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

«HaHOTexXHONOrnN B CTPONTENbCTBEY — PELIEH3VPYEMbIN HAaYUHbI XKypHaJl.

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

OcHOBHbIe 3agaun:

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

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

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

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

KypHan npuHMmaet K ny6nukaumnm: opurviHanbHble cTaTbi, 0630pbl, ANCKYCCMOHHbIE MaTepurasbl, KOMMEHTapun, Apyrue nH-
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;

+  y4eHble U CNeLNanncTbl CMEXHbIX CO CTPOUTENIbCTBOM OTpacheit;

«  3KCMepTbl GYPM-NPOUN3BOAUTENEN NPOLAYKLN HAHOVHAYCTPUN.
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TO AUTHORS AND READERS

The Journal "Nanotechnology in Construction”
is in the 1** place in the SCIENCE INDEX ranking list for 2022
under the category "Construction. Architecture"

Dear Colleagues!

We are pleased to announce that the updated SCIENCE INDEX indicators of journals for 2022 have been
published on the website of the Scientific Electronic Library eLIBRARY.RU. The performance indicators of
the journal "Nanotechnology in Construction" have improved for the year 2022.

1 out of 89 scientific journals ranking in the Science Index for 2022 under the category "Construction. Ar-
chitecture" (compared to 4 in 2021).

Overall ranking in the SCIENCE INDEX for 2022: 243 out of 4017 scientific journals (compared to 312 in 2021).
Percentile in the SCIENCE INDEX ranking for 2022: 7% (compared to 8% in 2021).

You can find more details on the following link: https://www.elibrary.ru/title_profile.asp?id=28655

We would like to congratulate the authors and readers of the journal on this achievement! This result was
made possible through the active collaboration and support of the editorial board members, fruitful coopera-
tion with experts of the Association of Science Editors and Publishers (ASEP), the high-quality contributions
from the authors, adherence to the editorial guidelines, comprehensive evaluation of articles by reviewers,
and the dedicated and professional approach of our editorial staff.

The motto of the journal since its foundation has been "GIGA success is being built from NANO", and over
the past 15 years, this has increasingly become a reality.

We extend our sincere gratitude to all those who contribute to the publication of the journal, as well as the
leading Russian and foreign scientists and specialists who utilize the journal's materials in their publications.

We invite leading scientists and specialists to submit their research materials for publication in our journal.

We look forward to continued fruitful cooperation.
If you have any questions, please contact us via e-mail: info@nanobuild.ru

Publishing House of the journal "Nanotechnologies in Construction”

Nanobuill
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GIGAsuccess is built from NANG
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K ABTOPAM U YATATEJIAM

MypHan «<HaHoTexHONOrNN B CTPOUTENLCTBEY —
Ha 1 mecte B pentuHre SCIENCE INDEX 3a 2022 rop,
no Tematuke «CtpontenbCcTBo. ApXutekrypa»

YBakaemble Konnern!

Coobuiaem Bam, uto Ha caiiTte HayuHol anekTpoHHou 6nbnuotekn eLIBRARY.RU ony6nmkoBaHbl yTOYHEHHbIE
noka3satenu SCIENCE INDEX »kypHanoBs 3a 2022 rog. lNokasaTtenu xypHana «<HaHOTexHonornm B CtponTtesb-
CTBE» MOBbICUANCD:

« 1 mecto 13 89 n3gaHun B pentmnHre SCIENCE INDEX 3a 2022 rog no tematuke «CTponTenbCTBO. ApPXUTEK-
Typa» (B 2021 rogy — 4 mecTo);

« 243 mecTo 13 4017 nsgaHuii B o6wem pentrHre SCIENCE INDEX 3a 2022 rog (8 2021 rogy — 312 mecTo);
+ npoueHTunb B pentrHre SCIENCE INDEX 3a 2022 rog — 7% (8 2021 rogy - 8%).

Ccbinka - https://www.elibrary.ru/title_profile.asp?id=28655

Mo3ppaBnsem aBTOPOB 1 YMTaTesNeit XKypHana ¢ 3TM cobbiTmem! Takoro pesynbTaTa yaanocb 4o6Utbca
6narofaps akTVBHOW paboTe 1 MOMOLLM YNIEHOB pPelakLMOHHOW Konnernu, 3GpeKTMBHOMY COTPYAHNYECTBY
C 3KCnepTaMm Accoumann HayuHbIX peflakTopoB 1 n3aatenei (AHPW), BbicOkoKauecTBEHHbIM MaTepurasiam
aBTOPOB Vi BbIMOIHEHWIO UMV TPebOBaHWIA pefaKkLmnmn, BCECTOPOHHE OLEHKE CTaTell peLeH3eHTaMu, BblCo-
KonpodeccroHanbHOMY 1 OTBETCTBEHHOMY OTHOLLEHMIO K iefly COTPYAHVKOB peaakuun.

HeBn3 xypHana c MomeHTa ero cosgaHuna — «u3 HAHO ctpountca TUTA ycnex», n 310 3a npowegwue 15 net
BCe OO0JbllEe CTAHOBUTCA PEasIbHOCTDLIO.

Bornbluoe cnacn6o Bcem, KTO y4acTBYeT B BbINyCKe »KypHasa, a TakKe BeAyLUM POCCUACKUM 1 3apy6eXHbIM
YUYeHbIM 1 CneumanmcTam, KOTopble KCMNOsb3yT MaTepurasbl XypHana B cBovx nybnvkaymsx!

I'IpmrnamaeM BeAyLWKnx y4eHblX 1 cneumannctoB K ny6n|/||<au,|/|v| MaTepmnanoB O CBOUX NccnenoBaHUAX.

Hageemca Ha panbHeliwee NiogoTBOPHOE COTPYAHNYECTBO.
Mo Bcem Bonpocam npocum obpatyatbea no e-mail: info@nanobuild.ru

U30amenbcmeo xypHana «<HaHomexHonoz2uu 8 cmpoumenbcmee»

Nanobuill

13 HAHO ctpoutca N'MIAycnex! /(
GIGAsuccess is built from NANG
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ABSTRACT

Introduction. The study addresses the effect of nanofibrillar cellulose (NFC) on the setting process of cement paste during the first
hours of gauging. A brief justification of the research topic relevance is given. It has been noted that the modification of cement
materials by nanoscale additives has sparked significant scientific and practical interest in recent years. NFC has emerged as one
such additive, and the potential impacts of its incorporation into cement systems are currently under active investigation. The study
aims at investigating the effect of NFC on the cement paste setting kinetics during the first hours of gauging. Materials and meth-
ods. We present the materials used in the research and their characteristics, in particular, two types of cement characterized by the
presence or absence of false setting, as well as cement paste compositions with different NFC consumption (from 0 to 0.24% of dry
matter by weight of cement). The technique of measuring conditional viscosity in time with a laboratory rheometer and a special
measuring system is described. Results. The results of cement paste tests are presented in the form of setting process diagrams.
Discussion. The results obtained and experimental data are given. The complex character of NFC influence on the cement paste
setting kinetics has been noted, which depends on the cement quality and additive consumption. For cement without signs of
false setting, a decrease in setting onset time was observed when increasing the NFC content. Conversely, increase in the amount
of NFC leads to an increase in the setting onset time for cements with signs of false setting. Conclusion. NFC has a noticeable effect
on cement paste setting kinetics in the first 3 hours: it accelerates the process when using cement without false setting and slows
down the setting when using cement with false setting.

KEYWORDS: cement paste, nanofibrillar cellulose, setting.
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INTRODUCTION posites. This is achieved either by improving the proper-

ties of nanomodified materials, such as strength, frost

Modern construction industry uses about 4 billion
tons of cement annually to produce various con-
struction materials based on it [1]. At the same time,
the largest volume of application falls on the production
of concretes and mortars, the properties of which are
regulated, in particular, by means of directed changes in
the structure of cement paste and stone.

Methods for controlling the structure of cement sys-
tems have been continuously developed for decades and
in recent years have reached the nanoscale. The introduc-
tion of very small amounts of various nanoscale additives
into the mixtures made it possible to significantly improve
the technical and economic performance of cement com-

© Pukharenko Yu.V., Khrenov G.M., Tkachenko V.I., 2024

resistance, water resistance, delamination, storability, etc.,
or by reducing the cement consumption in the composi-
tion of mixtures, taking into account the provision of the
required characteristics [2, 3, 4].

The published research results indicate serious pros-
pects for nanostructuring of concretes and mortars.
Carbon-based [5, 6, 7, 8] and silica nanoparticle-based
modifiers [9, 10, 11] have been deeply studied and are
already in practical use. Meanwhile, researchers continue
to search for and study new nanoscale additives, such as
nanofibrillar cellulose (NFC).

NFC is a product of dispersing plant cellulose-con-
taining materials to the nanoscale. It represents tiny flex-
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ible fibers with high strength and deformation characteris-
tics [12, 13]. Many scientists have noted the positive effect
of NFC on the properties of cement composites, includ-
ing increased strength [14, 15, 16, 17], reduced shrink-
age deformations [18, 19], and improved processability
of the mixture (reducing delamination) [20] and others.
Since the results of studying NFC as a modifier of cement
systems are relatively new, the search for possible effects
of its application is still far from being finalized. Taking
this into account, this study aims to investigate the ef-
fect of NFC on the cement paste setting kinetics during
the first hours of gauging.

MATERIAL AND METHODS

The following materials were used in the study: two
samples of Portland cement CEM 1 42.5 H differing in
terms of the presence and absence of false setting signs;
technical water according to GOST 23732-2011; aqueous
suspension of NFC Bang&Bonsomer N-25 with a con-
centration of nanoparticles of 1.7% by volume (Fig. 1).

In order to evaluate the setting kinetics, the Anton
Paar MCR-102 oscillation-rotational rheometer equipped
with a special measuring system developed at Saint Peters-
burg State University of Architecture and Civil Engineer-
ing was used (Fig. 2). This system is equipped with a metal
needle that impinges on a material sample by moving
circumferentially at a speed of 0.2 rpm/hour. The sample
is in a disposable plastic container. The rheometer records

WD: 15.73 mm
Det: SE

LAMUTpUiA JleteHko
View field: 125 ym
Date(m/dly): 01/17/19

Fig. 1. Microphotography of NFC after dispersion in an
ultrasonic bath

the torque required to maintain a given speed, which is
then converted to conditional viscosity. It is not possible
to calculate the absolute value of the viscosity due to
the complex deformation pattern of the material sample.
Nevertheless, the conditional viscosity is considered to be
sufficient for early setting of the cement paste, since it is
the change in the resistance of the material to the speci-
fied effect, not its absolute value, that is important.

Fig. 2. Diagram and photos of the measuring system for controlling the kinetics of mineral binder setting
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Table
Specification of cement paste of normal density

Value for composition 1—8
Indicator
1 2 3 4 5 6 7 8
Portland cement No signs of false setting With signs of false setting
W/C 0.26 0.261 0.262 0.275 0.266 0.267 0.271 0.295
NFC consumption, % 0 0.0024 0.024 0.24 0 0.0024 0.024 0.24

In order to evaluate the effect of NFC on the cement
paste setting kinetics, 8 cement paste compositions of nor-
mal density were made (see Table), in which the cellulose
content is indicated by dry matter as a percentage of ce-
ment weight.

RESULTS

The results of testing the cement paste compositions
No. 1—8 are shown graphically (Figs. 3 and 4).

DISCUSSION

Fig. 3 shows that the conditional viscosity of the ce-
ment paste without NFC (line 1) increases smoothly
and starts to set after 160 minutes from gauging, reach-
ing a value of 500 kPa*s. The NFC introduction has
a noticeable effect on the viscosity change: at a rate

0f 0.0024% it slightly slows down the process of structure
formation between 40 and 140 minutes, and then slightly
accelerates it (line 2). The beginning of setting occurs
after 145 minutes. Introduction of 0.024% of NFC leads
to acceleration of the structure formation process in
the whole time interval of the experiment, the beginning
of setting occurs after 150 minutes (line 3). A significant
acceleration of viscosity build-up is observed at 0.24%
of NFC consumption, and the beginning of setting oc-
curs after 70 minutes (line 4). Thus, the addition of NFC
decreases the time of setting onset, but its significant ef-
fect is observed only at a high consumption of 0.24% by
cement weight. In this case, NFC can be considered as
a cement setting accelerant provided there is no evidence
of false setting in the cement.

Fig. 4 shows the test results of cement paste composi-
tions with signs of false setting, which is clearly visible by
the sharp increase in the conditional viscosity on line 5
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Fig. 3. Kinetics of cement paste setting (compositions No. 1—4): 1 — without NFC;
2 —0.0024% of NFC; 3 —0.024% of NFC; 4 — 0.24% of NFC
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Fig. 4. Kinetics of cement paste setting (compositions No. 5—8): 5 — without NFC;
6 —0.0024% of NFC; 7 — 0.024% of NFC; 8 — 0.24% of NFC

in the first 30 minutes after gauging. The time of set-
ting beginning (false setting in this case) is 20 minutes.
The addition of 0.0024% NFC results in a smoother in-
crease in viscosity (line 6), and the setting onset time is
105 minutes. Further increase of NFC consumption up
to 0.024% also restrains the setting onset time, but only
up to 85 minutes (line 7). The addition of 0.24% NFC
does not noticeably affect the viscosity value of the ce-
ment compared to the additive-free cement test: its inten-
sive growth in the first 30—35 minutes is also observed,
and the setting time has not practically increased and is
25 minutes (Composition 8).

The results obtained indicate the potential applica-
tion of NFC as an additive to compensate false setting
when its signs are detected in cement. At the same time,
the most effective dosages do not exceed 0.024% of ce-
ment weight.
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BnnaHne HaHOPMOPUNNAPHOIN LeIONO03bl HA KNHETUKY
CXBaTbIBaHNA LLeMEHTHOrO TecTa

Opuin Bnagnmuposuu MyxapeHko (°), Fleopruit Muxainnosuy XpeHos* (), Bukropua UropesHa TkaueHKo

CaHkT-lMeTepbyprckmin rocyfapCTBEHHbIN apXUTEKTYPHO-CTPOUTENbHDIN yHUBepcuTeT, CaHKT-MeTepbypr, Poccmsa
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AHHOTALINA

BBepgeHume. B cTatbe paccmaTprBaeTCA BOMPOC BAMAHUA HaHOGUOpunnapHoi uenmonosbl (HOL) Ha npouecc cxBaTbiBaHUA Lie-
MEHTHOrO TecTa B NepBble Yachl OT 3aTBOpeHus. [puBeaeHo KpaTkoe 060CHOBaHMe aKTyanlbHOCTU TeMbl NCccNieaoBaHmsa. OTMeueHo,
4TO B NOCNefHUe rofbl 6OMbLUOW HAYUYHbIN 1 MPAKTUYECKMI UHTEPEC Bbi3bIBAOT BOMPOChI MOANbUKaLM/ LLEMEHTHBIX MaTepUaioB
HaHopa3mepHbIMU fobaBkamu. HOL| paccmaTpriBaeTcs B KauecTBe Tako fO6aBKU HelaBHO, 11 B HACTOsILLee BPEMsl OCYLLeCTBNAETCA
AKTVBHBI MONCK BO3MOXHbIX 3PEKTOB OT ee UCMOb30BaHKA B LEMEHTHbIX crcTeMax. Lienbio paboTbl ABNSIETCA U3yyeHMe BAVSHNA
HOLU Ha KnHeTuKy cxBaTblBaHMA LLleMEHTHOrO TeCTa B NMepBble Yacbl OT 3aTBOopeHus. MaTepuanbl n metogbl. [1prBOAATCA NCNONb-
3yemble B paboTe MaTepuarnbl U KX XapaKTepPUCTUKK, B YaCTHOCTU [1Ba BUAA LIEMEHTA, OTIYAIOLNECS HAJIMYMEM U OTCYTCTBMEM
JIOKHOTO CXBaTbIBaHWA, a Tak»Ke COCTaBbl LLEMEHTHOrO TecTa € pa3nuyHbiM pacxogom HOL (o1 0 go 0,24% cyx. BeLl. OT MacChl LieMeH-
Ta). ONucbIBaeTcs MeToAVKA N3MEPEHUS YCIIOBHOW BA3KOCTV BO BPEMEHU C NMOMOLLbIO Ta6OPaTOPHOro peomMeTpa 1 CreLuasbHON
N3MepuTenbHON cnctemMbl. Pesynbrartbl. [pefcTtaBneHbl pesynbraTbl UCMbITAHUA LLEMEHTHOMO TeCTa B BMAe AMarpamm npotecca
cxBaTbiBaHUsA. 06cyxaeHue. [prBOAATCA pe3ynbTaThl aHaNN3a NOyYEHHbIX SKCNePUMEHTabHbIX AaHHbIX. OTMeYaeTCs CIIOXKHbIIA
xapakTep BnusaHuA HOLL Ha KNHETUKY CXBaTbIBaHUS LLIEMEHTHOTO TECTA, KOTOPbIV 3aBUCUT OT KauyecTBa LIeMeHTa 1 pacxofa Ao6aBKu.
[nsa uemeHTa 6€3 NPU3HAKOB NIOXKHOTO CXBaTblBaHWA HabOAAeTCA yMeHbLUIEHVE BPEMEHY Havara CXBaTbIBaHWA MPW YBENTMYEHUN
cogepaHua HOLL. [1na uemeHTa C npu3Hakamm JIOXHOIO CXBaTbiBaHWA, HAO6OPOT, NoBbileHUe Konudyectsa HOL, nprBoanT K yBe-
JIMYEHNIO BPeMeHU Havana cxBaTtbiBaHuA. BbiBogbl. HOL| oka3biBaeT 3ameTHOE BAUAHME HA KUHETMKY CXBaTblBaHWA LIEMEHTHOTIO
TecTa B nepBble 3 yaca: yCKopsAeT NpoLuecc Npu NCNob30BaHUN LieMeHTa 6e3 IOXKHOro CXBaTblBaHUA 1 3aMefIsfieT CXBaTblBaHWeE
NP NCNONb30BaHNM LIEMEHTA C NTOXKHbIM CXBaTblBaHMEM.

KJTIOYEBDIE CJTIOBA: LieMeHTHOe TecTo, HAHOGUOPUNNAPHas LeNion03a, CXBaTbiBaHMe.

ana yuTUPOBAHUA:

MyxapeHko 10.B., XpeHos M., TkaueHko B.W. BnuaHvne HaHodnbprnnapHoi Lennionosbl Ha KUHETUKY CXBaTbiBaHWA LEMEHTHOro
TecTta // HaHoTexHonorun B ctpoutenbcte. 2024. T. 16, N2 1. C. 6-11. https://doi.org/10.15828/2075-8545-2024-16-1-6-11. — EDN:
QOESME.

BBEAEHUE

COBpeMeHHoe CTPOUTEIBCTBO €XKETOTHO MCITONIB3YEeT
TopsiaKa 4 MIJITHapAOB TOHH LIEMEHTA TSI IIPOU3-
BOJICTBA PA3IMYHBIX CTPOUTEIBHBIX MAaTEPHUAIOB Ha €TO
ocHoge [1]. [Ipu 3ToM HanOOJIBILINI 00bEM IPUMEHEHUS
TIPUXOINTCS Ha BBIITYCK OCTOHOB M PacTBOPOB, PEry-
JINPOBAHUE CBOMCTB KOTOPBIX OCYIIICCTBIISICTCS B TOM
YUCIIe 332 CUYET HAIIPABIICHHOTO M3MEHEHMS CTPYKTYPHI
IEMEHTHOTO TeCTa 1 KaMHSI.

MeTonbl ynpaBjieHUs CTPYKTYPOU 1IEMEHTHBIX CH-
CTEeM HETIPEePBIBHO Pa3BUBAIOTCS ACCATKH JIET U B T10-
clIemHMe TOABI KacaroTcsl HAaHOPa3MEPHOIO YPOBHS.

© MyxapeHko 0.B., XpeHos M., TkaueHko B./., 2024

3a cueT BBEAEHMSI B CMECU BEChbMa HE3HAUMTEIbHBIX
KOJIMYECTB pa3IMYHbIX HAHOpPa3MEePHbBIX 100aBOK CTa-
JIO BO3MOXHBIM CYIIIECTBEHHOE YJIydIllIeHUE TEXHUKO-
SKOHOMMYECKHUX IT0Ka3aTe/Iei IEMEHTHBIX KOMIIO3UTOB.
Hocturaercs 9T0 MO0 YIy4YlIEHUEM XapaKTEPUCTUK
HAaHOMOAU(ULIMPOBAHHBIX MaTePUAIOB, TAKUX KakK
IIPOYHOCTDH, MOPO30CTOMKOCTh, BOJOHEIPOHMLIAEMOCTb,
pacciIanBaeMOCTh, COXPAHIEMOCTb U Ap., 10O 3a CUeT
COKpallleHUsI pPacXo1a LIeMEHTa B COCTaBE CMeCeii C yue-
TOM obecrieueHUs TpeOyeMBIX XapaKTepUCTHK [2, 3, 4].

Orny6/IMKOBaHHBIE PE3YJIbTaThl UCCIEIOBAHMI CBU-
JIETEJILCTBYIOT O CEPbE3HbIX IMEPCIIEKTUBAX HAHOCTPYK-
TpUPOBaHUS 6ETOHOB U pacTBOPOB. CeromHs riyooKo
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W3y4YeHBI U YK€ TIOIYYMIIN ITPAKTUUECKOE IIPUMEHEHIE
MOIM(UKATOPbI HA OCHOBE YIJIEPOAHEIX [5, 6, 7, 8]
¥ KpeMHe3eMUCThIX HaHouacTull [9, 10, 11]. [Tpu aTom
TIPOIOJIKACTCS TTOUCK W UCCAeTOBAaHNE HOBBIX HAHO-
pa3MepHBIX 100aBOK, K YMCITy KOTOPBIX OTHOCUTCS Ha-
HouOpmwIapHas menoiao3a (HPII).

HO®II gaBaseTcss mpOOYKTOM OUCIICPTHUPOBAHUS
0 HAHOPA3MEPOB PACTUTEIIHHBIX IIEJUTIOI030COIe KA~
IIMX MaTePUAJIOB M TIPEACTABISICT COOO0I MeTbUalImme
TUOKHME BOJIOKHA C BBICOKMMM ITIPOYHOCTHEIMU U 1ehop-
MaIlMOHHBIMU XapakTepucTukamu [12, 13]. MHorue
HCCIIeIOBaTEIN OTMEYAIOT ITOJIOKUTEIbHOS BIUSHIE
H®II Ha cBoiicTBa LIEMEHTHBIX KOMIIO3UTOB, 8 UMCHHO
HaOJTomaeTcs moBbIeHne npounoctu [14, 15, 16, 17],
CHIKCHME YCaIOYHBIX nedopmarinii [18, 19], ymydrre-
HIE TEXHOJOTUYHOCTH CMeCH (CHIKCHUE pacciianBac-
moctH) [20] u opyrue. [ToCKOIBKY pe3yabTaThl UCCiIe-
nmoBaauss HOPILI B kauecTBe MoamduKaTopa IIeMEHTHBIX
CHCTEM TIPOBOASITCS OTHOCUTEIBHO HEJABHO, TIOVCK BO3-
MOXKHBIX 3(p(HheKTOB OT ee MPUMEHEHUS €IIle TaJeK OT 3a-
BEpIICHUS. YIUTHIBAS 3TO, HeJIb JAHHO padOTBI COCTOUT
B m3ydeHuM BaussHusT HOIL Ha KWHETUKY CXBaTBIBAaHUS
IEMEHTHOTO TeCTa B TIEPBHIC YaChl OT 3aTBOPCHUSI.

MATEPUAJIbl U METOADbI
B pabote ncnonb30BaIuch caenyome MaTepruabl:

nBe Tipoosl mopTiaHauemenTta LIEM 142,5 H, otimya-
foIrecs] HATMIMEeM W OTCYTCTBHEM IIPU3HAKOB JIOKHOTO

Nanob%

WD: 15.73 mm
Det: SE

AMuUTpUit fleteHko
View field: 125 ym
Date(m/dly): 01/17/19

Puc. 1. MukpodoTtorpadus H®II nocie
JUCTIEPIUPOBAHNUS B YJIbTPA3BYKOBOM BaHHE

cxXBaTbhIBaHMS; Bofa TexHmdeckas mo 'OCT 23732-2011;
BoaHas cycriensust H®LL Bang& Bonsomer N-25 ¢ KOH-
LieHTpauueit HaHoyactull 1,7 % mo oobemy (puc. 1).
J171s1 O1IeHKY KMHETUKY CXBAaTHIBAHUS MCITOJIB30BAJICS
OCHWJIIAIIMOHHO-POTAIMOHHEBIN peoMeTp Anton Paar
MCR-102, cHaGXeHHBII CITelINaTbHON N3MEePUTEITHLHON
cucremMoii, pazpadoranHoit B CITIOIACY (puc. 2). lan-
Hasl CCTeMa OCHAIlleHa METAJUTMUECKOM UTJI0M, KOTOpast

Puc. 2. Cxema u doTorpacdun u3MepuTeIbHOM CHCTEMBI )1 KOHTPOJISI KHHETHKH CXBATbIBAHUS

MHHEPAJIbHBIX BKYIIUX
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v

Tabauuya
XapakTepuCcTHKA IEMEHTHOTO TeCTa HOPMAJIbLHOM I'yCTOThI
3nauenue s coctaBa NeNe 1-8
IToka3zarenan
1 2 3 4 5 6 7 8

IMopTnanaiieMeHT be3 npu3HaKkoB JIOKHOTO CXBaThIBAHMS C npu3HaKaMM JIOXKHOT'O CXBaThIBaHUSI

B/11, 0,26 0,261 0,262 0,275 0,266 0,267 0,271 0,295

Pacxon HOII, % 0 0,0024 0,024 0,24 0 0,0024 0,024 0,24
BO3/ICMCTBYET Ha ITpo0y MaTepuaia, IBUTasICh MO OKPYK- PE3VJIbTATbDI

HOCTH co ckopocThio 0,2 06/9ac. [Tpoba rmpm 3TOM Haxo-
IUTCS B OMHOPA30BOI INIACTMKOBOIT eMKocTH. Peomerp
(bukcupyeT KpyTSIIIit MOMEHT, KOTOPBII TPeOyeTC s IS
noaaepKaHUs 3aJaHHON CKOPOCTH M KOTOPBII 3aTeM
TIEPECUYNTHIBACTCS B YCIOBHYIO BSI3KOCTh. PaccunraTh
abCOJTIOTHOE 3HAUYCHME BSI3KOCTH HE TIPEACTABIISICTCS
BO3MOXKHBIM 13-3a CJIOXHOTO XapakTepa AedopMaiiim
npoOkI MaTepraia. TeM He MeHee, YCIOBHOM BI3KOCTH
MOCTATOYHO JJISI OTCAXKMBAHMS TTPOIIeCcca CXBAaThIBAHMS
IEMEHTHOTO TeCTa B paHHUE CPOKH, ITOCKOJIBKY BaXKHO
MMEHHO U3MCHEHIE COMPOTUBIICHNST MaTepraia yKa-
3aHHOMY BO3ICCTBHIO, a HE €r0 aOCOIOTHOE 3HAYCHIE.

Hns ouenku BmstHUS HPLI Ha KWUHETUKY CXBaTHI-
BaHUS IIEMEHTHOTO TeCTa OBIJIO M3TOTOBJICHO 8 COCTaBOB
IEMEHTHOTO TeCTa HOPMAaJIbHOI I'yCTOTH (CM. TaOIL.),
B KOTOPBIX COAepKaHME IICJUTION03bI YKa3aHO II0 CYXOMY
BEIIECTBY B IIPOIICHTAX OT MAaCCHI LIEMCHTA.

Pe3ynbTaThl MCIIBITAHMS LIEMEHTHOT'O TECTa COCTABOB
NoNe 1—8 mpuBeneHs! B TpadhmaeckoM Buze (puc. 3 1 4).

OBCYXAEHUE

ITo puc. 3 BUOHO, YTO YCIOBHAS BI3KOCTD IIEMCHT-
Horo Tecta 6e3 HOILI (mumHuMs 1) mmaBHO Bo3pacTaeT
u yepe3 160 MUHYT OT 3aTBOPEHUS] HAYMHAET CXBAThI-
Bathes, nocturag 3HadeHus 500 kI1a-c. Beenenne HOLI
OKa3bIBacT 3aMETHOC BIMSHUE Ha U3MEHEHHE BSI3KO-
ctu: ripu pacxone 0,0024% oHa HECKOJIBKO 3aMeIIseT
IIpoIIecC CTPYKTYpOoOoOpa3oBaHUSI B MHTepBaje oT 40
nmo 140 MuHYT, a 3aTeM HE3HAYUTEJIBHO €T0 YCKOPSIeT
(mHums 2). Hagamo cxBaThIBaHMS HACTYITaeT Ha 145 Mu-
nyre. Beenenue 0,024% H®L] npuBoauT K yCKOPEHUIO
IpoIriecca CTPYKTypooOpa3oBaHUsI BO BCEM MHTEpBaJe
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100 120 140 160 180

Puc. 3. Kunetuka cxBaTbiBaHusI IeMeHTHOro Tecta (coctaBbl Ne 1—4): 1 — 6e3 HDII;
2 —0,0024% H®II; 3 — 0,024% HDLI; 4 — 0,24% HOILI.
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Puc. 4. KuHeTHKa cXBaThIBaHUs IIEMEHTHOro Tecta (cocraBbl Ne 5—8): 5 — 6e3 HODII;
6 —0,0024% H®II; 7 — 0,024% HDILI; 8 — 0,24% HOLI.

BPEMEHU IIPOBEACHUS SKCIIEPUMEHTa, Hauajlo CXBa-
TeIBaHUS Hactymnaet yepe3 150 muayT (tuaug 3). [pu
pacxone HOII 0,24% nHabnaiomaeTcs 3HaUUTEIbHOE
yCKOpeHMe HapacTaHMUS BSI3KOCTH, W HAJaJO CXBa-
TBIBAHUS HACTyMaeT yxke uyepes 70 MUHYT (TUHUSA 4).
Taxum obpasom, nobaska H®PILI ymeHbImaeT BpeMs
Hayvajla CXBaTBIBAHUS, OMHAKO 3HAUMMOC €¢ BIIMSHIE
HaOII0MaeTCs JTUIIb TP OOIBIIOM pacxXoie, paBHOM
0,24% ot maccel iemenTa. B aTrom ciryaae HDL moxHo
paccMaTpuBaTh B KAUECTBE YCKOPUTEIST CXBAaThIBAHUS
IeMEeHTa IIPY OTCYTCTBUM B HEM IIPU3HAKOB JIOKHOTO
CXBaTHIBAHMSI.

Ha puc. 4 mpuBeneHsI pe3yabTaThl UCTIBITAHUS CO-
CTaBOB IIEMEHTHOTO TeCTa C IMPU3HAKaAMHU JIOXKHOTO
CXBaTBIBAaHUSI, YTO OTUYCTIIMBO BUIHO IIO0 Pe3KOMY yBe-
JIMYCHUIO YCIIOBHOM BSI3KOCTH Ha JIMHUU 5 B TIEPBHIC
30 MUHYT OT 3aTBOpeHUs. BpemsT Hauaia cXBaThIBaHMS
(B maHHOM CcJTyJae JIOXXHOT0) cocTaisieT 20 MUHYT. BBe-
nexue 0,0024% H®LI npumaer mpolieccy Bo3pacTaHUs
BSI3KOCTH 00JIee TUIaBHBIA XapakTep (JIuHus 6), U Bpe-
M HadaJla CXBaThIBAHUS COCTABIISIeT yxKe 105 MUHYT.
HanbHelimee yBenmyeHne pacxoga HPIL oo 0,024%
TaKKe CIepKUBacT BpeMsI Hauajla CXBaTHIBAHMSI, HO YKe
10 85 munyt (uHus 7). [pu BBenenun 0,24% HOILL
3aMETHOTO M3MEHEHUS BETMUMHBI BI3KOCTH TI0 CpaB-
HEHMIO C 6€3M00aBOIHBIM IIEMEHTHBIM TECTOM HE TIPO-
WCXOOUT: TaKXKe HAOIIOMAcTCA €¢ MHTCHCUBHBIA POCT
B niepBbie 30—35 MUHYT, a BpeMsT Hayajla CXBaTBIBAaHUS

MPAaKTUYECKN HE YBEJUUMIOCh M COCTABIISIET 25 MUHYT
(cocTas 8).

ITony4yeHHbIE pe3yJabTaThl CBUIETEIBCTBYIOT O I10-
TEHLINATHLHO BO3MOXXHOM npruMeHeHnr HMDII B kauecTBe
JI00aBKM, KOMITEHCHPYIOIIEN JIOKHOE CXBaTbIBAHME TIPUA
OOHapyXEeHNU €T0 NMPU3HAKOB B ieMeHTe. [1pn aTOM
Hanbosee 3P (HEeKTUBHBIME MTPEICTABIISIOTCS TO3UPOBKH,
He npesbimatomnie 0,024% ot Macchl LIIEMEHTA.

BbiBOAbl

1. Begenune HaHO(PUOPMIITIPHOI LEJUTIONI03bI OKa-
3BIBACT 3aMETHOC BIIMSIHIC Ha KMHETUKY CXBATHIBAHUS
LIEMEHTHOTO TeCTa B paHHME CPOKHU OT 3aTBOPECHUS, IIPH
5TOM CTETICHb U XapaKTep 3TOTO BIMSHMS 3aBUCUT OT Ka-
yecTBa MOPTIaHILIEMEHTA.

2. JIms KaueCcTBEHHBIX IIEMEHTOB (0e3 IPU3HAKOB
noxxHoro cxBateiBanust) HOLI MoxHO paccMaTpuBaTh
KaK JT00aBKy, YCKOPSIOIIYIO CXBaTbIBAaHUE IICMEHTHOTO
TecTa B HAYaJIbHBIN (10 3-X 9acoB) TIEpUOI TBEpHACHUS.
OnmumaibHbI pacxon HOLI mpy 3ToM cocTaBIIsieT OKoJIo
0,24% ot Macchbl LieMEHTa B IIEpecyYeTe Ha CyXOe BELLECTRO.

3. st IEeMEHTOB ¢ MpU3HAaKaMU JIOXKHOTO CXBa-
teiBaHuss HOL MoxxHO paccMaTpuBaTh Kak 100aBKY,
KOMIICHCUPYIOIIYIO 3TOT 3(PMEKT B IIEMEHTHOM TeCTe
1 TIOBHIIIAIOIIY0, TAKUM 00pa30M, €Tr0 COXpaHSIEMOCTb.
OnTUMaTBHBIM IIJIST 3TOTO CIIeAyeT cauTath pacxom HOLI
nopsiaka 0,0024% ot Macchl LieMeHTa.
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ABSTRACT

Introduction. Cement microstructure imaging is an emerging field of non-destructive compositional investigation. Some data may
be available via one method but not the other due to various physical and chemical mechanisms that could cause cement decay. In
order to quantitatively and qualitatively evaluate cement stone, it is necessary to investigate it as a complex multi-phase composite
material, identify its crystalline phases, and estimate the precise size of its nanoparticles. Materials and methods. This work presents
the results of a microscopic study of the effect of Nanozeolites (particle size < 100 nm) on cements for cementing wells. To study the
surface properties (chemical bonds between molecules, analysis of mineral composition, and surface topography and morphology)
of class G cement stone, three types of microscopes - IR spectrum, X-ray diffraction (XRD), and atomic force microscopy (AFM) — were
used. Zeolite nanoparticle additives were introduced at varying concentrations (0.5%, 1%, 1.5% by weight of cement) after 8 hours
of curing in a water bath at atmospheric pressure and a heating temperature of 60°C (140°F). Results and discussion. The infrared
spectra revealed changes in surface properties, indicating a decrease in free water and an increase in the strength of the system with
the addition of nano zeolite. X-ray diffraction method (XRD) allowed for the identification of the main phases of crystalline hydration.
The highest peak intensity is due to calcium hydroxide CH, which decreases with the addition of nano zeolite. This phenomenon
elucidates the pozzolanic behavior of nano zeolite, which reacts with precipitated calcium hydroxide upon hydration to form C-S-
H, reduces the calcium hydroxide content of the layered structure and increases C-S-H. The topography and surface morphology
of the samples were studied at the nanoscale using atomic force microscopy. The images show the nanoparticles propagate along
the cracks and appear to increase the surface layer's resistance to deformation and stress relaxation in cement-based materials. In
addition, they promote viscoelastic C-S-H behavior. Conclusion. Adding nano zeolite to Portland cement affects the process of
early hydration of cement stone and increases its early strength. Additionally, the introduction of 1.5% nano zeolite into cement
results in the formation of irregular peaks and valleys of low porosity filler, ultimately enhancing the cement's strength.
KEYWORDS: nano-zeolite, IR spectroscopy, calcium silicate hydrate (C-S—H), calcium hydroxide (CH), X-ray diffraction (XRD), atomic
force microscopy (AFM).
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INTRODUCTION

Aiter the mixture has hardened, the composition of the
ement stone includes various crystalline and amor-
phous phases, as well as water and pores of various sizes.
During the hydration process, calcium-silicate-hydrate
(C—S—H) is formed, which constitutes up to 60% of the
volume of hydrated cement and about 25% of the solution
volume is calcium hydroxide (CH) crystals. To study such
systems, infrared spectroscopy in combination with X-ray

© Mohammedameen A.lLM., Agzamov F.A., Ismakov R.A., 2024

analysis and microscopy is a useful tool for characterizing
the phases [1, 2].

Nano-zeolite is a type of nanomaterial that has re-
ceived insufficient attention as an additive in well cement-
ing. This may be due to the wide availability of many
nano-materials, with the use of nano-zeolite in a number
of other industrial applications.

In general, nano-zeolites are crystalline aluminosili-
cates with a distinct porous structure and molecular pore
sizes in the range of 0.3—2 nm (within an open three-
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dimensional structure of tetrahedral silica SiO, and alu-
minum oxide AlO,). Nano-sized zeolite has been found
in both volcanic and sedimentary rocks. In industry,
zeolite has proven itself as an ion exchanger, catalyst and
adsorbent, which is used in oil refining, petrochemicals,
agriculture, soil management, water and wastewater treat-
ment [3]. Therefore, the formula for the crystallographic
unit cell can be used to describe all zeolites; Ma/n [(AlO,)
a (Si0,)b].XH,0O. Where M denotes cations, n is the va-
lence of the cation, the ratio b:a >= 1 and 5, and X is
the number of moles of water trapped within the zeolite
structure[4].

This study is aimed at assessing the effectiveness of
using nano zeolite as an additive for cementing oil wells.
The study focused on analyzing the surface morphology
and structure of all samples using X-ray diffraction, IR
and AFM techniques. The results of this study may help
determine the potential of nano-zeolites as an alternative
component in cement slurry to maintain long-term well
integrity.

MATERIALS AND METHODS

For the experiments, oil well cement (Glass G) and
zeolite nanoparticle powder with a particle size of less
than 100 nm, called (Sapo-11 nano zeolite powder 4A)
was used in the form of a white powder (Fig. 1) with
a pore volume (> 0.16 cm?/g) and specific surface area
(SSA > 180 m*/g). The chemical composition are (SiO,
~ 6%, AL,O, ~48%, and Na,0 < 0.2%).

Deionized water with a water/cement ratio of 0.44 was
used for sample preparation. The tested cement mortar
was placed in prepared molds (50 mm*50 mm*50 mm) at
various dosages of 0.5%, 1% and 1.5% nano-zeolite. Sam-
ples were cured hermetically by storing the slurry inside
copper molds with lids tightly attached and immediately
immersing them in the curing bath, at atmospheric pres-
sure and a heating temperature of 60°C (140°F) for 8 hours

Fig. 1. Nano zeolite appearance

i
s 0o
3
R =

Fig. 2. Water path used in this research for curing sam-
ples at atmospheric pressure and heating temperature
60°C (140°F)

Fig. 2. The entire process of preparing cement mixtures
was carried out at room temperature. The procedure was
performed in accordance with API Spec. 10A, 2019 [5].

After a specified time (8 hours), all samples were
removed from the curing bath and the cubes were re-
moved from the molds. The samples were dried at room
temperature for 24 hours. Cement samples were crushed
and sieved. Studies of the morphology and microstruc-
ture and phase composition of the formed hydrates were
carried out using X-ray diffraction patterns (XRD-6000
Shimadzu with an incident angle of 0.154 nm using Cu-
Ka radiation), Fourier transform infrared spectra (FTIR)
(Sgimadzu model 1800, Japan) and atomic force micros-
copy (NaioAFM 2022, Nanosurf, Switzerland).

RESULTS AND DISCUSSION
Analysis of cement powder by infrared spectra

Spectroscopy analysis of four mixtures (pure cement
and with nano zeolite additives Z 0.5%, Z 1% and Z 1.5%)
is presented below. Four samples were ground into powder
and tested to study surface properties in terms of chemical
bonds between molecules. In Fourier transform infrared
spectroscopy analysis, the horizontal axis of the infrared
(IR) spectrum is denoted as wavenumber (1/cm) and cov-
ers the range from 400 cm~' at the far right to 4000 cm™!
at the far left, scaling by a factor of 2 at 2000 cm™'. The
vertical axis, denoted as percent transmittance (%T),
ranges from 0 at the beginning of the y-axis to 100 at the
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top. Characteristic peaks in the infrared spectrum were
identified [6]. Some chemical elements in cement have
different functional groups; including H,0, Al-0, Si—O,
SO,?, CO,™ and OH", are active in the infrared range
[7]. The transmission spectra of pure cement mortar and
cement with different amounts of nano-zeolite are shown
in Fig. 3 (a, b, c and d, respectively).

From Fig. 3(a), it can be seen that the band value at
3641.60 cm™' decreases to 424.34 cm~', which suggests the
formation of C—S—H gel. From Figure 3 (b), (¢) and (d)
with the addition of nano-zeolite, the band value between
3641.60 cm~" and 3637.75 cm~! decreases to 416.62 cm™! at
0.5% nano-zeolite and 420.48 cm~" at 1.5% nano-zeolite.
It can be seen that the lowest band value is observed with
the addition of 0.5% nano-zeolite, and a decrease in the
band value means a decrease in free water and an increase

v

in the strength of the system. All peak values are given in
Table. 1.

Spectral analysis of all solution samples revealed the
presence of broad bands in the range from 3641.60 to
3637.75 cm~'. These bands can be attributed to overlap-
ping stretching vibrations of the structural OH groups of
portlandite Ca(OH),, resulting from the hydration process
involving C,S and C,S. The band associated with nano
zeolite (Z 1.5%) decreased as the hydration process pro-
gressed, indicating a decrease in the presence of unbound
water and the formation of C—S—H bonds [7,8].

The waveband in the range of 3417.86-3444.87 cm™!
is often associated with OH stretching of water molecules
bound to the cement matrix. The wavelength range of
cement mortar without nano-zeolite had a reduced size
compared to cement containing nano-zeolite. This re-
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Fig. 3. IR spectrum of cement mixtures with nano-zeolite: a — Net cement, b — Cement with 0.5% nano-zeolite;
¢ — Cement with 1% nano-zeolite; d — Cement with 1.5% nano-zeolite
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Fig. 3. IR spectrum of cement mixtures with nano-zeolite: a — Net cement, b — Cement with 0.5% nano-zeolite;
¢ — Cement with 1% nano-zeolite; d — Cement with 1.5% nano-zeolite

sult suggests that the hydration phase at this particular
location was more effective for cement without any ad-
ditives [8, 9].

The observed peaks at 2835.36—2927.94 cm~' can
be attributed to the stretching vibrations of the OH and
CH molecular groups. These peaks indicate a decrease
in the presence of unbound water molecules [10]. The
bond between cement and nano-zeolite (Z 1%) became
asymmetrical with respect to other samples with a wave
number of 2954.95 cm~! due to the appearance of the
wave number later than that of the other samples, but the
trends are the same for all. The spectral band observed in
the wavenumber range from 1654.92 to 1658.78 cm~! may

be associated with the bending vibration of the H—O—H
fragment within the molecular structure of H,O [11]. The
observed wavelength range of 1419.61 cm™! is attributed to
the presence of CO,~ in pure cement and nano-zeolite
(2 0.5%). The appearance of calcium carbonate (CaCO,)
may be due to the absorption of carbon dioxide (CO,)
from the environment during sample hydration. The ab-
sorption peak of calcium carbonate (CaCO,) is observed
at 1480 cm~!, which can be explained by the consumption
of hydroxyl groups (CH) and calcium silicate compounds
(C—S—H) in this spectral region [12, 13]. At a wavelength
of 1319.31 cm™! for nano zeolite (Z 1.5%), sulfur (S) ex-
hibits vibrational bands corresponding to (S-O) bond
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Table 1
The influence of nano-zeolite on the IR spectroscopy of cement stone
NG 7.0.5% 7.1% Z.1.5% Approximate description
Cement
3641.60 3641.60 3633.89 3637.75 vaég?g%rf stretching vibrations of structural OH groups
3417.86 3429 43 3464.15 3444.87 I(I)llglltrsi;retching of water molecules bound to the cement
2835.36 2850.79 2954.95 2927.94 | Stretch vibrations of molecular groups O—H and C—H
1658.78 1662.64 2819.21 1654.92 | H—O—H bending vibration
1481.33 1485.19 1797.66 1481.33 | CO,?
1419.61 1419.61 1657.92 1319.3 CO,? and (S—O) relationship
1118.71 1118.71 1492.90 1126.43 | Si—Obonds C,S and C.S
968.27 979.84 1315.45 975.98 Si—O bonds
871.82 871.82 1130.29 871.82 CO,?
829.39 829.39 979.84 655.80 Bending CO,* and Si —O-Si , or AI-O—Al
667.37 640.37 875.68 455.20 The deformation of SiO, occurs in the shape
470.63 509.21 455.20 420.48 of a tetrahedron and becomes clearer
424.34 474.49
439.77
416.62

[14]. The bands observed at 1118.71—1126.43 cm™', with
the exception of the nano zeolite additive bond (Z 1%),
are attributed to the bending in-plane vibrations of Si—O
bonds in C,S and C,A. This means the formation of Ettr-
ingite, which in experiments occurred at 8 hours of age
[15, 16].

The fundamental difference between hydrated and
non-hydrated cement samples is the shift in the Si—O
stretching mode from the absorption peak of 968.27 cm~!
in non-hydrated cement to 979.84 cm~! in hydrated ce-
ment [7]. Bands in the frequency range of 871.82 cm™! for
(pure cement, cement with nano zeolite 0.5% and cement
with nano zeolite 1.5%) and connection at 829.39 cm™!
for (pure cement and cement with nano zeolite 0. 5%) are
attributed to the CO,? ion, and the out-of-plane bends
of CO, correspond to vibrations of C—O bonds in CH
and CaCO, resulting from the interaction of Ca(OH),
and CO, present in the atmosphere [8,13]. The band at
655.80 cm™! for cement containing (1.5%) nano-zeolite is
due to asymmetric and symmetric stretching of Si—O—Si
or Al-O—Al deformation vibrations [11,17]. The presence
of a band in the range of 400—500 cm™! in all samples can
be explained by the deformation of the SiO, tetrahedron,
which becomes more distinct. The crystal structure of
Alite (C,S) or Belite (C,S) suggests the arrangement of
SiO, groups in a tetrahedral ring. The infrared spectra
of all silicates show two prominent peaks at 1000 and

500 cm~!, which are thought to correspond to the two
active frequencies of the tetrahedral point group [11, 18].

X-ray diffraction analysis

The XRD method allows the identification of the
main phases of crystalline hydration. X-ray profiles were
used to analyze the mineral composition of pure cement
stone and hardened cement with (0.5%, 1% and 1.5%)
nano-zeolite after curing for 8 hours in a bath at 60°C.
The results are presented in Fig. 4.

From the X-ray diffraction patterns of the samples,
it is clear that calcium hydroxide Ca(OH), marked
CH, characteristic peaks of 2-Theta (29.561, 32.330,
34.231, 47.244, 50.918 and 54.473), Tricalcium silicate
(Ca,SiO,, abbreviated to C,S), characteristic peaks of
2-Theta (29.244 and 62.740), Dicalcium Silicate Hydrate
(Ca,Si0,+«H,0, abbreviated C,S), characteristic peak
2-Theta (46.989), Aluminate (CaO+AlQ,, abbreviated
C,A), characteristic peak 2-Theta (32.730) and Fer-
rite (CaO+AlO,+Fe,0,, marked C,AF), characteristic
2-Theta peak (33.958) [19, 20].

The highest peak intensity at 2-Theta (34.231 and
47.244) is due to calcium hydroxide CH, which decreas-
es with the addition of nano-zeolite. This phenomenon
elucidates the pozzolanic behavior of nano zeolite, which
reacts with precipitated calcium hydroxide upon hydration
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to form C—S—H, reduces the calcium hydroxide con-
tent of the layered structure and increases C—S—H. As
a result, the addition of nano-zeolite to Portland cement
affects the early hydration process of the cement stone
and improves its early strength. In addition, the possibil-
ity of calcium carbonate CaCO, may occur due to partial
carbonation of portlandite.

Since the mixtures were prepared simultaneously for
all cement samples, random carbonation due to the re-
action of calcium hydroxide with atmospheric carbon
dioxide occurred to the same extent for all samples. This
observation was also confirmed by IR spectrum analysis.
Due to the presence of only a limited number of broad
and weak diffraction peaks in C—S—H X-ray diffraction
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Fig. 4. X-ray patterns of four samples of cement stone with and without nano zeolite
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Fig. 4. X-ray patterns of four samples of cement stone with and without nano zeolite

patterns, this phase is often called X-ray amorphous. This
term suggests that the C—S—H crystal structure does not
exhibit any organized arrangement over long distances
[21]. However, according to published data, X-ray dif-
fraction patterns (XRD) of C—S—H consistently show
peaks at certain angles in 2-Theta (7.4, 16.7, 29.1, 32,
49.8, 55, 66.8), which are mainly asymmetrical [22, 23].
According to this and from the XRD data table (main
data processing), 4 C—S—H patterns were recorded for
the samples, 2 patterns in nano-zeolite 0.5%, and the
remaining 2 patterns appeared in nano-zeolite 1% and
1.5% with integrated intensity. The formation of calcium
silicate hydrate occurs due to the interaction of C,S or

C,S with water. The result material (C—S—H) is often
called a gel rather than a crystalline substance due to the
lack of a regular structure that can be seen using X-ray
diffraction. Its composition can vary, but it usually con-
tains about twice as much CaO as SiO,, as well as a small
amount of water [24].

AFM analysis of the surface of nanostructures

Atomic force microscopy was used to study the topog-
raphy and surface morphology of the samples under study
at the nanoscale. A 3D image of the surface roughness of
the samples is shown in Fig. 5.
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Nanoparticles affect the cement structures in the
samples, causing the formation of multifaceted agglom-
erates. AFM topography spectra of the samples show the
presence of mud cracks above a uniformly smooth and flat
surface layer, which is covered by nano volume structures
including nano zeolite particles. Upon closer inspection,
these images show that the nanoparticles propagate along
these cracks and appear to increase the surface layer’s
resistance to deformation and stress relaxation in cement-
based materials. In addition, they promote viscoelastic
C—S—H behavior as evidenced by topography.

Figure 5 show that the surface roughness has the ap-
pearance of a complex structure with many peaks and
valleys of different sizes and distances from each other.
According to ISO 25178 and from the AFM surface rough-
ness table data, the height parameters describing the sur-
face morphology are; (Sq) RMS height; (Ssk) Surface
asymmetry of limited scale; (Sku) Surface kurtosis of
limited scale; (Sp) Maximum peak height of a limited
scale surface; (Sv) Maximum height of a surface failure
of a limited scale; (Sz) maximum height of a limited scale
surface; And; (Sa) arithmetic mean of the surface height
of a limited scale. Table 2 show the parameter values.

The distance between different texture components
can be described using the parameters Sa and Sq, which
are optimized to describe the peaks and valleys of the
surface [25]. Similarly, the value of Ssk reflects the de-

Nanob%

gree of displacement of the roughness shape. The Sku
value of a roughness profile shows how sharp it is. Sp,
Sv and Sz are parameters obtained by analyzing the ab-
solute largest and smallest points found on the surface
under study [25, 26]. From the table 2 it follows that
with increasing values of Sa and Sq for the surface, the
size of the cement grains will be high. This can be seen
when using Z 1% nano zeolite by the surface peaks and
valleys in Fig. 5 and height values in table 2. In addition,
low values of Sa and Sq can help reduce matrix porosity
and increase its strength. This manifestation in a matrix
with 1.5% nano zeolite is clearly visible both in the figure
and in the lowest values of Sa and Sq in the table [25,
27]. The symmetry of peaks and valleys is described by
Ssk. If Ssk = 0, then the peaks and valleys are evenly
distributed around the mean plane. If Ssk < 0, then val-
leys predominate on the surface (Ssk in Z0.5% nano
zeolite is less than 0). On the contrary, if Ssk > 0, then
the surface is dominated by peaks. Sku is a metric that
quantitatively characterizes the degree of surface sharp-
ness. In general, when Sku = 3, this indicates that the
surface has a balanced distribution of both smooth and
jagged peaks and valleys. If the Sku value is less than 3,
then the surface consists mainly of flattened peaks and
valleys with relatively significant curvature at the edges.
This may indicate a lower probability of crack initiation
under stress compared to surfaces with sharp peaks and
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Fig. 5. AFM images of cement samples without nano zeolite (pure cement) and with nano zeolite (0.5%, 1%, 1.5%)
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Table 2
Surface roughness parameters for cement and additives
The parameters Net cement 7.0.5% Z.1% 7.1.5%

Sq (nm) 5.847 7.137 7.655 2.332
Ssk 1.225 -0.2093 0.03682 2.501
Sku 5.876 3.554 2.787 15.24
Sp (nm) 35.00 32.55 30.72 17.36
Sv (nm) 19.24 28.53 28.76 5.899
Sz (nm) 54.23 61.09 59.48 23.25
Sa (nm) 4.243 5.581 6.216 1.549

valleys. Conversely, if Sku is greater than 3, then the
surface has clearly defined peaks and valleys with very
little curvature at the edges [27, 28].

CONCLUSION
The results showed that when nano zeolite is added,

the content of calcium hydroxide CH decreases. This
phenomenon explains the pozzolanic behavior of nano

zeolite, which reacts with precipitated calcium hydroxide
upon hydration to form C—S—H, reduces the layered
structure of calcium hydroxide and increases C—S—H.
Thus, the addition of nano zeolite to Portland cement
affects the process of early hydration of cement stone
and increases its early strength. AFM analysis showed
that when 1.5% nano zeolite is introduced into cement,
many irregular peaks and valleys of low porosity filler are
formed, which increases the strength of the cement.
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WUccnepoBaHne BANAHUA HAHOYACTUL, LLeONNTA
Ha HEeKOTopblie CBOMCTBA TAMMOHAXXKHOIO NOPT/NAHALEMEHTa

Anun N6paxum MoxammepgamuH Moxammegamun® (=), ®aput Akpamosuy Arsamos ( °), Pyctam Agunosuny cmakos

YGUMCKINI rocyfapCTBEHHbIN HePTAHOM TEXHUYECKMI yH1BepcuTeT, Yda, Poccua
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AHHOTALMA

BBepeHue. Brisyanusaums MUKPOCTPYKTYPbI LIEMEHTA ABMSETCA HOBOWM 06MacTbio HepaspyLUIaloLWero NcciefoBaHns Mmatepuana.
HekoTopble gaHHble MOTYT ObITb AOCTYMHbI C MOMOLLbIO OAHOrO METOAA, HO HEAOCTYMHbI C MOMOLLbIO APYroro, NOTOMy UTO Cylie-
CTBYET HECKOJIbKO GU3NUYECKUX U XUMUYECKMX MEXaHN3MOB, KOTOPble MOTYT Bbl3BaTb pacnaj LemeHTa. 1A KonnyecTBeHHOM 1 Ka-
YeCTBEHHOU OL|EHKM LLIEMEHTHOIO KaMHA HEOOXOAMMO UCCNEA0BaTb Ero Kak CNTOXKHbIN MHOrOdasHbIi KOMMO3ULMOHHbI MaTepurarn,
NOeHTMOULMPOBATDL €ro KpUcTanamyeckne dasbl U OLLEHUTb TOUHBIN pa3Mep ero HaHoyactul. MaTepuanbl u meTogbl. [JaHHasA
paboTa nocesLeHa pe3ynbTaTtam UcciefoBaHVA MO MAKPOCKOMNOM BAVSIHUA HAHOLIEONNTOB (pa3mep yactul < 100 HM) Ha LieMeHTbI
ANA KpenneHna CKBaxKnH. [Ina n3yyeHna cBONCTB MOBEPXHOCTU (XMMUYECKNX CBA3EN MeXay MONIeKyiaMu, aHannsa MruHepasbHOro
COCTaBa U NMOBEPXHOCTHOW Tonorpadun n Mopdonornn) LLEMEHTHOIO KaMHs Knacca G 1Cnonb3oBanucb TPU TUMNa MUKPOCKOMOB
(MK-cnekTp, andpakuma peHTreHoBCKUX (XRD), aToMHo-cunoBas Mukpockonus (ACM). [lo6aBKy HaHOUACTUL, LLleONTa COCTaBAANN
(0,5%, 1%, 1,5% no macce LemMeHTa) nocsie 8 YaCOB OTBEPXKAEHUSA B BOAAHON GaHe nNpu aTMOChEepHOM JaBneHUn 1 Temnepartype
Harpesa 60°C (140°F). PesynbraTbl 1 06cyxaeHne. C nomolpbio MK cnekTpa 6binm 13yyeHbl CBOMCTBA MOBEPXHOCTY C TOUKY 3peHNs
XUMMYECKUNX CBA3el mexay monekynamu. C fob6aBneHreM HaHOLLeONMTa 3HaYEHMsA NMoJoC YMEHbLUIAMNCh, YTO O3HaYaeT yMeHbLUEHNe
KonmuyecTBa CBOOOJHOW BOAb! U yBennyeHre NpoyHocTu cuctembl. Metog XRD no3sonseT naeHTudrLumpoBaTb OCHOBHbIe da3bl
KpucTannorugpaTtaunn. Hanbosnblias UHTEHCUBHOCTb MK MPUXOAUTCS Ha ruapokcung Kanbumsa CH, KoTopasa CHUKaeTca npu fo-
6aBnieHVN HaHOLeoNnTa. ITO ABNEHUE 0OBACHAET MyLLIONIaHOBOE NOBeAeHVe HAHOLLEONNTA, KOTOPBIV NPY FrMapaTaumy pearupyet
C OCaXXAEHHbIM MMAPOKCUIOM KanbLusa ¢ o6pasoBaHem C-S-H, cHXaeT cofepaHue rugpokcmaa KanbLuys B CIOUCTON CTPYKType
n ysenununsaeT C-S-H. Tonorpaduio n mopdponorno noBepxHOCTV 06pas3LoB 13yyanu Ha HAHOYPOBHE C NMOMOLLbIO aTOMHO-CU-
nosoi Mukpockonuu (ACM). Mi306pakeHns NoKasblBatkoT, YTO HAHOUYACTMLbI PACMPOCTPAHATCA BAOMb TPELWVH 1, MO-BUANMOMY,
MOBBILAIT YCTONYMBOCTb MOBEPXHOCTHOIO C/10A K AepopMaLyi U penakcaumm HanpsKeHUn B MaTepuanax Ha OCHOBE LieMeHTa.
Kpome Toro, oHv cnocobcTByOT BA3KOynpyrim csoctBam C-S-H. 3aknioueHue. [JobaBneHne HaHOLeoNNTa B NOPTIaHALEMEHT
BNMAET Ha MPOLeCC paHHer rmapaTaunmn LEMEHTHOrO KaMHA 1 MOBbILWAET ero paHHo NpoyHocTb. ACM-aHann3 nokasan, uto npu
BBe[EeHUU B LeMeHT 1,5% HaHoLeonuTa o6pasyeTca MHOXECTBO HEPOBHbIX MUKOB W BMafWH HU3KOMOPWCTOrO HaroMHUTENS, YTO
yBenunuMBaeT NPOYHOCTb LieMeHTa.

KNIOYEBbBIE CJIOBA: HaHoueonuT, K-cnekTpockonua, cunukat-rugpat-kanbums (C-S-H), rmgpokcung kanbuuma (CH), peHTreHoBCKasn
andpakuma (XRD), atomHo-cunoBasa Mmukpockonusa (ACM).

AnAa UUTUPOBAHUA:

MoxammegamuH A.M.M., Arsamos @.A., icmakos P.A. iccnepoBaHue BANAHMA HaHOYACTUL LLEONIMTA HA HEKOTOPbIe CBOMCTBA
TaMMOHaXHOro nopTnaHauemeHTa // HaHoTexHonorum B ctpontenbcTee. 2024. T. 16, Ne 1. C. 12-21. https://doi.org/10.15828/2075-
8545-2024-16-1-12-21. — EDN: RJYBNW.

BBEAEHUE

BCOCTaB LIEMEHTHOTO KaMHS TIOCJIC OTBEPXKICHUS
CMeCH BXONST pa3IMUHbIC KPHUCTAINYEeCKUE
u amopdHBIe (ha3bl, a TAKXKe BOIA W TTOPHI PA3IMIHOTO
pa3mepa. B mporiecce rumpataimu oopa3yeTcst Tuapat-

© MoxammegamuH A.N.M., Arsamos O.A., icmakos PA., 2024

cunukaTa-kKanplns (C—S—H), KoTopslil cocTaBiseT
10 60% obbeMa TUAPATUPOBAHHOTO IIEMEHTA, U OKOJIO
25% obbeMa pacTBOpa COCTABIISTIOT KPUCTAJUTBI TUIPOK-
cuna Kanbius (CH). It m3ydeHus TomOOHBIX CUCTEM
nH(bpaKpacHast CIIEKTPOCKOTIHS B COUETAHUY C PEHTTe-
HOBCKUM aHAJIM30M 1 MUKPOCKOTIUEH SIBJISIETCST TIOJIEe3-
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HBIM THCTPYMEHTOM IUIST OTIPENIEICHMS XapaKTepUCTUK
daz [1, 2].

Hanorieomut — 3T0 pa3HOBHUIHOCTh HAHOMATEpHAaa,
KOTOPOMY YIEJISTOCh HEIOCTATOYHO BHUMAHUS B Kade-
CTBE T0OABKM TTPH IIEMECHTHUPOBAHNH CKBaXXH. Bo3Mox-
HO, 3TO CBSI3aHO C MIMPOKOU TOCTYITHOCTHIO MHOTHX Ha-
HOMAaTepHaJIoB C UCITOIH30BaHNEM HAHOIICOJIUTA B PSIIC
IPYTUX TTPOMBIIILICHHBIX TIPUMEHCHUIA.

B 11e710M, HAHOIICOJIMTHI TIPEICTABIISIIOT COOOI KPH-
CTaJUIMIECKIE aTIOMOCWINKATHI C YETKO BBIPAXKCHHOMN
TIOPUCTOU CTPYKTYPOM M pa3MepaMu ITOP MOJICKYJISIPHBIX
pa3mepoB B auama3one 0,3—2 HM (B paMKaX OTKPBITO
TPEXMEPHOU CTPYKTYPHBI U3 TETPAdIPUICCKOTO KPEeM-
Hesema SiO, u okcuna amomunus AlO,). Hanopasmep-
HBI 1IEOJIUT OBUT OOHAPYKEH KaK B BYJIKAHMUECKUX, TaK
¥ B OCAIOYHEIX ITOPOIAX. B MpOMBIIIJICHHOCTH 1I€OIUT
3apeKOMEHIOBAJI ce0sI KaK MOHOOOMEHHUK, KaTan3aTop
¥ amcopOeHT, KOTOPHIN NCIIOIb3yeTCs B HedTermepepa-
00TKe, He(TEXUMHH, CEITLCKOM XO3STICTBE, YITPaBICHUN
TIOYBaMU, OYMCTKE BOIBI U CTOUYHBIX Box [3]. CiemoBa-
TEJIbHO, (hopMyJIa VTS KPUCTAJUIOTpapIecKoit SJIeMeH-
TapHOM STYCUKHM MOXKET OBITh MCITOTb30BaHA TSI OITHCa-
Hus Beex 1eonmtoB; Ma/n [(AlO,)a (SiO,)b]. XH,O, rue
M o0603HaYaeT KATHOHBI, N — BaJICHTHOCTh KaTHOHA,
cooTHoIeHue b:a >=1u 5, a X — KOJIMYeCTBO MOJIei
BOJIBI, 3aXBaYCHHBIX BHYTPU CTPYKTYPHI IIconTa [4].

HaHHOoe nccaenoBaHne HaIpaBIeHO Ha OIICHKY 3¢-
(beKTMBHOCTH UCTIOIE30BaHMS HAHOIIEOINTA B KAUCCTBE
IO0aBKM MPU MEMEHTUPOBAHNN HE(DTSIHBIX CKBAXKIH.
HccnenoBaHne OBUIO COCPEIOTOUYCHO Ha aHAIM3E MOP-
(bommornm MOBepXHOCTH M CTPYKTYPE BCEX 0OPA3IIOB C HC-
TOJIb30BAHNEM METOIOB PEHTICHOBCKOM OMbpaKIInH,
HK-criektpoB 1 ACM. Pe3yibTaThl 3TOT0 UCCICTOBAHUS
MOTYT IIOMOYb B OIIpeICICHAN TTOTCHITNAIA HAHOIICOJTH-
TOB B KaUECTBE AJIbTCPHATUBHOTO KOMITOHEHTA ITPU TIPH-
TOTOBJICHWM LIEMECHTHOTO PaCcTBOpa TSI TIOMACPKAHUS
TIOJITOBPEMEHHOM 1IEJTOCTHOCTU CKBaKIHEL.

MATEPUAJIbl U METOADI

J1J1s1 5KCTIEpUMEHTOB UCTIONIb30BAJICS LIEMEHT JIJISI He-
dTsaBIX cKBaXuH (Kimacc G) U IMTOPOIITOK HAHOYACTHUIT
1Ie0JIUTA ¢ pa3MepoM vacTull MeHee 100 HM, TIOJTy4nB-
i Ha3zBaHMe (Sapo-11 nano zeolite powder 4A) B Bume
6estoro moporka (puc. 1) ¢ oobeMom mop (> 0,16 cm3/T),
VIEITBHOI TOBEPXHOCTHIO (SSA > 180 M?/T) M XUMUUYECKUM
cocrasoM (SiO, ~ 6%, AL,O, ~ 48%, n Na,O < 0,2%).

Jlns TOATOTOBKU MPOO MCITOJNb30BaJlach JeUO-
HU3UPOBaHHAs BOJA C COOTHOIIIEHUEM BOJa/IIeMEHT
B/11 = 0,44. VcribITEIBaeMBIi IIEMEHTHBIN pacTBOP I10-
MEIIAJIN B TIOATOTOBICHHBIE (POPMBI (50X 50X 50 MMm)
MpU pas3andyHbIX 1o3upoBkax 0,5%, 1% u 1,5% Hano-
meoimuta. OGpasibl OTBEPKAAINA TEPMETUIHO, XpaHSs
CYCTIEH3UI0 BHYTPU MEIHBIX (DOPM C TUIOTHO MPUKPE-
TJIEHHBIMM KPBIIIIKAMU 1 ¢pasy e TIorpyKast X B BAHHY

Puc. 2. BanHa 119 BbIIep:KKH 00pa3ioB IieMeHTa B BOIe
npu aTMOC(EPHOM JaBJICHUH 1 TeMIepaType HarpeBa
60°C (140°F)

OoTBepxXIeHUS (puC. 2), IpA aTMOC(hHEPHOM ITaBICHUU
u Temneparype Harpesa 60°C (140°F) B reueHue 8 4acos.
Bech mipoliecc TOATOTOBKY IIEMEHTHBIX CMECEH TTPOBO-
ITAJICS TIPpW KOMHATHO# TeMmeparype. [1polieaypa 6bi1a
BBLITIOJTHEHA B COOTBETCTBUM co crnenudukanmein API
Spec. 10A, 2019 1. [5].

ITo ncTreyeHNM 3aMaHHOTO BpeMeHU (8 94acoB) Bce
00pa3llbl M3BJICKAIN U3 BAaHHBI IS OTBEPXKICHUS,
Kyowku u3Biekanu u3 hopm. O6pasisl CYyIIMIN IIPpU
KOMHATHOU TeMmIlepaType B TeueHUe 24 yacoB. O6pas-
IIBI IIEMEHTA U3MEJIBbUAINCh U IIpocenBamnch. Mccie-
TOBaHUS MOP(MOJIOTUN I MUKPOCTPYKTYPHI M (ha30BHINA
cocTaB 00Pa30BaBIIMXCS THIPATOB IIPOBOIIIINCH C UC-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (1):
12-21

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobull

WUCCJIE4OBAHUE CBOUCTB HAHOMATEPUAJIOB

0JIb30BaHKEM PEHTIeHOBCKOI nudpaxuuu (XRD-6000
Shimadzu ¢ yrimom nagenus 0,154 HM ¢ NCTIONTB30BaHUEM
Cu-Ka-m3nyaenus ), mHppaKpacHBIX CITeKTpoB Pypbe-
npeobpaszoBanust (MK crekrpa) (Sgimadzu momers 1800,
Amonmnst) m aToMHO-cHI0BOM MUKpocKormy (NaioAFM
2022, Nanosurf, [IIBetimapus).

