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Development of enrichment reagent regime of Py-Cu-Zn ore
using collectors” mixtures

Abstract. The article presents results of flotation enrichment of pyrite-copper-zinc ore in a
selective mode. It allows predicting the choice of technology for enrichment of non-ferrous metal
ores based on mathematical models describing the influence of hydrodynamic and reagent modes
on the flotation parameters of the ore under study. The use of a mixture of flotation reagents
excludes the use of special foaming agents in the process of selective flotation enrichment because
the function of foaming agents and collectors is performed by flotation reagents. At the same time,
an increase in the yield of the concentrate and the degree of metal extraction into the concentrate
is achieved, and an increase in the selectivity of metal extraction and the degree of flotation
enrichment of polymetallic ore. As a result of the processing and analysis of data on the flotation
collective-selective enrichment of pyrite-copper-zinc ore, there have been developed
recommendations for the technological evaluation of the choice of a selective reagent mode of
flotation enrichment of ores.
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Introduction

The development of the world economy is constantly accompanied by an increase in the
consumption of fuel energy and other types of mineral resources. The consumption of non-ferrous and
alloying metals has increased 3-5 times over the past 100 years. In the XXI century there continues the
intensive growth of consumption of almost all types of mineral raw materials. It is predicted that in the
next 50 years the volume of mining operations will increase by 5 times.

At the same time, the quality of processed ores and the content of metals in them continuously
decrease. Over the past 20 years, the content of non-ferrous metals in ores has decreased by 1.3-1.5
times, the share of difficult-to-refiner ores has returned up to 40% of the total mass of raw materials
entering enrichment. Ore processing is involved in processing, characterized by a low content of
valuable components, fine dissemination, and close technological properties of minerals. On the other
hand, a cycle of natural raw materials can be extended both to individual technological processes and
the production of products because a wide range of wastes is generated in various industries. Therefore,
it is necessary to focus on the sources of waste, according to the data provided by the Statistical Office of
the European Union and North American industry classification system (NAICS)) [1-2].

Also Waste containing heavy metal ions, according to the FCCW, has the code 9 41 406 13 31 3 /
94140613313;, the transcript is given below: Block 9. Waste from performing other activities that are not
included in blocks 1-3, 6-8 / Waste from technical tests, measurements, research / Laboratory waste and
chemical residues / Waste of inorganic salts and their mixtures during technical tests and measurements
| waste of aqueous solutions of heavy metal salts, including chromium salts (VI), during technical tests
and measurements (the total content of heavy metals is less than 10%), is waste of hazard class III, (31)
Aggregate state, physical form is liquid in liquid / Emulsion. The issues of resource-saving can be
solved not only by recycling waste, but also by the complex use of ore raw materials and water in
separating mineral raw materials.
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Experimental procedures

Pyrite-copper-zinc ore with a grain size of 0.074 mm was used in the work. The collectively
selective flotation of Py-Cu-Zn ore, a mixture of sodium diisopropyl dithiophosphate and sodium
diisobutyldithiophosphate was carried out in ratio 1:1 as collector, variable parameters change of the
hydrodynamic (impeller rotation frequancy, air flow rate) and reagent regimes (medium regulator’s
consumption, collector consumption) at the flotation: airflow rate of 20-60 1/h, impeller rotation
frequancy of 30-40 Hz, lime consumption of 1000-3000 g/t, collector consumption of 50-150 g/t. Ore
enrichment was carried out on a laboratory chamber-type flotation machine with mechanical mixing of
the FML brand according to the method [3]. Elemental analysis was performed on the ore grade
instrument (Spektrolab). FT-IR spectroscopic analysis of the samples was conducted on the FSM 1201
device.

Results and discussion

It was shown that using a mixture of sodium diisopropyldithiophosphate and sodium
diisobutyldithiophosphate in the selective flotation and separation of copper-zinc concentrate under the
following conditions: air flow rate 20 I/h, impeller rotation frequancy 25 Hz, collector consumption 50
g/t, soda consumption 700 g/t allows to extract copper in an amount of 88%. It should be noted that the
predominant influence on the concentrate quality is provided by the flotoreagent consumption. It has
been shown that a high copper content in the concentrate at low concentrations of flotoreagent in 2 mg/1
(50 g/t) pulp is associated with the formation of a monomolecular layer of a chemically adsorbed
collector on the copper minerals” surface [4].

Further increase in the collector consumption leads to copper complexes formation desorbed into
the solution volume and, as a result, to an increase in hydrophilicity. Thus, the probability of securing
the particle on the bubble decreases. On the other hand, the increase in hydrophilicity drastically
reduces the yield of copper-containing particles in the concentrate at low air flow rates.

