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Abstract

The article presents the investigation results of the formation and synthesis of 
nanosized materials that were obtained at the Institute of Combustion Problems 
(ICP), many works have been brought to practical use. Investigations of low-
temperature soot formation become the basis of nanomaterial synthesis methods, 
developed at the ICP since 1985. Below is a list of works on nanomaterials synthesis 
carried out at the Institute: a complete scheme of soot formation; a developed method 
for synthesis of nanocarbon, containing few layer graphenes from rice husk and 
walnut shell; the addition of 1.0% of activated carbon accelerates the burning rate 
of hydroxyl ammonium nitrate three times; also this activated nanocarbon is used 
as membranes for desalination of water up to 95%; perovskite photocatalysts based 
on SrTiO3 and CoTiO3/PAN fibers are used for hydrogen evolution reaction for 
sunlight illumination; obtaining carbon fibers by the method of electrospinning from 
coal tar pitches; obtaining of biologically soluble membranes based on polymeric 
nanofibres and hydroxyapatite of calcium.

1. Introduction

The article presents the investigation results 
of formation and synthesis of nanosized materi-
als which were obtained at the Institute of Com-
bustion Problems (ICP), a number of works have 
been brought to practical use. Investigations of 
low-temperature soot formation become the basis 
of nanomaterial synthesis method developed at the 
ICP since 1985 [1‒3]. These studies are dedicated 
to low-temperature, cool-flame and soot-formation 
hydrocarbon flames. 

Smalley in his famous article [4] noted 10 ur-
gent problems associated with the development of 
mankind. Among them are clean air, clean water, 
energy, health. Fundamental and applied research 
is carried out in these areas at the ICP. This paper 
presents the results of this research obtained by our 
scientists during the last 5 years.

The indicated works were carried out under the 
projects of the Ministry of Education and Science of 
the Republic of Kazakhstan. We should note a wide 

international cooperation within Ph.D. students 
preparation with the participation of foreign scien-
tists as co-leaders, as well as holding International 
Symposium on Combustion and Plasma Chemistry 
and Carbon Materials and Nanoengineering, which 
made it possible to use foreign scientific and scien-
tific and technical experience. The ultimate goal of 
basic research is the development of technology for 
producing nanomaterials and their practical use. 

The appearance of the term «nanotechnology» 
is associated with the name of Japanese scientist 
N. Taniguchi (1974): «nanotechnology mainly 
consists of separation, consolidation and deforma-
tion processes of the materials, atom by atom or 
molecule by molecule». Nanotechnology is a set of 
methods, the result of which is the creation of tech-
nological chains for industrial production of nano-
materials with unusual properties, as well as vari-
ous products obtained on their basis [5]. Currently, 
some developments (nanocarbon sorbents for wa-
ter purification, hydroxyapatite, sponge – oil/water 
separation) have been brought to practical use, and 
prototypes have been made. The output of water 
purification devices is launched. 
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TiO2 and its derivatives are widely used in the 
production of photocatalysts, which may be uti-
lized in hydrogen evolution and dye degradation 
areas [6‒11]. Perovskite wide-gap semiconductors, 
mainly presented by SrTiO3 and its doped modifi-
cations with a cubic structure are of great interest 
due to their strong catalytic activity, high chemical 
stability and long lifetime of electron-hole pairs 
[12‒20]. 

The problem of the desalination of sea and 
ocean water is aggravated by the fact that the pop-
ulation of the planet is increasing rapidly (more 
than 80 million people per year) and by 2025 at 
least 2 billion people on the planet will systemat-
ically experience an acute shortage of fresh water 
[21‒25]. Note also that fresh water is used differ-
ently by people in different countries. Fresh wa-
ter consumption can go from 380 l per person per 
day in some countries to about 19 l per person per 
day in others. All these circumstances indicate that 
there is a problem with fresh water, and the need 
for water will only grow.

