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Abstract. A technology of briquetting of sub-standard
coal of Kazakhstan fields to obtain high-quality
briquetting fuel has been developed. A modifying additive
in the form of oil residues has been selected, that make it
possible to obtain a binder composition for brown coal
briquetting. The material for the preparation of coal
briquettes is coal fines from dry, poorly sintered coals,
which cannot be used for direct combustion in the furnace.
The optimal parameters for obtaining high-quality fuel
briquettes have been determined. The introduction of a
modifying additive into the oil residues makes it possible
to obtain a binder composition for briquetting brown coal.
Studies of the physical parameters of briquettes and the
data of SEM showed that the thickness of the adsorption
layer of coal and the cohesion of the binder in thin layers
play an important role in the formation of the structure
and strength of the briquette. It was assumed that at the
optimum thickness of the film layer, the maximum
manifestation of capillary forces and an increase in the
adhesive interaction between the particles and the binder
take place. The organic component of the coal fines is a
mixture of various X-ray amorphous components, the
presence and number of which vary in a series of
metamorphism. The results of the performed studies show
the possibility and prospects of using local raw materials
for the development of high-quality briquetted brown coal
fuel.
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1. Introduction

Kazakhstan is among ten countries in which there
are the largest coal deposits in the world, with 62 % of
deposits accounted for brown coal, and 38 % for coal."?
The most profitable coal deposits in Kazakhstan, which
are being intensively developed, are located in the central
and northern part of the country.” The reserves of brown
coal in Kazakhstan are more than 12 billion tons. These
are some deposits of the Karaganda basin, the Sarykol,
Turgai, Kolzhatsky, Nizhne-Ili, Shubarkul, Lenger,
Maikubensky, Oy Karagay, Kiyaktiansky and Karazhyra
fields.*’

It is known that approximately 70 % can be the
content of fines in the coal produced and, as a rule, it
cannot be used as a fuel.*” The steadily declining quality
of mined steam coal is pushing for the solution of new
technical problems: igniting and maintaining the burning
of such coal; increase in its calorific value; waste disposal,
constantly aggravating environmental problems. One of
the cost-effective solutions for the use of low-quality coal
and fine coal is the preparation of briquettes. Carrying out
coal briquetting provides certain advantages: an increase
in the size of the coal product; reduction of emissions into
the atmosphere during combustion; obtaining high quality
coal briquette with standard indicators; easiness of
transportation and storage; high heat emission in the
process of burning coal briquette; coal briquettes are easily
ignited and burn for a quite long time; it solves the problem
of spontaneous combustion of fines during storage.*'® The
material for the preparation of coal briquettes is a coal fine
of dry, poorly fusible coals, which cannot be used for direct
combustion in the furnace.'"'> The main task in the
production of coal briquettes is to make the most complete
mixing of coal fines with tar, which for economic reasons
must be taken in a minimum amount, but, however, in such
that a compact mass is obtained when pressing
briquettes.*'* The amount of resin needed to form
briquettes depends on both the properties of the resin itself
and the properties of the coal taken.
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One of the most important qualities of a fuel
briquette ensuring their high liquidity is that they have by
1.5-1.7 times more complete combustion (efficiency) than
lump coal of a similar grade. In addition, briquettes
provide greater environmental friendliness of flue gases
compared to coal."”*

The purpose of this research is the development of
briquetting technology of sub-standard coal of the
Kazakhstan fields to produce high-quality briquette fuel.
In this study, a modifying additive in the form of
petroleum residues was selected that would allow
synthesis of a binding composition for briquetting brown
coal. The novelty of the work is the selection of a com-
bustible cementator, which allows to perform qualitative
burning of non-standard coals of the central region of
Kazakhstan.

2. Experimental

The coals of the Oy Karagay field deposit of the
Central region of Kazakhstan were chosen for the study of
the briquettes production from coal and polymers. Coal
briquettes were prepared according to the common
technology, consisting of the coal grinding, drying to a
certain moisture content, mixing with binders, heating
coal charge, pressing and cooling.'”*' Waste PET, tar and
tar with additives were used as a binder. The mixtures of
solid polymer residues were previously subjected to heat
treatment. Then, together with coal, mechanical treatment
was carried out to a particle size of >200 um. Heat
treatment of briquettes was carried out in cabinets of
SNOL-3.5 with adjustable temperature in the range of
323-673 K. The burning temperature was measured with
a Raytek 31 1M optical pyrometer. Toluene, benzene,
alcohol benzene, naphthalene and acetone were used as
solvents. The IR absorption spectra of the studied samples
were measured on a PerkinElmer Spectrum 65 IR
spectrometer in the region of 700-3600 cm™, as well as on
a UV-750U spectrophotometer in the region of 400-
4000 cm™ in collapsible cuvettes (liquid samples) and in
tablets of potassium bromide (solid samples). Changes in
the surface and structure were detected using a
NtegraTherma scanning electron microscope with light
modes “on the light” and “on reflection”.

