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Abstract. Mongolia possesses substantial coal resources (173 billion tons), which include high-rank bituminous
coals, subbituminous coals, and brown coals. Based on these coal types, a manufacturer of activated carbon can be
developed using comparatively simple technology. The consumption of activated carbon is continuously increasing
due to its use in waste and drinking water treatments, atmospheric pollution control, gas mixture separation, and
solvent recovery. Currently, Mongolia imports 700-800 tons of activated carbon annually at a price of 700-900 USD
per ton. For this study, we have selected several high-rank coals from Mongolia, including Tavan Tolgoi IV and Nariin
Sukhait (both bituminous coking coals from Southern Mongolia), as well as the Saikhan-Ovoo deposit (a high-rank
stone coal from Northern Mongolia). The selected coals were enriched with a zinc chloride solution and subjected to
semicoking (carbonization) to produce the primary raw material for activated carbon production. Activated carbon
was obtained from the carbonized coal by activation with preheated water steam within 120 minutes. The main
technical characteristics of the initial coal samples and activated carbons, along with their microporous properties
such as iodine number, methylene blue adsorption, and surface area (BET), have been determined. Additionally, a
technological scheme for activated carbon production from high-rank coal has been proposed.
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XUMUYECKAA TEXHOAOIUA
HayuHas ctatbf
YAK 662.642

UccnepoBaHUE XapaKTepPUCTUK HEKOTOPbIX
BbICOKOCOPTHbIX YrAe MOHroAMM U NoAyuYeHue
aKTUBUPOBAHHOIO YIAfl HA UX OCHOBE

b. MypeBcypeH, X. HamxanHopoB™, C. batbuaar, C. XXapranmaa

UHCTUTYT XuMumn m XMMMYECKOU TEXHOAOrMM MOHIOABCKOM aKaaemmmn Hayk, YaaH-batop, MoHroans

AHHOTauMA. M3BeCTHO, UTO B MOHIOAMM COCPEAOTOUEHbI BOAbLLME 3anachkl YIS (173 MAPA T), B TOM YUCAE CTpaHa
b6orata BbICOKOCOPTHbLIM BUTYMUHO3HbIM YIAEM, CYOOUTYMUHO3HBIM YIAEM U BypbIM YIAeM. Ha ocHoBe AaHHbIX BUAOB
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YA€ MOXHO OpraHn3oBarb MPOU3BOACTBO aKTUBUPOBAHHOIO YIAsl MO CPaBHUTEAbLHO MPOCTOM TeXHOAOrMU. [ToTpe-
b6AeHME aKTMBUPOBAHHOIO YrASl MOCTOSIHHO YBEAMYMBAETCS, MOCKOAbKY OH MCMOAb3YETCS B TaKMX BaXHbIX 06AACTSX,
KaK OYMCTKa CTOYHbIX BOA M MUTLEBOKN BOAbl, KOHTPOAb 3arpsi3HEHUs1 aTMOCHEepbl, PpasAeAeHUe ra3oBbiX CMECEW,
pekynepaumnss pacTBOpUTEAEN U T.A. K COXaAeHUIO, Ha AaHHbI MOMEHT aKTUBUPOBAaHHbIN Yyroab B MOHroAMn He
npomsBoanTcs, noaromy MoHroans umnoptupyet 700-800 T akTMBUPOBaHHOIO yrAsi B roA ro ueHe 700-900 aona.
CLLIA 3a TOHHY. AASt NPOBEAEHMNS UCCAEAOBAHUSI HaMM bbiAM BblOpaHbl HECKOAbKO 06pa3LI0B BbICOKOCOPTHOIO YIAs U3
MoHroanu, BkArouasi yram TaBaH Toarow IV, HapuiiH CyxauT (06a SIBASIOTCS] OUTYMUHO3HbLIMM KOKCYHOLUMMMCS YIASIMK 13
FOXHOM yacTi MOHroAumn), a Takxe yram MectopoxaeHusi CarixaH-OB0OO (BbICOKOCOPTHbIM KaMEHHbIN YrOoAb 13 CEBEPHOM
yactu MoHroamm). AaHHble Yrau 6biAv 060raLLeHbl PacTBOPOM XAOPUCTOro LMHKa M MOABEPTHYTbI MOAYKOKCOBaHUIO
(kapb0oHU3aLIMM) C LLEABLHD MOAYHEHUSI OCHOBHOIO ChlPbs AASI MPOU3BOACTBA aKTUBHUPOBAHHOIO YIASl. AKTMUBUPOBAaHHbIN
YroAb 6bIA MOAYYEH Ha OCHOBE 3THX KapOOHM3UPOBAHHbIX YIAEH yTEM WX aKTUBaLMK NPEeABapPUTEAbHO HarpeTbiM
BOASIHbIM MapomM B TeyeHne 120 MuH. B pesyAbtate paboTbl ObIAM OMPEAEAEHbI OCHOBHbIE TEXHUUECKME XapaKTe-
PHUCTUKU MCXOAHBIX 06pa3L0B YrAs 1 MOAYYEHHbIX 06pa3LI0B aKTMBUPOBAHHOIO YIASl, @ TakKXe UX MUKPOMOPUCTbIE
CBO/CTBa, Takne Kak MOAHOE YUCAO, aACOPOLMOHHAas Cr1oCOBHOCTb 10 METUAEHOBOMY CUHEMY M YAEAbHAS MAOLLaAb
MoBepPXHOCTU. [TpeANOXEeHa TEXHOAOrMYECKas CXeMa MOAyYEHMS aKTUBUPOBAHHOIO YAl U3 PACCMOTPEHHbIX BUAOB YIASL.

