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Abstract

Currently, the use of special dust-suppressing reagents is promising to reduce the level of dust in the vicinity and on
the territories of pits, mining and processing plants and other facilities with a high content of fine dust. The analysis of
ways to reduce the dust-forming ability of inorganic dispersions with a high degree of dusting is carried out. Due to the
lack of regulatory and technical documentation devoted to the standardization of quality control methods for dust-
suppressing compounds, it becomes necessary to analyze existing parameters and methods for their determination in
order to develop mandatory methods for controlling the properties of dust-suppressing compounds, films formed by
them and consolidated systems. The study is devoted to substantiating the necessary methods for assessing the dust-
forming ability of inorganic dispersions after treatment with various dust suppressants and evaluating their effective-
ness. The parameters are considered and methods for quantifying the determination of the quality of the consolidated
layer of dust samples using different dust-suppressing compositions are described. As a result of the analysis of the set
of parameter values, it was found that the most resistant to the effects of negative factors due to the formation of a
denser and more durable polymer matrix mesh are dusting surface samples treated with an emulsion of alkyd glypthalic
resin on a water basis with a high agglomerating effect on particles of inorganic dispersion and the formation of a
consolidated layer with a wetting angle of 92.5° and a compressive strength 0.56 MPa.
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Introduction.

Dust formation at industrial facilities during the warehouse, storage and transportation of bulk
materials is one of the main sources of air pollution, causing irreparable harm to not only human
health [1] and causing breakdowns of special equipment.

Dust at industrial facilities (mining sites, pit or industrial roads [2], dumps [3, 4], tailings
dumps [5], landfills [6], agricultural lands, etc. [7, 8]) differs in chemical composition and dis-
persion. Weather and natural phenomena causing wind erosion, as well as man-made processes
(formation of dust clouds during blasting, arable and construction works) are considered to be
decisive factors [9, 10]. The main principle of solving the problem of preventing the formation of a
dust cloud is the consolidation of dust particles (their adhesion) under the action of dust-suppressing
compounds (DC), which leads to the enlargement and weighting of particles of inorganic aerosol
dispersion (dust-forming dispersion) [11-13]. This reduces the level of dusting, as heavy particles are
less susceptible to erosion.

Despite the importance of controlling the dust-suppressing ability of a particular composition,
an analysis of the scientific literature summarized in the article [14] showed that Russian and foreign
researchers pay insufficient attention to methods for evaluating the properties of both the dust-
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suppressing composition itself and the dust-forming dispersion (DD) — dust-suppressing com-
pound. The reasons for the difficulties and, as a result, the low coverage of the topic in scientific
papers can be considered the lack of regulatory, technical and other normative documents on the
standardization of quality control methods for dust suppression compounds. There is an urgent
need to analyze existing parameters and methods for their determination in order to develop a
mandatory list of methods for controlling the properties of dust-suppressing compounds, films
formed by them and consolidated systems.

Currently, there are regulatory documents that reflect methods for determining properties,
methods of application, transportation, storage and other characteristics of reagents (emulsions, fluids,
foams) that are used to assess the quality of dust-suppressing compounds: GOST 33290-2015, GOST
R 58952.1-2020, GOST R 51037-97, GOST R 52056-2003, GOST 30491-2012. It is also possible to
use existing regulatory documentation designed for the quality of paints, adhesives or primers. However,
it is important to keep in mind that all the proposed methods require adaptation to the needed control
sample. For emulsions, researchers identify the following main controlled characteristics: specific
consumption of the emulsion; thickness of the film coating; surface tension at the boundary “film
of dust-suppressing emulsion — liquid”; wetting angle on the surface of the film of dust-suppressing
emulsion [14]. In each of the studied works, the authors propose to investigate the following
additional parameters that affect the dust-suppressing characteristics of polymer solutions, foams
and water-based emulsions: wetting ability [15-17]; depth of penetration of the composition into
the dusting surface [18]; viscosity [19]; dust residue after surface treatment of dust-forming disper-
sion [20-22]; morphological features of molecules (bubbles) of composition [23] and films formed
after their drying [24]; dust suppression time depending on the concentration of dust particles [25, 26];
resistance to erosion with temperature changes [27, 28]; moisture retention [29]; swelling of the tread
rubber of motor vehicles [30]; physical and mechanical characteristics of the film [31]; the rate of
spraying of the composition onto the dust-forming dispersion [32]; IR spectra of the dust-forming
dispersion before and after treatment with the composition [33].

