ISSN 2075-8545 (online)
ASI - CA(pt) « CrossRef - 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 2022 -Tom 14-No. 5
NANOTEKHNOLOGII V STROITEL'STVE

H AHOTEXHOJIOTMIN B CTPOUTEJTIbCTBE HayuHbI VIHTepHeT-KypHan 2022 -Tom 14+N2 5

dl

1

WHHOBALIWH BO BCEX COEPAX

TNIAVPEAT NPEMUH

—_—_— B OBJIACTH WHHOBALIMK AYPEAT IPEMINH
i POCCHIACKIT ONMMN BHICOKMX
JIAYPEAT KOHKYPCA «BPEMS HHHOBALMA-2012» BHOONW 2013

IN THE ISSUE:
B HOMEPE:

Structural and heat-insulating cement-based concrete with complex
glyoxal based additive

Carbon-containing modifier for fluoranhydrite binder

Development of heavy metal-based nanostructured complex technology
for use in building mortar

Binder properties for sol-silicate paint

KOHCprKLl,VIOHHO-TeI'IJ'IOVISOJ'IFILWIOHHbIVI LlEMEHTHbIN neHo6eToH
c npuMmeHeHnem KOMMJIEKCHON ,D,O6aBKI/I Ha OCHOBE€ INMnoKcanda

NccnepoBaHvie BANAHUS CYCNEH3UN TEXHUYECKOTO yriiepoga
Ha XapaKTEPUCTUKM GTOPaHTNLPUTOBON MaTPULLbI

Pa3paboTka TeEXHONOrM MPUMEHEHNA HAHOCTPYKTYPUPOBAHHbIX
KOMIMJIEKCOB Ha OCHOBE TAXESbIX METAJIIOB B CTPOUTENbHbIX
pacTBopax

CBoncTtBa cBA3syowero anA 30/1b-CUNTNKATHOM Kpacku

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

L

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 2022; 14 (5):
HaHoTexHONorum B cTpouTtenbCcTBe 349-350

NANOTECHNOLOGIES IN CONSTRUCTION ISSN 2075-8545 (online)
NANOTEKHNOLOGIIV STROITEL'STVE
HAHOTEXHOJIOTMWU 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. GUSEV, 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, Cor-
responding 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

DEPUTY CHIEF EDITOR - Leonid A. IVANOV, Cand. Sci. (Eng.), Russian Academy of Engineering, International Academy of Engi-
neering, Center for New Technologies «NanoStroitelstvo», Moscow, Russian Federation
Contacts: e-mail: info@nanobuild.ry, 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 349 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (5):
HaHoTexHonorun B cTtpouTenbcTBe 349-350

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. KOROLEV, 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 5 (Vol. 14) is 20.10.2022

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 350 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 2022; 14 (5): V4
HaHoTexHonorum B cTponTenbcTee 351 NanObL" ]

NANOTECHNOLOGIES IN CONSTRUCTION: A Scientific Internet-Journal 2022 +Vol.14+No. 5
NANOTEKHNOLOGII V STROITEL'STVE

CONTENTS

PUBLISHER INFORMATION 349

TO THE AUTHORS AND READERS
The Index Copernicus Value (ICV) of the journal “Nanotechnologies in Construction”for 2021 has increased........... 352

CONSTRUCTION MATERIAL SCIENCE
Steshenko A.B., Simakova A.S., Inozemtcev A.S., Inozemtcev S.S.
Structural and heat insulating cement based concrete with complex glyoxal based additive........ccccceveererrrerrnrenne 353

Sokolova Yu.A., Loganina V..
Binder properties for sol-silicate paint 363

DEVELOPMENT OF NEW POLYMER MATERIALS
Maskova A.R., Yarmukhametova G.U., Kinzyabulatova D.F., Rolnik L.Z.
Development of environmentally friendly PVC compositions 373

THE STUDY OF THE PROPERTIES OF NANOMATERIALS
Gordina A.F.,, Gumenyuk A.N., Polyanskikh I.S., Zaripova R.I.
Carbon-containing modifier for fluoranhydrite binder 381

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION
Wuhan University of Technology 392

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION
llin V.M., Boev E.V., Islamutdinova A.A., Aminova E.K.
Development of heavy metal-based nanostructured complex technology for use in building mortar................. 398

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES
Balykov A.S., Nizina T.A., Kyashkin V.M., Volodin S.V.
Evaluation of the effectiveness of mineral additives in cement systems in the development

of “core - shell” photocatalytic compositions 405
Denisova O.A.

Liquid-crystal optical shutter for stained glass and windows 419
PUBLISHING ETHICS 430
AUTHOR GUIDELINES 434

http://nanobuild.ru 351 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (5):

HaHoTexHonoOrMM B CTpOMTENbCTBE 349-350 NanObL" ]

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

«HaHOTexXHONOrnN B CTPONTENbCTBEY — PELIEH3VPYEMbIN HAaYUHbI XKypHaJl.

OCHOBHOI1 LieNblo XXypHana ABnsaeTcA MHGpopMaLMOHHOe obecrneyeHne NpoLecca CO3faHNA U BHeAPEeHUA B Mpe HayKo-
eMKUX TEXHONOruiA (Mpexae BCero — HAHOTEXHOOMMYECKON NPOAYKLMM) B 0611aCTU CTPOUTENBCTBA, XKUMLLHO-KOMMYHaNbHOTO
X03ACTBA, CMEXHbIX OTPACNEN (MPOMBbILLIEHHOCTH, SHEPTETUKM U Ap.).

OcHOBHbIe 3agaun:

« [pepocTaBrieHrie yYeHbIM 1 CrelmnannucTam 13 pasHblX CTpaH BO3MOXHOCTM Ny6MKoBaTb pe3ynbTaTbl CBOMX UCCIef0BaHWUI
1 nosyyatb MHGOPMALIMIO O COBPEMEHHbBIX TEXHONOMMAX 1 MaTepurarnax, BbiIcokoaddeKTrBHOM 060pyaoBaHMM B 0611aCTLN CTPO-
NTENbCTBA, XUINLLHO-KOMMYHASIbHOTO XO3ANCTBA, CMEXHbIX OTpacsiel (MPOMbILLIEHHOCTH, SHEPreTUKN 1 ap.).

«  WHdbopmaumoHHaa noanepKKa 1 yyactme B MeponpusaTuax (bopymax, KoHbepeHUMaAX, CUMMNOo3nyMax, CEMUHapax, BbiCTaBKax,
KpYrblX CTONax U T.4.) 0 HAHOVHAYCTPUU U MPUKIAAHbIM BOMPOCaM HAHOTEXHONOTMMIA B 061aCTV CTPOUTENBCTBA U XKUSNLLHO-
KOMMYHaNbHOTO X03ANCTBa, UMEIOLLMX aKTyalbHOe 1 NepcrneKTUBHOE NPaKTUYecKoe 3HaYeHue.

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

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

The Index Copernicus Value (ICV) of the journal
“Nanotechnologies in Construction”
for 2021 has increased

Dear authors and readers of the journal “Nanotechnologies in Construction.” We inform you
that based on the verification of information from the evaluation questionnaire and journals is-
sues analysis for 2021 year, Index Copernicus experts have established the Index Copernicus Value
(ICV) of the journal “Nanotechnologies in Construction” (ISSN: 2075-8545) in the ICl Journals Mas-
ter List Database ICV 2021: 96.46, which is higher than the value of the ICV index for previous

years (for reference: ICV 2020: 95.79; ICV 2019: 94.02). Available from: https://journals.indexcoper-
nicus.com/search/details?id=56658.

The ICI Journals Master List is a prestigious international database of periodicals that have
been evaluated every year for more than 20 years.

The prerequisite for indexation is the successive passing of a multidimensional parametric as-
sessment, currently based on more than 100 criteria. Periodicals that meet both formal and pre-
conditioning indexing requirements get an ICV index, which reflects the level of development of
the journal and its impact on the world of science in a particular field.

Through this process, editors who care about the continuity of indexing are able to follow the
long-term path and dynamics of journal development.

Congratulations to the authors and the readers on this event!

This result has been achieved thanks to the active work and assistance of the editorial board
members, high-quality materials of the authors and their fulfillment of the requirements of the
editorial board, a comprehensive assessment of the articles by reviewers, a highly professional
and responsible attitude to the work of the editorial staff.

The motto of the journal since its foundation is “GIGA success is being built from NANO”, and it
has become more and more a reality over the past 14 years.

Many thanks to everyone who is engaged in the production of the journal, as well as to
the leading Russian and foreign scientists and specialists who use the materials of the jour-
nal in their research works!

We hope for further fruitful cooperation.
If you have any questions, please contact us via e-mail: info@nanobuild.ru

Publishing House of the journal “Nanotechnologies in Construction”
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K ABTOPAM U YATATEJIAM

3HaueHune nokasarens Index Copernicus Value (ICV)
XKypHana «<HaHoTexHOnOrMmn B CTpONTENbCTBE»
3a 2021 rog noBbICUNOCDH

YBarkaeMble aBTOPbI M YMTaTeNN XKypHana «<HaHOTEXHONOrMM B CTPOUTENbCTBEY, COObLaem Bam,
4TO Ha OCHOBE NPOBEPKM MHPOPMALIMM 13 OLLEHOYHON aHKETbI 1 aHanm3a BbiNnyckos 3a 2021 rog
akcnepTbl Index Copernicus yctaHoBUNAM 3HaYeHne nokasaTens Index Copernicus Value (ICV) xyp-
Hana «HaHoTexHonorum B ctpoutenbctee» (ISSN: 2075-8545) B 6a3e ICI Journals Master List 3a
2021 roa:ICV 2021 = 96,46, uTo Bbiwe, Yem 3HaYeHne noKasatena ICV 3a npeabigywme rogpl

(ona cpaBHeHusA: ICV 2020 = 95.79; ICV 2019 = 94.02). Ccbinka — https://journals.indexcopernicus.
com/search/details?id=56658.

ICI Journals Master List - 370 npecT>kHasa mexxgyHapoaHasa 6a3a, B KOTOPOW KaxkAbll rof
OLEHMBAIOTCA Nepuoanyeckne n3daHna Ha NpoTskeHun 6onee 20 net. YcnoBmem nHaekcauum
ABNAETCA MONIOXKUTENIbHOE MPOXOXKAEHNE MHOrOMEPHOW NapaMeTpuyeckon OLEeHKM, OCHOBaH-
HOW B HacTosALee Bpems Ha 6onee uem 100 kpuTepusax. NNepuoanyueckne n3gaHusa, KOTopble COOT-
BETCTBYIOT Kak pOpManbHbIM, TaK 1 NpefBapuUTeNibHbIM YCIOBUAM UHAEKCALMN, MONYYaoT NHAEKC
ICV, KoTOpbI OTpakaeT YpOBEHb Pa3BUTUA XKYPHana 1 ero BAMAHNE Ha MUP HayKK B onpepeneH-
How obnactu. bnarogapA aTomy pegakumm, KOTopble 3a60TATCA O HEeNPEPbIBHOCTU UHAEKCALNN,
MMeIOT BO3MOXKHOCTb C/leloBaTb MHOroNeTHEMY NyTW U AMHAMUKE Pa3BUTUA XXypHana.

MNosppaBnsaem aBTOPOB 1 YMTaTeNe XKypHana € 3Tum cobbiTnem!

Takoro pe3synbraTa yaanocb Job6uTbcsa 6narogapa akTMBHON paboTe 1 NOMOLLYM YNEHOB peaak-
LIMIOHHOW KOMermm, BbICOKOKaYeCTBEHHbIM MaTepranam aBTOPOB 1 BbIMOSHEHUIO MU TpeboBa-
HUI pefakuum, BCECTOPOHHEN OLIeHKe CTaTel peleH3eHTamMu, BbICOKONpodeccnoHanbHOMY 1 OT-
BETCTBEHHOMY OTHOLLEHMIO K ieNy COTPYAHWNKOB pefaKLumu.

[eBu3 xypHana c MoMmeHTa ero co3aaHusa — «m3 HAHO ctpowuTtca TUTMA ycnex», 1 3To 3a npowles-
wue 14 net Bce 60blUe CTaHOBUTCA peanibHOCTbHO.

Bonbloe cnacn6o Bcem, KTo yyacTBYyeT B BbINyCKe XKYpHarna, a TaKKe BeAyLum poccuii-
CKUM 1 3apy6eXKHbIM YYeHbIM 1 cneluanncTam, Kotopble NCNosnb3yloT MaTepuanbl XKypHa-
na B cBoMx ny6nukayunax!

I'Iplnrnal.uaeM BeAyLwunxX yyeHbiX N cneynasanctoB K ny6nvu(a|.|vun MaTepuviasioB 0 CBOUX nc-
aiegoBaHnAX.

Hapeemcsa Ha ganbHenwee NOJAOTBOPHOE COTPYAHNYECTBO.
MNo Bcem Bonpocam npocum obpatuatbes no e-mail: info@nanobuild.ru

M3oamenbcmeo XKypHasna «HaHomexHosno2uu 8 cmpoumesieCcmee»
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Structural and heat-insulating cement-based concrete
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ABSTRACT: Introduction. The article presents the results of studies of the effect of complex additive based on glyoxal on the
properties of cement-based foam concrete mix and foam concrete of natural hardening. The relevance of the study is determined
by the necessity to provide the required process parameters of mixture for transportation and laying the formwork, as well as pro-
viding strength and thermal and physical characteristics of wall structures for the development of the northern regions of Russia,
including the Arctic zone. It has been proposed to decrease the shrinkage deformations of the concrete mix and increase compres-
sive strength of hardened foam concrete by affecting the cement matrix with complex modifier based on glyoxal. Materials and
methods. The effect of modifying additives on the properties of the foam concrete mixture and foam concrete was studied at a
W/S mixture ratio of 0.45. Research has been carried out using test methods set out in national standards. The results of the study
of the effect of complex modifying additives (CMA) based on an aqueous solution of glyoxal and organic acids on the rheological
and strength properties of foam concrete are presented, the regularities of the processes and the mechanism of structure formation
of the modified foam concrete are determined. Results. The use of modifying additives leads to increase result in increasing the
aggregative stability and reducing the plastic shrinkage of the foam concrete mix by 22-70%. In foam concrete with the complex
additive LA 0.5% + Gl 0.55% the compressive strength rises from 1.96 to 2.43 MPa at the age of 28 days while maintaining the aver-
age density of D600. The thermal conductivity coefficient of foam concrete modified with various additives decreased by 5-30%
compared to references. Conclusions. The obtained results of the study create in the construction industry the basis for the import
substitution of modifying additives on the domestic mineral resource base and the production of effective structural and heat-
insulating concretes for the development of the northern regions of Russia.

KEYWORDS: glyoxal, structure formation, modifying additives, foam concrete, porous structure, plastic shrinkage, compressive
strength, average density, thermal conductivity.
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INTRODUCTION

The development of the northern regions of Russia,
including the Arctic zone, has a state development prior-
ity and is increasingly relevant in the domestic economy
[1]. One of the key points of growth is the construction
industry. Providing resources for the construction of
modern buildings and structures, especially in the north-

ern regions of Russia, special attention must be paid to
the quality of building materials and, above all, products
based on cement compositions [2]. Taking into account
the specifics of these territories, the demanded result for
the production of building materials on a cement binder
is a composite with specified performance properties.
Therefore, research on the development of scientific ap-
proaches to control structure formation in the technology
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of manufacturing modern multifunctional concretes with

high performance indicators, which include structural

and heat-insulating concretes, is one of the promising

areas [3].

Foam concrete produced at present does not always
meet the increased requirements in the design of build-
ing envelopes and modern building technologies [4]. As
a rule an increase in the bearing capacity of enclosing
structures is achieved by increasing the strength and aver-
age density of foam concrete, which simultaneously leads
to an increase in the thermal conductivity coefficient and
a decrease in the thermal protection of the building [3].

The structure of foam concrete is represented by
macropores formed by foam (volume 50—92%, size
0.25+10~* cm), and interpore partitions, consisting of
hydration products and non-hydrated cement, silica com-
ponent, capillary (10-%+10-* cm) gel pores. The strength
of the interpore partitions increases with a decrease in
the number of capillary pores in it and the thermal con-
ductivity and the average density grade of foam concrete
decrease with an increase in the content of macropores
[5]. It is necessary to manage the processes of structure
formation of foam concrete, taking into account the fac-
tors affecting its pore structure:

— degree of deformation of spherical pores and their
dimensions (pore shape);

— the character of the inner surface of the pores. The
strength of foam concrete increases with an increase
of pores with a dense and smooth inner surface;

— closed porous structure. A decrease in water absorp-
tion and high frost resistance of foam concrete are
provided with an increase in the content of closed
pores with a hydrophobized inner surface;

— uniform distribution of pores in the volume of the ma-
terial, which lead to increase the uniformity of quality
parameters (strength and thermal conductivity) of
foam concrete;

— thickness and density of interpore partitions. This in-
dicator depends on the water-solid ratio, the composi-
tion of the solid components, as well as the rheological
characteristics of the mixture. Initially, part of the wa-
ter is adsorbed at the air-solution interface, and most
of it is located in a structured interpore wall. Part of
the water is used to hydrate the cement, and the rest is
removed during drying, forming a network of capillary
pores of various sizes, directions and closures [6].
One of the effective ways to control the porous struc-

ture and strength of the interpore partitions of foam con-

crete is the introduction of modifying additives into the
mixture during mixing, which reduce the water content
while maintaining the necessary mobility of the concrete
mixture and increase the strength of the cement matrix in
the interpore partitions [5, 7—10]. Developing the compo-
sition of foam concrete, it must be taken into account that
one part of the water is spent on foam formation, and the

other part is used for cement hydration. The use of such
additives, both mineral and chemical (synthetic) nature,
is one of the tools that provides the ability to control the
processes of structure formation at the recipe level. At the
same time, a significant role is given to the formation of
the structure of hardened cement paste at the micro level
[11], because it predetermines the potential for the devel-
opment of complex modifying additives that implement
versatile mechanisms for controlling structure formation
[12, 13]. Mainly imported additives are used in the domes-
tic construction industry. Therefore, the development and
use of import-substituting modifying additives is relevant.
This becomes possible with the development of chemical
industry technologies.

In the Tomsk region (Russia) has been developed
a technology for the synthesis of oxalic acid dialdehyde —
glyoxal, which has a number of unique properties, which
makes it very popular in various industries (pharmaceu-
ticals, oil refining, textile, leather, paint and varnish,
adhesive, metallurgical industries, etc.). Based on the
existing experience of using glyoxal in the construction
industry [14—17] it is relevant to review studies on the
use of glyoxal-containing additives in building materials
manufacturing technologies in order to develop promising
areas for further study and creation of new materials with
using Russian-made glyoxal.

The creation of an effective complex concrete mix
modifier based on glyoxal is possible by combining glyoxal
and organic compounds suitable for it according to the
“retarder-accelerator” principle [18, 19]. The available
scientific groundwork shows the possibility of forming
a denser and more durable structure of hardened cement
paste in the composition of concrete due to the combined
control of structure formation, which consists in the si-
multaneous control of both the number of crystalliza-
tion centers and their growth [11, 13, 14]. This is realized
by a combination in the composition of the modifying
additive of components that perform the function of an
accelerator and retarder of the hardening of the binder,
respectively [19]. That is, the implementation of comple-
mentary crystallization processes is ensured, which op-
timize the process of structure formation and composite
strength gain [20].

The authors propose to use organic bifunctional ac-
ids, their salts and oligomers in the form of a combined
additive based on glyoxal and a selective effect on the
processes of foam concrete structure formation [21].

The aim of this work is to study the effect of a complex
modifier based on glyoxal on the processes of structure
formation, the features of changes in the technological
and mechanical properties of foam concrete. Achieving
this goal will make it possible to establish the optimal
formulation solutions for obtaining the additive and the
concentration of its use to obtain structural-heat-insu-
lating concretes with improved performance properties.
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METHODS AND MARERIALS

The raw materials used in the experimental studies
were Portland cement without additives CEM I 42.5H
of Topki Cement Factory (Russian State Standard
GOST 30515-2013), fine aggregate, foaming agents, com-
plex modifying additives and tap water (Russian State
Standard GOST 23732-2011).

Characteristics of Portland cement are given in Ta-
ble 1.

Quartz-feldspar sand of the Kudrovskoe deposit of
the Tomsk region (Russia) with a fineness modulus of 1.8
(Russian State Standards GOST 8736-2014 and GOST
26633-2012) was used as a fine aggregate for the manu-
facture of porous structural and heat-insulating concretes.

The following materials were used as foaming agents:
foaming agent PBS and BLAIZER PB (Russian State
Standards GOST 24211-2008). Technical characteristics
of foam agents are presented in Table 2.

We used a 40% aqueous solution of glyoxal (oxalal-
dehyde, ethandial) manufactured by Novokhim Trade
House, Tomsk (Russia). It obtained by oxidative de-
hydrogenation of ethylene glycol. It is presented in the
form of glyoxal hydrate in aqueous solution. Chemical
formula: C,H,0,. Crystalline glyoxal is made from a 40%
aqueous solution of glyoxal. It belongs to the third hazard
class (moderately dangerous) (Russian State Standards
GOST 12.1.007-76). Technical characteristics of glyoxal-
containing additives are presented in Table 3.

Two series of complex modifying additives were used
in the work. The basis of which is a 40% solution of gly-

Table 3
Technical properties of glyoxal
Parameter Glyoxal

Mass fraction of glyoxal 40+1
Density (20°C), g/cm? 1.20-1.35
Molecular weight (in amu) 58.04
Melting point, °C 15
Boiling point, °C 51
pH 2-3.5

oxal in an amount of 0.01% by weight of the binder in
terms of dry matter, hydroxy acids act as the second com-
ponent: lactic acid and its oligomer — polylactic. It has
been established that the preliminary preparation of the
glyoxal solution makes it possible to convert the glyoxal
molecule into the aldehyde form, which increases the
efficiency of the modifier by 10% [22—27].

Lactic acid (LA) is an aqueous solution of 80% con-
centration in the form of a transparent, yellowish liquid,
with the smell of whey, “Purac” (Amsterdam, The Neth-
erlands).

Glycolic acid (GA) is a clear yellow liquid. Aqueous
solution 67%, “Purac” (Amsterdam, The Netherlands).

Oligomers were obtained from lactic and glycolic ac-
ids obtained by polycondensation in the laboratory of
polymers and composite materials of National Research
Tomsk State University [28, 29].

Table 1
Cement characteristics
Residue on Normal s . Tensile strength, MPa,
i Setting time, h-min
Bulll:g(iflilnilty’ the sieve 0.08, density, S at the age of 28 days
% % start of setting | end of setting bending compression
1010 2.5 26.4 2-20 3-20 6.3 50.4
Table 2
Technical characteristics of foaming agents
Parameter PBS BLAIZER PB
Appearance clear to brown liquid yellowish liquid
Foam density at, g/cm? 1.020 — 1.120 1.080 = 0.004
Foam concentrate consumption per 1 m? of foam concrete, 1 0.25-0.9 0.1—-1.5
pH 7.0—-11.0 7.0 —10.5
Foam ratio of 4% foam concentrate solution, not less than 7 7
Foam stability, s, not less 250 250
Warranty period of storage 1 year 1 year
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The determination of the physical and mechanical
properties of the obtained cement based compositions
were carried out using standard methods for testing
building materials in accordance with national standards.
It includes the determination of compressive strength
(Russian State Standard GOST 10180-2012), water
absorption (Russian State Standards GOST 12730.3-
2020), thermal conductivity coefficient (Russian State
Standards GOST 7076-99), average density (Russian
State Standard GOST 12730.1-78), and frost resistance
(Russian State Standard GOST 25485-2019). Original
methods were used to determine the plastic shrinkage
of foam concrete [5, 30].

The design of the composition of the foam concrete
mixture was carried out taking into account the require-
ments of Russian Standard SN 277-80 “Instructions for
the production of cellular concrete products”.

The basic compositions of foam concrete (Table 4)
were designed taking into account the results of optimiz-
ing the technological regimes for the preparation of foam
concrete in a laboratory mixer [5, 9, 13].

The study was conducted with the following additives:
40% solution of glyoxal (Gl) in the amount of 0.55%
by weight of cement;

lactic acid (LA) with various dosages (from 0.25to 1%
by weight of cement);

polylactic acid (PLA) with dosages of 0.5, 1, 1.5% by
weight of cement;

complex modifying additive G1 0.01+LA, concentra-
tion 0.01% by weight of cement with a ratio of glyoxal
and lactic acid 1:50.

Due to establish the regularities of the influence of
additives on the properties of foam concrete mixture and
foam concrete, additives were introduced into the ba-
sic composition of foam concrete without changing the
number of components, followed by adjustment of the
recommended composition according to the values of the
actual average density of the foam concrete mixture. The
preparation of the foam concrete mixture was carried out
according to a one-stage technology using a laboratory
foam concrete mixer.

For preparing a foam concrete mixture with additives
firstly cement, sand and part of water are mixed. Then,
an aqueous solution of the modifying additive was intro-

duced into the mixer in the required amount. The mix-
ing process continues until a homogeneous plastic mass
is obtained. Then, a foaming agent diluted in water was
introduced into the resulting mixture, and all components
were mixed for another 4 minutes.

The finished foam concrete mix was placed in metal
molds 15X 15X 15 cm. A series of samples was made from
6 pieces of each composition for testing. Molded foam
concrete specimens were kept under normal conditions
at a temperature of 20%2°C for a day and then stored for
27 days in a normal curing chamber at a temperature of
20%2°C and a relative humidity of at least 90% before
testing. Testing and quality assessment of foam concrete
was carried out according to Russian State Standards
GOST 25485-2019. The diameter of the mixture flow
was determined on the Suttard device for each mixture,
as also the actual density of the foam concrete mixture
was.

RESULTS AND DISCUSSION

The studies were carried out on a foam concrete
mixture with a flowability of 12—15 cm (diameter on the
Suttard’s Viscosity Analyzer). The effect of modifying
additives on the properties of the foam concrete mixture
and foam concrete was studied at a W/S mixture ratio of
0.45. The research results are presented in Figures 1—3
and in Table 5.

In a foam concrete mixture with modifying additives,
a certain amount of water is released (water-reducing
effect) and the foaming ability of the mixture increases
[6]. As a result, the water content in the structure of inter-
pore partitions decreases, which leads to a decrease in the
number of capillary pores and an increase in the strength
of foam concrete [9].

A certain amount of water is released (water-reducing
effect) in a foam concrete mixture with modifying addi-
tives and also the foaming ability of the mixture increases.
As a result, the water content in the structure of inter-
pore partitions decreases, which leads to a decrease in the
number of capillary pores and an increase in the strength
of foam concrete [6].

The most expressed plasticizing effect is observed
when the PLA additive is introduced in an amount of

Table 4
The basic composition of foam concrete, for 1 m?
. . Component consumption
Basic composition
cement, kg sand, kg water, | foaming agent, 1

D600 330 165 222.75 1.2

D700 380 180 252 1.1

D800 400 200 270 1
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Fig. 1. Influence of modifying additives on the compressive strength of foam concrete
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Fig. 3. Influence of modifying additives based on glyoxal on plastic shrinkage of foam concrete mix

ﬁﬁiie of modifying additives on the compressive strength of foam concrete by average density D600
Type of fibers ﬂole};[li))i(ltiltl;ecm fol:::f:)gnecg:; si:(yg«;iﬁ o(f:(f)(;lzllll’:l‘ecs(flll‘g:ge;tg:lllle o(f:(f)(;lzllll’:l‘ecs(flll‘g:ge;tg:lllle
’ i age of 7 days, MPa age of 28 days, MPa

Basic (reference) 12.5 610 1.35 1.96
PLA 1.5% 15 594 1.6 1.7
PLA0.5% 13.5 577 1.35 1.75
PLA 1% 13 609 1.7 2.2
G10.55% 12.75 600 1.45 2.1
LA 0.25% 13 591 1.35 2.15
LA 0.5% 13.75 608 1.65 2.23
LA 1% 13.8 605 1.5 2.3
LA 0.5% + G10.55% 14 580 1.75 2.43

1.5% by weight of the cement. The spread diameter of the
mixture increases from 12.5 cm to 15 cm in comparison
with the reference.

The use of modifying additives makes it possible to
increase strength in the early stages of hardening (Ta-
ble 5). For example, the introduction of PLA additives
in the amount of 1% and 1.5% by weight of cement into
foam concrete mixture of the average density grade D600
leads to increase the compressive strength at the age of
7 days by 26 and 18%, respectively, compared with the
basic composition. The introduction of LA additives in

the amount of 0.5% and 1% by weight of cement leads to
increase the compressive strength at the age of 7 days by
22 and 11%, respectively, compared with the reference.
The best result in increasing the compressive strength
at 7 days and 28 days of age is achieved with the use of
a complex additive LA 0.5% + G10.55% — 30% and
24%, respectively.

A positive effect of early structure formation is also
observed with the introduction of modifying additives into
a foam concrete mixture with a grade of average density
D700 (Fig. 1) and D800 (Fig. 2). The best results are
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observed with the introduction of PLA additive in the
amount of 1.5% by weight of cement. The compressive
strength increases by 52% at 7 days of age, by 28% at
28 days of age compared with the basic composition while
maintaining the D700 average density grade.

The use of LA additives in the amount of 0.5% by
weight of cement leads to increase the strength of foam
concrete at 7 days of age by 35%, at 28 days of age by 14%
in comparison with the reference.

The parameters of performance properties for the
compositions with the best results in terms of compressive
strength were carried out as also, as the effect of modifying
additives on the plastic shrinkage of the foam concrete
mixture.

Plastic shrinkage is a consequence of the rapid loss of
water from the concrete surface, leading to the formation
of negative capillary pressure in micropores [5]. It causes
compression of the mixture, which leads to the formation
of cracks. Plastic shrinkage tests of foam concrete mix-
tures with and without additives were carried out in order
to establish the regularity of the influence of additives on
the shrinkage of the foam concrete mixture in the first
hours of hardening.

The results of the study of plastic shrinkage of foam
concrete mixtures are shown in Fig. 3. The assumption
proposed by the authors was confirmed experimentally.
The data obtained confirm the results of the study on
the effect of modifying additives on the process of early
structure formation of foam concrete. Accelerating this
process, glyoxal makes it possible to stabilize the porous
structure of the foam concrete mixture, thereby reducing
shrinkage deformations of the foam concrete mixture.
Plastic shrinkage decreases (aggregative stability in-
creases) by 22—70% compared to the control composi-
tion in foam concrete mixtures with modifying additives.
It has been established that the smallest plastic shrinkage
(2.01 mm/m) is observed in the foam concrete mixture
with LA 0.5% by weight of cement (Fig. 3). The obtained
values of plastic shrinkage are 70% less basic composition
without additives.

The introduction of modifying additives into the
composition of the foam concrete mixture provides the
required rheological parameters (mixture flowability) and
increases the aggregative stability of the mixture. It leads
to increase the strength of the hardened mortar of inter-
pore partitions.

As a result of the analysis of data on statistical pro-
cessing of measurements of the average density and com-
pressive strength of foam concrete, it can be concluded
that the coefficient of variation in compressive strength
of foam concrete does not exceed 10% and 3.5% for av-
erage density. It indicates the stability of technological
processes. The normative value of this parameter is 15%
for compressive strength and 5% for the average density
of foam concrete. An increase in the compressive strength

grade of foam concrete from B1 to B1.5—B2 is provided
as a result of increasing the stability of technological pro-
cesses, while maintaining the average density grade D600,
D700 and from B2.5 to B3.5 while maintaining the aver-
age density grade D800.

The specified quality indicators are provided with ra-
tional structures of foam concrete: compressive strength
at a given average density, shrinkage, thermal conductivity
and frost resistance. High rates of precisely these proper-
ties make it possible to attribute foam concrete to effective
building materials.

Based on the foregoing, the work carried out studies
of the influence of modifying additives on the coefficient
of thermal conductivity and frost resistance of foam con-
crete. Data on the thermal conductivity of foam concrete
samples with additives are given in table. 6.

Analyzing the results, we can conclude that the ther-
mal conductivity coefficient of foam concrete modified
with various additives decreased by 5—30% compared
to references and corresponds to the standard values of
Russian State Standard GOST 25485-2019 for a given
average density (Table 6).

Pores with sizes from 0.3 to 0.5 mm are predominantly
formed in the cement matrix with modifying additives.
The probability of heat transfer due to convection is sig-
nificantly reduced in such kind of pores. All this together
proves the energy efficiency of foam concrete with the
studied modifying additives.

As a result of the study, it was found that the frost
resistance of modified foam concrete is not inferior to
basic samples and is at least 25 cycles at an average den-
sity of 600—800 kg/m? (Table 7). The introduction of the
complex additive LA 0.5% + G10.55% into the compo-
sition of the foam concrete mixture made it possible to
increase the frost resistance grade from F15 to F25. The
best result in terms of frost resistance was achieved with

Table 6
The values of the coefficient of thermal conductivity
of foam concrete samples

Thermal conductivity
Type of foam concrete coefficient, W/m « C
in dry condition

Basic (reference) D600 0.120
LA 0.5% + G10.55% 0.090
LA 1% 0.085
Basic (reference) D700 0.174
G10.55 % 0.170
PLA1.5% 0.168
Basic (reference) D800 0.194
LA 0.5% 0.188
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Table 7
Frost resistance grade for foam concrete with modifying
additives

Type of foam concrete Frost resistance grade
Basic (reference) D600 F15
LA 0.5% + G10.55% F25
LA 1% F25
KonTponbHbiit D700 F 15
G10.55 % F25
PLA1.5% F25
KoutponbsHbiii D800 F25
LA 0.5% F 50

the introduction of a PLA additive of 1.5% by weight of
cement. The frost resistance grade of foam concrete with
an average density of D800 was F50.

The introduction of additives into the composition of
foam concrete made it possible to obtain porous structur-

al-heat-insulating concrete with improved performance
properties.

CONCLUSION

Using the obtained scientific results, actual compo-
sitions have been developed to create a resource-saving
technology for the manufacture of cement building
compositions with controlled volumetric changes using
glyoxal-containing additives for the installation of wall
structures in monolithic housing construction.

According to the research results, the use of the op-
timal amount of modifying additives indicated in this
work in the production of cement foam concrete mixtures
has a positive effect on the quality of foam concrete and
products from it.

The obtained results of the study create the basis for
the import substitution of modifying additives on the do-
mestic mineral resource base in the construction indus-
try and the production of effective structural and heat-
insulating concretes for the development of the northern
regions of Russia.
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B MeHOOETOHHOW CMecK ¥ NMOBbICUTb NMPOYHOCTb Ha CKaTue 3aTBepAeBLIero NeHO6eToHa NyTem BBeleHVs B LLEMEHTHYIO MaTpuLly
KOMMJIEKCHOW [JO6aBKM Ha OCHOBe rnMokcans. MaTtepuanbl u meTogbl. ViccnefoBaHve BIMAHNUA MOAUGULIMPYIOLWNX J06aBOK
Ha CBOVCTBa NeHOOETOHHOW CMECU 1 NeHOOETOHA MPOBOAMIIOCh Ha CMECsAX C BOAOTBEPAbIM OTHOLLIeHVEeM, paBHbiM 0,45. iccnepo-
BaHe NPOBOAMIOCh C MPUMEHEHNEM METOAMK, YKa3aHHbIX B HaLMOHabHbIX CTaHaapTax. [lpeacrtaBneHbl pesynsbtaTbl BINAHUA KOM-
NeKCHbIX MoandUUMpPYLLUX 406aBOK Ha OCHOBE MMOKCaNs U OPraHUYEeCKKX COMel Ha PeoNIOrMYeCKre 1 MPOYHOCTHbIE CBOCTBA,
a TaKkXKe YCTaHOBJIEHbl 3aKOHOMEPHOCTU 1 MEXaHK3M CTPYKTYpPOO6pa3oBaHmsA MOANOULIMPOBAHHOTO NeHobeToHa. PesynbraThbl.
MpumeHeHre moandULMpYyOLWKX 4OOABOK NPUBOANT K MOBbILIEHWIO arperaTBHOM CTabUSIbHOCTY U CHVXKEHWIO MacTMYecKom
ycafKm neHobeTOHHON cmecy Ha 22-70%. Mpwu BBeaeHUM KomnnekcHol gobaeku LA 0,5% + Gl 0,55% B NeHOBETOHHYI0 cMecb
NMPOYHOCTb Ha CxKaTue nosbiwaetca ¢ 1,96 fo 2,43 Mla B Bo3pacTe 28 CyTOK Npu COXPaHeHNM MapKu no cpefHein nnotHoctn D600.
KoaddpurumeHT TennonpoBoaHOCTU MOANGULIMPOBAHHOTO NeHOBETOHa C NpUMeHeHreM A06aBOK CHUKaeTCs Ha 5-30; B CpaBHEHUN
C KOHTPOJIbHBIM COCTaBOM. BbiBOADI. [0yUeHHble pe3ynbTaThl CO34aT OCHOBY AJIA UMINOPTO3aMeLLleHs MoaANGULMPYOLLMX O-
6aBOK Ha OTeUeCTBEHHO MUHEPAJIbHO-CbIPbeBOV 6a3e B CTPOUTESIbHOW OTPAC/IN 1 MPOM3BOACTBA IPHEKTUBHBIX KOHCTPYKLMOHHO-
TenIomn30nsALNOHHbIX GETOHOB [/1A Pa3BUTUA CEBEPHbIX PermMoHoB Poccun.

KJTIOMEBDIE CJIOBA: rnvokcanb, CTPYKTypoobpa3oBaHue, Mognonumpyiolme gobaBKku, NeHOGETOH, MopucTas CTPYKTypa, nna-
CTMYecKas ycafka, MPOYHOCTb Ha CKaTue, CPefiHAA NIOTHOCTb, KOIOOULIMEHT TENIONPOBOAHOCTU.

BNATOAAPHOCTW: ViccnenoBaHue BbinosiHeHo npuw rHaHcoBow nopaepkke HUY MICY B pamkax KoHKypca 2022 rofa Ha nposefe-
Hye dyHAaMeHTanbHbIX Y NpUKnagHbix nccnepoBanuin (HUP/HOKP) HayuHbIMK KonnekTMBamm opraHv3auuii — uneHos OTpacneBoro
KoHcopumyma «CTponTenbCcTBO 1 apxmTeKkTypax» (qorosop N2 8/K ot 27.05.2022) B uenax ncnonHeHua MNporpammol passutna HAY
MI'CY Ha 2021-2030 rogbl B pamKkax peanusayum Mporpammbl CTpaTernyeckoro akagemmyeckoro nuaepctsa «lpuoputet-2030».
ANA UWUTUPOBAHMUA: Crewwenko A.B., Cumakosa A.C., iHo3emues A.C., lHo3zemues C.C. KOHCTPYKLMOHHO-TEMION30AALNOHHbIN
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ABSTRACT: Introduction. The binder for sol-silicate paints is made on the basis of a polysilicate solution obtained on the basis of
liquid glass and silicic acid sol. The technological process of creating a polysilicate binder is complex and it is not always possible
to achieve the required characteristics. In this regard, the development of a polysilicate binder and the creation of a sol-silicate
paint based on it are relevant. Materials and methods. Silicic acid sols Nanosil 20 and Nanosil 30 produced by PK Promsteklotsentr
were used in the work. We used sodium liquid glass with a modulus of M = 2.78, potassium liquid glass with a modulus of M =
3.29 (GOST 13078). The conditional viscosity of paints and varnishes was determined using a VZ-4 viscometer according to GOST
8420-74."Paint materials. Methods for determining the conditional viscosity. Tensile strength (cohesive strength) was determined
according to GOST 18299-72* “Paint and varnish materials. Method for determination of tensile strength, elongation at break and
modulus of elasticity” on the tensile testing machine IR 5057-50. The silicate modulus of liquid glass was determined according to the
method described in GOST 13078-81. The molybdate method was used to study the composition of liquid glasses and polysilicate
solutions. Results and discussions. It was revealed that liquid glass and polysilicate solution are typical pseudoplastic bodies. The
addition of a sol (an increase in the silicate modulus) promotes an increase in the proportion of high-polymer fractions of silicon-
oxygen anions (SCA), and with an increase in the sol content, the proportion of the polymeric form of silica increases. It has been
established that there is a correlation between the content of silica in the polymer form and the tensile strength of the films, which
means that with an increase in the content of silica in the polymer form, an increase in the tensile strength of the films is observed.
Conclusions. It has been established that with an increase in the amount of silicic acid sol introduced, a decrease in the pH of
solutions is observed at a constant alkali concentration. The introduction of a sol of silicic acid leads to a change in the viscosity of
the solutions. The introduction of a sol of silicic acid into liquid glass promotes an increase in the proportion of high-polymer frac-
tions of silicon-oxygen anions. Films based on polysilicate solutions are characterized by faster curing and higher tensile strength
compared to films based on liquid glasses.

KEYWORDS: sol-silicate paint, polysilicate mortar, curing kinetics, cohesive strength.
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INTRODUCTION

For finishing the facades of buildings, paints and
varnishes are widely used. Sol-silicate paints are gaining
popularity in the paint and varnish market “Histolith Sol-
Silikat” manufactured by “Caparol” (Germany), “Alliga-
tor” (Germany)|1,2]. Since 2015, the German company
KEIM has been known on the paint and varnish market,
producing one-pack sol-silicate paint KEIM Soldalit [3].
KEIM Soldalit paint can be applied not only on min-
eral, but also on numerous organic substrates. Among

© Sokolova Yu.A,, Loganina V.l,, 2022

the domestic manufacturers of sol-silicate paint is the
St. Petersburg company Friedlander, which produces the
Prochnin paint [4].

The binder for sol-silicate paints is made on the basis
of a proven combination of kieselsol and liquid glass bind-
ers. The polysilicate solution formed by adding liquid glass
to the silicic acid sol consists of particles of the initial sol
reduced in size and a highly dispersed phase of hydrated
silica with particle sizes not exceeding 5—7 nm. The tech-
nological process of creating a polysilicate binder based
on liquid glass is complicated and it is not always possible
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to achieve the required characteristics [5]. In this regard,
the development of a polysilicate binder and the creation
of a sol-silicate paint based on it are relevant.

MATERIALS AND METHODS

Silicic acid sols Nanosil 20 and Nanosil 30 produced
by PK Promsteklotsentr were used in the work. We used
sodium liquid glass with a modulus of M = 2.78, potas-
sium liquid glass with a modulus of M = 3.29 (GOST
13078).

The conditional viscosity of paints and varnishes was
determined using a VZ-4 viscometer according to GOST
8420-74. “Paint materials. Methods for determining the
conditional viscosity”. The dynamic viscosity of the com-
positions was determined in accordance with the formula:

n,/1,=14,0,/1,0, (1)

where 7, is the dynamic viscosity of the test solution,
Pas;

17, is dynamic viscosity of water, Pa s;

£, is the outflow time of the test solution, s;

t, is water outflow time, s;

0, is the density of the test solution, g/cm’.

o, is the density of water, g/cm’.

Kinematic viscosity was determined by the formula:

v=u/p. (2)

The silicate modulus of liquid glass was determined
according to the method described in GOST 13078-81.
The total silica content in the binders was estimated using
a UNICO 2100 spectrophotometer. To study the compo-
sition of liquid glasses and polysilicate solutions, the mo-
lybdate method was used, based on different rates of inter-
action of monomeric, oligomeric, and polymeric anions
(SOA) with molybdic acid [6—8]. Additionally, to study
the composition of polysilicate solutions, we used the
total internal reflection violation method, which provides
the study of samples with a high absorption coefficient.
We used the IR spectrum of FSM 1201 TIR (multiple
violation of total internal reflection) in the spectral range
750—4350 cm~! [9].

Hardness (H), arbitrary units, was calculated by the
formula

H=1/t, 3)

where 7is the decay time of the pendulum oscillations
from 5° to 2° on the tested paintwork, s;

t, is the damping time of pendulum oscillations from
5°to 2° on a glass plate (“glass number”), s.

Tensile strength (cohesive strength) was determined
according to GOST 18299-72* “Paint and varnish materi-

als. Method for determination of tensile strength, elon-
gation at break and modulus of elasticity” on the tensile
testing machine IR 5057-50.

RESULTS

It has been established that the introduction of silica
sol to liquid glass with a density of 1460 kg/m? causes
gelation over time. So, with the introduction of the sol in
an amount of 5% by weight of liquid glass, the onset of
gelation was observed after five days, and with the addition
of 3%, after 7 days of storage [10—13].

Analysis of the data (Fig. 1) indicates that with an
increase in the sol content, a decrease in the viscosity of
the solution occurs, apparently caused by the introduc-
tion of an additional amount of water contained in the sol
(Fig. 1, curve 1). However, after 1 day of storage, there
is some increase in the viscosity of the polysilicate solu-
tion. With a sol content of 7% by weight of liquid glass,
an increase in viscosity occurs after three days of storage
(Fig. 1, curve 3). At the age of more than four days of stor-
age, an increase in viscosity is observed at a sol content of
1% (Fig. 1, curve 4.5).

To ensure the stability of the polysilicate solution,
lithium hydroxide was added to liquid glass.

The use of sol in an amount of 10—15% by weight of
liquid glass with a modulus of M = 2.78 makes it possible
to obtain polysilicate solutions with a modulus of M =
4.25—5.29 [14]. Additionally, the value of dynamic and
kinematic viscosity of polysilicate solutions was deter-
mined. The results are shown in Table 1.

Analysis of the data given in Table 1 shows that the
addition of 15% Nanosil 20 silicic acid sol to the com-
position of water glass leads to a decrease in dynamic
viscosity by 13%.

It has been established that with an increase in the
amount of silicic acid sol introduced, a decrease in the
pH of polysilicate solutions is observed at a constant alkali
concentration. So, when the content of silicic acid sol is
5% by weight of potassium liquid glass, the pH is 11.41,
and when the content of silicic acid sol is 15%, it is 10.97,
while in the control composition (without adding sol) —
pH = 12.68. Similar regularities are also characteristic of
sodium liquid glass.

It has been established that the pH of the solution with
the addition of silicic acid sol is continuously changing
(Fig. 2). After mixing water glass and silica sol, the pH
is higher than in the later stages. The steady state of the
solution corresponds to 27—30 hours.

The rheological properties of polysilicate solutions
were also evaluated in terms of ultimate shear stress us-
ing the Reotest-2 instrument. The research results are
shown in Fig. 3.

It is revealed that all systems are typical pseudoplastic
bodies. In the region of slow flow, the viscosity of so-
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Fig. 1. Change in the viscosity of the sodium polysilicate solution depending on the content
of silicic acid sol (Nanosil 20): 1 — after preparation; 2 — in a day; 3 — after 3 days;

4 — after 5 days; 5 — after 7 days

:ﬁzliﬂlect of the addition of silica sol on the rheological properties of liquid glass
qusl:]lldc fl:sls 4 Sol content, % Solut]i(on desnsity, .Solut‘ion 2:7:(:181::1; Ij::f;lsl?t;c
g/m viscosity, s Pacse 10 m?/s 10-6
Liquid glass 0 1348 8.72 1.573 1.172
Nanosil 20
Composition 1 5 1333 7.98 1.426 1.070
Composition 2 10 1325 7.74 1.375 1.038
Composition 3 15 1316 7.56 1.334 1.014
Nanosil 30
Composition 4 5 1340 8.09 1.454 1.085
Composition 5 10 1331 7.69 1.372 1.031
Composition 6 15 1325 7.71 1.371 1.034

dium liquid glass gradually decreases with increasing shear
stress, after which, starting from a shear stress of about
14—16 Pa, the Newtonian flow regime is established,
characterized by viscosity values from 0.1 Pa ¢ s (sodium
polysilicate solution) to 0 .28 Pa ¢ s (sodium liquid glass)
(Fig. 3). Similar patterns are typical for potassium liquid
glass and potassium polysilicate solution.

Analysis of the data shown in Fig. 3 indicates that
polysilicate solutions are characterized by a lower value of
stress P, after which the solutions acquire the properties
of a Newtonian fluid. So, for a sodium polysilicate solu-
tion, the voltage value P is P, = 0.1 Pa+s, and for sodium
liquid glass it is 0.28 Pa s. For a potassium polysilicate
solution, the P valueis P, =0.07 Pas.
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Fig. 2. The Kinetics of changes in the pH of polysilicate solutions: 1 — potassium liquid
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6 — sodium water glass + 5% Nanosil 20; 7 — sodium water glass +10% Nanosil 20;
8 — sodium liquid glass + 15% Nanosil 20
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Fig. 3. Rheological flow curves of the systems under study: 1 — potassium liquid glass;
2 — potassium polysilicate solution
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It was found that the addition of a sol (an increase
in the silicate module) contributes to an increase in the
proportion of high-polymer fractions of silicon-oxygen
anions (SOA), and with an increase in the sol content,
the proportion of the polymeric form of silica increases.
So, with the introduction of Nanosil 20 silicic acid sol
in an amount of 5% by weight of liquid glass, the con-
tent of the polymer form of silica y-SiO, increases to
5.55%, in an amount of 15% — up to 12.1%, while in
the initial composition (without sol addition) — 2.78%.
In a potassium polysilicate solution, the content of the
polymeric form of silica y-SiO, is 19.93% with a sol
content of 15% [15, 16]. The research results are shown
in Table 2.

The dependence of the content of silica a-SiO, in
the early stages of the interaction of the sol with liquid
glass is extreme. The maximum content of a-SiO, is ob-

served after 60 minutes, depending on the type of liquid
glass and the amount of sol introduced [17—19]. So, after
60 minutes, the content of silica a-SiO, in the sodium
polysilicate solution is 18.54% with a content of 5% sol,
and in the potassium polysilicate solution it is 6.97% with
a content of 5% sol (Fig. 4, Table 2).

Fig. 5 shows the IR spectrum of potassium liquid
glass and potassium polysilicate solution in the spectral
range 750—4350 cm~'. Fig. 5 shows that the studied potas-
sium polysilicate solution has a number of characteristic
absorption bands, which in the spectral range of 1000—
1250 cm™! correspond to vibrations of Si—O—Si bonds.
The deepening of 1095 cm~! corresponds to Si—O—Si
vibrations. The shift of the band to higher frequencies
compared to liquid glass (1082 cm™') indicates a higher
degree of polymerization and an increase in the number
of siloxane bonds. Reflections in the region 980—880 cm™!

9
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<1 2
°: 6
o |
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Time, min

Fig. 4. Kinetics of change in the content of a-SiO, in a potassium polysilicate solution:
1 — content of Nanosil 20 sol — 10%; 2 — Nanosil 20 sol content — 15%

Table 2

Change in the colloid-chemical state of silica depending on the content of silicic acid sol

Soda water glass Potassium liquid glass
Sol General Content Content General Content Content
content, % cont.ent silica (J:-S.iO2 + 4-Si0., % cont.ent silica o- S.iOz + 4-Si0., %
Si0,, % B-SiO,, % 2 Si0,, % B-SiO,, % 2z
0 23.72 20.93 2.78 21.9 19.38 2.51
5 25.83 20.28 5.55 26.21 18.61 7.6
10 28.12 19.79 8.33 30.39 17.71 12.68
15 30.57 18.83 12.10 34.93 15.00 19.93
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Fig. 5. IR spectra of potassium liquid glass (1) and potassium polysilicate solution

(2) with a Nanosil 30 sol content of 15%
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Fig. 6. Change in time of the relative hardness of films based on polysilicate solutions:
1 — potassium liquid glass; 2 — potassium liquid glass + 5% sol; 3 — potassium liquid glass + 10%

sol; 4 — potassium liquid glass + 15% sol

characterize the stretching vibrations of Si—(OH) hydro-
xyls [16—18].

Coatings based on polysilicate solutions are character-
ized by faster curing. Figure 6 shows the curing kinetics of
a coating, which is characterized by a change in relative
hardness. At the age of 24 hours, the relative hardness of
the film based on the control composition (without sol)

is 0.28, and with the addition of Nanosil 20 sol in the
amount of 5, 10, 15% by weight of liquid glass, respective-
ly, 0.38; 0.43, 0.47. The curing process ends after 7 days.

Films based on polysilicate solutions are character-
ized by the manifestation of a scale factor [20]. With an
increase in the thickness of the coating, a decrease in
relative hardness is observed (Fig. 7).
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Fig.7. Influence of the coating thickness on the change in the relative hardness of the films

As can be seen from the obtained experimental data,
with an increase in the thickness of the polymer coating
from 0.1 to 0.3 mm, the relative hardness decreases from
0.6 to 0.48 MPa. There is a manifestation of the scale
factor. An analysis of the obtained dependence of the
relative hardness of coatings on their thickness shows that
the relative hardness decreases linearly with an increase
in the thickness of the polymer coating. The resulting
dependence is described by the equation:

y=a+ bx, 4)

where a, b are material constants.

The calculated dependence of the relative hardness of
films based on a polysilicate solution on their thickness is
obtained, which has the form:

y=0.983-3.333x. )

To assess the strength characteristics, free films were
studied. It has been established that films based on poly-
silicate solutions have a higher cohesive strength. It was
found that the tensile strength of a film based on po-
tassium liquid glass is R = 0.39 MPa, and the tensile
strength of a film based on a polysilicate solution (15%
Nanosil 20) is 1.14 MPa (Fig. 8). Increase in strength,

1.2

Stress, MPa

0 0.026 0.033 0.04 0.046 0.053 0.06 0.066 0.073 0.08 0.086 0.093
Relative deformations, mm/mm

Fig. 8. Change in relative strain during stretching of films: 1 — liquid glass with 15%

content of Nanosil 30; 2 — liquid glass

http://nanobuild.ru

369 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (5): '
HaHoTexHonorum B crpouTenbcree 363-372 NanObLﬂ(/
BUILDING MATERIALS SCIENCE
1.4
1.2 p
--"9
o] il
g ! o  -°
£ 08 e
g i
8 0.6 i y:ﬂ 3+0.0539x
% 1" o r+0.9571
& 04 e
0.2
0
0 5 10 15 20
The content of the polymer form of silica,%

Fig. 9. Dependence of the tensile strength of films based on potassium polysilicate
solution on the content of silicic acid in the polymer form y-SiO,

in our opinion, is due to an increase in the proportion of
high-polymer fractions of silicon-oxygen anions (SOA)
in the structure of the polysilicate binder compared to
liquid glass.

The modulus of elasticity of a film based on a polysili-
cate solution is 0.05« 10* MPa, and on the basis of liquid
glass it is 0.022 « 10* M Pa.

Fig. 9 shows the dependence of tensile strength on the
content of the polymer form of silica based on a polysili-
cate solution. It has been established that there is a cor-

Table 3
Technological and operational properties of sol-silicate
paints and coatings based on them

The name of indicators Values
Viscosity according to VZ-4, s 25-30
Density, kg/m? 1400
Drying time up to degree 5 at 20°C, min, 41
no more
Vapor permeability, g/(m? * day) 155
(GOST 33355-2015)

Tensile strength, MPa 2.30
Flammability group Il
Covering power, g/m? 186.5
Frost resistance, brand F35

relation between the content of y-SiO, in the polysilicate
solution and the tensile strength of the films

On the basis of a polysilicate binder, a sol-silicate
paint was developed. Table 3 shows the properties of the
sol-silicate paint and coatings based on it.

CONCLUSIONS

It has been established by the method of violation of
total internal reflection and the molybdate method that
the introduction of a silicic acid sol into liquid glass con-
tributes to an increase in the proportion of high-polymer
fractions of silicon-oxygen anions. It was revealed that
the dependence of the content of silica in the monomeric
form at the early stages of the interaction of the silicic acid
sol with liquid glass is of an extreme nature.

It was found that films based on polysilicate solutions
are characterized by faster curing. Films based on poly-
silicate solutions are characterized by the manifestation
of a scale factor. With increasing coating thickness, a de-
crease in relative hardness is observed. The dependence
of the relative hardness of films based on a polysilicate
solution on their thickness is obtained.