Desalination is a technology and a process that 
removes most of the salts from salt water [26]. The 
utilization of membranes increases significantly ev-
ery year [25], and they have been subjects of very 
recent reviews [27‒31]. The development of nano-
technologies and nanomaterials makes it possible to 
improve the structure and properties of water-per-
meable membranes. Carbon nanotubes, graphene 
materials and metal-organic framework compounds 
have had a significant impact on the permeability 
flux of the reverse osmosis membrane [32‒37]. 

The new «era» of science throughout the world 
was marked by the discovery of nanomaterials. 
Carbon fibers have become materials that are of 
great technological and industrial importance due 
to the unique chemical, electrical, magnetic and 
mechanical properties. Carbon fibers are a form of 
carbon, formed predominantly by carbon atoms, 
consisting of thin filaments with a diameter of 
several microns. Carbon atoms are combined into 
microscopic crystals aligned parallel to each other, 
which gives the fiber greater tensile strength. Now-
adays carbon fiber is one of the important engi-
neering materials with great physicochemical and 
mechanical properties, which has various practical 
applications [38‒40]. 

In modern medical practice in the field of sur-
gery and dentistry to replace or repair damaged 
areas of bone tissue, materials based on calcium 
phosphates are widely used. Calcium phosphates 
are the most important inorganic components of 

biological solid tissues. Hydroxyapatite calcium 
(HAP) is present in the composition of bone tissue, 
teeth and tendons, it gives the functionality and the 
necessary structure of the organs [41‒44]. 

The treatment of various injuries and medical 
diseases often entails surgical intervention. Bone 
fractures are usually treated with metal plates, 
joints are replaced with artificial endoprostheses 
(thigh or knee), and lost teeth are replaced with 
metal implants. Phosphates of calcium have excel-
lent biocompatibility, that is, they are practically 
not rejected by the human body. This depends on 
the fact that calcium phosphates are present in the 
human body in the dissolved or solid form [45, 
46]. Calcium phosphates are used as a substitute 
for bone in orthopedics for the treatment of bone 
defects and dentistry. The ideal implant is, the pa-
tient’s spongy bone, mixed with the plasma of his 
blood, is not available in sufficient quantities, then 
completely synthetic materials are used. Synthe-
sized materials must undergo sterilization, which 
should not affect the biological properties of the 
substitute. Today, chemically synthetic materials 
are used to replace bones based on HAP and its 
composites [47, 48]. Crystalline hydroxyapatite 
can be synthesized in various ways, among which 
solid-phase synthesis methods are distinguished. 
Most often the synthesis of calcium phosphates is 
carried out from aqueous solutions using the pro-
cesses of hydrolysis and precipitation.

2. Full scheme for soot, fullerenes and 
graphene formation in rich fuel flames

On the basis of the new data on the synthesis 
of fullerenes, carbon nanotubes, superhydropho-
bic soot and graphene in the flame it is possible 
to modify the general scheme proposed by H. 
Bockhorn for rich fuel flames [49]. We introduced 
a pressure-coordinate, which allows explaining 
the formation of fullerenes at low pressures. This 
scheme describes the formation of soot for differ-
ent (any) types of fuel [50, 51]. Full scheme for 
soot, fullerenes and graphene formation in flames 
was developed by Z.A. Mansurov and recently 
published in [51].

3. Energy intensive nanocarbon materials

The usage of graphene oxide structures as ener-
gy-intensive additives can be one of the promising 
ways in order to increase the efficiency of high-en-
ergy rocket fuels. The interest is to use double-lay-
ered and multilayered graphene structures as such 
additives. A promising, simple and cost-effective 
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way are to obtain multilayered graphenes from rice 
husks (RH) and walnut shells (WS). At the Insti-
tute of Combustion Problems, a method for syn-
thesis of multilayered graphene oxide structures 
(graphene oxide frameworks (GOFs)) from plant 
wastes such as rice husks or walnut shells [49‒50] 
has been developed.

