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ANALYSIS OF EFFICIENCY OF COLLECTIVE-SELECTIVE
COPPER-LEAD ORE ENRICHMENT BY SODIUM OLEATE
IN THE MAIN FLOTATION

Abstract: The problem of the polymetallic ores enrichment containing of copper, lead, zinc and other non-
ferrous metals minerals’ consists in the disclosure of splices, the separation of small-grained particles of one mineral
from another mineral or waste rock. The purpose of this paper is studying the flotation reagents behavior in the
suspension composition while ore enrichment according to the collectively selective scheme.

The elemental analysis of copper-lead ore samples is carried out. The flotation tests on the FML-1 flotation
machine were carried out, the volume of the working chamber was 0.25 L, and the T-92 was used as the foaming
agent. The decomposition with concentrated nitric and hydrochloric acids mixture’s was applied to carry the ore
samples and enrichment products to the solute state. The results of copper-lead ore enrichment the use of sodium
oleate in the main flotation are presented. The material balance of copper-lead ore flotation process both for the main
and control flotation and for the clean-up operations according to the collectively selective scheme (for the solid
component) was calculated. It is shown that the addition of two clean-up operations to the scheme, with sodium
dibutyl dithiothiophosphate as the main reagent, makes it possible to increase the lead and copper concentration in
selective concentrates by 3 times. Based on the results of the material balance, the separation potentials and
separation capacities of the main, reference and two clean-up flotations were calculated. The negative dynamics of
the change in the separation potential from the initial stage of enrichment to the final one indicates the increase in the
minerals separation complexity. The presence of the separation potential extremes relative to the metal concentration
in the ore indicates a difference in the oxygen-containing and phosphorus-containing collectors reactivity. It has been
established that the value of separating power serves as a quantitative measure of the applied flotation agents
selectivity. Thus, the efficiency of the proposed enrichment scheme was evaluated based on separation criteria.

Key words: collectively-selective scheme, sodium oleate, sodium dibutyldithiophosphate, material balance,
separation potential, separation power.

In contrast to past years, when some ores with a high content of lead, copper or zinc were sent after
enrichment with potassium butyanthate in a collective or collectively selective scheme for metallurgical
smelting, processing of ores of non-ferrous and rare metals mined in recent years is economically
unprofitable without prior complex enrichment [1-5]. The problem of enrichment of sulfide copper-lead
ores has not yet been fully resolved, since, on the one hand, ores are difficult to enrich in terms of
dispersity and in terms of the identity of the flotation properties of the minerals that make up the ore.
Therefore, finding more selectively active collectors [6-10] and more advanced modifiers will lead to
further improvement of the flotation process [11-16]. In connection with this, the goal of the work is to
evaluate the efficiency of copper-lead ore enrichment in a collectively selective scheme using sodium
oleate in the main flotation.

Methods
Foam flotation was carried out on a laboratory flotation machine FML-1 with a chamber volume of
0.5 1 by the following procedure: a sample of ore (75% of a fraction of 0.074 mm) with a mass of 10 g was
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loaded into the flotation chamber and mixed with water. Lime was added to maintain the desired pH.
Then, a solution of the collector of a given concentration, a foaming agent, was added to the chamber, and
stirring was continued for 9 minutes. As the flotation agent, collectors, sodium oleate and sodium dibutyl
dithiophosphate (basic substance w 60%) were used. Foaming agent was T-92, consumption was 15 g/t.
Decomposition of the samples of the initial ore and the resulting concentrates (0.1 g) was carried out with
a mixture of concentrated hydrochloric and nitric acids (3: 1) [17]. Determination of the concentration of
metal ions Cu® ", Pb® " was carried out using the Varian AA 140 atomic absorption spectrometer. Elemental
analysis was performed on an X-ray fluorescent analyzer of the Olimpus Delta XRF brand (Table 1).

