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eMKUX TEXHONOruiA (Mpexae BCero — HAHOTEXHOOMMYECKON NPOAYKLMM) B 0611aCTU CTPOUTENBCTBA, XKUMLLHO-KOMMYHaNbHOTO
X03ACTBA, CMEXHbIX OTPACNEN (MPOMBbILLIEHHOCTH, SHEPTETUKM U Ap.).
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1 nosyyatb MHGOPMALIMIO O COBPEMEHHbBIX TEXHONOMMAX 1 MaTepurarnax, BbiIcokoaddeKTrBHOM 060pyaoBaHMM B 0611aCTLN CTPO-
NTENbCTBA, XUINLLHO-KOMMYHASIbHOTO XO3ANCTBA, CMEXHbIX OTpacsiel (MPOMbILLIEHHOCTH, SHEPreTUKN 1 ap.).
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KpYrblX CTONax U T.4.) 0 HAHOVHAYCTPUU U MPUKIAAHbIM BOMPOCaM HAHOTEXHONOTMMIA B 061aCTV CTPOUTENBCTBA U XKUSNLLHO-
KOMMYHaNbHOTO X03ANCTBa, UMEIOLLMX aKTyalbHOe 1 NepcrneKTUBHOE NPaKTUYecKoe 3HaYeHue.

KypHan nspaetca c 2009 ropa. NepnoanYHOCTb — 6 HOMEPOB B oA,

B xypHane ny6nunkyiorca pa6oTbl o cieAyloWmnM TeMam: CoO3AaHNne HOBbIX GyHKLMOHaNbHbIX MaTepuanos; pa3paboTka Teo-
pyn $OPMMPOBAHMA MPOYHOCTU N HEMPOHULLAEMOCTV HAHOCTPYKTYPUPOBAHHBIX CMCTEM; NPOGIEMbl MPYIMEHEHUA HaHOMaTepw-
arnoB 1 HAHOTEXHOMOT U B CTPOUTENbCTBE U CTPOMUTENbHBIX MaTepuranax; AUarHOCTVIKa HAaHOCTPYKTYP U HaHOMaTepranoB CTpou-
TeNbHbIX CUCTEM; TEXHONOTUW UCCIIe[0BaHNA CBOMCTB HAHOMATEPMASIOB; TEXHONOTMMYECKME NPVHLMMbBI CO3AaHUA HAHOCTPYKTYP
(pacnnasbl, 30Nb-renieBbli CMHTE3 U Ap.). TemaTnKa CTaTell MOXeT OblTb UHOW, MPAMO U KOCBEHHO CBA3AHHOW C MEPEUNCIIEHHBIMA
HanpasieHNAMM.

KypHan npuHMmaet K ny6nukaumnm: opurviHanbHble CTaTby; 0630pbl; ANCKYCCMOHHbBIE MaTepurasbl, KOMMEHTapun, Apyrue uH-
bopmaLMoHHbIe MaTepranbl.

A3bIK N3paHNA: PyCCKNN; aHIMNNCKNIA.

ABTOpamMu 1 YMTaTENAMU N3AAHUA ABNAIOTCA:

+  CTYAEHTbI, NperofasaTeny, acnpaHTbl U JOKTOPaHTbI BY30B;
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«  PYKOBOAMTENW U CMELMaNNCTbl YUPEXAEHNI, OPraHmn3aLmin 1 NPeanpuaTUin CTPOUTENBHOTO KOMIIEKCA U XKUULLHO-KOMMY-
HasIbHOrO XO3AICTBa;
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ABSTRACT: Introduction. This article describes the results of the destruction processes studies of stable emulsion suspension sludge
systems, conducted by the authors. Destruction processes are achieved by adding nanoparticles to demulsifying compositions. Cur-
rently, there is no universal composition demulsifier that effectively destroys emulsions formed in oil sludges. Research methods. To
deal with this issues, the authors have conducted research on the creation of an effective demulsifier containing nanosized particles
of fullerenes. The studies were carried out with dispersed oil-slurry emulsion-suspension systems, selected from open storage ponds
of enterprises of JSC «Tatoilgaz» and JSC «TAIF-NK». For the destruction of the oil-containing system of the emulsion-suspension
type, a composite mixture of complex action has been developed, which includes anionic wetting agents, nonionic surfactants,
flotation reagents, detergents and alkaline buffer solutions that provide the required value of a constant indicator of the acid-base
balance of the aqueous medium. Results and its discussion. A composite demulsifying mixture of complex action, which increases
the effectiveness of the wetting washing action of surfactants, namely, the diphilic structure of the dispersed medium changes to
hydrophilic, that is, the contacts of particles having a monophilic surface with the hydrocarbon phase of the emulsion medium are
broken. When particles pass into the water volume from the phase separation boundary, the layer on the surface of the emulsified
water is destroyed. The dehydration time of petroleum products is reduced by almost 2 times. Conclusion. During the research,
the intensification and increase of the efficiency have been successfully reached.

KEYWORDS: emulsion, demulsifier, fullerene, oil sludge.
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INTRODUCTION

Currently, with the improvement and development
of reagent technologies, there is a wide application
of demulsifiers, surfactants, multifunctional reagents of
complex action, demulsifying composites in systems for
the collection, transport and preparation of superviscous
oils, in the field of petrochemical technologies, in petro-
leum and gas processing plants during the technological
processes of desalination and deep dehydration of oil field
raw materials [1 - 9]. Nevertheless, researchers and sci-
entists have failed to develop a demulsifier of a universal
composition that provides enough efficiency in the de-
struction of emulsion water-oil systems, especially stable

ones, formed by natural bitumen and super-viscous oils
in various oilfields.

It is common practice to try to choose the most ef-
fective demulsifiers, to compose synergistic composite
mixtures from various industrial reagents, but most often
the required demulsification effect is not obtained.

The research is aimed at increasing the efficiency and
intensity of the demulsification of oil-containing mixtures
by dewatering stable oil-water emulsions, which include
a large amount of mechanical impurities). As an object
for research, we have selected emulsion-dispersed suspen-
sions from oil sludge taken from open storage ponds at an
oil sludge plant, and areas for dehydration of oil products,
cleaning from silt) [10—12].
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The oil sludge sample in Unit 1 is a waste of oilfield
preparation in various small oil companies and oil and gas
production departments. The intermediate stable emul-
sion layers separated from the settling tanks are tempo-
rarily stored in the form of storage or slop oils in large
volumes of tanks, open or closed containers. The volumes
of stable emulsions are sent for further preparation and
processing. (Oil sludge accumulates in large volumes at
industrial plants, therefore, specific open-type storage
ponds are built, where oil sludge is stored and settled.
During the settling period, drainage of separated solids
and water to the bottom of the pond also occurs).

It is found as a result of the research that the aggregate
state of the emulsion is abnormally stable to the possibility
of destruction, as well as a change in the pour point of the
hydrocarbon volume, i.e. the state of oil sludge depends on
the low salinity of bound water, high content of mechanical
impurities, high-molecular and refractory paraffins and
ceresins, resinous-asphaltene substances in the oil sludge.)

Changes in the mechanical properties of the oil sludge
emulsion (pumpability, mobility) in blocks for supplying
raw materials to oil sludge plants in winter contributes to
equipment malfunction. According to the technological
regulations, the operation of oil sludge plants is seasonal
(spring, summer and autumn seasons), which limits the
time of disposal of oil sludge waste.

In the oil sludge storage ponds, substandard products
are collected in the desalination processes, oily waste from
the deep processing of oil production wells and emergency
oil spills. Samples were taken from storage ponds at vari-
ous enterprises.

To destroy the oil-containing system of the emulsion-
suspension type, a composite mixture of complex action
(KMKA) has been developed, which includes anionic
wetting agents, nonionic surfactants, flotation reagents,
detergents and alkaline buffer solutions, which provide a
constant indicator of acid-base equilibrium pH = 7/8 of
the water environment (separated and emulsified water).

EXPERIMENTAL PROCEDURE

When adding KMKA with a 250 g/t dosage to oil
waste from oil sludge unit No. 1, the dehydrated oil sludge
had the following composition: oil — 96.5% wt., Mechani-
cal impurities — 1.2% wt., Water — 2.8% wt. Previously,
oil sludge demulsification was carried out using various
demulsifiers, such as Demulsifer, Reapon, Disolvan,
Doufax, and Separol. All other things being equal, the
oil sludge treated with demulsifiers had the following
composition: mechanical impurities — not less than 2%
wt., Water — more than 5% wit.

To increase the efficiency of oil sludge preparation, the
authors propose to add nanodispersed carbon particles to
the surfactant composition, which have a spatial spherical
structure (fullerenes) and unique properties.

The C, nanoparticle is the most widespread among
fullerenes. This nanoparticle forms a closed spherical
surface from regular polygons (pentagons and hexagons)
[13-20].

After studying fullerenes of various industries, two con-
trol samples have been taken. At the initial stage of com-
paring identification fullerenes by the method of determin-
ing the mass concentrations of nanodispersed fullerenes
as compositions. In this method, dilution is performed
using high performance liquid chromatography. Toluene
was used as an eluent. The photometric detection process
was carried out in the range up to 324 nm.

Chromatographic analysis determined the composition
of the samples. Sample No. 1 had the composition: fuller-
ene C,, —99.5%, C,, O — partial presence, sample No. 2
had the composition: C, C, O nanoparticles and heavy
nanoparticles— C, , C, O, C,, C,, C,,. The compositions
of the samples under study are presented in Table.

According to their properties, fullerenes C, —C , do
not particularly differ from fullerene C,. However, they
differ in the size of nanoparticles and in the spatial shape

Table 1
The composition of the control samples
Sample Nel Sample Ne2
Compounds Time, min Composition, % Compounds Time, min Composition, %
C,, 8.500 99.520 C,, 7.690 61.240
C,0 0.000 C,0 8.590 1.170
C, 0.000 C, 12.530 34.710
C,0 0.000 C,0 14.730 0.100
17.420;
C,,0 20.270 0.480 (Cyp Cpr Cy) }ggg 2780
23.590
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of a spherical structure, which tends to acquire an ellipti-
cal shape. The ability to easily capture atoms from other
substances is at the heart of the processes of preparation,
dosing and exposure to surface-active nanodispersed de-
mulsifiers.

The preparation of nanodispersed surfactants was
carried out using an acoustic rotor pulsating apparatus.
To achieve maximum efficiency in the process of homog-

enization of the nanodispersed medium, the optimal con-
ditions for the operation of the acoustic apparatus were
selected. It was found that for 10 days the aggregate stabil-
ity of the studied nanodispersed mixture (0.5% fullerene
was added to the KMKA) was 100%. In samples No. 1
and No. 2, spontaneous separation of the nanodispersed
system was not observed even during centrifugation at
a rotational speed of 3500 rpm and for 5 minutes.
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Fig. The process of destruction of oil sludge emulsion: graph 1 — the depth of destruction of the emulsion of oil

sludge, %; graph 2 — residual water content in oil, % mass.; graph 3 — residual content of solids in oil, %; graph 4 —
residual salt content in oil, mg/1; graph 5 — oil content in the studied layer, % mass.; graph 6 — water content in the
studied layer, % mass.; graph 7 — the content of solids in water, % mass.; graph 8 — the content of petroleum prod-

ucts in water, % mass.
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The process of dispensing the demulsifying composi-
tion was carried out through the nozzle devices of the re-
agent dispenser using an aerosol, which makes it possible
to uniformly distribute nanodispersed fullerene particles
by surfactant molecules in the suspension-emulsion me-
dium of the oil sludge under study.

The specific consumption of the created demulsifier
(0.5% fullerene was added to the KMKA) for the destruc-
tion of oil sludge was 180 g/t of oil. During the storage
period of oil sludge in open storage ponds, its fractional
composition changes. Therefore, together with the demul-
sifying composition, a middle distillate fraction was used
(n.c. — 350°C in a volume of 20% wt. For oil), which re-
duced the viscosity of the dispersed oil medium and inten-
sified the destruction of the emulsion-suspension mixture.

RESULTS AND DISCUSSION

The process of destruction of the oil sludge emulsion
is shown in Figure 1. similar results were obtained when
the destruction of the oil sludge mixture sampled in the
storage ponds of TAIF-NK JSC.

As a result of the research, it was found that, despite
the presence of a low content of water, salts, and me-
chanical impurities in oil (0.50 wt%; 396 mg/1; 0.050 wt%,
respectively), the depth of destruction of the considered
emulsion reaches 85% (Fig. a, b). This fact indicates the
presence of an intermediate layer, which contains oil,
mineralized water and particles of mechanical impurities
(Fig. ¢). Therefore, during the preparation and processing
of oil sludge in production conditions, it is necessary to
organize a recycle in order to re-process the main stream
and the intermediate (newly formed) layer. Also, drain-
age water must undergo additional processing from small
dispersed globules of oil and mechanical impurities by
settling and filtration, if necessary (Fig. d).
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Obtaining corrosion inhibitors containing synergistic
nanoadditives
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ABSTRACT: Introduction. Construction materials, products and structures, and primarily their surfaces, during long-term operation
have been destroying mainly as a result of two types of impact: corrosive, associated with the influence of an external, aggressive
environment on the material, and erosive, caused by mechanical action. An effective and widely used means of protection against
corrosion is the use of inhibitors The search for effective methods of anticorrosion protection of metals and alloys is due to the great
damage caused by corrosion, not only in technological or economic terms. No less dangerous is the deterioration of the ecological
situation caused by the ingress of corrosion products or toxic reagents into the environment. The leading place among corrosion
inhibitors is occupied by heterocyclic compounds, namely, nitrogen-containing compounds, in particular imidazoline derivatives.
Methods and materials. We synthesized 2-amylidenehydrazinoimidazolinone-4n aminoguanidine, on the basis of which we
obtained anticorrosion compositions with the addition of nanoadditives — derivatives of unsymmetrical triazines. Results. The
synthesized anticorrosive compositions were tested by electrochemical and gravimetric methods in acidic and model environments.
Conclusion. The obtained compounds have a protective ability, and the results indicate the promising use of compositions with
nanoadditives — derivatives of 1,2,4-aminotriazines as corrosion inhibitors.

KEYWORDS: corrosion inhibitors, composition based on nitrogen-containing corrosion inhibitors, imidazoline, anticorrosive activity.
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INTRODUCTION

Protection of metals against corrosion is an urgent
problem. Every year, a quarter of the metal produced
in the world is lost as a result of corrosion processes [1—3].

Corrosion of metals is its spontaneous resolution due
to chemical or electrochemical interaction with the en-
vironment, all metal products are exposed to such an
effect [4, 5].

Most products, structures and materials used in all
sectors of the national economy are exposed to corro-
sion damage. The equipment of oil and gas producing
wells and oil refineries, sea vessels and floating docks, fuel
tanks, cooling systems and mufflers of internal combus-
tion engines, equipment of steam boilers, and rocketry
are especially subjected to corrosion. Among the most
dangerous consequences caused by corrosion is the de-
terioration of important operational properties by metal
structures: mechanical strength, ductility, hardness, and
other properties. Determining the main patterns of the

© Mazitova A.K., Builova E.A., 2022

corrosion process makes it possible to significantly reduce
the corrosion rate and lengthen the service life of metal
structures and products. Building materials are used in
different environments: in atmospheric conditions, in the
environment of soil and water microorganisms, under the
influence of ionizing radiation, at high temperatures, in
organic conductive and non-conductive media, etc. Since
materials of different chemical nature and structure are
used in construction, their corrosion proceeds by dif-
ferent mechanisms. Reinforced concrete and concrete
metal structures are the most common building materials,
and therefore the problem of increasing the durability of
various building structures, buildings and structures is of
particular importance [6].

One of the most effective methods of combating cor-
rosion is the use of inhibitors, since their use does not
require a fundamental change in technological schemes
of production, which solves many economic issues [7].

Today, corrosion inhibitors are being developed that
are universal, affordable, and environmentally friendly [8].
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Of greatest interest as corrosion inhibitors are nitro-
gen-containing organic substances, in particular, qua-
ternary ammonium salts, imidozoline derivatives, and
mixtures based on them [9, 10].

Various imidazolines used as corrosion inhibitors are
described in the literature [11, 12], there are three main
groups of imidazolines.

Hydroxyethylimidazolines.

[‘J“‘RCHZ
a ]\ «

R:“ _,.fCHE

M

R—C

CH2CHzNH;

This type of cationic imidazolines is soluble both in
non-polar solvents and in water; it is used in a number
of industries as substances that change the rheological
properties of liquids, improve the adhesive properties of
lubricants to protect units and mechanisms with increased
load or long service life.

Aminoethylimidazolines.

Used as corrosion inhibitors, emulsifiers in the oil
industry, flocculants, detergents, stable in acidic envi-
ronments.

Amidoethylimidazolines.

N-_\_\_\_\_
4 CH;
—cl - ] x
N
CH,CH,NHCOOR

They are used as conditioners in laundry detergents,
acid-stable detergents, flocculants, etc.

The aim of our study is to obtain corrosion inhibitors
based on imidazoline and evaluate their inhibitory activ-
ity, as well as containing synergistic additives.

METHODS AND MATERIALS

The essence of the study is to obtain a corrosion in-
hibitor containing 2-amylidenehydrazinoimidazolinone-4
as an active base, obtained on the basis of aminoguanidine
(scheme 1).

E\]'"“'CH- Preparation of guanylhydrazone diethylketone (1).
R— C'/' _ II - X The ketone guaylhydrazone was synthesized according to
X‘ CH- the known method [13], the reaction proceeded according
N to the following scheme 2.

l Guanihydrazone diethylketone was obtained, yield

CH2CHzNH: 85%, melting point 136...138°C.

NH NCOCH,CI
|| C,Hs || /C2H5
H,N — C — NHN — CHCH + CICH,COCl —> H,N — C — NHN — CHCH
~
1 C,Hs ) C,H;
0= N CoHs
/
NHN :CHCH\
NH CoHs
3
Scheme 1
NH NH
” || C,Hs
—C — — O — > — C— —
H,N— C—NHNH, + (C,H;),C=—=0 H,N NHN = CHCH__
! C,Hs

Scheme 2
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Preparationof 1-amyl-4-chloroacetylhydrazone (2).
5.4 g (0.035 mol) of guanylhydrazonedicthylketone, 4.5 g
(0.04 mol) of chloroacetylchloride, 3.3 g (0.04 mol) of
sodium acetate and 5 ml of glacial acetic acid. The reac-
tion mixture was heated to 40—50°C. After lowering the
temperature, the reaction mixture was treated with diiso-
propyl ether, and the precipitate that formed was filtered
off, which was recrystallized from ethanol.

Diethylkenone 4-chloroacetylguanylhydrazone was
obtained, yield 87%, melting point 147 — 148°C.

Preparation of 2-alkylidenehydrazinoimidazolinone-4
(3). A two-necked flask equipped with a mechanical stirrer
and reflux condenser was charged with 0.05 mol of 1-am-
yl-4-chloroacetylguanylhydrazone and 10 ml of pyridine.
The reaction mixture was boiled for 1 hour. After cooling,
the precipitate formed was filtered off, washed with water
and acetone, and recrystallized from glacial acetic acid.

Physico-chemical characteristics of 2-amylidenehy-
drazino-imidazolinone-4:

Yield: 95%.

T. pl. °C: 155...157.

IR spectrum, cm~': 1265, 1485, 1375, 1630, 1715.

Mass spectrum, m/z: 182, 110, 73.

The resulting product was tested as a corrosion in-
hibitor on samples of St20 steel under model and acidic
conditions. The tests were carried out according to the
program given in GOST 9.905-82 [14] by two methods.

In the electrochemical method, testing to determine
the density of the corrosion current corresponding to the
corrosion rate was carried out on a potentiostat of the PI-
50.1.1 type in an electrochemical cell with an electrode
under study made of St20 steel and a silver chloride refer-
ence electrode equipped with a platinum auxiliary electrode
at a compound concentration of 100 mg/l in a model and
acidic (pH = 3) medium. The corrosion current density was
determined by extrapolating the Tafel plot to the value of
the corrosion potential on the polarization curve. The pro-
tective effect of the compounds was evaluated by comparing
the densities taken in non-inhibited and inhibited media.

In the gravimetric method, tests were carried out in
an apparatus with a stirrer at a test medium flow rate of
1.0 m/s on samples made of St20 steel.

The results of the experiments are presented in table 1.

On the basis of a nitrogen-containing corrosion in-
hibitor, compositions with the addition of a solvent (bottle

Table 1

residues of butyl alcohols) and nanoadditives, derivatives
of asymmetric triazines, were obtained.

It is known from the literature data that amino de-
rivatives of symmetrical triazine have been tested as an
inhibitory additive [15]. However, the derivatives of the
described triazines do not decompose in the environ-
ment and accumulate in the soil, which creates additional
environmental problems. The derivatives of asymmetric
triazines developed by us are ecologically safe, as they are
easily hydrolyzed in the natural environment.

As nanoadditives, we offer 3-amino- and 4-amino-
1,2,4-triazinon-5 (4, 5, respectively), which were obtained
according to the procedure [16—18].

The resulting composite mixtures were tested as acid
corrosion inhibitors by gravimetric and electrochemical
methods. The tests were carried out on plates made of
St20 steel.

In the electrochemical method, test specimens made
of steel grade St20 were made in the form of plates and
a 3% sodium chloride solution was used as a model me-
dium. The polarization curves of the steel electrode at
various concentrations and temperatures were recorded
on a PI-50.1.1 potentiostat.

The studies were carried out without the addition of
nanoadditives — derivatives of unsymmetrical triazines
and with their participation.

RESULTS AND DISCUSSION

In the gravimetric method, the samples were pre-
pared for testing according to GOST 9.506-87 [19]. The
required amount of the inhibitor was added to the test
media. The samples were placed in the apparatus with
the test medium and kept for 6 hours. The tests were
carried out in a hydrochloric acid medium, the con-
centration of which was 20%. After the expiration of
time, the samples were subjected to visual inspection:
the presence and color of corrosion products, the nature
of corrosion products.

The corrosion rate was calculated by the formula:

my; —m,
ST

where V, is the corrosion rate, g*m=—2+h";

m, is the mass of the sample before testing, g;

Vﬁ: =

L

Protective properties of 2-amylidenehydrazinoimidazolinone-4 in a model medium with respect to St20

Protective effect, %
Ne Electrochemical method Gravimetric method
Model environment Acid environment Model environment Real Formation Water
1 88.1 90.0 90.1 92.1
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Table 2
Results of the effectiveness of the inhibitory composition
Ne %&:ﬁg‘fgﬁiggﬁ Inhibitordosage, mg/1 S};‘;‘)‘S:I‘:g l.'i;lti, Protective effect, %
10 0.65 71
| compound 3: 25 0.11 80
compound 4 (1:0,25) 50 0.030 89
100 0.11 80
10 0.54 81
) compound 3: 25 0.13 90
compound 4 (1:0,5) 50 0.006 94
100 0.006 94
10 0.29 83
3 compound 3: 25 0.12 91
compound 5 (1:0,25) 50 0.007 96
100 0.006 96
10 0.5 90
4 compound 3: 25 0.12 93
compound 5 (1:0,5) 50 0.008 97
100 0.008 97
m, is the mass of the sample after testing, g; V,,— corrosion rate of samples in a non-inhibited en-
S'is the sample surface area; vironment, gem=2<h';
Tis the test time, h. V., is the corrosion rate of samples in an inhibited
The degree of protection against corrosion was deter- environment, gem=2<h",
mined by the formula: The results of corrosion tests with the addition of
Vio — Viey nanoadditives of asymmetric triazine derivatives are
L= ——" shown in Table 2.
Vio The corrosion rate in the test medium decreases with an
where Zis the degree of protection, % increase in the inhibitor concentration; however, a further

07 - -E,B
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Figure. Polarization curves

04 for electrodes from St20 in

the background solution — 3%
NaCl (1), with the addition of
3-aminotriazinone-5 (2) and
4-amino-1,2,3-triazinon-5 (3)
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increase in the inhibitory additive concentration does not
lead to a significant decrease in the corrosion process rate.

When conducting electrochemical tests, it was found
that, regardless of the type of surface treatment of the
samples, a shift of potentials to the region of negative
values is observed with an increase in the experiment time.
It was found that after the addition of nanoadditives to
the composition of the inhibitory composition, for all
samples, a shift of polarization diagrams to the region of
more positive potentials is observed, Figure.

It can be seen from the data obtained that the intro-
duction of nanoadditives based on unsymmetrical tri-
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MonyyeHne NHIMGMTOPOB KOppPO3UN,
coAepKaluMx CMHepreTunyeckne HaHogo06aBKM

Anunsa KapamoBHa MasuToBa (>, EBreHna AHppeeBHa byiinosa*

YGUMCKNI rocyaapCTBEHHbIN HePTAHOM TEXHUYECKMI yHuBepcuTeT, Yda, Poccna

* ABTOp, OTBETCTBEHHbIN 3a Nepenucky: e-mail: evg-builova@yandex.ru

AHHOTALINA: BBepgeHne. CtpounTenbHble MaTepUanbl, U3AENUa, U KOHCTPYKLUN, 1, B MEPBYIO OUYepefib, VX MOBEPXHOCTY, B TeUeHne
AIMTEeNbHOW 3KCNNyaTaLmn pa3pyLuatoTcs, B OCHOBHOM, B pe3ynbTaTe ABYX BUAOB BO3[eNCTBMA: KOPPO3MOHHOIO, CBA3aHHOIO C BANA-
HVIEM Ha MaTepuan BHELLHEW, arpecCBHOW CPeAbl, U SPO3VIOHHOTO, BbI3bIBAEMOTO MEXaHNYeCKNM BO3feNcTBreM. DOPEKTVBHbIM
W LWIPOKO MPUMEHAEMbIM CPEeICTBOM 3aLLMTbl OT KOPPO3MW ABNAETCA NCMONb30BaHNE MHIMOMTOPOB. Mouck 3$pPpeKTnBHLIX MeTo-
[0B NMPOTVBOKOPPO3NOHHOM 3aLMTbl METAINIOB 1 CNIaBOB 06YC/IOBAEH 6OMbLIMM YLepOOM, HAHOCMMbIM KOPPO3Wel He TONTbKO
B TEXHOJSIOrMYECKOM W1 SKOHOMMYECKOM MNJlaHe. He MeHee onacHo yxyALleHmne 3Koorm4eckon CUTyaumm, BbiI3BaHHON nonagaHnem
B OKPY»KaloLLyto cpefly MPOAYKTOB KOPPO3UK MO0 TOKCUYHbIX peareHToB. Befyliee Mecto cpein MHIMOGMTOPOB KOPPO3UK 3aHVMatOT
reTepourKInyeckme CoefJMHeHnsA, a UMeHHO a3oTcofepallme coerHeHs, B YaCTHOCTU, NPON3BOAHbIE MMUAasonnHos. MeTtopbl
1 maTtepmanbl. Hamy 6bi11 CMHTE3UPOBaH 2-aMUIAEHTAPA3UHOVMUAA30IMHOH-4 HAMUHOTYaHUAWHA, HAa OCHOBE KOTOPOTO MoJy-
UMM @HTUKOPPO3MOHHbBIE KOMMO3MLMH C JobaBieHreM HaHOR06aBOK — MPON3BOAHbIX HECUMMETPUYHBIX TPVa3HOB. PesynbraTbl.
CUHTE3VPOBaHHbIE aHTUKOPPO3VOHHbIE KOMMO3ULUY ObINM NCMbITaHbl S1EKTPOXUMUYECKUM U FPaBUMETPUYECKM METOLaMV B YC-
NOBUAX KNCIIOW 1 MOLENbHOW cpep. 3aKnioueHue. MosyyeHHble coeivHeHVsA 0611afaloT 3alTHOW CMOCOBHOCTDIO, 1 Pe3ynbTaThl
CBUAETENbCTBYIOT O NMePCnekTMBHOCTM NCMOMb30BaHMA KOMMO3NLUIA C HAHOA00aBKamM — MPOM3BOAHbIX 1,2,4-aMUHOTPMA3NHOB
B KauecTBe NHIMOUTOPOB KOPPO3NK.

KJTIOYEBDIE CJTOBA: NHIMOMTOPbI KOPPO3UKU, KOMMO3ULIMA Ha OCHOBE a30TCOAEPKALLUX MHIMOUTOPOB KOPPO3UK, MMUOA30MNH,
AHTMKOPPO3UOHHAs aKTUBHOCTb.

ONAa UWTUPOBAHUA: MasnToBa A.K,, byinosa E.A. MonyyeHrie MHIMOUTOPOB KOPPO3MK, CoAepKaLlyX CUHEPreThyYecKke HaHo-
pobaBku // HaHoTexHonornn B ctpoutenbcTae. 2022. T. 14, N 6. C. 449-454. https://doi.org/10.15828/2075-8545-2022-14-6-449-
454. - EDN: RASRBY.

BBEJIEHUE

3 alllTa METAJIJIOB OT KOPPO3UH SIBIISICTCS aKTyaIbHOI
npobiiemoii. ExxerogHo 9eTBepTh IIPON3BEICHHO-
TO B MUpPE MeTalljIa TepsIeTCSI B pe3yJIbTaTe IIPOTeKAHUS
KOpPPO3MOHHLIX IpolieccoB [1—3].

Koppo3nst MeTayuIoB IIpencTaBisieT Co00i caMOoIIpo-
M3BOJIBHOE €TO pa3pyIlIeHUEe BCICACTBUEC XUMUICCKOTO
VUM 3JICKTPOXMMUYECKOTO B3aMMOICHCTBHUS C OKpYy-Ka-
FOIIIei cpemoit, TaKOMY BO3IEHCTBHIO IIOABEPTAIOTCS BCE
MeTayuTmdeckue usnenvs [4,5].

Koppo3noHHBIM pa3pylIeHUSIM ITOABEPracTcs
OOJIBIIMHCTBO M3ACNINI, KOHCTPYKIMI M MaTepHUaliOB,
TIPUMEHSIECMBIX BO BCEX OTPACISIX HAPOTHOTO XO3sTii-
cTtBa. OCOOEHHO MHTEHCUBHO ITOIBEPTraloTCs KOPpO-
31U 000pyIoOBaHNE He(Tera3oq00bIBAIOIINX CKBAXKIH

© MasuToBa A.K., bynnosa E.A., 2022

n HedTeTepepadaThIBAIOIINX 3aBOIOB, MOPCKIE Cyaa
1 TUTaBYYHE TOKH, TOIUTMBHBIC OaKM, CHCTEMBI OXJIaKIe-
HUS U TIYIIUTE]IN IBUTATeNIe BHYTPEHHETO CTOPaHMS,
00opyIoBaHMe MTaPOBEIX KOTJIOB, paKeTHAsI TeXHUKA.
K umciy Hambosree ommacHBIX MOCIEICTBUIA, BBI3BIBAC-
MBIX KOPPO31eii, OTHOCUTCS YXYAIIEHNE METAJUIOKOH -
CTPYKIUSIMU BaXKHBIX 3KCIUTyaTallMOHHBIX CBOICTB:
MEXaHMIECKOU IMMPOYHOCTH, TNIACTUIHOCTH, TBEPIOCTH
u np. OmpenesieHe OCHOBHBIX 3aKOHOMEPHOCTEH KOp-
PO3MOHHOTO TIpoliecca JaeT BO3MOXHOCTD CYIIICCTBEHHO
CHU3UTb CKOPOCTh KOPPO3UHU 1 YIJIMHUTE CPOK CITYKOBI
METAJUTMICCKUX KOHCTPYKIIMIT 1 n3nenuii. CTponTelb-
HBIC MaTepPHUaJIbl SKCIUTYaTUPYIOTCS B pa3HBIX Cpelax:
B aTMOC(EPHBIX YCIOBUSX, B Cpele MUKPOOPTaHU3MOB
ITOYBEI ¥ BOIBI, IOl BO3ACICTBIEM MOHN3UPYIOIITNX M3~
JIyYCHUI, TIPU BEICOKMX TeMIIepaTypax, B OpraHMUeCKIX
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3JIEKTPOIIPOBOASIIINX 1 HEAJICKTPOIIPOBOMSIINX Cpeaax
u T.1. [T0OCKOJIbKY B CTPOUTEIHCTBE UCTIONB3YIOTCS Ma-
TepUAaJbl Pa3HON XMMUUYECKON IIPUPOIEI U CTPYKTYPHI,
TO KOPPO3Us MX MPOTEKACT IO Pa3HBIM MEXaHN3MaM.
Kene300eToH 1 MeTaIIIMUECKIE KOHCTPYKIIUM, OETOH —
HamboJIee pacIpoCcTpaHeHHBIE CTPOUTEIbHBIC MaTepra-
JIBI, ¥ TIO3TOMY TIpO0JIeMa TTOBBIIICHUS JOJITOBEYHOCTH
Pa3TMYHBIX CTPOUTEIIBHBIX KOHCTPYKIIWI, 30aHUIA U CO-
OpYXXEHUI IIprodpeTaeT ocoboe 3HadeHue [6].

OnpauM u3 Hanboiree a(PPEKTHLIX METOIOB OOPHOBI
C KOppO3HUeit SIBISIETCS NCITOIb30BaHNEe MHTHONTOPOB,
TaK KaK NX IIPUMEHEHIE He TpeOyeT PUHIIUITHATIBHOTO
M3MEHEHMST TEXHOJIOTMIECKIX CXeM IIPOU3BOACTBA, UTO
peliaeT MHOIMe Y KOHOMUYECKHE BOIPOCHI [7].

Ha ceromnsimmHeit neHb BeeTcs pa3pabOTKa TaKMX
MHTUOUTOPOB KOPPO3NH, KOTOPHIC 00IamaroT YHUBEP-
CaJIBHOCTBIO, TOCTYITHOCTHIO M SKOJIOTMYECKOM Oe30ITac-
HOCTBIO IIJIST OKpYy>KaroIreit cpensr [8].

HaubGonbmuii nHTEpeCc B KaueCcTBE UHTUOUTOPOB
KOPPO3UHU MPEACTABISIOT a30TCOAEpKaIIMEe OpraHuye-
CKHeE BEIeCTBa, B YaCTHOCTU YeTBEPTUYHBIC aMMOHNE-
BBIC COJIN, TIPOU3BOIHBIC UMIIO30JIMHOB, a TAKKE CMECH
Ha ux ocHose [9, 10].

PazmuuHble MMMIA30JIMHBI, TIPUMEHSIEMBIC B Kade-
CTBE MHTUOMTOPOB KOPPO3UH, OTIUCAHEI B JINTEPAType
[11, 12], cymiecTBYIOT Tp¥ OCHOBHBIE TPYNITHI UMUIA-
30JIMHOB.

IMaApOKCHA THIMMIIA30JMHBI

[\J“‘RCHZ
a ]\ -

R:“ _,.fCHE

M

R—C

CH2CHzNH;

DTOT TUN KATUOHHBIX NMHNIa30JIMHOB paCTBOPHM KaK
B HEIIOJIAPHBIX paCTBOPUTEJIAX, TaK U B BOAEC, IPUMEHA -
€TCA B pAIde OTpaCJ'IefI ITPOMBIIIJIEHHOCTH KaK BEIIECTBO,

MEHSIOIIEee PEOJIOTIICCKIE CBOMCTBA KUIKOCTEH, yIyd-
IIaroIree aare3MOHHBIC CBOMCTBA CMAa30K TSI 3aIIATHI
Y37I0B ¥ MEXaHU3MOB C TTOBBIIICHHON HATPYy3KO#l WIN
OOJIBIIION MTPOTOJIKUTEILHOCTHIO 9KCILTyaTaIliH.

AMHHO3THJ1HMM330JIHH])[
,E\l TTCH
rR—ci = | X
\\:I:J _—CHz
CH2CHzNH;

Hcronb3yroTest KaK THTHOMTOPHI KOPPO3UH, SMYITh-
raTopsl B HEPTSIHOM OTpacin, (PIOKKYIISTHTEI, JeTePTeH-
THI, CTAOWIbHBIC B KMCIION cpere.

AMHI03 THIIMMUIA30TMHbI
so -CH;
R— CL\ T \ )
K CH:
I~
CH;CH;MNHCOOR

HaxonmgaT mpuMeHeHNe KaK KOHIUIIMOHEPHI B CpeI-
CTBaX ISl CTUPKY, CTAOWIIBHEIC B KMCIION cpefe AeTep-
TeHTHI, (DJTIOKKYJISTHTHI 1 TIP.

Lleapo HaIIETo MCCIIeIOBAHUS SIBIISICTCS TIOJTyde-
HHEe MHTHONTOPOB KOPPO3UM Ha OCHOBE MMUAA30IMHA
1 OIICHKA UX MHTUOUPYIOIIeit aKTUBHOCTH, a TAKIKE CO-
IepKaIlix CHHEPTUIECKIE JOOABKMN.

METO/bI 1 MATEPHAJIBI

CyIIHOCTh UCCIIEIOBAHUS COCTOUT B ITOTyYCHUH UH-
rMOUTOPA KOPPO3UU, COAECPKAIIETO B KAUECTBE aKTUB-
HO OCHOBBI 2-aMWJIUACHTAAPA3SUHOMMIIA30IMHOH-4,
MOJYyYeHHBII Ha OCHOBE aMUHOTYaHUIMHA (CM. cxemy 1).

NH NCOCH,CI
| | C2H5 | | /C2H5
H,N — C — NHN = CHCH + CICH,COCl —> H,N — C — NHN — CHCH
~
1 C2H5 2 C2H5
O0—
N C,H;
NHN :CHCH\
NH C2H5

CxeMma 1
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IﬁH

H,N— C—NHNH, +

(C,Hs),¢ = 0 — H,;N— C— NHN = CHCH

NH
||

\Csz

1

Cxema 2

[onyJeHne TyaHWITUAPA3OHAINATHIKeToHA (1). I'y-
AHWITUAPA30H KETOHA CUHTE3UPOBAJIU 10 U3BECTHON

MeTomuke [13], peakums mpoTeKaa Imo cxeMe 2.

[Moryunny TyaHUITUAPA30H TUITUIKETOHA, BBIXOI
85%, Temnieparypa ruiaBieHus 136...138°C.

[oxydenne 1-aMuia-4-x10paneTUATUAPA30H (2).
B Tpexropayo kKoialy, CHaOXKEHHYI0O MEeXaHUYeCKOM
MEIIAJIKO#, 0OpaTHBIM XOJOAUIBHUKOM 1 TEPMOME-
TPOM 3arpyKaym rmpu rmoMemmBanuu 5,4 1 (0,035 Mob)
TYaHWITHIPA30HANITIIKEeTOHA, 4,5 T (0,04 MoJIb) XITOpa-
nerwxotopuaa, 3,3 r (0,04 Mosb) ametaTa HATPUS 1 5 M
JIEASTHOM YKCYCHOM KMCIIOTHI. PeakIIMOHHY0 cMech Ha-
rpeBasm 10 40...50°C. TTociie CHUKEHUS TeMITepaTypbl
PEaKIIMOHHYIO CMeCh 00padaThIBAIN TUMU30IIPOIIIOBEIM
3(UPOM 1 OTGUIBTPOBAJIN BBITIABIINIA OCAIOK, KOTOPBIM
TIePEeKPUCTAIIN30BEIBAIN 13 3TAHOIA.

[Monmyunnu 4-xaopaneTUITYaHUITHAPA3OH IM-
9TUJIKETOHA, BhIXoA 87%, TeMmIiepaTypa IIaBJIeHUs
147...148°C.

[Monyyenne 2-anKMIMAEHIMIPA3UHOUMUIA30TNHO-
Ha-4 (3). B nByropyio Kooy, CHaOKeHHYI0 MeXaHNJe-
CKOIT MeIITaJIKOI 1 0OPaTHBIM XOJIOAUIEHIUKOM, 3arpy-
xkam 0,05 monb 1-amMuin-4-xjopate THATyaHITHApa3oHa
u 10 M1 nupuarHa. PeakiMOHHYIO cMeCh KUTIATUIN
1 gac. [Toce oxnaxaeHuss 00pa3yroILINics 0cagoK OT-
(uapTpOBaTN, IIPOMBLIN BOION M alleTOHOM, TIEPEKPH-
CTaJUTM30BBIBAJIN M3 JICASTHOU YKCYCHOI KNCIOTHI.

Du3nKo-XMMIUECKIE XapaKTePUCTUKN 2-aMUIIH -
IEeHTUIPa3MHO-UMHUIa30IMHOHA-4:

Brrxom: 95%.

T. . °C: 155...157.

HUK-crrektp, cm~': 1265, 1485, 1375, 1630, 1715.

Macc-cnexrp, m/z: 182, 110, 73.

[TomydeHHBII IPOIYKT OBLT UCITHITAH B KAYECTBE MH-
TUOUTOpa KOPpO3uM Ha obpasuax craym mapku Ct20

Tabauya 1

B YCIIOBUSIX MOIEJIFHOM M KHUCJIOU cpen. McrmeITaHus
IIPOBOIMIIN TI0 TIpoTrpamme, mpuBeneHHoil B [OCT
9.905-82 [14], nByMsI METOAAMMU.

[Ipu 37eKTPOXUMUIECKOM METOME MCITBITAHUS 110
OITPENIEIICHNIO TIOTHOCTH KOPPO3MOHHOTO TOKA, COOT-
BETCTBYIOIIETO CKOPOCTH KOPPO3HH, TTPOBOMVIIN Ha TI0-
tennuoctare Tumna IMM-50.1.1 B 971eKTpOXUMHUUECKO
ST9eiiKe ¢ UCCIeMyeMBIM 3JI€KTPOIOM, U3TOTOBICHHBIM
n3 cranu Mapku Ct20, 1 XjopcepedopsTHBIM DJIEKTPO-
IIOM CpaBHEHUsI, CHAOKCHHBIM TIJIATMHOBBIM BCTIOMOTa-
TETBHBIM 3JICKTPOIOM IIPY KOHIICHTPALINH COCIMHEHMI
100 mr/1 B MomebHOI 1 kucioi (pH = 3) cpeme. I1mot-
HOCTh KOPPO3MOHHOTO TOKA OTIPEACIISITN SKCTPATIOJISIIIH-
et yuactka Tadesst 10 3HaUCHMS TIOTEHIIMAIA KOPPO3UH
Ha TOJISIpU3aLIMOHHOM KPUBOM. 3allIUTHBIN 2 (PEKT co-
eNMHCHWI OLICHUBAJIN CPAaBHECHIEM IUTOTHOCTEH, CHATBIX
B HCMHTHOMPOBAaHHOM 1 MHTUOMPOBAHHOM cpeax.

ITpu rpaBUMETPUICCKOM METOJIE MCITBITAHUS TIPO-
BOIWJIM B aIlliapaTe ¢ IMepeMelInBaroIIIM YCTPOMCTBOM
CO CKOPOCTBHIO TeUCHMSI UCTIBITyeMOoil cpemsl 1,0 M/c
Ha o0pasiax, U3roTOBJIeHHBIX 13 cTaan Mapk Ct120.

PesynbTaThl ONBITOB MpeacTaBAeHbI B Ta0. 1.

Ha ocHOBe a3oTconepKaiero HHruouTopa KOppo3uu
TTOJTYYMJIV KOMITIO3ULINM C TOOABIEHUEM PACTBOPUTES
(KyOOBBIC OCTAaTKM OYTIJIOBBIX CITMPTOB) M HAHOI00aB-
KU — IMIPON3BOIHBIC HECUMMETPUUHBIX TPUA3HOB.

W3 nurepaTypHBIX JaHHBIX U3BECTHO, YTO aMHUHO-
IIPOM3BOIHBIC CUMMETPUIHOTO TPHA3MHA MCIIBITAHEI
B KadyecTBe MHTHOUpylonieit modasku [15]. OmHako
IIPOU3BOIHBIC OMTMCAHHBIX TPUA3MHOB HE Pa3JlaraloTcs
B OKpYKaIOIIIei cpeie M aKKyMYJIUPYIOTCS B TTIOUBE, UTO
CO3IaeT JOTOTHUTEIbHBIC SKOJIOTMIECKIE IIPOOIEMEI.
Pa3paboTanHbIe HaMU TTPON3BOAHEBIC HECUMMETPUIHBIX
TPUA3MHOB SKOJIOTMICCKU 0€30ITacHbBI, TaK KaK JIETKO
TUIPOJIU3YIOTCS B €CTECTBEHHOM cpere.

3amuTHbIE CBOWCTBA 2-aMl/mvmeHrmpaaunonmunasonunona-4 B MOJIEJIbHOM cpeae nmo OTHOMECHUIO K Cr20

3anmurHblii 3 dekT, %

Ne DIIeKTPOXUMHYECKHIA METOJT I'paBuMeTpHUECKHiT METO
Mopnenbnas cpena Kucnas cpena MopneanHas cpena Peanbhas miacroBas Boga
1 88,1 90,0 90,1 92,1
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B kauecTBe HAHOMOOABOK MBI TIpeIIaracM 3-aMITHO-1
4-amuHO-1,2,4-Tpra3snHOH-5 (4, 5, COOTBETCTBEHHO),
KOTOpBIE OBIIN TTOyYEeHBI 10 MeToauke [16—18].

[TosyaeHHBIC KOMITO3UIIMOHHEIE CMECH OBLITU MC-
OBITAaHBI B KAYECTBE MHTUOUTOPOB KMCIOTHOM KOP-
pPO3UH TPAaBUMETPUUECKUM U BJIEKTPOXMMUIECCKUM
MeTomamMu. McmbITaHWs TPOBOAMIIN Ha IUIACTMHKAX
n3 ctanu C120.

[Tpu 31eKTPOXUMIUICCKOM METOIE 00Pa3IIbl UCIThI-
TaHug 3 ctaau Mmapku Ct20 neanu B (popMe miacTu-
HOK U B KaueCTBE MOMACIBbHOMN CPeabl MCIIOIb30BaIN
3%-Hblii pacTBOp Xj10opuaa Hatpus. [loasgpuszanuoH-
HBIC KPUBBIC CTAJIBHOTO 3JIEKTPOIA IIPU Pa3TMIHBIX
KOHIICHTPALUIX U TeMIIepaTypaxX CHIMAJIA Ha ITOTeH-
umoctare [TM1-50.1.1.

HccnenoBanus npoBoauau 6e3 nodaBaeHUs] HAHO-
I00aBOK — IMPOM3BOIHBIX HECUMMETPUIHBIX TPUA3HHOB
¥ C UX YIaCTUECM.

PE3YJIbTATBI 1 OBCYKJIEHUE

[pu rpaBUMETPUIECKOM METOIE 0OPA3IIBI TOTOBUIIN
Kk ucnpitanuio mo F'OCT 9.506-87 [19]. B uccienyembie
CpeIBl TOOABISIIIN HEOOXOIMMOE KOJUIECTBO MHTHOM-
Topa. OOpasIsl TOMEINAIN B alliapaT ¢ UCITBITYEMO
CpeIoii ¥ BEIIEPKUBAIN B TeUeHMe 6 yacoB. Mcribtanus
IIPOBOAVIIN B CPEJIE COJISTHOM KUCIIOTHI, KOHIIEHTPAIIHS
kotopoii 20%. 1o ucteyeHrU BpeMeHU 00pa3Libl 101 -
Beprajyii BU3yaJIbHOMY OCMOTPY: HaJU4dMe U LBET IIPO-
IYKTOB KOPPO3UH, XapaKTep MPOLYKTOB KOPPO3UML.

CKOpOCTb KOPPO3UHU BBIUUCIISUIN 110 (POpMyJIe:
my —m;
ST

rae V, — CKOpoCTb KOPPO3UM, I * M2 * 4™,

m, — Macca obpasLa 10 UCTbITAHUs, T;

m, — Macca obpasia nocJje UCHbITaHus, T;

S — IIomanb MOBEPXHOCTH 00pasIia;

T — BpeMsI UCIIBITAHNS, .

CrerneHb 3alUTh OT KOPPO3HUH OIIPEAEIISIIN 10 (hop-
MyJIe:

Vﬁ: =

L

I"rh:(] B I"rJR:J.
Vo’

rae Z — cTerneHb 3alluThl, %

V,,—CKOpPOCTb KOPPO3UHU 0OPa3loB B HEUHTOMPO-
BaHHOM cpene, T* M 2e4q!;

V,,—CKOPOCTb KOppO31K 00pa3ioB B UHTMOMPOBaH-
HOM cpene, T M 2eq!,

Pe3ynbTaThl KOpPO3MOHHBIX UCITHITAHMI C TOOaBIe-
HIEeM HaHOI00aBOK ITPOU3BOIHBIX HECUMMETPUIHBIX
TPUA3UHOB IIPUBEICHBI B TA0OI. 2.

CKOpOCTh KOPPO3UM B UCIBITYEMOM cpefie C yBe-
JIMYCHUEM KOHIICHTPAaIlUX MHTUOUTOPA YMEHBIIIAeTCSI,
OTHAKO JaJbHEeIIee yBeINICHINE KOHIICHTPAIIUN WH-
TUOMPYIOIIeil M00aBKM He TIPUBOIUT K 3HAYUTCITEHOMY
CHIDKCHMIO CKOPOCTHA KOPPO3MOHHOTO ITPOIIecca.

[Tpu mpoBeneHNH TEKTPOXUMUICCKIX UCITBITAHI
YCTaHOBWJIM, YTO HE3aBUCHMO OT THIIa 00paOOTKH I10-
BEPXHOCTH 00PA3II0B HAOIIOMACTCS CMEIICHNE TIOTCHIIN-

Z:

Tabauya 2
Pe3ynbraThl 3(h(heKTUBHOCTH I€CTBUSI MHTUOMPYIOIIEi KOMIO3UIUI
Ne Cocras uaruoupyiomeii | /l03MpoBKa HHTHOHUTOpA, CkopocTh %gpp(l?;uu, S S b
KOMIIO3HIIHA Mr/n V,rem?ey

10 0,65 71

| | coeanneHue 3: 25 0,11 80
coequnenue 4 (1 :0,25) 50 0,030 89

100 0,11 80

10 0,54 81

) coelMHeHue 3: 25 0,13 90
coenuHenue 4 (1:0,5) 50 0,006 94

100 0,006 94

10 0,29 83

3 | coenunenne 3: 25 0,12 91
coenuHenue 5 (1:0,25) 50 0,007 96

100 0,006 96

10 0,5 90

4 | coenunenye 3: 25 0,12 93
coenunenue 5 (1:0,5) 50 0,008 97

100 0,008 97

http://nanobuild.ru

452

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (6):
449-454

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

TEXHOJIOMMU MPOU3BOJACTBA CTPOUTE/IbHbIX MATEPUAJIOB Y U3JENTNN

=3
-2

-1

0.5 7

Puc. Iloasipuzanuonnbie

04 - KpuBbIe 115 J1eKTponos u3 C120

B (hoHOBOM pacTBOpE —

3 %-ubiii NaCl(1) ¢ no6aBaeHneM
3-aMuHOTpHA3WMHOHA-S (2)

u 4-ammno-1,2,3-Tprnasunona-5 (3)

18] (» Alew®)

5 % -4 2 0

aJI0B B 00J1aCTh OTPUILIATEIbHBIX 3HAYEHUU MPU YBeIYe- 3AKJIIOYEHUE

HHWH BPEMCHU 3KCIIEPUMEHTA. bruio YCTAHOBJICHO, ITOCJIC

no0aBiieHUsT HAHOAO0ABOK B COCTaB MHTUMOUPYIOLLIECH
KOMITO3ULIUU JJIsT BCeX 00pa3LoB HAOJII0JaeTCsl CMe-
IIeHNe TTOJIIPU3AMOHHbBIX TarpaMM B 00J1acThb OoJiee
TIOJIOKUTEIFHBIX TTOTCHITNAIOB (pHC. ).

W3 mmoy4yeHHBIX JTaHHBIX BUAHO, YTO BBEJIEHNE Ha-
HOT00aBOK Ha OCHOBE HECUMMETPUYHBIX TPHUA3MHOB
3HAYUTEJIbHO CHUKAET CKOPOCTh KATOIHOM peaKInu
KOPPO3MOHHOTO Tpoliecca.

[MonydyeHHbIE pe3yabTaThl CBUACTEALCTBYIOT O CHM-
JKEHMH KOPPO3MOHHOTO IIPOLIECCa UCCIEAyEMbIX 00pa3-
LIOB IIyTEM BBEIEHMS B COCTaB MHTMOUTOPA KOPPO3UU
HaHOA00aBKM HA OCHOBE IPOMU3BOIHBIX HECUMMETPUY-
HBIX aMUHOTpUa3rHOB. Clie10BaTeIbHO IS 3aLIUThI
cramu Ct 20 OT KOppO3UM B YCIIOBUSIX KUCIIOM VTN HEil-
TpabHOM cpefaxX MOIYT ObITh PEKOMEHIOBAHBI ITOJIY-
YEHHbIE UHTUOUPYIOIIE KOMITO3ULIMH.
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ABSTRACT: Metal dots-nitrogen-carbon catalysts have become a hot topic in recent years because of special coordination envi-
ronment. Herein, for the study the W nanodots and nitrogen co-decorated carbon skeleton (W@NC) was prepared for hydrogen
evolution reaction (HER). In particular, NaCl templates not only restrict the growth of nanodots, but also improve the purity of
phase. By optimizing the feeding ratio of ammonium metatungstate, W nanodots (the size is about 1.2 £ 0.6 nm) dispersed well on
N-doped C skeleton, and this special structure could effectively promote electron transfer and ion diffusion during HER process.
As a result, the optimized W@NC hybrids exhibited excellent HER performance in alkaline media with a rather low over-potential
(228 mV at 10 mA cm2) and outstanding durability over 10 h.
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1. INTRODUCTION

he consumption of non-renewable energy (such as

fossil, coal) and environmental problems are becom-
ing increasingly serious, so, the demand for clean and
sustainable energy such as hydrogen and solar energy has
been increasing [1, 2]. Especially, hydrogen as a kind of
clean renewable energy has received much attention be-
cause of its high energy (142,351 kJ/kg), no pollution and
low cost [3, 4]. Water splitting, a promising method for
hydrogen production [5], requires precious metal-based
materials (like Pt, Pd, etc.) as catalysts to achieve robust
catalytic performance. However, the scarcity and high
cost of Pt-based and other precious metals-based catalysts

have seriously hindered its widespread applications [2,
6]. Therefore, it is imperative to design and manufacture
hydrogen evolution reaction (HER) catalysts with high
cost-effective, resource-rich and high-performance ad-
vantages [7].

Among various candidates, metal nanodot-nitrogen-
carbon (M—N-—C) catalysts have been proved to be ef-
ficient catalysis due to their special coordination environ-
ment, which can adjust the electronic structure [6, 8—10].
Nanodot, a zero-dimensional material, has high specific
surface area and higher catalyst utilization efficiency, which
makes M—N—C catalyst have higher catalytic activity [11—
13]. Carbon skeleton as the carrier of metal nanodots not
only can effectively avoid agglomeration of nanodots, but as
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a bridge between the nanodots also can effectively improve
their electron transport performance [4, 14]. In addition,
metal nitride (MN ) and nitrogen-doped carbon (NC) can
be produced by doping N element, which can improve the
conductivity of the catalyst and increase the number of
active sites [15—17]. For example, He and his colleagues
prepared Ni—S—W-—C electrode by pulse electrodeposi-
tion for hydrogen evolution reaction in alkaline electrolyte
with an over-potential of 262 mV at a current density of
10 mA cm~ [4]. Lin’s team successfully prepared a dual-
function electrode by encapsulating ultrafine FeNi alloy
nanoparticles in N-doped layered carbon nanosheet for
high-efficiency Zn-air batteries, which could be repeat-
edly charged and discharged for 1100 h at 5 mA cm~2 and
for 600 h at 10 mA cm~2 [8]. Tian et al. recently large-
scale prepared an economical, highly durable, and efficient
catalyst (Pt,Co alloy nanoparticles supported on carbon)
for high-performance oxygen reduction reaction by the
NaCl-template-assisted freeze drying approach as a simple
and scalable method [18].

Based on the full consideration of the potential of M—
N-C composites as an efficient catalyst, the W nanodot
and nitrogen co-decorated carbon skeleton (W@NC) con-
sisting of uniform tungsten nanodots (1.2 = 0.6 nm) and
interconnected N-doped carbon skeleton, was prepared
for hydrogen evolution reaction. Specifically, the use of
NaCl is the key to our strategy owing to that NaCl can
not only act as a template to limit the growth of nanodots,
but also participates in the pyrolysis reaction to improve
the purity of phase. When used as HER catalyst, the W@
NC electrode exhibited excellent HER performance in
alkaline media with an over-potential of 228 mV at current
density of 10 mA cm~2.

2. EXPERIMENTAL SECTION
2.1. Preparation of W@NC Catalysts

W nanodots embedded N-doped carbon (W@NC)
was prepared as follows. 150 mg (NH,) H,W 0, , 220 mg
C,HN,NaO.Zn, 20 mg CH O, and 1 g NaCl (cube
crystals template owns the advantages of low cost, envi-
ronmental friendliness, and ease of removal) were dis-
solved into 25 mL deionized (DI) water, and dry under
—273°C. The as prepared precursor was annealed at 750°C
for 2 h under Ar. The product was washed by DI water
to remove NaCl and then dried at 60°C, defined as W@
NC. For preparation of W@NC materials with lower and
higher tungsten concentrations, 75 mg and 225 mg of
(NH,) H,W 0, were instead added into the precursor
solution above, and the resulting samples were designated
as W@NC-L and W@NC-H, respectively.

To explore the role of templates, tungsten@N-doped
carbon composite was prepared without the addition of

NaCl templates using the similar procedure.

2.2. Material Characterization

The field-emission scanning electron microscopy
(FESEM; Zeciss SUPRASS5) and transmission electron
microscopy (TEM; JEOL, JEM-2200FS, 200kV) with
energy dispersive X-ray spectroscopic (EDX) were used
to observe the morphologies and structures of the catalyst.
The catalysts were identified by X-ray diffraction (XRD)
patterns (using a Rigaku Smartlab(3) D8 Advance X-
ray diffractometer with Cu Ka radiation, A = 1.5418 A).
The elemental chemical and surface electronic states of
the samples were characterized by X-ray photoelectron
spectroscopy (XPS, PHI5000 VersaProbe I1I with an Al
Ka X-ray source). Raman spectra were collected by an
HRS800 UV micro-Raman spectrometer.

2.3. HER characterizations

All the HER measurements were performed on the
CHI 660E electrochemical workstation (CH Instruments,
Inc., Shanghai, China). 5 mg W@NC and 40 uL Nafion
solution (5 wt%) were dispersed 960 mL ethanol and
coated on Nifoam (1 cm X 1 cm) for vacuum drying over-
night as working electrode. And the Hg/HgO eclectrode
was used as reference electrode, graphite rod was used as
the counter electrodes for a three electrode cell with 1 M
KOH as electrolyte. And all potentials were calibrated to
the RHE using the following equation: E . = E\etieo
0.098 + 0.0591 pH, (pH = 13.7 in 1 M KOH). The linear
sweep voltammetry (LSV) curves without the iR-cor-
rected were recorded at 2 mV s~'. Cyclic voltammetry
curve (CV) with different scanning rates (2 — 10 mV s™')
were performed at the region (—0.043 ~ 0.057 Vvs. RHE)
avoiding Faradaic currents. Electrochemical impedance
spectra (EIS) at an AC voltage (5 mV) were performed
from 100 kHz to 10 mHz. The durability of hydrogen
evolution reaction was evaluated by chronoamperometry.

3. RESULTS AND DISCUSSION

Fig. 1 illustrates the synthesis process of W@NC. First,
the four components (NH,) H W ,0,, C, H N,Na,O,Zn,
C,H 0, and NaCl were completely dlssolved in DI Water
The solution was freeze-dried to create precursor with
a stable 3D assembly. Subsequently, the precursor was
annealed in Ar to produce the W@NC/NaCl. During
the annealing process, the in situ reaction took place be-
tween (NH,) H,W O, and C, H N,Na,O,Zn on the
surface of NaCl template, formmg umform W nanodots
embedded in N-doped carbon matrix. Finally, the NaCl
template was removed with DI water to obtain W@NC.
The morphology and physicochemical properties of the
sample may be influenced by different W/C ratio, which
can affect the catalytic performance. Therefore, in order

to obtain the optimal HER catalyst, a similar synthe-
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Fig. 1. Schematic illustration of the preparation process for the W@NC

sis process was used to prepare samples with different
amounts of (NH,) H,W 0O, (75, 150 and 225 mg), named
W@NC-L, W@NC and W@NC-H, respectively.

The effect of (NH,) H ano 40 Usage on the morpho-
logy and phase was studied in Fig. 2. As expected, the
morphology of W@NC-L, W@NC, and W@NC-H are

based on carbon skeletons. With the increase of tungsten

content, nanodots or nanoparticles could be observed
on the carbon skeleton, and the diffraction peak inten-
sity of tungsten nitride (WN) increased gradually. It was
clear that the morphology of W@NC-L was identical with
carbon skeleton (Fig. 2a), and the XRD pattern (Fig. 2b)
of the W@NC-L distinctly exhibited a significant diffrac-
tion peak at around 26.2°, which was assigned to the C
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Fig. 2. SEM images and XRD patterns of (a and b) W@NC-L, (c and d) W@NC and (e and f) W@NC-H
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(JCPDS card No. 03-0401). It is noteworthy that a few
nanodots were observed on the carbon skeleton in W@NC
(Fig. 2¢), and obvious nanoparticles were observed on the
carbon skeleton in W@NC-H (Fig. 2e), indicating that
nanodots inevitably agglomerated into nanoparticles with
W dosage greater than 150 mg. The diffraction peaks of
W@NC (Fig. 2d) at 36.3, 46.8 and 64.4° corresponded to
W, N, (JCPDS card No. 77-2001). And the diffraction
peaks of W@NC-H (Fig. 2f) at 37.6, 43.8, 63.6 and 76.4°
corresponded to WN (JCPDS card No. 75-1012). The
characteristic peaks for W@NC provided direct evidence
for the existence of W and C in the hybrid.

The graphite degree of carbon in the hybrid was fur-
ther studied by Raman spectroscopy (Fig. 3a). The peaks
around 1353 and 1583 cm™' correspond to the D (the
disordered sp?-hybridized carbon) and G (the result of the
highly ordered graphite) bands of the carbon, respectively
[19, 20]. Compared with those of the W@NC-L, the G
band of the W@NC shifted up to 1587cm~', indicating
the successful doping of the N atoms [17]. Meanwhile,
the I /I; of W@NC (1.098) was the same as that of W@
NC-L (1.098), which was slightly smaller than W@NC-H
(1.151), indicating the almost similar degree of graphitiza-
tion. However, the vibration peaks of W@NC-H (Fig. 3b)

Nanob%

at 695 and 800 cm™' corresponded to the Raman peaks
of WN, confirming the successful preparation of the WN
[17, 21].

In addition, it is notable that NaCl plays a key role in
the successful preparation of W@NC. For comparison,
the tungsten@N-doped carbon composites without NaCl
present obvious nanoparticle structure (Fig. 4a and b),
and its XRD diffraction peaks (Fig. 4c) are inconsistent
with that of W@NC, which is reasonable to infer that
NaCl can not only limit the growth of nanodots to regu-
late the morphology of materials, but also participates
in the pyrolysis reaction to improve the purity of phase.

