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Abstract

The mining, transportation, and processing of coal involve the formation and emission of significant amounts
of particulate matter, which includes coal dust. The most commonly employed method for controlling coal
dust in an air is water spray dust suppression (hydrodedusting). This method is founded on water’s capacity
to moisten dust particles and bond them to both each other and the surfaces where the dust settles. One
notable limitation of this method is the coal’s hydrophobic nature, which hinders water from wetting coal
dust particles. In order to overcome this, surfactants are introduced into the water to increase the wettability
of the hydrophobic coal particle surface. In this paper, we proposed a dust suppressant composition consisting
of oleic acid, sodium hydroxide, and linseed oil in water. We examine its properties and evaluated its ability to
enhance the wettability of coal dust. We have identified the most effective concentration, resulting in a working
solution that improves the wettability of coal dust by 87 % compared to water, surpassing the wettability of
most known reagents. The proposed composition contains 140 mg/L oleic acid, 100 mg/L sodium hydroxide,
and 70 mg/L linseed oil in water. The simplicity of this composition, its minimal impact on the environment
and human health, and its negligible influence on the further use of coal raw materials make this wetting agent
composition highly promising for application in coal industry technologies of water spray dust suppression.
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AHHOTaUuA

,[[061:1‘18. Y1/, €ro TpaHCIIOPTUPOBKa U Hepepa60TKa COIIPOBOXOAKOTCA 06paBOBaHI/IEM " TOCTYIUIEHMEM
B BO3[IYIIHYIO Cpey 3HAUUTENIbHBIX 00BEMOB TBEPIBIX YACTUII, B TOM UMC/Ie YTOIbHOI Ibln. Hambosee pac-
HpOCTpaHEHHOVI TeXHOIoTHeNn 60pb6bl C yroanoﬁ IbUIBIO B BO3OyXe SIBJIAETCS FM,ELpOOﬁeCHbIHI/IBaHMe. Jrta
TEeXHOJIOTUMSI OCHOBAHA Ha CII0COGHOCTU BOIbl CMAaUMBATD IIblJIEBbI€ YACTUIBI M CBA3BIBATH UX MEXKIOY cob60it
M C ITIOBEPXHOCTSMM, HAa KOTOPbIE OCaXAaeTCsd ITbLIb. CyH.[eCTBEHHoe OorpaHmvyeHmue ,ELaHHOﬁ TEXHOJIOI'U 3aK/TI0-
YyaeTcCsda B I‘I/I,ILpO(Zl)OﬁHOCTI/I IIOBEPXHOCTM YIJISI, KOTOPAs IMPEIATCTBYET CMaUMBaAHUIO BO,E[Oﬁ YaCTUIL] YI‘OJILHOVI
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mbutA. 711 yBEeIMYEHUSI CMauMBaeMOCTU TUAPO(OOHOI MOBEPXHOCTH YIONbHBIX YaCTUI] B BOAY A0OAB/ISIIOT
ITOBEPXHOCTHO-AaKTMBHBIE BEIlleCTBA. B HacTOsIIel paboTe HaMU ITPEIJIOKEH COCTAB [IJIsT IIbLIETIOAABIEHMS Ha
OCHOBeE 0JIEMHOBOJ KMUCJIOTbI, TMAPOKCHLA HATPHS M JIbHSIHOTO Macja B BOAE, M3yUeHbl ero CBOJCTBA U OlleHeHa
CITIOCOOGHOCTH YIYYIIATh CMAUMBAEMOCTD YTOJIbHOI Ibliu. HajimeHa Hamubosee a¢deKTrBHAS KOHIIEHTpAIVs,
KOTOpast IMO3BOJISIeT paboyeMy pacTBOPY YIYUIIUTh CMaYMBaeMOCTh YTOJIbHO MblTM Ha 187 % OTHOCUTETBHO
BOJIbI, UTO MTPEBBIIIAET CMAUMBAIOIIYIO CIIOCOOHOCTH GOJIBLIMHCTBA M3BECTHBIX peareHToB. [IpeajiaraeMblii co-
craB comepxkut 140 Mr/n onenHoBo KucioTsl, 100 Mr/i1 rtugpokcuaa HaTpust, 70 MI/ IbHSHOTO Maciia B BOfe.
[IpocToTa cocraBa, OTCYTCTBME BPEeIHOCTU [/ OKPY>Kalolleil cpefbl U Yel0BeKa, He3HAUUTe/IbHOe BAUSIHUE
Ha JaJbHEeNMIIyI0 3KCIUTyaTallMi0 YTOJbHOTO ChIPhS AealoT IpejiaraeMblii COCTaB CMauyyBaTe sl ITePCIIeKTUB-
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HBIM IJISI IPMMMEHEeHM A B TEXHOJIOTUSIX I‘I/I,E[p006eCl'[bIIII/IBaHI/[H B erJ’IbHOﬁ IIPOMBIIITJIEHHOCTHA.

