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Thermolysis of brown coal from the Baganursky deposit (Mongolia)

The process of thermolysis of brown coal from the Baganursky deposit of Mongolia has been studied. These
coals are characterized by high content of gas component (up to 40 %) and low content of liquid fraction. The
decomposition begins at ~200 °C. At temperatures up to ~700 °C there is no sintering. In the solid residue, on-
ly relicts of the individual hydrocarbon constituents of the original coal are retained. The liquid condensate of
sublimates (up to 19 % by weight of the initial) contains 0.78 % of the organic extract (96—98 % of the phe-
nolic mass with a maximum boiling point of 360 °C) and 92.2 % of the aqueous solution (with a boiling range
of 115-130 °C). The initial aggregate state (the particle size of the material, the effect on it of the external
medium) not only affects the yield of the gas constituent of coal during thermolysis, but also determines the
impurity composition of the organic extract of the condensate liquid sublimates.

Keywords: thermolysis, brown coals, solid residue, sublimates, condensate, hydrocarbons, phenols, thermal
analysis.

Introduction

Fossil coals are subdivided into anthracites, stone and brown coals. Depending on the composition,
physical and technological properties, as well as economic, social and other factors, the coals of particular
deposits can be used as energy or technological raw materials. Currently, they mainly serve as a fuel re-
source. At the end of the last century, up to 73 % of the extracted fossil coals were used for this purpose in
the USSR [1].

When burning in the furnaces of boiler houses and domestic ovens, a large amount of volatile compo-
nents is released and incomplete coal burnout spores are formed, which leads to a systemic release of envi-
ronmentally hazardous combustion products into the atmosphere. In the conditions of the mountainous ter-
rain and the continental climate in Central Asia, for example, on the territory of the Republic of Tuva, stag-
nant zones, smog in the surface space of the «wind shadow effect» and pollution of the atmosphere of cities
and settlements of the region with harmful products of flue gases: carcinogens and other highly toxic sub-
stances [2].

Similarly, an analogical adverse environmental situation is observed in the adjacent coal-mining regions
of Mongolia. For example, at the Khushut coal deposit of lean coal, production is conducted only for the en-
ergy needs of the local population [3]. Also, mainly for domestic needs and thermal power engineering, de-
posits of a number of brown and hard coals of Mongolia are being developed [4]. At the same time, envi-
ronmental problems of flue emissions have not been solved, both for large stationary TS and TPPs, and for
private sector furnaces of cities and settlements of regions that use coal to be extracted as a source of thermal
energy.

In this regard, within the framework of the comprehensive Program for the Creation of Technologies
for the Efficient and Environmentally Safe Processing of Mineral Raw Materials (SB RAS project
No. 28.4.8, 2004-2006) in TuVIKOPR SB RAS, (Kyzyl) in cooperation with ISTTM SB RAS (Moscow).
Novosibirsk), investigations were carried out on the dynamics of thermolysis of coals of Tuva with the aim
of working out a process for obtaining environmentally friendly fuel material [5]. Interest in this topic from
Mongolian specialists served as a basis for research on the thermal decomposition of coals of Mongolian de-
posits. Within the framework of the program of these investigations, work was carried out to investigate the
thermolysis of coals of individual deposits in Mongolia [6, etc.].

This report is devoted to the results of investigations of the thermal decomposition of brown coals of the
Baganursky deposit.

Experimental part

The technical characteristics of the samples of this coal are given in Table 1.
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Table 1
Technical characteristics of the samples of coal
Sample of Baganur Technical analysis, % Elemental composition on dax L
stone coal W Al V& C H S OrsiN | Calorie Q) kefeal
Sample 1 8.4 10.4 41.1 72.0 4.9 0.36 22.9 5034.4
Sample 2 9.3 10.2 42.5 70.0 4.1 0.49 21.5 4991.0

The material for the investigation was initially presented in the form of a single sample, and then in ad-
dition — an aggregate batch weighing about 3 kg, which was a mixture of lumps of various sizes mixed with
a small rash. At the first stage, the dynamics of thermal decomposition were investigated by differential
thermal analysis (DTGA) using the MOM-1000 derivatograph (type «Paulik, Paulik-Erdei», Hungary). The
weight of the sample was ~1 g. The starting material was previously divided into three fractions: free-
flowing, medium-sized (5—20 mm) and lump (> 20 mm). Heating was carried out to 650—700 °C at a rate of
10 °C/min. The experimental conditions provided for the free diffusion of gaseous constituents of coal
formed in the sample upon heating, but excluding contact with the air medium.

