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TEXHOJIOTUYECKAS OLIEHKA
PEATEHTHBIX PEXUMOB ®JIOTALIUU
30JI0TO-CYPBMSIHVCTOM PY/IbI
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Annomayus: O6beKT uccaenoBaHuil — GIOTalMOHHbIN MK 060TaIeH)s 30J10Ta U3 TTOoJIUMe-
TaJJIMYECKOM 30JI0TO-CYPbMSIHUCTOM PYIbl OMHOTO 13 MecTopoxkaeHuit BoctouHoit Cubupu.
Uccnenyemast pyma OTHOCUTCS K YMEPEHHO-CYIbMUIHOMY TUITY PYA: CYIbGOUABI B OCHOBHOM
MIpeCTaBeHbl aHTUMOHUTOM, apCEeHOMMPUTOM, IUPUT-MapKasUTOM U MAPPOTUHOM, a OCHOB-
HBIMM TIOPOAOO6PA3YIOIIMMM MUHEPAJIAMU SIBJISIFOTCSI KBapIl, M CIFOOUCTO-TUIPOCITIONMACThIE
obpasoBanusi. [TokazaHO, YTO KCAHTOTEHATHI MOXKHO PACIIOJIOKUTh MO Mepe BO3pacTaHus 3¢-
(HeKTUBHOCTY TPUMEHUTEIIBHO K UCCIIEMYEMOIl IyJibIle CAeIYIOUMM 006pasoM: GYTUIIOBbBIN
KCaHTOTeHaT KaJusl — aMMUJIOBbIN KCAHTOTE€HAT Kajus — M300YTUIOBBIN KCaHTOT€HAT Kajus —
M30MPOIMMIOBBIM KCaHTOreHaT HaTpus. Hamyulinie pesysibTaThl MOJTYYEHbI TP MTPUMEHEHUN
M30IPONMIOBOIO KCAHTOTeHarTa: IoTepy 30JI0Ta ¢ XBocTamu ¢uiotaiuu coctaBmm 1,92%, uto
Ha 5,35% wuwke, uem 1ipu dabpruunom peskume. OmnpesiesieHo, YTO HaUMMEHbIIIe TOTePU 30-
JIOTa C XBOCTaMM 30JI0TOCYIbGUAHON (uioTaluy HaGIIOoAI0TCs pyu 3aMmeHe (HaGpuyHOro Ha-
TPUEBO-1300yTIIIOBOTO aspoduiora Ha BTd-1711, nmpemcrasasioniuii co60i BOTHBIN PacTBOP
IankuaguTobocdara HaTPYst: CHUKEHYE TI0TePh 30J10Ta C XBOCTaMu (JIOTAIMY B CPAaBHEHMM
¢ GabpMUHBIM PEXMMOM COCTaBWIO ~2,67%, comepskaHue 30J10Ta B XBOCTAaX YMEHBIIMIOCH —
c 0,34 mo 0,22 r/t.

Kntouessle cnoga: 3010TO-CYypbMSIHUCTASI PYAA, APCEHOMPUT, aHTUMOHUT, (oTarusi, TeXHO-

JIOTMYecKye ToKasaresy oboraiieHns, cCoueTaHye peareHToB-cobmparesei, 30J10T0, HaTPUEBO-
1306y TUJIOBBIN a3pOGIIOT, M30IPOIMIOBbIN KCAaHTOT€HAT HaTPUs.

Jna yumupoeanus: Anzebpaucmosa H. K., Ilpokonves U. B., Ananenxo E. C., Kunaxkun A. 1.
TexHoNOrMveckasi OleHKa PeareHTHbIX PEXMMOB (GUIOTAIMM 30J0TO-CYPbMSIHUCTOM DPYObI //
TopHbIi MHGOPMALIMOHHO-aHAIMTMYeCKui O1ojutetedb. — 2024. — Ne 4. — C. 145-154. DOI:
10.25018/0236 1493 2024 4 0_145.