The parameters are considered and methods for determining the quality of dust samples with a
consolidated layer (CL) are described when using different dust-suppressing compounds, taking into
account the operating conditions of industrial roads: the ability to agglomerate dust particles; visual
assessment of the stability of dust samples treated with dust-suppressing compounds in an aqueous
medium; compressive strength of samples with a consolidated layer at temperatures of 20 and 50 °C;
the wetting angle of the consolidated layer of the sample; structural features of the consolidated layer
of the treated dusting surface.

Methods.

The analysis of the effectiveness of dust suppression and the qualitative characteristics of the
polymer films formed was carried out using tap water (a common method of dedusting in industrial
areas) and two samples of aqueous polymer emulsion systems: an industrial-grade emulsion — Concen-
trate Polymer acrylic emulsion (chosen because of the greatest similarity both in composition and in
the intended area of its use — as a DC) and a synthesized emulsion of alkyd glypthalic resin. The
processing of samples (cylinder sample size 3 x 3 cm was obtained by pressing at 7.5 kN pressure)
of the model dispersion with dust-suppressing compounds was carried out by a single and uniform
spray application over the entire surface of the cylinder with a flow rate of 0.75 I/m?.

The composition of the emulsion developed by the authors [34, 35] includes (in terms of 100 %
by weight) the following components: the dispersed phase of the emulsion is alkyd glypthalic resin
56.1 %; the dispersion medium is water 37.5 %; emulsifier — AMP-95 (2-amino-2-methyl-1-propa-
nol) — 0.3 %; phase boundary modifiers are ethylene glycol 6 % and a mixture of cobalt and zirconium
siccatives 0.034 and 0.066 %, respectively. Main characteristics: the dynamic viscosity of the emulsion
is up to 50.7 MPa-s; the life of the emulsion is up to 87 days; the size of the emulsion droplets is up to
3 microns; the drying time of the emulsion is 19 hours; the hardness of the film formed after complete
drying of the emulsion is 0.32 c.u.; the edge angle of the film is 97.5°; free energy the surface area is

942
This is an open access article under the CC BY 4.0 license



Journal of Mining Institute. 2024. Vol. 270. P. 941-949 @& e
© Valeria V. Strokova, Anastasiya Yu. Ryazanova, Irina Yu. Markova, Margarita A. Stepanenko, i
Eduard M. Ishmukhametov, 2024

Ok

36.7 mN/m [35]. The environmental friendliness of the substances was considered at the stage
of choosing the raw materials of the emulsion, it is recommended to apply the composition to the
dust-forming dispersion by spraying — a protective layer is formed with a minimum thickness, which
minimizes the negative impact on the ecosphere. At the same time, the content of organic substances
in the developed emulsion does not exceed the content in traditionally used DC.

To evaluate the effectiveness of the emulsions under consideration, a model dispersion was used
as samples of dust-forming dispersion in the form of a mixture of pulverized quartz grade B (manu-
facturer of OO0 “OPT6”) and kaolin clay from the Latnenskoe deposit (in dry form, clay has a dusty
structure) in a ratio of 3:1. The component composition of the dust selected as an aerosol-type inor-
ganic dispersion sample is explained by the ubiquity of rock-forming minerals (quartz and kaolinite)
in the composition of the vast majority of rocks and soils of the earth's crust, as well as due to the
characteristics of the components (minimum porosity of quartz and the possibility of water absorption
of kaolinite).

The degree of agglomeration of dust particles is determined by sieving the treated dispersion
through sieves with a cell size of 0.1-10 mm and determining the partial residue on each sieve after
processing the dust-forming dispersion with dust-suppressing compounds.

A visual assessment of the stability of samples with a treated surface in an aqueous medium is
not a normalized parameter and was carried out to determine the possibility of further assessment of
the waterproofness and swelling of the samples. The preparation of samples from a clay-sand mixture
was carried out according to the standard methodology corresponding to GOST 9128-2013 “Mixtures
of asphalt concrete, polymerasfalt concrete, asphalt concrete, polymerasfalt concrete for highways
and airfields. Technical conditions”. The sample cylinder is treated with a dust-suppressing com-
pound superficially by uniform spraying from a spray gun.

