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ABSTRACT: Introduction. Advanced technologies impress people’s imagination demonstrating the latest achievements (materials, 
methods, systems, technologies, devices etc.) that dramatically change the world. This, first of all, concerns nanotechnological 
inventions designed by scientists, engineers and specialists from different countries. Main part. The paper briefly reviews inventions 
made by scientists, engineers and specialists from different countries: Russia, USA, China, Belarus, Great Britain, Vietnam, Denmark, the 
Kyrgyz Republic.  The application of the results of scientists’, engineers’ and specialists’ investigations, including inventions in the area 
of nanotechnology and nanomaterials allow achieving significant efficiency in construction, house and communal service, related 
sectors of economy. For example, the invention “A method to modify concrete with complex additive which includes hydrothermal 
nanoparticles SiO2 and multi-layer carbon nanotubes” refers to methods of modifying concrete by introducing combination of 
nanoparticles with high specific surface into concrete mixture and can be used in production of precast and monolithic parts and 
structures of buildings and facilities of different purpose. This method of nanomodifying concrete makes it possible to achieve 
increased mechanical characteristics of concrete: compressive strength (25–77% at the age of 28 days) and bending strength, 
resistance to damage, Young’s mod of elasticity and shearing modulus, density (up to 10%), accelerated hardening at the early age 
and  rate of strength development, decreased water absorbtion ability and improved indicators of porous structure (pore size and 
pore differential size uniformity), decreased total capillary porosity, increased frost resistance. The specialists can also be interested in 
the following nanotechnological inventions: a method to obtain polycrystalline diamond films; phase change materials for building 
construction: an overview of nano-/microencapsulation, solar collector of transpiration type; a method to obtain composition for 
antimicrobic coating on the basis of silver sulphide associates with molecules of methylene blue; broadband electromagnetic 
absorbing coating; a method to produce dry building mixtures; self-organizing nanostructures and separation membrane including 
aquaporin water channels and the methods to produce and use them; a method to obtain nanocrystalline titanium dioxide with 
anatase structure, etc. Conclusion. One of the most challenging tasks the economy of every country face is to increase industrial 
competitiveness through technological upgrade. From the side of the state and companies the principal object to control in this 
process are the people and enterprises dealing with introduction of inventions and new technologies.

KEYWORDS: nanotechnologies in construction, nanomodifying of concrete, nanodiamond powders, self-organizing nanostructures, 
silver nanoparticles, nanocomposite.
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INTRODUCTION

Advanced technologies impress people’s imagination 
demonstrating the latest achievements (materials, 

methods, systems, technologies, devices etc.) that dra-
matically change the world. This, first of all, concerns 
nanotechnological inventions designed by scientists, en-
gineers and specialists from different countries.

MAIN PART

A method to modify concrete with complex additive 
which includes hydrothermal nanoparticles SiO2 and multi-
layer carbon nanotubes (RU 2750497 С1)

The invention refers to methods of modifying concrete 
by introducing combination of nanoparticles with high 
specific surface into concrete mixture and can be used in 
production of precast and monolithic parts and structures 
of buildings and facilities of different purpose [1]. 

Raw mixture for production of precast and monolithic 
parts and structures contains Portland cement, sand, bro-
ken natural stone, complex additive and water. Complex 
additive is polycarboxylate super plasticizer, multi-layer 
carbon nanotubes (MLCN) and hydrothermal nanosi-
lica in the following component ratio, mas.%: Portland 
cement 14–16; sand 38–40; broken natural stone 41–43; 
complex additive (respect to cement) 0.8; super plasticizer 
0.32–0.4; MLCN 0.00004–0.05; hydrothermal nanopar-
ticles SiO2 0.000003–0.01; water (W/C = 0.15–0.5) the 
rest.

The aim of the invention is to improve characteristics 
of Portland cement concretes and structure of hydrated 
calcium silicate gel by using complex additive which 
contains hydrothermal nanoparticles SiO2 and carbon 
nanoparticles. This method of nanomodifying concrete 
makes it possible to achieve increased mechanical char-
acteristics of concrete: compressive strength (25–77% at 
the age of 28 days) and bending strength, resistance to 
damage, Young’s mod of elasticity and shearing modulus, 
density (up to 10%), accelerated hardening at the early age 
and rate of strength development, decreased water absorb-
tion ability and improved indicators of porous structure 
(pore size and pore differential size uniformity), decreased 
total capillary porosity, increased frost resistance.

