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Abstract
The microstructure and adhesion force between dust particles determine the dust starting and migration to a certain extent. 
By use of scanning electron microscopy, the BET method, and the abruption technique, the microstructure and adhesion 
force of dust on the soil pavement of an open-pit mine were examined. The results indicate that the dust shape of soil pave-
ment is mainly irregular quadrilateral, pentagonal and circular. The adhesion of dust particles in soil pavement reduces as 
particle size and temperature increase. When the particle size grows from 22 to 30 μm and the ambient temperature rises 
from 25 to 30 ℃, the adhesion force of dust particles in soil pavement drops dramatically. The adhesion force of dust parti-
cles in the soil pavement of open-pit mine increases as environmental humidity and pressure rise. When the environmental 
humidity exceeds 70% and pressure exceeds 24.79 kPa, the adhesion of dust particles increases dramatically. On the basis 
of the multiple regression method, a prediction model for the dust adhesion force of open-pit mines’ soil pavement has been 
developed. However, its accuracy needs to be further enhanced.
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1 Introduction

With high transportation efficiency and flexibility, automo-
bile transportation has become the main transportation mode 
for open-pit mines. The road surface of the open-pit mine 
generates powder due to the rolling and bumping of mine 
cars, resulting in a large amount of floating dust accumulat-
ing on the road surface. Therefore, road dust is one of the 
essential sources of dust pollution in mines. The microstruc-
ture and adhesive force of dust determine the generation and 
diffusion of dust to a certain extent.

The microstructure of dust can be analyzed by scanning 
electron microscope (Jin et al. 2021), some scholars also 
proposed to combine it with Image J software (Mazzoli and 
Favoni 2012). At present, scholars have mostly studied the 
microscopic characteristics of dust on urban roads (Bucko 

et al. 2011; Wiseman et al. 2021), tunnels (Klockner et al. 
2021) and industrial roads (Jayarathne et al. 2019; Ramirez 
et al. 2020), but rarely on mine dust, especially on soil pave-
ment. Barone et al. (2019) used light-scattering theories to 
determine the particle size of irregular particles, and ana-
lyzed the composition and morphology of coal dust. Qian 
et al. (2020) analyzed the micromorphology and microstruc-
ture of coal mine dust after explosion from the qualitative 
and quantitative point of view, and divided the dust after 
explosion into four types, the dust with large particle size 
is in the shape of regular spherical and ellipsoidal particles. 
Liu et al. (2021) analyzed the trace elements in the road 
dust around coal-fired power plant through cluster analysis, 
isotope monitoring, and XPS observation.

The adhesion between particles mainly includes van der 
Waals force, capillary force and electrostatic force (Isaifan 
et al. 2019). The main methods for testing adhesion force 
include atomic force microscopy (Jaiswal et al. 2009), cen-
trifuge method (Nguyen et al. 2010), electrostatic detach-
ment method (Hu et al. 2008) and vibration method (Ripper-
ger and Hein 2005). Nguyen et al. (2010) used atomic force 
microscopy and centrifugation to measure the adhesion char-
acteristics between particles because of the great variation in 
the measurement results of atomic force microscopy. Even 
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for the same particles, particle shape and surface topogra-
phy will affect the measurement. Hence, many scholars have 
proposed new methods for measuring adhesion force. Zafar 
et al. (2014) has developed a rapid method for measuring 
adhesion forces by attaching particles to a substrate, drop-
ping the substrate at a certain height onto a bottom-mounted 
plug, forcing the granules off the substrate, and then using 
Newton’s second law of motion to estimate the separation 
force. Karde et al. (2017) utilized the tensile strength meas-
urements to estimate the adhesion force for different consoli-
dation stresses and wet conditions to estimate the change in 
adhesion between corn starch granules. Deng et al. (2021) 
adopted a novel mechanical surface energy tester to meas-
ure the particle adhesions of cohesive powders. Zhang et al. 
(2020) measured the interaction force between particle and 
air bubble/water droplet through a micromechanical tester. 
The test method for dust adhesion force can be referred to 
Chinese GB/T 16913-2008. In the past, Shi et al. (2017) 
conducted a study on the effect of denitrification and flue 
gas Waste Heat Recovery System on the adhesion force of 
ash particles. Although the test methods of particle adhesion 
forces are relatively mature, there are few reports on dust 
adhesion force testing of soil pavements in open-pit mines.

