ISSN 2075-8545 (online)
ASI « CA(pt) « CrossRef « CNKI « DOAJ « EBSCO Publishing « ESCI Web of Science « EZB « eLIBRARY.RU - Google Scholar « HEAL Link
ICl Journals Master List « OAJI « ProQuest - Readera « ResearchBib « ResearchGate « Scopus « Ulrich’s Periodicals Directory

NANOTECHNOLOG|ES IN CONSTRUCTION A Scientific Internet-Journal 2023 -Tom 15-No. 1
NANOTEKHNOLOGII V STROITEL'STVE

HAHOTEXHO”OFMM B CTPOUTEJIbCTBE HayuHbI VIHTepHeT-KypHan 2023 -Tom 15-N2 1

WHHOBALIWH BO BCEX COEPAX

TNIAVPEAT NPEMUH
B OBJIACTH HHHOBAUMil
«BPEMSl HHHOBALIM-2012»

IN THE ISSUE:
B HOMEPE:

« The journal “Nanotechnology in Construction”is included in the global information project
CNKI (China)

 Influence of high-dispersive powder mixture of WC and TiC on the composite
materials properties

» Compressibility of the composite material with fiber filler and nanodimensional
polyurethane matrix for road and hydro engineering construction

« Evaluation of the nanostructure durability for mineral wool fibers using the theory
of chemical corrosion

o XypHan «<HaHOTeXHONOrY B CTPOUTENBCTBE» BKIIOUYEH B r106asIbHbIV MHGOPMALMOHHbIN
npoekt CNKI (Kutai)

» BnuaHue BbicokogmcnepcHoro nopowka cmecr WC n TiC Ha cBoMCTBa KOMMO3ULIMOHHbIX
MaTepuanos

dl

o CXKMMaemMoCTb KOMMO3ULMOHHOIO MaTepurasia C BOJIOKHUCTbIM HanonaHUTenem
n HaHopa3mepH017| ﬂOJ'IVIypeTaHOBOVI ManVILleIZ ANA OOPOXXHOIo N TMApPOTEXHNYECKOTo
CTpouTenbCTBa

« OueHKa JONrOBEYHOCTY HAHOCTPYKTYPbl BOJIOKOH MVHEpPanbHOM BaTbl C MPUMEHEHVEM
TEOPUN XMMMNYECKOI KOPPO31K

1

www.nanobuild.ru e-mail: info@nanobuild.ru

ISSUED WITH'S

7 X
RS
D

.

AN
72

INTERNATIONAL ACADEMY WUHAN UNIVERSITY
OF ENGINEERING OF TECHNOLOGY (CHINA)
PROPERTY (CHINA)


http://www.info-rae.ru/
http://info-iae.ru/ru/
https://whut.edu.cn/
https://whut.edu.cn/
mailto:315987728%40qq.com?subject=
mailto:315987728%40qq.com?subject=

Nanotechnologies in construction 2023;15(1):
HaHoTexHOnorun B cTtponTenbcTBe 2-3

NANOTECHNOLOGIES IN CONSTRUCTION ISSN 2075-8545 (online)
NANOTEKHNOLOGIIV STROITEL'STVE
HAHOTEXHOJIOTMWX B CTPOUTENbCTBE: HAYYHbIA MHTEPHET-XKYPHA

«Nanotechnologies in Construction» is a peer-reviewed journal.

The main aim of the Journal is to provide information support for the process of invention and practical application of sci-
ence intensive technologies (mostly nanotechnological products) in construction, communal and housing services, joint areas
(industry, power et al.).

The main tasks:

«  Providing scientists and specialists from different countries with the opportunity to publish the results of their research and
receive information about modern technologies and materials, high-performance equipment in construction, communal and
housing services, joint areas (industry, power et al.).

- To provide information support and participate in the events (forums, conferences, symposia, workshops, exhibitions,round
tables etc) devoted to nanoindustry and problems of application of nanoindustry in construction and housing and communal
services, which are perspective and of great importance.

The Journal has been published since 2009. Frequency: bimonthly.

These are the topics of the papers published in the journal: creation of new functional materials; nanostructured systems
strength and penetrability formation theory development; the problems of nanomaterials and nanotechnologies implementation
in construction and building materials; diagnostics of building systems nanostructures and nanomaterials; technologies aimed
at studying nanomaterial properties; technological principles of nanostructures creation (liquid melts, sol and gel synthesis). The
topics may be different, directly or indirectly related to the areas mentioned above.

The journal can also publish: original papers; reviews; discussing materials, comments, other information materials.
The language of publication: English; Russian.

The edition’s readers and authors are:

« students, lecturers, post-graduates and people working for doctor’s degree;

« scientists and specialists of research institutes and nanotechnological centers;

« heads and specialists of the institutions, organizations and factories from the sphere of construction and housing and com-
munal services;

+  scientists and specialists of the industries which are adjacent to construction;

« experts of the enterprise-producers manufacturing nanoindustrial output.

EDITORS

CHIEF EDITOR - Boris V. GUSEYV, Dr. Sci. (Eng.), Prof., Head of Department «Construction Materials and Technologies» Russian University
of transport, President of the Russian Academy of Engineering and the International Academy of Engineering, Corresponding Member of
the Russian Academy of Sciences, Laureate of the USSR and the Russian Federation State Prizes, Laureate of 5 Governmental Prizes of the
Russian Federation in the field of science and education, Honored Scientist of Russian Federation, Moscow, Russian Federation

Contacts: e-mail: info@nanobuild.ru, info-rae@mail.ru

EXECUTIVE EDITORIAL SECRETARY - Vladimir I. VEDENYAPIN, Moscow, Russian Federation
Contacts: e-mail: pr@nanobuild.ru, info@nanobuild.ru

DEPUTY CHIEF EDITOR - Leonid A. IVANOV, Cand. Sci. (Eng.), Russian Academy of Engineering, International Academy of Engineering,
Center for New Technologies «NanoStroitelstvo», Moscow, Russian Federation
Contacts: e-mail: info@nanobuild.ru, l.a.ivanov@mail.ru

EXECUTIVE EDITOR - Yulia A. EVSTIGNEEVA, Member of Russian Association of Journalists, Moscow, Russian Federation
Contacts: e-mail: info@nanobuild.ru, evstigneeva.ju@yandex.ru

HEAD OF DESIGN DEPARTMENT - Andrey S. REZNICHENKO, Businessman, Moscow, Russian Federation
Contacts: e-mail: info@nanobuild.ru, ras77222@yandex.ru

CHIEF FOR FOREIGN RELATIONS - Zhanna V. PISARENKO, Dr. Sci. (Econ.), Professor, Saint-Petersburg State University, Economic Faculty,
Department of Risk Management and Insurance, Saint-Petersburg, Russian Federation
Contacts: e-mail: info@nanobuild.ru, z.pisarenko@spbu.ru

http://nanobuild.ru 2 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2023;15(1):
HaHoTexHONorum B cTpouTtenbCcTBe 2-3

EDITORIAL BOARD

Peter J.M. BARTOS, Prof., Queen’s University of Belfast, RILEM Technical Committee TC 197-NCM on Nanotechnology in Construction
Materials (2002-2009), Scottish Centre for Nanotechnology in Construction Materials (University of West Scotland), Belfast, UK

Vyacheslav R. FALIKMAN, Dr. (Mater.), Scientific Research Center «Construction», Structural Concrete Association, International Union of
Laboratories and Experts in Construction Materials, Systems and Structures (RILEM), Technical Committee of American Concrete Institute
ACl 241 «Nanotechnologies of Concrete», Moscow, Russian Federation

Wenlong BAI, Ph.D., Beijing Institute of Intellectual Property, Beijing, China

Oleg L. FIGOVSKY, Dr. Sci. (Eng.), Israel Polymate research center, Nanotech Industries, Inc., Daly City, California, USA; Migdal HaEmek,
Israel

Zhengyi FU, Dr. Sci. (Eng.), Prof., Wuhan University of Technology, State Key Lab of Advanced Technology for Materials Synthesis and Pro-
cessing, Wuhan, China

Leonid A. IVANOV, Cand. Sci. (Eng.), Russian Academy of Engineering, International Academy of Engineering, Center for New Technolo-
gies «NanoStroitelstvo», Moscow, Russian Federation

Sergei V. KALIUZHNIY, Dr. Sci. (Chem.), Prof.,, RUSNANO, Moscow, Russian Federation

Vadim G. KHOZIN, Dr. Sci. (Eng.), Prof,, Kazan State University of Architecture and Engineering, Department «Technology of Construction
Materials, Products and Structures», Kazan, Russian Federation

Evgeniy V. KOROLEYV, Dr. Sci. (Eng.), Prof,, Saint Petersburg State University of Architecture and Civil Engineering, Vice Rector for Research,
Saint Petersburg, Russian Federation

Leonid M. LYNKOV, Dr. Sci. (Eng.), Prof., Belarussian State University oflnformatics and Radioelectronics, Department «Information Secu-
rity», Minsk, Belarus

Polad MALKIN, Dr. Sci. (Phys.-Math.), Ben-Gurion University in the Negev, StartUpLab, Beer-Sheva, Israel

Viktor S. MECHTCHERINE, Dr. Sci. (Eng.), Prof,, Technical University of Dresden, Institute of Construction Materials, Dresden, Germany
Surendra P. SHAH, Dr. Sci. (Eng.), Prof., Northwestern University, Evanston, lllinois, USA

Vladimir Y. SHEVCHENKO, Dr. Sci. (Chem.), Professor, Institute of Silicate Chemistry named after L.V. Grebenshchikov of Russian Academy

of Sciences, Coordinating Council on Development of Nanotechnologies attached to the Committee of the Council of the Federation of
the Federal Assembly of the RF on Science, Culture, Education, Medicine and Ecology, Saint-Petersburg, Russian Federation

Pawel SIKORA, Ph.D., Asssociate Professor, West Pomeranian University of Technology in Szczecin, Faculty of Civil and Environmental
Engineering, Department of General Civil Engineering, Szczecin, Poland

Konstantin G. SOBOLEYV, Prof,, University of Wisconsin-Milwaukee, Technical Committee of American Concrete Institute ACl 241 «Nano-
technologies of Concrete», Milwaukee, Wisconsin, USA

Valeriy I. TELICHENKO, Dr. Sci. (Eng.), Prof., Moscow State University of Civil Engineering (National Research University), Moscow, Russian
Federation

Larisa A. URKHANOVA, Dr. Sci. (Eng.), Prof., East-Siberian State University of Technologies and Management, Department «Production of
Building Materials and Wares», Ulan-Ude, Russian Federation

Rongming WANG, Ph.D., Prof,, Beijing Advanced Innovation Center for Materials Genome Engineering, School of Mathematics and
Physics University of Science and Technology Beijing, Beijing Key Laboratory for Magneto-Photoelectrical Composite and Interface
Science, Beijing, China

Li D. XU, Ph.D,, Prof., Old Dominion University, of Information Technologies & Decision Sciences Department; Institute of Electrical and
Electronics Engineers (IEEE), Norfolk, Virginia, USA

The Journal is registered as an independent mass media in the Ministry of Communication and Mass Media of the Russian Federation.
(Registration Certificate 9n Ne ®C77 - 35813 of 31 March 2009 issued by the Federal Service on Supervision in the Sphere of Connection and Mass
Communications).

Founder and Publisher — Center for New Technologies «Nanostroitel’stvo», Korolev, Moscow region, Russian Federation
Contacts: e-mail: l.a.ivanov@mail.ru
Address of edition: Russian Federation, 125009, Moscow, Gazetny per., bld. 9, str. 4
Contacts: e-mail: info@nanobuild.ru
Website: http://nanobuild.ru/
Release date of N2 1 (Vol. 15) is 20.02.2023

ISSUED WITH SUPPORT OF
7 X
V.
LS
RUSSIAN ACADEMY INTERNATIONAL ACADEMY WUHAN UNIVERSITY BEIJING INSTITUTE
OF ENGINEERING OF ENGINEERING OF TECHNOLOGY (CHINA) OF INTELLECTUAL PROPERTY

(CHINA)

http://nanobuild.ru 3 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://info-iae.ru/ru/
http://info-iae.ru/ru/
http://info-iae.ru/ru/
http://www.info-rae.ru/
http://www.info-rae.ru/
http://www.info-rae.ru/
https://whut.edu.cn/
http://www.whut.edu.cn/
http://www.whut.edu.cn/
https://whut.edu.cn/
mailto:315987728%40qq.com?subject=
mailto:315987728%40qq.com?subject=

Nanotechnologies in construction 2023;15(1): V4
HaHoTexHonorum B cTponTenbcTBe 4 NanObL" ]

NANOTECHNOLOGIES IN CONSTRUCTION: A Scientific Internet-Journal 2023 +Vol.15+No. 1
NANOTEKHNOLOGIIV STROITEL'STVE

CONTENTS

PUBLISHER INFORMATION 2

TO THE AUTHORS AND READERS
The journal “Nanotechnology in Construction” (ISSN 2075-8545) is included
in the global information project CNKI (China) 5

APPLICATION OF NANOTECHNOLOGIES AND NANOMATERIALS IN CONSTRUCTION
Boev E.V.,, Islamutdinova A.A., Aminova E.K.
Development of technology for obtaining anticorrosive nanostructured polyalkenylamide-succinimide
coatings in construction 6

Chayka TV., Gavrish V.M., Pavlenko V.l Cherkashina N.1.
Influence of high-dispersive powder mixture of WC and TiC on the composite materials properties...........ccoueceuee. 14

TECHNOLOGY OF PRODUCTION OF BUILDING MATERIALS AND PRODUCTS
Massalimov I.A., Chuikin A.E., Massalimov B.I., Mustafin A.G.
New ProtectiveCoatings Based on Sulfur Nanoparticles Produced from Potassium Polysulfide.........coocccoveennernnneen. 27

REVIEW OF NANOTECHNOLOGICAL INVENTIONS
Ivanov L.A., Xu L.D., Pisarenko Zh.V., Muminova S.R., Miloradova N.G.
Inventions in the area of nanotechnologies and nanomaterials. Part | 37

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION
Wuhan University of Technology 48

TECHNOLOGY OF PRODUCTION OF BUILDING MATERIALS AND PRODUCTS
Nazarov V.G., Dedov A.V., Bokova E.S.
Compressibility of the composite material with fiber filler and nanodimensional polyurethane matrix
for road and hydro engineering construction 53

APPLICATION OF NANOTECHNOLOGIES AND NANOMATERIALS IN CONSTRUCTION
Zheldakov D. Yu., Tursukov S.A., Sinitsin D.A., Pudovkin A.N., Parfenova A.A.
Evaluation of the nanostructure durability for mineral wool fibers using the theory of chemical corrosion........... 59

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES
Gorbatova V. N., Gordeeva l. V., Dudareva T. V., Krasotkina I. A., Nikol'skii V. G., Egorov V. M.

Effect of the active powder of discretely devulcanized rubber on bitumen properties at low temperatures......... 72
PUBLISHING ETHICS 84
AUTHOR GUIDELINES 88

http://nanobuild.ru 4 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2023;15(1):

HaHoTexHonorun B cTpouTenbcTee 2-3 NanObL" ]

HAHOTEXHOJIOTMWX B CTPOUTENbCTBE: HAYYHbIN MHTEPHET-XKYPHA
NANOTECHNOLOGIES IN CONSTRUCTION
NANOTEKHNOLOGIIV STROITEL'STVE ISSN 2075-8545 (online)

«HaHOTexXHONOrnN B CTPONTENbCTBEY — PELIEH3VPYEMbIN HAaYUHbI XKypHaJl.
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X03ACTBA, CMEXHbIX OTPACNEN (MPOMBbILLIEHHOCTH, SHEPTETUKM U Ap.).

OcHOBHbIe 3agaun:
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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 cTaTbi, 0630pbl, ANCKYCCMOHHbIE MaTepurasbl, KOMMEHTapun, Apyrue nH-
bopmaLMoHHbIe MaTepranbl.

A3bIK N3paHNA: PyCCKNN; aHIMNNCKNIA.
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+  CTYAEHTbI, NperofasaTeny, acnpaHTbl U JOKTOPaHTbI BY30B;
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«  PYKOBOAMTENW U CMELMaNNCTbl YUPEXAEHNI, OPraHmn3aLmin 1 NPeanpuaTUin CTPOUTENBHOTO KOMIIEKCA U XKUULLHO-KOMMY-
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Development of technology for obtaining anticorrosive
nanostructured polyalkenylamide-succinimide coatings
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ABSTRACT: Introduction. At present, the use of polymer coatings in the protection of metallic materials and structures is becom-
ing popular in the construction industry. It is especially important to obtain nanostructured polymer insulating materials with
high anticorrosive properties in order to ensure the service life of the equipment of the fuel and energy complex. Technological
equipment during the extraction, transportation, processing of petrochemical raw materials is subject to regular exposure to
aggressive environments. Damage to production equipment causes annual environmental damage and human health and mate-
rial burden on the enterprise. The introduction of heteroatoms into the structure of the polymer molecule helps to improve the
physico-chemical characteristics of polymer coatings, in particular, to increase the protective properties, since natural and synthetic
polymer compounds represent a large cluster of supramolecular structures located in a certain sequence. Methods and materials.
A technology has been developed for obtaining new polymeric nanostructured alkenylsuccinimides with anticorrosive properties,
which can be used as part of lubricating coatings in various industries, including construction. Alkenylsuccinimides were tested
according to TS 38101147-77 for succinimide additives and showed compliance with their standards TS 38101247-77. Results and
discussions. In the course of the research a resource-saving non-waste technology of obtaining a nanostructured polymer addi-
tive with polyamines as a nanostructuring base to provide an anticorrosive effect has been developed. Conclusion. The obtained
compounds based on triethylenetetramine, tetraethylenepentamine, alkenylsuccinic anhydride can be used as effective polymeric
anticorrosion additives in the processing of metal materials and structures in the construction industry.

KEYWORDS: polymeric nanostructured additives, construction metal structures, anticorrosive materials and coatings, triethylene-
tetramine, tetraethylenepentamine, alkenylsuccinic anhydride.
FOR CITATION: Boev E.V., Islamutdinova A.A., Aminova E.K. Development of technology for obtaining anticorrosive nanostruc-

tured polyalkenylamide-succinimide coatings in construction. Nanotechnologies in Construction. 2023; 15(1): 6-13. https://doi.
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INTRODUCTION

he structure of polymeric compounds has been widely

studied and is unusually diverse both in its spatial
structure and in the heteroatoms located in the polymer
structure. The configuration and conformation of polymer
formations, if we consider such structural elements of
polymer systems as a ball, pack, globule, crystallite, can
form much more complex ordered systems of supramolec-
ular level. The presence of heteroatoms in the polymeric
structure allows the physical and chemical properties of
polymeric materials to change due to the distribution of
electron density inside the polymer matrix, thereby form-
ing a nanostructured polymeric protection of metal prod-

© Boev E.V,, Islamutdinova A.A., Aminova E.K., 2023

ucts and structures widely used in construction. Thus, we
can conclude that a macroscopic polymeric body is char-
acterized by a complex nanomolecular internal structure
with a different arrangement of constituent elements in
space and a different nature of interaction between them.
These components of the polymer matrix differ in their
properties not only due to the different arrangement of the
various constituent elements, but also due to the nature of
interaction between different groups of atoms.

The Russian Federation consumes 1.6 billion tons of
metal per year in the following sectors (Table 1) in 2021
[1].

According to the sources studied, about 40-50% of
the production equipment is operated in aggressive en-
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Table 1
Metal consumption in the Russian Federation
by industry

Name of metal consumption Metal consumption
industries per year, %

Production sector 47
Transport 25
Agriculture 10
Construction 18
(metal structures)

Total: 100

vironments, about 30% of the equipment operates in less
acidic environments, and only 10% of the equipment
does not require measures to protect the production
equipment. Thus, the fuel and energy complex incurs
metal losses by 30%, the petrochemical industry by 20%,
agricultural equipment by about 15% and 5% of other
industries [2, 3].

It can be confidently concluded that the technologi-
cal equipment used at enterprises has long exhausted the
planned resource and should be replaced [4—7]. Since
failures of industrial equipment are one of the main causes
of accidents at operating enterprises, timely replacement
and modernization of existing installations and technolo-
gies will increase their service life. The following is an
analysis of accidents and failures at industrial enterprises
(Table 2).

Most of the failures of technological equipment are
associated with the stream corrosion, especially the main
pipelines are susceptible to this, where about 70% of ac-
cidents occur for this reason.

According to the source [4], the length of the pipelines
is more than 150 thousand km, they have been in opera-
tion since the 1970s. Such a long period of use causes
breakouts, fistulas, corrosion. Most industrial and petro-

leum equipment has long since exhausted its service life
and is still in operation.

Thus, it is relevant to study the processes of corro-
sion of technological equipment, the selection of ways
to protect it in order to reduce the loss of material and
energy resources.

The main advantage of polymeric materials is their
great resistance to both chemical and environmental in-
fluences. This explains the use of polymeric materials in
almost all areas of science and technology. Due to its high
chemical resistance, polymer materials are widely used
for anticorrosive protection of building structures and
products made of metal, reinforced concrete, lime and
cement-lime plaster, etc.

The most common method of preventing corrosion
of building structures is to treat the protected surface by
spraying or coating of polymer compositions. For the
most stable adhesion to the metal surface polymeric ad-
ditives are often added to various paint materials. Thus,
nanostructuring polymeric additives create so-called
film-forming polymeric dispersions, where water acts as
a dispersion medium, an example of such systems can be
latex paints [8, 9].

Emulsion (latex) paints are especially recommended
for covering lime or lime-cement plaster, particle board
and fiberboard in the premises of cinemas, train stations,
clubs and other premises of civil buildings. Such color-
ful compositions, in addition to the main film-forming
component, contain additives of plasticizers, stabilizer
and pigment. The polymer is mostly applied to the surface
to be treated with either a brush or a spray gun. To pro-
tect equipment from corrosion at petrochemical plants
a primer is used as a base and then coated with emulsion
paints, polymer paints and others based on polychlorvinyl
resin. [10, 11].

The main area of the Russian Federation is located in
a temperate climate zone, which is characterized by a high
percentage of humidity. Protecting the exterior walls of
industrial and civil buildings from moisture is of great

Table 2
Causes of equipment failure of chemical and oil and gas systems
Cause of accidents, %
BARNTHETTS Violation
System . of construction Marriage Mechanical .
Corrosion . . . of the operating
and installation of materials damage
mode
works, %
Petrochemical, oil
refining industry 70 15 2 10 3
and oil transportation
Oil and Gas Industry 36.7 10 13.3 13.9 26.1
In-field pipelines 95 2.8 0.8 0.6 0.8
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importance to increase their durability. In this regard, the
treatment of the exterior walls of buildings with silicone
substances largely solves this problem. For example, the
treatment of brick and plastered walls with silicone mate-
rials gives the masonry hydrophobic properties, protects
it from corrosion and at the same time preserves their
ability to “breathe”.

Most silicone materials are used by dissolving in or-
ganic solvents as compounds such as alkylsiliconates of
alkali metals. The process of protecting equipment in
terms of physical and chemical processes involves the
interaction of alkylsiliconate salts with carbon dioxide
in the air. This reaction is characterized by the forma-
tion of sodium and potassium carbonates and insoluble
polymeric compounds based on alkylsiliconates that
can exhibit hydrophobic properties on the surface of the
treated metalwork.

A very effective way to protect building structures and
structures from corrosion is to cover them with polymer
materials. The high chemical resistance of such cladding
significantly increases the durability of tanks, baths and
pipelines operating in aggressive environments. For this
purpose, mainly sheets and films made of polyvinyl chlo-
ride and polyethylene are used. Polypropylene composi-
tions are also used, which are applied with a spray gun.
Fiberglass in the form of smooth or wavy sheets is also
used as facing polymer materials for corrosion protection.

Penetration of aggressive medium molecules into the
metal structure is explained by diffusion processes, caus-
ing unwanted processes of swelling, rusting, formation of
ulcers, cracks and other damages. These damages have
a synergistic effect, causing a simultaneous combination
of processes of physical and mechanical effects on the
protected surface. Formed microcracks, ruptures and
ulcers over the period of operation increase and lead to
the destruction of technological equipment and, thus, to
additional significant material costs.

During the operation of polymer anticorrosive coat-
ings, processes of diffusion of aggressive media, swelling
to dissolution and chemical reactions can occur in them.
These destruction processes occur, as a rule, simultane-
ously in various combinations and lead to changes in the
physical and mechanical properties of polymer coatings.
A significant influence on the change in the properties of
polymer materials and their aging has the effect of aggres-
sion in the stressed state of the protective coating. It has
been established, for example, that microcracks occur
on the surface of polymer materials under conditions of
simultaneous exposure to an aggressive environment and
mechanical stress, which then gradually increase. At the
same time, polymer coatings have proven themselves
positively in construction as anticorrosive materials.

The developed samples of nano-containing polymeric
alkyl succinimides can also be used as an effective additive
to lubricating coatings in various industries, including

construction. Alkenylsuccinimides were tested according
to TS 38101147-77 for succinimide additives and showed
compliance with their standards TS 38101247-77. Also,
succinimide additives can be used to create nanostuctur-
ated polymer coatings as an anticorrosive protection of
metal structures in construction.

Most additives of the succinimide type, while possess-
ing detergent and dispersant properties, do not improve
the anti-corrosion properties of lubricating oils. There-
fore, it is quite often necessary to use these additives in
compositions with anticorrosive materials and it is rec-
ommended to use antimony dialkyl dithiocarbamates,
2,2'-diphenylcarboxylic acid, zinc dialkyl dithiophos-
phates or introduce phosphorus, boron, sulfur atoms into
the succinimide additive [12].

The preparation of alkenylsuccinimides by the reac-
tion of alkenyl-substituted succinic acid or its anhydride
(>90% of the C,, ,, alkyl substituent with a mixture of
amines in a molar ratio of 1:0.8—1.5 at a temperature
of 125—135°C in the presence of an aromatic solvent for
3.5 hours with subsequent filtration of the product. At
the first stage, the alkylation of maleic anhydride (MA)
with polyalphaolefins is carried out at 150—250°C for
15 hours.Up to 10% (per alkenylsuccinimide) polyglycol
alkyl phenol formaldehyde resin is added to prevent haze.
As amines, a mixture containing 5—70% amino-ethyl-
ethanolamine, 5—30% aminoethylpiperazine, 0—25%
triethylenetetramine (TETA), 0—20% hydroxyethylpi-
perazine, 0—10% diethylenetriamine (DETA), 10—15%
oligomers of these amines are used [13—14].

Succinimide additives, having an effective detergent
and dispersing force, and, as noted above, exhibit an anti-
corrosion effect. These additives are usually used in com-
positions with anticorrosion agents [15—22].

METHODS AND MATERIALS

The reaction of formation of ASA (alkenylsuccinic
anhydride) from MA (maleic anhydride) and olefin is
carried out in the environment of aromatic hydrocarbons
(toluene, etc.). The regeneration of aromatic hydro-
carbons requires the use of additional equipment, the
process is lengthy and environmentally unsafe. In this
work, toluene is used as a solvent. The obtained alkenyl-
anthalic anhydride is a viscous transparent light yellow
liquid with the concentration of the main substance up
to 85%. Products produced on the basis of alkenylan-
thalic anhydride are excellent dispersants in motor oils,
emulsifiers of industrial explosive emulsions, corrosion
inhibitors, etc.

Practical significance of the research lies in the de-
velopment of modern demanded nanostructured addi-
tive with the aim of import substitution. The developed
technology of polymeric additive production on the basis
of alkisuccinimides will increase the line of anticorrosive
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lubricating polymeric materials of domestic production
and exclude the dependence on foreign supplies.

It is shown that the condensation of individual PEPA
(polyethylene polyamine) or a technical mixture of PEPA
with butyric (BA), isobutyric (IBA), oleic (OA), stearic
acids (SA) or stearin (a mixture of stearic and palmitic
acids in at a molar ratio of 1:1 at a temperature of 160—
190°C for 4—6 hours in a molar ratio of amine: acid =
1—1.1:1 followed by the interaction of the obtained mono-
amides (amidoamine) with substituted succinic anhydride
in the medium of industrial oils brand I-20A or I-40A
(GOST 20799-88 with amendments 1-5) first at a tem-
perature of 25—29°C for 0.5 hours, then at 110—115°C
for 0.5—1 hours and kept at 145—150°C for 3—4 hours in
a molar ratio of anhydride : amidoamine = 1:1.1—1.4 led
to the production of amidoimidovalkenylsuccinic acid
with yields of 92.8—98.2%.

The substituted succinic anhydride described in the
patent document is used as the alkenyl succinic anhy-
dride [19].

When studying the protective anti-corrosion properties
of the compounds under study, three main methods are
used. The most objective is gravimetric or weight method,
which consists in changing the weight of the studied ob-
ject (steel samples) before and after exposure to aggres-
sive medium at different temperatures. In practice, this
method consists in direct immersion of the studied object
in technological equipment.

The express method is electrochemical, which consists
in the use of laboratory equipment to measure the rate of
corrosion in electrolyte solutions.

The resistometric method consists in the study of the
dependence of the reduction of the cross-section of the
equipment and the increase of electrical resistance. The
advantage of the method is the possibility of continuous
monitoring of metal corrosion processes in time not only
in electrolyte solutions, but also in organic solutions, in
air, gases and soil.

RESULTS

In the scientific work an analytical review of succin-
imide-based inhibitory compositions was carried out.
Analysis of the literature data confirms the assumption
that polymeric nanostructured additives containing such
groups as carboxyl, succinimide, various heteroatoms
(nitrogen, oxygen) can exhibit high adhesive properties,
increase the chemical resistance and durability of the
system.

The research part is to develop a methodology for the
synthesis of succinic acid amidoimides. The result of the
study is to obtain fifteen samples of succinimide additives,
which were investigated for anticorrosive properties. The
obtained compounds were isolated as individual com-
pounds in quantitative yield.

DETA, N, N'-bis — (B-aminoethyl)piperazine (bis-
AEP), TETA and ethylenediamine (EDA) are used as
individual PEPA to obtain amidoimides. PEPA technical
mixture contains, wt.%: H,O — 0.1-0.5; EDA — 0.05—
0.2; piperazine — 0.2—0.4; N-AEP — 2.5-3.5; DETA —
25-35; bis-AEP — 15-20; TETA — 30—35; TEPA and
other higher amines — the rest.

Amidoimides of alkenylsuccinic acid are given below:

H,NCH,CH,NH(CH,CH,NH),H RCOOH_

" -H,0
~ O
H;_NCH2CH2NH(CHQCHZNH)HC\
b
where R = (CH,),CH,, CH(CH,),, C_H,,, C_H,
or
VRS Z O
z
H,NCH,CHN  NCH,CHNHC
2 2 N / 2 \R
B
R! .
CllH —Cyo /O -H,0
| >0+ HNCH,CHNH(CH,CHNH) ¢__ ——
CH,—C “R
=0 B
0
ri—ca—c” ~°
i SNCH,CH,NH(CH,CH,NH) C
CH~C_
<0
1-9, 13-15
or
O
Z _O
ICH —C
LSy SN(CH,))N N(CH ), NHC
CH,—c_
=0
10-12,( B)

Compound 1, R = (CH,),CH,, n = 1 [amidoimide
(AI) based on DETA, BA and alkenylsuccinic anhydride
(ASA)];

Compound 2, R = CH(CH,),,
DETA, IBA and ASA]J;

Compound 3, R=C _H
OA and ASA];

Compound 4, R =
TETA, BA and ASA];

n =1 [Al based on

=1 [Al based on DETA,

17 33’

(CH,),CH,, n = 2 [Al based on
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Compound 5, R = CH(CH,),, n =
TETA, IBA and ASA];

Compound 6, R=C_ H,,,n=2[Al based on TETA,
OA and ASA];

Compound 7, R = (CH,),CH,, n = 3 [Al based on
TEPA, BA and ASAJ;

Compound 8, R=C_ H,,, n= 3 [Al based on TEPA,
OA and ASA];

Compound 9, R=C_ H,,, n= 3 [Al based on TEPA,
SA and ASA];

Compound 10, R = (CH,),CH,, n =
bis-AEP, BA and ASA]J;

Compoundll, R = C_ H,,, n = 3 [Al based on bis-
AEP, OA and ASA];

Compound 12, R=C_ H,,+ C H,
based on bis-AEP, SA, PA and ASA];

Compound 13, R = (CH,),CH,, n =
EDA, OA and ASA]J;

Compound 14, R = CH(CH,),, n = 0 [Al based on
EDA, IBA and ASA];

Compound 15, R = CH(CH,),, n = 1-3 [Al based on
PEPA, EPA and ASA];

2 [AI based on

3 [AI based on

(1:1), n = 3 [AI

0 [AI based on

DISCUSSION

The obtained nanostructured polyalkylsuccinimide
compounds can be used as effective additives with high
protective anti-corrosion properties in paint and varnish
materials, construction mixtures used for internal and
external coating of construction materials subjected to
corrosion damage. The positive point of this work is that
in the process of obtaining the final product aromatic
hydrocarbons (toluene, benzene, etc.) are not used as
solvents, but lubricating synthetic oils are used. This helps
to reduce the cost of the final product and exclude the
stage of solvent recycling from the process chain, which
reduces the environmental burden of production.

The IR spectra of the obtained amidoimides have ab-
sorption bands at 1645 cm~'!, characteristic of the amide
group, at 1720 and 1780 cm™', characteristic for the C= 0O
group in five-membered imides.

The obtained samples were examined on the basis
of physico-chemical characteristics of the compounds
obtained (1—15), according to which the amine number
varies from 21—24 mg HCI1 per 1 g, which can be used

Table 3
Indicators of the physico-chemical properties of the obtained amidoimides
Parameters
@ Amine num- | Acid number, | Mass fraction | Mass fraction Mass fraction Mass frac- Mass frac- Flash point
E‘ ber, mg HC1 | mg KOH per | of nitrogen in | of mechanical tion of active tion of free | determined in
& per 1.gof 1 g of addi- additive, %, | impurities, %, o water,ﬂ?a > | substance, %, | polyamines, | an open cru-
additive, not | tive, not more | not less than | no more than no m((;r; an not less than | %, not more | cible, °C, not
less than 20 than 4.0 2.4 0.06 : 40.0 than 0.2 less than 160
1 2 3 4 5 6 7 8 9
1 24.2 2.3 2.6 0.02 0.02 44.2 0.1 172
2 24.8 2.9 3.3 0.04 0.03 45.9 0.16 185
3 22.1 2.9 2.8 0.04 0.08 42.2 0.1 170
4 21.0 3.2 2.7 0.03 0.02 46.3 0.14 182
5 26.8 2.8 2.5 0.04 0.05 46.6 0.08 185
6 22.4 2.8 2.7 0.04 0.06 43.3 0.09 173
7 22.5 3.0 3.0 0.05 0.05 45.1 0.08 175
8 24.6 3.1 2.8 0.06 0.08 46.4 0.07 180
9 22.0 3.6 2.5 0.02 0.07 42.6 1.12 166
10 25.7 2.2 3.2 0.01 0.08 48.2 1.11 177
11 25.3 2.9 3.1 0.02 0.06 46.6 0.18 176
12 24.9 2.7 3.2 0.04 0.09 46.7 0.16 170
13 21.2 2.9 2.5 0.01 0.03 41.0 0.15 163
14 21.4 2.8 2.4 0.03 0.04 42.0 0.16 162
15 24.6 8.8 2.8 0.02 0.04 46.2 0.13 174
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as roofing and corrosion-resistant materials and coatings
(Tables 3 and 4).

According to the table, the physico-chemical param-
eters of the compounds obtained differ slightly.

During the study of the corrosion resistance proper-
ties of the synthesized compounds in acid medium in
the absence of application of nanostructured polymer
system to the metal surface of the studied object, the
corrosion rate was 0.8 mm/year. It should be noted that
when the inhibiting material was applied to the metal
plate, it was possible to reduce the corrosion rate over
time to 0.01 mm/year. Thus, the average protection rate
was 97.3% (Table 4).

The gravimetric method for determining the corro-
sion rate was carried out in a cell filled with the medium

under study. The samples (metal plates St3) were in a
suspended state at the same time. The weights of the
samples were measured before and after the test, which
made it possible to determine the rate of corrosion by
weight loss.

The tests were conducted for 2 hours: the average cor-
rosion rate in the environment without the addition of the
sample alkylsuccinimide nanostructuring additive was
4.35 mm/year, in the presence of IR with a dosage of 0, 5,
10, 20, 30, 40, 50 mg/1 — 0.108 mm / year. The protective
effect of corrosion inhibitor determined by weight loss
of control samples in the absence and in the presence of
corrosion inhibitor. Also the degree of protection of the
samples obtained was studied at the temperatures of ag-
gressive environment at 20°C and 40°C.

Table 4

Results of studies of the obtained samples for inhibitory capacity

SN(:: The composition of the corrosion inhibitor Mole ratio doIsI;l:eb,i:z; N | of prl(?teegclgsn, %
1 2 3 4 5

U | Slkenylanthale anbydride L 50 95.8
> | lkenylanthalicantyrde 105111 50 09.3
5| lkenyianthalic anbydride Lt 30 98.5
+ | lkenylanthalic anhydride L1 50 09.2
5| ilkenylanthalic antydrde L1141 50 9.1
6| alkenylanthalicanhydride L1 50 9.1
T ikenylanthate anhydride L1 50 99.3
| aenylanthatc anhyaride L1 50 98.3
O | lkenstanthutic anbyrde L1 3 972
10 g;lzzgzﬁfﬁl;ﬁlf;e;;z;ggé butyric acid:amide: 111,31 30 99.4
L L1 50 9.5
2| emtanthalic e L1 50 98.2
B Senylanthalc anhyardo L1 50 95.4
M| ikentanthalic ahyride L1 50 95.3
L 50 99.15
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At 25°C the corrosion rate is 4.35 mm/year, at 20°C
it is 4.81 mm/year, at 40°C it is 4.4 mm/year. Thus, there
is an increase in the corrosion rate with increasing tem-
perature.

The results of studies of the obtained samples for in-
hibitory capacity are presented in Table 4.

CONCLUSION

As a result of scientific research polyalkylsuccinimide
compounds were synthesized, physical and chemical
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AHHOTALINA: BeepeHne. B HacTosALwee Bpema NOMyNAPHbIM CTAaHOBUTCA NPUMEHEHME B CTPOUTENbCTBE MOJIMMEPHbIX MOKPbITUIA
npw 3aluTe MeTanyecknx MaTepranoB N KOHCTPYKLMA. OCO6eHHO BaXKHbIM ABNIAETCA MOSTyYeHUEe HAHOCTPYKTYPUPOBAHHbIX
MONVIMEPHBIX M30VPYIOLUX MaTEPUANoB, 0611afaloLMX BbICOKUMN aHTVKOPPO3UOHHbBIMK CBOWMCTBaMU, C Liefiblo obecneyeHns
CpokKa cny»6bl 060py[0BaHUA TOMIMBHO-IHEPrETUYECKOTO KoMeKkca. TexHonornyeckoe obopypnoBaHme npv Aobblye, TpaHCnop-
TUPOBKe, NepepaboTKe HePTEXMMIYECKOTO Cbipbs MOABEPKEHO PEryNAPHOMY BO3LENCTBUMIO arpeccBHbIX cpep. MoBpexaeHne
NPOU3BOLCTBEHHOrO 060PYAOBAHUA EXEFOLHO HAHOCKT SKONOTMUYECKni yLiepb Ha OKpy»KatoLLyto cpefly, M 3[0POBbE YEeroBeKa,
1 MaTepurasbHyIo Harpy3Ky Ha npeanpuaTue. BBegeHne retepoatomMoB B CTPYKTYPY MONIEKYbl MOAMepPa CMOCOOCTBYET YyULIEHNIO
bUBNKO-XMMUYECKIMX XapaKTePUCTUK MONMMEPHbIX MOKPbITUN, B YaCTHOCTU, NMOBbILLEHNA 3aLMTHbIX CBONCTB, TaK Kak MPUpoAHble
U CUHTETMYECKME NONIMMEPHbIE COeAUHEHNA NPELCTaBNAT CO60 60MbLIOW KnacTep 06pa3oBaHNii HAAMONEKYIAPHOIO CTPOEHNS,
HaxoAALLMXCA B ONpeAeneHHo nocnegosatenibHocT. MeToabl n matepuanbl. [peanoxeHa HoBaA 3GpdeKTVBHaA Cxema TEXHOIOMN
MoJsly4YeHUA a30TCOAEPKaLLMX NOMMMEPHBIX HAHOCTPYKTYpP. CHTE3VpPOBaHHble 06pa3Libl MOKa3any BbICOKYI0 aHTUKOPPO3UOHHYHO
aKTMBHOCTb. PaccMOTpeHa BO3MOXXHOCTb NMPYIMEHEHUA UX B KaYeCTBE HAHOCTPYKTYprpYtoLLei 406aBKM K CMa30UHbIM MOKPBITUAM,
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TeTPasTUNIEHNEHTaMIHA, aJIKeHWNAHTAPHOIO aHrMAPMAA NpeanaraeTca peann3oBbiBaTb Ha PbIHKE B KauyecTBe 3PHEKTUBHbIX Mo-
JIMMEPHBIX aHTUKOPPO3MOHHbIX J06aBOK Npr 06paboTke MeTanIMYeCKnX MaTepranos 1 KOHCTPYKLMIA B CTPOUTENbHOW OTPac/.

KJTKOYEBbIE CJIOBA: nonvmepHble HAHOCTPYKTYPUPOBaHHbIE AOO6ABKY, CTPOUTENbHbIE METANNTOKOHCTPYKLIMM, aHTUKOPPO3NOHHbIE
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BBEAEHME

CTpyKTypa IMOJIUMEPHBIX COSTUHEHUI ITPOKO U3Y-
YeHa 1 HEOOBIKHOBEHHO MHOT000Opa3Ha KaK IT0 CBOEMY
TIPOCTPAaHCTBEHHOMY CTPOCHUIO, TaK 1 TI0 TeTepoaTo-
MaM, HaXOmSIINMCS B CTPYKType moimmMepa. Kordu-
rypauust 1 KoHGOpMAaIs IMOJIMMEPHBIX 00pa30BaHUIA,

© boes E.B., icnamytauHoBa A.A., AMuHoBa 3.K,, 2023

€CJIM pacCMaTpUBaTh TAKHUE CTPYKTYPHBIC JIEMEHTHI T10-
JIMMEPHBIX CUCTEeM, KaK KITyOOK, TTayKa, TJ100yia, KpHu-
CTaJUTAT, MOTYT 00Pa30BBIBATh TOPA3I0 00JIee CIOXKHBIC
YIOPSIIOYCHHBIE CHUCTEMBI HAIMOJICKYIISIPHOTO YPOBHSI.
Haymmame reTepoaToMOB B TTOJIMMEPHOM CTPYKTYpeE T10-
3BOJISICT U3MEHSTH (DM3UKO-XUMHUUECKHE CBOICTBA T10-
JIMMEPHBIX MAaTEPUAJIOB 3a CUCT PACIIPEICICHUS 3JICK-
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TPOHHOM TNIOTHOCTU BHYTPU MOJTMMEPHOM MAaTPUIIBI,  M3BOIACTBEHHOTO 000pymoBaHUS. TakK, TOIUTMBHO-3HEP-
TE€M CaMbIM 00pa3ysl HAaHOCTPYKTYPUPOBAHHYIO MOJM-  IeTUYECKMI KOMILIEKC HeceT rmoTepu MeTtaria Ha 30%,
MEPHYIO 3alUTY METAIZINYECKUX U3IEINI U KOHCTPYK-  HedTexuMudecKas IpoMBbIIUIeHHOCTh Ha 20%, 06opy-

LU, IIXPOKO IIPUMEHSIEMBIX B CTPOUTEILCTBE. TaKUM ~ [OBaHUE CEILCKOTO X03s1icTBa — 0K0Io 15% u 5% —
00pa3oM, MOXHO cIeJlaTh BBIBOM, UTO IOJMMEpHasl  OCTaJbHBIC OTpaciu [2, 3].