This method allows improving structure of hydrated 
calcium silicate gel CSH in cement composite materials 
due to high specific area of surface and specific surface 
energy of nanoparticles SiO2 and carbon nanoparticles. 
The surface of nanoparticles acts as additional centers 
of crystallization of hydrated calcium silicate particles 
and polycondensation of silicon-oxygen tetrahedron, that 
favours increased rate of alite hydration and formation 
of CSH gel, reduced average sizes and increased volume 
density of particle packing and mechanical characteristics 

in phases CSH gel, increased structural order in phases of 
CSH gel and in hydrated calcium silicate particles.

A method to obtain polycrystalline diamond films 
(RU 2750234 С1)

The invention refers to the area of obtaining polycrys-
talline diamond films which are used in manufacture of 
thermal conduction module, ionizing-radiation detectors, 
infrared windows, strengthened and wear-resistant coat-
ings on the details and cutting tools.

Polycristalline diamond films consist of diamond crys-
tallites, which sizes, ratio of crystalline and amorphous 
phases strongly affect physical properties of such films. 
It was determined that reduced crystallite sizes and ra-
tio of diamond and amorphous phases in polycrystalline 
diamond films makes it possible to significantly rough-
ness of growth surface, that leads to changes in electric, 
optical and emission characteristics of films. As a rule, the 
start of growth of polycrystalline diamond films (diamond 
coatings) is followed by the period, during which dia-
mond seeds are formed on the base. These seeds act as the 
nucleation centers of diamond phase of the film. Nano-
diamond powders are used as diamond seeds. Higher and 
more even density of the diamond seeds with minimum 
dimensional dispersion on the base surface allows reduc-
ing sizes of diamond film crystallites and obtaining solid 
ultrathin diamond films with smooth surfaces [2].

The method is performed in the following way. To 
apply nanodiamond powder on silica base, one needs, at 
first, to prepare suspension from nanodiamond powder 
and liquid and then to impact on suspension with ultra-
sonic vibrations which power is 500–1000 Wt. After that 
power of ultrasonic vibrations is reduced to 250–350 Wt 
and silica base is put into the suspension, the base is pro-
cessed for the time during which nanodiamond particles 
are precipitated, introducing into base surface. “Seeded” 
base is taken from suspension, it is washed in deionized 
water and dried. Base surface is examined with electronic 
microscope to determine quality of seeding. Then a gra-
phene layer which contains 3–10 monolayers of graphene 
is precipitated on the base nanodiamond powder. Then 
the base is placed into reactor to precipitate polycrystal-
line diamond layer. Material of the base does not depend 
on the method used to apply polycrystalline diamond 
films, the base can be made of silica, molibdenous and 
other materials but it is silica that is preferable material 
of the base. 

Liquid phase is a suspension of nanodiamond powders 
in liquid. Acetone, isopropyl alcohol, ethanol, water can 
be used as liquid. Concentration of diamond powders in 
suspension must provide necessary quantity of diamond 
phase to obtain “seeding” of the base with proper density 
and to provide efficient disaggregation of nanodiamond 
powders in suspension. It is preferably to use nanodia-
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mond powders with size 4–10 nm for “seeding” the base, 
as they are optimal for obtaining high density of “seeding” 
and film with smooth surface.

Phase change materials for building construction: An 
overview of nano-/microencapsulation

Buildings contribute to 40% of total global energy con-
sumption, responsible for 38% of greenhouse gas emis-
sions. In the last decade, advances in thermal energy stor-
age (TES) techniques using phase change material (PCM) 
have gained much attention among researchers, mainly 
to reduce energy consumption and promote renewable 
energy sources such as solar energy. 