BET analysis of treated samples was carried 
out. Standard calculations for determining specific 
surface by BET method of carbonized rice husk 
and walnut-shell before activation showed that 
the specific surface of the samples is from 270 to 
350 m2/g. As a result of the studies, it was found 
that the optimal temperature for thermochemical 
activation is 850 ± 5 °C and the activation time is 
90 min. Under these conditions, there is formed a 
carbon material having a specific surface area of 
2800 m2/g (walnut-shell), 4300 m2/g (rice husk), 
with a specific pore volume of – 1.1–1.8 cm3/g and 
average pore size of 2.6–1.7 nm. Chemically acti-
vated carbonized rice husk has a more developed 
specific surface area and a higher specific porosi-
ty in comparison with walnut-shell. The resulting 
carbon material has outstanding parameters of a 
specific surface area of about 4300 m2 per gram, 
which is comparable to the specific surface area of 
metal-organic structures [52].

As a result of the carried out studies, a tech-
nique for getting graphene layers in accordance 
with the technology described in [53, 54] was de-
veloped. It is known that Raman spectroscopy is an 
informative method for studying graphene [55]. In 
this work, the number of graphene layers obtained 
from rice husk and walnut-shell is determined by 
Raman spectroscopy methods. This technique al-
lows estimating the number of graphene layers, as 
well as the presence of chemical impurities, and 
structural defects in graphene (Fig. 1).

Table
Values of intensity ratio of ID, IG and I2D 

for multilayered graphenes

# ID/IG I2D/IG Note
1 0.85 0.05 Graphenes are not formed
2 1.5 1 2-layered graphenes
3 1.29 0.55 5- layered graphenes
4 1.16 0.58 4-layered graphenes
5 0.62 0.65 3-layered graphenes

Raman spectroscopy is a universal method for 
the identification of carbon nanomaterials. In [52], 
a method of determining the number of graphene 
layers according to peak intensities ID, IG and I2D 
and their ratios, respectively. The data on deter-
mining the number of layers are presented in Table.

The Raman spectra of graphenes obtained from 
rice husk showed that the intensities of G and 2D 
peaks indicate that graphene film consists of regions 
with four or more layers (IG/I2D = 1.57 and ID/IG = 
0.39). Spectral analysis of graphene obtained from 
walnut-shell: the intensities of G and 2D peaks 
indicate that the film consists of regions with multi-
layers (IG/I2D = 1.65 and ID/IG = 0.78). The Raman 
spectra of 2D distribution indicate that the formed 
structure is largely composed of multilayered 
graphenes. All spectra contain D, G, and 2D 
peaks, indicating the presence of deformations in 
the crystaline structure of graphene film, as well 
as mechanical stresses. A detailed observation 
of Raman spectroscopy showed that the samples 
obtained from rice husks and walnut shells consisted 
of graphene layers with amorphous components.

An influence of activated carbons with 
multilayered graphenes (three or more layers) on 
thermal decomposition of composition based on 
hydroxylammonium nitrate and carboxymethyl 
cellulose was investigated by differential thermal 
analysis method. It is shown that the addition of 
activated carbon with multilayered graphenes leads 
to an increase (four times) in the burning rate of 
hydroxylammonium nitrate. It was found that the 
temperature and time of a chemical reaction are 
reduced to complete decomposition of ammonium 
nitrate when activated carbon is added during 
thermal decomposition.

As a result of experiments (Fig. 2a), it was 
found that the addition of activated carbon into 
HAN/CMC mixture increases the combustion rate 
of composition (almost four times): in the mixture 
without coal, rb = 13 mm/s at p0 = 5 MPa, then as 
in mixture with coal rb = 41 mm/s at p0 = 5 MPa. 

Fig. 1. Raman spectra of graphene obtained from rice 
husk and walnut-shell.
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It is obvious that activated carbon will simulate 
a combustion reaction of the two-component 
composition of HAN/CMC. If the combustion of 
HAN/CMC mixture begins only at p0 = 3 MPa, in 
the presence of 1% (from total mass) of activated 
carbon, the combustion begins already at p0 = 1 
MPa. Combustion of samples is accompanied by a 
bright flame with the release of a large amount of 
orange smoke (nitrogen dioxide). The combustion 
of HAN is accompanied by the formation of a 
large volume of gases, consisting mainly of NO, 
NO2 and N2O [56]. In rocket technology, such 
substances as HAN are used in gas generators in 
order to create excess pressure. Activated carbon 
and multilayered graphenes have many reactive 
centers on the surface in the form of pores and 
defects, free atoms at corners and faces, and are 
also characterized by a large specific surface. It is 
believed that on structural irregularities, defects 
and pores of carbon, activated centers are formed 

