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XBOCTOB OBOrALEHUA MEAHO-HUKENEBOWM
N BANEUPUTOBOM PYO, HOPUJTIbCKOIO MPOMPANOHA
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HensbexxHoe cokpalleHne 3amacoB
OoraTeix pyA LBETHBIX METAIIOB U Ha-
KOIUIEHMEe TIPOAYKTOB WX IE€PEepPabOTKU B
XBOCTOXPaHWINIIAX, COlEP)KAIINX HE 13-
BJIeYeHHbIE I[BETHBIE U JParolleHHbIe Me-
TaJI/IbI, BBI3BIBAET IOBBIIIEHHDII MHTEPEC
K TIOMCKY TE€XHOIOTMYECKUX PeLIeHNIT UX
OCBOEHMsI. B 4iiciie mepCcreKTUBHBIX TOf-
XOJIOB PacCMaTPUBAIOTCS MCIIOTIb30BaHNE
KaIV/UISIPHOTO TIOHSTHS BbII[eTAadNBaI0-
I[X PACTBOPOB U BBICATMBaHNE MOOVIIN-
30BaHHBIX B XKMAKYIO a3y MOHOB IIBETHBIX
MeTamnos [1, 2]. [To pa3nmu4HbIM OlLIeHKaM,
eXerofjHble OTXObI TOPHO-MeTaJUTypriuye-
CKOTO TIpOou3BOACTBa B Poccuu cocrapis-
10T 6osiee 5 MIIPH,. T.

B HacTosmee BpeMmsA [IA M3BIEYECHVA
Y3 PYyZ LJBETHBIX METAJUIOB U 30/I0Ta IIN-
POKO TIPMMEHSIOTCS MeTOAbl OMOBBIIIe-
NayyBaHMs OOraThIX Pyh B adpOOHBIX yC-
noBusax. Ilpum mepepaboTke CynbQUAHBIX
PYA ¥ XBOCTOB 00OTaleHNsI B OTCYTCTBUNU
IPUHYAUTEIbHON aspalyy BO3AYXOM U
nepeMelBaHNA TBepHoll (pas3bl Maccome-
pPEeHOC KUCIOpofa orpaHuyeH. B cBaAsm ¢
3TVMM MHTEHCHBHOCTb a9POOHBIX IIpoLiec-
COB OKMCJIEHUs CyIb(UIOB ¥ BBIIIe/Ia4M-
BaHV B XKMJKYIO a3y IIBETHBIX METAJIOB
CHIDKAETCS U TIePCIeKTUBHBIMI CTAHOBST-
cs1 aHa9poOHbBIe IpoIiecchl. B aHaspoOHBIX
yCIOBUAX OaKTepyy pPasMHOXAKOTCA, UC-
II0/Ib3ysl B Ka4eCTBE aKIeITOPOB 3JIEKTPO-
HOB HMTPAT, OKCUIbI MapraHIia, >keje3a u
cynbdar. CooTBeTCTByIOIIME MUKPOOMO-

JIOTMYeCKNe TPOLeCChl AeHUTpuUKAILUY,
MapraHell- 1 )Ke/Ie30pefyKIVM, CynIbduso-
reHe3a aKTMBHO U3Yy4Yal0TCA. OHu MacIra-
OMPYIOTCA U C YCIIEXOM UCIIONb3YIOTCS I
pemennAa 3agaiy OYMCTKN CTOYHBIX M 3a-
I'PA3HEHHDBIX IIOA3EMHBIX BOM OT HUTpATa,
Hedtn u HedTenponykros [3,4]. lonopa-
MM 9JIEKTPOHOB /1A HUX CIIY>KaT OpraHu-
JecKue COefVIHEeHMA.