Phase change materials (PCMs) are a group of 
functional materials that support the same purpose as 
a function of temperature with the intrinsic capability of 
absorbing, storing, and releasing thermal energy in the 
form of latent heat known as enthalpy of fusion during 
phase transition cycles at their operating temperatures 
under isothermal conditions. PCM technology is one 
of the most promising technologies available for devel-
oping high-performance and energy-efficient buildings 
and, therefore, considered one of the most effective and 
ongoing fields of research. The main limitation of PCM 
is its leakage problem which limits its potential use in 
building construction and other applications such as TES 
and textiles, which can be overcome by employing nano-/
micro-encapsulation technologies [3]. 

This paper comprehensively overviews the nano-/
micro-encapsulation technologies, which are mainly 
classified into three categories, including physical, phys-
iochemical, and chemical methods, and the properties of 
microcapsules prepared. Among all encapsulation tech-
nologies available, the chemical method is commonly 
used since it offers the best technological approach in 
terms of encapsulation efficiency and better structural 
integrity of core material. There is a need to develop 
a method for synthesizing nano-encapsulated PCMs to 
achieve enhanced structural stability and better fracture 
resistance, and, thus, longer service life. The accumulated 
database of properties/performance of PCMs and syn-
thesized nano-/micro-capsules from various techniques 
presented in the paper should serve as the most useful 
information for the production of nano-/micro-capsules 
with desirable characteristics for building construction 
application and further innovation of PCM technology. 

It will be beneficial to develop and apply nanoencap-
sulation techniques to synthesize nanocapsules, as they 
have several desirable characteristics, including better 
loading capacity and encapsulation efficiency, improved 
structural stability, and fracture resistance when com-
pared with microcapsules resulting from microencapsula-
tion. To promote the sustainability of the encapsulation 
technology, it is necessary to utilize biopolymers such as 

cellulose/nanocellulose as shell materials because such 
polymers are environmentally friendly and are available 
abundantly.

Solar collector of transpiration type (RU 2749242 С2)

Building structures are being improved, that often 
means better air tightness. Therefore it is of great impor-
tance to design such air-ventilation systems that could 
provide constant supply of fresh air into the building. 
If supplying fresh air is colder than bleeding warm air, the 
temperature inside the building can decrease. That may 
require building heating. Solar collectors of transpiration 
type can be used for pre-heating of the air supplied into 
the building, that will allow reducing necessity in heating 
by means of standard heating systems and providing cost 
reduction. Moreover, if the external energy is obtained 
from fossil energy source or nuclear sources, that provides 
considerable ecological benefits and decrease usage of 
scare sources.

The invention refers to solar collector of transpiration 
type that contains absorbing panel which base is made 
of stainless steel, surface layer made from chrome oxide 
is on the front surface of the base and a great number of 
through holes formed in the base and surface layer, and 
the thickness of surface layer is at least 70 nanometers and 
acts as external surface of solar collector of transpiration 
type [4]. The application also describes a building which 
comprises this collector installed on the roof or wall in 
such a way that the surface layer forms external surface 
of the building and a method to produce solar collector 
according to which the plate is made of stainless steel 
containing initial layer of chrome oxide on the front sur-
face and then chemical and electrochemical growing of 
initial layer of chrome oxide on the front surface to form 
overgrown layer of chrome oxide, after that many through 
holes are made in the plate and the plate in the form of 
absorbing panel of solar collector of transpiration type is 
formed. Overgrown layer of chrome oxide becomes ex-
ternal surface of solar collector of transpiration type. One 
should note, the stage of chemical and electrochemical 
growing of initial layer of chrome oxide is performed prior 
or after the stage of forming a number of through holes. 
The invention could decrease radiant heating losses in 
the atmosphere, provide protection from ultraviolet light 
to prevent discolourment and damages in the coating, 
prolong service lifetime.

