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ABSTRACT: A brief review of patents is given. The research performed by scientists, engineers and specialists in the area of
nanotechnologies and nanomaterials resulted in increased efficiency of construction, housing sector and adjacent fields of
economy. For example, the invention «A method to produce titanium carbide nanopowder» refers to inorganic chemistry and
nanotechnology and can be used to produce wear-resistant abrasive materials, high-temperature ceramic materials and coatings,
high-strength composite materials. The technical result is TiC nanopowder in free-filled condition in the form of particles with
average size no less than 30 nm, as well as TiC nanopowder with controlled ratio titanium-carbon. All that boosts technical
opportunities for its application.

The specialists can also be interested in the following inventions in the area of nanotechnologies: a method to obtain a mixture
of micro- and nanoparticles of binary alloys, hydrocatalytic processes of recycling heavy oil fractions with the use of perspective
nanosize catalysts, a method to produce graphene oxide, a method to decrease electrization of liquid hydrocarbons when
applying them, a method to produce composite material boron-carbon, Modeling of static mixer (oil — water) performance
for oil desalting and development test, a method of chromatographic separation of single layer carbon nanotubes by chirality
and other.
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INTRODUCTION

he practical application of the results achieved by sci-

entists, engineers and specialists can become efficient
tool to increase number of import-substituting goods and
to rise labor productivity. An invention is known to be
a new, with distinctive characteristics technical solution
with proved efficiency (new technologies, structures or
new substances). The paper reviews the essence, technical
result and practical value of some inventions concerning
nanotechnologies.

MAIN PART

A method to produce titanium carbide nanopowder
(RU 2707596 C2)

The invention refers to inorganic chemistry and nano-
technology and can be used to produce wear-resistant
abrasive materials, high-temperature ceramic materials
and coatings, high-strength composite materials [1].

Laminar gas-carrier downflow 2 is supplied to verti-
cal reactor (Fig. 1.) made of thermal-resistant dielectric
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material. On top titanium wire is introduced into reac-
tor, then it is heated in high-frequency field of counter-
current inductor 3 up to melting temperature. A drop
of melted titanium 4 is obtained at the end of the wire,
after that the drop is hanged without contact between
spirals of countercurrent inductor, then evaporation
of metal titanium from surface of the drop is provided.
The gas-carrier flow 2 continuously takes away titanium
vapour from the drop 4, vapour condensation into tita-
nium nanoparticles is performed in condensation zone 5
and then the particles are delivered in reaction zone 6 in
which carbon-containing gas-reagent 7 is also supplied
from leak 8. Obtained titanium carbide nanoparticles are
transferred into cooling zone 9, they are caught with filter
and thus final product in the form of titanium carbide
nanopowder in free-fill condition is produced. The aver-
age size of the particles is no less than 30 nm and the ratio
between titanium and carbon without halogen and oxy-
gen is specified. Titanium evaporation from the drop 4
is compensated by continuous supplying titanium wire.
A rare gas is used as gas-carrier, and hydrocarbon from
alkane, alkylene and alkine class is used as a gas-reagent.

Fig. |

The technical result is:

— facilitated technological cycle and provision of con-
tinuous production process for titanium carbide
nanopowders;

— production of TiC nanopowder in free-fill form with
the particles which size is no less than 30 nm, produc-
tion of TiC nanopowder with specified ratio between

titanium and carbon. All that boosts technological op-
portunities and application areas of the nanopowder.

A method to produce ferrum-based composite material
strengthened with metal nanopowder oxides (RU 2707686
C1).

The invention refers to the powder metallurgy, in
particularly to the designed technology for production
of steels strengthened with disperse nanooxides. The
invention can be used in manufacture of high-strength
constructional parts of railway rolling stock [2].

The technical result is reduced labour intensity, re-
duced technological process life, 20—30% increase
of durability characteristic due to speeded rotation ve-
locity of grinded device (bead mill) up to 3000 rpm, use
of monodisperse heat resistant nanooxides obtained
through high-energy impact on initial components.