PE3YJIbTATbl U OBCYXAEHUE

AHanus uemeHTHOro nopoLKa no nHppakpacHbiMm
cnekTpam

AHaJIN3 CIICKTPOCKOITNY TBEPIACHUS YETHIPEX cMeceil
(YUCTHIA LIEeMEHT U ¢ nobaBKamu HaHoueoauta Z 0,5%,
Z 1% u Z 1,5%) npencrasiex Hixe. YeTsipe obpasiia
M3MEJTBYIUIA B TIOPOIIIOK M TTPOTECTUPOBAIIH IIJIST M3yUe-
HUS CBOVICTB ITOBEPXHOCTH C TOUKH 3PEHUS XUMHIUCCKIX
CBsI3eil MexXIy MoJIeKysIaMu. B aHanmm3e nHdpakpacHOi
CIIEKTPOCKOITNH ¢ IIpeodbpazoBanreM Dypbe Topru30H-
TasibHasA och UHPpakpacHoro (MK) criekTpa 0603Ha-
gaeTcs KaK BOJTHOBOE YMCIIo (1/cM) 1 oXBaThIBaeT Ira-
na3oH ot 400 cM~! B kpaitHeM mpaBoMm yrity 10 4000 cm!
B KpalfHeM JIEBOM ¢ M3MEHEHMEM MacInTada B 2 pasza Impu
2000 cm~'. BeprukanbHast ocb, 0003HaYeHHAasT KaK KO3(-
ument nponyckanus (% T) B mpoLieHTaxX, BapbUPyeT-
cg ot 0 B Hauase ocu opauHat 10 100 B BepxHeit yacTu.
bBrina mpoBeneHa naeHTUGUKAINS XapaKTePHBIX TMKOB
B MH(ppakpacHoM criekTpe [6]. HekoTopbie xuMnueckue
3JIEMEHTHI B IIEMEHTE 00JI1amaioT pa3sHBIMHU (PYHKITNO-
HaJIbHBIMU IpyInnamMu; B ToM ucie H,O, AlxO, SixO,
SO,?, CO,” u OH", aKTuBHHI B MH(pPaKPaCHOM JI1a-
na3oHe [7]. CrexTphl MPOMyCKaHUS YUCTOTO IIeMEHT-
HOTO pacTBOpA M LIEMEHTA C Pa3IMIHBIM KOJIMIECTBOM
HaAHOIICOJIMTA TT0Ka3aHbI Ha puc. 3 (COOTBETCTBEHHO
a,0,BUT).

M3 puc. 3a BUOHO, YTO BEJIWYMHA ITOJOCH
3641,60 cm~! ymensbinaercs 10 424,34 cm~!, 9To Tipe-
nojraraet obpaszoBanue reasgs CxSxH. U3 puc. 306,
3B 1 3T ¢ JoOaBKaMMM HAHOIICOJINTA BEJIMIMHA TT0JI0-
cbl Mexay 3641,60 cm~' u 3637,75 cM~' yMeHbIIaeTcst
10 416,62 cm~' ipu 0,5% nanoueonura u 420,48 cm™!
npu 1,5 % Hanoueonura. BugHo, 4T0 HaMMEHbIIIEE 3HA-
YeHME TOJIOCH HaOTIogaeTCs IIpy J00aBKe HAHOIICOIH -
ta 0,5%, a yMeHbllIeHNe 3HAYEHHUS [10JIOCHI 03HAYAET
YMEHBIIICHIE CBOOOMTHOM BOIBI M YBEJIMUCHUE TIPOU-
HOCTHU CHUCTEeMBI. Bce MMKoBBIe 3HAYCHUSI IIPUBEICHBI
B Tab. 1.

CrieKTpaJabHBIN aHAJIM3 BCeX 00pa3loB KAMHSI BBI-
SIBWJI HAJIMYME ITUPOKKUX TOJIOC B Trana3oHe ot 3641,60
10 3637,75 cM~!. DTH MTOJTOCH MOXHO OTHECTH K TIEPE-
KPBIBAIOIINMCSI BAJICHTHBIM KOJIEOaHUSIM CTPYKTYPHBIX
OH-rpynn nopriaanaura Ca(OH),, Bo3HMKaOIMM B pe-
3ynbTate npouecca ruaparauuu ¢ ydactuem C.Su C.S.
[Monoca, cBsi3aHHas ¢ HaHoLeonuToM (Z 1,5%), ymeHb-
majxach Mo Mepe pa3BUTHS TIpollecca TUAPATAIINN, YTO

YKa3bIBa€T Ha YMEHbIIEHUE IIPUCYTCTBUSI HECBSI3aHHOM
BOJBI 1 oopaszoBanHue cBs3eit C—S—H [7, 8].

ITonoca BonH B qnarazone 3417,86—3444,87 cm™!
yacTo cBsi3aHa ¢ OH-pacTskeHreM MOJIEKYJ BOIBI,
CBSI3aHHBIX C LIEMEHTHOM MaTpuieil. Jlnana3oH BOJIH
LIEMEHTHOTO pacTBOpa 0e3 HAHOLIEOJIUTa UMEJ YMEHb-
LIEHHBIA pa3Mep 10 CPABHEHUIO C LIEMEHTOM, COIEPXKa-
LIMM HAHOLIEOUT. JlaHHBII pe3y/lbTaT Mpearoiaraer,
410 (paza rugpaTalii B 5TOM KOHKPETHOM MeCTe Oblia
0osee a3(peKTUBHOM I LIeMeHTa 0e3 KaKUX-JIM00 10-
6aBoK [8, 9].

Ha6mromaemble muku mipu 2835,36—2927,94 cm™!
MOXHO OTHECTU K KOJIeOaHUSIM PACTSKEHUSI MOJIEKY -
ngpHbIX Tpynt OH n CH. DT Ky CBUIETETLCTBYIOT
00 YMEHBIIEHUH IIPUCYTCTBUS HECBSI3AHHBIX MOJIEKYII
Boanbl [10]. CBsa3b LemeHTa ¢ HaHOLEeoauToM (Z 1%)
cTajia aCUMMETPHUYHOM 110 OTHOLIEHUIO K APYTUM 00-
pasiam ¢ BOJIHOBBIM yuciaoM 2954,95 cm~! u3-3a mosis-
JIEHMSI YMCJIa BOJIH IO3Xe, YeM Y OCTaIbHbIX 00pa3LoB,
OIHAKO TEHAECHILMN OAMHAKOBLI 1is BceX. CrieKTpaib-
Hag [10J10ca, HaOIogaeMast B A1uara3oHe BOJHOBBIX YH-
ces ot 1654,92 1o 1658,78 cm~!, MOXeT ObITh CBSI3aHA
¢ mepopMaIMOHHBIM KoJiebanueM (pparmenra H—O—
H BHyTpu monexynsapuoit crpykrypsl H,O [11]. Ha-
OrromaeMblii guara3od BosH 1419,61 cm~! oObsicHsIETCS
HagnyueM CO,™? B UMCTOM LIEMEHTE U HAHOLIEOJIUTE
(2 0,5%). lossnenue kapoonara Kanbuus (CaCO,) mo-
JKEeT OBbITh CBSI3aHO C ITOIJIOIIEHUEM YIJICKUCIIOTO ra3a
(CO,) u3 okpyxaroleii cpebl B IPOLECCE TOATOTOB-
KU Mpo0 K ucnbITaHusIM. [Tk norjoiieHust KapooHa-
ta Kanbuus (CaCO,) nabmonaercs npu 1480 cm™', uto
MOKHO OOBSCHUTDH PACXOAOM IMAPOKCHUILHBIX TPYIIIT
(CH) u coenmaenmii crmimkarta Kanplius (C—S—H)
B OTO cIeKTpajibHOIT obmactu [12,13]. I1pu quana3one
BosH 1319,31 cm~! mst HanoueonuTa (Z 1,5%) cepa (S)
JIEMOHCTPUPYET KOJiebaTeIbHbIE IT0JI0CHI, COOTBETCTBY-
fomue cBsi3u (S—O) [14]. [Tomockl, HabMOmaeMbIe TIPH
1118,71—1126,43 cM™', 3a MCKJTIOUEHUEM CBSI31 TOOABKH
HaHoueoauta (Z1%), oTHOCSTCS K AeOpMaLlMOHHBIM
IUIOCKOCTHBIM KoJiebanuam cBaseii Si—O B C.Su CA.
D10 03HAYaeT 00pa30BaHUE STTPUHIUTA, KOTOPOE B DKC-
TepMMEHTaX MPOM30IIIO B 8-yacoBoM Bo3pacte [15, 16].

[MpuHOUIIMATIEHOE pa3IudKe MeXIy 0Opa3LaMu 1ie-
MEHTAa 3aKJII0UAETCs B CMELLIEHUH PEXMa PACTSKEHUs
Si—O ¢ nuka noronieHus 968,27 cM~' B HErMAPaTUPO-
BaHHOM LieMeHTe 10 979,84 cM~! B TMApaTUPOBAHHOM Iie-
MmeHTe [7]. [Tonocel B anamna3oxe yactot 871,82 cm~! mis
YUCTOIO LIEMEHTa, LieMeHTa ¢ HaHoueonutoM 0,5% u Lie-
MeHTa ¢ HaHoueonuToM 1,5% u cBsi3u pu 829,39 cm~!
JUISI YCTOTO LIEMEHTA U LieMeHTa ¢ HaHouLeoauToM 0,5%
npunuceiBatoTcs HoHy CO, ™2, a BHEIIOCKOCTHBIE M3TH-
ob1 CO, cootBeTcTBYIOT KONeOanuam cesaseit C—O B CH
1 CaCO,, BO3HMKAIOIIMM B PE3YJIbTaTe B3aMMOIEHCTBUSI
Ca(OH), u CO,, npucyrcTyrommx B armocepe [8, 13].
[Monoca pu 655,80 cM~! w1 LeMeHTa, COmepKaIIEro
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Tabauya 1
Bimanne nanoneosmra Ha nokasatesm MK-cnekrpockonny neMeHTHOr0 KaMHs
?1:;?:’? 7 0.5% 7 1% 7.1.5% IIpumepHoe onucanue
364160 | 3641.60 | 3633.89 | 3637.75 gifi?;;ﬁoayggcﬁ )]zaJIGHTHbIe KOJIEOaHUsI CTPYKTYPHBIX
3417.86 | 3429.43 | 3464.15 | 3444.87 I\(ng—ﬂ E:;queﬁne MOJIEKYIT BOZIbI, CBSI3AHHBIX C LIEMEHTHOM
2835,36 | 2850,79 | 2954,95 | 2927,94 | Pacrarusaioniue Koje6aHus MojekyasspHbix rpynn O—H u C—H
1658,78 | 1662,64 | 2819,21 1654,92 | Bubpaums nsrnoanus H—O—H
1481,33 | 1485,19 | 1797,66 | 1481,33 | CO,™
1419,61 | 1419,61 | 1657,92 | 1319,3 | Cpasp CO,?u (5-0)
1118,71 | 1118,71 | 1492,90 | 1126,43 | Cpasu Si-OCSuC,S
968,27 979,84 | 1315,45 | 975,98 | Csssu Si—O
871,82 871,82 | 1130,29 | 871,82 | CO,”
829,39 829,39 979,84 655,80 | M3ru6 CO,* u Si—0O-Si, 1m6o Al-O—Al
667,37 640,37 875,68 455,20 | dedopmauus SiO, mpoucxoaut B popme TeTpasapa U CTAHOBUTCS
470,63 | 50021 | 45520 | 4204s | O0nce eTKOM
424,34 474,49
439,77
416,62

1,5% nanoueosnTa, 00yCJIOBIeHA ACUMMETPUYHBIM
W CUMMETPUYHBIM pacTssKeHUEeM Ac(opMalmoOHHBIX
konebanuit Si—O—Si i AI-O—Al [11,17]. Hanmuuue
nostockl B ripenenax 400-500 cM~! Bo Becex oOpasiiax MoX-
HO 00bsACHUTD AedopManeit Tetpasapa SiO,, KoTo-
past CTaHOBUTCS OoJiee OTIeTIMBOM. Kpucrammmaeckast
crpyktypa Anuta (C,S) unm benura (C,S) npennonaraet
pacnionioxxenue rpyri SiO, B TeTpasApuyeCcKOM KOJIbLIE.
HMHbpakpacHBIe CIIEKTPHI BCEX CHITMKATOB IEMOHCTPH -
pyioT mBa 3amMeTHBIX nuka pu 1000 u 500 cm~!, KoTto-
pble, KaK CYUTACTCS, COOTBETCTBYIOT ABYM aKTHBHBIM
YacTOTaM TETPadApUIeCKOM ToueaHo rpymisl [11, 18].

PeHTreHOCTPYKTYpPHbIii aHanus

Meton XRD mo3BoisieT uaeHTu(UINPOBaTh OC-
HOBHbIE (ha3bl KPUCTAJUIMYECKON ruaparaiuu. Penr-
FeHOBCKME MPOGIIN UCIIOAb30BANIUCH IS aHal3a
MUHEPAILHOIO COCTAaBa YMCTOIO LEMEHTHOTO KaMHS
u 3aTBepaeBiuero uementa ¢ 0,5%, 1% u 1,5% nanoiieo-
JIATA TI0CJIE MX OTBEPXKICHUS B Te€YeHUE 8 4acOB B BaH-
He npu temiiepaTtype 60°C. Pe3ynbraThl IIpeacTaBieHbI
Ha puc. 4.

W3 peHTreHOrpaMM 00pa3loB BUIHO: THAPOKCHUI
kanpuusa Ca(OH),, ormeyennnit CH, xapakrepu-

ctuueckue nuku 2-0 (29,561, 32,330, 34,231, 47,244,
50,918 u 54,473), cunukar tpukanbuusa (Ca,SiO.,
cokpauieHHO 10 C,S), XapaKTepUCTUYECKUE MUKH
2-0 (29,244 u 62,740), ruapaT CUJIMKATa IMKATbLIMS
(Ca,SiO, « H,0, cokpaienue C,S), XxapakTrepucTUYECKUI
K 2-0 (46,989), amomunar (CaO « AL O,, cokpameHHO
C,A), xapakreprctudeckuii nuk 2-0 (32,730) u heppur
(Ca0+AlLO,Fe,0,, ormeuen C AF), XapakTepHbIii TIHK
2-6(33,958) [19, 20].

HaubombIas MHTeHCMBHOCTB TTKa 11pu 2-6 (34,231
u 47,244) cBs13aHa ¢ tunpokcuaomM Kaneimst CH, koto-
PBIii CHMXAeTCsl IpU 100aBIeHUU HAHOLIEOIUTA. DTO
SIBJIEHUE MPOSICHSET MyLLI0JaHOBOE MTOBEJEHUE HAHO-
LIE0JINTA, KOTOPBIA B3aMMOAEICTBYET C OCAXKIACHHBIM
FUAPOKCHUIOM KajbLUs IIPU FUApaTaluu ¢ 06pas3o-
BanneM C—S—H, cHuXaeT comepxKaHue IrMApOKCHUIa
KaJIbLIUS B CJIOUCTOM CTPYKType U noBbiiaer C—S—H.
B pesynbrate mo6aBiaeHMSI HAHOLIEOIUTA B IOPTIAHI-
LIEMEHT OTMEYEHO BJIMSHMUE HAa paHHUI IIPOLIECC I'M-
JpaTaliiy LEMEHTHOIO KaAMHSI U YJIy4dlIeHUE ero MpoY-
HOCTU Ha paHHeM atarie. Kpome Toro, BO3MOXHOCTh
nossiaeHus kapoonara Kanplusa CaCO, MOXET UMETh
MECTO M3-3a YaCTUYHOM KapOOHMU3ALUK MTOPTIAHIUTA.
[TocKOJIbKY CMeCH TOTOBMIMCH OMHOBPEMEHHO [IJIS1 BCEX
00pa3loB LIeMEHTa, CIydaiiHas KapOOHM3aLKs 3a CYET
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peaxiy TMAPOKCUIA KBNS C YTIEKUCIBIM Ta30M aT-
Mocdhepbl TPOMCXOIMIA B OMMHAKOBON CTETIEHU IJIST BCEX
00pa3oB. DTo HAOMIOACHNE OBIIO TAKXKE TTOATBEPKICHO
a”HanuszoMm UK-cnekrpa.

W3-3a HATM4MST TUTITH OTPAHUYIEHHOTO YUCIIA TIUPO-
KUX ¥ cJ1a0bIX TU(PpaKIIMOHHBIX MAKCUMYMOB Ha PEHT-
reHorpammax C—S—H a1y a3y yacTo Ha3bIBaIOT PEHT-
reHoaMopdHO. DTOT TePMUH MPEATIONATaeT, YTO KPU-
crainmyeckas crpykrypa C—S—H He obamaeT kakum-
00 OPraHM30BAaHHBIM PACTIONIOXXKEHUEM Ha OOJIBIINX
paccrostHusix [21]. OmHAaKO, COTJIACHO OMYyOJTMKOBAHHBIM
IaHHBIM, peHTreHorpaMMbl (XRD) C—S—H moctostH-
HO NEMOHCTPUPYIOT TTUKU TIOJT OTIPENETICHHBIMU YTJIa-
mu B 2-0 (7,4, 16,7, 29,1, 32, 49,8, 55, 66,8), KoTOpHBIE
B OCHOBHOM acUMMETpUYHBI [22, 23]. B cooTBeTCTBUM
C 9TUM U U3 Tabaulbl 1aHHBIX XRD (06paboTka 0OCHOB-
HBIX JAHHBIX) 1T 00pa31ioB ObLTN 3aMMCaHbI 4 KAPTUHBI
C—S—H, 2 xaptunbl B HaHoueosute 0,5%, 1 ocTajabHbIe
2 KapTUHBI TIOSABWIUCH B HaHoneonute 1% u 1,5% ¢ unH-
TErpupOBaHHON MHTEHCUBHOCTHIO. MaTtepua 4acTo Ha-
3BIBAIOT TeJIeM, a HE KPUCTATUTUIECKUM BEIlIECTBOM U3-3a
OTCYTCTBUSI PETYJISIPHON CTPYKTYPhI, KOTOPYIO MOXKHO
YBUJIETH C TIOMOIIBIO PEHTTeHOBCKOM nudpakiuu. Ero
COCTaB MOXET BapbUPOBATHCSI, HO OOBIYHO OH COMEPKUT

NpUMEPHO B JiBa pa3a Gosbine Ca0, yem SiO,, a Takxke
HEeOOJIBIIIOE KOJIMYECTBO BOMBI [24].

ACM-aHanus noBepxXHOCTU HAHOCTPYKTYP

Hnsa uccnenoBanus tonorpacduu u Mmopdosorumn
TOBEPXHOCTU B HAHOMACIITA0e UCCIeTyeMbIX 00pa3-
1I0B MCTIOJIb30BajaCch aTOMHO-CUIOBAass MUKPOCKO-
must. 3D-n300pakeHue MepOXOBATOCTH TTOBEPXHOCTU
00pa31oB NMPENCTaBICHO Ha PUC. 5.

HanouacTtuiisl BO3neiCTBYIOT Ha CTPYKTYPHI IIEMEH-
Ta B 00pasliax, BbI3bIBass 00pa30BaHNE MHOTOTPAHHBIX
armomepaToB. CniekTpsl ACM-tomnorpacduu o6pasiion
TOKAa3bIBAIOT HAJTMYME TPSI3EBBIX TPEIIUH Hall PaBHO-
MEpPHO TJIAAKNUM U TJIOCKUM TTOBEPXHOCTHBIM CJIOEM,
KOTOPBIN TTOKPBIBAIOT HAHOOOBEMHBIE CTPYKTYPHI,
BKJTIOYAIOIIINE YaCTUIIHI HaHOTIeouTa. [1pu Grvxkaiiiem
PacCMOTPEHUU Ha 9TUX N300PAKEHUSIX BUIHO, YTO Ha-
HOYACTHIIBI PACTIPOCTPAHSIIOTCS TI0 3TUM TPEIIUHAM U,
TO-BUIUMOMY, TIOBBIIIIAIOT YCTOWYMBOCTh TOBEPXHOCT-
HOTO CJIOS K JiechopMalivuy U peslakcalluyl HampsiKeHU !
B MaTepuajax Ha OCHOBe 1iemMeHTa. Kpome Toro, onu
CMOCOOCTBYIOT BSI3KOYIIpyromy nosenenuto C—S—H,
0 YeM CBUIETEIHCTBYET TOMOTpadusl.

Yucrteiid nemenTa (NC)

Haso-neoant (Z 0.5%)

nm

Puc. 5. ACM-u300pakeHusi 00pa3ioB eMEeHTa 0e3 HAHOIEOIUTA (YMCTHIA EMEHT) H ¢ HAHOLEOJIUTOM

(0,5%, 1%, 1,5%)
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Tabauuya 2
ITapamMeTpsbI IEPOXOBATOCTH IOBEPXHOCTH /115l IEMEHTA ¥ 100aBOK
ITapameTpsi Yucrolii HeMeHT 7.0.5% 7 1% 7.1.5%

Sq (nm) 5,847 7,137 7,655 2,332
Ssk 1,225 —0,2093 0,03682 2,501
Sku 5,876 3,554 2,787 15,24
Sp (nm) 35,00 32,55 30,72 17,36
Sv (nm) 19,24 28,53 28,76 5,899
Sz (nm) 54,23 61,09 59,48 23,25
Sa (nm) 4,243 5,581 6,216 1,549

Ha puc. 5 BUAHO, 9TO IIEpOXOBATOCTD IIOBEPXHOCTH
MMeeT BUI CJIOXHOM CTPYKTYPBI ¢ MHOXKECTBOM ITMKOB
¥ JIOJIMH Pa3HOTO pa3Mepa M pacCTOSTHUS APYT OT ApyTa.
B cootBeTcTBUM ¢ ISO 25178 mo mepoxoBaToCcTH 10O~
BEPXHOCTH, BBICOTHBIMHM TTapaMeTpaMU, OITICHIBAFOIIIN -
MM MOP(OJIOTHIO TIOBEPXHOCTH, SIBIISIIOTCS: (Sq) cpemHe-
KBaJpaTUIHOE 3HAUYCHNE BBICOTHI, (Ssk) acmmmeTpust
TIOBEPXHOCTH OTPaHMYCHHOTO MaciTabda, (Sku) skcirecc
TMOBEPXHOCTH OTPpaHUICHHOTO MaciTaba, (Sp) Makcu-
MaJIbHasI BBICOTA ITMKA ITOBEPXHOCTU OTPAHUYCHHOTO
MacmTaba, (Sv) MaKCHMaJIbHasI BBICOTA IIPOBaJia IIOBEPX-
HOCTH OTpaHWMYECHHOTO MacITaba, (Sz) MakcuMaIbHast
BBICOTA TIOBEPXHOCTH OTPaHMICHHOTO MaciiTaba, (Sa)
apuMeTHIeCKOoe CpelHee 3HaUCHIE BHICOTHI TTOBEPX-
HOCTH OTPaHWIEHHOTO MacinTaba. B Tabi. 2 mpuBeacHbBI
3HAYCHUS ITapaMeTPOB.

PaccrosstHMe MeXIy pa3IMIHBIMA KOMITOHCHTaMM
TEKCTYPHI MOXET OBITh OIMMCAHO C TIOMOIIIBIO TTapame-
TpoB Sa 1 Sq, KOTOPBIE ONITUMU3UPOBAHBI TSI OTTACAHMS
MUKOB W JTOJIMH TTIOBEPXHOCTH [25]. AHATOTMYHO 3Ha-
yeHMUe Ssk oTpaxaeT cTeleHb CMeIeHUs (POPMEI IIIe-
poxoBaToCcTH. 3HaYeHMEe SKu IIpodIIIS IIepOXOBaTOCTH
TTOKa3bIBaeT, HACKOJIBKO OH OCTPOKOHEYeH. Sp, Svur Sz —
TmapaMeTpHhl, TTIoJyJaeMbIe ITyTeM aHaIM3a a0COTIOTHBIX
HanOOJIBIIINX U HAUMEHBIINX TOUYEK, OOHAPYKEHHBIX
Ha UCCIIeAyeMoi moBepxHocTH [25, 26]. Y3 tad. 2 cire-
IyeT, 4TO TIPU YBEIMICHUN 3HAYCHUM Sa n Sq 1T 10-
BEPXHOCTH pa3Mep 3¢peH IIeMeHTa OyIeT BBICOKMM. DTO
MOKHO 3aMETHUTH TIPU NCITOJIF30BAaHNN HaHOIIeOInTa Z
1% 110 MOBEPXHOCTHBIM ITMKAM M IOJIMHAM Ha pUC. 5
¥ 3HAYCHUSM BBICOTHI B Ta0J. 2. Kpome Toro, HM3KMe
3HaYeHUS Sa 1 Sq MOTYT CITOCOOCTBOBATH YMEHBIIICHHIO
TOPUCTOCTH MATPUIIBI M TIOBHIIICHUIO €€ TIPOYHOCTH.
Takoe mposiBIeHNEe B MaTpHIIe ¢ HAHOTIEOTUTOM 1,5% x0-
POIIIO BUITHO KaK Ha PHUC., TaK 1 TT0 HANMEHBIIINM 3HaJe-
HUgSM Sa 1 Sq B Ta61. [25, 27]. CuMMeTpUSI TTMKOB U 10~

JimH ormuckiBaeTcs Ssk. Ecm Ssk = 0, To MUKY 1 JOJTMHBI
paBHOMEPHO pacIipeaesieHbl BOKPYT CpeIHE INTOCKOCTH.
Ecau Ssk < 0, To Ha TTOBEPXHOCTH MPEOOIIanaloT IO -
Hbl (Ssk B HaHoueosuTe Z 0,5% menbiite 0). Hanportus,
ecan Ssk > 0, To Ha MOBEPXHOCTU TTPEOOIANAIOT ITUKA
Sku, a 5TO MeTpHKa, KOJIMYECTBEHHO XapaKTepU3yIoIast
CTeleHb OCTPOTHI ITOBEpXHOCTU. B 0011eM cityuae, Korna
Sku = 3, 3TO CBUAETEILCTBYET O TOM, UTO TTOBEPXHOCTH
UMeeT cOajlaHCUPOBAaHHOE paclpeeeHre KaK IIai-
KUX, TaK 1 3a3yOpeHHbIX ITMKOB ¥ 10/11H. Eciiu 3HaueHune
Sku MeHbIIIe 3, TO MOBEPXHOCTH COCTOUT B OCHOBHOM
U3 YIUIOLIEHHBIX BEPIIUH U JOJUH C OTHOCUTEILHO
3HAYUTEIbHON KPUBU3HOM 11O KpasiM. DTO MOXET CBU-
JIETEJILCTBOBATD O MEHBIIEH BEPOITHOCTU 3aPOKIACHUS
TPELIUH IO/ AeHCTBUEM HAMPSIKEHUI 110 CPAaBHEHUIO
C TIOBEPXHOCTSIMU, MMCIOIITUMHU OCTPBIC TTMKH 1 JOJTNHEL.
W naobopor, ecaut Sku 6o:bI11e 3, TO TTOBEPXHOCTH UME-
€T YETKO BbIPaXKEHHbBIE ITUKU U JOJIMHBI C OU€Hb MaJIO
KPUBU3HOM 1o KpagMm [27, 28].

3AKJTIOMEHUE

PesynbraThl moKa3aau, 4To IMpY J00aBICHUN HaHO-
ILICOJTATA TIPOUCXOMUT CHIDKECHUE COMEPKAHUSI TUIPOKCH-
na kanpumst CH. Oto sBieHne 00BbSICHSIET MyIII0JIaHOBOE
ITOBEIeHE HAHOIICOINTa, KOTOPBII B3aMONCHCTBYET
C OCaXIEHHBIM THIPOKCUIOM KaJIBLIMS IIPY THAPATALINHI
¢ obpazoBanreM C—S—H, yMeHbBIIIaeT CIOMCTYIO CTPYK-
TypY THUOPOKCHUOA KATbIMS W MOBBIIIACT KOJIMICCTBO
C—S—H. Takum obpa3zom, 1obaBiIeHNe HAHOIEOJIUTA
B ITOPTJIAHAIIEMEHT BJIMSICT Ha TIpOIIecC paHHEU Trapa-
TaIlUM [IEMEHTHOTO KaMHS M TOBBIIIIACT €T0 PaHHIOI
mpoyHocTb. ACM-aHanm3 TToKasai, 4To TP BBEICHUN
1,5% HaHOLieOIMTa B LIEMEHT 00pa3yeTcss MHOXECTBO
HepeTYJISIPHBIX ITMKOB 1 TOJTMH HATIOJTHUTEIIS ¢ HU3KOMU
ITOPUCTOCTHIO, UTO MOBBIIIACT IIPOYHOCTD IIEMEHTA.
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ABSTRACT

Introduction. The objective of this study is to examine the impact of the impregnation (with the aliphatic polyurethane water disper-
sion) degree on the deformation properties of the polyacetal, polyethylene terephthalate and polypropylene fibers based nonwoven
needle-punched composite fabrics. Materials and methods. We investigated the deformation properties of the nonwoven fabrics
manufactured from the 0.33 tex linear density fibers of: polyethyleneterephthalate (diameter 20-25 microns, according to TU 6-13-
0204077-95-91), polypropylene (diameter 27-30 microns, according to TU 2272-007-5766624-93) and the original polyacetal ones
(diameter 18-22 microns). The nonwoven fabrics were obtained by the mechanical formation technique. The needlepunching surface
density was 180 cm=2 The water dispersion of anionic stabilized aliphatic polyethyruretane (IMPRANIL DL 1380 (China)) with a dry
residue of 40% was used for the impregnation. The experimental samples’ linear dimensions were determined in accordance with
the requirements of GOST 15902.2-2003. The sample’s thickness was determined by a thickness gauge with a pressure of 10 kPa and
an instrumental error ~ 0.01 mm according to GOST 11358-70. The samples’ mechanical properties were determined in accordance
with the requirements of GOST 15902.3-79. Results and discussion. The fiber filler composition influence on the ob-tained (by the
impregnation of polyethyleneterephthalate, polypropylene and polyacetal fibers based non-woven needle-punched fabrics with
polyurethane aqueous dispersion) composite materials tensile resistance has been established. We found the impregnation degree
(depending on the chemical nature of the fibers and on the direction of nonwoven fabrics formation) at which the tensile resistance
of the composite materials reaches the maximum value. It is demonstrated that, in the construction of buildings and structures, it
is advisable to utilize materials based on composite polyacetal fibers. These materials exhibit higher tensile resistance compared to
those based on polypropylene and polyethylene terephthalate at equivalent impregnation levels. Conclusion. The obtained optimal
impregnation degree (at which the maximum tensile resistance of polyacetal fiber based composite materials was achieved) depends
on the direction of the non-woven fabric formation. The maximum tensile resistance was observed: in the transverse direction - at
0.44 and in the longitudinal direction — at 0.35 impregnation degree values.

KEYWORDS: non-woven needle-punched fabrics, polyurethane aqueous dis-persion, impregnation, composite material, stretching.
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INTRODUCTION

he synthetic fibers based nonwoven fabrics [1—9]
are highly voidness materials with a porosity coeffi-
cient of more than 0.8. Such materials are often used for
heat- [10—12] and sound- insulation [13—15] of buildings
and constructions. Their main disadvantage is the low
tensile resistance [16—22]. The fabrics stretching during

the transportation, installation and operation leads to an
increase in porosity and a decrease in the specified exploi-
tation characteristics. When impregnating the nonwoven
fabrics with the polymer solutions and dispersions, the
voidness composite materials with the increased tensile
resistance were obtained [23, 24].

The mechanical properties set of the composite ma-
terials is mainly de-termined by the interaction at the
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interface “fiber—polymer binder” [25—30]. The highly
voidness materials with the sufficiently useable tensile
resistance were obtained by wetting with the polymer so-
lutions and dispersions as the result of nanoscale polymer
bridges between the fibers formation that limited their
mobility in the mechanical force field.

The synthetic fibers are well wetted with the poly-
mer solutions in different organic solvents. High wet-
ting of polyethyleneterephthalate fibers with a binder is
achieved by the nonwoven fabrics impregnating with the
polyurethane in dimethylphoramide solution [31, 32].
In addition, when using polymer solutions in organic
solvents, a predominant sorption of the binder occurs
on the surface of the fibers while preserving the porous
structure of the impregnated fabric. A significant volume
and the toxicity of containing various organic solvents
liquid effluents limit the industrial use of impregnated
nonwoven fabrics.

The negative environmental impact is significantly
reduced when using polymers’ aqueous dispersions for
the nonwoven fabrics impregnating [25—30, 32—34]. But
their wetting of the synthetic fibers is less then polymer
solutions in organic solvents ones [32—34]. The inter-
action in the “fiber—polymer dispersion” system is, as
a rule, regulated by changing the chemical nature of the
polymer or by introducing the surfactants and other in-
gredients into the material composition [25—30]. The
approach associated with varying the chemical nature
of the reinforcing fabric fiber filler is practically not used
[32—34]. When obtaining the composite materials, the
polyethyleneterephthalate fibers based nonwoven needle-
punched fabrics (and, less often, polypropylene ones) are
mainly used as a fibrous reinforcing element.

The primary objective of this study is to investigate
the influence of the impregnation degree on polyacetal,
polyethyleneterephthalate and polypropylene fibers with
aliphatic polyurethane water dispersion onto the defor-
mation properties of the composite materials under con-
sideration.

Table 1

MATERIALS AND METHODS

The subjects of examination were needle-punched
nonwoven fabrics composed of fibers with a linear density
of 0.33 tex: polyethyleneterephthalate (with a diameter
of 20—25 um, TU 6-13-0204077-95-91), polypropylene
(with a diameter of 27—30 um, TU 2272-007-5766624-93)
and experimental polyacetal fibers with a diameter of 18—
22 um. The nonwoven fabrics were manufactured with
the mechanical molding technique. The surface density
of the main needle punching was 180 cm—.

The linear dimensions of the experimental samples
(Table 1) were determined in accordance with the require-
ments of GOST 15902.2-2003. The nonwoven fabric’s
thickness was determined using a thickness gauge with
an instrumental error ~0.01 mm under the 10 kPa pres-
sure according to GOST 11358-70. The relative measure-
ment error of the sample’s sizes was ~2%. The mechanical
properties of the nonwoven fabrics were established in
accordance with the requirements of GOST 15902.3-79
(the relative error ~12%).

The anionic stabilized aliphatic polyethiruretane
(IMPRANIL DL 1380, China) water dispersion was used
for the impregnation of the nonwoven fabrics. The con-
centration of the polyurethane in water was ~42%. A 50 by
200 mm sample was immersed in a 500 ml container filled
with the dispersion and was flattened with a roller for
3—5 minutes at a room temperature. Removed from the
container sample was kept until the dispersion completely
drained and was flattened between the rolls with a gap
equal to half of the nonwoven fabric thickness. The labo-
ratory technique of sample’s impregnation simulated the
industrial one.

The heat treatment of the impregnated nonwoven
fabric was carried out at a temperature of 70°C. The im-
pregnation degree of the sample was varied by diluting the
polyurethane aqueous dispersion with the distilled water.

The impregnation degree (C,,, rel. units) was calcu-
lated from the equation:

The characteristics of the initial nonwoven fabrics used for the composite material creation with the polyurethane water

dispersion impregnation technique

Fiber pykg/ m? F, kg/ m? dx10%, m P, kg/m? 0, rel.un.
polyacetal 1410 0,28 2,1 130 0,91
polyethyleneterephthalate 1370 0,26 3,0 120 0,91
polypropylene 920 0,33 2,1 110 0,89

Here: p,— the density of the fiber-forming polymer; d — the thickness, F'— the surface density (the mass of the sample with an area
of 1 m?) and p — the (bulk) density of the initial nonwoven fabric; & — the porosity coefficient of the initial material.
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The stretching in the longitudinal and in the trans-
C, = s (1)  verse directions of the samples occurs in two stages each
of which is described by almost linear sections of ¢ on €
where m, and m are the mass (kg) of the samples after ~ dependencies. These sections’ slope angles analysis shows
and before feeding respectively. that the stretching at the second stage occurs at a higher
The porosity coefficients of the initial (Table 1) and  conditional stress (Fig. 1).
the impreginated nonwoven fabrics were calculated from

equations 2 and 3: The stretching of the non-woven needle-punched
B fabrics
o=1--— 2
7 @)

The two-stage stretching of the nonwoven needle-

m, /Pf + My | Doy punched fabrics is a consequence of the specific polymer

o=1 , (3)  materials’ bulk structure with an uneven distribution of
v fiber packing density (Fig. 2).

where 0 is the porosity coefficient, rel. units; p, pfand When punching, the fibers are captured by needle
P,y are the densities of the fabric, fiber and polyurethane, notches with the formation of bundles oriented perpen-
kg/m’; m and m,, are the mass of the fabric and polyure-  dicular to the surface of the fabric (Fig. 2a). The mechani-
thane in the composite material sample after heat treat-  cal stress during the stretching direction is distributed to
ment, kg. the bundle’s fibers at various stages of the process uni-
formly. The fiber packing density and the fiber contact
RESULTS AND DISCUSSION area in the bundle are significantly higher than similar

characteristics in the interbundle space [17—23].
The specification of the parameter determining The nonwoven fabrics stretching at the first stage of
the tensile resistance of chemically different fibers the process is a consequence of straightening and chang-
based composite materials ing the configuration of the fibers between the the bun-

dles. After the straightening and reorientation of the fibers

The parameter determining the tensile resistance of  between the bundles in the direction of the mechanical
the nonwoven fabrics and corresponding composite ma- stress (Fig. 2b), the latter is redistributed to the fibers
terials was established from the analysis of the depen-  in the bundles (Fig. 2b) which packing density and sig-
dences of the conditional mechanical stress (o, MPa)  nificant cross-fiber contact area leads to an increase in
on the relative elongation (g, %). The dependences of  the probability of relative movement of the fibers. In the
o on ¢ in the longitudinal and transverse directions of  extreme case, the rupture of such fibers or their slipping
the samples made of various chemical nature fibers are  out of the bundles leads to the destruction of the needle-

shown in Fig. 1. punched nonwoven fabrics [19, 20].
a 4 - b )
3 -
< <
Sot =
N N
1 k
0 : : 0
0 20 40 60 80 100 0 30 7 60 90 120
g, % e, %

Fig. 1. The dependences of the conditional stress on the elongation during stretching of the nonwoven fabrics made of
polyacetal (1), polyethyleneterephthalate (2) and polypropylene (3) fibers in the transverse (a) and longitudinal (b) di-
rections (dotted line 4 is a segment of the dependence o on €, showing the stretching at first stage of the process;

the arrow shows the relative elongation at which the transition from the first to the second stage of stretching occurs)
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Fig.2. The micrographs of the cuts of the initial (a), 10 (b) and 80 (c) % elongated polyethyleneterephthalate fibers
based nonwoven fabrics

The nonwoven fabrics of various compositions are
deformed in the longitudinal direction less than in the
transverse one (Fig. 1) under the equal mechanical im-
pact. The various degrees of stretching are the conse-
quence of the predominant orientation of the fibers in
the transverse direction that is achieved by using a me-
chanical technique of the nonwoven fabric forming. A
high degree of orientation of the fibers in the transverse
direction leads to the connection of the bundles with a
large number of fibers during the punching process. The
bundles are connected by a smaller number of the fibers
in the longitudinal direction which leads to a redistribu-
tion of the mechanical load on individual fibers and the
mutual movement of the fibers even with the relatively
small efforts [19, 20].

The dependences of o on € of the polyacetal or poly-
ethyleneterephthalate fibers based nonwoven fabrics prac-
tically coincide with each other (Fig. 1, curve 1 and 2).
It indicates the equal resistance of the samples to the

stretching at first and second stages of the process. As
it follows from o on € dependences (Fig. 1, curve 3) the
polypropylene fibers based nonwoven fabrics stretching
at first and second stages occurs at a lower conditional
stress determined by the less friction coefficient of the
polypropylene fibers [35, 36]. The lower ability of the
polypropylene fibers to be held in the needle notches lim-
its the formation of the bundles [19, 20]. As a result, the
mechanical stress is distributed to a smaller number of
polypropylene fibers connecting the bundles.

The stretching of the non-woven needle-punched
composite materials reinforced with a polyacetal fibers

The o on € dependences of the polyacetal fibers based
composite materials are shown in Fig. 3. Their types
correspond to similar dependences for polyethylene-
terephthalate and polypropylene fibers based nonwoven
fabrics.

The stretching of these composite materials occurs in
two stages too. However, the conditional stress required

a

10

3 |

o]
S 51
5 2

0 1 | ]

0 20 40 60
e, %

b
4

O 1 | 1
0 30 60 90

e, %

Fig. 3. The dependences of the conditional stress on the relative elongation of polyacetal fibers based composite
materials with a degree of impregnation of 0.1 (1), 0.24 (2) and 0.52 (3) MPa in the transverse (a) and longitudinal

(b) directions
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for stretching at the first and second stages increases.
It is most pronounced in the longitudinal direction of
the materials (Fig. 3b). An increase of the impregnation
degree from 0 to 0.52 slightly affects the stretching of the
composite materials in the transverse direction at first
stage of the process. In addition, there is a decrease in
the conditional stress required for deformation at first
stage of the longitudinal stretching for the material with
0.52 impregnation degree (Fig. 3b, curve 3).

The parametric describing of the tensile resistance
for various chemical nature fibers made composite
materials reinforced with the fillers

It is of practical interest to determine the tensile re-
sistance of the materials at first stage of stretching due
to it leads to the significant increase in porosity and the
decrease in the specified functional properties of the
nonwoven composite materials with various composi-
tions. The linear section of 0 on € dependencies of the
nonwoven composite materials are described by general
equation:

n

£
oc=FE,—,e<¢, 4
° 700 4

where E— is the effective tensile modulus, MPa; & —
is the relative elongation that shows the transition from
first to second stages of stretching.

The effective modulus corresponds to the Young’s
ones (designed to assess the elastic/reversible deforma-
tion of solids under tension) according to the determina-
tion technique. However, the nonwoven’ deformation
is not elastic at first stage of stretching. For composite
materials, the irreversible movement of fibers is a con-

sequence of intermolecular interaction between poly-
urethane particles, the elongation of the gap between
them is significantly less than the tensile elongation at
the first stage of the process of stretching composite
materials of varying degrees of impregnation. It is due
to the consequence of the friction bond between the
fibers which rupture leads to the irreversible movement
of the fibers in the inter-bundle space. In addition, the
Young’s modulus describes the processes occurring
with a reversible change in the distance between the
molecules or atoms that significantly differs from the
macroscopic fibers movement. Therefore, the “effec-
tive module» parameter has been introduced to assess
the tensile resistance of the nonwoven fabrics and the
cooresponding impregnated materials.

The E, and ¢, parameters are used to determine the
effect of the impregnation degree on the tensile strength of
the composite materials based on fibrous fillers of various
chemical compositions. The technique of ¢, value speci-
fication is shown in Fig. 1b with the dotted line.

The impregnation degree influence on the tensile
resistance of chemically different fibers based
composite materials

The E,on C,, dependences in the longitudinal and
transverse deformation directions for the discussed non-
woven composite materials are shown in Fig.4.

The E,on C, dependences in the transverse and lon-
gitudinal deformation directions for the composite ma-
terials with different chemical structure have an extreme
appearance. The impregnation degree at which the effec-
tive tensile modules have the maximum values depends
on the nonwoven fabric composition. The maximum

a
20

15

10

E,, MIla

b
17

Fig. 4. The effective tensile modulus (£, MPa) (in the transverse (a) and longitudinal (b) directions) on the
impregnation degree dependences for the polyacetal (1), polyethyleneterephthalate (2) and polypropylene (3) fibers

composite materials
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values of the effective modulus of the polyacetal fiber
based composite material is respectively 25% and three
times higher than ones of the polyethylene terephthal-
ate and polypropylene fibers based composite materi-
als. The effective tensile modulus of different chemi-
cal structure composite materials suddenly decreases
(Fig. 4a, b) when the impregnation degree is greater
than the optimal.

The maximum value of the effective tensile modulus
for the polyacetal fibers based composite materials in the
transverse deformation direction is achieved at an im-
pregnation degree of about 0.45 and in the longitudinal
direction — about 0.35 (Fig. 4b, curve 1). When using the
polyethylene terephthalate and the polypropylene fibers
based nonwoven fabrics, the maximum values of the ef-
fective tensile modulus in the transverse and longitudinal
directions are observed at an impregnation degree of ap-
proximately 0.5—0.6 (Fig. 4b, curves 2 and 3).

In addition, it follows from the £, on C, dependenc-
es that the effective longitudinal and transverse tensile
modulus begins to increase with a degree of impregnation
greater than 0.25 (Fig. 4a, b, curvees 2 and 3) (for the
polyethylene terephthalate and polypropylene fibers based
materials). The monotonic increase in the effective tensile
modulus is observed with an increase of the impregnation
degree from 0 to 0.4 in the longitudinal direction and from
0 to 0.5 in the transverse direction (Fig. 4a, b, curve 1) of
the experimental samples deformation.

The maximum values of the effective tensile modulus
for the polyacetal fibers based composite material with an
optimal impregnation degree, as well as an increase in the
effective tensile modulus with a change in the impregna-
tion degree from 0 to the optimal value can be explained
by the specific wettability of the polyacetal (compared
to polyethylene terephthalate and polypropylene) fibers
with the polyurethane water dispersion. This concept is
confirmed by the studies of the distilled water wetting edge
angles for the polyethylene terephthalate, polypropylene
and polyacetal films (the relative analogues of fibers’ sur-
faces). The wetting angle for the polyethylene terephthal-
ate films was 68°, for the polypropylene films — 87°, and
for the polyacetal films — 62° [37—39].

The influence of the impregnation degree
on the porosity of chemically different fibers
based composite materials

It is necessary to explain the decrease in the effective
tensile modulus of the composite materials when the degree
of impregnation is greater than the optimal value (Fig. 3a,
b). We’ve studied the dependence of the porosity coeffi-
cient on the impregnation degree for the composite materi-
als based on various chemical compositions fibers (Fig. 5).

At the maximum impregnation degree of 1.22, the
porosity coefficient of the considered composite materials

Fig. 5. Dependences of the porosity coefficient on the
impregnation degree for the composite materials based
on polyacetal (1), polyethylene terephthalate (2) and
polypropylene (3) fibers (at C,, = 0 — the average poros-
ity coefficient of various compositions fabrics, assumed
tobe 0.9)

was 0.84 and 0.80, respectively (Fig. 5, curves 1 and 2).
We’ve found the porosity coefficient of the polypropyl-
ene fibers based composite material equal to 0.6 (at the
impregnation degree of 1.22) by the curve 3 (Fig. 4) ex-
trapolation. The lower value of the porosity coefficient
for the composite materials based on the polypropylene
fibers is a consequence of the worse (compared to poly-
ethylene terephthalate and polyacetal fibers) wettability
with the polyurethane water dispersion [37—39] and with
the concentration of binder particles in the space between
the fibers leading to a decrease in pore volume. When
impregnating the nonwoven fabrics made of polyethylene-
terephthalate and polyacetal fibers, the binder particles are
deposited directly onto the fibers’ surface, which leads to
an insignificant change in porosity with a relatively high
degree of the impregnation.

The chemically different fiber based composite materi-
als with a degree of impregnation greater than 0.35—0.50
(or greater than the optimal value at which the maximum
effective tensile modulus is achieved (Fig. 3)) have the
relatively high values of the porosity coefficient, which
indicate that the pores of the materials are not filled with
particles of binder.

The structure of polyacetal fibers based composite
materials when the impregnation degree varying

We studied the cross sections micrographs of the
polyacetal fiber based composite materials with the im-
pregnation degrees of 0.17, 0.44 and 0.81 (Fig. 6). With
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500 MM

Fig. 6. Micrographs of cross sections of the composite materials reinforced with a polyacetal fibers cloth, with the

impregnation degrees of 0.17 (a), 0.44 (b) and 0.81 (c¢)

a degree of impregnation of 0.44, the effective tensile
modulus in the transverse direction has the maximum
value (Fig. 3).

The polyacetal fibers based composite materials mi-
crophotographs analysis shows that the distribution of
the binder in the volume of the fibrous filler is local and
depends on the impregnation degree. At the minimum
impregnation degree (C,, = 0.17), the binder is con-
centrated in separate areas along the thickness of the
sample (Fig. 5a). Increasing the impregnation degree
to 0.44 leads to an increase in the area of the fabric sec-
tions filled with the binder (Fig. 5¢). At the impreg-
nation degree of 0.81, a relatively uniform distribution
throughout the thickness of the composite material is
observed (Fig. 5b).

The formation of bonds between the polyacetal fibers
at different impregnation degrees is shown in Fig. 7.

Figure 7a shows that at the impregnation degree of
0.17, binder particles are deposited at the points of con-
tact between polyacetal fibers, and the surface of the fi-
bers remains free. As the impregnation degree increases
to 0.44, at which the polyacetal fibers based composite
material has a maximum effective modulus in the trans-

verse direction, nanoscale “bridges” of binder particles
are formed between the fibers. The bridges are located
at a considerable distance from each other and connect
several fibers together.

At the impregnation degree of 0.17, local deposition of
binder particles on the fibers’ surface is observed. Bridges
are formed between two adjacent fibers located at a short
distance less than the diameter of the fibers. The space
between the fibers (pores) is not filled with binder particles
(Fig. 7b).

The bridges between the fibers of the composite ma-
terial with the impregnation degree of 0.17 and 0.44 fit
tightly to the surface of the fibers, which indicates the
significant strength of the bonds between the fibers at
the fiber-binder interface. The limitation of the fibers’
mobility in a force field is reflected by an increase in the
effective tensile modulus (Fig. 3).

A micrograph of a composite material based on a poly-
acetal fibers with an impregnation degree of (.81 is shown
in Fig. 8.

The peeling of the binder shell from polyacetal fibers
(Fig. 8) is a consequence of polyurethane shrinkage dur-
ing heat treatment [33, 34]. During heat treatment of the

200 Mkm

Fig.7. Micrographs of fiber-to-fiber contacts in a composite material based on a polyacetal fibers with the
impregnation degrees of 0.17 (a), 0.44 (b) and 0.81 (c) (in Fig. 7a, the arrows point to the contacts between fibers
connected by binder particles; in Fig. 7b, the arrows mark the places where nanoscale “bridges” are located between
the fibers; in Fig. 7c, the arrows mark the interface between the fibers and binder)
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Fig. 8. Micrograph of the contact between polyacetal
fibers of a composite material with an impregnation
degree of 0.81 (the arrows point to the separation of the
binder shell from the fibers)

impregnated fabric, as a result of [volatilization (evapora-
tion)] evaporation of water, the volume of dispersion in
the space between the fibers decreases, which leads to the
convergence of polyurethane particles and an increase in
intermolecular interaction.The relationship between the
physical interaction at the polyurethane-polyacetal fiber
interface and the intermolecular interaction between poly-
urethane macromolecules in the volume of the particles
depends on the thickness of the adsorption shell of the
binder on the surface of the fibers. At a certain thickness
of the shell, the intermolecular interaction in the volume
of polyurethane particles begins to prevail over the inter-
action at the interface of the polyurethane-fiber phases,

which leads to the delamination of the shell from the fiber
surface (Fig. 8).

In addition, the peeling of the polyurethane shell from
the polyacetal fiber surface may be the result of the paral-
lel adsorption of both binder particles and water molecules
(which is a dispersed medium) on the fibers’ surface. The
relatively high content of oxygen atoms in polyacetal mac-
romolecules determines the increased adsorption of water
molecules compared to the polyurethane particles. The
formation of water molecules shell on the fibers’ surface
reduces the bond strength between the binder particles
and the fiber surface. This leads to the polymer shell peel-
ing during the heat treatment contributes.

CONCLUSION

— when impregnating the nonwoven fabrics from the
polyacetal fibers, the composite materials with a large
effective modulus (and tensile strength resistance)
were obtained (in comparison with the fabrics made of
polyethylene terephthalate and polypropylene fibers);

— the maximum values of the effective tensile modulus
for the polyacetal fibers based composite materials are
observed in the transverse direction at the impregna-
tion degree of 0.44 and in the longitudinal direction
at the impregnation degree of 0.35;

— when the effective tensile modulus maximum is
achieved with the optimal value of the impregina-
tion degree, the binder particles are concentrated on
the polyethyleneterephthalate and polyacetal fibers
surfaces, which makes it possible to produce the com-
posite materials for the construction purposes with the
porosity of near nonwoven fabrics used.

The work was carried out with the financial support of the Ministry of Science and Higher Education of Russian Federa-

tion (State Task No. FZRR-2023-0003)
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CTpouTenbHble TEM10- N 3BYKON3ONALNOHHbIE
KOMMNO3MLNOHHbIe MaTepuabl C BbICOKUM
CONPOTUBJIEHNEM K PaCTAXKeHMIO
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AHHOTALMA

BeepeHue. Llenb paboTbl — nccnegoBaHme BAUAHUA CTEMEHN MPOMNUTKMA HETKAHbIX MOJIOTEH HA COMPOTUBNIEHME PACTSXKEHMIO BO-
JIOKHUCTO-MOPUCTbIX KOMMO3ULIMOHHbIX MaTepUanoB CTPOUTENIbHOIO HazHaveHuA. MaTepuanbl n meToapbl nccnefaoBaHus. B kave-
CTBe OOBEKTOB VCCIeA0BaHUS NCMONb30Bau NOJIOTHA, U3rOTOBNEHHbIE U3 NonuaTuneHTepedTanaTHbIX (M3T) BONOKOH NMHENHON
nnotHocTtn 0,33 Tekc (gnameTpom 20-25 mKMm), nonunponuneHosbix (M) BONOKOH nnHenHom nnoTHocTy 0,33 Tekc (AnameTpom
27-30 MKM) 1 3KCreprMeHTanbHbIX nonuvaueTanbHbix (MALL) BonokoH nuHenHon nnotHoctn 0,33 Tekc (gruameTpom 18-22 MKMm).
BonokHucTble MaTepuanbl Nonyyanu MexaHMyecknm cnocobom GopmMmupoBaHnsa XoscTa C NoCeayloLWMM UFIONPOKanbliBaHUEM.
MNOTHOCTb OCHOBHOTO NpoKasbiBaHWsA cocTaBnAna 180 cm2. [1na NponuTKM NCNonb30Banu BOAHYO ANCNEPCHI0 aHVOHHOTO CTabu-
NM3MpoBaHHOro anudatnyeckoro nonuadupypetaHa mapku IMPRANIL DL 1380 (KHP) ¢ cyxum octatkom 40%. JIiHelHble pa3mepbl
06pa3LIOB HETKAHbIX MOJIOTEH U KOMMO3ULMOHHbIX MaTePUaNioB onpeaensanm B COOTBETCTBUM € TpeboBaHuAMM ISO 9073-2:1995.
TonwmHy NONOTEH N KOMMNO3ULNOHHbIX MaTePUaNoB U3MEPANN TONLWMHOMEPOM C LeHon aeneHunda 0,01 Mm npu gaBieHnn Ha
maTepuan 10 Kla. lNokasaTenn mexaHMYeCKnx CBONCTB MOMOTEH N KOMMO3MLMOHHbIX MaTePManoB onpenensany B COOTBETCTBUN
c TpeboBaHunamy MICO 9073.3-1989. PesynbTaTbl 1 X 06CyKAeHMe. YCTaHOBIIEHO BNIUsIHME COCTAaBa BOTOKHVCTOIO HAaNoNHUTENA
Ha COMPOTMBIIEHVE PACTAXKEHMIO KOMMO3MLMOHHBIX MaTEPUASIOB, MOMYYEHHOTO MPOMNUTKON HETKAHbIX UITONPOOVBHbBIX MOSIOTEH U3
nonuaTuneHTepedTanaTHbIX, MOAUMNPONUIEHOBBIX U SKCMEPMMEHTASIbHbIX MOMMaLEeTanbHbIX BOIOKOH BOLHOW AMCepCuen nonmy-
peTaHa. MakcrManbHOe CONPOTMBIEHNE PACTAXKEHWNIO KOMMO3MLMOHHBIX MaTePUanos, apMUPOBAHHbIX Pa3NINYHbIMU BOOKHUCTbIMMA
HanoNHUTENAMM, YCTAaHOBNEHO NP OnpefesieHHON CTeneH NPONUTKY, BENIMYMHA KOTOPOW 3aBUCUT OT XMMNYECKOW NMPUPOLbI
BOJIOKOH HanosiHuTenel n HanpaesneHna GopMUpoBaHMA NONOTeH. B cTponTenbCTBe 30aHUN 1 COOPYXKeHUI LenecoobpasHbiM
ABNAETCA MPYMEHEHVEe KOMMO3MLIMOHHbIX MaTepranoBs, apMUPOBaHHbIX MOIOTHAMM 13 NOonnaLeTanbHbIX BOOKOH, KOTOpble Npu
paBHO CTEMEeHV NPOMNUTKN MO CPABHEHMIO C KOMMO3NLMOHHBbIMU MaTepuanamm, apM1poBaHHbIMI NONOTHaMK U3 NonAMnponune-
HOBbIX U NONN3TUNEHTepPedTaNaTHbIX BOJIOKOH, MMEIOT MOBbILIEHHOE COMPOTMBIIEHNE pacTaXeHuo. 3akntoueHue. OnTMmanbHas
CTeneHb NPONUTKK, MPY KOTOPOW AOCTUIraeTcaA MakCMMaibHOe CONMPOTUBIEHME PACTAXKEHNIO KOMMNO3MLIMOHHbIX MaTepuasnos Ha
HeTKaHOW OCHOBE 13 MoJiMaLeTanibHbIX BOJIOKOH, 3aBUCKT OT HanpaBssieHnsa ¢opmMmnpoBaHms NosoTHa. [Ins 06pasLos, Bblpe3aHHbIX
B MOMNepeyYyHOM HarnpasneHn GopM1POBaHMA BOTOKHMCTOMO XOJICTa, MaKCMMalbHOE 3HaUeHNe CONPOTUBIEHNA PACTSXKEHMIO JO-
CTUraeTcs npu cteneHy nponutku 0,44, ana o6pasLoB NPOAOCbHOIo HanpaeneHusa — 0,35.

KJTIOYEBBIE CJIOBA: HeTKaHOe Urnonpo6rBHOE MONIOTHO, BOAHAA AMCNepCUs NoNnypeTaHa, MPonuTKa, KOMMO3MLNOHHBbIN MaTe-
puan, pactaxKeHue.
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BBEJEHUE

e€TKaHBIC TTOJIOTHA M3 CUHTETUYECKUX BOJIOKOH

[1-9] mpencTaBIsiIoT c000I BEICOKOIIOPUCTHIC
MaTepHuabl ¢ KoadGUIIEeHTOM TopucTocT 6otee 0,8.
HecMmoTtps Ha mmpokoe MpUMEHEHNE TAKUX TTOJIOTCH
qirg Teruio- [10—12] n 3Bykousonsguuu [13-15] cTpo-
UTEIBbHBIX KOHCTPYKIIUIN W COOPYKEHUI, OHU NMEIOT
CYIIIECTBEHHBIN HEIOCTATOK — HIU3KOE COIIPOTUBIICHUE
pacTsokeHuIo [ 16—22], KOTOpoe TpH BBITSKKE MTOJIOTEH
B IIpOIIecCe MX TPAHCIIOPTUPOBKH, YCTAHOBKH W SKCILTY-
aTalliy TIPUBOINT K YBEIIMUCHHIO IIOPUCTOCTH M CHIDKE-
HUIO 3aJaHHBIX XapaKTepUCTUK. OTHIM U3 BO3MOKHBIX
BapUaHTOB ITOIYICHUSI KOMITO3UIITMOHHBIX MAaTEPUAIOB
C YBEJIMYCHHBIM COIIPOTUBIICHUEM PACTSIKCHUIO TIPH
COXpaHEHNH TPEOYEeMOTO YPOBHSI IIOPUCTOCTH SIBJISIETCS
MIPOITUTKA HETKAHBIX ITOJIOTCH paCTBOPAMU U THUCIICPCH-
SIMY TIOJIUMEpPOB [23, 24].

Komrmeke pm3nko-MexaHNIeCKNX CBOMCTB KOMITO-
3UIMOHHBIX MAaTEPHAJIOB, B OCHOBHOM, OITPEHCIISICTCS
B3aMMOJICCTBIEM Ha TpaHUIIe pa3ielia BOJOKHO — II0-
JmMepHoe cBsasytomee [25—30]. [TopucTelie MaTepraibl
C HEOOXOIMMBIM TSI TIPAKTUIECKOTO TIPUMEHEHMS CO-
TIPOTUBJICHUEM PACTSLKEHUIO MOTYT OBITh TTOTyICHBI TIPH
YCIIOBHH XOPOIIEel CMauMBaeMOCTH BOJIOKOH TIOJIMMEP-
HBIM COCTaBOM C (POPMUPOBAHUEM MEKIY BOJTOKHAMU
HaHOPa3MEePHBIX ITOJIMMEPHBIX MOCTHUKOB, C OTHOMU CTO-
POHBI, OTPAaHUYNBAIOIINX MTOABIKHOCTh BOJIOKHMCTBIX
CTPYKTYpP B CHJIOBOM TIOJIC, a C IPYTOl, COXPAHSIONINX
WX PBIXJIOCTD.

CHUHTEeTUYECKHE BOJIOKHA XOPOIIO CMauYMBaIOTCS
pacTBOpaMHU MOJIMMEPOB B OPTAHNICCKUX PACTBOPUTE-
JIsIX, HarpuMep, it IT9T BOIOKOH TaKMM CBSI3YIOIINM
SIBJIICTCSI paCTBOP MOJIMYypETaHa B TMMETUI(OPMaMUIIC
[31, 32], mpu MCITOJIb30BAaHUH KOTOPOTO ITPOUCXOINUT
TIPEeNMYIIeCTBEHHAST COPOIIS CBSI3YIOIIETO Ha ITOBEPX-
HOCTH BOJIOKOH C COXpaHEHHUEM ITOPHUCTOM CTPYKTYPHI
MOJIOTHA, MCIIOJIb30BAHHOTO IJIsSI MPOTMTKUA. OmHAKO
3HAYUTEIBbHBIA 00beM TOKCUIHBIX XKUIKHIX CTOKOB, CO-
JIepXKaIiix TUMETUIDOpMaMUI U pa3InIHbIC OpraHM-
YeCKMe BEIIeCTBa, OTPAaHNIMBACT IIPAKTHIECKOE TIPH-
MEHEHME IIPOIUTKH TTOJIOTCH PACTBOPOM ITOIMYpETaHa.

BosneiicTBre Ha OKpY:KAIOIIYIO Cpeay MOXKHO HIBE-
JIMPOBATh IIPH UCITOIH30BAHUH [UTSI TIPOTIUTKH HETKAHBIX

MMOJIOTEH BOJIHBIX aucniepcuii [25—30, 32—34], KoTopble
0oJiee DKOJOTMYHBI, HO, 110 CPABHEHMIO C PaCTBOpaMU
ITOJINMEPOB B OPraHMYECKUX PACTBOPUTEISIX, B MEHBIIIEH
CTETeHU CMAaYMBAIOT CUHTETUUECKIE BOJIOKHA [32—34].
OIHKMM 13 4aCTO IIPUMEHSIEMBIX BAPUAHTOB YBEJIUYECHMS
aJIre3UU MOJMMEPHOTO CBS3YIOLIETO K BOJIOKHY SIBJISIET-
cs1 ero MoaudUKaLs TOBEPXHOCTHO-aKTUBHBIMK Be-
IIeCTBAaMM W IpyruMu mHTpenenTamu [25—30]. Ipu
9TOM ISl TIOJIyYEHUSI KOMIIO3ULIMOHHBIX MaTepHAaIOB
B Ka4eCTBE HETKAHBIX OCHOB UCIIOJIb3YIOT, B OCHOBHOM,
noyiotHa 13 [1OT u pexe u3 I1I1 BotokoH [32—34].

B Hacrosiieit paboTe TOMUMO TPaTUILIUOHHBIX BO-
JIOKHUCTBIX CMECOK JIJISI [IPOIUTKU ITOJIMMEPHBIM CBSI3Y-
IOLLIM MCITO/Ib30BaIM HETKAHbIE ITOJIOTHA U3 OJIMaLIe-
TaJIbHBIX BOJIOKOH, MMEIOIIMX OOJIBIIIee CPOACTBO K BOIIE.

Lenpio pabOThI SIBJISUIOCH MCCIIEIOBAHUE BIUSTHUS
CTEIEHU MPOMUTKU HETKAHbIX IMOJOTEH Ha COMPOTUB-
JIEHUE PACTSKEHUIO BOJTOKHKUCTO-IOPUCTHIX KOMIIO-
3ULMOHHBIX MATEPUAJIOB CTPOUTEILHOIO HA3HAYEHMSI.

OBBEKTbI U METOAbl UCCJIEAOBAHUA

B xauecTBe 00BEKTOB HCCIICTOBAHNS UCTIOIH30BAIN
ITOJIOTHA, M3TOTOBIeHHBIC 13 [1DT BOJIOKOH MTUHEITHOM
mwrotHOCTH 0,33 Tekc (muamerpom 20—25 mxm); I1I1 Bo-
JIOKOH JIMHeHOM turoTHOCTH 0,33 TeKe (mmameTpoM 27—
30 mxm); [TALL BosmokoH auHeltHOM rutoTHocTH 0,33 TeKe
(mmameTtpom 18—22 MKM). BOJTOKHHMCTBIE XOJICTHI ITOJTY-
YaJIl MEXaHIIECKUM CITOCOO0M (DOPMUPOBAHUS XOJICTA
C TIOCJICAYIOIINM UTJIOMPOKATBIBAHUEM IIPH TITIOTHOCTH
180 cm~2.

JIuneitHbie pazMepbl 006pa31oB 1oJIoTeH (Tada. 1)
1 KOMITO3UITMOHHBIX MaTepHAJIOB OIPEICISIA B COOT-
BercTBUU ¢ TpedoBaHusaMU [SO 9073-2:1995. Tommuny
00pa3IIoB ITOJIOTEH W KOMITO3UIIMOHHBIX MaTePUAaIOB
MU3MEPSIN TONILIMHOMEPOM C LieHoi aenenust 0,01 Mmm
npu gaieHuun 10 xI1a. OTHOCHUTEIbHAS OIIMOKA U3-
MepeHuii cocrapisiia £2%. [lokaszaTesu rpeesia mpoy-
HOCTH TIPU PACTSDKCHUM Y OTHOCUTEIIBHOTO VIUIMHEHUST
TTOJIOTCH 1 KOMIIO3UIIMOHHBIX MaTePHUAJIOB OIIPEHCIISII
B cooTBeTcTBUHU ¢ TpeboBaHussMu MCO 9073.3-1989.
OTtHocuTeNbHas olnbKa cocTasisuia £12%.

715 TIpOTTATKM TIOJIOTEH MCIIOIh30BAIA BOTHYIO THC-
TIepCHUI0 AHNOHHOTO CTAOMIM3NPOBAHHOTO anpaTmye-

Tabauya 1
XapaKkTepUCTHKN HETKAHBIX MOJOTEH HA OCHOBE BOJIOKOH PA3HOTO XMMHYECKOTO COCTABA
BousiokHo P, Kr/m’ F, xkr/m? dx10%, m D, Kr/m3 0, oTH. en.
MALL 1410 0,28 2,1 130 0,91
naT 1370 0,26 3,0 120 0,91
I 920 0,33 2,1 110 0,89

371ech p, — MIOTHOCTh BOJIOKHOOOPA3yIoLIero nojumepa; £ — noBepXHOCTHas MJIOTHOCTD MOJOTHA (Macca o0pasiia miolia-
110 1 M?); d — TOJIIIMHA TTOJIOTHA; p — IUIOTHOCTh HETKAHOTO ITOJIOTHA; O — KO3 OULMEHT ITOPUCTOCTH ITOJIOTHA.
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ckoro nonuadupyperana mapku IMPRANIL DL 1380
(KHP). KoH1leHTpaums MoJnypeTaHa B BOTHOM IUC-
nepcun coctaBuiia 42%. O6pasell I0JIOTHA pa3MEPOM
50 Ha 200 MM TIOTpy>Kau B eMKOCTh 00beMoM 500 mur,
3aTIOJTHEHHYIO THCITepCHEii, M TTPOKATHIBAIN BAIMKOM
B TeUeHUE 3—5 MUH IIpU KOMHATHOM TemIiepartype. O0-
paselr u3BJIeKaIN U3 €eMKOCTH, BBIICPKUBAIN IO TIOJI-
HOTO CTCKaHUS TUCTICPCUH 1 OTXKIMAIN MEXKIY BallaMu
C 3a30pPOM, PaBHBIM ITOJIOBMHE TOJIIIMHBI TTOJIOTHA.

CTerreHb TPOIUTKY TTOJIOTHA BAPEUPOBAIIA pa30aB-
JICHUEM IHUCIIEPCUM TIOJINypeTaHa TUCTUUIMPOBAHHOMN
Bopoii. TepMooOpabOTKy MPOIMUTAHHOTO ITOJIOTHA OCY-
mecTBiIsv nipu Temrreparype 70°C. CterieHb IpOITUTKA
(C,,» OTH. €1.) paCCUUTBLIBAJIN 10 (HOPMYJIE:

Cy =——, (1)

roe m um— Macca O6p3.3LIOB IIOJIOTEH pa3/INYHOTO
cocCTaBa ITOCJIE 1 JO IIPOIMUTKHN COOTBETCTBEHHO, KT.

KoaddummenT mopuctocTn mojtoteH (tabm. 1) ompe-
IEJISTA M3 YpaBHCHMS 2, KOMITO3UIIMOHHBIX MaTepra-
JIOB — U3 YpaBHEHUS 3:

P
s=1-£ 2
it @
_ mn/pf +mPY/pPY
V

rae 0 — Ko3(pGUIINEHT TIOPUCTOCTH, OTH. €1I.; p —
IUIOTHOCTb ITOJIOTHA, KI/M?; P, — TUIOTHOCTb BOJIOKHA,
KI/M*; m, W m,, — Macca NOJIOTHA U TIOJIMYPETaHa B 00-
pasile KOMIIO3UITMOHHOTO MaTepHasia Iocjiae TepMoO0-
paboTKMU, KT; p,, — IUIOTHOCTb MOJIMyPETaHa, KI/M’.

o=1 , (3)

PE3YJIbTATbI U OBCYXXAEHUE

ConpoTtuBeHNe pacTAXKEeHNI0 HETKaHbIX
maTepuranoB Ha OCHOBE BOJIOKOH pas/in4yHom
XMMUNYECKON NpUpoabl

Ha puc. 1 mpuBeaeHBI 3aBUCMOCTH YCIOBHOTO Ha-
npsckeHus (o, MITa) oT OTHOCHUTENIFHOTO YIUTMHEHUS
(&, %) st 06Pa3LOB HETKAHBIX MATEPUAIOB U3 BOJIOKOH
PA3TMIHON XUMHUYECKOM TTPUPOIBI, BRIPE3aHHBIX B IIPO-
TIOJTBHOM M TIOTIEpEYHOM HaIIpaBIeHNHN (hOPMUPOBAHMS
ITOJIOTHA Ha MEXaHMYECKOM XOJICTOYKJIAMINKe.

