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Abstract

The paper reviews recent scientific developments at the Institute of Combustion 
Problems. The hydrophobic sponges were obtained by coating polyurethane and 
melamine sponges with carbon nanomaterials. They are excellent water-resistant 
sorbents for oil, petroleum products and other organic liquids of various densities. 
Another interesting development is concerned to the synthesis of multiwalled 
carbon nanotubes on a glass-cloth by use of cobalt oxide catalyst nanoparticles 
obtained by solution combustion and production of the smart-textile on its basis. 
A model of soldier with heated jacket based on electroconductive smart-textile was 
made. The textile showed good electroconductive properties and effective Joule 
heating by externally applied current. Studies on the development of nanostructured 
carbon materials and their application as high-performance active components for 
the electrodes of advanced energy storage systems, in particular electric double 
layer capacitors were carried out. 2D heterostructures based on graphene and 
dichalcogenides of transition metals were derived. The epitaxial and single crystals 
of graphene were synthesized by the CVD-method separately on a copper foil. 
Two dimension WS2 layers were synthesized using sulfurization of thin WO3 films 
deposited by thermal evaporating on the FTO substrate. A setting time of concrete 
mass, which could be used as a construction material for 3D printing technology was  
determined. It was found that calcium chloride decreased the setting time up to 10 
min, which is sufficient for the intended application.
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1. Introduction

Nanotechnology is one of the most actively dis-
cussed directions of scientific and technological 
investigations which is being highly developed in 
the recent years and on which the hopes of a wide 
circle of scientists and technologies anchor their 
hopes. This direction is considered as a basis of a 
new industrial revolution which must lead to the 
abundance of products principally new by their 
possibilities. On the terms of its logical structure, 
the term «nanotechnology» must refer to the tech-
nology of production of materials and items based 
on the use of nanosize objects [1]. 

Nanosubstances are also used as porous materi-
als for chemical and petrochemical industry (cata-
lysts, adsorbents, molecular filters and separators), 
they are used for production of microelectrome-
chanical devices, fuel elements, electric accumula-
tors and other transformers of energy, they are able 

to impart new properties (for example, noncombus-
tible nanocomposites on polymer basis or biocom-
patible tissues for transplantation), they serve as a 
transport means for delivery of medicinal drugs, 
etc. [2, 3].

Prof. Pekala has synthesized first carbon aerogel 
in 1989 via thermal treatment of resorcinol-formal-
dehyde (RF) – high-temperature pyrolysis in inert 
medium. In 1996 a scientific group headed by Han-
zawa has developed a novel technique for synthesis 
of RF aerogel using its carbon skeleton activation 
by CO2.

Aerogels were synthesized using the follow-
ing steps: 1) homogenization of carbon nanotubes, 
and chitosan under ultrasonic treatment and active 
magnetic stirring; 2) freeze-drying for 20 h in order 
to remove the liquid from its structure; 3) carbon-
ization at 800 °C in an inert atmosphere. 

Surface morphology of the resulting aerogels 
was studied using scanning electron microscopy. 
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The hydrophobicity degree and sorption capacity 
for organic liquids of various densities were inves-
tigated [5, 6].

Smart-textile was obtained by deposition/in situ 
synthesis of multiwall carbon nanotubes on glass-
cloth-based catalyst decorated with cobalt oxide 
nanoparticles obtained by solution combustion. 
The method of solution combustion was applied for 
coating cobalt oxide nanoparticles on the surface of 
glass-cloth. The structure and morphology of the 
smart textiles were evaluated using X-ray diffraction 
(XRD), transmission electron microscopy (TEM), 
and scanning electron microscopy (SEM) [7, 8].

Nanostructured carbon materials and their ap-
plications as high-performance active components 
for the electrodes of advanced energy storage sys-
tems, in particular electric double layer capacitors 
(high-power electrical devices designed for various 
applications including the launch of power installa-
tions, wind turbines and electric substations) have 
been investigated [9].

