECKON aKTHBALU UCXOIHO-
'O CBIPbs B TOJIOBE Mpoliecca, KOTOpas MO3BOJISET IPU JalbHENUIIEM ITPaBUTALIOHHOM
oOoramieanu 3 (HEeKTUBHO BHLACTUTH Kau€CTBEHHBIE KAOJTHMHUTOBBIN U KBapLEBbIi MPO-
TOYKTBI, YTO 3HAYUTEIHFHO YMEHBIIIAET MOTOK MaTepHaIOB, MOCTYMAOIIUX Ha CTICKaHUE.
[IpenBapurenpHas XUMHUECKasl aKTUBALMSL SIBIISIETCS KIIFOUEBOM omepaunuen npensia-
raeMoi TEXHOJIOTUH, OHA MO3BOJISET HE TOJIBKO MOBBICUTH APPEKTUBHOCTH IpaBUTA-
IIMOHHOTO OOOTAIIeHMSI, HO U MOJIOKUTEIBHO CKa3bIBAETCS Ha JajbHEHIIeH THaApOXu-
Mudeckoil nepepabotke. [Ipu pazpaboTke TEXHOJIOTUU B UCCIEIOBAHUAX YUTEHO, YTO
ONITUMAaJIbHBIC PEKUMBI TTPOBEACHHMSI OTIEPAINH MPEABAPUTEIHPHON XUMHUECKON aKTH-
BaIlMU U IepepadOoTKa 3aBUCIT OT 0COOEHHOCTH UCXOJHOTO ChIPbS.

[Ipu mpoBeneHNM UCCaeI0OBaHUM, METOAAMH XUMHUECKOT0, PEHTT€HO(ITyOpECIEHT-
HOr'0, PEHTI€HO()a30BOr0 U TEPMHUUECKOIO aHAIU30B, U3yUYEH BEILECTBEHHBI COCTAB
IPECTaBUTENbHON MPOOBI TTUHBI AJIEKCEEBCKOTO MECTOPOXKICHUS U €€ KAOJTHHHUTO-
BOM U kBapuueBol (pakuuu. KaonuauToBas (ppakiiys BXOAUT B COCTaB Kilacca KpyI-
Hoctu — 0,05, ee (a30BbIil cOCTaB MpeACTaBIeH KAOJTMHUTOM, MYyCKOBUTOM U KBapIIEM.

B mpornecce xumMuuecKkod akTHBAllMKM B PacTBOpE TMIpPOKapOOHATa HATpUs MPOH-
301U U3MEHEHHS B (Pa30BOM COCTaBE KAOTMHUTOBOU (PPAKIMH: YMEHBIIUIOCH TPO-
LIEHTHOE COJEpKaHUE (PPAKIMM KAaOJIMHUTA; MOSBUINCH HOBBIE (a3bl MYCKOBUT U
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AJTIOMOCWIMKAT HATPUSI; YBEJIUUMUIIOCH KOJIMUECTBO KBApIa. YMEHBIIICHUE COICPKaHUS
XUMHUYECKOM CTOMKOW (PpaKIMy KAOJWHUTA U MOSIBJICHHE HOBBIX AJIFOMOCHIIMKATHBIX
¢da3 Mo3BOJUT, B JaJIbHEHUIIIEM MOBBICUTH 3(D(PEKTUBHOCTH MEepepabOTKH KAOJUHUTO-
BOM (ppaxkumu s uzsnedenus Al O,

HUccnenosanus 3aBucumocty Bbixoga AlLLO, B KaOMIMHUTOBYIO (DPAKIUIO OT TEMITE-
paTyphbl, NPOAOIHKUTENBLHOCTH, oTHOIIeHUH JK:T M KOHIIEHTpaluu pacTtBopa TUpo-
KapOoHaTa HaTpUs MOKa3aJIH:

— MakKcHUMaJbHbIN BbIX0A 79,36% nomydeH npu temrmeparype 150°C;

— C yBEIMWYEHUEM MPOAOJIKUTEIbHOCTH XMMHUYECKON aKTUBALIUM YBEIHMYUBACTCS

BbIX01 ALLO, B KQOIMHUTOBYIO (PPaKIHKIO;

— BBIXOJI TPAKTUYECKU HE 3aBUCUT OTOTHOIICHUS JK: T mpy XUMHUUECKOM aKTUBAIIUU

¥ BO3pACTaET C YBEIMYECHUEM KOHIICHTPALIUU PACTBOPA THAPOKApOOHATa HATPHUS.

OntumanbHBIM PEKUMOM MPOBEICHUS TIPEABAPUTEIBHON XUMUYECKON aKTUBAIlUU
KaOJIMHUTOBOM MIUHBI AJIEKCEEBCKOTO MECTOPOXKACHUS CIIEIYET CUUTATh TEMIIEPATYPY
150°C, nmpogomxuTenbHOCTh 120 MUHYT M KOHIIEHTpPALMs pacTBOpa THIpokapOoHaTa
Harpus 120 r/am’.

PazpabarbiBaemast HAMHM TEXHOJIOTHS MEPepadOTKN KAOJIMHUTOBBIX INIUH C MPUMeE-
HEHHEM HOBBIX TEXHUYECKUX PEIICHUI MO3BOJIUT MPH pealiv3allluy MPOEKTa CO3/aTh
BBICOKOPEHTA0ETbHOE TPOU3BOICTBO C TOJYYECHHEM BOCTPEOOBAHHBIX TOBAPHBIX
MPOJTYKTOB.

PROCESSING OF KAOLINITE CLAY OF ALEKSEEVSKY DEPOSIT

Abdulvaliyev R.A., Gladyshev S.V., Dyussenova S.B., Imangaliyeva L.M.