The morphology and structure of the W@NC hy-
brid were further investigated by TEM. The TEM image
(Fig. 5a and b) clearly reveals that the tungsten nanodots
were uniformly distributed on interconnected carbon
skeletons. The size distribution of W nanodots (Fig. 5¢)
conforms to a normal probability distribution, and the size
of the nanodots was around 1.2 = 0.6 nm. The black dot
in high resolution TEM (HRTEM, Fig. 5d) and the dis-
persion ring in selected area electron diffraction (SAED,
Fig. 5e) results suggested that W nanodots did not aggre-
gate into nanoparticles [10]. Besides, the elemental map-
ping of C, W and O in W@NC hybrid (Fig. 5f) showed

(a)[wanc-L Dpand Gband

Io/le = 1.098

Intensity (a.u.)

W@NC . . - .
W@NCH ' 2
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Fig. 3. Raman spectra of W@NC-L, W@NC and W@NC-H

—— tungsten@N-doped carbon
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Fig. 4. (a, b) SEM images and (c) XRD pattern of tungsten@N-doped carbon composite without NaCl
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Fig. 5. (a and b) TEM images at different magnifications, (c) Histogram of particle size distribution, (d) HRTEM im-

age, (e) SAED pattern and (f) Dark-field FE-TEM image

that all element were evenly distributed in the material.
Noting that the absence of an N signal may be due to
nitrogen levels below the instrument’s detection limit.
The surface composition and chemical states of W@
NC hybrids were also determined by X-ray photoelectron
spectroscopy (XPS). The survey XPS spectrum in Fig. 6
reveals that the surface of W@NC consisted of C (72.9%),
W (3.2%), N (8.8%) and O (15%) elements, which in-
dicates that N was doped in the carbon skeleton. The
high-resolution C 1s spectrum in Fig. 7a can be split into
four peaks. The peaks centered at 284.8, 285.9, 286.8 and
288.2 eV corresponds to the C = C, the C—N, C—0 and
C = O bonds, respectively [22, 23]. The high resolution
spectrum of W 4f can be deconvoluted into two doublets
(Fig. 7b). Two peaks at 33.3 and 35.6 eV were ascribed to
W+ and the other two peaks at high band energy (35.8
and 38.0 eV) belonged to W¢", which is the predominate
component of Win W@NC hybrid [24]. The N 1s spec-
trum (Fig. 7¢) shows three peaks at 398.5 eV, 400.4 eV
and 402.0 eV, which were indexed to pyridinic N, pyrro-
lic N and graphitic N, respectively [6, 22]. Additionally,

with EDS mapping images of W@NC

— W@NC

O1s
C1s

Intensity (a.u.)

1000 800 600 400 200 O
Binding energy (eV)

Fig. 6. XPS survey of W@NC
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Fig. 7. The XPS spectra of (a) C 1s, (b)W 4f, (c)N 1s and (d) O 1s in W@NC

the XPS spectra of O 1s (Fig. 7d) confirms the existence
of oxygen vacancy (O, 531.2 V), lattice oxygen atoms
of metal-oxygen (M-0, 530.5 eV) and surface-adsorbed
hydroxyl group (M-OH, 532.8 eV) in the sample [25, 26].

The hydrogen evolution activities of all catalysts
were evaluated by linear scanning voltammetry (LSV)
in Ar-saturated 1 M KOH. Fig. 8a shows the polariza-
tion curves without iR-compensation at a scan rate of
2 mV s~'. The W@NC exhibited optimal catalytic HER
performance with 228 mV over-potential at a current
density of 10 mA cm~2, which is comparable to that of
recently reported non-noble metal catalysts (Tab. 1).
The LSV curve of W@NC-H almost coincides with that
of W@NC, and the performance was better than that of
W@NC-L, indicating that the hydrogen evolution per-
formance reaches saturation when the dosage of W was
150 mg. Tafel slope in Fig. 8b was obtained by linear fit-
ting of polarization curve. Noting that the Tafel slope
of W@NC (165.8 mV dec™') was similar to W@NC-H
(165.4 mV dec™'), which was lower than that of W@NC-L
(210.4 mV dec™"). The lower Tafel slope value indicated
that the reaction dynamics processes of W@NC and W@

NC-H were relatively faster and thus HER activity was
higher. Fig. 8c shows the Nyquist plots of catalysts at
—0.19 Vvs. RHE. The charge transfer resistance (R ) of
the material decreased with the increase of W content,
indicating that HER electron dynamics accelerates with
the increase of W content [27, 28]. However, the R  of
W@NC-H (7.97 ohm) was similar with that of W@NC
(8.35 ohm), indicating that when the W content is greater
than 150 mg, its influence on R  decreases.

In order to further explore the effect of W content
on the electrochemical active surface area (ECSA), the
cyclic voltammetry of the material (Fig. 9) was mea-
sured in the region without Faradaic currents at scan
rates varying from 2 to 10 mV s~' to calculate the double
layer capacitance (C,), which is proportional to ECSA
[7, 29-32]. As shown in Fig. 8d, the C  values were
ranked as follows: W@NC-L (236.2 mF cm~?) > W@
NC (219.9 mF cm™?) >> W@NC-H (91.4 mF cm™?), in-
dicating that high loading will reduce the active specific
surface area. Based on the above analysis, the optimal
HER activity of W@NC can be ascribed to the optimal
synergistic catalytic effect between the active W nanodots

http://nanobuild.ru

460

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (6):

HaHoTexHonorum B crpouTenbcree 455-465 NanObU|
THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES
0 0.15 25
(a) (b) = W@NC-L (c) “[—wencL
- 014} . w@Nc —weNc
- = a a4 i 20t
_ S 013 W@NC-H £ =y det — W@NC-H
S .40 o 465 —_
£ 5 012 Bl
60} c 0.1 (=]
< @ =
E 50 "g'.ﬂ.ﬂl i A f}‘-m.
" N (=
- —wancL | g 0% 16585 )
-100} — W@NC 3 0.08 s 5t
— W@NC-H 0.07 204
s 05 04 03 02 o1 00 0.25 0.30 0.35 0.40 %
Overpotential (V vs. RHE) log(lj| mA cm?)
0 0
(d) 3.0F = W@NCL i (e) —— W@NG (f)
« W@NC « o8 -5 20
25 . W@NCH _q —
‘g—-. ,.anﬁ- @—. -10 ‘\"E a0l
£ 20} E 5 o
é’ 15 «S : < -60F
SDF AD - .
E L E 2 £ 80t
=10} = 25 =
. m‘2
0.5} 1.4 mF © 30 -100} ——initial
Over-potential @ 293 mV V — - after it testing
% s 10 e 2 4 6 & 10 12e 05 04 03 0z o1 00
Scan rate (mV s) Time (h) Overpotential (V vs. RHE)

Fig. 8. (a) Polarization curves without iR correction, (b) Tafel plots, (c) EIS Nyquist plots and (d) C, for W@NC-L,
W@NC and W@NC-H. (e) Time dependence of current density under static over-potential of 293 mV for W@NC.
(f) Polarization curves without iR correction of the W@NC before and after i-t tasting

;?lflifﬂilll'y of HER properties on our W@NC catalyst and the reported catalysts

Catalysts at (1)(;’ f;z’:;f_‘iﬁ(‘:m r{;%l ds‘::ﬂ(; Electrolyte References
W@NC 228 165.8 1 M KOH This work
Ni-S-W-C 262 105 30% KOH [4]
Mo,C 262 114 1 M KOH [7]
WN 571 164.0 1 M KOH [22]
WC, 216 122.2 1 M KOH [22]
Meso-WO, ., 287 95 1 M KOH [25]
0,-WO @NC 434@20 125 1 M KOH [26]
WN NA/CC 285 92 1 M KOH [33]
b 332 136 1 M KOH [34]
WwC 227 142.4 1 M KOH [35]
WN 313@20 118 1 M KOH [36]
W/WO, NA@CP 297 74.5 1 M KOH [37]
WNx-NRC 255 115 0.5M H,SO, [38]
WS, 704 109 0.5M H,SO, [39]
C-WP 216 59 0.5M H,SO, [40]
WS @OMC 213 74 0.5M H,SO, [41]
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Fig. 9. CV curves of (a) W@NC-L, (b) W@NC and (c) W@NC-H with different rates from 2 to 10 mV s!

and the conductive carbon skeleton. The long-term sta-
bility of W@NC at a constant over-potential of 293 mV
was evaluated by chronoamperometry. As shown in Fig.
8e, the current density almost remained unchanged, and
the negligible degradation could be ignored after the
continuous test over 10 h. And the polarization curve of
W@NC catalyst after 10 h stability test showed negligible
decay (Fig. 8f).

Based on the above results of electrochemical study,
the increased catalytic activity of W@NC can be attrib-
uted to the following reasons: 1) The unique structure
can increase the contact area between catalyst and elec-
trolyte, which is more conducive to mass charge transfer.
2) N-doped conductive C skeleton not only facilitates
electron transfer, but also acts as a “spacer” to effec-
tively prevent W nanodots from agglomeration. 3) An
appropriate amount of W nanodots was uniformly an-
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ABSTRACT: Introduction. Advanced technologies inspire people by 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 article provides an abstract overview of
inventions of scientists, engineers and specialists from different countries: Russia, USA, Turkmenistan, Japan et al. The results of the
creative activity of scientists, engineers and specialists, including inventions in the field of nanotechnology and nanomaterials allow,
when introduced to industry, achieving a significant effect in construction, housing and communal services, and related sectors of
the economy. For example, the invention «<Modifying additive» is related to the road construction and can be applied in production of
asphalt-concrete, including that with utilizing of nanotechnologies. To improve performance characteristics of bitumen and asphalt
concrete one can use modifying additive which comprises a mix of carbon nanomaterials. The aim of the invention is to solve the
task of creating new technology which could provide obtaining of asphalt concrete with enhanced performance characteristics.
The following inventions in the field of nanotechnology can also be interesting for specialists: a method to obtain multi-layered
nanocomposite coating; a method of laser surface treatment for steel products; a device to obtain graphene-containing suspension;
a method to obtain nanocrystal silicon powder; a self-cleaning material with chemical and biological protection properties; a method
of obtaining nanostructured composite material on the basis of aluminum; a device control system with the shape memory effect to
manipulate micro- and nanoobjects; a method to form plasmon nanostructures on the object surfaces to provide non-destructive
analysis of low concentrations of chemical compounds by Raman spectroscopy et al. 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.
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MAIN PART
A modifying additive (RU 2781192 C1)

Road carpet is considered to be a cost-consuming
and complex engineering project in both construction
and maintenance processes. The most relevant problem
is still a task to design an optimum asphalt binder along
with granulometric crushed agent composition from
a perspective of performance characteristics of final road
carpet.

Asphalt binders, even those designed according to
existing state standards, are not always capable to provide
required inter-repair period of bitumen-concrete mixture.
It is the lack of proper quality of bitumen-concrete mix-
tures that is the main cause of low durability of asphalt-
concrete (fragility in the temperature range lower —20°C
in combination with strong softening in the range above
50°C).

To meet real requirements of climate conditions of
environment and car traffic it is necessary to use various
additives and modifiers in composition of asphalt binders.
The additives on the basis of styrene-butadiene-styrene
(SBS) are often employed as such modifiers.

To improve performance characteristics of bitumen
and asphalt concrete it is proposed to use modifying
additive which comprises a mix of carbon nanomateri-
als. The scope of the invention is to solve the task of
creating new technology which could provide obtaining
of asphalt concrete with enhanced performance char-
acteristics [1].

The imposed task is resolved in the following way:
a modifying additive comprises a mix of carbon nano-
materials which are distributed in the matrix of oil ex-
tract of grade A and include single-layer carbon nano-
tubes, multi-layered carbon nanotubes, graphene and
carbon nanofibers at the following component ratio,
mass.%:

— single-layer carbon nanotubes — 0.01 — 7.5%,

— multi-layered carbon nanotubes — 0.01 — 7.5%,

— graphene — 0.01 — 7.5%,

— carbon nanofibers — 0.01 — 7.5%,

— oil extract — the rest.

Single-layer carbon nanotubes, multi-layered car-
bon nanotubes, graphene and carbon nanofibers can
be of any grade and any manufacturer. The additive is
obtained when carbon nanomaterial is introduced into
oil extract of grade A on three-roller grinding mill with
heat transfer by heat-carrier. The obtained product is a
plastic mass.

The technical result is the additive which enhances
performance characteristics of road asphalt and asphalt
concrete. The invention is related to road construction
and can be applied in production of asphalt-concrete,
including that with employment of nanotechnologies.

A device to obtain graphene-containing suspension
(RU 2777632 C1)

The invention is related to the technology of obtaining
graphene-containing suspensions by shear graphite exfo-
liation in liquid and can be used in various industries in
the processes of modification of plastic lubricants, epoxy
resins and concretes with graphite. The technical task
of the given invention is to increase efficiency of graph-
ite exfoliation and to rise the degree of conversion from
graphite into graphene [2].

The imposed task is resolved in the following way: the
device contains a stator in the form of cylindrical shell
with holes for supplying and drawing suspension and a
rotor with blades. The length of the rotor is divided into
N sections and the blades at each further section on the
circle are shifted in respect to the blades at a certain angle,
at this, along the length of the rotor between the blades of
neighbor sections there is a gap, which size is 5-10 mm.

The efficiency of the proposed method and the device
for its implementation has been tested by comparing with
the prototype. The prototype was a device built according
the patent RF Ne2737925 with inner diameter of the stator
42 mm and the length 180 mm. The rotor possesses four
radial slots in which feathering blades are located. The
dimension of the proposed device is the same, but the
rotor along the length is divided into three sections, the
length of each section is 54 mm. The distance between
the sections is 5 mm, and the distance between end blades
and end walls is 4 mm. At each section the blades are
rotated respect to the blades at previous section at the
angle ¢ = 30°, calculated by formula. For each test series
the initial suspension with graphite concentration from
10 to 20% in volume 10 liters was prepared. The suspen-
sion was supplied into the device with the pump which
performance was from 2 to 4 liters per minute. After every
5 treatment cycles a concentration of graphene plates
in suspension was measured. It was found out that the
intensity of exfoliation process when using the proposed
method and the device is about by 10% higher than that
of the prototype. Moreover, by 10—15% more particles of
graphite were converted into graphene plates.

A method of laser surface treatment for steel products
(RU 2777793 C1)

The invention is related to hardening and enhancing of
mechanical properties and increasing resistance to vari-
ous types of wearing of steel articles and it can be applied
in many machinery industries. The technical result is
performance of the process of hardening steel articles
without additional treatment and additional equipment,
with possibility to control the extent of hardening [3].

The technical result is achieved due to the fact that
the method of laser treatment of surface of steel articles
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comprises laser impact on the surface of steel articles.
This laser impact is performed with technological laser
complex equipped with ytterbium impulse fiber laser with
power density 108—109 W/cm?, pulse duration from 50 to
200 nanoseconds with pulse repetition time 20 kHz, at
this, stacking of laser spots is more 97%. This method of
treatment of steel articles provides narrow deep (50—70 um,
up to 600 um) zones of remelted material with hardness
720 HV (for steel 45) and 1150 HV (for steel 40X).

The advantage of the proposed method is localization
of its impact, possibility to apply treatment in hard-to-
reach places at significant distance. All that results in deep
“knife” fusion penetration of metal, without necessity to
expose the article to mechanical treatment later. Thus,
the laser systems, equipped with fiber lasers which im-
pulse duration is tens-hundreds of nanoseconds, make
it possible not only to perform engraving and labeling of
article surface but also to impact on near-surface zone
of material, changing the properties of the whole article.

A method to obtain nanocrystal silicon powder
(RU 2777468 C1)

The invention is related to the area of nanotechnology
and nanomaterials, in particularly, to obtaining nanosized
silicon powders by means of gas-phase method and it
can be used in production of lithium-ion batteries, solar
panels and lacquer coatings [4].

The technical problem of the given invention is to
obtain nanocrystal silicon powder which average size of
particles is less than 20 nm in continuous mode by means
of ecology-friendly method with high performance and
possibility to control the average size of particles.

Fig. 1. Structure diagram for the proposed method to ob-
tain nanocrystal silicon powder: 1 — reactor; 2 — mono-
crystal silicon bar; 3 — ohmic heater; 4 — counterflow

inductor; 5 — a drop of melted silicon; 6 — laminar flow
of gas-carrier; 7 — condensation zone; 8 — cooling zone

v

The imposed task is resolved in the following way: the
method to obtain nanocrystal silicon powder is designed
to be implemented in the reactor with vertical orienta-
tion in which counterflow inductor is located. There is an
ohmic heater under the counterflow inductor. A mono-
crystal silicon bar with the spherical seed at its end is im-
mersed from the top in the heater and silicon is preheated
to rise its electric conductivity. After that, preliminary
heated seed is placed in high-frequency field of coun-
terflow inductor and silicon is heated in high-frequency
field up to melting temperature. Melted drop is suspended
in the levitation condition between waps of the inductor
and is vapored in continuous laminar flow of gas-carrier.
The transfer of atomic vapor to the condensation zone,
and then to the cooling zone with further accumulation
in the filter is provided by the same flow of gas-carrier.
Compensation of the vapored drop is performed due to
continuous supply of monocrystal silicon bar.

The implementation of the proposed method to obtain
nanocrystal silicon powder is shown on the figures 1—3.

Fig. 2. The image made by scanning electric microscopy
of obtained nanocrystal silicon particles
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Fig. 3. Distribution of nanocrystal silicon particles by size
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A self-cleaning material with chemical and biological
protection properties (RU 2780376 C2)

The invention is related to self-cleaning materials with
chemical and biological protection properties, the effi-
ciency of which is based on combined action of hydrolytic
properties of ferment nanoparticles that are stabilized by
bacitracin and possess antimicrobial effect, and tantalum
oxide nanoparticles with biocide properties which are
used as modifiers of tissue and non-tissue materials [5].
Self-cleaning material is aimed at protecting against my-
cotoxins and toxic organophosphorus compounds (OPC)
as well as against the cells of different microorganisms
(bacteria, false yeasts and spores of filamentous fungi)
and can be used in production of environment protection
means, high-efficiency wear of personal and collective
protection including those available for massive protection
in emergency situations (disasters and terroristic attacks),
in production of protection apparels, masks and other op-
tions of articles to be applied in manufacturing (industrial
and agricultural) conditions.

Self-cleaning material with chemical and biological
protection properties are aimed at preventing human
body from contact damages caused by chemical and
biological contaminants. If these contaminants get into
the material, detoxification and self-cleaning processes
run due to initiation of functional activity of the com-
ponents which the basic material (tissue or non-tissue
basis) was modified by.

The efficiency of activity of self-cleaning material with
chemical and biological protection properties is deter-
mined by the range of their functioning respect to toxins
and cells of microorganisms, efficiency of detoxification
under minimum number of elements that are introduced
in tissue or non-tissue material to modify it and its prop-
erties in the proper way.

The proposed invention is characterized by:

— simplified composition of the self-cleaning material,
since there is no specially introduced stabilizing com-
ponent for the ferment as the applied antibiotic acts
as stabilizer.

— significant widening of substances which can be ex-
posed to detoxification;

— unified composition of the material, which can be
used to protect against many types of microorganism
cells and self-cleaning from them for the time which
is less than that of prototype (the prototype’s time is
24 hour) etc.

A method of cohesive hardening of bitumen
(RU 2781584 C2)

The invention is related to road construction materi-
als on the basis of bitumen — road concrete mixes, in
particularly, to the method of cohesive hardening of bi-

tumen. The method is performed by introducing carbon
scaffold structures into bitumen under the temperature
of its processing, at this, intercalated graphite taken in
quantity at least 2.5% of bitumen weight acts as scaffold
structure. The technical result of the proposed invention
is cohesive hardening of bitumen by means of interca-
lated graphite. That simplifies manufacturing technol-
ogy of road concrete mix (for example, there is no need
to prepare modified bitumen by ultrasound mixers) and
provides evident reliable binding bitumen molecules into
polymer product [6].

Widely applied technique to enhance strength-co-
hesive parameters of bitumen is to add high-molecular
polymer: comparatively short length of bitumen molecules
(500—6000 Daltons), keeping its basic properties — wa-
ter resistance and lability which determines adsorbing
capacity to the fillers — are reinforced by embedded long
molecules of high-molecular polymers, thus making the
system relaxing, i.e. withstanding tensile and compressive
loads. As a rule, the quantity of introduced polymers is
about 10 mass.% of bitumen.

Another way to increase the strength of bitumen com-
positions (that doesn’t exclude the first one) is to use,
mainly, anisometric fillers. At this, the fillers are added
in comparatively large amount — up to 40% of composi-
tion volume.

The proposed invention involves using intercalated
graphite (IG) for cohesive hardening of bitumen. 1G is
added by simple mixing in dissolver or in mixing device
of any design. When preparing the mix, it is heated up to
the temperature about 180—200°C being mixing. IG starts
blowing up, decomposing in layers, that strongly affects
mixing process. The layers by their surface electrons bind
proton-donor ingredients of common bitumen composi-
tion, for example, carboxylic groups which are contained
in asphaltene fraction. Besides of this, unconditional pres-
ence of even small amount of water makes it possible to
join electron-donor molecules which are contained in
bitumen tar fraction and which contain atoms of oxygen,
nitrogen, sulfur. Some authors consider (and explain!) the
activity of carbon nanobodies as well as IG by the pres-
ence of labile electrons on the surfaces of these substances
(that is true), regarding these additives to be the catalysts
of red-ox transitions.

A method of obtaining multi-layered nanocomposite
coating (RU 2780078 C1)

The invention is related to the methods of applying
multilayered coatings with synergetic effect of the layers
with physical and mechanical properties and nanocom-
posite anti-corrosion top layer and can be used in ma-
chinery, mining- and oil industries, in tool-making and
repairs manufacturing for strengthening substrate in the
form of machine parts, friction pairs and cutting tool, it
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also can be used to increase their thermodynamic stability
when processing materials with low thermal conductivity
and high friction coefficient [7].

The advantage of the proposed method is that it reli-
ably allows obtaining specified composition, structure
and complex of properties of the coating for each layer.
The method makes it possible to control structure for-
mation, phase and element composition of formed layers
by changing basic technological precipitation param-
eters.

The claimed technological modes allow obtaining
multifunctional coating with synergetic effect of sublayer
TiN, layers TiAIN and TiAISiN with physical and me-
chanical properties and anticorrosion characteristic of
nanocomposite top layer, as well as high adhesive strength
of coating with substrate material.

The test results demonstrate that the proposed coat-
ing obtained with this method possesses high physicom-
echanical, trybological, anticorrosion properties and high
adhesive strength of coating with substrate material.

Spintronic detector of terahertz oscillations on the basis
of nanoheterostructure antiferromagnetic —
high-density metal (RU 2781081 C1)

The invention is related to measurement technique
and concerns detector of terahertz oscillations. The de-
tector contains a substrate which is transparent for radia-
tion, one surface of it is open for radiation detection and
another one comprises heterostructure based on a layer
of ferromagnetic material, the first layer of non-magnetic
metal and receiving electrodes [8]. Additionally, the sec-
ond layer of non-magnetic metal was introduced, this
layer is between the substrate and the layer of antiferro-
magnetic material. Antiferromagnetic material is a mono-
axial conductive metal antiferromagnetic with light axis
of anisotropy and it contains current leads to pass static
current in the layer surface to change detector frequency.
The receiving electrodes are located on the surface of the
first layer of non-magnetic metal and are oriented perpen-
dicular to current flow on the layer of anti-ferromagnetic
material. The technical result is the possibility to change
detector frequency.

The fig. 4 demonstrates the scheme of the device
detecting terahertz oscillations that contains multilayer
heterostructure comprising sequentially located on the
substrate 2 the first layer of platinum 3, the layer of anti-
ferromagnetic 4, the second layer of platinum 5 and the
electrodes 6 and 7. The current lead 9 connects the second
layer of platinum 5 and the electrodes 6 and 7 with voltage
meter 8. The first layer of platinum 3 is connected to the
source of static current 1 by means of the current lead 10.
The layer of antiferromagnetic 4 is to be made of mono-
axial conductive metal antiferromagnetic with light axis
of anisotropy, for example, IrMn. The invention can be

7

Fig. 4. The scheme of the device detecting terahertz
oscillations

realized on the basis of existing materials and technologics
of nano- and microelectronics.

A method of obtaining nanostructured composite
material on the basis of aluminum
(RU 2780728 C1)

The drawback of existing method used to produce
aluminum composite is that carbon nanotubes are insuf-
ficiently evenly distributed in the volume of aluminum
matrix, at the same time, nanotubes partially destroy and
become amorphous when obtaining aluminum compos-
ite.

The supposed invention refers to the method of ob-
taining nanostructured composite material on the basis
of aluminum, modified with carbon nanotubes, with en-
hanced physical and mechanical properties that can be
used as construction material for machinery and aero-
space industries [9].

The technical result is the enhanced properties: mi-
crohardness, tensile strength, compressive strength and
bending resistance. All that expands opportunities to use
the material in machinery and aerospace industries.

The proposed method of obtaining nanostructured
composite material on the basis of aluminum is performed
in the following way. At the first stage the components of
the initial charged material are batched up: quantity of
aluminum powder and cetyl acetic acid is 0.6 weight%
and quantity of carbon nanotubes is 1.5—1.9 weight.%.
After that, the obtained mix is processed for 190 minutes
in attritor, rotation rate is 390 cycles per minute. At the
next stage the metal block is pressed under the tempera-
ture 20°C and pressure 430 MPa. At the conclusive stage
hot pressing is performed under the temperature 545°C
and pressure 610 MPa.
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A method to form plasmon nanostructures on the object
surfaces to provide non-destructive analysis of low
concentrations of chemical compounds by Raman
spectroscopy (RU 2780404 C1)

The result which is the aim of the given invention
achieves high sensitivity of the method of surface-en-
hanced combinational scattering and the simultane-
ous provision of the opportunity to remove plasmon
nanostructures from the object surface without its dam-
age. All that makes the proposed analysis method non-
destructive.

The essence of the invention is as follows. Formation
of plasmon structures on the object surfaces for non-
destructive analysis of small concentrations of chemical
compounds in objects by means of Raman spectroscopy
consists of the following stages: obtaining flow of aero-
sol with nanoparticles in the transport gas flow, heating
of acrosol with nanoparticles in the transport gas flow
to obtain spherical nanoparticles of specified size from
metals, transportation of the obtained flow of aerosol
with nanoparticles to the head with the nozzle, focusing
of the flow of nanoparticle aerosol with the nozzle, pre-
cipitation of nanoparticles from focused flow of aerosol
on the surface of analyzed object. The feature of the given
method is that it employs non-sintered dry particles, free
of solvents, binders and other admixtures, obtained from
plasmon-active metals with unit sizes that provide local
strengthening of electromagnetic field of the probing laser
radiation of Raman spectrometer, at this precipitation of
nanoparticles on the surface of the analyzed object is per-
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Fig. 5. The principal scheme of formation of plasmon
nanostructures on object surfaces: 1 — source of flow of
aerosol nanoparticles; 2 — unit of nanoparticle optimi-
zation; 3 — focusing head of the nozzle; 4 — analyzed
object; 5 — plasmon nanostructure

formed with low rate to provide sufficiently weak fixation
of nanoparticles to the object surface in order to remove
them later without damaging the object (for example, by
blowing by inert gas flow) and provide partial coverage
of micro zone to be measured on the object surface with
a monolayer of particles to maximize the range of surface-
strengthened combinational scattering. The technical re-
sult: obtained possibility to form plasmon nanostructures
on the object surface that allow performimg the method
of surface-strengthened combinational scattering with
high sensitivity and simultaneously to provide possibility
for further removing plasmon nanostructures from the
object surface without its damaging, all that makes the
given method non-destructive [10]. The principal scheme
of formation of plasmon nanostructures on object surfaces
is shown on fig. 5.

A device control system with the shape memory effect
to manipulate micro- and nanoobjects
(RU 2778525 C1)

The invention is related to a device control system
with the shape memory effect (SME) to manipulate mi-
cro- and nanoobjects. The scope of the proposed inven-
tion is to enhance quality and nanomanipulation process
technology by minimizing heat drift of manipulation
device (nanonippers) under its thermal activation, that
results in decreased inaccuracy of manipulation pro-
cess as well as in reduced consumption of current and
increased its fast operation speed and its performance
in general [11].

The imposed tasks are achieved in the following
way. The device control system with SME to manipu-
late micro- and nanoobjects includes microwire, at the
conical end of which (cutting grinding of it is done by
electrochemical corrosion) there is a device with SME
to manipulate micro- and nanoobjects and an operating
field with manipulated object and a heating source. The
base of the wire is fixed on the nanopositioner, and the
heating source is a small-sized resistive heating element
which has thermal contact with microwire near its end,
and electronic system of power supply and control over
the current running through resistive element, there are
also leading wires connecting resistive element with elec-
tronic system of power supply and current control. The
shape of the microwire end is variable, it is a combina-
tion of geometrical shapes — blanted cone, cylinder with
diameter less than that of wire bottom and a cone, at the
top of which there is the device with SME to manipu-
late micro- and nanoobjects and the heating element
is on the surface of the cylinder with smaller diameter
very close to the cone (diameter of cylindric part of the
microwire end is mainly 5—10 times less than that of
microwire bottom).
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The specialists can also be interested in the following
inventions related to nanotechnologies:

A method to obtain biocide suspension applied on
wallpaper and wall finishings [12].

A method to produce conductive nanocell with quan-
tum dots [13].

A surface-modified nanodiamond, dispersed com-
position of nanodiamond and a method of obtaining
surface-modified nanodiamond [14].

Nanomodified building mortar [15].

A method of obtaining active in visible spectrum
photocatalysts with nanosize titanium dioxide with
anatase structure and a mixture of anatase and ru-
tile, dopped with transition metals (ni, v, ag, cu,
mn) [16].

A device for producing graphene-containing suspen-
sions by means of graphite cascade exfoliation [17].
A method of obtaining nanosize films of titanium ni-
tride [18].

A method to produce dry construction mixtures [19].
A method of obtaining conductive coating on the basis
of carbon nanotubes [20].

A protective nanomarker with spectrum identification
code for marking valuable articles and a method of

A fluorescent multi-purpose nanosize mark and con-
jugates on the basis of it [25].
Copoly(urethan-imide) polymer structure with shape
memory effect [26].

Dry sliding wear behavior of Fe—Cr—C—B hardfacing
alloy modified with nano-CeO, and its mechanisms
of modification [27].

A method of designing productive stratum of low-
permeability [28].

Technologies of obtaining flexible and transparent
electronic components on the basis of graphene-like
structures in polymer for electronics and microelec-
tronics [29].

A method of obtaining layered composite carbon-
molybdenum disulphide [30].

A composition on the basis of oxide nanostructures to
provide surface with superhydrophobic properties [31].
A method to excite standing spin waves in nanostruc-
tured epitaxial films of iron garnet by means of fem-
tosecond laser impulses [32].

Functional element of quantum emitter [33].

CONCLUSION

One of the most challenging tasks the economy of

marking valuable articles with protective nanomarker  every country face is to increase industrial competitive-

[21]. ness through technological upgrade. From the side of the
« Innovative technology of municipal wastewater treat- state and companies the principal object to control in this

ment for rapid sludge sedimentation and enhancing  process are the people and enterprises dealing with intro-

pollutants removal with nano-material [22]. duction of inventions and new technologies. Therefore,
« A nanosize quartz and a method of obtaining it [23]. we hope that the information published in this section
« A method of obtaining monolayer silicen [24]. will be in demand and useful for specialists.
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N306peTeHns B 06n1acT HaHOMaTepunasnoB
n HaHoTexHonorun. Yacto HIY

JleoHnp Anekceesuy MiBanoB' (1), Jn [la Cion? (°), CBeTnaHa PawmposHa MymuHoBa® (o),
Anekcanap imntpunesny Nwkos* (), Anekcer Bnagummnpouy [lemeHeB®

! Poccuniickan nHxeHepHas akagemus, Mocksa, Poccusa

2 YHuBepcutet Ong lomuHnoH, Hopdonk, BupgxnHusa, CLLUA

3 OuHaHcoBbIN YHUBepcuTeT Npu Mpasutenbctae Poccuiickon Oepepauun, Mocksa, Poccus

4 HauwnoHanbHbIN nccnepoBatenbckmin MOCKOBCKMIA FOCYAapCTBEHHbIN CTPOUTENbHbLIN YHUBepcuTeT, MockBa, Poccua
> Poccuinckmi rocyaapcTBEHHBIN YHBEPCUTET TYpU3Ma 1 cepBurca, noc. Yepkrnsoso, MockoBckaa obnacTb, Poccua

* ABTOp, OTBETCTBEHHbIN 3a Nepenuncky: e-mail: L.a.ivanov@mail.ru

PE3IOME: BBepgeHue. BbiCOKMe TEXHOMOTMI NOPaXKaloT BOOOpaXKeHe Nofel, LeEMOHCTPUPYA BCE HOBbIE 1 HOBbIE AOCTVXKEHUS (MaTe-
puanbl, CNocobbl, CUCTEMbI, TEXHOMOTUN, YCTPOCTBA U AP.), KapAMHANbHO MeHAIOLLVE OKPYXKAOLWMIA MUP. ITO, MPEXAe BCEro, MOXKHO
OTHeCTU K N306pEeTeHNAM YyUeHbIX, MH>KeHepOB 1 CMeLNanNCcToB U3 PasHbiX CTPaH B 061acT HaHOTeXHosormin. OCHOBHaA YacTb.
B cTaTbe B pedepatnBHOI Hopme NPOBOANUTCA 0630p N30OPETEHMIA YUEHBIX, MHXXEHEPOB 1 CMELMANCTOB 13 pa3HbiX CTpaH: Poccun,
CLUA, TypkmeHun, AnoHnm n ap. Pe3ynbTaTbl TBOPUECKON AEATENBHOCTY YUEHbIX, HXKEHEPOB 1 CMeLVanncToB, B T.uU. 1 N300peTeHns
B 06/1aCTV HAHOTEXHOJOMMIA 1 HAHOMATEPVANOB NO3BOJIAIOT NPU NX BHEAPEHUN [OOUTHCA 3HAUMTENBHOIO 3PdeKTa B CTPOUTENBCTBE,
MKUNNLLHO-KOMMYHaNIbHOM XO3ACTBE, CMEXKHBIX OTPaCiAX SKOHOMUKK. Hanpumep, n3obpeteHune «Moanduumpytowan obaBka» oT-
HOCUTCA K 0611aCTV CTPOUTENBHOIO NPOV3BOACTBA B aBTOAOPOXKHOMN OTPAC/IV U MOXKET ObITb MPUMEHEHO MPU U3roTOBIEHUN acdhanb-
TOGETOHa, B TOM UKCIIe C UCMOMb30BaHEM HaHOTeXHoorMi. NpeanaraeTca Ans ynydweHns KCrlyaTaLoHHbIX CBOWCTB GBUTYMOB
1 achanbTobeToHa MCNonb3oBaTh MoaudULMpPYioLLYyo 406aBKY, BKIIOUAIOLLYIO CMeCh YriiepoAHbIX HAHOMaTepuanos. M3o6bpeteHure
HarnpaBfieHO Ha peLLeHre 3ajaum No COo34aHNI HOBOW TeXHONOrK, obecneyrBatoLeli nonyyeHve achanstobeToHa C yyyLleHHbIMY
3KCMyaTaLMOHHbBIMUN XapaKTepuCTMKamu. Takxe NpeAcTaBnAoT MHTepeC ANA CNeLnannucToB cieaylolmne n3obpeteHns B obnactu
HaHOTEXHOJNIOTUIA: CMOCO6 MOJYUYEHUA MHOTOC/IOMHOTO HAHOKOMMO3WTHOIO MOKPbITHSA; CNOCob NazepHoi 06paboTKM MOBEPXHOCTU
CTaNbHbIX U3AENNiA; YCTPONCTBO ANA NoflyyeHns rpapeHocodepKallen CycneH3uy; cnocob nonyyeHms HAHOKPUCTaNIMYeCKoro rno-
pOLLKa KPeMHUA; CaMOOUMLLAIOLLNIACA MaTepuran CO CBOMCTBAMM XUMMKO-BMONOrMyeckon 3aluTbl; cnocob noslyYeHnsa HaHOCTPYK-
TYPHOrO KOMMO3MLMOHHOTO MaTepuana Ha OCHOBE afloMUHIA; CUCTEMa YrpaB/ieHNA YCTPOCTBOM C 3dpeKToM namAT Gopmbl Ana
MaHVNyMPOBaHVA MUKPO- M HAHOOObEKTaMK; CMOCo6 GOPMUPOBAHUS Ma3MOHHBIX HAHOCTPYKTYP Ha NMOBEPXHOCTSIX OObEKTOB AA
Hepa3pyLualoLLero aHaarsa Masblx KOHLEHTPaLUN XUMUYECKNX COefUHEHN METOLOM PaMaHOBCKOM CNeKTPOCKONUK 1 Ap. 3aKnio-
yeHue. OfHa 13 akTyanbHbIX 3a1a4 SKOHOMUKN JIl060I CTPaHbl — NOBbILLEHNE KOHKYPEHTOCMOCOOHOCTH NMPOMBILLIIEHHOCTM 3a CYeT
ee TEXHOJOrMYeCcKoro nepeocHatleHus. /1 B 3Tom HanpasieHUN IMaBHbIM 06BEKTOM BHUMAHUA CO CTOPOHbI FOCYAApPCTBa 1 KOMMaHWiA
CTaHOBATCA NIOAM U NPEANPUATUSA, UbA OCHOBHas paboTa CBsi3aHa C N306peTeHreM 1 BHEAPEHEM HOBbIX TEXHOJOTUIA.

KNIOYEBbBIE CJIOBA: HaHOTEXHONOINN B CTPOUTENLCTBE, HAHOKOMMO3UTHOE NMOKPbITUE, HAHOKPUCTANNTIUYECKUIA MOPOLUOK, Ha-
HOCTPYKTYPHbI KOMMO3WLMOHHbIN MaTepuan, HAHOOObEKT.
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OCHOBHAA YACTD
Momdumupyromas no6aska (RU 2781192 C1)

HopoxXHOE MOKPHITHE SBISICTCS TOPOTOCTOSIIIAM
¥ CIIOXKHBIM B CTPOUTEILCTBE M B CONMEPsKaHUM MHKCHEP-
HO-TEXHIYECKIM coopyxkeHueM. [Togbop onTuManbHOTo
OUTYMHOTO BSDKYIIIETO BMECTE C TPaHyJIOMETPUICCKIM
COCTaBOM IIEOHS, ICXOISI U3 SKCIUTyaTallMOHHBIX YCIIO-
BUII KOHEUHOTO JTOPOXKHOTO ITOJIOTHA, OCTACTCS OTHOM
U3 CaMbIX TIPUOPUTETHBIX 3a[1a4 B HACTOSIILIEE BPEMS.

buTtyMHBIE BSKyIIME, DaxKe ITOI00paHHEIC COTTIACHO
TIIPUHSTBHIM TOCYIapCTBEHHBIM CTaHIApTaM, HE BCeraa
MOTYT 00€CITeUNTh TPEeOYyeMBbIif MEKPEMOHTHBIN TTPO-
Oer acganbTOOETOHHBIX cMeceii. IMeHHO HemocTaTou-
HOE KauyeCTBO OMTYMHBIX CMeceil IBIIsSIeTCST TIaBHOM
MPUUMHON HU3KOM ITOJTOBEYHOCTU ac(aibTOOETOHOB
(XpYIIKOCTB B TeMITepaTypHOM Auara3zoHe Huske —20°C
B COUCTAHUU C CHUTbHBIM pa3MsTYeHUEM B IMAITa30HE
Boimre 50°C).

g ynoBiIeTBOPEHMST pealbHBIX TPeOOBaHUIT KT~
MaTHUYECKUX YCIOBUM OKpPYKAIOMIEH CpeIbl M OCOOCH-
HOCTE aBTOMOOUJIBHOIO TpaduKa HeOOXOOIUMO UC-
TIOJIb30BaHUE PA3IMYHBIX J0OABOK M MOIM(MDUKATOPOB
B COCTaBe OMTYMHBIX BSDKYIIMX. YacTo B KaUeCTBE TaKMX
MomnGHUKATOPOB IIPUMEHSIIOTCS JOOABKM HAa OCHOBE CTH-
pOII-OyTamueH-CTUPOIT.

[Ipennaraercs Wi yIydIIeHUS 3KCIUTyaTallliOHHBIX
CBOICTB OMTYMOB 1 ac(aabTo0eTOHA UCIIOIb30BaTh MO-
IUGUITAPYIONIYIO T00aBKY, BKIFOUAIOIIYI0 CMECh yTJIe-
POIHBIX HAHOMATePHUaJIoB. 3asBIICHHOE N300peTeHNE
HaIIpaBJIcHO Ha pellleHUe 3aJauM IT0 CO3ITaHUI0 HOBOM
TEXHOJIOTWH, 00CCIIeUYNBAIOIIEH MoydeHe acdanbTo-
0eTOHA C YIIyYIIeHHBIMH SKCIUTyaTallMOHHBIMU XapaK-
TepucTukamu [1].

3agava pemraeTcsl TeM, 9YTO MOIU(UITAPYIOIIasT 10~
0aBKa BKJTIOUACT CMECh YITICPOIHBIX HAHOMATEepHUAaJIOB,
KOTOpEHIC pacIpene/icHbl B MaTpHile HEPTIHOTO 3KC-
TpaKTa MapKu A ¥ BKJIFOUAIOT OMHOCTEHHBIC YITIEPOTHBIC
HAHOTPYOKM, MHOTOCTCHHBIC YTTIepOIHBIC HAHOTPYOKH,
rpaceH U yriaepoaHble HAHOBOJIIOKHA IIPU CIICAYIOIIEM
COOTHOLIEHNY KOMITOHEHTOB, Macc.%:

— OIHOCTEHHBIC yIIepoaHble HAaHOTPYOKH — 0,01—

7,5%,

— MHOTOCTEHHBIC YIiIepogHble HaHOTPYOK — 0,01—

7,5%,

— rpagen — 0,01-7,5%,
— yrieponHble HaHoBoslokHa — 0,01—-7,5%,
— He(TIHOI 3KCTPAKT — OCTATBHOE.

OODHOCTEHHBIC YTIIEPOIHBIC HAHOTPYOKM, MHOTO-
CTCHHBIC YIIIEPONHBIC HAHOTPYOKM, rpaceH U YIJIepoI-
HBbIC HAHOBOJIOKHA MCITOJIB3YIOTCS JIFOOBIX IIPOU3BOIM -
Teseit 1 Mapok. Jlo6aBKa IToTyJacTCsT IMyTeM BBCICHUS
YTJIepOIHOIO0 HaHOMaTepraia B He(TIHOM 3KCTPaKT
MapK# A Ha TpeXBaJIKOBOI MEIbHHIIE C OTBOIOM TeIlia

TerroHocutesneM. [loydaeMblit MPOXYKT MPEACTaBISICT
c000i1 TUTACTUIECKYIO MacCy.

TexHMYECKNM pe3yaIbTaTOM, 00eCIIeUBacMbIM TIPH-
BEIICHHOI COBOKYITHOCTBIO IIPU3HAKOB, SIBJISICTCS IIO-
0aBKa, IPUBOISIIAS K YIYIIICHUO SKCILTyaTallMOHHBIX
CBOICTB OUTYMOB U acdanbrodbeToHa. M3o00peTeHMe
OTHOCHTCS K 00JIaCTH CTPOUTEIILHOTO ITPON3BOACTBA
B aBTOIOPOXKHOM OTPACIN U MOXET ObITh TPUMEHEHO
IIpX U3TOTOBIICHNH ac(albTOOETOHA, B TOM YHCIIC C HC-
ITOJTb30BaHNEM HAaHOTEXHOJIOTHIA.

VYetpoiicTBO 11 noJydenns rpadenocoaepxameit
cycnensmu (RU 2777632 C1)

M300peTeHre OTHOCUTCS K TEXHUKE ITOJTYICHMS Tpa-
deHOCOmepKaIMX CYCIIEH3MI ITyTeM CIBUTOBOI 3KC-
domuanyu rpa¢uTa B KUIKOCTU U MOXKET OBITh UCITOJIb-
30BaHO B Pa3IMIHBIX OTPACIISIX IIPOMBITIUICHHOCTH TP
MOINOUIPOBAaHUN TpadeHOM IUIACTUYHBIX CMa30K,
STIOKCHUIHBIX CMOJI, 0ETOHOB M T.O. TeXHUUIECKOIl 3a-
JIavyeit HaCTOSIIIEeTO N300PETeHUS SIBIISICTCS TTOBBIIIICHIIC
3¢ heKTUBHOCTH dKCcdomany rpadrTa 1 MOBBIIIIEHNE
CTeneHu Tpeodpa3oBaHms rpadurta B rpadeH [2].

YkazaHHasI 3a7ayda pelaeTcst TeM, UTO B YCTPOICTBE,
cofepXalleM CTaTop B BUIE HWIMHAPUIECKON 0060104-
KM C OTBEPCTUSIMU JJIS1 TIOABOJA U OTBOJIA CYCITEH3UMU,
pOTOp C JIONACTSIMU, POTOP 10 IJIMHE pa3naesieH Ha N
YYaCTKOB, M JIOITACTU Ha KaXKIOM IOCTICIYIONIEM YIaCTKe
10 OKPYKHOCTH CMEIIEHBI ITO0 OTHOIIEHHIO K JIOTIACTSIM
Ha OTIpee/ICHHBIN YTOJI, IIPIYEM TI0 [UTMHE POTOpa MEX-
Iy JIOTIACTSIMY COCETHIX YIACTKOB €CTh 3a30p pa3MepOM
or 5 1o 10 mM.

DD DeKTUBHOCTH ITpeIIaraeMoro crrocoda 1 ycTpoii-
CTBa IUIST €TO peaM3allni OblJIa TIPOBEepeHa KCIICPH-
MEHTaJIbHO, IIyTeM CPaBHEHUS C MPOTOTUIIOM. B Ka-
YeCcTBE MTPOTOTUIIA OBLIO MCIIOJIBb30BaHO YCTPOMCTBO,
BBITIOJTHEHHOE 110 TIpOoTOTHUITY (T1aTeHT PD Ne2737925)
C BHYTPEHHUM THAMETPOM cTaTopa 42 MM U IJIUHOMN
180 MM. PoTop mMmeeT yeThIpe pamraabHBIX I1a3a, B KOTO-
PBIX pacCITOIOXKEHBI ITOABYDKHBIE JTottacTu. [Ipemmaraemoe
YCTPOMCTBO MMEJIO T€ XK€ pa3Mephl, HO POTOP IO UTHHE
paszmesieH Ha TPU YyJacTKa, KaXKIbIii 13 KOTOPHIX MME
MHY 54 MMm. PaccTosTHug MeXay ydacTKaMu 5 MM,
a pacCTOSIHUS MEXIy KpallHUMU JIONACTSIMU U TOpLIe-
BBIMHU CcTeHKaMu 4 MM. JIoImacT Ha KaXXIOM yJacTKe
ITIOBEPHYTHI OTHOCUTEIIHFHO JIOTIACTE Ha TIPEABIIYIIEM
yJacTke Ha yroi ¢ = 30°, paccYuTaHHBIN 110 hOopMy-
se. JIJIst Kaxkmoit cepruy OIBITOB TOTOBUJIN MCXOTHYIO
CYCITeH3MI0 ¢ KOHIIeHTpauuei rpadura ot 10 mo 20%
B 00beMe 10 auTpoB. CycIIeH3UIO TTOIaBaIv B yCTPOIi-
CTBO HACOCOM C ITPOM3BOAUTEIHFHOCTBIO OT 2 10 4 JTUT-
poB B MuHyTYy. [locie KaxapiX 5 HUKIOB 00pabOTKU
OIpenesiiN KOHIEHTpalnio TpadeHOBBIX TUIACTHH
B cycrieH3un. OKa3aaoch, YTO MHTEHCUBHOCTB ITPOIIEC-
ca 3KCc(OIMALINK C UCIIOIb30BAHUEM IIPEIIaraeMoro
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criocoba 1 ycrpoiicTBa rnmpuMmepHo Ha 10% Bblile, yeM
y riporotuta. Kpome sroro, Ha 10—15% Gosblire 4acTuil
rpaduTa npeodpa3oBaauch B rpa)eHOBbIE IACTUHBI.

Crioco0 s1a3epHoii 00padOTKH MOBEPXHOCTH CTAJBHBIX
usnemmii (RU 2777793 C1)

M300peTeHne OTHOCUTCS K 00JIACTU YITPOYHEHMUSI,
VIIYUIIeHUS MEXaHNIEeCKUX CBOMCTB U CTOMKOCTH K pa3-
JIMYHBIM BHUIIaM M3HOCA CTAJIbHBIX U3ICINI 1 MOXET
HCITOJTB30BaThCS B PA3IMIHBIX OTPACIISIX MAITTHOCTPO-
eHns. TeXHMIeCKMi pe3yIbTaT — peaTr3alus IIpolecca
YIIPOYHEHUSI CTAJTbHBIX U3IENNi, 0e3 HeOOXOMMMOCTH
TIPUMEHEHMS TOTTOTHUTEIbHON 00padOTKM M HOTIOJ -
HUTEILHOTO 000PYIOBaHMSI, C BO3MOXHOCTBIO PETYII-
poBaHUs TIIYOMHBI YIIpouyHeHU [3].

Texamaeckuii pe3yIbTaT JOCTATACTCS TEM, YTO CIIO-
€00 J1a3epHOIT 00paObOTKM MOBEPXHOCTU CTATLHBIX M3IC-
JINI BKJTIOYAET JJa3epHOE BO3IEICTBIE Ha TTIOBEPXHOCTD
CTaJbHBIX M3mennit. JlazepHOe BO3IEHCTBIE TIPOM3BO-
IST TIOCPEACTBOM TEXHOJOTHMUECKOTO JIa3epHOTO KOM-
TUIeKca, 000pyIOBAaHHOTO UTTEPOMEBBIM UMITYTbCHBIM
BOJIOKOHHBIM JIa3¢POM C TJIOTHOCTBIO MOIITHOCTH 108—
109 Bt/cM?, IIMTEIBHOCTBIO UMITYIBCOB OT 50 10 200 HC
c gactoroit cinemoBanmst 20 KI'Ll ipm HastoXXeHUH J1a3ep-
HbIX 1sTeH cBbliie 97%. [lpu TakoM criocobe BO3zeii-
CTBUSI Ha CTAJTbHOE M3IEIIe 00pa3yIoTCs y3KHE TITyOOKHe
(50-70 mxMm, 10 600 MKM) 30HBI TIepEIIaBIEHHOTO Ma-
Tepuana ¢ TBeprocthio 720 HV (mna cramm 45), 1150 HV
(mma cramm 40X).

[IpenMyIIIeCTBOM MPeIIOKEHHOTO CITOCO0a SIBIISICTCS
JIOKAJIM3aIs BO3IECTBHSI, BO3MOKHOCTh 00pabOTKI
TPYIHOIOCTYITHBIX MECT Ha 3HAUUTEILHOM PACCTOSTHHMN.
B pesynbraTe Takoii 06paboTKU moiydyaem riyookoe
«KWHXaJIbHOE» TIPOIUIABIICHIE MeTalsIa 0€3 HeoOX0a-
MOCTH JajibHeHIIIet MeXaHN4eCKOM 00pabOTKU U3IEIINSI.
Takum 06pa3oM, ¢ TOMOIIBIO JJa3epPHBIX KOMILJICKCOB,
000pPYIOBAaHHBIX BOJIOKOHHBIMH JIA3¢paAMH C JITATCIIHEHO-
CTBIO UMITYJIbCA AECSITKA-COTHN HAHOCEKYHI, BOSMOXHO
TIPOBOIUTH HE TOJIBKO TPaBUPOBKY M MaPKHUPOBKY II0O-
BEPXHOCTEH U3IEINiA, HO 1 BIUSATH Ha IIPUITOBEPXHOCT-
HYIO CTPYKTYpPY MaTepuraja, U3MEHSISI CBOMCTBA BCETO
W3ICITHS.

Crioco0 no.ryyeHrss HAHOKPHCTAJLIMIECKOTO MOPOIIKA
kpemuns (RU 2777468 C1)

M300pereHne oTHOCUTCS K 00J1aCTU HAHOTEXHOJIO-
TWii 1 HAaHOMAaTepHaJIOB, a UMEHHO K ITOJIY4eHUIO HAaHO-
pa3MepHBIX ITOPOIIKOB KpeMHUS ra30(ha3HbIM METOIOM,
M MOXET OBITh MCITOIB30BAHO B IIPOU3BOACTBE JINTUI-
MOHHBIX OaTapeii, COTHEUHBIX ITaHeJ el 1 JIaKOKpacod-
HBIX TTOKPBITUMIA [4].

Texnndeckoit 3amadeil 3asIBIIeMOT0 N300peTEHUS
SABIISIETCS TTOTy4eHe HAHOKPUCTAUIMYECKOTO ITOPOIITKa

KPEMHUS CO CpeIHNM pa3MepoM JacTuil MeHee 20 HM
B HETIPEPBIBHOM PEKMME SKOJIOTMICCKU 0e30IMaCHBIM
CII0COOOM C BBICOKOM ITPOM3BOIUTEIILHOCTBIO U BO3-
MOXHOCTBIO PETYJIMPOBATh CPEIHUM pa3Mep YacTUlI.

IMocraBeHHas 3amava perracTcs MyTeM pa3padoTKI
cIroco0a MoTyIeHASI HAHOKPUCTAUTMYECKOTO TTOPOIITKa
KPEMHHS B peaKTope ¢ BepTUKAIbHOI OpHEeHTAIIUCH,
B IIPOCTPAHCTBO KOTOPOTO ITOMEIIAIOT ITPOTUBOTOUHBIMA
WHOYKTOP, IO KOTOPHIM YCTAaHABIMBAIOT OMUICCKUMA
HarpeBaresb, CBepXy B 00JIaCTh HarpeBaTesis OIyCKaioT
MOHOKPHUCTAJIMUECKIIT KPEMHHUEBBIN CTepKEHbB C 3a-
TPaBKOI Ha KOHIIE B BUIE IIapa U IMIPOU3BOISIT TIpeI-
BapUTEIbHBIN HaTpeB KPEMHUS TSI YBEJIMUICHUS €TO
3JIEKTPONPOBOAMMOCTH, 3aTEM TPEABAPUTEIBHO Pa3o-
TPETYIO 3aTPaBKy IMOMEIIAIOT B BEICOKOYACTOTHOE ITOJIE
IIPOTUBOTOYHOTO MHAYKTOpPA W HAarpeBalOT KPeMHUMA
B BBICOKOYACTOTHOM 3JICKTPOMArHUTHOM ITOJIC IO TEM-
IepaTypsl IUIABJICHUS, PaCIUIaBIICHHYIO KaIUTIO ITOI-
BEIIMBAIOT B COCTOSTHUM JICBUTAIINN MEKIY BUTKAMU
IIPOTUBOTOYHOTO MHAYKTOPA M UCTIAPSIOT B 3aMKHYTOM
HEIIPePHIBHOM JJaMUHAPHOM ITOTOKE Ta3a-HOCHUTEIIS.
'YHOC aTOMHOTO ITapa B 30HY KOHIICHCALINH, 3aTeM B 30HY
OXJIAXKIEHUSI C TOCSAYIOIINM cOOpoM Ha (pUIILTpe 00e-
CITEYMBAIOT TEM K¢ ITOTOKOM Ta3a-HocuTelrst. BocmoHe-
HUE UCITAPSIEMON KaIUIU OCYLUECTBIISIIOT HEMIPEPBIBHOM
PaBHOMEPHOI mogavyeit MOHOKPHUCTAJUTMIECKOTO KpeM-
HHEBOTO CTCPXKHS.

OcyIecTBIeHNE 3asgBISIEMOTO CITOC00a TTOTYICHUS
HaHOKPHUCTAJUTMIECKOTO ITOPOIITKA KPEMHUSI TTOSICHSIETCS
CIICIYIONIMU pUCYHKamMu 1—3.

Puc. 1. Cxema ycrpoiicTa AJis IPEAJIAraeMoro cnocooa
MOJIy4eHHsI HAHOKPUCTAJLIMYECKOT0 MOPOLIKA KPEMHHMS:

1 — peakTop; 2 — MOHOKPUCTAJUIMYECKUIA KPEMHME-
BBII CTEPXKEHbB; 3 — OMUUYECKUI1 HAarpeBartelib; 4 — Mpo-
TUBOTOYHbINM MHAYKTOP; 5 — KaIlls pacIulaBIeHHOTO
KpeMHUsI; 6 — JaMUHAPHbII ITOTOK Ta3a-HOCUTEIS;

7 — 00J1acTh KOHAEHCAlUU; 8 — 00J1aCTh OXJIAXKACHUST
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Puc. 2. 300paxenne, noy4eHHOe NOCPEICTBOM CKA-
HUPYIOLIEH 3JIeKTPOHHOI MUKPOCKOIUH MOJTyYeHHbIX HA-
HOKPUCTAUIMYECKUX YACTHUL, KPeMHUS

Kommectao
°

0 3 & 9 10
Jimaverp, wu

Puc. 3. PacnpenejieHne HAHOKPHUCTAJLTMIECKIX YACTHIL
KpPEeMHHUS 10 pa3Mepam

CaMooYHIIAIOMINIACS MATEPHAJ CO CBOWCTBAMM
XUMHKO-0noormaeckoii 3ammTtel (RU 2780376 C2)

M306peTeHre OTHOCUTCSI K CAMOOYHIIAIOIITNMCS
MaTepurajiaM CO CBOMCTBAMH XMMHUKO-0MOJIOTHYECKOMN
3aIIUTHI, JeMCTBUE KOTOPHIX OCHOBAHO HA KOMOWHM -
POBaHHOM TIPOSIBJICHUU TUIPOIUTHICCKUX CBOMCTB
(bepMEeHTHBIMU HAHOYACTUIIAMU, CTAOMIN3UPOBAHHEI-
MM OanUMTpallMHOM, 001aJal0lIUM TPOTUBOMUKPOO-
HBIM ACHCTBHEM, 1 HAHOYACTUIIAMU OKCHIa TaHTala,
MMEIOITUMHU OMOIUIHBIC CBOMCTBA, KOTOPBIMHU MOMIH -
(bummpoBaHBI TKAHEBBIC U HETKaHBIC MAaTepHUAaHI [5].
CaMoounIamIIniics MaTepuai IpeaHa3HadeH IS
3aIIUTHl OT MUKOTOKCHUHOB 1 TOKCHIHEIX (pochopop-
raamueckux coenuHeHuit (POC), a TakKKe OT KIETOK
PA3IMYHBIX MUKPOOPTaHU3MOB (0aKTEPUiA, IPOKKEH,
apxeu 1 crnop MULeJUaJIbHBIX TPUOOB) U MOXET OBITh

HCITOJIb30BaH TP U3TOTOBJIEHUU CPEICTB DKOJIOTHYE -
CKOI1 3aIIUTH OOBEKTOB OKPYKAIOIIEH CPeIbl, BEICOKO-
3(pHeKTUBHBIX CPEACTB UHAUBUAYATbHON U KOJIEK-
TUBHOU 3allIUTHI.

CamMoouniialonmecsd MaTepraibl ¢ 3aIIUTHBIMU X1~
MUWKO-OMOJIOTUUYECKIMHU CBOMCTBAMU TTpeIHA3HAYEHbI
JIJISI TIPETOTBPAIeHUSI KOHTAKTHOTO TTOPasKeHUST XUMU-
YeCKUMU M OMOJIOTUUYECKUMU KOHTaMWHAHTAMHU TeJia
YyesIoBeKa, a TPy UX MoNaJaHuK B MaTepHaI IIPOMCXOIUT
JIeTOKCU(MDUKAIIAI TaKX KOHTAMUHAHTOB U CAMOOYHIIIE-
HHe MaTepualia 3a CYeT IIPOsIBIICHUS (DYHKIIMOHATBHOM
AKTUBHOCTU TeMU KOMITOHEHTaAMM, KOTOPBIMU MOIN(DH-
LIMPOBaH MCXOMHBIN MaTepua (TKaHeBasl WUIM HeTKaHas
OCHOBA).

DPDEeKTUBHOCTDL JTEMCTBUI CAMOOYUIIAIONINXCS
MaTepHaaoB ¢ XUMUKO-OMOJIOTUYECKUMU 3aIUTHBI-
MU CBOMCTBAMU ONpPENEIIeTCs IUPOTOM CIIEKTpa UX
JIeVICTBUS B OTHOIIEHUM TOKCMHOB M KJIETOK MUKPO-
OpraHn3mMoB, 3(P(HEKTUBHOCTHIO JETOKCUMDUKAIINYN TTPU
MWHUMAJBHOM KOJIMYECTBE KOMIIOHEHTOB, BBOIUMBIX
B TKAHEBBIN WJIM HETKAHBIN MaTepHraJ, C IEeIbIO eT0 MO-
IUUKAIIAT 1 IPUIAHAS €My HeOOXOIUMBIX CBOMCTB.

3asgBisieMoe TEXHIUECKOE PEIIeHIE XapaKTepU3yeTCsT
VIIPOIIIEHNEM COCTaBa CAaMOOYMIIIAIOIIETOCS MaTepraa,
TaK KaK B HEM HET CIelaTbHO BBOIMMOTO CTAOMIIN3Y -
PYIOIIETO KOMITOHEHTA T (DepMeHTa, TaK KaK PoJIb CTa-
OouIM3aTopa UTpaeT MPUMeHSIEMbIIf aHTUOMOTHK U T.II.

Crnioco0 KOre3uoHHOTO YPOYHEHHs OUTYMa
(RU 2781584 C2)

M300peTeHne OTHOCUTCS K TOPOKHO-CTPOUTETEHBIM
MaTepuajiaM Ha OCHOBe OuTyMa — ac(aabToOETOHHBIM
CMecCsIM, B YaCTHOCTH K CITOCO0Y KOT€3MOHHOTO YIIPOU-
HeHus1 outyMa. CItoco0 OCYIIECTBIISIOT ITyTeM BBEICHUS
VTJIEPOTHBIX KAPKACHBIX CTPYKTYP B OUTYM IIPU TeM-
rmepaType ero rmepepadboTKu, IIpUIeM B KauyecTBE Kap-
KACHOI CTPYKTYPHI IPUMEHSIIOT MHTEPKATUPOBAHHBIN
rpa¢dUtT B KoJIMUeCcTBe He MeHee 2,5% Macchl buTyMma.
TexHUYeCKUM pPe3yTbTaTOM 3asIBIICHHOTO M300pETCHUS
SIBIISICTCSI KOT€3MOHHOE YIIPOYHEHME OMTyMa TTOCpe]I-
CTBOM IIpUMEHEHMS WHTEePKATUPOBAHHOTO TpaduTa,
YTO 00ECIICYNBACT MIPOCTOTY TEXHOJIOTUH M3TOTOBIICHMS
acabTOOMTYMHOM CMECH, B YaCTHOCTU HET HEOOXOI1-
MOCTH OTICTbHOU CTaINH IIPUTOTOBICHUSI MOTU(DHUIIN-
pPOBaHHOTO OMTYMa ¢ IPUMEHEHUEM YIbTPa3BYKOBBIX
CMECHTeIel, 1 OUeBUIHYIO HAIeXKHOCTh CBSI3BIBAHMS
MOJIEKYJI OUTYMa B ITOJIMMEPHBII MPOAYKT [6].

