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The technical characteristics, organic elemental composition of coal and inorganic elemental
composition of coal ash of Ulaan-Ovoo deposit have been determined. The thermal stability
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of coal organic mass has been investigated by thermogravimetric analysis: the mechanisms
of the thermal decomposition of the coal organic mass have been explained and the thermal
stability indices (Tso;, Tis0, and Tyse,) has been determined. The coal of Ulaan-Ovoo deposit
processed by pyrolysis under vaarious heating temperatures and determined the yields of py-
rolysis products such as hard residue, condensed liquid (tar and pyrolysis water) and uncon-
densed gas products. On the basis of proximate, ultimate, thermogravimetric and FTIR anal-
ysis results have been confirmed that the Ulaan-Ovoo coal is a middle rank subbituminous
D mark. The liquid tar product of pyrolysis of Ulaan-Ovoo coal was investigated by FTIR
and GC/MS analysis. Also the pyrolysis hard residue and activated carbon were character-
ized.

Keywords: composition of Ulan-ovoo coal; sub-bituminous coal; thermogravimetric analy-
sis; thermal stability; pyrolysis resin; activated carbon.
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Introduction

Mongolia is among the 10 coal rich countries in the world with the 175 billion
tones of geologically estimated coal resources including high quality bituminous cok-
ing coals, subbituminous coals and lignite brown coals. More than 70% of this coal
resources belongs to the brown coals [1].

Coal undergoes a series of physical and chemical changes during pyrolysis. Various
pyrolysis conditions (i.e. coal type, pyrolysis temperature, atmosphere, heating rate,
and catalyst factors) significantly affect these physical and chemical changes [2-5]. On
the other hand pyrolysis is an efficient form (method) of treatment of organic material
at elevated temperatures in the absence of oxygen. It involves the simultaneous change
of chemical composition and physical phase during thermochemical decomposition of
organic material by heat and is irreversible [6-8]. As a results of pyrolysis, solid (hard
residue), condensed liquid (tar and pyrolysis water) and gas (uncondensed) products
can be obtained. Solid product is porous material with higher caloric value which can
be used as coke, semicoke, smokeless fuel, adsorbent material and so on. Tar is petro-
leum like product and can be used as complex raw material for production of chemical
substances, gasoline, diesel, oils, bitumen and so on. The gas product can be used as
gas fuel after cleaning of nitrogen and sulphur containing pollutants in it [6, 7]. Gener-
ally before the pyrolysis experiments of coal necessary carry out thermogravimetric
analysis to investigate the mechanism of thermal decomposition coal organic mass and
to determine the thermal stability characteristics such as thermostability indices (T5%
and T»5%) and to evaluate how are easy for pyrolysis [9, 10]. During last decade we are
working on pyrolysis of some organic raw materials including different rank coals
[11,12], oil shale [13-15], wood waste [16-18], animal bone [19, 20], cedar shell [21],
polypropylene waste [22], milk casein [23-25] and characterization of obtained hard
residue, tar and gas product after pyrolysis.

The conversion of coal into oil and gas is a major issue in the country, which will
affect the national safety and the economically sustainable development. Therefore
more detailed investigations by using of modern instrumental analysis such as FTIR,
thermogravimetric and GC/MS analysis and different pyrolytic experimental methods
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is very important for the future development of coal processing industries in Mongolia.
For this reason, the coal of Ulaan-Ovoo deposit has been chosen more detailed investi-
gation on thermal processing including pyrolysis and thermolysis, characterization of
obtained solid (hard residue) and liquid products.

The coal sample was used in this study from Ulaan-Ovoo deposit in Mongolia. The
Ulaan-Ovoo deposit locates very near to the Mongolian and Russian border in Selenge
province and has been mined since 1973.

Experimental

The Ulaan-Ovoo coal was crushed into small pieces 3-6 mm in size and the analyti-
cal sample was prepared by powdering the coal into small particles size < 0.2 mm in a
steel mill. Analytical sample preparation (MNS 27192001), proximate and ultimate
analysis of coal were performed according to Mongolian National Standards MNS
656-79 (moisture content), MNS 652-79 (ash yield), MNS 654-79 (volatile matter
yield). The elemental composition of coal was determined by micro analytical instru-
ment SE C2000, model CNH-analyser.

