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This presentation will be devoted
to materials for the production of
carbon sorbents and nanomaterials
based on Kazakhstani coals and
their scope of application.

Coal from Kazakhstan is
unique in its chemical
composition.

In the laboratories of our Institute, the
physico-chemical compositions of coals
from the Shubarkol, Ekibastuz,
Karaganda, Maikuben, Oy-Karagai,
Kushmuryn, Korzhunkul basins and other
open pits were studied

on the basis of which the applicability of these coals
to a specific technology was determined and various
products were obtained in a bench installation,
including carbon sorbents, nanomaterials such as
nanofibers, nanotubes, graphene-like materials,
nanocomposite materials, etc.




SOCIAL AND ECONOMIC EFFECT

As aresult of the study in Kazakhstan, for the first time,
domestic technologies for obtaining highly efficient porous
adsorbents will be developed and introduced. When
implementing the proposed technology, the possibility of
import substitution of similar types of products significantly
increases, which i1s especially important for our country.

v Other countries

12%

The cost of 1 ton of adsorbent on the world market ranges
from 3 to 200 thousand US dollars and exceeds the cost of
raw materials several hundred times

In the world market, the main producer of
activated carbon is the United States, which

accounts for 34% of the annual production of

this product category. Europe, with a share of

24%, ranks second in terms of production of

The well-established prndustinn of carbon sorbents will activated carbon.
provide the water economy of the Republic of Kazakhstan
with effective and inexpensive sorbents of domestic Kazakhstan accounts for only 0.7% of the world
production, which will contribute to the improvement of the

environment and water resources, which will ultimately have production of activated carbon, Russia - 2%.
a beneficial effect on the health of the population.




PRICE OVERVIEW /]]/i

Kazakhstan imports the most expensive activated

. Russia

M Spain

carbon from Japan - $16,000 per ton. From Russia, as 8 India

the main importer, activated carbon is imported at an
.4 Netherlands

average cost of $1,103 per 1 ton of products. ‘
Rest
Import M Res
Japan
Poland - 16042 In the medium term, the Kazakh activated carbon
olan 15981 market will grow by at least 10-12% per year,
Denmark 13695 primarily due to stricter environmental standards. In
) 2021, the market volume reached 10.7 thousand
Italy tons. In addition to the high demand for activated
Belarus carbon for Kazakhstan as a whole, experts note the
. fact that the demand for high-quality activated
China carbon is growing.
Russia 1103 The high quality of the activated adsorbent depends

primarily on the raw materials used, as well as the
T T technologies for its production. In Kazakhstan,
against the background of significant import
O 6000 12000 13000 dependence of the activated adsorbent market,
including high-quality ones, there is an urgent need
for the development of domestic production, as
well as the introduction of the latest processing
technologies.




Scheme for obtaining carbon nhanomaterials
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Today, the materials research community continues to discover and exploit
new low-dimensional allotropes of graphite at a rate perhaps unprecedented
in history. In this context, carbon nanotubes (CNTs), and more recently
graphene, have become versatile platforms for the exploration of new
materials and device architectures and are finding their applications in almost
all areas of the research world, including conductive polymers, transparent
electrodes, chemical sensors, and high-throughput technologies. frequency
devices, optoelectronic sensors, alternative energy and biotechnology
systems, to name a few.
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Adsorbents based on coals of Kazakhstan

Scientists from the Institute of Coal Chemistry and Technology LLP (Astana) have
developed and manufactured laboratory and semi-industrial carbonization and
activation installations, developed methods for producing carbon and composite
PCM, and developed experimental samples of carbon nanomaterials. The resulting
samples were tested for gas and wastewater and drinking water purification, for soil
purification from pesticides, as electrode materials, for hydrogen storage, etc. The
scientific novelty of our work lies in the creation of a domestic technology for
processing carbon-containing mineral raw materials with high added value by
carbonization and vapor-gas activation, impergation with alkali, salt, electron beam
irradiation, modification with nanoparticles, microspheres, silicon oxide, humic acid,
which is an innovative approach for the synthesis of PCIM.

Carbon nanofiber based on coal tar

Carbon nanotubes produced by CVD
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Activated carbon
(wood, fossil coals,
agricultural waste, polymer
production waste)
Activated carbon (activated carbon, "carbolene") is a porous substance that Carbonization

Thermal carbon
& (carbonation product,
pyrolytic carbon)

Activation

& Porous carbon material

Is obtained from various carbon-containing materials of organic origin.

Activated carbon contains a huge number of pores and therefore has a very

large specific surface area per unit mass, as a result of which it has high
adsorption.

high-temperature pyrolysis (carbonization) of solid

carbon-containing raw materials (wood, natural coals,
polymer materials) followed by treatment of the
carbonization product with water vapor, carbon
dioxide and other substances (activation stage)



APPLICATION OF ACTIVATED ADSORBENTS

Scope of application: metallurgical enterprises, medicine, food industry, oil and
gas complex, energy enterprises, as carriers of catalysts, electrode materials

F"-TE RS FOR WATER PU RIFICATION for the manufacture of supercapacitors and lithium-ion batteries, purification,

separation and extraction of various substances, both liquid and gaseous.

The main part of the gases iz retained in
mesopores and micropores. Macropores
ratain the largest molecyles and serve a=
transport channels and adsorption space




Pilot semi-industrial installations for obtaining PCM

Retort furnace Experimental laboratory pulse-inertial installation



Obtaining PCM at pilot semi-industrial
installations

Samples of activated carbon were obtained at the Institute of Coal Chemistry and Technology LLP
(Astana) by carbonization (at 700 °C in nitrogen) and activation with water vapor for 1 hour. To obtain
activated adsorbents, the initial product was previously ground to a fraction of 0.1 mm, then cylindrical
samples (d = 0.2-0.3 cm) were obtained from it on an extruder. Then the product passed the stage of heat
treatment (carbonization) and activation in an inert nitrogen atmosphere on a rotary drum furnace (with a
volume of 50-100 kg).

The object of the study is carbon materials from the coals of the Shoptykol, Sarykol, Saryadyr deposits
(five-meter, Sputnik, Nadezhny coal seams), Kushmuryn, Mamyt, Shubarkul (the Central mine) , "Oi-
Karagal", "Zhalyn" and others.




Hardware design of a production facility for obtaining activated adsorbents

designation denomination quantity

B-1 Feed hopper

N-1 Bucket elevator

B-2 Coal Crusher Hopper

D-1 Hammer crusher

B-3 Crushed coal bunker
SHT-1 Coal screw conveyor

AD-1 Automatic weighing batcher-loader

1

1

1

1

1

1

1

S-1 Binder mixer 1
SD-1 Water meter dispenser 1
E-1 Drvy binder capacity 1
E-2 Stirrer container 1
E-3 Finished product capacity 3
E-4 Coal tar collection capacity 1
1

1

1

1

1

1

1

1

1

1

1

1

Extruder
TL-1 Conveyer belt
P-1 Furnace for carbonization and activation
Nitrogen bottle
Steam generator
Superheater
Refrigerator gas
Wet filter
Separator
Coal tar capacity
Gas distribution device

Chemical water treatment unit




The results of the physicochemical characteristics of adsorbents (AC) based on coals from the Kazakhstan deposit

Adsorptio
Total pm.‘e Bulk pH of n activity Specific Specific
Name AC W..% A% V,, % volume in density, p | water for surface, pOTe
water, methyl volume,
’ g/cm? extract ‘ m2/g
cm3/g Orange, cm3/g
mg/g
"Shoptykol" 0,56 25.08 27.96 0,448 0,536 9.51 57.5 348.99 -
"Sarykol" 0,75 70,52 5.39 1.099 0,640 9.20 26,00 179.39 -
«Pyatimetrovy» 0,62 27.14 4,05 0,420 0,561 7.30 26,15 148,53 0,064
«Sputnik» 0.26 53.34 5,11 0,570 0,603 8.26 20,05 148,85 0,064
«Nadezhny» 0,76 40,93 6.71 0,660 0,648 8.47 22.35 294.44 0,126
«Mamyt» 1.25 32.13 14.14 0,608 0,697 8.22 41,50 364,59 0.156
«Shubarkul» 3.30 11,25 5.50 0,864 0,637 8.53 35.00 442,81 -
«Kushmurun» 1.25 38.74 8.32 0,560 0,517 10,94 20.00 343,63 0,147
«O1-Karagai» 2.83 26,571 19.12 0.5 0,603 10,34 52.50 266.86 -
«Bogatyr» 1.93 32.37 7.30 0.67 0,664 6.25 36,80 11,552 0,005

The results of the study of the elemental composition of adsorbents (AC) based on coals from the Kazakhstan deposit

The content of elements, wt. %
Name . :

C O Na Mg Al S1 K Ca Fe T1 S

"Shoptykol" 60,69 19,44 - 0,58 5,29 10,09 1,05 0,75 1,60 - -
"Sarykol" 52,42 19,81 0,44 0,47 4,87 10,32 1,85 1.39 7.14 0,55 (0,04
«Pyatimetrovy» 88.60 8,22 - - 0,22 1,43 - - - 1,32 10,21

«Sputnik» 59.98 22,62 - - 3,73 13,67 - - -

«Nadezhny» 61,11 21,17 - - 8.05 9,24 0,43 - - - -
«Mamyt» 77,60 9,94 0,37 - 3.15 2,69 - 1,97 3.45 - 0,82
«Shubarkul» 87.58 9,92 0,14 0,17 0,55 0,54 - 0,64 0,31 - 0,17
«Kushmurun» 82,96 5.77 0,41 0,91 1.21 0,47 - 6,51 0,92 - 0.30

«Bogatyr» 78.81 12,30 - - - 2,58 4,85 - - 1,30 -




Physicochemical characteristics of carbon
nanosorbents from coals of the Shoptykol
deposit

Methvl Specific
..., | Total pore pH of = surface | Specific b)
o Volatilit Bulk orange 5
Denomination Humidity | Ash content ¥ (V) volume by densiey the adsorption area,m-/g| pore
(Wr),% (A7),% ot ” | water, cm? /e " | aqueous ~chioiies e (single point| volume, -
° /g 5 extract fty, §|  BET cm?/ g — o T TR
& method) : h i
The activated adsorbent Electronic microscopic images of the initial (a) and activated
"Shoptykol": KOH (50%) | 21.84 25.94 31.13 0.67 0,428 | 1022 48.00 785,783 | 0.337 adsorbent (b) based on coal from the Shoptykol deposit
(1:1) . .
The activated adsorbent (MaIKUben basm)
"Shoptykol": KOH (50%) | 14.35 32.89 23.74 0,71 0,508 | 10,56 41,00 437,692 | 0.187
(1:0,5)
Wise actvated adseriimt It can be seen in the adsorbent figures that finely
"Shoptykol": (oxidized.): 24.88 6.24 31.26 0.56 0,402 9.13 34,00 1058,146 | 0,453 dispersed carbon nanoparticles with a diameter of 40 to
KOH (50%) (1:1) :
100 nm were formed on the sample surface, this may be
TREACIVATA] AEs0TYCNS due to the fact that, as a result of carbonization, the
"Shoptykol": (oxidized.): 15.92 7.04 34.46 0,61 0,427 9.06 3510 | 1046,810 | 0,448 forming reactive radicals interact with each other to form
KOH (50%) (1:0,5) g
new substances.
The activated adsorbent The most likely reason for the appearance of
"Shoptykol": (oxidized.): 15.92 7.04 34.46 0, 61 0,427 9,06 35,10 1046,810 | 0,448 nanoparticles on the surface layer is synthesis from the
KOH (30%) (1:0,5) gas phase. The nucleation and growth of ordered carbon
The activated adsorbent 287 834 during carbonization of coal can occur through the self-
"Shoptykol (700°C) 0,53 56,79 4,87 0,260 0,566 | 991 - - orge.m!zatl.on of carbon nanoparticles without the
participation of the mesophase.
'The activated adsorbent 3108 - 1557 0.70 0473 $31 60,75 119271 | 0051 In some places, a lamellar-stepped cleavage surface is
'Shoptykol": CNT (1 %)» observed




x5000 x30000 x50000

Electron microscopic images of activated adsorbent based on
coal from the Shoptykol deposit, oxidized (Maikuben basin)

x10000
E)

Electron microscopic images of the activated adsorbent "Shoptykol"

(oxidized): KOH 1:1 (a) and "Shoptykol" (oxidized): KOH 1:0.5 (b)

An electron microscopic image of a
carbon material, where particles of
carbon nanotubes with a diameter
from 50 to 85 nm are clearly visible.
Thus, as a result of high-temperature
carbonization processes of oxidized
coal from the Shoptykol deposit,
porous carbon nanomaterials were
obtained with a specific surface of
1058.146 m2/ g, 1046.810 m2 / g and
a specific pore volume of 0.453 cm3
/ g,0.448 cm3 / g for the ratio 1. 1
and 1: 0.5, respectively. In this regard,
the nanomaterial can be considered
promising, in particular, as an
adsorbent, superconducting
materials, capacitors and fuel cells.