PactsoxkeHme Bcex 0OpasIlloB, IIpelapMpOBaHHBIX
B IIPOIOJIFHOM U TIOTIEPEYHOM HaIpaBICHUSIX (DOPMUPO-
BaHMSI HETKAHBIX MAaTepUAJIOB, IIPOVCXOINT B IBE CTAINH,
KaXmast M3 KOTOPBIX OIMMCHIBAeTCS JTMHEHHOI 3aBUCH-
MOCTBIO 0 OT &. VI3 yI710B HaKJTOHA KPUBBIX CJICIYET, UTO
pacTsDKeHHME TIOJIOTeH Ha BTOPOI CTaauy IIpoliecca Ipo-
HCXOINT TP OOJTBIIIEM YCIIOBHOM HATIPSKEHUH IO CPaB-
HEHUIO C UX PAaCTSCKEHMEM Ha TIepBOI CTaIny IIpoliecca.

JBycTagmitHOE pacTsSLKEHIE HETKAHBIX UTJIONPOOB-
HBIX MaTepUAJIOB SIBJISICTCSI CIICACTBIEM (hOPMUPOBAHUS
IIPY UX UIJIOTIPOKATBIBAHNN BOJIOKHUCTO-TTOPUCTOMN
CTPYKTYPHI ¢ HEpaBHOMEPHBIM pacrpeacacHIeM KakK
OTHEIBHBIX BOJIOKOH, TaK M MX ITyYKOB B 00beMeE I10-
JoTHa (puc. 2).

B cuny cnienmguuecknx ocooeHHOCTE UTIIOITPOOUB-
HOTO CIToco0a YIIPOYHEHMS XOJICTOB, TIPY IPOKAJIbIBa-
HUU BOJIOKHA 3aXBaThIBAIOTCS 3a3yOpMHAMU MTJI C 00-
pa3oBaHMEM ITyYKOB M3 BOJIOKOH, OPUEHTUPOBAHHBIX,
MIPEUMYIIIECTBEHHO, TIEPIICHANKYJISIPHO TTOBEPXHOCTH
ITOJIOTHA, TIPX 3TOM BOJIOKHA BXOISIT OMHOBPEMEHHO
B COCTaB HECKOJBKMX ITY4KOB (puc. 2a). ITmoTHOCTD
YIIaKOBKHM BOJIOKOH U TUIOIIAIh MX KOHTAKTa B ITyYKax
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Puc. 1. 3aBUCHMOCTH YCIOBHOTO HANPSZKEHHS OT OTHOCHTEJIBHOTO YIJIMHEHHS MPH pacTskeHud monoten u3 1AL (1),
IIDT (2) u III1 (3) BoJIOKOH AJIst 00pa31oB, BEIPE3aHHBIX: (a) — B IMONepeyHoM; (0) — B IIPOIOJIHHOM HaIlpaBICHUSIX (4 —
OTPE30K 3aBUCUMOCTH O OT €, 0003HAUEHHBIN yHKTUPOM, XapaKTepu3yeT MEePBYIO CTAUIO PACTSKEHUST, CTPEKOM
MOKAa3aHO OTHOCUTEJIBbHOE YITMHEHNUE, TIPY KOTOPOM IPOUCXOIUT IMEPEXOJI OT MEPBOi CTAMK PACTSKEHUS KO BTOPOit)
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Puc.2. Mukpodororpaduu cpe3a nojored u3 IIDT BoaokoH: (a) — McXoaHOE 110JI0THO; (6) — mosioTHO npu 10%
u (B) — ipu 80% OTHOCUTESTLHOM YIJTMHEHUU

CYIIIECTBEHHO TIPEBHIIAIOT aHAJIOTUIHBIE XapaKTepu-
CTWKU JJIST BOJIOKOH, PACTIONIOXKEHHBIX B MEXITYYKOBOM
mpocTpaHcTBe [17—23], Ha KOTOPBIC TIPUXOINUTCS OCHOB-
Hasi MEXaHWYEeCKast Harpy3Ka Mpy PacTsDKEHUN TIOJIOTEH.

PactsxkeHue 1MojoTeH Ha TIePBOI CTAINU SIBIISIETCS
CJIeICTBUEM BBITIPSIMJICHUST M U3MEHEHMST KOH(UTYypa-
1MV BOJIOKOH Mexkay Tydkamu. [locie BeImpssMiieHust
¥ TIEPEOPUEHTAIINY BOJIOKOH B HATIPABJICHUY JACCTBUS
MEXaHWUYEeCKOU Harpy3ku (puc. 20), oHa miepepacrpese-
JISIeTCST Ha BOJIOKHA B TTy4Kax (puc. 2B), OOJbIIas IJI0T-
HOCTb YTAaKOBKU KOTOPBIX U 3HAYUTENbHAS TIJIOIAIb
KOHTaKTa TPUBOAUT K BO3PACTAHUIO YCIOBHOTO Ha-
TIPSTKEHYs], HEOOXOIMMOTO TSI TIEPEeMEIeHUSI BOJIOKOH
U BBIXOJIA UX U3 3a1leTieHs. Pa3pbiB 9TUX BOJIOKOH MU
WX BBICKATh3bIBAHNE U3 ITyYKOB MPUBOIUT K paspyiiie-
HUIO TIoyioTeH [ 19, 20].

W3 puc. 1 cremyer, 94TO Mpu paBHOM YCJIOBHOM Ha-
TIPSDKEHUY 00Pa3IIbl TOTIEPEYHOTO HATIPABJIEHHST TIOJIOTHA
neopMUPYIOTCST B MEHBIIIEH CTETIEHU 110 CPABHEHUIO
¢ obpasiamu, BEIpE3aHHBIMU B TIPOIOTIHLHOM HaIlpaBJie-
HuU. Takue pa3nuuus sIBISIIOTCST CJISACTBUEM TIPEUMY-
IIECTBEHHOW OPUEHTAIIMU BOJIOKOH TIEPTICHACKYISIPHO
TJIOCKOCTH (POPMUPOBAHUS BOJIOKHUCTOTO XOJICTA, TIPH-
BOJISIIIIEH K 00pa30BAHUIO ITyYKOB, COETUHEHHBIX MEXITY
€00011 OOJTHIITM YHCIIOM BOJIOKOH, TI0 CPABHEHUIO C TTyU -
KaM#, chOpMUPOBAHHBIMU B MIPOAOTLHOM HaIlpaBie-
HUU. DTO OOBSICHSIET NeiICTBIE MEXaHNMIECKOI HATPy3KH1
TIPY OTHOCUTETLHO HEOOJTBIIIOM YCIIOBHOM HATIPSIKEHUH
Ha OT/IeTbHBIC BOJIOKHA U UX repemettieHue |19, 20].

W3 3aBUCUMOCTET 0 OT € CIIEMYET, YTO, TI0 CPABHEHUIO
¢ noiotHamu u3 [TALL 1 ITDT BosIOKOH, pacTsoKeHHE T10-
notHa u3 111 Ha mepBoit 1 BTOPOIt cTamUSIX TTPOUCXOTUT
TIpU MEHBIIIEM YCJIOBHOM HampsixeHun (puc. 1, 3aBu-
CUMOCTH 3), YTO, TTO-BUAUMOMY, CBSI3aHO C MEHBIITUM
TpeHUEM TIOJUTIPOTTMIICHOBBIX BOJIOKOH [35, 36] 1 nx
HU3KOU CITOCOOHOCTHIO YIEPKMUBATHCS B 3a3yOprHAax
uril. COBOKYITHOCTh 3TUX (haKTOPOB OTPaHNYUBAET (hop-
MupoBaHue mydkoB [ 19, 20], n MmexaHn4yeckas Harpy3Ka,
B OCHOBHOM, TIPUXOIUTCS Ha TTOJUIIPOTTMIIEHOBBIE BO-
JIOKHA, COEAUHSIIONINE TTYUKU.

COI'IPOTIIIBﬂeHI/Ie PaCTAMXKEHNI0 KOMNO3ULUVOHHbIX
MaTepuanoB Ha OCHOBe noJsivaueTasibHbIX BOJIOKOH

XapakTep KPUBBIX 0 OT & IJISI KOMITO3UITMOHHBIX
MaTepuaaoB Ha ocHoBe TMojioTHa u3 [TALl BomoKOH,
TMPOMUTAHHBIX TIOJINYPETAHOBBIM CBA3YIOMNUM (puc. 3),
AQHAJIOTUYEH KPUBBIM JIsT HEOOPAOOTAaHHBIX HETKAHBIX
TOJIOTEH.

Hx pactsokeHune mpoucxoauT B ABe ctanuu. [1pu
9TOM, TIO CPAaBHEHUIO C TTOJIOTHAMM O€3 MPOTIUTKH, YC-
JIOBHOE HATpsiKeHUE, HEOOXOMMMOE JIJIST PACTSIKESHUST
KOMTIO3UIIMOHHOTO MaTepuaja Ha TIepBOil U BTOPOii
CTamusIX, BO3pACTaeT, YTO Hanboiee OUEeBUIHO ST 00-
Pa3IoB MPOMOIBHOTO HarmpaseHus (puc. 30).

[Mpu yBenuuenun crenienu mponutku ot 0 mo 0,52
JUTST 00pa3IioB, BBIPE3aHHBIX B MOTIEPEYHOM HaTlpaBie-
HUY (POPMUPOBAHUS XOJICTA, COTTPOTUBIICHUE PACTSIKE-
HUIO Ha TIEPBOI CTaJNU TPOIEcca yBeIUINBACTCS He-
3HauUTEeNbHO. Kpome Toro, miist 06pa3iioB MpoaoIbLHOTO
HarpasJIeHUs TIPU CTeTIeH! MponuTKu 0,52 nMeeT MecTo
CHITXEHUE YCIIOBHOTO HATPSIKEHUS, HEOOXOIMMOTO JIJIsT
pacTsKeHUs MaTepuaioB Ha TIEPBOI CTaIuM TIpoiiecca,
10 CPaBHEHMIO C MaTeprajaMU C MEHBIIIEH CTeTICHbBIO
nponuTKu (puc. 36, 3aBUCUMOCTb 3).

MapameTp, xapakTepusylowuii CONPoTNBIeHEe
PacTAXKeHUI0O KOMMO3VLMOHHbIX MaTepunanos

JInHeliHbIe y9aCTKA 3aBUCHMOCTEH 0 OT & TIOJIOTeH
PA3IMIHOTO COCTaBa M KOMITO3UIIMOHHBIX MAaTEPUAJIOB
Ha WX OCHOBE OMMUCHIBAIOTCS YPaBHECHUSIMH OOIIETO
BUIA:

&
oc=E,— mnpune<e, 4
°700 p W 4)

rie £, — 5(bheKTUBHBII MOIYIIb PAaCTSKEHKS TIEPBOM
cranguu, MIla; &, — OTHOCUTEIBHOE YIIIMHEHUE, KOTO-
poe TIoKa3bIBaeT Mepexojl OT MePBOil KO BTOPOU CTaluu
pacTspkeHus (ONpeeNIeHHE TTapaMeTpa €, MPEACTaBIEHO
Ha puc. 10 (myHKTUpHAs TUHUST)).
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Puc. 3. 3aBUCMMOCTH YCJIOBHOIO HANPSKEHUSI OT OTHOCHTEILHOIO YIJIHHEHHS] KOMIIO3UIMOHHBIX MATEPHAJIOB HA OCHOBE
MOJIOTHA M3 MOJIHAIETAIbHBIX BOJIOKOH €0 cTeneHbio nmponutku 0,1 (1), 0,24 (2) n 0,52 (3): (a) — B monepeyHoM; (0)—
B IIPOJIOJIbHOM HampapieHUsIX (hOPMUPOBAHNUSI HETKAHBIX OCHOB

CornacHO TIpMBEICHHOMY YpPaBHEHUIO, 3(D(HEeKTUB-
HBII MOIYJIb aHAJIOTHYeH Moayaio KOHTa miIs oeHKn
yIIpyToit (06paTuMoii) mechopMay TBEPABIX TEl IIPU
pactsckeHnn. OgHaKo geopMaist Ha TTIepBOM CTaTuml
pacTSDKeHMST HETKAHOTO ITOJIOTHA He SIBIISIETCS YIIPY-
roii, MOCKOJIbKY OTpeaesieTcs] PpUKIUMOHHBIMU CBSI-
3IMHU MEXIY BOJIOKHAMU, Pa3pbIB KOTOPBIX IIPUBOIUT
K BBIXONIY BOJIOKOH 13 KOT€3MOHHOTO 3allCIUICHUS 1 NX
HEOOpaTUMOMY TIEPEMEIICHHUIO B MEXITYYKOBOM IIPO-
cTpaHcTBe. J1JI1 KOMITO3UIIMOHHBIX MaTepHUaiOB BCIICI-
CTBUE OCAXICHUS IMOJIUMepa Ha BOJIOKHE M B MECTax
TepecedyeHs BOJIOKOH MMEET MECTO TIePeXoll OT KoTre-
3MOHHBIX KOHTAKTOB MEXIY BOJIOKHAMH K aATe3MOHHBIM
yepe3 IMOJIMMEPHOE CBSI3YIOIIee, ¥ XapaKTep pacTsKeHUS
Ha TIepBOI CTaIUM 3aBUCUT OT YMCIa U PaCIIpeAcICHUS
3THX KOHTAaKTOB B 00bEeME ITOJIOTHA.

Takum obpazom, B paboTe [J1s1 OLICHKU COITPOTUBIIE-
HUS PaCTSLKEHUSI HeTKAHBIX ITOJIOTEH Y ITPOIMMTaHHBIX
MaTepHuajoB BBEICH HOBBIN ITapaMeTp — 3G PeKTUBHBIN
MOJyJIb pacTskeHus E.

BnunaHune creneHn NPONNTKN Ha conpoTuB/ieHne
PacTAXXeHNI0 KOMMO3NLNOHHDbIX MaTepuanoB
pa3/In4yHoOro coctaBa

3aBucumoctu £ ot crenenn nponutku C,, mist 06-
pasIoB, IIPEITapUPOBAHHBIX B IIPOIOJIHFHOM U ITOTICpEY-
HOM HampaBJICHHSIX (hDOPMHUPOBAHNS HETKAHBIX OCHOB,
TIpeacTaBIeHBI Ha puC. 4.

3asucumoctu £ ot C, 1jist 00pas3loB, BhIPE3aHHbIX
B TIOIIEPEYHOM M TIPOIOILHOM HaIIpaBICHUSIX (pOpMU-
POBaHUS HETKAHBIX OCHOB, MMEIOT SKCTPEMATbHBIN BHII.
I1pu 3TOM CTETeHb IIPOIUTKU, TIPU KOTOPOI 3P dek-
THUBHBIA MOIY/Ib PACTSKEHUSI UMEeT MaKCUMAaTbHBIC
3HAYCHMS, 3aBUCUT OT COCTaBa BOJIOKHUCTOTO IOJIOTHA.

MaxkcumanbHOe 3HaueHue 3(PpGHEeKTUBHOTO MOIYJISI
pacTsDKeHus, IpeBblialoliee Ha 25% 1 B TpU pasa aHaJIo-
TMYHBIN TTOKA3aTelTh TSI KOMITO3UIIMOHHBIX MAaTepUAIOB
Ha ocHoBe 19T u I1I1 BoOKOH, MMeeT KOMIO3UIIMOH-
HBII MaTepurall Ha HeTKaHoi ocHoBe 13 1ALl BookoH.

711 BcexX mccieayeMbIX MaTepUAaJIOB TIPU CTETICHU
IIPOTIMTKH OOJIBIIIC ONITUMAIbHON BEIMYNHBI (TOUKA
SKCTpeMyMa) UX 3¢ GEKTUBHBIM MOIYIb PACTSKCHUS
cHIKaeTcs (puc. 4a, 0).

71 KOMITO3UIIMOHHBIX MaTEPUAJIOB, COMEPKAIIIX
ITAILI BosoxkHa, MakcUMajbHOE 3HaUeHNEe d3(PPEeKTUB-
HOTO MOIYJIST pacTSKEHUSI XapaKTepHO IJIsT 00pas3lioB,
BBIPE3aHHBIX B ITOIIEPEIHOM HAIIPABJICHUH TIPU CTEIICHN
nponutku 0,45, B mpomoabHOM 0,35 (puc. 46, 3aBUCH-
MocTb 1). [Tpu ncrrompzoBanuu monoteH u3 [19T u 111
BOJIOKOH MaKCHUMAaJIbHBIC 3HaYeHUS 3 (PEKTUBHOTO MO-
ITyJIST B TIOTICPEYHOM U TIPOAOILHOM HAIIPaBICHUSIX KOM-
MMO3UIIMOHHBIX MAaTePHAJIOB JOCTUTAIOTCS IIPU CTETICHHN
nponutku 0,5—0,6 (puc. 40, 3aBucumMoct 2 u 3).

Kpowme Toro, us saBucumocreit £, or C, crenyer,
9T0 3 GEKTUBHBIN MOIYJIF 00Pa3II0B KOMIIO3UIINOH-
HBIX MaTepuaiaoB u3 19T u ITI1 BoJIOKOH TTpOa0JIBHOTO
1 TIOTICPEYHOTO HATIpaBJICHUI HAYMHAET BO3PaCTaTh IIPH
crernieHH TTponuTKu 6ompie 0,25 (puc. 4a, 0, 3aBUCUMO-
ctu 2 u 3). JIy1s MaTeprajioB Ha OCHOBE ITosioTHA n3 [TALL
BOJIOKOH MOHOTOHHBIN poCT 3(h(HEeKTUBHOTO MOOYIIS
pacTsoKeHUs 71 00pa3oB IIPOI0ILHOTO HallpaBie-
HUS IIPOUCXOINT IIPH YBEINICHNH CTCIICHU TTPOITUTKH
ot 0 1o 0,4, my1st 06pa31oB MOMEPEYHOTO HAaTIpaBIICHUS
ot 0 10 0,5 (puc. 4a, 6, 3aBUCHUMOCTH 1).

MakcumainbHble 3HaueHUs 3(p(GHEKTUBHOTO MOAYJISI
pacTsoKeHUST KOMITO3UIITMOHHOTO MaTepraja Ha OCHOBE
noJjiotHa u3 ITALl BOJIOKOH Ipy ONTUMAJIbHON CTeTeH!
MIPOITMTKH, a TAKKE ero Bo3pacTaHUe TP N3MCHEHUN
CTETICHU MPOMUTKHU OT 0 10 ONTUMAaIbHOM BEIMINHBI
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Puc. 4. 3aBucumoctu 3¢ (heKTHBHOTO MOIYJIS PACTSKEHNSI KOMIIO3HIMOHHBIX MATEPHAJIOB HA 0cHOBe moJioTeH u3 ITALL
(1), IIBT (2) u IIIT (3) BOJIOKOH OT CTeneHH MPONMUTKH: (a) — B IOINepeyHoM; (0) — B IMPOAOJbHOM HaIpaBICHMSIX

(opMuUpoBaHUs HETKAHBIX XOJICTOB

MOKHO OOBSICHUTD ITOBBIIIIEHHOI, 10 cpaBHeHMIO ¢ [1DT
u I1I1 BoTokHaM¥1, CMauYMBAaEMOCTBIO TTOJIMALICTAJIS BO-
THOU mucrepcueil monmmyperaHa. M3BecTHO, 9TO IS
19T mIeHoOK KpaeBoit yroj cMauyuBaHUS COCTABIISICT
68°, mrsa TIT — 87°, a mst TTALL— 62° [37—39].

BnunsHune crenexnn nponnUTKN Ha NOPUCTOCTb
KOMNO3MNLUMNOHHbIX MaTepanoB pa3JiIndHOro coctaBa

J1s TIOITy9eHIST KOMITO3UIIMOHHBIX MAaTepUAJIOB C J0-
CTaTOYHBIM UTS TTPAKTUIECKOTO IIPUMEHEHUST COITPOTUB-
JICHUEM PACTSKEHIIO HEOOXOAMMO OIPEACTNTh IIPUIIMHEI
CHIDKeHUST 9((OEKTMBHOTO MOIYJIS TIPY CTETICHU ITPOTIAT-
KU OOJTBIIIE ONTUMATbHOM BeJIMIUHEI (puc. 3a 1 6). C 310l
IIeJTBI0 Ha PYC.S TIPeACTaBICHBI 3aBUCUMOCTH KO3 hUIIN-
€HTa ITOPUCTOCTU KOMITO3UIIMOHHBIX MATepHAIOB OT CTe-
TICHU IIPOITUTKH ITOJIOTEH pa3IMIHOTO COCTaBa (puc. 5).

[Tpu MakCUMaIbHOM CTCIIEHW MPOIMTKI, PaBHOM
1,22, 3HadyeHue Koo duimeHTa MOPUCTOCTA KOMITO-
3UIMOHHBIX MaTepUaIoB HAa OCHOBE mojioTeH u3 [19T
u ITALI BosmokoH coctasiseT 0,84 1 0,80 cOOTBETCTBEH-
Ho (puc. 5, 3aBUcHMOCTH 1 1 2). DKCTpaItosIueii 3a-
BUCUMOCTH 3 Ha prC.4 TIOJYIMJIN, YTO TIPH CTEIICHM TIPO-
Tk 1,22 Ko3hGUIIMEHT TOPHUCTOCTA KOMITO3UITMOH-
HOTO MaTepuaja Ha ocHoBe moyioTHa u3 I1I1 BoaokoH
cocrasiseT 0,6. MeHblllee 3HaueHUEe KO duLimeHTa
TIOPUCTOCTH KOMITO3UITMOHHBIX MaTEPUAJIOB, COIEepKa-
mux I BonokHa, siBisieTcs CaeacTBueM 0oyiee HU3KOM
o cpaBHeHuIo ¢ [TALL u I1DT BolOKHAMU cMaynBa-
eMocThio [37—39] BomHOI OUCIIepcueil moImypeTaHa
¥ KOATyJIsIIIieil 9acTUIl CBSI3YIOIIETO B IIPOCTPAHCTBE
MEXIY BOJJOKHAMU, TPUBOSILEH K CHUKEHUIO 00beMa
nop. I1pu nmporutke 6ojee TMAPOGUIBLHBIX MTOJIOTEH Ya-
CTHIIBI TTOJINYPETAHOBOM TUCITEPCUH OCAXKIAIOTCSI Ha T10-
BEPXHOCTHU BOJIOKOH, YTO BBI3BIBACT HE3HAUMTEIBHOE

1,5

Puc. 5. 3aBucumocT K03d)(puimeHTa MOPUCTOCTH OT CTe-
TIeHH MPONUTKH KOMIO3UIIMOHHBIX MATEPHAJIOB HA OCHOBE
ITAIT (1), IIDT(2) u IIII (3) Bosokon (rpu C, = 0 —
cpenHuii KOO ULIMEHT MOPUCTOCTH MOJOTEH pa3Iny-
HOTO cOocTaBa MPUHST paBHBIM 0,9)

N3MEHCHUEC MMOPUCTOCTU KOMIIOSMIIMOHHBIX MaT€pra-
JIOB ITPM OTHOCHUTECJIIbHO OOJIBIIION CTETICHU IIPOITUTKH,
110 CpaBHEHUIO C UICXOOJHBIMUW HCIIPOIIMTAHHBIMU HE-
TKaHbIMHN OCHOBaMM.

CTpyKTypa KOMNO3ULMOHHbIX MaTepuasnosB
Ha OCHOBe HeTKaHbIX nonoteH us NA BONOKOH
B 3aBUCUMOCTHU OT CTENEHN NPONUTKIN

Ha puc. 6 mpuBeneHbl MukpodoTrorpaduu momneped-
HOTO cpe3a KOMIO3UIIMOHHBIX MaTepPHaioB Ha OCHOBE
HeTKaHbIX nmojoTeH u3 ITALl BooKOH, CO cTeneHsIMU
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Puc. 6. Mukpodororpaduu nonepeyHoro cpe3a KOMIO3UIMOHHbIX MATEPHAJIOB, ADMUPOBAHHBIX MOJOTHOM M3 NOJIHA-
HEeTAJIbHbIX BOJIOKOH, €O cTenensvu nponutku 0,17 (a), 0,44 (6) u 0,81 (B)

TIPOTIUTKY BOAHOM aucniepcueii moiauyperana 0,17, 0,44
u(,81.

W3 ananmsa MukpodoTtorpacduii ciemayer, 4To UMeeT
MECTO JIOKJIbHOE PACIIpENIETICHUE CBSI3YIOIIETO B 00b-
€Me BOJIOKHUCTOTO XOJICTa, KOTOPOE 3aBUCHUT OT CTeTIe-
HU iponuTKu. [1pn MUHUMAaIBHOM CTeTIeHU TTPOTTUTKY
(C,, = 0,17) cBasyolee KOHLEHTPUPYETCS HA OTAE/b-
HBIX y9acTKax To TOJNIIWHE TIOJIOTHA (puc. S5a). YBenu-
YeHUE CTeTICHN MPOMUTKY 10 0,44 IpUBOOUT K BO3pac-
TAHWIO CONEPKAHUST CBSI3YIOIIETO, €TO arlIOMEPaTHOMY
pacrmpeneneHrIo Ha BOJIOKHE U MEKIY ITy9KaMy BOJIOKOH
(puc. 5B). [1pu crenenu mponutku 0,81 armomepats
CBSI3YIOIIETO CTAHOBSITCSI OoJiee KPYMMHBIMU U OoJiee
PaBHOMEPHO pacrpeneIeHHBIMU TI0 TOJIIIINHE KOMIIO-
3ULIMOHHOTO MaTepuaia (puc. SB).

Ha puc. 7 nokazaHo (popMupoBaHUE CBI3E MEXIY
TTOJTMATIETATBHBIMY BOJIOKHAMMY TIPY PA3IMIHON CTeTIEHU
TIPOTIATKM.

W3 puc. 7a cnemyert, uto ripu cterienu nponutku 0,17
YACTUIIHI TTOJIMyPETaHa OCAKIAIOTCS B MeCTaX KOHTAKTa
mexnay ITALL BolokHaMU, a TOBEPXHOCTHOCTH BOJIO-
KOH ocTaetcsi cBoOomHo. [Tpu Bo3pactaHum creneHu

mponuTKu 10 0,44, TIpy KOTOPO KOMITO3UITMOHHBINA
matepual, conepxaiuii ITALL BosokHa, UMeeT MakKCH-
MaJIbHBIN 3(PHEKTUBHBIN MOTYITh pacTSKeHUsI 00pa3-
1I0B B TIOMIEPEYHOM HATIPABJICHUN, MEXITYy BOJIOKHAMU
00pa3yroTcs HaHOPa3MEepPHBIC «MOCTUKI» TTOJIMMepa.
MocTrku pacTiosioKeHbl Ha 3HAYUTETbHOM PACCTOSTHUN
JIPYT OT ApyTa U COCAUHSIOT MEXIY COO0I HECKOIBKO
BOJIOKOH (puc. 7a).

[Mpu crenenn iporutku 0,17 HaGMIOAAETCST JIOKATTB-
HOE OCaXIIeHME YaCTUI] CBA3YIOIIETO Ha MTOBEPXHOCTH
BOJIOKOH. MOCTUKM 00pa3yioTcst MEXIY ABYMsI COCeI -
HUMU BOJIOKHAMU, PACTIOJIOXXEHHBIMU HA HEOOJIBIIIOM
PACCTOSTHUM IPYT OT APYyTra, KOTOPOE MEHbIIIe ThaMeTpa
BOJIOKOH. Bce yacTuirsl BXomsiT B cocTaB MOCTUKOB. [1o-
pPOBOE TIPOCTPAHCTBO MEXKIY BOJIOKHAMMU HE 3aMTOJTHEHO
yacTuaMmu roixmmepa (puc. 70).

MocTuky MeXIy BOJJOKHAMU KOMITIO3UIITMOHHOTO
Matepuasa co crernenbto nponutku 0,17 u 0,44 mioTHO
TIPUJIETAIOT K TIOBEPXHOCTU BOJIOKOH, YTO CBUIETEIb-
CTBYET O 3HAYUTEJIbHOU MPOYHOCTU CBSI3E MEXTY BO-
JIOKHAaMU Ha TPaHUIIe pa3/iesia BOJIOKHO-CBSI3YIOIIIee.
OrpaHnyeHne TOABUKHOCTU BOJIOKOH B CUJIOBOM TIOJIE

Puc. 7. MukpocoTorpaduu KOHTAKTa BOJOKOH MEXK/IY CO00ii B KOMIIO3UIIMOHHBIX MATEPUAJIAX HA OCHOBE M0JI0THA U3 [TA
BOJIOKOH cO cTeneHsiMu mponutku 0,17 (a), 0,44 (0) m 0,81 (B) (Ha puc. 7a cTpenKaMu ITOKa3aHbI MECTa KOHTAKTa MEXITY
BOJIOKHAMU, COEIMHEHHBIMU YAaCTUIIAMM CBSI3YIOIIIETO; Ha pUC. 70 CTpeIKaMK OTMEYEHBI MECTa, B KOTOPBIX MEXITY
BOJIOKHAMMU PACIIOJIO0XEHbI HAHOPa3MEPHbIE «MOCTUKM» M3 YaCTUI CBSI3YIOLIEIO; Ha PUC. 7B CTPEJIKAMHU [TOKa3aHa
rpaHulIa pazaesia MeX1y BOJIOKHAMU U CBSI3YIOIIMM)
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Puc. 8. Mukpodortorpadusa KOHTAKTA MeKIy MOJHA-
HEeTaJbHbIMH BOJIOKHAMHM KOMIO3MIHOHHOTO MaTepHaja
co crenennio mponutku 0,81 (cTpenkamMuy mokasaHo OT-
CJIOEHME CJI0SI CBSI3YIOIIETO OT BOJIOKOH)

XapaKTepu3yeTcs: Bo3pacTaHueM 3G (OEKTUBHOTO MOIYJIS
pacTsKeHUsI KOMITO3UIIMOHHbBIX MaTepuajioB (puc. 3).

MukpodoTorpadust KOMIIO3ULKOHHOIO MaTepuaia
Ha ocHOBe 1oyioTHa 13 [TALI BOIOKOH ITpy CTEIIEHU IIPO-
mutku 0,81 mpencTaBieHa Ha puc. 8.

OrcrmanBanue cBszyromero ot ITALL BookoH (puc. 8)
SIBJISICTCSI CJIEACTBUEM YCAaAKU IIOJIMypeTaHa IPU TEPMO-
o00paboTke [33, 34], Korma B pe3yabTaTe NCIIapeHUS BOIBI
MIPOUCXOANUT YMEHbILIEHHE 00beMa YaCTULI IIOJIMypeTaHa
M3-3a IPOLIECCa KAMWUISIPHOM KOHTPAKLIAH.

CooTHollIeHIE MEXTY (PU3MIECKUM B3aUMOIEHCTBUEM
Ha rpaHulIe pa3elia MOoJIuypeTaH-IoIraleTaIbHOe BO-
JIOKHO Y MEXMOJIEKYJISIPHBIM B3aUMOICHCTBUEM MEXIY
MaKpOMOJIEKYJIaMU TTOJIMyPEeTaHaA 3aBUCUT OT TOJILIMHBI
aICOPOLIMOHHOTO CJI0SI CBSI3YIOILIErO Ha ITIOBEPXHOCTH BO-
J10KOH. [1pu onpeneeHHO’ TONIIMHE MEXMOJICKYIISIPHOE
B3aUMOEMCTBYE MEKIY MAKPOMOJIEKYJIAMU TIOJIMYpEeTaHa
HadMHAeT peobIagath Hal B3aUMOICICTBAEM Ha FPAHULIE
paszeina a3 MoJInypeTaH-BOJIOKHO, YTO IIPUBOIMT K OT-
CJIAMBAHUIO TIOJIMMEPA OT ITOBEPXHOCTHU BOJIOKOH (pHC. 8).

Kpome Toro, orciiauBaHue moJMypeTaHa OT IOBEPX-
HOCTH ITOJIMALIETATIBHOTO BOJIOKHA MOXET ObITh CJICICTBHU-
€M TapaJuIeIbHOM aIcopOIIMy Ha TTIOBEPXHOCTH BOJIOKOH
KaK YaCTUII CBSI3YIOIIErO, TaK M MOJIEKYJI BOIbI, KOTOPAsI
SIBJISIETCSI IACIIEPCHOI cpeoil. OTHOCUTEIBHO BBICOKOE
colepxKaHue B MAKPOMOJIEKYJIAaX IMOJIMALIETaIsl aTOMOB
KHCJI0pO/a OIIPeNe/isieT MOBBILIEHHYIO, 110 CPABHEHUIO
C YaCTULIAMM ITOJIMypPEeTaHa, afCOPOLIMIO MOJIEKYJT BOIbI,
YTO YMEHBIIAET IIPOYHOCTH CBSI3M MEXKIY YaCTULIAMM CBSI-
3YIOLLIETO U ITIOBEPXHOCTHIO BOJIOKOH U TAKXKE CIIOCOOCTBY-
€T OTCJIAMBAHMIO TIOJIMMEPA B IIPOLIECCe TEPMOOOPAOOTKM.

3AKJTIOMEHUE

— B paboTe MPOBEICHO UCCICIOBAHNE BIUSHIS COCTaBa
HETKAaHBIX MaTePHAJIOB M TEXHOJIOTUICCKIX OCOOCH-
HOCTE X IIPOM3BOICTBA Ha TIOKA3aTeIIb PACTSDKCHMST
TTOT IEMICTBUEM MEXaHMIECKOI HAaTrpy3KH, OIIPEeIeIsi-
o1t 3 (GEeKTUBHOCTD TIPUMEHEHUS BOJIOKHUCTO-
ITOPUCTHIX KOMITO3UTOB B KAY€CTBE CTPOUTEITHHBIX
TEILIO M 3BYKOM3OJISIIIMOHHEBIX MaTEPUAJIOB;

— YCTaHOBJICH XapaKTep U3MEHCHMS IToKa3aTesT pac-
TSDKeHUST HeTKAHBIX TTOJIOTEeH, BKITIOYAIOIINIT B ce0s
IIBE CTaIUM Pa3BUTHUS nechOopMaILii B 3aBUCUMOCTH
OT MEXaHWYECKOI Harpy3K1 Ha MaTepHuall M CTPYK-
TYPHBIX TIPU3HAKOB HETKAHBIX XOJICTOB, C(HOPMHUPO-
BaHHBIX MEXaHIUECKIM CTIOCOO0OM;

— TI0Ka3aHo, 4TO 00pa3Ikl, IperapupoBaHHbBIC B I10-
TIepeYHOM HaIIpaBIIeHNN (DOPMHUPOBAHIS HETKAHBIX
MaTeprajIoB MEXaHMIECKIM CITOCOOOM, MMEIOT OoJIee
BBICOKVE 3HAUYCHUS COIPOTUBIICHUS PACTSLKEHUIO
BCJICIICTBHE TIPECUMYIIIECTBEHHO TTePITICHINKYISIPHOM
OPHUEHTAIINH BOJIOKOH OTHOCHUTEIBHO MTOBEPXHOCTHU
HETKAaHOTO IOJIOTHA U MX 00JIee TUIOTHOM YIIaKOBKU
BO B3aIMOCBSI3aHHBIC ITyIKU;

— HCCIIeI0BaHO BIMSHUE COCTaBa BOJIOKHUCTOI Ma-
TPUIILI Ha COTIPOTUBJICHNE PACTSLKEHUIO KOMITO3M-
IIMOHHBIX MaTEePHAJIOB, MMOJIYIYCHHBIX IIPOTTUTKON
HETKAHBIX UTJIONPOOMBHLIX MToyioteH u3 [1DT, T1I1
u sKcrepuMmeHTaabHbIX [TALL BomokKoH BogHOI nuc-
Tepcueii ToInypeTaHa;

— YCTaHOBIIEHO, YTO KOMITO3UIIMOHHBIC MaTEPHUAITbI
Ha HeTKaHbIXx ocHOBax u3 [TALl BosokoH, Tponu-
TaHHBIC BOTHOM ITHUCIIEPCUEH TTOIMypeTaHa, UMEIOT
OoJiee BEICOKHME 3HAYCHUS 3(D(HEKTUBHOTO MOIYJIS,
XapaKTepPU3YIOIIEeTO COMPOTUBICHIEC MaTepUAIOB
PACTSKEHUIO, TI0 CPaBHEHUIO ¢ TTosioTHaMu u3 [1OT
u I1I1 BosioKoH;

— TIOKa3aHO, YTO MaKCHMaJIbHBIC 3HAUeHMS 3(h(PeKTUB-
HOTO MOJYJIsSl KOMIIO3ULIMOHHBIX MAaTEPUAJIOB, COMIEP-
JKaIIUX TTOJIMAIleTATEHBIC BOJIOKHA, XapaKTEePHBI IS
00pas3IIoB, IPEIAPHPOBAHHBIX B TIOIIEPEIHOM HAIIPaB-
JleHnu (popMHUPOBaHUS HETKAHBIX ITOJIOTCH, TIPH CTe-
nieHy ux npormTku 0,44, m1st 06pas3ioB MIPOAOTEHOTO
HampaBJICHUsI — TIPU CTeTleHH TTporuTKu 0,35;

— BBIABJICHO, YTO IIPU CTPOUTEIBCTBE 3MaHUI U CO-
OpYKEHHUI 11eJIeCO00pa3HO MPUMEHEHNE KOMITO3H -
IIMOHHBIX MaTePUAIOB HAa OCHOBE HETKAHBIX TTOJIOTCH
n3 [TALl BoJIOKOH, KOTOpHIE TIPX PaBHON CTEIIEHU
IIPOTIMTKH, TI0 CPAaBHEHMIO C MaTepHralaMU, apMHU-
pOBaHHBIMU HeTKaHBIMU MaTputiamu 13 ITIT u [TOT
BOJIOKOH, MUMECIOT 00JIee BHICOKOE COTIPOTUBIICHUE
PACTSKEHUIO.
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ABSTRACT

Introduction. Coatings on hard materials are widely used in many industries. Coating technologies help prevent or reduce corro-
sion, contamination and biofouling, chemical and structural degradation, and wear and tear of external surfaces due to exposure to
the elements and natural environments. The range of materials used for functional coatings is quite wide: from organic polymers to
hybrid composites and inorganic nanoparticles, depending on the desired properties and functionality of the final product. Despite
the excellent anti-corrosion characteristics of non-polymer coatings, their usage causes environmental damage. Organic coatings
are among the most widely used. Such compositions are applied in liquid form; organic solvents are one of the main components.
Environmental concerns have encouraged the development of alternative technologies. The main areas for development are avail-
ability of raw materials and the cost of environmentally friendly coatings. Results and discussion. The review substantiates the
relevance of research on the development of multifunctional polymer-based coatings. The market for polymer coatings is presented.
Methods of surface protection, types of coatings formed, their main components, features of the formation of coatings, the influ-
ence of various factors on the formation of polymer coatings, including methods of preparation and pre-treatment of the protected
surface are presented. Methods for preventing corrosion are discussed in detail, as well as the main directions in the development of
anti-corrosion coatings based on various protective mechanisms. The characteristics of the main components of protective coatings
are given. The issue of destruction of polymer coatings depending on the operating environment is considered in detail. The types
of media, their influence and mechanisms of action on protected objects are considered. Factors and mechanisms of destruction of
polymer coatings, methods for preventing degradation of coatings are listed. The latest technologies for the formation of protec-
tive polymer coatings are highlighted. Conclusion. Currently, coatings provide a wide range of quality indicators. An important
characteristic of modern coatings is minimal negative impact on the environment, which requires an integrated approach to the
design and production of coatings.

KEY WORDS: adhesion, protection, corrosion, coating, polymer, solvent, thermosetting resin.
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INTRODUCTION

In many areas of everyday life, the use of coatings plays
an important role. In response to global warming and
climate change, green technologies have been identified
as a key goal, leading to more efficient consumption of
energy and water resources, reduction of waste, pollution
and carbon footprint, and protection of the environment
and human health [1-3]. Functional coatings are also in-
tegral components of “green” technologies. The simplest
form of coating is paint, which not only serves aesthetic
purposes, but also has additional functions: solar reflec-

© Vikhareva I.N., Antipin V.E., 2024

tivity, antimicrobial properties and other characteristics.
Likewise, other functional coatings, especially those used
on exterior building facades such as walls, roofs and win-
dows, can perform important functions: self-cleaning,
sunlight filtration, light and heat regulation.

Functional coating formulations are based on vari-
ous materials and range from organic polymers to hybrid
composites and inorganic nanoparticles depending on the
desired properties and functionality of these materials [4].
In particular, the rapid development of nanotechnology in
recent years has led to a significant increase in innovation
in coatings using nanostructured materials (0.1—100 nm).
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For example, inorganic nanoparticles, quantum dots,
fullerenes, carbon nanotubes. Compared to bulk materi-
als, nanomaterials have a higher surface area to volume
ratio, higher surface energy, and less imperfection, result-
ing in completely different properties and performance of
the resulting materials. The introduction of nanotechnol-
ogy can introduce new properties and functionality and
improve the performance of coating materials compared
to conventional fillers. As a result, the development of
coating technology has contributed to the emergence of
new developments in the field of functional coatings, such
as anti-fouling, anti-reflective and fire retardant coatings
[5—7]. Thus, the development of functional coatings and
application technologies is driven by high demand and
economic feasibility of their use.

1. POLYMER COATINGS

Polymer coatings on solid materials play an important
role in many industries. Universal coatings are coatings
that modify a wide range of material surfaces and are
stable under certain conditions. Ideally, the coating is
independent of the chemical composition and physical
characteristics (e.g., topology and stiffness) of the sub-
strates. To develop coatings, it is important to design the
interactions between the polymer and the substrate. Exist-
ing irradiation technologies are capable of activating many
types of surfaces, but the efficiency and density of active
sites on some surfaces is relatively low. To obtain dense
surface coatings, it is important to strengthen the interac-
tions by compensatory methods, for example, polymer-
ization. On the other hand, interactions of non-covalent
nature, such as electrostatic interaction, hydrogen bond-
ing, hydrophobic and van der Waals interactions, are used
at almost all types of interfaces. Multiple non-covalent
interactions can be considered the driving forces for the
formation of polymer coatings on various types of sur-
faces. But in general, noncovalent interactions between
interfaces are not strong enough to produce polymer coat-
ings. Therefore, to increase the stability of the coating,
additional intralayer interactions are used: physical and
chemical cross-linking.

Crosslinking can be initiated in situ during coating
application or in stages after the formation of each layer
of the precast coating. In situ coating application is easy
and quick. But spontaneous cross-linking can lead to ag-
gregation of polymer modifiers and the process of forming
surface morphology is less controlled. Therefore, when
obtaining a layer-by-layer coating, additional cross-link-
ing procedures are required, such as heating or irradiation.

Secondary functionalization of universal coatings
is typically required to achieve specific surface charac-
teristics. But in this case, a sufficient number of active
groups must remain in the coating formula for further
modification.

1.1. Classification of coatings

A wide range of coatings are now developed to meet
a variety of needs, from food and pharmaceuticals to de-
vices and consumer products, industrial and equipment,
automotive and construction products. Accordingly,
the functionality of coatings also varies widely: coatings
are applied as an outer layer of film to protect, enhance,
and/or impart additional functionality, surface properties
of an object, or impart characteristics to bulk materials.
Coating technologies help prevent or reduce corrosion,
fouling and biofouling, chemical and structural degra-
dation, and wear of external surfaces due to various fac-
tors, including environmental conditions such as weather,
humidity, UV radiation, etc. Coating provides stability,
durability, increases the service life of objects or surfaces,
and also gives surfaces additional properties and func-
tions: antimicrobial properties, superhydrophobicity and
superhydrophilicity, self-cleaning. Functional coatings are
used in food and medicine for taste and odor masking,
protection and stabilization in the physiological environ-
ment, targeted release in the body, etc.

Coatings are classified according to the following basic
principles: by purpose, by physical or chemical character-
istics, by the nature of the elements included in the com-
position, by the nature of the phases in the surface layer.

The protective function is performed by reflective,
heat-resistant, wear-resistant, corrosion-resistant, electri-
cal insulating, heat-protective coatings.

Structural coatings and films are used for structural
elements in products in the production of products in
various fields: instrument making, radio electronics, in-
tegrated circuits, turbojet engines.

To simplify technological processes, technological
coatings are used. For example, applying solders during
soldering; production of semi-finished products in the
process of high-temperature deformation.

Decorative coatings are important in the production
of household products, jewelry, prosthetics in medicine,
and improving the aesthetics of industrial installations
and devices.

Restorative coatings are used to reduce costs: when re-
storing worn surfaces of products, such as propeller shafts;
crankshaft journals of internal combustion engines; blades
in turbine engines; various cutting and pressing tools.

Reflectivity is reduced by surface geometry in optical
coatings.

1.2. Substrate surface preparation methods

The characteristics of coatings are significantly influ-
enced by the initial state of the substrate surface. A typi-
cal coating on a well-prepared surface performs a better
protective function than a high-quality coating applied
to a substrate with a poorly prepared surface [8]. The du-
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rability of the coating and adhesive strength completely
depend on the preparation of the surface of the product
material. That is, surface preparation is an important
technological operation in the production and applica-
tion of coatings. For this, it is important to carry out high-
quality preparatory stages: removing contaminants from
the surface, including adsorbed substances, and activating
the surface.

In the technological process, preparatory operations
can be carried out jointly or separately. More often they
resort to separate preparation in two or three stages. The
surface is activated at the last stage. Surface preparation
methods include: washing with water; degreasing; etching;

mechanical processing; thermal and chemical-thermal
treatment; electrophysical processing; processing with
light fluxes; drying [9—10]. Sandblasting is the most effec-
tive way to prepare the surface of a metal substrate before
coating. However, in situations where sandblasting is not
possible due to safety or environmental concerns, the use
of a rust remover is recommended [11].

1.3. Coating Methods
Depending on the purpose of the coating, various

methods for their preparation are used [12—14]. Coating
methods are described in detail in the table 1.

Table 1
Coating formation methods
fMeth(?d Advantages of the method Disadvantages of the method
ormation
Vapor — variability of work with various solid — processing exclusively the exposed part of the
condensation elements and materials; substrate;
spraying (PVD) — application of coatings of any thickness — low spray quality;
(5—260 microns); — expensive equipment.
— variations of the method are possible.
Chemical vapor | — surface treatment with chemically — the heating source is important;
deposition active elements and compounds that are — higher temperatures than in the PVD
(CVD) chemically active in the vapor state; method,;
— good spray quality; — difficulty in regulating substrate heating;
— thickness 5—260 microns. — probability of unclaimed direct deposition.
Diffusion — good homogeneity; — limited substrate sizes;
deposition from | — possibility of processing small sizes; — suitable only for heat-stable materials;
solid phase — high economic efficiency; — excessively thin coatings;
— increased coating hardness; — increased brittleness of coatings.
— thickness 5—80 microns.
Sputtering — the ability to vary spraying conditions and | — quality depends on the operator’s skills;
the quality of the applied material during — resistance of the substrate to heat and
the process; impact;
— the possibility of obtaining thick, uniform | — porous coatings with a rough surface and
coatings; possible inclusions.
— thickness 75—400 microns.
Cladding — possibility of applying thick coatings; — warping of the substrate is possible;
— processing of large areas; — for hard substrates.
— thickness 5—10% of the substrate
thickness.
Electrodeposi- — cost-effective in case of electrolyte — special equipment for good dispersive power;
tion (including solutions; — strict control of moisture and oxidation
chemical and — the possibility of applying precious metals | exclusion;
electrophoresis) | and refractory coatings from molten salts; — harmful vapors above the melt;
— the possibility of industrial production of | — porous coatings and in a stressed state;
cermets; — special areas of high temperatures
— thickness 0.25 — 250 microns. — applicable only for some elements and types
of substrates.
Hot dipping — possibility of applying thick coatings; — limited to application of A1l for high
— coating application speed temperature coatings;
— thickness 25—130 microns. — porosity and discontinuity
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In addition to the considered methods for producing
nanocoatings, layer-by-layer assembly and self-assem-
bly of coatings are currently used [15—17]. The decisive
factors in the formation of nanocoatings are: synthesis
method, substrate material, structure of nanoparticles,
grain size, thickness, microstructure.

2. ANTI-CORROSION COATINGS

Currently, both organic and inorganic coatings are
widely used to protect metals from corrosion, and sig-
nificant progress has been made in coating technologies.
For example, the development of new “corrosion-resis-
tant” alloys makes it possible to operate critical process
equipment in highly corrosive environments under an
increasingly wide range of conditions. However, despite
significant advances in coating technologies, there are
still some challenges in long-term protection of metals
from aggressive environments. The diversity and com-
plexity of the coating-substrate system, as well as some
factors that determine the performance and durability
of the coating, limit the number of highly effective and
reliable anti-corrosion coating systems. The performance

characteristics and service life of coatings are determined
by the main components of the formulation, substrate
material, preparation of the substrate surface, curing
mechanism, film thickness, adhesion processes in the
coating-substrate system, and environmental parameters
[18—22]. To effectively protect an anti-corrosion coating,
internal strength, adhesion to the substrate, and sufficient
flexibility are required.

2.1. Corrosion Prevention Methods

Methods for preventing corrosion are quite varied and
are discussed in detail in the Figure 1.

2.2. Anti-corrosion coatings market

The global market for protective coatings in 2018 was
estimated at 26.5 billion euros, the market volume in 2023
is 9.4 million tons (Fig. 2) [23—24]. Demand is largely
driven by spending in the infrastructure, power, automo-
tive, transportation and oil and gas sectors.

The cost of paint and varnish materials for major repairs
ranges from 5 to 21% of the total costs, surface preparation

Methods of corrosion prevention
Environmental Changing of Potential Coating Coating
modification properties change methods
— Ivani
— > Removal of ——» Changein — Anodic protection Inorganic galvanic
corrosive agents €0 o ) - metal oxide coating mechanical
- alloying - oxidising anions L metallic coating
L oxygen removal | de-alloying - non-oxidising anions electroless
-chlorine removal hot dipping
: — Organic
-moisture removal L
SN Sum Cathadic protection | alkyd and epoxy-ester
- sacrificial anode - two-part uretane
Corrosion . L impressed current - vinyl, acrylic or styrene
inhibitors - reduction of defects | water-soluble
o - crack reduction L high-solids
-passivating - reduce tensile stress | powders
-adsorption L reduce surface stress
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Fig. 1. Corrosion prevention methods
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Fig. 2. Market volume of anti-corrosion materials

accounts for about 45% of the total amount. Although ex-
pensive, high-performance anti-corrosion coating systems
such as epoxy, polyamide, urethane or zinc can provide
savings of almost 40% over a 10-year service life [25].

For anti-corrosion protection of metal materials,
polymer coatings are most widely used, especially in the
transport and infrastructure sectors (pipelines, bridges,
buildings) [26]. However, non-polymer solutions based
on phosphates [27], chromates [28], and silicates [29] still
remain relevant in industry for anti-corrosion protection;
as well as metal coatings obtained by anodizing, galvaniz-
ing, plating, galvanic coatings, thermal spraying [30—32].
They exhibit excellent anti-corrosion properties, but they
need to be replaced by more environmentally friendly
technologies without the formation of sediment and the
use of toxic substances. For example, the elimination of
hexavalent chromium and heavy metals (lead, mercury)
from coating formulations and coating processes remains
an important topic for the anti-corrosion coatings sector
and especially for the aerospace industry [33]. In this re-
gard, industry and scientific organizations are developing
inorganic coatings using sol-gel technologies and with
pre-treatment with hybrid organic-inorganic compounds,
for example, coatings such as nanoceramics using more
environmentally friendly alternatives: titanium [34], zirco-
nium [35], rare earth metals [36], silicate and molybdates
[37]. However, such formulations are prepared in very di-
lute aqueous solutions. Large volumes of wastewater must
be treated to the standards established by environmental
quality standards before discharge [38].

Depending on the type of binder, organic coatings are
produced based on epoxy resin, polyurethane, acrylic,
alkyd or polyester formulation. When applied, polymer
coatings are mainly used in the form of solutions in organic

solvents. Therefore, limiting emissions of volatile organic
compounds promotes the development of new formula-
tions with low organic solvent content [39]. Several poten-
tial avenues have been identified to address this challenge:
high solids coatings [40], waterborne [41], and ultraviolet
(UV) light-curing coatings [42]. In order to reduce the
negative impact of toxic substances in the production of
polyurethane, the search and implementation of alterna-
tive substitutes remains relevant [43—46]. The authors of
the article are working to reduce the negative impact of
the resulting polymers in the direction of developing non-
isocyanate polyurethanes. Using carbon dioxide under ca-
talysis with tetrabutylammonium bromide, the main com-
ponents for the synthesis of non-isocyanate polyurethanes
were obtained — cyclocarbonates of epoxidized soybean oil
and ED-20 and ED-16 resins [43]. The chosen synthesis
method makes it possible to successfully obtain valuable
chemical products of organic synthesis, but also to attract
carbon dioxide and, thus, help reduce the carbon footprint
of the resulting polymers. In addition, the implementation
of the REACH (Registration, Evaluation, Authorization
and Restriction of Chemicals) regulation promotes the
development of greener and more sustainable solutions
in the field of anti-corrosion coatings using bio-based raw
materials: binder [47], solvent [48], additives [49].

2.3. Main directions of development
of anti-corrosion coatings

The scope of application of anti-corrosion coatings
includes:

1) anti-fouling paints, used in conjunction with anti-
corrosion protective coatings as fuel-saving coatings for
ships and mesh cages in aquaculture [50];

http://nanobuild.ru

36

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (1):
32-43

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS

2) coatings immersed in water, used in river installa-
tions for fresh water (hydroelectric power plants); in port
facilities to protect metal structures (locks, sluice gates,
berths); in maritime areas;

3) buried in the soil, such as buried tanks, steel piles
and pipes.

The best options for anti-corrosion coatings are pro-
duced for almost any purpose. Currently, among envi-
ronmentally friendly anti-corrosion marine coating tech-
nologies, particularly important areas of development are:

1) solvent-free, high solids and low VOC coatings,

2) UV-curable coatings [51],

3) waterborne coatings,

4) based on polymer resins from plant raw materials
[52] and natural compounds [53—54];

5) based on non-toxic compounds, such as non-iso-
cyanates [55], polyurethane ureas [56], graphene [57],
magnesium salts [58—60];

6) biodegradable coatings [61].

A range of low VOC anti-corrosion coatings are widely
available on the market, particularly for shipbuilding and
offshore applications. Epoxy resin coatings with solids
contents in the range of 70—100% are more often used
for primers and intermediate coats in shipbuilding [62],
wind energy structures [63], and oil and gas pipelines
[64]. High solids polyurethane coatings have excellent UV
resistance and are preferred as weathering finishes. Subsea
finishes are used to prevent biofouling, especially on ship
hulls, and can minimize drag and fuel consumption [62].
Biofouling is associated with microbial-dependent cor-
rosion [65], which is a serious problem in pipelines and
submersible tanks [66]. Attachment of marine organisms
also affects the performance of anti-corrosion coatings
[67—69].

Solvent-free powder coating is showing rapid growth
in the protective coatings market. The resulting coating is
usually harder and more durable than liquid paints. Epoxy
powder coatings provide excellent barrier protection, wear
resistance and are characterized by high adhesion to metal
surfaces, and mainly provide protection for immersed
pipelines [70]. The author of the review also carried out
work to reduce the hazard class of epoxy binders [71—73].
However, such high-solids, solvent-free technologies have
a higher cost than traditional solvent-based technologies.
Therefore, the main objective is to increase the durabil-
ity of the coating system during operation, which will
increase the durability of structures and reduce operating
and maintenance costs.

Water-soluble paints are used to protect low-aggressive
environments [74—75]. For highly aggressive environ-
ments, innovative thin-film [76], acrylic [77], zinc-con-
taining [78] and silane [79] primers are commercially
available; finishing epoxy, urethane, acrylic coatings
[80]. Areas of their application: industrial (containers),
transport [81], construction [82] and heavy-duty coat-

ings (bridges, offshore and marine) [83], in places where
long-term protection with a reduced impact on the envi-
ronment is required.

2.4. Protective mechanism of anti-corrosion coatings

In accordance with the mechanisms of the protective
action of metal products against corrosion, coatings are
classified as shown in Figure 3 (Table 2).

Typically, the protective coating is not limited to one
layer: a primer is applied to the metal, followed by inter-
mediate layers, the final coating is exposed to the external
environment [84].

Adhesion of the coating to the substrate is important
for anti-corrosion coatings. Adhesion is an interfacial
phenomenon that occurs at the interface under the in-
fluence of physical and chemical forces. Low adhesion
contributes to the destruction of the coating and exposes
the metal to an aggressive environment. When developing
an organic coating formulation for a metal surface, adhe-
sion processes are considered using the theory of wetting
[85] and acid-base interactions [86].

Mechanical adhesion is considered in studies of large
surface areas interacting with a large number of contact
points. The sealant penetrates into existing surface pits
and provides mechanical adhesion to the substrate. Me-
chanical adhesion is observed and taken into account
when working with primed and porous metal surfaces.

Chemical adhesion. Interactions at the interface are
provided by three types of chemical bonds: covalent or
ionic bonds with energies from 40 to 400 kJ/mol; disper-
sion forces, or dipole interactions or van der Waals forces
with energy from 4 to 8 kJ/mol; hydrogen bonds with
binding energies from 8 to 35 kJ/mol.

It is generally accepted that the adhesion of polymer
coatings to metal surfaces is explained by the formation
of hydrogen bonds (Fig. 4).

The top layer of metal surfaces is usually a thin oxide
layer [87]. The adhesion of the polymer coating and the
metal occurs due to the formation of hydrogen bonds.
Therefore, binders with polar groups exhibit excellent
adhesive properties. The adhesion of epoxy resins to steel
directly depends on the number of OH groups, but this
type of adhesion is not the main one and is common
for binders such as zinc silicates and epoxy resins [88].
The proposed adhesion mechanism is not able to fully
explain the different bond strengths between resins and
different metals, and the abnormal adhesion of epoxy
resins in comparison with other polymers with an equal
number of hydroxyl groups. In the course of research, it
was discovered that epoxy compounds dissociate through
the bond between phenoxy oxygen and aliphatic carbon
(Fig. 5) [89].

Previously, according to the proposed mechanism,
it was believed that adhesive interactions are carried out
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Fig. 3. Corrosion protection methods

Fig. 4. Formation of hydrogen bonds between the iron
oxide layer on steel and epoxy resin

through the oxygen atoms of the phenoxy and OH groups,
while the epoxy resin molecule is oriented on the water
surface in a certain way: the hydrophobic part of the epoxy
resin molecule is directed in the direction opposite to the
interface [90].

| /

Fe lée

Fig. 5. Adhesion between epoxy and steel

However, regardless of the mechanism of adhesion of
the polymer coating to the metal, stronger adhesion can
be achieved by pre-treatment using chromatization or
phosphating methods. The conversion layer on the metal
surface passivates the surface and acts as a barrier to ag-
gressive substances [91]. Contaminants on metal surfaces
(dust, grease, oxides, salts and remnants of old coatings)
negatively affect the adhesion of coatings. This reduces
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Table 2
Comparative characteristics of protective coatings
Cotvye pr:ge Areas of use Advantages of coatings Disadvantages of coatings
Barrier Dive, — reduced permeability to liquids, | — the possibility of incomplete removal of the
marine, ions, gases, solvent,
industry — strength and abrasion — aluminum pigment reacts in acidic
resistance, environments to release hydrogen,
— UV resistance, — in environments with high humidity, the
— used together with cathodic likelihood of galvanic corrosion of coatings
current protection or sacrificial with aluminum-containing pigments applied to
anodes, a zinc-containing primer,
— applied as a primer, — in splash areas and atmospheric
intermediate or topcoat environments, defective coatings are not reliable
enough,
— the likelihood of rapid migration of aggressive
particles to the substrate in case of incorrect
orientation of lamellar pigments
Sacrificial | Splash zone, | High anti-corrosion protective — high costs,
organic marine, effect due to cathodic protection — low adhesion and cohesion due to high metal
industry of the metal substrate content,
— high zinc content coatings are not
recommended for dipping or application in
conjunction with impression current cathodic
protection
Sacrificial | Splash zone, | Zinc silicates are resistant to heat | — zinc silicates require special conditions
inorganic | marine, and immersion in water with for curing and are characterized by low
industry chemical solutions compatibility with other types of coatings,
— for proper protection the need for electrical
contact between metal particles
Inhibitory | industry — the formation of a water- — not applicable for submersible structures,
insoluble passivation layer that — coatings must be semi-permeable to water to
persists or remains insoluble in effectively inhibit the substrate,
most environments, — risk of increased corrosion rate when adding
— lower costs compared to zinc insufficient anodic inhibitor
pigmented coatings

the mechanical and chemical adhesion of the coating
to the base, and also increases the risk of destruction
of the coating. Most water-soluble contaminants must
be removed by treating with a detergent solution [92].
Next, abrasive blasting is used to prepare the surface and
more thoroughly remove rust, mill scale and remnants
of the previous coating before applying protective paint-
ing. In this case, the surface area of the base increases
in order to improve adhesion [93]. The need to remove
water-soluble contaminants is obvious, since they can
dissolve when moisture penetrates into the coating and
form swelling, delamination and accelerate surface cor-
rosion processes [94—97].

Improving adhesion between a polymer coating and
a metal surface can be achieved by using adhesion pro-
moters — binding agents that form covalent bonds, provid-
ing stronger interfacial interaction between the substrate
and the coating. Their role in enhancing the adhesion of

coatings to metal surfaces has been thoroughly studied
[97]. Adhesion promoters are basically short-chain organ-
ic molecules with different end groups: on the one hand,
an organic functional group compatible with the coating
material, on the other, an inorganic group compatible
with the substrate. A kind of chemical bridge is formed
between the base and the coating. Modified silanes are the
most common commercial adhesion promoter between
polymeric and inorganic materials [98]. They are intro-
duced into the coating composition or applied directly to
the substrate. Adhesion promoters are thought to migrate
to the interface region and attach to the substrate or pig-
ments before extensive curing occurs. Adhesion promot-
ing molecules are known to be oriented perpendicular to
the surface to which they are attached. Thus, the rough
surface prevents the formation of an ordered adjacent
layer. However, continuous thin layers are still capable of
forming strong and durable adhesive joints [99].
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AHHOTALMA

BBepeHue. [oKpbITVA Ha TBEPAbIX MaTepranax LMPOKO UCMOMb3YTCA BO MHOMMX OTPAC/AX NPOMBILLIEHHOCTU. TeXHONOrMm Ha-
HeceHVA MOKPbITUI CMOCOBCTBYIOT NPefOTBPALLEHMIO UM YMEHBLLEHUIO KOPPO3UMU, 3arpA3HEHUSA 1 6100OPaCTaHMSA, XMMUYECKON
N CTPYKTYPHOW Aerpagaumm, N3HOCa BHELIHMX NMOBEPXHOCTEN 13-3a BO3AENCTBMA SN1eMEHTOB 1 NPUPOAHbIX ycnoBui. CnekTp nc-
nosb3yeMblX MaTepranos ana GYHKLUMOHANbHbIX MOKPLITUA AOCTAaTOUHO WMPOKUIA: OT OpraHNYeCcKrX NoanMMepoB 4o rmépuaHbIX
KOMMO3MTOB 1 HEOPraHMYeCKNX HAHOYACTNL, B 3aBNCUMOCTM OT XKefaeMblX CBONCTB U GYHKLMOHANbHOCT KOHEYHOro NpoayKTa.
HecmoTps Ha OTNIMYHbIE aHTUKOPPO3MOHHbIE XapaKTEPUCTUKM HEMOMMMEPHbBIX MOKPLITUIA, NX CMONb30BaHE HAHOCUT SKONOrU-
yeckuin yuep6. Hanbonee wrpokoe nprMeHeHMe NOyYnv opraHuyeckune NoKpbITuA. Takre coCcTaBbl HAHOCAT B XKAKon Gopme,
OpraHMyeckre pacTBOPUTENN B HUX ABMSAIOTCA OLHUM U3 OCHOBHbIX KOMMOHEHTOB. DKOJornyeckre TpeboBaHmsa crnocobcTBoBanu
pa3paboTKe anbTepHATUBHBIX TEXHOMOT M. [JOCTYNMHOCTb CbIpbA U CTOMMOCTb 3KOJIOrMYECKM YNCTOrO NMOKPbITUA ABASAIOTCA OCHOB-
HbIMU HarnpaBs/ieHVAMU pa3paboTok. OCHOBHasA YacTb. B 0630pe 060CHOBaHa aKkTyallbHOCTb UCC/IEA0BAHMI MO pa3paboTKe MHOro-
bYHKLMOHANbHbIX MOKPBITUI Ha OCHOBE NONUMMepoB. [peAcTaBfieH PbIHOK NONMMEPHbIX MOKPbLITUIA. [prBeaeHbl MeToAb! 3aLUTbI
NMOBEPXHOCTU, TUMbl GOPMUPYEMbIX MOKPBITUN, UX OCHOBHbIE KOMIMOHEHTbI, 0CO6EHHOCTY GOPMUPOBAHNA MOKPbITUIA, BIIUAHME
pa3nunuHbIX GakTopoB Ha GOPMMPOBAHME NMOMMMEPHbIX MOKPLITUN, BKOUAA METOAbI MOAFOTOBKU 1 MPeaBapuTesibHON 06paboTKm
3aLyLaemon noBepxHoCTU. MogpobHO paccMOTPEHbI MeTOAbI NPefoTBPALLEHU KOPPO3UN, @ TAKXKE OCHOBHbIE HanpaBneHys B pas-
paboTKe aHTMKOPPO3UIHbBIX MOKPLITUIA, OCHOBaHHbIE HA Pa3/IMYHbIX 3aLUMTHbIX MexaHu3max. [MpriBefeHbl XapaKTepUCTUKI OCHOBHbBIX
KOMTMOHEHTOB 3aLUMTHbIX MOKPBITUIA. [oAPOOHO paccMOTPEH BOMPOC Pa3pyLUEHNA NOMMEPHbIX MOKPbITUI B 3aBUCMMOCTM OT CpeAbl
3KCMNnyaTauum. PaccMOTpeHbI TUMbI CPef, MX BAUAHKE Y MEXaHU3Mbl AeCTBUA Ha 3alumiLaemMble 06beKTbl. [lepeuncneHbl pakTopsbl
1 MeXaHV3Mbl pa3pyLLeHs NOIMMEPHbIX MOKPbITA, METOAbI NPeAoTBPaLLEHMA AerpagaLum NoKpbITHIA. BelgeneHbl HoBelwme
TexHonornv GopMrMpPOBaHMSA 3aLUMTHBIX NOTIMMEPHbIX MOKPLITWIA. 3aKntoueHune. B HacTosLlee BpeMs NOKpbITUA obecneunBaioT
LUMPOKUI CNEKTP KauyeCTBEHHbIX MOoKa3aTesiel. BaXHOM XxapakTepucTUKON COBPEMEHHbIX MOKPbITUN ABAAETCA MUHUMANbHOE He-
raTyBHOE BO3/AENCTBYE Ha OKPYXKALOLLYIO Cpefly, UTo TpebyeT KOMMIEKCHbIV NOAXOA K MPOEKTUPOBAHNIO 1 MPOV3BOACTBY MOKPbITUI.

KNTIOYEBDIE CJIOBA: agresus, 3awymTa, KOppo3us, MOKPbITHE, NONMMEP, PaCcTBOPUTENb, TEPMOpeakTUBHAsA CMONa.

AnAa UMTUPOBAHUA:
Buxapesa W.H., AHTunuH B.E. CoBpemeHHble cTpaTernn GopMmMpoBaHua NOAMMEPHbIX MOKPbITUA. YacTb 1 // HaHoTexHonornm
B cTpouTenbcTae. 2024. T. 16, N2 1. C. 32-43. https://doi.org/10.15828/2075-8545-2024-16-1-32-43. - EDN: RHAZRH.

BBEAEHUE

Bo MHOTHX chepax ITOBCETHEBHOM XXM3HU MUCIIOb-
30BaHME MOKPHBITHI UTPacT BaXKHYIO poJib. B cBsI3m
¢ TIOOATTBHBIM TIOTEIUICHUEM U M3MEHEHHWEM KIMaTa
B Ka4eCTBE KIIFOUCBO IIEJIM OIIPEIACIICHBI «3CJICHBIC»
TEXHOJIOTHH, YTO IIPUBEJIO K 6oee 3pheKTMBHOMY I10-
TPEOJICHUIO SHEPTUY M BOTHBIX PECYPCOB, COKPAILICHUIIO
OTXOIIOB, 3aTPSI3HCHUS U YIJICPOTHOTO cjena, K 3allli-
Te OKpYXKaIOILIel cpeabl U 3A0pOBbhs uenoBeka [1—3].

