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Abstract: This article presents the results of studies of a low-waste technology for processing en-
richment tailings using a combined enrichment–hydrometallurgical method. After washing the
enrichment tailings from harmful products and reducing their size, multi-stage flotation of the
crushed material of the enrichment tailings was carried out. The use of a new reagent in the flotation
process was studied in order to ensure the maximum recovery of the main valuable components
from the enrichment tailings. A new collector of Aero 7249 (Shenyang Florrea Chemicals Co., Ltd.,
Shenyang, China) type was used for the flotation. The recovery of valuable components was as
follows: Cu, 6.78%; Zn, 91.69%; Pb, 80.81%; Au, 95.90%; Ag, 82.50%; Fe, 78.78%. Tailings of the
flotation were re-enriched using a fatty acid collector (sodium oleate). Additional (reverse) flotation
resulted in obtaining a product corresponding to the composition of building sand in terms of the
content of valuable components of the waste rock. The studies of the conditions for processing the
enrichment tailings of lead–zinc ore indicate the possibility of its optimization in order to maximize
the involvement of waste in the production.
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1. Introduction

Processing of enrichment tailings includes solving technological and environmental
problems. In this regard, in order to develop a low-waste technology for processing the
enrichment tailings of non-ferrous metallurgy in Kazakhstan, it is proposed to consider
the possibility of maximizing the use of enrichment tailings in the prevailing technological
schemes employed in the metal industry.

Existing methods of processing the tailings usually include combined processes of
enrichment, hydrometallurgy, pyrometallurgy and solvometallurgy. At the same time, the
developed technological processes do not ensure the low-waste processing of enrichment
tailings and their use in production [1].

Pyrometallurgical methods of processing the enrichment tailings are ineffective when
working with low-grade raw materials—the costs of the products are higher than their
market prices [2]. Another problem with traditional pyrometallurgical technologies is their
low levels of environmental safety [3].

Palden et al. [4] studied the solvometallurgical method-selective leaching of lead and
zinc from iron-rich jarosite in the zinc industry. Testing the various leaching agents showed
that the presence of chloride anions is crucial for lead leaching. Ionic liquids, such as
Aliquat 336 ((A336) (Cl)) and Cyphos IL 101 ((C101) (Cl)), were found to leach more lead
and zinc after equilibration with HCl compared to other leaching agents. After leaching,
the dissolved metals were recovered by selective distillation followed by precipitation with
aqueous ammonia.
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Organic solvents are used in solvometallurgy to reduce energy, acid and water con-
sumption, as well as to improve selectivity and reactivity. The disadvantage of this method
is the need to use organic solvents, which complicates the technology of solutions purifica-
tion after the leaching of enrichment tailings.

Leaching is the first step in the hydrometallurgical treatment of low-grade ores and
enrichment tailings.

In [5], the treatment of Pb–Zn flotation tailings was carried out by leaching zinc with
iron sulfate, which leads to a high yield of zinc with a recovery of 94.3%.

Various leaching agents (inorganic and organic acids, alkaline solutions and chelating
agents) are used for the recovery of zinc from the tailings of the flotation of carbonate
Pb–Zn ores. The maximum selectivity for Zn–Pb is achieved using sulfuric > hydrochloric >
perchloric > nitric acids. It is also achieved using sulfosalicylic > citric > malic > formic acids.
Sulfuric, citric, malic, sulfosalicylic and formic acids are recognized as the most promising
leaching agents for the selective recovery of zinc from lead–zinc flotation tailings [6].

In [7], the authors investigated the possibility of using carbon materials (technical
activated carbon and technical charcoal) as a catalyst in the leaching of zinc and copper
from the tailings. Zinc and copper recovered from the mine tailings were determined after
2, 4 and 6 h. It is possible to recover more than 87% of Zn after 6 h of leaching with various
sulfuric acid solutions. The addition of carbon-based materials increases the Zn recovery at
high concentrations of sulfuric acid (1 M) from 89% to 99%. The use of technical charcoal
significantly increases the extraction of Cu in the leach solution with a high concentration
of sulfuric acid (1 M), from 41% to 61%.

Kursunoglu et al. [8] studied the choice of acid type for zinc recovery from enrichment
waste using the Analytical Hierarchy Process (AHP) and ExpertChoice® 2000 (Expert
Choice Inc., Arlington, TX, USA) software. The results showed that sulfuric acid is the most
desirable acid, with a rating of 0.541, followed by citric acid (0.282) and oxalic acid (0.177).
Citric acid can be used when the main environmental criterion rises from 7.8% to 75.3%.