Porous carbon material based on ash and slag
waste "Maikuben" (boiler house Akmol)




Study of the influence of an electron beam (at an industrial electron accelerator) on
nanocomposite materials

Employees of the production and technological department of JSC "Park of Nuclear Technologies" carried out radiation treatment of carbon
nanocomposite materials, in accordance with the terms of reference.
Experimental part: Before carrying out the radiation treatment to assess the dose and temperature distribution in the samples, the process
was simulated using the ModeRTL.
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From the analysis of the calculated data, the following technique was developed:
- The samples were repackaged in a polyethylene bag 40x40 cm in size, which ensured the required value of the
electron path equal to 1.25 g / cm2 and made it possible to perform one-sided processing of the samples

Repackaging of samples in a polyethylene bag 40x40 cm in size

- the set of the required value of the absorbed dose was made stepwise with a step of 100 kGy (to prevent an
excessive temperature gradient);

- in the process of gaining the required value of the absorbed dose, the temperature of the processed samples
was controlled;

- the samples were processed to the values of the absorbed dose equal to 200 kGy in an inert medium (and
argon gas was used as an inert medium);

Radiation treatment of samples at 100 kGy




- After the samples set the value of the absorbed dose equal to
200 kGy, the temperature of the samples was measured (the

temperature of the samples was ~ 70 ° C) and an intermediate - After the samples set the absorbed dose value equal to 400

examination of the samples with a description. kGy, the temperature of the samples was changed (the

- the processing of samples from the values of the temperature of the samples was 90 ° C) and the samples were
absorbed dose equal to 200 kGy to the values of the absorbed examined with a description
dose equal to 400 kGy was carried out in a gas mixture medium
(a mixture of nitrogen and carbon dioxide in a ratio of 1/1 was
used as the gas mixture);

Radiation treatment of samples at 200 kGy in :
an inert argon atmosphere Radiation treatment of samples at 400 kGy in an inert gas mixture

(nitrogen and carbon dioxide in a ratio of 1/1)




Physicochemical characteristics of initial and irradiated carbon materials

Ne Name (V3), %| (V9),% | (W),% | (A", % pbulk, Vs pH |A,, mglg| Apg | Aicdine, | Sger,
ricm? on water, | water mg/g % m2/g
cm3/g |extract
2 3 4 5 6 7 8 9 10 11 12 13
Granular coal "Shoptykol" | 34,90 45,89 12,02 10,25 - - - - - - -
(non-irradiated)
2 |Granular coal "Shoptykol" | 36,73 46,75 11,30 11,42 0,75 0,49 6,00 17,00 115,0 | 31,75 | 1,51
(irradiated)
3 |Assets. adsorbent 7,95 19,34 1,40 20,69 0,70 0,43 9,35 19,00 50,0 45,72 (146,35
"Shoptykol" (nhon-
irradiated)
4 |Activated adsorbent 10,09 12,80 3,21 18,95 0,68 0,49 7,00 19,00 125,0 | 45,72 (149,70
"Shoptykol" (irradiation)
5 |Granular coal "Shubarkul"| 38,74 46,55 8,60 9,46 - - - - - - -
(non-irradiated)
6 |Granular coal "Shubarkul"| 41,50 46,55 7,17 3,96 0,6 0,42 7,00 14,50 1175 | 27,94 | 0,58
(irradiation)
7 |Activated adsorbent 12,05 14,77 2,66 16,24 0,63 0,36 10,20 | 16,00 162,5 | 16,51 | 80,51
"Shubarkul" (non-
irradiated)
8 |Activated adsorbent 10,23 12,21 2,84 13,78 0,62 0,29 9,00 13,00 135,0 | 33,02 (180,23
"Shubarkul” (irradiation)
9 |Granulated coal 39,43 48,75 10,80 933 - - - - - - -
"Shoptykol:Shubarkol"
(6:4) (non-irradiated)
10 |Granulated coal 38,45 46,62 10,47 7,89 0,6 0,52 6,00 12,50 1925 | 31,75 | 1,65
"Shoptykol:Shubarkul”
11 |Activated adsorbent 6,82 14 21 1,78 15,17 0,67 0,50 9,99 15,50 100,0 | 40,66 | 49,56

"Shoptykol: Shubarkul"

(6:4) (non-irradiated)




Physicochemical characteristics of initial and irradiated carbon materials

1

2

3

A4

5

6

7

8

9

10

11

12

13

12

Activated adsorbent
"Shoptykol: Shubarkul”
(6:4) (irradiation)

7.58

0,46

3,01

17,37

0,62

0,687

7.00

15,00

162,5

33,02

35 26

13

Granulated coal
"Shoptykol:KOH" 50%
(1:0.5) (non-irradiated)

44,70

21,09

28,00

14

Granulated coal
"Shoptykol:KOH" 50%
(1:0.9) (irradiation)

20,52

39,62

34,33

21,14

0,68

1,826

8,00

11,50

175,0

3,81

15

Activated adsorbent
"Shoptykol:KOH" 50%
(1:0.5) (non-irradiated)

13,13

21,12

17,00

25,11

0,78

0,50

9,00

13,00

167,50

25,40

271,8

16

Activated adsorbent
"Shoptykol:KOH" 50%
(1:0.9) (irradiation)

13,13

21,12

17,00

25,11

0,71

0,268

8,00

11,50

135,0

27,94

376,7

17

Granular coal
"Shubarkul:KOH" 50%
(1:0.5) (non-irradiated)

39,06

20,80

36,90

18

Granular coal
"Shubarkul:KOH" 50%
(1:0.9) (irradiation)

29,40

26,00

38,46

0,75

0,56

7,00

370,0

0,64

19

Activated adsorbent
"Shubarkul:KOH" 50%
(1:0.5) (non-irradiated)

7,74

12,20

28 52

11,25

0,68

0,58

9,00

21,00

185,0

40,64

407,7

20

Assets. adsorbent
"Shubarkul:KOH" 50%
(1:0.5) (irradiation)

8,02

12,10

20,10

16.95

0,68

0,35

8,00

9,00

182,5

38,10

306,4




According to the results of a thermogravimetric
analysis study, the volatility and moisture values
of the samples decreased after irradiation. Also,
the specific surface area and adsorption activity
for iodine increased several times, for PCM
based on Shubarkol coal the initial specific
surface area is 80.51 m2/g, after electron
irradiation the indicator increased to 183.23
m2/g, almost 2 times. The same dependences
are observed in samples of the activated
adsorbent "Shoptykol: KOH" 50% (1:0.5) - 271.80
m2/g, after irradiation - 376.75 m2 / g, which
may be due to additional activation by an
electron beam in the presence of CO2, which
contributes to the formation of a porous
structure and an increase in the inner surface of

When analyzing the morphology of the
surface of the samples, it was found
that carbon nanotubes were formed in
the sample after irradiation (Figure (b))
with a diameter of 144.2-160.3 nm,
which are not observed in the original
PCM (Figure (a)), which further
contributes to the increase specific
surface area of the sample. The
formation of CNTs is possible by gas-
phase deposition of carbon matrices
on the surface of metal active particles

(for example, titanium or iron) present . Analvrer 3Flex. Micromeritics
in the composition of the product, the material. y ’
which can act as a catalyst; this can Name S specific surface area, Amount of
also be associated with the formation m2/g (by H2) adsorbed H2 gas
of very high temperatures and S(EED o
y ) g, P . Activated adsorbent 386 0,96

pressures inside certain areas of the “Shoptykol: KOH” (1:0.5)
PCM, which leads to the fprmatlon of Electron microscopic images of the activated ] Activate.d adsoibegt 475 1,19

new carbon formations. adsorbent "Shoptykol: KOH" 50% (1:0.5) Sh"P“"l‘_“’l*dI?OIj (1:03)

wrracdiate

a - before irradiation; b - after irradiation

Results of the study of PUM sorption (by CO2) f .
Dubinin-Radushkevich Dubinin-Astakhov (‘fg :
Maximum Limit Equivalent | Maximum | Limitation | Equivalent | Average 106 ,-r"j 100 Pad
capacity of | micropore surface capacity of of surface equivalen 504 /,/‘ 501 ]
Name micropores, | volume, area, m*/g | micropores, [ micropore | area, m?/g t pore 2 ] / g ] /
mmol/g cm’/g mmol/g volume, width, A - P € ) pd
cm’/g 8 “/ | I /
Activated 4.3966 0.2096 450,1092 9,2206 0,4395 1285.5476 | 13.6762 E / < ]
adsorbent / i /
Shoptykol:KOH . o] /
(50%) (1:0.5) ] /
Activated 5.6939 0,27144 582.,9209 22,3992 1,0677 2 598.6155 | 16.4356 1 1
adsorbent a v 0.1 02 03 04 0.5 06 07 08 08 10 11 12
Shopi}’kol KOH 01 02 03 0.4 We ig?f;{_ o 0.6 07 03 09 ) :,,:reigm-x_ H2 )
(50%) (1:0.5) Activated adsorbent “Shoptykol: KOH” (1:0.5) Activated adsorbent “Shoptykol: KOH” (1.0.5)
(irradiated) irradiated




KOJMYECTBEHHBIA AHAJIN3
1. llpoba (oGpasen):

PCMs were tested for gas purification at Sorbents of Kuzbass || Ovperememenomsaren | o | T

IIJ.II: 'I_I_“'“HE e - | 3 - :II(‘III:I‘I:IIII»l_ﬁ - ) — | Illﬂl:p(.'llilil .
LLC (Kemerovo, Russia). According to the specific retained || esx raon (o it rsamoR Ac.arco| A ancopt| AxrancopS 8 Axr ascop| A soncon

xposarorpadun) npu 30°C Gewnr et "LlHon- | enr "Llv- | Genr "Lly- | a8 Menous
“lonme-| ThHKOAL C | Gapxons ¢ | Gaproan" "LlyGap-

volume of gases and the selectivity coefficient of gas come | KO o6 | - KOH"

| | KOH™ Ly llt:llilhiﬁ}.! e i . | - :
separation, PCMs showed the best performance in purifying B sl mar] sz lorae (e i
- | Meran 13.7 114 | 2610 | 301 | 784

carbon dioxide, sulfur dioxide, nitrogen dioxide, propane, . | Bozopon 035 | 031 | 046 | o042 | 075 |

‘ Mnnm\ncu;t:-.'l.'il:po;'m_t'i;m T T T B 9.3 243 3.90 |

methane, which allows them to be used for purifying flue e — O - 1L ) :
gases. PUM “Shoptykol impregnated with KOH” (irradiated)in | | o1 gl B sl Lo [

| J.I,Hl'l'h'ﬂ.'l‘l,'l alorTa T\(): | Moriao- norjaowe- | noraoume= | norjaoie- | noraoue-

comparison With the untreated initial Sample Showed the | | WeHHE | HHC NOA- | HHC N0J- | HHE NOj- i HHE MmoJI-

NnojtHOC HOL HOC HOC | HOL

(9. | Hponan (C3H8) npu T=140°C | 11,5 I_L_I_ 132

highest retention volume for carbon dioxide (159.9 cm3/qg), (0. Byran (CAII0) pn T=14°C |26 | 465 | 1363 | 781 |

KoydpPpuuuenr ceieKkTHBHOCTH

propane (14 cm3/g) and butane (46.5 cm3/qg) . |

! ]_ '__.____—_(-._E_I_-lfl N:‘ _-;-9 0 1 a 2_.;} -
]
7

Thus, a carbon nanocomposite can be obtained usingaone- = G €O et 3 | L
stage technology as a result of the simultaneous formation el i [ 97 [ wo [ 8e 17379
of carbon nanoparticles and the carbon matrix connecting AL T

them with the formation of a nanocomposite of the carbon- ey n - AL O i
carbon system in the same reactor by impergation with alkali,

heating at high temperature (800-900 C) and by electronic T/ neno A
irradiation. S