KnroueBbie cAoBa: BblCOKOCOpTHbIFI YroaAb, 6MTyMMH03HbIl71 Yroab, KaMeHHbIH Yroab, aKTMBM,OOBaHHbIﬁ YroaAb, naoLlaab
MOBEPXHOCTH

®uHaHcupoBaHHUe. PaboTa BbinoAHEHA NPU MOAAEPXKE MOHIOALCKOro ¢poHAa Hayku U TeXHOAOr Mk (MoHrono-Tau-
BaHbCKUI MPOEKT «[ToAydeHME 1 XapaKTePUCTUKA aKTMBMPOBAHHBIX YIAEH Ha OCHOBE Pa3AMUYHbIX TUIOB YIAEH U KX
aAcopbLmoHHoK cnocobHocTr» 2011-2014, NST-TWN-11,/02; Ne NSC-MEC20111002).

AAa untupoBaHua: NypescypeH b., HamxaitHopos X., batéuaar C., XXaprasmaa C. MiccaepoBaHUE XapaKTEPUCTUK
HEKOTOPbIX BbICOKOCOPTHbIX YrA€ MOHIOAMK 1 NOAYYEHWE aKTUBUPOBAHHOIO YA Ha UX OCHOBE // N3BeCTuA By30B.
MpukaapHas xumua 1 buotexHonorus. 2025. T. 15. N 1. C. 92-103. DOI: 10.21285/achb.969. EDN: DIUDPF.

INTRODUCTION
Mongolia has a total resource of 173 billion tons of

separation, and solvent recovery. Conversely, activated
carbons are not produced in Mongolia, which results in

different kinds of coal. They include high-ranking bitu-
minous, stone sub-bituminous coal, brown coals of lignite
type, which are distributed throughout the territory of
Mongolia. Mongolia is one of the 10 coal-rich countries
in the world and already has 28 billion tons of confirmed
resources [1-9] of coal.

In Mongolia, there are several rich deposits of high rank
coals such as Tavan Tolgoi IV, Nariin Sukhait, Saikhan-Ovoo
deposits, and a huge resource of low coals, such as stone
sub-bituminous and brown coal in the central region, which
are in exploration. We have chosen these 3 previously inves-
tigated high rank coals, including Tavan Tolgoi IV [10, 11],
Nariin Sukhait [12], and Saikhan-Ovoo coal [13, 14],
for thermal processing investigation and preparation of
activated carbons with highly developed porous structure
and adsorption property [15-18].

Activated carbon consumption is continuously increasing
due to its use in critical areas such as waste and drinking
water treatments, atmospheric pollution control, gas mixture

Table 1. Some information about the investigated coal deposits

the country importing 700-800 tons of activated carbon
per year at a cost of 700-900 USD/ton. For this reason,
we have decided to evaluate the feasibility of producing
activated carbons here in Mongolia.

MATERIALS AND METHODS

Location data, type, resource, and other information
of the investigated coal samples are given in Table 1.

The analytical coal samples from these three deposits
were prepared in accordance with Mongolian National
Standards (MNS) and the main technical specifications,
including moisture (MNS 656-79), ash (MNS 652-79),
volatile matter (MNS 654-79), caloric value (MNS 669-
87), and sulfur content (MNS 895-79).

Activated carbon samples derived from coal were
prepared using the following procedure:

1. Purification of initial coal samples in ZnCl, solution
aimed to decrease the content of ash.

2. Carbonization of purified coal by pyrolysis.

Tabauua 1. HekoTtopble cBepeHUA 0 pa3BeA@HHbIX YTOAbHbIX MECTOPOXAEHUAX

Coal deposit Location Coal type and reserves Year of discovery
Tsogttsetsi village of Southgobi aimak, 14 km High rank bituminous
Tavan Tolgoi IV from the Tsogttsetsi sum to the south and and coking coal, geological 1966
600 km from Ulaanbaatar to the South Gobi reserves 6.4 billion tons
Gurvantes village of Southgobi aimak, 296 km High rank bituminous
Nariin Sukhait from the Dalanzadgad town and 849 km coal, geological reserves 1994
from Ulaanbaatar to the South Gobi 125.5 million tons
. Saikhan village of Bulgan aimak, 22 km High rank stone coal, geological
Saikhan-Ovoo from the village to the north west reserves 34.7 million tons 1965
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3. Activation of carbonized hard residues with pre-
heated water steam.