The result described above is achieved due to
the method of production of ferrum-based composite
material strengthened with metal nanopowder oxides. The
stages of the method: mechanical alloying of the mixture
prepared from iron oxide powder which is unsteady under
deformation and alloy-treated steel powder which is pow-
der of the steel alloyed with yttrium and/or titanium, and/
or wolfram, forming heat-resistant nanooxides.

A method to modify carbon nanotubes for hydrophilic
or hydrophobic surfaces (RU 2707930 C1)

The invention refers to physics and nanotechnology
and can be used in production of super condensers, fil-
ters and sensors [3]. To provide specified value for wet-
ting angle carbon nanotubes are modified by bombard-
ing flows of ions, for example, argon, helium, ferrum,
carbon or terbium ions. An array of carbon nanotubes
which diameter is 8—250 nm and density is 0,1—3 g/cm?
is used. To obtain carbon nanotubes which wetting angle
is 180° a surface of nanotubes is bombarded with ions
and value of displacement per atom (DPA) divided by
average diameter of carbon nanotubes in the sample up
to 0,0075 DPA/nm inclusive is provided at this. To ob-
tain carbon nanotubes which wetting angle is less 90°
nanocarbon surface is bombarded with ions and value
of displacement per atom (DPA) divided by average di-
ameter of carbon nanotubes in the sample more than
0,025 DPA/nm is provided. The invention makes it pos-
sible to control wettability of carbon nanotubes surface
and obtain hydrophobic or hydrophilic coatings.

Spherical powder of pseudoalloy based on wolfram and
a method to produce it (RU 2707455 C1)

The invention refers to spherical powder of pseu-
doalloy based on wolfram [4]. Granulation of nanosize
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composite powder is performed. The nanosize compos-
ite powder consists of metal particles with size no less
than 100 nm and it is obtained as a result of hydrogen
reduction in thermal plasma of mixture of wolfram oxide
powder with powder chosen from group including Ni,
Fe, Co, Cu and Ag or powders of oxides of metal chosen
from the given group. Then obtained powder granules
are spheroidized by fluxing in thermal plasma. Obtained
powder contains 3—50 mass. % of binder of metal chosen
from group including Ni, Fe, Co, Cu and Ag or alloy
of the metals chosen from the given group. The powder
consists of spherical particles with size 20—70 um, and
possessing submicrone structure with evenly distributed
wolfram granules which size is no more thanl um.

The advantage of the proposed method is explained by
the opportunity to produce final micropowder of pseudo-
alloy consisting of spherical particles with sizes 5—100 um,
in which wolfram granules of submicronic size range are
evenly distributed in metal binder matrix. This powder can
be efficiently used in additive technologies to manufacture
products of pseudoalloys with improved performance
characteristics.

Thermostating device for conducting nanocalorimetric
measurements in controlled atmosphere (RU 2707665
C1)

The claimed thermostating device for conducting
nanocalorimetric measurements in controlled atmosphere
sets nanocalorimetric sensor in the frame [5]. The device
can be integrated into instruments used to measure ther-
mal, physical and structural parameters of the samples.
The case of the device can be coupled to connector and it
has windows of X-ray transparent material in which nano-
calorimetric sensor, Peltier rectangular element, heat re-
moval plate made of thermal conductive material, liquid-
cooling system embedded in the case are placed. There is
a hole on the heat removal plate for radiation transport
and a sensor with the studied sample is placed on the plate
to provide active part of the sensor within the hole projec-
tion. The case is integrated with electric board to couple
nanocalorimetric sensors. The technical result: improved
applicability of nanocalorimetric methods due to heating
the sample up to 450°C and cooling the sample to —20°C,
as well as due to creation of controlled atmosphere inside
the device (control of humidity and gas mixture content).