Crpanmua 2 ua 3




Synthesis of carbon nanosorbents from coal

Name BET, | Total pore | Micropor | Mesopore | Macropor | The total surface BJH Average
Various schemes for the production of carbon materials are known, including m¥g | volume, | es,cm¥g | s,cm¥g | es,cm¥g | areaof BJH | Adsorption |adsorption pe
. . . .. . . cm®/g adsorption for total pore width BJH
the preparation and modification of the original coal, carbonization and poreswitha | volume from | (4V/A), A
subsequent activation with a gas or a chemical reagent. One of the promising width f;ﬂm 1’='=0“0At;
. . . ) 17,000 A to 3,000,000
methods for producing porous carbon materials from carbon raw materials is 3,000,000 A, m¥g | wide, cm¥g
the use of alkaline activators in heat treatment processes. Upon contact with ~ioized adsorbent * Shoptykol, | 352,2855 | 0,293365 | 0,113839 | 0,129148 | 0,050578 98,7634 0,180251 73,003
alkali, the lattice of brown coal begins to rearrange itself already at room Lol Ll st
temperature, and when heated, alkali promotes the development of specific Carbonizeggd:c;rl:;er:;u‘i}s‘ilgptykol: 661,2451 | 0406749 | 0,250443 | 0,121320 | 0,034986 67,3381 0,144887 86,065
. . . U L,
surface area, an increase in the total pore volume and the volume of micropores. _
Activated adsorbent "Shoptykol: | 653,0247 | 0,435334 | 0,204861 | 0,182514 | 0,047959 137,2048 021316 62,144
Synthesis of carbon nanosorbents from the Shoptykol and Sarykol coal deposits NaOH" 1:1, 900 °C
(Maikuben basin), impregnated with potassium hydroxide. To obtain a DubinisRadostkevich Dubinin Astakhov
nanosorbent, a sample of crushed (6.88-401 um) oxidized brown coal (Wrt - Maximum | The maximum | Equivalent Maximum | Limitation of | Equivalent Average
: : ity of | volume of rfa : ity of | the volume of | surf , ivalent
6.36%, Ar - 47.73%, Vd - 32.83%) was impregnated for 24 hours with a 50% ety G oI e = B REER || SRt
) ) _ _ o micropores, | micropores, m?/g micropores, | micropores, m?/g pore width,
alkali solution (KOH) at a certain temperature, the coal/alkali ratio 1s 1:0.5 and mmol/g cm?/g mmollg | cm¥g A
1:1. Next, the mixture was dried and placed in a rotary tube kiln to carry out the Carbonizedadsorbent | 295472 0,140848 302,494846 | 9,41555 0,448829 1151,654633 | 15,589024
o . . o 7 77 "Shoptykol: KOH" 1:1,
carbonization process by heating to 800°C at a rate of 10°C/min and maintaining g o
at 800°C for 60 minutes. Next, the Samples were removed and placed n a dry Carbonized adsorbent 6,68948 0,31888 684,847478 8,72539 0,41593 1307,453402 | 13,250144
: : : . "Shoptykol: K,CO;" 1:1,
atmosphere for cooling. The cooled adsorbent is washed from residual alkali and gﬂﬁ::ty S s
Formation of the porous structure of the adsorbent when dried at a temperature of 105°C to constant weight. Activated adsorbent 4322116 | 0,205985 442,386469 | 9,96985 0,475252 1308.895768 | 14,523758
activated with potassium hydroxide
"Shoptykol: NaOH" 1:1,
900 °C

genesisigenmaps.spe 12-Apr-202413:05:31 | [eduizgenesis genmapsspe 12Ap-2024 13243 credar? genesis genmaps.spe 12-Apr 2024112436
Element  Wi% 2 1 ; b 7 - Element W1% : lis Element Wt%

C 48.78 63.8. | ' ! i L 71.07 82.00 C 71.07 82.00

0 22.30 21.9(| - N : R 0 15.02 13.01 0 15.02 13.01

Na 0.39 0.26 S : s ] Na 0.46 0.28 n Na 0.46 0.28

Mg 0.69 0.44 - h A Mg 0.42 0.24 Mg 0.42 0.24

Al 8.36 4.87 b , : Al 0.28 0.14 Al 0.28 0.14

Si 6.77 3.79 - e & : 19 - Si 0.38 0.19 T Si 0.38 0.19

s 0.30 0.15 % : L s 0.51 0.22 ! L s 0.51 0.22

K 8.93 3.59 \\ . .- - . K 7.58 2.69 : K 7.58 2.69

Ca 1.67 0.65 ; \ S, SRRE Ca 1.72 0.60 1 Ca 1.72 0.60

x | Fe 1.83 0.5 - ' Fe 2.57 0.64 Fe 3 57 0.64

Matrix | Correction | ZAF . LN - 1 Matrix | Correction | ZAF fa Matrie | Correction | ZAF

03 - si 4 si
N v 0 "H:l K e : 0 .;u K G
= - _ fo s K B Rm - :‘ = Fe
Yy 2N ”‘MJ i 1'..1';'.. e e b i WSS . S—
LRI NC O N _ By I M S, 4 “ LI R T A
During the analysis of the morphology of the obtained adsorbents, it is observed that the Alyngan adsorbentterdin morphologyson taldau kezind adsorbentterdin betinin During the analysis of the morphology of the obtained adsorbents, it was found that the
particle sizes of the surface of the adsorbent "Shoptykol KOH" 1:1 activated at 900°C range bigshekterin olshemderi “Shoptykol-K2CO3” 1:1 900°C carbonizationlangan particle sizes of the surface of the adsorbents "Shoptycol-NaOH" 1:1 900°C activated

from 63.4 nm to 76.9 um, and nanomaterials similar to carbon nanotubes were formed. adsorbenttin 183.3 nm-den 215.7 nm-ge deyingi aralykta nanotikshe anktaldy. adsorbent was represented by a heterogeneous structure from 564.1 nm to 1.55 pum.



T /—r Explication of the equipment of the technological scheme
‘_®<—— for the production of adsorbents
Pos. MNaming
r XOB-1 identification
wT-2 B-1 Loading bunker
/_ H-1 Moria kovshovaya
AD-1 L B-2 Bunker coal crusher
¢ — D-1 Hammer crusher
—
B-3 Crushed coal bunker
E-11 SHT-1 Coal auger conveyor
_\‘ }—\ SHT-2 Screw conveyor alkali for coal
E-1 SHT-3 Screw conveyor for preparation of binder
" AD-1 Automatic weighing dispenser for preparation of coal
¥ . 4 h AD-2 Automatic weighing dispenser for binder preparation
T SD-1 Water meter-doser
E-3 E-3 E-1 Capacity of dry alkali
o —— E-2 Binder capacity
o o " E-3 Capacity of exposure of coal in an alkaline solution
-1 \—)_ \\._,./’l_ o E-4 Capacity starch
N X-1 MU, 1 C' 1 E-5 Capacity of dry alkali for binder
r E-6 Capacity of dried coal
n E-7 Capacity of briquettes
_..[ I : E-8 E-8 Capacity for washing adsorbent
: 1 E-9 The capacity of removed resin
leeee=a! E-10 Capacity of washed adsorbent
e S . E-11 Capacity of mechanical water purification
Py-1 E-1 Extruder
E-10 K P-1 Furnace carbonization and activation
_.h BA-1 Cylinder with nitrogen
— v BP-1 Drum drying oven
X-1 Gas refrigerator
E.3 MO-1 Filter wet cleaning
E-7 . C-1 Separator
. . . . GRU-1 Gas distribution device
The material balance of carbonation and activation of Shoptykol coal. o P
content content
Ne Name quantity percent Ne Name quantity percent | = = S S 7 -{I N PN
k. % Nat) Nl o e g~ s
kg % kg % = = ;E?v _J\ .
KATARCTAH FECTIY RTHEACE = FECTIYRTHEA KATANCTAH
A mixture of coal and|7 932,203 81,63 1 adsorbent 3 000,000 30,87 R
REFLUEBLIC OF KAZAKHSTAN
alkali
including 5 288,136 54,42 2 resin 11,660 0,12 ey
coal 345,844 3.56 3 evaporated moisture 1 984,226 20,42 TARLIATE MOJETRIE./HA THOTETIYIO MAVLE 1L { FOR UTILITY MOBEL
moisture of coal 2 644,068 27.21 4 losses 2 574,052 26,49 O] ﬁE il gt
alkali 1 784,866 18,37 5 washed lye 2 147473 22,10 : '“f
Binder 1 348,756 13,88 B e e et e e e
water 306464 |408 e e
sarch ot loaos R, e
alkali 9 717,069 100,00 TOTAL 9 717,069 100,00 S R I et e
Specific rate of adsorbent vield (for finished products): F;:::i::ﬁ:?ﬁ..”‘:- :‘:"‘,‘f':c.“:.:}:‘;?";i“":.“}:
057 I l [ |
Specific rate of binder consumption (for finished products):
059 | | L i
specific consumption rate of potassium alkali for coal, taking into account the return of potassium alkali (for finished :-;:T-;T':'gm E.,'l?"':
0.8 | | [ |




Capital investments for property, plant and equipment under the Project (thousand USD)

Plan of production of finished products and annual income

Me p/p Name I\uml::er of Cost of 1 unit i Am.nunt: VAT Price without VAT z g E_ 5 %J %‘ : ;g £
units including VAT :g e : ! = &< % ~ s "g. A | Total Anmual
1 |Feed hopper 1 7 300 7300 782 6518 Hisme g2 & E| £E g § 58 g3 8| meome
2 |Bucket elevator 1 2 450 2450 263 2 188 g3 3| 2 2 : g WemmndER
3 Coal Crusher Hopper 1 2440 2 440 261 2179 E = ‘53 2 E = < s 8
4  |Hammer crusher 1 10 000 10 000 1071 g 020 P 23 - -5 1655 | =180 - 21685
3 Crushed coal bunker 1 2440 2 440 261 2179
6 |Coal screw convevor 1 6 610 6 610 708 5002 After payment of corporate income tax (CIT), the Project's net profit for 10 years will be
7 | Automatic weishing batcher-loader i 151 150 151 150 16 105 134 055 within the range of USD 70,764.0 thousand, and EBITDA - USD 88,974.0 thousand, which
s |Binder mixer 1 1000 3000 170 3571 indicates the high efficiency of the Project.
0 |Water meter dispenser 1 775 775 23 607 These calculations indicate that the invested funds in the purchase of fixed assets in the
10 |Dry binder capacity 1 4 450 4 450 477 3073 form of equipment will pay off in 10 years in 153 times (88 974: 580.8 = 153), that is, the
11  |Stirrer container 1 5 000 5000 536 4 464 investment costs will pay off in the very first months of the Shop operation.
12 | Finished product capacity 5 4 450 13 350 1430 11 920 Detailed calculations are given in Appendix 11 "Forecast Report on Income and Expenses"
13 |Resin collection capacity 1 4430 3430 377 3 9?:?' in the financial and economic model (FEM) of the project.
E gﬁ::; i Eﬁﬂ;;jﬂﬂ Eﬁugﬂ? 2}.:}? 1;;;; For an investment project, not only the indicators of the project's profitability are
16 Ca.thm;iz:atiﬂn furnace 1 300 000 300 000 37 143 167 857 important, but also the return on investment costs.
17  |Nitrogen bottle 1 20 20 2 18 Therefore, calculations of "Cash flow" (cash flow) for the Project were carried out, on the
18 |Steam generator 1 3620 3620 338 3232 basis of which such important indicators of the investment project as NPV and IRR were
19 |Superheater 1 1355 1355 145 1210 determined for 10 years.
i? gfj%ﬁ?m =2 i ig;g ig;g iii ;?;g The forecast cash flow report indicates that, starting from the first year of the Shop's
22 |Separator 1 3005 3005 327 3 683 operation, there are no cash gaps, all cash flows starting from the first year are positive.
23 |Resin capacity 1 4 450 4 450 477 3073 The net present value of income (NPV) of the Workshop at a discount rate of 9.5% (The
24 | Gas distribution device 1 g 780 g 780 041 7 839 refinancing rate of the National Bank of the Republic of Kazakhstan as of 09.06.2020) will
25 | Chemical water treatment unit 1 12 200 12 200 1307 10 §93 amount to USD 52,055.0 thousand and an internal rate of return (IRR) - 1,282.2% , which
Total 280 775 62 226 218 549 indicates the high efficiency and financial stability of the Project.
Calculations of determining the net profit for the Project (thousand USD) TANTALUM _ et IANTALOM S [ T | o AL AT rOnEU. |
ol for - e f%?w“:?m:: | CEPTMOWKAT COOTBETCTBHS CE:T:_'ETM"T‘:LCOOTBETCTB““—:
Name lyear | 2vear | 3vear | dyear | Syear | 6year | 7Tvear | Syear | 9year | 10 vear 10 years mﬁﬁwq?%?j Fmne %:ff: -E"W :: : 5: : | :qmw::fmh B ¢ ;h T A T Mﬂwz
Income, total 19286 | 19961 | 20659 | 21382 | 22131 | 22905 | 23707 | 24537 | 25396 | 26284 | 226248 f__-_u: F“@?T&E %ﬁ: —— - ‘e e o -'::(, I | e
Expenses, total 11753 | 12163 | 12587 | 13025 | 13480 | 13950 | 14436 | 14939 | 15460 | 16000 | 137793 I ﬁ;ﬁﬁjﬁ“ :*;"“% - =
Operating profit | 7532 | 7798 | 8073 | 8357 | 8651 | 8956 | 9271 | 9597 | 9935 | 10285 | 88455 e %&’E‘%ﬁﬁﬁﬁgmm '“m*::::',;::qw e et e | coomecomrs sty s oo e R e e o B
i e Y i |
Profitability 64% | 64% | 64% | 64% | 64% | 64% | 64% | 64% | 64% | 64% | 64% %ﬁ?ﬁ?ﬁﬁmﬁ; T -
CIT, 20% 1506 | 1560 | 1615 | 1671 | 1730 | 1791 | 1854 | 1919 | 1987 | 2057 | 17691 b %":"‘FTE%"T:“
Net income 6026 6238 6458 6 686 6921 7163 7417 7678 7948 8228 70 764 :?L;.";{,,,":‘m"::,'“mm:“n ) |;m _— s |
EBITDA %"%Ef‘:;.fw mw ' e e e |
9008 | 9323 | 9649 | 9987 | 10337 | 88974 S & & =

0,1 10, e e :lé
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PRODUCTION OF ACTIVATED ADSORBENT BASED ON SEMICOKE FROM THE COAL SHUBARKOL DEPOSIT FOR GAS PURIFICATION

The production process of granulated activated carbons consists of several crucial stages, including thermo-treatment and activation, 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.