Purification of initial coal samples in ZnCl, solution
involves several steps. First, the coal samples were milled
and sieved, with the 1.0-1.5 mm fraction selected for
further processing. Water solutions of ZnCl, with varying
densities (1300, 1400, 1500, 1600, 1700, 1800, 1900,
2000) g/cm3 were utilized for purifying the sieved coal
samples. It was found that the ZnCl, solution with a density
of 1300 g/cm?3 reduced the ash content by more than two
times. The coal sample was submerged in the ZnCl, solution
in a glass cylinder, mixed thoroughly for 5 minutes, and
allowed to settle for 24 hours, resulting in the formation
of top and bottom fractions (Figure 1). Both fractions
were filtered separately, and their yields were recorded.

7.8cm

Upper fraction
(purified coal)

20.3cm

Water solution of ZnCl,
(1300 g/cm?)

Bottom fraction
(mineral matter)

Fig. 1. Scheme of initial coal samples purification
in ZnCl, solution

Puc. 1. Cxema OYMCTKM UCXOAHBIX 06pa3sLOoB yraa
B pactBope ZnCl,

Carbonization of purified coal. The pyrolysis of coal
samples was conducted in a vertical cylindrical retort made
of stainless steel, capable of holding 1000 g of sample
(Figure 2). The retort was positioned in an electric furnace
(model SNOL) with a maximum temperature of 950 °C.
A chromel-alumel thermocouple was immersed in the
coal bed to measure the actual heating temperature and
was complemented with temperature control equipment
(potentiometer). The retort was connected to an air-cooled
iron tube and a water-cooled laboratory glass condenser,
along with a collection vessel for the liquid products (pitch
and pyrolysis water). The uncondensed gases exiting the
water-cooled condenser left the system through a thin glass
tube. The experiments were conducted at a temperature
of 700 °C, with a heating rate of 20 °Cxmin®. The yields
of products, including solid residue (coal char), tar, and
pyrolysis water, were determined by weighing, while the
yield of gases was calculated by difference.

] —
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Fig. 2. Scheme of the equipment set for the pyrolysis
(carbonization) of coal: 1 - electric furnace (model SNOL,
Russia); 2 - retort; 3 - laboratory glass condenser (cooler);
4 - millivoltmeter; 5 - thermometer; 6 - vessel for tar;

7 - exit for uncondensed gas

Puc. 2. CxeMa YCTaHOBKM AASI TMPOAM3A (KapboHWU3aLMK) Yras:
1 - anekTpuyeckas neub (Mopenb SNOL, Poccus);

2 - peaKUMOHHbIN COCYA; 3 — CTEKASIHHBIN XONOAUABHUK;

4 — MUAAMBOABTMETP; 5 — TEPMOMETP; 6 — COCYA AASI CMOABI;
7 - BbIXOA HECKOHAEHCUPOBAHHbIX ra3oB

Activation of carbonized coal samples. The carbonized
coal samples (10-15 g) are placed in a quartz tube and
flushed with nitrogen to eliminate oxygen, heated to 800 °C,
and activated with heated water steam for 120 minutes
(Figure 3).

Furnace
Pressure regulation

Steam generator \

Quartz tube reactor
Temperature control

Coal

Fig. 3. Scheme of the equipment set for the activation
of carbonized coal

Puc. 3. Cxema yCTaHOBKM AAS aKTMBaLUK
KapOOHM3MPOBAHHOIO YIAsi

Characterization of activated carbon samples. The iodine
number is defined as the number of milligrams of iodine
adsorbed from an aqueous solution by 1 g of activated
carbon when the iodine concentration in the residual
filtrate is 0.02 N. Granular activated carbon was pulverized
(<0.1 mm) and then dried at 150 °C to a constant weight.
A weighed carbon sample (1 g) was placed into a 250 ml
stoppered dry glass flask, and then 50 ml of 0.10 N iodine
solution was added by pipette. The flask was stopped
immediately and then shaken vigorously for 30 seconds,
filtered by gravity through filter paper immediately after the
30-second shaking period. The filtrate was stirred in the
beaker with a glass rod, and then 50 ml was transferred
by pipette into a 250 ml flask. A 50 ml sample was titrated
with 0.10 N sodium thiosulfate solution until the yellow
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color had almost disappeared. Then about 1 ml of starch
solution was added, and titration continued until the blue
indicator color just disappeared. The volume of sodium
thiosulfate solution used was recorded.

The iodine number X, %, of the carbon was calculated
using Equation 1.

(Vo=V1)X0.0127%X100X50
mx10

@

X =

b

where V; - volume of sodium thiosulphate solution, ml;
m - mass of activated carbon, g; 50 - iodine solution of
0.10 N added into weighed sample, ml.