The FTIR spectra of coal was obtained on a Nicolet 20-PC FTIR spectrometer with
Csl optics and DTGS detector. The KBr disc contained 0.5% finely ground coal sam-
ple. All the spectra were measured in the frequency range of 4000 to 400 cm™, and 32
scans were taken for every sample.

Thermogravimetric analysis of coal was carried out in TG/DTA7200, (Hitachi, Ja-
pan). Conditions of analysis were as follows: Sample weight — 5-10 mg. Heating tem-
perature range — 20-1150°C, Heating rate — 20°C/min, Carrier gas-argon, Crucible
made by Pt-Rh.

Small-scale pyrolysis experiments of coal sample was performed in a laboratory
quartz retort (tube) which could process 1 g of coal sample. The retort was placed in a
horizontal electric tube furnace. A chrome-alumel thermocouple was immersed in the
tube furnace to measure the actual heating temperature. Pyrolysis experiments have
been carried out at different temperatures 200-700°C with constant heating rate of
20°C/min. First of all, the quartz retort with coal sample was heated, for example, to
600°C with heating rate of 20°C/min, and kept at 700°C for 80 min. The retort was
connected with a thermostable glass tube heated also in a tube furnace at 80°C for col-
lecting tar. This tube was also connected with an air-cooled glass vessel for collecting
pyrolysed water. The glass vessel for pyrolysed water was connected with a thin glass
tube for non-condensable gases. The yields of pyrolysed products, including solid
residue (biochar), tar (condensed liquid product) and pyrolysed water were determined
by weighing, and the yield of gases were determined basing on their differences.

For collection of more quantities of pyrolysis hard residue and liquid tar product
have used a bigger scale pyrolysis apparatuce. The vertical cylindrical retort made by
stainless steel in which 1 kg of coal sample can be pyrolized. The retort was placed in
an electric furnace (model SNOL) with a maximum temperature of 950°C. A chrome-
alumel thermocouple was immersed in the coal bed to measure the actual heating
temperature with temperature control (potentiometer). The retort was connected with
an air-cooled iron tube and water-cooled laboratory glass condenser and a collection
vessel for the condensate of liquid product (pitch and pyrolysis water). The non-
condensable gases after water-cooled condenser were left the system through a thin
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glass tube. The experiments were carried out to 500°C temperature and the heating rate
was 20°C min™. The yields of products including solid residue (coal char), tar and
pyrolysis water were determined by weighing, and the yield of gases by difference.

The pyrolized (pyrolysis hard residue with size — 0,63-1,50 mm) coal sample (10-
15 g) of Ulaan-Ovoo deposit was placed in a quarts tube and flowed with nitrogen to
remove the oxygen and heated (heating rate — 5°C/min) until 800°C and activated
with preheated water steam for 180 min.

Method for separation of tar and pyrolysis water

The liquid product of coal pyrolysis consists of tar and pyrolysed water. They form
an unmixed two layers and can be separated easily by separating in a glass funnel. The
upper layer is tar (viscous liquid) with black-brown colour and an unpleasant smell.
The bottom layer is pyrolysed water (non-viscous liquid) with an unpleasant smell and
yellowish in colour. The final cleaning of tar from the pyrolysed water was mixed with
thermally treated CaCl, and through separation (filtering or centrifuging). The yellow-
ish pyrolysed water has a specific gravity of 0.9227 g/cm’ and solid residue of 7.2%
after evaporation in room temperature.

Sample separation and GC/MS analysis

Acid and base separation: The sample of pyrolysed tar of coal (1 ml) was dis-
solved in hexane (10 ml) and extracted 3 times with 20 ml portions of aqueous sul-
phuric acid (10%) to isolate the basic components and 3 times with 20 ml portions of
aqueous sodium hydroxide (10%) to isolate the acidic components. The organic phase
(neutral fraction) was washed with distilled water, dried with sodium sulphate and hex-
ane was evaporated. The combined sulphuric acid extracts were neutralized with alkali
and extracted 3 times with 20 ml portions of dichloromethane and the organic phases
(basic fraction) were dried and evaporated to the required concentration for GC/MS
analysis. The combined sodium hydroxide extracts were acidified and extracted in a
similar fashion to yield the acidic fraction.

