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HAHOTEXHOJIOTI'MM B [TIPOU3BOACTBE CTPOUTEJ/IBHBIX MATEPHUAJIOB:
TEOPETHUYECKOE UCCJIIEJOBAHUE

Ko3zaosa U.B.}, Camuenko C.B.!

'HanuonanbHblii Hecaen0BaTebCKHIE MOCKOBCKHIi TOCY1apCTBEHHbII CTPOUTEIbHbIN YHUBEPCHTET

AHHOTALUS

Cospemennviil sman pazeumusi CmpoumenIbHol UHOYCMpUuY Ha4uHaem npumeHsams Hanomexnonozuu. Hanomexunonozuu nozeonsiom co-
30a6ams WUPOKULL CNEKMp CIMpOUmMenbHuIX MAmepuanios. Imo ocywecmeisiemcs nocpeoCmeoM YNpagieHus Kaxk 6HewHell, max u 6HympeH-
Hell cmpyKkmypoti mamepuanos. Mcnonvzosanue HaHOmMexHOI02Ull RPUBOOUM K CO30AHUI0 HOBBIX KOMNOZUYUOHHBIX MANEPUANO8 C NOUCTNUHE
VHUKATbHBIMU Xapakmepucmukamu. Pazpabomxu yuenvix 6 obracmu co30anus CmpoumensHulX Mamepuaios Ha 0CHO8e HAHOMEXHON02UlL 8
MeHbluell cmeneHu NPUMEHAIOMCS 8 NPOMbIUIEHHOM Macuimabe, yem 8 Opyeux chepax HapooHozo xosaicmea. B dannom ucciedosanuu
HAHOMEXHOI02UU PACCMAMPUBATOMCSA KAK COBOKYNHOCMb NPUEMO8, XUMUUECKUX U PUIUKO-XUMUYECKUX CNOCODO08, HANPABNEHHbIX HA CUHME3
6 06veMe UL Ha NOBEPXHOCIMU MaAmepuana CmpyKkmyp, UmMelowux xoms ol 8 00HOM HanpasieHuy Hanopasmep. Memoodonozuueckoii 0ocHogoll
pabomel A61A€MCA AHANU3 TUMEPATNYPHBIX OAHHBIX HO BONPOCY UCNONL30BAHUS HAHOMEXHONIO2UN 8 CIPOUMETbHOM MAMEPUANOBeOeHUl.
Pesynomamom uccnedoganus cmaio 8blagneHue CUHEP2ULECKO20 BIUAHUA HAHO U YIbMPAOUCHEPCHBIX YACMUY HA NOLYYEeHUe HOBbIX CPOU-
MeNbHBIX MAMEPUAnos ¢ UCNONb308aKueM Hanomexnoaocull. Ilonyuenue 8b1cOKOKA4ECMBEHHO20 HAHOCIMPYKIYPHO20 MAMepUad, cooepica-
we20 HAHO U YIbMPAOUCHEPCHbLE YACMUYbL PA3TUYHOU NPUPOObL, CEA3AHO CO SHAUUMENbHbIMU mMpyOHOCmAMY. Hx 66edenue 6 6ude nopouka
6 YEMEHMHYIO UL UHYIO BANCYULYIO MAMPUYY AGIAEMCA BECoMA CLONACHIM npoyeccom. Hano- u ynompaducnepchvle uacmuybl CKI1OHHbL K
aznomepayuu. [Jobumscsa pagnomepHocmu ux pacnpeoenenus 8 odveme mMamepuana mpyonas 3a0aid, Ymo seiaemcs npeomMenom MHOSUX
uccneoosanuii. B npoyecce ananuza numepamypHvix OaHHbIX A6MOPbL NPUATU K 3AKTIOYEHUIO 0 He0OX0OUMOCU NPUMEHEHUS PA3TUYHBIX
MEeXHOI02UYEeCKUX NPUEMO8 OJis PABHOMEPHO20 PAChpedeieHls Hanouacmuy 8 obveme mamepuana. Taxou nooxo0 no3601um nogvicUums Qu-
3uUKo-MexanuuecKkue, opeanoienmuieckue u opyaue ceoUcmea CMpouUmenbHblX Mamepuaios.

KJIFOUYEBBIE CJIOBA: naro u yriempaducnepcrule yacmuybsl, HaHOMEXHOL02UU, Y2AepOOHble HAaHOMPYOKU CuHepauieckutl aghgexm,
KOMNO3UYUOHHBIE MAMEPUATBL, C8OUICMEA CHIPOUMENbHBIX MAMEPUATO8
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NANOTECHNOLOGY IN THE PRODUCTION OF BUILDING MATERIALS:
A THEORETICAL STUDY

Kozlova I.V.}, Samchenko S.V.!
Moscow State University of Civil Engineering

ABSTRACT

The modern stage of development of the construction industry begins to apply nanotechnology. Nanotechnology makes it possible to
create a wide range of construction materials. This is done by controlling both the external and the internal structure of materials. The use
of nanotechnology leads to the creation of new composite materials with truly unique characteristics. Developments of scientists in the field
of creation of building materials based on nanotechnology are less applied on an industrial scale than in other spheres of national economy.
In this study nanotechnology is considered as a set of techniques, chemical and physicochemical methods aimed at synthesizing in the volume
or on the surface of the material structures having at least one direction of nanoscale. The methodological basis of the work is the analysis
of literature data on the use of nanotechnology in building materials science. The result of the study was the identification of the synergistic
effect of nano- and ultradisperse particles on the production of new building materials using nanotechnology. Obtaining high-quality
nanostructured material containing nano- and ultradisperse particles of different nature is associated with significant difficulties. Their
introduction in the form of powder into cement or other binding matrix is a very complicated process. Nano- and ultradisperse particles are
prone to agglomeration. To achieve uniformity of their distribution in the volume of material is a difficult task, which is the subject of many
studies. In the process of analyzing the literature data, the authors came to the conclusion that it is necessary to apply various technological
methods for uniform distribution of nanoparticles in the volume of the material. This approach will allow to increase physical-mechanical,
organoleptic and other properties of building materials.

KEY WORDS: nano- and ultradisperse particles, nanotechnology, carbon nanotubes, synergistic effect, composite materials, proper-
ties of building materials
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BBEJEHHUE

[IpropuTeTHBIM HalpaBICHHEM B Pa3BUTHH HAYKH WU TEX-
Hukd XXI Beka SIBISIOTCS HAHOTEXHOJIOruu. VX pa3BuTHe Ha
YpOBHE aTOMOB M MOJIEKYJI IIPUBEJIO K yCIexaM B cepax Me-
JMLUHBI, PaJrodJeKTPOHUKH, MAIIMHO- ¥ aBTOMOOHJIECTpOe-
HUA. B cTpouTenbHOM MaTepHaIOBEJCHUM TaKXKe MNpOSIBICH
MHTEpEeC K HAHOTEXHOJOTHUsIM. Pa3paboTKH yueHBIX B 3TOH 00-
JACTH B MEHBILIEH CTENIEHH NPUMEHSIOTCS B MPOMBIIUICHHOM
Mmacmirtabe, 4eM B ApYrux cdepax HapoJgHoro xossiicrsa. [lo-
SBJICHHE HAaHOTEXHOJOTMH B CTPOUTENIFHON OTpaciu COIpo-
BOJK/IA€TCS 3HAUUTEIBHBIM IPOTPECCOM B CTPOUTENHHOM HHAY-
ctpun. KoHEUHOH 1enbl0 UCTIOIb30BaHUSI HAHOMATEPHUAJIOB B
CTPOHTEIIECTBE SBISCTCA Pa3paboTKa BHICOKO3(P(PEKTHBHBIX
CTPOUTENILHBIX MaTepuaios [1,2].

B Hacrosimee BpeMsi HAHOTEXHOJIOTHH PacCMaTPHUBAIOTCS
KaK COBOKYITHOCTb IMPUEMOB, XUMUYCCKUX U q)HSI/IKO-XI/IMI/I‘-IC-
CKHUX CIOCOOOB, HaNpaBJICHHAs HA CHHTE3 B 00beMe WITH Ha I10-
BEPXHOCTH MaTepuajla CTPYKTYp, MMEIOIIUMX OIWH HaHOpa3-
Mep. DTO MO3BOJISIET ITOBBICUTH (PU3UKO-MEXaHUUECKHE, Opra-
HOJIENTHYECKHE W JIpyrue cBoicTBa Marepuana [3-5]. Takue
MHOFO(I)yHKL[I/IOHaJ'H)HI)Ie CBOMCTBa HaHOMATEpHaJIOB ABJIAIOTCA
HanOoJiee BaKHBIMH NTPEUMYIIIECTBAMH HCIOJIb30BaHNS HAHO-
TEXHOJIOTHH 110 CPaBHEHMIO C JPYTHMMHU MOAXOAAMH M OObIU-
HBIMH MaTepuanzamu [6-9].

Cunre3 Pa3JIHYHBIX BHI0B HAHOYACTHUIL

CelppeM 11 HaHOTEXHOJIOTHUH CIyXKaT MaKpOOOBEKTHI.
[Mox HIMU TTOZPa3yMEBAIOT JTIOOBIE MaTEepPHAbl, JUCICPTHPO-
BaHHBIC JJO 00BbEKTa pa3MepOM B HECKOJBKO HaHOMETpOB. Ta-
KOW METOJI CHHTE3a HAaHOOOEKTOB MOIYYHII Ha3BaHUE «bottom
downy, T.e. cBepXy BHU3. J[pyroit MeTO I MOJYYCHUST HAHOOOb-
€KTOB, CBSI3aHHBIN C MCIIOJIb30BaHUEM aTOMOB, MOJIEKYJI, HAHO-
4yacTuIl, Ha3bIBaeTca «bottom up», T.e. cHu3y BBepx [10,11].
Yamie Bcero moiydyeHHe HAHOYACTHI] COMPOBOXKIACTCS METO-
JTaMH KOMITEIOTEpPHOTO MoaenupoBanus. C WX MOMOIIBIO BO3-
MOJKHO TIPOCJIEIUTH 3apOKICHUE H POCT HAHOYACTHII HA TIO-
JIOXKKE. DTU METOJIBI TTO3BOJISIFOT OJO0paTh ONTHMANEHBIC TTa-
paMeTphl CUCTEMEI U CO37[aBaTh MATEPHAINEI C ONPEACTICHHBIMHA
cBoiictBamu [12].