OOmenpu3HaHHBIM ITIPHUEMOM TTOBBIIICHUS TTPOI-
HOCTHBIX-KOT€3MOHHBIX ITApaMETPOB ONTyMa SIBIISICTCS
BBEICHIE B HETO BBICOKOIIOJTMMEPOB: CpaBHUTEIILHO Ma-
JIble JUIMHBI OUTYMHBIX MOJ1eKYI (500—6000 qaabTOHOB),
COXpaHsIsI CBOM OCHOBHBIC CBOMCTBA — BOJOCTOIKOCTh
1 TIOABIDKHOCTD, 00YCIIOBIIMBAIOIIYIO alCOPOIIMOHHYIO
CITOCOOHOCTD K HAIIOJTHUTEIISIM, apMHUPYIOTCSI BCTpanBae-
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MBIMH IJTAHHBIMHA MOJICKYJIAMH BEICOKOITIOJIMMEPOB, TEM
CaMbBIM MIPUIaBast CUCTEME CITOCOOHOCTD TTOIBEPTaThCS
pPACTSITUBAIOIINM M CXXKMMAIOIINM Harpy3kKam, T.e. pe-
JakcupoBaTh. [lomnMepoB 0OBIYHO BBOIST ITOPSIIKA
10 macc. % ot Gutyma.

Jpyroii cnoco0 MOBLILIEHUS ITIPOYHOCTU OUTYMHBIX
KOMITO3ULINI (HE MCKITIOYAIOINIA IIEPBOT0) — 3TO MIPH-
MEHEHIEe B OCHOBHOM aHM30METPUUCCKIX HAITTOJTHUTE-
nieit. I1pu 5ToM HATTOTHUTETA BBOISITCS B CPABHUTEIIBHO
6oJib1I0M KonyecTBe — 10 40% 00beMa KOMITO3UIIHN.

[IpemmaracMeIii aBTOpaMu CITOCOO 3aKITFOUACTCS B FIC-
TIOJIE30BAHUH /IS KOTE€3MOHHOTO YIIPOUHEHMST OUTyMa
nHTepKanupoBaHHoro rpaduta (MUI'). UTI' BBomuTCcs
B OMTYM TIIOCPEACTBOM OOBITHOTO IIepPEMEITUBAHMSI
B IMCCOJIbBEPE WM B IICPEMEIITMBAIOIIEM arperaTe JIio-
0011 KOHCTpYKIIUH. [1py IpUTOTOBICHUN KOMITO3UITAH
ee HarpeBaloT 10 TeMItepatyp nopsaka 180—200°C nmpu
nponockeHn nepeMemuBanys. T HaumHaeT BeImyyn-
BaThCsI, pacIagasich Ha CIIOM, YeM BHOCUT CYIIIECTBEH-
HBII BKJIAI B TIpoliecc TiepeMemmBanusg. CIou CBOUMM
TOBEPXHOCTHBIMU 3JICKTPOHAMM CBSI3BIBAIOT IIPOTO-
HOAOHOPHbIE MHTPEAUEHTHI OOILIEr0 cocTaBa OUTyMa,
HaIpuMep, KapOOKCHIBHBIC TPYIIITHI, COMCPKAIIINECS
BO (ppakim achaabTCHOB.

Crnoco0 moJry4eHrst MHOTOCJIOIHOTO HAHOKOMIIO3UTHOTO
nokpsiTust (RU 2780078 C1)

M300peTeHre OTHOCUTCS K ciocobaM HaHeCEHU s
MHOTOCIIOMHBIX TTOKPHITHI ¢ CHHEPTeTHIeCKIM 3P deK-
TOM CJIOEB ¢ (PM3MKO-MEXaHMUCCKIMU CBOMCTBAMU 1 Ha-
HOKOMITO3UTHBIM aHTUKOPPO3UIHBIM BEpXHUM CI0EM
¥ MOXET OBITh MCITOIb30BaHO B MAIIMTHOCTPOUTEIIEHOM,
B MHCTPYMCHTAJIbHOM M PEMOHTHOM IIPOM3BOICTBAX
IIJISI YIIPOYHEHMSI TIOIJIOKKM B BUIE eTayiell MaluH [7].

[IpeumyIIecTBO 3asIBISIEMOTO CIIOCO0A COCTOUT
B TOM, UTO OH ITO3BOJISICT ITOJIYYUTH TapaHTUPOBAHHO
3aIaHHBIN COCTaB, CTPYKTYPY M KOMILIEKC CBOMCTB II0-
KPBITHUS TSI KaxKaoTo ciiost. Croco0 Mmo3BOoIISIeT yIIpaB-
JISITH CTPYKTYpoOoOpa3oBaHueM, (Da30BBIM U DJIEMCHT-
HBIM COCTaBOM (POPMUPYEMBIX CJIOEB ITyTEM M3MECHCHUS
OCHOBHBIX TEXHOJIOTUICCKUX TTAPAMETPOB OCAXKICHMS.

3agBIsieMble TEXHOJIOTHIECCKIE PEXKUMEBI TIO3BOJISI-
FOT TTOJIYIUTh MHOTO(DYHKIIMOHAJIBHOE TIOKPHITHUE C CH-
HepreTndeckuM apdexTom noaciiod TiN, cinoes TiAIN
n TiAlISiN ¢ pu3uKo-MexaHN4eCKUMHU CBOMCTBAMU
W aHTUKOPPO3UIHBIM CBOMCTBOM HAHOKOMITO3UTHOTO
BEPXHETO CJI0SI, @ TAKXKE BHICOKOM aare3MOHHOM ITpoU-
HOCTBIO TTOKPBITHSI C MAaTePHAIOM TTOIUIOKKH.

W3 pe3ynbTaToOB UCIIBITAHUN CIICAYET, UTO MOKPBI-
THE, TIOJYYCHHOE TT0 3asBJICHHOMY CITOCO0Y, obIamaeT
KOMITJIEKCOM BBICOKUX (PU3MKO-MEXaHUICCKUX, TPH-
0O0JIOTMYECKIX, AaHTUKOPPO3UIMHBIX CBOMCTB 1 BEICOKOM
aIre3MOHHOM IPOYHOCTHIO MOKPHITUS ¢ MaTepPUaIOM
TIOIJIOXKH.

COMHTPOHHBIIA IETEKTOP TeparepuoBbIX KOJedaHuit
HA OCHOBE HAHOTETEPOCTPYKTYPHI
anTugeppoMarHeTHK — TSKEJIbIiA METAJLT

(RU 2781081 C1)

M306peTeHne OTHOCUTCS K 00JIaCTU U3MEPUTETHLHOMN
TeXHUKHU U KacaeTcs AETEKTOopa TepareplioBbIx Kojeda-
HUii. JIeTeKTop COAEPXKUT MPO3PAUYHYIO IJIs1 U3JTyUYEeHUS
MOJIOXKKY, OTHA MMOBEPXHOCTb KOTOPOI OTKpPHITA IJISI
npruemMa uU3jlydeHus, a Ha APYroi pa3MeleHa retepo-
CTPYKTypa Ha OCHOBE MOCJIeI0BaTEIbHO PACIIOIOXKEH-
HBIX CJIOEB aHTU(EPPOMArHUTHOTO MaTepuaa (IepBo-
TO CJIOSI HEMaTrHMTHOTO METaJIjIa), a TaKKe IMPUECMHBIC
2JIEKTPOIBI [8]. JOMOTHUTETEHO BBEEH BTOPOI CIIOM
HEMarHMTHOTO MeTaJjljla, pa3MeIleHHbIM MeXay Mo/ -
JIOXKKOM U CJI0eM aHTU(MEPPOMAarHUTHOTO MaTepuraia.
AHTU(dEppOMArHUTHBIN MaTepual MpeAacTaBiIsieT CoO0M
OIHOOCHBIN TPOBOMSIIINIA METAJIMYECKUN aHTUdep-
pOMarHeTuK ¢ Jerkoi oCblo aHU30TPOIUU U CHAOXEH
TOKOIIOJABOAAMM TSI TTPOITYCKAHMSI TIOCTOSTHHOTO 2J1eK-
TPUYECKOTO TOKA B TJIOCKOCTU CJI0ST [IJIsI TIEPECTPONKU
4acToThl eTeKTopa. [IpreMHBbIe 2J1IeKTPOIbI Pa3MeILeHbI
Ha MOBEPXHOCTHU MEPBOTO CJI0SI HEMAarHUTHOTO MeTaJljia
1 OPUEHTUPOBAHBI MEPHEHAUKYISIPHO HATPABIECHUIO
TOKa IO CJI0I0 aHTU(EepPOMarHUTHOTO MaTepraia. Tex-
HUYECKMI pe3yJIbTaT 3aKJIIovaeTcsl B 00eCrieYeHUU BO3-
MOXHOCTH MEPECTPONKM YaCTOThI JETEKTOPA.

Ha pwuc. 4 mpencraBieHa CTpyKTypa YCTPOICTBA JIe-
TeKTMPOBaHUS TepareploBbIX KoJebaHUi, KOTOpoe Co-
JIEPXKUT MHOTOCJIOMHYIO Fe€TePOCTPYKTYPY, COAEPIKAIILYIO
pa3MeIIeHHBIC Ha MOII0XKE 2 TTOCIeA0BATSIbHO pac-
MTOJIOXKEHHBIE TIEPBBII CJION IUTATUHEI 3, CJIOM aHTUdep-
poMarHeTnka 4, BTOpOiA CJIOi TTIATUHBI 5 W 3JIEKTPOIBI
6 1 7. TokomnpoBod 9 coeanHsIET BTOPOIA CI0M IIJIATUHBI
5 1 saekTponbl 6 1 7 ¢ BosbTMeTpoM 8. IlepBbIit citoi

11

Puc. 4. CtpykTypa ycTpoiicTBa IeTEKTHPOBAHHS Tepa-
repUoBbIX KOJIe0aHui
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TUTATUHBL 3 MOAKIIOUEH K MCTOUHHUKY ITOCTOSTHHOTO
ToKa 1 ¢ moMoibsio Tokornposona 10. Croit antudep-
poMarHeTrKa 4 MOJKeH OBITh BBITIOJTHEH M3 OMHOOCHOTO
TIPOBOIAIIECTO METAJIMICCKOTO aHTU(heppOMarHeTHKa
C JIETKOM OChIO aHM30Tponuu, Hanpumep, IrMn. [1aTen-
TYEeMOE YCTPOMCTBO MOXKET OBITh PEaTM30BaHO HAa OCHOBE
M3BECTHBIX MATEPUAJIOB U TEXHOJIOTUI HAHO- 1 MUKPO-
SJIEKTPOHUKM.

Crnioco0 mosry4eHusi HAHOCTPYKTYPHOTO
KOMITO3UIIMOHHOTO MATepuaia Ha OCHOBE
amomvunus (RU 2780728 C1)

3asiBIeHHOE M300peTeHNEe OTHOCUTCS K CITOCO0Y
MOJyYeHUST HAHOCTPYKTYPHOT'O KOMITO3UIIMOHHOTO
MaTepHralia Ha OCHOBE aTIOMUHMSI, MOTU(MDUIINPOBAH-
HOTO YIJICPOTHBIMHA HAaHOTPYOKAMM, C YIyIIICHHBIMUI
(pU3MKO-MeXaHUIECKUMH CBOICTBAaMM, KOTOPHIN MO-
JKET MCITOJIb30BaThCs B KaUeCTBE KOHCTPYKIIMOHHOTO
MaTtepHuaja ISl MaIlTMHOCTPOCHUS 1 aBHAKOCMIIECKOM
otpaciu [9].

TexHUUYeCKUIA pe3yNIbTaT - YBEIMICHNE TAKNX MeXa-
HUYECKUX CBOMCTB, KAK MUKPOTBEPIOCTD, [IPOYHOCTh
TIPY PACTSDKEHWHU, CKAaTUX U U3TU0e, 9YTO pacIImpseT
BO3MOXHOCTH MCIIOIb30BaHMS MaTepraja B MaIIMHO-
CTPOCHUM M a3POKOCMMIECKOM OTPaCIIH.

3asgBIIsSICMBIi1 CITOCOO TTOTYICHUSI HAHOCTPYKTYPHOTO
KOMITO3MIIMOHHOTO MaTepryia Ha OCHOBE aTIOMIHUS
OCYIIECTBIISIETCSI CIICAYIOIIMM 00pa3oM. Ha mepBoM 3Ta-
TI¢ BBITIOJTHSTIOT JO3MPOBAHNE KOMIIOHEHTOB UCXOTHOM
IIMXTHL; TIOPOIITKA ATIOMUHUS, CTCAPUTHOBOM KHUCIIOTHI,
B KosnuectBe 0,6 Bec.% U yriaepomHbIX HAHOTPYOOK
B Kosmuectse 1,5...1,9 Bec.%. [lanee mpon3BoasIT 00Opa-
OOTKY ITOJIy4eHHOM cMecH B TeueHue 190 MUHYT B aTTpu-
TOpe TIpu YacToTe BpameHus: 390 000poTOB B MUHYTY.
Ha cienmyrormem atalre IpecCcyroT 3aTOTOBKY IIPU TeMITe-
patype 20°C u naBienuu 430 MITa. Ha 3akmountesbHOM
3Tarre MPOBOMISIT ropsTIee IPEeCcCoBaHUE IIPU TEMIIepaType
545°C u naBnenuu 610 MIla.

Crnioco0 hopMupoBaHuS MIIA3MOHHBIX HAHOCTPYKTYP
HA MOBEPXHOCTIX 00bEKTOB /LISl HePa3pPyHIAIOMIETO
AHAJIN3Aa MAJbIX KOH].IEHTpaIJ,I/lﬁ XUMHYECKUX
CoeMHEeHNiT METOIOM PAMAHOBCKO# CTIEKTPOCKOIIH
(RU 2780404 C1)

CyIIHOCTh M300PETECHUS 3aKITI0YAcTCSI B TOM, UTO
(bopMmpoBaHMe TUIA3MOHHBIX HAHOCTPYKTYP Ha TTOBEPX-
HOCTSIX OOBEKTOB JIJIST Hepa3pyIIAOIIero aHaI3a MaJIbIX
KOHIICHTpAIIM XUMIUICCKUX COCAUHEHUI B 00BEKTaX
MeTomoM PaMaHOBCKOM CIIEKTPOCKOITMH BKITIOYAET T10-
JIy4eHNE TIOTOKA a3p030JIs ¢ HAHOYACTUIIAMU B TTIOTOKE
TPaHCIIOPTHOTO T'a3a, HarPeB a3p030JIsd C HAHOYACTUIIAMU
B ITOTOKE TPAHCIIOPTHOTO Ta3a ¢ o0ecreYeHeM IT0Iy-
YeHUsI HAaHOYACTHIL cheprIecKOl (DOPMBI TPEOYEeMOTO

pa3Mepa M3 METaJIOB, TPAHCIIOPTUPOBKY ITOJIYICHHOTO
ITOTOKA a3P030JIsI C HAHOYACTUIIAMU K TOJIOBKE C COTIIIOM,
(G OKYCHPOBKY COIZIOM MOTOKA a3P030JIs HAHOYACTHII,
ocaxkIeHNe HaHOYACTHII 13 C(POKYCUPOBAHHOTO TIOTOKA
a3pO30JIsT HAa TTOBEPXHOCTh aHAJIM3NPYEMOTO 00BEKTA,
OTJIMYAIOIINIACS TEM, UTO MCIIOIB3YIOT HearJIOMEepHUPO-
BAaHHBIC CyXV€ HAaHOYACTHUIIbI, CBOOOIHBIE OT PacTBO-
puTeseit, CBI3YIOIINX M WHBIX TIPUMECeil, TTOTyIeHHBIC
W3 TIIa3MOHHO-AaKTHUBHBIX METAJJIOB C MOTATbHBIMU
pa3MepaMu, 00eCTICUMBAIOIINMH JIOKATbHOE YCHIICHUE
SJIEKTPOMATHUTHOTO TI0JIST 30HANPYIONIETO JIa3¢PHOTO
n3TydeHnsT PaMaHOBCKOTO CIIEKTpOMETpa, IIPU 3TOM
ocaxXIeHNe HAaHOYACTHIL Ha TTOBEPXHOCTh aHAIM3HUpYe-
MOTO 00BEKTa IIPON3BOIAT C HU3KOM CKOPOCTHIO IUIST 00e-
CITEYCHHUSI JOCTATOYHO CJIA00TO KPEIICHNST HAHOYACTHUI]
K ITOBEPXHOCTH O0BEKTa C BOSMOXHOCTBIO MX TTOCTICITYIO-
IIETO YIaJeHUS 0e3 TTOBPEeXICHUS 00BheKTa, HAaIIpuMeD,
CIOyBaHWEM CTPYyeU MHEPTHOTO Ta3a, M 00CCIIEUNBAIOT
HEITOTHOE TTOKPBITHE HEOOXOAMMOTO TSI TIPOBEICHUS
U3MEpPEeHNIT MUKPOPa3MEPHOTO yJacTKa IIOBEPXHOCTH
00BEKTa MOHOCTIOEM HAHOYACTHUII IJISI MAKCUMU3AIUN
CITeKTpa ITOBEPXHOCTHO-YCHJIEHHOTO KOMOMHAITMOHHOTO
paccestHUSA. TeXHIIECKMIT pe3ysIbTaT: 00ecIeueHIE BO3-
MOXKHOCTH (pOpMHUPOBAHMS TUIA3MOHHBIX HAHOCTPYKTYP
Ha ITOBEPXHOCTSIX 00BEKTOB, TTO3BOJISIOIINX BHITIOTHSIThH
C BBICOKOIT YYBCTBUTEIBHOCTHIO METOI TTOBEPXHOCTHO-
YCWJIEHHOTO KOMOMHAIIMOHHOTO PACCeSTHUS TIPU OITHO-
BPEMEHHOM 00eCITeYeHIY BO3MOKHOCTHU TIOCTICAYIOIIETO
YIAJICHUS TIa3MOHHBIX HAHOCTPYKTYP C TIOBEPXHOCTH
00BeKTa Oe3 eTO MOBPEKICHUS, UTO IC/IACT JAHHBI METOIT
aHaymm3a HepaspymatommM [ 10]. TTpuHImMIMamsHas cxema

Pt

v
¥ 4

Puc. 5. IlpuanunuanbHas cxemMa (hOpMHPOBAHHUS TLIA3-
MOHHBIX HAHOCTPYKTYP HA NOBEPXHOCTSIX 00BHEKTOB:

1 — reHepaTop MOTOKA a3PO30JIbHBIX HAHOYACTHII;

2 — OJIOK ONTUMM3ALMY HaHOYACTUIL; 3 — (hOKyCH-
pylollasi roJ0BKa coruia; 4 — aHaTU3UPyeMblii O0BEKT;
5 — MIa3MOHHas HAHOCTPYKTYpa
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(hopMupoBaHUSI TTIA3MOHHBIX HAHOCTPYKTYP Ha TIOBEPX-
HOCTSIX 00BbEKTOB IIpMBEACHA Ha pHC. 5.

Cucrema ynpasjieHus yCTPOicTBOM € 3(hdrexToM
namMATu (GopMbl 151 MAHUITYJIMPOBAHUS MUKPO-
u HaHooObekTamu (RU 2778525 C1)

M300peTeHNEe OTHOCUTCS K CUCTEME YIIPaBICHUS
YCTPOUCTBOM ¢ 3hpekToM maMsITi hopMbl (DI1D) mst
MaHUITYJIMPOBaHMSI MUKPO- M HaHOOOBeKTamu. Llers
TIPEIIT0IaTaeMOT0 N300PETeHNS: TIOBBIIIICHIE KadecTBa
¥ TEXHOJIOTUIHOCTH TIpoliecca HAHOMAHUITYIMPOBAHUS
3a CYCT MUHUMM3AIIUN TeTUIOBOTO Ipeiicha yecTpoicTBa
MaHUNYJINPOBaHUs (HAHOMMHIIETA) TIPA €T0 TEPMU-
YeCKOW aKTUBAIINM, YTO IMPUBOIUT K YMEHBIICHUIO
TOTPELTHOCTH TIpollecca MaHUITYIMPOBAHMS, a TAaKXKe
CHITKECHHUE TTOTPEOISIEMOT0 TOKA U ITOBBIIICHUE €TO ObI-
CTPOIECTBUS U TIPOU3BOANTEILHOCTHU B 1IeJioMm [11].

IMocraBiaeHHBIC LIEIM JOCTUTAIOTCS TEM, UTO B CUCTE-
Me yIpaBJIeHUs ycTpoiicTBoM ¢ D1 mrst MaHUTTYIMPO-
BaHMSI MUKPO- 1 HAHOOOBbEKTaMM, KOTOpast BKITIOUACT
MUKPOITPOBOJIKY, Ha €¢ KOHIIC, KOTOPBIi BBITTOTHEH KO-
HUYECKHM, 3aTOYKa KOTOPOTO OCYIIECTBIISIETCS METOIAMI
3JICKTPO-XUMHUUYECKOTO TPABJICHUS, 3aKPEIICHO YCTPOI-
ctBO ¢ DI1D Wi MAaHUITYTUPOBAHUSI MUKPO- M HAHO-
00BEKTaMM, a TAaKKe pabouee MOJIe ¢ MAaHUITYIMPYEMBIM
00BEKTOM M NICTOUYHHK TTOOTPEBa, a OCHOBAHIE MUKPO-
TIPOBOJIOKH YKPEIUICHO Ha HAHOMO3UIIMOHEPEe, TIPUIEM
HMICTOYHHK ITOIOTPEBA BEITTOJIHEH B BUIC MaJIOPa3MEPHOTO
PE3UCTUBHOTO HATPEBAIOIIIETO 3JIEMEHTA, PACIIOIOKEHHO-
TO B TEITOBOM KOHTAaKTe ¢ MUKPOITPOBOJIOKOI BOJI3H e¢
KOHIIA, ¥ 3JICKTPOHHYIO CUCTEMY ITMTAHWS 1 YIIPABJICHUS
TOKOM, IIPOTEKAOIINM Yepe3 PE3UCTUBHBIN 2JIEMEHT,
a TaKKe TTOABOISIIME TTPOBOAA, COCTUHSIIONINE PE3H-
CTUBHEBIN 3JIEMEHT C 3JICKTPOHHOM CUCTEMOI TTUTAHUSI
¥ YIIpaBJICHMUST TOKOM, KOHEIl MUKPOITPOBOJIOKI MMECT
TIepeMEeHHBIH TTPOGITh, KOTOPHIIA SBISICTCS KOMOMHALIM-
eif reoMeTpUICCKIX (DUTYP: YCEUSHHBII KOHYC, IIMITAHIP
C IMaMEeTPOM MCHBIINM, YeM IHaMETp IIPOBOJIOKH Y ¢¢
OCHOBaHWUSI, M KOHYC, Ha OCTpHE KOTOPOTO PaCIIOJIOXKe-
HO ycTpoiicTBO ¢ DI1D my1st MaHUTTYIMPOBAHMSI MUKPO-
W HaHOOOBEKTaMU, TIPUUEM HarpeBaTeIbHBIN 2JIEMEHT
pacroyiaraeTcs Ha ITOBEPXHOCTH IIMJIMHIPA ¢ MCHBIITM
IaMETPOM B HEITOCPEIACTBEHHOM OJIM30CTH K KOHYCY
(ImmMHIpIYecKast 9acTh MUKPOIIPOBOJIOKHU Ha ¢ KOHIIe
MMeeT TUaMeTp TIPEUMYIIEeCTBEHHO B 5—10 pa3 MeHBIIIe,
YeM MUKPOIIPOBOJIOKA ¥ €¢ OCHOBAHUS).

Taxsce npedcmasasrom unmepec 0451 CneuUAIUCHO08
caedyrougue u300pemenus 6 004aCmMu HAHOMEXHOA02UTL:

« Crioco0 moryueHusT OMOIMIHON CyCTICH3UH IIJIST T10-
KPBITHASI 000€B Y HACTEHHBIX TOKPBITHIA [12].

o Cr1oco0 M3roTOBJICHUS TIPOBOISIIECH HAHOSTICHKI
C KBaHTOBBIMU TouKamu [13].

IToBepxHOCTHO-MOAMGUIINPOBAHHEIN HaHOAIMA3,
IUCTIepCcHAasT KOMITO3WIIMS HaHOaMa3a M CII0OCO0
ITPOM3BOICTBA IIOBEPXHOCTHO-MOIU(PUIIMPOBAHHOTO
HaHoanma3sa [14].

HanoMomnduimpoBaHHBIM CTPOUTEILHBIA PACTBOD
[15].

Crroco6 morydeHNs aKTUBHBIX B BUOUMOM 001acTH
crekTpa (OTOKATATU3aTOPOB C HAHOPA3MEPHBIMU
MUOKCUIAMM TUTaHA CO CTPYKTYPOU aHaTa3a U CMECH
aHaTas3a ¥ pyTWIa, JOIMMPOBAHHBIX TIEPEXOTHBIMU
MeTtajuiamu (ni, v, ag, cu, mn) [16].

YcTpoiicTBO I IPOU3BOICTBA ITpacheHOCoAepKa-
IIMX CYCTIEH3N I KacKagHoM akchoaranneii rpacdu-
Ta [17].

Crroco0 1roydyeHUsT HAaHOpa3MEePHBIX TJICHOK HU-
Tpuaa TuTaHa [18].

Crioco0 Mpon3BOICTBA CYXUX CTPOUTEIBHBIX CMeceit
[19].

Cr1oco0 moTy4eHUsI IIPOBOISIIETO ITOKPBITHS Ha OC-
HOBE yIVIEPOIHBIX HAHOTPYOOK [20].

3aImMTHBIN HaHOMapKep CO CIIEKTPATbHBIM HICH-
TH(UKAITMOHHBIM KOIOM JIJTSI MAPKUPOBKH IEHHBIX
W3OS U CITOCO0 MapKUPOBKHU IIEHHBIX MU3ICIIHIA
3aIIMTHBIM HaHOMapKepoM [21].

HMHHOBaIMOHHAS TEXHOJIOTHUS OYUIICHUS] CTOTHBIX
BOJI C IIEJIBIO OBICTPOTO OTCTAMBAHMS OCaIKa 1 YIIyd-
IIeHUST OYMCTKU OT 3arpsI3HEHUI ¢ TIOMOIIBIO Ha-
HoMatepuajos [22].

HaHopa3MmepHBIiT KBapll U CIIOCO0 ero MOJydYeHUS
[23].

Cr1oco0 T10JTy4eHUSI MOHOCJIOMHOTO cuiniieHa [24].
®rnyopeciieHTHAsI MHOTOIIeIeBasi HAHOpa3MepHast
MEeTKa 1 KOHBIOTaThl Ha €€ ocHOBe [25].
Comnonu(ypeTaH-UMUITHAS ) TIOJTUMEPHAst CTPYKTypa,
oOuragaromas apdexkromM rmamsat Gopmsl [26].
XapaKTeprUCTUKY N3HOCA CYXOTO CKOJIBLXKEHMS CIIIaBa
11t okpeItnst Fe—Cr—C—B, MmonuduimpoBaHHBIH
HaHoCeO, u ero MexaHu3Mbl MoaMpuKanuu [27].
Crroco6 pa3paboTKN TPOAYKTUBHOTO HU3KOIIPOHM-
maeMoro racra [28].

TexHOIOTHH TTOYYeHUS] THOKUX M ITPO3PAUHBIX
SJIEKTPOHHBIX KOMIIOHEHTOB Ha OCHOBE TpadeHO-
IMOTOOHBIX CTPYKTYP B TOJIMMEPE IS DJICKTPOHUKI
1 MUKPODJIEKTPOHUKH [29].

C110c00 IMOTYIeHMS CIIONCTOTO KOMITO3UTA YTIICPOT
- mucynbdun moaubaeHa [30].

KoMmosuiinst Ha 0CHOBE OKCHIHBIX HAHOCTPYKTYP
IJISI IPUIAHUS TTOBEPXHOCTH CYIIepruapo(POOHBIX
cBoiicTB [31].

Cr1oco0 BO30Y:KIEHHSI CTOSTIMX CITMTHOBBIX BOJTH B Ha-
HOCTPYKTYPHPOBAHHBIX STIUTAKCUATBHBIX TUIEHKAX
deppuT-rpaHaTa ¢ TOMOIILI0 (DEMTOCEKYHIHBIX JIa-
3epPHBIX UMITYJIECOB [32].

DOyHKIIMOHAIBHBIN JIEMEHT KBAHTOBOTO M3JTydaTe]IsT
[33].
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3AKJIIOYEHUE TOM BHUMaHMSI CO CTOPOHBI FOCyAapcTBa U KOMMaHUM
CTAHOBSITCS JIIOAU WU IPEANPUITUS, Ybsi OCHOBHAS
OpaHa U3 akTyaJbHBIX 3aJa4 9KOHOMUKM J11000i1  paboTa cBsi3aHa C BHEAPEHUEM HOBBIX TeXHOoruii. I1o-

CTpaHBI — TTOBBIIICHNE KOHKYPECHTOCIIOCOOHOCTH IIPO-  3TOMY HazeeMcsI, 4TO ITy0IMKyeMas B JTaHHOU pyOpHrKe
MBIIILUICHHOCTH 3a CYET €€ TEXHOJOTMIECKOTO TIepeoc-  MHGOPMAIMS OyIeT BOCTPeOOBAaHHON 1 TTOJIC3HOM IS
HameHus. M B 5TOM HaIlpaBJICHWU TJIABHBIM OOBEK-  CIICHIMAIMCTOB.
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WUHAN UNIVERSITY OF TECHNOLOGY

uhan University of Technology (hereafter referred

to as WUT) is a national key university under the
direct administration of the Ministry of Education. It is
one of the first batch of universities which have entered
the national “211 Project” and the national “Double-
Top” Plan for Promoting the Development of World-class
Universities and Disciplines. WUT is jointly constructed
by the Ministry of Education and the Ministry of Trans-
port. It is also the largest university inside the Ministry
of Education in talents cultivation for building materi-
als, transportation and automobile, WUT has become an
important base for the cultivation of high-level scientific
talents and technological innovation for the three major
industrial sectors.

The University has three main campuses, name-
ly, the Mafangshan Campus, the Yujiatou Campus
and the South Lake Campus, with a total occupying
land area of 267 hectares. Currently, WUT has over
5,400 staff and faculty members, over 36,000 under-
graduates, over 18,000 postgraduates and Ph.D. stu-
dents and about 1,700 international students. It owns
25 academic schools, 4 National Technology Innova-
tion Bases and 4 modern libraries with a collection of
3.2953 million books. Since 2000, WUT has been award-
ed 23 National Science and Technology prizes, ranking
in the forefront of all Chinese colleges and universities.
In 2019, WUT was listed in Times Higher Education
World University Rankings, QS Asia University Rank-
ings, U.S.News Best Global Universities Rankings and
ShanghaiRanking&rsquo;s Academic Ranking of World
Universities.

Since the funding of New China, WUT has cultivated
more than 600,000 senior professionals. Over the past
decade, the first-time employment rate of graduates has
remained above 95%, and about 55% of total employed
graduates join the world’s Top 500 enterprises and emerg-
ing industries.

Over the years, WUT has made rapid development
by following the spirit of “Sound in Morality, Broad in
Learning and Pursuing Excellence”; and the principle of
“Take the students’ cultivation as our essence, and take
academic development as our priority”;. The university
focuses on the lofty ideal of building an excellent univer-
sity to win worldwide recognition and admiration and

exercises the educational concept of “implementing ex-
cellent education, nurturing excellent talents and creating
an excellent life”. Guided by the WUT Charter approved
by the Ministry of Education, WUT is committed to the
modernization of the governance system and capability,
aiming to rank among the world-class universities with
distinctive features.

Introduction to MSE Discipline
of Wuhan University of Technology

1. Briefs of WUT’s MSE

Founded in 1958, the Materials Science & Engi-
neering (MSE) discipline of Wuhan University of
Technology (WUT) was supported in priority through
the “State 211 Project for Higher Education Universi-
ties” from 1995 to 2015, and has been supported via the
“World-Class University & World-Class Discipline”
development plan of China since 2016. WUT’s MSE
ranks A+ among 172 leading universities in China (No.1
alongside MSEs of Tsinghua University and Beihang
University) in the 4th round national discipline evalu-
ation organized by the Ministry of Education in 2017,
and is world top 1% in Clarivate Analytics’ Essential
Science Indicators.

WUT’s MSE owns 1 member of Chinese Academy of
Sciences, 3 members of Chinese Academy of Engineer-
ing, 3 members of Academia Europaea, 1 member of
the Royal Academy of Belgium, 1 member of the World
Academy of Ceramics, 1 fellow of the Australian Academy
of Technology and Engineering, 10 fellows of the Royal
Society of Chemistry, American Physics Society and
American Ceramic Society. It also owns 23 national high-
level talents including recipients of the National Natural
Science Foundation of China for Distinguished Young
Scholars (equal of NSF Career Awards), and 22 national
high-level young talents.

WUT’s MSE has established 2 state key laboratories,
the State Key Laboratory of Advanced Technology for
Materials Synthesis and Processing and the State Key
Laboratory of Silicate Materials for Architectures. The
State Key Laboratory of Advanced Technology for Ma-
terials Synthesis and Processingwas evaluated “Excel-
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lence” among 21 state key laboratories in MSE in 2018.
It also has built 2 state international joint-research labo-
ratories, and 4 bases of foreign outstanding expertise-
introduction for discipline innovation (also known as
“111 Project”).

2. Representative Achievements and Academics

Targeting the frontiers of global science and technol-
ogy, and striving to fulfill the significant needs of the
country, WUT’s MSE has invested 1.25 billion RMB
(190 million USD) in the past 5 years in 6 primary re-
search areas, including green manufacturing of envi-
ronmentally friendly building materials, key materials
serving in extreme environments, high-performance
energy conversion and storage materials, and frontiers
of interdisciplinary materials science. The representa-
tive achievements and academics during 2016—2020 are
briefed as follows:

(1) WUT’s MSE has been granted over 330 na-
tional key projects, with a total fund of 1.2 billion RMB
(185 million USD).

(2) WUT’s MSE has won 5 national science and tech-
nology awards, and has published over 4000 papers, in-
cluding 3 in Nature, 1 in Science, 46 in the sister journals
of Nature, Science and Cell, 69 in Advanced Materials.
Among these publications, 229 are highly cited or hot
papers.

(3) Prof. Qingjie Zhang was elected as member of Chi-
nese Academy of Sciences in 2017. Prof. Lianmeng Zhang
was elected as member of Chinese Academy of Engineering
in 2017. Prof. Zhengyi Fu was elected as member of Chi-
nese Academy of Engineering in 2021. Profs.Ligiang Mai,
Pei Cheng and Shaowen Cao were listed as Highly Cited
Researchers by Clarivate Analytics in 2020.

3. Talents Cultivation and Representative Graduates

WUT’s MSE aims at cultivating top-notch creative
talents with exceptional pursuit and ability, international
vision to lead the future development of materials science
and materials industry. Currently, there are 5418 students
in WUT’s MSE, among which 673 are PhD students and
2289 are master students.

Prof. Ce-Wen Nan, PhD graduate in 1992, was elected
as member of Chinese Academy of Sciences in 2011, is
now director of Research Institute of MSE in Tsinghua
University. Dr. ShouPeng, graduate in 1982, was elected
as member of Chinese Academy of Engineering in 2019,
is now chairman of the Advisory Committee of Inter-
national Commission on Glass. Prof. Yi-Bing Cheng,
graduate in 1983, was elected as fellow of the Australian
Academy of Technology and Engineering in 2007. Prof.
James ZhijianShen, graduate in 1978 and professor of
Department of Materials and Environmental Chemistry
at Stockholm University, was elected as member of the
World Academy of Ceramics in 2017. Dr. Yuxian Zhou,
graduate in 2003, is the president of China National
Building Materials Group Corporation, a leading com-
pany in materials industry that ranks No. 187 in Fortune
Global 500 in 2020. Dr. Yeqing Li, graduate in 1984, is
the president of Huaxin Cement Co., Ltd., cradle of the
Chinese cement industry.

4. Domestic and International Impacts

Prof. Qingjie Zhang, a member of Chinese Academy
of Sciences, has been selected as member of the 1st Na-
tional Basic Research Strategy Advisory Committee of
the Ministry of Science and Technology since 2020, and
panel chair of Major Research Plan of Materials Science
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of the National Natural Science Foundation of China
since 2019.

Prof. Qingjie Zhang received the 2017 Frontiers of
Science and Technology — Rustum Roy Lecture Award
from the American Ceramic Society, in recognition of
his contribution to global energy challenges and develop-
ments of thermoelectric materials and systems in China.
Prof. Zhengyi Fu, member of Chinese Academy of Engi-
neering, received the Samuel Geijsbeek PACRIM Inter-
national Award in 2019, for his contribution in the field
of ceramics technology that has resulted in significant
industrial and academic impact, international advocacy,
and visibility of the field.Prof. Ligiang Mai received the
Research Excellence Award in the International Confer-
ence on Electrochemical Energy Science and Technology
in 2018, for his contribution in advanced in-situ charac-
terization of single-nanowire devices for energy storage
and conversion. Asso. Prof. Wei Ji, received the 2019 Ross
Coffin Purdy Award from the American Ceramic Society
in recognition of his contribution to ceramic technical
literature in 2017.

16 world-recognized scholars, including 3 Nobel
Laureates, have been appointed Lecturing Professors by
WUT’s MSE since 2016. Faculty members in WUT’’s
MSE have collaborated with these scholars and obtained
19 key international cooperation research projects, as well
as published 256 joint research papers in top-level journals
including Nature and Science.

WUT’s MSE has organized 13 high-level international
conferences. Together with MSE of Tsinghua University,
WUT’s MSE hosted the 1st World University Forum on
Materials Science and Engineering Leadership in 2019,
and announced <Wuhan Declaration for the 21% Cen-
tury Materials Science and Engineering Sustainable De-
velopment>. The representatives of this forum include
heads of MSE of Northwestern University, UC Berkeley,
UC Los Angeles, UC Irvine, Pennsylvania State Uni-
versity, Georgia Institute of Technology, University of
Washington, University of Texas at Austin, University of
Central Florida,University of Birmingham, University
of Surrey, University of Lorraine, Monash University,
Tohoku University, Seoul National University, National
University of Singapore, Tel-Aviv University, Indian
Institute of Technology — BHU, etc. from 15 countries
(USA, UK, France, Australia, Japan, Korea, Singapore,
Israel, India, etc.), deans of top 50 MSE schools in Chi-
na, and presidents of 5 world material research societies
(American Ceramic Society, European Ceramic Society,
Ceramic Society of Japan, Korean Ceramic Society, and
Colombian Materials & Minerals Society).

Overview of International School
of Materials Science and Engineering

Driven by the great demand for national higher edu-
cation reformation, the International School of Ma-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (6):
475-480

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuild.

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION

Vi = 4 =
e 115 O Y st & g
( - =Y = =y
- oy .>. Q’m:;-‘-‘ e 8
2 PR SY= 'i'--' ;_
] PP 2 @

terials Science and Engineering (hereafter referred to
as ISMSE), WUT is aimed to building the top-notch
innovative talent training base and knowledge innova-
tion centre of Materials Science and Engineering. In
April 2014, ISMSE was founded and approved by the
Hubei Provincial Department of Education. In June
2015, ISMSE was selected into the list of the “Network
of International Centers for Education” supported by the
MinistryofEducation of P. R. China and the Ministry of
Science and Technology (former State Administration
of Foreign Experts Affairs).

ISMSE is devoted toeducate a unique class of profes-
sional leaders in materials science and engineering who
can push the boundaries of knowledge and technology
to serve the needs of the nation and the world by provid-
ing students with a comprehensive curriculum, which
is academically rigorous and provides students with
vital skills of critical thinking, communication, team
work and continuous learning, and also by exposing
all students to meaningful international experiences,
including lectures by distinguished visiting professors
from different countries, short term visits to high level
international universities and continuous engagement
activities with international students. ISMSE has es-
tablishedthefirst Material Advantage Chapter in China
in 2016.The chapter has won the Chapter of Excellence
Award four times from 2018 to 2021, among 102 chapters
all over the world.

ISMSE builds the platforms for academic exchang-
es and interdisciplinary promotions.The World Uni-
versity Forum on Materials Science and Engineering
Leadership was held in October 2019 in Wuhan. More
than 50 chairs of MSE department around the world
attended the forum. It was the first global MSE forum
and to discuss relevant issues and devise a strategy that
provided the global MSE community with a blueprint
for the future, which was announced as <Wuhan Dec-
laration>.
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State Key Laboratory of Advanced Technologyfor
Materials Synthesis and Processing
(Wuhan University of Technology)

The State Key Laboratory of Advanced Technology
for Material Synthesis and Processing was approved by
the State Development Planning Commission in 1987.
After state inspection, it was opened for the public in
March 1990. The laboratory is under the direct admin-
istration of the Ministry of Science and Technology.
Currently, Professor GuBinglin, an academician of the
Chinese Academy of Sciences, is the Chairof the labora-
tory’s academic committee, and Professor Fu ZhengYi,
an academician of the Chinese Academy of Engineer-
ing, is the Director of the laboratory. The laboratory is
located in the Wuhan University of Technology, and it
is a state key laboratory that specializes in the field of
new materials. The Department of Materials Science
and Engineering at the Wuhan University of Technology
has been classified as a first-class State Key Discipline,
included in the national “985” project of “Build a world-
class discipline program,” and is ranked as A+ in the
fourth round of national discipline evaluation. Aiming
at the global frontier research of materials science and
addressing the primary national needs, this laboratory
provides a world-class platform for materials compound-
ing and preparation technology, for developing advanced
composite materials for national major projects and pil-
lar industries, and for providing support at the national
strategic level. Original and systematic research results,
with international impact in transformative technolo-
gies, frontier new materials, and interdisciplinary fields,
have been reported in this laboratory, and therefore, it
leads the international development in several strategic
frontier new materials. The laboratory fosters the de-
velopment of global first-class research talent through
advanced scientific research in the field of materials sci-
ence and technology. In addition, the laboratory has
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created a culture of international collaborative innova-
tion and has carried out “Win-Win” international co-
operative research, thereby enhancing the international
influence, attractiveness, and cohesion of the laboratory.
The laboratory has achieved a historic breakthrough in
the evaluation of the State Key laboratories in the field
of materials science.

Centering on the overall vision and objectives, the
laboratory focuses on the establishment and develop-
ment of multi-component, multi-scale, and multi-level
composite principles and material design theories that
are built on core research platforms comprising mate-
rial gradient composite technology, in-situ composite
technology, nanocomposite technology, and their in-
tegrated innovations. Currently, research on five key
materials, including advanced composite materials for
national major projects and pillar industries, efficient
energy conversion and storage materials for new energy
technologies, nanocomposite biomaterials for life sci-
ences, information functional materials for information
technology, and frontier new materials for transforma-
tive technologies, is being carried out in this laboratory.
Therefore, the laboratory has established the following
five distinctive research directions: gradient composite
technology and new materials, in-situ composite tech-
nology and new materials, nanocomposite technology
and new materials, transformative technology and fron-
tier new materials, and material composite principles
and material design.

The laboratory has an active and innovative research
team that mainly comprise young and middle-aged re-
searchers. There are hundred permanent staff members,
including one academician of the Chinese Academy of
Sciences, two academicians of the Chinese Academy of
Engineering, one academician of the Royal Academies
for Science and the Arts of Belgium, two academicians
of the European Academy of Sciences and Arts, one aca-
demician of the Australian Academy of Technology and
Engineering, one academician of the World Academy of
Ceramics, twelve national level researchers, one chief
scientist of the National “973” program, five recipients
of the national “Outstanding Youth Science Fund,” and
thirtyrecipients of the “national talent Support Plan”. etc.
This laboratory has been actively supporting outstand-
ing scholars to visit and conduct collaborative research
worldwide in world-class universities and research insti-
tutions. In recent years, the laboratory has sent several
outstanding young scholars to world-class international
universities for more than one year to conduct visits and
collaborative research.

The laboratory emphasizes global academic exchange
and collaboration. In the last five years, we have hired
twenty-five international scholars as honorary and visit-
ing professors in the main research areas, with an aim to
create cordial working conditions for world-renowned

scientists to conduct collaborative research in the labo-
ratory.

The laboratory has carried out substantial “Win-
Win” collaborations with the University of Michigan;
Japan Aecrospace Exploration Agency (JAXA); the Insti-
tute for Materials Research, Tohoku University (Japan);
the Materials Research Center, University of Oxford
(UK); Composites Research Center, the University
of California (US); and the National Institute of Fuel
Cells (Canada), among other internationally renowned
research institutions. The Ministry of Science and Tech-
nology has established the “International Joint Labora-
tory of Advanced Technology for Materials Synthesis
and Processing,” which is one of the first thirty-three
international joint laboratories in China. Additionally,
the State Administration of Foreign Experts Affairs and
the Ministry of Education have jointly formed three
discipline bases supported by the Program of Innovation
and Talent Introduction, namely “New Material Com-
posite Technology and Advanced Functional Materials,”
“Advanced Preparation Technology and Application
Engineering of New Functional Thin Film Materials,”
and “Innovation and Talent Introduction Base of Life
Composites.” Relying on these important international
collaboration platforms, the laboratory has undertaken
several state key projects with international collabora-
tions and achieved fruitful results in international col-
laboration and exchanges.

Currently, the laboratory has a floor area of
25,350 square meters, with several advanced materials
synthesis and processing instruments, as well as state-
of-the-art instruments specializing in materials structure
analysis, characterization, and performance testing. The
total estimated value of the instrumentation asset is ap-
proximately 350.66 million RMB.

Introduction to Interdisciplinary Materials

The new scientific journal Interdisciplinary Materi-
als (ISSN: 2767-441X) has been launched by Wuhan
University of Technology and John Wiley & Sons, Inc
in Dec, 2021. The first issue will be published in Jan,
2022 and the journal is free for publication in the first
3 years.

Interdisciplinary Materials is an open-access, peer-
reviewed, and rapid-publication journal focusing on the
interdisciplinary researches between materials science
and other disciplines, such as physics, chemistry, math-
ematics, mechanics, biology, energy, environment, infor-
mation, engineering, etc. The journal aims at reporting
cutting-edge developments across science and technology
around the world.

Interdisciplinary Materials is expected to take an in-
terdisciplinary, frontier, and integrated approach to all
areas of materials research while cultivating the exchange
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of ideas between scientists involved in the different dis- Interdisciplinary Materials invites you to submit high-
ciplines. Readership will include physicists, chemists, quality, innovative full-length research articles, rapid
mathematicians, mechanics, biologists, and energy, en- communications, reviews, perspectives, comments, and
vironment, materials scientists, engineers from academia  other editorial content of general interest to the field of
and industry as well as policymakers. interdisciplinary materials.

Contact information Address: 122 Luoshi Road, Hongshan District, Wuhan, Hubei, P. R. China R

Postal Code: 430070

Supporting Institution: Wuhan University of Technology
Tel: 86-27-87884448; Fax: 86-27-87879466

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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YXAHbCKUN TEXHOJNTOTMYECKUN
YHUBEPCUTET

XaHBCKUM TEXHOJIOTHICCKUI YHUBSPCUTET (Iajee

VTVY) — HallMoHaJNIbHBIN CTpaTeTruyecKuit YHU-
BEPCUTET IO IIPSIMBIM yIIpaBlieHHeM MWHHUCTEPCTBA
o6pa3oBaHU. SBIsSeTCS OMHUM M3 IEPBBIX YHUBEP-
CHUTETOB, BOIICAIINX B TOCYIaPCTBEHHBIC ITPOTPaAMMBI
«211 Project» m »Double Top» mist comeiicTBus pa3Bh-
THSI YHUBEPCUTETOB U TUCUUTUINH MUPOBOTO YPOBHSI.
YTY 6511 06pa3zoBaH MUHMCTEpPCTBOM 00pa30BaHUS
COBMECTHO ¢ MUHHCTEPCTBOM TpaHCIIOPTa. Takke SIBIIS-
eTCS KPYITHEHIITM YHUBEPCUTETOM ITpr MUHUCTEPCTBE
00pa30BaHUS 10 TTOATOTOBKE CIICIIMAIICTOB B 00JIACTH
CTPOUTEILHBIX MaTePUAJIOB, TPAHCIIOPTA W MAIITHO-
ctpoeHus. YTV cranm BaxXXHBIM IIEHTPOM TI0 BBIpAIIIN-
BaHMIO HAYYHO-TEXHUUCCKUX KaJIpOB MHHOBAITMOHHBIX
Ppa3pabOTOK WIS TpeX KPYIMHENIINX cdep.

B yHMBepcuTeTe pacIiojiokeHbI 3 KamIiryca — Ma-
danrman, IOg3utay n CaydJleiik, B 00O1Ieil CI0KHO-
CTY 3aHMMAIOIIKX IUIOIaah 267 rektapoB. B HacTosiiee
BpeMs B YTV paboraet 6oiee 5400 yeoBeK rmepcoHaia
1 (aKyJIBTETCKUX COTPYIHUKOB, 0oJee 36 000 cTymeH-
TOB, cBhINIE 18 000 acTTpaHTOB U BHIITYCKHUKOB 1 OKOJIO
1700 MexXayHapOOHBIX CTYICHTOB. YHUBEPCUTETY TIPH-
HaAIJIEKUT 25 akameMUIeCKUX KO, 4 HaIlMOHAIBHBIX
TEXHOJIOTMIECKIX MHHOBAIIMOHHBIX IICHTPa U 4 COBpe-
MEHHBIX 01OaMoTeKn ¢ GOHIOM B 32 953 MUJUTMOHOB
kaur. C 2000 roma YTV ynocTtouics 23 rocymapcTBeH-
HBIX HAYIHBIX ¥ TEXHUICCKUX ITPEMUIA, 3aHIMast TIepBHIC
TO3WIINM B PEUTUHTE BCEX KUTAICKNX YHUBEPCUTCTOB
n Kojuremkeid. B 2019 rony YTV Obl1 BHECEH B peATUHTI
Times Higher Education World University Rankings,
QSA sia University Rankings, U.S. News Best Global
Universities Rankings m Shanghai Ranking & rsquos;
Academic Ranking of World Universities.

C MmomeHTa obpaszoBanus Hosoro Kurag YTV noa-
rorosut 6osee 600 000 BeICOKOMPO(heCcCHOHAIBHBIX CIIe-
LIUATUCTOB. B TeueHre mocieIHUX AECSATU JIET TPOLIEHT
BIIEPBBIC TPYIOYCTPOCHHBIX BBIITYCKHUKOB OCTACTCS
cBhilie 95% u cocTaBiIsieT 0KOJIO 55% OT BCex TPyIoy-
CTPOCHHBIX BEITTYCKHIUKOB B MEXKIYHAPOTHOM PEUTHHTE
«Top 500 koMIaHMT ¥ HOBBLIX OTpaciieii».

Ha npotsokenuu mHorux et YTV mpoiiien orpoMHoOe
pasBUTHE, CIEIYs IEBU3Y «ObITh HPABCTBEHHO HETIOKO-
JIEOMMBIM, PAa3HOCTOPOHHUM B YICHHUH, CTPEMSIIIIAMCS
K COBEPIIICHCTBY», a TAKXKe TIPUHITUITY «CIEJIaTh BOCIIN-

TaHHUE CTYICHTOB HAIIICH CYIITHOCTHIO, a aKaIeMIIeCcKoe
pa3BUTHE — MPUOPUTETOM». YHUBEPCUTET (DOKYCUPY-
eTCsI Ha BEICOKOM MIee pa3BUTHUsS HEIIPEeB30MICHHOTO
VHUBEPCUTETA IIJIST 3aBOCBaHMS BCEMUPHOTO TIPU3HAHUS
1 BOCXUIIEHUS 1 BOIIOIIACT 00Pa30BaTEeIEHYIO KOHIICTI-
LIMIO «BHEAPEHNE OTJMIHOTO 00OPa30BaHMsI, BOCITUTAHKE
TIePBOKJIACCHBIX KaIpOB M CO3TaHNE ITPEKPACHOMN KM3-
HU». PykoBoacTBysick Xaptueil YTV, yrBepaeHHOM
MunucrepcTBoM oO6pa3zoBaHusi, Y TY BoBieueH B Mozep-
HUM3aLMIO TTPAaBUTEIBCTBEHHOM CUCTEMBI C TICJIBIO 3aHSTh
CBOE MECTO CPeIr YHHUBEPCUTETOB MUPOBOTO YPOBHS
C OTJIMYUTEIbHBIMU TTPU3HAKAMMI.

3HaKOMCTBO € Hay4HbIM HanpaBJieHnem
MaTepuanoBegeHNA N NHXXeHepHoro gena
B YXaHbCKOM TeXHOJIOrn4eCcKom YHUBepcuTeTe

Kpatkoe onncanue

OcHoBanHoe B 1958 romy B YTY HaydHOe HaIIpaBiic-
HHe «MarepuanoBencHIe 1 HHxXeHepHoe ae1o» (M)
IIPUOPUTETHO TTOAIEPXKUBATIOCH TOCYIapCTBEHHO IIPO-
rpaMMoii «211 IPOEKTOB IJIT YHUBEPCUTETOB» B IIEPUOL
¢ 1995 o 2015 rompl, a ¢ 2016 roma moamep:kKa crajia
OCYLIECTBIISIThCS uepes TuiaH pa3putus KHP «YHusep-
CUTEThl M HayYHble AUCUMUILUIMHBI MUPOBOTO YPOBHSI».
PeliTUHT 3TOrO HampaBICHUS cocTaBisieT A+ cpenu
172 Benymmx ynuBepcutetoB B Kurtae (Nel HapaBHe
¢ HampaBJIcHHEM B yHUBepcuTeTax TiumHxyan beiixan)
B 4-0M payHe, OpraHN30BaHHOM MUHUCTEPCTBOM 00-
pasoBanus B 2017 Tomy, a TakKske BXOIUT B TOITOBBI MEX-
nyHaponHbiii 1% B cucteme Clarivate Analytics’ Essential
Science Indicators.

B MU BoBneuensl: 1 unen Kuraiickoit akagemMun
Hayk, 3 wieHa Kuraiickoii MHXXKeHEpHOI aKaJleMuH,
3 ynena EBponeiickoii akagemuu, 1 uneH benbruiickoit
KOpPOJIEBCKOI AKanemuu, 1 wieH MexnyHapoaHoii aka-
IeMUM KepaMUKH, | 4jeH ABCTpaTUiiCKOM aKageMUun
TEeXHOJIOTUA 1 nHxKeHepun, 10 wienHoB KopoeBckoro
XUMMYECKOT0 00I1IeCcTBa, AMEPUKAHCKOTo 00111ecTBa (hU-
3UKM 1 AMEPUKAHCKOIO 00IIecTBa KepaMuKu. JlaHHoe
HampaBJIeHIEe TaKKe BKITIOYaeT 23 KUTAWCKIX BEICOKO-
mpodeCcCUOHANBHBIX COTPYIHUKA, HEKOTOPHIE M3 KOTO-
PBIX SIBIISTFOTCSI CTUTICHIMATaMI HaIlMOHAJILHOTO (DOHIA
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National Natural Science Foundation of Chinafor Dis-
tinguished Young Scholars (aranormueH rmpemun NSF
Career Awards), 11 22 KUTaliCKX MOJIOIBIX CTICITUANIICTA.

st comeiCTBUSI TUCHUIUINHE OBIIM OCHOBAHEI
2 TocymapCcTBeHHBIX JJabopatopuu: ['ocymapcTBeHHAs
cTpaTermyeckast 1adopaTopust TepeIOBBIX TEXHOJIO-
TU# IJ1sI CMHTE3WPOBaHUSA M 00pabOTKM MaTepraioB
n [ocymapcTBeHHas cTparerudeckasi abopaTopus
CHUTMKATHBIX MaTepUaJIOB IUIST apXuTeKTyphl. [lepBas
J1abopaTopus MOJy4YrsIa OLEHKY «IIPEBOCXOIHO» Cpe-
o1 21 rocymapCcTBeHHBIX CTPATeTUICCKUX JTa00paTOpuii
o MUJI B 2018 romy. IToMrMo 3TOTO OBIIN TTOCTPOCHEI
2 TOCYIapCTBEHHBIX MEXKIYHAPOIHBIX TA00PATOPUM IS
COBMECTHBIX MCCIICIOBaHUI 1 4 Oa3bl BHEAPCHMUS 3apy-
OCKHBIX KOMIICTCHITNI KaK MTHHOBAITMOHHOTO COCTABJIS -
FOIIIEeTO HAYIHO 00J1acTH (M3BECTHRI KaK «111 Project»).

3uaunmbie ToCTHKEeHHs 1 MPodeccopcKo-
MpenoiaBaTeibCKuii COCTaB

CraBd 1IeJIbI0 TTOKOPUTH MEXKIYHAPOTHYIO HAyKy
W TEXHOJOTHWH, a TaKXKe Xejlas YIOBJICTBOPUTH Mac-
ITaOHBIC TTOTPEOHOCTH CTPAHEI, 3a ITOCICTHUE 5 JIeT
unBectuuuun YTV B pamkax Hanpasinenust MUJI co-
cTaBwd 1,25 MmmmmapaoB oaHeit (190 MUUTMOHOB TOJT-
JIapOB) B 6 OCHOBHBIX 00JIACTSIX MCCIIEAOBAHUI, TAKUX
KaK 3eJICHOE TPOM3BOICTBO SKOJIOTMYHBIX MATCPUAJIOB,
KJTFOUEBEIC MaTePHUAJIBI, IIOABEPKEHHBIC S9KCTPEMaTbHBIM
YCJIOBUSIM, BBICOKOIIPOM3BOINTEIBbHEIC SHEPIOIIPEO-
Opasyrolle U aKKyMYJIUPYIOIINEe MAaTEPUAJIbI, a TAaKXKe
B MEKIUCHUILTMHAPHBIX 00JIACTIX MaTepUAIOBEICHUS.

PenpesenTaTuBHbIE TOCTHKEHHUS U NPOdeCCOPCKo-
npenoaaBaTeIbcKuii cocras 3a 2016—2020

Hanpasnenune MWL nosyuyuso rpaHThl B OoJiee
330 HAIIMOHAJIBPHBIX KITIOUEBBIX ITPOEKTAX, CYMMapHOe

¢uHAHCUpPOBaHKME COCTABWIO 1,2 MUJUTMApHOB 0aHe
(185 MIJITMOHOB JOJIJIAPOB).

Hanpasnenne MU/ Beiurpano 5 HauMOHaJIbHBIX
HAYIHBIX ¥ TeXHOJOTHMUCCKMX IIPEeMUIi, OBLIO OITyOJIH-
koBaHO cBbIIe 4000 HaydHBIX padoT, 3 U3 KOTOPBIX
B XypHaie Nature, 1 B Science, 46 B 1o4epHUX XypHa-
nax Nature, Science u Cell, 69 — B Advanced Materials.
Cpenm TaHHBIX MyO KAl 229 — BEICOKO LIMTUPYEMBIC
paboTHI.

IMpod. Hyunsum dxxan Obl1 n30paH B uieHb Kurtaii-
ckoii akagemun Hayk B 2017. IIpod. JImarmen JIxkaH
ObLT 130paH B wieHbl KuTtaiickoii MHXEHEepHOI akaae-
muu B 2017. [Ipod. dxxenru Py ObLT M30paH B WICHBI
Kwuraiickoit nakeHepHoit akagemuu B 2021. IMpod. JIn-
uuaH Maii, 1511 Uxanru [llaoseH L[xao ObLIv pr3HAHBL
CaMbIMH LIMTUPYEMBIMH HUCCJICIOBATCISIMU B CCTEME
Clarivate Analytics B 2020.

IToaroToBKa BbICOKOKBATH(DUIIMPOBAHHBIX
Ka/IPOB U U3BECTHbIE BHIMYCKHUKH

CrrenmmansHocTh MU /I HatrpaBiieHa Ha ITOATOTOBKY
CIICIIMAJIICTOB BBICIIIETO KJIacca ¢ NCKITIOUUTCIHHBIMI
KOMIIETCHIIMSIMHU ¥ MEXIYHAPOTHBIM BUACHUEM OY-
IYIIETO Pa3BUTHUS MaTepUaIOBEICHUS U WHIYCTPUU
MaTepuanoB. B HacToSIIMiT MOMEHT Ha JaHHOM CcIie-
nraabHOCTH 00yJaroTcs 5418 ctynentoB WUT’s MSE,
cpenu KOTOphIX 673 — acriupaHThbl U 2289 — CTyIeHTbI
MarucTpaTyphbl.

ITpod. lixe-Ben HaH, moayuyuBLnii cTereHb KaH-
mumata HayK B 1992, 661 m30paH wieHoM Kuraiickoi
akamemMuu HayK B 2011, B HACTOAIIMIT MOMEHT SIBJISI-
eTcsa mupekropoM KcciemoBaTerbCcKOro MHCTUTYTA
MW B YHusepcutere Tumnxya. JI-p oy IIxaHr,
BRIMYCKHUK 1982 roma, OB m30paH B wieHbl Kuraii-
CKOI1 mHXeHepHo akagemuu B 2019, ceifgac apiseTcs
nmpencenateaeM KoHcyabraTuBHOro KoMureTa Mexk-
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nyHapogHoli Komuccuu 1o crekiay. [Ipod. M-bunr
UxaHT, BRITYCKHUK 1983roma, ObLI M30paH WICHOM
ABCTpanuiicKoi akageM1u TEXHOJIOTU U MHXEHEPUU
B 2007 romy. ITpod. Ixeitmc JIxunsuen LlleH, BBITyCK-
HUK 1978 Toma un mpodeccop denmapramMeHTa MaTepua-
JIOB I XMMHU OKpYyKaroIieil cpeasl B CTOKTOJIBEMCKOM
YHUBEpPCUTETE, ObI M30paH B WieHb MeXayHapoIHOMI
akagemun Kepamuku B 2017 roxy. I-p FOcuen [Ixoy,
BeITycKHMK 2003 Tona, saBisercsd npe3uaeHToM Kuraii-
CKOTO HaIlMOHAJILHOTO O0BEIMHEHUS CTPOUTEIIHHBIX
MaTepHralioB, BeAyIeil KOMITAHNY B MHAYCTPUM MaTe-
puanoB, 3aHsgBlIeit 187 mo3numio B periTuHre Fortune
Global 500 B 2020 rony. JI-p Memmnr JIu, BBITYCKHUK
1984 roma, nipe3unenT komnanun Huaxin Cement Co
Ltd., aBasonieiics, Mo CyTH, KOJbIOEIbI0 KUTAICKOMI
IEMEHTHOM WHIYCTPUM.

BHyTpennune u MeXIyHAPOIHbIE KOHTAKTbI

IMpod. Huunsn dxan, wien Kuraiickoii akageMnmn
HayK, SBJIsgeTcs yieHoM [lepBoro HalmoHaIBHOTO Oa-
30BOTO MCCIICAOBATEIBLCKOTO CTPATETNIECKOTO KOHCYITh-
TaTUBHOTO KOMUTETa MUHUCTEPCTBA HAYKH TEXHOJIOT U
¢ 2020 roga u mipeacegaTeaeM KomureTa [J1aBHOTO MC-
CJIeIOBATEIbCKOTO TIAaHA MaTePUAIOBEICHMST HAIO-
HaJIbHOTO (POHIA eCTeCTBEHHBIX HayK Kuras ¢ 2019 rona.

