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B cTaTbe nokasaHa BO3MOXHOCTb MpUMeHeHUs
XXUAKUX HAHOA406aBOK A9 NOBbILWEHUSA MeXaHu4e-
CKUX XapaKTepucTuk 6eToHa. OgHa U3 COCTaBNSAOLWMUX
Takux A06aBOK — 30/1b AUOKCUAA KPEMHMUS,
NoJIyYeHHbIN U3 FTMApoTEepMaIbHONO pacTBopa.
BmecTe ¢ n1acTMdUKaTOpoOM 3TOT 30J1b fo06aBns-

eTcs B BOAY 3aTBOPEeHUS nepepg npurotoBsieHMeM
6eToHa. Mpu OTHOCUTENIbLHO MAJIOM KOJINYeCTBe
[06aBKM OT pacxopa LemeHTa (gecaTbie gonu
npoueHTa) 3¢ PeKTUBHO NOBbILLIAETCA MPOYHOCTb
6eToHa Ha Npu ©kaTtue U Npu usrmbe gNsa pasIMYHOro
BOAOLIeMEeHTHOro oTHoweHus (B/L).

pUMeHeHHe HaHOMAaTepHaJIOB B psifie OTpacien

(3MIeKTPOHHKA, GHOXUMHUYEeCKHe CeHCOPBI U 61o-

TeXHOJIOTHMYeCKHe CHCTeMBl, MeULIMHCKHe IIpe-
IIapaThl, KaTaJHU3aToOpbl, IJIACTMACCHL U IIOJTHMEpBI,
pe3rHa, KepaMHKa, ITUIMEHTHI) I103BOJISeT PacCyH-
THIBATh Ha MX yCIIEIIIHOE HCIIONb30BAHHE B CTPOUTEIB-
HOM MHAYCTpUH [1-4].

MCNO/Ib30BAHME HAHOTEXHOJIOT MW

NMPU NPOU3BOACTBE BETOHOB

Jl71s1 ©U3yueHHUs CTPYKTYPhl 6eTOHA HCII0/Ib3YIOTCS KOM-
IIJIeKCHBIE KCC/IeJOBAaHMSI HAHOMaTepHaJIoB: 3/IeKTPOH-
Hasi MUKPOCKOIINS, SIIePHBIH MarHUTHBIN Pe30HAHC,
MaJIOyITIOBOe peHTTeHOBCKOe paccesiHUe, KBa3UYIIpyroe
paccesiHie HEMTPOHOB, CIIeKTPOCKONMS, TePMOIPaBU-
MeTpus [5-8]. DKcIleprMeHTa/IbHble MeTObI JOIIO/IHSIEeT
MaTeMaTH4eCcKoe MOfle/IMPOBaHKe CTPYKTYphl 6eToHa
C KCIIOJIb30BaHHEM MOJIEKY/ISIPHOU JMHAMHUKH [9].

Ha ocHOBe IOJIyuYeHHBIX pe3ynbTaToOB CHOPMYIU-
POBAHBI HOBbIE IIPe/ICTAB/IIEHUS 0 KUHeTHKe 0b6paso-
BaHUS U CTPYKTYyPpe resi TUAPATOB CUIHMKaTa Kajb-
uus - C-S-H (pasmep, dopMa, II0THOCTE), KOTOPHIH
yAepskHBaeT 6eTOH B TBEPJOM COCTOSIHUHU U SIBIISIETCS
HaHOMaTepHasaoM. Ha ypoBHe 1-5 HM BBHISIBJIeHA CJI0e-
Basi CTPYKTypa rensd, u cjou C-S-H NposBASIOT TeHeH-
LIMIO K CKOIIJIEHUIO B KOMITaKTHBIE IOMeHBbI. PaccTosiHHe
Me>K/ly OTe/IbHBIMU CI0SIMH COCTaB/ISIIOT HECKOTIBKO
HaHOMeTpoB. Ha ypoBHe oT 5 0 100 HM o6HapysKeHBbI
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The article demonstrates feasibility of application
of nanoadditives for improvement of the
mechanical characteristics of a concrete. One of
the ingredients of such additives is sol of silicon
dioxide obtained from a hydrothermal solution.
Together with a plasticizer this sol is added to
the mixing water before preparation of concrete.
With a relatively small, compared with the

mass of the cement (tenth shares of a percent),
quantity of the additive, the compression and
bending strength of a concrete is raised effec-
tively for various water/cement ratios (W/C)

pplication of nanomaterials in a number of

branches (electronics, biochemical sensors

and Dbiotechno-logical systems, medical
preparations, catalysts, plastics and polymers,
rubber, ceramics, pigments) makes us believe that
they will also be used successfully in the construction
industry [1-4].

USE OF NANOTECHNOLOGIES

FOR PRODUCTION OF CONCRETES

The spheres of the research of nanomaterials for
studying of the structure of the concretes in-clude:
electronic microscopy, nuclear magnetic resonance,
small-angle X-ray scattering, quasi-elastic neutron
scattering, spectroscopy and thermogravimetry [5 - 8].
The experimental methods are sup-plemented with a
mathematical modeling of the structure of a concrete
with the use of molecular dynamics [9].

On the basis of the obtained results new notions were
formulated concerning the kinetics of the formation
and structure of the gel of the calcium silicate hydrates -
C-S-H (size, form, density), which keeps a concrete in a
solid state and which is a nanomaterial. At the level of 1-5
nanometers a layer structure of the gel was revealed and
C-S-H layers tend to aggregate into compact domains. The
dis-tance between certain layers is several nanometers. At
the level from 5 up to 100 nm disk-shaped 3-dimentinal
structures were discovered of size 60x30x5 nm?3 (their
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IOHCKOOOpa3Hble TpexMepHbIe CTPYKTYPHI C pa3MepaMu
60x30x5 uM? (5 HM TONINMHA, OJIUHHAS OCh nopsaka
60 HM) - C-S-H-4acTHIIBL. IIpu rugpaTaliy UX KOJIHYe-
CTBO YBe/IMYMBAETCS], U YaCTHULIBI aTPerHUPYIOT, 06pa3syst
TPU Pa3HOBUIHOCTH aMopdHoro ress (1 MKM): C HU3KOH,
BBICOKOH U YJ/IBT PaBbICOKOH IITIOTHOCTBIO.

