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Abstract: This study explores the key physicochemical factors affecting the hydrophilic characteristics of iron mine blasting dust (BD). The 
BD is separated into an unwetted part (UWBD, hydrophobic part) and a wetted part (WBD, hydrophilic part). Its particle size, true density 
(TD), pore parameters, mineral composition, and surface compounds are comprehensively characterized and compared. The results indicate 
that a smaller particle size and more developed pore parameters are two key factors responsible for the strong hydrophobicity of the BD. The 
mineral composition of the BD has no direct effect on its wetting properties; however, it indirectly influences the deposition characteristics of 
the BD in water by affecting its TD. Unlike coal dust, the surface organic composition of the BD does not affect its wettability and the peak 
area of C–C/C–H hydrophobic groups in the C 1s X-ray photoelectron spectrum of the UWBD (45.03%) is smaller than that in the C 1s 
spectrum of the WBD (68.30%). Thus, eleven co-influencing processes of physicochemical properties of the BD on its wettability are sum-
marized. This research sheds light on the key factors affecting the wettability of the BD. 
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1. Introduction 

Air pollution has become a global problem in the twen-
ty-first century. However, blasting, which is accompanied 
by the massive emission of dust and toxic gases such as ni-
trogen oxides and carbon oxides, remains the main mining 
technology in metal mines worldwide [1−2]. In general, 
these substances containing large amounts of metals are ex-
hausted directly into the atmosphere through ventilation af-
ter blasting in either opencast or underground mines. They 
can rapidly form aerosol particles in the atmosphere at a 
certain temperature and humidity and can diffuse with the 
wind over long distances [3]. In addition, these particulate 
matters become suspended in the underground air, which not 
only increases miners’ risk of pneumoconiosis but also re-
duces visibility in the underground environment and in-
creases the possibility of severe accidents. Therefore, blast-
ing explicitly poses a unique risk to human health and the 
environment. The number of pneumoconiosis cases in China 

has increased from 9173 in 2005 to 26873 in 2015 [4]. 
Therefore, eliminating or at least controlling the emission of 
dust from mining operations, particularly from the processes 
of blasting and roadway driving, crushing, and grinding, is 
important. 

Over the past few decades, extensive efforts have been 
devoted to reducing the emission of mining dust (MD) by 
investigating the generation mechanism [5−6], diffusion 
process [7−8], and toxicology [9] of MD. Some efficient 
MD control techniques, such as ventilation [7−8], water 
spray [10], foam technology [11], chemical dust suppres-
sants [12−13], and surfactant-magnetized waters [14], have 
been proposed and applied in the field. These studies have 
demonstrated that the physical and chemical properties of 
dust not only pose risks to human health and the environ-
ment but also dominantly affect the wettability of dusts, 
which directly determines the suppression efficiency of wa-
ter-based dust reduction techniques. Therefore, it is neces-
sary to study the physicochemical properties of MD to ena-
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ble the selection of an appropriate method for its control and 
to improve the suppression efficiency. 

Generally, the physical properties of dust include its par-
ticle size distribution (PSD), micromorphology, porosity, 
specific surface area (SSA), and its density [15−19]. The 
hydrophobicity of coal dust increases with decreasing par-
ticle size, which has been attributed to the higher surface 
energy of finer particles, as demonstrated by Yang et al. [20]. 
However, Kollipara et al. [16] observed the opposite expe-
rimental result—that coarser particles require more time to 
be wetted—which might be a consequence of their atypical 
surface chemical properties. Moreover, pore parameters, in-
cluding surface area, pore size, and pore volume, are other do-
minant physical factors affecting the wettability of MD [17,20], 
which are heavily affected by the coal rank [17,20−23]. The 
more developed and complicated the pore structures, the 
poorer the wettability of the dust because the stronger gas ad-
sorption capacity can easily form a gas film around the coal 
dust, which weakens the wetting process [12]. In addition, 
the surface chemical properties of dust affect its wetting 
process. Xu et al. [23] investigated the influence of chemi-
cal properties of coal dust on its wettability in detail, de-
monstrating that coal dust with high hydroxyl and moisture 
contents has a fast wetting rate. Zhou et al. [24] suggested 
that the content of oxygen-containing polar group serves as a 
more reasonable indicator of the coal dust wettability. More-
over, Machado et al. [18] studied the physicochemical and 
morphological properties of the electric arc furnace dust be-
cause large quantities of elements Fe and Zn are contained 
in it. As mentioned above, although the influence of the 
physical and chemical properties of dust on its wettability has 
been studied separately in much detail, the co-influencing 
mechanisms of the physical and chemical properties of dust 
on its wetting process are seldom investigated. 