IMpod. Hunansu Jxan monxyunn B 2017 romy mpe-
muto Frontiers of Science and Technology — Rustum Roy
Lecture Award oT AMepruKaHCKOTo 00IlIeCTBa KEpaMUKU
B 3HAK IIPU3HAHMS €T0 BKJIaZa B pelIeHUe TTT00aTbHBIX
BBI30BOB IT0 SHEPTETUKE M pa3pabOTOK TEPMOIJICKTPH -
yeckux MaTepuanoB u cucreM B Kurae. [1pod. JIxxeHru
Dy, yren Kuraiickoii MH:XXeHEepHOM aKaJeMUu, TIOJTy-
g1 MexkayHapoaHblii pu3 Samuel Geijsbeek PACRIM
B 2019 romy 3a cBOIf BKJag B 00JIaCTh KEPAMUYECKUX
TEXHOJIOTHII, KOTOPBIC OKA3bIBAIOT 3HAUMTEIIHHOE BIIH-
STHUE Ha IPOMBIIIJICHHOCTD ¥ HAyYIHYIO cepy, a TaKKe
MeXIyHapoaHyto nomysgpusanuuio. [Tpod. Jiuuman Maii
noyania Harpany the Research Excellence Ha Mexy-
HapOIHOU KOH(EPEHIINH IT0 3JICKTPOXUMIICCKOU SHEP-
reTuKe u TexHojaorusaM B 2018 3a cBOIf BKI1a/ B IepCreK-
TUBHOE JIOKAJTbHOE MCCIICAOBAaHNE OMHOHAHOIIPOBOTHEIX
YCTPOMCTB IJIST XpaHEHUS 1 TIPeoOpa30BaHMsI SHEPIUMN.
Houent Beit I3u monyunn B 2019 rogy Harpamy Ross
Coffin Purdy Award ot AMeprKaHCKOTO 00IIIeCTBa Kepa-
MUKU 32 BKJIAI B TEXHMYECKYIO JTUTEPATyPy O KepaMUKe
B2017T.

16 yuyeHBIX ¢ MUPOBBIMM MMeHAMHU, BKJIIo4ast 3 Ho-
OeJIeBCKUX JlaypeaTa, CTaju IpodeccopaMu CIieiiaib-
Hoctu MUJL B YTV ¢ 2016 1. Corpyaunku dhaxkyibrera
coTpygHuyanu 1o nporpamme MU ¢ ykazaHHbBIMU
YYICHBIMHA 1 TIOTYYMIN 19 KITFOUeBBIX MEXKIYHAPOITHBIX
COBMECTHBIX IIPOEKTOB, a TAKXKE OIMy0IMKOBaIu 256 co-
BMECTHBIX HAYIHBIX paboT B 3KypHajaX BBICOKOTO YPOB-
HsI, cpeau KOTophIx Nature 1 Science.

B pamkax nporpammbl MWL Obu1u OpraHn30BaHbI
13 MexxIyHapOTHBIX KOH(MEPEHIINI BEICOKOTO YPOBHSI.
CoBmecTHO ¢ YHUBepcuTeToM LI1HXYa 110 HAIIpaBICcHUIO
MW YTY nposen 1-v1ii MexxayHapoIHbII YHUBEPCU-
TEeTCKUiIT POpyM TIO YIIpaBICHUIO MaTepPHUAIOBEICHUEM
1 MHXXEHEPHBIM AejioM B 2019 1 aHHOHCHPOBa «YXaHb-
CKYI0 IeKyaparnuio 21 BeKa o pa3BUTHIO MaTepHaioBe-
IIEHUS U YCTONIMBOTO CTPOUTEIBCTBA». YUaCTHUKAMU
TaHHOTO (popyMa OBUIM PYKOBOIUTEIIN HAIIPABIICHMUS
MMU]I B ynuBepcurerax: Northwestern University, UC
Berkeley, UC Los Angeles, UC Irvine, Pennsylvania State
University, Georgia Institute of Technology, University
of Washington, University of Texas at Austin, University
of Central Florida, University of Birmingham, University
of Surrey, University of Lorraine, Monash University,
Tohoku University, Seoul National University, National
University of Singapore, Tel-Aviv University, Indian
Institute of Technology — BHU wu ap. u3 15 crpan
(CILA, Bemukobpuranusi, ®panmnus, ABcTpaius,
SAnonus, Kopest, Cunramyp, M3panis, Uagusa u ap.),
nekanbl 50 Bemynx HaydHbIX Ko no MUJI n3 Kuras
U TIPE3UACHTHI 5 MEeKIyHAPOTHBIX MAaTePUAIOBEIICCKITX
Hay4YHBIX 0011IecTB (AMEepHKaHCKOE 0OIIeCTBO Kepa-
Mmuku, EBporeiickoe o011ecTBO KepaMuku, SmoHcKoe
ob1IecTBo Kepamuku, Kopeiickoe 00IIecTBO KepaMUKHI
n KonymOuiickoe o0I1IecTBO 110 MaTepuajiaM U MUHE-
pajiam).

0630p MeXxXAyHapOAHbIX LWKON
no maTepuanoBefeHMIO U UHXXeHepHoMY Aeny

Jlns peanu3aluy HEOOXOAMMOM pedopMbl HAIIU-
OHAJILHOW CHCTEMBI BBICIIICTO 00pa30BaHUs B aIIpelie
2014 roma B YTV Oblia ocHOBaHa M yTBep:KaeHa Jlemap-
TaMEHTOM 00pa3oBaHus TPOBUHLNMU Xy02ii MexnyHa-
pOIHAs IITKOJIa MaTePUAIOBEICHIS M MHKCHEPHOTO JeITa
(MIIMM/), KoTopast HoJDKHA CTaTh 0a30#1 IIOATOTOBKU
BBICOKOKBATN(PUIIMPOBAHHBIX CITEIINAINCTOB U IICHTPa
¢opMupoBaHUS MHHOBaLIMIT 110 HanpaBiaeHuo MU/,
B mione 2015 roga M1 MU/ 6bi1a n3dpaHa Jij1st BHeCe-
HUS B CITACOK «CeTh MeXKIyHApOTHBIX 00pa30BaTeIbHBIX
LIEHTPOB», MOIIep>kUBacMasi MUHUCTEPCTBOM 00pa3o-
BaHusi KHP u MuHucTepcTBOM HayKM 1 TEXHOJIOTUIA.

MIL MW npegHa3zHavyeHa 111 00y4eHUs] YHUKaJIb-
HBIX TPO(PECCUOHATIOB-TNACPOB IT0 MAaTEPUATIOBEICHIIO
1 WHXXEHEPHBIM HayKaM, KOTOPbIe MOTYT U3MEHUTh
TPAHUIIBI 3HAHWI W TEXHOJIOTUIA TS peaanu3aliu I10-
TpeOHOCTEe CTpaHbl U MUpPa, 00y4asi CTyIEHTOB 110 00-
IMUPHOMY ¥ MHTCHCHUBHOMY YUYeOHOMY IUTaHY, TIPEIy-
CMAaTPUBAIOIIEMY Pa3BUTHE TAKMX KOMIICTCHIIN, KaK
KPUTUIECKOE MBIIIUICHIE, KOMMYHIUKATUBHBIC CITOCO0-
HOCTH, HaBBIK KOMaHIHOI paOOTHI M HETIPEPHIBHO-
ro 0Oy4YeHUs, a TaKKe ITyTeM BOBJICUCHUS CTYICHTOB
B CEpPbE3HBII MEXIYHAPOOHBIN OMBIT, BKIIOYAIOIIWNA
JICKITUHY TIPUTIIAIIICHHBIX TIPOECCOPOB M3 PAa3HBIX CTPaH,
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KPaTKOCPOUHBIE TTOCCIIICHNST YHUBEPCUTETOB MUPOBOTO
YPOBHSI ¥ TIOCTOSTHHOE B3aMMOJICHCTBHE C MEXKIyHAPOI-
HBIMU CTYICHTaMH.

MexxnyHapomHasl IITKOJIa MaTepUaIOBEICHNST M MTH-
JKEHEepPHOTO Jeja OTKPBIJIA IIepBOe OTAEICHUE TI0 T0-
CTIKEHUSIM B 00J1acTH MaTepuanoBeneHus B Kurae
B 2016 roay. C 2018 mo 2021 rox oTaeIeHME YETHIPE pas3a
TIOJTy4aJIO TJIaBHYIO HArpay 3a BHIIAIOIINECS TOCTIKE-
Hus cpenu 102 oTmereHUIA 110 BCeMy MUPY.

MIII MU ctpont tutatopMbI JUTS aKaIeMUIECKOTO
00MeHa 1 MEXKIUCITUTUIMHAPHBIX MEPOITPUSITHIAL. MexX-
IMYHApOIHBIA YHUBEPCUTETCKUI (DOPYM IO YIIPABICHUIO
MaTepHaJOBeICHNEM W WHXEHEPHBIM IeJIOM IIPOBO-
nnics B okTsiope 2019 roma B Yxane. bonee 50 kadenp
no MUJI co Bcero mupa noceTsi popyM. OH cTan
HepBBIM I100a1bHBIM (popymom 1o MU I, Ha KoTopoM
00CYXIATNCh aKTyaJIbHBIC BOIIPOCHI U CTPATETUH, KOTO-
pBIE TTO3BOJISIT IJTIOOAIBHOMY COOOIIICCTBY OHSITH OYIy-
L1 TIJ1aH pa3BUTUSI, aHHOHCUPOBAHHBIN B YXaHbCKOM
IeKIapalnm.

lfocypapcTBeHHan cTpaTernyeckas
naboparopus nepefoBbIX TEXHONOIMIA

ANA CUHTE31POBaHNA 1 06paboTKN MaTepuanos
(YxaHbCKUI1 yHUBEPCUTET TEXHONOr i)

l'ocymapcTBeHHas cTpaTerudeckast rabopaTtopus
TIePEeIOBBIX TEXHOJOTHI IJIsI CHHTE3MPOBAHMS M 00pa-
OOTKM MaTepHraIoB OblIa yTBepkacHa ['ocymapcTBeHHBIM
KOMUTETOM TIJIaHUpOBaHUS pa3BuTUI B 1987. [Tocie
TIPOBEICHHOM MHCITEKIINY OHA OTKPBLIACKH JIJIST 00IIIecTBa
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B Mapte 1990 roma. JlabopaTtopust HaXOTUTCS IO, YIIpaB-
JleHneM MUHUCTEepCTBA HAYKU M TeXHOJIOTHIA. B HacTo-
Sl MOMeHT npogeccop I'y BuHbIMHB, akageMuK
Kwuraiickoit akageMun HayK, SIBIIICTCS IIpeAceaaTesieM
KoMHccUM tabopatopun, a rmpodeccop Dy JIxxenrn,
akagemMuk Kuraiickoil nHXXeHEepHOU akKageMUu — I1-
pexTop akagemuu. Jlabopatopust pacnonoxeHa B YTY
U SIBJISIETCSI CTpaTeTHMICCKOM TabopaTopueii, Criemu-
aJM3upymolIeiics Ha HOBBIX MaTepuaiax. JlermapraMeHT
MaTepuaaoBedeHUs U MHXKeHepHoro aeya B YTY ObL
oIpenelieH KaK IepBOKJIACCHBIN B pelituaTe State Key
Discipline, Bomeaimmit B rocygapCcTBEHHBIN «985» mpo-
eKT «Pa3paboTka mporpaMMbl HAYIHBIX TUCIIATIMH
MHPOBOTO YPOBHSI» W MOJXYYWI peUTUHT A+ B 4 Type
TOCyIapCTBCHHOM OlLIeHKM HarpaBicHMil. CTaBsl LIeTBI0
IOCTHYIh MUPOBOU YPOBEHDb MCCICIOBAHUI B 00IaCTH
MaTepUAaIOBEACHMS U TIOAePXKaTh TOCyIapCTBCHHBIC
WHTEPECH, TaHHAas JJabopaTopus 00ecIIeYnBaeT IUIAT-
dopmy mg pa3pabOTKM HOBEUIIIMX MAaTEPHUAIOB U TEX-
HOJIOTHIA, IIJT Pa3BUTHS TIEPEIOBBIX KOMITO3UTHBIX Ma-
TEePHAJIOB, HEOOXOMMMBIX B KPYITHEUIIIX HAITMOHAIBHBIX
IIPOEKTaX M BeIYIINX OTPACIISIX, a TAKKE IJIST BEITIOTHE-
HUS HAIIMOHAJIBHBIX CTpaTeTUUECKMX 3aad. B mabopa-
TOPHM TTOJTYICHBI Pe3yIbTaThl YHUKAIBHBIX U CUCTEMHBIX
KCCIeN0BaHUM, KOTOPbIE MOBIUSIN Ha OOILIEMUPOBbIE
IIpeoOpa3ymIne TeXHOJOTUM, HOBBIC MaTepPHAJIbI
1 MEXKIVCUUIIMHAPHBIC 00IaCTH, W, TAKMM 00pa3oM,
5TO IIPUBEIIO0 MIPOBOE COOOIIIECTBO K OTKPHITHIO HOBBIX
cdep a1 u3ydyeHust MmatepuaiioB. JlJabopaTopust akTUBHO
TOTOBHT HCCIIEAOBATEIHLCKIE KaIPhI ITyTeM BKITIOUCHUS
B HayuHyo pabory. bonee Toro, maboparopust oopa-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (6):
475-480

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

30Bajia KyJIbTYypy MEXIYHApOJIHOT0 MHHOBALIMOHHOIO
COTPYJAHUYECTBA U MPOBeJia B3aUMOBBITOJHOE UCCIIE-
JIOBaHMeE, CITOCOOCTBYS1, TAKMM 00pa3oM, MUPOBOIi 3HA-
YMMOCTH, IPUBJIEKATEIbHOCTUA U CIIOUEHHOM pabdoTte
naboparopuu. JlabopaTopust JOCTUTIA UCTOPUUECKOTO
MpopbIBa B OLIEHKE TOCYIAPCTBEHHBIX CTPATETNUECKUX
JlabopaTopuii Mo MaTepUaJIOBEICHUIO.

OCHOBBIBaSICh Ha OOIIE KOHIETIINY 1 HesIX, Jia-
6opatopusa (OKyCHpPYyeTCs Ha CO3IMaHUU U Pa3BUTUH
MHOTOKOMIIOHEHTHBIX, KPYITHOMACILITAOHBIX 1 MHOTOY-
POBHEBBIX KOMITO3UTHBIX IIPUHILIMIIAX U TEOPETUYECKUX
000CHOBaHMSIX pa3pabOTKU MaTEepPUaJIOB, ITOCTPOECH-
HBIX Ha BaXKHEUIIINX UCCIIeA0BATEILCKUX IIaT(hOopMax,
BKJTIOYAIOIIMX TEXHOJOTUM TPAIUEHTHBIX KOMIIO3UTOB,
KOMIIO3UTHBIE TEXHOJIOTUM Ha MeCTaxX IPOU3BOACTBA
paboT, HAHOKOMIIO3UTHI 1 X coueTaHusl. B HacTosmii
MOMEHT B J1a0OpaTOPUU IIPOBOASITCS MCCIEI0OBAHUS
o 5 KJII0UYeBBIM HAIlpaBJIEHUSIM: HOBEHUIIINE KOMIIO-
3UTHBIE MaTEPUAJIbI AJIS TOCYAAPCTBEHHBIX KPYITHBIX
TMPOEKTOB M oTpaciieii, 3(pheKTUBHBIE IHEPTOIIPEO-
Opasymolle U 9HepProHaKOMNUTEIbHbIE MaTepUuasbl
U TEXHOJOTUM, HAHOKOMIIO3UTHBIE OMOMaTepUaibl
IIJIST €CTeCTBEHHBIX HayK, (DYHKIIMOHATBHBIC MaTepra-
JIBI 1711 UTH(POPMALIMOHHBIX TEXHOJIOTUI U TIEpEIOBbIE
MaTepuanbl IJIs1 IIpeo0pa3oBaTeIbHBIX TEXHOJIOTHUIA.
B cBs131 ¢ 3TMM TabopaTopust onpeaenuia 5 pa3IndHbIX
HaIlpaBJICHUI: TEXHOJIOTUU TPAgUEeHTHBIX KOMIIO3M-
TOB M HOBBIX MaTepUaJIOB, KOMIIO3UTHBIC TEXHOJIOTUM
Ha MecTax NPOU3BOJCTBA pabOT, HAHOKOMIIO3UTHEIC
TEXHOJIOTUU U MaTepUaJibl, IIPe0oOpa3yoIIe TeXHOIO-
TUM, a TAKXKe TIPUHLUIIBI IIPOeKTUPOBAHUS U CO3TaHUS
martepuajioB. B mabopaTtopuu paboTaeT MHHOBALIMOH-
Has ¥ aKTMBHAas KOMaHJa McciienoBaresieii, peumy-
IIECTBEHHO COCTOSILAs U3 CIIELUATUCTOB MOJIOAOTO
U cpeaHero Bo3pacTta. [ToCTOSTHHBIN 1ITaT COTPYIHUKOB
BKJIFOUaeT ogHoro yjaeHa Kuraiickoit akageMun Hayk,
IBYX ujleHoB Kuraiickoii MHXeHEepHOU akageMuw,
OIHOTO aKajJeMukKa benbruiickoii KOpojaeBCKOM aKa-
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IeMHUU HayK U UCKYCCTB, IBYX aKaJIeMUKOB ABCTpa-
JIMUCKOM aKaIeMU TEXHOJIOTUI U MHXEHEPHOTO JeNa,
OHOTO WieHa MeXXIyHapOoTHOM aKaIeMU KepaMUKH,
IBEHAIIIATh HAYYHBIX COTPYIHUKOB HAIIMOHAIBLHOTO
YPOBHSI, OTHOTO BEAYIIETO HAYIHOTO COTPYIHUKA IIPO-
rpaMMHI «973», IATh CTUIICHINATOB HAIIMOHAJIBHOTO
donma «Outstanding Youth Science Fund» u Tpuniats
CTUTIEHIMATOB HalloHaIbHOTO (hoHma «National Talent
Support Plan» u np. JlabopaTopus aKTUBHO MOAAEP-
JKMBACT BBITAIOIINXCS YICHBIX B TTOCECIICHUN U TIPO-
BEICHUN COBMECTHBIX HAYUHBIX pa0OT B BEAYIINX YHU-
BepCUTETaX M MHCTUTYTAX II0 BCeMy MHDY. B TeueHme
ITOCJICIHUX HECKOJBKUX JICT JJa00OpaTOpHsI HaIIpaBIIa
HECKOJIBKO TAJTAHTIMBBIX YUYCHBIX B Pa3IMYHbIC BEIy-
e YHUBEPCHUTETHI [JIST BEITIOJTHEHUSI COBMECTHBIX MC-
clIeqoBaHMIT CPOKOM OoJiee yeM Ha 1 Tof.

Jlaboparopus yaensieT ocodoe BHUMaHUE MEXIyHa-
POIHOMY aKaIleMIUIeCKOMY OOMEHY U COTPYIHUIECTBY.
3a rmocneaHue 5 JIeT OBIIO HAHSTO 25 YUSHBIX C MUPOBBIM
MMeHEM M CO3IaHbI KOM(OPTHBIC pabovre YCTOBUS IS
IIPOBEICHUS UCCIICIOBAHNIA.

Taxske n1abopaTtopusi B3AaMMOBBITOTHO COTPYIHM-
yaja co cieayomuMn opranu3auusamu: University of
Michigan; Japan Aerospace Exploration Agency (JAXA);
the Institute for Materials Research, Tohoku University
(SImonus); the Materials Research Center, University
of Oxford (Bemukooputanus); Composites Research
Center, the University of California (CLLIA); the National
Institute of Fuel Cells (Kanama) u apyrumMu 3HaMEHUTHI-
MM MCCIIeTOBATCIbCKUMU IIEHTPAMU M MTHCTUTYTaMMU.

MUHHUCTEPCTBO HAYKU U TEXHOJIOTUIT OCHOBAJIO
«MeXImyHapOoIHYI0 COBMECTHYIO JTJab0OpaTOPHUIO TIepe-
JTIOBBIX TEXHOJIOTUIA IJTI CUHTE3a M 00pabOTKM MaTepHa-
JIOB», KOTOPAst BXOIUT B TIEPBbIC TPUALIATH TPY MEXKIyHA-
POIHBIX COBMECTHBIX JTabopatopuii Kurast. bosiee Toro,
T'ocymapcTBeHHOE yIIpaBIeHNUE IO IejIaM MHOCTPAHHBIX
SKCIEPTOB 1 MUHUCTEPCTBO 00pa30BaHMUS BMECTE OC-
HOBaJIM TPU HAIIpaBJICHUs, TTomaepXaHHbIX [Tporpam-
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MOl pa3BUTHS MHHOBAIIMI M KaApOBOTO MOTCHIINAJA!
«HoBbIe TeXHOIOTMY KOMITO3UTHBIX MaTepHUAIOB 1 HO-
BelIIMX (PyHKIIMOHAIbHBIX MaTepuanioB», «Hoseliime
TIOATOTOBUTEILHBIC TEXHOJIOTHH 1 IIPUKIIATHOE TIPOCK-
THPOBaHME HOBBIX (DYHKIIMOHATBHBIX TUIEHOYHBIX MaTe-
puanoB» 1 «MTHHOBAIIMOHHOE 1 KaIpoBOe 00CCIICUCHIE
of Life xomIto3utoB». Onmpasich Ha 3TU BaXKHEHUIINe
TIaTOPMEI, TabOpaTOPHS TTOIyYMIIa TOCYIapCTBEHHBIC
KJTIOUEBBIC TIPOCKTHI C MEXKIYHAPOIHBIM YIaCTHEM U J0-
CTUIJIA CYIIIECTBEHHBIX PE3yIbTaTOB B MEXKIYHAPOIHOM
COTPYIHUYECTBE M OOMEHE.

B Hacrosiuit MomeHT 1abopatopus o0JiamaeT IJ10-
manbio 25350 KBagpaTHBIX METPOB, C TIEPETOBLIM 000-
pyIOBaHUEM UISI CHHTE3a M 00pabOTKM MaTepHrajoB,
a TaKXKe COBPEMEHHBIMU MHCTPYMEHTATBHBIMM CpPe/I-
CTBaMM JIJTS aHAJIN3a CTPYKTYPhI MATEPUAJIOB, U3YICHUS
MX XapaKTEPUCTUK 1 TECTUPOBAHUS SKCILUTyaTalIMOHHBIX
KadyecTB. OOIIast CTOMMOCTb 00OPYIOBAHMS COCTABIISICT
npuMepHO 350,66 MAIIJIMOHOB I0aHEi.

3HaKOMCTBO C XXypHasiom
«MexpucunnanHapHblie maTepuanbi»

HoBerit HayuHbIM XypHAT « MeXIUCIUTIINHAPHEIE
martepuanbl» (Interdisciplinary Materials) (ISSN: 2767-
441X) obut ocHOBaH YTV m3nareascTBoM «John Wiley &
Sons, Inc» B mexadbpe 2021. ITepBoIif BEITYCK OBLI B STH-

-} nterdisciplinary
I\ aterialsy— ==

seae |

Bape 2022, 1 B TIepBbIe TP ToAa MyOJMKAIIUN B HEM
OynyT O6ecIIaTHBI.

«MexXauCcIUIITMHAPHBIC MAaTePUAJTBI» SIBIISICTCS OT-
KPBITBIM, PELeH3UPYEMBIM U OLICTPONYOIMKYEMbBIM
XKypHaJIOM, OPUEHTUPOBAHHBIM Ha MEXINCIIUTIIN -
HapHBIE UCCIeA0BaHNS Ha CTBIKE MaTepHaOBeIeHUS
1 IPYTUX HAyIHBIX 00JIaCTei, TaKMX KaK (hH3MKa, XUMUSI,
MareMaThKa, MeXaHuKa, OMOJIOTHSI, SHEPTHsI, S9KOJIOTHS,
nH(bOPMAaTHKa, MHXKEHEePHOE UCKYCCTBO 1 Ap. Llemb xKyp-
HaJla — ITyOJIUKAaIIAsl HOBEMIITNX TOCTIKCHNUI B HayKe
1 TEXHHUKE BO BCEM MUpE.

Oxupaercs, 9To «MeXTUCIUTUIMHAPHBIE MaTepU-
aJIbl» BOTIJIOTUT MEXIUCIMUIIMHAPHBINA M CUCTEMHBIN
ITOIXOIBI B M3YUYCHUM MATEePHUAJIOB ST 00ECIICUCHUS
00MeHa HayYHBIMU JOCTIKCHUSIMU MEXKAY CITeIIAaI-
CTaMU M3 pa3INYHbIX o0nacTeil. YuraTeabcKas ayauTo-
pust OyIeT BKIIIOUaTh (DM3MKOB, XAMUKOB, MATEMATHUKOB,
CTIEIIAIMCTOB MO MeXaHWKe, OMOJIOTUY, DHEPTETUKE,
SKOJIOTUM, MaTepUaJIOBeIeHNIO, MHXXEHEPOB M3 aKaze-
MMUYECKHUX 1 OTPACIEBEIX CTPYKTYP, a TAKKe TIPEICTaBU-
TeJIEW TOCYTapCTBEHHOM BJIACTH.

«MexaucunIimHapHble MaTepyalibl» TIPUTIIAIIaeT
Bac mmomaBaTh KauecTBEeHHBIE, COMEPKAIINEC HAYIHYIO
1 TIPaKTUYECKYIO0 HOBU3HY CTaThbU, a TAKXKe PELIeH3UMU,
0030pbl, OTKJIMKU U IPYTO# coaepKaTeIbHbII KOHTEHT,
MPEICTaBIISIOIINI MHTepeC B chepe MEKIUCIIUTIIMHAP-
HBIX MaTepHAaIoB.

Interdisciplinary Materials
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APPLICATION OF NANOTECHNOLOGIES AND NANOMATERIALS IN CONSTRUCTION

Original article
https://doi.org/10.15828/2075-8545-2022-14-6-481-492

Influence of Activation Methods on the Structural
and Technological Characteristics of Nanomodified
Cement Compositions

Natalia O. Kopanitsa' (|}, Olga V. Demyanenko’ (>}, Anzhelika A. Kulikova'* (2}, Svetlana V. Samchenko? (®},

Irina V. Kozlova? (°), Nadezhda A. Lukyanova?®

'Tomsk State University of Architecture and building, Tomsk, Russia
2 National Research Moscow State Civil Engineering University, Moscow, Russia

* Corresponding author: e-mail: lika.panda.19@gmail.com

ABSTRACT: Introduction. We studied the effect of nanosized silicon dioxide (SiO,) on the structural and technological character-
istics of nanomodified cement compositions introduced together with activated mixing water. Materials and research methods.
Activation of mixing water was carried out by means of magnetic field and ultrasonic action. For investigation the capability to
maintain their properties for a long time, the stability of silica suspensions in activated water was studied. For finding out the
effect of activated silica suspensions on the structure and properties of composite materials based on cement, the physical and
mechanical properties of the studied compositions were explored. X-ray and differential thermal analysis of the hardened activated
nanomodified cement paste were also carried out. Results and discussion. The positive role of the suspension of silicon dioxide
in activated water was associated with a decrease in the microheterogeneity of the hardened cement paste, ensuring the stability
of its physical and mechanical characteristics. Based on the above mentioned observations, a mechanism was proposed for more
efficient incorporation of nanosized silicon dioxide into cement hydration processes both due to chemisorption with Ca(OH), in
the hardening cement paste and due to the topological effect of nanoparticle localization in defects and ultramicrovoids of a crys-
tallizing disperse system. Conclusion. The results show that suspensions of silica in activated water can maintain their properties
for a long time. Graphical dependencies are shown, indicating the effectiveness of the use of activated silica suspensions in the
production of cement composites. This quality makes it possible to obtain repair compounds with the required properties during
construction work for various purposes.
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INTRODUCTION

Currently, much attention is paid to the development
of nanotechnologies in various fields of science and
technology. Promising nanodispersed materials include
nanocomposites based on silicon compounds [1-3]. The
effect of nanomodification on the structure, phase com-
position, and properties of materials is being actively stu-
died [4—6, 24—28]. The introduction of nanotechnology

elements into the system is accompanied by intentional
molecular engineering, neoformations, nanostructures,
nanosystems and nanoobjects [7, §].

Most frequently, nanosized silica particles are consid-
ered as growth stimulants in biotechnology for the devel-
opment of the agro-industrial complex [9, 10].

For the construction industry, nanosized silicon com-
pounds are also of interest [11—14]. For example, it was
shown in [15] that the introduction of nano-SiO, and
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nano-Al O, into cement at low relative humidity (60%
relative humidity) and low air pressure (50 kPa, 60 kPa,
70 kPa) contributes to compaction of the microstructure,
increasing the degree cement hydration and improved
flexural and compressive strength, in contrast to samples
that do not contain nanocomponents.

The purpose of this research is to establish the influ-
ence of activation methods on the structural and techno-
logical characteristics of nanomodified cement composi-
tions by activating the mixing water under the influence
of a magnetic field and ultrasonic action.

The analysis shows that the processes of hydration and
structure formation of cement stone can be “activated”
by affecting the mixing water. This leads to intensifica-
tion of the processes of structure formation, modification
of the structure and properties of composite materials.
In [16, 17], changes in the structural, optical, kinetic,
magnetic, and other physicochemical properties of the
studied cement systems are noted. The external influences
(chemical, physical) of the field on the components of
a disperse system is considered both at the microlevel are
considered: from the standpoint of the rearrangement of
electron shells, and at the macrolevel, where structural
macroscopic formations are modeled, as well as when
using various kinds of nanoadditives at the level of forma-
tion of nanostructures in composite materials [18, 19].
Despite the promise of using activated water, it has not
yet been widely used in constrution technologies [20, 21].
The effect of magnetic activation of mixing water on the
properties of composites with a mineral matrix and on
the course of their structure formation processes is as-
sociated with a change in the properties of the treatment
object itself, as well as with the intensity and degree of
structure restructuring, as well as with a change in the
degree of cement hydration in solid and liquid phases.
In the technology of repeated magnetic activation of
mixing water, regardless of its type, additional oxygen is
introduced into the treatment object and a magnetic field
is applied simultaneously, which stimulates the course of
processes with a change in the energy saturation of water
during treatment and its holding after activation. The
treatment of a liquid by a rotating magnetic field enhances
its effect on the molecules as a result of the orientational
action, which reduces to their combination into com-
plexes. In liquids with polar molecules, the orientational
polarization is more pronounced. The electrostatic field is
a special case of the electromagnetic field, therefore, the
phenomena occurring in the liquid under the influence of
this field will be similar, because the magnetic moments
of the electrons interact with the external field. The pa-
per presents comparative data on the assessment of the
influence of different nano-SiO, content of the modes of
cyclic magnetic activation of water and cement slurry on
the strength characteristics of cement stone and the water
demand of cement paste.

MATERIALS AND RESEARCH METHODS

Portland cement CEM 1 42,5N from the Topkinsky
cement plant GOST 31108-2020 was used as a binder.

The chemical and mineralogical compositions of Port-
land cement clinker are shown in Table 1.

Silicon dioxide obtained by the plasma-arc method
was used as a modifying additive [22, 23]. To obtain a
nanopowder, diatomite from the Kamyshlovskoe deposit
of the Sverdlovsk region in Russia was used as a raw ma-
terial. Characteristics of nano-modifier silicon dioxide
(Si0,) is given in Table 2, micrograph of nano-SiO, and
size distribution curve of SiO, nanoparticles are shown in
Figures 1 and 2, respectively.

As can be seen from Figure 1, SiO, nanoparticles
with a polydisperse size distribution have a characteristic
spherical shape and are presented in the form of agglom-
erates.

Based on the data of micrographs, the size distribution
of nanoparticles (for at least 1000 particles) was estimated
using the iTEM software (Olympus, Japan). The diagram
presented in Figure 2 shows that the nanoparticles of the
resulting powder have a size distribution in the range from
10 to 300 nm, but their largest number (82% vol.) is in
the range up to 100 nm. The distribution peak falls on
particles 11—20 nm in size (13% vol.) [24].

Characteristics of nanomodifiers based on SiO, used
in the work (Ts — nanosized particles; T — finely dispersed
particles) are presented in Table 3.

When conducting experimental studies for mixing
cement, water was used that meets GOST 23732-2011.
The silicon dioxide nanomodifier was introduced into the
water before it was activated in an amount of 0,01—0,05%
by weight of the cement.

Table 1
Portland cement clinker and its main components
Mineralogical composition
Chemical analysis of clinker
of Portland cement, % (main components
of the phase, %)
CaO 61.9
CS 68.9
SiO, 19.8
AlLO, 4.6
CS 12.6
Fe,0, 3.0
MgO 3.6 CA 6.0
SO, 2.8 CAF 11.4
R0 0.9 CaO 1.1
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Table 2
Main characteristics of the nanomodifier (SiO,)
Indicator name Indicator value
Appearance Ultrafine
pp powder, gray
Mass fraction of oxides, %, not less than
SiO, 95.0
Fe,O, 0.11
Al O, 0.17
CaO 0.25
R,0 1.9
MeO 1.0 Fig. 1. Micrograph of SiO, nanopowder
PO 1.0
S0, 0.6 Table 3
Mass fraction of water, 30 Characteristics of nanomodifiers
% no more than :
Miass fraction of losses on 106 Characteristic Specnﬁczsurface, Averz?ge particle
ignition, % no more than . m’/g Rz, L
Specific surface, m?/g 38 Ts10 10 45.00
Average particle size, nm 40 Ts38 38 37.12
Ts59 59 48.34
To activate mixing water by means of a magnetic field, TS84 82.9 43.7]
an installation was used, which is a rack with magnetic . -
funnels successively attached to it (Figure 3). 90 92 41.50
Treatment of water mixing cement paste was car- T110 111 24.50
ried out in a magnetic funnel in the field of a permanent
magnet. One cycle of water treatment was considered T140 140 22.61

18 ,
16
14
12
10

oON & O @

Optimal content of particles, %

Fig. 2. Size distribution diagram of SiO, nanoparticles
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Water

Magnet inside funnel body

One water treatment cycle

Magnet inside funnel body

Two cycle water treatment

Fig. 3. Scheme of magnetic activation of mixing water

the passage of water through one funnel equipped with
a magnetic field.

After reaching the required number of cycles of mag-
netic water treatment, the cement was mixed with mixing
water and a nanomodifier until a cement paste of normal
density was obtained.

Mixing water activation by ultrasonic treatment was
carried out in an ultrasonic bath YAXUN YX-3560
30W/50W). Specifications: power: 30/50 W; operating
frequency: 42 kHz; timer: 1—30 minutes (auto-off). Mix-
ing water was treated for 3 minutes at a power of 50 watts.
The suspension of the silica nanomodifier prepared in this
way was used to obtain a cement paste of normal density.

The studies were carried out on cube samples
20%20%20 mm in size, made from cement paste of nor-
mal density, hardening under normal conditions (T =
18—20°C, W = 90—100%). The compressive strength
of the samples was evaluated at 28 days of curing. For
comparative analysis, modified compositions and con-
trol Portland cement were investigated. At least 5 sam-
ples were prepared for each composition. The strength
value was determined as the arithmetic mean value of
5 samples, the coefficient of variation was not more
than 5%.

The hydration products of the hardened cement paste
were determined by X-ray phase analysis and derivato-
graphic analysis.

X-ray phase analysis was performed on an XRD-6000
diffractometer (Shimadzu, Japan) using CuKa radiation.
The analysis of the phase composition was carried out
using the PCPDFWIN and PDF-4+ databases, as well
as the POWDERCELL 2,5 full-profile analysis program.

The features of phase transformations in the cement
system and the change in the mass of chemically bound
water were determined by derivatographic analysis using
an STA 449 F3 Jupiter device.

RESULTS AND DISCUSSION

Obtaining and stabilization of suspensions of silicon
dioxide nanomodifier.

To establish the aggregative stability of the silicon di-
oxide (SiO,) nanomodifier, the prepared solutions were
poured into cylinders with a volume of V= 100 cm?® and
the process of their sedimentation was observed. During
the experiment, already 50-70 minutes after dispersion,
particles with a content of 0,05% of the nanomodifier
began to settle, after 90 and 180 minutes, respectively,
0,03% and 0,01% of the particles of the nanomodifier.
Consequently, sedimentation proceeds most rapidly in
mixing water containing 0,05% nanomodifier silicon
dioxide (Si0,), and mixing water containing 0,01 and
0,03% nanomodifier is the most aggregatively stable. The
dependence of the deposition rate of the nanomodifier
silicon dioxide (SiO,) on their concentration is shown
in Figure 4.

As can be seen from the presented data (Figure 4),
the stability of systems at low concentrations of the nano-
modifier (from 0,01 to 0,03%) is commensurate, and in
systems with a concentration of these particles from 0,04
to 0,05%, where mixing water was used activated by mag-
netic fields are more stable. In systems treated with ul-
trasonic treatment, they begin to settle after 50 minutes,
compared to 70 minutes fixed for systems activated by
magnetic field.

Such stability of water-silicon dioxide (SiO,) nano-
modifier systems, activated by magnetic field, may be
due to the increased effect on both water molecules and
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Fig. 4. Dependence of the particle settling rate on the concentration of silicon dioxide nanomodifier:
1 — Activated mixing water by magnetic field (MF); 2 — Activated mixing water by means of ultra-

sonic influence (USI)

SiO, nanoparticles as a result of orientational action,
which reduces to their combination into aquacomplexes
[SiO, +*nH,O] .

Ultrasonic action on the system water — nanomodifier
silicon dioxide (SiO,) contributes to the dispersion of SiO,
conglomerates, and water dipoles, surrounding individual
particles with an active surface, also form aqua complexes
that can act as a substrate for the growth and nucleation
of crystal hydrates.

Thus, it can be concluded that the activation of sys-
tems water — nanomodifier silicon dioxide (SiO,) both
by magnetic field and by ultrasonic action are effective
methods for obtaining activated mixing water containing
nanosized particles.

Study of the effect of activated mixing water with silicon
dioxide nanomodifier (SiO,) on the properties of cement
paste.

Experimental studies were carried out to assess the in-
fluence of structural characteristics of nano-SiO,, meth-
ods for obtaining nanosized particles, a rational ratio in
the “cement-nanoadditive” system, conditions for the
uniform distribution of nanoparticles in the volume of
cement paste and the stability of the obtained charac-
teristics.

The studies were carried out on cube samples
20%x20%20 mm in size, made from cement paste of nor-
mal density with different ratios of additives. The content
of the nano-SiO, additive varied from 0,01 to 0,05% by
weight of the cement. For research, silicon dioxide nano-
modifiers with different values of specific surface from

10 to 140 m?/g were used. To determine the rational way

to introduce additives, three options were investigated:

* Method 1 — the additive was pre-mixed with mixing
water;

*  Method 2 — the additive was mixed with cement until
homogeneous, after which it was closed with water;

*  Method 3 — the additive was mixed with mixing water,
the suspension was subjected to ultrasonication, after
which it was added and mixed with cement.

After molding, the samples hardened under normal
conditions (T = 18—20°C, W =90—100%). The compres-
sive strength of the samples was evaluated at 28 days of
curing. At least 5 samples were prepared for each com-
position. The strength value was determined as the arith-
metic mean value of 5 samples, the coefficient of varia-
tion was not more than 5%. The results of the conducted
studies are presented in table 4.

Analysis of the data presented in Table 4 shows that
all types of nano-SiO, studied in the work provide an
increase in the strength of the cement stone in 28 days of
hardening from 2 to 38% compared to the control sample.
The significance of the effect depends on the modifiable
factors. An increase in the specific surface of nano-SiO,
from 10 to 38 m?/g affects the increase in strength by 32%
compared to the control sample, but a further increase in
the specific surface does not lead to a significant increase
in the strength of the cement stone, which is associated
with an increase in the water demand of the binder, due to
with which further studies were carried out on nano-SiO,
(Ts38). The analysis of the obtained results, depending
on the method of introducing the additive, shows the
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Table 4
Characteristics of Cement Stone with Nano-SiO,
Additive R*, MPa
E:::I[:;f' Sample CI;); s;;h? Water;:ie(e)ment With mixing Dry ;’I,l;iissg:::;
e water (1 way) (2 way) G

1. Control 0.00 0.270 68.1 68.1 72.2
2. Cement+Ts-10 0.01 0.275 68.3 68.8 74.0
3. Cement+Ts-10 0.02 0.275 74.1 75.3 76.0
4. Cement+Ts-10 0.03 0.275 76.0 76.5 81.0
5. Cement+Ts-10 0.04 0.280 77.0 76.8 82.1
6. Cement+Ts-10 0.05 0.280 76.7 77.0 83.0
7. Cement +Ts38 0.01 0.270 67.0 74.0 79.0
8. Cement +Ts38 0.02 0.265 74.2 81.0 79.8
9. Cement +Ts38 0.03 0.267 83.0 90.0 95.0
10. Cement +Ts38 0.04 0.270 84.0 93.7 95.3
11. Cement +Ts38 0.05 0.275 85.1 94.0 96.1
12. Cement +Ts59 0.01 0.275 69.0 69.9 84.0
13. Cement +Ts59 0.02 0.280 73.0 71.0 85.0
14. Cement +Ts59 0.03 0.285 71.0 71.8 86.6
15. Cement +Ts59 0.04 0.290 67.0 71.9 87.0
16. Cement +Ts59 0.05 0.290 71.0 72.6 87.1
17. Cement +T84 0.01 0.275 76.0 77.0 77.0
18. Cement +T84 0.02 0.280 75.0 81.0 77.1
19. Cement +T84 0.03 0.280 64.9 83.0 81.0
20. Cement +T84 0.04 0.285 77.0 83.9 80.1
21. Cement +T84 0.05 0.290 78.0 84.0 81.9
22. Cement +T90 0.01 0.280 64.6 77.0 73.0
23. Cement +T90 0.02 0.285 72.3 77.2 77.0
24. Cement +T90 0.03 0.285 75.2 77.3 83.8
25. Cement +T90 0.04 0.285 75.0 79.0 84.1
26. Cement +T90 0.05 0.290 76.0 81.0 85.0
27. Cement +T110 0.01 0.265 66.0 68.0 82.0
28. Cement +T110 0.02 0.265 70.0 72.0 83.0
29. Cement +T110 0.03 0.265 68.0 73.0 86.0
30. Cement +T110 0.04 0.275 65.0 69.0 86.6
31. Cement +T110 0.05 0.275 64.9 67.0 86.8
32. Cement +T140 0.01 0.270 68.0 71.0 84.0
33. Cement +T140 0.02 0.270 69.0 73.0 85.4
34, Cement +T140 0.03 0.270 69.9 73.3 88.0
35. Cement +T140 0.04 0.280 71.1 74.5 89.0
36. Cement +T140 0.05 0.285 73.0 74.9 89.1
37. Cement +SiO, 0.01 0.270 64.0 69.0 71.0
38. Cement +SiO, | 0.02 0.270 67.0 64.0 69.0
39. Cement +Si0, | 0.03 0.270 82.0 87.0 90.0
40. Cement +Si02p1 0.04 0.270 85.0 88.0 93.5
41. Cement +Si0, | 0.05 0.280 86.0 89.0 94.1
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greatest efficiency when mixing the additive with cement
(increase in the strength of the modified cement stone is
38%), as well as with ultrasonic treatment of an aqueous
suspension — up to 41% compared with control samples.
With the first method of adding the additive, it was noted
that nano-SiO, particles agglomerate, which prevents their
uniform distribution throughout the volume of the mix-
ture and does not give a significant effect of increasing
strength. It should also be noted that ultrasonic exposure
to an aqueous suspension with nanosized silicon dioxide
does not significantly increase the strength of the cement
stone, but the technology for producing mixtures becomes
more complicated.

The optimal content of nano-SiO, additive in cement
compositions is 0,03% by weight of cement [22, 24]. From
the results presented in Table 4, it can be seen that the in-
crease in the strength of cement stone in 28 days of hard-
ening is 28 % for composition 4 (additive content 0,03%),
29,2% for composition 5 (additive content 0,04%) and
30,7% for composition 6 (additive content 0,05%).

Features of phase transformations in the cement sys-
tem and the change in the mass of chemically bound wa-
ter, in the temperature range from 20 to 1000°C, were de-
termined by derivatographic analysis (DTA). Figures 5—6
show comparative derivatograms of the control and modi-
fied samples of cement stone with TG and DSC curves.

On the derivatogram (Figure 5) of the control sample
of cement stone, by the 28th day of hardening, the first
peak of the endoeffect is identified at 109°C with a weight

loss of 8,63% due to the removal of free, and then, weakly
bound water, the peak area is 366 J/g; the peak of the
endo effect at a temperature of 100—120°C corresponds
to the dehydration of C,SH, C,S,H,; endoeffect (peak
460°C) with a weight loss of 2,59% refers to the dehydra-
tion of CaOH,, calcium hydrosilicates of the C,SH(B),
C,SH, type peak area 76,59 J/g; the endoeffect (peak
696°C) with a weight loss of 3,29% is associated with
the dehydration of highly basic calcium hydrosilicates:
tobermorite-like phases, C,SH(C), C,SH, and CaCO,
decarbonization.

In the modified cement stone sample, the derivato-
gram (Figure 6) shows a shift of endoeffects towards
higher temperatures; the first peak of the endoeffect, at
115°C, can presumably be explained by the transition of
weakly bound water into chemically bound water. An in-
crease in the peak area to 380.6 J/g, compared with the
control sample, indicates the formation of a larger amount
of nanostructured hydrated compounds. Endoeffects in
the range of 440—490°C with a mass loss of 3.16% are
responsible for the removal of water associated with partial
surface hydration of the original mineral, and endoeffects
at a temperature of 700—800°C with a mass loss of 3.91%
are associated with complete dehydration calcium hy-
drosilicate type CSH(I). An increase in the intensity and
area of the peaks indicates an increase in the number of
hydrate neoplasms.

Comparative X-ray phase analysis of the hydration
products of the control cement and cement with Ts38

T 1% OCK /(MBT/mr)
o - . U} nnomu,w#mu,m,neo,nm,us ngb-ds3 3K30
105 14 ' il Mnowags: :76.59 i J r0
Mnowags: -6.173 flxd!
Hayano: 4402 °C 529.5°C
100 _ Hamenenue "fw' AT64% -1
s . Hauano: 6084 °C
ne: 510.1°C
95 ] lameHeHHe Macew: -8.63 % Mk 696.0°C L _2
90 s
85 1 [4
1]
801 [
(1]
754 — ; : . : : . , : — 6
100 200 300 400 500 600 700 800 900 1000
Temnepatypa /°C

Fig. 5. Derivatogram of the control sample of cement stone in 28 days of hardening
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Fig. 6. Derivatogram of a sample of cement stone with the addition of nano-SiO, in 28 days of hardening

(Figure 7, 8) confirms the formation of new crystal-
line phases in the modified cement stone. According
to the data of X-ray phase analysis, the introduction
of nano-SiO, additive activates the binding of calcium
hydroxide, contributing to an increase in the content
of low-basic calcium hydrosilicates C—S—H (d/n =
4.94;2.92;2.18;2.06; 1.98; 1.82 « 10-"m), which leads
to an increase in the strength of the cement stone. A
significant decrease in the proportion of free calcium

hydroxide is confirmed on the diffraction patterns by an
increased background in the region of small angles and
a decrease in the intensity of the peaks of the Ca(OH),
crystalline phases (d/n =4.9; 2.63; 1.79; 1.48 < 10-°m),
which is associated with hydration reactions of cement
clinker minerals.

To assess the effect of cyclic magnetic activation
of mixing water and cement paste with the addition of
a nanomodifier, cube samples of 20x20x20 mm in size

Ca(OH):
- Ca(OH).

~2Ca0 38i02 2H:0

3Ca0 ALO; 3Ca$0s

NN W W

HivteneHinnoen, Umi.

c.fss
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S
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— C:SH (A)

20 35

40 45
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Fig. 7. Diffractogram of the control cement stone in 28 days of hardening
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Fig. 8. Diffraction pattern of cement stone on the 28" day of hardening: cement + nano-SiO,

were prepared. The number of cycles of magnetic treat-
ment of mixing water was 5, 10, 15, 20, 25.

Data on the effect of cyclic magnetic treatment of
water for mixing cement paste with the addition of a nano-
modifier on the strength of cement stone are presented
in Table 5.

Analysis of the data presented in Table 5 shows that
with 10 cycles of water treatment for mixing cement paste,
it leads to a change in the main physical and mechanical
characteristics of the resulting composites. The strength
of the nanomodified cement stone is increased by 38%
(composition 3) compared to the control composition,
without activation. At the same time, for each composi-
tion, the coefficient of variation was calculated, which for
composition 3 is 4.75%, which proves the effectiveness
of the developed method for activating mixing water on
the uniform distribution of nanoparticles in the volume

of cement paste. The water demand of cement stone is
reduced from 0.27 to 0.255.

Features of phase transformations in the cement sys-
tem and the change in the mass of chemically bound wa-
ter, in the temperature range from 20 to 1000°C, were
determined by derivatographic analysis (DTA). Figure 9
shows the derivatogram of a nanomodified cement stone
sample with activated mixing water.

On the derivatogram (Figure 9) of the modified ce-
ment stone, by the 28" day of hardening, the first peak
of the endoeffect at 104°C is identified and is associated
with the removal of water adsorbed by finely dispersed
neoplasms; endoeffect (peak 460°C) with a weight loss
of 1.32% and peak (508.1°C) refers to the dehydration
of CaOH,, calcium hydrosilicates of the C,SH(B) type,
C,SH, peak area 26 J/g; the endoeffect (peak 717°C)
is associated with the dehydration of highly basic cal-

Table 5
Characteristics of nano-SiO, cement stone with magnetic treatment
Additive content, Number Water .
Sample : . o The coefficient
Sample % by weight of processing | cement | R*, MPa .
number . of variation, %
of cement cycles ratio
K C+w 0 0 0.27 68.1 6.25
1 (C+nano-Si0,)+W 0.03 0 0.27 87.0 6.9
2 (C+nano-SiO,)+W 0.03 5 0.267 89.1 6.1
3 (C+nano-Si0,)+W 0.03 10 0.255 94.2 4.75
4 (C+nano-SiO,)+W 0.03 15 0.26 91.4 5.1
5 (C+nano-Si0,)+W 0.03 20 0.265 93.6 5.36
6 (C+nano-SiO,)+W 0.03 25 0.26 93.7 4.99
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Fig. 9. Derivatogram of a sample of cement stone with the addition of nano-SiO, with activated mixing water

cium hydrosilicates: tobermorite-like phases, C,SH(C),
C,SH,.

CONCLUSION
The obtained results of experimental studies on the
role of magnetic treatment of mixing water together with

the use of nano-SiO, in composite materials based on
Portland cement prove the effective possibility of con-
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BnnaHune cnoco60B akTBaLumn
Ha CTPYKTYPHO-TEXHONIOrNYECKNE XapaKTepUCTUKN
HaHOMOANPNLNPOBAHHDbIX LLeMEHTHbIX KOMNO3ML A

Hatanbsa OnerosHa KonaHnuua' ', Onbra BuktopoBHa [lembsiHeHKO' "', AHXKenuka AHgpeeBHa Kynukosa'™ "=,
CBetnaHa BacunbeBHa CamueHko? "=, UpuHa BacunbeBHa KosnoBa? "=, Hapexaa AnekceeBHa JlykbsiHoBa?

T ToMCKMiA rocylapCTBEHHbIN apXUTEKTYPHO-CTPOUTENbHBIN YHUBepcuTeT, TomcK, Poccun
2 HaumoHanbHbI nccnefoBaTenbCkuin yHmBepcmteT MOCKOBCKMI rOCYyAapCTBEHHDIV CTPOUTENbHbIN YHUBEPCUTET,
MockBa, Poccus

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: lika.panda.19@gmail.com

AHHOTALNA: BeepeHue. B paboTe 13y4anocb BAMAHME HAHOPa3MEPHOro ANOKCUAA KpeMHuA (SiO,) Ha CTPYKTYpHO-TEXHONO -
yecKne XxapakTeprcTUKN HAHOMOANPULIMPOBAHHbBIX LIEMEHTHbIX KOMMO3MLMI BBEAEHHOrO COBMECTHO C aKTMBMPOBaHHOW BOAON
3aTBOpeHua. MaTepmnanbl u meToAbl cciefoBaHNA. AKTUBaLVA BOAbl 3aTBOPEHA OCYLLeCTBAIaCb NMOCPEACTBOM BO3AeNCTBUA
MarHUTHOIO MOMA U YNIbTPa3BYKOBOIo BO3AENCTBUA. [INA N3yyYeHMsA CNOCOBHOCTY COXPaHATb CBOW CBOWCTBA ANMTENbHOE BpeMs
6bln1a N3yyeHa yCTOMYMBOCTb CYCNeH3Ui AMOKCULA KPEMHMA B aKTUBMPOBaHHOW Boge. YTOObl BbIACHWTD BIMAHME aKTUBUPOBaH-
HOW CyCrneH3nn ANOKCMAA KPEMHMA Ha CTPYKTYPY 1 CBONCTBA KOMMO3MLMOHHbBIX MaTePUAoB Ha OCHOBE LieMeHTa, Oblin N3yyeHbl
bu3nKo-MexaHMYecKne nokasaTeny NcciefyeMblX KOMMo3nuumi. Takxke Obinv NnpoBeAeHbl PeHTreHOBCKMI 1 anddepeHUmnanbHO
TEPMMUYECKMI aHanV3 3aTBEPAEBLLEro akTUBYPOBAHHOTO HAHOMOAUGULIMPOBAHHOTO LIEMEHTHOTO TecTa. PesynbTraTbl 1 o6cyxaeHue.
MonoxwuTenbHasa Posb CyCreH3nn ANOKCMAa KPEMHNA B aKTVBMPOBaHHOM Bofie Obina CBA3aHa CO CHMPKEHEM MUKPOHEO[HOPOS-
HOCTV 3aTBEPAEBLLENO LIeMEHTHOTO TecTa, obecrneyeHnem cTabnnbHOCTY ero Gpr3MKO-MeXaHNYeCK X XxapakTeprucTuk. Ha ocHoBaHum
3TUX HabsloAeHI 6biN NpefoXKeH MexaHr3M 6onee 3GpHeKTUBHOTO BKIIIOUYEHUA HAHOPA3MEPHOIO JUOKCKAA KPEMHUA B MPOLECChI
rmapaTauny LeMeHTa, Kak 3a cueT xemocopbumm ¢ Ca(OH), B TBepAetoLen LeMeHTHON NacTe, Tak 1 3a CYET TOMOIOTMYECKOTo 3¢-
deKTa nokanmMsaummn HaHo4acTUL B fedeKTax v yNbTPaMMKpPOnyCcToTax KpUCTanan3yoLwenca UCNepcHoi CucTemMbl. 3aKntoueHne.
Pe3ynbTaTbl NOKa3blBatoT, YTO CyCneH3nn AUOKCHAA KPEMHUA B aKTUBMPOBAHHOW BOAE CMOCOOHbI COXPaHATb CBOV CBOWMCTBA Anvi-
TenbHoe Bpems. [okasaHbl rpaduyeckme 3aBUCMMOCTY, CBUAETENLCTBYOLME 00 3GDEKTUBHOCTN NCMONb30BaHWA aKTVBMPOBAHHOW
CYCMeH31M ANOKCUAA KPEMHIA B MPON3BOACTBE LIeMEHTHbIX KOMMO3MTOB. 9TO KaYeCTBO NO3BOJIAET MOJTyYaTb PEMOHTHbIE COCTaBbI
C TpebyemMbIMU CBONCTBaMM NPV NPOBEAEHN CTPOUTENbHBIX PAabOT Pa3HOro HasHauYeHus.
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BBEJIEHUE HBIM MaTepuajiaM OTHOCSIT HAHOKOMITO3UTHI HA OCHOBE
coenqnHeHuit KpeMHud [1—3].

BHaCTOHH_Iee BpeMsI YACISICTCS MHOTO BHUMAaHMS AKTHBHO M3y4YaeTCs BIMSHIEC HAHOMOINU(DUKAIITT

Pa3BUTHUIO HAHOTEXHOJIOTHUI B paslINUHBIX cpepaX  Ha CTPYKTYPY, (Da30BEIi COCTaB M CBOMCTBA MAaTEPHAJIOB

HayKW U TeXHUKA. K mepcrneKTUBHBIM HaHOOUCTIEPC- [4—6, 24—28]. BHeapeHue B CUCTEMY 3JIEMEHTOB HAHO-
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TEXHOJIOTHH COIIPOBOXKIACTCS IIeICHATIPABICHHOM MH-
JKeHepHel MOJIEKYJI, HOBOOOpa30BaHMIA, HAHOCTPYKTYD,
HAHOCUCTEM M HAHOOOBEKTOB [7, 8].

Hanbomee vacto HaHOpa3MepHBIC YaCTUIIBI KpEMHE -
3eMa pacCMaTPUBAIOTCS B KAUeCTBE CTUMYJISITOPOB POCTa
B OMOTEXHOJIOTHSIX JJTSI PA3BUTHSI arPOIIPOMEBITIUICHHOTO
KoMIuIekca [9, 10].

st cTpOnTEIBPHOM OTpacii HaHOPa3MepPHBIE CO-
eIMHEHUSI KPeMHUS TaKXKe MPencTaBistioT mHTepec [11—
14]. Hanmpumep, B paboTe [15] moka3aHoO, 4TO BBeJIcHIE
HaHOSiO2 u HaHOA1203 B LIEMEHT IPY HU3KOI OTHOCHU-
TeJIbHOM BIaxXHOCTU (60% OTHOCHUTEIbHOM BIasKHOCTH)
¥ HU3KOM naBiieHun Bosayxa (50 kI1a, 60 xI1a, 70 kI1a)
CITOCOOCTBYET YIDIOTHCHUIO MUKPOCTPYKTYPHI, YBEJI-
YEeHUIO CTCIICHN THUApATALIMU IIEeMEHTa U YIyYIICHHIO
MIPOYHOCTHU Ha M3TUO U CXKATHE B OTIIMYIME OT 00Pa3IoB,
HE coIepKalllnX B CBOEM COCTaBE HAHOKOMIIOHEHTOB.

Lleapro maHHOI pabOTHI SIBISIETCS YCTAHOBIICHUE
BIMSTHUSI CITOCOOOB aKTHBAIIMU Ha CTPYKTYPHO-TEXHO-
JIOTUIECKHE XapaKTepUCTUKN HAaHOMOIU(PUIIIPOBAH-
HBIX IEMEHTHBIX KOMITO3UIINI MTOCPEICTBOM aKTHBA-
IINU BOIBI 3aTBOPECHUS BO3ACHCTBIEM MAaTHUTHOTO TTOJIST
¥ yIBTPa3BYKOBEIM BO3ICHCTBHCM.

AHaJIn3 MOKa3bIBaeT, YTO MPOLECCHl TUApaTalun
¥ CTPYKTYPOOOpa30BaHUS LIEMEHTHOTO KaMHSI MOXHO
«aKTUBUPOBATH» ITyTEeM BO3ICUCTBHUS Ha BOLY 3aTBO-
peHMSI. DTO IMPUBOAUT K MHTCHCU(MUKAIINHI TIPOIIECCOB
CTPYKTYpOOOpa30BaHM, MOTUMDUIINPOBAHUIO CTPYKTY-
PBI ¥ CBOMCTB KOMITO3MIIMOHHBIX MaTepuaiios. B [16, 17]
OTMEYAIOTCSI MUBMEHEHUS CTPYKTYPHBIX, OIITUICCKUX, KH-
HETMYECKMX, MATHUTHBIX U IPYTUX (PU3UKO-XUMUIECKUX
CBOICTB MCCIIEAYeMBIX IIEMEHTHBIX cricTeM. Paccmarpu-
BaeTCs BAUSIHUE BHEITHUX BO3NEUCTBUI (XMMUYECKOE,
(usngeckoe) Mot Ha KOMIIOHEHTHI TUCIIEPCHOM CH-
CTeMBI KaK Ha MUKPOYPOBHE — C TIO3UIINI TIepeCTPONKH
3JIEKTPOHHBIX 000JIOUEK, TaK M Ha MaKpPOYPOBHE, THE
MOIETMPYIOTCS CTPYKTYPHBIC MAKPOCKOTIMIECKIE 00pa-
30BaHUS, a TAKIKE TIPY UCITOJIB30BAHUU PA3IMIHOTO poaa
HaHOIO0AaBOK Ha YpOBHE (POPMHUPOBAHNUS HAHOCTPYKTYP
B KOMITO3UIIMOHHBIX MaTepuanax [18, 19]. HecMmorps
Ha TePCIIeKTUBHOCTD MCTIOJIb30BaHMSI aKTUBUPOBAHHOMN
BOIBI, IMMPOKOTO IIPUMEHEHUS B CTPOUTEIHHBIX TEXHO-
JIOTUSIX OHA IO HACTOSIIIETO BpeMeHU He HaxomuT [20,
21]. BmustHMe MarHUTHOM aKTUBAILIMK BOIBI 3aTBOPCHUS
Ha CBOICTBAa KOMIIO3UTOB C MUHEPAJIbHOW MaTpulei
¥ Ha TeUYCHHE TPOLIECCOB NX CTPYKTYPOOOpa30OBaHUS
CBSI3aHO KaK ¢ M3MCHEHNEM CBOMCTB CaMOT0 OOBEKTa
00pabOTKM, TaK 1 ¢ THTCHCUBHOCTHIO M CTETICHBIO TIepe-
CTPOMKHU CTPYKTYPHI, a TAKXKE ¢ M3MECHEHUEM CTCIICHU
ruapaTaluMy LeMeHTa Mo TBEPAOW M XKUIAKOM (azaM.
B TexHOIOTMY TOBTOPHOIT MATHUTHOM aKTUBALINH BOIBI
3aTBOPEHUSI, HE3aBUCUMO OT €¢ THIIa, OMHOBPEMEHHO
MPOUCXOIUT BHECEHNE B 0OBEKT 00pabOTKM TOMOJTHU-
TEJILHOTO KHACIIOpOAa U BO3ACHCTBIE MAaTHUTHOTO TIOJIS,
YTO CTUMYJIMPYET TeUCHUE TIPOIIECCOB ¢ M3MEHECHUEM

SHEPTOHACHIIIIEHHOCTH BOIBI B IIpoIiecce 00pabOTKM
1 BBIIEPXKKM e¢ mocie aktuBanuu. O6paboTKa XKuI-
KOCTH BpaIalOIINMCSI MAaTHUTHBIM ITOJIEM YCIIMBACT
CBOE BO3IIEICTBMEC Ha MOJICKYJIBI B Pe3yJIbTaTe OpUCH-
TAIlMOHHOTO OCHCTBUS, CBOISIICECS K MX COCANHEHUIO
B KOMIUICKCHI. B JKMIKOCTSIX ¢ MOISIPHBIMU MOJICKYJIAMI
OpHUEHTAIIMOHHASI TIOJISIPU3AlIs BEIpaXkaeTCsT CHIIBHEE.
DIIEKTPOCTATUIECKOE TTOJIC SIBIISICTCST YACTHBIM CITydacM
3JICKTPOMATHUTHOTO TIOJISI, TIO3TOMY U SIBJICHMS, TIPOVIC-
XOISIINE B KUIKOCTH IO BIUSHUAEM 3TOTO TI0JIsI, OYIyT
AHAJIOTUMYHBIMU, T.K. MATHUTHBIE MOMCHTBI 3JICKTPO-
HOB B3aMOACUCTBYIOT C BHEITHUM TT0JIeM. B padbote
TMIpeICTaBICHBI CPABHUTEIIBHBIC JaHHBIC ITO OLICHKE BITH-
SIHUSL Pa3JIMYHOIO CONEpXKaHUA HaHO-Si0, peXumMoB
IIMKJIOBOI MAarHUTHOM aKTUBAIIMM BOABI M IIEMEHTHOMN
CYCITeH3UM Ha TIPOYHOCTHBIC XapakTepuctnku LIK 1 Bo-
TOTTOTPEOHOCTD IIEMEHTHOTO TECTA.

