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This presentation wil l  be devoted
to materials for the production of
carbon sorbents and nanomaterials
based on Kazakhstani coals and
their scope of application.
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In the laboratories of our Institute, the
physico-chemical composit ions of coals
from the Shubarkol,  Ekibastuz,
Karaganda, Maikuben, Oy-Karagai,
Kushmuryn, Korzhunkul basins and other
open pits were studied
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Coal from Kazakhstan is
unique in its chemical

composit ion. 

on the basis of which the applicabil i ty of these coals
to a specif ic technology was determined and various

products were obtained in a bench installat ion,
including carbon sorbents, nanomaterials such as

nanofibers, nanotubes, graphene-l ike materials,
nanocomposite materials,  etc.



 SOCIAL AND ECONOMIC EFFECT



PRICE OVERVIEW
Kazakhstan imports the most expensive activated

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

the main importer, activated carbon is imported at an

average cost of $1,103 per 1 ton of products.

In the medium term, the Kazakh activated carbon
market will grow by at least 10-12% per year,

primarily due to stricter environmental standards. In
2021, the market volume reached 10.7 thousand
tons. In addition to the high demand for activated

carbon for Kazakhstan as a whole, experts note the
fact that the demand for high-quality activated

carbon is growing.
The high quality of the activated adsorbent depends

primarily on the raw materials used, as well as the
technologies for its production. In Kazakhstan,
against the background of significant import

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 nanomaterials



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.

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 PCM. 



Activated carbon (activated carbon, "carbolene") is a porous substance that

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.

Activated carbon

 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 

FILTERS FOR WATER PURIFICATION:

FILTERS FOR GAS CLEANING:

Scope of application: metallurgical enterprises, medicine, food industry, oil and
gas complex, energy enterprises, as carriers of catalysts, electrode materials
for the manufacture of supercapacitors and lithium-ion batteries, purification,

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



Pilot semi-industrial installations for obtaining PCM



 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-
Karagai", "Zhalyn" and others.



Hardware design of a production facility for obtaining activated adsorbents



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

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



Physicochemical characteristics of carbon
nanosorbents from coals of the Shoptykol
deposit

Electronic microscopic images of the initial (a) and activated
adsorbent (b) based on coal from the Shoptykol deposit

(Maikuben basin)

It can be seen in the adsorbent figures that finely
dispersed carbon nanoparticles with a diameter of 40 to
100 nm were formed on the sample surface, this may be
due to the fact that, as a result of carbonization, the
forming reactive radicals interact with each other to form
new substances. 
The most likely reason for the appearance of
nanoparticles on the surface layer is synthesis from the
gas phase. The nucleation and growth of ordered carbon
during carbonization of coal can occur through the self-
organization of carbon nanoparticles without the
participation of the mesophase.
In some places, a lamellar-stepped cleavage surface is
observed



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. 

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

Electron microscopic images of the activated adsorbent "Shoptykol"
(oxidized): KOH 1:1 (a) and "Shoptykol" (oxidized): KOH 1:0.5 (b)



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.



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

Radiation treatment of samples at 100 kGy

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);



 - 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

examination of the samples with a description.
         - the processing of samples from the values of the

absorbed dose equal to 200 kGy to the values of the absorbed
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)

 - After the samples set the absorbed dose value equal to 400
kGy, the temperature of the samples was changed (the

temperature of the samples was 90 ° C) and the samples were
examined with a description



Physicochemical characteristics of initial and irradiated carbon materials



Physicochemical characteristics of initial and irradiated carbon materials



Electron microscopic images of the activated
adsorbent "Shoptykol: KOH" 50% (1:0.5) 
a − before irradiation; b − after irradiation

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

in the composition of the product,
which can act as a catalyst; this can

also be associated with the formation
of very high temperatures and

pressures inside certain areas of the
PCM, which leads to the formation of

new carbon formations.

Analyzer 3Flex, Micromeritics

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
the material. 