Coal and petroleum pitch are the main sources of 
raw materials for production of activated carbons. 
The wasted biomass can be also used successfully 
as carbonaceous precursors. The main factors de-
termining selection of a carbon precursor are avail-
ability, quantity, value, and cost. The quality of re-
sulting activated carbon depends on the nature of 
the precursor and on the conditions of thermal and 
oxidative processes, which occur during carboniza-
tion and activation of a biomass material [10‒12].

New 2D optoelectronics, sensors, and many 
other devices can be created by integrating vari-
ous 2D materials in heterostructures with unique 
characteristics. However, the controlled synthesis 
of graphene and related materials and the creation 
of 2D heterostructures based on them remain to be 
a challenge. Therefore, the development of new 
methods is a target area of research. Chemical va-
por deposition (CVD) is considered as the most 
effective synthesis method of graphene and many 
other 2D materials. However, the structure grown 
by the CVD method has mainly polycrystalline 
characteristics. The electrical characteristics of the 
developed prototypes were evaluated by taking into 
account their textural features. It was stated that the 
development of methods for synthesis of individual 
2D crystals and of heterostructures based on them 
is an important task in the field of 2D devices with 
the intended various applications [13‒15].

3D printing technology is developing rapid-
ly, conquering the world. In fact, in this regard a 
real technological revolution occurs right in front 
of our eyes. Methods of creating a layered object 
based on its volumetric 3D model have been wide-

ly used in mechanical engineering, electronics and 
medicine. Even though the production of prosthetic 
hands, skulls and other parts of the human body by 
volumetric printing method is widely used, the ap-
plication of such technology for the construction 
is sometimes questionable. Behrokh Khoshnevis 
was one of the first researchers who announced 
the possibility of applying this technology for the 
project Contour Crafting – Roboting Construction 
System [16]. According to his idea, the installation 
of a great 3D printer resembles the dockside crane 
mounted on a pre-cleared land. The construction 
of the house starts from the basement. For this 
purpose, facility operator gives the appropriate 
command to the machine, and the workers have 
to ensure the continuous supply of a special wet 
and quickly solidifying concrete. 3D printer for 
construction has a nozzle or extruder that extrudes 
fast-hardening mixture [17, 18].

2. Investigation of properties and morphology 
of aerogels

A number of researches are devoted to the study 
of the phenomenon of synthesis of ultra-light, flexi-
ble and ultraporous aerogels based on carbon nano-
materials (CNM). The perspective and especially 
interesting is the study on the influence of the orig-
inal type of CNM that are used in the synthesis of 
3D structures on the physicochemical properties of 
the final products.

Aerogels were synthesized by homogenization 
of carbon nanotubes and chitosan under ultrasonic 
treatment and active magnetic stirring followed by 
freeze-drying in order to remove the liquid from its 
structure. After freeze-drying which lasted for 20 
h, the as-obtained aerogels were carbonized at the 
temperature of 800 °C in an inert atmosphere.

For applications as oil sorbents, these aerogels 
or sponges must have a high pore volume, a large 
pore size, high compressibility and superoleop-
hilicity. This research considers the development 
of the technology to remove oil spills on the sur-
face of water, where superhydrophobicity is also 
required. In particular, a filtration system using a 
water pump and a synthesized carbon nanomaterial 
filter, which separates organic compounds (oil and 
other oil products) from water by rejecting water 
is developed. CNMs based aerogels and sponges 
have demonstrated both superhydrophobicity and 
superoleophilicity and are attractive filter materials 
due to their simplicity, convenience, environmental 
friendliness, and the ability of reuse.

Carbonized chitosan is a hydrophobic materi-
al by itself, but unfortunately, its wetting angle is 
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close to 109°. The use of CNMs as additives which 
increase hydrophobicity of the surface is one of the 
ways of creation of superhydrophobic surfaces. 

The resulting composite aerogels based on 
MWCNTs and chitosan are highly hydrophobic 
with contact angle of 165°. This strong hydropho-
bicity is mainly caused by existence of MWCNTs 
on the surface of carbonized chitosan.