© Buxapesa W.H., AHTunuH B.E., 2024

B kauecTBe HEOTHEMIIEMBIX KOMIIOHEHTOB «3€JICHBIX»
TEXHOJIOTWA BBICTYTAIOT U (DYHKIIMOHAJIbHBIE TTIOKPBITHSI.
[Ipocreiiiieit (hopmoii TOKPHITUS SIBIISIETCS] Kpacka, KO-
TOpasl y>Ke€ He TOJIbKO BBIMOJHSET 3CTETUYECKUE 11eIH,
HO 1 00J1aiaeT JOMOJHUTEIbHBIMU (DYHKIIUSIMU: OTpa-
KaTeJbHOU CMOCOOHOCTBIO OT COTHIIA, AHTUMUKPOOHbI-
MU CBOMCTBAMHU U IPYTUMU XapaKTePUCTUKAMU. AHAJIO-
TUIHO Apyrue (GyHKIIMOHABHBIC ITOKPBITHS, OCOOCHHO
MpUMeHsIEMble Ha HApYXXHbIX (hacagax 3MaHUI, TAKUX
KakK CTE€HbI, KPBIIIY X OKHA, MOTYT BBITIOJIHSTh BaXKHbIE
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byHKIIMM: caMOoYHnIIeHNEe, DMIBTPAIIAIO COTHEYHOTO
CBETa, CBETOBYIO 1 TEIUIOBYIO PETYJISIINIO.

Penentypbl yHKIIMOHATBHBIX TTOKPHITHIT OCHOBAHEI
Ha pa3IMIHbIX MaTepHraiax U BApbUPYIOTCS OT OpTaHU-
YeCKMX TTOJIUMEPOB 10 THOPUIHBIX KOMITO3UTOB M HE-
OPraHNYeCKMX HAHOYACTULL B 3aBUCUMOCTHU OT XKeJjlae-
MBIX CBOMCTB M (DYHKIIMOHAJIBHOCTH 3TUX MaTCPUAJIOB
[4]. B yacTHOCTH, OBICTPOE pa3BUTHE HAHOTEXHOJIOTUIA
B ITOCJICIHNE TOIBI TIPUBEJIO K 3HAYUTEIILHOMY POCTY
WHHOBAIMA B 00JIACTH ITOKPHITUI C MCITOJIb30BaHUEM
HAHOCTPYKTypHpoBaHHBIX MaTepuanoB (0,1—100 HM).
Hanpnmep, HeopraHmdeckre HAaHOYACTHUIIBI, KBAHTOBBIC
TOYKU, PYyJIIEPEHBI, YIIAEPOaHbIE HAHOTPYOKU. [1o cpaB-
HCHHIO C 00beMHBIMH MaTepHraIaMi HaHOMAaTePHUaJIbI
MMEIOT OOJIbIIee OTHOIICHNE TUIOIIAIN TTIOBEPXHOCTH
K 00BbeMY, OOJIBIIIYIO TIOBEPXHOCTHYIO SHEPTUIO I MCHb-
IIee HECOBEPIIEHCTBO, YTO IIPUBOAUT K COBEPIICHHO
IPYTUM CBOMCTBAM M XapaKTePUCTUKAM ITOJIyIaeMBIX
MaTtepuajoB. BHenpeHre HAHOTEXHOJIOTHI MOXKET IIPHU-
BHECTU HOBBIC CBOICTBA M (PYHKIIMOHAIBHOCTD U YIIyd-
AT XapaKTePUCTUKI MaTepUAaIOB ITOKPHITHUI IO CpaB-
HEHUIO ¢ OOBIYHBIMY HATIOJIHUTEISIMU. B mTore pa3suruie
TEXHOJIOTUM HaHECEHUS TTOKPBITUI CITOCOOCTBOBAJIO
TOSIBJICHUIO HOBBIX Pa3pabOTOK B 00acTi (hyHKIINO-
HaJTBHBIX TTOKPBITHI, TAKIX KaK IIPOTUBOOOPACTAOIIINE,
AHTUOJIMKOBBIE U OTHE3ALIUTHBIE TOKPBITUS [5—7]. Ta-
KuM o0pa3oM, pa3paboTka (pyHKIMOHAIbHBIX TTOKPHI-
THI ¥ TEXHOJIOTUI HaHECEHUST 00YCIIOBIICHBI BBICOKIM
CIIPOCOM U 3KOHOMMUYECKOH IIeJIeCO00Pa3HOCTHIO UX
TIPUMCHCHHSI.

1. NOJINMEPHbBIE NOKPbITUA

ITonruMepHbIe MOKPBITUS HA TBEPABIX MaTepraiax
WUIPaloOT BaXKHYIO POJIb BO MHOTHX OTPAC/SIX MPOMBbIILII-
JICHHOCTU. YHUBEPCATbHbIE MOKPBITUSI — 3TO MOKPBITUS,
KOTOPbIE MOAU(ULUPYIOT LIIMPOKUIA CITEKTP MOBEPXHO-
CTeil MaTepuayioB U CTAOMJIbHBI B OMPENeJIEHHBIX YCI0-
BuUsX. B uaeasne nokpbiTe HE 3aBUCUT OT XMMUYECKOTO
cocTaBa U (PM3MUIECKUX XapaKTCPUCTUK (HAIIPUMED,
TOITOJIOTUM 1 3KECTKOCTH) TTOUIOXKeK. [t pa3paboTKu
MOKPBITUHN BaXKHO CIPOEKTUPOBATh B3aMMOIAEUCTBUS
MEXXITy TTOJIMMEPOM U TTOUTOKKOM. CyIIIecTBYIOIINE TeX-
HOJIOTUM O0JIy4eHMSsI CTIOCOOHBI aKTUBUPOBATh MHOTHE
BUbI TIOBEPXHOCTEM, 0OAHAKO 3(DHEKTUBHOCTD U TLJIOT-
HOCTb aKTUBHBIX LIEHTPOB HA HEKOTOPBIX TOBEPXHOCTSIX
OTHOCHUTEJIbHO HU3KUeE. J1JIsT oaydyeHus TIOTHBIX MO-
BEPXHOCTHBIX MOKPBITUI BaXKHO YCUJIUTb B3aUMOJEM -
CTBUSI KOMIIEHCATOPHBIMU METOIAMU, HATIPUMED, TTOJIU-
Mepuzanmeii. C Ipyroit CTOpOHBI, B3aUMOIECTBUS He-
KOBaJIEHTHOM MPUpPO/IbI, TAKUE KaK JEKTPOCTATUIECKOE
B3aMOICIHCTBUE, BOOOPOIHAs CBSI3b, TUAPO(POOHOE
W BaH-J€p-BaajbCOBOE B3aMMOJIECHCTBUE, UCTIOIb3YIOT
TIOYTH Ha BCeX TUIaX WHTepdeiicoB. MHOXECTBEHHEIC
HEKOBaJIEHTHbIE B3aUMOJEUCTBUS MOXHO CUMTATh JIBU-

XKYIIMMHU CUJIaMU JUTsT (POPMUPOBAHUSI TTOJTMMEPHBIX T10-
KPBITUI Ha pa3IMYHBIX TUIIaX TToBepxHOocTeil. Ho B oc-
HOBHOM HEKOBaJICHTHBIC B3aUMOJICHCTBUSI MEXIY Ipa-
HULIAMU pa3esia HeAOCTATOUHO CUJIbHBI IS TIOJTyYeHUS
MOJMMEPHBIX NOKPBITUI. [1o3TOMY 1JIST TOBBIIIIEHUS
CTAaOMIBHOCTU MOKPBITUS UCITONB3YIOT JOMOIHUTEIb-
Hble BHYTPUCJIOMHBIE B3aUMOIEUCTBUS: (DU3NUECKOE
U XUMHUYECKOE CIIMBAHUE.

CmmBaHMe MOXET OBITh MHULIMAPOBAHO Ha MECTE
BO BpeMsI HaHECEHUSI TTIOKPBITUSI WJIM MOITAITHO MOCTIe
GopMUPOBAHUS KaXKAOTO CJI0SI COOPHOTO MOKPHITUSI.
B cnyuae in situ HaHeceHUE TTOKPBHITUS BBITTOJTHSIETCS
JIeTKO 1 ObIcTpo. Ho cmoHTaHHOE clIMBaHUE MOXKET
MPUBECTH K arperalni IMOJUMEPHBIX MOAN(HUKATOPOB,
1 riporiecc GopMUpoBaHUST MOP(OIOTUN TTOBEPXHOCTH
MeHee KOHTpoJaupyemblii. [loaToMy npu mociaoitHoOM
MOJIy4eHUU MOKPBITUSI TPEOYIOTCS IOIMOJTHUTEIbHEIC
MpOoLIeAYPHI IJISI CIIUBAHUS, TAKME KaK HarpeB Wi 00-
JIy4eHue.

Bropuunas ¢pyHKIMOHANM3aIMg YHUBEPCATbHBIX
MOKPBITU, KaK IIPaBUJIO, TPeOyeTCs IJIST JOCTUXKEHUS
omnpeaeaeHHBIX XapaKTepUCTUK IToBepxHocTU. Ho B Ta-
KOM cJiydae B (popMyJie MOKPBITHUS TOIKHO OCTaBATHCS
JIOCTaTOYHOE KOJUYESCTBO aKTUBHBIX TPYII JJIsI Jajlb-
Heieit MoauguKauu.

1.1. Knaccudpukaums nokKpbitui

B HacTosmee BpeMsT pa3paboTaH MMPOKUIT ac-
COPTUMEHT MOKPHITHI IIJIsI 00eCTICYCHUST Pa3IMIHBIX
IIOTPEOHOCTEI: OT IMIPOAYKTOB IMUTAHUS W JICKAPCTB
IO YCTPOMCTB M MOTPEOUTEIHCKUX TOBAPOB IIJIsI IIPO-
MBIIIICHHOCTH ¥ 000pYIOBaHUS, aBTOMOOMJICH 1 CTPO-
ATEIIBbHBIX TOBapoB. COOTBETCTBEHHO, (DYHKIIMOHAJb-
HOCTB ITOKPBITUI TaKXKe IITMPOKO BaPbUPYETCST: TTIOKPHI-
THSI HAHOCSITCS B BUIEC BHEIITHETO CJIOS TICHKHY TS 3a-
LIUTBI, YIIYYIICHUS U/ WIN TIPUAAHUS JOTIOTHUTETHHBIX
GyHKIIMIA, CBOMCTB ITOBEPXHOCTH 00BEKTA MU TIpHIa-
HUS XapaKTePUCTUK CHIITYyINM MaTepuanaM. TeXHOIoTnm
HaHECEeHUS TTOKPHITUI CIIOCOOCTBYIOT IIpeIOTBpaIle-
HUIO WJIN YMEHBIIICHIIO KOPPO3UH, 3arpsI3HEHUS 1 OMO-
o0pacTaHus, XUMUYCCKON M CTPYKTYPHOM AeTpanamnu,
M3HOCA BHEITHUX ITOBEPXHOCTEH M3-3a BO3ICUCTBUSI
Pa3IMIHBIX (DAKTOPOB, BKITIOUAs IIPUPOIHBIC YCIOBUS,
TaK¥e Kak Iorofa, BIaXHOCTh, Y D-m3rydeHue 1 T.1.
HaHeceHne MOKPHITUS 00eCTIeYNBAET CTAOMIBHOCTD,
IOJTOBEYHOCTD, YBEJIMUYNBACT CPOK CITY:KOBI 0OBEKTOB
WJTU TIOBEPXHOCTEH, a TAaKKe IMPUAAET IIOBEPXHOCTSIM JO-
TIOJTHUTEIbHBIC CBOMCTBA 1 (DYHKIINN: aHTUMUKPOOHEIC
CBOIiCTBa, cyrepruapoOOHOCTb U CYyIePTUIPOPUITh-
HOCTB, camoounineHre. OyHKIIMOHAIbHBIC TIOKPHITUS
HCITOIB3YIOT B MUIMIEBBIX PONYKTaX W MEIUIIMHE IIJIS
MacCKMPOBKH BKYycCa M 3allaxa, 3alllUThl U CTaOWIN3aIIN
B (busmoIormIecKoii cpene, meieHaIpaBIcHHOTO BEI-
CBOOOXIECHUS B OpPTaHU3ME U T.I.
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ITokpbiTUs KIacCUDUUIUPYIOT MO CIEIYIOIIMM OC-
HOBHbBIM MTPUHLIMIIAM: TT0 HA3HAYEHUI0, TTO (PU3UYECKUM
WIN XUMUYECKUM XapaKTEPUCTUKAM, T10 TIPUPOJIE BXO-
ISIINX B COCTaB 3JIEMEHTOB, TI0 IpUpoe (a3 B MOBepX-
HOCTHOM CJIOE.

3amuUTHYIO (YHKIIWIO BEITIOIHSIOT OTPasKaroIINE,
XKapOoCTOMKNE, N3HOCOCTOMKNE, KOPPO3UOHHOCTOMKME,
2JIEKTPOU3OJISILIMOHHbIE, TETIJI03AIUTHBIE TTOKPBITHS.

KoHCcTpyKIIMOHHBIE MOKPBITUS U TIJIEHKU UCIOJIb-
3YIOT AJI51 KOHCTPYKTUBHBIX 2JIEMEHTOB B U3JEIUSIX TIPU
MPOU3BOICTBE U3 B pa3IMUHBIX chepax: Mpudopo-
CTpOEHME, PAINO03JIEKTPOHNKA, MHTETpaJbHbIE CXEMBI,
TypOOpeakTUBHbIE TIBUTATEIIH.

1t ynpouieHusl TEXHOJOTMYECKUX MPOLIECCOB UC-
MOJb3YIOT TEXHOJOTUYECKUE TTOKpbITUsI. Hanmpumep,
HaHeceHue TPUITOEB TIPU Talike; MPOU3BOACTBO MOJIY-
(abpuKaToB B Ipoliecce BBICOKOTEMITEPATypHOTO Je-
dopMupoBaHusI.

JlekopaTUBHBIE MMOKPBITHS BAXKHbBI TIPU MPOM3BOJICTBE
OBITOBBIX M3MIEIWI, YKpallleHW, TPOTe3UPOBAHUHU B Me-
NULMHE, MOBBIILIEHUN 3CTETUYHOCTU MPOMBIIILIEHHBIX
YCTaHOBOK 1 IMPUOOPOB.

BoccraHoBuTeNbHBIE TTOKPBITUS UCTIONb3YIOT IJISI
CHVKEHMSI 3aTpaT: MPU BOCCTAHOBJIEHUY N3HOIIEHHBIX
MOBEPXHOCTEN U3e/INii, KaK-TO: TpeOHbIe BaJibl, IIEHKNI
KOJIEHUYAThIX BaJIOB ABUTATEJ e BHYTPEHHETO CTOpaHUS,
JIOMATKU B TYPOMHHBIX ABUTATEJISIX, PA3JIMYHbIE PEXY-
11I1€ U TIPECCOBbIE UHCTPYMEHTHI.

OTtpaxaTesIbHasI CITOCOOHOCTD CHIDKACTCST O1aromapst
TEOMETPUH TMTOBEPXHOCTU B ONTUYECKUX TTOKPBITHSIX.

1.2. MeTopbl NOAroTOBKN NOBEPXHOCTU NOAJIOMKKN

Ha xapakTeprCTHKI MOKPBITAI OKa3bIBACT 3HAUM-
TeJbHOE BIMSTHIE MCXOMHOE COCTOSTHIE TIOBEPXHOCTH
MOMIOXKN. THUITMIHOE TTOKPHITHE Ha XOPOIIO TTOATO-
TOBJICHHOM ITOBEPXHOCTU JIYYIIIC BHITIONHSCT 3aIIUT-
HBIe (DYHKIIUH, YeM BBEICOKOKAYeCTBEHHOE TTOKPHITHE,
HaHECEHHOE Ha MOIJIOXKY C IUIOXO ITOATOTOBICHHOMN
TOBEPXHOCTHIO [8]. JLOATOBEYHOCTH MOKPBLITHS, a[ire31-
OHHAsI TIPOYHOCTH TIOJTHOCTBIO 3aBUCST OT IOATOTOBKH
TMOBEPXHOCTU MaTepuaiia usneiauns. To ecTb HOArOTOBKA
TOBEPXHOCTH — BaxkHas TCXHOJIOTHIECKAs OTICPaLIs
B IIPOM3BOACTBE Y HAHECCHUHU TTOKPHBITHIA. [IJIs 3TOTO
BaXKHO Ka4eCTBCHHOE ITPOBEACHNE TTOATOTOBUTEIHHBIX
3TAIOB: yIAJICHUE 3arPsSI3HCHUI ¢ TIOBEPXHOCTH, B TOM
YHCIIe aIcOpOMPOBAHHBIX BEIIECTB, M aKTUBUPOBAHIE
TTOBEPXHOCTH.

B TexHOIOrMYECKOM MpOIIecce TTOATOTOBUTEIHHEIC
OIepaly BO3MOXKHO TIPOBECTH COBMECTHO U Pa3IeIIbHO.
Yare mpubeTaoT K pa3nebHOM MOATOTOBKE B IBA WIIA
TPpHU 3Tamna. AKTUBUPYIOT ITOBEPXHOCTh Ha MOCIEeTHEH
ctagri. MeTonpl MOATOTOBKH ITOBEPXHOCTH BKITIOUAIOT
MOTKY BOHOI1, 00e3XKNpuBaHNe, TpaBJIeHNE, MEXaHH -
YeCKy0 00paboTKy, TEPMUICCKYIO U XUMUKO-TepMIIC-

CKYI0 00pabOTKYy, 371eKTpOpU3NIECKYI0 00pabOTKy, 00-
paboOTKy CBETOBBIMU ITOTOKaMM, cyIIKY [9—10]. ITecko-
cTpyiiHast oOpaboTKa siBiisieTcs: Hanbosee 3(PPeKTUBHBIM
CIIOCOOOM ITOATOTOBKHU MTOBEPXHOCTH METAJIITMUECKOMN
TTOIJTIOXKY TIepel HaHeCeHNeM TTOKPHITHS. OIHAKO B CH-
TyallsIX, KOTIa IecKOCTpyHast 00paboTKa HEeBO3ZMOXKHA
13-3a TIPOOJIeM ¢ 0€30TTaCHOCTBIO MIIM OKPYXKAIOIICH
cpenoi, peKOMEHIYETCST MCIIOIb30BaTh CPEACTBO IS
yaajaeHus pxkaBunuHbI [11].

1.3 MeToabl HAHECEHNA NOKPbITUN

B 3aBucuMoCTH OT Ha3HAYCHMSI TIOKPHITHS UCIIONB3Y-
10T pa3IMYHbIe METOABI MX IoTydeHus [ 12—14]. Metonsl
HaHECEeHUS MOKPBITUI MOAPOOHO OMUCAHBI B Ta0. 1.

IToMuUMO paccMOTPEHHBIX METOAOB ITOTYICHUS Ha-
HOITOKPBITHI, B HACTOSIICE BPeMsI IIPUMEHSIIOT T10-
CJIOMHYI0 COOPKY M caMOCOOpPKY MOKpbITuit [15—17].
Pemmaromee 3HaueHMe Ipy (HOPMUPOBAHNT HAHOTIOKPHI-
THIT OKa3BIBAIOT CITOCO0 CMHTE3a, MaTepHall ITOIIOX-
KU, CTPYKTypa HAHOYACTHUL, pa3Mep 3€pHa, TOJIIIUHA,

MHMKPOCTPYKTYpa.

2. AHTUKOPPO3UOHHDIE MOKPbITUA

B Hacrosiiiee BpeMs ISl 3aLUThI META/LUIOB OT KOPPO-
3MH ILIAPOKO IIPUMEHSIIOTCS KaK OpraHMYeCcKue, Tak 1 He-
OpraHM4eCcKue MOKPHITUS, U B TEXHOJIOTUSIX TTOKPBITUIA
JOCTUTHYT 3HaYUTEIbHBIA Mporpecc. Hampumep, pas-
PpaboOTKa HOBBIX «KOPPO3NOHHOCTONKIX» CIIAaBOB TTO3BO-
JISIET 9KCILIyaTUPOBATh OTBETCTBEHHOE TEXHOJIOTNYECKOE
000pyI0OBaHUE B BHICOKOKOPPO3MOHHBIX Cpeaax BO BCe
OoJiee IIMPOKOM Auaria3oHe ycioBuil. TeMm He MeHee,
HECMOTPS Ha 3HAYMTEJIbHBIN IPOrPecC B TEXHOJIOTUSIX
ITOJTIy4EeHMSI TIOKPBITUIA B IOJITOCPOYHOI 3a1MTE META/LIOB
OT arpeCCUBHBIX CPEJI, CYILECTBYIOT HEKOTOPbIE IIPO0IIe-
MbI. MHOroo0pasue 1 KOMILIEKCHOCTb CUCTEMBI ITOKPbI-
THE-TIOMJIOXKKA, a TAKXKE HEKOTOPhIe (haKTOPHI, OIpe/ie-
JISTIOLLME DKCIUIyaTallMOHHbIE KAYECTBA U IOJITOBEYHOCTh
IMOKPBITHSI OTPAHMYUBAIOT YKCJIO BBICOKOA(P(HEKTUBHBIX
U HAJEXHBIX CUCTEM aHTUKOPPO3UOHHBIX ITOKPBITHIA.
DKCIUTyaTalMOHHbIE XapaKTEPUCTUKU U CPOK CIIYKObI
IMOKPBITUIA OIPEeIIIIOTCS OCHOBHBIMU KOMIIOHEHTAMU
peLenTyphl, MAaTEPUATIOM TTOIIOXKHW, TOATOTOBKOW MO-
BEPXHOCTH TTOLTOKKY, MEXaHN3MOM OTBEPKICHMS, TOJI-
LIMHOM IJIEHKU, aAre3MOHHBIMU IIPOLIECCAMU B CCTEME
IMOKPBITHE-ITOIIOXKA, TapaMeTPaMU OKPYKaIoLLel cpe-
Il [18—22]. it apPeKTUBHOIM 3alIMTH AHTUKOPPO3U-
OHHOTO ITOKPBITUS HEOOXOAMMA BHYTPEHHSISI IPOYHOCTbD,
aJire3usi K MOUTOXKE, JOCTATOUYHAs THOKOCTb.

2.1. MeToabl npeaoTBpaLleHna Kopposum

MeTonpl IpeIOTBpaIleHUASI KOPPO3UH JOCTATOTHO
pa3zHOOOpa3HbI U TOAPOOHO PACCMOTPEHBI Ha pUC. 1.
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Tabauya 1

MeTtoasl hOpMUPOBAHUS NOKPBITHIA

Meton
¢opmupoBanns

JlocToMHCTBA METOA

Henocrarku meToaa

HanbuieHne KoH-
JieHcaluen us na-
poBoii daszsl (PVD)

— BapMaTUBHOCTb PAOOTHI C Pa3IMIHBIMU TBEP-
IIBIMU 3JIEMEHTaAMU U MaTepuaiaMu;

— HaHEeCeHUe MOKPHITUIA JTI000¥ TOIIIMHBI
(5—260 MKkM);

— BO3MOXHBI Bapyaluy MeToja

— 00paboTKa UCKITIOYUTETbHO OTKPBITOM YaCcTh
TOUTOXKKM;

— HU3KOE pacIbLIIONIEe KaueCTBO;

— Joporoe o0opyaoBaHue

XUMMYECKOe ocax-
JICHUE U3 ra30BOU

— O6pa6OTK8. ITOBEPXHOCTU XUMHUYCCKHU aKTUB-
HBIMU 3JIECMEHTAMU U COCIUMHCHUAMU XUMUYC-

— BaX€H MCTOYHUK HarpeBa;
— OoJiee BBICOKHE TeMIIEPaTyphl, YeM B METOJIC

HOE OCaxIeHue
W3 TBepAOi a3l

¢azbl (CVD) CKM aKTMBHBIX B TapOOOpPa3HOM COCTOSIHUU; PVD;
— XOpolllee PacTbIISIONIee Ka4eCTBO; — CJIOXXHOCTB PeryJIMpOBaHUs HarpeBa MOMIOXKKY;
— TonnHa 5—260 MKM — BEPOSITHOCTb HEBOCTPEOOBAHHOTO MPSIMOTO
OCaXKIEHUS
Nuddy3noH- — XOpoIIIasi TOMOTEHHOCTB; — JUMHWTHPOBAHHBIE pa3Mephl TTOIIOXKKH;

— BO3MOXHOCTb 00pabOTKI MaJIbIX Pa3MEpPOB;
— BBICOKasT 5KOHOMUYECKas 9(PHEKTUBHOCTb;
— MOBBIIIEHHAS TBEPAOCTD IIOKPBITHS;

— touHa 5—80 MKM

— IPUTOIHO TOJIBKO [UIS TEPMOCTAOUIBHBIX MaTe-
pHaJIoB;

— U3JIMLIHE TOHKUE MOKPBITHSI;

— TOBBIIIEHHOE XPYITUMBAHUE ITOKPBITHIA

HUe (B T.4. XMMHU-
YeCcKOoe U 3JIEKTPO-

dope3s)

HanbiieHue — BO3MOXHOCTb BApbUPOBaHUsI YCIOBUIA Ha- — KauyecTBO 3aBUCUT OT HABBIKOB OIlepaTopa;
MBIJICHNUS ¥ Ka4eCcTBAa HAHOCUMOTO MaTepuaia — CTOMKOCTB ITOMJIOXKKHU K HATPEBY U yIapHOMY
B XOJIe TIpo1iecca; BO3IEICTBUIO;
— BO3MOXHOCTD ITOJTYYEHMSI TOJICTBIX OHOPOJI- | — IMOPUCTBIE MOKPBITUSI C IPYOOit TOBEPXHOCTHIO
HBIX ITOKPBITHIA; ¥ BO3MOXXHBIMU BKITIOUCHUSIMHU
— touuHa 75—400 MKM.

I1nakupoBaHue — BO3MOXHOCTb HAaHECEHUS TOJICTBIX ITOKPBITUIA; | — HE UCKJIIOYEHO KOPOOJIEHUE TTOIJIOKKH;
— 00paboTKa OOJIbIIMX IUIOLIAICH; — JUTS XKECTKUX ITOIJIOKEK
— tommuHa 5—10% OT TOIINHBI TTOUTOKKH.

DIIeKTpoocaxie- — BKOHOMMYECKHU 3(P(HEeKTUBHO B CIydae pacTBO- | — CIEIIO00pyI0BaHKE /I XOPOIIel paccenBao-

POB 3JIEKTPOJIUTOB;
— BO3MOXHOCTb HAHECEHUSI IPArOLIEHHBIX Me-
TaJUIOB U TYTOTUIAaBKUX MIOKPHITUI U3 PACILIaBOB

1Ieii CrocoGHOCTH;
— XKECTKUI1 KOHTPOJIb UCKJIIOUEHMS BJIaT U OKMC-
JICHUS;

coJieit;

KEPMETOB;
— toamuHa 0,25—250 MKM.

— BO3MOXKHOCTDb ITPOMBIIIIJICHHOT'O ITOJIYYCHUA

— BpeIHbIE Mapbl Hal paCIUIaBOM;
— TIOPUCTBIC MOKPBITUSI M B HATIPSIKEHHOM CO-
CTOSTHUM;

— 0coObIe 00J1aCTU BHICOKUX TEMIEPATYp;

— TIPUMEHUMBI JIUTIIH TS HEKOTOPBIX 2JIEMEHTOB
U TUTIOB MOJUTOXEK

T'opsiuee okyHaHUe
— CKOPOCTh HAHECEHUSI TTOKPBITHIA;
— touuHa 25—130 MKM.

— BO3MOXHOCTb HAHECEHM TOJICTBIX HOKpblTl/Iﬁ;

— orpaHuyYeH HaHeceHueM Al Il MoJydeHUs! Bbl-
COKOTEMIIEPATyPHBIX TTOKPBITHIA;
— MOPHUCTOCTDH ¥ HECILIOLIHOCTh

2.2, PbIHOK aHTUKOPPO3MOHHbIX MOKPbITUIA

MupoBOii pEIHOK 3aIMUTHEIX MOKPHITHI B 2018 romxy
olLieHUBaJICS B 26,5 MJIpa eBpo, 00beM pbiHKa B 2023 romy
9,4 MiH ToHH (puc. 2) [23—24]. Crpoc B 3HAUNTEIb-
HOIT CTeTICHM CBSI3aH C pacXomaMy Ha MH(pPACTPYKTY-
PV, ICKTPOIHEPTETHKY, a TAKXKEe Ha aBTOMOOMIHLHBINA,
TPaHCITOPTHHIN 1 He(hTEra30BHIN CEKTOPHI.

CTOMMOCTB JJAKOKPACOTHBIX MaTePUAJIOB TSI KaTTH-
TaJbHOI'O PEMOHTA COCTaBIISIET OT 5 10 21% ot 061X
3aTpar, MOATOTOBKA MOBEPXHOCTU COCTABIISIET OKOJIO
45% ot obuieit cyMmMmbl. HecMOTpst Ha TO, YTO 3aTpaThl
Ha BBEICOKO3(P(DEeKTUBHBIC CICTEMBI aHTHKOPPO3MOHHBIX
TMOKPBITUH, TaKNe KaK 3MMOKCUIHBIC, TTOJTUaMUIHEIC,
ypeTaHOBBIC WJIM IIMHKOBBIC, JOPOTOCTOSIINE, OHU

MOTIYT 00ecreunTh 3KoHOMUIO o4t 40% 1pu cpoke
cIy>k0bI 60oitee 10 net [25].

J1J1s1 aHTUKOPPO3MOHHOM 3aIUThl METAJUIMYECKUIX Ma-
TEepHAIOB HaubOoJIee IIMPOKO UCIIOJIb3YIOT IOIMMEPHbIE
IOKPBITHSI, 0COOEHHO B cdhepe TpaHCIOPTa U B MH(Mpa-
CTPYKTYPHOM CEKTOpE (TPYOOIIPOBOIBI, MOCTHI, 30AHNSI)
[26]. OgHako mo-IpekKHEeMY AJIsi aHTUKOPPO3UOHHOMI
3alUTBI HE TEPSIOT AKTYaJIbHOCTU B IIPOMBIIILIEHHOCTH
HETOoJIMMEPHBIE pacTBOPBI Ha ocHOBe docdaTtos [27],
xpomatoB [28], cuimkatoB [29]; a TaKKe MeTaJUTMIECKIE
IMOKPBITHSI, TIOJIyYEHHbBIE METOIOM aHOAUPOBAHUSL, LIH-
KOBaHWUSI, IJIAKUPOBKOIA, ralbBAHUYECKUE MTOKPHITHSI,
TepMmndeckoe HambieHue [30—32]. OHM NpogBIISIOT OT-
JINYHbIE AHTUKOPPO3UITHbBIE CBOMCTBA, HO UX HEOOXO-
JIMMO 3aMEHUTh 00JIee 9KOJIOTMYHBIMU TEXHOJIOTUSIMU
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Puc. 1. MeTtoapl npeoTBpameHnss KOPPO3Un

0e3 oOpa3oBaHMs OcaaKa U MCMOJIb30BaAHUSI TOKCUYHBIX
BenecTB. Hampumep, rno-rnpexxHemMy BaXHOM TEMOI 151
CEKTOpa aHTUKOPPO3UOHHbBIX MOKPBITUI M OCOOEHHO JIJIsT
A9POKOCMUYECKON MPOMBILIJIEHHOCTH SIBJISIETCST UCKITIO-
YeHME 1IeCTUBAJICHTHOTO XpOMa U TSKEJIbIX METAJLJIOB
(cBUHIIAa, PTYTH) U3 PEICIITYP IMMOKPHITUIL U IIPOIIECCOB
HaHeceHUs TTOKphITHii [33]. B cBI3M ¢ 9TUM TIPOMBIIII-
JICHHOCTb 1 Hay4yHble OpraHM3aluu pa3padaTbiBaIOT He-
OpraHMYeCcKyre MOKPBITUS C UCTIOJIb30BAHUEM 30JIb-TeJIb
TEXHOJIOTUI U C IPpeaBapUTESIbHOM 00pabOTKOM rMOpu/I -
HBIMM OpPraHO-HEOPraHUYECKUMU COEIUHEHUSIMU, Ha-
MpUMeEp, TTOKPBITUSI TUIIA HAHOKEPAMUKU C TIPUMEHE-
HUeM 00Jiee SKOJIOTUYHBIX aJbTepHATUB: TUTaHa [34],
HUpKOHMS [35], penko3eMeabHbIX MeTauToB [36], crm-
Karta u MoyoaaToB [37]. OgHaKo MOJOOHbBIE peleNTYPhI
TOTOBSIT B OUEHb pa30aBIeHHbIX BOMHBIX pacTBOpax. bosib-
1111Me 00beMbl CTOYHBIX BOJI TTepe COPOCOM HEOOXOIMMO
OUMIIATh 10 HOPMATUBOB, YCTAHOBJEHHBIX CTAaHAAPTAMU
KadyecTBa OKpyKaroleii cpesr [38].

ITo Tuny cBA3ylO1IETO OpraHUYeCcKue MOKPbITUS
MPOU3BOMIT HAa OCHOBE SMOKCUAHON CMOJIbI, MOJUYpe-
TAHOBOW, aKPUJIOBOI, aJIKUIHON MU MOJUI(PUPHOI
pelentypbl. B OCHOBHOM TTOJIMMEpPHbIE MOKPBITUS TIPU
HAHECEHUU UCIIOJIb3YIOT B BUJIE PACTBOPOB B OpraHuye-
cKux pactBoputesisix. [IoaToMy orpaHuueHure BbIOPO-
COB JIETYYMX OPTaHUYECKUX COETUHEHUI CITOCOOCTBYET

pa3paboTKe HOBBIX PELIENTYP C HU3KUM COACPKaHUEM
opraHm4deckoro pactsopures [39]. s pereHus 3Toit
3aa9r OBUTO OIIpPEeIe/ICHO HECKOIbKO TTOTCHIIMATBHBIX
HaIpaBJICHUI: TIOKPHITHS C BRICOKMM TBEPIBIM OCTATKOM
[40], BomopasbasszeMsbie [41] u yabTpacduoneToBbie (YD)
CBETOOTBepKIaeMble TTOKPBITHS [42]. C Hebio CHIDKEHUST
HETaTUBHOTO BO3ICHCTBUS TOKCUIHEIX BEIIECTB B IIPO-
M3BOJCTBE TOJIMYypeTaHa aKTyalIbHBIM OCTaeTCsI TIONCK
1 BHEJIpEHME aJIbTepHATUBHBIX 3aMeHuTeNei [43—46].
ABTOpPEBI CTaThU TIPOBOISIT PAOOTHI TIO CHIKCHHIO Hera-
THUBHOTO BO3ICUCTBUS MOJIyIaeMbIX TIOJIMMEPOB B Ha-
MPaBJIEHUY Pa3pabOTKX HEU30LMAHATHBIX ITOJINYPETAHOB.
C mipuBJIeYeHIEM YITIEKMCIIOTO T'a3a B YCIOBUSIX KaTalr3a
OpOMUIOM TEeTpaOyTUJIAMMOHUS ObLIU MOJYYEHBbI OC-
HOBHBIC KOMITOHEHTHI [IJISI CHHTE3a HeM30IIMaHATHBIX
TIOJINYPETAHOB — IIMKJIOKApOOHATHI STIOKCUINPOBAHHOTO
coesoro Macia 1 cmoi DJ1-20 u D/1-16 [43]. BeiopaHHbIi
METOII CMHTE3a ITO3BOJISICT YCIIEITHO OyJaTh IICHHBIC
XUMHUYECKYE TIPOMYKTH OPTaHNUECKOTO CUHTE3a, a TAKKE
TIPUBJICKATh YITICKUCIIBINA Ta3 M, TAKIM 00pa30M, CITIOCO0-
CTBOBAaTh CHIDKCHUIO YITIEPOIHOTO CIIeIa TTOTyJacMbIX ITO-
ymmepoB. Kpome Toro, BHenpenne pernmamMmenTa REACH
(perucTpanmsi, ollcHKa, aBTOPHU3AIINS ¥ OTpaHIICHIE X1 -
MMUYECKIX BEIIECTB) CITOCOOCTBYET pa3pabOTKe 3eIeHBIX
u 00Jiee YCTOMYMBEIX PEIICHUIT B 00JIaCTH aHTUKOPPO-
3MOHHBIX TTOKPBITUI C UCITOJIb30BAaHUEM CHIPhSI Ha OMO-
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Puc. 2. O0bem pbiHKa
AHTUKOPPO3HOHHBIX MATEPUAIOB

JIOTMYECKOI OCHOBE: cBs3yloee [47], pacTBoputelb [48],
no0asku [49].

2.3. OcHOBHbI€e HafnpaBeHus pa3paboTok
AHTUKOPPO3NOHHbIX MOKPbITUN

Cdepa mpuMeHEHUST aHTUKOPPO3NOHHBIX IIOKPBITUIA
BKJTIOUACT:

1) npoTuBOOOpacTarole Kpacku, UCIOJIb3YIOTCS
COBMECTHO C aHTUKOPPO3MOHHBIMH 3aIIUTHBIMU I10-
KPBITUSIMH B KAaYeCTBE TOILTMBOCOEPETAIOIINX ITOKPHITHIA
JIJISI CYZIOB M CETYATBIX KJIETOK B aKBaKyJIbType [50];

2) morpyskaemMpie B BOIY MOKPBITHS, UCITOJIB3YIOT
Ha PEYHBIX YCTAHOBKAX JUISI TIPECHOM BOIBI (THAPO3-
JIEKTPOCTAHIINN); B TIOPTOBBIX COOPYKCHUSX IS 3aIIM-
THI METAITMICCKUX KOHCTPYKIUH (IIUTIO3HI, IIUTFO30BBIC
BOpOTA, TIPUYAJIBI); B MOPCKHX 30HAX;

3) morpy:kaeMbie B IIOYBY, HAIIpUMeEP, 3aITy0JIcHHBIC
pe3epByaphl, CTAJIbHBIC CBal 1 TPYOHI.

OnTuManbHbBIC BApHMAHTHl aHTUKOPPO3NMOHHBIX TT10-
KPBITUI TIPOU3BOISIT MIPAKTUICCKH IUIST TI000TO Ha-
3HaueHUs. B Hacrosmee BpeMsI Cpear 3KOJTOTHIHBIX
AHTUKOPPO3MOHHBIX TEXHOJIOTHIT MOPCKMX ITOKPBITHMA
0COOEHHO BaXKHBIMH HaIlpaBJICHUSIMHU pa3pabOTOK SIB-
JISTIOTCS:

1) MOKPBITHS €3 PACTBOPUTEISI C BBICOKIM COMEpIKa-
HHEM TBEPIbIX YACTUI] ¥ HU3KHUM COICPKAHUEM JICTyINX
OPTaHMYECCKUX COCTMHCHUA,

2) YO otBepxxaacMble TOKPBITHS [51],

3) Bomopas0asisieMbIe TIOKPBITHS,

4) Ha OCHOBE TTOJIMMEPHBIX CMOJI M3 PACTUTEIILHOTO
CHIPBS [52] ¥ IPUPOTHBIX CoemUHEHU [53—54];

5) Ha OCHOBE HETOKCUIHBIX COCIMHEHNI, TAKNX KaK
HeU3oLMaHaThl [55], monmypeTaHoBblE MOYEBUHEI [56],
rpacdeH [57] conu marumst [58—60];

6) OropasnaraeMble MOKPbITHs [61].

ACCOPTUMEHT aHTUKOPPO3MOHHBIX ITOKPHITHI ¢ HU3-
KHM COIEPKaHMEM JIETYINX OPTaHMICCKIX COCTMHEHMI
IIMPOKO TIPEICTABIICH Ha PBIHKE, B YACTHOCTH, JIJIST CYHO-
CTpoeHUA 1 Ha 11ejbde. [ToKpBITHS Ha OCHOBE SITOKCH]I-

HBIX CMOJI C cofiepKaHUEeM TBEPIBIX BEIIECTB B MHTEpBa-
ne 70—100% uvaiie IpUMEHSIIOT [UIsl [PYHTOBOK U IIPO-
MEXYTOUYHBIX CJIOEB B CYIOCTpPOeHUH [62], BEeTpOsHEP-
reTUYECKUX COOPYKeHUsX [63], HedTe- 1 ra3ompoBomIax
[64]. TTonmypeTaHOBBIE TTOKPBITHUS C BBICOKUM CYXUM
OCTaTKOM OTJIMYAIOTCS TIPEBOCXOMTHON YCTOMIMBOCTHIO
K VABTparoIeTOBOMY M3IYICHHUIO U TIPEIITIOYTUTETHHB
B KauecTBe (PMHUIIHBIX TTOKPBITUM TSI aTMOC(hEPHBIX
Bo3neiicTBrii. OUHUIITHBIC TOKPHITUS TSI TIOABOIHBIX
30H IPUMEHSIOTCS TSI IIPEIOTBpaIleHUST O1oodpacTa-
HUSI, 0COOCHHO Ha KOPIIycaX CyIOB, U CITOCOOHBI CBECTH
K MIHHUMYMY JIOOOBOE COTIPOTHUBJICHHUE W pacXoi TO-
mBa [62]. Buoobpacranne cBsI3aHO ¢ MUKPOOHO3aBH -
CUMOI KOppo3uelt [65], KoTopas sIBJISIETCS Cepbe3HOMN
IIPO0JIEMOIi TSI TPYOOIIPOBOIOB U TIOTPYKHBIX pE3€PBY-
apos [66]. [IpukperuieHrne MOPCKUX OPraHN3MOB TAKXKe
BJIMSICT Ha SKCIUTyaTallMOHHBIC XapaKTePUCTUKHN aHTH-
KOPPO3MOHHBIX TOKPBITHI [67—69].

CTpeMUTEIBbHBIN POCT Ha PBIHKE 3aIUTHBIX ITO-
KPBITUI TTOKA3bIBACT MOPOIIKOBAsT ITOKpacka 6e3 pac-
TBopuTeeit. IlomydyaemMoe TTOKPHITE OOBITHO TBEPKE
u OoJiee TIPOYHOE B CPABHEHUM C XKUIKNMU KPACKaMM.
DIOKCUIHBIC TTOPOIIKOBBIC TTOKPHITHASI 00CCIIEYNBAIOT
OTJIMYHYIO OapbePHYIO 3aIUTY, U3BHOCOCTOMKOCTD, Xa-
PaKTEepU3YIOTCS BEICOKOU aAre3meil K MeTaTMIeCKOM
ITOBEPXHOCTH 1 B OCHOBHOM OOECITCUMBAIOT 3aIIIUTY I1O-
IPY>KHBIX TpyOorpoBoaoB [70]. Takke aBTopoM 00630pa
IIPOBEICHBI PAOOTHI IO CHIDKEHUIO KJIacca OMaCHOCTH
SITOKCUIHBIX cBA3yomux [71—73]. OgHako momo06-
HBIC TEXHOJIOTUM C BRICOKAM COIEPXKaHUEM TBEPIBIX
YaCcTUII 1 0e3 pacTBOPUTEJIC NMEIOT 00Jiee BEICOKYIO
CTOMMOCTb, YeM TPaIUIIMOHHBIC TEXHOJIOTUN HAa OCHOBE
pactBoputeneit. [ToaToMy OCHOBHOI 3amaucii IBIIIeTCS
TTOBHIIIICHNE CTOMKOCTHY CUCTEMBI TTIOKPBITUIA B IIPOIIECCE
9KCIUTyaTallMu, YTO YBEJUYHUT JOJTOBEUHOCTb KOHCTPYK-
LIV ¥ TTIO3BOJTUT YMEHBIINUTH 3aTPATHI Ha 9KCIUTyaTaIliIo
1 TEXHUIECKOE OOCITy:KIBaHUE.

BomopacTtBopuMBbIe KpacKU IPUMEHSTIOT TSI 3aIUTHI
HU3KOArpeCCUBHEIX B cpenax [74—75]. st cpen BBICO-
KOI arpeCCMBHOCTH B MPOIaKe MPEACTaBICHBI MHHO-
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BallMOHHBIE TOHKOIJIEHOYHBIE [76], akpuioBbie [77],
nHKoconep:xkatme [78] u cunaHoBsie [79] TPYHTOBKY;
(bmHUIITHBIE STTOKCUTHBIC, YPETAHOBBIE, AKPUJIOBBIE TTO-
kpoiTust [80]. Cdhepsl UX MpUMEHEHMS: TTPOMBIIIIEHHbIC
(xoHTeitHepbI), TpaHcTOpTHBIE [81], cTpouTebHBIE [82]
¥ CBEPXITPOYHBIE TIOKPHITHS (MOCTBI, TIETH(HOBBIE Y MOP-
ckue) [83] B MecTax, rme TpedyeTcst J0ATOBPpEMEHHAs 3a -
IIIUTA C TOHXEHHBIM BJIMSTHUEM Ha OKPYKaIOIIIyIO CPey.

2.4, 3almnTHbIN MeXaHN3M aHTUKOPPO3NOHHbIX
NOKPbITUNA

B cooTBeTCcTBUM ¢ MEXaHM3MaMHM 3alllUTHOTO JIEii-
CTBUSI METAIUTMYCCKUX M3ICTUA OT KOPPO3UH TTOKPHI-
TS KJIACCU(UIUPYIOT, KaK MPeICTaBIeHO Ha pUC. 3
¥ B TaOII. 2.

OOBIYHO 3AIIUTHOE ITOKPBITUE HE OTPAHUYMBAETCSI
OOHUM CJIOEM: TPYHTOBKY HAHOCST Ha METaJUl, 3aTeM
CIICIYTOT TIPOMEXKYTOIHBIC CIIOM, PUHUIITHOE TIOKPHITHE
ToaBepraeTcsl BO3ICUCTBUIO BHEIITHEH cpennl [84].

ANre3usi MOKPBITUSI K OCHOBAHUIO MMEET BaKHOE
3HAYCHHE IUIST aHTUKOPPO3MOHHBIX ITOKPHITUI. Anre-

3ust — MexpazHoe SIBJIeHNEe, KOTOPOe BO3HUKAET Ha rpa-
HULIE pa3ziena Mo AecTBUeM (DU3NIECKUX U XUMUUE-
ckux cwl. Huskast aaresust crioco0CTBYeT pa3pylieHUIo
TIOKPHITHST ¥ TIOIBEPraeT MEeTaJUT BO3ACHCTBUIO arpec-
cuBHOU cpennl. [Ipu pazpaboTke perenTypbl OpraHu-
YECKOTO TIOKPBITHS TSI METATNIECKOU TTOBEPXHOCTH
aJITe3MOHHBIE TTPOIIECCHl PACCMATPUBAIOT C UCTIOB30Ba-
HUEM TEOPUU CMaYuBaHUs [85] ¥ KUCIIOTHO-TIIETIOYHBIX
B3auMoeicTBuii [86].

Mexanuueckyto adeezuro paccMaTpUBAIOT TIPU KC-
CJIeTOBAHMSIX OOIBIINX TIONIAEH TTOBEPXHOCTH, B3a-
VMOJIEUCTBYIONIUX C OOJIBIIINM KOJMYECTBOM KOHTAK-
TUPYIOIINX TOYEK. 3alTUTHBIN COCTAB TPOHUKAET B CY-
IIECTBYIOIINE TTOBEPXHOCTHBIC SIMKU U O0ECTIeUNBaET
MEXaHWYECKOe CIeTUIEHNE B OCHOBaHUN. MexaHndeckast
ajre3ust HAOJTIOMAETCST ¥ YIUTHIBAETCS TIPU paboTe ¢ 3a-
TPYHTOBAHHBIMU U TIOPUCTHIMU METAJUTMYECKUMHU T10-
BEPXHOCTSIMU.

Xumuueckasn adee3us. B3aumoneiicTBust Ha TpaHUIIE
paznena o0ecreuynBaloT TPU TUTIA XUMUYECKOU CBSI3U:
KOBJICHTHBIE WM MOHHBIE CBSI3U ¢ dHeprueir ot 40
1o 400 xJI>XK/MOJb; TUCTIEPCUOHHBIC CUJIbI, VI OU-
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Tabauuya 2
CpaBHuTEIbHAS XaPAKTEPUCTHKA 3AIMUTHBIX MOKPBITHIA
Tun Oobnactu . .
ITpeumymniecTBa MOKPHITHIA HenocraTku noKpbITHii
MOKPBITHS NpUMEHEHUs
BbaprepHoe [Morpyxenue, — MOHUWXEHHasi MPOHULIAEMOCTb | — BEPOSITHOCTb HEIOJIHOTO yIaJIeHUsT paCTBOPU-
MOPCKOg, Mpo- IUJIS1 XKMIIKOCTEe#, MIOHOB, Ta30B, Tens,
MBIIIJIEHHOCTh — MPOYHOCTh U CTOMKOCTb K UC- | — aTIOMUHUEBBIN MMUTMEHT B KMCJIBIX Cpeaax pea-
TUPAHUIO, TUPYET C BBIICICHUEM BOIOPOA,
— Y®-CTOUKOCTD, — B Cpeliax C BBICOKOM BJIaXKHOCTBIO BEPOSITHOCTh
— MOXKET MPUMEHSIThCS BMECTE raJIbBAHUYECKOI KOPPO3UU MTOKPBITUIA C aTIOMU-
C KaTOJHOI TOKOBOM 3allIMTOM HUMconepXalluMU MUTMEHTaMU, HAHECEHHbIX
WJIM TIPOTEKTOPHBIMU aHOAMM, | Ha IIMHKOCOIEPKAIIyI0 IPYHTOBKY,
— MOXKET HAaHOCUTBCSI B KAUECTBE | — B 30HAX OPBI3T M aTMOC(EPHBIX cpenax neeKT-
TPYHTOBKH, TTIPOMEKYTOYHOTO HBbIE TTOKPBITHSI HEIOCTATOYHO HAJIEXKHBI,
WY GUHUIITHOTO MOKPBITUS — BEPOSITHOCTb CTPEMUTEILHOM MUTPALIMU arpec-
CHMBHBIX YaCTHII K MOJJIOKKE B CIyyae HerpaBUib-
HOI1 OpUEHTALIMU TUIACTUHYATHIX TUTMEHTOB
KeprBeHHoe | 30Ha OpBI3T, Bbicokoe aHTMKOPPO3MOHHOE — BBICOKME 3aTpaThl,
opraHuye- MOPCKOg, Mpo- 3alIUTHOE IeiicTBUE Oarogapsi — HM3Kas afare3usl 1 CUerieHUe 13-3a BBICOKOTO
cKoe MBIIIJIEHHOCTh KaTOIHOM 3aIlIuTe MeTajInye- conmepXXaHWIo MeTala,
CKOM TOJUTOKKH — MOKPBITUS C BEICOKUM COJEPKaHUEM IIMHKA
He PEKOMEH/IYIOTCS 1T TOTPY>KEHUS MJTA HaHece-
HUS BMECTe C KaTOIHOMU 3allMTON C UMITPECCUOH-
HBIM TOKOM
XKeprtBeHHoe | 30HBI OpHI3T, CuJIMKaThl LIMHKA YCTOMYUBbI — CHJIMKATBI LIMHKA TPEOYIOT OCOObIX YCIOBUM TSI
HeopraHuye- | MOpPCKoe, Mpo- K HarpeBaHUIo 1 MOTPyXKeHUI0 OTBEPXKIEHMUS, XapaKTEPU3YIOTCSI HU3KOI COBMe-
cKoe MBIIIJIEHHOCTh B BOZY C paCTBOpaMU XUMUYE- CTUMOCTBIO C IPYTUMM TUTTAMU TTIOKPBITHIA,
CKUX BEIIECTB — TS HaIJIeXKaIlel 3aluThl HEOOXOTUMOCTh
BJICKTPUUYECKOTO KOHTAKTa MEXKIY METATTNYCCKM -
MU YaCTULIAMU
NHTUOUTOp- | IPOMBIIIICHHAS — 00pa3oBaHMe HEPACTBOPUMOTO | — HE IIPUMEHUMO IJIST TOTPYKHBIX KOHCTPYKIIUIA,
HOE B BOJZI€ ITACCUBUPYIOIIETO CJIOS, — MOKPBITHUS JOJIKHBI OBITh MOJYITPOHULIAEMBIMU
KOTOPBI COXpaHSIeTCs WJIM OCTa- | JUIsl BOABI IS 3(p(PeKTUBHOrO MHIMOMPOBAHYS
€TCsI HEPaCTBOPUMBIM B 0OJIb- MOJTOXKKHU,
IIMHCTBE Cpel, — PUCK YBEJIMYEHUS CKOPOCTU KOPPO3UH TIPH J10-
— OoJiee HU3KUE 3aTPAThI 0aBJICHUM HEJOCTATOYHOTO KOJIMYECTBA aHOTHOTO
10 CPAaBHEHUIO C IIMHKOBBIMU WHTUOUTOpA
MUTMEHTUPOBAHHBIMU IMTOKPHI-
TUSIMU

TIOJIbHBIC B3aNMOICICTBYS, WK CHITBI BaH-1ep-Baansca
¢ sHeprueit ot 4 mo 8 KJIX/MoJIb; BOTOPOIHBIC CBSI3U
¢ 3Hepruei cBsi3u ot 8 mo 35 KJIK/MOb.

[IpyHATO CYNUTATD, UTO aATE3US ITOTUMEPHBIX ITO-
KPBITHI K METAJUTMISCKUM TTOBEPXHOCTSIM OOBSICHSICTCS
00pa3oBaHMEM BOIOPOMTHEIX CBA3Ei (puc. 4).

Bepxnuii ciioii MeTaJIIMueCKUX MOBEPXHOCTEN O0ObIU-
HO TIpEJCTaBISIET COO0I TOHKMIA OKCUIHBIN cJtoii [87].
CrerieHre TTOJTMMEPHOTO ITOKPBITUS 1 METaJIIa IIPOVIC-
XOIUT 3a CYeT 00pa3yIoNINXCsl BOTOPOTHBIX cBsi3eil. [1o-
3TOMY CBSI3YIOIINE BEIECTBA C TTOJISIPHBIMU TPYIIIAMHI
TIPOSIBIISTIOT OTJANYHBIC aTe3NOHHBIC XapaKTePUCTUKA.
CrernieHre 3TTOKCUIHBIX CMOJI CO CTaJIbl0 HATIPSIMYIO
3aBHUCUT OT KojmaecTBa OH-TpyIin, Ho TaKoM THUIT aare-
31N HE SIBIISICTCSI OCHOBHBIM 1 OOIIIM TSI CBSI3YIOIINX,
TaKUX KaK CJIMKATHI IIMHKA 1 STTOKCUIHBIC CMOJTHI [88].
BBIZBUHYTHIIT MeXaHM3M anre3ni He CITOCOOCH ncuep-

Puc. 4. Oopa3oBanue
BOJIOPOJHBIX CBsA3Ei
MeXK]Iy CJI0eM OKCHIA
XKeJjie3a Ha CTau

Fe U 3MOKCHIHOM
CcMoJI0i

—0--I—-0

ITBIBAOIIE OOBICHUTE PA3TUIHYIO IPOYHOCTE CBS3U
MEXITY CMOJIAMU U Pa3HBIMI METaJUTaMU U aHOMAJIBHYIO
aJITe3UI0 SIIOKCUIHBIX CMOJI B CPAaBHEHUM C APYTUMU
ITOJIUMEPAMU C PAaBHBIM KOJTUYECTBOM THAPOKCUIBHBIX
rpymir. B xoze nccnenoBanmit 06HApYKEHO, YTO SITOKCH-
COEIMHEHUS TUCCOLMUPYIOT TI0 CBA3U MEXIY (DEHOKCH-
KHUCJIOPOIOM U ajnaThuecKuM yriaepoaom (puc. 5) [89].
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Puc. 5. Cuenienne MeKIy 3MOKCHIHBIM CBS3YIOIMUAM
H CTAJIBIO

PaHee no npenyiockeHHOMY MeXaHU3MYy CUYUTAIOCh,
4TO aAre3MOHHbIE B3aMMOJIEHCTBUSI OCYILECTBIISIIOTCS
TIOCPEICTBOM aTOMOB Kucjaopona deHokcrn- 1 OH-
TPYIINBI, TIPY TOM MOJIEKYJIa STMTOKCUIHON CMOJIbI OpU-
€HTUPOBaHa Ha IMTOBEPXHOCTU BOJIbI OMpPeeIeHHbIM 00-
pa3oM: ruapo@oOHast 4acTb MOJIEKYJIbl SITOKCHUCMOJIbI
HaripaBjieHa B TPOTUBOIMOJIOXKHYIO OT IPaHUIIbI pa3jesia
cropoHy [90].

Tem He MeHee, BHE 3aBUCHMOCTH OT MeXaHM3Ma ajl-
re3uu MOJIMMEPHOTO MOKPBITUS K METALTY, 60J1ee Mpoy-
HOE CLIETIJIEHNE MOXHO 00ECIeunThb MpeaBapuTeIbHOM
00pabOTKOI METOTAMM XpOMaTU3aIluK Ui (hochaTupo-
BaHus. KOHBEpCUOHHBIN CI0i HA METALTMYECKOI MO-
BEPXHOCTH MACCUBUPYET MTOBEPXHOCTh U IECTBYET KakK
OGapbep IS arpeCCUBHBIX BemiecTB [91]. 3arps3HeHUs
Ha METAJUTMYECKNX TTOBEPXHOCTSIX (IIBLIb, KUP, OKCH-
IIbl, COJIA U OCTATKU CTAPbIX MOKPBITUIA) OTPULIATETbHO
BJIMSIOT Ha aare3uto NokpbuITUid. [Tpy aTOM CHUXXaeTcs
MexaHUuyecKast U XMMMYecKasl aare3ust HOKPbITUS K OC-
HOBaHUI0, a TAKXKE TOBBIIIAETCS PUCK pa3pyLIeHUs MO-
KPBITUS. BOJBIIMHCTBO BOAOPACTBOPUMBIX 3aTrpsI3HEHU
HEOOXOIMMO yIaJIMTh 00pabOTKOI paCTBOPOM MOIOIIIE-
ro cpenctBa [92]. Jamnee 15T TTOATOTOBKY ITOBEPXHOCTH
U 0oJiee TIIATEIbHOTO YAaJeHUsI PXKaBUMHbI, TIPOKATHOM
OKQJIMHBI U OCTATKOB MPEIbIAYIIETO MOKPBITUS TIEPEN
HaHeCeHUEeM 3alllMTHOU MOKpacKu MPpUMEHSIOT abpa-
3UBOCTPYHHYIO 00paboTKy. [1py 3TOM IpOMCXOIUT yBE-

CMUCOK NCTOYHUKOB

JIMYCHUE TUIOIIAAN MTOBEPXHOCTH OCHOBAHUS C IIC/IBIO
yiyameHus aare3nu [93]. Heo6xoguMocTh ymaleHUs
BOIOPACTBOPUMBIX 3arpSI3HEHUIT OYEBHUIHA, ITOCKOIBKY
OHU MOTYT PacTBOPSIThCS MPU MIPOHUKHOBECHUM BJa-
TY B TIOKPBITHE U 00Pa30BbIBATh B3AYTHUE, PACCIOCHME
1 YCKOPSITH KOPPO3MOHHBIE TIPOIIECCH TTOBEPXHOCTH
[94—97].

ViydireHre aare3ny MeXXAy IOJIUMEPHBIM ITOKPHI-
THEM U METaJJIMYEeCKON IMOBEPXHOCTHIO BO3MOXKHO
OCYIIIECTBUTD UCITOIH30BAHNEM IIPOMOTOPOB alTe3UH —
CBSI3YIOLIMX areHTOB, KOTOPbIE 00Pa3yloT KOBAJEHTHbIE
cBsI3U, obecrieunBas 0oJiee MpouyHoe Mexk(a3zHoe B3a-
MMOICHCTBIE MEXIY IMOMIOXKON M MOKPBITHEM. X
POJIb B YCWJICHUY aaTre3ud TMTOKPBITUI K METAITTNICCKIM
MMOBEPXHOCTSM TIIATEJILHO n3ydyeHa [97]. Ycunurenu
anre3ny B OCHOBHOM IIPEICTABIISIIOT COOOI KOPOTKO-
LIETIOYCYHBIC OPTAHNICCKIE MOJICKYIIBI C pa3TMIHBIMH
KOHILEBBIMU IPYMIIAMU: C OMHON CTOPOHBI — OpraHuye-
cKasT (byHKIIMOHAJTbHAS TPYIITA, COBMECTUMAsI C MaTepH-
aJIoOM MOKPBITUS, C APYTrOoll — HeopraHuyeckas rpyrra,
COBMeECTHMasI C TTOUTOXKOM. O6pa3yeTcsT CBOETO poaa
XUMHWUYECKHUIT MOCTHUK MEKIY OCHOBAaHUEM M TTOKPBITH-
eM. MonuduuunupoBaHHbIE CUJIAHBI SIBISIOTCS HanOO-
JIee pacIpoCTpaHEHHBIM KOMMEPUYECKIM YCUIUTEIIEM
aare3uy MeXIy MMOJIMMEPHBIMUA U HEOPTAaHUIECKIMU
Martepuanamu [98]. VIX BBOOAT B COCTaB OKPHITHUS WIIH
HAHOCST HEMOCPEICTBEHHO Ha MOMIOXKY. CunTacT-
CsI, 4TO IIPOMOTOPHI aNTe3NN MUTPUPYIOT B 00JIACTH
TPAaHUIIBI pa3ieia U IPUKPEIUITIOTCS K TOII0XKE WIIH
IMMTMEHTAaM IO TOTO, KaK ITPOM30UICT OOIITUPHOE OTBEP-
XKaeHne. MI3BeCTHO, 9TO MOJIEKYJIIBI, CITIOCOOCTBYIOIIIIEC
anre3uy, OPUCHTUPYIOTCS TEPIICHINKYISIPHO TTOBEPX-
HOCTH, K KOTOPOIT OHM IIPUKPETIICHBI. TaKuM 00pa3oM,
e POXOBaTasl IIOBEPXHOCTH IIPEIISITCTBYET 00pa30BaHUIO
YIOPSIIOYECHHOTO TIpUJIesKaIero ciost. OmHaKo Helpe-
PBIBHBIC TOHKHE CJION BCE e CITIOCOOHEI K 00pa30BaHIIO
IIPOYHBIX 1 TOJITOBEYHBIX KJIIEEBBIX COeAMHEHMIT [99].
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WUHAN UNIVERSITY OF TECHNOLOGY

uhan University of Technology (WUT), is a state

key university directly affiliated to the Ministry of
Education of the People’s Republic of China. WUT is
among the first batch of universities which have entered
the national “211 Project” and China’s “Double-First
Class” Initiative. WUT is jointly developed by the
Ministry of Education and the Ministry of Transport.
As the university directly affiliated to the Ministry
of Education which cultivates the largest number
of talents in three major industrial sectors, namely,
building and construction materials, transportation,
and automobile industries, WUT becomes an important
base for the cultivation of high-level scientific talents and
technological innovation for the three industrial sectors.
WUT has three campuses, including Mafangshan
campus, Yujiatou campus and the South Lake campus,

with a total land area of 2.67 million square meters and
a total gross floor area of 1.95 million square meters.
Currently, WUT has over 50,000 faculty and students,
24 academic schools, 4 National Technology Innovation
Bases and 4 modern libraries with a collection of
3.61 million books. Since 2000, WUT has been awarded
over 20 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, U.S. News Best Global
Universities Rankings, Shanghai Jiao Tong University’s
Academic Ranking of World Universities and QS Asia
University Rankings.

Since the founding of New China, WUT has cultivated
more than 600,000 senior professionals. In the past
decade, the first-time employment rate of graduates has
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remained above 95%, and about 55% of total employment
join world’s top 500 enterprises and fields of strategic
emerging industries.

Over the years, WUT has formed educational ideology
system with distinctive characteristics, with the lofty ideal
of “Building an excellent university to win worldwide
recognition and admiration”, the spirit of “Sound in
morality, broad in learning and pursuing excellence”, the
principle of “Taking students’ cultivation as our essence,
and taking academic development as our priority”, and the
educational concept of “Implementing excellent 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.

MSE Discipline of Wuhan University of Technology

Founded in 1958, the Materials Science & Engineering
(MSE) discipline of Wuhan University of Technology
(WUT) was supported in priority through the “State
211 Project for Higher Education Universities” 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.l alongside MSEs
of Tsinghua University and Beihang University) in the
4t round national discipline evaluation organized by the
Ministry of Education in 2017, and is world top 1%o in
Clarivate Analytics’ Essential Science Indicators.

WUT’s MSE owns 1 member of Chinese Academy of
Sciences, 3 members of Chinese Academy of Engineering,
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 Materials Synthesis and Processing was evaluated
“Excellence” among 21 state key laboratories in MSE in
2018. It also has built 2 state international joint-research
laboratories, and 4 bases of foreign outstanding expertise-
introduction for discipline innovation (also known as
“111 Project”).

International School of Materials Science
and Engineering

The International School of Materials Science
and Engineering (ISMSE) was selected into the list
of “Network of International Centers for Education”
supported by the State Administration of Foreign Experts
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Affairs and Ministry of Education of P. R. C. in June 2015
as one of the 16 international schools all over the country.

Driven by the “National innovation driven
development strategy” and the great demand for
national higher education reformation, ISMSE is
devoted to building a world-leading MSE discipline
through optimizing a high-level research and teaching
team, constructing an innovative training pilot zone and
establishing an innovative talents training system. Guided
by the idea of “enterprise cooperation, international
cooperation and research cooperation”, ISMSE organized
21 mentor teams lead by academicians or distinguished
professors and 4 interdisciplinary innovation and
entrepreneurship training teams.

Aiming at leading the world’s building materials and
new materials in the 21st century, ISMSE values the
innovative ability as one of the core capabilities and reform
the innovative talent training system of the bachelor
program, master and PhD program and international
program. ISMSE provides students with a comprehensive
curriculum, which covers materials science, life science,
energy science, environmental science, information
science and advanced manufacturing science. To expose
all students to international experiences, joint training
programs were created in cooperation with world-
leading universities. Furthermore, ISMSE built a variety
of platforms for students’ all-round development, such
as Distinguished Scholars Forum, International Vision
Forum, Quality Education Seminar and Material
Advantage WUT Chapter. The Material Advantage WUT
Chapter was awarded Chapter of Excellence Award in the
past 5 years from 2018 to 2022.

State Key Laboratory of Advanced Technology
for 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 administration
of the Ministry of Science and Technology. Currently,
Professor Gu Binglin, an academician of the Chinese
Academy of Sciences, is the Chair of the laboratory’s
academic committee, and Professor Fu ZhengYi, an
academician of the Chinese Academy of Engineering, 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 compounding and preparation
technology, for developing advanced composite materials
for national major projects and pillar industries, and for
providing support at the national strategic level. Original
and systematic research results, with international impact
in transformative technologies, frontier new materials,
and interdisciplinary fields, have been reported in this
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laboratory, and therefore, it leads the international
development in several strategic frontier new materials.
The laboratory fosters the development of global
first-class research talent through advanced scientific
research in the field of materials science and technology.
In addition, the laboratory has created a culture of
international collaborative innovation and has carried out
“Win-Win” international cooperative 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 development
of multi-component, multi-scale, and multi-level
composite principles and material design theories that
are built on core research platforms comprising material
gradient composite technology, in-situ composite
technology, nanocomposite technology, and their
integrated 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
sciences, information functional materials for information
technology, and frontier new materials for transformative
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
technology and new materials, nanocomposite technology
and new materials, transformative technology and frontier

Nanob%

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
researchers. 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
academician 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
thirty recipients of the “national talent Support Plan”. etc.
This laboratory has been actively supporting outstanding
scholars to visit and conduct collaborative research
worldwide in world-class universities and research
institutions. 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
visiting professors in the main research areas, with an
aim to create cordial working conditions for world-
renowned scientists to conduct collaborative research in
the laboratory.

The laboratory has carried out substantial “Win-Win”
collaborations with the University of Michigan; Japan
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Aerospace Exploration Agency (JAXA); the Institute
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 Technology
has established the “International Joint Laboratory
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 Composite
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 collaborations
and achieved fruitful results in international collaboration
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
approximately 430 million RMB.

Introduction to the State Key Laboratory of Silicate
Materials for Architecture

The State Key Laboratory of Silicate Materials for
Architecture was authorized by the Ministry of Science
and Technology of China (MoST) in October 2011, and
passed the expert acceptance of MoST in July 2013.
The laboratory aims to solve the major fundamental
theories and common key technology issues during
the preparation and service process of silicate materials
for architectures, develop low environmental load
preparation methods and energy efficiency enhancement
theories, research and develop high performance and
multifunctional building materials to support major
engineering construction and the development of
green, energy-saving and intelligent building systems,
and provide new theories, new methods and common
key technologies for achieving long-term stability and
recycling of building materials and structures.

The main research directions of the laboratory
comprise the low environment load preparation, the
functional design and regulation, the service behavior
and life extension principles as well as the recycling design
of silicate materials for architecture.
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2023 International Seminar on Interdisciplinary Materials

The Laboratory shares a construction area of 12 500 m?
and lots of professional research equipment worth more
than 100 million RMB, forming a research platform
including eight professional secondary laboratories and
one public experiment center. The research platform
is able to support the research of the science and
technology in the field of thermal equipment, cement
and cementitious materials, concrete, glass, ceramics,
film and coating, wall and road materials.

The Laboratory is open to both domestic and
international applications, and values domestic and
international academic exchanges and cooperation.
Relying on the laboratory, the “International Science
and Technology Cooperation Base for Environmental
Friendly Building Materials” was established and
was identified as a model of international science and
technology cooperation base by MoST in 2013.

The innovation achievements of scientific research of
the laboratory contribute a lot to the national economy
and social development, including providing key
technical support for the construction of national major
infrastructures, boosting the structural transformation
and technological upgrading of traditional building
materials industry, and promoting the implementation
of energy saving and emission reduction strategies.

Contact information
Postal Code: 430070

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

Introduction to Interdisciplinary Materials

The scientific journal Interdisciplinary Materials
(ISSN: 2767-441X) was launched by Wuhan University
of Technology and John Wiley & Sons, Inc in Dec, 2021.

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,
mathematics, mechanics, biology, energy, environment,
information, engineering, etc. The journal aims at
reporting cutting-edge developments across science and
technology around the world.

