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Abstract: The dynamic contact behavior between multi-component droplets and the surface of iron
ore dust was taken as the research object, analysis of the maximum spreading coefficient, maximum
acting diameter, maximum acting area, and maximum bouncing height of solid-liquid contact,
from a microscopic perspective, using high-speed photography and image analysis and processing
technology. The experimental results indicate that (1) with the particle size of dust particles decreases,
the solid-liquid contact behavior sequentially manifests as spread immediately after broken, retraction,
negative bounce, primary bounce, and secondary bounce. (2) When the surface tension of the droplets
decreases from 55.5 to 34.8 mN/m, the maximum spreading diameter of the droplet has increased
by 30% to 40%, the maximum bounce heights (coefficients) decreased by 100%, 57.14%, and 53.57%,
respectively, the maximum spreading coefficient of the droplet exhibits no obvious pattern. (3) With
decreasing droplet surface tension, the unidirectional acting diameter and the maximum acting
area increase when the dust surface size is over 100 µm. When the surface particle size is less than
100 µm, there is no significant change in the unidirectional acting diameter and maximum acting
area despite decreasing surface tension. Thus, droplet diffusion is mainly influenced by particle size.
These findings contribute to enhancing the theory of water mist dust removal and improving dust
removal efficiency.

Keywords: droplet; contact behavior; multi-component wetting agent; contact surface; maximum
vertical bounce

1. Introduction

The common fields in daily production, such as water mist dust removal [1], food engi-
neering [2], inkjet printing [3], pesticide spraying [4], and oil and energy transmission [5,6], all
involve solid-liquid interface contact behavior issues. The behavior of solid-liquid contact
is a complex process that depends on various physical and chemical properties such as
the shape, material, and motion parameters of droplets and solid surfaces [7]. The contact
behavior of droplets on dust surfaces is even more variable due to the particularity of the
dust surface. When a droplet hits a solid surface, it may spread, bounce, or even break. The
change in droplet shape during impact depends on factors such as droplet size, surface
tension, viscosity, density, surface morphology, surface roughness, and surface temperature.

Despite the late start of high-speed photography technology in the field of droplet
collision on dust walls, research in this area has made significant achievements. In 1876,
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Worthington [8] first conducted research on the phenomenon of liquid colliding with solid
surfaces and found that droplets would break up at high impact velocities, laying the
foundation for later research on solid-liquid collision phenomena. When a droplet acts on a
solid, the impact phenomenon can be divided into several sub processes such as diffusion,
progression, splashing, and bouncing. Rang et al. [9,10] studied the influence of liquid
viscosity on the droplet impact process. Further experiments have proved that droplet
expansion, retraction, partial rebound, and complete rebound can occur after impact on the
wall. Qualitative analysis has been made on influencing factors such as impact velocity,
fluid properties, and surface wettability. Early research with low-speed and low-resolution
cameras has studied the effects of various parameters on the maximum spreading diameter
and rebound ground, and the influence of liquid viscosity on the droplet impact process
has also been investigated. Huang et al. [11] studied the effect of wettability of solid
surfaces on droplet spreading speed, and introduced the concept of auxiliary dissipation
into traditional models for the first time. Bi et al. [12] found that the viscosity of liquids
plays a dominant role in the spreading process, while surface tension plays a dominant role
in the retraction of droplets. Andrade et al. [13] found that in the contact process between
the liquid drop and the solid food surface, the lower surface tension will promote the
expansion of the liquid drop in the relaxation stage and weaken the oscillation process of
the liquid drop, while the higher viscosity will inhibit the spreading and retreating process
of the liquid drop. Rioboo et al. [14] obtained the critical impact velocity of the droplet
bouncing on the super-hydrophobic surface according to the conservation of energy, and
verified this conclusion through experiments. Roeland et al. [15] studied the influence of
the height and distance of the microstructure of the hydrophobic surface on the air film,
aiming at the development law of the air film between the collision droplet and the wall.