In conclusion, the microstructure of mine dust has been 
widely discussed, but research on the microstructure and 
adhesion force of soil pavement dust is lacking. The adhe-
sion force of open-pit mine dust not only determines the 
dust generation and migration to a certain extent, but also 
can be used as an evaluation index for the development 
and selection of chemical dust suppressants. Thus, in this 
study, the dust microstructure and adhesion force of mine 
soil pavement are explored in depth to provide a theoreti-
cal basis for dust mechanism analysis and dust suppres-
sion of soil pavement in open-pit mines.

2  Description of experiments

2.1  Sample preparation

The dust samples were taken from an iron mine soil pave-
ment with a brush. According to AP-42 of the United States, 
5–10 kg samples were randomly selected from three loca-
tions of the road for microstructure analysis since the road 
did not exceed 4.8 km. After collecting the samples, the silt 
content and water content of the roads were determined to 
be 11.63% and 0.051%, respectively. In addition, the samples 
were screened by standard sieves to remove particles larger 
than 80 mesh to analyze the adhesion of dust on the soil 
pavement. As can be observed in Fig. 1, dusts with particle 
size of 180, 120 and 75 μm respectively account for 53.49%, 
21.6% and 14.33% of the dust on the soil pavement of open-
pit mine.

2.2  Experimental methods

(1) Microscopic morphology test method. The microscopic 
morphology and composition of dust of mine soil pave-
ment were analyzed by ZEISS microscope. Since dry 
dust is not electrically charged, it can destroy the elec-
tron beam. In order to avoid this problem, the dust was 
installed on a carbon band, which was then sprayed 
to improve its electrical conductivity. The scanning 
electron microscope images of dust were taken at an 
accelerating voltage of 10–12 kV and an observation 
distance of 10–14 mm.

(2) Pore structure test method. ASAP2020M was used to 
measure the pore structure parameters of the soil pavement 
particles in the open-pit mine. During the experiment, the 
dust samples were put into a vacuum degassing station for 
heating and degassing treatment under the degassing tem-
perature of 120 ℃ for 2 h. Afterwards, the dust samples 
were put into liquid nitrogen bottles for testing.

(3) Adhesion test method. The adhesion of mine soil pave-
ment dust was tested in accordance with the abruption 
method of GBT16913-2008. This test principle is to put 
the dust into the separable sleeve sample box, vibrate 
and fill it tightly, and then pull off the dust sample ver-
tically on the viscosity balance. The measured verti-
cal tensile strength of the dust sample represents the 
adhesion force of the dust. As a modification of the 
TG628A analytical balance, the test apparatus for the 
abruption method is shown in Fig. 2a. The device is 
mainly composed of an upper barrel, a lower barrel, 
a light measuring cylinder, a fixture and an adjust-
able support (GB/T 16913-2008). The diameter of the 
upper and lower barrels is 2 cm, and the lower barrel 
is cup-shaped. The upper and lower barrel can form a 
sample box under the action of the fixture, and then 

Fig. 1  Sampling position and particle size ratio of dust
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filled with dust from the open-pit mine soil pavement. 
The micro-syringe serves to inject water into the meas-
uring cylinder. The temperature and humidity of dust 
can be controlled by a high and low temperature humid 
heat chamber (Fig. 2b). The sample to be measured 
was placed in the high and low temperature humid heat 
chamber for 1 h and then immediately removed for 
measurement. The vibration caused by water injection 
should be avoided during the experiment. Moreover, if 
a concave and convex surface was formed after fracture, 
the actual fracture area would be larger than that of the 
calculated adhesion, and thus increase the error. The 
qualified fracture surface is depicted in Fig. 2c. In this 
paper, the temperature and the humidity ranged from 
25 to 40 ℃ and 30% to 90%, respectively. The pressing 
pressure was different weights of dust pressed into the 
barrel through the device (d) with conversion pressures 
of 12.48, 24.79, 37.45, and 49.9 kPa, respectively.

2.3  Data analysis

The analytical balance was adjusted to zero, the sample box 
with dust was placed on the lifting support and the adjusta-
ble support was adjusted so that the sample box was attached 
vertically to the left arm hook of the contact balance without 
force, then the fixture was removed and a few attention was 
paid to prevent dislocation. The light tray was hanged on the 
right arm of the analytical balance, and the light measuring 
cylinder was placed into the tray. The micro-syringe was 

utilized to inject water into the tray and observe the pointer. 
The force diagram in the abruption experiment is described 
in Fig. 3. The force balance can be determined by the fol-
lowing equations:

where p denotes the adhesion force of dust, W denotes the 
total weight of the dust cylinder and G denotes the total 
weight of dust in upper barrel and barrel.