The methylene blue value is defined as the number of
milliliters of standard methylene blue solution decolorized
by 0.1 g of activated carbon (dry basis). Granular activated
carbon is pulverized (<0.1 mm) and then dried at 150 °C
to constant weight. Exactly 0.1 g of the carbon sample
is contacted with 25 (5) ml of the methylene blue test
solution in a glass stoppered flask. The flask is shaken
until decolorization occurs. Then a further 5 (1) ml of the
methylene blue test solution is added, and the flask is
shaken until decolorization. The addition of methylene
blue test solution in 5 (1) ml portions is repeated as
long as decolorization occurs within five minutes. The
volume of methylene blue test solution in ml that is just
decolorized is the methylene blue value of the activated
carbon.

RESULTS AND DISCUSSION

The results of ultimate and proximate analysis of the
studied initial coal samples from Tavan Tolgoi IV, Nariin
Sukhait, and Saikhan-Ovoo deposits are shown in Table 2.

The technical characteristics in Table 2 show that
Tavan Tolgoi IV, Nariin Sukhait, and Saikhan-Ovoo coals
have low ash content. The sulfur content is less than 1
in all coals, which is beneficial from an environmental
perspective. Additionally, the volatile matter is lower in
Tavan Tolgoi and Nariin Sukhait coals, which is characteristic
of high-rank coking coal. The volatile matter content is
lowest in Saikhan-Ovoo coal, as it is of the anthracite type.

The carbon content in Table 2 is higher and the oxygen
content is lower in Tavan Tolgoi IV and Saikhan-Ovoo coals,
which are characteristics of high-rank coals. The oxygen
content in Nariin Sukhait coal is higher because this coal
is closer to subbituminous coal. The hydrogen content
in the Saikhan-Ovoo deposit coal is lower because this
coal is a hard stone coal of anthracite type. The results
of FTIR analysis of coal samples are shown in Figure 4.

In the FTIR spectra of initial coal samples from all
deposits, the following absorption frequency regions can be
recognized: 700-900 cm™ for Car-H; 1000-1300 cm for
the vibration of bonds in various oxygen-containing groups;
1350-1470 cm™ for vibrations of -CH, -CH,, and -CH,
groups; 1500-1630 cm™ for skeletal vibrations of aromatic
rings and >C=0 bonds in ketones, aldehydes, and quinones;
2800-2950 cm for stretching vibrations of ~-CH, -CH,,

Table 2. Ultimate and proximate analysis of coal samples from Mongolia, %

Tabauua 2. TexHWUecKasi XapaKTEPUCTUKA 1 AIAEMEHTHbIN cocTaB 06pa3LoB yraa U3 MoHroAMn, %

Samples we A? \waf 59, C 0] N H
Tavan Tolgoi IV 0.95 1.70 28.00 0.90 76.40 0.60 2.30 4.50
Nariin Sukhait 3.65 11.10 34.00 0.80 68.60 9.10 0.90 4.30
Saikhan-Ovoo 2.54 8.70 7.60 0.59 80.00 0.80 1.60 2.00
Note. W - moisture; A¢ - ash; V¥ - volatile matter; S¢ - sulfur.
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Fig. 4. FTIR spectrum of initial coal samples: Tavan Tolgoi IV (a), Saikhan-Ovoo (b), and Nariin Sukhait (c)
Puc. 4. K-cnekTpbl UCXOAHBIX 06pa3LoB yraa: TaBaH Toaroit IV (a), CaixaH-0Boo (b) u HapwuiiH CyxauT (c)
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Fig. 5. FTIR spectrum of ash of initial coal samples: Tavan Tolgoi IV (a), Saikhan-Ovoo (b), and Nariin Sukhait (c)

Puc. 5. K-cnekTpbl 30Abl UICXOAHBIX 06pasLoB yraa: TaBaH Toaroi IV (a), CaixaH-0Boo (b) 1 HapwuiiH CyxauT (c)

and -CH; groups in saturated aliphatic structures; and
3030-3350 cm™ for stretching associated vibrations
of -OH groups in aromatic rings and aliphatic structures.
Coals from the Tavan Tolgoi IV, Nariin Sukhait, and Sakhan
Ovoo deposits are high-rank and more polymerized coals
with lower reactivity. Therefore, the FTIR spectra of coal
samples from these deposits have very weak, indistinct,
and continuous absorption bands.

Table 3. Mineral composition of coal ashes
from examined coal deposits, %

Tabanua 3. MUHEpaAbHbIi COCTAB 30Abl YIAS
MCCAEAOBaHHbIX MECTOPOXAEHWIA, %

Compound Deposit
Tavan Tolgoi IV | Nariin Sukhait | Saikhan-Ovoo

Na,O - - -

MgO - 2.50 2.53
AL,0; 15.75 17.05 8.20
Sio, 77.61 22.80 17.07
SO; 1.93 7.30 2.15
K,0 0.52 3.00 0.44
Ca0 1.89 14.80 4.82
TiO, 0.92 2.70 0.50
V,0s - - -

Mn, 05 - 0.60 0.43
Fe,05 0.72 27.50 60.21
CuO 0.01 0.07 0.03
SrO 0.03 - 0.28
NiO 0.01 0.09 -

ZrO, - 0.08 -

PbO - 0.90 0.04
P,05 0.58 0.40 3.06
Zn0 - 0.20 -

Note. (Fe,05+ Ca0 + MgO + Na,O0 + K,0) / (SiO, + Al,O5 + TiO,)
acidic < 1 < alkaline.

