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Pestome: B craThe mpeacTaBieHa palioHaabHas TEXHOIOTHS mepepaboTKH JIEKAIBIX XBOCTOB M IIIAMOB (CIIMBOB THAPOLIH-
KJIOHOB) KaccoB —25+0 MKM xBocToxpaHunuina No1 Hopuabckoii o6oraTutenbHoil Gpabpuky. AKTyanbHoi npobreMoil Ha
CErONHALIHHUI AeHb ABIETCA OTCYTCTBHE 3(DPeKTHBHON TeXHOIOruHU 00OTalieHus NIJIAMOBOM YACTH JIEXKAJBEIX XBOCTOB C
TOHKOJAHUCIIEPCHBIMU YACTHIIAMH I€JIEBBIX METAJIOB, KOTOpAs He BOBJeUeHda B epepaboTKy U HANPABIAeTcsa Ha BpeMEeHHOe
cxnanuposanue. Pacimmpenue npenenos KpynHOCTH GIOTHPYEMBIX UACTHI] — ONHA M3 HauboJee BayKHBIX 3a1au 000raienus
I[10JIE3HBIX UCKOMIAeMbIX. Pa3BUTHE COBPEMEHHON TEXHHKH U TEXHOIOTHH (UIOTALMH [I03BOJISeT CUUTATh npodieMy duotupy-
€MOCTH KPYIIHBIX YACTHI] B 1IeJIOM peleHHOMN. [IpuBeieHsl pe3ynbTaThl IOMIYIPOMBIIIIEHHBIX UCIBITAHUI THEBMATHUECKOH
dbnorauuonnoit kamepnl «allflot», paboTaromeri npu comepsKaHuu TBepaoro 5% B muramosoM nepenene 000 «HopauaBacy.
[IpesncTaBeHsl CPABHHTEIBHEIE MATEPHAIEL 10 IIepeYrcTHON niaMoBoit daoranuu B kamepe «allflot» (500 1) u maboparop-
HOI MexaHu4yecKoi mamune (06bem 1,5 n). [IpuBenensl pesyabTaThl PACYETOB KAYeCTBEHHO-KOJIHUYeCTEEHHbIX T0Ka3aTeei
daoranuu MUIAMOBOMH YACTH JIEXKAJbIX XBOCTOB. Cle/laHbl BLIBOALI 00 SKOHOMHYECKOH 11e/1eCo00pasHOCTH HCIOIb30BAHMS
nHesMatuyeckoil dinoromamuns «allflot» B oboramenuu maaMos.
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Abstract: The article presents a rational technology for processing old tailings and slime (cyclone overflows) of the -25+0
microns class at tailing dump No. 1 of the Norilsk Processing Plant. One of the current and urgent problems is the lack of an
efficient technology to process the slime part of old tailings with fine particles of useful metals, which is not processed and is
transferred to temporary tailing dump. Current development state of the flotation equipment and technologies allows to consider
the problem of coarse-size particle flotability generally solved. The results of pilot testing of the Allflot pneumatic flotation cell
that operates at the 5% content of solids in the slime at Nordinves LLC are presented. Comparative materials are provided on
the Allflot re-treatment slurry flotation cell (500 1) and a laboratory mechanical machine (1.5 1). The results of qualitative and
quantitative calculations of the flotation process as applied to the slime fraction of old tailings are given. Conclusions about the
economic feasibility of using the Allflot Pneumatic Flotation Machine for slime beneficiation are made.
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Brenenue

HemnpepbiBHBIA pOCT HOTPeGHOCTH MUPOBOTO PHIHKA B LIBET-
HBIX MeTa/Ulax MpeanojaraeT MHTEHCHBHOE pPa3BHTHE TIop-
HOIOOBIBAIOIIEH [POMBINUIEHHOCTH, B TOM 4YHCJE 33 CYer
BoBleyeHus1 B cdepy oboraieHHs TEeXHOTeHHOTO ChIPbS
xBocroxpanunui oboraturensusix Gpabpuk [1; 2]. Oguako
HH3KOe COIep>KaHue MeTa/UIOB B JIeKAJIBIX XBOCTAX CTABUT
nepes, 060raTUTENSIME JOCTATOYHO CJIOXKHBIE 3aaud COBep-
LIIEHCTBOBAHUS CYIIECTBYIOIIUX, pPA3pad0TKe HOBBIX BBLICO-
k03¢ dexTUBHBIX CxeM 0OOralieHus], A TAKIKE [IPUMEHeHUs, B
TOM YHCJIe U3rOTOBIeHHs, COBPEMEHHOTO BEICOKO-TEeXHOJIOTH-
4ecKoro 06opyAoBaHuA.

[IpuMepOM TEXHOIeHHOrO MEeCTOPOKIEHHS LIBeTHbIX U O1a-
TOPOAIHBIX METAJIOB, KOTOPOe MOXKHO PACCMATPUBATH Kak
CHIPBEBYIO 0a3y ¢ MHOroyeTHeil ee nepepaboTKOL, ABIAETCH
xBocroxpanunuie No1 Hopunbckoit oborarurensaoi habpu-
Kku [3; 4].

B mepuog ¢ 2004 r. mo nacrosmee speMs nepepaboTKa Jie-
skabix XxBOCTOB (JIX) B HOpHIBCKOM IIPOMBIIIITIEHHOM PANOHE
ocymecTeasgerca Ha oboraturensHoM mepegene 000 «Hop-
quuBac» [5]. JoCTHrHYTAs rogoBasg MOLIHOCTE HepepaboTKH
JIX cocraBnsaer 5 MJIH T.

