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BRIQUETTING OF COAL-SLURRY MIXED
WITH WOOD SAWDUST PELLETS

Abstract. Experimental data obtained in the development of technology for the production of briquetted fuel
from screenings of brown coal using various components - coal slurry and sawdust are presented. The influence of
humidity, granulometric composition of coal, the type and concentration of binder, pressing pressure on the mecha-
nical properties of materials, the optimal compositions were determined. Combined briquetting of coal screening and
coal slurry with wood sawdust in a certain granular composition allows to obtain fuel briquettes with the required
strength of state standard. The use of sludge and sawdust will significantly reduce the cost of briquettes while main-
taining their performance. The presence of sawdust in the briquette increases the porosity of the briquette, improves
the ignition process. The sizing composition of the coal and the distribution of grains of various sizes in the charge
must correspond to its maximum compaction, which ensures the greatest strength of contacts between the grains and
high strength of the briquettes with a minimum consumption of the binder for briquetting. The results of the pilot
studies show the possibility and prospects of using local raw materials (coal mining waste, wood processing) for the
production of briquetted fuel.

Key words: fuel, briquettes, brown coal, coal sludge, sawdust.

Introduction. Currently, there is an increasing interest in the world over the use of non-traditional
renewable energy sources in various sectors of the economy. The driving force behind this process is the
ongoing changes in the energy policy of countries with the restructuring of the fuel and energy complex
for energy-saving and resource-saving technologies both in industry and in the housing and civil complex.
The existing environmental tension in the mining and processing regions of the country is largely asso-
ciated with the storage of solid combustible wastes, which, losing their energy and economic value, violate
the natural environment. Thus, in 2007, when processing 29.2 million tons of steam coal, 156,000 tons of
slurry and 7,516,000 tons of screening were formed, coking coal - 377,000 tons of slurry and
2,023,000 tons of screening. Every year, forest-industry complexes process more than 300 million m® of
timber, and about 150 million m® of usable wood waste is produced [3-6]. The development of these local
technogenic deposits with obtaining improved fuel resources is feasible on the basis of briquetting
technology. Great Britain, France, Germany, Poland, Turkey, the USA, Australia and other countries
produce briquettes and pallets based on coal waste and biomass (wood sawdust, straw, flax, sunflower
husks, maize cobs, etc.) using various technologies. This is due to the fact that combustion of coal
briquettes, compared to ordinary coal, increases the efficiency of combustion devices by 25-30%, more
than two emissions of solid substances with flue gases decrease [4-8]. The only large enterprise in
Kazakhstan that produces briquetted coal from the small fraction by Turkish technology, which was
previously simply poured into ash dumps, was launched in 2013 in the Pavlodar region [9]. Thus, it is very
important to develop a technology for briquetting coal dust, screenings, sludges and biomass wastes.

The obtaining processes of coal-fuel briquettes with wood sawdust are not fundamentally new,
however, producing briquettes in specific technological conditions is a sought-after solution. For example,
the work [10] describes a method for manufacturing fuel briquettes from coal dust, sawdust, crushed bark,
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straw and other organic waste. Disadvantages of the briquettes obtained with this technology are low
compressive strength (0.3-1.1 MPa), the presence of clay in briquettes, which increases the ash content of
the briquette, reduces the heat of combustion of briquettes. In the patent [11], with brown coal less than
2.5 mm in size and sawdust of coniferous trees, a mixture without a binder is produced, from which, with
a sawdust content of 17+1% by weight, a briquetting temperature of 90+5°C and a briquetting specific
pressure of 50+2 MPa, briquettes with a mechanical compressive strength of at least 7.8 MPa are manu-
factured. Each of the above methods has drawbacks, affecting the price and properties of the briquettes
obtained. Moreover, the used binder additives are generally scarce, have a high cost, and their purchase for
small enterprises is inefficient.

In this paper we describe the results of studying the optimal conditions for obtaining coal-fuel
briquettes based on the brown coal screening of the Ekibastuz deposit in a composition with slurry and
sawdust. The use of sludge and sawdust will significantly reduce the cost of briquettes while maintaining
their performance.