The blasting dust (BD) of iron mines contains a substan-

tial amount of Fe and Si that become highly hazardous to 
the environment and to human health when discharged di-
rectly into the atmosphere. Therefore, effective dust sup-
pression measures are needed after blasting in an iron mine. 
The suppression efficiency is known to be critically affected 
by the wettability of dust, which is determined by the phy-
sicochemical properties of dust, as previously mentioned. 
However, only a few articles about the physicochemical 
properties of the BD and their co-influencing actions on its 
wettability are currently available. 

In this study, first, the BD samples are separated into two 
parts using deionized water: the unwetted part (unwetted 
blasting dust [UWBD], hydrophobic part) and the wetted 
part (wetted blasting dust [WBD], hydrophilic part). Next, 
the physical and chemical properties of the UWBD and 
WBD parts are comprehensively characterized and com-
pared with each other. Lastly, the key influencing factors 
and their co-affecting mechanisms on the BD wettability are 
proposed; these factors and mechanisms are important when 
selecting suitable controlling methods for the BD, improv-
ing its suppression efficiency, and evaluating its recycling 
feasibility. 

2. Experimental 

2.1. Materials 

2.1.1. Sample collection 
As shown in Fig. 1, the BD sample researched in this 

study was collected from the Meishan iron mine, located in 
Nanjing, China. Before blasting, a plate with dimensions 60 
cm × 80 cm was fixed 25–30 m from the blasting face using 
the method described by Fujiwara et al. [25]. 1.5 h after 
blasting, the BD sample was collected from the plate and 
immediately transported to the laboratory in a plastic pouch 
to prevent further contamination. 

 
Fig. 1.  Maps showing the location of the sampling site (left) and a schematic of the sampling method (right). 

2.1.2. Sample pretreatment 
Unlike the studies conducted by Yang et al. [20] and Li 

et al. [17], no crushing or grinding operation was performed 
for the original sample to ensure that the natural physico-



1082 Int. J. Miner. Metall. Mater., Vol. 26, No. 9, Sep. 2019 

 

chemical properties of the sample remained unchanged. 
Only screening was used to remove large (≥ 74.16 μm) par-
ticles. Next, the screened sample was dried under high va-
cuum at 100°C for 2 h to remove its surface moisture and 
reduce its influence on the separation experiment [24]. The-
reafter, the dried BD sample was slowly poured into a beak-
er containing deionized water (the surface tension of the 
water was 73.02 mN/m). Fig. 2 clearly shows that the sam-
ple was divided into two parts: UWBD that floated on the 
surface of the deionized water and WBD that sank [16]. 
These parts correspond to the hydrophobic and hydrophilic 
parts of the BD, respectively. After 2 min, the UWBD and 
WBD were extracted using a slide glass and then dried 
again at 100°C for 2 h [2]. The pretreatment of the sample 
was complete at this point. 

 

Fig. 2.  Unwetted and wetted BD in deionized water. 

2.2. Experiments 

To explore the key factors affecting the wettability of the 
BD, the physical and chemical properties of the UWBD and 
WBD were comprehensively characterized and compared with 
each other. The entire experimental process is shown in Fig. 3. 

 

Fig. 3.  Characterized process of BD physicochemical properties used in the present work. 

