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. 4
NANOTEKHNOLOGII V STROITEL'STVE

H AHOTEXHOJIOTMIN B CTPOUTEJTIbCTBE HayuHbI VIHTepHeT-KypHan 2022-Tom 14:-N2 4

WHHOBALIWH BO BCEX COEPAX

TNIAVPEAT NPEMUH

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

IN THE ISSUE:
B HOMEPE:

« Effective use of dry foaming agents in the manufacture of foam gypsum
thermal insulation nanocompositions

« Design and research of Nielsen arch bridge with fully composite
structure system

« Modification of portland cement with nanoadditives

« Polymer concrete production technology with improved characteristics
based on furfural for use in hydraulic engineering construction

« DddeKTMBHOE NCNONb30BaHKE CyXNX NeHOObpa3oBaTenen npu
N3roTOBNEHMMN NEHOTMNCOBbIX TEMTON30NALMNOHHBIX HAHOKOMMO3ULNIA

« [lpoeKkTnposaHue n nccnepgosaHe ApoyHoro mocta HunbceHa
C MONTHOCTbIO KOMMNO3UTHOW KOHCTPYKLIMOHHOW CUCTEMOW

dl

« MoaudurKauns TaMNoHaXHOro NopTNaHALEMEHTa HAHOA00aBKaMM

« TexHonorus nonyyeHns NoMMepOEToHa C yNyULEHHbIMU
XapaKTepucTukamm Ha ocHoBe ypdypona ana Ncnonb3oBaHNA
B rMAPOTEXHNYECKOM CTPOUTENBCTBE

1

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 (4):
HaHoTexHonorun B cTtpouTenbcTBe 260-261

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

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

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

The main tasks:

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

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

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

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

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

The edition’s readers and authors are:

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

« scientists and specialists of research institutes and nanotechnological centers;

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

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

« experts of the enterprise-producers manufacturing nanoindustrial output.

EDITORS

CHIEF EDITOR - Boris V. 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 260 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (4):
HaHoTexHONorum B cTpouTtenbCcTBe 260-261

EDITORIAL BOARD

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Founder and Publisher — Center for New Technologies «Nanostroitel’stvo», Korolev, Moscow region, Russian Federation
Contacts: e-mail: l.a.ivanov@mail.ru
Address of edition: Russian Federation, 125009, Moscow, Gazetny per., bld. 9, str. 4
Contacts: e-mail: info@nanobuild.ru
Website: http://nanobuild.ru/
Release date of N2 4 (Vol. 14) is 30.08.2022

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 261 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 (4): V4
HaHoTexHonorum B cTponTenbcTBe 262 NanObLﬂ ]

NANOTECHNOLOGIES IN CONSTRUCTION: A Scientific Internet-Journal 2022 -Vol. 14 - No. 4

NANOTEKHNOLOGII V STROITEL'STVE

CONTENTS

PUBLISHER INFORMATION

CONSTRUCTION MATERIAL SCIENCE

nanocompositions

Fillers for polymer composite materials

Wuhan University of Technology

in hydraulic engineering construction

Agzamov F.A., Grigoryev AY.

Xiangyu Li, Luojin Cao, Cheng Zhang, Liping Ma, Yong Li.

PUBLISHING ETHICS

260
Korolev E.V.,, Grishina A.N., Inozemtcev A.S., Ayzenshtadt A.M.
Study of the kinetics structure formation of cement dispersed systems. Part || 263
APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION
Shigapov R.1, Sinitsin D.A., Khalikov R.M., Solovyeva E.A., Nedoseko I.V.
Effective use of dry foaming agents in the manufacture of foam gypsum thermal insulation
274
THE STUDY OF THE PROPERTIES OF NANOMATERIALS
Luojin Cao, Niangin Liu, Xiangyu Li, Wenming Que, Yong Li.
Design and research of Nielsen arch bridge with fully composite structure system 282
MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS
Mazitova A.K., Zaripov I.I, Aminova G.K., Ovod M.V., Suntsova N.L.
294
INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION
300
MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS
Moldamuratov Zh.N., Inambayeva R.S., Inambaev N.S., Iglikov A.A., Tattibayev S.Zh.
Polymer concrete production technology with improved characteristics based on furfural for use
306
APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION
Modification of portland cement with nanoadditives 319
THE STUDY OF THE PROPERTIES OF NANOMATERIALS
Three-Arch, Three-Cable Face Steel-Sided Main Girder Rigid Tie Composite Arch Bridge 328
339
343

AUTHOR GUIDELINES

http://nanobuild.ru 262

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (4):

HaHoTexHonorum B cTponTenbcTee 260-261 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-
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KpYrblX CTONax U T.4.) 0 HAHOVHAYCTPUU U MPUKIAAHbIM BOMPOCaM HAHOTEXHONOTMMIA B 061aCTV CTPOUTENBCTBA U XKUSNLLHO-
KOMMYHaNbHOTO X03ANCTBa, UMEIOLLMX aKTyalbHOe 1 NepcrneKTUBHOE NPaKTUYecKoe 3HaYeHue.

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

B xypHane ny6nunkyiorca pa6oTbl o cieAyloWmnM TeMam: CoO3AaHNne HOBbIX GyHKLMOHaNbHbIX MaTepuanos; pa3paboTka Teo-
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TeNbHbIX CUCTEM; TEXHONOTUW UCCIIe[0BaHNA CBOMCTB HAHOMATEPMASIOB; TEXHONOTMMYECKME NPVHLMMbBI CO3AaHUA HAHOCTPYKTYP
(pacnnasbl, 30Nb-renieBbli CMHTE3 U Ap.). TemaTnKa CTaTell MOXeT OblTb UHOW, MPAMO U KOCBEHHO CBA3AHHOW C MEPEUNCIIEHHBIMA
HanpasieHNAMM.

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

A3bIK N3paHNA: PyCCKNN; aHIMNNCKNIA.

ABTOpamMu 1 YMTaTENAMU N3AAHUA ABNAIOTCA:

+  CTYAEHTbI, NperofasaTeny, acnpaHTbl U JOKTOPaHTbI BY30B;

+  Y4YeHble 1 CeunanmncTbl HayYHO-NCCIE[0BATENbCKUX UHCTUTYTOB U HAHOTEXHOMOTMYECKIX LIEHTPOB;

«  PYKOBOAMTENW U CMELMaNNCTbl YUPEXAEHNI, OPraHmn3aLmin 1 NPeanpuaTUin CTPOUTENBHOTO KOMIIEKCA U XKUULLHO-KOMMY-
HasIbHOrO XO3AICTBa;
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ABSTRACT: Introduction. The study of the kinetics structure formation is rarely the subject of a careful study. Although it is im-
portant for materials used to create elements of building structures, energy elements, thermoelements and materials for other
purposes. The article proposes refinements of the methodology for determining the parameters of the kinetics structure formation
of cement composites, including modified compositions. Methods and materials. The structure formation of cement systems with
plasticizers, microsized mineral additives (hydrosilicates of barium, copper, iron and zinc) and nanosized particles of zinc hydro-
silicates has been studied. Results and discussion. It is proposed to single out two stages of initial structure formation: the stage
of setting the cement paste and the stage of hardening. It was found that the strength of the material at the stage of hardening
should be influenced by an additional factor, depending on the type of the introduced substance. A strong negative relationship
between the parameters a and n of the equation R(t) = Rmax(l—e‘"") at the hardening stage was confirmed. The trends identified at
the setting stage also demonstrated, namely: an increase in the rate of structure formation leading to the formation of a less dense
structure. Conclusions. An analysis of the change in the value of the internal dimension of the system during the transition from
the stage of setting to the stage of hardening made it possible to identify two trajectories of the system development. The first
trajectory appears only by combining the elements of the structure (trajectory No. 1). Preservation of the characteristic dimensions
of structural elements, but an increase in the proportion of elements with small dimensions (when the conditions that prevent the
combination of elements of the structure are realized) describes the second trajectory (trajectory No. 2). The implementation of
trajectory No. 2 is typical for compositions which the structure formation of cement stone is carried out in the presence of Melment
F15G plasticizer or microsized particles of copper or zinc. For other studied compositions, structure formation is proceeding with
the enlargement of structural elements.
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INTRODUCTION manufactured in a monolithic, prefabricated or extrusion
method [1-5]. In this case, the key factor is the chemical

trength characteristics are important for building  composition of the formed substances, which affects the
materials for various purposes. High requirements  strength of an individual bond in the structure. [6, 7]. The
for these indicators are imposed on composites based  task of establishing the relationship between the number
on mineral and organic binders, on structural products of crystallization centers, the chemical composition of
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the composite, the rate of formation of bonds between
individual elements and the strength of the composite is
of interest for mineral systems.

Early, the refinements of the methodology for deter-
mining the parameters of the Kinetics structure formation
of cement composites, including modified compositions,
are proposed in the article [8]. The essence of the refine-
ment is to consider the kinetics of structure formation as
a time series, the development of which can be described
by the dependence proposed by Hurst. After determining
the Hurst exponent, the coefficient characterizing the rate
of structure formation is refined.

It is proposed to single out two stages of initial struc-
ture formation: the stage of setting the cement paste and
the stage of hardening. The selection of the setting stage
is connected with the natural laws of the development of
natural systems, namely, the initial formation of a struc-
tural grid obeys an exponential law. Moment of time when
a deviation from this law is observed is the time of occur-
rence of spatial and/or prescription difficulties that hin-
der the exponential development of the system. A strong
negative relationship between the parameters ¢ and f3
of the equation H(f) = a exp(@f®) has been established.
These parameters characterize the rate of structure for-
mation at the setting stage (parameter @) and the density
of the structure (parameter 3 or the internal dimension
D, , associated with it). The presence of such a negative
relationship indicates the inadvisability of accelerating
the processes of structure formation at the stage of set-
ting. This is supported by a strong positive relationship
between the period of initial structure formation . and
the strength of the material R .

As shown earlier [9—13], the kinetic processes of
structure formation obey the following equation:

y(r)= ym(l—e‘“’" ) (1)

where y is limiting value of the property character-
izing the process of structure formation; a, n are coef-
ficients. The coefficient a characterizes the rate of the
process, and the coefficient n characterizes the geometric
properties of the emerging structure.

The general equation of system development is an
alternative to model (1) [7]:

. k
X = (t—qjx , 2)

k is coefficient characterizing the rate of development
of the system in time #; ¢ is constant; x is quantity char-
acterizing the property of the system.

Equation (2) shows:
 the rate of change in the “size” of the system depends

on its size;

« the coefficient k/#, which characterizes the rate of
increase in the size of the system, decreases with time.

When analyzing structure formation during the op-
erational period x in equation (2) will characterize the
number of destroyed (destructured) bonds.

The solution of differential equation (2) has the fol-
lowing form:

In(N)= (Ljf" +c,, 3)
l-q
N is number of connections.
Let us consider the features of cement compositions
at the second stage of initial structure formation (at the
stage of hardening).

METHODS AND MATERIALS

For cement materials, effective technological methods
for controlling their structure formation are:
* use of plasticizers;

* introduction of mineral additives;
+ use of nanoscale additives.

The following plasticizers were used: S3 (0.25-2.0 %
by weight of Portland cement), Melflux 2651F based on
polycarboxylate esters (0.10—1.00 % by weight of Portland
cement); Melment F15G based on sodium sulfomelamin
formaldehyde (0.50—1.50 % by weight of Portland ce-
ment). The study of the effect of plasticizing additives
on the processes of cement stone structure formation
was carried out on Portland cement compositions with
a constant W/C = (0.25.

Microsized particles of barium, copper, iron or zinc
hydrosilicates were used as mineral additives. Nanosized
particles of zinc hydrosilicates were used as nanosized
additives. The influence of nanosized particles on the
structure formation of the cement material was carried
out in the presence of microsized particles of barium
hydrosilicates, the content of which was constant and
amounted to 10% by weight of Portland cement. To
create a composite binder, microsized barium hydro-
silicates were introduced into Portland cement in an
amount of 10% by weight of cement, zinc hydrosilicates
in an amount of 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0% ,
copper hydrosilicates in the amount of 0.25, 0.50, 0.75
and 1.00% or iron hydrosilicates in the amount of 1.0,
2.0, 3.0 and 5.0% by weight of cement. These modifiers
were synthesized using the technology of hydrochemi-
cal synthesis from sodium hydrosilicates and aqueous
solutions of salts (copper and barium chloride, as well
as zinc and iron sulfate). For the synthesis of metal hy-
drosilicates, a solution of sodium hydrosilicates with
silicate modulus M, = 3,0; o = 26,5% and salt solutions
with concentrations C(ZnSO,) = 12%; C(CuCl)) = 15%;
C(BaCl,) =9,5%, C(Fe,(SO,),) = 10,0% were used. The
synthesis was carried out by adding a salt solution (ZnSO,,
Fe,(S0,),, CuCl, or BaCl,) to a solution of sodium hy-
drosilicates at a ratio of MeO(Me,0,)/SiO, = 1,0. The
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resulting precipitate was thoroughly washed by distilled
water, dried at a temperature of 100—105°C and grinded.
The average particle diameter of the obtained modifiers
was 5—7 um. The chemical composition of the modify-
ing additive based on barium hydrosilicates additionally
contains a small amount of barium carbonates formed
during the carbonization of a barium salt as a result of
mixing during synthesis. The modifying additive based on
zinc hydrosilicates additionally contains a small amount
of Zn,SO,(OH), *xH,O. For the nanomodification of
the binder nanosized zinc hydrosilicates produced ac-
cording to the technology presented in [8] were used.
Modifier have sedimentation stability [9]. The value of
a_is the ratio of the concentration of sodium cations to
the concentration of chloride anions during the synthesis
of the nanomodifier. The gross formulas of the applied
nanomodifiers are given in Table 1.

The concentrations of the used nanomodifiers are
presented in Table 2.

The average particle size is presented in Table 3.

Cement, barium hydrosilicates in an amount of 10%
by weight of cement, and zinc, iron or copper hydro-
silicates were thoroughly mixed until homogeneous.
Cement paste with W/C = 0.32—0.325 was made from
such a complex binder and samples were moulded. After
that samples were stored in a normal curing chamber.
Determination of the chemical composition of the sam-
ples was carried out on the I, 3¢, 7t 14" and 28™ days
of hardening. After the strength test, the samples were
grinded, and then the hydration of the binder was
stopped by microwave method.

RESULTS AND DISCUSSION

Typical kinetic dependences of the structure forma-
tion of cement materials at the setting stage and at the
hardening stage are shown in Fig. 1.

The parameters of equations (1) and (2), obtained
from the results of processing experimental data, are pre-
sented in Tables 4.

Table 1
Chemical brutto-formula of zinc hydrosilicates
Concentration Fe(OH),, %
o
) 0.3 0.5 0.7
0.5 Zn0+2.358i0,+nH,0 Zn0+3.928i0,+nH,0 Zn0+5.49Si0,+*nH,0
1.0 Zn0+4.708i0,*nH,0 ZnO+7.84Si0,*nH,0 Zn0-+10.97Si0,*nH,O
1.5 Zn0+7.058i0,*nH,0 ZnO -+ 11.76Si0, * nH,0 ZnO -+ 16.46Si0,*nH,0
Table 2
Concentration of nanoscale zinc hydrosilicates, %
Concentration Fe(OH),, %
(13
° 0.3 0.5 0.7
0.5 0.0282 0.0410 0.0539
1.0 0.0474 0.0732 0.0989
1.5 0.0667 0.1053 0.1438
Table 3
Average particle diameter, nm
Concentration Fe(OH),, %
o
° 0.3 0.5 0.7
0.5 13.3 12.9 14.7
1.0 11.3 15.8 21.0
1.5 13.1 20.8 29.7
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Table 4
Tflzlle'esults of processing experimental data obtained at the stage of hardening of cement materials
Concentration (%) / R Fiquation Options
A composition of additive = R, (1~ exp(—ar) D, iy (WAL
R, o N
1 2 3 4 5 6 7
Plasticizer variation
1 Control composition 124.5 0.565 0.740 2.48 168.3
Plasticizer Melflux 2651F
2 0.10 121.2 0.535 0.736 2.47 164.6
3 0.25 128.0 0.543 0.753 2.51 169.9
4 0.40 110.6 0.614 0.742 2.48 149.1
5 0.50 118.0 0.579 0.757 2.51 155.9
6 1.00 121.2 0.535 0.736 2.47 164.6
Plasticizer S3
7 0.25 0.25 98.6 0.835 0.799 2.60
8 0.50 0.50 102.5 0.720 0.760 2.52
9 0.75 0.75 106.9 0.690 0.759 2.52
10 1.00 1.00 109.9 0.635 0.853 2.71
11 2.00 2.00 108.7 0.720 0.728 2.46
Plasticizer Melment F15G
12 0.50 0.50 124.6 0.285 0.837 2.67
13 0.75 0.75 118.7 0.365 0.816 2.63
14 1.00 1.00 107.0 0.295 0.830 2.66
15 1.25 1.25 103.9 0.335 0.838 2.68
16 1.50 1.50 100.5 0.325 0.865 2.73
Variation of microsized particles of metal hydrosilicates
17 | Control composition 72.0 0.935 0.776 2.551 92.8
Microsized particles of copper hydrosilicates + 10% particles of barium hydrosilicates
18 0.25 69.9 0.248 0.905 2.81 77.2
19 0.50 71.5 0.176 0.955 2.91 74.9
20 0.75 50.0 0.271 0.901 2.80 55.5
21 1.00 44.3 0.267 0.901 2.80 49.1
Microsized zinc hydrosilicate particles + 10% barium hydrosilicate particles
22 0.50 80.9 0.323 0.865 2.73 93.5
23 1.00 76.6 0.315 0.862 2.72 88.9
24 2.00 78.5 0.275 0.889 2.78 88.3
25 3.00 78.7 0.248 0.897 2.79 87.7
26 4.00 82.2 0.229 0.897 2.79 91.6
27 5.00 44.2 0.520 0.752 2.50 58.8
28 6.00 47.5 0.320 0.825 2.65 57.6
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1 2 3 4 5 | 6 | 7
Microsized particles of iron hydrosilicates + 10% particles of barium hydrosilicates
29 1.00 65.9 0.595 0.740 2.48 89.0
30 2.00 52.7 0.525 0.758 2.52 69.5
31 3.00 54.6 0.263 0.870 2.74 62.7
32 5.00 524 0.675 0.723 2.45 72.5
Nano-sized particles of zinc hydrosilicates + 10% micro-sized particles of barium hydrosilicates
33 0,=0.5 40.8 0.555 0.776 2.55
34 | C(Fe(OH),) =0.3% a=1.0 47.7 0.421 0.821 2.64
35 a=15 449 0.408 0.827 2.65
36 a=0.5 42.2 0.571 0.771 2.54
37 | C(Fe(OH),) =0.5% a=1.0 49.2 0.388 0.835 2.67
38 o=15 44.1 0.425 0.790 2.58
39 0.=0.5 45.4 0.507 0.791 2.58
40 | C(Fe(OH),) =0.7% o=1.0 53.9 0.371 0.844 2.69
41 a=L5 52.8 0.408 0.827 2.65
Nanosized zinc hydrosilicate particles + 10% microsized barium hydrosilicate particles +
2% microsized zinc hydrosilicate particles

42 a=0.5 40.6 0.289 0.859 2.72
43 | C(Fe(OH),) =0.3% a=1.0 68.2 0.361 0.832 2.66
44 o=15 40.6 0.309 0.871 2.74
45 a=0.5 58.7 0.361 0.847 2.69
46 | C(Fe(OH),) =0.5% a=1.0 52.7 0.424 0.821 2.64
47 a=L5 54.8 0.405 0.828 2.66
48 0.=0.5 51.3 0.311 0.870 2.74
49 | C(Fe(OH),) =0.7% a=1.0 54.4 0.300 0.875 2.75
50 a=L5 42.4 0.369 0.843 2.69

Note. r, — strength of a single element of the structure.

This period of initial structure formation is character-
ized by a classical asymptotic dependence (Fig. 1, ¢ and

d). The values of the correlation coefficients for the data

of Table 4 are presented in Table 5, from which it follows:

 there is a high correlation between the parameters a
and n of the equation of kinetics of structure formation
(1); the trends identified during the setting stage are
also shown, namely: an increase in the rate of struc-
ture formation leads to the formation of a less dense
structure;

* Dbetween the parameters @ and »n of the equation of the
kinetics of structure formation (1) there is only a weak
connection with the maximum strength of the mate-
rial. The use of a complex variable that includes the
indicated parameters of equation (1) insignificantly
increases the correlation coefficient.

The absence of a significant relationship between the
parameters of equation (1) and the strength of the mate-
rial indicates the presence of additional parameters that
characterize the elements that make up the structure of
the material. It is obvious that a qualitative average es-
timate of the elements of the structure can be obtained
using the parameters R (characterizes the maximum
strength of the material) and the parameter » (character-
izes the density of the material structure):

rl = Rmax / n, (4)

r, is structure element strength.

It is natural to assume that such an additional factor
for the considered material should be the mineralogical
composition of the Portland cement hydration products.
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Fig. 1. Experimental kinetic dependences of the structure formation of cement materials: (a) and (b) for setting stage;
(c) and (d) for curing stage; (a) and (c) in the presence of S3 plasticizer; (b) and (d) in the presence of microsized

particles of zinc hydrosilicates

Table 5
Correlation table

Values of correlation coefficients  (for 50 compositions of Table 5)

a|n

a|R,

n|R

o/n|R

—0.813

0.249

-0.248

0.263

Differential thermal analysis data (Table 6) were used for
the specified analysis.

The following qualitative characteristics were used
for the analysis:
» reduced value of anomaly Ne 2:

* reduced value of anomalies Ne 2 u Ne 3:

H,+H,

O =T|ZH| 5 (7)

where 2 H is total enthalpy of anomalies; H, is enthalpy
of i-th anomaly.

H
0, = ?2|Z H | , %) In addition, the following coefficient was used to eval-
! uate the change in internal dimension during the transi-
» reduced value of anomaly Ne 3: tion from the setting stage to the hardening stage:
H D,,—D,
0, =3 H], (6) oD, ==k ®)
H 1 1,0
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Table 6
DTA results of cement stone and data analysis results
- Enthalpy of anomalies (J/g) SH /2 Reduced enthalpy of anomalies 5D, (%)
Nel No2 Ne3 No2 Ne3 No2+Ne3 :
1 2 3 4 5 6 7 8 9
Plasticizer variation
1 -22.3 -54.7 -29.3 | 106.3 261.0 140.0 400.98 8.85
Plasticizer Melflux 2651F
2 -16.7 -51.7 -52.1 120.5 371.9 375.2 747.12 9.41
3 -27.9 -50.2 -47.9 126.0 227.2 216.6 443.78 11.97
4 -16.9 -54.9 -35.5 107.3 348.3 225.0 573.23 6.97
5 -16.9 -55.6 -26.6 99.1 325.4 156.0 481.38 4.90
6 -23.2 -43.0 -45.9 112.1 208.1 222.4 430.44 5.12
Plasticizer S3
7 -32.2 -48.9 -48.0 129.0 195.8 192.2 387.96 7.36
8 -29.9 -51.7 -44.9 126.4 218.7 190.1 408.79 8.30
9 -40.3 -47.3 -51.5 139.1 163.3 177.8 341.09 8.30
10 -95.2 -49.0 -48.7 192.8 99.2 98.6 197.81 5.80
11 -160.6 -49.8 -58.3 268.7 83.3 97.5 180.87 16.34
Plasticizer Melment F15G
12 -22.2 -45.5 -48.8 116.5 239.1 256.7 495.75 1.33
13 -31.3 -40.5 -55.7 127.5 165.2 227.0 392.21 -0.49
14 -45.6 -42.9 -46.9 1354 127.2 139.1 266.27 -1.36
15 -45.6 -39.1 -13.4 98.1 84.1 28.9 113.02 -3.31
16 -10.6 -3.7 -10.6 25.0 8.7 24.9 33.65 -5.09
Variation of microsized particles of metal hydrosilicates
17 -19.8 -54.4 -28.5 102.8 282.5 148.2 430.72 7.11
Microsized particles of copper hydrosilicates + 10% particles of barium hydrosilicates
18 -48.6 -43.2 -40.3 132.1 117.6 109.7 227.33 -0.08
19 -22.3 -48.2 -44.0 114.5 247.8 226.2 474.03 -3.42
20 -38.5 -45.4 -69.0 152.9 180.4 2741 454.47 -13.51
21 -34.5 -25.0 -25.1 84.6 61.4 61.6 123.06 -5.28
Microsized particles of copper hydrosilicates + 10% particles of barium hydrosilicates
22 -33.8 -41.0 -42.8 117.5 142.4 148.7 291.13 -1.65
23 -65.6 -37.6 -49.6 152.8 87.4 115.5 202.92 2.12
24 -26.9 -58.8 -49.5 135.2 295.7 249.0 544.65 -0.96
25 -59.4 -51.1 -56.0 166.5 143.4 157.1 300.47 -10.53
26 -131.0 -31.3 -41.5 203.7 48.7 64.5 113.18 -8.66
27 -39.0 -21.2 -29.2 89.4 48.5 67.0 115.50 7.11
28 -66.1 -15.2 -23.3 104.5 24.0 36.8 60.79 -1.85
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1 2 3 4 5 6 7 | 8 | 9
Nano-sized particles of zinc hydrosilicates + 10% micro-sized particles of barium hydrosilicates
33 -7.9 -41.5 -39.6 89.0 469.2 447.6 916.80 8.81
34 -13.1 -39.5 -38.0 90.6 272.8 263.0 535.80 5.35
35 -9.1 -45.5 -35.5 90.1 451.4 352.4 803.81 1.62
36 -8.6 -44.0 -28.4 80.9 414.7 267.7 682.37 -0.70
37 -15.2 -42.2 -38.6 96.0 266.8 244.2 511.03 6.60
38 -9.1 -45.5 -35.5 90.1 451.4 352.4 803.81 6.56
39 -8.8 -42.5 -35.5 86.8 420.7 351.5 772.15 8.39
40 -22.6 -41.5 -38.8 102.9 189.0 1771 366.06 1.57
41 -13.1 -42.4 -38.7 94.2 306.1 279.2 585.22 4.01

Nanosized zinc hydrosilicate particles + 10% microsized barium hydrosilicate particles + 2% microsized zinc
hydrosilicate particles

42 -9.9 -31.9 -42.1 83.9 271.9 358.6 630.42 0.72
43 -72.2 -30.7 -334 136.3 58.0 63.0 121.07 1.14
44 -36.9 -354 -34.2 106.6 102.2 98.7 200.91 1.62
45 -39.8 -35.0 -30.3 105.1 92.6 80.0 172.59 3.65
46 -16.1 -32.1 -27.9 76.1 152.0 132.3 284.24 2.55
47 -21.0 -33.5 -28.9 83.4 133.1 115.0 248.11 4.57
48 -20.7 -35.1 -32.0 87.8 148.7 135.4 284.13 2.50
49 -24.6 -33.3 -31.7 89.7 121.5 115.6 237.10 1.59
50 -14.3 -31.6 -33.7 79.7 176.1 187.8 363.98 1.64

Note. The number of the composition is similar to the number of the composition in Table 4.

|ZH]| is absolute total enthalpy of anomalies; D, is
relative change in the internal dimension of the system.

In accordance with the definition of the fractal di-
mension [10], the sign in front of 6D, will indicate the
trajectory along which the system developed:
0D, > 0 indicates an increase in the range of character-

istic sizes of structure elements; there is a consistent

increase in the size of the elements of the structure
in the process of its evolution or transition from the
setting stage to the hardening stage;

* 0D, <0 indicates not a change in the characteristic
dimensions of the elements of the system, but an in-
crease in the relative number of elements with small
dimensions; conditions that block the process of ele-
ment enlargement are implemented in the system.
Analysis of Table 6 shows that the obtained data form

two clusters in the coordinate system R —|2H| (Fig-

ure 2). Moreover, one cluster is formed by data character-
izing the effect of a plasticizer, and the other — the effect
of particles of metal hydrosilicates.

The presented data clustering demonstrates the limited
influence of the general fundamental regularities of the
material structure parameters on its strength. That is, to
achieve maximum strength, it is necessary to provide not

only a high density of the structure, but also the presence
of structural elements with high strength. Thus, the data
of correlation table 7 demonstrate opposite trends in the
influence of factors controlling structure formation: the
introduction of plasticizers or the introduction of particles
of metal hydrosilicates.

The relationship between the total enthalpy and the
strength of the material is insignificant ( < 0.3) at the
introduction of plasticizers and the relationship is high
at the introduction of particles of metal hydrosilicates
(r > 0.7). The same opposite trends are observed for in-
dividual anomalies. A noticeable positive relationship is
observed for the second anomaly with the introduction
of a plasticizer and a moderate negative relationship with
the introduction of particles of metal hydrosilicates. At the
same time, it should be noted that higher values of the
correlation coefficient are observed when establishing
relationship with the strength of the structural element.
In addition, it follows from the presented data that the
range of variation in the concentration of metal hydro-
silicate particles should be refined.

An analysis of the dependence n = f(6D) (Fig. 3)
shows that the development path of the system depends
on the type of input component. Values 6D, < 0 are typi-
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Fig. 2. Dependence of the maximum strength of cement stone on the total enthalpy
of Portland cement hydration processes in the presence of a plasticizer or particles
of metal hydrosilicates
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Table 7
Correlation table
|ZHI | rl |E'HI | Rmax Qzl rl Q23 | rl Q23 | rl Qzl Rmax Q23| Rmax Q23| Rmax
Effect of plasticizers
0.165 0.023 0.654 0.501 0.617 0.540 0.497 0.550
Influence of metal hydrosilicate particles
0.687 0.754 —0.277 —0.361 —0.321 —0.337 —0.378 —0.362

cal for cement systems with plasticizer Melment F15G or
microsized particles of copper or zinc, for other systems
the structure formation proceeds with the coarsening of
the structural elements (6D, > 0).

The presented data demonstrate that systems charac-
terized by 6D, < 0 generally have a higher structure den-
sity, which is characterized by the parameter n (internal
dimension of the system D).

CONCLUSIONS

In the structure formation of cement composites, it
is proposed to distinguish two stages: the stage of setting
the cement paste and the stage of hardening.

A strong negative relationship between the parameters
a and n of the equation R(f) = R__ (1—e*") at the hard-
ening stage was confirmed. The trends identified at the
setting stage are also demonstrated, namely: an increase
in the rate of structure formation leads to the formation
of a less dense structure. At the same time, it was found
that the strength of the material at the stage of harden-
ing should be influenced by the third factor (except for
the rate of structure formation and structure density),
which depends on the mineralogical composition of the
cement stone. Analysis of data from the study of the min-
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Effective use of dry foaming agents in the manufacture
of foam gypsum thermal insulation nanocompositions
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ABSTRACT: Introduction. The elaboration of foamed eco-friendly gypsum nanocomposites with low specific gravity, high thermal
insulation, operational and technical and economic characteristics remains an urgent task. Controlled hardening of gypsum foam
nanoassemblers using dry foaming agents is a promising direction in the technology of production of heat-insulating building
materials. Methods and materials. The production of a foam gypsum composition was carried out in an ejector-turbulent mixer
by mixing a gypsum nanobinder with functional foaming nanoadditives. Building gypsum G5 BIl was used as a binder in the
work; porization of gypsum compositions was carried out using an adsorbed foaming agent PBNS. Results. The transformation of
liquid-phase foaming agents into solid-phase ones by binding water allows the production of gypsum foam compositions from
dry mixtures, which gives high dosing accuracy, a good degree of homogenization of components and stable characteristics of
foamed gypsum nanocompositions. In production conditions, a one-storey small-sized pavilion was built using a pilot 3D printer
AMT S1160, in which vertical enclosing structures are filled with foamed heat-insulating nanostructured foam gypsum. Monolithic
foam gypsum nanomaterial with a density of 300-400 kg/m? was used for insulation and sound insulation of attic floors during
the overhaul of the historic building of the Veterans Hospital in Ufa. Discussion. The elaboration of technology for obtaining foam
gypsum from dry mixtures is based on the advantage of manufacturing and using thermal insulation nanocompositions, which
allows for significant punctuality of dosing and stable characteristics of foam gypsum building materials. Surfactants have a sig-
nificant effect on the kinetics of the structure formation of the foam gypsum nanocomposition and slow down the coalescence
of air bubbles. Conclusions. Nanoporous foam gypsum concrete, obtained as a result of controlled hardening, with a density of
400 kg/m? has a thermal conductivity of 0.12 W/(m-°C) and a compressive strength of 1.4 MPa. The compressive strength of foamed
foam gypsum using a dry foaming agent on sorbents is 17% higher than the strength of a heat-insulating nanomaterial prepared
using traditional technology.

KEYWORDS: foam gypsum nanomaterials, foaming agents, structure formation of foam gypsum, hardening of nanocomposite.
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INTRODUCTION

As part of the implementation of the national project
of the Russian Federation “Housing and urban en-
vironment”, modern building materials of nanoporous
structure are widely used for the construction of individ-
ual residential low-rise buildings [1—5]. The elaboration
of foamed nanocomposite eco-friendly gypsum binders
with sufficiently significant strength, low specific gravity,
high thermal insulation and frost-resistant properties,
ensuring the production of 3D structures with demanded

operational and technical and economic characteristics,
remains an urgent task.

The purpose of this article is to study the production
of foam gypsum nanomaterials using effective foaming
agents based on the raw materials of Bashkortostan for
the construction of low—rise buildings.

METHODS AND MATERIALS

The preparation of a foamed gypsum nanocompo-
sition was carried out by mixing a gypsum binder with
the introduced functional nanoadditives, including a dry
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Fig. 1. Technological scheme of production of foam gypsum nanocomposition: 1 — storage reservoir;

2 — ejector-turbulent mixer; 3 — ejector compressor

foaming agent and water at the installation — ejector-
turbulent mixer ETS-0.5 (Weft company) (Fig. 1).

The method of production of heat-insulating foam
gypsum is based on one-stage mixing for 6-8 minutes
of a dosed amount of gypsum composite nano-binder
and water from a storage reservoir. The mixer ETS-0.5
is equipped with a flow-through electronic sensor for
monitoring the water level of the closure and a time relay
for monitoring the phase of active porization of the na-
nogypsum composition. Metered volumes of air, which
are supplied by the compressor through an ejector built
into the mixer, provides bubbling and intensive foaming,
cavitation of gypsum nanocomposition. The capacity of
the ETS mixer is 0.5 to 5 m?/hour, with the supply of
nanocomposite foam gypsum through hoses at a pressure
of 0.2—2.5 MPa up to 30 meters horizontally and up to
15 meters vertically.

To measure the thermal conductivity coefficient of
foam gypsum samples with dimensions of 25025050 mm,
the ITP-MG4 “100” device was used: the test range is
0.03—1 W / (m+°C), the limit of the relative error in de-
termining the thermal conductivity coefficient is = 7. The
determination of the thermal conductivity of a foam gyp-
sum sample provides for the creation of a constant heat
flow through the sample at a fixed temperature difference
on its surfaces [6].

Building gypsum G-5BII (Ufa Gypsum Company)
was used as a nano-binder in the work. To regulate the ki-
netics of hardening (slowing down the setting time) of the
gypsum foam mixture, nano—additives — setting retard-
ers were used: Plast Retard PE (firm “Retardan”, Italy)
0.05% by weight of the gypsum binder. Various hardening
retarders provide a controlled decrease in the dissolution

rate of gypsum semihydrate, therefore, reduce the con-
centration of calcium sulfate dihydrate crystallohydrates
precipitating into an undesirable precipitate [7, 8].

Foaming porization of gypsum compositions was car-
ried out using a dry (adsorbed with expanded clay sand)
PBNS foaming agent with stabilizing nanoadditives
(“Plant Technochemsynhtes”, Ufa), which provides the
necessary air extraction (foam multiplicity of at least 5)
and the viability of three-phase foam. The PBNS foaming
agent has the following chemical structure: a hydrocarbon
chain C,,  (hydrophobic fragment) and a hydrophilic
functional group.

Concentrated aqueous solutions of the PBNS foam-
ing agent were converted into a dry solid-phase state by
the method of joint mixing with expanded clay sand. The
stability of the dry foaming agent on the adsorbent is ex-
plained by the fact that the microparticles of the expanded
clay sorbent are positively charged, and the hydrophilic
part of the foaming agent molecule is negatively charged.
The adsorbed foaming agent with the sorbent was dried at
a temperature of 20—150°C to a humidity of 5%; then the
dried PBNS foaming agent was crushed and added (the
optimal concentration of 0.25%) to a dry building gyp-
sum mixture. The elaboration of technology for obtaining
foam gypsum from dry mixes is based on the advantage
of manufacturing and using dry mixes: high dosing ac-
curacy, a good degree of homogenization of components
and stable characteristics of foam gypsum nanomaterials
[9, 10].

During adsorption on the surface of air bubbles
(Fig. 2), the hydrophobic hydrocarbon part of the foam-
ing agent molecules are arranged in a monomolecular
layer in the gas phase, forming a 2.5—3 nm diffinyl layer.
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Fig. 2. Scheme of adsorption of foaming agent molecules on the surface of foam gypsum air bubbles: 1 — gas phase;
2 — monomolecular layer of foaming agent; 3 — gypsum crystallohydrates

Local micro-heterogeneities and germinal calcium sul-
fate dihydrate nanoclusters crystallohydrates with sizes
of = 20—70 nm [11] lead to variations in the thickness
of the molecular layer of the foaming agent in the na-
nogypsum foam composition. Further strengthening of
the primary nanostructure occurs due to an increase in
the number of nanocontacts between unrelated growing
gypsum microcrystals.

The consumption of dry foaming agent in the manu-
facture of foam gypsum thermal insulation nanocomposi-
tions is 1.7—2.8 kg per 1 m? of foamed mixtures, which is
proportional to the consumption of liquid-phase foaming
agent. Foam multiplicity is not less than 7.0; foam stabil-
ity is not less than 360 seconds. The optimal formation
of a foamed gypsum structure also depends on the ratio
of water and gypsum nano-binder; in addition, the hy-
drochemical quality of the water component should be
noted. Increased water hardness leads to overspending of
the foaming agent, therefore reliable quality management
of the functioning of the technological water supply line
is necessary.

The density and compressive strength of foam gypsum
samples were determined according to GOST 17177-94
“Materials and products for building thermal insulation.
Test methods”, GOST EN 1602-2011 “Thermal insula-
tion products used in construction. Method for deter-
mining apparent density”, GOST 125-2018 “Gypsum
binders. Technical conditions”. A stereoscopic method

for studying the shapes and sizes of micropores of foam
gypsum samples was performed using a Nicon SMZ 1500
optical microscope.

RESULTS

Optimal porization of gypsum nanocompositional ma-
terials is associated with significant difficulties due to the
short setting time of the nano-binder; the introduction of
a modified PBNS foaming agent optimizes the kinetics of
hardening. In the process of foaming, the hydrophilic-ori-
ented molecules of the foaming agent create an adsorption
layer on the hydrated layers of gypsum nanoassemblers,
sharply slow down the fusion (coalescence) of air bubbles,
preserve the nanosuspension for a sufficiently long time
in a colloidal state. The use of surface-active molecules of
the PBNS foaming agent ensures the involvement of the
necessary volume of micro-bubbles of air in the produc-
tion of foam gypsum nanosuspension.

The addition of a gypsum binder foam agent PBNS
concentration of 0.1—0.2% leads to a decrease in the water
gypsum ratio. The study of the technological parameters
of foaming made it possible to determine the conditions of
the kinetic stability of the foam: a decrease in the angular
velocity of mixing the foam causes thinning of the inter-
stitial partitions of the foam gypsum with the formation of
through porosity. The set of structural strength with foam
gypsum concrete takes from two to three hours. The com-
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pressive strength of foamed foam gypsum with a density
of 400 kg/m?, prepared using a dry foaming agent PBNS
(on sorbent), is 17% greater than the strength of the ther-
mal insulation material made using classical technology
with the same foaming agent in the form of an aqueous
solution. It is established that the optimal production of
closed porosity of nanostructured foam gypsum (Fig. 3)
is provided under the condition that the foam dispersion
rate and the mixing rate do not change.

It should be noted that the use of only prefabricated
blocks and slabs based on light, cellular concrete or foam
ceramics with the best thermal efficiency indicators for
objective reasons cannot satisfy all the needs of the con-
struction industry in structural and thermal insulation
building materials. In particular, in the conditions of ma-
jor repairs and restoration of architectural heritage ob-
jects, only monolithic methods of construction work are
possible. The choice of structural and thermal insulation
materials for monolithic technologies presented on the
construction market is in reality small and is practically
limited only to the use of expanded clay backfills and ex-
panded clay concrete of various densities in screeds under
floors and for the deconstruction of flat low-slope roofs.

Nanostructured foam gypsum is the most popular and
promising building material for the monolithic method
of production of construction and installation works and
the use of structural and thermal insulation composites.
Comprehensive studies of thermal insulation and sound
insulation characteristics of nanostructured foam gypsum
obtained using monolithic technology (Table 1) have con-
firmed its sufficiently high technological characteristics.

Monolithic foam gypsum nanomaterial was used to
insulate attic floors during the overhaul of the Veterans
Hospital building in Ufa to replace the slag filling that
had become unusable, as well as a sound-proofing and
fire-retardant building material of the interstory floor. The
practical effectiveness of using nanostructured monolithic
foam gypsum in attic and interstory floors is as follows:
— nanocomposite foam gypsum (density 300—

400 kg/m?) is much lighter than slag backfill (density

Fig. 3. Microstructure of nanostructured foam gypsum
with a density of 400 kg/m?

900—1100 kg/m?), and its use in floors has significantly
lightened the weight of the floor and reduced the load
on the main load-bearing structures of the historic
building (walls and foundations), which for almost
1.5 centuries of operation have received significant
physical wear;

monolithic nanofoam gypsum provides both suf-
ficient sound insulation of interstory floors and fire
protection of existing steel beams without additional
treatment with very expensive flame retardant swelling
paint compositions;

it is especially important in the production of repair
and restoration works to fill with monolithic nano-
composite foam gypsum, which allows you to meet
almost any requirements for geometric characteristics;
in particular, during the overhaul of the building of the
Hospital of War Veterans after the dismantling of old
building structures: boardwalk, wooden beams and
slag filling, it turned out that the steel main beams of

Table 1
Physico-mechanical and thermal characteristics of nanocomposite foam gypsum
No. The name of the indicator Average values of the indicator
Density, kg/m? 300 400
2 Thermal conductivity in the dry state at t = 25°C, W/(m-°C) 0.10 0.12
Calculated characteristics
3 of thermal conductivity, W/(m-°C):
— under operating conditions of construction “A”, 0.14 0.17
— under operating conditions of construction “B” 0.23 0.26
4 Vapor permeability, mg/(me<h-Pa) 0.28 0.25
Compressive strength, MPa 1.1 1.4
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the floor-to-floor overlap have different heights and

accordingly, the thickness of the foam gypsum layer

varied from 25 to 40 cm;

— at the restored facility, internal repair work due to
production necessity was carried out in the autumn-
winter period with the heating system not working; at
the same time, the fast setting time (20—30 minutes,
even taking into account the introduction of a mod-
erator) made it possible to pour nanogypsum at nega-
tive temperatures (there was a need to heat the sealing
water).

The use of monolithic nanocomposite foam gypsum
has made it possible to reduce the cost of major repairs
of the historical object (compared with semi-rigid min-
eral wool slabs, the cost of foam gypsum is several times
lower) and accelerate construction work. The technology
of preparation of foam gypsum concrete directly at the
construction site and the possibility of supplying foam
gypsum nanocomposition using flexible hoses under pres-
sure of 0.2—2.5 MPa can significantly reduce the cost of
lifting mechanisms.

3D printing technology has made it possible to con-
struct a two-storey residential building in which the in-
terior space of the exterior walls is filled with monolithic
foam gypsum. In production conditions, the employees
of the Ufa Gypsum Company and USPTU using the 3D
printer AMT S1160 (“SPETSAVIA” Yaroslavl) printed
fragments of vertical enclosing structures of a one-story

Fig. 4. Filling with foam gypsum nanocomposition
of vertical enclosing 3D constructions

small-sized pavilion; then filled with foamed thermal in-
sulation nanocomposite foam gypsum (Fig. 4).

Technological filling of nanocomposite thermal insu-
lation foam gypsum should be carried out preferably in
the warm season for natural drying to a humidity of 12%
and strengthening of building constructions. In case of
industrial necessity, accelerated drying with heat guns
(infrared emitters) can be used until the foam gypsum
nanocomposite is completely dry.

DISCUSSION

The molecules of the PBNS foaming agent participate
in the formation of the microcellular structure of the foam
gypsum and determine the most important characteristics
of the thermal insulation nanocomposite: density, thermal
conductivity, strength and durability. The supramolecular
mechanism of action of the foaming agent consists in the
formation of stable air bubbles (gas phase) in a gypsum
suspension with a diameter of several tens of micrometers
to several millimeters. On the physico-chemical charac-
teristics of three-phase foam in nanocompositional foam
gypsum: multiplicity, stability, etc. many variable factors in-
fluence — variations in the values of surface tension, pH of
the medium, temperature [12]; the intensity of mixing and
bubbling on the installation of an ejector-turbulent mixer.

It should be noted that the formation of the nano-
structure of gypsum foam compositions in the process
of synergetic self-assembly [13] of gypsum crystallohy-
drates proceeds quite quickly in parallel with the hydration
of CaS0O,-0,5H,0 semihydrate. The colloidal solution
CaSO2H,0 crystallizes fairly quickly, and the grow-
ing microcrystals of gypsum form a coagulation nanoset;
gypsum crystallohydrates are fractal and have sizes from
47 nm to 138 nm.

Difficulties in pore formation gypsum nanosystems
represent a technological problem of designing cellu-
lar building materials with an average density of 300—
400 kg/m?, characterized by optimal microstructure and
providing functional purpose: sound absorption, thermal
resistance and other indicators. It is necessary to strive
for the creation of a finely porous structure with a uni-
form distribution of micropores [14] in the volume of
foam gypsum thermal insulation material; and in the case
when the formation of a porous microstructure in foam
gypsum is achieved by traditional methods of introducing
gas-forming agents into the molding mixture (aluminum
powder, hydrogen peroxide, etc.), due to the rapid kinetics
of the reaction with water of the gypsum binder, the mix-
ture turns into a monolith in a short time, not allowing the
gas-forming agents to fully pore formation the molding
composition. In some cases, to increase the porosity of
gypsum, a method is used consisting in the direct addition
of pre-made foam to gypsum suspensions.
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For the technological production of stable foam in the
liquid-phase component, in addition to water, a special
surface-active component (foaming agent) must be pres-
ent able to be adsorbed on the interfacial surface. The ef-
fectiveness of foaming agents is determined by the ability
of the foam to retain fine mineral particles of gypsum
nanowires on its surface for a long time. The transfor-
mation of liquid-phase foaming agents into a dry state is
based on the binding of water molecules: by the physico-
chemical (sorption) method — by mixing the foaming
agent with a powdered or granular porous sorbent; by the
hydration method — by mixing the foaming agent with
semi-hydrated gypsum of the G-2 brand, quicklime and
Portland cement PC 500.

The study of the mechanism of regulation of micro-
structural characteristics of nanocomposite foam gyp-
sum obtained by the method of dry mineralization of
foam has established that the kinetic stability of foam
is a reliable way of regulating porosity. The main tech-
nological indicators of foam gypsum: average density,
pore size, strength are determined by the characteristics
of the nano-binder and foaming agent. Analysis of the
microstructure of structural and thermal insulation foam
gypsum samples showed that in foam gypsum with a den-
sity of 300 kg/m?, the average diameter of micropores is
0.47 mm, the pore size distribution is dimodal, the pores
have a spherical shape. With an increase in the average
density to 400 kg/m?, the size of micropores of foam gyp-
sum decreases and is about 0.38 mm.

To obtain a highly porous foam gypsum with a total
porosity of 65—70% and a uniform bimodal pore size
distribution, the authors [15] used 1.7 wt. % of nonionic
surfactant. Based on the changes in viscosity and tempera-
ture in the solidifying foam gypsum, it was found that the
nonionic surfactant slows down the crystallization of the
gypsum nanocomposition. The increase in viscosity dur-
ing the crystallization of gypsum stabilizes the micropores
formed during foaming. Gypsum foams with a submicron
pore size of the matrix and a relatively uniform micropore
size of = 92—100 microns were obtained due to a shorter
coalescence time of air bubbles.

The use of the PBNS foaming agent reduces the wa-
ter-gypsum ratio, therefore increases the strength and
improves other technological characteristics of the foam
gypsum product; ensures the formation of air bubbles
uniform in diameter; reduces the viscosity of the foam
gypsum composition; slightly slows down hardening,
which reduces the time to stripping by 20—25%. The re-
duced water resistance of foam gypsum products, which
manifests itself in a decrease in strength in humid environ-
mental conditions, can be compensated by modifying the
gypsum nano-binder by introducing mechano-activated
cement and siliceous fillers.