KniouyeBble cnoBa

YIroJ/IbHas IblJIb, ITbVICIIOAABJIEHHUE, I‘I/I,ZLpOOGECl'[bIJ'[I/IBaHI/Ie, CMa4YMBa€MOCTb, IOBEPXHOCTHO-aKTHMBHbIE BEIIE-

CTBa, 0JIeaT HATPUS, IbHSIHOE Mac/Io
BnaropgapHocTu

VccnemoBaHMe BBITIONIHEHO 3a CUET rpaHTa MMHMCTEPCTBA 00pa3oBaHMSI M HayKu Pecrryoimmkm Xakacust

(Cornamenue N2 93 or 13.12.2022).
Onsa umtupoBaHus
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Introduction

The development of coal deposits, coal trans-
portation, and processing results in the release of
significant amounts of particulate matter, including
coal dust into the air.

Prolonged exposure to coal dust can lead to pre-
ventable but incurable lung diseases, such as pneu-
moconiosis, chronic obstructive pulmonary disease,
tuberculosis, chronic bronchitis, emphysema, and
more, some of which can be fatal [1-4]. Workers and
engineers in coal mines, open pits, coal transfer sta-
tions, coal preparation shops, and those involved in
coal transportation are most susceptible to these di-
seases. Additionally, high concentrations of coal dust
mixed with oxygen in the air pose a fire and explosion
hazard [5]. These pressing issues highlight the neces-
sity for effective technologies for removing coal dust
from the air while minimizing of aerological risks [6].

In order to prevent dust formation during the
crushing, processing, and transportation of dusty ma-
terials and suppress generated dust at mining and pro-
cessing facilities, measures such as dampening rock
masses and capturing flying dust are implemented.
These methods, which focus on reducing the dust load
by wetting of particles with water, are collectively re-
ferred to as water spray dust suppression or hydrode-
dusting [7]. Hydrodedusting relies on water’s ability to
wet dust particles, bind them together, and settle them.
A significant challenge of this method is the hydropho-
bicity of coal surfaces, which prevents water from wet-
ting coal dust particles. To overcome this, it is necessary
to modify the particle surfaces to make it hydrophilic.

Extensive research has been conducted in the
development of coal dust control technologies. One

of the most effective approaches is dust suppression
through spraying water with the addition of surfac-
tants [8]. This technology’s development began in
the early 20th century and gained particular impor-
tance after the 1970s due to the mechanization and
intensification of coal mining [9, 10].

Surfactants, due to their diphilic nature, efficiently
adsorb to the water-coal interface, rendering the
surface of coal particles hydrophilic. This adsorption
process reduces the free surface energy of coal dust
and expedites the wetting process [11, 12].

Common wetting agents for coal dust suppres-
sion generally contain various surfactants as the
main component to improve dust particles wetting.
For example, in [13], authors propose using a combi-
nation of the sodium salt of alkylbenzosulfonic acid
and oxyethylated alkylphenol (neonol), and in [14],
the sodium salt of carboxymethylcellulose. Apart
from surfactants, these wetting agents contain
other components, comprising 0.2-2.0 wt.% of the
total composition, such as urea, inorganic salts, al-
cohols and polyols. While many dust suppression
formulations are known, the search for new, more
effective, and environmentally friendly alternatives
remains an urgent task.

The objective of this study was to improve the coal
dust suppression process through hydrodedusting by
developing a novel formulation of wetting agent. The
criteria for selecting reagents in this work included:

— the reagent’s performance in dust suppression,
supported by at least indirect methods;

—the simplicity and cost-effectiveness of the
proposed technology;

— the environmental friendliness of the reagent.
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In this context, it was deemed appropriate to
explore the use of a naturally derived substance
with surface activity, namely, the sodium salt of
oleic acid.

Oleic acid is an anionic surfactant that reduces
the adhesion of non-polar substances in a “solid
non-polar surface: polar liquid” surface system.
Additionally, sodium oleate significantly reduces the
explosion potential of coal dust [15].