Oboramenne MaTepuana XBocToxpanunuia Ne 1 ocyiiect-
BIAETCA TI0 KOMOHMHHMPOBAHHON CXeMe C IPEeIBAPUTENBHOMN
xiaccudUKanyeit B rTHAPOIMKIOHAX /TS BRIBEJEHHS H3 TEXHO-
JIOTHYECKOTO TIPOIecca MaMoBOH GpaKIHH, TOCIEYIONNM
1eHTpoGeskHEIM oboraieHneM 00eciulaMIeHHEIX TeCKOE B
KoHneHTparopax Knelson (mng m3BmeveHus MHHEpaaoB Iia-
THHOBOM rpymmsl (MIIT) u3 ¢parkumii kpynHocteio 6onee 40
MKM) H (JIOTAIMOHHEIM 000raleHHeM MecKoBoi hpakium jie-
SKAJBIX XBOCTOB (KPYIHOCTh MeHee 40 MKM) C oyYeHHeM 00-
IIIEro TPAaBUTAHOHHO-uoTarmonHoro Kouuentpara (TOK) [6].

AKTyanbHOM npobiaeMoil Ha CEerofHsAIIHNI JeHb ABIAeTCS
oTcyTCTBHE 3(HEKTUBHOI TeXHOIOMHH 0OOTaneH s IIaMO-
BOI YaCTH JIEJKANbIX XBOCTOB € TOHKOAMUCIIEPCHBIMH YacTHIIA-
MH I[eJIeBbIX MeTasI0B, KOTopas He BOBJIeYeHa B repepaboTKy
U HAIIpaBJISeTCs Ha BPeMEeHHOe CKIaJupoBaHue.

Pacuinpenne npeziesno KpynHoCTH GUIOTHPYEMBIX YaCTHI —
onHa M3 Hauboee BayKHBIX 3a71a4 000ralleH s [I0JIe3HbIX UC-

| Jlewansie XBocThl (-10MM) |
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KomaeMeix. Cymecreyomiue (proTanuoHHbEe MAIIMHEL H3BJIe-
KalT YacTUUbl KpynHOCTBIO OT 20 10 120 MxM, a paszesneHue
YACTHUI] BHE 9THUX IIPeesIoB Kpakiue npobiaeMaTuyHo [7].

PasBuTHE COBPEMEHHOI TEXHUKH M TeXHOIOrHH (IOTALHHI
[03BOJIsIeT CUUTATH pobiemMy GIOTHPYEMOCTH KPYIHBIX 4a-
CTHI] B 11eJI0M pelleHHO.

Huayue obcrourt mesto ¢ Gproranmeil TOHKUX Kiaaccos. [Lioxas
(bJIDTHPYEMOCTb TOHKO-BKPAIUVICHHBIX YACTHL HUKEJA H MeaH
00ycIoBneHa X coOCTBEHHBIMH CBOMCTBAMH: MAJIOH MACCOM
1 607B1I0M CBOGOHOF I0BEPXHOCTHOM SHEpPrUei, IBJIIONHX-
Cs IIPHUYMHAMHU MAJIOH BEPOSTHOCTH BCTPEUH C NY3bIPbKAMU
BO3AYXA, HEJLOCTATOUHON KHHETHUYeCKOH JHeprueil TOHKHX
YACTHULI, BBICOKOM CTEreHH ruApo(UIbHOCTH OTAE/IBHBIX Ya-
CTHII BCIEACTBHE OKHCIEHHUA U HEOOCTATOYHOCTH IMOBEPXHO-
CTH MY3bIPHKOB /715 3aKperyieHus Ha HUX TOHKUX 3epeH MpU
MasIoi aspauuu 1 HOJBIIOM KOJIMYECTBE IIAMHCTHIX YACTHI]
[8, c. 633-641; 9].

ABTOpaMH 715 pelleHus MpodiemMbl U3BIeYeHHus TOHKHX —
25 MKM M CBEPXTOHKHMX —5 MKM M3 IIJITAMOBOH (Qpakiuu Jieska-
JIbIX XBOCTOB IIPEANPHUHATA IMOMNBITKA UCCAET0OBAHMA, C LETBIO
MOCTIEAYIOIEr0 BHEAPEHH HOBOTO 3 (EeKTUBHOIO anmapara
¢uorarmonsoro oborarenus uuiaMa [10-12] — maeBMaTHye-
ckofi paoTtarnonHoi MarmuHb! «allfloty.

PeayneraThl MPOBEAEHHBIX MCCIAEJOBAHMI U HCHBITAHHIN
IIPUBE/IeHbl B HACTOAIIE padore,

Marepuansl 1 METOABI HCCIeLOBAHUI

WcnelTaHus NHeBMAaTHUeCKoid (IoTallMOHHON MAallHHbI
«allflot» mpoBoAMAMCH B 37aHMH 00OraTUTEILHOTO Mepeaea
000 «Hopauneac» B nekabpe 2020 r. B qefiCTBYOIEM IIPOLIEC-
ce oborarenus JIX.

[MueBMaTHueckoi dhroTauu OBUTH TIOIBEPTHYTHL MATH Pa3-
JIMYHBIX [IPOAYKTOB 0OOrallleHHs: [IUIAMBI, JIEKaJIble XBOCTH,
KOHIIEHTPAT OT (UIOTAIMH NUIAMOB, KOHIIEHTPAT KOHTPOJb-
HOI (I0TAKMH, XBOCTH OCHOBHOIH M KOHTPONMbHOH droTarum.
Touku onpoboBaHus MpHBeneHsl Ha pHC. 1. OCHOBHOE BHHMA-
HHE H, COOTBETCTBEHHO, HAOOD CTATHCTHKH UCIIBITAHUI ObIIH
yIEQJIEHbI uIaMam.