Surfactants have a significant effect on the kinetics of
the structure formation of the foam gypsum nanocom-

position; the first stage of foaming was the appearance
of adsorption layers on the interfacial surface-films of
molecules of foaming agents. It should be noted that the
regulation of the hardening of gypsum foam binders is
considered promising in the design of the initial com-
ponents of 3D technologies [16—18]; and the determin-
ing factor of the aggregate stability of the suspension is
the electrostatic barrier of interaction of microparticles.
An effective approach to enhance the performance char-
acteristics of building nanocomposites for 3D additive
technologies based on gypsum binders is the implementa-
tion of controlled hardening with mineral nanoadditives.

The pumpability of foamed gypsum nanocomposi-
tions in 3D printing can be enhanced by the addition of
0.8% highly effective superplasticizers based on comb-like
polycarboxylate esters, which can significantly increase the
consistency retention time [19]. The advantage of 3D print-
ing technology in the construction of buildings using dry
foaming agents is: robotization of the construction process,
reduction of labor costs for the production of works.

The most popular in the innovative construction indus-
try are cellular wall blocks with a density mark in the range
of 300—800 kg/m?: 300...500 kg/m* — thermal insulation
foam gypsum, 500...800 kg/m? are used as structural and
thermal insulation building materials. The elaboration of
chemical additives that improve water-repellent charac-
teristics allows the use of porous wall blocks on gypsum
binders for the construction of load-bearing internal walls.
The volume of cellular porosity of nanostructured foam
gypsum is determined by the pore size distribution, the
maximum and average size of micropores, their shape, and
the thickness of the interpore partitions. The characteristic
of micropores in size, which vary from tens of nanometers
to millimeter, is a significant factor that determines the
compressive strength, thermal conductivity and water per-
meability of the gypsum foam material.

Positive characteristics of foam gypsum composite
nanomaterials (low cost, environmental cleanliness, rapid
strength gain, good heat and sound insulation properties,
absence of shrinkage deformations, good thermal insu-
lation and sound-absorbing ability, fire resistance, etc.)
[20—23] increase the operational qualities of residential
buildings. It should also be noted that the use of mono-
lithic gypsum composite nanofoam makes it possible to
increase by three times the distance between the racks of
thin-walled steel structures of the frame. Reducing the
consumption of construction steel is especially in demand
in the current aggravated interstate relations and the most
difficult conditions for the functioning of the Russian
building industry.

CONCLUSION

Technological advantages of using dry mixes: high
dosing accuracy, a good degree of homogenization of the
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components and stable characteristics of gypsum foam
nanomaterials necessitated the elaboration of dry foam-
ing agents. Metered volumes of air, which are supplied
through an ejector built into the mixer, provide intensive
foaming of the gypsum nanocomposition, in addition,
additional cavitation. The compressive strength of foamed

foam gypsum with a density of 400 kg/m?, prepared us-
ing dry foaming agent PNBS with a concentration of
0.1-0.2%, is 17% greater than the strength of the thermal
insulation building material manufactured according to
classical technology by foaming agents in the form of an
aqueous solution.
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AHHOTALUA: BeegeHue. PazpaboTka BCMEHEHHBIX SKONIOTMYHbIX FMNCOBbIX HAHOKOMMO3MTOB, 06N1afaloLMX HU3KIM YAeSIbHbIM
BECOM, BbICOKMMMW TEMTON30NALUNOHHBIMU, SKCMyaTaLNOHHBIMU N TEXHUKO-KOHOMMYECKMMUN XapaKTePUCTUKaMK, OCTaeTCA ak-
TyaJibHOI 3afilaueil. KOHTponnpyemMoe TBepaeHrie NeHOrMNCcoBbIX HAHOBSXKYLLMX C MCMONb30BaHMEM CYXUX NeHOooobpa3oBaTesnei
ABNAETCA NepCneKTUBHbIM HanpaBeHNneM B TEXHONOr MY MPON3BOACTBA TEMIOU30NALNOHHbBIX CTporMaTepuanos. Metogbl n ma-
Tepuanbl. /I3rotoBsieHrie NEHOrUMCOBOW KOMMO3ULIMUN OCYLLECTBIIANN B 2KEKTOPHO-TYPOYNIEHTHOM CMeCHTese NepeMeLLMBaHNEM
rMNCOBOrO HAHOBsXKYLLEro ¢ GyHKUMOHaNIbHbIMU NEHOO6Pa3yoLWMM HaHOoJ06aBKamu. B KauecTBe BAXyLLEro B paboTe UCrosb-
30BasicA cTpouTenbHbIi runc [-5611; nopusaumio runcoBbix KOMMO3MLMIA OCYLLECTBASANN C UCMOJIb30BaHUEM afCcOPOUPOBaHHOIO
neHoobpa3soatens MBHC. PesynbraTtbl. TpaHchopmauus xugkodasHbix neHoobpasoBaTenel B TBepodasHble CBA3bIBAHNEM
BOJbl MO3BOJIAET N3rOTaBANBaTb NEHOMMMNCOBbIE KOMMO3ULMW N3 CYyXUX CMeCeN, YTO faeT BbICOKYIO TOYHOCTb lO3UPOBAHNA, XOPO-
LUYIO CTeMeHb rOMOreHM3aumm KOMMOHEHTOB 1 YCTOMUYMBbIE XapaKTePUCTUKM BCIEHEHHbIX TMMCOBbIX HAHOKOMNO3nuun. B npons-
BOJICTBEHHbIX YC/IOBUAX C UCMOJIb30BaHNEM OMbITHO-MPOMbILneHHoro 3D-npuHTepa AMT S1160 nocTpoeH OAHO3TaXKHbI Masio-
rabaprTHbIN NaBUIbOH, B KOTOPOM BepPTUKaJIbHbIe OrpaXkaaloLime KOHCTPYKLMU 3anofiHeHbl BCMEHEHHbBIM TEMIOV30SLUOHHbBIM
HaHOCTPYKTYPVPOBaHHbIM NEHOrMNCOM. MOHONUTHBIV NMEHOTUMCOBbIV HAHOMAaTepWa MIOTHOCTbI0 300-400 Kr/m? 6bin NCMONb30BaH
ONA yTenneHna 1 3BYKO30NALMM YepAayHbIX MepeKkpbiTUN Npu KanutajibHOM PeMOHTE NCTOPUYECKOro 3[4aHnA rocnuTans Bete-
paHoB B I. Ydpe. O6¢cyxaeHmne. PazpaboTka TEXHONMOMMY NOyYeHWs NMEHOTMMCa U3 CyXUX CMecel 6a3npyeTca Ha NpeumyLiecTse
W3roTOBJIEHVA U NMPYIMEHEHVS TEMNIOU30MIALUOHHBIX HAHOKOMMO3ULIWIA, YTO NMO3BOJIAET 06€CNeunTb 3HaUMTENbHYIO MYHKTYaNbHOCTb
[03VPOBAHUS U YCTONUMBbIE XapPaKTEPUCTUKU MEHOTUMCOBBIX CTPOMaTepranoB. NoBepXHOCTHO aKTMBHbIE NeHOO6pa3oBaTenv
OKa3bIBalOT CYLLECTBEHHOE BIIUSHME HA KUHETUKY CTPYKTYPOOOpa3oBaHMs NeHOrMNCOBOV HAHOKOMMO3MLUY 1 3aMefIAoT Koasec-
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M30/IALMNOHHOrO HaHOMaTepurana, NPUroTOBIEHHOTO MO TPAANLMOHHOWN TEXHONOMMNN.
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BECOM, BBICOKMMU TEILJIOU30ISILIMOHHBIMU U MOPO30-
CTOMKUMU CBOMCTBAMU, 00ECTIeUrBAIOIINX MOJTyYeHUE
3D-KoHCTPYKIINIT ¢ BOCTPeOOBAaHHBIMU SKCITITyaTaIlH-
OHHBIMU Y TEXHUKO-3KOHOMUYECKUMU XapaKTePUCTU-
KaMU, OCTaeTCs aKTyaJIbHOM 3a0a4yeil.

Llens gaHHOM cTaThbU — MCCIEA0OBaHME TIPOU3BOACTBA
MEeHOTUIICOBBIX HAHOMATEePUAJIOB C UCIOJb30BaAHUEM
3(GeKTUBHBIX TTeHOOOpa30BaTeicii HA OCHOBE ChIpbe-
BBIX pecypcoB bamikoprocTaHa 1y BO3BeIeHUST MaJIO-
STaXXHBIX 3JaHUM.

METO/bI 1 MATEPUAJIBI

[TorygyeHMe ICHOTUTICOBO HAHOKOMITO3HMIIUH OCY-
IIECTBIISIIN TIepeMEeIIMBaHNEM TUTICOBOTO BSIKYIIIETO
C BBeICHHBIMHU (PYHKIMOHAILHBIMA HaHOZOOAaBKa-
MU, B TOM YHCJIC CYXUM ITeHOOOpa3oBaTejieM 1 BOIOM
Ha YCTAaHOBKE «DKEKTOPHO-TYPOYJICHTHBIN CMECUTETh
BDTC-0,5» (pupma «Bed1») (puc. 1).

MeTom poOn3BOACTBA TEILIOU3OISIIUOHHOTO TIe-
HOTHIICA OCHOBAaH Ha OOHOCTAIWIHOM IIepeMeIBa-
HUU B Te4eHue 6-8 MUHYT JO3UPOBAHHOIO KOJUYECTBA
TUTICOBOTO KOMIIO3UIITMOHHOTO HAHOBSIKYIIIETO ¥ BOIBI
13 HaKOIUTEJBbHOTO pe3epByapa. Cmecurens DTC-0,5
000pyHoOBaH MPOTOYHBIM 3JIEKTPOHHBIM TaTIYNKOM
KOHTPOJISI YPOBHSI BOIBI 3aTBOPCHUS U peJie BpeMEHH
KOHTpOJIST (ha3bl aKTUBHOI ITOPU3aLIM HAHOTUIICOBOI
KoMITo3unn. [o3upoBaHHBIE 00BEMBI BO3IyXa, KO-
TOpBIE TIOJAIOTCS KOMIIPECCOPOM dYepe3 BCTPOCHHBIN
B CMECHUTEJIb 9XKEKTOp, 00ecreuynBaioT 6apooTaxK 1 UH-
TEHCUBHOE TICHOOOpAa30BaHNe, KaBUTAILINIO THIICOBOM
HaHOKOMITO3UIINHU. [1pon3BOOUTEIFHOCTh CMECUTEIIS
DTC-0,5 no 5 M*/uac, ¢ nmogayeii HAHOKOMITO3UILIM -

OHHOTO TICHOTHIICA 110 IIJIaHTaM 1o JaBjieHueM 0,2—
2,5 MIla go 30 MeTpOB IT0 TOPM3OHTAIN 1 10 15 MeTpOB
10 BEPTUKAJIH.

Jlist uamepeHust Koo duiimeHTa TerIonpoBOIHOCTA
TICHOTHUIICOBBIX 00pa3iioB pa3zmepamMu 250-250-50 MM
ncrojib3oBaH npudop UTIT-MTI'4«100»: nnara3oH uc-
meitaduii 0,03—1 Bt / (M«°C), mpenmen OTHOCUTETbHOMN
ITOTPEIITHOCTH OITpe e/ IeHIS KO3 PUIIMeHTa TeTUIOIPO-
BogHocTH £7. OnpenesieHre TeIUIONPOBOTHOCTA 00pa3-
11a TICHOTHUTICA TIPETyCMATPUBACT CO3NAHNE TIOCTOSHHOTO
TETIOBOTO TTOTOKA Yepe3 o0paselr Ipu PUKCUPOBAHHOMN
PA3HOCTH TEMIIEPATYP Ha €ro MOBEPXHOCTSIX [6].

B KadyecTBe HAHOBSIKYIIIETO B paOOTE MCITOTH30BAJICS
crpoutenbHbIi Turc I'-5BI1 (000 «Ybumckas rurco-
Bast KOMIaHWST» ). 7151 peTyImpoBaHusI KWHETUKH TBEp-
IeHUS (3aMeUICHUSI CPOKOB CXBAThIBAHMST) TICHOTHUIICO-
BOI CMecH TIPUMEHSUINCh HAHOTO0ABKYM — 3aMeIJIATe-
1 cxBaTbiBaHUS: Plast Retard PE (bupma «Retardan»,
Hranust) 0,05% ot Macchl TUTICOBOTO BsIKyIero. Pas-
HOOOpa3HBIC 3aMEITUTEIN TBEPACHUS 00CeCIICUNBAIOT
KOHTPOJIMPYeMOe TIOHIDKEHIE CKOPOCTU paCTBOPECHUS
TIOJIYTUIpaTa TUTICA, CICA0BATEIFHO, YMEHBIIIAIOT KOH-
LIEHTPAIINIO BHITAMAIOIINX B HEXXeIaTeIbHBIN 0CaToK
KPUCTAJJIOTUAPATOB OUTUIApATa CyabdaTa KaJbIIMs
[7, 8].

BcnieHnBaroyo mopu3ainio TUICOBBIX KOMIIO3H-
LW OCYIIECTBIISUIN C UCIIOIb30BaHUEM CYyXOro (CopOu-
POBaHHOTO KePaM3UTHBIM ITECKOM) TIEHOO0pa30BaTEIIs
IIBHC co crabunmmsupytommMu HaHogodaBkamu (OO0
«3aBox TexuoXuMCuHTE3», T. Yda), KOTOPHIil 0becIie-
YUBaeT HEOOXOAMMOE BO3IYXOBOBIICUCHNE (KPAaTHOCTD
IIeHBI HEe MeHee S5) M KMU3HECIIOCOOHOCTh TpeXda3HOoM
reHbl. [TerooOpa3oBarens ITBHC umMeeT cremyrornryo

>

Puc. 1. TexHosiornyeckas cxemMa Npou3BOACTBA MEHOTHUIICOBOIl HAHOKOMIIO3MIMK: | — HAKOMUTEIbHbIIA pe3epByap;
2 — 33KEKTOPHO- TYpOYJECHTHBII CMECUTEND; 3 — KOMIIPECCOP IKEKTOpa
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XUMHUYECKYIO CTPYKTYpPY: yriaeBomopoaHas uens C,
(tumpodoOHBIN (hparMeHT) 1 THIPODUIbHAS (DYHKIIN-
OHaJIbHASI TPYIIIIA.

KoHIeHTppOBaHHBIC BOTHBIC PACTBOPHI IIEHOO-
6pasoBatens ITBHC nipeBparianu B cyxoe TBepaodas-
HOE COCTOSTHIE METOIOM COBMECTHOTO ITepeMEeITBa-
HUS ¢ KePaM3UTOBBIM IIECKOM. Y CTOMYMBOCTH CYXOTO
TIeHOOOpa3oBaTels Ha alCOpOCHTE OOBSICHSICTCS TEM,
YTO MUKPOUYACTUIIHI KEPAM3UTOBOTO COPOCHTA 3apsiKe-
HBI TTOJIOKUTEBHO, a TUAPOMIIIHHAS YaCTh MOJICKYJTBI
neHooOpa3oBaTessl OTpULIATEIbHO. AICOPOMPOBaH-
HBI TTeHOOOpa30BaTellb C COPOCHTOM BBICYIIMBAIN
npu remreparype 20—150°C o BraxHocT 5%; 3aTem
BBICYIIIEHHBIN TTeHooOpa3oBaTesb [IBHC n3menbuann
u go6asisuiu (ontuManbHas KoHueHTpauus 0,25%)
B CYXYIO CTPOMTEIIHLHYIO TUTICOBYIO cMech. PazpaboTka
TEXHOJIOTUH TTOJIYICHUS TICHOTHUIICA N3 CYXUX CMeceit
0a3mpyeTcsT Ha TIPEUMYIIECCTBE N3TOTOBJICHUS W IIPH-
MEHEHUSI CYXUX CMeCeii: BBICOKAst TOYHOCTD TO3MPOBa-
HUsI, XOpOIIIasi CTETICHh TOMOTEHU3AIINN KOMITOHEHTOB
¥ YCTOMYMBEBIC XapaKTEPUCTUKI ITIEHOTUIICOBBIX HAHO-
marepuaios [9, 10].

[Tpu agcopOIIMM Ha TTOBEPXHOCTH ITy3BIPHKOB BO3-
myxa (puc. 2) ruapodo0OHas yriIeBOTOPOIHAsS JacTh
MOJIEKYJI TIeHOOOpa30oBaTelIs pacIiojaraeTcsl B ra30Boit
¢daze MOHOMOIEKYJISIPHBIM cJioeM, (hopMupyst audu-
HWJIBHYIO TIPOCTIONKY 2,5—3 HM. JIoKaabHBIC MUKPO-
HEOTHOPOTHOCTHU U 3aPOIBIIIEBhIC KPUCTAUIOTUAPATEHI
HAHOKJIACTepOB TUTHIPATa CyIb(aTa KaJbLMs pa3Mepa-
mu = 20—70 1M [11] TpuBOAAT K BapUaLIMSIM TOJIIMHBI
MOJIEKYJISIDHOTO CJIOS TIEHOOOpa3oBaTeIsI B HAHOTHII-
COBOIT TIECHOKOMITO3NIINU. JlaTbHeIee YIIpoYHeHNE

Puc. 2. Cxema aacopOiuu MoJieKy.1 IeH000pa3oBaTeis
HA MOBEPXHOCTH BO3IYNIHbIX My3bIPbKOB MEHOTUIICA:

1 — ra3oBas (paza; 2 — MOHOMOJIEKYJISIPHBII CIOM
MeHooOpa3oBaresisi; 3 — TUIICOBbIE KPUCTAJUIOTUAPATHI

IIepBUIHOI HAHOCTPYKTYPHI IIPOMCXOINUT 3a CUET pOCTa
YHCJIa HAHOKOHTAKTOB MEXXIY HECBSI3aHHBIMU PACTy-
MU MIKPOKPHUCTAJUIAMU THIICA.

Pacxon cyxoro neHoo6pa3oBartesis IIpyu U3TOTOBIIC-
HUW TICHOTUIICOBBIX TETUIOM3OJISIIIMOHHBIX HAHOKOM-
rmo3unmii cocrasiset 1,7—2,8 xr Ha 1 M3 BcrieHEHHBIX
CcMecei, 9TO COpa3MepHO PaCXOIy KUAKOMA3HOTO ITIeHO-
obpaszosatend. KpatHocTh meHbl He MeHee 7,0; ycToium-
BOCTB ITeHBI He MeHee 360 cexyHa. OnrumansHoe Gop-
MMpPOBaHUE BCIICHEHHOM TUIICOBOI CTPYKTYPHI 3aBUCUT
TaKKe OT COOTHOIIICHMSI BOIBI X TUTICOBOTO HAHOBSIKY-
IIEeTO; KPOME TOTO, CJIEAYET OTMETUTh THIPOXUMUIIC-
CKO€ KauyecTBO BOOHOTO KOMITOHEeHTa. [1oBhITIIeHHAS
JKECTKOCTH BOIBI TIPUBOIUT K TIepepacxomy IeHOo0pa-
30BaTeIs, TO3TOMY HEOOXOIMMO HAIEKHOE YIIPABIICHIE
KayecTBOM (DYHKIIMOHMPOBAHUS TeXHOJIOTHMUECKOM JTH-
HUU BOTOCHAOXKCHMSI.

[110THOCTP U TIPOYHOCTH HA CXKATHE ITEHOTUIICO-
BBIX 00pa3ioB onpenensiau cormacHo 'OCT 17177-94
«Marepuaiabl M M3ACAUS CTPOUTEIbHBIC TCIUIOM30-
JguroHHble. MeTtonsl ucneirannit», FOCT EN 1602-
2011 «M3aenus TeTIon30IIUOHHBIE, TIPUMEHSIeMBbIe
B CTPOUTEIBCTBE. MeTod oIpeneaeHUST KaXKyIIencs
wrotHocTh», [OCT 125-2018 «BstKyIue rumncoBbIe.
Texamueckue ycnoBus». CTepeoCcKOTMIECKII METOT VC-
caenoBaHUsI (OpPM, pa3MepOB MUKPOIIOP IIEHOTUTICOBBIX
00pa3oB MPON3BOIMIN Ha ONITUYECKOM MHUKPOCKOIIE
Nicon SMZ 1500.

PE3YJIbTATBI

OnTrMasbHast ITOPU3ALHS TUTICOBBIX HAHOKOMITO3H -
IIMOHHBIX MaTePHAJIOB COMPSIKEHA CO 3HAUNTCITHHBIMI
TPYIHOCTSIMU M3-3a KOPOTKUX CPOKOB CXBaThIBAHUSI Ha-
HOBSIKYIIIETO; BBeACHNE MOIN(MDUIIMPOBAHHOTO TIEHO-
o6paszosarenst [IBHC ontumMnsnpyeT KWHETUKY TBEpIE -
Hus. B miporiecce BCrieHUBaHUS OpUEHTUPOBAHHEIC TH-
IpOMIBHON YaCTHIO MOJIEKYITBI IIEHOOOPA30BaTENIST CO3-
JTAIOT aICOPOITMOHHBIN CIION Ha TUAPATUPOBAHHBIX CIIOSIX
TUTICOBBIX HAHOBSDKYIIMX, PE3KO 3aMEUISTIOT CITUSHIE
(KoaJIeCIIeHITNIO) BO3MYIIHBIX ITy3BIPHKOB, COXPAHSIOT
HAHOCYCIIEH3UIO B TCUCHHE JOCTATOUHO JIMTCIHHOTO
BPEMEHM B KOJIJIOMIHOM COCTOSTHUH. Mcrmonp3oBaHMe
ITOBEPXHOCTHO-aKTUBHBIX MOJICKYJT IIEHOOOPa30BaTeIs
[TBHC o6GecrieunBaeT BoBIeYeHIE HEOOXOANMOTO 00b-
eMa MUKPOITY3bIPbKOB BO3IyXa IIPU MOIyYeHUN TICHO-
TUTICOBOI HAHOCYCIICH3UM.

JobaBieHNE B COCTaB TUIICOBOTO HAHOBSIKYIIIETO
nieHooopasosaresst [IBHC konnentpaumeit 0,1—0,2%
IIPUBOIUT K CHIDKCHUIO BOIOTUTICOBOTO OTHOIIICHMS.
M3yueHne TeXHOTOTMICCKIX ITapaMeTPOB BCIICHUBAHMS
TTO3BOJIMIIO OTIPEICTUTD YCIIOBUSI KHHETUIECKOM YCTOM-
YUBOCTH TICHBI: YMEHBIIICHNE YTIIOBOI CKOPOCTH TIepe-
MEIIIMBAaHUS TICHBI BBI3BIBACT YTOHUCHIE MEXKITOPOBBIX
IIeperopoIOK IIEHOTHUIICAa ¢ (hOPMUPOBAHUEM CKBO3HOM
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Puc. 3. MuKpOCTpYKTypa HAHOCTPYKTYPHPOBAHHOTO
neHorumnca ¢ miotHoctbio 400 kr/m?

nopuctoct. Habop KOHCTPYKIIMOHHOW MTPOYHOCTU
TIEHOTUTICOOETOHOM 3aHMMAET OT JIBYX JIO TPEX 4acCOB.
IIpouHOCTH Ha CxKaTHe BCTIEHEHHOTO TIEHOTUTICA C TIOT-
HOCThIO 400 KT/M?, TPUTOTOBJICHHOTO C MCITOJIb30BaHM -
eM cyxoro neHoobpazosatenst [IBHC (Ha copbente),
6osbiie Ha 17% TPOYHOCTH TETUIOU30ISIIUOHHOTO Ma-
Tepuaia, U3TOTOBJIEHHOTO TT0 KJIACCUYECKOU TEXHOIO-
TUU C TEM Xe TIeHooOpa3oBaTeaeM B (popMe BOTHOTO
pacTBopa. YCTaHOBJIEHO, YTO ONITUMAJILHOE TTOTyYEHIE
3aMKHYTOW TTOPUCTOCTA HAHOCTPYKTYPUPOBAHHOTO TIe-
Horwurica (puc. 3) obecrieunBaeTcs MPU YCIOBUU, KOTIA
CKOPOCTh TUCTIEPTUPOBAHUS TIEHBI M CKOPOCTh TIepe-
MEIIUBAHUS HE MEHSIETCSI.

CrnemyeT OTMETHUTD, YTO UCIIONIb30BaHUE JIUITH COOP-
HBIX OJIOKOB U TIJTUT HA OCHOBE JIETKUX, STIEUCTHIX OETOHOB
WJIV TIEGHOKEPAMUKH C JIy9IITUMU TIOKA3aTeNISIMU TTI0 TETUTO-
93 HEeKTUBHOCTH TTO OOBEKTUBHBIM MPUIMHAM HE MOXET
VIOBJIETBOPUTH BCE TTOTPEOHOCTH CTPOMMHIYCTPUY B KOH-
CTPYKIIMOHHO-TETUTON3OJISIIIMOHHBIX CTpOMaTepuanax.
B wacTHOCTH, B YCIIOBUSIX KalIUTAJIBHOTO PEMOHTA U pe-

CTaBpalMy 0OBEKTOB APXUTEKTYPHOTO HACIIETNST BO3MOX-

HBI TOJTbKO MOHOJIUTHBIE CTIOCOOBI TIPOM3BOJICTBA CTPO-

UTEJIbHBIX paboT. BHIOOpP KOHCTPYKIIMOHHO-TEILIONU30-

JIIIIMOHHBIX MAaTePUAJIOB JIJIS MOHOJIUTHBIX TEXHOJIOTHIA,

TIPECTABJICHHBIX HA CTPOUTETHHOM PBIHKE, B PETbHOCTH

HEBEJIMK U MPAKTUUECKN OTPAHUINBACTCSI JINIITH UCTIONb-

30BaHMEM KePaM3UTOBBIX 3aCHITIOK U KEPAM3UTOOETOHA

Pa3IMYHOM MJIOTHOCTH B CTSIKKAX TIOM TIOJTBI U IS pasy-

KJIOHKU TIJIOCKUX MAJIOYKJIOHHBIX KPOBEJTb.
HanocTpykTypupoBaHHBI TIEHOTUTIC SIBJISIETCST HAM-

Oosiee BOCTpeOOBAHHBIM U TIEPCTIEKTUBHBIM CTpOiTMa-

TEpUAJIOM JIJIsT MOHOJIMTHOTO CITOcO0a MPOU3BOICTBA

CTPOUTETBHO-MOHTAXHBIX pabOT W MCTIOTb30BAHUS

KOHCTPYKIITMOHHO-TETUTOM30JISIIIUOHHBIX KOMITO3UTOB.

KoMmiekcHbIe nccaenoBaHus TETUION30JISIIIMOHHBIX

¥ 3BYKOU3OJISIIIMOHHBIX XapaKTePUCTUK HAHOTIEHOTHTICA,

TOJIyYeHHOTO 110 MOHOJIUTHOM TeXHOJIOTHH (Tabnuta 1),

TIOATBEPAVIIN €TO IOCTATOYHO BBHICOKME TEXHOJIOTUYE-

CKUE XapaKTepUCTUKH.

MOHOIUTHBIN TEHOTUTICOBBIN HAaHOMAaTepUasl ObLT
WCTIONB30BaH ISl YTETUIEHUST YePIaYHBIX TIEPEKPBITUI
TIPY KamMTaJTbHOM PEMOHTE 3aHMS TOCTIMTAJIST BETepa-
HOB BT. Ye B3aMeH NpUIleIieil B HeTOAHOCTh ITUTAKO-
BOI 3aCBHITIKH, a TAKXKE B KAYECTBE 3BYKOU3OJISIIMOHHOTO
¥ OTHE3AIIUTHOTO CTpoiiMaTepraa MeX3TaKHOTO Tiepe-
kpbiTus. [IpakTnueckast a(pcHeKTUBHOCTH UCITONH30Ba-
HUST HAHOCTPYKTYPUPOBAHHOTO MOHOJIUTHOTO TIEHOTUTI-
ca B UYepAavHOM U MEKITaXKHOM MEPEKPBITUSIX COCTOUT
B CJIEYIOIEM:

— HAHOKOMITO3UIITMOHHBIN TTEHOTUTIC (TZIOTHOCTBIO
300—400 xr/M*) 3HAUUTETBHO JIeTYe IUTAKOBOI 3a-
chInKy (mmotHocTh 900—1100 Kr/M?), M ero UCITOIb-
30BaHUE B TTEPEKPHITUSIX TTO3BOJUIIO CYIIECTBEHHO
00JIETYNTH BeC TIEPEKPHITUSI M YMEHBIIINTH HATPy3-
Ky Ha OCHOBHBIE HECYIIINEe KOHCTPYKIINU UCTOPU-
YeCKOTro 3MaHus (CTeHBI U (bYHIAMEHTHI), KOTOPhIC
3a mouTH 1,5 CTOJNIeTUST DKCITyaTalluy TOTYIUIn
3HAYUTENbHBIN (DU3NIECKUIT N3HOC;

— MOHOJIUTHBIY HAHOTICHOTHUTIC 0OECIIeUNBAeT KaK JI0-
CTaTOYHYIO 3BYKOU3OJISIITUIO MEXITAXKHBIX TTEPEKPHI-
TU, TaK U OTHE3AIIUTY CYIIECTBYIOIMINX CTATBHBIX

Tabauya 1
Du3HUKO-MeXaHNYEeCKHe U TEIJIOTEXHNYECKHE MoKa3aTesieil HAHOKOMIIO3UIIMOHHOTO EHOTHIICA
Ne n/m HawnmeHnoBanue noka3sarelis Cpennue 3HaYeHNs OKA3aTes
1 [MnotHOCTB, KT/M? 300 400
2 TennonpoBoaHOCTE B CyXoM cocTosiHUMU Ipu t = 25°C, B1/(M * °C) 0,10 0,12
PacueTHbIe xapakTepucTKu TeruionpoBogHoctu, Bt/(M ¢ °C):
3 — TP YCJIOBUSIX 9KCILTyaTalluy KOHCTPYKITUI «Ax, 0.14 0.17
— TP YCJIOBUSIX OKCITTyaTalluy KOHCTPYKIINU «b» 0.23 0.26
4 [TaponpoHuiaeMocTb, Mr/(M * 4 * [1a) 0.28 0.25
IIpenen npouHoctu npu cxkatuu, MIla 1.1 1.4
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0aJiok 6e3 IOTOJHUTEIbHOM 00pabOTKM BechMa 0~

POTOCTOSIIIIAMU OTHE3AITUTHBIMY BCITYIMBAIOIINMU

OKPACOYHBIMU COCTaBAMM;

— 0COOCHHO BaxkHa IIPH IIPOU3BOACTBE PEMOHTHO-pe-
CTaBpaIlMOHHBIX PabOT 3aIMBKa MOHOJIMTHBIM Ha-
HOKOMITO3UIIMOHHBIM IICHOTUIICOM, UTO TTO3BOJISICT
00ecTneunTh MPaKTUIECKU JII0ObIe TPEOOBAHMSI T10 re-
OMETPUUYCCKIM XapaKTePUCTUKAM; B YACTHOCTH, IIPU
KaITUTaJIbBHOM PEMOHTE 30aHUS TOCTINTAJISI BETePaHOB
BOIMH ITOCJIC JEMOHTAXKa CTAPBhIX CTPOUTETHHBIX KOH-
CTPYKIIMI: JOIIATOTO HACTWIIA, ACPEBIHHBIX OAJIOK
¥ TIUTAKOBOM 3aCHITTKN — BBIICHUJIOCH, UYTO CTATbHEIC
TJIaBHBIE OAJTKM MEXKIY3TAaXKHOTO IIEPEKPHITHS MMEIOT
Pa3HOBBICOTHEIC OTMETKH, M, COOTBETCTBEHHO, TOJI-
IIIMHA CJI0s TIEHOTUIICa BapbupoBaia oT 25 1o 40 cM;

— Ha pecTaBpUPYEeMOM OO0BEKTE BHYTPEHHUE PEMOHT-
HBIC paOOTHI B CBSI3M C IPOU3BOACTBEHHOM HEOOXO0-
ITUMOCTBIO TIPOBOIMIINCH B OCEHHE-3UMHUI Tepu-
OJI TIpY HepabOoTaIIE CUCTeMe OTOIUICHUS; TIPU
3TOM OBICTpBIC cpoKU cxBaThiBaHMS (20—30 MUHYT
JIaxke C YIeTOM BBEICHUS 3aMEUTUTEIIST) TTO3BOJIMIIA
OCYIIECTBIIATH 3aJIMBKY HAHOTICHOTHUIICA TIPU OTPH-
HaTeJbHBIX TeMIlepaTypax (OblJla HECOOXOOUMOCTh
TIOIOTPEBA BOIBI 3aTBOPCHUST).

Hcronp30BaHNe MOHOJIMTHOTO HAHOKOMIIO3UIINOH-
HOTO TIEHOTHUTICA TIO3BOJIMJIO YACIIEBUTh PAOOTHI 110 Ka-
MUTATFHOMY PEMOHTY NCTOPUUECKOTO 00BEeKTa (TI0 CpaB-
HEHUIO C TTOTYKECTKUMI MUHEPAJIOBaTHBIMU TUTUTAMU
CTOMMOCTB TICHOTHIICA B HECKOJIBKO pa3 HIKe) M YCKO-
PUTH BHITIOJTHEHHUE CTPOUTEIBHBIX padoT. TexHomorus
TIPUTOTOBJICHUST TICHOTUTICOOETOHA HETIOCPEICTBEHHO
Ha CTPOUTEIIHHOM O0BEKTE 1 BOSMOXKHOCTD ITOIAYX TICHO-
TUTICOBOI HAHOKOMITO3UIIMH TIPY ITOMOIIY THOKMX IITaH-
roB 1101 naBieHneM 0,2—2,5 MI1a no3BoigeT 3HaUNTEIb-
HO YMEHBIIINTH 3aTPaThl Ha IIOABEMHBIC MEXaHN3MEL.

TexHonorust 3D-1eyaTy MO3BOJIMIIA KOHCTPYHPOBATh
IBYX3TaXKHOE XUJI0C 3IaHNe, B KOTOPOM BHYTpEeHHEE
TIPOCTPAHCTBO HAPYKHBIX CTCH 3aII0JTHEHO MOHOJIUTHBIM
TIEHOTUIICOM. B TIpOM3BONCTBEHHBIX YCIIOBUSIX COTPY/I-
HUKaM# Y GUMCKOM TUIICOBOM KoMItanuu u YITHTY
¢ ucnojib3oBanueM 3D npuntepa AMT S1160 (OO0
«CITELHABHA» 1. SIpocnaBiib) HamedaTaHbl (pparMeHTHI
BEPTUKAJIBHBIX OTPaKIAIOIINX KOHCTPYKIIMIA OMHOITaX-
HOTO MaJIorabapuTHOTO ITaBMJIbOHA; Jajiee IIPOBeIeHa
3aJIMBKA BCTICHCHHBIM TETUIOM30JISIIIMOHHBIM HAHOKOM-
TMO3UIIMOHHBIM TTIEHOTUTICOM (pUC. 4).

TexHOTOTMYECKYIO 3aIMBKY HAHOKOMITO3UIIMOH -
HOTO TEIUIOM3OJISIIIMOHHOTO IIEHOTHUIICAa HEOOXOINMO
TIPOU3BOAUTH MIPEAIIOYTUTEIIFHO B TEIUIBIA CE30H IS
€CTEeCTBEHHOI'O BbICHIXaHMSI 10 BIAXKHOCTH 12% 1 yripou-
HEHMS CTPOUTEILHOM KOHCTPYKIINH. B ciryuae mpoms-
BOJICTBEHHOI HEOOXOIMMOCTH MOXKHO MCIIOIb30BaTh
YCKOPEHHYIO CYIIKY TeTUTOBBIMM ITyIITKaMH (MH(bpaKpac-
HBIMHA U3JIyJaTeNISIMH) A0 ITOJTHOTO BBICHIXaHUS TICHO-
TUTICOBOTO HAHOKOMIIO3MTA.

Puc. 4. 3aimBKa neHOrnncoBoii HAHOKOMIO3ULIMEH
BEPTHKAJIBHBIX orpaxaammux 3D KoHCTpyKmii

OBCYXKIEHUE

Mounexynsl ieHoo6pasosarenst [IBHC ygactByior
B (hOPMUPOBAHIT MUKPOSTICUCTON CTPYKTYPHI TICHOTUTI-
ca ¥ OIIPEeIeIISTIOT BasKHEHIITNE XapaKTepUCTUKHI TEeTUIO-
U30JISTIIMOHHOTO HAHOKOMIIO3MTA: TUIOTHOCTh, TEILJIO-
IIPOBOTHOCTD, IPOYHOCTh 1 JOJITOBEIHOCTH. CyITpaMmo-
JICKYJISIDHBIN MEXaHU3M JIEeiCTBHUS TIEHOOOpa30BaTEeIsT
COCTOUT B 00pa30BaHUM B TUTICOBOM CYCTICH3UH YCTOM -
YUBBIX ITy3bIPHKOB BO3IyXa (Ta30BOM (pa3kl) IMaMeTpoM
OT HECKOJIBKHX JECSITKOB MUKPOMETPOB 0 HECKOJIBKIX
MIJDTIMETPOB. Ha pu3mKo-xumMmdeckre XapaKTepruCTr -
KU Tpexda3Hoi ITeHbI B HAHOKOMITO3UITMOHHOM TICHO-
TUTICEe: KPaTHOCTb, CTAOMIBHOCTD U T.II. — OKa3bIBaeT
BJIMSTHIE MHOXKECTBO IIepeMEHHBIX (PaKTOPOB — Bapua-
LMY 3HAYCHUI ITOBEPXHOCTHOTO HATSLKeHUsI, pH cpemsl,
TemIiepatypa [12], ”HTEHCUBHOCTD IIepeMeIIMBaHUS
1 6apOOTUPOBAHUS HA YCTAHOBKE 9KEKTOPHO-TYpOY-
JICHTHOTO CMECHTEJIS.

CirenyeT OTMETHUTD, 9TO (hOPMUPOBAHIE HAHOCTPYK-
TYPBI TICHOTUTICOBBIX KOMITO3UIIVIA B TIPOLIeCCe CHHEPTe-
TUYECKOI caMOCOOPKH [13] TMTICOBBIX KPUCTAJIOTAIPA-
TOB IIPOTEKACT JOCTATOYHO OBICTPO MapalJICTbHO C TH-
nmpatanmeit moyruapara CaSO 4o0,5H20. Kommonaasrit
pactBop CaSO,-2H,0 10cTaTouHo GBICTPO KPUCTAJLIU3Y -
€TCsI, a pacTyIIe MUKPOKPHUCTAJUIBI TUTICA (DPOPMUPYIOT
KOaTyJISIIMOHHYIO HAHOCETKY; TUIICOBBIC KPUCTAJIJIOTH -
JIpaThl (hpaKTaIbHBI U UMEIOT pa3Mephl oT 47 1o 138 HMm.
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TpyoHOCTH TIPY TTOPU3AIIAY TUTICOBBIX HAHOCUCTEM
TIPEICTABIISTIOT TEXHOJOTHUECKYIO TIPO0IIeMy KOHCTPY-
WPOBAHUS STYCHCTHIX CTPOMMATEPHUATIOB CO CpeIHEeH
mwi1oTHOCThIO 300—400 Kr/M3, XapakTepU3YIOIIUXCS
OINITUMATbHOM MUKPOCTPYKTYPOIT M 00eCTICYMBAIOIIIX
byHKIIMOHATBHOE Ha3HAUCHUE: 3BYKOIOTJIOIICHNE,
TepMUUYECKOE COMIPOTUBJICHUE U IPYTHC MOKA3aTEeIIH.
Heobxommmo cTpeMHUThCS K CO3TAHUIO METKOTIOPHUCTOM
CTPYKTYPHI C PABHOMEPHEIM pacIIpeeieHIeM MUKPOITOP
[14] B 06BbeMe MEHOTUTICOBOTO TEIIOU30JISIIIMOHHOTO
MaTepHasa; a B ciIydae, Korga o0pa3oBaHNE TOPHUCTOM
MHUKPOCTPYKTYPHI B TICHOTHUIICE JOCTUTACTCS TPaIUALI-
OHHBIMH METOIaMHU BBeICHUS B (DOPMOBOUYHYIO CMECh
razoob6pa3oBareJicii (ATFOMIHUEBBIN TOPOIITOK, TIEPOK-
CHUI BOIOPOIA U IIp. ), M3-3a OBICTPOM KMHETUKH PEaKIIAN
C BOIOM TUTICOBOTO BSKYIIIETO CMECh 32 KOPOTKOE BpEeMST
TIpeBpaIIaeTcs B MOHOJIUT, He TTI03BOJISST Ta3000pa3o-
BaTeJISIM B TIOJTHOIT Mepe ITopr30BaTh (POPMOBOUYHYIO
KOMIIO3UIINIO. B HEKOTOPHIX CIIydastx Ul YBEIMICHUS
TOPHUCTOCTH TUIICA MCITOJIB3YETCS CITOCO0, 3aKITI0Jaio-
IIHcs B IIPSIMOM TO0ABICHUM TTPEABAPUTEIIHLHO M3T0-
TOBJICHHOI TICHBI B TUTICOBBIC CYCITCH3HU.

151 TEXHOJIOTUIHOTO MOJTYICHUSI YCTONIMBOI IIEHBI
B XKUIKO(pa3HOM KOMITOHEHTE KPOME BOIBI TOJDKEH MPH-
CYTCTBOBAThH CIICIIMATIBHBIN MTOBEPXHOCTHO-aKTUBHBIN
KOMITOHEHT (TIeHOOOpa30BaTeib), CIIOCOOHBIN amcop-
OGHpoBaThcd Ha MexK(ha3HOM TOBEPXHOCTU. DPHEKTUB-
HOCTb TIEHOOOpa30oBaTesIe OTIpeaeasIeTCsI CIIOCOOHO-
CTBIO TICHBI YICPKUBATh IJIUTEIIFHOE BpeMs Ha CBOCH
TMOBEPXHOCTU TOHKOAMCIIEPCHBIC MUHEPAIbHBIC Ja-
CTUIBI TUIICOBBIX HAHOBSKYIINX. TpaHchopmamus
KUIKOda3HBIX IIEHO00pa30BaTeIeil B CYX0Oe COCTOSTHIE
OCHOBBIBACTCS Ha CBA3BIBAHUM MOJICKYJI BOIBI: (PM3UKO-
XUMHMIECKUM (COPOIIMOHHBIM) METOIOM — TIEPEMEIITH-
BaHMEM IIEHOO0PA30BaTEIIsI ¢ IIOPOITKOOOPA3ZHBIM WIIN
TPaHYIMPOBAHHBIM ITOPUCTHIM COPOCHTOM; THIpaTaIl-
OHHBIM CITOCOOOM — CMEIIMBaHUEM TICHOO0pa30BaTeIIsI
C TIOJIyTUAPATHBIM TUTICOM Mapku ['-2, HeraleHoi Mo-
JIOTOM M3BeCThIO M TTopTiaaHaeMenToMm ITL 500.

M3ydyeHneM MeXaHHM3Ma PEeTyJIUPOBAHUSI MUKPO-
CTPYKTYPHBIX XapaKTepUCTUK HAHOKOMITO3UIIMOHHOTO
TIEHOTUTICA, TIOJTYYEHHBIX METOIOM CYXOil MUHepaIn3a-
LU TIEHBI, YCTAaHOBJICHO, YTO KMHETUYEeCKAasT yCTONIN -
BOCTB IICHBI SIBIISICTCST HAIEXKHBIM CIIOCOOOM PETryIIHpPO-
BaHMS TTOprcTOCTA. OCHOBHBIC TEXHOJIOTUYECKHE T10-
KazaTeJy TICHOTHIICA: CPEIHSISI INTOTHOCTD, pa3Mep IIop,
TIPOYHOCTD — OIIPEICIISTIOTCS XapaKTepUCTUKaMU HaHO-
BSDKYIIETO M TICHOOOpa30BaTeIs. AHAJIN3 MUKPOCTPYK-
TYPBI 00pa3I0B KOHCTPYKIIMOHHO-TETUIOU30JIIIINOHHO-
TO TICHOTHUIICA TT0Ka3aJl, YTO B TICHOTHUIICE TUIOTHOCTHIO
300 kr/m3 cpenHuil auamMeTp MUKpoIop paseH 0,47 MM,
pacripeesieHIe TIop II0 pa3MepaM IUMOIATbLHOE, TTOPBI
nMeIoT cepraeckyro popmy. C ITOBHIIIICHIEM CpeTHEH
mwioTHocTH 10 400 Kr/M3 pazMep MUKPOIIOp IIEHOTUIICa
YMEHBIIIaeTCsI ¥ cOCTaBIIsIeT oKoJo 0,38 MM.

7151 ToITy9e HISI BBICOKOTIOPHCTOTO TIEHOTHUTICA C 00-
11eit TopucTocThio 65—70% 1 OTHOPOTHBIM GUMOIAITB-
HBIM pacrpeaesieHHeM Iop Mo pa3MepaM aBTOpPHI [15]
ucnob3oBaiu 1,7 Mac. % HEMOHHYIO ITOBEPXHOCTHO-
aKTUBHYIO HaHOM00aBKy. OCHOBBIBAsICh HA M3MECHEHUSX
BSI3KOCTH ¥ TEMIICPATYPHI 3aTBEPIEBAIOIIECTO IICHOTHTICA,
YCTaHOBJICHO, YTO HEMOHHOE TTOBEPXHOCTHO-aKTUBHOE
BEIICCTBO 3aMeIIsIeT KPUCTAJUIM3AIINIO TUTICOBOI Ha-
HOKOMIIO3HMIINH. YBEIMICHUE BSI3KOCTH TIPU KPHUCTAII-
JIN3AIIAN TUTICA CTaOMIM3UPYET MUKPOIIOPHI, 00pa3y-
foIIrecs TPy BCIICHWBAHUM. BBIIN TTOTyIeHBI THIICO-
BBIC TICHBI ¢ CYOMUKPOHHBIM pa3MepOM ITOP MaTPUIIBI
1 OTHOCUTEJILHO OTHOPOIHBIM pa3MepOM MUKPOIIOP
~ 92—100 MKM 3a CYCT YMEHBIIICHNS BpeMEHN KOaJIeC-
LICHIINY BO3OYIITHBIX MTy3bIPHKOB.

WUcnonb3oBanue neHoob6pasosatens [TBHC mo-
3BOJISICT CHU3UTH BOIOTUIICOBOE OTHOIIICHNE, TIO3TOMY
YBEIIMIMBACTCS TIPOYHOCTD U YAYIIIAIOTCS IPYTHE TEX-
HOJIOTMYCCKNE XapaKTePUCTUKHU TIEHOTUTICOBOTO 13-
Iennst; obecrieunBaeT (GPOPMUPOBAHIE paBHOMEPHBIX
IO TMaMeTpy ITy3BIPHKOB BO3/IyXa; CHIKACT BI3KOCTh
TIEHOTUTICOBOM KOMIIO3UIINI; HE3HAYNTEIIEHO 3aTOpMa-
KUBaeT TBepaeHne, 9to Ha 20—25% cokpalaer BpeMsi
o pacnanyoku. [ToHMKeHHYIO BOMOCTOMKOCTH TTIEHO-
TUTICOBBIX U3IETNI, KOTOpas IIPOSIBIISICTCST B YMCHBIIIC-
HUU IIPOYHOCTU BO BJIAXKHBIX YCIOBHSIX CPEIbI, MOXKHO
KOMTIEHCUPOBATh MOIU(UKAIINEH TUTICOBOTO HAHOBSI -
JKYIIETo BBeACHUEM MEXaHOAKTHBUPOBAHHOTO IIeMEHTA
1 KPEMHUCTHIX HATTOJTHUTEIICH.

IToBepXHOCTHO aKTUBHBIC IIEHOOOPA30BATEIIN OKA3bI-
BafOT CYIIECTBCHHOE BIMSHIE Ha KWHETUKY CTPYKTYPO-
00pa3oBaHMUsI TICHOTUTICOBO HAHOKOMITO3UIINM;, TTIEPBOM
CTamMei IeHo00Pa30BaHNS SIBJISTIOCH ITOSIBJICHIE Ha MEX-
¢a3HOI TOBEPXHOCTU aICOPOLIMOHHBIX CIOEB-TUIEHOK
MOJICKYN TIeHooOpa3oBaTelneil. ClieayeT OTMETUTD, UTO
PETYIISIINS TBEPACHMS TIEHOTUIICOBBIX BSLKYIIINX CUMTA-
€TCSI IePCIIEKTUBHBIM IIPY KOHCTPYHPOBAHUH MCXOTHBIX
KoMIToHeHTOB 3D-texHomormii [16—18], a onpenensito-
M (haKTOPOM arpeTaTUBHON YCTONUMBOCTH CYCTICH3UN
SIBJISICTCSI DJICKTPOCTAaTUICCKUI Oaphep B3aUMOICHCTBHS
MHKPOYACTHUIL. DD PEKTUBHBIM ITOIXOIOM YCHIICHUS 3KC-
IDTyaTallMOHHBIX XapaKTePHUCTUK CTPONTETHHBIX IICHOHA-
HOKOMIIO3UTOB Ut 3D anmnTUBHBIX TEXHOJIOTUIA Ha 0a3e
TMIICOBBIX BSLKYIINX SIBJISICTCST peajTi3alivsl peryIrupyeMo-
IO TBepACHUS ¢ MUHEPATbHBIMI HAHOTOOABKAMM.