CHCTeMa MPEICTaBIIsIeT COO0 CIIOXKHYIO CTPYKTYPY Ha- MOXXHO YBEpPEHHO CIeJIaTh BBIBOI, YTO TEXHOIOTHYC-
HOMOJICKYIISIPHBIX 00pa30BaHUI, HAXOMSAIINXCS B OIIpe-  CKOe 000pyIOBaHNUE, NCTIOIb3yeMOe Ha IPEIITPUSITUSIX,
IeJICHHO TIOCIeI0BATEIbHOCTH B TIPOCTpAaHCTBe. [laH-  ITaBHO MCYEPITaio TIJIAaHOBBIM pecypc M HOJKHO OBITh

HbIC KOMITOHEHTbI HOJII/IMepHOfI MaTpHLbl OTIMYAaIOTCA 3aMCHCHO [4—7] Tak kKak oTKa3bl IIPOMBIIIJIEHHOTO
IO CBOMM CBOMCTBAM HE TOJIbKO 3a CYET pPasaIndIHOro 060py,Z[OBaHI/I$I SIBJISIIOTCSI OTHOM M3 OCHOBHBIX IIpUYNH

PaCIIOJIOKEHHMA Pa3/IMYHbIX COCTABIAIOIINX 3JIEMEHTOB, aBa]:)I/Iﬁ Ha Z[efICTBYIOHlI/IX OpeanpuATrUAX, CBOCBPEMCH-
HO 1 XapaKTE€poOM B3aMMOJICCTBUS Pa3JIMYHbIX I'PYIIIT Hadg 3aMEHa 1 MOACPHU3aL A ,I[efICTBYIOIl[I/IX YCTaHOBOK
aTOMOB. Y1 TEXHOJOTUI MO3BOJIAT YBEJINYUNUTDb CPOK UX CJ'IY)K6LI.

Poccuiickast ®enepannst Ha 2021 rox morpediaser  Hinke mpuBeneH aHaIU3 aBapyil 1 OTKA30B Ha TIPOMBIIII-
1,6 Mipo T MeTajlla B FO IO CACAYIOIIMM OTPACIISIM  JICHHbBIX IIPEANPUSTUIX (Ta0I. 2).
(tabm. 1) [1]: BoBIIMHCTBO OTKA30B TEXHOJIOTUUYECKOTI0 000py-
CoriacHO M3yYeHHBIM MCTOYHHKAM, IPUMEPHO  TOBaHUSA CBSI3aHO C PYUYCHKOBOI KOPpO3ueli, 0COOCHHO
B 40—50% pabota Mpou3BOACTBEHHOIO O0OPYAOBAHUSI  3TOMY IIOABEPXKEHBI MATUCTPAIbHBIE TPYOOIIPOBO/ILI, TIE

BeIETCsI B arpeCCUBHBIX cpenax, okoso 30% obopynoBa-  mpumepHo 70% aBapuii IPOUCXOIUT I10 DTOM MPUIYNHE.
HUS pabOTaeT B MeHee KUCIOTHBIX cpeaax 1 TojabKo 10% ITo maHHBIM MCTOUYHMKA [4], TIPOTSKEHHOCTh Ma-
paboThl 000PYHOBaHMSI HE TPeOYET Mep IO 3aIUTE IIPO- ructpaieii 6osee 150 ThIC. KM., SKCIUTyaTUPYIOTCST OHU
¢ 1970-x rr. Takoii moaTHit CpoK IpUMEHEHUS BBI3EIBA-
Tabauya 1 €T MIPOPBIBBI, CBUIIN, KOPPO3HIO. BOIBIIMHCTBO Mpo-
IToTpedaenne meraia B PO no orpacisam MBIIIIJICHHOTO U He(PTIHOTO 000pYIOBaHMS YKe TaBHO
MPOMBILILIEHHOCTH HCUYEPITATIO CBOM CPOK CITYKOBI 1 IO CHX TTOP HAXOTUTCS
B OKCILTyaTallnm.
Haumenosanue orpacieii Iorpetaenne TakuM 00pa3oM, aKTyaJIbHBIM SIBJISIETCSI U3Y4CHUE
n0TpeGIeHNs MeTaLIA MeTa/L1a B rog, % IIPOLIECCOB KOPPO3MU TEXHOJOTMUECKOr0 000pYI0Ba-
[TpombIIEeHHOCTD 47 HUSI, TTOI00P CITOCOOOB €T0 3aIIUTHI C IICIbI0 CHIDKCHUS
Tpancropt 25 ITOTePh MaTePUATBHBIX U SHEPTETUICCKIX PECYPCOB.

OCHOBHBIM IIPENMYIIECTBOM ITOJIMMEPHBIX MaT€pua-

Cenbekoe X031CTBO 10 JIOB SIBJISIETCS OOJIBIIIAST YCTOMYMBOCTD KaK K XUMITYECKO-
CTpOouTENBCTBO 18 MY BO3IEWCTBHIO, TaK U K BO3IENCTBUIO OKPYKAIOIIEH
(METaTIOKOHCTPYKLIMM) cpenbl. DTUM OOBSICHSIETCS MCITOIb30BaHKE TTOJIMMED-
HToro: 100 HBIX MAaTEPHUAJIOB IIPAKTUYECKH BO BCEX 00JIACTSX HAYKH
1 TexHuKU. [TonmmMepHbIe COeTMHEHUS UCTTONB3YIOT TS
obecrneyeHnss aHTUKOPPO3MOHHOM 3aIUThI METAJIO-
Tabauya 2
ITpuuunbl aBapuii Ha He)TeXUMUYECKIX MPOU3BOICTBAX
IIpuunna asapuii, %
[Ejpzs IToBpexnenust Hapymenue
Cucrema CTPOMTEIBHO- Bpak P Py
Kopposus MEXaHHYECKOro pexumMa
MOHTAKHBIX MaTepuajioB
Xapakrepa 3KCILTyaTalMn
paoort, %

Hedrexummnueckas,
HedTernepepadaThI-

(renepep 70 15 2 10 3
BaloOIAast TPOMBIIII-
JIEHHOCTD
Hedrerazosasa

& 36,7 10 13,3 13,9 26,1
MPOMBIILIEHHOCTD
BuyTtpurmnpomsbiciioBbie

YIpHTb 95 2,8 0,8 0,6 0,8
TPyOOINPOBOIBI

http://nanobuild.ru 7 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023;15(1):
6-13

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MPUMEHEHUE HAHOTEXHOJ1IOMMA U HAHOMATEPUAJIOB B CTPOUTE/IbCTBE

KOHCTPYKIINIA, B KAYECTBE T00ABOK B XKeJIe300€TOHHOM
TIPOMBIIIJICHHOCTH, CTPOUTEIFHBIX MaTepHraiax, JJaKo-
KPacOYHOU ITPOMBITIIIICHHOCTH | Ip.

Hambosee pacipocTpaHeHHBIM METOIOM IIPEAOTBPa-
IIECHUST KOPPO3UHU CTPONTEITBHBIX METAJUIOKOHCTPYKIIMI
SIBTIIETCSI 00pabOTKa 3aIINIIAaeMOi TIOBEPXHOCTH METO-
JTIOM HAITBIJICHUS WM TTOKPBITHEM TTOJIMMEPCOIEPXKAIINIX
KoMmo3umuii. 7151 Hanbosee yCTOMYMBOTO CLETUICHUS
C TIOBEPXHOCTHIO MeTalljla TTOJIMMEepHBICe TO0aBKM 3a-
JaCTyI0 TOOABJISIOTCS B pa3IMYHBIC JIAKOKPACOUHBIC
MaTeprayibl. TaknuM 00pa3oM, HAHOCTPYKTYPHUPYIOIINE
TIOJTMMEpHBIC MTOOABKH CO3AIOT TaK Ha3bIBaeMEBIC TIICH-
KOOOpa3yole MoJUMepHBIC TUCIIEPCUH, T B Kaue-
CTBE IMCIIEPCUOHHOM Cpeabl BRICTYIIACT BOIA, IIPUMEPOM
TaKMX CUCTEM MOTYT CIIYKUTh JJaTeKCHBIC KpacKu [8, 9].

JlaTekcHBIC WM SMYJTbCHOHHBIC KPaCKH Yallle BCETO
HCITOTB3YIOTCS TSI IIOKPBITUS TIOBEPXHOCTEI, 06pado-
TaHHBIX Pa3IMYHBIMU BUOAMU IITYKATypKH, U IpeBec-
HBIX TOKPBITHI. OCHOBHBIMH OOBEKTaMU, Ha KOTOPBIX
TIPOBOISITCS, MCIIOJTB3YIOTCSI TAKUE TTOKPHITHS, SIBJISIIOTCS
OOJIHPHUIIBI, KWHOTEATPHI, 00pa30BaTeIbHBIC YIPEKICHUS
¥ IpyTre TIOMEIIeHMs TpaxkaaHCKuX 3gaHuii. Kpome
TIOJTMMEPHOM J0OAaBKM, TaKME KPACKU MOTYT COIEpPKaTh
pa3IMYHBIC KPaCSIIne TUTMEHTBI, TIaCTH(PUKATOPHI
u crabunausatopsl. [lormMep mpenMyIIecTBeHHO Ha-
HOCSIT Ha 00padaThIBacMYI0 ITOBEPXHOCTh JIM0O KUCTHIO,
0O MUCTOJeTOM-pacnbLnuTesieM. s 3a1muTel 000-
pPYIOBaHUSA OT KOPPO3UH Ha He(TEXMMHUIECCKUX MIPEI-
TIPUSTHUSIX UCIIOJB3YIOT TPYHTOBKY B Ka4eCTBE OCHOBEI
¥ 1ajiee TTOKPHIBAIOT 3MYJILCUOHHBIMI KpacKaMU, TTOJIH-
MEpPHBIMU 1 APYTUMH, Ha OCHOBE TTOJIUXJIOPBUHIIOBOM
cmounr [10, 11].

OcHoBHas 1omanb Poccuiickoit Meaepamy Ha-
XOIUTCS B 30HE YMEPEHHOTO KJIMMAaTa, KOTOPBIN XapakK-
TEePU3YeTCS BBICOKUM ITPOIICHTOM BIaXKHOCTU. B cBsI3M
C 3TUM OOJIBITMHCTBO METAJITIMICCKIX KOHCTPYKIINIA
JII060T0 BHa 000PYIOBAHUS MOIBEPKEHO BO3IEUCTBUIO
KHCIIOU CPeIbl M TEM CaMbIM CHITKCHUIO X XKN3HECITO-
cobnoctu. TakuM 06pa3om, BOIIPOCHI 00PabOTKM 1 3a-
IIUTHI METAJUIOKOHCTPYKIIMI Ha OCHOBE CUJIMKOHA T10-
3BOJISIT PEIIUTH IIPOOIEMY OOJIBITMHCTBA OTpaCIIei IIPO-
MBIIIUICHHOCTH Hallei ctpaHbl. O6paboTKa KOHTAKTHEIX
MOBEPXHOCTEN MOAMMEPCOIepXKAIIUMU MaTepualiaMu
co3maeT ruapoGoOHYI0 Cpeay MEeXIy BO3ACHCTBYIOIICH
Cpemoii 1 3alIUIIaeMOil TTOBEPXHOCTHIO, UTO TTO3BOJIUT
WM «IBITIATh.

BoNBIIMHCTBO CMJIMKOHOBBIX MaTEPUAJIOB UCTIONb-
3YIOT, PACTBOPSIS B OpTaHMYECKMX PACTBOPUTEIISIX B Ka-
YeCTBE TaKUX COCMMHEHUI, KaK aJKMICHINKOHATHI
IIeJT0YHBIX MeTaJioB. [Ipoliecc 3amumTel 060pyIOBa-
HUSI C TOYKH 3peHUS (PU3UKO-XUMHUIECKIX IIPOIIECCOB
3aKJTI0YACTCS BO B3aWMMOIEIICTBUHU COJICIT aKIIICHIN-
KOHATOB C YIVICKHMCIIBIM Ta30M, COIEPKAIIIMCS B BO3-
myxe. JlaHHasT peakivs XapaKTepu3yeTcs 00pa3oBaHUEM
KapOOHATOB HATPUS U KaJIMs M HEPACTBOPUMBIX TTOJIH-

MEPHBIX COETMHEHUI Ha OCHOBE aJKWJICUJIMKOHATOB,
CIOCOOHBIX MPOSIBIISITH TUAPOGOOHBIE CBOMCTBA HA TTO-
BEPXHOCTU 00pabOTaHHOI METAJNIOKOHCTPYKIIMH.

Ha coBpemMeHHOM 3Tarne 3allluThl 31aHUI, CTPOU-
TEJIbHBIX COOPYKEHU I, 000PYIOBAHUA U JIP. TEXHOIOTH
C IpMMEHEHUEM HaHOCTPYKTYPUPOBAHHBIX OOJIMIIOBOY -
HBIX IPYTUX MaTePUAJIOB SIBJIsIETCST Hamboee 3¢ dek-
TUBHBIM U YHUBEPCAJIbHBIM CITOCOOOM 3a1uThI. [101006-
Hble HAHOCOAepKalllre 100aBK1 B aHTUKOPPO3UOHHbIE
MOKPBITUS CO3AAI0T (PUBUKO-XUMUUECKYIO CTORKOCTD
1 TEM CaMbIM YBEJIMUMBAIOT XKU3HEHHbBIU LIMKJT IIPOMBbIIII -
JIEHHBIX PeakToOpoB, 000pynoBaHus, Tpyo. B kauecTBe
OCHOBHOT'O KOMIOHEHTA TaKUX MOKPBITUIA SIBJISIIOTCS
pa3IMuHbIe KapOOKCUIICOAEPXKAILIUE MOJMMEPHbIE MaTe-
puabl, HAPUMeED, MOJUBUHWIXJIOPUL, MOJUIPOTIAIEH
U TTOJUATWIeH. M3BeCTHO, UTO CUIMKATHAST TTPOMBbIILII-
JIEHHOCTb TOXE€ SIBJISIETCS OMHUM M3 MOCTaBIIMKOB 3a-
IIUTHBIX MaTepUaJIOB Ha OTEYECTBEHHBIN PHIHOK, TaK
KaK CTEKJIOILJIAaCTUKY 00JIaatoT MIaAKOM IMTOBEPXHOCTHIO,
IUIACTUYHOCTBIO, HO OTHMM U3 CEPbE3HBIX HETOCTATKOB
JIAaHHBIX MOKPBITUI SIBSIETCS UX HU3KAsk MOPO30CTOM -
KOCTb.

ITpoHUKHOBEHME MOJIEKYJT arPeCCUBHOM CPebl B Me-
TAJUTOKOHCTPYKIINIO OOBSICHSIETCS IpolieccaMu Tuddy-
31U, BbI3bIBAsl HEXeJIaTelIbHbIE TTPOLIeCcChl HabyXaHus,
pXaBJIeHUSI, 00pa30BaHUS 3B, TPEIIUH U IPYTUX MO-
BpexneHui. JlaHHble pa3pylIeHUs] UMEIOT CUHEPTeTU -
yecKuit a(ppekT, BbI3bIBask OMHOBPEMEHHOE COUETaHUE
MpoLEecCOB (PU3UYECKOTO U MEXAHUYECKOTO BO3/EH-
CTBUSI Ha 3alIUIIIaeMYyIO TIOBepXHOCTh. OOpa3yrommecs
MUKPOTPEIIMHBI, Pa3pbIBbI 1 S13BbI C TEUEHUEM MEPUOIA
9KCILTyaTallii BO3pacTaloT U MPUBOISIT K pa3pyIlIEHUIO
TEXHOJOTUYECKOTO 000PYI0BaHUS U, TEM CaMbIM, K 10-
MOJIHUTEJbHBIM CYILIECTBEHHBIM MaTepUaIbHBIM 3aTpa-
TaMm.

ITonuMepHbIE MOKPBITUS KPOME MHTUOUPYIOLIETO
sddeKTa 061amaro0T ellle ¥ CMa30YHBIMU CBOMCTBAMU,
MO3TOMY M3Yy4YeHE MTOIOOHBIX COEAMHEHUI B TTOCIeIHEE
BpeMsI BbI3bIBAET OOJIbIION MHTEPEC UCCIea0BaTeeH.

PaspaboranHbie 00pa3ibl HAHOCOAEPXKAIIUX T10-
JIMMEPHBIX ATKUJICYKUHUMUIOB TakXe MOTYT OBbITh
HICIOJIb30BaHbl B KauecTBe 3(P(PeKTUBHON H1OOABKHN
K CMa30YHBbIM MOKPBITUSIM B pa3JUYHbIX 00JaCTIX
MPOMBILIIJIEHHOCTH, B TOM YUCJI€ U B CTPOUTEJILCTBE.
Takke CyKIIMHUMUIHBIE 1OOABKU MOTYT TPUMEHSIThCS
JIJISI CO3IaHKsT HAHOCTPYKTYPUPOBAHHBIX MTOJUMEPHBIX
MOKPBITHUI B KAUECTBE aHTUKOPPO3MOHHOM 3a1IUTHI Me-
TAJJIOKOHCTPYKIIMI B CTPOUTEILCTBE.

B nepuonnueckoit HAy4YHO TeyaTy U3BECTHbBI CYK-
LIMHUMUIBI, 00J1aJalolIe MOBEPXHOCTHO-aKTUBHBIMU
CBOICTBaMU, HO HU3KOM 3aIIMTHON CIIOCOOHOCTBIO B CO-
cTaBe cMa3oK [12].

ITpoToTIiOM pabOTHI SIBJISIETCS U3yUYEHHAsT PeaKIIns
SIHTAPHOU KUCJIOTHI C aHTUAPUIOM SSHTAPHOM KMCIOTBI
B cooTHo1eHUM 1:1,5 COOTBETCTBEHHO, B pe3yJIbTaTe
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KOTOPO#T OBUT TTOIYYCH aTKCHIICYKIIMHUMUL, C TIpaK-
TUYECKUM BbIXogoM 6ojiee 90%. YcioBus cuHTe3a:
temrteparypa 135°C, pacTBoputelb XJI0podopM, Bpems
peakuu 4 9, MPOIYKT BBIIEICH M3 PeaKIIMOHHOI cMecH
mrpTpamnmeir. CHHTE3 COCTOUT U3 IBYX ITOCIICIOBATEIb-
HBIX cTanuii. [TepBast cTanmst XapaKTepu3yeTCsT TAKUME
napamMeTpaMH, Kak Temrrepatypa 200°C, BpeMs peakiun
15 yacos, crabunusupymooias 100aBka — MOJUIIIMKO-
npankuidenondopmanbieruatas cmona (10% ot pe-
aKIIMOHHOI Macchl). Ha BTopoii cTamiy BBOAST aMUHEL:
50% amuHosTHIATaHOMaMUHA, 20% aMUHOSTUIIUIIEPA-
3uHa, 10% TpusTuiaeHTeTpaMuHa, 8 % TuapOKCUITUIIIIN -
nepasuHa, 7% nuatuieHTpuamuHa [13, 14].

Takum 06pa3oM, aHaJIN3 INTEPaTypPHBIX ICTOUHUKOB
MoKa3aj, YTO CYKLIMHUMUIBI 00J1aJat0T ruaApo(pOoOHBIMU
CBOICTBAMM, ITOBEPXHOCTHO-aKTUBHBIMH 11 aHTUKOPPO-
3MOHHBIMHU CBO¥icTBaMU. [106aBKM Ha MX OCHOBE MOTYT
TIPUMEHSTHCS B Ka4eCTBE KOMIIAYHIIOB IIPY TIPOM3BO/I-
CTBE MHTUOMTOPOB KOPPO3UHU, CMa30UHBIX MATCPHUAJIOB,
JIAKOB, KPacoOK, SMYJIbCHI1, CTAOMIIN3aTOPOB, IIACTUDH-
KaTopoB U ap. [15-22].

METO/JbI 1 MATEPUAJIBI

HMcxonHbIM peareHTOM Mpoliecca CMHTe3a aJlKeHU-
JITHTApHOTO aHTUIPpUIA SIBJISIETCS MAJIEMHOBBIN aHTU -
IPUI W HeTIpeIedbHBIN YIIeBOIOPOM, B KAUeCTBE pac-
TBOPUTEJISI MOTYT OBITh MCITOJIb30BAaHBI apOMATHICCKIIE
YIJIEBOIOPOIHI (TOIYOJI, OEH30JI, KCHJIOJBI 1 T.1.). B maH-
HOI1 paboTe B KaYeCTBE PACTBOPUTEIIS MCIIOIB3YeTCS TO-
nyoir. [TomydeHHBIN aTKeHWISTHTaPHBIN aHTUIPI TIPe-
CTaBJIICT COOOM BSI3KYIO ITPO3PAYHYIO CBETII0-KEITOTO
IIBEeTa KMUIKOCTH C KOHIICHTpAIIMeii OCHOBHOTO BEIIECTBA
10 85%. IlpomyKThl, IPOU3BEACHHbIE HA OCHOBE ajIKe-
HUWJISTHTaApHOTO aHTUIPHUAA, SIBJISTFOTCS TIPEBOCXOMTHBIMU
IHCTIepTaTopaMU B MOTOPHBIX MAaclIax, SMYJIbraTopaMu
TIPOMBITIICHHBIX B3PBIBYATBIX SMYIbCHI, THTUIONTOpA-
MM KOPPO3UH U T.I.

[IpakTraeckast 3HAYNMOCTh UCCIICIOBAHMI 3aKITIO-
JaeTcs B pa3pabOTKe COBpEeMEHHOI BOCTPeOOBaHHOM
HAHOCTPYKTYPUPOBAHHOM TO00ABKH C IIEIBIO UMITOPTO-
3aMeleHus. Pa3paboTaHHAasT TEXHOJIOTHS TTOTYICHUS
MOJIMMEPHOM T00aBKM HAa OCHOBE aJKUCYKIIMHUMUIOB
TIO3BOJIUT YBEIIMIUTh JIMHEIKY aHTUKOPPO3MOHHBIX CMa-
30YHBIX ITOJIMMEPHBIX MATepHUAJIOB OTCUCCTBEHHOTO IIPO-
M3BOJCTBA M MCKITIOYMTH 3aBUCUMOCTD OT 3apyOeKHBIX
TIOCTaBOK.

B3anMomeiicTBHEe MOMMATUIICHIIOIMAMIHA C Kap-
OOHOBBIMU KMCJIOTAMM, TAKMMM, KaK MacJIsTHasI, M30-
MacIIsTHasl, OJICMHOBasI, CTCAPMHOBAS 1 ITATbMUTHHOBAS
B 9KBUMOJISIPHOM COOTHOIIICHUH BEJI TP TeMITepaType
170°C, BpemMs peakiinu 5 4.

Crenyromuii 3Tall 3aKJII09aIcs BO B3aUMOICHCTBUN
TOJIyIeHHOTO aMUI0aMIHA C SHTapHBIM aHTUIPUIOM
TaKKe B SKBUMOJISIPHBIX KOJIMUECTBAX B CPele CHHTE-

T4eckoro mMacia mapku M-20A. PeakiimoHHyI0 Maccy
TIepeMeIMBaI IIPY KOMHATHOM TeMITepaType B TCUCHIE
1 4, majee TemmepaTypy peakuuu rmosbsicriim 10 120°C
B TeueHMe | 4. 3aBepIIarONIy0 CTAIUIO CHHTE3a BEJIN
pu TeMmnepatype 150°C B TeueHne 4 4, BBIXOI 1IeJIEBOTO
npoaykra coctaBmi 95% [19].

[Ipu m3y4eHUM 3aIMUTHBIX aHTUKOPPO3MOHHBIX
CBOICTB MCCICAYEMBIX COCIMHECHUN NCITONB3YIOT TPHU
OCHOBHBIX criocoba. Hanbosee 00beKTUBHBIM SIBJISIET-
Cs1 TPaBUMETPUUECKUI MIIM BECOBO, 3aKTI0YAIOIINIACS
B U3MEHCHHUHU Beca MCCIeAYeMOTO 00bheKTa (CTaTbHBIX
00pa3IIoB) 10 U TTOCIIC BO3IEUCTBHS arpeCCUBHOI CpEeIbI
IIPY Pa3IMYHBIX TeMIlepaTypaX. Ha mpakTtnke maHHBIA
CIoCco0 3aKIII0YaeTCsT B HEITOCPEICTBEHHOM MOTPYsKe-
HUU MCCIIETyeMOTO 00BEKTa B TEXHOJIOTUYECKOE 000-
pyIOBaHME.

DKCIpecc-MeTOIOM SBIISICTCS SIIEKTPOXUMUICCKIIA,
3aKJTIOYAIOIINICS B TIPUMEHEHIH JIAOOPATOPHOTO 000PY-
TIOBAHUSI, TIO3BOJISTIONIETO N3MEPUTH CKOPOCTh KOPPO3UH
B pacTBOpax 3JIEKTPOJINTOB.

Pe3ncToMeTprueckmit METOM 3aKJIFOYAETCS B U3yde-
HUM 3aBUCUMOCTU CHUKCHUS TTOIIEPETHOTO CCUCHMST
000pYIOBAHUS W TTOBBIIICHUS 3JEKTPOCOIIPOTUBIIC-
HUS. JJOCTOMHCTBOM MeTOa SIBJISIETCSI BO3MOXHOCTD
HETIPEPBIBHOTO KOHTPOJIS MPOLIECCOB KOPPO3UHU METAJLIa
BO BPEMEHU HE TOJIBKO B PACTBOPAX IJICKTPOIUTOB, HO 1
B OPTaHMYECKUX PACTBOpPAX, B BO3MYyXe, Ta3ax U TPYHTE.

PE3YJIbTATBI

B HayuHoIi paboTe IIpoBeAcH aHATUTUUECKUI 0030
WHTUOMPYIOIINX COCTABOB HA OCHOBE CYKIIMHUMUIOB.
AHaM3 TUTePaTyPHBIX JAaHHBIX ITOATBEPKIACT IIPEATIO-
JIOXKCHHE, 9TO TTOJMMEPHBIC HAHOCTPYKTYPUPOBAHHBIC
I00aBKM, comepKallie TaKKe TPYIIIHI, KaK KapOOKCHI,
CYKIIMHUMMII, Pa3IMIHBIC TETEPOATOMBI (a30T, KUCIIO-
pom), MOTYT TIPOSIBJISITh BEICOKME alTre3MOHHBIC CBO-
CTBa, YBEIMIMBATh XUMUICCKYIO CTONKOCTh 1 JOJTO-
BEYHOCTH CCTEMHEI.

HccrenoBareabcKast 9acTh 3aKJIFOUASTCS B pa3padboT-
K€ METOOMKI CMHTE3a aMUIOUMUIOB SHTAPHOM KUCIIO-
THL. Pe3yabTaToM MCCIemoBaHMSs SIBIISICTCS TTOTYICHIE
IISITHAAIIATH 00Pa3loB CYKIMHUMUIHBIX TIPUCAIOK,
KOTOpPBIC OBUIM MCCICIOBAaHBI HA aHTUKOPPO3NMOHHBIE
cBoiicTBa. [ToxydeHHBIC COCAMHEHNS OBUTH BBIICICHBI
B Ka4eCTBEe MHANBUAYAIbHBIX COCAMHECHUN ¢ KOJTMYe-
CTBEHHBIM BBIXOIOM.

AMMIOMMMIEI TIOJTYIMIN KOHACHCALIMEH TUATHIICH-
TpuamuHa 1 N, N'-61c — (-aMIHOITII ) TIHIIepa3nHa,
OO0 TPUATWICHTaTpaMUHA ¢ 3TIIeHTuaMiHOM. CMech
rosiaMuHOB (%Mac.): Boga — 0,2; stunenauamut — 0,1;
rmunepasuH — 0,3; N-aMmuHosTHITIMIIEpa3uH — 3,0; -
STIJICHTpUaMUH — 20; TH-aMIHOSTWITUIIepa3uH — 17;
TPUATWICHTETpaMUH — 33; TeTpasTUICHIICHTAMUH —
OCTaTOK.
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XMMU13M OTIMCAHHBIX ITPOLIECCOB:
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Ob6pasern 1, R = npormi, n = 1 [aMuIonMuI Ha Oc-
HOBE TUATWICHTPUAMIHA, MAaCIISTHOM KUCIOTHI 1 aJIKe-
HUJISTHTAPHOTO aHTUAPHIA];

Oo6pa3zen 2, R = usomnporui, n = 1 [aMugonMu
Ha OCHOBE TUATUJICHTPHUAMIWHA, M30MAaCIISTHON KHUCIOTHI
¥ aJTKCHWISTHTapHOTO aHTUIPUIA|;

Oo6paz3en 3, R = onrenHw, n = 1 [aMUIOMMMAIT HA OC-
HOBE TUATWICHTPUAMIH, OJICMHOBOM KUCIIOTHI 1 aJIKe-
HUJISTHTAPHOTO aHTUAPHIA];

O6pasen 4, R = npormt, n = 2 [aMUIOMMMIL Ha OC-
HOBE TPUATUJICHTaTpaMMHA, MACISTHO KUCJIOTHI U all-
KECHWJISTHTAPHOTO aHTUAPHIA];

Oo6pa3zen; 5, R = uzomnpornui, n = 2 [aMUIOUMU]T
Ha OCHOBE TPMATWJICHTaATpaMMWHA, W30MACIISTHOI KWC-
JIOTHI ¥ aJIKCHIISTHTAPHOTO aHTUApUAA];

O6paser 6, R = onennnit, n = 2 [aMUIOMMUAL Ha OC-
HOBE TPUATUJICHTATPaMIHA, OJICTHOBOI KMCJIOTHI 1 all-
KEeHWJISTHTAPHOTO aHTUAPHIA];

O6paseun 7, R = (CH,),CH,, n = 3 [amunoumun
Ha OCHOBE TE€TPA3TWICHIIEHTAMUHA, MAC/ISIHOM KIUCIOThI
1 QJIKEHWISTHTAaPHOTO aHTUApUaal;

O6pa3enr 8, R = omenHmi, n = 3 [aMUIOMMMIL HA OC-
HOBE TeTPAdTUJIEHIIEHTAMUHA, OJICMHOBOM KUCJIOTHI
1 QJIKEHWISIHTAaPHOTO aHTUApUaal;

O6pazen 9, R = crepui, n = 3 [aMuoonMHI Ha OC-
HOBE TE€TPasTWIEHIIEHTAMMHA, CTEAPUHOBOM KUCIOThI
1 QJIKEHWISIHTAaPHOTO aHTUApUaal;

O6pazen 10, R = pormn, n = 3 [aMuIonMMII Ha OC-
HOBE IM-aMUHOASTUJIIMITepa3uHa, MACISTHON KHUCIIOTHI
1 QJIKEHWISIHTAaPHOTO aHTUApUaal;

O6paserr 11, R = onennw, n = 3 [aMuaonMu Ha oc-
HOBE I -aMUHOSTWIKUIIEPA3UHA, OJIEMHOBOM KHUCIOThI
1 AJIKEHWISIHTAaPHOTO aHTUApUaal;

O6pasen 12, R = crepun + C H,, (1:1), n = 3 [amu-
JOMMM]I Ha OCHOBE AM-aMUHOITUIIIMIIEpA31HA, CTea-
PUHOBOI KMCJOThI, IIPOIMUIOBOI KUCIOTh M aJIKEHU-
JISHTApHOTO aHTUApuUAa|;

O6pa3zenr 13, R = npormn, n = 0 [aMumonMuIL Ha oc-
HOBE 3TJICHAMAMUHA, MAC/ISTHOM KUCJIOTHI U aJIKEHUJISIH-
TApHOI'0 aHTUAPUIA];

Oo6pasen 14, R = uzonporuin, n = 0 [aMuzonmu
Ha OCHOBE 3TJIeHIMAMUHA, M30MAC/ISIHOM KUCIOTHI U aJl-
KEHWISIHTAPHOIO aHIMApKUaal;

O6paz3ernr 15, R = uzonpormi, n = 1-3 [aMumonMu
Ha OCHOBE ITOJIMATUICHIIOIMAMKIHA, U30IIPOIMIOBOM
KUCJIOTHI U AJIKEHWISIHTAPHOTO aHTUApKA].

OBCYXJIEHUNE

ITonygeHHBIC HAHOCTPYKTYPUPOBAHHBIC TTIOJIMAIKIII-
CYKIIMHUMUIHBIC COCANHEHMST MOTYT OBITh MCITOIB30-
BaHBI B KauecTBe 9(h(EeKTUBHBIX J0OABOK ¢ BEICOKIMH
3aIIUTHBIMUA aHTUKOPPO3MOHHBIMU CBOMCTBAMH B JIa-
KOKPACOYHBIX MaTepHrajaxX, CTPOUTEIBHBIX CMECSX, MC-
TTOJTb3YEMBIX TSI BHYTPEHHETO W BHEIITHETO MTOKPHITUS
CTPOUTEIIHLHBIX MAaTEPUAJIOB, TIOABEPKEHHBIX KOPPO3U-
OHHBIM pa3pymicHUSIM. [1010KUTETHHBIM MOMEHTOM
TaHHOU PabOTHl ABISIETCS TO, YTO B MPOIIecce IOy~
YeHUST KOHEYHOTO MIPOIYyKTa He MCIOIB3YIOTCS B Ka-
YeCTBE paCTBOPUTEIICH apoOMaTHIECKIE YIIIEBOIOPOIBI
(Tosyos, 6eH30J1 U Ap.), a IPUMEHSIOTCS CMa304YHbIE
CHHTETUYECKHE Macyia. DTO CITIOCOOCTBYET CHIDKCHUIO
ce0eCTOMMOCTH KOHEUHOTO MPOAYKTA W MCKITIOUCHUTO
13 TEXHOJIOTMUECKOM TIETTOYKN CTAIUN YTIIN3AIIAN pac-
TBOPUTEIICH, YTO CHIKACT SKOJIOTUUECKYIO HATPY3KY
IIPOU3BOICTBA.

M K-crieKTpBl TOTYyIYeHHBIX aMUTONMHUIOB HUMCIOT
I10JIOCHI ITOIJIOLIEHMS Ipu 1645 cM™!, XapaKTepHbIe IS
aMuIHOM rpyrmsl, mpu 1720 1 1780 cMm~!, xapakTepHBIE
17151 C = O TPYIIIBI B IIITUWICHHBIX UMUOAX.

IMonyuyeHHbie 00pa3LIbI UCCIIEAOBAHBI 10 (PU3UKO-XU -
MHMUYECKUM XapaKTepUCTUKAM TOJTYICHHBIX COCTMHEHUIA
(1—15), cormacHO KOTOPBIX aMMHHOE YK CIIO BAPBUPYET-
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csg ot 21—24 mr HC1 Ha 1 T, KOTOpBIe MOTYT OBITh MC-
TI0JIb30BAaHBI KaK KPOBEJIbHEIC M aHTUKOPPO3UOHHBIC
MaTepHaIbl M TOKPBITHS (Ta0m. 3 u 4).

CornacHO TaHHBIM TaOJIHIIEI, (DM3UKO-XIUMIICCKIE
TIOKA3aTe/IN TOJyIYCHHBIX COSAMHEHUM OTIMIAIOTCS He-
3HAYUTETBHO.

B xome n3yueHmnsT aHTUKOPPO3NMOHHBIX CBOMCTB CUH-
Te3MPOBAHHBIX COCIMHCHUN B KUCIOTHOU cpele Mpu
OTCYTCTBMH HaHECEHMS Ha METAJTTNICCKYIO ITOBEPXHOCTh
HCCIIEIyeMOT0o 00beKTa HAHOCTPYKTYPHUPOBAHHOM T10-
JIMMEPHOI CHCTEMBI CKOPOCTh KOPPO3UM COCTaBUIA
0,8 Mm/ron. CiemyeT OTMETUTD, UYTO IIPU HAaHECEHUU
Ha METAJUTMIECKYIO TUIACTUHKY MHTMOMPYIOIIEeTO MaTe-
pHUaja yaajaoch CHU3UTH C TCUCHUEM BpEMEHU CKOPOCTh
koppo3uu 10 0,01 mm/ron. Takum odpa3oM, cpeTHMIt
oKa3aTesb CTeNeHU 3alMThI cocTaBuil 97,3% (Tabi. 4).

BecoBoii MeTom orpenesieHus CTEIICHU 3aIIUThI 00-
Pas3IoB OT KUCIOTHOI KOPPO3WH IIPOBOIMIIN B STUCHKE,
3aII0THEHHOU MccemyeMoit cpenoit. Odpasiibl (MeTa-
mmaeckre TiacTUHKY CT3) OBITA OTPYKEHBI B arpec-
CHUBHYIO CPEy B ITOABEIIICHHOM COCTOSTHUH. [10 1 TTocie
WCITBITAHWI 00pa31bl OBUTM B3BEIICHHBI M pacCUMTaHa
CKOPOCTh KOPPO3UH TIO TTIOTEPE Beca.

HcrbIiTaHUS TPOBOAMINCH B TEUCHUE 2 YACOB:
CPEeIHSISI CKOPOCTh KOPPO3UM B cpene 0e3 mo0aBKHU
o0pasna aTKWICYKIMHUMUATHON HAHOCTPYKTYPUPY-
fomneit ;o6aBkM cocTtaBuia 4,35 MM/Tom, B IPUCYT-
ctBuu UK ¢ mo3uposkoii 0, 5, 10, 20, 30, 40, 50 mr/m —

0,108 mM/Tom. 3ammMTHOE ACHCTBIE MHTUONTOpPA KOP-
pO3WU OIIPeAeICHO 10 TTOTePE MACCHl KOHTPOJIBHBIX
00pa3IoB B OTCYTCTBUU 1 B IPUCYTCTBUY MHTUOMUTOPA
Koppo3un. TakKe CTEIeHb 3aIIUTHI OJIYICHHBIX 00-
pas3lIoB M3ydeHa IIpH TeMIIepaTypax arpecCUBHOM cpe-
1wl ipu 20°C 1 40°C.

I[Ipu 25°C cKOpocCTh KOPPO3UU COCTABISET
4,35 mm/rom, ipu 20°C — 4,81 mm/rom, mipu 40°C —
4,4 mm/Ton. Takmm 006pa3oM, HaOTIOMACTCS YBEIMUCHIE
CKOPOCTH KOPPO3WUH IIPU BO3PACTAHUU TEMIIEPATYPHI.

Pe3ynbpTaTsl MccaemoBaHU MOTYICHHBIX 00pa3-
IIOB Ha MHTUOUPYIOIIYIO CIIOCOOHOCTD MPEICTaBICHBI
B TaOII. 4.

Takum oOpa3oM, BUAHO, YTO 0Opa3libl MIPOSIBISIIOT
3aIIUTHBIN 3¢ dexT ot 94,3 10 98,5%.

3AK/IIOYEHUE

B pe3yjIbTaTC HAY4YHbIX WVCCIIeNIOBAHUIA CHUHTE3HNPOBA-
HbI TOJTMAJTKWJICYKIIMHUMUIHBIC COCAMHCHWA, N3YUCHDbI
(I)I/IBI/IKO—XI/IMI/I‘ICCKI/IC IT1oKa3aTeii 1 aHTUKOPPO3HUOH-
Hasd aKTUBHOCTD. HpCI/IMYH.[CCTBOM METOAa ABJIACTCA
Hanbo0s1ee SKOJIOTUYHBIN CI0CO0 IOJIy4€HUA CYKIIMHU -
MUJIHBIX 100aBOK 03 MCIOJIb30BaHUS aApOMaTUYCCKHUX
paCTBOpHTeJ’Ieﬁ. HOHY‘ICHHBIe coeMHEeHUSI 001agaT
TOJIMMCPHO-BAXYIINUMU XapAKTCPUCTUKAMU, JaAHHOC
CBOMCTBO MO3BOJIUT YBECJINYUTDL CTCIICHD CLCIIJICHUA
IIOKPBITUA C IMTOBEPXHOCTHIO MECTAJJIOKOHCTPYKIINH.

