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Abstract
Mine road dust is an important source of dust in mine operations. The dust produced on the road surface
is a great hazard to the workers. Aiming at the road dust of an open-pit mine, this paper conducts
physical and chemical analysis of a dust suppressant prepared by using sodium polyacrylate as a binder,
sodium carbonate as a moisture absorbent, polyethylene glycol as a water-retaining agent, and alkyl
glycoside as a surfactant. Characterization of characteristics and dust suppression performance. The
results show that the dust suppressant has a pH of 11.03, a viscosity of 18.5 mPa·s, and a surface
tension of 28.1 mN/m. The content of heavy metal ions contained is less than the maximum
concentration de�ned by the national standard. Under the same temperature condition, the greater the
humidity, the stronger the hygroscopicity, especially when the humidity is 30%, where the better
hygroscopic effect than water is obvious. The dust suppressant also has good anti-evaporation
properties and it keeps at 4–5% moisture content after 10 days at a normal temperature. Compared with
water, the dust suppressant has better resistance to wind erosion and compression. Under the same
conditions, the loss rate of water is 2 times that of the dust suppressant and the pressure of the dust
suppressant sample is about 3 times that of water. The dust suppressant has a much higher dust
removal e�ciency for all dust and respirable dust than water under the same conditions. Finally, the test
results and mechanism of the dust suppression effect of the dust suppressant are described and
analyzed, which shows that the dust suppressant studied in this paper has good performance and is
suitable for road dust prevention.

1. Introduction
Dust is an environmental hazard. Pneumoconiosis caused by dust seriously threatens the health of
workers and reduces the production e�ciency of enterprises (Ding et al. 2011; Chen et al. 2015, Sastry et
al. 2015; Wang and Zheng 2017). Nearly 34% of the particulate matter in the atmosphere comes from
unpaved roads (Csavina et al. 2014; Duan 2013; Azam and Mishra 2019). Research on road dust control
is an important issue. General ventilation methods and dust removal equipment have no obvious effect
on the prevention and control of road �our dust (Reeks et al. 2014; James et al. 2003), and the current
relatively novel and effective method is prevention and control via chemical dust suppressants (Zhang et
al. 2018).

Many experts have carried out research on chemical dust suppressants. Goodrich, Koski and Jacobi
(2008) studied the performance of synthetic dust suppressants such as magnesium chloride and glycerin
and explored their harm to plants. Medeiros et al. (2012) studied dust suppressants produced by glycerol
oligomerization under acid and alkaline catalysts, thus obtaining a dust suppressant solution with high
viscosity and a good dust suppression effect. Ge et al. (2006) used microwave irradiation to graft acrylic
acid onto chitosan to increase the reaction rate and prepare an effective superabsorbent resin. Stabnikov
V et al. (2013) conducted performance research on a dust suppressant with calcium chloride as the main
component and obtained the conclusion that the dust control rate of the dust suppressant was 99.802%.
Omori et al. (1993) studied the performance of dust suppressants synthesized with functional acrylicLoading [MathJax]/jax/output/CommonHTML/jax.js
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resins. S. Gulia et al. (2019) studied the dust suppression effect of calcium magnesium acetate,
magnesium chloride, and calcium chloride acting alone or in combination on roads. Chu et al. (2012),
Viktor Stabnikov et al. (2013), and others studied the performance of chemically synthesized biopolymer
dust suppressants. Sanders (1997) and Edvardsson K. et al. (2012) studied dust suppressants made
from lignin derivatives and drew the conclusion that their inhibitory effect is excellent. Jianlong Liu et al.
(2000) studied the performance of a MPS dust suppressant which has two mechanisms of wetting and
adhesion. Gao et al. (2020) studied a dust suppressant by measuring the pore structure and fractal
characteristics of different metamorphic coals. Liang Wenjun et al. (2016) focused on the curing
performance of chemical dust suppressants. Zhuoying Tan et al. (2005) studied dust inhibitors using
soluble starch, sodium silicate, and glycerin as raw materials which have good wetting, anti-grinding, and
anti-evaporation properties. Han et al. (2020) studied a dust suppressant through the effect of a
surfactant and ionic liquid on the physical and chemical properties of acidi�ed coal. Xingguang Zhao
(2005) studied a dust suppressant made of carboxymethyl starch, glycerin, sodium silicate, and sodium
dodecylbenzene sulfonate. After spraying on the road surface, it shows the effect of making the road
surface �at and smooth, obviously reducing �ne dust and pumice, improving the road surface quality and
enhancing the anti-roller performance. Jiayuan Wang et al. (2019) studied the effect of a multi-nozzle
atomization interference dust reduction system between hydraulic supports on a fully mechanized
mining face. Shuailong Li et al. (2019), Gang Zhou et al. (2018) studied the performance of �re
extinguishing adhesives in coal mines. Yongjun Li et al. (2019) studied the dust control of wall-mounted
cyclone fans. Pengfei Wang et al. (2019) established a mathematical model of SMD multivariate
nonlinear prediction of X-shaped spinning nozzles to investigate the effect of dust suppression.