Semi-coke fines (3-5 mm) from Shubarkol coal, grade D, Kazakhstan, were used as raw
material. Their technical characteristics are: moisture content 7.71%, ash content 6.60%,
and volatile matter 19.43%. To produce the activated adsorbent, the fines are crushed,
fractionated, and introduced into a rotating drum furnace for steam activation at 700°C
with a heating rate of 5-10°C/min, held at 700°C for 60 minutes, then cooled in a dry
atmosphere.

ia"

GAS

Figure 1 - Pilot pilot rotary drum furnace for carbonization and activation for the

production of adsorbents

Table 2 - Material balance of
Table 1 - Gas composition of semi-coke fine (size 3-5

the process of activation of
mm) activation at 700°C

semi-coke breeze (2-5 mm)

T, C" Composition of gases, % Mz | Name Content
0, Hs CO, N CH. co H,5 _ kg %
200 1.809 7.603 |12.505 |0.239 |1.217 |- 0.217 1 iem"mke | 15 100
reeze, INcl.
300 0.819 4638 |9.617 [1.237 [1.690 |0.290 | 0.379 e i 106
400 3.298 4516 |11.089 [0.292 [1.700 |- 0.104 —
500 0.484 4818 |[9.057 [3.996 |1.768 |0.378 |0.118 1 | Adsorbent 12,4 3
600 3.220 3.575 |7.184 |0.266 |0.466 | - 0.183 > | resinrwat 0.0 0,1
700 5.613 5.054 |3.847 |4.59% |0.611 |0.244 |0.051 | esivewater 1 % 3
17,
3 Fas 2,63 5
Total 15 100

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

Semi-coke Ve
o | W | A | V4, | ppue, | PHagueous | Anco. | Anic, | Atotine. | SET,
fines (3-5 o == = A ey ; it eirad 15 2/
:I' o /o 0 CIIIEE.-'E g axtraction &8 &8 | o 'B
Imitial 771 |66 (194 (162 (039 (&6 293 |95 44 61 | 8.23
Actvated 077 | 132|599 (166 (040 |75 315 | 100 43 22 | 227

Table 4 - Elemental composition of the samples

Semicoke
fines
(fraction 3-
5 mm)

Elemental composition, wt. %

C 0O | Na | Mg Al Si K Ca Fe 5
Initial SO006 | 8.00( 006 | 0.03 | 046 0.34 0.07 | 0.35 0.26 0.33

Activated | 88.1 | 421|061 | 0.13 | 251 3.18 0.23 | 0.45 0.31 0.23

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 m2/g to 227.01 m2/q,
representing an almost 28-fold increase. This phenomenon can be attributed to t
liberation of volatile constituents during thermal treatment and steam activation
with the emergence of additional microporous structures.




Figure 2 - Electron microscopic images of the activated semi-coke breeze

5-.'-\.‘
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3 — Activated coke
breeze, crushed

Table 5 - Test Results of Activated Semicoke Fines (fraction 3-5 mm)

No Test Indicator Name of Test Method Nominal Value, %
1 Particle Size Distribution STRK 2405-2013
=3 mm 8 8
3-2mm 7.9
1-3mm 31.9
0.1-1mm 1.9
<0.1mma0.3 0.3
Total 100
2 Structural Strength, Ps STRK 2243-2012 93.86
3 Mass Fractu_m of Chlorine on GOST 9326-2002, (IS0 587-97) 0.1
Dry Fuel Basis, CI#
4 Mass Fraction of Arsenic on | GOST 10478-93, (150 601-81, 150 R
Dry Fuel Basis, As® 2590-73) '
5 Mass Fraction _uf Total Sulfur GOST 8606-93, (IS0 334-92) 0.23
on Dry Fuel Basis,

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.

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

coefficients for adsorbent separation

Mo Defined indicators Test results Units
Specific retentionvolumes of gases (according to gas chromatography) at 30°C
1 Nitrogen 2,27 cm/g
2 Onygen 3,47 cm%ﬂ'g
3 Methane 7,84 cm /g
4 Hydrogen 0,73 cme /g
5 Carbon monoxide 3,90 cm /g
6 Carbon dioxide 1214 cm /g
7 Propane (C3Hg) at T=140°C 5,4 cme /g
2 Butane [C4H,o) at T=140C 1134 cme /g
9 Sulfur dioxide 50, complete absorption cm/g
10 | Nitrogen dioxide NO; complete absorption cm/g
Gas separation selectivity coefficient (ratio of retained volumes)
1 CH./N; 3.4 -
2 CH,/CO 2.0 _
3 CO/H; 5.3 -
4 |CO,/CH, 15,5 -

As the test showed, the presented adsorbent based 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.



The sample "Activated semi-coke fines (fraction 3-5 mm)" conforms to the ST RK 2246-2012

classification. It is suitable for gas and liquid adsorption, manufacturing absorbents and catalysts, ﬁé‘@@ PECTYRINKA KAIANCTA
respiratory protection equipment (AG-2B), and recuperative activated carbons (AR-A, AR-B, AR-C)
for capturing and recycling volatile solvent vapors at high concentrations. i = N I

The study indicates the potential for commercializing carbon adsorbents based on semi-coke
breeze for air purification, flue gas capture, gas purification, ventilation, filters, and sorption plants. | A
The research outcomes include enhanced energy efficiency, increased specific surface area, solid wﬁw"‘““m““.ﬁ”‘“fm“;““m
product yield, strength, porosity, and adsorption activity, with reduced volatility due to steam

thermal activation.

According to our calculations, from 1 ton of coal we obtain from 0.4 to 0.6 tons
(depending on the feedstock) of the finished adsorbent product with a high specific
surface area (400-1200 m2/g) and increased sorption capacity with a cost of
1000-1200 USD per 1 ton. The cost of the adsorbent ranges from 194.0 USD to
609.0 USD per ton, depending on the technology for obtaining the product, while
the annual profitability of adsorbent production on average over 10 years will be in
the range of 64% and higher, respectively, based on a productivity of 3 t/ hour. The
forecast report on Cash Flow shows that, starting from the first year of operation of
the Shop, there are no cash gaps; all cash flows, starting from the first year, are

positive.




Hardware design of a production facility for obtaining activated adsorbents based on coke breeze
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Preparation of graphene-like materials based on Kazakhstan coals

CAGR 43.64% USD4.84B

Graphene is a two-dimensional allotrope of carbon, consisting of a
single layer of carbon atoms arranged in a hexagonal lattice. It is the
basic building block of other carbon allotropes like graphite, carbon
nanotubes, and fullerenes.a material that has a large specific surface
area (2630 m2g-1), high internal mobility (200,000 cm2 V-1s-1), high
Young's modulus (~ 1.0 TPa), thermal conductivity (~5000 W m-1K —

optical transmittance (~97.7%).

2024 2029

The graphene market size is valued at US$0.79

» Environment

Graphene has high mechanical

* Solar cell Sl billion in 2024 and is expected to reach US$4.84
strength. It is the most durable i ;:f:efi; protection billion by 2029, growing at a CAGR of 43.64%
material known to mankind. It can * Supercapacitors | t[;zfﬂ;'fj:i'; during the forecast period (2024-2029).
withstand enormous loads without
collapsing. It is capable of
transferring heat efficiently, making Graphene Graphene Market - Growth Rate by Region
it potentially useful in a variety of < Sensor and biosensor  \UTTRG __
thermal conduction applications. : Semiconducior e )
“omposite : gy

* Drug dehivery
* Therapy technology
» Scaffolds material

« Flexible and transparent
material

+ Ink conductive
+ Electronic device

These unique characteristics make
graphene a highly attractive material
for a wide range of applications, from

electronics and energy to medicine

and materials science.
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Nanomaterials obtained by
the method of electric arc
discharge on the reactor
walls from Shubarkol
activated carbon have

graphene-like qualities. The
degree of graphitizationis
80.7%, 1(D)/1(G)=0.1,
1(G)/1(2D)=2, 9

Production of high-quality graphene by electric discharge method

Arc discharge is the electrical
breakdown of a gas to generate
plasma. This technique of
generating arc using electric
current was first used by lijima in
1991. A schematic of an arc

| discharge chamber. The chamber

consists of two electrodes which
are mounted horizontally or

vertically; one of which (anode) is

filled with powdered carbon

precursor along with the catalyst

and the other electrode (cathode)
is usually a pure graphite rod.

Correction

0.8 o

Intensity, arb.u.
=4
o

o
a

o
r

o
o

T T T T T T
500 1000 1500 2000 2500 3000

Raman shift, em’!

o 1
E

Wi%

Element

Based on “Shoptikol” coal

After the activated carbon "Shoptikol"
electricity
arc discharge 100A (reactor wall)Low-
layer (less than 10 layers) graphene with
a high-quality graphite structure with a
graphitization ratio of 87-95.5%. The

jﬂilm—m study of the dependence of electrical
6-%3%  resistance on temperature shows that
the material in the range of 293-333 K
shows metal, 333-483 K -
semiconductivity. The material is of

interest in semiconductor technology.

i 78.91 89.47
0 8.20 6.98
Mg 0.32 0.18
Al 0.53 0.27
Si 0.52 0.25
S5 0.36 0.15
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Nanomaterials obtained by
the method of electric arc
discharge on the surface of
an electrode from activated

carbon "Shubarkol” The
degree of graphitization is
57%, 1(D)/1(G)=0.3
1(G)/1(2D)=2.8
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graphitization is 65%.
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Activated carbon "Taldykol" after electric arc discharge
100A (reactor wall)

Activated carbon "Taldykol" after electric arc
discharge 100A (electrode surface)

Element Wit%
Graphite-like structure. Gf = 89.986
- . O 7.372 9.200
31.6%. ID/IG ratio 1.1; 1G/12D N Y T
ratio is 9.2. Low-layer Si 0.776 1.700
S 0.480 1.200
graphene (2-6 layers). The < 0721 5500
—— - defect peak indicates the Matrix _| Correction | ZAF
ik ﬁ ﬁ small lateral dimensions of IS (N Structure of defective silicon
1 == : - = o iag— ey
wf ~ ~ SIETANCINS, 178 Eekil [Rife === | carbide combined with
. 8 A ratio 0.1; The IG/I2D ratio is =2 ‘\M} b/ , .. graphitic and amorphous
e K 2910 9.590 2.7. ﬁ L}JL

Raman shift, cm’’ Ca

A" regions. 6f =68.5% .ID/16=0.2;

IG/12D=4.2.

wod — o ——— 0.0 4

Fe 0.680 1.898
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Activated carbon "Taldykol" after electric

Activated carbon "Taldykol" after electric arc discharge

200A (lower part of the reactor wall) arc discharge 200A (electrode surface)

Silicon carbide and
graphene (1-3 layers) Gf

=73.0% .ID/1G=0.2;
IG/12D=0.6 High-quality

Mairix Correction | ZAF

Silicon carbide and graphene
(1-3 layers) Gf =73.0%
ID/1G=0.2; 1G/12D=0.6 High-
quality low-layer graphene
(5-10 layers). Gf =89.5%.
ID/1G=0.04;1G/12D=2.5.

low-layer graphene (5-10
layers). Gf =89.5%.
ID/1G=0.04;1G/12D=2.5.
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SYNTHESIS OF CARBON NANONFIBERS FROM CARBON-CONTAINING

¥ Hybrid electrospun
nanofibers
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Nanofibers are used in current and emerging
applications for building materials and structures
(i.e., reinforced polymers, self-healing materials),

energy generation, conversion, and storage (i.e.,
batteries, supercapacitors, fuel cells, and solar
energy), environmental improvement, and defense
(ie, ultra-high air filtration, wastewater treatment,
and water treatment), biomedical applications (ie,
drug delivery systems, blood purification, tissue
engineering, wound healing), and other applications,
including defense and security

This statistic shows the market value of
nanofiber products worldwide in 2018, with a
forecasted figure for 2023. Nanofibers are
fibers with a diameter in the nanometer
range. It is forecasted that the global market =
value of nanofiber products will be 4.3 billion :fr_

U.S. dollars in 2023.
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Carbon nanofiber (CNF) is another exciting material in
the field of nanotechnology. It is a thin structure
consisting of carbon nanotubes laid parallel to each
other. These nanotubes can be either single-walled
(single-walled) or multi-walled (multi-walled),
depending on how many layers of carbon form the wall
of the nanotube.

1,000 927

2018 2023+

Market value of nanofiber products worldwide in 2018 and
2023(in million U.S. dollars)



Plastic syringe

Ak

R —

Syringe pump

Intensity, arb.u.

High voliage
power supply

1.0+

0.8+

0.6+

0.4+

0.2 4

0.0+

Nanofibers made on the basis of humic
acid (pH=4.6) are uniformly distributed.
SEM images show nanofibers up to 1.06

micrometers
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Electrospinning Technique

Electrospinning is the most commonly used method to produce nanofibers

because of the straightforward setup. Electrospinning technique consists in
placing a polymer solution into a syringe and then pushing it to the tip of the
syringe by external pumping applied by a mechanical piston. When the solution
droplet is formed at the metallic needle, an electric voltage bias is applied
between the metallic needle and a col lector placed in front of it. As the applied
voltage is gradu ally increased, the electric forces overcome surface tension
and a jet is produced and finally, the droplet elongates into a Taylor cone, from ™
which polymer nanofibers are produced and then deposited on the collector. !