To further explore superhydrophobicity and 
the ability of these aerogels to absorb organic liq-
uids, the surface morphology of MWCNT/chitosan 
based aerogels was studied using SEM. SEM im-
ages show that the surface of aerogels represented 
by a macropore system with pores ranging in size 
from a few tens to hundreds of micrometers. The 
MWCNTs with an average outer diameter about 
20‒30 nm are located on the surface of carbonized 
chitosan thereby forming microdefects of the sur-
face. This phenomenon serves as a key for explana-
tion of the superhydrophobicity of aerogels.

To evaluate the influence of the addition of car-
bon nanomaterials on the structure and properties 
of the resulting aerogels, graphene was introduced 
into the structure of MWCNT/chitosan based aero-
gels (Fig. 1). The graphene nano-platelets are char-
acterized by an average thickness of two layers 
with a small size of the nano-platelets, its BET sur-
face area was 2041 m2/g.

Aerogel based on MECVD graphene/MWCNTs/
chitosan with own mass of 0.09 g is able to carry 
110 times higher mass on its surface without any 
destruction of its structure, while aerogel based on 
MWCNTs/chitosan which is characterized by ap-
proximately the same weight is crashed after load-
ing of 10 g on its surface. The study of mechanical 
properties of MECVD graphene/MWCNT/chitosan 
based aerogels showed that the resulting aerogels 
are more stable to external mechanical influences 
compared with aerogels based on MWCNTs and 
chitosan while the both types of aerogels are char-
acterized by the same concentration of chitosan.

SEM analysis of composite MECVD graphene/
MWCNTs/chitosan based aerogels indicates that 
existence of graphene layers improves the porosity 
of the surface, the pore size decreased from dozen 
to few microns and the system of connected pores 
were created.

The study of sorption capacity of both types of 
composite aerogels based on MWCNTs/chitosan 
and MECVD graphene/MWCNTs/chitosan based 
aerogels showed that aerogels with addition of are 
characterized by higher sorption capacity in re-
gard to organic liquids of different densities. The 
sorption capacities of composite aerogels based 
on MWCNT/chitosan and MECVD graphene/

MWCNT/chitosan (1 g) in regard to diesel is 87.2 
and 101.3, respectively.

Considering the said above, aerogels composite 
aerogels based on MECVD graphene/MWCNTs/
chitosan are highly porous, superhydrophobic and 
mechanically strong materials with high sorption 
capacity to organic liquids of different densities. 
The existence of MECVD graphene nanoplatelets 
in the structure of composite aerogel improves 
its porosity, mechanical stiffness and increase its 
sorption capacity.

The essence of the process of obtaining the 
hydrophobic sponges lies in coating of sponge’s 
walls, which surface entity of a specific porosity 
with pore sizes up to 50 µm. Gaphene layers or 
carbon nanotubes can be used to make the sponges 
superhydrophobic.

The dip-coating method was used to coat the 
walls of sponges. The pre-cleaned by an ultrasonic 
treatment sponge was placed in a dispersion of car-
bon nanotubes in ethyl acetate, kept inside for an 
arbitrary chosen length of time, and then removed 

Fig. 1. The image of wetting angle of MECVD graphene 
MWCNT/chitosan aerogels with the indicated contact 
angle. 

Fig. 2. Illustration of sorption of drop of chloroform, 
dyed with Sudan, under water by superhydrophobic 
sponge coated with carbon nanotubes.
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and dried to constant weight. The sponge by itself 
is lyophilic, i.e. actively adsorbs both organic liq-
uids and water. And when absorbing ethyl acetate, 
carbon nanotubes also deposited and accumulated 
in its structure. This process was carried out multi-
ple times followed by measuring the weight of the 
dried sample to determine the degree of loading of 
carbon nanotubes into the sponge’s structure of the 
sponge.

