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Abstract : The work aimed to study the process of burning coal briquettes with polymers. As the object of the
research, the coals of Kazakhstan deposits were applied. The methodology of the study included theoretical and
computational studies on the applied significance of coal processing, analysis by physicochemical research
methods, pressing, drying and briquetting of coal with binders. It is shown that the briquettes combustion takes
place stepwise and is characterized by a stationary regime. This is due to the mutual influence of the stages of
pyrolysis of polyolefins and combustion of coke residue of substandard coal. In the combustion zone, the
temperature did not depend on the content of polyethylene and was 400–500ºC in the coal burnout zone. The
optimal compositions of briquettes supporting the combustion temperature of 1300°С were determined: coal-40
%, clay-20 %, polyethylene-40 %. Adding up to 20% clay to the polymer and coal mixture led to the
formation of a combustion wave structure with symmetric temperature profiles. Thermogravimetric analysis
shows that polyethylene plays the role of the initiator of combustion, burning at 500ºC, and in the future does
not affect the maintenance of the combustion temperature of the briquette. The perspective of the results
obtained is the possibility of utilization of low-demand coals of various brands of Kazakhstan deposits, which
are waste of coal mining and coal enrichment with further production of coal briquettes of the required quality.
Coal briquettes made from substandard coals with a multi-polymer binder, from chemical production waste have
a higher calorific value, are mechanically robust during prolonged storage, do not crumble in the furnace until
complete combustion, and are waterproof. These advantages determine their use for the population, as well as for
various purposes of industrial economy, metallurgy and chemical industry.
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1. Introduction
Coal reserves in Kazakhstan are currently estimated
at 33 billion tons, which is about 4% of the world
reserves. Of these, more than 60% are brown coal
deposits, and just under 40% are coal reserves 1-4.
The oldest and most common is the use of coal as a
fuel for combustion 2-5. It is well known that more
than 60% of coal can be lost in the form of coal
fines. Notable quantity of coal fines can be lost
during transportation. Coal fines are located in
necessary amounts at coal mines, at transhipment
points and, very often, they can be placed in the
useful areas, pose a significant threat of pollution of
the nearest territory. Massive losses in coal mining
lead to the search for additional types of work on the
processing of coal fines 5-9. Based on the description
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of the chemical composition and physical properties
of coal, it can be concluded that existing methods for
using coal do not allow to realize its raw material
and energy potential fully. At the same time, brown
coals, according to their technical characteristics,
have less attractiveness, which predetermines their
additional pretreatment.
For this reason, there is a need to create briquettes
from coal fines, which is an urgent task in the
regions of coal production 10-13. The problem of coal
briquetting is one of the most important for many
enterprises of the coal industry. Producing coal
briquettes is one of the most perspective solutions for
recycling non-standard coal and coal fines.
Briquetting makes it possible to dispose of
unclaimed small coal fractions, improve the quality
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and thermal characteristics of the fuel as a result of
briquetting with a significant increase in the
completeness of combustion, reduce environmental
pollution 6,14-19.

together with coal. The prepared mixtures were
carefully stored with safety precautions to protect
against oxidation, possible sources of pollution,
which may be reagents, atmosphere, dust.

To obtain strong briquettes, various cementing
substances of organic and inorganic nature are added
to coal fines: for example, resin, dextrin, lime,
asphalt, molasses, soluble glass, soda, clay, alum,
cement 20-23. The obtained mass is firmly pressed.
The principle of selecting a mixture of particles of
different sizes of optimal bulk density is based on the
theory of the densest packing of grains. If the sieve
composition of the charge is improperly selected or
if it is poorly prepared, the space between the grains
of coal is filled with a binder or its mixture with
small grains of coal. Also, the necessary bond
between the coal grains is broken, which makes it
impossible to obtain briquettes of the required
strength. The technology of coal briquetting without
binding additives seems more attractive at first
glance, but several times increase the cost of
electricity, decrease the productivity and quality of
briquette 24-28.

For briquetting, an automated hydraulic press was
used. Pressing was carried out in closed cylindrical
dies with a diameter of 10 to 25 mm. The necessary
ingredients for briquetting of coal were mixed in a
specific sequence until a homogeneous mass was
obtained. Then briquetting was carried out in a press
at a pressing pressure coinciding with the demand in
industrial roll presses (25 MPa). To give the
necessary plasticity of the mixture and dilute the
binder, water was added to the mixture before
briquetting. The strength of the briquettes was
determined by crushing on the IP-100 press with the
control of the maximum force that the briquette can
withstand. Determination of strength characteristics
was carried out after cooling briquettes to room
temperature.