B psape pabotr mokasaHo, 4TO JOHOpa-
MM MOTYT CIIY)XUTb BOCCTAaHOBJICHHBIE CO-
eIVHeHMs Cepbl, TaKue KaK CepOBOLOPOX,
97IEeMEHTHAsA Cepa, NMPPOTMH M IIMPUT.
VcrouHukamm yriepona s 6akrepumil B
aHa9POOHBIX IIPOLIeCCaX BBICTYIAIOT HEOp-
raHnyeckue coefyHennA. OfHAaKO, B TAaKUX
YCTIOBUAX CKOPOCTb aHA9POOHBIX IIpoOIiec-
COB CYIIECTBEHHO HIDKE, 4eM adpOOHBIX.
OTOT HEJOCTATOK KOMIIEHCUPYIOT OTHOCHU-
Te/IbHO HeOOJIblIe 3aTpaThl HA UX pean-
3aIMI0 — HeIOpOIVie ICTOYHMKM YITIepPOJa,
aKIeNITOPbl ¥ JOHOPHI 9/IeKTPOHOB, HU3-
KJe 3aTpaThl Ha [lepeMellyBaHe TBepHoi
¢a3sbl u aspanmio. B To sxe Bpems aHaspo6-
Hble IIPOLIeCCHI OKMC/IeHMsA HeOopraHmde-
CKMX CyOCTpaToB, B YaCTHOCTY, CYIbPUIOB
XKermesa MeuV HMKeNd, C1abo V3y4eHb.
[l/1 pacKppITVA MOTEHIMaNa aHA9POOHBIX
6akTepmit ¥ MPOLECCOB HEOOXONUMBI [10-
IIO/IHUTE/IbHBIE VICCTIEOBAHYIA U ITOUCK HO-
BbIX pEIleHNIL.

MepHo-HuKkenesble pynabl Hopmibcko-
ro PyZHOTO Yy3/a XapaKTe€PU3YIOTCA pas-
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PucyHok 1 — CxeMa 06paboTku BanepumnToBOM pyabl
B MUHMpeakTope. 1- peakTop, 3amnosHEHHbIN TBEPAOM
daszon (pypown), 2- nepuctTanbTUYeCcKUii HACOC B 3aM-
KHYTOM KOHTYpe NpOKa4ku XnaKon pasbl.

JINYHbBIM MMHEpPAJIbHbIM COCTaBOM, TOH-
KO BKPpaIllJIEHHOCTbIO py,I[HbIX MMHEPA/IOB
MexJy coboil ¥ Hopopfoobpasyroleit co-
crapnAomein. OGHNM 13 YIOPHBIX KaK I
dnotaunoHHoro oboramjeHns, TaKk U s
IIPpOLIECCOB BbILIE€Ta9MIBaAHNA ABIAETCA MU~
HepaJl Ba/UIEPUUT, KOTOPbII B MEJHO-HU-
Ke/TeBbIX PyHaX acCOLMMPYETCsl C Xasb-
KOIIMPUTOM, KyOaHUTOM, IVPPOTHHOM,
INNEHT/IAHOUTOM, IIMPUTOM, MAaTHETUTOM.

B Hacrosmeit paboTe 1A MccIenoBa-
HJIA BIMAHNUA Ha BbILIEIAYMBAHNE PYTHOTO
CBIpbA B YCIOBMAX, MOJENVPYIOLINX pe-
XXMM in situ, pa3paboTaHBbI [Be YCTAHOBKIL:
OJlHa JI/IS1 BBIIIENAYVBAHNA Ba/IJIEPUTOBON
PYZAbI, BTOpas — I U3y4YeHUA MPOLECCOB
KallVJIIAPHOTO BBILIEIAYMBAHNA 1[€HHBIX
KOMIIOHEHTOB 13 XBOCTOB OOOramieHys
Me/IHO-HUKETIEBOM PY/IbI.