In general, most dust suppressants currently studied have their own applicable conditions, so they have
certain limitations. Inorganic salt can improve the ability of water to wet dust, but it will corrode metal
equipment and cause soil salt alkalization. Superabsorbent resin enters the interior of the dust to moisten
the dust source, thereby inhibiting the diffusion of dust, but it can only provide a short-term effect, and the
ability to resist the wind is poor. Therefore, it is necessary to develop a novel mine compound dust
suppressant with high comprehensive bene�ts.

Therefore, in response to this shortcoming, the research team of this subject has developed a new type of
compound chemical dust suppressant, the main components of which are the binder, moisture absorbent,
water retention agent, and surfactant. The binder is sodium polyacrylate. Compared with polyacrylamide,
sodium carboxymethyl cellulose, and hydroxypropyl methyl cellulose, sodium polyacrylate has a higher
viscosity. Sodium carbonate is selected as the hygroscopic agent. The hygroscopic agent determines the
anti-evaporation and hygroscopic properties of the dust suppressant. The dust in this study is weakly
acidic. Therefore, the alkaline material sodium carbonate with strong water retention is selected as the
hygroscopic agent. The moisturizing agent is polyethylene glycol. The commonly used moisturizing
agents are glycerol, ethylene glycol and polyethylene glycol. Compared with ethylene glycol, polyethylene
glycol is non-toxic and non-irritating. Polyethylene glycol has better moisture retention. Surfactant
chooses alkyl glycoside because of its good solubility, strong alkali and electrolyte resistance, good
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compatibility with the skin, non-toxic, non-irritating, easy to biodegrade, and can be stored for a long time
in a larger temperature range, And has the function of humidi�cation.

In this study, the dust of a surface copper mine road is taken as the research object. First prepare a dust
suppressant, and then perform the physical and chemical characterization of the dust suppressant,
including the determination of the pH, viscosity, surface tension, and environmental protection. The
performance test of the dust agent includes analyzing the hygroscopicity, anti-evaporation, wind erosion
resistance, pressure resistance, a corrosiveness test, and a scanning electron microscope experiment.
Finally, through the analysis of the dust suppression mechanism, the dust suppression effect of the dust
suppression agent is comprehensively evaluated.

2. Experimental

2.1 Preparation of dust suppressant
According to the best formula of the dust suppressant obtained through the orthogonal experiment
(Huang et al. 2021), 500ml of the dust suppressant is con�gured for subsequent physical and chemical
characteristics and dust suppression performance for use. The formula of the dust suppressant is as
follows: the mass concentration of sodium polyacrylate is 0.08%, the mass concentration of sodium
carbonate is 15%, the volume concentration of polyethylene glycol is 2%, and the volume concentration of
alkyl glycosides is 0.15%.