Chemical class separation: An aliquot (0.2 ml) of the neutral fraction was applied
to column separation. The glass column (10 x 1.0 cm) was packed with activated alu-
mina (4.0 g) and elution was performed by using hexane, toluene and dichloromethane.
Hexane (10 ml) was used as an eluent to separate alkanes and alkenes (aliphatic com-
pounds). The second fraction (aromatics) was eluted in 10 ml of toluene. The third
fraction (polar compounds) was eluted with 10 ml dichloromethane. Aliquots of three
fractions were freed of solvents by evaporation at room temperature (20°C) and dis-
solved in dichloromethane to a suitable concentration for GC/MS analysis.

GC/MS analysis: TSQ 8000 Trace 1310 Gas Chromatography-Mass spectrometer
was used for identifying and quantifying organic compounds contained in the fractions.
Capillary column; TR-5 ms 60 m x 0.25 mmx 0.25 pm, Oven program: 50°C — 1 min,
8°C/min to 320°C, hold time at 320°C 30 min; Injection volume 1 pl, Carrier gas and
its flow: He 1.5 ml/min. Inlet temperature 250°C. MS transfer line temperature 250°C.
Ion source temperature 250°C. Scanned masses 45-550 amu.
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Results and discussion

The results of ultimate and proximate analyses of coal samples from Ulaan-Ovoo
(UO) deposit are shown in Table 1.

Results of proximate and ultimate analysis of Ulaan-Ovoo coal in Table 1 show that
the caloric value and carbon content are higher and the content of sulphur is lower,
which is a good for environmental point of view. These results have been confirmed
that the coal Ulaan-Ovoo deposit belongs to the class of D mark according to Russian
genetic technological classification (GOST 25543-82).

The analytical coal sample of Ulaan-Ovoo deposit tested by FTIR analysis for the
characterization of coal organic mass and the results are shown in Fig. 1.

Table 1
Proximate and ultimate analyses of Ulaan-Ovoo coal, (%)
Moisture | Ash A% | Yield of | Sulphur | Caloric | Carbon | Hydroge Oxygen
w?, , volatile gdaf value, , n and others
% % matter % QY | c¥ o | HM, | N+0)*
Ve o kcal kg % %
5.1 4.9 44.8 0.76 7040.0 75.2 5.0 19.8
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Fig. 1. The FTIR spectra of coal of Ulaan-Ovoo deposit

In the FTIR spectra, Ulaan-Ovoo coal can be recognized as: 1339 and 1497 cm™' for
deformation vibrations of -CH, -CH, and —CHj; groups in saturated aliphatic structures;
1800, 1780 and 1600 cm™ strongest band for > C=0 bonds in acids, ketones, aldehydes
and quinines; 2859, 2978 cm™ for stretching vibrations of -CH, -CH, and —CH; groups
in saturated aliphatic structures; and 3400 cm™ for stretching associated vibrations of -
OH groups in aromatic rings and aliphatic structures [26-28].

For investigation of the mineral matter of the Ulaan-Ovoo coal have obtained pure
ash of the coal after completely burning the analytical coal sample at 950°C and tested
it by FTIR analysis (Fig. 2) and determined mineral composition by using of roentgen
fluorescence analysis (Fig. 3 and Table 2).
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Fig. 2. The FTIR spectra of coal ash of Ulaan-Ovoo deposit.

The FTIR spectra of coal ash of Ulaan-Ovoo deposit in Fig. 2 show that the most
intensive and biggest peak at 90-1300 cm™ belongs for the Si-O- and Ca-O- groups in
Si0, and CaO which have highest contents in the coal ash of Ulaan-Ovoo deposit.
Other peaks with lower intensities at 400-900 cm™ are for -O-Al-; -O-Fe-; -O-Mg-
groups in Al,Os, Fe,O; and MgO in coal ash.
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Fig. 3. The spectra of roentgen fluorescence analysis of coal ash of Ulaan-Ovoo
deposit
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Table 2
The elemental and chemical composition of Ulaan-Ovoo coal ash, %
Elemental composition, % Oxide compostion, %
Na 2,220 Na,O 2,993
Mg 1,047 MgO 1,763
Al 2,788 Al,O; 5,268
Si 34,223 SiO, 73,210
P 1,308 P,05 2,996
S 1,497 SO, 3,739
K 0,307 K0 0,370
Ca 4,744 Cao 6,638
Ti 0,167 TiO, 0,279
Mn 0,039 Mn,03 0,056
Fe 1,863 Fe,0; 2,664
Zn 0,012 Zn0O 0,014
Rb - Rb,0 -
Sr 0,030 SrO 0,035
0} 49,754 - -