Iron and sulfates were recovered from the tailings of lead–zinc–copper flotation
using various inorganic acids in [9]. Recovery of iron and sulfate reaches 30% and 85%,
respectively, at a HCl concentration of 4 M.

In the processing of enrichment tailings by the hydrometallurgical method, the adop-
tion of low-waste technology and the maximum recovery of all non-ferrous and noble
metals are issues in need of solution.

Bioleaching is of special interest among the methods for the recovery of metals from
enrichment tailings. Gao at al. [10] described the influence of biological factors and the
genetic data of microbes. After biological leaching of the enrichment tailings, residues may
contain non-leachable heavy metals, therefore, post-treatment of the residues on the filter
is also an issue.

The possibilities of increasing the rate of metal leaching by biological leaching in
combination with other technologies are also being considered.

Recovery of metals from the lead–zinc mine tailings using bioleaching followed by
the precipitation of sulfides was studied in [11]. Bacteria dissolved the metals from the
tailings, and eventually 0.82% Pb, 97.38% Zn and 71.37% Fe were removed after 50 days.
Thereafter, the metals were precipitated as a sulfide phase using sodium sulfide (Na2S).

The Belousovskaya Enrichment Plant (Republic of Kazakhstan) achieved the following
recoveries from old enrichment tailings using the combined enrichment and hydromet-
allurgical technology of leaching by Thiobacillus ferrooxidans microorganisms: Cu 75.66%,
Pb 63.05%, Zn 75.53%, Fe 65.8%, Au 69.30% and Ag 67.36%. However, this technology,
in spite of the high recovery rates, cannot be widely applied due to the complexity of the
implementation and the cultivation of Thiobacillus ferrooxidans bacteria in the conditions of
an operating enrichment plant [12].

The use of bacteria depends on the characteristics of the tailings being processed. The
bioleaching process is ineffective due to the complexity of cultivating bacteria and using
them in the required amounts.
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Bagheri et al. [13] studied the recovery of sphalerite and pyrite from old tailings with
a high zinc content. The effect of various flotation agents (collector, auxiliary collector,
depressor, activators and foaming agent) on the characteristics of flotation was studied. The
effect of pre-treatment of flotation pulp by cleaning or ultrasonic cleaning on the selective
separation of sphalerite and pyrite minerals were also studied. Approximately 73% of
the sphalerite is recovered from the accumulated tailings at a rougher stage. The foaming
agents (MIBC and A65) has a synergistic effect and their mixture shows better enrichment
results than using each foaming agent separately.

A solidification/stabilization method is used for the recovery of heavy metals from
lead–zinc enrichment tailings [14]. Investigation of the properties of four typical chemical
agents (Na2S, NaH2PO4, TMT and Na2EDTA) showed that heavy metals, lead and zinc
in tails are stabilized more effectively when using TMT chelating agents. In this case, the
stabilization efficiency of lead and zinc is 99.31% and 80.92%, respectively.

At the vast majority of enrichment plants processing sulphide lead–zinc ores, a rather
difficult situation has developed due to the accumulation and storage of enrichment tailings.
Due to the low content of lead and zinc and the low recovery of noble metals, the processing
of enrichment tailings by traditional methods is not profitable and ineffective.

New methods beng needed for processing the solutions formed after leaching the raw
materials under discussion and for the production of lead and zinc products, the original
methods for the recovery of noble metals from leaching cakes are of interest for production.

When using the enrichment–hydrometallurgical method, it is necessary to carry out
the enrichment processes, which requires the necessary equipment and flotation reagents.
At the same time, the enrichment–hydrometallurgical technology makes it possible to
ensure the maximum recovery of all valuable non-ferrous and noble metals into tailings, to
solve the problem of low-waste technology of the entire mass of tailings with the inclusion
of enrichment products in the production process.

To confirm the possibility of processing the enrichment tailings by the enrichment–
hydrometallurgical method, a representative sample of the tailings of the Belousovskaya
Enrichment Plant (Republic of Kazakhstan) was taken and examined.