Fig. shows an example of solar collector of transpira-
tion type 100. Solar collector 100 of transpiration type 
is located on the external side 102 of the building and 
contains absorbing panel 108 (a panel with absorbing 
collector), installed on the wall 106 of the building by 
means of holderbats (not shown). The absorbing pan-
el 108 contains a number of through holes 110 (punch 
holes). The absorbing panel 108 is at the distance from 
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the wall 106, there is air space 112 between the absorbing 
panel 108 and the wall 106. The air space 112 is connected 
to fresh air duct 114 of the ventilation system. The fresh 
air duct 114 is used to supply fresh air into inner space 
104 of the building. When operating, absorbing panel 108 
absorbs solar radiance, that heats material of the absorb-
ing panel 108. Bound layer which is adjacent to external 
(front) surface 122 of the absorbing panel 108, is heated by 
the absorbing plate 108 and is drawn through holes 110 in 
the air space 112 and then is drawn from space 112 into air 
outlet 114 by air fan 116. The arrows show air flow through 
the absorbing panel 108 and ventilation system on the Fig.

A method to obtain composition for antimicrobic 
coating on the basis of silver sulphide associates with 
molecules of methylene blue (RU 2750232 С1) 

The invention refers to the area of antimicrobic com-
positions, specifically to the area of obtaining composi-
tions with silver sulphide nanocrystals. Such compositions 
are added to lacquer materials and are used to disinfect 
different surfaces.

It is well-known that silver ions and some other met-
al ions have an ability to inactivate viruses of some flu 
strains, entero- and adenoviruses. They possess consid-
erable therapeutic effect in medical treatment of some 
virus human and animal deceases, especially when col-

loid silver is used, respect to standard therapy. Therefore, 
the promising approach to creation of new generation 
of antimicrobic compositions is the use of colloid metal 
nanoparticles and semiconductive nanocrystals as well as 
hybrid associates on the basis of them.

The scope of the invention is to develop a method to 
produce composition for antimicrobic coating on the basis 
of silver sulphide associates with molecules of methylene 
blue. Hydrophylic property of the composition obtained 
as a result of this method makes it possible to use it to 
treat room surfaces and also to provide compatibility with 
emulsion paints to achieve antimicrobic effect. Created 
compositions are not volatile, do not possess odor, are 
not toxic and keep effect for a long time [5].

The technical result of the invention is achieved due 
to the following stages of the method used to obtain com-
position for antimicrobic coating on the basis of silver 
sulphide associates with molecules of methylene blue: 
synthesis of nanocrystals Ag2S by consolidating thiogly-
colic acid and silver nitrate under temperature 30оС and 
constant mixing with further drop titration with aqueous 
solution NaOH, and then addition of sodium sulphide 
solution with further mixing, adding acetone into solution 
in ratio 1:1; centrifugalization with further decanting of 
water, addition of solvent and solution of methylene blue 
in 96% ethanol to sediments. According to the invention, 
the synthesis is performed by adding 0.0135–0.0154 М of 
silver nitrate aqueous solution to 0.027–0.03 М of thio-
glycolic acid aqueous solution under constant mixing with 
the rate 300–600 rpm and molar ratio 2:1 respectively. 
Drop titration is performed with 0.1 М of aqueous solu-
tion NaOH up to рН = 9, and them adding 0.02–0.023 М 
of aqueous solution of sodium sulfide (temperature is 
from 15 to 25оС) under volume ratio thioglycolic acid 
aqueous solution : silver nitrate aqueous solution : sodium 
sulphide solution – 2:2:1 respectively. All that is mixed 
for at least 20 minutes, precipitated and is separated from 
water soluble resultants by centrifuging at rate 5000 rpm 
for 30 minutes. Then 50% aqueous ethanolic solution 
taken in the volume which is equal to the sum of volumes 
of mixed silver nitrate solution, thioglycolic acid solution 
and sodium sulphide solution is added to the obtained 
sediment; solution of methylene blue in 96% ethanol is 
added.