2.2 Determination of physical and chemical index
characterization of dust suppressant
In this section, the pH value, viscosity value, surface tension and environmental protection of the dust
suppressant are measured. The pH value and environmental protection determine whether the dust
suppressant can meet the national industrial wastewater discharge standards, and the viscosity value
and Surface tension has an in�uence on the dust suppression effect of the dust suppressant.

2.2.1 Determination of pH
We calibrated the pH meter with the prepared standard buffer solution with pH 4 and pH 9.18 and then
used the pH meter to test the pH value of the dust inhibitor solution. The experiment was conducted three
times, and the average value was taken as the pH value of the dust suppressant.

2.2.2 Determination of viscosity value
We used the DV2T EXTRA viscometer test to test the viscosity of the prepared solution. At a unit
concentration, the higher the viscosity of the bonding factor, the better the bonding effect. The viscosity
was measured three times and we took the average value as the viscosity value.

2.2.3 Determination of surface tension
Loading [MathJax]/jax/output/CommonHTML/jax.js
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We used the BZY-201 type surface tension meter to test the surface tension of the dust suppressant
solution, testing three times and taking the average value as the surface tension value of the dust
suppressant solution.

2.2.4 Environmental protection test
In order to ensure that the content of heavy metal elements contained in the dust inhibitor solution would
not pollute the environment, heavy metal detection of the dust inhibitor solution is required. The contents
of selenium, chromium, cadmium, lead, and arsenic in the solution were detected by an ICP-MS plasma
mass spectrometer in order to check the heavy metal ion content.

2.3 Performance test of dust suppressant
In this section, various performance indicators of the dust suppressant are tested, and the dust
suppression effect of the dust suppressant is simulated. The pros and cons of the various performances
of the dust suppressant have an impact on the dust suppressant effect, and the simulation test of the
dust suppressant effect most intuitively shows the �nal effect of the dust suppressant.

2.3.1 Hygroscopicity test
In order to test the hygroscopic performance of the dust inhibitor, this study compared the hygroscopic
effect of the dust inhibitor and tap water. Three samples were prepared for each solution and the �nal
result was averaged. We �rst added the same amount of dust to the 6 watch dishes, added the dust
inhibitor to the �rst three watch dishes, and the tap water to the last three to make them the same
moisture content. After the dropwise addition was completed, the dishes were dried in an oven at 105°C
for 2 hours and then taken out, and a hygroscopic test was conducted using a temperature and humidity
test box. The experiments were conducted at 20%, 30%, 40%, 50%, 60%, and 70% humidity, and the
temperature was uniformly set to 25°C. Under each humidity setting for 6 hours of moisture absorption,
the weight of the dust sample was weighed once every hour to obtain its moisture absorption effect that
had changed with time.

2.3.2 Evaporation resistance test
The dust samples were handled in the same way as in high-temperature anti-evaporation experiments.
We �rst weighed 30 g of dust into the watch glass, then sprayed the prepared dust suppressant solution
evenly on the dust surface according to a spraying amount of 2 L/m2. We then put the dust sample in a
normal temperature environment and monitored the temperature and humidity of the air. We recorded the
quality of dust samples and environmental data every day to verify the anti-evaporation of the dust
suppressants.

2.3.3 Wind erosion resistance test
The erosion of wind is one of the important sources of external force for the destruction of road dust. In
this experiment, a wind speed of 3–15 m/s was simulated by a fan to verify the anti-wind erosion effect
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of the dust under different wind speeds after spraying the dust suppressant. We chose glass sheets of
equal size, spread the same amount of dust on the surface of the glass sheet, sprayed the dust inhibitor
and tap water on the surface of the dust with a spray amount of 2 L/m2, and then sprayed the dust
sample of the dust inhibitor and tap water. We put these samples in a drying cabinet at 105 ℃ for 12
hours and weighed them. Finally, we placed the dust sample in an environment with different wind
speeds and created wind at different speeds for 30 minutes to calculate the �nal loss rate. To reduce
errors, three experimental samples were prepared for each experiment and the �nal results were averaged.
The greater the loss rate, the weaker the wind erosion resistance. The calculation formula of loss rate is
as follows (1):