Results of the study of PUM sorption (by CO2)

Activated adsorbent “Shoptykol: KOH” (1:0.5) Activated adsorbent “Shoptykol: KOH” (1:0.5)
irradiated



PСMs were tested for gas purification at Sorbents of Kuzbass
LLC (Kemerovo, Russia). According to the specific retained
volume of gases and the selectivity coefficient of gas
separation, PСMs showed the best performance in purifying
carbon dioxide, sulfur dioxide, nitrogen dioxide, propane,
methane, which allows them to be used for purifying flue
gases. PUM “Shoptykol impregnated with KOH” (irradiated) in
comparison with the untreated initial sample showed the
highest retention volume for carbon dioxide (159.9 cm3/g),
propane (14 cm3/g) and butane (46.5 cm3/g) .
Thus, a carbon nanocomposite can be obtained using a one-
stage technology as a result of the simultaneous formation
of carbon nanoparticles and the carbon matrix connecting
them with the formation of a nanocomposite of the carbon-
carbon system in the same reactor by impergation with alkali,
heating at high temperature (800-900 C) and by electronic
irradiation.



Alyngan adsorbentterdin morphologyson taldau kezind adsorbentterdin betinin
bigshekterin olshemderi “Shoptykol-K2CO3” 1:1 900°C carbonizationlangan
adsorbenttin 183.3 nm-den 215.7 nm-ge deyingi aralykta nanotikshe anktaldy.

During the analysis of the morphology of the obtained adsorbents, it was found that the
particle sizes of the surface of the adsorbents "Shoptycol-NaOH" 1:1 900°С activated
adsorbent was represented by a heterogeneous structure from 564.1 nm to 1.55 μm.

During the analysis of the morphology of the obtained adsorbents, it is observed that the
particle sizes of the surface of the adsorbent "Shoptykol KOH" 1:1 activated at 900°C range

from 63.4 nm to 76.9 μm, and nanomaterials similar to carbon nanotubes were formed.

Various schemes for the production of carbon materials are known, including
the preparation and modification of the original coal, carbonization and
subsequent activation with a gas or a chemical reagent. One of the promising
methods for producing porous carbon materials from carbon raw materials is
the use of alkaline activators in heat treatment processes. Upon contact with
alkali, the lattice of brown coal begins to rearrange itself already at room
temperature, and when heated, alkali promotes the development of specific
surface area, an increase in the total pore volume and the volume of micropores.
Synthesis of carbon nanosorbents from the Shoptykol and Sarykol coal deposits
(Maikuben basin), impregnated with potassium hydroxide. To obtain a
nanosorbent, a sample of crushed (6.88-401 μm) oxidized brown coal (Wrt -
6.36%, Ar - 47.73%, Vd - 32.83%) was impregnated for 24 hours with a 50%
alkali solution (KOH) at a certain temperature, the coal/alkali ratio is 1:0.5 and
1:1. Next, the mixture was dried and placed in a rotary tube kiln to carry out the
carbonization process by heating to 800°C at a rate of 10°C/min and maintaining
at 800°C for 60 minutes. Next, the samples were removed and placed in a dry
atmosphere for cooling. The cooled adsorbent is washed from residual alkali and
dried at a temperature of 105°C to constant weight.



Method for producing coal-based adsorbents
Explication of the equipment of the technological scheme

for the production of adsorbents

Pyrolysis furnace The material balance of carbonation and activation of Shoptykol coal.



After payment of corporate income tax (CIT), the Project's net profit for 10 years will be
within the range of USD 70,764.0 thousand, and EBITDA - USD 88,974.0 thousand, which
indicates the high efficiency of the Project.
These calculations indicate that the invested funds in the purchase of fixed assets in the
form of equipment will pay off in 10 years in 153 times (88 974: 580.8 = 153), that is, the
investment costs will pay off in the very first months of the Shop operation.
Detailed calculations are given in Appendix 11 "Forecast Report on Income and Expenses"
in the financial and economic model (FEM) of the project.
For an investment project, not only the indicators of the project's profitability are
important, but also the return on investment costs.
Therefore, calculations of "Cash flow" (cash flow) for the Project were carried out, on the
basis of which such important indicators of the investment project as NPV and IRR were
determined for 10 years.
The forecast cash flow report indicates that, starting from the first year of the Shop's
operation, there are no cash gaps, all cash flows starting from the first year are positive.
The net present value of income (NPV) of the Workshop at a discount rate of 9.5% (The
refinancing rate of the National Bank of the Republic of Kazakhstan as of 09.06.2020) will
amount to USD 52,055.0 thousand and an internal rate of return (IRR) - 1,282.2% , which
indicates the high efficiency and financial stability of the Project.