Broadband electromagnetic absorbing coating 
(RU 2750215 С1)

The invention refers to electromagnetic absorbing 
coatings used to absorb electromagnetic radiation in 
ground, aviation, space and marine technical devices to 
reduce their radar visibility as well as to absorb electro-
magnetic radiation in shadowing devices, in absorbing 
clothings and frameworks, in anechoic measurement 
chambers and protective facilities for citizens from non-

Fig. An example of solar collector of transpiration type

100--... 122~124 

1oa__./j L 

110_/il a 
110--JJ 

JJ 1101 
110----

110J_; 

,,.Y 
I 

Nanob~ 

http://nanobuild.ru/ru_RU/


http://nanobuild.ru info@nanobuild.ru

Nanotechnologies in construction
Нанотехнологии в строительстве

2021; 13 (4): 
242–251

REVIEW OF NANOTECHNOLOGICAL INVENTIONS

246

ionizing radiation [6]. Known electromagnetic absorbing 
coatings are based on ability to absorb incoming radiation 
by fine elements: clusters of ferromagnetic particles, fer-
rites and hydrogenated carbon.

The task of applied invention is to broaden absorp-
tion frequency range of the coating, specifically to raise 
maximum absorption frequency up to ≈700 GHz and to 
decrease minimum absorption frequency to ≈10 MHz.

The imposed task is solved by applying nanoparti-
cles of copper-nickel alloy which composition includes 
25–50 mas. % Cu and the rest is Ni in absorbing film. 
At this, raised maximum frequency of absorption band 
up to ≈700 GHz is due to the nanoparticle size which 
is equal or less than thickness of skin-layer at maximum 
absorbed frequency (≈400 nm at frequency 700 GHz). 
That provides broad band of electromagnetic radiation 
absorption frequency because radiation of all frequencies, 
equal of less than maximum one, penetrates into volume 
of nanoparticle and is absorbed in it interacting with all 
Fermi electrons of nanoparticle. This is a result of the 
fact that the thickness of skin-layer at the frequencies, 
less than maximum one, is more than a thickness of skin-
layer at maximum frequency. Reduction of minimum 
frequency of absorption band to ≈10 MHz is provided by 
applying technology of absorbing of electromagnetic field 
quantum with participation of dominating dilatational 
quantum, i.e. quantum from the area of full width at the 
mid of maximum (FWMM area) frequency distribution 
of dilatational quantum, in nanoparticles. In this techno-
logy Fermi electron is excited when it absorbs simulta-
neously radiation quantum and dominating dilatational 
quantum. And it relaxes, when excites secondary dilata-
tional quantum from FWMM area. Due to participation 
of dominating quantums in absorption, the intensity of 
electromagnetic radiation absorption is raised. At this, it 
is wavelength of dilatational quantum from FWMM area 
(~0.5 nm) which is much less than the size of nanopar-
ticle (≤400 nm) that provides participation of dilatational 
quantums.

Self-organizing nanostructures and separation 
membrane including aquaporin water channels and the 
methods to produce and use them (RU 2749848 С2)

The invention refers to self-organizing nanostructures 
formed by transmembrane proteins, such as aquaporin 
water channel (AQP) and polyalkyleneimines (PAI) and 
to filtration membranes which comprise these nanostruc-
tures [7]. This invention additionally refers to the methods 
used to obtain nanostructures and separation membranes, 
such as hollow fibers and hollow fiber module, to their 
application.

In general, this invention refers to application of poly-
alkyleneimines (PAI), such as polyethyeneimine (PEI), in 
formation of self-organizing nanostructures with trans-

membrane proteins or specified types of integral mem-
brane proteins (proteins that form pores), such as aqua-
porin water channels. Nanostructures of PAI-protein can 
be used later in obtaining separation membranes in which 
transmembrane proteins are immobilized and active, for 
example, to provide transfer of water molecules through 
membrane. For example, to obtain separation membranes 
with transmembrane proteins self-organizing nanostruc-
tures can be suspended in aqueous liquid composition that 
may be involved in reaction of interphase polymerization 
on semipermeable base with formation of thin film com-
posite active layer of membrane or self-organizing nano-
structures can be included in filtration membrane formed 
by layer-by-layer method or other types of filtration mem-
brane with active selective layer. Without regard to any 
certain theory, self-organizing nanostructures are con-
sidered to emerge due to electrostatic interaction between 
positive nitrogen atoms which are in polyalkyleneimine 
molecules and amino acid residues in transmembrane 
protein which are negative charged under conditions (рН, 
pK, etc.), used for formation of nanostructures and/or 
membrane containing these nanostructures.