JSC «Institute of Metallurgy and Ore Beneficiation», Satbayev University, Almaty, Kazakhstan

A constant decrease in the production of high-quality bauxite is an objective basis
for the processing of alternative alumina-containing raw materials, however, high
operating costs, energy intensity and low efficiency of the known methods of min-
ing, enrichment and processing of such raw materials restrain their involvement in
production.

Kaolinite clays can serve as an additional source of alumina both as an additive to
improve the sintering process of red mud by reducing the iron content, and for inde-
pendent processing into alumina. The most promising in the Republic of Kazakhstan is
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the Alekseevsky kaolinite deposit, which has reserves of more than 200 million tons of
raw materials and favorable production conditions.

To create a cost-effective technology for processing kaolinite clays, it is proposed to
carry out a preliminary chemical activation of the feedstock at the head of the process,
which allows, with further gravitational enrichment, to effectively isolate high-quality
kaolinite and quartz products, which significantly reduces the flow of materials enter-
ing for sintering. Preliminary chemical activation is a key operation of the proposed
technology, it allows not only to increase the efficiency of gravity concentration, but
also has a positive effect on further hydrochemical processing. When developing the
technology in the research, it was taken into account that the optimal modes of con-
ducting the operation of preliminary chemical activation and processing depend on the
characteristics of the feedstock.

When conducting research, by methods of chemical, X-ray fluorescence, X-ray
phase and thermal analyzes, the material composition of a representative sample of the
Alekseevsky deposit and its kaolinite and quartz fractions was studied. The kaolinite
fraction is included in the size class — 0.05, its phase composition is represented by
kaolinite, muscovite and quartz.

In the process of chemical activation in the sodium bicarbonate solution, changes
occurred in the phase composition of the kaolinite fraction: the percentage of the ka-
olinite fraction decreased; new phases of muscovite and sodium aluminosilicate ap-
peared; the amount of quartz increased. A decrease in the content of the chemical stable
fraction of kaolinite and the appearance of new aluminosilicate phases will further
increase the efficiency of processing the kaolinite fraction for the extraction of ALO,.

Studies of the dependence of the Al O, yield in the kaolinite fraction on temperature,
duration, L: T ratio and concentration of sodium bicarbonate solution have shown:

— the maximum yield of 79.36% was obtained at a temperature of 150°C;

— with an increase in the duration of chemical activation, the yield of AL O, in the

kaolinite fraction increases;

— the yield is practically independent of the ratio W: S during chemical activa-
tion and increases with an increase in the concentration of sodium bicarbonate
solution.

The optimal mode for preliminary chemical activation of the kaolinite clay of the
Alekseevsky deposit should be considered a temperature of 150°C, a duration of 120
minutes and a concentration of sodium bicarbonate solution of 120 g/dm°.

The technology we are developing for the processing of kaolinite clays with the use
of new technical solutions will allow, during the implementation of the project, to cre-
ate a highly profitable production with the receipt of demanded marketable products.
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OIITUMMU3ALUA PACXOIJA PEAT'EHTOB
B ITPOLHECCE ITPAMOI'O BOCCTAHOBJIEHUA CBUHLA
U3 CYJIb®UJIHBIX COEJUHEHUI

Yexkywun B.C., Yexywun M.B., Onetinuxosa H.B., Mapuenxo H.B.

Cubupckuii penepanbHblil yHuBepcuTeT, I. KpacHosipck, PO

PazpaboTranHbIil U 3KCIIEPUMEHTAIBHO MOATBEPKACHHBIN CIOCOO BOCCTAHOBIIE-
HUS CBUHIIA HETOCPEICTBEHHO U3 CyIb(PUIHBIX COCIUHEHUI MUHEPAIBLHOTO U TEX-
HOJIOTUYECKOIO MPOUCXOXKACHUSI COOCTBEHHOU Cynb(OUAHON cepoil 001agaeT CoBO-
KYITHOCTBIO Kau€CTB, B TOM 4YHCJIe, 00ecrieurBaeT NyooKas METaJIM3aliio0 CBUHIIA,
MPOTEKAET MPU CPABHUTEIBLHO HU3KOM Temmeparype (550—700°C), xapakrepusyercs
BBICOKOM CKOPOCTBIO M UCKITFOYAaeT 00pa30oBaHUE KUCIOPOIHBIX COCAMHEHUN CEPBI U
yIiepoza.

[Ipu 5TOM BBISIBIIEH CpaBHUTENbHO O0JblIoil pacxon menoun (NaOH), ucnomnsiye-
MOM B Kau€CTBE TEXHOJOTHYECKOW CpeAbl MPU OCYLIECTBIEHUN BOCCTAHOBUTEIBHOTO
nporiecca. Tak, HanpuMep, MPU BOCCTAHOBIIEHUU CBUHIIA U3 CYIbPUAHOTO [ OpeBCKOro
KOHIIEHTpaTa, coaeprkaniero 59% u3BiiekaeMoro Merajuia, B MpOLEecce YYacTBYET 10
250% menoun oT Macchl KoHIleHTpaTa. [locnennee cBsi3aHO ¢ HEOOXOUMOCThIO CHU-
KEHUSI BA3KOCTH ILIEIOYHOTO TUIaBa, KOrja TeMmIeparypa mnpoiecca cocrasiser 550—
600°C. Pacxomyemass NaOH mokeT ObITh paszjiesieHa Ha XUMUYECKH CBSI3bIBAEMYIO
(BCJIeCTBUE PEAKIINi AUCTIPONIOPIIMOHUPOBAHUS CEPBI) U CBOOOTHYIO, HEOOXOIUMYIO
JUTSL pACTBOPEHMS B HEHM TIOJTy4aeMbIX COJEH.