The date of mineral composition of Ulaan-Ovoo coal ash in Fig. 3 and Table 2
show that highest content has silicon oxide, relatively low content have aluminum, iron
and calcium oxides, and manganese, zinc and strontium oxides have very lowest. The
mass ratio between sum of oxides (Fe,O; + CaO + MgO + Na,O + K,0/Si0, + Al,O; +
TiO, = 0.18 < 1) less than 1 which is in indication of acidic character of the ash of
Ulaan-Ovoo coal [29].

The thermal decomposition of Ulaan-Ovoo coal in argon atmosphere was analyzed
by TG analysis. The results of TG analysis from coal is shown in Fig. 4.

The heating of the Ulaan-Ovoo coal sample at temperatures in the range of 25-
1020°C in argon atmosphere, with heating rate 40°C/min shows that the thermal de-
composition of coal ends with a 56.4% weight loss and 43.6% hard residue 1020°C
(Fig. 4). The TG curve in Fig. 2 consists of different temperature intervals (steps) such
as 25-250; 250-550; 550-850; 850-1020°C [13]. In the first step (25-250°C) the weight
loss is due to the release of some absorbed gas and moisture from the coal sample. In
the second step (250-550°C) intensive thermal decomposition of the organic matter of
the coal samples starts forming liquid (tar and pyrolysis water) and gas products. In the
third step (550-850°C) the weight loss strongly decreases, which is an indication for
ending thermal decomposition and starting carbonization of the coal sample. In the
fourth step (850-1020°C) the weight loss lowly increases, which is related with the re-
lease of gas, e.g. CO,, H,, CO from the mineral matter of coal sample. From the TG
curve in Fig. 2 have been determined the following thermal stability indices of the
Ulaan-Ovoo coal as Tsy, = 82.9°C; Tsy, = 429.3°C; Tase, = 517.9°C. First minimum
peak of DTA at 105°C shows a endothermic reaction process related with releasing
adsorbed gas and moisture from the coal sample. And a big exothermic reaction peak
at 378°C related with intensive thermal destruction of the coal organic mass of the
sample. If you look at DTG curve releasing of moisture and adsorbed gas at about 80°C
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and also thermal destruction reactions of coal organic mass at about 467°C are with
maximum rate.
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Fig. 4. The TG analysis of Ulaan-Ovoo coal
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Fig. 5. The results quartz retort pyrolysis experiments of Ulaan-Ovoo coal
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The Ulaan-Ovoo coal was pyrolized in standard quartz retort at heating tempera-
tures from 200 to 700°C for 80 min. and determined the yields of hard, liquid and gas
products pyrolysis in each temperature ( Fig. 5).

During the pyrolysis of coal the yield of hard residue (main product) decreases un-
til 600°C and the yields of pyrolysis products such as tar and pyrolysis water (liquid
products) and gases gradually increase with increasing of heating temperature. The
most important pyrolysis product tar began to release at about 300°C, reached the max-
imum tar yield was 5.23% at about 700°C and it was chose as an optimal heating tem-
perature. At the temperature range of 600-700°C increasing the weight loss stopped
and continues constantly and also the yields of tar and pyrolysis water (slightly de-
creasing) without increasing and the yield of gases slightly decreasing (Fig. 5). These
results show that the pyrolysis process of Ulaan-Ovoo coal ended at this temperature
range and continues a carbonization process of pyrolysis hard residue in it.