 

Fig. 2. а – Calculation of linear combustion rate of studied 
compositions depending on initial pressure system: 1 – 
HAN/CMC, 2 – HAN/CMC + activated carbon; b – 
combustion wave propagation at burning of HAN in 
liquid phase at p0 = 6 MPa.

that promote chemical processes. It can be assumed 
that during decomposition of NGAs in the presence 
of activated carbons, only in these centers there 
occurs heat accumulation, which in turn, raises 
the temperature of the entire system. The above 
mentioned factors play a role in the increase of 
oxidation rate as well as combustion fuel rate [54].

The combustion scheme of HAN with an addi-
tion of activated carbon in the liquid phase at p0 = 
6 MPa is shown in Fig. 2b. The process is charac-
terized as convective combustion, incidental to the 
combustion of most single-component liquid fu-
els. In the presence of activated carbon, the com-
bustion proceeds more rapidly, forming a turbulent 
flame, and a large volume of gases is released. The 
combustion process occurs in three zones (liquid ‒ 
mixed zone, bubbles and gas-gas). It is assumed that 
during this process, the activated carbon particles 
are located inside fuel bubbles, which are formed 
upon heating of HAN, where a large amount of heat 
is accumulated due to the chemical reaction of fuel 
decomposition [56].

4. Synthesis of nanocarbon sorbents for purifi-
cation of water from heavy metal ions

Membranes based on GO were prepared by vac-
uum filtration method [53]. First of all, the GO pow-
der was mixed in deionized water and sonicated for 
2 h. Then, 40 mL of the resulted GO suspension 
was separated through the membrane. Filtration 
processes performed under a vacuum atmosphere 
(-0.8 bar). The resultant membrane based on GO 
was dried under vacuum (-0.95 bar). 

The GO membranes fluxes and rejections of five 
salt liquids were tested by a usual filtration system 
at room temperature. The solution volume was 200 
mL. The filtration pressure was controlled and pro-
vided by a pump. The fabricated membranes were 
used for each filtration test. To check the repeat-
ability of our method of making membrane, the sta-
ble flux of deionized water was measured and com-
pared between different membrane samples (Fig. 3). 

The desalination properties of membranes were 
tested for NaCl, KCl, MgCl2, CaSO4 and MgSO4 
using a calibrated Atomic Absorption Flame Emis-
sion Spectrophotometer. The initial composition 
of the salt (35 g/L) solution (sample of seawater) 
was as follows: NaCl (78.8%), KCl (2.1%), MgCl2 
(9.1%), CaSO4 (3.5%) and MgSO4 (6.5%).  

The concentration of salts before and after fil-
tration is shown in Fig. 4. The initial concentra-
tion of salts were: NaCl – 27.3 g/L, KCl – 0.7 g/L, 

 

(a)

(b)
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MgCl2 – 2.275 g/L, CaSO4 – 1.225 g/L and MgSO4 
– 2.275 g/L. After filtration of this solution through 
GO membranes, the concentration of salts decreas-
es up to: NaCl – 6.64 g/L, KCl – 0.18 g/L, MgCl2 
– 0.19 g/L, CaSO4 – 0.28 g/L and MgSO4 – 0.46 
g/L. From the obtained results, we can infer that 
permeability plays a crucial role in salt rejection: a 
slower process corresponds to a better filtration ca-
pability. In addition, the desalination of salt water 
with GO membranes makes it clear that the prepa-
ration of membranes from graphene oxide by vac-
uum filtration is more effective.

This study deals with the separation perfor-
mance of salts through different kinds of mem-
branes based on graphene. GO membranes were 
prepared by the vacuum filtration method. The 
desalination properties of GO membranes were 
successfully tested for the following salts: NaCl, 
KCl, MgCl2, CaSO4 and MgSO4. According to the 
Atomic Absorption Flame Emission Spectropho-
tometry, the GO membranes can desalinate salt 
water up to 95%. 