Table 1 - Element composition of copper-lead ore

Mass c Za,2+6/\/(n) Mass c Zat o (n)
Element fraction, % Element fraction, %
) 50.12 2.14-10° 2.96-10° Mn 0.20 25010 3.46-107""
Na 291 391107 5.41-107 Fe 8.83 2.38:107 329107
Mg 5.64 225-10° 3.12:10°° Ni 0.04 3.06:10™° 4.241071°
Al 9.18 5.63-10° 7.80-107 Cu 0.99 2.40-10°® 3.33-10°8
S 3.01 3.18:107 5.38-107 Zn 0.08 1.41-10? 1.95-10”
Si 17.00 2.86-107 3.97:107 Mo 0.39 1.23-10° 1.70-10°
K 0.02 9.00-107%° 1.25-10° Cd 0.01 625102 8.66-1012
Ca 1.03 225101 3.12:107%° Pb 0.05 6.25-107" 8.66-107"
Ti 0.48 5.26-107 7.28-10°

The results of clemental analysis show that the useful part of sulfide copper-lead ore (Table 1) is
represented by metals Fe, Pb, Cu, Zn and nonmetals S, difficult to enrich the minerals Mn, Ti, the empty
rock is composed of elements Ca, C, Si, Al, Mg, which allows to judge the presence of iron sulfides, iron
oxides, lead sulfides, copper, zinc, and also silicates, carbonates, calcium and magnesium aluminates in
the samples, the most common are quartz, calcite, orthoclase (K[(Si,Al),Os]), anorthite (CaAl,Si,0s),
olivine MgFeSi0,, kaolinite (Al, [Si404](OH)s).

Technological parameters of enrichment were calculated by formulas

Yk = 100(a — 68) /(B — 8)xk = 100(a— 6)/(8 — 6) )

E, = H'ﬁ./ﬂ:Ex:m'ﬁ/a 2)

where yk-concentrate vield, %, Ek-metal recovery in concentrate,%, B-metal content in concentrate,% [18].
The separation potential @ (B) was calculated from the formula

2(8) = (2x —1) - In— 3)
The separation power was calculated from the formula
AU =P-o(af) @)

where: P is the amount of product obtained, g/h, @ (o, P) is the separation potential, reckoned from the
concentration of the initial product with the content of a.
The formula for calculating @ (a, B) is given below

(e, fl=(28—-1)- [ #Q=a) | (B-a)(1-2a) -

el 1—0) mhl—a)

Results and Discussion

Based on the modified scheme of collectively-selective flotation of Cu-Pb ore using sodium oleate in
the main flotation, a schematic diagram was drawn up (Fig. 1) and calculations of purification operations
of enrichment were carried out (Tables 2, 3) [19].

— ) ——
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Figure 1 - Schematic diagram of flotation of copper-lead ore

Table 2 - Balance for final products of flotatio

0, 0,
Ililrl(l)il‘tl)cetr Product Name Yield,% ?Zsay, s T IIEZCOVGW’ L T
9 Concentrate Pb 13.79 0.25 0.01 68.95 0.14
17 Concentrate Cu 1.60 0.07 3946 2.24 63.78
20 Tailings 84.61 0.02 042 28.81 36.08
1 Ore 100.00 0.05 0.99 100.00 100.00

