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Аннотация: В настоящее время актуальными являются вопросы характеристики спо-
собности товарных углей выделять аэрозольную пыль при транспортировке и перевалке. 
В настоящей работе представлена новая методика определения содержания пыли в углях. 
Методика основана на имитации процессов перемещения и перевалки пробы угля круп-
ностью менее 3 мм путем перемешивания углей с постоянной скоростью с одновремен-
ным пропусканием фиксированного объема воздуха через систему фильтров и определе-
нии суммарного содержания пыли и пыли классам крупности более и менее 10 мкм. При 
оценке содержания пыли в товарном угле в качестве пробы используют остаток ситового 
анализа представительной пробы угля после сита 3 мм. Приведены экспериментальные 
результаты исследования двух проб товарных углей Кузнецкого бассейна, различающих-
ся по петрографическому составу и стадии метаморфизма. Показано, что в пределах уста-
новленной погрешности измерений, общее количество пыли, способной выделяться в ус-
ловиях имитации перевалки, сопоставимо для исследованных углей. С другой стороны, 
содержание пыли с размерами частиц более и менее 10 мкм существенно различается в 
зависимости от петрографического состава и стадии метаморфизма углей. Так, высокое 
содержание в угле инертинита определяет, по всей видимости, увеличение содержания в 
пыли частиц менее 10 мкм. 
Ключевые слова: уголь, пыль, метод оценки содержания пыли в углях, аэрозольная пыль, 
тонкодисперсная пыль, стадия метаморфизма, петрографический состав.
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Abstract: Issues on evaluation of coals ability to liberate airborne dust during transportation 
and transloading are nowadays relevantly current. In the current work, a new method was pre-
sented for evaluation of dust contents in coals. It is based on modeling of the processes of coals 
transloading and transportation. The essence is to stir coals sample of size <3mm at a constant 
rotation rate with a simultaneous passing a fixed volume of air through a filter system and 
determining the total airborne dust content and dust class sizes more or less than 10 microns.
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Introduction
Coal dust is being evacuated from coal 

at any stage of its lifecycle, i.e. from min-
ing to transportation and storage up until 
utilization. At the stage of mining, coal 
dust is assumed to be generated under the 
external effects such as cutting and crush-
ing [1], whereas the dust elaboration dur-
ing transportation and transloading could 
have been reasoned by many effects such 
as weak mechanical properties of coals 
[2], oxidation or storage of coal dust in-
side the trade products. Recent work on 
the study of the occurrence of nano- and 
micro-sized coal dust is mainly focused 
on the prevention of negative consequenc-
es for the coal mine workers and environ-
mental protection. For instance, authors of 
[3–8] and many others conducted studies 
of dependence of the amount of emerg-
ing fine dust on the method of mining of 
the coal seam. In these and similar stud-
ies, it was proved experimentally and with 
the use of modern numerical-analytical 
mathematical modeling, that the method 
of mining has a significant effect on the 
amount of fine dust formed. 

It is easy to notice that all the existing 
work on the investigation of the mecha-

nisms of the emergence of coal dust of 
nano- and microsizes is based on the pos-
tulate that coal dust is formed under the 
influence of mechanical effects during 
mining, storage and transportation [9]. In 
the early to mid-20th century, attention 
was drawn to the experimentally observed 
relationships between the amount of coal 
dust (measured using the so-called drum 
tests  — Hardgrove grindability) and the 
rank of coal [10]. This further was studied 
with help of the mathematical apparatus 
based on the theory of fracture mechan-
ics (see, e.g., [11–13]). Experimental in-
vestigations were all mainly based on the 
Hardgrove grindability index evaluation 
with analysis of the distribution of crushed 
particles by the size classes [14, 15]. Such 
studies have made it possible to establish 
a correlation between the rank of coal and 
the amount of fine dust formed and further 
with the microcomponent composition 
[1, 2, 14]. Some recent works have been 
concentrated on development of new more 
accurate approaches for characterization 
of the relationship between coals brittle-
ness at microscales and their dusting abil-
ity [16]. The latter experimental method 
was based on macroscale indentation tech-