To confirm the above results, IR-spectra were obtained. The collective concentrate samples of the
Py-Cu-Zn ore flotation after its interaction with AFI-4 (sodium diisobutyldithiophosphate) in a mixture
with TAF-7 (sodium diisopropyldithiophosphate) recorded absorption bands at wave numbers of 547
cm-1 (based on the FT-IR-spectroscopy), which are characteristic of the -S-S- bonds in alkyl disulfides.
The absence of absorption bands of the P=S group (700-650 cm-1) suggests the formation of Cu
complexes with diisobutyldithiophosphate and diisopropyldithiophosphate ion. Consequently,
dialkyldithiophosphate complexes are formed on the minerals” surface, bound by strong coordination
bonds with non-ferrous sulfides and physically sorbed disulphides, which causes high surface
hydrophobicity [5].

These processes cause a sufficiently high recovery of copper in the collective concentrate at a soda
consumption of 700 g/t, the impeller rotation frequency of 25 Hz. Whereas in order to achieve a high
zinc extraction rate of 85%, and air flow of 50 1/h, an impeller rotation frequency of 25 Hz, collector
consumption of 75 g/t, soda consumption of 1750 g/t are necessary. It was found that the separation
process of collective concentrate in the sphalerite depression consists in the fine particles” formation,
which is fixed on the active centers of the ore surface free from collector molecules. It is shown that
potassium ferrocyanide can be used as effective depressor together with zinc sulfate. In this regard, the
reagent mode of feeding a mixture of sodium diisopropyldithiophosphate and sodium
diisobutyldithiophosphate into selective copper flotation was changed, soda should be used as a
medium regulator, and potassium ferrocyanide should be used for the depression stage of zinc-
containing minerals. Based on the above, recommendations for a technological evaluation of the choice
of selective reagent enrichment (flotation) regimes of Fe-Cu-Zn ore were developed using separate
collectors and/or their mixtures.
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The optimal conditions for Py-Cu-Zn ore flotation wusing a mixture of sodium
diisopropyldithiophosphate - potassium butylxanthate, providing the maximum pulp separation rate
are: air flow rate of 35 l/h, impeller rotation frequency of 28.75 Hz, lime consumption of 1.5 kg/t,
flotoreagent consumption of 0.26 kg/t. It is shown that the separation rate of solid into a foam product
depends on the strength of the particle fixation on the bubble, which is completely determined by the
hydrophobicity degree of the surface layer consisting of adsorbed collector complexes on the surface [6].

From the position of hydrodynamics, the rate of ascent of the bubble-particle complex influences
the indicated parameter under the turbulent motion regime of the fluid, which in turn depends on the
density of the pulp [7].

Further, the values of the flotation process rate of of Py-Cu-Zn ore were calculated with a
variation of air flow rate and impeller rotation frequency from 25 to 40 Hz, with an optimum lime
consumption of 1.5 kg/t and flotoreagent consumption of 0.26 kg/t. It is shown that a decrease in the
residence time of bubbles in the chamber and, correspondingly, a decrease in the mineralization time
and the collisions” number of the particle with bubble with the parallel motion of the phases leads to a
decrease in the flotation rate of individual classes. The longer the residence time of the bubbles in the
chamber is the higher the flotation rate is. Therefore, the values of rate constants of the flotation process
were calculated.

It is shown that the rate constant of flotation process increases with increasing flotation time, and
also depends on collectors” mixture consumption, lime consumption. It has been revealed that the Py-
Cu-Zn ore flotation occurs at a high rate if one of the following conditions is satisfied: Q or Er is large,
the ratio E/EQ is small, then b=1/E. The more b is, the better the flotation process will be. Since the
coefficients E, EO, and Q depend on flotrivability of particles, size of air bubbles, collector type, and
hydrodynamics of flotation cell, it is the energy E that determines the probability of the formation of the
flotation complex, which is the main parameter in predicting the choice of the technology for the
enrichment of non-ferrous and precious metals [8].

It is shown that with increasing the soda consumption, the barrier energy of flotation adhesion
increases from 3.381 to 6.334 k], b=2.95¢10-4 and 1.5¢10-4. This indicates a lower flotation capacity of
dialkyldithiophosphates in a strongly alkaline medium (medium regulator consumption of 2100 g/t) at
low impeller rotation frequancy, due to the formation of sparingly soluble iron and copper hydroxides
that enhance the hydrophilicity of the particles.