Studies on the processing of enrichment tailings indicate the need for preliminary
regrinding of stale tailings due to the presence of a significant number of intergrowths.
Storage of old enrichment tailings in the aquatic environment of the storage facility results
in significant changes in their mineral composition due to the accumulation of sludge
products and products formed by the oxidation of reagents.

The surface of the main valuable components has different properties to those found
in the natural state, which prevents their efficient processing by traditional enrichment
methods. In this regard, it is advisable to carry out processes of preliminary preparation of
the material of old tailings before their enrichment in order to increase the technological
indicators of processing and reduce the consumption of reagents and materials.

2. Materials and Methods

A representative sample of lead–zinc ore enrichment tailings from Belousovskaya
Enrichment Plant (East Kazakhstan region) was taken as the object of research. The ore
sample was provided with a moisture content of 10%, and therefore it was dried and
disintegrated in natural conditions. The sample of tailings was averaged by the ring-
cone method.

After averaging and reducing the sample, a sieve analysis of the sample was carried
out to determine the distribution of valuable components. Sieve analysis was carried out
by hand-sieving the material using sieves with a mesh size of 10, 0.63, 0.5, 0.315, 0.071, and
0.044 mm.

Sieve analysis of the sample of old enrichment tailings is shown in Table 1.



Metals 2021, 11, 1802 4 of 10

Table 1. Sieve analysis of the sample of old enrichment tailings.

Size Class, mm +1 −1 + 0.63 −0.63 + 0.5 −0.5 + 0.315 −0.315 + 0.071 0.071 + 0.044 −0.044 + 0 Total

Yield, % 0.09 0.85 0.38 0.89 42.13 13.71 41.94 100

Mineralogical, X-ray phase and chemical analyses were used to determine the material
composition and content of the main valuable minerals and waste rock minerals in the
enrichment tailings.

The characterization of noble metals in pyrite, chalcopyrite and sphalerite was estab-
lished using mineralogical, X-ray phase and chemical analyzes.

Samples were analyzed using modern equipment: an automated Olympus BX53
(Olympus Corporation, Tokyo, Japan) microscope, an XRD-7000 X-ray diffractometer
(Philips Corporation, Almelo. Netherlands) and an X-ray fluorescence analyzer (Malvern
Panalytical Ltd., Malvern, United Kingdom). Grindability tests were carried out on tailings
weighing 125 g in a 62–ML–A type ball mill. The ratio of solid, balls and water in the
experiments was S:B:W = 1:1:9.

The washing of the clay-sludge part of the studied sample of enrichment tailings was
carried out in measuring battery glasses with a supply of sulfuric acid with a pH of 3.

The following flotation reagents were used: H2SO4, CaO, NaHCO3, liquid glass, Na2S,
CuSO4, collector Aero 7249, sodium butyl xanthate, sodium oleate, butyl aeroflot, frothing
agent T92.

Flotation was carried out on Mehnabor Technika (Research and Production Corpo-
ration “Mechanobr-Technika”, St. Petersburg, Russia) and Denver 12 flotation machines
(Jinshibao Mining Machinery, Shicheng, China) with chamber volumes of 0.75 L, 3 L and
5 L. The results were processed in Microsoft Excel (Excel 2016, Microsoft Corporation,
Redmond, WA, USA) and MatLab (Matlab 9.8, Mathworks, Las Vegas, NV, USA) software.

3. Results and Discussion

The following processes were recommended when choosing the technology for the
enrichment of the tailings from the Belousovskaya Enrichment Plant: regrinding degree,
preliminary washing of the tailings, multi-stage collective flotation using a combined
collector and non-standard technological parameters (Figure 1).
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Figure 1. Recommended scheme for processing the old tailings of Pb–Zn ore enrichment.

As shown by previous studies of Belousovskaya Enrichment Plant tailings (East
Kazakhstan Region) [15], their bulk is represented by a material with a complex chemical
composition and a low content of main valuable components.
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This feature of the material composition of the studied old tailings, as shown by
subsequent research results, had a significant impact on the formation of the tailings
processing technology. The chemical composition of the enrichment tailings is shown in
Table 2.

Table 2. Chemical composition of the representative sample of the old enrichment tailings from the Belousovskaya
Enrichment Plant.

Element Pb Zn Cu Fe Au * Ag * Stotal Ba Al2O3 MgO SiO2 Albite Muscovite Kaolinite

Content, %(g/t) 0.07 0.2 0.07 6.94 0.32 3.18 5.01 0.62 13.9 4.34 28.9 3.6 27.64 8.71

Note: * The concentration of precious metals in g/t.