2.2.1. Characterization of physical properties 
The dynamic contact angles (CAs) between the deionized 

water and the UWBD and WBD blocks (molded at 50 MPa) 
were measured on a Theta Lite TL101 apparatus (Finland). 
The data were recorded and analyzed using the OneAtten-
sion software provided by the instrument manufacturer. The 
PSDs of the UWBD and WBD were characterized using a 
laser particle size analyzer (LPSA) (Winner 2000, China) 
with anhydrous ethanol as the dispersion liquid [26]. Before 
the test, the bubbles in the liquid were crushed by ultrasonic 
waves generated by an ultrasonicator attached to the LPSA. 
The experiments are repeated three times, and the average 
value was analyzed. The micromorphology of the UWBD 
and WBD were observed using a scanning electron micro-
scope (SU8000, Japan). Subsequently, the ImageJ software 
was used to measure the particle size from scanning electron 
microscope (SEM) images to verify the LPSA results. 
Among numerous methods for pore characterization, 

low-pressure N2 gas adsorption (LP-N2GA) analysis has 
been verified to be an effective method to investigate the 
pore structure of a porous medium [27]. Therefore, the po-
rosity parameters of the UWBD and WBD, including their 
pore size distributions, pore volume, pore area, and SSA, 
were analyzed via an LP-N2GA experiment (3H-2000PS2, 
China) at liquid-nitrogen temperature (77 K at 101.3 kPa), 
which was conducted according to Chinese national stan-
dard GB/T 21650.3−2011.  

The true density (TD) of particulates apparently affects 
their deposition characteristics in water by affecting their 
acceleration under gravity [16]. However, very few studies 
have considered this parameter. In the present study, the TDs 
of the UWBD and WBD were tested on the basis of Archi-
medes’ principle using an automatic true density analyzer 
(3H-2000TD, China). As shown in Fig. 4, the steps and cal-
culation procedures of samples are as follows: 

First, X g of sample (with true volume VX) was placed 
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into the sample cell (with volume VSC); the remaining vo-
lume V2 of the sample cell is expressed as 

2 SC XV V V= −  (1) 

Then, valves 1, 3, and 4 are closed, and valve 2 was 
opened. Pressure P1 was recorded until the pressure stabi-
lized. 

Next, valve 2 was closed, and valve 1 was opened. The 
reference cavity (with volume V1) was inflated to a specified 
pressure, then valve 1 was closed, and pressure P2 was rec-
orded. The molar amount of gas n1 in the system (the sum of 
the reference cavity and the sample cell) is expressed ac-
cording to Bohr’s law as 

1 1 2 2 1n RT PV P V= +  (2) 

Finally, valve 2 was opened, and pressure P3 was rec-
orded until it stabilized. The molar amount of gas n2 in the 
system was expressed as 

2 3 1 2( )n RT P V V= +  (3) 

Eq. (4) can be obtained by applying the condition n1 = n2: 

3 1
2

3 1

( )2P P V
V

P P

−=
−

 (4) 

Hence, VX can be obtained by Eqs. (1) and (4), as ex-
pressed in Eq. (5): 

2 3 1
SC

3 1

( )
X

P P V
V V

P P

−= −
−

 (5) 

Therefore, the TD (g/cm3) of the testing sample is the ra-
tio of X to VX.  

 
Fig. 4.  Diagram of the true density testing mechanism. 

2.2.2. Characterization of chemical properties 
The elements, mineral composition, and surface carbon 

compounds of the UWBD and WBD were characterized 
using energy dispersive X-ray spectrometry (EDS), X-ray 
powder diffraction (XRD), and X-ray photoelectron spec-
troscopy (XPS), respectively. The elemental analysis of the 
UWBD and WBD with different particle sizes was per-

formed using an EDS equipped on SU8000 in “spot mode” 
and “area mode,” and the relative contents of each element 
were further analyzed via the intensity of the corresponding 
peak. The XRD patterns of the UWBD and WBD were ob-
tained using an Ultima IV (Rigaku, Japan) operating at 40 
kV and 40 mA with a Ni-filtered Cu Kα radiation source 
with a wavelength of 1.5406 nm. Diffractograms were rec-
orded at diffraction angles from 5° to 100° at an angular 
speed of 2°/min. Further analysis was performed used the 
International Centre for Diffraction Data (ICDD) database 
and the MDI Jade 6.1 software. In addition, the adiabatic 
method was used to quantify the relative contents of each 
component in the test sample, and the weight fraction of 
component j was quantified, as expressed in Eq. (6): 