Cnue rugpouskiodoe JIX knacca —25MKM — MHATAHHE IS

| Texymme xpocter HOD |
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allflot mogasanocek Ha arnTanuoHHBI yaH (AU) 06béMom 2,5 M3
B Konuuectse 9,6-10,26 M3 /4, ¢ cogep:KaHHeM TBEPAOrO B IIYJIb-
e 5,63-9,42% u pH - 6,6-7,3. Cpenuee copepxkanue Ni — 0,187%
[mpenennr konebanma nmo yactapiM npobdam 0,159-0,221%], Cu
-0,125% [0,111-0,160%], Pt — 0,36 r/T, Pd — 0,87 r/1, Rh - 0,0825
r/t, Ru - 0,0275 r/t, Ir - 0,01 v/, Au - 0,031, Ag - 0,65 r/1. Co-
nep:xanue QIOTAMOHHOIO KIIacca KpymHoCcTH —25 — +0 MKM B
ucxonHo mpobe cocrasuno 90,38 % (Tab. 1).

Table 1
Size distribution curve (sieve test)
of old tailings hydrocyclone

Ta6nuua 1
CutoBasn xapakTepucTuka
npo6bl cnueBoe r/y J1IX Ha

o® overflows at the processing plant
+0,5 0] 0 0
-0,5+0,25 0,25 0,084 0,057
-0,25+0,14 0,25 0,084 0,057
-0,14 + 0,09 0,34 0,084 0,057
-0,09 + 0,07 0,17 0,084 0,057
-0,071+ 0,05 1,29 0,084 0,057
-0,05+0,025 7,32 0,055 0,034
—-0,025 90,38 0,209 0,121
WexopHasn 100 0,195 013

Becero Obu1o BBIMONHEHO 70 TECTOB A7 MTHEBMATHUECKOL
doraruu «allflots. Beuia uzyuena rugpoguHaMuKa QIOTALMHA
Hukens u meau u3 mmamos JIX. IIpomecc mueBMaTHUeCcKor
¢morauu mpoTeKan B OTKPBITOM pPeXKHUME B OJJHY OCHOBHYIO
IIJIAMOBYIO CYTbGHIHYIO CTATHIO C MOCAeAYIOMEH IITaMOBOE
MEepPevHCTKON, Te st OCYILECTBIEHHS IePeYUCTKH IPOU3BO-
JIMJIOCh HAKOIUIeHHEe YePHOBOTO KOHIIEHTpAaTa OCHOBHOM 11171a-
MoBO# moraruu B 200-TUTPOBLIX OOUKaX C IOCETYIOMIEH
neperpyskoii 8 AU B obnweme 2,2 M3, Comepkanue B3Becei B
[IJIAMOBO¥ My/IbIle ycTaHoBaeHo 58,5-100 /.

JUts omepaTHBHOrO MOAOOpPA ONTHMATBHBIX MAPAMETPOB
pabornt «allflot» OBIIM BBIMONTHEHBI TECTHL C PAa30BBIM OTHO-
poM mpof IO CHenHaNbHO 3aroTOBJIEHHOH MAaTpHIle, MOC/e
TOATBEPSKIEHHS] KOPPEKTHBIX HACTPOEK (IOTOMAIIMHEL (CKO-
POCTh HOAAa4H MYJIBIBI Ha a3paTop, AaBleHue Ha asparop, 3a-
60p arMochepHOro Bo3ayXa, MyOHHA [IEHHOT0 (108, IUIOIAIb
ChbeMa TeHHOTO MPOAYKTa), 0TGop Mpod MPOU3BOAMICS OIHO-
MOMEHTHO C OTCEUKOH B 1’ HAKOMUTENBHO, TECATHKPATHO, IS
[peACTaBHTENIBHOCTH IIPOGEL, C IOCIEAYIOLIHM €€ aHAIH30M B
xuMHuydeckoi naboparopun 000 «Hopauasacy.

s pacuera pacrpenesneHist GakTHUECKOH MACCH Y (BbI-
xon) aus nponyktos oboramedus «allflot» ObUT BEIIOIHEH P
TECTOB C IIOJIHBIM HaKOIUIEHHEM KOHIIeHTpAara, Ifie ero Kaude-
CTBEHHDbIE XdPAKTCPUCTHKH IIPEACTABIIAIIHCh B 06’b3ﬂHH€HHOﬁ
npobe. Bpems ¢oTauuy B IHEBMATHYECKOH KAMepe COCTaB-
ngeT Menee 3,5 MuH. MogudHuKaTops! pH IIyJIBIbL B CYABQHI-
HYIO CbJ'IOTaLl[/IIO He I10aaBaJIMCh, (i)HKCHpOBEUIHCb HBTypEU'Ib-
Has cpena i KaXKIoro M3 TecToB.

JI71s1 cCpaBHUTENIBHOTO aHAIN3A eXXeIHEeBHO Benach ITHeBMa-
THUYEeCKasa Cl)HDTﬂLlHH 683 H06GBHEHI/IH peareHToB U C I[O63BJ'IE-
HueM. B kauecTBe akTUBATOPA UCIIONL30BAH MEIHBIH KYIIOPOC
5% (CuS0y) (14,7 r/T), AKTUBHPYIOLIME [IOBEPXHOCTH MHHEPA-
noe cdanepura, THPUTA U TUPPOTHHA. [T IOIABICHH MTEeHT-
JAHAWTA W [UPPOTUHA UCIIONB30BAICH OUCYIbOUT HATPHA
NaHSO; 30% (31 r/T), KOTOpBI B IPOLECCEe UCHBITAHKE [IPO-
SBHIL I[EHPGCCprIOH_[HE CBOMCTBA C yXyILI].[EHPIBM KauecTrsa
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KOHLIEHTPATA U [I03TOMY B HaJibHelieil paboTe He UCII0JIb30-
BAJICHL.