MATEPUAJIBI 1 METOJbI UCCJIEJOBAHUSA

B xauecTBe BSKYIIMX MaTepraioB UCITOJIb30BAJIC
noptiaanaiemMeHT LIEM 1 42,5H TonknHCKOTo IeMeHT-
Horo 3asoza 'OCT 31108-2020.

XUMUUECKU 1 MUHEPAJIOTMYECKII COCTaBbI KIIMH-
Kepa MopTiaHAleMeHTa IPUBeaeHBI B Ta0. 1.

B xauecTBe MmoguduLUpyOLIei 100aBKU UCIIOJIb-
30BaJICS TMOKCHJI KPEMHMUS, TTOJTYYEeHHBIN TJ1a3MeHHO-
JIYTOBBIM MeTomoM [22, 23]. s moaydyeHUsT HaHOTIO-
pOIIKa B KAaUYeCTBE CHIPhS MCHOJIb30BaJICI TUATOMUT
KampimutoBckoro mectopokaeHust CBepaioBCKOi 00-
nacTtu B Poccun. XapakrepucTiKa HaHOMoan(uKaropa
auokcuaa kpemuus (SiO,) npuseneHa B Tabl. 2, MUKPO-
(dororpadus HaHo-SiO, u KpuBasl pacrpeIe/IeHUs Ha-
Houactul SiO, o pasmepam NpeacTaBieHbl Ha puc. 1
1 2, COOTBETCTBEHHO.

Kak BumHO u3 puc. 1, HaHOYaCTUIIbI SiO2 IO -
CIIEPCHOTO pacIpeaesieHNs IT0 pa3MepaM NMEIOT XapaK-

Tabauya 1
ITopTaanameMeHTHBI KJIMHKEP ¥ €70 OCHOBHbIE
COCTABJISIONINE

. MuHepaiornyeckuii co-
XuMHYeCKHii aHAIN3
Ry CTaB KJIMHKepa (0OCHOBHbIE
’ cocrasJistiomue asbi, %)
CaO 61,9
. CS 68,9
SiO, 19,8
ALO, 4,6
CS 12,6
Fe,0, 3,0
MgO 3,6 CA 6,0
SO, 2,8 CAF 11,4
R,O 0,9 CaO 1,1
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Tabauya 2
OcHoBHbIe XapaKTepucTHKH HaHoMoaupuKkaropa (SiO,)
3HaueHue
HaumeHoBaHne noka3ares
noka3aTeJsi
. YabTpanucrepcHblIii

Brewnui Bun TMOPOLLOK, IIBET CEPBINA
MaccoBas 10151 OKCuaoB, %, He MeHee

SiO, 95,0

Fe O, 0,11

Al O, 0,17

CaO 0,25

R,0 1,9

MgO 1,0

PO, 1,0

SO, 0,6
MaccoBas 10151 BOIbI,

3,0

% He Gonee
MaccoBag goJig notepb npu
npoKanuBaHuu (TL.1.11.), % 1,06
He Ooiee
YienabHast TOBEPXHOCTh, M2/T 38
CpenHuii pa3Mep yacTull, HM 40

TepHYIO chepriIecKyio (hopMy U TIPEICTABICHBI B BUIE
arJoMeparoB.

Ha ocHoBanuu gaHHBIX MUKpodoTorpacduii, pac-
TpeaeaeHre HaHOYACTHII IO pa3MepaM (He MEeHee 9eM
st 1000 yacTUIl) OIeHWBAIOCH ¢ NCIIOIb30BaHUEM
nporpamMmmHoro obecrieueHus iTEM (Olympus, Japan).

Puc. 1. Mukpodororpadus Hanonopouka SiO,

[pencrapneHHast Ha pUCYHKe 2 IMarpaMMa MoKa3blBaeT,
YTO HAHOYACTHUIIBI ITOJIyYeHHOTO TIOPOIIKA UMEIOT pac-
TpenesieHre 1o padmepam B quamnasone ot 10 1o 300 HM,
HO HanboJibllIee X KOJU4ecTBO (82% 00.) HaXOoaUTCs
B uHTepBaje 1o 100 uM. [Tuk pacnpeneaeHus MpUxXo-
JIUTCd Ha yacTULbl pasmepamu 11—20 am (13% 006.) [24].

XapakTepUCTUKH UCITOJIb3YeMbIX B pab0oTe HAHOMO-
nudukaTopos Ha ocHoBe SiO, (Ts — HaHOpa3MepHbIe
yacTulbl; T — TOHKOAMCTIEPCHBIC YaCTUIIBI) TIPEACTAB-
JIEHBI B Ta01. 3.

[1pu npoBeeHNM SKCIIEPUMEHTATBHBIX UCCIIEI0BA-
HUI 1T 3aTBOPEHUST LIEMEHTa MCIOJIb30BaJIach BOJIa,
ynosierBopsomas T'OCT 23732-2011. HarnoMonu-
(ukatop nrokcuma KpeMHUsI BBOAWICS B BOLLY Mepes
TeM, KaK OHa ToJBeprajlach akKTUBAIIUU B KOJIMYECTBE
0,01-0,05 % ot Macchl LIeMeHTa.

18 4
16
14
12
10

o N B D

OTHocuTensHoe coaepxaHue
yactuy, %

AnameTp, HM

Puc. 2. inarpamma pacnpenenenus Hanodactun SiO, no pasmepam
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Tabauya 3
XapakrepucTuku HaHoMoaupKaTopoB
XapakTepu- VAR Cpennuii pa3me
P p TOBEPXHOCTb, PEIHMH P
CTHKA 7 YaCTHll, HM
M2/t
Ts10 10 45,00
Ts38 38 37,12
Ts59 59 48,34
T84 82,9 43,71
T90 92 41,50
T110 111 24,50
T140 140 22,61

151 aKTUBAIIK BOIBI 3aTBOPEHMST IIOCPEICTBOM BO3-
IEWCTBUS MAaTHUTHOTO TIOJISI KCITOJTh30BaJIach YCTAaHOB-
Ka, IIpeCTaBIIIoNIast COOOM CTOMKY ¢ TTOCTIeIOBaTEIb-
HO TIPWICTIJICHHBIMM K HEi MATHUTHBIMU BOPOHKAMU
(puc. 3).

O06paboTKa BOIBI 3aTBOPEHUS IIEMECHTHOTO TECTa OCY-
IIECTBIISUIACH B MATHUTHOI BOPOHKE B ITOJIC TIOCTOSTHHO-
ro MarauTa. OTHUM IIUKJIOM 00pabOTKY BOILI CUNTAIN
TIPOXOXKICHUE BOIBI Yepe3 OMHY BOPOHKY, OCHAIIICHHYIO
MAaTHUTHBIM ITOJICM.

[Tocne mocTIKeHNS HEOOXOIMMOTO KOJIMIEeCTBA I~
KJIOB MAarHUTHOIT 00pabOTKM BOIBI IIEMEHT CMEIIIMBAJICS
C BOIIOI 3aTBOPEHUS 1 HAHOMOIMN(PUKATOPOM IO TIOJTY-
YeHUS IIEMECHTHOTO TeCTa HOPMAJIbHOM T'YCTOTHI.

AKTHWBALNS BOIbI 3aTBOPEHMST TTOCPEACTBOM YIbTpa-
3BYKOBOT'O BO3ICICTBHS IIPOBOIMIIACH B YIBTPA3BYKOBOM
BanHe YAXUN YX-3560 30W/50W. Texuuueckue xa-
pakTepuCTUKI: MOITHOCTH: 30/50 BT; pabouas gacTora:
42 xI'mr; Taiimep: 1—30 MmuHYT (aBTOOTKITIOUEHME). Boma
3aTBOPEHUS 00pabaThIBajach 3 MUHYTHI IIPY MOIITHO-
ctu 50 Br. [ToaroroBineHHAs TAKUM 00pa30M CYCIICH3US
HaHOMoIM(UKaTopa TMOKCHIa KPEMHUS MCIIOJIH30Ba-
JIach IUIST TIOJIYIeHMST IIEMEHTHOTO TecTa HOpMaJIbHOM
TYCTOTEHL.

WccnenoBanus mpoBOAMINCH Ha 00pa3liax-KyoruKax
pasMepamut 20X20%20 MM, U3TOTOBJICHHBIX 3 IIEMEHT-
HOTO TeCTa HOPMAJIbHOM T'YCTOTHI, TBEPACIONINX B HOP-
manbHbIX yenoBusx (T = 18—20°C, W = 90—100%).
I[IpoyHOCTH IpHU CXKAaTHHM OOpPa3IOB OLICHWBAIACh
B 28 cyToK TBepaeHU. [T cpaBHUTEIILHOTO aHAIM-
3a OBLIHM MCCIIeI0BaHBI MOOU(UIINPOBAHHBIC COCTABEI
¥ KOHTPOJIBHBIN MOPTIAAHALEMEHT. 1T KaXXI0To co-
cTaBa TOTOBIJIOCH HE MeHee 5 00pa3iioB. 3HaUCHUE
TIPOYHOCTH OIIPEIEIISIIIOCH KaK CpeaHeapru(pMeTHIeCKOe
3Ha4YeHHE U3 5 006pa3ioB, KoahOUIIMEHT Bapualunu
He 6omee 5%.

Boga

Maruur BHYIpH Kopnyca
BOPOHKH

Omua unkn o6paborki Bogs!

MarauT BHVIPH Kopnvca
BOPOHKHM

JBa unxna o0padorku BoOsl

Puc. 3. Cxema MarHuTHOI AKTHBAIIMH BOIbI 3ATBOPEHHS

MetomaMu peHTTeHO(Da30BOTO aHAJM3a U IEPUBATO-
rpapmIecKM aHAJIM30M OTIpeAeICHBI IIPOXYKThI THApa-
TaIlMU 3aTBEPICBIICHT IIEMEHTHOI TTACTHI.

Pentrenodas3oBbIii aHaIU3 BRITOJIHEH Ha TUdpaK-
tomeTpe XRD — 6000 (Shimadzu, dmonus) Ha CuKa-
U3IyIeHUU. AHaIU3 (ha30BOT0O COCTaBa IIPOBEICH C MC-
nonb3oBanveM 6a3 gfaHHbBIX PCPDFWIN u PDF-4+,
a TaKXe IPOrpaMMBbl ITOJTHOIIPO(MILHOTO aHaIMU3a
POWDERCELL 2,5.

OcobeHHOCTH (Da30BBIX IIPEBpAIICHUI B LIEMEHTHO
CHCTEMEe 1 M3MEHEHIE MACChl XUMUICCKH CBSI3aHHOMN
BOIBI OIIpeNeNICHbI AepUBATOTpaMICCKIM aHATTI30M
¢ momorpio mpudopa STA 449 F3 Jupiter.
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PE3YJIbTATBI 1 OBCYKIEHUE

IToaydenue 1 CTAOMIM3ANMS CyCTIeH3Hii HAHOMOIU(H -
KaTopa THOKCHIA KPEeMHHS.

151 ycTaHOBJICHUSI arperaTUBHOM YCTOMIMBOCTH Ha-
HoMOIM(MUKATOpa TUOKCHUIA KPEMHUS (SiOz) MOATOTOB-
JICHHBIC PACTBOPHI IIEPEINBAIN B IIIMHAPHI 00BEMOM
V=100 cM* 1 HaOTIOIAI 3a TTPOLIECCOM X CEIMMEHTA-
mu. B xome skcnepuMenTa yxe uepe3 50—70 MUH mtocite
IVICTIEPTUPOBAHMS HAYaIM OCeIaTh YaCTUIIBI C COOepKa-
uuem 0,05% Hanomonudukaropa, yepe3 90 u 180 Mmun
cootBeTcTBeHHO, 0,03% 1 0,01% vacTuil HaHOMOaU(bUKA-
Topa. ClienoBaTeIbHO, CeMMMEHTALIHS ITPOTeKaeT OBICTpee
BCETro B Bojie 3aTBOpeHus, comepxaieii 0,05% HaHO-
MoaubuKaropa aMokcuna kpemuus (SiO,), a Hanbonee
arperaTMBHO YCTOWYMBA BOIA 3aTBOPEHMSI, COMEPKAIIAS
0,01 1 0,03% nanomonudukatopa. 3aBUCUMOCTb CKOPO-
CTH OCaXKIICHISI HAHOMOIM(PUKATOPA TNOKCHIA KPEMHUS
(SiO,) oT MX KOHLEHTPaLMK TI0Ka3aHa Ha puc. 4.

Kax BumHO M3 TIpeACcTaBIeHHBIX JaHHBIX (puc. 4),
YCTOMYIMBOCTD CUCTEM TIPU MAJIbIX KOHIICHTPAIIMSIX Ha-
"Homoaudukaropa (ot 0,01 go 0,03%) cousmepuMsl,
a B CHUCTeMax ¢ KOHILeHTpanueil atux yactu, ot 0,04
10 0,05%, roe ucmnob3oBaiach BOJa 3aTBOPEHUSI, aK-
TUBUPOBAaHHAsS ITOCPEICTBOM BO3ICHCTBISI MATHUTHOTO
TIOJIST, TIPOSIBIISIIOT OOJIBIIIYIO YCTOMIMBOCTB. B crcTemax,
00pabOTaHHBIX MMOCPEICTBOM YIBTPa3BYKOBOTO BO3-
IEUCTBUsI, HAUMHAIOT ocenaTh yepe3 50 MUHYT IIPOTUB
70 MUHYT, GUKCUPYEMBIX IS CUCTEM, aKTHBUPOBAHHBIX
TIOCPEICTBOM BO3ICHCTBISI MATHUTHOTO TIOJIA.

Taxkast yCTOMYMBOCTb CUCTEM BOJA — HAHOMOIM -
(uxarop nuokcua kpeMuus (SiO,), aKTMBUPOBaHHBIX
IMOCPEACTBOM BO3ACMCTBUSI MATHUTHOIO TOJIsSI, MOXKET
ObITh OOYCJIOBJIEHA YCUJIEHHEM CBOEIO BO3ACICTBUS KaK
Ha MOJIEKYJIbI BOJIbI, TaK M Ha HaHoYacTulbl SiO, B pe-
3yJIbTaTe OPUEHTAIIMOHHOTO IEHCTBIS, CBOISIIEECS K X
COeNMHEHMIO B akBakoMILIEKCHI [SiO, * nH O].

Vi1bTpa3ByKOBOE BO3AECHCTBYE Ha CUCTEMY BOAa —
HaHomonudukarop quokeun kpemuus (Si0,) cnoco6-
CTBYET IMCTIEPTUPOBAHMIO KOHIIIOMepaToB SiO,, a u-
I10JIM BOJIBI, OKPYKasl OTAEIbHbIC YaCTULIbI, UMEIOLIE
AKTUBHYIO ITIOBEPXHOCTb, TAKKe 00pa3yioT aKBaKOM-
IJIEKChI, KOTOPbIE MOI'YT BBICTYIIATh KaK ITOIJI0XKA ST
pOCTa U 3aPOKACHUST KPUCTAJUITUAPATOB.

Taxkum 00pa3oM, MOKHO 3aKJIIOYUTh, YTO aKTUBU-
pOBaHME CUCTEM BOJA — HAHOMOAU(DUKATOP AUOKCHUIL
KpEeMHUST (SiOz) KaK MOCPEeICTBOM BO3JIEHCTBUS Mar-
HUTHOTO I0JIsI, TAK U YJIBTPa3BYKOBBIM BO3[ACHCTBUEM,
SABJISI0TCS 3G (MEKTUBHBIMU IIPUEMAaMMU JUIS TIOJTYYEHUS
AKTUBUPOBAHHOM BOJbI 3aTBOPEHUSI, COAEpKAIIeil Ha-
HOpa3MepHbIE YACTULIBL.

W3ydeHne BIMSHASA AKTHBHPOBAHHOI BOJIbI 3aTBOpE-
HHUA ¢ HAHOMOAM(UKATOPOM IHOKCHAA Kpemuus (SiO,)
HA CBOICTBA IIEMEHTHOTO TECTA.

J171s1 OLIEHKHY BIMSIHUS CTPYKTYPHBIX XapaKTePUCTUK
HaHOSiO,, cioco60B MOIy4eHNsI HAHOPA3MEPHBIX Ya-
CTHULI, PAaLIMOHAJILHOTO COOTHOIIIEHUS B CUCTEME «IIe-
MEHT-HaHOM00aBKa», YCIOBUI paBHOMEPHOCTHU pac-
MpeaeaeHrs] HAHOYACTHULL B 00beMe LIEMEHTHOI'O TeCTa

3,25 3,17
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KonuenTpanus HaHO4YacTHI, %0

0.05

¥ ckopocTh ocegqanusi npu BMII

Puc. 4. 3aBuUCHMOCTDH CKOPOCTH OCEIAHUSA YACTHI] OT KOHIIEHTPAIIMA HAHOMOIU(HUKATOPA TNOKCHIA KPEMHHS:
1 — AKTUBMpPOBaHHAas BoAa 3aTBOPEHMSI ITOCPEACTBOM BO3AeCTBUSI MarHUTHOro 1osist (BMIT); 2 — AkTtuBupo-
BaHHas BoJa 3aTBOPEHUSI ITOCPEACTBOM YJIbTPa3BYKOBOTO Bo3neiicTBus (Y3B)
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Tabauya 4
XapakTepuCTHKHM HEMEHTHOr0 KaMus ¢ HanoSiO,
Conepxanne R*cx, MIla
Howme 00aBKH, % 7
oﬁpaault)a Odpazen " or maces B/L 3a€Bl:)(:)I::])-ll:m c?ciﬁ(::u Ve
neMenTa (1 cuocod) | (2cmocos) | 3cmecod)

1. KoHTpoIbHBI 0,00 0,270 68,1 68,1 72,2
2. Hement+Ts-10 0,01 0,275 68,3 68.8 74,0
3. Hement+Ts-10 0,02 0,275 74,1 75,3 76,0
4. Lement+Ts-10 0,03 0,275 76,0 76,5 81,0
5. Hement+Ts-10 0,04 0,280 77,0 76,8 82,1
6. Hement+Ts-10 0,05 0,280 76,7 77,0 83,0
7. Lement+Ts38 0,01 0,270 67,0 74,0 79,0
8. Lement+Ts38 0,02 0,265 74,2 81,0 79,8
9. Lement+Ts38 0,03 0,267 83,0 90,0 95,0
10. Lement+Ts38 0,04 0,270 84,0 93,7 95,3
11. Lement+Ts38 0,05 0,275 85,1 94,0 96,1
12. Lement+Ts59 0,01 0,275 69,0 69,9 84,0
13. Lement+Ts59 0,02 0,280 73,0 71,0 85,0
14. Lement+Ts59 0,03 0,285 71,0 71,8 86,6
15. Lement+Ts59 0,04 0,290 67,0 71,9 87,0
16. Hement+Ts59 0,05 0,290 71,0 72,6 87,1
17. Lemenr+T84 0,01 0,275 76,0 77,0 77,0
18. LemenTt+T84 0,02 0,280 75,0 81,0 77,1
19. Lemenr+T84 0,03 0,280 64,9 83,0 81,0
20. Lement+T84 0,04 0,285 77,0 83,9 80,1
21. Lement+T84 0,05 0,290 78,0 84,0 81,9
22. Lement+T90 0,01 0,280 64,6 77,0 73,0
23. Hement+T90 0,02 0,285 72,3 77,2 77,0
24, Lement+T90 0,03 0,285 75,2 77,3 83,8
25. Lement+T90 0,04 0,285 75,0 79,0 84,1
26. Hement+T90 0,05 0,290 76,0 81,0 85,0
27. Hement+T110 0,01 0,265 66,0 68,0 82,0
28. Hement+T110 0,02 0,265 70,0 72,0 83,0
29. Hement+T110 0,03 0,265 68,0 73,0 86,0
30. Hement+T110 0,04 0,275 65,0 69,0 86,6
31. Hement+T110 0,05 0,275 64,9 67,0 86,8
32. Hement+T140 0,01 0,270 68,0 71,0 84,0
33. Hement+T140 0,02 0,270 69,0 73,0 85,4
34. Lement+T140 0,03 0,270 69,9 73,3 88,0
35. Hement+T140 0,04 0,280 71,1 74,5 89,0
36. Lement+T140 0,05 0,285 73,0 74,9 89,1
37. Llement+8SiO, 0,01 0,270 64,0 69,0 71,0
38. Lement+SiO, 0,02 0,270 67,0 64,0 69,0
39. Lement+SiO, 0,03 0,270 82,0 87,0 90,0
40. Hement+SiO, 0,04 0,270 85,0 88,0 93,5
41. Lement+SiO, 0,05 0,280 86,0 89,0 94,1
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¥ CTAOMJIBHOCTH TTOJTyYCHHBIX XapaKTEPUCTUK TIPOBEIIC-

HBI KCTICPUMEHTAIbHEIC NCCIICIOBAHNS.
HccnenoBanust mpoBoAUINCH Ha 00pa3iax-KyonukKax

pazMepoM 20%X20%X20 MM, U3TOTOBJIEHHBIX U3 LIEMEHT-

HOTO TeCTa HOPMAaJbHOM TYCTOTHI C Pa3HBIM COOTHO-

meHneM no6aBok. CopepxkaHue 100aBKU HaHOSiO2 Ba-

poupoBaiock ot 0,01 1o 0,05% ot maccel LemeHTa. st

HCCJIEIOBAaHNI MCITOIb30BaINCh HAHOMOIU(UKATOPHI

IUOKCUAA KPeMHUS ¢ pa3IMYHBIMY 3HAUCHUSIMU YICTb-

HoIi moBepxHOoCTH OT 10 10 140 M?/r. [71s1 onipenesieHust

palMOHAIBLHOTO CII0C00a BBEICHUS T00aBOK OBLJIO MC-

CJICIOBAaHO TPU BapHUaHTa:

* 1 crocob — mobaBKa MpeaBapuTeIbHO CMELIMBAIACh
C BOIIOI 3aTBOPEHUS;

* 2 cmocob — mobaBKa CMEIIMBANACh C IIEMECHTOM
IO OMHOPOIHOTO COCTOSIHMSI, TTOCJIC YETo 3aTBOPSI-
JIach BOJIOM;

* 3 cmocob — mobaBKa CMeEIIMBajIach ¢ BOMO 3aTBO-
peHUs, CyCIIeH3UsI TToaBeprajgachk ¥Y3B, mocie gero
IO0aBIISIIaCh U TTIEPEeMEIIINBAJIACh C IIEMEHTOM.
O6pasisl mocie (hopMOBaHUS TBEPISIN B HOPMAJThb-

HbIx ycsoBusx (T = 18—20°C, W = 90—100%). ITpou-

HOCTB TIPU CKATHU 00pa3loB OIIEHMBAJIACh B 28 CYyTOK

TBepaeHMs. st KaskImoro cocTaBa TOTOBUJIOCH HE MEHEE

5 o6pa3noB. 3HaUeHNE TPOYHOCTH OIIPEIEISIIOCh KaK

cpenHeaprudMeTUUECKOe 3HaUeHe U3 5 00pa3loB, KO-

3¢ dumeHT Bapuaunm He oosee 5%. PesyabraThl mpo-

BEICHHBIX MCCIICIOBAHMI TIPEICTABICHBI B TA0I. 4.
AHaIIN3 TaHHBIX, IIPEICTaBICHHEBIX B Ta0JI. 4, TTOKa-

3BIBAET, YTO BCE MCCIIEAyeMbIe B paboTe BuIbl HaHOSIO,

00eCIIeYNBAOT MMOBHIIICHNE ITPOIHOCTH IIEMEHTHOTO

KaMH$ B 28 cyToK TBepreHust oT 2 10 38% 110 cpaBHEHNIO

C KOHTPOJIBHBIM 00pa3oM. 3HAUMMOCTb 3 PeKTa 3aBU-

CHT OT U3MEHSIEMBIX (PAaKTOPOB. YBeIMUCHIE YICTbHOMN

TTOBEPXHOCTH HaHOSiO2 ¢ 10 mo 38 M?/r BIMsIET HA 110~

BBbILIEHME 3HAYEHUST IPOYHOCTU Ha 32% 110 CpaBHEHUIO

C KOHTPOJIBHBIM 00pa31IoM, HO JaJTbHEUIIIee YBETMICHIEC

YIETbHOM MOBEPXHOCTH HE IIPUBOAUT K CYIIECTBEHHO-

MY MOBBIIIEHUIO TPOYHOCTU LIEMEHTHOTO KaMH$, YTO

CBSI3aHO C YBEJIMYEHUEM BOIOTIOTPEOHOCTU BSIXKYIIETO,

B CBSI3U C YeM JaJTbHEUIIINE UCCIICIOBAHMS IIPOBOIMINCH

Ha HaHOSiO, (Ts38). AHanu3 NMOJTyYEHHbIX PE3yJIbTa-

TOB, B 3aBICHUMOCTH OT CITOCO0a BBEeICHUS TOOABKMU,

TTOKa3bIBacT HAaMOOJIBIIYIO 3(POEKTUBHOCTD IIPU CMEIITH -

BaHMM J00AaBKM C IIEMEHTOM (TTOBBIIICHUE TIPOYHOCTH

MOIUGUIIIPOBAHHOTO IIEMEHTHOTO KAMHS COCTABIISICT

38%), a TakKe ¢ yJIbTPa3ByKOBOI1 06pabOTKOI BOAHOM

cycrieH3uu — 10 41% 1o cpaBHEHUIO C KOHTPOJIbHBIMU

obpasuamu. [1pu mepBomM crnocobe BBeIeHUS 100aBKU

OTMEYEHO, YTO YacTHLbl HaHOSIO, aroMepupyroTCs,

YTO TPEMSTCTBYET PABHOMEPHOMY pacIipeIe/IeHUIO UX

o BceMy 00beMY CMECHU U He JaeT 3HauuMoro 3 gexra

MOBBIIICHUS TTPOYHOCTH. Heobxommmo Takke oTMme-

THATH, 9YTO Y 3B BOAHOI CyCIIEH3MH ¢ HAHOPa3MEPHBIM

IMOKCHIOM KPEMHHUS CYIIICCTBEHHO HE YBEIMUMBACT

IIPOYHOCTDH IIEMEHTHOTO KaMHSI, HO TEXHOJIOTHS TIpO-
M3BOJICTBA CMECEH YCITOXKHSICTCS.

OnTtuManbHOe coepkaHue T00aBKI HaHOSiO2 B Lie-
MEHTHBIX KoMno3uuusx cocrasiseT 0,03% oT Macchbl
neMmeHTa [22, 24]. I3 pe3yabTaToOB, MIPEeACTaBIeHHBIX
B Ta0J1. 4, BUIHO, YTO IIPUPOCT IIPOYHOCTU IICMEHTHOTO
KaMHs B 28 CYTOK TBepIeHMsl cocTaBisieT 28% y cocra-
Ba 4 (comepxanne no6asku 0,03%), 29,2% y cocrasa 5
(conepxanue nodasku 0,04%) u 30,7% y cocrapa 6 (co-
nepxanue 1oo6asku 0,05%).

OcobeHHOCTH (Pa30BBIX MIPEBPAIICHUI B IIEMCHT-
HOM cucTeMe 1 M3MEHEHNE MacChl XUMIUYECKHU CBSI3aH-
HOW Boabl B MHTepBaJie Temnepatyp oT 20 go 1000°C
orpenelieHbI mepruBaTorpadmaecknM aHammzoM (JITA).
Ha puc. 5—6 npeacraBiieHbl CpaBHUTEIbHbBIE IEPUBATO-
IpaMMBbI KOHTPOJIBHOTO 1 MOTU(UIIMPOBAHHOTO 00pa3-
OB IIleMeHTHOTr0 KamMHs ¢ KpuBbiMu TT 1 JICK.

Ha nepuatorpamme (puc. 5) KOHTPOJIbHOIO 00pa3La
IIEMEHTHOTO KaMHS K 28 cyTKaM TBepOecHUS WICHTH-
duLMpyoTcd TepBhIid MUK dHI03ddekTa npu 109°C
¢ roTepeii Macchl 8,63% 3a cyer ynajaeHus: CBOOOIHOM U,
Janee, c1aboCBsI3aHHOM BOJIbI, IIOLIAAbL ITuKa 366 JIX/T;
nuK sHpo03¢dekra mpu Temmeparype 100—120°C co-
orserctByet aeruaparauuu C,SH, C,S.H,; snnoad-
dexr (muk 460°C) ¢ morepeit Maccol 2,59% OTHOCUTCS
K neruapatauuu CaOH,, ruIpocuiInKaToB Kajublys
tuna C,SH(B), C,SH, niomans nuka 76,59 Ix/r; oH-
n03hdexT (muk 696°C) ¢ nmotepeit maccol 3,29% cBsizaH
¢ IeruapaTalrieid BEICOKOOCHOBHBIX TUAPOCUINKATOB
KajpLus: TobepmopuTononodHsix das, C,SH(C), C,SH,
1 JeKapOoHM3alnei CaCOS.

B MomuduimmpoBaHHOM 00pa3iie IIeMEHTHOTO KaMHSI
Ha aepuBaTrorpamme (puc. 6) HaGIIOIAIOTCSI CMELLEHKE
5HI03(GPEKTOB B CTOPOHY 00JIce BBICOKUX TeMIIEpaTyp,
MepBhIi MUK dHA03(dekTa — npu 115°C — mpenario-
JIOXXHUTEITBHO MOXET OOBSICHATHCS TIEPEXOI0M CIabo-
CBSI3HOM BOIBI B XUMUYCCKU CBSI3aHHYIO. YBEIMUCHHE
mwionaay nuka g0 380,6 IX/T 110 CpaBHEHUIO C KOH-
TPOJBHEIM 00pa3IIoM CBUACTEIBCTBYET 00 00pa3oBa-
HUHU OOJIBIIET0 KOJIMYEeCTBA HAHOCTPYKTYPHUPOBAHHBIX
TUAPATHBIX COeAMHEHMI. DHI03(GGEKTH B MHTEpBaJIe
440—490° ¢ moTepeit macchl 3,16% oTBevaroT 3a yuaie-
HHE BOIBI, CBI3aHHOM 3a CYCT YACTUIHOI ITOBEPXHOCT-
HOU TUApaTAIIU NCXOTHOTO MUHEpaa, a SHT03((MEeKThI
ripu Temrieparype 700—800°C ¢ rmorepeit B Macce 3,91%
CBsI3aHBI C MIOJTHOU meTHApaTallreil TUIpoCcuInKarTa
kamprus Tima CSH(I). YBenmueHne MHTEHCUBHOCTH
1 TUTOIIAAY TTMKOB CBUIETEILCTBYET 00 YBEIMICHUN
KOJIMIECTBA TUAPATHBIX HOBOOOPAa30BaHMIA.

CpaBHUTEIBbHBINA PEHTTeHO()A30BBII aHAIN3 IIPO-
JIYKTOB THApPATALINM KOHTPOJIBHOTO IIeMEeHTA 1 IIeMEHTa
¢ Ts38 (puc. 7, 8) monTBepkoacT 00pa30BaHNE HOBBIX
KpucTauTnIecKux a3 B MOnuUIIMPOBAHHOM IIEMEHT-
HOM KaMHe. ComtacHO JaHHBIM PEHTTeHOda30BOTO
aHanu3a, BBeeHUe 100aBKU HaHOSiO, aKTUBU3UPYET

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (6):
481-492

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

MPUMEHEHUE HAHOTEXHOJ1IOMMA U HAHOMATEPUAJIOB B CTPOUTE/IbCTBE

1T /% LCK /(MBT/mr)
Moo RG] [llmous|¢,|,1_v’:wo,ie,mso,ﬁ\rzo,usnnb«:u TSKQO
Inouags: - i ouey; 267.9°C
105 - /u, Mnowags: :76.59 Akl ek ro
Mnowgage: -6.173 fwir!
Hauano: 402 °C oo 5295 °C
100 4. M 109.1°C Hamenenne ugons: 17,64 % -1
' Hauano: 6084 °C
Mux: 4602 °C &
Mux: 510.1°C
95 ] lameHeHne Macen: -8.63 % Miec: 696.0 °C L _2
901 [-3
85 - 4
1]
80 [
[
75 L— . ‘ : . : : : : — -6
100 200 300 400 500 600 700 800 900 1000
Temnepatypa /°C
Puc. 5. /lepuBaTorpaMmMa KOHTPOJIbHOTO 00pa31a IIEMEHTHOTO KaMHs B 28 CYTOK TBepaeHus
T /% OCK /(MBT/mr)
(1] 0000817_4_1000_10_AIrS0_Ar20_MS.ngb-ds3 T 3K30
Mnouags: -380 6 it e — Mnowags: 119 Axrl ek Lo.o
—— ‘}i'p HKowey: 548.0 °C W e ’
100 Hauano: 443.9°C TenRe 6064 0 F _0_2
Nk 502.3°C F-0.4
lameHeHne maccw!: -8.81 %
95 4 L 06
Mmc 7672 °C
Minc 4673 °C Muk: 703.0°C + _0.8
Mux: 1154 °C
90 A r-1.0
Mﬁcu 3.16%
L-1.2
85 4 Mamenenne macce: X 91% | -1 4
-1.6
[
80 - " . . , . . ) . . F-1.8
100 200 300 400 500 600 700 800 900
Temnepatypa /°C

Puc. 6. /lepusaTorpaMma o6pasua neMeHTHOro0 Kamus ¢ 1006aBKkoii HanoSiO, B 28 cyTok Tepaenus

CBSI3bIBAHME THAPOKCHIA KAJIbLIKsI, CIIOCOOCTBYSI YBEJIU-
YEHMIO CONEPKAHMUS HU3KOOCHOBHbBIX TUAPOCUIMKATOB
kanpuust C—S—H (d/n = 4,94; 2,92; 2,18; 2,06; 1,98;
1,82+ 107'°M), 4TO MPUBOAUT K IOBBILIECHUIO IIPOYHO-
CTU LIEMEHTHOTO KaMHs. 3HAYUTEIbHOE YMEHbILIEHUE
JIOJI1 CBOOOMIHOIO TUAPOKCHIA KaIbLIMsI IOATBEPKIAETCS
Ha audpakTorpaMmax MOBbIILIEHHBIM (DOHOM B 00J1a-
CTHU MaJIbIX YIJIOB M CHIKEHUEM MHTEHCUBHOCTH ITMKOB
kpucrammmieckux ¢as Ca(OH), (d/n = 4,9; 2,63; 1,79;

1,48 + 1071 M), 4TO CBSI3aHO C peaKLIMSIMU THApaTALIUN
KJIMHKEPHBIX MUHEPAJIOB LIEMEHTA.

J1J1s1 OLICHKM BIIMSIHMSI LIMKJIOBOI MATHUTHOM aKTHBa-
LIMY BOJBI 3aTBOPEHUSI ¥ LIEMEHTHOI'O TECTa C J00aBKOMI
HaHOMOIU(}UKAaTOPa TOTOBMWINCH 00pa3Lbl-KyOuKY pa3-
MepoMm 20%20x20 mm. KonmnmaecTBo IMKIIOB MATHUTHOM
00pabOTKM BOIKI 3aTBOPEHM cocTaBmwiio 5, 10, 15, 20, 25.

JlaHHbBIE 10 BIMSHUIO LIMKJIOBOM MarHUTHOM o0Opa-
OOTKM BOJBI [IJIsI 3aTBOPEHUSI LIEMEHTHOTO TE€CTa C J0-
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Puc. 8. Incpakrorpamma uemMenTHOro Kamusi Ha 28 cyrku teepaenus: I + nano-SiO,

6aBKOIf HAaHOMOIHU(pUKATOpa Ha IIPOYHOCTH IIEMEHTHOTO
KaMHS$ TIpeICTaBIeHbI B Ta0. 5.

AHanu3 naHHBIX, IPeACTaBJICHHBIX B Ta0d. 5, T0-
Kas3bIBaeT, uTo Ipn 10 nmKirax o6paboTKM BOAKI TS 3a-
TBOPEHUS IIEMECHTHOTO TECTa IMPUBOIUT K U3MEHEHUIO
OCHOBHBIX (DM3MKO-MEXaHUIECCKUX XapaKTePUCTUK
TOJTy4eHHBIX KOMIO3UTOB. [IpoyHOCTh HAHOMOIU DN -
LIMPOBAHHOIO LIEMEHTHOIO KaAMHSI MOBbIIIaeTcst Ha 38%
(coctaB 3) o cpaBHEHUIO C KOHTPOJIBHBIM COCTaBOM,
0e3 aktuBanuu. [1py 3TOM 1151 KaXXI0ro cocTtaBa ObLI
paccunuTaH KodPPUIIMEHT Bapralluy, KOTOPBINA IS
coctaBa 3 cocraBisieT 4,75%, 4To mokasbiBaeT a(Pdek-
TUBHOCTb pa3pabOTaHHOIO CIT0CO0a aKTUBAIINU BOIBI
3aTBOPCHMS Ha paBHOMEPHOCTD pacIipeie/icHIs HaHO-
YaCcTHUII B 00bEeMe IIEMEHTHOTO TecTa. BomormoTpeOHOCTh
IeMEeHTHOTO KaMHd cHkaeTced ¢ 0,27 no 0,255.

OcobeHHOCTH (Pa30BBIX MIPEBPAIICHUI B IIEMCHT-
HOM crcTeMe 1 M3MEHEHUE MacChl XUMUICCKU CBSI3aH-
HOIT Bombl, B MHTepBaje Temieparyp oT 20 mo 1000°C
oIpenelieHbI mepruBaTorpadmaecknM aHammzoM (JITA).
Ha puc. 9 mpencrasinena nepuBarorpamma odpasiia Ha-
HOMOAM(PUIIMPOBAHHOTO IIEMEHTHOTO KaMHSI C aKTHBH-
POBaHHOM BOIIOM 3aTBOPEHMUSI.

Ha nepuBaTtorpamme (puc. 9) MonuduimpoBaHHOTO
LIEMEHTHOTO KaMHS K 28 CyTKaM TBepACHUS UACHTU(DH-
LIMPYIOTCS TIepBhI K 3HIo3(dexTa mpu 104°C u cBsI-
3aH C yIaJeHueM BOIBI, alICOPOIIMOHHO CBSI3aHHOM TOH-
KOOUCTIIEPCHBIMA HOBOOOPAa30BaHUSIMH; SHI03(D(DEKT
(nuk 460°C) ¢ morepeii maccol 1,32% u nux (508,1°C)
otHocutcs K aeruaparauun CaOH,, runpocunukaros
KBV TUTIA CZSH(B), CZSH2 Iomanb nuka 26 JIx/r;
sHI03(]dekT (ThK 717°C), CBsI3aH C AeTuapaTacii BbI-
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Tabauya 5
XapakTepuCTHKH IIEMEHTHOTO KamMHs ¢ HaHOSiO, ¢ MarAUTHOIi 00padoTKOI
Conepxkanue KoamyecTBo
Homep Aep R%cx, Koaddumuent
Oopasen n00aBku, % ot IMKJIOB B/11
o0pa3na MlIIa Bapuanum, %
Macchl IEeMEHTa | 00padOTKH
K L+B 0 0 0,27 68,1 6,25
1 (LI+Hnano-Si0O,)+B 0,03 0 0,27 87,0 6,9
2 (I+ nano-SiO,)+B 0,03 5 0,267 89,1 6,1
3 (LI+ nano-SiO,)+B 0,03 10 0,255 94,2 4,75
4 (LI+ nano-SiO,)+B 0,03 15 0,26 91,4 5,1
5 (LI+ nano-SiO,)+B 0,03 20 0,265 93,6 5,36
6 (LI+ nano-SiO,)+B 0,03 25 0,26 93,7 4,99
ACK /(mBT/mr)
T /% MoHHBIM ToK *10710 /A,
1 9K30
100 1 ) Hsmsonemme uacen: 21.22% | 06 F1.20
Momenonio waccw; 629 % Tonas, BN, e F1.10
] 0.4
95 1 Nnoupaw 7899 fwrl L4 00
] - 0.2
L 0.90
90 A +0.0
Hiamenenne maces -1.32 % L 0_80
0.2
1 0.7
85 1 0.70
r0.4 |0
M R Maccer -5 26 %
80 1 (06 Loso
-0.8  L0.40
100 200 300 400 500 600 700 800 800
Faaswoe 2016-06-23 1046 Noasdosatens: admin TeMI'IQpaTypa f C
[*1Npuop @ann Aara Koa o6paua O6paseu M. C.. Ananasol ATmochepa Kopp.
[1] 5TA 449, 0000915_1_2_1000_10_AirS0_Ar20_MSngb-ds3  2016-06-.. 0000915_1 2 8. 1. 45 CA0OKMUHMI0D,,. N202Z, 50 0MAMEH FAF, 20 000, OCHKB20, T
[12] QMS 403 0000915_1_2_1000_10_airS0_ar20__m22.00_s... 2016-05-.. 0000815_1_2_1000_10_arS0_ar. Macca 22. 1. 51°C/A HKMaH1000°C -
COBTID AEOLDRMMEIN CORC NP wirons NE 120 H Froteus

Puc. 9. /lepuarorpamma o0pasua nuemMeHTHOro KamMus ¢ 106aBkoii HaHoSiO, C AKTHBUPOBAHHO! BOJ0# 3aTBOPEHMsI

COKOOCHOBHBIX TUAPOCUIMKATOB KaJIbLIUSL: TOOEPMOpPU-
tononobueix a3z, C,SH(C), C,SH,.

3AKTIOYEHUE

[MomydeHHBIC pe3yIbTaThl SKCIICPUMEHTATBHBIX HC-
CJIeIOBAaHUI O PO MAarHUTHOM 00pabOTKM BOIHI 3a-
TBOPEHHUS COBMECTHO C NpUMeHeHneM HaHOSiO, B KOM-
TIO3UIIMOHHBIX MaTepHajiaX Ha OCHOBE ITOPTIaHAIIEMEHTa
TMOKa3bIBaIOT 3((PEKTUBHYIO BO3MOXKXHOCTD PETYIMPOBa-

HUSI CTPYKTYPHOTO COCTOSTHUSA 1 (pa30BOTO COCTaBa TBEP-
MIEIOIIETrO IIEMEHTHOTO KaMHS TIPY 3HAYUTETHHOM POCTE
€ro IIPOYHOCTU. MarHUTHAsT aKTUBAIIUST BOIBI 3aTBOPEHUS
COBMECTHO C JO0OABKOI IMOBHIIIAET KAYECTBO LIEMEHTHOTO
KaMHsI, 00ecITeunBast CTabMIBHOCTD ITOTyYeHHBIX XapaK-
TEPUCTUK. YCTaHOBJICHHBIC 3aKOHOMEPHOCTH M3MEHEHMSI
(pr3NKO-MeXaHNIECKIX TTOKA3aTeleit MCCIeayeMbIX KOM-
MMO3UIINI CBUICTEIBCTBYIOT 00 3 (PEeKTUBHOCTHU TIPH-
MEHCHMS BOIBI, AKTUBUPOBAHHON MarHUTHBIM TIOJIEM,
B IIPOM3BOACTBE CTPOUTEIHHBIX MATCPUAJIOB.
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ABSTRACT: Introduction. To create concrete with a set of physical and mechanical characteristics, a rational selection of the com-
ponents of the concrete mix is required, including the use of finely dispersed fillers, including those based on recyclable materials,
and a highly effective chemical additive of a certain nature and reactive action, which has a complex effect on concrete system.
Methods and materials. The effectiveness of the components in used additive was assessed by changing the indicators of com-
pressive strength, tensile strength in bending, the assessment of which was carried out according to GOST 10180-2012 “Concrete.
Methods for determining the strength of control samples. For carrying out scientific and experimental studies, the following materi-
als were used: Portland cement CEM | 42.5N; natural sand; fine microsilica; complex chemical additive with increased plasticizing
and reactive effects. Results. The combination of polycarboxylate polymers and nanodispersions of silicon hydroxide enhances
the effectiveness of each component, which is reflected in a significant increase in the coefficient of crack resistance of concrete
at high compressive strength. It has been established that when using a complex nanopolymer chemical additive, the increase in
tensile strength in bending is 67% and it exceeds the increase in compressive strength by more than 30%. Discussion. An increase
in hydration activity in the presence of a nanopolymer additive has a positive effect on the compaction of the emerging concrete
structure. Confirmation of the formation of a dense and strong structure during the hardening of nanomodified concrete is an in-
crease in the water resistance of concrete by 2.5 times and its frost resistance by more than 2.5 times. Conclusion. The advantage
of nanomodified concrete is its increased chemical resistance to carbon dioxide and magnesia corrosion and, in accordance with
the index of chemical resistance coefficient, CCSt> 0.8, and GOST R 58895-2020, the developed nanomodified concrete belongs
to chemically highly resistant concretes. It is advisable to recommend nanopolymer concrete with high physical and mechanical
properties for the manufacture of structures for overhead power transmission lines (OPL).

KEYWORDS: High-strength concrete, tensile strength at bending, durability, chemical additive, nano-dispersion, plasticizing effect,
reaction activity, overhead power line (OPL) constructions.
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INTRODUCTION

Concrete is one of the most common and unique con-
struction materials, as its properties such as strength,
cracking resistance, hardness and frost resistance can be
purposefully controlled, improving each of the required
parameters, as a result of the use of a certain component
composition or the creation and use of high-performance
complex of chemical additives of a certain nature.

The concrete manufacturing technology is quite sim-
ple, it consists of precise metering and careful mixing of

rationally selected components in order to obtain concrete
mixture of a certain mobility, which is used to make prod-
ucts of different shapes and configurations.

The concrete mixture is hardened and formed spon-
taneously under natural conditions at an above-zero tem-
perature of about +5 mo +25°C. During the hardening
process of the concrete mixture, hydration processes take
place and complex hydrate joints of different composition,
different crystalline structure, which influences the for-
mation of artificial stone (concrete) with certain physical
and mechanical properties [1—10].
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Concrete is used in various areas of construction,
for example, in motor roads, airfields and railroads con-
struction to create a high-strength surface, used in the
creation of nuclear power plants for the manufacture of
dense seamless structures, as well as in high-rise buildings,
when creating unique buildings such as Lahta-Center
with a height of 462 m in Saint-Petersburg or buildings
with a height of 268 m in the Moscow-City complex in
Moscow, in addition, demand and require improvement
of the design for OPL (overhead power line), which help
to provide electricity to towns and cities in the center of
the country and in the most outlying areas.

OPL represented by poles, foundations are absolutely
not protected from the influence of such external factors
as wind and precipitations. The main requirement for the
construction of such structures is to increase their working
life. The solution to this problem can be achieved by cre-
ating a concrete with increased tensile strength at bend-
ing at the same time at high compressive strength, which
should improve the resistance of the concrete structure
to cracking. It is advisable and effective to increase the
density of concrete in order to increase the chemical and
frost resistance and waterproof, which should have a posi-
tive impact on increasing the durability of OPL [11—14].

In order to create concrete with a set of above men-
tioned physical and mechanical characteristics it is re-
quired a rational selection of components of the concrete
mixture, and specifically it is advisable to consider the
use of fine fillers, and also it is required a highly effective
chemical additive of a certain nature and reactive action,
which has a complex effect on the concrete system.

This research deals with the solution of the above-
mentioned issues and creating high-performance con-
crete.

METHODS AND MATERIALS

The materials presented below were used for the sci-
entific and experimental studies.

1. Portland cement CEM 142,5H GOST 31108-2020
«Standard cement. General specifications». Physical and
mechanical characteristics of Portland cement:

— normal density of the cement dough (%) — 25,8;

— start cement setting, minute — 165;

— finish cement setting, minute — 257,

— compressive cylinder strength of concrete at 28 days,

MPa — 53,5.

2. Sand for construction works GOST 8736-2014
«Sand for construction works. General specifications »:
— particle size module Mk = 2.6,;

— dust and clay particles — 1,37 %;
— clay lump content — no.

3. Crushed granite as per GOST 8267-93 in fractions
of 5—10 mm. «Crushed stone and gravel from dense rock
for construction works. General specifications»

— dust and clay particles — 0,93 %;
— clay lump content — no.

4. The microsilica (SiO,) MK-85 GOST R 58894-
2020 was considered as a filler.

5. To increase reactive activity of the system, a com-
plex chemical additive was used, which has increased
plasticizing and reactive action effects. The additive was
based on polycarboxylate polymer combined with colloi-
dal solution based on nanodispersions of silica hydroxide
Si0,+nH,0, with particle size — (50—70) nm, and ad-
ditionally as modifiers used substances of organic and
inorganic nature, providing moderate air involvement (in
the range of 4—6%) on the concrete mixture.

The effectiveness of the components of the additive
used relative to the components of the concrete mixture
was evaluated by changing of compression and flexible
strength, wich was estimated according to GOST 10180-
2012 «Concrete. Methods of strength determination by
control samples».

To determine the strength parameters, samples-
cubes with an edge of 100 mm and samples-prisms of
100x100%400 mm were manufactured. Concrete samples
were hardened under normal conditions at temperature
(20£2)°C and humidity W > 95 %.

The ratio of flexible strength to compressive strength
characterizes the resistance of concrete to cracking,
which is essential for centrifugal poles of OPL, which
have a height of up to 26 m at a wall thickness of up to
85 mm. As mentioned earlier, to increase the durability
of structures, it is advisable to increase the density of the
structure of the concrete used for the construction of
poles of OPL.

The water absorption of concrete was determined
according to GOST 12730.378 “Concrete. Methods for
determining water absorption».

The durability of concrete was assessed by the indica-
tors of frost resistance and chemical resistance, which
were determined by standard methods in accordance
with GOST 10060-2012 «Concrete. Methods of determi-
nation of frost resistance», GOST 12730.5-2018 «Con-
crete. Methods of determination of water resistance» and
GOST R 58896-2020 «Chemically resistant concrete.
Test methods».

RESULTS

The main objective of this study is to create con-
crete with the increased resistance to cracking. It can be
achieved by the formation of hydrosilicates with elevated
SiO, content in the hardening process, which are low-base
hydrosilicates and have a fibrous or needle-like structure,
which has a microreinforcing effect on the forming struc-
ture of concrete, positively influencing its tensile strength
during bending. To achieve this, comparative studies were
carried out on the use of the microsilica (SiO,) and the
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nanodispersions of silica hydroxide SiO, «nH,O which is
part of the additive.

According to the design data for poles of OPL, most
often required concrete is B30 with a brand for the work-
ability of the concrete mixture — P3. The most rational
material consumption per 1 m3 of concrete mixture has
been determined on the basis of pre-selected concrete
compositions:

— Portland cement PC CEM 42.5H — 390 kg;
— Sand with M =2,25- 845 kg;

— Crushed stone fraction (5-10) mm - 950 kg;
— W/C ratio — 0,52.

In the first stage, the studies made a comparative as-
sessment of the action efficiency of the microsilica (SiO,)
and the nanodispersions of silica hydroxide SiO,«nH,0O
in the presence of an aqueous solution of a polycarboxyl-
ate polymer with a density p = 1,027 r/cm? and a value of
hydrogen pH = 6.5. The effectiveness evaluation was car-
ried out on changing the mobility of the concrete mixture
and on the index of compressive strength. The results of
studies are presented in table 1.

An analysis of the data presented in Table 1 shows
that the action efficiency of the microsilica (SiO,) is
lower than that of the nanodispersions of silica hydrox-
ide SiO,«nH,0, which is confirmed by the absence of
a plasticizing effect in the microsilica, and at the same
time the increase in compressive strength in the presence

Table 1

of a microcstrap is 11% against the concrete modified
by a polycarboxylate polymer, while in the presence of
silicon hydroxide nanodispersions, the strength increase
is 17% (Fig. 1) and there is an increase in the mobility of
the concrete mixture, as evidenced by a slight decrease in
the W/C ratio in the range (5—7)%.

For thin-walled high-rise constructions, their resis-
tance to cracking is essential, which is evaluated by the
index of tensile strength at bending or fracture resistance
CoeﬂiCient’ Cfr =R tensile strength at bending / compressive strength as
well as important for all concrete structures, especially
for those that are not protected from possible external
adverse effects, to which OPL constructions may be as-
signed, has a durability that is to some extent correlated
with the density of the emerging structure of concrete.

During further scientific and experimental studies,
a comparative assessment of fracture resistance and den-
sity was made when using in a rational amount of the
microsilica (Si0,) and the nanodispersions of silica hy-
droxide SiO,+nH,0 in combination with a polycarbox-
ylate polymer. The results of the studies are presented in
table 2.

The data presented in Table 2 confirm the high ef-
ficiency of the combined action of polycarboxylate poly-
mer and nanodispersions of silica hydroxide, resulting in
a significant increase in the fracture resistance coefficient
at increased compressive strength, and at the same time,

Comparison of the microsilica (SiO,) and the nanodispersions of silica hydroxide SiO,-nH,O efficiency on concrete

mix and concrete properties
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Dependence of the strength of concrete samples on the
amount of microsilicon additive and nanodispersion of
60 silicon hydrodioxide
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Fig. 1. Effect of microsilica and nanodispersions of silicon hydroxide
on the compressive strength nanomodified concrete

Table 2
Comparison of fracture and density of concrete in the presence of the microsilica (SiO,) and the nanodispersions
of silica hydroxide SiO,-nH,0
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the water absorption of the hardened concrete is reduced,
which may be due to a decrease in the W/C ratio and an
increase in the hydration degree, because the increase in
tensile strength at bending is usually due not to compac-
tion of the concrete structure, but to the formation of
hydrosilicates, SiO,, i.e. low-core, which have a fibrous
structure and microreinforcing effect on the forming con-
crete structure.

The microsilica relative to the nanodispersions of sili-
ca hydroxide appears to have less reactive activity and less
action to increase the fracture resistance of the concrete.

Therefore, further studies to assess the durability of
the modified high-strength concrete were carried out with
an additive based on polycarboxylate polymers modified
by nanodispersions of silica hydroxide combined with
an air-inducing component, ensuring rational air uptake
within 4—6%.

The chemical resistance of modified concrete to car-
bon dioxide and magnesium corrosion was identified as
the main durability parameters. To this end, modified
concrete samples were treated in 5% Na,CO, solution
and 5% MgCl, solution for 360 days. The results of the
studies are presented in table 3.

The data presented in Table 3 show that concrete
modified with aqueous polycarboxylate polymer solu-
tion has increased compressive strength and chemical
resistance, which seems to be due not only to the sealing
of the concrete structure, due to the plasticizing effect of
polycarboxylate polymer, but also to an increase in hydra-
tion activity of the components of the concrete mixture.

The addition of nanodispersions of silica hydroxide
SiO,+nH,O0 to the polycarboxylate polymer is effective,
and has an additional positive effect on the increase of

hydration activity of the concrete mixture. Apparently,
the pre-mixing of this components, enhances the own
effectiveness of each component increasingly.

In the presence of a complex chemical additive, the
compressive strength is increased by about 52%, and
the concrete with the additive corresponds to class B47
relative to the design class of concrete B30, the modified
concrete relates to high resistance to carbon dioxide and
magnesium corrosion in accordance with GOST P 58895-
2020 The concretes are chemically resistant. Technical
conditions», while the concrete control composition ac-
cording to Table 3 is «relatively stable» concrete.

Increasing the chemical resistance of the concrete
used for posts or foundations of OPL is of great impor-
tance, which must be taken into account when designing
these constructions.

The increased strength of concrete is usually ac-
companied by a decrease in the W/C ratio as a result of
the modifier plasticizing effect or the formation of an
increased number of new complex hydrate connections,
sealing and reinforcing the forming concrete structure by
creating new contacts between the concrete components,
which should have a positive impact on the durability of
the concrete. Scientific and experimental studies have
been carried out to confirm these assumptions, the results
of which are presented in table 4.

The physical and mechanical performance of modified
concrete at the same cement consumption significantly
exceeds the strength and durability of the test concrete
composition, which leads to the assumption, that the
durability of modified concrete will also increase at least
twofold and should be 100 years or more, which is eco-
nomically and environmentally efficient.

Table 3
Comparison of complex of physical and mechanical characteristics of concrete
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Table 4
Comparison of complex of physical and mechanical characteristics of concrete
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DISCUSSION The use of a complex chemical additive with nano-

Concrete structures for OPL, represented by thin-
walled poles up to 26 m high, whose diameter reaches
0.8 m, as well as foundations, which are used for fixing
and installing poles, are partially in the ground, partly on
the surface, are not protected from negative atmospheric
influences such as alternate wetting-drying, freezing-
thawing. Of course, such constructions require a new level
of concrete properties, which must simultaneously have a
set of improved physical-mechanical characteristics, the
most important of which are fracture resistance, chemi-
cal resistance, frost resistance, waterproof and increased
compressive strength [15—20].

The improvement of the above parameters is possible
and is achieved by the use of an effective chemical addi-
tive based on highly effective surfactants, represented by
a polycarboxylate polymer, which provides a superplas-
ticizing effect. The combination of this type of surfactant
with the nanodispersions of'silica hydroxide SiO,+nH,O
dispersions enhances the plasticizing and water-reducing
effects by more than 27%, and the presence of nanodis-
persions in the additive significantly increases its reactive
activity, providing the formation of new hydrate phases of
a certain structure, which contributes to a higher growth
of tensile strength during bending and, as a result, in-
creased cracking resistance of high-strength concrete
[21-27].

structural elements made it possible to solve the tasks in a
sufficiently complete manner and to create a concrete with
increased reliability and durability, which is expedient to
use for the constructions of OPL.

CONCLUSION

It has been determined that it is advisable to use a
complex chemical additive, which has increased plasticiz-
ing and reactive action effects, to produce concrete with
increased cracking resistance and increased durability.

It has been experimentally confirmed that the nanodis-
persions of silica dioxide hydroxide are very well compatible
with the surfactants based on polycarboxylate polymers,
their joint presence provides a superwater-reducing effect,
providing a reduction of W/C ratio of more than 27%, in-
creasing the density of the concrete structure, as evidenced
by the decrease in the amount of water absorption from the
value of W _ (control composition) 4,3% to the value of W _
(nanomodified composition) 3,2%.

The increase in bending tensile strength is 67% with an
increase in compressive strength of 52%, which is prob-
ably due mainly to the formation of new hydrate phases
with elongated fibrous structure and microreinforcing
effect on the hardening concrete mixture. Such hydrosili-
cates can be classified as low-core, which in its composi-
tion contains an increased amount of SiO,, which seems
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to be possible in the presence of reactive nanodispersions Developed nanopolymer concrete, characterized by

of silica hydroxide SiO,+nH,0O, as components of a com-  high strength, reliability and durability, it is advisable to

plex chemical additive. recommend and use for structural elements of OPL.
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AHHOTALIUA: BBegeHue. [1na co3gaHna 6eToHa ¢ HA60pOM GM3NKO-MeXaHNYECKIMX XapaKTepUCTUK TpebyeTca paLyioHanbHbIN
nof6op KOMMOHEHTOB 6eTOHHOI cMecy. LienecoobpasHo paccmMoTpeTb MCMOb30BaHUE Y TOHKOAMCMEPCHBIX HAaMOHKTESEN, B TOM
yuncne Ha OCHOBE BTOPUUHBIX PECYPCOB, a TakKe TpebyeTca BbICOKOIPdEKTBHAA XMUYecKasn fobaBKa onpeneneHHon Nprupoapl
1 peaKkLVOHHOTO AeiCTBIUA, OKa3blBaloLLasa KOMIMIEKCHOE BAMAHME Ha 6eTOHHY0 cuctemy. MeToabl n matepuanbl. 3PdeKTMBHOCTL
AEeNCTBMA KOMMOHEHTOB MCMONb3yemol J06aBKU OLeHNBAN MO U3MEHEHMIO MOKasaTeniell MPOYHOCTM Ha CKaTue, MPOYHOCTN
Ha pacTsKeHue npu usrmnbe, oueHKy KoTtopbix ocywectsasany no FOCT 10180-2012 «beToHbl. MeToabl onpefeneHns NPOYHOCTY
MO KOHTPOJIbHBIM 06pa3uamy». [inAa npoBefeHnsA HayYHO-IKCNePUMEHTaNbHbBIX NCCIEA0BaHNI MCMONb30Bany MaTepuarbl: NOPTIaHA-
uemeHT LIEM | 42,5H, necok npupogaHblii, TOHKOAVCNEPCHBIN MUKPOKpEMHE3eM, KOMIMIIEKCHaA XuMmyeckan fobaska, obnapatoLas
MOBbILLEHHbIM MACTUGMLMPYIOLUM U PeaKLMOHHO-aKTUBHbIM dbdekTamm fencteus. Pesynbratbl. CoueTaHve nonmkapbokcy-
NaTHbIX NOIMMEPOB 1 HAHOAMCMEPCUI FTMAPOANOKCUAA KPeMHMA ycunrBaeT 3GGeKTVBHOCTb AeNCTBUA KaX4Oro KOMMOHEHTa,
UTO BbIPaXKaeTcA B 3HaUYMTENIbHOM MOBbILLEHNN KOSPULIMEHTA TPELUMHOCTOMKOCTY 6ETOHa NPU BbICOKMUX MOKa3aTesax MpoYHOCTU
Ha CKaTue. YCTaHOBIIEHO, YTO MPU NCMOJIb30BaHNMN KOMMIEKCHOW HAaHOMOMMEPHO XMMUYeCKOol A06aBKIU POCT MPOYHOCTM Ha pac-
TAXEHMe Npu n3rnbde cocTaBnaeT 67% 1 NPEBOCXOAMUT POCT MPOYHOCTM Ha CxKaTre bonee yem Ha 30%. O6cyxpaeHue. MNoBbileHne
rMApPaTaLVIOHHON aKTVBHOCTMN B MPUCYTCTBUM HAHOMONVMEPHOI J06aBKM NOMOXKNUTENBbHO BANAET Ha YMIOTHEHME dopMmupytoLeinca
CTPYKTYpbl 6eToHa. NoaTBep*aeHemM GOpPMUPOBAHUA MIIOTHON 1 MPOYHON CTPYKTYPbI NPV TBEPAEHUN HAHOMOAUDULIMPOBAHHOTO
6eToHa ABNAETCA NOBbILLEHVE BOAOHENPOHMLaeMocT 6eToHa B 2,5 pa3a 1 ero Mopo30ocTokocTu 6onee yem B 2,5 pasa. 3aknio-
yeHue. [JoCTOMHCTBOM HaHOMOANOULIMPOBAHHOTO 6eTOHa ABNAETCA ero NOBbILLEHHAA XMMMYECKas YCTOMYMBOCTb OTHOCUTENIbHO
YINEKNCIOTHOW 1 MarHe3unanbHOM Koppo3uu 1 B COOTBETCTBMU C NOKa3aTesieM KospduureHTa xummnyeckoi ctonkoctu, KXC > 0,8,
1 TOCT P 58895-2020, pa3paboTaHHbIl HAHOMOANOULIMPOBAHHDBIN GETOH OTHOCKTCA K XMMUYECKM BbICOKOCTOMKUM 6eToHam. Ha-
HOMOMNVMEPHbI 6ETOH C BBICOKMMYM GU3NKO-MEXaHNYECKMU NOoKasaTenAaMm LienecoobpasHo peKoMeHA0BaTb 4f1A U3roTOBNIEHNA
KOHCTPYKLMIA BO3AYLWHbIX NHUIA (BJ1) anekTponepenaun.