Roisman et al. [16] found that the diffused liquid layer on the wall after a single
droplet retreats due to surface tension effect has been found to be surrounded by a free
edge determined by the interaction between the free edge and the internal liquid layer,
as well as the force exerted by the wall on the edge. Hardalupas et al. [17] used laser
Doppler technology to measure the particle size and velocity of the mass droplets near the
collision surface, and the test showed that the angle which the droplets hit the wall directly
affected the particle size generated by sputtering. In order to explore the solid-liquid
contact mechanism of coal water under gas atmosphere, Wei and Xu et al. [18,19] analyzed
the adsorption characteristics of coal water contact under gas atmosphere, and found that
coal dust particle size and surface roughness are important factors for water adsorption.
Jin et al. [20–23] previously studied the wettability of metal mine blasting dust and found
that the smaller the dust particles, the more complex the surface pore structure, and the
thicker the air film on the surface of the dust solid, reducing the spreading performance
of the liquid on the dust solid. With the advancement of computer technology, virtual
simulation technology has become an effective means to study droplet interface behavior
and improve the visibility of droplet morphology changes. The Volume of Fluid (VOF)
method was first proposed in 1981 and is a surface tracking method fixed under the Euler
grid [24]. The fluid volume function is obtained by defining the ratio of the target fluid
volume to the mesh volume in each grid of the flow field, and the volume function is
introduced into the fluid control equations for solving, so as to track the multiphase flow
interface. This method has been used to study the crushing model of liquid particles at
different velocities and conduct numerical simulation of the collision between droplets
and walls in a typical three-dimensional two-phase turbulent field, thus verifying the
model [25]. Ji et al. [26] established a CFD-DEM coupled dynamic model suitable for
liquid-solid two-phase flow and found that as the viscosity of the fluid increased, the ability
of the fluid to transport particles increased, and the collision impact of particles on the
wall in unconstrained space became more severe. Xie et al. [27,28] established a high-speed
water droplet impact model with blade steel, and studied the impact of water droplets with
various velocities and particle sizes on the blade. The transient pressure distribution inside
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the water droplet and the compression, expansion, and splashing of the water droplet after
impact were obtained.

In the field of water mist dust removal research, commonly used dust removal mea-
sures include hydraulic dust removal [29], purified air flow [30], and ventilation dust
removal [31]. Hydraulic dust removal is one of the most widely used, convenient, and
effective dust removal methods. However, the surface tension of water is high, and the
wetting effect of dust is poor. The dust removal efficiency of spraying clean water under-
ground is only about 30% [32,33]. With the advancement of technology, chemical dust
suppression has become an effective means to improve dust removal efficiency. In 2003,
Wu [34] first introduced chemical dust suppression in detail from principle to application,
providing systematic guidance for the development of chemical dust suppression related
work. Wang et al. [35–37] developed a complete set of new mine foam dust suppression
technology, analyzed the advantages of this technology, and applied it according to differ-
ent environments. Zhang et al. [38] prepared a new polymer spray dust remover that can
enhance the wettability and cohesiveness, providing a new choice of surfactant for chemical
dust suppression. Bao et al. [39] prepared a new type of hydrogel based on cross-linked
polymer and tested its inhibition on coal dust. At present, in the field of chemical dust
suppression, the analysis of dust suppression effects and the optimization of dust sup-
pressant materials and formulas is mostly from a macro perspective [40]. In recent years,
there has been little micro and micro research on the laws of dust suppression effect [41,42],
especially from a micro perspective on the contact behavior between dust suppression
droplets and dust surfaces. However, this has important theoretical and practical value for
improving the theory of water mist dust removal and improving dust removal efficiency.

In this study, we aim to experimentally investigate the dynamic contact behavior
between multi-component droplets and iron ore dust surfaces using high-speed photogra-
phy, image analysis, and other technologies. We will compare and analyze the difference
characteristics under different dust particle sizes and surface tension conditions to optimize
the wetting agent formulation and improve dust collection efficiency.