2.3.4 Water corrosion resistance test
Under the erosion of rainwater, road dust will destroy its own soil structure, resulting in small particle size
dust that is unconstrained and easily dispersed in the air. In order to test the water erosion effect of the
dust suppressant, this experiment �rst placed 30 g of dust in a watch glass, sprayed the dust suppressant
and tap water uniformly on the dust surface with a spray amount of 2 L/m2, and then placed it in a drying
cabinet at 105 ℃ for 12 hours. We weighed the sample after drying, soaked the dust sample in water so
that the water could submerge it, then took it out after soaking for 10 minutes. We then put it in the drying
cabinet again to dry until the water had evaporated, then weighing and calculating the loss rate after the
�rst water erosion. We repeated the experiment, soaked the dust sample dried in the previous step into the
water again, then took it out and dried it after 10 minutes, then weighing. This was repeated 8 times to get
the dust loss rate of the dust sample under the repeated erosion of tap water.

2.3.5 Compression test
The rolling of vehicles is also one of the external forces that destroys road dust. The stronger the pressure
resistance of the dust, the less likely it is to be destroyed by the vehicle, the smaller the generation of dust
with a smaller particle size, and the less likely it is to propagate. The purpose of this experiment is to
verify whether the dust under the spray dust suppressor has a certain compressive strength to resist the
rolling of a vehicle without losing its own dust suppression factor.

First, we took 30 g of dust, sprayed the dust suppressant and tap water evenly on the surface of the dust
with a spray amount of 2 L/m2, and then placed it in a drying cabinet at 60 ℃ for 12 hours. We used a
blade to remove the dust sample from the watch glass, cut out a block of soil of an approximately equal
area, and then used a pressure gauge to test its pressure.
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2.3.6 Corrosion test
In order to measure the corrosiveness of the dust suppressant to metal materials, the corrosiveness was
measured. A salt spray corrosion test box was used to detect the corrosion ability of the dust suppressant
on the metal material by means of salt spray corrosion. Tap water and the dust suppressant solution
were respectively introduced into the salt spray corrosion test box for corrosion detection. In this
experiment, 6 carbon steel plates with standard metal corrosion test pieces in accordance with ISO3574
were used for the experiment. The sample size was 40 × 13 × 2 mm3. We immersed the carbon steel
sheet in alcohol for cleaning. After cleaning, we removed the steel sheet and blow dried to weigh the
sample. Finally, we put the sample into the corrosion test box and conducted the experiment for 10 hours.
After the experiment, the sample was taken out, and the steel sheet was immersed in a 20% aqueous
solution of diammonium citrate. After 10 minutes it was taken out, washed with ethanol, and �nally dried
and weighed. By calculating the exposed area and density of the sample, the corrosion rate was obtained.
The calculation formula is given as follows (2):

where m0 is the initial mass of the sample (mg); m1 is the end mass of the sample (mg); S is the surface

area of the sample (cm2); T is the experimental time (h); and ρ is the density of the sample.

In this study, a comparative experiment of the dust suppressant and tap water was carried out. Each
group of experiments measured three samples, and the average value was taken as its corrosion rate. In
this study, the test piece S = 0.001252 m2, ρ = 7.84 g/cm3, and T = 10 h.

3. Results And Analysis

3.1 Test results and analysis of physical and chemical
indicators

3.1.1 pH test results
The pH of the solution was 11.03, which meets the requirements of pH between 7–12 in the China
National Industrial Wastewater Discharge Standard. Therefore, the pH of the dust suppressant solution
complies with national standards and will not cause a serious impact on machinery or the environment,
etc.