OCHOBHBIMU OOBEKTaMH HAHOTEXHOJOTHH B HACTOSIIEE
BpeMsI SBJISIFOTCSI HAHOYACTHUIIBI, Y KOTOPBIX BCE THITUYHbBIE JIH-
HEHWHbIe pa3Mepbl UMEIOT OJWH MOPAIOK BETUUNHEI (He Oosee
100 aM). Ecnu B HaHOYACTHIIE MPOCIEKHUBAETCS SPKO BBIpaA-
JKEHHOE YIOPSI0UE€HHOE PACIOI0KEHNE aTOMOB UM HOHOB, TO
UX Ha3bpIBAlOT HAHOKpHUCTAUMTAMH. ECIM HaHOYACTHIIHI
UMEIOT BBIPQKEHHYIO JUCKPETHOCTh CHCTEMBI JJIEKTPOHHBIX
YPOBHEW SHEPTUH, TO MX HA3BIBAIOT «KBAHTOBBEIMH TOYKAMU
WA «ACKYCCTBEHHBIMH ATOMaMI.

HanouacTuipl mo MEpHOCTH CTPYKTYPHOTO JIEMEHTa pas-
nemsitotest Ha [13,14]:

- TpEeXMEpHBIE, C pa3MEPOM YaCTHI] CYIIECTBEHHO NPEBHI-
marornieM 100 aM. Takre HAHOYACTUIIBI MOTYT OBITh CIIOKHON
(OpMBI U CTPOCHUSI, HO UMETh CTPYKTYpPY € YHOPSIOUYECHHBIM
CTPOCHHEM W3 HAaHO(PArMeHTOB,

- IBYXMEpHBIE, 3TO HAHOCTPYKTYPHUPOBAaHHbIE MOBEPXHO-
CTH, TUICHKH U CJION TOJIIMHOM B HECKOJIBKO HAHOMETPOB. /[Ba
pa3sMepa B TaKHX HaHOYAcTUIaX NpeBbimaT 100 HM;

- OJJHOMEPHOE, 3TO HUTCBUJIHBIC YaCTHUIIBI, HAHOTPYOKH H
BOJIOKHA. Takne HAHOYACTHIIBI MOTYT COAEPIKATh OOIBIIOE KO-
JIMYECTBO aTOMOB B O/IHOM U3 U3MEPEHHH, OTHAKO HX CBOMCTBA

INTRODUCTION

Nanotechnology is a priority in the development of
science and technology of the 21st century. Their devel-
opment at the level of atoms and molecules has led to suc-
cesses in the fields of medicine, radio electronics, machine
and automobile construction. Building materials science
has also shown interest in nanotechnology. Developments
of scientists in this field are less applied on an industrial
scale than in other spheres of national economy. The
emergence of nanotechnology in the construction industry
is accompanied by significant progress in the construction
industry. The ultimate goal of using nanomaterials in con-
struction is the development of high-performance building
materials [1,2].

Currently, nanotechnology is considered as a set of
techniques, chemical and physicochemical methods
aimed at synthesizing in the volume or on the surface of a
material structures having a single nanoscale. This makes
it possible to increase physical, mechanical, organoleptic
and other properties of the material [3-5]. Such multifunc-
tional properties of nanomaterials are the most important
advantages of using nanotechnology compared to other
approaches and conventional materials [6-9].

Synthesis of different types of nanoparticles

The raw materials for nanotechnology are macro-ob-
jects. They are any material dispersed to an object a few
nanometers in size. This method of synthesizing nano-ob-
jects is called “bottom down”, i.e. from top to bottom. An-
other method of obtaining nano-objects associated with
the use of atoms, molecules, nanoparticles is called “bot-
tom up”, i.e. bottom up [10,11]. Most often the production
of nanoparticles is accompanied by computer modeling
methods. With their help, it is possible to trace the nucle-
ation and growth of nanoparticles on the substrate. These
methods make it possible to select the optimal parameters
of the system and create materials with certain properties
[12].

The main objects of nanotechnology at present are na-
noparticles, in which all typical linear dimensions have
one order of magnitude (not more than 100 nm). If a na-
noparticle has a pronounced ordered arrangement of at-
oms or ions, they are called nanocrystallites. If nanoparti-
cles have a pronounced discrete system of electronic en-
ergy levels, they are called “quantum dots” or “artificial
atoms”.

Nanoparticles are divided into [13,14] according to the
dimensionality of the structural element:

- Three-dimensional, with particle size significantly
exceeding 100 nm. Such nanoparticles can be of complex
shape and structure, but have a structure with an ordered
structure of nanofragments;

- two-dimensional, these are nanostructured surfaces,
films and layers a few nanometers thick. Two dimensions
in such nanoparticles exceed 100 nm;

- one-dimensional, these are filamentous particles,
nanotubes and fibers. Such nanoparticles may contain a
large number of atoms in one dimension, but their proper-
ties remain characteristic of the nanocrystalline state;
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OCTAIOTCSI XapaKTePHBIMH IJI1 HAHOKPUCTAJUIMIECKOTO COCTO-
SHUS,

- HyJIbMEpHBIC WIH HAaHOKIIACTEPHI, 3TO YaCTHUIIBI YIIOPSIO-
YEHHOI'0 CTPOEHUs pa3mepoM oT 1 1o 5 HM, copepxaluue 10
1000 aTomoB.

3HAYUTEIBHOE YKCIO aTOMOB B HAHOYACTHUIAX HAXOIATCS
Ha MOBEpXHOCTH. VX 1o yBelMYMBAaeTcsi ¢ yMEHbBIICHHUEM
pa3Mepa yacTul] HUXe HEKOTOPOH MOPOroBoil BETUUUHBL. DTO
BHOCHT CYIIECTBEHHBIH BKJIaJ B SHEPTHIO CUCTEMbI U BIIUSET
Ha psz ¢akTopoB. Cpenu Takux GpakTOpOB SBISIOTCS TeMIlepa-
Typa TUIaBJICHUS, PACTBOPUMOCTH, CIBUT XUMHYIECKOTO paBHO-
Becus u apyrue. [15, 16]. I3MeHeHne CBOWCTB B CHCTEME CBS-
3aHO ¢ PU3UIECKON IPUPOAOIl MPOYHOCTH HaHOYACTHII. [Ipod-
HOCTh HAHOYACTHI[ OOYCIIOBJICHa CHJIaMH B3aWMOJCHCTBHUS
MEXTy COCTABJISIONIMMH X aTOMaMH HIIH HoHamu [ 17].

B ob6mem cirydae, ¢ TOUKH 3peHUS HAHOTEXHOJIOTHUH HaHO-
JacTUIBI MOXHO OXapaKTepU30BaTh, Kak MeJbyaiiiue, J0-
CTYIIHBIC B O6bI‘-IHbIX YCJI0BUAX YaCTUIIbI BEIIECTBA, MAHUITY-
JIAOUKU C¢ KOTOPBIMU MO3BOJIAIOT CO3JaBaTh HaHOyCTpOﬁCTBa )44
MaTepualbl C HOBBIMU cBolicTBamu [11].

Jns cuHTe3a pa3nuyYHBIX BUJIOB HAHOYACTHL, HAIpUMeED,
CMEIIIaHHBIX HAaHOOKCHJHBIX cucteM [18-20], HaHOICOIUTOB
[21], nanokpeMHe3eMa [22, 23] u ap., dalle BCEro MpUMEHs-
€TCsI 30JIb-TEJIb METO/. B 3011b-TeTh METOIe OCHOBHOW XUMHYE-
CKHUH TIpoIiecc MPOTEKAeT 10 PEaKIUH MOTUKOHIeHCcanuu. Pe-
3yJBTATOM 3TOW PEaKIHH SIBIsETCS 00pa30BaHME U POCT HAHO-
gacTull. CBS3YIONINE CBOMCTBA 30JICH B peaKIUH ITOJINKOH ICH-
caru obecrieunBaroT obpazoBanue reis. [Ipu s3ToM mpoucxo-
JUT Iepexoq CUCTEMBI OT CBO6OZ[HOZLI/ICHepCHOFO COCTOsIHUS K
CBSI3HO/IUCIIEPCHOMY COCTOSIHHIO [22]. DTO OCOOEHHO aKTy-
albHO JUISL DJIEMEHTOOPTraHM4ecKuXx coequHeHuil. Taxue co-
€JIMHEHUS SIBIISIIOTCS COCTABIIAIOIINMU Kommo3uTa [24, 25].