The jet is accelerated and stretched through the atmosphere with the

evaporation of the solvent. Finally, the nanofiber mat is deposited on the

surface of an oppositely charged grounded collector

Taylor cone
= Collector

- @ [ ) & ore =1 U [ ] -
-—10 [ J - - ([ J [ J [ ] - ( J =

G 68.72 75.36

0 28.68 23.61

; Na 0.24 0.14

f Mg 0.13 0.07

V Al 0.44 0.22

Si 0.45 0.21

S 0.07 0.03

K 0.41 0.14

Ca 0.21 0.07

Fe 0.64 0.15

Mairix Correction | ZAF

76.49

86.46

o 10.44 8.86
Na 0.54 0.32
M; 0.10 0.05
Al 0.57 0.29
Si 0.63 0.31

s 0.27 0.11

K 8.59 2.98
Ca 0.49 0.17
Fe 1.89 0.46

Matrix Correction | ZAF

Nanofibers based on humic acid (pH=4.6)
formed nanospheres after carbonization.

Degree of graphitization 26.8%
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Electron microscopic images of nanofibers
with a diameter of 148.6 nm to 1.36 um are
clearly visible. The elemental composition

of the composite is: C -98.48%, O - 0.77%, Si
0.11%, Fe - 0.64%.
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The reaction between humic acid and PAN
is presented below

= ° = 0 ODTE Jolle
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89.16
0 8.22
Na 0.11
Mg 0.02
Al 0.20
Si 0.18
Cl 0.11
K 1.11
Ca 0.09
Fe 0.55
Cu 0.24

After carbonization and oxidation, scanning
electron microscope results revealed that the
carbon nanofibers had a diameter ranging from
123.5 nm to 781.9 nm. It was determined that the
fibrous structure of the CNFs remained
unchanged post-treatment. Raman light
scattering indicated a graphitization degree o
23.97%, with 1 (D) /1 (G) ratio of 0.7 and | (G) / |
(D) ratio of 1.4.
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CNF coal tar+polymethyl methacrylate on CNF coal tar+polymethyl methacrylate on cone
fixed substrate

Particles of nanofibers with a diameter of 234.9 nm to 470.8
nm are visible, the adhesion of fibers during deposition and
the formation of fiber agglomerates of various shapes
during drying can be associated both with incomplete
drying of the fibers and with the presence of undissolved
residues of the fiber-forming polymer in the spinning
solution, and also air bubbles.

CNF particles with a diameter of 56.1 nm to
567.5 nm are visible, structural elements
take the form of fibrils - filamentous
formations, the length of which exceeds
their diameter by more than arow.

CNF from Coal tar + polymethyl methacrylate

. CNF coal tar pitch+polymethyl methacrylate
after exposure of solution for 24 hours P poly y y

Pecnyfasia Kaiaweran
e TOCF s HUSTmry T Susimm yris o TesHmiormes

Epsarasiier BT, Kaankanona MK, Kacenon B.K..
Hayprnbaena AT, Macoon H.A-, Kacennna A0,

YEIEPOJIHBE HAHOBOJTOKHA PAYTHYHOTO
PYHKUHOHAIBHOIO HASHAYEHHA HA
OCHOBE ¥ENEPOLCOAEFKAIETO ChIFbA

The figure clearly shows CNF particles with a diameter of
480.6 nm to 2.57 uym. Due to the existence of pentagons and
heptagons, structural defects, the formation of bridges and

distortion of the cylindrical surface in the sample are
observed.

The figure clearly shows hydrocarbon
particles with a diameter of 2.40 to 4.63
microns, structural elements take the
form of fibrils - filamentous formations




PRODUCING NANOMATERIALS BY CVD METHOD NN

Chemical Vapor Deposition (CVD) is a process used to produce solid materials, typically in the form
of thin films, on a substrate through chemical reactions of vapor-phase precursors. For carbon
nanomaterials, this involves the decomposition of a carbon-containing gas (like methane,
acetylene, or ethylene) at high temperatures in the presence of a catalyst.

Chemical Vapor Deposition
(CVD) is a process used to
produce high-purity, high-

performance solid
materials by depositing a
thin film from a vapor
phase.

e Graphene: Single layer of
carbon atoms arranged in @
hexagonal lattice.
Graphene Oxide (GO):
Graphene with oxygen-
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conductivity.
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B THE PROCESS OF THE METHOD

Choosing a catalyst

Table 1

Carbon solubility and the growth mechanism on typical metals for CVD graphene.

Metal (bulk) Carbon solubility at 1000°C (at.
Copper(Cu) 0.04
Cobalt (Co) 3.41
Platinum (Pt) 1.76
Nickel (Ni) 2.03
Palladium (Pd) 5.98
Iron (Fe) 7.89
Germanium (Ge) (semi-metal) 0.00

Chemical vapor deposition includes chemical precipitation.a reaction in which
precursor molecules are activated and pass into a gaseous state, which is
deposited on the substrate. The precursor may initially be in a solid, liquid or
gaseous state.Substrates may have an amorphous, mono-or polycrystalline

CVD reactor products 900°C H2-49 ml/min, Ar-20 ml/min, CH4
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0.6 4

Intensity, arb.u.

0.4 4
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0.0

METHOD PROGESS IN 3 STEPS

1

2

Preparation and Setup

Coat the selected substrate with a metal
catalyst (e.g., nickel, iron, or cobalt).

Deposition Process

Heat the reactor to high temperatures (500-
1000°C), causing the gases to decompose and

release carbon atoms.

Post-Processing and Characterization
Gradually cool the reactor and turn off the gas

flow.

structure, in some cases in a molten state.
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Carbon material was formed

P L) I . as graphite sheets (also
:';'“:’i-_;:_‘ A - X s, - , |' known as graphene), in
s _::::, v ?,- o || which the carbon atoms are
¢ ; f\/ ordered into sheets with a
o thickness of 10 to 20 um. As
Scheme for the production Cuibon. Bber anFinos Ranostructure e can be see.n from ;?icture the..hl:"-
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Particles of CNT with diameters from 50
to 500 nm are clearly visible, which are Jasn
folded into a single, seamless seam
cylinder. The length of nanotubes can
reach tens of micrometers, the end of )
such a tube can be an open or closed )
fullerene-like hemisphere. The 1 e
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After synthesis, carbon materials in the form of a film were formed on the walls of the reactor.
The elemental composition of the carbon material showed the presence of 100% pure carbon

Thus, the proposed method of carbon nanotubes is based on the method of chemical [ l@ e ¥ = WS RS
(catalytic) vapor deposition, which is the most promising method of industrial production e '
and provides a product with a relatively high multilayeredness and homogeneity of the
fraction, which determines the achievement of the strength characteristics required for
structural materials. As a result of the high-temperature process, carbon nanotubes (CNTs) e o s e o
were obtained at 8000C (in an inert atmosphere) by the CVD method (chemical Vapor
Deposition) with the decomposition of monoxide on the Co catalyst surface, where the
hydrophobic ash of the Kendyrlik (Kazakhstan) based on soot. The optimum condition for s
obtaining CNTs by a catalytic method was established, where the holding time was 120 min Eesmterme s
at a pyrolysis temperature of 800 OC. The yield of carbon nanotubes per unit mass of et mmbmsten
catalyst was ~ 30%. The carbon nanotubes obtained by this method can be used as a power
filler in the production of composite and heat-insulating materials.
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Analysis of wastewater “Astana su arnasy”

The obtained samples of carbon porous sorbents passed laboratory tests for the purification of gases and
sewage water taken from the SUC "Astana su arnasy". Sampling point: distribution chamber after preliminary
mechanical cleaning. Chemical analysis of wastewater before (control) and after treatment with adsorbents
the obtained was carried out in an accredited analytical laboratory of sewage treatment facilities of the SUC "Astana su
adsorbents for arnasy", in which the main indicators of wastewater treatment were determined. Analysis of the data obtained
wastewater treatment showed that after wastewater treatment, the values of all chemical indicators decrease, especially such
of JSC “ASA”, Nur- indicators as BOD (76-88%), suspended solids (77.38-61.57%), iron (61.16-70, 87%) and oil products (96.52-
Sultan, May-July 2018- 97.22%), which are the highest degree of wastewater treatment (in terms of the number of indicators).
2019 was carried out. Indicators such as pH, suspended solids, phosphates, oil products generally comply with ND standards.

A production test of

T -
— semEEEr U e



The results of chemical analysis of wastewater "Astana su arnasy" before and after treatment with adsorbents

Purification degree, in %o
The name of indicators 2 AE = % - E,. E A E 2 'G'E 2, g’ a;:, é‘ E 2|8 2+
ZE S TET |5 Z 2 ¥ g N &% 5 B

pH 8,82 -3,?0 7,35 7.85 7.9 8.5 9.00 10,10

BOD, mgO / dm3 86,31 72,63 87.77 70,00 88.44 84,44 36.84 84,24

COD, mgO / dm3 61,53 34.23 52,75 57.14 68.29 52.75 14.61 29.43
Suspended substances. mg/dm3 73,22 67.58 65,51 93.11 73.79 69.65 59.94 72.31

Chlorides, mg/dm3 46,29 23.14 3,74 2.14 3.74 0.13 - -

Ammonium nitrogen, mg/dm3 63.74 56,99 10.88 14.23 22.04 11,72 48.16 89.81
Nitrites, mg/dm3 57.61 58,27 35.03 13.63 29,92 42.33 45,03 42,22
Nitrates, mg/dm3 79,62 64.81 21.42 18.75 12.5 30,35 40,74 47,61

Iron, mg/dm3 81,74 76,58 56,31 66,11 76,69 61,16 22.61 56,52
Phosphate, mg / dm3 22,52 46,92 33.93 35.68 47,65 65.34 79.87 93,32
Zinc, mg / dm3 24.75 14,35 8.16 33.66 - - 29.20 66,66

Copper, mg/dm3 43.47 47,82 9,67 16,00 22,58 41,93 - 6,66
Synthetic surfactants, mg / dm3 25.35 29.57 39,91 81.31 66.94 50.10 11,97 13.64
Oil products, mg/dm3 65.25 56,16 88.19 94.73 95.13 92.36 55.84 18,00

The obtained activated adsorbents were tested for the treatment of sewage waste water taken from the State
Enterprise "Astana su Arnasy" (Astana). Sampling point: distribution chamber after preliminary mechanical cleaning.
Chemical analysis of wastewater before (control) and after treatment with adsorbents in laboratory adsorption plants
was carried out in an accredited analytical laboratory of sewage treatment facilities of the SUC "Astana su arnasy", in
which the main indicators of wastewater treatment were determined. The degrees of purification were also calculated

according to the main indicators (for comparison of adsorption properties).

The analysis of the data obtained showed that after wastewater treatment, the values of all chemical indicators for all
adsorbents decrease, especially such indicators as BOD, suspended solids, phosphates, iron and oil products. These

results of the study show that the obtained samples based on carbon materials can be considered promising, in
particular, as adsorbents for the purification of liquid media.




Tap water purification with the use of "Shoptykol" activated carbon of the

Maikuben basin

Works were carried out to purify drinking water from the tap in special columns filled with
PCM based on coals "Shoptykol" and "Shubarkol". Physicochemical and microbiological
parameters of the source and treated water were studied in the laboratory "RSE "Center for
Sanitary and Epidemiological Expertise" of the Medical Center of the Administration of the
President of the Republic of Kazakhstan". The results of the study showed that in water
after cleaning with adsorbents, the content of total hardness, residual chlorine,
bicarbonate, COD decreased. In all respects, purified water complies with the SP "Sanitary
and epidemiological requirement for water sources, water intake points for domestic and
drinking purposes, domestic and drinking water supply and places of cultural and domestic
water use and safety of water bodies", approved. By order of the Ministry of National
Economy of the Republic of Kazakhstan No. 209 dated March 16, 2015 and TR "Requirement
for the safety of drinking water for the population" approved. Decree of the Government of
the Republic of Kazakhstan dated May 13, 2008 No. 456.