Experimental part. The briquetting process involved preparing the components, compiling the
compositions, heating the mixture (if necessary), pressing, drying and cooling. The briquetting process
was carried out on a plant including a sieving machine, a ball mill, a dispersant mixer, a briquette press
and a drying cabinet. The experiments were conducted with coal dust from the Ekibastuz field with the
following technical characteristics: ash content (4%) 22-25%, total moisture (#*) 6.8-7.3 %, volatile-matter
yield (V%) 24-26 %, mass fraction of sulfur ($%) 0.4-0.7%, net calorific value (Q;") 4300-4500 Kcal/mol.
Dispersion of coal dust for experiments was d = 0+5 mm and coal slurry [JO®-7 (marks KX, K, K-12):
ash content (4%) 34.5 %; total moisture (#*) 14.1-18.2 %; volatile-matter yield (Vdaf) 25.6 %; mass fraction
of sulfur (%) 0.63 %; net calorific value (Q;") 4450 Kcal/kg. In all experiments, the ratio of coal:slurry
(coal charge) in the composition was 8:2, wood (pine) sawdust was used in the following percentage:
2; 3; 5; 7 and 10. The costs of binders - the sodium salt of carboxymethyl cellulose (CMC-H) and liquid
glass, ranged from 1 to 12%, the moisture content of the blend composition was 16-18%. The resulting
mixture was placed in a matrix (diameter 25 mm) and pressed on presses PGR-20, P-10 and P-250 with
holding briquettes at a pressure of 10 s. The briquetting was also carried out on a screw extruder press ITI11
1000 (extrusion pressure 275 kgf/cm® (27 MPa) .The strength of briquettes converged in the range of
3-5%. The granulometric composition of the charge corresponded to the given parameters at all stages
of the experiments. 7 briquettes for each series of experiments were produced in accordance with
GOST 21289-75.

Results and discussion. In the scientific literature there are no strict criteria for assessing the
briquetting of coals and carbon-containing materials. When developing the technical features of the
briquetting process, we studied the influence on on processability and the quality of briquettes of factors
such as the grain composition of the coal-slurry mixture, the ratio of the charge components, the
temperature of the closing mixture, the extrusion pressure, the briquetting hardening regime. At the initial
stage of the study, the influence of the moisture content of coal dust on the mechanical properties of
briquettes was considered, which plays an important role in the mechanism of briquette formation, the
humidity of the air-dry state of coal material, which is within 10-11% [12]. An increase in the moisture
content of coal from 12 to 20% has a weakening effect on the adhesion between coal and binder due to a
sharp disruption of direct adsorption contacts in the interphase zone, which leads to a drop in strength.

The optimal moisture content of coal charge, corresponding to the highest strength of briquettes, is
not constant and depends on the extrusion pressure, grain size and coal nature. When the extrusion pres-
sure is increased and the particle size is reduced, as well as the hardness is increased and the coal briquet-
teability is deteriorated, the optimum moisture is shifted towards smaller values. The size of the batch
particles affects the optimum moisture content mainly at high extrusion pressures [13].

The next important point, which plays a significant role in the briquetting process, is the preparation
of coal charge. The main criterion for optimization was the strength of the finished briquette, while also
taking into account the economic and technical aspects of the use of each component. The coal-slurry
charge, having a certain granular composition and moisture content of about 10-12%, was carefully moved
with the binder until a homogeneous mass was achieved. As a binder, 5% solutions of liquid glass and
CMC-H were used. At this stage, miniature cylindrical briquettes with a diameter of 25 mm and a height
of 13-15 mm were made to establish the optimum value of the component composition. The extrusion
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pressure was assumed to be constant (20 MPa). The resulting raw briquettes were sent to the drying
cabinet at 105°C for 1 hour after pressing. Humidity of briquettes after drying did not exceed 1-1.5%.
After cooling to room temperature, the resulting samples of briquettes were subjected to uniaxial
compression in order to measure the fracture pressure. At the moment of briquette destruction, the
indications of the press dynamometer were taken, the average value of the fracture force was calculated,
and the average compressive strength of the briquette was determined per unit area of the insert.