96

To investigate the mineral composition of coal samples,
the ash from the complete combustion of each coal sample
at 950 °C was obtained. The FTIR spectra of the coal ash
samples are presented in Figure 5. The mineral oxide
composition of the ash, determined by the X-Ray Fluo-
rescence method, is given in Table 3.

The most intensive and broadest adsorption bands in
each FTIR spectrum of coal ash (Figure 5) are as follows:
1060 cm™ for Si-O- bonds in silicates (Saikhan-Ovoo),
1091 cm™ for Si-O- bonds in silicates (Tavan Tolgoi IV), and
1410 cm™ for Ca-0- bonds in carbonates (Nariin Sukhait).
Additionally, some other peaks with lower intensity are
observed, including at 3400 cm? for —-OH groups in
different minerals, 2000 cm for Al-O-, 900-1000 cm™ for
Si-0-, 765 cm™ for Si-0-Si, 1145 cm™ for Si-0, 1020 cm™*
for Si (Al)-0-, 730 cm™ for Si-0-Al, 610 cm™ for -O-Si(Al) -O-
and Ca-0-, and 400-500 cm™* for Si-O-Mg; Si-O-Fe; Si-O-Al
bonds in various minerals.

The data in Table 3 show that the main components of
ash are Si0,, Al,O3, Ca0, and Fe,0; in all coal samples. The
content of Ca0 and Fe,0; is lowest in the ash of Tavan Tolgoi
coal. The content of Al,O; is lower in the ash of Sakhan-Ovoo
coal, and the content of CaO is also lower in the ash of
Saikhan-Ovoo coal. The content of SiO; is highest in the ash
of Tavan Tolgoi coal, while the content of Fe,05 is highest
in the ash of Sakhan-Ovoo coal. To confirm the presence
of Fe,05 in the coal ash samples, photographs of the ash
have been taken. The red color of Saikhan-Ovoo coal ash
indicates the highest content of Fe,0s.

The ratio of (Fe,0; + CaO + MgO + Na,O + K,0) to
(SiO, + Al,O3 + TiO,) has been calculated using the data
from Table 3, and the results of the X-ray fluorescence
spectrum are provided in Table 4.

The calculated values of the ratio between (Fe,05 +
Ca0 + Mg0 + Na,O0 + K,0) and (SiO, + Al,O; + TiO,)
indicate that the ash of Tavan Tolgoi IV coal exhibits an
acidic character, while the ash of Nariin Sukhat coal and
Saikhan-Ovoo coal displays an alkaline character.

https://vuzbiochemi.elpub.ru/jour
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Table 4. Values calculated for the ratio
of (Fe,03 + CaO + MgO + Na,O + K,0) to (Si0, + Al,O5 + TiOy,)

Ta6bauua 4. PacyeTHble 3HaUYEHUA COOTHOLLIEHUS MEXAY
(Fe,03+ Cal + MgO + Na,0O + K,0) u (SiO, + Al,O5 + TiOy)

Samples Value of the ratio Type of ash
Tavan Tolgoi IV 0.03 Acidic
Nariin Sukhait 1.12 Alkaline
Saikhan-Ovoo 2.63 Alkaline

X-ray diffraction analysis of coal ashes indicates that the
most important minerals in all ashes are quartz, anhydrite,
akermanite, and albite. The chemical formulas of these
minerals are provided in Table 5.

Table 5. Key minerals found in coal ash

Ta6bauua 5. Mpeobrapatole MUHepanbl B 30Ae
UCCAEAOBAHHbIX YrAeH

Most determined )
. . Chemical formule
minerals in the coal ash
Quartz Sio,
Anhydrite CaS0,
Akermanite Ca,(Mgs 75Al0.25) (Sa.75Al0.25)07
Albite Na(S;Al)0g

It is widely recognized that the concentrations of
radioactive elements such as Ra, Th, and U in natural
coals are generally lower than international standards
and tend to increase if the coal deposits are located in
regions with uranium deposits. Naturally, the concentration
of radioactive elements in activated carbons should be

100+ —Tavan Tolgoi IV
Nariin Sukhait

Saikhan-Ovoo
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Fig. 6. Thermogravimetric curve of coal samples
Puc. 6. KprBas TepmorpaBMmMeTprm 06pasLoB yras

Table 6. Content of radioactive elements in coal and coal ash
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Fig. 8. Differential thermal analysis curve of coal samples
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kept as low as possible. Therefore, the levels of radio-
active elements in coal samples and their ashes have
been measured. The results are presented in Table 6.

