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ABSTRACT: The article provides an abstract review of patents. The results of creative activity of scientists, engineers and specialists,
including inventions in the field of nanotechnology and nanomaterials, being implemented, allow achieving a significant
effect in construction, housing and community services, and related sectors of the economy. For example, the invention «Raw
mixture for production of fine-grained polymer concrete modified by microsilica» refers to construction and can be used in
manufacture of nanomodified concretes based on potentially chemically reactive coarse and/or fine filler for transport, industrial
and civil construction. Modification of cement stone structures by means of microsilica made of silica production wastes and
acrylic dispersion will make it possible to intensify hydration of binder, to reduce cement consumption and to increase strength
characteristics of final product compared to traditional concrete mixtures. The invention can be used to produce concrete articles
and structures, flagstones, decorative borders, to arrange top layers of road beds and to repair them when it is required, as well
as to fill cracks and as a filler in sealing joints.

The specialists can also be interested in the following inventions in the area of nanotechnologies: nanomodified high-strength
light concrete, combined heat-insulating system, composite layered self-healing material, a method to produce metal/carbon
nanocomposites, an electrochemical method to produce nanosized powder of metal silicide, a method to produce metal-polymer
nanocomposite materials with metal nanoparticles et al.
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INTRODUCTION

A dvanced technologies impress people’s imagination
emonstrating 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.

MAINPART

Raw mixture for production of fine-grained polymer
concrete modified by microsilica (RU 2711169 C1)

The invention refers to construction and can be used
in manufacture of nanomodified concretes based on

© lvanov LA, Demenev A.V,, Pisarenko Zh.V., Wang Q., 2020

potentially chemically reactive coarse and/or fine filler
for transport, industrial and civil construction [1]. The
technical result is increased strength, frost resistance and
quality of concrete and reduced energy consumption in
manufacturing process at the same time. The technical
result is achieved due to the fact that raw mixture used in
production of fine-grained polymer concrete, modified
by microsilica, contains Portland cement M500, nanodis-
persed additive, sand, polymer (latex), water, according
to invention, contains microsilica MK-95 as a nanodis-
persed additive, acrylic dispersion BACM-KHN-01-01
(latex) as polymer, a mixture of high-silica sand fractions
as a filler. Ratio of raw mixture components is given in
the table 1.

Modification of cement stone structures by means
of microsilica made of silica production wastes and acrylic
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dispersion will make it possible to intensify hydration
of binder, to reduce cement consumption and to increase
strength characteristics of final product compared to tra-
ditional concrete mixtures. The invention can be used
to produce concrete articles and structures, flagstones,
decorative borders, to arrange top layers of road beds and
to repair them when it is required, as well as to fill cracks
and as a filler in sealing joints.

Table 1

Raw mixture components | mass. %

Portland cement M500 from 20,8 to 21.0

Microsilica MK-95 from 2,1 to 3,1

Sand, fraction 2,5 - 3 mm | from 62,8 to 63,3

Acrylic dispersion

BIACM-KI-01-01 (latex) | o™ 0-1010 0,13

Water from 12,7 to 13,0

Nanomodified high-strength light concrete
(RU 2718443 C1)

The invention refers to the industry of construction
materials and can be used in manufacture of articles in
civil and industrial construction, cast-in-situ construc-
tion, erection of special buildings [2]. The technical result
is obtaining high-strength light concrete with high module
of elasticity and at the same time saved (increased) weight
strength. Nanomodified high-strength concrete possesses
average density 1300...1510 kg/m?; compressive strength
50,5...65,8 MPa; weight strength 38.8...43,6 MPa; crack
resistance coefficient 0,084...0,085; module of elasticity
6,10...8,22 GPa, Poisson’s ratio 0,093...0,136.