Technological evaluation of reagent regimes
for flotation of gold-bearing antimony ore

N.K. Algebraistova', .V. Prokopev?, E.S. Ananenko', A.l. Kinyakin'

' Siberian Federal University, Krasnoyarsk, Russia, e-mail: ananenkoes@inbox.ru
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Abstract: The subject of research is the circuit of flotation of gold from complex gold-bearing
antimony ore from a deposit in West Siberia. The test ore features a moderate content of sulfides
represented mostly by antimonite, arsenopyite, pyrite-marcasite and pyrrhotine, while the rock-
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forming minerals are quartz and mica-hydrous mica. It is shown that xanthates can be arranged
in the ascending order of their efficiency relative to the test pulp as follows: potassium butyl xan-
thate-potassium amyl xanthate—potassium isobutyl xanthate-sodium isopropyl xanthate. The
best results are achieved with isopropyl xanthate: the loss of gold with flotation tailings totals
1.92%, which is lower than in the standard reagent regime adopted at the factory by 5.35%. It is
found that the least loss of gold with flotation tailings takes place when factory’s sodium isobutyl
Aeroflot is replaced by BTF-1711 which is a water solution of sodium dialkyl dithiophosphate:
as compared with the factory’s reagent regime, the decrease in the loss of gold with flotation
tailings totals - 2,67%, and the gold content of the tailings reduces from 0.34 to 0.22 g/t.

Key words: gold-bearing antimony ore, arsenopyrite, antimonite, flotation, flotation production
data, combination of reagents-collectors, gold, sodium isobutyl Aeroflot, sodium isopropyl
xanthate.

For citation: Algebraistova N. K., Prokopev I. V., Ananenko E. S., Kinyakin A. I. Technologi-
cal evaluation of reagent regimes for flotation of gold-bearing antimony ore. MIAB. Mining Inf.
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BBeneHue

O6bekT uccnepoBaHui — oOTaLMOH-
HbIV LMK 060raLleHus 3010Ta U3 NonnMe-
TaNIMYECKOM 30/10TO-CYPbMSAHUCTOM PYLbl
OLLHOTO M3 MeCTOpOoXAeHU BocTouHowm
Cubupu. Pyaobl maHHOro MecTopoXxaeHus
OTHOCAT K ynopHbIM. OCHOBHbIM (hakTo-
pOM, BIUSIOLLMM Ha YMOPHOCTb, SIBASETCS
accoumaums 3010Ta € CynbOUAHLIMU MU-
Hepanamu: Coaep)kaHwWe 30/10Ta B apce-
HonupuTe cocTaenset ~110 r/T, B nupuTe
~11 r/1, B aHTUMOHUTE — MeHee 0,05 r/T.

TexHonoruyeckas cxema oTaLMOH-
HOro oboralleHu1s uccnesyeMomn pyapbl Ha
LencTBytoLLen oboraTutenbHon abpuke
npencrasneHa Ha puc. 1.

PaccmatpuBaemas pyna Ha LenCTBYHO-
Lwewn oboratutenbHon dabpuke nepepaba-
TbIBaETCS MO MPSIMON CENEKTUBHOM CXEME
¢noTaumMoHHOro oboralleHns ¢ nocnesno-
BaTe/NbHbIM BbIAEIEHUEM CYPbMSIHOMO U
30/10TO-CYpPbMSIHUCTOrO KOHLLEHTPATOB.

MpeacTaBneHHble UMKAbl (noTaumm
MMEIT KNaCCUYECKYH TOMOOT IO,

M3BeCTHO, UTO HaMBOMBLLIYHO CIOKHOCTb
C TOYKM 3PEHMSI KOMIMIEKCHOTO U3B/EYEHMS
30/10Ta U CypbMbl NPEACTABAAOT PyAbl,
30/10TO B KOTOPbIX B 3HAYMTENIbHON CTe-
MeHu cBa3aHo ¢ apceHonupuTom [1—3],
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yTO onpenensieT HeobXxoAMMOCTb Noabo-
pa ONTUMasIbHbIX NMapamMeTpoB noTaumu,
B TOM YMCNIE U MYTEM Nofbopa coyYeTaHus
CynbrupunbHbIX peareHToB-cobupare-
nevt ans 3cbbeKTUBHOroO M3BneYeHus bna-
ropogHoro Metanna [4—7].