1

j
j N

jj
i j

i= i

I
w =

I
K

K


 (6) 

where wj is the weight fraction of compound j, Ij is the dif-
fraction intensity of component j, which can be replaced by 
the area of the strongest peak, K is the parameter of each 
component, which can be obtained from the PDF cards in 
the ICDD database, and N is the number of compounds in 
the test sample. 

The carbon compounds on the surface of the UWBD and 
WBD were detected using an AXIS ULTRA spectrometer 
(Kratos, Japan) equipped with an Al Kα radiation source. 
The detection area was 700 μm × 300 μm. The binding 
energy of C 1s was corrected to 284.8 eV, and the energy 
spectrum of C 1s was used for hybrid fitting at 20% of 
Gauss–Lorentz function using the XPSPEAK 4.1 software. 
Moreover, the relative contents of each group were obtained 
by calculating the relative area ratio of the corresponding 
peak, as expressed in Eq. (7): 

j
j N

i
i=1

S
n =

S
 (7) 

where nj is the relative contents of group j, Sj is the fitting 
peak area of group j, and N is the number of groups for C 
element. 

3. Results and discussion 

To verify the difference between the hydrophilicity of the 
UWBD and WBD, the dynamic CAs were tested for 2 s. As 
shown in Fig. 5, at 0 s, the CAs of the UWBD and WBD are 
78.6° and 15.3°, respectively. Although the CAs of the 
UWBD and WBD decrease with time, the CA of the 
UWBD is greater than that of the WBD by approximately 
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15° at 0.4 to 2.0 s. Therefore, the hydrophobicity of the 
UWBD is stronger than that of the WBD, which introduces 
the possibility of exploring the effect of influencing factors 
on the hydrophilicity of the BD. 

 

Fig. 5.  Dynamic contact angles and its varied curve of UWBD 
and WBD samples. 

3.1. Differences in physical properties of UWBD and 
WBD 

3.1.1. Differences in micromorphologies and particle sizes 
of UWBD and WBD 

The particle size of dust is widely acknowledged to 
strongly affect its deposition properties in human airways. 
Generally, particulates with a particle size smaller than 10 

μm can enter the human respiratory system; in particular, 
particles with diameters less than 1 µm can deposit in the 
alveolar region [28]. SEM is one of the most commonly 
used methods to observe the micromorphology and particle 
size of dust particles. The SEM images of the UWBD and 
WBD, shown in Fig. 6, are enlarged by 1000× and 800×, 
respectively. The large particles (particle size (PS) ≥ 10 µm), 
medium particles (10 µm > PS ≥ 1 µm), and nanoparticles 
(PS < 1 µm) are clearly observed in the UWBD image. The 
majority of the particles are medium particles; furthermore, 
most of them are irregular spheres with high surface rough-
ness. Compared with the UWBD particles, most of the WBD 
particles are prismatic and are components of larger particles; 
that is, most of the WBD particles cannot be inhaled by hu-
mans. Thus, compared with the WBD, the UWBD not only 
exhibits greater hydrophobicity but also can be inhaled more 
easily, which poses a greater hazard to human health. 

The specific PSDs of the UWBD and WBD evaluated 
using an LPSA are shown in Fig. 7; these PSDs are in good 
agreement with the particle sizes observed in the SEM im-
ages. The majority of particles of the UWBD and the WBD 
fall within the 1–10 µm range and in the larger than 10 µm 
range because, according to Kollipara et al. [16], heavier 
particles easily settle in water as a consequent of their high 
acceleration under gravity.  

 

Fig. 6.  SEM images of (a) UWBD and (b) WBD samples (PS = particle size). 