As a result of the research, it was established that the strength of compositions, consisting of coal
grains of 2,5-3,0 mm in size, is approximately 2.5 times lower than that of briquettes obtained from coal of
0-1,25 mm in size with the same briquetting parameters. This fact is probably due to that during the
pressing process, large coarse grains are destroyed and additional surfaces not wetted by the binder are
formed. The results of the investigation of the influence of the granulometric composition of the coal-
slurry charge on the mechanical properties of briquettes are shown in Fig. 1, it is seen that the increase in
compressive strength is particularly noticeable in briquette samples containing grains with the smallest
size (coal class 0-1.25 mm).

7~

mil

m2

Strength of briquettes, MPa
O P N W b U1 OO N ©®©

The size of the coal-slurry charge, %

1 — grind size 0-1.25mm; 2 — grind size 1.25-3.0mm; 3 — 0-1.25 mm (50%), 1.25-2.5mm (45%);
4 —0-1.25 mm (70%), 1.25-2.5mm (25%), 2.5-5.0mm (10%).
Binder: I - liquid glass (5 mass.%), II - CMC-H (mass.%)

Figure 1 — Influence of coarseness of coal-slurry charge on the strength of briquettes, MPa

In further studies, the optimal granulometric composition of the coal-slurry charge was (%): class
particles of the 0-1 mm - 40-60; 1-2 mm -30-35%.

At the next stage, the influence of the content of pulverized sawdust on the strength of the finished
coal-fuel briquette was studied. The criterion for evaluation was, as before, the mechanical strength of the
obtained briquettes. In order to study the change in the strength of a raw briquette from the content of
wood sawdust, briquetting of the obtained charge mixtures with sawdust in matrices with a diameter of
25 mm at a pressure of 50+2 MPa was carried out. The briquettes were made in a cylindrical shape 45-
50 mm in height and 30 g in weight. The costs of binders ranged from 1 to 10% of the mass of coal-slurry
charge. Figure 2 shows the graphical dependence of the strength of briquettes on the proportion of binder
in the composition of coal-slurry charge with different content of sawdust.

The resulting raw briquettes were sent to the drying cabinet at 105°C for 1 hour after pressing.
Further, for the obtained briquettes, the mechanical strength for compression was determined in
accordance with GOST 21289-75. Test conditions and physical and mechanical parameters of briquettes
are presented in a graph-diagram. From the presented data of the diagram it follows that the mechanical
strength of the compression briquettes reaches the value required by GOST (7.8 MPa) with the content of
sawdust equal to 2% in the mixture and 6% of the binder content. Briquettes, obtained with a content of
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Figure 2 — Dependence of the strength of the finished briquette on the binder content (liquid glass)
and wood sawdust in the coal-slurry charge

wood sawdust above 10% by weight, have a mechanical compressive strength of not more than 7.4 MPa
(GOST - minimum 7.8 MPa) at 10% binder content, i.e. These combinations of compositions and
briquetting pressures are unacceptable.

The formed coal-fuel briquettes with sawdust (2%, diameter 25 mm, length 60-100 mm), obtained on
the extruder press, had strength (6-7 MPa), sufficient to ensure that the briquettes did not break during
transportation to the place of hardening and storage in bags. Hardening of briquettes is possible both in
conditions of natural hardening at an ambient temperature of 18-20°C and relative humidity of 55-60%,
and at forced drying. To intensify the processes of structure formation, it is possible to heat the briquettes
under the following conditions: temperature 105-110°C, holding time 1 h, cooling air. Briquettes are easily
ignited and burn with a barely discernible red glow without the formation of an open flame, soot and
smell. The specific heat of combustion is 28-30 MJ. The density of the briquettes is 350-450 kg/m’. The
presence of sawdust in the briquette increases the porosity of the briquette, and, consequently, improves
the ignition process, the strength of briquettes is sufficient for stacking and transportation. An increase in
the amount of sawdust above 5%, reduces the strength characteristics of briquettes, and when burned,
these briquettes do not retain their shape (they begin to crumble).

