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PE3YJIBTATBI UCCJIEJOBAHUI
11O JOBOIKE 30JIOTOCOAEPXKAIIIUX
ITPOAYKTOB OBOTAIIEHNA

AHHOomayua. OanH 13 cnocobos BANAHUA Ha 3bdEKTUBHOCTbL Npolecca GpoTaumum — npume-
HeHWe AO0MONHUTE/IbHbBIX LEHTPOBEXKHbIX CU BPALLLEHUA XUAKOCTU — LeHTpobexHaa ¢notauma.
B pa3spaboTtaHHom B UFAC CO PAH cnocobe ¢pioTaumm pasaeneHme MMHepPaabHbIX YacTuL, Npouc-
XOAMT No rMApodOo6HOCTM B TOHKOM C/I0€ Ha MOBEPXHOCTU BPALLAOLLErOCA NOTOKA BOAbI (My/b-
nbl). MpeacTaBaeHbl Pe3ynbTaTbl IKCNEPUMEHTANIbHbIX UCCEA0BAHMI MO 060raleHMI0 MPOAYKTOB
nepepaboTKM 30/10TO-CYPbMAHON pyAbl C UCMNO/b30BaHWEM LeHTpobexHoW dnotaumu. NUccnepo-
BaHWA MPOBOAMINCHL Ha IKCMEPUMEHTA/IbBHOM CTEHAE C UCMO/Ib30BaHNEM 1abopPaTOPHON LIEHTPO-
6eXHON GpNOTOMALIMHBI C LEHTPaNbHOM pa3rpy3koi KoHueHTpaTa (LLPM), onpeaeneHs! paumo-
Ha/ibHble NapameTpbl TEXHOOTMY G0TaLLMM HA MOBEPXHOCTU BPALLAIOLLENACA KUAKOCTH (CKOPOCTb
NOTOKA My/bMbl, MNOTHOCTb NMUTAHUA) NPU AOBOAKE 30/10TOCOAEPHKALLUX MPOAYKTOB oboralleHus.
Hanbonee paunoHanbHble ycnoBUA U3BNEYEHUA 30/10Ta B KOHLEHTPAT — 68,7%, npu cofeprkaHnumn
54,1 r/T, nony4eHbl NPM CKOPOCTU NOTOKA Ny/bMbl B Kamepe dpnotomawmHbl 0,45 m/c U cooTHoLwe-
Hum T: XK NuTaHmAa 1:2, cTeneHb KOHUEHTPaLMM 3010Ta COCTaBuNa 2,6. YCTaHOBNEHO, YTO coveTaHue
BO3JEMCTBUA LEHTPOOEXKHOW CWU/bl BPALLLEHUA KUAKOCTU U rMAPOdOOHbBIX CBOMCTB MUHEPANOB
no3Bo/AeT YCUAUTb MOKa3aTeNn CeNeKTUBHOCTU pa3geneHua MuHepanos, Npu GaoTauumn B LeH-
TpobexxHol poToMalLlMHE BO3MOXKHO NpoBeAeHMe onepaLmii NePeuncTKU € Lesbio NoBbIlLeHNA
KayecTBa KOHLeHTpaTa.

Knrouesole cnoea: oboralleHune, LeHTpobexHaa GaoTauma, 4acTuupl MUHepanos, rnapodob-
HOCTb, KOHLLEeHTPAT, U3BNeYeHUe, CTeNeHb KOHLLEHTpaL UK.
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PeweHne npobreMbl paspeneHus Mu-
HepanoB ¢ HAUZKMMU TEXHOAOTMUECKUMMU
CBOMCTBAMMW TPAAULMOHHO BEAETCS NOBbI-
LLIEHWEM CEeNEKTMBHOCTU pa3aeneHus B 060-
raTUTeAbHbIX MpoLieccax — C UCMOAb30Ba-
HWe peareHToB HanpaBAEHHOrO AENCTBUS,
a Takxe M36MpaTenbHOro U3MEHEHUA Tex-
HOAOTMUYECKUX CBOMCTB MUHEPAAOB C MOMO-
b0 PA3AMUYHbIX SHEPreTUUECKMUX BO3AEN-
ctBui [1—3]. OAMH M3 cnocoboB BAUSIHUS
Ha 3pdEKTUBHOCTL Nnpouecca paoTaunm —
NPUMEHEHUEe AOMOAHUTEAbHbIX LEHTPOOEX-
HbIX CUA BPALLLEHUA XUAKOCTU — LIEHTPO-
6exHan orotaums [4].