Interdisciplinary Materials is expected to take an
interdisciplinary, frontier, and integrated approach
to all areas of materials research while cultivating the
exchange of ideas between scientists involved in the
different disciplines. Readership includes physicists,
chemists, mathematicians, mechanics, biologists, and
energy, environment, materials scientists, engineers from
academia and industry as well as policymakers.

The first issue was published in Jan, 2022. It has
been included in the Emerging Sources Citations Index
(ESCI), Ei Compendex and Directory of Open Access
Journals (DOAJ) databases.

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 TEXHONMOTMYECKUA YHUBEPCUTET

YXaHLCKI/Iﬁ TexHoJormdeckuii yausepcuteT (YTY) —
HaIlMOHAJIBHBIN CTPaTeTUICCKII YHUBEPCUTET IO,
MIPSIMBIM yIIpaBlieHeM MUHUCTepCTBAa 00pa30BaHUS.
SBsieTcss OMTHUM M3 TIEPBBIX YHUBEPCUTETOB, BOIIICT -
X B TOCYOAapCTBEeHHBIC TTporpaMMhbl «211 Project»
u «Double-First Class» m1st coneificTBIS pa3BUTHIO YHU-
BEPCUTETOB U HAYIHBIX HAIIPABJICHUIL MUPOBOTO YPOBHSI.
YTY 6b11 06pa3zoBaH MUHMCTEpPCTBOM 00pa30BaHUS
COBMECTHO ¢ MUHUCTEPCTBOM TpaHCITOpTa. Tak Kak
YHUBEPCUTET ITOMUNHSICTCS HAIIPSIMYI0O MUHUCTEPCTBY
00pa30BaHMsI, KOTOPOE PACTUT M Pa3BUBACT TaJaHTIIN-
BBIC KaIphl B 00JIACTU CTPOUTEIIHCTBA M CTPOUTEIIHHBIX
MaTepuaioB, TPAaHCIIOpPTa U aBToMobOuiIecTpoeHus:, YTV
CTaJI BaXKHBIM LIEHTPOM ITO TTOATOTOBKE HAYYHBIX KAIpOB
¥ TEXHOJIOTMYCCKUX MHHOBAIIMOHHBIX Pa3pabOTOK ISt
3THUX TPeX KPYITHEHIITNX ITPOMBIIIJICHHBIX CEKTOPOB.

YHuBepcuTeT BKIIOYaeT 3 KamIryca: MadaHrmmaH,
KOm3uTay u CaydJleiik, B 001l CIIOKHOCTH 3aHUMAIO-
IIUX TT0MIaab 267 TeKTapoB O0IIeH MIOMIANBIO 3MaHUI
1,95 muin M2, B HacTosiee Bpemst B YTV pabotaior Gojiee
50 THIC. YeJTOBEK ITepCcOHAla 1 CTYICHTOB, 24 aKameMu-
yeckue mKoJbl, 4 HarmoHambHBIX TEXHOJIOTUYECKUX
WHHOBAIIMOHHBIX IIEeHTpa U 4 COBpeMeHHbIe OMOINO-
teku ¢ pormoMm B 3,61 mutH uzganuii. C 2000 roma YTY
ynoctouscst 20 TocyapcTBEHHBIX HAIIMOHATTBHBIX HAyU -
HBIX U TEXHUUECKUX TIPEMUT, 3aHUMas TIEPBbIE TTO3UTTNN
B PEUTHHTE BCEX KUTAWCKUX YHUBEPCUTETOB U KOJIJIE -
xkeit. B 2019 rony YTY 66Ut BKITIOUEH B peiiTuHTH Times
Higher Education World University Rankings, U.S. News
Best Global Universities Rankings, Shanghai Jiao Tong
University’s Academic Ranking of World Universities
and QS Asia University Rankings.
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C MmomeHTa obpaszoBanus Hosoro Kurag YTV noa-
rotoBwt 6osiee 600 ThIC. BEICOKOTIPO(eCCHOHATBHBIX
CITeIIMATNCTOB. B TeueHMe OCIeTHIX eCSITH JICT IIPO-
LIEHT BIIEPBEIC TPYIOYCTPOCHHBIX BEIITYCKHUKOB OCTACT-
cs1 cBbilIe 95% u cocTaBiisieT 0KoJIO 55% OT Bcex TPYHOyY-
CTPOCHHBIX BEITTYyCKHIUKOB B MEXKIYHAPOTHOM PEUTHHTE
«Top 500 koMIaHMT ¥ HOBBIX OTpaciieii».

Ha nipotsskennn mHorux jet YTV chopmupoBan
OTJIUYMUTEIIHFHYIO MICOJIOTHUIO CUCTEMBI 00Opa30BaHMS
C BBICOKMMM HaeajaMu «ITocTpoeHNsT OTIIMIHOTO YHU-
BepCHUTETA IUIST 3aBOCBAaHUS BCEMHPHOTO TIPU3HAHUS
¥ BOCXUIICHUS», CIeOys IeBU3Y «BBITh HpaBCTBEHHO
HETIOKOJIeOMMBIM, PAa3HOCTOPOHHUM B YICHUM, CTPEMSI-
IIUMCS K COBEPIICHCTBY», a Takxke mpuHIuMny «Caenarb
BOCITMTAaHHUE CTYICHTOB HaIllel CYIIHOCTHIO, a aKaje-
MUYECKOE Pa3BUTHEC — MIPUOPUTETOM». YHUBEPCUTET
BOILTOIIAET 0OPa30BaTeIEHYIO KOHIICTIIINIO «BHEAPECHIE
OTJIMYHOTO 00pa30BaHMS, BOCITUTAHUE TICPBOKIIACCHBIX
KaIpOoB M CO3MaHNE IMPEeKPaCHOM XK13HN». PyKOBOICTBY-
sicb Xaptuein YTV, yrBepxkaeHHOW MUHUCTEPCTBOM
obpaszoBaHusi, YTV BoBeueH B MOJAEPHU3ALINIO CUCTE-
MBI TOCYIapCTBEHHOTO PETYINPOBAHUS C IICJIBIO 3aHSITh
CBOE MECTO Cpelr YHUBEPCUTETOB MHUPOBOTO YPOBHSI
C OTIIMYUTEIbHBIMU TIPU3HAKAMMA.

3paHue Koprnyca Hay4yHOro HafnpaB/eHs
«MaTtepnanoBegeHune n nHXeHepHoe aeno» (MUL)
YXaHbCKOro TeXHOJIOrM4eCcKoro yHmBepcmrera

OcHoBanHoe B 1958 romy B YTV HayuHOe HaIpaBJie-
Hue «MarepuajioBeieHre U MHXeHepHoe neio» (MU /)
TIPUOPUTETHO MOAIEPKUBATIOCH TOCYIapCTBEHHOM MPO-

rpaMMoii «211 TIPOEKTOB UIST YHUBEPCUTETOB» («State
211 Project for Higher Education Universities») B ieproxn
¢ 1995 o 2015 roxpl, a ¢ 2016 roma moamep:kKa crajia
OCYLIECTBIISIThCS uepes TuiaH pa3putuss KHP «YHusep-
CHTETBI MUPOBOTO YPOBHS U HAYYHBIC HATIPABICHUS MHU-
posoro ypoBHsI» («World-Class University & World-Class
Discipline»). PeTHHT 3TOTO HampaBICHUS COCTABIISICT
A+ cpenn 172 Begymux yHuBepcuTeToB B Kutae (Ne 1
HapaBHE C 3TUM HaIlpaBJICHHEM B YHUBepcUTeTax TIiH-
xya u belixaH) B 4-0M payHJie OLIEHK!, OPTAaHU30BAHHOM
MunuctepcTBoM obpazoBaHus B 2017 roay, a Takke
BXoauT B ToIl 1% B MexayHaponHblii cucteme Clarivate
Analytics’ Essential Science Indicators.

B passutue MUJI BoBneueHsl: 1 unen Kuraiickoit
akajgeMuu Hayk, 3 wieHa Kwuraiickoit mHXKXeHepHON
akamemuwu, 3 wieHa EBpomneiickoii akageMun, 1 4ieH
benbruiickoii KopojeBcKoil akageMuu, 1 wieH Mexmy-
HapOIHO aKaJIeMUU KepaMUKH, | CTUTIeHaAaT ABCTpa-
JIMMACKOM aKageMN¥ TEXHOJIOTHI 1 nHxxeHepun, 10 cTu-
nmeHanatoB KoposieBcKoro XMuMmUIecKoro ooIecTna,
AmepukaHcKOro oduiectBa (pu3MKu 1 AMEpPUKaAHCKOTO
obmecTBa Kepamuku. Takke B MU/I paboraroT 23 Ku-
TaCKUX BEICOKOTIPO(hECCUOHATBHBIX COTPYIHUKA, He-
KOTOPBIC M3 KOTOPHIX SIBJISIOTCS CTUTIeHIataMu Harrm-
oHaybHOTO (poHma National Natural Science Foundation
of China for Distinguished Young Scholars (aHasormueH
pemun NSF Career Awards), n 22 KUTaiiCKIX MOJIOIBIX
CTEeUATACTA.

7151 comeicTBUSA pa3BUTUIO HAYYHOTO HATIPABICHUS
MU 66111 OCHOBAHBI 2 TOCYIAPCTBEHHBIX KITIOUEBBIX
naboparopun: 'ocygapcTBeHHas1 KiitoueBas jadbopa-
TOPHUSI TIEPEIOBBIX TEXHOJIOTUI CMHTE3a U 00pabOTKN
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marepuajoB u ['ocynapcTBeHHast KilrodeBasi 1aboparto-
pusl CUJIMKATHBIX MaTepUaJIoB IUIsl apXUTeKTyphbl. [lep-
Bast JIa0OPaTOPUS MOIYYUIIA OLECHKY «IIPEBOCXOIHO»
cpeau 21 rocynapcTBEHHOM KJIIOUEBO JJabopaTopuu
o MU/I B 2018 romy. [ToMrMO 3TOTO, OBIIN ITOCTPOE-
HbI 2 TOCYAaPCTBEHHBIX MEXIYHAPOIHBIX JIA00paTOPUL
JUISI COBMECTHBIX MCCIIENOBAaHUIA U 4 6a3bl BHEAPEHUS
3apy0eKHBIX KOMIETEHIMI KaK MHHOBALlMOHHOTO
COCTaBJISIOIIETO HAyYHOU 001acTh (M3BECTHBIN KakK
«111 Project»).

MexxayHapogHas WKosa MaTepuanoBeeHns
" NHXXeHepun

MexxnyHapomHasl IITKOJIa MaTepUaIOBEICHNST M MTH-
keHepHoro aena (MILIMIM/I) Oplia BKIIIOUeHA B CITHCOK
«CeTn MEXIyHApPOIHBIX 00pa30BaTEIBHEBIX IIEHTPOB»
npu momaepxkke ['ocymapcTBeHHON agMUHUCTPAIAN
KHP no neram nHOCTpaHHBIX 9KCIEPTOB 1 MuHuUCTEp-
ctBa obpasoBanusg KHP B utone 2015 roma Kak ogHa
13 16 MeXIyHAPOIHBIX ILIKOJI 110 BCEii CTpaHe.

PykoBomcTBysich «HammmoHanpHOM cTpaTerneit pas-
BUTHUS, OPUCHTHPOBAHHOM Ha MHHOBAIIUI» 1 OOJIBIIIYIO
MOTPeOHOCTh B pepOpMUPOBAHUM HAITMOHATBHOM CHU-
creMbl Bhicuiero odpaszosanusi, MILIM W] ctpemuTtcs
co31aTh Beayllee B Mupe HanpasieHue MU nyrem
TIPUBJICYCHUS MCCIEIOBATEIBCKOTO 1 TIPEToaaBaTelb-
CKOTO COCTaBa BHICOKOTO YPOBHSI, CO3TaHMS NMHHOBA-
OUOHHOM MMJIOTHOM 30HBI 00Oy4YeHUS W (hOPMUPOBA-
HUSI THHOBAIIMOHHOM CUCTEMBI TTOATOTOBKY TAJIAHTOB.
PyKOBOICTBYSCH UIEAMU «COTPYIHUUIECTBA TIPEIIIPH-

SITUI, MEXITYHAPOIHON KOOIIepalli ¥ COTPYTHUYECTBA
B obsactu uccneposanuii», MIIIMW]I opranusosana
21 TpyIIITy HACTaBHUKOB ITOJ PYKOBOICTBOM YICHBIX VI
BHUIHBIX ITIPO(ECCOPOB, a TAKKE 4 MEKIUCITUTIINHAPHEIC
TPYIIIBI IO OOYYECHUIO MHHOBAIIMSM U IPEIIIPUHIMA-
TEJIbCTBY.

CTpeMsiCh CTaTh BEAYIIIUM MHPOBBIM pa3padoTIn-
KOM CTPOUTEIbHBIX MaTePUAIOB M HOBBIX MaTepHaIOB
B 21 Beke, MILIMUW /I ouleHMBaeT MHHOBAIIMOHHBIC
CIIOCOOHOCTH KaK OTHY U3 KITFOYEBBIX BO3MOXKHOCTE
1 TIPOBOAUT peopMUpOBaHIEC MHHOBAIIMOHHOM CH-
CTEeMBI TTOATOTOBKM KaApOB B paMKax IIPOTpaMMEI Oa-
KaJaBpraTa, MarucTpaTypsl M TOKTOPAHTYPHI, a TAKXKe
MeXAyHapOomgHOU mporpamMmbl ooyueHust. MIIMUW]
IIpeIaraeT CTyIeHTaM BCeOObEeMITIONIYIO YIeOHYIO TIPO-
rpaMMy, KOTOpasi OXBaThIBacT MaTepHUaIOBEICHHE, CCTE-
CTBEHHBIC HAyKM, OTPACJICBBIC SHEPTeTUICCKIE HAYKH,
HayKu 00 OKpyxXalollei cpene, MHDOPMATHUKY 1 U3yde-
HME TIepeIOBEIX ITPON3BOICTBECHHBIX TEXHOIOTHIT. YTOOKI
ITO3HAKOMUTH BCEX CTYACHTOB C MEXKIYHAPOTHBIM OIThI-
TOM, PEaM3yIOTCsSI COBMECTHBIC TTIPOTPAMMBI OOYICHUS
B COTPYIHUYECTBE C BEAYIITMMU MUPOBBIMU YHUBEPCHUTE-
tamu. Kpome toro, nipu MILIMUW ] co3gaHo HECKOJIBKO
IaTopM IJIsI BCECTOPOHHETO Pa3BUTHUS CTYICHTOB,
Takux Kak @opyM BEIIAIOIINXCS UCCIIenoBaTeneil, Mex-
IYHAPOIHBINA (POPYM 10 BUICHUIO OYIYIIErO Pa3BUTHS,
CeMmHap OIICHKM KadecTBa oOpa3oBaHmst, CTymeHYe-
ckoe HayuyHoe obmectBo (CHO) marepmanoBeneHUs
YXaHBCKOTO TexHoJormueckoro yausepcurera. CHO
MaTepHaroBeIeHUs IATh JieT noapsia ¢ 2018 mo 2022 rox,
ymoctauBaeTcst Harpanbl Chapter of Excellence Award.
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lfocypapcTBeHHas cTpaTernyeckas naboparopus
nepcneKTUBHbIX TEXHOJIOTUIA CMHTe3a N 06paboTKM
maTepuanoB (YXaHbCKNI1 TeXHONOrn4yecknmn
YHUBEPCUTET)

locynapcTtBeHHast KiawoueBas JlabopaTopusl mep-
CMEKTUBHBIX TEXHOJOTUI CUHTE3a U 00pabOTKU MaTe-
puanoB OblIa yTBepxaeHa ['ocymapcTBEeHHON KOMUC-
cueil TuraHupoBaHUs pa3Butus B 1987 romy. Ilocie
roCcy1apCTBEHHOU MHCIIEKIIUU OHA OblIa OTKPBITA IS
obmectBeHHOCTH B Mapte 1990 roma. JlabopaTtopus Ha-
XOJIUTCS B HEMOCPEICTBEHHOM BeIeHUM MUHUCTEepCTBA
HayKU ¥ TeXHOJIOTMHU. B HacTosimmee Bpemst mpocdeccop
I'y bunnuHb, akanemuk Kuralickoil akaaeMuu Hayk,
SBJISIETCS MpeaceaareyieM akageMuyeckoro Komurera
nmabopatopun, a mpodeccop @y Uskon U, akamemuk Ku-
TaliCKOM MHKEHEPHOU aKaIeMHH, SIBIISIETCSI IUPEKTOPOM
naboparopun. Jlaboparopusi pacriojioXeHa B YXaHbCKOM
TEXHOJOTMUYECKOM YHUBEPCUTETE U SBJISIETCS KJIOYe-
BOM rocymapcTBeHHOU jJabopaTtopueit, cieluaanu3u-
pyroIieiicss B 00J1acTH HOBBIX MaTepuaioB. PaKkyIbTeT
MaTepUaIOBEICHUST Y MHXXEHEPHOTO JieJla YXaHbCKOTO
TEXHOJOTUYECKOTO YHUBEpPCUTETA ObLI KJIacCUPULIU-
POBaH KakK MepBOKIJIACCHOE TOCYIapCTBEHHOE KJII0YEBOE
Hay4yHOe HallpaBjIeHUE, BKIIOUEHHOE B HALIMOHAIbHBI
npoeKT «985», «Co3maHue y4eOHOI TporpaMMbl MU-
POBOTO YPOBHS» M MOJIYYMII OIICHKY A+ B YCTBEPTOM
payHIie HallMOHAJIbHOM OLIEHKW HAayYHbIX HAIpaBJICHUI.
CTpeMsICh K TT100aTbHBIM TTePEIOBBIM MCCICIOBAHUSIM
B 00J1aCTU MaTepuaIoOBEACHUSI U YIOBJIETBOPSISI OCHOB-
Hble HallMOHAJIbHbIE TTOTPEOHOCTH, BTa JabopaTOpUs
TIpeACTaBIsACT cO00It TIaThopMy MUPOBOTO Kitacca ISt
TEXHOJIOTUM KOMITAYHAUPOBAHUSI U TTOATOTOBKM Ma-
TepUaJIoB, JIs pa3pabOTKU MepeaoBbIX KOMITO3UTHBIX
MaTepuayioB ISl KPYITHBIX HALIMOHAJbHBIX TPOEKTOB
M OTpaciiell MPOMBIIIUIEHHOCTH, a TaKXe JJISI OKa3aHUSs
MOIePKKY HA HALIMOHAJIbHOM CTPaTeTMYeCKOM YPOBHE.
JlaGopaTopust coobuimnaa 00 OpUTMHAIBHBIX U CUCTE-
MaTUYECKUX pe3yjbTaTax UCCAeIOBaHUN C MeXIyHa-
POIHBIM YYacTUEM B 00JaCTU TpaHC(HOPMALIMOHHBIX
TEXHOJIOTUIA, MePEeIOBbIX HOBBIX MATEPUATIOB U MEXKIUC-
LUTUIMHAPHBIX 00JacTei, M MO3TOMY OHA BO3IJIABJISIET
pa3pabOTKy HECKOJbLKUX CTPATeTUYECKUX MEPETOBBIX
HOBBIX MaTepraJioB Ha MEXAYHAapOAHOM ypoBHe. Jla-
0GopaTtopus COCOOCTBYET Pa3BUTUIO MTEPBOKIACCHBIX
HMCCIIeN0BaTeIbCKUX TaTaHTOB BO BCEM MUpPE MOCPE-
CTBOM TI€pEIOBBIX HAyYHBbIX UCCIEAOBaHMI B 00J1aCTH
MarepuagoBeneHus U TexHojoruii. Kpome toro, nabopa-
TOPUS CO31aJ1a KYJIBTYPY MEXIYHAPOIHBIX COBMECTHBIX
WHHOBALIMI M MpoBeJia MEXIyHAPOAHbIE COBMECTHbBIE
WICCIICAOBAHMS T10 TIPUHITAITY «Win-win», TeM caMbIM
YKPEIMUB MEXIYHAPOIHOE BIUSIHYE, TTPUBJIEKATEIbHOCTD
U CILJIOYEHHOCTH JJabopatopuu. JlabopaTopust nodbunach
MCTOPMYECKOTO MPOPhIBA IO OLIEHKE KITIOYEBBIX TOCYIap-
CTBEHHBIX JJabopaTopuii B 00J1aCTU MaTepUaTOBEACHMSI.

CocpemoTOYMBIINICEH Ha OOIIEM BUICHUM U IIETISIX,
Jabopatopust GOKycHpyeTcs Ha CO3MaHNHI 1 Pa3paboTKe
MHOTOKOMITOHEHTHBIX, PA3HOMACIITAOHBIX U MHOTOCJION -
HBIX KOMITO3UTHBIX MaTePUaIOB Y TEOPUHU ITPOEKTUPOBA-
HUS MaTEepUaJiOB, U3YYEHHUE KOTOPBIX CTPOUTCSI HA OC-
HOBHBIX UCCIEI0BATENCKUX I1aT(hOpMaX, BKIIOYAIOIINX
TEXHOJIOTHIO TPAJMEHTHBIX KOMITO3UTHBIX MaTEpHaJIOB,
TEXHOJIOTMIO M3TOTOBJEHUS KOMITO3UTHBIX MaTepUaJIOB
«B MOMEHT 00pa30BaHUs», HAHOKOMITO3UTHYIO TEXHO-
JIOTMIO M MHTErpUpOBaHHbIE MHHOBaLMKU. B HacTrosiee
BpeMsI TIPOBOJISATCS UCCEIOBAHMS TISITU KJTIOUEBbIX MaTe-
pUAJIOB, B TOM YMCJIE TIEPETOBBIX KOMIIO3UTHBIX MAaTEPH-
aJIoB JIJ1s1 KPYIHBIX HAIMOHAJIBHBIX TTPOEKTOB 1 OMTOPHBIX
oTpacJeit, MaTepuanoB s 3(PGHEeKTUBHOTO MIpeodpas3o-
BaHUS U XpaHEHUSI SHEPTUU IS HOBBIX 9HEPTeTUYECKUX
TEXHOJIOTUI, HAHOKOMITIO3UTHBIX OMOMAaTEpUAaIOB 1151
€CTECTBEHHBIX HAyK, UH(OPMALIMOHHBIX (DYHKIIMOHATIb-
HBIX MaTepHUAaIOB TSI MH(MOPMAITMOHHBIX TEXHOJIOTUMA
U TIepeIOBbIX HOBBIX MAaTePUAIOB JJ1s1 TpaHC(hOpMalK-
OHHBIX TexHoJIoTuii. Takum 006pazom, 1adbopaTtopust ycra-
HOBUJIA CJIEAYIONIUE MATh OTIMUUTEIbHBIX HAMpaBJIeHU I
KCCIIeIOBAHMI: TPAJUEHTHAs KOMITO3UTHAS TEXHOJIOTUS
1 HOBbIE MaTepuUaJibl, TEXHOJIOTUSI UBTOTOBJIEHUSI KOMITO-
3UTHBIX MaTEPHAJIOB «B MOMEHT 00pa30BaHUSI» 1 HOBBIE
MaTepuajbl, HAHOKOMIO3UTHasI TEXHOJIOTUSI 1 HOBbIE
MaTepuaibl, Mpeodpasytoliasi TEXHOJIOTUS U MIEPeIOBbIe
HOBbIE MaTepuaJbl, a TAaKXKe MPUHIIAIBI KOMIO3UTHbBIX
MaTepuasioB U IU3aliH MaTepUaioB.

B nabGoparopuu paboTaeT akTUBHAsI U MUHHOBALIMOH-
Has McclieoBaTeIbCKas rpyIIa, COCTOsIIIast B OCHOBHOM
W3 MOJIOJIbIX MCCieoBaTeieil u ucciaenonarelieit cpe-
Hero Bo3pacTta. 100 mMOCTOSTHHBIX COTPYIHUKOB, B TOM
yucie 1 akagemMnk Kuraiickoif akameMuu Hayk, 2 aka-
nemuka Kuraiickoii mHxXeHepHOU akageMuu, 1 akange-
MUK KoposieBckoii akaneMuit HayK v UICKYCCTB benbruu,
2 akageMuKa EBporreiickoit akageMu HayK 1 ICKYCCTB,
1 akagmeMuK ABCTpaJIMACKON MHXKEHEPHO-TEXHOJOTH-
yecKoi akagemu, 1 akageMuk BceMupHoil akaneMun
KepaMuKH, 12 rcciaenoBaresieii HAlMOHAIEHOTO YPOBHS,
1 rnaBHBIN HayyHbI! coTpynHUK HalmoHanbHOM npo-
rpaMMBI «973», 5 cTUTIEHAMATOB HaIlMOHAILHOTO (DOHIA
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«Outstanding Youth Science Fund» u 30 cTumieHnmaToB
«HanmoHanbHOTO TIIaHA TTOANEPKKU TaJTaHTOB» U T.I.
JlabopaTopust aKTUBHO TTOAICPKUBACT BHITAIOIINXCS
YYICHBIX, KOTOPBIC TIPUE3KAIOT U IIPOBOMISIT COBMECT-
HBIC MCCIICA0BAHMS IO BCeMY MUPY B YHUBEPCUTETaX
¥ UCCIIEIOBATEIbCKINX MHCTUTYTAX MIPOBOTO YPOBHSI.
B mociename roman 1abopaTopus HalpaBuila HECKOTb-
KO BBIIAIOIINXCST MOJIOABIX YUCHBIX B MEKIYHAPOITHEIC
YHUBEPCUTETHI MIPOBOTO YPOBHSI 00JIee YeM Ha OIMH TOII
IUIST TIPOBEICHMST COBMECTHBIX MCCIICTOBAHUIA.
Jlaboparopust nenaet yrmop Ha ri1o0ajibHbIM aKageMu-
YeCKUi1 00OMEH M COTPYTHUUYECTBO. 3a MOCICTHUE MSTh
JIET MBI TIPUHSIIN Ha padboTy 25 3apyOeKHBIX YUEHBIX
B KaUeCTBE MTOYCTHBIX M IIPUIIAIICHHBIX TTPO(hecCcopoB
B OCHOBHBIX 00JIaCTSIX UCCIICIOBAHMIA C IIEJTBIO CO3MAHMS
OJIAaTOIIPUSATHBIX YCIIOBUI paOOTHI TSI BCEMUPHO M3BECT-
HBIX YUEHBIX M POBENEHUSI COBMECTHBIX UCCIIETOBAHUI
B 1aboparopun. JlJabopaTopus Halagmia B3auMOBBITOI-
HOE COTPYTHUUYECTBO ¢ MUYINTAHCKIM YHUBEPCUTETOM;
SITTOHCKMM areHTCTBOM a3pOKOCMHUUCCKIX CCIICIOBAHIIA
(JAXA); MHcTUTYyTOM MaTepraioBeecHUsT Y HUBEpCUTETA
Toxoky (Anonus); LleHTpom HccienoBaHus MaTepuaioB
Okcdopnckoro yanBepcuteta ( Bemmkoopuranus); LlieH-
TPOM HCCJICIOBaHMS KOMITO3UTOB KamdopHuiickoro
yuuBepcuteTa (CIIA) 1 HalmmoHaabHBIM MHCTUTYTOM
TOIUTMBHBIX 31eMeHTOB (KaHama), a Takske ¢ IpyruMu
BCEMUPHO M3BECTHBIMM HAYYHO-HCCIICA0BATCIIHCKIMH
yapexxneHnsIMA. MUHUCTEpCTBO HAYKW U TEXHOJIOTHIt
coznano «MeXXIyHapOIHYIO0 COBMECTHYIO JTAOOPaTOPHUIO
TIepeIOBBIX TEXHOJIOTUI CUHTE3a 1 00pabOTKH MaTepy-
aJIOB», KOTOPAs SIBJISICTCST OMHOI M3 TIePBHIX 33 MEXKITy-
HapOIHBIX COBMECTHBIX Jaboparopuii B Kurtae. Kpome
toro, ['ocynapctBeHHast anmuHuctpanust KHP no nenam
MHOCTPAHHBIX SKCIIEPTOB 1 MUHNCTEPCTBO 00Pa30BaHMS
COBMECTHO C(pOPMUPOBAIIH TPU HAYIHbIC 0a3bI, TTOIACP-
kuBaeMble [IporpaMMoit ”HHOBAIIMIT W pa3BUTUS Ta-
JIAaHTOB, a MMEHHO «HOBBIe KOMITO3UTHEIC MaTepPUAJTBI
¥ TIepenoBbie (PYHKIIMOHAIBHEIC MaTepualbl», «Ilepe-
TOBBIC TEXHOJIOTMH ITIOATOTOBKH 1 ITPUKIIATHOTO ITPOCK-

TUPOBAHKS HOBBIX (DYHKIIMOHAIBHBIX TOHKOILUICHOUHBIX
MaTepHanoB» 1 «/IHHOBALIMK 1 TAaJIaHTbI /IS YBEJIMUCHUS
CpOKa CIIyKObI KOMITO3UTOB». OIUpPasch Ha 5TU BaxKHBIE
m1aThOPMbI MEXIYHAPOIHOIO COTPYIHMUYECTBA, J1a00-
paTopus OCYLIECTBIIA HECKOJIbKO KJIIOUEBBIX TOCydap-
CTBEHHBIX IIPOEKTOB ¢ MEXIYHAPOIHBIM COTPYIHUYE-
CTBOM M JOOMJIACH IUTOMOTBOPHBIX PE3Y/IHTATOB.

B Hacrosiee BpeMs IUIOLIALb Ja00paTOPUU COCTAB-
JisteT 25 Thic. 350 M2, ¢ OCHAIIIEHMEM COBPEMEHHBIM 000-
pPYAOBaHUEM ISl CMHTE3a U 00pabOTKM MaTepUasioB,
a TaKxXKe CaMbIMM COBPEMEHHBIMU MPUOOPAMMU JIJISI aHA-
JIM3a CTPYKTYpPhl MaTepUAIOB, XapaKTepUCTUKU U Te-
CTUPOBaHUSI IPOU3BOAUTEIbHOCTU. OOIIast OLEHOYHAS
CTOMMOCTb OCHAIlIeHUsI 1a00pPaTOPUU COCTABISIET IIPU-
om3uTenbHO 430 MITH I0oaHeH.

3HakomcTBO c focygapcTBeHHON Ko4eBom
na6opartopuei CcMANKaTHbIX MaTepuanos
ANA apXUTEKTYpbl

T'ocynapcTBeHHas KitoueBast JlabopaTopust CUIIMKaT-
HBIX MaTepUaJIOB IJIST apXUTEKTYPHI TTOJTYIIyIa OMOOpEHIE
IUTST OTKPBITHST MUHHICTEPCTBOM HAYKM 1 TeXHUKM Knrast
(MHTK) B oktsi6pe 2011 roma, a B utose 2013 roma mpo-
nuia akcreptusy MHTK. JlabopaTopust pa3BuBaeT oc-
HOBHBIC (DyHIAMEHTAIBHBIC TCOPUH 1 OOIIINE KITIOUCBEIC
TEXHOJIOTMIECKIE BOIIPOCHI B TIpoIiecce pa3padbOTKU 1 BO
BpEeMsI CpOKa CITy>KObI CHITMKATHBIX MATCPUAJIOB JIJIST apXHU-
TEKTYPHI, pa3pabaThIBacT METOIbI IIPOM3BOICTBA C HU3KOM
Harpy3Koil Ha OKPYKaIOIIyI0 Cpedy 1 TEOPUN TIOBBIIIIC-
HUS BHEPro3PEeKTUBHOCTU, UCCIIEAYET U pa3padaThi-
BaeT BBICOKOA(D(EKTUBHBIC I MHOTO(DYHKIIMOHATHHEIE
CTPOUTEJIbHBIE MAaTepUabl IJIs1 TOAIEPKKU OCHOBHBIX
WHXEHEePHBIX KOHCTPYKINI, pa3padaThIBaeT KOJIOTIIC-
CKU YMCTBIC, SHEProcOeperaronie M MHTEIUICKTyaIbHbIC
CTpOUTEIbHBIC CCTEMBI, a TAKXKE TIpeyiaracT HOBhIE TEO-
Py, HOBBIC METOIBI 1 OCHOBHBIC KITIOUEBBIC TEXHOJIOTHI
JIJIS1 JOCTUXKEHMST AOJITOCPOYHOM CTAOUJIBHOCTH U Tiepe-
PpabOTKI CTPOUTEIIEHBIX MAaTepHUAIOB ¥ KOHCTPYKIIHIA.

OCHOBHBIMH HaIpaBICHUSIMH pabOTHI 1ab0opaTo-
pUM SIBJISTFOTCS] MICCIICIOBAHMS TS CHUKCHUS HATpy3KU
Ha OKPYKaIoIIyIo cpeay, PYHKIMOHAIBHOE ITPOSKTUPO-
BaHWE U PETyJIMPOBAHME, NCCICIOBAHUS «IIOBCICHUSI»
MaTepHuaJioB BO BPeMsI CPOKA CIYKOBI U TTPUHIIMITHI
MIPOUTCHUST CPOKA CIIYXKOBI, a TAKKE TepepaboTKa CH-
JINKATHBIX MaTePHUAJIOB IUISI CTPOUTEIILCTBA.

JlaGoparopust 3anumaert riomanb 12 500 m?> 1 ocHa-
eHa PO eCCUOHATIEHBIM MCCIIEA0BATEILCKIM 000pY-
IIOBaHUEM CTOMMOCTHIO 0ojiee 100 MIJITTMOHOB I0aHei,
00pa3ys McCIenoBaTeIbCKYIO IIaTMopMy, BKITIOYAIO-
Y0 BOCeMb ITpoeCcCHOHATBHBIX BTOPUYHBIX JJabopa-
TOPUI U ONWH OOIIECTBEHHBIN SKCIIEpUMEHTATbHBINA
meHTp. MccnenoBarenbckas miatopMa MMeeT MOIII-
HOCTH TS TIPOBEICHUS MCCIIEAOBAHUI B 00JIACTH HAYKH
1 TEXHUKU TETUIOBOTO 000PYIOBaHUSI, IIEMEHTA U BSKY-
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ABSTRACT

Introduction. In the process of demolition and dismantling of emergency buildings, as well as during construction and reconstruc-
tion, more than 70 million tons of construction waste are generated annually in Russia. The circular economy is based on the prin-
ciple of resource renewal, recycling of secondary raw materials, technological measures to return waste to the repeated economic
turnover. Nowadays the problem of saving natural resources and reducing construction waste is especially urgent. About 80% of
construction waste is heavy and light reinforced concrete, from which can be produced secondary crushed stone, increasing the
use of which is one of the tasks in the transition of linear economy to a circular economy. Materials and methods. The study of
the implementation of a set of organizational, economic and technological solutions aimed at the reuse of construction waste was
carried out. The analysis was carried out on the example of using secondary aggregates obtained from concrete scrap. Results and
discussions. In the course of the research the necessity of concrete scrap involvement into repeated economic turnover was proved,
as its use in construction fully meets the requirements of the set tasks in the field of energy and resource saving and environmental
safety. Conclusion. Recycled crushed stone is a valuable resource that contributes to the sustainable development of the economy
as a whole and reduces the harmful impact of the construction industry on the environment.

KEYWORDS: recycling, circular economy, recycling concrete and reinforced concrete scrap, secondary crushed stone, construction
production waste.
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INTRODUCTION

Wth the development of industrial production, in-
creasing rates and volumes of construction of build-
ings and structures, the level of natural resources decreases
from year to year, and the process of their extraction be-
comes more complicated. With the increase in the level
of consumption of the population, there is a growing need
to erect residential buildings that meet environmental, ther-
mophysical, aesthetic norms and citizens’ requirements for
modern housing. To renew the housing stock, housing ren-
ovation programs are developed and implemented, which
leads necessarily to the demolition of emergency as well as
obsolete housing stock. The issue of using reinforced con-

© Graneva A.V., Lushin K.I, Pulyaev I.S., Kudryavtseva V.D., 2024

crete scrap is also relevant in connection with the demoli-
tion of destroyed buildings as a result of military operations.
Not only in the process of demolition and dismantling
of buildings, but also during construction, reconstruction,
landscaping every year in Russia more than 70 million tons
of construction waste is generated, of which less than 25%
of the volume is sent for recycling. Since most construc-
tion elements are manufactured in ways that do not allow
dismantling them at the end of their service life, they are
mostly disposed of in landfills or incinerated [1]. In the best
case, the remaining waste is sent to landfills, which nega-
tively affects the ecological condition of the natural envi-
ronment and leads to unsustainable waste of raw material
stocks. Due to the low level of control over the formation,
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transportation and disposal of construction waste, negligent
organizations allow spontaneous dumping of garbage in
forests, near roads, on the territories of specially protected
natural objects. In addition, the construction of buildings
and structures leads to significant greenhouse gas emissions
both directly on construction sites and during the produc-
tion of construction materials such as cement and concrete.
Thus, the construction industry is perceived as one of the
largest industries in the world with a significant impact
on the global environment, economy and society in terms
of sustainable development [2]. In order to reduce the en-
vironmental impact, various methods are used: improv-
ing the energy efficiency of buildings, minimizing waste
on construction sites, creating construction materials that
require less energy in production and with the possibility
of recycling or safe disposal after use, and improving waste
management systems on construction sites.

THE NEED TO DEVELOP A CIRCULAR ECONOMY
IN CONSTRUCTION

The linear economy in construction involves the use
of natural resources for the production of materials,

products and structures, followed by waste disposal after
demolition or dismantling of buildings. Concrete, be-
ing the main construction material nowadays, consumes
a large amount of non-renewable natural resources. It has
been found that 2.5 tons of concrete per person, which
corresponds to 17.5 billion tons per year for the entire
world population, requiring 2.62 billion tons of cement,
1.75 billion tons of water, and 13.12 billion tons of aggre-
gate [3]. Circular economy (or recycling) is an economy
based on the principle of renewal of natural resources
through recycling, utilization of renewable energy sources,
reuse of waste through recovery and recycling, unlike
linear economy [4].

From the scientific point of view, “recycling” is a sys-
tem of organizational, economic and technological mea-
sures for the return of production and consumption waste
into repeated economic turnover [5].

The Government of the Russian Federation Order
No. 868-r dated May 10, 2016 approved the Strategy for
the development of the construction materials industry for
the period up to 2020 and further perspective up to 2030,
which involves stimulating the development of the market
of secondary material resources of anthropogenic ori-

N

Natural
resources

Building
onstruction

Linear economy

Circular economy

Fig. 1. Difference between linear economy and circular economy on the example of recycling scrap concrete and reinforced

concrete
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gin and activation of the process of creating by-products
at enterprises to process waste into finished products.
The action plan approved by the Order of the Govern-
ment of the Russian Federation No. 630-r dated April 6,
2017 in the development of the above strategy, in terms
of the use of secondary resources is supposed to analyze
the technologies of production of construction materials
and products [4].

More and more regions of the Russian Federation are
launching new rules for construction waste disposal. For
example, in the Moscow region, a system has been created
that reflects all information about companies transporting
construction waste, which allows to exclude unauthorized
waste disposal [6].

On the initiative of the Ministry of Natural Re-
sources and Ecology of the Russian Federation, Federal
Law No. 268-FZ dated 14.07.2022 “On Amendments
to the Federal Law “On Production and Consumption
Waste” and Certain Legislative Acts of the Russian Fed-
eration” was issued, which will regulate the involvement
of wastes, including those from construction production,
in secondary turnover. In 2024, it is planned to develop
a register of materials and products in the production
of which secondary resources will be used, and in the fu-
ture, after 2030, the burial of secondary resources will be
prohibited.

APPLICATION OF CIRCULAR ECONOMY
IN CONCRETE AND REINFORCED CONCRETE
PROCESSING

All conducted and planned activities on the use
of closed cycle in construction waste utilization lead to
the development of appropriate technologies.

The generated construction waste consists of scrap
concrete, reinforced concrete, bricks, polymeric materi-

Table 1

als, bitumen, asphalt, and wood waste. About 80% of the
waste is heavy and light reinforced concrete (approxi-
mately 4:1 ratio). Large scrap concrete and reinforced
concrete is pre-destroyed, debris is removed, washed,
sorted into fractions: 5—20, 20—40, 40—70.

The choice of the method of processing concrete
debris is determined by a number of conditions, such
as the possibility of access to the waste processing area,
organization of the place for storage of equipment and
materials, etc. There are three basic schemes for organiz-
ing the production of concrete and reinforced concrete
products processing:

1 scheme — installation of technological equipment
at the site of dismantling (demolition) of buildings and
structures and obtaining aggregate with its subsequent
transportation to the concrete plant or facility;

2 scheme — organization of production for processing
of concrete scrap into crushed stone, production of con-
crete mix at the site of demolition of capital construction
objects;

3 scheme — transportation of concrete debris to
the enterprise for crushed stone production [7].

The so-called secondary crushed stone is used for
flooring in non-residential buildings, roads with low
traffic intensity, parking lots as drainage, as part of rail-
way embankments, for backfilling of paths, construction
of small architectural forms, as a means of ice control
(sift, concrete or brick scrap of the smallest fraction (up
to 10 mm) [8, 9].

Secondary crushed stone according to the main
indicators meets the requirements of GOST 8267-93
“Crushed stone and gravel from dense rocks for con-
struction works. Technical conditions (with Amendments
N 1-4)» [10] Fig. 2.

The demolition of a four-unit residential building
of the demolished series results in about 5.5 thousand

Comparison of characteristics of secondary and granite crushed stone fraction 5-20

Item . Test results
Characteristics
No. Secondary crushed stone Granite crushed stone
1 The content of clay and pulverulent particles, % 0.11 0.65
> | andneadie shaped, % 07 3
3 Strength (crushability), % 18.9% (grade 600) 4.1% (grade 1400)
4 Freeze-thaw resistance F25—F50 > F150
5 Presence of harmful organic impurities Not found Not found
6 True specific gravity, kg/m? 2685 2718
7 Porosities and voidness, % 51.1 47.5
8 Average bulk density, kg/m3' 1219 1344
9 Water absorption 6.22 0.57
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Content of grains of lamellar and needle-
shaped crushed stone, %

Strength (crushing capacity) grade 600, %

B Natural crushed stone (minimum size)

The content of clay and pulverulent h 2
particles, % 0.11

B Secondary crushed stone

18.9

2

Fig. 2. Compliance of secondary crushed stone characteristics with the requirements of GOST 8267-93

cubic meters of concrete slabs or blocks. During the reno-

vation program at least 30 million cubic meters of con-

struction waste will have to be generated additionally [11].

In 2022—-2023 alone, 300 houses will be demolished. To

produce 1 m? of concrete of class B25 using recycled

crushed stone, 960—1010 kg of recycled crushed stone

of 5—20 mm fraction is required [12].

The advantages of using recycled crushed stone in-
clude the following factors:

— Recycling construction waste into crushed stone helps
reduce the amount of waste sent to landfills;

— The use of recycled materials reduces the need to ex-
tract new natural raw materials;

— The economic benefit of using recycled crushed stone
at the point of production plays an important role in
the current economic situation;

— Reducing carbon emissions reduces the burden on
the environment.

EXPERIMENTAL STUDIES OF PROPERTIES
OF CONCRETE ON SECONDARY AGGREGATE

When performing experimental studies of the basic
properties of concrete with recycled aggregate, raw ma-
terials were used: cement, sand for construction works,
recycled aggregate, ash, chemical additives.

Cement of CEM 142.5H GOST 30515-2013 was used
as a binder. The main characteristics of cement are given
in Table 2.

All indicators meet the requirements of GOST 31108 —
2016, GOST 30515 — 2013.

Natural quartz sand was used as fine aggregate (Ta-
ble 3).

All indicators meet the requirements of GOST
8736-93

During the processing of concrete scrap at the crush-
ing and screening complex “Satori” in Moscow city,
the screenings of 5—10 mm fraction were obtained, which
was used as coarse aggregate. Chemical mineralogical
compositions of concrete scrap are given in Tables 4
and 5.

In order to study the physical and mechanical char-
acteristics reflecting structural properties, the specimens
were molded by casting method. Curing of concrete speci-
mens was carried out at normal temperature and humid-
ity. Compressive strength, average density, water absorp-
tion were determined according to standard methods as
the average of six specimens of test results.

In compositions 1 and 2 granite crushed stone was
used as coarse aggregate, in compositions 3 and 4 natu-
ral aggregate was replaced by secondary aggregate from
concrete scrap.

The concrete specimens were tested in compression
at the age of 28 days. The specimens on secondary ag-
gregate showed a strength of 38.25 and 39.2 MPa, which
corresponds to concrete class B30 (Fig. 3).

Despite the fact that the properties of recycled crushed
stone differ from those of natural crushed stone, the pro-
duction of concrete and reinforced concrete products
from recycled concrete scrap fully meets the requirements
of the set tasks in the field of energy and resource saving,
environmental safety of capital construction projects.

INNOVATIVE TECHNOLOGIES IN CONSTRUCTION
WASTE RECYCLING

Current research in the field of construction waste
recycling focuses on the development of innovative tech-
nologies aimed at improving the efficiency and environ-
mental friendliness of the processes.
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Table 2
Main parameters of cement CEM I 42.5H [13]

Nanob

Name of indicators

Unit of measurement

Actual figures

Particle size distribution

Maximum particle size d (0.9) micrometer 84.423
Minimum particle size d (0.1) micrometer 6.572
Average particle size d (0.5) micrometer 31.984
Arithmetic mean diameter: D (1.0) micrometer 0.67
Mean volumetric diameter: D (4.3) micrometer 39.74
Average surface diameter: D (3.2) micrometer 11.22
Physical indicators
Normal density of cement dough % 30
Beginning of setting h/min 2 h 30 min.
End of setting h/min 4.54
Cone blur (at B/C =0.4) mm 110
Fineness according to the residue on the sieve (No. 008) % 88
Tensile strength
In compression (28 days) MPa 55.6
At bending (28 days) MPa 8.5
Table 3
Main indicators of sand from Krasnogorsk sand quarry [13]
Name of indicators Unit of measurement Actual figures
Grain composition Total balances, %
2.5 1.4
1.25 2.8
0.63 16.8
0.315 65.8
0.14 94.2
<0.14 100
Coarseness modulus 1.7
Clay content in lumps % no
bulk density g/m? 1578
True density g/m’ 2632
Dusty and clayey particles % 1.1
hollowness % 44
Table 4
Mineralogical composition of concrete scrap
Content, %
Si0, | CaCO, | Ca(OH), | CaCOs-MgCO; | KAISi, O, | NaAlSi, O, C,S Ca,AL(SO,),(OH),,+26H,0
Silica | Calcite | Portlandite |  Dolomite | Microcline |  Albit Trslfli;‘;m Ettringite
61 16 0.9 3 6.0 10.8 1.9 0.4
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Table 5
Chemical composition of concrete scrap

Oxide Content, %
SiO, 53.29
CaO 31.17

AlLO, 6.02

Fe,0, 3.01
MgO 2.23
K,0 1.42
SO, 1.12

Na,O 0.907
PO, 0.295
TiO, 0.268

Cl 0.143

MnO 0.0849
CuO 0.012

Cr,0, 0.0118
ZnO 0.0113

Co,0, 0,007

Nanob%

One of the promising directions is the use of nano-
technology to improve the properties of building ma-
terials. Various types of nanoparticles can be used as
additives, including nanosilicates, nanoclay, carbonate
nanotubes and metal nanooxides. Each of these types
contributes to improving certain properties of concrete.
For example, the introduction of nanosilica into concrete
mixes can produce concretes with a denser structure and
improved mechanical properties [ 14, 15], which can com-
pensate for some deterioration in strength performance
due to the use of secondary aggregate.

Another direction can be considered the development
of methods for deep purification of waste from pollutants,
which allows to improve the quality of the obtained sec-
ondary raw materials. This is especially relevant for waste
containing heavy metals and other toxic substances. The
application of advanced filtration and purification meth-
ods helps to eliminate these impurities, making materials
safer for reuse.

Another direction may be the possibility of using
artificial intelligence to optimize the sorting and recy-
cling of construction waste. These technologies make
it possible to identify different types of materials more
efficiently and determine the most appropriate methods
of their recycling [16].

Life cycle studies of secondary construction materials
are also an important part of the research. This includes
the analysis of environmental impact at all stages — from
waste collection and processing to production and use
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Fig. 3. Comparison of the main characteristics of concrete samples on natural aggregate (1, 2) and secondary aggre-

gate (3, 4)
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Table 6

Nanobm

Granulometric composition of crushed stone from concrete scrap

Residues on sieves. % by weight
Names of balances
12.5 10 7.5 5 2.5 1.25 Bottom
Private 0.1 1 58.0 28.0 11.6 0.9 0.4
Complete 0.1 1.1 59.1 87.1 98.7 99.6 100
Table 7 the construction sector, as well as to reduce the consump-
Physical and mechanical characteristics of crushed stone tion of primary resources and construction waste.
The widespread implementation of the closed cycle
Main features Units of Test economy through the introduction of rational processing
measurement | results schemes, application of new generations of equipment,
. technologies and innovative research will lead to improved
True density p,,, kg/m’ 2590 quality and availability of secondary crushed stone, low-
Bulk density p,_ kg/m’ 1205 ering its cost, which will ensure its competitiveness with
Water demand Wp % 4.8 natural aggregates [19, 20].
Grain con.tent of lamellar % 18.7 CONCLUSION
(flaky) grains
Dust content % 1.2 In fulfillment of the modern legislation, taking into
Crushed stone crushability B 600 account the positive properties and in connection with
grade the currently significant and ever-increasing over time
Loss of weight when volume of demolished emergency, obsolete and conflict-
determining the % 10.0 damaged buildings, the issue of expanding the nomen-
crushability grade clature of products from secondary concrete rubble is
- relevant. This can be not only a wider use of it as an ag-
Content of weak grains gregate for the production of new building materials and
with strength less than % 3 products, but also in the following cases:
20 MPa — use as a permeable pavement for pedestrian walk-

of final products. This approach allows us to assess the en-
vironmental feasibility and efficiency of recycling materi-
als, which requires the formation of information systems
for collecting engineering and environmental character-
istics of the environment in places of production, use and
utilization of construction materials, both in the form
of information in environmental declarations and in an
independent form [17, 18].

The above research and development areas offer great
opportunities to improve environmental sustainability in

ways, driveways, in order to filter sediments and re-
duce the amount of wastewater to be discharged by
the storm sewer system;

— as a base for rails on railroad tracks due to its resistance
to dynamic loads;

— filling of wire gabions, which can serve not only for
decorative purposes, but also as retaining walls, rein-
forcing the shorelines of water bodies, etc.;

— as a lining layer for new landfills to prevent harmful
substances from entering the ground;

— as an aggregate for decorative plasters;

Table 8§
Concrete mix compositions
C t i
No. of . Cement oarse aggregate Fine aggregate Water
concrete mix Natural Secondary Quartz sand
composition % kg % kg % kg % kg/m?
1 487 1094 100 — — 625 100 180
2 487 1094 100 — — 437.5 70 180
3 487 — — 972 100 625 100 180
4 487 — — 972 100 437.5 70 180
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— as a component of composite binder from mechani-
cally milled powders from waste concrete fractions
with low residual strength characteristics and grind-
ability [21].

The latest research and development contribute not
only to improving environmental safety and efficiency
of construction waste recycling, but also opens up ways to
create new, more sustainable building materials and tech-
nologies, including those based on recycled crushed stone.

In general, recycled crushed stone is a valuable re-
source that contributes to the development of the econ-
omy as a whole and reduces the environmental impact
of the construction industry, although its properties may
differ from natural crushed stone. It is important to con-
sider these differences when selecting a material for spe-
cific construction applications.

The addition of nanoparticles to secondary concrete is
one of the promising directions in the field of construction
materials, as it allows to significantly improve the proper-
ties of concrete and expand its application area. Nanopar-
ticles can significantly increase the strength and resistance
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AHHOTALUMA

BBepgeHume. B npoLiecce cHoca 1 ieMOHTaxa aBapuHbIX 3AaHNIA, a TakXKe NpW CTPOUTENbCTBE U PEKOHCTPYKLMM exerogHo B Poccun
ob6pasyeTca 6onee 70 MIIH. TOHH CTPOUTESNIbHbBIX OTXOAOB. B OCHOBE SKOHOMUKM 3aMKHYTOrO LiMKNa IEXUT NPUHLMMN BO30OHOB-
JIeHVA PecypcoB, NepepaboTKn BTOPUYHOTO CbipbA, TEXHONOMMYECKMX MePONPUATUIA MO BO3BPALLEHMWIO OTXOAOB B MOBTOPHbIN
X03ANCTBEHHbIV 060pOT. B HacTosALlee BpeMa npobnema SKOHOMUM MPUPOAHBIX PeCypPCOB, YMEHbLLEHUA OTXOL0B CTPOUTESIbHOO
Npor3BoACTBa 0CO6eHHO aKTyanbHbl. OKono 80% CTPOUTENbHbIX OTXOAO0B COCTABAET TAXKENbIN U NErknin }ene3obeToH, 13 Ko-
TOPOro MOXKeT NPOV3BOANTLCA BTOPUYHBIN LWebeHb, yBennyeHne o6beMoB 1CNONb30BaHNA KOTOPOro ABAAETCA OLHOW M3 3ajad
npwv nepexope NIMHeNHOM SKOHOMUKIN Ha SKOHOMIKY 3aMKHYTOro Lukna. Matepuanbl n metogbl. [IpoBefeHo 13yyeHne Bonpoca
peanv3aunm Komnnekca opraHn3aLnoHHbIX, SKOHOMUYECKMX N TEXHONOTMUYECKUX PELLIEHWI, LieSiblo KOTOPbIX ABAAETCA NOBTOPHOE
MCMoJb30BaHKe OTXOA0B CTPOUTENbCTBA. AHaNIM3 MPOBOAMIICA Ha MPUMepe NCMONIb30BaHNA BTOPUYHDBIX 3amnofHUTeNnen, NonyyeH-
HbIX U3 6eTOHHOTrO floMa. Pe3ynbTaTbl 1 06CcyxaeHunA. B xoae nccnenosaHnini fokasaHa HEO6X0AMMOCTb BOBNeYeH A 6eTOHHOro
JIOMa B MOBTOPHbIN X03ANCTBEHHDBI 060POT, TaK Kak UCMONIb30BaHWe ero B CTPOUTENbCTBE B MOJIHOM Mepe oTBevaeT TpeboBaHNAM
NMOCTaBNEHHbIX 3afia4 B 0611acTu SHepro- 1 pecypcocbepekeHnsa 1 skonornyeckor 6esonacHocTy. BeiBoapbl. BropruHbii webeHb
npencTaBnsaeT cobol LeHHbI pecypc, CNOCOBCTBYIOWMIA YCTONUMBOMY Pa3BUTHIO SKOHOMUKM B LIEIOM U COKPALLEHNIO BPEJHOro
BO3[eNCTBMA CTPOUTENbHOW MHAYCTPUM Ha SKONOTUIO.

KJTKOYEBDBIE CJIOBA: peunKanHI, 3KOHOMUKA 3aMKHYTOro LKna, nepepaboTka noMa 13 6eToHa v xene3obeToHa, BTOPUYHbIN
webeHb, OTXOAbl CTPOUTENIbHOTO NPOV3BOACTBA.

ana uuTUPOBAHUA:

lpaHeBa A.B., NlywuH K.W., NMynsaes WN.C., Kyapasuea B.[]. DkoHOMMKa 3aMKHYTOro LUKNa Npu nepepaboTke oTxonoB 13 6eToHa
un >kene3obetoHa // HaHoTexHonorum B ctpoutensctae. 2024. T. 16, Ne 1. C. 50-58. https://doi.org/10.15828/2075-8545-2024-16-1-
50-58. - EDN: RJESBT.

BBEAEHUE

pa3BUTHEM ITPOMEBIIIUICHHOTO TIPOM3BOMICTBA, YBE-

JIMYEHUEM TEMITOB 1 00BEMOB BO3BEICHUS 3MaHUIA
¥ COOPYXCHUI M3 TOIa B TOI YMEHBIIIACTCSI YPOBCHB
TIPUPOTHBIX PECYPCOB, YCIOXKHICTCS IIPOIIECC UX TOOBI-
gy, [Ipu yBeTnmuIeHUN YPOBHSI IOTPEOICHUS HACCTICHUS
pacTeT HeOOXOOMMOCTD B BO3BEACHNM KMJIBIX 3MaHUA,
YIOBJIETBOPSIONINX 3KOJIOTUICCKUM, TeIIO(GU3UIe-
CKUM, 3CTeTHYECKIM HOPMaM U TPeOOBAHMSIM TpaxkIaH
K COBPEMEHHOMY KIJTBIO. J1715T OOHOBJICHMS KUJTUIITHOTO

© paHeBa A.B., lywnH K., Mynaes U.C,, Kyopasuesa B.[., 2024

¢doHma pazpabaTbIBAIOTCS U peaM3yIOTCS MPOTPaMMbl
PEHOBALIMU XWJIbSI, UTO BEIET HEITPEMEHHO K CHOCY aBa-
PUIAHOTO, a TAKXK€ MOPAJIbHO YCTapEBILETO KUJIMIITHOTO
donpaa. Borpoc ncnob30BaHus XKene300€TOHHOTO JIoMa
TakKe aKTyaJleH U B CBSI3U CO CHOCOM pa3pylLIeHHbIX
30aHUI B pe3yJibTaTe BOGHHBIX AeiicTBuil. He Toibko
B IIPOLIECCE CHOCA U IEMOHTAaXa 31aHNii, HO U TIPU CTPO-
WUTEJIbCTBE, PEKOHCTPYKIIMH, 6J1ar0yCTPOMCTBE €XXETOTHO
B Poccun obpasyercs 6onee 70 MITH TOHH CTPOUTEITBHBIX
OTXOJIOB, U3 KOTOPBIX Ha MepepabOTKy OTHpPaBIIETCs
MeHee 25% obbema. [10CKOIbKY OOJIbIIMHCTBO CTPOU-
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TEJIBHBIX 3JICMCHTOB M3TOTAaBIMBAIOTCS CIIOCOOAMMU,
He TMO3BOJISIIOIIMMHU IEMOHTUPOBATh UX B KOHIIE CpOKa
CIIy>KOBI, OHM B OCHOBHOM YTHJIM3UPYIOTCS Ha CBAJIKAX
wiu cxuratored [1]. B nydiiem ciiydyae octaBiivecst oT-
XOIBI OTTIIPABJISIIOTCS Ha CBAJIKM, YTO HETATUBHO BIIUSICT
Ha 9KOJIOTUIECKOE COCTOSTHIE TIPUPOTHON CPeIbl 1 IIPHU-
BOINUT K HepallMOHAIBHOM TpaTe CHIPHEBBIX 3aIIacoB.
M3-3a HU3KOTO ypOBHSI KOHTPOJIS 32 00pa30oBaHUEM,
TPaHCIIOPTUPOBKOM 1 pa3MEIICHUEM CTPOUTEIHLHOTO MY-
copa HepaauBbie OPTaHU3AIINH JOITYCKAIOT CTUXUITHBIC
HaBaJIbIl Mycopa B Jiecax, BO3JIe JOPOT, Ha TEPPUTOPHUSIX
B 0C000 oXpaHsieMbIX IPUPOAHBIX 00bekTax. Kpome
TOTO, CTPOUTEIIHCTBO 3MAHUIA U COOPYKCHU TIPUBOIUT
K 3HAYUTEIPHBIM BEIOpOCAM MApHUKOBBIX Ta30B KaK He-
MOCPEICTBEHHO Ha CTPOMUIIONIAAKAX, TAK U BO BPEMS
TIPOM3BOJMICTBA CTPOUTEIBHBIX MAaTEPHUAIOB, TAKNX KakK
LeMeHT 1 0eToH. TakuM oOpa3om, CTPOUTEIbHASI UH-
IyCTPUS BOCIIPUHMMAETCS KaK OgHA U3 KPYITHEUIITNX
OTpaclieil B MUpe, OKa3bIBaoIIask 3HAYUTEIbHOES BIIHS-
HIE Ha TJI00aJIbHYIO0 OKPYKAIOIIYIO CPEeIy, SKOHOMUKY
¥ OOIIECTBO C TOUKU 3pEHUSI YCTOMUMBOTO pa3BUTHS [2].
YT0OBI YMEHBIIIUTE BpEIHOE BIMSHIC HAa OKPYKAIOIIIYIO
cpeny, MPUMEHSIIOTCSI pa3IMIHbIC METOIBI: TTOBBIIIIC-
HUE 2HepTo3(P(MEeKTUBHOCTU 3MaHWN, MUHUMM 3L
OTXOO0B Ha CTPOUTIIONIANKAX, CO3TAHNE CTPONUTEITBHBIX
MaTepHrajoB, TPEOYIOIINX MEHBIIIE 9HEPTro3arpar B IIpo-
M3BOJICTBE M C BO3MOXHOCTBIO TIepepabOTKM MIn 0e3-
OITACHON YTWJIM3AIINU TIOCJIC MCITOJIb30BaHMS, a TaKXKe
COBEPIICHCTBOBAHNE CUCTEM YIIPABJICHHS OTXOIaMU
Ha CTPOUTEIbHBIX TTOIIAIKAX.

Nanob%

HEOBXOAMMOCTb PA3BUTUA SKOHOMUWKIA
3AMKHYTOTIO LIMKJIA B CTPOUTEJNIbCTBE

JIuHeliHast 5KOHOMMKA B CTPOUTEIIHLCTBE IIPEIIIO-
JIaracT MCIIOIb30BaHNE IIPUPOIHBIX PECYPCOB IIJIST TIPO-
M3BOACTBA MaTePUAJIOB, U3IEINI M KOHCTPYKIIHUIA C T10-
CJICIYIONINM 3aXOPOHEHMEM OTXOMIOB ITOC]Ie CHOCA WITH
JIeMOHTaKa 30aHniA. beToH, SIBIISISICh B HACTOSIIIEE BPeMST
OCHOBHBIM CTPOUTEILHBIM MaTEPUAIOM, ITOTPEOIIICT
0OJTBIIIOE KOJTMISCTBO HEBO30OHOBIISIEMBIX ITPUPOTHBIX
pecypcoB. BEII0 BBISIBIIEHO, YTO Ha OIHOTO YEJIOBEKa
MIPUXOAUTCS 2,5 TOHHBI 0€TOHA, YTO COOTBETCTBYET
17,5 MunmnapaoB TOHH B IOfl Ha BCe HACeJIeHUE TIJIaHe-
ThI, JJIsSI IPOU3BOACTBA KOTOPOTO Tpedyercs 2,62 Mu-
Juapaa TOHH lLieMeHTa, 1,75 mMujuimapaa TOHH BOJIBI
n 13,12 Munmmapna TOHH 3aroiHATEN [3]. DKoOHOMUKA
3aMKHYTOTO IIUKJIA (MJIA PEUUKIMHT) — 3TO 3KOHOMU-
Ka, B OCHOBE KOTOPOI, B OTJIMYME OT JUHEUHOM, JIEXKUT
IIPUHIIMIT BO30OHOBICHUS IIPUPOTHEIX PECYPCOB IMyTeM
IepepabOTKH BTOPCHIPhS, MCITOJIH30BAHMSI BO3OOHOBJIS -
€MBIX NICTOYHUKOB SHEPTUHU, IIOBTOPHOTO ITIPUMEHEHUS
OTXOIIOB ITyTeM BOCCTaHOBJICHMSI U TTIepepaboTKu [4].

C HAyYHOI1 TOUKU 3PEHUST «PELIMKIMHI» — 3TO CUCTE-
Ma OpTaHN3aIIMOHHO-3KOHOMMYECKNX M TEXHOJIOTHYIe-
CKHX MEPOIIPUSITHI TI0 BO3BPAIICHUIO OTXOIOB IIPOM3-
BOJICTBA U IIOTPEOJICHNUSI B TIOBTOPHBIN XO3SIIICTBEHHBIA
obopor [5].

Pacnopstxennem IMpasutenbcerBa Poccuiickoit De-
nepauuu ot 10 masg 2016 roga Ne 868-p yrBepxaeHa
CrpaTterust pa3BUTHS TIPOMBIIIIIICHHOCTHA CTPOUTEITh-

CTpoMTeNBCTBO

I npupoAaHble pecy| Pcu/i.uuuﬁ 11 COOPYXKEHHH -

I/ )
SKOHOVIKa 3aMKHYTOro unkana

JiuHeiHas IKoHOMHUKa
:

Puc. 1. Oramyne mHeiiHOH SKOHOMUKHM M SKOHOMHUKH 3aMKHYTOTO IIMKJIA HA pUMepe
nepepadoOTKH JIoMa 0ETOHA M KeJie300eTOHA
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HBIX MaTepranoB Ha nepron 10 2020 roga u gaabHEN-
mryio nepcnekTusy 1o 2030 roma, KoTopasi IIpearoiaraeT
CTUMYJIUPOBAHNE PAa3BUTUS PBIHKA BTOPUIHBIX MaTe-
pPHATBHBIX PECYPCOB TEXHOTEHHOTO ITPOMCXOXKICHUS
¥ aKTUBU3ALMU TIpoliecca CO3MaHUs Ha IIPEATTPUSITUSIX
TIOMYTHBIX IIPOU3BOACTB IO TIepepadOTKe OTXOIOB B IO-
TOBYIO TIpoayKinio. [raHoM MeponpusITHii, yTBEpK-
IeHHBIM pacriopsckeHueM [paButenperBa Poccuiickoi
®epepauuu ot 6 anpess 2017 roga Ne 630-p B pa3BuTHe
YKa3aHHOM CTpaTeTUH, B YaCTU NCTIOJb30BaHMS BTOPII-
HBIX PEeCypCoOB, IIPEAMoIaraeTcs MpoBeACHIE aHaIM3a
TEXHOJIOTUI TTPOM3BOMICTBA CTPOUTEIIHPHBIX MaTepHUAIOB
W usnenuii [4].

Bce 6oibiie pernonos Poccuiickoit denepanyu 3a-
MYCKA[OT HOBBIC TIPaBUJIa YTUIU3AIMUN CTPOUTEIBHBIX
otxomoB. HammpumMep, B MOCKOBCKOM peTHOHE CO3Ma-
Ha cHCTeMa, B KOTOPOIT oTpaxkaeTcsT BCsI MH(MOPpMAIIs
0 KOMITAHUSIX, TICPEBO3SIINX CTPOUTEIBHBIC OTXOIBI, UTO
TI03BOJISIET MCKITIOUATh HeCAHKIIMOHNPOBAHHBIN BEIBO3
0oTX0I0B [6].

[To manmaTBe MUHKUCTEPCTBA IPUPOTHBIX PECYP-
coB 1 3Kojtorun Poccuiickoit @eneparum n3nad Deme-
pasibHbIiA 3aKOH OT 14.07.2022 Ne 268-®3 «O BHeceHUMN
n3MmeHeHU B MemepanbHEIA 3aK0H «O0 0TX0HaX Mpo-
HM3BOJICTBA U MTOTPEOIIEHUS» U OTAEIbHbIE 3aKOHOIA-
TellbHBIC aKThl Poccmiickoit Pemepanmm», B paMKax
KOTOPOTO OYZIeT pPeryanpoBaThCs BOBICUYCHHUE OTXO-
IIOB, B TOM YMCJIC ¥ OT CTPOUTEIBHOTO IIPON3BOJICTBA,
BO BTOpUYHBIN 000poT. B 2024 rony 3armiannpoBaHa pas-
paboTKa peecTpa MaTepHaIOB M U3ICINI, B TIPON3BO/I-
CTBE KOTOPHIX TOJZKHBI OYIYT UCIIOIb30BaHBl BTOPUIHEIC
pecypchl, B TiepcrekTuse mmociie 2030 roga 3axopoHeH1e
BTOPUYHBIX PECYPCOB OYIET IO 3aIIPETOM.

Tabauya 1

MPUMEHEHUE SKOHOMUKU 3AMKHYTOIO
LIMKNA B MPOLIECCE MEPEPABOTKU BETOHA
N XKENE3OBETOHA

Bce npoBenaeHHbIE U MIJIaHUPYEMbIE MEPOTIPUSITHUS
10 UCITOJIb30BaHMIO 3aMKHYTOTO LIMKJIA MPU YTUIU3ALUN
CTPOUTENIbHBIX OTXOA0B BEAYT K pPa3BUTUIO COOTBETCTBY-
FOIIUX TEXHOJIOTUH.

OOpa3yommnecss CTpPOUTEIbHBIE OTXOIBI COCTOSIT
13 JjoMa 0eToHa, XeJie300eToHa, KUPITUYa, MTOJTMMEPHbBIX
MaTepuanaoB, OUTyMa, acdalibTa, IpeBEeCHBIX OTXOIO0B.
Oko0510 80% OTXOHOB COCTABIISIET TSKEJIbIA U JIETKUI
KeJie300eTOoH (MMpUMepHO B cooTHoeHNH 4:1). Kpyr-
HBI JTOM O€TOHAa U Xejae300eToHa MpeaBapUTEIbHO
pas3pylialoT, yIajsioT MycOp, IPOMbBIBAIOT, COPTUPYIOT
Ha ppakunu: 5-20, 20-40, 40-70.

Bri6op meTona 06padboTKu 007 10MKOB OETOHA OIpe-
NeaseTcs psSaoM YCJIOBUM, TaKMX KaK BO3MOXHOCTb
noabesa K 30He nepepaboTKH OTXOI0B, OpraHU3aluu
MecTa ISl CKJIaIupOBaHus 000PYI0BaHNS U MaTepUaJIOB
1 T.11. CyIIeCTBYIOT TPY OCHOBHBIC CXEMBI OpraHU3aIIN
MPOU3BOACTBA IO TepepaboTKe OETOHHBIX U XKeJle300e-
TOHHBIX U3JETUI:

1 cxeMa — ycTaHOBKA TEXHOJIOTMYECKOTO 000py10Ba-
HUSI Ha MeCTe pa300pKu (CHOCA) 3MaHUA U COOPYKEHUIMA
1 TIOJTyYeHME 3aTIOJTHUTEIS ¢ TIOCIENYIONINM eT0 TPaHC-
MOPTUPOBAHKEM Ha OETOHHBIN 3aBOJ WM OOBEKT;

2 cxeMa — OpraHu3alns IIPOM3BOICTBA TI0 TIepepa-
00TKe 6ETOHHOTIO JioMa B 1Ie0eHb, U3TOTOBJICHUIO Oe-
TOHHOW CMECHU Ha MECTE CHOCA OOBEKTOB KalMTaJIbHOTO
CTPOUTEJILCTBA;

3 cxema — IepeMeIeHre 00JI0MKOB OeTOHA Ha TIpe-
MIpUSITUE TTI0 TPOU3BOACTBY 11eOHs [7].