Ouenky BblllleTaYMBAHNA  Bajlepu-
UTOBOJ PY/Ibl B aHOKCMYECKMX YC/IOBUAX

IPOBOAVIN B MUHMPEAKTOpe C 3aMKHY-
TBIM KOHTYPOM IIPOKAUKM >KMAKON (aspl
(puc. 1). B Mmunnpeaktop o6peMom 20 M
IIOMECTU/N 15 I Ba/IepUUTOBOI PyJbl, pe-
aKTOp ¥ TOJIBOJALINE CHIIKOHOBBIE TPYO-
KJ 3aIOJTHU/IN AVICTUJUIMPOBAHHOM BOZO
1o BbITeCHeHMA Bosjyxa. IIponecc Benm
IIpy HelTpanbHOM McxogHoM pH u Tem-
neparype 20°C B TeueHue 2 Hefenb. JKup-
Kas ¢asa MpoKauMBaIach MePUCTAIbTIYE-
CKMM HAacOCOM CO CKOPOCTbIo 25 mn/4. Co
BpPEMEHEM B MMHIUPEAKTOPE C 3aMKHYTbIM
KOHTYPOM IIPOMCXO[AMJIO pacIpefiefieHne
TBeppoii gpasel Ha Tpu Pppakiyu. OCHOBHasA
4acTbh MacChl TBEPJIOTO HAXOAM/IACh B peak-
TOpe, ¥ HeOO/IbIIast YacTh B BUJIE TOHKOI
¢dbpakuy Hakonmmaack B Tpyoke. VI3 >xua-
KOJ1 paspl 110 OKOHYAHMM IIpoLiecca IyTeM
LeHTPUQYTMPOBAaHNA BbIJe/IeHa ellle OfHa
HeOOJIbIlIast YacTh.

VccnepoBanus mo mepepaboTKe XBO-
CTOB 00OTaIleHNs] MeIHO-HUKEIEBOIT PY/IbI
IPOBOAW/IN B KOMTOHHAX, MOJETUPYIOIINX
nporecc in situ. O6paboTKy XBOCTOB 060-
raieHnsi MeIHO-HUKeIeBOI PyAbl IPOBO-
[VTU TI0 CXeMe YCTAHOBKM KaIVIISIPHOTO
HO//beMa PACTBOPOB B IIPUITOBEPXHOCTHOI
30He aspauui [1]. BeicoTa KONOHH cOoCTaB-
nana 430 My, fuamerp 40 mM. B xadecTse
BBII[€TAYNBAIOLIETO areHTa B KOMTOHHAX
VICIIO/IB30BA/IN BOJY, PAaCTBOPHI IIE€PEKVUCH
BOZIOPOia C PAa3/IMYHON KOHI|EHTpaIyelL.
Kpowme Toro, B psifi KOTOHH [JOIOTHNUTENb-
HO HOfaBany GaKTepum, MpefBaAPUTENTHHO
BBIfIe/IEHHbIE [IPU HAKOIMUTETbHOM KYJIb-
TUBUPOBAHMY Ha XBOCTAX (IOTAIMOHHO-

Tabnunua 1 — XmuMnyeckmim coctaB XBOCTOB oboralleHus

MegHo-HuKenesow pyabl, %

A|.203 CaO CI’203 F6203 Kzo

MgO MnO Na,O P,Os

Si0, TiO; Cu Ni

11,0 M0 0,04 20,2 1,39 6,52

022 143 015 40,7 0,78 011 015
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ro oboramieHus MeJHO-HVUKETeBOI PYHbI,
6e3 BHeCEHMsI OPTaHNYECKNX COENVHEHMUIL.
BuacTbKONOHH OakTepuy He BHOCWIN, HO
IS CTUMY/IMPOBAHUSA pOCTa aOOPUTeHHBIX
BIJIOB ITOfjaBaIn coiu azora u gocdopa.

ITo pesynpTaTaM MMHEPAIOTMYECKOTO
M3y4eHMA B XBOCTaxX oOorauieHus us pya-
HBIX MMHEpaJoB HIPUCYTCTBYIOT IMUPPO-
TUH, IEHTIAHJUT, XaIbKOIIMPUT, TUPUT, X
mond He mpespimaeT 5%. OCHOBY XBOCTOB
COCTAaB/IAIOT MHOpOAooOpasymoline MIUHe-
paspl: KBapll, IIOJIeBble MINAThI, CIIIOJbI,
IVPOKCEHBI, XJIOPUTDBI, OKCUMbI >Kere3a,
ONIVIBMHBI, MMHEPaJIbl ITIMHbBI. XMMUYeCKNIA
COCTaB XBOCTOB IIpMBefieH B Tabuie 1.