Hydraulic automated press IP-100 was used for
briquetting. Compression was performed in the closed
cylindrical matrices (diameter of 10-25mm). The
estimated number of briquetting components in a certain
sequence was mixed to obtain a homogeneous mass and
then was briquetted in a press under pressing pressure of
25 MPa, which corresponds to the pressure developed in
industrial roller presses. To ensure the plasticity of the
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charge and liquefying the binder before briquetting, a
fixed volume of water was added to it. The charge
prepared for pressing was tested for moisture content. The
strength of the briquettes was estimated by the crushing
method on the IP-100 press with the maximum effort
control. Determination of the strength characteristics was
carried out after cooling the briquettes to room
temperature.

Elemental composition of the initial coal of the Oy
Karagay deposit on the basis of technical analyses is:
sulphur 0.6-1.1 %; carbon 75-83 %; oxygen 15-37 %;
hydrogen 3.0-6.5 %; nitrogen 0.7-1.2 % and humic acids
up to 80 %.

Energy characteristics of initial coals are necessary
first of all for determination of optimum temperatures of
drying and formation of final coal briquettes. The main
purpose of calcining briquettes is to increase their high-
temperature strength by producing coke, which “cements”
coal particles. Qualitative characteristics of brown coal
were obtained on the basis of technical analyses and
technological tests with a pilot combustion. Energy
characteristics of the source coal of the Oy Karagay
deposit (Table) are: caloric content 28-10° kJ/kg; high
calorific value 15-10° kJ/h; volatile 27.0-45.0 % and
analytical moisture 7.8 %.

3. Results and Discussion

The results of the SEM studies of the original coal
(Fig. 1a) and coal after calcination (Fig. 1b) show that the
formation of coal briquettes with a binder occurs as a
result of adhesion of the coal particles with the binder. It
is seen that in the initial coal after calcination, the size of
its particles simultaneously decreases and aggregation of
particles occurs with the formation of large aggregates
reaching a size of 227.3-289.9 nm. The SEM data of coal
indirectly indicate surface changes after calcination,
indicate aggregation processes, or confirm that these
compounds belong to amorphous formations. In
particular, according to SEM data, one can see the organic
component of coal fines, which is a mixture of various X-
ray amorphous components, the presence and quantity of
which vary in the order of metamorphism. The
mechanical dispersion of a coal briquette with
polyethylene terephthalate does not cause destruction of
aggregates (Fig. 1c). PET waste is a semi-solid viscous
mass that retains the state of aggregation at the
temperature of 298-303 K. Consequently, when using
them as a binder and obtaining a mixture of a
homogeneous composition, heating to the melting point of
393403 K will be required.
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Table. Technological indices of the Oy Karagay deposit coal

Index, % Content, %
« kJ/h
w* | A (Stl(l)ltf:g Nitrogen Carbon Oxygen Hydrogen o g, Klkg
7.8 2745 12.5 0.6-1.1 0.7-1.2 75-83 15-37 3.0-6.5 15-10° 28-10°

Note: W, 17, A" are moisture, volatile matter and ash content in an analytical state, respectively; Q¢ is a high calorific value; ¢

is a caloric content.

<)

Fig. 1. SEM images of original coal of Oy Karagay deposit (a); coal briquette based on coal from the Oy Karagay deposit after
calcination (b) and coal briquettes with PET when the melting point is approx. 393—403 K (c)

The SEM data of coal with polyethylene
terephthalate (Fig. 1c) show that these compounds belong
to amorphous formations. It is seen that the organic
component of the coal fines is a mixture of various X-ray
amorphous components, the presence and quantity of
which vary in a series of metamorphism. The XRD data of
briquette analysis after calcination show that the main
phase is the amorphous carbon phase with the mineral
component in the form of iron oxide, silicon dioxide,
calcite, feldspar and Fe,SiO, (Fig.2).”