Table 3 - Balance of Cu-Pb ore products enrichment

Ililrl(l)il‘tl)cetr Products and operations name 0, gh y, % B % g, %
1 Basic lead flotation
Come in:
Classifier drain 375 100 0.05 100
12 Combined industrial product 146.57 39.09 0.02 14.95
Total: 521.57 139.09 0.04 114.95
Go out:
3 Concentrate of basic flotation 197.86 52.76 0.08 83.02
4 Main flotation tailings 323.71 86.32 0.02 31.93
Total: 521.57 139.09 0.04 114.95
11 First cleansing flotation
Come in:
3 Concentrate of basic flotation 197.86 52.76 0.08 83.02
8 Second cleansing flotation tailings 37.16 9.91 0.03 5.63
5 Total: 235.03 62.67 0.07 88.65
Go out:
6 Concentrate of first cleansing 88.88 23.70 0.16 74.58
7 First cleansing flotation tailings 146.15 38.97 0.02 14.07
Total: 235.03 62.67 0.07 88.65
111 Second cleansing flotation
Come in:
6 Concentrate of first cleansing 88.88 23.70 0.16 74.58
Total: 88.88 23.70 0.16 74.58
Go out:
9 Concentrate 51.71 13.79 0.25 68.95
8 First cleansing flotation tailings 37.16 9.91 0.03 5.63
Total: 88.88 23.70 0.16 74.58
v Control flotation
Come in:
4 Basic flotation tailings 323.71 86.32 0.02 31.93
Total: 323.71 86.32 0.02 31.93
Go out:
10 Foam product control flotation 042 0.11 0.39 0.88
11 Tails of the control flotation 32329 86.21 0.02 31.05
Total: 323.71 86.32 0.02 31.93
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Calculation of the lead flotation cycle. The calculation of the first flotation cycle is carried out
according to the following scheme (Figure 2) with the previously identified products. Calculation of the
material balance of lead flotation was carried out using the Solver Excel software package. The results of
calculating the qualitative-quantitative scheme of the lead flotation cycle are given in Table 2.
Calculations were carried out according to the cycle of copper flotation (Figure 3).

Thus, to calculate the cycle of copper flotation, the initial indicators are: a) two indicators relating to
the source data (Q; and a“"); b) four indicators of copper recovery in flotation products; (c) Four indicators
of copper content in concentrate operations. The number of initial indicators is 4, the number of stages 4.
The results are given in Table 4.

| 1 | 1
2 13;
Basic flotation Pb Basic flotation Cu
3 4 14 15
¥ 3 23
| Cleansin Control 1 Cleansing Control
b 16 17 20
21
22
II Cleansin 1l Cleansing
j . 1 15
Figure 2 - The lead flotation cycle Figure 3 - The cycle of copper flotation
Table 4 - The balance of copper enrichment products

Stage No Name of operations and products 0, g/h 7, % B, % g, %
1 Basic copper flotation

Come in:
11 Basic flotation tailings 323.29 86.21 1.15 99.86
22 Combined industrial product 36.54 9.74 4.00 33.96
13 Total: 359.83 95.95 1.60 133.82

Go out:
14 Concentrate of basic flotation 30.71 8.19 9.51 78.65
15 Basic flotation tailings 329.12 87.76 0.72 55.18

Total: 359.83 95.95 1.60 133.82
11 First cleansing flotation

Come in:
14 Concentrate of basic flotation 30.71 8.19 9.51 78.65
19 Second cleansing flotation tailings 7.34 1.96 2.67 4.56
23 Total: 38.06 10.15 9.40 83.21

Go out:
16 Concentrate of the first cleansing flotation 13.34 3.56 19.01 68.34
17 First clearing tailings 24.71 6.59 2.59 14.87

Total: 38.06 10.15 9.40 83.21
111 Second cleansing flotation

Come in:
16 Concentrate of the first cleansing flotation 13.34 3.56 19.01 68.34

Total: 13.34 3.56 19.01 68.34

Go out:
18 Concentrate 6.00 1.60 39.46 63.78
19 Second cleansing flotation tailings 7.34 1.96 2.67 4.56

Total: 13.34 3.56 19.01 68.34
1V Control flotation

Come in:
15 Basic flotation tailings 329.12 87.76 0.72 55.18

Total: 329.12 87.76 0.72 55.18

Go out:
20 Foam product of control flotation 11.83 3.15 5.99 19.10
21 Basic flotation tailings 317.29 84.61 0.42 36.08

Total: 329.12 87.76 0.72 55.18

— 54
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The results of the circuit experiments confirm that the following concentrates can be obtained
according to the developed technological scheme and the reagent regime: in the intercrack flotation lead
concentrate with a lead content of 0.25%, extraction of 68.95%; in the copper flotation cycle, concentrate
with a copper content of 39.46%, extraction of 63.78%; the use of purge operations makes it possible to
increase the content of the valuable component of Pp, from 0.08 to 0.25%, Pe, from 9.51 to 39.46%.
However, in both cases, the extraction of metal and the amount of concentrate are reduced.