 
Fig. 7.  Particle size distributions of (a) UWBD and (b) WBD 
samples.  

Medium particles also occur in the WBD, as shown in 
Fig. 7 and Table 1. The d10, the particle size corresponding 
to 10vol% of the cumulative volume, of the WBD is 5.16 
µm, which indicates that particle size is not the only factor 
affecting the wettability of the BD. Therefore, it is necessary 
to explore other factors that can influence the wettability of 
the BD by studying its other physical and chemical parame-
ters. 
3.1.2. Differences in TD and pore parameters of UWBD and 
WBD 

According to Archimedes’ principle, the relationship 
between gravity and buoyancy of dust determines whether it 
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sinks in water. Therefore, density is an important parameter 
in measuring the hydrophilicity of dust by the sink test. In 
this study, the TDs of the UWBD and WBD were measured 
as shown in Table 1. The TD of the WBD is 0.832 g/cm3 
greater than that of the UWBD; that is, each unit volume (1 
cm3) of the WBD is 8.32 mN heavier than that of the 
UWBD, which may affect the wetting process of the BD in 
water (compared with the surface tension value of 73.02 

mN/m of deionized water). In addition, the difference in the 
TDs indicates that the main components of the UWBD and 
WBD indeed differ, which underscores the need to explore 
the differences in the physical and chemical properties of the 
UWBD and WBD in greater detail. Therefore, the results 
suggest that the TD should be tested before the wettability 
of the dust is characterized, particularly for sink tests such as 
the Walker test [29]. 

Table 1.  Physical parameters of UWBD and WBD samples 

Sample 

Particle size / μm 

TD / 
(g·cm−3) 

SSA Pore volume Pore size BJH cumu-
lative pore 

areae / 
(m2·g−1) 

d10 d50 d90 
BET 

SSAa / 
(m2·g−1) 

Langmuir 
SSA / 

(m2·g−1) 

D–R mi-
cropore / 
(cm3·g−1)

BJH meso-
poreb / 

(cm3·g−1)

Total vo-
lumec / 

(cm3·g−1)

BET pore 
size / nm 

BJH pore 
sized / nm

UWBD 1.41 4.91 10.5 2.849 5.92 9.86 0.0020 0.0337 0.0357 20.95 14.58 10.07 

WBD 5.16 35.51 75.43 3.681 3.74 6.07 0.0013 0.0173 0.0186 16.79 10.71 6.06 

Notes: aSSA was determined using the BET equation with 0.0400 ≤ p/p0 ≤ 0.3200, where p/p0 is the ratio of equilibrium pressure (p) to satu-
rated vapor pressure(p0);

 bPore diameter ranges from 2.0–200 nm; cTotal volume = micropore volume + mesopore volume; dAverage values 
of adsorption pore size and desorption pore size; eAverage values of adsorption pore area and desorption pore area; 
BET—Brunauer–Emmett–Teller method; D–R—Dubinn–Radushkevich method; BJH—Barrett–Joyner–Halenda method.  

 

Fig. 8.  Adsorption–desorption isotherms of the UWBD and WBD samples. 

Pore properties of the UWBD and WBD were also de-
termined via the LP-N2GA experiment. Their type C ad-
sorption–desorption isotherms [30] are shown in Fig. 8. It 
can be seen that the absorbed N2 volume of the UWBD at 
the highest pressure is 20.06 cm3/g, which is almost twice 
than that of the WBD (10.15 cm3/g) and is also much higher 
than that of the respirable coal dust (varying in 10–14 cm3/g) 
as reported by Yang et al. [20]. This demonstrates that there 
exist abundant pore structures in the UWBD, which may be 
related to the action of huge detonation waves. In addition, the 
SSA, pore volume, pore size, and cumulative pore area are 
computed using the equations of Brunauer–Emmett–Teller 
(BET), Langmuir, Dubinn–Radushkevich (D–R), and Bar-
rett–Joyner–Halenda (BJH) methods, respectively, as pre-
sented in Table 1. The data show that the BET SSA and 

