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Production of coal briquettes using the original binder

In this paper the authors consider a new genuine binder that makes it possible to produce coal briquets with
desired consumer properties, i.e. reduced bitumen consumption, low production process temperatures and
high moisture resistance. To make coal briquets, a batch mixture was prepared (coal fines, slack, riddlings)
and then mixed in a mixer with a genuine emulsified bitum in a ratio of 20 to 1 by weight, after which the
mixture was fed into molds and taken to a pressing machine. The resulting briquets were dried at a
temperature of 30-40°C for 12 hours. The results of their tests displayed a compressiion strength of
60-70 kg/cm?; when dropped from a height of one meter, the residue on the sieve +25 mm after sieving was
96-98 % (high strength). In addition, the briquets showed good resistance to moisture (low moisture capacity
not more than 2—-3 %) — water sprinkling did not loose the briquettes; there was no destruction even when
doused into water. In the process of burning the briquets did not disintegrate, the flame was uniform in all
directions. Calorific capacity tests of the produced briquets were made. Due to the improved commercial
quality offered by briquees, after scoping calculations the saving of coal fuel was presupposed.

Keywords: coal briquettes, coal fines, mixture, slack, bitumen, moisture resistance, binder, calorific capacity.

The strategic objectives of the development of coal chemistry are reliable and effective satisfaction of
domestic demand for high-quality solid fuel and its products, ensuring the competitiveness of coal products
in the conditions of saturation of domestic and foreign markets with interchangeable energy resources and
alternative suppliers, improving the safety of coal processing and reducing their impact on the environment.

As a result of the activities of enterprises for the extraction and beneficiation of coal, there is a need to
recycle the inevitable waste (coal fines, riddling and milling slime, etc.), which are practically not used.

One of the methods of such processing is briquetting. Briquetting is the process of processing fine coal
and slack into pieces of a geometrically regular and uniform shape, and of equal mass — briquettes. Coal
briquettes are very easy to use due to simple placing, high flammability, and constant caloricity even during
long-term storage, ease of accounting and control in use. Every year production of briquettes develops more
and more, as during transportation the briquettes are not destroyed due to the strength obtained in the manu-
facturing process. Usually coal is transported in bulk in open wagons, and with one loading (unloading), the
volume of coal in the car decreases by 10 %, and if we take into account the number of coal transfer upon
delivery to the consumer, the volume decreases by 15-25 %. Ordinary coal does not burn completely in fur-
naces and fire pots — fine coal is spilt through fire bars into an ash pan, and this is about 10 % of the total
weight of the poured coal; when burning, pieces of coal break up, releasing coal dust that flies out in fly ash,
so losses can reach 25-35 %. Unlike coal, briquettes burn completely, there is no refuse burnout and only ash
remains after combustion [1].

The need to process waste (coal fines) arising from the activities of enterprises for the extraction and
enrichment of coal, to obtain liquid products, the sale of which will allow a more complete use of mineral
reserves, to save products and improve the productivity of the coal industry requires the development of new
briquetting technologies. Briquetting is the process of processing coal fines into pieces geometrically correct
and uniform shape, the same mass-briquettes.

The influence of briquetted charge humidity on the strength characteristics of fuel briquettes and the op-
timal humidity value equal to 4.9 % was established.

We can assume the following stages of the process of coal briquetting with binders:

— adsorption of binder by briquetted material and formation of thin binder film on particle surface,

— pressing processes, during which, under the influence of pressure, hardening processes occur at the in-

terface of the binder phases with the surface of coal,

— formation of a structuring polycyclic complex or polymer layers around a granular carbon-containing

component that determine the strength and other technical characteristics of fuel briquettes.

— formation of own structure of briquettes and hardening, accompanied by dehydration and drying pro-

cesses [2].
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The imported coal has in its volume a certain amount of rock and debris, which are added to the loading
and unloading stations. During the production of briquettes, coal raw materials are cleaned of rock and other
impurities by sieving.