Vicxomst M3 [aHHBIX O XUMMUYECKOM
cocraBe XBOCTOB oboramjenns (tabm. 1),
KOTOpble MCIOTb30BAHbI B JKCIIEPUMEH-
Te, CeflyeT, YTO B XO#e IepepaboTKu B
XUAKYI0 (asy MOIyT BbII[eTauNBaTbCs
dochop n kanmit, Kak HeOOXOFUMBIE IS
OakTepuit smeMeHThl nuUTaHuA. Kommdye-
CTBEHHO M3BJIEYEHNE ITUX IJIEMEHTOB U3
MMHEepaIbHOrO CybCcTpara [OCTaTOYHO
UL TOfiep)KaHusA pocTa abOPUTEHHBIX
MUKPOOPTaHM3MOB B 9KCTEHCUBHBIX IIPO-
1jeccax, KOTOpble IMEIOT MeCTO B PYAHBIX
MaccyBax, OTBajlaX ¥ XBOCTOXPAHMIN-
max. OZHAKO /ISl MOBBILIEHNUSI CKOPOCTHU
YIX POCTa U MHTEHCUBHOCTY BBIII€/Ia4MBa-
HIisI MUHEPATIbHOTO CYOCTpaTa B KOMIOHHBI
JIOTIOJTHATEIBHO BHOCWIV MUHEpajIbHbIE
conu pocdopa, a TakKe a30Ta.

[Ipy HaKONWUTEIBHOM KY/IbTUBUPOBA-
HUM Ha V3Me/IbYeHHOI Ba/UIEPUUTOBON
pyne (xpymHocTh -0,5 MM) 6e3 BHeceHU:
OpraHMYECKUX COeNVHEHMIITaKKe ObLIN
BbIfIeJIeHbI OAaKTepuy, UCIIONb3YIOLINe ee B
KayecTBe eMHCTBEHHOI'O POCTOBOIO CYO-
cTpata. JTa CIIOCOOHOCTb BBIJETIEHHBIX
OakTepuil IOATBEpP)KIEHA SKCIEPVMeH-
TaJIbHO IpPU BbILIENAYNBAHNMA CUHTETH-
4eCKOro Ba/UIepUNUTa B a9pOOHOM U aHas-
pobHOM pexxumax [5]. PakTuyeckyu OHMU

Yéruuerue: 63 x -
Q6uermiz. PLONOPH 100x/125 +. o

R - A al
PucyHok 2 — MukpogoTtorpadum 6aktepmin B XnMAKoOM
da3se BbiLLeNaYMBaAHUA

(cBeToBOM MUKpockon Olympus B43)

PucyHok 3 — MukpodoTorpadum 6aktepuin B Xup-
Kol dase, OTO6GPAHHON M3 KOMOHHbI C KOHLEeHTpaLm-
e HyO, 10%(ckaHMpyoLWMi 31eKTPOHHbIN MUKPOCKOT
SU3500, Hitachi).

IPEICTAB/IAIT CO00i CMENIaHHYI0 Ky/lb-

Typy 6aKTepuii.

B xope sKcIepyrMeHTOB, B KOJOHHAX C
XBOCTaMM O0OTaIeHNs MeJJHO-HIIKeTeBOl
PYZbL, IIPOBOAMIICA KOHTPO/b Ilepexofia B
XupKyio ¢asy anementos Cu, Ni, Fe, Co,
S, Mn. Taxoke mepuopudecky oTOMpaIich
poObI 11 GUKCHPOBaIN Hamudme GaKTepuit
¥ IIPOCTENIINX B PaCTBOPAX BBIIIe/Ia4/Ba-
Hus (puc. 2). IlpucyrcTBue mpocTeimmx
CBUIETENbCTBYET O MUKPOAIPOIIIBHBIX
YCNIOBUSAX B KOJIOHHAX.