Fig. 2. XRD analysis of coal briquettes based on coal from the
Oy Karagay deposit after calcination

IR spectroscopic data (Figs. 3 and 4) show that
after heat treatment of coal, the number of saturated CH
bonds in the form of methylene and methyl groups
increased in the range of 2500-3500 cm'. At the same
time, a decrease in the absorption intensity in the region of
1500-1600 cm™ is noticeable. This is explained by the
fact that in the process of heat treatment, decomposition of
the coal aromatic structure occurs, which interacts with
the structure of the polymer. These changes are
characterized by a decrease in the intensity of absorption
in the region of 1500-1600 cm, and the appearance of
new peaks in the region of 800-1400 cm™ (Fig. 3).*
These changes are explained by the fact that the carboxyl
groups, ketones and esters form the polymer and the
number of methylene structures is destroyed. The
formation of a fragment of the coal organic mass consists
in the compilation of various functional groups of the
selected compounds. Apparently, the growth of hydroxyl
groups is due to the rupture of ether bonds, the increase in
methyl groups is a consequence of the addition of
ethylene from polyethylene, and the growth of carbonyls
may be the result of acylation of aromatic coal fragments.
When analyzing the distribution of oxygen in the structure
of coal, several forms are found: Ophenotic (phenolic
hydroxyls), Ocoon (carboxyl groups), Oc—o (carbonyl
oxygen), Oowme (methoxy group —OCHs), erc.”*?°
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Fig. 3. IR spectra of the original coal sludge (1) and coal briquette with PET (2)

3.430.25 LSSS.O?N 1.397.96

- i R 1.611.06 ——
a Y o1,273.21 4034
o)
'gl R T . 1.101.69
2 : \ 2.832.52 - Lop OERRLh
< e :
< 1.0+ '

0.8 1o

0.6

I
4,000 3,000

I I
2,000 1.000

Wave number, cm?

Fig. 4. IR spectra of coal with polymer: coal briquette with tar (1), coal briquette with a binder (2)

Studies of the briquettes physical parameters and
the SEM data show that the thickness of the coal
adsorption layer and the cohesion of the binder in thin
layers play an important role in the formation of the
structure and strength of the briquette. According to the
SEM data, it can be assumed that at the optimum
thickness of the film layer, the maximum manifestation of
capillary forces and an increase in the adhesive interaction
between the particles and the binder take place.

In this research, the change in the compressive
strength of the fuel briquette with varying moisture
content of the charge and pressing pressure was also
investigated. It has been established that with decreasing
particle size, their bond strength increases in a briquette.
With an excess of moisture in the coal, sticking of the
binder to the surface of the particles becomes difficult,
and the strength of the briquettes decreases. With a very
dry coal, the wettability of the particles surface by the
binder deteriorates and its consumption increases. The
optimum moisture content corresponding to the lowest
binder consumption is determined empirically.

Carbon briquettes were tested for moisture
resistance, the content of PET binder varied from 5 to
25 %. According to the test results, it was found that the
optimal content of PET in a coal briquette is 15-19 %, and
further increase in the proportion of binder is impractical
for environmental and economic reasons. Fig. 5 shows the
appearance of a coal briquette.

—

Fig. 5. General view of coal briquette

The main components of tar are oils that are not
distilled off during the distillation of oil, petroleum resins,
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solid asphalt-like substances (asphaltenes, carbenes,
carboids) and resinous substances of an acidic nature. The
use of tar as a binder and cementing agent for coal
briquetting is complicated by the excessive content of
residual oils in its com};osition, which adversely affects
the adhesive properties.”

To accelerate the oxidation processes and improve
the adhesion ability of the coal-binder system, the tests on
addition of carbon black as a cement grinder and
structurally active additive to tar were carried out. Due to
its adsorption properties and structure, carbon black is
able to sorb part of low molecular weight oils and
accelerate the oxidation of tar to the bituminous state
during further thermal treatment.

The influence of the moisture content of coal on the
mechanical properties of briquettes, which plays an
important role in the mechanism of briquette formation, was
studied. Moisture on the coal grains surface forms a hydrated
film that affects the strength of the binder and coal. As a
result of numerous experiments, it was found that with an
excess of moisture a liquid film forms on the coal surface,
preventing the binder from adhering firmly to the coal, while
the wetting ability of the binder decreases and the mechanical
strength of the briquettes decreases (Fig. 6).
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Fig. 6. The influence of the moisture content of coal on the
strength of briquettes obtained at a pressing pressure of
50 MPa (1), 100 MPa (2) and 150 MPa (3)