Calculations of determining the net profit for the Project (thousand USD)

Plan of production of finished products and annual incomeCapital investments for property, plant and equipment under the Project (thousand USD)



PRODUCTION OF ACTIVATED ADSORBENT BASED ON SEMICOKE FROM THE COAL SHUBARKOL DEPOSIT FOR GAS PURIFICATION

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.

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.

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

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

Figure 1 – Pilot pilot rotary drum furnace for carbonization and activation for the
production of adsorbents

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

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

Table 4 - Elemental composition of the samples



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

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

Figure 1 - Electron microscopic images of the original semi-coke breeze

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

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.

Figure 3 – Activated coke
 breeze, crushed



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.

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,
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.
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.
The research outcomes include enhanced energy efficiency, increased specific surface area, solid
product yield, strength, porosity, and adsorption activity, with reduced volatility due to steam
thermal activation.



Hardware design of a production facility for obtaining activated adsorbents based on coke breeze



Preparation of graphene-like materials based on Kazakhstan coals

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-1),
optical transmittance (~97.7%).

The graphene market size is valued at US$0.79
billion in 2024 and is expected to reach US$4.84

billion by 2029, growing at a CAGR of 43.64%
during the forecast period (2024-2029).

Graphene has high mechanical
strength. It is the most durable

material known to mankind. It can
withstand enormous loads without

collapsing. It is capable of
transferring heat efficiently, making

it potentially useful in a variety of
thermal conduction applications.

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

electronics and energy to medicine
and materials science.



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
study of the dependence of electrical
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.

Arc discharge is the electrical
breakdown of a gas to generate

plasma. This technique of
generating arc using electric

current was first used by Iijima 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.

 Schematic of an arc discharge setup.

Nanomaterials obtained by
the method of electric arc
discharge on the reactor

walls from Shubarkol
activated carbon have

graphene-like qualities. The
degree of graphitization is

80.7%, I(D)/I(G)=0.1,
I(G)/I(2D)=2, 9

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%, I(D)/I(G)=0.3
I(G)/I(2D)=2.8

Nanomaterials
synthesized by the method

of electric arc discharge
on the reactor wall from

activated carbon
"Bogatyr" The degree of

graphitization is 65%.
I(D)/I(G)=0.1,I(G)/I(2D)=5.7

Production of high-quality graphene by electric discharge method

Based on “Shubarkol” coal Based on “Shubarkol” coal Based on “Bogatyr” coal

Based on “Shoptikol” coal



Activated carbon "Taldykol" after electric arc discharge
100A (reactor wall)

Activated carbon "Taldykol" after electric arc discharge
200A (lower part of the reactor wall)

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

Activated carbon "Taldykol" after electric 
arc discharge 200A (electrode surface)

Graphite-like structure. Gf =
31.6%. ID/IG ratio 1.1; IG/I2D

ratio is 9.2. Low-layer
graphene (2-6 layers). The
defect peak indicates the

small lateral dimensions of
graphene. Gf = 83.1%. ID/IG
ratio 0.1; The IG/I2D ratio is

2.7.

Structure of defective silicon
carbide combined with

graphitic and amorphous
regions. Gf =68.5% .ID/IG=0.2;

IG/I2D=4.2.

Silicon carbide and graphene
(1-3 layers) Gf =73.0%

ID/IG=0.2;   IG/I2D=0.6 High-
quality low-layer graphene

 (5-10 layers). Gf =89.5%.
ID/IG=0.04; IG/I2D=2.5.