Thus, the described invention offers separation mem-
branes, such as filtration membranes or TFC membranes, 
possessing AQP, involved in active layer to enhance water 
transport. In active layer AQP are immobilized in self-
organizing PAI nanostructures, such as self-organizing 
PEI nanostructures. The invention also offers liquid com-
positions containing nanostructures on the basis of PAI-
protein which can be imployed in active layer of different 
separation membranes (including filtration membranes), 
such as nanofiltration membranes, forward osmosis mem-
branes and reversed osmosis membranes. 

A method to obtain alumina ceramic material, modified 
with silver nanoparticles (RU 2749340 С1)

The invention refers to the technology for obtaining 
ceramics containing silver nanoparticles which can be 
used as filters to decontaminate water from harmful bacte-
ria [8]. It is known that different materials, modified with 
silver, for example, composites, ceramics, steel, porcelain, 
faience ware, possess antimicrobic characteristics. In par-
ticularly, composites on the basis of ultrahigh-molecule 
weight polyethylene (UHMWPE) modified with silver are 
known to possess antibacterial properties. In recent years, 
it is nanostructured silver that has been of great interest.

To create economic and industrial process of produc-
ing efficient ceramics which could be used as filters to 
decontaminate water from harmful bacteria, a method 
to obtain alumina ceramic material, modified with silver 
nanoparticles is proposed. There are two stages in this 
method: preliminary treatment of initial alumina ceramic 
material with 20% porosity and further impregnation of it. 
Preliminary treatment of initial alumina ceramic material 
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consists of: exposure of initial alumina ceramic material 
to ultrasound, preferable value is 30kHz, for 15–30 min; 
washing it with distilled water and dipping it into con-
centrated nitric acid for 2–4 hours, then rewashing with 
distilled water and drying under temperature 140–160оС. 
Impregnation stage of ceramic material treated with 
nanosilver is conducted by dipping the treated ceram-
ic material in solution containing 0.004 mole of silver 
methane sulfonate or silver trifluoroacetate in 100 ml of 
ethylene glycol. Then it is kept being shaked and mixed 
till even distribution of solution on the surface of the ma-
terial and after that a solution, containing 0.002 mole 
of ascorbic acid in 100ml of ethylene glycol, is added to 
it. Than impregnated material is kept being shaked and 
mixed under room temperature for 1–2 hours, obtained 
ceramic material is washed with distilled water and is dried 
under 70–90оС.

A method of synthesis of nanocomposite Mn–O–C 
(RU 2749814 C1)

The method refers to nanotechnology: plasma arc 
technology of synthesizing nanocomposite particles of 
manganese oxide with carbon coating [9]. The invention 
can be also used as a material for electrodes of supercon-
densers (SC). Supercondensers are the most promising 
energy sources as they possess high output and high power 
capacity at the same time, that differs from traditional 
accumulator batteries and condensers. High power capac-
ity of supercondensers is due to materials of electrodes. 
Materials of electrodes in SC are those that combine high 
specific capacity and long service life, for example, carbon 
nanomaterials, transition metals and conductive polymers 
Max-phase and MAXene.

The most promising oxide of transition metal SC elec-
trodes is considered to be manganese oxide (MnOx) due 
to its high specific capacity (1370 F/g), low cost, wide 
availability and ecological safety. However, MnOx pos-
sess low stability in long cycles, that is caused by charge 
accumulation mechanism and electrolyte ion doping. 
When manganese transits from one oxidation state in 
another, the system becomes incompensated, that results 
in doping/deposition of additional ions from electrolyte 
solution. During this process interlayer space enlarges/
reduces, that finally results in fast destroying of crystal 
structure and material damage. Thus, MnOx oxides are 
stable only in the course of 1000 – 3000 cycles. The ef-
ficient method to increase stability of MnOx is to create 
composites with amorphous carbon or carbon nanostruc-
tures. In such composites carbon acts as a matrix which 
retain and stabilize particles of MnOx during electrolyte 
ion doping and metals or their compounds – as active ele-
ments. Moreover, carbon is needed to increase electrical 
conductivity of material, to decrease losses at the interface 
between active material and collector.