 

Fig. 3. The scheme of synthesis steps of GO membrane 
and filtration set-up.
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Fig. 4. Concentration of salts before and after filtration.

5. Development and study of perovskite photo-
catalysts for hydrogen evolution 

The authors [57] obtained a composite 1D pho-
tocatalyst based on SrTiO3/PAN fibers with strong 
alignment via the electrospinning technique. As 
a photocatalytic material SrTiO3 with the particle 
size from 100 up to 350 nm was obtained by com-
bined chemical solution and solid-state reaction 
method [58]. The obtained SrTiO3 with the purity 
of 97% (Fig. 5a) was presented by spheroidal parti-
cles with numerous surface pores (Fig. 5b).

The electrospinned 1D photocatalyst based on 
SrTiO3/PAN is presented by fibrous highly oriented 
fibers with an average diameter of 2‒4 microns. Sr-
TiO3 is distributed along with the structure of fibers, 
which is also verified by EDS analysis (Fig. 6a, b).

Photocatalysts based on SrTiO3/PAN exhibit-
ed high activity in the splitting of water-methanol 
mixtures under 40W UV radiation with the highest 
yield of hydrogen 305 µmol h-1 g-1. Further, the ac-
tivity of these 1D composite photocatalysts based 
on SrTiO3/PAN was enhanced by the addition of 

 

Fig. 5. X-ray pattern (a) and SEM (b) of the synthesized 
SrTiO3 powder. This figure is reprinted from [57], with 
permission from Elsevier, 2019.
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metal oxide particles, which are able to narrow 
the value of their bandgap [59]. The addition of 
Cr2O3, CuO, and Fe2O3 particles resulted in the 
bandgap decrease of the composite photocatalysts 
to 2.89, 2.84 and 3.11 eV, respectively (Fig. 7). 
Moreover, the yield of hydrogen under photocat-
alytic decomposition of the water-methanol mix-
ture increased to 344.67 µmol h-1 g-1 for SrTiO3/
PAN/Fe2O3, 398.3 µmol h-1 g-1 for SrTiO3/PAN/
Cr2O and 420.82 µmol h-1 g-1 for SrTiO3/PAN/CuO 
based photocatalysts.

 

Fig. 7. Absorption and reflection spectra (a) and values of the bandgap (b) of synthesized composite photocatalysts: 
SrTiO3/PAN/Fe2O3 – 1 (black line); SrTiO3/PAN/CuO – 2 (blue line); and SrTiO3/PAN/Cr2O3 – 3 (red line). This figure 
is reprinted from [59], with permission from MDPI, 2020.

In [60], the authors proposed the formation of 
multilayered 3D photocatalyst based on CoTiO3 
with a multilayered structure by mixing Co3O4 and 
TiO2 powders with the addition of a pore-form-
ing agent. The calcined at different temperatures 
Co3O4 photocatalysts are presented by a multi-
layered structure with different porosity. In SEM 
images presented in Fig. 8 it can be seen that the 
pore size and microstructure of CoTiO3 – based 
photocatalysts strongly depend on the calcina-
tion temperature. The specific surface area of the 

Fig. 6. SEM (a) and EDS (b) of aligned SrTiO3/PAN based fibers. This figure is reprinted from [57], with permission 
from Elsevier, 2019
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Fig. 9. I–V curves of porous CoTiO3 in 0.5 M KOH 
solution.

initial Co3O4 was nearly 14.71 m2/g, while its val-
ue with the addition of 20% proppant increased to 
29.23 m2/g.

The I-V curves for photocatalysts based on 
CoTiO3 calcined at 600 °C and 800 °C in dark 
and light conditions are almost the same, indicat-
ing that the presence or absence of light changes 
the structure of CoTiO3 (Fig. 9). The investigat-
ed photo-response by the drop of initial voltage 
makes it possible for hydrogen evolution reaction 
to occur under the lower potential for the sunlight 
illumination.