3.1.2 Measurement result of viscosity value
The average value of three results of the solution for the viscosity was 18.5 mPa·s. The viscosity of the
solution at this viscosity value can not only play a cohesive role, gather dust particles, and increase the
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particle size, but also will not slow down the penetration rate of the solution due to the excessive
viscosity. Thus, it can exert a good dust suppression effect.

3.1.3 Surface tension measurement results
The experimental results show that the average surface tension of the solution was 28.1 mN/m. The
smaller the surface tension, the stronger the permeability of the solution, which accelerates the wetting
speed of the dust. Comparing the orthogonal experiment results, the surface tension of the developed
dust suppression solution has reached the effect of quickly wetting the dust, enabling the dust to be
captured faster and suppressing �ight of the dust.

3.1.4 Environmental test results
The environmental protection test results were as follows: Cr < 1.5 mg/L, As < 0.63 mg/L, Se < 0.01 mg/L,
Cd < 0.1 mg/L, Pb < 1 mg/L, which complies with the China National Industrial Wastewater Discharge
Standard Requirements. Therefore, the dust suppressant can be discharged normally.

3.2 Performance test results and analysis

3.2.1 Test results of moisture absorption
The experimental results are shown in Fig. 1.

It can be seen from Fig. 1 that when the humidity is 20%, both the dust suppressant dust sample and the
tap water dust sample are in a humidity releasing state, indicating that 20% humidity is too small, which
will promote moisture to evaporate under both the conditions of the dust suppressant and tap water.
When the humidity is 30%, after 6 hours, the dust sample sprayed with the dust suppressant maintains a
certain moisture absorption rate, and the dust sample sprayed with tap water is in a humidity releasing
state. It can be seen that under this humidity condition, the dust suppressant exerts its own hygroscopic
function. With the increase of humidity, both the dust suppressant dust sample and tap water dust
sample show better and better moisture absorption effect. The higher the humidity, the greater the
moisture absorption rate, and the moisture absorption rate is �rst fast and then slow. When the humidity
is 40%, the �nal moisture content of the dust sample sprayed with dust suppressant is 0.06%, and the
�nal moisture content of the sprayed tap water is 0.03%; when the humidity is 50%, the �nal moisture
content of the dust sample sprayed with dust suppressor is 0.08% and the �nal moisture content of
sprayed tap water is 0.04%; when the humidity is 60%, the �nal moisture content of the dust sample
sprayed with dust inhibitor is 0.15%, and the �nal moisture content of the sprayed tap water is 0.06%;
when the humidity is 70%, the �nal moisture content of the dust sample sprayed with dust inhibitor is
0.3%, and the �nal moisture content of the sprayed tap water is 0.1%. Therefore, it can be concluded that
the hygroscopic effect of the dust suppressant is signi�cantly better than that of tap water. The dust
suppressant solution can effectively absorb the moisture in the air, increase the moisture content of the
dust, and achieve a good dust suppression effect.

3.2.2 Evaporation test results
Loading [MathJax]/jax/output/CommonHTML/jax.js
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The experimental results are shown in Fig. 2 and Fig. 3.

It can be seen from Fig. 2 and Fig. 3 that the ambient temperature is basically maintained at about 25°C,
and the rate of decrease of the dust sample moisture content changes with the change of humidity. When
the humidity is high, the moisture content decreases slowly. When the humidity is low, the moisture
content decreases rapidly. However, the humidity of the dust sample under the tap water does not change
signi�cantly when the humidity changes. After the moisture content decreases to almost zero on the
second day, the moisture content no longer changes signi�cantly, and the dust suppression effect is
basically not achieved. The dust sample under the dust suppressant still maintains a moisture content of
about 5% on the 10th day, and has the dust suppressant effect, indicating that the dust suppressant has
played a signi�cant effect.