INepekaunBaeMOCTb BCIICHEHHBIX TUTICOBBIX HAHO-
KOMITO3UNMiA B 3 D-miegatnt MOXXHO YCHJIMTD HOOAaBIIe-
HueM 0,8% BbICOKO(D(EKTUBHBIX CyIepIUIaCTU(hUKA-
TOPOB Ha 0a3e rpeOHE00pPa3HBIX MOJIMKAPOOKCUIATHBIX
3(GHPOB, KOTOPHIE TTO3BOJISTIOT 3HAYNTETLHO YBEITNINTD
BpeMs coxpaHeHUs KoHcucTeHmu [19]. [Ipenmyte-
CTBOM TeXHOJI0THHU 3D-I1euaTt B CTPOUTEIBCTBE 3MaHUIA
C MICTTIOJIB30BaHUEM CYXMX IIEHOOOpa30BaTescii IBIsSICTCS
pOOOTH3ALIMS CTPOUTEIHFHOTO TIpOoliecca, CHIDKCHUE TPY-
ITo3aTpat Ha IIPOM3BOICTBO PaboT.
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HaubGonee BocTpeObOBaHHBIMU B MHHOBALIMOHHOM
CTPOMUHAYCTPUH SIBIISIIOTCSI CTCHOBEIC STICUCTHIC OJI0-
KH C MapKoIf 1o TIoTHocTH B auama3zone 300—800 kr/
Mm>: 300...500 KT/M> — TETJIOU30JIALIMOHHBIEC TIEHOTUTICHI,
500...800 Kr/M> MCHOJIB3YIOTCS B KAU€CTBE KOHCTPYK-
IMOHHO-TEIUIOM30JITIIUMOHHBIX CTpoiiMaTepraioB. Pa3-
paboTKa XMMUUYECKNX HAaHOMO0ABOK, YIYUIIAIOIINX
BOIOOTTAJIKMBAIOIINE XapaKTEePUCTUKH, TIO3BOJISIET MC-
TI0JTH30BATh IIOPU30BAHBIC CTCHOBBIC OJIOKHM Ha THIICOBBIX
BSDKYIIIUX IUTSI BO3BEIECHMST HECYIITX BHYTPECHHMX CTCH.
O0BEeM STICUCTOI TTOPUCTOCT HAHOCTPYKTYPUPOBAHHOTO
TICHOTUIICA OTIpEIEIISIeTCS pacIIpeie/ICHIEeM TIop T10 pas-
MepaM, MaKCUMAaJIbHBIM U CPETHUM pPa3MepoOM MHUKPO-
TIop, UX (POPMOIA, TONMIIMHON MEKITOPOBBIX IIEPETOPOIOK.
XapaKkTeprCcTHKa MAKPOTIOP TI0 pa3MepaM, KOTOPEIC Ba-
PBUPYIOTCS OT AECITKOB HAHOMETPOB 10 MUJUIMMETPA,
SIBJISIETCST 3HAYUTEIIBHBIM (DAKTOPOM, KOTOPBIN Ompee-
JIIeT IPOYHOCTH Ha CXKaTHE, TETUIOIPOBOTHOCTD U BOIO-
TIPOHMIIAEMOCTh TIEHOTUIICOBOTO MaTepHraa.

[To3uTUBHBIC XapaKTePUCTUKU KOMITO3UIIMOHHBIX
TICHOTUIICOBBIX HaHOMAaTepHuaioB (HEBBICOKasl CTO-
MMOCTbh, 3KOJIOTUYECKasI YMCTOTa, OBICTPBIN HAOOP
TIPOYHOCTH, XOPOIIHE TETJI0- U 3ByKOM3OIMPYIOIINE
CBOICTBA, OTCYTCTBHE YCATOYHBIX AehOpMaIlnii, XO-
poIIast TepMOU3OJISIIIMOHHAS W 3BYKOIIOTJIONIAOIIIAS
CIIOCOOHOCTH, OTHECTOMKOCTD | Ap.) [20—23] TTOBHI-
IIaI0T KCIUIyaTallMOHHBIC KAYeCTBA KIUTBIX 3MaHUA.

CIIMCOK UCTOYHUKOB

CremyeT TakKe OTMETUTD, UCIIOTh30BaHIE MOHOJUTHOTO
HaHOTIEHOTUIICA TTO3BOJISIET YBEJUUUTD B TPU pasa pac-
CTOSTHUE MEXIY CTOMKAMU TOHKOCTEHHBIX CTAJIbHBIX
KOHCTPYKIIUI KapKaca. YMeHbIlIeHUE pacxoaa CTPOU-
TeJIbHOW CTaji OCOOEHHO BOCTPEOOBAHO B HBIHEIIHUX
000CTPUBIINXCS MEXTOCYIapCTBEHHBIX B3AMMOOTHO-
LIEHUSX U CJIOXKHEHIIMX YCTOBUSIX (DYHKIIMOHUPOBAHMUS
POCCUICKOW CTPOUMHIYCTPUU.

3AKJTIOYEHHME (BBIBO/IbI)

TexHoIOTMUECKNE TTPEUMYIIECTBA MCITOIb30BAHNUS
CYXMX CMECEH: BEICOKAsI TOYHOCTD MO3MPOBAHMS, XOPO-
IIasi CTEIIeHb TOMOTeHU3ALNN KOMITOHEHTOB U YCTOM -
YUBBIC XapaKTePUCTUKI TICHOTUIICOBBIX HAHOMAaTepHa-
JIOB — BBI3BAJIM HCOOXOAMMOCTH Pa3pabOTKH CYXUX IIe-
HooOpa3oBateneil. Jlo3aupoBaHHBIE 00bEMBI BO3AyXa,
KOTOpEHIC TTOAI0TCS Yepe3 BCTPOCHHBIN B CMECUTEITh
9KEKTOp, 00eCTIeYNBAIOT MHTCHCUBHOE TIEHOO0Ppa30-
BaHME TUTICOBOM HAHOKOMITO3UIINK, KPOME TOTO, IIO-
IMOJTHUTEJIFHYIO KaBUTaINI0. [IpoIHOCTh Ha cxKaTue
BCIIEHEHHOTO IIEHOIUIICA INIOTHOCTHIO 400 Kr/M3, Tipu-
TOTOBJICHHOTO C MCIOJIb30BaHUEM CYXOTO IIeHOOOpa-
3oBatesst [IHBC konuenrpanueit 0,1—0,2% GoJibliie
Ha 17% npoOYHOCTH TEIUIOU3OJISIIUOHHOIO CTpOiMaTe-
pHaia, U3roTOBJICHHOTO 10 KJIACCUIECKOM TEXHOJIOTHH
IIeHO00pa30BaTeIIIMU B (hOpMe BOTHOTO pacTBOpa.
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ABSTRACT: China is the kingdom of arch bridges. Based on the principle of structural elastic potential energy standing value, the
innovative application of the design theory of composite arch bridge bending and compression is presented, optimize the design
of composite structural arch bridge arch axis, and propose the design and construction method of medium-bearing composite
Nielsen arch bridge. The design of the medium-bearing composite Nielsen arch bridge is carried out, its structural strength, stiff-
ness and stability are analyzed by finite element analysis. By simulating the parameters of arch axis, sagittal span ratio and arch
section, the convergent composite arch axis with solid web foot section is adopted to improve the economic spanning capacity
of the composite Nielsen arch bridge and expand the adaptation range of large span arch bridge in plain area or soft base area.
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INTRODUCTION

In recent years, with the rapid development of the Belt
and Road Initiative and China’s infrastructure construc-
tion, many heavenly rift valleys have been crossed, in
which bridge engineering plays a great role. Arch bridge
is one of the main forms of large span bridges, which has
the advantages of high strength, large spanning capacity
and beautiful shape.

According to the construction form of arch, arch
bridges can be divided into deck arch bridge, half
through arch bridge and through arch bridge. In terms
of materials, it includes steel arch bridge, concrete arch
bridge and composite structure arch bridge. Compos-
ite structural system arch bridge has the advantages of
both steel and concrete arch bridge, and has larger span
capacity than traditional arch bridge. When the span
of the bridge exceeds 200 m, it is suitable to use the
composite structure arch bridge. Composite arch bridge
main arch section design, according to domestic and
foreign actual bridge data, span diameter in 100 m be-
low the arch rib usually use a single steel pipe section;

© Luojin Cao, Niangin Liu, Xiangyu Li, Wenming Que, Yong Li, 2022

span in 100m ~200 m below the arch rib more than 2
steel pipes dumbbell-shaped component section; span
in 200m above the use of 4 or more concrete filled steel
tube truss section form, the arch rib section often uses
variable section form.

1. DESIGN
1.1. Overall Design

A bridge in South China. The city is separated by
Qingjiang river, which is 240m wide at the widest point,
175 m wide at the narrowest position and 25 m deep. The
location of the bridge was selected according to the de-
velopment of the city and the surrounding environment.
The bridge adopts 210 m span medium-bearing composite
Nielsen arch bridge with 25 m width and 1/3.818 sagittal
span ratio. The bridge adopts city main road standard,
design speed 50 km/h, design load adopts city-A, crowd
load 3.5 kN/m, peak acceleration value of ground vibra-
tion 0.05 g, bridge seismic measures level 2, design refer-
ence period 100 years.
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Fig. 1. Fully Composite Structure System Nielsen Arch Bridge

The main arch adopts concrete filled steel tube truss
arch with concrete encasement at the foot of the arch. The
composite arch axis is composed of suspension chain line
and parabolic line, with arch axis coefficient 1.756 and
pre-arch degree L/600, which is set according to the sec-
ondary parabolic line. The main beam adopts wave-truss-
slab PC combination beam with a height of 2.2 m.

1.2. Main Arch Design
1.2.1. Main Arch

The arch ribs are 2 pieces of truss Nielsen type arch
ribs with 80.707° dip angle, each piece of arch ribs consists
of 4 upper and lower chord steel pipes (@ 900X 16 mm)
and upper and lower flat link (@ 600 12 mm, double limbs
at the boom @ 600x16 mm), webbing (@ 299x10 mm,
webbing at the foot section @ 351%12 mm) welded into
four limbs lattice truss section, section height from 3.3 m
tapered to 6.527 m, width 2.3 m.

C60 self-compacting concrete was pumped in the up-
per and lower chord main steel pipes and the solid web

Top steel pipe Steel pipe

Stiffening ring
_ Concrete
Slurry hole

Web member

/g Bottom steel pipe

R
gg\Ew

Fig. 2. Arch section form

section of the foot of the arch, with the feeding position
at the upper edge of the chord steel pipes in the foot of
the arch main steel pipe section. The transverse center
distance between the centers of two arch ribs at the top of
the arch is 8.0 m, and the transverse center line distance
of the foot of the arch is 26 m.

1.2.2. Composite arch axis

The composite Nielsen arch bridge has the advan-
tage of more balanced and reasonable load distribution
in the transverse direction compared with the parallel
arch bridge. The bridge deck load is transferred to the
main arch to realize the redistribution of stress in the
main arch, which is a self-balancing structural system
and significantly improves the overall stability of the
structure.

The arch bridge is a thrust system, by optimizing the
arch axis, adopting convergent arch footings, adjusting the
inclination of the footing support surface, reducing the
horizontal component of the arch axial force, reducing
the number of horizontal ties and the workload of cable
adjustment.

1) Under the action of constant load, the horizontal
thrust generated by the main arch is balanced by hori-
zontal ties and convergent arch footing, thus reducing the
horizontal thrust of the arch footing on the foundation of
the main arch structure, i.e.

H, =[H,+H], (1)

where: H| is the horizontal thrust generated by the
main arch under the action of constant load; H, is the ten-
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sion generated by the horizontal ties; H, is the horizontal
resistance generated by the bearing and pile foundation.

2) Under the action of variable load, the horizontal
thrust force generated by the structure is still balanced by
the horizontal ties and foundation, i.e.

AH, =|H'+H'|, 2

where: AH | is the horizontal thrust generated by the
main arch under live load; H’, is the tension generated by
the horizontal ties under live load; H’, is the horizontal
resistance generated by the bearing and pile foundation
under live load.

L (chkE) =f+ 2L, 3)

Ly -3
m_jg[kx - I xa—Ly . 4)

Among them, § = x /L;m = g/g; sOkE = (e +
e )/2; k=ch'm=In(m+Vym?—I).

1.2.3. Transverse coupling system

Bridge arch rib a total of 50 pairs of booms, double
boom longitudinal spacing of 8m, double boom spacing
of 0.7 m, bridge deck at the boom transverse spacing of
18.5 m boom cable using extruded double HDPE epoxy
steel strand finished cable, each boom by 31 @ 15.2 mm
epoxy spraying high-strength low loosening, strength level
of 1860 MPa prestressed steel hinges, anchor head us-
ing high-performance extrusion cold casting anchor, can
Adjustable cable force. The inner layer is black, and the
outer layer is sky blue.

1.2.4. Stay Cable

Bridge arch rib is a total of 50 pairs of booms, double
boom longitudinal spacing of 8m, double boom spacing
of 0.7 m, bridge deck at the boom transverse spacing of
18.5 m. boom cable using extruded double HDPE epoxy

steel strand finished cable, each boom by 31 @ 15.2 mm
epoxy spraying high-strength low loosening, strength level
of 1860 MPa prestressed steel hinges, anchor head us-
ing high-performance extrusion cold casting anchor, can
Adjustable cable force. The inner layer is black, and the
outer layer is sky blue.

1.2.5. Horizontal ties

There are 24 bundles (including 4 spare bundles),
12 high-strength low-relaxation prestressing steel strand
bundles on each side, each bundle consists of 19 @ 15.2 mm
epoxy steel strands, the standard strength of steel strand fpk
= 1860 Mpa, the tied bundle is set in the small steel box
tied box at the top of the longitudinal beam, anchored at
the cross beam of the arch rib. The bollard strand bundle
protects the concrete wire bundle with high-density poly-
ethylene double sheathing, all in black.

1.3. Main Beam Design
1.3.1. Longitudinal Beam

The whole bridge has through-length side longitudinal
beam 2 pieces, side longitudinal beam height 2.1 m, side
longitudinal beam web for waveform steel web, wavelength
is 1000 mm, wave height 200 mm, wave plate thickness
is 14 mm, web center spacing 1.3 m, side longitudinal
beam lower edge for steel pipe truss composition, lower
chord steel pipe with @ 600% 12 mm, steel pipe flat link
with @ 500x12 mm, longitudinal beam upper edge for
through-length steel plate, top plate 2.0 m, thickness of
20mm, two sides of the longitudinal beam center distance
of 18.5 m.

1.3.2. Crossbeam
The bridge has 25 crossbeams, crossbeams using trian-

gular steel pipe crossbeam, beam length 25 m, end cross-
beam length 29 m, crossbeam longitudinal spacing 8§ m,

800
: 0 Catenary B
21y &
_ E E! Parabole :
2 8 2
o~ o : : o~
i | Arch foot horizontal line o
1500| 9000 9000 1500, @
L 21000
Fig. 3. Suspension chain line + parabolic composite arch axis
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Fig. 4. Deck of wave-truss composite structure

crossbeam lower chord supervisor using @ 500X 14 mm,
by © 299x10 mm web welding into triangular limb lattice
truss type section; sidewalk cantilever plate using concrete
filled steel tube cantilever brace tube, @ 299%12 mm.

2. CALCULATION AND ANALYSIS

Using the calculation results of Midas/civil 2017 calcu-
lation software, the model of the whole bridge has a total
of 6984 nodes and 12 002 units, the concrete filled steel
tube arch ribs and diagonal bracing use SRC combination
interface, which is automatically converted to steel by the
software according to the strength equivalence principle;
the inter-arch support, end crossbeam, main beam lower
chord and web are used beam units; the solid web section
of the arch foot uses solid units; the boom and horizontal
The model adopts the nodal elastic support model pile
soil effect, and the corrugated steel webs are simulated
by the plate unit. As flat steel webs are used to simulate
corrugated steel webs, the effective compressive elastic
modulus, flexu~"' ~'astic modulus and shear modulus of
flat steel webs Petf are calculated according to the fol-
lowing formula:

G ore— (byy+ Ly cos E":'r*i'Es
e (2 bli'i!w + Ebfm':”:f"mﬂ:'z + tl?t'bw + t&riw':cﬂ'-"' E":'z
— (by + dyy )Gy

W
by + cos &

Gefy

According to the formula, E_is the modulus of elas-
ticity of steel, b is the length of flat section of waveform
steel web, t_and 1 are the thickness of waveform steel web
and length of inclined plate section, O is the inclined plate
inclination angle, b =1 cos © . When the inclination
angle of the inclined plate section is greater than 20°, the
equivalent flexural modulus of the waveform steel web is
close to 0. At this time, the deformation stiffness of the
waveform steel web in the axial direction can be ignored.
The inclination angle of the inclined plate segments of
this bridge is 38.66°, so the effective flexural compressive
elastic modulus and flexural elastic modulus are selected

to be 0, and the effective shear elastic modulus G ;. =
6.38x10*N/mm?.

h‘
Lilli]
WU
I,
A

|

Fig. 5. Composite Nielsen arch bridge finite element model

2.1. Calculated load and boundary conditions

Design load: City-A, transverse arrangement of
6 lanes. Consider span longitudinal discount factor 0.97,
live load impact factor is taken as 1.07. Overall tempera-
ture load: warming 25 degrees, cooling 20 degrees con-
sidered. Local temperature load: temperature gradient
of main arch is taken as 8°C, and temperature gradient
of main beam is taken as 14°C. The base displacement is
100mm vertical displacement and 6mm horizontal dis-
placement of the support. each load combination is as
follows: 1) combination 1: (basic combination 1): 1.1 X
(1.2 constant load + 1.4 live load + 0.825 wind load + 1.05
overall warming + 0.5 uneven settlement); 2) combina-
tion 2: (basic combination 2): 1.1 X (1.2 constant load
+ 1.4 live load + 0.825 wind load + 1.05 overall cooling
+ 0.5 uneven settlement); 3) combination 3: (standard
combination 1): 1 constant load + 1 live load + 1 wind
load + 1 overall warming + 1 uneven settlement; 4) com-
bination 4: (standard combination 2): 1 constant load +
1 live load + 1 wind load + 1 overall cooling + 1 uneven
settlement.

Boundary conditions: the pile foundation is rigidly
connected to the bearing platform; the pile foundation is
elastically supported by nodes with the foundation, and
the spring stiffness is calculated by the M method; the
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mid-span main beam is connected to the crossbeam bull
leg by springs.

2.2. Static force analysis
2.2.1. Structural strength

According to the finite element analysis results, the
arch axis consists of the middle section suspension chain
line and the two ends parabolic line, the middle section
is mainly in the form of arch pressure, the two ends are
closer to the form of rigid frame structure force, constant
load thrust can be balanced by the ties. The composite
stresses of the arch rib steel members under the basic
combination are in the range of —26.2MPa~192.5MPa,
and the composite stresses of the main beam are in the
range of —185.3MPa~222.4MPa, which meet the code
requirements.

2.2.2. Structural stiffness

The structural stiffness (normal use limit state) is veri-
fied by standard combination, and the displacement enve-
lope under the most unfavorable load combination of the
whole bridge is shown in Fig. 6. The maximum vertical
displacement of the main beam is 123.5 mm in the middle
of the span, which is 1/1700 < 1/800 of the span, meeting
the specification requirements.

2.2.3. Analysis of convergent arch footing test

In order to study the influence of convergent arch
footing on horizontal thrust, the analysis is calculated ac-
cording to tensioned horizontal ties and untensioned hori-
zontal ties respectively, the maximum horizontal thrust of
main arch footing is 63856 kN. the maximum shear force
of untensioned horizontal ties is 20,167 KN, the maxi-

Table 1
Summary of stress calculation results
Group 1 Group 2 Group 3 Group 4
(MPa) (MPa) (MPa) (MPa)

Maximum stress of on main arch 142.4 128.6 153.5 137.2
Maximum stress of arch rib under main arch 177.7 165.2 193.5 181.3
Main arch horizontal joint maximum stress 168.3 151.2 147.8 133.9
Maximum stress of main arch belly bar 192.5 201.5 188.5 191.7
Maximum stress of concrete in arch —26.2 —25.1 —23.8 —23.5
Maximum wind support stress —162.2 —151.8 —143.1 —133.7
Maximum stress of main girder chord 211.5 222.4 198.8 173.2
Maximum stress of web of main girder 160.7 166.6 143.2 138.7

Table 2

Summary of calculation results of internal force of arch foot

State Lonfliltl:}lll(;itn(z;l(Nb;idge Vertical force (kIN) g‘éﬁi‘;ﬁg‘é?ﬁg;‘) Torque (kN-m)

Constant load 8178.3 36483.2 —42395.6 —6005.9
Crowd load 1467.1 —1292.4 —11060.3 —1810.1
heating 455.7 1.6 —21029.5 —5337.4
cooling -915.4 -1.4 22202.6 5291.8
Lane load max 2348.1 56.4 16846.3 2595.4
Lane load min —81.4 —2037.9 —32051.3 —5102.4
Settlement max 0.1 4.7 562.1 86.2
Settlement min —0.3 —4.7 —555.0 —84.8
Basic combination max 18011.9 33711.1 37631.6 8506.4
Basic combination min 4833.7 50492.5 —174764.8 27891.6
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Fig. 6. Displacement under the most unfavorable load

mum bending moment is 210680 KNm, the maximum
shear force after tensioned horizontal ties (0.4R_y"b) is
14688 KN, the maximum bending moment 104777 KNm,
a reduction of 50.3%.

2.2.4. Foundation Displacement and Temperature Res-
ponse

By calculating combination 3 and combination 4 sepa-
rately, the effects of foundation dislocation and tempera-
ture action on the structure are analyzed. The study shows
that compared with load combination 1, the arch rib stress
increases by 5.3% when the support is unevenly settled
by 100 mm; the arch rib stress increases by 0.38% when
the support is horizontally displaced by 6mm; and the
arch rib stress increases by 11.9% when the temperature
decreases by 20°C.

2.2.5. Fatigue Assessment

According to (Code for design of highway steel struc-
ture bridges) (JTGD64-2015) Article 5.5.2, carry out
checking calculation adopt calculation model I, con-
centrated load is 0.7 Pk,the uniformly distributed load is
0.3 gk.Then,under fatigue load,as shown in Figure 3.16,
the maximum stress amplitude of the main beam is:
38.8 +21.3 =59.1 MPa. According to Appendix C Fatigue
details table C.0.5 of the (Code for design of highway steel
structure bridges): Butt weld fatigue detail category Aoc =
100MPa, Aod = 0.737, Aoc = 0.737x100=73.7 MPa, ac-

ne.

Fig. 7. Normal stress envelope under the most unfavor-
able fatigue load combination of the whole bridge

Nanobm

cording to the calculation results, the fatigue stress am-
plitude is less than the allowable value, which meets the
design requirements.

2.3. Checking calculation of bearing platform and arch
seat

The known cushion cap is 4 m high, 14.6 m wide,
arch seat height 1.5 m, pile spacing 2 m, since the dis-
tance between piles is less than 3 times the pile diameter,
therefore, the full width of the cushion cap is taken as the
calculated width of the cushion cap. The distance between
the center of the pile and the edge of the arch seat is less
than the height of the pile cap, according to the specifi-
cation, the bearing capacity is checked according to the
tension and compression bar model method.

B, =tan[h,/(a+x,)]

In the formula ©, is the included angle between the in-
clined compression rod and the pull rod h, is the effective
height of bearing platform (mm), a is the distance from
the intersection of the center line of the compression bar
and the top surface of the bearing platform to the edge of
the pier and abutment, Let a = 0.15h,, x| is the distance
from the pile center to the edge of pier and abutment.

YOCi,d = tbsfce,d

Bc cd

feed = m < 0.85Bfeq
Tiga

LT A, A, E

t = bsin®; + h,cosb;

h, = s+ 6d

In the formula v, is the important coefficient of bridge
structure C, , is the design value of the internal force of
the compressmn bar; fCe o is the design value of equivalent
compressive strength of concrete compression bar Ti,d
is the design value of the internal force of the tie rod f3,
is the relevant parameter of concrete strength grade f | is
the design value of concrete axial compressive strength A_
is the area of tie bar reinforcement within the calculated
width of bearing platform E_is the elastic modulus of
reinforcement.

According to the calculation, y,C, , = 52225kN <
tbf ~=358341 kN, Meet the spe(:lﬁcatlon requirements.

s ce,d

2.4. Structural stability

The wind stability is a problem of large span arch
bridge. The stability analysis considers the loads, the mov-
ing load is arranged according to the most unfavorable
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Fig. 8. Average wind pressure distribution

working condition of the arch foot axial force, the design
wind speed is 27.2 m/s (10m high from the ground, 1%
frequency, 10 min average maximum wind speed value),
and the wind resistance coefficient of the single arch rib
section is 1.4.

The structural stability calculation of this bridge is
carried out by the spatial finite element method. Calcu-
lation, respectively, in the bridge deck applied live load,
the stability safety factor K of the structure is defined as
Pcr/PT, where Pcr is the ultimate bearing capacity of the
structure, PT in the bridge state for the structure of the
self-weight and the sum of the operating live load, in fact
K is the structure to reach the ultimate bearing capacity
about the PT loading multiplier.

Table 3
Arch bridge structure flexural stability characteristic value

2.5. Structural dynamic response

The dynamic characteristics of the structure were
analyzed, and the structural fundamental frequency
was 0.422 Hz. The first-order frequency range of the
pedestrian pace: 1.6~2.4 Hz in the vertical direction,
and half of 0.6~1.2 Hz in the lateral direction, which is
recommended by the European British Standard BS5400
and the German Standard to avoid the lateral vibration
frequency of 0.5~1.2 Hz. According to the calculation
results, this bridge is far from the possible resonance
zone.

3. CONSTRUCTION
3.1. Construction scheme

The structure can be constructed by cable tower crane.
This scheme can reduce the bridge construction risk and
the stress change of the arch bridge during construction.
Specific construction steps are as follows.

1) Foundation construction — foundation inspection
and acceptance — erection of tower — buckling, sling and
cable installation.

2) Steel structure factory acceptance — transportation
of arch rib segments — assembly of arch rib segments.

Mode Critical load factor Working condition Unstable mode
Mode 1 6.8 . Longitudinal asymmetry
Mode 2 8.2 Cong[ta;lrétrlggrcllszgrrl{[able Longitudinal symmetry
Mode 3 11.4 Symmetric distortion
Mode 1 36.7 . . Longitudinal asymmetry
Mode 2 43.0 Vgiﬁgigg:t?nid Longitudinal symmetry
Mode 3 60.9 Symmetric distortion
Table 4
Dynamic characteristics analysis results
Vibration order Period (s) Frequency (Hz) Description of key vibration characteristics
1 2.368 0.422 Arch rib transverse bend
2 1.648 0.607 Second-order vertical bend of arch beam
3 1.561 0.641 Arch rib second order transverse bend
4 1.150 0.870 Second-order symmetrical vertical bending of arch beam
5 1.001 0.992 Main beam first-order transverse bend
6 0.918 1.090 Third-order transverse bend of arch rib
7 0.716 1.397 Second order torsion of arch beam
8 0.648 1.546 Third-order torsion of arch beam
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Fig. 9. Construction layout of cable tower crane

3) Lifting arch ribs section by section — tensioning
temporary horizontal ties in batches — monitoring and
surveillance — main arch alignment adjustment — closing
and welding of main arch (final welding of arch foot and
pre-buried steel plates) — main arch alignment acceptance.

4) Pumping C60 self-compacting concrete concrete
filled steel tube — monitoring deformation of the main
arch — detecting compactness and voids — epoxy resin
patching to compactness — acceptance of the main arch.

5) Sling hanging longitudinal beam — longitudinal
beam joint — through the vertical sling, progressive adjust-
ment of the bridge deck line shape, so that the sling force
is uniform, while the bridge deck line shape to meet the
specification requirements; horizontal tie tension is large,
should pay attention to the radial force generated by the
vertical curve of the tie, should be attached to a certain
lateral support.

6) Sling suspension crossbeam — crossbeam joints —
batch tensioning temporary and permanent horizontal
ties — adjust the deck alignment.

7) Cast-in-place bridge deck slab — laying bridge
deck pavement — tensioning permanent horizontal ties
in batches and symmetrically loosening the temporary
horizontal ties.

8) Each construction stage needs to be in accordance
with the loading procedure chart and monitoring data
synchronous adjustment of the boom cable force, hori-
zontal ties cable force.

9) In accordance with the city and highway bridge in-
spection specification requirements, static load, dynamic
load test, completion acceptance.

3.2. Cable tower crane

The cable crane is composed of rope system, tower
system, anchoring system, cable wind system, mechanical
and electrical system, etc. When the site conditions are
suitable, the cable tower and buckling tower are designed
separately. The span of the cable crane covers the engi-
neering lifting operation of the whole bridge. The whole
bridge has 2 cable towers and 4 buckling towers. Buckle

crane is separated, arch first and then beam, from side to
middle, symmetrical installation.

3.3. Construction process analysis

The construction phase simulation analysis was car-
ried out by Midas space program.

This calculation assumes that the arch ribs are as-
sembled throughout the process and requires that for each
section of arch ribs lifted, the tension of all buckling ca-
bles is adjusted during the unloading process of the main
cables to ensure that all forces are uniform. When lifting
each section of arch ribs, adjust the buckling cable tension
corresponding to the section of arch ribs so that it can
turn slightly near the design arch axis and the coordinates
of the lifting point reach the predetermined height, and
then fix the front end of the rib section with the last arch
rib; when the whole arch ribs are pre-closed, readjust all
the buckling cable tension so that the actual arch axis is
as close as possible to the theoretical arch axis, requiring
an error of < 5 mm.

To simplify the calculation process, the following as-
sumptions are made: During the erection of the arch ribs,
the foot of the arch is equipped with a rotating hinge and
no additional bending moment is generated; The stiff-
ness of each arch rib section is infinite with respect to
the buckling cable and is regarded as a rigid body; It is
assumed that the center of gravity of each arch rib section
is located in the center of the longitudinal section; The
influence of the wind cable on the buckling cable tension
is not considered; The force generated by the closing sec-
tion is borne by half of the buckling cable on each bank.

Fig. 10. Construction calculation model

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

2022; 14 (4):
282-293

THE STUDY OF THE PROPERTIES OF NANOMATERIALS

Nanobuli

Table 5
South shore snapping rope force change (kIN)
Withhold 1 Withhold 2 Withhold 3 Withhold 4
(kN) (kN) (kN) (kN)
Section 1 254.3
Section 2 275.9 402.0
Section 3 262.6 394.6 769.5
Section 4 235.0 374.7 637.5 1057.6
Section 5 2116 359.5 590.4 1068.3
(Closing section)
Concrete 152.8 330.6 594.1 1092.9
Maximum cable force 275.9 402.0 769.5 1092.9
Vibration influence 303.5 4422 846.5 1202.2
Factor 1.1
Safety factor 6.02 4.13 4.32 3.04
Table 6
North shore snapping rope force change (kN)
Withhold 1 Withhold 2 Withhold 3 Withhold 4
(kN) (kN) (kN) (kN)
Section 1 2534
Section 2 274.5 433.8
Section 3 260.7 425.7 787.0
Section 4 232.7 405.4 667.7 1054.8
Section 5
(Closing section) 209.1 389.9 624.1 1062.8
Concrete 150.7 359.9 624.8 1084.4
Maximum cable force 274.5 433.8 787.0 1084.4
Vibration influence 302.0 4772 865.7 1192.8
Factor 1.1
Safety factor 6.05 3.83 4.22 3.06

The calculation shows that the maximum vertical dis-
placement of the main arch during the construction phase
is 156.6 mm, which is L./1341 and meets the requirements
of the construction specification.

4. CONCLUSION

According to the design and research of the compos-
ite Nielsen arch bridge, composite with the analysis of
various technical indicators, we can draw the following
conclusions.

1) The arch axis consists of the suspension chain line
in the middle section and the parabolic line at both ends,
the arch axis and pressure line are partially deviated at the
foot of the arch, the middle section is dominated by the
pressure form of the arch, the two ends are closer to the
rigid frame structure form of force, the overall scheme of
the structure is reasonable.

2) Composite structure system Nielsen arch bridge is a
thrust system, which has strong adaptability to geological
conditions. Under the action of constant load, by adopt-
ing convergent arch footing, the horizontal thrust of arch
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Table 7
Vertical displacement of each observation point of the main arch during construction (mm)
1 2 3 4 5 Fillefl steel
pipe
Gl Displacement increment -0.3 -8.6 3.3 8.1 7.0 15.7
Cumulative displacement -0.3 —-8.9 =55 2.6 9.6 25.3
& Displacement increment -52.9 —0.8 20.0 12.4 -8.0
South Cumulative displacement -52.9 —53.7 —33.7 -21.3 -29.3
Shore G3 Displacement increment -0.3 10.3 —13.0 —49.5
Cumulative displacement —-0.3 10.1 -3.0 -52.5
G4 Displacement increment 0.5 —51.4 —79.4
Cumulative displacement 0.5 -50.9 —130.3
G5 Displacement increment —-0.3 -8.5 3.5 8.3 7.0 15.7
Cumulative displacement —0.3 —8.7 5.3 3.0 10.0 25.7
G6 Displacement increment -52.9 —0.5 20.6 12.7 —8.2
North Cumulative displacement -52.9 —53.4 —32.8 —20.1 -28.3
Shore o7 Displacement increment 0.0 10.8 —12.8 —49.7
Cumulative displacement 0.0 10.8 -2.0 —51.7
Gs Displacement increment 0.0 —51.2 —79.6
Cumulative displacement 0.0 —51.3 —130.8
Clos}ng Go Displacement increment —67.7 —88.8
section Cumulative displacement —67.7 —156.6

footing is effectively reduced by 35.9%, which obviously
saves the horizontal ties and engineering cost.

3) In order to give all by play to the mechanical prop-
erties of the steel-concrete composite material in both
tension and compression, based on the principle of the
standing value of the elastic potential energy of the struc-
ture, the convergent asymptotic curvature of the main
arch axis in the foot section, the first-order derivative
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AHHOTALNA: KnTai — «koponeBCTBO» apOYHbIX MOCTOB. B cTaTbe Ha OCHOBEe NPMMEHEHNA NPUHLMMNA NOCTOAHHOW BENUYMHbI NMO-
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ABSTRACT: Introduction. For the production of building products made of PVC, compositions are used that, along with the poly-
mer, include additives: plasticizers, stabilizers, modifiers. This leads to a decrease in the chlorine content in the composition and
increases the flammability of the productitself. Therefore, nanoparticles of various fillers are added into the compositions. Fillers
inPVC compositions (more often inorganic, less often organic substances) are solid additives that differ from the polymer matrix in
chemical composition and structure.ln most cases, the main function of fillers is to reduce flammability and cut costs of the prod-
ucts obtained, in some cases they serve to impart orimprove the following properties: reducing plasticizer absorption, changing in
dielectric properties, increasing rigidity and hardness, reducing noise transmission, reducing toxicity of combustion products. Main
part. Fillers are classified according to various criteria. According to the state of aggregation, they are divided into gaseous, liquid
and solid. By their nature, they are divided into organic and inorganic; according to the source of receipt - reinforcing, strengthen-
ing, reinforcing, neutral; bythe size, particle shape and structure - into 4 main types: dispersed (powder); fibrous (fibers, threads,
bundles, etc.); sheet (film) with a given structure (fabrics, paper, tapes, sheets, films, nets); volumetric (framework) with a continuous
three-dimensional structure (bulk fabrics, felt, skeletal and porous frameworks). The most commonly used solid fillers, which are
also called dispersed. The introduction of dispersed fillers into polymer composite materials (PCM) is more appropriate for creating
mass-produced materials, more technologically advanced, with a low level of strength characteristics. Dispersed fillers are introduced
into thermoplastics with high fracture energy to reduce their cost, increase stiffness and compressive strength, and improve their
technological characteristics during processing. At the same time, their tensile strength and impact strength decrease due to reduc-
tion in the proportion of polymer in the filled composition. The introduction of solid and hard particles leads to an increase in the
elastic modulus (E); and soft, elastic or gaseous fillers - to its decrease. According to the mechanism of action, dispersed fillers can
be divided into inert ones, which do not affect the properties of the matrix and are introduced into its composition to reduce the
cost of the composition, and active ones. Dispersed fillers are divided into mineral, organic and metal. The commonest of those are
minerals. Conclusion. Thus, at present, there are a large number of substances and materials used as fillers and making it possible to
obtain PCM with low shrinkage and shape stability of products, high mechanical properties and the necessary set of special proper-
ties. Due to fillers, PCM can compete with other materials such as glass, ceramics and even metal in most areas of human activity.

KEYWORDS: fillers, nanoparticles, polymer composite materials, classification.
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INTRODUCTION Therefore, nanoparticles of various fillers are added to
the compositions. Fillers of PVC compositions (more
often inorganic, less often organic substances) are solid
additives that differ from the polymer matrix in chemi-

cal composition and structure. In most cases, the main

A present, polyvinyl chloride (PVC) is one of the
most common large-tonnage products in the
global polymer industry [1]. PVC in its composition

contains about 56% chlorine, so it belongs to polymers
of low flammability and flammability. For the produc-
tion of building products from PVC, compositions are
used that, along with the polymer, include additives:
plasticizers, stabilizers, modifiers [2, 3]. This leads to
a decrease in the chlorine content in the composition
and increases the combustibility of the product [4].

function of fillers is to reduce flammability and reduce
the cost of the products obtained; in some cases, they
serve to impart or improve the following properties: re-
duced plasticizer absorption, changes in dielectric prop-
erties, increased rigidity and hardness, reduced noise
transmission, reduced toxicity of combustion products
[5=7].
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MAIN PART
Classification of fillers

There are a number of approaches to the classification
of fillers according to various characteristics (Fig. 1). Ac-
cording to the state of aggregation, all known fillers are di-
vided into gaseous, liquid and solid. By their nature, they
are divided into organic and inorganic; according to the
source of receipt — reinforcing, strengthening, reinforc-
ing, neutral; by size, particle shape and structure — into
4 main types: dispersed (powder); fibrous (fibers, threads,
bundles, etc.); sheet (film) with a given structure (fabrics,
paper, tapes, sheets, films, nets); volumetric (framework)
with a continuous three-dimensional structure (bulk fab-
rics, felt, skeletal and porous frameworks) [8].

Gaseous fillers — various gases (nitrogen, hydrogen,
ammonia, carbon dioxide, etc.), low-boiling hydrocar-
bons (pentane, isopentane, etc.), as well as organic and
inorganic solids (ammonium carbonates, sodium carbon-
ates, porophores, etc.) that foam the polymers. A porous
structure can also be created in the course of physical
processes leading to the appearance of a vapor-gas phase
in the bulk of the polymer or chemical processes accom-
panied by the release of gaseous products. The content
of blowing agents in the composition is usually 1—10% by
weight of the polymer. Gas-filled plastics (foam plastics)
are characterized by low density, good heat and sound
insulation properties. As a result of filling with gas, light,
heat, sound-proof, elastic and rigid foam plastics and
foam plastics with specified damping properties are widely
used in technology and in everyday life.

Liquid fillers are water and mineral oils [9]. Water is
used in the production of rigid materials based on poly-

ester resins. Mineral oils are used to maintain a lubricant
layer on the friction surface.

Liquid-filled plastics are obtained by curing (cooling)
stable emulsions in which the filler is the dispersed phase
and the polymer is the dispersion medium.

As a rule, in filled polymer materials, the dispersed
phase is a liquid, and the matrix is a polymer. Water, min-
eral oils, liquid lubricants, antiseptic and other substances
are used as a liquid filler. Liquid-filled polymers are used
to make fire-retardant screens, self-lubricating bearings,
fragrances, and other materials.

The most commonly used solid fillers, which are also
called dispersed.

Dispersive fillers

The most common type of fillers for polymer compos-
ite materials (PCM) are dispersed fillers of various nature.
PCM containing dispersed fillers, which are evenly dis-
tributed in the material, as a rule, are characterized by an
isotropy of properties, the optimum of which is achieved
at a degree of filling that ensures the adsorption of the
entire volume of the binder by the surface of the filler
particles. With an increase in temperature and pressure,
part of the binder is desorbed from the surface of the filler,
due to which the material can be molded into products of
complex shapes with brittle reinforcing elements. The dis-
persed filler reduces shrinkage during pressing, increases
the rigidity and hardness of products made of compos-
ite materials (CM), and in some cases products acquire
specific properties, such as arc resistance, electrical and
thermal conductivity, resistance to electromagnetic and
penetrating radiation, etc. Introduction to PCM dispersed
fillers is more appropriate for creating mass-produced

PKM fillers
)/ v Y
Gaseous Liquid Solid (dispersed)
\ ) \
Mineral Organic Metal

Fig. 1. Main types of fillers
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materials, more technologically advanced, with a low level
of strength characteristics. Dispersed fillers are introduced
into thermoplastics with high fracture energy to reduce
their cost, increase stiffness and compressive strength,
and improve their technological characteristics during
processing. At the same time, their tensile strength and
impact strength decrease due to a decrease in the propor-
tion of polymer in the filled composition. The introduc-
tion of solid and hard particles leads to an increase in the
elastic modulus (E), and soft, elastic or gaseous fillers — to

its decrease [10].

Among the most important requirements for dis-
persed fillers are the ability to combine with the polymer
or disperse in it, good wettability by the melt or polymer
solution, lack of tendency to agglomerate particles, uni-
formity of their size, and low humidity (as a rule, drying
is necessary).

In addition, the type of binder also imposes certain
requirements on the filler. Thus, when filling thermo-
plastics, fillers can have a catalytic effect on the curing
process of the binder, and when filling thermoplastics, it
is desirable that the filler particles have a rough surface
for better adhesion to the matrix.

According to the mechanism of action, dispersed fill-
ers can be divided into inert ones, which do not affect
the properties of the matrix and are introduced into its
composition to reduce the cost of the composition, and
active ones. The activity of the filler is mainly determined
by three factors:

— the ratio between the adhesion energy of the polymer
to the filler, which can be increased by introducing
active compounds into the binder, and the cohesive
energy of the polymer;

— the degree of dispersion of the filler particles, which
determines the surface area of the contact of the ma-
trix with the filler and can be increased by grinding it;

— the amount of filler introduced, since even fillers
that are considered inert in most sources (dolomite,
marble, chalk, barite, etc.), at the so-called critical
content, begin to affect the mechanical properties of
the composite, for example, significantly reducing
impact strength [11].

The activity of the filler can be increased by modifying
its surface with compounds that give it or the binder ad-
ditional properties or optimize their characteristics [12].
For example, to improve rheological properties and wet-
ting, the chalk surface is often treated with stearic acid,
calcium stearate, or coupling agents, which contributes
to a better distribution of chalk particles in the polymer
matrix [21]. When obtaining composite materials, inert
and active fillers can be used simultaneously.

Active fillers include hydroxides of aluminum and
magnesium. Aluminum hydroxide is used in the com-
position of plastics and many other materials, absorbs
heat, suppresses combustion, adsorbs combustible gases,

prevents heating and further decomposition of polymers,
and reduces the combustibility of materials. Magnesium
hydroxide is used as a flame retardant in the production
of thermoplastics and polymer compositions. Magne-
sium hydroxide plays an important role in the produc-
tion of non-flammable wires and cables (automobile and
halogen-free cables), in the production of roofing sheets.
Dispersed fillers are divided into mineral, organic and
metal. The most common of them are mineral [13].

Mineral (light) dispersive fillers

Mineral disperse fillers include: chalk, aerosil, white
soot, aluminosilicates, as well as metal oxides and sulfates
[14, 15].

Chalk is a white, odorless powdery substance, char-
acterized by low hygroscopicity, it is an environmentally
friendly non-toxic product, non-flammable, explosion-
proof. As a filler, it is widely used in materials based on
PVC (in rigid and plasticized formulations), polypro-
pylene, polystyrene and its copolymers, in polyester
fiberglass (premixes, prepregs). Chalk is also used in
rubber compounds based on almost all general purpose
rubbers as a cheap inert filler. It is well dispersed in rub-
bers of various types. Chalk-filled rubber compounds
are characterized by high plasticity and good working
properties.

Aecrosil is a fine white dusting powder, non-flammable,
explosion-proof, harmless and does not cause silicosis
even at high concentrations. It is an expensive filler, so
its use is advisable in rubbers with unique properties: it is
mainly used in rubbers based on silicone rubbers. Aerosil-
filled rubbers are characterized by high tear resistance,
high relative elongation, wear resistance, high resistance
to thermal aging, and good dielectric properties.

White soot is an amorphous non-toxic white powder,
fire and explosion proof. It is used as a reinforcing filler
for synthetic and polymeric materials in the tire, rub-
ber, chemical, light and other industries. White carbon
improves mechanical characteristics, increases heat re-
sistance and fire resistance.

Kaolin is a powdered environmentally friendly, non-
toxic product, from white to reddish color depending
on the iron content, non-flammable, explosion-proof.
Kaolin is used in the filling of thermoplastics to impart
increased tensile modulus values, as well as to improve
electrical properties, in the production of fiber-reinforced
plastics based on polyester binders — to increase viscos-
ity, as well as to increase volumetric electrical resistance
and water resistance. It is also used as a semi-reinforcing
filler for general purpose rubbers. Its introduction into
rubber compounds leads to an increase in their viscosity,
an increase in carcass and a decrease in shrinkage.

Diatomite is a natural aluminosilicate, is a soft rock,
non-toxic, fire and explosion-proof. It is currently most
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widely used as an antiblock additive in the production of
low density polyethylene films. It is also used as a tech-
nological additive (absorbent) in highly oil-filled rubber
compounds. The introduction of diatomaceous earth into
rubber compounds increases their carcass and reduces
shrinkage.

Bentonite is a natural layered aluminosilicate, non-
toxic, fire and explosion-proof. Due to the active sur-
face, bentonite is a good object for modification in or-
der to direct changes in properties. It is used in rubber
compounds of various hardness for the manufacture of
molded products.

Talc is a natural mineral in the form of a soft, greasy
to the touch white powder. The product is non-toxic and
fireproof. It is most widely used as a filler for thermoplas-
tics, primarily polypropylene (automotive, instrumenta-
tion). Talc-filled polymer compositions are character-
ized by higher rigidity and creep resistance. It is also used
in the rubber industry mainly as a powdering material.
To a lesser extent, it is used as a filler for rubbers, which
are subject to increased requirements for rigidity, hard-
ness, and dielectric properties. The introduction of talc
into the elastomer increases the resistance to tear, thermal
aging and provides low compression set.

Titanium dioxide is a white, odorless powder. Physi-
ologically, it is safe, belongs to the fourth hazard class,
fire and explosion proof. The widespread use of titanium
dioxide as a white pigment in the polymer industry is
due to the effective scattering of visible light: when the
dispersion is introduced into the plastic mass, the effect
of whiteness and opacity is created, and the brightness of
the color is provided.

Zinc oxide is a white, slightly yellowish or gray odor-
less powder, belongs to the second hazard class, is fire
and explosion safe. It is used as an activator for sulfur
vulcanization of all diene rubbers, a vulcanizing agent for
chloroprene rubbers. It is limitedly used as a heat-resis-
tant and heat-conducting filler for light and dark rubbers.

Lithopone is a non-toxic and non-flammable white
powder. It is used for pigmenting paints and varnishes
based on any film-forming agents, it is especially suitable
for water-dispersion paints, since it does not cause coagu-
lation. Due to insufficient light and weather resistance of
the coating, paints pigmented with lithopone are suitable
for indoor use only. Lithopone is also used as a white
pigment for the manufacture of colored rubbers and as
a filler for acid-alkali-resistant rubbers.

Organic dispersive fillers

Organic particulate fillers include graphite, wood
flour, coke, and soot.

Graphite is practically pure carbon, has high ther-
mal and electrical conductivity, and is a good dry lu-
bricant. It is widely used in polymer composites, alone
or in combination with reinforcing fibres, as well as in
various inorganic fillers and blends, e.g. mica, talc. Such
composite materials with graphite include dry sliding,
sealing properties (which are important in automotive and
micro-mechanical parts and components).

