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Abstract

Thermolysis of brown coal from the Baganur deposit (Mongolia) was studied. It was established that this
coal is distinguished by the high content of gaseous component (up to 40 %) and low content of the liquid
fraction (up to 7 %). The decomposition of the material starts at a temperature of about 200 °Ñ. Within the
whole heating temperature range (up to 650 °Ñ) the material does not get agglomerated;  the final product
of thermolysis is loose graphite-like material.
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INTRODUCTION

Fossil coal may be subdivided into anthracite,
black and brown coal. Depending on the compo-
sition, physical and technological properties, as
well as economic, industrial, social and other fac-
tors, coal from a definite deposit may be used as
energy-bearing or technological raw material. In
the first case, coal is used to produce electric en-
ergy and heat (in the USSR, 73 % of fossil coal
was used for these purposes), in the second case
coal is used for metallurgic coke, chemical raw
material, semi-products for various branches of
industry and other areas [1].

For instance, coal from the Tuva coal basin
is coking and thus it is a valuable product for
metallurgy, coke chemistry and chemical in-
dustry [2, 3]. However, due to unfavourable
geological and geographic factors, complicated
transport conditions, remote position from in-
dustrial regions, coal mined from the Tuva de-
posit is used only as energy-bearing material,
without any preliminary treatment.

In view of the high concentrations of volatile
components and the formation of cake, coal is
burnt out in furnace units not completely,  which
causes permanent emission of ecologically dan-
gerous products of coal combustion into the at-
mosphere. Mountainous landscape and extreme
climatic conditions aggravate this unfavourable
situation (the formation of  stagnant zones,  smog
etc.), which leads to substantial pollution of the
environment with carcinogenic substances [4].

For the purpose of  eliminating this nega-
tive situation and providing efficient use of coal
from Tuva, thermal decomposition of coal with
the removal of gaseous and low-melting frac-
tions and obtaining dry porous material was
studied [5�7]. On the basis of the data thus
obtained, coal fuel briquettes without gaseous
and low-boiling components � low-temperature
coke with the developed porous surface � were
prepared in the experimental set-up [8].

A similar situation is observed with respect
to coal in Mongolia, in particular, coal from the
Baganur and Tavantolgoy deposits. In this
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connection,  it is reasonable to study thermal de-
composition of coal from these deposits situated
at adjacent territories. Though coal from the Baga-
nur deposit relates to brown coal group, the data
on the dynamics of  its thermal decomposition may
be necessary for the purpose of obtaining eco-
logically safe fuel product from this coal.

In the present paper we describe the results
of  the first stage of  investigation of  the dynamics
of thermal decomposition of coal from the Baga-
nur deposit, with the formation of decomposi-
tion products for further studies of their chemi-
cal composition and technological characteristics.

EXPERIMENTAL

Brown coal sample from the Baganur de-
posit (Mongolia) for investigation was obtained
as a snap sample,  then as a larger-scale lot (with
a mass of about 3 kg), which was a mixture
of lump material with the particles of differ-
ent sizes, and fine loose material.

At the first stage,  the dynamics of  thermal
decomposition was studied by means of differ-
ential thermal analysis (DTGA) with the help
of a MOM-1000 derivatograph (Paulic�Paulic�
Erdey, Hungary). Initial material was prelimi-
narily separated into three fractions: the loose
(friable) part, medium-sized fraction (5�20 mm)
and lump monolith (particles larger than 20 mm).
Then grinding was carried out. The weighted
portion was (1±0.2) g. The samples were heated
to a temperature of 650�700 °C with a rate of
10 °C/min. To prevent the effect of environ-
ment on thermolysis, a quartz crucible with
the sample was closed with a cap made of foam-
corundum, which provided free diffusion of
gaseous components formed during coal heat-
ing but excluded contact with air.

Mechanical activation of the samples was
carried out in AGO-2, a laboratory planetary
mill of periodic action, for 1 min.

Further studies aimed at determination of
the quantitative characteristics of the process
were carried out in a laboratory set-up with
trapping gaseous and low-boiling components
of coal. The set-up included a steel reactor in
which a crucible with a sample was placed. The
reactor was connected through a steel socket
to a vessel to collect condensable sublimates. To

create the conditions for trapping condensable
components, rarefaction was provided by a
water-jet air pump. The mass of weighted por-
tion prepared for these experiments was 50�
100 g. Experiments were repeated to test re-
producibility of the results obtained. The mass
loss scattering did not exceed 5 rel. %.