The introduction to the circuit of a cycle for a combined industrial product in lead and copper
flotations is caused by the need to reduce metal losses with tails. Thus, it has been shown that the use of
sodium oleate as the main flotation agent in the lead flotation cycle and at the copper flotation stage of
sodium dibutyldithiophosphate allows the development of selective and circuit regimes. Further, the
efficiency of flotation enrichment was assessed (Table 5) [20].

Table 5 - Results of separation potentials and separation power calculation
for a collectively selective scheme for copper-lead ore enrichment

_ O(P) O(a.p) AU, gh
Stage No Name of the separation stage
Pb Cu Pb Cu Pb Cu
I Basic flotation 7.12 1.82 0.13 6.62 25.75 203.15
11 First cleansing flotation 6.42 0.90 1.04 16.06 92.29 214.29
1 Second cleansing flotation 5.96 0.09 2.39 37.59 123.83 225.54
v Control flotation 5.50 242 4.76 3.37 1.99 39.87

Analysis of the data in Table 5 showed that more purification operations are needed to obtain cleaner
products, namely lead concentrate with a high content of the useful component, than for copper
concentrate. On the other hand, the maximum values of the separation potential @ (a, B) for the second
flocculation flotation for copper and lead control flotation serve as an indicator of the completeness of the
ore minerals from the separation gangue, but which, according to the minima @ (B), is complicated by the
proximity of the flotation properties of the components of the mixture. The high value of the separation
power for the second purification flotation, in both lead and copper, confirms the selectivity of the
proposed reagents to the lead and copper minerals and indicates a sufficiently high efficiency of flotation
enrichment in the proposed collective selective scheme.

Thus, as a result of the conducted studies, a qualitative-quantitative scheme for flotation of Cu-Pb ore
was calculated using sodium oleate as the main reagent. It is shown that the scheme should include two
clean-up operations at the Pb flotation stage, one control operation, at the copper flotation stage, two
clean-ups of selective concentrate and closed-loop control flotation are also envisaged. An increase in the
content of Cu and Pb in similar concentrates was established using the use of BPb purge operations from
0.08 to 0.25%, BCu from 9.51 to 39.46%. The results of calculations of the change in separation potentials
and separation power indicate a rather high efficiency of the collectively-selective scheme for the
enrichment of copper-lead ore.
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HETT3I'T @ TOTAINUAJA MbIC-KOPFYACBIH/bI KEH/I HATPHI OJIEATBIMEH
YXBIMAbI-TAHJAMAJIBI BAUBITY TUIMALIITTHIH AHAJIHU3I