We put dust samples that were processed in the same way into the drying cabinet at 30 ℃, 40 ℃, 50 ℃,
60 ℃, and 70 ℃, evaporating continuously for 6 hours, then weighing the dust sample every hour and
observing the moisture content of dust samples at different temperatures changes with time (Omane, Liu,
& Pourrahimian, 2018). The experimental results are shown in Fig. 4.

It can be drawn from Fig. 4 that the dust sample under the dust suppressant has a signi�cant anti-
evaporation effect compared to tap water. As the temperature increased, the moisture content of the dust
sample showed a downward trend. However, the moisture content of the dust sample under running
water dropped rapidly. When the temperature was 30 ℃, the moisture content of the dust sample was
basically 0 after 4–5 hours. At 40 ℃, the dust sample was basically unchanged after 4 hours. At 50 ℃,
the moisture content of the dust sample was basically zero after 3 hours. At 60 ℃ and 70 ℃, the dust
content did not continue to change after the moisture content became zero after 2 hours. For the dust
samples under the dust inhibitor after 6 hours, with the temperature rising, the �nal moisture content
showed a downward trend, i.e., from 30 ℃ to 70 ℃, the moisture contents were 9%, 7%, 6%, 5%, and 3%,
respectively. It can be seen that at higher temperatures, the dust suppressant can still keep the dust at a
certain humidity.

3.2.3 Wind erosion resistance test results
The experimental results are shown in Table 1.

Table 1

Loss rate at different wind velocities.

Loading [MathJax]/jax/output/CommonHTML/jax.js



Page 10/23

Wind
velocity

(m/s)

Dust suppressant Loss
rate
(%)

Running water Loss
rate
(%)

  Before the
experiment (g)

After the
experiment(g)

  Before the
experiment (g)

After the
experiment
(g)

 

3 54.7372 54.7349 0.004 44.4476 44.0031 1

6 54.8854 54.8811 0.008 53.5633 51.5815 3.7

9 54.0774 54.0726 0.009 53.3777 44.0366 17.5

12 54.4275 54.4213 0.01 53.1375 32.4670 38.9

15 58.3663 58.3162 0.18 54.8847 26.1251 52.4

From Table 1, the dust sample sprayed with dust suppressant has a loss rate of only 0.004% at a wind
speed of 3 m/s, while the loss rate of sprayed tap water at this wind speed is 1%. With the increase of
wind speed, the dust loss rate of spraying dust suppressant increased slowly, while the dust loss rate of
spraying tap water increased obviously. When the wind speed increases to 12 m/s, the loss rate of tap
water reaches 38.9%, while the loss rate of dust suppressant is only 0.01%, thus, the loss rate of dust
samples sprayed with tap water is much greater than the loss rate of sprayed dust suppressants. When
the wind speed is 15 m/s, the loss rate of the dust sample sprayed with dust suppressant becomes larger
because the wind speed is too large, which causes some small particles in the dust sample to be
separated from the dust body and blown away by the wind. As a result, the loss rate has increased.
However, compared with the dust samples sprayed under tap water, the loss rate of dust samples sprayed
with dust suppressant is much lower than that of the dust samples sprayed under tap water. Therefore,
the dust suppressant exhibits very good resistance to wind erosion.

3.2.4 Water corrosion resistance test results
The experimental results are shown in Fig. 5.

It can be seen from Fig. 5 that the loss rate of the dust sample sprayed with the dust suppressant
increased relatively slowly. However, the dust sample sprayed with tap water began to rise rapidly after
the third experiment. After 8 experiments, the loss rate of the dust sample sprayed with the dust
suppressant was less than 5%. The loss rate of the dust sample under running water showed a rapid
growth trend, and the growth rate accelerated in the later period, and the �nal loss rate was as high as
27%. Therefore, the dust suppressant has very good water corrosion resistance.

3.2.5 Compression resistance test results
The result of the experiment is that the pressure of the dust sample sprayed with dust suppressant is 275
kPa, and the pressure of the dust sample sprayed with tap water is 73.6 kPa. Therefore, it can be
concluded that compared with the dust samples under running water, the dust suppressant has good
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compressive performance and can withstand the rolling compaction of transport vehicles with a larger
load on the premise of no damage to the soil.