The study of the strength characteristics of the consolidated layer on the surface of the dust sample
formed after drying of the alkyd resin emulsion was carried out according to the GOST 30491-2012
method “Organomineral mixtures and soils reinforced with organic binders for road and airfield con-
struction” at temperatures of 20 and 50 °C with determination of the compressive strength of the
cylinder samples. The sample cylinder is treated with a dust-suppressing compound superficially by
uniform spraying from a spray gun. This technique is an indirect assessment of dust-suppressing
properties [14], however, the method is informative from the point of view of evaluating the binding
properties of the emulsion.

The edge angle was determined using a Kruss DSA 30 contact wetting angle measuring device
using ADVANCED software by the recumbent drop method. Distilled water was used as the test
liquid. The ADVANCED program automatically outputs the average value based on all measure-
ments of the contact angle. The samples were prepared by pressing a mixture of dust-forming disper-
sion at a pressure of 7.5 kN.

The structural features of the consolidated layer of dust-forming dispersion were studied by scan-
ning electron microscopy using a Tescan MIRA 3 LMU scanning electron microscope.

The characteristics of the dust-forming dispersion were carried out according to the methods
of GOST R 51037-97 “Polymer protective insulating coatings, localizing dust-suppressing and de-
activating. General technical requirements”. The study was carried out using the equipment of the
High Technology Center at the BSTU named after V.G.Shukhov.

Applied concepts and their definitions:

Dust-forming dispersion (inorganic dispersion of aerosol type) is a mixture of inorganic dust
particles corresponding to a number of dust classifications by dispersion — 4th and 3rd; stickiness
(characteristic indicator — breaking strength of the dust layer according to E.I.Andrianov) — non-
sticking; wettability — well wetted.

A dust-suppressing composition is a reagent with high dust-suppressing characteristics, the ag-
gregate state (liquid or dry) and morphological structure (solution, foam, emulsion) of which are able
to reduce the degree of dust formation of inorganic dispersions.

943
This is an open access article under the CC BY 4.0 license



E44mmE  Journal of Mining Institute. 2024. Vol. 270. P. 941-949
% © Valeria V. Strokova, Anastasiya Yu. Ryazanova, Irina Yu. Markova, Margarita A. Stepanenko,
Eduard M. Ishmukhametov, 2024

The consolidated layer is a temporary protective coating formed on the surface of the dust-forming
dispersion after complete drying of the dust-suppressing composition.

Discussion of the results.

Taking into account the intended field of application of the developed alkyd emulsion for dedusting
(dusty objects of the construction and mining industries), it was necessary to quantify the complex of
indicators of the consolidated layer formed after the distribution of the dust-suppressing composition.
Since the developed alkyd emulsion includes products of the paint and varnish industry, and its main
functional purpose is the localization of dust and the formation of a protective coating, when evaluating
the dust-suppressing effectiveness from the point of view of a protective polymer coating, it is advisable
to follow the requirements of GOST R 51037-97. Based on the specified regulatory document, the indi-
cators were selected to establish the compliance of the dust-suppressing protective polymer coating
formed by the developed emulsion with the regulated requirements (Table 1). The analysis of the obtained
values of the normalized characteristics of the consolidated layer showed that the developed alkyd emul-
sion makes it possible to obtain a dust-suppressing protective coating that meets the requirements of
GOST R 51037-97 in all respects.

Table 1
Characteristics of dust-forming dispersion according to GOST R 51037-97
The indicator name Technical requirements The actual value
Preliminary surface preparation
(temperature 5-30 °C, humidity up to 95 %) None None
Degree of pelletizing, % >80 93
Application surface temperature, °C -10... +50 +5... 425
Holding time before the start of operation, h <24 19
Resistance to water, day >180 198
Temperature resistance, °C 5-30 79
Service life, day > 180 180

However, the use of methods for determining the normalized indicators does not allow to
fully study the interaction of the dust-suppressing composition with the dust-forming dispersion.
This is due to the use of regulatory techniques for evaluating a polymer coating on a hard surface
(glass or metal plate). The analysis of the indicators obtained on monolithic static surfaces is neces-
sary, but insufficient to assess the effectiveness of formulations applied to highly dispersed, condi-
tionally mobile materials.