The data in Table 6 show that the content of radioactive
elements such as Ra, Th, and U in the studied coals is below
international standards for concentrations. However, the
concentration of radioactive elements such as Ra (Bq/kg),
Th (Bg/kg), and U (g/ton) in the coal ash has increased. For
example, the concentration of Ra (Bg/kg) in all samples
increased by 3 to 6 times.

The thermogravimetric analysis is a highly useful
method for investigating thermal decomposition (in an
argon atmosphere using the Hitachi TG/DTA7300) and the

Tabauua 6. CopepxaHve pasMoaKTUBHbBIX IAEMEHTOB B YIASIX U 30A€ YIAeW

Samples Isotope activity, Bq/kg Elemental content Radium
Ra-226 Th-232 K-40 U, g/Ton Th, g/T0N K, % equivalent, Bq/kg
Tavan Tolgoi IV coal 13.4 6.0 460.2 1.1 1.5 1.5 60.38
Tavan Tolgoi IV coal ash 78.3 75.2 1203.0 6.4 18.4 4.0 278.96
Nariin Sukhait coal 54.6 16.9 595.0 4.5 4.1 2.0 127.31
Nariin Sukhait coal ash 219.8 75.3 2097.0 18.0 184 7.0 496.69
Saikhan-Ovoo coal 67.4 4.3 259.1 5.5 1.1 0.9 95.6
Saikhan-Ovoo coal ash 393.8 53.8 1036.4 31.88 13.25 3.34 332.71
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thermal stability of natural organic resources, including coals.
Therefore, the selected high-rank coals have been examined
using this method. The thermogravimetric (TG) curve is
presented in Figure 6, the derivative thermogravimetric
(DTG) curve is shown in Figure 7, and the differential thermal
analysis (DTA) curve is depicted in Figure 8.

Figure 6 shows that the coals of Tavan Tolgoi IV and
Nariin Sukhait have a similar thermogravimetric curve to
that of Saikhan-Ovoo coal, which is completely different.
Based on the aforementioned proximate and ultimate
analyses of the coals, it has been confirmed that the
coals of Tavan Tolgoi IV and Nariin Sukhait are high-quality
bituminous coking coals, while the coal of Nariin Sukhait
is a non-bituminous hard stone coal of anthracite type.

The thermal stability indices of coals (Tsy, Tis4, and
Ts%) were determined from the thermogravimetric curves
(Table 7).

Table 7. Thermal stability indices of coals

Tabauua 7. Mokasatear TEPMUUYECKON YyCTOMUMBOCTH Yraew

Table 8. Content of moisture and ash in coal samples
for purification, %

Tabaunua 8. CopepxaHue BAarv 1 30Abl B 06pasLax yras
ANS OUUCTKM, %

Samples we A? Ad
Tavan Tolgoi IV 0.77 8.21 8.30
Nariin Sukhait 3.08 7.46 7.70
Saikhan-Ovoo 2.98 8.34 8.60

The yield of fractions after the purification in ZnCl,
solution is presented in Table 9.

Table 9. Results of enrichment of coals in ZnCl, solution

Tabauua 9. PesyabtaThl oboralieHus yraei B pactsope ZnCl,

Weight Theyield | Theyield
Samples of coal of top of bottom | Loss, %
sample, g | fraction, % | fraction, %
Tavan Tolgoi IV| 753.10 82.60 12.00 5.40
Nariin Sukhait | 741.70 77.40 14.90 7.65
Saikhan-Ovoo | 750.40 53.40 46.60 -

Thermal stability indices, °C
Samples
Tsy, T T
Tavan Tolgoi IV 422.85 501.74 768.46
Nariin Sukhait 425.30 455.50 620.00
Saikhan-Ovoo 483.81 1050.00 -

The data in Table 7 indicate that the studied coals
exhibit very high thermal stability, with the Saikhan-Ovoo
deposit demonstrating greater thermal stability than the
Tavan Tolgoi IV and Nariin Sukhait coals due to its hard,
anthracite-type organic mass. For instance, T;s,, = 1050 °C,
which is twice as high as that of the Tavan Tolgoi IV and
Nariin Sukhait coals.

The heating of Tavan Tolgoi IV and Nariin Sukhait
bituminous coal at temperatures ranging from 25 to
1100 °C in an argon atmosphere indicates that the
thermogravimetric curve in Figure 7 comprises different
temperature intervals (steps), such as 25-425 °C,
425-825 °C, and 825-1100 °C. During the first step
(25-425 °C), the weight loss occurs due to the release of
absorbed gases and moisture from the coal sample. In the
second step (425-825 °C), intensive thermal decomposition
of the coal’s organic matter takes place, leading to the
formation of liquid products (tar and pyrolysis water) and
gaseous products. In the third step (825-1100 °C), the
weight loss declines significantly, indicating the end of
thermal decomposition and the onset of carbonization
of the coal. Following the intense thermal decomposition
at 425-825 °C, a hard residue remains of 75% for Tavan
Tolgoi IV and 65% for Nariin Sukhait.