Determination of the quantitative characteristics of the process was carried out in a laboratory facility
with the capture of gas and light boiling condensates, including a container placed in the furnace, into which
a crucible with a sample was connected, connected by a branch pipe with a system for capturing sublima-
tions. The mass of samples in these experiments was in the range of 50-100 g.

Investigations of thermolysis products were carried out by a number of methods of instrumental analy-
sis: DTGA, IR spectroscopy, chromatography-mass spectroscopy.

DTGA single sample. Figure 1 and Table 2 show the data of the DTGA of samples of material of vari-
ous sizes.
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Figure 1. DTGA of a single (initial) coal sample: a-g (see Table 2)
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Table 2
Thermal decomposition of brown coal from the Baganursky deposit
Initial sample*’
Steps a b c d
of decom- Weight loss Weight loss Weight loss Weight loss
position |Interval, t °C| from the |Interval, t°C| from the |Interval, t°C| fromthe |Interval, t°C| from the
initial, % initial, % initial, % initial, %
1 80-100 0.2 100-150 0.5 100 - 80-150 55
2 180-300 280-300 6.5 210-300 7.0 150-200 '
3 300400 17.1 300400 10.5 300400 75 200400 11.2
4 400-550 10 410-500 215 400-500 400-500 12.4
5 550-700 12 500-700 ' 500-700 8.0 500-650 7.0
)y 700 ~39 % 700 ~40 % 700 ~42.5 650 ~36.1

Note. *) a — lump sample, fresh prepared; b — lump, previously prepared; ¢ — fresh prepared rash sample; d — rash sample,
previously prepared.

It can be seen that with the general identity of the results of individual samples on the curves, there are
differences in the course of their sections characterizing the individual stages of thermolysis. On the DTA
curves for samples in experiments with samples a, b, d (see Fig. 1), a clear cascade of endoeffects is fixed in
the interval 380—600 °C, corresponding to the phased removal of gaseous and low-boiling decomposition
products from the material. However, in the case of a sample in (Fig. 1), instead of a cascade of thermal ef-
fects, only one large endopic is observed in the range of ~ 400-540°C. Such a variety of curves on
thermograms at the initial stage of heating can be explained by the initial state of the material: the size, the
conditions of its content from the time of extraction to sampling (contact with the air medium and storage
time). Nevertheless, the decomposition sequence is the same for all samples (Table 2): the process begins
with explosive gas evolution at relatively low temperatures in the amount of 5.5-7.0 % of the initial one. For
trials a and c, the association is combined into a single stage with the subsequent or with the previous stage.
The total weight loss varies between 36.1-42.5 %, depending on the final temperature of the experiment.

DTGA samples of the coarse lot. The results of the experiments (Fig. 2) basically agree with the data of
the experiments of a single sample (Fig. 1). Thus, the loss of the mass of the samples upon heating (TG and
DTG curves) is carried out step-by-step at 80—200 and 300—470 °C: by 9.4 and 14.7 %, respectively (for
small intermediate loss Am” = 2.7 %). With further heating, the monotonic mass loss (Am®) is 14.1 %. The
total mass loss of the sample reaches ~ 41 %, and in some experiments — 47 %.

Consistency of the decomposition products of coal. Determination of the consistency of the decomposi-
tion products was carried out in the following modes: 1) continuous heating to 600—650 °C with an exposure
of 1-2 hours at a finite temperature; 2) stage-by-stage heating (with a 2-hour exposure through 100 °C) to
600-650 °C (see Table 3).