If the pointer jumps to the left, stop water injection. At 
this point, the dust has been broken. The adhesion force of 
dust can be calculated by Eq. (2):

(1)p+Gg = Wg

(2)p =
W − G

S

Fig. 2  Schematic diagram of 
experimental device

Fig. 3  Force diagram of the 
abruption experiment
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where S denotes the area of the measuring cross-section.
Follow the above steps and methods for 3–5 consecutive 

measurements and calculate the average value.

3  Results and discussion

3.1  Microstructure of soil pavement dust 
in open‑pit mine

3.1.1  Microscopic morphology and composition of soil 
pavement dust

The microscopic morphology of the soil pavement of 
the open-pit mine is shown in Fig. 4. It can be seen from 
the figure that the shape of dust on the open-pit road is 
mostly irregular, mainly irregular quadrilateral, pentagonal 
(Figs. 4a, b, d, e) and nearly circular (Fig. 4c).

The dust energy spectrum of soil pavement of the open-
pit mine is depicted in Fig. 5. According to this figure, the 
main elements in the dust of the soil pavement of the open-
pit mine include Si, Ca, Fe, Mg and Al, in which Al and Fe 

elements were likely to be emitted from automobile exhaust 
(Yang et al. 2019).

3.1.2  Dust pore structure of soil pavement in open‑pit 
mine

The low temperature liquid nitrogen adsorption desorp-
tion curve of dust on soil pavement of open-pit mine are 
described in Fig. 6. When the relative pressure was less than 
0.8, the adsorption curve rises slowly and not vice-versa. 
This mainly stems from the capillary condensation of the 
larger pores in the soil pavement particles, resulting in a 
sharp increase of the adsorption capacity. There is no inflec-
tion point in the desorption line, and the difference between 
the desorption line and the adsorption line is small, suggest-
ing that the soil pavement particles in the open-pit mine are 
mainly composed of airtight holes closed at one end (Yan 
and Zhang 1979). The shape of the adsorption isotherm of 
the soil pavement particles of the open-pit mine shows that 
the adsorption isotherm of the soil pavement particles in 
open-pit mine belongs to type II. This also reveals that the 
soil pavement particles in open-pit mine have a relatively 
complete pore structure, which ranged from micropores to 
infinite pores (Chen and Tang 2001).

The specific surface area and pore volume of dust calcu-
lated from low temperature liquid nitrogen adsorption and 
desorption data are demonstrated in Table 1. From this table, 
it can be seen from that the specific surface area and the 
total pore volume of soil pavement dust of open-pit mine are 
2.717  m2/g and 0.024  cm3/g, respectively.

In order to intuitively analyze the dust pore size distribu-
tion of soil pavement of an open-pit mine, the integral and 
differential curves of pore size were plotted using the density 

Fig. 4  Microscopic morphology of dust on soil pavement of open-pit 
mine: a–b Irregular quadrilateral; c Nearly circular; d Irregular pen-
tagonal; e Irregular polygon

Fig. 5  Dust energy spectrum of soil pavement in open-pit mine
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flooding theory (DFT) model (Fig. 7). It’s worth noting that 
the dust pore size of soil pavement of open-pit mine mainly 
ranges from 3.47 to 25.12 nm. In addition, the most probable 
pore diameter is 4.54 nm, indicating that the mesopores of 
soil pavement dust in open-pit mine are more developed in 
comparison.

3.2  Influence of different factors on dust adhesion 
of soil pavement

3.2.1  Particle size

The particle size of 75, 45, 30 and 22 μm were respectively 
screened by 200, 325, 500 and 800 mesh standard screens 
to analyze the influence of particle size on dust adhesion 
force of soil pavement of open-pit mine. The adhesion force 
of full-size dust on open-pit soil pavement is 8.09 mg/cm2. 
The variation trend of dust adhesion force of soil pavement 
of open-pit mine with different particle sizes is shown in 
Fig. 8. It is clear that the dust adhesion force of soil pave-
ment gradually decreases with the increase of dust particle 
size. When dust particle size reached 22 μm and 30 μm, 
the corresponding dust adhesion force are 440.17 mg/cm2 
and 151.88 mg/cm2. Meanwhile, the dust adhesion force of 
soil pavement decreases rapidly when the dust particle size 
increased. The possible reasons for this phenomenon are 
as follows: when the ambient humidity and pressure were 
constant, the larger the particle size of dust led to a smaller 
specific surface area, and the probability of dust adhesion to 
each other decreases, thus causing the reduction of adhesion 
force (Shi et al. 2017).