B kauecTtse cobuparens ObLUT HCIOIb30EAH Oy THIIOBHIN KCAH-
rorerar kaausa (C4HIOCSSK) 10% (10,2 r/T), nenoobpasosaTennb
MOBBIIANIHE YCTOHYHBOCTh MHUHEPAaNH30BAHHOH IeHbI H
OKA3BIBAIOLIUI BIIMIHEE AuCcneprauuu okcans T-92 10% (9 r/1)
u cobuparens aspoduor 4% (3,8 r/1). Puxcanus remneparyps
IYJIbIIbL HEe MPOH3BOHIACE.

IMpusnun padorst
u ocobennocru kKoacrpykuuu «allflot»

[MponykT oborameHus U3 IPOMBIIUIEHHOTO Ipouecca 060-
raturtensHOro nepexena OO0 «HopauHBIC» HA ArUTAIMOHHBIN
yan (roranronnoi Mmammmusl «allflot» momaercs o craabHBIM
TpyOOIPOBOAAM CAMOTEKOM MJIH 1107, AaBaenuemM. OnTuMab-
HAs YACTOTA BPAIleHHs Bajaa MeNIaJIKU B ITyJIbIle C COAepsKa-
HueM TBepaoro 4,5-11% 1B. ¢ yaensusiM BecoM 3,0 r/cm® cocta-
suna 50 T (90 06/MuH), UTO O3BONMIIO UCKIIOYHTD IIPOIECC
cepuMenTauuy B AU, OHOBPEMEHHO crenuaniicramu a1abo-
paropumn aHanutuueckoro conposoxkaenus 000 «Hopauus-
3C» IPOU3BOAHIICA IKCIIPeCC-aHaNIN3 Ha COZlepyKaHue TBePIoro
(%) B momaBaeMoit HA ATUTAIMIO MYJIBIIE.

Janee mpou3BOAMIICA 3AMYCK NIJIAMOBOTO/TIMTAIOIIETO HA-
coca ¥ MOJrOTOBJIEHHAS IYJIbIIa I107] AABIeHHUEeM B TUAa30He
2,8-3,0 6ap momaBanach, MPOXOAA Yepe3 PAcXomoMep W TIIH-
IEPUHOBBIM MAaHOMETP, Ha aspartop [13], ycraHOBIEHHBII HAJ
(broraronHoi Kamepoit. B Hell nmo npuHimny Bentypu [14,
c. 135-136] mponcxomuT paspsokeHHe M Bcac arMocdepHoro
BO3/lyXa, NMPUIMNAHNUE MY3bIPbKA K MUHEPANbHON YacTHIE
(konmpyecTBO BO3AyXa M pa3Mep Iy3bIpbKa MOIYT peryaupo-
BaThCs). ASPUPOBAHHASA TYJIBIA TOCTYIAET B KaMepy Mo BHY-
TpeHHeMY TpPYOOIpPOBOAY M PAaBHOMEPHO paclpeaeiseTca
no o6beMy GIOTAIMOHHON KaMepPhl C MIOMOIIBI0 CTATHYHOrO
JUCTPHOBIOTOPA (PACTIPEIeTUTENs MTYIIBIIEL), TAMUHAPHO IO/
HHUMAasCh K IIOBEPXHOCTH PasieleHnsa H 00pa3ys BBICOKOMHHE-
paNIM30BAHHBIN MEHHBIH CJI0H, KOTOPHIF MOMEHTaILHO BhIOpa-
CHIBAETCS B TIEHHEIN ken00. JOmOMHHTeNbHO IIyOHHA CIIos
BBICTABJISAETCS C [IOMOIIBIO S-peryigaropa (BausHHUe Ha Kade-
CTBO, H3BJIeU€HHe, BBIXO/), KAMEPHBIH IIPOAYKT C COlep>KaHH-
eM ruAApOoUIbHBIX YACTHIT BEIXOMIHUT B XBOCTOBOF 3yMIId.

[Mocne crabunuzanuu npouecca GIOTALMH IPOH3BOMAUICS
LHKIHYHBI 0TOOpP HAKOMHTENbHBIX Npob (MHTaHHe, KOHIIeH-
TpaT, XBOCTEI) KaxKayto 1 muH, Bcero 10 pas, mo 3arotosneH-
HOM Marpuie, Kyaa ObUIM BKIKUYEHb IIapaMeTphl HACTPOMKU
MarnuHbL. Bee npo6el MOABEPraauch CYLIKe, Pa3ieike U Ca-
BANTMCh HA XMMHUECKUI aHAIUE B AHATUTHUECKYIO Taboparo-
puro 000 «<HopnuHBIC».

JUTs1 4acTH TECTOB IMPOH3BOAMIICA OTOOD MHTAHHS 3a 5 MHH
II0 HAYAJIA U B TEUEHHE 5 MUH II0CJIe Hauasa rnpouecca ¢ro-
TALMH, 1/ UCKIIOYEHUS [OTPeIIHOCTH paclpeie/ieHUs Mu-
HEepaabHbIX YACTHI[ B IIOArOTOBKE MHTAHHUS IS (QJIOTALIHH.
JlOnoNHUTEIbHO IIPOU3BOAKIICS 0TOOD nuTaHus Ha Bxoae B AY
u 0TOOp HA BXOIE B A3parop.

Ha puc. 2 nokasausl HOAKIOUeHH (aoToMamdisl «allflot»
B YCJIOBHAX JEHCTBYIOIIEN TEXHOIOTHYECKO 1iernouky obora-
TuTtenbHOro nepegena 000 «HopauHBsC».