CpaBHeHue XapaKTepPUCTHK BTOPMYHOTO ¥ TPAHUTHOIO 1eOHs (ppakuuu 5-20

Pe3yabTaThl HCIBITAHMIA

Ne HanmveHoBanne XapakTepucTHK
LT Bropuunblii meGennb IpanuTHbIT meOens
1 J1oJ1s1 NbUIEBUAHBIX U INIMHUCTBIX BKJIIOUEHU I 0,11 0,65
2 JloJist 3epeH M1acTUHYATOR 1 UIJIoBaToi (hopM 6,7 7,5
3 IIpouHoCTh (IPOOUMOCTD) 18,9% (mapka 600) 4,1% (mapka 1400)
4 Mopo30CTOMKOCTh F25—F50 > F150
5 OpraHuueckue rnmpuMecu — —
6 W cTrHHAs TIOTHOCTD LEOHSs, KI/M? 2685 2718
7 ITopucrocts, % 51,1 47,5
8 CpenHsist HachITHASI JIOTHOCTb, KT/M? 1219 1344
9 Bopomnoriomenne, % 6,22 0,57
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CopepxaHHe 3epeH MJIACTUHYATON
(nemwazgHoM) K urnosaTon ¢popm , %

[IpouHOCTB (ApPOGUMOCTB)
Mapka 600, %

Co,uep)lca]—me NbIJIEBUAHBIX H
TJIMHUCTBIX YacTull , %

B [[pupo/iHBIA e6eHb MHHHMaNbHOe 3HaYeHHe M BTopu4HbIH me6eHb

Puc. 2. CooTBeTcTBHE XaPAKTEPUCTHK BTOPHYHOrO IeoHs Tpedoannsam F'OCT 8267-93

Tak Ha3bIBacMbIif BTOPUIHBIN IIIcOCHB NCITOIb3YETCST
KaK IIJIsT yCTPOICTBA ITOJI0B B HEXWUITBIX 3MaHUSIX, TOPOT
C HeOOJIBIIION MHTCHCUBHOCTBIO IBIKCHUS, aBTOCTOSI -
HOK B Ka4eCTBe IpeHaXka, B COCTaBe XKeJIC3HOMOPOKHBIX
HACHITIeH, TaK 1 IS TTOACHIITKHI TOPOXKEK, COOPYKECHUS
MaJIbIX apXUTEKTYPHBIX GOPM, KaK CPEIACTBO OOPHOEI
¢ rosojenoM (0TceB, OCTOHHBIN WIIM KAPITUIHEIN JIOM
camoii Menkoit ¢pakiuu (1o 10 mm) [8, 9].

BTopnuHBIil meOeHb IO OCHOBHBIM ITOKA3aTEIISIM
cootsetcTByeT TpeboBaHusM 'OCT 8267-93 «1llebeHn
¥ TPaBUIA 13 TUIOTHBIX TOPHBIX TTOPOJ VIS CTPOUTETEHBIX
pabot. Texumaeckue ycinoBus (¢ M3menenusiMu N 1-4)»
[10] (pumc. 2).

[Ipu cHOCE YETHIPEXITOMBE3THOIO KIJIOTO JT0Ma
CHOCHMOI CepUHU MOJydyaeTcsl OKOJIO 5,5 ThiC. Ky0o-
METPOB 00JJOMKOB OETOHHBIX TTUT WM 0JI0KOB. B xome
TIPOTPaMMEBI PEHOBAIINH JTOJIKHO OYyIeT 00pa3oBaThCs
IOIIOJTHUTENIbHO He MeHee 30 MJTH. KyOOMETpOB CTPO-
uTesbHBIX 0TX0m0B [11]. Tonbko B 2022—2023 romax
cHeceno 300 momos. st usrorosiaeHus 1 m* 6eToHa
KJtacca B25 ¢ mpuMeHeHneM BTOPUYHOTO IIEOHS Tpe-
oyercs 960—1010 Kr BTOpy4HOTO 1IeOHS (ppakuu
5-20 MM [12].

K mpemmyIecTBaM MCIOIb30BaHUSI BTOPUIHOTO
IIeOHS MOXKHO OTHECTH CIIeAyIomne (haKTOPHI:

— mepepaboTKa CTPOUTEITHLHBIX OTXOAO0B B IIEOCHB I10-
MOTaeT YMEHBIINTH 00bEM OTXOI0B, OTIIPABIISIEMBIX
Ha CBaJIKH;

— WCIIOJIb30BaHUE MepepabOTaHHBIX MaTePHUAIOB CO-
KpalaeT HeoOXOAMMOCTh B TOOBIUE HOBOTO TIPH-
POIHOTO CBHIPHSI;

— SKOHOMMWYECKAsI BBITOIA IIPU IIPUMECHEHNH BTOPHY-
HOTO IIIeOHS B MeCTaX ero IPON3BOICTBA UTPAET BaxK-
HYIO POJIb B HACTOSIIIEC SKOHOMUIECKOM CUTYaIINH;

— YMEHBIIIEHNEe BEIOPOCOB yIJIepoaa IMO3BOJISICT CHU-
3UTh HArpy3Ky Ha OKPYXKAaIOIIyIo Cpey.

3KCNEPUMEHTAJIbHbIE NCCJNIEAOBAHUA
CBOWCTB BETOHA HA BTOPUYHOM
3ANOJIHUTENE

[1pu BEITIOTHEHNN SKCIIEPUMEHTATBHBIX MCCIICI0BA-
HUIT OCHOBHBIX CBOIICTB OCTOHA C BTOPMYHBIM 3aITOTHHU-
TeJIeM OBUTH MCITOJIb30BAaHBI CHIPhEBBIC MATEPUAIBL: 11e-
MEHT, TICCOK JUTSI CTPOMTEITLHBIX PadO0T, PEIIUKIMHTOBBIM
3aITOTHUTENb, 30J1a, XUMIYECKHE JOOABKM.

B KadecTBe BSLKYIIETO MCTIONB30BAJICS IIEMEHT KJIac-
calIEM 142,5H I'OCT 30515-2013. OcHOBHEBIE XapaK-
TePUCTHKM IIEMCHTA IIPUBEACHEI B Ta0. 2.

Bce nokasaTenn cootBeTcTBYIOT TpeboBaHusaM ['OCT
31108 — 2016, TOCT 30515 — 2013.

B KavecTBe MEIKOTO 3aIIOTHUTEIIS TIPUMCHSIIICS TIPH -
POIHBI KBapIIEBHIN MecoK (Taoir. 3).

Bce nokasatenn cootBeTcTBYIOT TpeboBaHusaM ['OCT
8736-93.

I1pu nnepepaboTKe OETOHHOTO JIOMa Ha APOOMIBLHO-
COpTUPOBOYHOM KoMIutekce «CaTopu» B ropozie Mockse
OBLI TTOJTYYIeH oTceB (ppakimeit S—10 MM, KOTOPHIi 1c-
TTOJTH30BAJICST B KAUECTBE KPYITHOTO 3aIIOJTHATEIISI. XUMHU-
YeCKHWIT MIHEPAJTOTUICCKUI COCTaBEI OETOHHOTO JIoMa
MPUBENIEHBI B Ta0JI. 4 11 5.

C menpio U3y4eHNST (PU3UKO-MEXaHUUECKUX Xa-
PaKTePUCTUK, OTPAKAIOIINX CTPYKTYPHBIC CBOMCTBA,
¢dopmoBan 00pa3Lbl IUThEBBIM CIIocO00M. TBepaeHue
OETOHHBIX 00Pa310B OCYIIECTBSIIOCH TP HOPMaJlb-
HOIT TeMIiepaType U BlIaxKHOCTH. I[Ipemes mpoyHOCTH
IIPY CXKaTHUM, CPETHIO TJIOTHOCTH, BOTOMOTIOIICHIE
OIIpeNeIIsIN TI0 CTAHAAPTHBIM METOOMKAM KaK CpeIHee
13 IIeCTU 00Pa3IoB Pe3yIbTaTOB UCITBITAHUSI.

B cocraBax 1 1 2 B KauecTBe KPYITHOTO 3aIIOJTHHUTE-
JISI TIPUMEHSUICSI TPAHUTHBIN 1IeOeHb, B cocTaBax 3 u 4
TIPUPOITHBIN 3aITOTHUTETb ObUT 3aMEeHEH Ha BTOPMYHBIN
13 OETOHHOTO JIOMA.
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Nanobuli

Tabauya 2
OcHoguble noka3atesu nemenra [IIEM 1 42,5H [13]
HawnmeHoBaHue noKa3areJei En. uamepenust LRI
noKa3areju
Ipanynomerpuyeckuii coctas
Maxcumanbhbiil pazmep yactuil d (0,9) MKM 84,423
MunumanbsHbii pazmep yactuil d (0,1) MKM 6,572
Cpennnii pazmep yactuil d (0,5) MKM 31,984
Cpennuii apudmernaeckuit muametp: D (1,0) MKM 0,67
CpenHuii 00beMHbIl nuametp: D (4,3) MKM 39,74
CpenHuii moBepxHOCTHBIN nuameTp: D (3,2) MKM 11,22
Du3nyecKue NoKa3areu
HopwmasibHasi rycToTa 1IeMEHTHOTO TecTa % 30
Hauaso cxBatbiBaHUs 4/MUH 2 4 30 MuH
Komnerr cxBaTreiBaHus 9/MUH 454
PacruisiB konyca (ripu B/LL = 0,4) MM 110
ToHKOCTh TTOMOJI1a 10 ocTaTKy Ha cute (Ne 008) % 88
IIpenen npoyHocTH
Ipu cxxatuu (28 cyTOK) MIla 55,6
I1pu n3rude (28 cyTok) MIla 8,5

Tabauya 3
OcHoBHbIe IOKa3aTem nmecka Kpacnoropckoro necya-
Horo Kapnepa [13]

HaumeHnoBanne En. DakTHyeckKue
nokasareJjei M3MepeHusi | ToKa3aTeju
3 . TTonHbie
€PHOBOI1 COCTaB
ocraTku, %
2,5 1,4
1,25 2.8
0,63 16,8
0,315 65,8
0,14 94,2
<0,14 100
Monynb KpynmHOCTH 1,7
CopepxkaHue TJUHBI % Her
B KOMKax
HackpinHas mioTHOCTb r/m? 1578
HcTuHHas TUIOTHOCTh r/m3 2632
[TbieBUAHBIC U T - % 11
HUCTBIE YACTUIIbI ¢ ’
IlycToTHOCTB % 44

O0pa3ibl 0eTOHA UCIIBITBIBAIMUCH HA CXKATHE B BO3-
pacte 28 cyTok. O6pa3ibsl Ha BTOPUIHOM 3aIIOTHUATETIC
ToKa3ajau IpoyHocTh 38,25 1 39,2 MIla, uyTo cooTBeT-
cTByeT Kiaccy oeroHa B30 (puc. 3).

HecMoTpst Ha TO 9TO CBOICTBA BTOPMYHOTO IIECOHS
OTJIMYAIOTCSI OT CBOMCTB IIPUPOTHOTO IIICOHS, IIPOM3BOI-
CTBO OCTOHHBIX M XKeJIe300eTOHHBIX U3IEIHiIT U3 pPell-
KJIMHTOBOTO OETOHHOTO JIOMa B TIOJIHOM Mepe OTBeYacT
TpeOOBaHMSIM MTOCTABJICHHBIX 3a1a4 B 00JIACTH SHEPIO-
1 pecypcocOepekeHNs, 9KOJIOTMIeCKO 0€30TTacHOCTH
00BEKTOB KAITUTAJIBHOTO CTPONUTEILCTBA.

MHHOBALIMOHHbBIE TEXHOJIOTUA
B NEPEPABOTKE CTPOUTEJIbHbIX OTXO40B

CoBpeMeHHbIe NCCIIeT0BaHMS B 00J1aCTH TIEpepabOTKI
CTPOMTENIBHBIX OTXOIOB (DOKYCHPYIOTCS Ha pa3paboTKe
WHHOBAIIMOHHBIX TEXHOJIOTUIA, HAITPABJIEHHBIX HA TTOBHI-
mreHre 3@EKTUBHOCTU 1 SKOJIOTUIHOCTH TTPOIIECCOB.

OIHUM U3 NEePCIEeKTUBHBIX HATIPABJICHUI SIBJISICT-
CsI MICIIOJIb30BaHNE HAHOTEXHOJOTUIA TS YIIYIIIICHUS
CBOIICTB CTPOUTETLHBIX MaTeprajioB. B kauecTBe 100aBOK
MOTYT MCITOIb30BaThCS Pa3TNYHBIC TUITHI HAHOYACTHII,
BKJTIOYAst HAHOCWJIMKATHI, HAHOTJIMHEI, KaApOOHATHBIE Ha-
HOTPYOKM ¥ HAHOOKCUIBI MeTaJII0B. Kaxkmerit 13 aTnx
THATIOB BHOCHUT CBOM BKJIAJ B YJIyUIIICHIE OIIPEIeICHHBIX
CBOIiCcTB O6eToHa. Hampumep, BBeieHIe HAaHOKpeMHe3eMa
B OETOHHYIO CMECh ITO3BOJISIET TTOJIYUYUTh OETOHBI C OoJIee
IUIOTHOI CTPYKTYPOIA 1 TIOBBIIIIEHHBIMIA MEXaHITUCCKIMU
cBoiicTBam [14, 15], 9TO MOKET CKOMITEHCUPOBATh He-
KOTOpOE YXyAIIeHNe TIPOYHOCTHBIX IOKa3aTeNeil n3-3a
MMPUMEHEHNST BTOPUYHOTO 3aTTOTHATE]IS.

Jpyrum HaripaBIeHUEM MOXHO CIMTATh pa3padboTKy
METOIOB IITyOOKOI OYMCTKH OTXOIOB OT 3arPsI3HUTEIICH,
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Tabauuya 4
MuHepaJoru4ecKuii cocTaB GETOHHOTO JIOMa
Conepxanne, %
SiO, CaCO, | Ca(OH), | CaCOs:-MgCOs | KAISi,O, | NaAlSi, O, C,S CaAL(SO,),(OH),,+26H,0
Tpexkanb-
Kpew- | Kam- | Tloprran- Homnomur Mukpo- Anpout IIUEBBIN OTTPUHTUT
He3eM LIAT AT KJIMH
CUJIMKAT
61 16 0,9 3 6,0 10,8 1,9 0,4

Tabauya 5

XMMHYECKHii COCTAB OETOHHOIO JIOMA

YTO ITO3BOJIACT MOBBICUTL KAa4Y€CTBO IMOJIY4a€MOTI'O BTO-
PHUYHOTI'O ChIPbA. DTO 0COOEHHO AKTyaJIbHO IJI OTXO4 0B,
comepxKamux TAXKEIIbIC METAJIJIbI 1 APYTUEC TOKCUYHBIC
BCIICCTBA. HpI/IMeHeHI/Ie IIEPpEOAOBbIX METOOOB (bI/U[L—
Tpaln N OYMUCTKHU CHOCO6CTBY€T YCTPaHCHHNIO OTUX
HpI/IMCCCfI, JcJ1asd MaTepuaibl 0osee 6e30MmacHbIMU JJIsI
ITIOBTOPHOTO MCITIOJIb30BaHMA.

Tabauya 6
I'panyiomMeTpuyecKuii cocTaB meOHs U3 OETOHHOTO JIOMa

Eme onHum HaIlpaBJICHUEM MOXET CTaTb BO3MOXK-
HOCTDb UCITOJIb30BAHUA NCKYCCTBCHHOI'O MHTCJUICKTA IJIA

Oxenn Conepxane, % ONTUMU3ALUY IIPOLIECCOB COPTUPOBKHU U ITEPePabOTKU
CTPOUTEJBHBIX OTXOA0B. DTH TEXHOJIOTUU O3BOJISIIOT
SiO, 53,29 6osiee 3pHEKTUBHO MACHTU(MUIIMPOBATH Pa3IMYHEIE
CaO 31,17 TUIIBI MATEPHUAJIOB U OIPEIEIIATh Hal0O0JIee MOAXOASIIIE
METOBI UX IepepaboTku [16].
ALO, 6,02 BaxkHoit 9acThI0 MCCIeOOBAaHUN SIBISICTCST TaKXKe
Fe,0, 3,01 MU3y4eHUE XKMU3HEHHOIO LIMKJIA BTOPUYHBIX CTPOUTEIb-
HbIX MaTe€pPUaIOB. DTO BKJIIOUAET aHAIU3 BO3NEHCTBUS
MgO 2,23 Ha OKPYXKaIOIIYIO CPeay Ha BCeX ATalax: OT coopa U Iie-
K,0 1,42 pepaboTKK OTXOIOB 10 ITPOMU3BOACTBA U UCITIOIb30BAHMUSI
S0 L2 KOHEYHOM nmpoayKuuu. Takoi moaxo/1 mo3BOJISIET OLie-
3 ’ HUTb 9KOJIOTUYECKYIO 11eJIeCO000pa3sHOCThb U 3(PGhEKTUB-
Na,O 0,907 HOCTbB IIepepadbOTKN MaTepHaIOB, IJISI 9eTO TpeOyeTcs
PO 0.295 (opMupoBaHre MHGOPMALIMOHHBIX CUCTEM COOpa UH-
23 ’ JKEHEPHO-2KOJIOTUYECKHUX XapaKTePUCTUK OKPYXKAal0-
TiO, 0,268 IIeHl cpelsl B MeCTaX IPOM3BOICTBA, NCITONB30BAHMS
cl 0,143 1 YTWIN3AIlUM CTPOUTEIFHBIX MaTepHUalioB KaK B (pop-
Me uH(OpPMAaIMK B 9KOJIOTMYECKUX IeKIapalusx, Tak
MnO 0,0849 1 B caMocTogTe IbHOM BHje [17, 18].
CuO 0,012 BoiienepeuynciieHHbIE HAIIpaBIeHKs UCCIeI0BaHII
1 pa3pabOTOK OTKPBIBAIOT OOJIbIINE BO3MOXHOCTHU [IJIsT
Cr,0, 0,0118 YIYYIIEHUS DKOJIOTMYECKOM YCTOMYMBOCTU B CEKTOPE
7ZnO 0,0113 CTPOMTEJILCTBA, a TAKXKE [UISI COKPALLEHUS TOTPeOIeHUS
IEPBUYHBIX PECYPCOB U CHUKEHUS 00beMa CTPOUTEIb-
Co,0, 0,007
HBIX OTXO/OB.

[MoBcemMecTHOE BHEIPEHNE SKOHOMUKI 3aMKHYTOTO
[IMKJIA 33 CYET BHEAPEHMS PALIMOHAEHEIX CXEM TIepepa-
GOTKM, IPUMEHEHIST HOBBIX ITOKOJICHII 000pyIOBaHNS,
TEXHOJIOTVI ¥ MHHOBALIMOHHBIX UCCIIEIOBAHUIA TIPUBE-
JIET K YIIYYIIEHUIO KAYeCTBA U JOCTYITHOCTH BTOPUIHOTO
e6OHsI, CHIDKEHUIO €r0 CTOMMOCTH, UTO OOECTIEYUT €TO
KOHKYPEHTOCITOCOOHOCTE C TIPUPOTHBIMA 3aTTOJTHUATE -
samu [19, 20].

HaumeHoBaHus OcTaTku Ha cuTax, % mo Macce
OCTaTKOB 12,5 10 7,5 5 2,5 1,25 JHo
YacTHble 0,1 1 58,0 28,0 11,6 0,9 0,4
ITonHbie 0,1 1,1 59,1 87,1 98,7 99,6 100
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Puc. 3. CpaBHeHHEe OCHOBHBIX XapaKTePHCTHK 00Pa310B 0ETOHA HA MPUPOIHOM 3aNOJIHUTE e
(1, 2) u BTOpUYHOM 3anosiHHTEE (3, 4)

Tabauuya 7 BbIBOZbI
DuU3UKO-MeXaHMYEeCKHE XaPAKTEPUCTUKH IeOHs

Bo ucnionnenue COBPEMCHHOTI'O 3aKOHOAATE/JIbCTBA,
y4uTbiBasA MOJOXHNTCIbHBIC CBOICTBA U B CBSI3U CO 3HA-
YUTEJIBbHBIM B HACTOAILEEC BPEMA U BCE BO3paCTalOIIUM
KI‘/M3 2590 C TCYCHUEM BpEMCHU 00bEMOM CHOCHUMBIX aBaprIHBIX,
MOPAJIbHO YyCTAaPCBIINX W PA3pPYIICHHbBIX B XOA€ KOH-

En. | PesyabTath

OcHOBHbBIE XapaKTePUCTUKI N
M3M. | MCTBITAHMI

WUctunnas IIJIOTHOCTD, O

UCT

HacpbinHas n0THOCTD, o Kr/wm’ 1205 (DJIMKTOB 3[aHUI1, BOIIPOC PacLIMPEHUs] HOMEHKJIIATYPbI
BonomnorpedbHocTts, Bri % 4,8 WU3JeJINIi U3 BTOPUYHOTO OETOHHOTO IIEOHS SIBISIETCS

AKTYaJIbHBIM. DTO MOXET OBITh HE TOJIBKO O0JIee IIMpo-
Coneupxcalme 3epUeH [LTacTIH- % 18.7 KO€ WCITOJIb30BaHNE €TO B KAUeCTBE 3aTIOJIHUTEIIS TSI
1aToli (MelliaHoN) ’ IIPOM3BOICTBA HOBBIX CTPOUTEIBLHBIX MAaTePHAIOB 1 N3-
CopepxxaHue TbIJIEBUIHBIX % 1,2 Ne/Nii, HO U B CJICYIOLINX CIIy4asiX:

— TIpUMEHEHHUE B Ka4eCTBE BOMTOIPOHUIIAEMOTO I10-
Mapxa o apobumocTn — 600 KPBITHS TIEIIEXOTHBIX TOPOXKEK, TOTBE3THBIX ITyTEH,
Le6HsT C TeJTbI0 (DMJIBTPAIIN OCATKOB M YMEHBIICHUS KOJIT-
IMoTeps Macchl P ompee- % 10.0 YeCTBA CTOYHBIX BOII, KOTOPHIC JOJIKHBI OTBOIUTHCS

b

JIMBHEBOM KaHAJIM3allEH;

KaK OCHOBaHUE TI0JI peJIbChl HA XKeJIE3HOI0POXHBIX
% 3 MyTsIx O6J1aromapsi CBoeit yCTOMYMBOCTU K TMHAMUYE-
CKMM Harpyskam;

JICHUM MapKHU I10 TPOOMMOCTHU

ConepxaHue ciabbIX 3epeH
npoyHocThio MeHee 20 MITa

Tabauya 8
CocraBbl 0eTOHHOI cMecH
Ne COCTalia IlemenT prlumblﬁ 3al0JHUTEIb _ Menkwnii 3aH?J1HI/ITeJlb Boxa
0eTOHHO¥ ITpupoanbIii Bropuunbrii Ksapuessiii necox
Y % KT % KT % KT % Kr/M?
1 487 1094 100 — — 625 100 180
2 487 1094 100 — — 437,5 70 180
3 487 — — 972 100 625 100 180
4 487 — — 972 100 437,5 70 180
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— HAITOJIHCHHE TTPOBOJIOYHBIX TAOMOHOB, KOTOPHIE MO-
TYT CIIy>KUTB HE TOJIbKO B IEKOPATUBHBIX 1IEJISX, HO U
B Ka4eCTBE IMOATIOPHBIX CTEH, YKPETUICHHUS O pEroBhIX
JIMHWIT BOMOEMOB U T.IT.;

— B KadecTBE BBICTUJIAIOIIECTO CJIOS IIPU 000PYIOBAaHUHI
HOBBIX TTOIUTOHOB THO Mg MCKITIOUeHNS TToTaa-
HUSI BPETHBIX BEIIIECTB B TPYHT;

— B KadvecTBE 3aITOJTHUATEIS TS JeKOPATUBHBIX IIITyKa-
TYPOK;

— B KauecTBe KOMITOHECHTa KOMIIO3UIIMOHHOTO BS-
KYIIETo M3 MOPOIIKOB MEXaHMYECKOTO IToMOoJIa
u3 ppakuuu oTpabOTaHHOIO O0€TOHA C HU3KUMMU
OCTAaTOYHBIMH TIPOYHOCTHBIMU XapaKTePUCTUKAMU
¥ pa3MOJIOCTIOCOOHOCTEIO [21].

Hosgeiimme nccieqoBaHus U pa3pabOTKH HE TOJIBKO
CITOCOOCTBYIOT YIIYYIICHHNIO SKOJIOTUIECKOM Oe30Irmac-
HOCTH 1 3(p(PEKTUBHOCTH TIepepadbOTKU CTPOUTEITHHBIX
OTXOIIOB, HO 1 OTKPBIBAIOT ITyTH IJIST CO3MAHUS HOBBIX,
0oJiee YCTOMIMBBIX CTPOUTEIILHBIX MAaTCPHAIOB M TEX-
HOJIOTHIA, B TOM YKCJIe ¥ Ha OCHOBE BTOPMYHOTO IICOHS.

B uenom, BropruHbIii 11e0eHb MTPeACTaBIIsIET COOOM
LEHHBIN pecypc, CITOCOOCTBYIONINI pa3BUTHUIO SKOHO-
MUKU B IIEJIOM ¥ COKPAIICHUIO BPEIHOTO BO3ICHCTBUS
CTPOUTEIIFHOM MHAYCTPUHU Ha SKOJIOTHIO, XOTSI €T0 CBOM-
CTBa MOTYT OTJIMYATHCS OT IMPUPOITHOTO IIeOHs. BaxkHo
YUIUTBIBATh STH PA3IUUMS IIPU BEIOOPE MaTepraia ISt
KOHKPETHBIX CTPOUTEIIHHBIX 3a1a4.

JloGaBjieHMe HAHOYACTUI BO BTOPUYHBII OETOH
SIBJISICTCSI OMHUM M3 TIePCHEeKTUBHBIX HaIIpaBJICHUN

CMUCOK NCTOYHUKOB

B 00J1aCTU CTPOUTEJIBHBIX MAaTEPUAIOB, ITOCKOIBKY 3TO
MMO3BOJISIET 3HAYUTEIBHO YAYUIIUTEL CBOICTBA OETOHA
1 pacIIupuUTh 00JacTh ero npuMeHeHus1. Hanoya-
CTUIIBI MOTYT 3HAYUTEJIbHO YBEJIMUYMBATDL ITPOYHOCTh
1 YCTOMYMBOCTH [22] BTOpUYHOTO O€TOHA K Pa3IMIHBIM
BHEIITHUM BO3JEMCTBUSIM. DTO JOCTUTAETCS 3a CUET
TOTO, YTO HAHOYACTUIIHI 3aITOJTHSIOT MUKPOIIOPHI B O¢-
TOHE, YIy4Illast ero IMJIOTHOCTh M OMTHOPOIHOCTh. BHe-
JIpeHre HAaHOTEXHOJIOTHIA B IIPOIIecC IMPOM3BOICTBA Oe-
TOHA OTKPBIBAET HOBBIE BO3MOXHOCTH JUIST YITYUIIIEHUS
€ro XapaKTepUCTUK U TIPOJICHUS 9KCIUTYyaTaAllMOHHOTO
nepuopa. Mcrmonb3oBaHe HAaHOYACTUI], TAKUX KaK
HAHOCUJIMKATHI, CITOCOOCTBYET YCUJICHUIO 3alIMTHBIX
CBOICTB O€TOHA, MPeAOTBpaIlasg ero paHHee cTapeHue
1 U3HOC. DTO 0COOEHHO aKTyaJIbHO JUIST YCIIOBUI, TIE
0eTOH IoABepraeTcsl BO3ACHCTBUIO KOPPO3UITHO-aK-
TUBHBIX Cpell, TAKMX KaK COJIM WJIM KUCIOThl. HaHo-
YaCTUIIBI MOTYT 3HAYNTEIBHO YBEIMYUTH XUMUUECKYIO
CTOMKOCTh MaTepuaa, IMpernsaTCTBYS IPOHMKHOBEHUIO
arpecCUBHBIX aT€HTOB U pa3pyIIeHUIO MU, YTO JeIaeT
OeTOH 0oJiee TOJITOBEUHBIM M HAJeKHBIM B OKCIITyaTa-
mun. Cdepa qodaBIeHNsS HAHOYACTHIL B 0ETOH aKTUBHO
HCCIIEIyEeTCS, PETYISIPHO MOSBIIIOTCS HOBBIE JaHHBIE
0 BIIMSTHUM pa3]IMYHBIX HAHOMAaTepHUAaIoB Ha CBOICTBA
6etoHa. HaHOTEXHOJIOTUM B CTPOUTEIBCTBE OTKPhIBA-
JOT HOBBIE BO3MOXHOCTH JIJISI TTOBBIIIIEHNSI KauyeCcTBa
1 JOJTOBEYHOCTH CTPOUTEIBHBIX MaTepUalioB, B TOM
yucie 6eToHa, MOJYYeHHOTO U3 BTOPUYHBIX UCTOY-
HUKOB.
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APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION

HOW TO PROPERLY TEST AND APPLY BETOPRESS®
LYOPHOBIC SOLS AND SOL-BASED MODIFIERS
IN CEMENT CONCRETE

This article provides information in the accessible form about a completely different approach to the testing and ap-
plication of lyophobic sols and sol modifiers in cement concrete, in contrast to any other chemical additives that are
classified as true solutions in liquid form. The criteria outlined in clause 6.11 of GOST 27006-2019 for the selection of
compositions produced in laboratory conditions cannot be extended to sols and sol modifiers, which are stabilized
colloidal solutions. This specifically pertains to the preparation of concrete mixtures for subsequent testing. GOST
27006-86 was released during a period when all chemical additives used in concrete were solely available in the form
of true solutions, comprising fully dissolved molecules and ions resulting from the complete dissolution of all com-

ponents in water.

uch later, on January 1, 2020, a new GOST 27006-
2019 was put into effect, which was not much dif-
ferent from the previous one. Everything would have been
fine, if it were not for the introduction in the CIS of a whole
series of innovative chemical modifiers for concrete in the
form of colloidal mortars from April 2012, to which the
rules for the selection of concrete compositions according
to GOST 27006-2019 clause 6.11. In the laboratory were
impossible to apply. A colloidal mortar refers to a mortar
in which at least one of its ingredients exists in a colloidal
state, as a result of which both the sols and sol-containing
modifiers for cement concrete fall under this definition.
Chemical products of the «BETOIIPECC»®
series from the Russian company OOO «HIIO
BETOXMMMKC»® (Simferopol) are stabilized lyophobic
sols and ash-containing modifiers, the purpose of which
is to directly affect forming a special crystalline structure
of cement stone in the nanorange in the process of hydra-
tion of cement grains for promoting concrete enhanced
characteristics that are almost impossible to obtain when
using chemical additives in the form of true solutions.
For instance, consider the enhanced waterproofing capa-
bilities of cast concrete, water resistance to cast concrete
up to W16, which exhibits water absorption of less than
1%. Alternatively, instead of using traditional steaming
methods for low-slump concrete products, we can opt
for chemical activation of the hydration and hardening
processes of cement. This approach accelerates the rate at
which the concrete gains compressive strength, reaching

the design level within just 5—7 days, as opposed to the
conventional 28-day period. In this latter case, a maxi-
mum sol consumption of 0.05% (dry weight) relative to
the weight of cement would be sufficient.

This method also imparts the property of hydropho-
bicity to the manufactured products, which remains ef-
fective without expiration.

The author's long-lasting search on the Russian mar-
ket for comparative tests of similar products in practice
form has been unsuccessful, since all of them exist only
in the information realm, or rather, in all kinds of sci-
entific papers, articles, reports, dissertations, technical
specifications and even patents. For example, one of the
dissertations discusses the use of sols and highlights the
effectiveness of two sol-containing additives: “Hardness-
M” TU 5745-006-51556791-2002 and «AD5-3C» TU
3743-005-46969976-2003. In 2004, these additives dem-
onstrated remarkable performance when incorporated
into industrial batches of cement concrete. Additionally,
the dissertation states that the findings have led to the
publication of 16 research articles and reports in interna-
tional and industry journals. Furthermore, three tech-
nical specifications and three technological regulations
have been developed based on the dissertation's materi-
als. Moreover, four patent applications have been filed
as a result of the research. Subsequently, the purchase
of the above-mentioned products on the construction
market is simply not possible due to the complete absence
of them. Perhaps this is the reason why there is no de-
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Crpourensnas naboparopus OO0 «BDTTA»

CUCTEMA JIOBPOBOJIbLHOU CEPTU®UKALIASA CIIC «CHJI-MT»
Opran no cepruduxannn OO0 «Bonrorpanckuit LIOCM»
Ceprudukar cooTBETCTBHS BBIOIHAEMBIX paboT (yciyr),

IO H3MEPEHHSAM H HCTIBITAHHAM TIPOJTYKIHH
Ne 00329 ¢ «13» aBrycra 2021r.
IMPOTOKOJI HCIIBITAHHS Ne 32 B

BETOHA HA BOJOHEINNPOHUITAEMOCTD, BOJOIIOT JIOINEHUE.

1. HanmenoBaHHe MPOIYKIHH, e¢ XapaKTePHCTHKA, 0003HAYeHHE:
Ky6s1 -06pasisr 100%100 MM 13 cmecu DeToHHOI BCT B40 T13 W 16
2. Mecro orbopa obpasuos: 3asoj usroroputess OO0 «BonrkKnunCepsucy.
3. Lenp nenbITaHMi: ONpe/ielieHre BOJOHEIPOHHIIAEMOCTH, BOIOIOITIOMEHHS
4. HopmaTupHAasi JOKYMEHTAIHS, HCIO/Ib3YeMAas IPH HCNBITAHMM:
I'OCT 12730.5 «beroHsl. MeTo/Is! OTIpe/ie/icHus BOIOHENPOHHUIIAEMOCTH
5. Ilpumensiemble CH u UO: BB-2 Ne 6/1.

PE3YJIbTATBI UCTIBITAHUIA
MapkupoBka Jara IpoekTHas Mapka JlaTa Bospact Juamna3zoH ti.
o6pasuos H3TOTOB/IEHHA GeToHa Ha HCTIbITAHHA 00pasLoB, cek
BOJIOHENPOHHIAEMOCTh CYTOK

32B/1 17.03.2023 W16 14.04.2023 29 580
32B/2 17.03.2023 W 16 14.04.2023 29 588
32B/3 17.03.2023 W16 14.04.2023 29 592
32B/4 17.03.2023 W16 14.04.2023 29 598
32B/5 17.03.2023 W16 14.04.2023 29 600
32B/6 17.03.2023 W 16 14.04.2023 29 604

Hensitanms [TPOBCJICHBI HA OCHOBC JKCMPECC-METO/Ia OLIEHKH €0 BO31YXOIPOHHUIIAEMOCTH 110

OeTOHa H €ro BOJIOHENPOHHIIAEMOCTBIO, ONPEIEIEHHOI 0 METOJY «MOKpOE MATHO.

(ti), 32 KOTOpOE JABICHHE B KamMepe YCTPOHCTRA MajaeT Ha OlpelleleHHYIO BETHTHHY,

['OCT127730. Dxcnpecc-MeTo 1 OnpeieleH s BOAOHETPOHHIIAEMOCTH OETOHA OCHOBAH HA HATHYHH
YCTAHOBJIEHHOMH CTATHCTHYECKOH 3aBUCHMOCTH MEHKILY BO3/YXOIPOHHLIAEMOCTBIO MOBEPXHOCTHBIX CITOEB

B kauecrse mapameTpa, XapakTepU3yIoIIero BOAOHEIPOHHIIAEMOCTh, HCTIONL3YETCH SHAYCHHE BPEMEHH

3AKIMIOYEHHUE: to;= (592+598):2=595 ¢, uTo cooTBeTCTBYET Mapke GETOHA 10 BOOHENPOHHIIAEMOCTH

A *

2, ey
70!;445107153‘1 by
34600022

W16
Pe3y/ibTaThl HCOBITAHHI HA BOAONOTJIOMICHHE.
Mapkupo Jlata Jarta Hauana Macca Macca Oata Macca Macca Bononorno
BKa WSFOTOBJIE | WCTBITAHHA | guicylieH | Bbicyw | OKOHYaHWA Cyxoro CYXOro LLEHHE 110
obpasLos HHUs FaTa EHHOF | MenbITanmii obpasiia obpasua, Mmacce,
o6pasiga G cpenHas W, %macc.
obpas
ua,
cpeaH
AA
32B/1 17.03.2023 | 14.04.2023 | 2270 17.04.2023 2290 W 0,87
32B/2 17.03.2023 | 14.04.2023 2280 2275 17.04.2023 2300 2295 W 0,87
32B/3 17.03.2023 | 14.04.2023 | 2275 17.04:2023°1 o, 2295 W 0,87
o (9T—10;"%
<

Fig. 1. Concrete waterproof and water absorption test report. The sol additive used was IIK ITomumnacr (S) 0.85%,

and «®mokc-1I'D» at 0.025% of the weight of cement
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Fig. 2. Vibropressed block made of low-slump concrete
on lyophobic sol «<BUBPO®UHUII CM-17-TD»,
consumption 0.05% to the weight of cement after 10 days
of hardening

tailed information about colloidal solutions, their nature,
and handling procedures in any of the GOST standards.
However, it is worth noting the recently published GOST
ISO/TS 80004-1-2017 “Nanotechnology. Basic Terms
and Definitions”. While there are established GOSTs and
terminology, and the absence of products in this area.
Consequently, it could imply a limited presence of po-
tential manufacturers in this particular field!

There is no point in mentioning patents on this topic:
the patents are available, but for some reason no industrial
nanomaterials in the form of lyophobic sols for cement
concrete are still offered on our construction market. Un-
less, of course, attention is directed towards colloidal solu-
tions from the «BETOITPECC»® series, which have been
without significant attention for the past 12 years! It seems
that this fact has gone unnoticed or perhaps deliberately
overlooked. However, it is important to acknowledge that
these products not only exist but are also manufactured
in substantial quantities by the innovetive and unique
company, «<HI1TO BETOXUMMKC»®, the sole innovator
of its kind in Russia.

The above mentioned colloidal solutions are produced
with an advanced method of chemical dispergasion, using
rather complex aggregate of various high-molecular pep-
tizers as stabilizing substances, also developed by the com-
pany. All of our lyophobic hydrosols and sol-containing
modifiers, along with their corresponding technologies,
were not patented as it was unnecessary. However, these
products were introduced to the Ukrainian market for
unrestricted sale by the developer in early 2012, and they
have been available in Russia since 2014, fully authorized

with permits, including the Trademarks of Ukraine and
Russia. It turns out that there is a patent, but there is
no product, and, conversely, there is no patent, but the
product exists, and quite abundant in our case!

Now back to the topic. GOST 27006-2019 clause 6.11
provides recommendations for preparing a concrete mix-
ture for the composition selection in a standard laboratory
mixer of gravity or forced action or in manual mode with
a volume of no more than 15 liters output of the ready
mixture in a container pre-moistened with water and with
mixing time for at least 5 minutes. The recommendations
provided are not appropriate for the hydrosols or sol-
containing additives offered by «HITO BETOXNUMMUMKC».
These products are specifically designed for industrial
applications and are considered professional-grade. Con-
sequently, the conditions for concrete preparation prior to
testing should adhere strictly to the production require-
ments rather than the artisanal guidelines outlined in the
above-mentioned GOST.

The fact is that the sols for cast concrete of the
«BETOITPECC»® series are dosed no more than 0.005%
(dry weight) relative to the weight of cement and therefore
require only intensive mechanical mixing for quick and
uniform distribution of all colloidal nanoparticles over the
volume of the concrete mixture, and the larger the volume
of the mixer and its power, the better the process. The
minimum output of the ready-mixed concrete mixture
is preferably at least 0.5 m?3, which fully corresponds to
the manufacturing environment. This applies to both sol
modifiers and sol-containing additives. Hence, we highly
advise conducting the concrete preparation process for
testing our chemical products directly under industrial
conditions, using the existing compositions. Otherwise,
the effectiveness of our chemical additives may not be
evident, as if they are not present at all.

The only alternative to determine the sols effective-
ness in comparison with a similar control sample is to di-
rectly prepare one or two liters of the mixture in a 5-liter
planetary laboratory mixer at a fairly high speed (at least
3 speed) while stirring for three minutes. Both cement
dough and cement-sand mortar can be used here, with
sand pre-screened from coarse particles and with the de-
termination of mobility, for comparison, using a labora-
tory cone of spreadability (KR-1). Then the cement dough
should be immediately placed in metal molds with cells of
20%20x20 mm, 12X25%75 mm, and in the case of cement-
sand mortar — in molds 70x70x70 mm. After the complete
completion of the hardening process, these samples should
be tested according to GOST 30459-2008. However, the
testing option is suitable only for determining the effective-
ness of the colloidal mortar in comparison with the control
sample, and it is not the case for selection of the composi-
tion for heavy concrete with crushed stone. Yet at the same
time it is possible to check the sols for their compatibility
with cements from different manufacturers.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (1):
59-66

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION

The fact is that colloidal particles, being in the mix-
ing water, with a sharp increase in pH in the process of
cement hydration are transforming from the sol state into
a gel, and for their rapid distribution throughout the en-
tire volume of the concrete mixture in the form of vast
amount scattered nanoparticles until the reaction itself
(called the sol-gel method in colloidal chemistry) a suf-
ficiently powerful and fast concrete mixer is needed. We
have established a successful collaboration with manu-
facturers who test our products under industrial condi-
tions right on their factory premises. In these controlled
environments, where the concrete mixture is thoroughly
blended within seconds, we supply them with sol and sol
modifiers without encountering any issues. Remarkably,
even our long-standing partners, with whom we have
maintained a fruitful relationship for 12 years, have not
only refrained from reverting to their previous additives
in the form of true solutions but also expressed no inten-
tion to do so. This can be attributed to the fact that no
one wishes to incur additional expenses on cement, let
alone compromise the improved quality of their products!

In addition to the developed sol-containing modi-
fiers in the form of superplasticizers of the SP group, we
manufacture five sols for high-slump concrete (cast) and
two low-slump concrete (semi-dry) used in tamping, hy-
per- and vibrocompression technologies. The difference
between high-slump and low-slump concrete is that sols
for cast concrete are mainly recommended to be applied
as nanoadditives to domestic liquefiers based on PC, NFS
and LST', while sols for low-slump concrete are fully
finished products for industrial applications. What unites
these products is their crystal-forming nature, although
each possesses unique properties, levels of effectiveness,
and specific applications. For more detailed informa-
tion about our products, including comprehensive test
reports, we encourage you to visit our company's official
website, where you can find informative articles providing
in-depth insights.

In this article, in more detail we present two of our
branded products based on a stabilized iron hydroxide
solution for intensive molding of low-slump (granular)
concrete — «BUBPO CM-16» and «BUBPODOUHUNII
CM-17-T®» (TY 2601-001-00823210-2015). The latter
product underwent its most recent modification in No-
vember-December 2023, resulting in its ability to impart
genuine hydrophobicity to the products. Both of these
products distinguish themselves from other lyophobic
sols, which are typically used in microdoses as additives
to chemical admixtures. This distinction arises from the
fact that our sols, designed specifically for low-slump
concrete mixtures in a particulate state, do not necessitate
the use of diluents. This characteristic aligns with their
classification as “semi-dry”. Not only do these sols refrain

! Lignosulphonate.

Fig. 3. The cylinder made of cement-sand mixture pro-
duced with semi-dry tamping method on lyophobic sol
«BUBPO®UHUAII CM-17-I'®», consumption 0.1%

from liquefying mixtures, but they also enable an increase
water consumption while maintaining the particulate state
of the mixture. This, in turn, enhances the compaction
of the products during pressing and eliminates the risk of
mixture adhesion to metal equipment.

As a result, it is the increase in water consumption
that leads to increased compaction of products with an
intensive physical and mechanical impact on the mixture.
When making direct comparison with the composition
on any other modifier: by 2—4% or even 6%, but to the
control one, in which there is no “chemistry” at all. Due
to the increase in the compaction coefficient, in the first
variant we get an increase in the compressive strength of
products by +20—40%, and in the second by almost +60
(record set +67%) with equal consumption of the binder,
since the strength of low-slump concrete does not depend
at all on the ratio Water/Cement and the amount of ce-
ment, but on its density (volume-weight). In addition,
sols allow us to stamp products of the same quality with
an ideal surface without sticking to inert materials of dif-
ferent wetness, without the need to constantly “catch”
the amount of water in each batch, while reducing the
vibration time itself by almost half.
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Fig. 4. Report of comparative tests of the chemical additive «Mypacan BBA19» (manufacturer «®m Cu bayxemu»)
with the lyophobic sol «<BUBPO®MNHUII CM-17» (manufacturer 000 «<HITIO BETOXUMMKC») in core-samples
drilled from paving slabs produced by vibrocompression method of low-slump concrete with the same composition and

consumption of cement

That's easily screenable tangible cost savings in the form
of an “excessive” amount of cement, which appeared as
a result of equalizing compressive strength between all
samples, both with and without other additives, up to the
requirement of GOST 17608-2017. In order to increase the
compressive strength of concrete, we advise not to use extra
cement, but use effective sol modifiers, which gives not
only benefits due to their little to nothing consumption, but
also the highest quality of the ready-for-sale condition for
vibropressed products, the durability and frost resistance of
which does not depend on the strength itself, but depends
on the density of the crystal structure of the cement stone,
including the total capillary porosity of the concrete. The
latter always increases in direct proportion to the increase
in the consumption of the binder.

But even here, some craftsmen try to hand-to-hand
prepare a semi-dry mixture with our hydrosols in arti-
sanal laboratory conditions according to GOST 27006-
2019, which allows you to mix up mixtures manually in
small volumes, which they do, and then form samples for
strength tests by vibrating in metal molds with a nozzle
underweight. Such cases occur more often at large en-
terprises, where technologists, considering themselves
high-class professionals (and who will check this!?), for

some reason, are very afraid to use our nanosols imme-
diately in production. Another rather important mistake
of technologists is the incorrect granulometric selection
of inert materials, if the composition itself is intermittent,
then in this case nothing will help the manufacturer at all:
neither our nanosols, nor the power of the vibropress, nor
the increase in cement consumption, the latter will simply
get lost in the resulting voids and without any benefit.

At the same time, our air-entrained colloidal mortars
for intensive molding of low-slump concrete mixtures, in
addition to a significant increase in compressive strength
due to an increase in the compaction coefficient (Cc),
also have a rather unique property of nanostructuring
cement stone, in which, firstly, our air-entrained colloidal
mortars show the ability to interrupt capillary porosity
with microbubbles of air with an internal hydrophobic
surface and reaching the design level within just 7 days,
as opposed to the conventional 28-day period, four times
reduce. The latter property gives the manufacturer pos-
sibility to ship the products directly from the workshop on
the second day, bypassing the warehouse, as it has fully
reached the required 70% of the design strength. Along
with this, forced heating is not required, it is replaced by
the sols themselves.
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Fig. 5. Test report of vibropressed paving slabs made of low-slump concrete with lyophobic sol <BUBPO®WHUNIII
CM-17>» by the rate of compressive strength gaining no heating up to 80% on the second day and up to 100% on the

seventh. Further, the strength does not increase.

In 2024, all “concrete pavement slabs” produced in
Russia are subject to mandatory certification according to
GOST 17608-2017. This will lead to an increased demand
for chemical modifiers, particularly stabilized sols, which
can be used in both vibropressed and vibrocast paving
slabs. The frost resistance and durability of paving slabs
do not depend on their compressive strength. The quality
of the crystal structure of the cement stone, first of all,
on the correctly located the capillary system within the
stone, as well as the diameter and shape of the pores play
a significant role. Ideally, the pores should have hydro-
phobic properties.

All of the above qualities of cement stone are directly
affected by chemical modifiers for cement concrete and
nothing else. In comparative tests for chemical additives
in the form of true solutions with colloidal ones, in the
form of Iyophobic sols, the latter will always take ad-
vantage under industrial conditions, since they have the
unique property of forming future crystallization centers
in cement stone from artificially introduced nanoscale

colloidal particles for the growth of a three-dimensional
spatial grid in the form of a matrix that directly affects its
entire structure in the nanorange. Due to the specifics
of the product, «<BETOIIPECC»® sols for low-slump
concrete mixtures, in contrast to sols for cast concrete,
have a higher dry matter consumption in the range from
15 to 50 grams per 100 kg of cement, which corresponds
to a minimum of 0.05%, and a maximum of 0.2% of the
ready-to sell product in liquid form to the weight of the
binder.

«HITO BETOXMMMUMKC»® company will not ignore
manufacturers of vibrocasting products, such as concrete
paving slabs, curbs, flashings, park architecture, etc. We
can offer the lyophobic silica sol «®mrokc-1I'®», which
is allowed to be added in the amount of 0.025% of the
commercial product to the mass of cement directly into
the cast concrete mixture in the very process of its prepa-
ration with the mixing water and without other chemical
additives. Within 28 days of hardening, the finished vi-
bratory cast products acquire a pronounced property of
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140 | 27.022023 29.03.2023 18,76 | B¢=15,01
10,08 | 10,00 | 10,06 | 2109 18,52
10,10 | 10,00 | 10,10 2098 22,16
Kpesnezoas 3 : 3 3 ~1874
141 | 2702203 | 29032023 | Gumoke-1rd> 23,42 | B$=18
0.005% 10,07 | 10,00 | 10,10 2099 24,68
0,95
Kpewnesoms | 10,07 | 10,00 | 10,10 | 2097 29,69 Be=25,14
142 27022023 | 29032023 | Dumowe-II'D 31,43 N
0.005% + MK 10,11 | 10,00 | 10,08 2099 33,17
MEFA 5002%
TuogoGuuii
143 | 27022023 | 29032023 | s0m. 10,08 | 10,00 | 10,08 | 2107 2885 B§=23,54
IwCTpyIus 29,43 ks
0.005%+ MK 10,07 | 10,00 | 10,07 2119 30,01
MEFA 5002%

Konen nporoxona
Pesy/bTaThl HCTIBITAHMI OTHOCATCS TONBKO K JIAHHBIM NPoGam, TIPOLIEIMM HCTILITAHHA.
TIpOTOKON MCMbITAHUH HE MOXET GbITh HaCTMYHO Ges 0
Crpoutenshoii naGoparopru 000 "Hrcruryr "KPHIMIHMHTH3", 52 HCKIOHCHHEM BOCTPOM3BEICHHS B
TOMHOM 0Bbeme.

OTBETCTBEHHbIE HCTIOMHUTENM: / /
HmxeHep naGoparopuu 10.B. laepukoea
JlaGopanT s, <] YOM. Llywnannmkos

Fig. 6. Test report of hydrophobic concrete with silica sol «®mokc-1I'®D>» at its dry matter consumption of 0.005%
to cement (5 g per 100 kg) to the control sample without adding chemicals. The test result is an increase in strength
by +25% with equal W/C reatio, the same amount of binder and density of the cast concrete. Only nanomodifiers can

function this way

a hydrophobic surface due to the joint reaction of the sol
based on organosilicon with cement hydration products,
primarily lime with the direct influent of carbon dioxide
from the air. The compressive strength of the concrete
itself, in turn, increases by +25% compared to the control
sample without adding chemicals.

Lyophobic silica sol also is nanostructuring the ce-
ment stone, and therefore, increasing its water and frost
resistance and in parallel is accelerating the hardening of
the products themselves, starting from the first day. This
will subsequently allow products to continue gaining their
strength in a temperature regime, starting from -8 degrees
below zero and above. Please do not confuse hydropho-
bization with waterproofing. Hydrophobic paving slabs,
both vibropressed and vibrocast, have almost the same
water absorption when they are immersed in water for
several days as non-hydrophobic ones. The difference is
that on the road, precipitation water will roll down from
the hydrophobic surface directly into the underlying layer.
As for the unprotected slabs, they will absorb water with
all surface, which can subsequently lead to the appearance
of rather unsightly fades on the products in the form of
lime outcrops, and to peeling due to frost.

In case both manufacturer and consumer are interest-
ed in cast concrete products with water resistance of W16
and even more with water absorption of less than 1%, lets
compare water absorption with natural granite, which is
within the range of 0.2% to 0.5%. In this case we will have
to use the same lyophobic silica sol «®@mokc-1T'®», but as
a hydroinsulating and crystallizing nano-additive to any
available polycarboxylate hyperplasticizers in the amount
of 25 grams of sol per 100 kg of cement or to polycarbox-
ylate ether as a raw material purchased directly from its
manufacturer. In the latter case, an anti-foaming agent
should be added. «®moxc-1TI'®» could be recommended
for the construction of basements, underground parking
lots, pools and foundations of heavy waterproof concrete
by the so-called «white bath» water proofing technology.
When utilizing such technology, concrete should not only
be of quality, but also with a W/C not higher than 0.38!

We offer lyophobic silica sol «®mokc-2I'd» for the
production of roads and airfield slabs, which have more
stringent requirements for counteracting salt aggression
than conventional concrete pavement slabs. This sol is
entered into the heavy concrete in the polycarboxylate hy-
perplasticizer and with the same dosage. The silica sol in-
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creases the tensile strength of concrete in bending, which
is crucial for heavy dynamic and static loads, especially
on the road surfaces and on take-off runways. Mind that
«@moke-2I'D» is not to be frozen, unlike «Drokc-1TD».
«Dmokc-2I'D» does not work as a low-temperature ac-
celerator: its lower limit is +5°C. At the same time, it will
be indispensable in the construction of pavements and
runways, because it clearly increases the resistance of salt
corrosion and dusting of the concrete surface with almost
zero water absorption.

The lyophobic sols of the «<cBETOITPECC»® series
stabilized in the manufacturing process by special chemi-
cals and high-molecular Surface-active agents with every
domestic chemical additive with «<cBETOITTPECC»® are or
will be custom-designed colloidal solutions with unique
formula. Further such products can be stored for years
and without loss of newly acquired properties, the most
important of which is crystallization inside the cement
stone structure, in pores and capillaries, or in the surface,
depending on the nature of the sol, in accordance with
recommendations and conditions. Now we can clearly
divide all existing concrete chemical additives in the
CIS market in two main groups, where the first group
includes more than two dozen complex colloidal solu-
tions in the form of lyophobic sols under the Trademark
«BETOITPECC», and the second group is to all others.
It makes little difference whether the manufacturer, but
only as true solutions, which in Russia today are about
five hundred, and all of them in comparison at almost the
same level in their properties and efficiency.

All developments by «<HITO BETOXUMMKC»® are of
significant strategic value for Russia, presenting a unique
opportunity to transition the entire construction indus-
try of the country from conventional concrete produc-
tion to nanostructured concrete within a short span of
time. For companies manufacturing chemical additives
for concrete, this marks a chance to manufacture their
products directly as innovative sol-containing modifiers
falling under the industrial nanomaterials category, for

General Director

000 «HITO BETOXUMMUKC» and OO0 «BETOXUMHUKC I'PYIIII»

+7 978-917-27-97, + 7 978-284-74-55
sale@betohimiks.ru
https://betopress.ru

Fig. 7. Paving slabs made of vibrocast concrete with the
only silica sol «®mokc-1T'P» — only 25 grams of end
product per 100 kg of cement

both domestic and international markets. This shift will
empower all regions to produce heavy weight concrete
and products with special properties for residential and
industrial structures, bridges, canals, concrete roads and
airfields, tunnels and subways, ports and docks, nuclear
power facilities, waste storage, and more. Our team not
only envisions Russia's swift to technological sovereignty
in the esteemed industry of nanotechnology, but also
remains committed to advancing this goal tirelessly.
The outcome of our efforts is a range of innovative nano-
products derived from domestic resources that have no
analogues even in the Western markets, along with the
cutting-edge technologies employed in their production.

P.S. Due to the fact that the colloidal solutions of the
«BETOIIPECC» are not eligible to any existing GOST5,
please apply to the company « HIIO BETOXUMHKC»>® as
the only company in Russia that has more than a decade of
experience in cement concrete and mortar sol-modification
technologies.

V.E. Khovansky

This article continues the article “Lyophobic sols «b ETOITPECC»® as additives to chemical admixtures into concrete”, published in the
e-edition of “Nanotechnologies in Construction: Scientific Internet Journal.” 2023; 6:538 — 542. https://nanobuild.ru/ru_RU/journal/
Nanobuild-6-2023/538-542.pdf
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BETOXWUMUKL
|

KAK NMPABUJIbHO UCTMbITATb U MPUMEHUTDb
JINOD®OBHDIE 30JZ1 «<BETOMPECC»®
N 30J1ib-MOANOUKATOPbI HA UX OCHOBE
B UEMEHTHOM BETOHE

B paHHoOI cTaTbe B camol focTynHom ¢opme npefocTaBneHa MHGoOpMaLma O COBEPLUEHHO MHOM MOAXOAE K UCTbITa-
HUIO U MPVIMEHEHMIO B LIEMEHTHOM 6eTOHe NMMOPOOHbIX 3051e 1 30/1b-MOANGVKAaTOPOB B OTAIUUME OT JIOObIX APYTUX
XVIMUYECKMX fOOABOK, KOTOPbIe B XKUAKOW popMe KNacCMPuUMpyoTCs Kak CTUHHbIE pacTBopbl. MpaBunia nogbopa
COCTaBOB, NPOU3BEAEHHbIX B TabopaTopHbIX ycnoBusx no FOCT 27006-2019 1. 6.11, He MOTYT ObITb TaKXKe MPUMEHEHDI
W Ons 30nei, 1 Ans 301b-MoANPNKATOPOB, NPefCTaBAAOWMX CO60M CTabnNN3MPOBaHHbIE KOMISIONAHbIE PACTBOPDI.
Peub ngéT o NpUroToBneHn 6ETOHHbBIX CMeCen AiA UX AaNbHENLIVIX UCTIbITaHWUIA.

OCT 27006-86 6bLT M3HaH TOTIA, KOIIA BCE XU~

MUYeCKHe 100aBKM B OETOH CYIICCTBOBAJIHU JINIIH
TOJIbKO B BUIE NCTUHHBIX pACTBOPOB 13 MOJICKYJI K HO-
HOB, TIOJTYYCHHBIX B Pe3yJIbTaTe ITOJIHOTO PACTBOPECHUS
BCEX MHTPEIMEHTOB B Boje. HaMHOrO mmo3xe B3amMeH
emy ¢ 1 guBaps 2020 roma ObIT BBEJeH B JeiiCTBUE HO-
Boiii TOCT 27006-2019, KOTOPBIIA MaJIo YeM OTJIMYAETCS
oT npeasiayiero. Bee Ob10 ObI HUYETO, €CJIM OBl HE TI0-
apnenune Ha tepputopuu CHI ¢ anpens 2012 roaa uemoit
CepUM MHHOBAIIMOHHBIX XUMUIECKIX MOIN(DUKATOPOB
1711 6ETOHA B BUIE KOJUIOMIHBIX PACTBOPOB, K KOTO-
PBIM TIpMMEHEHHUE TIPaBUJI ITOA00pa COCTAaBOB OETOHA
o F'OCT 27006-2019 11. 6.11. B 1a0OpaTOPHBIX YCIOBUSIX
CTaJIo IPOCTO HEBO3MOXHBIM. KoOJIIOMIHEIM pacTBO-
POM IIPU3HAETCS TOT PACTBOP, B KOTOPOM XOTSI OBI OMH
WHTPEIUCHT U3 BCeX OYIeT HaXOMUThCSI B KOJUIOMIHOM
COCTOSTHMH, BCJICIICTBIE YETO IO/ 3TO OTIpeIeICHNUE IO/~
TamaroT KaK caMU 30JI1, TaK 1 30JIbCOACPKAIIIEC MO -
¢GuKaToOpHI IJIs1 LIEMEHTHOTO OETOHA.

Bce xummaeckue mpoaykTel cepunt «BETOITPECC»
oT poccuiickoit kommanun OO0 «HITO BETOXMU-
MUKC»® (r. CumdepoIioiib) IpeacTaBIsioT co00i
CTa0MIIM3NPOBAaHHbBIC JTNOMOOHEIE 30JIM U 30JIbCOIEP-
JKale MoIu(UKAaTOPhI, Ha3HAUCHME KOTOPBIX - IIPSIMOE
BO3IEiiCTBIE Ha IOCTPOCHNWE B HAHOIMAMA30HE OCO-
00ii KpUCTAIIINYECKON CTPYKTYPhI LIEMEHTHOTO KAMHSI
B IIpoliecce TUApaTallii IIEMEHTHBIX 3¢PeH C IECIbI0
IpUIaHUSI OETOHY TAKUX CBOMCTB, KAKMX IPAKTUICCKHI
HEBO3MOXKHO TIOJYIUTh B CIIydae IPUMEHEHMST OOBIU-

HBIX XMMHWYECKUX TO00ABOK B BUIC NCTUHHBIX PaCTBO-
poB. HammpuMep, BOMOHETTPOHUIIAEMOCTH JIMTOMY OCTOHY
1o W16 nipu BogonomionieHnn MmeHee 1-ro % nim xe 3a-
MEHa MPOITapKU U3IETUN U3 KECTKOTO 0eTOHA XUMMIIe-
CKOIf aKTUBAIIME TTPOIIECCOB TUAPATALINI Y TBEPICHUS
IIEMEHTA ¢ YCKOPeHNEM Habopa IIPOYHOCTH Ha CKaTHhe
IO TIPOEKTHOM BCETO JIUIIB 32 5—7 CYyTOK BMECTO 28-MU
KJIaCCUYCCKUX.

B mocienHeM ciydae OymeT BIOJTHE JOCTATOYHO MaK-
cuMajbHoro pacxona 30751 B 0,05% mo ToBapHOMY MIpO-
IYKTY K Macce IIeMEHTa, YTOObI BUOPOIIPECCOBAHHBIC
W3IENST BIIOCCACTBUM €IIle ¥ TIPUOOPENI CBOMCTBO
runpoOOHOCTH, HE MMEIOIICH CpoKa CBOETO ACHCTBHUS.

MHOTOJIETHHI TTOMCK aBTOPOM Ha POCCUMICKOM PBIH-
K€ IS MPOBEIEHNSI CPABHUTEIbHBIX UCITBITAHUI aHa-
JIOTUIHBIX IIPOAYKTOB B MaTepHaIbHOM BUIC HE YBEH-
YaJIcsl YCIIeXOM, TaK KaK BCe OHU CYIICCTBYIOT JIUIIIb
TOJIBKO B MH(OPMALIMOHHOM T10JIe, a TOYHEE B TEKCTaX
BCEBO3MOXHBIX HayYHEIX pabOT, cTaTeil, MOKIIAIoOB,
nucceptanuii, TY u naxe nmareHtoB. Hanmpumep, Ham
coo0ImaeTcsT B TEKCTe OTHON M3 TaKUX OMCCEePTALA
Ha TeMy 30JIeif 0 TOM, UTO IIBE 30JIbCOMEPXKAIINE T0-
6aBku «Hardness-M» TY 5745-006-51556791-2002
u «[194-3C» TV 3743-005-46969976-2003 B 2004 romy
ITOKa3aJIi OYCHb BHICOKME PE3yJIbTAThl IPU IMPUMEHE-
HUU B IIPOMBINIICHHBIX MAPTUSIX IIEMEHTHOTO OETOHA.
Tawm xe mociaoBHO ToBopUTCH: «ITo MaTepuanamM JaHHO
IACCEPTALIMNA ONYOJIMKOBAHO 16 HayYHBIX pabOT U 10~
KJIaIOB B MEXIYHAPOJAHBIX U OTPACJIEBbIX U3TAHUSIX.
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Pa3paboTano 3 TeXHWYECKUX YCIOBUSI, 3 TEXHOIOTUIC-
CKUX peTJIaMeHTa U IToJaHO 4 3asIBKM Ha M300pETCHHE».
BrrociencTBum mprnoOpeTeHIe Ha CTPOUTEIIBHOM PHIHKE
BBIIIEYTIOMSIHYTHIX TIPOMYKTOB IIPOCTO HE TIPEACTABIIS-
€TCSI OBITH BO3MOXHBIM M3-32 ITOJTHOTO OTCYTCTBUSI Ta-
KOBBIX. MoXeT, UMeHHO noaToMy HU B ogHoM ['OCTe
HET HH ¢IMHOTO MOSICHUTEIIBHOTO CJI0OBA O KOJIOMIHBIX
pacTBOpax, 9YTo 3TO 3a MPOAYKTHI M KaK ¢ HUMHU 00pa-
maThes, W B TO ke BpeMst ecTh cBexuit [OCT ISO/TS
80004-1-2017 «Hanorexaonorun. OCHOBHbBIE TEPMUHBI
u onpenencHust». OCT ecTh, TepMUHBI €CTh, a CAMUX
TPOAYKTOB HET, CJICAOBATEIBPHO, M X MOTCHIINAIBHBIX
TIPOM3BOIUTENICH TOXeE!

TporaTe maTeHTH Ha 3Ty TeMy BOOOIIe HET HUKA-
KOTO CMBICIIa: caMU ITaTeHTHI B HAJTUYWU, HO TOJBKO
TIPOU3BEACHHBIX IT0 HUM TIPOMBIIIJICHHBIX HaHOMA-
TepHajIoB B BUIE TMOMOOHBIX 30JICi IJIsI IEMEHTHBIX
OCTOHOB Ha HaIlleM CTPOUTEIIFHOM PBIHKE MOYEMY-TO
HUKTO IO CHX ITOp He TpemraraeT. Ecin, KoHedHo,
HE o0paImaTh CBOCTO BHUMAHUS Ha KOJUIOMIHEIC pac-
tBOpbI U3 cepunt «BETOITPECC»®, a Beab UIMEHHO TaK
BCE U TTOCTYMAIOT BOT y3Ke¢ Ha MPOTsKeHWU 12-Tu! jret!
ITpocTo He 3ameuaror! Unm nematot Bun? Ho Toinbpko
caMM MPOIYKTHI PeabHO CYIICCTBYIOT U TIPOM3BOMISIT-
¢S B IIPOMBIIIIJICHHBIX 00beMaX eIMHCTBEHHOM B CBOEM
porme Ha Bcell TeppuTopun Poccry MHHOBAIIMOHHOM
kommanueit OO0 «HITO BETOXMMMUKC»®. Tan-
HBIC KOJJIOMIHEIC pACTBOPHI IIPOU3BOASTCS HOBEHIITM
METOIOM XMMUYECKOM TUCTICPTALIN, C IIPUMEHEHUEM
B KauecTBE CTAOMIM3UPYIONINX BEIICCTB JOCTATOUYHO
CJIOKHBIX KOMITJICKCOB Pa3JIMIHBIX BEICOKOMOJICKYJISP-
HBIX TIENITU3aTOPOB, TaKXKe pa3pabOTaHHBIX KOMITAHU-
eil. AOCOIOTHO Ha BCe HalIM JMOMOOHBIE TUAPO30JIU
¥ 30JIbCOIepKaIIie MOTU(PUKATOPHI, BKIIIOYask caMU
TEXHOJIOTUH, 32 HEHaTOOHOCTHIO TTATCHTHI He OBUIH B3SI-
TEI! B TO ke BpeMsI maHHBIC MPOAYKTHI HA YKPAMHCKOM
PBIHKE B CBOOOTHOI Mpomaske OBIIM ITPEICTaBICHBI
pa3paboTynkoM yxe B Hauaje 2012 roga, a Ha poccuii-
CKOM OHH cylecTBYIOT ¢ 2014-1r0, mMesd Ha TO BCe pa3-
pelInuTeTbHBIC JOKYMEHTHI, BKITIoUass ToproByio MapKy
Ykpaunsl u ToBapHbiit 3HaK Poccun. [1onyyaercs Tax,
YTO TIATEHT €CTh, a POMYKTa HEeT, 1, HA00OpOT, ITaTeHTa
HET, HO caM IIPOAYKT €CTh, I B HAIlIEM cJIyJac He OIWH,
a TOCTaTOYHO MHOTO!

Tereps o Teme. TOCT 27006-2019 1. 6.11 pexomeH-
IyeT TOTOBUTH OCTOHHYIO CMECh JIUTSI TIOA00pa COCTAaBOB
B OOBIYHOM JTA0OPATOPHOM CMECHTEJIE TPAaBUTAIIIOHHOTO
VUTH TIPUHYIUTETBHOTO ISUCTBUS WK K€ B PYIHOM pe-
KMMeE 00beMOM He 0osiee 15-Tu TUTPOB BbIXOA TOTOBOTO
pacTBopa B IPeaBAPUTEIBHO YBIAXKHCHHOI BOIOI eM-
KOCTH 1 TIpY TIepeMEIINBAaHUY B TEUCHIE HE MEHEe 5-TH
MUHYT. JlaHHBIe peKOMEHIAIINN COBCEM HE ITOOXOMSIT
HU U TUAPO30JIeit, HU IIJIsI 30JIbCOACPKAIINX 100a-
Bok oT Komnanun «<HITO BETOXMMMKC», koTopble
KaK IT0-HacTOoSsIIIeMy IIpodeccruoHaIbHbIC TPOTYKTHI

Crpowurensras naboparopmnst OO0 «BITTA»

CUCTEMA JIOBPOBOJILHOM CEPTUGUKAIMS CJIC «CHJ-MT»
Opran o ceprudukamn OO0 «Bosrorpajckuit [IOCM»
CeprruKaT COOTBETCTBHS BBITIONHIEMBIX paboT (yciyr),

110 H3MEPEHHSAM H HCTIBITAHUAM MPOJTYKIIHH
Ne 00329 ¢ «13» aBrycra 2021r.
ITPOTOKOJI UCITBITAHMS Ne 32 B
BETOHA HA BOJZOHEIIPOHUITAEMOCTb, BOJIOIIOT JIOIEHHE.