CBobOoHAs BHYTPEHHSAS DSHEPTHsl AUCIEPCHON CHUCTEMBI
MOJKET CIY)KHTh JHEPTETHUCCKIM KPUTEPHEM, 10 KOTOPOMY
BO3MOXKHO YTIOPSIOYHTH CBIPhE JJIsI HAHOTEXHOJOTHH. CBO-
0omHast BHYTPEHHS SHEPT U BOSHUKAET B PE3yJIETaTe CaMOOP-
TaHW3alUU TPEAETHHO BBICOKOTUCIIEPCHON KOJUIOMTHON CH-
CTEMBI B KUAKOM qucnepcuoHHOH cpene. Kuakoi nucnepcu-
OHHOM cpenoil sBisieTcst 30i1b. [lepexos Ha cienyromui sHep-
reTUYECKUI YPOBEHBb BSaI/IMO)Ief/'ICTBI/IH JUCTICPCHBIX YaCTUIl B
30J1€ cBA3aH ¢ oOpa3oBaHueM rensi. OOpa3oBaHue rens Mpouc-
XOAUT B pe3yibTaTe ACHCTBUA MOJIEKYJISIPHBIX CUJI pa3IMuHOMN
npupoabl. O6pazyromuiics reias 001a1aeT HEKOTOPBIMH CBOM-
CTBaAMU TBEPABIX TEJI, TAKUX KaK IIPOYHOCTH, YIIPYTOCTh, IJia-
CTHYHOCTh, CIIOCOOHOCTH COXPaHATh Gpopmy [26].

3011b-TeTh METOJI MOKET OBITh PEaTN30BaH IIPH HCIIONIB30-
BaHUM CICIHATBHBIX PUEMOB, OCHOBAHHBIX Ha MEXaHOAKTH-
BallUM, TPHUBOMANIAN K 00pa3oBaHUIO Je(hOPMAIMOHHBIX
CTPYKTYp Ha HaHOypoBHe [27].

[MomyuyeHre HAHOCTPYKTYPHBIX MOPOIIKOB OKCHIOB METAJI-
JIOB BO3MOJKHO C TIOMOIIHIO MEXaHOXMMHUYECKOTO cuHTe3a [18].
Bnauane cuHTe3a HCXOMHYIO COJTb 00E€3BOKUBAIOT, YTOOBI M3-
0ekaTh PaCTBOPEHHS YAaCTHI COJTM B COOCTBEHHOW KPHUCTAIIIH-
3alMOHHON Boze. Jlanee MpoOBOAAT MEXaHOAKTHUBALMOHHYIO
00paboTKy COJIM B IIJIAHEPHOW MENBHHMIIE B IPUCYTCTBUU (pa3o-
pasznenurens. B xadectBe Qazopasznenurens MOKET OBITh UC-
NoJb30BaHa cosib HUTpUTa HaTpus NaNOz. da3opasnenurens
BBIMOJTHACT (DYHKIIMIO OKHCITUTEINS ¥ CONICBON MaTpuIsl. Da3o-
pas3zfenuTenb NPeNoTBPAIAeT arjioMepanus o0pa3yomuXcs
HAHOYACTHI] OKCUIOB MeTainta. [Ipu MexaHOaKTHBAIIUH TTPOUC-
XOJUT paBHOMEPHOE MEepeMEIInBaHue cod ¢ (pasopasmennre-
JIeM ¥ U3MEHEHUE pa3Mepa 4acTull. TO COIMPOBOKAAETCA Te-
pexomoM OT Tpomecca W3MEIbUEHHS K  IPOILECCY
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- zero-dimensional or nanoclusters, these are particles
of an ordered structure of 1 to 5 nm in size, containing up
to 1000 atoms.

A significant number of atoms in nanoparticles are on
the surface. Their fraction increases as the particle size de-
creases below some threshold value. This makes a signif-
icant contribution to the energy of the system and affects
a number of factors. Among such factors are melting
point, solubility, chemical equilibrium shift and others.
[15, 16]. The change in properties in the system is related
to the physical nature of nanoparticle strength. The
strength of nanoparticles is due to the interaction forces
between the constituent atoms or ions [17].

In general, from the point of view of nanotechnology,
nanoparticles can be characterized as the smallest, nor-
mally accessible particles of matter, manipulation of
which allows the creation of nanodevices and materials
with new properties [11].

The sol-gel method is most commonly used to synthe-
size various types of nanoparticles, such as mixed nano-
oxide systems [18-20], nano-zeolites [21], nanosilica [22,
23], and others. In the sol-gel method, the main chemical
process proceeds by polycondensation reaction. The result
of this reaction is the formation and growth of nanoparti-
cles. The binding properties of the sols in the polyconden-
sation reaction ensure the formation of the gel. In this
case, the transition of the system from a freely dispersed
state to a cohesive dispersed state occurs [22]. This is es-
pecially relevant for organoelement compounds. Such
compounds are components composite [24, 25].

The free internal energy of a disperse system can serve
as an energy criterion by which it is possible to order raw
materials for nanotechnology. Free internal energy arises
as a result of self-organization of an extremely highly dis-
persed colloidal system in a liquid dispersion medium.
The liquid dispersion medium is a sol. The transition to
the next energy level of interaction of dispersed particles
in the sol is associated with the formation of a gel. Gel
formation occurs as a result of the action of molecular
forces of different nature. The formed gel has some prop-
erties of solids, such as strength, elasticity, plasticity, abil-
ity to retain shape [26].

The sol-gel method can be realized by using special
techniques based on mechanoactivation leading to the for-
mation of deformation structures at the nanoscale [27].

Obtaining nanostructured metal oxide powders is pos-
sible using mechanochemical synthesis [18]. At the begin-
ning of the synthesis, the initial salt is dehydrated to avoid
dissolution of salt particles in its own crystallization wa-
ter. Next, the salt is mechanoactivated in a planer mill in
the presence of a phase separator. Sodium nitrite salt
NaNO; may be used as a phase splitter. The phase splitter
acts as an oxidizer and salt matrix. The phase separator
prevents agglomeration of the formed metal oxide nano-
particles. During mechanoactivation, the salt and the
phase separator are uniformly mixed and the particle size
is changed. This is accompanied by a transition from the
process of grinding to the process of plastic deformation.
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miacTudeckou aedopmaru. YacTuipl o0padbaTsiBaeMoOTro Ma-
TepHaia HAaKaIUTUBAIOT SHEPTHIO B BUJE CTPYKTYPHBIX Ae(eK-
TOB (IMCIOKAaIMi, MOHHBIX W aTOMHBIX BaKaHCHH, MEXIO-
y3€IbHBIX HOHOB). Takast 0COOEHHOCTh HAHOCTPYKTYPHBIX TIO-
POIIKOB TTO3BOJSIET HCIONB30BaTh WX B KAa4ECTBE JOMOJIHH-
TENBHOM CTPYKTYPHOM cocCTaBisitonied B OCTOHHOHW cMecH
[28,29].

O¢ddekTuBHON 100ABKOI B IIEMEHTHBIX OCTOHAX SIBIISACTCS
HaHOLICOJIUTHI, KOTOPBIE MOYYaIOT B pe3yIbTaTe MEXaHOAKTH-
Baruu [21, 30, 31]. LleonuTsl npencTaBasoT coOoi KpucTai-
JIUYECKUE BOIHBIC AIFOMOCHINKATHI MEIOYHBIX M IIEJI0YHO3E-
MeNbHBIX MeTayuioB [32]. B ux cocraBe copepkaTcs akTHBHBIC
Na;0O, Al;Os, SiO,, obecreunBaronIie UM BEICOKYIO TIOBEPX-
HOCTHYIO aKTHBHOCTh M aJICOPOIIMOHHYIO CIIOCOOHOCTH. DTO
MI03BOJISIET IEPEBOJUTH UX B HAHOANCIIEPCHOE COCTOSTHHE U HC-
MOJIb30BaTh B OCTOHE B KauecTBe HaHOA00aBKH. LleonnTsl, me-
peBe/leHHbIE B HAHOAUCIIEPCHOE COCTOSIHUE, B COCTaBE [IEMEHT-
HBIX OCTOHOB CIIOCOOCTBYIOT aMOP(H3AIMU THIPOCHINKATOB
KaJIbIMsS. ¥ OMOHOJIMYMBAHMIO CTPYKTYpBI 3aTBEpAEBIICH Iie-
MEHTHOI MaTpuIlbl. BBeieHe HAHOLIEOIMTOB B COCTaB OETOHA
MPUBOJIUT K POCTY BOJOHETIPOHUIIAEMOCTH B 2 — 3 pa3a 1 yIyd-
IIEHUIO TEXHOJIOTHYECKHUX CBOICTB.

HanoTexHONOTMM HCIONB3YIOTCA TIpU TUApOodoOH3anun
MHHEPAIBHBIX MOPOIIKOB. TOHKOE HM3MEJIbYEHHE MUHEPalb-
HBIX TIOPOIIKOB COBMECTHO C THAPO(WIFHBIMH MUHEPaIb-
HBIMH TIOPOJIaMH1 CITIOCOOCTBYET MOIYYIEHHUIO HaHOYacTuIl. Yem
Gouiee TBepbIC MK a0pa3UBHbIE YACTHIBI MUHEPATHHOTO KOM-
MIOHEHTa, TeM Ooyiee TOHKO HM3MENBYUTCS TuApodoOH3aTop.
HaHouacTuubl MUHEpaIbHBIX MOPOIIKOB IMOKPHIBAIOT CBOUMH
TOHYANIINMU YaCTUIIAMH IOBEPXHOCTh MUHEPAIBHBIX YACTHII.
OTO NPHUBOAUT K MOJHOI runpodoOusauuu ruapoPpuiIbHOTO
Matepuaina. [lonoOHBIE HAHOTEXHOJIOTHU IO3BOJISIOT MIPOBO-
JUTH TIpoliecc TUApo(oOHU3anNN JOMEHHOTO T'paHyJIHpOBaH-
HOTO IIIJIaKa CTeapaToM IHKA. B KOMIUIEKCe C 3epHUCTHIM J10-
JIOMUTOM U ankwiapmicyibdonarom Hatpus (AACH) ruapo-
(hoOM3MPOBaHHBIM JOMEHHBIM TPAHYIMPOBAHHBIM IIJIAKOM I10-
Jy4aroT BHICOKO THUIPO(OOHBIE KOMITO3HUIIOHHBIE MaTepUalIbl
[33].