The purpose of this work was to study the
combustion process of coal briquettes with
components of organic origin. The objects of
research for the production of briquettes from coal
and polymers were the coals of Kazakhstan deposits.
2. Experimental
Coal briquettes were synthesized based on
substandard coal of deposits Shubarkol, Karazhira
and Oi Karagay of Central region of Kazakhstan.
First, mixtures of solid polymer residues were
subjected to preliminary heat treatment, after which
they were machined to a particle size> 200 m

Heat treatment of briquettes was carried out in
special cabinets with controlled temperature in the
range of 50-400°C. The combustion temperature was
measured by Raytek 3i 1M optical pyrometer. The
surface and structure of the studied carbon materials
were determined using a Ntegra Therma scanning
electron microscope.
Coal briquettes were obtained by standard
technology 21,23,29-31, consisting of the processes of
coal grinding, drying it to the desired moisture
content, mixing it with necessary cementers
(polystyrene foams, polyethylene terephthalate
(PET) or polyethylene (Fig.1). Polyethylene and PET
were preliminarily heated, then crushed, mixed with
coal and pressed.

Figure 1. The appearance of the resulting coal briquette
3. Results and Discussion
According to its mechanical properties (melting,
density, brittleness), the foam refers to polymers
with a low density. It has a certain degree of
branching, while polyethylene and PET have a
higher density, in which the linear polymer chains
are more densely packed 32-34 (Table 1). Obviously,
for polymers, the experimentally measured melting
point is not a strict characteristic, as for low
molecular weight crystalline bodies. The melting

temperature of polymers is directly dependent on
density. The higher the density, the higher the
melting point.
It was revealed that the specificity of polymer
melting lies in the fact that this phase transition is
observed in a rather broad temperature range
(from 150 to 445ºС). In this study, the melting
temperature was estimated as the temperature
corresponding to the middle of the melting range, i.e.
before it transitioned to a liquid state.
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Thus, the main factors determining the melting
point of the polymer are the chemical structure,
molecular
weight
characteristics
and
crystallization conditions. It is known that the
ignition temperature T i, the solid combustion
cessation temperature T b and the maximum
temperature T max can be determined by
thermogravimetric analysis (TGA) 21-22,28,30. The
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shape of the TGA curves primarily depends on such
kinetic parameters as the reaction order,
preexponential factor, and activation energy. These
parameters are of paramount importance for
elucidating the mechanism of thermal decomposition
of polymers since they determine the temperature
characteristics.

Table1. Technical characteristics of polymers.
Polymers

Softening
temperature,
Tsoftening, ºС

The melting
temperature,
T melting, ºС

Fragility in liquid
nitrogen,
T fragility, ºС

Density,
ρ, g/cm3

Polyethylene

100

110-375

-70

9.3

Polyfoam (polystyrene)

80

100 -250

-

4.3

Polyethylene Terephthalate (PET)

260

350- 445

-60

13.4

Fig.2 and Fig.3 show thermogravimetric curves for briquettes with polystyrene foam and polyethylene.

Figure 2. Thermogravimetric curve of the decomposition of the briquette with foam

Figure 3. Thermogravimetric curve of the decomposition of coal with polyethylene
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The curves obtained using TGA in a system with
polyethylene (Fig.2) showed that in endothermic
reactions, the differential curve deviates from the
zero lines down. In exothermic reactions, it deviates
from the zero line up 35-37. The magnitude of the
deviation (temperature peak) characterizes the
degree of difference in the temperature of the phase
transitions. It is an indicator of the amount of
transformed substance and the intensity of the
reaction. As can be seen from Fig.2, the phase
transformation curve assumes moisture loss at
100°C, then Tmax = 500°C. It is known that the
maximum of the differential curve of mass loss
corresponds to the maximum speed of any process
that occurs when exposed to temperature, and is
equal to 50% mass loss.
Thus, the method of the thermogravimetric analysis
showed that in the case of phase transformation of
polyethylene (Fig.3), processes are observed that
lead to both an endothermic and an exothermic
effect. Heat exchange is a determining factor in the
energy characteristics of briquettes. From a
comparison of Fig.2 and Fig.3, it is clear that the
thermal destruction of the composition with
polyethylene occurs with heat absorption. From this,
we can conclude that coal briquettes with
polyethylene act as inhibitors in the composition of
the briquette, which determines not only the phase
transformation procedure but also the overall
combustion process of the whole composition 38-40.
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From these curves, it can be seen that the foam
with the briquette decomposes with the formation
of one phase component at a temperature of 500ºС
(Fig.2). In the case of polyethylene, the
temperature of phase transformations occurs
stepwise (Fig.3). This is probably due to a higher
degree of branching of the polymer chain, and a
higher proportion of reactive tertiary carbon atoms
from coal and polymer appears to initiate the
degradation stage.
It was found that in both cases the polyolefins
burn entirely out and evaporate at temperatures
above 523-559ºС. Then, the remaining carbon
residues are decomposed. According to the weight
loss of the TGA curves, it can be assumed that the
evaporation
of
polyethylene
begins
at
temperatures close to 350-500ºC, the breaking of
polyolefin chains starts at lower temperatures at
the foam 250-385ºС. This is due to the
decomposition of the whole polymer chain with
the simultaneous release of some gaseous
products 41,42.
The combustion processes of briquettes with foam
and polyethylene with the removal of the
temperature characteristics by a pyrometer were
studied (Fig.4). It is established that the burning of
briquettes with components of organic origin is
stepwise and is not characterized by a stationary
mode. This is due to the mutual influence of the
pyrolysis stages of polyolefins and the burning out
of the coke residue of substandard coal.