It was found that films based on polysilicate solutions
have a higher tensile strength compared to films based on
liquid glasses. A linear relationship has been established
between the tensile strength of films based on a polysili-
cate solution and the content of high-polymer fractions
of silicon-oxygen anions y-SiO, in it, due to an increase
in the number of siloxane bonds.
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" HaumoHanbHbI nccnefoBaTenbCkuii yHuBepcuteT MOCKOBCKUI rOCYyAApPCTBEHHbIV CTPOUTENbHbBI yHMBepcuTeT, MOCKBa,
Poccuna
2 [eH3€eHCKMIN roCcy[apCTBEHHbIN YHUBEPCUTET apXUTEKTYPbI 1 CTPOUTENLCTBA, NeH3a, Poccna
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AHHOTALUA: BBegeHune. CeAzytoLlee AN 30/b-CUINKATHBIX KPACOK M3roTaBNMBalOT Ha OCHOBE MONMCUIMKATHOrO PacTBoOpa,
MOJTyYEHHOTO Ha 6a3e XUKOro CTeKNa 1 30719 KPEMHUEBOW KUCIOTbI. TEXHONOMMYeCKMiA MPOoLecc co3haHnsA NOANCUIMKATHOTO CBSA-
3YIOLLEro CII0XeH, 1 He BCeraa yAaétca AoCTUYb HEOOXOAMMbIX XapaKTePUCTHK. B CBA3M € 3TUM, aKTyanbHbIM ABNAETCA pa3paboTka
MOSIMCUNNKATHOTO CBA3YIOLLErO 1 CO3/aHNe Ha ero OCHOBE 30/1b-CUIIMKATHOM Kpacku. MaTepuanbl n metogbl. B paboTe npumeHann
3015b KpeMHueBor KucnoTbl Nanosil 20 1 Nanosil 30, Bbinyckaembie MK «MpomcTeknoueHTp». MpruMeHAnn HaTpUeBoe X1AKoe CTEKIO
c mopynem M = 2,78, kanueBoe xungKkoe ctekno ¢ mogynem M = 3,29 (TOCT 13078). YCNoBHY0 BA3KOCTb TAKOKPACOUYHbIX COCTaBOB
onpeaenany npu nomown suckosnmeTpa B3-4 no FOCT 8420-74. «MaTtepuanbl nakoKkpacouHble. MeTofbl onpefeneHuns yCioBHOM
BA3KOCTW». [Tpeaen NpoYHOCTU NPU PacTAXeHNM (KOre3roHHYI0 NPOYHOCTb) onpegenanu no FOCT* 18299-72 «MaTtepuanbl nako-
KpacouHble. MeTo onpefeneHna npegena NpoYHOCTM NPU PaCTAXEHNN, OTHOCUTENbHOIO YASIMHEHUA NP pa3pbiBe 1 MOaynA
ynpyroctu» Ha paspbiBHol mawuHe P 5057-50. CunuKkaTHbI MOAYSb XNAKOrO CTEKSIAa ONpeaenann no METOANKE, N3NIOKEHHOMN
B FOCT 13078-81. [InA M3yuyeHMs COCTaBa XMUAKUX CTEKOJT 1 NMOJIMCUIINKATHBIX PaCTBOPOB MCMONb30Bany MONM6AATHbIN MeTOA,.
Pe3ynbraTtbl 1 06cyKAeHMNe. BbIABNEHO, UTO XKINAKOE CTEKIIO U MONMNCUIMKATHBIV PacTBOP ABAATCA TUMUYHBIMU NCEBAOMNNACTY-
yeckumm Tenamu. lobasneHne 301 (MOBbILEHNE CUIMKATHOTO MOAYSIA) CMOCOOCTBYET YBENMUYEHMIO [JONN BbICOKOMOMMMEPHbIX
bpaKkumin KpeMHeKMCNOPOAHbIX aHMOHOB (KKA), Npruém ¢ yBennyeHnem CopepkaHuna 3015 JOSA NoNMMepHoO GopMbl KpemHesemMa
BO3pacTaeT. YCTaHOBJIEHO, UTO MEXAY COAEPKaHMEM KpeMHe3eMa B MoSIMMepPHOI GopMe 1 MPOYHOCTbLIO NP PaCTAXKEHUN MNEHOK
CyLLeCcTBYeT KoppenALMOoHHasa 3aBUCUMOCTb, 3aK/TI0HaoLLAACA B TOM, YTO NPY YBEIMYEHNN COAePXKaHUA KpeMHe3EMa B NONIMMEPHON
dopme HabnogaeTca yBennyeHne NpoYHOCTY NMPW PacTAXKeHUV NNEHOK. BbIBogbI. YCTaHOBNIEHO, UTO NPW YBEIMYEHNN KONMYECTBa
BBOAVIMOTO 30J18 KDEMHMEBOW KNCIOTbl HabntoAaeTcA CHKeHne pH pacTBOPOB NP HEM3MEHHOW KOHLIEHTpaLuK wenoun. BeegeHve
3071 KPEMHMEBOWN KNCIOTbI MPUBOANUT K U3MEHEHMIO BA3KOCTW PacTBOPOB. BBeAeHMe 30519 KpeMHNEBOWN KNCIOTbI B XKNAKOE CTEKIO
CMocobCTBYET yBENMUYEHMIO JOSIN BbICOKOMOMMEPHBIX GPaKkLMin KPEMHEKMNCIOPOLHbIX aHWOHOB. MNEHKU Ha OCHOBE NOANCUMKAT-
HbIX PAaCTBOPOB XapaKTepu3ytoTca 6onee 6bICTPbIM OTBEPXKAEHUEM 1 0651aAatoT 6osiee BbICOKOW MPOYHOCTLIO MPU PACTAXKEHUN MO
CPaBHEHMIO C MIEHKaMM Ha OCHOBE XUAKNX CTEKOSI.

KNIOYEBDBIE CJIOBA: 30nb-cunvKaTHasA Kpacka, MOMCUANKATHBIN PacTBOP, KUHETMKa OTBEPXKAEHWUSA, KOre3VOHHasA NPOYHOCTDb.

BNNAFOAAPHOCTMW: PaboTa BbinonHANack B paMkax BbiNofHeHus rpaHTa OTpacneBoro KoHcopumyma «CTpoUTeNibCTBO 1 apXmUTeK-
Typa» Ha npoBefeHne dyHAaAMeHTaNbHbIX U NPUKNaAHbIX HayYHbIX uccnegoBaHuin (orosop N 2/K ot 16.05.2022 r.).

ANnAa UUTUPOBAHUA: Cokonosa t0.A., JloraHnHa B.W. CBoncTBa cBA3ylOLWeEro AnA 301b-CUANKATHON Kpacku // HaHoTexHonorum
B cTpouTenbctae. 2022. T.14, N 5. C. 363-372. https://doi.org/10.15828/2075-8545-2022-14-5-363-372. - EDN: LZCPXL.

BBEJIEHUE

HAIIUTH JITAKOKPACOYHbIe MaTepuaibl. Ha peiHKe na-
KOKPACOYHBIX MaTEPUATIOB TIPUOOPETAIOT TOTYJISIPHOCTh
30JIb-cUTMKaTHBIE Kpacku «Histolith Sol-Silikat» mpons-
BoacTBa Komimanum «Caparol» (I'epmanms), «Alligator»
(Tepmanust) «<KEIM Soldalit» (I'epmanust) [1-3].

I[J‘ISI oTaesIKM (hacagoB 3TaHUI IIIMPOKOE IIPUMEHEHUE

© Cokonosa 0.A., lorannHa B.., 2022

Kpacky «KEIM Soldalit» MOXXHO HaHOCUTbL HE TOJTHKO
Ha MUHEpaJIbHBIC, HO 1 HA MHOTOYHCIICHHBIC OPTaH!-
YecKHe OCHOBaHMS. M3 0TeueCTBeHHBIX ITPOM3BOIUTE-
JIeH 30JTh-CHTMKATHOM KPacK! M3BECTHA TIeTepOypreKast
dupma «OpumieHaepsb», BhITycKaoIas Kpacky «[Ipod-
HUHB» [4]. CBsI3ytoliee IJIsT 30JIb-CHIMKATHBIX KPAaCcOK
M3TOTABIMBAIOT Ha 0a3¢ KM3eIb30JIS M SKUIKOTO CTEKJIA.
INommcunmMKaTHEIN pacTBOpP, 00pa30BaHHBIN TOOABICHN-
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€M K 30JT10 KPeMHEBOM KMCIIOTHI 3KMIKOTO CTEKIIa, COCTO-
WUT U3 YMEHBIITUBIINXCS B pa3Mepax YaCTUIl KCXOTHOTO
30JIS1 ¥ BBICOKOIUCIIEPCHOM (ha3bl THAPATUPOBAHHOTO
KpeMHe3eMa C pa3MepaMu YacTull He Bbilie 5-7 HM. Tex-
HOJIOTUYECKUI TIPOIIECC CO3MaHUS TTOJTNCIIMKATHOTO
CBSI3YIOLLETO HAa OCHOBE XUAKOTO CTEKJIA CJIOXKEH U HE
BCeTIa yaaeTcs JOCTHIh HEOOXOTMMBIX XapaKTepUCTUK
[5]. B cBSI3u ¢ 3TUM, aKTyaJIbHBIM SIBJISICTCSI pa3padoTKa
TOJIMCUINKATHOTO CBSI3YIOIIETO U CO3IaHNe Ha eTo OC-
HOBE 30JIb-CHJIMKATHOI KPAaCcKMH.

MATEPHAJIBI 1 METOZbI

B pabote mpUMeHSIITA 30J1b KPEMHUEBOM KMUCITOTHI
Nanosil 20 u Nanosil 30, Berryckaemble ITK «ITpomcTe-
KJIOLEeHTp». [IpyuMeHsIM HAaTpUEeBOE XUIKOE CTEKIIO
¢ momysieM M=2,78, KanneBoe XNIKOe CTEKIIO C MOIY-
nem M=3,29 (F'OCT 13078).

YCII0BHYIO BSI3KOCTD JJAKOKPACOYHBIX COCTABOB OTIPe-
IeJISLIN TIpH IToMoInu BucKo3umeTpa B3-4 mo TOCT
8420-74 «Matepunaisl JaKOKpacoOYHbIe. MEeTOIBI OITpe-
JIeJIEHNST YCIIOBHOM BA3KOCTI». JIMHAMUYECKYIO BSI3-
KOCTb COCTAaBOB OIPEICIISUIN B COOTBETCTBUU C (hOp-
MYJIOM:

n,/1,=14,0,/1,0, (1)

TIIE 17, — IMHAMMYECKAS BA3KOCTb UCCIIENYEMOTO pac-
TBOpa, I1a *c;

71, — IMHaMUYeCKasl BA3KOCTh BOABI, [1a * ¢;

f, — BpeMsl BHITEKAHMSI MCCIIEyEMOIO PacTBopa, C;

f, — BpeMsl BHITEKAHMsI BOJIBI, C;

0, — TUIOTHOCTb UCCJIEAYEMOTO PacTBOpa, I/CM?;

0, — TUIOTHOCTB BOIIBI, I/CM°.

Kwnemarmdeckast BI3KOCTh OIIPEICIISIIN 110 (hop-
MyJIe:

v=u/p. (2)

CUTUKATHBIN MOIYJTh XKUIKOTO CTEKJIA OTIPEaCISIIN
o metoauke, n3noxennoii B FTOCT 13078-81. O61ee
colepxXaHue KpeMHe3eMa B CBSI3YIOLIMX OLIEHUBAIU
¢ nmomo1bio criekrpodoromerpa UNICO 2100. s
M3yYeHUS COCTaBa XUIKUX CTEKOJ U TTOJINCINKATHBIX
PacTBOPOB UCITOJIb30BaI MOJIMUOIATHBI METOMI, OC-
HOBAHHbII Ha pa3JIMYHOI CKOPOCTU B3aMMOIEUCTBUS
MOHOMEPHBIX, OJINTOMEPHbIX U ITOJIMMEPHBIX AHKOHOB
(KKA) ¢ Mo1ubaeHoBOI K1ciIoToit [6—8]. JomonHu-
TeJIbHO [UISI U3YYEHUSI COCTaBAa MOJIMCUIMKATHBIX PACTBO-
POB IPUMEHSIIM METO HAPYIIICHUSI TIOJTHOTO BHYTPEH-
HEro OTpaxKeHUsl, KOTOPbIi 00eCIeuBaeT UCCIeI0BaHIE
00pas3IoB ¢ BBICOKUM KOA(POUIIMEHTOM TOTIONMIEHUSI.
HcnonbzoBamu UK -ciekrp ®CM 1201 MHITBO (MHO-
TOKPATHOI'O HapyILIEeHUsI ITOJIHOTO BHYTPEHHErO OTpa-
JKEHHUS) B CIIEKTpaibHOM auana3one 750—4350 cm~! [9].

Tsepnocts (H), yCIOBHBIE €AMHUIIBI, BHIYUCIISIIN
o ¢popMmyiie:

H=1/1, 3)

rae f — BpeMs 3aTyXaHUsl KoJieOaHMil MasiTHUKA OT 5°
110 2° Ha UCTIBITYEMOM JIAKOKPACOUYHOM ITOKPBITHUH, C;

f, — BpeM4 3aTyXaHus KOJIeOaHUi MasgTHUKA OT 5°
10 2° HA CTEKJISTHHOM IUIACTUHKE («CTEKJIIHHOE YKC-
JI0»), C.

[pene mpoYHOCTU IPU PACTSKEHUU (KOTE3MOHHYIO
npouHocTh) onpeneisin mo F'OCT 18299-72* «Mare-
pHajibl JaKOKpPacoYHble. MeTo orpeae/ieHus rpeaesia
MIPOYHOCTH MPU PACTSLKEHUM, OTHOCUTEILHOTO yIIMHE-
HUS IIPY Pa3pbiBe U MOAYJISI YIIPYTOCTU» Ha pa3pbIBHOM
Mammae MP 5057-50.

PE3YJIbTATBI

YCTaHOBJIEHO, YTO BBEICHIE KPEMHE30JISI K SKIUIKOMY
CTEKJIY IJIOTHOCTHIO 1460 Kr/M> BbI3BIBACT C TE€YECHUEM
BpeMeHHU rejieodpa3oBaHme. Tak, MpW BBEACHUN 3071
B KOJIMYECTBE 5% OT MACChI XXKMAKOIO CTEKJIA Ha4yasIo Ire-
JTIe00pa3oBaHMS HAOMIOOAIOCH CITYCTSI IISITh CYTOK, a IIPH
npobapneHnu 3% — cirycrs 7 cyTok xpaHeHus [10—13].

AHann3 JaHHBIX, IPUBEICHHBIX Ha puc. 1, cBUIE-
TEJILCTBYET, YTO IIPH YBEIMYCHUM COMEPXKAHUS 30JIsI
IIPOMCXOINT CHIKEHUE BI3KOCTH PacTBOPa, BEI3BAHHOE,
OYCBHUIHO, BBEACHNEM TOITOTHUTEIHFHOTO KOJUIECTBA
BOIIBI, comepKaleiics B 3071e (puc. 1, kpusast 1). OmHako
cIryctd 1 cyTKM XpaHeHUS HaOIoaacTcsl HEKOTOPOE BO3-
pacTaHue BSI3KOCTH ITOJIMCHINKATHOTO pacTBopa. [Ipu
COIEePKAHUM 30J11 B KOJIMYECTBE 7% OT MAcCChl KUIKOTO
CTEKJIa BO3pacTaHME BSI3KOCTHU IPOUCXOIUT CITYCTSI TPOE
cyToK XpaHeHUs (puc. 1, kpuBasg 3). B Bo3pacrte 6onee
YETBIPEX CYTOK XpaHECHUS BO3pacTaHUE BSI3KOCTU Ha-
OJromaeTCsl IIPpU COAEPKAHUM 301 B Komdyectse 1%
(puc. 1, kpuBag 4, 5).

Jlst obecnieueHUsT CTaOUIBHOCTHU TTOJIMCUINKATHO-
ro pacTBOpa B XKUIKOE CTEKJIO NO0ABISINM TUAPOKCUT
JIATHSI.

Hcnonb3osanue 3051 B kommuecTse 10—15% ot mac-
CBI XXMOIKOTO CTeKJIa ¢ MomysieM M = 2,78 mo3BosIeT
IMOJIYYUTH MOJUCUINKATHBIC PACTBOPHI C MOIYJIEM
M =4,25-5,29 [14]. JoIIOTHUTETHLHO OIIPeAeIIsIA 3Ha -
YeHNEe TMHAMHWYCCKON M KWHEMAaTUUEeCKOM BSI3KOCTH
TTOJIMCYIMKATHEIX PACTBOPOB. Pe3ybTaThl IpUBEIeHB
B TaOI. 1.

AHanu3 DaHHBIX, IPUBEACHHBIX B Ta0a. 1, cBUIE-
TEJIbCTBYET, YTO gAobaBiaeHue 15% 30151 KpeMHEBOI
kncaoTel Nanosil 20 B cocTaB XXUAKOTO CTeKJIa IPUBO-
JIAT K YMEHbILIEHUIO TMHAMUYECKOM BSI3KOCTU Ha 13%.
YCTaHOBIIEHO, UTO TP YBEIMICHUH KOJTMIECTBA BBOIN-
MOTO 30JIsI KpEMHHEBOI KMCIIOTHI HAOIIOIACTCST CHITKE-
Hue pH MoIMCHINKAaTHBIX paCTBOPOB IIPY HEM3MEHHOMN
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1,65 1
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1,55 1
1.5

1,45

Jlorapudm ycnoBHo# BsAZKOCTH, C

Copep:xanus 3om4, %

3 5 7

Puc. 1. 3meHeHHe BA3KOCTH HATPUEBOIO MOJMCHIMKATHOTO PACTBOPA B 3aBUCHUMOCTH OT COJEPKAHMS 3011 KPEMHH-
eoii kucaotbl (Nanosil 20): 1 — mocie mpuroToBIeHUS; 2 — Yepe3 CYTKHU; 3 — yepe3 3 CYyTOK; 4 — uepe3 5 CyToK;

5 —4yepe3 7 cyTOK

Tabauya 1
Biausnue 100aBKH 30151 KpeMHHEBOIi KHCJIOTHI HA PEOJIOrHYECKHE CBOMCTBA XKUIKOI0 CTEKJIa
— Junammyeckas | Kunematnueckas
CTeKJIO + 30Jb Conepxanue ILnoTHOCTB Bsskocts
KPEMHHEBOI 300151, % pacTBopa, Kr/m> pacTBopa, ¢ BAIKOCTD, BAIKOCT®,
> i i IMa<c+10-° m2/c 10-°
KHCJIOTbI
Kunkoe crekio 0 1348 8,72 1,573 1,172
Nanosil 20
Cocras 1 5 1333 7,98 1,426 1,070
Cocras 2 10 1325 7,74 1,375 1,038
CocraB 3 15 1316 7,56 1,334 1,014
Nanosil 30
Cocras 4 5 1340 8,09 1,454 1,085
Cocras 5 10 1331 7,69 1,372 1,031
CocraB 6 15 1325 7,71 1,371 1,034

KOHIICHTpAILINY IeI0un. Tak, IMpu comepKaHUU 3071
KPEMHUEBOM KUCIOTHI B KOJIMYECTBE 5% OT MacChl Ka-
JIMeBoTO Xuakoro crekia pH cocrasnser 11, 41, a ipu
comepKaHNH 30JIsI KpeMHUEBOM KMCIOTHI B KOJIMIECTBE
15% — 10,97 , B TO BpeMsi KaK y KOHTPOJIbHOTO COCTaBa
(6e3 mobdapneHus 30s1) pH = 12,68. AHajoru4HbIe 3a-
KOHOMEPHOCTH XapaKTePHHI U IIJIST HATPHUEBOTO SKUIKOTO
CTeKIIA.

VYcranosneHo, uyto pH pactBopa ¢ 1o6aBKoOI 30718
KPEMHHMEBOUW KHUCIOTH HEIPEPHIBHO M3MCHSIETCS
(puc. 2). INocie cMeTMBaHMS XXUIKOTO CTEKJIA U 30715
KpEeMHUEeBOI KCI0TH pH BhIIe, YeM Ha 00J1ee IMO3MHIX
CTamMsIX. YCTOMYMBOE COCTOSTHAE PacTBOPa COOTBET-
ctByet 27—30 gacam.

Peosnornmueckue cBOiCTBA ITOMMCIIMKATHBIX PACTBO-
POB OLICHUBAJIMCH TaKXKe TT0 TIOKA3aTeJISIM TIPEICTbHOTO
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Puc. 2. Kunetnka nsmenennsi pH moamcHImKaTHeIX pacTBOpoB: 1| — KalneBOe KUIKOE CTEKII0; 2 — KaJIMEeBOE KU/ -
koe crekyio + 5% Nanosil 20; 3 — kanueBoe xuakoe crekio + 10% Nanosil 20; 4 — KaauMeBoe KUIKOe CTEKIIO +
15% Nanosil 20; 5 — HaTpreBOe XUIKOE CTEKJIO; 6 — HaTpUeBOe XKuaKoe ctekiio + 5% Nanosil 20; 7 — HaTpueBoe
xkunkoe crekio +10% Nanosil 20; 8 — HaTpueBoe xuakoe crekio + 15% Nanosil 20
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Puc. 3. Peosiornueckne KpuBbie TedeHHS UCCIEAYEMbIX CHCTEM: | — KaMeBOe XKUIKOe CTEKIIO; 2 — KaJUEeBbIi Mo~
JIMCUJIMKATHBIA pacTBOP

HATIIPSKCHUS CIBUTA C TTIOMOIIBIO Mprubopa Reotest-2.  MEHHO CHIDKASTCS ¢ POCTOM HAIIPSDKEHUSI CIBUTA, TIOCTIC
Pesynprath ccaemoBaHWi MPUBEICHBI HA puC. 3. 4Yero, HauyMHasl ¢ HalpsDKEeHMS CABUIa 0Kojio 14—16 Ila,

BbIsIBIICHO, UTO BCE CHCTEMBI SIBJISTIOTCS TUTIMYHBIMU ~ YCTaHABIMBACTCS PEKUM HBIOTOHOBCKOTO TCUCHUS, Xa-
TICeBIOIUIACTUYCCKIMU TelaMH. B 06/1acTit Me[UIeHHOTO — paKTepu3yoIuiics 3HaueHUSIMU BI3KocT oT 0,1 [Ta* ¢
TEUCHUSI BI3KOCTh HATPUEBOTO XXUIKOTO CTeKJIa TTOCTe-  (HATPUEBBIN IMOIMCHINKATHEIN pacTBop) mo 0,28 [Ta<c
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(HaTpHMeBOE XKHUIKOE CTEKII0) (prc. 3). AHAJIOTMYHBIC 3a-
KOHOMEPHOCTH XapaKTepHBI U IJIST KAJIMEBOTO KUIKOTO
CTEKJIa ¥ KaJMEBOTO TTOJMCIIIMKATHOTO PacTBOpA.
AHam3 JaHHBIX, IPUBEICHHBIX Ha PUC. 3, CBUIC-
TEJIbCTBYET, UTO MOJUCWINKATHBIC PACTBOPHI XapaKTe-
PUBYIOTCA MEHBIIMM 3HAYEHUEM HATPsDKEHUs P, mocie
KOTOPOTO pacTBOPHI IIPUOOPETAIOT CBOMCTBA HHIOTOHOB-
CKOIt XXMIKOCTH. Tak, y HATpHeBOTO MOJIMCUINKATHOTO
pacTBopa 3HaYeHue HanpsbkeHus P cocrabnser P =
0,1 ITa - c, ay HaTpueBoro xkuakoro crekiaa — 0,28 ITa .
7151 KaameBOro MOJUCIIIMKATHOTO pacTBOpa 3HAUYCHIE
Pm cocrapnsger P, = 0,07 I1a -« c. BoiABieHo, 4to n0-
GaByicHUE 3071 (ITOBBIIICHNE CHIIMKATHOTO MOIYJIST)
CIIOCOOCTBYET YBEIMUCHUIO O BHICOKOIIOJIMMEP-
HBIX (DpaKIuii KpeMHEKUCITOPOTHBIX aHNOHOB (KKA),
IpUYEM C YBEIWICHUEM COICPKAHMS 30JIsT TOJIST T10-
JIMMEepHOI (popMBI KpeMHe3eMa Bo3pacTaeT. Tak, mpu
BBEJCHUHN 30J1s1 KpeMHMeBoI K1csioThl Nanosil 20 B Ko-

nyectBe 5% OT MacChl XUIKOIO CTEKJIA YBEIMYMBAETCS
colepxaHue ToJMMepHOI (hopMbl KpeMHesema Y-SiO,
10 5,55%, B konuuectBe 15% — no 12,1%, B 1O BpeMs
KaK B MCXOIHOM cocTaBe (0e3 modaBku 30j1s1) — 2,78%.
B kanmeBoM MOJMCUIMKATHOM PAacTBOPE COmepKaHUe
HoIMMepHO# popMbl KpeMHe3eMa Y-SiO, cocTabiseT
19,93% tipu comepxkanuu 3011 15% [15, 16]. Pesynbrarsr
HCCIIeIOBAaHUI TIPUBEICHBI B TA0II. 2.

3aBUCUMOCTD ColepXKaHMs KpeMHedeMa a-SiO,
Ha PaHHUX CTAAUSIX B3aUMOICHCTBUS 30JIS1 C XKUIKUM
CTEKJIOM HOCHUT 9KCTpeMaJIbHbIA XapakTep. MakcuMaib-
Hoe cozepxanue o-SiO, Habmonaercs crycTs 60 MUHYT
B 3aBUCUMOCTH OT BM/IA XXMUIKOIO CTeKJIa K KOJIMYEeCTBa
BBeieHHOro 3051 [ 17—19]. Tak, ciiycts 60 MUHYT conep-
kaHue KpeMHe3ema a-SiO, B HaTPUEBOM TTOJTMCHIINKAT-
HOM pacTBope coctanJsieT 18,54% npu conepxanuu 5%
30J151, a B KaJIMEBOM ITOJIMCUJIMKATHOM pacTBope 6,97 %
rpu coaepxkanuu 5% 3o (puc. 4, Tabdi. 2).
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Puc. 4. KnneTnka nsmMeHenus cogepxanus «-SiO, B Ka1ueBoM NOJMCHIMKATHOM pacTBope: 1 — comepxaHue 301
Nanosil 20 — 10%; 2 — conepxanue 3051 Nanosil 20 — 15%

Tabauya 2

N3menenue KOLIOMIHO-XUMHUYECKOTO COCTOSTHUS KpeMHe3eMa B 3aBUCHUMOCTH OT COACPKAHUSA

30J11 erMHHeBOﬁ KHCJIOTBI

Hatpuesoe xuakoe CTeKI0 Kanuesoe xuakoe cTekio
Coxnepxanue | Ogmee conep- Cozepxanue O6mee comep- Conepxanne
30414, % JKaHKUe KpeMHe- a-Sio, + Coflseip())l( a};’“e XKaHUe KpeMHe- a-Sio, + Co-llseilz))xa};de
sema SiO,, % B-Si0,, % ¥ 3ema SiO,, % B-Si0,, % V=S
0 23,72 20,93 2,78 21,9 19,38 2,51
25,83 20,28 5,55 26,21 18,61 7,6
10 28,12 19,79 8,33 30,39 17,71 12,68
15 30,57 18,83 12,10 34,93 15,00 19,93
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Ha puc. 5 npencraBnen MK-cnekTp KaaneBoro xKumi-
KOT'O CTeKJIa M KaJIMEBOTO TTOJMCIINKATHOTO pacTBOpa
B crieKTpasibHOM nuarasone 750—4350 cm~!'. U3 puc. 5
BHUIIHO, YTO MCCIICIyEeMBIN KalIMeBbII OJMCHINKATHBIN
pPacTBOp MMeEET PSIT XapaKTEePHBIX ITOJIOC TTOTJIONICHNS],
KOTOpBIE B crieKTpajabHoM nuarasone 1000—1250 cm™!
oTBevaroT Koiebanusamu Si—O—Si cBa3eit. YrirybneHue

1095 cm~! cootBeTcTBYeT KoNieGaHusaM Si—O—Si. Casur
TOJIOCHI B 00JIACTh GOJIee BEICOKUX YaCTOT IO CpaBHE-
HUIO C XKuAKUM cTekjioM (1082 cM™') cBUAETEILCTBYET
0 GOJIbIIEH CTEMeHW MOJUMEepPU3allMi U YBETUICHUN
YuciIa CUIOKCAHOBBIX CBsA3ell. OTpaXXeHUsT B 001acTh
980—880 cm~! XxapaKTepHM3yIOT BaJICHTHBIC KOJICOaHMUS
Si—(OH) rugpokcuios.

[ponmycKkanme, OTH.eA.

975 1200 1428 1650 187% 2100

2324

Boanoroe uncno, CM -1

25%0

2778 3000 3228 M50 3678 3900 4128 43%0

Puc. 5. UK-cneKTpbl KaJHeBOro XKuIKoro crekiaa (1) 1 KameBoro noJMCHIMKATHOTO pacTBopa (2) ¢ comepKanueM

30.ig Nanosil 30 B kommuectse 15%
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Puc. 6. I3meHeHue BO BpeMEHH OTHOCHTEJIbHOI TBEPAOCTH ILIEHOK HA OCHOBE MOJIMCHIMKATHBIX PACTBOPOB:
1 — KaMeBoe KMIKOE CTEKIIO; 2 — KaJIMEBOE KUIKOE CTEKII0 +5% 3011s; 3 — KanueBoe Xuakoe crekiio +10%

30J141; 4 — KanmueBoe XUIKoe cTekyo +15% 3o
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[ToKpEITHST HA OCHOBE TTOJIMCHJIMKATHBIX PacTBO-
POB XapaKTepU3YIOTCsI O0Jiee OBICTPBIM OTBEPXKICHUEM.
Ha puc. 6 nokazaHa KUHETHKA OTBEPXKICHUS ITOKPBITHSI,
KOTOpast XapaKTepru3yeTcs MU3MeHEHHEM OTHOCHUTETbHOM
TBepaocTu. B Bo3pacte 24 4acoB OTHOCUTEIbHAS TBEP-
IOCTh TUICHKHA Ha OCHOBE KOHTPOJIBHOTO cocTaBa (0e3
307151) cocTapistet 0,28, a ¢ modasieHMeM 307151 Nanosil 20
B Kojm4uectse 5, 10, 15% oT Macchl XKMAKOIO CTEKJIA CO-
otBeTcTBeHHO 0,38; 0,43, 0,47. IIpornecc OTBEPXKIACHUS
3aKaHYMBACTCS CITYCTS 7 CYTOK.

s TIIeHOK Ha OCHOBE TTOJIMCHINKATHBIX PACTBO-
POB XapaKTepHO MPOSIBIICHNE MAacCIITaOHOTO (haKTopa.

C yBeIUYEHMEM TOJIIUHBI ITOKPHITUST HAOIIOTACTCS
CHIDKCHME OTHOCUTEIIBHOM TBepIOCTH (puc. 7).

Kax BUIHO M3 MOJIyIeHHBIX 3KCIIEPUMEHTATbHBIX
MAHHBIX, C YBEJIMICHUEM TOJIINHBI TIOJTMMEPHOTO T10-
kpbiTus ¢ 0,1 1o 0,3 MM OTHOCUTETbHAST TBEPAOCTH CHU-
xaercs ¢ 0,6 mo 0,48 MITa. MimeeT MecTo TTposIBIIEHIE
MacirabHoro ¢akropa [20]. AHanu3 moJiydeHHOM 3a-
BUCHUMOCTH OTHOCHUTEILHOI TBEPIOCTHU IIOKPBITUMA OT MX
TOJIIIMHBI ITOKA3bIBAaeT, YTO OTHOCUTEIHHAS TBEPIOCTD
C yBeJIMYCHUEM TOJIINHEI TTOJJMMEPHOTO MOKPHBITHUS
YMEHBIIIaeTCs 10 JIMHEeTHOMY 3aKoHY. [ToxyaeHHas 3a-
BUCHUMOCTBH OITMCHIBACTCS YPABHCHUCM:

0,6

0,5

0.4

OTHOCHUTENBLHAS TBEPAOCTDL

0,3 r

0,13

Tonmuua INICHKH, MM

0,16 0,19

Puc. 7. Biusinue TOIUAHBI NMOKPBITUA HA USBMEHCHHE OTHOCHTEJIbHOM T BEPAOCTH IJICHOK

1,2

>

0.8

0,6

0,4

Hanpstkenue o, MIla

0,2

>

0

0 0,026 0,033 0,04 0,046 0,053 0,06 0,066 0,073 0,08 0,086 0,093
OTHOcHTeNbHAs AeQopMAaITia, MM/MM

Puc. 8. I3meHeHHe OTHOCHTEIbHOI Te(hOpMALIH IIPU PACTSKEHHH ILUIEHOK: 1 — XXuakoe cTekiio ¢ 15% conmepxaHu-

eM Nanosil 30; 2 — XXuaKoe CTeKJIO
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Puc. 9. 3aBucumMocTh NPOYHOCTH NPH PACTSKEHUH IUIEHOK HA OCHOBE KAJIHEBOT0 MOMCHIMKATHOTO PACTBOPA OT CO-
JAePKaHUA KPeMHHEBOM KHCIOTHI B noiuMepHoi dgopme y-SiO,

y=a+ bx, 4)

rac a, b — KOHCTaHTHI MaTepuaja.

Honyqua pacye€THasda 3aBUCUMOCTDb OTHOCHUTEJIbHOI
TBEPAOCTHU IIVICHOK Ha OCHOBEC IMTOJIMCHUIIMKATHOI'O pac-
TBOpa OT UX TOJIIWHBI, KOTOpas UMECT BU.:

y=0,983-3,333x. (5)

J1s1 OLIEHKM ITPOYHOCTHBIX XapaKTePUCTUK UCCIIe-
JOBaJIi CBOOOIHBIE IUIEHKU. YCTAHOBJIEHO, YTO IJIEHKU
Ha OCHOBE IMOJIMCUJIMKATHBIX PACTBOPOB 00J1a1aloT OoJice
BBICOKOI KOI€3MOHHOM MPOYHOCTBIO. BhISIBIEHO, YTO
MIPOYHOCTD IPU PACTSKEHUU IJICHKM HAa OCHOBE Ka-
JIMEBOTO JKUIKOTO CTEKJIa COCTAaBIsIeT R = 0,39 MIla,
a MPOYHOCTD IIPU PACTSIKEHUU TUIEHKKM HA OCHOBE I10-
JucwIMKaTHoro pactsopa (15% Nanosil 20) — 1,14 MIla
(puc. 8). YBenuueHue NPOYHOCTU, HA HAIIl B3IJISI,
00YCJIOBJIEHO YBEJIMYEHUEM JOJIU BHICOKOIIOIUMED-
HBIX (ppakimit KpeMHEKHUCIOPOTHBIX aHMOHOB (KKA)
B CTPYKTYpP€ MOJHUCUIMKATHOIO CBSI3YIOLIETO 10 CPaB-
HEHUIO C KUIKUM CTEKJIOM.

Moayab yOpyrocT IJIeHKU Ha OCHOBE ITOJMCH-
JmKaTHoro pacrsopa cocrasiseT 0,05« 10* MIla, a Ha
ocHoOBe Xxuakoro crekiaa — 0,022« 10* MITa. Ha puc. 9
MpeACTaBicHa 3aBUCUMOCTD IIPOYHOCTH IIPU PACTSIKE-
HUU OT COIEPKAHUS IOJUMEPHOI (OPMBI KpeMHe3eMa
Ha OCHOBE IMOJIMCUIMKATHOIO pacTBOPA. Y CTAHOBJIEHO,
4TO MEXIy cofepx)aHueM Y-SiO, B IOMMCUIMKaTHOM
pacTBOpe U MPOYHOCTHIO MPU PACTSIKEHUU IIJICHOK
CYILLIECTBYET KOPPEISILMOHHAS 3aBUCUMOCTD, 3aKJIIO-
YaoIIAsICS B TOM, UTO IPU YBEJIMYEHUU COAEPKAHUSI

Tabauya 3
TexHoJI0rHYeCKHE H IKCILTyaTalMOHHbIE CBOCTBA
30J1b-CHJIMKATHBIX KPACOK M IOKPBITHIA HA X OCHOBE

HawnmeHoBaHue noka3sareJeii 3HaueHus
YcnosHag Bs3kocTh 1o B3-4, ¢ 25-30
[TnoTHOCTB, KT/M? 1400
Bpewmst BeIChIXaHUS 10 CTENEHU 5

41
npu 20°C, MmuH, He OoJiee
ITapornpoHuiiaeMocTh, /(M2 * cyT) 155
(F'OCT 33355-2015)
[IpouHocTh Ha pacTsskeHue, MIla 2,30
I'pynna roproyectu I'l
YKPBIBUCTOCTD, I'/M? 186,5
Mopo30CTOMKOCTD, MapKa F35

KpeMHe3eMa B IoJimMepHoit popme v-SiO, HabmonaeTcs
YBEIIMICHUE TIPOYHOCTHU TIPU PACTSLKEHUH TIICHOK.

Ha ocHOBe MOJMCUINKATHOTO CBSI3YIOIIETO pa3pa-
OoTaHa 30J1b-CUJIMKaTHAsI Kpacka. B Tab. 3 mpuBeneHbI
3HAYCHUSI CBOMCTB 30J1b-CHJIMKATHOM KPacKM 1 TTOKPHI-
TU Ha €€ OCHOBE.

BbIBO/IbI
[IpennoxkeHo NCoMb30BATh B KAYECTBE CBS3YIOIIETO

IIpHN U3roTOBJICHUUN CUJIMKATHBIX KpaCOK ITOJIMCUIIN-
KAaTHBIC PACTBOPLI, ITOJIY4YCHHBIC CMCIICHUCM XKNIKOI'O
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CTeKJIa 1 30J1sT KPEMHHEBOM KUCIIOTHI. Y CTAHOBJICHO, UTO
TIpH YBETMICHUY KOJTMIECTBA BBOIUMOTO 30JIsI KPEMHHU-
€BOI KHMCJIOTHI HabMomaeTcs cHmkeHne pH pactBopoB
IpY HEU3MEHHOI KOHIIEHTpalWu Ienoun. Beemenne
30JIs1 KPEMHUEBOM KUCIOThI IPUBOAUT K U3MEHEHUIO
BSI3KOCTH PaCTBOPOB.

MeTomoM HapyIIeHUS TTIOJTHOTO BHYTPEHHETO OT-
paxkeHMST ¥ MOJIMOTATHBIM METOIOM YCTaHOBJICHO, UTO
BBEIICHUE 30JIsI KDeMHHEBOI KUCIIOTHI B XKUIKOE CTEKIIO
CITOCOOCTBYET YBETMUCHUIO JOJU BBICOKOITOTUMEPHBIX
(pakumit KpeMHEKHUCIIOPOTHBIX aHMOHOB. BEIABICHO,
YTO 3aBUCUMOCTB COIepKaHUSI KpeMHE3eMa B MOHOMEP-
Ho#t (popMe Ha paHHUX CTAAUAX B3aUMOACHCTBUS 30JIsI
KPEMHUEBOU KUCJIOTHI C KUIKUM CTEKJIOM HOCHUT 3KC-
TpeMaJIbHBIN XapakTep. BEIIBICHO, YTO TITICHKH Ha OC-
HOBE TTOJTUCUIINKATHBIX PACTBOPOB XapaKTePU3YIOTCS

CIINCOK NCTOYHUKOB

0osee OBICTPBIM OTBEpXKIEeHUEM. [JIsI IIEHOK Ha OCHOBE
TTOJTMCYIIMKATHEBIX PACTBOPOB XapaKTEePHO IIPOSBICHUE
MacmtTabHoro ¢gakropa. C yBeIMYCHUEM TOJIIIMHBI
IMOKPBITUS HAOIIOOAeTC CHIKECHUE OTHOCUTEIBHOMN
TBepHocTh. IlorydeHa 3aBUCMMOCTh OTHOCUTEILHOM
TBEPIOCTH IUVICHOK Ha OCHOBE IOJIMCHJIMKATHOTO pac-
TBOpA OT UX TOJIIINHEL.

BrIssBIICHO, UTO TNIEHKU HAa OCHOBE TTOJIMCUIIAKAT-
HBIX PACTBOPOB 00JIaIaloT 60JIee BEICOKOM ITPOYHOCTEIO
TIIPU PACTSLKEHUM TT0 CPAaBHEHUIO € TUIEHKAMM Ha OCHOBE
KUIKUX CTEKOJI. YCTaHOBJICHA JIMHEITHAS 3aBUCMOCTh
MEXXIIy TIPOYHOCTEIO TIPU PACTSLKEHUH TUICHOK Ha OCHO-
B€ MOJIMCUJINKATHOTO pacTBOpA U COACPKaHUEM B HEM
BBICOKOTIOTMMEPHBIX (hpaKIIii KPeMHEKUCIOPOIHBIX
aHMOHOB Y-Si0,, 00yC/IOBIEHHAs YBEIMYEHUEM YKCIa
CHJTOKCAHOBBIX CBSI3CH.
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Development of environmentally friendly PVC compositions
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ABSTRACT: Introduction. Polyvinyl chloride (PVC) is one of the most important polymers in the economy. Due to its versatility,
this material is now found in a wide variety of products used in everyday life. A wide range of physical and mechanical properties is
given to it by the use of additives, the main of which are plasticizers. The most common in terms of consumption are orthophthalic
acid esters, in particular, dibutyl phthalate (DBP), dioctyl phthalate (DOP), diisononyl phthalate (DINP), diisodecyl phthalate (DIDP).
Phthalates are well combined with polymers, give them high physical and mechanical properties, therefore plastic compounds
based on them are widely used in the construction sector, engineering, as well as in agriculture and in everyday life. Numerous
studies of products made from plasticized PVC, conducted in different countries, have established the adverse effects of DOP on
human health, which led to the limitation of its areas of application. Legislative bans and growing consumer pressure are forcing PVC
compound manufacturers to look for an environmentally friendly replacement for DOP. Methods and materials. In this research
work, the possibility of creating more environmentally friendly PVC compounds using a mixture of plasticizers: industrial dioctyl
phthalate and diisononyl phthalate and dibutoxyethyl phthalate (DBOEP) developed by us was studied. The choice of the plasticizers
is based on the fact that DINP and DBOEP, in contrast to dioctyl phthalate, belong to the 3rd hazard class. Results and discussion.
In the course of the correlation-regression analysis, a close functional relationship was obtained between the additives used and
the characteristics of PVC, which was confirmed by the calculated coefficient of determination. Using the method of nonlinear
programming applied to the constructed third-order polynomial dependencies, it was found that in the basic PVC composition
formulation it is promising to replace up to 25 wt.h. DOP on DINP plasticizer. The joint use of industrial plasticizers DOP and DINP,
as well as the developed DBOEP in the formulation of PVC compositions, indicates an increase in plasticity and manufacturability.
This can probably be explained by the synergistic effect of the studied plasticizers. The dependence of the properties and content
of plasticizers DBOEP and DINP in the form of a second-order surface was studied on the basis of the obtained experimental data,
the level lines of the constructed function of two variables were studied, as a result of which it was found that the greatest effect
is achieved at a dosage of: DOP - 25 wt.h., DINP - 5 wt.h. and DBOEF - 20 wt.h. Conclusion. The obtained research results show
that the proposed formulation of the PVC composition makes it possible to reduce the toxicity of the plasticizers used by 50 % and
improve the physical, mechanical and technological characteristics of the compounds.

KEYWORDS: diisononyl phthalate, dioctyl phthalate, correlation, optimization methods, non-linear programming, elongation at break,
PVC compound, plasticizer, melt flow rate, polyvinyl chloride, tear strength, regression, thermal stability, orthophthalic acid ester.
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compositions. Nanotechnologies in Construction. 2022; 14(5): 373-380. Available from: https://doi.org/10.15828/2075-8545-2022-
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INTRODUCTION

Modern industry has been constantly requiring im-
provement of the technical and consumer prop-
erties of polymeric materials for the manufacture of a
wide range of products. Therefore, research works on the
preparation and study of the properties of new polymer
composites based on known large-tonnage polymers are
relevant [1-5].

One of the most commonly used bulk polymers in
industry is polyvinyl chloride (PVC). Both unplasticized
and plasticized PVC are used in a variety of ways for the
production of building and finishing products, packaging
materials for food and pharmaceutical products, plastic
compounds for light industry and in many other areas of
consumer and industrial goods production [6—12].

When obtaining plasticized PVC, various plasticizers
are used, which impart plasticity and elasticity during
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processing and operation. Both the additives simplify the
dispersion of the mixture components, lower the tempera-
ture of the technological processing of polymer composi-
tions, increase the frost resistance of plastic compounds,
but can adversely affect heat resistance. Some types of
plasticizers are able to increase the fire, light and heat
resistance of polymer composites.

About 100 different plasticizers are currently produced
worldwide and only 50 of them are commercially im-
portant, while 80% of the global market for these addi-
tives is accounted for by seven plasticizers. Most of them
(100—150 items) are phthalate type plasticizers, and in
most cases orthophthalic acid esters are used, such as
dibutyl phthalate (DBP), di-(2-ethylhexyl) phthalate (di-
octyl phthalate or DOP), diisononyl phthalate (DINP)
and diisodecyl phthalate (DIDP), because of the three
existing isomeric forms of phthalic acid (orthophthalates,
isophthalates, terephthalates), the former are the most
popular due to availability, low cost and high modifying
properties [13—24]. In this regard, it is not surprising that
the interest of researchers in studying the possibilities of
expanding the range of orthophthalic acid ester plasticiz-
ers does not weaken at the present time.

DOP has optimal plasticizing properties at a low cost
and today remains the standard international plasticizer
for PVC, the requirements for other plasticizers are con-
sistent with the characteristics of DOP. The leading po-
sition of dioctyl phthalate to this day is determined, first
of all, by the development of the production of flexible
PVC — the largest consumer of DOP [18, 22—24].

However, in contrast to all these advantages, DOP has
a significant drawback. According to an examination by
European scientists, PVC products plasticized with DOP
turned out to be hazardous to health, which led to a ban
on the production and sale of certain products in Europe.

In connection with the above, the proportion of DOP
consumption tends to gradually decrease. Although the
replacement of DOP with other plasticizers is not al-
ways possible, since this entails an increase in the cost
of the product, and, in addition, such qualities of the
final product as flexibility and transparency are not al-
ways achieved, nevertheless, tightening requirements are
forcing companies producing plasticizers, allocate funds
for the search and development of other safe plasticizers
for PVC materials.

Therefore, in recent years, the requirements for the
operational and technological properties of materials ob-
tained on the basis of polyvinyl chloride have been steadily
growing, which, in turn, tightens the quality requirements
for the additives used.

An effective method for improving the environmental
safety of flexible PVC is to replace toxic dioctyl phthal-
ate with safer phthalates [25, 26]. In this regard, we have
studied the possibility of creating more environmentally
friendly PVC compounds using a mixture of plasticizers:

industrial dioctyl phthalate and diisononyl phthalate and
dibutoxyethyl phthalate (DBOEP) developed by us. The
choice of these plasticizers is based on the fact that DINP
and DBOEP, in contrast to dioctyl phthalate, belong to
the 3 hazard class.

METHODS AND MATERIALS

When studying the effectiveness of the action of
phthalate plasticizers, an industrial formulation was
taken as the basis, the composition of which is given in
Table 1. PVC compositions were prepared in a laboratory
mixer and plasticized on rollers at a temperature of 160°C.
As plasticizers, industrial phthalate plasticizers dioctyl
phthalate and diisononyl phthalate and dibutoxyethyl
phthalate, developed by us earlier, were chosen, the pro-
duction method and physicochemical properties of which
are given in [27, 28].

The plasticizer is suitable for producing films at nor-
mal pressure and heating at 160°C for 10 min, if the criti-
cal dissolution temperature (C,) of the polymer in the
plasticizer corresponds to (90—135)°C, and above this
temperature the dissolving power of the plasticizer de-
creases [20, 21].

The fact that the PVC processing temperature depends
on the C, of the polymer is satisfactorily confirmed in
practice. According to the studies, the critical temperature
of PVC dissolution in the developed plasticizer was 119°C
(for comparison, the value of this indicator for serial DOP
is 118°C).

In the first series of tests, film samples plasticized
with dioctyl phthalate were made (sample I). Diisononyl
phthalate was introduced into the formulation as a partial
(samples 11—X) and full substituent for DOP (sample XI).
At the same time, the total amount of plasticizers in PVC
compounds remained constant. The ratio of plasticizers
in the formulation is given in Table 2. The physical and
mechanical properties of PVC compounds were deter-
mined in accordance with GOST 11262, the test results
of which are graphically shown in Fig. 1-3.

At the next stage, the functional relationship between
the additives used and the characteristics of PVC was

Table 1
The composition of the PVC formulation

T T The amount of input
component, wt.h.
PVC 100
Plasticizer 50
Calcium stearate 1.5
TOSS 2.5
Diphenylolpropane 0.25
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Table 2

The ratio of dioctyl phthalate and diisononyl phthalate in PVC composition

The content of the plasticizer, wt.h./100 The content of the plasticizer,
Sample wt.h. PVC Sample wt.h./100 wt.h. PVC
number number
General DOP DINP General DOP DINP
| 50 50 — VI 50 25 25
11 50 45 5 VII 50 20 30
1 50 40 10 VIII 50 15 35
v 50 35 15 IX 50 10 40
X 50 5 45
A" 50 30 20
XI 50 — 50
2]
Q
2]
50
? ? o o
340 | o 5 9 9
§1 ?
:g:. 320
§_ 310 ! 1:
o i
- |
30
Ome o .0

Fig. 1. Effect of plasticizer concentration on the tensile
strength of PVC composition

studied, and the optimal content of DINP and DOP in
the PVC composition was determined.

A mathematical model was compiled, on the basis of
which a polynomial dependence of the third degree was
established in the form [29]:

H=ax'tax’+ax+a, (1)

where H — is a physical-mechanical or technological
indicator; a, a,, a,, a,— parameters of the polynomial re-
gression model (1) calculated by the least squares method;
x — is the content of DINP plasticizer, parts by mass.

The results of correlation and regression analysis for
the data obtained as a result of the experiment are given
in Table 3.

Fig. 2. Effect of plasticizer concentration on elongation
at break of PVC composition

According to the results of statistical analysis, the pa-
rameters of the model (1) and the coefficient of determi-
nation were determined, which amounted to 0.98—0.99,
which indicates a very high relationship between the con-
tent of the plasticizer DINP and the properties of the
samples under consideration.

Regression models (1) are applicable both for predict-
ing properties and for calculating the optimal content of
the plasticizer in the formulation. To implement the opti-
mization problem, we used nonlinear programming based
on numerical methods for determining the extremum
of a certain objective function under given constraints.
Any property represented as a model (1) can act as an
objective function. The mathematical expectations (mean
values) of each of the considered properties are chosen
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Fig. 3. Effect of plasticizer concentration on thermal
stability PVC compositions

as limitations. The problem statement for this study was
formulated as follows:

H=a,x’+a,x*+a,x+a, ~max (tensile strength,
MPa)

Restrictions:

a,x’ ta,x’+a,x+a, >315
(Elongation at break, %)

a,x’ ta,x’+a,x+a,>107
(Thermal stability at 175°C, min)

The solution of the nonlinear programming problem
was carried out using the tool “Search for a solution”.
This tool is an additional add-on for the spreadsheet
processor MS Excel 2010. As a result of solving the
problem, it was found that the most optimal content of
DINP is 25 mass.h. A decrease in the content of DOP in

the mixture leads to a decrease in the plasticity of PVC,
which can be judged from the values of relative elonga-
tion and tensile strength of the studied samples. With an
increase in the dosage of DINP more than 25 mass.h,
a deterioration in the physico-mechanical characteris-
tics of the plastic compound is observed in comparison
with the composite containing DOP. Comparison of
samples I and VI shows that with partial replacement of
DOP with DINP, the strength increases from 29.9 MPa
to 32.8 MPa, and the relative clongation at break de-
creases from 340% to 320%, the thermal stability of the
studied samples increases from 95 min to 111 min. But,
nevertheless, the complete replacement of DOP by DINP
(sample XI) leads to an increase in strength to 35.7 MPa
and a significant decrease in elongation at break to 265%,
while thermal stability increases slightly. Thus, replacing
50% of dioctyl phthalate with diisononyl phthalate makes
it possible to obtain more environmentally friendly plastic
compounds with physical, mechanical and technological
characteristics that meet the requirements of regulatory
standards.

In the next series of tests, we prepared film samples
modified separately with individual plasticizers (XII, plas-
ticized with DOP; XVIII with DINP; XIX with DBOEP)
and with a mixture of DOP and DINP with the addition
of dibutoxyethyl phthalate (XIII—XVII). In order to fur-
ther reduce the content of industrial phthalate plasticizers
in the basic formulation of the initial composition, the
influence of the concentration of additives on the physi-
cal, mechanical and technological characteristics was
studied. The content of plasticizers in the formulation is
given in Table. 4, the test results are graphically depicted
in Fig. 4—7.

We have studied the dependence of the properties and
content of plasticizers DBOEP and DINP in the form
of a second-order surface based on the analysis of the
experimental data obtained (Table 4 and Fig. 4—7) using
factor analysis methods [30]:

H=b,+bx+by+bxy+bx’+by’ 2)

where H — is a physical and mechanical property or
technological indicator; b, b,, b, b, b, b, — parameters

Table 3
Results of statistical analysis
Model parameters Determination
Name of indicator fficient
a, a a a, coefficien
Tensile strength, MPa 0.0001 —0.0088 0.2699 29.788 0.99
Elongation at break, % —0.0011 0.0525 —1.3373 341.970 0.98
Thermal stability at 175°C, min —0.0005 0.0255 0.2628 94.797 0.98
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Table 4
The content of plasticizers in the PVC composition
The content of the plasticizer, wt.h./100 The content of the plasticizer,
Sample wt.h. PVC Sample wt.h./100 wt.h. PVC
number number
General | DOP DINP | DBOEP General | DOP DINP | DBOEP
XII 50 50 — — XVI 50 25 10 15
XIIT 50 25 25 — XVII 50 25 5 20
XIV 50 25 20 5 XVIII 50 — 50 —
XV 50 25 15 10 XIX 50 — — 50
g
38 .
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Fig. 4. Effect of the concentration of plasticizers on the

tensile strength of the PVC composition

Fig. 5. Effect of plasticizer concentration on elongation
at break of PVC composition
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Fig. 6. Effect of plasticizer concentration on thermal

stability PVC compositions

Fig. 7. Influence of the concentration of plasticizers
on the melt flow index of the PVC composition
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Fig. 8. Line map of the level of dependency of tensile
strength from the content of DBOEP and DINP

Fig. 9. Map of lines of the level of dependence of relative
elongation at a break from the content of DBOEP and
DINP
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Fig. 10. Map of lines of the level of dependence of ther-
mal stability from the content of DBOEP and DINP

of the second order model (2) calculated by the least
squares method; x — is the content of DINP plasticizer,
mass parts; y — is the content of DBOEP plasticizer, parts
by mass.

As is known, level lines are widely used to study sec-
ond-order surfaces, which clearly show the behavior of a
function in space, thereby making it possible to estimate
its optimal values.

On fig. 8—11 shows maps of the lines of the level of
dependence of the physical, mechanical and technologi-
cal characteristics of samples XII—XIX.

As can be seen from fig. 8—11, sample XVII show the
best indicators of strength and relative elongation at break,
has a significantly higher MFI value compared to the
original plastic compound, samples XIII—XVII show high
thermal stability values. Thus, the most promising for
further research is sample XVII containing 25 wt.h. di-
octyl phthalate, 5 wt.h. diisononyl phthalate and 20 wt.h.
dibutoxyethyl phthalate per 100 wt.h. PVC.