The phase composition of the main valuable elements of the sample is shown in Table 3.

Table 3. The phase composition of the main elements of the enrichment tailings sample.

Pb Zn Cu

Minerals
Content, %

Elements
Content, %

Elements
Content, %

Absolute Relative Absolute Relative Absolute Relative

Galena 0 0 Sphalerite 1,23 100 Chalcopyrite 0.18 23.68

Carakolite 0.38 100 Smithsonite 0 0
Azurite 0.26 34.21

malachite 0.3 39.47

Oxidized 0.38 100 Oxidized 0 0 Oxidized 0.56 73.68

Sulphide 0 0 Sulphide 1.23 100 Sulphide 0.18 23.68

Total 0.38 100 Total 1.23 100 Total 0.76 100

Gold and silver contained in the enrichment tailings are mainly associated with the
following minerals: pyrite, chalcopyrite and galena.

The results of mineralogical analysis of the enrichment tailings sample are shown in
Table 4.

Table 4. Mineral composition of the sample of old enrichment tailings.

The List of the
Main Components

Mineral Composition of the Main
Valuable Components, % Distribution of Mineral

Grains in the Main
Components of Tailings, %Total

Including

Aggregates Free Grains

Galena (Ga) - - 100 -

Sphalerite (Sl) 10 48 52 45% Py; 33% Py–Cp; 11% Py

Chalcopyrite (Cp) 4 86 14 50% Sl–Py; Py

Pyrite (Py) 86 6 94 34% Sl; 25% Sl–Cp; Cp; 8% Sl

Total 100

Due to the fine intergrowth of sulfide grains with grains of waste rock (Table 4), a series
of experiments were carried out to select the optimal fineness of grinding the material of
the tailings before their enrichment using the flotation process under conditions similar to
those for ordinary ores of the Belousovskaya Enrichment Plant (Figure 2).

Test runs were carried out with the following grinding times: 10, 15, 20 and 30 min.
The results of flotation at different fineness of grinding are shown in Figure 2.

The highest recovery of copper, zinc and silver was achieved when the fineness of the
tailings was 73.4% of 0.044 mm, except for gold.
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With a fineness of grinding of old enrichment tailings up to 73.4% in the bulk flotation
concentrate, the content of the main valuable components was: Pb, 0.13%; Zn, 0.69%; Cu,
0.24%; and their recovery figures were: 27.17%, 57. 68% and 57.14%, respectively.

A similar grinding fineness of tailings before enrichment of the 73.4% class −0.044 mm
was confirmed by previous studies [16].

To improve the indicators and conditions for the flotation of tailings, in our opinion it
is advisable to clean the surface of mineral particles from oxidation products and flotation
reagents to prevent them from deteriorating the technological indicators of enrichment and
reducing the flotation rate.

The chemical composition of slurries differs significantly from the composition of the
corresponding types of rock minerals in the initial ore samples (Table 3).

At additional grinding of collective concentrates and tailings, there is an increase
in the content of fine classes of sulfide minerals of copper and zinc, pyrite, quartz and
calcium oxide.

For this, pre-washing of the material in an acid environment was performed before
grinding at a fineness of 73.4% of the class −0.044 mm, and flotation experiments under
the same standard conditions were carried out using the Sabanin method [17].

The washing conditions were as follows: duration, 4 h; liquid to solid proportion, 7:1;
environment, slightly acidic.

Losses of valuable components with discharge during washing were: Pb, 0.01 g/dm3;
Zn, 0.024 g/dm3; Cu, 0.0013 g/dm3; and their recovery figures were: 0.03%, 0.03%, and
0.0043%, respectively.

Collective flotation was preceded by washing. Recovery of valuable metals to collec-
tive flotation concentrate with pre-washing was: Pb, 36.76%; Zn, 80.75%; Cu, 66.83%. This
represents an increase compared to the experiments without washing (Figure 3). Compara-
tive results of the recovery of valuable components from the tailings of the Belousovskaya
Enrichment Plant by flotation with and without washing are demonstrated in Figure 3.

The use of pre-washing in a slightly acidic medium can increase the recovery of Pb by
9.59%, Zn by 23.07% and Cu by 9.69%.