The Ulaan-Ovoo coal was pyrolized in a bigger scale retort for collection of more
tar at the chosen optimal heating temperature — 700°C and determined the yield of
pyrolysis products with hard residue (58.3%), liquid products (22.2%) and gas
(19.5%). The yield of all liquid and gas products (41.7%) show that there is an
intensive thermal decomposition of the coal organic mass with higher degree of
conversion. As it is known that the organic mass of subbituminous coal is characterized
with lower thermal stability than bituminous coal and therefore they are more suitable
for gasification and liquefaction.

So collected tar was separated from the pyrolysis water by separating in a glass
funnel and used for next analysis. The tar is viscous liquid with black-brown color and
bad smelts.

First of all so purified pyrolysis tar of Ulaan-Ovoo coal tested by FTIR analyses and
the results are shown in Fig. 6.
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Fig. 6. The FTIR spectra of tar after pyrolysis
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In the FTIR spectra of tar product after pyrolysis, several absorption bands were
observed for H of aromatic -CH group at 815-877 cm™, 750 cm™ and for weak absorp-
tion of phenol and alcohol C-O valence at 1267 cm™’, 1114 cm™ and 1036 cm™, for —
CH; aliphatic deformation absorption at 1456 cm™ and 1379 cm™, for aromatic C = C
variations in valence at 1610 cm™, 1514-1541 cm”, for high intensity absorption of
aliphatic CH-CH,, -CH; groups at 2957, 2922, 2851 c¢cm™' and for absorption of OH,
amino groups involved in the hydrogen bond at 3394 cm™ [26-28]. Therefore tar
product of Ulaan-Ovoo coal after pyrolysis consists of mainly aliphatic, aromatic and
aromatic-aliphatic compounds.

Some physical characteristics such as specific gravity, flamable temperature and
combustion temperature of the tar have been determined (Table 3).

Table 3
Some physical characteristics of the pyrolysis tar of Ulaan-Ovoo coal

Sample Specific gravity, Flamable Combustion
P g/cm3 temperature, °C temperature, °C
Coal of UIaap-Ovoo 1.0625 16 60
deposit

The chemical composition of the pyrolysis tar of Ulaan-Ovoo coal have been de-
termined by chemical analysis in group organic compounds ( ) and the results are given
in Table 4.

Table 4
Chemical compostion of the pyrolysis tar of Ulaan-Ovoo coal, %
Free Organic Organic Phenolic Neutral oils
. Asphaltenes
carbons acids bases compounds (preasphaltenes)
10.3 1.9 0.9 2.8 11.2 72.9

The determined chemical composition of the pyrolysis tar of Ulaan-Ovoo coal in
Table show that the most part of tar is preasphaltenes (Neutral oils) and organic acids,
organic bases and phenolic compounds are in lowest contents.

The tar was tested by an atmospheric distillation and obtained several fractions with
different boiling temperature ranges. The determined yields of all fraction are given in
Table 5.

The date in Table 5 show that the middle and heavy fractions have a higher yields
than that of light fraction and residue of distillation. All fractions strongly differ with
the color of each fraction and they can be used as gasoline (light fraction), diesel (mid-
dle fraction), neutral oils (heavy fraction) and bitumen (residue of distillation) after
purification of organic acids, organic bases and phenolic compounds. It is to emphasize
that the loss or gas releasing during the distillation was higher — 40.48%.
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Table 5
The yields of fractions of atmospheric distillation of the pyrolysis tar
of Ulaan-Ovoo coal, %

Boiling temperature The yield of The name of The color of
range, °C fractions, % fractions fractions
71-180 10.29 Light Yellow
180-250 19.29 Middle Brown
250-320 18.53 Heavy Black-brown
More than 320 11.39 Residue Black
loss 40.48

The solubility of the pyrolysis tar of the Ulaan-Ovoo coal determined in hexane,
toluene, methylenchloride and methanol (1:1 volume ratio) by silicagel chromatograpy
and chemical composition of the each separated fractions by GC/MS analysis. The
yield of separated fractions by column chromatography method are shown in Table 6.