According to the obtained results, it can be seen that after water purification with the
“Shoptykol” adsorbent, the concentration of chlorides, potassium, sodium, COD decreased

Yeranoska anpobauun COPOEHTOB LISl gypct

L

Purification of tap water using PCM based on coal "Shoptykol" and "Shubarkol"
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Approbation of adsorbents for gas purification

In the laboratory of the Institute of Coal Chemistry and Technology, the resulting carbon nanoporous materials
were tested for purifying gases (composition: H2S, CO, CO2, CH4, N2, H2) from harmful substances H2S, CO2, N2
to obtain predominantly flammable components CO, CH4, H2. The results of the elemental analysis before and
after gas purification with determination of the degree of purification are presented in the table
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Test report on gas cleaning with the activated Shoptykol adsorbent (No. 1) and the activated
Shoptykol adsorbent hydroxy.: KOH (1: 1) (Kuzbass, Kemerovo)

KO/THUECTBEHHBIH AHATH3
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xpovaTorpadmm) mpa 30° C [ e ::-;;.-:Hilc m o “@axTiaeckmin axpec: 650002, r. Keweposo, Cocmossti Ovissap, 1. kopmyc 2 (Jlabopatopso-
xomc |KOH"(o6-| KOH" Sapics” NPOH3EOICTBEHHEIH Kopmye Ky30acckoro Texsomapka). odmc 230
KOH" | myaemmnaii) Bank: bama BIb (IIAO) B r. Mocksa, HHH/KITI 4205205648/420501001, OTPH 1104205014011,
1. [ Asor 47 28 54 121 2,27 o' OKTIO: 67691232, OKATO: 32401365000, OKOIId 12165, OKTMO 32701000001, OKOI'Y — 4210014,
3. | Kncnopox 5.0 340 5.2 214 347 arT OKB3]1 73.10, 24.66.4, 24.14.2, 24.11, 24.7, 74.20.14, 74.20.15
3, | Metan 13,7 114 26,10 3,01 7.54 CMiT CBHATENRCTEO 0 COCTORHNE H3MepeHiil B HCOMTATEIbHOI JabopaTopnm:
4. | Bozopox 0,50 0,51 0,46 042 0,73 cM'r Ne 976/16 eeigano $BY «Kemepopckuit LICM» r. Kemeposo
5. | Mosookcaz yraepoga CO 790 | 4.70 03 243 300 et
6. | Vruesmcmaii ras 1050 | 1599 | 2239 | 1142 | 1214 o'/t 1. The samples of carbon sorbents from hard coals submitted by the Institute of Coal
Amowcaz cept SO, memte | mmenon. | 5527 | mmenon | mmemom. | ofi Chemistry and Technology LLP for testing have developed porosity, with the presence of
MOTHOE Hisg HOE HOe . . . . . o
5 Toncis 33013 NO, rormo | morome [ meraome—| mormome| morome. ﬂ micropores in the range of 0.3-2 nm, which is confirmed by the results of analyzes using gas
WEHHE | HHE NOT- | HHEHOI- | HHE HOT- | HEEBO- | CMT adsorption chromatography (molecular probe method) using as adsorbates of nitrogen,
MOTHOE HeE HOE Hi2 HDE
9. | Nponas (C3HS) npr T=140°C 11,5 14 27,5 132 54 cx'T oxygen, carbon monoxide, carbon dioxide, methane, hydrogen, sulfur dioxide, nitrogen
10. | Byras (C4H10) opr T=140°C 26 46.5 139,2 74.1 1134 T 0T .
KoauumenT celekTHEHOCTH dioxide, propane, butane, as well as gas mixtures.
Tt ) 2. The tests carried out prove the higher efficiency of carbon sorbent sample No. 3 in
' T ¥ ., . . . . .
: Scs e - 4 comparison with others for carbon dioxide, carbon monoxide, methane, propane and
3 CO /H; 134 02 302 5,7 53 tan
) CO:/ CH; 7.7 14.0 8.6 37.9 15,5 butane.

3. High specific retention volumes of gases and their separation coefficients on sample No.
3, determined by gas chromatography, suggest the prospects of commercializing the
TCIITANRE UGS (EROCTS, Homnce, FBLO.): technology for the synthesis of carbon sorbents for their further use in air purification
iﬁﬁ;:f‘mm oo 9 /7 Cyisnesa TB. processes and flue gas capture, gas purification, ventilation, filters and sorption
installations, and also recommend voluntary certification of samples No. 3 and No. 5 in

accordance with GOST R for the possibility of further implementation in the territory of the
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Characterization of humic acid salts and their use as a “green solvent” for CO2 capture and
utilization
Authors: Tomasz Spietz, Maira Kazankapova, Szymon Dobras, Zhanar Kassenova, Bolat
Yermagambet, Andrey Y. Khalimon, Stawomir Stelmach

The EU aims to be climate neutral by 2050. To achieve such an ambitious goal, net greenhouse gas
emissions should be reduced by at least 55% by 2030. CCUS technologies play an important role in
the energy transition. Post-combustion CO2 capture methods are essential to reduce CO2 from the
chemical industry, power generation and cement plants. A well-known method of CO2 reduction is
chemical absorption using amine solutions. While very effective, amine solutions can undergo
degradation, are corrosive, and can be released into the atmosphere (along with the treated gas). A
more environmentally friendly alternative may be humic acid salts (HAS).

In this work, a process for the preparation of humic acid salts of potassium (HmK) and ammonium
(HmA) was described. Then, a detailed characterization of the obtained HAS was carried out
(elemental analysis, granulometric and thermogravimetric analysis, 1H-NMR and IR spectroscopy).
Finally, the obtained materials were evaluated for use as absorbents for CO2 capture and utilization.
Laboratory tests on the maximum absorption capacity and CO2 absorption rate of HAS were
conducted. It was shown that the absorption capacity was more than 10 times lower than that of a
benchmark solution of 30% MEA. However, the concentration of active groups (carboxyl and hydroxyl)
in the HAS solvent was much lower than in 30% MEA. The CO2 absorption rate of a 30% HmMA solution
was close to that of 30% MEA. Nevertheless, HAS solutions may provide an environmentally friendly
promising alternative to amine solutions.
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Model structure of humic acid according to Stevenson, R can be alkyl, aryl or aralkyl.



Table 1. Elemental analysis of obtained humic salts (HAS).
Technical specification,

olution o Content, % ihemlclal o/c | Hyc P:;:s, H;:'a
e - = - " . c 5 ormula

Potassiim 44.80 | 1164 | 4269 3431 [1.66 |0.80 P.43 [19.03 | CascHi1e00120NsS | 0.55 | 0.048 | 031 | 2465

humate, Hmk

Ammonium

56.46 | 31.76 | 14.90 [(3.21 [2.70 13.89 D48 12.70 | CaapHzaOmoMiwcS | 0.24 | 0.051 | 0.26 | 9.48

humate, HmA
W*; - total moisture, A® — ash content, V°— volatile matter
Table 2. Chemical composition of obtained HAS.

_ The content of elements, wt. %
Solution
C Na Al Mg < K Ti Fe g F Ca
Potassium
himmahe 35.05 0.44 857 0.25 1.12 21.05 - 1.47 | 0.14 | 0.84 - Table 4. pH of the HAS solutions.
Ammonium 56.09 0.19 2 84 0.30 7.25 0.65 | 0.36 | 0.74 . . 0.49 HmEK HmA
humate % wt. pH % wt. pH
Content of cations, mg/| Content of anions, mg/| 50 10.975 50 10.202
Na* MH,* K+ Mg Ca?+ Cl NO; 50,2 30 10.915 30 9.927
Potassium 442.2 34.7 14 658.9 128.4 762.3 137.3 77.6 550.9 10 10.757 10 9.722
humate 1 10.249 1 9.421
Ammaonium 375.1 7 144.7 1722.7 134.4 674.4 135.9 28.4 2279
humate 0.1 9.409 0.1 9.048

Table 3. Other parameters of prepared humic acid salts.

The content of Particle size,
HA, 5 functional
| dry TOC, Conductivity ~U/oce  Tunctional graups, Hm
Solution basls " pH mS/cm SeeT, mmaol/g
a m/g carboxyl Phenolic- 10 % 50 % 90 %
hydroxyl
Potassi
orassium 8148  2.82  12.33 20.44 0.55 0.241 0.5489 002 036 3.57
humate
Ammaonium
Humate 8070  17.36 10.94 12.18 3.96 0.304 0.126 069 721 296.00

TOC —total organic carbon




Laboratory stand for CO2 capture
The laboratory setup for studying CO2 absorption (Fig. 12) consisted primarily of a glass-jacketed absorption column. The double wall of the
absorber allowed its temperature to be controlled by a thermostat. To enhance the mass transfer process, the column was filled with glass
Rashig rings (6 mm in diameter). The column had a total height of 1.2 m and a diameter of approximately 30 mm. An additional Graham
condenser at the top of the column was provided to reduce evaporation of the solution. The scheme of the laboratory stand is shown in Fig.
13. It is worth noting that the main purpose of the installation is to conduct screening tests of absorbents and to estimate their practical
absorption capacity.

The gas preparation section includes a CO2 gas tank and an air compressor. Air and carbon dioxide were mixed in a gas mixer (bottle filled
with glass balls) and the correct ratio was provided by two mass flow controllers (Beta-ERG, Poland). The total inlet gas flow was visually
verified with a rotameter (Dwyer, Visi-Float, VFB series., 0.2-4 |/min, accuracy of 3% of the range). The accuracy of the equipment used is

given in Table 5.
The CO2 content in the inlet and outlet gas was measured with a portable gas analyzer GA-40 T-plus (Madur Electronics). The measuring
method was based on NDIR and the measuring range of CO2 was 0-100% vol.

MFC - mass flow controller Pl = pressure indicator T - temperature indicator

/I J
[ ' / 1 Air compressor
o . , : 1A [ | p—— MFC : LA
| | : . 13 i III — l'“‘*-u.r" _:__;? L .-E : ) IR
: / - AR o [ § — . < Bl "| Gas analyzer
. | . | iy i ot £ \ | S "_ : 1 Pl
1 L".L "‘ . R I\\Jr\\l\ E Linguid @
Gas mixer | & p---- Lavel Ul
MEC i Knochkout
& : impinger
g £
E
EI 1
=
Gas = Gas outlet
inlet
e —
Absorbtion collumn filled with rashich
CO5 gas tank rings

The scheme of laboratory stand for CO2 saturation of humic acid salts.




Results and Discussion

Absorption capacities
The tests were carried out by first increasing the salt concentration and then changing the temperature to obtain the best result. The results of the CO2 absorption tests are summarized in the
Monoethanolamine (MEA) 30% of aqueous solution and distilled water were tested for comparison and to check the equipment used.

Table 6. Absorption capacity of the humic acid salts solutions studied.
pH

Solution and mll |tn the Temperature, Absorbed CO: before/after |
concentration® '";ﬁlas " Bcoz/ke the CO, Carbon dioxide can react with the ammonium humate according to the following equations (3-5):

bsorpti
i 0" —Hm — CO0~ + 2NHy]| +CO, + H,0 - [OH — Hm — CO00~ + NH; |+ NH,HCO, (3)
aw 135 25 034 6.75/ 6.17 [OH — Hm — CO0~ + NH}] + €O, + H,0 - OH — Hm — COOH + NH,HCO, (4)
1% HmK 135 25 0.60 10.25/6.74 [0~ —Hm —CO0~ + 2NH}] + €O, + H,0 = OH — Hm — COOH + (NH,), CO4 (5)
10% HmK 136 25 1.22 10.76/6.83 NH,HCO; + NHf + OH™ = (NH,),C05 + H,0 (6)

30% HmEK 135 25 2.69 10.92/6.81
50% HmK 135 25 4.69 10.98/7.07
S50% HmEK 135 40 4.18 10.98/7.68

Potassium humate reacts in the following manner:

(0" —Hm —C00™ +2K*] +C0O, + H,0 = [OH — Hm — CO00™ + K*) + KHCO4 (7)
|OH —Hm - C00™ + K|+ C0, + H,0 - OH — Hm — COOH + KHC 04 (8)

50% HmK 13.5 60 3.76 10.98/8.38 [0” —Hm —C00~ +2K*| + COz + H:0 = OH — Hm — COOH + K> €04 (9)

1% HmMA 13.6 25 0.89 9.42/6.64 KHCO; +K* + OH™ = K,C0; + H,0 (10)

30% HmA 13.6 25 7.12 0.93/7.41

S0% HmA 136 25 20.90 10.20/7.43 Where [0~ — Hm — CO0~ + 2NH;] is HmA; [0 — Hm — CO0~ + 2K*] is HmK; OH — Hm — COOH

is humic acid;

100.82
30% MEA 13.4 25 (0.513 molcoz/molsea) 13.30/8.70

97.1
30% MEA 13.4 40 (0.493 molcoz/Molsea) 13.30/8.78

Hm# = ammonium humate, HmE = potassium humate, dw = distilled water, MEA = ethanolamine, * - The solution taken directly form the HAS
production is considered 100%. This is not the direct content of HAS.

The highest absorption capacity of 10.9 gCO2/kg was obtained for 50% HmA at 25°C. The highest absorption capacity for
50% HmMK at 25°C was 4.69 gCO2/kg. The highest absorption capacity of HmA is almost 2.5 times higher. As can be seen,
the absorption capacities of HAS were much lower than for benchmark 30% MEA. Even the best result (obtained for 50%
AH) had about 10 times less maximum absorption capacity than 30% MEA.




Results and Discussion

S0% HmA % 30%MEA S o 30% AH 50% AH * J0%MEA
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The results showed that the studied HAS solutions can absorb CO2 in the range of 0.6-10.90 g CO2/kg of the solvent. More concentrated
HAS solutions absorbed more CO2 and the best results were obtained for 50% HmA , which was 10.90 gCO2/kg. In contrast, 50%
potassium humate absorbed 4.69 gC0O2/kg and. From the point of view of further scaling up of the process, it should be mentioned that
there was intense foaming of the solution during the absorption.

Theoretical calculations of absorption capacities on the basis of conducted analyses (IC, number of functional groups) and their
comparison with experimental results showed that the CO2 absorption capacity of HAS cannot be precisely determined only on the basis
of reactions of carboxyl and phenolic groups to bicarbonate and carbonate. In particular, the greatest discrepancy of results in this regard
was obtained for HmK.