The technical result is obtaining high-strength light
concrete with high module of elasticity and at the same
time saved (increased) weight strength. The techni-
cal result is achieved due to the following technology:
high-strength light concrete contains Portland cement,
filler, plasticizer and water, as well as mineral part that
consists of microsilica which average size of particles
is 0,01...1 um; rock dust (it is an outcome of grinding
silica sand or other rock with silica content) with specific
surface area 750 m2/kg and silica sand fraction 0,16—
0,63 mm; hyperplasticizers on the basis of polycarboxyl-
ate are used as plasticizers; fillers are hollow aluminum
silicate microspheres; additionally there is a nanosized
modifier on the surface of the hollow microspheres. This
nanosized modifier is a colloidal solution of silica sol and
ferrum (III) hydroxide sol with particle size less than
30 nm, in which concentration of silicic acid in the form
H,SiO, is 3,02%.

To prepare concrete Portland cement, for example,
brand CEM 1 42,5 N according to GOST 31108-2003

is used. Mineral part that contains graded silica sand
(fr. 0,16—0,63 mm) according to GOST 8739-93, rock
dust with specific surface 750 m?/kg and microsilica pro-
vide filling of intergranular openings of filler, forming
dense structure.

Aluminum silica full microspheres are used as a filler
as their characteristics decreases average density. These
microspheres are carriers of nanomodifier, that makes it
possible, on the one side, to distribute it in the volume
of composite, on another side — to use chemical activity
of its components locally, in phase boundary «cement
stone — microsphere».

A method to produce silicone dioxide capsules on
the surface of inorganic nanoparticles (RU 2715531 C2)

The invention refers to the area of composite nano-
materials. A method to produce material that contains
silicone dioxide capsules on the surface of inorganic
nanoparticles has been developed [3]. The method in-
volves chemical precipitation of silicone dioxide from
sodium metasilicate solution that contains inorganic
nanoparticles. Nanoparticles are dispersed in water un-
der ultrasound impact, sodium metasilicate with con-
centration 0,001—0,1 mol/liter is introduced into sus-
pension of aqueous solution, when mixing hydrochloric
acid solution is added if concentration and volume of hy-
drochloric acid solution is equal to concentration and
volume of sodium metasilicate solution. Then all that
is cured under 8 hours mixing, centrifugated, washed
out and dried.

The obtained technical result is the possibility to pro-
duce silicone dioxide capsules on the surface of inor-
ganic nanoparticles in aqueous suspension using method
of chemical precipitation from the solution. Sodium
metasilicate dissolved in aqueous phase of suspension
of nanoparticles involved in precipitation is used as a pre-
cursor for obtaining silicone dioxide capsules. Thickness
of'silicone dioxide layer can vary in dependence of process
parameters, from several units to hundreds of nanometers.
Nanoparticles of inorganic compounds of metals of dif-
ferent shape can be used as cores.

Combined heat-insulating system (RU 2717456 C1)

The invention refers to combined heat-insulating sys-
tems and to the methods to install them [4]. Combined
heat-insulating system possesses insulation layer, not nec-
essary reinforcing one, applied on insulation layer, and an
external layer applied on insulation layer or on reinforcing
layer if it is available. The system differs in a way that an
external layer contains composite particles that possess at
least one organic polymer as organic polymer phase and
at least one inorganic hard substance which particles are
distributed in organic polymer phase. At this mass frac-
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tion of inorganic hard substance is from 15 to 40 mass.%
calculated as total mass of organic polymer and inor-
ganic hard substance in composite particle, and the size
of composite particles is from 5 to 5000 nm. The method
of thermal insulation of outer facades provides for install-
ing mentioned above heat-insulating system on the outer
facade. Application of composite particles as composite
covering dispersion which size is 5—5000 nm and contain
at least one organic polymer as organic polymer phase
and at least one inorganic solid substance which particles
are distributed in organic polymer phase, when build-
ing mentioned above combined heat-insulation systems.
Technical result is increased mechanical loading — shock
resistance, formation of stable barrier and saved shock
resistance.