Figure 2 illustrates sorption of chloroform drop 
colored with “Sudan red” placed at the bottom of 
a beaker with water (Fig. 2a). Its density is high-
er than that of water. The Fig. 2b shows that the 
hydrophobic sponge completely repels the water 
due to formation of air particles on its surface, but 
actively adsorbs the drop of chloroform on the bot-
tom of the beaker (Fig. 2d). The sorption time of 
drop of chloroform is 5 sec.

3. Electroactive textile produced by coating 
carbon nanotubes on glass-cloth-based cata-
lyst prepared by solution combustion synthesis

A number of studies have been carried out to 
obtain electroconductive smart-textile. Smart-tex-
tile was obtained by synthesis of multiwall carbon 
nanotubes on glass-cloth-based catalyst with cobalt 
oxide nanoparticles.

Cobalt oxide nanoparticles were deposited on 
the surface of the glass-cloth matrix. In accordance 
with the weight and moisture capacity of the glass-
cloth sample, solution of cobalt nitrate and glycine 
was prepared. C2H5NO2 – glycine acts as a reduc-
ing agent. In this experiment content of cobalt ox-
ide was 5 wt.%. The glass-cloth samples of definite 
sizes were impregnated with an aqueous solution 
containing stoichiometric amounts of cobalt nitrate 
and glycine. After that, the dried samples were 
placed in a muffle furnace or drying oven and heat-
ed at 500 °C for 1 h. At this temperature, self-prop-

agating high temperature synthesis takes place. It 
is seen as a weak bluish glow above the sample. 
As a result of the reaction, 30–100 nm cobalt oxide 
nanoparticles were formed.

Synthesis of carbon nanotubes was carried using 
a classical installation for chemical vapor deposi-
tion. The gas flow is He ‒ 650 cm3/min, H2 ‒ 150 
cm3/min, and C2H2 – 19.5 cm3/min. The tempera-
ture ‒ 710 °C, time of synthesis ‒ 20 min. For in-
vestigation of the structure and morphology of the 
carbon nanotubes and glass-cloth-based catalyst 
with Co3O4 X-ray diffraction (XRD), transmission 
electron microscopy (TEM) and scanning electron 
microscopy (SEM) were used. Obtained carbon 
nanotubes have diameter of about 23‒26 nm.  

Current-voltage characteristics of glass-cloth 
with synthesized CNTs were measured. Pure glass-
cloth is dielectric. The sample of CNT on glass-
cloth has a resistance R = 0.3636 Ω/cm2. Figure 3 
shows the current-voltage characteristics of glass-
cloth and changing the temperature of glass-cloth 
with CNT sample at different values of power. 

The results show that at the current of 1.25 A the 
temperature of the sample is 100 °C. The increase 
of current to 3.25 A the temperature of the sample 
to 380 °C. As can be seen from the above data, the 
glass-cloth with CNTs has good electrical conduc-
tivity properties. Thus, glass-cloth – CNT compos-
ite has a number of advantages.

Studies on the current-voltage characteristics 
of glass-cloth with carbon nanotubes on Co3O4 
showed that this material has semiconductor prop-
erties. Therefore, glass-cloth with carbon nanotubes 
is electro-conductive smart-textile and may be used 
for manufacturing flexible and strong heating ele-
ments. To manufacture flexible heating elements 
electro-conductive cloth electrodes from metal wire 
were made and connected to the battery. The proto-
type of a heated warfighter jacket based on conduc-
tive smart-textile was made (Fig. 4).

Fig. 3. Current-voltage characteristics and the change of temperature of glass-cloth with CNT sample at different values 
of power.
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The heating efficiency of the flexible heating el-
ement at low temperature was tested. The tempera-
ture of the jacket before applying power was 0 °C. 
After applying power the temperature of the jacket 
increased to 45 °C. 