An increase in the impeller rotation frequancy from 25 to 36.25 Hz also increases the energy
barrier, which is associated with an increase in the bubble upflow speed, a decrease in the contact time
of the particles with the air bubble, but at a rotation frequency of 40 Hz, the activation energy decreases,
which is associated with the stabilization processes of the turbulent flow.

Figure 1 shows that the use of sodium diisopropyldithiophosphate - potassium butyl xanthate
mixture in the selective flotation and separation of copper-zinc concentrates under the following
conditions: air flow rate of 50 1/h, the impeller rotation frequency of 23 Hz, collector consumption of 75
g/t, lime consumption of 1100 g/t allows to extract copper in an amount of 83%.

Bew %

100 +

/150
/125
/100

/ 85 Wy g/t
/75

45 o

w,, L/h 50

1-0.075;2-0.1;3-0.25;4-0.5; 5 -0.75 moab/a
Figure 1. Effect of the consumption of mixture of sodium diisopropyl dithiophosphate-butyl xanthate
and air consumption to the collective concentrate quality
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Based on the results of the collective flotation of Py-Cu-Zn ore samples using a mixture of
sulfhydryl collectors with different sorption and complexing capacity (butyl potassium xanthate and
TAF-7) with optimization of experiment number based on the probabilistic-deterministic approach,
some generalized mathematical models describing ore enrichment process under the influence of
hydrodynamic conditions, reagent mode have been obtained. The prevailing influence of impeller
rotation frequency and air flow rate on the concentrate quality and metal recovery degree in concentrate
are shown. Varying the medium regulator and collector consumptions under constant hydrodynamic
conditions made it possible to establish that copper recovery into the collective concentrate is increasing
with the increase of butyl xanthate consumption from 50 to 150 g/t.

Copper extraction is 85% at butyl xanthate consumption of 25 g/t, and 96% - at 75 g/t. As a result,
the optimal consumption of butyl xanthate is 50 g/t. Technological schemes and separation modes of
sulfide minerals with similar flotation properties have been developed using separate collectors and/or
their combinations based on pilot laboratory tests.Table 1 shows the results of Py-Cu-Zn enrichment
according to the collective-selective scheme.

Table 1
Results of collectively selective enrichment of Py-Cu-Zn ore using butyl potassium xanthate
and sodium diisopropyldithiophosphate as main reagent

B, % g, %
o,
Product v, % Cu Zn Cu Zn
Cu 6.12 9.64 0.56 87.99 10.38
concentrate
Zn 492 0.9 5.71 7.7 85.12
concentrate
Tailings 88.97 0.04 0.02 4.74 4.50
Initial ore 100 0.67 0.33 100 100

The indicated results of calculations of flotation indices allow proposing a flotation scheme,
according to which tailings of selective flotation are subjected to control flotation with additional
extraction of copper minerals, as well as a technological map for the enrichment of Py-Cu-Zn ore
(Table 2).

Table 2
The technological map of collectively selective enrichment of Py-Cu-Zn ore (separation modes
of minerals with similar flotation properties)

ti ti
Reagent Consumption, Reagent Consumption, Stage of
Stage g/t g/t reagent
Mode 1 Mode 2 entrance
Impregnated ore, non-cyanide technology
II grinding
Soda 700 Lime 1100 degree (60%, -
0.074 mm)
Collective (i-CsHoO)2PS2 .
flotation Na 50 (1—C31—11\;a0)2PSz 50 Main and
-(i-CsH7O)2PS2 CiHsCOONa contljol
Na 15 T-92 15 flotation
T-92
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Re-grinding
the collective
Soda 700 Lime 1000 concentrate
(80% - 0.074
mm)
(i-C4HvO)2PS2 (i-CsHrO)PS2 Cl.eanup
Na 5 Na 5 flotation of the
-(i-CsH7O)2PS2 CiHsCOONa collective
Na concentrate
Na2SOs 1200 Na2S0s 1200 Mixing the
collective
Active carbon 120 Active carbon 120 concentrate
Preparation Re-grinding
of collective Soda 1400 Lime 1000 the collective
concentrate concentrate
Re-grindin
to Potassium & . 5
separation ferrocyanide 200 Naz250s 200 the collective
concentrate
Re-grinding
Zinc sulfate 500 Zinc sulfate 500 the collective
concentrate
(i-C4sH90)2PS2
Na - 8 (i-CsH7O)2PS2 8 Main and
(i-CsH7O)2PS2 Na control
C Na 200 Naz250s3 200 flotation
OpPer Na2S0s
flotation Mixing before
Soda 1750 Lime 1000 Clefnu
NaxSOs 150 NaxSOs 150 ﬂotaﬁonpo .
Zinc sulfate 250 Zinc sulfate 250
concentrate
Lime 2000 Lime 2000 Mixin
Copper sulfate 100 Copper sulfate 100 &
(i-C4sH90)2PS2 .
d
Na- (i-CsH70)2PSs Main an
. . 26 13 control
Zinc (i-CsH70O)2PS2 Na .
. flotation
flotation Na
Cleanup
Lime 2100 Lime 2100 flotation of
zinc
concentrate