Silicon carbide and
graphene (1-3 layers) Gf

=73.0% .ID/IG=0.2;   
IG/I2D=0.6 High-quality

low-layer graphene (5-10
layers). Gf =89.5%.

ID/IG=0.04; IG/I2D=2.5.



SYNTHESIS OF CARBON NANONFIBERS FROM  CARBON-CONTAINING
MATERIALS

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

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

U.S. dollars in 2023.

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



Simple electrospinning setupCarbon nanofibers based on polyvinyl alcohol and humic acid
obtained by electrospinning before and after carbonation

Carbon nanofibers based on PAN and humic acid obtained by
electrospinning before and after carbonation

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

Electrospinning Technique

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

micrometers

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

Degree of graphitization 26.8%

Electron microscopic images of nanofibers  
with a diameter of 148.6 nm to 1.36 μm are
clearly visible. The elemental composition

of the composite is: C -98.48%, O - 0.77%, Si -
0.11%, Fe - 0.64%.

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 of
23.97%, with I (D) / I (G) ratio of 0.7 and I (G) / I
(D) ratio of 1.4.

The reaction between humic acid and PAN
is presented below



CNF coal tar+polymethyl methacrylate on
fixed substrate

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 a row.
CNF from Coal tar + polymethyl methacrylate

after exposure of the solution for 24 hours.

The figure clearly shows CNF particles with a diameter of
480.6 nm to 2.57 µm. 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.

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 coal tar pitch+polymethyl methacrylate

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

CNF coal tar+polymethyl methacrylate on cone
backing



 PRODUCING NANOMATERIALS BY CVD METHOD

Process

Graphene: Single layer of
carbon atoms arranged in a
hexagonal lattice.
Graphene Oxide (GO):
Graphene with oxygen-
containing groups.
Reduced Graphene Oxide
(rGO): Graphene oxide that
has been chemically
reduced to remove oxygen
groups, improving
conductivity.

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.

1. High Quality and
Parameter Control

2. Scalability
3. Diverse Applications

4. Technological
Innovations

5. Economic Efficiency

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.



THE PROCESS OF THE METHOD 

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

structure, in some cases in a molten state. 
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Choosing a catalyst METHOD PROCESS IN 3 STEPS
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.

1

2

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

3

     ArCH4 H2

CVD reactor product 900°C without H2 with pump, Ar-20 ml/min, CH4
CVD reactor products 900°C H2-49 ml/min, Ar-20 ml/min, CH4



There are regions
containing crystalline

graphite structures
(possibly carbon

nanotubes), as evidenced
by narrow peaks at 1360,
1575, 2720 and 2940 cm-1 

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 

Carbon material was formed
as graphite sheets (also
known as graphene), in

which the carbon atoms are
ordered into sheets with a

thickness of 10 to 20 μm. As
can be seen from picture the

material consists of
spherical forms of carbon
with dimensions from 200

nm to 1.0 μm. 

Elemental composition of the film after synthesis (T = 800C) with a holding time: a - 60 min; b - 120 min

Electron microscopic images of
the film after synthesis at t = 60

min,  on the device

Electron microscopic images of the
film after synthesis at t = 120 min, 

on the device

Thus, the proposed method of carbon nanotubes is based on the method of chemical
(catalytic) vapor deposition, which is the most promising method of industrial production

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)
were obtained at 8000С (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

obtaining CNTs by a catalytic method was established, where the holding time was 120 min
at a pyrolysis temperature of 800 0С. The yield of carbon nanotubes per unit mass of

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.

Particles of CNT with diameters from 50
to 500 nm are clearly visible, which are

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
cylindrical surface of the tubes is

formed by hexagons. In real nanotubes,
due to the existence of penta- and
heptagons, structural defects, the

formation of bridges and the sparking
of a cylindrical surface are observed 

Scheme for the production
of CFC based on Co-

catalyst
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Analysis of wastewater “Astana su arnasy”

A production test of
the obtained

adsorbents for
wastewater treatment

of JSC “ASA”, Nur-
Sultan, May-July 2018-
2019 was carried out.

