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Influence of coal heat treatment parameters
on physical-chemical properties of smokeless fuel

A series of experiments on coking long-flame coals by high-speed thermooxidative pyrolysis was carried out
as a part of smokeless fuel technology development from domestic energy coals. The objective of experi-
ments was to determine the influence of basic technological parameters of the coking process (heating rate,
coking temperature) on the final physical-chemical properties of the semi-coke, which is an initial material
for briquetted smokeless fuel manufacture. The experiments were carried out in a Tamman resistance furnace
at 600—1100 °C imitating the coking process in industrial shaft furnace. The rate of heating and the final tem-
perature of coking were found the most important control factors ensuring the production of lump coke with
sufficient strength. In the mentioned temperature interval, the reactivity of semi-coke changes by a compli-
cated pattern varying from 3.5 to 9.7 ml/g's. Along with coking temperature and heating rate, the structural
strength of semi-coke grows monotonically, reaching 80 % at heating rate of 90 degrees per minute and a
temperature of 1100 °C. Thus, the results of this work allow us to conclude that the most rational temperature
range for smokeless fuel production by means of high-speed pyrolysis of young high-volatile coal is found
within 600-700 °C (the temperature interval of semi-coking). To ensure sufficient structural strength of semi-
coke the rate of coal heating should be at least 30 °C/min. A highly active material with a reactivity of over
9 ml/g's and a sufficiently high strength and a residual volatiles content of about 8—11 % can be obtained us-
ing this method.

Keywords: smokeless fuel, thermo-oxidative pyrolysis, energy coals, semi-coke, coking temperature, struc-
tural strength, reactivity, volatile substances.

Long flame coal from the Shubarkol coal field was used as a raw material for smokeless fuel making.
Shubarkol deposit with overall reserves of over 1.8 billion tons [1, 2] is located in Tengiz area of Karaganda
region. The coal is related to long flame (free-burning) coal type, is petrographically homogeneous and
vitrinized. By reflectance, the coal is related to grade D (candle type) [3]. Coals are low-ash, low-sulfur with
low phosphorus content, easy and medium-enriching. The content of vitrinite is over 80 % of the organic
mass. The reflection is 0.6 %. The quality of coals according to exploration data is as follows: WP — 15 %;
A% — 5515 %; V' — 40 %; S 0.5 %; C* — 76 %; H¥ — 5.5 %; Q,*' — 26 MJ/kg; QF — 22 MJ/kg. It
can be seen that for Shubarkol coal has distinctively low ash content. In separate parts of the coal bed, the
ash level has extreme values of 1.4 and 31.0 %. At the same time, the bulk of coal contains 6.0 % ash and
below.

The method of high-speed thermooxidizing coking was used to obtain durable lump material from
sieved Shubarkol coal based on the rapid heating of coal particles by heat released during the combustion of
volatile products of thermal destruction [4—6]. In this process, the formation of the coke structure goes
through a series of reactions of coal matter decomposition and the synthesis of new compounds with the
formation of semi-coke. Further transformations of the latter lead to the formation of a carburized coke mate-
rial [7].

To simulate coal heating conditions of high-speed thermooxidizing coking, we used the Tamman re-
sistance furnace, into which a crucible of heat-resistant steel with a coal sample inside was introduced. The
crucible has high walls to provide access of air oxygen into the reaction zone. The electric supply of the
heater is provided by a power transformer of 80 kVA with thyristor regulation of voltage and current, which
allows maintaining the set temperature with an accuracy of 10 °C. A portion of the coal charge was prepared
from the 10-20 mm Shubarkol coal. The temperature in the furnace and in the coal layer was constantly
measured during the experiment. After the experiment, the residue was weighted to determine the mass loss.

The studies were carried out at a strictly fixed temperature, which was varied from 600 to 1100 °C with
the interval of 100 °C. A sample of coal in a heat-resistant steel reactor was loaded into a preheated furnace.
During the experiment, a continuous measurement of the temperature in the coal bed was made and, after
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reaching a predetermined level of heating, an exposure was held for 5 minutes. After that, the reactor was
removed from the furnace and cooled in a sealed container to room temperature. The coking gas evolved in
the process of pyrolysis was burned down outside the furnace.

In order to eliminate the influence of heat loss by moisture evaporation, the beginning of recording the
temperature in the layer is attributed to the dry state of the material. The zero test time corresponds to coal
sample temperature of 180-250 °C, at which point the physical moisture is completely removed from the
sample (Fig. 1).
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Figure 1. Dynamics of temperature changes in the coal layer at various initial temperatures in the furnace

The influence of temperature and coal heating rate on the structure and properties of the coking product
was studied experimentally. The process of high-speed pyrolysis of coal was imitated by pre-heating the fur-
nace to certain degree, which allowed heating the coal samples with varying temperature gradients [8]. The
dynamics of the temperature change in the coal layer is shown in Figure 1 as a function of time and the initial
temperature level in the furnace.