The solutions of humates (HmA and HmK) after CO2 absorption were analyzed by elemental analysis, IR and NMR spectroscopy. Whereas
elemental analysis showed an increase in carbon content and TOC, both NMR and IR spectra revealed the retention of the general HAS
structure with only minor changes in acetate, acetoacetonate, N-alkylamine/N-alkylamide and/or polysaccharide-like functionalities.
Although the CO2 absorption capacity of HAS is quite low, these solutions have a certain advantage. The solutions after CO2 absorption
can be widely used in agriculture as an organic fertilizers saturated with K2C0O3 or (NH4)2CO3. Chemically bound CO2 can be used by
plants. Thus, the presented method can be considered as a potent method for CO2 capture and utilization.

Overall, humic substances have unique physical and chemical properties that make them a promising candidates for the development of

environmentally friendly and effective methods for CO2 capture and utilization.
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_W_I_Awasorption of organochlorinated pesticides

Conrents lists available atr SclenceDirect

Results in Engineering Engi Organochlorine pesticides (OCPs) are highly toxic synthetic chemicals, most of which have been classified as
persistent organic pollutants (POPs) (Stockholm Convention, 2019).These pesticides have been used due to their
effectiveness against pests and insects on agricultural crops up to the 1970s (ATSDR, 2021, 2020, 2019, 2005) but
Adsorption of organochlorinated pesticides: Adsorption kinetic and have been withdrawal due to their toxic adverse effects on health such as cancer, but also different disorders of
adsorption isotherm study the reproductive, nervous and hormonal systems (Gomaa et al., 2008; X. Jin et al., 2014; X. T. Jin et al., 2014). In
Farida Amutova ", Stefan Jurjanz*, Nurlan Akhmetsadykov, Maira Kazankapova', addition, OCPs characterized by their high persistency in the environment, especially in soil, as this media is a

Angelina Razafitianamaharave ©, Aurélien Renard”’, Moldir Nurseitova®,

Gaukhar Konuspayeva %, Matthieu Delannoy® powerful reservoir of different contaminants. The OCP half-lives in soil varied from 60 days to 15 years (Jayaraj et
oot Aok sipbin b al., 2016). In this context, soil is a huge storage reservoir for many POPs, and at the same time it’s the key element

Al-Forobi Karakh Netional Undversity, Faculty of Geography and Emvirersmaental Soicnces, 050040, Almary, Konakioton
= Antigen LEP, Sciensific and Production Enterprise, (40905, Almaty Region, Kasakhstan . . . . .
b & Lo, AR LG, 5000 Ny P in many food chains as well as its play an important role for water management systems. Therefore, soil could be

e M M, Pty TN S s e Wi e the main vector for the transfer of POPs to agricultural animals through the oral soil ingestion(Collas et al., 2019;
Healy-, 1968; Jurjanz S. et al., 2012; Jurjanz, 2011), and, accordingly, to the food products they produce (meat, milk,
ot Adcptin of oxganochlocine pesticles (OCPY) o 4 contaded activatedcarbon (AC:) and biochas (BC:) and eggs) (Amutova et al., 2021; MacLachlan and Bhula, 2009; Maervoet et al., 2004; Weber et al., 2018).

Guganochlorine preticide: different basic substances of coil erganic matter (S0M) in agueous media was investizated using adsorption
;:;;.b:d carboa kinetic and isotherm ctudy. This study was performed with emphaziz on relationchip between adsorption ca-
Adsptica pabilities and physical.chemical properties of the OCP: and above-mentionesd sequestration materials (SMs) A
kanetic batch study revealsd that adzorption efficiency of the SMe-OCP: iz ime-and doce dependent. Adsorption
proces: between different OCP:s and SMs chowed diverse fitting to Freundlich izotherm model (2° ranked be.
tween 0,587 and 0.993). Interestingly, that Freundlich constants such az adsorption capacity and adsorption
intensity of all SMe revealed a very similar uptake behavior for dichlorodiphenyltrichloroethane (DDT) metab-
alitez (P < 0.0001). The principal component analvziz (PCA) demonsirated that adsorption of porous SMz was
driven by high casbon sontent and surface porosity, and adsosption of nen-persus SOM-type camples was 9

explained by richness of clemental composition and functional groups. In addition, DDT and metabolites, hex- e
achlorecyclohexane isomers (HCH:) and chlondecone (CLD) showed a different degree of affinity and adsorption ¢
to the SMs mdicating on an obvicus melecular cffect, which in case was explained by difference in molecular y
kA4

Results 1 Engan

journal homepagea: www.sciencedirect. comjournal/resu lts-in-engineering

weight, stereochemistry and hydrophobicity. Generally, results of this study revealed the lict of sdsorbents which
could be effectively applied in further investizations focused on cequestration of OCP: in environmental
matrices.

Materials and methods
Nine OCPs with different hydrophobic properties, a-HCH, B-HCH, y-
HCH, 6-HCH (log Kow 3.8-4.1) chlordecone (log Kow 4.5), 2,4-DDD, 4,4-
DDE, 4,4-DDD 4,4-DDT (6.5-6.9) were selected to investigate the
adsorption behavior of nine adsorbents (AC DARCO, AC Shubarkol, BC
oak tree, BC Japanese knotweed, peat, potassium humate, humic acid,
fulvic acid and black coal Shoptykol). Assessment of adsorption was
based on 2 batch studies:
1) Adsorption kinetic study, which allows one to determine the time
needed to reach equilibrium between OCPs and adsorbents.
2) Adsorption isotherm study, which allows determining OCPs adsorption
behavior for different SM at equilibrium in constant time and
temperature.

Therefore, the aim of the study was to investigate the adsorption
behavior and physical-chemical properties of several sequestration
materials (SMs) which could be a potential candidate to sequester
OCPs and being applied as sequestrants in remediation of
contaminated soil or water in perspective. The current study
explored adsorption of OCPs with different hydrophobic nature, on
4 contrasted porous adsorbents (ACs and BCs) and 5 different basic
substances of soil organic matter (SOM) in agueous media using
kinetics and isotherm batch studies with emphasis on relationship
between adsorption capabilities and physico-chemical properties.




Characterization of SMs

The adsorption capacity Er (U= (Pz/L)""") of studied couples of OCPs-SMs determuned by the Freundhceh equation.

Shlz a-HCH p-HCH y-HCH &-HCH 24-0DD 44DDD 4.4-DDE CLD
AC] Q_00002XE 000001 5. 80E-13 7. MOE-06 2 10E-OF 2 30E-15 1.30E-19 235
AC2 1. 20E-DG Q.12 0.52 3.33 128 13.42 62.24 0.02
BC1 1.10E-25 1.50E-06 4 S0E-08 0.02 Q.07 Q.09 0.02 0.0002
BCZ 4 40E-13 0.21 1.24 063 1.18 128 1.2 1.16
S0M1 2.70E-13 4.70E-06 1.49 0.00023 229 19.8 154.3 0.33
SONM2 3. 20E-15 1.50E-08 7.00E-15 1.40E-04 2.70E-O% 4 00E-12 2.60E-12 0.002
S0OM3 6_30E-10 1. 10E-07 i0.39 4. 70E-19 023 159 3.99 0.002
S0M4 4 TOED9 6.90E-33 2 40E02 2 50E-67 0.0003 00007 0.0003 1.90E-36
S0MS 073 5.80E-11 2.00E-11 4 40E-06 1.50E-03 3.10E-11 3.50E-17 2.70E-14
AC]- DARCO, AC2-Shubarkol, BC]-Oak tree, BC2-Japanese knotweed, SOM] -Peat, SO0M2- Humuc acid, SOM3- Fulvic acid, SOM4- Potassium humate, SOMS-
Shoptyvkol.
The absocrption intensity N (dimensionless) of studied couples OCPz-SMz determined by the Freundhich equation.
SMz a-HCH p-HCH y-HCH &-HCH 2 4DDD 4.4-DDD 4,4-DDE cLD
ACL i0.24 022 .11 02 i0.15 0Ll 0.06 0438
AC2 018 0.46 0.7 0.92 0.97 0.92 0.35 0.4
BC1 i0.06 0.2 Q1S i 3= i0.39 037 0.24 Q.23
BC2 0.1 0.43 0.78 1.22 219 233 3.37 0.66
S0 i0.09 021 090 027 i0.95 1 0.9 0.5
SOM2Z i0.1 0.15 .1 026 i0.11 0Ll 0.07 Q.23
SOM3 i0.14 Q.17 0.5 0.8 i0.46 0.e6 0.43 032
b iy 0.16 0105 0.07 002 0.2 0232 0.14 0104
S0OME 0.93 012 Q.13 o2 i0.11 L 0.05 0.1
AC]- DARCO, AC2-Shubarkol, BC]-Oak tree, BC2-Japanezse knotweed, SOM] -Peat, SO0M2- Humec acid, SOM3- Fulvie acud, SOM4- Potazsium humate, SOMS-
Shoptyvkol.
Hicrarchical clastering of SM by its mineral elements Hierarchical clastering of SM by its functional groups
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BET method t-plot method i

i Surface area | Lotal surface | Microporous surface | Non- microporous | Mesoporous
Sequestration Type | Origin Production {m¥g) (m¥g) (m¥g) surface volume
Materials ' (m*/g) (cm®/g)
DARCO AC1 | Lignite* infs 17038+ 1455 8200 . 486.8°  382.1° - o
Shubarkal AC2 | Liznite® o i%p0eCct 1 T228=34 7440 . 3141 . 450 0.30 o
Oak tree BC1 | Quercus ilex”® F00°C= 144478 - T6.6% T9.0F -
__:l_apanese knotweed | BC2 | Reynowria jgponica® | 700°C4 190072 1985 ‘ees  1036 0.08 o
 Peat i SOM1 | Sphagnaceas” n's B B2 B2
Humic acid | SOM2: Humig acid? Soil gxfractl | ma Lna
Fulvic acid SOMS : Fulyicacad: - Humate extract’ ' na | na
Pc-tassium humate | SOM4 | Potassiuom hpmate® Lignite® | na _ina _
SOM3 | Lignite® n's P 435 = 08 P -

Abbreviations: AC-activated carbon, BC- biochar, SOM- so1l organic matter.

Concentration of chemical elements (%) presented for studied sequestration matrices.

Sequestration | O C OC K Ca 'Cl ‘Na Fe ! Cr N Al &5
materials (Is) :(1s) ((1s) : (2p) 1 (2p)  (Pp) : (1s)  Cp): (2p)  (As) | (2s) | (2p)
AC1 42 958 004 - - - - - - - - -
AC2 2250722 0031 - - 04 |- - - - 1.2 115
BCl1 98 1902 011! - - - - - - - - -
BC2 128 : 848 1 015: 09 1.1 03 | - - - - - -
S0OMI1 193 789 024 - - - - - - 18 | - -
SON2 183 771 1 023 - 03 18 125 |- - - - -
SOM3 203 810 03328 (07 197 - 1.7 ‘08 16 (14 |-
SON4 238 1660 036 89 | - 06 |- - - - - 0.6
SOMS 324 514 065136 - 26 |-

ACI1- DARCO, AC2-Shubarkol, BC1-Oak tree, BC2-Japanese lmntm-eﬂd SOM1- Peat, SOM2-
Humug acid, SOM3- Fulvic acid, SOM4- Potassium humate, SOMS5-Shoptvkol.

Surface functional groups (peak area, %) of studied SMs

SMs | Cepp ! C-C/CH  C=C: C-0 | C=0. -0-C=0
AC1 740 205 - 34 - -

ACZ - 25.1 641 76 - 3.2
BCl1 - 15.7 723 184 - 3.6
BC2 698! 161 - 913 ! - 45
SOML © - 21.1 46.0 1 21.0%:1 67 51
SOM2 | - 284 516 0122 | - 7.8
SONMS | - 24.9 - 8.1 376 154
SOM4 | - 72.3 - 151 ¢ - 5.3
SOMS | 63.9 1 15.1 - 5.5 5.7 157

— fimctional groups mcluding C-0, C-N
AC1- DARCO, AC2-Shubarkol, BC1-Oak tree, BC2-Japanese Imotweed, SOMI1-Peat, SOM2- Humic acid, SOM3-
Fulyig acid, SOM4- Potassium humate, SOMS5-Shoptykol.

Flgure 51- Scanmng electron microscopy (SEM} images of surface of studied SMS with magnification 1{} 5,1 and 0.5 pm (from left to right) [
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Adsorption kinetic and adsorption isotherm studies have
been shown to be an efficient tool to investigate adsorption
behavior of OCPs to different contrasted SMs. The
classification of SMs in ACs, BCs and SOMs allows a better
understanding of adsorption mechanisms. Indeed, a very high

o | | A~ - proportion of carbon in ACs and BCs allowed them a high
P e wewn adsorption degree, especially on hydrophobic OCPs even if
B DiRCO M Stswict A Osivs W Bpsnes morvess W 0aRco W Shubarkol A Oekiee W Japanese knotwesd other physico-chemical characteristics as the presence of
functional groups make vary the degree of adsorption. The
most effective SM which could effectively adsorb all studied
compounds were mainly AC1, AC2, BC1, BC2, SOM1 and
SOM2. This study demonstrated that SMs parameters, which
favorably affected on adsorption of OCPs were porosity, i.e
SSA and mesoporosity (porous SMs), mineral elements
. | | (especially carbon) and functional groups (SOM type
e = ime, min samples). Other factors as competition between different
B Pt A Homicacd ' Fobicxid @ PoasiomHumats @ Rav lipnis W ret A tmcast ¥ Riicsd @ ot § Rvieve - QCPs present in soil or between OCPs and soil compounds
Figure 1~ Effect of contact fime on 4 4-DDT adsorption on activated carbons and bochars (g 1A) i - Effect of contact ime on a-HCH adsorption on activated carbons and - ShOUL be included to improve the prediction of adsorption.

biochars (Fiz. 2A) and on zol crgamic matter (Fiz. 2B). Pesticide and seques-
and on soil organic matter (Fig_1B). Pesticide and sequestrant concentrations were 50 ug/L and 0.13 trant concentrations were 50 Jg/L and 0.13 g/L, respectively. Results based on

e oneer Finally, the proportion of amended SM on soil and by
44.DDE consequence the amount of available adsorption surface
should be pathways to reduce the OCP availability in
contaminated soils.
The data presented allow to conclude that above mentioned
SMs could be effectively used in sequestration strategy
studies as amendment which could immobilize OCPs in
S R ~a—- R contaminated soil and water.
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Ne. AR19577512 "DEVELOPMENT OF SCIENTIFIC AND TECHNICAL BASES FOR OBTAINING MICROPOROUS CARBON NANOMATERIALS FOR

HYDROGEN SEPARATION AND STORAGE"
Project Manager: PhD in Philosophy, assoc. professor, member correspondent of the KazNANS, Leading Researcher - Kazankapova M.K.