Tabauya 3
IToka3aTenu (pU3NKO-XUMUYECKMX CBOMCTB MOJyYEHHbIX AMUI0UMHIOB
Du3HKO-XUMIYECKHE TOKA3ATETN
§ AmuHHOE KucnorHoe Mexanmue- AKTHBHBI Temmnepatypa
= 9HCII0, MT 9HCII0, M AMuHBI, BCIIBIMIKH
= HClualr KOH sa 11 A3ot, %mac, | ckue npume- | Bona, %mac, 3JIEMEHT, Fe— T e—
o e — T He menee 2,4 | cu, % mac, He | He Oosee 0,1 %mac, e Gonee 0,2 Turne, °C,
ne menee 20 | He Oousee 4,0 Goxee 0,06 LR He menee 160
1 23,2 2,2 2,6 0,02 0,02 44,2 0,1 172
2 23,8 2,8 3,3 0,04 0,03 45,9 0,16 185
3 21,1 2,8 2,8 0,04 0,08 42,2 0,1 170
4 20,0 2,1 2,7 0,03 0,02 46,3 0,14 182
5 25,8 2,7 2,5 0,04 0,05 46,6 0,08 185
6 21,4 2,7 2,7 0,04 0,06 43,3 0,09 173
7 22,0 2,2 3,0 0,05 0,05 45,1 0,08 175
8 23,6 3,1 2,8 0,06 0,08 46,4 0,07 180
9 21,3 3,6 2,5 0,02 0,07 42,6 1,12 166
10 242 2,2 3,2 0,01 0,08 48,2 1,11 177
11 23,3 2,9 3,1 0,02 0,06 46,6 0,18 176
12 22,5 2,7 3,2 0,04 0,09 46,7 0,16 170
13 20,2 2,9 2,5 0,01 0,03 41,0 0,15 163
14 20,4 2,2 2,4 0,03 0,04 42,0 0,16 162
15 22,6 6,7 2,8 0,02 0,04 46,2 0,13 174
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Tabauuya 4
Pe3yabTaThl HCCIeI0BAHMII MOTYYEHHBIX 00PA310B HA MHTHOUPYIOIIYIO CIIOCOOHOCTD
Ne 00- CoorHoueHne
HaumeHoBaHne KOMIIOHEHTOB Oobem UK, mr/n 3ammura, %
pasua (MoJ1B)
NOTUJIICHTPUAMUH . MAaCJIIHasad KUCJIOTAa:aMUI:
1" P ! s 1:1:1,1:1 40 97,8
AJIKCHWJIAHTAPHbBIM aHTUAPUTL
NITUJIICHTPUAMUH . U30MacC/IsIHAs KUCJIIOTa:aMU .
2 | B p ! A 1,05:1:1:1 40 98,3
AJIKEHWJIAHTAPpHBIM aHTUAPU]TL
NITUJIICHTPUAMUH: MNHOBas KN Ta.:aMUWUI.
3 | AMOTWICHTPUAMUH.ONICHHOBAA KUCTOTA- AMII LI:1:1:1 20 97,5
AJIKCHUWJIAHTAPHBIM aHTUAPU]L
TPUITUIICHTECTPAMUH : MaCIdHadad KUCJIOTa:aMUI:
4 PUITHIICHTCTDAMY a A s 1:1:1:1 40 98,2
ANKCHUITHTAPHBIN aHTUAPUL
TPUITUIICHTECTPAMUH : 30MACJIIHAsA KUCIIOTa
5 P CHTICTD v 1:1:1,4:1 40 98,1
KHUCJI0Ta:aMU1: aJIKEHWJIAHTAPHbBIM aHTUAPUL
6 TPUATUJIEHTETPAMUH:0JIEMHOBAsI KUCIOTa:aMU/I; 1111 40 98 1
AJIKEHWISTHTAPHbI aHTUAPUIL T ’
TPUITUIICHITOJITUAMUH :M dHasd KN Ta:aMU:
7 PUSTUIIC (02)8 au acJIsiHa. cjioTa:a e 1:1:1:1 40 98,3
AJIKEHUWJIAHTAPHBIM aHTUAPU]L
TPUITUIICHITIOJIMAMUH :OJICMHOBAA KUCJIOTAa.:aMUWI:
8 P ! s 1:1:1:1 40 97,3
AJIKECHWJIAHTApHbBIM aHTUAPUTL
9 TPUATUJICHIIOJIMAMUH:CTeapMHOBAsI KUCJIOTa:aMU/I: L1101 20 96.2
AJIKEHWISTHTAPHbBI aHTUAPUIL T ’
N-aMUHOSTUJIITUIT WH:M dHasd KN Ta:aMU.
10 JOn-a O9TUJIT uepa:s acJIsiHa. cjioTa:a e 1:1:1)3:] 20 98,4
AJIKCHUWJIAHTAPHBIM aHTUAPU]L
N-aMUHODTUJITTUTIICPA3UH . OJICMHOBAA KNUCJIOTAa.:aMU/I.
n |~ JIIMTICD 7 & A 1:1:1:1 40 98,5
AJIKEHWJIAHTAPHBIYM aHTUAPU]TL
N-aMUHOITUJIIIUIICPA3UH .CTECAPpUHOBAS
2 |- [0STHIIMHAIICH pH) 1:1:1:1 40 97,2
KHUCJI0Ta:aMU 1 aJIKEHUWJIAHTAPHbIM aHTUAPUL
13 STMHCHLLI/IaMI/IH.Ma;CJ'IﬂHaH KUCJIOTa:aMUa: 1:1:1:1 40 94’4
AJIKCEHWJIAHTAPpHBIM aHTUAPU]L
TUJICHOINAMWH . N30M dHasd KN Ta:aMU:
14 ITHICHIMA 3U0 acisina ClioTa.aMun, 1:1:1:1 40 94,3
AJIKCHUWJIAHTAPHBIN aHTUAPU]L
TTOJIMDTUJICHITOJIMAMUH  N30MAaCJIIHAsI KUCJIOTA:aMUI .
15 ! a 1:1:1:1 40 98,15
AJIKCHWJIAHTAPpHbBIM aHTUAPUL
[NonyyeHHbIe MATHAALIATL OOPA3LOB IIOJIMMEPHBIX HA- M MOIYT ObITh UCIIOJIb30BAHbI IS 3AILUThI IIPOMBILIUIEH-

HOCTPYKTYPHUPOBAHHBIX AJIKWJICYKITMHUMUIHBIX 100aBOK HOTO 060py,I[OBaHI/I$I N METAJTNIMYCCKUX CTPOUTECIIbHBIX
IIPOABJIAIOT BBICOKYIO aHTUKOPPO3MOHHYIO aKTUBHOCTD COODY)KCHHI;‘I OT KOPpPO3HUM.
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ABSTRACT: Introduction. The purpose of the research is to study the effect of a high-dispersive powder mixture of WC, TiC, obtained
from recycling of hard-alloy manufactured articles from TK group (titanium-tungsten alloys), on the change in the structural and
physical and mechanical properties of cement materials. Materials and research methods. WC, TiC Powder (particle size 20-150 nm,
agglomerates 300 nm - 1.5 ym) was added to the cement mortar by partial replacement of cement in various concentrations of
0%, 1%, 2%, 3%, 4%, 5% by mass. The basic physical and mechanical properties of the cement paste and obtained cement materials
were studied in accordance with standard methods, taking into account regulatory documents of Russian and foreign standards.
Thermokinetic, X-ray phase analysis, scanning electron microscope investigation with an integrated system of energy-dispersive
analysis were also applied. Results and discussion. It has been proved that highly dispersed WC, TiC powder additive to cement
materials leads to increase in density, paste fluidity, reduction in setting time, decrease in water absorption, porosity, and increase
in strength characteristics both in early and later periods of hardening. A highly dispersed additive promotes earlier hydration.
The structure of the cement sample with powder additive is denser throughout the considered periods of hardening compared to
the control sample. Conclusion. The obtained results are of great importance for understanding the action mechanism on cement
materials of highly-dispersed particles of WC, TiC, which can later be used to improve the properties of composite cement-based
materials in various fields of application.
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INTRODUCTION improved properties such as: plasticity, weight reduction,

self-compaction, self-cleaning, improved air quality, self-

he Production cost of composite materials for con-

struction purposes is primary determined by the cost
of binders, which have a significant potential in improv-
ing the physical and mechanical characteristics [1—6].
It is known from the scientific literature [7—13] that the
most in-demand technological method for improvement
the quality of cement concretes is the introduction of
modifying additives. For this purpose, nano-sized ad-
ditives are of particular interest, the use of which im-
proves the pore structure and physical and mechanical
properties, and also gives cement materials additional or

© Chayka T.V., Gavrish V.M., Pavlenko V.I,, Cherkashina N.I., 2023

restorability, as well as longer durability.

Commonly available and well-studied nanoadditives
that quite close in composition and type of chemical
bonds, and physical and chemical characteristics to the
initial binders and hydration product are such as: SiO,
nanoparticles in various forms (pyrogenous nanopow-
ders; nanopowders precipitated from Na,SiO, solution;
SiO, colloidal sol; nano-SiO, in combination with other
components, etc.) [14—16], aluminum oxide nanopow-
der AlL,O, [17-20], CaCO, nanopowder [21], titanium
oxide TiO, [22-24], etc. Carbon nanoparticles (fuller-
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enes, nanotubes, astralenes, etc.) have found applica-
tion as nanosized inert additives, chemically inactive to
cement systems in cement composites [25—28]. Many
scholars [29—36] consider the addition of a combina-
tion of nanoparticles is more effective in improving the
mechanical properties of concrete than customized usage
of additives.

The study [37] examines the role of SiO,, CaCO, and
Ca(OH), nanoparticles, which are replaced in cement
in various binary and ternary combinations by chang-
ing the dosage of 2% and 5% by mass. The results of the
experiments showed that the mechanical properties of
concrete mixtures were improved by 10—45% due to the
additive of nanomaterials in optimal dosage; which in a
triple combination is 2% and 5% for increasing corrosion
resistance. However, higher durability results (from 5%
to 60%) were achieved in the binary combination with
2% replacement.

According to the authors of [38], the combination
0.5% nanosized alumina Al,O, and 1% nanosized tita-
nium dioxide TiO, by mass of cement, leads to a com-
pact and dense microstructure with fewer pores, which
results in a high optimization of mechanical properties.
Compared to the control sample, compressive strength,
tensile strength and bending strength have increased by
42%, 34% and 28% respectively. The nanoparticles pro-
vide nucleation sections for extra C—S—H gel formation
and control the growth of Ca(OH), in the cement system.

Currently, there has been much research devoted to
the study of nanoparticles mix effect on physical and
mechanical properties of cement materials in combina-
tion both with industrial [39—46] and agricultural waste
[47—49].

The combination of 10% waste textile sludge with 3%
nanostructured alumina provides improved strength and
durability characteristics of cement concrete. The addi-
tive of aluminum oxide nanoparticles has a dual effect,
improves hydration properties, as well performs as a filler
[41].

In the study [44] authors have developed new types
of concrete mixtures with improved adhesion zone and
strength characteristics containing 30% rubber crumb
(from rubber tire waste) as a substitute, where ordinary
Portland cement was replaced by 20% crushed blast-fur-
nace slag and various contents of nanoparticles from glass
bottles waste (3, 6, 9 and 12%). Microstructure analysis of
the concrete mixtures has showed the formation of dense
gels and fewer pores with acceptable technical properties.

The authors [47] have found that the combination of
AL O, nanoparticles with a content of 3% and 10% rice
husk ash, when creating modified cement concretes with
increased strength and durability characteristic, turned
out to be effective and productive for an environmen-
tally friendly concrete material. When using sugar cane
waste ash as a replacement for cement and nanosilica in

the range of 1 to 6% by weight of cement, an increase
in compressive strength by 80% and flexural strength by
90% was achieved compared to the control sample [49].

Due to the complex manufacturing process, the high
production cost of nanomaterials, and the lack of large-
scale production technology, the use of nanopowders as
additives in cement materials significantly increases the
cost of construction, therefore, they are not widely used
in practical civil engineering. The exception is technolo-
gies where nanodispersed materials are formed as a by-
product or from processing waste in various enterprises,
which do not require high production costs, taking into
account current trends of resource and energy saving.
One such technology is the production of nanopowders
from tungsten-containing scrap of solid alloys such as
Tungsten-Cobalt alloys (WC+Co), Titanium-Tantalum-
Tungsten-Cobalt alloys, Titanium-Tungsten alloys, Tung-
sten—Nickel—Iron (W+Ni+Fe), etc. [50]. However, as
there is a lack of research on the possibility and feasibility
of using nanosized tungsten-containing powders as ad-
ditives in cement composites, it is relevant to determine
the effectiveness and feasibility of their use. It requires
a comprehensive study, which will expand the range of
modifying additives for cement materials.

Current study presents the research results of the in-
troduction of a highly-dispersed powder, consisting of
tungsten and titanium carbides mixture, obtained from
production scrap of solid alloys, on the change in the
structural and physical and mechanical properties of ce-
ment materials. The choice of the additives is due to the
variability of properties, as shown by previous studies [51—
52], associated with the specificity of obtaining process, as
well as the cost and uniqueness of the powder structure.

MATERIALS AND RESEARCH METHODS

The following materials were used as starting materi-
als in the study of cement composites: Portland cement
CEM-II / A-P42.5N (JSC Verkhnebekansky Cement
Plant, Russian Federation; see Table 1 for chemical com-
position; specific surface area 340 m?/kg, specific den-
sity 2.26 g/cm?, standard consistency 25%); marine gray
building sand, fineness modulus 1.5—2 mm (LLC SK
PRIBOY, Russian Federation); high-dispersive powder
consisting of a mixture of tungsten and titanium carbides
(WC, TiC) (LLC Nanotech VG, Russian Federation).

As a modifying additive, we used a powder of a mix-
ture of tungsten and titanium carbides, that was obtained

Table 1

Chemical composition of Portland cement (mass %)
SiO, | ALO, | Fe,O, | CaO | MgO | SO, | LOI
2493 | 447 | 4.11 | 58.99| 0.86 | 2.92 | 2.70
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Fig. 1. Micrograph powder mixture of tungsten carbide
and titanium carbide

as recycling result of solid alloy wastes from production of
the Tungsten—Cobalt (WC+Co) type products (tungsten
carbide WC, titanium carbide TiC, binder component co-
balt Co) [50]. The surface area of the powder is 2.1 m?/g.
Specific density is 11.7 g/cm?. The powder consists mainly
of two phases — titanium carbide TiC with a cubic crystal
structure and tungsten carbide WC with a hexagonal crys-
tal structure. Composition of elements is WC — 93+95%
mass, TiC 7+5% mass. Powder purity level is 99.5%. The
powder is a mixture of particles of various shapes and
their agglomerates. The morphology of the particles is
inhomogeneous, mostly irregular in shape. Particle size
less than 150 nm, agglomerate size from 300 nm to 1.5 um.

The cement mixture was prepared according to the
proportion indicated in Table 2.

To obtain cement stone, we made samples from the
cement paste in the form of a cube 20%20%20 mm in size.
The first full day the samples have been hardening in the
molds in water, and after removal from the mold until
the testing (on the 28th day of hardening) in a bath with
a hydraulic seal at an ambient temperature of 20£2°C and
a relative air humidity of at least 90%.

When making sand-cement mixtures, the following
fixed factors were taken: cement-sand ratio C/S = 1:3,
water-cement ratio W/C = 0.4. For each experiment,
six samples were prepared and poured into beam molds
(4x4%16 cm). All specimens were compactly vibrated on
a shaking table for better compaction and removed from
molds after 24 hours of curing at 100% relative humidity
and stored in a bath with a hydraulic seal at an ambient
temperature of 20 * 2°C and a relative air humidity of at
least 90% until testing on compression and bending (the
3, 7t 14" and 28" days of hardening).

The cement paste spreadability (studies were carried
out using a mini-cone. The cement paste was prepared ac-
cording to the Table 2. The total ratio of water and binder
(where «binder» was defined as Portland cement + ad-
ditive) was W/C = 0.45. A mini-cone (upper diameter
19 mm, lower diameter 38 mm and height 57 mm) was
placed on a glass platform, filled with cement paste; and
excess paste was removed from the cone and platform.
The we lifted the cone smoothly the vertically to mini-
mize inertial effects. Spreadability was determined by
measuring the flow diameter in mutually perpendicular
directions and the average was calculated. Each sample
paste was tested three times using three separately mixed
batches of paste.

It is quite difficult to achieve an even distribution of
highly dispersed particles in the mixture, particularly in
powder form, therefore, an important operation of the
technological process is the method of introducing an
additive into cement [53]. There are three methods of
the additive input to the cement mixture that have been
studied: 1 — blending the powder with mixing water is
carried out with an overhead mixer for 5 minutes, then
the resulting suspension is introduced into the raw mix-
ture; 2 — cement dry mixing with the powder additive
have been carried out in a C 2.0 «TURBULA» mixer
(St. Petersburg, VIBROTEKHNIK LLC) for 5 minutes,
then mixing water is introduced; 3 — the powder under
study is subjected to two-stage ultrasonic dispersion in
the water environment for 30 seconds at a frequency of
22 kHz to break large agglomerates, and 30 seconds at
a frequency of 44 kHz for more efficient deagglomeration
of particles using an ultrasonic disperser UZD-22/44
(Ukraine). The criterion for assessing the method effec-

Table 2
The cement mixture proportions
The content of components in the cement mixture, g
Marking MO M1 M2 M3 M4 M5
Cement, g 400 396 392 388 384 380
WC, TiC Powder additive, g — 4 8 12 16 20
Content of WC, TiC in the mixture, % 0 1 2 3 4 5
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tiveness when introducing an additive into cement is the
compressive strength of the cement stone on the 28th day
of hardening, 6 samples for each type of study.

The study of water absorption was carried out on cubic
shape samples 20x20x20 mm in size. All the samples were
dried at 80°C for 24 hours to minimize damage to the
microstructure from overdrying, then placed in water con-
tainers at a constant temperature (20+£2°C). The samples
were weighed every 24 hours of water saturation with an
accuracy of 0.01 g. The samples had been in the water
until the weighing results differed by no more than 0.01 g
from the previous weighing. According to the degree of
water absorption by mass and volume and the values of
the solid density and mass specific gravity of the cement
stone, the total porosity was calculated.

To study the strength properties, the prepared cement-
sand samples have been kept for 3, 7, 14, 28 days, and then
tested for compressive and bending strength. For each
sample, at least six samples were tested for each type and
age of the sample, the results were averaged. The study of
physical and mechanical characteristics was carried out
using a universal testing machine TRM-500 «Tochline»
(LLC «Plant of Testing Instruments» (PTI), Ivanovo,
Russia, the maximum limit load is 50 kN).

For determining the particular qualities of hydration
and the effect of WC, TiC additives on cement proper-
ties in terms of heat release dynamics, a ToniCAL Trio
(Computer controlled isothermal heat flow calorimeter)
was used at a temperature of 20°C (Toni Technik Baus-
toffpriifsysteme GmbH, Germany). The measurement
duration was 72 hours, the water/binder ratio was 0.5.
Sample weight was10 g.

The materials crystal structure was studied with X-ray
diffraction (ARL X’TRA, Thermo Techno) with a CuKa
source in the angle range 26 from 4° to 56° in the asym-
metric coplanar survey mode with a grazing incidence
angle a = 3° (0-scan). Phase identification and peak in-
dexing were carried out using the ICDD (International
Center for Diffraction Data) JCPDF database.

The cleavage microstructure of the studied cement
samples on the 3%, 7" and 28" days of hardening was stud-
ied using a PHENOM pro X scanning electron micro-
scope from Phenom—World B.V. (Netherlands) with an
integrated energy-dispersive analysis system. Maximum
magnification is 150000, resolution — 10 nm, accelerating
voltage — 5, 10, 15 kV.

RESULTS AND DISCUSSION

Spreadability of cement paste

Study results in changing the flow diameter for cement
mixtures in the control composition (M0) and with the

additives of 1—5 wt. % powder WC, TiC (M1-M5) are
presented in Figure 2.

M3

M4

M1

Mo

81 82 83 84 85 86
Flow diameter, mm

Fig. 2. Cement paste spreadability study results

The results show that with the increasing the additive
percentage WC, TiC (1—5 wt.%) in the cement mortar,
the flow diameter also increases, compared to the control
mixture by 0.4—3%, respectively. Tungsten carbide and
titanium carbide powder does not come into chemical
interaction with cement components. As studies [32, 54]
have shown, the introduction of highly dispersed inert
particles (particle agglomerates) that act as a filler in-
creases the lubricity of the cement paste. By occupying
the empty space between the larger particles, they release
free water, thereby increasing the amount of water avail-
able in the system to improve fluidity. That is, the additive
acts as a lubricant, increasing the fluidity of the solution.

Setting time and density

Setting time was determined using a Vicat apparatus.
The study results for the effect of high-dispersive powder
mixture WC and TiC on the setting time of Portland ce-
ment are presented in Figure 3.

e Initial setting time

s Final setting time ~ ——Density

2360

3 | 2310

2320

Time, minutes
Density, kgim?

2300

2280

2260

Fig. 3. Cement paste setting time results
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As we can see in Figure 3 with an increase in the
content of WC, TiC powder in the additive composi-
tion, cement samples density increases. This can be ex-
plained by the high specific density of the studied addi-
tive compared to the specific density of Portland cement.
With a minor amount of additives WC, TiC (up to 1%),
a slight increase in density (by 0.3%) is observed, in case
of an additive content (4—5%), the density increases by
more than 3%.

The setting time for cement samples modified with
powder at a modifier concentration of 1—5 mass % is
reduced: the initial setting decreases by 7.5%, the final
setting — by 12.5%, which may be from both a decrease
in the cement proportion due to additives WC, TiC, and
with an increase in the degree of Portland cement hy-
dration; as well as the presence of a large number WC,
TiC particles in the liquid phase, which act as seeds for
the new formation, which in turn also contributes to the
acceleration for crystallization process and the setting
acceleration.

Influence of the introducing additive method
into the cement mixture

Influence of sequence methods when introducing ad-
ditive into the cement mixture on the properties of the
cement stone is presented in Figure 4.

As we can see from the study results (Fig. 4), to meth-
od 1 the influence of the introducing method for the pow-
der into the cement mixture on the change in the strength
properties of the samples is not significant, the maximum
increase in compressive strength is 13% (at a content of
3 wt.% WC, TiC), which associated with the agglomera-
tion of powder particles in water.

With dry mechanical mixing, the increase in the ce-
ment strength stone reaches 22% (with the addition of
1 wt.% WC, TiC), with the preliminary ultrasonic treat-
ment of the suspension, the increase in the sample strength
is 41% (with the addition of 2 wt.% WC, TiC) compared
to the reference sample. This fact is explained by deag-
glomeration and dispersion of highly dispersed particles in
a liquid as a result of ultrasonic exposure, and as a result,
an even particles distribution in the volume of the cement
material.

With an increase in the content of high-dispersive
powder more than 2 mass % the strength of the cement
stone is reduced. This may be due to the fact that, firstly,
tungsten and titanium carbide do not have cementing
properties, therefore, excessive replacement of cement
must have led to a decrease in compressive strength, and
secondly, as a result of significant agglomeration of pow-
der particles at a dosage of more than 2 mass %. The
results obtained are consistent with the data of other re-
searchers [26, 55]. They noted that an excessively high
dosage can lead to “poisoning” of the system, a significant
slowdown in the processes of hydration and hardening.

Analyzing the results on assessment the influence of
the methods introducing additives into the cement paste,
as well as the amount of additive content on the properties
of the binder, we can to determine the rational ratio of
highly-dispersed additives in the cement matrix, equal to
1—2 mass % (an increase in strength is 23—41%).

Water absorption, total porosity
Table 3 shows water absorption and total porosity val-

ues of cement stone. The addition of 1—2 mass % highly-
dispersed particles reduce the water absorption index by

30
Emethod 1

Emethod 2

Emethod 3

75

70

65

60

Compression strength, MPa

55

50

Fig. 4. Study Results.
Influence of the introducing
additive method into the
cement mixture on the cement
stone strength: method 1 —
blending the additive with
water; method 2 — dry mixing
of the additive and cement;
method 3 — ultrasonic
dispersion of the additive in
water environment
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Table 3

Water absorption and porosity of cement stone
Marking MO | M1l | M2
Water absorption of cement 509 | 431 | 4.13
stone by mass, %
Volume of open capillary 10.50 | 9.32 | 9.04
pores, %
Total pore volume of 15.23 | 12.55 | 12.05
samples, %
Volume of air nominally- 472 | 323 | 3.00
closed pores, %

15—19%, the total porosity by 31—36%. The decrease in
porosity is consistent with the results presented above
(Fig. 4), with an improvement in compressive strength
due to the formation of a denser structure with the inclu-
sion of a highly dispersed additive WC, TiC.

Cement-sand samples strength kinetics development
in compression and bending

The major indicators for performance properties of
cement materials are change of their kinetic characteristics
over time. Figure 5 shows graphs characterizing the kinet-
ics of compressive and bending strength of cement-sand
samples with 1 wt.%, 2 wt.% highly-dispersed additives
WC, TiC.

The results show that the introduction into the cement-
sand the powder mixture of WC, TiC leads not only to an
increase in the final compressive strength (on the 28" day
of hardening), but also to an increase in the early rate of

strength development of the samples starting from the age
samples of 3 days. From the graphs it can be seen that there
is an intensive increase in strength in the initial period of
hardening for the reference sample, then a gradual de-
crease occurs in the rate of strength development. Portland
cement modified with the additive mixture of WC, TiC has
another type of strength growth. Strength development has
been increasing for almost 28 days.

In particular, the compressive strength of the cement
paste on the 28th day of hardening with the addition of
1—-2 mass % WC, TiC, was improved by 59—63%, the
bending strength was increased by 30—35%, respectively.
As can be seen from the results, the most optimal con-
centration of the additive is 1 mass %; further studies
have been carried out with the optimal concentration
additive.

To explain the above obtained results and to detection
the regularity of the composition formation, structure and
properties of cement stone, thermokinetic studies, X-ray
phase and electron microscopic analysis of control and
modified samples of cement stone have been carried out.

Thermokinetic studies of the processes of the early
stage of hydration of binders

In order to confirm the above obtained results, ther-
mokinetic studies have been carried out (Table 4, Fig. 6),
aimed at identifying the features of hydration of the binder
with the addition of 1 mass % additives WC, TiC powder,
determined by the dynamics of heat release indicators,
expressed by the dependence dQ / dt = f(t) during the
initial period of hardening, and the total amount of heat
released, described by the function Q = f{?) for 72 hours,
with a differential calorimeter.

30

""""""""""""""""""""""""""""""""""""" 63%
oMo @M1 EM2 59 %
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Fig. 5. Kinetics of strength development in compressing (a) and bending (b) for cement-sand mortar of the composition

MO0 and M1, M2
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Table 4
Characteristics of thermokinetic indicators
Exo-effect Heat
Ne Start of The time . release,
Srumlls Sample reaction, sec | of reaching Max:;numhvalue Heat J1'elease, e
h:min:sec /8¢ /8 for 72h, J/g
0:05:31 16.53 1.08
1 Portland cement 15 209.9
13:03:10 8.11 70.11
+ 0:06:01 15.82 1.15
) Portland c§ment 15 2022
1% WC, TiC 12:51:31 7.76 67.38
18 220
18 = Porfland cement
b 15 ——Portland cement+ 1% WC, TiC
16 J: = / 200
! Fr 9
i : //
K 3 - 180
14 i = = =
12+
H B - 140
& i
=i i 120 £
¥ =
H: 2 - 80
6 b —
j . 1{4&00 !:4'536 3:45:12 4:46:48 - 60
4% =
L/
2 \J S — - 20
0 T T T T T 0
0:00:00 12:00:00 24:00:00 36:00:00 48:00:00 60:00:00 72:00:00
Time, h:min:sec

Fig. 6. Differential and integral curves of heat release during hydration of the studied samples

The first peak, which falls on a period of 4—7 minutes
(Fig. 4), is associated with the process of exothermic
wetting, as well as the reactions of the early stage of hy-
dration. After 5 min 30 sec gauging, the studied systems
show an intensive increase in heat release (Table 4). Its
origination is associated with the dissolution of minerals
that form the surface of the clinker particles. Further,
the rate of cement interaction with water decreases as the
solution is saturated with primary hydration products,
the system enters the induction period (no significant
effect of WC, TiC powder was observed for that period),
after which a repeated increase in the level of heat release

of the system under study is observed — the period of ac-
tive hydration. As the results of our study show, the use
of WC, TiC additives accelerates the start of this period
(Table 4). This may be due to the accelerated hetero-
geneous nucleation of hydrates on particles of highly-
dispersed powders. However, despite the acceleration of
the appearance of the main peak of hydration, there is a
decrease in the intensity of heat release for compositions
with additives, in relation to the control one, which is
due to a decrease in the content of Portland cement in
the mixture and a change in the amount of the liquid
phase relative to cement.
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X-ray phase analysis of cement stone

Comparative X-ray phase analysis of the control ce-
ment hydration products and cement with 1% WC, TiC
additives is presented in Figure 7.

According to X-ray phase analysis, when 1 mass %
WC, TiC additive is introduced into the cement mixture,
the diffraction pattern shows a tendency to a decrease in
the intensity of the peaks of Portlandite Ca(OH), and
peaks of clinker minerals (C,S and C,S), as well as an
increase in the intensity of the peaks belonging to calcium
hydrosilicates , in comparison with the control composi-
tion, leading to an increase in the physical and mechanical
characteristics of the strength of the cement stone, which
is additionally confirmed by the results of the microstruc-

tural and thermokinetic analysis, as well as mechanical
tests of the developed compositions.

Microstructure of samples

In order to study the microstructure and to explain the
origin for the increase in the strength characteristics of the
cement material with the addition of a highly-dispersed
powder, an electron microscopic study of the cleavage
surface microstructure of cement samples was carried out
with magnification of x 10,000 times on the 3%, 14", 28t
day of hardening (Fig. 8).

As can be seen from the presented micrographs
(Fig. 8, a), there is a heterogeneity of the structure, a large
volume of open pores and voids in the control sample,
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Fig. 7. X-ray of the control composition cement stone (a) and modified with 1 mass. % WC, TiC powder (b) at the age

of 28 days
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Fig. 8. Microstructure of cement samples from the control composition (a) and modified with a mixture of WC, TiC

powders (b) at the age of 3, 14, 28 days

despite the cement paste achievement of hydration on
the 28" day of hardening. The structure of the cement
sample with the powder additive (Fig. 8, b) is denser in
all the considered periods of hardening compared to the
control sample.

CONCLUSION

The article is focused on the study of the effect from
the content of highly-dispersed WC, TiC powder on the
properties of cement pastes and cement stone: changing
the setting time, spreadability, compressive strength and
bending. We also analyzed the effect of WC, TiC additive
on thermokinetic parameters, hydration products and
the microstructure of cement hardening pastes. From
the above research process, the following conclusions
can be drawn:

— With an increase in the percentage of additives of 1—5
mass % WC, TiC in the cement mortar, the spreading di-
ameter increases by 0.4—3% compared to the control mix-
ture, the density of cement samples increases by 0.3—3%,
respectively. The initial and final setting time of the modi-
fied samples decreased with an increase in the content of
the additive by 7.5%, the end of setting — by 12.5%.

The article considers the issues related to the ways of
introducing a highly-dispersed powder into the cement

mixture and hence the strength change in properties of
the samples. With dry mechanical mixing, the increase in
the strength of the cement stone reaches 22%, when using
ultrasonic treatment of an aqueous suspension, more than
41% compared to the control sample.

— The addition of 1—2 mass % highly-dispersed par-
ticles reduce the water absorption index by 15—19%, the
total porosity by 31—-36%, respectively. The decrease in
porosity is consistent with the improvement in compressive
strength due to the formation of a denser structure with the
WC, TiC additive.

— A categorical tendency to increase the strength char-
acteristics was revealed when the powder of the WC, TiC
mixture was introduced into the cement-sand mixture,
both in the early and later periods of hardening (on the
28th day of hardening). In particular, the compressive
strength of the cement paste on the 28th day of harden-
ing with the addition of 1-2 mass % WC, TiC, was im-
proved by 59—63%, the bending strength was increased
by 30—35%, respectively.

— The addition of a highly dispersed additive contrib-
uted to earlier hydration. Those could be due to the ac-
celerated heterogeneous nucleation of hydrates on powder
particles. There was a decrease in the intensity of heat
release of compositions with additives, in relation to the
control one, which was due to a decrease in the content
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of Portland cement in the mixture and a change in the
amount of the liquid phase relative to cement.

— X-ray phase analysis of the hydration products of
the control cement and cement with 1% additive WC,
TiC showed a decrease in the intensity of the peaks of
portlandite and clinker minerals, as well as an increase in
the intensity of the peaks belonging to calcium hydrosili-
cates, compared with the control composition, leading to
an increase in the physical and mechanical characteristics
of cement stone strength.

— According to data from scanning electron micro-
scope (SEM), the studied powder effectively reduced
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BnnsaHune BbicokogucnepcHoro nopowka cmecn WC n TiC
Ha CBOMNCTBa KOMMNO3NLIMOHHbIX MaTepuanoB

TatbsiHa BanepbeBHa Yaiika'* , Bauecnas MiBaHoBuy MaBneHko? (&),

Hatanbsa UropeBHa YepKalunHa?

, Bnagumup Muxannosu4 laBpuw’

' CeBacTonoNbCKU rocyfapcTBeHHbIN yH1BepcuteT, CeBactonosnb, Poccua
2 BenropoACKMi rocyfapCTBEHHBIN TexHonorndyecknii yausepcutet um. B.I. LLiyxosa, benropog, Poccus

* ABTOp, OTBETCTBEHHbIN 3a nepenucky: e-mail: TVChayika@sevsu.ru

AHHOTALUA: BBegeHue. ViccnenoBaHue HanpaBneHO Ha U3yyeHne BIUAHUA BblcokoamucnepcHoro nopouwka cmecn WG, TiC,
MOyYEHHOTO B pe3ysibTaTe PeuUrKInHra TBepAOCIaBHbIX U3aenuii rpynmnel TK (TUTaHOBONbdpamMoBble CMaBbl), Ha U3MEHEHUE
CTPYKTYPHbIX 1 GU3MKO-MEXaHMNUECKMX CBOWCTB LiIeMeHTHbIX MaTepuanios. MaTepuanbl u metofbl nccnegoBanus. NMopowok WG,
TiC (pa3mep yactuy 20-150 HM, arnomepaTtos 300 HM — 1,5 MKM) O6aBNANM B LIEMEHTHBIN PacTBOP MyTeM YaCTUYHON 3aMeHbl Lie-
MEHTa B Pa3fnyHbIX KOHLEeHTpauusax 0%, 1%, 2%, 3%, 4%, 5 % no macce. OCHOBHble GpU3NKO-MEXaHNYECKME NMOKa3aTeNI LLIeMeHTHOM
MacTbl Y MOJTyYeHHbIX LLIEMEHTHbBIX MAaTepPu1anoB U3yyanu B COOTBETCTBMM CO CTAHAAPTHbIMY METOAMKAMM, C y4ETOM TpeboBaHMiA
HOPMAaTMBHOW JOKYMEHTaLMM POCCUCKUX U 3apyOeXXHbIX CTaHAAPTOB. TakxXKe ObIn NPUMEHEHbI TEPMOKMHETMYECKINI, PEHTIEHO-
ba3oBbIl aHaNM3, CKaHUPYoLLas NeKTPOHHAsA MUKPOCKOMUSA C UHTErPUPOBAHHOW CUCTEMOI SHEProanCNepCcMOHHOro aHanmsa.
Pe3ynbTaTbl 1 06CyXaeHume. YCTaHOBNEHO, UTO AobaBneHue BbicokoaucnepcHoro nopotka WC, TiC B LeMeHTHble MaTepuarnbl
NPVBOANT K YBEIMYEHNIO MIOTHOCTU, PACTEKAEMOCTM TeCTa, COKPALLEHUIO BPeMeHM CXBaTbIBaHWA, CHUXKEHWNIO BOAOMOIIOLEeHNS,
NMOPYCTOCTY, MOBbILIEHMIO MPOYHOCTHBIX XapaKTEPUCTUK KaK B paHHKe, Tak 1 B 6osiee No3HUe CPoKM TBepheHus. [lobaBneHne
BblCOKOAMCNEePCHON fo6aBKM cnocobCTByeT 6onee paHHen rugpatauyuy. CTpyKTypa LeMeHTHOro obpasua c obaBneHnemM nopoLukKa
6ornee NNOTHaA BO BCe paccMaTpUBaeMble CPOKM TBEPAEHMA MO CPAaBHEHUIO C KOHTPOJIbHBIM 06pa3LoM. 3aKntoueHue. [onyyeHHble
pe3ynbTaTtbl UCCNefoBaHMA NPeACcTaBAAOT BaXKHOE 3HaUeHe ANA NOHUMaHMA MEXaHU3MOB [eNCTBUA BbICOKOAMCNEPCHbIX YacTuL,
WG, TiC Ha LeMeHTHble MaTepuaJibl, YTO B AAJIbHENLLIEM MOXET ObiTb MCMONb30BAHO ANA YNyULIEeHWA CBONCTB KOMMO3MLMOHHbBIX
MaTepurasnioB Ha OCHOBE LieMeHTa Pa3fiMyHbIX 061acTeil NPUMEHEHUIA.

KJTKOYEBbDIE CJIOBA: koMno3uTbl, J06aBKa, BbICOKOAMCNEPCHbIN MOPOLIOK, MOANGULMPOBaHNE, Kapbua Bonbdpama, Kapbug
TWTaHa, NPOYHOCTb.

BNNATOAAPHOCTM: ViccnenoBaHyie BbINOMHEHO 3a cYeT rpaHTa Poccuiickoro HayuHoro doHga N2 19-19-00316 (npoaneHue), https://
www.rscf.ru/prjcard_int?19-19-00316 ¢ ncnonb3oBaHnem obopyfoBaHUaA Ha 6a3e LieHTpa Bbicokux TexHonorui I TY um. B.I. LLlyxosa
1 LleHTpa KonneKkTMBHOroO Nosib3oBaHus «lepcnekTrBHble TEXHOOrMN U MaTepuanb» CeslY.

AnAa UWATUPOBAHUA: Yaiika T.B., laspuw B.M., MNaBneHko B.N., YepkawwnHa H.W. BanaHme BbICOKOANCNEPCHOrO NOPOLLKa CMecu
WC n TiC Ha cBOMCTBa KOMMO3ULIMOHHBIX MaTepuranos // HaHoTexHonorum B ctpontenbctse. 2023. T.15, Ne 1. C. 14-26. https://doi.
org/10.15828/2075-8545-2023-15-1-14-26. - EDN: TSWXBD.

BBEJIEHUE

Ce6eCTOI/IMOCTB KOMIIO3UITMOHHBIX MAaTEPHUAJIOB CTPO-
HUTEJIHLHOTO Ha3HAUYCHMSI B OCHOBHOM OIIpEIeIIIeTCS
CTOMMOCTBIO BSDKYIIINX, KOTOPBIE MMEIOT CYIIIeCTBEHHBII
TIOTEHIINAJ B TIOBBIIICHNH (DU3MKO-MEXaHIMUECKIX XapaK-
TepucTHK [1—6]. Y3 mureparypHbIX HCTOYHUKOB [7—13]
M3BECTHO, YTO JIST TTIOBBIIICHUST KAYeCTBA IIEMCHTHBIX
06eTOHOB HanboJIee BOCTPEOOBAHHBIM SIBJISICTCS TEXHOJIO-
TUYCCKUIA TIpHEeM BBEICHMSI MOTU(DUIINPYIOIINX JOOABOK,

© Yanka T.B., laBpuw B.M., NMaeneHko B.N., YepkawwnHa H.W., 2023

TP 3TOM OCOOBIIf MHTepeC 3aHMMAIOT HaHOPa3MEPHBIC
JI00ABKM, MCITOIH30BAHNE KOTOPBIX VIYIIIIACT CTPYKTYPY
TTop 1 (PMBUKO-MEXaHIMUECKIE CBOMCTBA, a TAKXKE TIPUIACT
IIEMCHTHBIM MaTepHrajaM JOTIOTHUTEIbHBIC W YIIyd-
IIEHHBIC CBOMCTBA, TaKMe KaK: IUIACTUYHOCTh, CHIDKE-
HHE Beca, CaMOYIUIOTHEHNE, CAMOOUYMCTKA, YIIyIIIICHIEe
KavecTBa BO3MyXa, CAMOBOCCTAaHABINBAEMOCTbD, a TAKKE
0oJ1ee BBICOKYIO TOJITOBEYHOCTb.

HaunbGonee pacmpocTpaHeHB 1 U3y4eHBI HAHOIO-
0aBKM, KOTOPBIE JOCTATOYHO OJIM3KU TI0 COCTABY, TUITY
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XUMHMYECKUX CBSI3eil U (DM3MKO-XUMUICCKIAM XapaKTe-
pPUCTHKAM K MCXOIHBIM BSIKYIIIMM BEIeCTBaM U IIPO-
JYKTaM UX TMApaTalliy, TaKue Kak HaHoyacTuiel SiO,
B pasnUIHBIX (popMax (IMMPOTreHHBbIC HAHOITOPOIIIKH;
HAHOIIOPOILIKH, OCaXIeHHbIE U3 pacTBopa Na SiO,; xoi-
JIouIHbIA 30116 Si0O,; HaHO-Si0, B coueTaHMU C IPYTUMU
KOMITOHEHTaMu U 1p.) [14—16], HAHOIIOPOILIOK OKCHI
amomunus Al O,[17-20], nanonopomok CaCO, [21],
okcua turana TiO, [22—24] u np. B kauecTBe HaHOpa3-
MEpPHBIX UHEPTHBIX, XUMUICCKHU HE aKTUBHBIX 110 OTHO-
IIEHUIO K IIEMECHTHBIM CHCTeMaM JO0aBOK B IIEMCHTHBIX
KOMITO3UTaxX HAIUTM IIPUMEHEHUE YIJIEpOIHbIC HAHO-
qacTUIHI ((yIepeHbl, HAHOTPYOKHM, aCTpaJICHBI 1 1Ip.)
[25—28]. MHuorwue uccienosarenu [29—36] cunraror, 4To
nobaBlieHMe KOMOMHALMKU HaHo4YacTull 6bosee addex-
TUBHO UTS YIYIIIICHUST MEXaHMYECKIX CBOMCTB OCTOHA,
YeM WHANBHUIYaJTbHOE UCIIOIH30BaHIE T00aBOK.

B uiccnemoBanun [37] paccmarpuBaeTcd posib Ha-
Houactun SiO,, CaCO, n Ca(OH),, KoTopbie 3ameHs -
FOTCS B IIEMCHTE B PA3IMIHBIX OMHAPHBIX W TPOWHBIX
KOMOMHALIMAX ITyTeM U3MeHEeHUs 103upoBKu 2% u 5%
1o Becy. Pe3ynbTaThl 3KCIIEpUMEHTOB ITOKa3alld, YTO
MEeXaHMJIEeCKIE CBOMCTBAa OCTOHHBIX CMeCelt ObLIH YITyd-
wmweHsl Ha 10—45% Gnarogapsi 400aBIEHIIO HAHOMATEPU -
aJIOB B MIX OIITUMAJIbHOM JO3UPOBKE, KOTOPAsI B TPOMHON
KOMOMHaMu cocTanisieT 2% u 5% nJisl TIOBBIIIEHUST
KOPPO3MOHHO cToiKocTh. OmHaKo 0ojiee BHICOKHE
pe3ysIbTaThl 1Mo JgoroBedyHocTH (0T 5% 1o 60%) Gbun
JOCTUTHYTHI B OMHAPHOM KOMOMHAaLu ¢ 2% 3aMeHOiA.

ITo mHeHuto aBTopoB [38], komOouHammsa 0,5% Ha-
HopaszMepHoro rmHo3eMa ALO, 1 1% HaHOpa3MepHOTOo
nunokcuna Tutana TiO, 0T Macchl LieMeHTa TIPUBOIUT
K KOMITAKTHO M TIZIOTHOM MUKPOCTPYKTYPE C MCHBIIINM
KOJIMYECTBOM ITOP, UTO IIPUBOIUT K BBICOKOI OIITHMU-
3alM1 MEXaHWMUECKNX CBOMCTB. I1o cpaBHEHMIO ¢ KOH-
TPOJBHBIM 00pa3IIoM IIPOYHOCTH Ha CXKATHE, Pa3phbIB
MpY PACTSKEHUU U U3Tub yBeaunumiach Ha 42%, 34%
u 28% cooTBeTcTBeHHO. HaHo4yacTu1bl 00eceunBaoT
HYKJICAIIMOHHBIC YIACTKH IIJIT 00pa30BaHMS JOTIOHH-
tenbHOro resist C-S-H u kontponupyior poct Ca(OH),
B LIEMCHTHOI cHCTEME.