Conclusion. The results of the pilot studies show the possibility and prospects of using local raw
materials (coal mining waste, wood processing) for the production of briquetted fuel. Combined
briquetting of coal screening and coal slurry with sawdust in a certain granulometric size composition
allows to receive fuel briquettes with the required strength by GOST. The sizing composition of the coal
and the distribution of grains of various sizes in the charge must correspond to its maximum compaction,
which ensures the greatest strength of contacts between the grains and high strength of the briquettes with
a minimum consumption of the binder for briquetting.

The work was carried out within the framework of a scientific grant Ne2715/ I'®4 "Development of
technology for the production of high-calorific coal-briquette fuel based on coal mining and biomass
waste".
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C. a. (I)aSI)IJ'IOBl, 0. A. HYpKeHOBl, A. B. M;ucamenl, XK. B. CaTnaeBal,
A. E. Apunosa', M. 3. My.inaxmeros', 3. C. JlaytoBa’

'KP OpraHHKaJIbIK CHHTE3 5KoHE KOMipXUMHsCHI HHCTHTYTHI, Kaparanssl, Kasakcran,
2C. AMamKOJIOB aTBIHIAFbI [erreic-Kazakcran yauBepeureti, Ockemer, Kazakcran

KOMIP KOKBICBI MEH AFAII YTTHAIVIEPIHIH KOCITACBIH BPUKETTEY

AnHotauus. KoHpIp KeMipiepaiH KalablKTapblHaH, dPTYP/ll KOMIIOHEHTEPl - KOMIP YHTAKTaphl KOHE araill
YTiHAUIEPIH KOJIIaHa OTBIPBIN OPUKETTEIreH OThIHAAPBIH OH/IPY TEXHOJOTHSCHIH d3IpJey/ie alblHFaH TOXKIpHOeIiK
MalliMeTTep KepceTiireH. KeMipaiH rpaHylIOMETpHsIIBIK KYPaMbl, bUIFAJJIbUIBIFBIHA dCepl, OalaHbICTBIPFHILITHIH
TYpJiepi MEH KOHLEHTPALHsACHl, MaTepHUaIIapibl THIFbI3ay KbICBIMBIHBIH MEXaHUKAIBIK KacHETTEpiHEe acepi 3epT-
TEJIIHII, OHTAWJIBI KYpaMaaphl aHbIKTaliFaH. Kemip KanasIkTapsl )koHe KeMip KOKBICHI MEH aralll yriHaiiepMeH Oipre
HaKTBUIB! Oip rpaH KypamblHIa Kypamanbl OpukerreymeH 'OCT-nien tanan eretiH Oepik OTBIH OpUKETTEpiH aiyra
MYMKiHIIK Oepeni. KOKBICTBI %oHe aral YriHIUIepiH KOJIIaHy OpUKETTep Il caKkTay Ke3iHJe OJIapIblH KOJIIaHy cara-
JapBIHBIH ©31HAIK KYHBIH TOMEHJEyiHe MaHBI3[Ibl MYMKiHAIK Oepeni. Bpukerre yrinmirepain ©omysl OpHKeTTIH
KYBICTBUIBIFBIH JKOFApbLIATA/bl KOHE TYTaHYy MPOIECCiH kakcapranusl. JIoHIEp apachl OallllaHBICYbIHIA €H YJIKCH
OepiKTIKTI XoHE OAMIaHBICTHIPFHINITHIH €H TOMEHI| IIBIFBIMBIHIA OpPHKETTEPIiH JKOFaphl OEpIiKTLIITiH KaMTaMachl3
eTeTiH OpHUKeTTey Ke3iHAe KOMIpIiH eNeyITIK KYpaMbl KoHEe MUXTaAa dPTYPIli ipUTiKTe AOHACPAIH Taparybl OHBIH
oTe JKOFapbl THIFbI3IBIKTHIFBIHA COMKEC KeNyre THICTi. OTKI3UIreH TOKIPHOEIIK 3epTTeyJIep/IiH HOTIKeIepi OpuKeT-
TEJITeH OTBIH OH/IPICI YIIIH KEPriTiKTI UIMKI3aT KOpJIAphiH (KOMIp OHIIpICI KAABIKTAPbI, aFall OHJeY KalAbIKTaphl)
KOJITaHY MYMKIHIIKTEPIiH KOHE JaMy KeJeIIeTriH KOpCeTe/Ii.