KJTIOYEBDIE CJIOBA: BbICOKOMPOUHbIN GETOH, MPOYHOCTb Ha pacTsXKeHne Npu n3rnbe, 4ONrOBEYHOCTb, XMMYecKan fobaBKa, Ha-
Hopavcnepcuu, nnacTuuumpyowmin 3gdeKT, peakLMoHHaA akTUBHOCTb, KOHCTPYKL BJT.

AnAa UWTUPOBAHUA: KacatkuH C.IN., Conosbesa B.fl., CrenaHosa W.B., Ky3Heuos [.B., CHnuuH [.A. BoicokoadbdeKTBHbBIN Ha-
HOMOZVOULMPOBAHHDBIV 6ETOH NMOBbILLEHHOW MPOYHOCTY 1 [ONTOBEYHOCTU // HaHOTexHONorum B ctpoutenbctae. 2022. T. 14, N2 6.
C. 493-500. https://doi.org/10.15828/2075-8545-2022-14-6-493-500. - EDN: SNRCRN.

BBEJIEHUE

BeTOH — OIIMH M3 CaMBIX PACIIPOCTPAHCHHBIX U YHH -
KaJIbHBIX CTPOMUTENIFHBIX MaTepHUAaJIOB, TaK KakK €ro
CBO¥ICTBAaMHU, TAKUMHU KaK IIPOYHOCTh, TPCITMHOCTOM-
KOCTb, TBEPIOCTb, MOPO30CTOMKOCTh, MOKHO IIC/ICHA-
TIPaBJICHHO YIIPABIIATD, YIIydIast KaxKIbIi 13 TPeOyeMBIX

IMapaMeTPOB B pe3yIbTaTe UCTIOIH30BAHUS OIIPEaeICH-
HOT'O KOMITOHEHTHOTO COCTaBa WJIN CO3IaHMsI U UCITOJb-
30BaHUSI BEICOKO3((PEKTUBHBIX KOMITICKCHBIX XUMMIIe-
CKMX 100aBOK OITpeIeICHHOU TTPUPOIEL.

TexHOIOTHMS N3TOTOBJICHMS OETOHA SIBJISIETCS TOCTa-
TOYHO TIPOCTOI, OHA 3aKJIFOYAETCSI B TOYHOM JTO3UPO-
BaHWM U TIIATEJIFHOM IIepPEeMEITMBAHNI PAIITOHAIEHO
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OIOO0pPaHHBIX KOMIIOHEHTOB C IIC/IbIO TIOIyIeHUS Oe-
TOHHO CMeCH OITpeIeSICHHOM TTOIBIKHOCTH, KOTOPYIO
WCTIONB3YIOT JJIST M3TOTOBIICHUSI M3 pa3HOI (POPMBI
¥ KOH(pUTypauum.

TBepneHue 6eTOHHON cMecu U 0Opa3oBaHUE OETO-
Ha Ha €€ OCHOBE OCYIECTBJISIETCSI CAMOTIPOU3BOJILHO
B €CTECTBCHHBIX YCIIOBUSIX P MOJIOKUTEIHFHOU TeM-
neparype IpuMepHo ot +5 mo +25°C. B mpotiecce TBep-
IeHUs] OCTOHHOI CMeCH TIPOTEeKAIOT TUAPaTallMOHHbBIC
TIPOILIECCHI M 00Pa3yIOTCS KOMIUIEKCHBIC TUIPATHBIC
COCIMHCHUS Pa3IMIHOTO COCTaBa, pa3IMIHON KpH-
CTAJUIMYECKOU CTPYKTYPHI, UTO OKa3bIBacT BIMSHUEC
Ha (popMHUpOBaHUE MCKYCCTBEHHOIO KaMHs (OeToHa)
C OIIpeIeICHHBIMM (DM3UKO-MEeXaHMIeCKIMMHU XapaKTe-
puctukamu [1—10].

BeToHBI HaXOmST IPUMEHEHNE B Pa3IMIHEBIX 00JIa-
CTSX CTPOUTENIBCTBA, HAIIPUMEP, B JOPOKHOM U a3pO-
IPOMHOM CTPOUTENIBCTBE IJISI CO3MAHMST BEPXHETO TI0-
KPBITHUS TTOBBIIICHHON TBEPIOCTA W IIPOUYHOCTHU HC-
TIOJIB3YIOTCS TIPU CO3MAHNI aTOMHBIX 3JICKTPOCTAHIINI
IUTST I3TOTOBJICHUST TUIOTHBIX OCCIITOBHBIX KOHCTPYKIIMIA,
a TaKXKe B BBICOTHOM JIOMOCTPOCHUU, IIPU CO3MaAHUN
YHUKAJIbHBIX 31aHuii Tima Jlaxra-LlenTp BoicoToi 462 M
B Cankr-IletepOypre v 3maHunii BBICOTOM 268 M B KOM-
rekce Mocksa-Cutit B Mockse. Kpome Toro, oHu Boc-
TpeOOBaHBI U TPEOYIOT COBEPIICHCTBOBAHMS KOHCTPYK-
OUH IJIST BO3MYITHBIX JTuHUA (BJI) sinekTporepenaun,
KOTOpEIE TTIOMOTAIOT 00eCIIeUnBaTh SJICKTPOIHEprueit
0OJIbIIIME U MaJIble TOPOMIA B LIEHTPE CTPAHBI U B CAMBIX
yIaJeHHBIX NepudepuifHBIX palioHAaX.

KoHcTpyknum Bo3mymrHbeIx tuHUN (BJI) amexTpo-
nepenavyu, IMpeAacTaBIeHHBIC CTOMKaMU, (DyHIaMeHTa-
MU abCOTIOTHO HUYEM He 3allAIICHBI OT BO3ICHCTBUS
BHCITHUX (DAKTOPOB: BETPOBEIX HArPY30K, OCAIKOB
B BUIe cHera i goxast. OCHOBHOE, UTO TpeOyeTcst IIpu
CO3IaHNH TaKNX KOHCTPYKLINIA, — TOOUTHCS TIOBBIIICHUS
X CpOKa CTIy>KObI. PellieHre Takoit 3a1aum MOXeT ObITh
TOCTUTHYTO ITyTEM CO3TaHMS OETOHA, OTINYAIOIIETOCS
OIHOBPEMEHHO MOBBIIICHHOM ITPOYHOCTHIO Ha pacTsKe-
HUE TIPY U310 TIPU BHICOKMX ITOKA3aTEIISIX IIPOIHOCTH
Ha cXXaTue, YTO TOJKHO CITOCOOCTBOBATH MOBBILLIEHUIO
YCTOMYMBOCTH OETOHHOM KOHCTPYKIIMU K TPEITUHOO-
6pazoBanuio. Llemecoodpa3to n 3¢ PEKTUBHO ITOBBICUTH
TUIOTHOCTh O€TOHA C IEJIbIO MTOBBIIICHHUST XUMIIECKOM
YCTOMYMBOCTH OCTOHA, TTOBBIIICHUSI €TO MOPO30CTOM-
KOCTU U BOTOHETIPOHUIIAEMOCTH, UYTO MOJDKHO OKAa3aTh
TIOJIOKUTEIbHOE BIMSHIE Ha MTOBBIIIICHUE TOJTOBEY-
HocTtu 35emMeHToB BJI [11—14].

st co3manust 6eToHa ¢ HAOOPOM yKa3aHHBIX (pu-
3MKO-MEXaHMICCKUX XapaKTePUCTUK TPEOYETCST paru-
OHAJIBHBIN ITOI00P KOMIIOHEHTOB OCTOHHOI CMecCH,
B TOM YHCJIE LIeJeCO00pa3HO PacCMOTPETh UCMOIb30-
BaHME U TOHKOIMCIICPCHEBIX HAITOJHUTEICH, a TaKkKe
TpebyeTcs BBICOKOa(hGeKTUBHAsI XMMUUecKast JoOaBKa
OIIpeaeICHHON TIPUPOABLI U PEaKIIMOHHOTO ICUCTBUS,

OoKa3bIBaromasa KOMIIJIEKCHOC BJIMAHHNEC Ha 66TOHHYIO
CUCTEMY.

Pemenuto YKa3aHHBIX BOIIPOCOB N CO3JaHUNIO BbI-
COKO¢)YHKHHOH3HLHOFO 0OeTOHA IOCBSIIEHO JaHHOE
ucciacaoBaHuce.

METO/bI 1 MATEPHAJIBI

s ipoBe e HUST HAYIHO-3KCIIepUMEHTATBHBIX MC-
CJICIOBaHMIT MCITOIb30BAIM MaTepHAaIIbl, IPEACTaBICH-
HBIC HITKE.

1. Moptnanguement LHEM I 42,5H IT'OCT 31108-
2020 «IlemeHTHBI 0bOIIeCTpOUTENbHBIE. TeXHNUEeCKIE
ycaoBus». OU3NKo-MeXaHUIECKNUE XapaKTePUCTUKHI
MOPTIAHALEMEHTA:

— HOpMaJjibHas IyCTOTa LIEMEHTHOrO Tecta, % — 25.,8;
— HayaJIo CXBaThIBaHUs, MUH — 163;

— KOHEeIl CXBaTbIBaHUS, MUH — 257,

— TIPOYHOCTH Ha cKaTue B Bo3pacte 28 cyt., MIla —

53,5.

2. IMecok nipuponnsiii o F'OCT 8736-2014 «Ilecok
IIJIST CTPOUTENIBHBIX paboT. TeXHUUeCKHEe YCITOBUS»:

— MOIYJb KPYITHOCTH Tecka — Mk=2,25;
— comepkaHWE IMbUICBUIHBIX W TIMHUCTBIX YACTUI —

1,37%;

— comepxXaHWe TIMHBI B KOMKAax — HeT.

3. llle6ens rpannTHLBIN Gpakimy 5-10 mm o TOCT
8267-93 «IllebeHb 1 TpaBrii U3 TUIOTHBIX TOPHBIX TTOPOJT
IIJIST CTPOUTENIBHEIX paboT. TeXHUUeCKHEe YCIIOBUS»:

— comepkaHWE IMbUICBUIHBIX W TIMHUCTBIX YACTUI] —

0,93%;

— comepxXaHWe TIMHBI B KOMKAax — HeT.

4. PaccMaTtpuBaii B KaueCTBE HAITOJTHUTEISI TOH-
KonucnepcHblii MUKpokpeMHeseM SiO, mapku MK-85
T'OCT P 58894-2020.

5. JIJIs1 TIOBBIIIICHUSI peaKIIMOHHON aKTUBHOCTU CH-
CTEeMBI HCIIOJIh30BaJI KOMIUIEKCHYIO XUMHIECKYIO T0-
0aBKy, 00JIa1aIOIIYIO TTOBBILLIEHHBIM IJ1aCTU(MULIIPYIO-
IIAM U PeaKIIMOHHO-aKTUBHBIM 3(h(eKTaMU IeHCTBUS.
B xayecTBe OCHOBBI JOOABKM MCIIOIB30BAIH TTOJIUKAP-
OOKCHMJIATHBIN TTOJIMMEP B COUYCTAHNM C KOJUIOMTHBIM
pacTBOPOM Ha OCHOBE HAHOAMCIICPCHI TUIPOINOKCHIA
kpemuus SiO,«nH, O, uMerommii pasmep aucrepcuii
(50—70) HM, 1 OOIIOJHUTEIIFHO B Ka4eCTBEe MOIU (M-
KaTOPOB MCTIOJIb30BaJIN BEIIECTBA OPTAHNYECKON 1 He-
OpraHNYeCcKOI MPUPOIBI, OKA3bIBAIOIINE YMEPEHHOE
BO3IyXOBOBjIeueHUe (B npeaeiax 4—6%) Ha GETOHHYIO
CMECh.

6. Db HEKTUBHOCTD ACHCTBUS KOMIIOHEHTOB UCITOJIb-
3yeMOM T00aBKM OTHOCUTEIBHO KOMITOHEHTOB OETOH-
HOI CMeCH OLICHMBAIM 110 M3MEHEHMIO TT0Ka3aTeIei
IIPOYHOCTH Ha CXKaThe, IPOYHOCTH Ha pPacTsSKCHUE
MpU U3THNOE, OLIEHKY KOTOPBIX ocyiecTBsu o TOCT
10180-2012 «beToHBI. MeTOIBI ONIpeneIeH s TIPOYHOCTI
IT0 KOHTPOJIBHBIM O0Opasiam».
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s onpeneieHs moKasaTeJieil pOYHOCTH U3TOTaB-
JIMBaJIN 00pas3LbI-Kyobl ¢ peopom 100 MM 11 0Opa31IbI-
npu3MbI pazmepoM 100X 100x400 mm. TBepaeHe 6eTOH-
HBIX 00pa31IoB OCYIIECTBISIIOCH B HOPMAJIBHBIX YCITOBUSIX
npu temmeparype (20£2)°C u pnaxuaoctu W > 95%.

CooTHoIIIeHMe MToKa3aTes el TPOYHOCTH Ha PacTsKe-
HUE TIpY U3THOE K TTIPOYHOCTH Ha CKATHE XapaKTepU3yeT
YCTOMUYMBOCTDL O€TOHA K TPEIIMHOOOPA30BAHUIO, YTO
WMeeT MPUHIMITNAIBHOE 3HaYeHUe 11 LIEHTPU YT~
POBaHHEBIX cTOeK omop BJI, KoTopblie UMEIOT BBICOTY
JI0 26 M TIpH TOJIIIMHE CTeHKH 10 85 MM. Kak ykasbiBa-
JIOCh paHee, JJIsI TIOBBIIIEHUS T0JTOBEYHOCTH KOHCTPYK-
LI IeJ1eco00pa3HO JOOMBATHCS MOBBIIIEHUS TNIOTHO-
CTH CTPYKTYpPHI O€TOHA, MCTIOIB3YEMOTO JUIST CO3JaHUS
KoHcTpykuuii ornop BJI.

7. [TnorHOCTE OeTOoHa onteHnBayi 1o [OCT 12730.3-
2020 «beTtoHBI. MeTOaBI OonpeieieH!s BOIOMOTIIONIE-
HUS».

8. JlonroBeYHOCTH O€TOHA OLICHWBAJIM IO ITOKa3a-
TEJISIM MOPO30CTOMKOCTA U XUMUIECKOU CTOMKOCTH,
KOTOpBIE OTTPENEIISIN TT0 CTAHIAPTHLIM METOIUKAM B CO-
orBerctBuu ¢ [OCT 10060-2012 «betonsr. MeTonb!
orpenenaeHnst Mopo3ocToitkocti», TOCT 12730.5-2018
«betonbl. MeTomab! onpeneieHs BOTOHEITPOHUIIAeMO-
ct» 1 TOCT P 58896-2020 «beTOHBI XUMUYECKU CTOM-
Kye. MeTOoIbl MCTTBITAHUI» .

PE3YJIbTATbI

OcHOBHAag 1IeJTb JAHHOTO UCCIIETOBAHUS — CO3/Ia-
HHUe 0eTOHA MOBBIIIEHHON YCTOMUYMBOCTU K TpEIIN-
HOOOpAa30BaHUIO, U pElIeHNEe TAKOTO BOIIPOCA MOXET
OBITH IOCTUTHYTO B pe3yIbTaTe 00pa3oBaHUS B IIpoliecce
TBEPACHUS TUAPOCUINKATOB C TTOBBIIICHHBIM COIEP-
xaHueM SiO,, KOTOpbIE OTHOCATCS K HU3KOOCHOBHBIM
TUIPOCWINKATAM U TIPUA 3TOM 00J1aAal0T BOJTOKHUCTOM
VIV UTOJTLYATOM CTPYKTYPOIi, OKa3bIBAIOIIE MUKpOap-
MUpYyIolee neiicTBre Ha (OPMUPYIOIIYIOCS CTPYKTYPY
OeToHa, OKa3bIBasg IMOJIOKUTEIILHOE BIMSHNIE Ha T10-
BBIIIIEHME €TO TIPOYHOCTH Ha pacTsSsKeHUe TIPU U3THOE.
C 3TOli LIeJTBIO TIPOBOIMIIN CPABHUTEIHHEIC HCCIICI0BA -
HUS TT0 UCTIOJIb30BaHUIO MUKPOHATIOTHUATEIS, TIPEICTaB-
JIEHHOTO MUKPOKpeMHe3eMoM SiO,, u HaHoaucnepcuit
TUAPOIUOKCHIA KPETTHUS SiO2 . nHZO, BXOJIAIIIETO B CO-
CcTaB JOOABKU.

B cooTBeTCTBIN C TPOEKTHBLIMU JAHHBIMU, JIJIST CTOEK
orop BJI gamie Bcero tpedyercsa 6eTon B30 ¢ mapxoit
1o ynoboykiaasiBaeMocTu 6eToHHOoM cMmecu I13. Ha oc-
HOBaHUM TIPEABAPUTEIBHO MPOBEIEHHBIX TTOI00POB
cocTaBa OeTOHa OIpeJiesieH Hanbosee pallioOHaTbLHBII
pacxo MatepraioB Ha 1 M3 0eTOHHOI cMecH:

— mnoptananauement [T LHEM 142,5H — 390 kr;
— mecok ¢ M, = 2,25 — 845 kr;

— 1mebeHs dppakuuu (5—10) mm — 950 kT

— B/l —0,52.

Ha mepBoM 3Tame mccienoBaHMsT IPOBOIMIIN CPaB-
HUTEIIBHYIO OLICHKY () (heKTUBHOCTH ACHCTBUSI MUKPO-
kpemHedema SiO, ¥ HAHOIMCIIEPCHUIA TUAPOAMOKCHUIA
kpemuus SiO,«nH,O B IpUCYTCTBUM BOIHOTO PacTBO-
pa MOJIMKapOOKCHIATHOTO TIOJIMMEpPa C TIJIOTHOCTHIO
p = 1,027 r/cMm? u 3HaueHMEM BOAOPOIHOIO ITOKA3aTe-
g pH = 6,5. OueHky 3((heKTUBHOCTA OCYIECTBISIIN
M0 U3MEHEHUIO MOABUXHOCTU OETOHHOU cMecH U T10
ITOKAa3aTeJII0 IPOYHOCTH Ha CKaTHeE.

Pe3ynbTaThl HAyYHO-3KCITEPUMEHTATBHBIX UCCIIEI0-
BaHUIi MpencTaBiaeHbl B Ta0. 1.

AHanu3 TaHHBIX, IPEICTaBICHHBIX B Ta0JI. 1, TOKa3bI-
BaeT, 4To 3(P(EeKTUBHOCTD ACHCTBUSI MUKPOKPEMHE3eMa
HITKe, YeM HaHOIWUCTICPCUI THAPOINOKCHIA KPEMHHUS,
YTO ITONTBEPKIACTCS OTCYTCTBHUEM IIACTA(DUIINPYIOIIETO
sddexTa IecTBUS y MUKPOKPEMHE3eMa, 1 TIPU 3TOM
POCT IIPOYHOCTH Ha CXKATHE B IIPUCYTCTBUM MUKPOKPEM-
He3eMa coctaBisieT 11% oTHocutebHO GeToHa, MOAUDU-
LIMPOBAHHOTO TTOJIMKAPOOKCUIIATHBIM TTOJIMMEPOM, B TO
BpeMsI KaK B IIPUCYTCTBUY HAHOOMCITEPCUIA TUAPOTNOK-
cuaa KpEMHUS pOCT IMMPOYHOCTU cocTaBisteT 17% (puc.
1) 1 HaGJIoIaeTCs TOBBILLIEHUE TTOABMXKHOCTU OETOHHOM
CMeCH, UTO TTOATBEPKIACTCS HEKOTOPBIM YMEHBIIICHUEM
B/11 otHowIeHus B ipeaenax (5—7)%.

7151 BEICOTHBIX TOHKOCTEHHBIX KOHCTPYKITUI TIPUH-
LIUITHATbHOE 3HaUYCHNE UMEET UX YCTOMIMBOCTH K Tpe-
IMMHOOOPA30BAHUIO, UTO OLIEHUBAETCS MOKa3aTeIeM
IIPOYHOCTH Ha pacTsKeHME TIPU U3ruoe i Koadhu-
LIUEHTOM TPELIMHOCTOMKOCTH, KTp =R, /R_,aTakxe
BakHOE 3HAUYCHME IUIST BCeX OCTOHHBIX KOHCTPYKIIUI,
0COOCHHO 1T TeX, KOTOPHIC He 3alIUIICHBI OT BO3MOX-
HOTO BHEIITHETO HETATUBHOTO BO3ICHCTBHS, K KOTOPHIM
MOTYT OBITh OTHECEeHBI KOHCTpYKIMU BJI, nMeeT monro-
BEYHOCTH, KOTOpas B HEKOTOPOIt CTETIICHN B3aMOC-
BsI3aHA C TUIOTHOCTBIO (POPMUPYIOIICHCS CTPYKTYPHI
OeToHa.

[Ipu mpoBeneHNN TATBPHEUIIINX HAyIHO-9KCITEPUMEH-
TaJbHBIX MCCIICIOBAHUI TTPOM3BEICHA CPAaBHUTEIbHAS
OLIEHKA IoKa3aTeseil TPEIMHOCTOMKOCTU U TIJIOTHO-
CTH TIPH UCITOJIB30BAaHNH B PAllIOHAIIBHOM KOJIECCTBE
MHMKpPOKpeMHe3eMa M HAHOIUCTICPCUIA TUAPOTNOKCHIA
KPEMHMSI B COUCTAHUY C TTOTMKAPOOKCHIIATHRIM TTOJIME-
poM. Pe3yibraThl MccliemoBaHUIA IPEICTaBICHBI B TA0T. 2.

JanHbIe, TIpeICcTaBIeHHBIC B Ta0J. 2, IIOATBEPXKIa-
10T BEICOKYIO 3(P(PEeKTUBHOCTH COBMECTHOTO ACHCTBUS
IMOJIMKAapOOKCHUIIATHOTO TTOJIMMEpa M HAHOIMCIIePCUA
TUIPONNOKCHUIA KPEMHHUSI, KOTOpast BEIpaXkaeTcsl B 3HA-
YUTEJIBHOM TOBBIIICHNY KO3(PPUIIMEeHTa TPEIINHO-
CTOMKOCTH IIPH TTOBBIIIICHHBIX ITOKA3aTEJISIX IIPOYHOCTH
Ha cXaTue, U IIPY 3TOM YMEHBIIIAeTCST BOMOITOTIOIICHIE
3aTBEPIECBIICTO OETOHA, YTO MOXET OBITh O0YCIOBJIC-
HO ymMeHbIIeHeM B/Ll OTHOIIIEHUS U TTOBBIIIEHUEM
CTETICHU TUApPATAIlNU, T.K. IIOBBIIIICHNE ITPOYHOCTH
Ha pacTsLKeHUe TIPH M3TH0e, KaK IIPaBUIIO, O0YCIIOBICHO
HE YIDIOTHEHUEM CTPYKTYpPHI O€TOHA, a 00pa3oBaHUEM
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Tabauuya 1

CpasuutenbHasi onenka 3¢ (peKTHBHOCTH eiicTBUA MUKPOKpeMHesema SiO, n HAHOAMCTIEPCHIi THAPOAMOKCH/IA
kpemuusi SiO, «nH,O Ha cBoiicTBa GeToHHON cMecH 1 GeToHa

& ~ 2 S : 2
s = g 2 B ox o R = 9 &5 2 5 = %
23« 3 = gggg E“g %NAE’ = g 8 =
N | B EE £ |Eg=8| gsgg |S=2o ¢ g g X3z =
© = ) = 9 == = 0 A = o a
Wl 982 23 38Rz £xF |SETE| & = | g% g =
= & = g s - 527 2 |
1 390 — — — 203 0,52 13 39,2
2 390 0,8 — 168 0,43 14 46,8
3 390 1,0 — — 160 0,41 15 49,8
4 - 390 1,2 — 156 0,40 15 50,4
5 g§ 390 1,0 8,0 — 176 0,45 14 53,9
6 I . 390 1,0 10,0 - 179 0,46 14 55,3
7 né 390 1,0 12,0 — 187 0,48 13 56,0
8 = 390 1,0 0,4 158 0,41 14 56,4
9 390 1,0 0,6 152 0,39 14 58,3
10 390 1,0 0,8 148 0,38 15 59,0
60 MuUKpOKpeEMHE3EM OTHOCUTEILHO Ha-
59 - HOOMCIIEPCUI TUAPOAUOKCUIA KPEMHUS
6 /._/' o6na;[aeuT, [O-BUIMMOMY, MEHBIIIEH peak-
g o LUMOHHOI AKTHBHOCTBIO U MCHBILINM apdek-
= - TOM JEMCTBYA OTHOCUTEIBHO IMOBBIILIEHUS
2 56 o TPEIIMHOCTOMKOCTH GeToHa. [ToaTOMY maib-
g 55 /' Hellle VCCIeOBaHU 110 OLIEHKE I0JIT0-
g 54 _,/ BEYHOCTU MOAUGUIMPOBAHHOTO BEICOKO-
E 53 IIPOYHOro 6EeTOHA MIPOBOLMIN C T100ABKOM
2 59 Ha OCHOBE IOJIMKAPOOKCUIATHBIX ITOJIME-
=S 51 POB, MOAU(ULIMPOBAHHBIX HAHOAVCIIEPCH -
MY TUAPOIMOKCUIA KPEMHKSA B COYETAHUN
>0 3 " ' 5 ' C BO3IYXOBOBIIEKAIOIINM KOMIIOHEHTOM,
CodepxaHue MukpokpeMHeseMa, % 00eCIIeunBAIONIINM PAllHOHATILHOE BO3IY-
s . T . s . . XOBOBJICUEHME B TIpenenax (4—6)%.
CodepxaHue HaHoducnepcuu B kadecTBe OCHOBHBIX ITapaMETPOB
2udpoduokcuda KpeMHUs, % JIOJTOBEYHOCTH OIPEIEISIIM XUMUIECKYIO
YCTONUMBOCTH MOAV(UIIPOBAHHOTO OETOHA

Puc. 1. Biusinue MEUKpOKpeMHe3eMa W HAHOIMCIIEPCHIA THAPOIMOKCH-
JIa KpeMHHSI HA TIOKA3aTe i NPOYHOCTH HA CXKaTue HaHOMoIuuim-

POBAHHOIO 0ETOHA

TUIPOCUIINKATOB, OTIMYAIOIINXCS TTOBBIIIICHHBIM CO-
nepxanueMm SiO,, T.€. HU3KOOCHOBHBIX, KOTOPBIE UMEIOT
BOJIOKHHCTYIO CTPYKTYPY M OKa3bIBAIOT MUKPOAPMHPYIO-
1Iee nerctTere Ha (hOPMUPYIONLYIOCS CTPYKTYPY OETOHA.

OTHOCHTEJIBHO YTJICKUCIOTHOI 1 MarHe3M-
anmbHOM Kopposnuu. C 3TOM LeTbo 00pa3IIbl
MOIM(UIIMPOBAHHOTO OeTOHA B TeueHue 360
cyToK BhLIepxuBanu B 5% pactsope Na,CO,
u B 5% pactBope MgCl,. Pesynbrater uccie-
IOBaHWIA IIpeaCTaBICHBI B Ta0JI. 3.

JanHble, IpencTaBIeHHBIC B Ta0J. 3, TOKA3bIBAIOT,
YTO OCTOH, MOAN(PUIIMPOBAHHBIN BOTHBIM PACTBOPOM
ITOJTMKAPOOKCUIIATHOTO TTOJTMMEpa, OTINYACTCS TTOBBI-
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Tabauuya 2

CpaBHHTeJ'[l)Haﬂ OlleHKa nmoka3aTeJiei Tpel[lﬂllOCTOf;IKOCTP[ U IJIOTHOCTH 0€TOHA B NpUCYTCTBUU MUKPOKPEMHE3EMA

n HaHOI[l/ICl'[epCl/lﬁ TUIPOAUOKCHUAA KPEMHHUA
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2 meﬁ Tlr 390 1,0 - — 0,41 13 49,8 6,0 0,120 3,9
3 gl gl 30 1,0 10,0 - 046 | M3 55,3 6,8 0,123 36
m
4 390 1,0 - 0,6 0,39 3 58,3 7,6 0,130 3,3
Tabauya 3
CpaBHuTe/IbHBIE KOMILIEKCHbIE (PM3UKO-MeXaHHIEeCKHe XapaKTepHCTHKH 0eTOHA
- o 5 . Koaddpunment
o Bl = 2 .55 E% - g ] XHMHYECKO}i CTOHKOCTH,
3;5 = SExg| E3gE| =23 g = = E KXC
E%E ET‘E) §Eg5| a==2 g%gn -ﬂ; S E =R
EEs £ = S555|E85% | Eock §= s 2 B o
Newn| B8 | E% |3i4:|23z3| 85| Ef | BE | i | 2o | =
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S e E 2 =R ge=g =3, = S = = B £ ad 0
S EZ = ES2g| 58| S£E8 S % = E S S
2358 R SEES | £HgC |95 =35 5 2 . 6 S
SEF | &7 |TEET|TgEE| B S8 |
1 s 390 - - - 39,0 I3 B30 0,46 0,43
<t
2 go: 390 1,0 - - 49,6 113 B40 0,73 0,72
3 R 390 1,0 0,6 - 58,0 113 B46 0,87 0,84
[24]
4 390 - - 1,0 52,2 113 B47 0,89 0,86

IIEHHO ITPOYHOCTHIO Ha CXKaTHE 1 TIOBBIIICHHOM XUMU-
YeCKOM CTOMKOCTBIO, UYTO, TTO-BUAUMOMY, O0YCIIOBIIE-
HO HE TOJIbKO YIIOTHEHNEM CTPYKTYpPHI O€TOHA 3a CUeT
racTuduIpyromero 3¢ @eKra moInKapOOKCHIATHOTO
TIOJIMMepa, HO ¥ TTOBBIIIICHUEM THIpaTalliOHHON aKTHB-
HOCTH KOMITOHEHTOB OCTOHHOI CMECH.

HobapneHne HAHOIUCTIEPCUIA TUAPOINOKCHIA KpeM-
Hug SiO,'nH,O K nmonmKap6oKCUIaTHOMY TTOJUMEDY
SBJIsIeTCST 3(D(EKTUBHBIM M OKa3bIBaCT TOITOTHUTEIIEHOE
TIOJIOXKUTEIFHOE BIMSIHIE Ha TTOBBIIICHUE THAPATALIN-
OHHOI aKTMBHOCTHU OeTOHHOU cMecH. [To-Bumumomy,
TIpeIBapUTeIbHOE TIepeMEIINBaHNEe YKa3aHHBIX KOM-
TIOHEHTOB B OOJIBIIICH CTETICHN YCHIIUBAET COOCTBCHHYIO
3(HEeKTUBHOCTH KaXKI0TO KOMITOHEHTA.

B mpucyTcTBMM KOMIIEKCHON XMMUWYECKOM MO-
0aBKM IIPOYHOCTh Ha CXXaTWE MOBHBIIIACTCS ITPUMEPHO
Ha 52%, 1 6eToH ¢ 100aBKOI COOTBETCTBYET Kiiaccy B47
OTHOCHTEJIBHO MMPOEKTHOMY KJtaccy 6eToHa B30. Monu-
(pumpoBaHHEI OETOH OTHOCUTCST K BHICOKOCTOMKOMY

OTHOCHUTEJIBHO YIVIEKMCIIOTHOM M MarHe3NaIbHOM KOp-
po3um B coorBeTcTBUM ¢ TOCT P 58895-2020 «beToHBI
XUMIIECKU CcToViKMe. TeXHmuecKre yCIoBYsl», B TO Bpe-
M KaK KOHTPOJIbHBIM COCTAaB OETOHA B COOTBETCTBUM
C JAHHBIMU Ta0JI. 3 ABJISIETCS «OTHOCUTEIBHO CTOMKIM»
OETOHOM.

[NoBRIIIeHNIE XUMUYECKOM CTOMKOCTH OCTOHA, MC-
MOJIb3YEeMOTr0 JJisl cToeK win ¢pyHmaMeHTOB orop BJI,
AMeeT OOJIBIIIOE 3HAUCHIE, KOTOPOEe HEOOXOTMMO TTPH-
HUMAaTbh BO BHIMAaHHUE TP MPOCKTUPOBAHNN TaHHBIX
KOHCTPYKIIMA.

[ToBbIIICHNE TPOYHOCTH OETOHA, KaK IIPABUJIO, CO-
IMpoBoXIaeTcs: yMmeHbIeHUeM B/1l oTHomeHms B pe-
3yJIbTaTe TIacTUOULUpPYIomero 3hdeKTa MonuduKa-
TOpa WJIM 00pa30BaHMEM IOBBIIICHHOTO KOJIMYECTBA
HOBBIX KOMIUICKCHBIX TUAPATHBIX COCTUHEHUM, YIIIOT-
HSIIOIINX ¥ YITPOUHSIOIINX (POPMUPYIOIIYIOCS CTPYKTYPY
OeToHA B pe3yIbTaTe MOIOJHUTEILHOTO 00pa3oBaHUs
HOBBIX KOHTAKTOB MEXKIY KOMIIOHEHTaAaMH OCTOHHOM
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Tabauya 4
CpaBHuTEIbHbIE KOMILTEKCHBIE (DU3UKO-MEXAHMYECKHE XaPAKTEPUCTHKH 0eTOHA
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@ ol
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2 A 390 1,0 0,38 3 59,4 7,7 0,130 B47 B,6.,0 3,2 W10 F,400

CMECH, YTO JOKHO OKA3bIBATh MOJOXUTEIbHOE BIIMS -
HIE Ha ITOKAa3aTeJIN JOJTOBCYHOCTH OeToHa. st mom-
TBEPKIEHMS BEICKA3aHHBIX IIPEAIIOIOXEHUIM TPOBEAECHbI
Hay4YHO-3KCIIEPUMEHTAIbHbIC UCCIIEIOBAHUS, PE3y/IbTa-
Thl KOTOPbIX IIPEACTABICHBI B Ta0I. 4.

Du3nko-MexaHUYeCKKe mokasarean Moguuim-
POBaHHOTrO OETOHA MPU OAMHAKOBOM PACXOJIe LIEMEH-
Ta 3HAYUTEJILHO MPEBOCXOAAT IT0KA3aTe M IPOYHOCTH
¥ TOJTOBEYHOCTH KOHTPOJIBHOTO COCTaBa O€TOHA, UYTO
JaeT OCHOBAHUE MPEAINOoIarath, YTO JOJrOBEUHOCTh MO-
JUUIIMPOBAHHOIO OETOHA TAKXKE YBEJIMYUTCS HE MEHb-
1IIe, 4eM B 2 pa3a 1 JoJKHa cocTaBuTh 100 1 bonee Jer,
YTO C 9KOHOMUYECKOI 1 DKOJIOIMUYECKOM TOUEK 3PEHMS
aBisieTcs 9 GEKTUBHBIM.

OBCYXKJIEHUE

BeToHHbIE KOHCTPYKIIMU TSI BO3AYIITHBIX TUHUHT
3JIEKTpoIlepeaadn, IPeACTaBICHHBIC TOHKOCTCHHBIMU
CTOMKAMM, BBICOTOM 10 26 M, IMaMeTpP KOTOPbIX JOCTHU-
raeT 0,8 M, a TakKe (hyHIaAMEHTaMU, KOTOPBIE UCIIOJb-
3YIOTCSI IIJIST 3aKpeTyIcHUs U ycTaHOBKHU omop BJI, Ha-
XOISITCSI YJACTUYHO B 3eMJIC, YACTUIHO Ha TIOBEPXHOCTH,
He 3alIUIIeHBl HUIeM OT HeTaTUBHBIX aTMOCHEPHBIX
BO3IEICTBHI, TAKMX KaK TTOIIepeMeHHOEe CMaYrBaHe-
BBICYIIIMBAaHNE, 3aMOpaKBaHNE-OTTanBaHue. besycios-
HO, IUTSI TAKUX KOHCTPYKILMI TpeOyeTCss 06TOH HOBOTO
YPOBHS CBOMCTB, KOTOPBII OMHOBPEMEHHO JOJIKEH 00-
JTagaTh HAOOPOM YIYIIICHHBIX (PU3UKO-MEXaHNICCKIX
XapaKTepHUCTUK, K HanboJee BaXKHBIM U3 KOTOPBIX OT-
HOCSITCSI TPEIIMHOCTOMKOCTDh, XMMUUYECKasi CTONKOCTD,
MOPO30CTONKOCTh, BOMOHETIPOHUIIAEMOCTD 1 TIOBBIIIICH-
Hasl TPOYHOCTh Ha cxkatue [15—20].

YayunreHne yKa3aHHBIX TapaMeTPOB, BO3MOXHO,
¥ TOCTUTACTCS B pe3yJIbTaTe UCITONB30BaHUS 3(PHEeKTUB-
HOI XMMHWYECKOI T00aBKM Ha OCHOBE BBICOKO3((eK-
tuBHBIX [IAB, npencraBieHHBIX MOIMKAPOOKCUIATHBIM
TIOJTMMEPOM, KOTOPBII 00ecTIcunBaeT CymnepIiacTudm-

nupytonuit a¢pdext. Couetanne nanHoro suga [TAB
¢ Hanoxucnepcusamu SiO,«nH,O ycunusaer niactu-
dummpyrommit u Bogopeayuupyoiuii 3(pdeKTer bonee
yeM Ha 27 %, ¥ IpX 5TOM IIPUCYTCTBYE HAHOAUCIIEPCHIA
B COCTaBe JO0OABKU 3HAYMTEIBHO MOBHIIIACT €€ PeaKIlv-
OHHYIO aKTUBHOCTb, 00eCITeurBast 00pa30BaHME HOBBIX
TUAPATHBIX ha3 OMpeneaIeHHON CTPYKTYPHI, 9TO U CITO-
coOCTByeT OoJIee BEICOKOMY POCTY IIPOYHOCTH Ha pac-
TSDKCHME TP U3TN0E M, KaK CJICICTBUE, ITOBBIIICHUIO
TPEIIMHOCTOMKOCTH BLICOKOTIPOYHOTO OeToHa [21-27].

Hcriomp30BaHNEe KOMITICKCHON XUMIIECKOM 100aB-
KU ¢ HAHOCTPYKTYPHBIMH 3JIeMECHTaMU TTO3BOJIMIIO B IO-
CTaTOYHO ITOJTHOM 00bEME PEIIUTh IIOCTABJICHHBIC 3a/1a-
YU ¥ CO3IaTh OETOH IMOBHIIIICHHON HAMEXKHOCTHU U TOJITO-
BEYHOCTH, KOTOPHIH 11e1eCO00pa3HO UCTIONb30BaTh IS
KOHCTPYKIIM Bo3ayIIHBIX TuHMii (BJI) anexrporepenay.

3AKJIIOYEHHME (BBIBO/IbI)

YcraHoBeHO, UTO [IJ1sI co3IaHus 0eToHA, 001amalo-
IIIETO TTOBBIIIIEHHO YCTOMYMBOCTHIO K TPEIIIMHOOOPA30-
BaHWIO ¥ TTOBBIIIEHHOM T0JITOBEYHOCTHIO, I1eJIeCO00pas-
HO MCTIONTh30BaTh KOMIUIEKCHYIO XMMUUECKYIO JOOABKY,
00JIagaIoNIyIO TTOBBIIIEHHBIM TIACTU(MUIIUPYIOIIAM
1 peaKIIMOHHO-aKTUBHBIM 3(pdeKkTaMu 1eiicTBuS.

DKCNepUMEHTAIBHO MOATBEPKIACHO, YTO HAHOIN -
CIIepCUU TUIPOINOKCHUAA KpeMHHUS 00JIagaloT OYeHb
Xopoliei coBMecTUMOCTbIO ¢ ITAB Ha ocHOBe moJinKap-
OOKCUIIATHBIX ITOJIMMEPOB, X COBMECTHOE TTPUCYTCTBUE
obecreuynBaeT cyrnepBoaopeayLupyommii apdekr, ode-
cneunBast yMeHbIIeHne B/1l oTHOmeHUs Oojiee YeM
Ha 27%, NOBBIILIAs IJIOTHOCTh CTPYKTYPhI OETOHA, YTO
MOATBEPKIAETCS YMEHbIIIEHNEM BEJTUYNHBI BOIOITO-
CJIOIIEHMS OT 3HaueHus W, (KOHTPOJBHOTO COCTaBa)
4,3% no 3nauenus W,, (HaHOMOIM(DUIIMPOBAHHOTO CO-
crasa) 3,2%.

PocT nmpoyHOCTM Ha pacTsSKeHUe MpU U3rude co-
ctaBisieT 67% pu pocTe MPOYHOCTHU Ha CXKATUE, PABHOM
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52%, KOTOpBIil, BEPOSITHO, OOYCIOBJIEH, B OCHOBHOM,
00pa3oBaHNEM HOBBIX TUAPATHBIX (ha3, UMCIOIINX YIJTH-
HEHHYIO BOJIOKHUCTYIO CTPYKTYPY 1 OKa3bIBAIOIINX MU~
KpoapMUpyIoIIee AeCTBIE Ha TBEPACIOIIYIO OCTOHHYIO
cMech. K TakuM ruipocimKaTaM MOTYT OBITh OTHECCHBI
HU3KOOCHOBHBIC, KOTOPEIEC B CBOEM COCTaBE COMEpKaT
MOBBILIEHHOE KOAMYECTBO SiO,, 4TO, MO-BUAMMOMY,
CTAHOBUTCSI BO3MOXHBIM B IIPUCYTCTBUM PEaKIIMOHHO-

AKTUBHBIX HAHOAMCITEPCUI THIPOIUOKCUIa KPEMHUS
SiOzonHzO, BXOIAIINX B COCTAB KOMIUIEKCHOUW XUMU-
YeCcKOU T00aBKHU.

Pa3paboTaHHBIT HAHOTIOJIMMEPHBI OETOH, OT/IV-
YaIOIIMIACS TTOBBIIIIEHHON TPOYHOCTHIO, HAIEXKHOCTBIO
¥ JOJITOBEYHOCTHIO, 11€J1eCO00pa3HO PEKOMEHI0BATh
¥ UCTIOTB30BATh IUIST KOHCTPYKTUBHBIX JIEMEHTOB OITOP
BJI.
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ABSTRACT: Introduction. Polymer-bitumen binders are innovative nano-binders for asphalt concrete pavement. Introduction of
a polymer modifier improves the characteristics of bitumen and asphalt concrete. The use of waste tires rubber for bitumen modifica-
tion is considered to be an environmentally friendly solution, but it is limited due to the poor cosite of rubber with bitumen. Various
methods based on activation of the rubber surface, dispersion of rubber to nanosized particles, and thermochemical transforma-
tions of rubber into individual organic compounds are known to overcome this limitation. Methods and materials. The method
of joint pyrolysis of rubber with oxygen-containing oil under pressure is proposed to be used for converting it into a nanostructural
bitumen modifier. The resulting product is studied by the methods of thermogravimetry, NMR-spectroscopy, chromatomasspec-
trometry, scanning electron microscopy and solubility in toluene. Results and discussion. It has been established that during joint
pyrolysis rubber undergoes devulcanization, cracking and dispersion to nanosized particles, and as a result the product becomes
compatible with bitumen. Thermochemical reprocessing of waste automobile tires can be considered to be a promising method
for the production of a nanostructured bitumen modifier. Conclusion. The use of thermochemical pressure treatment of waste tire
rubber in the presence of oxygen-containing oil makes it possible to obtain a nanostructured product compatible with bitumen
for further use of the resulting modifier in the production of asphalt concrete.

KEYWORDS: nanostructural modifier, bitumen, car tires.
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INTRODUCTION

Polymer—bitumen binders are innovative nano-bind-
ers for asphalt concrete pavements. Introduction
of a polymer modifier improves the characteristics of
bitumen and asphalt concrete. The necessary condi-
tion for obtaining a bitumen modifier is its ability to
dissolve or swell in a bitumen dispersion medium [1].
The quality of bitumens as oil dispersed systems is di-
rectly related to their structure and properties, which
are determined by the quantitative ratio of oils, resins,

and asphaltenes that form a microheterogeneous nano-
dispersed structure [2].

Waste tires are a common large-scale waste, and their
primary production by the petrochemical industry implies
the compatibility of used tires with other petrochemical
products. Almost 1.5 billion tires are produced every year
[3], which is more than 17 million tons. Rubber, being
the basis of tires, is highly resistant to degradation in the
natural environment. The progress made in recent years in
the field of waste management has resulted in the fact that
tires are beginning to be perceived as a potential source
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of valuable raw material [4]. The research works aimed
at developing cost-effective and environmentally friendly
tire recycling methods are fully justified, since such ap-
proach allows the sustainable development of industrially
applicable recycling technologies [5].

Rubber crumb obtained from the used tires is a rather
chemically inert material due to the presence of a three-
dimensional structure created at the stage of product for-
mation and additional cross-linking of the polymer by
intermolecular bonds of sulfur atoms and filler particles in
the form of highly dispersed carbon. Therefore, the seem-
ingly obvious solution for the disposal of crumb rubber by
creating a composite with road bitumen for the possibility
of forming asphalt concrete turns out to be impracticable
in reality due to low or no adhesion of the surface of the
used rubber with bitumen.

The crumb rubber resulting from the grinding of re-
cycled tires has been successfully used as a modifier for
the asphalt-concrete pavement to provide environmental
friendliness, and the end product has been widely known
as rubberized asphalt [6]. Although rubberized asphalt
has been considered an environmentally friendly paving
material with favorable engineering advantages, it suf-
fers from poor compatibility with other asphalt concrete
components, in particular bitumen, which has essentially
limited its usage. This incompatibility problem is caused
by great differences between crumb rubber and asphalt
matrix in their chemical nature (molecular size and polar-
ity) and physical characteristics (density and solubility).
In this case, the rubber crumb obtained from tires with
expired service life becomes a resource needed in another
production process to create paving layers [7].

Crumb rubber grinding can be considered to be the
simplest technical solution to achieve the compatibility
of bitumen and crumb rubber. The authors of [8] showed
that the addition of crumb rubber to bitumen in the pro-
cess of creating asphalt concrete compositions improves
the properties of the finished material only with the size of
a rubber crumb less than 100 um and, in some cases, with
the particle sizes of 100—200 um. The use of a larger rub-
ber crumb results in a loss of the improvements achieved
through the interaction of bitumen and rubber.

A more technically difficult solution for the compat-
ibility of rubber and bitumen is activation of the crumb
surface. Activation of crumb rubber is possible by high-
temperature shear co-grinding into a binary mixed powder
based on crumb rubber and styrene-butadiene thermo-
plastic elastomer [9]. The authors propose [10] obtain-
ing a devulcanized product in the process of ultrasonic
reprocessing of rubber in an extruder, and this product
can be used as filler in an asphalt concrete mixture.

In practice, crumb rubber is subjected to thermo-
chemical treatment and grinding in a colloid mill to ob-
tain a modifier compatible with bitumen. Thus, Tatneft
and the Hungarian MOL Group started implementing

a project for the construction of a plant for producing
rubber-modified bitumen at the TANECO complex.
The technology was patented by the MOL Group and
a group of scientists from the Pannonian University (pat-
ent HU226481) [11]. However, mechanical reprocessing
of crumb rubber in a ball mill requires significant time
and energy costs, so chemical methods for dispersing rub-
ber to the nanostructure particle size and corresponding
compatibility with the colloidal bitumen system seem to
be more promising.

Modifying the ground tire rubber to make it compat-
ible with the matrix is a more versatile method. The most
well-known technical solutions for its implementation
are chemical modification and reactive extrusion [12].
Chemical modification of the rubber crumb surface can
be carried out by bitumen itself, if an efficient heat supply
is ensured by the microwave treatment [13]. In this case,
the devulcanized rubber on the surface of the grains ef-
fectively interacts with bitumen, further providing high
adhesive properties of the surface.

To overcome the adhesion problem, surface coatings,
compatibilizers, additives and energy treatments are used.
It is proposed [14] that nanoparticles should be included
in the composition with a combination of other methods,
which facilitates the production of high-quality composites
and creation of competitive materials. Another solution for
creating a composite of rubber crumb and high-density
polyethylene is activation of the surface of materials using
an olefin-maleic anhydride copolymer [15].

Heat treatment of rubber leads to devulcanization and
activation of the surface of the material and enables it to
interact with the additives that improve adhesion. Thus,
the use of microwave electromagnetic energy for the devul-
canization of rubber powder results in the production of
a new composite with improved properties from the treated
material [16]. During the microwave energy treatment,
sulfur-sulfur and carbon-sulfur bonds are broken.

During devulcanization, the chemical bonds of sul-
fur-sulfur (S—S) and carbon-sulfur (C—S) are destroyed
without destroying the main network and the material.
Devulcanized rubber can be mixed with virgin rubber or
with other types of matrices to obtain new compounds
without significant reduction in mechanical and physical
properties. Many types of devulcanization processes are
presented in the literature: chemical, ultrasonic, micro-
wave, thermomechanical, etc. Thermomechanical devul-
canization based on extrusion appears to be more suitable
for industrial scale applications. Supercritical CO, has
been proposed as an environmentally friendly atmosphere
that can be used to improve this type of devulcanization
[17]. Under supercritical conditions, CO, is supposed to
swell in the rubber and stretch the sulfide bonds, making
them easier to break.

Analysis of literary sources suggests that the presence
of any oxygen-containing compounds, and not only car-
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bon dioxide, accelerates the process of devulcanization
and cracking of polymer molecules. This effect is probably
associated with a radical mechanism of the pyrolysis pro-
cess at temperatures above 500°C, when oxygen heteroat-
oms form radicals, which contribute to the termination of
polymer molecules, easier than other atoms [18]. Indeed,
many research works confirm the positive effect of oxygen
heteroatoms on the degradation of polymer molecules,
including the devulcanization process.

Therefore, crumb rubber was proposed to be activated
and dispersed by the thermochemical method in the pres-
ence of oxygen-containing compounds until it is compat-
ible with the colloidal bitumen matrix. Based on this, the
purpose of this research was to determine the possibility
of thermochemical devulcanization of rubber to obtain a
nanostructural bitumen modifier for its further utilization
in asphalt concrete. For the practical implementation of
this goal, the products of rubber crumb pyrolysis together
with oxygen-containing vegetable oil were studied for the
subject of formation of oligomers and compatibility with
bitumen.

METHODS AND MATERIALS

Rubber crumb fraction of 1—3 mm produced by Bu-
matika LLC was used as waste tire rubber. Sunflower
unrefined oil of the “Blago” brand was chosen as the
oxygen-containing component.

Pyrolysis of the examined samples took place in a steel
retort. It was carried out for 90 minutes at 530°C. The
sample mass was 20.0 g. At the end of the process, the
pressure in the reactor reached 23—25 atm.

The structure and particle size of the pyrolysis prod-
ucts were analyzed using the Hitachi S-3400N scanning
electron microscope with various magnifications.

Thermoanalytical studies were held in an argon atmo-
sphere using the STA 449 F1 synchronous thermal analy-
sis instrument manufactured by NETZSCH (Germany),
which allows analysis with the simultaneous recording of
thermogravimetric and calorimetric characteristics.

The compatibility of the obtained products with bitu-
men was determined by the solubility in toluene, accord-
ing to GOST 20739-75. “Petroleum bitumen. Method for
determining solubility”.

After dissolution in bitumen, the toluene extracts were
analyzed on the nuclear magnetic resonance (NMR)
spectrometer: BrukerAvance 111 HD (400 MHz 1H, 101
MHz 13C), the solvent — deuterochloroform CDCI3.
Chemical shifts are indicated relative to TMS by a residual
solvent signal; shooting temperature — 40°C.

The qualitative composition of the pyrolysis products
soluble in toluene was determined by the chromatogra-
phy-mass spectrometry with the Agilent Technologies
instrument, 7890B GS System chromatograph, 5977A
MSD mass spectrometer, HP-1MS capillary column

(length 30 m, column inner diameter 0.25 mm, depos-
ited layer thickness — 0.25 um), carrier gas — helium,
1 ml/min. Temperature programming was carried out
in the following mode: holding at 50°C for 1 minute,
then heating at a rate of 5 degrees per minute to 300°C,
300°C isotherm for 9 minutes, then heating with 5 de-
grees a minute to 325°C and 325°C isotherm for 1 minute.
The injector temperature — 270°C, the exit temperature
to the mass spectrometer — 350°C, the mass spectrom-
eter operation mode: the ionization energy — 70 eV, the
source temperature — 230°C, the mass range 16—500. The
results were processed using the software package sup-
plied with the instrument. The products were identified
by comparing their mass spectra with the spectra of the
compounds available in the NIST 2017 library supplied
with the program.

RESULTS

Proceeding from the above assumptions about the
mechanism of rubber pyrolysis in the presence of oxygen-
containing compounds, the products of joint pyrolysis of
rubber and vegetable oil were obtained. Fig. 1 shows the
results of the thermogravimetric analysis of the original
rubber in the argon atmosphere (1), the sample of rubber
subjected to pyrolysis under the above conditions and
the sample obtained by pyrolysis of 76 wt.% rubber and
24 wt.% vegetable oil. It is obvious that under thermal
exposure part of the rubber undergoes pyrolysis and de-
struction to form lower molecular weight products even
without additional chemical exposure to oxygen-con-
taining oil. In the presence of oil, the process of polymer
destruction is even more intense and the amount of low-
boiling fractions increases.

Quantitative assessment of the rubber destruction and
the formation of low molecular weight light fractions can be
carried out by finding the proportion of the hydrocarbons
evaporating in a certain temperature range. This method is
shown with the example of curve 2. The fraction boiling up
to 150C approximately corresponds to the gasoline fraction
in the case of direct distillation of oil, and for sample 2 it is
4.83 wt.%. The medium fraction, including kerosene and
diesel fuel, is distilled at temperatures of 150—360°C, and
for the selected sample it is 29.38 wt.%

The proportions of light and medium fractions for the
three described samples are shown in Table 1.

All samples are characterized by the presence of
a thermally stable residue of 38—42 wt.%, which prob-
ably includes inorganic rubber components and carbon
introduced into the original material. It is obvious that as
a result of heat treatment the polymer molecules of rubber
depolymerize to form light hydrocarbons, the presence of
oxygen-containing oil contributing to this process.

Chemical compatibility of rubber reprocessing prod-
ucts with bitumen and the particle size of rubber pyrolysis
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Fig. 1. Results of the thermogravimetric analysis of the original rubber (1), the product of rubber

pyrolysis (2), and the product of joint pyrolysis of rubber and vegetable oil (3) in argon

products insoluble in bitumen are evidently the key tasks
of rubber crumb utilization in asphalt concrete. In the first
case, the chemical compatibility of rubber depolymeriza-
tion products with bitumen is defined as the solubility of
modifying additives in organic solvents, mainly in toluene
[19]. Proceeding from this, the solubility of the rubber

crumb and the products of its joint pyrolysis with veg-
etable oil in toluene was determined. The research results
are presented in Table 2.

The proportion of the condensed phase in the indi-
vidual pyrolysis of rubber crumb and in the joint pyrolysis
with oil turns out to be almost the same, but the propor-

Table 1
Proportions of light (up to 150°C) and medium (150—360°C) fractions in the composition of the samples according
to thermogravimetry data
Samole Proportion of light fraction | Proportion of medium fraction
p (up to 150°C), wt.% (150—-360°C), wt.%
Original rubber 0.47 10.89
Rubber pyrolisis product 4.83 29.38
Joint rubber and vegetable oil pyrolisis product 6.10 40.79

Table 2
Solubility of samples in toluene

Proportion of the condensed

Proportion of the condensed

Sample phase from the initial mass, phase from the initial mass,
wt. % wt. %
Original rubber 100 100
Rubber pyrolisis product 74,2 58,6
Joint rubber and vegetable oil pyrolisis product 72,1 40,6
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tion of the fraction soluble in toluene increases signifi-
cantly in the second case. In the case of joint pyrolysis,
the process of rubber devulcanization and polymer deg-
radation obviously proceeds much deeper.

This assumption is confirmed by the NMR analysis
data presented in Table 3.

Indeed, in the case of joint pyrolysis, the proportion of
aliphatic carbon in the product increases by 1.3 times, and
the proportion of aromatic carbon decreases by 1.5 times.
At the same time, the mass of vegetable oil in the mixture
was 3.2 times less than that of crumb rubber. Therefore,
it can be argued that the increase in the proportion of
aliphatic carbon in the case of joint pyrolysis cannot be
achieved due to the decomposition of oil triglycerides, but
is associated with the cracking of the rubber polymers,
the formation of oligomers, and their partial dearomati-
zation. As a result, the obtaiined product loses its three-

Table 3
NMR spectroscopy data

dimensional structure and acquires solubility in toluene
and, accordingly, is compatible with bitumen.

This conclusion is also confirmed by the results of
the chromatomass-spectrometric examination of toluene
extracts of the product of rubber pyrolysis and the product
of joint pyrolysis of rubber and vegetable oil. The resulting
chromatograms are shown in Fig. 2

According to the chromatographic analysis, more than
100 individual substances are recorded in both samples.
Table 4 shows the relative content of major compounds
that are part of the pyrolysis products, identified accord-
ing to the mass spectrometry data

There is a decrease noticed in the proportion of
aromatic compounds and an increase in both the pro-
portion and diversity of aliphatic hydrocarbons in the
product of joint pyrolysis of rubber with vegetable oil
in comparison with the rubber pyrolysis product. Thus,

C,,, integration

Sample - —
Aromatic carbon, mol. % | Aliphatic carbon, mol. %
Original rubber 43.78 56.22
Joint rubber and vegetable oil pyrolisis product 28.76 71.24

18.412 | 23.167

a
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20.866 25.389
0.4+ 32.773
23.156 '
- 12.279
(;).\-‘l“‘J
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 51 56 58
b Counts {%) vs. Acquisition Time {min)
x10 2
14
0.8
0.6 32.799

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36_38 40 42
Counts (%) vs. Acquisition Time {min)

44

Fig. 2. The results of chromatographic analysis of the rubber pyrolysis product (a) and the
product of joint pyrolysis of rubber and vegetable oil (b)
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Table 4
Mass spectrometry data
Rubber pyrolisis product Joint rubber and vegetable oil pyrolysis product
Compound mol. % Compound mol. %
1-methyl-4-prop-2-ylbenzene 23.3 1-methyl-4-prop-2-ylbenzene 14.4
3-methyl-1-ethylbenzene 6.5 Heptadecane 8.9
Heptadecane 34 Pentadecane 5.9
2,6,10-trimethyltetradecane 3.1 1-methyl-3-ethylbenzene 3.9
2,3,6-trimethylnaphthalene 2.6 Oxadecannitrile 2.9
Oxadecannitrile 2.2 1-but-3-en-2-yl-3-methylbenzene 2.1
Undecane 1.9
Tridecane 1.9
2,6,10-trimethyltetradecane 1.8
2,6-dimethylnaphthalene 1.5
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Fig. 3. Micrograph (a) of the organic product film with particles of undissolved polymeric material and micrograph (b)
of the organic product film with particles of inorganic impurities

the resulting product is compatible with bitumen in its
chemical nature.

In addition to the above mentioned chemical compat-
ibility of the joint rubber vegetable oil pyrolysis product
with bitumen, high dispersion of the product to nanosized
particles characteristic of bitumen has been revealed. Fig-
ure 3 shows the results of electron microscopic studies of
a film of the joint rubber vegetable oil pyrolysis product
deposited from the toluene solution on a ceramic surface
with further removal of the solvent.

It is obvious that thermochemical treatment results,
besides the devulcanization and formation of a complex
of individual chemical compounds, in the dispersion of
the polymeric part of the product insoluble in toluene
to a particle size not exceeding 70—80 um (Fig. 3a). At
the same time, inorganic rubber components, such as
silicon and magnesium oxides, form nanosized particles

smaller than 900 nm. Such nanosized inorganic oxide
particles are known to improve the stability of asphalt
mixtures [20].

DISCUSSION

During the experiments, it was found that the joint
used tires rubber crumb and vegetable oil pyrolysis un-
der pressure leads to the production of a nanostructured
product compatible with bitumen. In the course of the
thermochemical process, devulcanization and cracking
of polymeric rubber molecules occur to form individual
organic oligomers and highly dispersed particles of or-
ganic and inorganic nature. These results are consistent
with the studies by other authors. Thus, it was proved
in [21] that at 550°C the joint pyrolysis of rubber from
the used tires and polyolefins from the used packaging is
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significantly accelerated and increases the yield of a liquid
product in the presence of corn stalks.The calorific value
of the oil obtained is 39.93 MJ/kg. The addition of corn
stalks increased the H/C ratio of the pyrolysis oil from
1.43 to 1.50, which meant more saturated hydrocarbons
and better oil stability. In that case, the oxygen content in
the pyrolysis oil increased and the content of nitrogen and
sulfur decreased. The authors explain the latter fact as the
binding of sulfur and nitrogen by the oxygen of cellulose
or lignin into gaseous products.

In the research work [22], willow leaves and waste tires
were subjected to joint pyrolysis at 300—500°C. The result-
ing liquid product contained 1.79% oxygen and consisted
mainly of alkanes and aromatics, which gave it properties
similar to diesel fuel at the high calorific value. During
the pyrolysis process, sulfur was effectively removed in
the form of SO,. It was shown [23] that in the joint py-
rolysis of used tires and bamboo sawdust at 550°C, the
maximum Yyield of aromatic hydrocarbons was obtained
with a component ratio of 1:1. During rubber pyrolysis,
any oxygen-containing compounds can obviously act as
a donor of oxygen-containing radicals. In this sense, the
described process of obtaining bitumen-like materials is
approached by autoclave methods for processing plant
biomass with a high content of oxygen atoms. Thus, the
hydrothermal conversion of industrial remains of the algae
Spirulina sp. at 260°C under autogenous pressure forms
a hydrophobic phase with rheological properties similar to
those of an elastomeric biobinder [24]. Removal of solid
residues from the hydrophobic fraction by filtration results
in pure conventional bitumen-like material.

Even a decrease in temperature to certain limits can
be compensated by an increase in pressure. Thus, natural
rubber, which is similar in structure to the rubber of used
tires, can successfully undergo the process of liquefac-
tion in an autoclave at 250—375°C and a reaction time of
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BBEJIEHUE

HHHOBaHI/IOHHbIMI/I HAHOCBS3YIOIINMU [UIST YCTPOIi-
cTBa acPaybTOOCTOHHBIX TIOKPBITUI SIBJISTIOTCS TT0-
JIMMEPHO-OMTYMHBIC BSLKYIINE. BBeneHMe mommMepHo-
ro MomrduUKaTOpa YIydlIaeT XapaKTepUCTUKI ONTyMa
u acanbrobeToHa. HeoOxoauMbIM yCc10BUEM TIOTY-
yeHusI MoauduKaTopa OUTyMa SIBIISIETCSI €r0 CIIOCOo0-
HOCTb PaCTBOPSITHCSA MU HAOyXaTh B TUCIICPCHOHHOMN

cpene outyma [1]. KadecTtBo 6UTYMOB KaK He(TIHBIX
IHUCIIEPCHBIX CUCTEM HETIOCPEACTBEHHO CBSI3aHO C UX
CTPYKTYPOM M CBOMCTBaMM, KOTOPEIC OTIPEACIISIIOTCS
KOJIMYECTBEHHBIM COOTHOIICHUEM Macesl, CMOJI U ac-
daxpTeHOB, 00PA3YIOIINX MUKPOTETEPOTCHHYIO HAaHO-
JIMCIIEPCHYIO CTPYKTYPY [2].