A method to produce functional coating based in
aluminium-carbon nanotubes (RU 2709688 C1)

The invention refers to the method aimed at produc-
tion of composite material for manufacturing functional
coatings of aluminium and carbon nanofiber alloy and
can be used in aircraft, space, shipbuilding and other in-
dustries [6]. The method includes following stages: supply

of powder by means of two dosing units into supersonic
flow of heated gas with formation of heterophase stream
and application of powder composition onto article sur-
face. From the first dosing unit powder AL O, is introduced
into the supersonic flow to process the article until juvenile
surface is obtained, then powder composition is consis-
tently applied with gas dynamic cold spray method. To
apply the first wear-resistant layer from the second dosing
unit composite powder material containing carbon and
aluminium is introduced into the supersonic flow; to ap-
ply the second one — aluminium powder PA-4; to apply
the third hardening layer — composite powder material
containing carbon and aluminium; to apply the forth bind-
ing layer — aluminium powder PA-4 and to apply the fifth
wear-resistant layer — composite powder material contain-
ing carbon and aluminium. The carbon content in the first
layer is 0,4—0,6 mass. %, Al and inevitable admixtures is
the rest; the carbon content in the third layer is 0,5—1 mass.
%, Al and inevitable admixtures is the rest; the carbon con-
tent in the fifth layer is 0,6—1,6 mass. %, Al and inevitable
admixtures is the rest; carbon nanofiber is used as carbon
in composite powder material. That provides obtaining
of composite material for wear-resistant coating with higher
hardness, which is more 1,9 hPa, low friction coefficient up
to 0,4, high damage tolerance during performance process
and at the same time conservation of low wear, necessary
strength and impact toughness.

A method to produce high-strength composite
material based on thermoplastic polymer, a modifier for
manufacturing composite material and a method to produce
modifier for manufacturing composite material (options)
(RU 2708583 C1)

The invention refers to the technologies for obtaining
a modifier used to produce composite material based
on thermoplastic polymer containing carbon, glass or
basalt fibers and carbon nanotubes (options) as well
as to the methods to produce it and to manufacturing
of material containing obtained modifier [7]. According
to the first option, the modifier is obtained by mixing
thermoplastic polymer (7—15 mass. %), solvent (70—
94 mass. %) and alkali salts (3—15 mass. %) until total
polymer resolving. Then nanotubes taken in the quantity
up to 5 mass. %. are added into the mixture. A coagulant
is introduced into the obtained dispersion. The disper-
sion is filtered, the precipitation is washed off and dried.
According to other options, a modifier for composite
material is prepared on the basis of polyamide. Nano-
tubes are mixed with caprolactam. Dispersion is heat-
ed, can be treated with ultra-sound, then caprolactam
polymerization catalyst or polymerization activator is
added to it. After that the dispersion is heated and dried.
To obtain composite material thermoplastic material
is mixed with fibers and modifier which contains car-
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bon nanotubes in the quantity from 5 to 33 mass. %.
The invention is a solution for creation of high-strength
composite material.

A method to produce modified carbon nanotubes
(RU 2708596 C1)

The invention refers to nanotechnologies and can be
used to strengthen mechanical properties of composite
materials based on epoxy resins, to modify mixed glue
and to obtain supercondensers [8]. A solution containing
carbamide and/or thiocarbamide, water and consentrated
mineral inorganic acid is processed in ultra sound concen-
trator. Then fluoridated carbon nanotubes taken in quan-
tity that provides their concentration 1,2 mg/g in solution
are added. Processed solution is diluted and filtered with
water washing till neutral acidity. Filtered modified car-
bon nanotubes are diluted with water, processed in ultra
sound bath and diluted with water one more time. The
obtained solution are filtered and washed with acetone.
The carbon nanotubes modified with carbamide and/
or thiocarbamide are dried. If it is necessary they can
be additionally functionalized with water-soluble epoxy
resins, for example, DEG-1, TEG-1 or epoxy-hydantoic
resin EG-10. That leads to greater final product outcome,
decreased energy consumption and reduced time for pro-
duction modified carbon nanotubes.

A method to process cold-worked titanium of great flow
(RU 2709416 C1)

The invention refers to manufacture of nanostruc-
tured cold-worked titanium with improved mechanical
and corrosion properties and to the methods to process
it. The invention can be applied in different engineering
areas, including chemical industry [9]. Technical result is
a production of cold-worked titanium that combines high
values of micro-hardness and high corrosion-resistance:
positive steady potential, high capacity to passivation un-
der anodic polarization.