Table 3

The results of thermolysis of brown coal with a gradual aging

/oC Experiment 1, monolith sample Experiment 2, intermediate sample
’ AP, % Condensate, % | Gas fraction, % AP, % Condensate, % | Gas fraction, %
200 18.73 0.28 18.44 9.5 6 3.5
300 9.3 1.5 7.54 10.04 4.04 6
400 10.2 3.65 6.6 9.74 4.14 5.6
500 6.58 0.64 5.94 7.7 2 5.7
600 5.03 0.37 4.66 - - -
650 - — - 5.05 1.9 3.15
> 49.94 6.39 43.55 42.03 18.08 23.95

The results of the experiments of regimes 1 and 2 differ somewhat, but on the whole they correlate ac-
cording to the main parameters. Thus, in the case when the initial sample was an initial coal monolith (exper-
iment No. 1, Table 3), a significant loss of mass (18.73 %) was observed already at 200 °C, mainly as a gas
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component. At the same time, in an experiment with an average breakdown of fines (experiment No. 2, Ta-
ble 3) at a holding temperature of 200 °C, the mass loss is only 9.5 %. Extracts at subsequent temperature
stages in both experiments lead to comparable mass losses, differing only in the gaseous components. The
final results differ only due to the mass loss at 200 °C.
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Figure 2. DTGA of the coarse coal lot

The total loss of mass of experiment No. 1 is 49.94 % and is determined primarily by the gas compo-
nent (43.55 %), and the total loss in experiment No. 2 is 42.03 % and is determined by equally condensed
sublimates (18.08 %) and gas constituents (23, 95 %), while the number of the latter is almost half that of
experiment No. 1. This difference is due to the partial loss of gaseous components in the case of sample
No. 2 due to diffusion weathering during storage under conditions of free contact with the environment.

In the investigation, along with the study of the dynamics of the thermal decomposition of coal, quanti-
tative characteristics of the decomposition process were determined and a solid residue and liquid conden-
sates of the sublimes of the low-boiling constituents of coal were obtained.

For a comparative evaluation of the thermolysis result, an X analysis of the average initial lot of coal
and its solid thermolysis product was carried out.

The IR spectrum of the initial coal sample (Fig. 3, curve 1) includes absorption bands corresponding to
out-of-plane vibrations of aromatic CH bonds in the range 1000-1100 cm'; ether in the region of 1150—
1350 cm™'; C—O phenolic in the region 1550-1650 cm™'; C=0 quinolones in the region of 2845-2020 cm ';
CH-aliphatic and OH groups of phenols and carboxylic acids in the region of 3100-3400 cm™' and their pe-
ripheral groups in the 3500-3600 cm ' region. The IR spectra of the material after thermolysis (Fig. 3,
curve 2), as a rule, have relict absorption bands corresponding to weakly pronounced vibrations, and in re-
gions of 2500 cm ™' there are no vibrational bands.
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Figure 3. IR spectrograms of the average initial sample of brown coal (1) and the product of its thermolysis (2)
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The results of DTGA liquid condensate sublimation of coal thermolysis (samples I, II and average en-
larged lot) obtained after holding at 600, 300 and 400 °C (Fig. 4) showed that in the temperature range 115—
130 °C all the sample material passes into vapor. In this case, the complete identity of the thermograms of all
samples is noted.
The liquid condensate of the thermolysis of the average sample of the coarse lot of coal was extracted
with chloroform, extracting an extract in an amount of 0.78 % of the mass of the liquid condensate. The main
part of the liquid condensate of sublimates is an aqueous solution. IR spectra of the extract of the middle
sample contain the following characteristic absorption bands: 1 — saturated fragments of molecules (maxi-
ma 1377, 1463, 2728, 2854 cm™'); 2 — aromatic structures (722, 744, 812, 874, 1604 cm™); 3 — oxygen-
containing compounds (1032, 1167, 1706 cm ™). This thermolysis product contains phenol, two isomers of
methylphenols and two isomers of ethylphenols, as well as n-alkanes and a-olefins (in minimal amounts).
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Figure 4. DTGA of the liquid extract of the sublimations of thermolysis of samples I () and II () in the temperature
range up to 600 °C, and also of the average coal sample (c) in the temperature range up to 300 (I) and 400 °C (II)
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The results of chromatographic determination of the consistency of organic products of the extract of
the sublimations of thermolysis of samples I and II are given in Table. 4. The bulk of the extracted organic
component is also represented by phenol and its derivatives.
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Table 4