AnHoTtamusi: MBbIC, KOPFACBIH, MBIPHIII >KOHE Oacka TYCTI METalJApAblH MHHCPAITAPBIHAH TYPATHIH
TMOTUMCTAINBl KCHACPAl OalbpITy Moceneci >KaOBICKAaH eCiHAUIepai amynan, Oip MHHCPAIABIH MaHaa cemme
OexmekTepiH 0acka MHHEPAIAAH HeMece 00C XKBIHbIC 06y ACH TYPaabl. JKYMBICTBIH MAKCAThl OAWBITY ABIH YKBIMIbI-
TaHJAMaNbl CyI0achl OOMBIHINA CYCICH3HSIHBIH KypaMBIHAAFbl (proTopeareHTTi 3eprrey OombInm TaOblaambl. Melc-
KOPFACBIHABI ~KEH YJTICIHIH JIEMEHTTIK  Tajgaybsl okyprizinmi. @morammsieik  3eprreyiep DMII-1
(pTOTOMAMIMHACKIHAA KYPTi3UIAl, >KYMBIC KaMmepachHbIH keiemi 0,25 1, kebikreHmiprim areHT perige T-92
KoJAaHsIIabl. KeHiHiH yurinepi sxoHe OalfbITy IbIH OHIMIEPI EPITeH KYHTIe KOCHAaHbI KOHICHTPICHICH a30T MKAHE TY3
KbIIIKBIIIAPBIHAA CPITY ApKbUIBI aybICTHIPBLIABL JKyMbIcTa HETisri (uoTammsiia HATPUIl ONEAaTHIH KOJIJAHYBIMCH
JKYPETiH MBIC-KOPFACHIHABI KCHII OAMBITY HOTHXKCICPI KEATIPUTEH. ¥ KBIMIABI-TAHAAMATBI CY10a OOMBIHIIA (KATTHI
KOMITOHEHT OOWBIHINA) HETi3ri oHE Oakpuay (hroTanusIChl, KalTa Tazanay OICpaupsuIapbl YIIIH MaTepHAIIBIK
Oamanc ecenrenreH. Cynbara HaTpuiAiH JuOY THIAHTHO(DOCPATHIMEH KYPETiH €Ki KaliTa Ta3anay OmCpalusIapbIH
KOCYy CCNCKTHBTI KOHICHTPATTAPJAFbl KOPFACHIH >KOHEC MbIC MOJIUEPIH 3 €Ce AapTTHIPATHIHBIH KOPCETEIl.
Marepuanapik OanaHc HOTIYKENICpi OOMBIHIIA HETisri, OaKpLIay 'KOHE €Ki KakTta Tazanay (uoTanusuiapbIHbIH 06y
TMOTCHITHAJIIAPEI JKOHE 06Ty YaKBITH ecenTenmi. bafbITy ApIH 0acTamkbl CTAAMACBIHAH COHFBI CTATMACHIHA ACHIH 061y
MOTCHIMAIBIHBIH TEPIC TMHAMHUKACH MUHEPAIIAp 6! 061y MPOLECiHIH KYPACTLTITIHIH apTy bl TYPaibl MOIIMETTEHII.
Beny moTeHmManmapeIHBIH KEHICTI METAUT MOIIIEPIHE KATBICTHI SKCTPEMYMIAPHI OTTCK- KOHE (hOCHOPKYpaMIbI
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SKUHAFBIIITAPABIH, PEAKIMUIBIK KaOUICTTLTIKTEPiHIH aHbIPMAINBUIBIFBIH KepceTeai. besly KyaThIHBIH IIaMachl
KOJTAHBUFAH  (DIOTOPCATCHTTCPIIH  CCICKTHBTUIK  Kepcerkimi Oomemm  talsramsl.  Oceumatima, Oemy
KPHTEPUHICPIiHIH HET131HAC YCHIHBIIFAH OAHbITY CYJIOACHIHBIH THIMALIITIH Oaramay >Kypriziizil.

KinT ce3aep: yKpIMAb-TaHAAMANBI CyI0a, HATPHHA OJeaTsl, HATPHH auOyTHATUTHO(OCHATHI, MaTCPHAIABIK
6anaHc, 66y MoTeHIHMAT, 06Ty KyaThl
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AHAJIA3 3OOEKTUBHOCTH KOJLIEKTUBHO-CEJIEKTHBHOI'O OBOTAINEHUA
MEJHO-CBUHIOBOU PYJbI OJIEATOM HATPUA B OCHOBHOHU ®JIOTALITUHN