Sodium hydroxide is a reagent that, when combined
with oleic acid, forms water-soluble sodium oleate.

Linseed oil is a reagent capable of inducing
particle adhesion through the affinity of the oil and
coal particle polarity. Furthermore, fatty unsaturated
acids with long alkyl chains can polymerize to create
a monolayer on a surface [16].

We have proposed a composition [17] for use in
hydrodedusting processes and have determined the
optimum concentrations to enhance dust suppression
efficiency through the application of various
physicochemical methods.

Research Materials and Techniques

Reagent preparation
The reagents were prepared as follows: a com-
bination of 30 mL of water and 6 g (~150 mmol) of
sodium hydroxide were merged with 8 g (~28 mmol)
of oleic acid. The resulting mixture was heated
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to 89-95°C. Subsequent to cooling, water was added
to achieve a final volume of 1 L. To the resulting
solution. We then added weighed portions of linseed
oil while stirring to attain concentrations of 1, 4, 8,
and 20 g/L.

The wettability study of coal dust was carried out
using samples collected from the Chernogorsky de-
posit within the Minusinsk coal basin. In accordance
with the genetic classification by S.I. Arbuzov [18], it
was determined that the coal from the Chernogor-
skoye deposit falls into the category of humus coal of
D grade, commongly referred to as “candle coal”. The
macrocomponent composition of the coal includes
vitrinite (67-74%), semivitrinite (1-4%), fusinite
(17-27%), and liptinite (2-8%), with varying per-
centages for each individual seam. The coal from this
deposit is mid-ash coal, with ash content ranging
from 2.8% to 30%. The average volatile-matter yield
is within the range of 36-43%, and the lower calori-
fic value is 4830 kcal/kg. Coal dust was obtained by
grinding coal from the Chernogorsky coal deposit in
a porcelain jar; averaging was carried out by the en-
velope method, and the powder was sieved through
a 0.5 mm sieve. According to particle size analysis
performed on a laser particle size analyzer Laska TD
(Russia), the share of particles with sizes 0.5-5 ym is
less than 0.05%; 5-20 um, 56.0%; 20-50 um, 43.5%;
50-100 pm, 0.5%.

1 - Schott funnel

2 - Schott funnel porous gasket
3 — Connecting tubes

4 — Graduated capillary

5 — Coal dust suspension

Fig. 1. Experimental set-up for wettability determination
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Capillary soaking method

The wetting assessment of coal particle surfaces
with aqueous solutions of various compositions was
conducted using the established capillary soaking
(absorption) method [19], as depicted in Fig. 1. A1 g
weighted portion of coal dust was placed in a Schott
funnel (POR 100 class) with a porosity ranging from
0.04 to 0.1 mm. The room temperature was 21°C, and
the maximum exposure time was 180 s. Wettability,
which represents the maximum absorption of the
solution, was determined as the ratio of the volume
of absorbed liquid to the mass of coal, expressed as
a percentage.

Film flotation method
The determination of the mass of coal particles
applied to the surface of a liquid and their settling
over time was carried out using VT-500 torsion scales.
Specifically, 1 g of coal was applied to the surface of
either water or reagent solution, and the weight of the
settled particles after 1 and 3 min was measured.

Method of continuous weighing of settling particles

Sedimentation curves, which depict the weight
of settling coal particles as a function of settling
time, were obtained for coal particles in both water
and reagent solutions using VT-500 torsion scales.
This involved dispersing 1 g of coal was in 300 mL of
a solution, and the weight of settling particles over
time was recorded.

Measurement of electrokinetic potential
The measurements of particle distribution by
hydrodynamic diameter using dynamic light scat-
tering (DLS) and particle distribution by electroki-
netic potential using electrophoretic mobility were
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Fig. 2. Wettability of coal dust with working solutions:
1) distilled water; 2) sodium oleate (SO);
3) SO with linseed oil 1 g/L; 4) SO with linseed oil 4 g/L;
5) SO with linseed oil 8 g/L; 6) SO with linseed oil 20 g/L
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carried out using a Zetasizer Nano ZS instrument
(Malvern Instruments, UK). The instrument specifi-
cations include a 633 nm laser, backscattering mode
at an angle of 173°, a polycarbonate cell with Pd
electrodes, and a measurement temperature of 25°C.
All measurements of coal colloids were performed at
pH 11+0.1 and autogenous ionic strength. Micelles
of the initial reagent were measured at autogenous
pH and ionic strength.