During the tests, a sample of commodity coal is used as a residue of a sieve analysis of the 
representative coal sample after the sieve of 3 mm. Experiments were held at two hard coals of 
the Kuznetsk coal basin differing in their metamorphism degree and petrographic composition. 
It was established that within the measurement error, the total amount of airborne dust able to 
be released during transloading for both the considered samples is comparable. On the other 
hand, the size classes distribution for dust particles over or less than 10 microns varies signifi-
cantly and depends on the coals rank and petrographic composition. High inertinite contents 
determines, presumably, the increase of fine dust particles (less than 10 microns) in the total 
airborne dust released.
Key words: coal, dust, method for dusting ability evaluation, airborne dust release, fine dust 
particles, metamorphism degree, petrographic composition
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nique allowing revealing coals brittleness. 
It is also worth mentioning that the method 
proposed in articles [16, 17] was not de-
scribed fully and does not contain the in-
formation on its precision characteristics. 
Some other approaches were based on ap-
plication of nanoindentation for character-
ization of coals crushing at nanoscale (e.g. 
see [18, 19]).

As it could be seen from the above-
mentioned works, there exists no unified 
technique allowing for evaluation and 
characterization of coals ability to elabo-
rate the airborne dust, especially, of differ-
ent size classes from micro to nanoscales. 
The aim of the current work is to develop a 
new method that may solve the mentioned 
problem, especially considering the com-
modity coals that are being shipped, trans-
ported and transloaded during their lifecy-
cle from the mining site to the end con-
sumer. The method proposed in the current 
paper is laboratory one but was developed 
to model the conditions of coals shipping 

and transloading and allows to evaluate 
the dust released during such processes, 
including the fine dust that has not been 
previously studied. 

Materials and Methods
The proposed approach is based on 

modeling (imitation) of the processes of 
coals transloading. The essence is to stir 
coals sample of size <3 mm at a constant 
rotation velocity with a simultaneous pass-
ing a fixed volume of air through a filter 
system and determining the total airborne 
dust content and dust class sizes more or 
less than 10 microns.

The scheme of the experimental setup 
is demonstrated in Fig. 1—3.

For the tests, a coal sample is used with 
a particle size of less than 3  mm. When 
assessing the dust content in commodity 
coals, the remainder of a sieve analysis of 
a representative coal sample after a 3 mm 
sieve is used as a sample. Before the test, 
at least 500 g of a representative sample 

Fig. 1. The experimental setup (front view): 1 —silicone tube leading to the aspirator; 2 —fluoroplastic car-
tridge; 3 —holder filters in the form of a conical cartridge; 4 —front drum lid; 5 —cylinder drum; 6 —wheel 
drive belt; 7 —engine driving the drum; 8 —rollers for rotating the drum; 9 —rear drum lid; 10 — rear 
opening of the drum; 11 — control panel
Рис. 1. Схема экспериментальной установки (вид спереди): 1 — силиконовая трубка, ведущая к аспира-
тору; 2 —фторопластовый патрон; 3 —держатель фильтров в виде конического патрона; 4 —передняя 
крышка барабана; 5 —барабан цилиндрической формы; 6 —приводной ремень; 7 — мотор, приводящий 
в движение барабан; 8 —ролики для вращения барабана; 9 —задняя крышка барабана; 10 —заднее от-
верстие барабана; 11 — пульт управления
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is taken, laid out in a thin layer on a metal 
tray until it reaches an air-dry state. After 
that, a  sample is taken to determine the 
content of total moisture in the coal and at 
least 3 three samples weighing 10 ± 0.01 g 
for the main testing.

The sample is placed in a previously 
thoroughly cleaned drum  5 (Fig.  1), the 
front lid 4 is closed and the filters 4 and 6 
(Fig. 3) are installed in the holder 3, which 

is a conical cartridge attached to the tube 
of the aspirator 1. Next, the holder 3 is at-
tached to drum lid 4 (Fig. 1) and is fixed 
it with screws  5. The initial parameters 
on the aspirator are to be set as follows: 
air flow rate of 40 l/min, duration of flow 
analysis — 3 minutes. For testing, a PU-3E 
aspirator was used, designed to provide air 
sampling to determine the dust and aerosol 
content by pumping a given sample volu- 