2. Materials and Methods
2.1. Materials

(1) Sample preparation and characterization
The experimental samples are from the underground iron ore of Meishan Iron Mine in

Nanjing city, Jiangsu Province, China. The XRD analysis shows that the main components
are hematite (Fe2O3), quartz (SiO2), siderite (Fe(CO3)), calcite (Ca(CO3)), and ferridolomite
(Ca(Fe2+,Mg)(CO3), and contain iron oxides, silica, and carbonates.

Firstly, the iron ore is crushed in the jaw crusher, and then it is ground in the sampling
machine. After the dust is dried, it is screened by the vibrating screen machine for the
first time, selecting standard testing of 300 mesh (Dahan machinery, Xinxiang, China) and
placing from large to small according to the size of the sieve hole. After the end of the first
screening, the screen mesh is cleaned, and the dust is dried twice, and then the secondary
screening is carried out. After the screening, the particles of different particle sizes are
obtained and sealed in the sealed tank for reserve.

The steps are as follows: take an appropriate amount of dust (3~5 g) and spread it on
the utensil (5 mm in diameter), and scrape the excess dust along the edge of the utensil with
a slide, so that the edge of the utensil is flush with the surface of the dust pile and the depth
of the utensil is about (3 mm) of the dust thickness. According to the above steps, dust in
different particle size intervals was taken to make six samples (see Table 1), which were
denoted as S1~S6. As shown in Table 1, the dust diameter range in S1 is 125~150 mm, S2 is
105~125 mm, S3 is 100~105 mm, S4 is 90~100 mm, S5 is 74~90 mm, and S6 is 65~74 mm.
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Table 1. Screen size statistics.

Dust Sample Upper Screen
Aperture (µm)

Lower Screen
Aperture (µm) D50/(µm) D90/(µm) D[4,3]

S1 150 125 160 237 155
S2 125 105 131 196 127
S3 105 100 113 170 110
S4 100 90 65.4 140.7 72.5
S5 90 74 5.23 91 30
S6 74 65 0.68 63.9 21.9

Note: D(50) and D(90), respectively, represent the diameter represented by 50% and 90% of the cumulative
distribution of particle size; D[4,3] is the mean diameter of volume.

(2) Solution preparation
Multi-component wetting agent was selected as the experimental solution. The multi-

component wetting agent was a kind of reagent made by thermal synthesis process of
hygroscopic inorganic salt and several kinds of surfactants. We ensured that the surface
tension of the solution met a certain gradient, the mass concentrations of the prepared solu-
tions were 0 g/mL, 0.005% g/mL, 0.01% g/mL, 0.05% g/mL, 0.10% g/mL, and 0.15% g/mL
(see Table 2), denoted by Y0~Y5, respectively. It was found that the surface tension value of
solution A was relatively stable at 0.15% g/mL, so the maximum mass concentration of
solution was selected as 0.15% g/mL.

Table 2. Mass fraction, surface tension, and viscosity of the solution.

Number Solution Type Mass
Fraction/%

Surface
Tension/mN/m Viscosity/mPa·s

Y0 Pure water 0 71.2 1.17
Y1

Multi-component wetting agent

0.005 55.5 1.30
Y2 0.01 48.6 1.28
Y3 0.05 44.7 1.26
Y4 0.1 40.2 1.27
Y5 0.15 34.8 1.26

The results show that the surface tension decreases with the increase in solution mass
fraction. The overall distribution of viscosity is 1.26~1.30 mPa·s, with a variation range of
3.2%. Therefore, the influence of viscosity change is ignored in this study.

2.2. Apparatus

In order to capture the whole process of contact between droplets and dust surfaces
under microscopic conditions, a set of observation and analysis test equipment was in-
dependently built, as shown in Figure 1. The device is divided into image observation
unit, droplet generation unit, dust regulation unit, and image analysis and processing unit.
Among them, the image observation unit is a high-speed camera device and its related
components, the droplet generation unit consists of a micro-sampler and a micro-injection
pump, the dust regulation unit is a dust placing vessel and a horizontal spiral lifting plat-
form, and the image processing unit is image analysis and contact angle analysis software.