Wood flour consists mainly of cellulose and lignin.
When introduced into CMs, it improves their dimensional
stability, tensile strength, and electrical insulating prop-
erties. Disadvantages (especially from hardwood) — low
heat, moisture and chemical resistance.

Soot is a highly dispersed carbonaceous material
formed during the incomplete combustion and thermal
decomposition of hydrocarbons contained in natural or
industrial gases and liquid products (oils) of petroleum
and coal origin. The hardening effect of soot in CM is de-
termined by its fineness, roughness, and specific activity.
When introduced into PCM, it increases the dimensional
stability, rigidity, heat resistance, thermal and electrical
conductivity [16, 17].

Maetal dispersive fillers

Metal powders have little effect on strength, but allow
a wide range of changes in thermal and electrical conduc-
tivity, heat capacity, magnetic characteristics, electrical
properties, as well as to give materials protection from
electronic and penetrating radiation, change their density,
combustibility, etc. Copper, aluminum, iron, bronze, tin,
silver, lead, zinc are most often used as metal dispersed
fillers. The surface of metal powders is often finished to
increase adhesion and reduce moisture adsorption, and
also covered with protective films (for example, in the
form of a varnish layer) to exclude their influence on cur-
ing and degradation. A special group of metal-containing
fillers are magnetic fillers. These fillers include oxide iso-
tropic ferrites of barium and strontium, powders of alloys
of rare earth metals with iron and boron (Nd,Fe, B), as
well as binary alloys of samarium and cobalt (CmCo,
CmCo,,) [18-20].

CONCLUSION

Thus, at present, there are a large number of substanc-
es and materials used as fillers and making it possible to
obtain PCM with low shrinkage and shape stability of
products, high mechanical properties and the necessary
set of special properties. Due to fillers, PCM can com-
pete with other materials such as glass, ceramics and even
metal in most areas of human activity.
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NpvigaHNsa UK ynyylleHus CiefyoLwmx CBOMCTB: CHIPKEHME abcopOLmm NnacTuprKaTopa, N3MeHeHre NINIEKTPUYECKNX CBOCTB,
yBENNYEHE XKeCTKOCTUN 1 TBEPLOCTH, CHUMXKEHMNE LWYMONPOHNLIAEMOCTY, CHUXEHVE TOKCMUYHOCTY NPOAYKTOB ropeHns. OcHoBHasA
yacTb. HanonHuteny KnaccmdumupmpyoTtcs no pasnmuHbiM NpusHakam. o arperaTHoOMy COCTOSIHMIO AENATCA Ha ra3006pasHble, KuaKne
1 TBepAble. o cBoen nprupofe oHW AeNATCA Ha OpraHMyeckre N HeopraHnyeckmne; No NCTOYHUKY NONYYeHUA — Ha apMupyioLue,
YMPOUHsoLiME, YCUITMBAOLLME, HENTPAJIbHBIE; MO pa3Mepam, Gopme YacTuL U CTPYKTYpPe — Ha 4 OCHOBHbIX BMAA: AUCNepCHble (no-
poLLKOO6Pa3sble), BONOKHUCTbIE (BOMIOKHA, HATU, XIYTbl 1 T.4.), TMCTOBbIE (NNIEHOYHbIE) C 3ajaHHON CTPYKTYPOM (TKaHu, Gymara, neHTbl,
JINCTBI, MIEHKY, CETKU), 06beMHble (KapKacHbIE) C HEMPEPbIBHON TPEXMEPHON CTPYKTYPOI (06 beMHbIE TKaHU, BOMJIOK, CKENETHble
1 NOPUCTbIe KapKachbl). Yallle Bcero ncnonb3ytoTca TBepable HanoMHUTENN, KOTOpble TakKe Ha3blBaloT AncnepcHbiMy. BBegeHme
B MOJIIMEPHbIE KOMMO3ULMOHHbIe MaTepuansl (MKM) gucnepcHbix HanonHuTeneln 6onee LenecoobpasHo Ans Co3faHVsA MaTeprianion
MacCOBOro NPOV3BOACTBA, 60/ee TEXHONOMMYHbIX, C HEBbICOKMM YPOBHEM NMPOUYHOCTHBIX XapaKTepUCTUK. JncnepcHble HanoHUTENN
BBOJAT B TEPMONMJIACTbI C BbICOKOW SHEPrunen paspyLueHuna Ana CHUKEHNA X CTOMMOCTU, MOBbILLIEHNA XeCTKOCTYU 1 MPOYHOCTY Npu
CKaTUN 1 YNYULIEHUS UX TEXHOJTIOMMUYECKIX XapaKTePUCTVK Npu nepepaboTke. Mpr 3TOM UX MPOYHOCTb MPU PACTsXKEeHNN U yaapHas
BA3KOCTb CHMXAIOTCA BCNIEACTBME YMEHbLUEHMA A0 NONMMeEPa B HANOJTHEHHOW KOMMO3uLun. BBegeHre TBepAabIX 1 XeCTKUX Ya-
CTVL NPVIBOAWT K MOBbILLIEHMIO MOAYNA yNpyrocTu (E), @ MArKKX, 3N1aCTUUYHBIX U ra3006pa3HbIX HAMOMHUTENEN — K €70 CHUXKEHMIO.
o mexaHn3my BO38eNCTBUA ANCMEPCHbIE HAMOMHUTENN MOXHO Pa3fennTb Ha MHEPTHbIE, KOTOPbIE He OKa3blBalOT BIMAHMA Ha CBOM-
CTBa MaTpuLibl 1 BBOAATCA B €e COCTaB ANA yAelleBNeHNA KOMNO3ULUK, 1 akTUBHble. [lucnepcHble HanoHUTeNN NOApa3aenanTca
Ha MVHepasbHble, OpraHnyeckre 1 MeTasuinyeckre. Hanbonee pacnpocTpaHeHHble 13 HYX — MUHepasbHble. 3aKnoueHmne. Takum
06pasom, B HacTosLLee BpeMs CyLLecTByeT 60JIbLLOe KONMUYECTBO BELLeCTB 1 MaTepPUanoB, NPUMEHsIEMbIX B KaUeCTBE HAMOJHUTESei
1 no3sonsiowyx nonydatb NMKM ¢ HU3KoM ycaakol 1 cTabunbHOCTbIO GOPMbI U3LENUNIA, BICOKMMU MEXaHUYECKUMY CBOMCTBaMI
1 Heo6X0AMMbIM HAGOPOM CrneLranbHbIX CBOMCTB. 3a cueT HanonHuTtener NMKM MoryT B 60/bLIMHCTBE Chep YenoBeUyecKon fenTenb-
HOCTV KOHKYPUPOBaTb C APYIrMMIN MaTepranamn, TaKUMU Kak CTeKNO, KepamuKa 1 faxe meTanin.

KJTIOYEBDIE CJTIOBA: HanonHWUTeNM, HaHOUYaCTWLbl, MOJIMMEPHbIE KOMMO3ULMOHHbIE MaTepuarbl, Knaccubukaums.

anAa UATUPOBAHUA: Ma3sutosa A.K., 3apunos V.M., AmnHoBa K., Osog M.B., CyHuoBa H.J1. HanonHutenu gna nonnmepHbix
KOMMO3MLMOHHbIX MaTepranos // HaHoTexHonorum B ctpoutenbctee. 2022. T. 14, N2 4. C. 294-299. https://doi.org/10.15828/2075-
8545-2022-14-4-294-299. — EDN: EKRDWM.

BBEJIEHUE mbiieHHoctu [1]. [IBX B cBoeM cocTaBe cOIep:KUT
0K0JI0 56% xJ10pa, II03TOMY OH OTHOCHUTCSI K ITOJIMMEPaM

BHaCTosnuee BpeMs rmommBUHWIXIIOpH (IIBX) IBNIST- MOHMKEHHOM TOPIOYECTH M BOCIDIaMEHSIeMOCTH. JIirst
€TCsl OMMHUM U3 CaMbIX PaCPOCTPAHEHHBIX MHOTO-  MPOU3BOJACTBA U3AEAUI CTPOUTEIbHOTO Ha3HAUYCHUS
TOHHAXXHBIX IIPOAYKTOB B MUPOBOI mommMepHOit ipo-  u3 [1BX Mcmons3yoTcss KOMITO3UIINK, B KOTOPBIC Ha-
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PSIY C TIOIMMEPOM BXOAST JOOABKM: TIACTU(DUKATOPHI,
CcTadMIM3aTOPHI, MOAMGUKATOPHI [2, 3]. DTO IpUBOIUT
K CHIDKCHUIO COIEPKaHUS XJI0pa B KOMITO3UIIUH 1 TI0-
BBIIIAET ToprodecThb usnesms [4]. [ToaToMy B KOMITO31-
WU TO0ABIISIOT HAHOYACTHIIEI Pa3TMIHBIX HATIOTHUTE-
Jieii. Hanmomaurenu IBX kommno3uiiuii (daiie HeopraHu-
YeCKHe, pexke OPraHMICCKIE BEIISCTBA) TIPEICTABIISIIOT
c00011 TBepIbIe TOOABKH, OTIMYAOIINECS OT ITOJTUMep-
HOI MaTPUIIBI XUMUICCKIM COCTABOM M CTPYKTYPOIA.
B OopIIMHCTBE CiTydaeB OCHOBHOM (hYHKIIMEH HAIIOM -
HUTEJICH SIBIISICTCSI CHUKCHIE TOPIOYECTH U YICIIeBIIe-
HHUE TOJIy9aeMOl TTPOAYKIINH, B HEKOTOPBIX CIIyJastxX
OHU CITy3KaT TS IIPUOAHUS WY YIYIIICHUS CJICTYFOIIIX
CBOWCTB: CHIDKeHHE adcopOIIny TIacTuduKaTopa, nu3-
MEHEHUE TUAIEKTPIUCCKIX CBOMCTB, YBEIMICHIE KECT-
KOCTH 1 TBEPIOCTU, CHIDKEHHE IITyMOITPOHUIIAEMOCTH,
CHMXKEHME TOKCUYHOCTH MTPOAYKTOB ropeHust [5—7].

OCHOBHAA YACTD
Knaccuduxanus nanoanurenei

CyImecTByeT psiI IMTOAXOI0B IIPU KiaccuUKAITUT
HAIOJTHUTEJICH TI0 pa3IMIHBIM ITpru3HaKaMm (puc. 1). Bee
W3BECTHBIC HATIOJTHUTEIN TI0 arperaTHOMY COCTOSTHUTO
TIEJISITCST Ha Ta3000pa3HEbIe, KUAKUE U TBepabie. [1o cBo-
eif IpUpoIe OHM IEISTCS Ha OpraHUIEeCKIE M HeOpTaH!-
YeCKHUe; 110 NCTOUHUKY TTOTyICHMST — Ha apMUPYIOIIHE,
YIIPOYHSIIOUIME, YCUJIMBAIOLINUE, HEUTpaibHbIE; MO pa3-
MepaMm, hopMe YaCTHII M CTPYKTYpe — Ha 4 OCHOBHBIX
BHUA: TACTICPCHBIC (ITOPOITKOOOpa3bie), BOIOKHUCTEIC
(BOJIOKHA, HUTHU, KTYTHI 1 T.1I.), TNCTOBEIC (TZICHOYHBIC)
C 3aJaHHOI CTPYKTYpoOii (TKaHU, Oymara, JICHTHI, JIUCTHI,
TUICHKU, CETKN), 00beMHEBIC (KapKaCcHBIC) C HEIIPEPHIB-
HOM TpexMepHOU CTPYKTypoli (00beMHbIE TKAHU, BO-
MJIOK, CKEeJIETHBIC W IIOPUCTHIC KapKachl) [8].

l'a3000pa3Hble HAMOJIHUTEAN — Pa3JIUYHbIE Ta3bl
(a3oT, BOOOpOI, aMMMAK, TUOKCHI YIJIepoaa 1 T.1I.), HI3-
KOKWITSIIINE YIJIEBOXOPOILI (TIEHTAaH, M30IICHTAaH U JIp. ),
a Tak>Ke TBep/ble BELIECTBA OPraHWYECKOTO U HEOpraHu-
YECKOTO MMPOMCXOXKICHMS (KapOOHATH aMMOHMSI, HATPHSI,
mopodOpHI U T.1I.), KOTOPHIC BCIICHUBAIOT ITOJIMMEPHI.
IMopucrast cTpyKTypa MOXET CO31aBaTbCsl U MPHU TIPO-
TeKaHNHN (PU3UIECKUX ITPOIICCCOB, MIPUBOISIINX K BO3-
HUKHOBEHHIO B Macce IMOJIMMepa Iapora3oBoil (pa3sl mim
XMMMYECKUX TTPOLIECCOB, COMPOBOXKIAIOIIMXCS BbIIEIE-
H1EeM ra3000pa3HbIX MpoayKToB. CoaepkaHue ITopoo-
OpasoBaresieii B KOMITO3ULIMN coCTaBiIsieT 00braHo 1—10%
OT Macchl nojuMepa. I'a3oHarnoJHEHHbIE TIACTMACCHI
(TIEHOTIIACTHI) XapaKTePU3YIOTCSI MaJIOl TNIOTHOCTBIO,
XOPOILMMU TETLIO 1 3ByKOU3OJISILIMOHHBIMU CBOMCTBAMM.
B pesynbrate HanmoJIHEHUSI Ta30M — JIETKUE, TEeTUI0, 3BY-
KOM3OJISIIMOHHbIE, 3JTACTUYHbIE U XKECTKHE, C 3aJaHHBIMU
JeMI(UPYIOIIMMI CBOMCTBAMU MEHOILIACTHI U MOPOTLIa-
CThI, IIMPOKO UCITIOJIb3YEMbIE B TEXHUKE U B OBITY.

Kunkue HaMmoJHUTENIN — BoJa U MMHEpaJbHbIE Mac-
na [9]. Boay HCTIonb3yoT IIpU TTOTYIeHUH KECTKIX Ma-
TEepUAJIOB Ha OCHOBE ITOJUI(MDUPHBIX CMOJI. MUHEpab-
HbIE MacJjia UCHOJb3YIOT IS COXPAHEHMSI CJIOST CMa3Ku
Ha TTIOBEPXHOCTHU TPEHMUSI.

IlnacTmacchl ¢ XUIKUM HAIMOJHUTEIEM TOJIydaloT
OTBepKICHNEM (OXTaXKICHUEM) CTAOMIBHBIX SMYJIbCHIA,
B KOTOPBIX HATTOJTHUTEJb SABJISIETCS IUCTIEpCHOM (pa3oii,
a MoJIMMEP TUCIIEPCUOHHON CPedoi.

Kaxk nmpaBuiio, B HalTOJHEHHBIX MOJUMEPHBIX MaTe-
puanax gucrepcHoi (¢ha3oi sBIseTCs XKUIKOCTh, a Ma-
Tpuueil — nmoaumep. B kauecTBe XKUAKOTO HAMOJTHUTE-
JIS UICMTOJIB3YIOT BO/Y, MUHEpaJbHbIE Macia, XKUIKUE
CMa3KW, aHTUCENTUYECKUE U ApyTUe BelecTa. M3 mo-
JIMMEPOB, HATTOJHEHHBIX XUJIKOCTbIO, U3rOTaBJIMBAIOT
OTHE3allMTHbIE 9KpPaHbl, CAMOCMAa3bIBAIOILIIMECS MO/ -
IIMITHUKU, apOMATU3UPYIOLIME U IP. MaTepUaJIbl.

Hanomauremn ITIKM

Y

Y

I'a3000pa3Hbie

TBepable (qUcnepcHbie)

/

Y

A A

4 4

MunepaibHbie

Oprannueckue Mertaninyeckue

Puc. 1. OcHoBHbIE BUBI HANIOJIHUTEJICH
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Yame Bcero HCITIOJIB3YIOTCA TBEPABIC HAITOJITHUTECIIN,
KOTOPbIC TAKXKE HAa3bIBAIOT AUCIICPCHBIMU.

I[ncnepcnble HANOJTHATEJIN

HaunbGomnee pacnpocTpaHeHHBIM BUA HAIIOJTHUTE-
JIeH IS TIOJTMMEPHBIX KOMIIO3UIIMOHHBIX MAaTEPHAaJIOB
(ITKM) — 5T0 mucriepCcHBIC HATIOTHUTEIN Pa3IMIHON
npupoasl. [IKM, coxgepkaliye nucrnepcHble HAMoJI-
HUTEJIN, KOTOPhIC paBHOMEPHO pacIipele/IeHBl B Ma-
Tepuraje, Kak IPaBIIO, XapaKTePU3YIOTCS N30TPOITHECH
CBOMCTB, ONITUMYM KOTODPBIX JOCTUTAETCS IIPU CTETIEHU
HaIoJIHeHUsI, 00ecIIeurBaloLIeii ancopOInio BCEro 00b-
eMa CBSI3YIOIIETO TMTOBEPXHOCTHIO YaCTUIl HATIOJTHUTE-
7. [1pu TIOBBIIIEHUH TeMITepaTyphl U JaBJICHMS YacTh
CBSI3YIOIIIETO IeCOPOUPYETCS C MOBEPXHOCTU HATIOJTHH -
Telst, 6aromapst YeMy MaTepHal MOXXHO ¢OpMOBaTh
B M3IEIUS CIOXKHBIX (DOPM C XPYIIKIMHU apMUPYIOITIMHI
ayieMeHTaMu. JIMCIIepCHBIN HAITOJHUTEIb YMEHBIIIA -
eT ycaaKy IIpHW IIPeCcCOBAaHUM, MOBBIIIACT KECTKOCTh
W TBEPIOCTb UM U3 KOMITO3ULIMOHHBIX MaTepUaJiOB
(KM), a B OTIETBHBIX CITydastx M3IeNIHs IIpruoOpeTaeT
crienprIecKre CBOMCTBA, HAIIPUMEDP TYTOCTOMKOCTb,
3JIEKTPO- 1 TEIUIONIPOBOTHOCTD, CTOMKOCTD K IEHCTBUIO
3JIEKTPOMArHUTHOTO U MPOHUKAIOLLIETO U3JTyYEHMST U 1.
Beenenue B [IKM mucnepcHBIX HAIlOJTHUTENEH Oojiee
1erecooopasHo IS CO3TaHMS MaTepPHAJIOB MacCOBOTO
TIPOM3BOACTBA, 00JIce TEXHOJOTUIHBIX, C HEBHICOKUM
YPOBHEM IIPOYHOCTHBIX XapaKTepUCTHUK. Jumcrepc-
HbIC HATIOJTHUTEJIA BBOIST B TEPMOILIACTHI C BHICOKOM
SHEPTUCH pa3pyIICHUS IJIsT CHIDKCHUSI X CTOMMOCTH,
TIOBBIIIICHUS KECTKOCTU W IIPOYHOCTH IIPU CKATUH
W YIAYYIICHUS WX TEXHOJIOTMUECKMX XapaKTePUCTUK
npu nepepadotke. [1pw 3TOM X TPOYHOCTH MIPH pac-
TSDKCHUM U yoapHas BI3KOCTb CHIDKAIOTCS BCIICICTBHUE
YMEHBIIICHHS TOJIU TIOJIMMEepa B HAITOJTHEHHOM KOMIIO-
3unun. BBemeHme TBepABIX 1 KECTKUX YaCTHIL IIPUBO-
IWT K TTOBBIIIeHUIO Momyst yrpyrocta (E), a Markmx,
3JIACTUYHBIX TN Ta3000pa3HbBIX HATTOJTHUTEICH — K €TO
cHXeHwmio [10].

K gnciy BaxKHEUIIINX TPEOOBAHMIA, TIPS BSIBISICMBIX
K IVCTICPCHBIM HATTOJIHUTEISIM, OTHOCSITCST CTIOCOOHOCTh
COBMEIIIATHCS C TTOJIMMEPOM MJIM TUCIICPTUPOBATHCS
B HEM, XOpoIllasi CMaUYMBaeMOCThb PacIlJIaBOM WJIN pac-
TBOPOM ITOJIMMEPA, OTCYTCTBUE CKIIOHHOCTH K arJioMepa-
IV YaCTHUII, OXHOPOTHOCTh X pa3Mepa, a TAaKKe HU3Kast
BIIAXKHOCTH (KaK IIPaBIJIO, HEOOXOIMMA CYIITKA).

Kpome Toro, THIT CBSI3YIOIIETO TIPEIBSIBIISICT TAKKE
orpeneeHHbIe TpeOOBaHMS K HaroaHuTe 0. Tak, npu
HAITOJTHEHUH PEeaKTOIIACTOB HAITOJTHUTEI MOTYT OKa-
3bIBAaTh KaTAJINTUYECKOE MEMCTBHE Ha TIPOIIECC OTBEp-
KIEHUSI CBSI3YIOIIETO, a TIPY HAIIOJIHCHUN TePMOILIa-
CTOB XXeJIaTeJIbHO, YTOOBI YACTHIIHI HATIOTHUTEIIS MMEITH
LIEPOXOBATYIO TOBEPXHOCTD IS JIYYLIETO CLETIEHUS
C MaTpHULIECH.

ITo MexaHW3MY BO3IEMCTBHS TUCIIEPCHBIC HATIOTHM -
TEJIM MOKHO pa3IeIuTh Ha MHEPTHEIC, KOTOPHIC He OKa-
3BIBAIOT BIIMSTHUS Ha CBOICTBA MATPUIIBI ¥ BBOISITCS B €€
COCTaB IS VIOCIICBICHUS KOMITO3UIINM, I aKTUBHEIC.
AKTUBHOCTb HAITOJTHUTEJISI B OCHOBHOM OTIPEIEIISICTCS
TpeMs (haKTOpaMu:

— COOTHOIIIEHNEM MEXIY SHEPTHEH aare3uu ojuMepa
K HAIIOJTHUTEIIO, KOTOpast MOKET OBITh ITOBBIIIICHA
ITyTEeM BBCICHMS B COCTaB CBS3YIONIETO aKTUBHBIX
COCIMHEHUI, M SHePTUEH KOTe31H TIOJNMEDa;

— CTEIeHbIo AUCTIEPCHOCTU YACTHULI HATTOJTHUTEIS, KO-
TOopas OoIpeaessieT IIoaab MOBEPXHOCTH KOHTAKTa
MaTPHIILI C HATIOJTHUTEJIEM 1 MOXET OBITh TTOBBIIIICHA
IyTeM €TO U3MEJIBUYCHMUS,

— KOJIMYECTBOM BBOIMMOTO HAIIOJTHUTENISI, TaK KaK
JTaxke HATIOJTHUTEIM, CANTAIONINAECS B OOIBITMHCTBE
WCTOYHUKOB UHEPTHBIMHU (IIOJIOMUT, MpaMop, Mell,
0apuT M Tp.), IPU TaK Ha3bIBAEMOM KPUTUICCKOM
cofepXXaHUM HAUMHAIOT OKa3bIBaTh BIMSIHAE HA M€ -
XaHMYECKIe CBOMCTBA KOMITO3UTA, HAIIpUMeEp, CYIIe-
CTBEHHO CHIXas yIapHYIO BSI3KOCTb [11].
AKTHUBHOCTH HAIIOJTHUTEIISI MOXKET OBITh TTOBBIIIICHA

MOIU(PUIIMPOBAHUEM €TI0 MOBEPXHOCTY COETUHEHUSIMU,

MIPUIAIONIAMY MY WUIH CBSI3YIOLIEMY JOIIOJTHUTETbHEIC

CBOMCTBA WJIY ONITUMU3UPYIOLLUMHU UX XaPAKTEPUCTU-

ku [12]. Hampumep, 11 yIydIIeHUsT peoJIOTUYECKUX

CBOIICTB ¥ CMauMBaHMsI TTOBEPXHOCTD MeJIa YacTo oopabda-

THIBAIOT CTEAPMHOBOI KMCIIOTOM, CTeapaTOM KaJTbIIUST YJTH

aTIpeTaMi, YTO CITOCOOCTBYET JIYIIIIEMY PACIIPEICIICHIIO

YacTUII MeJTa B MaTpulie tomumepa [21]. TTpu nonyyeHun

KOMITO3UIIMOHHBIX MaTepHUaioB MHEPTHBIC W aKTUBHEIC

HATIOJTHUTEI MOTYT UCIIOJb30BaThCs OMHOBPEMEHHO.
K akKTMBHBIM HAIOJTHUTEISIM OTHOCSTCS THUIPOK-

CHUIIBI ATIOMUHUS 1 MarHusI. [ MAPOOKCUI aTFOMIHUS

IIPUMEHSETCSI B COCTaBe TUIACTUKOB Y MHOTUX JPYTHUX

MaTepHUaJioB, MOTJIOMIAET TEIUIO, ITOIABIISICT TOPEeHNE,

azicopOoMpyeT roprovre ras3el, NCKII0UaeT HarpeB U JaTb-

Helilee pa3aoXeHre ITOJIMMEpPOB, CHIKACT TOPI0IECTh

MaTepuajaoB. [ MOApOKCHUI MarHUS MCITOJIb3yeTCs B Ka-

YeCTBE aHTUITMPEHA IIPH IIPOU3BOACTBE TEPMOILJIACTOB

1 TIOJTMMEPHBIX KOMITO3UIINI. BOJBIIIyIO poh THAPOK-

CHJI MarHMSI UTPAeT B IIPOM3BOACTBE HETOPIOUMX IIPO-

BOJIOB 1 KabOesel (aBTOMOOUJIbHBIE U 0e3rajloreHOBbIE

Kaben), B IIPOM3BOICTBE KPOBEIBHBIX JICTOB.
JucniepcHbIe HATTOJTHUTEIHN TTOAPA3ICIISIIOTCS Ha MU-

HepaJIbHBIC, OpraHNIeCcKue 1 MeTamaeckue. Hanbomee

pacripocTpaHeHHbIe U3 HUX — MUHepajbHbIe [13].

MunepasbHbie (CBETJIbIE) qUCTEPCHbIE HATIOJTHUTEH

K MuHepanbHBIM JUCTIEpCHBIM HATIOJTHUTEIISIM OT-
HOCSTCS: MeJT, ad3pOCHJI, Oetas caxka, aTFoMOCUINKATHI,
a TaKKe OKCHUIBI METAJUIOB M Ccyabdarsl [ 14, 15].

Men — mopoKoo6pa3Hoe BELIeCTBO OEJIOTOo 1iBeTa
0e3 3araxa, XapaKTepu3yeTcs MaJoil TUTPOCKOITY-
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HOCTbIO, SIBJISIETCSI 9KOJOTUYECKN 0€30MacHbIM He-
TOKCUYHBIM MPOJYKTOM, HEMOXapooTaceH, B3PbIBO-
Oe3ormnaceH. B kauecTBe HAaMOJHUTES HAXOAUT IIU-
poKoe mpuUMeHeHue B MaTepuanax Ha ocHoBe [1BX
(B >KeCTKMX M IJIaCTUDUIIMPOBAHHBIX peIeNTypax),
MOJUIIPOTIUIIEHA, TOJUCTUPOJIA U €r0 COMOJIUMEPOB,
B MTOJIMA(MUPHBIX CTEKJIOIIACTUKAX (MTPEMUKCHI, TIpe-
nperu). Takxke MeJl IPUMEHSIIOT B PE3MHOBBIX CMECSIX
Ha OCHOBE MPAKTUYECKU BCEX KayuyyKOB OOIIIEr0 Ha3Ha-
YEeHMUS B KAYECTBE JAEIIeBOrO0 MHEPTHOTO HATIOJTHUTES.
OH XOpOIIO OAUCTIEPTUPYETCS B KaydyKaxX pa3IMIHBIX
TUITOB. Pe3uHOBBIE CMECH, HAMTOJHEHHBIE MEJIOM, OT-
JINYAIOTCSl BBICOKOW TMJIACTUYHOCTBIO U XOPOIIUMMU
paboyuMu CBOMCTBAMU.

AdpOCUIT — TOHKOAUCTIEPCHBI TBUISIIIUIA TTOPOLIOK
0eJioro 1BeTa, HEMmoXxapooraceH, B3pbIBOOE30MaceH,
0e3BpeleH U He BbI3bIBAET CUJIMKO3a JaXe MPU Bbl-
COKMX KOHLIEHTpalMsIX. ABIsSIETCS NOPOTOCTOSIUM
HaIOJHUTEEeM, TT0O3TOMY €ro MpUMeHEeHUE 1eJ1eco-
00pa3HO B pe3nMHax ¢ YHUKaJIbHbIMU CBOWCTBAMM:
B OCHOBHOM, €T0 MCHOJIb3YIOT B p€3MHaX Ha OCHOBE
CUJIOKCAHOBBIX KayuyyKoB. Pe3nHbI, HAaOJIHEHHbIE
a’pOCUIIOM, XapaKTEePU3YIOTCS MOBBIIIEHHBIM CO-
MPOTUBJIEHUEM Pa3pPbIBY, BLICOKMM OTHOCUTEJIbHBIM
YIJIMHEHUEM, U3HOCOCTOMKOCTbBIO, BBICOKMM COMpPO-
TUBJIEHUEM TETJIOBOMY CTaPEHUIO, XOPOIIUMU AU -
JIEKTPUUYECKUMU CBOMCTBAMMU.

benas caxxa — aMop(HBIIT HETOKCUYHBIN O€JIbIi MO~
POIIIOK, TTOXapo- 1 B3pbIBoOe3omnaceH. OHa MCIOIb-
3yeTcsl B KQUeCTBE YCUJIMBAIOIIETO HAITOJHUTEJSI CUH-
TETUYECKUX U MOJUMEPHBIX MaTepPUaIoOB B IIMHHOM,
PE3NMHOTEXHUYECKOM, XUMUYECKOM, JIESTKOM W APYTHUX
OTpacjsx MpOMbILILJIEHHOCTU. beas caxa yiydniaer
MeXaHWYEeCKHEe XapaKTePUCTUKHU, ITOBBIILIAET TEIJIOCTOM-
KOCTb U OTHECTONUKOCTb.

KaonuH — mopomkoo0pa3Hblil 3KOJOTUYECKHU YK -
CTbIl, HETOKCUYHBIN MPOJAYKT, OT OEJIOTO 10 PHIKEro
LIBETa B 3aBUCUMOCTHU OT COLEPXKAHUS XKeJe3a, HEIMO-
»KapooraceH, B3pbiBoOe3ornaceH. KaoJiuH nmpuMeHs -
€TCs TPU HAIOJHEHUU TePMOIIACTOB IJIS1 IpUAAHUS
MOBBIIIEHHBIX 3HAYEHU I MOJYJIST yIIPYTOCTH MPU pac-
TSDKEHUHM, a TakXke JJIs0 YIYUYIIeHUs 2JIEKTPUIEeCKUX
CBOWCTB, B IPOM3BOJCTBE apMUPOBAHHBIX BOJJOKHAMU
TUIACTMKOB Ha MOJUA(PUPHBIX CBA3YIOLIMX — JIJIs1 TOBbI-
ILIeHUS BI3KOCTH, a TAKXKE JIJISI MOBBILIEHUSI OOBbEMHOTO
9JEKTPUUYECKOTO COMPOTUBIIEHUSI U BOOOCTOMKOCTHU.
Takxe OH MpUMEHSIETCS B KaUueCTBE MOJYYCUINBAIO-
11IEr0 HAMOJHUTESI KaydyyKoOB OOIIeTOo Ha3HAYeHUS.
BBeneHue ero B pe3MHOBbBIE CMECHU TIPUBOIUT K MO-
BBILLIEHUIO X BSI3KOCTH, YBEJIMYEHUIO KAPKACHOCTU
Y YMEHBIICHUIO YCaIKU.

JAnaToOMUT — OPUPOAHBIN aTIOMOCUIMKAT, Mpe/-
CTaBJISIET COOOM MSTKYIO ITOPONYy, HETOKCUYEH, TOXKa-
po- u B3pbIBoOe3onaceH. B HacTosiee BpeMst Haubosee
I POKO MCTIOIB3YETCS B Ka4eCTBE MOOABKU, TIPEIISAT-

CTBYIOIIEH CIUITIAHUIO B MIPOU3BOJACTBE IIJICHOK U3 T10-
JIMATUIEHA HU3KOM MJIOTHOCTU. TakKe OH MPUMEHSIETCS
KaK TeXHOJIOTMYeCKasI 1obaBKa (aOCOpOEHT) B BHICOKO-
MacCJIOHAIOJIHEHHBIX pe3UHOBBIX cMecsiX. BBeneHue nua-
TOMUTA B Pe3UHOBBIE CMECH TTOBHIIIAET UX KAPKACHOCTh
U CHIDKACT YCaIKy.

BbeHTOHUT — IPUPOIHBII CIOMCTHIN aJTFOMOCUIMKAT,
HETOKCHYEH, IMoXapo- U B3pbiBoOe3omnaceH. biaromapst
aKTUBHOI MOBEPXHOCTU OEHTOHUT SIBJISIETCSI XOPOIIUM
00BEKTOM TSI MOAU(DUKALINY C TIEJTbIO HaTTpaBIeHUS 13-
MEHEeHUsI CBOMCTB. [IprMeHsIeTcsI B pe3MHOBBIX CMECSIX
pa3IUYHOM TBEPAOCTU IJISI U3TOTOBICHUS (DOPMOBBIX
U3LISIIUNA.

Tanbk — OpUPOOHBIN MUHEPAJl B BUAE MSITKOTO,
XUPHOTO Ha OLIYIb O0ejioro mopoika. I[IpoaykT He-
TOKCUUYEH U Toxapobe3onaceH. Hauboiee mmupoko
MPUMEHSIETCS B KAUYeCTBE HATIOJIHUTEISI TEPMOILIACTOB,
B IIEPBYIO OUepeb, MOJUIIPOIuiIeHa (aBTOMOOUIIECTPO-
eHue, npudopoctpoeHue). [lormMepHbie KOMIO3ULIMU,
HaIoJIHEHHBIE TAJIbKOM, XapaKTepU3YyIOTCs 00jiee Bbl-
COKOI1 3K€CTKOCTBIO 1 COTIPOTUBJICHUEM IMOJI3YYECTHU.
Tak:ke OH IpUMEHSIETCS B PE3MHOBOM IIPOMBIIIIICH-
HOCTU B OCHOBHOM KaK OITyJIpUBAIOIINI MaTepual.
B MmeHblIlIeli cTeeHW UCITOIb3YETCsI KaK HAallOJIHUTEIIh
IIJISI pe3UH, K KOTOPBIM IIPeIbsIBISIIOTCSI TOBHILLIEHHBIS
TpeOOBaHUSI T10 KECTKOCTU, TBEPAOCTU U AUIICKTPUUE-
CKUM cBolicTBaM. BBeneHue B ay1acTtoMep TajbKa MOBbI-
IIA€T COMPOTUBJIEHUE PA3AUDPY, TETIJIOBOMY CTAPEHUIO
1 obecrieuBaeT HU3KYIO OCTaTOYHYIO AehOopMaIIio
MpU CXKaTUU.

Jlnoxcua TuTaHa — MOPOILIOK Oeoro 1BeTa 06e3
3anaxa. u3noaornyeckm oH 6e30maceH, OTHOCUTCS
K 4eTBEPTOMY KJIaCCy OITACHOCTH, T0XapO- U B3PHIBO-
6e3omnaceH. LlInpoxkoe ncnonb3oBaHUE TUOKCUAA TUTAHA
B KauecTBe 0€JIOro IIMTMEHTA B MOJIUMEPHOM MTPOMBILII-
JIEHHOCTHU 00YyCJI0BJIEHO 3(P(PEKTUBHBIM pacCEUBaHUEM
BUIMMOTO CBETa: IPU BBEACHUM JUCIIEPCUU B IJIACTU-
KOBYIO Maccy co3aaercs 9G@eKT OeJIM3HBI U HEITpo3pay-
HOCTH, 00€eCIIeurBaeTCs IPKOCTh OKPACKU.

Oxcna UHKa — OeJIblii, clleTKa KeJITOBAaThIi Wi
cepblii MOPOIIOK 0e3 3araxa, OTHOCUTCSI KO BTOPOMY
KJ1acCy OMacHOCTH, MoXapo- 1 B3pbiBoOe3omaceH. [1pu-
MEHSIETCSI B KaUueCTBE aKTUBAaTOpa CEpPHOM ByJKaHM3a-
LIMK BCEX TUEHOBBIX KAyUyKOB, BYJIKAHU3YIOIIETO areHTa
XJIOPOTIPEHOBBIX KayuyyKoB. OTpaHNYeHHO IPUMEHSIETCS
B KaueCTBE TEIUIOCTONKOIO U TeTIOIIPOBOIHOTO HATIOJ-
HUTEJISI CBETJIBIX Y TEMHBIX PE3UH.

JINTOIIOH — HETOKCUYHBIN U HEIOXAapPOONaCHBIH T10-
po1iok 6esoro 1Beta. [IpuMeHsieTcss a8 TUrMeHTUPO-
BaHUSI JIAKOKPACOYHBIX MaTepUaiOB HA OCHOBE JIIOOBIX
MJeHKooOpa3oBaTteseil, 0COOCHHO IIPUTOACH OH IJIs
BOJTHO-IUCIIEPCUOHHBIX KPACOK, TaK KaK HE BBI3bIBACT
Koarynsanun. M3-3a HemocTaTOUHOI CBETO- M aTMoc(e-
POCTOMKOCTH TTOKPBITHUSI, TUT'MEHTUPOBAHHBIE JINTOIO-
HOM KpacKM IMPUTOAHBI K SKCIUTyaTalluy TOJILKO BHYTPU
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noMeleHui. Takxke TUTONOH IIPUMEHACTCA B KAYECTBE
0eJIOro MUTMEHTA JJISI U3TOTOBICHUS LIBETHBIX PE3NH
YW HAIOJTHUTEJISI KAUCITOTHO-IIEI0YECTOMKMX PE3UH.

Opraﬂuqecme JUCNEPCHBIC HAMIOJTHUTEJIN

K opraHnuyeckuM nucrnepcHbIM HAMOJHUTEISIM OT-
HocATCA rpaduT, IpeBecHast MyKa, KOKC, caxa.

I'pacduT — mMpaKTHMICCKM YUCTHIN YTIIEPOI, MMECT
BBICOKME TEIUIO- U BJIEKTPOIIPOBOJHOCTD, SIBJISIETCS
Xopoleit cyxoit cMaskoii. OH IMPOKO MCITONIL3YET-
Csl B MOJIMMEPHBIX KOMITO3UTaX, MO OTACAbHOCTU WU
B COYETAHUM C apMUPYIOIIUMU BOJIOKHAMU, a TaKXKe
B pa3IMYHbIX HEOPTAHUYECKMX HATIOJIHUTENSIX U CMECSIX,
HarpuMep, Co CI0I0M, TaIbKOM. Takrue KOMIO3UTHbIE
Marepuajbl ¢ TpaUTOM BKJIOYAIOT B ce0s1 CBOMCTBA
CYXOTO CKOJIbXEHHUSI, YIIOTHEHUST (KOTOPbIE Ba>KHbI
B aBTOMOOWJIbHBIX 1 MUKPO-MEXaHUYECKUX 3allaCHbIX
YacTsIX U KOMIUIEKTYIOILIUX).

JpeBecHast MyKa COCTOMT B OCHOBHOM M3 LIEJLTIONO3bI
u nurauHa. [Ipu BBeneHun B KM ynyuiaer crabuiib-
HOCTb UX Pa3MepOB, IPOYHOCTD MPU PACTSKEHU U, DJIEK-
TPOU3OJSILIMOHHBIE cBoicTBa. Henoctatku (0coO6eHHO
W3 IPEBECHHBI JJUCTBEHHBIX TTOPOI) — HU3KKUE TEILIO-,
BJIArO- U XUMUYECKasi CTOMKOCTb.

Caxa TIpencTaBisieT co00l BBICOKOIMUCIICPCHBII
YIJIEpOAUCTBIN MaTepuai, 00pa3yIolniicss Mpy HEIoJ -
HOM CTOpaHUU U TEPMUYECKOM Pa3JIOKEHUU YTIEBOI0-
pOIOB, KOTOPbIE COAEPKATCI B MPUPOIHBIX WU MPO-
MBIIIJICHHBIX Ta3axX U B XUIKAX MPOAYKTax (Macjax)
HeTIHOro U KaMEHHOYTOJIbHOTO MPOUCXOXKICHUS.
Ynpounswoiee geiictBue caxu B KM onpenensieTcst
JNUCMIEPCHOCTHIO, LIEPOXOBATOCTHIO, YAEJIbHON aKTHUB-
Hoctblo. [1pu BBenennu B [IKM yBennumBaeT cTabuIIb-
HOCTb pa3MepoOB, XKECTKOCTb, TEIJIOCTOMKOCTb, TETLI0-
¥ DJIEKTPOIIPOBOIHOCTS [ 16, 17].

CIINCOK NCTOYHUKOB

MeTaninyeckue JUCNIEPCHBbIC HATIOJTHATEITH

MeTamindyeckue NOpoOIIKY Majio BIUSIOT HA TTPOY-
HOCTb, HO MO3BOJISIIOT B IIUPOKUX Mpeaeiax U3MEHSITh
TEIJIO- U 3JIEKTPOIPOBOAHOCTb, TEMI0EMKOCTb, MarHUT-
Hbl€ XapaKTepUCTUKH, DJIEKTPUUECKHE CBOMCTBA, a TaK-
Ke MpuaaBaTh MaTepuagaM 3alluTy OT 2JIEKTPOHHOTO
U TIPOHUKAIOILIETO U3TYYEHUS, UBMEHSTh UX TJIOTHOCTb,
rOprOYECTh U T.1. B KauecTBe MeTalIMUeCKUX IUCTIepC-
HBIX HaMOJHUTEJIeH yallle BCero UCMoib3yloTCs Melb,
aJTIOMUHMIA, KeJ1e30, OpoH3a, 0JIOBO, CEpedpo, CBUHEILI,
1HK. [ToBepXHOCTh METAINUECKUX MOPOIIKOB YaCcTO
anmpeTUpyoT ISl HOBBILIEHUS aare3uu U yMeHbILIEHUS
aficopOLIMM BJIaru, a TakxkKe MOKPbIBAIOT 3alIMTHBIMU
IUIeHKaMM (HampuMep, B BUJIE CJI0S Jlaka), YTOObI 1C-
KJIIOUUTD UX BIMSHUE HA OTBEPXKIECHUE U TECTPYKIIMIO.
Oco00i1 TpyMITOil MeTaJIcCoAePKAIINX HATIOTHUTEIEH
SIBJISIIOTCSl MAarHUTHBIE HamoJHuTeau. K aTum Hamnos-
HUTEJISIM OTHOCSTCSI OKCUHBIE U30TPOITHBIE (PEPPUTHI
0Gapusi U CTPOHLIMS, TIOPOLIKM U3 JIETUPOBAHHBIX CILIA-
BOB PEIKO3eMEIbHBIX METAJJIOB C XKeJIe30M U O0poM
(Nd,Fe, B), a Takxe 6MHapHbIE CILIaBbI CAMAPUS U KO-
6anpra (CmCo,, CmCo ) [18-20].

3AK/IIOYEHUE

Takum o6pa3oM, B HaCTOSIIIEE BpeMsI CYIIIECCTBYET
0OJIBIIIOE KOJIMIECTBO BEIICCTB I MAaTEPUAJIOB, IIPUMeE-
HSIEMBIX B KaUeCTBE HAIIOJHUTEINICH 1 TTO3BOJISIOIINX
nosydaTth [1KM ¢ HU3KOM ycankoilt U cTabUIbHOCTBIO
opMBbI M3IETNIA, BHICOKIMI MEXaHIMYECKITMI CBOICTBA-
MM 1 HeOOXOIMMBIM HAaOOPOM CITeIIMATbHBIX CBOMCTB.
3a cuet HanonHUTeNel I[TKM MOTYT B OOJIBITMHCTBE
chep 4eTOBEUCCKOM IeITeIbHOCTA KOHKYPUPOBATh
¢ IPpyTUMU MaTepHrajaMM, TaKUMU KaK CTEKJIO, Kepa-
MMKa 1 JaXke MeTasll.
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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

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (4):
300-305

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION

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

http://nanobuild.ru

304

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (4):
HaHoTexHonorum B cTponTenbcTee 300-305 NanObL" ]

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION

) nterdisciplinary Interdisciplinary Materials:

I aterials, -  metde/ | EREREAE TS

#AdE- ®3X 2021412H18H

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

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

Postal Code: 430070

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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YXAHbCKUN TEXHOJNTOTMYECKUN
YHUBEPCUTET

XaHBCKUM TEXHOJIOTHICCKUI YHUBSPCUTET (Iajee

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

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

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

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

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

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

Kpatkoe onncanue

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

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

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

3uaunmbie ToCTHKEeHHs 1 MPodeccopcKo-
MpenoiaBaTeibCKuii COCTaB

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

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

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

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

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

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

IToaroToBKa BbICOKOKBATH(DUIIMPOBAHHBIX
Ka/IPOB U U3BECTHbIE BHIMYCKHUKH

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

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

BHyTpennune u MeXIyHAPOIHbIE KOHTAKTbI

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

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

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

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

0630p MeXxXAyHapOAHbIX LWKON
no maTepuanoBefeHMIO U UHXXeHepHoMY Aeny

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

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

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

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

lfocypapcTBeHHan cTpaTernyeckas
naboparopus nepefoBbIX TEXHONOIMIA

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

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

http://nanobuild.ru

info@nanobuild.ru



http://nanobuild.ru/ru_RU/

2022; 14 (4):
300-305

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

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-
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ABSTRACT: Introduction. Research of polymer concrete properties show that it differs favorably from conventional concrete by
such indicators as mechanical strength, resistance to aggressive impact of various environments, water resistance, abrasion resis-
tance, water-repellency and frost resistance. Currently, it is possible to obtain polymer concrete with characteristic and chemical
properties —specified density, strength, deformability, ductility, and corrosion resistance. Methods and materials. The research is
carried out by comparing laboratory tests of polymer concrete based on furfural binder. Furfural has a high reactivity and can form
resin compounds with many chemicals. Diphenylamine was added to furfural in different proportions. Benzenesulfonic acid, sulfuric
acid and their mixture at a ratio — 1:1 by weight were used as hardeners. Crushed sand or ground andesite based on nanostructured
microfiller served as aggregate for various compositions of polymer solutions. The polymer concrete strength, chemical resistance,
lasting properties, water resistance, abrasion resistance, metal adhesion were tested during the research. Structural changes in
properties were studied by the electron microscopic analysis method. Results and discussion. It is established that the diphenyl-
amine solution in furfural, provided that it is solidified by sulfuric acid, benzolsulfoacid or mixture of these acids, is a polymer binder
capable to form a high-strength material under normal hardening conditions by acid-resistant aggregates. It is also determined
that to prepare resin, the ratio of furfural and diphenylamine should be within 1:0.5-0.3 by weight. The resin containing 1 weight
part (w.p.) of furfural and 0.5 weight part of diphenylamine is conventionally named FD-1; containing 1 weight part of furfural and
0.4 weight part of diphenylamine - FD-2 and resin with 0.3 weight part of diphenylamine - FD-3. Conclusion. The introduction
of nanostructured microfiller into the polymer concrete composition could save expensive resin. Comparison of the technologies
for producing FD resin and polymer concrete, as well as preliminary test data of the studied materials, can determine the possible
technical and economic advantages of polymer concrete based on FD resin over the polymer concrete based on FA (furfurolacetone)
monomer which is currently used in construction of hydro-engineering structures. Polymer concrete based on FD resin has high
strength and exceeds the strength of polymer concrete based on FA monomer by 20-25%.

KEYWORDS: polymer concrete, furfural, diphenylamine, resin, nanostructured microfillers, polymer solution, hydro-engineering
structures.
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INTRODUCTION of structures (overflow surface, dampers, etc.) that are
subject to intensive destruction. This material is laid on

I hydro-engineering construction, polymer concrete a number of hydraulic structures in Central Asia and Ka-
ncan be used in the building of the individual parts  zakhstan [1].
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Fig. 1. Overflow surface of the Karaspan hydraulic
complex

A survey of the Karaspan hydraulic complex in the
Turkestan region of the Republic of Kazakhstan, where
the overflow surface is made of polymer concrete by vol-
ume 575 m? showed that after many years of operation the
overflow surface did not collapse (Fig. 1).

The main reason that delays the widespread use of poly-
mer concrete in the hydraulic structures construction is its
high cost, the lack of acceptable manufacturing technology,
and insufficient knowledge of its properties, which differ
significantly from those of conventional concrete [2, 3].
The main rise in price falls on the cost of a synthetic binder,
the most common and cheapest of which is resin — furfural
acetone FA monomer. The cost of 1 m?of polymer con-
crete made on FA monomer is 2.5—3 times more expensive
than reinforced concrete and 4—5 times more expensive
than conventional cement concrete. The high cost of the
polymer binder is due not only to the high cost of chemical
products it is obtained from, but also to the high costs of
manufacturing technological operations [4, 5].

