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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 ºC. At temperatures up to ~700 ºC 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 ºC). 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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T a b l e  2  

Thermal decomposition of brown coal from the Baganursky deposit 

Steps  
of decom-
position 

Initial sample*) 
a b c d 

Interval, t ºС 
Weight loss 

from the 
initial, % 

Interval, t ºС
Weight loss 

from the 
initial, % 

Interval, t ºС
Weight loss 

from the 
initial, % 

Interval, t ºС 
Weight loss 

from the 
initial, % 

1 80–100 0.2 100–150 0.5 100 - 80–150 
5.5 

2 180–300 
17.1 

280–300 6.5 210–300 7.0 150–200 

3 300–400 300–400 10.5 300–400 
 

200–400 11.2 
27.5 

4 400–550 10 410–500 
21.5 

400–500  400–500 12.4 
5 550–700 12 500–700 500–700 8.0 500–650 7.0 
Ʃ 700 ~39 % 700 ~40 % 700 ~42.5 650 ~36.1 

——————— 
Note. *) a — lump sample, fresh prepared; b — lump, previously prepared; c — 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 ºC, 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 ºC. 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 ºC: by 9.4 and 14.7 %, respectively (for 
small intermediate loss Δm2 = 2.7 %). With further heating, the monotonic mass loss (Δm4) 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 ºC with an exposure 
of 1–2 hours at a finite temperature; 2) stage-by-stage heating (with a 2-hour exposure through 100 ºC) to 
600–650 ºC (see Table 3). 

T a b l e  3  

The results of thermolysis of brown coal with a gradual aging 

t, ºC 
Experiment 1, monolith sample Experiment 2, intermediate sample 

∆P, % Condensate, % Gas fraction, % ∆P, % 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 ºC, mainly as a gas 
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T a b l e  4  

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

Peak No. Substance 
Retention time, 

minutes 
Relative  

content, % 
Sample I 

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 II 
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 II (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: 
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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 ºC, 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 ºC. 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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Баганур кен орнының (Монғолия) қоңыр көмірінің термолизі 

Баганур кен орнының (Монғолия) қоңыр көмірінің термолизі үрдісі зерттелді. Бұл көмірлер газдардың 
көп мөлшерімен (40 % дейін) жəне сұйық фракцияның ~200 ºС басталады. ~700 ºС дейінгі 
температурада пісу болмайды. Қатты қалдықта бастапқы көмірдің тек жеке көмірсутекті 
құрамдастарының реликтері кездеседі. Айдаудың сұйық конденсатында (бастапқы мөлшерден 19 % 
дейін) 0,78 % органикалық экстракт (96–98 % фенолды масса, максималды қайнау температурасы 
360 ºС) жəне 92,2 % сулы ерітінді (қайнаудың температуралық интервалы 115–130 ºС) болады. 
Бастапқы агрегаттық күй (материал бөлшектерінің ірілігі, оған қоршаған ортаның əсері) термолиз 
кезінде көмірдің газдық құрамдасының шығымына əсер етіп ғана қоймай, айдаудың сұйық 
конденсатының қоспалық құрамына да ықпал етеді. 

Кілт сөздер: термолиз, қоңыр көмірлер, қатты қалдық, айдау, конденсат, көмірсутектер, фенолдар, 
термиялық талдау. 
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Термолиз бурого угля Баганурского месторождения (Монголия) 

Изучен процесс термолиза бурого угля Баганурского месторождения Монголии. Данные угли отли-
чаются высоким содержанием газовой составляющей (до 40 %) и низким содержанием жидкой фрак-
ции. Разложение материала начинается при ~200 ºС. При температурах вплоть до ~700 ºС спекание 
отсутствует. В твёрдом остатке сохраняются только реликты отдельных углеводородных составляю-
щих исходного угля. Жидкий конденсат возгонов (до 19 % мас. от исходного) содержит 0,78 % орга-
нического экстракта (96–98 % фенольной массы с максимальной температурой выкипания 360 ºС) и 
92,2 % водного раствора (с температурным интервалом кипения 115–130 ºС). Исходное агрегатное со-
стояние (крупность частиц материала, воздействие на него внешней среды) не только влияет на выход 
газовой составляющей угля при термолизе, но и определяет примесный состав органического экстрак-
та жидкого конденсата возгонов. 
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