Technical result is achieved due to the following tech-
nology: the method to process cold-worked titanium in-
cludes great plastic flow deformation by rotation under
high hydrostatic pressure no less than 6 hPa under room
temperature. According to the invention, the deformation
is performed by two rotations and obtained nanostructure
of cold-worked titanium consists of 80—85% alpha phase
with average size 50—60 nm and 15—20% omega phase.
The deformation is performed in Bridgman chamber.

A method to produce coating on the surface of non-
ferrous metal workpiece (RU 2710094 C1)

The invention refers to mechanical engineering, in
particularly to the methods for obtaining coating on

Nanob%

the surface of non-ferrous metal workpieces by trans-
ferring with high-temperature nanoparticle gas flow
[10]. The method includes formation of high-speed
atomizing cone of high-temperature gas flow by burning
fuel in oxidant in combustion chamber; supply of high-
speed atomizing cone of liquid initial material which is
a source of nanoparticles formation into combustion
chamber; formation, heating and transfer of nanopar-
ticles by means of high-temperature gas flow and pre-
cipitation of the nanoparticles on the workpiece surface.
At this the material which is a source of nanoparticles
formation is simultaneously used as a fuel for high-
temperature gas flow formation, and the material is
a molecular or colloid solution of organic and/or inor-
ganic compounds in organic solvent or mixture of sev-
eral solvents. Transfer by means of high-temperature
gas flow of nanoparticles and precipitation of them on
the workpiece surface is performed jointly with work-
piece surface prior processed with electric arch gener-
ated between two wolfram electrodes under alternate
current 35—45 A, resistance 12—16 V and moving along
workpiece surface with the rate of high-speed spray
atomized set to spray at the distance between the arch
and gas stream woth sprayed powder material 2—4 mm.
Technical result of the invention is increased adhesion
strength, increased cohesion durability of material coat-
ing and reduced porosity of the coating.

A method to purify polluted subsoil water with nanosize
ferrum of zero valency ( RU 2709593 C1)

The invention refers to water treatment [11].

Fig. 2

A method to purify polluted subsoil water includes
introduction of suspension of nanosize zero-valent fer-
rum into drilled hole 1 (Fig. 2) under overpressure ex-
ceeding the pressure of purified horizont. Drilling of the
hole 1 is performed till the middle of bedding of purified
water-bearing strata 2. Underground reservoir 5 is made
by means of hydro expanding. Proppant is pumped in
the reservoir. Suspension is obtained by mixing nano-
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size zero-valent ferrum with normalized water till values
pH 4,5-5,5. Metal guide tube 3 is placed into the hole 1.
One pole terminal of alternating-current source with
frequency 0,5—5 Hz is coupled to the guide tube, and
the second terminal pole is coupled to ground which dis-
tance from the hole 1 is two-three depths of the hole 1.
The invention makes it possible to increase the value
of water treatment and prevent from purification sub-
stances loss.

A catalyst of combined hydrotreatment for a mixture
of vegetable and oil hydrocarbon stock and a method to
prepare it (RU 2707867 C2)

The invention refers to chemistry, in particularly to
production of catalysts used for hydrotreatment of vegeta-
ble and oil hydrocarbon stock and can be applied in oil re-
fining and petrochemical industries [12]. Technical result
is creation of a new catalyst of combined hydrotreatment
for a mixture of vegetable and oil hydrocarbon stock. The
catalyst possesses increased activity in reactions of sulfur
and oxygen removal compared to traditional bimetal sys-
tems due to simultaneous employment of two promoting
metals (Co u Ni) as promoter. Technical result is achieved
due to catalyst of combined hydrotreatment for a mixture
of vegetable and oil hydrocarbon stock which contains
in calcined under 550°C state: Mo — 9,0—15,0% mass.,
Co — 0,5-3,5% mass., Ni — 0,5—3,5% mass., the rest —
porous carrier with carbon content 0—5% mass.; specific
surface of the catalyst is 100—250 m?/g, specific volume
of the pores is 0,3—1,1 cm’/g, average diameter of the
pores is 4,0—10,0 nm.

These are inventions in nanotechnological area that can
be interesting for specialists:

* A method to increase tensile strength of composite

material by preliminary impregnation of carbon fibers
with carbon nanotubes [13].
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