[Ipotiecc BocCcTaHOBIIEHHS CBUHIIA COOCTBEHHOM CYJIb(MUAHONU CEPOM CKIIaIbIBAETCS
U3 METAJUIM3allMK C HAKAIJIMBAHMEM JJIEMEHTHOM CEpbl, KOTOpas B LIEJIOUYHON CpEAE
JUCTIPOIOPIMOHMPYET ¢ 00pa3oBaHueM CyabGuAHON u cynbparHoi Gopm — Na,S u
Na, SO, npu MOJILHOM COOTHOWIEHHH 3:1. PaHee MpOBEIEHbI UCCIEI0BAHMS BIMAHUSA
XUMU3Ma JUCIPOIIOPIIMOHUPOBAHUS, CBA3aHHBIC C MOJYYCHHEM THOCYJIb()ATOB WM
CyIb(UTOB HATPUSI B COBOKYIMHOCTU C CYIb(UIOM HATpHUs. BbUIO yCTaHOBIIEHO, YTO
M3MEHEHHE XMMHU3Ma HECYLIECTBEHHO BIUSET HA MOTPEOIEHUE HICJIOUH.

JIpyroe HampaBJ€HUE HUCCIEIOBAHUN CBS3aHO C BO3BMOXHOCTBIO IMOJYYEHHUS CEPO-
CyIb(OHUIHBIX COSAMHEHUN HATPUS NaZS : Sno. Takoil moaxoa MO3BOJISIET CYIIECTBEHHO
CHM3UThL XuMHu4ecKkue norepu NaOH, ocobeHHO npu monyvennn coenunennid Na,S..
[Toka3zaHo, 4TO pOLIECC CYIIECTBEHHO 3aBUCHUT OT TEMIIEPATYPhI — YEM HUXKE TEMITepa-
Typa, TeM OOJIbIIIee KOJTMUECTBO YacTUIl S MPUCYTCTBYET B COCNMHCHHUH (B MHTEPBAJIC
temmneparyp 450-650°C).
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beuto uccienoBano BiIMsiHUE pacxojia Cyib(para HATpUsi HA TOMOTE€HHOCTb U BSI3-
kocTh cucTeMbl NaOH-Na SO, u yCcTaHOBJIEHO, YTO JKUIKOTEKYYEH M OIHOPOIHOM
OHa coxpaHseTrcs npu temreparype 550°C 1 MaccoBOM OTHOLIEHUU Cyib(aTa HaTpus
U esoun, cocrasistoniem 1,5. OOpasyromuiicss cyabdun HaTpusi BIUseT Ha (U3H-
YeCKue CBOMCTBA CyNIb(PUIHO-CYIH(ATHOTO IIETOYHOTO IJIaBa, YBEIUYMBAs €r0 BsI3-
KoCTh. [IpenokeHo B BOCCTAaHOBUTEIBHYIO CUCTEMY BBOJUTH OKHUCIUTENb C IEIbIO
peBpalleHus cyabhuIHOM cephl B cylbdarHyro. Beenenue kucnopoaa obecreurnBaet
IPOTEKAHUE PEAKIINH CyJb(aTu3aiuu.

DKCIEPUMEHTAIBHO MOATBEPKJICHA CIPABEJIMBOCTh TAKOTO PELICHUS] HA YUCTOM
cynb(uIe CBUHIIA M Ha CYTh(UTHOM CBUHIIOBOM KOHIICHTPATE, TIOJYYCHHOM U3 PY/IbI
T'opeBckoro MectopoxieHHs. YCTaHOBJIEHO MOJIOKUTEIBHOE BIUSIHUE OKUCIUTEIS Ha
CKOPOCTh BOCCTAHOBHUTEIBHBIX MPOIECCOB, a TAKXKE CYIIECTBEHHOE CHIKEHUE PACX0-
na menoun (10 33,6% ot maccel koHIeHTpara). O61mee konndectBo NaOH, yvactBy-
IOIIEH B MpOIecCe BOCCTAHOBJIEHHUS CBUHIIA U3 Cylbpuaa cHuxaercs a0 80%. [Ipu
ATOM, CKOPOCTh BOCCTAaHOBUTEIHLHOTO MPOIECCa BO3pacTaeT MpuMepHo B 1,5 pasa.

OPTIMIZATION OF REAGENT CONSUMPTION
IN THE PROCESS OF DIRECT REDUCTION OF LEAD
FROM SULFIDE COMPOUNDS

Chekushin V.S., Chekushin M.V., Oleinikova N.V., Marchenko N.V.

Siberian Federal University, Krasnoyarsk, RF

The developed and experimentally confirmed method for the reduction of lead di-
rectly from sulfide compounds of mineral and technological origin with its own sulfide
sulfur has a set of qualities, including, provides deep metallization of lead, proceeds at
a relatively low temperature (550-700°C), is characterized by a high rate and excludes
the formation oxygen compounds of sulfur and carbon.

At the same time, a relatively large consumption of alkali (NaOH), used as a techno-
logical medium in the implementation of the reduction process, was revealed. So, for
example, when reducing lead from sulfide Gorevsky concentrate containing 59% of the
recoverable metal, up to 250% of alkali from the mass of the concentrate is involved in
the process. The latter is associated with the need to reduce the viscosity of the alkaline
melt when the process temperature is 550—-600°C. The consumed NaOH can be divided
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into chemically bound (due to sulfur disproportionation reactions) and free, necessary
for dissolving the resulting salts in it.

The process of reduction of lead by its own sulfide sulfur consists of metallization
with the accumulation of elemental sulfur, which in an alkaline medium disproportion-
ates with the formation of sulfide and sulfate forms — Na,S u Na SO, at a molar ratio of
3:1. Previously, studies were carried out on the effect of disproportionation chemistry
associated with the production of sodium thiosulfates or sulfites in combination with
sodium sulfide. It was found that the change in chemistry does not significantly affect
the consumption of alkali.