Due to the lack of uniform control standards fixed in regulatory documents, as well as uniform
requirements for dust suppression compounds, it is very difficult to conduct a comparative assessment
of the effectiveness of certain types of reagents and their compositions. Based on the analysis of the
methods used by various scientific groups and the controlled parameters, a number of indicators were
selected that are recommended as the most informative for proving the dust-suppressing ability of
alkyd emulsions.

The main processes providing dust suppression during surface treatment with a polymer-based
compound are enlargement (gluing) and film formation. The more adhesive the polymer component
of the dust-suppressing composition is, the better the particle agglomeration will be. The result
of assessing the degree of agglomeration of DD particles was to obtain a partial residue after
sieving (the mass of the substance on each sieve). The processed model dispersion is characterized
by the absence of fractions with particles less than 0.25 mm (Fig.1). The right part of the graph
is of the greatest interest for evaluating the ability to agglomerate particles of the model dispersion
after DC processing. Thus, agglomeration of particles with water showed the worst result — the
formation of agglomerates is in the range of 1-5 mm. The partial residues on the sieves are pre-
sented in Table 2.
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Fig.1. Granulometric composition of the model dust-forming dispersion 1 — tap water;
2 —acrylic emulsion; 3 — alkyd emulsion

Table 2
The partial residues on the sieves, %
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Water 16.7 44.4 315 7.4
Acrylic emulsion 15.9 52.2 271 4.8
Alkyd emulsion 7.9 32.9 48.8 104
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The analysis of the obtained data on the granulometric composition of the treated dispersion with
various dust-suppressing compositions determined by the sieve analysis method allows to judge
the best ability to agglomerate the inorganic dispersion when using the developed emulsion. This
is evidenced by the maximum mass of large aggregates on a sieve with a cell size of 5 mm,
whereas when using water, the maximum mass of aggregates is noted on a sieve with cells
of 2 mm. Its effectiveness in agglomeration of dusty particles can be explained by the best film-
forming ability (stickiness) of the polymer component of the emulsion — alkyd resin, which indi-
cates the best dust-suppressing effect.

When visually evaluating a sample of clay-sand particles treated with an acrylic emulsion
(Fig.2), rapid absorption of the product into the sample surface was observed, which remains un-
changed upon drying. However, when treated with a synthesized emulsion, a film is formed on the
surface (before immersion in water). Then the processed samples were immersed in a container with
water for a while. The assessment was performed based on the destruction of the sample in an aqueous
medium with time fixation.

Three samples were taken for analysis: sample 1 — model dispersion without DC treatment;
sample 2 — dispersion treated with acrylic emulsion; sample 3 — dispersion treated with synthesized
emulsion.

The observation continued until the complete destruction of the samples in the water. Sample 1
showed the worst result with complete destruction after 30 min. Sample 2 showed partial destruction
of the cylinder surface after 30 min and complete destruction after an hour. Sample 3 showed the best
result after 30 min in the water — a flat surface without visible destruction. After an hour, the destruc-
tion of the walls in sample 3 is noted with the internal preservation of the shape. Thus, a visual
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Fig.2. Destruction of samples from a mixture of dusty particles treated with dust-suppressing
compounds before immersion in water (a); after 30 min (b); after 60 min (c)

assessment of the treated samples from a model clay-quartz mixture of dust particles showed that the
consolidated layer formed by the synthesized emulsion has the best exposure in water due to the
formation of a more durable polymer film on the surface of the compressed dispersion.

Analysis of the compressive strength of cylinders treated with surface dust-suppressing com-
pounds showed that the strength of samples treated with polymer emulsions at 20 °C is higher than
that treated at 50 °C (Table 3). However, when comparing samples treated with emulsions, the highest
strength values are observed in samples whose consolidated layer was formed after complete drying
of the alkyd resin emulsion at both 20 °C and 50 °C; compared with samples treated with acrylic
emulsion, it is 32 % higher at 20 °C and 35 % — at 50 °C. An increase in the strength of the sample,
the surface of which was treated with an emulsion of alkyd glypthalic resin, indicates the formation
of a more durable polymer matrix, which is probably due to the high adhesion (stickiness) of the resin
to dust particles.