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
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. Analysis of the data obtained
showed that after wastewater treatment, the values ​​of all chemical indicators decrease, especially such

indicators as BOD (76-88%), suspended solids (77.38-61.57%), iron (61.16-70, 87%) and oil products (96.52-
97.22%), which are the highest degree of wastewater treatment (in terms of the number of indicators).

Indicators such as pH, suspended solids, phosphates, oil products generally comply with ND standards.



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

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.



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

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

Purification of tap water using PCM based on coal "Shoptykol" and "Shubarkol"



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



Test report on gas cleaning with the activated Shoptykol adsorbent (No. 1) and the activated
Shoptykol adsorbent hydroxy.: KOH (1: 1) (Kuzbass, Kemerovo)

1. The samples of carbon sorbents from hard coals submitted by the Institute of Coal
Chemistry and Technology LLP for testing have developed porosity, with the presence of
micropores in the range of 0.3-2 nm, which is confirmed by the results of analyzes using gas
adsorption chromatography (molecular probe method) using as adsorbates of nitrogen,
oxygen, carbon monoxide, carbon dioxide, methane, hydrogen, sulfur dioxide, nitrogen
dioxide, propane, butane, as well as gas mixtures.
2. The tests carried out prove the higher efficiency of carbon sorbent sample No. 3 in
comparison with others for carbon dioxide, carbon monoxide, methane, propane and
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
technology for the synthesis of carbon sorbents for their further use in air purification
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
Customs Union.



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,  Sławomir 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% HmA solution
was close to that of 30% MEA. Nevertheless, HAS solutions may provide an environmentally friendly

promising alternative to amine solutions.

Model structure of humic acid according to Stevenson, R can be alkyl, aryl or aralkyl.





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 l/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. 

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.

The highest absorption capacity of 10.9 gCO2/kg was obtained for 50% HmA at 25°C. The highest absorption capacity for
50% HmK 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 

The effect of HAS concentration on the CO2 absorption capacity

The effect of temperature on the CO2 absorption in 50% HmK

CO2 absorption rate in studied solutions (at 25°C). Close-up on the CO2 absorption rate

IR spectra of HmA (obtained from 50% solution in Н2O) in
Nujol before (A) and after (B) CO2 absorption at 25 °C

Comparison of 1H-NMR spectra (in D¬2O) for 50% AmH before CO2
absorption (bottom) and after CO2 absorption at 25 °C (top)



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 gCO2/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 K2СО3 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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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 aqueous media using
kinetics and isotherm batch studies with emphasis on relationship
between adsorption capabilities and physico-chemical properties. 

Materials and methods
Nine OCPs with different hydrophobic properties, α-HCH, β-HCH, ɣ-

HCH, δ-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.

Adsorption of organochlorinated pesticides
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
have been withdrawal due to their toxic adverse effects on health such as cancer, but also different disorders of
the reproductive, nervous and hormonal systems (Gomaa et al., 2008; X. Jin et al., 2014; X. T. Jin et al., 2014). In
addition, OCPs characterized by their high persistency in the environment, especially in soil, as this media is a
powerful reservoir of different contaminants. The OCP half-lives in soil varied from 60 days to 15 years (Jayaraj et
al., 2016). In this context, soil is a huge storage reservoir for many POPs, and at the same time it’s the key element
in many food chains as well as its play an important role for water management systems. Therefore, soil could be
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,
eggs) (Amutova et al., 2021; MacLachlan and Bhula, 2009; Maervoet et al., 2004; Weber et al., 2018). 



Characterization of SMs





 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
proportion of carbon in ACs and BCs allowed them a high

adsorption degree, especially on hydrophobic OCPs even if
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

samples). Other factors as competition between different
OCPs present in soil or between OCPs and soil compounds
should be included to improve the prediction of adsorption.