Langmuir SSA of the UWBD are 1.58 and 1.62 times that of 
the WBD, respectively; and the mesopore volume of the 
UWBD is also much larger than that of the WBD, resulting 
in the total volume of the UWBD being 1.92 times that of 
the WBD. Moreover, it is noted that the BET and BJH pore 
sizes of the UWBD are larger than that of the WBD al-
though the particle size of the UWBD is less than that of the 
WBD. Lastly, the BJH cumulative pore area of the UWBD 
is also 4.01 m2/g larger than that of the WBD, suggesting 
that there are more pore structures in the UWBD compared 
to the WBD, which not only increases the surface area of 
dust, but also provides a wide range of places for air adhe-
sion on its surface, which significantly weakens the wetta-
bility of the UWBD [17,20]. 

In addition, the pore size distribution was obtained using 
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the DFT (density functional theory) model, which is a much 
more accurate approach for pore size analysis and bridging 
the gap between the molecular level and macroscopic ap-
proaches [21]. As shown in Fig. 9, a pair of similar unimod-
al curves is observed. The dominant size lies between 0.5 
nm and 100 nm for the UWBD and WBD, with the major 
peak at approximately 1 nm, which is apparently smaller 
than that of respirable coal dust according to Li et al. [17] 
and Yang et al. [20]. This result again shows that the BD has 
a higher and more complex pore structure because the rock 

with high hardness is destroyed more thoroughly under the 
violent action of the detonation wave, whereas coal dust is 
formed by crushing, cutting, and friction. Furthermore, the 
differential volume of the UWBD is larger than that of the 
WBD in each description range, which verifies the pore 
volume results obtained using D–R and BJH methods, as 
shown in Table 1. Specifically, the rather developed pore 
structure in the UWBD is a key cause of its poor wettabil-
ity because of the large amount of air adsorbed onto its 
surface. 

 

Fig. 9.  Differential pore volume (a) and cumulative pore volume (b) of UWBD and WBD samples. 

3.2. Differences in chemical properties of UWBD and 
WBD 

As reported by Tian and Jiang [31], surface energy, 
which depends on the surface’s chemical composition, is a 
key factor determining the wettability of solid materials. We 
therefore characterized the element, mineral composition, 
and surface compounds of the UWBD and WBD, as de-
scribed in this section. 
3.2.1. Element differences in UWBD and WBD 

The elements and their relative contents of the UWBD 
and WBD with different particle sizes were measured using 
the “spot mode” for large particles (> 10 μm) and the “area 
mode” for small particles (< 10 μm), as shown in Fig. 10. C, 
O, Si, and Fe are the four elements in each image. Notably, 
the content of Fe is apparently less in the UWBD than in the 
WBD. The relative atomic mass of element Fe is higher than 
those of elements C, O, Si, Al, and Mg. Hence, the greater 
the content of element Fe the matter contains, the greater its 
density. This observation is in agreement with the TD test 
results presented in Section 3.1.2. Therefore, the TD of the 
UWBD is less than that of the WBD because its Fe content 
is lower. In combination with the results in Fig. 7, these re-
sults imply that the mineral with greater element Fe content 

is not likely to form small particles during the blasting 
process because of its corresponding mechanical properties 
such as hardness; on the contrary, fewer Fe-containing sub-
stances such as quartz and calcite, are more likely to form 
smaller particles. This inference was verified by characte-
rizing the mineral compositions and contents of Fe in the 
UWBD and WBD. 
3.2.2. Differences in mineral compositions of UWBD and 
WBD 

Five mineral compositions are observed in each XRD 
pattern of the UWBD and WBD, as shown in Fig. 11. The 
UWBD contains dolomite [CaMg(CO3)2], whereas the 
WBD contains ankerite [Ca(Fe2+,Mg)(CO3)2]. The remain-
ing four components are the same: siderite (FeCO3), hema-
tite (Fe2O3), quartz (SiO2), and calcite (CaCO3). 