B HacTosmIee BpeMst MHOTO padoT yIOeasIeTCsT MC-
CJICIOBAHUIO BIUSTHUSI KOMOMHAIIMY HAHOYACTHII KaK
C IIPOMBILIJIEHHBIMU oTX0HamMu [39—46], Tak 1 ¢ 0TXO0-
JIAMM CeIBCKOTO X03sicTBa [47—49] Ha hu3nKo-Mexa-
HUYECKIE CBOMCTBA IIEMEHTHBIX MaTCPUAJIOB.

Coueranue 10% 0Tx010B TEKCTUILHOIO 1u1ama ¢ 3%
HAHOCTPYKTYPMPOBAHHBIM OKCHUIOM aIFOMUHUS 00¢-
CIICYMBACT YJIYUIICHHBIC XapaKTePUCTUKU TTPOTHOCTH
¥ TOJITOBEYHOCTHU IIEMEHTHOTO OeToHa. Jlo0aBeHme Ha-
HOYACTHII OKCHIA aTIOMUHUS UMeeT TBOMHOM 3P PeKT,
VIIyJIIIaeT CBOMCTBA TMIPATALINK, a TAKXKE IEHCTBYET KaK
HaIMOJIHUATEND [41].

B nccnenoBanuu [44] pa3paboTaHbl HOBbIE THUIIBI
OETOHHBIX CMeCeil ¢ YIy4YIlIeHHOI 30HOM CUEIUICHUS

1 IIPOYHOCTHBIMU XapaKTePUCTUKAMM, COMEpKaIIre
30% pe3rHOBOI KPOLLUKH (13 OTXOIOB PE3MHOBBIX LIIMH)
B Ka4eCTBE 3aMCHUTEIISI, OOBITHBINA ITOPTIaHAIIEMEHT
ObL1 3aMeHeH 20% M3MelIbYeHHBIM JOMEHHBIM IIJIAKOM
1 Pa3IMIHBIM COIepKaHMEeM HaHOYACTHII U3 OTXOIOB
CTEKJISTHHBIX OyThUIOK (3, 6, 9 1 12%). AHaIu3 MUKpO-
CTPYKTYPHI OETOHHBIX CMeceil ToKa3aj o0pa3oBaHUE
IUTOTHBIX TeJIeii 1 MEHBIIIETO KOJIMYECTBA IIOp C MPH-
eMJIEMBIMH TEXHUYECKIMU CBOMCTBAMU.

ABTOpamMu oOHapyxXeHo [47], 4To coueTaHne HAaHO-
gactu AL O, ¢ conepxanuem 3% u 10% 305161 pucoBoii
MISITYXU VTSI CO3MAaHMS MOTU(DUIIMPOBAHHBIX IIEMECHTHBIX
OCTOHOB C MOBHIIICHHBIMU XapaKTECPUCTUKAMM IIPOY-
HOCTH W JTOJITOBEUHOCTU 0Ka3aJoCh 3(PGEeKTUBHBIM
1 TIPOAYKTUBHBIM IIJISI KOJOTHYECKN YUCTOTO OCTOH-
HOTO MaTepuaia. I1pn Mcromb30BaHUM 30161 OTXOIOB
caxapHOTO TPOCTHHMKA B KaueCTBE 3aMCHEI IIeMEeHTa
U HAaHOKpeMHe3eMa B auamnas3oHe ot 1 10 6% mo macce
IIEMEHTA JOCTUTHYTO YBEJIMICHHUE TIPOYHOCTH Ha CKaTHE
Ha 80% u npoyHocTy Ha U3rubd Ha 90% 110 cpaBHEHUIO
C KOHTPOJBHBIM 0Opasiom [49].

M3-3a c10XKHOTO TIpoliecca MOJIyIeHMs, BEICOKOM
CTOMMOCTH IIPOM3BOACTBA HAHOMATEPUAIOB M OTCYT-
CTBUSI TEXHOJIOTUM KPYITHOMACIITAOHOTO TIPOU3BO/I-
CTBa IIpUMEHEHIE HAHOTIOPOIITKOB B KAYECTBE TOOABOK
B IIEMCHTHBIC MaTepHUaJbl 3HAUNTEIIFHO YBEJIMINBACT
CTOMMOCTB CTPOUTENIBCTBA, IIO3TOMY OHU HE HAIIIIHN Y-
POKOT0 TIpUMEHEHUS B TIPAKTUICCKOM CTPOUTEITBHOM
nHxeHepnu. VICKITIoueHre COCTaBIISIIOT TEXHOJIOTHUH,
B KOTOPBIX HAHOAUCIICPCHBIE MaTePUAaJIBl 00pa3yIOTCs
B Ka4eCTBE ITOOOYHOTO TIPOAYKTa WU M3 OTXOIOB IIPOU3-
BOZICTBA Pa3IMIHBIX IIPEATIPUITHI, HE TPEOYIOIINX BbI-
COKUX 3aTpaT IIPU X UCIIOJIb30BaHNH, C IPUMCHEHUEM
COBpPEMEHHO TeHIECHIINHN peCcypco- U 3Heprocoepeke-
Hus1. OMHONM M3 TAKUX TEXHOJIOTUH SIBIIICTCS IIPOU3BOI-
CTBO HAaHOITOPOIIIKOB M3 BOJIb(paMcomepKaIero JomMa
tBepnbIx crtaBoB ThITa BK, TTK, TK, BHXK u ap. [50].
OnHaKko, BBUIY OTCYTCTBUS TOCTATOUHBIX MCCICIOBAHIIA
0 BO3MOXKHOCTH M 1IeJICCO00Pa3HOCTH ITPUMEHEHMST Ha-
HOpa3MepHBIX BOJIb(paMcomepKaIiX ITOPOIIKOB B Ka-
YeCTBE 100ABOK B IIEMEHTHBIC KOMITO3UTHI, OTIpEACICHIE
3G GEKTUBHOCTH U 1IEJICCO00PA3ZHOCTH MX IIPUMEHECHUS
SIBJISICTCST BeChMa aKTYaJIbHBIM 1 TPeOyeT KOMIUIEKCHOTO
M3YYCHMS, YTO MIO3BOJIUT PACIIIPUTL HOMEHKIIATYPY MO-
ITUGUIIIPYIOIINX J00ABOK IIJIST IEMEHTHBIX MaTePUAJIOB.

B manHOIM paboTe IpencTaBiIcHBl pe3yabTaThl BN~
STHUST BBEICHUST BEICOKOINCIICPCHOTO TTOPOIIKA, CO-
CTOSIIIIETO M3 CMECH KapOMUIOB BoIb(dpaMa U TUTaHA,
TTOJTYICHHBIX M3 TBepAOCIUIABHOTO JIOMa IIPOM3BOJICTBA,
Ha U3MEHEHME CTPYKTYPHBIX 1 (DM3MKO-MEXaHIMIECKIX
CBOWCTB IIEMEHTHBIX MaTepraioB. BEIOOP TaHHBIX TO-
0aBOK 00YCJIOBJICH BApMaTUBHOCTHIO CBOMCTB, KaK ITOKa-
3aJIM TIPEObIMYIINE UCCIenoBaHus [51—52], cBsI3aHHBIX
€O ceM(UKON MX IMOJyYeHMsI, a TAKKE CTOMMOCTBIO
1 YHUKAJTbHOCTBIO CTPYKTYPHI IIOPOIITKA.
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MATEPUAJIBI U METOJbI UCCIENJOBAHUA

B kauecTBe MCXOMHBIX MaTEPUAIOB TTPH TIPOBEACHUN
HCCIIeTOBAHUI TIEMEHTHBIX KOMITO3UTOB UCTIOTb30BaTN
nopmranaaemMeHT LIEM-I1/A-P42, SN (OAO «Bepxte-
OeKaHCKMIT IIEeMEHTHBIN 3aBo», PM, xuMmueckuii co-
CTaB TIPEICTABIICH B Ta0J. |, yaenbHast IIo1anh MoBepx-
HocTU — 340 M2/KT, ynenbHas TNIOTHOCTh — 2,26 T/cM?,
HOpMaJibHast TycToTa — 25%); TeCOK CTPOUTETbHBIN
MOPCKOM cepbIit, MOy Th KpyrmHOCTH — 1,5—2 MM (OO0
«CK ITIPUBOW», PD); BHICOKOMVCIIEPCHBIE TTOPOLIKH,
COCTOSIIINE U3 CMeCH KapOuIoB BoJb(paMa 1 TUTaHA
(WC, TiC) (OO0 «Hanotex BI'», P®D).

Tabauya 1

XuUMHYECKHii COCTaB nopTiaanauemMenta (Mmac%)

SiO, | ALO, | Fe,0, | CaO | MgO | SO, | mmn
2493 | 4,47 | 4,11 |58,99| 0,86 | 2,92 | 2,70

B xauectBe MopubuLMpyoiei 100aBKU UCTIONb30-
BaJI TIOPOIIIOK CMECH KapOuI0B Bosibhpama v TUTaHa,
TOJTY9€HHBIN B pe3yJibTaTe PEIIMKINHTA TBEPIOCIIIaB-
HBIX BOJb(MPAMO-TUTAHOBBIX OTXOJOB U U3NETUN TIPO-
n3BozctBa Tuna TK (kapoun Bonbdpama WC, kapoun
tutaHa TiC, cBs3yonii KoMrmoHeHT kooaisT Co) [50].
[o1amab MOBEPXHOCTH TIOPOIITKA cocTaBisieT 2,1 M2/T.
VYaenbHast iotHOCTh — 11,7 1/cM3. Tlopotok coctout
TPENMYIIEeCTBEHHO 13 IBYX ha3: kapobuna Tutana TiC,
WMEIONIEeTO KyOUIecKyt0 KpUCTALUTTIECKYIO CTPYKTYPY,
u xapoua Bosnbhpama WC rekcaroHalbHOM KpUCTaJUIN -
YeCKOM CTPYKTYpBI. DieMeHTHbIN cocTaB WC — 93+95%
Mmacc, TiC — 7+5% macc. CTereHb YMCTOThI TIOPOIIIKA —
99,5%. Ilopouiok mpeacTapisieT OO0 CMeCh YaCTHIL
paznuaHoi hopMbI U X aroMmepatoB. Mopdoiorus
YacTUIl HEOTHOPOIHASI, B OCHOBHOM HETIPaBUJIbHOM
(opmer. Paszmep wactuir meree 150 HM, pa3mep ario-
mepatoB oT 300 M 10 1,5 MKM.

LlemeHTHast cMeCh TOTOBUJIACH TTO TTPOTIOPIIAN, YKa-
3aHHOI B Ta0M. 2.

J1J1 TIOTy4eHUST IIEMEHTHOTO KaMHS$T U3 TTOJTy9eHHOTO
IIEMEHTHOTO TeCTa M3TOTaBIUBAIM 00pa3iibl B (hopme
Ky0a pazmepom 20x20x20 mm. [TepBbie CyTKr 00pa3Iibl

Puc. 1. MukpodoTorpacdus nopomka cMecu Kapouaon
BOJIbhpaMa M THTAHA

TBepneu B hopMax B BOJE U MOCTIE pacTIalyOKH 10 MO-
MEHTAa UCIIBITAaHU (Ha 28 CyTKM TBEpAEHUS) — B BAHHE
C TUIPABIIMYECKUM 3aTBOPOM TIPU TEMIIEpaType OKpy-
Karorreit cpemsl 20 + 2°C 1 OTHOCUTETHHOM BIasKHOCTH
Bo3yxa He MeHee 90%.

[Tpu n3roToBNIEHNYU IIEMEHTHO-TIECUYAHBIX CMeCei
3a MOCTOSTHHBIE (DAKTOPHI IPUHSTHI IIEMEHTHO-TIECYaHOE
otHomeHue LI/I1 = 1:3, BomomeMeHTHOE OTHOIIICHHE
B/11 = 0,4. Ha xaxxmelii BUI MCCIIeAOBAHUSI TOTOBUIIN
MO MIECTh 00Pa3IoB U 3IMBAIN B (POPMBI-0aToueK
(4x4x16 cm). Bce oOpasiibl MogBeprajiich KOMIAKT-
HOMY BUOPUPOBAHUIO HA BCTPSIXUBAIOIIEM CTOJIE JIJISI
JIY9IIIETO YIJIOTHEHUS, ¥ ObUTA U3BJIeUeHbI U3 (hOpM TI0-
cite 24 yacos otBepxkaeHus ipu 100% OTHOCUTETBHOIM
BJIAKHOCTH, W XPAHWJIMCh B BAaHHE C TUIPABINICCKUM
3aTBOPOM TIPU TEMIIepaType oKpyxkatoiieit cpenbt 20
2°C 1 OTHOCUTENbHOU BJIaXXHOCTHU BO3yXa HE MeHee
90% no ucnbiTaHus Ha cxartue U u3rud Ha 3, 7, 14
u 28 CyTKU TBepACHUSI.

HccnenoBanus pacTeKaeMoCTH IEMEHTHOTO TeCTa
TMIPOU3BOIUIN C UCTIOTb30BaHNEM MUHU-KOHYca. Lle-
MEHTHOE TECTO TOTOBUJIM coryiacHo Tabmuiie 2. O01iee

Tabauuya 2
IIponopuuu neMeHTHOIi cMecH
Conepxanne KOMIIOHEHTOB B IEMEHTHOIi CMECH, T
O6o3HaueHne MO Ml M2 M3 M4 M5
Lewmenr, 400 396 392 388 384 380
Jo6aska nopomka WC, TiC, r - 4 8 12 16 20
Conepxanue WC, TiC B cmecu, % 0 1 2 3 4 5
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COOTHOIIICHNE BOIBI M CBSI3YIOIIETO (TIE «CBSI3YIOIIee»
oIIpenelsieTcsT Kak MOopTAaHAIIeMeHT + mo0aBKa) co-
craBwio B/l = 0,45. MuHI-KOHYC (BEpXHUIT THAMETP
19 MM, HICKHMIT qraMeTp 38 MM | BBIcOTa 57 MM) TIO-
MEIIAOT Ha CTCKJITHHYIO TUIOIIANKY, 3aIlOJHSIIOT eT0
IEMEHTHOM TTacTol, yOUparoT U3IUIIKHN MacThl C KO-
Hyca u iomanku. KoHyc mraBHO MOTHUMAIN B Bep-
TUKAJIbHOM HaIIpaBJICHUM, YTOOBI CBECTU K MUHUMYMY
WHepUHOHHBIC 3(D(hEeKTH. PacTekaeMOCTb OIpeae s
M3MepeHNEM TMaMeTpa pacIlIbiBa BO B3aUMHO TIepIICH-
IUKYJISIPHBIX HAIIPaBIICHUSAX 1 BRIYMCIISIIA CPEIHEE.
Kaxnas macta 6pU1a McciefoBaHa B TPEX 9K3EMIUISIPAX
C MICITOJTh30BaHMEM TPeX OTAEIBHO CMEITAHHBIX ITapTHA
TIaCTHI.

J1oOuUThCSI paBHOMEPHOTI'O pacIpeaeieHus Mo 00b-
eMy MaTepuaia BRICOKOIVCIIEPCHBIX YACTHII, 0COOCHHO
B ITOPOIITKOBOM BHE, TOCTATOYHO CIOXHO, TIO3TOMY
BasXKHOM oIlepamyeil TeXHOJIOTMIECKOTo IIpoliecca siB-
JIgeTcd crocob BBeAeHUs 100aBKM B 1ieMeHT [53]. Uc-
CJICIIOBAHO TPH CII0c00a BBOMA TOOABKU B IIEMECHTHYIO
CcMech: 1 — cMelBaHMe MOPOIITKa C BOIOM 3aTBOPEHUS,
TIPOM3BOIMIIOCH C TIOMOIIBIO BEpXHETIPUBOIHOI MEIIIaI-
KM B TCUCHHUE 5 MUHYT, Aajiee MOIyIeHHAs CYCIICH3US
BBOIMJIACH B CHIPBEBYIO CMECh; 2 — CMEIIMBAaHUE B CY-
XOM COCTOSTHMH IIeMEHTa C J00aBKOI MOpOIIIKa, TIpo-
n3Bonmiiock B cmecurenie C 2.0 «Typoyma» (r. CaHKT-
[Tetepoypr, OO0 «BuOpoTEeXHNK») B TECUCHUE 5 MUHYT,
Jajee BBOOMIACH BOMIA 3aTBOPEHMS; 3 — MCCIICIyeMbIi
TIOPOIIIOK OBLT ITOABEPKEH ABYXCTAIUITHOMY YIIBTPa3BYy-
KOBOMY IHCIIEPTUPOBAHUIO B BOTHOM Cpelie B TCUCHHE
30 cexkyHn 1pu yactote 22 K11 ¢ 11eJIbI0 pa30uBaHUS
KPYITHBIX arjiomepaToB U 30 cex mpu yactote 44 kI
1151 6osee 3(ppeKTUBHOI AearoMepalini YacTUII TIPU
TIOMOIIM YIBTPa3BYKOBOTO mucriepraropa Y3-22/44
(Ykpauna). KputepueMm orieHKH 3G GEKTUBHOCTHI CITO-
coba BeleHMST TOOABKM B IIEMEHT IIPUHSITA TIPOYHOCTh
IEMEHTHOTO KaMHSI Ha CcKaThe Ha 28 CYTKU TBEpACHUS
10 6 IITYK Ha KaX/IbIiA BUI UCCIEI0BAHMSL.

HccnenoBanne BOOOITOTJIOMICHUS TIPON3BOINIOCH
Ha obpasnax kyomdeckoit popmber 20x20%20 mm. Bee
5TU 00pa3libl ObUTH BhICyIIeHHI TTpu 80°C B TeueHME
24 gacoB, YTOOBI CBECTH K MUHUMYMY TTOBpEXICHUE
MUKPOCTPYKTYPHI OT Ype3MEPHOI CYIIIKH, 3aTeM ITOMe-
IIEHBI B eMKOCTH C BOIIOM, B KOTOPBIX ITOIIEPKIBAIACH
noctostHHAs Temrieparypa (20 + 2°C). Odpasmsl moaBep-
TaJIMCh B3BCIIMBAHUIO Uepe3 KaxKmple 24 4 HaCBIIICHUS
Bomoit ¢ TouHocThio 10 0,01 . Hacelmenue o6pa3iioB
TIPOU3BOIMIIOCH 0 TeX IOP, TTOKA pe3yIbTaThl B3BEIIIN -
BaHUU CTaJIM OT/IMYaThCs He 0oee yeM Ha 0,01 T ot ipe-
IOBITYIINX B3BeIMBaHU. [1o cTerieHr BOZOIIOTIIOIIECHNS
10 Macce M 00BbeMY M 3HAUCHUSIM UCTUHHOM U CpeaHel
TUTOTHOCTH IIEMEHTHOTO KaMHSI PaCCUNTHIBAIACh OOIIIast
TIOPHUCTOCTb.

Hns nccnemoBaHUS TIPOYHOCTHBIX CBOMCTB, TTOATO-
TOBJICHHBIC IIEMEHTHO-TIECUaHbIe 00pa3Ilbl BBIICPKI-

Bayii B TeueHue 3, 7, 14, 28 cyTok, a 3aTeM UCITBITHIBA-
JIM Ha IIPOYHOCTH MPU CKATUU 1 m3rnode. Ha Kaxkmbrin
ob6pa3zell ObUTO MCITBITAHO He MEHEe IIeCTH 00pa3IloB
TSI KaXKIOTO TUTIA 1 BO3pacTa oOpaslia, pe3yabTaThl
ycpenHeHBI. MccnenoBanmsa Gpu3nKo-MeXaHUIIEeCKUX
XapaKTEePUCTHUK ITPOBOIUIIOCH C UCITOIH30BaHEM YHU-
BepCaJIbHO# MCIbITaTeIbHOM MamuHBel TPM — 500
«Tochline» (OO0 «3aBox MCHBITATEILHBIX TIPUOOPOB»
(3UII), r. UBaroBo, Poccust, HaubopIIast mpeaeIbHasT
Harpy3ka 50 kH).

st ompeneieHrst 0COOCHHOCTH THApaTAlU 1 BIIH-
aaug 1o6aBok WC, TiC Ha cBoiicTBa LIeMEHTa ¢ TOYKK
3peHUST IMHAMWKH TETUIOBBIACICHMS MCIIOIb30BaIN
aBTOMAaTHU3aIIMOHHBIN A depeHINATBHBIN 3JIEKTPO-
kaopumeTp ToniCAL Trio ripu temmepatype 20°C (Toni
Technik Baustoffpriifsysteme GmbH, Germany). I1po-
TOJKUTEIIBHOCTh M3MEepPeHUs — 72 9aca, COOTHOIIICHNE
Boma/cBsa3yroniee coctaBmsuio 0,5. Bec obpasma — 10 T.

Kpucrammaeckyo CTpyKTypy MaTepHaioB UCCIIe-
JIOBAJIN C TIOMOIIIbIO peHTTeHOBCKOM audpakimm (ARL
X’TRA, Thermo Techno) ¢ ncrounnkom CuKa B nua-
mazoHe ymioB 20 ot 4° 1o 56° B peXXyuMe aCUMMETPHY-
HOI KOMIUTaHAPHOUN CHEMKHU CO CKOJB3SIIINUM yTIIOM
mageHusa o = 3° (0-scan). Unentudnkanus ¢a3 1 mH-
JIeKCUpOBaHMe TTMKOB OCYIIECTBIISINCH o 6a3e ICDD
(International Centre for Diffraction Data) JCPDF.

MUKpPOCTPYKTYPY CKOJIa MCCIECAYEMBIX IIEMEHTHBIX
ob6pa3uoB Ha 3, 7 1 28 CYyTKM TBEPIEHUS MCCIIeI0BATINA
Ha CKaHUPYIOILIEM 3JIeKTpOHHOM Mukpockone PHE-
NOM pro X ¢pupmsr: Phenom—WorldB.V. (Hunepnan-
IIbI) C UTHTETPUPOBAHHOM CCTEMOI SHEPTOANUCIICPCHUOH-
Horo aHanm3a. MakcumanbHoe yBenmdeHue — 150 000,
paspemenne — 10 HM, yCKoOpsIIoliee HaIllpsoKeHe — 5,
10, 15 xB.

PE3YJBbTATBI 1 OBCYKIEHUE
PacrekaeMocCTh IEMEHTHOIO TECTA.

PesynbTaThl M3MEHEHUS TUAMETpa PACTEKAeMOCTH
IIJIST IIEMEHTHBIX CMecell KOHTPOJIbHOTO cocTaBa (MO)
u npu pobasieHuu 1—5 mac. % nopouka WC, TiC (M1-
MS5) nmpuBeneHBI Ha puc. 2.

Pe3ynbTaTel CBUIETEIBCTBYIOT, UTO IO MEPE YBEIIH-
YeHUS TIPOLIEHTHOTO coaepxkaHus nobasku WC, TiC
(1-5 mac.%) B LeMEeHTHOM pacTBOpE OAUAMETP pac-
TeKaHWSI YBEIIMINBACTCS IO CPABHEHUIO C KOHTPOJIb-
Hoil cMmechio Ha 0,4—3% coorBercTBeHHO. ITopoiiok
KapOuga BojibpamMa U KapOuga TUTaHA HE BCTyMHaeT
B XMMHYECKOE B3aMMOICUCTBHE ¢ KOMIIOHEHTaAMU
nemenTa. Kak mokasanu padotsl [32, 54], BBeneHNe
BBICOKOIMCITEPCHBIX MHEPTHBIX YaCTUII (aTJIOMepaToB
YACTHUII), BHITTOIHSIONINX (DYHKIINIO HATIOJTHUTES, TI0-
BBIIIAIOT CMAa3bIBAOIIYIO0 CIIOCOOHOCTh IIEMEHTHOTO
TecTa. 3aHMMasI IIyCTOE IIPOCTPAHCTBO MEXIY Oosce
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Puc. 2. Pe3yabTaTsl HCCIeA0OBAHUSA PACTEKAEMOCTH
HEMEHTHOTO TecTa

KPYITHBIMUY YaCTUIIAMU, OHU BBICBOOOXKIAIOT CBOOO/I -
HYIO BOIly, TEM CaMbIM YBEJIMUNBasi KOJTMYECTBO BOJIBI,
JMOCTYITHOM B CUCTEeME, IJIsI TIOBBIIIIEHUST TEKYYECTH.
To ecTh 106aBKa BBITIOTHSIET POJIb CMa3KH, YBETNINBAsT
TEKy4eCTh pacTBOpA.

CpOKﬂ CXBATBIBAHUA U IIJIOTHOCTH

CpoKu cXBaThIBaHUS OTPENETSIINCH C UCTIOTb30-
BaHueM npubopa Buka. Pe3ynbTaTsl ncciienoBaHUS
BJIMSTHUST BBICOKOJMCIIEPCHBIX TTOPOIKOB cMecu WC,
TiC Ha cpoku cXBaThIBAaHUS MOPTIAHATIEMEHTA TIPE] -
cTaBJIeHbI Ha puc. 3.

W3 puc. 3 BumHO, 4TO C YBEIMUEHUEM CONEPKAHUS
B coctaBe no6asku noporika WC, TiC yBenmnuuBaercs
TUTOTHOCTH LIEMEHTHBIX 00pa3IoB, 3TO MOXHO OOBsIC-
HUTH BBICOKOH YAEIBHOU TJIOTHOCTHIO UCCIEAYEMOIt
J00aBKM 10 CPABHEHUIO C YIEIbHOM TNIOTHOCTHIO TTOPT-
JanauemeHTa. [Tpu HeGoJIbIIOM cofepXKaHUU J0OaABKU
WC, TiC (no 1%) nabmonaeTcst He3HaAYUTETbHOE YBe-
nuaeHue miotHocTH (Ha 0,3%), B citydae comepkaHust
n06aBkY (4—5%), MIOTHOCTD YBETMUMBAETCS OoJiee YeM
Ha 3%.

Cpoku cXBaThIBAaHUS y IIEMEHTHBIX 00pa3IloB, MO-
ITUOUIIMPOBAHHBIX TTOPOIIKOM, TIPY KOHIIEHTPAIIUN
Monudukaropa 1+5 mac.% cokpamaloTcs: HayaIo
CXBaTbIBaHMSI yMeHbIIaeTcs Ha 7,5%, KOHell cxBa-
ThIBaHUSA — Ha 12,5%, 4TO MOXeT ObITh CBSI3aHO KaK
C YMEHBIIIEHNEM TOJIN [IeMEHTa 13-3a BKITIOUECHUS 10~
6aBok WC, TiC, Tak u ¢ yBeJIMYEHUEM CTETIEHU TUIpa-
Taluu MOPTIAHAIIEMEHTA, a TAKXKe C HATUIMEM 00JTb-
moro KonmdectBa gactuilr WC, TiC B xuakoii ¢ase,
BBITIOJTHSTIOIIIMX POJTb 3aTPABOK IS 00pa30BaHMSI HOBO-
00pazoBaHUii, 4TO B CBOIO OUEPEIh TAKKE CITIOCOOCTBYET
YCKOPEHUIO TIPOTIECCY KPUCTAITU3AIINYT U YCKOPEHUTO
CXBaTBIBAHUSI.

Puc. 3. Pe3yabTaTsl BpeMeHH CXBATHIBAHHUS IIEMEHTHOTO
TecTa

Bausinue cnoco0a BBeeHUS 100aBKU
B LIEMEHTHYI0 CMeCh

BiusitHue crioco0oB MOC/IeI0BaTeIbHOCTH BBEIEHUST
J00aBKM Ha CBOMCTBA IEMEHTHOTO KaMHSI TTPEJCTABICHO
Ha puc. 4

Kak BumHO 13 pe3ynbTaToB uccienoBanus (puc. 4),
BJIMSTHUE CITOCO0a BBEACHUS TTOPOIITKA B IIEMEHTHYIO
CMeCh Ha U3MEHEHNE TTPOYHOCTHBIX CBOMCTB 00pa3IioB
0 crmoco0y | He3HAUUTETbHO, MAKCUMATbHOE YBEITH -
YeHue TPOYHOCTH Ha cxxaTtne — 13% (Tipu coepxaHuu
3 mac.% WC, TiC), uto cBsI3aHO € arjioMepaLKeii YacTUll
TOPOIIIKa B BOJIE.

[Mpu cyxoMm MexaHWIECKOM TepeMEITMBAHUY TTOBbI-
IIeHUe MPOYHOCTH LIEMEHTHOTO KaMHsI fjocturaeT 22%
(ipu moGasienuu 1 mac.% WC, TiC), npu ucrnomib3o-
BaHUU TIPEIBAPUTEIHHOUN YIbTPA3BYKOBOI 00pabOTKM
CYCTICH3UM YBEeJIMICHNE TIPOYHOCTH 00pa3iia COCTABISIET
41% (nipu po6asnenuu 2 mac.% WC,TiC) no cpaBHe-
HUIO C KOHTPOJIBHBIM 00pa3iioM. JlaHHbIi (hakT 00b-
SICHSIETCSI ICarJIOMEPUPOBAHNEM U TUCTIEPTUPOBAHNEM
BBICOKOIMCIIEPCHBIX YACTHUII B XKUJKOCTU B pe3yJbTaTe
YABTPa3BYKOBOTO BO3ACUCTBUS 1, KaK Pe3yJIbTaT, PaBHO-
MEpPHBIM pacripe/ieJieHUeM YacTUIl B 00beMe IIEMEHTHOTO
Marepuania.

[pwn yBenmaeHnu conepKaHust BBICOKOIMCIIEPCHOTO
ropolika 6ojee 2 mac.% MPOYHOCTh IIEMEHTHOTO KaM-
HSI CHIKAeTCsI. DTO MOXET OBbITh CBSI3aHO C TE€M, UTO,
BO-TIEPBBIX, KapOu/I BoJIb(ppama 1 TUTAHA HE 00JIATAIOT
LIEMEHTUPYIOIIUMU CBOMCTBAMU, TIOATOMY Upe3MepHast
3aMeHa IIeMeHTa, JIOJKHO OBbITh, PUBeJia K CHUXKEHUIO
TIPOYHOCTHU Ha CXAaTue, BO-BTOPHIX, B pe3yJIbTaTe 3HAU -
TEJIbHOU arioMepaluy YacTUll ITOPOIIIKa MTPU T03UPOBKE
6osee 2 Macc.%. [TonydeHHBbIE pe3yabTaThl COTTACYIOTCS
¢ JTaHHBIMU JIPYTHX UccienoBareneii [26, 55], B pabo-
Tax KOTOPBIX OTMEUYEHO, YTO YPE3MEPHO BBHICOKAS JI0-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://www.sciencedirect.com/science/article/pii/S0950061819321142#s0095
https://www.sciencedirect.com/science/article/pii/S0950061819321142#s0095
https://www.sciencedirect.com/science/article/pii/S0950061819321142#s0095
https://www.mdpi.com/1996-1944/12/21/3465/htm#fig_body_display_materials-12-03465-f004

2023; 15 (1):
14-26

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanob

MPUMEHEHUE HAHOTEXHOJ1IOMMA U HAHOMATEPUAJIOB B CTPOUTE/IbCTBE

80

M cnocob 1

75

M cnocod 2

B cnocod 3

Puc. 4. Pe3ynbTaTsl uccJe-
JIOBAHUSI BJMSIHUS CTIOCO0A
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repeMelIMBaHue 100aBK1

B BOJIE; CITOCO0 2 — cyxoe TIe-
peMelMBaHue 100aBKU U Lie-
MEHTa; CIToco0 3 — yJIbTpa-
3BYKOBOE IUCIIEPrupoBaHue
I00aBKU B BOTHOI Cpelie).

3UPOBKA, MOXET IPUBECTU K «OTPABJICHUIO» CUCTEMBI,
3HAYUTETLHOMY 3aMEJIEHUIO TIPOIIECCOB TUIpaTAIIUN
U TBepICHUSI.

AHaIN3 pe3ybTaTOB 10 OIIEHKE BIUSTHUS CITIOCOO0B
BBEIIEHMS T0OABOK B IIEMEHTHOE TECTO, a TAKXKE KOJH-
YECTBO cojepkaHUsl T0OABOK Ha CBOMCTBA BSIKYIIIETO
TO3BOJIWJT OTIPENIETUTh PAIlMOHAIIBHOE COOTHOIIICHUE
BBICOKOIMCIIEPCHBIX T00aBOK B IIEMEHTHOM MaTpulle,
paBHOe 1—2 Mac.% oT Macchl lieMeHTa (TIPUPOCT MPOU-
HOCTU cocTaBisieT 23—41%).

Bononoriomenue, 00mas nopucTocTh

B Tabn. 3 mokazaHbl 3HAYEHUST BOJOTOTJIONICHUS
¥ TIOJTHOM TIOPUCTOCTU IIEMEHTHOTO KaMHs. JloGaBe-
Hue 1—2 mac.% BBICOKOAMCIICPCHBIX YaCTUIl CHU3MJIO
roKasareJib BojoroniomeHus Ha 15—19%, monHyro 1mo-
puctocth Ha 31—36%. YMeHbIlIeHUE TTOPUCTOCTH CO-

Tabauya 3
Bogonor.omenne ¥ NOPUCTOCTh HEMEHTHOIO KAMHS

IToka3zaTeinn MO M1 M2

Bonormoriomienne neMeHT-

5,09 | 4,31 | 4,13
HOTO KaMH4 I1o Macce, %

O0BbEM OTKPBITHIX

10,50
KanWLISIPHBIX TI0p, %

9,32 | 9,04

ITonHbIl 06BEM MTOP

00pas1os, % 15,23

12,55 | 12,05

O06beM BO3LYIIHBIX 4,72 | 3,23 | 3,00

YCIIOBHO-3aMKHYTBIX 110D, %

TJIacyeTcs ¢ pe3yiabTaTaMU, TIPEACTaBICHHBIMY BBIIIIC
(puc. 4), ¢ yiny4dilieHueM IIPOYHOCTH IIPU CKATUU, 38 CUET
00pa3oBaHUs 00JIee TUIOTHOM CTPYKTYPHI IIPH BKITIOUC-
HUM BeICOKOmucIiepcHoit mobasku WC, TiC.

Kunetuka HaGopa npoYHOCTH HA CXKATHE W U3THO
[EMEHTHO-TIECYAHBIX 00Pa3I0B

BakHeimmmmMu mokazaTeasiMu 3KCTUTyaTallMOHHBIX
CBOWCTB IIEMEHTHBIX MaTePUAJIOB SIBJISIIOTCS KUHETH -
YeCKUe XapaKTepUCTUKN U3MEHEHUS X BO BPEMEHU.
Ha puc. 5 mpencrasneHnsl rpaduKu, XapaKTepu3youye
KWHETUKY TTPOYHOCTH TIPY CKATUW U U3TUOE TIEMEHTHO-
rnecuaHbIX 00pa3LoB ¢ nodasneHueM 1 mac.%, 2 mac.%
BeICOKOAMcniepcHBIX m00aBoK WC, TiC u 6e3 HUX.

Pe3ybraThl TOKa3bIBAIOT, YTO BBOM, B IEMEHTHO-TIEC-
yanbIit moponiok cmecu WC, TiC mpuBonuT He TOJIBKO
K YBEJIMUCHUIO KOHEYHO! TTPOYHOCTH TIPU CXaTUM (Ha
28 cyTKu TBep/IEHUST), HO U K yBETMICHUIO paHHE CKO-
pocTu Habopa MPOYHOCTH 0Opa3llaMy HAYMHAS C BO3-
pacrta obpasioB 3 cytok. I3 nuarpamMmbl BUITHO, YTO
y KOHTPOJBLHOTO 00pa3iia HabII0MaeTCss THTEHCUBHBIN
POCT MPOYHOCTU B HAYATBHBIN TIEPUOJ TBEPACHUS, 3a-
TEM TIOCTETIEHHO TTPOUCXOAUT CHUKEHNE CKOPOCTU Ha-
6opa mpoyHocTu. JIpyroit xapakTep pocTa MPOYHOCTH
y IOpTJIaHATIeMEeHTa, MOTU(MUITMPOBAHHOTO J00aBKaMM
cmecu WC, TiC, mpakTruecky Ha IPOTSKEHUN 28 CYTOK
TIPOVCXOIUT YBEIMUEHNE HAOOpa TPOYHOCTH.

B wactHOCTH, TTPOYHOCTH 1IEMEHTHOTO TECTa Ha CXa-
TUE Ha 28 CyTKU TBepaeHUsI ipu nobasieHnn 1—2 mac. %
WC, TiC 6bu1a ynyurireHa Ha 59—63%, TpoYHOCTh Ha 13-
ru6 6bina yBenmudeHa Ha 30—35% cooTBeTcTBeHHO. Kak
BUIHO U3 Pe3y/IbTaTOB, HAaubOJIee ONTUMAIBHON KOH-
LIeHTpalueit nobaBku sBisteTcst 1 Mac. %, naabHeime
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WCCIIeAOBAHUS TTPOBOIMIINCH C 3TUM COAEPKaHUEM 10~
0aBKU.

g oObsICHEHUS TTOJIYYCHHBIX BBIIIEC PE3yIHTaTOB
¥ YCTAaHOBJICHUS 3aKOHOMEPHOCTE (pOpMHUPOBAHUS CO-
CTaBa, CTPYKTYPHI 1 CBOMCTB LIEMECHTHOTO KaMHsI ObLTI
TPOBeIEHBI TEPMOKMHETUYECKHE UCCIIETOBAHMS, pEHT-
reHo(pa3HBIN 1 3JIEKTPOHHO-MUKPOCKOITMYECKIIT aHAa-
JIN3 KOHTPOJIBHBIX 1 MOAU(MPUIIMPOBAHHBIX 00pa3IloB
IIEMEHTHOTO KaMHSI.

TepmokHMHeTHYECKHE HCCIEA0BAHMS TIPOLIECCOB
paHHeil CTa Iy rTHAPATAIMHA BSKYIIAX

C mebio TTIOATBEPXKICHUS TTOJYICHHBIX BBIIIE pe-
3yJIbTAaTOB OBUIN IIPOBEICHBI TEPMOKMHETUICCKIE MC-
ciaemoBaHus (Tabi. 4, puc. 6), HalpaBJIeHHbIE Ha BbI-
SIBIICHWE OCOOCHHOCTEH THApATAIINH BSDKYIIETO C T0-
GasneHueM 1 mac.% nmob6asok mopoiika WC, TiC, ompe-
JeNsieMbIe TI0 TMHAMMKE TIOKAa3aTe/IeH TeIIOBBIICICHNSI,

BBIpaXKCHHO 3aBUCUMOCTBIO dQ/df = f(t) B HAUaIbHBII
TIEPUOLT TBEPACHUS, M OOIIIET0 KOJIMIECTBA BbIACTUBIIE-
rocsl TeTuia, onrchIBaeMoro dyHkmmeir Q = f(t) B Teue-
Hue 72 4acoB, ¢ UCTOJIb30BaHUEM UM hEepEeHINATBHOTO
KaJIOpUMETpA.

[epBbIit MK, TPUXOASIIMICS Ha repuoa 4—7 Mu-
HYT (puc. 4), CBA3aH C IIPOIECCOM 3K30TEPMUICCKO-
TO CMayMBaHUs, a TAKXE PeakKIUsIMU paHHEeH cTaaun
runpatanuu. Yepesd 5 MuH 30 cek mociie 3aTBOPEHUST
M3ydaeMble CUCTEMBbI TOKA3bIBAIOT MHTEHCUBHBIN POCT
TeIUIOBBIIEACHUS (Taoi. 4). ETo BOSHMKHOBEHME CBSI-
3aHO C paCTBOPEHUEM MUHEPAJIOB, (DOPMUPYIOIITUX ITO-
BEPXHOCTh KIIMHKEPHBIX YacTull. B maibHeleM cko-
POCTh B3aMMOJICHCTBYSI IIEMEHTA C BOJOI CHMXKXAETCST
0 Mepe HACHIIIEHUsI pacTBOPa NEPBUYHBIMU TTPOITYK-
TaMU THIpaTalliy, CUCTeMa BXOIUT B WHAYKIIMOHHBIIA
repuof (CymecTBeHHOTo BiausHUsI mopomka WC, TiC
Ha JJaHHBII TTeproJI He HAabJI0IaI0Ch), ITOC/Ie KOTOPOTO
HaOJIfo1aeTCs TIOBTOPHOE MOBBIIIIEHUE YPOBHSI TETLIO-

Tabauya 4
XapakrepiucTHKAa TePMOKMHETHIECKHX MOKA3ATe e
BDK303¢ ekt
Ne Havano TenioBbI-
npo- Oopaszen peakuuu, Mowment Bemrana TemnoBbime- | A€lIeHHe MAKC.
T o JOCTHIKEHHS, MaKcHMyMa 3272, .
9:MHH:CEK JIK/req IO, AP e/
0:05:31 16,53 1,08
1 IMoprnaHaieMeHT 15 209.9
13:03:10 8,11 70,11
TMopTianiiemenT + 0:06:01 15,82 1,15
2 . 15 202,2
1% WC,TiC 12:51:31 7,76 67,38
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Puc. 6. [Iuddpepennmanbhbie U MHTErpaibHbie KPHBbIE TEILIOBbIIEICHHUS NPH THIPATANMHA UCCJIELyeMbIX

o0pa3noB

BBIICIICHMS NCCIICAYEMOI CCTEMBI — ITepHO aKTUBHOM
ruapatain. Kak rmokasanm pe3ysibTaThl UCCIEIOBaHUS,
ncmoab3oBanue nodoaBku WC, TiC yckopsieT Hadaao
IAaHHOTO meprona (Tadia. 4). DTo MOXET OBITh CBSI3aHO
C YCKOPEHHBIM TeTePOreHHBIM 3apOIbIIIco0pa30BaHIEM
TUIPATOB HAa YACTUIIAX BLICKOKOIMUCIIEPCHBIX ITOPOIITKOB.
OmHako, HeCMOTPSI Ha YCKOPEHHE TTOSIBJICHHUST OCHOBHO-
To TIMKa TUApaTaluy, HaOIomaeTcsl YMEHBIIICHUE WH-
TEHCUBHOCTH TETIJIOBBIIEICHUS COCTABOB C JOOABKaAMU
10 OTHOIICHHIO K KOHTPOJIBHOMY, UYTO OOYCIIOBIICHO
YMEHBIIIEHNEM COIepKaHUsI IOPTIAHAIIEMEHTa B CMECH
¥ U3MEHEHMEM KOJTUUEeCTBa XKUAKOM (Da3hl IO OTHOIIIE-
HUIO K IICMEHTY.