YCTaHOBJ/IEHO, YTO B3aUMOJeHCTBHEe MeXK1y I10BepX-
HOCTSIMHU, CI0SSMH U AOMEHAMHMU Tesl UIU IIeMeHT-
HBIMHU 3€pHAMH — 3/IeKTPOCTAaTUYECKOe U He OIIMCHI-
BaeTCd KJIacCHYeCcKoU TeopueH JepsAruHa-Jlanmay-
deepbera-OcTBanbaa. PAa3HOBULHOCTH rejisl IPOSIB-
JSI0T pa3/IMYHble MeXaHHU4YeCKHe CBOMCTBA: XKeCT-
KOCTb M TBepAoCTb C-S-H-rensi ¢ BBICOKOH M yIbTPa-
BBICOKOM IJIOTHOCTBIO, IIPEeBBIIIAIOMEN 3TOT Iapa-
MeTPp LJIs Tels C HU3KOH IIJIOTHOCThI0. ObbeMHOe
OTHOLIeHHUe B 6eTOHe MeXX/1y PA3HOBUHOCTSIMH TeJis
3aBUCHUT OT LleMeHTa U YCJOBUH NPHUTOTOBJIEHHUS
3aMeca, HoO MeXaHHYeCKUe CBOMCTBA reJiek C BBICOKOM
Y HU3KOU IJIOTHOCTBIO He MeHSIIOTCS IIPU Iepexojie
OT OJHOTO LieMeHTa K Apyromy. [enb He UMeeT QUK-
CHPOBAaHHOM CTeXHOMETPHH, €ro XMMHUYECKHUH COCTaB
MeHSeTCs OT TOYKHU K TOUKe BHYTpH obbeMa 3aMmeca,
[I03TOMY TaKOH rejib XapaKTepHU3yeTCs OTHOIIeHHEM
Ca-Si. I1o JaHHBIM CKAHUPYIOIIEH U IPOCBEYHBAIO-
mer 3JIeKTPOHHOM MUKPOCKOIIMU 3TO OTHOIIEHHUe
BapbUpyeTcs B IIpefenax 0,6-2,0.

C yueToM 3TOro o6CTOSITe/IbCTBA HHTEHCUBHO Pa3BU-
BaeTCs HaHOMOAUGUIIMpOoBaHHe 6€TOHOB. OHO MOXKeT
OCYILIeCTBISATHCA B TBePAOM M KUAKOU da3ax, a TaKxKe
Ha MeKda3sHBIX TPaHHULIAX. [JIs UCII0Nb30BaHU S [IOTEH-
1[1aJia HAHOTeXHOJIOTHH B 06/1aCTH I[eMEeHTHBIX MaTe-
PpHAJIOB HeOOXOM M MBL:
¢ TOMOTreHHOe pacIipeie/ieHre HAHOYACTHI] [10 06beMy

beToHa;
 mepeBoj 1a60PATOPHBIX Pe3yIbTaTOB HA IIPOMBIII-

JIeHHBIH YPOBEHE;
¢ CHUKeHHe cebeCTOMMOCTH IIPOU3BOACTBA HaHOL0ba-

BOK, OIITUMU3A1IHsI METOHOB UX BBeJIEHUS.

HaHowacTuipl ¢ 601bIION yIOeNbHOM [IOBEPXHO-
cThio (mo 1000 M2/T) OTIMYAIOTCS BBICOKOM XHMHYE-
CKOM aKTHUBHOCTbIO. OHH MOTYT JeHCTBOBATh KaK LieH-
TPBI, YCKOPAIOLIKe peaKLMK FHAPpaTalluH, a TAKKe KaK
HAIIOJTHUTEH, [IOBBIIIAS IVIOTHOCTh 6eTOHA U yMeHb-
I1as ero IIOPUCTOCTD.

BonpIIMHCTBO paboT 110 IpUMeHEeHHI0 HAaHOYaCTHUI]
OJIS yIy4IIeHUs] XapaKTepHUCTUK 6eTOHA OTHOCUTCS
K SiO, [10] u TiO, [11]. IIpoBOAUIUCh HCCAeLOBAHUS
I10 MCIIONB30BAHUIO HaHouacTul Fe,0; [12], ALO; [13],
Z10, [14], CuO [15] u MoHTMOpHILIIOHHUTA [16]. B paboTe [17]
PACCMOTPEHO IOIy4YeHHe HAaHOYACTHUL] LleMeHTa U IIPU-
MeHeHHe HaHOCBS3yOLIero.

HaHoyacTu1bL SiO2 CII0COOHDI [IOBBIIIATH IIPOYHOCTH
6eToHa, BOLOHEIIPOHUIIAeMOCTh, UMMOOUIIH3ALHI0
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thickness is 5 nm, and their long axis is about 60 nm) -
C-S-H particles. During hydration their number increases
and the particles aggregate, forming three kinds of
amorphous gels (1 micrometer): with a low, high and
ultrahigh density.

It was established that interaction between the
surfaces, layers and domains of a gel or cement grains
is of an electrostatic character and cannot be described
by the classical theory of Deryagin-Landau-Feerbec-
Ostwald. Different gels demonstrate various mechanical
properties: rigidity and hardness of C-S-H gel with
high and ultrahigh density exceed this parameter of
a gel with a low density. The volume ratio in a concrete
be-tween various versions of gel depends on a cement
and conditions of preparation of batching, but the
mechanical properties of gels with high and low density
donot vary in transition from one cement to another. The
gel has no fixed stoichiometry, its chemical composition
varies from a point to a point in the volume of batching,
therefore such a gel is characterized by relation of Ca/
Si. According to the da-ta of scanning and transmission
electronic microscopy this relation varies within 0.6-2.0.