Ina ¢noromammusl «allflot» nmpumenumer aBa THIA a3-
paropos: paboTalouuil B IOTOKE C JaBjieHueM Ha Hero 2,6—
3,2 6ap [15], rae NpoMCXOnIUT CaMOBCACEIBAHUE ATMOChEpPHOro
BO3/lyXa, TAHHBIA THII a9pATOPa NPUMEHUM B OCHOBHOM, KOH-
TPOJIBHOI, U B PEIKHX C/IYYASAX — B [IEPeYHCTHBIX OIIepalusx, B
3aBUCHUMOCTH OT V/IelIbHOTO Beca Marepuana. Mcnons3oBanue
JIAHHOTO THUIA a3paTOpa 9KOHOMHYECKH ONpaBIaHo pH (o-
TALMK MaTepuana ¢ yIeJabHEIM BecoM 1o 2,7 1/m? [16]. dnora-
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— NoAKNYeHNe B yCIOBUAX
AeACTBYIOLWER TEXHONOrMYecKon
CcXemMbl

Fig. 2

Circuit diagram of the Allflot
units: interconnections within
the current technological
workflow

1A CTMBOB r/11 JIX rmokasana BO3MOXKHOCTb IPHMEHEHHS a3-
paTtopa CaMOBCaCBIBAKOIIIETO TUIIA 34 CHET ManoH IJI0THOCTH
BXOZAIIEro — 0T 4,5 10 11% TB., uTO 61arONPUATHO BAUAET HA
CeNIeKIHIO0 B MHeBMaTHYeCKHX KamMepax «allflot»,

Bropoii Tun asparopa — paboramomuii B motoke 1,6 6ap
(maBneHue myJIbIBL HA a3paToOp), MOA HAAYBOM IIOCPEICTBOM
BO3IYXOAYBKH H pacxonoM Boazayxa 0,8-21m%/4, ¢ naBneHuem
mo 0,35 MIla (pacxom o7 MOAYTIPOMBINIIEHHOH YCTAHOBKH).
JlaHHbIHi THIO aspaTopa MPHUMEHHM IpPH YAeNbHOM Bece Ma-
tepuana or 3,0 T/M? M OTKJIOHEHHH B MHTaHHHU Hoslee YyeM Ha
+/-25-35% Takux MOKas3aTesel, KaK IIOTHOCTh U 00beM. B
MOMEHT HCIBITAHHH ONTHMAaJbHBIA PACXOd BO3AYXa COCTa-
BUJT 9 M3/u.

Heo0X0muMOo OTMETUTD, YTO JAHHBIN THUII THEBMATHYECKOI
dnoromamunel «allflot» MaciTabupyer peaynbraThl B Mpo-
MBIIIIEHHBIE 683 IPUMEeHeH s KaKUX-THO0 KoahhHuImreHToR
[17], B oT/IMume OT TPATHUMOHHBIX (UIOTAIIHOHHBIX METOL0B
oboramenus. CBA3aHO 9T0 ¢ KOHCTPYKLHKEH asparopa (aspa-
Topa-rubpuaa), rae s Beex THnopasmepos Kamep «allflot»
NIPOHCXOIHUT UIEHTHYHOE BOBJIEYEeHHEe aTMOCd)BpHOI‘O BDSIIY-
Xa [0 MPHHUHIY BeHTYpH ¢ OMHHAKOBHIM THMAPOJHHAMUYE-
CKHM BO37IefICTBHEM Ha IIOTOK ITYJIBIIBL

,H,J'I}I yl’lpaBJ’IeHH}E nIponeccoMm (bJIOTaLlPIH U U3MEHEeHHS Ka-
YeCTBa, BhIXOMA, H3BJIeYeHHUs] KOHEUHbIX IPOAYKTOB B TEXHO-
noruu «allflot» npucyrcTByIOT CiegyIOLIEE IPEeMYILIECTBA:

= S-pEI‘yJIHTO[) (yBEHI/I‘-IEHHE/yMEHbLHEHHe KaMepHOro 1po-
LNYKTa, BIHAHKE Ha rAyOHHY [EHHOro /105, BAMAHHE HA Ka-
4ecTBO);

— CKOpPOCTh IIOOAYH ITHMTAHHSI (HIJOPISBOILI/ITEJIBHOCTI: 10
mnyneme). MaMeHnenue CKOpOCTEl ¢ MOMOINBIO JHHAMHYHOTO
asparopa;

— OTCYTCTBHE B KaMe€pe Bpallaromuxcs '-IaCTEfI, Typ6yJIEHT-
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HBIX [IOTOKOB, IAryGHO BAUSIOIIMX HA CBA3b, YACTHIA-IIY3bl-
pex. MHHMMYM H3HAUIMBAEMbIX YaCTel;

— peryJiMpoBKa 3aXBaTa aTM. Bo3ayxa (B 3aBUCHMOCTH OT
CKOPOCTH MHUTAHUS PErYIUPYIOTCS KOIHUECTBO U pa3Mep Iy-
3BIPHKOB, B TOM YHCJIE IIOJIyYeHHE CBePXMEeIKHUX I1Y3bIPbKOB
2-12 MKM, IOBBIIAKOIIMX CEJeKTHBHOCTD IIpOlecca IpH pa-
foTe cO HUTAMaMu) C BBICOKOM CTENeHbio aspanuu. [lepeus-
MeJbueHHUe PyIbl He BIMseT Ha mporecc Groranuu B Maliuse
«allflot». [Tpu MepHO-HUReNeBOH QoTALMK OBLIH COPMHPO-
BaHbl YJIBTPAMEJIKHE [1Y3bIPbKH, OJIATOIPHUATHO BIHSIOIIHE
HA HEOIHOKPATHOE CJIMSHHE C MUHEepPaIbHbIMU UIAMOBBIMH
YACTHIAMH,;

— sanBwxkka cOpoca KamepHOro npoxnykra. Hasmauenue
3aABIKKH: 1 — U1 paboTHl S-perynaropa; 2 — Ui CAepsKuBa-
HHA TIOTePb C KAMEPHBIM IIPOLYKTOM;