Pentrenoda3snplii aHAM3 IEMEHTHOTO KAMHS

CpaBHUTEIBHBIM peHTTeHO(ha30BhIN aHAIN3 TIPO-
IYKTOB THIPATAlIMX KOHTPOJIBHOTO IIEMEHTA U IIEMEH-
Ta ¢ nodasnennem 1% modasku WC, TiC mnipeacrasieH
Ha puc. 7.

ITo maHHBIM peHTTeHO(Aa30BOTO aHAIM3a IIPU BBE-
JEHUU B LEMEHTHYI0 cMech 1 Mac.% modasku WC,TiC
Ha nrdpaKTorpaMMe HaOIIoaacTCs TCHICHIINS K YMEHb-
IIEHNIO MHTEHCUBHOCTH MUKOB noptiaanauta Ca(OH),
Y TIMKOB KIMHKepHBIX MuHepanos (C,S u C,S), a Takxke
TOBBIIICHNE MHTCHCUBHOCTH MTUKOB, TIPUHAJICKAIIINX

TUIPOCIINKATAM KaJIbIIHS, TI0 CPABHECHMIO C KOHTPOJTb-
HBIM COCTaBOM, TIPUBOSIIEE K YBEINICHUIO (PU3UKO-
MEXaHNIEeCKIX XapaKTePUCTUK IIPOTHOCTH IIEMEHTHOTO
KaMHSI, YTO JTOTIOJTHUTEILHO ITOATBEPXKIAIOT PE3YIBTATEI
IIPOBEICHHOTO MUKPOCTPYKTYPHOTO I TEPMOKIUHETH-
YeCKOTo aHaIn3a, a TAKsKe MeXaHMIEeCKUX MCITBITaHII
pa3padboTaHHBIX KOMITO3UIIHIA.

MHUKpPOCTPYKTYpa 00pa3ios

C mepro M3yYeHUS MUKPOCTPYKTYPHI U ST 00b-
SICHCHUSI TIPUYMH TTOBBIIICHUS IIPOYHOCTHBIX XapaK-
TePUCTUK IIEMECHTHOTO MaTepualia IMpu J00aBICHUN
BBICOKOIMCIIEPCHOTO TTOPOIIKA OBIIO IIPOBEACHO JICK-
TPOHHO-MHUKPOCKOITMYECKOE NCCIeH0BAaHINE MUKPO-
CTPYKTYPHI ITOBEPXHOCTH CKOJIa IIEMEHTHEIX 00pa3IIoB
mpu yBeamdeHun X 10 000 pa3 Ha 3, 14, 28 cyTku TBep-
nmeHus (puc. 8).

Kak BumHO 13 TIpeIcTaBIeHHBIX MUKpOdoToTpadmit
(puc. 8a), y KOHTPOJIBHOTO 00pa3iia, HeCMOTpPSI Ha II0-
CTUKEHME THUApATallMy [EMEHTHOM ITacThl 28 CYyTKH
TBepACHUs, HabIogaeTcsl HEOTHOPOIHOCTD CTPYKTYPHI,
0OJIBIION 00BEM OTKPHITHIX ITOP U ITycTOT. CTPyKTypa
LIEMEHTHOTO 00pa3lia ¢ obaBIeHNEM TTOPOIIIKa (prc. 80)
OoJiee TIIOTHASI BO BCE paccMaTprUBaeMbIe CPOKHU TBEpIIe-
HUS 110 CPAaBHEHHIO C KOHTPOJIBHBIM 00pa3IIoM.
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Puc. 7. PentrenorpaMma neMeHTHOro KaMHsl KOHTPOJIbHOTO cocTasa (a) u MmomuguupoBannoro 1 mac. % nopoukom

WC, TiC (0) B Bo3pacTe 28 cyToK

3AKTIOYEHUE

B cTathe OCHOBHOE BHUMAaHUE YIEIISIIOCH BIUSHIIO
conepkaHus BeIcokoaucnepcHoro mopomka WC, TiC
Ha CBOICTBA IIEMEHTHBIX ITACT U IIEMECHTHOTO KaMHSI: 13-
MEHEHHE CPOKOB CXBAaThIBAHMSI, PACTEKACMOCTH, TTPOY-
HOCTH TIPU C3KaTUM 1 U3THO, a TAKKe TTPOAHATIM3NPOBAHO
pimstHue nobasieHns WC, TiC Ha TepMOKMHETUYECKIE
TIOKAa3aTesn, TIPOAYKTHI THAPATAIINUA M MUKPOCTPYKTYPY
IEeMEHTHBIX 3aTBepAeBaoIuX mact. M3 mpuBegeHHOTO
BBIIIIE TIPOIIeCcca MCCIICIOBAHMS MOXKHO CIIEIaTh CIICIYIO-
V¢ BBIBOIEI:

— C yBenmnueHHEM TIPOIIEHTHOTO COIEPKAHUS T0-
6aBku 1—5 mac.% WC, TiC B LieMEHTHOM PacTBOpE A1a-
METpP pacTeKaHMSI YBEIMUUBACTCS II0 CPAaBHEHUIO C KOH-
TPOJIbHOIM cMechio Ha 0,4—3%, TUTOTHOCTh LIEMEHTHBIX

00pa3uoB yBeanuubaercs Ha 0,3—3% COOTBETCTBEHHO.
HavanpHOE 1 KOHEYHOE BpeMs CXBaThIBAaHMSI MOIU(DN-
IIMPOBAHHBIX 00PA3IOB COKPATIIIOCH IO MEpe YBEIH-
YeHUS cofepKaHus 100aBKu Ha 7,5%, KOHell CXBaThl-
BaHUA — Ha 12,5%.

— PaccMmoTpeHBI c1TocoOBI BBEICHMS BBICOKOIN -
CITEPCHOTO TTOPOIITKA B IIEMEHTHYIO CMECh Ha MI3MEHEHIE
IIPOYHOCTHBIX CBOMCTB 00pa3noB. [1pu cyxoM MexaHU-
YeCKOM TIepeMEITMBAHNH TTOBBIIICHIE TIPOYHOCTH 1Ie-
MEHTHOTO KaMHSI focturaeT 22%, Tipyu UCTIOJb30BaHUN
VJIBTPa3BYKOBOI 00pabOTKM BOJHOM CyClieH3un — 6osiee
41% 10 CpaBHEHUIO C KOHTPOJIbHBIM 00Pa3LIOM.

— Jlo6asnenue 1—2 mac.% BBICOKOAUCIIEPCHBIX Ya-
CTHII CHMU3WJIO TTOKA3aTeIb BOOOIIOTIONICHUS Ha 15—
19%, monHy1o ToprucTOCTh Ha 31—36% COOTBETCTBEHHO.
YMEHBIIICHNE TIOPUCTOCTH COTJIACYETCS C YIyJIIeHIEM
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Puc. 8. MuKpocTpyKTYpa ieMEHTHBIX 00pa31i0B KOHTPOJILHOIO cOCTaBa (a) 1 MOAMGHIHUPOBAHHOTO CMECHIO

nopomkoB WC, TiC (0) B Bospacre 3, 14, 28 cyTok

TMIPOYHOCTH TIPU CKATUM 3a CUET oOpa3oBaHUs Ooiiee
TJIOTHOM CTPYKTYpPHI 1ipu BKitodeHnn nodasku WC, TiC.

— BrisiBneHa ogHO3HAYHAST TEHACHITUS TTOBBIIICHUS
TIPOYHOCTHBIX XapaKTEPUCTUK TPU BBEICHUU B Iie-
MEHTHO-TIeCUaHyIo cMech mmopotrka cmecu WC, TiC
Kak B paHHWE, TaK U B 00Jiee TTO3HNE CPOKU TBEPIE-
HUS (Ha 28 cyTKU TBepAeHUsT). B yacTHOCTH, MPOYHOCTH
IIEMEHTHOTO TeCTa Ha cxKaTue Ha 28 CYTKU TBEpICHUS
npu no6asienun 1—2 mac.% WC, TiC 6blna ynydiire-
Ha Ha 59—63%, MpOYHOCTb Ha M3rUG ObLIA yBEeTMYEHA
Ha 30—35% coOTBETCTBEHHO.

— JlobaBneHue BHICOKOAMCIIEPCHOM T00aBKU CTIO-
coOcTBOBaJIO Oojiee paHHEN TUApaTaAllUU. DTO MOXKET
OBITH CBSI3aHO C YCKOPEHHBIM T€TEPOTEHHBIM 3aPOJIbI-
1eo0opa3oBaHNEeM THUAPATOB HA YaCTUIAX TTOPOIIIKOB.
HaGmomaercst ymMmeHbIlIeHe WHTEHCUBHOCTH TETIIO-
BBIJIEJICHUST COCTABOB C T0OaBKAMU MO OTHOIIEHUIO
K KOHTPOJLHOMY, YTO OOYCJIOBJIEHO YMEHBIIIEHUEM CO-
JEepKaHUsI TTOPTAAHIIIEMEeHTa B CMECU U U3MEHEHUEM
KOJINYECTBA KUIAKOMU (Da3bl MO OTHOIIEHUIO K IIEMEHTY.

— PenTrenoda3oBblit aHaIN3 TIPOMYKTOB THAPATAIINN
KOHTPOJILHOTO IIeMEHTa U LieMeHTa ¢ jo0aBieHueM 1%
mo6asku WC, TiC moka3zanr yMeHbIIIeHIe MHTCHCUB-

HOCTH MUKOB MOPTJIAHANTA U KIMHKEPHBIX MUHEPAJIOB,
a TakKe TMOBBIIIIEHNEe MHTEHCUBHOCTY TTUKOB, TIPUHA -
JIeXKaIUX TUAPOCUIINKATAM KaJbIIUsI, TI0 CPABHEHUTO
C KOHTPOJIBHBIM COCTAaBOM, TIPUBOISIIIEE K YBETUICHUTO
(bn3uKo-MexaHMIeCKUX XapaKTePUCTUK MPOYHOCTH Tie-
MEHTHOTO KaMHSI.

— CornacHo JaHHBIM CKaHUPYIOIIETO IEKTPOHHOTO
mukpockomna (SEM), nuccnemyemslii mopotiok agdex-
TUBHO YMEHBIIIAET ITyCTOTHI U Ne(heKThl B MaTepramax
Ha OCHOBE 1IeMEHTa, Jiejiasi pacrpeiesieHre MPOITyKTOB
ruapaTauuu oosee miIoTHbIM. JlobaBieHue 100aBOK IOo-
BIUSIIO HA MUKPOCTPYKTYPY MaTPUIIBI, TIPY 9TOM COCTaB
TUAPATUPOBAHHBIX (Da3 B IIEMEHTHBIX MAacTax He ObLT
HapyIlleH 100aBIeHNeM BbICOKOIUCIIEPCHBIX T00aBOK,
YTO B CBOIO 0Yepe/Ih HE TOJIIBKO HE MEIIaeT HOPMaIIbHOMY
TIPOXOXXACHUIO CUCTEMBI Yepe3 KaxkIylo CTaauio THapa-
TalK, HO U YCKOPSTIOT TUPATALIHIO.

Cmecph HanomopomkoB WC u TiC, mosyueHHast
13 TBEPIOCTUIABHBIX OTXOI0B, MOXET HAUTH TIPUMEHE-
HUE B Ka4eCTBe MOANMDUIUPYIOIIEeH 700aBKY s 11e-
MEHTHBIX MaTepPHUAJIOB TIPU MPOU3BOJACTBE OETOHOB KaK
KOHCTPYKITMOHHBIX, TaK U CTICIIMATbHOTO Ha3HAYCHUS
(TMIPOTEXHUUYECKUX, PATUAIMOHHO-CTOMKIX U JIp.).
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ABSTRACT. Introduction. Impregnation with a new solution based on potassium polysulfide showed excellent results in the hydro-
phobization of cement stone and cement-sand mortar due to the formation of a nanoscale water-repellent coating on the surface of
the pores from sulfur nanoparticles formed as a result of the destruction of the molecule during the drying process. An innovative
solution based on potassium polysulfide refers to polysulfur compounds, from which, as a result of the destruction of polysulfide
molecules, a nanoscale layer of sulfur particles is formed on the surface. Materials and research methods. Potassium polysulfide
solutions of different densities were used for impregnation; the properties of the solutions were tested on cubic samples with a
40 mm edge, made on the basis of cement and cement-sand mortar. Particle characteristics were evaluated using a laser particle size
analyzer, an electron microscope and a diffractometer. Results. The analysis showed that the average size of the particles forming the
protective coating is 20 nm, they have a spherically symmetric shape and crystallize into an orthorhombic crystal lattice structure.
The treatment of concrete with a solution of potassium polysulfide ensures the formation of a coating based on nanosized sulfur
on the surface of the pores of the stone, which partially fills the pore space and, being hydrophobic, reduces the water absorption
of samples by 2-3 times, and the water absorption of samples impregnated under vacuum for 0.5 hours, decreases to values of
1.3-1.9%. Results and discussion. Modification of concrete with an impregnating composition developed by us with a solution
based on potassium polysulfide The impregnating solution based on potassium polysulfide is stable in the concentration range of
1.15-1.35 g/cm?; upon impregnation, it penetrates into the pore structure of concrete at a level of up to 4 cm or more, depending
on the growth and structure of the sample. When the material dries in its pores, sulfur nanoparticles crystallize from the polysulfide
solution, partially filling the pore space and forming a protective durable insoluble hydrophobic coating that makes it difficult for
water to penetrate into the pores of concrete, but retains its vapor permeability, which is important for wall and facing materials.
Conclusions. Impregnation of road building materials and concrete products with a composition based on potassium polysulfide
improves their performance properties, increases durability and resistance to weathering, which makes it possible to recommend
it for use in the climatic conditions of the Russian Federation.
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INTRODUCTION

1l known building materials (concrete, brick, slate,
psum, limestone, etc.) are porous and hydrophilic;
when in contact with water, they are wetted by it, as a result,
water easily gets inside the materials. The main reason for
the degradation of building structures is the atmospheric-
chemical factor. Aggressive chemical and atmospheric
components that cause carbonization, sulfate deposition,
chloride reactions, freeze-thaw cycles, increased mechani-
cal stress — all this contributes to pore degradation, reduced
water resistance and reduces the strength of concrete and
other building materials. Water acts as a carrier for all ag-
gressive agents and chemical reactions described above.
Therefore, it is not difficult to understand the importance
of waterproofing concrete and other building materials.

The most effective way to prevent the degradation of
materials is to use various kinds of protective compounds.
Now there is a huge number of different protective coat-
ings for building materials, but most of them retain their
protective properties for a certain, fairly short (2—3 years)
time. Everyone knows the need to re-apply protective ma-
terials on the facades of buildings due to the destruction
of the previous protective layer. Even more acute is the
problem of protecting elements of buildings and structures
exposed to hydrostatic water (hydraulic structures, flumes,
drains, culverts, etc.), as well as to groundwater (founda-
tions, tunnels, underground structures, etc.).

The building materials market has a huge selection
of various protective coatings for building materials and
structures. The main problem is that most of them retain
their protective properties for a fairly short time. The short
service life of the vast majority of protective materials is
due to the fact that under atmospheric conditions (solar
radiation, rain, snow, hail, alternating temperatures) they
quickly lose their properties [1].

In this regard, the problem of creating specialized
impregnating compositions that allow maintaining a high
level of protective properties of building materials for a
long time is very relevant. In works [2, 3], it was proposed
to protect building materials by impregnating them with
a solution based on calcium polysulfide (“Aquastat” im-
pregnation), intellectual property objects were issued [4,
5], and good results were obtained. The water-repellent
effect for a long time is provided by a composition based
on calcium polysulfide and is similar to the action of wa-
ter repellents such as Penetron (USA) and many others
based on the principle of pore clogging. The advantages
of this type of impregnating compositions, in contrast
to organic and organosilicon coatings, are the depth of
their penetration into the depth of concrete (more than
10 cm) and mineral nature, which provide reliable and
long-term protection of concrete [6, 7]. The limited use
of penetrating waterproofing is due to the relatively high
cost of the materials used.

The use of penetron and others provides long-term
protection of concrete, but water repellents based on
calcium polysulfide are universal and protect not only
concrete, but also ceramic and silicate bricks, shell rock,
aerated concrete. The developed impregnating compo-
sition based on sulfur provides protection of building
materials from atmospheric influences and aggressive
environments for a long time. The technology for pro-
cessing structural elements and products is simple and
affordable: like most paints and varnishes, they are ap-
plied by brush, pouring, spraying, immersion at any
positive temperatures. The fundamental novelty of the
proposed solution lies in the fact that hydrophobization
is achieved by using a material of inorganic nature —
sulfur. The presence of sulfur in the pores of building
materials gives them water-repellent properties for a long
time, unlike organic paints and varnishes. The originality
of the approach lies in the fact that at the impregnation
stage a water-soluble substance is used, in which poly-
sulfide molecules enter the smallest pores of the material.
During the drying stage, this substance decomposes,
and a water-insoluble (hydrophobic) layer of elemental
sulfur forms on the surface of the pores.

The use of deep impregnation solves the main task of
protecting building materials — the penetration of water
into the pores stops. Water that has fallen on the surface
of materials treated with “Aquastat” does not penetrate
into the pores even with prolonged contact with water,
for example, for foundations when exposed to ground-
water, water pressure in hydraulic structures. But, there
are a number of issues associated with the production
of calcium polysulfide that make it difficult to produce.
Firstly, during its production, quite a lot of waste is gener-
ated (up to 30% of the initial reagents) and they must be
disposed of. Secondly, the calcium polysulfide solution
is unstable, and special storage is necessary for long-term
storage. In addition, the calcium polysulfide solution has
a slight hydrogen sulfide odor.

In this regard, it is proposed to protect building mate-
rials a new composition from the family of polysulfides,
namely, potassium polysulfide, devoid of the disadvan-
tages inherent in calcium polysulfide. It should be noted
that only potassium silicate has been used as a silicate
paint on inorganic and organic surfaces to protect build-
ing materials from potassium salts [8—12]. Impregnation
based on calcium polysulfide belongs to the type of pen-
etrating waterproofing, which protects the material under
conditions of constant exposure to water, and therefore
is relevant, work in this direction does not stop to this
day [13—18].

Potassium polysulfide is a multifunctional product
with many practical applications. But it should be noted
that solutions of potassium polysulfide have not yet been
used for the purpose of hydrophobization of building
materials, although they have been known for a long
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time. They can be obtained by a reaction between sul-
fur and potassium in a boiling aqueous solution, they
are dark red solutions containing potassium polysulfide
molecules with the formula K,S , where n = 2+6. It was
found in [19] that the formula of the compound is po-
tassium polysulfide K.S, and that sulfur nanoparticles
with an average size of 20 nm can be obtained from it
by chemical precipitation. This work formed the basis
of the present work. We assumed that if impregnation
with a solution based on calcium polysulfide can give
building materials (concrete, brick, aerated concrete,
etc.) water-repellent properties, then impregnation with
potassium polysulfide can give a hydrophobic effect.
If impregnation with a solution of potassium polysul-
fide for building materials gives a hydrophobic effect, it
will be more preferable in many cases, since no waste is
generated during the synthesis of potassium polysulfide
and solutions of sufficiently high concentrations can be
obtained. In addition, the potassium polysulfide solution
is stable in storage and does not deteriorate for a long
time, does not smell of hydrogen sulfide, and therefore
is more convenient to use.

MATERIALS AND RESEARCH METHODS

The particle sizes were measured with a Shimadzu
SALT 7101 laser analyzer, the particle shape was ana-
lyzed with a Solver PRO-M probe microscope, and the
structural and thermal characteristics were analyzed with
a Rigaku Ultima IV X-ray diffractometer.

For impregnation, solutions of different densities
were used — in Fig. 1a shows 1.33 g/m? (flask on the left)
and 1.18 g/cm?® (flask on the right). Sample cubes with
a cement stone edge of 40 mm were made on the basis
of cement TSEM II V-K (Sh-I) 42.5N (GOST 31108-
2020) with a water-cement ratio W/C = 0.32, hardening
time — 28 days. Similar samples of cement-sand mortar
were prepared on the basis of cement CEM 11 V-K (Sh-I)
42.5N and sand with fineness modulus Mk = 1.4 at a ratio

(cement: sand) = 1:3.5 at a water-cement ratio B/C =
0.52, hardening period — 28 days.

RESULTS AND DISCUSSION

To protect building materials, the hydrophobic effect
of sulfur, which is characteristic of this chemical element,
is used (Fig. 1b). But to protect materials from the effects
of water, it is necessary that sulfur covers the entire surface
of the material, including the surface of the pores. For this
purpose, sulfur is transferred to a liquid state, in which
sulfur is in the form of polysulfide molecules (Fig. 1a).
The originality of this approach lies in the fact that at the
impregnation stage a water-soluble substance (polysulfide)
is used, in which sulfur molecules enter the smallest pores
of the material. During the drying stage, this substance
decomposes, and a water-insoluble hydrophobic layer of
elemental sulfur forms on the surface of the pores.

Figure 1c shows the transition from the polysulfide
state (lower part of the figure) to the state of transition
to elemental sulfur in the form of a hydrosol (Fig. 1c).
When analyzing protective materials, the distribution of
the impregnating solution over the surface of the material
is considered. To analyze the particle size and shape, it
is convenient to examine the images with a transmission
microscope that appeared on the glass surface after the
application of a potassium polysulfide solution. In Fig. Ic,
the solution begins to become cloudy, and the transition
from potassium polysulfide molecules to sulfur nanopar-
ticles begins.

Figure 2 shows images obtained on glass at 40x mag-
nification (2a) and at 100x magnification (2b) 4 hours
after treatment; these objects also contain water along
with potassium polysulfide molecules. In the process of
processing building materials, a polysulfide solution is
applied to the material, penetrates into the pores. As the
solution dries, water is removed, dispersed sulfur remains
on the surface and gives its hydrophobic effect. It can be
seen from Fig. 2 that in all cases, spherically symmetrical

Fig. 1. Potassium polysulfide solutions of different concentrations (a), image of lump sulfur (b), and image of sol-gel

transition of potassium polysulfide (c)
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Fig. 2. Image of particles deposited on a glass substrate from a solution of potassium polysulfide: a — 40-fold increase;

b — 100-fold increase

objects (a mixture of potassium polysulfide and water
molecules) are formed on the surface, uniformly distrib-
uted over the surface.

It also turned out that when removing sulfur particles
from the glass surface (Fig. 2) and measuring their sizes
in a laser particle size analyzer, the particles in the aquatic
environment decompose into sulfur particles with an aver-
age size of 20 nm. The discovered fact indicates that Fig. 2
shows agglomerates consisting of sulfur nanoparticles with
an average size of 20 nm. Earlier for calcium polysulfide,
it was found [20] that, when diluted with water, a sul-
fur hydrosol is formed from it; similarly, for a solution
of potassium polysulfide, cloudiness of the solution was
experimentally found (Fig. 1c).

Measurements on a laser analyzer showed that sulfur
nanoparticles with an average size of 20 nm are formed

in an aqueous medium (see Fig. 3a). Further, particles
of sulfur powder were isolated from the aqueous medium
and measurements were taken on an electron microscope;
determination of their sizes showed that the main part
of the sizes lies in the range of 20—30 nm (see Fig. 3b).
X-ray phase analysis of these powder particles isolated
from the hydrosol showed that it corresponds to the sulfur
diffraction (Fig. 4)

Thus, nanoparticles 20 nm in size are deposited from
a solution of potassium polysulfide, just as from a solution
of calcium polysulfide, and are evenly distributed over
the surface of the material. To illustrate the possibilities
of potassium polysulfide solution as a method of protect-
ing building materials, experimental data obtained for
concrete materials tested under various conditions are
presented. The potassium polysulfide solution is supposed
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Fig. 3. Size distribution of sulfur particles isolated from potassium polysulfide by diluting it with water. Differential
curve from below and integral curve from above (a) and image of powder of sulfur nanoparticles (b)
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Fig. 4. X-ray phase analysis of sulfur

to be used in the same way as Aquastat, which is based on
a calcium polysulfide solution, which is used mainly to
protect building materials that are operated under condi-
tions of constant exposure to moisture. Therefore, a study
was made of the effect of impregnation with this composi-
tion on the water absorption of cement and sand-concrete
samples by immersing them in a bath with a solution of
potassium polysulfide.

Figure 5 shows experimental data on the measurement
of water absorption by weight (Wm) for samples-cubes of

cement stone impregnated by immersion in a bath filled
with a solution based on potassium polysulfide for 1, 2, 4
hours, and also after vacuum impregnation at a tempera-
ture 22x1°C. The first column “untreat” means the ob-
served water absorption from the unimpregnated sample.
Columns with signs 1, 2, 4 hours correspond to immersion
treatment for 1, 2 and 4 hours and corresponding values
of the water absorption parameter from them. In addi-
tion, the last column with the sign “vacuum” corresponds
to the value of water absorption from samples that were

12

10d 9797

1y

untreat

24 44 vacuum

Fig. 5. Dependence of water absorption by weight of cement stone samples on the meth-
od of impregnation with solutions with a density of 1.18 g/cm? (=) and 1.33 g/cm3 (=)
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previously evacuated before treatment with a solution. For
samples of cement stone, it was found that the first treat-
ment for 1-hour leads to a decrease in water absorption to
6.2%, treatment for 4 hours leads to a decrease in water
absorption to 4.8%. A further increase in the duration of
the impregnation did not lead to any significant decrease
in water absorption below the value of 4.8%. Therefore,
the water absorption of samples previously evacuated be-
fore treatment with a solution was measured, as a result,
a water absorption parameter value of 2.6% was obtained.

In Fig. 5 also shows a diagram of the dependence of
the water absorption parameter by weight of cement stone
samples on the method of treatment with a solution with
a density of 1.33 g/cm?. Treatment with a denser solution
led to a more significant decrease in the values of the water
absorption parameter: it was found that the first treatment
for 1 hour leads to a decrease in water absorption to 4.4%,
and treatment for 4 hours leads to a decrease in water
absorption to 3,4%.

The influence of treatment with a solution based on
potassium polysulfide on cement-sand samples is also
considered. Figure 6 shows the dependences of the water
absorption parameter by weight for samples of cement-
sand samples on the method of treatment with solutions
with densities of 1.18 g/cm® and 1.33 g/cm?. From the
data shown in Fig. 6, it can be seen that an increase in
the holding time in the solution and an increase in the
density of the solution lead to a decrease in the amount
of absorbed water.

It was found that the water absorption parameter of
the samples, pre-evacuated before treatment with a more
concentrated solution, makes it possible to reduce the value

of the water absorption parameter, equal to 1.9%. Figure 7
shows the dependence of the penetration depth of cement-
sand stone samples on the method of impregnation with
a solution with a density of 1.33 g/cm?. Fig. 7a shows a
general view of the impregnated sample, and Fig. 7b shows
a cleavage of a sample impregnated for 4 hours, it can be
seen from it that the potassium polysulfide solution has a
good penetrating ability, during the impregnation, equal in
time to 4 hours, it penetrates to a depth of 2 cm. Using the
pre-vacuum method, it penetrates to the entire depth (see
Fig. 7¢) within 15 minutes of impregnation

In general, the values of the water absorption coeffi-
cient for a cement sample are higher than for cement-sand
samples. Thus, we observe a significant decrease in the
water absorption parameter when treated with a solution
based on potassium polysulfide of different density, and
the results are better for a more concentrated solution.
The results of the experiment show that impregnation
based on potassium polysulfide can be used to protect
against the negative effects of water in industrial and civil
construction. As the main impregnating composition, it
can be used to protect all structural elements exposed to
intense moisture: foundation blocks, well rings, culverts,
sleepers, wall sections, piles, arches, ceilings, curbstones,
paving slabs. Impregnation based on potassium polysul-
fide provides reliable penetrating waterproofing of build-
ing structures by using the dipping method and the ap-
plication method on facade surfaces on various building
materials. Moreover, the method of hydrophobization
with a composition based on potassium polysulfide is suit-
able both for recently created materials and for structures
that have existed for more than a dozen years.

10 -

8,48,4

untreat 1y

2y

4y vacuum

Fig. 6. Dependence of water absorption by weight of cement-sand stone samples on the
method of impregnation with solutions with a density of 1.18 g/cm? (=) and 1.33 g/cm? (=)
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Fig. 7. Dependence of the depth of penetration of samples of cement-sand stone on the method of impregnation with
a solution of density and 1.33 g/cm?: a — appearance of the impregnated sample; b — soaked for 4 hours;
¢ — impregnated using the method of preliminary evacuation

It should be noted that along with the above meth-
ods of protecting building structures using penetron and
similar materials, attempts were made to protect building
materials using impregnation with monomers and sulfur
melts [21—24]. Despite the fact that the impregnation with
monomers has shown good results, its practical applica-
tion is limited due to the high cost; impregnation with
molten sulfur has become more widespread. As a result
of impregnation with molten sulfur, the density and me-
chanical characteristics of concrete increase, water resis-
tance, frost resistance and chemical resistance increase.
At the same time, the use of a large-capacity sulfur prod-
uct obtained in the processes of oil and gas desulphuriza-
tion as an impregnating material is also characterized by
a number of undeniable advantages, including a rather
low cost of sulfur compared to monomers used for the
manufacture of concrete polymers.

The impregnation of sulfur-impregnated concrete
is characterized by a lower energy intensity, as well as
a lower complexity of the technological process than the
production of a concrete polymer. All this, as well as the
need to utilize the excess amount of sulfur accumulated
at the enterprises of the gas and oil industries, contributed
to the resumption of studies carried out back in the 20s of
the last century on the study of the properties of concrete
impregnated with molten sulfur, but then did not find
practical application due to the high sulfur cost. Impreg-
nation of materials with molten sulfur includes a number
of successive technological processes: heating of sulfur to
150°C; drying and heating of products at a temperature
of 130—140°C; immersion of products in the melt and
impregnation; extraction of products from the sulfur melt
and their cooling. For effective impregnation with molten
sulfur, it is necessary to use a sealed bath equipped with
a vacuum system.

As practice has shown, the method of impregnat-
ing concrete products with molten sulfur also has the
following disadvantages. Firstly, in order to impregnate
with a sulfur melt, it is necessary to heat both sulfur and

concrete products to a temperature of 140—150°C, which
significantly increases the energy intensity of the pro-
cess. In addition, heating products to such temperatures
can cause stress in the material and lead to a decrease in
strength. Secondly, due to the relatively high viscosity of
the sulfur melt, it is necessary to use vacuum or overpres-
sure, which significantly complicates and increases the
cost of the sulfur melt impregnation technology.

The use of a composition based on potassium poly-
sulfide is an alternative method that solves the problem
of creating reliable protective and durable coatings for
building materials. As a means of long-term protection
of building materials, it is proposed to treat the porous
surfaces of building materials with a new sulfur-containing
composition. The developed impregnating composition
based on sulfur provides protection of building materials
from atmospheric influences and aggressive environments
for a long time. The technology for processing structural
elements and products is simple and affordable: like most
paints and varnishes, they are applied by brush, pouring,
spraying, immersion at any positive temperatures.

Thus, the results show that a new method has been
proposed for the long-term protection of building mate-
rials from water penetration in conditions of its constant
presence using potassium polysulfide, which complements
the class of polysulfide water repellents based on calcium
polysulfide. The fundamental novelty of the proposed
solution lies in the fact that hydrophobization is achieved
using a material of inorganic nature — sulfur. The pres-
ence of sulfur in the pores of building materials gives them
water-repellent properties for a long time — unlike organic
paints and varnishes.

The novelty of the approach lies in the fact that at the
impregnation stage a water-soluble substance is used, in
which sulfur molecules enter the smallest pores of the mate-
rial. During the drying stage, this substance decomposes
and a water-insoluble (hydrophobic) layer of elemental
sulfur forms on the surface of the pores. The use of deep
impregnation allows, along with an increase in strength and
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frost resistance, a decrease in water absorption, to signifi-
cantly increase resistance to atmospheric factors, as well
as to acids, salt solutions, and petroleum products. The
mineral nature of the coating ensures its durability, and
the water-repellent properties inherent in elemental sulfur
block the access of water. Surfaces treated with the pro-
posed composition acquire not only hydrophobic proper-
ties, but also pronounced bactericidal properties, as a result,
the processes of decay and mold formation are prevented.

CONCLUSIONS

The images presented in Fig.1 indicate that the natural
hydrophobic properties of sulfur (Fig.1b) make it pos-
sible for sulfur to be converted into potassium polysulfide
molecules (Fig. 1a), as in the case of calcium polysulfide.
At the impregnation stage, a water-soluble substance is
used, in which sulfur molecules enter the smallest pores
of the material and turn into sulfur hydrosol (Fig. 1c).
It has been experimentally established (Fig. 2) that the
impregnating solution is evenly distributed over the sur-
face of the sample. During the drying stage, this substance
decomposes, and a water-insoluble (hydrophobic) layer
of elemental sulfur forms on the surface of the pores. The
sizes of these particles, measured on a laser analyzer and
an electron microscope, showed average values equal to
20 nm (Fig. 3). These particles have the structure of or-
thorhombic sulfur (Fig. 4). It is they who fill the porous
structure of concrete and its voids fill the pores of con-
crete with a water-repellent material. During the drying
stage, this substance decomposes, and a water-insoluble
(hydrophobic) layer of elemental sulfur forms on the sur-
face of the pores. The use of deep impregnation allows,
along with an increase in strength and frost resistance,
a decrease in water absorption, to significantly increase
resistance to atmospheric factors, acids, salt solutions,
and petroleum products. The mineral nature of the coat-
ing ensures its durability, and the water-repellent proper-
ties inherent in elemental sulfur block the access of water.

The data shown in Fig. 5 and 6 show that impregna-
tion with a mortar leads to a significant decrease in water
absorption by weight for both cement stone samples and
cement-sand mortar samples. Moreover, the result is af-
fected by both the duration of impregnation and the density
of the solution. A successive increase in the duration of
impregnation leads to a decrease in the value of the water
absorption coefficient, since the impregnating solution
penetrates into a greater number of pores over a longer
time. A higher concentration solution contains less water
and more polysulfide molecules, and when the solution
dries, more sulfur remains. So, for the impregnation of a
cement sample with a solution with a density of 1.33 g/cm?,
after 4 hours of exposure to a solution with a density of 1.33
g/cm?, a value of 3.4% was achieved, and as a result of pro-
cessing using a vacuum, a value of 1.9% was achieved. And

for the impregnation of the solution sample with a solution
with a density of 1.33 g/cm?, after 4 hours of exposure to
a solution with the same density of 1.33 g/cm?, a value of
3.4% was achieved, and as a result of processing using a
vacuum, a value of 1.3% was achieved g/cm’.

The results of potassium polysulfide cement-sand
samples were compared with the results for calcium
polysulfide [4]. When impregnated with calcium poly-
sulfide for 1 hour, a water absorption coefficient of
6.2% is achieved, and for potassium polysulfide at p =
1.18 g/cm?® — 6.2% and at p = 1.33 g/cm? the water absorp-
tion coefficient is 4.4%. When impregnated for 4 hours,
calcium polysulfide shows a water absorption coefficient
of 4.5%, and potassium polysulfide at p = 1.18 g/cm?
achieves a water absorption coefficient of 4.8%, and at
p = 1.33 g/cm?® — water absorption coefficient 3.4%. As
a result, for a cement sample, when impregnated with
a solution of potassium polysulfide p = 1.33 g/cm?, we
obtain values very close to values of the order of 3—4%,
and under vacuum — a value equal to 1.3 g/cm’.

The data shown in Fig. 7 show that even a concentrated
solution of potassium polysulfide with a density of 1.33 g/
cm?® has a good penetrating ability, and the penetration
depth depends on the method of impregnation with the
solution. Four hours of impregnation is enough for the
solution to penetrate to a depth of 2 cm, and using the pre-
vacuum method, it penetrates to the full depth (see Fig. 7c).

Thus, the use of a solution of potassium polysulfide to
protect concrete, at least in terms of water absorption, is
not inferior to a solution of calcium polysulfide and can
be recommended as a means of protecting concrete. It can
replenish the class of polysulfide water repellents [25—28],
successfully serve in cases of penetrating hydrophobiza-
tion as a means of long-term protection of building ma-
terials, treatment of porous surfaces of building materials,
with a new sulfur-containing composition. The developed
impregnating composition based on sulfur provides pro-
tection of building materials from atmospheric influences
and aggressive environments for a long time.

CONCLUSIONS

Based on the work performed, we can draw the fol-
lowing conclusions:

1. Nanoparticles with an average size of 20 nm are
deposited from a solution based on potassium polysulfide,
as indicated by the results of measurements by a laser
analyzer and probe microscopy. Sulfur nanoparticles are
evenly distributed over the surface of the material and
penetrate deep into the capillary tracts, resulting in the
formation of a water-insoluble (hydrophobic) layer of
elemental sulfur.

2. The results obtained in the work showed the high ef-
ficiency of the proposed hydrophobization method using
a solution based on potassium polysulfide. It was found
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that the efficiency of its use is ensured by the transforma-
tion of polysulfide molecules in the pores of materials
into nanoparticles during the drying of the impregnating
solution.

3. Comparison of the proposed method showed that
the preparation of a solution of potassium polysulfide is
technologically more convenient compared to the meth-
od of preparation of calcium polysulfide. The proposed
method makes it possible to apply mortars at room tem-
perature on construction sites using dipping, pouring,
brushing, spraying methods.

4. It has been established that impregnation with sulfur-
containing compositions can significantly reduce the wa-
ter absorption of cement-sand and cement samples (2—3
times), makes it possible to vary the level of protection of
materials by changing the concentration of the solution and
the duration of treatment. Potential areas of application are
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HoBble 3alnTHbIE NMOKPbITNA Ha OCHOBE HaHO4YacTuny cepbl,
nony4vyeHHblie n3 I'IOﬂI/ICYﬂbd)I/Ip,a Kanna

Wcmann Anekcangposuy MaccanumoB'** (), AnekcaHap EBreHbeBuy Yynkun® (12),
BypxaH Ucmannosuy Maccanumos® (2}, Axat lasmnsbaHoBuy Mycradpun'’

' YOUMCKNI yHBepCUTET HayKu 1 TexHonorun, Yéa, Poccua

2 HayuyHo-nccnefoBaTeNibCKMiA TEXHONMOMMYECKMI MHCTUTYT repbrumnpos Akagemun Hayk Pecny6nvkin BawkopTocTaH,
Yéa, Poccusa

3 YoUMcKni rocyfapcTBeHHbIN HedTAHOW TeXHUYeCKMn yHuBepcuTeT, Yda, Poccmsa

4 Quamnyecknit MHCTUTYT nM. N.H. Nle6enesa PAH; Mocksa, Poccua
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AHHOTALUA: BBegeHume. [ponuTtka HOBbIM PaCTBOPOM Ha OCHOBE MONUCYbdraa Kanus rnokasasna oTIMYHble pe3ysbTaTbl M1gpo-
$obM3aLUMM LEMEHTHOTO KaMHS 1 LIEMEHTHO-MEeCYaHoro pacTBopa 3a cyeT 06pa3oBaHsA HAHOPA3MEPHOTO BOJOOTTANIKMBAIOLLErO
MOKPbITUS Ha MOBEPXHOCTM MOP M3 HAHOYACTHUL, Cepbl, 06PA30BABLUMXCA B pe3ysibTaTe pa3pyLUeHUsi MOEKYJbl B MPoLecce Bbl-
CbIXaHVA. IHHOBALIMOHHbIN pacTBOP Ha OCHOBE MNONMCYNboUAa Kanmsa OTHOCUTCA K MHOTOCEPHUCTBIM COeAVHEHUSIM, N3 KOTOPbIX
B pe3ynbTaTe pa3pyLUeHUst MOJIEKYS NONUCYNbGMaa Ha NOBEPXHOCTU GOPMUPYETCA HaHOPA3MePHbIN CJ101 13 YacTul cepbl. MaTe-
puanbl 1 MeToAbl NccefoBaHUA. [ NPONUTKY NCNONb30BaNU PacTBOPbI MONMCYNbdUAa Kanvs pa3Hoi NIOTHOCTY, CBOMCTBA
pacTBOPOB MPOBEPsANY Ha Kybunueckrx obpasuax ¢ pedbpom 40 MM, N3roTOBNIEHHbBIX HA OCHOBE LIEMEHTA U LIEMEHTHO-NECYaHOro
pacTBOpa. XapakTeprCTUKM YaCTHL, OLLeHUBasM C MOMOLLbIO /Ta3ePHOro aHanm3aTopa pasmepa 4YacTul, SNeKTPOHHOIro MMKPOCKoMa
n andpakTomeTpa. PesynbraTbl. AHanv3 nokasali, Yto CpefiHUin pa3Mep YacTul, o6pasyroLrx 3alUTHOE NOKPbLITUE, paBeH 20 HM,
OHU NMET cHeprUecKr CUMMETPUYHYI0 GOPMY 1 KPUCTANIM3YIOTCA B OPTOPOMOMYECKYIO CTPYKTYPY KPUCTaNIMYECKO PELIETKN.
O6paboTka 6eToHa pacTBOpoM nonvcynbduaa kanvs obecneurBaeT 06pa3oBaHMe Ha MOBEPXHOCTU MOP KaMHsA MOKPbITUS HA OCHOBE
HaHOpPa3MepHOI Cepbl, KOTOPOE YACTNUYHO 3aMOJIHAET MOPOBOE NMPOCTPAHCTBO U, 06nafasn ruapodobHOCTbIO, YMEHBLLAET BOAO-
normoLeHne o6pasLoB B 2-3 pa3a, a BOAOMOoLeHe 06pa3LoB, MPONUTaHHbIX MO BaKyyMOM B TeueHue 0,5 4acoB, CHUKAeTCA
[0 3HaueHuin 1,3-1,9%. PesynbraTtbl 1 06cyxaeHune. MoandulmpoBaHvie 6eToHa pa3paboTaHHOV HAMU MPOMUTOYHOI KOMMO3MLEN
pacTBOPOM Ha OCHOBe Monvcynbduaa Kanusa no3BosseT CyLecTBEHHO CHU3UTb BOLOMOINOLEHUE 1, COOTBETCTBEHHO, MOBbLICUTb
JONITOBEYHOCTb. [TpONUTOUHbIN PacTBOP Ha OCHOBe Monucynbduaa Kanusa ABAsSeTCA YCTOMUYMBBIM B UHTEPBae KOHLEeHTpaLuuii
1,15-1,35 r/cm3, Npy NponnTKe MPOHMKAET B MOPOBYIO CTPYKTYPY 6ETOHa Ha YPOBHE 10 4 CM 1 605ee, B 3aBUCUMOCTM OT pocTa
1 CTPYKTYpbl 06pasua. MNpu BbiCbIXxaHMW MaTepuasna B €ro nopax 13 nonmcybGuAHOro pacTBopa BbIKPUCTANIM30BbIBAIOTCA Ha-
HOYaCTULIbI CEPbI, YACTUYHO 3aMoJHALME MOPOBOE NMPOCTPAHCTBO 1 GopMUpPYIOLLME 3ALMTHOE JONIFTOBEYHOE HEPACTBOPUMOE
rmapodobHOe NOKPbITUE, 3aTPyAHAIOLLEE MPOHMKHOBEHVE BOAbl B MOPbl 6ETOHA, HO COXPaHSALLEe ero NaponpPOHNLIAEMOCTb,
UTO BaXKHO /151 CTEHOBbIX 1 OGJIMLIOBOYHBIX MaTepranos. BeiBogbl. Mponutka JOPOXKHbIX CTPOUTENIbHBIX MATEPUANOB 1 U3LENNiA
13 6eTOHa KOMMNO3MLMe Ha OCHOBE NONUCYNbGUAA Kanusa yyyullaeT UX SKCJTyaTalMOHHbIE CBOMCTBA, MOBbILIAET ONITOBEYHOCTb
N CTOMKOCTb K aTMOCPEpPHbIM BO3[ENCTBUSM, UTO NMO3BOJISIET PEKOMEHA0BATb €€ /15l MPUMEHEHMSA B KITMMATUYECKMX YCITOBUSX
Poccuiickon dpenepaumm.