Fig. 11. Map of the lines of the level of dependence of the
melt flow index from the content of DBOEP and DINP

RESULTS AND DISCUSSION

The data obtained show that the combined use of
industrial plasticizers DOP and DINP, as well as the
developed DBOEP in the formulation of PVC composi-
tions (samples XIII—XVII) leads to a decrease in tensile
strength and an increase in relative elongation, which
indicates an increase in plasticity. This can probably be
explained by the synergistic effect of the studied plasti-
cizers. With an increase in the content of the plasticizer
dibutoxyethyl phthalate in the mixture, which is char-
acterized by a higher specific gravity in comparison with
DINP, there is a natural increase in the melt flow index
of the PVC compound (from 15.2 to 17.7 g/10 min),
which indicates an increase in the processability of PVC
composites made according to the developed recipes.
The greatest effect is achieved at a dosage of: DOP —
25 wt.h., DINP — 5 wt.h. and DBOEP — 20 wt.h. per
100 wt.h. PVC.
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CONCLUSION: — the use of dibutoxyethyl phthalate in place of dioctyl
phthalate makes it possible to reduce the ecological

— the use of the developed PVC compound formulation burden on the environment.
based on a synergistic mixture of plasticizers: dioctyl Thus, the proposed formulation of the PVC com-

phthalate (25 mass parts), diisononyl phthalate (5 mass  position makes it possible to reduce the toxicity of the
parts) and dibutoxyethyl phthalate (20 mass parts) —al-  plasticizers used by 50% and improve the physical,
lows to improve the strength and relative elongation at ~ mechanical and technological characteristics of the
break, thermal stability and melt flow index; compounds.
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PaspaboTtka akonornyeckm 6esonacHbix
NONANBUHUAXIOPUAHDbIX KOMNO3NLUIA

Anb6uHa Pa¢putoBHa MackoBa* (©), lynbHapa Ynb¢paToBHa ApmyxameToBa (o),
Ovnana OuppatoBHa KuHsabynartosa (|2}, Jlo60Bb 3ennxoBHa PonbHUK

Ybumcknin rocyfapcTBeHHbIN HedTAHOW TeXHUYeCKMn yHuBepcuTeT, Yda, Pecnybnmka bawkopTocTtaH, Poccmsa

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: asunasf@mail.ru

AHHOTALIUA: BeegeHue. MonvsuHunxnopug (MBX) oTHocuTcs K Hambonee BaXkHbIM B SKOHOMUKe nonumepam. bnarogaps ceoen
YHUBEPCANIbHOCTY STOT MaTepuran ceryac BCTPeYaeTCA B CaMblX Pa3HbIX NPOAYyKTaX, MCMNOsb3yeMblX B MOBCEAHEBHON XM3HW. LLnpokunin
CNeKTP GU3UKO-MEXaHUYECKMX CBOWCTB My MPUZAET UCMO/b30BaHMe 106aBOK, OCHOBHbBIMU 13 KOTOPbIX AABMAITCA NIacTUOUKATOPbI.
Hanbonee pacnpocTpaHeHHbIMU Mo 06beMy NOTpebeHVs ABNATCA 3GUPbl OPTOPTaNEeBOA KIC/IOTb, B YaCTHOCTY, AMOyTUNdTanat
(OB®), anokTundTanat (OD), annzoHoHundTanat (AVHO), aunsogeumndtanat (AVAD). DTanatbl XOPOLLO COBMELLAITCA C NONMMEPAMY,
NPVAAIT M BbICOKME GpU3MKO-MEXaHNUYeCKMe CBONCTBA, MO3TOMY MIACTMKATbl HA X OCHOBE LUMPOKO NPUMEHSIIOTCSA B CTPOUTESIbHOM
CEeKTOpe, TEXHUKE, A TaKXKe B CEJIbCKOM XO3ACTBE U B 6bITy. MHOrOUMCIEHHBIMU UCCNIe[OBAHUAMU U3AENNIA, U3rOTOBEHHbIX U3 MNACTU-
¢duumpoBaHHoro MBX, NpoBefeHHbIMY B Pa3HbIX CTPaHax, yCTaHOBMIEHO HebnaronpuatHoe Bosgenctarie JOD Ha 300pOBbe YENOBEK],
UTO MOBEKIIO 3a COBOI OrpaHMYeHne 0bnacTei ero NPUMeHeHUs. YCTaHaBIMBaeMble 3aKOHOAATENTIbCTBOM 3arpeTbl U pacTyluee AaB-
JIeHMEe CO CTOPOHbI NOTPebuTenen BoIHYXAaloT NpovsoauTeneil MBX-NnacTukaToB NcKaTb SKONornyeckr 6esonacHyto 3ameHy JOO.
MeToab! n maTepuanbl. B pabote nccnenosaHa BO3MOXHOCTb CO3aHMs 6onee 3KonornyHbix MBX-nnacTikaTos € MCMOSIb30BaHUEM
CcMecu NnacTudrKaTopoB: MPOMbILLIEHHbIX AUOKTUIGTaNaTa 1 AUM3oHOoHUNGTanata 1 pa3paboTaHHOro HaMu AUGYTOKCUITUNdTaNaTa
(ABO2). Bbibop faHHbIX NacTdUKaTOPOB OCHOBAH Ha ToM, uto AVIH® n BO3®, B oTnMume oT AnoKTundTanarta, OTHOCATCA K 3-My
Kraccy ornacHocTv. Pe3ynbratbl u 06cyaeHme. B xofie KoppensunoHHO-perpeccMoHHOro aHasm3a nosyyeHa TecHasi pyHKLMOHa b~
Has B3aMOCBSI3b MeX[ly NPUMEHsIEMbIMU A06aBKaM 1 XxapakTepucTukamu MBX, UTo NoATBEPXKAEHO PAacCUMTaHHbIM KO3IGOULIMEHTOM
JetepMuHaumn. MeTogom HeMHENHOro NPOrPaMMMPOBaHA, MPUMEHEHHOTO K MOCTPOEHHbIM MOMMHOMUANIbHBIM 3aBUCUMOCTAM
TPEeTbero NOpPsA/Ka, yCTaHOBNEHO, UTo B 6a30Boi pelenType MBX-KoMNo3nuuy NepcneKkTBHO 3aMeHATb 1o 25 macc.u. JOO Ha nna-
ctudukatop JNH®D. CoBMecTHOE MCNob30BaHUe NPOMbILLIEHHBIX MnacTudukatopos JOD n AVHO, a Takke pa3paboTaHHoro 15030
B peLienType MNBX-KomMno3uuuii CBUAETENbCTBYET 06 YBENMYEHNM MIACTUYHOCTU U TEXHONOTUYHOCTI. BEpOATHO, 3TO MOXKHO 06BACHUTDL
CUHEPTUYECKM BIIMSIHEM MCCefyeMblx nnacTndukatopos. MiccnenoBaHa 3aBUCUMOCTb CBOVCTB U COAEPKaHNA MNAcTMPUKATOPOB
AB030 n ANHO B BMae NOBEPXHOCTI BTOPOrO NOPAAKa Ha OCHOBE MOJTyUYEHHbIX SKCMEPUMEHTaNbHbIX JaHHbIX, M3YYeHbl IMHWM YPOBHSA
NOCTPOeHHON GYHKLMUM ABYX MEPEMEHHDIX, B PE3YSIbTaTe Yero YCTaHOB/IEHO, UTO HanbonbLumin 3GpdeKT JOCTAraeTcs Npv AO3NPOBKE:
AOO - 25 macc.u., AVHO - 5 macc.u. n BO3® - 20 macc.u. Ha 100 macc.u. MNBX. 3aknioueHune. [onyyeHHble pe3ynbTaTbl NCCnefoBaHWI
MOKa3bIBaOT, UTO NpeAsIoxKeHHas pelenTypa MNBX-KoMno3nuuy No3BosifeT CHU3UTb TOKCUYHOCTb UCMOMb3YyeMbIX MNAcTUHKAaTOPOB
Ha 50 % 1 ynyuLimnTb GU3NKO-MEXaHUYECKIE 1 TEXHONOTUYECKIE XapaKTEPUCTKM KOMMAyH/I0B.

KJTIOYEBbDIE C/TIOBA: fri3oHOHUNGTanat, AUOKTUNGTaNaT, Koppensuus, MeToAbl ONTYMM3aLMK, HENMHENHOE NPOrpaMMNpPOBaHIe,
OTHOCUTENbHOE YAJIHEHWe Npu pa3pblie, MBX-nnactukart, nnactudurkatop, nokasaTtesb TeKyyeCTy pacniasa, NoNMBUHUNXIopUE,
NPOYHOCTb NPY Pa3pbiBe, Perpeccus, TePMoCTabusibHOCTb, 3d1pP opTodTaNIEBON KNCIOTbI.

ana UNTUPOBAHUA: Mackosa A.P., ApmyxameToBa I.Y., Kunzabynatosa [.0., PonbHuk J1.3. Pa3paboTtka skonornyecku 6es-
OMacHbIX MNONVBUHUNXJIOPUAHBIX KOoMMo3unumii // HaHoTexHonorny B ctpoutenbcTBe. 2022. T. 14, Ne 5. C. 373-380. https://doi.
org/10.15828/2075-8545-2022-14-5-373-380. - EDN: KZLPZZ.

BBEJIEHUE HUCCJIeIOBAHUS O TOJYYEHUIO U U3YYEHUIO CBOMCTB
HOBBIX IIOJIMMEPHBIX KOMITO3UTOB Ha 0a3¢ M3BECTHBIX

OBpEeMEHHAs IIPOMBIIIJICHHOCTh IIOCTOSTHHO Tpe-  KPYIMHOTOHHAXHBIX TTOJIMMEpOB [1—5].
OyeT yIIy4IIeHUSI TEXHIYIECKUX 1 TIOTPEONTETLCKIX OmgHuM 13 HauboJIee YacTO MCIOIb3YEMBIX B TIPO-

CBOWCTB MOJIMMEPHBIX MATEPUAJIOB [UIST TIPOM3BOICTBA  MBIIIJICHHOCTH KPYITHOTOHHAXHBIX ITOJIMMEPOB SIB-
MM POKOTO CIIeKTpa nmponykiun. [TlostoMy akTyanmbHbl  Jisgetcs moanBruHUIxiopun (ITBX). PasroctroporHee

© MackoBa A.P, AipmyxameToBa IY., Kunssabynatosa [.®., PonbHuk J1.3., 2022

http://nanobuild.ru 373 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-8171-8027
https://orcid.org/0000-0001-7443-837X
https://orcid.org/0000-0002-4442-9269
https://orcid.org/0000-0002-8402-1516
https://creativecommons.org/licenses/by/4.0/deed.ru

2022; 14 (5):
373-380

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

PA3PABOTKA HOBbIX IMOJIMMEPHbIX MATEPUAJIOB

IpUMEHEHNEe HAXOAUT KaK HeIUIACTU(MUIINPOBAHHBINA,
Tak 1 mnactudunuposanHbiit [1BX mist mpousBoacTsa
CTPOUTENIBHBIX W OTHACIOYHBIX M3IEININ, YITAKOBOUHBIX
MaTepHUaIOB IJIsI TPOAYKTOB MUTAHUS U (DapMarieBTHYIC-
CKUX U3ICNIHH, TIACTUKATOB MIJIs JICTKOM ITPOMBITIIICH-
HOCTH 1 BO MHOXECTBE IPYTHX 00JIacTeit IPON3BOACTBA
TMOTPEOUTETBLCKUX U TIPOMBIIIUIEHHBIX TOBApOB [6—12].

[Tpu nmonyyenuu mnactudunmpoanHoro [1BX mc-
TIOJIB3YIOTCST Pa3IMYHBIC TUIACTAU(UKATOPEI, KOTOPHIC
IPUOAIOT THTACTUIHOCTD M DJIACTUYHOCTD B IIPOIIeCcCe
nepepaboTKU U BKCIUTyaTaluu. JlaHHbIe 100aBKU YIIPO-
IIAOT IMCITEPTUPOBAaHNE KOMIIOHEHTOB CMECH, TIOHU-
JKAIOT TEMIIEPaTypPy TEXHOJIOTMIECKON 00pabOTKH I10-
JIMMEPHBIX KOMITO3HUIINIA, TIOBBIIIIAIOT MOPO30CTOMKOCTh
IUTACTUKATOB, HO MOTYT OTPUIIATEILHO BIMATH Ha Te-
TUTIOCTOMKOCTh. HekoTophie BUIBI IIAaCTU(MDUKATOPOB
CITOCOOHEBI TIOBHIIIIATh OTHE-, CBETO- M TEPMOCTONKOCTh
TIOJIMMEPHBIX KOMITO3UTOB.

B Hacrosmiee BpeMsI BO BCceM MHPE TIPOM3BOINT-
¢ okoJ10 100 pasmMYHBIX TJIaCTU(DUKATOPOB U TOJb-
Ko 50 U3 HUX SIBJISTIOTCSI KOMMEPUECKH BaXKHBIMU, TIPU
atoM 80% MUPOBOIO PhIHKA JAHHBIX J00ABOK IPUXOIUT-
¢S Ha ceMb ITacTU(PUKATOPOB. BoIBIIyIO YacTh M3 HUX
(100—150 HaMeHOBaHMIT) COCTABIISIIOT TUIACTU(DUKATOPEI
(bramatHOTO THTIA, TIPUYEM B OOJIBIIIMHCTBE CIyJaeB IIPH-
MEHSTIOT CJIOKHBIC 2(HUPHI OPTOPTAICBOI KIUCIOTHI, KaK
muoyTwidTanat (Ibd), mu-(2-stunrekcm)ranat (am-
oktwidranat wm JOD), munsonormiadrarar (IMHD)
n mumsonerdranat (ANAD), T.K. U3 CyIIeCTBYIOIINX
Tpex M30MEePHBIX (hOopM (PTaIeBoOi KMCIIOTH (OpTodhTaNa-
ThI, N30(hTaIaThI, TepePTAIAThI) TICPBBIC SIBISIOTCS HAU-
OoJtee MOMYISIPHBIMM 13-3a JOCTYITHOCTH, ICIICBU3HBI
¥ BBICOKMX MOIU(DUIIPYIONINX CBOMCTB [ 13—24]. B cBs31
C 9TUM HEYIMBHUTEIBHO, YTO MHTEPEC MCCIeIoBaTeIeii
K U3YYCHHIO BO3MOXKHOCTEH pacIIMpeHrsI aCCOPTUMEH-
Ta CI0XXKHO3(pUPHBIX MIACTU(GUKATOPOB OpTOPTaIeBOM
KHCJIOTHI HE 0CJTabeBaeT U B HACTOSIIIICE BPEMSI.

JO®D obnamaeT ONTUMAIBLHBIMU TIIACTUPUIIAPYIO-
UMM CBOMCTBAMU IIPH HEBBICOKOIT CTOMMOCTHU W Ha
CETOMHSIITHUI JCHb OCTAeTCS CTAaHTAPTHBIM MEXKIyHa-
ponHbIM 11actugukatopoM [1BX, TpeboBaHus K Apyrum
TUTaCTU(UKATOPAM COTJIACYIOTCS C XapaKTepUCTUKAMK
JO®. JInmupyrolee MmojaoXeHe TUOKTII(TAIaTa 1 1o
ceif IeHb OTIpeneIsieTCs, TIPEKIE BCETO, Pa3BUTHEM ITIPO-
u3BoacTsa ruokoro [1BX — camoro 60b110r0 11I0TpeOu-
tenss JOD [18, 22—24].

OnHako, B IIPOTUBOBEC BCEM TIEPEUNCICHHBIM 10~
cronHCcTBaM, J1O® nmMmeeT cymecTBeHHBII HEMOCTATOK.
CorjacHO MPOBEACHHON 3KCIEePTU3E €BPOMEHCKUX
yueHbIX, [I1BX-m3nemmst, mmactudummpoBanabie JJOD,
0Ka3aJICh OMTACHBIMU IIJIST 3MOPOBBSI, UYTO TTOBJICKIIO 3a-
TIpeT Ha TIPOM3BOICTBO M IIPoIaxXy B EBporre HEKOTOPHIX
W3OSIUN.

B cBs131 ¢ BhIIIecKa3aHHBIM 107151 TToTpedieHus JOD
UMeeT TCHICHINIO K TIOCTETICHHOMY CHIKEHUIO. XOTSI

3ameHa JJO® Ha apyrue miacTudUKaTOPH He BCerma
BO3MOXHA, TaK KaK 3TO BJICUYCT 3a COOOM yBEeIMUCHUE
CTOMMOCTH TIPOIyKTa, U, KpOMe TOTO, He BCeTHa II0-
CTHUTAIOTCS TAKKME Ka4eCcTBA KOHEYHOTO MPOIYKTa, KaK
TUOKOCTh U TIPO3PAYHOCTh, TEM HE MEHee, YKecToJaro-
Irecst TpeOOBaHMST 3aCTABIISTIOT KOMITAHUH, TIPOM3BOIS -
IIMe TIACTU(UKATOPHI, BBIICISATH CPEACTBA HA TIOMCKH
1 pa3pabOTKy IPYTUX OE30MaCHBIX INIACTU(HUKATOPOB
st [1BX-marepuanos.

[TosToMYy B IOCJIeIHIE TOABI HEYKIIOHHO PACTyT TPe-
00BaHMS K SKCIUTyaTAIIMOHHBIM M TEXHOJOTUYCCKUM
CBOIICTBAM MaTepHajoOB, MOJIyIacMbIX Ha OCHOBE I10-
JIMBUHUJIXJIOPUIA, YTO, B CBOIO OUCPEIb, YKECTOYACT
TpeOOBaHMS K KAUECTBY MCITOIb3YEMBIX J0OABOK.

JeficTBeHHBIM METOIOM TOBBIIICHMS 3KOJIOTYC-
ckoii 6e3onacHocTu anactuyHoro [1BX aBnsitercst 3ameHa
TOKCUYHOTO TUOKTHI(PTamaTa Ha 0ojiee 6e30ImacHbIe
dranarsl [25, 26]. B cBA3M ¢ 3TMM HaMM HCCIIEJ0BaHa
BO3MOXHOCTh co3maHus 0osee 3KoJorudHbix [TBX-
IUTACTUKATOB C MCITOJb30BaHNEM CMECH TLTacTH(dUKa-
TOPOB: IIPOMBIIIJICHHBIX TUOKTHI(TaTaTa M TUU30HO-
HWwIPTazaTa u pa3padoTaHHOIO HAMU JUOYTOKCUITUII-
¢ramara (1BOD®D). Ber6op maHHBIX ITACTH(UKATOPOB
ocHoBaH Ha ToM, uTto JJUH® n JbOD®, B oTiinune
OT OIWOKTWI(TANIaTa, OTHOCITCS K 3-My KJIaccy ormac-
HOCTH.

METO/AbI 1 MATEPHAJIBI

IIpu nccnemoBanum 3OOEKTUBHOCTA OCiICTBUS
¢ramaTHBHIX IIACTU(GUKATOPOB 3a OCHOBY OBbLIa B3sTa
IIPOMBIIIUICHHAS PeIeTITypa, COCTaB KOTOPOIT IIPUBEICH
B Taos. 1. [IBX-koMmo3uiuy roToBUIN B 1TaOOPaTOPHOM
cMecuTelle 1 TUIaCTU(UITIPOBAIN Ha BaIbIaX IIPU TEM-
neparype 160°C. B xauecTBe 1m1acTuuKaTOpOB OBLIA
BBIOpAaHEI IPOMEIIIJICHHBIC (DTallaTHBIE TIaCTU(UKA-
TOPBI IMOKTII(TANAT, U IMU30HOHWIGTATIAT, ¥ pa3pa-
OOTaHHBIII HAMU paHee JMOYTOKCUITUII(TATIAT, CITOCO0
TTOJIYIeHUS U PU3NKO-XUMHUIECKHE CBOMCTBA KOTOPOTO
MpUBENIEHBI B padoTe [27, 28].

ILractTrdukaTop MIPUTOIEH TSI TOJTyIeHUS TTICHOK
[P HOPMAJIbHOM [IaBJCHUU U HarpeBaHuu mnpu 160°C

Tabauya 1
Cocras I1BX-penentypbt
HawnmeHnoBanue KonmyecTBo BBOIMMOTO
KOMIIOHEHTa KOMIIOHEHTA, Macc.Y.

ITonuBUHUIXIIOPUT 100
ITnactucdukatop 50
Creapar KaJabLus 1,5
TOCC 2,5
JwudeHunonmporax 0,25
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B TeueHue 10 MUH, eclim KpUTHYecKass TeMIIepaTypa
pacTBOPCHUS (Kw) HoJmMepa B TIIaCTU(MUKATOPE CO-
otBeTcTBYeT (90—135)°C, a BBIIIC 3TOI TeMIIepaTyphl
pacTBOPSIIOIIAsT CITOCOOHOCTH ITACTU(UKATOPA YMEHD-
mraetcs [20, 21].

DakT 3aBHCMMOCTHY TeMITepaTypsl mepepadotku [IBX
IUTACTUKATOB OT K TonnMepa yai0BIeTBOPUTEIbHBIM
00pa3oM moaTBepKIaeTcs Ha mpakTuke. CormacHo mpo-
BEICHHBIM UCCIICIOBAHUSIM, KpUTHUYECKAsI TeMIIepaTypa
pactBopenus [1BX B pazpaboTaHHOM ITacTU(PUKATOpE
coctaBmia 119°C (mist cpaBHeHUSI, 3HAaUeHUE TaHHOTO
nokasates mis cepuitHoro JJO® pasro 118°C).

B nepBoii cepuu TecTOB ObLIM U3TOTOBJIEHBI 00pa3-
1Bl TUICHOK,, TUTACTU(UIIMPOBAHHBIC THOKTUAI(DTATIATOM

(obpaserr I). AumzoHoHMWI(TATAT BBOOWIN B PEIIETITY-
py B KadecTBe 9acTUIHOTO (06pasnsl 11—X) u moxHo-
ro 3amectuTelss JO® (obpazen XI). [Ipu aTom ob1Iee
KoJimuecTBO mactTudukaropos B [1BX-mmacTrnkarax
OCTaBaJIOCh TOCTOSTHHBIM. COOTHOIIIEHUST TUTaCTH(hHUKA-
TOPOB B PELIENITYpe MPUBEACHO B Ta0I. 2. PU3nKo-Me-
xaHuveckue coiictBa I[1BX-1acTukaroB onpeaensin
B coorBeTcTBUM ¢ [OCT 11262, pe3ynbTaThl UCIIBITAHUIA
KOTOPBIX TpadpuecKy M300pakeHbI Ha puc. 1—3.

Ha cnenytomeMm sTtare Obla UccaenoBaHa (PyHK-
IMOHAJIbHAsI B3aMMOCBS3b MEXIY ITPUMEHSICMBIMA
nobaBkamu u xapaktepuctukamu [1BX u onpeneneHo
ontumaiabHoe comepxanue JUH® n JOD B cocrase
T1BX-xoMmrto3nnn.

Tabauua 2
CooTtHomenre TMOKTHI(PTAIATA U qUU30oHOHII(pTaNaTa B [IBX-KoMIO3uIIM
Conepxanne miacrugukaropa, Conepxanne miacrugukaropa,
Howep Macc.4./100 macc.u. ITBX Howmep Mmacc.4./100 macc.u. ITBX
obpa3na obpa3na
O0mee J0D JANH® Oobmee J0D JANH®
| 50 50 — VI 50 25 25
II 50 45 5 VII 50 20 30
I 50 40 10 VIII 50 15 35
v 50 35 15 IX 50 10 40
X 50 5 45
Vv 50 30 20
XI 50 — 50
2]
Q
2]
50
1, ] ®
340 | > 9 @
&
:g:- 220
2 310
]
% 300
* 200
280
279

Puc. 1. BausiHnue KOHIEHTPALMH IIACTH(HUKATOPOB HA

NMPOYHOCTH Npu pa3pbiBe [IBX-kKommozumun

Puc. 2. BausiHnue KOHIEHTPALMH IIACTH(GHKATOPOB
Ha OTHOCHTEJIbHOE Y1 IMHeHne npu pa3peiBe ITBX-

KOMIIO3UIINH
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Puc. 3. BansiHue KOHIEHTPALMH IIACTH(DHKATOPOB
Ha TepMocTaduabHocTh ITBX-KoMmo3umumn

CocTaBjieHa MaTeMaTU4ecKasi MOJIe/ib, HA OCHOBE
KOTOPOIi ObljIa yCTAHOBJICHA ITOJIMHOMUAJIbLHAS 3aBU-
CUMOCTh TpeThei cTerieHn B Bue [29]:

H=ax'tax’+ax+a, (1)

roe H — hpu3nko-MexaHMIeCKUM WA TeXHOJIOTYC-
CKWIA TIOKa3aTelb; a, a, d,, a,— MapaMeTphl MOJMHO-
MUAJIbHOU perpecCHOHHOM Moaenu (1), paccauTaHHBIC
METOIOM HaMMEHBIINX KBaIpaTOB; X — COMEePXKaHUIE
mnactudukaropa JMH®D, macc.u.

Pe3ynbTaThl KOPPEISIIIMOHHOTO W PETPECCUOHHOTO
aHaJIN3a TS TIOJTYYCHHBIX B pe3y/IbTaTe 3KCIIepUMEHTA
JaHHBIX IPUBENIEHBI B Ta0. 3.

ITo pe3ynpraTaM CTAaTHCTUYECKOTO aHAINW3a OBLIN
oIpenesieHbl mapaMeTpsl Monenu (1) m koaddummueHT
JeTepMUHALN, KOTOpbIit coctasmi 0,98—0,99, yro cBu-
IETEeILCTBYET 00 OUEeHB BBICOKOI CBSI3U COOCPKAHUS

mractudukaropa JMH® 1 cBOIICTB paccMaTpuBaeMbIX
00pas1oB.

Perpeccuonnsie Mmogenu (1) mpuMeHUMBI KakK ISt
IIPOTHO3a CBOWCTB, TaK U JJISI pacyeTa ONTUMAJIBbHOTO
cozep:kaHus TacTudukaropa B penentype. s peanm-
3alM 3a0a9X ONTUMU3AIIAN VCIIOIb30BaIN HEJIMHEITHOE
MMpOrpaMMHPOBAHNE, OCHOBAHHOE HA YNCJIEHHBIX METO-
JIax oIpeesIeHIsT SKCTpeMyMa HEKO 11eJIeBOi (DyHKIIUU
MPY 3aJaHHBIX OTpaHNYeHUSIX. B poym 1ieneBoit pyHK-
LI MOKET BBICTYITUTH JII000€ CBOMCTBO, TIPEACTaBIICH-
Hoe Kak Mozenb (1). B kauecTBe orpaHmIeHMiT BEIOpa-
HBI MaTeMaTUICCKHE OXKMIAaHUS (CpeaHee 3HAUCHMS)
KaXJIOTo U3 paccMaTpuBaeMbIX ¢cBOMCTB. [TocTaHoOBKa

3aJa4u IS JAHHOT'O MCCIeqOBaHUs Oblia C(.J[)O]I)MYIII/I—
pOBaHa B BUIIC:

H=a,x +a, x’+a x+a,~ max (Ipo4HOCTb IPU
paspbie, MIla)

OrpaHYeHUS:

a,x’+a,x’+a,x+a,>315
(OTHOCUTENIbHOE YIIMHEHUE IIPU pa3pbiBe, %)
a,x’+a,x*+a,x+a,>107
(TepmocTtabuabHOCTE TIpU 175°C, MUH)

Penrenne 3agauym HEIMHEHHOTO TIPOTPaMMUPOBa-
HUSI TIPOBOIMIIOCH C TIOMOIIBI0 MHCTpyMeHTa «ITonck
petreHus». JIaHHBI WHCTPYMEHT SIBJISICTCSI TOTIOJTHU-
TEeJIbHOM HaJICTPOKOI TabJMYHOro nmpoieccopa MS
Excel 2010. B pe3ynbrate pelreHns 3aga4i yCTaHOBIIE-
HO, YTO HanboJjiee ONTUMAIbLHBIM conepkanueM JJNHOD
apnsieTcd 25 macc.u. [Toamxkenue comepxkanus JOD
B CM€CHU MPUBOAUT K CHUKEeHUIO ruiactuyHoctu T1BX,
0 9YeM MOXHO CYIWTh IT0 3HAUCHUSIM OTHOCUTEIIEHOTO
VIUTMHEHUS Y TIPOYHOCTH MPH Pa3phIBe UCCIICIOBAHHBIX
ob6pasuos. [1pn yBenmnuennuu no3uposku JUH® 6omee
25 Macc.9 HabIogaceTcsT yXyaiieHne (pru3nKo-MexXaHu!-
YECKMX XapaKTePUCTHK TUIACTUKATA B CPABHEHUN C KOM-
no3utoM, conpepxamum JO®D. CpaBHeHMe 00pa31ios |
n VI mokasbIBaeT, 4To Npu YacTUIHOI 3aMmeHe JJOD
"a JUH® nipounocTs Bo3pactaeT ¢ 29,9 1o 32,8 MIla,
a OTHOCUTEIbHOE YIUIMHEHNE TIPU Pa3phIBe CHIKACTCS
¢ 340% no 320%, TepMOCTaOMILHOCTD UCCIIEAYEMBIX 00-
pasioB Bo3pacTaeT ¢ 95 mo 111 muH. Ho, TeM He MeHee,

Tabauya 3
Pe3yabTaThl CTATHCTHYECKOTO AHAJIH32
ITapameTpel MogeaH Koo duuueHt
HaumeHoBaHue mokasareis
a a, a, a, JeTepMUHALIH
ITpouHocTts npu paspuise, MIla 0,0001 —0,0088 0,2699 29,788 0,99
OTHOCHTE/ILHOE YILTHHEHUE DU —0,0011 | 0,0525 | —1,3373 | 341,970 0,98
paspbiBe, %
TepmocTabwibHOCTD Tipu 175°C, MuH —0,0005 0,0255 0,2628 94,797 0,98
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mosHast 3ameHa J1O® Ha JIMH® (o6paserr XI) mpuBo-
JIUT K BO3pacTaHUIO MpoyHocTH 10 35,7 MIla u 3Ha-
YUTEIHHOMY CHIKCHUIO OTHOCUTEILHOTO YIUTMHEHMST
Ipu paspbiBe 10 265%, Ipu 3TOM TePMOCTAOUILHOCTD
BO3pacTaeT He3HAUMTeIbHO. TaknmM obpa3om, 3aMeHa
50% mnuokTwidTanata Ha IMM30HOHWI(TAIAT II03BOJISIET
TIOJTYYUTH 00JIee SKOJOTMYHBIC TTACTUKATHI C (PU3UKO-
MeXaHNIEeCKUMHU U TEXHOJIOTMUCCKIMU XapaKTePUCTHU -
KaMH1, COOTBETCTBYIOIIIMMU TPEOOBAHUSIM HOPMATUBHBIX
CTaHIAPTOB.

B caenyromieii cepun TeCTOB ObLIM U3TOTOBJIEHBI 00-
pas3Ibl TUICHOK, MOANU(DUIIMPOBAaHHBIC OTACIPHO MHI-
BUAyabHBIMHU TrIacTudukaropamu (XII — mractudn-
mupoBaHHbI JO®; XVIII — IMH®; XIX — ABODD),
n cMechio JJO® n JUHO® ¢ nobaBneHneM TUOYTOK-
cuatundranara (XIII—XVII). C uenbio gampHeiIero
CHIDXCHUS COMEPKaHUS ITPOMBIIIUICHHBIX (hTaJTaTHBIX
1acTU(UKATOPOB B 0A30BOM pEIICTITYpPE MCXOMTHOMN
KOMITO3WIINY UCCICA0BAHO BIMSHNE KOHIICHTPAIIUN
I00aBOK Ha (DM3MKO-MEXaHMIECKIE U TEXHOJIOTMICCKIIEe

xapakTepuctuku. ComepkaH1e TUIACTU(UKATOPOB B pe-
LIETITYpe IIPUBEACHO B Ta0J. 4, pe3yabTaThl UCIILITAHUIMA
rpacduecku n3006paxkeHnl Ha puc. 4—7.

Ha ocHoBe aHanmM3a MOTYYeHHBIX SKCIIEPUMEHTATb-
HBIX TaHHEIX (Ta0J. 4 1 puc. 4—7) OblIa UccieqoBaHa
3aBUCUMOCTH CBOICTB U COIEPKaHMS TIAaCTU(PUKATOPOB
ABbO2® u JVH® B Bume MOBEPXHOCTH BTOPOTO TI0-
pgaxka metonaMu akTopHOro aHanau3a [30]:

H=b,+bx+by+bxy+bx’+by’ 2)

rae H — du3nko-MexaHmIecKoe CBOMCTBO MM TEX-
HOJIOTMYECKWIA TTOKa3arenb; b, b, b, b, b, b, — mapa-
METPBI MOJEIA BTOPOTO TTopsiaKa (2), pacCUuTaHHBIC
METOIOM HAaMMEHBIINX KBaIpaToB; X — COIAepKaHUE
mwractudukaropa IMH®, macc.4.; y — comepkaHUe
miactudukaropa JbODD, macc.y.

Kax m3BecTHO, WIS M3yYeHUS TTOBEPXHOCTEH BTO-
pOTo TTopsiaKa IMMPOKO MIPUMEHSIOTCS TMHUU YPOBHSI,
KOTOPBIC HATJISITHO TTOKA3BIBAIOT TTOBEeICHNE (DYHKIINHI

Tabauua 4
Conepxanne miacrugukaropos B I[1BX-koMno3ummm
Conepxanne miacrugukaropa, Conepxanne miacrugukaropa,
Howmep macc.4./100 macc.u. IIBX Howmep macc.4./100 macc.u. IIBX
obpasna o0pasna
Obmee | 10® | JUH® | IBODD Obmee | 10® | JUH® | IBODD
XII 50 50 — — XVI 50 25 10 15
XIII 50 25 25 — XVII 50 25 5 20
XIvV 50 25 20 5 XVIII 50 — 50 —
XV 50 25 15 10 XIX 50 — — 50
¢
38 .
3 L 350 ,
340 c D D
g il T m 33 | f
‘% Rt 5 % 320 | l
=3l i % 310 o
§ I T E 3m 3 l S0
Vi ® 290 | l 0
- i i 280 so
270 g
DsoE:o % o g

Puc. 4. Biusinue KOHIEHTPALMH IIACTH(DHKATOPOB
Ha MpoYHOCTb npu pa3pbise IIBX-KomMmo3ummm

Puc. 5. BausHue KOHIEHTPAIMHA ILIACTH(HUKATOPOB
HA OTHOCHTeJIbHOE YA/IMHeHue npu pa3pbise IIBX-
KOMIIO3ULHH
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Puc. 6. Bausnue KoHIeHTpanum miacTuukaTopos
Ha TepMocTaduabHocTh ITBX-KoMmo3umumn

B IIPOCTPAHCTBE, TeM CaMbIM J1aBas BO3MOXKHOCTH OIle-
HUTH €€ ONTUMAaJIbHBIC 3HAUCHUSI.

Ha puc. 8—11 mipeacTaBiaeHBI KapThl IMHUI YPOBHS
3aBHUCHUMOCTH (DM3NKO-MEXaHMIECKNX M TEXHOJIOTHYC-
CKUX XapakTepucTuk odpasuon XI1-XIX.

Kax BugHo n3 puc. 8—11, oopasenr XVII npossisieT
HaWJIydIINe TT0Ka3aTeIn MPOYHOCTH M OTHOCUTEIIBHOTO
VIUTMHEHUS TIPU pa3phiBe, 001amacT 3HAUNTEIEHO OoJIee
BeICOKIM 3HaucHMeM [1TP mo cpaBHEHMIO ¢ MCXOTHBIM
iactukatoM, oopasibl XIII—XVII nposBisitoT BEICOKME
3HAYCHMSI TepMOCTaOUIbHOCTU. TakuM oOpa3oM, Hau-
00J1ee TIEPCTIEKTUBHBIM IIJIST JATBHEUIIIIX MCCIeIOBAHIIA

apisgeTcst oopasenr XVII, comepxkanumii 25 macc. 4. IUOK-
TrdTanara, 5 Mace.u. nun3oHoHmwI¢gTanara u 20 Mace. 4.
nuoytokcuaTmidTanata Ha 100 macc.g. ITBX.

60

Puc. 7. BiusiHue KOHIEHTPAIMH IIACTH(DUKATOPOB
Ha MoKa3areJib TeKydecT pacmiaBa [1BX-kommosumm

PE3YJBbTATBI 1 OBCYKIEHUE

IMonyyeHHBIC TaHHBIC TTOKA3BIBAIOT, YTO COBMECT-
HOE€ HMCITOJIb30BaHME IIPOMBINIICHHBIX TIACTU(U-
kaTtopoB JOD® u JIMHD, a TakxKe pa3paboTaHHOTO
ABbODBD B penentype I1BX-kommo3umii (00pa3iisl
XIII—XVII) mpuBOINT K CHUKEHUIO IIPOIHOCTH TIPU
pa3phIBe U YBEIWUCHUIO OTHOCUTEILHOTO YIJTMHEHMS,
YTO CBUIETEIBCTBYET 00 YBEIMICHUHN TIJIACTUIHOCTH.
BeposiTHO, 3TO MOXXHO OOBSICHUTH CHHEPTUIESCKIM BJIH -
STHUEM HCCIIeAYeMBIX TutacTudukaTopoB. C yBeamye-
HHUEM COIEePXKaHUS B CMECH IUTacTU(UKAaTOpa TUOYTOK-
craTUIdTANIaTa, XapaKTepU3YIOIIIMCS 00JIee BEICOKOM
yaeabHOM Maccoii B cpaBHeHNY ¢ JIMH®, ipoucxomut
3aKOHOMEPHOE TTOBHIIIICHIE TTOKA3aTe IsI TeKyJeCTH pac-

DBOEP

— 38

DINP

—-22

60

Puc. 8. Kapra qunnii ypoBHS 3aBUCMMOCTH NPOYHOCTH
npu paspsise ot cogepxkanusa JbODD u TUHD

Puc. 9. Kapra aunuii ypoBHs 3aBUCUMOCTH OTHOCHTEJIb-

HOI'0 y/IJIMHEHHS PU pa3pbiBe oT conepxkanus JJTBOD®
u INH®
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Puc. 10. Kapra 1mnuii ypoBHSI 3aBUCHMOCTH TEPMOCTA-
ouabHoCTH OT coaepxkanusa IBOD® u IUH®

maBa [1BX-mnactukara (c 15,2 no 17,7 r/10 muH), 4to
CBUIIETEIILCTBYET O TTOBHIIIICHUH TIepepadaThIBACMOCTH
I1BX-KOMITO3UTOB, U3rOTOBJIEHHBIX I10 pa3paboTaH-
HBIM penienitypaM. Hanbonpmmii ahhexT gocTuraercs
npu go3uposke: JJOD — 25 macc.u., AMHD — 5 macc.u.
n JbOD® — 20 macc.4. Ha 100 macc.u. [IBX.

3AKJIIOYEHUE:
— HCIOJb30BaHUE pa3paboTtaHHOM peuenTtypsl [TBX-

IUIACTUKATAa Ha OCHOBE CUHEPIUYECKOM CMECH ILjIa-
cTU(UKATOPOB: THOKTUIDTAIATa (25 Macc.4.), TUu-

CIINCOK NCTOYHUKOB

Puc. 11. Kapra nuxuii ypoBHS 3aBUCHMOCTH MOKa3aTes
TeKy4ecTH pacmiasa ot coaepxanusa IbODD u IMTHD

3oHOHMIGTANMATa (5 Macc.4.) U TMOYTOKCUATIII(hTA-

nmata (20 Macc.4.) — MO3BOJISIET YIYIIITUTh ITIPOYHOCTh

U OTHOCUTEJIbHOE YIJTMHEHUE TIPU Pa3phIBe, TEPMO-

CTaOWJIBHOCTD U MOKA3aTeTh TEKYUECTH pacIljiaBa;
— TMpUMEHEeHUE AUOYTOKCUATWI(TaTaTa BMECTO M-

OKTWI(hTanmaTa Mo3BoJIsIeT CHU3UTh 9KOJIOTUIECKYIO

Harpy3Ky Ha OKpYKalolIylo Cpeay.

Takum obpazoM, npemyioxeHHas perenrypa [TBX-
KOMITO3UITUY TTO3BOJISIET CHU3UTh TOKCUYHOCTb UCTIOJNb-
3yeMBbIX IIacTU(GUKaTopoB Ha 50% U yIydiuTh hU3mn-
KO-MEXaHUUECKHE U TEXHOJIOTUIECKIE XapaKTePUCTUKN
KOMTIAyHJIOB.
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Carbon-containing modifier for fluoranhydrite binder
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ABSTRACT: Introduction. In order to widen the functionality of construction and building materials and widespread electrically
conductive building constructions, it is highly recommended to reduce cost of the solutions. This can be achieved by replacing binders
with the industrial by-products. At the same time, there are a few articles about adjustment of electrically conductive properties of
materials based on by-product binders and this field is of a great importance. Also, highly dispersed particles in modifiers and their
role might be considered as important to find out, especially when such additives are used to improve structure and properties of
composites. Methods and materials. To study the possibility of controlling the electrical properties of the matrix, compositions
based on fluoroanhydrite, sodium sulfate as a hardening activator, and UPC-MIX-1 suspension as an electrically conductive addi-
tive, were made. The effect of UPC-MIX-1 suspension on the electrical performance and structure formation of a mineral matrix
containing dispersed carbon black particles was studied. The polydisperse nature of the modifying additive and the ratio of the
nanodispersed and microdispersed parts of the solid phase were determined. Indicators for calculating the specific volumetric
electrical resistance were determined by the probe method. The influence of the dispersed additive on the characteristics of the
fluoroanhydrite composite was evaluated by standard laboratory methods. Features of structure formation were evaluated using
the methods of physicochemical analysis. Results and discussion. It was confirmed that a fluoranhydrite-based mineral binder with
sodium sulfate has moderate physical mechanical properties and might be used as a substitute for gypsum binder. The usage of an
electrically conductive additive as a modifier enhances such mechanical properties as flexural compressive strength and compres-
sive strength which increase by 51% and 65% correspondingly. Also, hydro physical properties have been improved, for instance
the coefficient of softening for the FD-4 sample has increased by 39%, and the water absorption by mass for the same sample
has decreased by 36%. Specific volume electrical resistance has decreased by 49-52% and equals13,6 kOm«cm, 8% of electrically
conductive additive being added. The physical and technical properties of the presented composite are due to significant changes
of the physical and chemical properties including the features of structure formation. Conclusions. The obtained compositions
require extra optimization in order to be used as a heating component. At the same time, the achieved electrical conductivity is
sufficient to level the electrostatic effect of self-leveling floors. Regularities in the formation of the structure of the fluoroanhydrite
composite have been established, which manifest themselves in the formation of a larger number of contacts for the intergrowth
of crystalline hydrate new formations ensured by the presence of a nanodispersed part in the modifying additive.

KEYWORDS: fluoranhydrite, electrical conductivity, hardening activator, modifying additive, microstructure, structure formation,
dispersion, carbon black, nanosized particles.
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INTRODUCTION man-made waste, the volumes of which are growing every

year, can be the driver of innovative development of the

he construction materials industry is traditionally
one of the most conservative branches of the mod-
ern economy, in which the pace of implementation of
innovative “green” solutions and the growth of econom-
ic efficiency significantly lags behind the average rates
demonstrated by the global economy [1—3]. The use of

© Gordina A.F,, Gumenyuk A.N., Polyanskikh 1.S., Zaripova R.l., 2022

global construction industry taking into account the lat-
est global trends in the field of self-healing materials, the
use of carbon nanotubes, the development of concrete
compositions for 3D printing, and electrically conductive
concrete [4—6]. Taking into account the obvious needs of
the market and the environment for “green” solutions,
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strategies for the development of the construction materi-
als industry have been adopted in a number of countries
[7—9]. The strategies are focused on alternative versions
of construction products manufactured using some in-
dustrial wastes [10, 11].

To date, experts estimate the volume of annual forma-
tion of synthetic anhydrite (fluoranhydride, phosphoan-
hydrite, titanogypsum, etc.) on a global scale of about
170 million tons per year [12, 13]. The volume of global
production of fluoranhydrite is 4 million tons per year.
The radiation-hygienic characteristics of this raw material
meet the requirements of sanitary rules and regulations,
which makes it possible to consider this material for use
in the production of building materials [14—16].

Fluoranhydrite wastes generated at chemical industry
enterprises in Russia have a similar chemical composi-
tion with the content of the same chemical compounds
(B-CaSO, and y-CaSO,, free H,SO,, CaF,, Ca(SO,F),,
while differing in percentage ratio and particle size com-
position [17]. In particular, fluoranhydrite in the amount
of 150 thousand tons is produced annually in Halogen,
Ltd, in the Russian city of Perm. It is characterized by
uniformity of chemical and mineralogical compositions
and an insignificant amount of impurities [ 18—20].

It was found that the binder based on technogenic
anhydrite has very low activity and is not able to attach
free water without additional activators [21—23]. Studies
in the field of activation of this binder have shown that
the following three types of activation are the most effec-
tive: mechanical, chemical, and mechanical-chemical
[24—26]. From the point of view of technological require-
ments, in the production of structural building materials,
the method of chemical activation is the most promising
[27-29]. The addition of alkali metals (Na,SO,, K,SO,,
CuSO,, MgSO,, FeSO,, BaSO,) as chemical catalysts
for hardening the sulfates accelerates the setting time of
the fluoranhydrite binder by increasing the solubility of
calcium sulfate. These additives do not affect the water
demand of the binder providing rapid crystallization of
calcium sulfate from the solution and contributing to the
formation of hydrate phase nuclei [23, 25, 27].

The main properties of artificial matrix based on flu-
oranhydrite include resistance to chemical agents. This
resistance largely depends on the concentration, duration
of exposure, and temperature of acids, alkalis, and salts
in an aggressive environment. Considerable attention is
paid to the disposal of solid wastes from the chemical
industry through their use as binders, mortars, plaster
mixes, plasterboard/gypsum fibre boards, self-levelling
floors, road foundations, blocks [30—32]. In Russia there
is a large-scale production of structural panels based on
fluoranhydrite with the total consumption of man-made
raw materials of 5.7 million tons per year [17]. Analysis
of the use of technical anhydrite in the building materials
industry shows [17, 23, 31,32] that in the near future this

type of binder can be used in the production of a large
volume of dry building mixes for self-levelling floors.

In recent years active researches have been carried
out in the field of increasing the antistatic protection and
functional load of traditional structural materials and
antistatic coatings by regulating electrical properties [33—
36]. This interest to concrete as an electrically conduc-
tive material is caused by the prospects of construction,
electric power, and other branches of technology provided
reproducible results are obtained [37-39].

Today energy infrastructure facilities as well as indus-
trial enterprises with increased energy consumption face
the problem of static voltage. The experience of using
self-leveling floors in industrial enterprises has shown
that static voltage in this type of floor coverings leads to
accidents and failure of expensive software-controlled
equipment [40, 41]. The features of the fluoranhydrite-
based mineral matrix determine its dielectric properties
(E > 3.5 ¢V). In most cases the ionic nature of electrical
conductivity in the volume of the anhydrite matrix is real-
ized due to the movement of the ion charge [42]. Studies
of traditional cement concrete have shown that during
operation free water in the pore space is represented by
an electrolyte containing ions in metastable equilibrium.
The electrical conductivity of the electrolyte in concrete
reflects the kinetics of physical-chemical processes during
the hardening of cement matrix [43]. Due to the com-
plex macro- and micro capillary structure, the electrolyte
located in the pore space differs in physical-chemical
properties from ordinary liquid electrolytes and these
properties continuously change over time. A constant
presence of free water in the pore space is necessary for a
consistently low specific volumetric electrical resistance
in the mineral matrix [42].

The mechanical strength of the anhydrite matrix de-
creases by 50—60% when saturated with water [17]. It can
be assumed that the absence of free water ions will have
a negative effect on the threshold percolation coefficient
of the electrically conductive cluster structure of the an-
hydrite matrix [39].

Anhydrite materials have a reduced electrical con-
ductivity up to 10* Ohmsem and are dielectric materi-
als. Electric charges are known to occur when dielectrics
are deformed. It is associated with the redistribution of
charges in the dielectric under the influence of mechani-
cal load, the so-called electrostatic effect [41].

This effect has a negative practical significance since
the charge is often stored in materials with low electrical
conductivity [40]. For example, a person can receive an
electric charge if the soles of his shoes are insulators, or
if he walks on a floor covered with an insulating material.

The key direction of solving the problem of the oc-
currence of an electrostatic effect as well as increasing the
functional load on self-leveling floors based on an anhy-
drite matrix is to reduce the specific volumetric electrical
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resistance by modifying the compositions. As a result
of modification, the anhydrite matrix becomes a stable
conductor of electric current, which provides low resis-
tance required for the continuous movement of charged
electrons both on the coating surface and in the material
volume. In this case, the electrically conductive structure
of the modified composite will ensure a rapid volumetric
flow of charge to the boundaries of the material and its
further transition to other conductive materials in direct
contact with them.

The main component for ensuring electrical conduc-
tivity in the mineral matrix is the component that forms
a continuous path for electric current. Some published
papers [31, 32, 33] differentiate additives with such par-
ticles according their morphology as following: dispersed
additives with highly developed surface area and form-
ing clusters and conductive particles with high elonga-
tion such as fibers forming conductive bridges that allow
a charge to be transmitted for a long distance.

Other researches [28, 38, 45] have confirmed that the
origin of electrically conductive additives has a different
impact on electrical properties of mineral composites.

Most cases [26, 31, 35] have shown that man-made
electrically conductive particles have an inhomogeneous
morphology, which in turn leads to an optimal package of
particles in the structure and their satisfying distribution
within the volume of a material.

In turn, the dense packing of the mineral matrix and
the optimal distribution of the electrically conductive
component in its structure makes it possible to provide
a lower percolation threshold and a lower breakdown volt-
age level. [36, 41, 42]. Also, it should be taken into con-
sideration that the content of electrically conductive ad-
ditive has to be within limits which allow the percolation
threshold to be achieved. At the same time this content
is not supposed to have negative influence on workability
and segregation of a mix and the physical mechanical
properties as well [42, 43].

The impact of different man-made materials with
electrically conductive particles on mineral matrices
have been esteemed for the following materials: carbon
black [28], asphaltene [35], steel shaving [34], slag [37],
industrial carbon [42], fly ash [38], powdered coke [43],
carbon-contained slag from aluminum production [2].
All that researches have provided enough data to make
a conclusion that the impact of morphology, size of par-
ticles and distribution on structure formation is much
more significant than the role of the content.

The aim of the paper is to study the possibility of
utilization of man-made wastes to obtain an electrically
conductive material based on a fluoranhydrite binder and
additives contained nanosized particles.

METHODS AND MATERIALS

Binder. The main binder component of fluoranhydrite
is a waste product of the production of hydrofluoric acid
and hydrogen fluoride. The raw materials were obtained
from the storage facility of the Halogen, Ltd in Perm. The
average chemical composition of fluoranhydrite: CaSO,
(at least 20% of y-CaSO, and up to 78% of B-CaSO,);
CaF, — from 1.0 to 1.8%; H,SO, — from 1.0 to 1.2%.

Hardening activator. Taking into account the previ-
ous studies and analysis of publications [7,24], sodium
sulfate (Na,SO,) was selected as an activator of fluora-
nhydrite hardening in the amount of 2% by the mass of
the binder.

FElectrically conductive additive. To ensure stable elec-
trical conductivity, the UPC-MIX-1 pigment concentrate
(technical soot suspension) was added in the amount from
0% to 10% by the mass of the binder. The composition
of the pigment concentrate contains: technical soot —
62%; water — 20%; propylene glycol — 10%, special ad-
ditives — 8%. The analysis of the particle distribution
in the technical soot suspension shows that the additive
has a poly-dimensional dispersed phase with micro- and
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Fig. 1. Granulometric composition of the dispersed phase of the electrically conductive additive
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Table 1
Samples compositions
Mixture code Fluoranhydrite, g Sodium sulfate, % Electncal-l)_' ECHUCHE Water-to-binder ratio
additive, %
Control — 0.32
FD -1 2 0.31
FD -2 4 0.3
1600 2

FD -3 6 0.28
FD -4 8 0.25
FD -5 10 0.23

nanoparticles in a wide range from 0.03 to 10 microns as m—m

shown in Figure 1. W= % 100,

Samples of six compositions were made to study the
effect of technical soot suspension on the electrical and
hydro physical properties of a fluoranhydrite-based com-
posite. The formulation characteristics of the experimen-
tal compositions considered in this study are presented
in Table 1.

The composite samples were made as follows: 2% of
sodium sulfate was dissolved in water by intensive mixing
and then the binder was mixed with the mixing water.
A suspension with the electrically conductive additive
was added to the mixture during the mixing process. The
water-to-binder ratio was corrected for each composition
in order to obtain equally fluidity mixtures taking into
account the amount of the additive and the plasticizing
effect. Mixing the components was carried out till visual
homogenization of the additive in the mixture volume.
The resulting mixture was poured into metal molds with
geometric dimensions of 40x40X 160 mm.

Hydro physical properties. The determination of water
resistance was defined as the ratio of the compressive
strength of a water-saturated sample to the compressive
strength of a dry sample. The determination of compres-
sive strength in a water-saturated state was carried out as
follows: samples at the age of 28 days were placed in a
container with water at room temperature and kept for two
days. Then the samples were removed from the container,
water was removed from the surface, then the samples
were tested for compression.

The samples were tested for water absorption by mass
as follows: the manufactured samples were dried to a
constant mass in a drying cabinet at the temperature of
45—55°C. The dried samples were placed in a container
filled with water so that the water level in the contain-
er was about 50 mm higher than the upper level of the
stacked samples. The water temperature in the container
was 21°C. The samples were weighed every 24 hours
till the results of two consecutive tests differed less than
0.1%. The water absorption of the sample was calculated
as a percentage by the formula:

1

where, m, — is the mass of the dried sample to a con-
stant mass, g;

m, — is the mass of the water-saturated sample, g.

Mechanical properties. The hydraulic press PGM-
100M G4-A was used to determine the compressive and
bending strength of the samples of the developed compo-
sitions. The 40x40x 160 mm prism samples were tested
at the age of 28 days on laboratory press with the loading
speed of 1 MPa/s.

FElectrical properties. The change of the specific volume
resistivity was determined by means of the experimental
calculation method. At the experimental stage, the re-
sistivity of the samples was measured using the MNIPI
E7-20 device and copper electrodes embedded in the
prism samples at the molding stage at the distance of
120 mm from each other. At the design stage, the specific
volumetric resistivity index was determined in kOm'cm
(kOm, k). The calculation of the specific volumetric
resistivity index was carried out on the basis of the data
obtained from the device and the geometric parameters of
the studied samples according to the formula [33]:

p=R+A/L,kQecm,

where p — is the specific volume resistivity of the
sample;

R — is the resistivity of the sample;

L — is the distance between the electrodes;

A — is the cross-sectional area of the sample.

SEM and IR-ray spectroscopy were used to determine
the physical and chemical properties and substantiate the
processes that lead to changes in technical characteristics.

SEM. The study of the microstructural features of
a fluoranhydrite-based composite was carried out at the
AdMasS Research Center in Brno the Czech Republic and
on the basis of the Institute of Physics and Technology
of the Ural Federal Research Center of the Ural Branch
of the Russian Academy of Sciences on Tescan Mira 3
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XMU and Thermo Fisher Scientific Quattro S scanning
electron microscopes. Microstructure survey parameters:
the vacuum chamber pressure was 50 Pa; the accelerating
voltage was HV 30 kV; the beam current was 16 A (Pa).

IR-ray diffraction. Infrared spectroscopy of fine pow-
der obtained by grinding samples of the control and
modified composition was performed on the IR Fourier
spectrophotometer “IRAffinity-1".

RESULTS AND DISCUSSION

The amount of the electrically conductive additive
varied in the range from 0% to 10% with a constant
amount of the sodium sulfate hardening activator. This
was done to determine the optimal amount of the elec-
trically conductive additive in the composite. The results
of the study of the physical, mechanical, and electrical
properties of the developed composites based on fluora-
nhydrite are presented in Figures 2, 3, 4, and 5.

The analysis of the obtained results makes it possible
to determine the optimal composition with the fluoranhy-
dride: the electrically conductive additive in the amount
of 8% and sodium sulfate in the amount of 2%.

The setting time according to the Vicat method for
the control composition: the beginning of setting was

Nanob%

after 23 minutes, and the end of setting was after 1 hour 9
minutes. The setting time according to the Vicat method
for the optimal composition with 8% of the electrically
conductive additive: the beginning of setting was after
1 hour 12 minutes, and the end of setting was after 1 hour
56 minutes. The increase in the setting time is due to the
presence of additional components in the suspension.
This increase in the setting time is preferable for the tech-
nology of self-leveling floors.

The increase of mechanical strength was obtained by
increasing the percentage of the electrically conductive
additive up to 8%. A further increase of the amount of
the electrically conductive additive leads to a decrease
of values of strength characteristics (Fig. 2). Analysis of
the water-to-binder ratio, particles sizes of the dispersed
phase of the additive (Fig. 1) and the increase of strength
suggest a possible mechanism of action of the electrically
conductive additive as a filler compacting the composite
structure. This is indirectly confirmed by an increase of
water resistance (Fig. 3), a decrease of water absorption
(Fig. 4) and a change of samples’ microstructure (Fig. 5).

Comparing the hydro physical parameters of the
samples (Fig. 3 and 4), one can conclude that the struc-
ture of the pore space of the modified compositions has
changed. An increase of the coefficient of water resistance

40

35

35,81 35,37

30,7

31,6

282

Control 2%

4%

B Flexural compressive strength

6% 8%

10%

® Compressive strength

Fig. 2. Comparison of mechanical strength of samples based on fluoranhydrite at the age of 28 days

(coefficient of variation is V= 5.6%)
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with a simultaneous decrease of water absorption reflects
the positive effect of the additive evident in a decrease of
open porosity, probably as a result of the compaction of
the matrix structure.

The change of electrical conductivity at the age of
28 days depending on the amount of the electrically con-
ductive additive is shown in Figure 6. The fluoranhydrite-
based composite has a high specific volume resistivity and
is a dielectric that is confirmed by the characteristics of
the control composition. The addition of the electrically
conductive additive in the amount of up to 10% provides
a reduction of resistivity by more than 2 times compared
to the control sample. It should be noted that a further
increase of the amount of fine particles as a filler leads to

a loss of mechanical strength of samples that is consis-
tent with similar studies performed on cement concrete
[38—41].

In Figure 6 the comparison of microstructures is given
for the control sample (Fig. 6, a) and the modified one
(Fig. 6, b). It can be seen that a denser fine-crystalline
structure is formed when the electrically conductive ad-
ditive is added in the amount of 8%. An increase of the
number of contacts among hydration products can be ob-
served, which leads to an increase of mechanical strength
and to an improvement of the hydrophysical characteris-
tics of the fluoranhydrite matrix.

The results of a comparative analysis of microstruc-
tures are confirmed by infrared spectroscopy data in Fig-

0.8

0,7
2
£0.,6
<
50,5
S04
5
20,3
S02
]

0,1

0

Control 2%

4%

6% 8% 10%

Fig. 3. The value of the softening coefficient of te samples depending on the amount

of the electrically conductive additive
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Fig. 4. Water absorption of the samples depending on the amount of the electrically conductive additive
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Fig. 5. Microstructure of the control sample (a) and the modified one (8% of conductive additive)

(b) at the age of 28 days at a 5000-fold increase
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Fig. 6. Change of specific volume resistivity

ure 7. The electrically conductive additive in the amount
of 8% changes the nature of peaks in the regions of the
main functional groups; in addition, one can note the
appearance of new wave numbers that are presented in
Table 2. This presumably indicates a change in the crystal-
lization conditions of technogenic anhydrite.

Thus, the optimal composition is characterized by
the following indicators: the compressive and bending
strengths are 35.81 and 12.42 MPa, accordingly, with the
coefficient of variation equal to 5.6%; the softening coef-

ficient is 0.7; the specific volumetric electrical resistivity
of the composite is 13.6 kQ+cm.