— TSI MOJTIE U ITPOMBITUTeHHOM Mamruael «allflots. g cpéma
TIEHHOTO IPOAYKTA MOTYT OBITE UCTIONb30BAHEI /IBA THIIA TIEHO-
CbeMa: KOHYC (7151 HarpaBIeHHO! pa3rpy3KH [IeHbl U PeryJit-
poBanus GpoHTa QIOTANKMHK) IPUMEHHM JJIS IIJIAMOBOM 4aCTH
M KaHAJIbHAS CUCTEMA — 711 MTHOBEHHOTO OTBEIeHMI KPYII-
HBIX MHHEPAaJbHBIX YACTHI[ KIacca +71 MKM C 11eJIbI0 COKpa-
[IEHUS YIUTOTHEHH S U TPOBATHBAHUSA WX B KAMEPHBIH IIPOTYKT
(coxkparenue BpeMeHN HAXOXKAEHUI BO (IOTAITMOHHON Ka-
Mepe), a TaK)Ke YBeJHYeHHs IUIOIIAAM IeHOCheMa M, Kak
CJIe/ICTBHE, YBETHYCHHS H3BIeUeHHs M BBIXO/Ia eHHOTO MPo-
AVKTA.

HcnpiTaHusa HA 000raTHMOCTh
maamMoBoi ppakuuu —25+0 MKM

[MonynpomsbinuiedHas ycradoeka «allflot» 6puta cMoHTH-
poBaHa Ha HYJIEBO IJIOIMIAJKe 00OTaTHTEILHOIO Mepeena
000 «Hoppuusac». IloTpebnsgemMas MOIIHOCTbH YCTAHOBKH
cocraessieT 10 15 kBt, BKIOYas 1aMOBLIH H XBOCTOBO Ha-
COCBI, MEIITaJIKy ¥ Y4aCTOTHHIIN MpeobpasoBarenb MUIAMOBOTO
Hacoca, mKad yrpaBIeHus.

JKCIepHMeHTalbHOe TeCTHpPOBaHUE ISl YCTOHYMBOH pa-
6OoTH W BHIOOpA MOAXOMAIIEr0 pesKUMa Jis mnepepabdoTKH
LIAMOB HA4aJ0Ch C MOMCKA M noadopa ONTHMAJbHBIX Ha-
crpoek «allflot», [Ipu 3TOM € 1HeAbI0 HCCaeI0BaAHHS KHHETHKHI
HI1aMOBOE (uIoTalMK OBUIO IPHHATO PEelleHHe 3aryCTHTD B
pabory «allflot» 6e3 ucnonNb30BAHUS HOMOIHUTENIbHBIX Pea-
TeHTOB.

TecTHupoBaHHe BKIIOYAI0 HECKOJBKO MOCJIEN0BAaTeIbHBIX
3TANOB: IoyYeHue HOraroro Ka4yeCTBeHHOr0 KOHIEHTPATa;
MoATBepXKAeHHe GaKTHUYECKOro BEIXOA [0 MACCe H IIPOBEPKA
PACYETHBIM CIIOCOOOM 110 METAIUTY; MOCTHKEHHEe MAKCUMAJTb-
HOrO M3BJIEYEHMS LEeHHbIX KOMIIOHeHTOB; pabora 6es nobas-
JIEHHA peareHTa; noafop ONTHMAaAbHbIX PACXOI0B peareHTa;
00beIMHEHHE BCEX ITAIOB B OJIUH COBEPIIEHHBIN PEXKHM.

PexxumMHbIe apamMeTpsl paborer mamnunsl «allflot» B nepuon
HCIBITAHUI TIpeCcTapaeHsl B Tab. 2.

Copmep:kaHue HHKeNsT U MeAU B IOJYYEHHBIX ILIAMO-
BBIX KOHLUEHTPATAX B OOHY OCHOBHYIO nuiamosyio diora-
uuio 6es mobasnenus pearenra cocraBuno Ni — 1,408% u
Cu-0,907%(or60p 10.12),Ni-1,617%uCu—1,964% (or6op17.12)
Ni — 1,863% u Cu — 1,722% (or6op 20.12). IIpu arom pasber
CTerneHu KOHLEHTPALMK ycTaHoBaeH ot 7,5 no 13 pas. U3me-
HEeHHE TUIOTHOCTH IIYJIbIILL IIpU paboTe OHMANH BeJeT K u3-
MEHEHHIO [IBeTa [IeHHOTr'0 IPOAYKTA, BU3YaJIbHO MEHSIeTCs OT
TEMHOTO K CBETJIOMY OTTeHKY. [[eHHBII IPOAYKT 00BOAHEH, HO
¢ 0pHOpPOAHO ChOPMHUPOBAHHBIMH PA3MepPaAMH YIIBTPAMENIKO-
3ePHUCTBIX MY3BIPHKOB,

PacrBopenue B mynbie atM. Bo3ayxa B Konudectse 30-50—
100 (%) or ceuenns camMo3axBaTa IIOKA3ano, KaK C yBelnude-
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Ta6nuuya 2 Table 2
MaTtpuua peXnMHbIX NapaMeTpoB TECTUPOBaHWA NHEBMaTUYeCKOR Matrix of test parameters for Allflot pneumatic flotation,
tnotaunn «allflot», npuBegeHsl HeCcKoNbKo TECTOB 3a NepUoA UCNbITAHUA several tests over the test period
N° recra %18, PH e | Mot | T | T | mparapa
3-10.12 9,02 7,23 30 9,66 10 | 30% 31 |
4-17.12 929 7,30 3.0 10,32 10 100% 3.0 |
1-19.12 9,68 7,40 3,0 10,26 10 50% 3,0 |
2-19.12nep 5,63 - 3,5 9,36 13 100% 2,4 |
10-20.12 8,87 — 3,0 13,50 30 | 12mM3/4 2,6 I
9-2112nep | 8,49 [ 7,50 | 3,5 9,78 20 | Om3/4 _ 1,6 _ I
3-18.12 9,81 7,30 3,0 10,32 15 100% 3,0 |
4-18.12 10,34 7,10 3,0 10,32 15 100% 3,0 |