Another area of research is associated with the possibility of obtaining sodium sero-
sulfide compounds Na_S - S°. Twhich approach can significantly reduce the chemical
losses of NaOH, especially when obtaining compounds Na_S.. It is shown that the pro-
cess depends significantly on temperature — the lower the temperature, the greater the
number of S° particles present in the compound (in the temperature range 450-650°C).

The effect of sodium sulfate consumption on the homogeneity and viscosity of the
system was investigated NaOH-Na,SO, and it was found that it remains fluid and ho-
mogeneous at a temperature of 550°C and a mass ratio of sodium sulfate and alkali of
1.5. The resulting sodium sulfide affects the physical properties of the sulfide-sulfate
alkaline melt, increasing its viscosity. It is proposed to introduce an oxidizing agent
into the reduction system in order to convert sulfide sulfur into sulfate. The introduc-
tion of oxygen allows the sulfation reaction to proceed.

The validity of such a solution was experimentally confirmed on pure lead sulfide
and on sulfide lead concentrate obtained from the ore of the Gorevskoye deposit. The
positive effect of the oxidizing agent on the rate of reduction processes was established,
as well as a significant decrease in the consumption of alkali (up to 33.6% of the mass
of the concentrate). The total amount of NaOH involved in the reduction of lead from
sulfide is reduced to 80%. At the same time, the speed of the recovery process increases
by about 1.5 times.

139



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

COJEPKAHUE

BBEJIEHIIE ... 5
XoabkuH A.U., [Tarpymena T.H., MeakoB M.A., CrebaeBckas H.II.,

Oxun FO.M., TutkoB A.U., AkaTtbeBa JI.B.

CO3IAHUE N PABBUTUE DKCTPAKLHUOHHO-ITMPOJIMTUYECKOI'O METOJIA
HOJIYUYEHU A HEOPTAHUYECKUX MATEPUAJIOB....cooiiiiiiiiiiiiieee e 7
Camo0ypos I.O., Kanamnukosa I.O., Hukonaen A.U.

BBIJAEJIEHUE CEPEBPA N3 BOAHBIX PACTBOPOB KAPKACHBIMU
TUTAHOCHIITKATAMI ....ooniiiiie et e e et e e e e e e e e eeaarsneeeeeas 11
Kapauapos A.A., Muxaun 10.JL.

JIMHAMUMKA B3AMMOJIEMCTBUS ITY3BIPHKA BO3/YXA C [IOBEPXHOCTSIMU
CYJIIb®OUIHBIX MUHEPAJIOB 1 MOJEJIBHBIX CYBCTPATOB: U3YUEHUE

C IPUMEHEHMEM BBICOKOCKOPOCTHOM BUJEOCBEMKM ..., 14
IToawiranos C.9., Cokogon JI.B., Koamaunxuna O.b., Jlo6anos B.T.
DJIEKTPOD®U3UYECKA ST AKTUBALIUS IT'JIPOMETAJIJTIY PTUYECKOM
ITEPEPABOTKHW OKMCJIEHHBIX HUKEJIEBBIX PY]l YPAJIBCKOI'O PETMOHA ............ 17
Aoukak E.B., Ken:xkanues b.K., I'magsimen C.B.,

Aoayasaaues P.A., Kaceimaxanosa A.K.

KOMIIJIEKCHAS ITEPEPABOTKA TTMPUTHBIX OTAPKOB

C INIOJIYYEHUEM KOHIEHTPATA HBETHBIX METAJIJIOB .....cccciiiiiiiiiiieeee, 20
TypecedexkoB A.X., lllapunos X.T., IHykypos L.P.

PA3BPABOTKA TEXHOJIOTUM OBOTAILIEHWA TEXHOT'EHHBIX

OTXOJOB 30JIOTOU3BJIEKATEJIbBHOT'O [TPOU3BO/JJCTBA

HABOWIICKOI'O TOPHO-METAJUIYPTUUYECKOT'O KOMBUHATA ..., 22
duzep O.A., Jlodanos B.I., Tperbsaxk M.A., Iuzep E.A.

CITOCOB 3AIMTHI BHYTPEHHMX ITOBEPXHOCTEN ®JIOTAILIMOHHBIX

MAIIMH OT KOPPO3UU U ABPASUBHOI'O U3HOCA ... 25
Boxugos b.P., XacanoB A.C.

NCCIEOOBAHUE 1 PASPABOTKA TEXHOJIOT'NM NU3BJIEYHEHW A METAJIJIOB
INIATUHOBBIX I'PVIIIT U3 TEXHOI'EHHOT'O CBIPBS AO « ATMK» ....oooooeiiiiii. 29
JInxaukuit M.H., Kapaces C.B., Muxuun 10.J1.

O POJIN «MHEPTHBIX» NOHOB B HEKJIACCUYECKOM MEXAHU3ME

HYKIJIEAIIMU 30JIOTA U ITJIATUHBI B BOAHBIX PACTBOPAX ... 33
CaugaxmenoB A.A.

NCCIIEAOBAHUE TEXHOJIOI'MU TITOJIVYEHUA CBUHIIA

U3 KOHBEPTEPHOM TTIBITIH ...t 36
Tomnsakos C.H., I'yasieBa P.U., Ynoesa JI.IO., Cepreesa C.B., IlerpoBa C.A.

140



COLEPKAHNE

METAJUIOTEPMUS KAK CITOCOBb U3BJIEUEHU A OJIOBA

N3 ITPUPOJHOI'O KACCHUTEPHTA ...
I'opnees /I.B., ®omenko U.B.