The preparation of test droplets was completed with a microsampler pump and a
microsampler (10 microliters). The microsampler sucked and pumped liquid under the
control of the control panel, and stably generated droplets (with a diameter of about
2.48 mm) at its front end. The distance H between the sampler and the dust container was
fixed to ensure that the droplet velocity V was consistent during each contact.
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Figure 1. Test device system.

2.3. Testing Plan

The contact process between the dust suppression droplet and the surface of the dust
pile was captured by high speed camera technology. The experimental process includes the
following two processes:

(1) The capture of the contact process. Taken by a computer-controlled high-speed
camera with the shortest time interval of 500 milliseconds and the image pixel of 512 × 512.
During the test, the start time of the shooting should be manually controlled and the
capture should be started at the moment of the drop, and the contact process should be
automatically photographed and saved by the computer. In this process, the micro-injection
pump control interface is used to control the discharge of liquid from the micro-injector, and
the supporting software of high-speed camera controls the start and end of the shooting.
The key point of the experiment is to control the start time of the shooting, so as to avoid
the failure to observe the whole process of the contact between droplets and dust surface
due to early or late shooting. After the shooting, the dust surface should be left standing
for 3 min, and the effect of liquid drops on the dust surface should be photographed by
optical microscope.

(2) Image processing. The completed pictures are classified according to the difference
of droplet behavior, and the pictures meeting the conditions of droplet contact angle mea-
surement are screened out, and the relevant processing software is used for measurement.
By observing the complete contact process between droplet and dust surface, the droplet
behavior is statistically classified, the basic behavior types of droplet are summarized, and
the same behavior phenomenon and its unique behavior phenomenon as other solid-liquid
contact in the contact process between droplet and dust surface are summarized. The
image analysis and processing software was used to measure the relevant parameters in
the contact process between the droplet and the dust surface, and the influence of different
factors on the droplet behavior was quantitatively analyzed.

Considering that the droplet is approximately elliptical, the equivalent diameter D0
was used to measure the droplet size.

D0 = (DvD2
h)

1/3
(1)

where, Dh was the horizontal diameter, mm; Dv was the vertical diameter, mm.
In order to reduce the error, the average value of multiple measurements was taken as

D0 before the experiment. After repeated debugging, the experimental parameters were
set as follows: droplet height h = 100 mm, droplet diameter D0 = 2.34~2.38 mm, droplet
velocity 1.589~1.602 m/s.
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2.4. Testing Items
2.4.1. Droplet Behavior Types

This study has provided valuable insights into the behavior of liquid droplets on dust
surfaces. Through a thorough analysis of the energy dynamics involved in the spreading,
retracting, and bouncing stages of droplets, as well as an investigation of the various types
of energy loss during the contact process between droplets and dust, this study has laid
a solid foundation for future multi-factor analysis. Additionally, the identification and
classification of different contact behaviors of droplets on dust surfaces, including direct
spread, fragmentation, retraction, negative bounce, primary bounce, and secondary bounce,
have opened up new avenues for understanding the underlying mechanisms driving
these phenomena.

(1) Contact behavior analysis
As shown in Figure 2, through numerous experimental observations, we have dis-

covered that the behavior of liquid droplets on dust surfaces can be classified into distinct
categories, including direct fragmentation, retraction, negative bounce, primary bounce,
and secondary bounce, which have been denoted as 10, 20, 30, 40, and 50, respectively.
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(2) Decision process of contact behavior
Figure 3 illustrates the process of determining the contact behavior type for one or

more dynamic stages included in the contact process between droplets and dust surfaces.
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2.4.2. Maximum Spreading Coefficient

The spreading stage is an essential phase that occurs when a liquid droplet comes into
contact with a dust surface. During this process, the maximum contact diameter between
the droplet and the surface is the droplet’s maximum spreading diameter. The maximum
spreading coefficient, which can be calculated using the droplet’s maximum spreading
diameter, is a critical parameter for measuring the droplet’s spreading performance in
solid-liquid contact. Therefore, studying the maximum spreading coefficient holds great
value. The calculation formula for the maximum spreading coefficient is presented in
Formula (2).