Analysis of the research literature shows that specif-
ic volume resistivity indicators in the range from 10 to
103 Ohmse«cm are required for the functioning of the
mineral matrix as a heating element [43]. The developed
compositions cannot be used as a heating element without
further optimization, while the achieved electrical con-
ductivity is quite sufficient to neutralize the electrostatic
effect in self-leveling floors.
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Fig. 7. IR spectra of a control sample and a modified sample with 8% of the electrically conductive additive

Table 2
Characteristic wave numbers of IR spectra of compositions
Ion Wave number cm~!, reference sample Wave numbers cm~!, modified sample
SO, 594.08; 611.43; 673.16;1165.0; 1101.35 611.43;678.94;596.00;1188.15; 1091.71
COo.» 1417.68; 873.75 1419.61; 873.75
OH- 3545.16; 3404.36; 3244.27; 2879.72 3608.81; 3554.81; 3246.20
H,0 1622.13; 1683.86 1620.21
CONCLUSION 3. The electrically conductive additive also improves

The analysis of the effect of the electrically conductive
additive on the structure formation of a mineral matrix
based on fluoranhydrite has been performed. The follow-
ing conclusions can be drawn:

1. The studied fluoranhydrite binder, when activated
with sodium sulfate, has sufficient physical and mechani-
cal characteristics to be used as an alternative to tradi-
tional gypsum binders.

2. Modification of the suggested composition with the
electrically conductive additive increases the mechanical
strength depending on its amount. Thus, the bending
strength increases up to 51%, the compressive strength
increases up to 65% with the addition of 8% of electrically
conductive additive, the setting time increases.

the hydro physical properties of the composite. The soft-
ening coefficient of FD-4 samples increases by 39%, water
absorption by mass decreases by 36%.

4. It was found that the addition of the electrically
conductive additive significantly reduces the specific
volumetric electrical resistivity by 49—52% and is
13.6 kOhm « cm for optimal composition. Analysis of the
research literature has shown that specific volumetric re-
sistivity indicators in the range from 10 to 10°Ohmse.cm
are required for the functioning of the mineral matrix
as a heating element. The developed compositions can-
not be used as a heating element without further op-
timization, while the achieved electrical conductivity
is quite enough to neutralize the electrostatic effect of
self-leveling floors.
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5. The addition of the electrically conductive additive
has a significant effect on the structure of the mineral ma-
trix based on fluoranhydrite. The traditional microstruc-
ture of the anhydrite matrix represents the formation of
idiomorphic prismatic and rhomboid crystals of lamellar
shape. The matrix of the modified composition is char-

acterized by a denser structure due to the influence of the
dispersed phase of suspension acting as a micro-filler and
introducing the additional crystallization centers. These
centers overgrown with hydration products, fill the pore
space, compact and strength the matrix that explains the
higher strength and water resistance of developed material.
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WccnepgoBaHne BAMAHNA CYyCNeH3MN TEXHUYECKOrO yrnepoaa
Ha XapaKTepucTukn ¢TopaHruapmuToBoin MaTpuLbl

AHactacna OepoposHa lopavHa (2, Anekcanpp Hukonaesuuy NymeHtiok* (o), Upnna CepreeBHa MonaHcknx (2},
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AHHOTALIUA: BeegeHue. TeHaeHUMM B 0611aCTV NOBbileHWA GYHKLVOHANbHOWN Harpy3Kku CTpOUTESNTbHbIX MaTepranos 1 HEOOXo-
AMMOCTb LUMPOKOTO BHEAPEHMA NEKTPONPOBOAALLMX 6ETOHOB TPEeOYIOT NOBbILLEHNA SKOHOMUYECKOW 3$EKTVBHOCTM, KOTOPOTO
MOXHO JOCTUMHYTb 3a CYET NPUMEHEHNA TEXHOreHHbIX OTXOLO0B. B TO Xe Bpema perynnpoBaHue 31eKTPOTEXHNYECKUX XapaKTe-
PUCTUK KOMMO3MLIMOHHbIX MaTepranoB Ha OCHOBE BAXYLUMX MaTepranoB TEXHOrEHHOrO MPOUCXOXKAEHNA ABNIAETCA aKTyallbHOMN,
Marnov3yyeHHol npobsemori. Mpu 3Tom 0cobblit MHTEPEC NPeACTaBNAET POJib BbICOKOANCNEPCHON YaCT KOMMOHEHTOB J06aBOK,
UCMONb3YOLMXCA B KaYecTBe MOANONKATOPOB CTPYKTYPbl U CBONCTB KOMMO3NLMOHHbIX MaTepuanos. MaTepuanbl n metopbl.
[lna nccnefoBaHnA BO3MOXKHOCTEN PErysIMPOBaHNA SNEKTPOTEXHNYECKNX CBONCTB MaTPULIbl U3roTaBNnBaINCb COCTaBbl Ha OCHOBE
dTopaHrnapnTa, cynbdata HaTpUA, B KauecTBe akTMBaTopa TeepaeHua n cycneHsun UPC-MIX-1, B KauecTBe 3neKTponpoBogaLLen
pobasku. ViccneposaHo BavaHuA cycneHsnn UPC-MIX-1 Ha aneKTpoTexHUYecKye nokasaTenu 1 CTPyKTypoobpa3oBaHye MUHEpPanbHON
MaTpULibl, COAepPKaLLelt AMcnepCHble YacTMLbl TeXHUYeCKoro yrinepoga. OnpegeneHa nonmaucnepcHas npupoga MoanduumpyoLen
A006aBKM 11 COOTHOLLEHVE HAHOANCMEPCHON U MUKPOAMCINIEPCHON YacTu TBepAoi dasbl. MokasaTeny ansa pacyerta yaenbHOro o6b-
€MHOTO 3NIEKTPUYECKOrO CONPOTUBIIEHNA ONPEAENANMCh 30HA0BbIM METOAOM. BnnaHmne gucnepcHoi Jo6aBKU Ha XapaKTepUCTUKM
bTOPaHrMAPUTOBOro KOMMO3MTa OLIEHVBANIOCh CTaHAAPTHBIMM labopaTopHbIMy MeToaaMu. OCOBGEHHOCTY CTPYKTYpOoObpa3oBaHuA
OLIEHMBANNCb C MOMOLLbIO MeTOA0B GU3MKO-XMMMUYECKOTO aHann3a. PesynbraTbl n o6cyKaeHme. YCTaHOBNEHO, UTO dTOpaHrn-
LPVTOBOE BAXYyLLee, akTUBMPOBaHHOE CyNibdaTom HaTpus, 0b6nafgaeT 4OCTaTOUHbIMU GU3NKO-MEXaHNYECKMMU NoKasaTenamm Ans
UCMO/b30BaHWA B KaYeCTBe asibTepPHaTMBbI MMMCOBOrO BAXYLLero. Mpu 3Tom moandrKauua npeasiaraemMmoro coctaBa 3/1eKTponpo-
BOAALLe 4OOABKON MOBbILAET NMOKasaTeny MexaH14YeCcKor NPOYHOCTU: Ha M3rnb Ha 51%, NPOYHOCTb Ha CKaTue yBeNMUMBaEeTCA Ha
65%. Kpome Toro, ynyuluaioTcs rugpodursnyeckrie CBONCTBA KOMMNo3uTa. Tak, KoabduLmeHT pasmsaryeHusi o6pasuos coctaBa FD-4
yBennunsaetca Ha 39%, BOLOMNOIOLLEHNE N0 Macce CHMXXaeTcA Ha 36%. B cBoto ouepenp, npuv BBeaeHUn 8% snekTponposogsLlen
[06aBKM yenbHOe 06beMHOE 3/IEKTPMYECKOe CONMPOTUBIIEHNE CHUXaeTCA Ha 49-52% n cocTaBnseT 13,6 KOM+cMm. OCHOBHble
n3meHeHnA GU3NKO-TEXHNYECKUX NapaMeTPOB MPeACTaBNeHHOro KOMMo3nTa 00yCnoBneHbl 3HaUNTENbHBIMU N3MEHeHVAMN G-
3VKO-XVIMMYECKMX CBONCTB, BKIOUas 0COOEHHOCTM CTPYKTypoobpa3oBaHys. BbiBogbl. PaspaboTaHHble cocTaBbl TpebytoT gonon-
HUTEIbHOW ONTUMU3aLMK 419 NPUMEHEHNA B Ka4eCTBe HarpeBaTe/lbHOro 3/IeMeHTa, NPu 3TOM JOCTUTHYTON 3N1eKTPONPOBOAHOCTY
[OCTaTOYHO ANA HUBENMPOBAHNA SIEKTPOCTATUYECKOTO SpdeKTa HaIMBHbIX MOSOB. YCTaHOBMEHbI 3aKOHOMEPHOCTV GOPMUPOBaAHMA
CTPYKTYpPbl GTOPaHrMAPUTOBOrO KOMMO3MTa, KOTOPble MPOABAAITCA B GOPMUPOBAHUM GOSbLIErO KOIMYECTBA KOHTAKTOB CpacTaHNA
KpYCTannornapaTHbix HOBOO6Pa3oBaHNIA, 06ecneurBaloLLMXCA HANMMYEeM HAHOAUCNIEPCHON YacTu B MogndurumpyoLlein fobaBke.

KJTKOYEBDIE CJTIOBA: dTopaHrnapuT, aneKTponpoBOgHOCTb, aKTUBATOP TBEPAEHMS, MogudurumpyioLas obaBKa, MUKPOCTPYKTYPa,
CTPYKTypOO6pa3oBaHue, AUCNEPCUs, TEXHNYECKII yriepo, HAHOAWCNEePCHbIE YacTMLbl.
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WUHAN UNIVERSITY OF TECHNOLOGY

uhan University of Technology (hereafter referred

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

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

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

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

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

Introduction to MSE Discipline
of Wuhan University of Technology

1. Briefs of WUT’s MSE

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

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

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

2. Representative Achievements and Academics

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

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

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

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

3. Talents Cultivation and Representative Graduates

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

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

4. Domestic and International Impacts

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

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

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

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

Overview of International School
of Materials Science and Engineering

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

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

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

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

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

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

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

scientists to conduct collaborative research in the labo-
ratory.

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

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

Introduction to Interdisciplinary Materials

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

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

Interdisciplinary Materials is expected to take an in-
terdisciplinary, frontier, and integrated approach to all
areas of materials research while cultivating the exchange
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YXAHbCKUN TEXHOJNTOTMYECKUN
YHUBEPCUTET

XaHBCKUM TEXHOJIOTHICCKUI YHUBSPCUTET (Iajee

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

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

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

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

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

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

Kpatkoe onncanue

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

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

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

3uaunmbie ToCTHKEeHHs 1 MPodeccopcKo-
MpenoiaBaTeibCKuii COCTaB

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

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

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

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

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

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

IToaroToBKa BbICOKOKBATH(DUIIMPOBAHHBIX
Ka/IPOB U U3BECTHbIE BHIMYCKHUKH

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

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

BHyTpennune u MeXIyHAPOIHbIE KOHTAKTbI

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

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

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

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

0630p MeXxXAyHapOAHbIX LWKON
no maTepuanoBefeHMIO U UHXXeHepHoMY Aeny

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

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

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (5):
392-397

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

=

KPaTKOCPOUHBIE TTOCCIIICHNST YHUBEPCUTETOB MUPOBOTO
YPOBHSI ¥ TIOCTOSTHHOE B3aMMOJICHCTBHE C MEXKIyHAPOI-
HBIMU CTYICHTaMH.

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

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

lfocypapcTBeHHan cTpaTernyeckas
naboparopus nepefoBbIX TEXHONOIMIA

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

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

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

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

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

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

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

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

3HaKOMCTBO C XXypHasiom
«MexpucunnanHapHblie maTepuanbi»

HoBerit HayuHbIM XypHAT « MeXIUCIUTIINHAPHEIE
martepuanbl» (Interdisciplinary Materials) (ISSN: 2767-
441X) obut ocHOBaH YTV m3nareascTBoM «John Wiley &
Sons, Inc» B mexadbpe 2021. ITepBoIif BEITYCK OBLI B STH-
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I\ aterialsy— ==
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Bape 2022, 1 B TIepBbIe TP ToAa MyOJMKAIIUN B HEM
OynyT O6ecIIaTHBI.

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

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

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

Interdisciplinary Materials

ZERXRFHEMBHEHAGTI =
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Development of heavy metal-based nanostructured
complex technology for use in building mortar
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, Evgeni V. Boev (2}, Aigul' A. Islamutdinova (2}, EI'mira K. Aminova*
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ABSTRACT: Introduction. Heavy metals (copper, zinc, nickel, lead, chromium, cobalt, cadmium) get into constructional materials
with natural and man-made raw materials. The chemical and mineralogical composition of large-tonnage wastes from the petro-
chemical industry is perfect for constructional materials production. Heavy metals in constructional compositions provide high
strength and frost resistance. Currently, nanostructured metal-containing complexes are used in the production of mortars. There-
fore, it is necessary to ensure the reliable binding of heavy metals into structurally stable compounds to avoid their emission and
secondary environmental pollution. The steadily growing volumes of sludge reservoirs with high concentrations of heavy metals
such as chromium (Cr +6), copper (+2), lead (+2), iron (+2), and Fe (+3) cause particular interest to researchers. Qualified extraction
of the listed metals and binding them as nanocomponents in the composition of the complexing agent will ensure the creation of
a nanostructural composition in the recipe for the preparation of mortar for various purposes. Methods and materials. Sorption
methods are the main way to isolate heavy metals. The paper proposes a method for the production of alkyleneaminopolycarboxylic
acids and studies its ability to form nanometallic complex compounds for the extraction of heavy metals. Results and discussions.
In order to bind metal nanoparticles in oil sludge, the efficiency of the produced compounds, carboxymethyl derivatives of hex-
amine, was investigated. Optimum synthesis conditions were selected and the structure of the obtained complexing agents was
proved by infrared and ultraviolet radiation methods as well as by the method of nuclear magnetic resonance. Conclusion. The
resulting nanostructured additions have binding properties that provide high adhesion of the heavy metal to the organic substrate
and mortar components, which makes it possible to provide a strong composition that maintains operational properties that meet
technical requirements.

KEYWORDS: nanostructured complexes, mortars, acrylic acid nitrile, monochloroacetic acid, piperazine, ethylenediamine, benz-
imidazole, heavy metals.

FOR CITATION: llin V.M., Boev E.V,, Islamutdinova A.A., Aminova E.K. Development of heavy metal-based nanostructured com-
plex technology for use in building mortar. Nanotechnologies in Construction. 2022; 14(5): 398-404. Available from: https://doi.
0rg/10.15828/2075-8545-2022-14-5-398-404. - EDN: MDXRQS.

INTRODUCTION

One of the main tasks of modern organometallic
chemistry is the development of new nanocatalytic
systems and materials with predetermined practically use-
ful properties. Varying the nature of the ligand in tran-
sition metal complexes by using compounds of various
natures, including chelating ones, leads to a significant
change in the properties of metal complexes, includ-
ing their stability and reactivity. Among the numerous
nitrogen-containing ligands obtained over the past de-
cades, tweezer-type ligands are becoming increasingly
important due to their special characteristics and the abil-
ity to “tune” the electronic properties of the complexes

© llin V.M., Boev E.V,, Islamutdinova A.A., Aminova E.K., 2022

formed by them. Such an adjustment makes it possible to
increase the thermodynamic stability of metal-complex
systems, and in some cases it is possible to stabilize un-
stable degrees of oxidation of the metal center during the
formation of chelated metal cycles [1—3]. The chemistry
of such transition metal complexes is currently undergo-
ing a period of intensive development due to their unique
catalytic properties. The number of publications on this
topic reaches several thousand and continues to increase
rapidly. Due to the discovery of a powerful catalytic po-
tential of transition metal complexes based on tweezer-
type ligands in various chemical transformations, there
has been a clear tendency in the last few years to increase
the total number of articles related to these ligands [5—7].
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Organometallic complexes of this type have proven them-
selves to be highly effective catalysts for such processes as
ketone hydrogenation [8], alkane dehydrogenation [8§],
oligo- and polymerization of unsaturated hydrocarbons
[9], hydrosilylation and hydroborination [10] and a num-
ber of others.

The environmental situation around the world, in-
cluding in the town of Sterlitamak (Republic of Bash-
kortostan, Russia), requires the development of effective
solutions for the disposal of long-term burials of solid
and liquid wastes from petrochemical industries, which
have not yet found a qualified method of processing and
disposal.

The main waste generating source is the large indus-
trial associations, such as Joint-Stock Company “Bashkir
Soda Company”, Management Company TAU “Neft-
ekhim”, which includes JSC “Sterlitamak Petrochemical
Plant” and JSC “Syntez-Kauchuk”, Federal State-owned
Enterprise “Avangard” and other low-tonnage produc-
tion.

As a result, emissions contain 24 types of solid sub-
stances (6023.9 t/g), 51 gaseous substances (5844 t/g).
The main environmental pollutants are ethylene, vinyl
chloride, dichloroethane, mercury, ammonia and heavy
metals. These wastes contain carcinogenic metals such
as chromium Cr (VI), copper Cu (II), lead Pb (II), iron
Fe (II) and Fe (III), the search for binding methods and
the use of which is of interest to the scientific community.
When using man-made raw materials in the production
of constructional materials in accordance with methodi-
cal instructions (MU 2.1.674-97) “Sanitary and hygienic
assessment of constructional materials with the addition
of Industrial waste” [1], it is necessary that the content of
water-soluble forms of heavy metals does not exceed the
maximum permissible concentrations for surface waters
(MPC) [2], since the impact of aggressive media, me-
chanical damage and other factors can lead to to violation
of the integrity of the product, its design and contribute
to the migration of hazardous components from the con-
structional material.

Therefore, the purpose of the research is a method for
obtaining nanostructured complexing agents based on
N,N/-bis(piperazinoethyl) ethylenediamine. Currently,
one of the effective methods for removing heavy metals
from oil sludge is the use of fibrous sorbents based on
modified polyacrylonitrile or its copolymers. Sorption
of metal nanoparticles in such sorbents occurs due to ion
exchange reactions and complex formation of metal ions
with the functional groups of the sorbent.

Heavy metals are always present in natural rocks, in
addition to the main and secondary components.Their
smallest amount is found in carbonate, the largest - in
clayey rocks. Industrial waste is more enriched in heavy
metals. Exceeding the maximum permissible concentra-

tions (MPC) is observed in pyrite cinders, ash, phospho-
gypsum, mineral sludge, used foundry sands (UFS), etc.

According to the gross content of heavy metals in
some industrial wastes of enterprises in the Republic of
Bashkortostan, the MPC is exceeded: for lead from 1.3 to
45 times, for copper from 1.2 to 225 times, for zinc from
1.4 to 21 times, and for nickel by 5.7 times. The content
of toxic metals, such as lead and chromium, belonging to
hazard classes I and II, especially in an ionized state, is
dangerous both for human health and the environment.

Complexing agents are also used in various areas of
the chemical and petrochemical industries for the puri-
fication of various media from heavy metals. The reac-
tion of N,N/-bis(piperazinoethyl)ethylenediamine with
monochloroacetic acid yielded new alkyleneaminopoly-
carboxylic acids, which are of interest as highly effective
complexing agents.

At present, compounds containing one or more ni-
trogen atoms are widely used in alkylation reactions in
order to obtain industrially important corrosion inhibi-
tors, complexing agents and surface-active compounds.
The presence of metal leads to a greater destabilization
of the products of secondary oil refining [3, 4]. Sorbents
known in the prior art are characterized by low sorption
properties, as well as instability and fragility of sorbent
complexes with metal ions. Thus, it can lead to the de-
struction of the sorbent complexes and the desorption of
toxic ions into purified water [5—8]. In addition, sorbents
are characterized by low kinetic parameters, and most
sorbents have an increased degree of swelling in water,
which makes it difficult to use them in water treatment
systems [9].

METHODS AND MATERIALS

Piperazine and its derivatives are not among the large-
scale products of the organic synthesis industry, but many
drugs and biologically active compounds have been cre-
ated on their basis.

It should be obvious that the topic of discussion right
now is the synthesis of new piperazine derivatives, which
enables the production of innovative complexing agents
with metal nanoparticles.

The interaction of N—(f3 aminoethyl) piperazine
(AEP) with dichloroethane (DCE) at a temperature of
80—95°C in the presence of stabilizers (antioxidants) gave
N,N/-bis(piperazinoethyl) ethylenediamine (hexamine)
dihydrochloride, which was isolated as free base after
treatment with an aqueous solution (44—46%) of caustic
sodium or potassium with yields of 96.4—97.4% [10].

The reaction between AEP and DCE proceeds
smoothly at a moderate temperature in the molar ratio
of AEP: DCE: NaOH = 2: 1: 4 in an aqueous medium
with the formation of hexamine 1. Screened phenols are
used as stabilizers (antioxidants), which are taken in an
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cl
/ N NH g , NaOH
HNOON -2NaCl, -2H,0

amount of 0.05—1% by weight of AEP and EDC. As
a result, the yield of target products in the presence of
stabilizers increases, and the process proceeds without
technological difficulties.

It should be noted that the interaction of amines with
chlorohydrocarbons is accompanied by partial dehydro-
chlorination of the initial chlorohydrocarbon, in this case
by DCE under the action of the AED itself.

Obviously, there is dehydrochlorination of chlorohy-
drocarbon under the catalytic action of amines, which
leads to a decrease in the yield of target products.

-HCI
CICH,CH,Cl ——>  CH,=CHCI

/ \ /\/NHZ HCI / \ /\/NHz*HC1

NS

As a result of these side reactions, the raw materials
used to obtain the target product are partially consumed.
AEP hydrochloride A becomes inactive, but it also con-
tributes to the dehydrochlorination of DCE. It has been
established that screened phenols, including piperazino-
phenols, taken as stabilizers (antioxidants) in the prepa-
ration of compound 1, suppress the process of DCE de-
hydrochlorination by 5—12%. 2, 6-di-tert-butylphenol,
2, 6-di-tert-butyl-4-methylphenol (ionol) were used as
stabilizers in the reaction of the formation of hexamine.

We have obtained alkylene aminopolycarboxylic acids
based on hexamine, which can be used in the technology
of basic organic synthesis [11, 12].

Hexamine reacts with MCA (Chloroacetic acid) at
a temperature of 80—85°C in a molar ratio of 1:2 for
6 hours with the formation of its hydrochloride carboxy-
methyl derivatives of hexamine. Treatment of the reaction
mixture with an excess of alkali at 20—40°C for 4—6 hours
led to its carboxymethyl derivatives 2, 3:

(\ I\_/NH (1\ \_/NRZ
[NH CICH,COOH [NR

O

NR!
LN
2,3

R'=H, R?= CH,COOH (2); R'= R*= CH,COOH
(3).

NH

/

RESULTS

The effectiveness of compounds 2, 3 as complexing
agents for extracting metals from sludge was studied. As
an illustrative example, a 10 g sample of oil sludge was
taken for testing, which was treated with 100 ml of a 3%
solution of compounds 2, 3 for 30 min. The effectiveness
of compounds 2, 3 as a complexing agent was determined
from the residual content of the metal in the sample after
treatment with a complexing agent. Table 1 shows the
results of laboratory tests. The well-known complexone
Trilon B, which is the disodium salt of ethylenediamine-
tetraacetic acid, was used as a comparison.

Table 1 shows that compounds 2, 3 show a high effect
in the extraction of metals from activated carbon taken
as a sample.

Table 2 shows the characteristics of alkyleneaminop-
olycarboxylic acids. Compounds 1—3 are viscous, high-
boiling substances that decompose upon distillation in
a vacuum.

The IR spectra of compounds 4—9 are complex.
Their IR spectra contain absorption bands at 1590 and
1430 cm™!, typical for the ionized carboxyl group. There
are also absorption bands at 1570 and 1550 cm™', indicat-
ing the presence of a free NH group in compounds 1, 2,
4,6, 10, 12.

IR spectra of di- and tetracyanoethyl derivatives of
hexamine 2, 3 have absorption bands at 2230 cm~'char-
acteristic of the nitrile (CN) group.

The UV spectra of benzimidazole compounds 10—
15 contain absorption bands with maxima at 247, 277,
284 nm, which are characteristic of the benzimidazole
chromophore.

IR spectra were recorded on a UR-20 instrument in a
thin layer or suspension in Nujol. UV spectra were taken
on a Specord Uvvis instrument for alcohol solutions. 'H
and “C NMR spectra (JMOD mode) were recorded on
a Bruker AM 500 spectrometer (500.13 and 75.47 MHz,
respectively) in CDCI,, internal standard Me,Si. The de-
termination of primary, secondary, and tertiary amino
groups is carried out by potentiometric titration. First,
the mass fraction of total amine nitrogen is determined
by potentiometrically titrating a 0.1 M solution of HBr
in glacial acetic acid after protection of the amino group
with cis-3, 6-endomethylene-1, 2, 3, 6-tetrahydrophthalic
anhydride. The tertiary amino group is determined by
patentiometric titration with 0.1 M HBr after treatment
of the sample with a mixture of acetic acid and acetic
anhydride (1:4).
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Table 1
Extraction of metal salts contained in a sample of oil sludge after treatment with complexones
The content of metal salts after treatment
with the obtained complexones
The designation of metal salts % metal salt
in oil sludge content Compounds, g
Trilon B, ml
2 3
HgCl, 5.40 0.0004 0.0002 0.35
CuSO,x5H,0 3.62 0.0003 0.0001 0.6
ZnCl, 3.68 0.004 0.001 0.2
FeCl,x6 H,O 2.88 0.03 0.007 0.2
NiClL,x6 H,O 3.24 0.002 0.0006 0.4
6 MnCl, 4.28 0.003 0.0008 0.3
Table 2
Characteristics of the synthesized compounds
Found, % Molecular- Computed, %
Compound IR spectra (v, cm™) Yield, %
formular
N N
1 29.23 C,H, N, 29,57 1570(NH) 96.4
2 21.38 CH,NO, 21,00 1570 (NH) otc. (CN) 80.7
3 15.84 C,H, N, 16,28 orc. (NH) 81.3

N, N1 bis[ (piperazinoethyl) |ethylenediamine (1). A solu-
tion of 38.7 g (0.3 mol) of AEP in the form of a 65% aque-
ous solution, 0.48 g (1% weight of AEP and DCE) of ionol
(compound 2), and 9.9 g of DCE is dosed at 90°C. The
reaction mixture is heated at 90-95°C for 4 hours, then it
is cooled and neutralized with a 46% aqueous sodium hy-
droxide solution. The molar ratio of AEP : DCE : NaOH =
3:1:4. The upper (amine) layer is separated and distilled in
vacuum. As a result, there is 27.6 g (97.2%) of the product
and composition, wt. %: compound (1) 98.8; DABO 0.9;
EDA 0.05; DEET 0.1; unidentified compounds 0.15.

N,N1-[carboxymethyl (piperazinoethyl)ethylenedi-
amine (2). A mixture of 28.4 g (0.1 mol) of hexamine and
18.9 g (0.2 mol) of MCA at 85°C for 4-5 hours, the reac-
tion mass is treated with an excess of 36% aqueous sodium
hydroxide solution. Obtained compound C ;H, N O, (6)
yields 33.8 g (84.5%). Found, %: N 20.59. Computed,
%: N 21.00.

'H NMR spectrum (CDCIL,, 8, ppm, J/Hz): 2.16-2.40
(m, 2H, NH + 16H, piperazine), 2.45-2.52 (m, 4H,
C*'H,,CH,), 2.55-2.62 (m, 4H, C"H,, C**H,), 2.65-2.70
(m, 4H, C"H,, C"H,,), 4.24-4.40 (t, 4H, C'H,, C°*H,,
2J6.0,°/11.8), 2.77-2.85 (m, 4H, C*H,, C°H,), 8.33 (s,
2H, CBOO0H, C'*O0OH).

BC NMR spectrum (CDCI3; 8, ppm): 18.45 (C"?),
19.00 (C"),45.60 (C8, C¥, Clo, CI?)), 48.10 (C"), 48.23
(C?), 49.05 (C'), 49.08 (C'%), 52.26 (C*), 52.32 (C°),
53.00 (C?), 53.18 (C%), 45.75 (C7, C”, C°, C¥), 174.45
174.50 (C*O0H), 174.52 (C'*OOH).

N, N, N, N'-tetracarboxymethyl-N, N'-bis[ (pipera-
zinoethyl)]ethylenediamine(3). A mixture of 28.4 g
(0.1 mol) hexamine and 37.8 g (0.4 mol) MCA in a molar
ratio of hexamine: MCA = 1:4 at 80-85 °C for 6 hours
under the conditions for obtaining compound (4). As
a result, the obtained compound C,,H, N O yields 43.2
£ (83.8%). Found,%: N 15.84. Computed,%: 16.27.
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Table 3
Concentration of heavy metals in aqueous extracts
Additives, wt. % of the amount Concentration of heavy metals in water extracts, mg/1
of UFS in concrete Crs* Ph2+

Sample 1 0.01% <0.006 0.0235
Samplel 0.03% <0.006 0.0188
Sample 2 0.01% <0.006 0.0324
Sample 2 0.03% <0.006 0.0311
MAC, mg/I 0.05 0.03

Note: Sandy concrete composition 1:3, W/C = 0.45.

'H NMR spectrum (CDCIL,, 8, ppm, J/Hz): 2.16-2.36
(m,16H, piperazine), 2.77-2.85 (m, 4H, C*H,, C°'H,),
2.50-2.65 (m, 4H, C*H,, C°H,). 3.82-3.85 (d, 4H, C"H,,
C"H,, 2/ 15.4), 3.74-3.76 (d, 4H, C"H,, C*H,,*J 15.7),
4.24-4.40 (t,4H, C'H,, C*H,,%J 6.0,/ 11.8), 9.42 (s, 2H,
C"”00H, C*0O0H), 9.45 (s. 2H, C'*OOH, C*OOH).

BC NMR spectrum (CDCI3; 9, ppm): 16.42 (C"?),
16.44 (C'), 18.45 (C®), 19.00 (C?"), 45.60 (C8, C¥,
Clo,C ), 48.10 (C"), 48.23 (C?), 49.14 (C'), 49.20
(CP), 52.26 (C*), 52.32 (C®), 53.00 (C?), 53.18 (C),
55.76 (C"), 55.78 (CP), 56.36 (C¥), 56.40 (C"), 174.65
(C”00H), 174.70 (C*OO0H), 176.50 (C'*OOH), 176.65
(CO0OH).

DISCUSSION

A novel developed technology that binds heavy carci-
nogenic metals such as chromium Cr (VI), copper Cu (II),
lead Pb (II), iron Fe (II), and Fe (III) into a complex
nanostructure capable of creating a stable composition
in the mortar composition is N,N-bis(piperazinoethyl)
ethylenediamine-based compounds. As a result, the study
demonstrates that reacting N,N-bis(piperazinoethyl)eth-
ylenediamine with monochloroacetic acid can result in
new nanocomplexing agents called cyclic alkylenecami-
nopolycarboxylic acids.

In experiments, it was discovered that copper, zinc,
nickel, cobalt, and iron are reliably blocked in the com-
position of concrete, and lead and hexavalent chromium

are washed out with water; to bind the latter in a concrete
solution, the possibility of retaining the washed-out met-
als with the help of hexamine derivatives was studied.

The study took into account that the proposed nano-
additive should not impair the properties of concrete, en-
sure the concentration of lead and chromium in aqueous
extracts is below the MPC, while binding both lead and
hexavalent chromium, be compatible, and also economi-
cally affordable.

The concentration of Cr®* and Pb*" in water extracts
from sandy concrete on UFS after 10 days of exposure us-
ing nanostructured complex additives is given in Table 3.

Hexavalent chromium compounds are known not to
be present in water extracts from concrete on UFS when
sample 1 is added (0.01 weight percent of the UFS mass in
concrete). Using sample 2 and values of 0.01 and 0.03 led
to the determination of the maximum lead content.

Thus, the most effective method for reducing the con-
centration of free lead and chromium nanoparticles is
sample 1-N, N1-bis[carboxymethyl (piperazinoethyl)]
ethylenediamine.

CONCLUSION

The resulting nanostructured additions have binding
capabilities that promote high adherence of the heavy
metal to the organic substrate and mortar constituents,
enabling the provision of a strong composition with op-
erational properties that satisfy technical requirements.
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Pa3spaboTKa TexHonorum npmMeHeHus
HAaHOCTPYKTYPMNPOBaHHbIX KOMIMIEKCOB Ha OCHOBEe
TAXKesbIX METaJ/UI0B B CTPOUTEJNIbHbIX pacTBOpax

Bnagumup Muxainnosuy UnbuH (=), EBreHuin Bnagunmuposuy boes
Anbmupa KypbaHrannesHa AMnHoBa*

, Aiirynb AKpamoBHa UcnamyTtauHoBa (2,

YOUMCKINI rocyaapCTBEHHbIN HePTAHOW TeXHUYECKUI YyH1BepcuTeT, Yda, Poccna

* ABTOp, OTBETCTBEHHbIN 3a nepenucky: e-mail: k.elmira.k@yandex.ru

PE3IOME: BeegeHue. Taxxenble MeTasuibl (Mellb, LMHK, HVKeSb, CBMHELL, XPOM, KOBanbT, KagMuil) nonagatoT B CTPOUTENbHbIE
mMaTtepuasnbl C NPUPOAHbIM N TEXHOTE€HHbIM CbipbeM. XMMUYECKIA 1 MUHEPANIOrMYecKni COCTaB KPYNMHOTOHHAMHbIX OTXOA0B He-
bTEXMMMYECKOI OTpac/Iv NpeKpacHO NOAXOAMT AJA MPOU3BOACTBA CTPOUTENbHBIX MaTepranoB. [MprcyTCTBYE TSKENbIX METANIOB
B COCTaBE CTPOUTENbHbIX KOMMNO3MLMI 06ecneunBaeT BbICOKYIO NMPOYHOCTb Y MOPO30CTOMKOCTb. B HacTosLLee BpeMsa HAHOCTPYK-
TYPUPOBAHHbIE METaINICOfePKaLLMe KOMMEKCb MPUMEHSIOTCA B MPOU3BOACTBE CTPOUTENbHBIX PACTBOPOB, MO3TOMY HEOOXOAUMO
obecneunTb HaJEXXHOE CBA3bIBAHME TXKESIbIX METASINIOB B CTPYKTYPHO YCTONUMBbIE COEAMHEHUS, YTOObI HE MPOMCXOAMIA UX SMUC-
CUA 1 BTOPUYHOE 3arpsA3HeHre oKpy»atoLen cpefibl. Ocobblil MHTepecC nccyiefoBaTenell Bbi3blBaloT XXeroHo yBesimyrBamLmecs
06bemMbl WIaMMOHaKONUTESNEN, CofepKalle BbICOKME KOHLIEHTPALMK TsKeNbIX METAOB, Takmx Kak xpoM Cr (+6), meap Cu (+2),
cBuHel Pb (+2), xene3o Fe (+2) u Fe (+3). KBannouurpoBaHHoOe 13BneYeHne NePEeUNCTIEHHbIX METAJIIOB 1 CBA3bIBAHME VX B Kave-
CTBEe HAHOKOMIOHEHTOB B COCTaBe KOMMeKCoobpa3oBaTess 06ecneumnt cosfaHne HaHOCTPYKTYPHOM KOMMO3MLUN B peLenType
NPUroTOBNIEHVS CTPOUTENIBHOTO PACTBOPA Pa3NIMYHOro HazHaueHus. MeTogbl n maTtepuanbl. OCHOBHbIM CMOCOOOM BblAeNneHus
TAXKESbIX METAJUIOB ABNATCA COPOLMOHHbIE MeToabl. B paboTe npeanoxeH cnocob nosyyeHns ankmuneHaMMHOMONMKapOOHOBbBIX
KUCOT U 3yYeHa ero cnocobHoCTb 06pa3oBbiBaTb HAHOMETANTMUYECKUE KOMIIEKCHBIE COEAVHEHUSA /151 U3BJIEUEHUS TAXKEbIX Me-
Tanno.. PesynbraTtbl 1 06cyxaeHue. [poBefeHbl ccnefoBaHWsA SPHGEKTUBHOCTI NOSTyUYEHHBIX COEANHEHNI — KAPOOKCMMETUIBHBIX
NPOV3BOAHBIX reKCaMrHa B KaUeCTBE HAHOCTPYKTYPUPOBAHHbIX KOMMIeKcoobpa3pBaTeseil Ans CBA3bIBaHWSA HAHOUACTUL, MeTa-
10B B HedTeluname. NogobpaHbl ONTUManbHbIe YCIOBUSA CMHTE3a U JoKa3aHa CTPYKTYpa NoslyYeHHbIX KOMIMIeEKCoobpa3oBaTenen
MeToAaMun HbPaKPaCHOTO 1 ynbTPadroNeToBOro 13NyyeHns, a Takke METOAOM AflePHO-MarHUTHOTO pe3oHaHca. 3aKioueHme.
MonyuyeHHble HAHOCTYKTYPMpPOBaHHbIe A00aBKM 0611afaloT CBA3bIBAKOLIVIMU CBOMCTBAMU, 06€CNeUmBaoLLMIMI BbICOKOE CLEMIeHne
TAXKESIOro MeTasla C OpraHUYecK M CybCcTpaToM 11 KOMMOHEHTaMM CTPOUTENbHOTO PAacTBOPA, UTO NO3BOJISIET 06eCneUnTb MPOUHYIO
KOMMO3MLUIO, COXPAHSAIOLLYIO SKCMyaTaLUOHHbIE CBOVCTBA, YOBETBOPSIOLIME TEXHNYECKM TPeOOBaHUAM.

KJTIOYEBDIE CJIOBA: HaHOCTPYKTYPUPOBaHHbIE KOMMEKCbI, CTPOUTENbHbIE PACTBOPbI, HUTPW aKPUIIOBOW KNCNOTbl, MOHOXJ10-
pYKCYCHas KNCNOTa, MUNepasyiH, STUeHAnamMrH, 6eH3MULA30/, TAXKesble MeTassbl.
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BBEJIEHUE

OI[HOﬁ 13 OCHOBHBLIX 3aga4 COBpeMeHHOI))I MeTaj-
HOOpraHH‘ICCKOfI XUMUHU ABIACTCA pa3pa60TKa HOBBIX
HaHOKAaTaAJIMTUYECKUX CUCTEM N MaTE€PpHUaJIOB C 3apaHCe
3aJaHHBIMHM IIPAKTUYCCKU ITOJIEC3HBIMU CBOMCTBaMMU.
BapLI/IpOBaHI/IC IIPpUPOAbI INTaHJAa B KOMIIJICKCaX IEpe-
XOOHBIX METAJIJIOB ITYTEM MCITOJIb30BaHUA COCOIVMHEHUN

© UnbuH B.M., boes E.B., UcnamytanHosa A.A., AMmHoBa 3.K., 2022

pa3IMIHON IIPUPOIBI, B TOM YUCIIC XCIATUPYIOIINX,
IIPUBOIUT K 3HAUNTCILHOMY N3MEHEHHIO CBOMCTB Me-
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3JIEKTPOHHBIEC CBOMCTBA 00pa30BaHHBIX UMM KOMILICK-
coB. Takas HacTpoliika JaeT BO3MOXHOCTh YBEJIMIM-
BaTh TEPMOIMHAMMNYECKYIO CTAOMIBHOCTD METAJLIO-
KOMIUIEKCHBIX CICTEM, a B HEKOTOPBIX CIIyUasiX MOXHO
CTa0MIIN3NPOBATh HEYCTOMUMBEIC CTCIICHN OKMCICHUS
METaJUIMIECKOTO IIEHTPA IIPY 00pa30BaHNU XeJIaTHBIX
METaJIOUUKIOB [ 1—3]. XuMMsI TaKMX KOMIUIEKCOB TIe-
PEXOTHBIX METAJIOB TIEPEKUBACT B HACTOSIIIECE BpeMS
TePUOI MHTEHCUBHOTO Pa3BUTUS OJaromapst MX yHU-
KaJIbHBIM KaTaJUTUIEeCKUM cBoiicTBaM. KommyecTBo
MyOJIMKAIWA TT0 JAHHOM TeMe MOCTUTAeT HeCKOJIBKIX
THICSI 1 TIPOIOJIKACT OBICTPO YBEIMINBAThCSI. B CBSI3M
¢ 00HapyXeHNEM MOIITHOTO KaTaTUTHIECKOTO ITOTCH-
I1ajla KOMIUIEKCOB IIEPEXOMHBIX METAJIJIOB HA OCHOBE
JINTAaHIOB MUHIICPHOTO TUTIA B PA3TMIHBIX XUMHUUECKUX
TIPEBPAIICHUSX B TIOCICAHIE HECKOJIBKO JICT OTUCTINBO
HabIogaeTcsl TCHASHIUS K YBEIMUYCHUIO OOIIEero Ko-
JINYIEeCTBA CTaTe, CBI3aHHBIX C TaHHBIMHU JIMTaHIAMU
[5—7]. MeTtanioopraHu4eckue KOMILIEKChHI JaHHOTO
THIIAa 3apeKOMEHIOBAIN CeOsT KaK BHICOKO3((HEKTHB-
HBIC KaTaJIn3aTOPHI TAKUX IIPOIECCOB, KaK TUAPUPOBa-
HUE KeTOHOB [8], mermmpupoBaHue ajJKaHOB [8], omu-
TO- ¥ TTOJIMMEepU3aliisl HEHACHIIIICHHBIX YIIIEBOIOPOIOB
[9], ruapocununmpoBaHue u TuapodopupoBanue [10]
W PSIT IPYTHUX.

DKoyiornyeckasi 00CTaHOBKA BO BCEM MHPE, B TOM
gucie 1 B I. Ctepimramake (Pecrrydnuka bamkopro-
cTaH), TpeOyeT pa3paboTKu 3 (HEKTUBHBIX PEIICHUN
M0 YTHJIN3AIlM MHOTOJICTHUX 3aXOPOHCHU TBEPIBIX
¥ XKUIKUX OTXOI0B HE(DTEXUMUUECKUX TIPON3BOICTB,
KOTOpPEIC IO HACTOSIIEr0 BpeMeHHU He HAIIUIM KBaJIl-
(pumpoBaHHOTO CITOCc00a TTepepadOTKI 1 YTUIN3AIINH.

OCHOBHBIM MCTOYHUKOM HAKOIICHHUS OTXOHOB STB-
JISIeTCST KOHIICHTPAIIMST KPYITHBIX ITIPON3BOICTBEHHBIX
o0benuHeHNI, Takx Kak AO «Bbamkupckas comoBast
komnaHust», YK TAY «Hedtexum», B cocTaB KOTOPOIt
BXogaT OAO «CrepimTamMakcKnii HePTeXUMUIECKUIA
3aBom» 1 OAO «Cunres-Kayuyk», @KII «ABaHTapm»
¥ ApyTHE MaJIOTOHHAXKHBIC TIPOM3BOICTBA.

B uTore B BBIOpOCaxX IIPUCYTCTBYIOT 24 HAUMEHOBA-
Hus TBepabix BewecTB (6023,9 1/r), 51 razoobpa3HbIX
(5844 1/r). OCHOBHBIMU BELIECTBAMMU, 3aTrPSI3HAIOLLIUMU
OKPY:KaIOIIYIO CPEy, SIBJISTIOTCS STWICH, BUHUIXJIOPUI,
IUXJIOP3TaH, PTYTh, AMMUAK M TSDKEJIbIC MeTa/UThL. JJaH-
HBIC OTXOIBI B CBOEM COCTaBE MMCIOT KaHIICPOTCHHEIC
MeTaiel, Takue Kak xpoMm Cr (VI), mexs Cu (1), cBu-
Her Pb (I1), xene3o Fe (II) u Fe (111), mouck crioco6oB
CBS3BIBAHUS 1 TIPUMEHEHMS KOTOPBIX BBI3BIBACT MHTEPEC
HayJIHOTO coob1ecTBa. [1py NCITOIB30BaHNM TEXHOTCH-
HOTO CBIPBSI B IIPOM3BOACTBE CTPOUTEILHBIX MATCPHATIOB
B cootBeTcTBUM ¢ MY 2.1.674-97. «CaHUTApHO-TUTH -
eHMJeCcKas OlleHKa CTpoMMAaTepHraIoB ¢ J00aBICHIEM
npoMoTxono0B» [11] HeoOXxoauMO, UTOOKI comepKaHe
BOIOPACTBOPUMBIX (DOPM TSKEJTBIX METAJLIOB HE TIpe-
BBIIIAJIO TIPEACTHHO MOITYCTUMBIX KOHIICHTPAIIWN IS

BOJI IIOBEPXHOCTHBIX BogoeMoB (ITAK ) [12], Tak kak
BO3IEICTBIE arPECCUBHBIX Cpell, MCXaHMICCKHE TI0-
BpEeXIEHUS U Apyrue (GaKTOpbl MOTYT MPUBECTH K HApY-
IICHUIO TISJIOCTHOCTY M3IEIIHSI, €T0 KOHCTPYKIINH U CTIO-
CcOOCTBOBATb MUTPALIMU U3 CTPOUTEBHOIO MaTepurasia
OITACHBIX KOMIIOHEHTOB.

Takum oGpa3om, LieJabl0 TaHHOW pabOTHI SB-
JISIETCST CITOCO0 ITOTYYeHUSI HAHOCTPYKTYPHPOBAH-
HBIX KOMILJIeKcooOpa3oBaresieii Ha ocHoBe N,N/-
Ourc(TUIIe pa3snHOATII ) dSTHIeHInaMHA. B HacTosee
BpeMsI OTHUM U3 3POEKTUBHBIX METOIOB YIAJTCHUS
13 He(TEIIJIAMOB TSKEJIBIX METAJIJIOB SIBJISICTCS HC-
ITOJTb30BaHME BOJIOKHUCTHIX COPOSHTOB HA OCHOBE MO-
IUOUIIPOBAHHOTO MOJHAKPWIOHUTPUIIA YUIH €T0 CO-
rmoaMepoB. CopOLMs HAHOYACTHIT METAJIJIOB B TIOI00-
HBIX COPOCHTAX IIPOMCXOINT 3a CUCT PeaKIInii HOHHOTO
oOMeHa M KOMITJIEKCO0Opa30BaHUs NOHOB METAJJIOB
¢ OYHKIIMOHAJIEHBIMUY TPYIIIIaMH COPOCHTA.

B mopomax ecTecTBEHHOTO TIPOMCXOKICHMS BCETIa
IIPUCYTCTBYIOT, KPOME OCHOBHEIX M BTOPOCTEIICHHBIX
KOMITOHEHTOB, TsDKeIble MeTaJuThl. HaMeHbImee nx
KOJIMYIECTBO COIMEPKUTCS B KapOOHATHBIX, HAMOOIb-
1Iee — B IIIMHUCTHIX Topoaax. I[IpoMBIIIIICHHBIC OTXOIBI
Oosiee oboramieHbl TSLKeJIbIMUA MeTasiamu. [TpeBbliiie-
HUeE TIpenesIbHO TOMyCTUMBIX KoHIeHTpauni (IT1K)
HabJIomaeTcs B MAPUTHBIX OrapKax, 30i1e, ochorurce,
MWHEpaJTbHBIX IIJIaMax, OTPa00TaHHBIX (POPMOBOUHBIX
cmecsx (ODC) u ap.

ITo BamoBOMY COIEPKAHUIO TSKEJIBIX METAaJIJIOB
B HEKOTOPBIX TTPOMBIIIJICHHBIX OTXOIaX MPEATPUSITUMA
Pecnyonukn bamkoprocraH npeBbimenue I1JIK co-
CTaBJISICT: IO CBUHIY OT 1,3 mo 45 pa3s, mo menm ot 1,2
1o 225 pas, no UMHKY ot 1,4 1o 21 pa3a u 1Mo HUKEJIo
B 5,7 pa3za. Comep:kaHIEe TOKCUYHBIX METAJIJIOB, TAKNX
KakK CBUHeEll 1 XpoM, oTHocsmuxcsd K I u Il knaccam
OITACHOCTH, 0COOCHHO B MOHU3MPOBAHHOM COCTOSTHUH,
SIBJISIETCST OTTACHBIM KaK TSI 3MOPOBbS UEJIOBEKA, TaK
1 TSI OKPY>KAIOIIE CpeIbl.

Takke KOMIUIEKCOOpa30BaTeIM MCIIOJB3YIOT-
cs B Pa3IMIHBIX 00JIACTSIX XUMHUICCKON 1 HePTeXu-
MUYECKOM ITPOMBINICHHOCTH IIJISI OUMCTKHU Pas3Ind-
HBIX Cpell OT TsKEJBIX MeTautoB. Peakmneit N, N/-
ouc(mIepa3sMHOA TN ) STUJICHINAMITHA ¢ MOHOXJIOPYK-
CYCHOW KMCJIOTOU TTOJIyYeHBI HOBBIC aJIKIJICHAMIUHOIIO-
JIMKapOOHOBBIC KMCIOTHI, IIPEACTABIISIONINE MHTEPEC
B Ka4eCTBE BBICOKOA(D(EKTUBHBIX KOMILIEKCOOOpa30-
BaTeJIeu.

B Hacrosmee BpeMs cCOeTUHEHMs, COAepKaIIne
OIIVH YUTM HECKOJIBKO aTOMOB a30Ta, IIMPOKO UCIIOJb-
3YIOTCSI B pEaKIMAX AJIKIIMPOBAHUS C IICIBIO TTOIyde-
HUS TIPOMBIIIUICHHO BaKHBIX MHTHOUTOPOB KOPPO3UH,
KOMILTIEKCOOpa3oBaTeieii 1 TOBEpXHOCTHO-AKTUBHBIX
coenmHeHU. Hanmmame MeTania IpUBOINAT K OOJTBIIICH
eCTa0MIN3alNU IPOAYKTOB BTOPUIHOM TTepepadboTKI
HedTH [13, 14]. U3BecTHBIE B ypOBHE TEXHUKH COpOEH-
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THI XapaKTepU3YIOTCS HEBBICOKUMH COPOIIMOHHBIMU
CBOMCTBaAMM, a TaKXKe¢ HEYCTOMUYMBOCTBIO M HEIIPOIHO-
CTHI0 KOMITJICKCOB COpOCHTA C MIOHAMU METAJUIOB, UTO
MOXET IMIPUBOINTH K Pa3pyHICHUIO 3TUX KOMIIJICKCOB
¥ ACCOPOIIMY TOKCUYHBIX MOHOB B OUUIIICHHYIO BOIY
[15—18]. Kpome Toro, copbeHTBI XapaKTepU3yIoTCd HU3-
KAMU KMHETUIECKIMM MToKa3aTenssmMu. [Tommmo sToro,
OOJILLIMHCTBO COPOEHTOB 00J1aAaET MOBBIILIEHHOM CTe-
MEeHbI0 HAOyXaHUs B BOJE, UTO 3aTPYIHSIET UX MPUME-
HeHHe B cUcTeMaxX BOTOOUYMCTKHY [19].

METO/bI 1 MATEPUAJIBI

[utiepa3muH M ero MPOM3BOAHBEIC HE OTHOCSITCS
K YHCITy KPYITHOTOHHAXHBIX ITPOAYKTOB ITPOMBIIILICH-
HOCTH OPTaHWYECKOTO CMHTE3a, OOHAKO Ha MX OCHOBE
CO3IaHO HEeMaJIo JIEKapCTBEeHHBIX MPeIapaToB U OMO-
JIOTMIECKHN aKTUBHBIX COCTMHECHUIA.

CoBepIlleHHO OYEBUIHO, UTO ceifyac pedyb MOJDKHA
WITH O CUHTE3¢ HOBBIX IIPON3BOIHBIX ITUTICpAa3HA, UTO
TIO3BOJISIECT TIOJIyJYaTh HOBBIC KOMILIEKCOOOpa30BaTelH,
comep:Kallre HaHOYaCTUIIBI METaJIIOB.

[Tpu B3aumoneiicTBum N—(3-aMIHOSTIIT) ITUTICPA3H-
Ha (ADI]) ¢ muxmopatanoM (JIXD) mpu Temmeparype 80-
95°C B IIPUCYTCTBUM CTAOMIN3aTOPOB (AHTHOKCUIAHTOB)
nojyyeH auxyuopruapat N,N/-ouc(rnunepasnHOITIII)
STUJICHANAMHWHA (TeKCaMHMH), KOTOPHII OBIT BRIICICH
B BUJE CBOOOJHOTO OCHOBaHUS TOCIe 00pabOTKU BO-
JTHBIM pacTBOpOM (44—46%) enKOro HATPUS MU KaJTust
¢ Beixogamu 96,4—97,4% [20].

cl
/ N NH2 g , NaOH
HNON -2NaCl, -2H,0

Peaxtumsa mexny ADIT 1 JIXD mpoXoauT IIagko mpu
YMEpEHHOI TeMIepaType B MOJFHOM COOTHOIIICHUH
ADIT : IXD : NaOH = 2:1:4 B BogHOI4 cpefie ¢ 00pa3o-
BaHMEM TeKcaMmHa 1.

B xauecTBe cTabmaM3aTopoB (AHTUOKCUIAHTOB) HC-
TIOJIB3YIOT SKpaHMPOBAaHHBIC (DeHOJIBI, KOTOPBIC OEpyT
B komuecTse 0,05—1 % ot Beca ADIT u IXD. B pesyiib-
TaTe YeTO BBHIXOJ 1IeJIEBBIX MPOIYKTOB B IIPUCYTCTBUN
CTaOMJIM3aTOPOB TTOBHIIIACTCSI, ¥ IIPOIIECC TIPOXOINT Oe3
TEXHOJIOTMICCKUX 3aTPYITHCHUIA.

CienyeT OTMETUTH, YTO B3aMMOJCHCTBIEC aMIUHOB
C XJIOPYIJIEBOAOPOIAMH COIPOBOXKIACTCS YaCTUIHBIM
IEeTUAPOXIOPUPOBAHNEM MCXOTHOTO XJIOPYTJIEBOIO-
poma, B JTaHHOM ciydae, XD mom meiicTBeM caMoro
ADII.

OueBUIHO, UMEET MECTO JACTUAPOXIOPUPOBAHNE
XJIOPYTJIEBOAOPOIA IO KaTaTUTUICCKUM IeHCTBUEM
aMHMHOB, KOTOpPOE TIPUBOINT K CHIDKCHUIO BBIXO/A 1Ie-
JIEBBIX TIPOIYKTOB.

-HCl
CICH,CH,Cl ——> CH,=CHCI
/ \ NH / \ NH,*HC1
H]\_/N N 2 HCI H]\_/N N 2

B pesynbraTte mpoTeKaHMS 3TUX IMTOOOYHBIX PeaK-
LU YaCTUYHO PACXOMYETCS ChIphe, IPUMEHSICMOC IS
MOTy4eHUs 1eJIeBOTo TpoayKTa. A xmoprugpar ADII
CTAaHOBUTCST HCAKTUBHBIM, OTHAKO CIIOCOOCTBYET TaK-
Xe meruapoxiopupoBanuio JIXD. YcraHoBiIeHO, 4TO
SKpaHUPOBAHHBIC (DEHOJIBI, B TOM YHCIIC TTUIIEPa3UHO-
(eHOIBI, B3ITHIC B KAYECTBE CTAOMIN3aTOPOB (AHTHOK-
CHIAHTOB), TP TTOJIYICHUN COCTUHCHUS 1 TTOOABIISIOT
npotiece aeruapoxiopupoBanust XD na 5—12%. B ka-
YeCTBE CTAOMIM3aTOPOB B peaKIIMU 00pa30BaHUS TeK-
caMHrHa OBIIN UCTIOJIB30BaHbI 2, 6-TUTPeTOYTHI(EHOIT,
2, 6-nuTpeT-0yTII-4-MeTrI(heHOI (MOHOT).

Hamwu mmo1y9eHBl aaKiIeHaAMITHOITOINKApOOHOBEIC
KHCJIOTBI Ha OCHOBE TeKCaMWHa, KOTOPBIC MOTYT HAWTH
IIPUMEHEHNE B TEXHOJIOTUY OCHOBHOTO OPTaHUICCKOTO
cuHre3a |21, 22].

I'ekcamun pearupyetr ¢ MXVYK npu temneparype
80—85°C B MOJTBHOM COOTHOIIIEHUU, paBHOM 1:2 B Te-
yeHUe 6 4 ¢ 00pa30oBaHUEM €0 XJIOPTUAPATOB KapOOK-
CUMETHUJIBHBIX IPOM3BOMHEIX TeKcaMrHa. O0paboTKa
PEaKLIMOHHOM cMecH ¢ M30BITKOM 1eioun rmpu 20—40°C

HN/ \N A NH \/\NH ~_ N NH

/
1

B TeueHue 4—6 4 rpuBeja K ero KapOoKCHUMETHIbHBIM
MMPOU3BOIHBIM 2, 3:

/
fo N

1‘@ /N

2,3

e

[ CICH,COOH [
NH  —

(N nH

1

R'=H, R?= CH,COOH (2); R'= R?= CH,COOH
3)

PE3VJILTATBI

ITpoBeneHs! vicciienoBaHus 3(PHEKTUBHOCTU COSTM-

HEHWI1 2, 3 B KayecTBe KOMILIEKCOOOpa3oBaTeseil s
W3BJIEYEHUST METAJIJIOB U3 IIIaMOB. B KadyecTBe mpu-
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Mepa I ucIbITanuii B3sta 10 T obpasna Hedremnia-
Ma, KOoTopblit oopadarsiBaau 100 mir 3%-Horo pactBopa
coenquHeHnit 2, 3 B reuenne 30 MuH. DPHEeKTUBHOCTD
COCMMHEHMI 2, 3 B KaueCcTBEe KOMIUIEKCOOOPa30BaTeIs
OIIPENIEIISIIIA TI0 OCTATOYHOMY COACPKAaHUIO MeTalla
B o0Opas3ie nocje 00padboTKu KoMILIEKCOHOM. B Ta6:. 1
TIPUBEIACHBI Pe3yIbTaTHl TA0OPATOPHBIX MCITHITAHUIA.
B xadecTBe cpaBHEHMS B3ST U3BECTHBIM KOMIUIEKCOH
Tpuon b — nByHaTpureBast Collb STUJICHINAMUHTETPA-
YKCYCHOM KHUCIIOTHI.