With account of this circumstance, nanomodification
of concretes is now developing intensively. It can be
implemented in a solid and liquid phases, and also
within the interphase boundaries. In order to use the
potential of nanotechnologies in the field of cement
materials we need the following:

« Homogeneous distribution of nanoparticles in the
volume of concrete;

« Transition of the laboratory results to an industrial
level;

 Lowing of the production costs of the nanoadditives
and optimization of the methods of their introduction.

Nanoparticles with big specific surface (up to
1000 m?/g) are distinguished by a high chemical
activity. They can operate as the centers, accelerating the
reactions of hydration, and also as fillers, in-creasing the
density of a concrete and reducing its porosity.

Most works concerning application of nanoparticles
for improvement of concrete’s characteristics refer to SiO,
[10] and TiO, [11]. Research has been done on the use of
nanoparticles of Fe,0; [12], AL,0, [13], ZrO, [14], CuO [15] and
montmorillonite 16]. The work [17] is devoted to obtaining
of nanoparticles of cement and use of nanobinders.

Nanoparticles of SiO, can improve the strength of a
concrete, its water resistance, immobilization of Ca,
and prolong its service life [1, 2, 4]. They also accelerate
hydration of tribasic calcium silicates and components
of a cement batching, at that, a nanosilica is more
active with increasing of strength of a concrete, than
a microsilica. Introduction of 10 mass % of nano-SiO,
in a combination with dispersing plasticizers (of the
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Ca, mpopieBaTh CPOK ero 3KkcIayarauuu [1, 2, 4]. OHu
TaK>Ke YCKOPSIOT TUApaTaliuio TPUKAIBLIUICHINKATOB
1 KOMIIOHEHTOB LIeMeHTHOI0 3aMeca, IIpu4YeM HaHO-
KpeMHe3eM 6ojiee aKTUBEH ITPH YBeTHYEHUH IIPOYHO-
ctu 6eToHa, YeM MHUKpPOKpeMHe3eM. BBeseHue 10 Mmac.%
HaHO0SiO, B KOMOHWHAIIMH C AUCIIEPrHUPYIOIIMMH IIACTH-
duxaTopaMu (0T pacxona LieMeHTa) IPHUBOAMIIO K IIOBHI-
IIeHUIO0 IPOYHOCTH HeToHa B 28-1HEBHOM BO3pacTe Ha
26% 110 cpaBHeHUIO ¢ 10% mocie BBeJeHUs 15% MUKPO-
KpeMHe3eMa. [Jaske BBefeHHe 0,25 mac.% HaHOSIO, cII0-
cobCTBOBAJIO IIOBBILIEHHIO IPOYHOCTH HeTOHA B 28-HEB-
HOM Bo3pacTe Ha 10% U MOBBIIIEHUIO IIPOYHOCTH IIPHU
n3rube Ha 25% [4].

HaHoyacTHIIBI SiOZ I10JIyYa/IKCh C IIOMOIIBIO 30/1b"
resib [lepexofia B CUcTeMe TeTpo3TockiaH (T90C) - ata-
HOJI-BoZa. ['e/1b BBICYIIHUBAJICS, TBepABIH SiO, MpoKalu-
BasIcst pu 400-800°C. Ha cBOKCTBa HAHOIIOPOILIKA BJIH-
SUIU YC/IOBUSL CUHTe3a rejist (Temmeparypa, pH, KoHLieH-
Tpalius KOMIIOHEHTOB), a TaksKe TeMIIepaTypa IpoKaIu-
BaHU S TBEPAOr0 IIOPOLIKa (I/IoLa b IOBEPXHOCTH, JHa-
MeTp 0P, aKTUBHOCTH) [3].

IIpu BBemeHuH 0,25 Mac.% HaHOSIO, 6e3 muacTu-
duKaTopa OoT pacxofa LieMeHTa [IOBBIIIAJIACH IIPOY-
HOCTb TBepABIX 00pa3LoB MPHU CXRATHUH Iocie 1-3
CYTOK [0 6%, B 7-4HEeBHOM BO3pacTe IpHpalleHHe
IIPOYHOCTH He Habnromganock, B 28-1 90-IHeBHOM BO3-
pacTe HabI0mAI0Ch HEKOTOPOe CHUKEeHHe ITPOYHO-
cTU. JlobaBineHue 0,1 mac.% cymepriacTuduraropa
obecrievnsio OBBIIIEHUE TPOYHOCTH ITPU CRKATHUH B 3-
U 7-IHeBHOM Bo3pacTe Ha 28-30%, B 28-THeBHOM BO3-
pacrte - Ha 10% [3].

CyIecTByeT psifi OTeueCTBeHHBIX PaboT 110 IIprMeHe-
HUIO Pa3/IMYHBIX HAHOYACTHI] U KOMIIEKCHBIX HAHOZO-
6aBOK /151 TIOBBIIIEHH I TEXHOIOTUYECKUX XaPAKTePH-
cTUK 6eToHa [18-22]. KpaTKHI 0630p COOTBETCTBYIONIUX
HICC/IeIOBAHUH ITPUBEZIEH B [23].