Mpn dAOTALUK B KOHLLEHTPAT 06bIYHO
NepPexoAnT CyAbGUAHbIE MUHEPAABI, @ Tak

Xe nopopoobpasyroline MUHeEpPaAbl B OC-
HOBHOM B BMAE LUAGMMUCTbIX YacTul. AAA
NOCAEAYHOLLEN NEPEYNCTKM KOHLIEHTPATOB
OT NyCTOM NOPOALI MHOTAA NMPUMEHSIHOT KOM-
6UHMPOBAHHbIN CNOCO6 AOBOAKMU, KOTOPbIM
CBOAMTCS K AOMOAHUTEABHON KAAcCUdUKa-
UMM MaTepuana Ha MECKOBYH U LLUAAMO-
BYIO GpaKkLUMK 1 B MOAYYEHUN B LLUAGMOBOM
dpaKumMn oTBaAbHbIX XBOCTOB [5]. CHUXe-
HUE AOAU CYAbOUAHBIX MUHEPAAOB BO GAO-
TOKOHLIEHTPATax B LMKAE NEPEYNUCTKU MPO-
BOASIT B PEXMME AENPECCUN HEKOTOPbIX U3
HUX. Mpn 06paboTKe PSAAOBLIX 30AOTOCO-
AepXaLUnX PyA, FrA€ OCHOBHbIE CyAbOUAHBIE
MWHepaAbl NPeACTaBAEHbI MUPUTOM U ap-
CEHOMMPUTOM, MPOLLECC CEAEKTUBHON PAO-
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TalUMK YacTo 3aKAYaETCs B pa3peneHuu
MMEHHO 3TMX MUHepPanoB [6—8].

B paspaboratHom B MUTAC CO PAH cno-
cobe paoTaummn paspeneHUe MUHEPAAbHbIX
YyacTuL, NPOUCXOAMT MO TMAPOPOOBHOCTM B
TOHKOM CAO€ Ha MOBEPXHOCTW Bpallato-
LLLerocs notoka BOAbI (MyAbnbl) [9—11]. Uc-
CAeAOBaAHUA NMPOBOAMAUCH HA MPOAYKTaX
oboralleH1sa 30A0TO-CYPbMSIHOM PYAbI, WC-
NOAb30BaHbI TEXHOAOTMYECKME NPO6bl 060-
ralieHmns 30A0TO-CYPbMSIHOM PYAbl MECTO-
poxaeHus «Capbinax» [12]. B npouecce
MCCAEAOBaHUIM ONpPeAersiAUCb pPaLMOHaNb-
Hble napamMeTpPbl TEXHOAOTMKN GAOTALMKN Ha
NOBEPXHOCTM BpalLatoWENCA XUAKOCTU
(CKOPOCTb NOTOKA MyAbIbl, MAOTHOCTb NWUTa-
HUSA) NPU AOBOAKE 30AOTOCOAEPXKALLMX MPO-
AYKTOB oboralleHus. SKCneprMMeHTaAbHble
MCCAEAOBAHUA MPOBOAUANCH HA TOHKOU3-

L
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MEAbYEHHbIX PyAHbIX Matepuanax ¢ npume-
HeHneM dAOTaLMK B LIEHTPOOEXHOM MoAe
BpaLLEHNA XUAKOCTU. [peaBapUTEAbBHO
NPOBOAMACS KOMMAEKC MCCAEAOBAHUI NO
M3YUYEHUD MUHEPAAbHO-BELLLECTBEHHOMO
coCTaBa MCMOAb3YyEMbIX MaTepManoB C UC-
NMOAb30BaHMEM CYLLECTBYHOLLIMX METOAMK.

Ha puc. 1 npeactaBAeH aKCnepUMEH-
TaAbHbIN CTEHA, COCTOSILLMIA M3 AabopaTop-
Horo obpa3sua LUeHTPobexHoM GAOTOMALLK-
Hbl C LEHTPaAbHOW Pa3rpy3Kon KOHLEHTpa-
Ta (LPM) 1 nabopatopHON GAOTOMALLMHbI
@A 240-A. UeHTpobexHas proToMmallnHa
ycTaHaBAMBAETCA TakuMm 0bpas3om, UToObl
NeHHbIV NPOAYKT AaBopaTopHON GpAOTOMA-
WnHbl ®A 240-A nopaBancs CaMOTEKOM
B LEHTpobexHyto daoToMallnHy. MNatpy-
060K AASI BbIBOA@ KOHLIEHTpaTa AMaMeTpoMm
8 MM yCTaHOBAEH Ha BbICOTy 80 MM.
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Puc. 1. 9kcrniepumeHTarbHbIM cTeHA: 1 — NabopatopHasa protomatunHa A 240-A; 2 — pbluar NneHoroHa
C AOMATKOW; 3 — Kamepa GAOTOMALLMHBI; 4 — XeA0b AASt TPAHCMOPTUPOBKM KOHLIEHTPATA B LIEHTPOOEX-
HYy0 GAOTOMALLUHY; 5 — BAOK MMNeArepa; 6 — LeHTpobexHas daoTomalumnHa (LOM); 7 — natpybok and
noAaun Boabl; 8 — naTpybok AAst NOAaUM BO3Ayxa; 9 — naTpyboK AAS pasrpy3ku koHueHTpaTta; 10 — oT-
BepcTHE AAS BbIBOAA XBOCTOB; 11 — eMKOCTb AAl cBopa KOHLEHTpaTa; 12 — eMKOCTb AAA cOopa XBOCTOB