Research conducted on furfural resin makes it pos-
sible to develop a low-cost technology to obtain binders
for polymer concrete. Furfural has a high reactivity and
can form resin compounds with many chemicals under
fairly simple conditions (normal pressure and low tem-
peratures). An example of this is the production of fur-
furolaniline resin, as well as the manufacture of other
resin products by the interaction of furfurol with aromatic
amines and their derivatives. However, the problem of ob-
taining an economical polymer binder will be solved only
if the resin product obtained under simple manufacturing
conditions can provide the required qualities of construc-
tion products (sufficient strength, durability) [2—5].

In the laboratory of building materials, the authors
obtained the polymer binder based on furfural and aro-
matic amine-diphenylamine. It is established that the
diphenylamine solution in furfural, provided that it is
solidified by sulfuric acid, benzolsulfoacid or mixture of
these acids, is the polymer binder capable to form a high-
strength material under normal hardening conditions by

acid-resistant aggregates.This polymer binder is called FD
resin. In this case, the manufacturing costs will consist of
the cost of the initial products [4—6].

METHODS AND MATERIALS

The optimal binder composition was determined as
follows. Diphenylamine was added to furfural in differ-
ent proportions. The mixture was mixed. The product in
furfural was dissolved under normal conditions and a res-
in-like substance was formed. Polymer concrete samples,
cubes 3x3%3 cm in size, were made based on the binder,
while three types of hardener were used — benzenesulfonic
acid, sulfuric acid and a mixture of them at a ratio of 1:1 by
weight. The aggregate was ground andesite. After storage
for a certain period of time at room temperature or in a dry-
ing oven, the hardened samples were tested for strength [7].

Experiments have shown that the ratio of furfural and
diphenylamine should be in the range of 1:0.5—0.3 by
weight to prepare resin. The resin containing 1 weight
part of furfural and 0.5 weight part of diphenylamine is
conventionally named FD-1; containing 1 weight part of
furfural and 0.4 weight part of diphenylamine — FD-2,
and resin with 0.3 weight part of diphenylamine — FD-3.
These kinds of resin were used to make polymer-soluble
cube-shaped samples of 3x3x3 cm. Each polymer-solu-
ble mixture contained 20% FD resin. These mixtures were
solidified by various amounts of sulfuric acid, benzolsul-
foacid (BSA) and a combined hardener [7—9].

Solidified samples formed from polymer-soluble mix-
tures were tested for compression after 28 days storage
at room temperature (Fig. 2). The test results allowed
us to determine the most optimal compositions of poly-
mer concrete. The test data of the samples are shown in
Fig. 3,4, 5.

The maximum strength of polymer solutions solidi-
fied by various hardeners is obtained from the following
formulations:

I. Aggregate — ground andesite — 1 w.p.; binder —
0.2 w.p., FD-1 resin; hardener — 0.06 w.p., sulfuric acid;
the compression strength is 1270 kg/cm? (Fig. 3).

I1. Aggregate — ground andesite — 1 w.p.; binder —
0.2 w.p., FD-2 resin; hardener — 0.1 w.p., BSA; the com-
pression strength is 1220 kg/cm? (Fig. 4).

Fig. 2. Compression test of samples
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Fig. 3. Changes in the strength of polymer concrete based on different kinds of resin depending on the amount
of hardener-concentrated H,SO,: FD-1 resin; FD-2 resin; FD-3 resin
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Fig. 4. Changes in the strength of polymer concrete based on different kinds of resin depending on the amount
of hardener-benzolsulfoacid: FD-1 resin; FD-2 resin; FD-3 resin
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Fig. 5. Changes in the strength of polymer concrete based on different kinds of resin depending on the amount
of hardener-concentrated H,SO, and BSA: FD-1 resin; FD-2 resin; FD-3 resin

II1. Aggregate — ground andesite — 1 w.p.; binder —
0.2 w.p., FD-3 resin; hardener — 0.08 w.p., combined
mixture; the compression strength is 1400 kg/cm? (Fig. 5).

From the experiments it turned out that the most opti-
mal ratio of furfural and diphenylamine in furfural-diphe-
nylamine resin is 1 weight part of furfural and 0.4 weight
part of diphenylamine. According to this formulation, the
binder for polymer concrete was obtained. Later studies
were carried out on this resin and the hardeners — BSA
and combined one. Based on this principle, polymer-
solution and polymer-concrete samples of various for-
mulations were prepared, and their optimal composition
and properties were determined [10, 11].

To obtain comparative data on the study of the basic
properties of polymer concrete of various formulations,
it is necessary to prepare and test a large number of
samples of different ages [11]. Samples made of polymer
concrete for strength testing should be of the follow-
ing dimensions: cubes — 10x10%X10 cm, 15X15%X15 cm
and 20x20%X20 cm, beams — 10x10x40 cm, 15X15%55
cm, etc. (Fig. 6). The production and testing of such
samples is labor-intensive and requires a large amount
of materials, in addition, conducting appropriate tests
to obtain comparative data on the resistance of polymer
concrete to the destructive action of water, frost, aggres-
sive environment on large samples will take too long [12].
Therefore, to obtain comparative data on water resis-

tance, corrosion resistance, weather resistance and other
properties, we first prepared and tested small polymer-
soluble samples (3X3x%3 cm cubes, 2%X2X10 cm beams).
The obtained data on the properties of polymer concrete
based on furfural resin with additives was compared with
the properties of cement concrete and polymer concrete
based on furfural-acetone monomer. The latter is chosen
as the most widely studied. The main raw material for
obtaining the FA monomer is furfural, which is used for
the production of polymer concrete, and which we are
studying. The qualities that are supposed to be developed
in polymer concrete used in hydraulic engineering and
irrigation are strength and water resistance. Therefore, to
improve these qualities, some experiments were carried
out on polymer concrete produced on a base of various
aggregates, kinds of resin and hardeners. Determination
of polimer concrete properties on furfural-based binder
was carried out according to the appropriate methods of
construction material testing [13].

Polymer concrete on furfural-based binder is solidified
by acid hardeners-BSA, sulfuric acid and their mixture.
This fact makes it necessary to use nanostructured micro-
fillers made of acid-resistant rocks. The ratio of the resin
and aggregate amounts to get dense polymer concrete is
usually selected in the same way as for cement concrete
(the resin should cover the aggregate grains and fill the
voids between them). The introduction of nanostructured

http://nanobuild.ru 309

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (4):
306-318

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS

Fig. 6. Different-sized samples of polymer concrete on furfural-based binder

microfiller into the polymer concrete composition will
save expensive resin [12—14].

Testing of various compositions of polymer solution
based on nanostructured microfillers (crushed sand or
ground andesite) and furfural-based binder with additives
allowed us to establish the following formulations [ 14, 15].

1. Aggregate — microfiller — 1 w.p.; binder — 0.2 w.p.,
FD resin; hardener — 0.08 w.p., combined.

With the introduction of fine aggregate — sand Mk =
1.92 into polymer concrete composition, the optimal
composition varies within the following limits:

2. Aggregate — fine aggregate and microfiller in the
ratio of 1.5:1 by weight — 1 w.p.; binder — 0.12 w.p., FD
resin; hardener — 0.05 w.p., combined.

The optimal composition of polymer concrete with
coarse aggregate-gravel with a grain size of 5—20 mm
can be as follows:

3. Aggregate — coarse aggregate and microfiller in the
ratio of 1.5:1 by weight — 1 w.p.; binder — 0.1 w.p., FD
resin; hardener — 0.04 w.p., combined.

With the introduction of all three types of aggregates
(microfiller, fine aggregate, coarse aggregate) into poly-
mer concrete composition, the optimal composition will
be as follows:

4. Aggregate — nanostructured microfiller, fine and
coarse aggregates in the ratio of 1:1.6:2,5 by weight —
1 w.p.; binder — 0.15 w.p., FD resin; hardener — 0.06 w.p.,
combined.

All these compositions will have different strength
characteristics (Table 1).

The sample sizes of compositions # 1, 2 are beams —
4x4x4 cm and standard briquettes, compositions # 3, 4
are cubes — 10X 10x%x 10 cm, beams — 10x10%32 cm and
beams — 10X 10x65 cm with thickened ends.

The strength of polymer concrete is determined by
many factors [16—18]. The main ones include: the content
of the binder and hardener amounts in polymer concrete,
the hardening mode, and the mineral and petrographic
characteristics of aggregates. The binder consumption
is determined by the voidness of the aggregates and
their fineness. The greater the voidness of the aggregate,
the more binder and, accordingly, hardener will be re-
quired. The amount of hardener has a significant effect
on the strength polymer concrete. With its lack, the po-
lymerization of the binder is incomplete, which nega-
tively affects the strength and other qualities of polymer
concrete. The excess of hardener leads to rapid mixture
setting, a decrease in strength, an increase in brittleness
and deterioration of other indicators. The optimal con-
tent of binder and hardener should be chosen under the
condition of providing such an indicator of the main char-
acteristic of polymer concrete, which will be decisive for
its operation [17, 23].

The authors studied the influence of heat treatment
modes on the polymer concrete samples strength based
on FD resin. We used two methods. The prepared samples
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Table 1
Polymer concrete strength of different compositions
Batch Yield strength, kg/cm?
composition Compressive strength Flexural strength Tensile strength

1 1200—1300 270—-290 100—120
2 1100—1200 260—-270 100—110
3 900—-950 235-250 90—100
4 900—950 240-255 75—-80

after their daily storage at a temperature of 18—20°C were
placed in a thermo cabinet, where they were subjected
to dry heating at 60, 80, and 100°C. The time of keeping
the samples in the cabinet varied from 2 to 24 hours. An-
other series of samples was subjected to dry heating under
the same conditions immediately after their manufac-
ture. There was no difference in the results obtained by
these two heating methods. The best results were shown in
the treatment modes at 80°C for 10 hours and at 100°C for 8
hours. It can be concluded that heating of polymer concrete
intensifies polymerization of the FD binder [17, 18, 21].

RESULTS

The first condition for high chemical resistance of
polymer concretes is to achieve a complete solidification
of the resin. Increased chemical resistance is provided
to polymer concretes by chemically resistant aggregates,
the most common of which include andesite, diabase,
quartz, etc. Chemical resistance of polymer concretes is
provided by graphite and related materials. To compare

Table 2

the stability of different samples based on FD resin in
aggressive enviroment, tests were performed in the same
aggressive solutions of polymer concrete samples based
on FA monomer [13, 21, 23].

The tests were carried out on a series of 1X1x3 cm
samples with the following composition:

a) aggregate — quartz crushed sand — 231w.p.; bind-
er — 100 w.p., FD resin; hardener — 40 w.p., combined,;

b) aggregate — graphite — 173 w.p.; binder — 100 w.p.,
FD resin; hardener — 40 w.p., combined;

c¢) aggregate — quartz crushed sand — 315 w.p.; bind-
er — 100 w.p., FA monomer; hardener — 20 w.p., BSA;
acetone — 1,6 w.p.

The chemical resistance of polymer concrete was de-
termined by changes in the samples bending strength [ 16,
19, 23]. The samples were preliminarily subjected to heat
treatment for 12 hours at a temperature of 80°C 2 days
after manufacture. Acid solutions were used as aggressive
enviroment: sulfuric acid 1% and 10%, hydrochloric acid
1% and 10%, sodium hydroxide 1% and 10%, as well as
various solvents (Tables 2, 3).

Chemical resistance of FD-based polymer solution prepared with graphite aggregate when the samples

are kept in aggressive environment

. . Variation of flexural strength after 24 hrs., kg/cm?
Environment Concentration, %
30 60 90 120 180 360
Air — 328 334 344 340 334 345
o 1 139 167 187 170 162 154
Hydrochloric acid
10 123 221 150 160 165 180
o 1 130 166 160 177 178 200
Sulphuric acid
10 156 177 158 — 167 150
1 152 165 141 — 165 172
Sodium hyrdroxide
10 160 221 193 — 208 210
Toluene - 439 408 — 374 444 427
Benzene — 453 411 - 393 315 409
Acetone — 407 412 - 423 398 430
Benzine — 419 426 - 405 400 425
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Table 3

Chemical resistance of polymer solution prepared on a base of FD, FA monomer and crushed sand
when the samples are kept in aggressive environment

Variation of flexural strength after 24 hrs., kg/cm?
Favironment S:;‘}g:f’ 30 60 120 180 360
On FD resin (furfuraldiphenylamine)
Air 306 363 410 435 428 410
Toluene — 352 418 386 403 415
Benzene — 383 414 439 393 390
Acetone - 382 315 251 227 213
Benzine — 390 370 375 320 390
On FA monomer (furfural acetone)

Air 378 324 344 294 265 290
Toluene — 392 393 403 385 374
Benzene — 428 441 378 401 408
Acetone — 108 81 65 60 54
Benzine — 433 378 378 384 390

Reference sample strength is 356 kg/cm?.

Tables 2 and 3 show that a large decrease in the small
samples strength was noted in alkaline and acidic environ-
ments during bending tests, and after 30 days after immer-
sion in an aggressive environment, the strength of samples
based on ground graphite decreased by 40—50% from the
initial one. The strength of the samples based on ground
graphite and crushed sand in organic solvents (benzene,
toluene, acetone, gasoline) increased by 20—30% from
the initial one by 30—60 days of exposure.

Polymer-concrete samples based on FA monomer and
crushed sand lost about 75% of their initial strength when
kept in acetone, and samples based on ground graphite —
about 10—15% (Table 3).

The strength of the same samples in organic solvents
(toluene, benzene, gasoline) did not change in com-
parison with the initial one, and in some cases slightly
increased. Solutions of sodium hydroxide and some
acids practically do not cause a decrease in strength. It

Table 4

decreases after 30 days — storage in water. Further, the
strength is stabilized.

The samples were tested for abrasion according to the
standard procedure on the Amsler circle. Cube samples
measuring 7x7x7 cm were made from 3 and 7 composi-
tions. Aggregate — 1 w.p.; binder 0.12 w.p. — FA mono-
mer; hardener — 0,4 w.p., BSA.

Gravel with a grain size of 5—20 mm and ground an-
desite in the ratio of 1.5:1 were used as aggregates (Ta-
ble 4).

The method of determining the water resistance of
polymer concrete is simple. Cube-samples, beams made
of polymer concrete of different storage periods were
placed in water and tested for compression at different
storage periods. Reference samples were stored in dry
conditions. The magnitude of the drop in the samples
strength stored in water for different periods of time char-
acterizes the water resistance of polymer concrete. To
determine the water resistance of polymer concrete based

Abrasion resistance of polymer concrete of various compositions at 600 m of the abrasion path

(arithmetic mean data for 6 samples of each composition)

Weight Weight . Abrasion Abrasion
Batch T . Abrasion area,
composition of specimens | of specimens after om? at 600 m/way, of cement
P before test, g test, g g/cm? concrete M-200
7 754 746 49 0.16 0.6—1.2
3 742 735 49 0.14
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on FD resin, a series of polymer concrete samples were
prepared — cubes and beams based on hardeners of dif-
ferent types and in different quantities [19-22]. The water
resistance test results of composition of 28-days age are
shown in Table 5; of 60-days age — in the Table 6 and after
10 hours dry heating at a temperature of 80°C — in Table 7.

The softening coefficient K and water resistance K
can be easily calculated from these tables. So, for example,
after 60 days period:

K =980/1133 = 0.865; K = 1133/1180 = 0.96.
The best water resistance values were obtained by dry

heating of the samples for 10 hours at a temperature of
80°C.

To determine the water resistance of polymer con-
crete with coarse aggregate, samples of composition #
3 were made (Table 8). The compositions were tested
for water resistance in mineralized waters. An 8% so-
lution of sodium sulfate was used as mineralized water
(Table 9). The decrease in polymer concrete strength
occurs more slowly in mineralized water than in pure
water [23, 24].

The corrosion effect of polymer concrete on steel
reinforcement was studied by the following method
[25]. Cube-samples were made from composition # 3
measuring 10X10x10 cm: aggregate — ground andesite
and gravel with a grain size of 20—40 mm in a ratio of
1:1.5 by weight — 1w.p.; binder — 0.1 w.p., FD resin; hard-
ener — 0.04 w.p., combined.

Table 5
Change in polymer concrete water resistance at 28 days-age, depending on the time spent in water
Compressive strength yield of specimens stored in water for 24 hrs., kg/cm?
Compressive strength
Type of hardener, eld of .
amount out of the yie do. Specimens
binder weight. % before immersing in
ght, 7o water, kg/cm? 30 60 90 120 150 180 | 270 | 360 | 540 | 720
L 1060 | 980 | 910 | 880 | 855 | 825 | 810 | 820 | 815 | 820
Sulphuric acid, 30 1180 1155 | 1133 | 1000 | 920 | 920 | 900 | 905 | 905 | 895 | 900
Benzenesulfonic 1120 1060 | 965 912 872 844 820 808 794 805 800
acid, 50 1155 | 1065 | 1022 990 950 920 898 895 900 910
. 1205 | 1155 | 1105 | 1065 | 1045 | 1025 | 1015 | 1020 | 1010 | 1010
Combined, 40 1260 1115 | 1045 | 1000 | 935 | 200 | 872 | 859 | 865 | 854 | 860

Table 6

Change in polymer concrete water resistance at 60 days-age, depending on the time spent in water

Type of hardener, amount
out of the binder weight, %

Compressive strength yield
of specimens before

Compressive strength yield of specimens stored

in water for 24 hrs., kg/cm?

immersing in water, kg/cm? 60 120 180 240
Sulphuric acid, 30 1220 1105 930 900 905
Benzenesulfonic acid, 50 1205 1160 1160 1109 1100
Combined, 40 1295 1200 1150 1092 1096

Table 7

Change in polymer concrete water resistance after its dry heating at 80°C for 10 hours,
depending on the time spent in water

Type of hardener, amount
out of the binder weight, %

Compressive strength yield
before immersing in water

Compressive strength yield of specimens stored

in water for 24 hrs., kg/cm?

k 2
g/cm 60 120 150 180 240
Benzenesulfonic acid, 50 1200 1160 1135 1122 1115 1108
Combined, 40 1255 1185 1150 1137 1120 1125
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Table §

Change in the strength of polymer concrete based on FD resin during storage in water

Compressive strength yield of specimens, kg/cm?
Batch composition before immersing after storing in water for 24 hrs.:
in water 30 60 90 120 240 360
3 750 620 650 610 590 550 530
Table 9

Change in the strength of polymer concrete based on FD resin during storage in mineralized water

Compressive strength yield of specimens, kg/cm?

Batch composition before immersing

after storing in water for 24 hrs:

in mineral water 30

60 90 120 240 360

3 780 715

680 650 670 640 620

During the manufacturing process, polished steel
rods 16 mm in diameter and 80 mm long were embed-
ded in each sample. Before concreting, the rods were
cleaned with acetone and weighed. The samples were
stored indoors at an air temperature of 18—20°C. After
12 months-storage, some of the samples were crushed,
the rods were removed and carefully weighed again. The
remaining samples were tested at 18 and 24 months-ages.
It was found that the weight of the rods did not change
over time. No traces of corrosion were found on the sur-
face of the rods. Consequently, the environment of poly-
mer concrete based on FD resin does not have a corrosive
effect on steel reinforcement [25].

The numerator shows the test results of samples in
a wet state, and the denominator shows the test results of
samples dried to a constant weight.

The metal reinforcement adhesion tests were carried
out by extracting steel rods of smooth profile at d = 16 mm
of A—1 grade from 10x10x20 cm prisms manufactured
from The embedment depth of the rods was 20 cm. The
rods were kept 28 and 60 days after the samples manu-
facture. The test data showed that the adhesion of the
reinforcement to polymer concrete is 108 kg/cm? [25].

The polymer concrete compressive elastic modulus
was defined on prisms measuring 7X7X22 cm by strain-
meters reinforced on both sides with a base of 20 mm,
with a division value of 1 mm, and dial gauge with a di-
vision value of 0.01 mm. The load was carried out in
steps equal to prismatic 0.1 R. Each step was followed by
a 5-minute exposure time. Due to the elastic aftereffect,
the strain readings were made at each step twice: at the
time the load was applied to measure elastic deforma-
tions and after the exposure to measure plastic, permanent
deformation.

During tension tests, the elastic modulus was de-
termined in a similar way on prism samples measuring

10x10x60 cm, with thickened ends. The mean arith-
metic test data of 5 samples were as follows: Prismatic
strength — 850 kg/cm?, tensile strength — 90 kg/cm?;
compressive elastic modulus — 298 000 kg/cm?, and in
tension —160 000 kg/cm?.

DISCUSSION

The test results show that polymer concrete based
on FD resin is little different from polymer concrete
based on FA monomer. The strength indicators of the
first one are 20—25% higher, and other properties don’t
differ much.

The cost of polymer concrete based on FD resin is
10—15% lower than the cost of polymer concrete based
on FA resin. An important advantage of FD resin over
FA is that its production does not require technological
equipment and labor.

To determine the optimal resin compositions, experi-
ments were conducted similar to those with diphenyl-
amine, and it was determined that the optimal ratio of
furfural and diphenylamine production waste is 1:0,75-1,
and the amount of hardener (combined) is 40% of the
resin weight, which we conventionally call FOD resin
(Table 10).

In the study of the properties of polymer concrete
based on FOD resin, it was found that it had good water
resistance. Samples of the following compositions were
made for testing:

8. Aggregate — ground andesite — Iw.p.; binder —
0.25 w.p., FOD resin; hardener — 0.1 w.p., combined.

9. Aggregate — gravel, sand, crushed sand in a weight
ratio of 2.5:1.6:1 — 1w.p.,; binder — 0.15 w.p., FOD res-
in; hardener — 0.06 w.p., combined.

Gravel with a grain size of 5—20 mm and sand Mk =
1.84 were used as aggregates. Composition # 8 was used
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Table 10
Basic properties of polymer concrete and polymer solutions
Physical and technical Unit of On FA monomer On FD resin On FOD resin
indicators measurement solvent concrete solvent concrete solvent concrete
Volume weight g/cm’ 2.0-2.1 2.1-2.15 2.0-2.1 2.05-2.2 2.0-2.1 2.1-2.15
;Z{SPTGSS‘VG strength kg/cm? 800—1000 | 600—700 | 1100—1300 | 700—750 | 900—1000 | 650—750
Tensile strength yield kg/cm? 80—90 60—70 90—100 80—-90 85-90 65—75
Flexural strength yield kg/cm? 180—200 120—160 200-210 180—190 190—195 150—170
Specific impact strength kg/cm? 1.8-2.0 2-3 1.8-2.0 2.5-3 1.8-2.0 2.2-3
Linear shrinkage mm/linear |, o 45 - 3.2-3.6 - 4.0-4.5 -
meter
Volume shrinkage % 4.5-5 — 3.5-3.8 — 4.2-4.5 -
. 200000— 270000— 210000—
2 _ — —
Elastic modulus kg/cm 250000 290000 240000
Abrasion g/cm? — 0.350 — 0.214 — 0.008
Waterabsorptionin 24 g, eioht - 0.010 - 0.012 - 0.008
hours
Waterproof atm/day — 18/90 - 18/90 - 18/90
Table 11
Change in the strength of polymer concrete based on FOD resin during storage in water
Compressive strength yield of specimens, kg/cm?
Batch before after storing in water for 24 hrs.
composition | jmmersing
e — 30 60 90 120 180 360
930 870 840 810 790 765 750
9 550 510 490 475 470 450 460
to manufacture 3xX3X3 c¢cm cubes and composition # 9 CONCLUSION

for cubes measuring 7X7X%7 cm. After storing at room
temperature for 60 days, the samples were placed in
water. The standards were stored in a dry environment
(Table 11).

Microstructure studies of polymer-concrete sam-
ples based on FA monomer, FD and FOD resin were
performed on a JEOL JSM7500 scanning electron
microscope with X-ray spectral analysis attachment
(Fig. 7). The results obtained correlate with the above
experimental data. A shot study showed that all three
samples have a similar structure. There are no significant
differences in the structures. The proposed new samples
of polymer concretes based on FD and FOD resin have
improved characteristics and are equal to polymer con-
crete based on FA monomer in terms of strength, chemi-
cal resistance, lasting properties, water resistance, abra-
sion resistance and adhesion to metal.

Based on the results of the study, the following conclu-
sions can be drawn:

1. In the proposed method to manufacture polymer
concrete, it is suggested to use an ordinary solution of
one chemical product in another as a binder. In this case,
the cost of performing technological operations to obtain
a binder is not required, and its cost will be almost the
same as the cost of the initial products.

2. From a comparison of technologies for obtaining
FD resin and manufacturing polymer concrete, as well as
from preliminary test data of the studied materials, it is
possible to determine the possible technical and economic
advantages of polymer concrete based on FD resin over
polymer concrete based on FA monomer which is cur-
rently used in construction of hydro-engineering struc-
tures.
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Fig. 7. Microstructure of polymer concrete samples: a — based on FA monomer; b — based on FD resin;
¢ — based on FOD resin

3. Polymer concrete based on FD resin has high
strength and exceeds the strength of polymer concrete
based on FA monomer by 20—25%.

4. A great advantage of polymer concrete based
on the binder — mixture of furfural with diphenyl-
amine production waste, in comparison with other
types of polymer concrete can be its low cost. The

the binder consisting of 1 weight part of furfural and
0.75 weight part of chemical production waste, which
is dumped.

5. The technology of manufacturing polymer concrete
based on the binder — mixture of furfural and diphenyl-
amine, diphenylamine production waste is similar to the
technology of manufacturing polymer concrete based on

low cost of polymer concrete is due to the low cost of  FA monomer.
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YCIIOBUAX C KUCIOTOCTONKMMU 3anonHMTENAMU 06pa3oBbiBaTb MaTepuan BbICOKON NpoYHocTh. OnpeaeneHo, YTo Npu NpuroTos-
NeHnmn cMonbl cooTHoweHne dypdypona n andeHnnamriHa JOMKHO 6biTb B npeaenax 1:0,5-0,3 no Becy. CMona, copepalias 1 Be-
coByto YacTb dypdypona 1 0,5 BecoByto yacTb AudeHunamrHa, ycnoBHo HazeaHa OfI-1; cogeprkaiuan 1 BecoByto yacTb dypoypona
n 0,4 BecoByto yacTb andeHunamuua — O1-2, cmona e c 0,3 BecoBoli yacTblo audeHnnammHa — OJ-3. 3aknoueHne v BbiIBOAbI.
BBeneHue B cocTaB nonumepbeToHa HaHOCTPYKTYPYPOBAHHOTO MUKPOHAMOTHUTENA MO3BOSIUT CIKOHOMWTb AOPOrOCTOALLY CMOJTY.
CpaBHeH1eM TexHoorni nonyyeHrsa cmonbl Of] 1 N3roToBneHUA NoNMMePOETOHa, a TakKe 13 NpeABapUTENbHbIX JaHHbIX UCMbITAaHNIA
U3yyaemblx MaTePUANoB MOXHO ONPEAENNTb BO3MOXKHbIE TEXHKO-SKOHOMIMYECKMEe NpeumMyLiecTBa nonmepbeToHa Ha cmone Off
nepep NPUMeHAEMbIM B HACTOALLEe BPEMA B CTPOUTENBCTBE MMAPOTEXHUYECKMX COOPYKEHMI MonnuMmepbeToHoM Ha MoHomepe DA
(pypdyponauetoHoBbin). MonnmepbeToH Ha cmone O[] obnafgaeT BbICOKOW MPOYHOCTHIO U MPEBbILAET MPOYHOCTb NonMmepbeToHa
Ha moHomepe OA Ha 20-25%.

KJTIOMEBDIE CJIOBA: nonvumep6etoH, dypdypon, AndbeHnnammH, CMona, HaHOCTPYKTYPUPOBaHHbIE MUKPOHAMONTHUTENN, MONW-
MeppacTBOP, M’MAPOTEXHUYECKNE COOPYKEHUS.

BNATOAAPHOCTW: VccnenoBaHume BbiNMONHEHO Npu GrHaHCOBOW nogaep ke Komuteta Haykn MuHCTepcTBa 06pa3oBaHua 1 Ha-
yku Pecny6nmkm KazaxctaH B pamkax HayuyHoro npoekta N° AP13268964.

ANnA UWUTUPOBAHUA: Monpgamypatos XK.H., imambaesa P.C., MImambaes H.C., Urnukos A.A., Tattnbaes C.XK. TexHonorua nony-
YyeHUA nonmmepbEeTOHa C ynyylleHHbIMY XapaKTepUCTKaMmn Ha ocHoBe Gypdypona AnA NCNonb30BaHNA B TMAPOTEXHNYECKOM
cTpoutenbcTtae // HaHoTexHonornm B ctpoutenbcTee. 2022. T. 14, N2 4. C. 306-318. https://doi.org/10.15828/2075-8545-2022-14-
4-306-318. - EDN: JOZNEX.
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BBEJEHUE

TUAPOTEXHIMIECKOM CTPOUTEILCTBE IIOJTUMEPOCTOH

MOXKET OBITH IIPUMEHEH ITPY BO3BEACHUH OTICIBHBIX
gacTeit (BOOOCKATHI, TACUTEIIHN U JIP.) COOPYKCHUIA, IO~
BEpraoinxcs MTHTCHCUBHOMY Pa3pyIIeHUIO. DTOT MaTe-
pHUaJ YIOKEH Ha psiie THIPOTEXHIMUECKIX COOPYKEHUIM
Cpenneit Asum n Kazaxcrana [1].

Oo6cnemoBanne Kapacmanckoro ruapoy3ia B Typke-
cTtaHcKoi obnactu Pecniybnuku KazaxcraH, Ha KOTO-
POM BOIOCKAT BHITIOJTHEH U3 IOJIMMEPOEeTOHA 00heMOM
575 M, moka3ajio, 4To Iocjie MHOIOJIETHE SKCILTyaTa-
MU COOPYKEHUS BOMOCKAT He pa3pymuics (puc. 1).

OcHOBHasI IpUIMHA, KOTOpast 3aIepKUBACT IITHUPO-
KOe TIpUMEHEHHUE TTOJIMMEPOETOHOB B CTPOUTEITHCTBE
TUIPOTEXHUICCKUX COOPYKEHUI, — 3TO €TO BHICOKAs
CTOMMOCTB, OTCYTCTBUE IIPUEMIICMON TEXHOJIOTUH M3-
TOTOBJICHUSI, HEIOCTATOYHAS U3YICHHOCTh €T0 CBOMCTB,
KOTOpHIE B 3HAYUTEIBHON CTCHEHU OTIMYAIOTCS
OT CBOCTB 0OBIYHOTO OeToHa [2, 3]. OcHOBHOE yIOpO-
JKaHHe MagaeT Ha CTOMMOCTh CHHTETHYECKOTO BSDKYIIIE-
TO, CaMbIM PacIIpOCTPaHECHHBIM 1 JCIIEBBIM 13 KOTOPBIX
ABIISIETCS cMoJia — GypdypoIalleTOHOBEI MOHOMED
®DA. CroumocTtb 1M? 1To1MMepOETOHA, U3TOTOBIEHHOTO
Ha MoHOMepe DA, B 2,5—3 pasza Jopoxke Kejie300eToHa
¥ B 4—5 pa3 — 0OBIYHOTO IIeMEHTHOTO OeToHA. BBIcOKas
CTOMMOCTb TTOJTUMEPHOTO CBSI3YIOIIETO 00YCIOBIMBACTCS
HE TOJIEKO BBICOKO# CTOMMOCTBIO XUMHIYECKHX TTPOIYK-
TOB, 3 KOTOPHBIX €T0 MOJYJIaiOT, HO 1 OOJIBIIMMU 3aTpa-
TaMU Ha OCYIIECTBIICHUE TEXHOJIOTUICCKUX OTepalInii
10 U3TOTOBJIeHUIO [4, 5].

HccaemoBanust, IIpOBOAMMBIC TI0 U3BICKAHMIO Dyp-
(ypOIBHBIX CMOJI, JAIOT BO3MOXHOCTh pa3paboTaTh
HETPYIOESMKYIO TeXHOJIOTHIO TIOTYICHUS CBSI3YIOIINX
11T TomuMepoeToHoB. Dypdyporr obramaeT OOIBIION
PEaKIIMOHHOI CITIOCOOHOCTHIO I MOXKET 00pPa30BBIBATH
CMOJIOOOpa3HBbIC COCAUHEHMS CO MHOTUMU XUMMYC-
CKUMU TIPOAYKTAMU TIPHA JOBOJIHHO TTPOCTBIX YCIOBUSIX
(0OBIYHOM HABJICHWH U HU3KMX TeMrepaTypax). [1pu-

MEpPOM TOMY MOKET CITYKUTh TTosrydeHue GpyphypoaaHu-
JIMTHOBOU CMOJTBI, a TAKKE 00pa3oBaHME APYTUX CMOJIO-

Puc. 1. Bonockar Kapacnanckoro rumpoy3sna

00pa3HBIX TPOAYKTOB IIPH B3anmMoneiicTBuu ypdypora
C apoMaTUYECKIMM aMIHAMU 1 UX IIPOU3BOTHBIMA. O1i-
HaKO 3a1a4a MOoJIydeHIS SKOHOMUIHOTO ITOJTMMEPHOTO
CBSI3YIOIIIETO OYIET pellicHa TOJIBKO B TOM CIyJae, eCIIn
ITOJIy9aeMBbI TIPU TIPOCTBIX YCIOBUSIX M3TOTOBIICHUS
CMOJIOOOPA3HBIN MPOAYKT CMOXET 00CCIIEUNTh TPeOy-
eMBbIe KaueCTBa CTPOUTEIBHBIX M3ICINI (JOCTATOTHYIO
IIPOYHOCTD, TOJTOBEYHOCTH) [2—5].

B maGopatopuu CTpOUTEIPHBIX MATEPUATIOB aBTOPA-
MM TIOJIYICHO TTOJTMMEPHOE CBSI3YIOIIee Ha OCHOBE yp-
dypora 1 apoMaTUIECKOTO aMUHA — OUbeHUIIaMIHA.
YcTaHOBIIEHO, YTO pacTBOp mudeHWIaMruHa B Gypdy-
poJie, IpU YCIOBUM OTBEPXKAECHUS €r0 CEPHOI KUCIIO-
TOIt, OEH30JICYTB(OKUCIIOTOM MIN CMECHIO STHX KUCIIOT,
SIBJIICTCS TIOJTMMEPHBIM CBSI3YIOIINM, CIIOCOOHBIM TIPHU
TBEPACHUM B OOBIYHBIX YCIOBHSIX C KUCIOTOCTOMKM -
MM 3aIIOJTHUTEIISIMHA 00pa30BEIBATh MaTePHall BEICOKOM
IIPOYHOCTH. DTO MTOTMMEPHOE CBSI3YIOIIIee Ha3BaHO CMO-
noit ®JI. B manHOM ciIyJae 3aTpaThl Ha N3TOTOBIICHUE
OYIOYT COCTOSITH U3 CTOMMOCTHU MCXOMHBIX ITPOAYKTOB
[4—6].

METO/AbI 1 MATEPHAJIBI

OnTUMaIbHBIA COCTAaB CBI3YIOIIETO OIPEIeIISIICs
caemyronmM oopazoM. B hypdyporn B pa3HBIX COOTHO-
IeHUSIX mo0aBisuicsa nudenmaamMuH. CMech IepeMe-
mwuBanack. [IpoaykT B pypdypoiie pacTBOPSUICS TIpU
OOBIYHBIX YCIIOBHSI, I 00Pa30BBIBAIOCH CMOJIO00pA3HOE
BemrecTBO. Ha aTOM CBsI3yIoIeM M3rOTaBINBaIN TTOJIH-
MepOeTOHHBIC 00pa3IIBl — KyObI pasMepoM 3X3X3 cM,
IIPY 3TOM HCIIOJIb30BAJINCh TPU BUIA OTBEPIUTEIIS:
0OeH30JICYTBb(OKIMCIIOTA, CEpHAsI KMCIOTa U UX CMeCh
TIPY COOTHOIIIEHUN 1:1 110 Becy. 3aIToTHUTEIEM CITY KT
MOJIOTHIN aHme3uT. [locie XpaHeHUs B T€UYECHHUE OIIpe-
IIeJICHHBIX CPOKOB TP KOMHATHOM TeMIlepaType WIn
B CYIIMUITLHOM IIKady 3aTBEPACBIINEC 00Pa3IIbl MCIThI-
TBIBAJIUCh HA IPOYHOCTS [7].

OmnbITaMH YCTAaHOBIICHO, YTO IIPU IIPUTOTOBJICHUN
CMOJTBI COOTHOIIeHWEe Qypdypoia 1 nudeHmIaMrnHa
IOJDKHO OBITH B Tipenenax 1:0,5—0,3 mo Becy. Cmoda, co-
nmepxarras 1 BecoByto 9acTh (B.4.) pypdypona u 0,5 Be-
COBYIO YacTh mudeHMIaMIHA, YCJI0BHO Ha3BaHa DJI-1;
comepskarmasi 1 BecoByro yacTh ¢pypdyposa u 0,4 BecoByro
yacTh gudennnammuaa — MJ1-2, cmoia xe ¢ 0,3 Beco-
BoIf yacThio nudenunamuua — MJ1-3. Y3 aTux cMoI
TOTOBWJINCH TTOJIMMEPPACTBOPHEIC 00pa3IIbl — KYOBI pa3-
MepoMm 3%X3%X3 cm. Kaxknas monmMeppacTBOpHas CMeCh
conepxaia 20% cmosbl DJ1. OTBepKIAIUCH 9TH CMECU
Pa3TUYHBIM KOJMIECTBOM CEPHOI KMCIOTHI, OEH30JI-
cynbdokuciaoTsl (BCK) n1 KoMOMHIPOBaHHBIM OTBEp-
nureneM [7-9].

3aTBepueBIIne 0opa3ibl, 0T(OPMOBAHHBIC U3 IT0-
JIMMEPPACTBOPHBIX CMECEH, TTOCTIe XpaHEHUSI B TCUCHIUE
28 cyTOK Ipy KOMHATHOM TeMITepaType UCIIBITHIBAINCH
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Puc. 2. UcnbiTanne o0pa3uoB HA cxKaTHE

MaxkcumanbpHast IPOYHOCTD ITOJIMMEPPACTBOPOB,
OTBEPXKIaeMBIX PA3IMIYHBIMUA OTBEPIUTCIISIMU, TTOTY-
YeHa IPH CISAYIOIINX pelenTypax:

1. 3amomHUTENH — 1 B.4., MOJIOTHI aHAC3NUT; BSIKY-
mee — 0,2 B.4u., cmosia DJ1-1; orBepauresnb — 0,06 B.4.,
cepHasl KICJI0Ta; Impeaesl MIPOYHOCTH IIPUA CKATUM —
1270 kr/cm? (puc. 3).

I1. 3ammoaHuUTENb — 1 B.4., MOJIOTBIN aHIE3UT; BKY-
mee — 0,2 B.4., cmona ®I-2; orBepmutens — 0,1 B.4.,
BCK; mpenen nmpouHoctH nipu cxatum — 1220 kr/cm?

(puc. 4).
Ha cxaTue (puc. 2). Pe3ynbTraTsl NCTIBITAHUST TIO3BOJIWIIN I11. 3amoauTeNH — 1 B.4., MOJIOTBIN aHIE3WT; BSTKY-
YCTaHOBUTb HanboJiee ONTUMAJIbHbIE COCTABbI MOJUMEP- mee — 0,2 B.4., cmona ®J1-3; orBepautenas — 0,08 B.4.,
06eTOHOB. [laHHBIC NCITBITAHUI 00pa3I0B IPUBEACHB  KOMOWHMPOBAHHBIM; TIpeaesT IIPOYHOCTH IIPH CXKATHHT —
Ha puc. 3, 4, 5. 1400 kr/cm? (puc. 5).
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DJ1-2; cmoma DJ1-3
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DJ1-1; cmoma DJI-2;
cmona PJ1-3
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M3 oIBITOB BBISICHWIOCH, UTO HaMOOJIee OITHU-
MaJIbHOE COOTHOIIeHMe hypdypona 1 gudeHmaMnaa
B dbypdypornndeHNUIaMIHOBOM cMoJie — | BecoBas
gacThb hypdypona u 0,4 BecoBas 9acTh TMDEHUIIaAMITHA.
ITo 3Tolt perrennType OBLIO MOJIYICHO CBI3YIOIICE IS
noanMmepoeToHoB. [Tocaenyrolue uccieqoBaHus ObUTU
TIPOBEICHBI Ha 3TOI cMoJie 1 Ha oTBepauTenssx — bCK
1 KOMOMHIpOBaHHOM. Ha ocHOBaHMM 3TOTO MpUHIIMIIA
TOTOBUJIVICH TIOJTMMEPPACTBOPHBIC W TTOIMMEPOCTOHHEIE
00pAa3IIbl pa3IMIHBIX PEIEIITYP, OTIPEICIISIICS UX OTITH-
MaJIbHBIN cocTaB M cBoiicTBa [10, 11].

st TIoJTy9eHUSI CpaBHUTEIBHBIX JAaHHBIX ITO HC-
CJICIIOBAaHMIO OCHOBHBIX CBOYICTB IMOJIMMEPOETOHA pa3-
JIMIHBIX PEIEIITYP HEOOXOIUMMO TOTOBUTH M MCITBITHI-
BaTh OOJIBIIIOC YHCIIO OOPA3IIOB Pa3IMIHOIO BO3pacTa
[11]. O6pa3ubl U3 MOATUMEPOETOHOB JJISI MCITBITAHUST
Ha TIPOYHOCTH IOJIKHEI OBITh CIACAYIOIINX Pa3MEpOB:
KyOoBbl 10X10X10 cm, 15X15X15 ecm 1 20x20%20 cMm,
Ganku 10x10%40 cMm, 15X15%55 cm u 1.4. (puc. 6). U3-
TOTOBJICHNE U MCITBITAHNE TaKUX 00Pa3IIOB TPYIOECMKO
¥ TpeOyeT OOJBIIOro KOJIMYEeCTBA MaTepHaIoB, KpOME
TOTO, TIPOBEICHNE COOTBETCTBYIOIINX MCITBITAHUIA [IJIST
TIOJIYYEHMS CPAaBHUTEIBHBIX TAHHBIX O CTOMKOCTH TTOJTH -
MepOeTOHA K pa3pyIIaiolieMy IeHCTBAIO BOIBI, MOPO3a,
arpecCUBHOM cpeabl Ha 0Opa3max KpPYITHOTO pa3Mepa
3aliMeT CIIUIIKOM MHOTO BpeMmeHH [12]. [ToaToMy mis
TIOJTYICHUS CPAaBHUTEIBLHBIX JAHHBIX O BOTOCTOMKOCTH,
KOPPO3UITHOCTH, aTMOC(HEPOCTOMKOCTH U IPYTUX CBOM-
CTBax BHavaJie TOTOBWJINCH 1 MCTIBITBIBAJINCH Ha TTOJIH-
MeppacTBOPHBIX 00pa3iiaX MaJIoro pa3mepa (KyOuKH pas-
MepoM 3%X3X3 cM, bamoukm 2X2X 10 cm). [TomyueHHBIE
IaHHBIC TIPU OIIpelIeICHNN CBOMCTB MOJINMEpOETOHA
Ha QypdypoabHOi cMoIIe ¢ mobaBKaM CPaBHUBAINCH
CO CBOICTBaMU IIEMEHTHOTO OETOHA W IOJIMMEPOEeTOHA
Ha GypdypoapHO-arieToHoBOM MoHOMepe. [locmenHmit

BBIOpaH KaK HamboJiee IMMPOKO M3yIeHHBI. OCHOB-
HBIM CBHIPhEM IJIST IoirydeHuss MoHoMepa DA saBisteTcs
dypdypot, KOTOpEIit UCITONB3YETCS ATl H3TOTOBIICHUS
IMoIMMepOEeTOHA, M3ydaeMoro Hamu. KadecTBa, KOTophie
IIpeIToaaraeTcs BEIpaboTaTh B OIMMEPOETOHAX, TIPH-
MEHSIEMBIX B THIPOTEXHUKE Y UPPUTALIUN, — 3TO IIPOU-
HOCTb ¥ BOIOCTOMKOCTB. [103TOMY Ha TTommMepOeToHaX,
M3TOTOBJIIEMbIX Ha PA3IMYHBIX 3aITOTHATEIISIX, CMOJIaxX
1 OTBEPIMUTEIISIX, TIPOBOIMINCH OMBITHI 110 YIIYUIICHUTO
5THX KadecTB. OmpeneacHne CBOCTB Ha (hyphypoihb-
HOM CBSI3YIOIIIEM IIPOBOIMIIOCH IO COOTBETCTBYIOIIIM
METOIMKAM UCITBITAHMS CTPOUTETEHBIX MaTepraios [ 13].

I[MonnMepbeToH Ha GypdDYpOILHOM CBS3YIOIIEM
OTBepKIaeTcs KUCIOTHBIMU oTBepauTeasamu: bCK,
CEPHOI KUCIIOTOI M X CMECHIO, UTO JIeJIaeT HeOOXOI-
MBIM IIPUMEHEHIE HAHOCTPYKTYPUPOBAHHBIX MUKPO-
HAIOJIHUTEIICH 13 KUCIOTOCTOMKMX rmopox. CooTHoIIIe-
HHE KOJIMIECTBA CMOJIBI 1 3aITOJTHUTEIS IJIST TUIOTHOTO
noauMepoeToHa OOBIYHO MOAOUPAIOT TaK K€, KaK ISt
IIEMEHTHOT'0 OeTOHA (CMOJIa TOJIXKHA ITOKPHBITh 3¢pHA
3aMOJTHUTENST M 3alIOJTHUTH IIYCTOTHI MEXIYy HUMU).
BBenenne B cocTaB ITOIUMepOeTOHA HAHOCTPYKTYPH -
POBAaHHOTO MUKPOHAIIOJHUTEIST MOXET COKOHOMUTH
JIOPOTOCTOSIITYIO Moy [12—14].

HcrpITaHNe pa3IMmIHBIX COCTABOB MOJIMMEPPACTBO-
POB Ha HAHOCTPYKTYPHUPOBAHHOM MHUKPOHAITOJTHUTEIC
(MOJITOTBIN TIECOK WJIK MOJIOTBIN aHIe3UT) 1 pypdypoITb-
HOM CBSI3YIOIIEM ¢ J0OaBKaMU ITO3BOJIMIIO YCTAHOBUTH
cremyone peuenrsl |14, 15]:

1. 3amomHUTETH — 1 B.4., MUKPO3aIIOJHUTEb; BSI-
xymee — 0,2 B.4., cmoma ®I; orBepourens — 0,08 B.9.,
KOMOWHUPOBAHHBIM.

[Ipu BBegeHNN B COCTaB MOJIMMEpPOETOHA MEJIKOTO
3aITOTHATEN — TTecka MK = 1,92 — onrmuMaibHBIHA co-
CTaB KOJICOJICTCS B CIICAYIONINX TIpeIeiiax:
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Puc. 6. Oopa3supl noimMepoeToHa Ha ¢yphypoabHOM CBA3YIOLIEM PA3HbIX pa3MepoB

2. 3anomHUTENs — | B.9., MEJIKAI M MUKPO3aII0J-
HUTEJb B COOTHOIIEHUsX 1,5:1 1o Becy; Bsxkyllee —
0,12 B.4., cmomna DJI; otBepautens — 0,05 B.4., KoMOM-
HUPOBAHHBIN.

OnTUMABHEBIN COCTaB OIMMEPOETOHA C KPYITHBIM
3aITOJTHUATEJIEM — IPpaBUEM KPYITHOCTBIO 5—20 MM — MO-
JKET OBITH CJICTYIOIINM:

3. 3amoaHuTeNb — 1 B.9., KPYITHBIN 1 MUKPO3aIloJI-
HUTEJb B COOTHOIIEHUsX 1,5:1 1o Becy; Bsxkyllee —
0,1 B.4., cmoma ®DJ1; orBepautens — 0,04 B.4., KOMOU-
HUPOBAHHBIN.

I1Ipu BBemeHNUHM B COCTaB ITOJIMMEPOCTOHA BCEX TPEX
BUIOB 3aMOJIHUTENICH (MUKPO3AIIOTHUTEIIS, MEJIKOTO,
KPYITHOTO) ONTUMAJIBHBIN COCTaB OyICT CIICTYIOIIM:

4. 3anmonHUTENs — | B.4., HAHOCTPYKTYPHPOBaH-
HBIA MUKPO3AITOJTHUTEb, MEJIKUU U KPYITHBIA B CO-
oTHOLIeHUsX 1o Becy 1:1,6:2,5; Bsxxymee — 0,15 B.4.,
cmoua DJ1; orBepautens — 0,06 B.4., KOMOMHUPO-
BaHHBIN.

Bce 5111 cocTaBbI OyIyT MMETH pa3INIHBIC IIPOYHOCT-
HBIC XapaKTePUCTUKM (TaoII. 1).