*Tun aspaTtopa | — camoBcachkIBaloLWKMn aTM. BO3AyX; Tk aspaTtopa |l — paboTatowmii 0T BO3AYXOOYBKKU

Tabnuua 3 Table 3
KauecTBeHHbIe XapaKTepUCcTUKK NpoaykToe o6orauenun B «allflot» Qualitative characteristics of the Allflot products
Wcx.com, % KoHu-1/Mpom*,% XB-1,% W3, %
N° TecTa Y, %
Ni Cu Ni Cu Ni Cu Ni Cu
3-10.12 1,77 0,189 0,120 1,408 0,907 0,167 013 13,21 13,38
4-17.12 113 0,223 0,151 1,617 1,964 0,207 0,139 8,23 14,70
1-19.12 16,96 0,183 0,132 0,369* 0,251 0,145 0,108 34,21 32,25
2-19.12nep 6,61 0,369 0,251 1,01 1,03 0,262 0,172 22,90 29,81
10-20.12 0,78 0,204 0,138 1,863 1,722 0,191 0,129 7,10 9,73
9-21.12nep 19,9 0,295 0,225 0,479 0,401 0,237 0,17 33,44 36,82
3-18.12 7,69 0,196 0,154 0,796 0,641 0,146 0,138 31,24 32,01
4-18.12 152 0,215 0,160 1,125 0,997 0,201 0,148 7.93 9,47
3aBMCUMOCTb KA4ECTBA M M3BNEYEHWA OT
= Waio Bcaca aTM. Bo3gyxa —_— Taﬁnuua 4 Table 4
z | 2  MNokasatenu o6orawexus Results of rougher slime
% 1,400 1459 g OCHOBHOW WNamoBoi thnoTauum flotation and cleaner slime
g § ¥ NepevuCcTHO WNaMOoBON flotation of old tailings
o AR 2= chnotauum cnueos r/y N1X Ha hydrocyclone overflows at the
- " «allflot» Aliflot machine
0,800 {8 Nl CU
MpoaykT Beixog, %
0,600 s Coa.% | Wze,% | Cop,% | M3B.,%
—_— |4 KoHueHTpaT 4,39 1,01 24,2 1,03 34,3
. ! Xsoctel | 9561 | 0,145 | 7580 | 0,108 | 6570
MutaHune 100,00 0,183 | 100,00 0,32 | 100,00

0 30 60 80

aTM.B03aYX, % nogadn
—e— KavecTso ~ —=@—VI3Bnevenve

Puc. 3 Fig. 3

Pa6orta aspaTtopa tuna l. Operation of Type | Aerator.
Bnusanue atmoccepHoro Effects of atmospheric air on
BO3AyXa Ha Ka4ecTBO U quality and extraction
WU3BNeYeHue

HHEM BO3/yXa BO3pacTaeT KadyecTBO, a U3BJICUYCHHE [eHHDBIX
KOMITOHEHTOB B KOHIIEHTPAT CHHxKaeTcs (puc. 3). Bes nobase-
HUS peareHToB. CBA3aHO 3TO HANPSMYIO C H3MEHEHHEM OJIHO-
POIHOCTH MY3bIPHKOB B CTOPOHY YBEIHYEHHS MX JHAMETPOB,
TAK SHeprus OOJIBIIOrO MTY3EIPbKA HEOMArONPHATHO BIHUAET HA
KUHETHUKY GIIOTALHH [ITAMOBBIX YaCTHLL.

Pabora 1 ogbop peareHTOB HAYHHAIHCH C BBICOKHX J03H-
POBOK B CTOPOHY CHIDKEHH: M (QUKCALMH PACXOAR, [ogaud
OCYLIECTBISUIACH [EepPUCTANIbTHYeCKUMH HAacocamu. C mpw-
MEHEHHeM peareHTa H3BledYeHHe B KOHIIEHTPAT COCTABHJIO
Ni € - 31,24%, p — 0,796%, u Cu € —32,01%, p — 0,641%, npu BeIXO-
ne y — 7,69%, B onuy onepauuio (or6op 18.12) npu cHIKeHHH
KadyecTsa.

OnTuUManbHbI PEXXUM Ul TIepBOH CTAIMKM 0DOraleHus
miama 6pUt og00paH B CAEAYIOMEM COOTHOLIEHHI: KCAHTO-
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renar (10,2 r/1), T-92 (9,0 r/T) u aspoduor (3,8 r/T), uro mamo
BBIXOZ KoHIIeHTpaTa 16,96% c uspneuenuem 34,21% u KkauecTsa
Ni - 0,369%, mo memnu wusBieuenue 32,25% ¥ Ka4yecTBO
Cu - 0,251%, nna nocnenyroleli onepanyy MIIAMOBOI Iepe-
uuCTKH 6e3 nobasneHus pearenra. Ha mepeuncrHoil onepanui
KOHI[EHTpATa OT MJIaMOBOH (IoTauu no onTUMaabHOMY pe-
sxkumy Hacrpoek allflot Beixon xonnenrpara cocrasmn 6,61%,
kauecTBO 110 Ni — 1,01% u Cu — 1,030% u useneuenue 22,9% u
29,81% (or6op 19.12). KauecTBeHHbIe W KOJIHYECTBEHHbIE Xa-
PAKTEePHCTHKH B IBe craauu oboramenus nutama Ha «allflot»
[puBeneHsl B a0 4.