βmax = Dmax/D0 (2)

where, βmax is the maximum spreading coefficient; Dmax is the droplet’s maximum spread-
ing diameter, mm; D0 is the initial diameter of the droplet, mm.

2.4.3. Maximum Acting Diameter and Acting Area

In the realm of solid-liquid contact, the spread area of droplets on solid surfaces is
a common focus of study [43,44]. However, due to the internal infiltration behavior of
droplets when in contact with dust surfaces, analyzing the spread area alone may not
fully capture the effect of the droplets. To address this, after the droplets have completely
disappeared on the dust surface, the test dust sample is left to stand for 3 min before
being placed under an Olympus optical microscope to capture the maximum effect of the
droplets. This approach ensures that the droplets’ effect is accurately measured without
the interference of evaporation or complete spreading on the dust surface. Image analysis
software is then used to measure the acting diameter and area of droplets, as shown in
Figure 4.
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2.4.4. Maximum Bounce Height

The bouncing behavior of a droplet is influenced by various experimental conditions,
resulting in fluctuations in its bouncing height. During the bouncing process, the droplet
eventually reaches its maximum height, Hmax, as depicted in Figure 5. To determine the
maximum bouncing height of the droplet, image screening was conducted and analyzed
using image processing software. Subsequently, the maximum bouncing height under
different conditions was compared and analyzed, leading to a better understanding of the
droplet’s behavior.

Coatings 2023, 13, x FOR PEER REVIEW 9 of 15 
 

 

2.4.4. Maximum Bounce Height 

The bouncing behavior of a droplet is influenced by various experimental condi-

tions, resulting in fluctuations in its bouncing height. During the bouncing process, the 

droplet eventually reaches its maximum height, Hmax, as depicted in Figure 5. To deter-

mine the maximum bouncing height of the droplet, image screening was conducted and 

analyzed using image processing software. Subsequently, the maximum bouncing height 

under different conditions was compared and analyzed, leading to a better understand-

ing of the droplet’s behavior. 

 

Figure 5. Schematic diagram of the maximum bouncing height of single drop. 

To minimize the influence of particle size differences on droplet behavior under 

different conditions, it is necessary to introduce a dimensionless parameter to describe 

the impact of dust surface differences on the bounce-height of droplets. This parameter is 

known as the maximum bounce-coefficient H, which is calculated using Equation (2). The 

H parameter provides a standardized way to compare and analyze the maximum 

bouncing height of droplets under different experimental conditions, despite the slight 

variations in droplet diameter. 

max 0/H H D=
 (3) 

where, Hmax is the maximum bouncing height of the droplet, mm; D0 is the initial diame-

ter of the droplet, mm. 

3. Results and Discussion 

3.1. Pattern of Contact Behavior 

Figure 6 illustrates the contact behavior of pure water droplets on different dust 

surfaces. The contact behavior of pure water droplets on the surface of S1, S2, and S3 dust 

is fragmentation and direct spreading. As the overall particle size of the dust surface 

continues to decrease, pure water droplets begin to exhibit negative bouncing on the S4 

dust surface, and bouncing behavior occurs on the S5 and S6 dust surfaces. 

Figure 5. Schematic diagram of the maximum bouncing height of single drop.

To minimize the influence of particle size differences on droplet behavior under
different conditions, it is necessary to introduce a dimensionless parameter to describe
the impact of dust surface differences on the bounce-height of droplets. This parameter is
known as the maximum bounce-coefficient H, which is calculated using Equation (2). The
H parameter provides a standardized way to compare and analyze the maximum bouncing
height of droplets under different experimental conditions, despite the slight variations in
droplet diameter.

H = Hmax/D0 (3)

where, Hmax is the maximum bouncing height of the droplet, mm; D0 is the initial diameter
of the droplet, mm.