The data in Figure 1 show that in the temperature range of 320-540 °C corresponding to coal matter de-
struction processes the rate of coal heating depends on the preset temperature gradient and amounts to 29.4—
90.9 degrees per min (Fig. 2), which is sufficient for the formation of a stable structure of the coke residue
(semi-coke).
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Figure 2. Effect of the temperature gradient on the coal heating rate
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Table represents the data on the heating rate and the numerical values of coal mass loss and the results
of the proximate analysis of semi-coke samples obtained in interval of 600—1100 °C and heating rates of
29.4-90.9 degrees per minute.

Table
Parameters of high-speed coking process and proximate composition of semi-coke

- — 5
Temperature, °C | Heating rate, °/min Mass loss, % /I\’Cr oximate compom;l]odn of the product, \f;r
600 2941 42.5 3.01 11.02 2.76
700 35.7 47.0 3.23 7.74 3.54
800 45.45 47.8 3.48 3.22 4.17
900 53.57 50.3 3.61 3.04 431
1000 65.22 51.0 3.80 2.86 3.16
1100 90.90 49.8 3.95 0.45 3.37

As we can see, the residual amount of volatiles in the semi-coke (see Table) is in full compliance with
coal mass loss (Fig. 3). It can be seen that the most intensive loss of coal mass is observed at low tempera-
tures of 600—800 °C where the greatest decrease of volatiles level takes place. The level of volatile substanc-
es stabilizes after 800 °C and varies insignificantly from 3.22 to 2.86 % up to 1000 °C. It is only above
1100 °C, that the volatiles level sharply decreases, reaching 0.45 %. At a temperature of 950—1000 °C the
structure of the semi-coke begins to decompose with the release of heavy resins containing hydrogen.

Evaluation of structural strength and reactivity of semi-coke samples obtained at different heating rate
and temperature was carried out in accordance with State Standards, namely, «State Standard 9521-74» and
«State Standard 10089-89». Evaluation results are shown in the Figure 4. The structural strength of the semi-
coke is minimal (no more than 50 %) in the low temperature range of 600—700 °C and at a heating rate below
40 degrees per min. The most noticeable increase in the structural strength occurs in the interval of 700—
800 °C and the heating rate range of 40—60 degrees per minute, where structural strength reaches 72 %.
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Figure 3. Dependence of mass loss (Am) and residual volatiles level (V) from the coking temperature

The monotonous growth of the structural strength up to 80 % is observed at a heating rate of 90° de-
grees per minute and a temperature of 1100 °C. The rate of heating and the final temperature of coking are,
therefore, the most important control factors ensuring the production of lump coke with sufficient strength,
as follows from the experimental data.
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Figure 4. Influence of heating rate (1) and temperature (2) on structural strength
and temperature (3) on the reactivity of semi-coke

It follows from the data in Figure 4 that the level of reactivity of semi-coke varies within 3.5-9.7 ml/g's
in the investigated temperature range, and, while the coking temperature grows monotonically, the reactivity
variation follows more complicated pattern. Semi-coke has greatest reactivity, which reaches 9.7 ml/g-s, at
600-700 °C. Growth of coking temperature from 600 to 700 °C has very slight influence on overall reactivi-
ty. However, the latter sharply decreases to 3.5 ml/g's in the interval of 700-800 °C and remains practically
unchanged up to 900 °C, after which point it begins to increase faster to reach 5.6 ml/g-s at 1100 °C.

Conclusion

Thus, the results of this work allow us to conclude that the most rational temperature range for smoke-
less fuel production by means of high-speed pyrolysis of young high-volatile coal is found within 600—
700 °C (the temperature interval of semi-coking). The production of the most reactive material, with a suffi-
ciently high strength and a residual volatile content of about 8—11 %, is ensured under these conditions. This
semi-coke considering its basic physical-chemical and technological properties can be proposed as a high-
quality intermediate material for further production of smokeless fuel.