Table 6
The yield of separated fractions ) and chemical composition of the pyrolysis tar
of Ulaan-Ovoo coal by column chromatography

Sample Hexane Benzene Methylene chloride and Total
soluble soluble methanol (1:1 volume separated
fraction (H), | fraction (B), % ratio) soluble fraction fractions, %
% (M), %
Ulaan-Ovoo 0.175 3.6 8.14 11.9
pyrolysis tar

The results of silicagel column chromatograpy of the pyrolysis tar show that the
content of methylene chloride soluble polar fraction is higher than that of hexane solu-
ble aliphatic and benzene soluble aromatic fraction of the pyrolysis tar of Ulaan-Ovoo
coal.

So isolated hexane solouble, benzene soluble and methylene chloride soluble frac-
tions of the pyrolysis tar of Ulaan-Ovoo coal were analyzed by GC/MS analysis and
the results are summarized in Table 7.

Have been identified 15 compounds as type of alkanes, cycloalkanes and alkens
from total registered 65 GC/MS peaks of hexane soluble aliphatic fraction of the py-
rolysis tar of Ulaan-Ovoo coal in Table. Also have been identified 13 compounds as
type of benzene, naphthalene, phenanthrene, anthracene, pyrene and their derivatives
and heteroatomic aromatic compounds from total registered 28 GC/MS peaks of ben-
zene soluble aromatic fraction of the pyrolysis tar of Ulaan-Ovoo coal. Mostly alcho-
holic type of 8 compounds have been identified from total registered 25 GC/MS peaks
of methylene chloride soluble polar fraction of the pyrolysis tar of Ulaan-Ovoo coal.
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Table 7

The results of the GC/MS analysis of the Ulaan-Ovoo coal pyrolysis tar

Groups Compounds Contents,%
. . Alkane, cycloalkane 15.13

Aliphatic

Alken 8.46
Benzene and its derivatives 29.84
20.05

Naphthalene and its derivatives
Aromatic Phenanthrene, anthracene and pyrene and 361
their derivatives '

Heteroatomic aromatic compounds 11.27

Alchohol 5.67
Polar

others -

As mentioned above the pyrolysis hard residue is the main product of the pyrolysis
of Ulaan-Ovoo coal it’s technical characteristics determined and compared with that of

initial coal of Ulaan-Ovoo deposit.
The results of determined technical characteristics of initial coal sample and hard

residue after pyrolysis are shown in Table 8.
Table 8
The main technical characteristics of solid product of pyrolysis of Ulaan-Ovoo coal

The coal of Ulaan-Ovoo Moisture, Ash, Volatile matter,
deposit W % A% % v o
Initial coal sample 5.1 4.9 44.8
Hard residue after pyrolysis 0.8 24.5 3.2

The dates in Table 8 show that the yield of volatile matter of pyrolysis hard residues
decreased more than 14 times than that of initial coal which is an indication of very
intensive thermal decomposition of the organic mass of Ulaan-Ovoo coal during the

pyrolysis.
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Fig. 7. The FTIR spectra of Ulaan-Ovoo coal pyrolysis hard residue (char)
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During the thermal decomposition of coal organic mass and releasing the formed
liquid and gas product after pyrolysis the hard residue characterizes a carbonized solid
product with high developed porosity structure and it can be used as an environmental-
ly friendly smokeless fuel and an adsorbent material.

The pyrolysis hard residue of Ulaan-Ovoo coal was tested by FTIR and C"> NMR
analysis and the results are shown in Fig. 7 (FTIR spectra ) and 8 ( *C NMR spectra).

In the FTIR spectra of Ulaan-Ovoo coal pyrolysis hard residue (char) a strong and
big absorption band was observed for H of aromatic —CH group at 1100 cm™ and for H
of aliphatic —CH;, -CH, and —CH; groups at 2800-2920 cm’ with much lower
intensities than aromatic —CH groups.Also a bigger and unshurp absorption band for H
of —OH and -NH groups at 3400-3600 cm™. Therefore the pyrolysis hard residue of
Ulaan-Ovoo coal consists of mainly aromatic, less aliphatic and also aromatic-aliphatic
groups in the carbonized macromolecul.

In the >C NMR spectra of Ulaan-Ovoo coal pyrolysis hard residue aromatic C at
110-150 ppm, aliphatic C of —CH;, -CH, and —CH, groups at 50-70 ppm were
observed. The higher intensity of aromatic C is a cleirly indication for more
aromatization process of the hard residue during pyrolysis and carbonization.