A coal colloid for electrokinetic potential mea-
surements was obtained by subjecting 1 g of coal to
ultrasonic treatment in 50 ml of deionized water for
15 min (100 kJ) using a SONOPULSmini20 ultrasonic
homogenizer (Bandelin, Germany). This suspension
was allowed to stand for 24 h at room temperature,
and then a top layer was sampled. The particles in this
top layer were used as a model for coal dust particles.

The Findings and Discussion

Wettability measurement
and formulation optimization

The wettability of coal dust was found to vary
depending on the wetting agent used. When the dust
was treated with distilled water, the wettability index
was 39%. In order to enhance the wettability of dust
particles, sodium oleate, a sodium salt of oleic acid,
was introduced This resulted in an increased wetta-
bility of 54%. Notably, a more significant increase
in wettability (up to 64%) was observed when using
a sodium oleate solution with the addition of linseed
oil. Linseed oil was added to the working solution in
amounts of 1, 4, 8, 20 g/L. The optimum concentra-
tion of linseed oil in the solution was found to ne
4 g/L (Fig. 2).

Synthesis of optimal dust suppression reagent

composition and its characteristics

Based on experimental data, the most effective
reagent composition was selected, consisting of 8 g/L
oleic acid, 6 g/L sodium hydroxide, and 4 g/L linseed
oil. The resulting reagent is a transparent liquid with
a light yellow color, a pH of 12.85, and a conductivity
of 22 mS/cm.

The reagent forms a dispersed system due to
the surfactant concentration exceeding the critical
micelle concentration. The size distribution of the
dispersed phase exhibits two modes: Model, likely
comprising micelles with an average size of 7.5 nm,
and Mode 2, with an average size of 150 nm (Fig. 3).
The larger particles are believed to be aggregates of
the surfactant micelles, and with sufficient dilution,
both modes will dissolve. Therefore, this formula-
tion aligns well with the requirements for wetting
agents for dust suppression for coal and mining in-
dustries [20].
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Selecting the optimal reagent dilution level

Using a reagent with a high concentration in hy-
drodedusting is economically inefficient, comes with
technical and engineering challenges, and can even
have a negative impact on the environment. There-
fore, it is crucial to determine the optimum degree
of dilution. The influence of reagent concentration
on the wettability of coal dust was investigated using
capillary soaking method. Pure water exhibited low
wetting efficiency, at 39%, whereas the initial reagent
demonstrated significantly higher efficiency at 64%.
Dilution of the reagent led to an improvement in coal
wettability: a 10% solution showed a wettability of
68%, a 3.3% solution reached 69%, and a 1.7% solu-
tion achieved 73% (Fig. 4).

In order to estimate the added wetting perfor-
mance when surfactants are used, the following
formula is employed:

g _EP
r P )
w
where E, represents wetting agent performance, %,
E, is water performance (100%), P, is wetting agent
performance in an experiment, %, (i.e. wettability),
in this case, and P, is water performance in an
experiment.

In studies involving different additives, the relative
efficiency ranged from 100% (equal to the effect of
pure water) to 193% (exceeding the efficiency of water
by nearly 2 times) [8]. The proposed composition
demonstrates maximum efficiency in wetting coal
dust at a dilution of up to 1.7% (140 mg/L oleic acid,
100 mg/L sodium hydroxide, 70 mg/L linseed oil in
water). Its efficiency relative to pure water was 187%.
Considering the availability and affordability of the
components and their low potential environmental
impact, this version of the reagent is recommended
for further research.

It is important to note that not only wettability
but also the wetting rate depends on the composi-
tion used. Water exhibited a lower initial wetting rate,
whereas hydrodedusting reagent solutions demon-
strated significantly higher rates. However, the initial
settling rate remained independent of surfactant con-
centration in the system (Fig. 5).

Particle immersion tests in surfactant solutions,
including methods like the film flotation method and
sedimentation analysis, are conventional approaches
for assessing the wetting efficiency of coal dust
using working solutions [8, 21]. The rate at which
particles immerse from the solution’s surface is a key
determinant of wetting efficiency. With an increase
in concentration up to 3.3%, there is an observable
increase in the mass of settled particles. This suggests
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an improved wetting of the particles, making it easier
for them to pass through the liquid surface. However,
when the reagent concentration exceeds 5%, the mass
of settling particles over time significantly decreases,
sometimes even falling below that of pure water. In
such cases, the settling process is limited not by the
particle’s penetration from the liquid surface into the
solution volume, but by the aggregative stability of

80
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the particles. Naturally, the adsorption of an anionic
surfactant leads in an increase in the surface charge
of the particles, resulting in greater electrostatic
repulsion between them.