Subsequent studies of the conditions for the flotation of old enrichment tailings were
carried out on the washed material.

The collective flotation of old tailings of Pb–Zn ore was carried out in two stages
(Figure 4).
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ment Plant.

Conditions of the first stage of collective flotation were as follows: Na2CO3, 1 kg/t;
sodium butyl xanthate, 40 g/t; liquid glass, 400 g/t; long contact with Na2CO3, 3 kg/t;
fractional feeding of sodium butyl xanthat, 60 g/t; butyl aeroflot, 50 g/t; and foaming agent
T9, 60 g/t. Flotation time, 10 min; pH 8. Time of the final flotation, 2 min (with feeding of
sodium butyl xanthate, 20 g/t; and foaming agent T92, 20 g/t).

The tailings of the first collective flotation stage were subjected to long agitation with
CaO (5 kg/t) and were then sent to the second stage of collective flotation.

Conditions of the second stage of collective flotation were as follows: Na2S, 200 g/t;
liquid glass, 500 g/t; fractional feeding of collectors sodium butyl xanthate and Aero 7249
(1:2), 500 g/t; and foaming agent T92, 50 g/t. Flotation time, 10 min; pH, 11–12. Time of the
final flotation, 2 min (with feeding of sodium butyl xanthate, 50 g/t; and foaming agent
T92, 20 g/t).
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The combined use of the traditional sodium butyl xanthate collector and the new Aero
7249 collector were tested at the same time.

Two-stage collective flotation of tailings resulted in sufficiently high recoveries of the
main valuable components. The results are shown in Table 5.

Table 5. The results of two-stage collective flotation of tailings.

Product Name Yield, %
Content, % Recovery, %

Cu Zn Pb Au * Fe S SiO2 Cu Zn Pb Au Fe S SiO2

Collective flotation
concentrate 1 22.82 0.28 0.66 0.2 0.7 18.02 17.56 6.44 64.96 74.83 46.02 53 59.6 77.08 3.35

Final collective flotation
concentrate 1 2.76 0.08 0.16 0.16 1.12 15.38 9.99 7.32 2.25 2.22 4.33 10.27 6.15 5.3 0.46

Collective flotation
concentrate 2 22.49 0.07 0.11 0.11 0.09 2.71 1.29 25 16.46 12.04 25.19 6.89 8.84 5.56 12.81

Final collective flotation
concentrate 2 1.83 0.09 0.17 0.07 4.17 22.55 8.78 11.8 1.57 1.54 1.3 25.44 5.98 3.09 0.49

Total collective product 49.9 0.17 0.36 0.15 0.57 11.14 9.49 15.1 85.24 90.63 76.84 95.6 80.57 91.03 17.11

Collective flotation tailings 50.1 0.03 0.04 0.05 0.03 2.68 0.93 72.6 14.76 9.37 23.16 4.4 19.43 8.97 82.89

tailings (feed) 100 0.1 0.2 0.1 0.3 6.9 5.2 43.9 100 100 100 100 100 100 100

Note: * Content of noble metals in g/t.

As can be seen from Table 5, the volume of old enrichment tailings remains significant,
which may cause the need to return them to the existing tailings storage at the factory.
Maintaining high volumes of stored enrichment tailings does not reduce their harmful
impact on the environment. Therefore, it is necessary to reduce their volumes to a minimum
level in order to exclude their second return to the existing tailings storage at the factory or
the construction of a new store for the tailings of a two-stage collective flotation. Both of
these options are not acceptable due to the additional costs for the construction of a new
tailings store and the additional increase in the harmful environmental impact due to the
new tailings dump.

Based on the above, studies were conducted to reduce the volume of tailings of two-
stage collective flotation by carrying out reverse collective flotation of waste rock minerals
(muscovite, kaolinite, bassanite, gypsum, calcite and feldspars).

The conditions of reverse collective flotation were as follows: total flotation time,
12 min; consumption of NaC18H33O2 (sodium oleate), 440 g/t; Na2S, 500 g/t; liquid glass,
300 g/t; CuSO4, 50 g/t; foaming agent T92, 150 g/t.

The results of reverse collective flotation are shown in Table 6.

Table 6. The results of reverse flotation of collective tailings.