KJTIOYEBbBIE CJIOBA: 6eToH, cepa, nponuTka, ruapodobursaums, nonucynbdug Kanvs, HaHovacTmua.
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BGUOXMMMNYECKOW, XMMNYECKOI 1 TEXHUYECKOW nHbopMaLmy € yueTom 1 6e3 yyeTa BINAHNA BHELWHUX ycnoBuin» (FZWU-2023-0002),
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BBEJEHUE

Ce M3BECTHBIC CTPOUTEIBHBIC MaTepuaIbl (OCTOH,

KUPIINY, Imdep, TUTIC, M3BECTHSIK U IIp.) SIBIISTIOTCS
TMOPUCTHIMU W TUAPODUIBHBIMHA, T.€. TIPU COIIPUKOC-
HOBCHHU C BOJIOI OHM €10 CMAauMBAaIOTCS, B PE3yIbTaTE
BOJIA JIETKO TTIOITafaeT BHYTPh MaTepraioB. OCHOBHOM
IPUYMHON AeTpamaliiil CTPOUTEIBHBIX KOHCTPYKITHI
sIBJIsIeTCSI aTMOC(EepHO-XUMUYECKU pakTop. Arpec-
CHBHBIC XUMWUYECKHE U aTMOC(epHBbIC KOMIIOHEHTHI,
00yCIaBIMBAaOIIE KapOOHN3AINIO, OTIOKCHIE CYIIb-
(hatoB, xJTOpUTHBIE pEAKIINN, ITUKITBI «<MOPO3-OTTETICITb>,
yBeJIMYCHIE MEXaHUMIECKOTO BO3ICHCTBUS — BCE BTO
CITOCOOCTBYET IeTpagaiil IIOp, CHIKEHUTO BOTOHETIPO-
HUIIAEMOCTH 1 YMEHBIIIAeT IIPOYHOCTH OETOHA U IPYTUX
CTPOUTENIFHBIX MaTepraioB. Boma meiicTByeT Kak HO-
CHTEJb JUIST BCEX arpeCCUBHBIX aTCHTOB M XMMUYECKIX
peaxIuii, OMMCaHHbBIX BhIIIE. [T03TOMY cOBCceM HeCITOX-
HO TIOHSITH BaXKHOCTb TUAPON3OISIINN OeTOHA U IPYTUX
CTPOUTEIIFHBIX MaTePHUAJIOB.

Haub6oiee a>pHeKTUBHBIM CITOCOOOM ITPeaoTBpa-
IIEeHUS Aerpamaiy MaTepHraaoB SIBIISICTCS UCIIOIb30-
BaHME Pa3IMYHOTO POIa 3alIUTHHIX cocTaBoB. Ceifyac
CYIIECTBYET OTPOMHOE KOJTMUYECTBO Pa3TMIHBIX 3aITUT-
HBIX TTOKPBITUM 7151 CTPOUTEJIbHBIX MaTepPUaoB, OJHA-
KO OOJBIIMHCTBO M3 HUX COXPAHSIOT CBOM 3aIlIUTHEIC
CBOIICTBA B TEUCHME OIIPEICICHHOTO, TOCTATOYHO KO-
potkoro (2—3 roma) BpeMeHU. BceM n3BecTHA HEOOXOMM-
MOCTB ITOBTOPHOTO HAaHECEHUS 3aIIMTHBIX MaTCPUAIOB
Ha ¢hacambl 3MaHUIN W3-3a pa3pylIeHUS MPEIbIIYIIETO
3alMTHOTO cios. Elie 6oee ocTpo cTouT npodema
3aIIATHl JIEMEHTOB 3MaHWI M KOHCTPYKIIUIA, TTOOBEP-
TAOIINXCST TUAPOCTATUICCKOMY BO3ICHCTBHUIO BOIBI
(TMIpOTEeXHMIECKHE COOPYKEHUS, JIOTKHA, BOJOCTOKMH,
BOIOITPOITYCKHBIC TPYOBI U IIpP.), a TAKKE BO3ICHCTBUIO
TPYHTOBBIX BoI ((pyHIaMEHTHI, TOHHEIH, TIOA3¢MHEIC
COOPYKEHUS U JIp.).

Ha pbeIiHKe CTpOMTEIBHBIX MaTepUalIoB MUMEETCS
OTPOMHBII BHIOOP Pa3IMUHBIX 3AILIUTHBIX MOKPBITUIA 1sT
CTPOUTEILHBIX MaTepHAIOB M KOHCTPYKIINiL. OCHOBHAS
Tpo0JIeMa 3aKJII0YaeTCs B TOM, UTO OOJIBIIMHCTBO M3 HUX
COXpAHSIOT CBOM 3allIUTHHIC CBOMCTBA B TCUCHUE [IO-
CTaTOYHO KOPOTKOTO BpeMeHU. KOpOTKMIA CPOK CITYKOBI
TIOJABIISIIONIETO OOJBIIMHCTBA 3aIMTHRIX MaTePUAIOB
00YCJIOBJICH TE€M, UTO B YCIOBUSIX aTMOC(EPHBIX BO3-
IecTBU (COTHEUHAs] pagualns, JOXIb, CHET, Tpaj,
3HaKOIIEpeMEHHBIC TeMITepaTyphl) OHU JOBOJIHHO OBI-
CTPO TepSIIOT CBOU CBOMCTBa [1].

B cBs31 ¢ 3TUM TIpobIeMa CO3mMaHUs CIeIaI-
3UPOBAHHBIX TPOITUTOYHBIX COCTABOB, TTO3BOJISTIOIIINIX
TOIACPXKNUBATh BRICOKMI YPOBEHD 3aIIMTHBIX CBOMCTB
CTPOUTEJIPHBIX MAaTePUAJIOB B TCUCHUE MIUTCIHHOTO
BpEMEHH, SIBJISIETCS OYeHb aKTyajdbHOIi. B paboTax [2,
3] 6BUTO TIPEUTOKEHO 3aIINUINATh CTPOUTEIBHBIC MaTe-
pHUAJIbI ITyTeM MPONUTKU MX PACTBOPOM Ha OCHOBE ITI0-

JMCyabbuIa Kaablus (IPOIUTKA «AKBacTaT»), OBLIN
odopMIIeHbl 00BEKTHI MHTEJIJIEKTYaJIbHO COOCTBEH-
HOCTH [4, 5], TTOIy4eHBI XOpoIlIne pe3yabTaThl. BomooT-
TaJKUBaIOINil 3(pheKT Ha IIMTEIbHOE BpeMsT 00ecITe-
YUBACTCSI COCTABOM Ha OCHOBE MOJIUCYIbMUIA KATbIIHS
U SIBJISICTCSI TIONOOHBIM IEUCTBUIO THAPOGOOM3aTOPOB
trma rmeHeTpoH (CIIIA) 1 MHOTUX IPYTHUX, OCHOBaHHBIX
Ha IPUHIUIE KoJbMaTanuu mop. I[penmyiectBamu
YKa3aHHOTO THUIIA TIPOITMTOYHBIX COCTABOB, B OTJIMINE
OT OPTAaHWYECKUX M KPEMHUIOPTraHNMIECKIX TIOKPBITHIA,
SIBJISTIOTCSI TUIyOMHA MX IIPOHUKHOBEHHUS BIUIyOb OCTOHA
(6omee 10 cM) 1 MUHEpaIbHas TIpUpoaa, 00eCIIeYnBa-
foIIIre HAIECXKHYIO 1 JOJITOBPEMEHHYIO 3alllUTy OeTOHA
[6, 7]. OrpaHnYeHHOE UCTIOJIb30BaHNE TUAPOU3OIIALIAN
MPOHUKAIOLLETO AEHCTBUS 00YCIOBJIEHO OTHOCUTEIBLHO
BBICOKOI CTOMMOCTBIO HCITOIb3YeMbIX MaTepHAIOB.
Hcnonp3oBaHne TIEHETPOHA U Ap. 0OecIieunBaeT
IOJITOBPEMEHHYIO 3alUTy OeTOHAa, HO Tuapododu-
3aTOPHI HA OCHOBE TMOJIUCYIbGUIA KBNS SIBIISIOT-
Csl VHUBEPCAIBbHBIMU ¥ 3alIUIIAIOT HE TOJIHKO OCTOH,
HO M KepaMHICCKUMA M CHUIMKATHBINA KUPIINY, paKy-
LIEYHUK, Ta300eToH. PazpaboTaHHBIN IIPONUTOYHBIN
COCTaB Ha OCHOBE CEephl 00CCIIEUNBACT 3aIIUTY CTPOU-
TEJIBHBIX MaTepHajIoB OT aTMOC(HEPHBIX BO3ACHCTBUI
W arPECCUBHEIX CPel B TCUCHME IIUTEIIFHOTO BpeMe-
HU. TexHomaorust 06pabOTKM 3J1eMEHTOB KOHCTPYKIIUI
1 U3IEUI TIPOCTa U JOCTYITHA: KaK W OOJIBIINHCTBO
JIAKOKPACOYHBIX MaTepHaIOB, OHM HAHOCSITCS KUCTBIO,
HaJIWBOM, paCITbUICHHEM, TTOTPYKEHUEM TIPH JTIOOBIX
ITOJIOKUTEIBHBIX TeMITepaTypax. [IpuHIIMIaIbHast HO-
BHU3HA IIPEIJIaTacMOTO PEIICHUS 3aKITI0YacTCsS B TOM,
YTO TUAPODOOU3ALINST JOCTUTACTCS IIPUMEHEHIEM Ma-
Teprajia HeOpraHMIECKOM MPUPOIbl — cepbl. Hammame
CepHhl B IOPax CTPOUTEIBHBIX MAaTCPUAIOB IIPUIACT UM
BOIOOTTAJIKMBAIOIINE CBOMCTBA Ha IUTUTCIIHHOE BPEMSI,
B OTJIMYME OT OPTAaHMYICCKUX JJAKOKPACOUHBIX MaTePH-
anoB. OpUTUHAIBHOCTD MOIX0a 3aKJTI0UAaCTCSI B TOM,
YTO Ha CTaINM MPOIUTKU MCITOIB3YETCSI pACTBOPUMOE
B BOJZIC BEIIECTBO, B COCTaBE KOTOPOTO MOJICKYIIBI T10-
JIMCYNTH(hUIOB TOAAAIOT B MEIbYANIIINE TTOPHI MaTePH-
aja. Ha arame cymkwm 3T0 BelllecTBO pacIagacTcs, U Ha
TIOBEPXHOCTH MOp 0Opa3yeTcsl HepacTBOPUMEIN B BOIE
(rumpodOOHBIIN) CIIOI 3JIEMEHTHOM CEPHI.
IIpruMmeHeHreM TITyOOKO ITPOTIMTKY PEIraeTCsI TIaB-
Has 3a/1a4a 3alUThl CTPOUTEIbHBIX MATEPUAJIOB — Mpe-
KpalaeTcs MPOHUKHOBEHME BOIBI B ITOPHL. Boma, 1mo-
IMaBIIasi Ha TIOBEPXHOCTh MaTepUaIoB, 00pabOTaHHBIX
«AKBacTaT», He IIPOHUKACT B ITOPHI JaxXKe TIPU IJTATEITb-
HOM COITPIKOCHOBEHHH C BOIO¥, HaIIpuMep, s (hyHIa-
MEHTOB IIPY BO3ICHCTBIUN TPYHTOBBIX BOI, HAITOPA BOIEI
B TUIPOTEXHUIECKUX coopykeHUsIX. Ho ¢ mpousBom-
CTBOM TIOJIUCYNIb(HIA KAJIbIINS CBSI3aH PSII MOMEHTOB,
KOTOpBIC 3aTPYIHSIOT €ro IIPOMU3BOACTBO. BO-TIepBHIX,
P eTo IIPOM3BOACTBE 00pa3yeTCsT JOCTATOUHO MHO-
ro otxonoB (10 30% MCXOMHBIX PEareHTOB) M UX HAIO

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023;15(1):
27-36

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobull

MPUMEHEHUE HAHOTEXHOJ1IOMMA U HAHOMATEPUAJIOB B CTPOUTE/IbCTBE

YTUIU3UPOBATh. BO-BTOPHIX, pacTBOp MOIUCYIbdrIA
KaJIbIINS HECTOMKMIA, ¥ TS ITUTETbHOTO XpaHEeHUS He-
00X0IMMO CcITelInaibHOe XpaHeHne. KpomMe Toro, pac-
TBOP MOJIMCYIb(MIA KaTbLM 00IamaeT cJIa0bIM 3aITax0M
cepoBoIoOpoa.

B cBs131 ¢ 3THIM TIpemsiaraeTcs ISk 3alIUThI CTPOU-
TeJIbHBIX MaTePUAJIOB HOBBII COCTAaB M3 CEMEICTBA T10-
JIACYTHLMOUIOB, a UMECHHO, TTOJIMCY LMW KaJIHS, JINIICH-
HBII HEIOCTATKOB, TIPUCYIINX TTOMUCYIH(hOUIY KaTbIIHS.
HeobxommmMo 0TMETUTB, YTO IUIS 3aIIUTHI CTPOUTEITEHBIX
MaTepuaIoB U3 COJICH KaJIMsI IO CHX ITOp IPUMEHSIICS
JINIITh CUJTMKAT KaJidsl B Ka4eCTBEe CMJIMKATHOM KpacKu
110 HEOPTraHMYECKUM M OPTraHUIECKUM TTOBEPXHOCTSIM
[8—12]. I[TponmuTKa HA OCHOBE MOJIMCYIbMUIA KATbIIUST
OTHOCUTCSI K TUITY TIPOHUKAIOIIEH THAPON3OJISILINHI, KO-
TOpas 3allyIIacT MaTepral B YCIOBUSIX ITOCTOSTHHOTO
BO3ICICTBUS BOIBI, a TIOTOMY SIBJISICTCS aKTyaJIbHOI,
pabOTHI B 3TOM HAIIpaBIICHUH HE IPEKpaIIaloTcs 1 10
ceit neHsb [13—18].

IMomicynbhun Kamus aBiisieTcss MHOTO(YHKIIMOHATb-
HBIM TIPOAYKTOM, UMCIOIIINMM MHOKECTBO TTPAKTHUCCKIX
npuMeHeHU. Ho Heo0X0amMo OTMETUTD, YTO PACTBOPEI
TIOINCYTb(PUIA KaJINS IO CUX TIOp He IPUMEHSUTHCH B 11e-
JIIX THAPO(OOM3ALIMI CTPOUTEILHBIX MATEPUAJIOB, XOTS
W3BECTHHI TaBHO. MIX MOKHO TTOJIyYUTh PeaKLMeii MEXKIY
Cepoil M KaJlmeM B KHITSIIEeM BOTHOM pacTBOpE, OHU
TIPEICTaBIISIOT COOOI pacTBOPHI TEMHO-KPACcHOTO 1IBETa,
B KOTOPBIX COAEPKATCS MOJICKYJTBI TTOJIACYTh(hHIA KaTHst
¢ popmynoit K,S , rae n = 2+6. B pa6ore [19] 6bu10
YCTaHOBJICHO, 9TO (popMyiIa COeTMHEHMS ITOTNCYIb(uIa
Kanus K,S, ¥ 9To U3 HEro XUMHUYECKUM OCaXKIEHUEM
MOXKHO TTOJIyYUTh HAHOYACTUIIHI CEPBI CO CPETHUM pa3-
MepoMm 20 HM. DTa paboTa ITOCIyK1jIa OCHOBOI HACTOSI-
el paboThl. MBI IIPEATIOIOXMIIN, YTO €CJIA TIPOITMTKOMN
pacTBOPOM Ha OCHOBE ITOIMCYIb(UIA KaTbIUI MOXHO
TIpUOATh CTPOUTEIIEHBIM MaTepraiaM (0eTOHY, KUPITIIY,
ra3o0eTOHY U IIp.) BONOOTTAIKUBAIOIINE CBOICTBA, TO 1
TIPOIIMTKA TTOIUCYIbMUIOM KaJIrs MOXKET IaTh TUAPO-
odmsmpyrommit achdext. Ecim mponmTka pacTBOPOM
TIOJIUCYNMh(UIA KA IUIST CTPOUTEIBLHBIX MaTepUAIOB
nmacT ruapodoousupyoommit 3phexT, oH OymaeT BO MHO-
TUX CIIyJasix OoJiee TIpeaITOUYTUTEIFHBIM, TaK KaK TIpH
CHHTE3€ MOJUCYIb(MHIA KaJIrsl He 00pa3yeTcss OTXOIOB
W MOXKXHO ITOJTyJ4aTh PaCTBOPHI JOCTATOUYHO BBICOKMX
KoHIIeHTpanuii. KpomMe Toro, pactBop moaucyirbduma
KaJIAsl SIBJISICTCS CTOMKMM B XpaHEHWHU W HE TIOPTUTCS
IUTUTEJIbHOE BpeMsI, He 00J1aIaeT 3aIIaxoM CepoOBOI0OpOIa
o3TOMY OoJiee yIoOeH B IPUMECHCHUH.

MATEPHAJIBI 1 METO/IbI ICCJIIEJIOBAHUI

N3mMepeHust pa3mMepoB YacTUIL OCYIIECTBISUTUCH Ja-
3epHBIM aHanu3aTopoM Shimadzu SALT 7101, ¢popma
YaCcTULl aHAJIU3UPOBAIACh 30HIOBBIM MUKPOCKOIIOM
Solver PRO-M, aHanu3 CTpYKTYPHBIX U TEPMUUECKUX

XapaKTepUCTUK IIPOBOIIIICS HAa PEeHTTEHOBCKOM U (-
pakrometpe Rigaku Ultima IV.

JJTst IpONMUTKYM MCTIOIb30BaHbI PACTBOPHI pa3HOM
IUIOTHOCTH — Ha puc. la moka3zansl 1,33 r/m? (konba
cneBa) u 1,18 r/cM? (konba cripaBa). OGpa3Lbl-KyObl
¢ pedbpom 40 MM IIEMEHTHOTO KaMHST OBUTH M3TOTOBJICHEI
Ha ocHoBe niemeHTa LIEM 11 B-K (I11-M) 42.5H ('OCT
31108-2020) mpu BomomeMeHTHOM OTHOIIeHUN B/l =
0,32, cpok TBepaeHUS — 28 CyTOK. AHAJIOTHIHBIC 00-
Pa3Ibl IEMEHTHO-TIECUAHOTO PaCTBOPA OBLIH ITPUTOTOB-
JleHsl Ha ocHoBe 1iemeHTa LIEM 11 B-K (I1I-M) 42.5H
1 TIecKa ¢ MOIyJIeM KpyITHOCTH MK = 1,4 IIpu COOTHO-
IIeHUHU (IIEMEHT : TIecoK) = 1:3,5 mpu BOIOLIEeMEHTHOM
otHomenuu B/11 = 0,52, cpok TBepacHMS — 28 CYTOK.

PE3YJBbTATBI 1 OBCYKIEHUE

J715T 31U THI CTPOUTETHHBIX MAaTePHUAJIOB MCITOTb3Y-
ercst 3 ekt ruapooOHOCTH Cephl, CBOMCTBEHHBIN 3TO-
MY XUMHAYECKOMY 3JIeMeHTY (puc. 16). Ho mst 3ammTht
MaTeprajIoB OT BO3ICHCTBHS BOIBI HEOOXOIMMO, YTOOBI
cepa ITOKphIBaJia BCIO TTOBEPXHOCTh MaTeprajia, BKITIOUast
MOBEPXHOCTH TOp. 1151 5TOM Leu cepa epeBOAUTCS
B XKMIKOE COCTOSTHIE, B KOTOPOM Cepa HaXOMUTCSI B BUIE
MOJIEKYJ TToJnCyabduma (puc. 1la). OpUrnHaIbHOCTh
TAKOTO IMOAX0MAa 3aKIII0YaeTCs B TOM, YTO HA CTAIAH TIPO-
IMUTKH UCIIOJIB3YETCS PACTBOPHUMOE B BOIIE BEIIIECTBO
(TIomMCcynb(UI), B COCTaBe KOTOPOTO MOJICKYIIBI CePhI
TIOTIaIafoT B MeJIbUaiiIme mopsl MaTepuana. Ha srame
CYIIIKM 3TO BEIIECTBO PacIiagacTcsI, U Ha TTOBEPXHOCTH
TIOp 00pa3yeTcst HepaCTBOPUMEI B BoJie TUAPO(POOHBIH
CJIOM JIEMEHTHOMU CepHI.

Ha puc.1B oka3aH nepexon OT NOJUCYIb(PUIHOTO
COCTOSTHUSI (HIDKHSIST YaCTh PUCYHKA) B COCTOSTHHE TIepe-
XOZIa B 3JIEMEHTApHYIO Cepy B BUIE TUIPO30JIs (puc. 1B).
[Tpu aHANMM3e 3aIMUTHBIX MaTEPUAIOB PACCMATPUBAIOT
pacrpeneIeHre MPOITUTOYHOTO pacTBOpa IO ITOBEPX-
HOCTH MaTepuana. st aHanm3a pa3MepoB YaCTUIl M X
dopmBI yTOOHO paccMaTprBaTh N300pakKeHUS Ha MIPO-
CBCUMBAIOIIEM MUKPOCKOTIIC, BOSHUKIINE Ha ITOBEPX-
HOCTU CTeKJIa TI0CJIe HaHEeCEHUSI pacTBOpPa MOJIHUCYIIb-
¢una xanusg. Ha puc.1B pacTBop HaUMHAET MYTHETD,
HAUYMHACTCS TIEPEXO OT MOJICKYJI ITOTUCYTh(OHIA KA
K HAaHOYACTHIIAM CEPHI.

Ha puc. 2 nmpuBeneHbl n300pakeHs, TTOIyICHHBIC
Ha cTekyie mpu 40-KpaTHOM yBeIWdeHWHU (2a) W IIpu
100-xpaTHOM yBenmueHNM (20) depe3 4 gaca mociie 00-
paboOTKM, B 3TUX O0OBEKTaX HAPSITY ¢ MOJICKYIaMH II0-
JTCYIb(hrIa Kalisl ConepKUTCs Takke Boma. B mporiec-
ce 00pabOTKM CTPOUTEBHBIX MATEPHUAIOB TIOJINCYIIb-
GuUOHBI pacTBOp HAHOCUTCSI HA MaTepHall, IPOHUKACT
B 11opkl. [1o Mepe BBICBIXaHMS pacTBOPA, YIAICHUST BOIbI
IHCTIEpCHAsI cepa OCTAeTCsT Ha TIOBEPXHOCTH M TaeT CBOM
runpododmnpyromnmii 3¢ dekr. M3 puc. 2 BUIHO, 9TO
BO BCEX CITyJasix Ha TTOBEPXHOCTH 00pa3yroTcs cepu-
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Puc. 1. PacTBopbl nomcyib(humaoB Kauus pa3Hoii KOHIEHTpanun (a), H300pazkeHue KOMOBOJ cepbl (0) 1 H300paxKeHue

30J1b-TeJIb Tiepexoaa noancy ibpuaa Kaams (B)

Puc. 2. N300paxenne 4acTHIl OCAXKIEHHBIX HA CTEKJISHHYIO MOI0KKY PACTBOPA MOJUCYIbMHIA KAJIHs:
a — 40-kpaTtHoe yBeanueHue; 6 — 100-kpaTHOe yBeTMUeHNE

YECKM CUMMETPUYHBIE OOBEKTHI (CMECh MOJIEKYIT TTOJU-
cynbduaa Kanvst ¥ BOJbl), PABHOMEPHO pacriperieJIeHHbIE
10 TTIOBEPXHOCTU. TakKe BBISICHUIOCH, YTO TIPU CHITUK
C TIOBEPXHOCTH CTeKJ1a (PUC. 2) YaCTHUIL Cepbl U U3Mepe-
HUM UX pa3MEPOB B JTA3epPHOM aHATIM3aTOPE Pa3MEPOB Ya-
CTWII, YaCTHUIIBI B BOTHOI Cpe/ie pPacriaqatoTcs Ha YaCTUIIBI
cephlI co cperHUM pazmepom 20 HM. OOHapyKEeHHBII (hakT
CBUJIETEJILCTBYET O TOM, YTO Ha PUC. 2 TIPEACTABICHBI
arJioMeparhl, COCTOSIIIIAE U3 HAHOYACTUI] CEPBI CO CPEl-
H1M pazmepom 20 HM. Panee st momcynbhuaa Kambimst
ObIT0 ycTaHoBIeHO [20], uTo Tipy pa3daBIeHUN BOION
00pa3zyeTcs TMAPO30JIb CepPhbl, AaHAJIOTUYHO JIJIST pAaCTBOpa
ToNMCybuIa Kainst 9KCIEPUMEHTATbHO ObUTO HAMIEHO
TIOMYyTHEHUE pacTBopa (puc. 1B).

W3mepeHus Ha 1a3epHOM aHaIM3aToOpe MOKa3aiu,
YTO B BOAHOM cpefie (HOpMUPYIOTCSI HAHOYACTUIIHI CEPhI
co cpenqHuM pazmepom 20 HM (cM. puc. 3a). [lanee ObuTH
BBIICJICHBI U3 BOAHOM CPelbl YaCTUIIBI TIOPOIITKA CePhI
¥ TIPOBEJICHBI U3MEPEHUS Ha AJIEKTPOHHOM MUKPOCKO-
e, oTpenesieHre UX pa3MepPoB MTOKA3aJi0, YTO OCHOB-
Hasl 9acTh pa3MepoB JiexXuT B nuanazoHe 20—30 HM (cMm.

puc. 36). PentreHoBcKuit (ha3oBbIi aHATTN3 ATUX YACTUIL
TIOPOIIIKA, BBIIETICHHBIX U3 TUAPO30JIs, IOKA3aJI, YTO OH
COOTBETCTBYET AN paKkTOorpaMme cepsl (puc. 4).

TakuMm 06pa3om, 13 pacTBOpa MOMUCYThhUIA KATTHs
TaK Xe, Kak U3 pacTBOpa MONUCYTh(hraa KaTbIUsT OCaX-
JAIOTCST HAHOYACTUIIBI pa3MepoM 20 HM 1 paBHOMEPHO
pacripenieISIIoTCs TI0 TTIOBepXHOCTH Marepuana. st ui-
JIIOCTPAIIMK BO3MOXHOCTEN pacTBOpa MOTUCyIbdhuaa
KaJusl B Ka4eCTBEe METO/A 3alllUThI CTPOUTETHHBIX Ma-
TEPUAJIOB TIPEUIaraloTCsI IKCTIEPUMEHTAIbHBIE JaHHBIE,
TIOJTyYE€HHBIE TSI OETOHHBIX MAaTEPUAJIOB, UCTTHITAHHBIX
B Pa3IMYHBIX yCIOBUSIX. PacTBOp monucynbhuaa Kanvs
TIPETIoJIaraeTcs UCIMOIb30BaTh, TaK Xe, KaK U «AKBa-
CTaT», B OCHOBE KOTOPOTO JIEXKUT PACTBOP TOJIUCYITh-
(buma xkampLMst, KOTOPBIN UCTIONB3YETCs, B OCHOBHOM,
IUJIS. 3alIATHI CTPOMMATEPUAIOB, DKCILTyaTUPYEMBIX
B YCJIOBUSIX TIOCTOSTHHOTO Bo3aeiicTBus Biaru. [1oaTo-
My TIPOBEICHO UCCIIEIOBAHUE BIUSIHUS TIPOTIUTKY 3TUM
COCTaBOM Ha BOJIIOTIOTJIONIEHNE 00Pa3II0B IIEMEHTHBIX
M TIeCYaHO-0ETOHHBIX 0OPA3II0B, IyTeM TOTPYKEHUST UX
B BaHHY C PaCTBOPOM TIOJIUCYTh(MUIA Kaus.
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Puc. 3. Pacnipenenenne 4acTuil cepbl 10 pa3Mepam, BbIIeJeHHOI U3 MOJHCYIb(HIA KaTus
pa30aBiieHHeM ee Boj0ii (a), M H300paKeHHe MOPOIIKA HAHOYACTHII cepbi (0)

Paitn - S(cunuit)005.tet; Coevwa - 30.10.2012 9:27:14;  Cu (Alfal);

MuroneuaHocT ( Muan fceK )

BEe

oo 1 5 16 15 6 17 18 19 2 2 2 B

Hauyron = 10.00; Kow.yron = 40.00; War = 0.050; 3kenos. = 3.0; CxopocTe = 16 Marc.uucno mwn. = 1263;

Puc. 4. PentrenoBckuii ¢a30Bblii aHATH3 cepbl

Ha puc. 5 mpuBeneHbI 3KCIIepUMEHTATBHBIC JTaHHBIC
0 U3MEPEHMIO BoJoNorIoeHus mno macce (W) mis
00pa3IIoB-KyOOB IIEMEHTHOT'O KaMHSI, IIPOTTMTaHHBIX
TIOTpy>KeHNEM B BaHHY, 3aIIOTHCHHYIO PACTBOPOM Ha 0C-
HOBe TTOJIMCYNIb(UIA Kalns, B TeueHue 1, 2, 4 4, a Takke
TI0CJIe BAKYYMHOM IIPOITATKY IpH TemIiepatype 22+ 1°C.
ITepBoIii cTONOEI] «HETIPOIT» O3HAYAET HabII0IaeMoe
BOIOIJIOIICHNE OT HEITPOITUTAHHOTO 00pa31ia. CToIOIIbI
co 3HaKaMmu 1, 2, 4 4 COOTBETCTBYIOT 0OpabOTKeE MOTPyY-
JKeHreM Ha 1, 2 1 4 9aca M COOTBETCTBYIOIINC 3HAYCHM -
SIM TTapaMeTpa BOIOIIOTIOIICHUS OT HUX. A TIOCIeTHUI
CTOJIOMK CO 3HAKOM «BaKyyM» COOTBETCTBYET 3HAYECHUIO
BOIOTIOTJIOIICHNS OT 00pa3IoB, IPeABAPUTEIHFHO BaKy-
YMMPOBaHHBIX niepea 00paboTKoi pacTBopoMm. st 06-
PasIIoB U3 IIEMEHTHOTO KaMHS YCTAHOBIICHO, YTO TIepBast
Ke 00paboTKa B TeueHre 1 yaca MPUBOAUT K CHIKEHUIO
BozororiolieHus 10 6,2%, 0opaboTka B TeueHUe 4 ya-
COB IIPUBOIUT K CHIDKEHMIO BogonoriolieHust 1o 4,8%.
HanpHeiiiee yBeIMICHNE TPOIOKUTESIBHOCTH TIPO-

IMUTKYW HE TIPUBEIN K KaKOMY-JIHOO CYIIIeCTBEHHOMY
CHUKEHUIO BOAOMIOIJIOIIECHUSI HIXKe 3HaueHus 4,8%.
[TosTOMY OBLITO M3MEPEHO BOIOIIOTIIOIICHIE 00pa3IIoB,
TIpeIBapUTEIHFHO BAKYYMUPOBAHHBIX TIepe 00pabOoTKOM
pacTBOpPOM, B pe3yiIbTaTe IMOJyIeHO 3HAUCHUE TTapaMe-
Tpa BOIOIIOIJIOLIEHU, paBHOE 2,6%.

Ha puc. 5 Takke nmpuBencHa TMarpaMma 3aBUCHMO-
CTH TIapaMeTpa BOIOIIOTIIOMICHUSI TTI0 Macce 00pas3IioB
LIEMEHTHOTO KaMHsI OT CIT0co0a 00padbOTKI pacTBOPOM
mwioTHOCThIO 1,33 r/cm?®. OOpaboTKa GoJiee IJIOTHBIM
pacTBOPOM IIpUBEJIA K 00Jice 3HAUUTEIIEBHOMY CHIDKCHHIO
3HAYCHUN ITapaMeTpa BOIOMOIJIOMICHNS: YCTaHOBIIC-
HO, UTO TiepBas 00padoTKa B TeueHUe 1 9aca MpUBOIUT
K CHIDKEHMIO BojororoiueHust no 4,4%, a o6paborka
B TeUCHHUE 4 YaCOB MPUBOIUT K CHIKCHHIO 10 BOIOITO-
rIomeHuo 1o 3,4%.

PaccmotpeHo Takke BaussHUE 00pabOTKU pacTBO-
POM Ha OCHOBE TTOJIMCYIh(MHIA KT Ha IIEMECHTHOITEC-
yaHble 00pa3Lbl. Ha puc. 6 npuBeneHbl 3aBUCUMOCTH
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Puc. 5. 3aBucuMOCTH BOIONOIIOIIEHHS 10 MAacce 00pa3-
1I0B IIEMEHTHOI0 KAMHS OT CII0Cc00a NMPONMTKH PacTBOpa-
mu mioTHocThio 1,18 r/em? (w)u 1,33 r/cm? (m)

napaMeTpa BOAOITOMIONIEHUS TT0 Macce JUIsT 00pa3iioB
LEMEHTHO-TIeCUaHbIX 00pa31oB OT crtocoda 00paboTKu
pacTBopamu ¢ riotHocTsaMu 1,18 u 1,33 r/cm®. U3 nan-
HBIX, IPUBEAECHHBIX HA PUC.6, BUIHO, UTO YBEIMUCHME
BPEMCHU BBIICPXKUBAHUSI B PACTBOPE U YBEIIMUCHUE
TUTOTHOCTH PacTBOpa MIPUBOISIT K YMEHBIICHUTO KOJIH-
YeCTBa MOTJIOIIEHHON BOJIbI.

OOHapyXeHO, YTO ITapaMeTp BOIOITOTIIOIICHUS 00-
pa3IoB, MpeaBapUTEIbHO BaKyYMUPOBAHHBIX TICPET
00paboTKOI O0JIee KOHIIEHTPUPOBAHHBIM PACTBOPOM,
JTaeT BO3MOXKHOCTb CHU3UTh 3HAUEHME apaMeTpa BO-
nonoryoieHus, pasHoe 1,9%. Ha puc. 7 npuBeneHa
3aBUCUMOCTD TJIYOMHBI IPOHUKHOBEHUS 00Pa3IoB
IEMEHTHO-TIECYaHOTO KaMHS OT CIIoco0a MPOIMUTKA
pactBopoM mioTHOCThIO 1,33 r/cM’. Ha puc. 7a npu-
BeeH OOIIMIA BUI IPOMIUTAHHOTO 00pa3lia, a Ha puc. 70
TIPUBOIUTCS CKOJI 00pa3iia, IPOITMTAHHOTO B TeUYECHUE
4 9acoB, 13 HETO BUIHO, YTO PAaCTBOP ITOTUCYIb(UIa Ka-
JIAST 00J1agaeT XOpoIell MPOHNKAIOIIE CITOCOOHOCTBIO,
B TeUEHUE MPOITUTKM, PaBHOM 1O BpeMeHU 4 yacaMm, OH
MpOHUKAaeT Ha nryonHy 2 cM. C IpUMEeHEHUEM MeToa

Puc. 6. 3aBucMMOCTb BOJIOTIOTJIOIEHHS IO Macce 00pa3-
L[OB IIEMEHTHO-NIECYAHOT0 KAMHS OT COC00a MPONUTKH
pactBopamu miotHocThio 1,18 r/em® (m) u 1,33 r/cm? (m)

MpeaBapuTeIbHOIO BAKYyMUPOBAHUS OH MTPOHUKAET
Ha BCIO TIIyOMHY (CM. pUC. 7B) B TeUeHUE 15 MUHYTHOMI
MPOTUTKH.

B uenom, 3HaueHus1 KoadpuumreHTa BOJONOIJIONIe-
HUS U151 LIEeMEHTHOTro o0paslia Bblllie, YeM JJIs1 LIeMEHT-
HomecyaHbIX 00pa3uoB. TakuMm oOpa3oM, HabIOgaEM
3HAUUTEJIbHOE CHUXKEHUE MMapaMeTpa BOIOMOTIOIIEHUST
Impu 06padOTKEe pacTBOPOM Ha OCHOBE ITOJUCYIbMuUIA
KaJiisl pa3HoOM MJIOTHOCTU, MIPUYEM Pe3yJIbTaThl Jydlle
17151 60J1ee KOHLEHTPUPOBAHHOTO pacTBOpa. Pe3ynbrarhbl
9KCIIEpUMEHTA MMOKA3bIBAIOT, UTO MPOMUTKY Ha OCHOBE
MMOJINCYTb(pUIA KA MOKXKHO MCIIOIb30BaTh IS 3a-
IIMTHI OT HETaTUBHOTO BO3AEHCTBUS BOMIbI B TIPOMMBIIII-
JIEHHOM U I'paxkJaHCKOM CTpOUTENbCTBE. B KauecTBe
OCHOBHOTO MPOMUTOYHOIO COCTaBa OH MOXET MpUMe-
HSATbCS JUJIS1 3alIUTHI BCEX 2JIEMEHTOB KOHCTPYKIIUMA,
MOABEPXKEHHBIX UHTEHCUBHOMY BO3JE€MCTBUIO BJIaru:
¢dyHIaMEHTHBIX 6JIOKOB, KOJOIE3HbIX KOJIEI, BOAOIPO-
MyCKHBIX TPyO, 11ITaJ1, y4aCTKOB CT€H, CBaii, apok, mepe-
KpbITHI, OOPAIOPHBIX KAMHEN, TPOTYapHOU TJIMTKMU.
ITponuTKa Ha OCHOBE MOJIUCYIbDUIA KaJIUs 0becIieun-

Puc. 7. 3aBUCHMOCTB IJIyOMHBI IPOHUKHOBEHHSI 00PA31L0B IEMEHTHO-NECYAHOr0 KAMHS OT CIOC00a MPONUTKH PACTBO-
pom moTHOCTHIO 1.33 r/cm3: a — BHEIIHMIA BUI IPOIIUTAHHOTO 00pa3iia; 6 — IPONMTAHHBIA B TeUeHUE 4 4acoB;
B — MPONUTAHHBIN C MPUMEHEHUEM METO/Ia MPEIBAPUTETHLHOTO BAKYYMUPOBAHUS
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BaeT HAIEKHYIO IIPOHNKAOIIYIO TUAPOU3OJISIIIAIO CTPO-
UTEJBHBIX KOHCTPYKIIUI IIPUMEHEHUEM Ha pa3IMIHbIX
CTPOUTEILHBIX MaTepHaiax MeToa OKYHAHUS U METoIa
HaHeCceHUs Ha TToBepxHOCTH dacamoB. [1pmaemM, MeTon
ruapodoOM3aIIny COCTABOM Ha OCHOBE TTOJIUCYIb(UIA
KaJIisl TOMUTCST KaK TS He TaK JaBHO CO3MAHHBIX Ma-
TEpUAJIOB, TaK M IJIsI KOHCTPYKIIMA, CYIIECTBYIOIINX
HE OIWH JECSITOK JIET.

Crenyer OTMETHTb, UTO HAPSIAY C OTMCUYCHHBIMU
BBIIIIE CITOCOOAMH 3aIIIATHI CTPONTETEHBIX KOHCTPYKIIHIA
¢ IpUMEHEHNEM TIEHETPOHA 1 eMY IMTOJOOHBIX MaTepra-
JIOB OBITV IIPUMEHEHBI TTOTTBITKY 3aIUTHl CTPOUTEIBHBIX
MaTepHaJIoB C IIPUMEHEHNEM TIPOITUTKIA MOHOMEpaMM
M pacIiaBaMu cephl [21—24].

Hecmotpst Ha TO, 94TO TIpOIIMTKAa MOHOMEpaMHU TTOKa-
3aJ1a XOPOIIIME Pe3yIbTaThl, IPUMEHEHME ee Ha IIPaKTUKE
OTPaHMYCHO M3-3a OOJIBIIION CTOMMOCTH, OOJIBIIIEE pac-
MIPOCTPaHEHME TTOTYIMIa IIPOIUTKA PACILIABOM CEpPHI.
B pe3ymbTaTe IpONMUTKH PacIIaBOM CEPBI YBEIUUNBA-
€TCS TUIOTHOCTh M MEXaHMYECKUE XapaKTePUCTUKHN Oe-
TOHA, TTOBHIIIIAETCS BOLOCTOMKOCTh, MOPO30yCTONIM -
BOCTh M XUMHMYECKasl CTOMKOCTh. B TO ke camoe BpeMst
HCITOTb30BaHNE B KaUeCTBE MPOIMMTOYHOTO MaTepuraa
cepbl KPYITHOTOHHAXHOTO IIPOIYKTa, MOJIyIacMOTO
B TIpOIIECCaX CEPOOUNCTKI He(TU U ra3a, XapaKTepu-
3yeTcsT U PSIIOM HEOCIIOPUMBIX IIPEUMYIIECTB, B TOM
YHCJIe TOBOJIEHO HIU3KOI 110 CPaBHEHHIO C MOHOMEPaMM,
TIPUMEHSIEMBIMHY JIJTI U3TOTOBJICHUS OETOHOIIOIMMEPOB,
CTOMMOCTBIO CEpHI.