Currently, the main reasons inhibiting the development of briquetting of stone, brown coal and coal
sludge is the lack of affordable and cheap binder. For this reason, constantly underway the search for differ-
ent variants of individual or combined binders for obtaining fuel briquettes.

Currently, the development of briquetting binders has been divided into three categories: organic, inor-
ganic and composite binders. However, the development of complex substances continues, in which the
binder can take full advantage of all kinds of binder, fill the shortage of one binder, reduce the amount of
inorganic binder, reduce the cost of briquettes, improve the quality of briquettes and greatly improve the
strength. Given the development of modern research, the search for organic and organic-inorganic composi-
tion of binders has become a center of research and development. In particular, the composite binder consist-
ing of industrial and agricultural waste mixed with other binders can reduce environmental pollution and im-
prove the quality of the briquette, and have certain economic and environmental benefits at the same time. So
in recent years, composite binder has become the main direction of development of briquette binder [3].

Selection of binders that simultaneously meet all the necessary requirements: availability, low cost, the
ability to increase the heat of combustion of the obtained pieces of fuel and its moisture resistance, the ability
to give the briquette high mechanical strength, etc.

In the modern technology of briquetting of coal fines with the addition of bitumen binder, the strength
of the briquette after pressing is determined by technological regimes, in particular the pressing temperature,
and depends on the structure and properties of bitumen [4].

The purpose of the proposed work is to expand the existing range of binders that allow creating a fuel
coal briquette with the necessary consumer properties, which imply a reduction in bitumen consumption,
lower process temperatures and moisture resistance.

Bituminous emulsion (composite material) was used to bind fine coal, which showed good adhesive
qualities and was operated for three years during the pretreatment of the roadbed for asphalt laying. The re-
sulting emulsion has plasticity, fluidity, relatively good adhesion (stickiness), hydrophobic, short preparation
times and good combustibility. Due to the content of the polymer (cross-linked) composition, the proposed
water-emulsion mixture binds coal fines well and has increased strength characteristics [5].

The main advantages of using the proposed emulsion in comparison with other binders are the availability of
a ready production plant, relatively low energy consumption, the use of local raw materials and low-cost reagents.

e The batch mixture (coal fines, slack, riddling) intended for
briquetting heated to the temperature of 60—70 °C was mixed in a
mixer with emulsified bitumen prepared at a temperature of
90 °C in a ratio of 20 to 1 by weight, after which the mixture was
loaded into molds and fed into pressing machine with a working
pressure of 100—200 MPa. The resulting briquettes were dried at
a temperature of 30—40 °C for 8 hours.

As a result of mixing, the binder covered coal particles in
thin layers (film) with hydrophobic properties, and provided the
necessary adhesion of particles, and then during dehydration,
polymerization took place; the latter process cemented the coal
particles in briquette mass.

Briquettes were tested according to GOST 21289-75-
21289-91 «Briquettes coal. Methods of physical tests» (see Fig.).

Obtained fuel briquettes according to the test results:

— have a compressive strength of 65-70 kg/cm’;

—when dropped from a height of 1 m, the residue on the
sieve +25 mm after sieving was 96-98 % (high strength);

—have good resistance to moisture (low moisture capacity
of not more than 2—-3 %) — irrigation spraying did not loosen the
briquettes;

—no destruction when immersed in water;

— in the combustion process, the flame was uniform in all di-
rections and the briquettes disintegrated.

Figure. Photo of obtained coal briquettes
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The performed tests on the calorific value are GOST 147-95 «Solid mineral fuel. Determination of the
highest heat of combustion and calculation of the lowest heat of combustion» showed improvement of prop-
erties of briquetted coal in comparison with the initial raw materials taken from different coal enterprises
(see Table).

Table
Test results of small fractions and obtained briquettes
Results
Name and measurement units Small fract10n. Briquette
from coal enterprises
1 2 3 1 2 3
Mass fraction of total moisture in operating condi- 57 75 54 36 56 29
tion of fuel, %
Ash content, % 34.5 39.9 323 34.4 36.3 324
Mass fraction of total sulfur 0.50 0.6 0.5 0.45 0.55 0.5
The lower heating value, based on the operating
condition of the fuel, keal/ke 4885 4560 4090 5100 4650 5154
Higher heating value calculated for dry ash-free 7860 6960 7210 8220 6990 8381
fuel, kcal/kg

Notes: 1 — sludge from the «Saburkhanskaya» central processing plant; 2 — coal fines from the Borly deposit; 3 — coal fines
from the «Kuu Chekinsky» surface coal mine.