Thus, high sintering temperature enhances the 
crystallinity and orientation of the photocatalyst, 
which leads to formation of an intermediate hy-
per-phase, providing more efficient separation of 
charge and increasing the efficiency of hydrogen 
evolution. The resulting photoanode based on Co-
TiO3 exhibited the yield of hydrogen evolution 
from 0.5 M KOH solution of 0.3 µmol h-1 g-1 under 
the 40W mercury lamp and 0.024 µmol h-1 g-1 un-
der xenon lamp.

 

6. Obtaining carbon fibers by the method of 
electrospinning

Electrospinning is a technique that allows fab-
rication of continuous fibrous materials with diam-
eters down to a few nanometers. Electrospinning 

 

   

Fig. 8. SEM images of porous CoTiO3 calcined at: a ‒ 600 °C, b ‒ 650 °C; c ‒ 700 °C; d ‒ 800 °C. This figure is reprinted 
from [60], with permission from Elsevier, 2021.
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is an electrostatically driven method of obtaining 
polymer and carbon fibers, such as PAN-based, 
pitch-based, lignin-based etc. Electrospinning is 
generally includes two modes of jet movement 
upon the jet emitting from the Taylor cone; a sec-
tion of a stable jet in a straight line (short distance) 
followed by the essential and multiple vortex 
motion. A large number of works in the field of 
electrospinning are devoted to the development of 
collectors with various configurations: drum col-
lectors (rotating), parallel electrodes and water 
baths. The main parameters of electrospinning are 
the speed of movement of the collecting surface 
of the collector, the effect of the electric field. To 
obtain carbon fibers by electrospinning, an instal-
lation was developed, the general scheme of which 
is shown in Fig. 10.

At first glance, electrospinning appears to be a 
simple and therefore easily controllable fiber pro-
duction method. But this process is complex and 
depends on numerous factors. The use of the re-
quired precursor and its preparation are fundamen-
tal steps in the production of fibers. The use of a 
rotating collector in an electrospinning machine is 
the earliest method for producing oriented fibers. 
Not all materials can be used with a rotating col-
lector in the electrospinning process. Fibers pro-
duced by electrospinning from a brittle material 
must break at a lower rotational speed than a flexi-
ble or elastic material. The method with a rotating 
collector is time/energy intensive. Fiber alignment 
is usually very low and decreases with increasing 
spinning time and fiber material thickness.

It was found that the alignment of the fibers 
increases with an increasing surface speed of the 

drum to a critical value. The resulting fibrous ma-
terials can be divided into three stages depending 
on the rotational speed of the collector: the rotation 
speed is too low to ensure fiber orientation; rota-
tion initiates fiber alignment; fiber alignment is re-
duced due to turbulent air flow around the rotating 
manifold at the critical rotation speed. 

The collector rotation speed affects the fiber di-
ameter, which is inversely proportional to the rota-
tion speed. An increase in the rotational speed of the 
collector leads to a decrease in the fiber diameter.

Petroleum pitch can be obtained from heavy oil 
residues obtained in the catalytic cracking process, 
tar ‒ a by-product of steam cracking of naphtha, 
gas oil, or any residues from the distillation or re-
fining of oil. Many methods can be used to produce 
a pitch and are based on refining processes: 

1. Heat treatment to advance the molecular 
weight of the components.

2. Air bowing.
3. Steam stripping and application of vacuum to 

remove low boiling components.
4. Distillation.
The chemical and physical characteristics of 

petroleum pitch depend on the process and condi-
tions used (process temperature and heat treatment 
time). Longer times and higher temperatures result 
in pitch with increased aromaticity and higher an-
isotropy. Petroleum pitches are generally less aro-
matic than coal tar pitch.

Coal tar is a by-product of coking coal in the 
production of coke. Metallurgical coke is produced 
at high temperatures (900‒1100 °C), smokeless fu-
els are produced at lower temperatures (600 °C). 
The low-temperature process produces less resin 
than the high-temperature process. In the process 
of distillation and heat treatment, coal tar pitch is 
obtained from coal tar. Resin is the residue that re-
mains after the removal of heavy oil fractions (cre-
osote or anthracene). Resin is a complex mixture 
containing many different individual organic com-
pounds, the composition and properties depend on 
the source of the resin and the method of process-
ing. Two thirds of the compounds isolated from 
coal tar pitch are aromatic, and the rest is hetero-
cyclic. Most of the components of coal tar pitches 
contain three to six rings with boiling points in the 
range of 340–550 °C.