The task of the invention is to create easy-to-use and 
economic method of synthesizing nanocomposite Mn–
O–C with controlled composition of MnOx nanoparticles 
and degree of carbon matrix graphitization, with high 
cycle stability and high electrochemical capacity to be 
used as a material of electrodes in SC. The imposed task 
is solved by combining traditional methods, in particular, 
plasma arc synthesis of composite metal-carbon material 
and annealing of synthesized material in oxygen-con-
taining medium under atmosphere pressure. As a result, 
obtained material possesses improved characteristics, high 
cycle stability and high electrochemical capacity, and it 
can be used as a material of electrodes in SC.

A method to obtain nanocrystalline titanium dioxide 
with anatase structure (RU 2749736 C1)

The invention refers to Material Science and nano-
technologies, in particular, to obtaining titanium dioxide 
which can be used in hydrogen power industry and water 
treatment. The technical result of the invention is creation 
of the method to obtain nanocrystalline titanium dioxide 
with anatase structure, in composition of the product with 
low content of impurity phase [10].

The method to obtain nanocrystalline titanium diox-
ide with anatase structure is performed in the following 
way: generating of titanium electrical discharge plasma 
in the chamber, preliminary vacuumized and filled with 
oxygen-containing gas mixture under normal atmosphere 
pressure and room temperature by means of coaxial mag-
netoplasma accelerator with titanium core and with cen-
tral electrode consisting of titanium tip and steel shank, 
with electrically fusible link placed between titanium tip 
and steel shank, and condenser capacity is 14.4 mF.

According to the invention, titanium electrical dis-
charge plasma is generated with coaxial magnetoplasma 
accelerator with electrically fusible geoline link which 
mass is from 0.10 to 0.25 g., spraying plasma in the first 
chamber filled with gas mixture of argon and oxygen in 
ratio of partial pressure Ar:O2 1:4 and charge voltage 
of capacitors battery is 2.8 kV, nanocrystalline part of 
the synthesized product is moved to the second pre-
vaccumized chamber, opening overflow valve between 
chambers in 10 seconds after generation of electrical 
discharge plasma. After that titanium dioxide with ana-
tase structure is collected from the internal walls of the 
second chamber.

When capacity energy accumulator between titanium 
tip of central electrode and titanium core of the accelera-
tor is discharged, arc discharge initiation takes place, as a 
result of that electrically fusible geoline link gets plasma 
state. Electronic erosion development of titanium-con-
taining precursor from inner surface of cylindrical elec-
tricity conductive titanium core takes place in the process 
of burning of arc charge. Plasma flow is accelerated up 
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to hypersonic speed and eroded titanium participates in 
plasmachemical reaction with oxygen of the first cham-
ber, that provides formation of nanocrystaline titanium 
dioxide with anatase structure. Separation of synthesized 
nanocrystalline anatase from coarse rutile is provided by 
opening overflow valve and collecting product from the 
second chamber. The advantage of this method is the use 
of hydrogen-containing electrically fusible link since geo-
line, apart of mineral oil, contains hard saturated hydro-
carbons. Geoline link is heated, is melted and hydrogen 
from it is relieved, favouring speeded flow of plasma. This 
invention allowed obtaining products in which content of 
nanocrystalline anatase is from 83.2 to 85.7 mas. % and 
average size of particles is up to 100 nm.

Epoxy composition of cold hardening (RU 2749379 С2)

The invention refers to creation of epoxy compositions 
of cold hardening used as a base for glues, joint sealers 
and compounds for encapsulation and repairing items 
of various materials. Epoxy compositions possess high 
strength and deformation characteristics during opera-
tion process under wide range of temperature, including 
the conditions in Arctic and Extreme North. The task to 
gain improved deformation-strength properties is of great 
importance today.