ABTOKJIABHAS IIEPEPABOTKA VIJIEPOAUCTBIX 30JIOTOCYJIb®N/IHBIX
KOHIIEHTPATOB C UCITOJIb30BAHUEM A30THOM KMCJIOThHI B KAYUECTBE
BTOPUYHOTI'O OKUCIIUTEIIS.....ccoiiiiiiiieee e
Acramunk C.B., Knumanues B.C., I[IpockypsikoBa U.A.,

Kosagen C.B., Koajaen E.B.

BXOJIHOM KOHTPOJIb AKTUBUPOBAHHOT'O VIS

N3 CKOPJIVIIBI KOKOCOBOI'O OPEXA J1JIA U3BJIEYEHU A 30JIOTA

N3 HMAHUNCTBIX PACTBOPOB U ITVIIBIT ...
Bopucos P.B., beaoycos O.B.

CHUHTE3 METAJUVIMYECKNX HAHOUYACTUIL UPNINA B ABTOKJIABE ...
Jlaesckmii C.U., JIax C.U., MapkeJioB A.B.

BBICOKOTEMIIEPATYPHOE ABTOKJIABHOE OKUCJIIEHUE
30JIOTOCOAEPXKAILETO CBhIPbSI ABOMHOMW YIIOPHOCTH ...
Axumenko A.A., beaoycos O.B., bopucos P.B.

PACTBOPEHUE METAJIJIMYECKUX POAUA U UPUAUA

B ABTOKJIABHBIX YCIIOBUSIX ..o
Boaxkos A.B., Kopmun A.B., CarutoB P.X.

IMPUMEHEHUWE OITEPALIN I'OPAYETI'O KOHAWUIITMOHWUPOBAHUA ITYJIBITbI
PA3I'PY3KHN ABTOKIJIABA C LEJIbIO CHMDKEHWA NHKATICYIJIALIMN 30JIOTA
MUWHEPAJIAMMU XKEJIE3A (III) U [TIOBBIIHEHW A U3BJIEYEHUSA ...
XacanoB A.B., Mapkesos A.B., I[Toaexkaes C.1O.

[NOBBIIIEHUWE N3BJIEYEHN A 30JI0TA U3 YITIEPOAMCTOI'O CbIPbA

C ITOMOIIBIO OBXXNUT'A ABTOKJIABHBIX OCTATKOB ...
Kones A.B., lllyasruna K.A., Ky3suna JI.H., Mupounosa 7K.B., Koporkesuu B.A.
TEXHOJIOTUYECKAS DODPEKTUBHOCTD

[MPEABAPUTEJIbBHOI'O OBOTAIIEHN A PY/] IBETHBIX,

PEJAKHNX U BIIATOPOIHBIX METAJIIOB ...
Kpynnos JI.B., [1axomoB P.A., Tanaaos B.A., Maaaxos I1.B.

BAPUAHTHI UIBMEHEHHM S KOHCTPYKIIMH [TEYEN B3BEILIEHHOM ITIJIABKU

JULA VIIVUHIIEHWA IUHAMUKHU 'ABOBOI'O ITOTOKA ...
IIyukuna B.A., MapkeJsoB A.B., Uyraes JI.B.

CHUXEHUE ITOTEPbB 30JIOTA IIPU IIEPEPABOTKE 30JIOTOCYPBMAHUCTBIX
KOHIIEHTPATOB ...
Konen A.B., lllyasruna K.A., Muponosa K.B., Ky3una JI.H.
TEXHUKO-D5KOHOMUNYECKAA LHHEJIECOOBPA3HOCTD ITPEJIBAPUTEJIBHOI'O
OBOTAIIEHUA PY IBETHBIX, PEAKUX 1 BJIATOPOAHBIX METAJIJIOB ................
Yexywmnn B.C., Jlepruies A.C., Oueiinukoa H.B.

141



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

SJIEKTPOXUMHNYECKOE VIAJIEHUE JIEMEHTHOM CEPBI 13 ITPOYKTOB
KOHAMIIMOHMPOBAHNMA 30JIOTOCOAEPXKAIIMX KOHLEHTPATOB ........ccovvvvennnnn.. 80
®aeiitiux U.10., Kyaimyxamenos I'.K., I'puropsesa H.A.

OKCTPAKIMA BAHAINWA (V) COJIAMU YETBEPTUYHBIX AMMOHUEBBIX
OCHOBAHUM W3 HEUTPAJILHBIX U CJTABOIIEJIOYHBIX PACTBOPOB...................... 83
VYnaaosa T.A., BocmepukoB C.B., I'puropseBa T.®., Anapuen A.U.,

Hesatkuna E.T., JIaxos H.3.

MEXAHOXMMHNYECKOE BOCCTAHOBJIEHME OKCHUJ0OB HUOBUA

N TAHTAJIA MATHUEM .o 86
Paoyxun E.A., Jlodanos B.I'., Epmakos A.B.,

Ky3bpmenko I.®., Ckomopoxos B.A.

COBEPHIEHCTBOBAHUE ITEPEPABOTKU TTPOJAYKTOB

OKCTPAKIMU ITJTATUHOBDBIX METAJIJIOB ... 89
Oxun 10.M., lamunoB A.C., Koaenosa E.C.

INEPEPABOTKA METAJUIMYECKOI'O BUCMYTA

C IIOJIYUEHUEM ET'O COEJMHEHII ........ooooviieieeeeeeeeeeeeee e 92
VYnaaosa T.A., BocmepukoB C.B., AnapueB A.U., I'puropsea T.D.,

Hesatkuna E.T., JIaxos H.3.