3.2.2  Ambient humidity

The variation trend of dust adhesion force of soil pave-
ment with different humidity are described in Fig. 9. As 
can be seen from Fig. 9, the dust adhesion force increases 
with the increase of humidity. When the ambient humidity 
was less than 70%, the dust adhesion force of soil pavement 
is less than 310 mg/cm2. However, the dust adhesion force 
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Fig. 6  Low temperature liquid nitrogen adsorption desorption curve 
of dust on soil pavement of open-pit mine

Table1  Structure parameters of dust pore in soil pavement of open-
pit mine

Specific surface area  (m2/g) Pore volume  (cm3/g)

DFT BJH Total pore volume

2.717 0.011 0.025 0.024
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Fig. 8  Influence of particle size on dust adhesion of soil pavement
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increases obviously, up to 2000 mg/cm2 when the ambient 
humidity exceeded 70%. This is consistent with the results 
of previous studies (Isaifan et al. 2019). When the humidity 
increased to 70%–90%, the dust adhesion force increases 
rapidly. This can be attributed that the dust moisture content 
approximately doubles when the ambient humidity increased 
from 70% to 90%, and the increase of moisture content led 
to a rapid increase in adhesion force. In addition, the dust 
moisture content increases when increasing the humidity. 
When the environmental humidity increased from 30% to 
90%, the dust moisture content of soil pavement increases 
from 0.099% to 1.210%, indicating that the environmental 
humidity imposed a significant effect on the dust moisture 
content in soil pavement of open-pit mine.

Dust adhesion force mainly includes van der Waals force, 
electrostatic force and capillary force, among which capil-
lary force depends mainly on the surrounding environment. 

Capillary force is the formation of a thin liquid film on the 
surface of dust in a humid environment. When the liquid 
film of different dust was in contact with each other, a liquid 
bridge would be formed because of the surface tension of the 
liquid film as well as the adhesion of different dusts under 
the action of the liquid bridge. When the humidity increased, 
the dust moisture content increased, and the capillary force 
increased, thereby increasing the dust adhesion force (Jones 
et al. 2002).

3.2.3  Pressure

The change trend of dust adhesion force of soil pavement of 
open-pit mine with pressure is shown in Fig. 10a. As can be 
observed from this figure, the dust adhesion force increased 
with the increase of pressure. When the pressure was less 
than 24.79 kPa, the change trend of dust adhesion force is 
small. Nevertheless, the increase of dust adhesion force was 
large when the pressure was 37.45–49.9 kPa. At the same 
time, the dust adhesion force increased from 48.15 mg/cm2 
to about 100 mg/cm2. This can be explained by that the dust 
is mostly irregular in shape based on the analysis of dust 
microscopic morphology. Moreover, when the pressure 
increased, the dust would overcome the internal force of the 
dust and deform. The deformed dust increased the contact 
area between the dust and thus increased the adhesion force 
of the dust (Fig. 10b).

3.2.4  Temperature

The variation trend of dust adhesion force and dust moisture 
content on soil pavement of open-pit mine with temperature 
are described in Fig. 11. Notably, the dust adhesion force and 
moisture content gradually decrease and stabilize as the tem-
perature increased. As the temperature increased from 25 to 
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30 ℃, the dust adhesion force plummets. The reason may be 
that the increase in temperature caused the dust moisture con-
tent to decrease from 0.12% to 0.02%, and the decrease of 
moisture content led to a decrease of capillary force between 
dust and the reduction of adhesion force. The dust adhesion 
decreased slightly and tended to be stable when the tempera-
ture was between 30 and 40 ℃. At this time, the dust moisture 
content is small and close to each other (Fig. 11b). Therefore, 
changing temperature imposed little influence on the dust 
adhesion force.

3.3  Establishment of the dust adhesion force 
prediction model

In order to establish the relationship between the dust adhe-
sion force of open-pit mine soil pavement and each factor, the 
variation of dust adhesion force under temperature, humidity, 
particle size and pressure was obtained by using orthogonal 
test method. The factor setting table of the orthogonal experi-
ment is shown in the Table 2.