Figure 4. The temperature profile of the combustion of briquettes with polyethylene and foam
During the combustion of mixtures of polymers
with coal, the structure of the combustion wave
was first characterized by a high leading
combustion front and a relatively smooth decrease
in temperature beyond the combustion zone 43,44.
In the combustion zone, polyethylene pyrolysis
and oxidation of degradation products of coal

macromolecules took place simultaneously, due to
which a rather high temperature was maintained in
the combustion front (Fig.5). The temperature did
not depend on the content of polyethylene and
amounted to 400-500°C in the zone of burning out
of coal.
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Figure 5. Burning briquette with foam
Since coal with polymer had a low calorific value,
experiments were carried out with the addition of

clay in the briquettes (Fig.6).

Figure 6. Burning temperature profile of briquettes with polyethylene and foam in the presence
of 10% clay
When 10% clay was added to the mixture of
polymers and coal, the thermal structure of the
combustion wave remained constant. In contrast,
the maximum wave temperature did not depend on
the content of polymers in the mixture and was
approximately 1000°C. According to the

pyrometer, the temperature profiles were more
symmetrical compared with the case of mixtures
without adding clay. Adding up to 20% clay to the
polymer and coal mixture led to the formation of a
combustion wave structure with symmetric
temperature profiles.

Figure 7. The combustion temperature profile of briquettes with 40% polyethylene and 30% poly styrene in
the presence of 30% clay
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With an increase in the polymer content from
10 to 40% (Fig.7), the maximum temperature in
the combustion wave reached approximately
1300°С. When burning mixtures of polymers with
clay and 70% coal, the process characteristics
were also practically independent of the polymer
content. The maximum combustion temperature in
the entire range of changes in the proportion of
polymers was 1300°C. The temperature profile
also had a symmetrical appearance.
4. Conclusion
The problem of coal briquetting is one of the most
important for many enterprises of the coal industry.
Producing coal briquettes is one of the most
perspective solutions for recycling non-standard coal
and coal fines. In this work, the combustion
processes of coal briquettes based on substandard
coal of Kazakhstan deposits with foam and
polyethylene are investigated. It was revealed that
the burning of briquettes with components of organic
origin occurs stepwise and is not characterized by a
stationary mode, which is due to the mutual
influence of the pyrolysis stages of polyolefins and
the burning of coke residue of substandard coal. The
combustion temperature of the briquettes was
independent of the content of polyethylene and
amounted to 400- 500°C in the zone of coal burning.
According to the TGA, polyethylene played the role
of a combustion initiator, burned out at 500°C, and
subsequently did not affect the maintenance of the
combustion temperature of the briquette. The
optimal composition of briquettes that maintain a
burning temperature of 1300°C was as follows: coal40%, clay-20%, polyethylene- 40%. The results of
the study showed that multipolymer binders can be
used not only as a binder in the synthesis of
briquettes but also supply hydrocarbons that are
actively involved in oxidative processes. Such
hydrocarbons increase the exothermicity of the
combustion reaction, and also ultimately improve the
characteristics of coal and their energy potential.
Elaboration briquetting technology based on the
local sub-standard coals makes it possible to dispose
of unclaimed small coal fractions, improve the
quality and thermal characteristics of the fuel with a
significant increase in the completeness of
combustion, reduce environmental pollution.
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