Llenbto HacTosiLLero nccnenoBaHms sie-
NAETCA U3ydeHue BAUSHUS HaKTOPOB Ha
TEXHOOrMYECKMEe NoKasaTeNun 30/10TOCY b=
dbuaHoro umkna dbnoTaumm.

MaTtepuanbl 1 MeToabI

uccnepoBaHUsa

DKCrnepuUMeHTaNbHble UCCNEeLOBaHUS
npoBefeHbl Ha labopaTopHow baze Kades-
pbl 0OOraLleHMs NMOoMe3HbIX MCKOMaeMblX
Cubupckoro denepanbHOro yHMBepcuTe-
Ta. [lna uccnenoBaHui € AeNCTBYHOLLEMO
npeanpusaTus Ha Kadenpy LOCTaBNEHbI
npobbl (B BUAE Nynbrbl) KAMEPHOFO MpoO-
LyKTa CypbMSIHOrO Lmka dnoTaumum u 06o-
POTHOM BOARI.

XuMuuecknmn cocTas nNpobsl pyabl on-
peLensiav C UCMONb30BaHWEM JaHHbIX KO-
NINYECTBEHHOIO PEHTreHOMIHO0PECLEHT-
HOro, $a30BoOro aToMHO-abcopBLMOHHOIO
n ICP-AES aHanuzos. CopepxxaHue 30-
NoTa NpUBEAEHO MO AaHHbIM NPOBMPHOro
aHanwu3a.
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Fig. 1. The current flotation circuit

KauyecTBeHHO MMHepanbHbIM COCTaB Mpo-
6bl pyabl 6bin onpeaeneH Mo AaHHbIM
PEHTreHOCTPYKTYpHOro dazosoro (and-
PaKTOMETPUYECKOr0) aHanu3a, BbIMOIHEH-
Horo Ha annapate «XRD-6000», Shimadzu
(AnoHus).

dnoTauMOHHbIE OMbITh BbIMOIHAIN Ha
NnabopaTopHbIX (GOTaLMOHHBIX MaLUMHax
M®-237]1 1 M®-189J1 ¢ pa3nnyHbIMM
obbeMamu kamepbl. BogHble pacTBopbl pea-
FeHTOB FOTOBW/IM C Pa3/IMYHOM KOHLEHTPa-
LMen C y4ETOM UX XMMUYECKOW aKTUBHOCTY.

3HaueHus pH B onepaumsix 1 npogyk-
Tax oboralieHus msmepsnu nabopatop-
HbiM pH-meTpom InolLab mapku pH720
(WtW, Tepmanus).

pu—
< v
) !
I ocaoBHas Sb-Au daoTarms
IT ocHoBHas Sb-Au ¢roTarms
Kontponsnas Sb-Au daorarms
OTBanbHEIE
l XBOCTBI
v

\ 4

O6BoAHEHHbIE NMPOAYKTbI U MPOAYKTHI
bnoTauum CyLLUMAK Ha INEKTPUYECKON Nn-
Te D[1-6I1 (Abat, Poccus) no Bo3gyLuHo-
CyXOro COCTOSIHWSI MpW TemrepaTtype He
Bbiwe 100 °C.

M3 BbICyLLEHHbIX NPOAYKTOB OTOMpanu
Mpobbl Ha XMMUYECKUI aHann3 B COOTBET-
CTBWM C AEWCTBYIOLWMMU METOAUYECKUMU
ykasaHusamm [8, 9].

[lns onpeneneHms TEXHONOrMYECKMX Mo-
KazaTenen GnoTauum no AencTBYHOLWEMY
pexumy ¢dabpuku nposeneHsl dnoTauu-
OHHbIE OMbITbl MO CXeME, NMPeCTaBIEHHON
Ha puc. 2. C uenbo U3yyeHUs BAUSIHUS
BpeMeHU (roTauum Ha TEXHONOrUYeckue
roKasaTesin B CXeMY OAHOr0 U3 OMbITOB
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VcxonHoe MHTaHHE
CuSOy, 400 r/T
ByTHI0BEIH KcaHTOreHaT Kanus, 108 r/1T
HaTpHeBo-H306yTHIOBBIH aspoduoT, 72 /T
T-92,4,95 /T

I ocHoBHast Au cymsduanas dproramms, t=5'