In accordance with Table 2, the dust adhesion force of the 
open-pit mine was tested under different factors using the 

abruption method. Each group of experiments was carried 
out three times, and the test results are shown in the Table 3.

Based on 48 groups of orthogonal test data, a multiple 
regression method was used to establish the relationship 
between dust adhesion force of soil pavement and various 
factors. According to the previous analysis, the relationship 
between temperature, humidity, particle size and pressure and 
adhesion force is nonlinear. Hence, the empirical equation for 
the adhesion between temperature, humidity and other factors 
was established, as shown in Eq. (3).

Taking the logarithm of both sides of Eq. (3), the following 
equations can be obtained:

To facilitate the solution, let y = log p , a0 = log a , 
x1 = log T , x2 = logRH , x3 = log dp , x4 = logP , and substi-
tute them into the Eq. (4), thus transforming it into a multivari-
ate linear equation as shown in Eq. (5).

According to Eq.  (5), the results of the orthogonal 
experiment can be expressed as follows:

where �1, �2, �3 … �48 are independent of each other. After-
wards, let

(3)p = a ⋅ Ta1
⋅ RHa2

⋅ d
a3
p ⋅ Pa4

(4)
log p = log a + a1 log T + a2 logRH + a3 log dp + a4 logP

(5)y = a0 + a1x1 + a2x2 + a3x3 + a4x4

(6)

⎧⎪⎪⎨⎪⎪⎩

y1 = a0 + a1x11 + a2x12 + a3x13 + a4x14 + �1

y2 = a0 + a1x21 + a2x22 + a3x23 + a4x24 + �2

⋮

y47 = a0 + a1x471 + a2x472 + a3x473 + a4x474 + �47

y48 = a0 + a1x481 + a2x482 + a3x483 + a4x484 + �48

Y =

⎡
⎢⎢⎢⎢⎢⎣

y1
y2
⋮

y47
y48

⎤
⎥⎥⎥⎥⎥⎦

, X =

⎡
⎢⎢⎢⎢⎢⎣

1 x11 x12 ⋯ x14
1 x21 x22 ⋯ x24
⋮ ⋮ ⋮ … ⋮

1 x471 x472 ⋯ x474
1 x481 x482 ⋯ x484

⎤
⎥⎥⎥⎥⎥⎦

, � =

⎡
⎢⎢⎢⎢⎢⎣

a0
a1
a2
a3
a4

⎤
⎥⎥⎥⎥⎥⎦

, � =

⎡
⎢⎢⎢⎢⎢⎣

�1

�2

⋮

�47

�48

⎤⎥⎥⎥⎥⎥⎦

(b)

(a)

Fig. 11  Influence of temperature on dust adhesion of soil pavement: a 
Adhesion force; b Moisture content

Table 2  Factor-level settings

Level Factors

Tempera-
ture T (℃)

Humidity 
RH/(%)

Particle size 
dp(μm)

Pressure P (kPa)

1 25 50 22 12.48
2 30 60 30 24.79
3 35 70 45 37.45
4 40 80 75 49.9



 J. Wang et al.

1 3

   88  Page 8 of 10

According to the rules of matrix operations, the expression 
could be expressed as matrix operation, as shown in Eq. (7):

Using the least squares method to estimate the param-
eters (i.e., a0, a1, a2, a3, a4 ), the regression equation is:

a could be calculated by the following equation:

The coefficient a could be obtained by substituting the 
orthogonal experiment results into Eq. (9). The coefficient a 
is calculated as follows:

(7)Y = �X + �

(8)ŷ = a0 + a1x1 + a2x2 + a3x3 + a4x4

(9)