The pyrolysis hard residue of Ulaa-Ovoo coal was activated at 800°C under flow of
water steam for 180 min and determined the main characteristics of obtained activated
carbon (Table 9). The optimal heating temperature (800°C ) and time (180 min) of ac-
tivation vs yield of activated carbon and iod munber, % were determined preliminary.

800 |
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(=]

o
T

UQO char

Intensity

N

(=]

o
T

50 0 50 100 150 200 250
ppm

Fig. 8. The Bc NMR spectra of coal pyrolysis hard residue of Ulaan-Ovoo deposit

Table 9
The main characteristics of obtained activated carbon of Ulaan-Ovoo coal
Sample of Time of Yield of lod lod Ash, Yield of vol-
Ulaan-Ovoo activation, activated number, | numbe Ad, atile matter,
coal min. carbon, mg/g r, % Vdaf, %
% %
Pyrolysis hard - - 44,0 13,9 17,7 2,4
residue
Activated 180 74,7 113,0 35,6 19,1 2,7
carbon
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The date in Table 9 show that the most important characteristic is iod number of
obtained activated carbon it is increased more than 2,5 times in comparison with that of
pyrolysis hard residue which is also has certain porosity structure (Fig. 9-A) before
activation.

The SEM photograph of initial Ulaan-Ovoo coal sample (A) and activated carbon
(B) of Ulaan-Ovoo coal char are shown in Fig. 9.

The SEM photograph of activated char (pyrolysis hard residue) of Ulaan-Ovoo coal
in Fig. 9 clearly shows that has a high developed porosity structure with different sizes
(micro, mezzo and macro) pores and the Ulaan-Ovoo coal can be used for preparation
of activated carbon (adsorbent material) after carbonization (pyrolysis) and activation
(by preheated water steam). As mentioned above the SEM photograph of initial Ulaan-
Ovoo coal sample (A) in Fig. 9 shows also some micro pores in it.

Fig. 9. The SEM photograph of initial Ulaan-Ovoo coal sample (A) and activated carbon (B)
of Ulaan-Ovoo coal char

Conclusion

1. On the basis of proximate, ultimate, and FTIR analysis have been confirmed that
the Ulaan-Ovoo coal is a middle rank D mark subbituminous coal and it is suitable for
thermal processing including pyrolysis and thermolysis.

2. The thermal decomposition of Ulaan-Ovoo coal investigated by TG, DTA and
DTG curves of thermogravimetric analysis and the thermal stability characteristics
such as thermal stability indices (T5% and T»5%) determined and evaluated by using of
TG curve.

3. The pyrolysis of Ulaan-Ovoo coal carried out at different heating temperatures
vs the yields of obtained solid, liquid and gas products. The results of pyrolysis exper-
iment of Ulaan-Ovoo coal show that 58.3% of coal organic mass remained as a hard
residue at 700°C after pyrolysis and this heating temperature was chosen as optimal
temperature in which the yield of all liquid and gas products is higher — 41.7 %. This
is an indication of intensive thermal decomposition of the coal organic mass with
higher degree of conversion.
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4. The FTIR spectra of the purified pyrolysis tar of Ulaan-Ovoo coal show that the
tar consists of mainly aliphatic, aromatic and aromatic-aliphatic compounds.

5. The determined chemical composition of the pyrolysis tar of Ulaan-Ovoo coal
by chemical analysis show that the most part of tar is preasphaltenes (neutral oils) and
organic acids, organic bases and phenolic compounds are in lowest contents.

6. The yields of fractions with different boiling temperature ranges after atmos-
pheric distillation of the pyrolysis tar of Ulaan-Ovoo coal show that the middle and
heavy fractions have a higher yields than that of light fraction and residue of distilla-
tion.

7. The results of silicagel column chromatograpy of the pyrolysis tar show that the
content of methylene chloride soluble polar fraction is higher than that of hexane solu-
ble aliphatic and benzene soluble aromatic fraction of the pyrolysis tar of Ulaan-Ovoo
coal.