Pa3zmep o6pa3moB coctaBa 1, 2 — 6amouku 4X4%X4 cMm
W CTaHIApTHBIC BOCBMEPKHU, COCTaBHl 3, 4 — KyOBI

10x10%x10 cMm, 6amoukn 10X10X32 cM 1 6aTOYKH
10X10X65 cM ¢ YTOIIIEHHBIMY KOHLIAMH.

[IpouHOCTH TTOTMMEPOETOHA OTIPENeISICTCS MHOTME
(daxropamu [16—18]. K uncily OCHOBHBIX U3 HUX OT-
HOCSITCSI: COIepKaHNE B TIOJTMMEPOCTOHE KOJTMICCTBA
BSDKYIIIETO, OTBEPAUTEIISI, PEXXUM TBEPIACHUSI, MUHE-
palbHO-TIeTporpadguIecKast XapaKTepUCTAKA 3aIT0JI-
HUTeNel. Pacxon BSCKYIIEro oImpemelisieTCsT ITyCTOTHO-
CTBIO 3aTOTHUTENICH 1 UX KPYITHOCThIO. YeM OoJbIie
ITYCTOTHOCTD 3aTIOJIHUTENIS, TeM OOJIBIIIE TTOTPEOYETCS
BSDKYIIIETO W, COOTBETCTBEHHO, OTBepauTeisa. Kommde-
CTBO OTBEPAMUTEIISI OKA3BIBACT CYIIECTBEHHOE BIMSHUC
Ha IMPOYHOCTH IoIuMep6eToHa. [1pu ero HemocTaTke
ITOJTUMEPHU3ALINST BSDKYIIETO MIOET HEITOJIHO, YTO OTPH-
IIaTeJIbHO CKAa3bIBACTCS Ha TIPOYHOCTH U IPYTUX Kade-
cTBax nmoimMepoeToHa. 30BITOK OTBEpIUTEIISI IIPUBO-
IHUT K OBICTPOMY CXBAaTHIBAHHMIO CMECH, YMEHBIIICHUIO
IIPOYHOCTH, K YBETMUCHUIO XPYITKOCTU M YXYIIICHUIO
IPYTUX TToKa3aTesneil. OnTuMaIbHOE COMepKaHMe BSIKY-
IIETO U OTBEPOUTEIISI HEOOXOMMMO BBIOUPATh M3 YCIIOBUS
obecIeueHMs TaKOTO TTOKa3aTeJIst OCHOBHOI XapaKTepH-
CTUKU TTOTMMEPOETOHA, KOTOPBIH OYICT pEeIIaONINM TSI
ero skcruryaranuu [17, 23].

Tabauya 1
IIpounocTh NOJMMEPOETOHA PA3HBIX COCTABOB
IIpenen npouHocTH, Kr/cm?
Ne cocraBoB
NIPH CIKATHH HA pacTszKeHne Mpu u3rnoe NPH PACTSKEHUH
1 1200—1300 270—-290 100—120
2 1100—1200 260-270 100—110
3 900—-950 235-250 90—100
4 900—-950 240-255 75—-80
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ABTOpaMU M3y9aJOCh BIUSHHAE PEXUMOB TEPMO-
00paboTKM HAa MPOYHOCTh 0OPa3L0B MOJIMMEepPOEeTOHA
Ha cmoisie DJI. TTpumenunm naBa crocoda. M3roToB-
JICHHBIE 00pa3IIbl TTOCIE CYTOYHOTO UX XpaHEHUS TIPU
Temreparype 18—20°C momemaanuck B TepMoIkad, rie
MoJABeprajauch cyxomy moporpeny mpu 60, 80, 100°C.
BpewMms BoigepkuBaHUsI 00pa3LoB B KAy U3MEHSIOCH
oT 2 1o 24 gacos. [pyrast cepust o00pa3ioB cpasy Io-
CJIe X U3TOTOBJICHMS TTOIBEPTaach CyXOMY IIOJIOTPEBY
TIpH TaKMX Ke peknMax. Pa3HUIIBI B pe3yibTarax, Imoiry-
YeHHBIX STUMHM ABYMS CIIOCOOaMMU TTOOOTpeBa, He Ha-
omonanock. JIydime pe3yabpTaThl IOKa3aaud PeXKUMBI
o6pabotku ipu 80°C B Teuenue 10 gacos u pu 100°C
B TeueHUE 8 yacoB. MOXHO cIesIaTh BBIBOI, YTO HarpeB
HoJIMMepOeTOHAa MHTCHCU(MDUIINPYET MOJIMMEPU3AITAIO0
ceszyromero O [17, 18, 21].

PE3YJIbTATbI

ITepBbIM yCO0BHMEM BBICOKOU XUMUUECKON CTOMKO-
CTU MOJUMEPOETOHOB SIBJISIETCSI JOCTUXKEHUE TTOJTHO-
ThI OTBEPKICHUST CMOJIbI. [1OBBIIIIEHHYI0 XUMUYECKYIO
CTOMKOCTb COOOIIAIOT MOJIUMEPOETOHAM XUMUYECKU
CTOMKME 3alOJTHUTEIN, K CAMbIM PacIIPOCTPaHEHHBIM
13 KOTOPBIX OTHOCSIT aHIEe3UT, Auabdas3, KBapi U Ap.
XUMHUYECKYIO CTOMKOCTb MOJUMEpPOETOHAM COOOIIaeT
rpauT U poACTBEHHbIE eMy MaTepuaibl. st cpaBHe-
HUS CTOMKOCTU pa3IMYHBIX 00pa31oB Ha cMoiie D]
B arpeCCUBHBIX CpelaxX MPOBOIWINCH UCIIBITAHUS B TEX
JKe arpecCUBHBIX pacTBOpax 00pa3loB IOJIMMepOeTOHA
Ha MoHOMepe DA [13, 21, 23].

Tabauuya 2

WcnbiTanust ObLIM IPOBEACHBI HA cepuu 00pa3lioB
pa3zmMepoM 1X1X3 cM CIemyIoIIero cocTaBa:

a) 3aIroJHUTENb — 231 B.4., KBapIeBBIIA MOJIOTHIN
rmecok; Bsekyiee — 100 B.4., cmora DJI; oTBepaUTENIh —
40 B.4., KOMOMHUPOBAHHBII;

0) 3amosHUTEeab — 173 B.4., rpaduT; BSLKyIIee —
100 B.4., cmosra DJ1; orBepauTeab — 40 B.4., KOMOU-
HUPOBAHHBIN;

B) 3aITOJIHUTENIb — 315 B.4., KBapleBbIiA MOJOTHIM
mecok; Bsekyiee — 100 B.4., moHoMmep PA; oTBepmu-
teab — 20 B.4., BCK; aneton — 1,6 B.4.

XuMIYIecKast CTOMKOCTh TTOJIMMEPOETOHOB OITPEIeIsI-
JIach 10 U3MEHEHMIO TIPOYHOCTH 00pa3IoB IIPU U3THOE
[16, 19, 23]. OOpasibl MpeaBapruTEIbLHO MTOIBEPTAINCH
TepMOOOPabOTKE B TeUeHME 12 4acoB IIpU TeMIIepaType
80°C uepe3 2 CyTOK MOCJe M3rOTOBIICHUS. B KadecTBe
arpeCCUBHBIX Cpell OBLITH MCITOIh30BaHbI PACTBOPHI KHC-
not: cepHoit 1% u 10%, constnoit 1% u 10%, enxoro
Hatpa 1% u 10%, a TakxKe pa3IMYHble PACTBOPUTEIN
(Tadm. 2, 3).

[Ipo4HOCTH 3TAIOHHBIX 06pa3LoB 356 Kr/cm?.

W3 T1abm. 2 1 3 BUIHO, YTO OOJIBIIOE CHDKEHUE TIPOY-
HOCTH MaJIBIX 00pa3IloB IIPU MCITBITAHUYM NX Ha U3TU0
OTMEUaJIOCh BO BCEX IIEJIOYHBIX 1 KUCITBIX CPEIaX, a yKe
yepe3 30 CYyTOK TTocie TTOTPYKEHMS B arPeCCUBHYIO CPEIY
IIPOYHOCTH 00PA3II0OB Ha MOJIOTOM TpauTe CHU3WIACH
Ha 40—50% ot ucxonnoii. ITpouHocTs 00pa3oB Ha MO-
JIOTOM I'papUTe ¥ MOJIOTOM ITeCKEe B OPTAaHMIECKHX pPac-
TBOPUTEIISIX (OEH30JIe, TOYOJIe, alleTOHe, OCH3MHE) T0-
BhicuIach K 30—60 cyrkam BeiaepxkuBaHus Ha 20—30 %
OT UCXOJTHOW.

XuMu4yeckasi CTOMKOCTb MOJMMEPPACTBOPA, IPUTroTOBJIEHHOro Ha ocHoBe DJI ¢ rpapUTHHIM HANOTHUTEIEM

NPH BbIIEPKUBAHNM 00PA31OB B arpecCHBHBIX Cpenax

V3mMeHeHHe MPOYHOCTH NP M3THOE Yepe3 CYyTKH, Kr/cm>
Cpena Konnenrpanus, %
30 60 90 120 180 360

Bo3zmyx - 328 334 344 340 334 345

1 139 167 187 170 162 154
CoJsggHas KUCIoTa

10 123 221 150 160 165 180

1 130 166 160 177 178 200
CepHasg K1cI0Ta

10 156 177 158 - 167 150

1 152 165 141 - 165 172
Enkuii Hatp

10 160 221 193 — 208 210
Tonyon — 439 408 — 374 444 427
Benson - 453 411 — 393 315 409
AnetoH — 407 412 — 423 398 430
bensun - 419 426 — 405 400 425
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Tabauuya 3

Xumuyeckas CTOMKOCTD MOJMMEPPACcTBOPA, MPUrOTOBIEHHOTO HA ocHoBe D], MoHoMepa DA 1 MOJI0TOrO MecKa
NPy BbIIePKUBAHUU 00PA3I0B B arpecCUBHbBIX Cpelax

V3mMeHeHne NpOYHOCTH NP U3THOE Yepe3 CyTKH, Kr/cm>
Coema 9;72;‘;‘ 30 60 120 180 360
Ha cmone @I
Bosmyx 306 363 410 435 428 410
Tomyon — 352 418 386 403 415
Benson — 383 414 439 393 390
AlleToH — 382 315 251 227 213
Bensun — 390 370 375 320 390
Ha monomepe @A

Bozmyx 378 324 344 294 265 290
Tonyon — 392 393 403 385 374
benzon — 428 441 378 401 408
AlleTOH — 108 81 65 60 54
BensuH — 433 378 378 384 390

IMommepbeToHHBIE 00pa3Lbl HAa MoHOMepe DA 1 Ha
MOJIOTOM TIeCKe MIPH BHIIEPXKUBAHUM B allcTOHE TIOTEPSI-
11 okoJio 75%, a Ha MojioToM rpadute — okoio 10—15%
CBOCH IMepBOHAYATBHOM TTPOIHOCTH (Ta0I. 3).

CTOMKOCTh 3TUX Xe 00pa3lloB B OPraHMICCKUX
pacTBOpHUTEIAX (TONyolie, OeH30Je, OCH3MHE) HE 13-
MEHIIACh TI0 CPAaBHEHUIO C MCXOTHOM 1 B HEKOTOPHIX
CIIyJasix HECKOJIPKO YBEeMUMBaIach. PacTBOpHI emKoro
HaTpa ¥ HEKOTOPBIX KMCJIOT MPAKTUIECKN HE BHI3BIBAIOT
cHIXeHUd TTpouHocT. CHIDKaeTcst oHa yepe3 30 cyToK
TIpY XpaHEHU 00pa3loB B Boze. Jlajee ITpOYHOCTD CTa-
OUJIU3UPYETCS.

HcrpiTaHne 006pa31ioB Ha NCTUPAEMOCTh TIPOBOIN-
JIOCh TIO CTAHIAPTHON METOMUKE Ha «Kpyre AMciepar.
O0pasibl — KyOBl pa3MepoM 7X7X7 ¢cM ObUIN U3TOTOB-
JICHBI U3 COCTaBOB 3 1 7. 3aMOJTHUTENb — | B.4.; BSLKYIIee
0,12 B.4. — moHoMep DPA; orBepautensb — 0,4 B.u., BCK.

B xadecTBe 3aITOJTHUTEIST MCIIOJIB30BAJICS TPaBUil
KPYITHOCTBIO 5—20 MM ¥ MOJIOTHII aHIE3UT B COOTHO-
meHusx 1,5:1 (ta6m. 4).

Tabauya 4

Mertonuka orpeaeicHIsT BODOCTOMKOCTH ITOIMMED-
6eToHa Trpocta. O0pa3nbl — KyOUKM, 0AJIOUYKU U3 TI0-
JIMMepOETOHA Pa3HBIX CPOKOB XpaHEHUS TIOMEIIAINCH
B BOIY M B pa3IMYHBIC CPOKM XPAaHCHMS UCITHITHIBAIICH
Ha cxKaTtue. DTaJJOHHBIC 00pa3IIbl XPaHWINChH B CYXUX yC-
JIOBUSIX. BemmumHa mameHus IpoYHOCTH 00pa3IoB, Xpa-
HUBIINXCS HEOMMHAKOBOE BPEMSI B BOIIE, XapaKTepU3yeT
BOIOCTOMKOCTH TToImMepOeToHa. J1JIsI oTipeneieHrsI BO-
JIOCTOMKOCTH ojmMepoeToHa Ha cmoite DI roToBMINCH
cepuu IoIMMEpPOETOHHBIX 00pa3loB — KyOUKHU 1 0aJI0UKHU
Ha OTBEPIUTEIISIX PA3HBIX BUIOB U B PA3IMIHBIX KOJIIIe-
ctBax [19—22]. Pe3yabTaThl NCTIBITAHMI BOTOCTOMKOCTH
5TOTO COCTaBa B 28-THEBHOM BO3pPACTe IIPUBEICHBI B TA0IT.
5; B 60-mHEeBHOM — B Ta0JI. 6 1 MOCJIE CYXOro IIOA0rpeBa
B TeueHne 10 gacoB mpu Temmepatype 80°C — B a0 7.

W3 maHHbBIX TaOJIUIL JIETKO BEIMUCIUTH KO UIINEH-
ThI pa3MSITYCHUST Kp 1 BOIOCTOMKOCTD K . Tak, Hampu-
Mep, nociie 60 CyToK:

K = 980/1133 = 0.865; K, = 1133/1180 = 0.96.

HcTupaemocTtsb nomMepoeTOHA PA3IHMIHBIX COCTAaBOB P 600 M myTH ncTHpaHuUs
(cpenneapndMeTHIECKHE JaHHbIE O 6 00pa3maM KaxKI0ro COCTaBa)

Bec obpa3ma HcTupaemoctn Hctupaemoctb
Bec o0pa3na IInomans
Ne cocraBoB 0 HCHBITAHNSL. T nocJie T Ha 600 m/myTH, 1eMEHTHOTO
& ’ HCIBITAHAUSA, T ’ r/cm? o0erona M-200
7 754 746 49 0,16 0,6—1,2
3 742 735 49 0,14
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Tabauya 5
N3meHenne BOXOCTOMKOCTH MOJMMEPOETOHA B Bo3pacTe 28 AHeil B 3aBUCMMOCTH OT BPEMEHH HAXOXK/IEHUS B BOJIE
IIpenen npoYHOCTH NPH CKATHH 00PA3LOB,
ITpenen npounoctu XPaHUBIIMXCS B BOJE B T€YEHHE CYyTOK, KI/cM*
Tun orBepauTeIs, IpPH CKATHH
KOJIMYECTBO OT Beca 10 OMenIeHUsT
BSIKyIIEro, % 00pas3uos B BOLY, 30 60 90 120 150 180 | 270 | 360 | 540 | 720
Kr/cm?
CepHast kucyorta, 30 1180 1060 | 280 | 210 | 880 | 855 | 823 | 810 | 820 | 813 820
P ’ 1155 | 1133 | 1000 | 920 920 900 905 905 895 900
1060 | 965 | 912 | 872 | 844 | 820 | 808 | 794 | 805 | 800
BbCK, 50 120 1155 | 1065 | 1022 | 990 | 950 | 920 | 898 | 895 | 900 | 910
KoMGHHIDOBAHHbIL 40 1260 1205 | 1155 | 1105 | 1065 | 1045 | 1025 | 1015 | 1020 | 1010 | 1010
P ’ 1115 | 1045 | 1000 | 935 200 872 859 865 854 860

Tabauuya 6

N3menenue BoJOCTOHKOCTH HOJIl/lMepﬁeTOHa B BO3pacrte 60 CYTOK B 3aBUCUMOCTH OT BPECMCHHU HAXO02K1CHHUA B BOJC

Tun oTBepaAMTEIA,
KOJIMYECTBO OT Beca

IIpeaen npoynocTu npu
CXKATHUH 10 MOMELIEeHUA NX

IIpenen npoYHOCTH MPH CKATHH 00PA3IIOB,
XPAHUBIINXCS B BOJIE B Te4eHHE CYTOK, KI/cM*

BSDKYIIEro, % B BOLY, KI/cM? 60 120 180 240
Cepnag xucnora, 30 1220 1105 930 900 905
BbCK, 50 1205 1160 1160 1109 1100
KoM6uHupoBaHHbiii, 40 1295 1200 1150 1092 1096

Tabauua 7

N3mMeHeHne BOIOCTOMKOCTH MOJMMEPOETOHA IOCIIE €70 CyX0ro nmomorpesa npu temmeparype 80°C
B T€YCHHUE 10 YacCcoB B 3aBUCUMOCTH OT BPEMEHH HAXO0KICHHUS B BOJAEC

IIpenen npoynocTH npu
CKATHH JI0 IOMEIIEHHUS

Tun oTBepaUTEN,
KOJIMYECTBO OT Beca

IIpenen npovyHOCTH NMPU CXKATHH 00PA3IIOB,
XPaHUBIIMXCS B BOJIE B TeY€HHE CYTOK, KI/cM?

9 7 9 &

S X B BOLY, KI/CM 60 120 150 180 240
BCK, 50 1200 1160 1135 1122 1115 1108
KomM6unupoBanHsiii, 40 1255 1185 1150 1137 1120 1125

Jlygmme mokaszaTesn BOIOCTONKOCTH OBLIH ITOJIyYe-
HBI TIPU CYXOM TTOOTpeBe 00pa3ioB B TeueHme 10 yacoB
npu Temmneparype 80°C.

I onpenesieHUsI BOMOCTOMKOCTH TTOJIMMepOeTOHA
C KPYITHBIM 3aITOJTHUTEIEM M3TOTAaBIMBAINCH OOpa3IIbl
coctaBa No 3 (Ta6:m. 8). CocTaBbl OBUIH UCITHITAHBI HA BO-
MOCTOMKOCTh B MUHEPAJTM30BaHHBIX Bomax. B kauecTse
MUHEpaJIU30BaHHOI BOIbI yIIOTpebJsicst 8% pacTtBop
cepHOKHMcIIoro Hatpus (Tadm. 9). [TameHne mpoyHOCTH
OJIMMEePOETOHA B MUHEPAJIM30BAHHOM BOJIE TTPOMCXO0-
IINT MeJJIEHHee, YeM B YnCTolt [23, 24].

Koppo3suitHoe BIMsIHIE TOJIMMEPOETOHA Ha CTallb-
HYIO apMaTypy UCCICIOBAJIN TI0 CICIYIOIICH METOTNKE
[25]. M3roTaBmmBainch 00pa3bl—KyObI M3 cocTaBa No 3
pasmepom 10X 10X 10 cM: 3aTTOJTHUTENTh — | B.4., MOJIO-

THIN aHIE3UT U TpaBUil KpymHOCTHIO 20—40 MM B COOT-
HomreHun 1:1,5 mmo Becy; Bskyiee — 0,1 B.4., cmonma DJI;
otBepanTenb — 0,04 B.9., KOMOMHUPOBAHHBIIA.

B nipouiecce n3rotosieHus B Kaxablii oOpasel 3a-
IeTbIBAIN CTaJbHBIC MIIN(POBAaHHBIC CTCPKHU I~
MeTpoM 16 mMm, mmHoi 80 mMm. Ilepen 6GeToHMpPOBa-
HUEM CTePXHU OYUIIAIN alleTOHOM 1 B3BCIIMBAJIM.
OO0pasibl XpaHUIN B TOMEIIEHUN TIPUA TeMTIepaType
Bo3ayxa 18—20°. [Tocae 12-MecauHOro XpaHEHUSI YaCTh
00pas3II0B pa3maBINBaIN, CTEPKHN U3BJICKATIN 1 BHOBb
TIIATEILHO B3BCIIUBAIN. MICTIBITAHNE OCTABIIUXCS 00-
pa31oB IpOU3BOAMIIN B 18 11 24-MecITYHOM BO3pacTax.
Kax 6b110 ycTaHOBJICHO, BEC CTEPKHE He M3MEHSIICS
BO BpeMeHU. He oOHapyXeHbl U KaKue-JIM00 CJeabl
KOPPpO3WH Ha IMIOBEPXHOCTH CTepkHeil. ClemoBaTeIbHO,
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Tabauya 8
N3menenue npouHocTu nojauvepoerona Ha cmose @JI npu XpaHeHuu B Boje
IIpenen npovYHOCTH MPH CXKATHH 00PA3IIOB, KI/CM?
Ne cocraBa JI0 IOMeIeHHs MOCJI€ XPAHEHHS B BOJIE B T€YEHHE CYTOK:
B 30 60 90 120 240 360
3 750 620 650 610 590 550 530
Tabauuya 9

H3meHeHue npouHoCTH nosmMepoeTona Ha cmouie O/ npu XpaHeHnH B MUHEPAJIM30BAHHOM BOIE

Ipenen NpoYHOCTH MPH CKATHA 00PA3LOB, KI/CM?

Ne cocraBa JI0 TIOMeIIeHust 1ocJie XpaHEeH!s1 B BOJI€ B T€YEHHe CYTOK:
B MUHEPAJIbHYIO BOILY
30 60 90 120 240 360
3 780 715 680 650 670 640 620

cpema monuMepoOeToHa Ha cMmosie D] He oKa3bIBaeT
KOPPO3UPYIOIIETO BIMSIHUS Ha CTAILHYIO apMaTypy
[25].

B ymciuresne maHbl pe3yabTaThl UCITBITAHU 00pa3-
IIOB BO BJIAXKHOM COCTOSTHUM, B 3HAMEHATEJIC — PE3YIIb-
TaTHl UCITBITAHUI 00Pa3IlOB, BHICYIICHHBIX IO ITOCTO-
STHHOTO Beca.

HcriplTaHMs Ha aare3uio ¢ MEeTaJUIMIeCKOM apMaTy-
POl TIPOBOAMIINCH METOIOM BBIACPTUBAHUS CTATBHBIX
cTepxkHe ragkoro nmpoduist mpu d = 16 mm Mapku A—1
w3 rpu3M 10X 10%20 cm coctaBa Ne 3. [myOomHa 3ameaku
cTepskHel coctapisiia 20 cM. BeimepkuBaHMe CTepsKHEIH
TIPOU3BOAMIOCH Yepe3 28 1 60 CYyTOK ITOCIIE U3rOTOB-
JIeHUsI 00pa3noB. JlaHHBIC UCITBITAHUIA TTOKA3aIi, 9TO
CIIETUICHHE apMaTyphl C TIOJTMMEPOETOHOM COCTABIISICT
108 xr/cm? [25].

Momyb yIpyrocTy MOIUMepOeTOHA TP CXKATUH
OTIpEIeJIsITICS Ha TIpU3MaxX pa3MepoM 7 X7 %22 cM TeH30-
MeTpamu ¢ 6a3oif 20 MM, ¢ IICHOM mejieHus 1 MM, yKpe-
IUICHHBIMHA C ABYX CTOPOH, ¥ MHINKATOPOM YaCOBOTO
tumna c ueHoit genenus 0,01 mm. Harpyska ocyimmectsiisi-
Jack ctyneHsaMu, paBHbIMU 0,1 R ipusmenHoit. ITocne
KaXXIIOM CTYIIeHU JaBajlach BBIIEPXKKA TIPOIOJIKATEIb-
HOCTBIO 5 MUH. B BUIy ymipyroro rmocieneiicTBHs OTcUe-
THI AeOpMaIInii TIPOU3BOIMINCH Ha KaXXKIOl CTyIICHN
IBaKIbl: B MOMEHT IIPUJIOXKECHUS HATPY3KU TSI 3aMepa
yIpyrux aedopMaIii 1 ocie BhIIePKKU U 3aMepa
TUTACTMYECKOM, OCTaATOYHOM I1ehOpMaIIiH.

[Tpu pacTsoKeHUHM MOMYIB YIIPYTOCTH OTIPEIEIISIICS
AHAJIOTUIHEBIM ITyTeM Ha obOpasiax-Ipru3Max pa3MepoM
10x10x60 cMm, ¢ yroameHHbIMU Topuamu. CpemgHe-
apudMeTIecKre JaHHbIE UCITBITAHUI 5 00pa3lioB ObIITN
CJIEAYIOIIMMU: IIPU3MEHHAsT IIPOYHOCTL — 850 Kr/cm?,
TPOYHOCTB MPU pacTsekeHUH — 90 KT/cM?, MOIYJTb YIIpY-

rocty npu cxatuu — 298 000 Kr/cM?, a IIpU pacTsLKe-
Hun — 160 000 kr/cm?.

OBCYXJIEHUNE

Pe3ynbraTel HCTIBITAHMIA TTOKA3BIBAIOT, UYTO TIOJIIMEP-
6etoH Ha cMoste DJ] MaJto OTIMYAeTCsT OT ITOIMMEPOETOHA
Ha MmoHOMepe DA. [TpodHOCTHEIE TTOKA3aTe I Y IIEPBOTO
Gosnbie Ha 20—25%, a Apyrue CBOMCTBA MAJIOOTIMYKMEI.

CronmocTh moauMepbeToHa Ha cMmone DJI Hike
cToMMocCTH rojanmepoerona Ha cmoiie DA Ha 10—15%.
Baxxnabiv ipenmyiectBoM cMoiabl DI repen DA saBis1-
eTCS TO, UTO IIJIS €€ M3TOTOBIICHUS He TpeOyeTCs TeXHO-
JIOTUIECKOTO 000pYIOBAaHUS M paboYdeii CHITBI.

st ormpeneeHUST ONTUMAIBHBIX COCTAaBOB CMO-
JIBI OBUIM TIPOBEICHBI OMBITHI, AaHAJOTUYHBIC OITBITAM
¢ mueHNIAMITHOM, 1 OIIpeAesIeHO, YTO ONTUMABHOE
cooTHoIIeHNEe Dypdyposia U OTXOIOB IIPOU3BOACTBA
mndenmnamuia — 1:0,75-1, a KOJIMYECTBO OTBEPIUTEIIS
(xoMO6uHUpOoBaHHOTO) — 40% OT Beca CMOJIBI, KOTOpast
ycIIoBHO HazBaHa Hamu cMojtoit @O (tadm. 10).

I[Ipu mMcciaemoBaHUM CBOUCTB IMOJMMepOeTOHA
Ha cMosie DOJI obHapyKeHO, UTO OH 00J1aJaeT XOpoIeit
BOJIOCTOMKOCTBIO. JIJIT MCTIBITAHUST M3TOTAaBINBAINCH
00pa3IIbI CICTYIOIINX COCTABOB:

8. 3amomHUTENh — 1 B.Y., MOJIOTBIN aHAC3UT; BKY-
mee — 0,25 B.4., cmona DOJ; orBepautens — 0,1 B.9.,
KOMOWHWPOBAHHBIMA.

9. 3amoHUTENH — | B.4., TpaBUil, IIECOK, MOJOTHIN
IIECOK B COOTHOILIEHUN 110 Becy 2,5:1,6:1; BsuKyiiee —
0,15 B.4., cmona MO/I; orBepautens — 0,06 B.4., KOM-
OMHMPOBAHHBIA.

B xauecTBe 3aITOJHUTEIS UCIIOIB30BAJICS TPaBUit
KpynmHOCThIO 5—20 MM, TTecok Mk = 1,84. U3 cocraBa
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Tabauya 10
OcHOBHbIE CBOICTBA MOJMMEPOETOHA U MOJMMEPPACTBOPOB
DU3UKO-TEXHHYECKIE Enuanna Ha monomepe @A Ha cmone ®J1 Ha cmone @O/
noKasaTeJin U3MEpeHus pacTBop 0eTon pacTBop 0eToH pacTBop 0eToH
OOBeMHBII Bec r/cm? 2,0-2,1 2,1-2,.15 2,0-2,1 2,05-2,2 2,0-2,1 2,1-2,15
Mpenen npodroctu xr/em® | 800—1000 | 600—700 | 1100—1300 | 700—750 | 900—1000 | 650—750
NIPY CKATHU
Mpenex npotrocTH Kr/cm? 80—90 60—70 90—100 80—90 85-90 65-75
PY PaCTSKEHUU
Pacrsoxenue npu nsrnbe Kr/cMm? 180—200 120—160 200—-210 180—190 190—195 150—170
YAenbHAsT yAapHas Kr/cm? 1,8-2,0 2-3 1,8-2,0 2,5-3 1,8-2,0 2,2-3
BSA3KOCTb
VYcanka nuHeiHas MM/TL.M 4,0—-4,5 — 3,2-3,6 — 4,0—-4,5 —
VYcanka oObeMHas % 4,55 — 3,5-3,8 — 4,2—-4,5 —
NS /et B 200 000— B 270 000— B 210 000—
AR YIPY 250 000 290 000 240 000
HctupaeMocTb r/cm? - 0,350 — 0,214 - 0,008
Boonorzomerie % K Becy - 0,010 - 0,012 = 0,008
3a 24 yaca
BonoHenpoHUIIaeMOCTh aTM/CyT. - 18/90 — 18/90 — 18/90
Tabauya 11
N3menenue npouHocTH nojmmMepoeTona Ha cmosie @O/ npu XpaneHuH B Bojie
IIpenen npouHOCTH 0OPA3IIOB NPH CKATHH, KI'/CM?
TN (e i b1 (1 10CJIe XpaHEeHHs B BOJE, CYTKH
MoMeLIeHus
B BOLLY 30 60 90 120 180 360
930 870 840 810 790 765 750
9 550 510 490 475 470 450 460

Puc. 7. MukpocTpyKTypa 00pa3ioB nommepoeTona: a — Ha MoHoMmepe DA; 6 — Ha cmoste D/I; B — Ha cmosie POJT,

Ne 8 roroBmIIMCH KyOBI pazmMepoM 3X3X3 cM 1 13 cocTa-
Ba No 9 — 7x7x7 cwm. [Nocne xpaHeHus pu KOMHATHOM
TeMIiepatype B TedeHue 60 cyTok oGpasiibl ObLIN MO-
MEIIIeHBI B BOY. DTAJIOHBI XPaHUJIUCh B CYXOl cpere
(tabm. 11).

HccnenoBanust MUKPOCTPYKTYPBI TTOIMMEPOETOH-
HBIX 00pa3iioB Ha MoHOMepe DA, cmone O u DO/,

BBITIOJTHSUTUCH HA CKAHUPYIOIIEM 3JIEKTPOHHOM MUKPO-
ckorie JEOL JSM7500 ¢ mpucTtaBkoif peHTTeHOCTIEK -
TpasibHOTO aHau3a (puc. 7). [lomydeHHbIE pe3yabTaThl
KOPPEJUPYIOTCS C BhIIIIE TPUBEIEHHBIMUA SKCTIEPUMEH -
TaJbHBIMU TaHHBIMU. VI3yuyeHre CHUMKOM I10Ka3aso,
YTO BCE TpU 00pasiia MMEIT CXOXYI0 CTPYKTypy. Cy-
IIECTBEHHBIX OTINYUI B CTPYKTypax He HaOItomaeTcs.
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[MpennoxeHHble HOBbIE 0Opa3Lbl ITOJUMEPOETOHOB
Ha cmone D1 1 ®OJI MMeIoT yIydllIeHHbIe XapaKTe-
PUCTUKU ¥ HE YCTYIMAIOT IOJIMMEPOETOHY Ha MOHOMEPE
DA 110 IPOYHOCTH, XUMUYECKOI CTOMKOCTH, U3HOCO-
CTOMKOCTU, BOZOCTOMKOCTH, HICTUPAEMOCTHU U aAre3uu
C METAJLJIOM.

3AKTIOYEHUE

ITo pe3ynbTaTamM BBIITOJTHEHHOTO MCCJIEeTOBAHUSI
MOXHO C/IeJIaTh CJIeIYIOIIe BEIBOIBI:

1. B mpegnaraemom crioco0e M3TrOTOBICHUS MO -
MepOeTOHa B Ka4eCTBE CBA3YIOMIETO MPEIIOXKEHO MC-
MOJIb30BaTh OOBIYHBIN PACTBOP OJHOTO XMMUYECKOTO
npoayKTa B ApyroM. B naHHoOM ciiyyae He TpeOyeTcs
3aTpaT Ha OCYIIECTBIIEHNE TeXHOJIOTMUYECKUX Oorepa-
LU MO MOJYYEHUIO CBA3YIOIIETO, U €T0 CTOMMOCTb
OyHeT MMOYTH TaKOi Xe, KaK CTOMMOCTb MCXOIHBIX
TPOOYKTOB.

2. W3 cpaBHEHMS TEXHOJIOTUI TTOJTydeHUsT cMOJTBI D1
¥ U3TOTOBJIEHUS MTOJIMMEPOETOHA, a TAKXKe U3 TIpeBapu-
TEJIbHBIX JAHHBIX UCITBITAHUI U3y4aeMbIX MaTepUaioB

CIINCOK NCTOYHUKOB

MOXHO OTIPEACIUTh BO3MOXHBIC TEXHUKO-3KOHOMU-
YecKHe TPeUMYyIIecTBa mojimMepoeToHa Ha cmone DI
Tepe IPUMEHSICMBIM B HACTOSIIIIEE BPEMSI B CTPOUTEITh-
CTBE TMIPOTEXHIUICCKIX COOPYKEHUI ITOTMMEPOESTOHOM
Ha MoHOMepe DA.

3. [MonumepbeToH Ha cMosie D] 0bagaeT BEICOKOIM
IIPOYHOCTBIO U TIPEBHIIIACT ITPOYHOCTD MOJIUMEepOCTOHA
Ha MoHOoMepe DA Ha 20—25%.

4. BoibIIMM MPEeUMYIIeCTBOM ITOJINMEpOEeTOHA
Ha CBSI3ymoIIeM cMecHu ¢pypdyposa ¢ oTXxomaMu IIpo-
M3BOJICTBA TU(PeHMUIAMIHA 10 CPAaBHEHUIO C IPYTUMU
BUIAMM ITOJTMMEPOCTOHOB MOXKET OBITh €T0 HI3Kas CTO-
MMOCTh. HU3Kasg cTOMMOCTH TTOIMMepOeTOHA 00YCITOB-
JIMBAETCS MAJIOM CTOMMOCTBIO CBSA3YIOIIETO, COCTOSIIIIETO
n3 1 BecoBoii yactu dypdypona u 0,75 BecoBoii yacT
OTXOIIOB XUMUYECKOTO ITPOU3BOICTBA, KOTOPEIEC OTBO-
35ITCSI B OTBAJI.

5. TexHon0TMS U3rOTOBJIEHUS MoaUMepOeTOHa Ha
cBsI3yIOIEeM — cMecu pypdypora u nndeHnIaMrnHa,
OTXOIIOB ITPOU3BOACTBA NM(EeHMIAMITHA — aHAJOTUYHA
TEXHOJIOTUU M3TOTOBJICHUS TIOJIMMEPOETOHA HA MOHO-
mepe DA.
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ABSTRACT: Introduction. Portland cement slurries (suspensions) used for well cementing have high water-cement ratios
(0.45-0.6). They also contain a minimum amount of inert fillers, must have zero water separation and controlled hardening with a
minimum time between the start and end of setting. Literature review. Most of the scientific work on the use of nano-additives
in binder systems relates to the construction industry. Nanosilicon, nanotitanium, nanocarbonate, nanoclays, carbon nanofibers,
etc. were widely used as modifiers of cement systems, which showed an increase in the strength characteristics of the result-
ing concretes. Literature review showed that there is a very wide range of concentrations of nanoadditives in cement systems
from 0.001 to 10.0%. An increase in the strength of cement with high concentrations of additives in a number of publications
is explained by a decrease in its capillary porosity due to clogging of the pore space. However, nanoadditives should not play
the role of microfillers in the hardened stone. They should work in cement slurry at the stage of cement hydration and cement
structure formation at concentrations less than 1.0%. Results and Discussion. The paper presents the results of experimental
studies of the rheological properties and early strength of stone based on Portland cement with additives (0.01%) of nanocar-
bonate and nanoiron. The role of nanoadditives is to increase the rate of cement hydration by reducing the activation energy,
and accelerating the dissolution of the solid phase in the liquid. Nanoadditives can be a “substrate” on which two-dimensional
nuclei of a new phase are formed. The probability of the appearance of two-dimensional nuclei on the substrate is much higher
than for the formation of three-dimensional nuclei of a new phase in the bulk of the solution. Conclusion. The results show an
ambiguous effect of additives on the tested parameters, which indicates the need to optimize the amount of additives. One of
the reasons for the ambiguity of the results may be high water-cement ratios, which reduce the likelihood of the formation of
“constrained” conditions in cement slurries. At the same time, the effects of accelerated cement hydration are “levelled” and
the number of contacts between hydration products is reduced.

KEYWORDS: nanoadditives, cement hydration, structure formation, rheology, compressive strength.

FOR CITATION: Agzamov F.A., Grigoryev A.Y. Modification of portland cement with nanoadditives. Nanotechnologies in Construction.
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INTRODUCTION

he quality of cementing materials is one of the main

factors affecting the quality of well completion, since
the tightness and reliability of the cement sheath depends
on the cement stone obtained in the well [1, 2].

The variety of geological and technical conditions for
well construction determines the use of a wide range of
modifying substances in plugging materials and solutions
(hardening accelerators or retarders, plasticizers, fluid
loss reducers, gas blockers, expanding and reinforcing
substances, etc.) [3—3].

It is very important that additives of nanomaterials can
significantly improve the quality of cements.

© Agzamov F.A., Grigoryev A.Y., 2022

LITERATURE REVIEW

Features of the use of Portland cement in well cement-
ing are that the applied slurries (suspensions) have high
water-cement ratios (0.45—0.6). Oil well cements con-
tain a minimum amount of inert fillers, but the resulting
slurries must have zero water separation and controlled
hardening with a minimum interval between the start and
end of setting.

Among the first works devoted to the use of nano-ad-
ditives in oil-well cements is the scientific work [6], which
presents the results of using nano-iron in an amount of
0.01%, and shows an increase in the strength of the result-
ing cement stone by 25—35%.
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B.A. Suleimanov and E.F. Veliyev [7] studied the ef-
fect of particle size distribution of nanosized additives on
the quality of cementing. They showed the superiority of
nanoadditives SiO, (0.3—1.5%) and TiO, (0.5-2.0%) in
terms of their effect on the strength of the stone compared
to increasing the fineness of Portland cement.

The articles [8, 9, 11] should also be noted. In particu-
lar, in [8], the use of nanoclay in an amount of 1-3% in
cement slurries for casing wells at high temperatures was
discussed, and it was shown that the strength increases
in compression and improves the rheological properties
of the slurry. The article [9] considered the possibility
of using a patented nanoadditive to increase the elastic-
ity of the stone. The authors believe that nanoadditives
contribute to the creation of long acicular crystalline
structures. These structures crosslink, block capillary
pores, increase the flexural strength of the cement stone,
and also enhance the dynamics of cement hydration. The
“modification of the cement hydration process” should
take place during the first 48 hours of thickening. This is
consistent with the results of a study of expanding cements
[10]. This article shows that the processes of hydration of
expanding additives must occur during the period of the
“elastic” structure of the stone, capable of healing the
formed defects.

According to article [11], an increase of the corrosion
resistance (acid resistance) of a cement stone containing
1% nanosilica was experimentally proved.

At the same time, nanoadditives have not yet found
wide application in well cementing. In our opinion, this
is due to the specific conditions of the work. There is also
a large uncertainty in the evaluation of the results obtained
regarding the quality of the resulting stone in downhole
conditions. The technology of using nanoadditives limits
their widespread use in production.

It should be noted that the bulk of research work on
the use of nano-additives in binder systems relates to the
construction industry.

The most complete review of works of the using of
nanoadditives in binder systems used for the preparation
of concrete is given in reviews [ 12—14].

Among the nanomaterials used in the modification of
cement systems, nanosilicon [15—16], nanotitanium [17],
nanoiron [15, 16, 18], nanocarbonate [19—21], nanoclays
[8, 13], carbon nanofibers [22] and some others.

At the same time, most authors noted an increase in
the strength parameters of the resulting concretes.

While analyzing of works devoted to the using of nano-
sized additives in cement systems, there is the question
about the mechanism of their action and their rational
amount.

Some papers present the results of studies using nano-
additives in the amount of 3.0—10.0% [15, 19, 21]. Ex-
plaining the improvement of stone properties by reduc-
ing its capillary porosity, the authors are actually talking

about microadditives that perform the specified role in
concrete. It seems to us that nanoadditives should work
at the stage of hydration and structure formation of ce-
ments, and the amount of additives should be tenths or
hundredths of a percent.

The effect of nanoadditives on the hydration kinetics
of cements was discussed in [23, 24], in which these ad-
ditives were considered as seeds for activating the process
of cement hydration.

When studying the effect of various nano-additives
on cement hydration, it was shown that many of them
accelerate cement hydration by 10—30 times due to a de-
crease in activation energy by approximately 2—3 times.
At the same time, a stone made from modified cement
at a concentration of (0.01%) after 28 days of hardening
had an increase in strength characteristics by 45—65%,
depending on the type of additives. The use of SiO, as
a nanomodifier ensured the completion of the harden-
ing process on the first day due to the crystallochemical
structure of the neoplasms [25].

The article [19] describes the acceleration of the hy-
dration process of binders in the presence of additives of
nanomaterials. The products of cement hydration settle
on nanoparticles due to their high surface energy and
begin to grow. In this case, a conglomerate containing
nanoparticles as a “core” is formed. The earlier such
nuclei form, the sooner they can grow to larger hydra-
tion crystals and accelerate the hydration of the cement.
Due to the high dispersity, nanoparticles have a very large
specific surface area, are highly reactive, and can act as
crystallization centers.

To control the kinetics of hydration, the calorimetry
method was used, which showed a significant accelera-
tion of the hydration of Portland cement by the addition
of nanocalcium carbonate. At the same time, according
to the data of thermogravimetric analysis, the amount
of CaCO, decreased with hydration, although no new
products were detected by XRF.

The process of hydration of Portland cement consists
of two opposite processes — dissolution of the cement
substance in a dispersed mixture and crystallization of
solid products from a supersaturated solution [26, 27].
The formation and crystallization of hydration products
occurs spontaneously and is due to the chaotic move-
ment of molecules in solution, as well as the release of
“constrained” conditions [28, 29].

Based on the consideration of articles [28, 29, 30],
a possible mechanism of action of nanoadditives on the
processes of structure formation of cement mortars seems
to be as follows.

The probability of the appearance of a new phase
nucleus is described by the Folmer formula:
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rne w,— pre-exponential factor; A — energy of for-
mation of a nucleus of a new phase; k — Boltzmann’s
constant; 7'— absolute temperature.

To increase the probability of the emergence of a new
phase, ceteris paribus, it is necessary to reduce the energy
of formation of nuclei in the volume, which is propor-
tional to the surface area of the nucleus and the specific
surface energy of the neoplasm:

A, ==So,
3

e S — surface area of the nucleus; o — specific surface
energy of neoplasm.

The work of nucleation on the substrate is much
smaller and equal to '/, of the peripheral energy:

1 1
}12 = EUEE-’“EEO',

rne U — nucleus perimeter; 6 — thickness of the mono-
molecular layer; &~dc — specific edge energy.

Due to the lower expenditure of energy for the forma-
tion of nuclei at the phase boundary, the probability of
their formation on the substrate is higher than when they
are formed in the volume of the slurry.

The size of a stable nucleus of a new phase is deter-
mined by the Thomson-Kelvin equation:

. ZMa
Kp ETlna’

e r, — stable critical size of the nucleus; M — molar
mass; o — surface tension at the interface; R — universal
gas constant; 7' — temperature; @ — degree of supersatura-
tion of the solution.

For the formation and further existence of smaller
nuclei on the “substrate”, it is necessary to reduce the
interfacial energy between them. It will be minimal if the
surface of the interfaces is large and its energy unsatura-
tion, as well as if the crystal chemical characteristics of
the material that creates these boundaries are identical to
the precipitated phase [30].

According to Polak A.F. [29] the measure of crystal
chemical congruence between the substrate and the new
phase can be the coefficient of physicochemical inho-
mogeneity:

T3 +a 1—2 — 04

X = .

O3

If the substrate and neoplasm are completely congru-
ent, i.e. o, = 0,, then o, , = 0, hence x = 0. If no bonds
arise between them, then the interfacial energy is calcu-
lated as the sum of the interfacial energies of the substrate
and the new phase in the contact area, i.e. 0, , = 0,0,
and x = 2. The work of nucleation directly depends on
the coefficient of physicochemical inhomogeneity (A~x),
and even a insignificant decrease in the energy intensity of

the process leads to the probability of the appearance of
a new phase nucleus by tens and hundreds of thousands
of times [29].

When the structure of the cement slurry is gaining
strength, the formation of a coagulation structure ini-
tially occurs, followed by the intergrowth of crystalline
hydrates and the formation of a structure from calcium
hydrosilicates [26].

The addition of nanopowders to this system makes
it possible to increase the number of “substrates” (crys-
tallization centers) due to the appearance of particles
related in structure and composition. This mechanism
is observed in the first hours of hardening — from 8 to
24 hours. This is due to the high chemical activity and
the mechanism associated with the direct participation of
particles in the processes of phase formation of hydrates.

Exceeding of the concentration of nanoadditives in
the cementing system can lead to the opposite effect —
a slowdown in the rate of hardening and a decrease in
strength characteristics. This is due to the fact that with
an increase in the specific surface area and, consequently,
chemical activity, nanoparticles similar in composition to
Portland cement bind water with the creation of sparingly
soluble crystalline hydrates, reducing the amount of water
for cement hydration [31].

METHODS AND MATERIALS

During the scientific study, measurement methods
were used in accordance with ISO-10426-2-2003. In par-
ticular, the measurement of the rheology of solutions and
compressive strength.

The rheological characteristics were measured at 24,
30 and 60°C on a Fann viscometer model 35SA-SR12.
Measurements on a Fann 420ATC ultrasonic strength
analyzer were performed with similar temperature condi-
tions and a pressure of 3000 psi.

The compressive strength of the mortar and stone
structure was measured using an ultrasonic strength ana-
lyzer Fann 420 ATC.

The study was carried out using Portland cement 1-G-
CC-1 manufactured by Dyckerhoff LLC with the addi-
tion of calcium carbonate and iron nanopowders. The
particle size of the carbonate nanopowder is 60—80 nm,
the CaCO, content is > 98%. The particle size of the iron
nanopowder is 50—110 nm, the Fe content is > 99.8%,
the content is 0.01% by weight of dry cement.

The choice of these powders is due to the possibility of
participating in the hydration process as hardening initia-
tors. Also, these additives can serve as a substrate for the
formation of nuclei of a new phase [28, 29].