T-92,2,6 1/t

11 ocroBHas Au cymbduanas proramms, t=5'

ByTHIIOBBIH KCaHTOTeHAT Kaus, 108 r/T
HaTpHeBo-H3006y THIOBEIH a3podaoT, 72 1/T

ByTHIOBEIH KcaHTOreHat Kamus, 108 /T
HatpueBo-H306y THIOBEIH aspoduioT, 72 r/T
T-92,2,45 /T

111 ocHoBHas Au cyabbuanas ¢paorauus, t = 6'

v

v
O6beTHHEHHBIH

ByTHIIOBEIH KCAHTOT@HAT KalHs, 72 I/T
HaTpHeBo-H306yTHIOBBIH aspoduoT, 48 r/T

KOHIEHTpaT

TIpommponykt I

I koHTponbHAs Au cybdrIHas GroTamus, t = 5'

v
11 xoHTpoIbHas Au cyabpbuaHas proTamus, t = 3'

TIpommponyxr II XBOCTHI

Puc. 2. Cxema notaumm n peareHTHbIN pexxmuM GaoTaumm 4ercTByroLen pabpmkm
Fig. 2. Flotation circuit and reagent regime of the operating plant

6bina BeBedeHa |l koHTponbHas 3o0n0To-
cynbduaHas dnotauus B GespeareHTHOM
pexxume. [1poaomKUTeNbHOCTb CbeMa NeH-
Horo npoaykTa Bo || koHTponbHoW dnoTa-
LMK COCTaBMUMIa 3 MUH.

Pacxop n cooTHoLLIEHMEe peareHToB-Co-
GupaTenen NpPUHATbI HA OCHOBAHUK pea-
FEHTHOro peXxunma AeWCTBYIOLLEro npen-
npusTus (CM. puc. 2).

McxopHoe nuTaHuWe nepes nogadyen pe-
areHToB-cobupaTenen nepemMeLLnBanoch c
MefHbIM KYrNopocoM B Kamepe ¢oTaum-
OHHOW MalUWHbI B TeYEHME 5 MUH.

Monava neHoobpaszoBaTens OCyLLECTB-
nsinacb No Mepe «McToLeHns» nexol B 1, 1
n Il ocHoBHYtO 30n10TOCYNIbGOUAHYIO BO-
Tauuto ¢ obwmm pacxogom 10 r/T, uTto
COOTBETCTBYET PEXUMY LENCTBYHOLLErO
npeanpuaTus. TOUYKKM nogaum 1 pacxop ne-
HoobpazoBaTenst Ayb/MpoBanncCb BO BCEX
nocieayoLWwmx onbiTax.

M3BeCTHO, YTO C YBEIMYEHNEM L/IUHDI
YrneBofopoOAHOM Lenn pacTBOPMMOCTb
KCAaHTOreHaToB yMeHbLUaeTcs, a UX ¢o-
TaUMOHHas aKTUBHOCTb U rnapocdobusu-
pytoLLiee AenCTBME NPU OAUHAKOBOW MOT-
HOCTM afilCOPOLIMOHHOIO €105 BO3pacTatoT
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[6, 7]. Takxe ang vHTEHCMPMKaLMKU Npo-
Llecca 1 ynyuyLLeHUsl TEXHONOrMYeCcKmx no-
KasaTenen GnoTauMOHHOro 0boralleHns Ha
MpaKTUKe LUMPOKO NMPUMEHSIETCS CUHepre-
TMYeckui 3pdeKT OT coYeTaHUs peareH-
ToB-cobupatenei [10—13].

Ha ocHoBaHUM BbiLLleCKa3aHHOO Oblu
MpOBELEHbI OMbITbl MO U3YYEHUHO BIUSHUS
KCaHToreHatoB u autuodocdaToB pas-
JINYHbBIX CTPOEHUM HA TEXHONOrUYECKME
nokasatenn hroTaLMOHHOrO 0boralLeHus.
Cxema ¢noTaumMm COOTBETCTBOBAaNA CXxe-
Me, NpVBEAEHHOM Ha puC. 2.