RESULTS AND DISCUSSION

DTGA of the snap (preliminary) sample

Results of the investigation of thermal de-
composition of different non-averaged samples
of coal material are presented in Fig. 1 and in
Table 1. One can see that along with the gen-
eral similarity of the results of experiment se-
ries, DTGA curves exhibit some differences in
the character of some stages of thermolysis
for different samples (see Fig. 1). For example,
a small endothermic effect at 80�150 °Ñ is ob-
served for DTA curves of the lump samples
(fresh and prepared a day before the experi-
ment, experiments Nos. 1 and 2, respectively).
However, this effect is almost absent from the
DTA curve related to the sample freshly pre-
pared from loose material � experiment No. 3
(see Fig. 1, c) but increases sharply in experi-
ment No. 4 with the sample prepared also from
loose material but after different time inter-
vals (Fig. 1, d). A clear sequence of endo ef-
fects is detected in DTA curves for samples in
experiments Nos. 1, 2, 4 within temperature
range 380�600 °Ñ, corresponding to step-by-
step removal of gaseous and low-boiling de-
composition products from the material (see Fig.
1, a, b, d). However, in the case of sample No.
2, instead of a sequence of thermal effects,
we observe only one large endo peak within
temperature range 400�540 °Ñ (see Fig. 1, c).
This diversity of curve behaviour in the ther-
mograms of the products under study at the
initial stage of heating is likely to be connect-
ed with the inhomogeneity of the phase com-
position of samples of the initial material and
with differences in particle sizes. Nevertheless,
the sequence of thermal decomposition is the
same for all samples: the process starts with
explosion-like emission of the gaseous compo-
nent at relatively low temperatures (exp. No. 1 �
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TABLE 1

Thermal decomposition of brown coal from the Baganur deposit

Stages Initial sample Mechanically activated sample

Exp. No. Exp. No.

1 2 3 4 1 2

T, °C ∆m, % T, °C ∆m, % T, °C ∆m, % T, °C ∆m, % T, °C ∆m, % T, °C ∆m, %

1  80�100     0.2 100�150     0.5    100 �  80�150    5.5  20�200    0.5  20�50   0.5
2 180�300

  17.1
280�300     6.5 210�300   7.0 150�200 200�280    9.5 180�200   5.1

3 300�400 300�400   10.5 300�400 27.5  200�400  11.2 280�400   10.9 200�290    4.0

290�410  12.4
4 400�550   10 410�500

  21.5
400�500   400�500  12.4

400�600   17.6 410�660  19.9
5 550�700   12 500�700 500�700     8.0 500�650     7.0

Σ    700 ~39    700 ~40     700 ~42.5     650 ~36.1     600 ~38.5     660 ~42.0

Fig 1. DTGA of  the snap (initial) coal sample: a�d �  exp. Nos. 1�4,  respectively (see Table 1).

within the range 180�210 °Ñ, exp. No. 2 � 280 °Ñ)
in the amount of 5.5�7.0 % of the initial weight-
ed portion. This process is not distinguished as a
separate stage in experiments Nos. 1 and 4; it is
united either with subsequent stage (exp. No. 1)
or with the previous stage (exp. No. 4). Total mass
loss within the studied temperature range var-
ies within 36.1�42.5 %  depending on final tem-
perature of experiment (see Table 1).

The results of  thermal analysis of  the sam-
ple subjected preliminarily to mechanical acti-
vation (for 1 min) are presented in Fig. 2 and in
Table 1. One can see that thermolysis is also
characterized by the low-temperature explo-
sion-type start at 150�200 °Ñ with mass loss
within 8�9 %. Then monotonous decrease of the
mass is observed, to 38.5 % as a total for heat-
ing to 600 °Ñ, and 42.0 % as a total for heating



468 N. I. KOPYLOV et al.

Fig. 2. DTGA of coal sample mechanically activated for
1 min.

Fig. 3. DTGA of larger-scale coal lot.

to 660 °Ñ. So, short-term activation of the ini-
tial sample has no substantial effect on the dy-
namics of  sample behaviour during thermoly-
sis but promotes an increase in the sorption ac-
tivity of the material. Sorption products are
removed from the sample at the very begin-
ning of heating, which is confirmed by the endo
effect at DTA curve within the range 70�95 °Ñ.

It should be noted that preliminary DTGA
data point to the high concentration of volatile
and readily boiling components in coal,  the final
product of thermolysis is not sintered but
remains as loose material.

DTGA of the samples of larger-scale lot

Results of the experiments with the coal
samples of larger-scale lot are in good agree-
ment with the results for the snap sample. Some
insignificant deviations may be connected with
different densities of the material in the cruci-
ble, which could affect diffusion of sublimates

formed during heating. Thermolysis dynamics
is shown in Fig. 3.

Thermal decomposition of the material is
clearly exhibited in the DTA curve starting from
the temperature of 80�100 °Ñ as a strong endo
effect with the peak maximum at ~120 °Ñ and
its termination at ~300 °Ñ. Then a small but
sharp exo effect with the peak maximum at
~400 °Ñ is observed, followed by a sharp exo-
thermal ascent passing into endo effect with
the peak at ~500 °Ñ. Subsequent small endo ef-
fects of thermal decomposition appear at a tem-
perature of 540�570 and 620 °Ñ.

The position of TG and DTG curves points
to stage-by-stage change of sample mass dur-
ing heating, at 80�200 and 300�470 °Ñ. The first
stage within temperature range 80�200 °Ñ (∆m1)
corresponds to the mass loss of 9.4 %. Passing
to the next stage, a small mass loss (∆m2) equal
to 2.7 % is observed. A decrease in sample mass
at the stage within temperature range 300�
470 oC (∆m3) is 14.7 %. During further heating,
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TABLE 2

Results of brown coal thermolysis with heating and exposure at 600�650 °Ñ

Exp. No. Material T, °C Exposure, h Mass loss, % Note

1 Fines from packet 460�525   3   8.6 no cake

2 Medium from packet   600   2 47.65 «   «

3 Sample from monolith   650   1 41.58 «   «

4 Fines from packet   650   1 38.02 «   «

5 Average* 600�650 1�2 42.42

* The average of the sum of exp. Nos. 2�4.