Figure 2 shows the technological scheme for flotation enrichment of ores, developed based on
pilot laboratory tests, on the basis of which the following recommendations were proposed:

Py-Cu-Zn enrichment: it is recommended to use a mixture of 1 (i-CsHsO)2PS2Na-(i-
C3H70)2PS2Na as a collector at a rate of 50 g/t (1:1) according to technological map (Table 2). The
collector (i-C4H90)2PS2Na-(i-C3H70)2PS2Na is selective to copper, zinc and reduces losses of copper
and zinc and improves the rough concentrate quality with copper and zinc recovery of 88% and 85%.
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Optimal parameters are aeration rate of 35 1/h; impeller rotation frequancy of 22 Hz.

Py-Cu-Zn enrichment: it is recommended to use mixture 2 (i-C3H70)2PS2Na-C17H33COONa as
a collector at a rate of 50 g/t (1:1) according to technological map (Table 2). The collector (i-
C3H70)2PS2Na is selective to copper, zinc and reduces losses of copper and zinc and improves the
rough concentrate quality with copper and lead recovery of 60% and 56%. Optimum parameters are
aeration rate 50 I/h; impeller rotation frequancy of 22 Hz.

. . Grinding ore
Mixture 1/mixture 2

T-92
Environmental regulator

\ Collective flotation

Na,CO,4
Grinding Mixture 1/Reagent 2

Mixture 1/mixture 2 «

Collective flotation
zinc and iron sulfides

Cleanup flotation

Na,SO;,
active carbon

—\ ——— ¥ Mixture 1/Reagent 2
Desorption Mixing
Mixture 1/Mixture 2 Y
Environmental regulator 2‘2%%03’ KlFe(CN)el.
) 4 \Zink flotation Taili
AN Re-grinding aflings
\> Copper flotation

Lime Lime, CuSO,

Rotation
Mixture 1/Reagent 2 Na,CO, Na,SO3, ZnSO, ™

«—— i Py concentrate
Mixing

N ‘ Pb concentrate

E Zn concentrate

Cu concentrate
Mixture 1: (i-CaH9O)2PS2Na (25 g/t) - (i-CsH7O)2PS2Na (25 g/t);
Mixture 2: (i-CsH7O)2PS2Na (25 g/t) - Ci7H33COONa (25 g/t);
Reagent 2: (i-CsH7O)2PS:2Na (8 g/t).

Figure 2. Modified scheme of collectively selective flotation of Py-Cu-Zn ore
The results obtained indicate an increase in the concentrate yield and metal extraction degree.
Conclusion

A correlation between metals extraction degree to concentrate and impeller rotation frequency,
confirming the enhancement of the interaction of the collector with metal ions in the pulp at a high
rotation frequency corresponding to the stationary turbulent regime of fluid motion was found. It has
been established that the use of reagent AFI-4 (sodium diisobutyl dithiophosphate) as an additional
flotation reagent in the enrichment of copper-lead ore makes it possible to achieve the maximum
recovery of Pb (>70%) under the following conditions: impeller rotation frequency of 30 Hz, air flow rate
of 20 1/h, lime consumption of 3000 g/t, reagent consumption of 150 g/t; for copper (>85%): impeller
rotation frequency of 40 Hz, air flow rate of 20 1/h, lime consumption of 3000 g/t, reagent consumption
of 150 g/t.
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This article partially presents the results of research carried out within the framework of the
project funded by the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan (projects Ne 0217RK00533).
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KuHarpIi KocriaaapeiH K0AAaHy apKblabl Py-Cu-Zn KeHiH OaiibITyAbIH peareHTTikK
peXNMiH a3ipaey