3aMeHsnn nepBoHa4asbHO BYTUNOBbIN
kcaHToreHaT kanusa (BBK) Ha amunosbin,
M30MPONUIIOBLIN U U300YTUNOBLIN, NPK
3TOM COOTHOLLEHWE PacX0Aa KCaHTOreHaTa
K a3pocioTy ocTaBanoch 6e3 U3MEHeHUHN,
pacxofbl BCEX PeareHTOB BblaM NMOCTOSH-
HbIMMU.

AHaNOrMYHO BbIMOIHEHbI OMbITbI C 3aMe-
How habpMyYHOrO HaTpMeBO-M300yTUNOBO-
ro asapoioTa peareHTaMmu-cobmpaTensimu:
a3poioT aMMOHUIA M300KTUOBbIW, a3PO-
(bnoT HaTPUEBO-M300KTWUMIOBbIN, a3potioT
HaTpueBo-usonponunosbin, bBTM-1711,
Aero 400, Aero 8045 1 Aerophine 3418A.



Tabnuua 1

PacnpeneneHne 0CHOBHbIX KOMMOHEHTOB M0 KJ1accaM KPYMHOCTH
B MUTaHUU 30/10TO-CYPbMSIHUCTOrO LiuKaa ¢aoTaumum
The distribution of the main components according to size in feed of the gold-antimony flotation

Knacc Bbixop, CopepxaHue UzeneueHue, %
KpynHocTH % Au, r/T Sb, % As, % Au Sb As
+0,071 mm 24,35 1,43 0,24 0,2 9,81 22,91 5,83
-0,071 mm 75,65 4,23 0,26 1,04 90,19 77,09 94,17

WToro 100 3,55 0,26 0,84 100 100 100

PesynbTaTbl uccnepoBaHus

M UX 06CY)KAeHMUe

M3yueHue BeLLLleCTBEHHOIO COCTaBa UC-
XOZLHOTO NPOAYKTA MOKa3asio, YTo Mo KO-
yecTBy CynbGOUAHbIX MUHEPANOB UCCIeaye-
Masi pyfa OTHOCUTCS K YMEpEHHO-Cysb-
duagHoMy TNy pyn: cynbduabl B OCHOBHOM
NpencTaBieHbl aHTUMOHWTOM, apCceHomnu-
PUTOM, MUPUT-MAPKA3UTOM U NMUPPOTUHOM,
a OCHOBHbIMU MOPOLO06Pa3YHOLWLUMU MU-
HepanamMu SBNAKOTCA KBapL, M CNHOAUCTO-
rMAPOC/OANCTbIE 0B6pa3oBaHus.

30/10TO Ha MECTOPOXAEHWUU SIBNSIETCS
TOHKOAMCMEPCHBIM U MaKpOCKOMUYECKU
He oTMmeuaeTcs. Pasmepbl 3epeH 0,005x
x0,02 MM, bopMa BbITSIHYTas!, NOMyoBasb-
Has. MpobHocTb 30n0Ta 860. Maccogas
nons ceoboaHoro (amanbraMmmpyemMoro) 30-
N0Ta He3HaYUTeNbHA U COCTaBNSET MeHee
1%. MaccoBas fons ynopHoro (He u3Bne-

Tabnuua 2

Pesynbtatbi ¢pnotaumm. @abpuuHbIii pexkxum
The results of the flotation. The plant regime

KaeMoro COpbLMOHHBIM LiMaHUPOBaHWEM)
bnaropogHoro mMeTanna B pyfe COCTaBAs-
et ~90%. Pe3ynbTaTbl CMTOBOrO aHanuza
npeacTaBneHbl B Tabn. 1.

ToHMHa nomMona KaMepHOro NpoayKTa
CypbMSIHOTO LMK noTaumm cocTaBnseT
75,65% knacca -0,071 MM, uTo cooTBeT-
CTBYET PEXMMHbIM MapamMeTpam AeUCTBY-
toLLien habpurku.

M3 ncxopHom nynbnbl 1 060pOTHOM BO-
Abl 0TOBpaHbl NPo6bI ANS MU3MEepPeHUs 3Ha-
yeHus pH: pesynbTaThl U3MepeHun 5,56 u
3,77 cOOTBETCTBEHHO.