Fig. 2. The experimental setup (cross section): 1 —cylinder drum; 2 wheel drive belt; 3 —engine driving the 
drum; 4 —rollers for rotating the drum; 5 — openings in the drum lids; 6 — aluminum grates
Рис. 2. Схема экспериментальной установки (поперечный разрез): 1 —барабан цилиндрической формы; 
2 —приводной ремень; 3 —мотор, приводящий в движение барабан; 4 —ролики для вращения барабана; 
5 — отверстия в крышках барабана; 6 — дюралевые пластины (колосники)

Fig. 3. Filter holder device: a) filters holding system; b) filter holder: 1 — silicone tube leading to the 
aspirator; 2 — fluoroplastic cartridge; 3 — filter holder in the form of a conical cartridge; 4 — thin filter 
AF-VP-20-10; 5 —ring gasket; 6 — filter FT-100-G2; 7 — locking ring pad
Рис. 3. Устройство держателя фильтров: система удержания фильтров (а); держатель фильтра (б): 1 — си-
ликоновая трубка, ведущая к аспиратору; 2 — фторопластовый патрон; 3 — держатель фильтров в виде 
конического патрона; 4- тонкий фильтр АФ-ВП-20-10; 5 — кольцевая прокладка; 6 — фильтр ФТ-100-G2; 
7 — фиксирующая кольцевая накладка
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me through filters such as AFA VP 20, 
AFA VP 10 (or others). To collect dust, we 
used 2 sequentially installed filters:

•	 filter 6 (Fig. 3, a) FT-100-G2, clean-
ing class: G2 according to GOST EN 
14799-2013, polyester material, diameter 
40 mm, minimum particle size 10 microns;

•	 a fine particles filter 4 (Fig.  3,  a) 
AF-VP-20-1 in accordance with TU 95 
1892-89, perchlorvinyl material, working 
surface area — 20 cm2, diameter 40 mm, 
the minimum size of trapped particles is 
0.5 microns.

Before the testing procedure, the filters 
are weighed on an analytical balance with 
a division value of 0.1 mg. To do this, the 
filters are placed in pre-weighed contain-
ers with a tightly rubbed lid.

On the control panel  11 of engine  7 
(Fig. 1), the drum roll speed is set at 30 rpm 
and at the same time the drum rotation and 
the aspirator are turned on. After stopping 
the drum, the aspirator is turned off, the 
filter holder is disconnected, and the fil-
ters are carefully removed and placed in 
pre-weighed containers with a tightly lid-

ded cover. The mass of the collected dust 
is determined as the difference between 
the weight of the filter before and after the 
tests.

The results of measuring the mass of 
captured dust are used to calculate its con-
tent (% wt.) In coal (for the air-dry state) 
taken for testing: Pt — the total content of 
dust in filters 4 and 6; P1 is the dust con-
tent with a particle size of less than 10 mi-
crons; P2 — dust content with a particle 
size of more than 10 microns.

To determine the dust content in com-
modity coal, the results of its sieve analy-
sis are used, namely, the content in it the 
particles with size class of less than 3 mm.

Results 
For testing, 2  samples of commod-

ity coals from the Kuznetsk basin were 
used. Characteristics of coal are given 
in tables 1 and 2. Coal T is characterized 
by the highest ash content (14.7%) and 
a lower yield of volatiles in comparison 
with SS coal. Coal SS is characterized by 
a high content of inertinite in its composi-

Table 1 
Proximate analysis of coals
Результаты технического анализа углей

Coal Indices of proximate analysis
Wt, % Wa, % Ad, % Vdaf, % Qs

daf, kcal/kg Qi
r, kcal/kg St

d, %
T 2,9 1,3 14,7 13,6 8353 6658 0,25

SS 5,0 1,4 6,8 20,3 8364 7129 0,20
Wt — total moisture; Wa — analytical moisture; Ad — ash on dry basis; Vdaf — volatiles yield on dry, ash-free 
basis; Qs

daf — gross calorific value on dry, ash-free basis; Qi
r — net calorific value; St

d — Sulfur contents on 
dry basis

Table 2 
Petrographic composition of coals
Петрографический состав углей

Coal Vt ,% Sv, % I, % L, % ММ, % Ro,r, %
T 47,2 17,0 32,4 0 3,4 1,647 

SS 29,8 17,6 51,6 0,6 0,4 1,132
Vt — vitrinite contents; Sv — semi-vitrinite contents; I — inertinite contents; L — liptinite contents; MM — 
mineral matter, Ro,r — mean random vitrinite reflectance index. 