Material composition of the extract of the condensate of the sublimes of thermolysis of the Baganurian coal

Peak No. Substance Reten?ion time, Relativc(:)
minutes content, %
Sample |
1 Phenol 4.6 36.45
2 2-Methylphenol 5.3 14.45
3 3-Methylphenol 5.5 32.57
4 2,6-Dimethylphenol 5.9 0.45
5 2-Ethylphenol 6.1 0.90
6 2,4-Dimethylphenol 6.3 5.03
7 3-Ethylphenol 6.4 7.27
8 2,3-Dimethylphenol 6.6 0.74
9 3,4-Dimethylphenol 6.7 1.44
10 3-Propylphenol 7.4 0.69
Sample I1
1 3-Methylpyridine 5.0 0.2
2 2,6-Dimethylpyridine 5.8 0.08
3 2-Methyl-2-cyclopentene-1-one 6.1 0.3
4 3-Methyl-2-cyclopentene-1-one 7.0 1.12
5 Phenol 7.3 60.26
6 2,3-Dimethyl-2-cyclopentene-1-one 8.2 0.71
7 2-Methylphenol 8.5 6.21
8 4-Methylphenol 9.0 27.25
9 2,5-Dimethylphenol 10.2 1.06
10 3-Ethylphenol 10.8 2.69

In the extract of condensate, there are also small amounts of cyclopentene and pyridine derivatives,

there is an insignificant amount of the phase relating to alkanes and olefins.

Within a general identity of the phase composition of the extracts of the average sample of the aggre-
gated lot, samples I and I (96-99 % phenol and its derivatives), the proportions of the constituent phases are
slightly different. Also, in the extract of sample II there is an admixture of the cyclopentene derivative, and
in the extract of the intermediate sample condensate, an admixture of naphthalene derivatives. This is proba-
bly due to the different initial aggregate state of the materials of these samples: the particle size, which de-
termines the contact surface with the external medium of the starting material, and the degree of reaction of

this factor to it.

Based on the investigation data, it is possible to imagine the thermal decomposition of the Baganur

brown coal by the following scheme:

Initial brown coal of the Baganursky deposit (average sample)
650 °C, 2 hours

Sublimation (42,03%) Solid residue (57,97%)
Partially preserved relicts: aromatic
Gas (23,95%) liquid product (condensate) hydrocarbons, cthereal groups, phenol and
to the atmosphere ! quinol derivatives
H,0 (92,22 %) + Organic constituent
(0,78 %)

Phenol and its derivatives
average (98.3 %)

y

130°C

Gas to the atmosphere
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Conclusion

The conducted study of the thermolysis of brown coal from the Baganursky deposit showed that it is
characterized by a high content (> 40 %) of gaseous components, which are removed from the material when
heated in the range of ~ 200 °C, minor admixtures of liquid condensate and absence of astringent constitu-
ents. The material does not cake. The solid-phase residual thermolysis product is a free-flowing graphite-like
material, which can be briquetted only by the introduction of astringent formulations. Liquid condensate
consists of 99.22 % of the aqueous solution and 0.78 % of the organic component — phenol and its deriva-
tives. The condensate boils away without residue in the range 115-130 °C. Investigation on samples of a ma-
terial with various sizes: medium sample of a coarse batch, fine (sample I — size < 5 mm) and large (sam-
ple II — diagonal size > 30 mm) fractions showed that the initial aggregate state of the material, the degree
of environmental impact on it influence not only the yield of the gas component during thermolysis, but also
the phase composition of the extract of the condensate of sublimation.
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H.. Konsuios