Angarma. KoadeaaH-MBIC-MBIPBIIT  KeHAEPIH CeAeKTMBTI pexxuMmae (PAOTaIMAABIK —OaibITy
HOTIDKeAepi KeaTipiareH, Oy 3epTTeAeTiH KeHAi (paoTanmsaiay KepceTKilTepiHe rmapoarHaMIKaAbIK,
>KOHe peareHTTIK peXMUMAePAiH oCepiH CHUIIAaTTalITBIH MaTeMaTHMKaAblK MoJeabAep HeridiHAe TycCTi
MeTaaa KeHAepiH OalibITy TeXHOAOTMACHIH TaHAAyAbl OoakayFa MYMKiHAIK Oepeai. ®aoTopeareHTTEp
KOCITachIH ~KOAJaHy HOTVDKeCiHAe ceAeKTuBTi  (AOTaluAAblK — OalibITy IIpoIjeciHAe — apHAalibI
KebiKTeHAiprimTepAi naitgalaHOaiAbl, ©MTKeHi KOOIKTeHAIpTilITep MeH KIHaFBIITapAbIH (PYHKIVCHIH
(¢aoTopearenTTep OpBIHAANABL. By KOHIIEHTPATTHIH IIBIFBIMABLABIFEIH KoHe MeTaAAbl KOHIIEHTpaTKa
aay J9peXeciH apTThIpyfa, COHAAl-aK MeTaAAbl aAyAblH CEACKTUBTIAITIH >KoHe IIOAMMeTaAA KeHiH
paoTarmaabK OalibITy AdpeKecCiH apTTBIpyFa MYMKiHAIK Oepeai. KoauejaH-MBIC-MBIPHIIIT KeHAEPiH
(paoTammAABIK YKBIMABIK-CEAEKTHBTI OalibITy JKOHIHAETI MaaiMeTTepai eHAey JKoHe TaaAay HOTUKeCiHAe
KeHJAepai (PAOTanmAABIK OaifbITyABIH CEeAeKTMBTI peareHTTIK pPeXMMiH TaHAAayAbl TeXHOAOTVISABIK,
Oarasay OOVIBIHIIIA YCBIHBIMAAD 93ipAeHA].

Tyiiin cesaep: KoaueaaH-MpIC-MBIPBIIT KeHi, (¢aoropearenrrep, HaTpUi
Avnsonipormaautodgpocdatsl, HaTpuil Aunsooyrnasutuodocdarsl, gpaoranus cyadacel, peareHTTIK
pexum.
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PaspaboTtka peareHTHOrO pexxuma oooramenus Py-Cu-Zn pyasl ¢ Mcrioab3oBaHMeM cMecein
cobupareaern

Annorarmsa. IlpusejeHbl pes3yabTaThl  (PAOTAIIMOHHOTO —OOOTalleHNs] KOA49eJaHHO-MeAHO-
IITHKOBOI PYABI B CEAEKTMBHOM pe>KIMe, KOTOPHBIl I103BOAsSeT MPOBOAUTH IIPOTHO3MPOBaHNe BRIOOpa
TEXHOAOTY OOOTaIeHNs Py IIBETHBIX MeTaAA0B Ha OCHOBE MaTeMaTUYeCKIX MOJAeAel, OIMChIBAIOITIX
BAVISTHUE TUAPOAVHAMIYECKOTO M peareHTHOTO PeXXMMOB Ha ITOKa3aTeAn (PpAOTaIluM UCCAeAYeMOI PYABIL.
[Ipumenenne cMecn (PAOTOpeareHTOB WCKAIOYAeT NCIOAB3OBaHME B IIpoIiecce CeAeKTMBHOTO
¢aoTammoHHOrO OOOTAIIeHNS CITelaAbHbIe IIeHOOOpa3oBaTeAN, Tak Kak PyHKIMIO ITeHOOOpa3oBaTe et
1 coOmpareeil BBHIIIOAHAIOT (PAOTOpeareHThl; IIPU STOM AOCTUTAeTCs yBeAmdeHne BhIX0o4a KOHIIeHTpaTa
U CTeIleHM W3BJAeYeHNsl MeTalJa B KOHIIEHTPAT, a Tak>Ke IIOBBIIIEHMe CeAeKTUBHOCTU WU3BAEYEHIIS
MeTalJa U cTeTieHN (pAOTAIIIOHHOTO 0DOTallle s ITI0ANMETaAANIecKOl pyAbl. B pesyasraTe 00paboTKM
U aHaAu3a JaHHBIX 110 (PAOTAIMIOHHOMY KOA€KTUBHO-CeAeKTMBHOMY ODOraIlleHMIO KOA49eAaHHO-MeJHO
—IIMHKOBOI PyAbl pa3paboTaHbl peKOMeHJaIuy II0 TeXHOAOIMJIeCKO) OIleHKe BRIOOpa CeAeKTMBHOTO
peareHTHOTO pe>kiMa (pAOTaIlIVIOHHOTO OOOTaIleHsI Py 4.

Karouesnie caosa: KO/A4eJaHHO-MeAHO-IIMHKOBas pyaa, (dpaoTOpeareHTH,
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