The optimum value of the moisture content of the
briquette was established by the values of the compressive
strength of the samples at minimum and maximum
pressing pressure. The results show that the maximum
compressive strength is at the coal moisture content of
10-11 %. Fig. 6 shows that at waste humidity of 5-10 %
and higher the durability and, respectively, the density of
briquettes increases, but further increase of humidity
affects durability of briquettes in the worst way. It is
established that the most durable briquettes are obtained at
the moisture content of the initial mixture about 10 %.
With increasing humidity from 10 to 30 %, the strength of
the briquettes decreases.
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Thus, the quality of briquettes significantly
depends on the moisture content of the original mixture.
The optimum humidity is 10 %; with such humidity the
best mechanical characteristics of the briquettes are
achieved. The increase in moisture content of coal from
12 to 20% has a weakening effect on the adhesion
between the coal and the binder due to the sharp disrup-
tion of the direct adsorption contacts in the interfacial
zone, which leads to a drop in strength. Consequently, the
optimum for briquetting is the humidity of the air-dry
state of coal, which is in the range of 10-11 %.

The study of the heat treatment effect on the
mechanical properties of briquettes (Fig. 7) show that the
compressive strength of briquettes increases with the
temperature of the final processing and reaches a
maximum value at 503 K with an exposure at this
temperature for 180 min, a rise in temperature above
503 K results to ignition and destruction of briquettes.
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Fig. 7. The influence of heat treatment on the mechanical
properties of briquettes: coal + carbon black (1); coal + tar (2)
and coal + cellulose (3)

The compressive strength of the resulting
briquettes increases to 16 MPa. The mechanical properties
of the briquettes obtained using pure tar as a binder do not
meet the requirements of state standards, the maximum
compressive strength of these samples reaches 6 MPa.

Further, when the consumption of the binder is
more than 15 % (in the case of bitumen) and more than
30% (in the case of modified tar), the compressive
strength begins to fall, which may be explained by the
wall effect, i.e., the formation of a film on the surface of
the sample, which prevents the oxidation of the binder in
the product volume. This circumstance affects not only
the strength of briquettes, but also determines the optimal
consumption of the binder.***°

The analysis of the results obtained in the work
shows that the requirements of the state standards for
lignite briquettes in terms of mechanical properties are
met by the following compositions made at a pressing
pressure of 150 MPa and processed at the temperature of
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503 K for 180 min: i) coal 90 wt % + bitumen 10 wt %
(Pavlodar refinery, Kazakhstan), ii) coal 75 wt % + tar
15 wt % =+ sapropel 10 wt %.

Studies on the effect of the granulometric
composition of coal on the mechanical properties of
briquettes (Fig. 8) show that an increase in compressive
strength is especially noticeable in briquette samples
containing coal with the smallest size (coal class 1.5 mm).
This is due to the fact that when briquetting fine coal, the
number of interacting surface-active contact groups with
the binder is maximized, the role of the so-called active
centers on the solid surface increases. Also, the adsorption
interaction at the interface of solid and liquid phases is
increased; the diffusion of maltene binders into the pores
and cracks of coal is more effective, which inevitably
leads to the increase in strength.

As a result of research, it was established that the
strength of composite formulations consisting of coal
grains with fineness of 3 mm is about 3 times lower than
the strength of briquettes obtained from 1.5 mm coal with
the same briquetting parameters. This is due to the fact
that large coal grains are destroyed during pressing, as
well as the formation of additional surfaces that are not
wetted with a binder. Despite the fact that samples made
only from coal dust (grinding degree 1, Fig. 8) and
mixtures (grinding degree 6, Fig. 8), exhibit higher
compressive strength, their use for briquetting is not
rational due to the introduction of labor-intensive grinding
and sieving operations into the technological cycle.
Therefore, for further research, coal with an optimal
particle size of less than 2.5 mm was used.
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Fig. 8. Influence of coal grinding degree on a durability
of briquettes, MPa: coal + tar (1); coal + technical carbon (2)
and coal + PET (3)

The content of volatile substances is one of the
important criteria for the characteristics of lignite fuels in
terms of smoke. Briquettes obtained at optimum
technological parameters and compositions, according to
the content of volatile substances, belong to the category
of smoky household solid fuels.”’* The burning of the
resulting fuel at 1123 K shows that the combustion of
briquettes takes place within 383-386 K, and negligible
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allocation of soot in fire and combustion are observed for
the briquette samples, containing both unmodified and
modified tar.

