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PRODUCTION OF ACTIVATED ADSORBENT BASED ON SEMICOKE FROM
THE COAL SHUBARKOL DEPOSIT FOR GAS PURIFICATION
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Various types of raw materials, including plant precursors, coal raw materials, solid fuel combustion residues,
coal mining waste, coke fines, and others, are used for the production of porous carbon materials. One important
type of porous carbon materials is microporous sorbents, which have a high volume of micropores. These pores
provide carbon materials with the ability to effectively adsorb low-molecular-weight gases and possess molecular
sieving properties, allowing their use in gas separation processes.

The main method of increasing the porosity of sorbents and reducing pore sizes is the activation of sorbents
at high temperatures using inert gases. This process increases the activity, capacity, and specific surface area of
sorbents. The specific surface area of solid bodies plays a key role in their sorption properties at low and medium
pressures. The use of activating agents, such as water vapor, in the thermal treatment processes of carbonaceous
materials is a promising method for obtaining porous carbon materials.
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KeyekTi kemipTeKkTi MaTepuasiapasl ©HAIPY YIIiH MUKIi3aTTHH SPTYPIi TYpJepi, COHbIH ilIiHAe 6CiMIIK mpe-
KypcopJiapbl, KeMip IIHMKi3aTbl, KATThl OTBIHHBIH KaHY KaJIbIKTaphl, KEMip OHIipy KalgbIKTaphl, KOKC YTiHALIEpi
KoHe T.0. KeyekTi KeMipTeKTi MaTepuaiapiblH MaHBI3IbI TYPJEPiHiH Oipi MUKPOKEYEKTepIiH YJIKEH KeJieMiHe
Yie MUKPOKEYEeKTi COPOSHTTEp OOJBIN TaObLUIa bl Byl KeyekTep KOMipTeKTi MaTeprajgapra TOMEH MOJICKYIANBIK,
razapapl THIMII acopOLusiay MyMKIHJIMH Oepejii *oHe MOJIEKYJIaNbIK, eeyilll KacCHeTTepiHe ue, OyJ1 onap/pl
razipl Gesty mporecTepinjie KoaaaHyra MyMKiHIIK Oepeti.

CopOeHTTepaiH KeYeKTUTITiH apTTHIPYIbIH KoHE KeYeK eIIeM/IepiH a3afTyIbIH HEeTi3ri 9/1ici copOeHTTep/i KOoFa-
PpbI TEMIIepaTypajia MHEPTTi ra3aapMeH OeliceHIipy OOJIbIT TaObUIAIbL.

Byt mpotiece ancopOeHTTepiH OeICeHIUTITIH, CHIABIM/IBUIBIFBIH JKOHE MEHIIIKTI OSTiHIH ayJaHbIH apTTHIPaIbL.
TeMeH xoHe opTailia KbIChIM/IA OJIAP/IbIH COPOLIUSUIBIK, KACHETTEPIH/Ie KATTHI IeHe Iep/IiH MEHIIIKTi OeTiHiH ayqaHbl
HIenyI pesn atkapaapl. KeMipTeKTi M1Ki3aTThl TEPMUSUIIBIK OHJICY MPOLeCTepiHe cy Oybl CHSIKThI aKTHBTEH/IIp-
rilTepai KonaaHy KeyeKTi KOMipTeKTi MaTepuasgap/sl aly/IbH MepCcreKTHBAbI 9/1ici OOJIBIN TaObUIa bl

Heri3zri ce3aep: GesceHaipiires KeMip, KOKC, KapThilaid KOKC, MPOIU3, KOKCTEY, aicOPOCHT.