The water-cement ratio of the solutions was 0.45. The
density of cement mortars was 1.87 g/cm?. A surfactant
and a defoamer were also added to the solution in an
amount of 0.01% by weight of dry cement.
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RESULTS Graphs of changes in the strength of cement stone,
which were obtained on an ultrasonic strength analyzer,
With the addition of calcium nanocarbonate, a slight  are shown in Fig. 1—6 and Table 2.

increase in rheological parameters was observed. When Table 3 shows the relative change in the strength of ce-
nanoiron was added, the parameters were almost identical ~ ment stone with nano additives relative to cement without
at different temperature conditions (Table 1). additives.
Table 1
Rheological characteristics of cement slurries
i 1-to-10-min gel
Ne Additive Temperature PV, mPa*s YP, I1a .
strength ratio, Pa
24 18 15.3 7/12
1 | Without additives 30 36 11.5 6/7
60 24 22 7/9
24 29.3 11 7/10
2 | Nano CaCO0, 0.01% 30 27.8 13.9 6/10
60 27.8 23.9 7/18
24 27.8 10.5 8/47
3 | Nano Fe 0.01% 30 29.3 12.5 5/7
60 31.5 15.3 7/9
Fields Values Fields Values Events Results
Project Name etalongnano Cement Weight Standard 12h:00m 980,37 PSI
Request ID Date Time 10.02.2020 20.55.36,10] | 16h-00m 1522,88 PSI
Well No Temp. Units degC 24h:00m 2355,04 PSI
Rig Pressure Units PSI 36h:00m 0,00 PSI
Casing/Liner Size 00h 00m 0,00 PSI
Job Type 00h:00m 0,00 PSI
Cement Type 10,00 PSI 02h:58m
20- 2600- -40 -35
4. 2400- FOOE e
2200- /-35 -33
— ’_‘A\ 32,6 -32
2000- 30 -31
= 14 g 1800- ~ Pl 27,6 -30 _
£ ;5.2 1600- -25 g‘-zeé
2 2 q400- Bt |
E10- 8 20 d-27 &
F 5 1200- 17,5 3 -26 &,
% #-2 1000- 15 ©8-253
= .9 800- 125 24 2
600- -10 ~23
4= 7.6 -22
400- -5 -21
2" 200- 25  -20
o- . e e ] -19
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
fann® (hh:mm)

Fig. 1. Change in compressive strength of stone from additive-free Portland cement at 30°C
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Fields Values Fields Values Events Results
Project Name nanoca001 Cement Weight Standard 12h:00m 553,72 PSI
Request ID Date Time 01.02.2020 18:47:06,22 | 16h:00m 907,02 PSI
Well No Temp. Units degC 24h:00m 1569,53 PSI
Rig Pressure Units PSI 36h:00m 0,00 PSI
Casing/Liner Size 00h:00m 0,00 PSI
Job Type 00h:00m 0,00 PSI
Cement Type 10,00 PSI 03h:30m
18-  1800- 40 -31
-37,5
' -30
16-  1600- _35
14- 1400 / T
) ) 30 -8
— = -27,5
< 12-» 1200- 1 =27 -
E B 25 3 8
2 10-& 1000- -225‘3'2°§
g @ 20 8-25 €
F 8-8 800- 17,5 8 s
§ g ¥l
§ . E Rl Ay
E 6-8 600- 125 282
4 400- -10 -22
-7,5 21
2-  200- -5
25 -20
0- 0 e T v e e RO T R T e e T =0 -19
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
fann® (hhzmm)

Fig. 2. Change in compressive strength of Portland cement stone with 0.01% calcium carbonate nanopowder at 30°C

Fields Values Fields Values Events Results
Project Name nanofe001 Cement Weight Standard 12h:00m 1012,56 PSI
Request D Date Time 08.02.2020 16:40:13,31¢ | 16h:00m 1581,19 PSI
Well No Temp. Units degC 24h:00m 2440,82 PSI
Rig Pressure Units PSI 36h:00m 0,00 PSI
Casing/Liner Size 50,00 PSI 04h:12m
Job Type 500,00 PSI 08h:30m
Cement Type 1000,00 PSI 11h:54m
20- 2600- 40 -40
_ 2400- -38
18 35
2200- _36
16- F‘\

2000- 0 3
214'51800- —
g 2 4600- -25 #-32 3
= 12-¢ 2
2@ 40 g -30 8
g 10-g 20 8 0 E
= G 1200- E“q
= Q o w
2 8- 1000- 55263
e o ~ o
F g9 800- -24

4. 500 1 99

- -5 -20

2= 200-
0- 0- e ———— 0 -17
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Fig. 3. Change in compressive strength of Portland cement stone with 0.01% nano iron powder at 30°C
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Nanob

Fields Values Fields Values Events Results
Project Name etalongnano60gr Cement Weight Standard 12h:00m 2567,40 PSI
Request ID Date Time 13.02.2020 20:59:04,717 | 16h:00m 2958,12 PSI
Well No Temp. Units degC 24h:00m 3437,98 PSI
Rig Pressure Units PSI 36h:00m 0,00 PSI
Casing/Liner Size 00h:00m 0,00 PSI
Job Type 00h:00m 0,00 PSI
Cement Type 10,00 PSI 01h:47m
20- 3600- 65 -65
g 60
18- e _60
3000-
16-
-50 g5
— 14- . 2500-
3 350 3
£ q2- -40 5 -50 3
2 & 2000- 2 g
£ 10- & 8-45 £
£ 5 -0 E 3
5 8.3 1500- 2. 3
= = ©-40 =
B S = (2}
" 8- 4000 . -
- -35
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0- [ e S B ——— -0 -2§
00:00 02:30 05:00 07:30 10:00 12:30 15:00 17:30 20:00 22:30 24:00
fann® (hh:mm)
Fig. 4. Change in compressive strength of stone from additive-free Portland cement at 60°C
Fields Values Fields Values Events Results
Project Name nanoca001_60gr Cement Weight Standard 12h:00m 3181,06 PSI
Request ID Date Time 02.02.2020 20:37:41,86( | 16h:00m 3609,46 PSI
Well No Temp. Units degC 24h:00m 4100,79 PSI
Rig Pressure Units PSI 36h:00m 0,00 PSI
Casing/Liner Size 00h:00m 0,00 PSI
Job Type 00h:00m 0,00 PSI
Cement Type 10,00 PSI 01h:15m
20-  4400- 70 -62
18- 4000- ‘!‘_’_’_ﬂ—?- -60
— 60 75
16-  3500-
P -56
=14 B
F PO -52,5 3
= a y 5
= 12-¢ 3
4 & 2500- 405 -50 ®
@ a 3 g
g 10- E £
S § 2000- E b 3
= o -30 @ 7]
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i o 1500- = 2
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fann® (hh:mm)

Fig. 5. Change in compressive strength of Portland cement stone with 0.01% calcium carbonate nanopowder at 60°C
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Nanob

Fields Values Fields Values Events Results
Project Name nanofe001_60gr Cement Weight | Standard 12h:00m 2651,51 PSI
Request ID Date Time 09.02.2020 18:24:36,10¢ | 16h:00m 3026,36 PSI
Well No Temp. Units degC 24h:00m 347563 PSI
Rig Pressure Units PSl 00h:05m 347563 PSI
Casing/Liner Size 05h:00m 347569 PSI
Job Type 29h:00m 0,00 PSI
Cement Type 10,00 PSI 01h:47m

18- 3600- 75 -65

16- / -60

3000- /

14- -55
‘gm-fzm’ -50 _,-50 i
- o g 3
5 10-& 2000- T 45 2
] a ] -
E g - =
= 50 1500- 345
s 3
g e-g 26~ -35 ©

1000-

4- -30

2 500- 25

0- 0- b——— Tt —————~ 0 -20

00:00 02:30 07:30 10:00 12:30 15:00 17:30 20:00 22:30 24:00
fann® (hh:mm)

Fig. 6. Change in compressive strength of Portland cement stone with 0.01% nano iron powder at 60°C

Table 2
Strength of cement stone with nano additives
i Compressive strength, MPa in an hour
Ne Additive T, °C
12 hour 16 hour 24 hour
. . 30 6.76 10.5 16.24
1 | Without additives
60 17.7 20.4 23.7
30 3.82 6.25 10.82
2 | Nano CaCO, 0.01%
60 21.93 24.89 28.28
30 6.98 10.9 16.83
3 | Nano Fe 0.01%
60 18.28 20.87 23.97
Table 3
Relative change in cement stone strength
. Compressive strength, MPa in an hour
Ne Additive T, °C
12 hour 16 hour 24 hour
30 —43.5 —40.4 —33.3
1 | Nano CaCO, 0.01%
60 23.9 22.0 19.3
30 3.3 3.8 3.64
2 | Nano Fe 0.01%
60 33 2.3 1.1
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ANALYSIS

According to the results of rheological studies, an in-
crease in plastic viscosity with increasing temperature is
observed, while the yield point decreases.

The addition of nanocarbonate content in an amount
of 0.01% had a negative effect on the increase in compres-
sive strength at 30°C (—33.35% after 24 hours), however,
at a given temperature up to 60°C, the increase in strength
was positive (+19, 28% after 24 hours). Similar results have
been observed by other researchers. A possible reason is the
formation of calcium hydrocarboaluminate, which adverse-
ly affected the strength in the initial period of hardening.

On the contrary, the addition of iron nanopowder in
the amount of 0.01% shows a slight positive increase in
strength both at 30 and 60°C (3.64% and 1.1%, respec-
tively, in 24 hours).

CONCLUSIONS

1. It is efficient to provide experiments for optimiza-
tion of cement with nanoadditives.
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Mopandunkauma TaMnoHa>XHOro NopTNaHaLeMeHTa
HaHogo6aBKamMu

®aput AKpamoBuy ArsamoB* (o), AnekcaHgp lOpbeBuu Mpuropbes

YOUMCKIMI rocyaapCTBEHHbIN HePTAHOM TEXHUYECKUI YyH1BepcuTeT, Yda, Poccua
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AHHOTALI/A: BeepeHwme. MpumMeHaeMble NPy LEeMEHTVPOBaHUM CKBaXH PacTBOPbI (CycrneH3um) NopTiaHALeMeHTa NMeIoT BbICOKMe
BogoLEeMeHTHble oTHowweHuA (0,45-0,6). TakxKe OHM copepKaT MUHUMaNbHOE KONIMYECTBO MHEPTHbIX HaNOMHUTENEN, LOJIXKHbI UMETb
HyneBOe BOAOOTAENEHNE U Perynpyemoe TBEPAEHNE C MUHMMAIbHbIM BPEMEHEM MEXY HauailoM 1 KOHLIOM CxBaTbiBaHUA. CocTosn-
Hue Bonpoca. OCHOBHas YacTb PaboT Mo 1CNoNIb30BaHUIO HAHOLOOABOK B BAXKYLLMX CUCTEMAX OTHOCUTCS K CTPOUTENBHOM OTPaCu.
B kauecTBe MOAMPMKATOPOB LIEMEHTHBIX CUCTEM LUMPOKOE NPUMEHEHUE MEN HAaHOKPEMHWI, HAHOTUTAH, HAHOKapPOOHAT, HAHOTWHDI,
yrnepopHble HAaHOBOJTOKHA 1 Ap., KOTOPbIe NMOKa3blBav MOBbILEHNE MPOYHOCTHBIX MOKa3aTesel Noyyaembix 6ETOHOB. B nuteparty-
pe NpuBefeH LWNPOKUIA IMana3oH KOHLEHTPaLMI HaHOJ06aBOK B LieMeHTHble cicTtembl oT 0,001 fo 10,0%. MoBbilweHne NPOYHOCTH
LIeMEHTHOIO KaMHs Mpu 60MbLLMX KOHLEHTPaUuax Jo6aBOK B paae nyonmkaumii 06bACHAETCA YMEHbLIEHVEM ero KanuispHOA no-
PUCTOCTA 3a CYET KOJIbMaTaLMU MOPOBOro NpocTpaHcTBa. OfHAKO HAHOLOOABKM He JOMKHbI BbIMOJHATD POJIb MUKPOHAMOJHUTENEN
B 3aTBepAeBLIeM KamHe. OHY JOMKHbI paboTaTb B LIEMEHTHOM PACTBOPE Ha 3Tare ryuapartaummn LemMmeHTa 1 CTPYKTYpoobpa3oBaHms
pacTBopa Npu KOHLEHTpauusax MeHee 1,0%. Pe3ynbTaTbl u 06¢cyaeHue. [puUBOASATCA pe3ynbTaTbl SKCNePUMEHTabHbIX NCCeo-
BaHWUI PEOSTIOrMYECKNX CBOWCTB M PaHHEN MPOYHOCTY KaMHA Ha OCHOBe MopTiaHALeMeHTa ¢ fo6aBkamu (0,01%) HaHoKapboHaTa
1 HaHoXene3a. Ponb HaHO06aBOK 3aKJIHOYAETCA B MOBbILLIEHNY CKOPOCTU MMApaTaLmm LLIeMeHTa 3a CUET CHUXKEHUS SHEPrM akTMBa-
L1 1 YCKOPEHWsi pacTBOPEHUs TBepaol Gpasbl B XKUAKocTv. HaHogo6aBKM MOTYT ABNATLCA «TMOANIOKKOM», Ha KOTOPOU 06pasytoTca
[BYMEpPHbIe 3apoAbILLn HOBOW da3bl. BepoATHOCTb NosABNEHWs ABYMEPHbIX 3apOAbILLIEN HA MOAJIONKE Ha HECKOJBbKO NMOPSAKOB Bbille,
yem [inA 06Pa30BaHNA TPEXMEPHDIX 3apoAblLLel HOBOV ¢a3bl B 06bemMe pacTBopa. 3aKitoueHue. [ofyyeHHble pe3ynbTaTbl MoKasanu
HeoAHO3HauHoe BAMsAHWE 106aBOK Ha TeCTVPYeMble NMOKa3aTesnu, YTo CBUAETENbCTBYET O HEOOXOAMMOCTM ONTUMI3ALIMN KOSIMYECTBa
fo6aBok. OQHO 13 NPUYMH HEOAHO3HAYHOCTY PE3YSIbTaTOB MOTYT ObITb BbICOK/E BOLOLIEMEHTHbIE OTHOLLIEHUS!, CHUXAIOLLME BEPOAT-
HOCTb 06Pa30BaHUs «CTECHEHHDBIX» YCJIOBUN B LIEMEHTHBIX CycreH3usX. [Mpu SToM «HUBENMPYIOTCA» 3 dEKTbI OT YCKOPEHNA rmapaTalmm
LileMeHTa 1 YMEHbLLIAETCA KONMYECTBO KOHTAKTOB MeXAy NpoAyKTaMu rmgpataunm.

KJTIOYEBDIE CJIOBA: HaHoao6aBKM, rvapaTtaumsa LeMeHTOB, CTPYKTYpoobpa3oBaHe, Peosiorns, MPOYHOCTb KaMHsL.

ONA UUTUPOBAHUA: Arzamos ®.A., Tpuropbes A.l0. Mogndukaumns TaMmnoHa)>KHOro NopTiaHALeMeHTa HaHogo6aBkamu // HaHo-
TexHonorum B ctpoutenbctae. 2022. T. 14, N2 4. C. 319-327. https://doi.org/10.15828/2075-8545-2022-14-4-319-327. - EDN: HIBEMK.

BBEJIEHUE Tesjaeil BOOOOTIAuY, Ta300JI0KaTOPOB, PACIIUPSIIOIINX
1 apMUPYIONINX 100aBOK 1 1p.) [3—5].

I1pu 3TOM OOJBILION UHTEPEC MPEACTABIISIIOT 100aBKU
HaHOMAaTepHaJIOB, KOTOPBIE MOTYT CYIIICCTBEHHO YIIyd-

IINUTb KAYECTBO ITPUMCHACMbBIX LIEMCHTOB.

K::quTBo TaMITOHAXHBIX MaTePHUAJIOB SIBJISIETCS OfI-
MM U3 OCHOBHBIX (DAKTOPOB, BIUSIOIINM Ha Ka-
YeCTBO 3aKaHYMBAHUS CKBAaXKUHBI, ITOCKOJIBKY MMEHHO
OT TTOJIYICHHOTO B CKBaXKMHE IIEMEHTHOTO KaMHSI 3aBH -
CHUT FepMETUYHOCTD M HaJeKHOCTD Kper [1, 2].
MHoTr000pa3ne TreoIoro-TeXHUICCKUX YCIOBUM

COCTOAAHHME BOITPOCA

CTPOUTEIBCTBA CKBAXKMH 00YCIaBIMBacT IIPUMCHEHUE
B TAaMITOHAXXHBIX MaTepHajaxX M pacTBOpax IMMPOKOTO
CITeKTpa MOTU(PUIIUPYIOIINX J00aBOK (YCKOPHUTEICH M
3aMeIJTATEIICH TBEPIACHMS, TUTACTU(hUKATOPOB, TIOHN3U-

© Arzamos O.A,, lpuropbes A.10., 2022

OcoOGEHHOCTHY IPUMEHEHNS TTOPTIAAHIIIEMEHTA TIPH
LIEMEHTUPOBAHUN CKBAXXMH COCTOSIT B TOM, YTO IPH-
MeHsIEMbI€ PACTBOPHI (CYCIIEH3UI) UMEIOT BEICOKHE BO-
npoueMeHTHbIe oTHOeHMs (0,45—0,6). TaMIoHaxXKHbIE
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LIEMEHTBI CollepKaT MUHUMAJIbHOE KOJIMYECTBO MHEPT-
HBIX HATIOJTHUTEJICH, HO TTOJTy9aeMble PACTBOPHI TOJIKHEI
MMETh HYJIEBOE BOTOOTICICHNUE W PETYIUPYEMOE TBEp-
IeHNEe ¢ MUHUMAJIbHBIM MHTEPBAJIOM MEXKIY HadajaIoM
¥ KOHIIOM CXBaTHIBaHUSI.

Cpenn TIepBBIX padOT, MOCBSIICHHBIX ITPUMEHEHHIO
HaHO/M00aBOK B TAMITOHAXHbBIX 1LIEMEHTaX, MOXHO BbI-
JeJIUTh paboTy [6], e MPUBOASTCS PE3Y/IbTaThl KCIIONb-
30BaHuUsI HaHOXeJe3a B Kojuyectse 0,01%, 1 moka3aHo
YBeIIMUYCHYE IIPOYHOCTH ITOTY4aeMOTO IIEMECHTHOTO KaM-
Hea Ha 25—-35%.

Taxxe ciemyeT oTMeTUTh padoty b.A. CyneiitmaHo-
Ba u D.M. Benuena [7], KOTOpbIe UCCIEIOBAIN BIUSTHIAC
TPaHYJIOMETPUIECCKOTO COCTaBa HAHOPAa3MEPHBIX J0OABOK
Ha Ka4eCcTBO LieMeHTHpoBaHUsA. OHHU TTOKa3aJId IIPeBOC-
xozcTBo HaHonobasok SiO, (0,3—1,5%) u TiO, (0,5-2,0%)
TI0 BIIMSTHUIO Ha IIPOYHOCTH KaMHS IT0 CPaBHEHUIO C TI0-
BBIIIICHUEM OUCIIEPCHOCTHU MOPTIAHIIIEMEHTA.

CrenyeTt Takxke OTMETUTD paboTHl [8, 9, 11]. B wact-
HOCTH, B [8] 00cyKIanoch MprMeHeHe HAHOTIIMHBI B KO-
smuecTBe 1—3% B LIEeMEHTHBIX PACTBOPAX AJIs1 KPEILIEHMSI
CKBaXXIH B YCJIOBHSIX BBICOKMX TeMITEpaTyp. ABTOPBI ITO-
Ka3aJIM ITOBBIIIICHUE TTPOYHOCTH KaMHST Ha CXKaTue 1 YIIyd-
IICHNE PEOJIOTUICCKIX CBOMCTB pacTBopa. B crarbe [9]
paccMaTpHuBaach BOBMOXKHOCTD IIPUMEHEHMS TTaTeHTO-
BaHHOI HAHOMOOABKM [IJIST TTOBHITIICHUST 3JIACTUIHOCTH
KaMHs$1. ABTOpBI M0JIaraloT, YTO HAHOJ00ABKU COCO0-
CTBYIOT CO3MAaHUIO JUIMHHBIX UTOJBYATHIX KPUCTAJLIN-
gecKmx CTpyKTyp. IlocmenHue, cImBasich, OJOKNUPYIOT
KaIMWIISIPHBIC TIOPHI, TTOBBIIIAIOT N3TMOHYIO IIPOYHOCTD
IEMEHTHOTO KaMHS, a TaKXKe YCUJIMBAIOT TUHAMUKY
rugpaTanny neMeHTa. [1pu 3ToMm IMoka3aHo, 9YTO «MO-
IrUKaALMS TIpoliecca TUApaTalliy IIEMEHTa» TOJDKHA
TIPOXOIUTH B TCUCHNE TICPBBIX 48 YaCOB TBEPICHUS. DTO
COTJIaCyeTCsI ¢ pe3yJIbTaTaMH UCCIICIOBAHUS PACIIINPSIIO-
myxcs 1eMeHToB [10]. B Hux 1mokasaHo, 4To TpOoLIeCChl
TUIPATALAN PACIIUPSIONINX J00aBOK JOJDKHBI TIPOM301-
TH B TIEPUOJ, «3JIACTUYHOI» CTPYKTYPhI KAMHS, CITOCO0-
HOM K 3aXXWBJICHIIO 00pa30BaBIIMXCS Ie(PEKTOB.

B pabore [11] axcneprMeHTaIbHO TTOKA3aHO MOBHI-
IIeHEe KOPPO3UOHHOM CTOMKOCTH (KUCIOTOCTOMKOCTH )
LIEMEHTHOTO KaMHsI, coepxkaiiero 1% HaHOKpeMHe-
3eMa.

B T0 ke BpeMsI Ip1 KPeTUICHNH CKBAKITH HAHOIO0AaB-
KM ellle He HAllUIW IIIMPOKOTo NpuMeHeHus. [1o HateMy
MHEHHUIO, 3TO CBSI3aHO CO CIEIN(PUICCKIMU YCITOBUSIMUI
npoBeaeHuUs padot. Takke IMpUCyTCTBYET OOJIbIIas He-
OIIpeIeJICHHOCTh B OIICHKE ITOJIYUCHHBIX Pe3yIbTaTOB
OTHOCUTEILHO KadecTBa ITOJIyIacMOro KaMHSI B CKBa-
KMHHBIX YCIIOBUAX. TeXHOJIOTUS TPUMEHEHMST HaHO-
M00aBOK Ha IMIPOMU3BOACTBE OTPAHNIMBACT UX IIMPOKOE
TIpUMEHEHHUE.

OCHOBHas 9acTh pabOT MO MCITOTH30BaHNIO HAHOIO-
0aBOK B BSDKYIIINX CUCTEMaX OTHOCHUTCS K CTPOUTEIIBHOM
OTpACIIH.

HaubGosee nmosHbie 0630pbl MO MTPUMEHEHUIO Ha-
HOIO0ABOK B BSIKYIIMX IS TIPUTOTOBIICHUST OCTOHOB
MpUBeENIEeHBI B padboTax [12—14].

Cpenu HaHOMAaTePHUAJIOB, MCIIOIb30BAHHBIX IIPA MO-
IUKAINN IIEMECHTHBIX CUCTEM, HaboJjIee IMMPOKOe
MpUMEHEHNE NMETN HaHOKpeMHui [ 15—16], HaHoTuTaH
[17], nanoxeneso [15, 16, 18], nanokap6onar [19—-21],
HaHOTJIWHEI [8, 13], yrieponHble HAHOBOJIOKHA [22]
1 HEKOTOPBIC APyTHE.

[Tpu 3TOM GOJIBIIMHCTBO aBTOPOB OTMEYAJIO TTOBBI-
IIeHNe TTPOYHOCTHBIX TTOKAa3aTeIeil IMojlydacMbIX Oe-
TOHOB.

[Tpu aHanu3e paboOT, MOCBIIIECHHBIX TTIPUMEHEHUIO
HaHOpPa3MEePHBIX JOOABOK B IIEMCHTHBIC CICTEMBI, BCET-
JIa BO3HUKAET BOITPOC O MEXaHU3ME UX ICHCTBUS 1 00 UX
palIMOHATEHOM KOJTMYECTBE.

B HEeKOTOPBIX paboTax MPUBOASITCS pe3yIbTaThI HC-
CJIeIOBaHMI C NCITOTb30BaHNEM HAaHOIO0ABOK B KOJIH -
yectBe 3,0—10,0% [15, 19, 21]. O6GbsicHsIs yiIydlleHIE
CBOMCTB KaMHS 3a CUET YMEHBIICHUS KaTUJUISIPHOK
IIOPUCTOCTH, aBTOPHI (PAKTHMICCKH TOBOPSIT O MUKPO-
mobaBKax, KOTOPBIC BEIMOJHSIIOT YKa3aHHYIO POJIb
B 6eToHax. Ham kaxeTcs, 4To HAaHOT00ABKHU TOJIKHbI
paboTaTh Ha 3Tare TUApPATAllMU U CTPYKTypooOpa3o-
BaHMSI IIEMCHTHBIX CYCIIEH3MIA, a KOJTMYECTBO J0OABOK
IIOJKHO COCTABIISITh AECSATHIC MM COTHIC TOJIM IIPO-
IICHTA.

O BIMSTHUY HAHOI00aBOK HAa KMHETUKY TUAPATALINHI
LIEMEHTOB FOBOPUJIOCH B paboTax [23, 24], B KOTOPBIX
OHU pacCMaTPUBAINCh KaK 3aTPaBKM IUIST aKTUBAIIUK
IIpoliecca TUAPATAIIN [IEMEHTA.

B pa6ore [25] ipu U3ydeHUM BIUSHUS Pa3TUIHBIX
HaHOZ00OABOK Ha TMApATAallMIo IIEMEHTA OBLIO TTOKa-
3aHO, YTO MHOTHE U3 HUX YCKOPSIOT TUApaATALIIIO 1Ie-
MeHTa B 10—30 pa3 3a cyeT CHUXKEHUS DHEPTUU aKTH-
BaIlK MIPUOIU3UTEIBHO B 2—3 pa3a. [1pu 3ToM KaMeHb
13 MOTU(PUIINPOBAHHOTO IIEMEHTA, TIPY OTWHAKOBOIT
[t Becex KoHueHTpauuu (0,01%), yepes 28 cyTok TBep-
JIEHWSI UMeJI OBBIILIEHNE IPOYHOCTU Ha 45—65% B 3a-
BUCHUMOCTH OT TUTa 100aBoK. [[pMeHeHNe B KauecTBe
HaHomonudukaropa SiO, obecneunsio 3aBepiieHue
IIpoIriecca TBepACHHUS B TIEpBBIC CYTKU OJlaromapst po-
CTBEHHOMY KPHUCTAJUIOXUMUIECKOMY CTPOCHHIO HOBO-
obpasoBaHuit [25].

00 yCKOpeHHUH TIpollecca TUAPATAIINH BSKYIITNX
B IIPUCYTCTBUHU T00aBOK HAHOMATEPUAJIOB YKa3bIBAJIOCh
B pabote [19]. B Hell roBOpMIIOCH, YTO TIPOMYKTHI TUAPA-
TaIlM IIEMEHTA OCEeIaoT Ha HAaHOYACTUIIaX OJ1aromapst
MX OOJIBIIIO TTOBEPXHOCTHOM 3HEPTUHU U pacTyT. [1pm
5TOM 00pa3yeTcsl KOHIJIOMEepaT, comepXKallnii HaHO-
YaCTULBI B KAYECTBE «Aapa». YeM paHblie 00pasyoTcs
TaKwWe siapa, TeM paHbIIe OHU MOTYT BBEIPACTH 10 OoJiee
KPYIHBIX TIPOAYKTOB THAPATAIINN W YCKOPUTD TUIPA-
Tauio neMeHTa. biaaromapsi BBICOKOI TMCIIEPCHOCTH
HAHOYACTHUIIBI UMEIOT OYCHB OOJIBIIIYIO YICIBHYIO IT0-
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BEPXHOCTB, 00JIamaloT BHICOKOI peaKIIMOHHOM CIIO-
COOHOCTBIO I MOTYT BBIIIOJHSITH POJIb IIECHTPOB KPU-
CTaJITA3aINMN.

B pa6orte [19] 1151 KOHTPOJIST KWHETUKY TUIPATALINI
OBIJT MICITOJIB30BaH METOJ KAJIOPUMETPUH, KOTOPAsI TTOKa-
3aJIa 3HAYUTEIbHOE YCKOPEHME TUAPATAIINY TTOPTIAHI -
LeMeHTa qobaBiaeHUeM HaHOoKapOoHaTa Kaiabuus. [1pu
3TOM, 110 JAaHHBIM TePMOTPaBUMETPUICCKOTO aHAIN3A,
kosmyectBo CaCO, 1o Mepe ruapaTaliy YMEHbIIATIOC,
X0TsI MeTogoM PMA HMKaK1X HOBBIX ITPOAYKTOB He OBIIIO
OOHapyXeHO.

[Ipo1recc rugpaTaiiyl MOPTIAHAIIEMEHTA COCTOUT
W3 IBYX IIPOTUBOITOJIOKHBIX ITPOIIECCOB — PACTBOPCHUS
B IMCIIEPCHOM Cpele COCTABIISIOMNX IIeMEeHTa U KpH-
CTAJUTA3AIINH IIPOAYKTOB TBEPACHMS M3 TIEPECHIIIICHHO-
ro pactBopa [26, 27]. O6pa3oBaHNe 1 KPUCTAUTU3ALAST
MPOLYKTOB TUAPATAIINN TIPOUCXOISIT CAMOIIPON3BOJIb-
HO U 00YCJIOBJICHBI XaOTUYHBIM IBMKCHUEM MOJICKYIT
B pacTBOpE, a TaKKe BOSHUKHOBEHUEM «CTCCHEHHBIX»
yciosuii [28, 29].

C yuyetom pa6ot [28—30], BO3MOXKXHBII MEeXaHU3M
IEeUCTBUS HAHOMOOABOK Ha CTPYKTYpOOOpa30BaHME 1Ie-
MEHTHBIX PACTBOPOB MPEICTABIISICTCS CICTYIOIINM.

BeposITHOCTh BOBHMKHOBCHUS 3apOIBIIIa HOBO
(dasb1 onuckiBaercs popmyiioit @oabpMepa:

w; = woexp (—— (D

Ag
)
IJIe W, — NPEAIKCIIOHEHIIMATbHbBIA MHOXUTEb; A, —
SHEPTUS 00pPa30BaHMS 3apOIbIIIa HOBOM (ha3bl; k — I10-
crosiHHas bonbiumana; T — abcoatoTHas TeMneparypa.
7151 TOBBIIIEHUS BEpOSITHOCTA BOSHUKHOBEHUSI HO-
BOI (ba3bl, IPY IMIPOYMX PABHBIX YCIIOBUSIX, HECOOXOTMMO
YMEHBIIIUTD SHEPTUIO0 00pa30BaHMS 3apOIBIIICii B 00b-
eMme. OHa TIpOITOpIMOHATbHA TUIOIIAAN TTOBEPXHOCTH
3apOIBIIIA 1 YIEIbHOM ITOBEPXHOCTHOM SHEPTUH HOBO-
00pa3oBaHUsI:

A, =50, @)

rae S — 1romanb MOBEPXHOCTH 3apoablla; 0 —
yaIeJIbHas TTOBEPXHOCTHAST DHEPTIUsl HOBOOOPA30BaHMSI.

PaGoTa oOpa3zoBaHus 3apoAbllIeii HA MOIIOXKE
CYLIECTBEHHO MEHbIIE U paBHa '/, mepudepuitHoii
SHEPTUN:

A, = ZU=~ =60, 3)

roe U — mepuMeTp 3apopliia; 0 — TONIIMHA MO-
HOMOJIEKYJISIPHOTO CJIOsI; &~00 — yIeJbHas KpaeBas
SHEpIusl.

MeHbIIast 3HEPTHS 00pa30BaHMS 3apOIBIIIICI Ha Tpa-
HUIIEe pa3neia a3 IMOBBIIIAeT BEPOSITHOCTh X 00pa3o-
BaHUS Ha TTOMJIOXKE 10 CPaBHEHMIO C X 00pa30BaHUEM
B 00BEME pacTBOpa.

Pasmep ycToitunBoro 3apobiiia HOBOH (ha3bl ompe-
nensieTcs ypaBHeHUeM ToMcoHa-KenpBrHA:

. 2Ma
=p ETIlnz’ “)

e s, — YCTOWYMBBIN KPUTUUECKUIA pa3Mep 3apOIabl-
ma; M — MoJigpHas Macca; 0 — OBEPXHOCTHOE HaTsIKe-
HU€ Ha MOBEPXHOCTH pazneia das; R — yHuBepcaibHas
ra3oBasl MOCTOsIHHAs; T — TeMIiepaTypa; @ — CTeTleHb
repeHachIleHNs pacTBopa.

Jluist oGpa3oBaHus U AaJbHEHIIETO CYIeCTBOBAHUS
3apoblllieii MEHBIIETO pa3Mepa Ha «IOMJIOXKKe» HEOO-
XOIMMO YMEHBIINUTH MeXK(a3HYIO SHEPTUIO MEKITy HUMU.
OHa OymeT MUHUMAaJIbHA IPU OOJIBIION TOBEPXHOCTU
rpaHULl pa3aesa v ee SHePreTUYeCKoi HEeHACHIILIEHHO-
CTH, a TaKKe TIPU UAEHTUYHOCTHU 110 KPUCTALIOXUMMU-
YeCKMUM XapaKTepuCcTUKaM MaTepuasa, CO31alollero 3T
rpaHuLbI BeIaesiomeiica dase [30].

ITo [Momaky A.®. [29] Mepoiif KpUCTAITIOXMMIUIECKOI
KOHTPYSHTHOCTH MEXAY ITOJIOKKOM M HOBOI (ha3oii
sIBJIsIeTCS KO3 PpUIIMeHT (PU3UKO-XMMUIECKOI HEOTHO-
POIHOCTHU:

To+0q—g—0y

X=—". (5)
Tz

Ecim momioxka n HOBOOOpa3oBaHME ITOJTHOCTHIO
KOHIPYSHTHBI, T. €. 0, = 7,, Torna g, , = 0, cienoBareib-
Ho x = 0. Ecm xxe MexXIy HUMHU He BO3HMKAEeT HUKAKIX
CBsI3eit, Torma MexXa3Hast SHEPIHS OIIPEICIISICTCS CyM-
Mot MexK(a3HBIX HEPTUI TTOIJIOKKN 1 HOBOM (pa3oii
B 00/1aCTH KOHTaKTa, T. €. 0, , = 0,+0,, ax = 2. Pabora
00pa30BaHUS 3apOABIIICH HATIPSIMYIO 3aBUCHUT OT KO-
s dureHTa GU3NKO-XUMIIESCKON HEOTHOPOTHOCTH
(A~x). [ToaToMy maxke HeCyIIeCTBEHHOE YMCHBIIICHUE
SHEPTOEMKOCTH IIpoIiecca IMIPUBOINT K YBEINICHUIO
BEPOSATHOCTU BO3HMKHOBEHUS 3apONbIIIa HOBOU (ha3bl
B JIECSITKU M COTHU THICSTY pa3 [29].

[Ipu HabOpe MPOYHOCTH CTPYKTYPHI LIEMEHTHOM
CYCTICH3UM TIepBOHAYAIBHO IIPOUCXOIUT 0Opa3oBaHME
KOaryJISIIIMOHHOM CTPYKTYPHI C TTOCTICIYIONINM CpacTa-
HHEM KPHUCTAIIIOTUAPATOB 1 00pa30BaHNEM CTPYKTYPHI
13 TUIPOCUINKATOB KaJIbLs [26].

JobaBieHre B 3Ty CHCTeMY HaHOIIOPOIIKOB ITO-
3BOJISICT YBEJIMIUTH KOJIMIECTBO «ITOIOXKEK» (IIEHTPOB
KPUCTAJIN3AlIMK) 32 CUET MOSIBJICHUST POACTBEHHBIX
TI0 CTPOEHUIO U COCTaBY YACTUIL. DTOT MEXaHU3M HaOJTIO-
JTaeTcs B IEPBBIE Yachl TBEPACHUS — OT 8 10 24 4acoB.

[IpeBsbIlIeHNE KOHIIEHTPALIMI HAHOTOOABOK B TIOPT-
TaHIIIEMEeHTe MOXET IIPUBECTH K 00paTHOMY 3 heK-
Ty — 3aMeIJICHUIO CKOPOCTH TBEPACHMS U CHIDKCHUIO
IIPOYHOCTHBIX XapaKTePUCTUK. DTO CBSI3HO C TEM, UTO
HAHOYACTHIIBI, UMesI BEICOKYIO VICTbHYIO IIOBEPXHOCTD
1 XUMUYIECKYI0 aKTUBHOCTD, CBSI3BIBAIOT BOIY, 00pa3ys
MaJIOPacTBOPUMEIC KPHUCTAJUIOTHUAPATEI, YMEHBIIIAsT KO-
JIMYECTBO BOJBI JIJTS TUApaTanuu leMenTa [31].
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METO/bI 1 MATEPUAJIBI

[Tpu BeIMOTHEHNUH PAOOTHI MPUMEHSIINCHh METOIN-
KM n3mepeHnst B coorBercTBuu ¢ 1SO-10426-2-2003.
B wacTHOCTH, 3TO Kacaqoch M3MEPEHMI peOJIOTUM pac-
TBOPOB U TIPOYHOCTH Ha CXKaTHeE.

Peomornueckne XxapakKTepUCTUKA 3aMEPSUTICH TIPU
24, 30 u 60°C nHa Buckosnmerpe Fann momenn 35SA-
SR12. U3MepeHUs Ha YIbTPa3BYKOBOM aHAIMU3aTOPE
npoyHocty Fann 420ATC mipoBoauianch MpU aHaIO-
TUIHBIX TEMIIEPATYPHBIX YCIOBUSIX M JaBICHUH, PABHOM
3000 psi.

M3MmepeHne MpoIYHOCTH CTPYKTYPHI PACTBOpA M KaM-
HS Ha CKaTHe IMPOBOAIIIOCH Ha YIIbTPAa3BYKOBOM aHAJIM -
3arope nmpouHocTy Fann 420 ATC.

HccnemoBaHs IPpOBOAMINCH Ha TTOPTIAHILIEMEHTE
ITLT-1-G-CC-1 npoussoactBa OO0 «/liokepxodd»
¢ mobaBjeHMEM HAaHOITOPOIIKOB KapOoHaTa KaJIbIIHs
M 3kejie3a. PasMmep yacTuIl HAaHOITOPOIITKa KapOoHaTa
Kanblug cocraBisgn 60—80 HM, comepkaHUe CaCO3

> 98%. Pa3mep yacTull HAHOMIOPOIIKA kejae3a — 50—
110 uM, conepxanne Fe > 99,8%, KoHIIeHTpalLUsI 10-
6aBok — 0,01% oT Macchl CyXOro LieMeHTA.

Bb100p 1aHHBIX MOPOIIKOB O0YCJIOBJIEH BEPOSITHOM
BO3MOXHOCTBIO WX YIaCTHsI B IIpoIiecce TUApaTalun
KaK MHAIIATOPOB TBepaeHUs. Takke 3TH 10OABKHM MO-
T'YT CIIY>KUTB TTOIJTOXKKOMU MIJIST 00pa30BaHUS 3apOIBIIIICi
HOBOI1 (assl [28, 29].

BomonieMeHTHOE OTHOIIEHWE pacTBOPOB ObLIO 0,45,
[110THOCTH LIEMEHTHBIX PACTBOPOB cocTaBmia 1,87 r/cm?.
B pactBop Takxke 6611 godaBieH [TAB 1 neHoracurens
B KoymuecTBe 0,01 % OT MacChl Cyxoro LeMeHTa.

PE3YJbTATBI DKCIIEPUMEHTOB

1. IIpu noGaBneHMM HaHOKApOOHATa KaJIbLIUSI Ha-
OJII01AJIOCH HE3HAYNUTEIbHOE YBEJINUEeHNE PEOJIOTHYE -
ckmx napameTpoB. [1pu nobaBieHnM HaHOXeIe3a Tapa-
METPBI OBV TTPAKTUYECKU MASHTUYHBI IIPYU Pa3TNIHBIX
TeMIlepaTypHbIX pexxumax (tadJ. 1)

Tabauya 1
Peostornueckue XapakTepuCTHKH HEMEHTHBIX PACTBOPOB
CHC 10¢/
Ne obaBka Temnepatypa PV, mIla*c HC, Ila
A p ’ AHC, 10 mun, I1a
24 18 15,3 7/12
1 | be3 noGaBok 30 36 11,5 6/7
60 24 %) 7/9
24 29,3 11 7/10
2 | Hanokap6onar 0,01 % 30 27,8 13,9 6/10
60 27.8 23,9 7/18
24 27,8 10,5 8/47
3 | Hanoxeneso 0,01 % 30 29,3 12,5 5/7
60 31,5 15,3 7/9
Fields Values Fields Values Events Results
Project Name etalongnano Cement Weight Standard 12h:00m 980,37 PSI
Request ID Date Time 10.02.2020 20:55:36,107 | 16h:00m 1522,88 PSI
Well No Temp. Units degC 24h:00m 2355,04 PSI
Rig Pressure Units PSI 36h:00m 0,00 PSI
Casing/Liner Size 00h:00m 0,00 PSI
Job Type 00h.00m 0.00 PSI
Cement Type 10,00 PSI 02h:58m
20- 2600- -40 -35
5. 2400 -37.5 -34
2200- /.35 -33
16 "\ 325 -32
2000- 30 -31
= 14~ 1800- S 27,6 -30 _,
£ 5.2 1600- -26 §729 g
2 % 4400- -22,5 3 -28 ?E
2108 20 g-27 £
E g 1200- 17,5 5 -26 S,
g 8-2 1000- 15 S-25 }l;
Puc. 1. I3menenne = -5 so00- 125 24
10 -23
NPOYHOCTH HA CIKATHE 4- j:: 75 22
KaMHs U3 0e3100aB0Y- g e T |
HOr'o NOPTJIAHAINCMCH - 0- 0 — T T R e T T T T T T T Y T T T T T T T T T T T T R T T O TR T T e 0 -19
00:00 02:00 04:00 06:00 08:00  10:00 14:00  16:00  18:00  20:00  22:00  24:00
Ta Npu 30°C fann® (hh:mm)
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I'paduky n3MeHEHMS TIPOYHOCTU KaMHSI, TIOJIyJCH- B Ta6i1. 3 mpuBeneHO OTHOCUTENIFHOE U3MEHEHNE
HBIE Ha YJIBTPA3BYKOBOM aHAIN3aTOPE IIPOYHOCTH, TIPU- MPOYHOCTU LIEMEHTHOTO KaMH$ ¢ HaHOA00aBKaMu OT-
BeJeHbI Ha puc. 1—6 u B TabI. 2. HOCHUTEJIFHO 0e3100aBOYHOTO IIEMEHTA.

Fields Values Fields Values Events Results
Project Name nanoca001 Cement Weight | Standard 12h:00m 553,72 PSI
Request ID Date Time 01.02.2020 18:47:06,22¢ | 16h:00m 907,02 PSI
Well No Temp. Units degC 24h:00m 1569,53 PSI
Rig Pressure Units PSI 36h:00m 0,00 PSI
Casing/Liner Size| 00h:00m 0,00 PSI
Job Type 00h:00m 0,00 PSI
Cement Type 10,00 PSI 03h:30m
18-  1800- 0 -3
-37,5
Y .30
16-  1600- a5
18- 1400 /_32'5 =
. ) 30 -28
PR 27,5
< 12-5 1200- Ly
£ - % g 2s'§
5 10-& 1000- 22537 8
§ & 20 §-25 €
E o83 s0- 1758 24 9
E 2 15 & 3
= 6-3 600- Lz A=
o a0 -0 -22
R
2- 200- -8
25 20
0- 0- b -0 -19
00:00 04:00 06:00  08: : :
fann® (hh:mm)
Puc. 2. I3meHneHne NpOYHOCTH HA C;KaTHe KAMHS U3 MOPTJIaHIIEeMEHTA
¢ 0,01 % nanonopomka KapooHara Kaabuus npu 30°C
Fields Values Fields Values Events Results
ProjectName | nanofe001 Cement Weight | Standard 12h:00m 1012,56 PSI
Request D Date Time 08.02.2020 16:40:13,31€ | 16h:00m 1581,19 PSI
Well No Temp. Units degC 24h:00m 2440,82 PSI
Rig Pressure Units PSI 36h:00m 0,00 PSI
Casing/Liner Size 50,00 PSI 04h:12m
Job Type 500,00 PSI 08h:30m
Cement Type 1000,00 PSI 11h:54m
20-  2600- 40 -40
_ 2400- -38
18 -
2200- 5
16- p‘—sk\
2000- 0
= 14-= 1800- o
2 ., % 1600- 25 732 8
= 12-T 3
85 5-30 8
¥ 0.6 1400- o § 3
£ 7TE 1200 E-283
& . O 8 w
@ 8-9 1000- 15 526 3
- T
F g 800- -24
10
4 600- -22
400- s 20
2 200-
0- 1 RN T i I IS [ RS S DR D—— I
00:00 02:30  05:00 07:30 10:00 1230 15:00  17:30 20:00 2230 24:00
fann® (hh:mm)

Puc. 3. I3meHeHne NpoYHOCTH HA CXKATHE KAMHS U3 MOPTJIAHAIEMEHTA
¢ 0,01 % nanonopouka xeje3a npu 30°C
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Fields Values Fields Values Events Results
Project Name etalongnano60gr Cement Weight | Standard 12h:00m 2567,40 PSI
Request ID Date Time 13.02.2020 20:59:04,71 | 16h:00m 2958,12 PSI
‘Well No Temp. Units degC 24h:00m 3437,98 PSI
Rig Pressure Units PSI 36h:00m 0,00 PSI
Casing/Liner Size 00h:00m 0,00 PSI
Job Type 00h:00m 0,00 PSI
Cement Type 10,00 PSI 01h:47m
20-  3600- 65 -65
18- e — W
3000-
50  _ss5
45 = 2500- =
£, 0 §'5° 3
i & 2000- 2 g
£ 10- 2 g2-45 F
ETE 30E 3
c = 0-40
& S = o
F 6 jo00 20 -
- -35
4-
500- (10 _ap
0- - -0 26
00:00 02:30 05:00 07:30 10:00 12:30 15:00 17:30 20:00 22:30 24:00
fann® (hh:mm)
Puc. 4. I3MeHeHne NPOYHOCTH HA CKaTHe KaMHS
U3 0€37100aBOYHOrO NopTJiaHaneMenTa npu 60°C
Fields Values Fields Values Events Results
Project Name nanoca001_60gr Cement Weight Standard 12h:00m 3181,06 PSI
Request ID Date Time 02.02.2020 20:37:41,86( | 16h:00m 3609,46 PSI
Well No Temp. Units degC 24h:00m 4100,79 PSI
Rig Pressure Units Psl 36h:00m 0,00 PSI
Casing/Liner Size| 00h:00m 0,00 PSI
Job Type 00h:00m 0,00 PSI
Cement Type 10,00 PSI 01h:15m
20-  4400- 70 -62
18- 4000- 1 — -60
&0
B | o -81,8
16-  3500-
i -55
14- g
- = 3000-
3 12 @ 4528
3 & 2500- 40 3-50 8
T d 3 . &
g 10-2 2 £
F § 2000- g s 5
- o -30 8 »
w 8-0 =45 T
c = (2] 3
[ & 1500- = o
F oo 90 425
4 1000- -40
500- T 1]
2-
- ot o
00:00 02:30 05:00 07:30 10:00 12:30 15:00 17:30 20:00 22:30 24:00
fann® (hh:mm)

Puc. 5. I3meHeHne MpOYHOCTH HA C:KaTHe KAMHS U3 MOPTJIAHIIEMEHTA
¢ 0,01 % nanonopomka KapooHaTa Kajabuus npu 60°C
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Puc. 6. I3MeHeHHe NPOYHOCTH HA cxKaTHe KaMHs 13 noptiaananementa ¢ 0,01 % nanonopomka xene3a npu 60°C

Nanob%

Fields Values Fields Values Events Results
Project Name nanofe001_60gr Cement Weight | Standard 12h:00m 2651,51 PSI
RequestID Date Time 09.02.2020 18:24:36,10¢ | 16h:00m 3026,36 PSI
Well No Temp. Units degC 24h:00m 3475,63 PSI
Rig Pressure Units PSI 00h:05m 3475,63 PSI
Casing/Liner Size 05h:00m 3475,69 PSI
Job Type 29h:00m 0,00 PSI
Cement Type 10,00 PSI 01h:47m

18-  3600- 75 -65

16- / -so

3000- /

14- -55
-, = 2500-
E 12~g -50 ;'-50 g
@ -] 3 °
2 10-» 2000- g-45%
[] a 3 8
E E 2 £
= 53 4s00- 340G
L osg -25 ~-35 &

1000-

4- -30

3 500- 258

0- e T SN (SIS WUPURSENIE PP PIS WUV NN S W U |

00:00 02:30 05:00 07:30 10:00 12:30 15:00 17:30 20:00 22:30 24:00

fann® (hh:mm)

Tabauya 2
IIpoyHocTh HEMEHTHOIO KAMHSI C HAHOI00ABKAMH
IIpenen mpounoctu, MIIa gepe3, gac
Ne JlobaBka T, °C
12 yac 16 yac 24 yac
30 6,76 10,5 16,24
1 | be3 no6aBok
60 17,7 20,4 23,7
30 3,82 6,25 10,82
2 | Hanokap6onar 0,01 %
60 21,93 24,89 28,28
30 6,98 10,9 16,83
3 | Hanoxesneso 0,01 %
18,28 20,87 23,97
Tabauya 3
OTHOCHTEIbHOE U3MEHEHHE MPOYHOCTH IIEMEHTHOT0 KAMHS
H3meneHue NpoYHOCTH IIEMEHTHOIO KAMHS Yyepe3
Ne Jlo6aBka T, °C
12 gwac 16 wac 24 gac
30 —43.5 —40,4 -33,3
1 | Hanokap6onar 0,01%
60 23,9 22,0 19,3
30 3,3 3.8 3,64
2 | Hanoxesneso 0,01%
60 3,3 2,3 1,1

AHAJIN3 ITOJTYYEHHbBIX PE3YJIETATOB

Ilo PCOJIOTUYCCKUM UCCICAO0OBAHUAM, HabJrogaeTcst
pocCT MJIaCTAUYECKOM BSI3KOCTH C YBCJIMYCHUEM TEMIICpA-

TYpHI, TIpu 3ToM yMeHbIaetcs JJHC.