M3 1abmn. 1 BUIHO, YTO COeTMHEHMS 2, 3 TIPOSIBIISIOT
BBICOKMIT 3(PDeKT ITpr U3BICICHUN METAIIJIOB M3 aKTH-
BHUPOBAHHOTO YTJIS, B3SITOTO B KA4eCTBE 00pas3Iia.

B Ta61. 2 mpuBemeHBI XapaKTePUCTUKY aTKIJICHAMM -
HOTOIMKapOoHOBEIX KKciIoT. CoenquHeHMST 1—3 mpen-
CTaBJISTIOT COOOI BSI3KME BHICOKOKUIISIINE BEIIeCTBa,
KOTOpBIC TIPU TIEPETOHKE B BAKYYME pa3IararoTcs.

UK cnektpbl coenmuenmnii 4—9 cnoxuel. B ux UK
CIIeKTpaxX MMEIOTCS ITOJIOCHI TToTJiomeHusd npu 1590
n 1430 cm~!, xapakTepHBIE UTST HOHU3MPOBAHHON Kap-
OOKCWIBHOMU TPYIIIBEI. IMEIOTCS TTOJIOCH TTOTJIOMICHUS
Takxke mipu 1570 n 1550 cm~!, ykassIBarolye Ha Ipu-
cyTcTBHE cBOOOmHOM rpyrmbl NH y coenunenmii 1, 2,
4,6,10, 12.

UK crniexTpsl [u- U TETpAaUUAHAITUIBHBIX TPOU3-
BOOHBIX TeKCaMHWHa 2, 3 MMEIOT MOJOCHI TTOTJIOIIe-

Hus npu 2230 cM~!, xapakTepHbI€ IJIsI HUTPUIBHOMK
(CN)-rpyisl.

Y® criexTpsl coenmHeHni 6eH3nMuaa3onon 10—15
comepKat ITOJI0CH TTOIJIOIIECHUSI ¢ MAKCUMyMaMHM TIPU
247,277, 284 HM, XapakTepHbIe 1T XpoModopa OeH-
3UMMIA301a.

UK criextprl 3amcanbl Ha mpubope UR-20 B ToH-
KOM CJIO€ WM CYCTICH3WH B Hyliose. Y® CeKTphI CHATHI
Ha ripu6dope Specord Uvvis 1u1sT CHUPTOBBIX paCTBOPOB.
Crexktpsl IMP 'H u BC (pexum JMOD) peructpu-
poBaiu Ha criektpomerpe «Bruker AM-500» (500.13
u 75.47 MI'u, coorBerctenHo) B CDCl,, BHyTpeHHUIA
cranmapt — Me,Si. OnpeneneHue NepBUYHBIX, BTOPHY-
HBIX ¥ TPETUYHBIX aMUHOTPYIII TIPOBOISIT ITOTCHIIN-
OMETPUYCCKUM TUTpoBaHMeM. CHadaia ONpeae/IsTIoT
MacCOBYIO TOJTIO OOIIIETO aMMHHOTO a30Ta TUTPOBAaHU-
eM noteHmomeTpuyecku 0,1 M pactBopa HBr B tens-
HO¥ YKCYCHOM KMCJIOTE TTOCTIC 3aIIUTHl aMUHOTPYITITBI
mc-3, 6-sHgomeTwiieH-1, 2, 3, 6-retparuapodraaeBEIM
aHTUAPUAOM. TpeTHIHYI0 aMUHOTPYIIITY OIIPEHCISTIOT
TUTpoBaHMEM TateHImoMerprdyecku ¢ 0,1 M HBr mociie
00paboTKU MPOOBI CMECHIO YKCYCHOM KUCIOTHI U YKCYC-
Horo aHTHapuaa (1:4).

N, N!-ouc(munepa3unoaTi)|3tuaenauamun (1). Pac-
tBop 38,7 1 (0,3 Monb) ADII B Bume 65%-HOTO BOTHOTO
pactBopa, 0,48 r (1% orBeca ADII u IXD) nonoina (co-

Tabauya 1
N3BieyeHne coseii METAJLIOB, COMEPKANIMXCS B 00pa3ie HedTeniaMma nocjie 06padoTKi KOMILIEKCOHAMHI
Cozep:kanue coJieil METaJLIOB IOCJe 00padoTKH
HaumenoBaHue cosei Conepxkanue coJei TOAYHEHHBIMM KOMILTEKCOHAMH
METAJLIIOB B HehTenuiame METaJLIoB, % Coenunenns, r
Tpunon B, M
2 3
HgCl, 5,40 0,0004 0,0002 0,35
CuSO,x5H,0 3,62 0,0003 0,0001 0,6
ZnCl, 3,68 0,004 0,001 0,2
FeCl,x6 H,0 2,88 0,03 0,007 0,2
NiClL,x6 H,0O 3,24 0,002 0,0006 0,4
6 MnCl, 4,28 0,003 0,0008 0,3
Tabauya 2
XapakTepuCTHKH CHHTE3MPOBAHHBIX COEIMHEHHiA
Haiineno, % - Boruncieno, %
Coenunenne IR0 UK cnektpsr (v, cmY) Boixon, %
N tbopmyna N
1 29,23 C,H,N, 29,57 1570(NH) 96,4
2 21,38 CH,NO, 21,00 1570 (NH) otc. (CN) 80,7
3 15,84 C,H,N.O, 16,28 orc. (NH) 81,3
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enuHeHwue 2), no3upyoT 9,9 r XD npu 90°C. Peak-
OUOHHYIO cMech HarpeBatoT Ipu 90—95°C B TeueHMe
4 4. CMech OXJIAXIAIOT U HEUTPaIU3yIoT 46%-HbIM
BOIHBIM PACTBOPOM €IKOTo HaTpa. MOJIbHOE COOTHO-
merue ADIT : IXD : NaOH = 3:1:4. Bepxuuit (aMuH-
HBII CJIO) CJIOM OTAEISIIOT M MEPEroHSIIOT B BaKyyMe.
[Moayuator 27,6 r (97,2%) nponykra, coctaBa, % macc:
coemmuenme (1) 98.8; IABO 0,9; BA 0,05; IDTA0,1;
HeuIeHTU(ULMPOBAHHBIX coearHeHuii 0,15.

N, N'-ouc[kapookcumeT (MunepasuHOITHI)ITHICH-
muamvun (2). Cmech 28,4 1 (0,1 Mmonp) rekcamuHa, 18.9 1
(0,2 moxp) MXVYK mpu 85°C B TeueHMe 4—5 4, peak-
LIMOHHYIO Maccy 00padaTsIBaloT N30BITKOM 36%-HOTO
BOIHOTO pacTBopa eakoro Hatpa. [TomygaroT 33,8 T (BBI-
xon 84,5 %) coenunenus C H, N O, (6). Haiineno, %:
N 20,59. Beruucneno, %: N 21,00.

Crnextp AMP 'H (CDCL, 6, m.x., J/Tn): 2.16-2.40
(M., 2H, NH + 16H, nunepasun), 2.45-2.52 (M., 4H,
C*H,,C*H,), 2.55-2.62 (m. 4H, C""H,, C*H,), 2.65-2.70
(m.4H, C*H,, C"H,,), 4.24-4.40 (1., 4H, C'H,, C*H,, *J
6.0,°/11.8),2.77-2.85 (m., 4H, C*H,, C°H,), 8.33 (c. 2H,
CBOOH, C'*OOH).

Cnextp SIMP C (CDCI3; 6, m.1.): 18.45 (C'?), 19.00
(C1),45.60 (C8, C¥, C'9, CI7)), 48.10 (C"), 48.23 (C?),
49.05 (C'"), 49.08 (C'), 52.26 (C*%), 52.32 (C?%), 53.00
(CY), 53.18 (C%), 45.75 (C7, C7, C°, C?), 174.45 174.50
(COOH), 174.52 (C'*OOH).

N, N, N!, N'-rerpakapookcumerwsi-N, N'-ouc(mumnep
asuHoaTIN)-3TIIeHmamuH (3). Cmecsh 28,4 1 (0,1 Momb)
rekcammHa, 37,8 T (0,4 monp) MXYK B MOIBHOM COOT-
HomeHuy rekcamMuH : MXYK = 1:4 B ycITOBHSIX TTOJTyYe-
Hus coenrHeHus (4) mpu 80—85 °C B teuenue 6 4. [1omy-
varor 43,2 r (Bexon 83,8%) coenunenusa C,,H, N O, (7).
Haiineno, %: N 15,84. Beruucieno, %: N 16.27.

Crnextp AMP 'H (CDCL,, 6, m.x., J/Tn): 2.16-2.36
(m.,16H, munepasun), 2.77-2.85 (m., 4H, C*H,, C°H,),
2.50-2.65 (m., 4H, C*H,, C°H,). 3.82-3.85 (x., 4H,
C"H,, C"H,, %J 15.4), 3.74-3.76 (1., 4H, C'"H,, C"H,,
2J 15.7), 4.24-4.40 (r., 4H, C'H,, C°'H,, J 6.0, *J 11.8),
9.42 (c. 2H, C"?0O0H, C"*O0H), 9.45 (c. 2H, C'*OOH,
CBOOH).

Cruextp SIMP C (CDCI3; 0, m.1.): 16.42 (C'?), 16.44
(C'%), 18.45 (C™®), 19.00 (C*), 45.60 (C8, C¥, C'o, CIV)),
48.10 (C'), 48.23 (C?), 49.14 (C"), 49.20 (C"), 52.26
(C%, 52.32(C?), 53.00 (C?), 53.18 (C%), 55.76 (C"), 55.78
(CB), 56.36 (C"), 56.40 (C'"), 174.65 (C?O0H), 174.70
(C*OOH), 176.50 (C'*O0OH), 176.65 (C'*OOH).

OBCYXJIEHUNE

Pa3paborana yHUKa/IbHASI TEXHOJIOTUS TTOIYICHUS
HOBBIX coeAuHeHu Ha ocHoBe N,N/-Ouc(numepa-
3UHOITHUI)3THUJICHINAMIUHA, CIIOCOOHBIX CBSI3BIBATH
TSDKEJIbIe KaHIleporeHHbIe MeTaiutel: XpoMm Cr (VI),
menb Cu (I1), ceurent Pb (II), xeme3o Fe (II) u Fe (11I)
B KOMILJICKCHYIO HAHOCTPYKTYPY, CIIOCOOHYIO CO3/a-
BaTh YCTOMYMBYIO KOMITO3UIIMIO B COCTABE CTPOUTEIIb-
Horo pactBopa. TakuM oOpa3oM, B paboTe M3ydyeHa
BO3MOXHOCTb ITOJIYYCHUST HOBBIX HAHOKOMILIEKCO-
obpasoBaresieil, TpeaCTaBISIOINX COO0M IUKINYECKUE
AJIKMJICHAMUHOITOJINKApOOHOBEIC KMUCIIOTHI peaKmueit
N, N/-6uc(nunepa3suHOITIII)ITUICHANAMUHA C MOHO-
XJIOPYKCYCHOM KHCJIOTOM.

DKCIepUMEHTAJIBHO BBISIBIICHO, UTO MEIb, IIMHK,
HUKEIb, KOOAJIBT, KeJIe30 HAIEeKHO OJIOKMPYIOTCS B CO-
cTaBe OeTOHA, a BOIOU BRIMBIBAIOTCSI CBUHEII U IIICCTHBA-
JICHTHBIN XPOM, IIJIST CBSI3BIBAHMSI TTOCTICIHUX B PACTBO-
pe 6eToHa MCCIeI0BaIach BO3MOXHOCTD VISP KUBAHUS
BBIMBIBAEMBIX METAJIJIOB C TIOMOIIBIO TTPOM3BOIHBIX
reKcaMuHa.

ITpu nccrnemoBaHUM YIUTHIBAJIOCH, YTO MIpeajiarae-
Masi HaM1 HaHOH00aBKa He JOJKHA YXYIIIATh CBOMCTBA
0CcTOHOB 00eCIIeUMBaTh KOHIIEHTPAIIMIO CBUHIIA 1 XPO-
Ma B BOIHBIX BBITsSKKaxX Hioke ITIK , mpu cBa3biBaHMN
OIHOBPEMEHHO CBMHIIA M IIICCTUBAJICHTHOTO XpoMa OBITh
COBMECTHUMOM, a TaKKe 9KOHOMUYECKHU JOCTYITHOM.

Konuenrpanus Cr®" u Pb’* B BOZTHBIX BBITSIKKaX
n3 necyanoro 6etoHa Ha OPC yvepe3 10 cyT sKcmo3u-
IIUM TIPA MCIIOJIb30BAaHNH HAHOCTPYKTYPUPOBAHHBIX
KOMILIEKCHBIX J00aBOK IpUBEICHA B Ta0. 3.

YcraHOBIIEHO, UTO ITpH BBeieHUM B 6eTOHBI Ha ODC
o6pasua 1 (0,01 mac. % ot maccbt ODC B 6eTOHE) B BO-

Tabauya 3
KoHnueHTpamms TsKebIX METAIOB B BOIHBIX BbITSKKAX
HOﬁaBK[/l, Mac. % oT KoJIu4ecTBa KOHI.[eHTpa].Il/lﬂ TAXKEJIbIX METAI/IOB B BOJHBIX BbITSZKKaX, MF/ JI
ODC B OeToHE Cré* Ph2t
O6pasen; 1 0,01% < 0,006 0,0235
Oo6paszern 1 0,03% < 0,006 0,0188
Oo6pasen 2 0,01% <0,006 0,0324
Oo6pa3zen 2 0,03% < 0,006 0,0311
ITOKB, Mr/a 0,05 0,03
Ilpumeuanue. Ilecuanrpiiti 6eToH cocrana 1:3, B/Ll = 0,45.
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IHBIX BBITSKKAX HE OBLIM OOHAPY:KEHBI COCTUHCHUS
IIECTUBAJICHTHOTO XpoMa. MaKCcHMallbHOE COMep:KaHMe
CBUHIIA OMIPEACICHO IIPU MCIOIb30BaHNU 0Opa3iia 2
¢ xonneHTpaumeii 0,01 n 0,03.

Taknm o6pa3oM, Hanboiree 3(PPEKTUBHBIM CITOCO-
OOM CHIXKECHMS KOHIICHTpAILIMU CBOOOMTHBIX HaHOYA-
CTHIL CBMHIIA 1 XpoMa o0agaer odpaser; 1 — N, N'-
6urc[kapOoKcUMeTIT (ITUTIePa3uHOATHII ) 3TUIICHINA -
MUH.
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3AK/IIOYEHUE
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ABSTRACT: Introduction. Creation of highly efficient photocatalysts for construction composites, which are characterized by
increased activity and an extended spectral range of action, is a very important area of research. It is known that “core (substrate) —
shell (photocatalyst)” compositions, where mineral raw materials of various genesis can act as carriers, are one of the most effective
types of photocatalytic additives for cement systems. It is worth noting that for integrated assessment of the substrate efficiency,
we need to obtain information on the composition and properties of raw materials used among which its chemical activity and
structure-forming role in cement systems are of paramount importance. The purposes of this study are (1) to establish the influ-
ence pattern of four types of mineral additives (silica fume, metakaolin, expanding sulfoaluminate modifier and microcalcite) on
the structure formation processes of plasticized cement systems and (2) to identify the most effective modifiers for further use as
mineral substrates in the photocatalytic compositions. Methods and materials. Specific surface area and granulometric composi-
tion of mineral modifiers were determined by the Kozeny-Karman and laser diffraction methods. The phase composition of mineral
additives and modified cement systems were studied using X-ray diffraction phase analysis. Results and discussion. Features of
mineralogical and granulometric compositions of mineral additives were revealed. It was determined that the use of individual
and complex mineral additives based on silica fume, metakaolin and ESAM made it possible to directionally influence on content
of the main phases of cement stone such as ettringite, portlandite, calcium hydrosilicates of different basicity. Conclusions. The
increased chemical activity of these modifiers in cement systems, due to presence of reactive minerals in the structure, along with
features of the granulometric composition (high dispersity and narrow particle size distribution), indicated the potential prospects
for their use as mineral substrate in “core — shell” photocatalytic compositions.

KEYWORDS: cement system, photocatalytic composite nanomodifier, substrate, mineral raw materials, phase composition, activity,
granulometry, structure parameter, efficiency.
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INTRODUCTION

he development and application of photocatalytically

active construction materials is one of the promising
directions for improving environmental safety and ensur-
ing sustainable development of settlements and territories
that contribute to reducing concentrations of pollutants
in the atmospheric air (volatile organic substances, am-
monia, nitrogen and sulfur oxides, etc.) due to their de-
composition to low-toxic or non-toxic products (oxygen,
carbon dioxide, water, sulfates, nitrates and nitrites) as
a result of redox reactions occurring in the structure of the

© Balykov A.S., Nizina T.A., Kyashkin V.M., Volodin S.V., 2022

material when irradiated with light [1—8]. Achieving the
self-cleaning mechanism of the outer layers of composites
with photocatalysts through more efficient flushing of
pollutants with water due to surface hydrophilization is
another positive aspect of the use of such materials, which
makes it possible to maintain the original purity and color
of building products and structures for a long time under
the influence of adverse environmental factors [6, 9—11].

Anatase form of titanium dioxide is currently the most
widely studied and successfully used photocatalyst [4,
5,7, 8, 9—15] due to its chemical stability, non-toxicity,
and the special band structure, which determines its high
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photocatalytic activity. However, photocatalysis using
titanium dioxide also has a number of disadvantages.

As a rule, the efficiency of the photocatalytic action
of TiO, increases by varying the sizes of titanium dioxide
crystallites, in particular, by decreasing them down to
a few nanometers [16]. At the same time, the production
of TiO, powder with such particle sizes involves the use
of special techniques and technologies for the preparation
of nanoscale samples, which leads to an increase in the
cost of the photocatalyst.

The narrow spectral range of action, characterized by
insensitivity to the main visible region of the solar spec-
trum, is another significant disadvantage of titanium diox-
ide. In particular, the band gap of rutile and anatase is 3.0
and 3.2 eV, respectively, which is higher than that of other
known semiconductors (for example, GaAs, CdSe, Fe,0,,
CDs, GaP, WO,, SiC with band gap of 1.4-3.0 eV [11]).

Thus, increasing the photocatalytic activity of titanium
dioxide is an urgent task of modern photocatalysis. The
preparation of photocatalytically active compositions by
deposition of TiO, nanoparticles on particulate carriers

“core — shell” systems) is a promising direction. The
photocatalytic activity of such systems grows due to an
increase in the TiO, active surface and its more uniform
distribution in the material volume [11].

When developing photocatalytic composite modifiers,
special attention is paid to the selection and evaluation
of the raw materials efficiency, in particular, particulate
carriers (substrates) of photocatalytic agents. At the same
time, the following basic requirements for mineral raw
materials as a photocatalyst substrate for cement systems
are indicated in [17—21], such as increased values of the
material amorphization degree and SiO, content (at least
70 and 50%, respectively), homogeneous granulometric
composition with a tendency to monodisperse particle
size distribution, highly developed chemically active sur-
face (the presence of micro- and nanopores, the predomi-
nant content of Bronsted acid centers), etc.

It is worth noting that natural and technogenic pozzo-
lanic materials of silica and aluminosilicate compositions,
in particular, diatomite, silica fume, metakaolin, morde-
nite, zeolite, etc. [11, 17], are among the most effective
substrates in the synthesis of “core — shell” photocata-
Iytic nanomodifiers for cement systems. The prospect of
using this kind of raw material as a carrier lies in its wide
applicability in building composites, as well as increased
values of porosity and amorphous phase content, which
contribute to the formation of an active acid-base surface,
which has a high chemical affinity with cement hydration
products and provides improved adhesion of the photo-
catalytic material to cement matrix [18, 22—27].

It is known that the action mechanism of the above
mineral modifiers is associated with their high pozzolanic
activity, which consists in the ability of amorphous silica
and aluminosilicate to react with calcium hydroxide of the

hardening cement system to form high-strength calcium
hydrosilicates and calcium hydroaluminosilicates of low
basicity. The formation of these compounds is accompa-
nied by acceleration of hydration processes, increase in the
amount of chemically bound water, decrease in the content
of low-strength portlandite crystals, and increase in the

specific surface area and strength of cement stone [28—32].
There are other promising types of particulate carriers

of photocatalytic agents for cement systems:

+ expanding additives of the sulfoaluminate type [33,
34], which make it possible to control the deforma-
tions of cement systems by stimulating the formation
of crystalline hydrates with increased volume (ettrin-
gite, etc.);

+ carbonate rocks (limestone, chalk, marble, dolomite),
characterized by high content of calcite [35, 36, 37],
which can act as the crystallization center for new
phases of various compositions (calcium hydrosili-
cates, AF _hydrate phases, etc.), which makes it pos-
sible regulate the kinetics of structure formation of
cement composites.

Thus, domestic and foreign experience in the develop-
ment and application of photocatalytic composite modi-
fiers for cement systems shows that the main parameters
of the synthesized material largely depend on the choice
of the photocatalyst carrier. At the same time, for inte-
grated assessment of the substrate efficiency, you need
to have information on the composition and properties
of raw materials used among which its chemical activ-
ity and structure-forming role in cement systems are of
paramount importance.

The purpose of this study was to establish the influence
regularities of four types of mineral additives (silica, alu-
minosilicate, sulfoaluminate and carbonate) on the struc-
ture formation processes of plasticized cement systems
and to identify the most effective modifiers for later use
as mineral substrate in the photocatalytic compositions of
“core (particulate carrier) — shell (photocatalyst)” types.

The following tasks were solved during the research:

1) the phase (mineralogical) and granulometric com-
position of mineral additives was studied;

2) the effects of type and content of mineral additives
on the hydration degree of plasticized Portland cement
and phase composition of cement stone at the age of
28 days were researched;

3) the effective modifiers and their complexes, allow-
ing you to directionally manage the structure parameters
of cement composites, were installed.

METHODS AND MATERIALS
Materials

The following main components were used to prepare
the cement systems:
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* Portland cement CEM I 42.5R (PC) produced by

Mordovcement PJSC;

»  Melflux 1641 F polycarboxylate superplasticizer (PS)
produced by BASF Construction Solutions;
+ four types of mineral additives (MA):

1) condensed uncompacted silica fume SF-85 (CUSF)
produced by Kuznetskie Ferrosplavy JSC is silica MA;

2) MKZhL-2 highly active metakaolin (HAMK) pro-
duced by Plast-Rifey LLC is aluminosilicate MA;

3) expanding sulfoaluminate modifier (ESAM) pro-
duced by Parade-Rus LLC is sulfoaluminate MA;

4) KM 100 microcalcite (MCCT) produced by Polyp-
ark LLC is carbonate MA.

The efficiency of the above modifiers was evaluated in
cement systems with water-binder ratio W/(PC+MA) =
0.24 and the total dosage of mineral additives of 20% by
weight of the binder. Composition without mineral addi-
tives with plasticizer content of 1% by weight of Portland
cement was adopted as control composition.

Two groups of factors varied according to the experi-
mental study plan:

» dosage of superplasticizer and carbonate filler (Table

1): x, (PS); x, (MCCT);

* type and content of active mineral additives (AMA)

(Table 2): v, (CUSF); v, (HAMK); v, (ESAM).

Table 1
Numerical values of variation levels for the first group
of studied factors

Factors Type of component,
% by weight of binder (PC+MA)
Variation
levels x, (PS) x, (MCCT)

-1 0.5 0
0 1.0 5
+1 1.5 10

Table 2

The following conditions were met during the plan-
ning of experimental study:

x=-1,0,+1;i=1,2;

0<y <L Ev=1;i=1,2,3. (1)

Methods

The specific surface area and granulometric composi-
tion of mineral modifiers were determined by the methods
of Kozeni-Karman and laser diffraction using the PSKh-
12 dispersion analysis device and the Shimadzu Sald-3101
particle size analyzer.

The phase composition of mineral additives and modi-
fied cement systems was studied using X-ray diffraction
(XRD) phase analysis on the Empyrean diffractometer
by PANalytical (Netherlands) with a vertical goniometer
in the radiation of a copper anode with a nickel filter.
Shooting was done in the geometry according to Bragg-
Brentano (6—26 scanning) using a spectral doublet Cu
K, , with weighted average wavelength A = 1.5406 A.

The main controlled parameters of the cement stone
structure were:

* the hydration degree of Portland cement (o), which
was estimated by reducing the intensity of the C,S
main reflex (d=1.76—1.77 A) in the hydrated sample
of cement stone at the time under study relative to
the sample of the original binder (cement + mineral
additives) before hydration;

« the relative content of ettringite (Ca,AL(SO,),(OH) ,
26H,0), which was estimated by the intensity ratio of
the main reflex at d = 9.81—9.83 A for cement stone
samples of modified and control compositions;

* the relative content of portlandite (Ca(OH),), which
was estimated by the intensity ratio of the main reflex
at d = 4.94—4.96 A for cement stone samples of modi-
fied and control compositions;

+ the relative amounts of low-basic (C—S—H(I)) and
high-basic (C—S—H(II)) calcium hydrosilicates,

Numerical values of variation levels for the second group of studied factors

e Type of active mineral additive (AMA),
% by weight of binder (PC+MA)
Variation levels v, (CUSF) v, (HAMK) v, (ESAM)
0 0 0 0
0.333 3.33/5/6.67* 3.33/5/6.67* 3.33/5/6.67*
0.5 5/7.5/10% 5/7.5/10% 5/7.5/10*
1.0 10/15/20* 10/15/20* 10/15/20*

Note. *The amount of active mineral additive at the content of the carbonate filler (MCCT), respectively, equal to 10/5/0% by weight of the

binder (PC+MA).
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which were estimated by comparing the intensities

of the main reflexes of a-CS (d = 3.23—3.25 A) and

B-CS (d = 2.97-2.99 A) for C—S—H(I) and B-C,S

(d =2.79-2.80 A) for C—S—H(II) in the samples of

cement stone of modified and control compositions

calcined at 980—1000°C.

According to the analysis results of diffraction pat-
terns, the crystallinity degree (o) of mineral modifiers
containing amorphous halo (silica fume and metakaolin)
was calculated using the formula:

!
= ° _.1000
e (‘rc +‘ra) %

where /_is the integrated intensity (total area) of all
crystalline peaks;
1, is the integral intensity (area) of amorphous halo.

2

RESULTS AND DISCUSSION

Phase (mineralogical) composition of the studied
mineral additives

Figure 1 presents the diffraction patterns of the studied
mineral additive powders. The results of qualitative XRD
phase analysis to determine the main phases for modifier
samples are given in Table 3.

Analysis of the experimental study results indicated
the prospects for the use of CUSF, HAMK, ESAM and
MCCT mineral additives in cement materials due to the
presence in their structure of reactive phases of silica,

aluminosilicate and sulfate composition, in particular,
amorphous silica (for CUSF); amorphous phase of
metakaolinite and dehydroxylation products of the illite
group minerals (for HAMK); anhydrite and thermal de-
struction products of micas and hydromicas (for ESAM).

It was established that the crystallinity degree of silica
fume and metakaolin samples was 11.8 and 25.0%, respec-
tively. The high level of material structure amorphization
with predominance of active silica and alumina forms
caused increased physico-chemical efficiency of silica
fume and metakaolin in cement systems.

Granulometric composition of the studied mineral
additives

According to the study results (Fig. 2 and Table 4),
the specific surface area values of 20.0, 1.65, 1.00 and
0.25 m?/g, as well as the particle size ranges of 0.2—13.7,
0.2-23.7, 0.2—11.0 and 0.3—137.8 um, were established
for samples of silica fume, metakaolin, ESAM and mi-
crocalcite, respectively. The indicator d 50%, which char-
acterized the average volumetric diameter of powder par-
ticles, increased in the range of CUSF - ESAM -~ HAMK
- MCCT; 0.7, 2.5, 3.7 and 13.3 microns, respectively.

Thus, analysis of the experimental data showed that
silica fume, metakaolin and sulfoaluminate modifier were
characterized by increased dispersity and narrowed par-
ticle size range, which indicated high homogeneity of
their granulometric composition. The noted features of
the granulometric composition of CUSF, HAMK and

i o
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Figure 1. Diffraction patterns of the studied mineral additive powders: silica fume (1); metakaolin (2); ESAM (3);

microcalcite (4)
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Table 3

Main phases of the mineralogical composition of the studied mineral additives

Type of mineral additive Phase name

Reflection position
of the main phases
on the diffraction pattern (20, °)

amorphous phase
(amorphous silica (SiO,))

15-30 (halo)

silica fume

quartz (Si0,) modifications

CUSF i i
( ) of dlﬁ“eren.t crystgllf)g.raphlc.systems 28.2:30.2: 31.4: 35.4
(syngonies): triclinic, cubic and
tetragonal
amorphous phase (metakaolinite) 15—32 (halo)
kaolinite group (AL(Si,O0,)(OH),) 12.2;20.1; 22.1; 23.3; 25.1; 25.4; 38.3
metakaolin quartz (SiO,) modifications 8.6;17.4;20.8; 26.4; 50.0
(HAMK) 21.0; 24.0; 26.4; 27.2;
feldspars 27.3;41.7
illite group 8.7;19.6; 25.4; 26.5;
(micas and hydromicas) 34.8; 35.1

anhydrite (CaSO,)

22.8; 25.3; 31.2; 31.9; 36.2; 38.5; 40.7;
41.2;43.2;45.4;46.7; 48.5; 52.1; 55.6

quartz (SiO,) modifications

20.7; 21.8; 26.5; 39.4; 50.0

expanding sulfoaluminate

modifier (ESAM) gehlenite (Ca,ALSiO,) 23.8;28.9; 31.2; 52.1
illite group . . .
(micas and hydromicas) 25.3;26.5,27.8,29.9
feldspars 26.5;27.8;29.3
. . . 23.0;29.4; 31.4; 36.0; 39.4; 43.1; 47.1;
microcalcite (MCCT) calcite (CaCO,) 47.5: 48.5: 56.5: 57.4- 58.1

ESAM could be considered as indicators of their potential
efficiency as a photocatalyst carrier in the assumption
that when synthesizing “core — shell” compositions us-
ing monodisperse substrates, their surface coverage with
photocatalytic component was more uniform.

Influence of mineral additives on the structure
Jformation processes of cement systems

Using XRD phase analysis of the cement stone at the
age of 28 days it was found that the hydration degree of
Portland cement in compositions with mineral additives
differed from the indicator of the control composition in
both greater and lesser directions, in particular, changes
varied from —17 to +8%. At the same time, the average
value of the indicator in the considered modified cement
systems was 71%, which was close to the indicator of the
control composition (74%). It was worth noting that the
lark of clear patterns of change in the hydration degree
of Portland cement when varying the content of plasti-
cizer and mineral additives of different chemical nature
in the formulation could be due to the complexity and

multicomponent nature of the considered cement system
compositions, in which the modifiers showed complex
and non-additive effect on the studied indicator.

Figures 3—6 show the study results of the effect of
CUSF, HAMK, ESAM and MCCT mineral additives on
the main controlled indicators of the phase composition
of cement systems with the establishment of correlation
dependencies.

An important phase of the hardening cement system
is ettringite (Ca,AL(SO,),(OH) ,+26H,0), which can
potentially contribute to the nanoreinforcing of the ce-
ment stone structure. According to Figure 3, the ratio
of CUSF, HAMK, ESAM and MCCT additives in the
mineral complexes used had a significant effect on the
ettringite content in the phase composition of cement
stone at the age of 28 days. In particular, the increase in
the share of ESAM in the total weight of mineral additives
led to a significant increase in the ettringite concentra-
tion, reaching maximum values equal to 3.0 rel. units (i.e.,
3 times higher than the similar indicator of the control
composition without mineral additives) in the cement
stone sample with the highest ESAM content (20% by
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Figure 2. Integral curves of the volumetric distribution of particles of the studied mineral modifier powders

Table 4

Key indicators of the granulometric composition of the studied mineral additive powders

. o Specific Particle Particle size, pm
Type of mineral additive 7 .
surface area m%/g size range, pm d 90% d 50% d 10%
silica fume 20.00 0.2—13.7 6.2 0.7 0.3
metakaolin 1.65 0.2—23.7 9.3 3.7 1.4
ESAM 1.00 0.2—11.0 4.9 2.5 1.1
microcalcite 0.25 0.3—137.8 63.5 13.3 1.2

weight of the binder (PC+MA) or 100% by the weight of
MA) and polycarboxylate superplasticizer (1.5% by weight
of the binder (PC+MA)). Thus, the results obtained in-
dicated the potential prescription efficiency of the ESAM
additive to achieve expanding effect and to contain of
shrinkage deformations in the hardening cement system.
The experimental data obtained were consistent with the
study results of other sulfoaluminate modifiers presented
in the works [33, 34].

Complete or partial replacement of the expanding
sulfoaluminate modifier with silica fume, metakaolin,
microcalcite, and their complexes led to a decrease in
the ettringite content in the phase composition of cement
stone (Figure 3). In the absence of ESAM the highest
concentration of Ca,Al(SO,),(OH),,+26H,0, equal to
1.4 rel. units (i.e., by 40% higher than the indicator of

the control composition), was recorded in composition
without microcalcite when the ratio of CUSF/HAMK =
1/1 (10% by the total weight of the binder (PC+MA)
each) and the superplasticizer dosage of 1% by weight of
the binder.

The patterns of changes in the content of the main
hydrated phases (portlandite and calcium hydrosilicates)
of cement stone at the age of 28 days depending on the
type and concentration of the studied mineral additives
were established based on the analysis results of Figures
4, 5and 6.

It was found that the use of silica fume, metakaolin
and ESAM in the cement system compositions allowed
to reduce the content of high-basic calcium hydrosilicates
C—S—H(II) and low-strength Ca(OH), crystals up to 2.4
and 2.3 times, respectively (Fig. 4 and 5 (a)), as well as to
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Figure 3. Change in the relative content of ettringite in the phase composition of cement stone
at the age of 28 days (relative to the control composition) depending on the amount of AMA (a)
and MCCT (b) in the total weight of mineral additives
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Figure 4. Change in the relative content of Ca(OH), in the phase composition of cement stone at the age
of 28 days (relative to the control composition) depending on the amount of AMA (a) and MCCT (b) in the
total weight of mineral additives
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Figure 5. Change in the relative content of high-basic calcium hydrosilicates (C—S—H(II)) in the phase
composition of cement stone at the age of 28 days (relative to the control composition) depending on the
amount of AMA (a) and MCCT (b) in the total weight of mineral additives
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Figure 6. Change in the relative content of low-basic calcium hydrosilicates (C—S—H(I)) in the phase
composition of cement stone at the age of 28 days (relative to the control composition) depending on the
amount of AMA (a) and MCCT (b) in the total weight of mineral additives
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increase up to 11 times the amount of low-basic calcium
hydrosilicates C-S-H(I) (Fig. 6 (a)), characterized by high
dispersity and strength.

The established change in the balance between the
hydrate phases in the structure of cement stone with ad-
ditives of silica fume, metakaolin and ESAM towards
an increase in the volume of more strenght and steady
low-basic calcium hydrosilicates C—S—H(I) with a ratio
of CaO/SiO, < L5 instead of primary crystallohydrates
of portlandite and high-basic calcium hydrosilicates C—
S—H(II) with a ratio of CaO/SiO, > 1.5 was a manifes-
tation of the chemical effect in the mechanism of action
of these mineral modifiers. This chemical effect was as-
sociated with the pozzolanic activity of CUSF, HAMK,
and ESAM mineral additives in cement systems and was
due to the presence of active components (reactive phases
with amorphized structure or metastable crystal lattice)
in their mineralogical composition.

The reverse pattern was observed when introduc-
ing microcalcite into cement systems. Increasing the
proportion of MCCT in the complex of mineral addi-
tives (AMA+MCCT) helped to increase the amount of
Ca(OH), and high-basic calcium hydrosilicates C—S—
H(II) (Figures 4 and 5 (b)). At the same time, the content
of low-basic calcium hydrosilicates changed in different
ways, in particular, the content of C—S—H(I) significantly
decreased in compositions with MCCT and practically
did not change in compositions with HAMK and ESAM
(Figure 6 (b)). The results obtained confirmed the rela-
tive chemical inertia of microcalcite in cement systems.

The highest amount of low-basic calcium hydro-
silicates was recorded in the compositions with a maxi-
mum content of silica fume (with the CUSF share equal
to 100% by the total weight of the mineral complex
(CUSF+HAMK+ESAM+MCCT) and amounted to
10.9 and 8.9 rel. units at Melflux superplasticizer dos-
ages of 0.5 and 1.5% by weight of the binder (PC+MA),
respectively, i.e., 11 and 9 times higher than the indicator
of the control composition without mineral additives.
At the same time, threshold level of CUSF concentra-
tion was set equal to 50% of the total weight of mineral
additives, above which the amount of C—S—H(I) in the
phase composition of cement stone sharply increased (up
to 7.5 times) (Figure 6 (a)).
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OueHkKa 3¢ PeKTUBHOCTN MMNHEpaNbHbIX f06aBOK
B LLleMEHTHbIX cMcTeMax npu paspaborTke
doToKaTanuTNUECKNX KOMNO3NLNNA «AAPO0 — 060NouKa»

Aptemuin CepreeBuy banbikos* (), TaTtbAHa AHaTonbeBHa HusuHa (), Bnagumup Muxannosuy KawkuH (2},

Ceprein BanepbeBuy BonoguH
HavumnoHanbHbIN nccnegoBatenbckuini MopaoBCKMi rocygapcTBeHHbIN yHuBepcuTeT uMm. H.IN. Orapesa, CapaHck, Poccua

* ABTOp, OTBETCTBEHHBIN 3a Nepenuncky: e-mail: artbalrun@yandex.ru

PE3IOME: BBepeHue. ViccnenoBaHma No co3paHuto BbICOKOIGHEKTUBHbIX pOTOKATan3aTopos AJid CTPOUTENbHBIX KOMMO3NTOB,
XapaKTepPU3YIOLLMXCA MOBbILEHHON aKTVBHOCTbIO 1 PaCLUMPEHHbIM CMEKTPanbHbIM Anana3oHoM LeCTBUA, ABNAIOTCA BeCbMa
aKTyanbHbIMU. MI3BECTHO, UTO OfHVM 13 3PEeKTUBHbIX BUAOB GOTOKATaNUTNYECKMX [00aBOK AN1A LeMEHTHbIX CMCTEM ABMAIOTCA
KOMMO31LMK «AAP0 (MoAnoxKa) — 0bonouka (botokatannsaTop)», rae HOCUTENEM MOXET BbICTYNaTb MUHEPabHOE Cbipbe pasfny-
Horo reHesuca. CTouT OTMETUTb, YTO 19 KOMMIEKCHON OLeHKM 3GPEKTVBHOCTY NOLNOXKKN HEO6X0AMMO BRafgeTb nHdopmaymen
0 COCTaBe 1 CBOWCTBaX MCMOMb3yeMOro CbipbA, CPen KOTOPbIX MEPBOCTENEHHOE 3HaYeHUe NPYAAETCA ero XMMNYECKON akTVBHOCTU
U CTPYKTYpoObpasytoLeli ponv B LLEMEHTHbIX cucTemax. Lienb faHHOro nccnefoBaHua — yCTaHOBUTb 3aKOHOMEPHOCTY BAVAHUA
yeTbipex BMAOB MUHEpPabHbIX 06aBOK (MUKPOKPEMHe3eM, MeTakaosuH, PacuMpALWMA CynbdoantoMmHaTHbIN MogudrKaTop
1 MUKPOKaNbLMT) Ha NpoLieccbl POPMUPOBAHUA CTPYKTYPbI MNACTUOULMPOBAHHBIX LIEMEHTHbIX CUCTEM U BbIABUTL Hanbonee spdek-
TVBHblE MOANMKATOPbI ANA MOCEAYIOLLErO NX MCMONIb30BaHUA B KaUeCTBE MHEPasIbHOW NMOLNIOKKU B COCTaBe GOTOKATaNTUYECKX
Komnosuuuii. MeToAbl U MaTepmanbl. YiebHasa MOBEPXHOCTb 1 FPaHyNIOMETPUYECKM COCTaB MUHEPasbHbIX MOANPMKAaTOPOB
onpepenanvicb metofamu KoseHn-KapmaHa v nasepHoin andpaxumu. MiccnepoBaHne $a3oBoro coctaBa MUHepasnbHbIX 406aBOK
1 MOANGULIMPOBAHHBIX LIEMEHTHBIX CCTEM MPOBOAUIOCH METOLOM PeHTreHopa3oBoro aHanv3a. Pesynbratbl n 06cyxaeHue.
BbifiBNIeHbl 0CO6EHHOCTV MVHEPaNorM4yecKoro 1 rpaHyIoMeTPUYECcKOro cocTaBa MMHepasbHbIX J06aBOK. YCTaHOBMEHO, YTO MCMOJb-
30BaHVie UHAMBYAYaNIbHBIX 1 KOMMIEKCHBIX MHepasibHbIX JO6aBOK Ha OCHOBE MUKPOKpPEMHe3ema, MeTakaonvHa u PCAM nossonset
HanpaBJIEHHO BNUATb Ha COAEp»KaHMe OCHOBHbIX Ga3 LIeMEHTHOIO KaMHA — STTPVHIMTA, MOPTAaHAUTA, TMAPOCUMIIMKATOB KasibLnA
pa3Hol OCHOBHOCTU. 3aKiioueHue. MoBbILEeHHAA XUMMYeCKan akTUBHOCTb YKa3aHHbIX MOAVNGNKATOPOB B LIEMEHTHbIX CCTEMAX,
00yCnoBneHHaa Hanmumem B CTPYKTYpe peakLOHHOCMOCOOHbBIX MUHEPANOB, HapAZY C 0COOEHHOCTAMU rPaHyIOMEeTPUYECKOro
cocTaBa (BblcOKas ANCNEPCHOCTb U y3KNUIA Arana3oH pasMepoB YacTyL) CBUAETENbCTBYIOT O MOTEHLMANIbHOW NepPCreKTUBHOCTY NX
NMPVUMEHEHUA B KaUeCTBE MUHEpPaibHOW MOAMOXKKY B COCTaBe GOTOKATAIUTAUYECKMX KOMMO3MLMIA «AAPO — 060104Kay.

KJTIOYEBbBIE CJZTIOBA: uemeHTHas cucteMa, GOTOKATaNUTUUECKIMIA KOMMO3ULMOHHbIN HaHOMOAMKATOP, MOANOXKKA, MUHEpPanNbHOe
cblpbe, $a3oBbIl COCTAB, akTVBHOCTb, FPAHYNIOMETPUS, MAapaMeTP CTPYKTYpbl, 3GPeKTUBHOCTD.
ANna UUTUPOBAHUA: banbikos A.C., HusmHa T.A., KawkuH B.M., BonognH C.B. OueHKa 3¢ PeKTUBHOCT MHEPASIbHBIX f06aBOK

B LIEMEHTHbIX CMCTEMaX Npuy pa3paboTke GOToOKaTaIMTUUECKNX KOMNO3ULMI «A8po — o6onoyka» // HaHoTexHonorum B cTpouTtesb-
cTBe. 2022.T. 14, N2 5. C. 405-418. https://doi.org/10.15828/2075-8545-2022-14-5-405-418. — EDN: NJAFFT.

BBEJIEHUE

O,I[HI/IM W3 TICPCITEKTUBHBIX HAIIPABJICHUI ITOBBIIIIC-
HUST 9KOJIOTUIECKOI O€30ITaCHOCTH 1 00CCITCYCHUST
YCTOMYMBOTO Pa3BUTHSI HaCEJICHHBIX ITYHKTOB U TEP-
puUTOpHit SIBIISIETCA pa3padoTKa M MpuMeHeHre (POoTo-
KaTaJUTUICCKU aKTUBHBIX CTPOUTEILHBIX MaTePHAJIOB,
CITOCOOCTBYIOIINX CHIDKCHUIO KOHIICHTPAIIUA 3aTpsi3-

© banbikoB A.C., HusuHa T.A., KawknH B.M., Bonogux C.B., 2022

HSTIOIINX BEIIECTB B aTMOC(EPHOM BO3ayxe (JIeTydne
OpraHMYeCcKue BEIISCTBa, aMMIUaK, OKCHIBI a30Ta U CEPhI
M Ap.) 32 CUCT UX PA3TOXKECHUS IO MAJTOTOKCUYHBIX WIIH
HETOKCUYHBIX TIPOAYKTOB (KUCIOPO, TUOKCHIL YTIIEPO-
IIa, BOIa, CYIb(haThl, HUTPATHl 1 HUTPUTHI) B pe3yJIbTaTe
IIPOTEeKaHUs B CTPYKTYype MaTepHaia OKUCIUTEIBHO-
BOCCTAaHOBUTEIBHBIX PEAKIINI IIPU OOJTyICHUN CBETOM
[1—=8]. ApyruM MOIOXKUTETBHBIM acIIeKTOM HUCITOIb30-
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BaHMS MaTepuajoB ¢ (OTOKATATN3ATOPAMU SIBIISICTCS
TOCTIDKCHIE MEXaHM3Ma CAMOOUMIIICHUS X HAPYKHBIX
cJ10eB 3a cueT boiree 3(PHEeKTUBHOTO CMBIBAHUS 3aTPsI3-
HUTeJIeH BOMOM BCICACTBIE TUAPO(MILIN3AINY ITOBEPX-
HOCTH, YTO TTO3BOJISIET COXPAHSITh JIMTEILHOE BpeMs
WCXOMHBIC YUCTOTY U IIBET CTPOUTECIBHBIX M3ICIINIA
¥ KOHCTPYKIINI B YCIIOBUSIX BO3ICHCTBHS HEOIArOIpH-
STHBIX (PAaKTOPOB OKpYyKarolieit cpensl [6, 9—11].

Ha manHBIif MOMEHT Hanbos1ee IMPOKO N3YICHHBIM
M YCIIEITHO TIPUMEHSIeMBIM (POTOKATAIN3aTOPOM SIB-
JIIeTCST TUOKCHI TUTaHA aHaTa3HO MomuduKamuu [4,
5,7, 8, 9—15], xapakTepHU3yOIINICI XUMUICCKON CTa-
OMIIBHOCTBIO, HETOKCUIHOCTBIO M OCOOBIM CTPOCHUEM
30HHOU CTPYKTYPBI, 00YCIIaBIMBAIOIINM €TO BBICOKYIO
(boToKaTAMMTUIECKYIO aKTUBHOCTB. TeM He MeHee, (o-
TOKaTaJIN3 C UCITOIb30BaHNEM TUOKCHIA TUTaHA MMEET
U Pl HEIOCTAaTKOB.

Kaxk mipaBmito, 3(pheKTMBHOCTH (POTOKATATUTUIECKO-
ro neiicteus TiO, MOBBILIAIOT BADHMPOBAHMEM PA3MEPOB
KPUCTAJUTMTOB JUOKCHIA TUTAHA, YMEHBIIIAsI UX BILUIOTh
10 equHKUI HaHoMeTpa [16]. Bmecte ¢ TeM, moydyeHue
nopomka TiO, ¢ TakMMU pasMepaMu YacTULl TpeOyeT
HCITOTb30BAHUS CITEIINATBHBIX METOIUK 1 TEXHOJIOT it
TIPUTOTOBJICHNST HAHOPAa3MEPHBIX 00pa3IIoB, YTO BEIET
K YBEJIMUCHUIO CTOMMOCTHU (POTOKATAIM3aTOPA.

ApyruM CyIeCTBEeHHBIM HEAOCTaTKOM THOKCHIA
TATaHa Kak (hOTOKAaTaIN3aTopa SIBISEeTCS Y3KUMA CITeK-
TPaJIbHBIN OTUAaTa30H ICHCTBUS, XapaKTePU3yeMBIiA eTo
HEUYBCTBUTEIBHOCTBIO K OCHOBHOI BUIMMOI 00IaCTH
COJTHEYHOTO CITeKTpa. B wacTHoCTH, mMprHa 3ampe-
IIIEHHOM 30HbBI pyTHJIa M aHaTa3a coctasister 3,0 m 3,2 5B
COOTBETCTBEHHO, UTO BHIIIIE, YeM Y APYTUX U3BECTHBIX
noJIynpoBoaHUKOB (Hanpumep, GaAs, CdSe, Fe,O,,
CdS, GaP, WO,, SiC ¢ mup1HO 3anpeIeHHON 30HbI
1,4=3,03B[11]).

Takum 00pa3oM, noBbilIeHUE (DOTOKATATUTUUECKOM
AKTUBHOCTH JUOKCHIA TUTAHA SIBJISICTCS aKTYaJIbHOM 3a-
nIadeit coBpeMeHHOTO (poToKaTaam3a. [1epcreKTUBHBIM
HaITpaBJICHUEM SBIISICTCS TIOJTyYeHHE (DOTOKATATUTIYC-
CKM aKTUBHBIX KOMMO3ULIMI TTyTeM OCaxKJAeHUs HAaHO-
vactull TiO, Ha AMCTIEpCHBIE HOCUTENM (CUCTEMBI TUTIA
«AIpo — 000JI09Ka»). 3a CUET MOBHIIICHUST aKTUBHOMU
nosepxHocTu TiO, u ero 60s1ee paBHOMEPHOTO pacIipe-
IeJIeHWsT B 00beMe MaTepHaja (poToKaTaIuTUIeCKast
aKTUBHOCTb TaKMX CUCTEM yBelmuuBaeTcs [11].

IIpu paspaborke (POTOKATAIUTUYECKUX KOMIIO-
3UIIMOHHBIX MOTU(UKATOPOB 0CO00E BHUMAHHE yIe-
JisieTcsl BBIOOpY M olieHKe 3 (HEeKTUBHOCTU ChIPhEBBIX
KOMITOHEHTOB, B YaCTHOCTH, IUCITIEPCHBIX HOCHUTEIICH
(TrommoxkeK) (hoTOKATATUTHIECKMX areHTOB. I1pu aToM
B pabotax [17—21] 0603HaYEHBI CIEAYIONIE OCHOBHbIE
TpeOOBaHMA K MUHEPAJTbHOMY CHIPBIO KaK ITOITOXKKE
(oTokaTamm3aTopa IS HEMEHTHBIX CUCTEM: TTOBBITIICH-
HBIC 3HAYCHUS CTEIICHN aMOpP(PMU30BaHHOCTH MaTepHra-
JIa 1 conepKaHus SiO2 — ue meHee 70 u 50% cooTBeT-

CTBCHHO; OMHOPOMHBIN TPpaHyJIOMETPUICCKHIL COCTAB

CO CTpeMJICHHEM K MOHOIMCIIEPCHOMY pacIipeIeIcHIIO

YaCTHIL IO pa3MepaM; BEICOKOPA3BUTASI XUMUICCKU

aKTHUBHAsI TIOBEPXHOCTH (HATMYEe MUKPO- ¥ HAHOTIOP,

MIPEeNMYIIEeCTBEHHOE COMepKaHNe KMCIOTHBIX LICHTPOB

Bpencrena) u mp.

CTOUT OTMETHUTB, UTO MIPH CUHTE3e (POTOKATATTUTH-
YeCKNX HAHOMOIM(UKATOPOB «SIIPO — 000T0UKaA» IS
LIEMEHTHBIX CUCTEM OJHUMU U3 Hanbosee 3(PHeKTUB-
HBIX TIOMIJIOXEK SIBJITIOTCS IIPUPOTHBIC M TEXHOTCHHBIC
ITyIILIOJIAHOBBIE MaTepUAaJIbl KpEMHE3eMHOTO U aTIOMO-
CHJIMKATHOTO COCTaBa, B YaCTHOCTH, TMATOMUT, MUKPO-
KpeMHe3eM, METaKaoJIUH, MOPAEHUT, LICOAUT 1 ap. [11,
17]. IlepcnieKTUBHOCTh UCIIOIb30BAHMSI TAKOTO POJA ChI-
PbsI B KAUECTBE HOCUTEJIS 3aKITI0YACTCS B €TI0 IITMPOKO
IIPUMEHUMOCTH B CTPOUTEILHBIX KOMITO3UTAX, a TAKXKE
ITOBBIIICHHBIX 3HAYCHUSIX ITOPUCTOCTH U COMCPKAHUS
amopHOH (ha3bl, CIIOCOOCTBYIOIINX (POPMUPOBAHHUIO
AKTUBHOM KUCJIOTHO-OCHOBHOM ITOBEPXHOCTU, MME-
foIIeit BEBICOKOE XUMUUYECKOE CPOIACTBO C TIPOAYKTaMK
THIpaTaliy IIeMEeHTa 1 00eCTIeYBAOIIICH YIIyIIIICHHYIO
anre3nio (hOTOKATATMTUIECKOTO MaTepraia K IIeMEHT-
Ho¥ Matpule [18, 22—27].

M3BecTHO, UTO MEXaHU3M JIEHCTBUS BBIIICYKa3aHHBIX
MHWHEPaJTbHBIX MOIN(MUKATOPOB CBI3aH C MX BBICOKOM
ITyIIIIOJIaHOBOM aKTUBHOCTBIO, 3aKJTIOYAIOIICICS B CIIO-
cobHOoCT aMOp(HOTO KpeMHe3eMa 1 aTIOMOCIUIMKaTa
BCTYITaTh B PEAKIINIO C TUAPOKCUIOM KaJIbIINSI TBEPICIO-
el HeMEeHTHOM CHCTEMBI ¢ 00pa30BaHMEM BHICOKO-
IIPOYHBIX TUAPOCUIINKATOB M TUAPOATIOMOCUINKATOB
KaJIbIINsI HU3KOI ocHOBHOCTH. DopMUpoBaHMEe TaHHBIX
COCTMHEHU COITPOBOXKIACTCS YCKOPECHUEM ITPOIIECCOB
TMIpaTalliy, YBETMUYCHNEM KOJTMIECTBA XUMITUCCKY CBS-
3aHHOI BOMIBI, YMCHBIIICHUEM COICPXKAHUS MAJIOTIPOY-
HBIX KPUCTAJUIOB TOPTJIAHINTA, TIOBBIIIICHIEM YICITBHOMN
TMOBEPXHOCTH U TTPOYHOCTH LIEMEHTHOTO KaMHs [28—32].

JpyruMu TIepCcrieKTUBHBIMU BUIAMU TUCTICPCHBIX
HocHTesel (DOTOKATATUTUICCKIX areHTOB IS IIEMEHT-
HBIX CICTEM MOTYT BBICTYIIATh:

*  pacmmpsoIIne 100aBKU CYIb()OoaTIOMUHATHOTO
tuna [33, 34], no3Boagionue yrpaBisaTh gedop-
MAaIMSIMU IIEMEHTHBIX CUCTEM ITyTeM CTUMYJISIIINT
IIPOIIECCOB 0OPa30BaHMS KPUCTAJIOTUAPATOB C YBE-
JIMICHHBIM 00BEMOM (STTPUHTUT U IP.);

+ KapOOHaTHBIC TTOPOIBI (M3BECTHSIK, MEII, MpaMop,
JIOJIOMUT), OTJIMYAIOIIIMECS BHICOKUM COIep>KaHUEM
KaibLunTa [35, 36, 37], crtocoGHOrO BEICTYIIATh B Ka-
YeCTBe IIEHTPA KPUCTAUTN3AIIMK HOBOOOPa30BaHMIA
pa3IMYHOTO COCTaBa (TMIPOCWIMKATH KaJIbIIUS,
runpatbl AF_-da3 u 1p.), 4TO 1ae€T BO3MOXHOCTD
peTyIMpOBaTh KHHETUKY CTPYKTYpPOOOpa30BaHUS
LIEMCHTHBIX KOMIIO3UTOB.

Taxkum 00pa3oM, UMEIOIIUIICS OTEUSCTBCHHBIN 1 3a-
PYOEsKHBIM OMBIT pa3pabOTKU U IIPUMEHEeHUSsT (pOTOKA-
TATUTIICCKUX KOMIIO3UITNOHHBIX MOTU(MUKATOPOB IS
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IEMEHTHBIX CHCTEM IOKa3bIBaeT, YTO OT BEIOOpA HOCH-
TeIst (poToKaTaIM3aTopa B 3HAUNTETHHOM CTETICHU 3aBH-
CSAT OCHOBHEIC TTapaMeTPBI CHHTE3UPYEMOTO MaTepraa.
I1pu 3TOM 17151 KOMITJIEKCHOM OLIeHKU 3(P(PEeKTUBHOCTU
TIOIJTIOKKIM HEOOXOIMMO BIIaieTh MH(MOPMAIIHEii O cOCTa-
BE M CBOVCTBAX MCIOJIB3yeMOTO0 MIHEPATIBLHOTO CHIPHS,
Ccpenr KOTOPBIX MepBOCTENEHHOE 3HAaUeHWE MTPUIAETCS
€ro XMMUYECKOM aKTUBHOCTH 1 CTPYKTYPOOOpa3yIOIIeii
pOJIN B IEMEHTHBIX CUCTEMAX.