Yepes nmonTopa MecAla OT Havama SKC-
IIEPMMEHTA B KOJIOHHE, I7i€ BbIIETa4Ba0-
M pactBopoM BbicTynan 10% pactsop

H,0,,mponcxognno akTUBHOE BbIfieTIeHNE
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PucyHok 4 — udpakTtorpaMMbl UICXOAHOM BaIIEPUUTOBOM PYLAbl (@) M obpaboTaHHOM (6) B MUHMpPeakTope

B XXnaKyio ¢asy noHos meramios (Cu, Ni,
Co, Fe, Mn), oT™Me4eH aKTUBHBIIT pocT abo-
purenHoit Mukpodopsl (puc.3). B xonon-
HaX C COfiep)KaHMeM IepOKCUJa BOLOPOAA
0,5-1,0% KOHLIEHTpaLuy BbIIIEIOYEHHDBIX
MOHOB MeTajUToB Obutn HiDKe B 10-100 pas.
OpHako 3aMeTuM, YTO BbIlIENOYEHHbIE B
KUJKYIO (pa3y MOHBI META//IOB MOTYT IIe-
PeoCcaKaaThCs B TBEPAYIO (asy.

B skcnepuMenTe ¢ BalnepunTOBON Py-
noit Hopunbckoro nmpomparioHa 6akrepun
B MMHMpeaKTOp He BHocwmm. IIpenmona-
rajioch, YTO CTAPTOBOE KOMNYECTBO Oak-
Tepuil, aCCOLVIPOBAHHBIX C PYAHBIM CYO-
CTpPaToM, B MUHMPEAKTOpE MMEETCA. ITO
MOATBEPAV/ TIOJIOKUTENbHDBIA pe3y/IbTar
HAKOIUIEHMA U BBIJEIEHUA UX Tpagulu-
OHHBIMM MeTOflaM) MMUKpoOyonoruu. B
OT/INYYMe OT M3BECTHBIX IIPOLIeCCOB OaKTe-
PMAIBHOTO BBIIETAUYMBAHNA CYIb(UIHBIX
Py, KOTOpbIe UAYT B CTPOrO a3pOOHBIX
YCIIOBUAX, B JAHHOM CTy4ae OakTepuu Ha-
XOIWINCh B aHaspoOHOI cpene. Poct mu-
KPOOPraHM3MOB B MMHMPEAKTOPE 3aperu-
CTPMPOBAaH IIyTEM MUKPOCKONVMPOBAHMA.

[TockonbKy cybcTpaToM I pasMHOXe-
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HUs OakTepuil B MUHUPEAKTOPE CIIY>KM-
Jla TOJBKO BaJUIEPUUTOBAsA PYyAa, MOXXHO
CKa3aTb, YTO IPOUCXOMI POCT abOPUTeH-
HbIX OakTepuil. Uepes 2 Hemenu B SKMKOI
¢daze MogaHHBIM MacC-CHEKTPOMETPUY TIO-
ABUINCHh MOHBI Meau (0,5 MI/m) M HUKENS
(0,1 mr/n).

[To paHHBIM peHTreHO(A30BOrO aHa-
nu3a TBeppas ¢haza B MUHMpPeaKTOpe mpef-
CTaB/A/Ia COOOI CMeCh Ba/JIEPUUTOBOI
PYABL M3METbYeHHON [0 (IOTALMOHHO
kpynHoctu (-0,071 MM, 35% ot obmeit
Macchl) 1 gppakumio kpynuoctn +0,5 - +1,5
MM. OCHOBHBIE KOMITOHEHTBI VICXOHOTO
MIHEpaIbHOTO CyOCTpara - Ba/JIEpUNT, TO-
YVJIMHUT, CepPIIeHTVH—KAO/INHOBAasA TPYII-
na MUHEpAIOoB (IM3apANUT + XPU3OTUI) U
opycurt (puc.4,a). B cocraBe pyabl HaXOpAT-
Cs1 TAaK)Ke XaTIbKOMMPUT, HEHTIAHUT U JIp.
MUHEPaJIbL.