The essence of the invention is explained by the ex-
ample [11]. Epoxyurethane oligomer СКУ-1400-3А is 
synthesized in two stages: at the first stage a reaction be-
tween oligotetramethyleneoxidediol with molecule mass 
1400 (trade mark polyfurite 1400) and 2.4-toluene diiso-
cyanate, taken twice more respect to stoichiometry, runs. 
The reaction that runs under 80°С in hermetically sealed 
reactor equipped with mechanical mixer and heating 
jacket for 5–6 hours with mixing results in oligoesteru-
rethanediisocyanate (urethane forpolymer with functional 
isocyanate groups) with content of free isocyanate groups 
4–4.7–4.8%. At the second stage obtained product inter-
acts, while mixing, with glycidol taken twice more respect 
to stoichiometry in the mentioned reactor under 80оС for 
5–6 hours. The final product oligomer СКУ-1400-3А is 
a dense viscous transparent liquid and its content of free 
epoxy groups is 4.2–4.85%.

At the first stage, achievement of constant content of 
isocyanate groups in synthesis is controlled by reversed 
titration method according to the regulations TU-113-
03413-89 (ТУ-113-03413-89), and at the second stage 
content of free epoxy groups is determined by reversed 
titration method according to GOST 12497-78 (ГОСТ 
12497-78).

Preparation of epoxy composition is conducted in the 
mentioned reactor gradually loading and continual mixing 
of components: 100 pts.wt. of epoxy diane resin ЭД-20 
(GOST 10587-90), 4 pts.wt. of plasticizer, oligomer СКУ-
1400-3А. In the mixture of components, loaded into re-

actor, 0.6 pts.wt. of nanomaterial is added, after that the 
mixture is dispersed by ultrasonic impact with the plant 
Bandelin Sonopuls HD-3200 (ISO 9001/12.2000) for 
2 min under frequency 22 kHz.

 
A method to obtain composite sorbent to educe heavy 

metal ions from aquaeius solutions (RU 2750034 С1)

The invention refers to chemical industry, in particu-
lar, to the methods of obtaining composite sorbents, con-
taining chitosan, used to educe heavy metal ions by sorp-
tion from various solutions formed as a result of different 
technological processes and can be applied in improving 
membrane and sorption technologies, in water treatment, 
in development of technologies aimed at utilization of 
heavy metal ions from aqueous solutions and waste water 
of different nature [12]. 

The technical result of the invention is reduced time of 
chitosan expanding in 1% solution of acetic acid and in-
creased sorption capacity of sorbent respect to heavy met-
al ions. The result is achieved due to the following stages: 
mixing of chitosan solution in 1% acetic acid with disperse 
of reinforcing material in distilled water, intensive mixing 
and gradual adding epichlorhydrin as a crosslinking agent. 
Crosslinking agent is mixed until its total inclusion into 
reaction mixture. Then prepared mixture is drop-by-drop 
introduced into aqueous solution of sodium tripolyphos-
phate with concentration 0.05 M under mixing. Emerged 
microspheres are cured under microwave radiation which 
power is 300 Wt and frequency is 2.45 GHz, temperature 
25–40оС for 15–25 min and then they are separated from 
dispersed medium and thoroughly washed in distilled 
water from unconverted sodium tripolyphosphate. Carbon 
nanotubes “Taunit-M” are used as reinforcing dispersed 
material, and gelatin water is additionally introduced into 
chitosan solution, mass ratio “gelatin : chitosan” is 1:5 – 
1:3 and mass ratio between reinforcing dispersed material 
and mixture of chitosan and gelatin is 1:10 – 1:2. Mixing 
of chitosan solution in 1% acetic acid is carried out for 
20–мм30 min with further ultrasonic treatment which 
lasts for 10–20 min and expansion in rest without mixing 
runs for 30–40 min.

The specialists can also be interested in the following 
inventions related to nanotechnologies:

● Wear-resistant and yellowing-resistant decorative ma-
terial and preparation method thereof [13].

● The composition of paint or coating, which allows to 
suppress microbial corrosion in metal surfaces [14].

● Graphene modified with nitrogen atoms and a method 
to produce it [15].

● A method to grow wire-type silica crystals [16].
● Raw mixture to obtain coarse semi-finished product 

of superhard composite material [17].
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Therefore, we hope that the information published in 
this section will be in demand and useful for specialists. 
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