The technological scheme of obtaining carbon 
fibers based on pitches consists of the following 
stages:

1. Raw material preparation in a quartz furnace 
(200‒500 °C, 2 h, argon);

Fig. 10. General diagram of the electrospinning 
installation: 1 – syringe; 2 – motor; 3 – motor speed 
controller; 4 – drum collector; 5 – high-voltage power 
supply; 6 – needle.
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2. Cooling and material collection;
3. Preparation of solutions with the addition of 

PAN;
4. Electrospinning process;
5. Stabilization of the obtained fibers in a quartz 

reactor in an oxygen atmosphere (at a temperature 
250‒280 °C of 1 h) and carbonization in a quartz 
reactor under an argon atmosphere (at a tempera-
ture 500‒600 °C of 1 h).

In the SEM images (11) it can be seen that after 
the carbonization process, thinner and smoother fi-
bers are formed in all samples, this is because all 
volatile substances evaporate under the influence 
of temperature. The property of preservation of fi-
brous structures in all samples is also noted, which 
is explained by the influence of the formation of 
mesophase centers in the fiber structure.

7. Obtaining of biologically soluble mem-
branes based on polymeric nanofibres and 
hydroxyapatite of calcium

Synthetic HAP (hydroxyapatite) was obtained 
from biological waste material. The egg shell con-
taining CaCO3 is annealed for 2 to 3 h at a tem-

perature of 900–1000 °C. During annealing, the 
organic component of the shell burns off, and the 
resulting residue contains CaO as a fine powder 
without impurities. As a result, crystals with a size 
of 1–2 microns are formed. It is worth to note that 
studies of the obtained crystalline calcium hy-
droxyapatite, show that external conditions such 
as pH, composition and concentration of reagents 
and impurities, order and speed of mixing, tem-
perature, time of the experiment strongly affect 
the crystallization process and the chemical com-
position of the synthesized powder. The resulting 
powdered material is a micron-sized fine powder 
(1–2 μm). 

Further synthesized HAP was subjected to 
post-thermal treatment at temperature 1100 °C in 
an air medium for 3 h to increase its crystallinity. 
The X-ray diffraction patterns of the HAP before 
post-thermal treatment (line 1) and after it (line 
2) are presented in Fig. 12. The main diffraction 
peaks corresponding to the HAP are shifted to-
ward smaller angles, and the interplanar spacing 
decreases, this indicating a high degree of crystal-
linity of post-thermal treated HAP (Fig. 12, line 
2). Simultaneously, the broad peaks, indicating 
the heterogeneity of the structure and the presence 
of defects (Fig. 12, line 1), are observed in HAP’s 
X-ray pattern without post-thermal treatment. 

Structure imperfections due to the presence of 
vacancies, impurities of implementation and sub-
stitution, and determined by them distortions in the 
crystal lattice became energetically advantageous 
for the formation of HAP in the hexagonal syngo-
ny. Therefore, the presence of microimpurities and 
other defects in the structure of biological apatite 

Fig. 12. X-ray diffraction patterns of HAP: 1 – HAP 
particles without post-thermal treatment; 2 – HAP 
particles with post-thermal treatment at a temperature of 
1100 ° C for 3 h.

 

 

Fig. 11. SEM images of samples of carbon fibers based 
on coal tar pitches and PAN (a) after stabilization and (b) 
after carbonization.

 

(a)

(b)
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determines its characteristics and affects the phys-
ico-chemical and chemical-biological properties. 
Atoms of impurity can be located randomly in the 
structure of hydroxyapatite [61]. To describe the 
structure of HAP, it is convenient to formulate the 
ideal stoichiometric formula of Ca10(PO4)6(OH)2, 
taking into account the different positions occu-
pied by calcium atoms in the lattice of HAP as 
Ca10(PO4)6(OH)2, and also calculating the Ca/P ra-
tio, which for our samples was 1.5. This feature is 
typical for the whole class of calcium apatites and 
can be considered using the example of a unit cell 
of the HAP (Fig. 13) [62].