[IpormTka 6eTOHA, TIPOITUTAHHOTO CEPOil, XapaKTe-
PHU3YeTCST MEHBIIIE SHEPTOeMKOCTBIO, a TAKXKE MEHBIIICH
CIIOKHOCTBIO TEXHOJIOTMUECKOTO MpoIiecca, YeM IOoJTy-
yeHUe OeToHOIoIMMepa. Bee 310, a TakKe HeoOXomm-
MOCTb YTIUIM3aIIUN M30BITOYHOTO KOJIMUIECTBA CEPHI,
HAKOMNUBIIEHCS HA TIPEATIPUSTUSIX Ta30BOM 1 He(DTSIHOM
TIPOMBIIILICHHOCTH, CIIOCOOCTBOBAIO BO30OHOBICHHIO
TIPOBOAMBINMXCS e1ie B 20-X romax MPOIIIOTO CTOICTHS
HCCICAOBAHUI 110 U3YYEHUIO CBOMCTB OETOHOB, TIPO-
MUTAHHBIX PACIUIaBOM CEpHI, HO HE HAIIeOIINX TOTIa
MIPaKTHYCCKOTO ITPUMEHEHMS M3-3a BEICOKOI CTOMMOCTH
cepsl. [IpormTKa MaTepranoB pacIlaBOM CEphI BKITIOYA-
T s TTOC/IeI0BATETEHBIX TEXHOJIOTMUECKIX TTPOLIECCOB:
pazorpeB cepbl 10 150°C; cyIIKy 1 TTOIOTPEeB M3ACTUIA
npu temnepatype 130—140°C; morpyXeHne U3AeInii
B pacIUIaB U IIPOIUTKY; U3BJICUCHNE U3ICINI U3 pac-
TUTaBa cephbl M UX oXJaxmeHue. s oCyIIecTBICHUS
3(GeKTUBHOI TIPOMUTKU PACIIJIABOM Cepbl HEOOXOIU -
MO HMCTIOIb30BaTh TEPMETUUHYIO BaHHY, CHa0KCHHYIO
CHCTEeMOIT BaKyyMUPOBAHMSI.

Kak moka3zaja npakTuka, METOLY IPOIUTKI OETOH-
HBIX M3ICJINI pacIUTaBOM CEPBI IIPUCYIIN TAKXKE CIICIYIO-
e HeTOCTATKH. Bo-TIepBBIX, IJIST OCYIIIECTBIICHUS TIPO-
MUTKU PacIUIaBOM Cepbl HEOOXOIMM pa30TPeB M CEpPHI,
¥ OETOHHBIX U3 10 TeMnepaTypbl 140—150°C, uyTo
CYIIIECTBEHHO YBEJIMYMBACT SHEPTrOeMKOCTh IIpoliecca.

Kpome Toro, pazorpes M3IeIMii 10 TAKUX TeMIIEPATyp
MOKET BBI3BaTh HAIIPSDKEHNE B MaTepyayie M IIPUBECTH
K CHIDKCHUIO IIPOYHOCTU. BO-BTOPHIX, M3-3a OTHOCH-
TEJIbHO BBICOKOM BSI3KOCTH pacIjiaBa cepbl HCOOXOI-
MO HMCIIOJTb30BaTh BAKyyMHUPOBAaHUE MU M30BITOUHOE
aBJICHHE, YTO 3HAUYUTEIIFHO YCIOXKHICT M YIOPOXKaeT
TEXHOJIOTHIO TIPOITUTKH PACILIABOM CEPHI.

IIpuMeHeHMe XKe cocTaBa Ha OCHOBE TOJIMCYITh(hHIA
KaJus SIBIISICTCS albTepHATUBHBIM METOIOM, KOTOPBIMA
pelaeT 3amavy Co3AaHMs HAIEKHBIX 3aIIUTHBIX 1 JTOJITO-
BEUYHBIX IIOKPBITUI CTPOUTETHHBIX MaTepHraioB. B kaue-
CTBE CPEICTBA JOJTOBPEMEHHOM 3aIIUTHI CTPOUTETHHBIX
MaTepualioB MpeajaraeTcs 0opadboTka MOPUCTHIX MO-
BEPXHOCTEH CTPOUTEIHPHBIX MAaTepHUAaJIOB HOBBIM CEPOCO-
IepKaIliM cocTaBoM. Pa3paboTaHHBIN TPOTTUTOTHEIN
COCTaB Ha OCHOBE CEephl 00CCIIEUNBACT 3aIIUTy CTPOU-
TEJIBHBIX MaTepHaJIOoB OT aTMOC(HEPHBIX BO3ACHCTBUI
W arPEeCCUBHEIX CPel B TCUCHME IIUTEIIFHOTO BpeMe-
HU. TexHomaorust o6pabOTKM 3J1eMEHTOB KOHCTPYKIIUAI
1 U3IEUI TIPOCTa U JOCTYITHA: KaK W OOJIBIINHCTBO
JIAKOKPACOYHBIX MaTepHaIOB, OHM HAHOCSITCS KHUCTBIO,
HAJIWBOM, paCITbUICHHEM, TTOTPYKEHUEM TIPH JTIOOBIX
TTOJIOXKUTEIFHBIX TeMITepaTypax.

Takum o0Opa3oM, pe3yJIbTAaTHl ITOKAa3BIBAIOT, YTO
MIPEIJIOKEH HOBBIA CITOCOO MOJTOBEYHOM 3aIIUTHI
CTPOUTEIBHBIX MaTepHAIOB OT IIPOHUKHOBECHUS BOIEI
B YCJIIOBHSIX €€ TIOCTOSTHHOTO TIPUCYTCTBUS C IIpAME-
HEHUEM MOJIUCYIb(pUIa Kaarus, KOTOPBIA JOITOTHSIECT
KJIacC MONMUCYIbMOUIHBIX THAPO(HOON3aTOPOB HA OCHOBE
noaucyibduna kaabuus. [IpyuHuMIMaibHass HOBU3HA
MIpeUTaraeMoro PeIIeHUs 3aKJIF09aeTCs B TOM, UTO TH-
IpoOOU3aIsSI TOCTUTACTCS C TIPUMEHCHNEM MaTepH-
ajla HeopraHWM4YeCKOI Mpupoasl — cephbl. Hammame cepbl
B TIOpaX CTPOUTEIBHBIX MAaTEPHAIOB IIPUIACT UM BOITOOT-
TaJKMBAIOIINE CBOMCTBA HA IJIUTEILHOE BpeMsI — B OT-
JINYME OT OPTaHWMYECKUX JJAKOKPACOUHBIX MaTEPUAJIOB.

HoBusHa momxoma 3akiTrodaeTcs B TOM, 9TO Ha CTa-
Y TIPOITUTKH MCITOJIB3YETCSI pACTBOPHUMOE B BOIIE BE-
IIECTBO, B COCTaBE KOTOPOTO MOJICKYITBI CEPHI ITOITANai0T
B MeJIPUalIIme opsl MaTeprana. Ha arame cymku aTo
BEIIICCTBO pacliazaeTcs W Ha TTOBEPXHOCTH ITOp obpa-
3yeTcsl HepacTBOPUMBIN B Bofe (TUIPOMOOHEIIT) ClIoit
SJIEMEHTHOU cephl. [IprMeHeHe TITyO0KO ITPOITUTKH
ITO3BOJISICT HAPSIY C TMOBBIIICHUEM TIPOYHOCTH U MO-
PO30CTOMKOCTH, YMEHBIIIEHNEM BOIOMOTIOIICHUS
CYIIECTBEHHO MOBBICUTH CTOMKOCTBH K aTMOC(HEPHBIM
dakTopam, a TaKKe K KACIIOTaM, COJICBBIM paCTBOPaM,
HedTenmpomyKraM. MuHepaabHast IPUPOIA TTOKPHITUS
00ecTeYnBaeT €Tro TOJTOBEYHOCTD, a IIPUCYIINE dJe-
MEHTHOU cepe BOOOOTTAIKMBAIOIIE CBOICTBA Tepe-
KpbIBAIOT AOCTYM Boabl. [ToBepxHOCTH, 0OpabOTaHHbIE
IIpeIaracMbIM COCTaBOM, IIPUOOPETAIOT HE TOIBKO TH-
IpodOOHBIE CBOIICTBA, HO TAaKXKE M SIPKO BHIPAKCHHBIC
OakTepULMAHbIE CBOMCTBA, B pe3yJbTaTe MpenoTBpa-
1LIAI0TCS TTPOLIECChl THUEHUST U 00pa30BaHUS TJIECEHU.
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OBCYXKIEHUE

M3obpaxeHus, MpencraBieHHbIe HA pUc. 1, cBUae-
TEJBCTBYIOT O TOM, UTO €CTECTBCHHBIC THAPOGOOHBIE
CBOMCTBaA cepsl (puc. 10) meaaroT BO3MOXKHBIM Mpe-
BpalllecHNEe Cepbl B MOJICKYJIBI TTOTUCYIb(MUIA KaIus
(puc. la), KaK M B clly9ae MOJTUCYIb(MDUIA KaTbIIUSI.
Ha ctammm mpomuTKM MCIIONB3YeTCS PacTBOPUMOE
B BOJIE BEIIIECTBO, B COCTaBE KOTOPOTO MOJICKYJIBI CEPhI
ToMNamaoT B MeJIbYaifliiie ITOphl MaTeprajia v IIpeBpa-
IIAIOTCS B TUIPO30JIb cephl (prc. 1B). DKCIIeprMMeHTaTb-
HO YCTaHOBJICHO (pHC. 2), YTO IPOITUTOYHBIA PaCTBOP
pPaBHOMEPHO pacIIpefeIsieTcs TI0 TIOBepXHOCTU 00pa3-
ma. Ha srarre cymku 3To BeIecTBO pacIiagacTcsl, 1 Ha
TIOBEPXHOCTHU TIOP 00pa3yeTcsT HEPaCTBOPUMEIN B BOIE
(rumpodoOHEBII) CIIOit 2IIEMEHTHOM cephl. Pazmepsl
9TUX YaCTUIl U3MEPEHUEM Ha JIa3epHOM aHaIM3aTope
¥ 3JICKTPOHHOM MMKPOCKOIIE TTOKA3aJIM CPpEeIHNE 3HA-
yeHus1, paBHble 20 HM (puc. 3). DTU YaCTUIIBI UMCIOT
CTPYKTYPY OPTOPOMOMYECKOI cephl (puc. 4). UmeH-
HO OHM 3aIlOJIHSIOT IIOPUCTYIO CTPYKTYPY OCTOHA U €TO
MYCTOTBI, 3aIIOJTHSIIOT TTOPEI OeTOHA BOMOOTTAIKMBA-
OIIMM MaTepuajaoM. Ha 3tame CymIkm 3To BeIeCTBO
pacmamaeTcs, M Ha TIOBEPXHOCTH TTOp 0Opa3yeTcs Hepac-
TBOPUMBI B Boae (TUaApo(OOHBII) CIOI 271eMEHTHOM
cepsl. [IppMeHeHNE TTyOOKOM MMPOIMTKU ITO3BOISIET
HapsIIy C TTOBBIIICHUEM IIPOYHOCTH X MOPO30CTOMKOCTH,
YMEHBIIICHIEM BOIOIIOIJIONICHNS CYIIECTBEHHO ITOBBI-
CUTB CTOMKOCTH K aTMOC(EepHBIM (DaKTOpaM, KICIIOTaM,
COJIEBBIM pacTBoOpaM, He(pTeIpomyKTaM. MuHepaibHas
TIPUPOIA TTOKPHITUS 00€CIICINBACT €TO JOJTOBEUYHOCTb,
a TIPUCYIINE DIIEMEHTHOM cepe BOIOOTTATKUBAOIIIIEC
CBOICTBA TIEPEKPBIBACT JOCTYII BOIEI.

JaHHbIe, IpUBEICHHBIE HA pUC. 5 1 puc. 6, IMOKa-
3BIBAIOT, YTO MIPOIMTKA PACTBOPOM IIPUBOIUT K CYIIIE-
CTBEHHOMY CHITKEHHIO BOTOIIOTJIONICHUS IT0 Macce Kak
IUIST 00pa3IoB IIEMEHTHOTO KaMHsI, TaK 1 1T 00pa3IioB
IEMEHTHO-TIeCYaHOTO pacTBopa. [IpmueM Ha pe3yib-
TaT BIMSET KaK MPOIOIKUTSILHOCTD IIPOMUTKH, TaK
M TJIOTHOCTB pacTBopa. [lociienoBarelbHOE YBEIMUCHIE
TIPOIOJCKUTETEHOCTH TTPOITUTKH TIPUBOIUT K CHIDKCHIIO
BEJIMIMHBI KO3(DUILIMEHTA BOIOTIOTIOMICHMS, TaK KaK
3a OoJIbIIIee BpeMsI IIPOITUTOYHEIN pacTBOp IMPOHUKAET
B Oosbliee ynciio mop. B pacTBope Gosibliieit KOHLIEHTpa-
LIV COMEPKUTCST MEHBIIIEE KOJIMYECTBO BOIBI M OOJIBIIICE
KOJIMYECTBO MOJICKYII TIOJIMCYNIb(UIA, 1 TIPU BEICHIXaHUT
pacTBopa ocTaeTcs OOJIbIIce KOJTMIECTBO cephl. Tak, mirs
TIPOITUTKH IIEMEHTHOTO 00pa3iia paCTBOPOM IUTIOTHOCTHIO
1,33 r/cm? mociie 4-X 4acoB BbIAEPKUBAHUS B pACTBOPE
WIoTHOCTBIO 1,33 r/cM? mocturnyro 3Hauenue 3,4%,
a B pe3ysibTate 00pabOTKM ¢ IIPUMEHEHNEM BaKyyMa
IOCTUTHYTO 3HaueHue 1,9%. A mIst IpOITUTKYU pac-
TBOPHOTO 00Opaslia paCTBOPOM ILUIOTHOCTBIO 1,33 r/cm?
Tociie 4-X 4acoB BBIIEPKMBAHUS B paCTBOPE TaKOM Ke
WIoTHOCTBIO 1,33 r/cM? mocturnyro 3Hauenue 3,4%,

a B pe3yibTare 00pabOTKM ¢ MIPUMEHEHUEM BaKyyMa
JOCTUTHYTO 3HayeHue 1,3% r/cm?.

IIpoBemeHO cpaBHEHNE Pe3yIBTATOB MOJUCYIbGhUIA
KaJIus IIEMEHTHO-TIECYaHBIX 00pa3IIoB ¢ pe3yJbTaTaMK
JI1s oJIcybguaa Kaablys [4]. [Tpu mpornmuTKe moinm-
CcynbMUIOM KaJbLMS IIPOIOKUTEIIBHOCTBIO 1 9ac mo-
cturaercst KoabuireHT Bogononioienus 6,2%, a njis
nocyiabduna Kamus npu p = 1,18 r/em’® — 6,2% u nipu
p = 1,33 r/cm? ko3 unmeHT BogomnortomeHus — 4,4%.
[Tpu ipoTrMTKE TIPOIOKUTETFHOCTEIO 4 Yaca IMOINCYITb-
¢dua Kanblus moKa3biBaeT KO3(EOUIIMEHT BOAOIIOTIO-
wenus 4,5%, a nomucyabdun Kanus mpu p = 1,18 r/cm?
MOCTUTACTCST KO3 PUIIMEHT BOAOTIOTIONICHMS, pABHBII
4,8%, nipu p = 1,33 r/cm? — K03 HULIMEHT BOIOIOLIO-
weHus 3,4%. B pesyabrare, 11l IEMEHTHOTO obGpasia
IIPY IIPOTIUTKE PACTBOPOM TOJMCYIb(MUA KATUSI 0 =
1,33 r/cm® nosryyaeMm 3HaYeHUS, OYEHb OJIM3KKUE K 3HA-
yeHUSIM Topsinka 3—4%, a o BaKyyMOM — 3Ha4YeHUE,
paBHoe 1,3 r/cMm?.

JlaHHBIC, pUBEIEHHBIC HA PHC. 7, TTOKA3bIBAIOT, YTO
Jake KOHIICHTPMPOBAHHBIN pacTBOP MOMUCYIb(UIA Ka-
IS ¢ TWIOTHOCTBIO 1.33 r/cM? 06amaer xopolieii mpo-
HUKAIOIIEl CITOCOOHOCTHIO, a TIIyOMHA IIPOHUKHOBEHUS
3aBUCHUT OT CIIOCO0a MPOIMUTKH pacTBopoM. UeTwIpex
YacOB MPOMUTKN JOCTATOYHO, YTOOBI paCTBOP MMPOHUK
Ha DIyOMHY 2 ¢M, a ¢ TIpUMEHEHUEM MeToAa IpeaBa-
PUTEILHOTO BaKyyMHPOBAHUS OH IIPOHUKAET Ha BCIO
ryonHy (cM. puc. 7B).

Takum obpazoM, IpUMEHEHUE PacTBOPA TIOJIUCYITh-
¢uma Kaaus o1 3alIuTR O€TOHA, IO KpaltHel Mepe,
T10 TTapaMeTpPy BOIOIIOIJIOMICHNST HE YCTYIIAeT pacTBOPY
TTOTUCYTb(hUIA KA M MOXKET OBITh PEKOMEHIOBAHO
B Ka4eCTBE CPeACTBA 3aIlIUThI OeToHAa. OH MOXET I10-
TIOJTHUTD KJIACC TTOJIUCYIb(UIHBIX THAPODOOU3aTOPOB
[25—28], ¢ ycriexoM CITY>KUTh B CIydasix TPOHUKAIOIIEH
rrapo(oOM3aIK B KAYeCTBE CPEACTBA JOJTOBPEMEHHOMN
3aIUTHI CTPOUTEIBLHBIX MaTepHUaioB 00PaOOTKH TTIOPH-
CTBIX ITOBEPXHOCTEH CTPOUTEITLHBIX MaTepHUaIOB HOBBIM
cepocoIepsKaIIiM COCTaBOM. Pa3paboTaHHBIM IIPOITUTOY-
HBII COCTAaB Ha OCHOBE CEPHI 00ECIIeYNBACT 3aIIUTY CTPO-
WUTEJTBHBIX MaTEPUAJIOB OT aTMOC(EPHBIX BO3ICUCTBUIA
M arPECCUBHBIX CPEll B TCUCHHE ITUTCIFHOTO BPEMEHH.

BbIBO/IbI

Ha ocHoBaHUM BBHITTOJTHEHHON PAOOTHI MOXKHO CHIE-
JIaTh CJIEIYIOIINE BBIBOMIBL:

1. I3 pacTBOpa Ha OCHOBE MOJUCYIb(pUAA KaTus
OocaXXIarTcs HAHOYACTHUIIBI CO CPETHUM pa3MepOM
20 HM, Ha 9TO YKa3bIBAIOT Pe3y/IbTaThl M3MEPECHUIA Ja3ep-
HOTO aHAJIM3aTopa M 30HI0BOI MUKpocKommu. Hanoua-
CTHUIIBI CEPBI PABHOMEPHO PACIIPEIEIISTIOTCS 10 TIOBEPX-
HOCTH MaTepHaja 1 IMPOHUKAIOT BIIIyOb 110 KaITHIIISIP-
HBIM TpaKTaM, B pe3yIbTaTe 00pa3yeTcsl HepacTBOPMMBIA
B Boze (TuapoOOHEBIiT) CI0¥ 3JIEMEHTHOM CEepHI.
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2. Pe3ynbTaThl, MOJydYeHHBIC B paboTe, TTOKa3aIn
BBICOKYIO 3((PEKTUBHOCTD TIpeIIaracMOro METOIa TH-
IpohoOM3aLINK C UCITOIH30BAaHUEM PacTBOpPa HAa OCHOBE
nonucynbduaa Kkanus. BeisseiaeHo, 4To 3pHeKTUBHOCTD
TIPUMEHEHUS eTo ob0ecIieunBaeTCs TpaHchopMalmei
MOJIEKYJI TTOMUCYIb(UIA B IIOpax MaTepHaIoB B HAHOYA-
CTHIIBI B TIPOIIECCE BRICHIXaHMS IIPOITUTOYHOTO PacTBOPA.

3. CpaBHeEHHE TIpenjIaracMoro MeToIa IoKa3ajo, 9To
TIPUTOTOBJICHHUE PACTBOPA ITOIUCYIb(MUIA KAIHS SBIS-
€TCs TEXHOJIOTUYECKU 00Jiee YIOOHBIM IO CPAaBHEHUIO
CO CITOCOOOM MIPHUTOTOBIICHUS TTOIUCYIb(UIA KaTbITNS.
[IpennaraeMbIii METOI TTO3BOJISIET HAHOCUTD PACTBOPHI
IpY KOMHATHOM TeMIIepaType Ha CTPOUTEIBHBIX IIO-
IIagKax, UCIOJIBb3ysd METOIbI OKYHAHMsI, HAaJIMBa Ha I10-
BEPXHOCTD, HAHECEHUS KUCTHIO, PACITBUICHUEM.

4. YCcTaHOBJICHO, YTO MIPOITUTKA CEPOCOAEPKAIITIMI
cocTaBaMM TTO3BOJISIET CYIIECTBEHHO YMEHBIITNTH BOIOIIO-
TJIOIICHNE IIEMECHTHO-TIECIAHBIX ¥ IIEMEHTHBIX 00Pa3IIoB
(B 2—3 pa3za), maeT BO3MOXKHOCTh BaphbHPOBATh YPOBCHD
3aIUTHI MATEPHUAIIOB ITyTeM N3MEHEHUSI KOHLICHTPALIHI
pacTBOpa U MPOJOKUTEIbHOCTH 00padoTku. [ToTeH1m-

CIIMCOK NCTOYHUKOB

AJTLHBIMU 00JIACTSIMU TIPUMEHEHUS SIBIITIOTCST OOBEKTHI
IIPOMBIIIUIEHHOTO 1 TPaXXIAHCKOTO CTPOUTEIIBCTBA, TIPE-
JIaraeMbIii MeTOJ 3aIUThI (G GEKTUBEH 1T 00pabOTKMN
5JIEMEHTOB IOPOKHOTO CTPOUTEIBCTBA: TPOTYAPHBIX U JI0-
POXHBIX TUINT, 3JIEMEHTOB TTOI3eMHBIX KOMMYHUKALIMI
SHEPro- ¥ BOIOCHAOXKEHMS, KaHAIMN3aIu1, OOpIIOPHBIX
KaMHe#, KOJIOAEe3HBIX KOJIeIl, IOTKOB U Jp.

5. Ilponutka NoJUCYIbOUIOM KT U TTOCIETYI0-
Iee yaajaeHe BOObI B Pe3Y/IbTaTe BEICBIXAHMS IIPUBOIUT
K 00pa30BaHNI0 HAHOPAa3MEPHBIX ITOKPBITHIT Ha OCHOBE
CEepHI, TTIO3BOJISCT 3aIIUTUTh HE TOJBKO OETOH OT BO3-
IEUCTBUS aTrPECCUBHBIX CPEII: KMCIIOT, CTOYHBIX ¥ TPYH-
TOBBIX BOJI, MOPCKOIT BOIBI, — HO TAK3KE B TIEPCIICKTHBE
1 IpyTHe BaXKHBIC CTPOUTEIbLHBIC MAaTePHAITBI, TAKME KaK
KUPINY (KepaMUIeCKUA U CHUIMKATHBII ), TUTIC, acOeCT,
KepaM3UT, U3BECTHSK U JIIOOBIC IPYTHE CTPOUTEITBHBIC
MaTepHaibl HeOpraHMIecKoit mpupoabl. O0paboTaHHEIE
MaTepUalbl IPUOOPETAIOT CTOMKOCTD K BO3IEHICTBUIO
KapOOHATOB, XJIOPUIOB, CYIb(aTOB, HUTPATOB U TIp.,
ITOBBIIIAIOT MIOKA3aTe I BOMOHEIIPOHUIIAEMOCTH, TIPOY-
HOCTH, MOPO30CTOMKOCTH OETOHA.
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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: Germany, Russia, China, USA et al. The results of the cre-
ative 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 «The composition and manufacturing method of non-fired zirconium heat-resistant
concrete» refers to the construction materials industry and can be used in the manufacture of products from zirconium non-fired
heat-resistant concrete obtained without pre-firing. The purpose of the invention is to increase the thermal resistance at 1300°C,
improve the water resistance of non-fired zirconium heat-resistant concrete and the exclusion a technologically complex method
of converting the above-mentioned components into nanoscale particles and heat-shock treatment requiring high energy costs.
The following inventions in the field of nanotechnology can also be interesting for specialists: a method to obtain multi-layered
nanocomposite coating: a method for modifying carbon nanomaterials in nitrogen-containing plasma; a method for regeneration
of aerosol filters and protective membranes; a method for obtaining a polymer nanocomposite material with reduced flammability;
a robotic complex for obtaining nanostructured chromium coatings; a method for producing hydrogen from methane, a method for
forming a combined hydrophilic coating; thermochromic nanoencapsulated material, production method and a product contain-
ing such material; a method for obtaining a water-soluble paint-and-lacquer material with photobactericidal activity for applying
photobactericidal coatings based on water-soluble paint-and-lacquer materials 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.

KEYWORDS: nanotechnologies in construction, zirconium non-fired heat-resistant concrete products, method for modifying carbon
nanomaterials, method for obtaining a polymeric nanocomposite material, thermochromic nanoencapsulated material.
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INTRODUCTION nologies, devices, etc.) that radically change the world

around us. This is primarily can be attributed to the

Nanotechnologies and nanomaterials amaze the  inventions of scientists, engineers and specialists from

imagination of people, demonstrating more and  different countries (Germany, Russia, China, USA, etc.)
more advances (materials, methods, systems, tech- in the nanotechnology field.
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MAIN PART

Composition and a method of manufacturing
non-fired zirconium heat-resistant concrete
(RU 2784296 C1)

The invention relates to the construction materials
industry and could be used in the manufacture zirco-
nium heat-resistant concretes obtained without pre-
firing [1].

The purpose of the invention is to increase the ther-
mal resistance at 1300°C, water resistance of non-fired
zirconium heat-resistant concrete and the eliminating
a technologically complex method converting above men-
tioned components into nanoscale particles and heat-
shock treatment requiring high energy costs.

It is achieved by binder inclusion into the composi-
tion: for the manufacture of non-fired zirconium heat-
resistance concrete, with zirconium filler, finely ground
additives: zirconium, diatomite, binder — nanosized
particles of sodium silicate pieces and nanosized par-
ticles of milky white opal and water, the composition
contains colloidal polysilicate as a binder sodium with
a silicate module of 6.5 and nanodispersed milky white
opal — siliceous rock representing natural fine silica,
in the following ratio, mass %: zirconium filler 57—81;
finely ground zirconium 8-18; finely ground diatomite
6—16; colloidal sodium polysilicate with a silicate mod-
ulus of 6.5 obtained according to RF patent 2124475
2-4; natural highly-dispersed silica (the chemical com-
position and sieve analysis are presented further), —
3—5; water at the rate of W/ T 0.12-0.14 by mass of dry
components.

The primary components included in the raw mate-
rial mixture for the manufacture of non-fired zirconium
heat-resistant concrete with increased heat and water
resistance are:

— colloidal sodium polysilicates with a silicate modu-
lus 6.5, obtained according to Pat. RF 2124475, rep-
resenting the transition range of compositions from
liquid glasses to siliceous and classified as nanomateri-
als.

The structural element of the polysilicate is a silicon-
oxygen tetrahedron, which is the main polymer com-
ponent for polysilicates. The main difference between
polysilicates and liquid glasses (highly alkaline silicate
systems) is their polymer form, which is silica particles
4 to 5 nm in size. The polymer form is 60% or more of
the total siliceous content, which provides high strength
properties for the obtained gel structures. The polysilicates
efficiency is 4 times higher than the efficiency of liquid
glasses — aqueous solutions of sodium silicate pieces,
which allows the use of technological solutions with
a lower concentration.

Thermochromic nanoencapsulated material, a method
for its preparation and product containing such material
(RU 2786728 C1)

The group of inventions relates to the field of fire safe-
ty, namely to advanced means of controlling and prevent-
ing the occurrence of fires at an early stage by constant
local, spot monitoring of temperatures or overheating for
electrical wiring, contact groups, terminals, equipment
and various objects through the use of chemical indica-
tors of a combined operating principle, changing their
color and emitting an odor when exposed to tempera-
ture. A thermochromic nanoencapsulated material used
to generate a signal about local overheating of electrical
equipment by simultaneously releasing an odorant and
changing the color of the material with increasing tem-
perature includes nanocapsules containing a core inside
a polymer shell with an odorant [2].

The material consists of nanocapsules distributed in a
polymer binder with a core of a thermochromic substance,
based in a multilayer modified polymer shell containing
a layer with an odorant and a protective flame retardant
layer, with the following ratio of components, mass, %:
core of a thermochromic substance 84—88, polymer shell
5—7, plasticizer 3—5, odorant layer 2—3, protective flame
retardant layer 2—3. Nanocapsules activation temperature
span is 50—250°C. The outer diameter of the nanocapsules
is 40—60 microns. The average thickness of the odorant
layer is 2—3 microns. The average thickness of the pro-
tective flame-retardant layer is 2—3 microns. To obtain
a thermochromic nanoencapsulated material, the ther-
mochromic substance is crushed, sieved and separated
to a homogeneous fine fraction of 30—50 um.

A mixture of a polymer with a plasticizer is prepared,
divided into parts, a mixture with an odorant and a
mixture with nanocomposites are prepared, which are
then fed into separate tanks of the dosing unit. The
polymer solidifying agent is loaded into a separate tank
of the dosing unit. The resulting thermochromic sub-
stance is electrified with static electricity and loaded
into the layer deposition chamber. It is sprayed with dry
compressed air and a mixture of polymer and odorant
is fed. When finishing the spraying cycle, the raw ma-
terial coated with the formed layer of uncured shell is
deposited in the reaction chamber and the hardener is
sprayed and the polymer is being solidified. The result-
ing raw material is reversed from the reaction cham-
ber to the layer deposition chamber and the mixture
of the mentioned above polymer and nanocomposite
is sprayed. When finishing the spraying cycle, the raw
material coated with the next layer of uncured shell from
the layer spraying chamber is deposited into the reaction
chamber. The hardener is sprayed and the polymer is
cured. At the end of the layers spraying cycles and cur-
ing the shells, a finished material is obtained, which is
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unloaded into a technological container, sorted and
packed into a shipping container.

The thermochromic nanoencapsulated product is
made in the form of a structural item and contains the
thermochromic nanoencapsulated material described
above. It has been increased: a flowability of the mate-
rial, long-term storage time while preserving the original
properties, increased homogeneity, chemical resistance,
and uniformity of mixing in the polymer compositions,
resistance to aggressive environments/solvents and stabi-
lization of the activation temperature.

A method for forming a combined hydrophilic coating
(RU 2786292 C1)

The invention relates to the energy-saving technology
and heat-power engineering, in particular to the methods
for improving the wetting and capillary properties of the
heat exchange surface to increase heat transfer during
evaporation and boiling [3].

The summary of the method for forming a combined
hydrophilic coating is illustrated in the figures, where
Fig. 1 shows a photograph of the heat exchange sur-
face with a coating, namely, a layer of aluminum oxide
nanoparticles deposited on the microstructure. Fig. 2
shows a diagram of measuring the liquid rosing height
over the layer obtained by the claimed method. The
scheme measuring the liquid rising height contains the
substrate 1, the liquid 2, the needle 3, the ruler 4, the
chamber 5. Fig. 3 presents dependence of liquid rising
height from the coating thickness.

The method of forming a combined hydrophilic coat-
ing is carried out as follows.

With an abrasive with a grain size from10 um to
100 um, the grooves are cut on the heat exchange sur-
face, then the surface is heated up to the temperature
from 50 to 100°C and a nanofluid is applied. Nanofluid
consists of aluminum oxide nanoparticles with a size 50 to
100 nm and isopropanol with nanoparticles concentra-
tion from 0.01 to 0.1%. The nanofluid evaporates at the

Fig. 1. Photograph of a coated heat exchange surface,
namely, a layer of aluminum oxide nanoparticles
deposited on a microstructure
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Fig. 2. Scheme for measuring the liquid rising height:
1 — substrate; 2 — liquid; 3 — needle; 4 — ruler;
5 — camera
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Fig. 3. Dependence of the liquid rising height on the layer
thickness

atmospheric pressure in air, which leads to the layer for-
mation of aluminum oxide nanoparticles. The procedure
for applying the nanofluid and evaporating the liquid from
the nanofluid is repeated 10 to 15 times. The resulting
coating (Fig. 1) makes it possible to achieve capillary ris-
ing height of the liquid from 30 to 35 mm and a contact
angle of 0 degrees.

It has been found experimentally that the coating best
characteristics are achieved in the specified parameters
ranges. To measure the liquid rising height according to
the diagram in fig. 2, liquid 2 is applied to the substrate 1
by feeding through the needle 3, thereafter, with the rul-
er 4, the rising height is measured in the photograph taken
from camera 5. Based on the measured values, the depen-
dence of the liquid rising height on the layer thickness was
plotted (Fig. 3), where (1) — combined coating — layer
of nanoparticles in grooves, (2) — layer of nanoparticles,
(3) — grooves. The combined coating provides signifi-
cantly better hydrophilic properties than applying a layer
of nanoparticles and cutting grooves separately.
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With an increase in the liquid rising height, the evapo-
ration area also increases, which improves the heat trans-
fer coefficient during evaporation, and the structure based
on nanoparticles increases the number of vaporization
centers, which leads to an increase in heat transfer dur-
ing boiling.

The use of the invention makes it possible to exclude
technically complex operations of forming a hydrophilic
surface by applying particles in the flame of a hydrogen-
oxygen burner or sintering and applying polymer pastes.
The resulting coating allows to increase liquid rising
height up to 35 mm compared with the prototype.

A method to produce hydrogen from methane
(RU 2784336 C1)

The method to produce hydrogen and ethylene from
methane includes supplying a methane stream to the
reactor, using a catalyst containing particles of a metal
selected from the group: nickel, titanium, molybdenum,
iron, cobalt, heating the catalyst through electromagnetic
action, followed by the release of hydrogen and ethylene
for methane reforming. The nanopowder catalyst is fed
into the toroidal reactor simultaneously with the methane
flow. The fan inside the reactor mixes and directs the
dust-gas mixture to the induction heating zone, where, as
a result of heating the catalyst up to 810—850°C, dimeriza-
tion and dehydrogenation reactions take place with the
formation of hydrogen and ethylene, which are stabilized
in the subsequent cold zone of the reactor [4].

The technical problem, the solution of which is pro-
vided by the present invention implementation, is the high
cost and low productivity of hydrogen obtaining process
for its further use, specifically, as a promising fuel for the
space, aviation, and motor transport industries. Likewise,
there is an urgent need for a simple and economically
justified method for the direct dimerization of methane
into ethylene up to a temperature of 1000°C for industrial
enterprises.

The technical result of the claimed invention is a high-
performance method for producing two high-margin
products: hydrogen and ethylene, suitable for use in
small-tonnage production at optimal energy consump-
tion with the possibility of implementing the method both
on large-scale stationary industrial installations and in
a vehicle-based mobile version.

The technical result is achieved due to the fact that the
method for producing hydrogen from methane, including
the supply of a methane stream to the reactor, the use of
a catalyst containing particles of a metal selected from
the group: nickel, titanium, molybdenum, iron, cobalt,
heating the catalyst by means of electromagnetic action,
with the subsequent release of hydrogen during methane
conversion; according to the invention, the catalyst in
the form of a nanopowder is fed into the toroidal reactor

simultaneously with the flow of methane, the fan inside
the reactor mixes and directs the dust-gas mixture to the
induction heating zone, where, as a result of heating the
catalyst, dimerization and dehydrogenation reactions oc-
cur to form hydrogen and ethylene , which are stabilized
in the subsequent cold zone of the reactor.

In the proposed invention, unlike analogues, there
is not an optical or microwave, but an induction heating
of catalytic particles within the methane medium. The
degree efficiency of such a solution is close to 90%, and
the number of particles exposed to the electromagnetic
radiation of the induction source is much higher than,
for example, the carbon dioxide laser beam. The catalytic
particles are heated uniformly throughout the induction
heating zone of the reactor. The nano-size of catalytic
particles allows a larger reactive area in comparison with
microparameters.

Robotic complex for the formation of nanostructured
chromium coatings (RU 2786270 C1)

The invention relates to equipment for plasma-electro-
Iytic coating and can be used in mechanical engineering,
instrumentation and other fields of technology [5].

The essence of the claimed technical solution is
a robotic complex for the formation of nanostructured
chromium coatings, consisting of an industrial robot
with a reprogrammable control device, an electrode
system, a rotary-horizontal system, an electrolyte sup-
ply system; the electrode system includes: cathode —
chromium-plated product; anode; an electrical power
supply system, which is a high-voltage direct current
source for creating and maintaining the burning of an
electric discharge with smooth voltage output control
in a range with the possibility of supplying an adjust-
able rectified voltage of various shapes and consisting of
a diode bridge and a laboratory autotransformer, while
a capacitive induction transformer is connected to the
electrical power supply system filter; an oscilloscope with
the ability to control the shape of the supplied voltage
and electric current; additional resistance; voltmeter
with voltage control; ammeter with the ability to moni-
tor the electric discharge current; the rotary-horizontal
system consists of: a rotary-horizontal mechanism with
the possibility of making circular movements, on which
the chrome-plated product is located; base for the hor-
izontal-rotation mechanism, on which the horizontal-
rotation mechanism is located.

The electrolyte supply system consists of a flow bath
with the possibility of adding electrolyte to it, the flow
bath is located under the rotary-horizontal mechanism
with the possibility of collecting the flowing electrolyte
from the surface of the chrome-plated product during the
chromium plating process; flexible electrolyte supply tubes
connecting all elements of the electrolyte supply system
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with the possibility of electrolyte flowing therethrough
while the flexible electrolyte supply tubes are either at-
tached to the body of the industrial robot or located inside
the technical channels of the industrial robot, then the
flexible electrolyte supply tubes are arranged in the direc-
tion the flow bath and further to the base for the rotary-
horizontal mechanism; an electrolyte dispenser connected
to the anode and flexible tubes for supplying electrolyte
with the possibility of supplying electrolyte to the surface
of the chrome-plated product, as well as with the ability to
move in space by moving the industrial robot according
to the program specified on the reprogrammable control
device; a peristaltic pump with the possibility of pumping
electrolyte from the flow bath into the electrolyte dis-
penser, while the peristaltic pump is attached either to the
frame of an industrial robot or to the flow bath.

The use of the claimed technical solution makes allows
to improve the accuracy and quality of applying nano-
structured chromium coatings on products with complex
geometry shape and large areas to provide anti-corrosion
effects in the field of mechanical engineering, instrumen-
tation and other industries. Schemes of the claimed ro-
botic complex are shown in Fig. 4a and 4b.

Fig. 4a. The general scheme of the claimed robotic
complex: 1 — 3 degree industrial robot (industrial
robot); 2 — flow bath; 3 — anode; 4 — rotary-horizontal
mechanism; 5 — base for the rotary-horizontal
mechanism; 6 — power supply system; 7 — laboratory
autotransformer; 8 — reprogrammable control device;
9 — cathode — chrome-plated product;

10 — electrolyte dispenser, conducting electricity, with
atip; 11 — electrolyte supply tubes, 12 — peristaltic
pump; 13 — oscilloscope; 14 — additional resistance;
15 — voltmeter; 16 — ammeter; 17 — capacitive
induction filter; 18, 19, 20, 21 — diodes; 22 — electrode
system; 23 — electrolyte supply system; 24 — rotary-
horizontal system

~220

Fig. 4b. Electrical power scheme

Method for obtaining a polymer nanocomposite
material with reduced flammability (RU 2783446 C1)

The fire hazard of polymeric materials and products
made from them is determined in technology, foremost,
by combustibility, i.e. the ability of a material to ignite,
maintain and propagate the combustion process. How-
ever, it is impossible to ensure that the polymer becomes
an absolutely non-combustible material that does not
burn in intense fire (in case of fire). Therefore, an urgent
task is to reduce the flammability of the polymer, slowing
down the rate of its combustion and flame propagation,
as well as reducing smoke emission. According to the
standards (GOST 28157-89), a slow-burning polymeric
material is considered to be such a material that can ignite
when flame is applied, but when the combustion source is
removed, it self-extinguishes after a certain period of time.

The creation and development of advance polymeric
materials with reduced flammability includes such main
areas as the synthesis of base polymers with reduced flam-
mability; chemical and physical modification of industrial
polymers, as well as the introduction of special flame-re-
tardant additives into polymers — flame retardants, which
make it difficult to ignite and reduce the speed of flame
propagation. To implement the first area, silicon-con-
taining polymers and highly heat-resistant heterocyclic
polymers (polysulfones, polyphenylene sulfoxides, poly-
imides, etc.) are synthesized, as well as polymers, dur-
ing the decomposition of which non-combustible gases
(fluorine-, chlorine-, nitrogen-) are formed. The creation
of non-combustible polymers based on the chemical and
physical modification of carbon chain polymers usually
includes chlorination/bromination reactions or treatment
of the polymer surface with some kind of energy source.
A significant disadvantage of the mentioned consepts is
the high production cost of new non-combustible poly-
mers and/or the development of modification technolo-
gies and a narrow range of polymers, which significantly
limits the areas of practical use of these methods for pro-
ducing non-combustible polymers.

The present invention [6] relates to the chemistry and
technology of polymers and concerns a method for pro-
ducing nanocomposite polymeric materials with reduced
flammability containing nanoparticles of low molecular
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weight inorganic flame retardants based on aluminum or
magnesium hydroxides in a highly dispersed state, which
can be used in various fields of science and technology as
innovative materials with reduced flammability, including
materials in the form of films and fibers for household
and technical purposes to prevent fires, slow down or
stop the development of the initial stage of a fire, ensure
its rapid localization, for use in the agricultural sector as
non-combustible materials for greenhouses and pack-
aging materials, materials for construction purposes to
protect buildings and structures from ignition and fires,
textile materials with reduced flammability for technical
and household purposes as furniture fabric and stuffing
material for use in de civil, public and medical institu-
tions, hotels, vehicles (civil public transport, air and rail
transport, etc.), etc.

A method for modifying carbon nanomaterials
in nitrogen-containing plasma (RU 2784665 C1)

The invention relates to the technology of carbon nano-
materials, specifically, to the technology for producing
carbon nanomaterials that can be used as carriers of elec-
trocatalytically active metal nanoparticles for subsequent
use in fuel cells, electrolyzers and other electrochemical
devices. In addition, modified carbon nanomaterials can
be used as a sorption material for hydrogen storage sys-
tems or as a membrane material for hydrogen purification
and extraction systems. The method can be used to obtain
modified nanomaterials on an industrial scale [7].

The technical issue to be solved by the claimed inven-
tion is to increase the activity and stability of the electro-
catalyst for the oxygen reduction reaction and, as a result,
to improve the performance of low-temperature fuel cells,
which is a carbon nanomaterial modified with nitrogen.

The technical result of the claimed invention is to
obtain an electrocatalyst carrier for low-temperature hy-
drogen-air (oxygen) fuel cells. To achieve this technical
result, a method is proposed (modifying carbon nano-
materials in a nitrogen-containing plasma). The method
consists in processing carbon nanomaterial in the form
of a powder, which is carried out in plasma in a vacuum
chamber of a magnetron-ion sputtering installation with
a current source; upon that the plasma-forming gases are
a mixture of nitrogen-argon, a composite graphite target
containing sulfur as the second modifying component is
used, and the sulfur/graphite ratio lies in the C:S range
from 3:1 to 1:3, the substrate with carbon nanomaterial
is grounded, the chamber is preliminarily vacuumed to
10—2 Pa and heating the substrate with the material to
be processed to a temperature of 120°C to remove water
vapor from the pores of the sample, the plasma treatment
process is carried out under a mixture pressure of 1—6 Pa.