MEXAHOXUMWYECKWIN CUHTE3

BBICOKOJUMCIIEPCHBIX BOJIbBOPAMA, MOJIMBJAEHA U HUOBU A

BOCCTAHOBJIEHUEM CJIOXHBIX OKCUIIOB ..o 96
Maxkosckan O.10., Ilerbkun U.A.
COPBIHMOHHOE M3BJIEYUEHUE KOBAJIBTA 13 KUCJIBIX PACTBOPOB...................... 100

Jlapuonos A.B., I'yasiesa P.U., Ynoesa JL.IO., Ilerposa C.A., Cepreesa C.B.
METAJUIOTEPMHUYECKOE BOCCTAHOBJIEHUE [TPUPOIHOI'O KOJIYMBUTA ........ 103
KupmineBa E.A., I'puropseBa E.B., [lanTesneeBa M.B., Caiikoa C.B.

OITPEJIEJIEHUE YCJIOBU CUHTE3A HAHOIIOPOIIKA XEJIE30-2PEMEBOI'O
T'PAHATA Y UCCJIEJOBAHUE CBOVCTB IMOJIYYEHHOI'O ITPOJAVKTA .................... 106
Kaasiknn C.H., Kyssmun B.U., Myaaraneesa M.A.

PA3IEJIEHUE P3M B [IPOTUBOTOYHbIX SKCTPAKIIMOHHBIX KACKATAX

C IPUMEHEHUMEM BUHAPHDBIX DKCTPATEHTOB .......ccccoiiiiiiiic 109
lapunos X.T., bo3opos A.H., Kamosos T.O., Xomumxanosa M.A.
AHAJIA3 I10 IIEPEPABOTKH 30JIOIIJIAKOBBIX OTXOHOB TOC.......cccovvvvviiiiiiiinnnnnn. 112

Beawlii A.B., Manamonok A.Il., Coionoa H.B.

BUOBBIIIEJTAYMBAHUE CYPBMAHUCTBIX-30JIOTOMBIIIBAKOBBIX
OJIOTOKOHUIEHTPATOB 10 TEXHOJIOI'M BIONORD® COBMEIIEHHOE

C ITPOLECCOM COPBIHVHN CYPBMBbI U3 BUOITYJIBIIBI.........coieeeeiiiiiicieee e, 116
Kunsakun A.HU.

OUTODSKCTPAKIMA ITPOAYKTOB 'TOPHO-OBOTTATUTEJIBHOI'O KOMBUHATA....... 119
3BonnoB H.O., /In3zep O.A., Kapumos K.A., Poroxkauxos JI.A.

142



COLEPKAHNE

UCCJIEJJOBAHUE KOMBUHUPOBAHHOM ITEPEPABOTKH YIIOPHBIX

APCEHOIIMPUTOBBIX KOHILIEHTPATOB ...t

duzep O.A., babunues A.A., Tperbsak M.A., Kapumos K.A., Poroxuukos /[.A.
I'MJAPOMETAJUIYPTUYUECKAS IIEPEPABOTKA YIIOPHOT'O CYJIBOWUJAHOI'O

MEJTHO-MBITIIBAKOBUCTOI'O KOHIEHTPATA ...

I'mapsimes C.B., Adoayasanues P.A., [liocenoBa C.b., Kacsim:xkanoa A.K.
UCCJHEJJOBAHUE ITPOLIECCA XUMHWYECKOW AKTUBALIUU

HU3KOKAYECTBEHHDBIX 'MBECUT-KAOJIMHUTOBBLIX BOKCUTOB .....................

®aaun K.M., Kocunkas T.1O., 3aiinesn I1.B.
TUJIPOMETAJIJIYPTUYECKOE OBOTAIIIEHUE MATHUNCOAEPXKAILLIX

HUKEJIEBBIX KOHIIEHTPATOB .....coooiiiiiiiii

AonyasaaueB P.A., Inaabimen C.B., locenoBa C.b., Umanraauesa JI.M.
OBOTAILIEHUE KAOJIMHUTOBOM I'JIMHBI

AJIEKCEEBCKOT'O MECTOPOXIEHMS. ..ot

Yexymun B.C., Hexkymun M.B., OaeiinukoBa H.B., Mapuyenko H.B.
OIITUMU3BALINA PACXOJJA PEATEHTOB B I[TPOLECCE ITPAMOI'O

BOCCTAHOBJIEHU S CBUHIA M3 CYJIbOUIHBIX COEJUHEHUMN. .......................

143



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

CONTENTS

INTRODUCTION . ....ooiiiiiiiiiiiiiiiceeeeee e

Kholkin A.I., Patrusheva T.N., Medkov M.A., Steblevskaya N.P.,
Yukhin Yu.M., Titkov A.IL., Akatyeva L.V.

CONSTRUCTION AND DEVELOPMENT

OF THE EXTRACTIVE-PYROLYTIC METHOD FOR OBTAINING

INORGANIC MATERIALS ..o

Samburov G.O., Kalashnikova G.O., Nikolaev A.I.
ISOLATION OF SILVER FROM AQUEOUS SOLUTIONS

BY FRAME TITANOSILICATES ..ot

Karacharov A.A., Mikhlin Yu.L.
THE INTERACTION DYNAMICS OF AN AIR BUBBLE
WITH THE SURFACES OF SULFIDE MINERALS AND MODEL

SUBSTRATES: STUDY WITH A HIGH-SPEED CAMERA ...................

Polygalov S.E., Sokolov L.V., Kolmachikhina O.B., Lobanov V.G.
ELECTROPHYSICAL ACTIVATION OF HYDROMETALLURGICAL
PROCESSING OF OXIDIZED NICKEL ORE IN THE URAL REGION
Abikak E.B., Kenzhaliyev B.K., Gladyshev S.V.,

Abdulvaliyev R.A., Kassymzhanova A.K.