NNPOU3BOACTBO AKTUBUPOBAHHHOI'O AACOPBEHTA N3 IIOJIYKOKCA
HA OCHOBE VIUVIA MECTOPOZKIEHHUA ITYBAPKROJIb JIA OYUCTKHN
I'A30OBbIX CPE/[L
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JIns IpOU3BOACTBA MOPUCTBIX YIVIEPOAHBIX MATEPUAJIOB MCIIOJB3YIOT Pa3IWYHbIE BUABI CHIPbS, BKJIIOYAs pac-
THUTEJIbHBIE TIPEKYPCOPbI, KAMEHHOYTOJIBHOE CBIPbE, OTXOIbl CXKMIAHUS TBEPIOrO TOIUIMBA, OTXOABI YIJIEAOOBIUH,
KOKCOBYIO KpOIIKY U Apyrue. OJHUM U3 BaXHBIX TUIIOB MOPHCTHIX YIIIEPOAHBIX MaTEPUAJIOB SBJISIOTCS MUKPO-
TIOPUCTBIE COPOEHTBI, KOTOpble 00JIa1AI0T BHICOKMM O0OBEMOM MHKPOIOP. DTH HOPbl 00ECTIEYNBAIOT YIJIEPOAHO-
My Marepuay cocoOHOCTh 3((EKTUBHO acOpOMPOBaTh HU3KOMOJIEKYJISIPHBIE ra3bl M 00J1aaTh MOJIEKYJISIPHO-
CHTOBBIMH CBOWCTBAMH, UTO MO3BOJISIET MX MCIIOIb30BaTh B ra30pa3/ie/IUTEIbHBIX TPOLIECCaX.

OCHOBHOWM METOJ1 YBEJINYEHHUsI TIOPUCTOCTH COPOSHTOB 1 CHIKEHHS pa3MepOB TOp - 3TO aKTUBALMS COPOESHTOB
IIPU BBICOKUX TEMIIEPATypax ¢ MOMOIIBI0 HHEPTHBIX ra30B. DTOT MPOLECC YBEIMUUBAET aKTUBHOCTb, EMKOCTb 1
YIEIBHYIO TIOBEPXHOCTD a/ICOPOEHTOB. YieJbHas TIOBEPXHOCTh TBEPABIX TeJl UIPAeT KIIOYEBYIO POJib B MX COpO-
LIMOHHBIX CBOMCTBAaxX NpU HU3KUX U CPeIHUX AaBJieHUsX. VIcrob30BaHME aKTUBHPYIOLIMX areHTOB, TaKUX Kak
BOJISIHOM Tap, B MpOLeCcax TePMHUYECKOH 00pabOTKM YITIEPOAUCTOTO ChIPbsl SIBJISIETCS MEPCHEKTUBHBIM METOJIOM
TIOJTyYE€HUS TIOPUCTBIX YIVIEPOAHBIX MAaTEPUAJIOB.

KiroueBble cjI0Ba: aKTUBUPOBAHHBIN yTrojib, KOKC, MOJYKOKC, MUPOJIN3, KOKCOBAHUE, aKTUBAIIUsI, aIcCOPOEHT.

Introduction. A substantial deficit of high-quality
carbon materials, particularly carbon reductants
essential for electrothermal processes such as
ferroalloy, silicon, and steel production, persists both
domestically and internationally. This scarcity stems
from the closure, during the 1990s, of semicoke-
producing enterprises in Russia (including the Angarsk
and Cheremkhovo coke and gas plants, each boasting
an annual output of 2 million tons of semicoke) and in
Eastern Germany. Factors contributing to this cessation
encompass the physical deterioration of equipment
(notably, coke ovens in Germany constructed during
the 1930s-1940s, and plants in Russia relocated from
Germany as reparations following World War II),
environmental risks associated with production, and the
absence of contemporary, efficient, and ecologically
sustainable technologies.

The dwindling supply of metallurgical coke has
precipitated a surge in its prices. In 2004 alone, the
average price of coke across various grades skyrocketed
from $80 per ton to $250 per ton. This upward
trajectory is anticipated to persist, given that by 2010,
the resources of nearly all coke plants will have been
depleted, and reserves of valuable grades of coking
coal (including grades K, KZh, KS) will have been
exhausted. Notably, there exists a significant potential
for semicoke exportation. In 2004, amidst a shortage
of this product, prices for carbon reductants soared
to $300 per ton in Germany, Norway, and Japan.
Additionally, in 2017, Russia witnessed a production

volume of 10,468 tons of activated carbons, marking a
10.8% increase compared to the previous year.

The consumption of carbon sorbents, primarily for
environmentally sustainable technologies, has been
steadily rising by over 5% annually in developed
nations in recent years. Conventional methods for
producing activated carbons are characterized by
a multistage, energy-intensive, and environmentally
hazardous process. Prices for activated carbon,
comparable in quality, range from $1200 to $1500
per ton both domestically in Kazakhstan and abroad.
Global consumption of activated carbon totals up to
1.5 million tons annually, whereas in Russia, it amounts
to less than 20 thousand tons per year. The production
of thermal and electric energy considers the prospect
of obtaining valuable by-products such as activated
carbon, semicoke, ash-slag materials, and commercial
sulfur [1].