O6opoTHas Boga xapakTepusyeTcst Kuc-
NbIMK 3HaveHnsMu pH, a ncxognHas nynb-
na — cnabokucnbiMU. 3HayeHue 3Toro
thakTOpa BaXKHO, Tak Kak npu pH < 4 kcaH-
TOreHaTbl Ha4YMHAKT pasnaraTbCs ¢ 0bpa-
30BaHMEM MCXOLHbIX BELLECTB: CNUPT, ce-
pOYrnepos U Lenovb.

Ycnosue HaumeHoBaHue npogykTa | Bbixoa, Copep>kaHue UsBneueHue, %
dnotauum % |Au, r/t| Sb,% | As, % | Au Sb As
O6beaunHeHHbIN kKoHueHTpaT | 17,52 | 17,66 | 0,69 | 4,78 | 87,23 50,88 | 87,31
MabpuuHbiii| lpomnpoaykT | 6,57 | 297 | 0,27 | 1,39 | 5550 | 7,48 | 9,52
pexuM | XBoCTbl 7591 | 0,34 | 0,13 | 0,04 | 7,27 | 41,64 | 3,17
McxooHoe nuTaHue 100 | 3,548 | 0,237 | 0,959 | 100 | 100 | 100
DaBpruHbIi O6beanHeHHbIM koHueHTpat | 17,52 | 17,66 | 0,69 | 4,78 | 87,23 | 48,62 | 75,43
peXxIM + MpomnpoaykT | 6,57 297 | 0,27 | 1,39 | 5,50 | 7,15 | 8,23
+ |l koHT- | MpomnpopykT Il 0,99 261 | 427 | 7,72 | 0,73 |17,04| 6,89
ponibHasA | Xpgoctbl 7492 | 0,31 | 0,09 | 0,14 | 6,55 |27,19| 9,45
broTaunst 11 onroe nuanne 100,00 | 3,548 | 0,248 | 1,11 | 100 | 100 | 100
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Bo BpeMs npoBeaeHMst GNOTaLMOHHBIX
OMbITOB OTMEYEHA JeMMHEPaNn3aLms NeH-
HbIX MPOLYKTOB MO UCTEYEHUU 2 — 3 MUH
BO BCEX OMepaLusix.

MoTepu 30n0Ta ¢ xBoCTamMu roTauum
no abpuuHomy pexumy (Tabn. 2) cocta-
Bunu 7,27% npu copepxxaHumn 0,34 r/,
[OMNoNHUTENbHOE BBELeHWe B cxeMy || koHT-
ponbHOW GnoTauMn B GespeareHTHOM pe-
XMME MPUBOAUT K HE3HAYUTESIbHOMY CO-
KpalleHWO MoTepb 30/10Ta C XBOCTaMw
¢dnotaumm: Ha 0,73%.

CopnepykaHue 30n0Ta B XBocTax oTa-
LMW HaxoamuTcs Ha ogHoM yposHe: 0,34 r/T
ons abpuyHoro pexuma u 0,31 r/T npum
BHeapeHun || KoHTponbHOM 30n0TOCYNb-
duaHon dnotaumn. MNonyyeHHble faHHbIe
CBUIETENbCTBYIOT O TOM, 4TO 06LLero
BPEMEHU CbeMa MEHHbIX MPOAYKTOB Mpwu
(habpuMyYHOM pexxMMe [OCTAaTOYHO A1 MO-
NYYEHUs YAOBNETBOPUTESIbHBIX TEXHOJIO-
rMYECKMX NokazaTenen.

Ha puc. 3 npenctaBneHbl pesynbTathl
OMbITOB MO 3aMeHe (habpuyHoro byTnnoBo-
ro KCaHTOreHaTa Kanus Ha UccnenyeMmble
peareHTbl.