The work was performed within the program-purpose financing O. 0787 Project for 2018—2020. «De-
velopment of smokeless fuel production technology and creation of an experimental coal coking planty.
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Kemipai TepMUSJIBIK 6H/IEY PesKMMIEPiHIH TYTIHCI3 OTHIHHBIH
(pu3nKa-XUMHSJIBIK KacHeTTepiHe dcepiH 3epTTey

OTaHIbIK DHEPreTUKAIBIK KOMIPJACPICH TYTIHCI3 OTBIHIBI OHIIPY TEXHOJOTHSUIBIH jKacay IIapachlHaa
JKOFaphbl KbUIAAMIBIKTHl TEPMOTOTHIKTHIPFBII ITHPOJIM3 TOCUIIMEH Y3bIH JKAIBIHIBI KOMipJIepai KoKcTay
GoiipIHIIA 3epTTey JKYMbICTaphl XKyprizingi. Kokcray mpoueciHiH Herisri TeXHOIOTHSUIIBIK, MapaMeTpliepiHiy
(KbI3IBIPY KBUIAAMIBIFBI, KOKCTAy TEMIIEPaTypachl) )KapTbllail KOKCTHIH — OPEKEeTTENreH TYTIHCI3 OTBIHABI
aIlyFa apHaJIFaH 0acTanKbl MaTePUAJIIBIH COHFBI (PM3MKa-XUMHUSUIBIK KAaCHETTepiHe acepi OpHATHUIABL. 3epTTey
OHIPICTIK MIaxTajbl MemTeperi keMipai Kokcray mporecrepin kenrtiperin, 600-1100 °C Temnepatypana
Tammana xeneprimi memriHge >Kypri3inmi. 3epTTey MoONIMETTEpiHIH Tajjaybl KOKCTayABIH KBI3ABIPY
JKBUIIAM/IBIFB] JKOHE COHFBI JKBUIIAMJIBIFBI KECEKTI jkoHe Oepik j>kapThUlall KOKCTHI ayblHAa BIKIAN €TeTiH
AHBIKTAFBIII HeTi3ri (akTop OoubIN ecenTelieli. 3epTTeNreH TeMIIepaTypa apabiFblHIA JKapThUlai KOKCTHIH
peakIMsUIbIK KabijeTi Kypaesni 3aHabUIbIK OoifblHIIA e3reperdi oHe 3,5-9,7 Mir/r'c IaMachkl apaibiFbIHAA
aybITKUIbL. KbI3IBIPY OKbUINAMIBIFBIH JKOHE TEMIIEPAaTypachlH JKOFapbUIaTy OapbIChIHAA  KbI3IBIPY
temneparypackl 90 rpag/muH sxoHe Temmeparypackl 1100 °C kesinne 80 % xeTeTiH kapThulail KOKCTBIH
MOHOTOH/bI KYPBUIBIMIBUIBIK 6Cyi Oaiikanaapl. 3epTrey wmiemimi OGoiblHIIA GAacTamKbl YIIKBIII 3aTTap/AblH
JKOFaphl MOJIIEpiHe e jKac KOMipJep/ieH KOFaphl JKbUIJaMABIKTEl MHPOJIN3 TOCUTIMEH ajbIHATHIH TYTIHCI3
OTBIHJIBI TEPMISIIBIK oHey Temreparypacsl 600-700 °C (kapTbutail KOKCTay JKOHE >KapThUIall KOKCTHI ary
TeMIepaTypachl HHTEPBaJbl) HEFYpPJIBIM YTBIMIABI Oosbim  kemexi. JKapTeurail KOKCTBIH  OKETKINIKTI
KYPBUIBIMIBIK OEpIKTIriH KaMTaMachl3 €Ty YIIiH KeMipAi KeI3AbIpy >KeuiaaMasirsl 30 °C/MuH keM Gonmaysl
kepek. ByHbIH e3iHIe KOFapbl OeNCeH/i MaTepHall, peakHsUIbIK KadizeTi 9 Mi/T'Cc KeM eMec, JKeTKUTIKTI
OepiKTiKKe Me JKoHe KalJbIK YIIKBIII 3aTTap Meutuepi 8—11 % 0onaTbiH aiy KaMTaMachl3 eTijesi.