TABLE 3

Results of thermolysis of brown coal with stage-by-stage temperature exposure (duration of each stage: 2 h)

T, °C Exp. No. 1 (sample from monolith) Exp. No. 2 (averaged sample from packet)

∆m, % Condensate, % Gaseous fraction, % ∆m, % Condensate, % Gaseous 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

Σ 49.94 6.39 43.55 42.03 18.08 23.95

Note. Dash means determination was not carried out.

the monotonous mass loss (∆m4) reaches 14.1 %.
So, total mass loss by the sample reaches al-
most 41 %, and in some experiments even 47 %.

Determination of the aggregative and quantitative
composition of the products of coal decomposition

Experiments on the determination of  the
composition of products formed in the decom-
position of brown coal samples were carried
out in different modes: 1) under uniform and
continuous heating to the temperature of 600�
650 °Ñ,  followed by exposure at the final tem-
perature for 1�2 h; 2) under stage-by-stage
heating to the maximal temperature (600�
650 °Ñ) with exposures for 2 h after each 100 °Ñ.

The results of the experiments are present-
ed in Tables 2, 3.

Under continuous heating of the samples to
the temperature of 460�650 °Ñ and exposure
at this temperature (see Table 2), the mass loss
by the material is 8.6�47.65 % and depends on
the final temperature,  exposure at the assigned
temperature, as well as on the physical and

aggregative state of the initial sample (particle
size, the presence of the fine fraction, mono-
lith pieces etc.). For instance, after heating to
460�525 °Ñ and exposure at this temperature
(see Table 2, exp. No. 1), mass loss was only
8.6 % of the initial mass, while heating and
exposure at 600 °Ñ are accompanied by mass
loss up to 47.65 % (see Table 2, exp. No. 2). High-
er mass loss is characteristic of the sample pre-
pared by crushing a whole piece of coal (see
Table 2, exp. Nos. 3, 4) after exposure at a tem-
perature of 650 °Ñ (41.58 %) in comparison with
the sample prepared from fine middlings taken
directly from the packet (38.02 %). This differ-
ence is likely due to the partial loss of gaseous
components of this kind of coal due to diffu-
sion weathering during storage under the con-
ditions of free contact with the environment.

Therefore, mass loss by coal under thermol-
ysis occurs due to evaporation of both the gas
component and the sublimates of readily boil-
ing fractions present in this kind of coal. Visu-
ally, the fraction of the condensate of subli-
mates may be insignificant in the total mass
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loss by coal. The condensate is dark coloured
with a deep crimson (close to black) hue. A small
amount of dark tarry fraction gets layered on
its surface during storage.

The results of experiments with stage-by-
stage heating and exposure of samples some-
what differ but generally correlate with the data
of previous experiments (see Table 3). For ex-
ample, in the case when the initial sample was
freshly prepared lump monolith (exp. No. 1) sub-
stantial mass loss (18.73 %) was observed even
at 200 °Ñ, mainly in the form of gaseous com-
ponent. At the same time, in the experiment
with averaged sample composed of a mixture
of initial fine fragments and small-sized lump
material crushed in a mortar (exp. No. 2), ex-
posed at 200 °Ñ, mass loss was equal to 9.5 %.
This mass loss is mainly connected with the
evaporation of condensable sublimates, and
only to a small extent with the removal of gas-
eous component. Exposures at subsequent tem-
perature stages in both experiments are accom-
panied by comparable mass losses differing from
each other only in the value of the loss of gas-
eous components. As a consequence,  the final
results of experiments with stage-by-stage ex-
posures exhibit differences only due to mass
losses at the stage of exposure at 200 °Ñ. The
total mass loss in exp. No. 1 after the final
(600 °Ñ) stage with exposure was 49.94 % and
was determined mainly by the removal of the
gas components (43.55 %). In exp. No. 2, the to-
tal mass loss is smaller by almost 8 % (42.03 %),
and it is almost equally determined by the val-
ue of condensable sublimates (18.08 %) and the
formation of gaseous components (23.95 %); the
amount of the latter is almost two times smaller
in comparison with similar data for exp. No. 1.

CONCLUSION

Investigation of thermolysis of brown coal
from the Baganur deposit showed that this kind
of coal is characterized by the high (>40 %)
content of gaseous components that are re-
moved from the material by heating to tem-
perature about 200 °Ñ, insignificant concentra-
tion of fluid components (up to 7 %) and the
absence of binding components. As a result,
the material is not sintered within the whole
temperature range of thermolysis up to 650 °Ñ.
The matrix solid-phase product of thermoly-
sis is loose graphite-like material which may
be briquetted only after the addition of bind-
ing compositions.
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