Product Name Yield, %
Content, % Recovery, %

Cu Zn Pb Au * Fe S SiO2 Cu Zn Pb Au Fe S SiO2

Total reverse flotation
concentrate 67.25 0.02 0.02 0.01 0.01 2.35 1.04 20 40.44 34.84 17.78 33.04 46.76 75.36 19.05

Reverse flotation
tailings 32.75 0.03 0.04 0.05 0.03 2.68 0.34 85 59.56 65.16 82.22 66.96 53.24 24.64 80.95

Tailings of two-stage
collective flotation 100 0.03 0.04 0.04 0.03 3.38 0.93 70.6 100 100 100 100 100 100 100

Note: * Content of noble metals in g/t.

Based on the results of the reverse collective flotation, the following can be noted:
The total concentrate of reverse flotation will constitute a waste product of the enrich-

ment due to the low content of the main valuable components;
The tailings of the reverse flotation are characterized by an increased content and

recovery of silicon dioxide, which was 85% and 80–95%, respectively.
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Therefore, it is possible to consider the possibility of using the tailings of reverse
flotation as a commercial product that meets the requirements of the interstate standard
GOST 8736-2014 for construction sand of non-metallic raw materials [18].

The consumption of reagents for processing the old tailings is shown in Table 7.

Table 7. Reagents consumption for tailings processing.

Operation
Name

Operation
Time, min pH

Reagent Consumption, g/t

H2SO4 CaO NaHCO3
Liquid
Glass Na2S CuSO4

Collector
Aero 7249

Sodium
Butyl

Xanthate
Sodium
Oleate

Butyl
Aeroflot

Frothing
Agent T92

Washing 240 - 50 - - - - - - - - - -

Tailings
Regrinding 13 - - - 1000 400 - - - 40 - - -

1 Collective
Flotation 10 8–9 - - 3000 - - - - 60 - 50 50

1 Final
flotation 2 - - - - - - - - - - 20 20

2 Collective
Flotation 8 12 - 5000 - 500 200 - 150 350 - - 50

2 Final
Flotation 2 - - - - - - - - - - 20 20

Main Reverse
Flotation 10 7–8 - - - 300 500 50 - - 400 - -

Final Reverse
flotation 2 - - - - - - - - - 40 - -

Total Reagent
Consumption 34 - 50 5000 4000 1200 700 50 150 450 440 90 140

The technological balance of metals for old tailings processing at the Belousovskaya
Enrichment Plant is shown in Table 8.

Table 8. Technological balance of metals for old tailings processing.

Product Name Yield, %
Content, % Recovery, %

Cu Zn Pb Au * Ag * Fe Cu Zn Pb Au Ag Fe

Total collective
concentrate 48.70 0.19 0.38 0.16 0.56 5.39 10.14 86.78 91.69 80.81 95.90 82.5 78.78

Total reverse flotation
concentrate 13.10 0.02 0.02 0.01 0.01 0.67 2.35 2.50 1.29 1.33 0.59 2.76 4.91

Reverse flotation
tailings 38.20 0.03 0.04 0.05 0.03 1.22 2.68 10.72 7.02 17.87 3.51 14.74 16.31

Tailings (feed) 100 0.10 0.20 0.10 0.29 3.18 6.27 100 100 100 100 100 100

Note: * Content of noble metals in g/t.

4. Conclusions

Based on the research into the choice of technology for the processing of old tailings
at the Belousovskaya Enrichment Plant, the following points were established:

1. The need to regrind the material of tailings to a fineness of 73.4% of the class
−0.044 mm, which corresponds to the existing experience of processing similar
products of technogenic products of enrichment.

2. Pre-washing of the source tailings in a slightly acidic medium increases the recov-
ery of copper, lead and zinc by 42.3%, with minimal losses of these metals with
washing drains.

3. The feasibility of a multi-stage collective flotation in order to maximize the recovery
of valuable components in collective concentrates.

4. During the multi-stage collective flotation, it is necessary to consider the physical and
chemical properties of the main valuable minerals (sulfide and oxidized forms) and
the waste rock minerals, which are included in old tailings.

5. The need for simultaneous use of several collectors based on a combination of existing
and new types of selective reagents.
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6. Deep enrichment of the old tailings is feasible, with a maximum recovery of valuable
components and a minimum yield (13.10%) of waste products.

7. In order to maximize the recovery of valuable components from collective concen-
trates, it is advisable to process them hydrometallurgically with subsequent enrich-
ment of leaching cakes.
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