10

tion in comparison with coal T. Samples 
of coals were collected after sieving in ac-
cordance with GOST 2093-82 «Solid fuel. 
Size analysis». They represent the residue 
after a 3 mm sieve. For each sample of T and 
SS coals, 5 parallel tests were carried out.

The results of parallel measurements of 
the dust content in coals T and SS are pre-
sented in Tables 3 and 4.

It is obvious that the standard deviation 
for the P1 fraction for coal SS (dust with 
particle sizes less than 10  microns) does 
not exceed 1% of its mean value. For the 
fraction P2 (larger than 10 microns) and 
the total airborne dust contents Pt, their 
standard deviation across the rounds does 
not exceed 10%. As for the coal T, the sta-
tistical characteristics (namely, the stand-
ard deviations of the indicated in Table 4 
values) are comparable to those obtained 
for the different coal.

It is interesting to note that the total dust 
content in both considered coals is almost 

the same — 4.45 and 4.32% for SS and T 
coals, respectively. However, these coals 
differ significantly in the dust content of 
different sizes. For example, the dust con-
tent with particle sizes of less than 10 mi-
crons for coal T is 0.16%, and in the SS 
coal — 2.47%, which is 4 and 57% of the 
total airborne dust captured during testing 
(Fig. 4). 

Such differences are most likely relat-
ed to the peculiarities of the petrographic 
composition of the coals. Namely, SS coal 
has a significantly higher content of iner-
tinite in its composition. In some previous 
works, authors have demonstrated that the 
presence of inertinite macerals allows for 
the formation of more fine dust in com-
parison with coals mainly consisting of 
vitrinite [14]. 

The latter could be tentatively explained 
by the fact that inertinite macerals have re-
vealed their higher brittleness at nano- and 
microindentation [20–22]. 

Table 3
Results on determination of dust contents in coal SS
Результаты определения содержания пыли в угле СС
Round Р1,% Р2,% Рt,% mean Р1, 

%
standard 

deviation Р1

mean Р2, 
%

standard 
deviation Р2

mean Рt, 
%

standard 
deviation Рt

1 2,42 1,88 4,29 2,47 0,03 1,88 0,13 4,35 0,12
2 2,45 2,08 4,53
3 2,48 1,80 4,29
4 2,50 1,91 4,41
5 2,49 1,72 4,22

Table 4
Results on determination of dust contents in coal T
Результаты определения содержания пыли в угле Т
Round Р1,% Р2,% Рt,% mean Р1, 

%
standard 

deviation Р1

mean Р2, 
%

standard 
deviation Р2

mean Рt, 
%

standard 
deviation Рt

1 0,14 4,01 4,15 0,16 0,02 4,27 0,19 4,42 0,21
2 0,18 4,55 4,72
3 0,15 4,26 4,41
4 0,19 4,31 4,50
5 0,13 4,21 4,35
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Conclusions
1. A  new method was presented for 

evaluation and characterization of com-
modity coals ability to evacuate airborne 
dust at the processes of transportation and 
transloading. The method is released on a 
novel installation designed to serve as its 
base. The principal scheme of such instal-
lation has been given, and the mode of the 
experiments was discussed.

2. The proposed method allows not 
only to evaluate the amount of airborne 
dust released during the transloading (as 
modelled in the laboratory conditions), 
but also to distinguish the size classes of 

such dust, namely, coarse particles (more 
than 10 microns in the diameter) and fine 
ones (less than 10 microns).

3. Experiments were held at two hard 
coals differing in their metamorphism de-
gree and petrographic composition. It was 
established that within the measurement 
error, the total amount of airborne dust 
able to be released during transloading 
for both the considered samples is compa-
rable. On the other hand, the size classes 
distribution varies significantly and de-
pends, presumably, on the coals structural 
properties including petrographic compo-
sition. 

Fig. 4. Ratio of dust of different sizes (P1 is the dust content with particles size of less than 10 microns, P2 is 
the dust content with particles size of more than 10 microns) in SS and T coals
Рис. 4. Соотношение пыли различных размеров (Р1 —содержание пыли с размером частиц менее 10 мкм, 
Р2 —содержание пыли с размером частиц более 10 мкм) в углях SS и T
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