Furthermore, the relative contents of five components 
were calculated using Eq. (6). As shown in Table 2, the 
content of CaMg(CO3)2 in the UWBD was less than the 
content of Ca(Fe2+,Mg)(CO3)2 in the WBD, whereas the 
sum of the relative contents of FeCO3 and Fe2O3 in the 
UWBD and WBD were similar (39.9wt% and 40.0wt%, re-
spectively). This result agrees well with that of the EDS test, 
which showed that the WBD contains more Fe than the 
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UWBD. Furthermore, the sum of the relative contents of 
CaCO3 and SiO2 (which do not contain Fe) in the UWBD 
was 49.3wt%, which is much higher than that in the WBD 
(29.3wt%), which verifies the inference from Section 3.2.1. 
The five minerals present in the UWBD and WBD are hy-

drophilic substances because of their high surface energy 
caused by the high polarity [31]. Therefore, the mineral 
composition of the BD does not directly affect its wetting 
properties; however, it indirectly affects the deposition cha-
racteristics of the BD in water by influencing its TD. 

 

Fig. 10.  Elements and SEM images of WBD and UWBD samples: (a, b) large particles of WBD; (c, d) small particles of WBD; (e, f) 
large particles of the UWBD; (g, h) small particles of the UWBD. 
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Fig. 11.  XRD patterns of UWBD and WBD samples. 

Table 2.  Mass fraction of five mineral compositions in UWBD 
and WBD samples 

Mineral compositions 
Mass fraction / % 

UWBD WBD 

CaCO3 25.3 19.2 

Fe2O3 14.4 19.6 

FeCO3 25.5 20.4 

SiO2 24.0 10.1 

CaMg(CO3)2 10.8 — 

Ca(Fe+2, Mg)(CO3)2 — 30.7 
 

Lastly, the content of quartz in the UWBD (24.0wt%) is 
higher than that in the WBD (10.1wt%), indicating that in-
haled UWBD is more harmful to the human body than in-
haled WBD because of its smaller particle size and higher 
quartz content (notably, quartz is the primary cause of sili-
cosis). Therefore, effective control measures are needed for 
the UWBD after blasting in an iron mine. 
3.2.3. Differences in surface compounds of UWBD and WBD 

The surface chemical compounds of dust, particularly the 
organic matter, are widely accepted as strongly affecting its 
wettability [12,23−24]. Furthermore, organic carbon is the 
most representative organic matter in natural ores, formed 
by the deposition of decayed trees, leaves, and plants on the 
surface of ore. Although no obvious peaks of organic matter 
were observed in the XRD pattern, their presence in trace 
quantities is not ruled out. Therefore, we conducted XPS 
experiments to determine the organic carbon on the surface 
of the UWBD and WBD. As shown in Fig. 12, the C 1s 
spectrogram was divided into three peaks with different 
energy intensities using the peak-split and fitting process. The 
peaks at 285.1 eV correspond to C–C/C–H groups, those at 
286.7 eV and 287.3 eV correspond to C–O/C=O groups, and 
that at 289.7 eV corresponds to MCO3 groups [20,24]. 

 

Fig. 12.  XPS C 1s spectrum and its peak fitting lines of (a) UWBD and (b) WBD samples. 

The relative contents of each group were calculated by 
considering their relative component (RC) peak areas [24]; 
the results are shown in Table 3. In particular, the sum of the 
RC peak areas of hydrophilic groups C–O/C=O and MCO3 
(63.97%) in the UWBD is much larger than that in the 
WBD (31.70%). This difference indicates that, although the 
surface organic composition plays a dominant role in the 
wettability of the coal dust [23−24], it does not affect the 
UWBD. This observation can be explained as follows. First, 
the overall content of the surface hydrophobic organic mat-
ter was relatively low because no obvious organic matter 
was observed in the XRD pattern. Second, the unique phys-

ical structure of the UWBD—that is, the complex pore 
structure and smaller TD—may have caused this effect. The 
special physical properties of the UWBD not only reduce its 
gravity but also form a complete air film on its surface, 
which is an essential reason for its greater hydrophobicity. 