Ha ocHoBaHWW pe3ynbTaToB McCnenye-
Mble KCAHTOreHaTbl MOXHO PacronoXuTb
Mo Mepe Bo3pacTaHus 3heKTUBHOCTH Npu-
MEHUTE/IbHO K UCCNiefyeMon Nynbre cle-

Lytolwmm 0bpa3om: ByTMUNOBbLIN KCAHTO-
reHaT Kajiusi — aMWIOBbIM KCAaHTOreHaT
Kanua — w300yTUNIOBbIM KCAaHTOreHaT
Kanus — W30MPOMNMIOBbIA KCaHTOreHaT
HaTpus. Kak BMOHO, KCAHTOreHaTbl C U30-
CTPOEHMEM XapaKTepusyoTcs 6osbluei
3¢ hEKTMBHOCTLIO MO CPaBHEHMUIO C by-
TUNOBLIM M aMU/IOBbIM KCaHTOreHaTaMu
[14—-17].

HaunyuLume pesynsTatbl NoMyYeHbl Npu
NPUMEHEHUN U30MPOMMUIOBOro KcaHTore-
HaTa: noTepu 30/10Ta C XBOCTaMu ¢noTa-
umm coctaBmunmn 1,92%, uto Ha 5,35% Huke,
yeM npu abpuuHom pexxume. Copepixa-
HWe 30/10Ta B XBOCTax cHuxaetca c 0,34
0o 0,1 r/t.

CopepykaHue 3010Ta B XBoCTax ¢noTa-
UM npv nogade pabpuyHoro 6yTUIOBOro
KCaHTOreHaTa Ka/vsi, aMUIOBOIrO KCaHTO-
reHarta Kanusi U M306yTUIOBOrO KCaHTore-
HaTa Ka/JMsl HaxoAMTCA Ha OOHOM YpOBHE
~0,33 r/T, HO 3aBUCMMOCTb 3HA4Y€HUN Bbl-
XO[,0B KOHLEHTPATOB M COAEPXKAaHUM B HUX
MeTasl/1a 0CTaeTCs KNacCMYECKUM: YeM Bbl-
LLIe BbIXOA, TEM MeHbLUe coaepxxaHue. [na-
Ma3oH MOJTyYEHHbIX 3HAYEeHW BbIXOLOB M
copepxxanun: 17,52%, 19,85%, 24,32% v
17,67 r/t, 15,82 r/t 13,65 r/t, cooTBeTCT-
BEHHO OYyTWIOBbIN, aMUIOBbIN, U300YTU-
JIOBbIM KCAHTOT€eHaThl.
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Puc. 3. NoTepu 3010Ta ¢ 0TBaNbHLIMU XBOCTaMU. 3amMmeHa bYTUI0BOro KCaHTOreHaTa Kaimsl
Fig. 3. Gold loss in flotation tailings. Replacement of butyl potassium xanthates
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Fig. 4. Gold loss in flotation tailings. Replacement of sodium isobutyl dithiophosphate

Ha puc. 4 npenctaBneHbl pe3ynbrathl
OMbITOB MO 3aMeHe (abpU4YHOro HaTp1eBo-
1300yTUNoBoro asponoTa Ha uccnenye-
Mble peareHTbl.

HavmeHbLUKe noTepy 30/10Ta € XBOCTaMu
30/10ToCyNbhUAHOM GrioTaumMm Habnroaa-
OTCS Npu 3amMeHe GabpuUUHOro HaTpueBo-
n306yTunosoro aspocnota Ha bTM-1711,
NpeLcTaBNSOWMIA COBOM BOAHBIN PacTBOp
ovankunautnodocdara HaTpUs: CHUXKe-
HWE NoTepb 30/10Ta C XBOCTaMu droTauum
B CpaBHEHUU C HabpUYHbIM PEXMMOM
coctaeuno ~2,67%, conepykaHue 30/10Ta B
XBOCTax yMeHblumnocb — ¢ 0,34 0o 0,22 r/r.

HaunbonbLume notepu 30510Ta € XBOCTa-
MW GnoTaumMm Npu NPUMEHEHUN pearex-
Ta-cobupatens Aerophine 3418A, copep-
awero 6onee 95% guunsobyTunguTmo-
cdocdunata HaTtpus (AND): 15,32% npu
copepxkaruu 0,66 r/t. MoTtepu 30n10Ta npu
nomave Aero 8045, HaTpueso-m3zonponu-
JIOBOTO M HaTpUEBO-U300KTUIOBOMO a3po-
(hnoToB HaX0AATCS Ha OLHOM YpOBHE C hab-
PUYHbBIM peXKUMOM: ~7%.