3. Results and Discussion
3.1. Pattern of Contact Behavior

Figure 6 illustrates the contact behavior of pure water droplets on different dust
surfaces. The contact behavior of pure water droplets on the surface of S1, S2, and S3
dust is fragmentation and direct spreading. As the overall particle size of the dust surface
continues to decrease, pure water droplets begin to exhibit negative bouncing on the S4
dust surface, and bouncing behavior occurs on the S5 and S6 dust surfaces.

From the perspective of energy conversion, if a droplet can undergo bouncing behavior,
the formula [45] should be met:

Ev f > Es + Eh (4)

where, Evf is the final kinetic energy of the droplet recovery stage, J; Es is the surface energy
of the droplet, J/m2; Eh is the gravitational potential energy of the droplet, J.
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According to Formula (4), when the droplet undergoes direct spreading behavior and
there is no retraction stage, then:

Evf = 0

If the droplet only undergoes retraction behavior, then:

0 < Ev f < Es + Eh (5)

The contact behavior between droplets and dust mainly depends on the particle size
of the dust. When the dust particle size is greater than 100 µm, liquid droplets can adsorb
on the dust surface, making it difficult for the remaining energy of the droplets to support
their retraction behavior. As the dust particle size decreases, the pores on the surface of
the dust pile decrease, increasing the thickness of the surface air film, hindering the spread
of droplets on the dust surface, reducing the energy consumption of the first spread of
droplets, and allowing sufficient energy for the droplets to retract and rebound.

Furthermore, it is observed that the contact behavior of droplets is independent of the
droplet’s surface tension within a certain range when the dust particles are large. However,
as the surface tension decreases and the dust particle size becomes smaller, the droplet’s
behavior changes from secondary bouncing to primary bouncing, such as on the surface
of S5 and S6 dust. Notably, the surface of S4 dust changes from one bounce to negative
bounce under the action of Y5 droplets. This is attributed to the increase in wettability
of liquid to solid and adhesion between solid and liquid, due to the decrease in droplet
surface tension and contact angle. This, in turn, leads to increased energy required to cope
with the dust surface during the spreading and shrinking stage. As the surface energy
of the droplets decreases, the energy provided for the droplets to bounce also decreases,
resulting in weakened droplet bounce performance.

3.2. Maximum Spreading Diameter

When the surface tension of the droplets decreases from 55.5 to 34.8 mN/m, the
maximum spreading diameter of the droplet has increased by 30% to 40%, indicating
that droplets with lower surface tension tend to spread further on the dust surface, as
shown in Figure 7. However, the maximum spreading coefficient of the droplet exhibits
no obvious pattern, as shown in Figure 8. This is due to the interplay of several factors,
such as the reduction of initial surface energy and the increase in adhesive forces between
the droplet and dust surface, which contribute to increased energy dissipation during
spreading. Furthermore, the spreading process is also influenced by the occurrence of
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longitudinal penetration behavior, which is promoted by the reduction in surface tension
and further increases the energy loss during spreading. Despite these factors contributing to
a weakened horizontal spreading effect, the reduction in surface tension also strengthens the
wetting effect of the droplet and promotes spreading behavior. Ultimately, it is the interplay
of all these factors that results in the complex behavior of the droplet spreading coefficient.
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3.3. Maximum Acting Diameter and Acting Area

Figures 9 and 10 demonstrate that the impact of liquid droplets on the surface of dust
is non-uniform. There are discernible distinctions between the horizontal and longitudinal
effects on certain dust surfaces, with the range of action assuming an irregular shape,
reflecting variations in the wetting behavior of the dust surfaces. With decreasing droplet
surface tension, the unidirectional acting diameter and the maximum acting area increase
when the dust surface size is over 100 µm. For example, in S3, when the surface tension
of the droplet decreases from 55.5 to 34.8 mN/m, the acting diameter in the x direction
increases by 22.2%, the acting diameter in the y direction increases by 35.2%, and the
maximum action area increases by 58%. However, when the surface particle size is less than
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100 µm, there is no significant change in the unidirectional acting diameter and maximum
acting area despite decreasing surface tension. This suggests that surface tension reduction
can enhance solution wettability to a certain degree, but cannot augment the acting area.
Moreover, lowering the solution’s surface tension accelerates the longitudinal penetration
of droplets, transforming a portion of the droplet from transverse spreading to longitudinal
penetration. This weakens the lateral action of the droplet and ultimately reduces the
droplet’s action area.
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(a) (b) 

Figure 10. Maximum active area.