3.3. Influence of physicochemical properties of BD on its 
hydrophilicity 

According to the aforementioned experimental results and 
the results of some previous studies [16,21,23,26,31−34], 
the co-influencing processes of physical and chemical prop-
erties of dust on its wettability are proposed (Fig. 13). Ele-
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ven influencing processes are summarized as follows: (1) 
Porosity is an important physical property of dust, and high 
porosity can provide numerous sites for the adsorption of air, 
leading to the formation of an air film on the dust surface [21], 
thereby weakening its wettability. (2) The particle size of 
dust is another physical factor that directly affects the wet-
ting characteristic of dust: the smaller the particle size, the 
larger the SSA, the higher the surface energy, and the easier 
the adsorption of air [17,20,31]. (3) In general, all minerals 
are hydrophilic in nature because of their high polarity in-
duced by the coordinative unsaturation of the metal ele-
ments [31]. Hence, the more the minerals present in the dust, 
the stronger its hydrophilicity. (4) The aliphatic hydrocarbon 
group (C–C/C–H) of organic matter on the dust surface is 
hydrophobic in nature [23−24]. Thus, its content is nega-
tively correlated with the hydrophilicity of the dust. (5) The 
formation mechanism of dust due to forces such as crushing, 
cutting, friction, and detonation wave also affect its porosity. 

(6) The formation mechanism of dust affects its particle size 
because of the different destructive powers of these forces. 
The stronger the destructive power, the smaller the particle 
size and the greater the porosity. (7) Under the action of the 
same force, rock with different mechanical properties, such 
as different hardness and elasticity, is destroyed to different 
extents; the resulting dust then has different porosities. (8) 
For the same reason given in (7), dust can be composed of 
different particle sizes. (9) The mechanical property and (10) 
TD of rock are determined by the type of mineral. (11) Al-
though the TD does not directly affect the wettability of the 
dust, it can influence the velocity of dust deposition in water. 
Therefore, to make the research data comparable, the TD of 
the dust should be determined first when using the sink test 
to study its wettability. As previously mentioned, the five 
physical and two chemical properties of the dust are 
co-related through eleven relations, which co-affect the 
wettability of the dust. 

Table 3.  Peak positions and RC peak areas in C 1s spectrum 

Sample 
C−C/C−Ha C−O/C=Ob MCO3

c 

Peak position / eV RC peak area / % Peak position / eV RC peak area / % Peak position / eV RC peak area / %

UWBD 285.1 45.03 287.3 31.13 289.7 23.84 

WBD 285.1 68.30 286.7 17.00 289.7 14.70 

Notes: aBelongs to hydrophobic group; b,cBelong to hydrophilic group [20,24]. 

 

Fig. 13.  Influence of the physicochemical properties of dust on its wettability. 

4. Conclusions 

The BD of iron mines was divided into two parts—UWBD 
and WBD—using deionized water. The chemical and phys-
ical characteristics of the UWBD and WBD were compre-
hensively analyzed and compared with each other to explore 
the key factors affecting their wettability. The following 
conclusions were drawn from this study: 

(1) Particle size and pore parameters are two key factors 
affecting the hydrophobicity of the BD: the smaller the par-
ticle size and the more developed the pore structure, the 
stronger the hydrophobicity of the BD. 

(2) The mineral composition of the BD does not directly 

affect its wetting properties; however, it indirectly affects 
the deposition characteristics of the BD in water by influen-
cing its TD. The TD of the UWBD and WBD was 2.849 
g/cm3 and 3.681 g/cm3, respectively. 

(3) Unlike coal dust, the surface organic composition of 
the BD does not affect its wettability, and the peak area of 
C–C/C–H hydrophobic groups in the UWBD (45.03%) is 
smaller than that in the WBD (68.30%). 

(4) The wettability of the BD is co-affected by seven 
physicochemical factors—porosity, particle size, mineral 
contents, surface organic matter, formation type, mechanical 
property of the parent rock, and TD—and these factors in-
fluence each other through 11 processes. 
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