The water absorption of briquettes is 1.8-2.5 %,
while the residual strength of briquettes is reduced by 25—
30 %. This is due to the creation of water-repellent films
from binders around the coal particle. Also, all samples
are characterized by the lack of slipiness with each other.
The remaining figures are close to the state standards.
With the introduction of sapropel additives into tars, the
heat of combustion of briquettes increases to
(28.4-28.9)-10° kl/kg.

4, Conclusions

The optimal process conditions and composite
formulations of high-quality briquetted fuel from brown
coals of Kazakhstan deposits have been established. In the
laboratory, the optimal parameters for obtaining high-
quality fuel briquettes were: coal size 0-2.5 mm; coal
moisture 10-11 %; pressing pressure 150.0 MPa; pro-
cessing temperature 503 K; heat treatment time 180 min.

Combustion of the obtained fuel at 1123 K showed
that the ignition of briquettes occurs within 110-113 s,
with insignificant emissions of soot during fire and
burning are observed for briquette samples containing
both unmodified and modified tar as a cementator.

The introduction of a modifying additive into the
oil residues makes it possible to obtain a binding
composition for briquetting brown coal, and the limiting
factor for the use of the developed binder will be
economic feasibility, which is determined both by the
current prices for brown coal briquettes depending on the
calorific value and ash content, and the prices for its
components. Thus, the results of theoretical and
experimental studies show the possibility and prospects of
using raw materials of the Kazakhstan coal deposits for
the development of a binder and cementator, which will
allow to obtain a high-quality briquetted fuel.
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IMPUT'OTYBAHHSA BPUKETIB HA OCHOBI
HEKOH/IUIIMHOT O BYT'ULJIA
KA3AXCTAHCBKHX POJIOBUIIL

Anomauyin. Po3pobiena mexnonoeisi OpuxemyeanHs HeKoH-
OUYILIHO20 Y2l KA3AXCMAHCLKUX POO00GULY ONsi  OMPUMAHHS
BUCOKOSIKICHO20 bpuKkemno2o namuga. Bubpana moougikyioua oo-
6aeka y guesiol HAPMOGUX 3ANUWIKIG, SIKA OAE MOICIUBICIG OMPU-
mamu 36 ‘s13yloue Ons Opuxenmysanna Oypoeo gyeinis. Mamepianom
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OISl NpU2ONY6anHsi OpUKemié € 8y2ilbHull OPIOHSK, 00epICanuil 3
CyxX020 8Y2innA, o No2aHo CRIKAEMbCS, i AKe He Modice BUKOPUC-
mogysamucy 015l 6e3n0CepeoHbo20 CRANBAHHA 6 neyl. Busnaueno
ONMUMANLHI napamempu 018 OMPUMAHHS 8UCOKOAKICHUX NATUSHUX
6puxemis. BsedenHsi Moougikyiouoi dobasku 00 Hagpmogux 3anuus-
Kig 0a€ MOMNCIUBICIb OMPUMAMU 36 ‘A3yi0ue Ol OPUKEMYE8aHHS.
Jocnioocenns gizuunux napamempie opuxemie ma oani SEM noxa-
3anU, WO MOSWUHA AOCOPOYINIHO20 wapy 8yl ma 34eniieHHs.
36 A3VI0H020 8 MOHKUX WAPAX BidIepaiomb 6axciusy poib y gop-
MYBaHHI CmpyKmypu ma miyHocmi Opuxemy. 3pobneHo npuny-
WEHHA, W0 3a ONMUMATILHOL MOBWUHY WLAPY NAIBKU MAE Micye MaK-
CUMANbHULL NPOSIE KANLIAPHUX CUN | 30L1bUUEHHST a02e3UBHOl 83ac-
MOOIT Midic wacmunkamu i 36 ‘a3yiouum. Opeaniunuti KOMROHEHM 8)-
2LIbHO20 OPIOHAKY — Ye CYyMIUL PI3HUX PEHM2eHOAMOPPHUX KOMNO-
HEHMi6, HASIBHICMb | KLIbKICIb SIKUX 3MIHIOEMbCSL 6 PSIOL Memamop-
@izmy. Tlokazana mMoxciugicmo ma nepenekmusy GUKOPUCANHS
Micyegoi cuposunu Onsi po3pobIeHHs. BUCOKOSKICHO20 GpuKemosa-
HO20 6YPOBY2iIbHO20 NANUGA.

Knrouosi cnosa: eyeinns, Gpuxemysannsi, 38 ‘s3yioue, 2yo-
DOH, MEnIoMBOPHA 30AMHICMb, EeHEP2eMUYHi NOKA3HUKY, POOO-
suuye.