COMPREHENSIVE PROCESSING OF PYRITE CUTTERS

TO PRODUCE A CONCENTRATE OF NON-FERROUS METALS .......

Turesebekov A.Kh., Sharipov Kh.T., Shukurov Sh.R.
DEVELOPMENT OF TECHNOLOGY

FOR ENRICHMENT OF TECHNOGENIC WASTE GOLD
PRODUCTION PRODUCTION OF THE NAVOIYSK

MINING AND METALLURGICAL COMBINE........ccccccceviiiiiiiiiii.

Dizer O.A., Lobanov V.G., Tretiak M.A., Dizer E.A.
METHOD FOR PROTECTING THE INNER
SURFACES OF FLOTATION MACHINES AGAINST CORROSION

AND ABRASIVE WEAR ...

Vohidov B.R., Khasanov A.S.
RESEARCH AND DEVELOPMENT OF TECHNOLOGY
FOR EXTRACTION OF METALS OF PLATINUM GROUPS

FROM MAN-GENERAL RAW MATERIALS OF JSC «<AGMK» ...........

Likhatski M.N., Karasev S.V., Mikhlin Yu.L.
ON A ROLE OF “INERT” IONS IN NON-CLASSICAL MECHANISM

OF Au AND Pt NUCLEATION PROCESS IN AQUEOUS MEDIA.........

144



COLEPKAHNE

Saidakhmedov A.A.

RESEARCH OF TECHNOLOGY FOR OBTAINING LEAD

FROM CONVERTER DUST ...t 37
Tyushnyakov S.N., Gulyaeva R.I., Udoeva L.Yu.,

Sergeeva S.V., Petrova S.A.

METALLOTHERMY AS A METHOD FOR TIN EXTRACTION

FROM NATURAL CASSITERITE ... 41
Gordeev D.V., Fomenko 1.V.

TECHNOLOGY OF AUTOCLAVE PROCESSING

OF CARBONACEOUS GOLD-BEARING CONCENTRATES

USING NITRIC ACID AS A SECONDARY OXIDANT .....ciiiiiiieieece e 45
Astapchik S.V., Klimantsev V.S., Proskuryakova L.A.,

Kovalev S.V., Kovalev E.V.

QUALITY CONTROL OF ACTIVATED CARBON

USED TO RECOVER GOLD FROM CYANIDE SOLUTIONS AND SLURRIES ................. 49
Borisov R.V., Belousov O.V.
SYNTHESIS OF IRIDIUM NANOPARTICLES IN AUTOCLAVE ..o 52

Laevskiy S.I., Lyakh S.I., Markelov A.V.

HIGH TEMPERATURE PRESSURE OXIDATION

OF DOUBLE REFRACTORY GOLD MATERIALS ... 55
Akimenko A.A., Belousov O.V., Borisov R.V.

DISSOLUTION OF RHODIUM AND IRIDIUM METALS

IN THE AUTOCLAVE. ...ttt e e e e e e e e et e e e e e e e eeaasannnaeeens 58
Volkov A.V., Kormin A.V., Sagitov R.Kh.

USE OF THE AUTOCLAVE DISCHARGE

SLURRY HOT CONDITIONING OPERATION TO REDUCE THE GOLD
ENCAPSULATION BY FERRIC (11T) MINERALS AND INCREASE

ITS EXTRACTION ...t e e e e e ettt e e e e e e e e e eaaa e e e eeaeesessannaeeens 61
Khasanov A.V., Markelov A.V., Polezhaev S.Yu.

GOLD RECOVERY IMPROVEMENT BY ROASTING

OF PRESSURE OXIDIZED CARBONACEOUS RESIDUES ... 64
Konev A.V., Shulgina K.A., Kuzina L.N., Mironova Zh.V., Korotkevich V.A.
TECHNOLOGICAL EFFICIENCY OF THE PRELIMINARY PROCESSING

OF NON-FERROUS, RARE AND PRECIOUS METALS ...t 67
Krupnov L.V., Pakhomov R.A., Talalov V.A., Malakhov P.V.

POSSIBLE OPTIONS OF FLASH SMELTING FURNACE REDESIGN

TO IMPROVE GAS FLOW DYNAMICS . ... .ot aaae e 71
Puchkina V.A., Markelov A.V., Chugaev L.V.

REDUCTION OF GOLD LOSSES IN PROCESSING OF GOLD-ANTIMONY

CONCENTR ATES oottt et e e et e e e e e e e e e e e e et e e e aaaaaeaaes 74



METAJUTYPTUA UBETHbIX, PEAKUX W BJIATOPOAHBIX METANINIOB

Konev A.V., Shulgina K.A., Mironova Zh.V., Kuzina L.N.

TECHNICAL AND ECONOMIC FEASIBILITY OF THE PRELIMINARY

PROCESSING OF NON-FERROUS, RARE AND PRECIOUS METALS ........cccceeiiiiiiee. 77
Chekushin V.S., Dergilev A.S., Oleinikova N.V.

ELECTROCHEMICAL REMOVAL OF ELEMENTAL SULFUR

FROM CONDITIONING PRODUCTS OF GOLD-BEARING CONCENTRATES ................ 81
Fleitlikh I.Yu., Kulmuchamedov G.K., Grigorieva N.A.

EXTRACTION OF VANADIUM (V) WITH QUATERNARY AMMONIUM SALTS

FROM NEUTRAL AND WEAKLY ALKALINE SOLUTIONS ..o, 84
Udalova T.A., Vosmerikov S.V., Grigor’eva T.F., Aparnev A.L.,

Devyatkina E.T., Lyakhov N.Z.