Due to the improved commercial qualities of the proposed briquettes, after preliminary calculations, the
following saving of coal fuel was presupposed:

—up to 10 % during transportation and overloading due to high mechanical strength (M35>80 %);

—up to 10 % during transportation and overloading due to high mechanical strength;

—up to 14 % during combustion due to avoiding carrying away of coal fines by flue gases and spillage

of the fuel through the grate;

—up to 11 % due to elimination of under-burns due to high reactivity and thermal stability.

The main advantages of the proposed method of coal briquetting are the following:

— the briquette has high strength and moisture resistance (it can be stored in open areas);

— it turns out to be smoother and cleaner than conventional coal and other briquettes;

— bitumen consumption decreases by 75-85 %;

—reduced energy consumption, due to lowered operational temperature of the production process —

60-80 °C;

—losses during loading and unloading operations are reduced due to the high strength and cylindrical

shape of briquettes;

— small production costs, due to the low cost of the emulsion (binder).

As a result of the tests, it was noted that the produced briquettes meet the standards, have increased
moisture resistance, are resistant to mechanical stress and have a higher calorific value compared to the orig-
inal raw material. Coal briquettes made using the genuine binder are easy-to-use due to the simplicity of their
storage, fairly high flammability, the invariance of their calorific value during storage, moisture resistance
and ease of control during consumption. Coal briquettes produced with the original binder are easy to handle
due to the simplicity of laying, fairly easy flammability, and immutability of their calorific value during stor-
age, moisture resistance and ease of control during consumption.
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Bacranksl 0ailJIaHBICTHIPYIIBI 32TTHI KOJ/IAHA OTHIPHII, KOMIpP KeceKTepiH aaxy

Makanaza KaXeTTi TYTBIHYMIBUIBIK KacueTrTepi Oap kemip OpHUKETTepiH jkacayFa MYMKIHIIK OepeTiH jkaHa
Oacrarnkbl OaiIaHBICTBIPYIIBI 33T KapacTBIPbUIFaH, SIFHH, OMTYMHBIH LIBIFBIHBIH a3aHTy, TE€XHOJOTHSJIBIK
HpOLECC TEeMIIEPaTypachiHbIH TOMEHACYI JKOHE bUIFaFa TO3IMIAUNIriH. Bpukerrey yurH mumxTtansl (Kemip
KaJIABIKTapBI, II1aM, OeikTep) malblHIAlN, cogaH KeWiH KocmaHbl maccachl OoitbiHina 20:1 KaTelHacBIHIA
TYHHYCKAJIBI OUTYM SMYJIbCHSACHIMEH apallacThIP/bl, COJaH KeiliH Kocma mpecc KalblTapFa THelin, facnakka
Oepinmi. Anpiaran Opuxerrep 3040 °C Temmepartypanma 12 carar Goifel kentipinmi. CelHay HoTHDKenepi
60—70 Kr/cm® KpicyFa GepikTirin kepcerTi, 6ip MeTp GHIKTIKTEH TaKTHIPY Ke3iH/e, ellereHHeH KeiliH CHTaiaFhl
+25 MM Kanmelk 96-98 % (xorapsl Oepikriri) kypangsl. CoHBIMEH Karap, OpHKETTep BUIFaFa KaKChI
TO3IMIUIIH KepceTTi (bUIFal ChIABIMABLIBIFE 2—3 %-1aH acnalThiH TOMEH) — OYPKy apKbUIbl OpHUKeTTepAi
KOIICHITHAAbl, KUPaFaH XXOHE Cyra OaTKaH Ke3ne OOoNFaH >KOK. OpT KesiHAe OpUKeTTep Kyjall KajaMagbl,
JKaJIbIH Oapiblk OarbiTTap OoiibiHIIA OipKenki Oonabl. AJBIHFAH OpPUKETTEPre JKbULY [MIBIFAPFBILITHIFBI
GoiibIHIIA CHIHAY XKYPTi3iigi. AJIBIH ana ecenTeyneH KelliH, OpUKETTep YChIHFaH KaKCapThUIFAaH TayapJbIK
KacueTTep eceGiHeH KoMip OTHIHBIH YHEMJIEY OOIKaMIbL.