Kinm ceo30ep: TYTIHCI3 OTBIH, TEPMOTOTHIKTBIPFBIII MHPOJIN3, JHEPreTHKANBIK KOMIp, JKapThuiail KOKC,
KOKCTay TeMIePaTypachl, KYpPbUIBIMIBIK OCPIKTIK, peakiusaFra KaOieTTIIiK, YIIKBIII 3aTTap UIBIFbIHBL

C.B. Kum, , O.P. Capues, C.X. KynapuHos,

O.A. borosBnenckas, A.C. Opinos, B.B. Opinosa, A.B. )Knanos

Biausinue pe:kuMoB TepM0OOOPaOdOTKH YIJisi
Ha PU3UKO-XMMHUYeCKHe CBOHCTBA 0€31bIMHOI0 TOILIUBA

B pamkax co3maHusi TEXHONOTHU MPOU3BOACTBA OE3[BIMHOTO TOIUIMBA U3 OTEUECTBEHHBIX 3HEPTETHYECKHX
yTIIel mpoBeieHa cepHs HKCIIEPUMEHTOB M0 KOKCOBAHUIO JUTMHHOIUIAMEHHBIX YTl METOI0M BBICOKOCKOPO-
CTHOTO TE€PMOOKHCIHUTEIBHOTO MUPONN3a. Y CTaHOBJICHO BIMSHUE OCHOBHBIX TEXHOJIOTMYECKHX MapaMeTpoB
npolecca KOKCOBaHUsI (CKOPOCTH HarpeBa, TEMIIEPAaTypbl KOKCOBAHMS) Ha KOHEUHbIE (HH3MKO-XHMUUCCKHE
CBOIfCTBA MOJYKOKCa — HCXOJHOTO MaTepHala Ui HOJydeHHs OpUKETHPOBAaHHOTO OE€3BIMHOTO TOILIHBA.
OmnbITHl NPOBOAWIM B IIe4H conpoTuBiaeHus Tammana npu temneparype 600-1100 °C B ycinoBusx, UMHUTU-
PYIOIIUX MPOLECC KOKCOBAHMS yIVIA B IPOMBIIIICHHON IIAXTHOM Ieyd. AHAIU3 3KCICPUMEHTAIbHBIX JaH-
HBIX yKa3blBaeT Ha TO, YTO CKOPOCTb HAarpeBa M KOHEYHAs TEMIIEpaTypa KOKCOBAHUS SABIIIOTCS OIPEACIIA0-
UMK, HanOoJee BaXKHBIMU (DAaKTOpPaMH, BIHMSIONIMMM Ha MOJIyYCHHE KYCKOBOI'O M IIPOYHOIO IOJYKOKCa.
B nccnenoBanHOM 1uana3oHe TEMIEPATYpP BENUUHHA PEAKIIMOHHON CIOCOOHOCTH MOTYKOKCA U3MEHSETCS 110
CJIOXKHOU 3aKOHOMEPHOCTH U KoJjtebneTcst B npenenax 3,5-9,7 miu/r-c. [lpu HOBBILICHUH TEMIEPATYPhI U CKO-
pocTu HarpeBa HaOMIOAAETCS] MOHOTOHHBIH POCT CTPYKTYPHOH MPOYHOCTH MOTyKOKca, pocTturaromei 80 %
npu ckopoctu HarpeBa 90 rpag/mun u temmeparype 1100 °C. Io pesymbraTam HCCIeIOBaHUN OHpENENCHO,
YTO JUIs OE3BIMHOTO TOILIMBA, ITOJYIaeMOI0 METOJIOM BBICOKOCKOPOCTHOTO IMHPOJIN3a U3 MOJIOABIX yriei ¢
BBICOKM HCXOAHBIM COJEPXKaHUEM JIETyYHX BEIIEeCTB, TeMIepaTypa tepmoodpadotku 600-700 °C (Temmepa-
TYpHBIIl MHTEpBall INOJTYKOKCOBAaHMS M IIOMYYEHHS IIOJYKOKca) sIBIsleTcss Hambosee paruoHanbHOM. s
obecriedeHns1 JOCTaTOUHOH CTPYKTYpPHON HMPOYHOCTH MOTYKOKCAa CKOPOCTh HAarpeBa yIuisl AOJDKHA OBITH HE
menee 30 °C/mun. IIpu 3TOM obecrieyrBaeTcs MOJyueHHE BRICOKOAKTHBHOTO MaTepuaia ¢ peakiHOHHOMN CIIo-
COOHOCTBIO HE MeHee 9 MiI/T-C, ¢ JOCTaTOYHO BBICOKOH IPOYHOCTHIO M COJEPIKAHMEM OCTATOYHBIX JIETYYHX
BelecTB okoio 8—11 %.

Knrouegovie crosa: 6e3Z[I)IMHOC TOILIXBO, TepMOOKI/ICIII/ITeIIbeIfl NMUPOJIU3, SHEPICTUYCCKUEC YTJIHU, ITOJYKOKC,
TEMIIEpaTypa KOKCOBaHUA, CTPYKTYpHas MPOYHOCTDb, pCaKIINOHHAsL CHOCO6HOCTB, BBIXO/J JICTYYHX BCIICCTB.
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