Tyiiin ce3mep: oTbIH, OPUKET, KOHBIP KOMIp, KOMIpP KOKBICHI, aFall yriHJIiIepi.

C. JI. ®a3buioB', O. A. HypKeHOBl, A.B. MyKameBI, K. B. Carnaesa’,
A. E. Apunosa', M. 3. Mynuaxmemnl, 3.C. IlayTOBa2

'MuctuTyT Oprannueckoro cunTesa n yrnexumun PK, Kaparanna, Kazaxcran,
*Bocrouno-Kasaxcraucknii yausepenrer uM. C. Amamkonosa, Ycrb-Kamenoropek, Kasaxcran

BPUKETUPOBAHME YTI'OJIHO-IIIJIAMOBOM CMECH C JIPEBECHOM ONMJIKOM

Annotanus. [IpeacraBneHsl KcliepUMEHTaIbHBIE JaHHbIE, TTOJyYSHHbIE IIPU Pa3padOTKe TEXHOJIOTHH MTPOH3-
BOJICTBa OpPHKETUPOBAHHOTO TOILIMBAa U3 OTCEBOB OypBIX yIVIEH C MCIHOJIB30BAHUEM DPa3JIMYHBIX KOMIIOHEHTOB —
YTOJIBHOTO IIIJIaMa M JAPEBECHBIX OMWIOK. VcclieoBaHO BIMSHUE BIaKHOCTH, TPaHyJIOMETPUUYECKOIO COCTaBa YyIid,
BUJIa U KOHLIEHTPALUK CBA3YIOLIETO, AaBICHUS IPECCOBAHUS HA MEXaHUUECKUE CBOICTBA MaTEPUAJIOB, yCTaHOBIEHbI
onTHUMaibHbIe cocTaBbl. KOMOMHMpOBaHHOE OpPHKETHPOBAHKE YTOJIBLHOTO OTCEBA U YTOJIHOTO IUIaMa ¢ IPEBECHBIMU
OINMJIKaMH B OIPEJIEJICHHOM I'PaHCOCTaBE MTO3BOJISET IOJIy4aTh TOIUIMBHBIE OpukeThl ¢ Tpedyemoit [OCTom mpou-
HOCTBIO. Vcronb30BaHne Ij1aMa M APEBECHBIX OIMMIOK MO3BOJIUT CYIIECTBEHHO CHHU3HTH CE0ECTOMMOCTh OpPHUKETOB
IIPU COXPAaHEHNH MX SKCIUTYyaTalMOHHbIX KadecTB. [IpucyTcTBHE B OpHKETE ONMWIOK MOBBIMIAET IOPUCTOCTh OpPUKETa,
yJIy4IIaeT mporecc BocmiaMeHeHnsl. CHTOBBIN COCTaB YISl M PAcIpeIe/ICHNE 3€PEH PA3IMYHON KPYITHOCTH B IIMXTE
JIOJKHBI COOTBETCTBOBATh €€ MaKCHMAJIbHOH YIUIOTHSIEMOCTH, IIPU KOTOPOH OOECIICUMBAIOTCS HAMOOJIbIIAS MPOY-
HOCTb KOHTAKTOB MEXJy 3€pHAMHU M BBICOKasl IIPOYHOCTb OPUKETOB MPU MUHUMAJIBHOM PAacXOAE€ CBS3YIOLIETO Ha
OpukeTupoBaHue. Pe3ynbTaThl NPOBEJACHHBIX JIKCIIEPUMEHTAJIBHBIX HCCIEIOBaHHH TOKA3bIBAIOT BO3MOXKHOCTH U
MEPCIIEKTUBHOCTh HCIOJIb30BaHUsI MECTHBIX CBIPBEBBIX PECYPCOB (OTXOMOB YIJIEAOOBIUH, NepeBOOOpPabOTKH) ISt
MIPOU3BOJICTBA OPUKETUPOBAHHOTO TOILIIMBA.

Ki1ioueBble cj10Ba: TOIIMBO, OPUKETHI, OYPBIi Yrob, YTOJIbHBIN 11LIaM, APEBECHBIE ONMIIKH.
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