The potential of applying the cobalt oxide 
nanoparticles as catalysts in the carbon nanotube 
growth process by CVD process was shown. Cur-
rent-voltage characteristics show good electro-con-
ductive properties of CNT deposited on glass-
cloth. A prototype of soldier model with a heated 
jacket based on electro-conductive smart-textile 
was made. The heating efficiency of the flexible 
heating element at low temperature was tested. 
Before applying power, temperature of the jacket 
was 0 °C. After applying power the temperature of 
the jacket increased to 45 °C. Smart-textile based 
on glass-cloth showed good electro-conductive 
properties and effective Joule heating by external-
ly applied current. This type of conductive glass-
cloth with CNT can be used for various functional 
applications.

4. Some aspects of research and development 
of electrode materials for electric double layer 
capacitors 

The Institute of Combustion Problems is also 
involved in research and development of nano-
structured carbon materials and their utilization as 
high-performance active components for the elec-
trodes of advanced energy storage systems, in par-
ticular electric double layer capacitors. These prod-
ucts are high-power electrical devices designed for 
various applications including the launch of power 
installations, wind turbines and electric substations.

Activated carbons are universal materials ap-
plied as effective adsorbents, catalyst carriers, and 

for preparing electrodes for electrical double-layer 
capacitors (EDLCs). The main raw materials for 
production of ACs are fossil coals, bitumen, pe-
troleum pitch and plant biomass, the latter being a 
renewable source. It is expedient to use quite dense 
and strong materials as an initial biomass, among 
which hard breeds of wood, nut shells and fruit 
stones are usually chosen.

Selection of the carbonaceous precursors, op-
timization of energy-intensive methods of their 
processing and their surface modification  methods 
are actual and most important challenges. In this 
regard production of high-quality activated car-
bons derived from rice husk is of great commer-
cial interest. Rice husk is an abundant waste prod-
uct which is still has no decent application in the 
Central Asia region. Moreover, this material has 
shown an outstanding performance in electro-
chemical capacitors.

Rice husk is lignocellulose biomass which can 
be converted into high quality activated carbons 
(ACs). Activated carbons derived from rice husk by 
using different chemical activation methods such 
as phosphoric acid, zinc chloride and potassium 
hydroxide primarily have a developed nanoporous 
structure. The nitrogen adsorption isotherms mea-
sured at 77 K on rice husk activated by phosphor-
ic acid are represented by a combination of Type 
I and Type IV isotherms (Fig. 5a). This indicates 
the existence of micropores and mesopores (>2 nm 
pore diameter), which can provide the capacitance 
retention at the high scan rates. Electrolyte can 
freely diffuse inside and penetrate to micropores, 
where charge accumulation takes place. BET Spe-
cific surface area estimated value for the rice husk 
based carbons activated by phosphoric acid is equal 
to 1600 m2/g and pore size distribution represented 
on Fig. 5b shows heterogeneity of pore sizes.

Fig. 4. Images of a soldier model with a jacket based on flexible heating element (glass-cloth and CNTs) (a, b); the 
images show the temperature of the jacket before applying power (c) and after applying power.

(a) (b) (c) (d)
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The cyclic voltammograms in 1 mol ∙ L‒1 Li2SO4 

for the zinc chloride activated rice husk carbons are 
presented in Fig. 6. The rectangular cyclic voltam-
mogram was measured, typical for an ideal elec-
trical double-layer capacitor. This sample shows 
an excellent charge propagation. On the other 
hand, the activated carbons derived from rice husk 
obtained using phosphoric acid as an activation 
agent exhibits more resistive character of cyclic 
voltammogram.

Galvanostatic charge/discharge cycling carried 
out at current load of 200 mA g‒1 for carbons pre-
pared from rice husk by using different activating 
agents showed a moderate Ohmic drops. The carbon 
obtained by phosphoric acid activation has a bigger 
discharge capacitance in 1 mol ∙ L‒1 Li2SO4 which 
is equal to 110 F g‒1. The carbon obtained using 
zinc chloride activation has more symmetrical dis-
charge curve and its capacitance reaches 100 F g‒1.

In Raman spectra of the electrode materials be-
fore and after cycling tests at high current loads up 
to 5000 mA/g indicate a high stability of activat-

ed carbons derived from rice husk, particularly the 
one activated with zinc chloride (Fig. 7).