Finally, the proportion of amended SM on soil and by
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

contaminated soil and water.
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№. AR19577512 “DEVELOPMENT OF SCIENTIFIC AND TECHNICAL BASES FOR OBTAINING MICROPOROUS CARBON NANOMATERIALS FOR
HYDROGEN SEPARATION AND STORAGE”

2023 SOON

Project Manager: PhD in Philosophy, assoc. professor, member correspondent of the KazNANS, Leading Researcher – Kazankapova M.K. 

The main goal of this project is to create, and develop carbon materials with a
microporous structure and a high specific surface area for hydrogen separation and
storage, characterized by greater capacity, low weight and high stability.

Objective of the project. 

1. Development of optimal methods for obtaining microporous carbon nanomaterials
for hydrogen separation and storage.
2. Conducting experiments on the separation and storage of hydrogen with
nanomaterials.
3. Optimization of the process of hydrogen separation and storage by carbon-
containing nanomaterials.

Project tasks.

At room temperature, the mass
density for carbon nanotubes or

graphite nanofibers ranges from 0.5-
4.5 wt.% at 3-11 MPa, with 4.5 wt.%

at ~11 MPa. Effective hydrogen
storage requires further study of

hydrogen's interaction with carbon
nanostructures, including spillover
and intercalation in graphene and

graphite nanofibers.

Table 1. Comparison of hydrogen and other energy resources
for electricity generation and their transport costs

Table 2. Experimentally measured hydrogen capacity of
activated carbon



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.

Analyzer 3Flex, 
Micromeritics

Electron microscopic
images of activated

adsorbent



ADSORBENTS BASED ON KAZAKHSTAN COAL FOR HYDROGEN STORAGE

Hydrogen can be stored in solid form through physical adsorption
in carbon materials, which have high storage capacity due to their

porous microstructure, high specific surface area, and low bulk
density. Carbon sorbents are widely used in chemical, food,

metallurgical, oil and gas processing, medicine, agriculture, water
purification, and environmental protection industries. Their unique
properties include high capacity, stable sorptive capability, minimal

catalytic impact, sufficient strength, and hydrophobicity. Various
carbon-containing materials can be used to produce these

sorbents.

Sections of the curves belong to type 1 isotherm, characteristic of the Langmuir isotherm. The table shows the sample has good
hydrogen sorption capacity. As expected, increasing temperature significantly reduces hydrogen sorption. The capacitance

values at three different temperatures can be used to determine the heat of adsorption of hydrogen molecules.

We can obtain data for hydrogen adsorption at different
temperatures (77 K, 173 K, 273 K) and specific surface areas (S)

up to 3000 - 5000 m²/g. Let's calculate the percentage of
adsorption (A) and plot the dependence of ln(A) on the reciprocal

temperature (1/T).
The activation energy (Ea) value of 145.4 J/mol indicates that

the hydrogen adsorption process on the material has a moderate
energy barrier. A lower Ea value signifies more favorable

conditions for adsorption in the system.



ADSORBENTS BASED ON KAZAKHSTAN COAL FOR HYDROGEN STORAGE

Figure 1. Electron microscopic images of samples: initial (a) and
activated (b).

Table 3. General Characteristics of Coal from the Shoptykoly Deposit

Figure 2. Hydrogen adsorption curves over time

Table 4. Results of Hydrogen Adsorption

Figure 3. Hydrogen Adsorption vs. Time

Figure 6. Low-carbon hydrogen production potential by
2040: volume (thousand tonnes of hydrogen per year)

Figure 7. Low-carbon hydrogen production potential till
2040: a financial analysis

Figure 4. Adsorption-desorption
during hydrogen gas storage

Figure 5. Laboratory device for
hydrogen storage

The study investigated hydrogen adsorption dynamics on
porous carbon at 296 K. The amount of adsorbed hydrogen
over time was measured to assess the process's speed and
efficiency. Initially, the adsorption rate increased, peaking at
around 70 minutes, then gradually decreased, stabilizing at a

higher level, suggesting surface saturation and fewer
available active sites.



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.
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