Hanopa3mepHOTO COCTOSIHMSI TOBapHOTO HPOJYKTa MOXKHO
JIOCTHYB METOJIOM YJIBTPa3ByKOBOTO JUCIIEPIHPOBAHUS B Opra-
HHYECKOM pacTBopuTesie. TakuM crmocoboM MOXKHO MOJTydaroT
HaHOIUCIIEPCHBIN auokcua Tutana (d = 86,36 — 187,40 um) u3
MOPOLTKO0OPa3bIX TUTAHOBBIX OENMII aHATa3HON M PYTHIBHON
moaupukanuy. CTpOUTENbHbIE pPACTBOPHI, COJEpKAIIUE B
CBOEM COCTaBe HAaHOYACTHIIBI THOKCHIA TUTaHA, UMEIOT ITOBBI-
IIEHHBIE IPOYHOCTHBIE XaPaKTEPUCTHUKH TI0 CPABHEHHIO C Oe3-
no6aBouHbIM 0OpasnoM. [Ipu 3ToM, 00pasipl, coxepiarne
anarasHyto Qgopmy HaHogucnepcHoro TiO», obnanaror Gonee
BBICOKOHM HPOYHOCTBIO, YeM 00pa3libl, colepiKaline PyTHIb-
Hy10 (opMy anokcuia tutana. Takum oOpasom, TiO2 MOKHO
NPUMEHSTh HE TOJBKO B KadecTBe OEJOro NMUTMEHTa, HO U
HaHOJI00aBKH B KOMITO3UIIMOHHBIX CTPOUTEIbHBIX MaTepHaiaX
[34-36].

VYabTpasBykoBas o0pabOTKa B COYETAHWU C MHUPOJIH30M
a’po30JIel PaCTBOPOB COJIEH MO3BOJISIET MOIYUYaTh pa3IuvHbIC
HAHOAWCIIEPCHBIE TOPOIIKH JIFOOBIX OKCHJIOB METANJIOB, M-
CTBIX METAJUIOB M METAJUIOKEpPaMUYECKUX KOMIIO3UTOB. B pa-
6ote [37] pazpaboTaHa M CKOHCTPYHPOBaHa YCTaHOBKa ITHPO-
JM3a a’po3oJied. DTa yCTaHOBKA MO3BOJISIET MOIydYaTh MOJIbIE
HaHOCTPYKTypHble MuKpochepbl pasmepom 0,5 — 5 MKMm.
CTeHKH HaHOCTPYKTYPHBIX MHUKpochep o0pa3oBaHbl HaHOYA-
cruiamu ¢ pazmepoM 10 — 20 um. [Ipu 06paboTKe B yIbTpasBy-
KOBOM KaBHTaIIMOHHOM IT0JIE ¢ 9acToToH 22 MI't MuUKpOocheps

The particles of the treated material accumulate energy in
the form of structural defects (dislocations, ionic and
atomic vacancies, interdot ions). This feature of
nanostructured powders allows them to be used as an ad-
ditional structural component in the concrete mixture
[28,29].

An effective additive in cement concrete is nanozeo-
lites, which are obtained by mechanical activation [21, 30,
31]. Zeolites are crystalline aqueous aluminosilicates of
alkali and alkaline earth metals [32]. They contain active
Naz0, Al,O3, SiO;, providing them with high surface ac-
tivity and adsorption capacity. This allows them to be con-
verted into nanodispersed state and used in concrete as
nanoadducts. Zeolites converted into nanodispersed state
in the composition of cement concrete contribute to the
amorphization of calcium hydrosilicates and monolithiza-
tion of the structure of the hardened cement matrix. The
introduction of nanozeolites into the concrete composition
leads to an increase in water resistance by 2 - 3 times and
improvement of technological properties.

Nanotechnology is used in the hydrophobization of
mineral powders. Fine grinding of mineral powders to-
gether with hydrophilic mineral rocks contributes to the
production of nanoparticles. The harder or more abrasive
the particles of the mineral component, the finer the hy-
drophobilizer will be milled. The mineral powder nano-
particles cover the surface of the mineral particles with
their finest particles. This results in complete hydrophobi-
zation of the hydrophilic material. Such nanotechnology
allows the process of hydrophobization of blast furnace
granulated slag with zinc stearate. In complex with gran-
ular dolomite and sodium alkylaryl sulfonate (SAS) hy-
drophobized blast-furnace granulated slag produces
highly hydrophobic composite materials [33].

The nanoscale state of the commercial product can be
achieved by ultrasonic dispersion in an organic solvent.
Nanodispersed titanium dioxide (d = 86.36 - 187.40 nm)
from powdered titanium whites of anatase and rutile mod-
ification can be obtained in this way. The mortars contain-
ing titanium dioxide nanoparticles in their composition
have increased strength characteristics in comparison with
the additive-free sample. Moreover, samples containing
the anatase form of nanodispersed TiO, have higher
strength than samples containing the rutile form of tita-
nium dioxide. Thus, TiO can be used not only as a white
pigment but also as a nanoadduct in composite building
materials [34-36].

Ultrasonic treatment in combination with pyrolysis of
salt solution aerosols allows to obtain various nanodis-
persed powders of any metal oxides, pure metals and
metal-ceramic composites. In [37], an aerosol pyrolysis
unit was designed and constructed. This unit allows to ob-
tain hollow nanostructured microspheres of 0.5 - 5 mi-
crons in size. The walls of nanostructured microspheres
are formed by nanoparticles with the size of 10 - 20 nm.
When treated in an ultrasonic cavitation field with a fre-
quency of 22 MHz, the microspheres are destroyed. This
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paspymatorcs. [Ipu 3ToM nostygaeTcst OJHOPOIHBIM HAHOTIOPO-
IIOK ¢ pazMepaMu yacTull B mpeaenax 10 — 15 um.

CymiecTBYIOT B JPYTHE METObI TOTyUCHUS] HAHOAUCIIEPC-
HBIX TTOpomIkoB. B pabotax [38, 39] HaHOpa3MepHBIE TOPOIIKA
HUKeTst ¥ komro3unun Fe-Ni ObuTH TOITydeHBI METOIOM XKH-
KO(a3HOTO BOCCTaHOBJIEHHS TPEKYPCOPOB U3 BOJHBIX PACTBO-
poB coneii. Conb Ni(NO3)2'6H20. momseparoT BOCCTaHOBIIE-
HHIO B TpyO4aToii meun B atMocdepe Bogopo/ia pu TeMmnepa-
Type 450°C B tewenue 10 muuyT. IlomydeHHBIH HOPOIIOK
HAHOHUKENST 00JlalaeT BBICOKOH aKTUBHOCTBIO K CIIEKAaHHIO,
MMEET HU3KYIO MOPHUCTOCTh U MOBBIIICHHYI0 MHKPOTBEPIOCTh
[38]. B pabotax [40, 41] momydeHne n0OaBKH HA OCHOBE CH-
crembl Ti0,-Bi;O3 nmpumenstvch nBa crocoba. Iepseiii cro-
co0 OpUT TBepAO(ha3HON KIACCHIECKON KepaMUIecKOH TEeXHO-
norueid. BTopem cmocob6om ObT mUTpaTHBIA crocoO. Brino
ycTaHOBIICHO, 4To CpenHuil pasMep 9acTHI], HOITyYCHHBIX IO
TBepaodasHoii TexHosoruu, cocraBimsier 50 MM, CpenHuii
pasMep YacTHIl, MOJTyUYCHHBIX [TUTPATHBIM CIIOCOOOM, COCTaB-
aset ot 10 mo 0,33 mMxM. MoauduiupoBaHHbie 00pasibl 3a-
TBEpACBILEH IEMEHTHON NacThl J0OaBKON Ha OCHOBE CHCTEMBI
TiO2-Bi;O3 mposiBASIOT (HOTOKATATUTHYECKYIO aKTHBHOCTH
[41].

[Tomy4eHne HAHOBOJOKHHCTBIX OKCHIOB M THAPOKCHIOB
TIOMHHUS OCYIIECTBIISICTCS pasHbIMU criocobamu. [IpumMens-
FOTCSI CIIEAYIOIIHE CIIOCOOBI: 30JIb-T€IIb METOA, THAPOTEPMAIIb-
HBII CHHTE3 ITyTeM OCaKACHWS WIN THIPOJIN3a aTIOMUHAHOP-
TaHUYECKUX COCIMHEHHH, KHCIOTHBIM M IIETOYHBIM OCaXK/e-
HHEM TIJIMHO3€Ma, TEePMHUYECKUM TUCIICPTHPOBaHUEM THOO-
cuta. Bce st METOAbI ABJIAIOTCA CJIOKHO PE€AIN3yCMbIMU.
Hawubonee 3ddexkTuBHO MoNTydaTh HAHOBOJOKHA BCIICJCTBHE
B3aUMOJICHCTBUSI aIIOMHMHUSI C BOJOH OCYIIECTBISIEMOTO
JIBYMS pa3au4gHbIME puemamu [42]. IlepBrlit mpuem 3axioda-
€TCs BO B3aUMOJICMCTBUU C BOJOW HAHOAUCIEPCHBIX HACTHIL
IIOMHHUS, TIOJyYEHHBIX METOZOM 3JIEKTPHYECKOTO B3pPhIBA
MPOBOJIHKKA B aTMOc(epe a3oTa. Bropoii mpuem 3axiovaercs
B TTOJIyYEHUH HAHOYACTHI HEITOCPECTBEHHO B BOJIE C UCIIOIb-
30BaHUEM 3JIEKTPOPa3pIIHON TexHomornu. HaHoBookHa Ok-
CHJIa ¥ THIPOKCHIA AJTIOMUHHUS, MOJTyUeHHBIE MPEAI0KEHHBIM
METOJIOM, MOTYT OBITh UCIIOJIb30BAHBI KaK B IIPON3BOJICTBE Ka-
TaJIM3aTOPOB U COPOEHTOB, TaK U B NMPOU3BOICTBE CIEIUAIIb-
HBIX IIEMEHTOB 1 KOMITO3UIITUOHHBIX MaTE€pHUAJIOB.