Llenp maHHOTO MCCIIeIOBAaHUS — YCTAHOBUTH 3aKO-
HOMEPHOCTH BIIMSTHUS YETBIPEX BUIOB MUHEPATBbHBIX
M00aBOK (KpeMHe3eMHasl, aTFOMOCHINKATHAsI, CYJIb(O-
aJTFOMUHATHAs ¥ KapOOHaTHAsT) Ha TIpo1iecchl (hOpMUPO-
BaHMS CTPYKTYPHI IUTACTU(OUIIMPOBAHHBIX IIEMECHTHBIX
CHCTEM U BBISIBUTB Hambosree 3¢ (peKTUBHBIC MOTU(DIKA-
TOPBI IJ151 TTOCJIEYIOIIETO UX UCITOJIb30BaHMSI B KAU€CTBE
MUWHEPAJTbHON TTOMIOKKHI B COCTaBe (POTOKATATUTHYC-
CKMX KOMITO3UIINIA «SIIpo (IMCIIEPCHBIA HOCUTEIb) —
000J109Ka ((pOTOKATATTI3ATOP)>.

B mpo1recce nccienmoBaHus OBUTH PEIICHEI CICAYIO-
IIHe 3a1a49M:

1) n3ydeH a30oBBIif (MITHEPATIOTMUCCKMIT) 1 TPaHy-
JIOMETPUUYCCKUI COCTaB MIHEPATBbHBIX J0OABOK;

2) mccaenoBaHO BIMSHUC TUIIA W COACPXKAHUS MU-
HepaJibHbIX T00AaBOK Ha CTeTIeHb TWapaTalliy MIaCcTU-
dbunmpoBaHHOTO NMOPTIAHALIEMEHTA U (Pa30BbIit COCTAB
IEMEHTHOTO KaMHSI B BO3pacTe 28 CyTOK;

3) ycraHoBIIeHBI 3 (MeKTUBHBIC MOTU(DUKATOPHI U NX
KOMIIJICKCHI, TTO3BOJISIONINE HAIIPABICHHO YIIPaBIISITh
mapamMeTpaMu CTPYKTYPHI IIEMEHTHBIX KOMITO3UTOB.

* MONUKAapOOKCHIATHHI cymepracTuduka-
top Melflux 1641 F (I1C) npoussonctBa BASF
Construction Solutions;

* YeThIpe BUAA MUHEPAJIbHBIX 100aBoK (M]I):

1) MUKpOKpeMHe3eM KOHICHCUPOBAHHBIN HEYILIOT-
HeHHbI MK-85 (MK) mponsBonctBa AO «Ky3Henkne
deppocruiaBel» — KpeMHe3eMHast M/1;

2) metakaommH MK2KJI-2 BeicokoakTuBHEI (BMK)
npousBoactBa OO0 «Ilnact-Pudeit» — amomMocunn-
KaTHast M/I;

3) MonudUKATOP PACIIMPSIONINIA CYIb(oaTioMU-
HatHbI (PCAM) ipousBonctea OO0 «Ilapanm Pyce» —
cynbdoamoMuHaTHast MJ1;

4) mukpokanpiur KM100 (MKM) mipon3BomcTBa
00O «ITomumnapk» — kapooHaTHast M/I.

Db DHeXTUBHOCTD BhIIIEYKAa3aHHBIX MOAM(PUKATOPOB
OLICHMBAJIACh B IIEMECHTHBIX CCTEMAX C BOMOBSIKYIITM
otHomreHueM B/(LI+MJ) = 0,24 u cyMMapHOI T03M-
POBKOI MUHEpaabHbIX 100aBOK 20% OT MacChl BSIKY-
mero. I[Ipu 3ToM B KauecTBe KOHTPOJIBHOTO OBLT TIPHU-
HST cOCTaB 03 MUHEPAJIbHBIX T00aBOK C COIePKaHUEM
mactudukaropa 1% ot Macchl MOPTIAHALEMEHTA.

CornacHo TUIaHy 3KCIIepUMEHTAILHOTO UCCIIeIOBa-
HUS BapbUPOBAIICH IBE TPYIIIBI (DAKTOPOB:

*  IO3MPOBKa cyIepIriacTu(rUKaTopa 1 KapOOHATHOTO
HarnosHutess (Tabu. 1): x, — I1C; x, — MKM;

Tabauya 1
YucjieHHbIE 3HAYEHNS YPOBHEI BapbHPOBAHUS NEPBOi
TPyNIbI HCCIeayeMbIX (GaKTOpPOB

METOAbI 1 MATEPUAJIBI DakTopbl Bun koMnoneHTa,
% ot maccel Bsukymero (I1+MJI)
Marepuasi Yposnu
P BApPbHPOBAHHUS x, (IIC) x, (MKM)
151 HoJTy4eHUsI LIEMEHTHBIX CCTEM UCIIOIb30BAIACh -1 0,5 0
CleayIoLe OCHOBHbIE KOMITIOHEHTHI: 0 1.0 5
» mnoptiaanauemeHT LIEM 1 42,56 (1I) mponsBomcTBa ’
ITAO «MopaoBIIEMEHT; +1 1,5 10
Tabauya 2
YucaeHnble 3HAYeHUs YPOBHEl BAPLMPOBAHKUS BTOPO# IPYNIbI HCCIENYeMbIX (haKTOPOB
DakTopbI Bun akTuBHOI MuHEPaJIbHOI 100aBku (AM/I),
% ot maccel Bsukyero (L1+MJI)
YpoBHu
BAPHUPOBAHHS v, (MK) v, (BMK) v, (PCAM)
0 0 0 0
0,333 3.33/5/6,67* 3.33/5/6,67* 3.33/5/6,67*
0,5 5/7,5/10% 5/7,5/10% 5/7,5/10%
1,0 10/15/20* 10/15/20* 10/15/20*

[Ipumeuanue. *KoanaecTBo aKTMBHON MIUHEPAILHOM 100aBKU ITpH comepxkaHnu Mukpokanbiuuta (MKM), coorBercrBenno, 10/5/0% ot

Mmacchl Bsekyuiero (LI+MJI).
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*  BMJ U COAEpKaHME aKTUBHBIX MUHEPAJIbHBIX JO0aBOK
(AM[) (tabm. 2): v, — MK; v, — BMK; v, — PCAM.
B nipouiecce mimaHupoBaHUS 3KCIIEPUMEHTAILHOIO
HUCCIIeIOBaHMS 00ECIeYBAIOCH BHITTIOJTHEHME CIIEIYIO-
X YCIIOBUIA:

x=-1,0,+1;i=1,2;
O<v<LXv=1i=1,2,3. (1)

MeTtonpl

VienbHas MOBEPXHOCTh U I'PAHYJIOMETPUYECKUIA
COCTaB MUHEPAIbHBIX MOAM(MHUKATOPOB OINPEAE/ISINCH
metonamu Kosenu-Kapmana u a3zepHoii nudpakumun
C UCIIOJIb30BaHUEM IIPUOOPa AUCIIEPCUOHHOIO aHAIM3a
ITCX-12 w ananu3aTopa pa3MepoB dyactull Shimadzu
Sald-3101.

UccnenoBanue ¢ha30BOro cocTaBa MUHEpaabHBIX
J100aBOK U MOAMMULIMPOBAHHBIX LIEMEHTHBIX CUCTEM
MIPOBOAMIOCH METOJOM PEHTreHOo(a30BOT0 aHaIM3a
(P®A) na nudppakromerpe «Empyrean» (PANalytical,
Hunepnanabl) ¢ BepTUKAIbHBIM TOHUOMETPOM B U3y~
YEHUU MEIHOTO aHO/Ia C HUKeJIEeBbIM (uibTpoM. CheMKa
BBITIOJTHSUTACH B TeoMeTpuu 1o bperry-Bbpenrtano (0—260
CKAHMPOBaHUE) C MPUMEHEHUEM CIIEKTPAJIbHOTO 1y0-
nera Cu K, co cpeiHeB3BeIEHHON JUIMHOM BOJIHBI
A= 1,5406 A

OCHOBHBIMM KOHTPOJIMPYEMBIMU IapamMeTpaMu
CTPYKTYPbI LIEMEHTHOI'O KAMHSI SIBJISUTKCh:

* CTeleHb IMapaTalvy IOPTIAHALEMEHTA (CL), OLIEHU-
BaeMasi I10 YMEHbILIECHUIO UHTEHCUBHOCTU OCHOBHOTI'O
pedrekca C.S (d = 1,76+1,77 A) B rumpatuposan-
HOM 00pa3slie LIeMEHTHOIO KaMHS B UCCIIeAyEMBbIii
MOMEHT BPEMEHU OTHOCUTEILHO 00pa3Lia UICXOMHOIO
BSDKYIIIETro (LeMEHT + MUHepaIbHbIe JOOABKM) 10 T~
JIpaTaLuu;

* OTHOCHTEJIbHOE cofepxaHue 3TTpuHrura (CaAl,
(S0,),(OH) ,+ 26H,0), ouleHMBaeMoe MO OTHOILE-
HUIO MHTEHCUBHOCTE OCHOBHOTIO pedJiekca Ipu
d =9,81+9,83 A wist 06pa3OB [IEMEHTHOTO KAMHST
MOAUMULIMPOBAHHBIX ¥ KOHTPOJBLHOI'O COCTABOB;

* OTHOCHUTEJbHOE COJep>KaHHue IOopTJaHAUTa
(Ca(OH),), oLieHMBaEMOE MO OTHOLIEHMIO HHTEHCHB-
HocTeit ocHOBHOTO pedirekca rpu d = 4.94+4.96 A
JUTsE OOPAa3LIOB LIEMEHTHOTO KaMHsI MOAU(ULIMPOBAH-
HBIX ¥ KOHTPOJIbHOI'O COCTABOB;

*  OTHOCHTEJIbHbIE KOJIMYECTBA HU3KOOCHOBHBIX (C—S—
H(I)) u BeicokoocHoBHBIX (C-S-H(II)) rumpocnmm-
KaTOB KaJIblLIUsl, OLICHMBAaeMbIE IIYTEM CPaBHEHUS
MHTEHCUBHOCTE OCHOBHEIX pedirekcoB a-CS (d =
3,23+3,25 A) u B-CS (d =2,97+2,99 A) s C—S—
H(I) u B-C,S (d = 2,79+2,80 A) na C—S—H(I)
B 000xKeHHBIX ITpy 980-+-1000°C obpasiax eMeHT-
HOTO KaMHsI MOIU(ULIMPOBAHHBIX ¥ KOHTPOJIBHOTO
COCTaBOB.

ITo pe3ynpratamM aHamm3a TU(GPaKTOTPAMM MUHE-
PaBHBIX MOITU(UKATOPOB, COIEPKAIINX aMOP(HOE TaIo
(MUKpPOKpEMHE3eM M METaKaOoJWH), paCCUNTHIBAIACh
CTeMNeHb MX KPUCTAULTMYHOCTH (0. ) 110 (hopmyie:

a, =L- 1009%, )
(I +1;)
rie / — MHTerpagbHas MHTEHCUBHOCTD (CyMMapHas
TUTOIIAIb) BCEX KPUCTAITMICCKIX TTMKOB;
1, — vHTErpasbHasd MHTEHCUBHOCTD (ILJIOLIA/b)
amMop@HOro rajo.

PE3YJBbTATBI 1 OBCYKIEHUE

Daszoentil (Munepaso2utecKull) cocmae ucciedyemoix
MUHEPAIbHBIX 000a60K

JndpakTorpaMMBbI IIOPOIITKOB MCCICTyeMbIX MIHE-
PaTbHBIX JOOABOK IIpeICTaBICHBI Ha prc. 1. PesymbTaThl
Ka4eCTBEHHOTO PEHTTeHO(hA30BOr0 aHaJIM3a 110 OIIpe-
IeJICHNI0 OCHOBHBIX (ha3 00pa3oB MOOIUMUKATOPOB
IIpUBeACHHI B Ta0. 3.

AHaIN3 pe3yIbTaToOB 3KCIICPUMEHTATLHOTO UCCIICHO-
BaHUS CBUICTEILCTBYET O IIEPCIICKTUBHOCTH TIPUMEHE-
HHS B IEMEHTHBIX MaTepHraaaX MUHEPAIbHBIX T00aBOK
MK, BMK n PCAM BBuiy HaJIM4us B UX CTPYKTypeE
pPeaKIIMOHHOCTIOCOOHBIX (pa3 KPEeMHE3EMHOTO, aJIio-
MOCWJIMKATHOTO U CYIb(PaTHOTO COCTaBa — aMOP(HBII
kpeMHe3eM (y MK); amopdHasa daza MerakaonrmHUTA
U TIPONYKTHI AETHIPOKCUINPOBAHIS MIHEPATIOB WL -
ToBO TpymIrel (y BMK); aHTMIPUT 1 TIPOMYKTHI TEPMO-
paspymeHwus cron u ruapoction (y PCAM).

YCcTaHOBJICHO, 9YTO CTeTIeHb KPUCTAINIMIHOCTHU 00-
pa3lioB MUKPOKpPEMHEe3eMa M METaKaoJIMHA COCTABIISI-
eT cooTBeTcTBeHHO 11,8 1 25,0%. Boicokuii ypoBeHb
aMop(pM3MPOBAaHHOCTH CTPYKTYPHI MaTepraja ¢ Ipeoo-
JTagaHueM aKTUBHBIX (hOpM KpeMHe3eMa W TJIMHO3eMa
00yCIIaBIUBAaET MOBHIICHHYIO (DM3UKO-XUMUICSCKYIO
5 HEKTUBHOCTh, MUKPOKPEMHE3eMa M MeTaKaoJnHa
B LIEMEHTHBIX CUCTEMaX.

Ipanyiomempuneckuii cocmae uccaedyemuix
MUHEPAIbHBIX 000a60K

ITo pesynbraTtam mcciienoBaHus (puc. 2 u Taoi. 4),
IIJ1sT 0Opa3lioB MUKPOKpeMHe3eMa, MeTakaomHa, PCAM
1 MUKPOKAJIBIINTA OIIpeIeICHBI 3HAUCHMS YICTBHOM T10-
BepxHoctu — 20,0; 1,65; 1,00; 0,25 M?/T, a TaK:Ke 1Maria-
30HBI pa3MepoB yactui — 0,2+13,7; 0,2+23,7; 0,2=11,0
n 0,3+137,8 Mmxm coorBeTcTBeHHO. ITokaszarens d 50%,
XapaKTepU3YIOIINIT CPeTHIIT OOBEMHBIN TUAMETP JaCTHUII
MTOPOIIKOB, yBemmunBaetcs B psimy MK - PCAM - BMK
- MKM; 0,7, 2,5, 3,71 13,3 MKM COOTBETCTBEHHO.

Taxum o6pa3zoM, aHAIN3 SKCIICPUMEHTAIBPHBIX JaH-
HBIX TTOKA3aJl, YTO TTOPOIIKHA MUKPOKpPEeMHe3eMa, MeTa-
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Tabauuya 3

OcHoBHbIE (l)aSl)l MHUHEPAJIOTHYECKOro CoctaBa UCCJIECAYEMbIX MUHEPATbHBIX z[oﬁanox

Bu MuHepasibHO# 100aBKH

HaumenoBanue (ha3bi

ITonoxkenne pediekcoB OCHOBHbIX (ha3
Ha nudpakTorpamme (20, °)

MuKpokpemHeseM (MK)

aMopdHas daza (aMmopbHBII
KkpemHeseM (SiO,))

15-+30 (rano)

mMonubukauuu kBapua (SiO,)
Pa3HBIX KPUCTAJUIOTPADUICCKUX
CHUCTeM (CMHTOHMUIN): TPUKIIUHHOM,
KyOMYeCKOI 1 TeTparoHaJibHOM

28,2;30,2; 31,4; 35,4

MeTtakaoiauH (BMK)

amopdHas daza (METaKaOJIMHUT)

1532 (rano)

KaouHuToBas rpymnma (Al(Si,0;)
(OH),)

12,2;20,1; 22,1; 23,3; 25,1; 25.,4; 38,3

Monudukanuu kapua (SiO,)

8,6; 17,4; 20,8; 26,4; 50,0

ITOJIEBBIC HITTAThI

21,0; 24,0; 26,4; 27,2; 27,3; 41,7

WUIMTOBAs TPpyIIia
(chrombl M TUIPOCIIIONbI)

8,7; 19,6; 25,4; 26,5; 34,8; 35,1

anruapur (CaSO,)

22,8;25,3; 31,2; 31,9; 36,2; 38,5; 40,7;
41,2;43,2;45,4;46,7; 48,5; 52,1; 55,6

monubukanuu kBapua (SiO,)

20,7;21,8; 26,5; 39,4; 50,0

paCIINPSIOLIAIA
CyTb(poaTIOMIHATHBIN resenut (Ca,AlLSiO,) 23.,8;28,9; 31,2; 52,1
monudukarop (PCAM)
WJTUTOBAS TpyTIa 25.3: 26,5 27.8: 29.9
(cmroabl U TUAPOCITIONBI)
TOJIEBBIE IIMAThI 26,5;27,8;29,3
23,0; 29,4; 31,4; 36,0; 39,4; 43,1; 47,1;
MUKpoKabIUT (MKM) kanpuut (CaCoO,) 7 497’ 5’_ 48’ 5’_ s 6’ 5’_ 597’ 4" 58, 1’ >
‘é‘ £
5
3
2 150000 —
100000 —

80
2Theta (°)

Puc. 1. JIudppakrorpamMmpl OPOMIKOB UCCIEAYEMbIX MUHEPAJIBHBIX 100ABOK: 1 — MUKPOKPEMHE3EM;
2 — meTtakaonuH; 3 — PCAM; 4 — MUKpPOKAJIbIIUT
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x
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0 20 40 60 80 100 120 140
Cpenuuil 00BEMHBIN JHAMETP YaCTHII, MKM
Bug MimepansHOM 10OaBKH:
— MHUKPOKpEMHE3EM ——METaKaOIHH
——PCAM == MHKPOKaJIBIIUT
Puc. 2. nTerpajibHbie KpUBbIE 00BEMHOTO PACTIPE/IEIEHHS YACTHUIL IOPOLIKOB HCCJIEAYEeMbIX MUHEPAJIbHBIX
MoauUKaTOPOB
Tabauuya 4
OcHoBHbI€ TOKA3ATEJU IPAHYIOMETPUYECKOTO COCTABA MOPOINKOB HCC/IeyeMbIX MHUHEPAJIbHBIX 100aBOK
Bun MunepasibHoii VienbHas Jlnanason pasmepos Pasmep uactui, vkm
JI00aBKHI NOBEPXHOCTh, M?/T YACTHUI], MKM d90% d50% d10%
MUKpPOKpEMHE3eM 20,00 0,2+13,7 6,2 0,7 0,3
METaKaOJNH 1,65 0,2+23,7 9,3 3,7 1,4
PCAM 1,00 0,2+11,0 4,9 2,5 1,1
MUKPOKAIBLIUAT 0,25 0,3+137,8 63,5 13,3 1,2

KaoJIMHA U CyJIb(hOaTIOMIHATHOTO MOAN(UKATOpa OT-
JIMYAIOTCS TIOBBIIIICHHOMN TUCIIEPCHOCTHIO M CYy>KEHHBIM
IHMAITa30HOM pa3MEPOB YAaCTHII, YTO CBUIACTEIBCTBYCT
0 BBICOKOI OMHOPOTHOCTU WX TPAHYJIOMETPUICCKOTO
cocraBa. OTMEUCHHBIC OCOOCHHOCTH TPAHYJIOMETPH -
yeckoro coctaBa MK, BMK u PCAM MOXHO cYynUTaTh
TIOKA3aTeJISIMA MX IIOTCHIMAIBHOM 3(P(heKTUBHOCTH KaK
HocuTelsd (poToKaTaIM3aTOpa B IIPEATIONIOXKEHUN O TOM,
YTO MPU CUHTE3€ KOMITO3UIINNA «SIIpPO — 000I0UKa» C MC-
TOJTb30BaHEM MOHOIMCIICPCHBIX ITOIIOXKEK ITOKPBITHE
WX TIOBEPXHOCTH (POTOKATATTUTHICCKIM KOMITOHEHTOM
Oynet 0oJjiee paBHOMEPHBIM.

Bausnue munepaavhvix do6asox na npoueccol
CIMpYKmypootpazoeanus UeMeHMHBIX CUCHeM

Hcmonp3ysa MeTon MOPOIIKOBOI peHTTeHOBCKOM
IUpaKIi 00pa3IioB IIEMEHTHOTO KaMHS B BO3pacTe
28 CyTOK, YCTAaHOBJICHO, YTO CTETICHb TUAPATAIIAN ITOPT-
JIAaHAIIEMEHTA B COCTaBaX ¢ MUHEPAJTbHBIMU JOOaBKaMU
OTJIMYAETCS OT ITOKa3aTelIss KOHTPOJIHLHOTO COCTaBa Kak
B OOJIBIITYIO, TaK U B MEHBIIIYIO CTOPOHY — M3MEHCHUS
Bapbupytotcst oT —17 o +8%. I1pu aTOM cpenHee 3Haue-
HHE TT0Ka3aTelIsl B pacCMaTPMUBAaEMBIX MOTUMDUIIIPOBAH-
HBIX LIEMEHTHbIX CCTeMaX cocTaBuiIo 71%, 4To GJIM3KO
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K II0Ka3aTeJIl0 KOHTPOJIbHOro coctaBa (74%). Crout
OTMETHUTD, UYTO OTCYTCTBHE SIBHO BBIPAsKEHHBIX 3aKOHO-
MEpHOCTE M3MEHEHUS CTeTICH! THApaTalliy ITOPTIaH] I -
IeMEHTA TIPU BapbPOBAHUHN B PEIICTITYPE CONMEePKaHUS
TUTACTU(UIUPYIONICH M MITHEPAIbHBIX J0OABOK pa3HO
XUMIYIECKOU TIPUPOIBI MOXKET OBITh OOYCIIOBJICHO CIIOXK-
HOCTBIO I MHOTOKOMITOHEHTHOCTBIO paccMaTpUBAaCMBIX
COCTaBOB IIEMCHTHBIX CICTEM 1 CBUACTEIBLCTBYET O KOM-
TUTEKCHOM U HeaJIMTUBHOM BIIMSTHUY MOITU(UKATOPOB
Ha MCCJIeIyeMbIil TOKa3aTeb.

Ha puc. 3—6 nipencraBiieHbl pe3yIbTaThl UCCIEA0-
BaHUS BAUSIHUS MUHepalbHbIX 100aBoK MK, BMK,
PCAM n MKM Ha 0CHOBHBIE KOHTPOJIMPYEMBIE TTO-
Kazatean (ha30BOTO COCTaBa IIEMEHTHBIX CHCTEM C yCTa-
HOBJICHHEM KOPPEISIIMOHHBIX 3aBUCUMOCTEHA.

BaxHoii a3oii TBepaewoeil IEeMEHTHONH CUCTEMBI
asnsercs srrpunrut CaAl(SO,),(OH),,+26H,0, ko-
TOPHIN TTOTEHIIMATIEHO MOXET CITOCOOCTBOBATh HAHO-
apMUPOBAHUIO CTPYKTYPHI IIeMEHTHOTO KamHs. Corac-
Ho puc. 3, cootHoueHue no6aBok MK, BMK, PCAM
1 MKM B ucnoib3yeMblx MUHEPaJIbHbBIX KOMILIEKCAxX
OKa3bIBaeT CYIIECTBEHHOE BIMSIHIEC Ha COACPKaHUE 2T~
TPUHTHUTA B (ha30BOM COCTaBE IIEMEHTHOTO KaMHSI B BO3-
pacte 28 cyrok. B wactHocTn, yBenmuenue nonmu PCAM
B 00I1IeiT Macce MIUHEPATBHBIX T00aBOK ITPUBOINT K 3HA-
YUTETHHOMY TTOBBIIICHUIO KOHIICHTPAIIUN STTPUHTHUTA,
MOCTHTass MAKCUMAaJTbHBIX 3HAUYCHMI B 00pa3Iie IIeMeHT-
HOTO KaMHsI ¢ Hauboubliein go3uposkoit PCAM (20%
ot Macchl Bsekyitero (L+MJI) win 100% ot maccet M/T)
U II0JIMKapOOKCUIaTHOro cyrepruiactudukaropa (1,5%
oT Macchl Bsekymero (LI+MJI)) — 3,0 otH. ex. (B 3 pa3a
BBIIIIC, YeM aHAJIOTMIHBIA ITOKa3aTellb KOHTPOJIBHOTO
cocTaBa 0e3 MIUHEpaJIbHBIX 100aBOK). TakuM 006pa3oM,
TIOJTy9eHHBIC Pe3YJIbTaThl CBUICTEIBCTBYIOT O TIOTCHIIN-
aJIbHOI pelienTypHOoi a3 dekTuBHOCTH 100aBKu PCAM
IO TOCTVKCHMIO PaCIIUPSIIONero 3pheKTa u cuepKu-
BaHUIO YCaIOYHEIX Ac(opMalinii B TBEpACIOIICH 11e-
MEHTHOI cucTeMe. DKCIIepUMEHTaIbHEBIC JaHHBIE CO-
TJIACYIOTCS C pe3yIbTaTaMy UCCIICIOBAHMII IPYTUX CYJIb-
(hoamoMIHATHBIX MOTU(PUKATOPOB, TIPEACTABICHHBIMA
B paborax [33, 34].

[MoxHasa iy 9yacTUYHAS 3aMeHa PaCIIUPSIONIETO
CyIb(PoaTIOMIHATHOTO MOAU(UKATOPA MUKPOKPEM-
HE3eMOM, METaKaOJMHOM, MUKPOKAJIBIIUTOM 1 UX KOM-
TUIEKCaMU TIPUBOINT K CHIDKCHUIO CONMEPXKAHMS STTPUH-
ruTa B (pa30BOM cOCTaBe IIEMEHTHOTO KaMHs (puc. 3).
ITpu orcyrcTBuut PCAM HaunGobIIast KOHIEHTpALS
CaAL(SO,),(OH),26H,0 3adpukcuposaHa B cocTase
0e3 MUKpOKaabIuTa npu cootHomennu MK/BMK =
1/1 (o 10% ot o6meii Macchl Bsoxymero (L+M/))
U JO3UPOBKE cynepruiacTudukaropa 1% oT Macchl BSIXKY-
mero — 1,4 oTH. en., T.e. Ha 40% BbIIIIE, YeM MTOKa3aTe b
KOHTPOJIBHOTO COCTaBa.

YcTaHOBIIEHBI 3aKOHOMEPHOCTU M3MEHEHUS CO-
Iep>KaHWsI OCHOBHBIX THAPATHBIX (ha3 (OpTIaHIUTA

u tuapockatoB Kanbnus (I'CK)) meMeHTHOTO KaMHS
B Bo3pacTe 28 CYTOK OT BUAa U KOHIICHTPAIIUH UCCIIeIy-
€MBbIX MUHEpPaJIbHBIX 100aBOK (puc. 4, 5 u 6).

BrIsIBIIEHO, UTO MCITONIB30BAaHME B COCTABaX IIEMEHT-
HBIX CUCTEM MUKpPOKpeMHe3eMa, MeTakaonuHa 1 PCAM
MO3BOJISIET CHU3UTH 110 2,4 1 2,3 pa3 comepKaHue BbI-
COKOOCHOBHBIX THApOCcHInKaToB Kanbiiusg C—S—H(II)
1 MajionpoyHbIx KpucramioB Ca(OH), cooTBeTCTBEHHO
(puc. 4 1 5a), a TaKKe YBEJIMUUTH 10 11 pa3 KoImIecTBO
HU3KOOCHOBHBIX TuApocrnKaToB Kanbiust C—S—H(I)
(puc. 6a), OTIMYAIOLINXCSI BEICOKOM IUCIIEPCHOCTHIO
1 TIPOYHOCTHIO.

YcTaHOBIIEHHOE M3MEHEHME OajaHca MEXXIy THIpaT-
HBIMH (DazaMU B CTPYKTYpE LIEMEHTHOTO KaMHSI ¢ T00aB-
KaMJ MUKPOKpeMHe3eMa, MeTakaommHa 1 PCAM B cTo-
POHY YBeIMUCHUS 00beMa 00JIee IIPOYHBIX U YCTONYMBBIX
HU3KOOCHOBHBIX TUApocInKaToB Kambiuss C—S—H(I)
¢ cootHomenneM CaO/SiO, < 1,5 BMECTO MEPBUYHBIX
KPUCTAJUIOTUAPATOB THUIIA TTOPTIAHANTA U BEICOKOOC-
HOBHBIX TUApocurkaToB Kambimst C—S—H(II) ¢ coot-
Homenuem CaO/SiO, > 1,5 aBisercsa NposBIEHUEM X1~
MIUYeCKOro 3(heKTa B MeXaHN3Me IeHCTBUS YKa3aHHBIX
MMHEPAIBHBIX MOTU(PUKATOPOB. JIaHHBIA XUMIUCCKUIA
3¢ deKT CBSI3aH ¢ MYILILOJAHOBOW aKTUBHOCTHIO MIHE-
panbHBIX 106aBoK MK, BMK 1 PCAM B 11eMeHTHBIX
crcTeMax ¥ 00YCIOBIICH HAJIMUIKMEM B X MUHEPAJIOTHIe-
CKOM COCTaBe aKTUBHBIX KOMITOHEHTOB (PeaKIIMOHHO-
CITOCOOHBIX (Da3 ¢ aMopPU3NPOBAHHOU CTPYKTYPOI WIIH
MEeTacTaOWJIbHON KPUCTAITMUECKON PEIIETKOM).

OOpaTHas KapThUHA HaOIogaeTcs Ipu BBEACHUN
B LIEMEHTHBIC CHUCTEMBI MUKPOKAIbIINTA. YBEIMIC-
Hue goau MKM B KoMmILieKce MUHEPAJIbHBIX J00aBOK
(AMO+MKM) ctocoOCTBYeT MOBBIIICHUIO KOJIMIC-
cra Ca(OH), u BricokoocHoBHBIX 'CK C—S—H(II)
(puc. 4 u 56). I1pu 3TOM CconmepkaHue HU3KOOCHOBHBIX
I'CK C—S—H(I) u3meHsteTcs mo-pa3HOMY: B COCTaBax
¢ MK 3HauuTenbHO CHMXKAETCsI, a B coctaBax ¢ BMK
u PCAM mnpaktuyecku He usMmeHsiercs (puc. 60). Io-
JIy4eHHBIC PE3YJIBTAThI IIOATBEPKIAIOT OTHOCUTEIBHYIO
XUMHUYECKYIO MTHEPTHOCTh MUKPOKAJIBIINTA B IIEMEHTHBIX
CHCTEeMaXx.

HaunGoee BbICOKOE KOJIMYECTBO HU3KOOCHOB-
Heix 'CK 3aukcupoBaHO B cocTaBaxXx C MaKCH-
MaJIbHBIM COJepKaHMEeM MHUKpoKpeMHe3ema (mpu
none MK B o01eit Macce MUHEPaAJIbHOTO KOMIIJIeKca
(MK+BMK+PCAM+MKM) — 100%) u cocTtaBuiIo
10,9 1 8,9 oTH. ef. TIpU TO3MPOBKAX CYIIepILIacTU(PUKA-
topa Melflux 0,5 u 1,5% ot macchel Bsxyiuero (L[+MJI)
COOTBETCTBEHHO, T.¢. B 11 1 9 pa3 BhIllIe TTOKa3aTENS
KOHTPOJIEHOTO COCTaBa 0¢3 MIHEPaJTbHBIX 100aBoOK. [1pn
5TOM YCTAHOBJICH ITOPOTOBHBIN YPOBEHBb KOHIICHTPAIIUN
MK, paBHblit 50% OT 001IEei MACCHI MUHEPAIbHbBIX 10-
0aBOK, IIPH TIPEBHIIIICHIN KOTOPOTO B (pa30BOM COCTaBE
LIEMEHTHOTO KaMHS TTPOUCXOAUT PE3KOE MOBBILICHUE
konmuectBa C-S-H(I) (mo 7,5 pa3) (puc. 6a).
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Puc. 4. ismenenue otnocuresbHoro conepxanusa Ca(OH), B ha30BoM cocTaBe HEMEHTHOIO KaMHs
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Puc. 5. VIameHeHne OTHOCHTEJIBHOTO coaepKannsa BhICOKOOCHOBHBIX 'CK C—S—H(II) B hazoBom
cOCTaBe MIEMEHTHOTO KaMHs B Bo3pacTe 28 CYTOK (110 OTHOIIEHHIO K KOHTPOJBHOMY COCTABY)
B 3aBucHMMOCTH OT KosmdectBa AM/I (a) u MKM (0) B 00mieii Macce MUHEPAILHBIX 100aBOK
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Puc. 6. 3meHenne oTHOCUTEILHOTO coaepxkanust Hu3koocHoBHbIX 'CK C—S—H(I) B hazoBoM cocTase
eMEHTHOT0 KaMHs B Bo3pacTte 28 CyToK (110 OTHOIIEHHIO K KOHTPOJHHOMY COCTABY) B 3aBUCHMOCTH
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3amMeHa MUKpOKpeMHe3eMa MeTakaoanHoM, PCAM
¥ X KOMIUIEKCAMH TIPUBOIUT K CHIDKCHUIO COmepsKa-
aust C-S-H(I) B (pazoBOM cocTaBe LIEMEHTHOTO KaMHS,
IIpY 5TOM COIJIACHO PUC. 6a ONTUMATIbHOE COOTHOLLIEHUE
BMK/PCAM, 1103BoJISII01IIEE YMEHBIITUTH TAHHBIN 3(]-
dexkr, coctapisiet 50/50 (% ot o611Ieit Macchl KOMITIEKCa
MJI). B yacTHOCTH, B LIEMEHTHBIX CHCTEMax 0€3 MIKPO-
KpeMHe3eMa HanboJiee BEICOKOe comepxkaHne C—S—
H(I), paBHOE 2,3 OTH. efI., UMeeT COCTaB 6¢3 MUKPOKAITb-
umrta ¢ paBHoii moneit BMK u PCAM (o 10% or o01eit
macchl Bsexymero (L[+M/I)) n mo3mpoBKoOii cyTiepInia-
ctudukaropa 1% ot Macchl Bsuxyiero. [IpuBeneHHbIE
PE3YIIBTATHl CBUIETEIBCTBYIOT O TOM, UYTO COACPXKAHME
HU3K0oocHOBHBIX 'CK B (ha30BOM cocTaBe IEMEHTHOTO
KaMHsI HaIIpSIMYO 3aBUCHUT OT KOJIMYECTBa aMOP(hHOTO
KpeMHe3eMa 1 YIeJIbHON MOBEPXHOCTH MUHEPATbHON
I00aBKU, BBOIMMOI B PEIICTITYPY IIEMEHTHBIX CHCTEM.

3AKTIOYEHUE

[IpoBeneHHBIC SKCTIEPUMEHTAIBHBIC MCCIICIOBAHS
TIO3BOJIVJIN TIOJTYYUTh CIICAYIOIINE HAyIHEIC PEe3YIbTaThL:
1) ycTaHOBJIEHBI OCOOEHHOCTH (ha30BOTO (MUHEpA-
JIOTUYECKOTO) ¥ TPAHYJIOMETPHUIECKOTO COCTaBa 4 BUIOB
MUHEPAIbHBIX T00aBOK (MUKPOKPEMHE3eM, METaKao-

CIINCOK NCTOYHUKOB

JIMH, pacIIMPSIIONINNA CYITh()OoaTIOMUHATHEIN MOTU (M-
KaToOp U MUKPOKAJIBIINT);

2) BBISIBJICHO BIIWSTHUE TUIIA U CONEP>KaHUSI MUHE-
paJbHBIX 100ABOK Ha CTEIICHb THUApATAIlUM TIacTU(U-
LIMPOBAHHOTO MOpTJaHAlLleMeHTa U ($a30BbIii COCTaB
IIEMCHTHOTO KaMHsI B BO3pacTe 28 CyTOK;

3) ycTaHOBJICHBI 3 (PEKTUBHBIE MOTU(DUKATOPHI 1 UX
KOMIUIEKCHI, TIO3BOJISTIOIINE YIIPABISTh ITapaMeTpaMu
CTPYKTYPHBI LIEMEHTHBIX KOMITO3UTOB.

Hcronp3oBaHre MHINBUAYATBHBIX M KOMITICKCHBIX
MWHEpaJTbHBIX 100ABOK Ha OCHOBE MUKPOKPEeMHE3eMa,
MeTakaonmHa 1 PCAM naeT BO3MOXHOCTD HallpaBJIeH-
HO BJIVSITH Ha COACPKaHNE OCHOBHBIX (a3 IIEMECHTHOTO
KaMHS — 3TTPUHTUTA, TTOPTJIAHANTA, TUAPOCIIINKATOB
KaJIbLINS Pa3HOI OCHOBHOCTH.

Taxum o6pa3oM, MOBHIIIICHHAS XUMUIECKAsT aKTHB-
Hoctb MK, BMK 1 PCAM B 11leMeHTHBIX CCTEMAaX,
00yCIOBJICHHAS HAJIMIUEM B CTPYKTYpE pPeaKIIMOH-
HOCITOCOOHBIX MUHEPAJIOB, HAPSIIY C OCOOCHHOCTSIMU
rpaHyJIOMETPUUECKOTO cocTaBa (BBICOKAS TUCIIEPC-
HOCTh M Y3KUI IMANa30H pa3MepoB YaCTHII) CBHUIIC-
TEJILCTBYIOT O IMMOTCHIINATBLHOM MePCIIEKTUBHOCTH MX
IIPUMEHCHNS B Ka9eCTBE MUHEPAJTbHOU TMOIJTOXKHA
B cocTaBe (DOTOKATATUTUICCKUX KOMITO3UIINI «SIIPO —
00oy10uKa».
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Liquid crystaloptical shutter for stained glass and windows
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ABSTRACT: Introduction. Liquid crystal as a nanomaterial has found application in science, engineering and technologies. The
unique physical properties of liquid crystals make them sensitive to external influences. The article presents the results of an experi-
mental study of the flexoelectric effect in a liquid crystal, when shear deformations occur, thin layers of which can serve as an optical
shutter for the stained glass windows of buildings. Materials and methods. Nematic liquid crystals with a homeotropic orientation
of molecules 10+100 pum thick were used by the birefringence method. Shear frequency 1 kHz. Methods. The experimental cell
was assembled from two glass plates in the form of a flat capacitor, spacers were placed between the glasses, which set the sample
thickness. A source of shear vibrations was located on the side of the microscope stage, which was connected to the LC cell using
a thin waveguide. Results and discussion. According to the geometry of the problem, the director is headed vertically parallel to
the Z axis, the velocity vector of the plate vibrations is horizontal along the X axis. The orientation of the liquid crystal molecules in
the volume is characterized by the angle 6. An elastic-viscous wave propagates between the moving and stationary substrates of
the LC cell, which leads to a perturbation of the initial homeotropic orientation of the director field. The dependences of the first
and second harmonics of the shear-induced EMF, as well as the optical signal, on the plate oscillation speed are obtained. They
have a threshold nature of occurrence at a critical speed v ~8 mm/s, while the liquid crystal molecules are oriented at an angle 6.
The temperature dependences of EMF harmonics far from the nematic - isotropic liquid phase transition showed that when ap-
proaching the phase transition, the regression of the signal U, stops, and then its value increases up to the temperature transition
of the nematic - isotropic state T, . The magnitude of the optical signal /, /I (T), approaching the phase transition, increases, which
is explained by the increase in the amplitude of the director oscillation ©,. Conclusion. The article considers the flexoelectric effect
observed in thin layers of nematic liquid crystals with homeotropic orientation of molecules placed between two glass plates. The
occurrence of the effect has a threshold character, the critical strain rate is about 8 mm/s. The conditions and parameters of the ef-
fect (shear amplitude, sample temperature) on a condenser cell for various liquid crystals are considered. It is proposed to use the
results obtained to create an optical shutter (shutter) for stained glass windows or windows of buildings and structures.

KEYWORDS: liquid crystals, flexoelectric effect, acousto-optic effect, flexoelectric polarization, orientational transition.
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INTRODUCTION

A: present, the variety of materials used in production,
industry, and technology cannot be overestimated.
Scientists and engineers work on the creation of new
materials that can expand the technical capabilities and
allow the creation of fundamentally new devices that can
be used in various branches of human activity [1—26].
These materials include nanomaterials. As you know,
nanomaterials are materials that have been created on
the basis of nanoparticles or using nanotechnologies.
Their characteristic sizes range from 1 to 100 nanometers.
Tubes, fibers, clusters, tapes, dispersions, films are known
with the nano prefix, and this series can be continued.

© Denisova O.A., 2022

A separate huge layer of problems is solved using carbon
materials (fullerenes, graphenes, tubes, diamonds, fibers).
The development and search for new nanomaterials has
been going on for decades, which opens up prospects
for the development of technologies. The nanomaterials
mentioned above have a crystalline structure.

In construction, as well as in decor, liquid glass is
widely used, for example. This is a very dense and vis-
cous substance at a working temperature of 95—98°C,
after being applied to the surface, it hardens. It is used
for waterproofing, such as foundation, has good adhesive
characteristics, the material is thermal resistant, moisture
resistant, non-toxic, fireproof, has antistatic and antisep-
tic properties, the treated surface has a long service life.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0001-6374-3109
https://creativecommons.org/licenses/by/4.0/

2022; 14 (5):
419-429

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

RESULTS OF RESEARCH OF SCIENTISTS AND SPECIALISTS

The disadvantages include the possibility of getting burns
upon contact with the skin due to the presence of alkali
in the composition; dries quickly, so you need to have the
skill to work with it; effectively applied to concrete and
wood, but destroys the structure of the brick.

One of the materials, which is referred to as nanoma-
terials due to the small size of molecules (from 5 to 30 A),
has found application in science, technology, and in the
development of various engineering solutions, is a liquid
crystal (LC). A liquid crystal has the properties of both
a solid and a liquid. It is viscous and fluid like a liquid,
but at the same time it has a strict orientational order of
molecules like a solid body. These are organic substances
that are contained in a living organism (for example, cho-
lesterol), and therefore liquid crystals are successfully
used in medicine to create devices and methods for the
early diagnosis of diseases; thin LC films are considered
as models of cell membranes [19]. Liquid crystals are used
in technology to create monitors, scoreboards, various
gauges, sensors, both for information display systems and
as a “working substance” for controlling pressure, vibra-
tions, levels of liquid or bulk substances [1—24].

Nanob%

The unique physical properties of liquid crystals make
them sensitive to external influences. So, when heated,
connected to electric or magnetic fields, various kinds of
mechanical actions (shift, bending, torsion), liquid crys-
tals demonstrate many different effects, on the principles
of which the operation of already created devices is based,
and the prospects for their use are endless.

Liquid crystals show very unusual and beautiful pic-
tures that can be used for decoration and interior design
(Fig. 1, photos taken from open sources).

The author of the article had experience of creative
cooperation with the Design Department of the Ufa State
University of Economics and Service. Photos obtained
during the physical experiment with liquid crystals were
used in interior design. As a result of such joint work,
exhibitions were held in Ufa in the art gallery “Academia”
“Creativity of liquid crystals”, as well as in the National
Center for Contemporary Art in Moscow “Physical pic-
ture of the world: visual images of liquid crystals”.

Designers and architects are constantly looking for
new solutions in architecture and color. One can draw
ideas, in particular, by studying the structure of matter,

Fig. 1. Textures in liquid crystals observed under a microscope
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armed with a microscope (Fig. 2, photographs taken from
open sources).

Liquid crystals have anisotropy of physical properties,
i.e. they manifest themselves differently when exposed to
the crystal in different directions. The anisotropy of prop-
erties is also due to the structure of LC molecules. The
shape of a liquid crystal molecule can be approximated as

a banana, disk, or stick [25, 26]. We will consider liquid
crystals with elongated molecules with a diameter of about
5 A and a length of about 30 A.

Due to the anisotropy of physical properties and the
shape of molecules, liquid crystals exhibit a variety of
different effects that are not observed in liquids or solid
crystals. In solids, the effect of birefringence is observed

Fig. 2. Futuristic architecture and colors
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during mechanical deformation of an I-beam. If we take
a thin layer of liquid crystal placed between glasses, look
into the microscope eyepiece, the polaroids of which are
crossed, then we will see a dark field. When the crystal is
exposed to an external field, it is possible to ensure that
the crystal layer will transmit a light beam. That is, under
certain conditions, a cell with a liquid crystal either trans-
mits light or not, so it can be used as an optical shutter.

In solid crystals, the piezoelectric effect is known [25,
26], which consists in the appearance of an electric field
during mechanical deformation. A similar effect takes
place in a liquid crystal, it is observed when, for example,
shear deformations occur, and is called the flexoelec-
tric effect (“flexo” — bending). As a result of bending
deformations, surface polarization appears in the liquid
crystal; in addition, the wedge-shaped or crescent-shaped
form of LC molecules leads to the appearance of a local
deformation of the director field 7" (director is a vector
characterizing the predominant direction of orientation
of LC molecules).

If the crystal molecules are oriented in a horizontal
plane, then this orientation is called planar; if the mol-
ecules are oriented vertically, then this orientation is called
homeotropic.

This article presents the results of an experimental
study of the effect observed in liquid crystals, thin layers
of which can serve as an optical shutter (curtain or blinds)
for stained glass or windows of buildings and structures.

MATERIALS AND METHODS
Materials
For the experimental study of the flexoelectric effect,

nematic-type liquid crystals (NLC) were used, the main
parameters of which are given in Table 1.

Methods

Samples with a homeotropic orientation of molecules
with a thickness h from 10 to 100 um were studied by the
method of birefringence. The shear frequency is about
1 kHz.

The cell with a liquid crystal was made of two glass
plates in the form of a flat capacitor (Fig. 3), spacers were
placed between the glasses, which set the sample thick-
ness. The substrates were coated with a conductive coating
of metallic chromium, which made it possible to obtain
the required orientation of LC molecules. To maintain the
required temperature for the existence of the mesophase,
the cell was heated, the temperature was controlled by
a thermocouple.

The samples were placed on the object stage of an
optical microscope. The light beam passed through the
experimental cell, and its variable component was re-
corded by a spectrophotometric attachment. A DC mil-
livoltmeter was used to record the constant component of
the optical signal. A source of shear vibrations was located
on the side of the microscope stage, which was connected
to the LC cell using a thin waveguide. The technique of
experimental studies is described in detail in works [6, 8].

RESULTS AND DISCUSSION

We will study the flexoelectric response of the LC
system to a shear-type perturbation, in which one of the
bounding surfaces of the layer performs periodic oscilla-
tions at a speed of U. We will also consider LC layers only
with a uniform orientation of molecules.

According to the geometry of the problem, the direc-
tor is headed vertically parallel to the Z axis, the velocity
vector of the plate vibrations is horizontal along the X
axis. The orientation of the liquid crystal molecules in

Table 1
Physical parameters of liquid crystals
Liquid crystal Mesophase e, 10~ units | e,,, 10~ units Dipole Dielectric
q Ty temperature, °C CGS/cm CGS/cm moment, p, D | anisotropy, €,
cyanophenyl ester of 45 560 N B
heptylbenzoic acid (CPEHBA) K=N=I 33 3 4,5 19
. 450 . 61°
nitrophenyloctyloxybenzoate K=A—1I 5.0 | 4 >0
(NPOOB) 8 ) ’
n- methoxybenzylidene-n- 18° - 400 N
butylaniline (MBBA) K=N-=1I 4.5 102 2,6 <0
butylheptanoyl azoxybenzene 200 710
N ~ >
(BHAXB) K=N=1 4.0 30 3 0
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10

11 Liquid crystal

10

LC cell

Fig. 3. Elementary setup for experimental detection of the flexoelectric effect in LC:

1 — condenser cell with LCD; 2 — vibration source (shift); 3 — thermocouple;

4 — dc millivoltmeter; 5 — analog to digital converter; 6 — microscope; 7 — dc voltmeter;
8 — selective amplifier; 9 — computer; 10 — motherglass; 11 — gaskets

the volume is characterized by the angle 6. The equation
describing the distribution of the angle 8 along the Z axis
can be written in general form [26]:

pu, V2
0=—exp|——b(z—4§)
7.9 xp[ 2

cos [gb(z - 6)] coswt. (1)

Here ,, n, are viscosity coefficients; 8 is the distance
at which the director has a deviation from the initial orien-
tation; the real part of the roots of the characteristic equa-
tion: b~[(n, pw?)/(n, K,,)]'?*; K, — coefficient of elasticity;
w is the frequency of the periodic shift.

According to equation (1), an elastic-viscous wave
propagates between the moving and stationary substrates
of the LC cell, which leads to a perturbation of the initial
homeotropic orientation of the director field (Fig. 4b).
Moreover, the director distortion profile in the plgne
formed by the velocity vector and the wave vector 4 is
a B-type deformation (bend), which means that in the
volume of a nematic liquid crystal, only B-type flexoelec-
tric polarization can also be induced, the vector of which
lies in the plane of the LC layer. This directly implies that
the potential difference between the plates of the capacitor
cell must be equal to zero, since the polarization projec-
tion onto the normal to the layer is equal to zero. How-

ever, in reality, between the conducting substrates, when
the initial orientation is perturbed by a shear, an EMF
variable is recorded, in which both the first and second
harmonics U, and U, can be distinguished (Fig. 4 a, c).

Consider the dependence of the first harmonic U,
on the shear rate (Fig. 4 a, ® =1 kHz), for example, in
NLC MBBA at a given temperature T = 25°C. In this
dependence, along the abscissa axis, we distinguish two
areas characteristic of the behaviorof U, : 0 <v <w_and
v > v, where v_are the values of the speed at which there
is a jump in the value of U, and a change in the tan-
gent of the slope angle U, relative to axes v. In the first
region, the first harmonic weakly depends on the mag-
nitude of the velocity or, which is the same, on the dis-
placement amplitude a. When v = v_experiences a jump.
Polarization-optical studies have shown that in this case,
a stationary tilt of NLC molecules 6_ is induced in the
layer, which, apparently, leads to a sharp increase in the
harmonic value.

Without specifying the details, we point out that the
reasons for the appearance of a stationary distribution
of the director angle 6, in such a geometry can be vari-
ous, for example, due to the nonlinearity of the equations
describing the behavior of liquid crystals with respect to
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Fig. 4. Dependence of the first harmonic U,  on the oscillation rate: a) illustration of orientational distortion
in the LC volume under the action of a periodic shift; b) dependence of the second harmonic U, on the oscillation
rate (temperature of existence of the nematic phase 7, LC: 25°C (MBBA), 25°C (BHAXB), 48°C (CPEHBA),

3°C (NPOOB)

the velocity of movement [25] or due to the nonstrict
linear motion of the movable plate in one plane, which
becomes elliptical [26]. In this case, we will rely on the
experimental fact of the presence of such a distribution
and show that, in this case, a polarization component
appears that is perpendicular to the LC layer.

Let us consider the case when the direction of the X
axis coincides with the direction of oscillation of the plate,
and the Z axis is perpendicular to the NLC layer. Then
we can use equation (2), and the polarization along the
Z axis at a small inclination of the director # to the axis
will be expressed:

ae
P, = ey [rotil X 7], & egasEHBCB—;exp(iwt), )

where 6, — amplitude of director oscillations. It fol-
lows from this expression that at a non-zero value of the

stationary tilt angle of the liquid crystal molecules 6 ,
a variable potential difference arises between the conduct-
ing substrates, which is associated with the flexoelectric
effect. To determine the slope 6, in the layer, we studied
acousto-optic effects, i.e., modulation of polarized light
by orientation perturbations in a cell with an LC (Fig. 5).

The relative value of the second harmonic 7, /1 os-
cillates depending on the absolute value of the speed.
From which we conclude that a constant tilt of the di-
rector relative to the Z axis is induced in the cell, since
intensity minima correspond to the phase difference
between ordinary and extraordinary light waves, equal
to A=uan (n=1,2,3,...). We find the dependence of
the angle of inclination on the speed of oscillation of
the movable plate (Fig. 5). Knowing the value of the
average angle éc and the amplitude of the director de-
viation u 0 » it is possible to determine the values of the

60

Fig. 5. Dependences (0) — the degree

of modulation of the intensity of the
transmitted polarized light through the cell
with LC MBBA; (X) — shear-induced tilt
angle 0_on shear rate v
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flexocoefficients e,, of the studied substances, because
the measured value of the first harmonic depends on the
listed parameters as follows:

U ® | P.dz = €;30.07 exp(iwt) h. (3)

|
ra | ——, SIES

Expression (3) is true under the condition that the
angles @ and 6, 6 > 0, are small, and also if |0, (z)—0]
<< 1, i.e. the statlonary deviation 6, (z) slightly differs
from the average 0 [26], 0, is the maximum amplitude
of the director oscﬂlatlon in the layer, which is related to
the average value 5 measured in the experiment by the
light flux modulatlon amplitude. Based on formula (1),
9 and 0 are related as follows:

h
2
g, ~ f 8,dz = BT ()

h
2

2’-"|'—‘

where A = |6| damping decrement of elastic-viscous
wave.

Then expression (3) will be written as:

Ui ® €330.04(Ah?) exp(iwt). 4)

The presence of a sufficiently large value of flexo-
modules makes LC promising in terms of the possibil-
ity of recording acoustic vibrations and the development
of acoustic transducers. But for this, in addition to the
existence of a direct flexoelectric effect, it is necessary
to know the amplitude-frequency characteristic of the
signals generated due to shear disturbances created by
oscillations of one of the substrates.

Studies have shown that the frequency response of
the signal U, (Fig. 6) (shear rate U = const), for ex-
ample, in MBBA is similar to the dependence U, (),
obtained with bending-type perturbations. This means
that cells of this type can actually be used as detectors of
acoustic vibrations in the low-frequency region from 20
to 15002000 Hz, although there is evidence of the use
of similar structures for recording sound fields using a
light beam — a probe up to frequencies of w~10-+15 kHz.

Let us now turn to the consideration of the second
harmonic. As shown above, the appearance of the second
harmonic is associated with the orientational modulation
of the polarized surface layer — surface polarization by an
elastic-viscous wave, which leads to a periodic change in
the capacitance of this layer, which manifests itself in the
form of generation of surface charges at a double pertur-
bation frequency. That is, the appearance of the second
harmonic is a threshold one, and the threshold value of
the rate v ~8 mm/s of the appearance of U, (w) coincides
with the appearance of a stationary tilt of molecules in
the layer. However, there are differences in the ratio of
signals U, and U, . With a shift U, > U, , which means
that e, > e“, for example in MBBA and BHAXB.

An experimental study of the mechanisms of molec-
ular-orientation polarization of liquid crystals excited by
acoustic perturbation showed that in uniaxial crystals,
which are the majority of nematics, there are two flexo-
electric coefficients e, and e,,. Moreover, both dipoles and
quadrupoles contribute to the total value of the coefficient

e,,, although in different “weight” ratios. This conclusion
is the result of the analysis of temperature dependences of
the first EMF harmonic U, and acousto-optical effects.
However, the question of the “weight contributions” of
the listed mechanisms to the flexocoefficient e,, remains
open. In this regard, it is necessary to study the tempera-
ture dependences of the e,, flexomodule. To do this, we
study the temperature behavior of the EMF induced at the

-:kj&'j ‘r}&j \f \

5 Ui
(04
2] uJ‘! Y N N\v\
o " ‘ﬂ‘ 'ﬂ' .
=) ?(o ""1_ \.,0\0
0 1 2 3
o, kHz

Fig. 6. Frequency dependences of U, and U, harmonics for MBBA (7, = 25°C)
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Fig. 7. Temperature dependences:

a) of the first harmonic U,

(a = const, ® = 1 kHz);

b) acousto-optic effect 7, /1 ;

¢) deviation angle 6, and angle of constant
inclination in the cell with LC 6,

frequency of the first harmonic, as well as the temperature
dependences of the constant tilt angle of the director 6 ,
induced by shear oscillations of one of the substrates, and
the amplitude of the director oscillation 0 P

Consider the temperature dependence of U, , for ex-
ample, in NLC MBBA (Fig. 7 a). Far from the phase tran-
sition between a nematic and an isotropic liquid, the signal
recorded at the first harmonic behaves quite regularly and
is understandable from the point of view of phenomeno-
logy, i.e. its value, decreasing, can be a function of the
order parameter S, as predicted by the theory of the flexo-
electric effect. However, when approaching the phase tran-
sition, the regression of the signal U, stops, and then its
value increases up to the temperature transition of the
nematic — the isotropic state 7', which is already inexpli-
cable within the framework of the theory. To understand
this behavior, let us turn to formula (4). It follows from it
that the value of the signal U, is proportional to the flex-
coeflicient e;,, the average constant tilt angle 6, in the LC
layer, and the amplitude of the director oscillation 6,
which, like the modulus e, can be temperature dependent.
Note that in this case, the parameters 6 and 6, were ex-
perimentally chosen to be small, although 6 > 6. From
here, having obtained the dependences 6, (7) and 6, (1),
we can construct the temperature dependences e, (7).

Previously, it was established that in a cell with an
NLC having an initial uniform homeotropic orienta-
tion, some constant director slope éc is induced by a shift

(Fig. 7). Let us choose such a value of the velocity along
the abscissa axis, so that due to the presence of a slope
during the passage of the LC layer by polarized light,
the phase difference A remains less than 77, and let’s see
how the second harmonic of the optical signal 7, /1 will
depend on temperature (Fig. 7 b).

Attention should be paid to the oscillating nature of
the dependence of the relative intensity of the transmitted
extraordinary wave /, /I . Since the initial phase differ-
ence is A < g, then such behavior can only be a conse-
quence of an increase in the angle éc, because the other
parameter, the optical anisotropy An(7) decreases as the
phase transition approaches, as a function of the order
parameter S.