Due to the hard stone and the lack of bituminous
character in the Saikhan-Ovoo coal, the thermal
decomposition rate is very low. Consequently, the yield
of hard residue was 87.5%, which is significantly higher
than that of the Tavan Tolgoi IV and Nariin Sukhait coals.

For this reason, three coal samples have been prepared
for purification in a ZnCl, solution. The moisture and ash
content (with the decrease in ash content being the most
important) of these samples is provided in Table 8.

08 ——————————————————

The highest yield of the top fraction (purified coal)
comes from Tavan Tolgoi coal. Typically, high-rank coals
such as Tavan Tolgoi, Nariin Sukhait, and Saikhan-Ovoo
have a high yield of the top fraction. The loss indicated in
Table 9 suggests that some particles of coal and mineral
matter are dispersed in the middle zone between the top
and bottom fractions.

The moisture and ash content in purified coal samples
(top fraction) are presented in Table 10.

Table 10. Technical characteristics of coals (top fraction)
after enrichment, %

Tabauua 10. TexHUUeCKre XapaKTEPUCTUKK YTAEN
(BepxHAs dpakums) nocae oboraweHus, %

Samples we A? Ad
Tavan Tolgoi IV 0.74 4.74 4.80 (8.30)
Nariin Sukhait 3.10 4.45 4.60 (7.70)
Saikhan-Ovoo 2.79 6.20 6.40 (8.60)

Note. In brackets the ash content of initial coal samples is
given for comparison.

The data in Table 10 suggest that the mineral matter
content in all coal samples decreased by nearly half after
the enrichment.

The purified coal samples have been used for pyrolysis
(carbonization) experiments in the authors’ developed
large-scale retort. The yields of pyrolysis products, including
hard residue, condensed liquid (tar), and uncondensed
gas, have been determined (Table 11).

The hard residue in Table 11 refers to the carbonized
purified coal samples after pyrolysis (carbonization). The
yields of pyrolysis hard residue have increased compared
to the yields of pyrolysis hard residue from the initial coal
samples (Table 11). We expected this result because the
ash content of all initial coal samples was reduced by
almost half through enrichment in ZnCl, solution.

To enhance the porosity of pyrolysis hard residue, it has
been treated with preheated water steam, as described
in the experimental section.
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Table 11. Yields of pyrolysis products of purified coal samples, %

Ta6bauua 11. BbixoAbl NPOAYKTOB NMMPOAU3A OUMLLEHHbIX
06pasuoB yraa, %

Samples H?rd Ta_r * Gas
residue Pyrolysis water*
Tavan Tolgoi IV | 82.70 4.77 12.53
Nariin Sukhait | 79.60 8.10 13.30
Saikhan-Ovoo 95.20 2.17 2.63

Note. In this experiment, the yield of tar and pyrolysis water
was determined together (not separated).

The technical characteristics of the activated carbon
samples obtained are presented in Table 12.

The yield of activated carbon from Tavan Tolgoi IV,
Saikhan-Ovoo coal is higher than that of other sources
due to their greater degree of purification and enhanced
thermal stability. The yield of activated carbon in Table 11
is lower than in Table 10 because the pyrolysis (carbon-
ization) of purified coal samples was conducted at 700 °C
(Table 11), while the activation of carbonized samples
was performed at 800 °C. At this higher temperature,
the organic matter in the carbonized hard residue can
decompose, and some volatile materials that fill the pores
can be released during activation with heated water steam.

The most crucial technical specification of activated
carbons is their adsorption capacity, evaluated by iodine
number and methylene blue adsorption.

For this reason, the prepared activated carbon samples
and the pyrolysis hard residue of the initial coal samples,
without activation (for comparison), have been tested for
iodine and methylene blue adsorption analysis to evaluate the
adsorption ability, and the results are presented in Table 13.

The iodine number of activated carbon derived from
purified and carbonized coals increased by 5 to 17 times,
and methylene blue adsorption also rose by 4 to 10 times
compared to the pyrolysis hard residue of initial coal samples
without purification and activation. The activated carbon

samples prepared from Saikhan-Ovoo, Nariin Sukhait, and
Tavan Tolgoi IV coals exhibit higher adsorption capabilities
than those from Ereen, Shariingol, and Baganuur coals, as
these coals are of a higher rank and quality than others,
as previously mentioned [19].

The other important technical specification of activated
carbons is the determination of surface area (BET). For this
reason, the surface area (BET) of the prepared activated
carbons and initial coal samples (appendix) has been deter-
mined to show how the purification, carbonization, and
activation of the initial coal affect the development of the
surface area of the prepared activated carbons (Table 14).
Table 14. Surface area (BET) of initial coal
and corresponding activated carbon, m?/g

Ta6auua 14. MaolaaAb NOBEPXHOCTU (MO METOAY
BpyHayapa - dmmeTa - Tearepa) MCXOAHOTO YrAsi
1 COOTBETCTBYHOLLETO aKTUBMPOBAHHOIO YrAs, M2/T

Samples Initial coal Activated carbon
Tavan Tolgoi IV 0.90 176.00
Nariin Sukhait 1.30 442.00
Saikhan-Ovoo 8.70 263.00

The surface area (BET) determination results of
initial coal and its activated carbon samples from the
Tavan Tolgoi IV coal deposit in Nariin Sakhait show that
the surface area of the activated carbon is 195 times
higher than that of the initial coal from the Tavan Tolgoi IV
deposit.

