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Abstract: The main task facing modern enrichment scientists is to maintain the quality of final
concentrates (FCC) at the proper level. One of the main methods is the use of local reagents during
flotation enrichment, the cost of which is many times lower than that of imported reagents. Research
on the use of polymers as collecting reagents in the flotation process is the main topic of these studies
and of this article.
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1. Introduction

Flocculation is understood as the aggregation of mineral particles and the formation
of larger aggregates from them under the influence of flocculants. The formation of flocs
is known to reduce collector consumption during flotation. The introduction of some
water-soluble polymers (regulators) into the flotation process enhances the flocculation of
mineral particles.

Aerofloc flotation takes up less space in the collector compared to single-grain flotation,
as indicated by the flotation field. A large number of heteropolar surfactant ions are
transported by corresponding associates, known as “collector-water molecules—polymer”,
which are carriers of the abovementioned heteropolar surfactant ions. The association is
likely to be reduced to the point of adsorption because the collector molecules interact with
the mineral surface cations in a more energy-rich manner than their hydrogen bonding in
the association upon adsorption.

Flotation is used as one of the methods for beneficiating minerals based on the dif-
ference in the physicochemical properties of the surface of minerals and their ability to
be wetted by water. Some minerals in a finely ground state in an aqueous environment
under the influence of flotation reagents are not wetted by water, stick to air bubbles,
float to the surface of the pulp and are separated from other minerals, the surfaces of
which are wetted by water and do not stick to the bubbles. Flotation is carried out using
various reagents—chemical substances that act selectively on mineral surfaces, increasing
or decreasing their hydrophilic and hydrophobic properties. In ore flotation, one of the
areas of practical use of theoretical principles is associated with the influence of various
factors on flotation reagents in solution to increase their efficiency. Increasing the dispersion
of solutions of sulfhydryl and oxyhydryl collectors, the use of surfactant additives, and
various environmental regulators, in some cases allow one to achieve a certain technological
effect. Recently, justification has been found for the joint use of dissimilar organic reagents
during flotation: preliminary saponification of fatty acids in the presence of surfactants and
the order of supply of reagents to the pulp [1–9].
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2. Methodology

In the flotation of naturally hydrophobic minerals, the combined use of collectors con-
sisting of diphilic and apolar molecules (for example, oleic acid and kerosene) is common.
Recently, this combination has begun to be used in the flotation of sulfide minerals [1,10].

The phenomenon of the flocculation of minerals by water-soluble polymers has been
studied by several researchers [11–16]. Most of them believe that the effect of organic
flocculants is associated with the following phenomena:

(a) the formation of “bridges” between mineral particles due to the hydrogen bond of
polymer molecules with the surface;

(b) electrostatic interaction between the charges of the ionized polymer and the particle;
(c) in some cases, with a reaction between the functional groups of polymers and metal

ions on the surface of the mineral.

To study sulfide flocculation, we used two methods. For thin classes (−44 µm), contin-
uous weight determination was performed. The amount of sediment that fell over a given
period [3] and flocculation of larger classes (+74 µm) was studied using the Vaxiundsky-
Derner device [5] as well as the Slater method [17].

The flocculation of lead and zinc sulfides in water, in solutions of surfactants, polymers,
and their mixtures, can be judged from the data in Figures 1 and 2. The experiments were
carried out at concentrations of reagents that ensured maximum flocculation. It can be
seen from the figures that galena flocculates much better when using a collector-regulator
mixture.
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Figure 1. Comparative data on galena flocculation in water and solutions of regulators. 1—mineral
in water; 2—in xanthate solution, C = 1 mg/L; 3—in a solution of an organic polymer, C = 1 mg/L;
4—in a solution of inorganic polymer, C = 1 mg/L; 5—in a mixture of xanthate—organic polymer;
6—in a mixture of xanthate—inorganic polymer.
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Figure 2. Comparative data on sphalerite flocculation in water solutions of xanthate and regulators.
1—mineral in water; 2—in xanthate solution, C = 1 mg/L; 3—in a solution of an organic polymer,
C = 1 mg/L; 4—in a solution of inorganic polymer C = 20 mg/L; 5—in a mixture of xanthate—organic
polymer 1:1; 6—in a 1:1 mixture of xanthate and inorganic polymer.

3. Results and Discussion

The flocculating ability of regulators of quartz is minimal; its flocculation does not
improve, and in solution, the collector is a regulator. This indicates that the proposed
reagent mixtures are selective and should not violate the selection regime during flotation.

Galena was previously floated using various types of flocculants by other researchers.
Aerofloc 550, Separan NP-10, Hercules SMS, KD-40, KMC OS-1, etc., were used as floccu-
lants, which led to a decrease in the extraction of minerals and sometimes to the cessation
of flotation altogether. In the experiments described, minerals were treated first with a
regulator and then with a collector. We have experimentally proven that polymers attached
to a mineral surface impair the collector’s adsorption.

A mineral treated with a collector-regulator mixture behaves differently. Galena extrac-
tion increases by 5–10%. In general, flocculants can completely prevent the adsorption of
collectors if the surface of the mineral is covered by them by almost 90%. This phenomenon
occurs at high polymer concentrations. When using reagent mixtures, sufficient space is
freed up on the surface for the collector, and air bubbles are fixed only in areas covered by
the collector.

The reagent regulator, thanks to a unique bridging mechanism of fixation, binds
mineral grains, and the flotation of aeroflocs requires less collector than the flotation of
individual grains.

Sphalerite, like galena, intensively flocculates in the collector-regulator mixture and
improves, and the consumption of the collector decreases (Figure 3).
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Figure 3. Flotation of sphalerite xanthates and their mixture with regulators. 1—xanthate; 2—xanthate—
organic polymer 1:1; 3—xanthate—inorganic polymer 1:1.

Increased flocculation of minerals suggests that the use of the proposed reagent
mixtures will help improve technological performance during ore flotation.

4. Conclusions

A mixture of water-soluble polymer and surfactant is an effective flocculant of natural
lead and zinc sulfides. The use of a collector-regulator mixture will make it possible to
significantly reduce the consumption of the collector and improve flotation performance.

Adding polymers and collectors can lead to increased flotation efficiency by increasing
collector efficiency through the use of polymers and their combined use.
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