3.2.6 Corrosion test results
The experimental results are shown in Table 2.

Table 2

Corrosion rate test results.

  Before the
experiment (g)

After the
experiment (g)

Corrosion rate
(g/m2·h)

Corrosion
rate (mm/a)

Average
value (mm/a)

Dust
suppressant

22.1856 22.183 0.20 0.22 0.17

22.1858 22.1837 0.17 0.19

21.7482 21.747 0.10 0.11

Running
water

22.0099 22.0084 0.12 0.13 0.11

21.8038 21.8024 0.11 0.12

21.8614 21.8606 0.06 0.07

3.2.7 Research on dust suppression mechanism of dust
suppressant
The results of the scanning electron microscopy are shown in Fig. 6. The experimental results of the dust
suppression effect of the dust suppressant and the results of the scanning electron microscope show
that the dust suppressant has a good dust removal and dust reduction effect (Huang et al. 2021). The
results of the experiment are as follows: the dust removal e�ciency of dust suppressant to total dust is
97.62%, the dust removal e�ciency of water to total dust is 42.06%, the dust removal e�ciency of dust
suppressant to respirable dust is 88.97%, and the dust removal e�ciency of water to respirable dust It is
48.53%. In these two kinds of dust experiments, the dust removal e�ciency of the dust suppressant
solution is much higher than that of water. From the results of scanning electron microscopy, it can be
seen that spraying the dust suppressant has a good consolidation effect, forming a compact structure on
the surface of the dust suppressing agent, which can effectively resist wind erosion and is not easy to
generate secondary dust; the dust-like surface dust after spraying tap water There are many small-size
dusts dispersed, and these dust particles are easily separated from the dust body under the action of
external force and dispersed in the air, causing dust. The scanning electron microscope results are shown
in Fig. 6.

The dust suppressant studied in this paper is composed of binder, moisture absorbent, water-retaining
agent and surfactant. Their respective dust suppressing mechanism has an important in�uence on the
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choice of dust suppressant formulation and the effect of dust suppressant.

(1) Dust suppression mechanism of binder sodium polyacrylate

The dust suppression mechanism of the binder sodium polyacrylate is mainly re�ected in its thickening
effect. There are two main thickening mechanisms: neutralization thickening and hydrogen bond
thickening. Neutralization and thickening by the same-sex electrostatic repulsion of carboxylate ions, the
molecular chain stretches from a spiral to a rod shape, thereby increasing the viscosity of the water
phase. Hydrogen bond thickening is the combination of polyacrylic acid and water molecules to form
hydrated molecules, and hydroxyl and polyacrylic acid will form hydrogen bonds. The hydrogen bonds
will cause the molecular chains of polyacrylic acid to be unwound in water to form a network structure.
The viscosity is increased, as shown in Fig. 7. The greater the viscosity, the easier it is for the solution to
stick dust particles together, reduce the amount of small-size dust, and reduce the possibility of it being
dispersed in the air under the action of power.

 (1) Dust suppression mechanism of hygroscopic agent sodium carbonate

When sodium carbonate is exposed to the air for a long time to absorb moisture in the air, it will react with
carbon dioxide to form sodium bicarbonate, as shown in Fig. 8. The sodium bicarbonate generated by the
reaction will form hard lumps to prevent the evaporation of water, covering the surface of the dust to play
a good water retention effect, so that the moisture absorption rate of the dust suppressant is increased,
so that the dust can maintain a certain moisture content and is not easily damaged by external forces.

 (2) Dust suppression mechanism of water retaining agent polyethylene glycol

The molecular structure of polyethylene glycol contains a large number of hydroxyl groups. The hydroxyl
group is a hydrophilic group, and the hydrogen bond formed with water molecules is a strong
intermolecular force. In addition, the hydroxyl group has a large polarity and is easy to combine with
water with a large dielectric constant and therefore retains water. When the external humidity is low, it will
further absorb water to achieve the effect of water retention, as shown in Fig. 9.