Annotanus: [Ipodaema 000TAMCHAUS TOTHMETAUIHICCKAX PYA, COACP/KAINX MUHCPATBI MCTH, CBHHIIA, ITHHKA
W JPYTUX HBETHBIX METAJIOB COCTOMT B PACKPHITHH CPOCTKOB, OTJCICHHH MCIKOBKPAIICHBIX YACTHI[ OJHOTO
MHHEpaJa OT JApPYroro MHHEpala WM IyCcTOH moponsl. llembio paboThl ABIACTCS M3YUCHHE ITOBCACHHS
(hToTOPEarcHTOB B COCTaBE CYCICH3MH IPH OOOTANICHHMHM II0 KOJUICKTHBHO-CEICKTHBHOH cxeme. [IposemeH
3IEMCHTHBIH aHAIH3 00PA3OB METHO-CBHHIIOBOX Pyl PIOTAIMOHHBIC UCITBITAHUS BBIOTHEHBI HA (DIIOTOMAIIIHE
OMJI-1, obbem paboueit kameps! 0,25 1, B KauecTBe INEHOOOpa30BaTels MCHONb30BaH 1-92. OOpasipl pyasl u
MPOJYKTHI ~ OOOTAIICHWSI MEPEBOAWMINCh B  PACTBOPEHHOEC COCTOSHHE IYTEM  PA3IOKCHHSA  CMECHIO
KOHICHTPHPOBAHHBIX A30THOH M COJSIHOM KHCIOT. B paboTe mpuBEeACHBI pe3yibTaTrhl OOOTAICHHS METHO-
CBHHIOBOH PYABI ¢ HCIOJIB30BAaHHCM 0JICATa HATPHA B OCHOBHOM (haoTaumu. PaccumtaH MarepwambHbBIH OanxaHC
mpouecca (roTamui MCIHO-CBHHIIOBOH PYABI MO KOJUICKTHBHO-CCICKTHBHOM CXEeMC (MO TBEPAOMY KOMIIOHCHTY),
Kak JUI1 OCHOBHOW W KOHTPOIBHOHM (proTammm, Tak W A7 MEPEUMCTHHIX onepanwmii. [Tokazano, 4T0 noOaBicHHE B
CXEMy JBYX NEPEUHCTHBIX OINCPAlMH, C OCHOBHBIM pEarcHTOM JuOyTHinAuTHO(OC(HATOM HATPHS, IO3BOJET
TIOBBICHTH COJCP)KAHHWE CBHHIIA M MCIU B CEJICKTHBHBIX KOHIICHTpaTax B 3 pasza. Ilo pesyiprataM MarepuaibHOTO
6anaHCca paccUMTaHbl PA3ACIUTENbHBIC IIOTCHIMANGI H PA3ACIUTEIBHAS MOIMHOCTh OCHOBHOW, KOHTPOJILHOH H BYX
mepeuncTHHIX (proTanuit. OTpHuATenbHAS AWMHAMHKA W3MCHEHHS PA3JCIUTCIBHOTO IMOTCHIMAAA OT HAYAJIbHOH
craguu O00OTameHHA K 3aBEPIIAIOIICH CBHICTEIBCTBYET O BO3PACTAHWH CIOXKHOCTH PA3JCJICHHS MHHCPAIOB,
HAIIMYHE 3KCTPEMYMOB Pa3JCIUTEIBHOTO MOTCHINAIA OTHOCHTEIBHO COJACP/KAHMS METalIa B PyJ€ YKa3bIBacT HA
pa3mHYHe B PCAKUHOHHOW CHMOCOOHOCTH KHCAOpoAcomepkamero W - (ocdopcomepxamero CoOHpaTemnei.
YCTaHOBICHO, YTO BEJIMYMHA PA3JCIUTCIPHON MOIMHOCTH CIYXXHT KOIMYCCTBEHHOW MEPOH CENCKTUBHOCTH
HCTIOJIb3YEMBIX (roTopearcHTOB. TakmMm 00pa3oM, HA OCHOBAHWH KPHUTCPHCB pA3ICICHUS IPOBEICHA OIICHKA
3((HCKTHBHOCTH MPETOKCHHON CXEMBI 000TAICHHS.

KioueBnie ¢j10Ba: KOJUIGKTHBHO-CEJICKTHBHA CXEMa, oJsiear Harpws, aulOytmrauruodocdar HATpHi,
MaTepHaNbHbIH OaTaHC, PA3ACIUTENbHBIN TOTCHIINAT, PA3ACIUTEIBHAS MOITHOCTD
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