Until the advent of the 20th century, most chemical
products were derived from the pyrolysis and coking of
coal. These processes entail the heating of coals in the
absence of air for their thermal decomposition. Coking
coal primarily yields coke, extensively utilized in both
ferrous and non-ferrous metallurgy for metal smelting.
By-products of these processes include a gas-steam
mixture containing numerous chemical compounds [2].

Materials and Methods. The production process of
granulated activated carbons consists of several crucial
stages, including thermo-treatment and activation,
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along with additional procedures involving the
preparation of a paste-like mass from coke powder
and binder, followed by the granulation of the
resulting coal-tar composition. The properties of
the obtained granules and the parameters of the
granulation process are significantly influenced by the
characteristics and composition of the raw materials.
Noteworthy advantages of these granules encompass
their stable shape, mechanical strength, and suitability
for employment in cyclic processes with a moving bed
[3].

Chromatographic ~ determination of  specific
retention volumes was carried out on a Kristallux
4000M chromatograph in steel columns 25 cm long,
with an internal diameter of 3 mm.

Coke fines manifest visually as solid substances with
a grayish-black appearance and a distinct specific odor.
The qualitative features of the initial coke fines are
delineated in Table 4, demonstrating a high carbon
content (approximately 88-90 %) alongside low sulfur
and ash content [4].

The applications of activated carbons are
diverse, spanning across various industries, including
chemical (chemical fibers, dyes, chemical reagents),
metallurgical (non-ferrous and ferrous metallurgy), gas
and oil refining (separation and purification of process
streams), and gas emission control (solvent recovery,
gas purification) [5, 6].

A wide range of raw materials can be utilized
in the production of activated carbon, encompassing
traditional sources such as wood, peat, and coal, as well
as unconventional sources like nutshells, barley straw,
sewage sludge, liquid oil fractions, fly ash, and used

rubber tires [7-10].

Analysis of methods for obtaining sorbents from
carbon-containing raw materials has demonstrated the
feasibility of utilizing coal, typically employed as fuel
in small autonomous thermal power plants, to produce
activated carbon.

The elemental composition of the gas emitted during
thermal treatment was analyzed using a “Kristallyuks
4000M” chromatograph. Moisture content, ash content,
and volatility of the samples were determined using
a "Thermoster Eltra” thermogravimetric analyzer
(according to ASTM D7582-12). Various parameters
such as total pore volume, bulk density, pH of
the aqueous extract, and adsorption activity using
methyl orange were determined following standard
procedures. The adsorption characteristics of the
sorbents (specific surface area) were investigated
using the Brunauer-Emmett-Teller (BET) method,
with measurements conducted on a KATAKON
Sorbtometer M instrument. Chemical analysis and
surface morphology were examined using energy-
dispersive X-ray spectroscopy on a SEM instrument
(Quanta 3D 200i) with an attachment for energy-
dispersive analysis from EDAX. Particle size
distribution, structural strength, and mass fraction of
chlorine, arsenic, and sulfur were determined according
to ND methods.

Semi-coke fines with a particle size fraction of
3-5 mm (derived from Shubarkol coal, grade D,
Kazakhstan) were utilized as raw material, possessing
the following technical characteristics: moisture

content (W™) -7.71%, ash content (A") - 6.60%, volatile
matter (VY) - 19.43% [11, 12].

Figure 1 - Pilot-scale rotating drum furnace for thermal treatment of semi-coke fines
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To produce the activated adsorbent, crushed and
fractionated semi-coke fines (fraction 3-5 mm) are
introduced into a rotating drum furnace (refer to Figure
1) for steam activation at temperatures ranging from
700 °C, with a heating rate of 5-10°C/min and a holding
period at 700°C for 60 minutes. Subsequently, the
samples are extracted and allowed to cool in a dry
atmosphere [13-15].

The furnace construction consists of the following
main separate units and assemblies:

¢ Loading hopper with a screw feeder;

Furnace chamber with a gas heating system to create
the desired thermal regime;

Instrumentation and control devices (thermocouples,
flowmeters, pressure gauges);

Unloading chamber with an unloading gate;

Collector for removing exhaust gases from the furnace
chamber;

Drive station for rotating the furnace.