5. Synthesis and development of 2D hetero-
structures based on graphene and transition 
metals dichalcogenides

Epitaxial graphene was synthesized on copper 
foil. 2-D WS2 layers were synthesized using sul-
furization of thin WO3 films deposited by thermal 
evaporation on the FTO substrate.

Synthesis of graphene was carried out in a tubu-
lar vacuum CVD quartz reactor installed in a 3-zone 
high temperature furnace. Methane gas (CH4) was 
used as a carbon source. Graphenes were synthe-
sized at atmospheric pressure, at 1050 °C, and the 
ratio of H2: CH4: Ar ‒ 0.2: 0.4: 3 for 20 min.

PMMA layer was coated with graphene by spin 
coater setup, and separated from copper foil by wet 
transfer procedure and then moved to the FTO sub-
strate (Fig. 8). This process is very important, as 
it significantly effects the parameters of portable 

   
(a) (b)

Fig. 5. (a) Nitrogen isotherms and (b) DFT pore size distributions of rice husk activated with H3PO4.

  

Fig. 6. Electrochemical performance of activated carbons derived from rice husk measured in two-electrode cells in 
1 mol ∙ L−1 Li2SO4.

(a) (b)
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layers. Copper foil was etched in a solution of iron 
nitrate. The resulting graphene-coated PMMA lay-
er was deposited on the surface of FTO, after the 
polymer was washed out with acetone.

Synthesis of WS2 was performed by sulfurizing 
WO3 layer, that was previously deposited on the 
FTO substrate by thermal evaporation. The depo-
sition of WO3 on the FTO substrate was performed 
by vacuum thermal evaporation using ZHD-300M2 
equipped with a resistive heater. Synthesis of WS2 
was performed in a quartz vacuum CVD reactor. 
The process was carried out in argon atmosphere, 
where the argon molecule acted as carrier material 
for sublimed sulfur into the reaction zone 2, where 
the FTO/WO3 substrate was present. The tempera-
ture of the heating zone with sulfur has 120 °C oper-
ating system for sulfur sublimation, synthesis zone 
heated to 750 °C operating systems.

Figure 9 shows a micrograph of the WS2 surface 
after synthesis in the CVD reactor by sulfurization. 
The microstructure has a similar structure of crystal-
line structures with geometric shapes in the form of 
triangular crystals at a temperature synthesis 750 °C.

Figure 10 shows Raman spectrum of WS2 ob-
tained by sulfurization at 750 °C. Peaks of E2g 
modes and A1g ‒ typical for the WS2 crystals are 
visible. Peak intensity is almost the same. The po-
sitions of the peak indicate that the thickness of the 
grown 2D WS2 is more than 6 layers.

Epitaxial graphene and 2D WS2 have been syn-
thesized by CVD. Future works will deal with the 
development of heterostructures by layering ob-
tained 2D materials. The obtained results are of a 
great interest in the field of photocatalytic water 
splitting in the visible spectrum as well as in many 
applications of micro- and nanoelectronics.

  

Fig. 8. a) PMMA assisted wet-transfer; b) graphene layer ‒ coated PMMA.

Fig. 7. Raman shift for the carbons activated with KOH (left) and ZnCl2 (right).

(a)

(b)
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6. Determination of certain nanostructured 
additive particles that accelerate the setting 
time of concrete mass for 3D printing

3D-printer in building construction production 
robotization is a kind of a conveyor. Naturally, all 
the branches in this chain must be interrelated, in 
first place the structure of the printer itself, extrud-
er software, working mixture production, solving 

Table 2 
Characteristics of concrete mass with accelerators

Additive Characteristics of concrete mass Amount of additive, %
Cement massWater/Cement Fluidity, cm