Ecmu ucxomuth u3 audpakrorpaMmsl
ucxogHoro cybcrpara (puc. 4, a), copep-
JKaHue CepHeHTI/IH—KaOHI/IHOBOﬁI I'pyIIibI
MMHEpPAIOB OBUIO OJHOTO IOpPsJKa C Basl-
nepuntoM. Ilocie 06paboOTKY PySHOTO ChI-



pbsl B TedeHMe 2 Heflelb B OCHOBHOIT Macce
MUHEPATIbHOTO CBIPbsi, KOTOpasi HaXOM-
Jach B MMHUPEAKTOpe, HOJsI MUHEPAIOB
3TOJ I'PynIbl CHU3NWIAach 6onee yeM B 10
pas (puc. 4, 6). PentreHodasoslit aHamm3
BBIJIE/IMBIINXCSI B MUHMPEAKTOPE TOHKUX
bpakunit TBeproit Gaspl He U3MEHNTT ATOT
BBIBOJ]. 3aMETIM, YTO OJHOIT U3 OCHOBHBIX
IPUYMH HU3KOM 00OTaTMMOCTY Bajjlepu-
UTOBBIX PYJ| CIMTAETCS IPUCYTCTBUE Cep-
IIEHTIHOB.

ITo npuBeieHHBIM BbIlIIE JAHHBIM MOXX-
HO TaKXe 3aKIIYUTh, YTO abOpUTEeHHbIe
OaKTepuyu MAIOT 3HAYUTENbHBIN BK/IAJ] B
BBIIIIeJTaYMBaHME META/VIOB 13 XBOCTOB

oborameHnss MefHO-HUKeNIeBOil pynbl. B
1[€JIOM, IIOJTy4Y€HHbIE B HACTOAIINI MOMEHT
JaHHbIE 110 IIPOBOAVIMBIM VICC/IEJOBAHUAM
O03HAYyaloT, YTO BBIIeauMBaHIe U Bellle-
CTBEHHOe TpeoOpa3oBaHIe XBOCTOB 000-
raieHys CyabQUIHBIX PYH U IOJOOHBIX
00bEKTOB, KOTOpPOE WJIET eCTeCTBEHHBIM
00pasoM, MOXXHO VHTEHCU(PUIMPOBATD,
VICIIO/Ib3Y TEXHOJIOTMYECKNE IIPYUEMBI, Ta-
KIe KaK BBeJleHle B MacCUB OKUC/IUTENEN,
U IyTeM CTUMYIMPOBAaHUSA pocTa abopu-
TeHHOJ MUKPOQIIOPHL
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SIMULATION OF THE IN SITU LEACHING PROCESS OF VALERIITE
ORE AND TAILINGS OF COPPER-NICKEL ORE IN THE NORILSK
INDUSTRIAL AREA

Mikhailov A.G.!, Gurevich Yu.L.?, Merkulova E.N.!, Zuev A.E.!, Teremova M.I.?,
Zhizhaev A.M.', Bondarenko G.N.!, Usmanova N.F.!
TICCT SB RAS, Krasnoyarsk, Russia
2FRC KSC SB RAS, Krasnoyarsk, Russia

The inevitable reduction in the reserves
of rich ores of non-ferrous metals and
the accumulation of products of their
processing in tailings containing non-
extracted non-ferrous and precious
metals causes increased interest in the
search for technological solutions for
their development. Among the promising
approaches are the use of capillary rise
of leaching solutions and salting out of
non-ferrous metal ions mobilized into the
liquid phase [1, 2]. According to various
estimates, the annual waste from mining
and metallurgical production in Russia is
more than 5 billion tons.

Currently, methods of bioleaching of
rich ores under aerobic conditions are
widely used to extract non-ferrous metals
and gold from ores. When processing sulfide
ores and tailings in the absence of forced
aeration with air and mixing of the solid
phase, oxygen mass transfer is limited. In
this regard, the intensity of aerobic processes
of sulfide oxidation and leaching into the
liquid phase of non-ferrous metals decreases
and anaerobic processes become promising.
Under anaerobic conditions, bacteria
multiply using nitrate, oxides of manganese,
iron, and sulfate as electron acceptors. The
corresponding microbiological processes
of denitrification, manganese and iron
reduction, and sulfidogenesis are being
actively studied. They are scaled up and
successfully used to solve the problem of
cleaning wastewater and contaminated

groundwater from nitrate, oil and oil
358

products [3,4]. Organic compounds serve as
electron donors for them.