It is possible to estimate how many times the angle 6,
changes when approaching the transition temperature of
the nematic — isotropic state 7. Dependence 1, /1 (T)
has five minima, and since 6 *~sn (where n is the number
of minima), then 5;\[ n~2,3 times. In fact, if we take into
account the correction for the temperature change in the
optical anisotropy, we obtain the corrected dependence
éc(T) (Fig. 7 ¢), the value of the angle increases by a fac-
tor of 4.5, which is consistent with the result of [25] for
MBBA. In addition, the envelope 7, /I (T) can be used to
judge the dependence of the magnitude of director oscil-
lations, since the values of the maxima are proportional to
the squared amplitude of the director & 2, which also in-
creases towards the phase transition. To verify this result,
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Fig. 8. Temperature dependences of a) acousto-optic effect /, /1 (a = const, = 1 kHz); b) flexoelectric coefficients

e,, LC(MBBA, NPOOB, CPENBA)

we study the temperature behavior of the value 7, /1 (T)
under the condition that A << 7, when the value of the
constant slope 5c =~ (, i.e. the director oscillates under
the action of a periodic shift around the initial homeo-
tropic state (Fig. 8). The value of 1, /I (T), as expected,
increases towards the phase transition, which is explained
by the growth of 6 - From here, knowing the temperature
changes in the values included in the formula for U, (4),
we obtain the dependences of the flexocoefficients e, for
the substances under study (Fig. 8 b). Let’s discuss these
dependencies.

It can be noted that the functional behavior of e, (7)
in these LCs, or rather in their nematic phase, is described
by the general dependence on the order parameter .S as
e ~ asS + B5% All values of the weight coefficients differ
significantly for different NLCs, but are consistent with
the data obtained for the e modules by the bending vi-
bration method. For MBBA a~0,1, $~0,9; for BHAXB
a~0,3, $~0,7; and for CPENBA, NPOOB, OCB a~1,0,
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KMunagkokpucrannnyecknuin onTnyecKnin 3aTBop
ANA BUTPaxken N1 OKOH

Onbra ApkagbeBHa [leHncoBa
YGUMCKINI rocyaapCTBEHHbIN HePTAHOM TeXHUYECKMIN YyHuBepcuTeT, Yda, Poccna

ABTOp, OTBETCTBEHHbIN 3a Nepenucky: e-mail: denisovaolga@bk.ru

AHHOTALNA: BBepeHme. Knugkum Kpuctanan Kak HaHoMaTepuan Hallesn NprYMeHeHne B HayKe, TEXHUKE U TEXHONTOTUAX. YHUKab-
Hble dU3nYeCKme CBONCTBA XKUAKMX KPVCTAIIOB AENatoT NX YyBCTBUTENIbHBIMU K BHELLHWM BO3AeNCTBMAM. B cTaTbe npefcTaBnieHsb
pe3ynbTaTbl SKCNePUMEHTAIbHOTO UCCefoBaHNA GEKCO3NeKTPUYECKoro 3¢deKTa B KMAKOM KpUCTassie Npy BOSHUKHOBEHUN
CABMTOBbIX AiepOpMaLviii, TOHKME CITOV KOTOPbIX MOTYT CITY»KWTb ONTUYECKMM 3aTBOPOM /1A BUTPaXKHbIX OKOH 3aaHuii. MaTepuanbi
1 meTopAbl. /Icnonb3oBanmcb HemaTUYeCcKmne XXufKne KprucTanibl C FOMeOoTPOMHON OpreHTaLmen MoneKyn TonwmHom 10+100 MKM
MeTO[OM [IBOVHOTO JlyyenpenomneHus. Yactota caBurosoro Bo3aeinctaurs 1 K. MeToAbl. DkcneprimeHTanbHas avelika cobupanach
13 ABYX CTEKIAHHBIX MIACTVH B BUAE NMJIOCKOro KOHAEHCATopa, MeXay CTeK/laMu MoMeLlanucb NPoKNafKy, KoTopble 1 3aaaBanu
TONWMHY obpasua. CO0OKy OT NPeaMEeTHOro CTONMKa MUKPOCKONMa pacrnonaranca UCTOYHNUK CABUTOBbIX KONebaHWUii, KOTOpbIN Co-
epvHanca ¢ XKK-aueinkoi npw nomoLLy TOHKOro BosIHoBoga. Pesynbratbl 1 06cyxaeHmne. CornacHo reoMeTpumn 3agaun, BUPEKTop
HanpaBJieH BePTVKaNbHO MapassienbHO Ocx Z, BEKTOP CKOPOCTY KonebaHuii NnacTuHbl — ropu3oHTanbHO no ocn X. OpreHTauma
MOJeKy XMAKOro KpucTtania B o6beme xapaktepursyeTcs yrnom 6. Mexxay NofaBUXKHOW 1 HEeMOABVIXKHOM noanoxkamu KK-aueiiku
pacnpocTpaHAeTCA YNpyro-BA3Kkaa BOMHa, KOTOpasa NPUBOAMT K BO3MYLLEHUIO HayallbHON rOMeOoTPOMHOM OpMeHTaummn noss
AnpekTopa. [NonyyeHbl 3aBUCMMOCTY NEPBON 1 BTOPON rapMmoHuK SC, MHAyLMPYeMON CABUIOM, a TakXKe ONTUYECKOro CurHana
OT CKOPOCTU KoebaHMA MnacTuHbl. OHY MEIOT MOPOrOBbI XapaKTep BO3HUKHOBEHUA MPU KPUTNYECKO CKOPOCTY U ~8 MM/C, Npw
3TOM MOJIEKY/Ibl KIJIKOTO KPUCTa/a OPMEHTUPYIOTCA MOA yrom 6 . TemnepaTypHbie 3aBucMmocTy rapmoHuk SLC saanu ot dpaso-
BOrO Mepexofja HeMaT1K — M30TPOMHAA XUAKOCTb MOKa3anw, YTo Mpu NpnbavxeHnn K GasoBoMy nepexody perpeccus curdana U, |
MPEeKpaLaeTcs, a 3aTeM ero 3HayeHve BO3pacTaeT BMOTb [JO TEMNEPaTyPHOro nepexofia HEeMaTvK — N30TPOMHOe CoCcTosHme T, .
BennumHa ontuyeckoro curHana /, /1 (T), npubnmxanch K Gpa3oBomy nepexofy, BO3pacTaeT, YTo OObACHAETCA POCTOM aMnanTy b
KonebaHua ampekTopa O . 3aknioveHne. B ctatbe paccmoTpeH dnekcoanekTpuyecknii 3GpdeKxT, HabnaaeMblii B TOHKUX CIOAX
HeMaTUYeCKNX >KUAKNX KPUCTaNIoB C FOMEOTPOIMHOW OpUeHTaLUMelr MONeKysl, MOMeLLEeHHbIX MeXAy ABYMA CTEKNAHHbIMU NnacTu-
Hamu. Bo3HrKHOBeHMe 3pdeKTa MMeeT MOPOroBbIi XapaKTep, KpUTNYeckas CKOpoCTb AedpopmaLmm okono 8 Mm/c. PaccmoTpeHbl
yCJIOBUA 1 NapaMeTpbl BO3AENCTBUA (aMNNTyAa CABUra, TeMnepaTypa obpasLa) Ha AYeriKy-KOHAEHCATOP ANA PA3SINYHbIX XKULAKNX
Kpuctannos. [pegnaraetca nCnonb3oBaTb MOJyYeHHbIe pe3ynbTaTbl A1A CO3aHNA ONTUYECKOro 3aTBOpa (LUTOPKa) ANA BUTPaxei
VSN OKOH 3[aHNI N COOPYKEHWN.

KJTIOMEBDIE CJIOBA: xuakue Kpuctannbl, dnekcoanekTpuueckuin 3¢dekT, akyctoontmyecknii 3boeKT, dnekcoanekTpryeckas
nonApmn3aLus, OPUEHTALMOHHDBIV Nepexop.

ANAa UUTUPOBAHMUA: [leHncosa O.A. nakokpncTaninyecknim onTMYeckinii 3aTBop AnA BUTPaxKeln 1 OKoH // HaHoTexHonormnm
B cTpouTenbctae. 2022. T. 14, N2 5. C. 419-429. https://doi.org/10.15828/2075-8545-2022-14-5-419-429. - EDN: LDSHDO.

BBEJIEHUE

B HacTosIee BpeMsT pa3HOOOpa3ne MaTepHuajioB, MC-
TMOJIB3YIOIIUXCS B MMPOU3BOACTBE, MPOMBIIUIEHHOCTH,
a TaKKe B TEXHOJIOTHSIX, TPYIHO TIEPCOIICHUTD. YUCHBIC
¥ UHXXEHEPBI pabOTAIOT Hal CO3MaHNEM HOBBIX MaTePH -
aJI0B, KOTOPBIE CMOTYT PACHIUPUTh TEXHUISCKHE BO3-
MOKHOCTH ¥ TTO3BOJISIT CO3IATh IPUHIIAITHATIBHO HOBEIC

© [leHncosa O.A., 2022

MIPUOOPHI, KOTOPBIE MOKHO TIPUMCHUTH B Pa3TMIHBIX
OTpacIIsIX YesloBeyeckoit gesarenbHocTu [1—26]. K rakum
MaTepHajiaM OTHOCSITCST 1 HaHOMaTepraibl. Kak n3Bect-
HO, HAaHOMAaTepHAaJIbl — 3TO MaTepHAaIbl, KOTOPHIC OBLIN
CO3IaHBI HA OCHOBE HAHOYACTUII MJIU C UCITOIh30BaHM -
eM HaHoTexHooruii. MIx xapakTepHbIe pa3MepHl JieXKaT
B nipeaeiax oT 1 mo 100 HanoMeTpoB. C mpucTaBKOM
HaHO- M3BECTHHI TPYOKM, BOJIOKHA, KJIACTEPHI, JICHTHI,
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TUCTICPCUHN, TICHKH, W 3TOT PSII MOXHO TTPOIOJIKUTh.
OToenbHBIN OTPOMHBIN TIIACT 3aJa9 PEIIacTcs C MC-
TIOJTb30BaHKUEM YIVIEPOIHBIX MaTeprajIoB ((PyUIEPEHOB,
rpadeHOB, TPyOOK, aIMa30B, BOJIOKOH). Pa3paborka
¥ TIOMCK HOBBIX HAHOMATEPHAaJIOB BEACTCSI HE OTHO JIe-
CATHJICTHE, YTO OTKPHIBACT ITEPCIICKTUBEI PA3BUTHS TEX-
HOJIOTHI. YTIOMSIHYTEIC BBIIIIC HAaHOMATepHaIbl UMEIOT
KPUCTAJUTNICCKYIO CTPYKTYDY.

B ctpoutenbeTBe, a TaKKe B ICKOPE IIMPOKO MCTIONh-
3yeTcsl, HallpuMep, XKUAKOe CTEKI0. DTO OUYCHbB IUIOT-
Has 1 BSI3Kasl CyOCTaHIIUS MPU pabodeii TeMIleparype
95-98°C, mociie HaHeceHNUs Ha IIOBEPXHOCTD TBEpICET.
[TpumeHsieTCs WIS TUIPON3OISALINHI, HarpuMep, hyHIa-
MEHTa, IMeeT XOPOIIKe aare3MOHHBIC XapaKTepUCTUKH,
MaTepHajl YCTOMYMB K TEPMUICCKUM BO3ICHCTBUSIM,
HE BOCIIPUMMUYMB K BJIare, HETOKCUYCH, OTHEYITOPHBIA,
MMEET aHTUCTATUICCKNE U aHTUCEIITUICCKIE CBOM-
cTBa, 00paboTaHHAS IOBEPXHOCTH MMEET IOJTHIT CPOK
cayx6b1. K HemocTaTtkaM MOXXKHO OTHECTH BO3MOXKHOCTh
TIOJIyIeHUSI OKOTOB TIPM KOHTAKTe C KOXKEHU M3-3a Ha-
JIMYMS B COCTAaBE IIEJIOYN; OBICTPO BBICHIXACT, ITO3TOMY
HEeoOXO0AMMO UMETh HaBbIK pabOThI ¢ HUM; 3(P(EeKTUB-

Nanob%

HO TIpUMEHSICTCS 1T OeTOHA U AepeBa, HO pa3pyliacT
CTPYKTYPY KApIIJa.

OmHIM 13 MaTeprajIoB, KOTOPBI OTHOCIT K HAaHO-
MaTepuajaM M3-3a MaJIOCTH pa3MepPOB MOJIEKYN (OT 5
10 30 A) 1 KOTOpBII1 HALLIEN IPUMEHEHHE B HAYKE, TeX-
HHKE, B pa3pabOTKe pa3TNIHbIX MHKCHEPHBIX PEIICHMUIA,
sBisgercs xunknit kpuctam (2KK). ZKuakuii Kpuctamr
AMEET CBOMCTBAa OMHOBPEMEHHO TBEPIOTO Teja 1 KU~
kocTtu. OH BSI30K M TeKyY, KaK KUIKOCTh, HO TIPH 3TOM
WMeEeT CTPOTHMI OpUEHTALIMOHHBIN TTOPSIAOK MOJIEKYJI,
KaK TBepHoe TeJa0. DTO OpraHMIeCKUe BelecTBa, KO-
TOpBIE COIEepKATCS B XKUBOM OpraHu3Me (HaIlpuMmep,
XOJICCTEPHH), U TTO3TOMY XKHUIKNE KPUCTAIIB YCIICIITHO
MIPUMEHSIIOTCS B MEIUIIMHE IJII CO3TaHUs IPUOOPOB
W METOHOB paHHECU AUATHOCTUKM OOJIe3HEI, TOHKHE
mwieHku 2KK paccMaTpuBaroT Kak MoaeaIn MeMOpaH Kiie-
ToK [19]. 2Knakume KprCTaTBl UCITOIB3YIOT B TEXHUKE
TSI CO3MaHMST MOHUTOPOB, Ta0JI0, pa3TNIHBIX JaTINKOB,
CEHCOPOB, KaK JIJIsI CUCTEM OTOOpakeHUs MHGMOPMAIINH,
TaK M B KaUeCTBE «pab0OYeTo BEIIeCTBa» TSI KOHTPOJIS
TABIICHUSI, BUOPAIINil, YPOBHEH XUIKNX WA CHIITYINX
BelecTB [1—24].

Puc. 1. TekcTypbl B KMIKHX KPUCTALIAX, HA0/II0aeMble 110, MUKPOCKOIIOM
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YHukanbHble (prU3MUIecKre CBONCTBA KUIKUX KPU-
CTaJIJIOB JIENIAI0T UX YYBCTBUTEILHBIMU K BHEIITHUM BO3-
netictBusM. Tak, Tpy HarpeBaHUY,, TOJKITIOUEHUHN JeK-
TPUIECKOTO WJIX MAaTHUTHOTO TIOJIeil, pa3TMIHOTO poaa
MeXaHWYEeCKUX NEUCTBUAX (CIABUT, U3rMO, KPyUYEeHUE)
KUIKUE KPUCTAJUTBI JIEMOHCTPUPYIOT MHOXECTBO pa3-
JTIHBIX 39¢(PEeKTOB, HAa MPUHIIATIAX KOTOPBIX OCHOBAaHA
paboTa yxe CO3IaHHbIX TPUOOPOB, a IEPCTIEKTUBBI X
WCTIONIb30BaHUST OE3rPaHUYHBI.

Kunkve Kpuctamibl IeMOHCTPUPYIOT OYeHb He-
OOBIYHBIE ¥ KPACUBBIE KAPTUHBI, KOTOPHIE MOXHO WC-
TOJTH30BaTh IS IEKOpa U Au3aitHa nHtepbepa (puc. 1,
(oTorpacuut B3SITHI M3 OTKPHITHIX ICTOUHUKOB).

ABTOp CTaThb1 UMEJIa OTIBIT TRBOPUYECKOTO COTPYIHUIEC-
cTBa ¢ Kaenpoii nu3aitHa Y hUMCKOTo rocyIapCcTBEHHO-
TO YHUBEpCUTETa 9KOHOMUKM U cepBuca. @ororpacdun,
TIOJTyYE€HHBIE TIPU MTPOBENEHUY (PU3UIECKOTO IKCITEPH -

Nanob%

MEHTA C XUIKUMU KPUCTAIIAMU, OBUTU UCITOJIb30BAHBI
nipu ochopMIIeHUN UHTepbepa. B pesynbTrare Takoii co-
BMECTHOM pabOThI ObLIM TPOBEIEHBI BBICTABKU B T. Ye
B XyIOXECTBEHHOI Traniepee «Academia» («TBopuecTBO
XKUAKUAX KPUCTAJJIOB»), a TakKe B ['ocymapcTBeHHOM
LIEHTPe COBPEeMEHHOTO ucKyccTBa B I. Mockse («Du-
3udeckast KapTHa MUpPA: BU3yaJTbHbIE 00Pa3bl KUAKUX
KPUCTAJITIOB»).

Ju3aiiHepbl 1 apXUTEKTOPBI HAXOSTCS B TIOCTOSTH-
HOM TIOMCKE HOBBIX PEIIeHU B apXUTEKType U IIBETE.
UepnaTh uaen MOXHO, B YACTHOCTHU, U3y4asl CTPOCHUE
BEIIECTBA, BOOPYXUBILIICH MUKPOCKOTIOM (puc. 2, hoTo-
rpaduy B3SIThI U3 OTKPHITHIX ICTOYHUKOB).

Kunkue KprcTauibl UMEIOT aHU30TPONUIO (pu3unye-
CKUX CBOWCTB, T.€. OHU TIPOSIBIISTIOTCS TT0-Pa3HOMY TIpU
BO3[EMCTBAN HAa KPUCTAJLT B PA3JIMYHBIX HATIPABICHUSX.
AHU30TPOTINSI CBOMCTB 00YCIOBIIEHA TAKXE CTPOCHUEM

Puc. 2. @yrypucTHyeckue apXuTeKTypHbIE U IIBETOBbIE PeIleHHsI
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moutekys KK. ITo ¢hopme MoJIeKyJIbl JKMIKOTO KpUCTaljia
MOXXHO aIllpoKCUMHUPOBATh B BUIe OaHaHAa, TMCKa WIIN
nasouku [25, 26]. MuI OyzneM paccMaTpuBaTh XXKUIKUE
KPUCTAJUIBI ¢ MOJICKYJIaMH BBITSIHYTO# (hOPMBI B A1a-
MeTpe mopsika 5 A, wmHoit mopsika 30 A.

BcenenctBue aHm3oTponuu (GU3NIECKUX CBONCTB
1 (GOPMBI MOJICKYJI KUIKNE KPUCTAUTBI JeMOHCTPH -
PYIOT MHOTOOOpa3ne pa3InIHbBIX 3(PDEeKTOB, KOTOPHIE
He HaOIIOMArOTCS B XKUIKOCTSIX WJIM TBEPIBIX KPUCTAII-
nax. B TBepabix Tenax HabmomaeTcst 3p@eKT IBOMHOro
JIyIeTIpeIOMIICHUS TIPU MEXaHMICCKOM aedopMalin
JIBYTaBpOBOI Oanku. Eciuy B3ITh TOHKMI CJI0M KUIKOTO
KpHCTalIa, TOMEIICHHOTO MEXKIY CTEKIIAMHU, TIOCMOTPETh
B OKYJISIP MUKPOCKOTIA, TIOJISIPOUIBI KOTOPOTO CKPEIICHEI,
TO MBI YBUIMM TeMHOE TIo1e. [1pn meficTBM Ha KPpUCTAJLT
BHEIITHIM TI0JIEM MOKHO JOOUTHCS TOTO, UTO CJIOI KpH-
cTayia OyZIeT MPOITyCKaTh CBETOBOI MyJoK. To ecTh mpn
ompeAe/ICHHBIX YCIIOBUSX STIEIKA C XKUIKUM KPHUCTAIITIOM
JIM0O TIPOMyCKaeT CBET, MO0 HET, TAKUM 00pa3oM, OHa
MOKET MCIIOIb30BaThCS KaK ONMTUIECKIIA 3aTBOP.

B TBepabix KpucTajijiax U3BECTEH Mbe303JIEKTpUYIE-
ckuit addexr [25, 26], KOTOPBIH 3aKTI0YAETCST B BOZHUK-
HOBEHUH 3JICKTPUICCKOTO TIOJIS TIPU MEXaHMIECKOM JIe-
opMarm. AHaITOTUIHBIN 3 HEKT MMEST MECTO B XKUII-
KOM KpHCTaJlIe, OH HaOII0maeTCsI ITPY BO3SHUKHOBEHUN,
HampuMep, CIBUTOBBIX AeopMaInii, M1 Ha3bIBACTCSI
daekcoanekrprmaecknuM 3pperToM («drekco» — nU3-
u6). B pe3ynprare m3rnOHBIX AeDOpMAaIInii B KIKOM
KPHUCTAJIIC TIOSIBIISICTCST IIOBEPXHOCTHAS TTOJISIPU3aIIis,
KpOMeE TOTO, KJIMHOBHMIHAS WJIM CEpIOBUIHAS (hopMa
MoieKyn 2KK TTprBoInT K BO3HUKHOBEHUIO JIOKAIBHOM
nedopMaIy Mo AUPEKTopa # (IUPEKTOp — BEKTOP,
XapaKTepU3YIOIINHA TTPEUMYIIICCTBEHHOE HAIIpaBIICHIE
opueHTalu mosekyn KK).

Eciu Monekysbl Kpuctajijla OpueHTUPOBAaHbI B TO-
PU3OHTAILHOM MJIOCKOCTH, TO TaKasi OpUEeHTAlMsI Ha-
3bIBAETCS TUIAHAPHOM; €C/IM MOJIEKYJIbl OPUEHTUPOBA-
HbI BEpTUKAJIbHO, TO TaKasi OpUEHTALIMs Ha3bIBAECTCS
TOMEOTPOIHOM.

B nanHo# cTaThe MpencTaBiaeHbl PE3yJIbTaThl KCIIE-
PUMEHTAILHOTO HccenoBaHms 3¢ deKra, HabaogaeMo-
ro B XUJIKHUX KpUCTaJIaX, TOHKUE CIOU KOTOPBIX MOTYT
CITYKUTb ONITUIECKUM 3aTBOPOM (IITOPKOI MIJIH KAaJTt0-
31) AJIS1 BUTpaXKe WJIM OKOH 3JaHUI U COOPYKEHUIA.

MATEPUAJIBI U METObI
Marepuasnbl

J17151 KCTIEpUMEHTATLHOTO MCCIeq0BaHUs (DIIEKCO-
BJIEKTPUUECKOTO 3(pdeKTa UCITONB30BATUCH KUIKUE
kpucTtauibl HeMaTtudeckoro tumna (H2>KK), ocHoBHBIE
TapaMeTpbl KOTOPBIX MMPUBEIEHBI B Ta0. 1.

MeTtonpl

HccnenoBanich 00pa3iibl ¢ TOMEOTPOITHOM OpUeHTAa-
LIe MOJIEKYJI TONMHOM A oT 10 1o 100 MKM MeTog0M
JIBOITHOTO JiydenpesioMieHrs. YacTora cCIBUTOBOTO BO3-
nevictBus mopsinka 1 kI,

Slueiika ¢ XMIKUM KPHUCTAJUIOM OBIJIa M3TOTOBJIEHA
13 IBYX CTEKJITHHBIX IUIACTUH B BUJIE TIJIOCKOTO KOHIEH-
caropa (puc. 3), MeXIy CTeKJIaMH IMOMEIIAINCh ITPO-
KJIaIKW, KOTOpBIE U 3a1aBaJiv TOJIINHY 00pa3lia.

Ha nominoXku HaHeCeHO MPOBOJAIIee ITOKPBITUE
13 METAJNIMYECKOTO XpOMa, OHO ITO3BOJISITIO TTOJIYYUTh
Heobxonumyto opueHTanuio mojekyn KK. JIas moa-
JIep>KaHUS HY>XKHOUM TeMIIepaTyphl CYIIIeCTBOBAHUS Me-

Tabauya 1
Du3nyecKue napaMeTpsl XKUJAKHX KPICTAIIIOB
_ _ . | JIuanekrpu-
K . Temmnepatypa e, 10%en | e,, 10 en. | JlumoabHbrii
KHH KpuETaLT Me3odassl, °C CI'CE/cm CI'CE/cm | momeHT, p, D Aeckadt ani-
30Tponus, &,
uaHO(EeHWIOBbII 3Up
TENTUIOEH30IMHOM KMCITOTHI K 4> N 5_601 5,5 3 ~4.5 ~19
(LI®BI'BK)
450 6l°
HUTPOGDEHUTOKTUIOKCUOEH - K=A—1 50 1 41 >0
30at (HDOOOB) 68°y ’ ’
N-METOKCUOEH3UIUIEH-N- 180 - 420
2N = ~ <
oyrunanunuH (MBBA) K=N-=1I 4> 102 2,6 0
OyIeTUITeNITAaHOUIA30KCH - 200 71e _
6enson (BTAOB) K=N-I 4,0 30 3 >0
http://nanobuild.ru 422 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (5):
419-429

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

PE3Y/IbTATbI UCC/IE4OBAHUM YHYEHBIX U CMIELUAJINCTOB

KK-sueiika

10

10

Puc. 3. DiemeHTapHas ycTaHOBKA ISt
3KCNEPUMEHTAIBHOTO JIeTEKTUPOBAHUS
(bnekcoanexTpuueckoro 3¢dexra B KK:
1 — guetika-koHaeHcatop ¢ KK;

2 — UCTOYHMK KOJIebaHUil (CABUT);

3 — Tepmornapa; 4 — MUJUIMBOJIBTMETP
IMOCTOSTHHOTO TOKA; 5 — aHaJIoro-

= 11 ¢poBoil Tpeodpa3oBaTelib;
2 6 — MUKPOCKOIT; 7 — BOJIbTMETP
1 ITOCTOSTHHOTO TOKA; 8 — CeJIeKTUBHBII

YCUJIUTENb; 9 — KOMITbIOTED;
10 — cTeKJISIHHbIE MOJIJTOXKKU;
11 — mpoxutanku

30ca3kl TUYciika HarpeBazach, TeMIlepaTypa KOHTPOJI-
poBajach TepMOITApOA.

O6pa3ipl TOMeIIaIM Ha TIPSAMETHBIN CTOJIMK OIT-
THYIECKOTO MUKpPOCKoOITa. JIyd cBeTa IIpOXOIMI dyepes
9KCIIEPUMEHTAIBHYIO STICIKY, 1 €TO TIepeMeHHas KOM-
TIOHEHTA PETUCTPUPOBAJIACH CIIEKTPO(POTOMETPUIECKOM
TIPUCTaBKOM. [IJ151 perncTpay MoCTOSTHHOM KOMITOHEH -
THI ONITUYECKOTO CUTHAJA MCITOIb30BaI MUJUTUBOJIb-
TMETP MOCTOSTHHOTO ToKa. COOKY OT IIPEeAMETHOTO CTO-
JINKa MAKPOCKOTIA PACITOJIATajIcs UCTOYHUK CIBUTOBBIX
KoJiebaHmi1, KOTophlii coenuHsics ¢ KK-sueiikoit mpu
TIOMOIIX TOHKOTO BOJTHOBOIA. MeTonmKa SKCIIepUMeH -
TaJIbHBIX UCCIEA0BAHUM MTOAPOOHO OoIucaHa B paborax

[6, 8].
PE3YJIbTATBI 1 OBCYKJIEHUE

bynem ucciienosath GpieKCO3MEKTPUIECKUN OTKIMK
KK cucrtembl Ha BO3MYILIEHUE CIBUTOBOTO TUIA, TIPU
KOTOPOM OfiHA M3 OrPaHUYMBAIOIIUX TOBEPXHOCTEN CIIOSI
COBEpIIIaeT IIePUOINYECKIIe KOJEOaHHsI CO CKOPOCTHIO U.
bynem Takxke paccmarpuBaTh KK ciiom TOJIBKO € OTHO-
POIHOI OpUEeHTALEN MOJIEKYII.

CorsacHO TeOMETPHH 3aIauil TUPEKTOP HaIpaBIcH
BEpPTUKAJIbHO TMapaJlyIeJIbHO OCU Z, BEKTOP CKOPOCTU
Kojie0aHUl MJACTUHBI — TOPU3OHTAIBLHO MO ocu X.
OpueHTaIns MOJICKYJ KUIKOTO KPUCTallJIa B 00beMe
XapaKTepu3yeTcs yIiIoM 6. YpaBHEHNE, ONACHIBAIOIICE
pacmpezaencHue yriia 6 BIOJIb OCH Z B 00IIIeM BUIE, MOX-
HO 3arucars [26]:

2
[——b[z — 6)] cos [gb(z — 6)] coswt, (1)
rae 7,, 7, — KO3GOULUMEHTHI BAZKOCTH; § — pac-

CTOAHUME, HA KOTOPOM OAMPEKTOP MMECT OTKIIOHCHUEC
oT HepBOHa‘IaJ'IbHOfI OpuEHTAlN, pcaJbHas1 4acCTb

KOpPHEH XapaKTepUCTUYECKOTO ypaBHeHus: b~[(1, ow?)/
(11, K))1'%; K, — K03(p(HDULHMEHT YIIPYrocT; @ — 4acToTa
MIepUOINYECKOTO CIBUTA.

CormacHo ypaBHeHUIO (1), MEXXIy ITOXBIZKHOM 1 HE-
TTOOBIDKHOM TTomToxKamu KK -sraeiikm pacripocTpaHs-
eTCs YIIPYro-Bsi3Kasl BOJIHA, KOTOpasl IPUBOIUT K BO3-
MYIIECHUIO HAaYaJTbHO TOMEOTPOITHOI OPMEHTALIMH TTOJISI
nupekrTopa (puc. 4 0).

[MpraeM pod s MCKaXKEHUS TUPEKTOPa B TIOCKO-
CTH, 00pa3yeMoi BEKTOPOM CKOPOCTH ¥ BOJTHOBBIM BEK-
TopoM 4, TIpeAcTaBisIeT u3 cebs necdopmanuio B-tuma
(bend), a 3HAYUT B 0OBbEeMe HEMATUIECKOTO XUIKOTO
KpHUCTaJJIa MOKET MHIYITUPOBATHCS (hJICKCOIIEKTPH -
yecKas MOoJISIpU3alinsl TakKe TOJIbKO B-Thiia, BeKTOp
KoTopoii exut B iockoct KK ciost. Otciona He-
ITOCPEACTBEHHO BHITEKACT, YTO PA3HOCTD IOTCHIINAIOB
MEXXIy OOKJTaIKaMH sTIeiiKa-KOHIEHCATOP TOJKHA OBITh
paBHa HYJIIO, T.K. IIPOSKIINS TTOISIPU3ALINN Ha HOpMAaJb
K cJIOI0 paBHA Hym0. OOMHAKO B IEICTBUTEIHHOCTH
MEXIY TTPOBOISIIINME TTOIJIOXKAMU TIPU BO3MYIICHUN
HavyaJIbHOM OPUEHTAIINY CABUTOM PETUCTPUPYETCS TIepe-
MeHHas1 3/1C, B KOTOPOIf MOKHO BBIICIUTH KaK TIEPBYIO,
TaK 1 BTOpyIo rapmonviku U, u U, (puc.4 a, B).

PaccMoTpuM 3aBMCUMOCTD MepBOii rapMoHuKku U,
OT BEJIMYUHBI CKOPOCTH caBura (puc. 4 a, w = 1 xI'm),
Hanpumep, B HZKK MBBA nipu 3ananHoii Temiiepatype
T = 25°C. B 5101 3aBUCUMOCTHU 110 OCH aOCIIMCC BBI-
JEIMM 1B 00JIaCTH, XapakTepHble 1is nosenenus U,
0<v< v v > v, T U, — 3HaYeHUs] CKOPOCTU, TPU
KOTOPO#i TPOUCXOIUT CKAaYOK BeIMYMHbL U, W M3MeHe-
HME TaHTeHca yIjia HakJIoHa U, OTHOCUTEBbHO OCH .
B niepBoii 061acTu riepBasi rapMOHMKA ¢J1a00 3aBUCUT
OT BEJIMYMHBI CKOPOCTH WJIH, YTO TO K€ caMoe, OT aM-
IUIMTYbI cMetlenys a. [Ipy v = v_ CIIBITBIBAET CKAYOK.
[Monsapr3allMOHHO-ONTHYECKIE NCCIeIOBAHMS TTOKa3a-
JIA, 9TO TIPY 3TOM B CJIOC MHAYIIUPYETCS CTAIIMOHAPHBII
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Puc. 4. 3aBucumocTs nepBoii rapMoHuku U, 0T CKOPOCTH OCHMJLIALMIA: 2) MIUTIOCTPALIMA OPUEHTALIMOHHOTO
uckaxeHnus B 00beme KK 1oz nefictBueM nepuoanyeckoro capura; 6) 3aBUCMMOCTb BTopoid U, TapMOHMKH
OT CKOPOCTH OCLMJLISALIMIA (TEMIIEPATYPhI CyIeCTBOBaHUA HeMaTuueckoi dasbl T, KK: 25°C (MBbA),

25°C (bI'AOB), 48°C (LPBI'BK), 3°C (HDOODb))

HakyoH Mosiekyn HXKK 6, kotopelit, o-suauMomy,
¥ TIPUBOAUT K Pe3KOMY BO3pacTaHUIO BEJIMUMHBI Tap-
MOHUKH.

He yTouHsasT moapoOHOCTH, YKaXKeM, 4TO TIPUINHEI
TIOSIBIICHMSI CTAIITMOHAPHOTO pacIpeneIcHUS yIia TUpeK-
TOpa O, B TaKO¥i reOMETPUM MOTYT ObITh Pa3HOOOPA3HbIE,
HaIIpUMep, M3-3a HEIMHEWHOCTH YPaBHEHMIA, OTIUCHI-
BaIOIINX MMOBEACHNE KUIKNUX KPUCTAJUIOB IO CKOPO-
CTU IBIDKEHUS [25], nam n3-3a HECTPOTO JTUHEIHOTO
IBYDKCHUS TIOOBIDKHO TUTACTUHEI B OMHOM TNTOCKOCTH,
KOTOpPOE CTAHOBUTCH JIUNITUYeCKUMH [26]. B nannom
ciydae OymeM onmpaThcs Ha 3KCITEPUMEHTATbHBIN (hakT
HaJIMIMS TAKOTO pacIpeneSicHUs 1 IMMOKaxXeM, 9TO TP
9TOM TOSIBIISICTCST KOMITOHEHTA TTOJISIPU3AIiN, TIepIICH-
nukynsipHasi ciioro 2KK.

PaccMoTpum ciydaii, Korma HampaBieHHE ocu X
COBIIAZAET C HaIlpaBJICHNEM KOJeOaHUS TUIACTUHE,

och Z nepnengukyiaspHa ciow HXKK. Torma moxHo
BOCIIOJIB30BaThCS ypaBHeHUEM (2), W TTOJISIpU3AIIHSI
10 ocu Z TIpY MaJIoM HaKJIOHEe IUPEKTOpa /7 K OCH Oy-
IIeT BBIPAXKXAThCST:
8,

P, = ey [roti X 7], = eagsmﬂ exp(zwt) 2)

rae 6, — aMIUIUTyIa KojiebaHuii mupekropa. M3 aToro
BBIPAKCHUS CIICAYET, YTO IIPU HEHYJIEBOM 3HAYCHUN
CTAIIMOHAPHOTO yIJIa HAKJIOHA MOJICKYJT KINIKOTO KPH-
crajia 6, MeXay MpOBOAALIMMHU MOUIOXKKAMU BO3HK-
KaeT mepeMeHHasl pa3HOCTh MTOTCHIINAJIOB, CBSI3aHHAs
¢ (piekcosnexkTpruuecknM 3 dektoM. i onpeneneHnus
BEJIMYMHBI HAKJIOHA 6, B CJI0€ UCCIIEN0BAMCH aKyCTO-
ontudyeckue 3(PHOEKTH — MOIYISIIVS TOIIPU30BAHHOTO

CBeTa OPUEHTAIIMOHHBIMU BO3MYIIICHUSIMU B sTYCiiKe
¢ XK (puc. 5).

Do , OTH.eq.

60

40 o
g

20 B

Puc. 5. 3aBucumocTu (0) — crenenn Mo-
JyJISIAM HHTEHCUBHOCTH MPOLIEANIETO
0 MOJISIPU30BAHHOTO CBETA Yepe3 sTUeiKy

¢ KK MBBA; (X) — ungynupyemoro
C/IBUT'OM YIJIa HAKJIOHA Bc OT CKOPOCTH
C/IBUTA U
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OrtHocuHTeIbHAs BEIMYMHA BTOPOii rapmMonuku /, /1
B 3aBICHMOCTH OT a0COJIFOTHOTO 3HAYCHMST CKOPOCTH OC-
mwntpyeT. M3 gero gemaeM BBIBOI, UTO B sSTUCHKE WHITY-
IMPYETCS ITOCTOSTHHBIN HAKJIOH TUPEKTOpA OTHOCUTEIIHHO
ocH Z, T.K. MUHIMYMbI THTCHCUBHOCTH COOTBETCTBYIOT
Habery pa3HocTH (a3 MexKAY OOBIKHOBEHHOU 1 HEOOBIK-
HOBEHHOM CBETOBBIMU BOJIHAMM, paBHOU A = sn (n =
1,2,3,...). Haxomum 3aBUCHMOCTH yTJIa HAKJIOHA OT CKO-
pOCTH KoJieOaHUsI TIONBIKHOI IUTACTUHEI (pHc. 5). 3Hast
BEJIMYKHY CPE/IHETO yIiia 5c ¥ aMIUTATYAY JeBUAALINH 1~
pekTopa 6, MOXXHO OTIPENETUT BEJIMYUHBI (IIEKCOK03(D-
(UILIMEHTOB e,, NCCIIENYEMBIX BELIECTB, T.K. U3MepseMast
BEJIMIMHA TICPBOI TApMOHUKH CIICAYIOIINM 00pa30M 3a-
BHUCUT OT IIePEUMCIICHHBIX ITapaMETPOB:

u,,, P.dz = e;,0,07 exp(iwt) h. 3)

&
'\-‘Il?rk'_‘—‘x SIES

Beipaxenue (3) BepHO NMPH YCIOBUM MAJIOCTH YIJTIOB
9 1/10 0 > 9 , @ TAKXe B CITydae, ecin |6, (z)—0| <<,
T.€. CTAIIMOHAPHOE OTKJIOHEHME 6, () cl1abo oTmrIaeTcst
OT CpEIIHETO 9 [26], 0" — MakcUMalbHas BeJMYMHA
AMITTUTYIBI KOJ'[C6aHI/I$I IAPEKTOpPa B CJI0C, KOTOpAasI CBSI-
3aHA CO CPEIHUM 3HAUCHUEM 6 |, UI3MEPSIEMOIA B OKCIIE-
PUMEHTE 10 aMTUTATY/IE MOAYJISIIIUY CBETOBOTO TTOTOKA.
Ucxons u3 popmyist (1), 6 n 0 |, CBSI3aHBI CIIEAYIONIM
o0paszoM:

= =
|
M|;‘L_‘—'-;M|;;;-

A o _am -1
6, ~— | Bydz = Gm(AR),
—
rae A = |d| — meKpeMeHT 3aTyXaHMs YIIPYro-BI3KOM
BOJIHBI.

Torna Beipakenue (3) 3amuIneTcs B BUE:
Ui ® €336.04(Ah7) exp(iwt). 4)

Hanuuue noctaTouyHO GOJBIION BEJIUUYMHBI (hJIeK-
comomnyeit nemaet KK mepcrieKTUBHBIM B OTHOIIICHUH
BO3MOXHOCTU PETMCTPAllMM UMM aKyCTUUECKUX KOJie-
OaHuli 1 pa3pabOTKU aKyCTUYECKUX MpeoOdpa3oBaTe-
neit. Ho mirst 3Toro, IIOMMUMO CYIIeCTBOBAHMSI IIPSIMOTO
dekcoanekTpuyeckoro agdexkra, He0OXOAUMO 3HATh
AMIUIITYTHO-YaCTOTHYIO XapaKTepPUCTUKY CUTHAJIOB,
TeHEepUPYEMbBIX BCIICACTBUEC CIBUTOBBIX BO3MYIICHUIA,
C03IaBacMbIX KOJICOAHUSIMHU OTHOU 13 TTOMITIOXKEK.

HccaenoBanus moKas3ajin, 9TO YaCTOTHAS XapaKTe-
puctuka curiana U, (puc. 6) (CKOpocTb caBura U=
const), HarpuMep, B MBBA aHajiornuHa 3aBUCUMOCTH
U, (w), IONy4eHHOM TIPU BO3MYLIEHUSAX U3TUOHOTO
THIa. 3HAYNUT, peajibHO SICHKU ITOOOOHOTO THITA MO-
T'YT OBITH MCITOJIb30BAaHEI B KAUCCTBE JIETEKTOPOB aKy-
CTUYECKUX KOJIeOaHNIT HU3KOYaCTOTHOM obtacTu ot 20
1o 15002000 I'tx, XoTs nMeroTcs JaHHbIe 00 MCITOJb-
30BaHUM aHAJIOTMYHBIX KOHCTPYKIIMIA TSI PETUCTPAIIAN
3BYKOBBIX MOJIEH C TTOMOIIIBIO CBETOBOTO JIyya — 30H]1a
1o 9actoT w~10+15 kI

[lepeiimem Termepb K pacCCMOTPEHHIIO BTOPOI rapMo-
HuKU. Kak ObIIO TTOKA3aHO BBIIIE, TTOSBICHUE BTOPOM
TapMOHUKM CBSI3aHO C OPUEHTALIMOHHON MOAYJISIIUEN
ITOJISIPM30BAHHOTO TIOBEPXHOCTHOTO CJIOSI — ITOBEPX-
HOCTHOW MOJISIPU3ALUN YIIPYTO-BI3KOU BOJTHOM, UTO
BelleT K MEPUOINICCKOMY N3MEHCHUIO EMKOCTH 3TO-
TO CJIOSI, TIPOSIBJISTIOIIEECs] B BUIIE TeHEpaIlNy TTOBEPX-
HOCTHBIX 3apsI0B Ha YIBOCHHOI 9acTOTEe BO3MYIIIE-
HuA. To ecTh OSIBIICHIIE BTOPOI TAPMOHMKU SIBIISICTCS
ITOPOTOBBIM, TIPUYEM ITOPOTOBOE 3HAUYCHUE CKOPOCTHU
v ~8 MM/c Bo3HUKHOBeHUs U, (w) coBagaer ¢ nossJe-
HHMEM CTaIllMOHAPHOTO HaKJIOHA MOJICKYJI B cjioe. OmHaKo
UMEIOTCS OTJIMYMS B COOTHOIEHUM curHanoB U, n U,

|.(

l]j(,) , OTH.eq.

A Af A

"l"J“,f ' AN

N\’jﬁw\

pR o
Uro = o9,

-
; o

o

®, kK['11

2 3

Puc. 6. Yacrorubie 3apucumoctn U, u U, rapmonuk nist MBBA (7, = 25°C)
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[MTpu casure U, > U, , 9TO TOBOPUT O TOM, 4TO e, > €,
Hanpumep, B MBBA nu BI'AOB.

DKCIepuMeHTAIBHBIM U3YYCHIEM MEXaHU3MOB MO-
JIEKYJISIPHO-OPUEHTAIIMOHHON MOJISIPU3AIINT XKUIKIX
KPHUCTAJIOB, BO30Y:KIaeMO#l aKyCTUUECKUM BO3MY-
IeHWeM, OBIJIO YCTAHOBIIEHO, YTO B OMHOOCHBIX KPH-
CTaJU1ax, KAKUMU SIBJITIOTCST OOJBIIMHCTBO HEMAaTUKOB,
MMEIOTCS IBa (hJICKCORIIEKTPUIECKIX KoaddpuimmeHTa
e, u e,,. [lpmyeM B oblee 3HaYeHNE KOI(DPHIIMEeHTA
e,, IAIOT BKJIA/Ibl KAK JIUIIOJIU, TaK ¥ KBAJAPYIIOJIH, XOTI
W B pa3HOM «BECOBOM» COOTHOIIICHUU. TaKoit BEIBOM
SIBIIICTCST PE3YJIbTATOM aHAJIM3a TeMIIePaTyPHBIX 3aBH-
cumocreit neppoii rapmonuku DIAC U, v akyCTOONTH-
gecKnX 3(ppekToB. OMHAKO BOIIPOC O «BECOBBIX BKIIaIax»
TIepEYNCICHHBIX MEXaHU3MOB BO (DJIEKCOKOA(MPUIINEHT
e,, OCTaeTCA OTKPBITBIM. B CBA3M ¢ 5TUM HEOOXOMMMO
HCCIeAOBaHNE TEMIICPATYPHBIX 3aBUCHUMOCTEN (PaeK-
COMOYJIA e,,. it 5TOro M3y4uM TEMIIEPATypPHOE MOBe-
nenne D C, mHOyIIpyeMOii Ha 9aCTOTE IIePBOIM TapMO-
HUKMH, a TAKXKE TeMIIepaTypHbIC 3aBUCUMOCTHU BEJTNINHEI
MOCTOSHHOTO YIJIa HAaKJIOHA IMPEKTOpa 6, MHAyLupye-
MOTO COBUTOBEIMHU KOJICOAHUSMU OTHOM U3 TTOIJIOXKEK,
M aMIDUIUTYIBI KOJIeGaHMs TUpeKTopa 0 P

Paccmotpum TemrniepatypHylo 3aBucuMocthb U, , Ha-
npumep, B HKK MBDBA (puc. 7 a). Bnanu ot ¢pazoBoro
mepexoma HeMaTHK — M30TPOITHAS SKUIKOCTh CUTHAIT,
peTUCTPUPYEMBI Ha TIEpBOI TapMOHMKE, BElIEeT ceOsI
MOCTATOYHO PETYISIPHO U OOBICHUMO C TOYKHU 3PCHHUS

¢deHOMEHOIIOTHH, T.€. €TO BeIMUMHA, YMEHbBIIAsICh, MO-
JKeT OBITh (DYHKIIMEH ITapaMeTpa IopsiaKa S, Kak Ipei-
CKa3BIBacT TeOpHUs (hICKCODIIEKTPUIECKOTO 3pdeKTa.
OmHako TIpy IIpUOTIKEHUHN K (pa30BOMY IIEpEXomy pe-
rpeccus curHama U, TIpeKpaiaeTcs, a 3aTeM 3HaYeHIe
€ro Bo3pacTaeT BIUIOTh 0 TeMIIepaTypHOTO Iepexoaa
HEMaTUK — U30TPOIHOE cocTosiHue T, 4TO yXKe He-
O00BSICHUMO B paMKax Teopuu. J1JIsi MOHUMaHMSI TAaKOTO
IToBeIeHUST oOpaTuMcs K hopmydie (4). M3 Hee crremyer,
4TO BeJIMYMHA cUrHata U, mnporopuroHaibHa (iek-
COKOI(MUILIMENHTY e,,, CPENHEMY ITOCTOSHHOMY YTy 0,
HakJioHa B ciioe 2KK 1 amrimuryne KojebaHust IMpeKTopa
0 | » KOTOPBIE TaK XK€, KaK U MOJIYJIb €,, MOTYT ObITh 3aBU-
CHMBIMH OT TeMITepaTypbl. OTMETHM, YTO B TAHHOM CITy-
4ae 9KCIEPUMEHTAIBHO TapamMeTphl Q ué | BHIOUpATUCH
MaJIbIMH, X0Ts1 6 > 6. OTciozia, MoIyYuB 3aBUCUMOCTH
0. (T) n 6, (1), MOXeM TIOCTPOUTH TEMIIEPATYPHBIE 3a-
BUCUMOCTH e,.(T).

Panee Ob110 ycTaHOBIIEHO, uTO B stueiike ¢ HXKK,
nMelolell HayaJbHYI0 OTHOPOIHYIO TOMEOTPOITHYIO
OpHMEHTALINIO, MHAYINPYETCS COABUTOM HEKOTOPHIMA
MOCTOSIHHBIM HAaKJIOH AMpPEKTOpa 5c (puc. 7). Bribe-
peM TI0 ocH abCIMCcC TaKoe 3HaUCHUE CKOPOCTH, UTO-
OBl BCIIEACTBYEC HATMYWS HAKJIOHA TIPU MPOXOXKICHUN
ciiost 2KK 11071sipn30BaHHBIM CBETOM Pa3HOCTh (a3 A
ocTaBaJlaCh MEHBIIIE 77, M TIOCMOTPUM, KaK OymeT 3a-
BHCETh BTOPasi FApMOHMKA ONTUYECKOro curHana /, /1,
OT TeMmepatypsl (puc. 7 0).
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Puc. 7. TemnepaTypHbie 3aBUCUMOCTH:

a) mepBoi rapMoHuKu U,

(a =const, ® = 1 kl'u);

0) akycroomnruyeckoro abdekra /, /1 ;
B) yIJia IeBUAINK 6, 1 yIIa OCTOSHHOTO
HakJIoHa B sueiike ¢ KK 6.
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Puc. 8. TemnepaTypHbie 3aBUCHMOCTH BEJIMYMHBIL: a) aKyCTOONTHYECKOTO addekra [, /I (a = const, w = 1 KI'1);
0) drexcoanekrpuueckux koapduumenTos ee,, KK (MBBA, BIOAB, LI®BI'BK)

CremyeT 00paTnTh BHUMaHUE Ha OCIJIIUPYIOIINIA
XapaKTep 3aBUCUMOCTH OTHOCUTECIBHOM MHTCHCUBHOCTH
TpolIeiIeil HCOOBIKHOBEHHOI BOJHEI /. 2w/lo. ITockonb-
Ky HauayibHasI pa3HoCTh (ha3 A < 77, To TTomoOHOe IToBejIe-
HIE MOXET OBITh TOJIBKO CJICACTBIEM BO3pAaCTaHMS yIjia
éc, T.K. IPYTOU TTapaMeTp — ONTHYECKast aHM30TPOITHS
An(T) — yMeHBIIIaeTcs ¢ MPUOIMKEHNEM K (pazoBoMy
Tepexoay, Kak (hyHKIINS ITapaMeTpa Imopsaka ..

MOXKHO OIICHHNTH, BO CKOJIBKO pa3 U3MEHSICTCS YTOJI
TIpY TIPUOTKEHUN K TeMITepaType Iepexonaa HeMaTu -
YeCKOe — M30TPOIHOe coctosiHus 7. 3aBucumocts 7, /
I (T) nmeet nATh MUHUMYMOB, a T.K. 6 >~7n (T1e 7 — KO-
JIMYECTBO MUHUMYMOB), TO 0;\/ n~2,3 pa3za. B meitictBu-
TEeITBHOCTH, €CJIM YYECTh MOIIPaBKy Ha TeMIIepaTypHOE
W3MEHEHUE ONITHUYECKOI aHN30TPOITUH, TTOIyIUM CKOp-
PEKTUPOBAHHYIO 3aBUCUMOCTb éc( T) (puc. 7 B), 3HAUCHME
yTJ1a IIpY 3TOM Bo3pacTaeT B 4, 5 pasa, 4To cOIIacyeTcs
¢ pe3yabratoM paboTsl [25] mit MBBA. Kpome Toro,
no orubarouteit 7, /1 (T) MOXHO CyaUTh O 3aBUCUMO-
CTU BEJIMIMHBI OCUIIISIIAN UPEKTOpa, T.K. 3HAUCHUS
MaKCHUMYMOB ITPOTIOPIIMOHATBHBI KBaAPATy aMILUTUTYIEI
nupekropa 6 J, KOoTopas K (pa30BOMy MEPEXOIY TaKXKe
Bo3pacTaeT. ISt mpoBepKU 3TOTO pe3ysibTaTa U3yUYnM
TeMIiepaTypHoe nosenenue seamuunsl /, /1 (T) npu yc-
soBuH, 9To A << 77, KOT[Ia BeJIMYNHA ITOCTOSTHHOTO Ha-
KJIOHA éc ~ (), T.e. TUPEKTOP COBEPIIACT KOJICOAHMS IO
IeHCTBHEM TIEpUOANIECKOTO CABUTA OKOJIO HAYaTbHOTO
TOMEOTPOITHOTO COCTOSTHHUS (puc. §).

Benmuuna 7, /1 (T), Kak v ClIeNoBajio OXUAATh, K (ha-
30BOMY IIEPEXOIY BO3PACTACT, YTO OOBSICHSICTCS POCTOM
0 - OTciona, 3Hasl TEMIIEPaTyPHBIE U3MEHEHUSI BEJIMYKH,
Bxonamx B popmyny i U, (4), moay4um 3aBHUCH-

MOCTH (PJIEKCOKOI(POULIUEHTOB €., ISl UCCIENAYEMBIX
BetrecTB (puc. 8§ 6). OOCynnM 3TH 3aBUCHMOCTH.

MOXHO OTMETHUTb, UTO (DYHKIIMOHAIBHOE TIOBEIACHIE
e,,(T) B atux XK, a TouHee B MX HEMaTHYECKOH dase,
OITMCHIBACTCS OOIIEH 3aBUCUMOCTRIO OT TTapaMeTpa I10-
psaka S kak e ~ oS + BS?. Bce 3HaueHMsI BECOBBIX KO-
3G GUIIMEHTOB CYIIECTBCHHO OTIMIAIOTCS I Pa3Iid-
HbeIx HXKK, HO cornacyroTcs ¢ fTaHHBIMU, TTOTYYEeHHBIMU
IUISL MOJIYJIEH e, METOIOM U3rMOHBIX KoJiebaHui. J1is
MBBA a~0,1, ~0,9; mngs BITAObB a~0,3, 3~0,7; a ms
HPBI'BK, HOOOB, OB a~1,0, ~0. 3HaueHus o u 3
st MBBA yka3bIBalOT Ha BO3HUKHOBEHUE TUTIOIBHO-
ro MexaHn3Ma (QIIEKCO3ICKTPUUICCKON MTOISIPU3AIINH.
B caygae xe LIOOI'BK a~1, a f~0, 3170 03HaUYaeT, 4TO
B TaHHOM CJIy9ac MMeeT MECTO KBaIPYIIOJbHBII XapaK-
Tep (GICKCOIOISIPU3ALINI.

3AK/IIOYEHUE

Takum 06pa3oM, B cTaThe PaCCMOTPEH (PIeKCO-
JIeKTprUuYecKuil a(pdekT, HabI0IaeMblii B TOHKUX CJIOSIX
HEMATUYECKUX XKUAKUX KPUCTAIOB C TOMEOTPOMHOM
OpMEeHTalMel MOJIEKYJI, TOMEIIEHHBIX MEXAY TBYMS
CTEKJITHHBIMM TJIacTUHAMU. Bo3HUKHOBeHUE 3¢ dekTa
WMEET MOPOTOBBIN XapaKTep, KpUTUUECKask CKOPOCTh
nmeopmaum oKoyo 8§ MMm/c. PaccMOTpeHBI yCIIOBUS
U MapaMeTpbl BO3AEHCTBUS (aMILJIUTYA CABUTA, TEMIIE-
paTypa o0pa3iia) Ha SUCHKy—KOHICHCATOP MIJIST pa3/Ind-
HBIX KUIKHUX KpUCTaI0B. [Ipeaiaraercst UCMOIb30BaTh
MOJIydeHHbBIE Pe3yJIbTaThl IJIsI CO3MaHUST ONTUUYECKOTO
3aTBOpa (ILITOPKA) [JIs1 BATPAXKEW UIW OKOH 3lIaHUI U CO-
OpPY>KEHUIA.
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3. All co-authors consent to the submission of their articles to the journal.
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6. The list of authors included only individuals who have made significant contributions to the research.
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8. The author, who is acting as the contact with journal, informs all other co-authors of all changes and sugges-
tions from the editorial staff, and does not make decisions regarding the article alone without the written consent of
all co-authors.

9.The author properly corresponds with the reviewer through contact with the editor and responds to comments
and observations if they arise.

10. If necessary, the authors either adjust the data presented in the article, or refute them.

Responsibility of the editors of the journal <Nanotechnologies in construction»

1.The editors are personally and independently responsible for the content of the materials published and recog-
nize that responsibility. The reliability of the work in question and its scientific significance should always be the basis
in the decision to publish.

2.The editors of the journal can check the materials with anti-plagiarism system «Antiplagiat» detecting borrowed
fragments to provide copyright protection.

3. The editors make fair and objective decisions, regardless of any commercial considerations and provide a fair
and efficient process for the independent review.

4. The editors evaluate manuscripts’ intellectual content without regard to race, gender, sexual orientation, reli-
gion, origin, nationality, and/or the political preferences of the authors.

5.The editors do not work with articles for which they have a conflict of interest.

6. The editors resolve conflict situations arising during the editorial process, as well as use all available means to
resolve these situations.

7.The editors of the journal publish information concerning corrections, rebuttals, and review articles in case the
need arises.

8.The editors of the journal do not publish the final version of the article without the consent of the authors.
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als for review only if the reviewer is able to allow for sufficient time as to ensure the quality his or her work.

2. The reviewer must use the form created by the editors and delivered with paper. The reviewer may give ex-
tended review.

3. The reviewer notifies the editorial staff of any conflict of interest (if one exists) before the start of the review of
the paper.

In the case of the absence of any competing interests the reviewer should claim that by writing «The reviewer
declares the absence of any competing interests» in the review.

4.The reviewer does not send information about the article and or any of the data contained within the article to
any third party.

5. The reviewer does not use the information obtained from the article for any personal and or commercial pur-
poses.

6. The reviewer does not make conclusions about the quality of the article on the basis of subjective data, e.g. the
personal relationship to the author, gender, age, religion, etc.