The furnace activation scheme is presented in Figure

—_—

STEAM AND
NITROGEN
INPUT

lo|
1

Figure 2 - Schematic diagram of the pilot-scale rotating drum furnace for thermal treatment of semi-coke fines

Gas chromatographic analysis unveiled the primary
composition of gases generated during the activation
process of semi-coke fines, comprising oxygen,
hydrogen, nitrogen, methane, carbon dioxide, hydrogen

sulfide, and carbon monoxide. The gas composition and
material balance of semi-coke activation are detailed
in Tables 1 and 2.

Table 1 - Gas composition of semi-coke fine (size 3-5 mm) activation at 700°C

Composition of gases, %

The 02 H2 co2 N2 CH4 | CO H2S
200 | 1.809 | 7.603 | 12.505 | 0.239 | 1.217 | - 0.217
300 | 0.819 | 4.638 | 9.617 1.237 | 1.690 | 0.290 | 0.379
400 | 3.298 | 4.516 | 11.089 | 0.292 | 1.700 | - 0.104
500 | 0.484 | 4.818 | 9.057 | 3.996 | 1.768 | 0.378 | 0.118
600 | 3.220 | 3.575 | 7.184 | 0.266 | 0.466 | - 0.183
700 | 5.613 | 5.054 | 3.847 | 4.596 | 0.611 | 0.244 | 0.051

Table 2 - Material balance of the process of activation of semi-coke breeze (2-5 mm)

Ne Name Content, kg | %
1 | Semi-coke breeze, incl. 15 100
Total 15 | 100
1 | Adsorbent 12,4 | 82,3
2 | Resin+water 0,02 | 0,13
3 | Gas 2,63 | 17,5
Total 15 | 100
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Results and Discussion. The results of the physico-chemical characteristics and elemental composition of the

samples are presented in Tables 3-5.

Table 3 - Physico-chemical characteristics of the adsorbent based on semi-coke fines.

e 5y | | Vo | D | |
Initial 7.71 6.6 19.4 | 0.67 0.67 6 21 95 | 7.62 8.23
Activated 0.77 13.2 | 5.99 0.86 0.58 7.5 26.5 100 15.2 227
Table 4 - Elemental composition of the samples
Semicoke fines Elemental composition, wt. %
(fraction 3-5 mm) | C (0] Na Mg | Al Si K Ca Fe S
Initial 90.06 | 8.00 | 0.06 | 0.03 | 0.46 | 0.34 | 0.07 | 0.39 | 0.26 | 0.33
Activated 88.1 421 1061 | 0.13 | 251 | 3.18 | 0.23 | 045 | 0.31 | 0.23
Table 5 - Test Results of Activated Semicoke Fines (fraction 3-5 mm)
Ne | Test Indicator Name of Test Method Nominal Value, %
Particle Size Distribution
>5 mm 8 8
3-5 mm 57.9
1| I-3mm ST RK 2405-2013 31.9
0.1-1 mm 1.9
<0.1 mm 0.3 0.3
Total 100
2 | Structural Strength, PS ST RK 2243-2012 93.86
3 | Mass Fraction of Chlorine on Dry | GOST 9326-2002, (ISO 587-97) 0.1
Fuel Basis, Cld
4 | Mass Fraction of Arsenic on Dry | GOST 10478-93, (ISO 601-81, ISO 2590-73) | 0.0002
Fuel Basis, Asd
5 | Mass Fraction of Total Sulfur on | GOST 8606-93, (ISO 334-92) 0.23
Dry Fuel Basis, Sd

As a consequence of steam activation, there is
a notable increase in the total pore volume due to
water and the adsorption activities of the sample, as
assessed by methylene orange, methylene blue, and
iodine. Furthermore, the specific surface area of the
sample experiences a substantial augmentation from
8.23 m%/g to 227.01 m?/g, representing an almost 28-
fold increase. This phenomenon can be attributed
to the liberation of volatile constituents during
thermal treatment and steam activation, along with the
emergence of additional microporous structures.

The content of chlorine, arsenic, and sulfur in
the activated semi-coke fines adheres to standard
specifications, with levels not exceeding 0.1%, 0.002%,
and 1.2%, respectively.