The values of the rate of diffusion flow of nu-
trients depending on the average pore size of the 
scaffold, which is in the range from 3.92 to 6.26 
mm at a certain rotation rate, showed that the geo-
metric shape of the scaffold has a significant effect 
on the movement of the nutrient fluid. For the G 
and E scaffold, the average pore size is 4.12 and 
6.26 mm, respectively, but for both scaffolds the 
rate of diffusion flow of nutrients is approximately 
the same ‒ 2.8 ml/h (Fig. 13a). A detailed study of 
the effect of the average pore size of scaffolds on 
the rate of diffusion flow of nutrients through it at 
12 rpm (Fig. 13 b) indicates that the pores do not 
significantly affect the rate of nutrient spread. Such 
behavior at similar parameters is confirmed in ex-

perimental works [63‒65] and possibly indicates 
the selection of optimal scaffold rotation rate. At 
rotation rates of 24 rpm (Fig. 13c) and 6 rpm (Fig. 
13a), the influence of the geometric shape on the 
distribution of the nutrient in the scaffold is clearly 
seen.

8. Conclusions

The results are summarized in this mini review 
in the fields of nanotechnologies and nanomateri-
als at the Institute of Combustion Problems. On the 
basis of previous investigations of the formation 
of fullerenes, graphenes and soot particles a full 
scheme of soot formation rich by fuel hydrocarbon 
flames is developed. A method for obtaining layer 
graphenes from rising husk was developed. Acti-
vated carbon with a large specific surface (3000 
m2/g) containing 5–10% of multilayer graphene 
(three and more sheets: I2D/IG = 0.63) was obtained. 
It was experimentally found that the addition of ac-
tivated carbon (1% of the total mass) to hydroxyl 
ammonium nitrate leads to a four-fold increase in 
the burning rate at the initial pressure of 5 MPa.

On the base of a few layers, graphenes from rice 
husk were prepared membranes for desalination. 
The desalination properties of membranes were 
successfully tested for the following salts: NaCl, 

   

 

Fig. 13. Influence of the average pore size on the rate of diffusion of nutrient fluid through the scaffold at its rotation 
rate of 6 (a), 12 (b) and 24 (c) rpm.
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KCl, MgCl2, CaSO4 and MgSO4. According to the 
Atomic Absorption Flame Emission Spectropho-
tometry, the GOM and GM membranes can desali-
nate salt water about 95%.

Multilayered 3D porous CoTiO3 films with 
high specific surfaces area were sintered by mix-
ing Co3O4, TiO2 nanopowders with a pore-forming 
agent, and further calcination. CoTiO3 film quality 
was investigated by SEM, XRD, BET, and optical 
measurement analysis. High calcination tempera-
tures decrease the porosity of CoTiO3 films and 
increase their crystal size at the same amount of 
agent adding. The results demonstrated in this pa-
per show the advantages of using 3D porous Co-
TiO3 as an active photocatalyst for producing hy-
drogen under sunlight illumination.

Spinnable pitch and carbon fibers were suc-
cessfully prepared from coal tar as an alternative 
precursor with the addition of polymer. Carbon fi-
bers were produced form the above pitch using the 
electrospinning method. Polymethylmethacrylate 
(PMMA) was solved in 1,2 – dichoroethane. The 
optimal ratio of PMAA/coal–tar was 50/50%.

It was found that HAP crystalline powder ob-
tained by chemical precipitation from an aqueous 
solution using a biologically waste material ‒ egg-
shell, has a purity of more than 95%. A distinc-
tive feature of the existing methods for producing 
HAP, in this work, is post-thermal firing at a tem-
perature of 1100 °C in the air for 2 h, which made 
it possible to obtain HAP particles with sizes up 
to 200 nm, as well as improve its crystal structure.
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