OnHuM 13 3PPEKTUBHBIX CIOCOOOB MOJIyYSHHUS] HAHOPA3-
MEPHBIX IIPEKYPCOPOB U3 KPUCTAIUIOTHAPATOB, IOJIYUYEHHBIX
Ipy rugpaTtanui HEMEHTA, ABJIACTCA THAPOJUHAMUYECCKOEC BO3-
JICICTBUE HA IPEABAPUTENIBHO TUAPATUPOBAHHBIM IIEMEHT.
[Ipu rugpoItHAMUYECKOM BO3JICHCTBUU B POTOPHO-ITYJIbCAIIH-
oHHBIX anmaparax (PITA), BO3MOXHO MOJIydYeHHE yJIbTpaguc-
HepCcHOW 100aBKM IEMEHTHOM cycrieH3uu. LleMeHTHas cycrieH-
301 COJIEPKUT TPOAYKTHI I'MAPATALH MHUHEPAIOB MOPTIAHA-
[IEeMEHTa M YJIbTPATOHKUX yacTull nemeHra. [Ipu ruapoanHa-
MHNYECKOM BO321€I\/’ICTBI/II/I Ha OpCABAPUTCIIBHO THApPAaTUPOBAH-
HBIN HEMEHT C IOBEPXHOCTU HEMEHTHBIX 3€PEH B BOIHYIO
cpelly TEpeXoasT KPUCTAUIOTMAPATHL. YIbTPATOHKHE 4Ya-
CTHIbI 00PA3yIOTCS 33 CYET CBEPXTOHKOTO M3MENIbUYCHUsI paHee
TUAPATUPOBAHHBIX YACTUIl HEMCHTA B PE3YJIbTATC UX AUCIICP-
ranuy. BeeneHne Takux yabTpaaIucIepCHBIX THIPATHBIX 00pa-
30BaHUI obecrieunBaeT 0osiee BHICOKYIO IPOYHOCTh TBEPJICIO-
IIeit IIEeMEHTHON KOMIO3UIMY B HAaYaJIbHBIE CPOKU TBEPJICHHS
[43, 44, 45].

YnpasieHnue cBolicTBaMHU CHCTEMbI HA HAHOYPOBHE

Mmuorue (l)yHKIII/IOHaJ'H)HI)IC CBOIiCTBa CTPOUTCIIbHBIM MaTe-
puajizaM MOTYT AOCTUTATbCA NPUMCHCHHUCM HaHOTCXHOJ’IOFHﬁ,

288

produces a homogeneous nanopowder with particle sizes
in the range of 10 - 15 nm.

There are also other methods for obtaining nanodis-
persed powders. In [38, 39], nanosized nickel powders
and Fe-Ni compositions were obtained by liquid-phase re-
duction of precursors from aqueous salt solutions. The salt
Ni(NOs3)2-6H20. was subjected to reduction in a tube fur-
nace in a hydrogen atmosphere at 4500C for 10 min. The
obtained nanonickel powder has high sintering activity,
low porosity and increased microhardness [38]. In [40,
41], two methods were used to obtain the additive based
on TiO2-Bi,O3 system. The first method was solid-phase
classical ceramic technology. The second method was the
citrate method. It was found that the Average particle size
of the particles obtained by solid-phase technology was 50
um. The average particle size obtained by the citrate
method is 10 to 0.33 um. The modified samples of hard-
ened cement paste with an additive based on TiO2-Bi,O3
system exhibit photocatalytic activity [41].

Production of nanofibrous aluminum oxides and hy-
droxides is carried out by different methods. The follow-
ing methods are used: sol-gel method, hydrothermal syn-
thesis by precipitation or hydrolysis of organoaluminum
compounds, acid and alkaline precipitation of alumina,
thermal dispersion of gibbsite. All these methods are dif-
ficult to realize. It is most effective to obtain nanofibers
due to the interaction of aluminum with water carried out
by two different methods [42]. The first technique consists
in the interaction with water of nanodispersed aluminum
particles obtained by electric explosion of a conductor in
a nitrogen atmosphere. The second technique consists in
obtaining nanoparticles directly in water using electrical
discharge technology. Aluminum oxide and hydroxide
nanofibers obtained by the proposed method can be used
both in the production of catalysts and sorbents and in the
production of special cements and composite materials.

One of the effective ways to obtain nanosized precur-
sors from crystalline hydrates obtained during cement hy-
dration is hydrodynamic impact on pre-hydrated cement.
At hydrodynamic influence in rotary pulsation apparat-
uses (RPA), it is possible to obtain ultradisperse additive
of cement suspension. Cement slurry contains hydration
products of Portland cement minerals and ultrafine ce-
ment particles. Under hydrodynamic action on the pre-hy-
drated cement, crystalline hydrates are transferred from
the surface of cement grains to the aqueous medium. Ul-
trafine particles are formed due to ultrafine grinding of
previously hydrated cement particles as a result of their
dispersion. The introduction of such ultrafine hydrate for-
mations provides higher strength of the hardening cement
composition in the initial curing period [43, 44, 45].

Control of system properties at the nanoscale

Many functional properties of building materials can
be achieved by using nanotechnology, which allows
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KOTOpBIC MO3BOJISIIOT YIPABIATH PA3IMYHBIMHU CBOMCTBAMHU U
napaMeTpaMHy CHCTEMBI Ha HaHOypoBHe. HaHOypoBeHs pacto-
Jaraercs cpa3y 3a aTOMHBIM [5, 46], BciencTBre 9ero (GU3UKO-
XMMHYECKHE ITPOIIECCHI, MPOTEKAIOIINE B IEMEHTHON MaTpHIIE,
TECHO CBSI3aHbl C IOPOMEXAHUKOM. Bo3HuKaronue BHyTpU Ma-
Tepuana Mopsl 3al0JIHAIOTCSA CTPYKTYpHOI Bojoi. [lomyuaercs
JJIeMEHTapHas TBepiaas (asza, UMeroIas pa3Mepsl HOpsIKa
5,6x10° M 1 oTBeuaromias 3a MOPOYNPOrHe CBONCTBA CHCTEMBI.
Taxue cBOWCTBa NperONpeNeNsioT NOBEICHNE [IEMEHTHBIX Ma-
TEpUANOB MIPU BBICYIINBAHUY, O] HATPY3KOH U IIPU CTAPEHUU.

VYipasneHrue CBONCTBAaMHU CUCTEMbl Ha HAaHOYPOBHE U IO-
BBIIIICHHE Ka4eCTBAa M3ACIHH CIIOCOOCTBYET HCIIOIH30BAHHIO
HOBBIX HAHOCTPYKTYpPHPOBAaHHBIX Martepuanos. [lomydenue,
HCCIIEZIOBAHNE CTPYKTYpPHI U CBOICTB HAHOCTPYKTYPHPOBAH-
HBIX MaTEPHAJIOB SIBIISCTCS CIOKHBIM M TPYAOEMKHM IIPOLEC-
coM. Pa3HooOpasue yxe CyIecTBYIONIMX HaHOMAaTEepHaloB U
BBICOKasl PEaKLMOHHAsI CIIOCOOHOCTh BXOISIIUX B MX COCTaB
HAHOYACTHII, AeJaeT BO3MOXHBIM IOJy4aTh HOBBIE KOMIIO3H-
IIHOHHBIC MaTepHajbl U U3ydaTh UX cBoiicTBa. HekoToprie He-
JIOCTaTKH MOPTJIAHALIEMEHTa, TAaKWe KaK HHM3KHE 3HAYCHHUS
MPOYHOCTH Ha U3TN0, MIIACTHYHOCTH U BA3KOCTH, a TAKXKe MPO-
651eMBI COIIPOTUBIICHUS IIPU B3aUMOJICHCTBUN C XUMUIECKUMU
BEILCCTBAMH, BBI3BIBAIOT OINACEHHsSI OTHOCHTEJIFHO HAIEKHO-
CTH U JOJTOBEYHOCTH TaKuX martepuanoB [2, 47, 48]. Takum
00pa3oM, UCIOIb30BaHNE HAHOMATEPHAJIOB HAapsILy C IEMEHT-
HBIMH MaTepHajlaMi MOKET PEIIUTh 3TH MPOOIEeMBbl U 3HAYH-
TENIBHO MOBBICUTh MEXaHWYECKHE CBOHCTBA OETOHA.

B Hacrosmee Bpems Hanbosee M3BECTHBIM HaHOMaTepua-
JIOM SIBIISIFOTCSL yriiepogHbie HaHOTpYOkH (YHT), kotopsie co-
4eTarT B cebe CBOMCTBa MOJICKYJ M TBepmoro tena. Takue
CBOMCTBA 00ECNEYNBAIOT BBICOKHE (PH3HKO-MEXaHHYECKUE Xa-
PaKTepPUCTHKH, TaKHe KaK MPOYHOCTh M MOIYJb YIPYTOCTH (B
8 1 5 pa3 BeIlIIe CcTalN, COOTBETCTBEHHO).