Objective of the project. ,
: : : : : : Table 1. Comparison of hydrogen and other energy resources
The main goal of this project is to create, and develop carbon materials with a . ) i
for electricity generation and their transport costs

microporous structure and a high specific surface area for hydrogen separation and
storage, characterized by greater capacity, low weight and high stability.

@ Project tasks. Coal 0.626 20 31.9 40% 0.8
1. Development of optimal methods for obtaining microporous carbon nanomaterials Natural gas 1,4 80 58,1 45% 15.9
for hydrogen separation and storage. LPG 1,6 20,0 27,3 2% 1,1
. . _ . Fuel oil 1.4 338 245.,0 40% 75,3
2. Conducting experiments on the separation and storage of hydrogen with Gasoline 15 438.9 294.6 10% 90.6
nanomaterials. Diesel fuel 1.5 457.0 315.2 40% 96.9
.. . . Hydrogen "gray" 4.1 1500 366.1 60% 75.0

3. Optimization of the process of hydrogen separation and storage by carbon- YOS B

Table 2. Experimentally measured hydrogen capacity of

activated carbon
At room temperature, the mass

graphite nanofibers ranges from 0.5- AC 0.67 303K.10MPa
4.5 wt.% at 3-11 MPa, with 4.5 wt.% AC 14 J7K.0.1MPa
at ~11 MPa. Effective hydrogen AC = 208 1A Pa
, AC 45 77 4K

storage requires further study of AC 55 77K.3MPa
hydrogen's interaction with carbon AC(KOH) 6.6 77K 4 MPa
nanostructures, including spillover AC(NY 18 77K.0.1MPa
: L AC(PY) 23 298K.,10MPa

and intercalation in graphene and ACEd) =< 793K §NPa

graphite nanofibers.

Fig. 1 Hydrogen production roules, including renewables, fossil fuels and nuclear, with hydrogen being produced in power plants, pharmaceuti-
cal applications., synthetic fuels or their upgrades in transportation, ammonia synthesis, metal production or chemical industry applications



Adsorbents based on Kazakhstan coal for hydrogen storage

The figure shows the nitrogen adsorption-desorption isotherms of the samples. These isotherms characterize the porous structure of the material and help determine its properties.
The isotherms belong to type I, indicating a microporous material, and exhibit a type IV hysteresis loop, typical of a microporous material with slot-like pores, characteristic of the
layered structure of coals.

i i ——— Spim. forpore|  Awverage
Total pore | Microsp | Mesopo | Macropo | widths from | adsorption
Name SE§T= volume, ores, res, res, 17.000 A to pore width
m?/g (4V/A), A
;— . Activated
- carbon- -
) ! N ! A4 DL /
; hasad 1145076 0.624 0390 | 0.187 0.047 224 234 40.833
adsorbent
.......................... Shoptvkol
Dubinin-Eadushkeavich Dubinin-Astakhov
Limiting Limiting | Equivalsn | Maximum | Limiting | Equivals | Awveras
'y micropors | micropor | tsurface micropore | micropor | ntsurface | e
i Mame : o : 2 .
E capacity, 2 arza, m°g | capacity, 2 arza. m°'g | sguival
E ' mmol's volume, mmol'g voluma, antpore
< cm’'E cem’'E width,
I Activatad 6.499 0,309 663,376 13,676 0,652 1822 318 | 14310
1 ol carbon-
T 0 o Pt Prusscrs it basad
Adsorption curves of activated adsorbent (according to Dubinin-Astakhov, CO:) adsorbant
shoptvkol

Analyzer 3Flex,
Micromeritics

Electron microscopic
images of activated
adsorbent




ADSORBENTS BASED ON KAZAKHSTAN COAL FOR HYDROGEN STORAGE

lsotharm Linear Absolute Plot

, . , , o 000153 s Uk 41 I U 4 11 Dt Nams Activated .
Hydrogen can be stored in solid form through physical adsorption IR I T I R R i carbon-based .
in carbon materials, which have high storage capacity due to their R B N e ;i”ﬂjiﬂ’i ®
. . . 'Y IS SN S S " o S S— optvko E =0
porous microstructure, high specific surface area, and low bulk ' e | - ; | | :
. ) ) ) ol E ' 5 spacific. - = 200
density. Carbon sorbents are widely used in chemical, food, 1 I RS 11essT 2 y=00087e 00841 T TS0 (AT
metallurgical, oil and gas processing, medicine, agriculture, water ¢ ——1 B E— z T=173K | S:=4000x0T | A=2.86°
o[ . . . . . . . 3 : | : : : H'-. :."" 100 7 — L _"-.' 2
purification, and environmental protection industries. Their unique e T 1.49 | T=2T3K | 5:=3000ar, | A=2,58°
properties include high capacity, stable sorptive capability, minimal ~ § SN NN N N N .
! ! ! ! | T _
catalytic impact, sufficient strength, and hydrophobicity. various |/ | | | T R e mf;‘flﬁ " 0.017 - - - . ob e
carbon-containing materials can be used to produce these | | | Tompemnes 1€
T [ 1 , B - Change in specific surface arsa using the (BET) method for hydroga
Sorbents | i i i | | mE;EI_IIE: - 0.0076 iwmd?ng on temperaturs, m*.-':;: ofﬁ :“_'}ﬁ‘rated adsorbent :
oy , : R = : : 3|!.‘u:| 4r!x| 5:10 B-:Im '.H!!u -
.r\\/- f‘: ,\\j » ‘/ . ‘ __.' . . Absolute Pressure {(mmHg)
Pl : [ =20 0" | )~ ) L Sections of the curves belong to type 1 isotherm, characteristic of the Langmuir isotherm. The table shows the sample has good
S / \ / , \ AL U hydrogen sorption capacity. As expected, increasing temperature significantly reduces hydrogen sorption. The capacitance
vom;‘i;;gi;;;; y S N values at three different temperatures can be used to determine the heat of adsorption of hydrogen molecules.
condensation Assembly of volatile Growth of CNTs Y —
— | We can obtain data for hydrogen adsorption at different oonng. ¥ Ve g
| o\ v ' d". temperatures (77 K, 173 K, 273 K) and specific surface areas (S) = : e B . . e Y
Y ~ PR '5} - up to 3000 - 5000 m2/q. Let's calculate the percentage of FAESE S S * e eyt
7 . T N ) . . B e g S e e e 3 2 s ..
“P<& (;‘Z{; S kﬁ‘-‘-;;( ¢ \ adsorption (A) and plot the dependence of In(A) on the reciprocal g L R— R T T S
S ALa i AT N g U « RIR ¢ E13 [ e S e, . hi S :
N\ _33? $2. \"a\g"’ g “‘\t\ L temperature (1/T). 5" Ce e, ., S e ea
N 7 3 g X i { fise . . . . ] il * e . T
L1 1N | N The activation energy (Ea) value of 145.4 J/mol indicates that = 0s T Y
L < (Ji’ L
o g & the hydrogen adsorption process on the material has a moderate I D s S G
12 energy barrier. A lower Ea value signifies more favorable "o © T =0 30
= conditions for adsorption in the system. 1 ° 3 * 3
- ° 99 ® 143 s 197
e v=17489x+0,9127 . . _..-"'f“"i Effectof temperaite, (TK) and specific surface area (3, m2/g)
1.1 R*={.8726 ]
Z . s
1,05 * > WName Amount of adsorbed
= 1 i P H2 gas
i P %
0.95 . g /. Activated carbon 1,62
09 ; ,{/ Taldykol/KOI, 1/0,5
'EI:EIEI."‘.-. 0,004 0,006 0,008 0,01 0,012 0,014 "
1T
]ﬂtﬁ:]=f|: ].JT:] oo 02 04 08 08 10 12 14 18

Weight " H2



ADSORBENTS BASED ON KAZAKHSTAN COAL FOR HYDROGEN STORAGE

Table 3. Genel"al Charactel‘istics Of Coal from the ShoptkaIV DePOSit Table 4. Results of Hydrogen Adsorption
P o | | | s, | |

Moisture 12,02 % Output % vol. dm’ of H:), dm’*

Ash Content, Ad 10.4 % 10 7.84 3.16 0.001 0.008 0.01 0302

Volatile Matter Yield 40,8 % 20 3.96 1,04 0,001 0,014 0,02 0,553

Phosphorus Content 0037 % 30 34 1.6 0,001 0,022 0,04 0,880

Total Nitrogen Content, Ndaf 095 % 40 3,14 1.86 0.001 0.031 0.05 1.215

Total Sulfur Content, Sdt 050 % 50 331 1,69 0,001 0,039 0,07 1,541

Total Carbon Content on Dry Basis, Cdaf 74,86 % 60 3.24 1,76 0.001 0,052 0,09 21,038

Total Hydrogen Content on Dry Basis, Hdaf 335 70 1.44 3,36 0,002 0.063 0.11 2467

Oxvgen Content, Odaf 18,34 % 80 3,96 1,04 0,001 0,069 0,12 3,706 | |

Heat of Combustion on As-Feceived Basiz, kealkg 5570 S0 3,32 1.48 0.001 0.078 0.14 3.111

True Density, g/cns 137 100 217 383 0,001 0,087 0,15 3405 P = = p & ) 5 . N
110 4,69 0,31 0,000 0,093 0,16 3,664 & N @‘"k & & o 2 ‘¢:~.\“ &
120 2,56 2,34 0,001 0,102 0,18 4,023 o & Q&é‘ R v o <&F Ny <
130 3,63 1,37 0,001 0,103 0,18 4,063 .
130 5,92 0,92 0,000 0,102 0,18 4,020
150 152 0,48 0,000 0.105 0.19 31,139 . . .
160 323 0,77 0,000 0,107 0,19 3213 Figure 6. Low-carbon hydrogen production potential by
170 3 ) 0,000 0.107 0,19 4,151 .
— 553 g 5050 5105 T i3 2040: volume (thousand tonnes of hydrogen per year)
190 5,20 0,29 0,000 0,104 0,18 4,088
200 527 027 0.000 0.102 0.18 1,000
210 5.55 0,55 0,000 0.09% 0.17 3.874
220 5,84 0,84 0.000 0,095 0,17 3,722
230 5,73 0,73 0,000 0.095 0.17 3,722

A % :
Figure 1. Electron microscopic images of samples: initial (a) and

0 activated (b): The study investigated hydrogen adsorption dynamics on ,

: porous carbon at 296 K. The amount of adsorbed hydrogen
5015 . g over time was measured to assess the process's speed and
S o1 £ 3 efficiency. Initially, the adsorption rate increased, peaking at A & . & o
g 005 ézg I around 70 minutes, then gradually decreased, stabilizing at a AR SV . SR &f‘“b &

§ b2 higher level, suggesting surface saturation and fewer
0 o 50 100 150 200 50 = '13 ] | | | available active sites. Figure 7. Low-carbon hydrogen production potential till
. min 0 100 200 300 2040: a financial analysis
t. min

Figure 2. Hydrogen adsorption curves over time

0.25
=0.15 A=0_0000xt+0.0095 @

pr r’=09643

é 01 > N

= 0.05 -

_;T:L' 0 & ==

=4 0 50 100 150 200 250 30( Hydrogen injection Storage Peecasti

Time, (min) Figure 5. Laboratory device for

Figure 4. Adsorption-desorption
hydrogen storage

Figure 3. Hydrogen Adsorption vs. Time during hydrogen gas storage



WE BELIEVE THAT IF WE JOIN FORCES WITH COAL MINING COMPANIES, AND

@ WITH THE SUPPORT OF GOVERNMENT AGENCIES, WE INVEST IN
DEVELOPMENTS IN A PILOT-INDUSTRIAL MODE, WE WILL NOT BE FAR FROM
CREATING THE SAME BATTERIES FROM COAL, THE SAME SENSORS FROM
GRAPHENE, OR THE SAME NANOMATERIALS FROM COAL.

THANK YOU FOR YOU
ATTENTION

coaltech@bk.ru

8 maira_-1986@mail.ru

@ +7 705 840 6779

0 Astana, Akzhol 47