droTaumm

Fig. 1. Test bench: 1—laboratory flotation machine; 2—level of foam unit with a blade; 3—flotation machine cell;
4—chute to feed concentrate to CFM; 5—impeller assembly; 6—centrifugal flotation machine; 7—water feed
pipe; 8—concentrate discharge pipe; 10—outlet for tailings; 11—concentrate reservoir; 12—tailings reservoir
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OcHoBHasa cnortauus

MepeuncTka Ha LeHTpobexHon hnoTomalumHe XBOCTHI
KoHueHTpaTt XBOCTbI NEPEYNCTKMN

Puc. 2. Cxema ¢protaumm npobbi
Fig. 2. Flotation circuit

Arvtaumsa u daotauma npobbl NPoBoO-
AMTCA B AabopaTopHOM ¢AOTOMALUMHE.
MeHHbIM NPOAYKT (KOHLEHTPAT OCHOBHOM
dAOTaUMM) HANpaBASETCS Ha Mepeyunct-
HylO onepauuio B LEHTPOBEXHY $AOTO-
MalLKWHYy, NoAAETCA HEMOCPEACTBEHHO Ha
NOBEPXHOCTb BpalLAOLWENCa XUAKOCTH.
Ans daoTaummn otobpaHbl boratbie Mo co-
AEPXAHMIO NMOAE3HbIX KOMMOHEHTOB MPO-
6bl NPOAYKTOB oboralleHns 30A0TO-Cypb-
MSIHOM pyAbl. KpynHOCTb MCXOAHOWM MPOo6bI
KoHUeHTpaTta ¢aotaumm -0,074 mm, pea-
FeHTHbIM PEXWUM: KCaHTOreHaT Kaaua —
150 r/1, cocHoBOe MacAo, npu pH = 7,2.
Cxema GAOTaLMU C NEPEYNCTKON KOHLEHT-
paTa OCHOBHOW dAOTaLMM NPeACTABAEHA
Ha puc. 2.

Hanbonee ycTonMuMBbIN YPOBEHDb U CTa-
OUAbHbIN NPOPUAL BOPOHKK HabAtOAQETCS
Ha KoHyce ¢ yraom 60 rpaa, (puc. 3), npu
3TOM 3a OCHOBY KpUTepus BblbOpa KOH-
durypauumn paspeAmTeAbHOro KoHyca npu-

HSAT@ CTAOUABHOCTb HUXHErO BO3AYLLUHOIO
cTonba, Tak Kak B pa3peAMTEAbHOM NpPo-
Lecce OTCEKaHWe NPOAYKTOB Pa3peneHusn
NPOM3BOAUTCS YCTAHOBKOMW COOCHO yCTa-
HaBAMBAEMOro Kpyraoro natpybka Ans
YAABAMBAHMWA MPUNOBEPXHOCTHbLIX CAOEB
M KaMepPHOro NPOAyKTa, BbIAEASEMOrO NO
nepudeprinHoOn 3o0He PasrpPy304HOro HMX-
Hero oTBepcTMs. BepxHui AnameTp yyact-
ka nepernba cocraBasieT 2,5 cM, BbiCOTa
BO3AYyLLHOro ctonba 20 cm.

Mpu BbIOOPE AMAMETPaA U BbICOThI yCTa-
HOBKM OTCekatoLlero natpybka onpeaeneH
ONTUMaAbHbIM AMAaMeTp 8 MM, Npu pacno-
AOXEHWW BEPXHEro ero Kpasi Ha BbICOTE
140 MM OT HUXHEro OCHOBaHMUA KOHYCa.