1. HaumeHoBaHHe NPOAYKUHH, €€ XaPAKTEPHCTHKA, 0003HAYEHHE:
Ky651 -06pasist 100%100 My 13 cMecu Getonnoit BCT B40 T13 W 16
2. Mecro oTdopa o6pasuos: 3aBoj usrorosures OO0 «BonrKinnuCepsucy.
3. Heab HenmbITAHMIN: ONpPe/Ie/IeHNE BOJIOHETPOHHUIIAEMOCTH, BOJIOIIOMIOMIEHUS
4. HopmaTHBHAasi JOKYMEHTAIlHs, HCNIOJIb3yeMasi PH HCTIBITAHUM:
T'OCT 12730.5 «beTonsr. MeTojibl OIpe/ie/ieHus BOIOHEIPOHUIIAEMOCTH
5. Mpumensiembie CA u HO: BB-2 Ne 6/1.

PE3YJIbTATHI HCIIBITAHHIA

Mapkuposka Jlata
obpasuos H3TOTOBJICHHS

TIpoeKTHas Mapka Jlata Bospact
GeTona na WenbTans

Jlnanaso ti.
oBpasiios, cex
cyToK
32B/1 17.03.2023 W16 14.04.2023 29 580
2B /2 17.03.20: W16 14.04.2023 29 588
2 B/3 17.03.20: W16 14.04.202! 29 592
2B/4 17.03.20: W16 14.04.202: 29 598
| 32B/5 17.03.20: W 16 14.04.202: 29 600
32B/6 17.03.2023 W16 14.04.202; 29 604
Wcnprranus TPOBEJICHBI HA OCHOBE JKCIPECC-METO/Ia OLICHKH €T0 BO3JIyXOITPOHHIIAEMOCTH 10
TOCT127730. pece-MeTo BO, TH GETOHA OCHOBAH Ha HAJMYUK
yCTaHOBHEHHOﬁ CTAaTHCTHYECKO# 3aBHCHMOCTH MEXJTY BO3JLYXONPOHHIIAEMOCTBIO TIOBEPXHOCTHBIX CJIOCB
GetoHa u ero 1[4EMOCTBIO, OTIp 110 METOJly «MOKPOE MSITHOY.
B kauecTBe napaveTpa, XapakTepH3yIOIIero BOAOHENPOHALIAEMOCT, HCTOJb3YeTCs 3HAUCHHE BPEMEHH
(ti), 32 KOTOpOE JIaBJICHHE B KAMEpE YCTPOICTBA NIa/iaeT Ha ONPe/eIeHRYIO BEHIHHY.
3AKIIIOUEHHE: t;= (592+598):2=595 ¢, 4T0 COOTBETCTBYET MapKe 6eTOHa 1o BOJIOHETTPOHHIIAEMOCTH
W16

Pe3yabTaThl HCNBITAHMI HA Jlolenue.
Mapkupo Jlata Jlata Havana Macca Macca [fara Macca Macca Boznonorao
BKa WBTOTOBIC. | MCTITANSA | Buicywen | Bbicyw | oKoHuaHwa | CYXOTO cyxoro | wenne o
obpasios Hus obpasua obpasua, macce,
cpennss | W, %wace.

Horo EHHOT | MCnbITaHUi
obpasua o
obpa3

ua,
cpeaH

an

32B/1 17.03.2023 | 14.04.2023 2270
32B/2 17.03.2023 | 14.04.2023 2280 2275
32B/3 17.03.2023 | 14.04.2023 2275

17.04.2023 2290 W 0,87
17.04.2023 2300 2295 W 0,87

17.04:2G28° " |55 2295 W 0,87
3AKJIIOYEHHME: W, =2295-2275 *100 =0,87 - Box K S

Hauanbhuk crpouresnbHoit aGoparopun 000 «Borran \\

Puc. 1. IIpoTokoJ UCbITAHKSA OETOHA HA BOIOHENPO-
HHIAEMOCTDb M BoonorionieHue. [1puMeHeHHblii 301b-
mMoaudukarop cocrosa u3 IK Iommmaacr (S) 0,85%
u «Dmoke-1T'dP» 0,025% K macce nemenTa

MPUTOIHBI TOJBKO JIUIIb IS TIPOMBIIIIIEHHOTO TTPU-
MeHeHus. [ToaToMy Bce ycaoBUs 11T TIPUTOTOBICHUS
OeToHa Tepe] ero UCIILITAHWEM JTOJKHBI TIOJTHOCTBIO CO-
OTBETCTBOBATbH MIPOM3BOJCTBEHHBIM, a HE TeM, YK IBHO
KyCTapHBIM TpeOOBaHUIM, KOTOPbIE HAM IIpeIiaraior
B BhIlIe o6o3HaueHHOM ['OCTe.

Jlesio B TOM, 4TO 30J11 [1J1s1 TUTOro 6eroHa cepun «bE-
TOITPECC»® gosupyrorcst He 6osee ueM 0,005% 110 cy-
XOMY BeIIECTBY K Macce LIEMEHTa U TI03TOMY TPeOyIOT
JUTSE OBICTPOTO M paBHOMEPHOTO pacIipelieIeHIs BCcexX
KOJUTOMIHBIX HAHOYACTUIL IO 00beMy OETOHHOI cMecH
TOJIEKO MHTEHCUBHOE MEXaHNYECKOe IIepeMellIiBaHue,
1 4yeM OOJIbIlIe 00BEM CMECUTEIIS Y €T0 MOIITHOCTD, TEM
KayecTBEHHee BCe 9TO OyIeT MPOMCXoanuTh. MUHUMAITh-
HBIIT 00BEM BBIXOJA TOTOBOI OETOHHOW CMECH KeJa-
TeapHO He MeHee 0,5 M?, 9TO IMOJTHOCTBIO COOTBETCTBYET
MMPOM3BOICTBEHHBIM YCJIOBUSIM, 3TO OTHOCHUTCS U K 30JThb-
MoaudukaTopam, U K 30JbCOAEPXKAIINM JO0OABKaM.
IToaTOMY HACTOSITETEHO PEKOMEHAYEM TOTOBUTH OETOH

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (1):
59-66

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTV B CTPOUTE/IbCTBE

Puc. 2. BuGponpeccoBanHblii KyOUK 13 }KECTKOro 0eTOHa
Ha JmogooHoMm 301e «BUBPODPWHUII CM-17-I'D»
¢ pacxonom 0,05% B Bo3pacte 10 cyTok

IUTST TECTUPOBAHUS BCEX HAIIMX XUMHMYECKUX ITPOIYKTOB
HEITOCPEICTBEHHO Ha cCaMOM IPOM3BOICTBE OETOHHBIX
cMeceit WM OETOHHBIX U3IEJIN 1 Ha TeX COCTaBax, KO-
TOpPBIC YKe €CTh, a MHAYC 30JI1 ce0s HIIEeM He TIPOSIBSIT,
KaK OyITO MX TaM U HEeT BOBCE.

EnvHCTBeHHAs anbTepHATHBA IUIST OTIPEACIICHUS UX
3(GEeKTUBHOCTU B CPaBHEHUH C TTIOMOOHBIM KOHTPOJIb-
HBIM 00pa3II0OM — 3TO HETIOCPEACTBEHHO TIPUTOTOBJICHIIE
OIIHOTO-IIBYX JINTPOB CMECH B TUTAHETaApHOM JIAOOpaTop-
HOM CMecHuTeJIe Ha 5 TMTPOB Ha TOBOJIBHO BBICOKIX 000-
poTax (He MeHee 3-eif CKOPOCTH) TIPH TIePeMEIITNBaHUN
B TIPOIOJDKEHUE TPEX MUHYT. 31eCh MOKHO MCITOIb30-
BaTh KaK IIEMEHTHOE TECTO, TaK U IIEMEHTHO-TICCUaHBII
pacTBOp C MIPEeIBAPUTEIBHO OTCETHHBIM OT KPYITHBIX
YaCTHII TIECKOM U C OIpeAc/ICHIEeM OIBIKHOCTH, IS
CpaBHEHMSI, IIPY TIOMOIIH JIAGOPATOPHOTO KOHYyca pac-
tekaemocTH (KP-1). 3ateM meMeHTHOE TeCTO TpebyeTcs
cpa3y ITIOMECTUTh B METAITNIECKIE (POPMBI C STUCHKAMM
20%20%20 MM, 12%X25%X75 MM, a B cllydae ¢ IIEMCHT-
HO-TIECYaHBIM pacTBOpPOM — B (popMbI 70X70X70 MM,
M TIOCJIE TIOJTHOTO OKOHYAHMSI IIPOLIecca TBepICHUST TaH-
HBIe 00pa3isl caemyeT ucnbiTath o 'OCT 30459-2008.
IIpaBOa, 3TOT BapHaHT TECTUPOBAHUS TTOAXOIUT JIUIIh
TOJIBKO JUTS OTIpenecHUs 3G (MEKTUBHOCTH KOJUTOMITHO-
TO pacTBOpa B CPaBHEHUM C KOHTPOJIHLHBIM 00pa3IioM,
a IIogo0paTh COCTAB TSLKEIIOTO OETOHA C IIIEOHEM, B 3TOM
ciy4yae, He TOJIYIUTCsI, HO B TO K€ BPeMSI TTOJTYIUTCS
TIPOBEPUTH CaMU 30JIM HAa X COBMECTUMOCTD C IIEMEH-
TaMU OT Pa3HBIX IPOM3BOIUTEIICH.

Jleno B TOM, 4TO KOJUTOMIHBIE YACTULIBI, HAXOISCh
B BOIIE 3aTBOPEHUSI, IPU pe3koM pocTe pH B mpomecce
TUIpaTalliy IIeMEHTa U3 COCTOSHUS 3011 HAUMHAIOT

TIePEXOIUTH B I'eJTb, a TSI OBICTPOTO UX pacIipeaeICHUs
10 BCeMY 00beMy OETOHHOI CMeCH B BUIE MHOXECTBa
paccesTHHBIX HAaHOYACTUIL O HACTYIICHUS caMoii pe-
aKIIMU, Ha3bIBacMOU B KOJUIOMIHON XUMHU 30JIb-TCITh
METOIOM, Hy>KE€H TOCTATOUHO MOITHBIN 1 OBICTPHIN CMe-
curenb 6eToHa. C IMIPON3BOICTBAMU, KOTOPBIC TECTUPYIOT
HAIITA TIPOAYKTHI B IPOMBIIIIJICHHEIX YCIOBUSIX TIPSIMO
Ha 3aBOJICKIX COCTaBax, TIe OCTOHHASI CMECh ITOJTHOCTHIO
IIepeMeIIBacTCsI OYKBAJIbHO 32 CUMTAHHBIC CEKYHIIBI,
MBI YCITEIITHO COTPYTHMYAEeM 0e3 BCSIKMX IPOOJIeM, T10-
CTaBJISII M 30JIM U 30JIb-MOIU(HUKATOPHI. M elre HUKTO
13 HUX, a €CTh ¥ TaKKe, C KOTOPBIMH MEI y3Ke 12 JIeT BMe-
CTe, HECMOTPSI HU Ha YTO, He BEPHYJICS U He COOMpaeTcs
BO3BpAIaThCS K IIPEKHUM J00aBKaM B BUIE NCTUHHBIX
pactBopoB. [IoTOMY 4TO HMKTO HE XOUYEeT HUA JOIOTHU-
TEJILHBIX 3aTpaT Ha IIEMEHT, HU TeM 0oJice BO3BpaTa
K TIPOIILTOMY Ka4eCTBY CBOCH TTPOMYKITNH!

Kpome pazpaboTaHHBIX 30IbCOIEPKAIITNX MOTU (DI~
KaTopoB B Buie cymnepruracTudukatopo rpymisl CIT
MBI IIPOU3BOINM TISITh 30JICH IS TIOABUKHOTO (JIUTOTO)
1 K HAM JBa JIJTSI KeCTKOTO 0eTOHA (IIOJTyCyXOoTo), IIPH-
MEHSIEMOTO B TEXHOJIOTHSIX TpaMOOBaHUsI, TUTIEP- U BU-
opormpeccoBanus. Pa3HuIia Mexxmy HUIMU B TOM, UTO 30JI1
IIJIST TUTHIX OCTOHOB, B OCHOBHOM, PEKOMEHAYETCS TIPH-
CaXXMBaTh B KAUECTBE HAHOIIPHCATOK K OTCICCTBEHHBIM
nobaBkaM-pazxkkuTesssm Ha ocHoBe [TK, HOC u JICT,
B TO BpeMs KaK 30JI1 IIJIST XKeCTKOTo OeTOHa IIpeaCcTaB-
JISIIOT COOOM TTOTHOCTHIO 3aKOHYCHHBIC TTPOMYKTHI IS
IIPOMBIIIICHHOTO TIpuMeHeHus . Ob11ee, 9To nX 00b-
eIUHSIET, 3TO TO, YTO BCE OHU IO €OMHOTO SIBIISTFOTCS
KPHUCTAJLTO00pa3yIOIINMU 30JISIMH, HO C TOBOJIBHO 3KC-
KJTFO3UBHBIMH CBOMCTBAMU, CTETICHBIO IEUCTBUS 1 TIPE/I-
Ha3HauYeHWeM. boJblie cBeIeHMIT 0 HAIlTUX TIPOAYKTaX,
BKJTIOYAs] TIPOTOKOJIBI UCITBITAHUI, MOXHO TTOJTYIUTh
Ha oDUILMAIBLHOM caliTe KOMIIAaHUU B WH(POPMAIIOH-
HBIX CTaThsIX.

B nanHoi1 cTaThe MbI O0JIee MOAPOOHO paccKaxkem
0 IBYX HAIIUX OPEHIOBBIX ITPOAYKTAaX HA OCHOBE CTa-
OMJIM3NPOBAHHOTO PacTBOpa TMAPOKCHUIA Kele3a I
WHTEHCUBHOTO (DOPMOBaHMUSI KECTKOTO (ChIIMTy4yero) oe-
toHa — «BUBPO CM-16» u «xBUBPO®WHUII CM-
17-TD» (TY 2601-001-00823210-2015). IMocnenHuit
B HOsTOpe-nmekadpe 2023 roma IpoIres ouepeIHy 0 MOIH-
¢uKalmio, 1 Tereph OH CITIOCOOCH ITPUAABAThH U3ICTUSIM
peabHOE CBOMCTBO rHapodooHOoCTH. O0a IIPOIYKTa OT-
JIMYAFOTCST OT MHBIX JTMO(POOHBIX 30JIeH, IIPIMEHSIEMBIX
B MUKPOJI03aX B KAYECTBE MPUCANOK K XUMUYECKUAM J0-
0aBKaM TeM, YTO M He TPEOYIOTCS Pa3KIKUTEIIN B CBSI-
31 C X MpeIHa3HAYCHUEM: KECTKIE OCTOHHBIC CMECH
HaXOMISITCS B CHIITyYeM COCTOSTHUM, YeM TTOJTHOCTBIO TTOI-
TBEPXKIAIOT CBOM TEPMUH «IIOJIYCyXue». JJaHHbIE 30JI1
HE TOJIBKO He pa3XIKaloT CMeCH, HO Jaxke, Hao0opoT,
TO3BOJISTIOT TTIOBBICUTH PACXOJ BOIEI, IIPU STOM OCTAaBISISI
HUX B TOM XK€ CAMOM CBIITy4eM COCTOSIHUM, YeM OITHO-
BPEMEHHO TTOBBINIAIOT TUIOTHOCTH M3IEIUI IIPH TIpec-
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COBaHMH 1 MCKITIOYAIOT HAJIMIIAaHKE PACTBOPa Ha METaJLT
000pyI0BaHUSI.

B pe3yibpTaTe MMEHHO ITOBHIIICHUE PACX0Ia BOIEI
TIPUBOINT K YBEIMICHHOMY YIUTOTHCHUIO U3IEIINI IIPU
WHTCHCUBHOM (DU3UKO-MEXaHNICCKOM BO3IECHCTBUN
Ha CMeCh, B IIPSIMOM CPaBHCHUM C COCTAaBOM Ha JIIO-
60oM MHOM Moaudukarope Ha 2—4% wiu gaxe Ha 6%,
HO yXe€ K KOHTPOJIBHOMY, B KOTOPOM COBCEM HET XUMUM.
3a cueT MOBHIIICHNST KO3 GHUIINEHTA YINIOTHEHUST MBI
TOJTyYaeM B TIEPBOM BapHaHTE YBEeJMUCHUE TIPOYHOCTH
n3nennit Ha cxkartue Ha +20—40%, a Bo BTopoM Ha Bce
+60 (pexopn +67%) 1 Mpu paBHBIX PACXOAaxX BSIKYILETO
BEIIeCTBA, TaK KaK IIPOYHOCTh KECTKOTO OCTOHA 3aBU-
cut coBceM He oT B/1I 1 KonmmdecTBa 1IeMeHTa, a OT ero
TUIOTHOCTU (0OBEMHOTO Beca). Takske 30J11 MO3BOJISIIOT
IITAaMITOBATh U3IEJINS OTHOTO Ka4eCcTBa C MIeaTbHOM T10-
BEPXHOCTBIO 0¢3 3ATMITaHNS Ha MHEPTHBIX MaTeprajax
Pa3TMIHON BIIAXKHOCTH, HE TPEOYSI IIOCTOSTHHO «JIOBUTH»
KOJIMYECTBO BOIBI B KaXKIOM 3aMece, COKPATHB IIPU 3TOM
caMo BpeMsI BUOPHUPOBAaHUS MIPAKTUIECKH BIBOEC.

3a BceM 3TUM JIETKO IIPOCMATPUBACTCS OLIyTUMAsT
3KOHOMUSI CPEACTB B BUIIE «TUIITHETO» 3[€Ch KOJTMYECTBA
IeMEHTa, TTOSIBUBIIIETOCS B Pe3yIbTaTe BEIpaBHUBAHUS
TIPOYHOCTEH Ha cXKaTHe MEXKIy BCeMHU o0pasaMM Kak
C UHBIMU A00aBKaMU, TaK U 0e3 HUX, 10 TpeOOBaHUSI
TI'OCT 17608-2017. CoBeTyeM Jist IIOBBIILIEHHUS IIPOY-
HOCTHU OCTOHA Ha CXXaTHe He TT0JIb30BaThCs J00ABICHIEM
IIeMeHTa, a MOJIb30BaThCS ITpUMeHEeHIEM (D (MEKTUBHBIX
30JTb-MOIM(UKATOPOB, YTO AAET HE TOJIBKO BEITOMY, O1a-
rogapsi X MU3ePHOMY PacXomdy, HO M HanboJiee BEICOKOE
Ka4eCcTBO TOBAPHOMY BHIY BUOPOIIPECCOBAHHBIX 13-
IeJIAit, TOJITOBEYHOCTh M MOPO30CTOMKOCTH KOTOPBIX
HE 3aBUCHUT OT CAMOU ITPOYHOCTH, a 3aBUCUT OT IJIOTHO-
CTU KPUCTAJUTMIECKOU CTPYKTYPHI IIEMEHTHOTO KaMHSI,
BKJTIOYAs OOIIYIO KAIMMJUISIPHYIO TIOPHCTOCTh OCTOHA,
TIOCJICTHSIST BCETIa YBEIMUMBACTCS TIPSIMO TIPOITOPIIH-
OHAJIBHO TTOBBIIIICHUIO pacXoda BSLKYIIEro BEIIeCTBa.

Ho mazke 3mech HEKOTOPBIC YMEJTBIIBI ITBITAIOTCS BPY-
KOITAIITHYIO IIPUTOTOBUTH ITOJTYCYXYIO CMECh C HAIITUMU
TUAPO30JISIMU B KYCTapHBIX JIAOOPATOPHBIX YCIOBUSIX
mo 'OCT 27006-2019, KOTOpbIii TOITyCKAET 3aMellu-
BaTh COCTaBHI B HEOOJBIINX 00beMaX B PYIHOM PEXKU-
Me, YTO OHM U JealoT, a 3aTeM (DOPMYIOT 00pasIIbl 1Tt
WCITBITAHWI HA TIPOYHOCTH C TIOMOIITBI0 BUOPUPOBAHUS
B METAJUTMIECKUX (hDOPMaxX C HACATKOM IO IIPUTPY30M.
Takue ciyyan aie IpONCXOAT Ha KPYITHBIX TIPEIITPHU-
STUSIX, TIE TEXHOJIOTH, CIUTAasI CeOsI poheccCoHaTaMuU
BBICOKOTO Kjlacca (a KTO 3TO MPOoBEepHT!?), TOIeMy-TO
OYCHB JaxKe OOSITCS IPUMEHSITh HAII HAHO30JI1 CPpa3y
JKe Ha MPOU3BOACTBe. Jpyrast TOBOJIFHO HEMaIOBaXKHAS
OIIIMOKA TEXHOJIOTOB — 3TO HEIIPaBUJIbHBIN T'paHyJIOMe-
TPUIECKUN TTOA00p MHEPTHBIX MaTepHUaIoB, €CIN caM
cocTaB OyIeT TIPepPBIBUCTHIN, TO B TAKOM CIIydae IIpo-
W3BOOUTEIIO BOOOIIe HUIETO He TIOMOXKET: HA HaIllN
HAHO30JIM, HI MOIITHOCTh BHOpOTIpecca, HU YBEIMUCHIE

Puc. 3. Ilnnmnap U3 neMeHTHO-TIeCYaAHOit CMeCcH 13-
TOTOBJIEH METOIOM MOJIYCYXOr0 TPAMOOBAHKS HA JIHO-
(hooHoM 30516 «<BUBPO®UHUIIL CM-17-I'®» ¢ pac-
xoxom 0,1%

pacxoa IieMeHTa, IIOCIIeAHUI ITPOCTO 3aTepsieTCsI B 00-
pa30BaBIIMXCS IMYCTOTAX U 63 BCSIKOI TTOJIB3HL.

B TO Xe BpeMs HaIlld BO3TYXOBOBJICKAOIINE KO-
JIONIHBIC PaCTBOPHI IUISI MTHTEHCUBHOTO (DOPMOBAHMS
KECTKMX OCTOHHBIX CMecel, KpOMe CYIIeCTBEHHOTO
ITOBBIIICHUST TIPOYHOCTH Ha CXKATHE, 3a CYCT yBeJIMUe-
HusT Koo dutmenTa yrmiotHeHus (Ky) Takke obramaior
IIOBOJIbHO YHUKAJIBHBIM CBOMCTBOM HAHOCTPYKTYPH-
pOBaHUS IIEMEHTHOTO KaMHSI, B KOTOPOM, B IICPBYIO
odepelb, BCe OHU CITOCOOHBI TIPEPhIBATh KAITMJUISIPHYO
ITOPUCTOCTH MUKPOITY3BIphKaMU BO3IyXa C BHYTPEHHEH
ruapo@oOHO TOBEPXHOCTHIO U COKpAIaTh HA0OP Ipo-
eKTHO ITPOYHOCTHU M3IETUI 13 JKECTKOTO OETOHA POBHO
B YCTHIpE pa3a — BCEro 7 CYyTOK MPOTUB 28-MU Kiac-
cnueckmx. [locireqHee cBOCTBO MaeT 3aKOHHOE TIPaBO
IIPOM3BOMUTEIIO OTTPYKATh CBOIO IIPOMYKIINIO TIPSIMO
M3 1IeXa yKe Ha BTOpbIe CYTK!, MIUHYS CKJIall, KaK BITOJIHE
JOCTUTHYBIIYIO TpeOyeMbIX IJist 3Toro aeiictBus 70%
OT IIPOEKTHOM TTpoyHOCTH. [IpH 3TOM IPUHYAUTETLHOTO
IIporpeBa He TPEOYETCsI, ero 3aMEHSIOT CaMHM 30JTH.

B 2024 roxy B Poccum Best IpomyKIInst, TIOAITamar0-
IasT TIOM OTIPeIC/ICHNE «IUTUTH OCTOHHBIC TPOTYapHEIC»,
IMOICKUT 00sI3aTeIbHONM cepTU(UKAILIUKM COTITaCHO
I'OCT 17608-2017. B Takoii cuTyauuu, KOTopast CKJia-
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Puc. 4. IIpoToKoJ1 cCpaBHUTEIBHBIX HCIBITAHUI XUMHYECKOIT 100aBKu «Mypacan BBA19» ot komnanuu «Om Cu ba-
yxemu» ¢ uoooHbM 307eM «BUBPO®UHUAIIL CM-17» ot 000 «<HITO BETOXUMMUKC» B KepHax, BbIOypeH-
HbBIX U3 TPOTYAPHBIX ILIHT, IPOU3BEIEHHBIX METOJIOM BUOPONIPECCOBAHMS JKECTKOTO OETOHA NPH OJJMHAKOBOM COCTAaBE

" pacxoae neMeHra

NIBIBA€TCSI, HAMOOJBIIMM CIIPOCOM Y MPOU3BOAUTEEH
IIOJKHBI OYIYT TTOTh30BaThCsT Hanbojee 3(h(heKTUBHEBIC
XUMUYECKHUE MOIU(PUKATOPHI, TIPEINOYTUTEIHLHO CTa-
OMJIM3UPOBAHHbBIE 30JIM KaK JJIsI BUOPOIIPECCOBAHOM,
TaK U JJs J1II000¥ BUOPOJUTON IJIMTKUA TPOTYapHOIA.
Mop0o30CTOMKOCTh 1 1OJITOBEYHOCTD MOCAEeIHEN TaK-
JKE€ HE 3aBUCHUT OT MPOYHOCTHU Ha CXKaTue, a 3aBUCUT
TOJIBKO OT Ka4eCcTBa KPUCTANIMYECKON CTPYKTYpPHI 11e-
MEHTHOTO KaMH$ Y, B IEPBYIO OYEPEb, OT MPABUILHO
pPaCIOOXEHHOM B HEM KalMJUISIPHOM CUCTEMBI, a TAKXKe
OT AuameTpa U GopMbl CaMMX MOP U, KeJaTeIbHO, C TU-
Ipo(OOHBIM CBOMCTBOM.

Ha Bce BhIlIenIepeYncaeHHbIE KaYeCTBa IEMEHTHOTO
KaMH$ HaIpsIMYIO BIUSIIOT UMEHHO XUMUYECKUE MO-
IUMUKATOPHI 1151 LIEMEHTHOTO 6€TOHA U HAUTO JIPYToe.
B cpaBHUTEIBbHBIX UCHIBITAHUSIX XUMUUECKUX 100aBOK
B BUJIE UICTUHHBIX PACTBOPOB C KOJUIOUIHBIMU, B BUJIE
O OOHBIX 30JIeH, B IIPOMBIIIICHHBIX YCIIOBHSIX BCETIa
OynmyT mo0eXxnaTh MocjaeaHue, Tak Kak BCe OHM 001a1atoT
YHUKaJIbHBIM CBOMCTBOM 0Opa30BbIBAThH B LIEMEHTHOM
KaMHe 13 UCKYCCTBEHHO MPUBHECEHHBIX B HETO HAHO-
pa3MEPHBIX KOJUTOUIHBIX YACTULL OYAyIIME LIEHTPbI KPU-
CTaJUIM3alMu AJI POCTa TPEXMEPHOM MPOCTPAHCTBEHHOM
CEeTKM B BHJ€ MaTPULIbl, HETTOCPEICTBEHHO BIMSIONICH

Ha BCIO €ro CTPYKTYpy B HaHOIMAIa30He. 30JI1 CEPUN
«BETOITPECC»® mid xXeCTKUX CMeCE B OTIIMYKE OT 30-
JIeH 71T TUTOTO OETOHA M3-3a CITeMU(MUKN TTPOTYKIINT
MMEIOT 00Jiee BBICOKHUIT pacXol IO CYXOMY BEIIECTBY
B rpaHMLax ot 15-tm go 50-ti rpammMoB Ha 100 kumo-
IrpaMMOB IIEMEHTA, YTO COOTBETCTBYET IO MUHUMYMY
0,05%, a o makcumymy — 0,2% TOBapHOIo MPOAYKTA
B XKUIKOM (hopMe K Macce BSDKYIIEro BEIIeCTBa.
Kommnanus «<HITO BETOXMMMKC»® He ocraBut
0e3 BHUMaHUS U TIPOU3BOIUTEIIeNt BUOPOIUTOI TIPO-
IYKIIMH, TAKOH KaK IUTUTKA OCTOHHAS TpOTyapHasi, 00p-
IIOPHI, OTJIMBBI, TTAPKOBAs apXUTEKTypa M TaK Jajce.
Bcem uM MBI MOXeM TIpeIJIOXUTH JIMO(MOOHBIN KpeM-
He301b «Dmrokc- 1I'D», KoTopwIii HoITycKaeTcst BBOIUTH
B kosmvectse 0,025% 1Mo ToBapHOMY TIPOIYKTY K Macce
LIEMEHTA IPSIMO B JIUTYIO OETOHHYIO CMECh B CaMOM IIpO-
liecce ee IMPUTOTOBIIEHUST BMECTE C BOJOI 3aTBOPEHUS
1 0e3 MPUMEHEHUSI MHBbIX XUMUYeCKUX 100aBoK. ['oTo-
BBIC BUOPOJIUTEIC U3IEIIUS IO UCTEUYCHNH 28-MI CYTOK
TBEPACHUS IIPUOOPETYT SIPKO BEIPAKCHHOE CBOMCTBO
ruapodOOHOM TOBEPXHOCTH BCJIEACTBME COBMECTHOM
peakinu 30Js Ha OCHOBE KPeMHUIMOPTaHUKH C TIPO-
IYKTaMU THAPATALINK LIEMEHTA, B TIEPBYIO O4epeb, C U3-
BECTBIO M TIPY HETIOCPEACTBEHHOM YJACTHH YTJICKICIIOTO
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IOCYJAPCTBEHHBIH KOMHTET PECITYBJIUKH BAIIKOPTOCTAH 110 CTPOHTEJBCTBY H APXHTEKTYPE
YT «Hay4Ho-HCC/N€/10BATeNLCKHH, MPOEKTHO-KOHCTPYKTOPCKHIH W IPOM3BOACTBEHHBIH
HICTHTYT CTPOHTE/ILHONO H rPAJ0CTPOHTENBHON0 KoMnekea Pecnybanku Bamkoprocrany (IYIT uneTuTyT «BamHHWHcrpoii»)
HcnbiTaTesbabiii nentp «Bamerpoiincnbiranusy», Atrecrar akkpenutauns Ne POCC RU.0001.22CJ137, nedicTBuTenen a0 14.07.2019r.
450027, r. Yipa, yn. Ydumckoe wocce, 3. Ten/dake (347) 243-35-35
YTBEPXIAIO

Iporokon Ne 2017/893-01 uenbiTanuii 06pasuos GpycuaTikn BuGpoIpeccoBanHolH
3akazunk: 000 «IIpoussoacrsennan komnanus ABETA» §
OcHoBanHe /118 TIPoBefenus padoT: nuckMo ucx. Ne 6/u ot 01.06.2017r., Bx. Ne 893 ot 06.07.2017r. g g o € %
Haunmenosanue HJI na matepnan: TOCT 17608-81 R%&j:.?,mw-;f
Haumenosanne HJI na metoarr nenbrrannii: TOCT 12730.3-78, TOCT 10180-2012, FOCT 18105-2010 (cxema I')

H oGopy, Tuzpasnnuecinii npece [1-50 (3ap. Ne 1592, nosepka o 12.07.2017r.), mrranresuspiyns L1 (3aB. Ne P177244, nosepka o
08.11.2017r.), nuueiika cranshas (3as. Ne 231, nosepka o 08.11.2017r). Bechi anekrponnsie MK-15.2-A21 (3as. Ne 123961, nosepka 10 09.11.2017r.).
HaumenoBanne o6LekTa, MecTo H3roToBjenms o6pasuos: Q00 «llpowssoacteennas komnanus ABECA» (r. Crepnutamak). Obpasubi 6pycuatku
BUGponpeccoBanHoii «CTapeiii ropoay 120%120x60 MM H3roToBIeHb ¢ npuMenennem aobasok 000 «HIO BETOXUMHWKC», noctapnensl 3aka3unkom.

Jara uarorosienns o6pazuos: 30.05.2017r.

1%
%e_:' 5

R = K1 Buogas 1€ Biuopu, — NpoCKTHbIi Kn8CE NpoutocTy Getona, MIla; Ky — koadumunent tpeGyesoit npoy

3as. na6oparopueii HCMH

Hcnwitarens

PesynbTarsl HenbITaHUi PesynbTarhl HCIIBITAHHHA PesynbTaTel HCNBITAHHI
Ha 2 CyT. HOPM. TBEP/ICHHA. Ha 7 CYT. HOPM. TBEPACHHA. Ha 28 cyT. HOpM. TBEPACHHS.
Jlara ucnerranus obpasuos: 01.06.2017r. Jlara nenbitanns obpasuos: 06.06.2017r. Jlara ucnsiranus oGpasuos: 27.06.2017r.
L i o 7] PakTrueckuit
Inotrocts | Bosponorso- | [lpounocts ma::cuslx:: IlnotHoetes | Bopomorno- | ITpounocts KJ?;CH;::::: [notroers | Ilpounocts race GeTona
w3, menue Ha ckKaTHe, :2 poEE i umem}ﬁ, meHHe , A CRATHE, | | o soeTh H3J19J“§ﬁ, HA ORETHE, | | o ounocT
3 2 2 2
Kr/M % no Macce Kre/em e Kr/™m % no mMacce Kre/em | ha cxane KI/M Kre/em Ha gaTIE
1 2 3 4 5 6 7 8 9 10 1
o 2220
2251 2221 2252 478
2285 3? 397 2251 ;Z 522 2240 466
2236 = 388 B30 2244 4‘3 478 B35 2220 166 B35
2216 o cp. 393 2230 2 cp. 500 2225 o 4
op.2247 | PP ep. 2237 e0:3) 215 P
cp. 2229
Tpumcuanue. TpeGyemyo Tipounocts 6EToNA /15 NPOEKTHOTO KAACea paccunTunaiot no dopuysne 9 FTOCT 1 -2010:

Y

Pe3yabTaTh MCIBITAHMH OTHOCATCA TOJIBKO K HCTBITaHHbIM o6pasuanm. Bes paspemenns pykosoautens UL «Bametpoitnenbitaingy nepencyaTka npoToKoa sanpeliera

(npu 31om Ky = 1,28 - nee Buap GeTona, KpOME MIOTHONG CHIHKATHOTO H AYEHCTOrO).
H.51. Tesc

I".®@. Hmbynauna

Puc. 5. IIpoToKkoJ1 HCIBITAHKIA BUOPONPECCOBAHHOI IIMTKH TPOTYAPHOI U3 JKeCTKOro 0eToHA Ha JTMO(0OHOM 30J1€
«BUBPO®UHUIII CM-17» no cKopocTd Ha0opa MPOYHOCTH Ha cxKaTue 0e3 mporpesa 10 80% Ha BTOpbIE CYTKH

u 10 100% Ha cenpmble. Jlasiee MPOYHOCTD HE pacTeT

rasza u3 Bo3ayxa. [Ipy 3ToM IpOYHOCTh caMoTo GeTOoHA
Ha CXaTue MOBBbICUTCS Ha +25% K KOHTPOJIIBHOMY 00-
pasity 6e3 XMMUU.

Taxcke MMohOOHBII KpeMHE30JIb, HAHOCTPYKTYPH -
pys LIIEeMEHTHBI KaMeHb, ITOBBICUT €r0 BOIO- I MOPO-
30CTOMKOCTh 1 TTapaJIJICIbHO YCKOPUT TBEPACHUE CAMUX
W3ICNINIA, HAa4MHAasl C TIEPBBIX CYTOK, YTO BIIOCIICACTBUN
TMO3BOJINT UM U Hajibllle HAOUpPaTh CBOIO IIPOYHOCTH
B TeMIIEpaTypHOM peXUMe, HaunmHas OT —8 TpagycoB
Mopo3a u Beile. [Tpockba ToJIbKO He yTaTh TUAPOdO-
ouzauuio ¢ ruapousosuueii. ['mapododHas minTka
TpOTyapHas KaK BUOPOIIpecCoBaHHAas, TaK M BUOPOJIH-
Tast UMeeT MPaKTUIECKU TaKOe K€ BOIOMOTIIOMICHIE
TIpU e¢ TIOTPY:KEHUN Ha HeCKOJBKO CYTOK B BOIY, KaK
U He ruapodoodHas. PazHuua Mexay HUMU B TOM, 4TO
B YCJIOBUSIX MX 9KCILTyaTaIllX BCSI BOIA OT aTMOC(HEPHBIX
0CaIIKOB OYIIET CKaTBIBATHCS C BOMOOTTAIKUBAIOICH ITO-
BEPXHOCTH TIPSMO B MOICTUJIAIONIN c10ii. B TO BpeMst
KaK BCE CTOPOHBI OOBITHOM TTUTKX KaXKIBIA pa3 OyayT
€€ BITUTHIBATh, YTO BITOCIEACTBUM MOXET MPUBECTU KakK

K MOSIBJICHHUIO Ha M3ICIUSIX TOBOJBHO HEIIPUTIISIIHBIX
BEIIIBETOB B BUZE BBIXOIOB U3BECTH, TAK U K IICTYIIICHIIO
ITocJie MOpO3a.

Ecau mpon3BoanTelIss Wi CaMOTo ITOTPEONTENIST MH-
TepecyeT MPOMYKIIHS U3 JIUTOTO OETOHA, 00IaIafoIIeTO
BOIOHeTpoHnIaeMoctbio W16 u gaxe 0ojiee ¢ BOIO-
roryonieHueM MeHee 1-1o %, cpasy ke IUTsl CpaBHEHUS
BO3bMEM IIOTJIOIICHNE BOIBI IPUPOIHBIM TPAHUTOM,
1 OHO HaxonuTcs B rpanuiax ot 0,2 10 0,5%, To B 3TOM
ciIy4ae TIpUIeTCs TIPUMEHUTD TOT Ke CaMbIid TMO(OOHBI
KkpeMHe3011b «Dimokc- 1 T'D», Ho yKe KaK THIPOU30JIIpPY-
OIIY0 ¥ KPUCTAJUIO00PA3YIONTYI0 HAHOIIPHUCAIKY K JTO-
OBIM MMEIOIINMCS TTOTUKApOOKCHIATHBIM TUTICPILIa-
cTrdrKaTOpaM B KOJIMUECTBE M3 pacdeTa 25 TpaMM 30151
Ha 100 KT IIeMeHTa WIN K¢ K TTOJTMKapOOKCIIAaTHOMY
5¢UpY KaK K CHIPBI0, IPUOOPETCHHOMY HAIIPSIMYIO y €TO
Impou3BoaUTENsI. B mocieqHeM BapraHTE TOTPEOyeT-
csl M00aBUTh TIEHOTACUTENb. JIaHHBIN TIPOAYKT TaKXKe
PEKOMEHIyeM IPHU YCTPOUCTBE TTOABATIOB, TTOA3EMHBIX
IMAapKUHTOB, OacceifHOB M (PyHIAMEHTOB U3 TSLKEIIOTO

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

2024; 16 (1):
59-66

Nanobull

MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTV B CTPOUTE/IbCTBE

000 «<MHCTUTYT «KPBIMI ' MAHTH3»
295022, PecnyGaika KpsiM, r.Cumbeponons, y. Tnntku, 68.
Ten.+7(3652)55-04-00. hac: +7(3652)69-24-39 E-mail: info@kriintiz.ru www.krgiintiz.ru
OFPH 1159102054253 MHH/KITI 9102169394 /910201001
Ynen CPO Accoumauus «OTTIO» peructpaumonnsiii Ne 116 ot 27.09.2018 r.

e,
295022, PK, r.Crvpeponions, ys. aunin, 68, aur. «
Arrectar HCTIBITATENILHOM

110 21 snBaps 2024 r.

Tlporoxon nemsrranuii Ne CT 0140-0143
o129 mapra 2023 1.

Joroeop Ne5.78-23 ot 27 mapra 2023 1.
Haumenosanre | OO0 «HITO BETOXUMMKC»
saKa3umKa
Aspec 295017, P®, Pecry6anka Kpbin, . CuMdeponons, yi. Berxosena, . 16/2.
3aKazumKa
Hinpopmauns 06 00beKTe HCMbITAHAS
Hanmenosanve Ky6ukn anTsre.
obbekTa

Haumerosante P0G | BeTORNMIC KyGsl paswiepom 100x100x100MM.
i Ne 140-143

Tiata warotosnenya

npoo 27.022023 | Jlata noctynniesits npoGsi B naGopatopuio 27.03.2023 .
Vindopmas 06 TIpoGk! nonyseHbi 110 akTy oF 27.03.2023 r. OGPasiibl 0TOGpaHLI Ha CTPORMAOUIAAKE. B 0TGOpE 1
oT60pe MpoGEi 1po6 C: yuactus se o sa
oT60pa mpob. Xpametis i HeceT 3aKazumK.
Llean ucnbITanmi
[ usuKo-Mexau: GeTORHEIX 0Gpasiios.
Cpeacrea 3MepeHuii, HCMOb3yeMble NPH NPOBEICHHH HCNBITAHMH
e
w/n H: wHn CH 3a8. Ne Caenenms 0 nosepke
T | Tipecc ruapasaaeckii IMM-125 _— CBuzeTentCTB0 0 nosepke NeC-KK/06-12-
> 2022/208982695 neficTanTesnbHo 10 05.12.2023 r.
2 | Wiranrenunpxyas WL--125-0.1-2 F36892 CBuneTenscTso o nosepke NeC-KK/17-01-
2023/216365704 e 20 16.01.2024 1.
3 | Bechi nabopatoptsie BM-5101, per. 7 CBuneTenseTE0 0 nopepke NeC-KK/02-06-
Ne36468-07, 642615 | 2022161992917 neficraurensio 10 01.06.2023 r.
Hcnbr e, HCIl NIPH NPOBEJCHHHA i
i)
o i HO 3a8. N Caeztens 06 arrectauun
T [ Kavepa HopmansHOro Teepachna n ‘Arrectar 01.00004.23 ot 13.01.2023 r.
BIKHOTO XpaHerHs 0Gpazios KHT- 150909 aeficTBHTENBHO 10 12.01.2024 T
72

TexXHU4EcKHe YC/IOBHSI M _METOAMKH HCHBITAHMI
TOCT 10180-2012 «BeTokbl. Meroast no K
obpasuam», T'OCT 12730.0-2020 «BetoHsi. MeTozs! onpeneneﬂuﬂ TMIOTHOCTH,
BIAKHOCTH, BOZONONTIOWIEH A, TIOPHCTOCTH 1 BOAOHENpOKHIaemocTiy, TOCT 26633-2015
«BeToHbl TAXENbIE U MenKosepHUCTbIE. Texuuueckue yenosua» FOCT 18105-2018
«[IpaBuia KOHTPOAS U OUCHKM_MPOUHOCTHY
(mponosIKeH e MPOTOKONA HA CTPAHMIE 2)

MeTOoAMKH MCTIbITAHMH:
(wndprt HII,
HaUMEHOBaHHE METOAMK)

Crp.2u32
Tlpotokon ncnbrranmii N CT 0140-0143 ot 29 mapra 2023 r. (npofomkerse)
PesyabTaThI 1260paTOPHBIX HCNbITAHRH
Jata Hauasa HCMbITaRHI: 29.03.2023 r.

[ata OkOHYaHuA ucrnbiTanmi:  29.03.2023 .

3nauenus akTop
[ SC: | 240 | %: [ 830 |n nenue, Wlla: | 979 ]
o) KHE XapaKT o6pasuos
" ] =z
] Zo | & ° 35~
o | = ] 28 | & 282 (g2 535
= £5 £ & e e £sS |Ey 82 %
= | 285% H S 5 | & [E%% |BE 8:8
E g EE £ ° Pazmepsl, cM ¢S | & <5E |28 g8
g 5E% g 2 (FOCT P 58939-2020) §§ = Z P
AL ] : SC |2 822 s
€| gES = 2 §c |§ |£E% |23
s aS = S ES |5 |28g [o%
= &< | & e S
a b [ h = =
10,08 | 10,00 | 10,06 | 2090 19,00
140 | 27.022023 29.03.2023 18,76 | B¢=15,01
10,08 | 10,00 | 10,06 | 2109 18,52
10,10 | 10,00 | 10,10 | 2098 22,16
Kpesiezoas 3 : 3 3 ~1874
141 | 2702203 | 20032023 | Gumoke-1rd> 23,42 | B$=18
0.005% 10,07 | 10,00 | 10,10 | 2099 24,68
095
Kpewmesoms | 10,07 | 10,00 | 10,10 | 2097 29,69 e
142 | 27022023 | 2903203 | Oowe-ITo 31,43 | BS54
0005% <MK | 10,11 | 10,00 | 10,08 | 2099 33,17
MEFA 5002%
“Toobubii
13| 27022023 | 20032023 | s0m 10,08 | 10,00 | 10,08 | 2107 28,85 B§=23,54
Iuerpysn 2943 g
0005%+ 1K | 10,07 | 10,00 | 10,07 | 2119 30,01
MEFA 5002%

Konen nporoxona
Pe3yNbTaThl HCTIBITAHMIT OTHOCATCS TONBKO K IAHHBIM NPOGam, TIpOLIEAUIMM HCTBITAHHA.
TIpOTOKON MCMbITAHUH HE MOXET GbITh HAaCTMUHO Ges 0
CrpoutensHoii naoparopun OO0 "Uuctutyt "KPBIMIT] I/MHTPB 32 WCKIIIOYCHWEM BOCIPOM3BEIEHHS B
TOMHOM OBbeme.

i
OTBETCTBEHHbIE HCTIONHUTENH: ('8
Hixenep nabopatopui
JlabopanT

10.B. "agpukoea
//g’ 10.H. LllymnanHmkos

Puc. 6. IIporokon ucnbiranuii ruapododHoro 6eTona Ha kpemHe3osie «Dmokc-1I'D» npu ero pacxoze Mo Cyxomy
BemectBy 0,005% Kk nementy (5 r Ha 100 Kr) K KOHTPOJILHOMY 0€3 XuMuH. Pe3yibTaT NcnbITaHMii — NOBBIIEHHE POY-
HOCTH Ha +25% npu paBHOM B/11, KOJINYeCTBE BSKYHIET0 BEIECTBA W INIOTHOCTH JIUTOro 0eToHa. Tak MoryT padoTaThb

JIMIIb TOJIBKO OJHU HaHOMOI[l/l(bl/lKaTopr

BOIOHETIPOHUIIAEMOTO OETOHA TT0 TaK Ha3bIBaeMOI TEX-
HoJIOTUHM «0Oef1ast BaHHa». [1py Takoif TeXHOIOTHHI OETOH
IOJKCH OBITH HE TOJBKO KaUeCTBEHHBIN, HO M UMETh
B/LI xe BoImre 0,38!

151 TIpOM3BONICTBA TOPOKHBIX M a3POAPOMHEBIX TIIHT,
K KOTOPBIM TIPEIBSIBIISTIOTCS 00JIee JKeCTKIE TPeOOBAHNS
10 TIPOTUBOCTOSTHUIO COJICBOM arpecChy, YeM K OOBIU-
HBIM TUTUTaM OCTOHHBIM TPOTYapHBIM, TIpeIjiaracM JIiv-
o oOHBII KpeMHe30J1b «Dmokc-2I'D», KOTophIil Ipr
3aMece BBOIMUTCS B TSDKEIIBIN OETOH TaKKe B MOJIMKApP-
OOKCHMJIATHOM THITEPILIACTH(DUKATOPE U B TOM Ke caMOit
IO3UpoBKe. JlaHHBINM KpeMHE30JTb IIOBHIIIACT IPOYHOCTh
OcTOHA Ha pacTsKeHME TIPU M3THUOE, YTO OUCHB BasKHO
KaK MpH CHJIBHBIX TMHAMIYIECKIX Harpy3Kax, TaK 1 IIpu
CTaTHMYECKUX, OCOOCHHO Ha TOPOKHBIX ITOKPHITHSIX 1 Ha
B3JIETHBIX IT0JI0caxX a3poapoMoB. Toibko «Dmokc-2I'MD»
HEJIb3s 3aMOpaXknBaTh, B otimuue oT «Dmokc-1TdD»,
¥ OH HE MOXET pab0TaTh KaK IPOTUBOMOPO3HAsT JOOABKA:
HICKHUIA ero Tipenen +5°C. B To ke BpeMst TIpu yCTpOii-
CTBE MOPOKHBIX TTOKPHITHI 1 B3JICTHBIX ITOJIOC OH OYICT
He3aMEHHNM, TaK KaK SIBHO ITOBBIIIIAET COITPOTUBIISIEMOCTD
COJICBOIT KOPPO3UHU K UCTHPAHIIO OETOHHOM TTOBEPXHOCTH
TIpH TIPAKTUYECKU HYJIEBOM €€ BOIOTIOTJIOIICHIM.

Crabuan3npoBaHHBIC B IIPOIlecce MPOM3BOACTBA
CHeIIMAIbHBIMI XUMUUYECKMMHU BEIIECTBAMU W BHI-
cokomoJiekynasipHbiMu [TAB nnodoOHbIe 30711 cepun
«BETOITPECC»® u Bce oTeuecTBEHHBIE XUMUYECKIE
n00aBKU ¢ MX J0OaBJIeHUEM MPEACTABIISIIOT UIN Xe Oy-
IyT TIPEACTABIIATh COOOM MHANBUIYAIbHBIC KOJUIOWI-
HBIE PACTBOPHI, T KaXKIBIH IO OTACITLHOCTH JOJIKEH
HUMETh CBOIO HETIOBTOPUMYIO popmyry. BriocnencTsum
MaHHBIC TPOAYKTHI CMOTYT XPAaHUTHCSI MPAKTUICCKU
rogamMu 1 0e3 moTepy HOBOIIPHUOOPETEHHBIX CBOVICTB,
HamboJiee BaXKHOE M3 KOTOPBIX KPUCTAITIO00pa30BaHMe
B CTPYKType IIEMEHTHOTO KaMHsI, B TIOpaX 1 KaImIIsIpax,
OO0 B TIOBEPXHOCTH, B 3aBUCUIMOCTH OT IIPUPOIBI 30J15T
IIPpY COOJTIOIEHNUH BCeX PEKOMEHIAIINI 1 YCIIOBHUIA. BoT
TeTepb MOKHO YETKO Pa3IeUTh BCE CYIICCTBYIOIINE
XUMUWYeCKHNe N100aBKu B 0eToH Ha Tepputopun CHT
Ha JIBe OCHOBHBIC TPYIITHI, TII¢ B TIEPBYIO TPYITITY BOMIYT
boJiee OBYX JHECATKOB CIIOKHBIX KOJUIOMITHBIX PACTBO-
poB B BuJe 110(hOOHBIX 30J1ei TToa ToBapHBIM 3HAKOM
«BETOITPECC», a Bo BTOpYIO BCe ocTajlbHbIe. U coBceM
HEeBaXXHO, OT KaKNX MMEHHO IIPON3BOIUTENICH, HO TOJIb-
KO JINIITh KaK UCTUHHBIC PACTBOPHI, KOTOPBIX B Poccum
Ha CeromHS IOpSIAKa MATUCOT Ha3BaHUM, M BCe OHU
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B CpPaBHEHUH TIPAKTUIECKH Ha OMHOM YPOBHE IO CBOUM
cBoiicTBaM 1 3((PEKTUBHOCTH.

Bce pazpaborku ot kommmanuu «HITO BETOXU-
MUKC»® npeacrasistior it Poccnn 0co0yIo IEHHOCTh
B CTpaTeTUIECKOM ITIaHe KaK YHUKATbHAs BO3MOXHOCTD
TIepEBECTH BCIO CTPOUTEIIBHYIO MHIYCTPHIO CTPAHBI OYK-
BaJIBHO 3a Mapy JeT C IPOM3BOICTBA PSIIOBOTO IIEMEHT-
HOTO OCTOHA Ha TIPOM3BOACTBO HAHOCTPYKTYPHUPOBAH-
HOTO. A IUTS TIPS AMIPUSITHI, BBITYCKAIOIINX XUMIICCKIE
IO0AaBKM B OCTOH, 3TO IIAaHC HadyaTh BHIITYCKATh CBOU
TIPOIYKTHI HETIOCPEACTBEHHO B (hOpMe MHHOBAIIMOH-
HBIX 30JIbCOICPKAIINX MOAN(PUKATOPOB KATETOPUH TTPO-
MBIIIUICHHBIX HAHOMAaTePHUAIOB KaK IJIsST BHYTPEHHETO
MOTpeOJIeHNS, TaK M Ha 3KCIopT. UYTo, B CBOIO 0Uepeb,
TIO3BOJIUT BCEM pPeTHMOHAM Ha MECTaX IIPOMU3BOIUTH TSI-
JKeJIbIe IIEMEHTHBIC OCTOHBI M U3IEUS CO CITCIINAIbHO
3aJaHHBIMU CBOMCTBAMM TSI XKVUTBIX ¥ TIPOMBIIIITICHHBIX
3MaHW, IJIST MOCTOB U KaHAJIOB, IIJIT OETOHHBIX TOPOT
¥ a3pOIPOMOB, IIJII TOHHEJICH M METPOIIOIUTEHOB, IS
OPTOB ¥ IpudajoB, Wit ADC 1 XpaHWIUII OTXOIO0B
" Tak majee. KoutekTuB Halneit KoOMITaHUM He TOJBKO
IyMaeT O OBICTPOM IMOCTIKeHUN Poccueil TeXHoIorn-
YeCKOro CyBEepeHHUTETa B IIPECTIDKHON 001aCTH HAHO-
TEXHOJIOTHI1, HO 1 He TepecTaeT Ha 3To paboTars! M Kak
pe3yNbTaT paboTHl —HAJMYIME TPYIITHl MHHOBAIIMOHHBIX
HAHOIIPOAYKTOB Ha 0a3e¢ 0TeUYeCTBEHHOTO CBIPhS, IIPO-
CTO He MMEIOIINX ceOe aHAJIOTOB IaXKe Ha 3arane, Kak,
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ABSTRACT

Introduction. The study is aimed at analyzing the possibility of creating a building composite material based on amylose and
amylopectin with the introduction of crushed walnut shells as a filler. Materials and methods of research. To obtain the com-
posite, the following components were used: distilled water, potato starch (NevaReaktiv, St. Petersburg, Russia), acetic acid 70%
(NevaReaktiv, St. Petersburg, Russia), highly dispersed walnut shell powder. For this research, we used walnut shells of the Chandler
variety (engrafted) collected form the Belgorod region. The composite was produced in several stages. At the first stage, a mixture
of starch and walnut shells was added to distilled water, followed by a pre-prepared 9% acetic acid solution. The resulting mixture
was thoroughly mixed, after which it was transferred to a stainless-steel bowl and subjected to heat treatment. The resulting mixture
was then pressed with solid-phase compaction method at a pressure of 72 MPa. We studied the physical and mechanical charac-
teristic of the resulting composite, its thermal properties, as well as the hydrophobic-hydrophilic balance of the surface. Results
and discussion. The resulting composite has good strength characteristics. Flexural strength at break is o, = 25.85+2.51 MPa and
0, = 28.44+5.71 MPa for filling 50% weight and 75% weight. Accordingly, they put it on a par with similar composites made from more
conventional thermo- and thermoset polymers. The temperature limit for the composite material exploitation has been established,
the upper of which can be considered the temperature at which the polymer matrix begins to soften — 103.1 °C. Conclusion. The
results obtained are crucial for understanding the mechanisms involved in creating composite materials made entirely from plant
components, utilizing, among other factors, agro-industrial waste.

KEYWORDS: botanical raw materials, highly dispersed walnut shell powder, composite material, starch, contact angle of wetting,
thermal properties, flexural strength.
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INTRODUCTION

everal years ago, the development of high-tech in-

dustries began to be marked by the active integration
of composite materials and exploration into their poten-
tial applications. Through the identification of neces-
sary compositions, it became possible to create materials
with specific technological specifications. Certain metals
have lost competitiveness under extreme operating con-
ditions due to the exceptional properties of composite
materials, including corrosion resistance, high strength,
and heat resistance. Another benefit of composite ma-

terials is their ease of production without the need for
additional processing, thereby lowering the economic
costs associated with prolonged, multi-step material pre-
production [1—-3]. This aspect makes them particularly
attractive especially + particularly for autonomous appli-
cation in the construction industry, the industry of creat-
ing advanced spacecraft [4], as well as for strengthening
building structures through high-strength connections [5,
6]. Operational parameters are defined during the mate-
rial creation process, considering = taking into account
the thermal, chemical, mechanical properties, and aniso-
tropic behavior of the final product [7].
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With the development of the composite materials
sector, they have become high-demand resources for
high-tech industries. Scientists began to study the pos-
sibility of introducing various reinforcing substances into
the polymer matrix to improve physical and mechanical
characteristics. Unreinforced polymers can be used for
cladding buildings and as finishing materials [8]. Fiber-
reinforced polymers are high-strength, lightweight, cor-
rosion-resistant materials that can be used to create all-
composite structures, to strengthen bridges and buildings,
and the provision of thermal and sound insulation for
buildings [9, 10]. During the creation of these materials,
the matrix substance encases and anchors the reinforcing
fibers in specific + certain positions, fostering a robust
material interaction at the intercellular level [8].

In the process of widening the scope of application
of composite materials, the operational requirements
for the final products have been changing, which gener-
ated the search for new solutions — modification with
chemicals. Due to the introduction of new components,
the properties and characteristics of the substance with
additives have changed. Modifiers in some cases+ In cer-
tain instances facilitate the process of processing products,
and also enhance resistance to various forms of degrada-
tion, as well as increasing resistance to combustion. Fillers
can be organic or inorganic in nature [11, 12].

In turn, they are divided into three groups upon
their physical state: dispersed (powdery), fibrous and
leafy. The activity of fillers is determined by the follow-
ing factors: the energy of adhesion of the polymer to
the filler, particle dispersion, and the ratio of filler to
polymer. For better interaction, the surface of the filler
can be further modified. Accordingly, any filler can be
made active if necessary [13]. The resource-saving tech-
nologies research has become popular in the further
development of science. Composite materials are now
created with fillers from various waste materials: wood
waste [14], metallurgical industry waste [15], waste from
the production of cement bonded particle boards [16]
and produced with environmentally friendly agricultural
wastes fillers [17—20].

Each filler contributed to the improvement of certain
strength, decorative, heat-resistant, and corrosion-re-
sistant characteristics of the material. Utilized resource-
saving technologies has effectively solved the problem
of reusing raw materials and reclamation of unrecyclable
wastes. The production of composites from natural fibers
will reduce the use of non-degradable materials.

Modified organic fillers in the matrix of thermoplastic
polymers will significantly reduce the cost of the product.
Filler modification can generally improve the physical
and mechanical properties of the finished material [21,
22]. Polymer composites modified with organic fillers are
a competitive alternative to conventional wooden con-
struction materials.

Lignified parts of agricultural wastes are of particu-
lar interest: husks, shells, stems and shells of various
plants. They are not commonly used in other fields and
are a waste of resources. Therefore, it is an inexpensive
raw material that can be re-used and effectively applied.
[23]. Walnut shells contain a large amount of lignocel-
lulose. Its introduction into the polymer matrix as filler
improves the properties of the material, giving it a lower
density, physical and mechanical stability due to the cre-
ation of strong bonds. To replace the synthetic component
in the polymer matrix, a mixture based on amylose and
aminopectin will be used. The main benefits of replacing
synthetic, inorganic fillers include their natural origin,
their high physical and mechanical strength, and their
good thermal insulating properties.

The final product will be environmentally friendly
and durable, with resistance to external influences. As
the components interact, the beneficial qualities of each
individual component will have a positive impact on
the properties of the final material. Safety for organisms
and the environment will be the main criterion for this
material [24]. The high physical and mechanical prop-
erties of composite materials, including their reliability,
resistance to external influences, and durability during
operation, ensure their use in a variety of industries, not
just in the construction sector. These materials are suit-
able for use in all high-tech sector that require a durable
and reliable product.

The purpose of this research is to study the unique
properties of the composite material based on amylose
and amylopectin with the introduction of crushed walnut
shells as a filler.

MATERIALS AND METHODS OF THE RESEARCH

To obtain the polymer composite, the following
components were used: distilled water, potato starch
(NevaReaktiv, St. Petersburg, Russia), acetic acid 70%
(NevaReaktiv, St. Petersburg, Russia), walnut shell
powder (size no more than 160 microns). For the re-
search, we used walnut shells of the Chandler vari-
ety (grafted) collected in the Belgorod region. To use
the shells as fillers for polymer composites, they were
ground into a powder form. Before grinding, the shells
were thoroughly washed in running water and dried at
110 °C for 3 hours in order to completely remove any
remaining water.

Grinding was performed in two stages. At the first
stage, large shell fragments were crushed in a vibration
mill. After that, the material was ground to a particle size
less than 160 micron in a laboratory batch planetary mill,
Tencan XQM-1a (manufactured by Tencan, China). The
grinding was done in steel cups made from ShKh-1 steel,
steel balls with a diameter of 8 to 10 mm were used as
the grinding media. The obtained walnut shell powder
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from the Chandler variety (grafted) was studied by scan-
ning electron microscopy (SEM) on a TESCAN MIRA
3LMU device with the recording of energy-dispersive
X-ray spectra (EDS) at several points (microregions) with
a built-in spectrometer X-MAX 50 Oxford Instruments
(manufactured by TESCAN ORSAY HOLDING, Czech
Republic).

The granulometric composition of the resulting walnut
shell powder was studied on the Analysette 22 NanoTec
plus laser diffraction particle size analyzer with the la-
ser diffraction method in suspension. For this purpose,
a small amount of the powder was diluted with 96% iso-
propyl alcohol. This is done to avoid excessive swelling
of the particles and to obtain more accurate results.

The preparation of the polymeric composite was car-
ried out in several stages. At the first stage, a mixture
of starch and walnut shells was added to distilled water,
then a pre-prepared 9% solution of acetic acid was add-
ed. The formulation for the polymeric matrix is based
on a modified version of the composition presented in
the study [1], the modification consists of a twofold re-
duction in the water-solid ratio. The resulting mixture was
thoroughly mixed and then transferred to a stainless-steel
bowl.

The mixture was heated in the bowl on a labora-
tory electric heating plate. With continuous stirring,
the mixture was brought to the boiling point and kept
hot for the next 15 minutes. After that, it was allowed
to cool to a temperature between 25—30 °C within half
an hour. Unlike the initial suspension of starch particles
and walnut shells, the resulting mixture has obtained
increased viscosity, which indirectly indicates an in-
crease in polymerization degree for the main compo-
nents of starch.

To obtain a composite press material, the above mix-
ture was dried. For drying, a NuWav-Pro laboratory mi-
crowave unit (manufacturer Nutech Analytical, Kolkata,
India) was used. Drying schedule: power — 800 W, mag-
netron frequency — 2450 MHz. Drying the material in
a microwave oven has a number of benefits over drying in
a convection oven: among them are reduced drying time
(~ 5 minutes), heating the liquid throughout the entire
volume simultaneously, and a softer mode of heating.
Drying was carried out until the moisture completely
evaporated.

The formation of material samples was conducted
on a tensile testing machine, REM-100 (manufacturer
“Metrotest”, Russia), in compression pressing mode.
After the resulting press composition had been loaded
into a preheated mold at 120 °C, it was manually com-
pacted using a punch and placed in a preheated 120 °C
convection oven for 30 minutes. Heating the material is
a necessary step in molding the polymer composition,
as the polymer matrix in the final press products has
thermoplastic qualities. The optimal mode for pressing

the samples was selected based on the change in sample
density depending on the pressing pressure and is 72 MPa
with holding under pressure for 1 min.

The density study of the of the resulting composition
and powder materials was conducted by direct measure-
ments of the parameters of a tableted sample with a di-
ameter of 30 mm. The density of the composite was cal-
culated as the ratio of the volume of the resulting sample
to its mass.

For studying the tensile strength on the three-point
static bending, samples were produced in the form
of beams 80 mm long, 10 mm width and 4 mm thick. The
test conducted at a constant speed of traverse movement
of 2 mm/min, support span was 64 mm. The absolute
values of sample deformation and applied force obtained
as a result of testing were reduced to the relative value
of displacement and flexural strain, respectively. To con-
vert the absolute value of the sample deformation (s, mm)
into units of relative deformation (g, %) the following
formula was used:

600sh
= 2’

where s is the deflection of the sample, mm; & —
sample height, mm; L — support span, mm. To convert
the absolute bending strain (F, N) into units of flexural
stress (o, MPa), the following formula was used:

3FL
T 2pn?

where F — bending strain, N; L — support span, mm,;
b — sample width, mm; 2 — sample height, mm.

The study of wettability, as well as the free energy
of the surface, was conducted by the “sessile drop”
method, with the measurement the contact angle of wet-
ting (WCA) using the tangential method. The “ses-
sile drop” method involves applying drops of a liquid
with a volume of 10 microliters (ul) to the surface of a
sample using a glass pipette. To calculate the surface
free energy of the composite material using the OWRK
method (Owens, Wendt, Rabel, and Kaelble), we stud-
ied the wettability of its surface using two liquids with
known dispersive and polar surface tension components.
The surface free energy was calculated using the OWRK

model:
P
A O
p NTL o a2,

a,
sol —D so
O—I b

where o, — the surface tension of the liquid, mJ/m?;
0 — contact angle of wetting; 0,” — dispersion component
of the surface tension, mJ/m?; ¢, — polar component
of the surface tension, mJ/m* o _/ — polar component
of the free surface energy, mJ/m?* o/ — dispersion com-
ponent of the free surface energy, mJ/m?.

o - (cos8+1)

2 " O—ED
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RESULTS AND DISCUSSION
Study of highly dispersed walnut shell powder

The study used a previously sifted walnut shell pow-
der, which had been passed through a C12/38 sieve with
a mesh size of 160 um to remove larger particles. The re-
sults of the granulometric analysis are shown in Figure 1.

Based on the granulometric analysis data, it can be
noted that the granulometric composition is typical for
systems obtained by dispersing the initial product in plan-
etary ball mills. The resulting system can be well described
by a unimodal distribution with a peak at 49 um, with
most particles falling within the range of 1 to 49 um.

The resulting particle size is well suited for obtain-
ing maximum strength of the resulting composition with
minimal energy consumption, since as the particle size
decreases, their specific surface area increases, in the case
of the system presented above, a component of the order
of ~ 8500 cm?/cm?, and the homogeneity of the resulting
mixture increases. The density of the resulting powder is
within the range of 1.0720.01 g/cm?.

Figure 2 shows images of walnut shell powder obtained
using a fourth generation scanning electron microscope
(SEM) with a TESCAN MIRA 3 Schottky cathode. The
data presented in Figure 2 indicate a complex surface
morphology of the powder. Walnut shell powder particles
have an irregular shape in the form of plates. The cross-
sectional (largest) particle size varies from 1 to 20 um.

Fig. 2. SEM images of the resulting walnut shell powder

The curves of the combined TG—DSC analysis of wal-
nut powder (Fig. 3) show the presence of several regions
associated with various thermal effects.

The thermogravimetric curve contains several sections
of mass loss, which occurs due to a number of processes.
Thus, in the temperature range from 23.0 to 131.0 °C,
a decrease in the mass of the sample to 95.44% is being
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Fig. 1. Particle size distribution of grinding walnut shell powder
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Fig. 3. TG—DSC curves of walnut shells

recorded. In this case, the DSC curve for this temperature
range shows one endothermic peak with a minimum at
90.7 °C. The nature of this peak indicates that the process
under this temperature range has been involving energy
consumption, and the presence of a subsequent plateau
on the TG curve indicates stability of the resulting residue
in the temperature range from 131.0 to 207.2 °C. Due to
the significant specific surface area of the shell powder
(8500 cm?/cm?®) and its hydrophilicity, the considered
mass loss and the associated endothermic peak are most
likely associated with the removal of adsorbed water.

In the next section of the TG curve, in the range from
131.0 to 207.2 °C, there is a plateau, where device does not
detect significant mass loss. There are also no thermal
effects within the interval; the DSC curve is being within
the zero mark.

In the temperature range from 207.2 to 323.7 °C,
the device records a significant (about 50%) weight loss
of the sample on the TG curve, with an associated exo-

thermic peak at 349.2 °C. Total mass loss occurs between
349.2 and 476.8 °C, with an associated exothermic peak
at 437.9 °C. For organic mixtures, in general, pyrolytic
processes occur predominantly in this temperature range.
Thus, the peak at 349.2 °C belongs to the pyrolytic de-
composition of lignin, noted by the authors in the article
[25]. In turn, the peak at 437.9 °C predominantly belongs
to the exothermic effect that occurs during the pyrolytic
decomposition of cellulose [26].

Study of physical and mechanical parameters
of the resulting composition

The polymer press compositions considered in this
study are presented in Table 1. The result presented in
the table was calculated as the arithmetic mean of three
parallel measurements.

The density of the resulting composite largely depends
on the amount of filler, which is explained by the lower

Table 1
Studied formulations of the composite
Composite formulation Auxiliary components
Serial T PaaE—
number of the Walnut shell Composition Water, ml/100 g o Acetic act
composition S, i powder, wt.% density, g/cm? composite CULLOy ml/ 100g
composite
Compound 1 75 25 1.4210.01
Compound 2 50 50 1.43£0.01 625 5
Compound 3 25 75 1.3410.01
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Fig. 4. The “Flexural stress/relative deformation” curves for samples (the insets show the outer appearance of the
composition being tested): a — filling 25 wt.%. (0,= 4.81+0.52 MPa); b — filling 50% wt. (o, = 25.85+2.51 MPa);

a — filling 75% wt. (0, = 28.44+5.71 MPa)

density of walnut shell powder (1.07£0.01 g/cm?) com-
pared to the polymer matrix (1.40£0.01 g/cm?).