PeareHTbl Aero 8045 u Aero 400 npea-
CTaBnsOT CObOM CMecb MepKanTobeH30-
Tnasonos u autnodocdatos [18 —20].

BbiBoabl

1. MokasaHo, YTO MO KONMMYECTBY CY/lb-
bUOHBIX MWHepanoB wccnenyemas pyna
OTHOCUTCSI K YyMepeHHO-CYybQUAHOMY TU-
ny pya: cynbduibl B OCHOBHOM MpeacTas-
NeHbl aHTUMOHUTOM, apCEHONMUPUTOM, MU-
pUT-MapKasuToM U NUPPOTUHOM, @ OCHOB-
HbIMW MOPOLO06Pa3YHOLLMMU MUHEPANaMU
SBNSIOTCS KBapL, U CAOAUCTO-TUAPOCHO-
[OMCTble 0bpasoBaHMs.

2. OnpeneneHo, 4To AOMONHUTENBHOE
BBeaeHMe B (abpuuHyto cxemy Il koHT-
ponbHoW ¢noTaumm B 6espeareHTHOM pe-
KMME MPUBOAUT K HE3HaYUTENbHOMY CO-
KpalleHMIO MoTepb 30/710Ta C XBOCTaMu
dbnoTaumn: HabntogaeTcss CHUXEHWe Mo-
Tepb 30/10Ta ¢ xBocTamu Ha 0,59%. Mony-
YeHHble JaHHble CBUAETENLCTBYOT O TOM,
4TO 06LLEro BpeEMEHU CbeMa MEHHbIX Mpo-
LyKTOB Mnpu (HabpuyHOM pexume [oCTa-
TOYHO AN MONYYEHUs YAO0BNETBOPUTENb-
HbIX TEXHOMIOMMYECKMX MOKa3aTeneu.

3. MNokazaHo, YTO MccnenyemMble KCaH-
TOreHaTbl MOXHO PacronoXuTb Mo Mepe
BO3pacTaHus 3pdeKkTUBHOCTU (MO CHUXKE-
HUIO MOTEpb 30/10Ta C XBOCTaMM) MpuMe-
HUTENbHO K UCCNeAyeMoW pyne Chepyto-
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WM™ 06pa3oM: BYTUNOBbIN KCAHTOreHaT
Kasvsl — aMWOBbIM KCAHTOreHaT Kanus —
N300y TUNOBBIV KCAHTOreHaT Kanus — u3o-
NponunoBbIA KCaHToreHaT Hatpusi. KcaH-
TOreHaTbl C WM30CTPOEHWEM XapaKTepu-
3ytoTCs 6onbluer 3¢HeKTUBHOCTLIO MpU
¢noTaumm 3010TO-CYypbMSIHUCTBIX YL, MO
CPaBHEHWUIO C BYTUIOBbIM U aMUJIOBbLIM
KCaHTOreHaTamu.

Havnyuiive pesynsTaTbl NosyyeHb! npu
3aMeHe GabpuyHoro 6yTMIOBOro KCaHTO-
reHaTa Kaaus Ha U30MpOonWIOBbIA KCaH-
TOreHaT HaTpus: HabMoLAeTCs CHUXEHME

noTepb 30/10Ta C XBOCTaMM doTaumm ¢
7,27 no 1,92%.

4. OnpeneneHo, YTO HaMMeHbLUWE MO-
Tepwu 30/10Ta C XBOCTaMM 30/10TOCYNbhUI-
HOM dnoTauumM Habnr4AKTCA NPU 3aMeHe
thabpnyHOro HaTpMeBO-M300yTUIOBOIO
aspodnoTa Ha bT®-1711, npeacraensto-
LM COBOWM BOAHbIM PacTBOp AMANKUAN-
TnodocdaTa HaTpUs: CHUXKEHME MOTepb
30/10Ta C XBOCTaMu (10TauuKn B CpaBHe-
HWUM C HabpUUYHBIM PEXXMMOM COCTaBWUIIO
~2,67%, copepykaHue 30/10Ta B XBOCTaX
yMeHblwmnocb — ¢ 0,34 no 0,22 r/T.
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