OTpaboTaHHBIC TTOKPBIIIKH SIBJISTFOTCST PACIIPOCTPa-
HEHHBIM KPYITHOTOHHAXKHBIM BUIOM OTXOIIOB, a X Mep-
BUYHOE ITPON3BOICTBO HE(PTEXUMMUECKOM TTPOMBITILICH-
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HOCTBIO MpeamnojaraeT COBMECTUMOCTb OTpabOTaHHbBIX
MOKPBIIIEK C IPYTUMUA HEPTEXUMUYECKUMU MPOAYK-
Tamu. ExeroaHo npou3BoauTcs nmouTu 1,5 Mmuimuapaa
mH [3], 9To cocTaBigeT 6oJiee 17 MUIMOHOB TOHH.
Pe3una, coctaBiisitolass OCHOBY TOKpBILIEK, 001a1aeT
BBICOKOW YCTOMYMBOCTBIO K PA3JI0XKEHUIO B TPUPOJI-
Holi cpene. [Iporpecc, IOCTUTHYTBIN B MOCTEIHUE TOABI
B 00J1aCTH OOpAILlEHUS C OTXOIaMU, IPUBEJ K TOMY, UTO
IIIMHBI HAYMHAIOT BOCIPUHUMATBCS KaK MOTEHLIMAJb-
HBII NICTOYHUK IEHHOTO CHIphs [4]. MccrmemoBaTenbekue
paboThl, HATIpaBJIEHHbIE HA pa3padOTKy 3KOHOMUYECKU
3(GEKTUBHBIX U 9KOJOTMUECKU YMCTHIX METOIOB TIepe-
pabOTKH IIMH, TMOJHOCTbIO OMpaBIaHbl, TAKON MOIXO/I
MO3BOJISIET YCTOMYMBO pa3BUBATh IMPOMBIIIIEHHO TTPU-
MEHUMBbIE TEXHOJIOTMHU TIepepaboTku [5].

Pe3uHoBas kpouika, nmojiydeHHast u3 oTpabOTaHHbIX
MOKPBIIIEK, MPEACTaBIsIET COOOM TOCTATOYHO XUMUYE-
CKV MHEPTHBII MaTepuall BCJICACTBUE HAIMUMS TPEXMEP-
HOW CTPYKTYpbl, CO3AAaHHOU Ha 3Tare (GopMUpPOBAHUS
W3IEIUsT U AOTIOJTHUTEIbHOM CIIMBKHU MOJMMEPa MEX-
MOJIEKYJISIPHBIMM CBSI3SIMU aTOMOB CE€pPbl M YaCTULIAMU
HaMOJHUTESI B BUAE BBICOKOAMCIIEPCHOIO yIepo/a.
IToaToMy Kaxylieecsi O4eBUNHBIM pELLIEHUE MO YTUIW-
3allM1 PE3MHOBOM KPOIIKM MYyTEM CO3JaHUsI KOMITO3UTA
C IOPOXKHBIM OUTYMOM JIJ151 BO3MOXXHOCTU (POPMOBAHMUS
acasbTo0eTOHA B pEaJIbHOCTU OKa3bIBAETCS HEOCY-
1IECTBUMBIM BCJIEICTBUE HEBBICOKOI MJIM OTCYTCTBY-
[0l aare3un MoBepPXHOCTU OTPaOOTAaHHON PE3UHBI
c OUTYMOM.

PesuHoBas kpoiiika, mojayyaemasi B pe3yjabTaTe 13-
MeJIbYCHUS YTUIU3UPYEMBIX IIWH, YCIEITHO UCTIONb3Y-
eTcsl B KauecTBe Moaudukaropa ajist achaabTOOCTOH-
HOTO TTIOKPBITUS B LEJISIX 00eCIe4eHUs 9KOJOTUYHO-
CTU, U KOHEYHBIN MPOAYKT ObLIT IIUPOKO U3BECTEH KaK
pope3nHeHHBIN acdanbT [6]. XoTs mpope3snHeHHBII
acaJibT CUMTAJICS DKOJOTMYECKH YMCTHIM MaTepUaioM
JIJISI MOLLIEHUSI ¢ OJIarONpUsITHBIMUA MHXXEHEPHBIMU TIpe-
MMYILIECTBAMU, OH CTPaJaeT OT MJI0X0H COBMECTUMOCTH
C IpyTMMU KOMITOHEHTaMU achajibTOOETOHA, B YaCTHO-
CTU C OUTYMOM, UTO CEPbE3HO OIPAHUYUBAIIO €T0 TIPU-
MEHeHHe. DTa mpobiieMa HeCOBMECTUMOCTH BhI3BaHa
OOJIBPIIMMH PA3INUMSIMU B XUMUIECKOM mipupome (pas-
Mep MOJIEKYJI ¥ MIOJIIPHOCTD) U (PU3NUYECKUX XapaKTepU-
CTUKaX (IUIOTHOCTh W PACTBOPUMOCTH) MEXKIY PE3UHO-
BOI KPOILKOI 1 acanbToBOM MaTpulieil. B aTom ciyuae
pEe3MHOBAs KPOIIKa, IojydyaemMas U3 IUH ¢ UCTEKITUM
CPOKOM CJTy>KObI, CTAHOBUTCS pECYpPCOM, HEOOXOIMMBIM
B IPYTOM TIPOU3BOJICTBEHHOM IPOLIECCE /IS CO3MAHUST
CJIOEB TOPOXKHOTO MOKPHITUS [7].

HaunbGonee nmpocTbiM TEXHUYECKUM PEIICHUEM IS
NOCTUKEHUSI COBMECTUMOCTU OUTyMa U PE3UHOBOM
KPOIIKM MOXHO CYUTATh M3MEJIbUE€HUE PE3MHOBOI
KpOIIKU. ABTOpPHI [8] moKa3aiu, 4To 100aBIeHUE Pe3n-
HOBOM KPOILKU B OUTYM TIpU cO31aHUU ac(haTbTOOETOH-
HBIX KOMITO3UIIMI yaydliaeT CBOHCTBAa FTOTOBOTO MaTe-

pHaja TOJIBKO IIPU MCITOIh30BAHNHT PE3NHOBOM KPOIITKHI
pa3zmepom MeHee 100 MKM 1 B HEKOTOPBIX CIIyYasiX IIpu
pa3mepax gactur 100-200 Mmxm. Mcrionb3oBaHMe pe3n-
HOBO¥1 KPOIIIKH OOJIBIIIETO pa3Mepa IIPUBOINT K ITOTEPe
VIYYIIeHW, TOCTUTHYTHIX 3a CUET B3aUMOACUCTBUS
OUTyMa U pe3UHHI.

Bosee TeXHMYIECKM CIIOXKHBIM peIIeHUEM IS CO-
BMECTUMOCTH PE3WHBI ¥ OUTYyMa SBJISICTCSI aKTUBAIIUS
TTOBEPXHOCTHU KPOIIKH. AKTUBALINS PE3MHOBOI KPOIIIKK
BO3MOXHA METOIOM BBICOKOTEMIIEPATypHOTO CIBUTO-
BOTO COM3MEIbUCHUSI OMHAPHOTO CMECEBOTO TTOPOIITKa
Ha OCHOBE PE3MHOBOU KPOIIKHU W OyTaareH-CTHUPOJIb-
HOTO TepMmoajacToriacta [9]. ABTOpsI mpemiaraioT
[10] B Ipoltecce yabTpa3ByKOBO# 00pabOTKN PE3NHBI
B DKCTpYJepe ToJiydyaTh IeBYJKAHU3UPOBAHHBIN MPO-
VKT, KOTOPBIA MOXKET OBITH MCITOJIb30BaH B Ka4eCTBE
3aITOTHUATENISA B ac(haTbTOOCTOHHOI CMECH.

Ha mpakTtike pe3smHOBYIO KPOIIKY ITOABEPraloT TEPMO-
XUMIIECKOU 00pabOTKe ¥ U3METBYCHHIO B KOJUTOMITHOM
MeJIbHULIE /151 TTOJTy4eHUsI COBMECTUMOTO C OUTYMOM MO-
mndpukaropa. Tak, TatHedTs 1 BeHrepckass MOL Group
MIPUCTYITVIIN K peaTn3allii IIPOeKTa 10 CTPOUTEIBCTBY
YCTAaHOBKM 10 TIPOM3BOICTBY pEe3MHOMOIN(DUITIPOBAH-
Horo 6utyma Ha Komruiekce TAHEKO. Texnonorus
ob11a 3anateHToBaHa MOL Group ¥ rpynIioil y4eHbIX
[MannoHckoro yHuBepcutera (matent HU226481) [11].
OmHako MexaHmdecKast 00paboTKa pe3MHOBOI KPOIIKHI
B IIIapOBOI MEJIBHUIIE TPeOyeT 3HAUNTEIPHBIX BPEMCH-
HBIX U SHEPTETUICCKUX 3aTPaT, II03TOMY XUMUUECKHE
METOIbI IUCTICPTUPOBAHMS PE3UHBI 10 HAHOCTPYKTYPHOTO
pa3Mepa 4acTHll U COOTBETCTBYIOLIEH COBMECTUMOCTU
C KOJUTOUAHOUW OMTYMHOM CUCTEMOU MpeICcTaBIsSIOTCS
0oJiee IepCIIeKTUBHBIMMU.

Monmndukams n3MeJIbYeHHON pe3NHBI IWH IS
00ecTIeYeHNS €€ COBMECTUMOCTH C MATPUIICH SIBJISIETCS
0OoJjiee yHUBEpcalbHbBIM MeTonoM. Haunbosee nsBect-
HBIMU TEXHUICCKUMH PEIICHUSIMH €TI0 OCYIICCTBICHUS
SIBJITIOTCST XUMIYeCcKass MOOU(PUKAIIS U peaKIIMOHHAS
sKcTpy3ud [12]. Xumuueckass MoguUKaIs MoBepXHO-
CTU pe3MHOBOM KPOIITKN MOXKET OBITh IIPOBEICHA CAMUM
ouTymMoM, eciii ooecrneunTb 3PMEKTUBHBIN TEIIOIOI-
BOJI METOIOM MUKPOBOJIHOBOI 06padboTku [13]. B aTom
cJIyJae IeBYJIKaHN3MPOBaHHAS pe3MHA Ha TTOBEPXHOCTH
3epeH 3 GHEKTUBHO B3aUMONEUCTBYET ¢ OUTYMOM, 00e-
CIIeunBasI B JaJTbHEMIIIEM BRICOKHE aTe3MOHHBIC CBOM-
CTBa ITOBEPXHOCTH.

YUTo6bI MpeonoieTh MpodaeMy aare3uu, UCHoIb3y-
FOTCSI TOBEpXHOCTHBIC TIOKPBITUS, KOMITATHOMIN3aTOPHI,
no06aBKu U 3HepreTudeckue oopadorku. [lpennaraercs
[14] BkIIOYEHUE B KOMITO3UIINIO HAHOYACTUII C KOM-
OuHaIMel APYruxX METOI0B, YTO OOJIeryaeT moayyeHue
Ka4eCTBEHHBIX KOMITO3UTOB M CO3IaHNE KOHKYPEHTO-
CITOCOOHBIX MaTepHaioB. JIpyruM pemeHrneM 1o co3ma-
HUIO KOMITO3HUTA U3 pe3MHOBOI KPOIIKH ¥ TTOJIMATHIICHA
BBICOKOU TUIOTHOCTH SIBIISIETCS aKTHBAIIVSI TTOBEPXHOCTH
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MaTepHrajIoB ¢ IPUMEHEHUEM COTIOJIMMepa OJicDIH-Ma-
JIeMHOBOTrO aHruapuaa [15].

Tepmuueckast 06paboTKa pe3uHbI IIPUBOIUT K J€-
BYJIKAHW3AIIMU M aKTUBAILIMM TTOBEPXHOCTH MaTepraja
C BO3MOXHOCTBIO BCTYIIaTh BO B3aMOICICTBHE C JIO-
OGaBKamu, yIy4dIIAOIIUMHU anre3uto. Tak, MpruMeHeHne
aneKTpoMarHuTHoi sHepruy CBY mist neByIKaHM3amm
TIOPOIITKA Pe3WHBI IPUBOAUT K ITOJTYICHHIO 13 00pado-
TAaHHOTO MaTeprajia HOBOTO KOMITO3UTA C YITyIIIeHHBIMHI
cBoiictBamu [16]. Bo Bpemst 06pabOTKM MUKPOBOJIHO-
BOIT Heprueil MPONCXOIUT Pa3phIB CBI3CH cepa-cepa
W yIJIepoa-cepa.

[Ipu meByIKaHU3ALMK TIPOVCXOAUT pa3pylIcHUE
XUMHWYECKUX CBsI3eit cepa-cepa (S—S) u yrmepom-cepa
(C—S) 6e3 pa3pylieHNsI OCHOBHOI CeTH 1 0€3 pa3pyllie-
HUSI MaTepuana. JleByIKaHN3UPOBAaHHBIN KayIyK MOXKHO
CMCIINBATh C TIEPBUIHBIM KayIYYKOM WJIN C APYTUMU
BUIAMU MaTPUII IJIST TIOJTYICHMST HOBBIX COSIMHEHMI 0e3
3HAYUTEILHOTO CHIKCHUSI MEXaHNICCKUX U (Du3mIe-
CKUX CBOICTB. B muteparype mpeacTaBIeHO MHOKECTBO
TUTIOB MIPOIIECCOB ACBYIKAHU3ALNI: XUMUUCCKHUE, YiIb-
TPa3BYKOBBIC, MUKPOBOJIHOBBIC, TEPMOMEXaHUICCKIEC
u T.0. TepMoMexaHmYecKas IeBYIKaHU3AIUsI, OCHO-
BaHHas Ha 3KCTPY3UH, TIPEACTABIIICTCS OOJIee TTOIXONs-
e IJIT TPUMEHEHUS B TIPOMBITIICHHBIX MacIITabax.
Ceepxkpurndeckuit CO, ObUT NPEITOXEH B KaYeCTBE
9KOJIOTUYECKHU YNCTOI aTMOC(hephl, KOTOPYIO MOKHO
HCITOTb30BaTh TS YAYIIIICHUS 3TOTO THIIA I¢BYJIKAHT -
3auuu [17]. EcTb mpenmnoioxeHue, 4To B CBEPXKPUTUYEC-
ckux ycnoBusax CO, pa3Oyxaet B KaydyKe ¥ pacTAruBaeT
CyIb(pUIHBIC CBSI3M, 00JIeTYast NX Pa3phIB.

AHaJIN3 INTEePaTypHBIX ICTOYHUKOB JaeT OCHOBaHNE
TIPEITOIOXNUTh, YTO HAIMYKE JIIOOBIX KUCIOPOICOIEp-
JKaIIMX COCIMHEHWI, a He TOJIPKO TMOKCHUIA YIJIepoa,
YCKOPSET IPOIIecC AeBYJIKAHN3AIINN U KPeKUHTA T10-
JIMMEPHBIX MOJIEKYJI. BeposaTHO, 3TOT 3(hheKT cBI3aH
C pagyKaJIbHBIM MEXaHU3MOM ITPOIIecca MUPOIN3a TIpU
TemIrepaTypax Boire 500°C, Korga rerepoaToMbl KMCIIO-
poza Jierde, YeM IPYTUe aTOMBI, 00pa3yIOT paguKaJbl,
CIIOCOOCTBYIOIINE OOPBIBY TTOJTUMEPHBIX MOJIEKY [ 18].
HeiicTBUTETEHO, MHOTHE UCCIICIOBAHUS TTOATBEPKIa-
FOT TIOJIOKUTEIFHOE BIIUSTHIE TETEPOaTOMOB KMCIIOPOIa
Ha IECTPYKIMIO TTOJTMMEPHBIX MOJICKYJI, B TOM YHCJIC
¥ Ha TIPOIIeCC AeBYJIKAHN3AIIAMN.

[TosTOMY OBLIO IPEIIOXKEHO aKTUBUPOBATh U MHC-
TEPTUPOBATH PE3NHOBYIO KPOIIKY TEPMOXUMUICCKIM
METOIOM B IIPMCYTCTBUU KHUCIOPOACOMEPXKAIINX CO-
€IMHEHUI O COBMECTUMOCTH C KOJUTOUIHOM OMTYMHOM
MaTpuieit. Mcxomst m3 3TOro, meirbio JTaHHOTO MCCIIe-
IOBaHMS OBLIO OIIpeIeICHUE BO3MOXHOCTUA TEPMO-
XUMHWIECKON ACBYJIKAHMU3ALINN PE3UHBI C ITOJTyICHUEM
HAHOCTPYKTYPHOTO MOoIMGbuKaTOpa OMTYMa IJIsT Tajlb-
HeHIei yTmm3anuu B acdanbrodeToHe. s TpakT-
YeCKOM pear3aui 3TOU eI UCCIeI0BAHbI TTIPOMYKTHI
MMPOJIN3a PE3MHOBOM KPOIITKI COBMECTHO C KMCIOPOI-

cofepXalluM MacjioM PacTUTEbHOTO TTPOUCXOXKIECHUS
Ha mpeaMeT 00pa30BaHMS OJTUTOMEPOB U COBMECTHUMO-
CTU C OUTYMOM.

METO/AbI 1 MATEPHAJIBI

B kauecTBe pe3nHBI OTPAOOTAHHBIX MOKPHITIEK UC-
TTOJTH30BAIA PE3MHOBYIO KPOIIKY (ppakimu 1—3 MM TIpo-
n3BoacTBa OO0 «bymarnka». Kuciopoaconepxanmm
KOMITOHEHTOM OBLIO BEIOPAaHO TTOACOTHEUHOE Hepadu-
HUpPOBaHHOE Macyio Mapku «baro».

IMuponm3 uccaeayeMbIx 00pa3IloB OCYIIECTBISIIN
B cTaibHOM petopTe. [TMpoan3 MpOBOAIIN B TCUCHHE
90 munyT 11pu 530°C. Macca nipo06s! coctasisiia 20,0 1.
ITo okoHYaHMM TIpoIIecca JaBJICHHE B peaKTope JOCTH -
rayio 23—25 atm.

CTpyKTypy ¥ pa3Mep 4acTHI IIPOAYKTOB IIUPOIN3a
AHAJIM3WPOBAJIU C TTOMOIIIBIO CKAHMPYIOIIIETO 3JIEKTPOH-
Horo Mukpockora Hitachi S-3400N ¢ pa3mnuHBIM yBe-
JIMYICHUECM.

TepMoaHanmuTUUECKME UCCICIOBAHUS TTPOBOIIN
B aTMOcdepe aproHa ¢ ITOMOIIBbIO TIPOOpa CHHXPOH-
Horo tepmuyeckoro aHanusa STA 449 F1 npoussoacTsa
dupmer NETZSCH (I'epmanust), TO3BOJISIONIETO OCY-
IIEeCTBJIATh aHAJIN3 C OMHOBPEMEHHON perucTpaimei
TepMOTPABUMETPUUCCKUX U KAJTOPUMETPUICCKUX Xa-
PaKTepPUCTHK.

COBMECTHMOCTBD MOJTYICHHBIX ITPOAYKTOB C OUTYMOM
OIIPENIEIISIIIA TI0 PACTBOPUMOCTH B TOJIYOJIE COTJIACHO
TI'OCT 20739-75. «butyMbl He(TIHBIE. MeTon onpene-
JICHUSI paCTBOPUMOCTH».

TomyoabHBIC SKCTPAKTHI IIOCTIC PACTBOPEHUSI B OUTY-
M€ aHaJU3UPOBAJIUCh Ha criekTpomeTpe: BrukerAvance
III HD (400 MHz 1H, 101 MHz 13C), pacTBopuTElb
neitepoxinopodopm CDCI3. Xumuueckue CIBUTH yYKa-
3aHBI OTHOCUTEJIbHO TMS 10 0OCTaTOYHOMY CUTHAILY
pacTBOpuUTEIIS; TeMIiepatypa cbemku 40°C.

KauecTBeHHBIN COCTAaB PaCTBOPUMEIX B TOJIyOJIE
IIPOAYKTOB TTMPOJIN3a OIPEICISIIA METOIOM XpOMAaTO-
Macc-creKkTpoMeTpun Ha mpubdope Agilent Technologies,
xpomartorpad 7890B GS System, Macc-CIIeKTpoMeTp
5977A MSD, kammmnsipHast Kotonka HP-1MS (mmHa
30 M, BHYTp. 1uaMeTp KoiaoHKH 0,25 MM, TOJIIIIMHA Ha-
HeceHHOTO ciosT — 0,25 MKM), ra3-HOCUTENIb — TeIU,
1 m1/mMuH. [IporpaMmMmupoBaHue TeMIIepaTyphl IIPOBO-
TN B CIICOYIONIEM peskuMe: BeiaepkKa rmpu 50°C 1 Mm-
HYTY, 3aTeM HarpeB CO CKOPOCTHIO 5 TPaIyCcOB B MUHYTY
1o 300°C, 300°C u3oTepma Ha 9 MUHYT, TTOTOM Harpes
5 rpamycoB MUHYTY 10 325°C 1 u3otepma 325°C Ha 1 Mu-
HyTy. Temmepatypa nuaxekropa — 270°C, TeMnepaTtypa
BBIXOJa B Macc-criekTpoMmeTp — 350°C, pexxum pabdo-
TBI Macc-CITeKTpoMeTpa: SHeprust noHm3anun — 70 3B,
TeMItepatypa ucrounnka — 230°C, MacCOBBII TMaITa30H
16—500. O6paboTKa pe3yabTaToOB IMPOBOAMIACH C UC-
ITOJTb30BaHUEM TIPOTPAMMHOTO KOMITIEKCA, TIOCTaBIISI-
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eMoro ¢ nmpubopom. MaeHTrhUKALIMIO IPOLYKTOB IIPO-
BOIWJIM Ha OCHOBAHUU CPABHEHMS MX MacC-CIIEKTPOB
CO CIIEKTPaMU COSAMHEHUI, UMEIOLIUXCS B OMOIMOTEKE
NIST 2017, mpunaraeMoii K ImporpaMme.

PE3YJIbTATbI

M cxonst n3 BHIIIIEONTMCAHHBIX ITPEATIONOXEHMI O Me-
XaHM3Me TTMPOJIN3a PE3NHEI B IPUCYTCTBUH KUCIOPOI-
comepKaIIiX COeTMHEHN, OBLIH ITOTYICHBI IIPOAYKTHI
COBMECTHOTO ITMPOJIA3a Pe3UHBI M pACTUTEILHOTO Mac-
nma. Ha puc. 1 mpencraBiaeHBI pe3yIbTaThl TEPMOTPaBH-
METPHUUYECKOTO aHaJIM3a B aTMochepe aproHa NCXOTHOMN
pe3uHsl (1), odpasua pe3uHbl, TOABEPTHYTOM MTUPOJIUIY
B BEIIICOMMMCAHHBIX YCIIOBUSIX, 1 00pa3Iia, IMOJyIeHHOTO
nupon3oM 76 macc. % pe3utbl u 24 macc.% pacTUTEIb-
Horo Macia. O4eBUIHO, YTO YACTh PE3WHEI B YCIOBUSIX
TePMUUYECKOTO BO3ICHCTBUS MOABEPracTCs MUPOIUIY
¥ IeCTPYKLIHNU ¢ 00pa3oBaHMEM 0oJjiee HU3KOMOJIECKY-
JIIPHBIX MPOIYKTOB JAaxe 0€3 TOMOJTHUTETbHOTO XUMU-
YeCKOTO BO3ACHCTBUS KUCIOPOACOIEpKAIIeTO Macia.

B npucyrcTBAM Macia rnmpouecc AeCTpyKIMA TOJINMepa
HIET elne 0ojiee MHTCHCUBHO, 1 KOJTMYECTBO HIU3KOKH-
IIUX GpaKIuil yBeTNINBACTCS.

KonmuaecTBeHHAST OIleHKA OECTPYKIIMU PE3MHEI
1 00pa30BaHUSI HU3KOMOJICKYJISIPHBIX JITKNX (ppak-
LI MOKET OBITH ITPOBEICHA ITyTeM HAXOXICHUS JOJIN
VIJIEBOOOPOIOB, NCTIAPSIOIINXCS B OIIPEACICHHOM TeM-
TepaTypHOM MHTepBajic. MeTOTMIeCKH 3TOT CITOCO0 MO-
KazaH Ha TpuMepe KprBoii 2. dpakiysi, BEIKUIIAIOIAS
1o 150C, mpuMepHO COOTBETCTBYET (DpaKkMy OeH3MHA
B CJIy4ae MpsIMOI IeperoHKU HeTH U Ijisg obopasma 2
cocranister 4,83 macc.%. CpenHsist (ppakiiyst, BKIIOYAIO-
1ast KepOCUH 1 AU3eJIbHOE TOIUIMBO, TIEPETOHSICTCS TIPU
temneparypax 150—360°C u mist BBIOpaHHOTO 00pasia
cocrasiser 29,38 macc. %

Jlonmu 1eTKoit u cpegHeit (hpakimii 711 TpeX OMUCHI-
BaeMbIX 00pa310B pUBEIeHBI B Ta0. 1.

s Bcex 00pa3oB XapaKTepHO HAIMYKE TePMUUC-
CKHM yCTOMYMBOTO octaTka B 38—42 macc.%, npeacras-
JISTFOIIETO CO0O0I BEPOSITHO HEOPTAHMICCKIE KOMITO-
HEHTHI Pe3WHBI U YIJICPOI, BBOOUMBIN B MCXOMHBIN
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Puc. 1. Pe3yabTaThl TEpMOrpaBUMETPHYECKOT0 AHAJN3A B AproHe HCXO0AHOI pe3uHbl (1), MPOAYKTAa MUPOIN3a Pe3MHbI
(2) ¥ mMpOAYKTa COBMECTHOTO MAPOJIM3a PE3UHBI M PACTUTENIbHOTO MacJa (3)

Tabauya 1
o nerkoii (1o 150°C) u cpenneii (150—360°C) ¢ppaknuii B cocTaBe 00pa3noB M0 JAHHBIM TEPMOTPaBUMETPUI
O6paze Jons nerkoii ppakuym Jloas cpenneii (ppakiyumn
pasen (mo 150°C), macc.% (150—360°C), macc.%

Ucxonnas pe3nHa 0,47 10,89
ITponyKT nuponmnsa pe3snHbI 4,83 29,38
I1IpomyKT COBMECTHOIO MUPOJIM3a PE3UHBI 6.10 40,79
U PaCTUTEILHOIO Macja
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Matepran. O4eBUIHO, YTO B PE3YJIBTaTe TEPMHUICCKOMN
00pabOTKI IIPOMCXOMUT ACTIOIMMEPU3ALINST TTOJTIMEp-
HBIX MOJICKYJI PE3WHBI ¢ 00pa30BaHMEM JIETKUX YTJICBO-
IOPOMIOB, TIPUYEM IIPUCYTCTBHE KMUCIOPOIACOICPIKAIIETO
MacJa CIToCOOCTBYET 3TOMY ITPOIIECCY.

OueBUIHO, YTO KIIIOUCBBIMU 3aJadyaMM YTHIN3a-
MU PE3NHOBOM KPOIIKM B ac(abTOOCTOHE SIBIISICTCS
XUMHMYECKasi COBMECTUMOCTh ITPOIYKTOB MePepadoTKI
PE3UHBI C OUTYMOM 1 pa3Mep YacTUIl HepacTBOPUMEBIX
B OMTyMe MPOIYKTOB IMIPOJIN3a pe3MHBIL. B rTepBoM ciry-
Yae XUMUYIeCKast COBMECTUMOCTh ITPOAYKTOB ICITOIH-
MepH3alny Pe3UHBI ¢ OUTYMOM OITpeessIeTcs KaK pac-
TBOPUMOCTb MOAU(DULIMPYIOIIUX 100aBOK B OpraHnye-
CKUX PAaCTBOPUTEJISIX, INIABHBIM 00pa3oM B Toiyoure [19].
Hcxoms u3 aToro0, OBLIA OIpenesieHa PaCTBOPUMOCTD
PE3MHOBO KPOIIKU W TIPOAYKTOB €€ COBMECTHOTO TTH-
poJI3a ¢ paCTUTEIBLHBIM MacIOM B TOITyosie. Pe3ymbraTel
HCCIIeIOBaHUIA IIpeACTaBICHEI B Ta0. 2.

Hosst KoHIeHCHPOBaHHOM (Da3bl IPpU MHIWBUIYaTb-
HOM MM POJIA3¢ PE3MHOBOM KPOIIIKY U TIPU COBMECTHOM
MUPOIN3E C MACIIOM OKa3bIBACTCS MPAKTUICCKH OIH-
HAKOBOW, HO JOJISI paCTBOPMMOI B TOJIyoJIe (hpaKIIum
CYIIIECTBEHHO BO3pacTacT BO BTOPOM ciydae. OUeBUIHO,
YTO B CJIydae COBMECTHOTO IIMPOJIM3a IIPOIIECC AeBYIKA-
HU3ALNU PE3WHBI U AECTPYKIINN TTOJIMMepa MPOTeKaeT
3HAYUTEITBHO TITyOXe.

HaHHOE TIpeAToIoKeHIE TTONTBEPKIACTCSI TAaHHBIMI
a"aimusa IMP, nmpeactaBiieHHBIMA B Ta0JI. 3.

HeiicTBUTEILHO, B CIIydae COBMECTHOTO ITHPOJIM3a
IOJIS anraTUIeCKOro yIiaepoaa B IIPOAYKTE BO3pac-
Taet B 1,3 pasa, 1 10T apOMaTUYECKOTO yIJIepoIa CHHI-
xaetcs B 1,5 pasa. [Ipu a3TOM Macchl pacCTUTEIbHOTO
Macjia B cMecH ObIJIO B 3,2 pa3a MEHbIIIE, YeM pe3MHOBOI

Tabauuya 2
PacTBopuMOCTBb 00pa3LoB B TOJIyoJIe

KpoIrku. [103ToOMy MOXHO YTBEpPKIaTh, YTO POCT JOJIA
amndaTUIECKOro yriiepona B cliydae COBMECTHOTO TTH-
pOJT3a HEe MOXKET TOCTUTAThCS 3a CUCT Pa3IOKCHUS TPH-
[JIIIEPUAOB Maciia, a CBsI3aH ¢ KPEKMHTOM ITOJTUMEPOB
pe3uHBI, 00pa30BaHNEM OJINTOMEPOB M MX YaCTUYHOM
IeapoMaTusamnueii. B pesyabraTe MoydeHHBIN TPOIYKT
TepsIeT TPEXMEPHYIO CTPYKTYPY U IIPHOOPETaeT pacTBO-
PUMOCTB B TOJIyOJI€ ¥ COOTBETCTBCHHO OKa3bIBACTCS CO-
BMECTUMBIM C OMTYMOM.

JlaHHBIIN BBIBOI TAKKE MTOATBEPXKIAIOT Pe3yIbTaThI
IIPOBEICHHOT'O XPOMAaTOMACC-CIIEKTPOMETPHUICCKOTO HC-
CJIeIOBaHMSI TOJYOJIBHBIX 3KCTPAKTOB ITPOMYKTa ITHPOJIH-
3a PE3WHEI ¥ IIPOAYKTa COBMECTHOTO ITMPOIN3a PE3NHEI
1 PaCTUTEIHLHOTO Macyia. [ToyuyeHHBIe XpOMAaTOTpaMMEBI
MIpeACTaBICHBI HA pucC. 2.

ITo manHBIM XpoMaTOTpadUIECKOTO aHaJIN3a B 000-
nx obpasnax pukcupyercsd 6osee 100 THAMBUAYATBLHBIX
BemiecTB. B Tab1. 4 mpemcTaBIeHO OTHOCUTEILHOE CO-
Iep>KaHNEe MaKOPHBIX COCTMHEHMI, BXOISIINX B COCTaB
IIPOAYKTOB IMTMPOJIN3a, NACHTA(DUIINPOBAHHEIX 110 JaH-
HBIM MacC-CIIEKTPOMETPHN.

OTMegaeTcsl CHIKEHUE TOJIM apOMaTHIECKUX CO-
SIMHCHWI 1 YBeIMUCHUE KaK JOJIU, TaK U pa3HOOOpa3us
amdaTUIECKNX YIIIEBOIOPOIOB B IIPOMYKTE COBMECTHO-
IO TIMPOJI3a PE3UHBI C PACTUTEILHBIM MaCIIOM B CpaB-
HEHNU C TIPOIYKTOM ITUPOJIN3a pe3nHBI. TakuMm odpa-
30M, TIOJIyYCHHBIN TTPOAYKT ITOIyJIaeTCs] COBMECTUMBIM
¢ OMTYMOM ITO CBOCH XUMUIECKOM IIPUPOIE.

Kpome oTMedeHHO BBIIIE XUMIUICCKOI COBMECTH -
MOCTHU C OMTYMOM IIPOAYKTa COBMECTHOTO MUPOJIM3a
PE3WHBI C PACTUTEIILHBIM MacJIOM, BBISIBIICHO BBICO-
KO€ THUCIIepTUPOBAaHUE TIPOAYKTA 10 HAHOPa3MEPHBIX
YaCcTHII, XapaKTepHBIX It OnTtymMoB. Ha puc. 3 mpen-

JLonsi KOHIEHCMPOBAHHOIA JLon1sl KOHIEeHCHPOBAHHOIH
Oopasel (ha3bl OT HCXOTHOI MACCHI, (hasbl, HepacTBOPUMOIi
macce. % B TOJIyoJ1e, Macc. %
HcxonHas pe3uHa 100 100
ITponykT nuposnn3a pe3uHbl 74,2 58,6
[TpoayKT cOBMECTHOTO MUPOJIM3a PE3UHDI 791 406
U PacTUTEIHLHOIO Macja ’ ’
Tabauuya 3
annbie AMP-cnekTpockonumn
C. ., HHTerpupoBaHue
Oopasen - 132 -
ApoMaTHyecKwuii yriaepo, Moa. % | Anudatudeckuii yriepon, MoJ. %
ITponykT nuponn3a pe3suHbI 43,78 56,22
[MpoayKT COBMECTHOTO MUPOJIM3a PE3UHDI
POy P P 28,76 71,24

1 pacTUTEIIbHOI'O Macja
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Puc. 2. Pe3yabraTsl xpoMaTorpaduuecKoro aHajm3a MpPoayKTa IMUPOJIH3a Pe3uHbI (a)
¥ IPOJIYKTA COBMECTHOTO MUPOJIM3A PE3UHBI H PACTUTEJIHHOTO MacJia (0)

Tabauya 4
JlaHHBIE XpOMATOMACC-CIEKTPOMETPHH

IIpoaykT nuposin3a pe3uHbl

IIponyKT cOBMECTHOTO MUPOJIN3A PE3UHBI
¥ PACTUTEIILHOTO MACJIa

Coenunenue moi. % Coenunenue moi. %
1-mMeTui-4-npor-2-nideH30 23,3 1-mMeTu-4-nponan-2-ujiI6eH30T 14,4
3-MeTHII- 1 -3TUIOEH30T 6,5 I'entanekan 8,9
T'enrranexkan 3,4 Ilenranexkan 5,9
2,6,10-TpuMeTHATETPaICKAH 3,1 1-MeTuin-3-3TuinbeH301 3,9
2,3,6-TpuMeTuIHabTaTINH 2,6 OKTaneKaHHUTPUI 2,9
OxcaneKaHHUTPUI 2,2 1-0yT-3-eH-2-1i-3-MeTUI0eH30]1 2,1

VHaekaH 1,9
Tpunexan 1,9
2,6,10-TpuMeTnITETPAIEKAH 1,8
2,6-nuMeTuaHadTaIuH 1,5

CTaBJICHBI PE3YJIBTAThI 3JICKTPOHHOMUKPOCKOITIMUECKIX
WCCIIeTOBAaHMI TUICHKU IIPOAYKTAa COBMECTHOTO TTHPO-
JIN3a Pe3WHBI ¢ PACTUTEILHBIM MAacjiOM, HAaHECEHHOM
H3 pacTBOpPA TOJIyOJIa HAa KEPaMUIECKYIO ITOBEPXHOCTD
C TAJTbHEHUIITNM yIaJeHIEeM pacTBOPUTEIS.

OYeBUIHO, YTO TEPMOXUMUYECCKAs 00pabOTKa IIpH-
BOIUT ITOMUMO JIEeBYIKAHU3AIUU 1 00pa30BaHMSI KOM-
TUIeKCa MHINBUAYAITBHBIX XUMHUICCKUX COCTMHCHUI

K IWCTICPTUPOBAHUIO HEPACTBOPHUMOI B TOJTYOJIC TIOJIH-
MEpHOI YaCTH IPOAYKTAa IO pa3Mepa YacTHII, He TIPEBBI-
marorux 70—80 Mxwm (puc. 3a). OTHOBpeMEeHHO HEop-
TaHWYECKMEe KOMIIOHCHTHI PE3UHBI, TaKNe, KaK OKCHIBI
KPEMHUS ¥ MaTHHsI, 00pa3yioT HaHOPa3MEePHBIC YaCTUIIBI
MeHee 900 HM. M3BecTHO, 9TO TTOMOOHBIC HAHOpPa3Mep-
HbI€ HEOPTaHWYECKNE OKCUIHBIE YACTULIBI YITy4YIIalOT
CTaOMIILHOCTD ac(aabToOeTOHHBIX cMeceit [20].
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Puc. 3. MukpodoTtorpadus (a) mjieHKr OpraHnIecKoro MpoayKTa ¢ YaCTAIAMH HEPACTBOPEHHOTO IMOJIMMEPHOTO MaTe-
puana u Mukpodotorpacdus (0) mIeHKH OPraHUYeCKOro MPOAYKTA ¢ YACTHIAMH HEOPraHWIeCKHX MpUMeceii

OBCYXKIEHUE

B xo7ie 9KcTieprMeHTOB YCTaHOBJIEHO, YTO COBMECT-
HBI{l MTUPOJN3 IO/ NaBJIEHUEM PE3WHOBOM KPOIIKM
OTpabOTAaHHBIX TTOKPHINIIEK U PACTUTEIBHOTO Macia
TMIPUBOIUT K TOJIYYEHUIO HAHOCTPYKTYPUPOBAHHOTO
MPOAYKTa, COBMECTUMOTO ¢ ObuTymMoM. B xome Tepmo-
XUMUYECKOTO MPOIecca MMPOUCXOIUT NEBYIKAHU3AIINS
¥ KPEKWHT MMOJIUMEPHBIX MOJIEKYJT PE3UHBI C 00pa30-
BaHUEM WHAVBUAYAIBHBIX OPTAHNUECKUX OJIMTOMEPOB
¥ BBICOKOIIUCTIEPCHBIX YACTHUIl OPTAHUYECKON 1 HEOp-
TAaHWYECKOW TIPUPOIBI. DTU Pe3yabTaThl COTIACYIOTCS
C MICCIIEIOBAHUSIMU IPYTUX aBTOPOB. Tak, B padote [21]
JOKA3aHO, YTO COBMECTHBIH uposu3 pu 550°C pe3nHbl
0TpabOTAaHHBIX TTOKPHIIIEK 1 TIOJTNOIe(hUHOB 13 OTPabo-
TaHHOU YITAKOBKY 3HAYUTETHHO YCKOPSIETCS U YBEJTNIU-
BaeT BBIXO[ KUJIKOTO TIPOAYKTa B IPUCYTCTBUU CTEOIIEH
KyKypy3bl. JlocTUTaeTCST TETIJIOTBOPHASI CITOCOOHOCTH
nosyaeHHOTo Macia 39,93 MIIx/kr. JlobaBKa cTebieit
KYKYpYy3bl yBemumnBaia cootHomenue H/C nuponus-
Horo Macina ¢ 1,43 mo 1,50, uro o3Hayamo OGoOJbIIEe Ha-
CBHITIIEHHBIX YTJIEBOJOPOIOB U JIYUIIIYI0 CTAOMIBHOCTh
Macna. B aTom cityuae Bo3pacraio comepkaHue KUCIIo-
poJia B MMPOJIM3HOM Macje M CHIKAJIOCh COJepKaHUe
azota u cepol. [locnennuii pakT aBTOPHI OOBICHSIOT
CBSI3BIBAHMEM CEPBI U a30Ta KUCJIOPOAOM TIEJLTIONO3bI
WY JINTHUHA B TA3000pa3HbIE TIPOTYKTHI.

B uccnenoBanum [22] 1UCThsT UBBI U OTpabOTAH-
HBIE IIIMHBI TTOJBEPTAI COBMECTHOMY MTUPOJIU3Y TP
300—500°C. TTomydyeHHBIN XUAKUT TTPOAYKT COMEP-
xan kucsopona 1,79% v B OCHOBHOM COCTOSIT U3 aJl-
KaHOB M apOMATUYECKUX COSTUHEHWH, UTO MPUIABATIO
€My CBOICTBA, CXOMHBIE C IU3EJbHBIM TOTUIMBOM TP
BBICOKOW TeTioTe cropaHus. B xome muponusa cepa
abdexTuBHO ynananack B Buae SO,. [Tokasano [23],
YTO MPU COBMECTHOM THUPOJIN3e OTPAOOTAHHBIX IITNH
1 6aMOyKOBBIX omWIIOK 1pu 550°C MaKCUMaTbHBIN BbI-

XOJI apOMATUUYECKUX YTIIEBOMOPOIOB OBLI MOTYUYECH TP
COOTHOIIIEHUU KOMTIOHEeHTOB 1:1. OueBUIHO, MTOHO-
POM KHCIIOPOJCONEPXKAIINX PAINKAIOB TIPU MTUPOJIN3e
PE3UHBI MOTYT BBICTYTIATh JTIOOBIE KUCIOPOICOAEpKa-
e coeMHeHusl. B 9TOM cMbIcie K OTTMChIBAEMOMY
TpOLIeCCy MOJYyYeHUsT OUTYMOITOAO0OHBIX MaTepUaiOB
MPUOIUKAIOTCS aBTOKJIABHBIE METOIBI 00pabOTKU
pacTUTENbHON OMOMACCHI C BRICOKMM COIEpPKaHUEM
aToMoB Kucnoponaa. Tak, TuapoTepManbHast KOHBEP-
CHSI TIPOMBINIUIEHHBIX OCTaTKOB Bomopocieit Spiruli-
na sp. ipu 260°C 1o aBTOTEeHHBIM JIaBJIeHUEM 00pa-
3yeT runpodoOHyio a3y, UMEIONIYI0 peOTOTUIECKUe
CBOIICTBA, aHAJIOTUYHBIE PEOJTOTUYECKUM CBOMCTBAM
3JIaCTOMEpPHOTO OuocBs3bIBatonIero [24]. Yianenue
TBEPBIX OCTATKOB U3 TUAPO(POOHON (hpaKknu myTem
(buapTpany MPUBOAUT K TTOTYIEHUIO YUCTOTO OOBII-
HOTO OUTYMOTIOAOOHOIO MaTepuaa.

Jaxe cHUKEHUE TeMIIepaTyphl 10 OMpeaeIeHHbBIX
TPEIeI0B MOXET OBITh KOMIIEHCUPOBAHO yBEIMNYE -
HUEM JaBJieHus. Tak HaTypabHbIN KaydyK, OMU3Ku
10 CTPOEHUIO K Pe3NHE OTPAOOTAHHBIX TTOKPBIIIEK, MO-
JKET YCTIEUTHO MTPOUTH MPOIIeCC OKMKEHUST B aBTOKJIABE
nipu 250—375°C u BpemeHu peakuuu 15—75 MuHyT
[25]. ZKuakuii mpoayKT comep)an pa3TudHbie yTie-
BOJIOPOJIBI, TPEUMYIIIECTBEHHO D-TMMOHEH 1 n30-
TIPeH, a TakKe apoOMaTUYECKNe COCTUHEHUS U ajiKe-
HBI C BBICIIE! TeT1oTol cropaHust no 46 MJIX/Kr,
YTO OOYCJIOBJIEHO HU3KUM CONEep>KaHMEeM KUCJIOpoaa
B 1,02%. O6parniaeT Ha cebs1 BHUMaHUE TOT GakKT, 4TO
HU3KOE COoNepXaHue KUCIOPOoIa B IPOAYKTE ITPOUC-
XOJUT Ha (poHE TPUMEHEHUS CTUPTOB B KAYECTBE OC-
HOBHOTO peareHTa. Bbicokas TetuioTa cropaHust aeaeT
TOJIY9EHHYIO XUJIKOCTh MTPUTOAHOM MIJISI UCTIOTB30-
BaHWSI B KAYECTBE 3aMEHBI TPAJAUIIMOHHOTO MCKOTa-
eMoTO ToTInuBa. TakuMm o00pa3oM, MMPOJIU3 PE3UHBI
B TIPUCYTCTBUM KUCIIOPOMICOIEPKAIINX COSTUHEHUN
MPUBOAUT K AEBYJIKAHU3AIINYN PE3UHBI U KPEKUHTY
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MOJIUMEPOB IO COCTMHECHM, KOTOPBIC C ITpaKTHIe-
CKOIT TOYKU 3peHUS TIPEACTABIISTIOT CO00I XKUIKME TIPU
HOPMAaJIbHBIX YCIOBUAX yIIeBomoponkl. B pe3ynpraTe
KUMCJIOPOJI yAAJISIETCS M3 CUCTEMBI B BUJIe HU3KOMOJIE-
KYJISIPHBIX OKCHJIOB.

[IpenmaracMoe TEXHUUECKOE PEIICHNE MMEET TIpe-
MMYILIECTBO MEPE MMUPOJIU30M PE3UHBI J0 KUIKOTO TO-
TUTMBA, 3aKJTI0YAIOIIeecs B TOM, UYTO TaKME €CTECTBCHHEIC
TIPUMECH PEe3WHBI, KaK KOMITO3UIIMOHHBIN MaTepHall,
B BUJIE OKCUIOB KPEMHUS U LIMHKA, a TaKXKe TeXHUYe-
CKUI1 yIJIEpO €CTECTBEHHBIM 00pa30M BXOMIST B COCTaB
ac(aabTOOCTOHHOI CMeCH M B HaJIbHEUIIIEM HE TIpeI-
CTaBJISIIOT OMACHOCTU TSI OKPY>KAIOIIEN Cpe/ibl.

Takum oOpa3oM, TEPMOXMMUUECKYIO IIepepadboTKy
ABTOMOOMJILHBIX ITOKPHITIICK MOXKHO pacCMaTPUBaTh Kak

CIINCOK NCTOYHUKOB

MIePCTIEKTUBHBIN METOM IIPON3BOACTBA HAHOCTPYKTYP-
HoOro mogudukaTopa OUTYMOB.

3AK/IIOYEHUE

Wcnonab3oBaHne TEPMOXMMUUYECKO 00pabOTKHU IO,
IaBIICHUEM PE3UHBI OTPAaOOTAHHBIX ITOKPHIIICK B IIPH-
CYTCTBUU KMCJIOPOACOIEPKAIIETO MaCIa ITO3BOJISIET IOy~
YUTh HAHOCTPYKTYPHPOBAHHBINA ITPOAYKT, COBMECTUMBII
¢ OUTYMOM JUTSI JaJTbHEHIIIeTo UCITOIh30BaHUSI ITOIyJCH-
HOTO MoaMduKaTopa B IPOU3BOICTBE ac(albToOETOHA.
IpemnoxxeHHBII METOM ITepepadOTKH OTPAOOTAHHBIX IT0-
KPBIIIIEK TTO3BOJIIET CHU3UTH 9KOJOTUIECKYIO HATPY3KY
Ha OKPYXAaIOIIyIO Cpeay BCICACTBHE OE30IMacCHOM yTH-
JIN3AIIAY TIOKPHBIIIEK ¥ OTCYTCTBHSI OITACHBIX BEIOPOCOB.
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ABSTRACT: Introduction. Activated sludge is one of thepulp-and-paper industry waste types. Within the framework of the rational
natural resources’ utilizationand the waste recycling, due to its composition, activated sludge could be subjected to certain techno-
logical solutions for the production of nanofertilizers, since it has been previously the basis for making of various soils and biological
products. However,occasionally the composition of activated sludge may contain different toxic compounds, heavy metals, and
their impact on soil fertility and plants vital state is profound. Thus, the purpose of our research is to study the effect of the activated
sludge introductionas a basis for nanofertilizers on the heavy metals contentin podzolic soils of various granulometric composi-
tion in agricultural exploitation. Methods and materials. Research was conducted under the conditions of dummy experimentin
vegetation vessels. We have used podzolic soils of various granulometric composition (clayey, loamy, sandy) and pulp-and-paper
industry waste — activated sludge in concentrations of 1; 2.5; 5 and 10% of the dried soil weight. Determination of the heavy metals
gross content has been carried out by the atomic absorption method with measurement on the AA-7000 spectrophotometer (Shi-
madzu, Japan); mobile fraction of heavy metalsdetermination (nogsuxHbledpopmbl) — utilizing acetate-ammonium buffer solution
by inductively coupled plasma mass spectrometry methodology. Results and discussion. The paper presents the results of the
research on mobileand gross forms of heavy metals in podzolic soil of various granulometric composition when applying activated
sludge as the basis of organic nanofertilizer under the dummyexperiment. Conclusion. It was shown that the content of mobile
and gross forms of the studied metals (Fe, Mn, Cu, Zn, Ti, Al, Ni, Co, Cr, Cd and Mo) were within the health-based exposure limits,
with the exception of Cd gross form, where the maximum excess was 2.5 MAC (maximum allowable concentration).
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INTRODUCTION

To date, the pulp-and-paper industry occupies leading
position as a part of the timber processing complex of
Russia, while using for production needs 18% of harvested
rawwood materials, and its share in commercialoutput of
the timber complex is 42.0% [1]. At the same time, the
production process of the industry is accompanied by the
generation of various wastes, as well as pollutant emissions

and discharge into the environment. Environment pol-
lution caused by pulp-and-paper mills affect production
sector, agriculture, forestry, fisheries and housing and
utility sector, as well as public health.

The waste management state can be defined as critical.
Annually up to 7 bln metrictons of waste are generated
in Russia, and only two of them are used as recyclable
materials, while pulp-and-paper industry waste can ac-
count for as much as15% [2]. One of the waste typesis

© Yurkevich M.G., Suleymanov R.R., Dorogaya E.S., Kurbatov A.A., 2022

http://nanobuild.ru

510

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-0458-5734
https://orcid.org/0000-0002-7754-0406
https://orcid.org/0000-0003-4553-1465
https://orcid.org/0000-0003-0802-0164
https://creativecommons.org/licenses/by/4.0/

2022; 14 (6):
510-515

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

SYSTEM SOLUTIONS TO TECHNOLOGICAL PROBLEMS

activated sludge, the generation of which is originated
from biological treatment of industrial effluents at the
pulp-and-paper mills, which, as a rule, is stored in mud
settling pits. The activated sludge consists of microor-
ganisms, mineral particles, organic residues, proteins,
nitrogen and phosphorus [3, 4].

Meanwhile,there are a certain number of issues that
have accumulated in the world practice of agriculture-
due to population growth, climate change, soil covering
degradation, a decrease in crop yields, the use of syn-
thetic fertilizers that complicate the situation. To deal
withthe above-mentioned issues, it is proposed to use
nanotechnology aimed at maintaining sustainable agricul-
ture through the production of fertilizers on an individual
basis withprearranged properties. The nanotechnology
utilization in the form of nanofertilizers is an innovative,
effective and environmentally friendly alternative to syn-
thetic fertilizers. That sort of fertilizers are applicable for
improve plant nutrition, increase nutrient utilization, and
improve the microbiome and soil fertility [5—7].

Nanofertilizers mode of action is based upon the fact
that nutrients used separately or in combination bind
to nanoscale adsorbents, which release nutrients rather
slowly compared to conventional fertilizers [8, 9]. The
main components of such fertilizers can be algae [10,
11], biochar [12, 13], plant biomass residues [14, 15], bio-
polymers [16], wastewater residues, but the usage must
be with caution as they may contain high concentrations
of heavy metals [17—19].

Within the framework of the rational natural resourc-
es’ utilizationand the waste recycling, due to its composi-
tion, activated sludge could be subjected to certain tech-
nological solutions for the production of nanofertilizers,
since it has beenpreviously the basis for making of various
soils and biological products [20—22]. However, some-
times the composition of activated sludge may contain
toxic compounds, heavy metals, pathogens that can have
a negative effect on soil fertility and the vital state of plants
[23, 24]. In this regard, the purpose of our research was to
study the effect of applying activated sludge as a fertilizer
on the content of heavy metals in podzolic soil of various
granulometric composition located in agricultural use.
However, occasionally the composition of activated sludge
may contain different toxic compounds, heavy metals,and
their impact on soil fertility and plants vital state could be
profound. Thus, the purpose of our research is to study
the effect of the activated sludge introduction as a basis
for nanofertilizers on the heavy metals content in podzolic
soils of various granulometric composition in agricultural
exploitation.

METHODS AND MATERIALS

Research was conducted under the conditions of
dummy experiment in vegetation vessels. Pre-dried to

an air-dried basis, the humus-accumulative horizon of
agricultural podzolic soil of various granulometric com-
position (clayey, loamy, sandy) was passed through a sieve
with a diameter of 1 mm; then pulp-and-paper industry
waste - activated sludge in concentrations of 1; 2.5; 5 and
10% of the dried soil weight (1 kg) was introduced and
thoroughly mixed. Further the soil was moistened up to
70% of its total moisture capacity and the sample had
been incubating at a constant temperature (23°C) and
periodic stirring for 90 days. Samples collection for the
determination of gross and mobile fraction of heavy met-
als (Fe, Mn, Cu, Zn, Ti, Al, Ni, Co, Cr, Pb, Cd, Mo) was
carried out upon completion of incubation.

Determination of the heavy metals gross content has
been carried out by the atomic absorption method with
measurement on the AA-7000 spectrophotometer (Shi-
madzu, Japan); mobile fraction of heavy metals deter-
mination - utilizing acetate-ammonium buffer solution
by inductively coupled plasma mass spectrometry meth-
odology [25].

The maximum allowable concentration (MAC) and
approximate permissible concentration (APC) of chemi-
cals in the soil are given in accordance with the Decree ...
(2021).

RESULTS AND DISCUSSION

The Republic of Karelia features of the natural and
climatic conditions contributed to the formation of a wide
variety of soils, among which primitive immature soil,
podzolic, soddy, marshy and alluvial soils prevail. Pod-
zolic soils are the most common, and, in turn, they are
divided into two groups depending on the granulometric
composition:developedon sands and loams; developed
on clay loams and clays. In general, podzolic soils are
characterized by an acidic reaction of the medium and
lownatural fertility, however, they are actively used for
arable farming. Arable and cultivation of podzolic soils
primarily leads to a sharp decrease in the content of or-
ganic matter.

There has been a removal with the harvesting and
leaching into the lower horizons of the mineral elements
for plants (nitrogen, mobile forms of phosphorus and
potassium), which leads to the need for their regular in-
troduction into the soil in the form of fertilizers. Cattle
manure is used as an alternative source of organic and
mineral fertilizer in the region, and recently we consider
options for timber manufacturing industry and pulp-and-
paper industry waste to use.One of which is activated
sludge[23].

Content analysis for the of gross forms of heavy met-
als (Fe, Mn, Cu, Zn, Ti, Al, Ni, Co, Cr, Pb, Mo) for
possible experimental variantsin podzolic soil of various
granulometric composition (clayey, loamy, sandy) and
various rate of applicationfor activated sludge showed
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that there was no significant increase, as well as exceedin
maximum or approximate permissible concentrations.

The only exception was the contentof Cd, which be-
longsto the first class of hazard, as the final concentration
for possible experimental variants exceeded the MAC with
a maximum value of 2.5 times (Table 1). Increase in the
content of Cd in possible experimental variants depended
on the dose of application of activated sludge, while the
correlation coefficient was 0.6 for podzolic-claysoil; for
loamy — 0.9 and for sandy — 0.6.

However, it should be noted that the Cdcontentin
thebackground soils was initially close to the MAC (from
0.4 to 0.8), and at the same time, the presence of a cer-
tain amount forCd in the activated sludge has led to the
manifestation of the “cumulative effect”.

Themobile fraction of studiedheavy metalsanalysis
has showed that for possible experimental variants their
concentration was significantly lower than the MAC and

APC.Nevertheless, there is a variety of trends for increase
or decreasein their content (Table 2). Thus, there was
a significant decrease in the content of mobile forms Fe,
Mn, Ti, Pb and Cdin podzolic-sandy soil; Ti and Cd —
in podzolic-loamy soil; Ti, Cd and Mo-in podzolic-clay
soil. But there was an increase in Ni and Cr,meanwhileit
should be noted that there were no correlations between
the concentration of the studied metals and activated
sludge various rate of applicationin some variants.

That sort ofmultidirectionality is most likely explained
by the fact that the mobility of heavy metals in the soil
is influenced by a host of factors, such as the content of
organic matter, environmental acidity, the granulometric
composition and chemical properties of each element in-
dividually and its ability to enter into various compounds
[26, 27]. For this reason, a more detailed analysis of the
heavy metalsdynamicsmobilityshould be carried out with
this consideration in mind.

gi?)lsi éorms of heavy metals content changein podzolic soil with different granulometric composition
Variantsof | Fe | Mn | cu | za | T | A [ N [ co [ o [ P [ ca [ Mo
experiment mg/kg of soil
Podzolic-claysoil (PCS)
Eii’gmun . 837 | 233 | 09 | 251 | 179 | 655 | 3,17 | 087 | 2,06 | 11,44 | 059 | 0,22
PCS+1%AS* | 832 | 185 | 24 | 224 | 147 | 616 | 444 | 0,86 | 3,49 | 11,70 | 1,09 | 0,45
PCS+2,5%AS | 820 | 226 | 07 | 27,5 | 188 | 638 | 443 | 083 | 287 | 1327 | 1,17 | 0,21
PCS + 5% AS 870 | 20,5 | 06 | 259 | 143 | 680 | 331 | 087 | 2,13 | 1018 | 1,11 | 023
PCS+10%AS | 860 | 23,1 | 23 | 294 | 163 | 641 | 323 | 091 | 2,13 | 1345 | 1,18 | 023
Podzolic-loamysoil (PLS)
EaLci’g ound 3799 | 42,9 | 39 | 66 | 4040 | 2823 | 239 | 1,5 | 6,11 | 061 | 042 | 0,06
PLS+1%AS | 3691 | 40,6 | 3.6 | 6,0 | 539,01 | 2629 | 326 | 552 | 567 | 0,19 | 1,49 | 0,06
PLS+2,5%AS | 3609 | 381 | 3.1 | 34 |387,9 | 2446 | 3558 | 301 | 560 | 083 | 1,57 | 0,02
PLS+5%AS | 3913 | 40,6 | 34 | 62 | 5127 | 258 | 3,03 | 277 | 6,15 | 094 | 1,68 | 0,09
PLS+10%AS | 4018 | 46,1 | 34 | 66 | 6193 | 3164 | 322 | 305 | 6,19 | 087 | 2,57 | 0,07
Podzolic-sandysoil (PSS)
];ascsk’groun . 19903 | 416,5 | 6,9 | 33,3 | 6874 | 7533 | 822 | 425 | 1513 | 9,77 | 080 | 0,36
PSS+ 1%AS | 23838 | 433,7 | 6,7 | 33,1 | 8350 | 8754 | 836 | 445 | 1533 | 11,06 | 1,01 | 0,36
PSS +2,5%AS | 21308 | 462,1 | 7.6 | 37.8 | 994,3 | 8814 | 7,54 | 4,87 | 17,04 | 11,61 | 1,83 | 0,20
PSS+5%AS | 21845 | 4760 | 6,9 | 344 | 710,8 | 8942 | 7,89 | 3.83 | 19,53 | 9,78 | 1,93 | 0,16
PSS+ 10% AS | 20606 | 442,1 | 6,9 | 342 | 836,22 | 8747 | 7,69 | 4,03 | 16,54 | 1024 | 1,62 | 0,29
MAC*/APC* — | 1000 | 66,0 | 1100 | — — | 400 | - ~ | eso| 10| -

Notes: AS — activated sludge, MAC — maximum allowable concentration, APC — approximate permissible concentration
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ICIJ(I;II)eile2 fraction of heavy metals content change in podzolic soil with different granulometric composition
S Fe |Mo| cu | zo | T | A [ N [ | o[ m [ | Mo
of experiment mg/kg of soil
Podzolic-claysoil (PCS)
ll))acci,ground 20 11,4 0,3 24,0 0,4 63 0,99 0,55 0,16 5,07 0,40 | 0,004
PCS + 1% AS 19 7,7 0,2 20,4 0,2 61 1,35 0,45 0,26 6,90 0,09 | 0,001
PCS +2,5% AS 17 8,9 0,1 23,1 0,1 61 1,39 0,68 0,40 7,23 0,11 0,001
PCS + 5% AS 23 8,2 0,3 23,4 0,1 56 1,17 0,65 0,21 5,04 0,10 | 0,001
PCS + 10% AS 24 16,0 0,1 23,4 0,1 67 2,26 0,73 0,33 6,05 0,11 0,002
Podzolic-loamysoil (PLS)
EaLC?(’g ound 3 0 L1 | o1t | 03 | 1.8 | 10 | 004 | 003 | 003 | 004 | 0,01 | 0001
PLS + 1% AS 3 1,1 0,1 0,3 0,02 10 0,04 0,03 0,03 0,03 | 0,001 | 0,001
PLS +2,5% AS 3 1,3 0,1 0,4 0,01 12 0,05 0,04 0,03 0,04 | 0,005 | 0,001
PLS + 5% AS 3 1,9 0,1 0,4 0,02 11 0,04 0,05 0,03 0,04 | 0,004 | 0,002
PLS + 10% AS 4 1,5 0,1 0,6 0,10 14 0,07 0,03 0,04 0,09 | 0,001 | 0,001
Podzolic-sandysoil (PSS)
Eascsk’groun . 103 | 382 | o1 | 22 | o001 | 22 | 013 | 018 | 0,12 | 038 | 001 | 0,002
PSS + 1% AS 41 16,8 0,05 0,7 <0,0001 18 0,10 0,10 0,09 0,08 | 0,002 | 0,001
PSS +2,5% AS 68 22,3 0,1 3,3 <0,0001 20 0,14 0,12 0,08 0,10 | 0,003 | 0,002
PSS + 5% AS 82 21,6 0,03 2,1 <0,0001 24 0,17 0,12 0,10 0,12 | 0,002 | 0,001
PSS + 10% AS 39 16,2 0,03 1,1 <0,0001 18 0,11 0,08 0,08 0,06 | 0,002 | 0,002
MAC*/APC* - 80,0 3,0 23,0 — - 4,0 5,0 6,0 6,0 - -

Notes: AS — activated sludge, MAC — maximum allowable concentration, APC — approximate permissible concentration

CONCLUSION

Thus, the studies carried out in the dummy experi-
ment on the study of the content of gross and mobile
forms of heavy metals whenapplying activated sludge
as a waste of the pulp-and-paper industry into pod-
zolic soil of various granulometric composition (clayey,
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BpeMsI QYHKIIMOHUPOBAaHME TaHHOM IIPOMBIIUICHHOCTH
COIIPOBOXKOACTCSI 00pa30BaHMEM PA3TMIHBIX OTXOIOB,
a TakKKe BBHIOpOcCaAaMM M cOpocaMM 3arpsI3HSIIONINX Be-
IIECTB B OKPYKAIOIIYIO Cpemy. 3arpsa3HCHUE TIPUPOIEI
HEJITI0I03HO-0YMaKHBIMU TIPSO PUSTUSIMA BIUSCT
Ha TIPOMBIIIUIEHHOCTD, CEITbCKOE, JIECHOE, PIOHOE 1 KU~
JINITHO-KOMMYHAJIBHOE XO3SIMCTBO, a TaKXKe 3M0POBbE
HaceJICHUS.