CKOpOCTb ABMXEHMUA MOTOKA MyAbIbl
onpeaensieTcs No popmyae:

V=0,./F
rae: Q — obwmMi pacxop BOAbl, A/MWH;
F — nAowaab 06WEr0 CEeYEHUSA HUXHErO
OTBEPCTUSA, CM?.

Puc. 3. Obpa3zoBaH1e BOAHOKM BOPOHKU MPH UCTEYEHNM XUAKOCTU U3 HUXXHETO OTBEPCTHUSI B KOHYCE
Fig. 3. Formation of funnel when water flows out of the lower hole of the cone
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Puc. 4. 3aBUCcHMOCTb pacxoaa BoAbl 1o natpybky d = 8 mm, h = 140 mm
Fig. 4. Curve of water flow rate in the pipe d = 8 mm, h = 140 mm

AAA YacTuL, GAOTALMOHHOM KPYMHOCTH
MaKCUMaAbHasa KPYNHOCTb YacTuLbl NpK-
HumaeTtcsa 100 MKM. MUHUMaAbHAA TOA-
LMHA CHMMaAEMOro CAOS BOAbI COCTaBAAET
0,3 MMm. MpU MUHUMAABHOM TOALLMHE CHU-
MaeMOro CAOSl, AMAMETPE HUXKHEro OTBEpP-
ctisa 24 MM, nNpu obLLEeM pacxoae BOAbI
11,6 A/MWH CKOPOCTb NOTOKa COCTaBASIET
47,27 cm/c. Mpu droTaumnun B LEHTPOBEX-
HOM GAOTOMALUMHE C LEHTPAAbHOMW pas-
rPYy3KOM KOHLUEHTpaTa paspeneHue MUHe-
paAbHbIX YacTuL, MPOUCXOAUT MO TMAPO-
$06HOCTM B TOHKOM CAOE Ha NMOBEPXHOCTU
BpaLLaoLerocs notoka BOAbl (MyAbnbl),
3KNEPUMEHTAAbHO ONpeAEAeHa PaLMOHaAb-
Hasa NAOTHOCTb nuTaHms TXK — 1:2. B pe-
3yAbTaTe NPOBEAEHHbIX MCCAEAOBAHWI MO-

CIIMCOK JIUTEPATYPBI

AYYEHO MaKCHMMaAbHOE COAEpXaHWe 30-
AOTa B KOHUeHTpaTe A0 54,1 r/T, npu ns-
BAEUEHUM 68,7%, CTENEHb KOHLEHTPaLMK
30A0Ta cocTaBuAa 2,6.

JKCNepPUMEHTaAbHbIMU  UCCAEAOBaHUSA-
MW MO AOBOAKE MpPoObl KOHLEHTpaTa ¢AO-
TauMn 30AOTO-CYPbMAHOW PYAbl MeECTO-
poxaeHua «CapblAax» Ha LEHTPOOEXHON
$AOTOMALLMHE C LEHTPAAbHOW Pa3rpy3kom
KOHUeHTpaTa (pa3pabotka UFAC CO PAH)
AOCTUIHYTa CTEMEHb KOHLEHTPaLKMK 30A0Ta
A0 2,6. Hanbonee palmoHanbHble YCAOBUS
M3BAEYEHUS] 30A0Ta (M3BAEUYEHUE B KOH-
ueHTpaT — 68,7%, copepxaHne — 54,1 /1)
NMOAYY€EHbI MPW CKOPOCTK MOTOKa NyAbMbl B
Kamepe ¢protomalunHbel 0,45 m/c 1 cooT-
HoweHun TK nutaHma 1:2.
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Research findings on final scavenging of gold-bearing concentrates
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Abstract. One of the methods of improving efficiency of flotation is application of additional centrifu-
gal forces in rotation of flotation solution—centrifugal flotation. In the flotation technique developed at
the Institute of Mining of the North, SB RAS, mineral particles are separated with respect to the hydropho-
bic behavior in a thin surface layer of rotating water flow (pulp). This article describes the results of the
experimental research into treatment of gold—antimony ore processing products by centrifugal flotation.
The research was implemented on a test bench using laboratory centrifugal flotation machine (CFM) with
the center discharge of concentrate. The rational parameters of flotation on the surface of rotation fluid
(pulp flow velocity, feed density) are determined for the final scavenging of gold-bearing concentrates.
The best gold recovery of 68.7% in concentrate at the content of 54.1 g/t is reached at the pulp flow veloc-
ity of 0.45 m/s and the solid/liquid ratio of 1:2; the rate of gold concentration is 2.6. It is found that com-
bination of the centrifugal force of fluid flotation and the hydrophobic properties of minerals improves
selectivity of mineral separation; the centrifugal flotation machine is usable for scavenging of concentrates
with a view to increasing their quality.