a =

�
X
T
X
�−1

X
T
Y =

⎛⎜⎜⎜⎜⎜⎝

⎡⎢⎢⎢⎢⎢⎣

1 1 1 ⋯ 1

x11 x21 x31 ⋯ x481
⋮ ⋮ ⋮ ⋮ ⋮

x13 x23 x33 ⋯ x483
x14 x24 x34 ⋯ x484

⎤⎥⎥⎥⎥⎥⎦

⎡⎢⎢⎢⎢⎢⎣

1 x11 x12 ⋯ x14
1 x21 x22 ⋯ x24
⋮ ⋮ ⋮ ⋮ ⋮

1 x471 x472 ⋯ x474
1 x481 x482 ⋯ x484

⎤⎥⎥⎥⎥⎥⎦

⎞⎟⎟⎟⎟⎟⎠

−1

⎡⎢⎢⎢⎢⎢⎣

1 1 1 ⋯ 1

x11 x21 x31 ⋯ x481
⋮ ⋮ ⋮ ⋮ ⋮

x13 x23 x33 ⋯ x483
x14 x24 x34 ⋯ x484

⎤⎥⎥⎥⎥⎥⎦

⎡⎢⎢⎢⎢⎢⎣

y1
y2
y3
⋮

y48

⎤⎥⎥⎥⎥⎥⎦

(10)a =

⎡
⎢⎢⎢⎢⎢⎣

−0.892

−4.705

5.746

−0.523

0.581

⎤⎥⎥⎥⎥⎥⎦

Based on the above parameters, the model of dust adhesion 
force of soil pavement of open-pit mine could be obtained as 
follows:

In order to verify the accuracy of the established model, 
several groups of experimental values were selected for 
comparison with the predicted values, and the compari-
son results are shown in the Fig. 12. It is obvious that the 
model has excellent predictions for some results with errors 
within 15%, but there are also some large errors, such as 
the shaded area in the Fig. 12. Therefore, the accuracy 
of the model needs to be further improved, so Eq. (11) is 
written as:

Despite the dust adhesion force of soil pavement on 
open-pit mine is quantified in current work, the dust 
adhesion force is easily affected by its own physical 
and chemical characteristics, and the adhesion force of 
road dust varies from one mine site to another. Study-
ing the adhesion force of soil pavement is important for 
the mechanism of road dust generation and the develop-
ment of corresponding dust suppressants. Therefore, it 
is recommended to discuss dust adhesion force in future 
road dust control studies to develop an efficient dust 
suppressant.

(11)p = 10−0.892 ⋅ T−4.705
⋅ RH5.746

⋅ d−0.523
p

⋅ P0.581

p ∝ T−4.705
⋅ RH5.746

⋅ d−0.523
p

⋅ P0.581

Table 3  Orthogonal 
experimental results

serial number Tempera-
ture T (℃)

Humidity 
RH (%)

Particle 
size 
dp(μm)

Pressure P (kPa) Adhesion 
force p (mg/
cm2)

Standard deviation

1 25 50 22 12.48 196.04 16.29
2 25 60 30 24.79 44.90 11.87
3 25 70 45 37.45 1629.30 163.27
4 25 80 75 49.9 2101.82 176.36
5 30 50 30 37.45 2955.22 224.72
6 30 60 22 49.9 509.86 49.97
7 30 70 75 12.48 275.02 63.51
8 30 80 45 24.79 4645.51 224.79
9 35 50 45 49.9 11.80 1.81
10 35 60 75 37.45 197.04 46.84
11 35 70 22 24.79 262.93 14.89
12 35 80 30 12.48 699.96 59.60
13 40 50 75 24.79 15.83 6.16
14 40 60 45 12.48 17.30 6.57
15 40 70 30 49.9 104.28 12.20
16 40 80 22 37.45 643.34 26.10
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4  Conclusions

In this study, the dust microstructure and adhesion force of 
open-pit mine soil pavement were investigated by scanning 
electron microscopy, BET and abruption methods, and the 
following conclusions were drawn:

(1) The soil pavement dust of open-pit mine is mainly 
irregular quadrilateral, pentagonal and nearly circular. 
Besides, the adhesion force of the full-size dust with 
particle size is 8.09 mg/cm2.

(2) The dust adhesion force decreases with the increase of 
dust particle size. When the dust particle size increased 
from 22 to 30 μm, the dust adhesion force decreases 
from 440.17  mg/cm2 to 151.88  mg/cm2. The dust 
adhesion force of the soil pavement of open-pit mine 
decreases with the increase of temperature. The dust 
adhesion force tended to be stable with temperature 
and was almost independent of temperature with the 
change of temperature and hardly affected by tempera-
ture when the temperature was greater than 30 ℃.

(3) With the increase of ambient humidity, the dust adhe-
sion force of soil pavement of open-pit mine increases. 
When the humidity was more than 70%, the dust adhe-
sion force could reach 2000 mg/cm2. The dust adhe-
sion force of soil pavement of open-pit mine increases 
gradually as the pressure increased. In addition, the 
increase trend of dust adhesion force is obvious when 
the pressure exceeded 24.79 kPa.

(4) A multiple regression method was employed to estab-
lish the dust adhesion force model for the soil pavement 
of open-pit mine, but the accuracy of the model needs 
to be further improved.
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