Besides that, a negative bias voltage of 100—800 V
with a frequency of 10 kHz is applied to the substrate

with the nanomaterial being processed using a pulsed
current source.

The combination of the above essential features leads
to the fact that the electrocatalyst carrier obtained by the
claimed method has a high surface activity, which will
make it possible to obtain an active and stably operat-
ing electrocatalyst with a long service life, and thereby
improve the performance of low-temperature fuel cells.

Frost-resistant and wear-resistant rubber based
on epichlorohydrin rubber (RU 2784185 C1)

The invention relates to the field of elastomeric nano-
composites used in the rubber industry and can be used in
the manufacture of rubber wear-resistant products for seal-
ing and structural purposes, operated under intense wear
and tear, low temperatures and aggressive environments [8].

The objective of this invention is to develop a technol-
ogy for “dry” ultrasonic treatment of carbon nanotubes
(CNTs) to reduce the degree of agglomeration and the
introduction of treated CNTs into a rubber compound
based on Hydrin T-6000 epichlorohydrin rubber to ob-
tain strong, frost-resistant and wear-resistant elastomeric
materials.

The technical effect obtained is expressed in the rub-
ber production based on epichlorohydrin rubber, which
shows increased frost resistance and wear resistance.
In addition, the technology is characterized by a reduction
in the number of preliminary stages for ultrasonic treat-
ment of CNTs, the possibility of introducing nanofillers
into the rubber mixture at the stage of mixing the com-
ponents of the rubber mixture in a standard rubber mixer,
improving the performance properties of vulcanizates,
namely, the conditional tensile strength, relative elonga-
tion at break, increased wear resistance while maintaining
elastomer frost resistance.

This task is achieved due to the fact that the rubber
compound based on epichlorohydrin rubber Hydrin
T-6000, including sulfur, captax, thiuram disulfide,
zinc oxide, magnesium oxide, stearic acid, carbon black
P-803, antiaging agent 4010 NA, additionally contains
multi-walled carbon nanotubes, processed in an ultra-
sonic bath, with the following ratio of initial components,
wt. hours: Hydrin T-6000 rubber — 100.0; sulfur — 1.0;
carbon black P-803 — 50.0; zinc oxide — 3.0; magnesium
oxide — 3.0; stearic acid — 1.0; captax — 0.5; thiuram di-
sulfide — 1.0; antiaging agent 4010 NA — 1.0; multi-walled
carbon nanotubes — 0.5—10.0.

A method for regeneration aerosol filters and protective
membranes (RU 2786874 C1)

The invention relates to the creation of new devices
based on carbon materials and their composites, in par-
ticular, of regenerated membranes for trapping aerosol
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particles. The proposed invention can be used for captur-
ing practically any aerosol particles and for partially or
completely removing organic and inorganic substances.
In particular, the invention can be used as structural ele-
ments of ultraviolet lithography (EUYV lithography) and
air purifiers for removing organic aerosol particles [9].

The invention makes it possible to solve existing
problems by using free-standing membranes/acrogels of
carbon nanotubes and based composites which can be
heated without significant irreversible structural changes
to extreme temperatures: 1800°C in vacuum or inert at-
mosphere and 700°C in air, by heating. Heating can be
provided both by the material itself (resistive due to the
supply of electric current to the membrane, microwave/
induction due to the supply of an external field), and due
to external heating sources. In this treatment, the acrosol
particles filtered by the membrane are partially or com-
pletely removed from the surface of the filter element,
regenerating the surface.

The creation of membranes/acrogels based on car-
bon nanotubes or nanotube/graphene composites can
be achieved both by filtering suspensions, aerosol pre-
cipitation, or supercritical drying. Composites can be
produced by chemical deposition from the gas phase of
the boron nitride layer, as well as pyrolysis of hydrocar-
bons on the membrane surface, deposition of graphene
flakes on the membrane surface, or its replacement with
graphene materials.

electrode electrode

%

aerosol particles
in the fluid flow

S Sk

membrane based on nanotubes
(heating while filtering or while
regeneration)

fluid flow

Fig. 5. Schematic device operating concept

Figure 5 shows a schematic device operating concept.

The technical results achieved in the present invention
are: the possibility of controlled partial regeneration of the
membrane to maintain one of the specified parameters in
the required range of values: transparency, pressure differ-
ence, filtering efficiency, filter membrane quality, etc.; the
possibility of removing and/or destroying the structure of
fixed aerosols by high-temperature treatment; simplifica-
tion of filter heating by eliminating the substrate (carrier)
and using a free-standing membrane; increase heating
energy efficiency by removing the membrane substrate
from the device, heating rate, cooling, direct heating of
the membrane, not the environment.

In the proposed method for demonstrating the possi-
bility of an approach, the problem of completely removing
tin particles from the surface of nanotubes by resistive
heating in a vacuum is implemented.

A method for producing a water-soluble paint
material with photobactericidal activity for applying
photobactericidal coatings based on water-soluble
paints and lacquers and hybrid associates of silver
sulfide nanocrystals with methylene blue molecules
(RU 2782567 C1)

Recently, there has been an increasing need to develop
new generations of antimicrobial compositions and coat-
ings based on them, due to the growing number of dis-
eases with bacterial and viral nature. Patent and scientific
literature analysis shows that one of the ways to solve this
problem is to develop methods for obtaining antimicro-
bial agents based on semiconductor nanoparticles (TiO,),
ZnS, ZnO, CdS, etc.) with photocatalytic activity, metal
nanoparticles (Ag, Au, Cu, Zn, etc.), hybrid associates of
nanoparticles with organic dye molecules that are sensitiz-
ers of reactive oxygen species [10].

A special place is occupied by the development of
methods for introducing the above mentioned agents into
the composition of paints and lacquers, including water-
soluble ones, while ensuring antimicrobial and photomi-
crobicidal effects of the compositions and thus expanding
the functionality of paints and lacquers.

The present invention relates to the field of obtain-
ing photobactericidal coatings, more precisely, to meth-
ods for modifying water-soluble paints and lacquers and
their usage for the developing of self-sterilizing surfaces.
A method for producing a water-soluble paint and lac-
quers material with photobactericidal activity for apply-
ing photobactericidal coatings based on water-soluble
paints and lacquers and hybrid associates of silver sulfide
nanocrystals with methylene blue molecules includes: co-
acervating solutions of thioglycolic acid and silver nitrate
with constant stirring at a speed of 300—600 rpm, with
subsequent dropwise titration with an aqueous solution of
NaOH up to pH 9, adding an aqueous solution of sodium
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sulfide with further stirring to form silver sulfide nanocrys-
tals (NC Ag,S), precipitation, centrifugation at a speed of
5000 rpm for 30 min, purification of the obtained Ag,S
NCs, addition of 50% water-ethanol solution and adding
a solution of methylene blue in 96% ethanol to obtain
a water-ethanol solution of an antimicrobial composition
based on associates of silver sulfide nanoparticles with
methylene blue molecules. An aqueous ethanol solution
of an antimicrobial composition is then added to the com-
mercial water-soluble paints and lacquers materials on an
acrylic or siloxane basis: an antimicrobial solution of an
antimicrobial composition in the ratio: a coating material
1:10 by mass. The coatings produced with the developed
material exhibit photomicrobicidal properties under ex-
posure to light, wherein the photobactericidal action is
also retained on artificially aged samples simulating the
operation of coatings for 1 year.

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

« A polymer composite heat-conducting paste with
nanofiber modifier [11].

« A method for producing cobalt ferrite nanoparticles
[12].

» A method for forming a periodic pattern on the surface
of amorphous thin films of phase-operable chalcogen-
ide materials [13].

« A method for determining superresonance on high-
order modes E for spherical dielectric particle [14].

« A method for obtaining nanoparticles of cobalt ferrite
[12].

« Innovative technology of municipal wastewater treat-
ment for rapid sludge sedimentation and enhancing
pollutants removal with nano-material [15].

o Terahertz crystalline ceramics of the system [16].

« Laser radiation converter based on a quantum mol-
ecule in an external electric field [17].

« A method of quantum dots hydrophilization [18].

« A method to produce metal-polymer nanocomposite
materials with metal nanoparticles [19].

« A method for producing a slow release retarder for
a well cementing [20].

« A method for laser-induced nanoparticles production
of type core-shell in polymer matrices [21].

« A method for reprocessing waste polyethylene tere-
phthalate into a porous carbon material (versions) [22].

« A method of manufacturing a semiconductor device
[23].

« A modifying additive [24].

« Humidity sensor and gas analytic multisensor chip
based on two-dimensional molybdenum carbide
(maxen) and method of their production [25].

« A method for the obtaining of tungsten carbide films
on a tungsten-silicon heterostructure by pyrolysis of

a polyamide film obtained by molecular layer deposi-
tion [26].

« A method for producing a thermally activated organo-
metallic coordination polymer and a method for pro-
ducing a composite nanoporous adsorbent based on
it [27].

o A method for manufacturing a matrix of chemoresis-
tive sensors [28].

« A method for obtaining liposomal nanocontainers
with immobilized enzyme [29].

« A method for obtaining ultrafine diamonds and instal-
lation for its implementation [30].

« A method for obtaining nanoscale oxides of rare earth
elements using acetamide [31].

« A composition of light self-compacting construction
concrete on the basis of cement matrix [32].

« A method for obtaining a luminescent medium with
laser control [33].

« A method for producing hydrogen (variants) [34].

« A device for obtaining graphene-containing suspen-
sions by graphite exfoliation [35].

« Block composite material for gas accumulation and
method for its production [36].

« Composite nanopowder based on titanium carboni-
tride and method for its preparation [37].

o Thermally conductive organosilicon paste [38].

« A protective nanomarker with a spectral identification
code for marking valuable products and a method for
marking valuable products with a protective nano-
marker [39].

« A method for obtaining a conductive coating based on
carbon nanotubes [40].

o Nanosized quartz and method for its preparation
[41].

« A method of the surface laser treatment for steel prod-
ucts [42].

« A method for obtaining monolayer silicene [43].

» A method for excitation of standing spin waves in
nanostructured epitaxial ferrite garnet films using
femtosecond laser pulses [44].

« A method for obtaining a layered carbon-molybdenum
disulfide composite [45].

« A method for developing a productive low-permea-
bility reservoir [46].

CONCLUSION

One of the most challenging tasks the economy of
every country face is to increase industrial competitive-
ness 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 intro-
duction of inventions and new technologies. Therefore,
we hope that the information published in this section
will be in demand and useful for specialists.
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PE3IOME: BBegeHume. BbicoKuMe TEXHONOMM MopaxatT BoobpaxeHne nofel, AeMOHCTPUPYA BCE HOBbIE U HOBble JOCTVKEHNA
(maTepmarnbl, cnocobbl, CMCTEMbI, TEXHONOMW, YCTPONCTBA U Ap.), KAPAVHAIbHO MeHSLLME OKPYXKaoLWMiA M pP. ITO, Npexae BCero,
MOHO OTHECTU K M306peTeHNAM YyUeHbIX, MHXEHEPOB U CNeLrancToB 13 pasHbix CTPaH B 061acT HaHOTexHonornii. OCHoOBHas
yacTb. B ctatbe B pedepatriBHON dopme NpoBoamMTCA 0630p N306PETEHUIA YUEHDIX, NHXEHEPOB 11 CMELMANMCTOB 13 Pa3HbIX CTPaH:
lfepmaHuy, Poccun, Kntas, CLLA 1 gp. Pe3ynbTaTbl TBOPUECKOW JEATENBbHOCTM YUYEHBIX, MHXXEHEPOB 1 CNELManiiCToB, B T.U. U M3006peTeHns
B 06/1aCTV HAHOTEXHOJOMMIA 1 HAHOMATEPVANOB NMO3BOJIAIOT NP NX BHEAPEHUN [OOUTHCA 3HAUMTENBHOIO 3P deKTa B CTPOUTENBCTBE,
XKUMNLLHO-KOMMYHaNbHOM XO3ACTBE, CMEXHbIX OTPac/AX SKOHOMUKN. Hanprmep, n3obpeteHne «CocTaB 1 CNocob M3roToBeHNA
6e306KroBOr0 LIMPKOHOBOTO apOCTONKOro 6€ToHa» OTHOCUTCA K MPOMBILLIEHHOCTV CTPOUTENBHbBIX MaTePUANOB U MOXET OblTb
MCMOMb30BaHO NPV N3rOTOBNEHNN N3AENUIA U3 LMPKOHOBbIX 6€306>KNroBbIX »KapOCTOMKNX OETOHOB, NoNlyyaembix 6e3 npeasapw-
TeSIbHOro 06xura. Lienbio n306peTeHus ABNSETCA NOBbILUEHVE TePMUYECKOl cTonKocTh npr 1300°C, BOJOCTOMKOCTI 6€300KMroBOro
LIMPKOHOBOTO XapOCTONKOro 6eToHa 1 MCKNoYeHNe TEXHONMOMMYeCKr COXHOro cnocoba nepeBopa yKasaHHbIX KOMMOHEHTOB B Ha-
HOpa3MepHbIe YacTULbl U TePMOYZapHO 06PaboTKM U3Aenuii, TPebyoLMX 6OMBLLNX SHEPreTUYecKrX 3aTpaTt. Takke NpeacTaBnaT
WHTepeC AJ1A CNeLmanicToB cieayoLne n3obpeteHnsa B 061acTyi HAHOTEXHOMOMMIA: CNOCco6 MOANPULIMPOBAHNA YINEPOAHbIX HAHO-
MaTeprasnoB B a30TCOAepKaLLel Mna3me; cnocob pereHepaLny a3p030SbHbIX GUIBTPOB 1 3aLUMTHBIX MeMbpaH; Cnocob nonyyeHns
MOSIMMEPHOro HAaHOKOMIMO3MLMOHHOIO MaTeprana C MOHUMXEHHON ropPYeCTbio; POBOTU3NPOBaHHDIN KOMMIEKC AnA GopMUpoBaHMA
HaHOCTPYKTYPUPOBaHHbIX XPOMOBbIX MOKPbITUIA; CNOCO6 NMOJyYeHs BOJOPOAA U3 MeTaHa; cnocob GopmMmpoBaHnsa KOMOUHYPOBAHHOTO
rMAPOGUIIbHOMO MOKPbITUSA; TEPMOXPOMHbI HAHOKAMNCYIMPOBaHHbIN MaTepuan, Cnocob ero NosyyeHnsA 1 N3fenve, CopeprKallee Takon
MaTepwan; cnocob nonyyeHrs BOAOPaCTBOPVIMOrO JTAKOKPACOYHOTo MaTepuana, obnagatoLlero ¢otobakTeprLAHON akTUBHOCTbIO,
OnA HaHeceHUA GoTobaKTePULIMAHbIX MOKPbITWI Ha OCHOBE BOAOPACTBOPMMbIX TAKOKPACOUHbIX MaTepranos 1 Ap. 3akntoueHue. OgHa
U3 aKTyasbHbIX 3afja4 SKOHOMMKH Nt060I CTPaHbI — MOBbILIEHVE KOHKYPEHTOCMOCOOHOCTY MPOMbILLIIEHHOCTHY 3a CYET €e TEXHONOT -
YeCKoro nepeocHatueHus. /1 B 3Tom HanpasneHnn raBHbIM 06bEKTOM BHUMaHWA CO CTOPOHbI FOCYAAPCTBa U KOMMaHWI CTaHOBATCA
JIOAV UV NPefnpuATYSA, Ybsi OCHOBHAA paboTa cBA3aHa C M300peTeHneM 1 BHeAPEeHMEM HOBbIX TEXHOSTOTIA.

KJTIOYEBbIE CJTOBA: HaHOTEXHONOMW B CTPOUTENbCTBE, NU3AENMA U3 LUPKOHOBBIX 6€306KMIroBbIX XapOoCTONKMX 6ETOHOB, CNOCo6
MoAnGULMPOBaHKA YIIepoaHbIX HAHOMATEPMAJIOB, CMOCO6 NOMTyYeHUs MOJIMMEPHOTO HAHOKOMMO3MLIMOHHOTO MaTepurasa, TepMo-
XPOMHbI HAHOKaNCYNMPOBaHHbIV MaTepuran.
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OCHOBHAA YACTb

CocraB 1 cioco0 M3roToBjaeHus 0€300KUTOBOI0
IMPKOHOBOTO 2KapocToiikoro oerona (RU 2784296 C1)

M300peTeHre OTHOCUTCS K IIPOMBIIIUIEHHOCTH CTPO-
UTEILHBIX MaTePUAIOB M MOXKET OBITH MCIIOJIb30BAHO
TIPY U3TOTOBJICHUHY U3IEINI 13 IIMPKOHOBBIX 0€3003K1 -
TOBBIX XKapOCTOMKMX OCTOHOB, TTOJIy9aeMBbIX 0e3 Tpe/l-
BapuUTeJIbHOTO ooxura [1].

Lleapro M300peTeHUST SIBIISICTCST MIOBBIIIICHUE TEP-
mMudeckoit ctoiikoctu pu 1300°C, BOmoOCTONKOCTH
06¢300XKNTOBOTO IMIPKOHOBOTO XKapOCTOMKOTo OETOHA
¥ MCKJIFOUCHUE TeXHOJIOTUIECKH CJIIOXKHOTO CIT0co0a
TepeBoIa YKa3aHHBIX KOMITOHEHTOB B HAHOpa3MepHBIC
YacCTULIbI U TEPMOYIApPHOU 00pabOTKU U3aeINii, TpeOy-
FOIMX OOJTBIINX SHEPTeTUUCCKMX 3aTpart.

[TocTaBmeHHAs 11e7Ib TOCTUTACTCS TEM, YTO COCTaB
IUTSI I3TOTOBIICHMST 0€300KMTOBOTO IIMPKOHOBOTO XKapo-
CTOMKOro 0eToHa, BKIOUAIOIINI IMPKOHOBBIN 3aI10J1-
HUTETb, TOHKOMOJIOTBIC MOOABKI: UPKOH, TUATOMMT,
CBsI3yIONIee - HAHOpa3MepPHBIE YaCTUIILI HATPUEBOI CH-
JINKAT-TIBIOBI 1 HAHOPa3MEPHBIC YACTUIIEI MOJIOYHO-
0eJIoro oIayia M BOIY, COICPKUT B KAYECTBE CBSI3YIOIIC-
IO KOJUTOMIHBIN TTOTUCHINKAT HATPUS C CUITUKATHBIM
MoaysieM 6.5 1 HaHOAUCIIEPCHOIO MOJIOYHO-0EJ10ro
oIaja — KpeMHE3eMHUCTYIO TTOPOY, IIPEACTABIISTIONTYIO
TIPUPOTHBIN TOHKOIMCIICPCHBIN KpeMHE3eM, IIPHU CIICIy-
OLLIEM COOTHOIIIEHUH KOMIIOHEHTOB, Mac. %: LIUPKOHO-
BB 3aIIOJTHUTENTD 57—81; TOHKOMOJTOTBIN IMPKOH 8—18;
TOHKOMOJIOTBI AMATOMUT 6— 16; KOJUTOMIHBII TOJIUCH -
JIMKAT HATPUSI C CUJIMKATHBIM MOIYJIEM 6,5, MOJTy4eHHbIIA
cormacHo nateHTy PD 2124475 2—4; mpupoaHbIif TOH-
KOIMCTICPCHBIN KpeMHe3eM (HIDKE TTPUBEICHBI XUMIIe-
CKUIT COCTaB M CUTOBHBIIT aHam3) — 3—5; Boma U3 pacueTa
B/T 0,12—0,14 oT MacchI CyXrX KOMIIOHECHTOB.

M cxomHBIMI KOMITOHEHTAMHU, BXOISIITUMH B COCTaB
CBIPBEBOI CMECH, JIUISI M3TOTOBJICHUST 0€3003KUTOBOTO
OUPKOHOBOTO XapOCTONKOI0 OETOHA C MOBBIIICHHOM
TEPMOCTONKOCTBIO I BOMOCTOMKOCTBIO SIBJISTIOTCS:

— KOJUTOMIHBIC MOTUCUINKATHI HATPUS C CHIUKAT-
HBIM MoAyJieM 6,5, MmojydeHHble corjacHo nat. P®
2124475, npencraBisgionye MepexoaHyo 00JIacTh
COCTaBOB OT XXMIKUX CTEKOJI K KPEMHE30JIsIM 1 KJIac-
CH(UITIPYIOIIECcS KaK HAaHOMAaTePHaJIbI.
CTpyKTYpHBIM 3JICMEHTOM TOJMCUJINKATa SIBJISICT-

¢ KpeMHEKHUCIOPOMHBIN TeTpasap, KOTOPHI SIBIISICTCS

OCHOBHOW TIOJIMMEPHOW COCTABJISIIOIIECH TTOJIMCUITNKA-

TOB. OCHOBHBIM OTJIMYMEM TTOJIMCHIMKATOB OT XU -

KHX CTEKOJI (BBICOKOIIEIOYHBIX CHJIMKATHBIX CHCTEM)

SBJISIETCS MX IOJUMepHast (hopMa, IIPeACTaBIISIONIAS

KpeMHE3eMHBIC YaCTUIIBI pa3MepoM oT 4 1o 5 uM. Ilo-

JmmepHas ¢popMma coctasisiet 60 u 6onee % OT OOIIETO

comep:kaHUSI KpeMHe3eMa, YTO 00CCIIeYNBACT BHICOKHE

MPOYHOCTHbBIE CBOMCTBA 00PA3YIOLIMXCSI TeJIEBbIX CTPYK-

Typ. DPHEeKTUBHOCTD MOJUCUINKATOB B 4 pa3a BhIIIIE
3¢ HEKTUBHOCTH KUAKUX CTEKOJ — BOIHBIX PACTBOPOB
CUJIMKAT-TJIBIOBI, YTO ITO3BOJISIET UCIIOIb30BATh TEXHO-
JIOTUYECKME PACTBOPLI ¢ 60JIee HU3KOM KOHLIEHTPALIAEH.

TepMOXPOMHBIIi HAHOKATNCYJIMPOBAHHBIA MaTepuai,
crnocod ero noJyyeHus 1 u3eiue, coaepKaiee TaAKOi
matepuan (RU 2786728 C1)

I'pyrnna nzobpereHunii OTHOCUTCS K 00J1aCTU MOXKap-
HO1 6€30TTaCHOCTH, a MMEHHO K COBPEMEHHBIM Cpe/I-
CTBaM KOHTPOJIST ¥ IIPEIyIIPeXIeHNS BOSHUKHOBCHMUS
ITOXapoB Ha paHHE! CTaguy IMyTeM ITOCTOSTHHOTO JIO-
KaJIbHOTO, TOYCUHOTO MOHUTOPWHTA TeMIIepaTyp WUIN
IeperpeBa JIEKTPOIIPOBOAKN, KOHTAKTHBIX TPYIII,
KJIeMM, 000OpYIOBaHUS M Pa3INIHBIX OOBEKTOB 3a CUCT
HCIIOIH30BaHUS XUMUIECKIUX MHINKATOPOB KOMOWHU-
pPOBAHHOTO TIPUHIINIIA ACUCTBUS, U3MEHSIOIINX CBO
IIBET U BBIICIISIONINX 3allaX P TeMIIepaTypHOM BO3-
neiictBur. TepMOXpOMHBIN HAHOKATICYJIMPOBaHHBIN
MaTtepua, IpUMEHSIeMBIi 1Tt OpMUPOBAHUSI CUTHAJIA
0 JIOKAJIbHBIX TIeperpeBax 3JIeKTPOOOOPYIOBAHUS IIyTeM
OIHOBPEMEHHOTO BBIICICHUS OTOPaHTa M U3MECHEHUS
IIBeTa MaTepyraa IIpH IMOBBIIICHUH TEMITePaTyphl, BKITIO-
YaeT HAHOKATICYJIbl, COAepKAIlUe SIAPO, PACTIONOXEHHOE
BHYTPHY 000JI0YKH U3 TTOJTMMEPHOTO MaTepHaa, ¢ OI0-
paHTOM [2].

Martepuai IpeacTaBiasieT co00M pacmpeneIicHHEBIS
B TTOJIMMEPHOM CBSI3YIOIIEM HAHOKATICYJIBI C SIAPOM
13 TEPMOXPOMHOTO BEIIECTBA, PACITONIOKEHHBIE B MHO-
rocjaoiHON MOoaAU(UILIMPOBAHHON MOJIUMEPHOUN 000-
JIOUKE, ComepKalleil CIIOM ¢ OMOPAaHTOM U 3alIUMTHBIA
AHTUIPEHTHBIN CJION, TIPU CIICAYIONIEM COOTHOIIICHIH
KOMITOHEHTOB, Mac.%: siipo 13 TEPMOXPOMHOTO Bellle-
ctBa 84—88, monmmMmepHasg obojiouka 5—7, ractudu-
KaTop 3—5, cioit ¢ omopaHTOM 2—3, 3aIIUTHHINA aHTHU-
MMMPEHTHBIN cj10i 2—3. HaHoKarCyIpl IMEIOT IUaIia30H
temmepatyp aktuBanuu 50—250°C. HapyXHbIi tnamMeTp
HaHokaricy1 cocrasisieT 40—60 MxM. CpeIHssT ToNIInHA
CJIOSI C OMOPAHTOM COCTaBIISIET 2—3 MKM. CpemHsIs TOJI-
IIMHA 3allIUTHOTO aHTUITMPEHTHOTO CJIOSI COCTABIISACT
2—3 MxM. J1J1s1 MoJTydeHUSI TePMOXPOMHOTO HaHOKATII-
CYIUPOBAHHOTO MaTepHraja U3MeIb4YaloT, IPOCCUBAIOT
1 CEITapupyIoT TEPMOXPOMHOE BEIIIECTBO 0 OMHOPOTHOM
MenKoaucriepcHoi ppakunm 30—50 MKM.

T'oToBAT cMech TToIMMeEpa C TUIACTU(UKATOPOM,
pa3IesIsIIoT Ha 9acTH, IIPUTOTAaBIMBAIOT CMECh C OIIO-
PaHTOM M CMeCh ¢ HAHOKOMITIO3UTaMM, KOTOPBIC 3aTeM
ITOJAIOT B OTIENIbHBIC 0aK! MTO3UPYIONIeiT YCTAaHOBKH.
B otnenpHEIN 6aK JO3UPYIOIICH YCTAHOBKH 3arpys>KafoT
OTBepaUTeNb ommMepa. [lorydeHHOe TepMOXPOMHOE
BEIIIECTBO 3JICKTPU3YIOT CTATHUYCCKIM BJICKTPUICCTBOM
1 3arpyKaloT B KaMepy HaIbIICHUS clIosl. PacTipListioT
CYXMM CKATHIM BO3IYXOM M ITOJAIOT CMECh IMOJIMMepa
¢ ogopaHTOoM. [To OKOHYaHUM LIMKJIA PACTIBLICHUS MO~
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KpBITOE C(hOPMUPOBAHHBIM CJIOEM HEOTBEPKICHHOM
000JIOYKH CHIPhE OCAXIAIOT B peaKIIMOHHOI KamMepe
¥ TIPOM3BOMSIT PACIBIJICHUE OTBEPIUTEIIS M OTBEPXKIE-
HUe TTonmMepa. [1oydeHHOe ChIphe peBepCcoOM Tepe-
MEIIaloT U3 peaKIIMOHHOM KaMephl B KaMepy HarlbLIe-
HUSI CJI0SI ¥ PACITBIISTIOT CMECh YITOMSIHYTOTO TTOJIMMepa
¥ HaHOKOMIT03MTa. [10 OKOHYAaHNY IIUKJIA PACITBIICHUS
TOKPBITOE CIACAYIOIINM CIIOEM HEOTBEPKICHHOI 000-
JIOYKU CBIPhE M3 KaMEPBI HATTBUICHUST CJIOSI OCAKIAIOT
B PCaKIIMOHHYIO KaMepy. IIpon3BoasIT pacbuieHUAE
OTBEpAMTEIS ¥ OTBEPXKACHUE TTomMepa. [1o oKoHYaHUmn
IUKJIOB PACIIBIICHUS CJIOEB M OTBEPXKICHMS 000JI0YeK
TOJIy9alOT TOTOBBIN MaTepuall, KOTOPBIA BBITPYKAIOT
B TEXHOJIOTUYCCKYIO €eMKOCTh, COPTUPYIOT U YITAKOBBI-
BaIOT B TPAHCIIOPTHYIO Tapy.

TepMmoxpoMHOE HAHOKATICYTMPOBAHHOE MU3ICIIC BBI-
TIOJTHEHO B BUIE KOHCTPYKTUBHOTO M3 U COICPKUT
BBIIIICONTMCAHHBIN TePMOXPOMHBIIT HAHOKATICYTMPOBaH-
HBII MaTtepua. ObecrieanBacTCs MOBBIIICHNUE CHIITY-
YeCcTH MaTepHualia, yBeJIMUYeHIE BpeMeHH IUINTEIHHOTO
XpaHEHMSI TIPU COXPAaHEHNH ITIePBOHAYAIBHBIX CBOMCTB,
TOBHIIIICHNE OMHOPOTHOCTH, XUMIUYECKON CTOMKOCTH
W PaBHOMEPHOCTH CMEIIICHUS B COCTaBE ITOIMMEPHBIX
KOMIIO3UIINIA, YCTOMUYMBOCTHU K arpecCUBHEBIM cpefaam/
PACTBOPUTEIISIM U CTAOMIN3ALNN TeMIIePaTypPhl aKTH-
BallWMN.

Crnioco6 opMupoBaHusI KOMOMHHPOBAHHOTO
runpoduisHoro nokpeitust (RU 2786292 C1)

M300peTeHre OTHOCUTCS K 3Heprocoeperaroiein
TeXHUKE U TeIJIOOHEePIeTHKE, B YaCTHOCTH K CITOCO0aM
VIIy4IIeHUs] CMAaYMBaHUS ¥ KAITMJUISIPHBIX CBOMCTB TI0-
BEpPXHOCTH TETJIOOOMEHA TS TIOBBITIICHUS TETIOOTIAYN
TPV VCTIApEHUU W KUTIeHUH |[3].

CymHoCTb crmocoda (hopMUpOBaHNST KOMOMHUPOBAH-
HOTO TUAPO(MIIHHOTO TTIOKPHITHS ITOSICHSIeTCS (huTypa-
MM, TO¢ Ha prc. 1 TToka3aHa (poTtorpadust TOBepXHOCTH
TEeTJI000MEHa ¢ HAaHECEHHBIM MMOKPBITUEM, 2 UMEHHO
CJIO HAHOYACTUII OKCHIA aTIOMUHWS, HAHCCEHHBIN
Ha MUKPOCTPYKTYypy. Ha puc. 2 mokazaHa cxema u3-
MEpPEHUSI BEICOTHI MOIBeMA KUIKOCTH T10 CJI0T0, TTOJTY-
YeHHOMY 3asIBJICHHBIM CITocoboM. CxemMa M3MepeHHUs
BBICOTHI TOABEMA KUIKOCTU COACPKUT TTOIJIOKKY 1,
KHUIKOCTh 2, Uy 3, TUHEHUKY 4, KaMmepy 5. Ha puc. 3

Puc. 1. @otorpadus no-
BEPXHOCTH TEIIO0OMeHa

C HAHECEHHBbIM IOKPBITHEM,
a UIMEHHO CJIOH HAHOYACTHIL
OKCHJIA aJJIOMUHMS, HAHE-
CEHHbI HA MUKPOCTPYKTYPY

Puc. 2. Cxema u3MepeHus BHICOTHI MObEMA KIUIKOCTH:
1 — momnoxkKa; 2 — XXKMAKOCTh; 3 — uria; 4 — InHeiKa;
5 — Kamepa

40
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Puc. 3. 3aBucuMocThb BbICOTHI HOAbEMA KHUIKOCTH
OT TOJIIMHBI CJIOS

IMoKa3aHa 3aBUCUMOCTH BBICOTHI ITOOBEMA KUIKOCTH
OT TOJIIINHBI TTOKPBITHSL.

Cnoco6 opMupoBaHUST KOMOMHUPOBAHHOTO TH-
IPOMIIBHOTO ITOKPBITHS OCYIIECTBIISICTCS CIICTYIOIITNM
oOpa3om.

C moMo1Ipio abpa3uBa ¢ pa3MepoMm 3epHa oT 10
1o 100 MKM Ha MMOBEPXHOCTHU TETUIOOOMEHA Hape3aroT
KaHaBKH, 3aTeM ITOBEPXHOCTh HarpeBaloT J0 TeMIIepa-
Typhl oT 50 7o 100°C 1 HAaHOCSAT HAHOXUIKOCTb, CO-
CTOSITITYIO M3 HAHOYACTHUII OKCHIA ATFOMIUHMS pa3MepPOM
otT 50 mo 100 HM 1 u3oMpoIaHojIa ¢ KOHIIEHTpaIeil
"anodactuil ot 0,01 1o 0,1%. HanoxnakocTs ucna-
psieTcs Tipu aTMocepHOM HaBJICHUH Ha BO3IyXe, UTO
MIPUBOINUT K (POPMUPOBAHUIO CIOST HAHOYACTUI] OKCH-
nma amroMuHus. [Iponienypy HaHeceHUSI HAHOXHMIKOCTH
1 MCTIApEeHUS KUIKOCTH U3 HAHOXUIKOCTH ITOBTOPSTIOT
ot 10 mo 15 pa3. ITomyuyeHHOE TTOKpPHITHE (pHC. 1) TIO-
3BOJISIET TOCTUTHYTDH BBICOTHI KAITWJIISIPHOTO TTOIbeMa
xunkocty oT 30 mo 35 MM 1 KpaeBoro yria 0 rpamycosB.

DKCIepuMeHTaTbHO 0OHAPY:KEHO, YTO HAMIYIIIIIe
XapaKTePUCTUKM MOKPBITUS JOCTUTAIOTCS B YKa3aH-
HBIX TWalla30HaX mapaMeTpoB. st m3MepeHUs BBICOTHI
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OB30P U3OBPETEHUW B OBJIACTU HAHOTEXHOJIOMUN

ToIbeMa XXMUIKOCTH COTJIACHO cXeMe Ha pHc. 2 Ha M-
JIOXKY 1 HAHOCST XUIKOCTH 2 C TIOMOIIIBIO TTOIAYH Yepe3
WUTJIY 3, TIOCJIe 9eTO C IIOMOIIIBIO TUHEHKU 4 U3MEpSIIOT
BBICOTY ITogbeMa Ha (poTorpadum, mMoIyIeHHOU C Ka-
Mepsl 5. [To m3MepeHHBIM 3HAYCHMSIM ObLIIa TTOCTPOCHA
3aBICUMOCTD BBICOTHI ITOIbeMa KIIKOCTH OT TOJIIITHBI
cios (puc. 3), tne 1 — KOMOMHUPOBAHHOE TTOKPHITHE —
CJI0If HAHOYACTHUI] B KaHABKAX, 2 — CJIO HAHOYACTHII,
3 — xaHaBku. KoMOMHMpOBaHHOE IMTOKPHITHE 00ECITeun-
BacT 3HAYMUTEINIHPHO JIYJITe THIpOo(MIbHbBIC CBOIICTBA,
yeM HaHeCEHME CJTOSI HAHOYACTHUII M Hape3aHe KAaHABOK
10 OTIEIHLHOCTH.

C pocTOM BEICOTHI TTOIbeMa JKUIKOCTH YBSIMIMBACT -
Cs ¥ TJIOLIAb UCTIAPEHMUST, YTO TTOBBIIIAET KOAMOULIK-
SHT TeILTOOTIAYH IIPH UCIIAapeHUM, a CTPYKTypa Ha Oc-
HOBE HAaHOYACTHII YBEJINUYNBACT KOJIMICCTBO IICHTPOB
napoobpa3oBaHUs, YTO MMPUBOAUT K POCTY TETUIOOTAAYN
TIpY KUTICHUU.

Hcnonbp3oBaHMe M300pETECHMS TTO3BOJISICT UCKITIO-
YUTh TEXHUIECKU CIIOKHBIC OTIepalini (h)OpMHUPOBAHMS
TuAPOGIIFHON TTOBEPXHOCTH C TTIOMOIIBI0O HAaHECCHUS
YacTUll B IJIAMEHU BOJOPOAHO-KUCIOPOIHON rOpesIKU
VIV TIPMEHEHMS CTIEKaHUsI 1 TTOIMMEepHBIX TTacT. [Tory-
YEHHOE TTOKPBITHE TTO3BOJISICT YBEJINIUTD BBICOTY ITOIh-
eMa XXHMIKOCTH 0 35 MM I10 CpaBHEHHIO C IIPOTOTHUIIOM.

Crnioco0 mostyuenusi BOIOPOIa U3 MeTAHA
(RU 2784336 C1)

M3o0peTeHre MoxXeT ObITb UCITOJIb30BAHO B TOTLIMB-
HOM M XUMHMYECKOM IMpOMBINIIeHHOCTH. CITOCO0 MoJTy-
YeHMS BOIOPOIA 1 STIJICHA M3 MeTaHa BKITIOYACT TToIady
TIOTOKA METaHa B pEaKTOp, MCITOJIb30BaHNE KaTaan3a-
TOpa, colIepxKallero YacTUIIEI MeTajljla, BRIOPAaHHOTO
W3 TPYIIIEL: HUKENb, TUTAH, MOJIMOICH, XKeJe30, KOOAJIET,
HarpeB KaTaJIn3aTopa ITOCPEACTBOM 3JIEKTPOMATrHUTHOTO
BO3ICHCTBUS C TTOCICAYIONIINM BBIICICHUEM BOIOpOIa
¥ TWJICHA IIpY KOHBepCHUM MeTaHa. Karammsatop B Bume
HAHOIIOPOIIIKA TTOJAIOT B PEaKTOP TOPOUIAIBHON (hOPMBI
OIHOBPEMEHHO C TTIOTOKOM MeTaHa. BeHTMIsITOp BHYTpH
peakTopa IepeMeIlInBaeT W HAIlPaBJIsIeT MBLICTa30BYI0
CMeCh B 30HY MHIYKIIMOHHOTO HaTrpeBa, TIe B pe3yyIbTaTe
HarpeBa KaTtanu3saTtopa 10 810—850°C mpoxondar peak-
WU TUMEPU3ally U IeTUAPUPOBAHUS C 00pa30BaHUEM
BOIOPOIA M STWJICHA, KOTOPHIC CTAOMIN3UPYIOTCS B I10-
CJICIYTOIICH XOJIOTHOM 30HE peakTopa [4].

Texnunyeckoit mpo0OIeMoii, peleHre KOTopoii obe-
CTIeUMBACTCS IIPU OCYIICCTBICHUM IIPEAIaracMoro
N300peTeHUSI, SIBIISICTCS BRICOKAsI CTOMMOCTD 1 HM3Kast
TIPOM3BOIUTEILHOCTD IIpOIiecca MOJIYIeHUS BOIOPO-
IIa IUTST JaTbHEHIIEro ero NCIIoIb30BaHMsI, HaIIpuMeD,
B Ka4eCTBE MEePCIICKTUBHOTO TOIUIMBA JIJIST KOCMUYECKOI,
AaBMAIIMOHHOM, aBTOTPAHCIIOPTHOI oTpacin. Taxske mis
TIPOMBIIIUICHHBIX TIPSATIPUSITUI SIBIISICTCS aKTyaTbHOMN
MOTPEOHOCTh B IIPOCTOM 1 SKOHOMHWYECKH OIIpaBIaH-

HOM CITOCO0¢ TIpSMOIT IUMepH3ali MeTaHa B 3THJICH
1o Temmnepatypsl 1000°C.

TexHmyecKnM pe3yJbTaTOM 3asIBICHHOTO U300pe-
TEHHUS SIBIISICTCST BBICOKOIIPOU3BOIUTEILHBIN CIIOCO0
ITOJIYICHUST TBYX BBICOKOMAPKMHAIBHBIX ITPOIYKTOB:
BOIOpPOAA M STUJICHA, — TIPUTOMHBIN TSI ICTIOIb30BAHMS
B MaJIOTOHHAXKHOM ITPOM3BOACTBE TIPU ONITUMAJIbHBIX
SHEPro3aTparax ¢ BO3MOXHOCTBIO peai3alliy CIIocoda
KaK Ha CTallMOHAPHBIX IPOMBIIICHHBIX YCTAHOBKAX
OOJIBIIIOTO pa3Mepa, TaK U B MOOWJIBHOM HMCITOJTHCHUN
Ha TPAaHCIIOPTHBIX CPEACTBAX.

TexHnueckuii pe3yabTaT JOCTUTACTCS 3a CUYET TOTO,
YTO CIIOCO0 TTOTYYEHMS BOIOPOIA 3 METaHa, BKITFOUAt0-
WA TToIavy MMOTOKA METaHa B PEaKTOpP, UCITOIh30BAaHME
KaTajmM3aTopa, COAEPKallero YacTUllbl MeTaslia, BbIOpaH-
HOTO M3 TPYIIIBI: HUKENIb, TUTaH, MOJIUOICH, JKeJe30,
KOOaJIbT, HAarPeB KaTam3aTopa IMOCPEICTBOM 3JICKTPO-
MAarHUTHOTO BO3IECUCTBYS C TTOCIICAYIOIINM BEIIEICHIEM
BOIOpoOIa ITpY KOHBEPCHH METaHa, COTJIACHO M300peTe-
HUIO, KaTaJM3aTop B BUIE HAHOIIOPOIIKA — IAf0T B pe-
aKTOP TOPOMIAIBHOM (DOPMBI OMTHOBPEMEHHO C TTOTOKOM
MeTaHa, BEHTWISATOP BHYTPHU peakTopa IepeMeIInBacT
1 HaIIPaBJISICT TBIJICTa30BYIO0 CMECh B 30HY MHIYKIINOH-
HOTO HarpeBa, TIe B pe3yJIbTaTe HarpeBa KaTaJam3aropa
MIPOXOIAT peaKIIny TUMEPU3ALNU 1 ACTUIPUPOBAHUSI
¢ o0pa3oBaHKEM BOAOPOAA 1 3TUJIEHA, KOTOPbIE CTaOU-
JIM3UPYIOTCS B IOCTICMYIOIIEH XOJIOMHOM 30HE peakTopa.

B npemnmaraeMom n300peTeHNH, B OTJIMYME OT aHAJIO-
TOB, TIPOMCXOIUT HE ONTHYCCKUI M MUKPOBOJTHOBBIA,
a MTHAYKIIMOHHBIN HarpeB KaTATUTUICCKUX YACTHUII BHY-
T