HK (Calcium chloride), 
HA (Calcium nitrate) 0,35..0,75 0...5 1…2

TNF (Threenatriumphosphate) 0,35..0,75 0…4 2…3,5
NK (Sodium nitrite), 

NNHK (Nitrite-nitrate calcium chloride) 0,35..0,75 0…6 1,5...2,5

NN (Nitrite-nitrate), 
NNK (Calcium nitrate-nitrite) 0,35..0,75 0…3 2,5…3

of TSP problem, logistics (if solution is prepared 
near the construction object then the delivery is 
not needed. Undoubtedly, all these and other is-
sues will be solved due to 3D printing technology. 
Volumetric printing technology experts are very ac-
tive. 3D technology are being introduced into life. 
Presentation of B. Khoshnevis, held in 2012, years 
2017‒2020 were cautiously called the threshold of 
the building robots operation, in reality, already in 
February of 2014 a series of real houses was printed 
in China.

Nanostructured additive particles for accelerat-
ing the setting time of concrete have been known 
for several decades. There are institutions involved 
in the solution of various problems of this tech-
nology. The main problem is finding the optimal 
composition for concrete of the desired proper-
ties, which were mentioned above. To obtain these 
properties, a complex mixture of various additives 
was used. To develop the technology of prepara-
tion of fast-hardening mixture the nature of action 
of hardening accelerator depending on the point of 
it feeding into the process of preparation of the ce-
ment solution was investigated. For the preparation 
of fast-hardening concrete, cement sand and chem-
icals were used as a feedstock.

Comparing the obtained test results of additives 
accelerating setting of concrete samples , the com-
position of a complex additive (PID-1) was deter-
mined. The use of calcium chloride for instance 
can cause corrosion of reinforcements that is unac-
ceptable for construction of houses.

Table 3 shows that the use of a complex of 
nanostructured additive particles of PID-1 not only 
speeds up the setting time of concrete, but also in-
creases the compressive strength.

Then a series of experiments on Vick instru-
ment were conducted for which cement blocks of 
a definite size were made (State Standard 24211-
91). The weight ratio of cement, sand and chemical 
reagent was 120 g/ 240 g/ 7.2 g, 10.8 g and 14.4 g 

Fig. 9. SEM micrograph of the WS2 crystals synthesized 
at 750 °C.

 

Fig. 10. Raman spectra of WS2 layer.
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Plastic pipe 

Smoothing scraper 

Concrete wall 

Fig. 11. Experimental setup.

respectively. After testing all types of reagents the 
best result was shown by PID-1 with the percent-
age of 3‒15% of the total cement mass. It is shown 
that addition of PID-1 in the amount of 3‒15% re-
duces the setting time and makes it sufficient for 
the technological needs of a cement solution using 
3D printer (Table 2). 

An experimental setup for testing the mechanical 
properties of the solution was constructed. The pic-
ture of the experimental setup is shown in Fig. 11.

This installation allows to print walls with the 
thickness of 4 cm and length of 80 cm and a height 
of 60 cm. Squeezing of solution occurs by force of 

Table 3 
Concrete mass strength determination using different kinds of nanostructured additive particles

Additive type % of additive, by 
weight of cement

Water/Cement Compression strength [kg/cm2] at the age (in days)
3 7 28

NNK 3 0.44 75 90 157
7 0.44 130 130 165
10 0.44 125 125 155
15 0.44 120 120 170

PID-1 3 0.44 130 170 225
7 0.44 150 165 185
10 0.44 150 150 185
15 0.44 150 150 180

NNHK 3 0.44 40 57 122
7 0.44 65 83 112
10 0.44 56 80 112
15 0.44 57 80 112

TNF 3 0.44 90 135 165
7 0.44 95 122 150
10 0.44 90 120 150
15 0.44 100 120 150

gravity of the mixture itself. Since the plastic pipe 
was used in this pioneering design, it is worth men-
tioning that there is no vibration, because such pipe 
greatly dampens vibrations.