ITpu Mcmonb30BaHMHU 1,3 Mac.% SKUAKOIO CymepIiia-
ctuduraTopa Caia, coJepsKalero HaHO4YacCTHIIbI Sio,
pasmepom 3-150 HM U yAe/lbHOM IIJIOMAJbI0 IIOBEPX-
HocTH 20-1000 m?/r, IIaCTUQUIMPYIOIIEro areHTa
Megapol (mpoussoacTBo Handy Chemicals) u B/L1=0,25
LOCTUIAIOCh TPeXKpPaTHOe IOBLIIIeHHe [IPOYHOCTH
beTOHA IIPU CKAaTHUH B 1-THEBHOM BO3pacTe U IBYXKpaT-
Hoe 114 28-nHeBHoro betoHa [1, 2]. B I-1HeBHOM BO3pacrTe
IIpouHOCTh beToHa c Gaia coctaBuia 68,2 MIIa, a ais
KOHTPOIBHOr0 0bpasua Tonbko 22,7 MIIa, B 7-IHeBHOM
BO3pacTe IPOYHOCTH TaKUX 6eToHOB - 77,3 u 32,7 MI1a,
B 28-nHeBHOM - 91,7 U 45,2 MIla, COOTBEeTCTBEHHO.
ITpu ucnonb3oBaHUHU Gaia CHUKeHO BOZOIIOIIONIEHUE,
IIpUYeM IIPOYHOCTH IIPU CKATHHU TBePAbIX 06pasLos,
IIPUTOTOBJIEHHBIX C UCIIOb30BAHUEM CYIepIlJIaCTH-
duKraropa, obHapys>KuIa 3aBUCUMOCTB OT B/L]. C IIOBBI-
meHHeM 3HadeHHS B/L] 3Ta BeMUYMHA PU CKAaTHHU
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consumption of a cement) led to an increase of the
strength of a 28-day-old concrete by 26 % in comparison
with 10 % after introduction of 15 % of a microsilica.
Even introduction of 0.25 mass % of nano-SiO, enhanced
the strength of a 28-day-old concrete by 10 %, and of its
bending strength - by 25 % [4].

Nanoparticles of SiO, were obtained with the help
of sol-gel transition in tetraethoxysilane sys-tem
(TEOS) - ethanol-water. Gel was dried up, and solid
SiO, was calcinated at 400-800°C. The prop-erties of
nanopowder were influenced by the conditions of
synthesis of the gel (temperature, pH, con-centration of
components), and also by the temperature of calcination
of a solid powder (surface area, diameter of pores,
activity) [3].

Introduction of 0.25 mass % of nano-SiO, without a
plasticizer of the cement consumption en-hanced the
compression strength of the solid samples after 1-3 days
up to 6%, at that, a 7-day-old ce-ment demonstrated no
strength increase, while a 28-day-old and a 90-day-old
cements even lost some of their strength. Addition of 0.1
mass % of a superplasticizer ensured an increase of the
compression strength of a 3-7-day-old concrete by 28-30%
and of a 28-day-old concrete - by 10% [3].

There is a number of domestic works on application of
various nanoparticles and complex nanoadditives, which
increase the technical characteristics of a concrete [18-
22]. A brief review of the corresponding research works is
presented in [23].

The use of 1.3 mass % of Gaia liquid superplasticizer
containing SiO, nanoparticles of 3-150 nm in size and
with specific area surface of 20-1000 m?/g, Megapol
plasticizing agent (produced by Handy Chemicals)
and W/C ratio=0.25 helped to triple the compression
strength of a one-day-old concrete and to double the
compression strength of a 28-day-old concrete [1, 2].
The one-day-old concrete with Caila had the strength
of 68.2 MPa, and the control sample - only 22.7 MPa,
such 7-day-old concretes had the strength of 77.3
u 32.7 MPa, and 28-day-old concretes - 91.7 u 45.2 MPa,
correspondingly.

Application of Gaia lowers water absorption, at that,
it was discovered that the compression strength of the
solid samples prepared with the use of a superplasticizer
depended on W/C ratio. With an increase of W/C ratio this
value under compression in a 28-day-old R28 fell [1, 2] in
accordance with the following formula:

R g = 208.38e3-0881WIC (R2 = 0,97),

It is important to underline, that for a further
application of nanoparticles in concretes it is neces-
sary to study the mechanism of their influence
on characteristics of concretes, and also necessary
to develop a technology for obtaining cheap and



B 28-AHEeBHOM Bo3pacTe majana [1, 2] B COOTBETCTBUHU
C 3aBUCHMOCTBIO:
R,4=208,38e3:0881B/1{(R2=0,97).

Ba’KHO MOAYepKHYTh, YTO [J15 Ja/IbHEHIIero IIprumMe-
HEeHUsI HAHOYACTHI] B 6eTOHAX HeOOXOMUMBI U3yUeHHe
MeXaHH3Ma UX BIHSHUS Ha XapaKTePUCTUKH OeTOHOB,
a TaksKe pa3paboTka TeXHOJIOTUH II0/TyUYeHU s IeIIeBbIX
U 30 OeKTHUBHBIX KUAKHUX HaHOZ00aBOK B KOMIIJIEKCE
C CyIepIUIacTUPUKATOPAMH.