A number of works have shown
that reduced sulfur compounds, such
as hydrogen sulfide, elemental sulfur,
pyrrhotite, and pyrite, can serve as donors.
Carbon sources for bacteria in anaerobic
processes are inorganic compounds.
However, under such conditions, the rate
of anaerobic processes is significantly lower
than that of aerobic ones. This disadvantage
is compensated by relatively low costs for
their implementation - inexpensive carbon
sources, electron acceptors and donors, low
costs for mixing the solid phase and aeration.
At the same time, anaerobic processes
of oxidation of inorganic substrates, in
particular, iron copper nickel sulfides, are
poorly studied. More research and new
solutions are needed to unlock the potential
of anaerobic bacteria and processes.

Copper-nickel ores of the Norilsk
ore cluster are characterized by different
mineral composition, fine dissemination
of ore minerals between themselves and
the rock-forming component. One of the
most resistant minerals for both flotation
enrichment and leaching processes is
the mineral vallerite, which in copper-
nickel ores is associated with chalcopyrite,
cubanite, pyrrhotite, pentlandite, pyrite,
and magnetite.

In this work, to study the effect on
the leaching of ore raw materials under
conditions simulating the in situ mode,



Figure 1 — Scheme of processing vallerite ore in a mini-
reactor. 1 - a reactor filled with a solid phase (ore), 2 -
a peristaltic pump in a closed loop for pumping the
liquid phase.

two installations were developed: one for
leaching of vallerite ore, the second for
studying the processes of capillary leaching
of valuable components from the tailings of
copper-nickel ore enrichment.

Valleriite ore leaching under anoxic
conditions was evaluated in a minireactor
with a closed liquid phase pumping circuit
(Fig. 1). 15 g of vallerite ore were placed in
a 20-mL mini-reactor, and the reactor and
inlet silicone tubes were filled with distilled
water until air was forced out. The process
was carried out at a neutral initial pH and a
temperature of 20°C for 2 weeks. The liquid
phase was pumped with a peristaltic pump
at a rate of 25 ml/h. Over time, in a mini-
reactor with a closed loop, the solid phase
was distributed into three fractions. The
main part of the mass of the solid was in the
reactor, and a small part in the form of a fine
fraction accumulated in the tube. From the
liquid phase at the end of the process, another
small part was isolated by centrifugation.

Studies on the processing of copper-
nickel ore tailings were carried out in
columns simulating the in situ process.
Processing of tailings of copper-nickel ore
enrichment was carried out according to
the installation scheme for the capillary rise
of solutions in the near-surface aeration
zone [1]. The height of the columns was 430
mm, the diameter was 40 mm. Water and
hydrogen peroxide solutions with various
concentrations were used as a leaching
agent in the columns. In addition, bacteria
previously isolated during accumulation
cultivation on the tailings of copper-nickel
ore flotation enrichment were additionally
fed to a number of columns without
introducing organic compounds. Bacteria
were not added to some of the columns,
but nitrogen and phosphorus salts were
supplied to stimulate the growth of native
species.

According to the results of a
mineralogical study, pyrrhotite, pentlandite,
chalcopyrite, pyrite are present in the
tailings of enrichment from ore minerals,
their share does not exceed 5%. The tailings
are based on rock-forming minerals: quartz,
teldspars, micas, pyroxenes, chlorites, iron
oxides, olivines, and clay minerals. The
chemical composition of the tailings is
shown in Table 1.

Based on the data on the chemical
composition of tailings (Table 1), which
were used in the experiment, it follows
that during processing, phosphorus and
potassium can be leached into the liquid
phase, as nutrients necessary for bacteria.
The quantitative extraction of these

Table 1 — Chemical composition of copper-nickel ore enrichment tailings, %

A|.203 CaO CI’203 Fe203 Kzo

MgO MnO NaZO P205

Si0, TiO, Cu  Ni

11,0 M0 0,04 20,2 1,39 6,52

0,22

143 015 40,7 0O,78 OM 0,5
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elements from the mineral substrate is
sufficient to support the growth of native
microorganisms in extensive processes
that take place in ore massifs, dumps and
tailings. However, to increase the rate of
their growth and the intensity of leaching
of the mineral substrate, additional mineral
salts of phosphorus and nitrogen were
added to the columns.