The experimental results reveal that the fundamental behavior exhibited by the
droplets is retraction and rebound. Upon contact with the dust surface for the second time
at the end of the bouncing stage, the droplets deviate from the first contact site, forming a
new contact interface and increasing the maximum acting area of the droplets, as shown in
Figure 11.
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Figure 11. The process of increasing the action area of liquid droplets when they come into contact
with dust surfaces. (a) Droplet rebound; (b) Deviation of droplet spreading position.

Furthermore, the maximum acting area of droplets experiences a sudden change point
on the surface of S6 dust, which is not consistent with the overall trend. This may be
attributed to the small particle size.

3.4. Maximum Vertical Bounce

As show in Figure 12, when the surface tension of the droplets decreased from 55.5 to
34.8 mN/m, the maximum bounce heights (coefficients) of S3, S4, and S5 decreased by 100%,
57.14%, and 53.57%, respectively. Previous research indicates that droplet surface tension
weakens its bouncing performance, and the decline in these two parameters confirms
this conclusion. The reduction in surface tension causes a decrease in the droplet’s initial
surface energy. Additionally, the enhancement of the droplet’s wettability leads to increased
energy dissipation during its spreading and retracting behavior. Consequently, the energy
available to support the droplet’s bouncing is reduced, leading to a decline in the maximum
bouncing height.
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4. Conclusions

(1) The effect of dust particle size on the behavior of liquid droplets is evident. As
the particle size decreases, the droplet’s bouncing ability increases while its spreading
effect weakens, resulting in a decrease in the maximum spreading diameter. This is due
to the fact that smaller particle sizes make it more difficult for droplets to wet the surface.
Therefore, particle size is a key factor in determining droplet spreading. It is worth noting
that when the dust surface particle size exceeds 100 µm, the decrease in droplet surface
tension has minimal effect on increasing the droplet spreading area. This is because the
decrease in surface tension accelerates the longitudinal penetration of the droplet, causing
some droplets to transform from transverse spreading to longitudinal penetration, thereby
weakening the lateral action of the droplet and decreasing its acting area.

(2) When the particle size of the dust surface is larger than 100 µm, the effect of
decreasing the surface tension of the liquid droplet solution within a certain range on the
contact behavior between the liquid droplet and the dust surface is negligible, and the
contact behavior is mainly direct spreading or fragmentation. However, when the particle
size is less than 100µm, the contact behavior of the droplet shows a sequential occurrence
of negative bouncing and bouncing behavior with the decrease in the particle size. In
other words, decreasing the surface tension of the liquid droplet solution weakens its
bouncing performance. This implies that reducing the surface tension of the liquid droplet
solution can improve the spreading ability of the droplet on the dust surface and increase
the likelihood of wetting the dust particles.

(3) As the surface tension of the droplet solution decreases, the maximum spreading
diameter of the droplet increases by more than 30%. However, the maximum spreading
coefficient of the droplet does not follow the same pattern. During the spreading process
of droplets on the dust surface, the initial surface energy of the droplets decreases as the
surface tension decreases, leading to a stronger adhesion force between the droplets and
the dust surface, and a greater longitudinal permeability of the droplets. The interplay of
these four forces results in an increase in the maximum spreading diameter of the droplets
with increasing surface tension, while the maximum spreading coefficient does not exhibit
a clear trend.

(4) Reducing the surface tension of water mist can reduce the thickness of the air film
when dust and liquid droplets come into contact, weaken the blocking effect of surface
tension during the dust mist coupling process, strengthen the wetting behavior of water
mist and dust contact, and achieve dust mist coupling.
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