CuTyanuio, CIOKHUBIIYIOCS C 0OpaIlieHIEM C OTXOIA-
MM, MOKHO OIIpeIe/INThb KaK KpUTHUECKyto. ExxeromHo
B Poccun obpasyercs 1o 7 MJpa. T OTXOHAOB, U JIMIIb
2 W3 HUX UCIIOJIB3YIOTCSI KaK BTOPUIHOE CHIPhE, TIPH
5TOM OTXOIBI IEJITIOIO3HO-0YMaXKHOM ITPOMBIIIIJICH-
HocTH cocTaBistioT 15% [2]. OmHUM U3 BUIOB OTXOIOB
SIBJISIETCST aKTUBHBIN W, (hOPMUPOBAHIE KOTOPOTO TIPO-
HWCXOOUT B Pe3yIbTaTe OMOJOTMICCKOM OUMCTKHU IIPO-
MBIIIUICHHBIX CTOKOB Ha TIPEAIIPUSITUIX HEJUTIOJIO3HO-
OyMaxKHOI IMPOMBITIUICHHOCTH, KOTOPHIH, KaK IIPaBUJIO,
CKJIaIUpPYeTCsI B OTCTOMHMKAX. B cocTaB akTMBHOTO MIa
BXOISIT MUKPOOPTaHU3MBI, MUHEpATbHbIC YaCTUIIBI, Op-
TaHM4YeCKUe OCTaTKU, 0eJIKH, a30T 1 docdop [3, 4].

B 10 ke BpeMsI B MEPOBOI1 IMPAKTUKE BEACHMS CCITh-
CKOTO XO3STiICTBAa HAKOITMJIOCH OIIpeaeIeHHOE KOJUe-
CTBO ITpO0JIeM, BEI3BAHHBIX POCTOM YMCJICHHOCTH Hace-
JICHMST, MI3MEHEHNEM KIIMMarta, Ierpamanucii ToOYBeHHO-
TO TTOKPOBA, CHIDKEHNEM YPOKAMHOCTH CETbCKOX03sI1i -
CTBEHHBIX KYJIBTYpP, UCIIOJIH30BAaHNEM CHHTETHICCKIX
YIOOPEHMIA, YCIOXKHSIOIIUX CUTYalno. s perreHust
TAHHBIX ITPOOJIEM TIpenjIaracTcs IpUMEeHEHIEe HAaHOTEX -
HOJIOTHI, HATIPaBJICHHBIX HA TIOAICPKaHIE YCTOMINBOTO
CEJTbCKOTO XO3SICTBA ITyTEeM ITPOM3BOICTBA YIOOPECHUMA
0 MHANBHUAYAJTbHOMY 3aKa3y ¢ 3alJTAaHNPOBAHHBIMU
cBoiictBaMu. [IprMeHeHe HAHOTEXHOJIOTHI B BUIC Ha-
HOYIOOPEHMI IIPeICTaBIsIeT CO00i MHHOBALIMOHHYIO,
3(GHEKTUBHYIO M 9KOJOTHUCCKH YUCTYIO aJIbTCPHATUBY
CUHTETUYECKUM ynoOpeHusiM. Takue ynoOpeHus: uc-
TIOJIB3YIOTCS IS YAYIIICHNST TUTAaHUS PACTCHUIA, TIOBBI-
meHus 3 GEeKTUBHOCTU MUCITOIB30BAHNS ITUTATEITHHBIX
BEIIIECTB, a TAKSKE YIYYIICHIST MUKPOOMOMa 1 TUIOIOPO-
WS TIOYBHI [5—7].

MexaHu3m paboThl HAHOYIOOPEHMIA OCHOBAH Ha TOM,
YTO MMUTATENIBbHBIC BEIIeCTBa, IPUMEHSIEMBIC OTICIBHO
WUIK B KOMOMHAIINH, CBSI3BIBAIOTCS C HAHOPa3MEPHBIMU
arcopObeHTaMM, KOTOPEIE BBICBOOOXIAIOT ITATATCIBHEIC
BeIIeCTBA OYCHBb MEIJICHHO IT0 CPAaBHCHMIO C OOBIYHBI-
MH ynoopeHusiMH |8, 9]. OCHOBHBIMU COCTABIISTIONTMU
KOMITOHCHTaMM TaKWX YIOOPEHUI MOTYT OBITH BOIO-
pocau [10, 11], 6uoyrons [12, 13], ocTaTkn 6GoMacchl
pactenuii [14, 15], Guornoaumepsl [16], octaTku cTo4-
HBIX BOX, OOHAKO K WX MCIIOJIb30BAHUIO HEOOXOINMO
TOIXOIUTh C OCTOPOKHOCTBIO, TIOCKOJIBKY OHM MOTYT
Co/epKaTh BLICOKME KOHLIEHTPALIMU TSIXKEJIbIX METAJLJIOB
[17—19].

B pamkax pallmOHAJIbHOTO MCITOJIb30BaHUS IIPU-
POIHBIX PECYPCOB U BTOPUYHOTO MCIIOIB30BAHUS OT-

XOJ0B 0J1arogapsi CBOEMY COCTaBY aKTUBHBIN WJI IIPU
OIIpeIeIeHHBIX TEXHOJIOIMYECKUX PELICHUSIX BO3MOX-
HO MCIIOJIb30BaTh Il IPOU3BOACTBA HAHOYIOOPEHMIA,
IMOCKOJIbKY OH Y€ SIBJISIETCSI OCHOBOM [UISI CO3AaHMSI
Ppa3TUYHBIX TTOYBOTPYHTOB M OuompenapaToB [20—22].
OnHaKo MHOIIA B COCTaBe aKTMBHOIO MJIa MOIYT CO-
JIEPXKAThCsl TOKCUYHbIE COCAMHEHMS, TSKeJIble MeTall-
JIbI, IATOT€HbI, KOTOPbIE MOI'YT OKA3aTh OTPULIATEIBHOE
BJIMSIHUE HA IJIOAOPOAKE MOUBBI U XXKM3HEHHOE COCTO-
sTHUe pacTteHuit [23, 24]. B cBg3M ¢ yeM mesbi0 HamIMX
HCCIeI0BAHMI SIBUJIOCH M3YUCHNE BIMSHUS BHECCHUS
AaKTUBHOIO MJla B KAYECTBE yOOOpEeHUsI Ha COAepKaHLe
TSDKEJIbIX METAJJIOB B ITOA30JIMCTOM IIOUBE Pa3InYHOIO
IPaHyJIOMETPUYECKOTO COCTaBa, HAXOMSIICHCS B CeJlb-
CKOXO3SIICTBEHHOM MCITOJIb30BAHUM.

METO/bI 1 MATEPHAJIBI

HccnenoBaHUs MIPOBOIMINCH B YCIOBHSIX MOICITh-
HOTO OIIBITA B BEereTallMOHHBIX cocymax. [IpemBapu-
TEJIbHO BBICYIIICHHBIH IO BO3MYIITHO-CYXOTO COCTOSTHUS
TYMYCOBO-aKKYMYJIITUBHBII TOPU30HT ITAXOTHOM IO~
30JIMCTOM TTOYBHI PA3TUYHOTO TPAHYIOMETPUICCKOTO
cocraBa (TTMHUCTHINA, CYTIIMHUCTHIN, TTIeCUaHBIi) IPo-
CesITi Yepe3 CUTO JruaMeTpoM 1 MM, Jajiee B mo3ax 1;
2,5; 51 10% ot Beca cyxoii 1ouBbI (1 KI') BHOCUIU OTXO[I
LIEJITIONI03HO-0yMaXKHOM TTPOMBIIIIJICHHOCT — aKTHB-
HBIN W1 — U TIIATEIBHO TTepeMemmBaii. [1ocie mouBy
YBIAXHSUTA 10 YpOBHST 70% OT TOJIHOM BJIAaTOEMKOCTH
1 MHKYOMPOBAJIM IIPH ITOCTOSTHHOI TeMmepatype (23°C)
1 TICPUOINYECKOM TIepeMeIIMBaHUH B TeueHUe 90 CyTOK.
OT60p TIPOO6 Ha OIpeAe/ICHNE BaJIOBBIX U MOIBUKHBIX
dopm tskensix MmetauioB (Fe, Mn, Cu, Zn, Ti, Al, Ni,
Co, Cr, Pb, Cd, Mo) 0bIT IpOBEIIcH MO 3aBEePIICHUN
WHKYOaLMU.

OmpenesieHe BaJOBOTO COMCPKAHUS TSIKEIIBIX
METaJIIOB TIPOBOAMIIN aTOMHO-a0COPOIIMOHHBIM Me-
TOIOM C U3MepeHneM Ha criekTpodoToMeTpe AA-7000
(Shimadzu, SImoAus), TOIBIKHBIX (DOPM — C HCTIOIB30-
BaHMEM alleTaTHO-aMMOHUITHOTO Oy(hepHOTro pacTBOpa
METOIOM MacC-CIIEKTPOMETPUHU C MHIYKTUBHO-CBSI3aH-
HO¥ TI1a3moii [25].

IIpenenpHO momyctumble KoHIeHTpanuu (ITAK)
1 OPUEHTHUPOBOYHO JOITycTUMBIe KoHIIeHTpammu (O1K)
XUMHWYCCKNX BEIIECTB B ITOYBE TIPUBOASITCS COTIIACHO
[MocTtanoBneHmto...(2021).

PE3YJBbTATBI 1 OBCYKIEHUE

OCOOGEHHOCTH TPUPOTHO-KIMMATHICCKIX YCITOBHI
Pecnyonuku Kapenus criocodctBoBaim ()OpMUPOBAHUIO
0O0JIBIIIOTO Pa3HOOOpA3Us OYB, CPEAN KOTOPHIX IIpe0d-
JTIagaioT MIPUMUTHUBHEIC CTA00Pa3BUTHIC, TTOO30JIUCTEIC,
IIEPHOBBIC, OOJIOTHBIC W aJUTIOBHANIBHEIC. [Tom30micThIe
ITOYBHI SIBJISTIOTCSI HamboJiee pacIpOCTPaHECHHBIMH,
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M, B CBOIO OUepeb, OHU TTOIPA3ICIISTIOTCST Ha IBE TPYII-
IIBI B 3aBUCUMOCTHU OT TPaHYJIOMETPUIECKOTO COCTaBa:
copmurpoBaBIIIMecs Ha IIeCKaX, CYIeCsIX U Ha CYTJIMH-
Kax, TIMHAX. B 11e710M IToA30/IMCcThIe TTOUBBI XapaKTepH-
3YIOTCSI KUCITOU peaKIIiel cpenbl 1 HU3KUM €CTeCTBEH-
HBIM TUIOIOPOIMEM, HO, HECMOTPSI Ha 3TO, aKTUBHO
HCITOJTB3YIOTCS IO TTAITHIO. PacmmaxuBaHue 1 OKYJIBTY-
pUBaHUE ITOA30JIMCTHIX ITOYB B TIEPBYIO OUepeIb IPUBO-
IIAT K pe3KOMY CHIDKCHHIO COIEepKaHMS OPTaHNIECKOTO
BemecTBa. IIporcxomnT BEIHOC ¢ yposkaeM 1 BEIMBIBAHIE
B HIDKEJICXKAIIME TOPU30HTHI 3JIEMEHTOB MUHEPATLHOTO
MMTaHUS pacTeHNUH (a30Ta, TONBIKHBIX (hopM docdopa
¥ KaJiusI), 9TO TIPUBOIUT K HEOOXOOUMOCTH UX pery-
JIIPHOTO BHECEHUS B TIOYBY B BHUje ynoOpeHMii. B xa-
YeCTBE aJbTePHATUBHBIX UICTOYHNUKOB OPTaHNICCKUX
¥ MAHEPaIbHBIX YIOOPEHU B PETHOHE WCITOIh3yeTCS
HaBO3 KPYITHOTO POTAaTOro CKOTAa, a B ITOCIeAHEee Bpe-
MSI pacCMaTPUBAIOTCSI BAPUAHTHI IPUMEHEHMST OTXOI0B
JnepeBo0OpabaThIBAIOIIEN U LIEJUTI0JIO3HO-0yMaKHOM

Tabauya 1

IIPOMBIIIITICHHOCTH, OMHUM U3 KOTOPBIX U SIBJIICTCS aK-
TUBHBIN Wt [23].

AHanm3 comepsKaHUS BaJIOBBIX (DOPM TSIKEIIBIX Me-
tayuioB (Fe, Mn, Cu, Zn, Ti, Al, Ni, Co, Cr, Pb, Mo)
IO BCEM BapHaHTaM OIThITA B IIOI30JIMCTOM TTOYBE pa3-
JIMYHOTO TPaHYJIOMETPUIECKOTO COCTaBa (TIMHUCTBIN,
CYTTIMHUCTHIN, TIeCYaHBIN) ¥ Pa3IMYHBIX 032X BHECCHUS
aKTUBHOTO WMJIa TTOKA3aJl, 9YTO CYIIECTBCHHOTO YBEIMUe-
HHS, a TAKKE TPEBBIIICHUS TIPEIeIbHO MU OPUCHTH-
POBOYHO JOMYCTUMBIX KOHIICHTPALINIA HE TIPOM3OIILIO.
HckimoueHne cocTaBuIo TOJIBKO comepxanue Cd, oT-
HocsIIeecs K IIepBOMY KJIacCy OITAaCHOCTH, TIIe HTOTOBast
KOHIIEHTpaLusI 110 BceM BapraHTaM Iipesbiiiaino [TIK
¢ MaKCHMaJIbHBIM 3HaYeHNEeM B 2,5 pa3a (tadm. 1). Io-
BeIIecHUE comepxkanust Cd Bo Bcex BapraHTaX OMbITa
3aBHCEJIO OT O3Bl BHECCHUST aKTUBHOTO WJIA, TIPH 3TOM
KO3GPUIIMEHT KOPPEIISIIINN COCTABIUT IIJII TIMHUCTOU
MMOA30JUCTON MouBbl — 0,6; mist cyrmmancTon — 0,9
u st recyaHoi — 0,6. OQHAKO cjieIyeT OTMETUTh, YTO

N3meHenne comepkanus BAJOBBIX (DOPM TSKEIbIX METAJLIIOB B O30 IMCTOI I0YBE PA3THIHOTO

IPaHyJIOMETPHYECKOrO COCTABA

T Fe | Mo | Cu | Zn | Ti | AL | Ni [ Co | o | P | cd | Mo
omnbITa MI'/KT NOYBbI
IMonzomcro-rimuauctas noysa (I1I'IT) / Podzolic-claysoil
TT'TI (on) 837 23,3 0,9 25,1 17,9 655 3,17 0,87 2,06 | 11,44 | 0,59 0,22
ITTI + 1% AU* 832 18,5 2,4 22,4 14,7 616 4,44 0,86 3,49 | 11,70 | 1,09 0,45
,1;[11;[11 +2,5% 820 22,6 0,7 27,5 18,8 638 4,43 0,83 2,87 13,27 1,17 0,21
IITI + 5% AU 870 20,5 0,6 25,9 14,3 680 3,31 0,87 2,13 10,18 1,11 0,23
I+ 10% AU 860 23,1 2,3 29,4 16,3 641 3,23 0,91 2,13 | 13,45 | 1,18 0,23
Iom3omcro-cyrimuuctas nousa (I1CIT) / Podzolic-loamysoil
TCII (dbon) 3799 42,9 3,9 6,6 404,0 | 2823 2,39 1,56 6,11 0,61 0,42 0,06
MCI + 1% AU 3691 40,6 3,6 6,0 539,1 | 2629 3,26 5,52 5,67 0,19 1,49 0,06
[l;lﬁn +2,5% 3609 38,1 3,1 3,4 387,9 | 2446 3,58 3,01 5,60 0,83 1,57 0,02
ICII + 5% AU 3913 40,6 3.4 6,2 512,7 | 2586 3,13 2,77 6,15 0,94 1,68 0,09
MCIT+ 10% AW | 4018 46,1 3.4 6,6 619,3 | 3164 3,22 3,05 6,19 0,87 2,57 0,07
ITom3ommcro-necuanas nousa (ITTIIT) / Podzolic-sandysoil

TIIIIT (pon) 19903 | 416,5 6,9 33,3 | 687,4 | 7533 8,22 4,25 15,13 | 9,77 0,80 0,36
T + 1% AW | 23838 | 433,7 6,7 33,1 | 835,0 | 8754 8,36 4,45 15,33 | 11,06 | 1,01 0,36
/l;[gl‘[ +2,5% 21308 | 462,1 7,6 37,8 | 994,3 | 8814 7,54 4,87 | 17,04 | 11,61 1,83 0,20
TITIIT + 5% A | 21845 | 476,0 6,9 34,4 | 710,8 | 8942 7,89 3,83 19,53 | 9,78 1,93 0,16
TITIIT + 10% AW | 20606 | 442,1 6,9 34,2 | 836,2 | 8747 7,69 4,03 16,54 | 10,24 | 1,62 0,29
MAK*/O0K* — 1000 66,0 | 110,0 — — 40,0 — — 65,0 1,0 —

TTpumeuanusi: AUl — aktuBHbli Wi, [TJK — npenenbHo nonyctumasi KoHueHTpauusi, OJK — opueHTUPOBOYHO AOMYCTUMAst KOHLUEHTPALIUS
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Tabauua 2

v

N3menenue COAepP2KaHUA NOABUKHBIX d)OpM TSKEJIbIX METAJIOB B MO/I30JIUCTOM MOYBE pa3JIM4YHOro

IPaHyJIOMETPHYECKOr0 COCTABA

T Fe | Mo | cu | zZn | T |A| N [c | o || ca | Mo
onbITa MI'/KT NOYBbI
IMoxzomacro-rimuanctas noysa (I1I'IT) / Podzolic-clay soil
TTTI (hon) 20 11,4 0,3 24,0 0,4 63 1 0,99 | 0,55 | 0,16 | 5,07 0,40 0,004
IITI + 1% AU 19 7,7 0,2 20,4 0,2 61 | 1,35 | 0,45 | 0,26 | 6,90 0,09 0,001
ITTI + 2,5% AU 17 8,9 0,1 23,1 0,1 61 1,39 | 0,68 | 0,40 | 7,23 0,11 0,001
MITI + 5% AU 23 8,2 0,3 23,4 0,1 56 | 1,17 | 0,65 | 0,21 | 5,04 0,10 0,001
I + 10% AN 24 16,0 0,1 23,4 0,1 67 | 2,26 | 0,73 | 0,33 | 6,05 0,11 0,002
Ionzomncto-cyrmmuuctas nousa (I1CIT) / Podzolic-loamysoil
ICII (don) 3 1,1 0,1 0,3 1,80 10 | 0,04 | 0,03 | 0,03 | 0,04 0,01 0,001
IICII + 1% AU 3 1,1 0,1 0,3 0,02 10 | 0,04 | 0,03 | 0,03 | 0,03 | 0,001 0,001
ICIT + 2,5% AU 3 1,3 0,1 0,4 0,01 12 | 0,05 | 0,04 | 0,03 | 0,04 | 0,005 0,001
I1CI1 + 5% AU 3 1,9 0,1 0,4 0,02 11 | 0,04 | 0,05 | 0,03 | 0,04 | 0,004 0,002
TICIT + 10% AU 4 1,5 0,1 0,6 0,10 14 | 0,07 | 0,03 | 0,04 | 0,09 | 0,001 0,001
Iom3omcro-necyanas nousa (I1I1IT) / Podzolic-sandysoil

TITIIT (pon) 103 | 38,2 0,1 2,2 0,001 22 | 0,13 | 0,18 | 0,12 | 0,38 0,01 0,002
TIIIIT + 1% AN 41 16,8 | 0,05 0,7 <0,0001 18 | 0,10 | 0,10 | 0,09 | 0,08 | 0,002 0,001
IIIIIT + 2,5% AU 68 22,3 0,1 3,3 <0,0001 20 | 0,14 | 0,12 | 0,08 | 0,10 | 0,003 0,002
IIII + 5% AU 82 21,6 | 0,03 2,1 <0,0001 24 | 0,17 | 0,12 | 0,10 | 0,12 | 0,002 0,001
TIIIIT + 10% AU 39 16,2 | 0,03 1,1 <0,0001 18 | 0,11 | 0,08 | 0,08 | 0,06 | 0,002 0,002
MAK*/O0K* — 80,0 3,0 23,0 — - 4,0 5,0 6,0 6,0 — —

Mpumeuanus: AU — akrusnbrii wi, [1K — npenensHo momyctumast KoHteHTpanus, OJK — opueHTUpoBOUHO HomycTUMAsT KOHIICHTpAIvsi/

Al — activesludge, MPC — maximumpermissibleconcentration, UEC — approximatelypermissibleconcentration

conepxxanusg Cd B ¢OHOBBIX ITOYBAX M3HAYAITHLHO OBUTN
npuomrkersl K [TIK (ot 0,4 mo 0,8), 1 B TO K¢ BpeMs
HaJIM4YMe OMpPEIeICHHOTO KOJIMYSCTBA 3TOTO MeTajlia
B aKTUBHOM HWJIE TIPUBEJIO K IIPOSBICHUIO «CYMMapHOTO
apdexTar.

AHaIN3 MOABIKHBIX (DOPM M3YYEHHBIX METAIIIOB T10-
KazaJl, 9TO BO BCEX BapUAHTAX OIThITA MX KOHIICHTPAIIUS
ob11a 3HaunTeabHO HIKe TTIK nm OAK, ogHako mmpu
3TOM OTMEYAeTCsT pa3HOHATIPABJICHHAS TMHAMIKA TTOBBI-
IIeHUS WV CHIKCHMS NX comepxkaHus (Taou. 2). Taxk,
HampuMep, B IMTOI30IUCTO-TIeCIaHOI TTOYBE ITPOU30-
IIJTO 3HAYMTEILHOE CHIDKEHHE CONePKaHMUS TTOIBIKHBIX
dopm Fe, Mn, Ti, PouCd; B Ton301MCTO-CyTIMHUCTON
nouBe —Ti 1 Cd; B moa30JMCTO-IIIMHUCTOM TTouBe — Ti,
Cd 1 Mo, HO Ipu 3TOM TIPOU30NLI0 yBeamueHne —Ni
u Cr, B TO XXe BpeMs CJIeAyeT OTMETUTD, YTO B HEKOTOPBIX
CITy4JastX KOPPEISIIIMOHHBIC CBSI3M MEXKIY KOHIICHTpAIIN-
€l U3y4YEHHBIX METAJIOB U 10301 BHECEHUI AaKTUBHOTO
WJTa OTCYTCTBOBAIM. Takast pa3HOHAIIPAaBJICHHOCTH CKO-
pee Bcero OObSICHSICTCSI TEM, YTO Ha TIOIBIZKHOCTD TSKe-
JIBIX METAJUIOB B TTIOYBE OKA3bIBACT BIUSHIEC MHOXECTBO
(akTOpOB, 3TO Comep:KaHNE OPTAaHUMIECKOTO BEIICCTBA,

KUCJIOTHOCTD CPEIbl, TPaHyJIOMETPUICCKUIT COCTAB 1 X1~
MHMYECKIE CBOMCTBA KaXKIOTO 3JIEMEHTA B OTHEIBHOCTH
1 CITOCOOHOCTH €TO BCTYIATh B pa3IMUHBIC COCTMHECHUS
[26, 27], moaTOMY OOJIEE TTOIPOOHBIN AHAIN3 JTUHAMUKHA
TTOABIDKHOCTH TSIKEIIBIX METAJIJIOB HEOOXOIMMO IIPOBO-
IATH C YIETOM 3THX ITOKAa3aTeIIei.

3AK/IIOYEHUE

Taxkum oOpa3oM, TPOBEICHHBIC UCCIICIOBAHNS B MO-
JIETbHOM SKCIICPUMEHTE 110 U3YICHUIO COMePKaHUS Ba-
JIOBBIX U TIOABVKHBIX (POPM TSIKEIBIX METAJJIOB IIPU
BHECEHWH aKTMBHOTO MJIa KaK OTXO/a IIeJUTF0JIO3HO-0Y-
MaXHOM TTIPOMBIIIJICHHOCTH B TTOI30JIUCTYIO ITOYBY pa3-
JIMYHOTO TPAaHYJIOMETPUIECKOTO COCTaBa (TIMHUCTBIN,
CYIJIMHMCTBIN, TIeCUaHbII) ITOKa3aJIi, YTO CPEeIU BaJIO-
BBIX (hopM conepxkanue Fe, Mn, Cu, Zn, Ti, Al, Ni, Co,
Cr, nu Mo 6suto Hike TTIK, a conepxxanne Cd nmpeBbI-
I1aJI0 TIPUHSITHIC 3HAYCHHST CAHUTAPHO-TUTUCHIIECKIX
HOPMATHBOB. 3HAYCHUSI ITOIBIDKHBIX (POPM M3YICHHBIX
METAaJIJIOB TP pa3HOHAIIPAaBICHHON TUHAMMKE MX CO-
Iep>KaHWI OCTaBAINCH B TIpeneiaX HOPMEL.
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CmeuweHko A.b., Cumakosa A.C., lHozemuyes A.C., lHo3zemues C.C.
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392

NMPUMEHEHVUE HAHOMATEPUAJIOB 1 HAHOTEXHOJIOT 1A B CTPOUTE/IbCTBE
WneuH B.M., boes E.B., icnamymouHosa A.A., AMuHosa 3.K.

PazpaboTka TeXHONOrUN NPUMEHEHNS HAHOCTPYKTYPUPOBaHHbBIX KOMMIEKCOB HAa OCHOBE
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CHOBbIM, 2023 roJOM!

U3AATEJIbCKUE CBEAEHUA

UCCNEAOBAHUE CBOMCTB HAHOMATEPUAJIOB
Baxumosa PU., Capayesa [].A., Kuamos U.K., Cabumoe J1.C., OneliHuk B.U.
Pa3spyLueHne ycToNumBbIX SMYNbCUI C MOMOLLbIO HAHOANCNEPCHbBIX GynnepeHoB

TEXHOJIOTMU NPOU3BOACTBA CTPOUTENIbHbIX MATEPUANOB U U3LENNN
Ma3sumoea A.K., byunosa E.A.

MonyyeHre MHIIMOUTOPOB KOPPO3UU, COEePXKaLLUX CUHEepreTUUYeCKne HaHOJ00aBKY

PE3YNbTATbl UCCNEAOBAHUN YYEHbBIX U CNELWMANIUCTOB

AH BaHe, fOeueH Bane, Lj3uH bad, CubuH [lyaH, PoHamuH BaHe, YH-MuH Jlay.
M3rotoBneHune yrnepoaHoro ckeneta ¢ W HaHOTOUKamMu, BCTPOEHHbIMY B YTIIEPOLHYI0 MaTpuLly,
NernpoBaHHY0 a30TOM, iNA peakuun BbifeneHnsa Bogopoaa

OB30P U3OBPETEHWIN B OBJIACTU HAHOTEXHONOT A
Nearos J1.A., Croti J1.[]., MymuHosa C.P, Nwkoe A.[]., JemeHes A.B.

N306peTeHns B 0611acT HaHOMaTepUanoB U HaHoTexHoorni. YacTo Il

MEXAYHAPOAHOE HAYYHO-TEXHUYECKOE COTPYOHUYECTBO
YXaHbCKUIN TEXHONOMMYECKI YHUBEPCUTET

NMPUMEHEHVE HAHOTEXHOJIOTM U HAHOMATEPUAJIOB B CTPOUTE/IbCTBE

Konaruuya H.O., [lembarerko O.B., Kynukosa A.A., Camyerko C.B., Kosnosa U.B., JlykeaHosa H.A.
BnuaHve cnoco6oB akTMBaLUW Ha CTPYKTYPHO-TEXHOSIOMMYECKME XapaKTEPUCTUKN
HaHOMOANOULIMPOBAHHbBIX LIEMEHTHbIX KOMMO3ULMIA

KacamkuHr C.I1., Conosvesa B.A., Cmenanosa W.B., Ky3aneyos [].B., CuHuyuH [].A.

BblCOKO3hPEKTUBHBIN HAHOMOAUPULMPOBAHHDI GETOH MOBbILLEHHON MPOYHOCTU 1 AOSITOBEYHOCTU

KpacHoeckux M.I1., YyouHoe C.f0., Crtocape H.H., lyauH K.I., Baticman A.U.

Mpor3BOACTBO HAHOCTPYKTYPHOTO MogndrKaTopa 6UTYMOB Npu nepepaboTKe aBTOMOOWSIbHbIX MOKPbILLEK

CUCTEMHDIE PELLEHNA TEXHOJIOTMYECKUX NMPOBJIEM
tOpkesuy M.I., CynelimaHos P.P, [lopozas E.C., Kypbamoe A.A. OueHKa cofiepKaHus TsXKesbIX MeTaioB
B MOA30/IMCTON MOYBE Pa3IMYHOrO rPaHyIOMEeTPMYECKOro COCTaBa NpPu BHECEHMN aKTUBHOTO 1na

Kak OCHOBbI HaHOYA0OPEeHNA (OTXOA LeNST0N03HO-6YMaXKHON NPOMbILLNEHHOCTI)

COAEPXAHUVE HOMEPOB »KYPHAJIA, BbILWWEALUIUX B 2022 roay
NYBJIMKALUMOHHAA 3TUKA
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PUBLICATION ETHICS AND PREVENTION
OF MALPRACTICE PUBLICATION

Compliance requirements of publication ethics in the preparation and publication of the journal Science Editor
and Publisher apply to all members of the publishing process, i.e., authors, editors, reviewers, and the publisher of
the journal. The editorial board monitors compliance with the ethics requirements based on the manuals prepared
by international specialized organizations, associations and publishers, as well as the Association of Science Editors
and Publishers. The main standards relied on by the journal «<Nanotechnologies in construction» are those developed
by the Committee on Publication Ethics (Committee on Publication Ethics) in the United Kingdom, by the publisher
Elsevier (Netherlands), and other non-Russian editorial associations and information systems, as well as the declara-
tion of «Ethical Principles of Scientific Publications», adopted by the Association of Science Editors and Publishers
(Russia).

The responsibility of the authors of material for the journal «<Nanotechnologies in construction»

1. The author submits materials for review, which have not been previously published. If the article is based on
previously published material which are not academic articles or based on materials presented on the Internet, the
author should notify the editorial staff of the journal.

2.The author does not submit the same article to different journals for review.

3. All co-authors consent to the submission of their articles to the journal.

4.The author should inform the editorial staff about a potential conflict of interest. In the case of the absence of
any competing interests the author should claim that by writing «Author declare the absence of any competing in-
terests» in the paper.

5.The author takes the necessary steps to ensure the correctness of citations in the submitted article.

6. The list of authors included only individuals who have made significant contributions to the research.

7.The author correctly cites his or her previous work as to avoid self-plagerism in the manuscript and the artificial
increase of volume of publications (salami-slicing).

8. The author, who is acting as the contact with journal, informs all other co-authors of all changes and sugges-
tions from the editorial staff, and does not make decisions regarding the article alone without the written consent of
all co-authors.

9.The author properly corresponds with the reviewer through contact with the editor and responds to comments
and observations if they arise.

10. If necessary, the authors either adjust the data presented in the article, or refute them.

Responsibility of the editors of the journal <Nanotechnologies in construction»

1.The editors are personally and independently responsible for the content of the materials published and recog-
nize that responsibility. The reliability of the work in question and its scientific significance should always be the basis
in the decision to publish.

2.The editors of the journal can check the materials with anti-plagiarism system «Antiplagiat» detecting borrowed
fragments to provide copyright protection.

3. The editors make fair and objective decisions, regardless of any commercial considerations and provide a fair
and efficient process for the independent review.

4. The editors evaluate manuscripts’ intellectual content without regard to race, gender, sexual orientation, reli-
gion, origin, nationality, and/or the political preferences of the authors.

5.The editors do not work with articles for which they have a conflict of interest.

6. The editors resolve conflict situations arising during the editorial process, as well as use all available means to
resolve these situations.

7.The editors of the journal publish information concerning corrections, rebuttals, and review articles in case the
need arises.

8.The editors of the journal do not publish the final version of the article without the consent of the authors.
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The responsibility of the reviewers of the journal <Nanotechnologies in construction»

1. The reviewer evaluates his or her own availability before the examination of the manuscript and accepts materi-
als for review only if the reviewer is able to allow for sufficient time as to ensure the quality his or her work.

2. The reviewer must use the form created by the editors and delivered with paper. The reviewer may give ex-
tended review.

3. The reviewer notifies the editorial staff of any conflict of interest (if one exists) before the start of the review of
the paper.

In the case of the absence of any competing interests the reviewer should claim that by writing «The reviewer
declares the absence of any competing interests» in the review.

4.The reviewer does not send information about the article and or any of the data contained within the article to
any third party.

5. The reviewer does not use the information obtained from the article for any personal and or commercial pur-
poses.

6. The reviewer does not make conclusions about the quality of the article on the basis of subjective data, e.g. the
personal relationship to the author, gender, age, religion, etc.

7. The reviewer uses only proper and appropriate language and explanations in respect to the articles, avoiding
any personal remarks.

The responsibility of the publisher of the journal <Nanotechnologies in construction»

1. The publisher not only supports scientific communication and invests in the process, but is also responsible for
complying with all current guidelines and standards for publishing scientific work.

2.The publisher does not affect the editorial policy of the journal.

3. The publisher provides legal support to the journal if necessary.

4.The publisher provides for the timely release of futures issues of the journal.

5.The publisher publishes changes, explanations, and recalls articles that have been identified to contain scientific
misconduct and or critical errors.

The responsibility of the editor-in-chief of the journal «<Nanotechnologies in construction»

1. The editor-in-chief is responsible for making a decision which of submitted papers are to be published in the
journal. This decision always must be based on the examination of paper reliability and its importance for scientists
and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial board of
the journal. He also may take into account legal requirements, such as exclusion of libel, infringement of copyright
and plagiarism. When making decision on the publication, the editor-in-chief may consult with the members of edito-
rial board, reviewers.

2. The editor-in-chief evaluates submitted papers by the intellectual content, regardless of the race, sex, sexual
preference, religion, ethnic origins, citizenship and political views of the author.

3. The editor-in-chief, editorial staff, members of the editorial board must not disclose information on the submit-
ted manuscript to the third person except for the author, reviewers, potential reviewers, and the publisher.

4.The information contained in the submitted paper cannot be used in the paper of the editor-in-chief, members
of the editorial board without author’s written permission. Confidential information or ideas obtained during review
must be kept in secret and must not be used for self-profit.

5. The editor-in-chief should not review the paper if there is a conflict of the interests evolving from competition, co-
operation or other relations with someone from the authors, companies and organizations which are related to the paper.

6. The editor-in-chief should ask all authors to present information on the certain competitive interests and pub-
lish corrections if the conflict of the interests has been revealed after the publication. If necessary another appropriate
action such as publication of disproof or expression of a concern can be performed.

7. The editor-in-chief should take reasoned and prompt measures if he gets complaints of ethnic character in re-
spect to the submitted manuscript or issued paper, contacting with the editors and publisher.

Complaints and appeals handling

In the case of incoming complaints and appeals a commission is formed. The commission can consist of the pub-
lisher, the editor-in-chief, deputy editor-in-chief, members of editorial council, authors and specialists which are com-
petent in the considering subjects.

An investigation is held and the results of it are reported to all interested parties. According to laws, if it is neces-
sary, the materials are delivered to competent state bodies.
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Policy of disclosure and conflicts of interest /competing interests

Unpublished data from manuscripts submitted for consideration can not be used for personal research without
the expressed written consent of the author.

Information or ideas obtained through peer review and related actives, which potentially can be beneficial to any
party other than the author, must be kept confidential and not be used for personal gain.

The editors and reviewers should not participate in the examination of manuscripts in the event of a conflict of
interest that is a result of any competitive, cooperative, and or other interactions and relationships with any of the
authors, companies, and or other organizations involved in the creation or presentation of the works.

The politics of the journal concerning data exchange and reproductibility

The journal papers (metadata of papers) are available for free access at the journal’s website and at the websites of
different citation systems (data bases).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons CC-BY «Attribution». This kind of license allows other people to distribute, edit, correct and base on the
work of the authors, even with commercial purpose, while the authors mention them as co-authors. The license is
recommended to distribute widely and use licensed materials.

The politics of the journal concerning data exchange and reproducibility are aimed at providing «transparent» sci-
ence and transparency is a guarantee of high-quality research and innovations.

Ethical oversight of the published materials

The publisher and the editor-in-chief should deal with protection of reputation of the published materials by
studying and evaluating claimed or potential delinquency (research, publications, reviews and editorial activities)
jointly with scientific community.

That means interaction with the author of the manuscript and detailed consideration of the complaints or declared
reclamations. To detect such delinquencies as plagiarism, the editor must use proper license software or systems.

If the editor-in-chief obtains proved evidence of delinquency, he must inform the publisher and the members of
editorial council about this, as well as immediately notify the author about necessity to correct the paper or paper
retraction (in dependence on the situation).

Derivation and plagiarism

During the consideration of an article, the editorial staff of the journal «<Nanotechnologies in construction» may
conduct a verification of the submitted materials with the help the Anti-plagiarism system. In the case of the discov-
ery of multiple incidents of content matching, the editorial staff acts in accordance with the rules of COPE.

Intellectual property
The editors should carefully deal with the issues concerning intellectual property and interact with the publisher
when settling the cases of probable delinquencies and agreements on intellectual property protection.
The editors aside from using plagiarism detecting tools can also:
- support the authors whose copyright was infringed or those who suffered from plagiarism;
- cooperate with the publisher to protect copyright and to pursue infringer (for example, by applying for paper
retraction or removing materials from websites).

Discussion of the papers published in the journal. Corrections made after publication

The editors must be open for the researches that oppose the papers published earlier in the journal; to encourage
and to be ready to consider valid criticism of the papers published in the journal.

The authors of the criticized works should have an opportunity to respond the criticism. The papers describing
only negative results can also be published.

Preprint and postprint policy

During the submission process, the author must confirm that the article has not been published and or accepted
for publication in any other journal. When citing articles published in the journal «Nanotechnologies in construction»,
the publisher requests the authors to provide a link (the full URL of the material) to the official website of the journal.

Articles, which have been previously posted by the author on personal and or public websites that have no rela-
tionship to any other publishers, are allowed to be submitted to the journal.
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On the procedure in case of abusive practice (infringement)

Publisher, editor-in-chief, each member of editorial staff member of editorial board, author, reviewer or reader
must comply journal’s Publication Ethics and are obliged to report any known facts concerning committed or poten-
tial infringement.

The journal’s editors immediately launch investigation on all messages that state abusive practice (infringements).
If the information is confirmed, the measures to eliminate claimed abusive practice (infringements) will be taken. Ac-
cording to legislation, all materials, if it is necessary, are referred to proper state bodies.

In response to all author’s claims the editors give full and substantiated replies and make great efforts to resolve
any conflicts.
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3TUKA HAYUYHbIX NYBNIMKALUN U NPELOTBPALLEHUE
HEAOBPOCOBECTHOW MPAKTUKU NYBJIMKALUNA

TpeboBaHuA cobnofeHna Ny6NMKaLMOHHON 3TUKU MpY MOAFOTOBKE U M3OaHWUM XypHana «HaHoTexHomnorum
B CTPOMTENbCTBE» KACAIOTCA BCEX YYACTHUKOB PeAaKLMOHHO-/3[aTeIbCKOro NpoLecca — aBTOPOB, PELAKTOPOB, pe-
LIeH3eHTOB U M3[aTesis, CO3AaloLMX 3TOT XKypHain. Pefakumsa x)XypHana cienT 3a BbiMONIHEHVEM TPeboBaHNU STUKN,
ONMPasCb Ha PYKOBOACTBA, NMOArOTOBJIEHHbIE 3apybeXKHbIMI NMPOGUIIbHBIMY OPraHM3aLMUAMK, acCCOLMALMAMUN U 13-
[aTenbCTBaMy, a Takxke Accoupralmelnt HayYHbIX PefakTopoB U nsgatenein. OCHOBHbIMW JOKYMEHTaMK, Ha KOTOopble
onupaeTcsa pefakuma XypHana «<HaHOTEXHONOrMM B CTPOUTENbCTBEY, ABNATCA pa3paboTku KomuteTa no nybnvka-
umnoHHonm 3tmke (Committee on Publication Ethics), Bennko6putanus, nsgatenscrsa Elsevier (Hugepnaxgbi) u gpyrux
3apybeXKHbIX PelakTOPCKNX accoLmalunin n nHGOPMAaLMOHHbBIX CUCTEM, a Takxe [Jeknapauus «3Tnyeckme nprHLUmnb
Hay4HbIX Ny6arKaumniy, NPUHATaa Accoumalmeli HayYHbIX pefakTopoB u usgateneii (Poccus).

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

1. ABTOp OTMNpaBnsAeT Ha PacCMOTPEHUE CTaTblo, MaTepuranbl KOTOPOW paHee He 6binn onybnnkoBaHbl. Ecniv ctaTtba
OCHOBaHa Ha paHee onybNMKOBaHHbIX MaTepuranax He CTaTeHOro XxapakTepa WUin Mmatepurasbl NpeacTaBneHbl B MH-
TepHeTe, ciefyeT yBefoMUTb 00 3TOM peflakLmIo XKypHara.

2. ABTOp He OTNpaBnAeT Ha PaCCMOTPEHME OfHY CTaTblO B Pa3Hble XYpPHarsbl.

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

4. ABTOp yBEAOMNAET PeAaKLMIo O MOTeHLNaIbHOM KOHGNKTe nHTepecoB. O6 OTCYTCTBUM KOHGNMIKTa MHTEPECOB
aBTOP YKa3blBaeT B CTaTbe — «ABTOP 3aABNAeT 00 OTCYTCTBMM KOHOIMKTa UHTEPECOBY.

5. ABTOp NpeanpuHMMaeT Heobxofmble Mepbl, YTOObl y6eANTLCA B KOPPEKTHOCTN NPeACcTaBIeHHbIX B CTaTbe L-
TUPOBaHUN.

6. B cnncok aBTOpOB BK/TIOYAKOTCA TONbKO NMLA, BHECLUWE 3HAUNTENbHbIN BKa B MPOBEAEHMEe UCCIeOBaHUA.

7. ABTOp KOPPEKTHO LMTMPYeT CBOW NpeablayLue paboTbl 1 M36eraeT camonarmara B PyKOnucy U NCKycCTBeHHO-
ro ysenuyeHus obbema nybnmkaumia (salami-slicing).

8. KOHTaKTHbI aBTOp yBEAOMIAET CBOMX COAaBTOPOB 000 BCEX U3MEHEHUAX U NPEeASIOKEHNAX CO CTOPOHbI pe-
[aKUMKW XKypHana v He NPUHMMAET PeLeHnn OTHOCUTESNIbHO CTaTbW €AUHONNYHO, 6€3 MMCbMEHHOMO Cornacusa Bcex
COaBTOpPOB.

9. ABTOp KOPPEKTHO BeAeT NePEenmncKy C peLeH3eHTOM Yepes pefakTopa 1 0OTBeYaeT Ha KOMMeHTaprm 1 3ameva-
HWA, eCIY OHW BO3HUKAIOT.

10. Mpun He0BXOAUMOCTIN aBTOPbI KOPPEKTUPYIOT MPEACTaBNIEHHbIe B CTaTbe JaHHbIE U ONPOBEPTaloT UX.

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

1. PepakTopbl »KypHasia CaMOSIMYHO 1 HE3ABUCMMO HEeCyT OTBETCTBEHHOCTb 3a COAEP»KaHMe NMy6/IMKyeMbIX MaTe-
puVanoB 1 NPU3HAIOT 3Ty OTBETCTBEHHOCTb. [JOCTOBEPHOCTb paccMaTprBaeMon PaboTbl 1 ee Hay4yHas 3HAUYMMOCTb
BCerga JOMKHbI JieXKaTb B OCHOBE peLleHus o ny6nvkaumu.

2. PepakTopbl KypHana MOryT NpoBepuTb NOJTyYeHHble MaTepurasbl B CcTeMe AHTUMIAraT no obHapy»KeHuto 3a-
MMCTBOBAHWI, CMOCOOCTBYA 3alyUTe aBTOPCKOro Mpaga.

3. PepakTopbl MPVHUMAIOT YeCTHble 11 OOBEKTMBHbIE PELUEHMA HE3aBUCMMO OT KOMMEPUECKMX COObparkeHUi
1 06ecneyrBaloT YeCTHbIN 1 3P PEKTUBHDBIV NPOLIECC HE3aBUCUMOTO PELIEH3NPOBAHNA.

4. PefjakTopbl OLIEHVBAIOT UHTEN/EKTYaNIbHOE COePKaHMEe PYKOMMCE BHE 3aBUCUMOCTY OT pachl, Mona, CeKCyasb-
HOW OpUEHTALNN, PENUTMO3HBIX B3MAA0B, MPOVCXOXAEHUA, FPAXXAAHCTBA U MNONIUTUYECKUX NPeANoUTeHN ABTOPOB.

5. PepakTopbl He paboTaloT CO CTaTbAMM, B OTHOLUIEHUN KOTOPbIX Y HUX €CTb KOHQNIMKT MHTEPECOB.

6. PeflakTopbl >KypHana paspeluatoT KOHGANKTHbIE CMTYaLuUK, BO3HMKAlOWYeE B NpoLecce paboTbl, 1 MCMONb3yioT
OJ1A X paspelLLeHns BCe AOCTYMHble CpeAcTBa.

7. Pegaktopbl )KypHana ny6nukyoT nHbopmaLuio 06 MCnpaBieHrAX, ONPOBEPXKEHWAX 1 OT3bIBaxX CTAaTeN B CJlyyae
BO3HWKHOBEHMS TaKO HEOOXOAMMOCTN.

8. PelakTopbl XKypHana He Ny6vKyT KOHEUHbI BapMaHT CTaTby 6e3 ero cornacoBaHus ¢ aBTOpamu.
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OTBeTCTBEHHOCTb PeLeH3eHTOB XXypHana «HaHoTexHonorum B CTponTenbCcTBE»

1. PeLieH3€eHT oLeHBaeT CBOIO 3aHATOCTb Nepes Corflaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MPY HANIMYUM JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuueit )XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe fatb 60siee pacluMPEHHYI0 peLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaMuMm KOHGIMKTa MHTEPECOB (eC/v OH BO3HKK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIeH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

4. PeLleH3€eHT He nepefaeT CBeAieHMA O CTaTbe U laHHble, KOTOPbIE B HEl COfep»KaTca, TPETbUM NInLaM.

5. PeuleH3€eHT He ncnosnb3yeT MHGOpPMaLUIo, MOYUYEHHYHO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

6. PeLieH3eHT He ienaeT BbIBOAOB O KaueCTBe CTaTbl HAa OCHOBE CYObEKTUBHbIX JAHHDbIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcnoseaaHus.

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEeXoauT Ha
JINYHOCTMN.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

1. i3patenb He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAALMI B Nybnmkyemon paborte.

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

3. M3paTtenb oKa3blBaeT OPUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HeO6XO[UMOCTH.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXOZA OUepPeHbIX BbIMYCKOB XypHana.

5. V3gatenb ny6nunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbISBIEHbI HAPYLLIEHWA HAyYHOW
STUKU WU KPUTUYECKNE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYAeT 3a MPUHATME pPELLEHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefaKkumio XXypHana
paboT cnenyeT onybnnKoBaTb. ITO peLleHre BCeraa AOoMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM Pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTeNen 1 untatenei. [MaBHbI pefakTop MOXET PYKOBOACTBOBATbCA MeToauue-
CKUMW pPeKOMEHAALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonylleHVe KNeBeTbl, HApYLUEHUA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM pPeLleHmns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COfepXKaHuIo, HEB3KMpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTMIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MNOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKU pefaKLUnK, YNIeHbl PELKONErv He OJXKHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO APYromy, 3a NCKIIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, cogepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMO0 COOCTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peacoBeTa 1 pepkonnerny 6e3 NMcbMeHHOro paspelueHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIewn, NOJyYeHHblE NPU PELLEH3UPOBAHUN, LOMKHbI XPAHUTLCA B CEKPETE U HE 1C-
NnoJib30BaTbCA ANA NONYYEHUA IMYHOW BbIFOAbI.

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOoB, MPOUCTEKAOLMIA U3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATb CBEAEHMA O COOTBETCTBYH0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

7. [naBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOro Xa-
paKkTepa B OTHOLUEHWUW NpeAcTaBieHHOW PYKOMMUCU Ui OMy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKumen, us-
JaTtenem.
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O6paboTKa Kanob 1 anennaumin

B cnyuae noctynneHus xanob 1 annensynii Ha3HavaeTcs KOMUCCKSA, B COCTaB KOTOPOI MOTYT BXOAUTD: U3faTenb,
rMaBHbI PeAAKTOP, 3aMeCTUTE b [MTABHOrO PefakTopa, YieHbl pefaKLUNOHHON KOMMeruun, aBtTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpy HeobXo[MMOCTM 1 B COOTBETCTBUM C 3aKOHOAATE/IbCTBOM MaTepuasbl NepeaatoTcs
B COOTBETCTBYIOLLME FOCYAAPCTBEHHbIE OPraHbl.

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

HeonybnukoBaHHble faHHble, MONyYeHHbIe 13 NPEACTABEHHbIX K PACCMOTPEHUIO PYKOMUCEN, HeJlb3s UCMOJb30-
BaTb B JINYHbIX NCCIeOBaHNAX 63 NMMCbMEHHOro cornacus ABTopa.

NHpopmaLmsa nnm ngeun, nonyyeHHble B X0fe PeLeH3MpPOBaHA 1 CBsA3aHHbIE C BO3MOXHbIMY NMPeuMyLLecTBamMu,
LOJIXKHbI COXPaHATbCA KOHPUAEHLMANbHBIMY 1 HE NCMOMb30BaTbCA C Liefibio MOSyYeHWA TMYHON BbIFOAbI.

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
WHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBU U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOMIAET APYIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

MonuTrKa )ypHana B OTHOLEHW OOMeHa JaHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CNoCcoOCTBYET Gonee
«OTKPbITON» HayKe, @ OTKPbITOCTb HAYYHOU MHGOPMALIMM €CTb FAPaHT MCCIIeA0BaHMIN U MHHOBALMIA BbICOKOTO KauecTBa.

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

W3paTtenb v rnaBHbIf pefakTop AOMKHbI paboTaTh Haf 3aLMTON penyTauum ony6/IMKOBAaHHbIX MaTEPUANOB MyTeM
N3YYeHUsi N OLIeHKU 3asABJIEHHBIX MU NPeAnosiaraemMblX HapyLeHUi (MccnefoBaHnie, Ny6nvKaumi, peueHsni n pe-
LAaKTOPCKOW AeATeNIbHOCTN) COBMECTHO C HayUYHbIM COOOLLECTBOM.

370 BK/IOYAET B Ce0s B3aNMOAENCTBYIE C aBTOPOM PYKOMUCH U TLLATENIbHOE PaCCMOTPEHVE COOTBETCTBYHOLLEN
»asnobbl NN BbICKa3aHHbIX NPETEH3U. 1A BbIABNEHWA TaKNX HAapYLUEHWU, KaK Miaruat, pejakTop JOJIXKEH NoJib30-
BaTbCA COOTBETCTBYOLUMMY JIMLEH3VIOHHBIMY CCTEMAMU.

[naBHbIV pefakTop, NONyUMBLINIA YOeauTenbHOe CBUAETENbCTBO HaPYLUEHUs, AOMKEH COOOLWMTb 06 STOM 13ga-
Teso, YieHaM peKoIerny, OpraHn3ys HeMelIeHHOe YBeJOMJIEH e aBTOPa O HEOHXOANMOCTY BHECEHUS MOMNPaBOK
WY OT3bIBa Ny6AMKaLuUy, B 3aBUCMMOCTU OT CUTYaLN.

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTY NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3JaTenemM npu yperyampoBaHnmM CilyyaeB BO3MOXHbIX HapPYLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHAPYXeHUA niarnarta, MoryT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube AaBTOPCKOE MPaBO OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XepTBOW Narnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNneHnsa MaTepuranos ¢ Beb-canToB).

O6cyxaeHne paboT, ony6nnKoBaHHbIX B XKypHane. icnpaBneHusa nocne ny6nukauui

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU A5 UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAIOT Npefblaylyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpuMUaTeSIbHbIX pe3yfibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

B npouecce nogaur ctaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblfia ONy6/IMIKOBAHA MK He Oblia
npuHATa K NybnmKaLmm B 4pyrom HayuHoM >KypHane. [pu ccbinike Ha onybnnmKoBaHHYIO B XypHarne «HaHoTexHonoruu
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb ccbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii caiT
XypHana.

K paccmoTpeHnio fonyCcKalTCs CTaTby, Pa3MELLEHHbIE paHee aBTOPaMM Ha JINYHbBIX UK NYGAMYHBIX CalTax, He
OTHOCALLMXCA K APYTMM U3LaTe/IbCTBaM.

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3paTenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 ynTaTenb 06A3aHbl cObNAATL STUKY HayYHbIX NyONMKaLMi B )KypHane JeNCTBYIOLMX 3aKOHOB, MPaBW UAN NOO-
MEHUN 1N 06A3yt0TCA COObLLaTb O NOOBIX N3BECTHBIX CTYYAAX Y>Ke COBEPLUEHHOrO UM NOTEHLMaNbHOMO 3/10ynoTpeod-
neHna (HapyLeHusa).

Pepakuwei xXypHana HesaMeaMTeNbHO NPOBOANTCA pacciefjloBaHMe Mo BCemM COOOLLEHNAM O 3510ynoTpebneHnax
(HapyweHuAx) n, ecnn nHGopmaL A NOATBEPKAAETCA, MPUHUMAIOTCA MepPbI MO YCTPAHEHMIO 310ynoTpebneHnii (Ha-
pyweHui). Ecnv 31o TpebyeTca B COOTBETCTBMU C 3aKOHOAATENbCTBOM, MaTepuanbl NepeaaloTca B COOTBETCTBYOLNE
rocyfapCTBeHHbIe OpraHbl.

Ha Bce npeTeH3Mmn aBTOPOB pefakLma NpefoCcTaBiAeT pa3BepHyTbie 1 060CHOBaHHble OTBETbI, Mpuaras Bce ycu-
NnA anA paspeLueHna KOHGINKTHBIX CUTyaLmniA.
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organic additives; diagnostics of building systems nanostructures and nanomaterials; modification of building mate-
rials with nanofibers; disperse composite materials with nanocoating; formation of nanostructure coatings by means
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tals of nanotechnologies; technological principles of nanostructures creation (liquid melts, sol and gel synthesis).
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Abbreviations
All abbreviations should be defined when first used. If the article contains a large number of abbreviations, a list
deciphering each of them can be included before the text of the article
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Citations and bibliography
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Copyright Notice
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2.The authors retain the right to enter into certain contractual agreements relating to the non-exclusive distribu-
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book), with reference to its original publication in this journal.

3.The authors have the right to post their work on the Internet (eg in the institute store or personal website) prior
to and during the review process of its data log, as this may lead to a productive discussion and a large number of
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Privacy Statement

Specified when registering the names and addresses will be used solely for technical purposes of a contact with
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3BaHWsA, YNIEHCTBO B OPraHmM3aLmsx v T. .

lMpumep.

MucapeHko XaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadenpbl ynpaBneHus prckaMm U CTPAaxoBaHMWs
3KOHOMUMYecKoro dakynbreTa CaHKT-IeTepbyprckoro rocynapCcTBeHHOrO yHMBepcnTeTa, r. CaHKT-TeTepbypr,
Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Bknag aBTOpPOB (Ha pyCcCKOM A3bIKe):

— pamunus HUUKManbl aBTopa;

— B KpaTKoW GpopmMe OnmCbIBAETCA NIMYHbIN BKNAaZ aBTOPa B HanucaHume cTatbu (nged, cbop matepmana, obpaboTka
MaTepwuana, HarnMcaHue CTaTbl, HAy4YHOE pefaKTMPOBaHVEe TEKCTA, BCe aBTOPbI CAeNanu SKBMBANIEHTHbI BKNag (paB-
HbI1 BKNag) B MOATOTOBKY Nybnukauum u T. g.).

lMpumep.

Mopo3soBa M.C. - HayYHOe PYKOBOACTBO; KOHLIENUUA NCCNef0BaHNSA; pa3BUTE METOLONOMMY; yYacTue B pas-
paboTKe yuebHbIX MPOrpamm 1 UX peanu3aunm; HanvcaHue NCXOLHOro TEKCTA; UTOrOBbIE BbIBOADI.

BbokoBa E.B. - yuacTue B pa3paboTke yueOHbIX MPOrpamMm 1 Nx peannsauuu; oopaboTka TeKCTa; UTOrOBbIE Bbl-
BOAb.

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNNKTa UHTEpPECoB.

CraTtbs nocTtynuna B pegakuuio XX.XX.202X; ogobpeHa nocne peueHsnpoBaHna XX.XX.202X; nprHaATa K nybnrka-
uum XX.XX.202X.
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OdopmneHme TeKcTa pyKkonucm

®opmar
Pepakuua npuHUMaEeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B popmare .rtf.

OdopmneHne

« uncnonb3ynte wWpndT 14 Times New Roman v uHtepsan 1,5 ctpoku;

+ He UCMonb3ynTe NoaYepKrBaHUe BHYTPY TeKCTa (4NA Nof3arofioBKOB MCMOMb3yTe MOMY>KUPHOe HavepTaHue,
LA BbljeNeHnsA B TEKCTe — KYpCuB);

+  VMIHOCTpaHHble Ha3BaHMA (KypHanoB, opraHu3auuin 1 T.4.) cnefyeT OCTaBNATb B OPUTMHANeE, 3aKNoYaTh B KaBblUKU.

A66peBuaTypbli
Bce ab6peBmaTypbl AOMKHbI 6bITb paclundpoBaHbl NPy NePBOM ynoTpebneHnn. Ecnn abbpeBnatyp MHOFO, MOXKHO
cZienatb CrUCOK C PacIMPPOBKOI KaXKA0M U3 HUX Nepe[] TEKCTOM CTaTbMu.

Ta6nuubl U pUCYHKN

Bce Tabnuubl U pUCYHKIM JOMXKHbI OblTb MPOHYMEPOBaHbl 1 Ha3BaHbl, Ha HUX JOMIXKHa OblTb OTCbISIKA B TEKCTE CTa-
TbW. B Tabnuuax He JOMKHO 6bITb NYCTbIX rpad. PUCYHKN BOMKHBI ObITb XOPOLLIEro KauecTBa, MPUroaHble Ans neyatu.
MpriknagblBaloTCA K CTaTbe OTAENbHbIMU paiinamu.

YT06bI NPOBEPUTL KAUECTBO N30OPAXKEHUS, MOXKHO YBENMUMTL ero. XopoLluee n306pakeHne He pa3MblBaeTcsA npu
YBE/IMUEHUN.

CHOCKIn
Mpn HeobXOAUMOCTI NCMONb3YIOTCA CHOCKM CO CKBO3HOW Hymepauuen (apabckre Lmdpbl) No Bcemy JOKYMEHTY.
B cHockax MoryT 6bITb LUTaThl 13 PaboT, KOTOPble YNOMUHAKOTCA B TEKCTE, JONONHUTENbHaA nHbopMauma.

OdopmneHne UUTaT 1 CNNCKa NUTEPaTypbl
B >KypHane npuHAT BaHKYBEPCKMiA CTUMb LUTMPOBaHNWSA (OTCbINIKa B TEKCTE B KBaAPATHBIX CKOOKaX, MonHoe 61bnu-
orpaduyeckoe onmcaHne UCTOUHKKA B CMICKE IMTepaTypbl B MOPALKE YNOMUHAHNWSA B TEKCTE CTaTby).

CnMCOK NCTOYHUNKOB

B cnncok nuTepatypbl BKMOUYAKTCA MCTOYHUKM, UCMONb3yemble B TeKCTe cTaTbh. CCbINIKU Ha NPUHATbIE K My6-
NMKaLmMK, HO elle He onybiMKOBaHHbIe CTaTby, JO/KHbI ObITb MOMEUYEHbI C/IOBaMU «B MevaTh»; aBTOPbl AOMKHbI
NonyynTb MMCbMEHHOE pa3peLleHne AA CCbINIKA Ha Take [OKYMEHTbI 1 MOATBEPXKAEHME TOr0, UTO OHU NMPUHATDI
K nevatn. MHdopmaums n3 Heony6IMKOBAHHbIX UCTOYHUKOB LOJIKHA ObITb OTMEUEHA C/I0BaMU «HeOMNybnMKoBaH-
Hble JaHHble/LOKYMEHTbI», aBTOPbI TaKKe JAO/MKHbI NMONYYUTb MMCbMEHHOE NOATBEPXKAEHME Ha NCMOMNb30BaHMe Ta-
KX MaTepranos..

OdopmrieHne CCbifIOK Ha UCTOYHUKK, Brbnmorpaduyecknx ccbiiok ocyllectsiseTca B cootsetcteum ¢ FTOCT P
7.0.7-2021.

ABTOpCKMe npaBa

ABTOpbI, Ny6NIVKyIOLLME B KypHase, COrNaLlaloTcsa CO Cleayowym:

1. ABTOpPbI COXPaHSIOT 33 COBOI aBTOPCKME NPaBa Ha PaboTy 1 MPefOCTaBAAIOT XKypPHany NpaBo nepBon nybnvka-
umnm paboTbl.

2. ABTOpPbI COXPaHSAIOT NPABO 3aK/oUaTb OTAE/bHbIE KOHTPAKTHbIE 4OrOBOPEHHOCTM, KacatoLWMeCcs HEIKCKI031B-
HOro pacnpocTpaHeHusa Bepcur paboTbl B OnybnnKOBaHHOM 34eCb BUAe (HanpuMep, pasmelleHre ee B UHCTUTYT-
CKOM XpaHunuuie, ny6amKaLmio B KHUATE), CO CCbISIKONM Ha ee OpUTrMHanbHyo Ny6nmKaLmio B 3TOM XXypHare.

3. ABTOpPbI MMEIOT MPaBOo pa3meLlaTb Ux paboty B ceTv IHTepHeT (Hanpumep, B UHCTUTYTCKOM XPaHWNLLE U HA
nepcoHaibHOM caliTe) 1O 1 BO BpPeMs NpoLiecca pacCMOTPEHNUA ee AaHHbIM KYPHANOM, TakK KaK 3TO MOXeT MPUBECTM
K NPOAYKTMBHOMY O6CYXXAEHMIO N 6OMbLIEMY KONMYECTBY CCbISIOK Ha AaHHY0 paboTy.

MpuBaTHOCTb
MimeHa n agpeca 3ﬂeKTpOHHOI7I NMoYTbl, BBejeHHble Ha caunTe 3Toro XKypHana, 6yp,yT MCNob30BaHbl NCKOUYNTENb-

HO A Lernel, 0603HaUEHHbIX STVM >KYPHasioM, 1 He ByZlyT UCMOMb30BaHbI sl KAKUX-MOO0 Apyrux Lenen nimn npego-
CTaBJIEHbI APYTVIM JINLIAM Y OPraHM3aL1saM.
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