MONYYEHUE 30NIEW, X XAPAKTEPUCTUKU
Hanouactuisl SiO, HAXOLUIUCH B CTAOM/IBHBIX BOLHBIX
301X, KOTOPBle BBOJU/IMCH B CUCTEMY L€ MeHT TIeCOK-
Bojia lobaBIeHHeM K BOZle 3aTBOPeHH I, IIPH 3TOM CMeCh
IepeMeIlBalach MeXaHUYeCKOH MeIIaJIKOM B TeueHHe
60-90 c. [i1s1 oy 4eHust 3071ek IIPOBOKIIOCH MeMbOpaH-
HOe KOHLIeHTPHPOBaHHe IMIPOTepMajbHbIX paCTBOPOB,
comepkamux SiO,, KOTOpble BOSHHUKA/IHU B pe3y/abTaTe
PacTBOpeHH S aIFOMOCHIMKAaTHBIX MU HEPAJIOB 3eMHOHN
KOPBHI U [TOTTUKOH/eHCALIUH1 MOJIeKy/I OPTOKPeMHHeBOH
Kuca0TH (OKK), 06pasyromercs B rUpoTePMaTbHBIX
pacTBOpax B HeApax 3eMJIU B YCIIOBUAX ITOBBIIIEHHBIX
JaBJ/IeHHI U TeMIIepaTyp. [MApoTepMasbHEIe PACTBOPBL
comepskar SiO, 3a cueT pacTBOPeHHUS aTIOMOCHIUKAT-
HBIX MIHepajoB 3eMHOI KOPbI (OPTOK/Ia3, MUKPOK/IHH
K(AlSi;Oq), ansbut Na(AlSi;O4), anopTuT Ca(Al,Si,04)
Y IIOJIMKOHAEHCAL MK MOJIEKYJI OPTOKPeMHHEeBOM KHC-
n0THL. Tlocse BeIX0[a pacTBOpa Ha IOBEPXHOCTE, OH CTa~
HOBHUTCS IIePeCHIeHHBIM, U TUAPOJIK3 1 [IOJIMKOH/IeH-
cauus Monekyn OKK npuBoguIu K GOPMHPOBAHUIO
chepryecKMX HAHOYACTHIL KpeMHe3eMa C paguycom
5-100 HM, mprYeM KpoMme KpeMHe3eMa B HCXOIHOM pac-
TBOPE HAXOOATCS M IPYTHe KOMIIOHEHTHI.
I[TomMKOHOeHCAUIMS MOJIEKYJI KPeMHEeKHC/IOTE
IIPOXOAUT 3a CYeT CHJIAHOJBHBIX IpyII, obpa3oBa-
HUS CHJIOKCAHOBBIX CBSI3€M M YaCTUYHOM Aerujpara-
uyy. KoHeyHble pasMepsl YacTUL], KpeMHe3eMa 3aBU-
CAT B IIEPBYIO o4epe/b OT TeMIeparypsl U pH pacTBopa,
IIPU KOTOPBIX IMPOXOAUT HOTMKOHAEHCALIUS MOJIEKYII
OKK. B 4aCTHOCTH, IOBBIIIEHHE TeMIIePATYPhl IO~
KOHeHCAUU IIPUBOAUT K YBeJIHUYEHHUIO pa3sMepoB
yacTul,. CHUXeHHe pH U MOBBIIIeHHEe TeMIIepaTyphl
TaK>ke BeJIeT K yBeJIMYeHHI0 Pa3MepoB YacTHll, Ha cra-
JHUHU IIOJTMKOHAeHCALIMY TeMIIePaTypa BapbupoBaach
0120 1o 72°C, pH - 0T 9,2 10 4,0. IIpr 5TOM CpefHHe pafu-
yCBI YAaCTHL KPeMHe3eMa COCTaBHJIM OT 5 10 60 HM.
Ioce 3aBepuieHus monuKoHAeHcanuu OKK u dop-
MHUPOBaHM S HAHOYACTUL] KpeMHe3eMa OIlpe/ieIeHHbIX
Pa3sMepoB C IIOMOLIBIO YIbTPAQUIbTPALIMOHHBIX MEM-
OpaH MPOBOAMIOCH yAa/leHHe BOJAbl K OIpele/siihch
XapaKTepUCTHKH KOHLIeHTPHPOBaHHBIX 307IeH, KaK B [18].
IT710THOCTH 30/151, MCIIOJIB30BAHHOIO B 3KCIIEPH-
MeHTaX I10 IOBBIIIEHHUIO IIPOYHOCTH CTPOHUTE/IBHOIO
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effective liquid nanoadditives in a combination with
superplasticizers.

OBTAINING OF SOLS AND THEIR CHARACTERISTICS
Nanoparticles of SiO, were in stable water sols, which were
introduced into a cement-sand-water system by addition of
mixing to water and hashing with a mechanical mixer in
60-90 s. For obtaining of sols a membrane concentration
was done of the hydrothermal solutions containing SiO,,
resulting from dissolution of the silica-alumina minerals
of the earth crust and polycondensation of the mole-cules
of optosilicic acid (OSA), formed in the hydrothermal
solutions in the bowels of the Earth in the conditions of
high pressure and temperatures.

Hydrothermal solutions contain SiO, due to
dissolution of silica-alumina minerals of the earth crust
(orthoclase, microcline K(AlSi;Oy), albite Na(AlSi;Oy),
anorthite Ca(Al,Si,Oy), etc.) and polycondensation of
the molecules of optosilicic acid. After the solution
reaches the surface, it be-comes oversaturated, while the
hydrolysis and polycondensation of OSA molecules result
in formation of spherical nanoparticles of silica with a
radius of 100 nm, at that, besides the silica, the initial
solution also contains other components.

Polycondensation of the molecules of the silicic acid
happens due to silanol groups, formation of siloxane links
and partial dehydration. The final dimensions of the silica
particles depend, first of all, on the temperature and pH of
a solution, in the conditions of which a polycondensation of
the OSA molecules takes place. In particular, raising of the
polycondensation temperature leads to an increase of the
sizes of particles. A decrease of pH and rise in temperature
also result in an increase of the sizes of the particles. At the
polycondensation stage the temperature varies from 20 up to
72°C, and pH - from 9.2 up to 4.0. At that, average radiuses of
the silica particles are from 5 up to 60 nanometers.

When polycondensation of OSA and formation of silica
nanoparticles of certain sizes were fin-ished, with the
help of ultrafiltration membranes the water was removed
and the characteristics of the concentrated sols were
determined as in [18].

Density of the sol used in experiments for increasing
the strength of a building mortar - 1095 g/dm?, content
of SiO, in ashes - 170 g/dm? (15.5 mass %). The lowest
average diameter of the pores of the powders obtained by
drying of the silica sols, which had pH=4-5, was about 3
nanometers. The greatest value of an average diameter of
pores, 9.6 nanometers, was reached in case of drying of
the sol with pH 9.0-9.2.