Table 3

Soil strength indicators

Compressive strength at various

Type of sample temperatures, MPa

20°C 50 °C
Treated with an acrylic emulsion “Concentrate Polymer” 0.38 0.13
Treated with an emulsion of alkyd glypthalic resin 0.56 0.2
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Fig.3. Values of the wetting angle of samples from a mixture of dusty particles treated with dust-suppressing
compounds in a test liquid (water): a — without treatment (38.5°); b — a sample treated with an acrylic emulsion
“Concentrate Polymer” (78.9°); ¢ — a sample treated with an emulsion of alkyd glypthalic resin (92.5°)

Fig.4. Characteristics of the surface of the inorganic dispersion after treatment with dust-suppressing compounds:
a — sample without treatment (control); b — sample treated with acrylic emulsion “Concentrate Polymer”;
¢ — sample treated with alkyd emulsion

To study the effectiveness of dust-suppressing films formed on the treated surface and their
insulating ability, a change in the wetting edge angle was investigated. The higher the value of the
wetting angle, the higher the insulating ability of the film obtained during the consolidation of dusty
particles, expressed in the hydrophobic ability.

The analysis of the obtained values (Fig.3) showed the highest efficiency of the alkyd-based dust
suppression compound. Thus, the values of the wetting edge angle of the consolidated layer formed
when using an alkyd emulsion are one and a half times higher than when using an acrylic emulsion,
and three times higher than that of the original (untreated) composition. The values of the limiting
wetting angle of the sample surface when using a synthesized emulsion of more than 90° indicate
hydrophobicity.

The final stage of the study was to identify the features of the structure formation of alkyd oligomer
films on a substrate of dusty particles. The analysis of the polymer film structure formation was carried
out after the emulsion was cured (Fig.4). Despite the fact that polymer emulsions were used in both cases,
the structure of the sample of dusty particles treated with acrylic emulsion (Fig.4, b) does not visually
differ from the original sample without treatment. Probably, the presence of a polymer matrix is not
fixed due to the low polymer content or low viscosity of the emulsion, which requires two or three
surface treatments. This also explains the worst indicators of the parameters considered.

A comparative assessment of the microstructure shows (Fig.4, c) the effectiveness of the synthe-
sized emulsion as a means of dust suppression in terms of the ability to form a protective film on the
surface of the dusting model system. The light areas are well distinguished in the structure, evenly
distributed over the surface of the sample from a mixture of dusty particles. In addition, it is noted
that when using a dust-suppressing synthesized composition, the surface of the sample changes
from a loose granular to a smoother monolithic one. This is due to the high adhesion (good stickiness
of the resin droplet to the particle of the model dispersion) of the selected polymer component of
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the resulting emulsion, as well as its high viscosity (compared to the acrylic emulsion “Concentrate
Polymer”) due to the excess resin in the composition.

Conclusion.

The analysis of the parameters determined in the framework of the study made it possible to
qualitatively and quantitatively determine the physico-mechanical, colloidal-chemical properties and
structural features of the consolidated layer of dust-forming dispersion formed on the surface of an
inorganic aerosol-type dispersion after drying of the polymer composition.

The analysis of the granulometric composition of dust treated with various reagents by the sieve
analysis method showed a better ability to agglomerate dust when using an alkyd emulsion. This is
evidenced by the maximum mass of large aggregates on a sieve with a mesh size of 5 mm, whereas
when using water, the maximum mass of aggregates is 2 mm. The high agglomerating ability is ex-
plained by the best film-forming ability (stickiness) of the alkyd resin.

An analysis of the assessment of water resistance of dust samples treated with two types
of formulations showed that the consolidated layer formed by an alkyd emulsion has the best
exposure in water. This is explained by the formation of a more durable polymer film on the
surface of the samples, which is confirmed by the results of an assessment of the structural fea-
tures of the protective coating and a high value of the wetting angle (92.5°). The compressive
strength of the samples when using both emulsions at 50 °C is reduced by half, which indicates a
negative effect of temperature on the strength characteristics of the protective polymer layer and
a limited temperature range of the composition used during its operation in industrial areas, but
not a deterioration in the dust-suppressing effectiveness of the alkyd resin emulsion.
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