YHT o06nafatoT HE TOJBKO YHUKAIBHBIMH TEXHHYECKUMHU
XapaKTEePUCTUKAMM, HO TaK)Ke HHTEPECHBI C MO3UIUH XUMHHU U
(usnkoxuMuH. DTO CBS3aHO co crocobHocThi0 YHT mpuco-
€/IMHATH K CBOEH MOBEPXHOCTH Pa3HOOOPa3HbIE pafKabl, KO-
TOPBIE MOTYT CIIY’)KUTh KaTaIUTHYECKUMHU [IEHTPaMH1 WK 3apo-
JBIIAMH JUTS OCYIIECTBIICHHUS PA3IMYHBIX XMMHUYECKHUX Ipe-
BpateHui [49].

@ysknuoHanbHble rpynnel YHT MOXHO HCIIONb30BaTh B
Ka4eCcTBE OCHOBBI JUISI XMMHUYECKHUX PEaKINi MPpUCOCTUHEHNS
OOJIBILIOrO YKCIIA 3JIEMEHTOB M (DYHKIIMOHAIBHBIX IPYyMIl. JTO
NPUBOJUT K OPHEHTHPOBAHUIO KIIACTEPHBIX OOpa3oBaHMI
B10Jb oc YHT 1 cmocoOCTByeT cpaliuBaHUIO0 ¢ KPUCTAIIO-
rHpaTaMy MopTIaHALEeMeHTa. Takoe cpanBaHie ¢ KpUCTall-
jgoruapataMu oOyCIIOBIMBAeT apMHUpPOBAaHHE HEMEHTHOW CH-
CTeMBbl. 3aTBepieBIIas [IEMEHTHas I1acTa ¢ HaHOYAaCTHLAMH
uMeeT OoJiee TUIOTHYIO CTPYKTYPY IO CPaBHEHHIO C OOBIYHON
LEMEHTHOM MacTOH U3-3a YMEHBIIECHUS KOJINYECTBA OP U MPH-
cyTcTBHS Oonbriero koiudectBa kpuctamuioB Ca(OH)z, a
Takxe yBenmmdenus konnuectsa C-S-H [50,51].

3a mocneaHee AeCATHICTHE 3HAYUTEIHFHO BO3POCIO YUCIIO
pabot, oTpaxaroumx HpuKIagHoi xapakrtep YHT m apyrmx
YTIEPOACOACPIKAINX HAaHOMATEPHAJIOB B MPOM3BOJICTBE pas-
JIMYHBIX CTPOMTEIBHBIX MaTePHANOB [52-55].

IIpumepom npumenenust YHT B npou3BoAcTBE CTPOUTEND-
HBIX MaTEpPHAJIOB SIBJISIETCSI MOANGDHUIMPOBAHUE UMH aHTHIPH-
TOBBIX M (PTOPAHTMIPUTOBBIX KOMIO3UTOB [56, 57]. Bputo
YCTaHOBJIEHO, 4TO BBejaeHHe MHorocioiHbix YHT wMenser
CTPYKTYPY KpHUCTaJUIOB rurca. Mop¢osorusi KpucTauioB u3
IUIACTUHYATOW MEPEXOJUT B POMOMYECKYIO ¢ OoJiee MIIOTHOU
YIaKOBKOH KPHUCTaNIOB. DTO CIOCOOCTBYET YMEHBIIICHUIO

controlling various properties and parameters of the sys-
tem at the nanoscale. The nanoscale is located just after
the atomic level [5, 46], so that physicochemical processes
occurring in the cement matrix are closely related to poro-
mechanics. The pores appearing inside the material are
filled with structural water. An elementary solid phase of
the order of 5.6x10° m is obtained, which is responsible
for the porosity properties of the system. Such properties
predetermine the behavior of cement materials during dry-
ing, under load and aging.

Control of system properties at the nanoscale and im-
provement of product quality promotes the use of new
nanostructured materials. Obtaining, studying the struc-
ture and properties of nanostructured materials is a com-
plex and time-consuming process. The variety of already
existing nanomaterials and the high reactivity of their con-
stituent nanoparticles, makes it possible to obtain new
composite materials and study their properties. Some dis-
advantages of Portland cement, such as low values of flex-
ural strength, ductility and toughness, as well as resistance
problems when interacting with chemicals, raise concerns
about the reliability and durability of such materials [2,
47, 48]. Thus, the use of nanomaterials along with ce-
mentitious materials can solve these problems and signif-
icantly improve the mechanical properties of concrete.

Currently, the best known nanomaterial is carbon
nanotubes (CNTSs), which combine the properties of mol-
ecules and solids. Such properties provide high physical
and mechanical characteristics such as strength and elastic
modulus (8 and 5 times higher than steel, respectively).

CNTs have not only unique technical characteristics,
but are also interesting from the point of view of chemistry
and physicochemistry. This is due to the ability of CNTs
to attach a variety of radicals to their surface, which can
serve as catalytic centers or germs for various chemical
transformations [49].

The functional groups of CNTs can be used as a basis
for chemical reactions of addition of a large number of el-
ements and functional groups. This leads to the orientation
of cluster formations along the CNT axis and promotes the
bonding with Portland cement crystalline hydrates. Such
splicing with crystalline hydrates determines the rein-
forcement of the cement system. The hardened cement
paste with nanoparticles has a denser structure compared
to conventional cement paste due to the reduced number
of pores and the presence of more Ca(OH) crystals, as
well as an increased amount of C-S-H [50,51].

Over the last decade, the number of works reflecting
the applied nature of CNTs and other carbon-containing
nanomaterials in the production of various building mate-
rials has increased significantly [52-55].

An example of the application of CNTs in the produc-
tion of construction materials is their modification of an-
hydrite and fluorohydrite composites [56, 57]. It was
found that the introduction of multilayer CNTs changes
the structure of gypsum crystals. The morphology of crys-
tals from lamellar to rhombic with denser packing of crys-
tals. This contributes to the reduction of defectivity of the
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JedexTHOCTH caMHX KpUCTANIOB. B pe3ynpTare aHrHIpUTOBAs
MaTpHIa yIUIOTHACTCS, @ IPOYHOCTH 3aTBEPIEBILIETO MAaTEPH-
ajla yBEITMINBACTCH.

BonpmmHCTBO HccnenoBaTenei NpUACPKUBACTCS MHEHHA,
YTO CHayaja aKTyalbHO NPOBOIWUTH CTPYKTYpPHPOBAHHE BOJBI
YHT, a noToM 3aTBOPSTSH €10 LIEMEHT C LIEJIBI0 MOBBILIEHUE IKC-
TUTyaTallMOHHBIX CBOMCTB 3aTBEpJEBLIETO NMPOAyKTa. B pabo-
Tax [58-62] oTMeueH NoNoKUTeNbHBIH 3P deKT OT ncrosp30Ba-
HHUS HaHOCTPYKTYPHPOBAHHOHM BOJBI IIPH 3aTBOPEHHH BSIKY-
mero. HaGmonanock yBennueHne npo4HocTH 6eToHOB 10 20 —
30 % [58, 59] u merobeTonOB 110 50% [62].

Mupoko wmcmome3yercsi yIbTpa3BykoBass oOpaboTka [63-
65] ¢ ncnonp30BaHNEM TEIUIOBOTO AUCTICPTUPOBAHMS HAHOPA3-
MepHOTo MoaudukaTopa. Cpena, B KOTOPOH MIPOUCXOTUT JHIC-
MEPTUPOBAHUS HAHOPA3MEPHOTO MOIU(HKATOPA SBISETCA
THOGUIEHOW 0 OTHOIIEHHIO K Moaupukaropy. Jlnmoduis-
HOCTB CPE/Ibl MO3BOJISICT TOOUTHCS TIOOKUTEILHOTO 3 dhexTa
pacripeie/ieHHsI YacTUI B CpeJe.

ITomMuMmoO aKycTHUECKOW KaBUTAUUHU (YIBTPa3BYKOBOH 00-
paboTKH) OBLIH NPEeAI0KEHbI M APYTHE CIIOCOOBI TUCTIEPTHPO-
BaHus1. Takue criocoObl OCHOBaHKI Ha 3 dexTe ruapoIuHAME-
YeCKOW KaBUTAIIMU U TUCIIEPTUPOBAHUH HAHO U YJIBTPaANCIIEp-
HBIX YacTHUI] B BBICOCKOPOCTHBIX POTOPHBIX CMECHUTENSAX. DTH
CIOCOOBI TTO3BOJIIIOT TIOJydaTh MHHEPAIbHBIC JUCIIEPCHUH,
o0ecreynBaoIe MOBBIIICHNE JKCINTyaTAallHOHHBIX CBOMCTB
KOMITO3HITOHHBIX MaTEpPHAJIOB U OETOHOB Ha MX OCHOBE [43,
44, 66].