The thickness of each layer was 2 cm. Figure 
12 shows the front side of the wall. It should be 
noted that there was not any treatment for each 
layer, which proves the correctness of the select-
ed additives. The installation design allows a slight 
smoothing of a single layer. The time interval be-
tween layers was 10‒15 min. The pictures below 
show the inner side of the wall where each layer 
can be clearly seen.
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Moreover, due to this installation a 35×35 cm 
square with the height of about 14 cm was made.  
It is worth noting that in order to achieve all the 
desired properties of the concrete mix a complex of 
additives should be used. The mass of all additives 
in the aggregate does not exceed 4% of the weight 
of concrete solution (Fig. 12).

It is planned to use plasticizers that are polar 
compounds of carbon radical having hydrophobic 
and hydrophilic groups with polarizing properties. 
The percentage content of plasticizing agents is 
less than 1% of concrete mass.

The use of plasticizers is planned in combina-
tion with PID-1. Such additives represents polar 
carbon radical compounds, which possess hydro-
phobic properties and polarizing groups with hy-
drophilic properties. As a result, the composition of 
nanostructured additive particles increase setting 
time of concrete mix was identified. The setting 
time was determined by penetrometer in accor-
dance with the State Standards of the Republic of 
Kazakhstan. The use of calcium chloride reduced 
the setting time up to 10 min, which is sufficient 
for the use of such composition for the buildings 
construction using 3D technology. The assembled 
experimental setup allowed demonstrating the pro-
cess of setting and hardening of concrete without 
the use of formwork.

7. Conclusions

The article presents the results of investigations 
carried out at the Institute of Combustion Problems 
(Kazakhstan) in the field of nanotechnologies and 
nanomaterials. One of the new directions in the field 
of carbon nanomaterials is to obtain graphene aero-
gels and sponges. It has been found that the intro-
duction of graphene nano-platelets into the structure 
of MWCNT/chitosan based aerogels is beneficial 
for the development of sorption properties. Accord-
ingly, 1 g of composite aerogel with the ratio of 
MWCNTs to graphene 1:5 is able to absorb about 

101.3 g of diesel oil. The dip-coating method was 
used to coat by the CNTs and graphene the walls of 
sponges. Obtained hydrophobic sponge complete-
ly repels the water due to formation of air parti-
cles on its surface, but actively adsorbs the chlo-
roform. Smart-textile was obtained by synthesis of 
MWCNT on glass-cloth-based catalyst with cobalt 
oxide nanoparticles. Synthesis of carbon nanotubes 
was carried using CVD process. Obtained carbon 
nanotubes have diameter of about 23‒26 nm. Re-
sults of current-voltage characteristics investiga-
tion shows that the glass-cloth with CNTs has good 
electrical conductivity properties and effective 
Joule heating by externally applied current. A pro-
totype of soldier model with a heated jacket based 
on electro-conductive smart-textile was made. The 
Institute of combustion problems is also involved 
in research and development of nanostructured 
carbon materials and their utilization as high-per-
formance active components for the electrodes of 
particular supercapacitors. Nanostructured carbon 
material obtained from rice husk with various ac-
tivators were tested. The carbon obtained by phos-
phoric acid activation has a bigger discharge ca-
pacitance in 1 mol∙L‒1 Li2SO4 which is equal to 
110 F g‒1. The carbon obtained using zinc chloride 
activation has more symmetrical discharge curve 
and its capacitance reaches 100 F g‒1. Epitaxial 
graphene was synthesized on copper foil. 2-D WS2 
layers were synthesized using sulfurization of thin 
WO3 films deposited by thermal evaporation on the 
FTO substrate. Results of investigations show that 
the microstructure has a similar structure of crys-
talline structures with geometric shapes in the form 
of triangular crystals. In the 3D printing technology 
the use of plasticizers in printing process was test-
ed. As a result, the composition of nanostructured 
additive particles increase setting time of concrete 
mix was identified. The use of calcium chloride re-
duced the setting time up to 10 min, which is suffi-
cient for the use of such composition for the build-
ings construction using 3D technology.

Fig. 12. The square of cement walls, printed on the pilot setup.
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