Composite layered self-healing material (options)
(RU 2710623 C1)

The invention refers to layered composites (options)
that are able to restore independently its integrity after
caused mechanical damages (self-healing ability). The
layered composites are used to manufacture structures
that are needed to be protected from defects, in particu-
larly, to manufacture structures with inner atmosphere,
for example, for hermetic objects [5]. In the first op-
tion a composite layered self-healing material contains
two external flexible layers and a composite layer. The
composite layer consists of organosiloxane matrix and
a filler. There is a layer of boron-siloxane oligomer and
polymer between composite layer and external flexible
layer. At the same time external flexible layers comprise
material similar to organosiloxanes. In another op-
tion composite material contains two composite layers
and two flexible external layers. The first composite
layer connects to the first external flexible layer, and
the second composite layer connects to the second
external flexible layer. External flexible layers involve
material similar to organosiloxanes. In another option
composite material contains two composite layers and
two flexible external layers. There are two layers on
the basis of boron-siloxane oligomer or polymer sepa-
rated by bound layer between two composite layers.
External flexible layers also comprise material similar
to organosiloxanes.

The technical result of the invention is the ability
of composite layered materials to self-heal for the short
time, within the order of several seconds, with long-
lasting healing effect. The proposed structures of lay-
ered self-healing composite material could provide both
self-healing properties and required phisicomechanical
characteristics that allow using these structures un-
der extreme conditions, for example, when protection
from damages is needed or urgent repair is impossible
or delayed.

A method to produce metal/carbon nanocomposites
(RU 2715655 C2)

The invention refers to the industry, construction, ag-
riculture, medicine and can be used in production of cata-
lysts, active additives and agents [6]. 3d metal oxide used
as a metal-containing substance and polyvinyl alcohol
with molecular mass no more than 80 000 are mechano-
chemically mixed in triturating machine spending energy
no less than 220 kJ/mole until oxidation-reduction pro-
cess starts. Then obtained xerogel is stage heated until
formation of nanogranular that involves metal-containing
clusters with the size up to 50 nm, associated with carbon
coating on which delocalized electrons are determined.
Ratio of components is 2—4 moles of polyvinyl alcohol to
1 mole of copper oxide, or 3—6 moles of polyvinyl alcohol
to 1 ferrum oxide, or 4—6 moles of polyvinyl alcohol to
1 mole of nickel oxide.

The technical effect of the invention is a method to
produce metal/carbon nanocomposites with specified
atomic magnetic moment of 3d metal in nanocomposite
that exceeds atomic magnetic moment of the 3d metal
crystal and possesses high chemical activity.

A method of electrochemical obtaining nanosized
powder of metal silicide (RU 2718022 C1)

The invention refers to obtaining nanosized powder
of metal silicide. An electrolyte consisting of alkali metal
halide and metallic salt and consumed micron sized com-
ponents in the form of metal and silica powders are placed
into hermetic crucible and are heated to the temperature
of metal silicide synthesis above electrolyte melting point
with obtaining ion melt in argon or carbon dioxide [7].
To transfer metal to silica in ion melt with formation
of nanosized powder of metal silicide, it is necessary to
provide anionic and cationic composition of ion melt
with electrochemical potential of metal, which is more
negative than silica potential, by value >0,5 V. Hardened
electrolyte with formed powder is extracted from the cru-
cible, grinded and exposed to hydrometallurgical treat-
ment with obtaining nanosized powder of metal silicide.
That provides electrochemical obtaining of nanosized
powder of metal silicide.

It is also possible to use powders of metal and silica
of micron size as consumed components with further
heating up to process temperature above electrolyte
melting point in hermetic crucible in argon or carbon
dioxide atmosphere. That allows obtaining ion melt
in which electrochemical transport reaction by means
of target spontaneous transfer of metals as well as silica
by their ions through ion melt without electrolysis makes
it possible to perform synthesis of metal silicide powder
with specified size. Running of electrochemical transport
reactions in ion melt leads to transition of metal and sil-
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ica into the melt and controlled maintenance of anionic
and cationic composition of ion melt in dependence
of electrochemical potentials ratio of metal and silica
leads to transfer of metal to silica, that allows obtaining
powders of metal silicide of specified size. When silica
is transferred to metal the mechanism of synthesis is
the same one used in industrial technologies, that al-
lows performing synthesis of powders of metal silicide
of micron sizes.