Tests of SiO, sols in concretes: done separately and
with a superplasticizer.

The influence of SiO, sol additives on characteristics
of concretes was investigated separately and with a
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pactBopa -1095 r/nm3, conepsranwue SiO, B 3011e - 170 r/mm3
(15,5 mac.%). HauMeHbliIee 3HaYeHHe CpenHero guame-
Tpa IOp IOPOILIKOB, IOMTY4YeHHBIX CYIIKOMH 30/IeH KpeM-
He3eMa, UMeBIIUX pH=4-5, okoso 3 HM. Haubomnbiuee
3HaueHUe CpeJlHero AxuamMeTpa 1op (9,6 HM) JOCTUTHYTO
IIpH cyuike 3054 ¢ pH 9,0-9,2.

MCMbITAHWSA 30114 Si0, B BETOHAX: PA3JIE/IbHO

W BMECTE C CYNEPIMJIACTUDUKATOPOM

BnusHue HaHomo6aBku 30is SiO, HAa XapaKTepH-
CTUKHY 6eTOHOB OBLIO HCCIIe0BAHO Pa3fie/IbHO U BMeCTe
C CynepraacTUGUKATOPOM. JI/1s IPUTOTOBIeHH I 6eToHa
HCII0/1b30BaJICsl 6e3106aBOUHBIN MOPTAAHALeMEHT
M400 HoBorypoBCKOIo LieMeHTHOTO 3aB0Zia U BOJIBCKU
necok. IIpouHOCTH 6eTOHA OIpeseNnsiach 110 CTAHAAPT-
HOM MeTOoLHKe Ha b6anoukax pasmepoMm 160x40x40 MM
(TOCT 310.4-81). OmpeneneHue OGHOPOLHOCTU beToHA
10 IIPOYHOCTH ITpoBoAmIock mo FOCT 53231-2008, ero
CpelHss IUIOTHOCTD ompefessiyack o FOCT 12730.1-78.
M3roroByieHue TBepAblX 06pa3ioB 6eToHA POBOAU-
JI0Ch I10 YCKOPeHHOM TeXHOJIOTHH. [IJISI 3TOr0 OHH ITOMe-
IaJIMCh B KaMepy TBepAeHUs. [Ipoliecc IpoBOLHIICS
II0 CXeMe:

* JIMHeMHBIH IIoJbeM TeMIIepaTypel oT 23 1o 50°C mpu

OTHOCHUTE/ILHOH BIaKHOCTH 95% - 120 MUH;
¢ H30TepMHYECKUH Iporpes 06pasros npu 50°C npu

BJIa>KHOCTH 95% — 480 MHUH;
 ocTeiBaHUE 06pa31ioB 1o 20°C 110 IMHEHHOM BpeMeH-

HOU 3aBUCHUMOCTH IIPH BIa’KHOCTH 95% - 120 MUH;
 BBIJEpKKa 06pasuoB mpu 20°C U OTHOCHUTEIBHOM

BJI&XKHOCTH Bo3Ayxa 50% - 24 4.

O6pasusl ¢ obasnenueMm 301 SiO, oKa3aaH MpHU-
paleHHe IPOYHOCTH OeTOHA MPH CXKATHUU: IIPHU KO-
yecTBe 3015 0,01 mac.% (o uemeHTy) 14,76%, npu 0,1
Mac.% 304 - 21,86%. McnbITaHMS Ha IIPOYHOCTD IIPU
CKaTUHU ¢ 60NBIIMMU KOTHYeCTBAMHU HaHOL06aBKHU
30/151 BBIIIOJIHSIIMCh BMECTE C CyIepIUIaCTUPHUKATOPOM
"Peramukc T2". KoHTponpHBIE obpa3sel] 6e3 qobaBku
HaHOKpeMHe3eMa U CYIepIacTUPHUKATOPa HCIIBI-
TaH npu B/11=0,5. O6pa3serw 6eToHa C CymepIrIacTUPH-
KkaTtopoM (be3 HAaHOKpeMHe3eMa) UCIIBITAaH pH B/L1=0,4
Y [I0Ka3aJI [IpUPallleHHe IIPOYHOCTH IIPH CKATHUU 7,6%.
Obpasern berona ¢ gobaBkou 0,3 Mac.% HaHOKpeMHe-
3eMa u 0,8 Mac.% CymepIiiacTUGHUKATOPA UCIIBITAH IIPH
B/l1=0,4. OH mpoAeMOHCTPHPOBA/ IIpUPAlleHHe [IPOY-
HOCTH IIPH C’KaTHH I10 CPAaBHEHHIO C KOHTPOJIbHBIM
obpasuoM 72% (puc.l).

HcnpITaHK S KOMOMHHPOBAHHOLM 106aBKH HAHOKPEM-
He3eMa C "Penamukc T2" 6B ITPOLOJISKEHBI C ITOBBI-
IIeHHeM ero KojaudecTsa m0 1,0 Mac.% I10 LileMeHTy
npu B/IJ ot 0,5 mo 0,38. B 11e/1oM pe3ynbTaThl IIOKA-
3a/IM 3aKOHOMepHOe CHH>KeHHe IPOYHOCTH IIPHU CKa-
TUM U IpU u3rube c ypenudeHueM B/II. OcobeHHO
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MnMa
Limit of compression strength,
MPa
S

Mpeaen NpoYHOCTU NpY OKATUN,

1 2 3

Puc.1. icnbimaHus 6emoHa Ha Npo4YHOCMb NpuU CXXamuu ¢
HAHOKpemHe3emom u “Peaamukc T2": 1 = KOHMpPOoAbHbIL 06-
pazel, (6e3 do6asok); 2- obpazel, ¢ “Peaamukc T2" 0,8% (no
uemeHnmy); 3 —o6paseu c 0,3% HaHoKpemMHe3zema U 0,8%
“Peaamukca” (no uemeHmy)