Iina npoxykros oboramienus «allflot» 65U1 BBIIONHEH CHTO-
BOH aHAIH3 H YCTHHOBJIEHO pacrpegenreHie MHHepaoB II0
Kjaccam KpynHocru (Tabo. 5).

YepHOBOH KOHILEHTPAT, COOpaHHBI OT OCHOBHOI (rioTa-
LMK HA NHeBMaruyeckoil mamuue allflot, 6bi1 nepeuunines va
allflot u B naboparopuu 000 «Hopauueac» (Tabi. 6).

Iia cpasHenus 3¢Q(EKTHBHOCTH IIOJYYEHHS BBICOKOTO
KAueCTBA KOHLEHTpaTa ObUl MCIOIb30BAaH KpurTepuii Ma-
catiomnmu Bana, B ornmuumne ot kpurepusd Xenkoka-Jlyfikena,
KOTOPBII MPUMEHSAETCA A cpaBHeHHs 3((EKTUBHOCTH 10
HU3BJIEYEHHIO.



OBOrALLLEHUE

Beneficiation
Ta6nuua 5 Table 5 Ta6nuua 6 Table 6
PacnpepeneHue Hukens n meau Distribution of nickel and CpaeHeHue paboTbl ABYX Performance comparison of
Mo Knaccam KpynHoctu B copper by size classes in the nepe4YmcToK the two cleaner operation
KoHUeHTpaTe «allflot» Allflot concentrate
LUnaMoBas nepeyncTka NonynpoMbIlLeHHbIA
Knaccoi Beixog | Cog., % Coa., % ':: ;n:(f:::::pg? walHfers = n. ?’5 r
KPYMHOCTH, MM % Ni Cu = MpoaykT Buixog, % Ni Cu
Ni Cu Con.% | M38.% | Con.% | VsB.%
—0.14+009 = 035 | 0633 | 0372 | 031 | 024 KoHuentpar | 6,61 | 1,099 22,90 | 1,032 | 29,81
-0,09+0071 004 | 0633 0372 | 004 003 XBOCTHI 9339 | 0262 | 7710 | 0172 | 70,19
-0,071+005 & 093 0633 0372 | 082 065 Mutanue 100,00 | 0,369 | 100,00 | 0,251 | 100,00
—0,0540,025 563 | 0,602 | 0,346 4,70 3,64 Crenehs g i
-0,025 93,05 | 0,730 | 0,549 9414 | 95,44 KOHLEHTPAaLMUK i 3
WToro 100 0,631 0,447 100 100 3dhhekTMBHOCTL
+0,025 695 | 0608 0351 | 586 | 456 ogoraweHna 0947 Bl
LWnamoeaa nepeunctka nab. ®PM 1,5 n
(Bo3ayx 1,5 n/MuH) dn. 6 MuH
BriBomb1 } Ni Cu
[Tonyuennsie pesynsratel Ha «allflot» nmpu mmamosoi do- Mpoaykr Buixag, % Con.% | M3B.% | Con.,% | W3B.%
TaMH CJIMBA THAPOLMKJIOHOB SBJSIOTCA SKOHOMHYECKH KoHueHTpat 8,03 0,653 | 16,77 | 0,632 | 21,71
uenecoobpasupiMu. OborarurensHbiil nepegen 000 «Hop- XBOCThI 91,97 | 0,283 | 8323 | 0,199 | 78,29
JUHBEC» eXKeuacHo OTIIPAaBIgeT B CrielyanbHble cknans: 1400 Muraxune 100,00 | 0,313 | 100,00 | 0,234 | 100,00
1600 m?/u nutama. [lpu BoBneuenun B nepepaborky 1400- CreneHb 209 270
1600 M*/4 nUIAMOB, HAMPABISEMBIX Ha CIEIHANBHOE CKIAIH- KOHLIEHTPaLuK ’ '
POBAHHeE C COIEP>KAaHNeM TBepaoTo 5% TB., IPHPOCT CKBO3HOTO 3%?;_?&2:3;“ 0,409 0,508

uspneuenus cocraBur € Ni — 4,78%, € Cu —3,99%.
JIOTIONHHUTEIbHOE KOJIMYECTBO MeTawioB oT oboramenusa Cu—9,94 1, Pt — 13,78 kr; Pd — 42,88 xr; Rh — 3,06 kr; Ru — 0,99 T}
uoiaMmoB B nepecuere Ha uucTelit ME cocrasut: Ni - 9,74 ; Ir — 0,36 xr; Au - 1,53 xr; Ag - 30,63 xr.

Ta6nuua 7 Table 7
Bo3amoxXHOCTM Nony4YeHUA uenesbix metannos u MM npu Opportunities to produce target and platinum group metals by
BOBNEYEHUM WNama B nepepaboTKy U Tekylue nokasarenu MPK recycling slime product and current parameters of the gravity
flotation concentrate
Copepxatme ~ Mokasarenn NOK O6oraweHune Wnama Ha NHeBMaTUYeCKOoMn
(neicTBylOWan TexHonoruna (o6oraweHue chnoTomalumnHe «allflot»
MeTtann meTannos e J1X, %, NecKoBOW YacTy) Mony4eHHbIA pesynbTaTt
ik CopepxaHue %, r/t WM3Bnevenune % CopepxaHue %, r/t M3BneveHue %
Ni 0,12 21 26,09 21,01 24,20
Pt 0,36 23,43 35,62
Pd 0,77 SMMr=25 r/7 30,58 42,55
Rh 0,12 18,92 ‘ MIMr=19,36 r/r 34,45
Ru 0,04 15,99 35,09
Ir 0,01 17,7 33,71
Au 0,04 23,25 42,65
Ag 0,55 32,95 39,66
Cu 0,06 1,0 30,09 21,03 34,30
Co 0,008 16,61
Cnucok numepamypbl
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