Hapsimy ¢ 3amaueil MOBBIIEHUS MPOYHOCTH IMOPTIAHALE-
MEHTa TaKXKE aKTyaJbHOW MpOOJIEeMOi SBISIETCS MOBBILICHHE
ero 6moctoiikoctu. OOpa3oBaHHE UIECCHH B MOMEHICHUIX C
MOBBIIICHHOH BIaYKHOCTBIO MOXKET JJOXOIUTD 10 KPUTHUECKUX
3HaueHui. [lns mpenoTBpaiieHus: 00pa30BaHUs TUIECHEBBIX
rprOOB MM YCTPAHEHHs] MUKOJIOTHUECKHUX IMOCIEACTBUN Tpe-
OyeTcs BBOIOWTH B [IEMEHT WIIM OCTOH, OMOaKTHBHEIC T00ABKH.
Takue mo0aBkH CITIOCOOHBI HHTHOMPOBATH OMOECTPYKTUBHBIC
MPOLIECCH B IIEMEHTHOM KaMHE U TIPH 3TOM HE OKa3bIBaTh I'y-
OuUTENHPHOTO AEHCTBHUS Ha OKpYy»Karoulyto cpeny. Hammu paspa-
6oraHa no0aBka Ha ocHoBe cuctembl TiO2-BioO3 m1s nemeHt-
HBIX KOMIIO3UTOB [68] M03BOJISAIONIAs TOJYyYaTh KOMIIO3ULIMH C
MPOTUBOTPHOKOBBIMHU CBOMCTBaMH [67, 69]

Cpely TEeXHOTEHHBIX MaTepHaJOB, OTHOCSIIMMCS K HaHO-
MHHEPAIBHBIM JUCIEPCHSM, SIBJISIOTCSI NIJIAMOBBIE OTXOJIBI.
OO6pa3oBaHHe IIJIAMOBBIX OTXOJIOB INPOUCXOAUT B CHCTEME
30J1b-T€Nb (CTOYHAs BOAa-ocafok). HaHoMmuHepanbHble dYa-
CTHIIBI MMEIOT (pakTalbHyI0 CTPYKTypy. bmaromaps Taxoi
CTPYKTYpE NX MOXHO paccMaTpuBaTh B Kaue€CTBE HAHOKOMIIO-
HEHTa B MHOTOKOMITOHEHTHBIX CMECSX.

B HacTosiee BpeMst 1S pa3IMyHbIX 1IeJIeH B IPOMBIIIIECH-
HOM MacliTa0e BBITyCKaeTCs ITMPOKUH aCCOPTHMEHT MPOIYK-
TOB Ha ocHOBe Si0O2 B BUJIE 30JI€i HAHO- U YJIBTPAUCIIEPCHOTO
KpemHe3eMa. Takue n00aBKM 3(Pp(PEeKTHBHO MPHUMEHSIOTCS B
MIPOM3BOJICTBE CTPOUTEIHHBIX MaTepuanioB [70]. B cocrase Oe-
TOHA YJIbTPaJANCIIEPCHBIA KPEMHE3eM OJHOBPEMEHHO BBIIOJI-
HSeT ABe (YHKIMH: HATIOJIHUTENSA U aKTUBHOM no6aBku. Takoe
€ro HCIOJH30BaHME CIOCOOCTBYET (OPMHPOBAHHUIO MIIOTHON
CTPYKTYPBI KaMHSl M YBEJIMYCHHUIO MPOYHOCTH Marepuaa, a
TaKKe CHIDKAIOT BBICOJIOOOpa30BaHME W IIEIIOYHO-CHIIMKAT-
Hyt0 Kopposuto [70-72].

B mnocnenHee BpeMs akTyaJbHO TOJIydaTh IMOPOIIKH C MO-
JudUIMpoBaHHON MOBepXHOCTHIO. MHTEpec k HUM 00ycCIOB-
JIEH BO3MOXKHOCTBIO PEryJIMPOBAaHHS CBOMCTB KOMITO3MIIMOH-
HBIX MaTepHajoOB, B COCTaBE KOTOPBIX OHU MOT'YT OBITB IIpHMe-
HeHbl. [IpuMepoM HCHoNb30BaHUST HAHOMOAN(DHINPOBAHHBIX
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crystals themselves. As a result, the anhydrite matrix com-
pacts and the strength of the hardened material increases.

The majority of researchers are of the opinion that it is
important to first structure water with CNTs and then to
mix cement with it in order to improve the performance
properties of the hardened product. In [58-62], a positive
effect of using nanostructured water in binder mixing was
observed. An increase in the strength of concrete up to 20-
30% [58, 59] and foam concrete up to 50% [62] was ob-
served.

Ultrasonic treatment [63-65] using thermal dispersion
of nanoscale modifier is widely used. The medium in
which the dispersion of the nanoscale modifier takes place
is lyophilic with respect to the modifier. The lyophilicity
of the medium allows to achieve a positive effect of parti-
cle distribution in the medium.

In addition to acoustic cavitation (ultrasonic treat-
ment), other dispersing methods have been proposed.
Such methods are based on the effect of hydrodynamic
cavitation and dispersion of nano- and ultradisperse parti-
cles in high-speed rotary mixers. These methods make it
possible to obtain mineral dispersions that provide an in-
crease in the performance properties of composite materi-
als and concrete based on them [43, 44, 66].

Along with the task of increasing the strength of Port-
land cement, increasing its biostability is also an urgent
problem. Mold formation in rooms with high humidity
can reach critical values. To prevent the formation of mold
fungi or to eliminate mycological consequences it is nec-
essary to introduce into cement or concrete, bioactive ad-
ditives. Such additives are able to inhibit biodegradative
processes in cement stone and at the same time do not
have a destructive effect on the environment. We have de-
veloped an additive based on TiO2-Bi,O3 system for ce-
ment composites [68], which allows to obtain composi-
tions with antifungal properties [67, 69].

Among the anthropogenic materials related to na-
nomineral dispersions are sludge wastes. The formation of
sludge waste occurs in the sol-gel system (wastewater-
sludge). Nanomineral particles have a fractal structure.
Due to this structure, they can be considered as a nano-
component in multicomponent mixtures.

At present, a wide range of SiO-based products in the
form of nano- and ultradispersed silica sols are produced
on an industrial scale for various purposes. Such additives
are effectively used in the production of building materials
[70]. In the composition of concrete, ultradispersed silica
simultaneously performs two functions: filler and active
additive. Its use contributes to the formation of a dense
stone structure and increases the strength of the material,
as well as reducing the formation of efflorescence and al-
kali-silicate corrosion [70-72].

Recently, it is urgent to obtain powders with modified
surface. The interest to them is due to the possibility of
regulating the properties of composite materials in which
they can be used. An example of the use of nanomodified
materials in the production of new generation concretes is
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MaTepuagoB B IPOU3BOACTBE OCTOHOB HOBOTO ITOKOJIEHHS MO-
JKeT CITykuTh pa3zpadorka A.C. MHozemnena [73-75]. C mensto
MIOJTyYSHHS BEICOKOIIPOYHBIX JIETKHX OCTOHOB OH NMPHUMEHST B
Ka4eCTBE HAMOJTHUTEISI CTCKIITHHBIC W AIFOMOCHIIMKATHBIE T10-
JIBIe MUKPOC(EPHI, TIOBEPXHOCTh KOTOPHIX OBbIIa 0OpaboTaHa
HaHOMOJM(HKATOPOM, COCTOSIIMM U3 30JIeil KpEMHEBOH KHC-
70T ¥ ruapokcuaa xenesa (11). B xoxe nmpoBeneHHBIX Hcciie-
JIOBaHMH UM OBUIO YCTAHOBJICHO CIEIyIOIIee: KOMIUICKCHBIH
HaHOpa3MEepHBIH MOJU(UKATOP B COCTaBE MUKpOC(Ep WHTEH-
cuuIMpyeT THapaTalfio HEMEHTa U YBEIWYHMBAeT KOJIMYe-
CTBO THAPOCHIIMKATOB KaJbIMs Ha TPAHHUIE pasfena ¢as «e-
MCEHTHBIM KaMeHb — HaHOMOAN(HUINPOBAHHAS MUKpochepay.
Oto KauecTBO obecrednBaeT GOPMHUPOBAHUE TUIOTHOH U ITPOY-
HOU CTPYKTYPHI, CHOCOOHOH COTPOTHBIATECS TPEIIEHO0Opa3o-
BaHMIO. lcmonmp3oBaHWE HAHOMOANM(HIMPOBAHHBIX MHUKPO-
cdep obecrieunBaeT CHIKCHHE XPYNKOCTH OSTOHA, YBEIHYe-
HHE MOy yrpyrocty Ha 13 — 36 %, a Takke yBelIUYeHHE ero
BoJI0CTOMKOCTH (KO3 duieHT Bogocrolikoctu 6oiee 0,95) n
Mopo3zocToiikocT (Mapka F300). Takue BhICOKHE dKCILTyaTa-
[IHOHHBIE XapaKTEPUCTHKU JIETKOT0 OeToHa OBbLIM II0JIy4YEHBI
BCJIC/ICTBHE COBMELICHHS PELENTYPHBIX U TEXHOJOTMYECKUX
(hakTopoB. PenienTypHbie (haKTOPHI OTBEUAIOT 32 KOJHUCCTBCH-
HBIIl cOCTaB KOMIIOHEHTOB (BSDKYIIEE, HAIIOIHUTEb, HAHOPAas3-
MEpHBI MOAN(DHUKATOP, INIACTU(PHUKATOP) U IIPOYHOCTH HA Tpa-
HUIE pasfena (a3 «HANONHHUTENb — LEMEHTHO-MHHEpaIbHas
Matpuia». TexHoJIorn4eckne GpakTopsl OTBEUAIOT 3a IPOJOI-
KUTEIBHOCTh ¥ WHTEHCHBHOCTH NEPEMEIINBAHHUS KOMIIOHEH-
TOB, TEMIIEPATyPy U HHTEHCUBHOCTH TEIUIOBIAKHOCTHON 00pa-
0OTKH U Apyrue TEXHOJIOTHYECKUe Tpolenypsl. PenentypHeie
Y TEXHOJIOTHYECKUe (haKTOPBI C HCIIOJIb30BAHHEM HaHOpa3Mep-
HOTO KOMIIOHEHTa, MOXXHO paccMaTpHUBaTh KakK 3JIEMEHTHI
HAHOTEXHOJIOTHI B CTPOUTEIHLHOM MaTepuajIoBeeHUH [76].