7. The reviewer uses only proper and appropriate language and explanations in respect to the articles, avoiding
any personal remarks.

The responsibility of the publisher of the journal <Nanotechnologies in construction»

1. The publisher not only supports scientific communication and invests in the process, but is also responsible for
complying with all current guidelines and standards for publishing scientific work.

2.The publisher does not affect the editorial policy of the journal.

3. The publisher provides legal support to the journal if necessary.

4.The publisher provides for the timely release of futures issues of the journal.

5.The publisher publishes changes, explanations, and recalls articles that have been identified to contain scientific
misconduct and or critical errors.

The responsibility of the editor-in-chief of the journal «<Nanotechnologies in construction»

1. The editor-in-chief is responsible for making a decision which of submitted papers are to be published in the
journal. This decision always must be based on the examination of paper reliability and its importance for scientists
and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial board of
the journal. He also may take into account legal requirements, such as exclusion of libel, infringement of copyright
and plagiarism. When making decision on the publication, the editor-in-chief may consult with the members of edito-
rial board, reviewers.

2. The editor-in-chief evaluates submitted papers by the intellectual content, regardless of the race, sex, sexual
preference, religion, ethnic origins, citizenship and political views of the author.

3. The editor-in-chief, editorial staff, members of the editorial board must not disclose information on the submit-
ted manuscript to the third person except for the author, reviewers, potential reviewers, and the publisher.

4.The information contained in the submitted paper cannot be used in the paper of the editor-in-chief, members
of the editorial board without author’s written permission. Confidential information or ideas obtained during review
must be kept in secret and must not be used for self-profit.

5. The editor-in-chief should not review the paper if there is a conflict of the interests evolving from competition, co-
operation or other relations with someone from the authors, companies and organizations which are related to the paper.

6. The editor-in-chief should ask all authors to present information on the certain competitive interests and pub-
lish corrections if the conflict of the interests has been revealed after the publication. If necessary another appropriate
action such as publication of disproof or expression of a concern can be performed.

7. The editor-in-chief should take reasoned and prompt measures if he gets complaints of ethnic character in re-
spect to the submitted manuscript or issued paper, contacting with the editors and publisher.

Complaints and appeals handling

In the case of incoming complaints and appeals a commission is formed. The commission can consist of the pub-
lisher, the editor-in-chief, deputy editor-in-chief, members of editorial council, authors and specialists which are com-
petent in the considering subjects.

An investigation is held and the results of it are reported to all interested parties. According to laws, if it is neces-
sary, the materials are delivered to competent state bodies.
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Policy of disclosure and conflicts of interest /competing interests

Unpublished data from manuscripts submitted for consideration can not be used for personal research without
the expressed written consent of the author.

Information or ideas obtained through peer review and related actives, which potentially can be beneficial to any
party other than the author, must be kept confidential and not be used for personal gain.

The editors and reviewers should not participate in the examination of manuscripts in the event of a conflict of
interest that is a result of any competitive, cooperative, and or other interactions and relationships with any of the
authors, companies, and or other organizations involved in the creation or presentation of the works.

The politics of the journal concerning data exchange and reproductibility

The journal papers (metadata of papers) are available for free access at the journal’s website and at the websites of
different citation systems (data bases).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons CC-BY «Attribution». This kind of license allows other people to distribute, edit, correct and base on the
work of the authors, even with commercial purpose, while the authors mention them as co-authors. The license is
recommended to distribute widely and use licensed materials.

The politics of the journal concerning data exchange and reproducibility are aimed at providing «transparent» sci-
ence and transparency is a guarantee of high-quality research and innovations.

Ethical oversight of the published materials

The publisher and the editor-in-chief should deal with protection of reputation of the published materials by
studying and evaluating claimed or potential delinquency (research, publications, reviews and editorial activities)
jointly with scientific community.

That means interaction with the author of the manuscript and detailed consideration of the complaints or declared
reclamations. To detect such delinquencies as plagiarism, the editor must use proper license software or systems.

If the editor-in-chief obtains proved evidence of delinquency, he must inform the publisher and the members of
editorial council about this, as well as immediately notify the author about necessity to correct the paper or paper
retraction (in dependence on the situation).

Derivation and plagiarism

During the consideration of an article, the editorial staff of the journal «<Nanotechnologies in construction» may
conduct a verification of the submitted materials with the help the Anti-plagiarism system. In the case of the discov-
ery of multiple incidents of content matching, the editorial staff acts in accordance with the rules of COPE.

Intellectual property
The editors should carefully deal with the issues concerning intellectual property and interact with the publisher
when settling the cases of probable delinquencies and agreements on intellectual property protection.
The editors aside from using plagiarism detecting tools can also:
- support the authors whose copyright was infringed or those who suffered from plagiarism;
- cooperate with the publisher to protect copyright and to pursue infringer (for example, by applying for paper
retraction or removing materials from websites).

Discussion of the papers published in the journal. Corrections made after publication

The editors must be open for the researches that oppose the papers published earlier in the journal; to encourage
and to be ready to consider valid criticism of the papers published in the journal.

The authors of the criticized works should have an opportunity to respond the criticism. The papers describing
only negative results can also be published.

Preprint and postprint policy

During the submission process, the author must confirm that the article has not been published and or accepted
for publication in any other journal. When citing articles published in the journal «Nanotechnologies in construction»,
the publisher requests the authors to provide a link (the full URL of the material) to the official website of the journal.

Articles, which have been previously posted by the author on personal and or public websites that have no rela-
tionship to any other publishers, are allowed to be submitted to the journal.
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On the procedure in case of abusive practice (infringement)

Publisher, editor-in-chief, each member of editorial staff member of editorial board, author, reviewer or reader
must comply journal’s Publication Ethics and are obliged to report any known facts concerning committed or poten-
tial infringement.

The journal’s editors immediately launch investigation on all messages that state abusive practice (infringements).
If the information is confirmed, the measures to eliminate claimed abusive practice (infringements) will be taken. Ac-
cording to legislation, all materials, if it is necessary, are referred to proper state bodies.

In response to all author’s claims the editors give full and substantiated replies and make great efforts to resolve
any conflicts.
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3TUKA HAYUYHbIX NYBNIMKALUN U NPELOTBPALLEHUE
HEAOBPOCOBECTHOW MPAKTUKU NYBJIMKALUNA

TpeboBaHuA cobnofeHna Ny6NMKaLMOHHON 3TUKU MpY MOAFOTOBKE U M3OaHWUM XypHana «HaHoTexHomnorum
B CTPOMTENbCTBE» KACAIOTCA BCEX YYACTHUKOB PeAaKLMOHHO-/3[aTeIbCKOro NpoLecca — aBTOPOB, PELAKTOPOB, pe-
LIeH3eHTOB U M3[aTesis, CO3AaloLMX 3TOT XKypHain. Pefakumsa x)XypHana cienT 3a BbiMONIHEHVEM TPeboBaHNU STUKN,
ONMPasCb Ha PYKOBOACTBA, NMOArOTOBJIEHHbIE 3apybeXKHbIMI NMPOGUIIbHBIMY OPraHM3aLMUAMK, acCCOLMALMAMUN U 13-
[aTenbCTBaMy, a Takxke Accoupralmelnt HayYHbIX PefakTopoB U nsgatenein. OCHOBHbIMW JOKYMEHTaMK, Ha KOTOopble
onupaeTcsa pefakuma XypHana «<HaHOTEXHONOrMM B CTPOUTENbCTBEY, ABNATCA pa3paboTku KomuteTa no nybnvka-
umnoHHonm 3tmke (Committee on Publication Ethics), Bennko6putanus, nsgatenscrsa Elsevier (Hugepnaxgbi) u gpyrux
3apybeXKHbIX PelakTOPCKNX accoLmalunin n nHGOPMAaLMOHHbBIX CUCTEM, a Takxe [Jeknapauus «3Tnyeckme nprHLUmnb
Hay4HbIX Ny6arKaumniy, NPUHATaa Accoumalmeli HayYHbIX pefakTopoB u usgateneii (Poccus).

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

1. ABTOp OTMNpaBnsAeT Ha PacCMOTPEHUE CTaTblo, MaTepuranbl KOTOPOW paHee He 6binn onybnnkoBaHbl. Ecniv ctaTtba
OCHOBaHa Ha paHee onybNMKOBaHHbIX MaTepuranax He CTaTeHOro XxapakTepa WUin Mmatepurasbl NpeacTaBneHbl B MH-
TepHeTe, ciefyeT yBefoMUTb 00 3TOM peflakLmIo XKypHara.

2. ABTOp He OTNpaBnAeT Ha PaCCMOTPEHME OfHY CTaTblO B Pa3Hble XYpPHarsbl.

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

4. ABTOp yBEAOMNAET PeAaKLMIo O MOTeHLNaIbHOM KOHGNKTe nHTepecoB. O6 OTCYTCTBUM KOHGNMIKTa MHTEPECOB
aBTOP YKa3blBaeT B CTaTbe — «ABTOP 3aABNAeT 00 OTCYTCTBMM KOHOIMKTa UHTEPECOBY.

5. ABTOp NpeanpuHMMaeT Heobxofmble Mepbl, YTOObl y6eANTLCA B KOPPEKTHOCTN NPeACcTaBIeHHbIX B CTaTbe L-
TUPOBaHUN.

6. B cnncok aBTOpOB BK/TIOYAKOTCA TONbKO NMLA, BHECLUWE 3HAUNTENbHbIN BKa B MPOBEAEHMEe UCCIeOBaHUA.

7. ABTOp KOPPEKTHO LMTMPYeT CBOW NpeablayLue paboTbl 1 M36eraeT camonarmara B PyKOnucy U NCKycCTBeHHO-
ro ysenuyeHus obbema nybnmkaumia (salami-slicing).

8. KOHTaKTHbI aBTOp yBEAOMIAET CBOMX COAaBTOPOB 000 BCEX U3MEHEHUAX U NPEeASIOKEHNAX CO CTOPOHbI pe-
[aKUMKW XKypHana v He NPUHMMAET PeLeHnn OTHOCUTESNIbHO CTaTbW €AUHONNYHO, 6€3 MMCbMEHHOMO Cornacusa Bcex
COaBTOpPOB.

9. ABTOp KOPPEKTHO BeAeT NePEenmncKy C peLeH3eHTOM Yepes pefakTopa 1 0OTBeYaeT Ha KOMMeHTaprm 1 3ameva-
HWA, eCIY OHW BO3HUKAIOT.

10. Mpun He0BXOAUMOCTIN aBTOPbI KOPPEKTUPYIOT MPEACTaBNIEHHbIe B CTaTbe JaHHbIE U ONPOBEPTaloT UX.

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

1. PepakTopbl »KypHasia CaMOSIMYHO 1 HE3ABUCMMO HEeCyT OTBETCTBEHHOCTb 3a COAEP»KaHMe NMy6/IMKyeMbIX MaTe-
puVanoB 1 NPU3HAIOT 3Ty OTBETCTBEHHOCTb. [JOCTOBEPHOCTb paccMaTprBaeMon PaboTbl 1 ee Hay4yHas 3HAUYMMOCTb
BCerga JOMKHbI JieXKaTb B OCHOBE peLleHus o ny6nvkaumu.

2. PepakTopbl KypHana MOryT NpoBepuTb NOJTyYeHHble MaTepurasbl B CcTeMe AHTUMIAraT no obHapy»KeHuto 3a-
MMCTBOBAHWI, CMOCOOCTBYA 3alyUTe aBTOPCKOro Mpaga.

3. PepakTopbl MPVHUMAIOT YeCTHble 11 OOBEKTMBHbIE PELUEHMA HE3aBUCMMO OT KOMMEPUECKMX COObparkeHUi
1 06ecneyrBaloT YeCTHbIN 1 3P PEKTUBHDBIV NPOLIECC HE3aBUCUMOTO PELIEH3NPOBAHNA.

4. PefjakTopbl OLIEHVBAIOT UHTEN/EKTYaNIbHOE COePKaHMEe PYKOMMCE BHE 3aBUCUMOCTY OT pachl, Mona, CeKCyasb-
HOW OpUEHTALNN, PENUTMO3HBIX B3MAA0B, MPOVCXOXAEHUA, FPAXXAAHCTBA U MNONIUTUYECKUX NPeANoUTeHN ABTOPOB.

5. PepakTopbl He paboTaloT CO CTaTbAMM, B OTHOLUIEHUN KOTOPbIX Y HUX €CTb KOHQNIMKT MHTEPECOB.

6. PeflakTopbl >KypHana paspeluatoT KOHGANKTHbIE CMTYaLuUK, BO3HMKAlOWYeE B NpoLecce paboTbl, 1 MCMONb3yioT
OJ1A X paspelLLeHns BCe AOCTYMHble CpeAcTBa.

7. Pegaktopbl )KypHana ny6nukyoT nHbopmaLuio 06 MCnpaBieHrAX, ONPOBEPXKEHWAX 1 OT3bIBaxX CTAaTeN B CJlyyae
BO3HWKHOBEHMS TaKO HEOOXOAMMOCTN.

8. PelakTopbl XKypHana He Ny6vKyT KOHEUHbI BapMaHT CTaTby 6e3 ero cornacoBaHus ¢ aBTOpamu.
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OTBeTCTBEHHOCTb PeLeH3eHTOB XXypHana «HaHoTexHonorum B CTponTenbCcTBE»

1. PeLieH3€eHT oLeHBaeT CBOIO 3aHATOCTb Nepes Corflaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MPY HANIMYUM JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuueit )XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe fatb 60siee pacluMPEHHYI0 peLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaMuMm KOHGIMKTa MHTEPECOB (eC/v OH BO3HKK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIeH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

4. PeLleH3€eHT He nepefaeT CBeAieHMA O CTaTbe U laHHble, KOTOPbIE B HEl COfep»KaTca, TPETbUM NInLaM.

5. PeuleH3€eHT He ncnosnb3yeT MHGOpPMaLUIo, MOYUYEHHYHO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

6. PeLieH3eHT He ienaeT BbIBOAOB O KaueCTBe CTaTbl HAa OCHOBE CYObEKTUBHbIX JAHHDbIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcnoseaaHus.

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEeXoauT Ha
JINYHOCTMN.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

1. i3patenb He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAALMI B Nybnmkyemon paborte.

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

3. M3paTtenb oKa3blBaeT OPUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HeO6XO[UMOCTH.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXOZA OUepPeHbIX BbIMYCKOB XypHana.

5. V3gatenb ny6nunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbISBIEHbI HAPYLLIEHWA HAyYHOW
STUKU WU KPUTUYECKNE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYAeT 3a MPUHATME pPELLEHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefaKkumio XXypHana
paboT cnenyeT onybnnKoBaTb. ITO peLleHre BCeraa AOoMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM Pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTeNen 1 untatenei. [MaBHbI pefakTop MOXET PYKOBOACTBOBATbCA MeToauue-
CKUMW pPeKOMEHAALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonylleHVe KNeBeTbl, HApYLUEHUA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM pPeLleHmns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COfepXKaHuIo, HEB3KMpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTMIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MNOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKU pefaKLUnK, YNIeHbl PELKONErv He OJXKHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO APYromy, 3a NCKIIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, cogepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMO0 COOCTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peacoBeTa 1 pepkonnerny 6e3 NMcbMeHHOro paspelueHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIewn, NOJyYeHHblE NPU PELLEH3UPOBAHUN, LOMKHbI XPAHUTLCA B CEKPETE U HE 1C-
NnoJib30BaTbCA ANA NONYYEHUA IMYHOW BbIFOAbI.

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOoB, MPOUCTEKAOLMIA U3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATb CBEAEHMA O COOTBETCTBYH0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

7. [naBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOro Xa-
paKkTepa B OTHOLUEHWUW NpeAcTaBieHHOW PYKOMMUCU Ui OMy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKumen, us-
JaTtenem.
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O6paboTKa Kanob 1 anennaumin

B cnyuae noctynneHus xanob 1 annensynii Ha3HavaeTcs KOMUCCKSA, B COCTaB KOTOPOI MOTYT BXOAUTD: U3faTenb,
rMaBHbI PeAAKTOP, 3aMeCTUTE b [MTABHOrO PefakTopa, YieHbl pefaKLUNOHHON KOMMeruun, aBtTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpy HeobXo[MMOCTM 1 B COOTBETCTBUM C 3aKOHOAATE/IbCTBOM MaTepuasbl NepeaatoTcs
B COOTBETCTBYIOLLME FOCYAAPCTBEHHbIE OPraHbl.

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

HeonybnukoBaHHble faHHble, MONyYeHHbIe 13 NPEACTABEHHbIX K PACCMOTPEHUIO PYKOMUCEN, HeJlb3s UCMOJb30-
BaTb B JINYHbIX NCCIeOBaHNAX 63 NMMCbMEHHOro cornacus ABTopa.

NHpopmaLmsa nnm ngeun, nonyyeHHble B X0fe PeLeH3MpPOBaHA 1 CBsA3aHHbIE C BO3MOXHbIMY NMPeuMyLLecTBamMu,
LOJIXKHbI COXPaHATbCA KOHPUAEHLMANbHBIMY 1 HE NCMOMb30BaTbCA C Liefibio MOSyYeHWA TMYHON BbIFOAbI.

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
WHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBU U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOMIAET APYIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

MonuTrKa )ypHana B OTHOLEHW OOMeHa JaHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CNoCcoOCTBYET Gonee
«OTKPbITON» HayKe, @ OTKPbITOCTb HAYYHOU MHGOPMALIMM €CTb FAPaHT MCCIIeA0BaHMIN U MHHOBALMIA BbICOKOTO KauecTBa.

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

W3paTtenb v rnaBHbIf pefakTop AOMKHbI paboTaTh Haf 3aLMTON penyTauum ony6/IMKOBAaHHbIX MaTEPUANOB MyTeM
N3YYeHUsi N OLIeHKU 3asABJIEHHBIX MU NPeAnosiaraemMblX HapyLeHUi (MccnefoBaHnie, Ny6nvKaumi, peueHsni n pe-
LAaKTOPCKOW AeATeNIbHOCTN) COBMECTHO C HayUYHbIM COOOLLECTBOM.

370 BK/IOYAET B Ce0s B3aNMOAENCTBYIE C aBTOPOM PYKOMUCH U TLLATENIbHOE PaCCMOTPEHVE COOTBETCTBYHOLLEN
»asnobbl NN BbICKa3aHHbIX NPETEH3U. 1A BbIABNEHWA TaKNX HAapYLUEHWU, KaK Miaruat, pejakTop JOJIXKEH NoJib30-
BaTbCA COOTBETCTBYOLUMMY JIMLEH3VIOHHBIMY CCTEMAMU.

[naBHbIV pefakTop, NONyUMBLINIA YOeauTenbHOe CBUAETENbCTBO HaPYLUEHUs, AOMKEH COOOLWMTb 06 STOM 13ga-
Teso, YieHaM peKoIerny, OpraHn3ys HeMelIeHHOe YBeJOMJIEH e aBTOPa O HEOHXOANMOCTY BHECEHUS MOMNPaBOK
WY OT3bIBa Ny6AMKaLuUy, B 3aBUCMMOCTU OT CUTYaLN.

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTY NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3JaTenemM npu yperyampoBaHnmM CilyyaeB BO3MOXHbIX HapPYLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHAPYXeHUA niarnarta, MoryT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube AaBTOPCKOE MPaBO OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XepTBOW Narnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNneHnsa MaTepuranos ¢ Beb-canToB).

O6cyxaeHne paboT, ony6nnKoBaHHbIX B XKypHane. icnpaBneHusa nocne ny6nukauui

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU A5 UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAIOT Npefblaylyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpuMUaTeSIbHbIX pe3yfibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

B npouecce nogaur ctaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblfia ONy6/IMIKOBAHA MK He Oblia
npuHATa K NybnmKaLmm B 4pyrom HayuHoM >KypHane. [pu ccbinike Ha onybnnmKoBaHHYIO B XypHarne «HaHoTexHonoruu
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb ccbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii caiT
XypHana.

K paccmoTpeHnio fonyCcKalTCs CTaTby, Pa3MELLEHHbIE paHee aBTOPaMM Ha JINYHbBIX UK NYGAMYHBIX CalTax, He
OTHOCALLMXCA K APYTMM U3LaTe/IbCTBaM.

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3paTenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 ynTaTenb 06A3aHbl cObNAATL STUKY HayYHbIX NyONMKaLMi B )KypHane JeNCTBYIOLMX 3aKOHOB, MPaBW UAN NOO-
MEHUN 1N 06A3yt0TCA COObLLaTb O NOOBIX N3BECTHBIX CTYYAAX Y>Ke COBEPLUEHHOrO UM NOTEHLMaNbHOMO 3/10ynoTpeod-
neHna (HapyLeHusa).

Pepakuwei xXypHana HesaMeaMTeNbHO NPOBOANTCA pacciefjloBaHMe Mo BCemM COOOLLEHNAM O 3510ynoTpebneHnax
(HapyweHuAx) n, ecnn nHGopmaL A NOATBEPKAAETCA, MPUHUMAIOTCA MepPbI MO YCTPAHEHMIO 310ynoTpebneHnii (Ha-
pyweHui). Ecnv 31o TpebyeTca B COOTBETCTBMU C 3aKOHOAATENbCTBOM, MaTepuanbl NepeaaloTca B COOTBETCTBYOLNE
rocyfapCTBeHHbIe OpraHbl.

Ha Bce npeTeH3Mmn aBTOPOB pefakLma NpefoCcTaBiAeT pa3BepHyTbie 1 060CHOBaHHble OTBETbI, Mpuaras Bce ycu-
NnA anA paspeLueHna KOHGINKTHBIX CUTyaLmniA.
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The authors submit to the editors:
« electronic manuscript by e-mail: info@nanobuild.ru;
« accompanying letter (the editors send the sample of the letter to the authors on demand).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons Attribution 4.0 International (CC-BY 4.0); agree to publish full texts (parts or metadata) of the paper in free
access in Internet at the official website of the edition (www.nanobuild.ru), citation systems (data bases). All that
authors indicate in the cover letter. More details about the license Creative Commons Attribution 4.0 International
(CC-BY 4.0) are available here https://creativecommons.org/licenses/by/4.0/.

When submitting articles to the journal, it is presumed that:
« the work has not been previously published in any other journal;
 thearticle is not under consideration in any other journal;
- all co-authors consent to the publication of the article;
. thereis implicit or explicit consent of the organization in which the study was conducted.

Information about the conflict of interest
The article should exclude any actual or potential conflict of interest. If there is no conflict of interest, you should
write that «the author declares no conflict of interest.»

When submitting a manuscript to the journal, authors should ensure that the content of the paper corre-
sponds the topic of the journal; the structure and the format of the paper meet the editorial requirements; all citations
are properly formatted and the source of tables and figures are shown (unless otherwise indicated, it is assumed that
the tables and figures created by the author).

Basic the sections of the journal:
- construction material science;
+ the study of the properties of nanomaterials;
- theresults of the specialists’and scientists’ researches;
« manufacturing technology for building materials and products;
- international scientific and technical cooperation;
« overview of inventions in the field of nanotechnology;
- development of new materials;
- rational use of natural sources;
- efficient use of recycled resources;
+ the application of nanotechnology and nanomaterials;
« system solutions for technological problems;
- inrelated sectors;
- forums, exhibitions, conferences and events in the area of construction and nanoindustry.

These are the topics of the papers published in the journal: creation of new functional materials; nanostruc-
tured systems strength and penetrability formation theory development; the problems of nanomaterials and nano-
technologies implementation in construction and building materials; cement and other binders with mineral and
organic additives; diagnostics of building systems nanostructures and nanomaterials; modification of building mate-
rials with nanofibers; disperse composite materials with nanocoating; formation of nanostructure coatings by means
of laser sputtering; technologies aimed at studying nanomaterial properties; the systems of teaching the fundamen-
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The structure of the paper
IN ENGLISH

NAME OF THE SECTION (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
article reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

Title (In English)

Authors’ first name and last name (In English)

place of employment of each author, city, country (In English)

(name of institution (organization) at which the author works or studies is given without legal form: Ltd, SOE, etc.)
*Corresponding author: e-mail: XXXXXXXXXX

ORCID author:
first name and last name — https://orcid.org/xxxx-XXxx-XXXX-XXXX

Abstract: the source of information, which is independent on the paper and which allows Russian and foreign
specialists to make conclusion about the quality of the content of the paper (extended abstracts must be informative,
original, novelty, contain main results of research, structured according to IMRAD (Introduction, Methods and Materi-
als, Results and Discussion), compact — 200-250 words) (In English):

Abstract: Introduction... Methods and Materials... Results... Discussion... Conclusion...

Keywords: (In English)

Acknowledgments: (if available) (In English)

For citation: (In English)

Example.

For citation: Sinitsin D.A., Shayakhmetov U.Sh., Rakhimova O.N., Khalikov R.M., Nedoseko I.V. Nanostructured
foam ceramics for building purposes: production technology and applications. Nanotechnologies in Construc-
tion. 2021; 13(4): 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-213-221.

© authors, 2021

Text of the paper: (In English, number of words 3000-6000)
- INTRODUCTION

« METHODS AND MATERIALS

« RESULTS

- DISCUSSION

- CONCLUSIONS

References (In English) (Vancouver Style)

Information about the author (authors) (In English)

— first name, last name (full);

- academic degree;

—-name of institution (organization) and its department at which the author works or studies is given without legal
form: Ltd, SOE, etc.;

- address of the institution (organization), its department at which the author works or studies (city and country);

- authors’ e-mail address;

- Open Researcher and Contributor ID (ORCID) (if available).

E-mail address is given without word “e-mail” and is not followed by dot. ORCID is given as an electronic address
in Internet and is not followed by dot. Name of institution (organization), its address, e-mail address and ORCID of the
author are separated with a comma.

The editors can give additional information about the author: position, honorary title, membership in organiza-
tions, etc.
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Example.

Zhanna V. Pisarenko - Dr. Sci. (Econ.), Assistant Professor, Saint-Petersburg State University, Economic Faculty,
Department of Risk Management and Insurance, Saint-Petersburg, Russia,

z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In English):

author’s last name and initials; author’s personal contribution in article writing is briefly described (concept, col-
lection of materials, analytical work, article writing, scientific editing of the text, all authors made equal contribution
to preparation of the article, etc.).

Example.

Marina S. Morozova - scientific management; research concept; methodology development; participation in
development of curricula and their implementation; writing the draft; final conclusions.

Elena V. Bokova - participation in development of curricula and their implementation; follow-on revision of
the text; final conclusions.

The authors declare no conflicts of interests.

The article was submitted XX.XX.202X; approved after reviewing XX.XX.202X; accepted for publication XX.XX.202X.

IN RUSSIAN

NAME OF THE SECTION (In Russian)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
article reviews, etc.) (In Russian)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

Title (In Russian)

Authors’ first name and last name (In Russian)

place of employment of each author, city, country (In Russian)

(name of institution (organization) at which the author works or studies is given without legal form: Ltd, SOE, etc.)
* Corresponding author: e-mail: xxxxxxxxxx

ORCID author:
first name and last name (In Russian) - https://orcid.org/xxxx-XxxX-XXXX-XXXX

Abstract: the source of information, which is independent on the paper and which allows

Russian and foreign specialists to make conclusion about the quality of the content of the paper (extended ab-
stracts must be informative, original, novelty, contain main results of research, structured according to IMRAD (Intro-
duction, Methods and Materials, Results and Discussion), compact — 200-250 words) (In Russian):

Abstract: Introduction... Methods and Materials... Results... Discussion... Conclusion...

Keywords: (In Russian)

Acknowledgments: (if available) (In Russian)

For citation: (In Russian)

Example.
Ona yntuposaHua: CunnuuH A.A., Laaxmvetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpPOBaHHasA NeHOKepaMurKa CTPOUTENbHOIO Ha3HAYeHNA: TEXHONOMMA NPOU3BOACTBA U NpMeHeHusa // Ha-
HoTexHonoruu B ctpoutenbctae. 2021. T. 13, N2 4, C. 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-
213-221.

© authors, 2021
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Text of the paper: (In Russian, number of words 3000-6000)
- INTRODUCTION

« METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSIONS

References (In Russian) (Vancouver Style)

Information about the author (authors) (In Russian)

— first name, last name (full);

- academic degree;

—name of institution (organization) and its department at which the author works or studies is given without legal
form: Ltd, SOE, etc.;

- address of the institution (organization), its department at which the author works or studies (city and country);

— authors’ e-mail address;

- Open Researcher and Contributor ID (ORCID) (if available).

E-mail address is given without word “e-mail” and is not followed by dot. ORCID is given as an electronic address
in Internet and is not followed by dot. Name of institution (organization), its address, e-mail address and ORCID of the
author are separated with a comma.

The editors can give additional information about the author: position, honorary title, membership in organiza-
tions, etc.

Example.

MucapeHko XaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadenpbl ynpaBneHus prckaMm U CTPAaxoBaHMWsA
3KkoHOMUKYecKoro ¢akynbteta CaHKT-IeTepbyprckoro rocyfapctBeHHoOro yHmsepcuteta, CaHKT-TeTepbypr,
Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In Russian):

author’s last name and initials; author’s personal contribution in article writing is briefly described (concept, col-
lection of materials, analytical work, article writing, scientific editing of the text, all authors made equal contribution
to preparation of the article, etc.).

lMpumep.

Mopo3oBa M.C. - HayyHOe PYKOBOACTBO; KOHLENUUA UCC/IefOBaHUA; Pa3BUTME METOAONOrMK; ydyactue
B pa3paboTke yueOHbIX MPorpamMm 1 nx peannsaunm; HanMcaHne NCXOAHOTO TEKCTA; NTOrOBble BbIBOAbI.
bokoBa E.B. - yuyacTve B pa3paboTke yueOHbIX MporpaMm 1 Ux peanvsauuu; [opaboTka TEKCTa; UTOroBble
BbIBOADbI.

The authors declare no conflicts of interests. (In Russian)

The article was submitted XX.XX.202X; approved after reviewing XX.XX.202X; accepted for publication XX.XX.202X.
(In Russian)

Manuscript text

File format
The editors accept texts saved using Microsoft Word in .rtf format.

Text layout

Use the font Times New Roman, font size — 14 pt., and 1.5 line spacing;

Do not use an underscore in the text (for subtitles — use bold, to highlight text — use italics);

Non-Russian languages titles (journals, organizations, etc.) should be left in the original, enclosed in quotes.
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Abbreviations
All abbreviations should be defined when first used. If the article contains a large number of abbreviations, a list
deciphering each of them can be included before the text of the article

Tables and Figures

All tables and figures must be numbered and identified, they should be a reference in the text. The tables should
not contain empty columns. Figures should be of good quality, suitable for printing. Figures should be submitted
together with the article, with each figure submitted as an individual file.

One way to check the quality of the image, is to increase its size using any image manipulation software. A high
quality image is not burred or distorted when enlarged.

Footnotes
If necessary, use footnotes with continuous numbering (Arabic numerals) throughout the document. Footnotes
can be quotes from the works mentioned in the text, for more information.

Citations and bibliography
The journal requires the use of the Vancouver citation style (a reference in the text in square brackets, full biblio-
graphic description of the source in the bibliography in the order mentioned in the text of the article).

References

The list of references includes sources used in the text.

References accepted for publication but not yet published articles must be labeled with the words “in press”;
authors should obtain written permission to refer to these documents and evidence that they are accepted for pub-
lication. Information from unpublished sources must be marked with the words “unpublished data / documents,” the
authors must also receive written confirmation of the use of such materials. The journal adopted the Vancouver style
of reference design and citation.

Copyright Notice

Authors who publish in journal agree to the following:

1. Authors retain copyright of the work and provide the journal right of first publication of the work.

2.The authors retain the right to enter into certain contractual agreements relating to the non-exclusive distribu-
tion in the published version of the work here form (eg, post it to an institutional repository, the publication of the
book), with reference to its original publication in this journal.

3.The authors have the right to post their work on the Internet (eg in the institute store or personal website) prior
to and during the review process of its data log, as this may lead to a productive discussion and a large number of
references to this work.

Privacy Statement

Specified when registering the names and addresses will be used solely for technical purposes of a contact with
the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
individuals and organizations.
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MPABWUJIA AN1d ABTOPOB

Mpuem craTten

ABTOpbI NpeaCTaBnAIOT B pefakuuio:
+  PYKOMUCK B 311eKTPOHHOM Buge no e-mail: info@nanobuild.ru;
+  COMpPOBOAMTENbHOE NMMCbMO (pefaKLmMA BbiCbIIaeT aBTopam obpaseL, no nx npeBapuTesibHOMYy 3anpocy).
ABTOpbI NY6NMKYeMbIX B XypHane MaTepuanos [OMycKaloT UCMONb30BaHNE KOHTEHTA B COOTBETCTBUM C JINLIEH-
3uen Creative Commons Attribution 4.0 International (CC-BY 4.0); cornacHbl ¢ pa3melleHnemM B OTKPbITOM JOCTyre
MOJIHbIX TEKCTOB CTaTel (MX COCTABHbIX YacTel Uy MeTafaHHbIX) B VIHTepHeTe Ha canTe nsgaHua (www.nanobuild.
ru), B crctemax UMTnpoBaHus (6aszax faHHbix). O6 3STOM aBTOPbI YKa3biBatoT B CONPOBOANTENIbHOM NUCbMe. [ogpo6Ho
o nuueH3um Creative Commons Attribution 4.0 International (CC-BY 4.0)cmoTpuTe 3gech https://creativecommons.
org/licenses/by/4.0/deed.ru.

MpepcTaBneHne cTaTby B XKypHan nogpa3yMeBaeT, uTo:
+ paboTa He Gbina onyb6MKoBaHa paHee B APYrom XKypHare;
+  He HaXOAWTCA Ha PaCCMOTPEHUN B IPYrOM XKypHarne;
+  BCE COABTOPbI COMacHbI C NyGNMKaLuein cTaTby;
+  MOJNyYEHO COoracue — HeIBHOE WM ABHOE — OpraHm3aLmm, B KOTOPOW nccnefoBaHme 6bi1o NPoBeaeHo.

NHdopmauums o KOHPNNKTe MHTepecoB
B cTtaTbe crniepyeT yKkasaTb Ha peanbHblii NN NOTEHLMANbHbIN KOHPANKT MHTepecoB. Ecnn KoHpnnKTa nHtepecos
HeT, TO ClelyeT HanncaTb, YTO «aBTOP 3aABNAET 00 OTCYTCTBUM KOHGNUKTa MHTEPECOBY.

Mpwu npeacTaBneHNN PyKONuCK B }KypHaJl aBTOpbl JOMKHbI Y6eAUTbCA, UTO COAEP>KaHNE CTaTbll COOTBECTBY-
eT TeMaTUuKe XypHarna; CTPyKTypa CTaTb 1 opOpMIIEHNE COOTBETCTBYIOT TPEOOBaHUAM peflakLmy; BCe LMTUPOBAHNA
obopMIEHbI KOPPEKTHO, YKa3aHbl MCTOUYHVIKYM /st TabnuL, U pYCYHKOB (eC/Y He YKa3aHO MHOE, NPeAnonaraeTcs, 4to
TabnULbI U PUCYHKU CO34aHbl aBTOPOM).

OCHOBHbIe pasaenbl XKypHana:
+  CTpOWTENbHOE MaTepunanoBeaeHye;
«  UCCnefoBaHMe CBOWCTB HAHOMATepPUanos;
«  pe3ynbTaTbl NCCNIE[OBaHUIA YUEHbIX 1 CNeLuanncTos;
«  TEXHOMOIMM NPOV3BOACTBA CTPOUTENbHBIX MAaTEPVANOB U U3LENNiA;
«  MeXAyHapoLHOe HayYyHO-TEXHNYECKOE COTPYAHNYECTBO;
+ 0630p n306peTeHun B 0611aCT HAHOMHAYCTPUN
+ pa3paboTKa HOBbIX MaTEPMAsOB;
+  pauroHaibHOE MCMONb30BaHNe NPUPOLHbBIX PECYPCOB;
«  3pdEKTUBHOE NCMONb30BaHNE BTOPUYHOTO ChIPbs;
+  MNPVIMEHEHWNE HAHOTEXHONOMIA 1 HAHOMaTEPMasoB;
+  CUCTEMHbIE PELLIEHUA TEXHONOMMYECKNX Npobnem;
+ B CMeXHbIX OTpacnax;
«  ¢$OopyMmbl, BbICTaBKM, KOHbEPEHUMY, MEPONPUATUSA CTPOUTENIbHON OTPAC/ Y HAHOUHAYCTPUN.

B xxypHane ny6aunKyiotca paboTbl nNo cnepylowWwym TeMam: Co3faHne HOBbIX GYHKLMOHaNbHbIX MaTepPUasos;
pa3paboTka Teopun GOPMUPOBaAHNUA MPOUYHOCTV U HEMPOHULLAEMOCTN HAHOCTPYKTYPMPOBAHHbBIX CUCTEM; Npobne-
Mbl MPUMEHEHUSI HAHOMATEPMASIOB U HAHOTEXHOMOMMIA B CTPOUTENIBCTBE U CTPOUTENbHBIX MaTepuanax; LLeMeHTHble
N Apyrvie BsXyLve C MUHEePanbHbIMU 11 OpraHMYecKMy fo6aBKamuy; AVArHOCTVIKA HAHOCTPYKTYP M HAaHOMATepuasnoB
CTPOVTENbHBIX CUCTEM; TEXHOJIOTMU NCCIIefOBaHNsA CBOWCTB HAaHOMATEPUANOB; MOANDULNPOBAHNE CTPOUTENBHbBIX
MaTepranoB HAHOBOJIOKHAMY; ANCNEPCHbIE KOMMO3VLMOHHbIE MaTeprarbl C HAHOMOKPbITMEM; GOPMMPOBAHME Ha-
HOCTPYKTYPHbIX MOKPbITUN Jla3epHbIM HarblIEHWEM; CUCTEMbI MPENOAaBaHNA OCHOB HAHOTEXHOOMMIA; TEXHOJIOI -
yeckre NPUHLMIbI CO34aHNA HAHOCTPYKTYP (pacnnasbl, 30/b-refeBblil CMHTE3 U Ap.). TeMaTrKa cTaTell MOXeT ObITb
WHOW, MPAMO UM KOCBEHHO CBA3AHHOW C MepeUYnCTIEHHbIMU HamnpaBaeHUsAMU.
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>KypHan MPUHNMaET K I'Iy6J'II/IKaL|,VIVI2 Hay4Hble CTaTbH, o63opr|e CTaTbW, pefakuMOHHbIe CTaTbN, ANCKYCCUOHHbIE
CTaTbW, PeAAKTOPCKNE 3aMETKU, PeLeH3N Ha KHUTY, peleH3UN Ha CTaTblo U T. M.

Crpykrypa cratbu (B coorBercTtBuum ¢ FOCT P 7.0.7-2021)
HA AHITTUNCKOM A3bIKE

HA3BAHWE PYBPUKWN U PA3LENA XKYPHAJA (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
paper reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

3arnaBue ctatbu (In English)

Umsa OtuectBoO (Npu Hannuum) @®amunusa asropa (-os) (In English)

06s3aTeNIbHOE yKa3aHUe MecTa paboTbl KaXAoro aBTopa, ropog, ctpaHa (In English)

(HaumeHogaHue opzaHu3zayuu (yupexoeHus), 20e pabomaem usu y4umcs asmop ykassigaemcs 6e3 0603Ha4yeHus
0pedHU3ayUOHHO-NPAsosouU (opmsl opuduydeckozo nuya: ®FbYH, ®I6OY BO, [1AO, AO um.n.)

* Corresponding author: e-mail: XXXXXxxxxx

ORCID aBTOpa (-0B):
Oamunua n nHnLManbl — https://orcid.org/Xxxx-XxXX-XXXX-XXxx

Abstract: He3aBMCKMbIN OT CTaTbW MCTOYHUK MHPOPMALLMK, KOTOPbIV MO3BOMSIET YYEHbIM 1 CMELMANNCTaM caenaTb
BbIBO[ O KauecTBe U COAepKaHuM CTaTby (pe3tome A0MXKHbI ObiTb MHPOPMALIMOHHbBIMM, OPUTMHAMBbHBIMM, COAEPKATb
HOBW3HY, OCHOBHbIE pe3ynbTaTbl UCCNefoBaHUI, CTPYKTypupoBaHHbiMy Mo IMRAD (Introduction, Methods and Mate-
rials, Results, Discussion, Conclusion), KoMnakTHbIMY — yKnagpiBaTbcs B 200-250 ¢10B) (Ha aHIIMNCKOM AI3bIKe):

Abstract: Introduction... Methods and Materials... Results... Discussion...Conclusion...

Keywords: (In English)

Acknowledgments: (npu Hannunu) (In English)

For citation: (In English)

lMpumep.

For citation: Sinitsin D.A., Shayakhmetov U.Sh., Rakhimova O.N., Khalikov R.M., Nedoseko L.V. Nanostruc-
tured foam ceramics for building purposes. Nanotechnologies in Construction. 2021;13(4):213-221. https://doi.
org/10.15828/2075-8545-2021-13-4-213-221.

© authors, 2021

Cratbs ((In English) o6bem - 3-6 TbiC. C/10B):
- INTRODUCTION

- METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSION

References (In English) (cornacHo Vancouver Style)

Information about the author (authors) (In English)

- IM#l, 0TYECTBO, pamMunns aBTopa (NOJIHOCTbIO);

— yuyeHoe 3BaHUe;

— yUeHasi CTerneHb;

— HaMMeHOBaHUe opraHn3auun (YUpexkaeHus), ee nogpasgeneHns, rae pabotaet nnm yuntca aBtop (6e3 o603Ha-
YyeHUs opraHn3aLoHHO-NpPaBoBol Gpopmbl topuanueckoro nuua: GreyYH, ®re0y BO, MAO, AO u T. n.);

— agpec opraHusauuu (yupexzaeHus), ee nogpasgeneHus, rae paboTaeT unv yumnTcs aBTop (ropog v cTpaHa);
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— JNIEKTPOHHbIV aapec aBTopa (e-mail);

— OTKpbITbIN ngeHTndrKatop yuyeHoro (Open Researcher and Contributor ID — ORCID) (npu Hanuuun).

OneKTPOHHbIN afpec aBTopa NpuBoAAT 6e3 cyioBa “e-mail’, nocne anekTpoHHOro agpeca Touky He ctasAt. ORCID
npuBoaAT B popme 3NeKTPOHHOTO aapeca B cetu «/HTepHeT». B koHue ORCID TouKy He cTaBaT. HaumeHoBaHue opra-
HU3auum (yupexxgeHus), ee agpec, anekTpoHHbIn agpec n ORCID aBTopa oTaenaAT apyr OT gpyra 3anAaTbIMy.

Pefakuua n3gaHmna MoXeT pacluMpuTb JOMONHUTENbHbIE CBeleHNs 00 aBTOPe: yKa3aTb ero OMIKHOCTb, MOYETHble
3BaHVA, YIIEHCTBO B OpraHM3aumax 1 T. .

lMpumep.

Zhanna V. Pisarenko - Dr. Sci. (Econ.), Assistant Professor, Saint-Petersburg State University, Economic Faculty,
Department of Risk Management and Insurance, Saint-Petersburg, Russia,

z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In English):

dbamunna n HMLUKManbl aBToPa; B KPaTKoN Gopme OnmncbiBaeTCA IMYHbIV BKMa aBTopa B HanvcaHme ctatbu (naes,
cbop maTtepmana, 06paboTka MaTeprana, HanMcaHUe CTaTby, HAYYHOE PefAaKTUPOBaHUE TEKCTa, BCe aBTOPbI CAeNanu
SKBMBASIEHTHbIV BKNaA (paBHbIi BKAA) B MOArOTOBKY Ny6AMKauum u T. 4.).

lMpumep.

Marina S. Morozova - scientific management; research concept; methodology development; participation in
development of curricula and their implementation; writing the draft; final conclusions.

Elena V. Bokova - participation in development of curricula and their implementation; follow-on revision of
the text; final conclusions.

The authors declare no conflicts of interests.

The article was submitted XX.XX.202X; approved after reviewing XX.XX.202X; accepted for publication XX.XX.202X.

HA PYCCKOM A3bIKE

HA3BAHWE PYEPUKI UITA PA3LEJIA XKYPHAJIA (Ha pyccKom Ai3bIKe)

HayuHas ctaTbs (0630pHanA cTaThs, pefakuMOHHasA CTaTbs, AUCKYCCMOHHAs CTaTbA, NEPCOHANMK, pefakTopcKas
3aMeTKa, pPeLieH3mA Ha KHUTY, peLieH31A Ha CTaTbio 1 T. N.) (Ha pyCCKOM A3bIKe)

YOK XXX

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

3arnaBue cTaTby (Ha PyCCKOM A3bIKe)

Uma OtuectBo (Npu Hanuunn) @amunua aBTopa (-0B) (Ha PyCcCKOM A3bIKe)

06s3aTesIbHOE YKa3aHue MecTa paboTbl KaXaoro aBTopa, ropop, CTpaHa (Ha pycCKOM A3blKe)

(HaumeHogaHue opzaHu3zayuu (yupexoeHus), 20e pabomaem usu y4umcs asmop ykassigaemcs 6e3 0603Ha4yeHus
0p2adHU3ayUOHHO-NPAsosoU (hopmebl topuduydeckozo nuya: OFbYH, ®F6OY BO, MAO, AO u m. n.)

* ABTOp, OTBETCTBEHHDIV 33 MEPENUCKY: e-Mail: XXXXXXXXXX

ORCID aBTOpa (-0B):
Oamunua n nHnLmnanbl — https://orcid.org/xxxx-xXxxX-XXXX-Xxxx

AHHoTauusA (unv Pestome): He3aBMCUMbIY OT CTaTbW MCTOUYHMK MHPOPMALLMM, KOTOPbI NMO3BOJIAET YUEHbIM U Crie-
UManuncTam cenatb BbIBOA O KauecTBe M CoAepKaHUM CTaTby (pe3tome AOMKHbI 6biTb MHGOPMALMOHHBIMU, OPUTU-
HaNbHbIMU, COAEPKaTb HOBU3HY, OCHOBHbIE pe3ynbTaTbl UCCeA0BaHUN, CTPYKTypupoBaHHbiMK no IMRAD (BBegeHme,
METOAbl U MaTepuarsbl, pe3ynbTaTbhl, OOCY>KAeHMe, 3aKiioueHne (BbIBOAbI)), KOMMAKTHbIMW — YKnaabiBaTbcs B 200—
250 cnoB) (Ha pycCKOM fA3bIKe):

AHHoTauus (unv Pesome): BBegeHue... Metoabl u maTepuanbl... Pesynbrartbl... O6¢cyKaeHue... 3aknioueHme
(BbIBOAPDI)...

KnioueBble cnoBa: (Ha pycCKoMm fA3bike)
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BnaropapHocTu: (Npy HanMumm) (Ha PyCCKOM A3bIKe)
Ona umTupoBaHuA: (Ha PyCCKOM A3bIKE)

lpumep.

Ona yntuposaHua: CunnuuH [.A., Laaxmvetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpPOBaHHasA NeHOKepaMurKa CTPOUTENIbHOrO Ha3HauyeHus // HaHoTtexHonorum B ctpoutenbctee. 2021.T. 13,
Ne 4. C. 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-213-221.

© aBTOpbl, 2021

CraTtbs (Ha pycCKOM si3blKe, 06beM — 3—6 TbIC. CJIOB):
- BBepgeHune

- MeTopgbl 1 maTepuanbl

+ Pesynbrartbi

+ O6¢cyKpaeHue

- 3aKknoueHune (BbiBoAbl)

CnnCcoK NCTOYHUNKOB (Ha A3blKe OpPUTHana CTaTbl — PYCCKOM W aHTIIMNCKOM)

Undopmauus 06 aBTope (-ax) (Ha pycckom A3bike)

- GaMmnnA NMs 0TYECTBO aBTopa (MOMHOCTbIO);

— y4yeHoe 3BaHue;

— yUeHasi CTerneHb;

— HaMMeHOBaHUe opraHn3auun (yupexxkaeHus), ee nogpasaeneHns, rae pabotaeT unm yuntca aBtop (6e3 o603Ha-
YyeHUs opraHn3aLoHHO-NpPaBoBol Gpopmbl topuagnueckoro nuua: GroyYH, ®re0y BO, MAO, AO u T. n.);

— agpec opraHusauuu (yupexzaeHus), ee nogpasgeneHus, rage paboTaeT Uy yumnTcs aBTop (ropog v cTpaHa);

— 3MIeKTPOHHbIN agpec aBTopa (e-mail); — oTKpbITbI naeHTUdKKaTop yueHoro (Open Researcher and Contributor
ID — ORCID) (npwn Hannunn).

OneKTPOHHbIN afpec aBTopa NpuBoAAT 6e3 cyioBa “e-mail’, nocne anekTpoHHOro agpeca Touky He ctaBAt. ORCID
npuBoaAT B popme 3NeKTPOHHOTO aapeca B cetu «/HTepHeT». B koHue ORCID Touky He cTaBaT. HaumeHoBaHue opra-
HU3auum (yupexxgeHus), ee agpec, anekTpoHHbIn agpec n ORCID aBTopa oTaenaAT apyr OT gpyra 3anAaTbIMu.

Pefakuua n3gaHmna MoOXeT pacluMpuTb JOMONIHUTENbHbIE CBefleHNs 00 aBTOPe: yKa3aTb ero JOJIKHOCTb, MOYETHble
3BaHWsA, YNIEHCTBO B OPraHmM3aLmsx v T. .

lMpumep.

MucapeHko XaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadenpbl ynpaBneHus prckaMm U CTPAaxoBaHMWs
3KOHOMUMYecKoro dakynbreTa CaHKT-IeTepbyprckoro rocynapCcTBeHHOrO yHMBepcnTeTa, r. CaHKT-TeTepbypr,
Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Bknag aBTOpPOB (Ha pyCcCKOM A3bIKe):

— pamunus HUUKManbl aBTopa;

— B KpaTKoW GpopmMe OnmCbIBAETCA NIMYHbIN BKNAaZ aBTOPa B HanucaHume cTatbu (nged, cbop matepmana, obpaboTka
MaTepwuana, HarnMcaHue CTaTbl, HAy4YHOE pefaKTMPOBaHVEe TEKCTA, BCe aBTOPbI CAeNanu SKBMBANIEHTHbI BKNag (paB-
HbI1 BKNag) B MOATOTOBKY Nybnukauum u T. g.).

lMpumep.

Mopo3soBa M.C. - HayYHOe PYKOBOACTBO; KOHLIENUUA NCCNef0BaHNSA; pa3BUTE METOLONOMMY; yYacTue B pas-
paboTKe yuebHbIX MPOrpamm 1 UX peanu3aunm; HanvcaHue NCXOLHOro TEKCTA; UTOrOBbIE BbIBOADI.

BbokoBa E.B. - yuacTue B pa3paboTke yueOHbIX MPOrpamMm 1 Nx peannsauuu; oopaboTka TeKCTa; UTOrOBbIE Bbl-
BOAb.

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNNKTa UHTEpPECoB.

CraTtbs nocTtynuna B pegakuuio XX.XX.202X; ogobpeHa nocne peueHsnpoBaHna XX.XX.202X; nprHaATa K nybnrka-
uum XX.XX.202X.
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OdopmneHme TeKcTa pyKkonucm

®opmar
Pepakuua npuHUMaEeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B popmare .rtf.

OdopmneHne

« uncnonb3ynte wWpndT 14 Times New Roman v uHtepsan 1,5 ctpoku;

+ He UCMonb3ynTe NoaYepKrBaHUe BHYTPY TeKCTa (4NA Nof3arofioBKOB MCMOMb3yTe MOMY>KUPHOe HavepTaHue,
LA BbljeNeHnsA B TEKCTe — KYpCuB);

+  VMIHOCTpaHHble Ha3BaHMA (KypHanoB, opraHu3auuin 1 T.4.) cnefyeT OCTaBNATb B OPUTMHANeE, 3aKNoYaTh B KaBblUKU.

A66peBuaTypbli
Bce ab6peBmaTypbl AOMKHbI 6bITb paclundpoBaHbl NPy NePBOM ynoTpebneHnn. Ecnn abbpeBnatyp MHOFO, MOXKHO
cZienatb CrUCOK C PacIMPPOBKOI KaXKA0M U3 HUX Nepe[] TEKCTOM CTaTbMu.

Ta6nuubl U pUCYHKN

Bce Tabnuubl U pUCYHKIM JOMXKHbI OblTb MPOHYMEPOBaHbl 1 Ha3BaHbl, Ha HUX JOMIXKHa OblTb OTCbISIKA B TEKCTE CTa-
TbW. B Tabnuuax He JOMKHO 6bITb NYCTbIX rpad. PUCYHKN BOMKHBI ObITb XOPOLLIEro KauecTBa, MPUroaHble Ans neyatu.
MpriknagblBaloTCA K CTaTbe OTAENbHbIMU paiinamu.

YT06bI NPOBEPUTL KAUECTBO N30OPAXKEHUS, MOXKHO YBENMUMTL ero. XopoLluee n306pakeHne He pa3MblBaeTcsA npu
YBE/IMUEHUN.

CHOCKIn
Mpn HeobXOAUMOCTI NCMONb3YIOTCA CHOCKM CO CKBO3HOW Hymepauuen (apabckre Lmdpbl) No Bcemy JOKYMEHTY.
B cHockax MoryT 6bITb LUTaThl 13 PaboT, KOTOPble YNOMUHAKOTCA B TEKCTE, JONONHUTENbHaA nHbopMauma.

OdopmneHne UUTaT 1 CNNCKa NUTEPaTypbl
B >KypHane npuHAT BaHKYBEPCKMiA CTUMb LUTMPOBaHNWSA (OTCbINIKa B TEKCTE B KBaAPATHBIX CKOOKaX, MonHoe 61bnu-
orpaduyeckoe onmcaHne UCTOUHKKA B CMICKE IMTepaTypbl B MOPALKE YNOMUHAHNWSA B TEKCTE CTaTby).

CnMCOK NCTOYHUNKOB

B cnncok nuTepatypbl BKMOUYAKTCA MCTOYHUKM, UCMONb3yemble B TeKCTe cTaTbh. CCbINIKU Ha NPUHATbIE K My6-
NMKaLmMK, HO elle He onybiMKOBaHHbIe CTaTby, JO/KHbI ObITb MOMEUYEHbI C/IOBaMU «B MevaTh»; aBTOPbl AOMKHbI
NonyynTb MMCbMEHHOE pa3peLleHne AA CCbINIKA Ha Take [OKYMEHTbI 1 MOATBEPXKAEHME TOr0, UTO OHU NMPUHATDI
K nevatn. MHdopmaums n3 Heony6IMKOBAHHbIX UCTOYHUKOB LOJIKHA ObITb OTMEUEHA C/I0BaMU «HeOMNybnMKoBaH-
Hble JaHHble/LOKYMEHTbI», aBTOPbI TaKKe JAO/MKHbI NMONYYUTb MMCbMEHHOE NOATBEPXKAEHME Ha NCMOMNb30BaHMe Ta-
KX MaTepranos..

OdopmrieHne CCbifIOK Ha UCTOYHUKK, Brbnmorpaduyecknx ccbiiok ocyllectsiseTca B cootsetcteum ¢ FTOCT P
7.0.7-2021.

ABTOpCKMe npaBa

ABTOpbI, Ny6NIVKyIOLLME B KypHase, COrNaLlaloTcsa CO Cleayowym:

1. ABTOpPbI COXPaHSIOT 33 COBOI aBTOPCKME NPaBa Ha PaboTy 1 MPefOCTaBAAIOT XKypPHany NpaBo nepBon nybnvka-
umnm paboTbl.

2. ABTOpPbI COXPaHSAIOT NPABO 3aK/oUaTb OTAE/bHbIE KOHTPAKTHbIE 4OrOBOPEHHOCTM, KacatoLWMeCcs HEIKCKI031B-
HOro pacnpocTpaHeHusa Bepcur paboTbl B OnybnnKOBaHHOM 34eCb BUAe (HanpuMep, pasmelleHre ee B UHCTUTYT-
CKOM XpaHunuuie, ny6amKaLmio B KHUATE), CO CCbISIKONM Ha ee OpUTrMHanbHyo Ny6nmKaLmio B 3TOM XXypHare.

3. ABTOpPbI MMEIOT MPaBOo pa3meLlaTb Ux paboty B ceTv IHTepHeT (Hanpumep, B UHCTUTYTCKOM XPaHWNLLE U HA
nepcoHaibHOM caliTe) 1O 1 BO BpPeMs NpoLiecca pacCMOTPEHNUA ee AaHHbIM KYPHANOM, TakK KaK 3TO MOXeT MPUBECTM
K NPOAYKTMBHOMY O6CYXXAEHMIO N 6OMbLIEMY KONMYECTBY CCbISIOK Ha AaHHY0 paboTy.

MpuBaTHOCTb
MimeHa n agpeca 3ﬂeKTpOHHOI7I NMoYTbl, BBejeHHble Ha caunTe 3Toro XKypHana, 6yp,yT MCNob30BaHbl NCKOUYNTENb-

HO A Lernel, 0603HaUEHHbIX STVM >KYPHasioM, 1 He ByZlyT UCMOMb30BaHbI sl KAKUX-MOO0 Apyrux Lenen nimn npego-
CTaBJIEHbI APYTVIM JINLIAM Y OPraHM3aL1saM.
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