 (3) Dust suppression mechanism of surfactant alkyl glycosides

Alkyl glycoside molecules have a hydrophilic group and a lipophilic group. Due to the repulsion between
the lipophilic group and the water molecule, in order to seek the lowest energy form of existence, the
surfactant molecule will �rst turn the hydrophilic group downwards and the lipophilic group upwards. The
forms are arranged on the surface of the aqueous solution, as shown in Fig. 10.

Hydrophilic groups are attracted downward by water molecules, but this attraction is weaker than the
attraction between water molecules. The reason is that the polarity of hydrophilic groups is weaker than
water molecules; lipophilic groups are attracted upward by air molecules. This attraction is stronger than
that of air molecules and water molecules. The reason is that the relatively large volume allows the
lipophilic group to contact more air molecules, and the weaker polarity also makes the lipophilic groupLoading [MathJax]/jax/output/CommonHTML/jax.js
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better It merges and attracts air molecules. Therefore, the downward force decreases and the upward
force increases, and the imbalance of the force is improved, so the surface tension is reduced. At the
same time, there is the surface of the aqueous solution of surfactant molecules, and the attraction
between the molecules is weakened, so that the surfactant can reduce the surface tension. The smaller
the surface tension, the smaller the contraction force, the easier it is to spread on the surface, and the
easier it is for the dust suppressant solution to wet the dust.

4 Conclusions
1. Through the analysis of the physical and chemical properties, the viscosity value of the dust

suppressant is 18.5 mPa·s and the surface tension is 28.1 mN/m. The pH value and the content of
heavy metal ions contained in the dust suppressant both meet the requirements of the National
Industrial Wastewater Discharge Standard. Therefore, the dust suppressant can be discharged
normally.

2. The dust suppressant has good hygroscopicity and anti-evaporation performance. At the same
temperature, the greater the humidity, the stronger the hygroscopicity. When the humidity is 30%, it
shows an obviously better hygroscopic effect than water. This further proves the hygroscopic
performance of the dust suppressant. The dust suppressant also has good anti-evaporation
properties and maintains a moisture content of 4–5% after 10 days at room temperature and has the
ability to suppress dust.

3. The dust suppressant has good wind erosion resistance, water erosion resistance, compression
resistance, and corrosion resistance. Under the same conditions, the water loss rate is much greater
than that of the dust suppressant, and the pressure of the dust sample sprayed with the dust
suppressant is about 3 times that of the tap water. In the water corrosion resistance test, compared
with the 27% loss rate of tap water, the loss rate of the dust suppressant is only 5%.

4. SEM Both the SEM experiment and the dust suppression effect experiment show that the dust
suppressant has a good dust suppression effect. Through the research on the dust suppression
mechanism of each component of the dust suppressant, it is found that the binder can increase the
viscosity of the dust, the moisture absorbent and the water retaining agent can increase the water
absorption rate so that the absorbed dust is not easily damaged by external forces, and the
surfactant can reduce Surface tension makes it easier for the dust suppressant to wet the dust.
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Figure 1

Hygroscopic rate under different humidity

Loading [MathJax]/jax/output/CommonHTML/jax.js



Page 18/23

Figure 2

Environmental temperature
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Figure 3

Change of moisture
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Figure 4

Moisture content at different temperatures
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Figure 5

Water erosion resistance results

Figure 6

Microscopic changes in the surface of the dust sample sprayed with a dust suppressant (left) and the
dust sample sprayed with tap water (right) (Huang et al. 2021)
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Figure 7

Hydrogen bond network

Figure 8

Carbonate to bicarbonate
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Figure 9

Polyethylene glycol moisture absorption principle

Figure 10

Surfactant schematic
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