The core strength indicator studied for the resulting
polymer composite is the flexural strength at break. Fig-
ure 4 shows “the flexural stress/relative deformation”
curves obtained as a result of the conducted tests.

Based on the data from the curves presented in
Figure 4, the flexural strength at break for composi-
tions with a filling of 25, 50 and 75% wt. are equal to
4.81+0.52 MPa, 25.85+2.51 MPa and 28.44%5.71 MPa,
respectively. In this case, the values of the relative de-
formation index at the flexural strength at break of the
samples are in the range of 8.70+0.47% for a composite
with a filling of 25 wt.%, 5.51+0.10% for a composite with
a filling of 50 wt.%., and 3.39+0.32% for a composite with
a filling of 75% wt.

The introduction of a significant amount of walnut
powder (over 50% by weight) into the polymer composi-
tion provides a beneficial effect on the flexural strength
at break of the resulting composite. In the case of this
particular composition, there is a nearly five-fold increase
in the hardness of the highly filled composite. It is worth
noting the change in the shape of the graph “Flexural
stress/relative deformation”, in which there is no tensile
yield for a highly filled polymer; the test curve in this

Table 2

case is well described by a linear polynomial. In turn, for
a composite with a filling of 25% wt. the presence of flow
behavior is noted after reaching the flexural strength at
break, which is associated with the properties of the poly-
mer matrix.

Wettability study of the resulting composition

The wettability study of the polymer composite was
conducted using two solvents - water (o° = 22.6 mJ/m?;
0" = 50.2 mJ/m?) and isopropyl alcohol (o°, = 3.5 mJ/m?;
o” =19.5 mJ/ m?). Statistically processed data of contact
angle of wetting are presented in Table 2.

When measuring the contact angle of wetting for
the surface with isopropyl alcohol, no significant devia-
tions in the WCA value were recorded, however, for water,
its significant decrease had been determined with an in-
crease in the filler content in the composite from 25 wt.%.
up to 50% wt., followed by a growth with increasing filler
content from 50% wt. up to 75% wt. Pictures of the “ses-
sile drops” and the corresponding WCA values are pre-
sented in Figure 5.

It is worth noting that the contact angle of wetting for
the polymer matrix with water is also in the range of 60—
70°. The untreated walnut shell is completely wetted.

The obtained values of the contact angle of wetting for the composite with the solvents

Contact angle of wetting Surface free energy
Composite filling,
wt.% Water Isopropanol ¢°, mJ/m’ ¢*, mJ/m? Glﬁ‘l]l;;ilzl’
25% 76,74£5,75 15,2114,18 11,53%0,01 16,2740,57 27,8%0,58
50% 62,191+4,31 17,01+3,04 7,25%0,01 32,1%0,16 39,35+0,17
75% 98,131+2,05 14,23+2,18 20,73%0,01 1,84%0,08 22,57+0,09
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Fig. 5. Representative pictures of “sessile water” drops on a polymer composite

Thermogravimetric and DSC analysis
of the resulting composition

For thermogravimetric analysis of the resulting com-
position with the combined thermogravimetry method
(TG) and differential scanning calorimetry (DSC) of the
resulting composition, a sample with 50 wt.%. filler con-
tent (walnut shell) was selected.

The sample’s thermogram (Fig. 6) is represented by
a complex multi-stage decomposition curve, consisting
of 3 main sections. In the first section, in the temperature
range from 20.0 to 122.1 °C, a decrease in the mass of the
sample to 95.11% is noted. On the DSC curve, one en-
dothermic peak is associated with this region, the center
of which is at 86.1 °C. Due to the fact that there is no
mass loss recorded by the device in the subsequent sec-
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Fig. 6. TG—DSC curves of the composite with filling of 50% wt. walnut shells
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tion of the curve, and also based on the endothermic na-
ture of the associated peak, it is most likely that the mass
loss that occurred in the temperature range from 20.0
to 122.1 °C is associated with the removal of the water
adsorbed by polymer composite.

As noted earlier, in the second section of the ther-
mogravimetric curve in the range from 122.1 to 130.5 °C,
the device has not detected significant mass loss, however,
the DSC curve shows the presence of an endothermic
peak with a minimum at 126.6 °C. Based on the available
academic literature data [22, 27] the above peak refers to
the softening of the starch thermoplastic polymer. Thus,
it can be judged that the optimal temperature regime for
molding the resulting composition is in the range from
122.0 to 130.5 °C (overall width peak at half maximum).
The temperature of the composite is softening within
103.120.1 °C.

The thermogravimetric curve of the third section
of the thermogram is characterized by a multi-step de-
composition curve without the formation of intermediate
fixed constituent. The range from 250.4 to 329.2 °C ac-
counts for about 50% of the total mass loss of the material.
In this temperature range, thermal destruction of cellu-
lose occurs, primarily expressed in dehydration, due to
the large-scale representation of thermolabile hydroxyl
groups in the structure of cellulose. In the temperature
range from 329.2 to 480.6 °C (section 4), almost complete
combustion of the organic components of the filler and
polymer matrix occurs, after which the thermogravimetric
curve passes to section 5.

It is worth noting that sections 3—5 exhibit their own
rates of mass loss (which is reflected by the slope of the
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AHHOTALMA

BBegeHwme. /iccnegoBaHve HanpaBneHo Ha N3yyYeHre BO3MOXKHOCTI CO3[4aHNA CTPOUTENIbHOMO KOMMO3MLMOHHOIO MaTepurana
Ha OCHOBE aMW03bl 1 aMUIONEKTUHA C BBeAEHUEM MU3MeSIbYEeHHON IPeLKo CKOpAynbl B KayecTse HanonHuTend. Matepmnanbi
1 MeToabl nccnegoBaHuA. [1na nonyyeHna KOMNo3mTa NPUMEHANNCH cliefytolne KOMMOHEHTbI: BOAA AUCTUANNPOBAHHAA, Kpax-
Man KaptodenbHbiin (HeBaPeakTne, CaHKT-MeTepbypr, Poccus), kncnota ykcycHasa 70% (HesaPeakTtus, CaHkT-MeTepbypr, Poccus),
BbICOKOANCMEPCHDBIN MOPOLLIOK CKOPAYMbl rpeLKkoro opexa. [ina nccnegoBaHunin MCNoAb30Banu CKOpPJyny rpeLkoro opexa copra
YaHgnep (npusuToin), cobpaHHoOro Ha Tepputopumn benropoackoi obnactu. MNonyyeHne KOMNO3nTa NPOUN3BOAUIOCH B HECKOJSIbKO
cTapuii. Ha nepBoi cTagmy cMecb Kpaxmara 1 CKOpJlyrbl FpeLKoro opexa 4o6aBnsanca B AUCTUNNNPOBAHHYO BOAY, NOC/e Yero Ao-
6aBnANCA NpeaBapUTENIbHO MPUTOTOBAEHHDBIN 9% PacTBOP YKCYCHOW KMCNOTbI. [lonyyeHHas cMech TLaTeslbHO NepemMellnBanach,
nocsie Yero nepemellanacb B Yally U3 HEPXKaBeloLLlel CTanu 1 NoaBeprinacb TepmoobpaboTke. MonyyeHHy0 cMecb 3aTem npec-
COBaNv MeToAoM TBepAoda3HOro KOMMaKTMpoBaHWA Npu aasneHnmn 72 MMa. Bbinu n3yyeHbl GpUsnMKo-mexaHnyeckre nokasaTenu
Mofy4YeHHOro KOMMO3UTa, ero TepMmyeckime CBOMCTBA, a Takke rnapodobHO-rmapodunbHbIN 6anaHC NoBepxHOCTW. PesynbraTbl
1 obcykaeHue. MonyyeHHbIi KOMNO3MT 0611aJaeT XOPOLMMM MPOYHOCTHBIMY XapaKTepucTrkamu. Mpegensl NPOYHOCTU Ha U3-
rmé 0, = 25,85+2,51 Mla un o, = 28,44+5,71 MIa gna HanonHeHnsa 50% macc. 1 75% Macc. COOTBETCTBEHHO CTAaBAT €r0 B OAVH pAf
C aHaNIOrMYHbIMY KOMMO3UTaMu 13 6onee TPaguLUMOHHbIX TEPMO- U PeakToMNIacTUYHbIX NMOANMEPOB. YCTaHOB/EH TEMMNEPATYPHbIN
npegen sKcnayataymm KOMNO3ULMOHHOTO MaTeprana, BEPXHNM 13 KOTOPbIX MOXHO CYMTaTb TeMMepaTypy Hayana pasmaryeHus
nonumepHomn matpuupl — 103,1 °C. 3aknioueHune. [onyyeHHble pe3ynbTaTbl MCCefOBaHNA NPeACTaBNAIOT BaXXHOe 3HaueHre AnA
NMOHMMaHNA MEXaHVN3MOB CO3[iaHNA KOMMO3MLMOHHbIX MaTePUANIOB, COCTOALLMX MONTHOCTbIO HA OCHOBE PaCTUTENbHbIX KOMMOHEHTOB
C MCNOJIb30BaHNEM, B TOM YKC/le, OTXOLOB arponpoMbILLIEHHOIO NPON3BOACTBA.

KJTIOYEBDIE CJIOBA: pacTuTenbHOe Cbipbe, BbICOKOAMCMEPCHbIV MOPOLLIOK CKOPAYMbI MPELIKOro opexa, KOMMO3ULMOHHbIN MaTepran,
Kpaxmar, KpaeBoW yros CMaurBaHus, TepMryeckrie CBOMCTBA, MPOYHOCTb Npu n3rube.
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BBEAEHUE

HCCKOJ'ILKO JICT Ha3all pa3BUTHUE BICOKOTEXHOJIOTMY -
HBbIX OTpaCJ’[efI HayvyaJIO XapaKTe€pMn30BaTbCA aKTHUB-
HbIM BHEAPECHNUEM KOMITO3UIIMOHHBIX MaTCpHUaJIOB U NC-
CJICJOBAHUAMMU O BOSMOXKHOCTAX NX IIPUMEHCHM. B Ipo-
necce I/I,HeHTI/I(i')I/IKa]_[I/II/I HEoO0XOOMMOI0 COCTaBa MOXHO
OBLITO I10JIydaTb MaT€pHrall C 3apaHCC OIPEACTICHHbBIMN

TEXHOJIOTNYCCKNMHU TpC6OBaHI/I$IMI/I. HeKOTOpI)IC METall-
JIbI CTaJIN HeKOHKypeHTOCHOCO6HbIMI/I B OKCTpEMaAJIbHBIX
YCJIIOBHMAX SKCILTyaTalvM 3a CYET YHHUKAJIbHBIX CBOICTB
KOMITO3MIITMOHHBIX MaTCPHAJIIOB, TAKMX KaK KOppOSHﬁHaH
CTOfIKOCTb, BBICOKHWI MOKA3aTeb IIPOYHOCTHU, TEPMO-
croiikocTs. Elie omHuMm IIPENMYIICCTBOM KOMITO3UIIMOH-
HBIX MaT€praioB ABJIACTCA IMPOCTOTA N3IrOTOBJICHUA oe3
TIOTIOJTHUTEILHOMN O6pa6OTKI/I, YTO CHM2KACT SKOHOMMNYEC-
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CKUe 3aTpaThl Ha TIPEI3KCITIyaTalMOHHYIO [UTUTEILHYIO,
MHOT03aJaYHYI0 IOATOTOBKY Matepuana [ 1—3]. JanHbIit
ACIICKT AeJIacT UX OCOOCHHO MPUBICKATCIHHBIMU IS
CaMOCTOSITEJIBHOTO IIPUMEHEHHUSI B CTPOUTEIIBHOM OT-
pacim, OTpaciay CO3MAaHMSI COBPEMEHHBIX KOCMIUYIECKIX
armaparoB [4], a TaKKe 1T YIIPOUYHEHUS CTPOUTETBHBIX
KOHCTPYKIIMH 3a CYET BHICOKOIIPOYHBIX COCTUHEHMIA |5,
6]. DKcIuTyaTallMOHHbBIE ITApaMeTPhl YCTAHABIMBAIOTCS
B IIPOIIECCE CO3MAHUS MaTeprajia ¢ y9eTOM TEPMUICCKIUX,
XUMIYECKUX, MEXaHUTIECKIX CBOMCTB ¥ aHU30TPOITHOTO
noBeIeHUsI KOHEYHOro Marepuala [7]. B mpouecce pas-
BUTHUS WHIYCTPUN KOMITO3UIIMOHHBIX MaTepHUaIOB OHU
CTaJT OMHUMH M3 CAMBIX BOCTPEOOBAHHBIX PECYPCOB IS
BBICOKOTEXHOJIOTUIHEIX OTpacieil. YUeHble HaYald 13-
y4JaTh BOSMOXKHOCTh BBEICHMS B TTOJIMMEPHYIO MAaTPHUILY
Pa3TMIHBIX APMUPYIOIINX BEIIECTB IS YIydIIeHIS (-
3MKO-MEXaHMICCKUX XapaKTepUCTUK. 1T 00IMIIOBKI
3MaHUI M B KAYECTBE OTACIOIHBIX MAaTEPHUAIOB MOTYT
HCIIONTB30BaThCsl HeapMHUPOBAaHHEIC TTONMMMEDHI [8]. Ap-
MMPOBAHHEIC BOJIOKHOM TIOJIMMEPHI SIBJISTIOTCS BEICOKO-
TIPOYHBIMH, JICTKUMU, KOPPO3MOHHOCTONKIMU MaTe-
prajaMu, KOTOPbIe MOTYT IIPUMCHSITBCS IUIST CO3MAHMUS
EeIPHOKOMITO3UTHBIX KOHCTPYKIIWM, VTSI YKPETICHUS
MOCTOB U 30aHWI 1 IJIST OCHAIICHMS 3MaHWI1 TeIUIOM30-
JImmeit u 3ByKousossiieii [9, 10]. B mporiecce cozmanms
TaKMX MaTepHUAJIOB BEIIECTBO MATPUIILI OOBOJIAKMBACT
¥ 3aKPEIUISICT B OIPEIeICHHOM TTOJIOKEHIH apMUPYIOLITIE
BOJIOKHA, CO3IaBasi IPOYHOE B3aMMOICHICTBIE MaTepra-
JIOB Ha MEXKJIETOUHOM ypOBHe [8].

B mipotrecce pa3Butus chepbl IpUMEHEHUS KOMIIO-
3ULIMOHHBIX MAaTEPUATOB UBMEHSITUCH IKCILTyaTalluOH-
HBIC TPeOOBAaHUS K KOHEYHBIM ITPOIYKTaM, UYTO CTeHe-
PUPOBAJIO TIONCK HOBBIX PEIIeHUIT — MOIU(MUIINPOBa-
HIe XUMIYECKMU BEIIeCTBaMU. 3a CYCT BBOIA HOBBIX
KOMITOHEHTOB U3MEHSUTICH CBOMICTBA M XapaKTECPUCTUKI
BelecTBa ¢ Jo0aBKaMu. MomanduKaTopsl B HEKOTOPHIX
cITy4Jasix 00JIETYAIOT MPOIlecC MepepadbOTKM M3ICIIHIA,
a TaKKe TIOBBINIAIOT YCTOMYMBOCTD K Pa3IMIHBIM (Dop-
MaM JIeCTPYKIINH, TTOBBIIIAIOT CTOMKOCTh K TOPESHUIO.
HamomHuTtemm mo mpupoe MOTyT OBITh OpTaHUTISCKIMU
¥ Heopranndeckumu [11, 12]. B cBoio ouepenns oHM pa3-
JIEJISIIOTCST HA TPY TPYIIITHI 10 (DU3MIECKOMY COCTOSTHUIO:
Ha OHUCIIepCHBIC (ITOPOIIKOOOpa3HEIe), BOJIOKHUCTHIC
¥ JINCTOBBIC. AKTUBHOCTD HATIOJTHUTEJICH OIIpenessseTCs
TaKUMU (haKTOpaMU, KaK: SHEPTUs aATre3nuy MoJImMepa
K HaMOJHUTEI0, TUCIIEPCHOCTb YaCTULl, COOTHOIIIE-
HUE HATIOJTHUTEIST ¥ TTomMepa. JIJia HamTyJIero B3a-
MMOENMCTBUS TOBEPXHOCTb HATTIOJHUTESI MOXKET ObITh
MOoIUGUIIIPOBaHA JOTIOIHUATEIbHO. COOTBETCTBEHHO,
JIT0O0 HAaMOJIHUTENIb MOXHO CIe/laTh aKTUBHBIM TIPU
HeobxommumocTH [13].

B manpHelieM pa3BUTHM HAYKU CTAJIO TTOMYIISIPHO
HaIpaBJICHIE pecypcocOeperaroImx TeXHomoruit. Kom-
MO3WIIMOHHBIC MaTepHaIbl CTAIN CO30aBaTh C HAIIOJ-
HUTEISIMU U3 Pa3IMIHBIX OTPAOOTaHHBIX MaTCPUAJIOB:

IIPEBECHBIX OTXOMOB [14], OTXOIOB METaJUTypTUUECKOMN
OPOMBILIIEHHOCTH [15], OTXOmMOB IPOU3BOACTBA 1ie-
MEHTHO-CTPYXKEeUYHBIX TUIUT [16], a TakKe cTanm co3-
JlaBaTh MaTepPUAIIBI C SKOJOTHIYHBIMU HATIOJTHUTCIISIMMU,
IIPEACTABISIOIINMHU COO0M CeTbCKOXO03SIMICTBEHHBIE
otxonb! [17—20]. Kaxaplii HAITOJIHUTEIb CITIOCOOCTBO-
BaJI YAYUYIICHUIO ONpeAeIeHHBIX TPOYHOCTHEIX, J¢-
KOPATUBHBIX, TEPMOCTONKNX, KOPPO3MOHHOCTOMKIX
ImoKasareJieil MaTepuraja B KOHCIHOM UTOre. A TakxKe
TakoM croco06 3(deKTUBHO pelia mpodaeMy IOBTOP-
HOTO MCTIOTb30BaHMS CHIPhS W YTUIN3AIIAIO Hemepe-
pabaTeIBaeMBIX OTXOIOB. [1poM3BOACTBO KOMITIO3UTOB
13 HaTypaJIbHBIX BOJIOKOH ITO3BOJIUT COKPATUTh MCITOJIb-
30BaHME Hepa3laracMbIX MaTepHraioB. Mcmoab3oBaHme
MOIN(PUIIMPOBAHHBIX OPTaHUYECKNX HAIIOJHUTEICH
B MaTpUIIC TEPMOIIACTUYHBIX ITOJIMMEPOB CYIIECTBCH-
HO CHU3UT CTOMMOCTb MpoaykTa. MonudbuuupoBaHue
HAITOJTHUTEIISI MOXKET B 1I€JIOM YIIYUIINTh (PU3UKO-Me-
XaHMYeCKMe CBOICTBA roToBOro MaTepuaina [21, 22].
[MonmumepHbIe KOMITO3UTHI, MOIU(MDUIIUPOBAHHBIE OPTra-
HUYECKUM HATIOJTHUTEIIEM, SBIISTIOTCSI KOHKYPEHTOCIIO-
COOHOI aTbTepHATUBOI TPATULIMOHHBIM CTPOUTEITBHBIM
MaTepHaiaM u3 apeBecrHbl. Ocoboe BHUMAaHUE TIpe-
CTaBJISIIOT OO0 MMTHU(PUIIMPOBAHHBIC YACTH CEIb-
CKOXO3SIICTBEHHBIX OTXOIOB, TIPEACTABISIONINX COO0M
JIy3Ty, CKOPJIYITY, CTCOIM ¥ 000JIOUYKHU Pa3IMIHbIX pac-
TeHnii. OHM MajIo IPUMEHSIOTCSI B IPYTUX 00JIACTIX
" IBJSTIOTCS otxomamu. CiemoBaTebHO, 3TO IeIIeBBIA
CBIPBEBOIT MaTepHall, KOTOPBI MOXKHO TIOBTOPHO U 3¢h-
¢dekTuBHO MpUMEHATH [23]. CKopiryIia Tpeiikoro opexa
COIEePXKUT OOJBIIOC KOJMICCTBO JTUTHOLCIIIIONO3HI,
e¢ BBEICHUE B MOJIMMEPHYIO MaTPUILy B KauecTBE Ha-
TIOJTHUTEIIS YAY4IIaeT CBOMCTBA MaTepHaia, IpumIaBas
eMy 0oJ1ee HU3KYIO TUIOTHOCTD, (PU3UKO-MEXaHNIECKYIO
YCTOMYMBOCTB 3a CUET CO3MAHMSI TIPOIHEIX CBA3eit. JIst
3aMEHBI B MAaTPUIIe CHMHTETUYECKOI COCTaBIISTFOIIICH TTO-
JMepa OyIeT UCIOJIb30BaHa CMeCh Ha OCHOBE aMIUIO3BI
1 aMuHOIIeKTHHAa. OCHOBHBIMU TIPEUMYIIIECTBAMU 3a-
MEHBI CHHTETUIECKIX HEOPTaHMIECKIUX HATIOJTHUTEICH
SIBJITIOTCS TIPUPOTHOE TIPOUCXOXICHIE, BEICOKHE (PU-
3UKO-MEXaHMYCCKNE TTOKA3aTeIM M XOPOIIasl TeIlIo-
n3oiaunst. KoHeUHBI MPOIyKT OYIeT 3KOJOTHICCKHI
YUCTHIM U IIPOYHBIM, YCTONYUBEIM K BHCITHUM BO3-
nmevicTBusM. [1pu B3amMomeicTBM KOMITOHEHTOB TIpe-
MMYIIECTBEHHBIC KaUeCTBA KaXIOro M3 KOMIIOHCHTOB
IO OTIEIBLHOCTH OYOYT HAIlpaBIICHHO BO3ICHCTBOBATh
Ha yJIy4JIIIeHUe CBOMCTB TOTOBOTO MaTepuaa. [ JTaBHbIM
KPUTEPUEM TAaKOTO MaTepraiia OyaeT 6e301IacHOCTb IS
OpPraHMU3MOB U OKpy:Karolei cpensnl [24]. Beicokue ¢pu-
3UKO-MeXaHNIeCKUe MToKa3aTeIn KOMITO3UITMOHHBIX
MaTepHajIoB, UX HAIEXKHOCTD, YCTOMUMBOCTh K BHEIITHIM
BO3IECTBUSIM M TOJITOBEYHOCTh B KCIUTyaTalll 00e-
CTICYMBAIOT TIPUMEHEHNE HE TOJTBKO B CTPOMTEIIBHBIX
00JIaCTSIX, HO W BO BCEX PA3BUBAIOIIMXCS BHICOKOTEX-
HOJIOTMYHBIX OTPACIISIX.
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L[eJ'ILIO UCCIeNOBaHUS TaHHON pa6OT]':>I ABJIACTCA
MN3Y4YCHUEC YHUKAJIbHbIX CBOMCTB KOMITO3UILIMOHHOIO
MaT€pHrajia Ha OCHOBE aMMJIO3bl 1 aMMJIOIIEKTMHA C BBC-
JIIEHUEM U3MEJIbYCHHOMN FpeHKOfI CKOPJIYITbI B KA4Y€CTBE
HAaITOJIHUTECIIA.

MATEPWUAJIbl U METOAbl UCCNEAOBAHUA

Hi1st moaydeHus TTIOJIMMEPHOTO KOMITO3UTa TIpU-
MEHSUINCH CIICAYIOIINEe KOMIIOHCHTHI: BOIA OUCTUJIIN -
poBaHHas1, Kpaxmaia KaprodenabHbiii (HeBaPeakTus,
Cankrt-IletepOypr, Poccust), kuciora ykeycHas 70%
(HesaPeaktuB, Cankr-Iletepoypr, Poccust), mopo-
110K CKOPJIYMbI FPELKOro opexa (KpynmHOCTb He OoJiee
160 MKM).

Hns nccnemoBaHMA MCITOIB30BAIM CKOPITYITY TPEll-
Koro opexa copta Yanmiep (IpuUBUTOM), COOpaHHOTO
Ha Tepputopuun benroponckoit odmactu. st MCIoOb-
30BaHUSI CKOPJIYITHI B KaUeCTBE HATIOJHUTEIICH IS
TOJIMMEPHBIX KOMITO3UTOB IIPOBOIMIIN U3MEJIBUCHIE
CKOPJIYITBL IO TIOPOIITKO000pa3HoTo coctossHus. [lepen
M3MeJIBYCHUEM CKOPJIYITY XOPOIIIO IIPOMBIBAIN B TIPO-
TOYHOI Bojie 1 BeicyImBamu rpu 110 °C B TeueHue 3 ya-
COB JIJISI TIOJTHOTO yHAJICHUS BOIEI.

M3menpueHre TIPOBOAMIIM B IBa 3Tara, Ha IIEPBOM
aTane KPYyIrHbIe (ParMEHTH CKOPIYITEl M3METhUaINCh
B BUOPAIIMOHHOI METbHMIIE, TTOCTIC YeTO MaTepral 13-
MeJIbYajiv 10 KPYIHOCTU MeHee 160 MKM B J1aGopaTop-
HOI TUTAaHETaPHOM MEITBHUIIE TIEPHOANYECKOTO NeHCTBIS
Tencan XQM-1a (Tencan, Kurait). Pactupanue mpo-
W3BOAWJIN B CTAIbHBIX cTaKaHax u3 ctanu IIX-1, B Ka-
YeCTBE MEJTIONINX TEJI MCTIOIBb30BaIM IIIaphl TUaAMETPOM
8—10 MM U3 cTanm TOit XXe MapKu.

[TosydeHHBIN TTOPOIITIOK CKOPITYIBI TPEIIKOTO Ope-
xa copTta YaHmiep (IIpUBUTOIT) MCCICTOBAICST METOIOM
CKaHMPYOIIEH 3JeKTpOoHHON MUKpocKormu (COM)
Ha ipuoope TESCAN MIRA 3LMU co cHATHEM DHEP-
TOMMCIIEPCUOHHBIX PEHTITEHOBCKUX CIIeKTpoB (D1 C)
B HECKOJIbKUX TOYKaX (MUKPOOOJACTSIX) BCTPOCH-
HBIM crniekTpoMeTpoM X-MAX 50 Oxford Instruments
(TESCAN ORSAY HOLDING, Yexus).

I'paHyIOMETPUIECKMIT COCTAB ITOyYCHHOTO TTOPOIII-
Ka CKOPJIYIIBI TPEIIKOTO OpeXa MCCeAoBaICs Ha Ja3ep-
HOM IM(pPaKIIOHHOM aHAIM3aTOPe pa3Mepa YacTUI
Analysette 22 NanoTec plus MeTomoM J1azepHoit nudpax-
WU B cycIieH3uN. 71T 3TOT0 HeOObIIOe KOJTMISCTBO
MOPOIIIKa Pa3BOAMIOCH B 96% M30TIPOITUIOBOM CITHPTE,
TaK KaK OH ITO3BOJISICT M30eKaTh N3MUIITHETO Ha0yXaHMsI
YaCTHUII, KOTOPOE IIPUBOINT K MCKAXKEHUIO PEe3yIbTaTOB.

[MorygeHme MOTUMEPHOTO KOMITO3UTA TIPOM3BOIN-
JIOCh B HECKOJIbKO cTanuii. Ha mepBoit ctanunu cMech
KpaxMalia U CKOPJIYMbl TPELKOTO opexa 100aBisiach
B IUCTUJUIAPOBAHHYIO BOIY, ITOCJIEC YEro J00aBIISIIICS
MpeABapUTEIbHO IIPUTOTOBICHHBII 9% pacTBOp YKCYC-
HOI KMCJIOTHL. Penentypa muist moImMepHO#t MaTpUIIEI

OCHOBBIBAETCSI HA MOANMDUIINPOBAHHOM BapuaHTEe CO-
cTaBa, MPEeICTaBJICHHOTO B UccieaoBaHuu [ 1], Mmoagudu-
KaIIWsT 3aKJTI0YAeTCS B IBYKPAaTHOM COKpaIlleHNU BOMIO-
TBEPIOTO COOTHOIICHMS. [1oTydeHHAsT cMech TIIATeTbHO
IepeMelInBajIach, MOCIe YeT0 IepeMelanach B Jalry
13 Hep>KaBeIoIIeit CTalln.

HarpeB cMecu B gaiiie mpon3BOOMIICS Ha j1abopa-
TOPHOU HarpeBaTeNIbHO 3IeKTporunTKe. [1pu mocto-
SIHHOM TMOMEIIIMBAHUU CMECh JOBOIWIACH 10 KUTIEHUS
1 TIPOTPEeBaIach B TCUCHUE TTOCIICAYIOMMNX 15 MIH, TI0CTIe
YeTo B TEUCHHUE TToJTyJaca OXJIaXKIaaach 10 TEMIIEpaTyphl
nopsgaka 25—30 °C. B oimune oT MCXOTHOM CyCIIeH3U N
YaCTUIl KpaxMaja U CKOPJIYITBI TPEIIKOTO opexa, TMOoJTy-
YeHHas CMeCh 00J1aaeT IMTOBBIIICHHON BI3KOCTBIO, UTO
KOCBEHHO YKa3bIBaeT Ha ITOBBIIICHNE CTCIICHM ITOJIMMe-
pHU3alUH OCHOBHBIX COCTABIISIONINX KpaxMaa.

1 momy4eHrsT KOMITO3UTHOTO TIpecc MaTepuaia
IIPOM3BOIMIIACH CYIITKA BBIIICYKa3aHHON MOydeHHOMN
cMecn. JIs cylku nmpuMeHsiach JabopatopHas CBY
ycranoBka NuWav-Pro (Nutech Analytical, Kompkara,
WHaous), pexkuM cymmku: MomrHocts — 800 BT, yacTora
MarHeTpoHa — 2450 MI'n. [IpocymmBanue MaTepuraia
B CBY meun nmeeT psam IperMYIIeCTB Tepel CYIIKOM
B KOHBEKIIMOHHOM CYIIMJIBHOM ITKa(dy, K TAKOBBIM OT-
HOCSITCSI YMEHBIIIEHHOE BpeMsI IIPOCYIITUBAHUS (~ 5 MU-
HYT), IPOTPEB XXUIKOCTU Cpazy Mo BceMy 00beMy, bosiee
MSITKHUI peXXUM TeMIIepaTypHOTO IIpOoTrpeBa MaTepuraa.
Cy1ka mpon3BOIMIACK IO TTOJTHOTO MCTIapeHUS BIaTH.

®opmMoBaHTE 00pa3IOB MaTepralia IPON3BOIUIIOCH
Ha UCIBITATeJIEHOM pa3phiBHOI MatHe POM-100 (Me-
TpoTecT, Poccust) B peskiMe KOMIIPECCHOHHOTO TIPECCo-
BaHus. [loxydeHHas IMpecc-KOMITO3UIINS 3arpyKalach
B IIpeBapuTebHO Tporpetyio rpu 120 °C npecc-hopmy,
IIOCJIE YeTO BPYYHYIO KOMITAKTHPOBAJIaCh ITYyaHCOHOM
u Ha 30 MUH. pa3MeIagach B KaMepe KOHBEKIIMOHHOMN
nieun, riporpetoit 1o 120 °C. I1porpeB MaTepnaa sBJs-
eTcsl HeoOXonMMOIi cTagreit (PopMOBaHUS TOJIMMEPHOM
KOMIIO3UIINH, TaK KaK IOJMMepHas MaTpUIla B TIOJTY-
JaeMOM IIpecce MaTepHraia o01amacT TepMOIIACTUIHBI-
MU cBoiicTBamMu. OTITUMATIBHBIN PEKUM TIPECCOBAHUST
00pa3uoB ObLI MOJ00paH MO UBMEHEHUIO TJIOTHOCTHU
oOpasma B 3aBUCHUMOCTHU OT HAABJICHUS IIPECCOBAHUS
n coctaBisgeT 72 MIla ¢ BeIep>XKKOi o JaBiIeHUEM
B TeueHue 1 MuH.

HccnenmoBaHye ITTOTHOCTH PE3YJIBTUPYIOIIEH KOMITO-
3UIIAN 1 TTOPOIITKOBBIX MaTePHAJIOB IPOBOIMIOCH METO-
JIOM TIPSIMBIX M3MEPEHMIT TTapaMeTPOB TaOJICTUPOBAHHO-
ro oopasna mrametpom 30 mM. [ITOTHOCTH KOMITO3UTA
BBIUMCJISIIACH KaK OTHOIIICHIE 00bheMa MTOIyIeHHOTO
00pa3sIia K ero mMacce.

st mccemoBaHUs IIpeaeia IPOIYHOCTH Ha TpeX-
TOYCYHBIN CTaTUUECKUUA M3TN0 M3TOTaBINBAINCH 00-
pa3ubl B hopMme OGamodek mamHOM 80 MM, MIMPUHON
10 MM 1 TommumHOI 4 MM. McribiTaHne TPOBOIMIIOCH
IIPY TIOCTOSTHHOM CKOPOCTH TIepPEeMEIIeHMS TPaBepPChl
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2 MM/MWH, pacCTOSHUE MEXIY OTIOPAMU COCTABISICT
64 mm. TlosydeHHBIE B pe3yJIbTaTe UCITBITAHUI BEJIM-
YUHBI a0COTIOTHOTO 3HaYeHUs Aedopmaluu obpasia
W TIpUJIAaTaeMOT0 YCYIIUS TIPUBOIUINCH K OTHOCUTEITh-
HOMY 3HAYEeHUIO MepeMEIeHUS M M3THOAIOIIETO HATIPS -
JKEHMST COOTBETCTBEHHO. /I mepecyeTa abCOIIOTHOTO
3HaYeHUS medopmanum odbpasua (s, MM) B ¢IUHUIIEI
OTHOCHTEJIbHO# ehopmanuu (g, %) MCIOIb30BANACh
caemyomas hopmya:

600sh
& = L—z,

rIe s — mporu6 obpasiia, MM; 4 — BhICOTa 0Opa3lia,
MM; L — pacCTOsTHIE MEXIy oriopamu, MM. J1s Tiepecde-
Ta abcomoTHOTo n3rudaromero ycunus (F, H) B equHm-
bl U3rMOaOLIETo HanpsokeHus (o, MIla) mpumensiach
caemyromias popmya:

3FL
T 2pn?

roe F— n3rubatomee ycunue, H; L — paccrosiHue
MEXIy olfopaMH, MM; b — IIIpWHA o0pa3na, MM; i —
BBICOTa 00pasiia, MM.

HccmemoBaHne cMauynBaeMOCTH, a TAKXKE CBOOOI-
HOM 3HEPTUH ITOBEPXHOCTH MPOBOIAMIOCH METOIOM
«CHUISTYCH KaTUT» ¢ M3MEpPEHUEM 3HAYCHMST KPacBOToO
yraa cmaunBaHus (KYC) TaHTeHIIMATBHBIM METOIOM.
Peanmzanmsa MeTona «CUISIeil KaIin» 3aKITF0YACTCS
B HAHECCHMU C TTOMOIIIBIO CTEKIITHHOM TTMIICTKY Ha T10-
BEPXHOCTH 0Opa3Iia Kareb XUAKOCTH 00beMoM 10 MKII.
711 BEIYMCIICHUST CBOOOTHOM 3HEPTUM MOBEPXHOCTHU
metomoM OWRK (Owens, Wendt, Rabel and Kaelble)
HCCJICIOBAaHNE CMAaYMBAEMOCTH ITOBEPXHOCTH KOMIIO-
3WTa MIPOBOAUIOCH C IPUMEHEHUEM IBYX XUIKOCTEH
C M3BECTHBIMM OUCTICPCHON U MOJISIPHOI COCTABJISIO-

IIAMY ITOBEPXHOCTHOTO HAaTsDKeHMs. PacueT cBoOOmHOIM
SHEPTUY TTOBEPXHOCTH TTpoBoamMIcs 1o monenn OWRK:

o) - (cosf + 1) . O 5
2 D = O—SOE ’ F+ O—SOE
RAY o7 ]

e O, — IMOBEPXHOCTHOE HATSXEHUE XHUIKOCTH,
MJIx/M%; 6 — KpaeBoii yrosl cMaunBaHus; 0, ° — mucrep-
CHOHHAsI COCTABJISIONIASI TIOBEPXHOCTHOI'O HATSKEHUSI
xuakoctu, MJ/Ix/M* 0 7 — nonspHas cocTaBisironas
HOBEPXHOCTHOTO HATSDKEHUS KUAKOCTH, MIX/M*; 0 F —
nonspHas coctasisgiomas COII, m[Ix/m* o P — nuc-
nepcHas coctasisiomast COIT, mIx/m>.

PE3YNIbTATbl U OBCYXXAEHUE

WccnepoBaHme BbICOKOANCNEPCHOrO MNOPOLLKa
CKOpAynbl rpeLKoro opexa

[IpyMeHsIeMBbIi B MCCIEA0BAHUY B POJIM HAITOJIHUTE-
JIs1 IIOPOILIOK CKOPJIYIIBI TPELIKOTO OpeXa IIpeaBapUTEIb-
HO TIpocemnBaiicst yepe3 cuto C12/38 (pasmep ssaeiikm
160 MKM) [oJ1s yaajeHust KpYIHBIX 4acTHll. Pe3yiib-
TaThl TPAHYJIOMETPUYCCKOrO aHAIM3a IIPEACTABIEHbI
Ha puc. 1.

Mcxons U3 JaHHBIX TPAHYJIOMETPUYECKOTO aHAIM3a,
MOKHO OTMETHTh, YTO TPAHYJIOMETPUUECKUIL COCTAB
SIBJISIETCSI TUIIMYHBIM JJISI CUCTEM, TIOJIydaeMbIX JUCIIEP-
ralueil KICXOMHOTO MPOAYKTa B IJIaHETAPHbIX IIAPOBBIX
MeabHuIax. [lonydyeHHast cucTeMa XOpOIIO OIMUChIBA-
€TCSI MOHOMOJAJIBHBIM pacIpefe/ieHUEM C MOIOM IpK
49 MKM, IIpU 5TOM 0OJIbLIAS YACTh YACTHULL IIPUXOIUTCS
Ha nuarasoH 1 10 49 MKM.

[MonyueHHBIA pa3Mep YaCTUL] XOPOILIO ITOIXOMUT ISt
MOJIyYEHUST MAKCUMAJIbHOM IIPOYHOCTU PE3YJIbTUPYIO-
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Puc. 1. Pacnpenenenue pa3mMepoB YacTHII MOPOIIKA CKOPJIYTBI TPEIKOTO opexa IMocJje momMoJa
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Puc. 2. COM-u300pakeHus MOJIy4eHHOTO MOPOIIKA
CKOPJIYTIbI FPENKOTO Opexa

et KOMTIO3UIINY TTPY MUHUMATBHBIX 9HEPro3aTpaTax,
TaK KaK ¢ YMEHbBIIIEHNEM pa3Mepa 4acTHUIl BO3PACTaeT UX
yIebHas TOBEPXHOCTD, B CJTy4yae MPeCTaBICHHON BhIIIe
CHCTEMBI COCTaBJIsSIIONIast mopsiaka ~ 8500 cm?/cM?, 1 io-
BBINIAETCSI TOMOTEHHOCTb TojiydaeMoii cmecu. [hior-
HOCTh TIOJIyUEHHOTO MOPOITKA HAXOAUTCS B TIpeaeIax
1,070,011 r/cMm3.

Ha puc. 2 npencraBieHbl M300pakeHUST TTOPOIIKA
CKODJTYTIBI TPEIIKOTO Opexa, MOJIyYeHHBIE C TIOMOIIBIO
CKaHUPYIOIIETO 3JIEKTPOHHOTO MUKpockotma (COM)
yeTBepTOro nokojieHus ¢ karomoM Illortku TESCAN

MIRA 3. JlaHHble, TpeACTaBICHHbIC HA PUC. 2, YKa3bI-
BaIOT Ha CJIOKHYIO TTOBEPXHOCTHYIO MOP(OJIOTHIO TIO-
porrrka. YacThirsl TopoITKa CKOPIIYITBI TPEIKOTO opexa
MMeEIOT HeTIPaBWIbHYIO (popMy B Buze TtacTuH. Pazmep
YaCTUIL B TIOTIEPEYHOM paszmepe (HanbOoIbIlIeM) Bapbu-
pyetcs ot 1 mo 20 MKM.

Ha xpussix coBmectHoro TI—/ICK ananu3za mo-
poIrKa Tpenkoro opexa (puc. 3) oTMedaeTcs HaInuue
HECKOJIbKUX Y9aCTKOB, CBSI3AHHBIX C PA3IMYHBIMU TEP-
MUYECKUMMU 3(PPeKkTamu.

Ha TepmorpaBumeTprudeckoit KpUBOI MPUCYTCTBYET
HECKOJIbKO YYaCTKOB IMOTEPU MACChl, BOSHUKHOBEHUE
KOTOPBIX TIPOUCXOAUT BBUIY psifia TIpolieccoB. Tak,
B uHTepBasie Temreparyp ot 23,0 no 131,0 °C dbukcupy-
€TCsI CHIDKEeHUE Macchl obpasua 0o 95,44%. Ilpu sTom
Ha kpuBoii 1CK Ha naHHBII UHTEpBAT TEMITEPATYP TIPU -
XOIUTCS OMVH dHIOTEPMUIECKUN TTUK C MUHUMYMOM
ripu 90,7 °C. Xapakrtep JaHHOTO MUKa yKa3bIBaeT Ha TO,
YTO MIPOUCXONUWBIINHI B 3TOM WHTEpBaJe TeMIEpaTyp
TIPOLIECC TIPOTEKAJ C TOTPEOICHUEM SHEPTUN, 2 HATUINE
rocienytomero miaro Ha kpuoit T cBuaeTescTBYET
O TOM, UTO TOJy4YEHHBI! OCTATOK CTAOWJIEH B UHTEP-
Basie Temriepatyp ot 131,0 no 207,2 °C. Buny 3Haqu-
TEJTHHOM yAeIbHON MOBEPXHOCTU TTOPOIITKA CKOPITYTTBI
(8500 cm?/cMm?) 1 ee THAPODUITBHOCTH pacCMaTPUBACMYIO
TIOTEPIO MACChI U aCCOIMMPOBAHHBIN C HEW SHAOTEPMU-
YeCKUI MUK Hanbosiee BEPOSITHO CBSI3aH C ylajJeHUueM
aJIcOpOMPOBAHHON BOIBI.

Ha cnenytomem yuactke kpuBoid TI' Ha auamnaszoH
ot 131,0 mo 207,2 °C nmpuxoauTcs TUIaTo, Ha IIPOTKEHUH
KOTOPOTO MPUOOPOM He (PpUKCUpyeTCs] 3HAYUTETbHON
TOTepU MacChl. B JTaHHOM TTPOMEXYTKE TaKKe OTCYT-
CTBYIOT TepMudeckue 3¢ dekTsl, Kpubas I CK mpenmy-
IIECTBEHHO TIPOXOMINT B TIPeesiax HYJIeBOIl OTMETKU.

100 00—32 \ 16
(o]
- T - 14
[=] -]2,\
< g, 5
2 60 Q| °lp10s
™ o~ as]
~ PN R S
£ 40- I L6 vt
g 3]
< L4 H
20 A
L2
]
0 0
200 400 600 800
Temnepatypa (°C)
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B mmanazone temmeparyp ot 207,2 no 323,7 °C Ha Kpu-
Boii TT" mprbopoM pukcHupyeTcs 3HaunTeIbHas (opsiaKa
50%) notepst Macchl 0OpasLa, ¢ aCCOLMUPOBAHHBIM K-
30TepMHYECKIM TIMKOM Tipu 349,2 °C. IloxHas mmoTepst
Macchl IPUXOINATCI Ha MHTepBai oT 349,2 no 476,8 °C,
C aCCOIIMMPOBAHHBIM 3K30TePMUUCCKUM ITUKOM IIPH
437,9 °C. Jlnst opraHUYeCKNX cMecell B o0IImeM ciaydac
Ha JaHHBIA TeMIIepaTypHBI Tuara30H MPUXOISITCS IIPeH-
MYIIECTBEHHO ITMPOIUTUICCKIE TTIPOIIEeCChL. Tak, MUK Ipu
349,2 °C mpuHAIICKNUT MTUPOIUTUICCKOMY PA3IOKCHUIO
JINTHWHA, 0TME4aeMOMY aBTOpaMHM B cTaThe [25]. B cBoto
ouepenb MK 437,9 °C mpenMyIecTBEHHO TTPUHAIICKUT
3K30TepMIUIeCKOMY 3¢ (PeKTy, BOSHUKAIOMIEMY TP TTH-
POJIUTUYECKOM Pa3/I0KEHUU LEeJUTI0I03bI [26].

N3yueHne pusnKo-mexaHNYeCKMX NoKasarenei
pesynbTupyloLeil KoMnosuyum

PaccmaTprBaemblie B JaHHOM MCCEA0BAHUU TTOJIU-
MEpHbIE TTPEeCC-KOMITO3ULIMY MPEACTaBIEeHbI B Ta0I. 1,
NpPEeACTaBJICHHBIN B TaOJUILEe PE3yJIbTAT BBIYUCISIICSI
Kak cpefaHee apudMeTUIEeCKOe TpexX MapaljiebHbIX U3-
MEpPEHUI.

[T710THOCTB PE3yNBTUPYIOIIETO KOMITO3UTA B 3HAUM -
TEJbHOU CTENEHU 3aBUCUT OT KOJMYECTBA HATTOJTHUTES,
YTO OOBSICHSIETCSI MEHBILIEH TUIOTHOCTBIO MTOPOIIKA CKOP-

Tabauya 1
Hccnenyemblie cocTaBbl KOMIIO3UTOB

nymbl rpetkoro opexa (1,07£0,01 r/cm®) B cpaBHeHUN
¢ noaumMepHoit matpuieit (1,40+0,01 r/cm?).

OCHOBHBIM U3y4aeMbIM IIPOYHOCTHBIM [TOKA3aTe/IeM
JUISL TI0JIy4aeMOro MOJMMEPHOIO KOMIIO3UTA SIBIISIETCS
rpejesi MpoYHOoCcTU Ha u3rub. [lonyyeHHbIE B pe3yJib-
TaTe UCIBbITAHWI KPUBbIE «U3Trubalollee HapsKeHue /
OTHOCUTEJIbHAsI AeOpMaLusI IIPeACTaBIECHbI Ha puc. 4.

CorjacHO JaHHBIM KPUBBIX, IPEACTaBIe HHBIX
Ha puc. 4, Ipenesibl IPOYHOCTH AJIst KOMIIO3ULIMK C Ha-
nostHeHueM 25, 50 u 75% macc. paBubi 4,8110,52 MI1a,
25,85+2,51 MIla u 28,44%5,71 MIla cooTBETCTBEHHO.
[1pu aTOM 3HaYEHUS ITOKA3aTe/IsI OTHOCUTEIbHOM Je-
(hopmaiu Ha npeesie MPOYHOCTA 0OPA3LIOB HAXOMSTCS
B nuarasone 8,70+0,47% g KOMIIO3UTa C HAITOJIHE-
HueM 25% macc., 5,51+0,10% nias KkoMmo3uTa ¢ Ha-
nosiaHenueM 50% macc. u 3,39%0,32% i KoMIio3uta
¢ HanosiHeHUeM 75% macc.

BBeneHue 3HAYUTEIHLHOTO KOJIMYECTBA IOPOIIKA
rpeukoro opexa (cBbiiie 50% Macc.) B OJUMEPHYIO
KOMITO3UIIMIO OJIArOMPUSITHO CKa3bIBAETCsI Ha IIpeaesie
MIPOYHOCTH PE3YJIbTUPYIOLIET0 KOMIO3uTa. B ciyuae
paccMaTpuBaeMOi KOMITO3ULIMKM OTMEYAETCs IIpakTuie-
CKU IITUKPATHOE YIIPOYHEHUE BHICOKOHAIIOIHEHHOTO
Komro3uta. CTOUT OTMETUTD U U3MEHEHUE OOIIEero BUaa
KPUBOH «u3rnbalolee HampskeHue,/OTHOCUTEIbHAS
nedopMaliust», Ha KOTOPOM Ul BBICOKOHAIIOJIHEHHO-

CocTaB KOMIO3UTA Bcnomorare ibHbie KOMIOHEHTbI
bl Kpaxman, % Topomok ckop- ITnotHocTh KOM- | Boma, Mi/100 r I BT e
HOMeEp cocTaBa ’ JIYIIbI TPEHKOTO i CYCHO# KHCJIOTBI,
macc. HO3MIMH, T/cM3 KOMIIO3UTA
opexa, % macc. mii/100 r Kommo3uTa
Cocras 1 75 25 1,4240,01
Cocras 2 50 50 1,4310,01 625 5
Cocras 3 25 75 1,3440,01
a 0 B
54 /“‘\\ 30
4 ey | B /)
= ¥ = 20 / P )
E 31 i = =
2 o 215 / /e
A P ;
# e = -
0y — (W — = ; ;
01 2 3 45 6 7 8 910 0 1 2 3 4 3
o (%) & (%)

Puc. 4. Kpusble «<u3rudaroniee HanpspKeHue,/0THOCUTEIbHAS tehopManus» i 00pa3uoB (Ha BCTABKAX NMPEACTABJIEH
BHENIHHIA COCTaBa, MOBEPraeMoro HCNbITAHUAM): a — HanosiHeHue 25% macce. (o, = 4,81£0,52 MIla); 6 — nanoxn-
Henue 50% macc. (0, = 25,85£2,51 MIla); a — nanonnenune 75% macc. (0, = 28,44%5,71 MIla)
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TO TIOJIUMEPa OTCYTCTBYET Ipeaes TeKYIeCTH, KpUBast
WUCITBITAHUS B TAaHHOM CJTydae XOPOIIIO OMMCHIBACTCS
TIOJIMTHOMOM TIEPBOM CTeTleHU. B cBoto ouepen, y KoM-
MTO3UTa C HAITOJTHEHNeM 25% Macc. OTMeJaeTcst HaTmaue
TEKYJIeCTH TTOCIIC MOCTIDKEHUS TIpeiesa IIPOYHOCTH, YTO
CBSI3aHO CO CBOMCTBAMM MOJIMMEPHOM MAaTPUIIBI.

WccnepoBaHmne cmaunmBaemMmocCTy pesynbTipytoweri
KoMno3uyuu

HccnenmoBaHne cMauBaeMOCTH TTOJTMMEPHOTO KOM-
TIO3UTA TIPOBOAMIOCH C UCITOIb30BaHUEM IBYX PACTBO-
puteneit: Bomsl (0,° = 22,6 mIx/M?*; 0, P = 50,2 MIIx/M?)
u uzonponunosoro cnupra (o, P = 3,5 m/Ix/M?*; 0 " =
19,5 mx/m?). CtaTUCTUYECKU 00pabOTaHHbIE JaHHbIE
M3MEpPEeHUS KPAeBOTo yIJIa CMaYMBaHMSI TIPEACTABICHEI
B TaOI. 2.

ITpn nu3mepernnn KYC noBepXHOCTH M30ITPONTMIOBBIM
CITMPTOM 3HAYMTETBHBIX OTKJIIOHeHMI B 3HaueHN KYC
3a(hUKCUPOBAHO HE OBLIO, OMHAKO JIJIST BOIBI OBLIO OTME-
YEHO ero 3HAYMTEIIFHOE YMEHBIIICHNE TIPY YBETNICHUN
COJepKaHMS HAIOJHUTEIISI B KOMIIO3uTe oT 25% Mmacc.
10 50% macc., ¢ IoceayIoLIM BO3pacTaHUEM IIPU YBe-
JIMYEHUH cofepkaHust HarojaHutelst ot 50% macc. 10 75%
Macc. M300paskeHNsT «CHISTINX» KaIleIb 1 COOTBETCTBYIO-
e nM 3HadeHust KYC ripencraBieHbl Ha puc. 5.

CTOUT OTMETHUTD, UTO KPaeBOI YTOJI CMaUYMBaHUS 10~
JIMMEPHOM MaTPHUIILI BOOOI TaK:Ke HAXOMUTCS B TIpeIe-
nax 60—70°. HeoOpaboTaHHast CKOPIIyIIa TPELIKOro Opexa
CMauMBaeTCs IMOJTHOCTHIO.

TepmorpaBumetpuueckunn n ICK ananus
pesynbTupyloLwell Komnosuumnu

1 TepMOTpaBUMETPHUYECKOTO aHAJIN3a Pe3yIbTHPY-
oIl KOMITO3UIINI METOIOM COBMEIIIEHHO TepMOTpa-
puMetpun (TT) n tuddepermanbHON CKaHNUPYIOMICH
kajmopumeTpuu (JICK) pe3ymbTupyroIeit KOMITO3UIIN
ObL1 0TOOpaH obpasel ¢ 50% macc. comepKaHUEM Ha-
TIOJTHUTEIIS (CKOPJTYITHI TPEILIKOTO Opexa).

Tepmorpamma obpasua (puc. 6) IpeacTaBicHa CI0X-
HOUW KpMBOW MHOTOIIArOBOW AEKOMIIO3UIINA, COCTOSI-
Ieif 13 3 OCHOBHBIX Y9acTKOB. Ha rmepBoM ygactke, Jie-

25% wmacc.

. ——

arosaenue 75% macc.

Puc. 5. Xapakrepnbie H300paKeHus! «CUITINX» Karnejb
BOJIbI HA TIOJIMMEPHOM KOMIIO3UTE

XKamiem B nuartazoHe remmepatyp ot 20,0 °C no 122,1 °C,
OTMeYaeTcsl CHMXeHUe Macchl obpasna mo 95,11%.
Ha xpuBoii JICK ¢ 7JaHHBIM y4acTKOM acCOLIMUPOBaH
OIVH SHIOTePMUYECKUN MUK, IIEHTP KOTOPOTO IIPH-
xomutes Ha 86,1 °C. BBuay Toro, 4To Ha IOC/IEAYIOIIEM
yJacTKe OTCYTCTBYeT (pUKcHpyeMas IpuOoOpOM TTOTepst
MAacCCHI, a TAKKe UCXOMIS M3 SHAOTEPMUIECKOTO XapaKTe-
pa accOIMUPOBAHHOTO C HEl IMKa, HanboJiee BEPOSITHO,
YTO TIPOMCXONMBIIAS B Aramna3oHe Temiepatyp ot 20,0
1o 122,1 °C mtoTepst Macchl CBSI3aHa ¢ yIaJeHUEM aicop-
OMPOBAHHOM ITOJIUMEPHBIM KOMITO3UTOM BOIEI.

Kaxk yxe oTMedasioch paHee, Ha BTOPOM YUaCTKe Tep-
MOTPaBUMETPUUECKOI KpMBO1 B muamna3oHe oT 122,1
1o 130,5 °C mpubopoMm He UKCUPYETCS 3HAUNTETHLHOMN
IMoTepu Macchl, ogHako Ha KpuBoit JJCK orMmedaeTcsa
HaJIMYIME SHIOTCPMUICCKOTO TTNKA ¢ MUHUMYMOM IIpH
126,6 °C. Vcxons U3 UMEIOLIMXCS INTEPATyPHbBIX JaH-
HBIX [22, 27], BBIIIIEyKa3aHHBIM MUK OTHOCUTCS K pa3-
MSITYCHHIO KPaXMaJIbHOTO TEPMOIIIACTUIHOTO TTOJTMMe-
pa. Takum 06pa3oM, MOXHO CYINTh, YTO OIITUMATbHBII
TeMIICPATyPHBIN peXXUM IJisI (DOPMOBAHUS TTOJIyJac-
MO¥ KOMIO3UIINYU MPUXOIUTCI Ha Mrana3oH oT 122,0
1o 130,5 °C (ToYKM TTOJTHOM IIMPUHBI ITMKA Ha TIOJIOBIUHE
BBICOTHI). TeMmepaTypa pasMsTrdeHUs] KOMITO3UTa Ha-
xonuTtcs B npenenax 103,1£0,1 °C.

TepmMorpaBuMeTprUUyecKas KpUBasi TPEThETO yJacTKa
TepMOTpaMMBI XapaKTepU3yeTcsl KPUBOM MHOTOIIIATrO-

Tabauya 2
ITosryyeHHble 3HAYEHHS KPAEBOTO YIJIa CMAYMBAHUSA KOMIO3UTA PACTBOPUTEISMH
T LT e T = KpaeBoii yroa cmaunBanus CB0001HAS SHEPTHS IOBEPXHOCTH
nosura, % macc. Bona HN3onponanon 0,”, mILK/m? 0%, mIk/m? | Obwas, MK/ m?

25% 76,74+5,75 15,21+4,18 11,53%0,01 16,271+0,57 27,840,58
50% 62,1914 31 17,0143,04 7,25%0,01 32,1£0,16 39,35+0,17
75% 98,13£2,05 14,23+2,18 20,7340,01 1,8440,08 22,5740,09
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Puc. 6. TT—/ICK kpuBble KOMIO3UTA ¢ HanoJHeHueM 50% macc. CKOpPJIynbl IPeKoro opexa

BOI IEKOMITO3UIINY 03 00pa3oBaHUS ITPOMEXKYTOU-
HBIX YCTOMYMBBIX KOMITOHEeHTOB. Ha nnrtepBai ot 250,4
110 329,2 °C npuxoautcs ropsiaka 50% ot o0111eit moTepu
Macchl MaTepraiia. B JaHHOM MHTepBayie TeMIIepaTyp
TIPOUCXOINT TCPMOACCTPYKIIUS IICJUTIONO3EI, B TIEP-
BYIO OUepellb, BRIpAXKAIOMIASCS B IeTUAPATAIINN BBULY
IIMPOKOU TIPEACTABICHHOCTHU B CTPYKTYPE LIEJUTIOI036I
TepMOJIAOMIIBHBIX THIPOKCIIIHLHEIX TPYIIL. B MHTEepBaie
temmnepatyp ot 329,2 no 480,6 °C (4 yuyacTok) Ipouc-
XOIWT TIPAKTHYECKHU TTOJTHOE CTOPaHNEe OPraHMIeCKUX
COCTABJISTIOIINX HATIOJTHUTEJIS ¥ TTOJIMMEPHOM MaTPUIIBI,
TI0CJIe YeTO TEPMOTPAaBUMETPIICCKAst KpUBASI TIEPEXOIUT
Ha 5 y4acToK.

ITpumeuarteneH TOT GakT, YTO A YIACTKOB 3—5
XapaKTepHBI CBOM CKOPOCTH ITOTEPU MACCHI (Ha TEpMO-
rpaMMe 3TO OTpaxkaeTcs Ha HaKJIOHe KpuBoii). Ha kpu-
Boit ICK oTmevaroTcst 1Ba acCOMUPOBAHHEIX C TaH-
HBIMM yJ9acTKaMH 9K30TepPMHUYECKUX IMMKa Iipu 350,5
u 435,2 °C, HanboJjiee BepOSITHO TIpUHAIJIEKAIINX TTH-
POUTUYECKOMY Pa3IOKCHUIO INTHUHA U 1IEJUTIOI036
COOTBETCTBEHHO [25, 26].

3AKJTIOMEHUE
PaccMmoTpeHHas B cTaTbe pe3yJbTHPYIONIAS TTOTH-

MEpHasdad KOMITO3MI A Ha OCHOBE TEPMOIIJIACTUYHOTO
KpaxMaJIbHOI'O IMoJInMeEpa obynagaeT p4AooOM npumeya-

TeJbHBIX CBOMCTB. B cpaBHeHUMN ¢ HEOOpaOOTAaHHBIM
TTOPOIITKOM CKOPIIYIIBI TPEIIKOTO OpeXa W MOJIMMEPHOMN
MaTpUleil KOMITIO3UT obJiagaeT TUaApPOo(POOHBIMU CBOM-
CTBaMM, YTO 3HAUYMTEIBHO PaCIIUPSICT BO3MOKHOCTHA
€ro 3KCIUTyaTalnH.

Pesynbrupyrorias KOMITO3UIMS ITOKa3ajia XOpOIIe
IIPOYHOCTHBIC XapaKTEePUCTUKU. [Ipemestbl MpoIHOCTH
Ha u3ru6 o, = 25,85%2,51 MIlan o, = 28,44%5,71 MIla
Jutst HartosHeHust 50% macce. u 75% Macc. COOTBETCTBEH-
HO CTaBSIT €T0 B OIWH PSIZT ¢ aHAJJOTUIHBIMU KOMITO3HTa-
MM 13 00JIee TPATUIIMOHHBIX TEPMO- M pEaKTOTUIACTIY-
HBIX TTOJIUMEPOB.

HzyueHne TepMorpamMM pe3yabTUPYIOIIeii KOMITO3H-
LI TTO3BOJIMIIO 00JIee TOYHO YCTAHOBUTH TEMIIEPATyp-
HbI€ TIPeAeJIbl SKCILTyaTallMy MOJMMEPHOTO KOMITO3MUTA,
BEpXHUM 13 KOTOPHIX MOKHO CUATATh TEMIICpaTypy Ha-
yajia pasMATdeHusT moamMepHoil Matpuibl — 103,1 °C,
a TaKKe YCTAaHOBUTH ONTUMAJIBHBIC PEXKMUMEBI (hOpMOBa-
HUS U3ICINH U3 TEPMOILIACTUYHOTO KOMITO3UTA.

ITomydeHHBIN TTOTUMEPHBII KOMITO3UT, OCOOCH-
HO cocTaBbl ¢ HarojaHeHueM 50% macc. u 75% macc.,
Oyraromapst CBOMM CBO¥ICTBAM IT0 IIPaBY MOXHO CUUTATh
MIEPCIEeKTUBHBIMU MaTepHUaJIaMU I N3TOTOBICHUS
IIEJIOTO PsIa M3IEINi M TOBApOB HAPOIHOTO MOTpe-
OJieHUSsI, AJIs1 KOTOPBIX HauboJjiee 1eaecoo0pa3HbIM
SIBIISIETCSI TIPUMEHEHNE TTOJTHOCTBIO OMOpa3iaraeMoTo
MaTepuana.
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NHOOPMALI/A OB ABTOPAX

YepkawmHa Hatanbs iropeBHa — JOKTOP TEXHNUECKNX HayK, JOLEHT, BeAYLLUIA HayUYHbI COTPYAHUK-PYKOBOANTESNb
Hay4HO-MCCnefoBaTenbckoi nabopatopum «PaszpaboTka HayYHO-TEXHNYECKMX OCHOB CO3AaHMs NMOMVMEPHbIX CUCTEM
13 BO30OHOBSIEMOrO PACcTUTENIBHOTO Cbipbsx, BenropoacKnii rocynapcTBEHHbIN TEXHONOMMUYECKMIA YHUBEPCUTET

um. B.I. lWyxoBa, benropopg, Poccus, natalipv13@mail.ru, https://orcid.org/0000-0003-0161-3266
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Pyunii Aptem IOpbeBuy - nabopaHT-uccnegosatens HJ kadeppbl TeopeTnyeckoi n NnpuknagHon xumnm, benropoacknia
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BKJTA] ABTOPOB
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[opaboTKa TeKcTa CTaTby.
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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.

http://nanobuild.ru 79 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2024;16 (1): U/
HaHoTexHonorun B cTpouTenbcTee 77-80 NanObL" ]

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 Corlaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MNP HANIMYMKN JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuumeit XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe faTb 60siee paclUMPEHHYI0 PeLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaIMuMm KOHGIMKTa MHTEPECOB (eC/Iv OH BO3HVK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaET B PeLIeH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOB».

4. PeLleH3€eHT He nepefaeT CBeAieHNA O CTaTbe U JaHHble, KOTOPbIE B HEl COAep»KaTca, TPETbUM NIULaM.

5. PeuleH3€eHT He ncnosnb3yeT nHGOpPMaLUIo, MOYUYEHHYIO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

6. PeLieH3eHT He ienaeT BbIBOAOB O KaueCTBe CTaTbl HAa OCHOBE CYObEKTUBHbIX JAHHBIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcrnosegaHus.

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEXouT Ha
JINYHOCTMW.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONOrnm B CTponTenbCcTBe»

1. i3patenib He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAaLMI B Nybnmkyemon pabore.

2. V3paTtenb He BNMAET Ha pefaKUMOHHYIO MOSIUTUKY XKYPHana.

3. Mi3paTtenb oKa3blBaeT PUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HEO6XO[UMOCTU.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXOZA OUepPeHbIX BbIMYCKOB XypHana.

5. V3gaTtenb nyonunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbiSBIEHbI HAPYLLIEHWA HAayYHO
STUKU UIN KPUTUYECKINE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYaeT 3a MPUHATME peLLeHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefaKkumio XXypHana
paboT cnefyeT onybnnKoBaTb. TO peLleHre BCeraa AOMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTene 1 untatenei. [MaBHbIN pegakTop MOXKET PYKOBOACTBOBATbCA MeTofuue-
CKUMW PeKOMEHZALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonyLleHVe KNeBeTbl, HapYLUeHUs aBTOPCKOro NpaBga v niarvata. Takxke Npu NPUHATAM pPeLLeHns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONErnn, peLeH3eHTaMu.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENIEKTYaNIbHOMY COLepPKaHuIo, HEB3Mpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTNIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKMN pefaKLUnK, YIeHbl PELKONNErn He JOJXHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO0 APYyromy, 3a NCKIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, copgepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMOO CO6CTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peAcoBeTa 1 pegkonnernn 6e3 NnucbMeHHOro paspelleHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIew, NOJyYEHHbIE NPU PELLEH3UPOBAHUN, LOMKHbI XPAaHUTLCA B CEKPETE U HE UC-
NnoJsib30BaTbCA ANA NONYYEHNA JINYHOWN BbIrOAbl.

5.naBHOMY pefiaKTopy crefyeT OTKa3aTbCA OT CBOEro y4yacTUA B PeLeH3MPOBaHNM B ClyyYae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPeCoB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLEHUN C KeM-n6o 13
aBTOPOB, KOMMAHWI NN YUYPEXAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATh CBEAEHMA O COOTBETCTBYI0-
LMX KOHKYPUPYIOLWNX MHTEPEcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukauun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CylyYato AeNCTBME, Takoe Kak nyo6-
NIYIKaLUsi ONPOBEPKEHMWA UV BbIPaXKeHNA 03a00YEHHOCTU.

7. [naBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOro Xa-
paKkTepa B OTHOLUEHWUW NpeACcTaBieHHOV PYKOMWUCU Ui ONy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKkumen, 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 OOHAPYXeHUA Nniarnarta, MoryT 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).

O6cyxaeHne paboT, ony6nnKoBaHHbIX B XKypHane. icnpaBneHusa nocne ny6nukauui

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 MaTepUnanoB OOTXKHbl MMETb BO3SMOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OTpuMUaTeSIbHbIX pe3ysibTaTax, TakXKe MOoryT I'Iy6J'IVIKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUuHTOB N NOCTNPUHTOB

B npouecce nogaur cTaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblnia ONy6/IMKOBAHA MK He Oblia
npuHATa K Nyb6nmKaLmm B Apyrom HayuHoM >kypHarne. [pu ccbinke Ha onybnmKoBaHHYI0 B XypHarne «HaHoTexHonorum
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb cCbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii canT
XypHana.

K paccmoTpeHntio fonyCcKalTCs CTaTby, Pa3MELLEHHbIe paHee aBTOPaMM Ha JINYHbBIX UK NYBIMYHbIX CalTax, He
OTHOCALLMXCA K APYTM U3L4aTe/IbCTBaM.

O npoueaypax B cyyae 3510ynotpe6neHuin (HapyweHuia)

M3paTenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumuy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
N ynTaTenb 0b6A3aHbl cObNAATL STUKY HayYHbIX NyONMKaLmWi B )KypHane feNCTBYIOLMX 3aKOHOB, MPaBW UAN NOo-
MEHUN 1N 06A3yt0TCA COO6LLaTb O NOObBIX N3BECTHBIX CTYYAAX Y>Ke COBEPLUEHHOrO UM NOTEHLMaNbHOMO 3/10ynoTpebd-
neHna (HapyLeHunsa).

Pepakuwei xypHana HesaMeaMTebHO NPOBOANTCA pacciefjoBaHMe Mo BcemM cOObLLeHNAM O 3510ynoTpebneHnax
(HapyweHuAx) n, ecnu nHGopmaL A NOATBEPKAAETCA, MPUHUMAIOTCA MepPbI MO YCTPAHEHMIO 310ynoTpebneHnii (Ha-
pyweHuin). Ecnv 31o TpebyeTca B COOTBETCTBMU C 3aKOHOAATENbCTBOM, MaTepuanbl NepeaaloTca B COOTBETCTBYOLNE
rocyfapCTBeHHbIe OpraHbl.

Ha Bce npeTeH3Mmn aBTOPOB pefakLma NpefoCcTaBiAeT pa3BepHyTbie 1 060CHOBaHHble OTBETbI, Mpuaras Bce ycu-
nnA anA paspeLteHna KOHGINKTHBIX CUTyaLmniA.
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- construction material science;
+ the study of the properties of nanomaterials;
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« manufacturing technology for building materials and products;
- international scientific and technical cooperation;
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« system solutions for technological problems;
- inrelated sectors;
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These are the topics of the papers published in the journal: creation of new functional materials; nanostruc-
tured systems strength and penetrability formation theory development; the problems of nanomaterials and nano-
technologies implementation in construction and building materials; cement and other binders with mineral and
organic additives; diagnostics of building systems nanostructures and nanomaterials; modification of building mate-
rials with nanofibers; disperse composite materials with nanocoating; formation of nanostructure coatings by means
of laser sputtering; technologies aimed at studying nanomaterial properties; the systems of teaching the fundamen-
tals of nanotechnologies; 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 article, review article, editorial, discussion paper, individual bibliography, edi-
torial notes, book reviews, article reviews, etc.
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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, NyGNVKYIOLLMECS B KypHAse, COrMaLlalTCA CO Cleayowmm:

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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