The surface area (BET) determination results of initial
coal and its activated carbon samples from the Nariin
Sukhait coal deposit in Tavan Tolgoi IV show that the surface
area of the activated carbon is 340 times higher than that
of the initial coal from the Nariin Sukhait deposit. This
result also shows that the initial coal has a relatively small
surface area, and the method of preparation for the initial
coal, including enrichment, carbonization, and activation
for activated carbon, has a significant influence on the

Table 12. Technical analysis of activated carbon samples after activation of pyrolysis hard residue at 800 °C by preheated

water steam

Tabauua 12. PesyabTathbl TEXHUYECKOTO aHaAM3a 06paSLI,OB AKTUBUPOBAHHOIO YIrAA NMOCAE aKTUBaL MKW TBEPAOIO OCTaTKa NMPOAU3a

npu 800 °C npeaABapUTEABHO HarpeTbiM BOAAHbBIM Napom

Activated carbon fron_w the coal .Tim.e . Yield, % We, % A7 % veer % Gas, %
of the deposit of activation, min

Tavan Tolgoi IV 120 77.12 0.67 8.03 2.6 11.58

Nariin Sukhait 120 56.60 0.13 7.01 3.2 33.06

Saikhan-Ovoo 120 72.40 0.45 6.08 1.6 19.47

Table 13. lodine number and methylene blue adsorption of activated carbon samples

Ta6bauua 13. MOAHOG YUCAO U BEAUYMNHA aACOp6LI,VII/I METUAEHOBOIo CUHETO o6pa3uaMM AKTUBUPOBAHHOIO YIAA

Samples Type of sample lodine number, % Methylene blue adsorption,
mg/g
. Pyrolysis hard residue of initial coal sample 3.30 1.40
Tavan Tolgoi IV

g Activated carbon of purified and carbonized coal 16.54 6.00
Pyrolysis hard residue of initial coal sample 2.60 1.00

Narii khai ) -
ariin Sukhait Activated carbqn of purified 18.50 6.30

and carbonized coal

Saikhan-Ovoo P'yronS|s hard reS|du.e.of initial coal sfample 1.20 0.59
Activated carbon of purified and carbonized coal 20.50 6.23
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development of the porosity structure and surface area.

The surface area (BET) determination results of the
initial coal and its activated carbon samples from the
Saikhav-Ovoo coal deposit in Nariin Saikhait show that the
surface area of the activated carbon is 30 times higher
than that of the initial coal from the Saikhav-Ovoo deposit.

Based on the research conducted, a reasonable techno-
logical scheme for the production of activated carbon from
high-rank Mongolian coals has been developed (Figure 9).

The technological scheme for the production of
coal-derived activated carbon consists of four main
steps: crushing and milling, enrichment in heavy liquid,
carbonization, and activation with preheated water steam.

CONCLUSIONS

1. The ultimate and proximate analyses of coal samples
from the Tavan Tolgoi IV, Nariin Sukhait, and Saikhan-Ovoo
deposits have been conducted in our laboratory in accor-
dance with Mongolian national standards.

2. Based on ultimate and proximate analysis, the
assessment of coals according to international classifi-
cation has been conducted:

The Tavan Tolgoi IV coal is a high rank bituminous
coking coal of KZh mark;

The Nariin Sukhait coal is a high rank bituminous coking
coal of KZh mark;

The Saikhan-Ovoo coal is a high rank hard nonbitu-
minous (anthracite) coal type of SS mark.

3. The yield of pyrolysis hard residue (carbonized coal)
is high for the Saikhan-Ovoo, Tavan Tolgoi IV, and Nariin
Sukhait coals, due to their high rank and greater ther-
mostability of organic matter. The resulting hard residue
(carbonized coal) takes the form of a porous material with
meso and macro pores. Some pores may be filled with
volatile substances that could not completely escape during
pyrolysis. To achieve a high-quality adsorbent material
with well-developed porosity, it is necessary to conduct
additional processing, such as coal purification, carbon-
ization, and activation of the resultant hard residue using
heated water vapor.

4. The ash content of coals purified in a ZnCl, solution,
compared to the ash of coals before purification, shows that
the mineral matter content of the coals after enrichment
is significantly decreased, nearly by half, in all samples.

5. Based on the carbonization, purification, and activation
experiments of coal, a reasonable technological scheme
for active carbon production has been developed.

6. The determined iodine number of activated carbons
from purified and carbonized coals increases 5-17 times,
and methylene blue adsorptions also increase 4-10 times
compared to the pyrolysis hard residue of initial coal samples
without purification and activation.
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