A method to obtain ultrapure hydrogen by steam
reforming of ethanol (RU 2717819 C1)

The invention refers to the area of catalyst and reac-
tors development for chemical and petrochemical in-
dustry, in particular to processes of dehydration and
steam reforming of lower aliphatic alcohols to obtain
ultrapure hydrogen, suitable for use in fuel cells [8].
A method involves introduction of mixture of ethanol
and water steam into membrane-catalytic reactor, steam
reforming of ethanol under increased temperature on
metal-containing catalyst with simultaneous removal
of formed ultrapure hydrogen through water selective
membrane of palladium-containing alloy such as perme-
ate, blowing-off of ultrapure hydrogen with gas-carrier
and retentate removal. At this alloy of 93,5 mass.% Pd,
0,5 mass.% Ru, 6,0 mass.% In is used as Palladium-
containing alloy, and an alloy selected from Pd—Ru and
Pt—Ru if the content of the second element is 10 mass. %
and applied on powders of detonative nanodiamonds is
used as a catalyst. Steam reforming of ethanol is per-
formed under temperature 380—650°C and pressure
1-3 atm with removal of retentate as additional prod-
uct — hydrogen-containing gas. The technical result is
increased output of hydrogen suitable for application on
fuel cells and simultaneous softening of reaction condi-
tions as well as increased membrane operating life.

Bubble electrospinning device (CN208309015U)

The utility model discloses a bubble electrospinning
device, including gear motor, receive roller, high voltage
power supply, solution tank, still include pump, pressure
dissolved air vessel, air compressor, distributor and feed
tank, the distributor is installed in the solution tank bot-
tom, installs the release head on the distributor, receives
the roller setting and directly over solution tank,receives
the axle of roller and gear motor’s hub connection,
the receipt roller passes through wire ground connection,
the anodal of high voltage power supply is connected bot-
tom the distributor, thepressure dissolved air vessel top is
connected bottom feed tank through the import pipeline,
is equipped with the pump on the import pipeline, and
the pressure dissolved air vessel bottom is connectedwith
the distributor through the export pipeline, and the outlet

pipe is equipped with manometer, valve and flowmeter on
the road, and pressure dissolved air vessel passes through
in the lower rightcorner gas -supply pipe and is connected
with air compressor. The utility model discloses an adopt
pressure gas dissolving’s mode to dissolve the mode gas-
sing that stepped down and release in the backin the feed
liquid with the air, the bubble volume of production is
small, has effectively reduced the nanofiber’s of produc-
tion diameter. [9].

Filtering material based on a layer of polymer nanofibers
and spinning solution to produce it (RU 2718786 C)

The technical result of the family of inventions is
the achieved efficiency of filtering from dust micropar-
ticles with size 0,3—0,4 um and aerosols within the range
85—95% under high air permeability 180...250 mm/sec,
under 200 Pa and durability of filter material as well as re-
liable joint between polymer nanofiber (nanomembrane)
and prefilter dust accumulator that allows goffering of fil-
ter material without break of large fabric and doesn’t al-
lows membrane flaking from prefilter.

The set technical problem and technical result are
achieved due to the following mechanism. According
to the first invention, to produce polymer nanofiber in
spinning solution that contains a mixture of two polymer
materials at least in organic solutions by means of cap-
illar-free electroforming, one of the polymer materials,
which is a binder, should have softening temperature
lower than that of the rest polymer materials. Addition-
ally, the mixture contains surface active agent, foam
suppressant and viscosity stabilizer, and surface active
agent can be polyethyleneglycol mono (tetramethylbuta-
nol) phenyl ether or poluoxiethylensorbitan monooleate
or a mixture of mono- and diethers of phosphoric acid
and ethoxylated alcohols, ratio of components is given
in the table 2:

Table 2
Mixture components ratio

mass. %
from 8 to 15
from 0,15 to0 0,25

Components

Polymer materials

Polyethyleneglycol mono (tetra-
methylbutanol) phenyl or poly-
oxyethylene sorbitan monolayrate
or mixture of mono- and diester
of phosphoric acid and ethoxylate
alcohols

from 0,1 to 0,15
from 0,05 to 0,10
the rest

Foam suppressor

Viscosity stabilizer

Organic solvent
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Preparation method of cathode material LiVPO4F for
nanofibrous lithium ion battery (CN108821256A)