Electron microscopic analysis of the samples is
depicted in Figures 3 and 4. The initial sample
of semicoke fines exhibits macropores characterized
by diameters ranging from 2.22 wm to 39.50 pm.
Following steam activation, pores are observed with
smaller sizes ranging from 214 nm to 515.7 nm.
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Figure 3 - Electron microscopic images of the initial semi-coke breeze:

a —x2000, b —x30 000, c — x50 000

Figure 4 - Electron microscopic images of the activated semi-coke breeze:

a —x2000, b —x30 000, c — x50 000

An activated adsorbent based on semi-coke breeze
has been tested for gas purification. An analysis
of the kinetic characteristics and sorption capacity
was carried out using gas chromatography for the
retained volumes of nitrogen, oxygen, hydrogen,
carbon monoxide, carbon dioxide, methane, propane,
butane, sulfur oxides and nitrogen oxides The sorption-
kinetic characteristics of the adsorbent sample
were determined by gas chromatography. From the
chromatography data, the specific retained volumes of
gases were determined, and the separation selectivity
coefficients were determined from their ratio. A
sample fraction of 0.2-0.054 mm was sifted out
on a laboratory vibrating sieve and packed into
chromatographic columns using a vacuum pump.
Columns with sample samples were purged in a
chromatograph thermostat at a temperature of 150°

C for 2 hours. The temperature of the columns is 30°C,
the temperature of the detector - katharometer and
evaporator is not less than 40°C. The speed of the
carrier gas — argon — is 7 cm®/min. Sample volume —
0.1 ml. Gas samples were taken using rubber samplers
from gas cylinders. The specific retention volume was
calculated based on the retention time of the analyte gas
minus the release time of the helium sample, multiplied
by the carrier gas velocity and divided by the mass
of the sample in the column. The release time of a
helium sample - a gas not absorbed by adsorbents - is
determined by the voids in the capillaries in front of the
column, after it in front of the detector, as well as the
voids between the adsorbent particles in the column,
and inside the adsorbent. The test results are presented
in Table 6.

As the test showed, the presented adsorbent based
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on semi-coke breeze has developed porosity with the
presence of micropores in the range of 0.3-2 nm.

This is confirmed by the results of gas adsorption
chromatography.

Table 6 - Results of studies of the specific retained volume of gases, selectivity coefficients for adsorbent

separation

Ne Defined indicators \ Test results Units
Specific retention volumes of gases (according to gas chromatography) at 300C

1 | Nitrogen 2,27 cm3/g

2 | Oxygen 3,47 cm3/g

3 | Methane 7,84 cm3/g

4 | Hydrogen 0,73 cm3/g

5 | Carbon monoxide 3,9 cm3/g

6 | Carbon dioxide 121,4 cm3/g

7 | Propane (C3HS) at T=1400C 5.4 cm3/g

8 | Butane (C4H10) at T=1400C 1134 cm3/g

9 | Sulfur dioxide SO2 complete absorption cm3/g
10 | Nitrogen dioxide NO2 complete absorption cm3/g

Gas separation selectivity coefficient (ratio of retained volumes)

1 | CH4/N2 34 -

2 | CH4/CO 2 -

3 | CO/H2 5.3 -

4 | CO2/CH4 15,5 -

Conclusions. Based on the findings of the purification, ventilation, filters and sorption plants.

investigation of physical and chemical properties
conducted at the laboratory of LLP ”Coal Chemistry
and Technology Institute,” the obtained sample
”Activated semi-coke fines (fraction 3-5 mm)”
conforms to the classification ST RK 2246-2012.
It can be categorized as gas grade marks: AG-3
and AG-5, suitable for gas and liquid adsorption,
manufacturing absorbents and catalysts, as well as
for respiratory protection equipment (AG-2B) and
manufacturing absorbents and catalysts (AG-2A).
Moreover, it complies with recuperative activated
carbons (AR-A, AR-B, AR-C), intended for capturing
and recycling volatile solvent vapors, particularly at
high concentrations.

The study showed the prospects of commercializing
the technology for the synthesis of carbon adsorbents
based on semi-coke breeze for their further use in
air purification processes and flue gas capture, gas

The technical outcome of the research encompasses
enhanced energy efficiency of the process, augmented
specific surface area, specific yield of solid product,
strength, porosity, and adsorption activity, alongside
reduced wvolatility attributed to steam thermal
activation.
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