Fig.1. Tests for compression strength of a concrete with
nanosilica and Relamix T2. 1 - the control sample (without
additives); 2 - the sample with Relamix T2 0.8% (by cement);
3 - the sample with 0.3% of nanosilica and 0.8% of Relamix
(by cement)

superplasticizer. For preparation of a concrete we used
no-additive M400 Portland cement from Novogurovsky
Plant and Volsk sand. The strength of the concrete was
evaluated in accordance with a standard technique on
beams of 160x40x40 mm size (GOST 310). The strength
homogeneity of the concrete was checked in accordance
with GOST 532312008 standard, its average density was
determined in accordance with COST 12730.1-78. The
solid concrete samples were made with appli-cation of
an accelerated technology. For this purpose they were
placed in a curing chamber. The es-sence of the process
was the following:
+ Linear temperature rise from 23°C up to 50°C with a
relative humidity of 95% - 120 minutes.
« Isothermal warming up of the samples at 50°C with
humidity of 95 % - 480 minutes.
+ Cooling of the samples up to 20°C according to a linear
time dependence with humidity of 95 % - 120 minutes.
« Curing of the samples at 20°C and relative air humidity
of 50 % - 24 hours.

The samples with SiO, sol added demonstrated an
increment of the concrete compression strength: with
quantity of sol of 0.01 mass % (by cement) 14.76 %, with
0.1 mass % of sol - 21.86 %. Tests for compression strength
with a big quantity of sol nanoadditive were carried out
together with Relamix T2 superplasticizer. The control
sample without nanosilica and superplasticizer added
was tested at W/C=0.5. The concrete sample with a
superplasticizer (without nanosilica) was tested at W/C=0.4
and demonstrated an increment of compression strength
of 7.6 %. The concrete sample with 0.3 mass % of nanosilica



/
30 /

—=— [po6a 10
Sample 10

—— po6a10A
Sample 10A

MpoyHoCTb Ha CxaTune, Mlla
Compression strength, MPa

0 5 10 15 20 25 30
BospacT obpasua, cyT.
Age of sample, days

Puc.2. MosbiweHue om 8o3pacma npoyHocmu 6emoHa npu
okamuu: 10 - ¢ dobaskoll cynepnaacmuguxkamopa 1,0%
(B/L - 0,45); 10A - c do6askoli SiO, 0, 5%, cynepnaacmugu-
kamopa-1,0% (B/L - 0,45)

Fig.2. Increase of the compression strength with the age

of a concrete growing: 10 — with a superplasticizer added
1.0% (W/C~-0.45); 10A - with SiO, additive - 0.5%,
superplasticizer - 1.0% (W/C - 0.45)

yAa4yHO MOAJAeTCS Al POKCMMALMU IIOIMHOMHUAJIb-
HOI1 3aBHCHMOCTbIO BTOPOH cTemeHU I1o (B/LI) mpou-
HOCTB IIPU cKaTuM C, Cy[s IO COBINAeHUI0 KpHUBoL C
(B/L]) © TMHUU TPeH[a, BbIPa’kaloIlekcsl KBaJpaTHUy-
HEBIM YpaBHeHHEM C Ko3pOUIIHeHTaMH:
C - (B/1)=-1601(B/L1)? + 1245(B/L1) - 199,0 (R?=0,998).

[IpouHOoCTh IpH u3rube F anmpoKCHMHUPYeTCS
3aBUCHMOCTBIO:

F(B/L1) = -13,26(B/L1)? + 4,452(B/L1) + 4,007 (R = 0,950).

Meskay npodHOCThIO IIpy u3rubde F u mipu cxatuu C
CyILIeCTByeT KOppensIius, KOTOPYIO B I€PBOM ITPHOIHU-
SKeHHH MOYKHO aIIIPOKCHMMUPOBATh TaAK3Ke IIOTUHOMHU-
aJIbHOM 3aBUCHMOCTBIO:

F(C) = 0,001C2 - 0,052C + 3,381 (R? = 0,945).
B 1enom ucnblTaHUS 006aBKU 30715 KpeMHe3eMa

IIPOBOIM/IMCh HAa PaBHOIOABMKHBIX CMecsx: B/I] KoH- Table 1.

TPOJIBHBIX 06pa3roB 6e3 SiO, 61710 paBHO B/L] B pacTBO-
pax, B KOTOpble BBOLMJICA 30/Ib KpeMHe3eMa. OJHaKo
IIpU paBHBIX B/Il 1 KonuuecTBe f06aBIEHHOTO CyIep-
nacTudUKaTopa ocagKa KoHyca bblsa HUKe B PacTBO-
Pax, B KOTOpbIe BBOJU/IH 30/Ib SiO, (Tabn.1), T.e. KUIKas
HaHo[00aBKa IIOBBIINAJIA BI3KOCTh U JKeCTKOCTh 3aMeca.

KpuBsle Habopa IMPOYHOCTH MPHU CKATUU IPHU
Si0,=0,5 mac.% mpencTaBieHsl Ha puc.2. lobaBka 305
CII0cO6CTBYeT MOBBIIIEHHUIO CKOPOCTH Habopa IIPOYHO-
cTh. OTHOILIeHHe ITPOYHOCTH IIPU CKATHHU B 28-THEB-
HOM BO3PacTe K IPOYHOCTH IIPU CKAaTUHU B 3-JHEBHOM
BO3pacTe COCTABJISIIO AJist 0bpasiia 6e3 SiO, Ryg/R3=1,92,
a gs obpasua c 3Tou f06aBKOM R,g/Ry=1,34. TaKUM
obpa3om, KpuBas Habopa MPOUYHOCTU IPU CKATHUHU
obpasua 6e3 mobaBKkH KpeMHe3zeMa IPUOIHKAIACE

NANOMATERIALS

and 0.8 mass % of superplasticizer added was tested at
W/C=0.4. It demon-strated a 72 % increment of the concrete
compression strength in comparison with the control
sample (Fig.1).