HanotexHonmoruveckuii U sHeprocOEperaronyii moaxoa K
CO3JJaHUIO HOBBIX MaTepHajioB JIOPOXKHOTO W THIPOTEXHHYE-
CKOT'O CTPOMTEINILCTBA OBIII TPUMEHEH 1 B CEPHBIX KOMITO3UTaX
[77, 78]. CepHBle KOMIIO3UTHI C HAHOMOIU(DUIHPYIOUIIIMH
KOMITOHEHTaMH MOTYT CIIY’KHUTb B 3aIl[UTE OT PA3IMIHBIX BHJIOB
arpeccUBHBIX BO3JEHCTBUI cpenbl. PazpaboTaHHEII KOppo3H-
OHHOCTOMKHMH KOMIIO3UT Ha aIlpPEeTUPOBAHHOM KBapIIEBOM
HATOJTHUTEJIE 00J1aJaeT MPAKTUIECKH YHUBEPCATBLHOMN CTOMKO-
cTh0. Takas CTOMKOCTh KOMITO3UTOB OOBSICHAETCS CO3JaHHEM
Ha TOBEPXHOCTH YACTHUI] HATIOJHUTENS TOHKOTO HaHOpPa3Mep-
Horo cios anmpeTta (kayuyka mapku CK/IH-11). O6pazoBanue
HaHOPA3MEPHOTO CJIOSI 00eCIeunBacT CHUKEHNUE BHYTPEHHUX
HaIpsHKSHUI U NPeIoTBpaIllaeT XMMUUECKOe B3aUMOICHCTBHE
Ha TPaHUIIe «cepa-HamoJHUTENb». [Ipyn 3TOM yBeIMUMBAIOTCS
(u3nKo-Mexanndeckue cBorcTsa 10 50 % W KCIUTyaTalMoH-
uele 10 20 — 30%.

3akaouenue

B npouecce ananuza nureparypHbIX JaHHBIX aBTOPHI MPH-
LUK K 3aKJII0YEHUI0, YTO HAHOTEXHOJOTUU CTAHOBUTCS Mpe.-
METOM MHOTHX HCCIIEJIOBATENEH B CTPOUTEILHOM MaTepHaso-
BEJICHUH.

Ilon xarteropuio HaHOCTPYKTYPHBIX MHHEPAIbHBIX BSIKY-
LIMX U LIMPOKOM raMMBbI IPYTUX MaTEpUAIOB CTPOUTEIBHOIO U
OTIIEJIOYHOTO HA3HAYCHHsS IMOTANal0T HE TOJBKO MaTepualibl,
cogepkame B cBoeM coctaBe YHT u yriepozaconepxaiiue
HaHOKOMITOHCHTBI, HO U JAPYIrU€ HAHO- U YJIbTPAJAUCIICPCHBIC
YaCTHIIBl Pa3INIHOTO TeHE3HUCA.

IlonydeHnne BICOKOKa4Y€CTBEHHOTO HAHOCTPYKTYPHOTO Ma-
TepHuasa, CoAepKallero HaHO- U YJbTPaAUCIIEPCHbIE YaCTUIIBI
pa3MYHOM  MPHUPOABI, CBA3aHO CO  3HAYUTEIbHBIMH

the development of A.S. Inozemtsev [73-75]. In order to
obtain high-strength lightweight concrete, he used glass
and aluminosilicate hollow microspheres as fillers, the
surface of which was treated with a nanomodifier consist-
ing of silicic acid and iron (I11) hydroxide sols. In the
course of his research, he found the following: complex
nanosized modifier in the composition of microspheres in-
tensifies the hydration of cement and increases the amount
of calcium hydrosilicates at the interface “cement stone -
nanomodified microsphere”. This quality ensures the for-
mation of a dense and strong structure capable of resisting
cracking. The use of nanomodified microspheres provides
areduction in the brittleness of concrete, an increase in the
modulus of elasticity by 13 - 36 %, as well as an increase
in its water resistance (water resistance coefficient of
more than 0.95) and frost resistance (grade F300). Such
high performance characteristics of lightweight concrete
were obtained due to the combination of formulation and
technological factors. The formulation factors are respon-
sible for the quantitative composition of the components
(binder, aggregate, nanoscale modifier, plasticizer) and
the strength at the interface “aggregate - cement-mineral
matrix”. Technological factors are responsible for the du-
ration and intensity of mixing of components, temperature
and intensity of heat and moisture treatment and other
technological procedures. The formulation and technolog-
ical factors using nanoscale component can be considered
as elements of nanotechnology in building materials sci-
ence [76].

Nanotechnological and energy-saving approach to the
creation of new materials for road and hydraulic engineer-
ing was also applied to sulfur composites [77, 78]. Sulfur
composites with nanomodifying components can serve in
protection against various types of aggressive environ-
mental influences. The developed corrosion resistant
composite on appretized quartz filler has almost universal
resistance. Such resistance of composites is explained by
creation on the surface of filler particles of a thin na-
noscale layer of the appretizer (rubber of SKDN-11 mark).
The formation of nanoscale layer provides reduction of in-
ternal stresses and prevents chemical interaction at the
boundary “sulfur-filler”. This increases physical and me-
chanical properties up to 50 % and operational properties
up to 20 - 30 %.

Conclusion

In the process of analyzing the literature data, the au-
thors concluded that nanotechnology is becoming the sub-
ject of many researchers in building materials science.

The category of nanostructured mineral binders and a
wide range of other materials for construction and finish-
ing purposes includes not only materials containing CNTs
and carbon-containing nanocomponents, but also other
nano- and ultradisperse particles of various genesis.

Obtaining high-quality nanostructured material con-
taining nano- and ultradisperse particles of different na-
ture is associated with significant difficulties. Their intro-
duction in the form of powder into cement or other

291



Texnuxa u mexuonocus cuauxamos. Tom 31, Ne3, 2024

TpyAaHocTsAMHU. VX BBeleHHE B BHJE MOPOLIKA B LIEMEHTHYIO
WIA WHYIO BSOKYLIYI0 MaTpHUIly SIBJISIETCS BECbMa CIIOKHBIM
nporneccoM. HaHo- 1 ynbTpagyciepCHbIe YacTULBI CKIOHHBI K
ariomeparun. JloOnThesi pABHOMEPHOCTH MX PacTIpeeNICHNUS B
o0beMe MaTeprana TpyAHas 3a7aqa, 9To ABJISCTCSA MPEAMETOM
MHOT'HX HCCIeI0BaHUIl. AHaNINU3 IUTEPATypPHBIX JaHHBIX I03-
BOJISIET 3aKJIIOYUTH O HEOOXOJMMOCTH IIPUMEHEHHS a3 INuHBIX
TEXHOJIOTMYECKUX IIPUEMOB JJII PABHOMEPHOIO paclpenese-
HHS HAHOYACTHI] B 00beMe Marepuana. Takol Mmoaxo| H03Bo-
JIMT MOBBICUTH (PU3NKO-MEXaHUYECKUE, OPTaHOJICTITHIECKUE U
JpyTHE CBOMCTBA CTPOUTENBHBIX MATEPHANIOB.

VHHOBanny, OTHOCSIIMECS K HAaHOIEMEHTaM M OeTOHaMm,
CBSI3aHBI C ONTHUMHU3AINEH (U3UKO-MEXaHMIECKUX CBOWCTB H
(hopMHpOBaHMEM JOMOIHUTENBHBIX KauyeCTB. DTO IPUBOAUT K
SKOHOMHHM MAaT€PHANbHBIX M JHEPreTUYECKHX PECypCcOB Ha
KaXXIOM 3TaIle MPOU3BOACTBA. McroIb30BaHNE HAHOTEXHOIIO-
Ui B NMPOM3BOJICTBE CTPOUTEIBHBIX MaTepHAIOB 00YCIOBIIHU-
BaeT OPUTMHAIBHOCTb JU3aliHa KOHCTPYKIMM U HOBOI'O apXHu-
TEKTYPHOI'O BUJCHUS 3JaHUI U COOPYKECHHUI.

VYuutbiBasg yHHUKalbHbIE XapaKTEPUCTUKM HaHOMAaTepua-
JIOB, HHTEPEC UCCIIEN0BATEIIEH 3aKII0YaETCA B U3yYEHUH BIIH-
HUS BKIIIOYEHMS! PA3JIMYHBIX TUIIOB 3TUX MAaTEPUAIOB HA yIIy4-
HIEHUE CBOMCTB pa3iIMYHBIX CTPOUTEIBHBIX MaTepuanos. Ox-
HAaKo HEeoOXOIUMBI JalbHEHIINE HCCICNOBAHHS Ul OLECHKH
JOTIOJTHUTENBbHON THOPHAN3ANK M CHHEPIHYECKOTO BIMSHUSA
HAaHOMATEpHaJIOB KaK HAa MakKpo-, TaK U HA MHUKPOCTPYKTYpY
MaTepHUaloB.
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binding matrix is a very complicated process. Nano- and
ultradisperse particles are prone to agglomeration. To
achieve uniformity of their distribution in the volume of
the material is a difficult task, which is the subject of many
studies. Analysis of literature data allows us to conclude
that it is necessary to apply various technological methods
for uniform distribution of nanoparticles in the volume of
the material. This approach will allow to increase physi-
cal-mechanical, organoleptic and other properties of
building materials.

Innovations related to nano-cements and concretes are
associated with optimization of physical and mechanical
properties and formation of additional qualities. This leads
to savings of material and energy resources at every stage
of production. The use of nanotechnologies in the produc-
tion of building materials determines the originality of de-
sign of structures and new architectural vision of buildings
and structures.

Given the unique characteristics of nanomaterials, the
interest of researchers is to study the effect of incorporat-
ing different types of these materials to improve the prop-
erties of various building materials. However, further re-
search is needed to evaluate the additional hybridization
and synergistic effects of nanomaterials on both macro-
and microstructure of materials.
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