Key words: beneficiation, centrifugal flotation, mineral particle, hydrophobic behavior concentrate,
recovery, concentration rate.
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OTAEJIBHBIE CTATbU TOPHOI'O THO®OPMALIMOHHO-AHAJIUTUYECKOT'O BIOJIVIETEHSA
(CHEIAAJIBHBIN BBITTYCK)

NCITIOJIb30BAHUE ITPUPOJHBIX COPBEHTOB B TEXHOJIOT'MI OYNCTKH .
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YAbpux AMUTPUN BAGAMMMPOBUY — KAHAUAST TEXHUUYECKUX HayK, AOLLEHT, 3aB. kadeapon,
HOXHO-YpanbCKUii rocyaapcTBeHHbIN yHuBepcuteT (HMUY), e-mail: ulrikhdv@susu.ru.

PaccmoTpeHa npobiema BO3SHUKHOBEHUA 3arpsA3HEHHbIX MOBEPXHOCTHbIX CTOKOB C TEXHOTeHHO-Harpy-
YKEHHbIX TEPPUTOPUIA ropHO-NepepabaTbiBatoLLMX NPEANPUATUIA, KOTOpble 06pasyoTca baarogapsa AoKAe-
BbIM M Ta/IbiM CTOKaM U, oborallancb Yepes oTBasibl U NMUPUTOBbIE OT/IOXKEHUA TAMXKENbIMM METaNNaMK U
APYTMMM KOMMOHEHTaMM, 3arpA3HAIOT BoAHble 06beKTbl. Mpobiema CHUMXKEHMS BbICOKMX KOHLIEHTpaLumii
TAMKE/bIX METa/IJIOB B NOBEPXHOCTHbIX CTOYHbIX BOAAX PELLIAETCA 338 CYET NPUPOAONOA06HbIX TEXHONOTUIA
C MPUMEHEHNEM NPUPOAHBIX COPBEHTOB U PpUTOMaTEPUanoB. [ns BbICOKOIDPEKTUBHON OUMCTKM 3arpss-
HEHHbIX CTOKOB NPea/I0¥eHO MUCMosib30BaHNE COPOUMOHHO-rabUOHHbIX MOAYNEN C UCMOb30BaHMEM NPU-
poaHbIx copbeHToB. MpeacTasneHa paspaboTaHHas aBTOPOM KOMMIEKCHAsA TEXHOOMMA peMeamaLm noys
1 aTMoCchEepPHbIX CTOKOB C UCMO/Ib30BaHMEM MHOTONIETHUX PACTEHUI U COPOLMOHHO-TaBUOHHbIX MOAy/Ee.

Kntoyesble C/10Ba: MOBEPXHOCTHbIM CTOK, TAXe/ble MeTasl/bl, 1ayKOHMT, BCMyYEHHbI NEPUT, OMNOKa,
OpeBeCHan Wena, akTMBMPOBAHHbIN yro/b, Ap0obaeHbl aHTPaUUT, COPOLUNOHHO-TabNOHHBI MOAY/b.

USE OF NATURAL SORBENTS IN THE PURIFICATION TECHNOLOGIES OF SURFACE
RUNOFF FROM THE TERRITORIES OF MINING AND PROCESSING ENTERPRISES

Ur'rikh D.V., Candidate of Technical Sciences, Assistant Professor, Head of Chair,
South Ural State University (National Research University), Chelyabinsk, Russia, e-mail: ulrikhdv@susu.ru.

The article deals with the problem of contaminated surface runoff from technogenically loaded areas of mining
and processing enterprises, which are formed due to rain and melt runoff and enriched through dumps and pyrite
deposits with heavy metals and other components pollute water bodies. To solve the problem of reducing the high
concentrations of heavy metals in surface runoff waters is possible due to the technologies that resemble natural
ones using natural sorbents and pilomaterilov. The use of sorption-gabion modules with the use of natural sorbents
is proposed for highly effective treatment of contaminated effluents. To maximize the extraction of pollutants and
reduce the cost of wastewater treatment technologies, the author proposes to use the composition of the most
effective sorbents in the sorption-gabion modules. The complex technology of soil remediation and atmospheric
runoff with the use of perennial plants and sorption-gabion modules developed by the author is presented.

Key words: surface runoff, heavy metals, glauconite, swollen vermiculite, swollen perlite, flask, wood chips,
activated carbon, crushed anthracite, sorption-gabion module.
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