MECHANOCHEMICAL REDUCTION OF NIOBIUM

AND TANTALUM OXIDES BY MAGNESIUM ......coiiiiiiiiiiiie e 87
Ryabukhin E.A., Lobanov V.G., Ermakov A.V.,

Kuzmenko G.F., Skomorokhov V.A.

IMPROVEMENT OF PROCESSING OF PLATINUM METAL

EXTRACTION PRODUCTS ...ttt e e e et e e e e e e e e eaas e as 90
Yukhin Yu.M., Daminov A.S., Koledova E.S.
METAL BISMUTH PROCESSING TO OBTAIN ITS COMPOUNDS .....cccooeiiiiiiiiiiiiieee e, 93

Udalova T.A., Vosmerikov S.V., Aparnev A.lL., Grigor’eva T.F.,
Devyatkina E.T., Lyakhov N.Z.
MECHANOCHEMICAL SYNTHESIS OF HIGH-FINE TUNGSTEN, MOLYBDENUM

AND NIOBIUM BY REDUCTION OF COMPLEX OXIDES .......ccooiiiiiiiiieeiiiee e, 97
Makovskaya O.Yu., Petkin I.A.

SORPTION EXTRACTION OF COBALT FROM ACID SOLUTIONS........cccooeeeiiiiriiiiiiinnnn. 101
Larionov A.V., Gulyaeva R.I., Udoeva L.Yu., Petrova S.A., Sergeeva S.V.
METALLOTHERMIC REDUCTION OF NATURAL COLUMBITE........cccoeeeeiiiiiiiieee. 104

Kirshneva E.A., Grigorieva E.V., Panteleeva M.V., Saykova S.V.

DETERMINATION OF THE SYNTHESIS CONDITIONS

FOR IRON-ERBIUM GARNET NANOPOWDER AND STUDY

OF THE PROPERTIES OF THE RESULTING PRODUCT .......ooiiiiiiiiieeiiieeeeeee e 107
Kalyakin S.N., Kuzmin V.I., Mulagaleeva M.A.

SEPARATION OF RARE EARTH METALS IN COUNTER-CURRENT

EXTRACTION CASCADES USING BINARY EXTRACTANTS ..., 110
Sharipov H.T., Bozorov A.N., Kamolov T.O., Khoshimkhanova M.A.
ANALYSIS ON PROCESSING OF ASH WASTE TPP......ooiie e 113

Belyi A.V., Malashonok A.P., Solopova N.V.

BIOLEACHING OF ANTIMONY-GOLD-ARSENIC FLOTATION

CONCENTRATES USING BIONORD® TECHNOLOGY COMBINED

WITH THE PROCESS OF SORPTION OF ANTIMONY FROM BIOPULP........................ 117

146



COLEPKAHNE

Kinyakin A.I.
PHYTOEXTRACTION OF PRODUCTS OF A MINING

AND PROCESSING PLANT ...

Zvontsov N.O., Dizer O.A., Karimov K.A., Rogozhnikov D.A.
STUDIES ON THE COMBINED PROCESSING OF REFRACTORY

ARSENOPYRITE CONCENTRATES ...

Dizer O.A., Babincev A.A., Tretiak M.A., Karimov K.A., Rogozhnikov D.A.
HYDROMETALLURGICAL PROCESSING OF REFRACTORY

SULFIDE COPPER-ARSENIC CONCENTRATE ......ccoooiiiiiiiiiiiiiiiiceee

Gladyshev S.V., Abdulvaliyev R.A., Dyussenova S.B., Kassymzhanova A.K.
THE RESEARCH OF LOW-QUALITY GIBBSIT-KAOLINITE BOXITES

CHEMICAL ACTIVATION PROCESS. ... ..

Falin K.M., Kositskaya T.Y., Zaytsev P.V.
HYDROMETALLURGICAL UPGRADE OF MAGNESIUM-CONTAINING

NICKEL CONCENTRATES ...

Abdulvaliyev R.A., Gladyshev S.V., Dyussenova S.B., Imangaliyeva L.M.

PROCESSING OF KAOLINITE CLAY OF ALEKSEEVSKY DEPOSIT ................ooo.

Chekushin V.S., Chekushin M.V., Oleinikova N.V., Marchenko N.V.
OPTIMIZATION OF REAGENT CONSUMPTION IN THE PROCESS OF DIRECT

REDUCTION OF LEAD FROM SULFIDE COMPOUNDS ........ccccccciiiiiiiiiiieiis

147



Hayunoe uznanue

METAJIJTYPI'YS IBETHDBIX,
PEAKHUX U BJIAT'OPOJAHBIX METAJIJIOB

COOpHUK TE3MCOB JIOKJIA/IOB
X1V MexayHapoIHOW KOH(DEPEHIINH,
noceseHHon 40-neturo MHCTUTYTa XUMUN 1 XUMHYECKOW TEXHOJIOTUN
Cubupckoro otaenenust PAH

6-9 cenTsa6ps 2021 roma

Kpacnospck, Poccus

ISBN 978-5-907208-65-0

9"785907"208650

JlocTyn K COOpPHUKY — CBOOOTHBIN.

Coopuuk conepkutcs B enuHoM (aitne PDF.

Jlara Beixoma B cBet 27.09.2021.
CBoOoHag 1ieHa. 3aka3 2709/2021.

[To Bompocam npuoOpeTeHns U U3IaHus JTUTEPATYPhI 00paIIaThCs Mo aaApecy:
N3parenbcrBo « HaydyHO-MHHOBAIIMOHHBIM LIEHTP»
yi. 9 Mas, 5/192, r. Kpacnosipck, 660127 Poccus
Tei. +7 (923) 358-10-20
DnekTpoHHas moyta: monography@nkras.ru
JlononauTenbHast uHPpopMaIus Ha caifTe: www.nkras.ru