Jlo6aBneHre HAaHOKApOOHATAa KaJIbLMs B KOJIMYECTBE
0,01% oTpuLIaTETLHO CKA3aJIOCh HA TIPUPOCTE TIPOU-
Hoctu Ha cxatue npu 30°C (—33,35% cnycts 24 gaca),
OIHAKO IIpU yBeJIMYEeHUU Temueparypbl 10 60°C mpu-
POCT IMPOYHOCTU — IOJOXUTEIbHbIN (+19,28% cmy-
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¢t 24 gaca). [TomoGHBIe pe3yIbTaThl HAOTIOOATNCH U Y
IPYTUX ucciegoBareeil. Bo3aMokHast mpuamHa — 00-
pazoBaHMe THAPOKapOOATIOMITHATA KaJIbIINsI, HeTaTHB-
HO CKa3aBIIIeTOCST Ha TIPOYHOCTH B HAYaIbHBIN TTEPHOT
TBEpACHMUSI.

HobaBieHre HAHOITOPOIIIKA Xejle3a B KOJIMICCTBE
0,01%, Hao6OPOT, MOKA3BIBAET HEOOJIBIIION ITOIOXKM -
TEJIBHBIN MPUPOCT IMIPOYHOCTH KaK 1pu 30, Tak U pu
60°C (3a 24 vyaca 3,64% w 1,1% cOOTBETCTBEHHO).

BbBIBO/IbI

1. Llenecoobpa3Ho MpoBeaeHUE IKCIIEPUMEHTOB 151
OINITUMM3AIINY KOHIICHTPAIMM HAaHOZ00aBOK B IIEMEHT.

2. JInsT yTOYHEHUS CeIMMEHTAIIMOHHOM YCTOMYIM -
BOCTH pacTBOpa HEOOXOAUMO MPOBECTU TECTUPOBAHNE
TIOCJIC BBISIBJICHUS ONTUMAIbHOM KOHIIEHTpAIlUM Ha-
HOJM00aBOK, MOKa3bIBalOIIEe HauOOJIbIINKI TPUPOCT
TIPOYHOCTH Ha CXKaTHe.

CIINCOK NCTOYHUKOB

3. 3MeHeHUE PEOIOrMUYECKUX CBOCTB TAMIIOHAXK -
HBIX PACTBOPOB, MOIU(DULIMPOBAHHBIX HAHOJO0ABKAMH,
I10 CPAaBHEHMIO C 3TAJIOHHBIM PACTBOPOM HE3HAUUTEIBHO.

4. IluHaMKUKa U3MEHEHUSI IIPOYHOCTU LIEMEHTHOTO
pacTBopa Ipu J00aBJIeHUN HAHOIIOPOIIKA XKeJie3a Ipu
30 u 60°C nesnauurenbHa. CaemoBareabHO, JaHHAs 10-
0aBKa He yJyacTBYeT B IIpoOliecCe TMapaTalliid U MOXKET
TOJIBKO BJIMSITh Ha YMEHBILIECHUE ITOPUCTOCTUA LIEMEHT-
HOTO KaMHSI, 3aII0JIHSIS IICTOThl B KPUCTAUIMYECKOM
pelieTke, nejas ee 60jaee paBHOMEPHOM U IJIOTHOIA.

5. OTpuLATeIbHBIA IPUPOCT IPOYHOCTH LIEMEHTHOTO
KaMHsI ¢ 00aBIeHMeM HAaHOMOPOIIKA KapOoHaTa Kallb-
s ipu 30°C 0OBSICHSIETCS HETOCTATOUHOM SHEpTHE
it aktuBanuu. [Tpu 60°C nuHaMuKa SIBIISIETCS TIOJI0XKM-
TEJIbHOI, UTO CBUIETEIBCTBYET O TOM, UTO YBEIMYEHUE
TeMITIEpPaTyphl ITOBBIIIAET BEPOSITHOCT BO3HUKHOBEHMS
3apombIllia HOBOM (pa3bl, a TakKxke 00pa3oBaHUE 3apO-
IIBITIIEN TIPOUCXOIMUT Ha «ITOMIOKKAX», CPOICTBEHHBIX
MPOAYKTaM FUApaTALIUH.
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ABSTRACT: This essay proposes a new structural system for a large span three-arch, three-cable face steel edge main beamrigid
tie composite arch bridge. The authors invented a new structural form of a steel edge main girder rigid tie, and developed and
designed a key arch-bar three-dimensional six-way space node structure. The analysis of results show that: compared with the tra-
ditional arch bridge, the large span three-arch three-cable face steel-sided main beam rigid ties composite arch bridgeis beautiful
in shape, hasareasonable structure and efficient construction. It is a high-strength, high-performance composite structural system,
with better strength, stiffness, stability and dynamic performance, which overcomes the large span ultra-wide bridge deck arch
bridge horizontal thrust, poor transverse stability, and the key technical problems of acable joint control. The proposed structural
form has a wide range of engineering application prospects.

KEY WORDS: Arch Bridge; Composite structure; Reasonable axis of arch; Steel edge main beam; Rigid ties; High-performance
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OUTLINE the flexural stability of the steel structure and structural
durability, give full play to the respective advantages of
A s the oldest bridge type of mankind, the arch bridge  different mechanical properties of materials, the forma-
as been one of the bridge types of choice for large

span bridges for more than three thousand years [1].
With the development of the times, especially the
progress in the field of material science, arch bridges
have derived a variety of structural forms. From the ma-
terial, mainly including stone arch bridge, concrete arch
bridge, steel arch bridge and steel-concrete combination
arch bridge. From the structural form, mainly including
the upper-bearing, middle-bearing, lower-bearing arch
bridge. From the arch axis form, mainly including circular
curve, parabolic, suspension chain line arch bridge [2].
Steel-concrete composite structure arch bridge consists
of several different mechanical properties of materials,
mainly steel, concrete, high-strength steel wire, which un-
der the action of constant load, live load common stress,
coordinated deformation, both to improve the ultimate
bearing capacity of the hoop concrete, while improving

Fig. 1. Full steel-concretecomposite bridge structure
system

(Fengwan bridge on national highway 321,
L=80+150+80 m, W=61 m)
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tion of a new high-strength high-performance composite
bridge structure system [3, 4, 5, 6] (Fig. 1).

1. STRUCTURE DESIGN

In this essay, we propose a large-span three-arch,
three-cable surface steel edge main beam rigid tie com-
posite arch bridge structural system (Fig. 2), invented
a new structural form of steel edge main beam rigid tie,
and developed and designed an arch-bar three-dimen-
sional six-way space node key structure (Fig. 3). For the
traditional concrete arch bridge self-weight is too large,
large span steel structure arch bridge cost and other prob-
lems [7], to solve the large span ultra-wide bridge deck
arch bridge horizontal thrust, transverse stability is poor,
adjust the cable joint control difficult and other key tech-
nical problems. The following will analyse and discuss
from several aspects such as structural design, construc-
tion method and stability analysis.

1.1. Overall Design

The new structure system of three-arch, three-cable
surface rigid tied arch bridge, i.e., the bridge type adopts
down-bearing steel box-concrete composite tied arch
bridge, the bridge deck adopts high performance pressed
steel plate steel-concrete composite structure, and the
bridge pier adopts steel tube restrained concrete com-
posite structure. The main bridge adopts 80+150+80
m three-span under-bearing steel box arch bridge, the
main span is 150 m, the side span is 80 m, the bridge

Nanob%

width is 60 m, the sagittal span ratio is 1/4.5, the arch
axis adopts suspension chain line plus parabola to form a
convergent composite curve, the arch axis coefficient is
1.988, the pre-arch is set to L/600, set according to the
secondary parabola. There are 3 vertical vertical arch ribs
in the cross-bridge direction, the spacing is 24 m, and the
cross-sectional form of arch ribs is steel box. The main
arch section is 3 m high, the arch ribs are 3 m wide on
both sides of the bridge and 4 m in the middle; the side
arch section is 2.25 m high, the arch ribs are 3 m on both
sides of the bridge and 4 m in the middle; the foot section
of the arch is filled with C50 micro expansion concrete.

The bridge adopts Chinese first-class highway stan-
dard, the design speed is 80 km/h; the load level is
city-A+ highway grade I; the bridge adopts two-way
12 lanes, the main lane is 8 lanes, the auxiliary lane is
4 lanes; the maximum longitudinal slope of the bridge
deck is 3.5%; the cross slope of the bridge deck is 2%;
the highest navigable water level under the bridge is 9.816
(bead base 9.0 m), the navigable clearance is not less than
6m; the peak acceleration value of ground vibration is
0.05 g. VII degree fortification; design reference period
of 100 years.

1.2. Main Arch Design
1.2.1. Main Arch Section
The arch ribs are equal-section steel boxes. The arch

rib sections are divided into four forms: main span middle
arch, side span middle arch, main span side arch, and side
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Fig. 2. Three-arch, three-cable face side main girder rigid tie composite arch bridge structure
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Fig. 3. Arch-rod three-dimensional six-way space key
node construction

span side arch. C50 micro-expansion concrete is filled in
each arch foot section to form a composite steel-concrete
section form (Fig. 4), which has greater bending and tor-
sional stiffness.

Fig. 4. Combined section form of arch foot section

Main span middle arch: section height 3 m; width
3 m, steel plate thickness 30 mm; divided into 9 sections,
foot section is filled with C50 micro expansion concrete.
Main span side arch: section height 3 m; width 2.5 m,
thickness of steel plate is 24 mm; divided into 9 sections,
foot section is filled with C50 micro expansion concrete.
Side span main arch: section height 2.5 m; width 3 m,
thickness of steel plate is 20 mm; divided into 7 sections,
foot section is filled with C50 slightly expanded concrete.
Side span side arch: section height 2.5 m; width 2.5 m,
steel plate thickness 16mm; divided into 7 sections, the
foot section is filled with C50 micro expansion concrete.

1.2.2. Composite Arch Axis Line Equation

Arch axes commonly used in arch bridges are circular
arc, parabolic and suspension chain lines [8]. The circular
arc line is simple, convenient construction, but deviates
from the pressure line, so that the main arch sections are
not uniform, commonly used in small span arch bridge;
parabolic line and suspension chain line is closer to the
constant load pressure line. Suspension chain line is cur-
rently the most common arch axis type used in large and

medium span arch bridges. The vertical coordinate on
the arch axis is proportional to the moment value of the
simply supported beam under the same load of the same
span, so that the arch cross-section is only subject to axial
force and no bending moment, and the arch axis that
meets this condition is called reasonable arch axis [9, 10].

The arch has a uniformly distributed vertical load
along the arch axis (such as self-weight), the bridge rea-
sonable arch axis derivation process is as follows.

When the arch axis changes, the load also changes.p(x)
is the self-weight per unit length along the arch axis, and
the load set along the horizontal direction is q(x).

From the resulting, substitute the following equation.

Since it is specified that y is positive upward, x is posi-
tive to the right, and q is positive downward, the right side
of the above equation has a positive sign.

After integration, we get:

If p(x) = constant = p, then

that is

Since when x = 0, the constant A = 0, that is

Integrating once more, we get

Since whenx =0,y =0, so

Finally, we get

The arch is under the action of self-weight load, and
the reasonable arch axis is the suspension chain line.

Considering the influence of horizontal thrust, in or-
der to reduce the arch’s own horizontal thrust and save
the horizontal ties, the arch foot adopts convergent de-
sign. Due to the change of the angle of the supporting
surface of the arch foot, under the action of general load,
in order to seek the corresponding reasonable arch axis of
the arch foot section, it can be assumed that the arch is
in the state of no bending moment, but the arch is under
the action of uniform static pressure, and its reasonable
arch axis is circular curve. According to the load q(s), the
radius of the circular curve can be determined.

According to the above formula, the arch axis adopts
the suspension chain line and circular curve arch foot
together to form the convergent composite arch axis, and
the two curves meet the continuous and conductible con-
ditions at the transition point, and the arch axis coefficient
mis 1.988.

1.2.3. Transverse Coupling System

There are 5 wind braces for the main span arch rib,
the cross braces are steel box section, 2 m wide and 2 m
high; the thickness of top, bottom and web are 20 mm,;
there is no transverse wind brace for the side span arch rib.

1.2.4. Boom
The boom adopts galvanized high-strength low-relax-

ation prestressing steel wire with three cable faces, and the
main bridge arch rib has 210 booms in total, using longi-
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tudinal double booms. Longitudinal bridge boom spacing
8m, double boom spacing 0.6 m, horizontal spacing 24 m.

The steel cables of the boom are made of extruded
double-layered large pitch twisted stranded cables, with
73 @7 mm galvanized high-strength low relaxation pre-
stressing steel wires for each boom bundle of the main
span side arch and side arch; 91 @7 mm galvanized high-
strength low relaxation prestressing steel wires for each
boom bundle of the main span middle arch and side arch;
the standard strength is fpk = 1670 Mpa. High-density
polyethylene (PE sheathing) double sheathing protection.

1.3. Main Beam Design
1.3.1. Steel Edge Main Beam Rigid Ties

There are 4 types of longitudinal girders: (1) 1 longitu-
dinal main beam with steel box structure, height 1.95 m,
width 3.0 m, thickness of top and bottom plates and webs
are changed from 32 mm of main span to 20 mm of side
span; (2) 2 longitudinal side beams with steel box struc-
ture, height 1.66 m, width 2.5 m, thickness of top and
bottom plates and webs are changed from 32 mm of main
span to 20 mm of side span. (3) Two I-beams (4 trans-
verse) are installed between the main longitudinal beam
and the side longitudinal beam, with a height of 1.75 m
~ 1.86 m. The main span is 0.6 m wide, with a top and
bottom plate thickness of 20 mm and a web thickness of
16 mm; the side span is 0.4 m wide, with a top and bottom
plate thickness of 16 mm and a web thickness of 12 mm.
The secondary longitudinal beam is disconnected at the
position where the crossbeam is met.

The steel side main girders are rigid ties, instead of
flexible horizontal ties, through three groups of side main
girders and many cross girders to form a rigid frame, and
concrete to form a combined section, with the advantages
of large bridge deck stiffness, good overall performance
[11].

1.3.2. Steel Crossheam

There are 3 types of full bridge crossbeams: (1) pivot
crossbeam, steel box structure crossbeam is set at the
bearing position, beam height 1.66 ~ 1.95 m, width 3.0 m,
top and bottom plate thickness 30 mm, web thickness
30 mm, pivot crossbeam is disconnected at the main and
side longitudinal beam position. (2) Common crossbeam
with I-beam structure, beam height 1.66 ~ 1.95 m, width
0.6 m, top and bottom plate thickness 24 mm, web thick-
ness 20 mm, common crossbeam is disconnected at the
position of main and side longitudinal beams. (3) Can-
tilever crossbeam with I-beam structure, beam height
0.516 m ~ 1.016 m, top plate width 0.4 m, bottom plate
width 0.2 m; top and bottom plate thickness 16 mm, web
thickness 12 mm.

The rigid tie bar of the steel side main beam, instead of
the flexible horizontal tie bar, forms a rigid frame through
three groups of side main beams and many beams, and
forms a composite section with concrete. It has the advan-
tages of large rigidity of the bridge deck and good overall
performance [11].

1.3.3. Composite Structure Bridge Deck System

Three groups of steel side girders and many steel cross-
beams form a rigid frame, in the rigid frame cavity parts
arranged 100 mm high stiffening ribs of 10 mm thin steel
plate, stiffening ribs open 50 mm round hole, spacing
100 mm, across the bridge deck reinforcement, forming
a PBL shear key with holes, and the bridge deck reinforced
concrete together to form a steel-concrete combination
deck system, the overall performance of the bridge deck,
stiffness, good seismic ductility and structural durability.

2. CALCULATION AND ANALYSIS
2.1. Finite Element Model

Midas/Civil and ANSYS large finite element software
were used to build the full bridge finite element model and
the local finite element model respectively. The Midas/
Civil finite element model for the full bridge calculation
and analysis has a total of 3472 units (210 truss units,
9 tensile-only units and 3253 beam units) and 2693 nodes
in total. The base bottom surface is solidified, and the top
of the base and pier cap, arch foot and horizontal ties,
and arch foot and cap beam all adopt rigid connection
in elastic connection [12, 13]. The spatial finite element
model is shown in Fig. 5.

Fig. 5. Composite Nielsen arch bridge finite element
model

2.2. Calculated load and boundary conditions

Design load: city-A, highway I; live load is loaded ac-
cording to two-way 12-lane space, transverse reduction
factor 0.5, longitudinal reduction factor 0.97, crowd load
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Fig. 6. The most unfavourable combination of action stress diagram

is loaded according to 3.5 kPa/m?. The overall temperature
load is considered as 25 degrees of warming and 25 degrees
of cooling, and the temperature difference between the
diagonal cable and the main beam is £10 degrees.

We consider mainly 5 kinds of load combinations,
combination I: constant load + crowd load + lane load +
uneven settlement; combination II: constant load + crowd
load + lane load + temperature combination + live load
cross wind + uneven settlement; combination III: con-
stant load + crowd load + lane load + temperature com-
bination + live load downwind + uneven settlement;
combination IV: constant load + cross wind + uneven
settlement; combination V: constant load + downwind +
uneven settlement.

2.3. Static force analysis

According to the results of finite element analysis, the
internal force and bearing capacity of steel mixed arch rib

section and steel arch rib section are calculated, and the
results of this calculation take two pieces of arch ribs in
the hole of this most unfavourable position, the most un-
favourable combination as shown in Fig. 6: self-weight +
second phase + boom + bollard + vehicle + warming +
transverse wind load, the maximum value of 115.9MPa;
the minimum value —194.3 MPa, to meet the specifica-
tion requirements.

In order to verify whether the steel pipe filled with
concrete is more beneficial to the structure, the concrete
inside the steel pipe is removed to verify the strength index
by comparison, and according to the calculation results
(Fig. 7), the structural stress level decreases significantly
after the steel pipe is filled with concrete.

2.4. Arch Footing Partial Verification

ANSYS finite element analysis software was used to
establish the local spatial solid models of the longitudinal
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Fig. 7. Comparison of steel stresses in combined section of steel pipe concrete arch
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beam, the most unfavourable section at the opening of
the arch ribs and the foot of the arch in the bridge state.
The boundary conditions of the main beam are loaded
with the actual displacement and the actual internal force
calculated by Midas Civil, and the solid 92 unit is used to
simulate the steel structure, the solid 65 unit to simulate
the core concrete of the arch footing, the link 180 unit to
simulate the boom, and the beam web and the flat link
are simulated by the beam 188 unit [14].

2.4.1. Stress Test at Arch Rib Openings

The local model of arch rib is taken into bridge state
boom maximum tension position section, length 4 m.
The local model of arch rib is divided into 233,788 units,
459,614 nodes, finite element model as shown in Fig. 8,
stress analysis results as shown in Table 1.

e <

Fig. 8. Local finite element model of steel arch rib
section

2.4.2. Calculation of Stress at the Anchorage of Arch
Foot

The local model of the arch rib is taken into the bridge
state boom maximum tension position section, 4 m long.
The local model of arch rib is divided into 233,788 units
and 459,614 nodes, and the finite element model is shown
in Fig. 9, stress analysis results are shown in Table 1.

Nanob%

Table 1
Flexure analysis results
Modal N
Modal el Instability mode

1 59.72 Main span transverse
instability

2 99.04 Main .arch symmetric
instability

3 110.53 Main arch asymmetric
instability

4 118.57 Asymmetric instability

of side span

5 124.72 Side span symmetrical
instability

6 125.33 Side arch asymmetric
instability

7 149.85 Side arch symmetrical
instability

8 153.73 Main bridge transverse
instability

9 167.08 Main bridge symmetrical
instability

According to the results of finite element analysis, the
stress in the steel part at the foot of the arch is minimum
0.2 MPa and maximum 61.3 MPa, the stress in the core
concrete part is within the range of —8.2 MPa ~ 0.1 MPa,
no tensile stress is generated in the concrete at the connec-
tion of the arch foot, the maximum compressive stress is
—9.3 MPa, the stress values at the foot of the arch meet the
specification design requirements and are in a safe range.

2.5. Structural Stiffness

The Technical Specification for Steel Pipe Concrete
Arch Bridge (GB 50923-2013) stipulates that the maxi-

Fig. 9. Local stress at the anchorage of arch foot
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mum vertical deflection caused by vehicle load should not
be greater than L/800, L being the calculated span of the
arch bridge structure.

According to Midas/Civil calculation results, con-
sidering the working conditions such as vehicle live load,
the maximum vertical displacement of arch rib is 0.036 m
<150/800 = 0.18755 m, which meets the design require-
ments; the maximum vertical displacement of crossbeam
is 0.072 m <150/800 = 0.18755 m. Both stiffnesses meet
the design requirements.

2.6. Structural Stability

Large-span arch bridge is extremely prone to struc-
tural instability (Fig. 10), and its stability is the key to the
bridge. The stability analysis takes into account all the
loads, the moving load is arranged according to the most
unfavourable working condition of the arch foot axial
force, the design wind speed is 24.0 m/s (10m high from
the ground, 1% frequency, 10 min average maximum wind
speed value), and the resistance coefficient of single arch
rib section is 1.4.

The structural stability calculation of the bridge is
carried out by the spatial finite element method, and the
static stability analysis calculation model of the struc-
ture is the same as the structural dynamic characteris-
tics analysis calculation model. In the calculation, the
live load is applied to the bridge deck respectively, and
the stability safety factor K of the structure is defined as
Pcr/PT, where Pcr is the ultimate bearing capacity of the

Nanob%

structure, PT is the sum of the self-weight of the structure
and the operating live load in the bridge state, in fact K
is the loading multiplier about PT when the structure
reaches the ultimate bearing capacity.

2.7. Structural Dynamic Response

The dynamic characteristics of the structure were ana-
lyzed (Fig. 11) with a structural fundamental frequency of
1.127 Hz, which is far from the possible resonance region
(Table 2).

3. CONSTRUCTION
3.1. Construction scheme

The steel members such as arch ribs and steel box
girders can be processed and made in sections in the fac-
tory and assembled with brackets on site. The rest of the
components can be cast-in-place construction process or
off-site prefabricated lifting process [15].

Main construction steps:

1. Filling cofferdam; bored pile placement, construc-
tion of pile foundation and bearing platform.

2. Prefabricated steel components, processing steel
components in the factory according to 1:1.

3. Driving into the bracket steel pipe pile foundation,
erecting bracket and pre-pressing.

4. Bracing construction of longitudinal beams, instal-
lation of crossbeams and ordinary longitudinal beams.

Fig. 11. The first three orders of self-oscillation frequency of the arch bridge
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Table 2
Dynamic characteristics analysis results

Nanob%

Vibration Order Period (s) Frequency (Hz) Self-vibration type
1 5.575 1.127 First-order transverse vibration of main span
2 2.810 2.236 First-order transverse vibration of main arch
3 2.629 2.390 Second-order transverse vibration of main arch
4 2.617 2.401 First-order vertical vibration of main span
5 1.860 3.379 First-order vertical vibration of side span
6 1.400 4.487 Second-order vertical vibration of side span
7 1.350 4.655 First-order vertical vibration of side span
8 1.342 4.683 First-order transverse vibration of side span
9 1.242 5.059 First-order vertical vibration of the main bridge
10 1.237 5.079 Second-order vertical vibration of the main bridge

5. On-site casting of bridge deck slabs.

6. Build the arch rib bracket and pre-pressure.

7. Slinging the main arch and installing wind bracing.

8. Installation of boom and tensioning.

9. Dismantle arch rib bracket.

10. Installation of bridge deck pavement, railings and
decorative plates and other ancillary structures.

11. Dismantle the main beam bracket.

12. Static and dynamic load test.

13. Completion and acceptance, open to traffic ope-
ration.

3.2. Construction Process Analysis

Midas/Civil finite element software was used for the
construction phase simulation analysis. Theoretical verti-

cal curves are used as the reference for structural discreti-
zation. Simulate steel box beam, arch rib and cross beam
with beam unit. Simulate the boom and horizontal bar
with truss unit; Boundary condition treatment: a) per-
manent solidification at the bottom of the foundation;
b) rigid connection in elastic connection between the cap
beam and pile foundation [16, 17, 18]. The structure is
discretized as a spatial rod system model, and the whole
bridge is divided into 1546 nodes and 1949 units, and the
geometric model of the whole bridge is shown in Fig. 12.

Combined with the construction process to divide
the construction phases, divided into eight construction
phases:

The first construction stage is the construction of
piles, piers, cap beams and bridge abutments, and the
consolidation of the base bottom surface.

Fig. 12. Arch bridge construction model
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Table 3
Table of maximum tensile and compressive stresses in the main beam of the boom for cable replacement
Change Maximum Beam | Maximum Beam Change Maximum Beam | Maximum Beam
BoomCable Tensile Stress Compressive BoomCable Tensile Stress Compressive
Number (MPa) Stress (MPa) Number (MPa) Stress (MPa)
1-1-1 107.234 159.039 2-1-1 135.762 163.284
1-1-2 107.233 159.039 2-1-2 148.726 163.296
1-2-1 107.233 159.039 2-2-1 135.764 163.307
1-2-2 107.233 159.040 2-2-2 135.767 163.340
1-3-1 107.232 159.040 2-3-1 135.769 163.376
1-3-2 107.231 159.042 2-3-2 135.774 163.441
1-4-1 107.231 159.043 2-4-1 135.778 163.485
1-4-2 107.230 159.044 2-4-2 136.063 163.561
1-5-1 107.229 159.045 2-5-1 135.787 163.605
1-5-2 107.228 159.047 2-5-2 142.028 163.666
1-6-1 107.228 159.048 2-6-1 135.794 163.690
1-6-2 107.227 159.049 2-6-2 139.710 163.721
1-7-1 107.227 159.049 2-7-1 135.797 163.722
1-7-2 107.227 159.050 2-7-2 135.796 163.707
1-8-1 107.228 159.050 2-8-1 135.794 163.691
1-8-2 107.228 159.050 2-8-2 135.792 163.656
1-9-1 107.229 159.050 2-9-1 135.789 163.612
1-9-2 107.231 159.051 2-9-2 135.779 168.385
1-10-1 107.229 159.052 2-10-1 135.558 168.463
1-10-2 107.228 159.049 2-10-2 136.537 168.528
1-11-1 107.226 159.053 2-11-1 135.352 168.558
1-11-2 107.223 159.054 2-11-2 135.459 168.606
1-12-1 107.222 159.059 2-12-1 135.544 168.635
1-12-2 107.214 159.223 2-12-2 138.849 168.674
1-13-1 107.209 159.612 2-13-1 135.896 168.685
1-13-2 107.201 160.226 2-13-2 156.249 168.696
1-14-1 107.195 160.643 2-14-1 136.469 168.688
1-14-2 117.006 161.251 2-14-2 170.840 168.669
1-15-1 107.180 161.568 2-15-1 137.239 168.642
1-15-2 126.839 162.062 2-15-2 182.869 168.595
1-16-1 107.162 162.302 2-16-1 140.020 168.552
1-16-2 133.357 162.659 2-16-2 192.402 168.483
1-17-1 107.143 162.821 2-17-1 136.325 168.429
1-17-2 136.201 163.048 2-17-2 198.743 168.342
1-18-1 107.125 163.142 2-18-1 132.983 168.281
1-18-2 135.362 163.262 2-18-2 184.432 168.183
Maximum tensile stress (MPa) 198.743 Maximum tensile stress (MP) 168.696
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The second construction stage is the construction of
the side span arch footing, lifting and assembling, setting
temporary consolidation.

The third construction stage is the construction of the
remaining sections of the side span arch ribs.

The fourth construction stage is the construction of
the mid-span arch footing, activating temporary bound-
ary conditions.

The fifth construction stage is the construction of the
remaining arch ribs of the middle span.

The sixth construction stage is the tensioning of the
booms of the two side spans and activation of the cor-
responding crossbeams, longitudinal beams and longi-
tudinal connection tubes.

The seventh construction stage is the tensioning of
the booms of the middle span and activation of the cor-
responding crossbeams, longitudinal beams and longitu-
dinal connection tubes.

The eighth construction stage is the tensioning of the
horizontal ties and the removal of the temporary bound-
ary conditions.

4. CONCLUSION

This essay proposes a new structural system of three-
arch, three-cable face steel edge main girder rigid tic com-
bination arch bridge, which consists of under-bearing steel
box-concrete combination tie arch bridge, high perfor-
mance stiffened steel plate steel-concrete combination
structure deck system, and steel pipe restrained concrete
combination structure pier, together forming a full com-
bination structure bridge system. Through the analysis of
the design and research of the three-arch, three-cable face
steel edge main girder rigid tied arch bridge, the following
conclusions are drawn:

(1) The structural load-bearing capacity meets the
design requirements. After the most unfavourable com-
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PUBLICATION ETHICS AND PREVENTION
OF MALPRACTICE PUBLICATION

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

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

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

2.The author does not submit the same article to different journals for review.

3. All co-authors consent to the submission of their articles to the journal.

4.The author should inform the editorial staff about a potential conflict of interest. In the case of the absence of
any competing interests the author should claim that by writing «Author declare the absence of any competing in-
terests» in the paper.

5.The author takes the necessary steps to ensure the correctness of citations in the submitted article.

6. The list of authors included only individuals who have made significant contributions to the research.

7.The author correctly cites his or her previous work as to avoid self-plagerism in the manuscript and the artificial
increase of volume of publications (salami-slicing).

8. The author, who is acting as the contact with journal, informs all other co-authors of all changes and sugges-
tions from the editorial staff, and does not make decisions regarding the article alone without the written consent of
all co-authors.

9.The author properly corresponds with the reviewer through contact with the editor and responds to comments
and observations if they arise.

10. If necessary, the authors either adjust the data presented in the article, or refute them.

Responsibility of the editors of the journal <Nanotechnologies in construction»

1.The editors are personally and independently responsible for the content of the materials published and recog-
nize that responsibility. The reliability of the work in question and its scientific significance should always be the basis
in the decision to publish.

2.The editors of the journal can check the materials with anti-plagiarism system «Antiplagiat» detecting borrowed
fragments to provide copyright protection.

3. The editors make fair and objective decisions, regardless of any commercial considerations and provide a fair
and efficient process for the independent review.

4. The editors evaluate manuscripts’ intellectual content without regard to race, gender, sexual orientation, reli-
gion, origin, nationality, and/or the political preferences of the authors.

5.The editors do not work with articles for which they have a conflict of interest.

6. The editors resolve conflict situations arising during the editorial process, as well as use all available means to
resolve these situations.

7.The editors of the journal publish information concerning corrections, rebuttals, and review articles in case the
need arises.

8.The editors of the journal do not publish the final version of the article without the consent of the authors.
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The responsibility of the reviewers of the journal <Nanotechnologies in construction»

1. The reviewer evaluates his or her own availability before the examination of the manuscript and accepts materi-
als for review only if the reviewer is able to allow for sufficient time as to ensure the quality his or her work.

2. The reviewer must use the form created by the editors and delivered with paper. The reviewer may give ex-
tended review.

3. The reviewer notifies the editorial staff of any conflict of interest (if one exists) before the start of the review of
the paper.

In the case of the absence of any competing interests the reviewer should claim that by writing «The reviewer
declares the absence of any competing interests» in the review.

4.The reviewer does not send information about the article and or any of the data contained within the article to
any third party.

5. The reviewer does not use the information obtained from the article for any personal and or commercial pur-
poses.

6. The reviewer does not make conclusions about the quality of the article on the basis of subjective data, e.g. the
personal relationship to the author, gender, age, religion, etc.

7. The reviewer uses only proper and appropriate language and explanations in respect to the articles, avoiding
any personal remarks.

The responsibility of the publisher of the journal <Nanotechnologies in construction»

1. The publisher not only supports scientific communication and invests in the process, but is also responsible for
complying with all current guidelines and standards for publishing scientific work.

2.The publisher does not affect the editorial policy of the journal.

3. The publisher provides legal support to the journal if necessary.

4.The publisher provides for the timely release of futures issues of the journal.

5.The publisher publishes changes, explanations, and recalls articles that have been identified to contain scientific
misconduct and or critical errors.

The responsibility of the editor-in-chief of the journal <Nanotechnologies in construction»

1. The editor-in-chief is responsible for making a decision which of submitted papers are to be published in the
journal. This decision always must be based on the examination of paper reliability and its importance for scientists
and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial board of
the journal. He also may take into account legal requirements, such as exclusion of libel, infringement of copyright
and plagiarism. When making decision on the publication, the editor-in-chief may consult with the members of edito-
rial board, reviewers.

2. The editor-in-chief evaluates submitted papers by the intellectual content, regardless of the race, sex, sexual
preference, religion, ethnic origins, citizenship and political views of the author.

3. The editor-in-chief, editorial staff, members of the editorial board must not disclose information on the submit-
ted manuscript to the third person except for the author, reviewers, potential reviewers, and the publisher.

4.The information contained in the submitted paper cannot be used in the paper of the editor-in-chief, members
of the editorial board without author’s written permission. Confidential information or ideas obtained during review
must be kept in secret and must not be used for self-profit.

5. The editor-in-chief should not review the paper if there is a conflict of the interests evolving from competition, co-
operation or other relations with someone from the authors, companies and organizations which are related to the paper.

6. The editor-in-chief should ask all authors to present information on the certain competitive interests and pub-
lish corrections if the conflict of the interests has been revealed after the publication. If necessary another appropriate
action such as publication of disproof or expression of a concern can be performed.

7. The editor-in-chief should take reasoned and prompt measures if he gets complaints of ethnic character in re-
spect to the submitted manuscript or issued paper, contacting with the editors and publisher.

Complaints and appeals handling

In the case of incoming complaints and appeals a commission is formed. The commission can consist of the pub-
lisher, the editor-in-chief, deputy editor-in-chief, members of editorial council, authors and specialists which are com-
petent in the considering subjects.

An investigation is held and the results of it are reported to all interested parties. According to laws, if it is neces-
sary, the materials are delivered to competent state bodies.
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Policy of disclosure and conflicts of interest /competing interests

Unpublished data from manuscripts submitted for consideration can not be used for personal research without
the expressed written consent of the author.

Information or ideas obtained through peer review and related actives, which potentially can be beneficial to any
party other than the author, must be kept confidential and not be used for personal gain.

The editors and reviewers should not participate in the examination of manuscripts in the event of a conflict of
interest that is a result of any competitive, cooperative, and or other interactions and relationships with any of the
authors, companies, and or other organizations involved in the creation or presentation of the works.

The politics of the journal concerning data exchange and reproductibility

The journal papers (metadata of papers) are available for free access at the journal’s website and at the websites of
different citation systems (data bases).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons CC-BY «Attribution». This kind of license allows other people to distribute, edit, correct and base on the
work of the authors, even with commercial purpose, while the authors mention them as co-authors. The license is
recommended to distribute widely and use licensed materials.

The politics of the journal concerning data exchange and reproducibility are aimed at providing «transparent» sci-
ence and transparency is a guarantee of high-quality research and innovations.

Ethical oversight of the published materials

The publisher and the editor-in-chief should deal with protection of reputation of the published materials by
studying and evaluating claimed or potential delinquency (research, publications, reviews and editorial activities)
jointly with scientific community.

That means interaction with the author of the manuscript and detailed consideration of the complaints or declared
reclamations. To detect such delinquencies as plagiarism, the editor must use proper license software or systems.

If the editor-in-chief obtains proved evidence of delinquency, he must inform the publisher and the members of
editorial council about this, as well as immediately notify the author about necessity to correct the paper or paper
retraction (in dependence on the situation).

Derivation and plagiarism

During the consideration of an article, the editorial staff of the journal «<Nanotechnologies in construction» may
conduct a verification of the submitted materials with the help the Anti-plagiarism system. In the case of the discov-
ery of multiple incidents of content matching, the editorial staff acts in accordance with the rules of COPE.

Intellectual property
The editors should carefully deal with the issues concerning intellectual property and interact with the publisher
when settling the cases of probable delinquencies and agreements on intellectual property protection.
The editors aside from using plagiarism detecting tools can also:
- support the authors whose copyright was infringed or those who suffered from plagiarism;
- cooperate with the publisher to protect copyright and to pursue infringer (for example, by applying for paper
retraction or removing materials from websites).

Discussion of the papers published in the journal. Corrections made after publication

The editors must be open for the researches that oppose the papers published earlier in the journal; to encourage
and to be ready to consider valid criticism of the papers published in the journal.

The authors of the criticized works should have an opportunity to respond the criticism. The papers describing
only negative results can also be published.

Preprint and postprint policy

During the submission process, the author must confirm that the article has not been published and or accepted
for publication in any other journal. When citing articles published in the journal «Nanotechnologies in construction»,
the publisher requests the authors to provide a link (the full URL of the material) to the official website of the journal.

Articles, which have been previously posted by the author on personal and or public websites that have no rela-
tionship to any other publishers, are allowed to be submitted to the journal.
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On the procedure in case of abusive practice (infringement)

Publisher, editor-in-chief, each member of editorial staff member of editorial board, author, reviewer or reader
must comply journal’s Publication Ethics and are obliged to report any known facts concerning committed or poten-
tial infringement.

The journal’s editors immediately launch investigation on all messages that state abusive practice (infringements).
If the information is confirmed, the measures to eliminate claimed abusive practice (infringements) will be taken. Ac-
cording to legislation, all materials, if it is necessary, are referred to proper state bodies.

In response to all author’s claims the editors give full and substantiated replies and make great efforts to resolve
any conflicts.
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3TUKA HAYUYHbIX NYBNIMKALUN U NPELOTBPALLEHUE
HEAOBPOCOBECTHOW MPAKTUKU NYBJIMKALUNA

TpeboBaHuA cobnofeHna Ny6NMKaLMOHHON 3TUKU MpY MOAFOTOBKE U M3OaHWUM XypHana «HaHoTexHomnorum
B CTPOMTENbCTBE» KACAIOTCA BCEX YYACTHUKOB PeAaKLMOHHO-/3[aTeIbCKOro NpoLecca — aBTOPOB, PELAKTOPOB, pe-
LIeH3eHTOB U M3[aTesis, CO3AaloLMX 3TOT XKypHain. Pefakumsa x)XypHana cienT 3a BbiMONIHEHVEM TPeboBaHNU STUKN,
ONMPasCb Ha PYKOBOACTBA, NMOArOTOBJIEHHbIE 3apybeXKHbIMI NMPOGUIIbHBIMY OPraHM3aLMUAMK, acCCOLMALMAMUN U 13-
[aTenbCTBaMy, a Takxke Accoupralmelnt HayYHbIX PefakTopoB U nsgatenein. OCHOBHbIMW JOKYMEHTaMK, Ha KOTOopble
onupaeTcsa pefakuma XypHana «<HaHOTEXHONOrMM B CTPOUTENbCTBEY, ABNATCA pa3paboTku KomuteTa no nybnvka-
umnoHHonm 3tmke (Committee on Publication Ethics), Bennko6putanus, nsgatenscrsa Elsevier (Hugepnaxgbi) u gpyrux
3apybeXKHbIX PelakTOPCKNX accoLmalunin n nHGOPMAaLMOHHbBIX CUCTEM, a Takxe [Jeknapauus «3Tnyeckme nprHLUmnb
Hay4HbIX Ny6arKaumniy, NPUHATaa Accoumalmeli HayYHbIX pefakTopoB u usgateneii (Poccus).

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

1. ABTOp OTMNpaBnsAeT Ha PacCMOTPEHUE CTaTblo, MaTepuranbl KOTOPOW paHee He 6binn onybnnkoBaHbl. Ecniv ctaTtba
OCHOBaHa Ha paHee onybNMKOBaHHbIX MaTepuranax He CTaTeHOro XxapakTepa WUin Mmatepurasbl NpeacTaBneHbl B MH-
TepHeTe, ciefyeT yBefoMUTb 00 3TOM peflakLmIo XKypHara.

2. ABTOp He OTNpaBnAeT Ha PaCCMOTPEHME OfHY CTaTblO B Pa3Hble XYpPHarsbl.

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

4. ABTOp yBEAOMNAET PeAaKLMIo O MOTeHLNaIbHOM KOHGNKTe nHTepecoB. O6 OTCYTCTBUM KOHGNMIKTa MHTEPECOB
aBTOP YKa3blBaeT B CTaTbe — «ABTOP 3aABNAeT 00 OTCYTCTBMM KOHOIMKTa UHTEPECOBY.

5. ABTOp NpeanpuHMMaeT Heobxofmble Mepbl, YTOObl y6eANTLCA B KOPPEKTHOCTN NPeACcTaBIeHHbIX B CTaTbe L-
TUPOBaHUN.

6. B cnncok aBTOpOB BK/TIOYAKOTCA TONbKO NMLA, BHECLUWE 3HAUNTENbHbIN BKa B MPOBEAEHMEe UCCIeOBaHUA.

7. ABTOp KOPPEKTHO LMTMPYeT CBOW NpeablayLue paboTbl 1 M36eraeT camonarmara B PyKOnucy U NCKycCTBeHHO-
ro ysenuyeHus obbema nybnmkaumia (salami-slicing).

8. KOHTaKTHbI aBTOp yBEAOMIAET CBOMX COAaBTOPOB 000 BCEX U3MEHEHUAX U NPEeASIOKEHNAX CO CTOPOHbI pe-
[aKUMKW XKypHana v He NPUHMMAET PeLeHnn OTHOCUTESNIbHO CTaTbW €AUHONNYHO, 6€3 MMCbMEHHOMO Cornacusa Bcex
COaBTOpPOB.

9. ABTOp KOPPEKTHO BeAeT NePEenmncKy C peLeH3eHTOM Yepes pefakTopa 1 0OTBeYaeT Ha KOMMeHTaprm 1 3ameva-
HWA, eCIY OHW BO3HUKAIOT.

10. Mpun He0BXOAUMOCTIN aBTOPbI KOPPEKTUPYIOT MPEACTaBNIEHHbIe B CTaTbe JaHHbIE U ONPOBEPTaloT UX.

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

1. PepakTopbl »KypHasia CaMOSIMYHO 1 HE3ABUCMMO HEeCyT OTBETCTBEHHOCTb 3a COAEP»KaHMe NMy6/IMKyeMbIX MaTe-
puVanoB 1 NPU3HAIOT 3Ty OTBETCTBEHHOCTb. [JOCTOBEPHOCTb paccMaTprBaeMon PaboTbl 1 ee Hay4yHas 3HAUYMMOCTb
BCerga JOMKHbI JieXKaTb B OCHOBE peLleHus o ny6nvkaumu.

2. PepakTopbl KypHana MOryT NpoBepuTb NOJTyYeHHble MaTepurasbl B CcTeMe AHTUMIAraT no obHapy»KeHuto 3a-
MMCTBOBAHWI, CMOCOOCTBYA 3alyUTe aBTOPCKOro Mpaga.

3. PepakTopbl MPVHUMAIOT YeCTHble 11 OOBEKTMBHbIE PELUEHMA HE3aBUCMMO OT KOMMEPUECKMX COObparkeHUi
1 06ecneyrBaloT YeCTHbIN 1 3P PEKTUBHDBIV NPOLIECC HE3aBUCUMOTO PELIEH3NPOBAHNA.

4. PefjakTopbl OLIEHVBAIOT UHTEN/EKTYaNIbHOE COePKaHMEe PYKOMMCE BHE 3aBUCUMOCTY OT pachl, Mona, CeKCyasb-
HOW OpUEHTALNN, PENUTMO3HBIX B3MAA0B, MPOVCXOXAEHUA, FPAXXAAHCTBA U MNONIUTUYECKUX NPeANoUTeHN ABTOPOB.

5. PepakTopbl He paboTaloT CO CTaTbAMM, B OTHOLUIEHUN KOTOPbIX Y HUX €CTb KOHQNIMKT MHTEPECOB.

6. PeflakTopbl >KypHana paspeluatoT KOHGANKTHbIE CMTYaLuUK, BO3HMKAlOWYeE B NpoLecce paboTbl, 1 MCMONb3yioT
OJ1A X paspelLLeHns BCe AOCTYMHble CpeAcTBa.

7. Pegaktopbl )KypHana ny6nukyoT nHbopmaLuio 06 MCnpaBieHrAX, ONPOBEPXKEHWAX 1 OT3bIBaxX CTAaTeN B CJlyyae
BO3HWKHOBEHMS TaKO HEOOXOAMMOCTN.

8. PelakTopbl XKypHana He Ny6vKyT KOHEUHbI BapMaHT CTaTby 6e3 ero cornacoBaHus ¢ aBTOpamu.
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OTBeTCTBEHHOCTb PeLeH3eHTOB XXypHana «HaHoTexHonorum B CTponTenbCcTBE»

1. PeLieH3€eHT oLeHBaeT CBOIO 3aHATOCTb Nepes Corflaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MNP HANIMYUMN JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuyei 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 ilenaeT BbIBOAOB O KAaUeCTBe CTaTbll HA OCHOBE CYObEKTUBHbIX JAHHBIX: 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 pefakumio 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, HApPYLUeHNA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM peLueHns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COLepKaHuIo, HEB3Mpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTNIO, STHMYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MOAUTUYECKME
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 MHTEPEeCOB, MPOUCTEKAOLMIA N3 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 NpefoCTaBNATh CBEAEHMA O COOTBETCTBYI0-
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 3TUYECKOoro 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 FMTABHOrO PefakTopa, YieHbl pefaKLNOHHONW KOMMeruun, aBTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpu 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
NHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBUI 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
MO3BOJIAET APYIIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUNE 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 faHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CroCcoOCTBYET 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 YyOeauTenbHOe CBUAETENbCTBO HapPYLUEHUs, 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 «<HaHOTeXHOIOTUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTU 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 U3daTenemM npu yperynmpoBaHumM CilydaeB BO3MOXHbIX HAapPYLLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHaPY»KEHUs MlaranaTta, MOTyT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube aBTOPCKOE MPaBo OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XKepTBOW Nyarnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNeHna MaTepuranos ¢ Beb-canToB).

O6cyxaeHue pa6oT, ony6nnKoBaHHbIX B XXypHane. cnpaBneHusa nnocne ny6nukayuia

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU IS UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAtOT 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 OoTpurUaTeSIbHbIX pe3ysibTaTax, 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 unTaTenb obsA3aHbl COOMIOAATb STUKY HayuHbIX MyOAVKaLniA B XKypHasie AeNCTBYOLWNX 3aKOHOB, MPABUIT UV MOJO-
XeHuniA 1 06A3yI0TCA COOOLLAaTb O JIObIX N3BECTHBIX Y CyUYasX Y>Ke COBEPLUEHHOIO W NMOTEHLMANbHOIO 3/10yrnoTpe-
6neHnA (HapyLlweHus).

Pepakuuei )XypHana HesameanuTenbHO MPOBOAUTCS pacc/iefOBaHME MO BCEM COOHOLLEHUAM O 3/10yNoTpebieHnAX
(HapyLweHusx) n, ecnv MHGOPMaLMA NOATBEPKAAETCA, MPUHVMAIOTCA Mepbl MO YCTPAHEHWIO 3710ynoTpebneHnii (Ha-
pyweHuin). Ecnun 310 TpebyeTcsi B COOTBETCTBMM C 3aKOHOAATENIbCTBOM, MaTepuasbl NepefatTcs B COOTBETCTBYOLIME
rocyfapCTBEHHbIE OpraHbl.

Ha Bce npeTeH3ny aBTOPOB pefaKLA NpefoCTaBNAeT pa3BepHyTbie 1 000CHOBaHHbIE OTBETDI, MpuWaras Bce ycu-
s 4ns paspeLleHna KOHGINKTHBIX CMTyauni.
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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., Laaxmetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpPOBaHHasA NeHOKepaMurKa CTPOUTENbHOIO Ha3HaYeHNA: TEXHONOMMA NPOU3BOACTBA U NpMeHeHua // 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
3KkoHOMUMYecKoro ¢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)
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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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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 JOMXKHa 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 YNTOMUHAKOTCA B TEKCTE, JONONHUTENbHaA nHbopMaLma.

OdopmneHne UUTaT 1 CNNCKa NUTEPaTypbl
B >KypHane npuHAT BaHKYBEPCKMiA CTUMb LUTMPOBaHNKA (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 Bepcuy paboTbl B onybnnKoOBaHHOM 34eCb BUge (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 BPeMs NpoLiecca pacCMOTPEHUA ee AaHHbIM XKYPHANOM, TakK KaK 3TO MOXEeT 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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