Baranyp xeH opHbIHbIH (MOHFO0/IMS1) KOHBIP KOMIpPiHIH TepMoIu3i

Baranyp xeH opHbIHbIH (MOHFOIIHS) KOHBIP KOMIPiHiH TepMOan3i Ypaici 3epTrenai. by kemipiep ra3gapasiy
xen Mmeuepivern (40 % neitin) skoHe cyitblk dpakumsabiH ~200 °C Gacramamsl. ~700 °C  peftinri
Temreparypaga micy Oonmaiiasl. Karrel KanmbikTa Oacramkbl KOMIpHIH TEK JKeKe KOMIpCYTeKTi
KypaMIacTapbIHBIH PENUKTepl Ke3mecemi. AnaynslH CyHBIK KOHIeHcaThIHAa (OacTanks!l MemmepaeH 19 %
neitin) 0,78 % opraHukanbelk dkcTpakT (96-98 % deHonapl Macca, MakCUMaNIbl KaliHay TeMIlepaTypachl
360 °C) xome 92,2 % cymsl epitiHai (KaifHayaslH Temmeparypaiblk uHTepBanbl 115-130 °C) Gomamsl.
Bacranksl arperarThlk Ky# (MaTepuan OeIIeKTepiHIH ipiiiri, oFaH KOpIIaraH OPTAaHBIH dcepi) TepMoiu3
Ke3iHIe KOMIpAIH Ta3/iblk KypaMJachIHBIH IOBIFBIMBIHA OCEp €TIl FaHa KolMal, almaynplH CYHBIK
KOHJICHCATBIHBIH KOCHAJIBIK KYPaMbIHA J1a BIKIAJ €TeJ.

Kinm ce30ep.: Tepmonn3, KOHbIP KeMipiep, KaTThl KalJbIK, aiiiay, KOHIEHcaT, keMmipcyrekrep, (eHonaap,
TEPMUSIIBIK Taaay.

H.. Konsuios

Tepmosm3 0yporo yrist baranypckoro mecropo:xaenusi (MoHrosms)

W3zyden mponecc tepmoinusa Oyporo yrist baranypckoro mecropoxxaenus Monrommu. JlaHHbIe yrim OTIIH-
YaloTCs BEICOKUM COJICp KaHHEM ra30Boi cocrasistromei (1o 40 %) 1 HU3KUM cofepKaHueM KHUAKOH (pak-
uuy. Pasnoxenue marepuana HauuHaercs mnpu ~200 °C. IIpu temneparypax Bmiots 1o ~700 °C cnekanue
OTCYTCTBYET. B TBEpIOM OCTaTKE COXPAHSIOTCS TOJNBKO PENIMKTHI OTACIBHBIX YIIIEBOJOPOAHBIX COCTABIISIO-
muX ucxopHoro yrist. XKugkuii konaeHcar Bo3roHoB (1o 19 % mac. ot ucxognoro) copepxut 0,78 % opra-
HHYECKOro 3KcTpakTa (96-98 % ¢denompHON Macchl ¢ MakcUMalbHOU Temmeparypoil Beikunanus 360 °C) u
92,2 % BomHOTrO pacTBopa (¢ TemneparypHsiM HHTepBanoM KuneHus 115-130 °C). McxonHoe arperatHoe co-
CTOsTHUE (KPYMHOCTh 4acTHUIl MaTepuasa, BO3AeiiCTBIE HAa HETO BHEILITHEH CPeJIbl) HE TOJIBKO BIMSIET HA BBIXO,
ra3oBOi cOCTaBILAIOIIEH yIIA IPU TEPMOJIU3E, HO U OIpEeEsIeT IPUMECHBIM COCTaB OPraHU4ECKOro AKCTPaK-
Ta XHUAKOTO KOH/EHCATa BO3TOHOB.
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Knioueswie crosa: Tepmonus, Oypble yriu, TBEPBIH OCTAaTOK, BO3TOHBI, KOHIEHCAT, YTJIEBOAOPOIbI, (DEHOIIBI,
TEPMHUUYECKUI aHAIN3.
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