Kinm ces3dep: xeMip OpuKeTrTepi, KeMip KaIIBIKTaphl, INUXTa, [UIaM, OHTYM, BUIFalFa TO3IMILIIK,
0allIaHBICTRIPYIIBI 3aTTAP, JKbUTY IIBIFAPFBIIITHIK.

E.C. Mycradun, X.b. Omapos, K.M. lllaiimepaenosa, A.T. OmepkyioB

Ilosry4yeHue yroibHbIX OPUKETOB ¢ IPMMeHEHHeM OPUTHHAJIBLHOT 0
CBSI3YIOLIEr0 BellecTBa

B crartbe paccMOTpeHO HOBOE OPHTHHAIBHOE CBS3YIOIIEE BEIIECTBO, KOTOPOE MO3BOJISIET CO3/ATh YrOJIbHBIE
OpHKETHI ¢ HY)KHBIMH IOTPEONTEIILCKUMH CBOHCTBaMH, T.€. yMEHBIIICHHE pacxoja OHTyMa, OHIKEHHE TeM-
MepaTyp TEXHOJIOTMYECKOTo MPOLECca U BIaroCTONKOCTh. Jlisi OpUKETHPOBAHUS TOTOBUIIH IIUXTY (YroJibHast
MEJIoub, IIIaM, OTCEB) U 3aTEM CMENIMBAIU B CMECUTENE C OPUTHHAIBHOW OMTYMHOH 3My/nbCHEll B COOTHO-
mennu 20 k 1 mo macce, mocine 4ero cMech 3arpy’aiachk B pecc-popMbl U nofasanack B npecc. [lomyden-
Hble OpukeTs! cymmiuch npu Temmneparype 30—40 °C B Teuenue 12 4. Pe3ynpTaThl HCIBITAaHUH MOKa3aau
IPOYHOCTh Ha cxkaTHe 60—70 Kr/cM?, IpH cOPACHIBAHUH C BBICOTHI OJHOTO METPA OCTATOK HA CHTE +25 MM
TocJte TIpoceuBaHus cocTaBui 96-98 % (BeIcokas mpoyHocTh). Kpome Toro, OpHKeTH MOKa3ain XOPOIIyIo
YCTOHYMBOCTH K Biare (HHM3Kasi BIArOEMKOCTH He Ooiee 2—3 %) — OpoIIeHUe ONPBICKMBAHUEM HE Pa3phIX-
JSI0 OpUKETHI, OTCYTCTBOBAJIM PAa3pyIICHUs U NPH IOTPYXEHUH B BOXy. B mpomnecce ropennst GpuUKeTs He
pacmaganuch, miaMs ObUIO paBHOMEPHOE IO BCEM HampaBieHHUSIM. [IpoBeJeHBI HUCHBITAaHHS MOITYyYEHHBIX
OpHKETOB MO TEMJIOTBOPHOCTH. 3a CUET YNYYIIEHHBIX TOBAPHBIX KAueCTB IpeAnaraeMblXx OpHKETOB MOCIE
MpeBapUTENbHBIX PACUETOB OblIa MPETNOI0KEHA SKOHOMHS YTOJIBHOTO TOIIINBA.

Kniouesvie cnosa: YroOJIbHbIE 6p141<eT1>1, yrojibHag Me€JI0Yb, IIUXTa, MHUIAM, 6I/ITyM, BHaFOCTOﬁKOCTL,
CBA3YIOIIEE BEIICCTBO, TCINIOTBOPHOCTD.
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