8. The chemical composition of each separated fractions after silicagel chroma-
tograpy studied by GC/MS analysis and have been identified 15 compounds as type of
alkanes, cycloalkanes and alkens from total registered 65 GC/MS peaks of hexane sol-
uble aliphatic fraction of the pyrolysis tar of Ulaan-Ovoo coal in Table. Also have been
identified 13 compounds as type of benzene, naphthalene, phenanthrene, anthracene,
pyrene and their derivatives and heteroatomic aromatic compounds from total regis-
tered 28 GC/MS peaks of benzene soluble aromatic fraction of the pyrolysis tar of
Ulaan-Ovoo coal. Mostly alchoholic type of 8 compounds have been identified from
total registered 25 GC/MS peaks of methylene chloride soluble polar fraction of the
pyrolysis tar of Ulaan-Ovoo coal.

9. The determined main technical characteristics of solid product of pyrolysis of
Ulaan-Ovoo coal show that the yield of volatile matter of pyrolysis hard residues de-
creased more than 14 times than that of initial coal which is an indication of very in-
tensive thermal decomposition of the organic mass of Ulaan-Ovoo coal during the py-
rolysis.

10. The pyrolysis hard residue of Ulaa-Ovoo coal was activated at 800°C under
flow of preheated water steam for 180 min and determined main characteristics of ob-
tained activated carbon show that the iod number of obtained activated carbon it is
increased more than 2,5 times in comparison with that of pyrolysis hard residue.

11. The SEM photograph of activated char (pyrolysis hard residue) of Ulaan-Ovoo
coal clearly shows that has a high developed porosity structure with different sizes
pores.
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OnpeneneHbl TEXHUYECKUE XapaKTePUCTUKHU, 3JIEMEHTHO-OPraHMYECKUH cocTaB yIiis U He-
OpTaHWYECKH 3JEMEHTHBII cocTaB 30JbI yriied mectopoknenus Yinau-OBoo. Tepmocra-
OMIBHOCTh OPraHMYECKOM MacChl yINI HCCIEJOBaHAa METOJOM TEPMOTPABUMETPUIECKOTO
aHann3a, OOBACHEHBI MEXaHU3MbI TEPMUYECKOTO PA3JI0KEHHS OPraHMYECKOH MacChl yIiisl U
OTIpeieTICHBl MOKa3aTenn TepMudeckoil ycroitunoctu (T5%, T15% u T25%). Yromns me-
cropoxnaeHnst Ynan-OBoo, 0OpabOTaHHBIA MHUPOIU3OM TIPH PA3THYHBIX TEMIEpaTypax
HarpeBa, ONpeAEanI BEIXO MPOAYKTOB IMMUPONIH3a, TAKUX KaK TBEPABIM OCTATOK, KOHJEHCH-
pOBaHHasl KUAKOCTH (IYAPOH M BOJA NMUPOJIN3a) U MPOAYKTHl HEKOHJCHCHPOBAHHOTO rasa.
Ha ocHoBanuu PE3YJIbTAaTOB HpI/I6HI/I)KeHHOFO, OKOHYATCJIbHOTO, TCPMOTIPaBUMETPUICCKOT'O
u FTIR-aHanu3a moATBEPKIACHO, YTO yrojib Y1aH-OBOO SBISAETCS CyOOUTYMHUHO3HBIM Map-
ku D cpennero panra. JKungkuil nerTsapHelii IpoayKT nupousa yrias YmnaH-OBoo uccieno-
Baiu Meronamu FTIR u GC/MS. Taxke ObUTH 0XapaKTepH30BaHbI TBEP/bIA OCTATOK MUPO-
JIM3a U aKTUBUPOBAHHBIN YIOJlb.

Kniouegvie cnosa: cocraB yrast Ynan-OBoo; CyOONTYMHUHO3HBIN yroib; TepMOTPaBUMETPH-
YECKMH aHaIN3; TePMHUUYECKAs yCTOMYUBOCTD; MUPOIU3HAA CMOJIA; aKTUBUPOBAHHBIH yTOJIb.

CtaTbs noctynuna B pegakumio 11.06.2020; opobpeHa nocne gopabotkm 17.10.2020; npu-
HATa K ny6amkauumn 30.10.2020.
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