In order to confirm the established patterns,
the distributions of hydrodynamic radii and elec-
trokinetic potentials of coal colloids were measured

(Fig. 7).
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Fig. 6. Dependence of settled particle mass on reagent concentration
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In water, the particle distribution is monomodal,
with an average size of 230 nm. However, upon the
addition of a surfactant, we observe the emergence
of two modes in the size distribution across all
reagent concentrations. A significant portion of
the particles experience size reduction, forming
a mode with an average size of 100-110 nm. This
phenomenon represents particle disaggregation
or disagglomeration resulting from electrostatic
repulsion, a well-known phenomenon [22]. It is
worth noting that the use of sodium oleate for
dispersing carbon black is also known to lead to
particle size reduction [23].

At a pH of 11, a coal colloid exhibits a strong-
ly negative charge, with an average { potential of
-46 mV. The introduction of a surfactant and its ad-
sorption on the particle surfaces result in alterations
to the charge distribution of the particles (Fig. 7, b).
This surfactant adsorption involves two concurrent
processes: the suppression of surface acid group dis-
sociation in coal and the emergence of new ionization
centers through dissociated adsorbate molecules [24].
At lower surfactant concentrations (0.9% reagent
solution), both factors exert a weak influence, and
at the highest surfactant concentration (5% reagent
solution), the particle charge distribution remains
similar to that of coal in water, signifying a compen-
sation of these factors. However, the most intriguing
results are observed at reagent concentrations of 1.7
and 3.3%. In these cases, there is a narrowing of the
particle distribution in { potential and a shift towards
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lower charges. These formulations also yield better
results in wettability measurement and particle im-
mersion experiments.

Upon contact between coal particles and ato-
mized drops of surfactant solution, effective wetting of
coal particles occurs, in contrast to pure water drops.
Fig. 8 graphically illustrates the action of the anio-
nic surfactant additives in the water spray dust sup-
pression process. In the initial stages (processes I and
IT), dust particles and droplets collide, which are large-
ly independent of solution properties. When a hydro-
phobic coal dust particle interacts with pure water,
it exhibits a limiting wetting angle 6 > 90°, preven-
ting droplets from capturing coal dust and deposi-
ting it (process III). However, the adsorption of so-
dium oleate from drops of surfactant solution ren-
ders the surface of coal particles more hydrophilic. In
this scenario, the interaction of solute, solid particle,
and water allows water to spread over the initially
hydrophobic surface, with a limiting wetting angle
0 < 90° (process III). This altered liquid-solid inter-
action pattern leads to particle aggregation through
particle absorption by droplets (process IV), which
proliferates [12]. Nevertheless, excessive adsorption
and correspondingly high surface charge on the par-
ticles can slow or even stop the particle immersion
due to electrostatic repulsion. This explains the ob-
served extreme dependence of wetting performance
on surfactant concentration and justifies the selec-
tion of the reagent concentration required for high
coal dust wetting performance.

’ Process III — Wetting

Process III — Wetting
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Fig. 8. Scheme of action of anionic surfactant additives in the process of water spray dust suppression
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Conclusion

We have introduced a wetting agent composition
for coal dust suppression [17], thoroughly studied its
properties, and evaluated its ability to improve the
wettability of hydrophobic surface. Through physico-
chemical methods, we determined the most effective
concentration for water spray dust suppression. The
optimal composition for hydrodedusting was found
to be a 1.7% aqueous solution of the reagent, consis-
ting of 140 mg/L oleic acid, 100 mg/1 sodium hydro-
xide, and 70 mg/L linseed oil in water). This solution
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demonstrated remarkable efficiency in coal dust wet-
ting experiments, achieving a performance level of
187% compared to pure water (set at 100%). This pla-
ces it on par with the most effective dust suppression
formulations reported in research publications in this
field. The findings clearly illustrate that the compo-
nents of the working solutions have a positive impact
on coal wettability and wetting speed. One notable
advantage of this composition is the safety of the sur-
factants used - oleic acid and linseed oil — both derived
from renewable vegetable sources.
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