The invention relates to a preparation method of cath-
ode material LiVPOA4F for a nanofibrouslithium ion bat-
tery, and belongs to the technical field of lithium-ion bat-
teries. The specific preparation method of the LiVPO4F
material is as follows: adding a lithium source, a vanadium
source, a fluorine source, a phosphorus source, a reducing
agent and a coated carbon source into an organic solvent
according to proportions to form mixed liquid; then heat-
ing and stirring the mixed liquid to enable V<5+> to be
quickly and completely reduced into V<3+> and forming
a green solution; setting the operating voltage and feeding
speed of electrostatic spinning equipment and then car-
rying out electrostatic spinning to obtain a nanofibrous
LiVPO4F precursor; finally, putting the nanofibrous
LiVPO4F precursor in an non-oxidizing atmosphere
for carrying out high temperature sintering and naturally
cooling to room temperature, thus obtaining the nano-
fibrous LiVPO4F cathode material. The preparation
method disclosed by the invention has the advantages
of simplicity, short process flow, easiness in control and
facilitation of industrialization; the obtained material has
special morphology of an intersected three-dimensional
nanofibrous shape, so that the electrochemical property
of the material is significantly improved [11].

A plant to produce nanostructured composite
multifunctional coatings made of detail surface shape
memory material (RU 2718785 C1)

The invention refers to the plant to produce nanostruc-
tured composite multifunctional coatings made of detail
surface shape memory material [12]. The technical result
of the invention is prolonged service life of the plant. Pro-
longed service life of the plant is achieved due to additional
powder dose mechanical activator fixed on the frame and
jointed to vacuum camera box of diffusion pump. The
powder dose mechanical activator is rigidly fixed in cool-
ing hood. The powder dose mechanical activator contains
metal mixer connected to electric motor installed in the up-
per part of the mechanical activator. The lower part of the
mechanical activator which is connected to flame burner by
means of transport line of the shape-memory effect powder
contains metal grading screen in which hole size is 5 um.
One side of the middle part of the body of powder dose
mechanical activator is fixed on the side surface of control
unit by means of two fasteners and adapter sleeve used to
supply inert gas is connected to gas bottle containing inert
gas. The opposite side of powder dose mechanical activa-
tor contains another adapter sleeve connected to vacuum
pump with vacuum tube.

The installation of the powder dose mechanical activa-
tor to grind sprayed shape-memory effect powder makes

it possible to eliminate oxidation process for sprayed
material due to mechanical activation, grinding and sift-
ing (with grading screen) with instant and simultane-
ous supply of it into gas-flame burner for spraying. All
that decreases probability of formation of conglomer-
ate of multicomponent powders which often clog flame
burner and as a result that leads to impossibility to spray
(rubber burning-out in flame burner) and to shortened
service life of it.

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

* A method to produce metal-polymer nanocomposite
materials with metal nanoparticles [13].

* A method to obtain nanostructured composite mate-
rial on the basis of aluminium [14].

* A method to obtain film copper-containing nanocom-
posite materials for protection of metal products from
corrosion [15].

* A method to produce fireproof wood-polymer com-
posites on the basis of secondary polyolefine [16].

* A method to evaluate aggregation of nanoparticles in
colloidal solutions [17].

*  Symmetric four-pair cable with film-nanotube and
micro-tube perforated cable-core insulation [18].

» Construction structural element [19].

+ A coating with low reflectivity, a method and a system
for covering base plate [20].

* Bright monomeric near-infrared (NIR) fluorescent
proteins (FPs) as protein tags for multicolor micros-
copy and in vivo imaging [21].

+ Discovery of new properties of well-known magnetic
materials. This is particularly noticeable in the case
of heavy rare earth metals, where a high degree of pu-
rity and absence of impurities can lead to the appear-
ance of new magnetic phases and phase transitions
[22].

+ Elastic conductive film on the basis of silver nanopar-
ticles [23].

» Electrostatic spun nanofibrous membrane of con-
trolled-release growth factors and esophageal mem-
brane-coated memory stent [24].

CONCLUSION

One of the most challenging tasks the economy of ev-
ery 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 pro-
cess are the people and enterprises dealing with introduc-
tion of inventions and new technologies.

Therefore, we hope that the information published
in this section will be in demand and useful for spe-
cialists.
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