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Abstract
The development of dry mineral process is a priority issue in the mining industry aimed at saving raw
materials and energy resources. In spite of this, industrial coal beneficiation technologies are currently
based on water processes although use of such wet processes entails certain environmental and
economic consequences. The development of an efficient dry coal beneficiation technique becomes
possible on the condition of preliminary heat treatment of coal without the access of air and
subsequent ash removal through dry electromagnetic separation. These chemical transformations will
open up new processing opportunities.
In this contribution, we report the results on a study performed on sample of high-ash Kuzbass coal
collected from the Karakan coal deposit in order to study the properties of coal under thermal and
chemical conditioning for dry beneficiation.

Introduction
Coal turns into so-called semi-coke by increasing temperature. As a consequence,
porosity increases while proportions between amorphous and crystalline phases in coal
changes, thus creating favorable conditions for further dry beneficiation. At the same time,
thermochemical modification of coal significantly changes its physical and mechanical
properties, in particular through reducing its mechanical integrity. This drives down
specific power consumption in the crushing process by 20–30% and also increases the
calorific value of coal.
Further processing of heat-treated industrial products will be facilitated by:
 reduced energy consumption for crushing and grinding;
 possibility of deep removal of the ash fraction;
 possibility of the use of the rich in carbon semi-coke fraction in production;
 possibility of the use of the calcined mineral fraction for the manufacture of special
binders, concrete additives and construction products.
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To investigate on the effects of these industrial processes on coal properties, we carried
out a study on a coal sample collected from the Karakan coal deposit, in Russia.
Results
Some physical and chemical analyses performed on the analysed sample are reported in
Table 1.
Table 1. Characteristics of coal

Humidity, %
Ash, %
Volatiles, %
Carbon, %
Hydrogen, %
Nitrogen, %
Oxygen, %
Sulfur, %
Gross Calorific Value, МDj/kg

1,8
14,8
34,7
78,0
4,3
1,7
15,5
0,5
31,81

The initial coal was dark grey, dense, laminar, fractured, with a matt cleavage surface.
The surrounding coal mass consisted of dispersed dark grey material of a massive texture.
Layers (0.7-4 mm thick) were black, with irregular shiny cleavage surfaces, striated
sections, and sections with grey-coloured crystals up to 0.025 mm in size. The coal samples
were brittle; they broke along microcracks under slight stress to produce sharp-cornered
particles of 1-2 mm. They contained gelified bituminoids that make the fine powder (up to
20-40μm) reddish-brown in colour upon abrasion. In terms of petrography, the coal sample
was composed predominantly of vitrite and lesser amounts of fusain. The ash portion made
up 15% and consisted of aluminosilicates and minor amounts of pyrite (Fig. 1).

pyrite

Fig. 1. Coal cut macro view and shadow picture
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During heat treatment, material’s grains were subdivided into smaller pieces, while the
adhesion of coal particles with mineral components decreased as compared with the initial
coal.
Heat treatment significantly affected the pore structure of coal. At a moderate
processing temperature, i.e. 450 - 500 °C, cavities and cracks grew in dimension letting out
volatile components. As the temperature rose further, above 550 °C, they were partially
filled in with organic matter degradation products. Overall, while the initial coal porosity
ratio was 2%, it reached 14% for semi-coke and therefore the porosity ratio increased
sevenfold (Fig. 2).

A

B
Fig. 2. Internal pore volume (A – initial coal, B – semicoke-500)

The sizes of the initial sample’s pores were up to 0.24 μm. More than 54% of these
were pores less than 10 μm in diameter, primarily of slot forms (65%) and a small
proportion of supercapillary pores (10%). In the samples subjected to heat treatment, the
content of slot-shaped pores was almost 6 times lower, while the content of supercapillary
cavities increased approximately fourfold, with a simultaneous increase in diameter (Fig.
3). During pyrolysis pores raise in size and quantity with subsequent aggregation in larger
cavities.
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Fig. 3. Pore size distribution

In addition, the relief surface structure (roughness) of coal and its change as a result of
heat treatment were studied. Basic integral parameters «Ra» is of particular interest in terms
of the applicability of rock material roughness measurements to separation techniques.
«Ra» is the arithmetic average of the absolute values of profile deviations within the base
length.
The measured parameters «Ra» was 42 μm for the predominant vitrite coal phase, and
39 μm accordingly for semi-coke. Therefore, the roughness of semi-coke after heat
treatment under the given criteria was 5-7% lower than that of the initial coal.
Visual assessment of the laser images and their 3D models’ surface roughness
demonstrates another interesting fact: the roughness of the surface of the initial coal is
mainly due to the pointed protrusions of micron size. The roughness of coal that was
thermally modified at 550 °C is largely due to pitting. In addition, the semi-coke has
pronounced surface bituminization.

B

A
Fig. 4. Surface structure (roughness) (A – initial coal, B – semicoke)
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Mineralogical investigations on the initial coal and samples after thermochemical
treatment at 500-550 °С were performed using a Rigaku Smart Lab X-ray diffractometer in
a range of 5–100 °2-Teta. The initial coal ash fraction consisted mainly of kaolinite,
Al4[Si4O10](OH)8, with small inclusions of calcite, CaCO3, which is typical for this coal as
a it has a sedimentary origin. The initial coal also contained a minor inclusion of chlorobromo-organic compounds which were accumulated by initial plants (algae) up to the stage
of their conversion into coal. Sulphur in the initial coal was linked predominantly to
inclusions of pyrite, FeS2. At 500-550 °C, bromo-chloro-organic compounds skipped out,
and kaolinite structure collapsed into amorphous aluminosilicate. At 550 °C, there were
signs of the initial coking stage, which wasdeduced by the formationof graphite (Fig. 5).
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Quartz

Coal
Semicoke-450
Semicoke-500
Semicoke-550

Fig. 5. X-ray diffraction patterns of coal and semi-coke

Conclusive remarks
In conclusion, the following consideration can be noted:
1. The coal sample subjected to medium-temperature pyrolysis at the temperature of
550 °C had a 20-30% lower specific energy consumption (depending on the
crushing method), as compared to the initial coal sample.
2. Magnetic properties of the ash compounded of semi-coke increased approximately
three-times as compared to the initial coal.
3. Deeper extraction of the magnetic product when exposed to a highmagnetic
fieldwas observed.
The study of the coal heat treatment process in the temperature range of 500–550 °C
using appropriate instrumental analytical methods showed:
• The opening of incombustible mineral fraction particles along borders adjoining to the
carbonic portion due to differences in physical and chemical properties during heat
treatment;
• The decomposition of the ash portion created favorable conditions for dry beneficiation
of coal;
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•
•

Graphitization, which is undesirable from the standpoint of further use of the raw
material, did not take place in the given temperature range;
The heat treatment range (500–550 °C)is preferable from the standpoint of
disintegration processes and classification in terms of size as it enables the formation of
the favorable physical raw material structure and the high yield of ash content in small
size classes.

These chemical transformations provide new technological possibilities for further
processing of thermally treated coal mass, i.e.:
• Reduced energy consumption in coal crushing and grinding due to lower mechanical
integrity;
• Possible deep ash fraction removal from the coal mass with the use of solely dry
beneficiation methods.
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