During accumulation cultivation on
crushed valleriite ore (size —0.5 mm) without
introducing organic compounds, bacteria
were also isolated that use it as the only
growth substrate. This ability of the isolated
bacteria was confirmed experimentally
during the leaching of synthetic valerite in
aerobic and anaerobic modes [5]. In fact,
they are a mixed culture of bacteria.

During the experiments, in columns
with copper-nickel ore enrichment tailings,
the transition of the elements Cu, Ni, Fe,
Co, S, Mn into the liquid phase was carried
out. Samples were also periodically taken
and the presence of bacteria and protozoa
in leaching solutions was recorded (Fig.
2). The presence of protozoa indicates
microaerophilic conditions in the columns.

A month and a half after the start of
the experiment, in the column, where the
leaching solution was a 10% solution of
H,0,, there was an active release of metal
ions (Cu, Ni, Co, Fe, Mn) into the liquid
phase, and an active growth of native
microflora was noted (Fig. 3). In columns
containing 0.5-1.0% hydrogen peroxide, the
concentrations of leached metal ions were
10-100 times lower. However, we note that
metal jons leached into the liquid phase can
be reprecipitated into the solid phase.

In the experiment with valleriite ore
from the Norilsk industrial region, bacteria
were not introduced into the minireactor.
It was assumed that the initial amount of
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Figure 2 — Micrographs of bacteria in the liquid phase
of leaching (light microscope Olympus B 43)

Figure 3 — Micrographs of bacteria in the liquid phase
taken from a column with a concentration of H202
10% (scanning electron microscope SU3500, Hitachi).

bacteria associated with the ore substrate
is present in the minireactor. This was
confirmed by the positive result of their
accumulation and isolation by traditional
methods of microbiology. In contrast to
the known processes of bacterial leaching
of sulfide ores, which proceed under
strictly aerobic conditions, in this case the
bacteria were in an anaerobic environment.
The growth of microorganisms in the
minireactor was recorded by microscopy.
Since only vallerite ore served as a substrate
for bacterial growth in the minireactor, it
can be said that native bacteria grew. After
2 weeks, copper ions (0.5 mg/l) and nickel
ions (0.1 mg/1) appeared in the liquid phase
given by mass spectrometry.
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Figure 4 — X-ray diffraction patterns of the original vallerite ore (a) and processed (b) in the minireactor

According to X-ray phase analysis, the
solid phase in the mini-reactor was a mixture
of vallerite ore crushed to flotation size
(=0.071 mm, 35% of the total mass) and a
particle size fraction of +0.5 - +1.5 mm.
The main components of the initial mineral
substrate are vallerite, tochilinite, serpentine—
kaolin group of minerals (lizardite +
chrysotile) and brucite (Fig. 4a). The ore also
contains chalcopyrite, pentlandite, and other
minerals.

Based on the diffraction pattern of the
original substrate (Fig. 4, a), the content
of the serpentine-kaolin group of minerals
was of the same order as vallerite. After the
processing of ore raw materials for 2 weeks in
the bulk of the mineral raw materials, which
was in the mini-reactor, the proportion of

minerals of this group decreased by more
than 10 times (Fig. 4, b). X-ray phase
analysis of the fine fractions of the solid
phase released in the minireactor did not
change this conclusion. Note that one of the
main reasons for the low concentration of
valleriite ores is the presence of serpentines.

It can also be concluded from the above
data that native bacteria make a significant
contribution to metal leaching from copper-
nickel ore tailings, which occurs naturally,
can be intensified using technological
methods, such as the introduction of
oxidizing agents into the array, and by
stimulating the growth of native microflora.

The work was carried out within the
framework of the project FWES-2021-0014
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