Tests of the combined nanosilica additive with Relamix
T2 were continued with its quantity in-creased up to
1.0 mass % by cement and with W/C varying from 0.5 up
to 0.38. As a whole the results demonstrated a logical
decrease of the compression strength and bending
strength with an increase of W/C. Especially successful
can be approximation of the polynomial dependence of
the second degree by (W/C) the compression strength C,
judging by the coincidence of the curve C (W/C) and the
trend line expressed by the following quadratic equation
with coefficients:

C-(W/C)=-1601(W/C)*+1245(W/C)-199.0(R?=0.998).

Bending strength F is approximated by the dependence:

F(W/C) =-13.26 (W/C)? + 4.452 (W/C) + 4.007 (R? = 0.950).

Between the bending strength F and the compression
strength C there is a correlation, which in the first
approximation can also be approximated in the following
polynomial dependence:

F(C) = 0.001C2 - 0.052C + 3.381 (R2 = 0.945).

As awhole, the tests of silica sol additives were done on
equally easily workable mixes: W/C of the control samples
without SiO, was equal to W/C in the solutions with
silica sol added. However with equal W/C and quantity
of the added superplasticizer the slump was lower in
the solutions, into which SiO, sol was introduced (Table
1), that s, a liquid nanoadditive raised the viscosity and
rigidity of the batching.

The curves of gaining compression strength with
Si0,=0.5 mass % are presented in Fig.2. Sol additive
accelerates the speed of gaining strength. The relation

Tabnvual. Ocagka KoHyca npu pasHbiX KOAMYeCTBax

SiO, (B/L=0,45)
Slump with different quantities of SiO,.

(W/C=0.45)

[SiO,], Mac.% [ch], mac.% Ocafka KoHyca, CM

[SiO,], mass % [SP], mass % Slump, cm
0,0 1,0 8,0-8,5
0,5 1,0 4,5-5,0
0,0 0,5 4,5-5,0
0,25 0,5 2,4-2,6
0,0 0,5 6,0-5,5
0.1 0,5 4,0-5,0
0,0 0,5 4,9-5,0
0,05 0,5 4,0-5,0
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B 6oJ1ee [1031HeM BO3pacTe K KPHBOHM Habopa ITPOYHOCTH
obpasra ¢ JobaBKOM.

B Tab:1.2 11t CpaBHEHMU S JaHO OTHOCUTEJIBHOE IIPH-
palleHHe IIPOYHOCTH I10 CPABHEHHUIO C KOHTPOJIbHBIMH
obpasmamu, UMeBIIMMH paBHoe B/II, B 3- u 28-1HeB-
HOM BO3pacTe [JIs Pa3HBIX KOIHYeCTB HA0OaBKHU
Si0,. JaHHBIe TabIUIIBI CBHUIETE/IBCTBYIOT O CHIKe-
HUM [IpUPAIIeHHUs IPOYHOCTH beTOHA C BO3PAaCcTOM.
Ha puc.3 maHo 0OTHOCHTeIbHOE IIPHpallleHHe IIPOYHO-
CTH IIPH CKaTHH B 3aBUCHMOCTH OT KonHuvecTBa SiO,
npu B/11=0,45.

B 11€J10M C y4eTOM pe3y/1bTaToB 3KCIIEPUMEHTOB Pa3-
JTHUYHBIX HCC/lefloBaTesel 1 II0/y4eHHBIX aBTOPaMU
CTaTbHU MOXXHO OTMETHUTD, UTO yHe/IbHas II0BePXHOCTh
(S/m = ot 50 mo 500-1000 m?/r) HaHOUACTHL SiO, ABIS-
eTCs pelarnmuM ¢aKTOpPOM IIOBBIIIEHUS MeXaHHUYe-
CKHX XapaKTepPUCTUK beToHa. OHa CrI0co6CTBYET aKTH-
BU3ALIMY IUIPATALIUY CHIUKATOB KaJbIIHsI U 06pa3oBa-
HHUIO THApaToB C-S-H, a Tak>kKe H3MeHEeHHI0 HAaHOCTPYK-
Typsl renst C-S-H. IIpuMeHeHMe 106aBKH OIIPaBaHO BO3-
MOSKHOCTBIO 3KOHOMUH LieMeHTa (10 40%), yTOHEeHHeM
KOHCTPYKLIUH U 6071ee pAHHUMHU CPOKaMH TOTOBHOCTH
6eTOHHOTI0 H3Ie/KS K KCII0/Ib30BAHHUIO.

llobaBKa HaHOKpeMHe3eMa IIOBBIIIAET CKOPOCTh
Habopa IIPOYHOCTH, U OTHOLIeHHUe R,g/R; CTAHOBUTCS
HIDKe 110 CPABHEHHIO C KOHTPOJAPHBIMH 00pasiamu be3
HaHOIOOAaBKHU.

B 3-nHeBHOM Bo3pacTe 6eToHa JeHCTBHE HAHOMIO-
6aBku SiO, POSIB/ISIEeTCS 3HAUUTEIBHO, HAUMHAS C pac-
xofa [Si0,]=0,05 mac.%, 1 IPOYHOCTb R; MOHOTOHHO yBe-
JIMYMBAETCS [IPU YBEITHYEeHUH PACXofia HAHOL006aBKH
no 0,5 Mac.%. B 28-1HeBHOM BO3pacTe IIPOYHOCTb R,g
c1abo 3aBUCHT OT pacxopa [Si0,]=0,5-0,1 mac.% (mpupa-
meHue 10-14% pu B/L=0,45), ipu pacxoze [Si0,]=0,05
Mac.% IpUpalleHue R, 0Ka3bIBaeTCs HeCYIeCTBEHHBIM.

Tabnnua 2. TpupalleHme NpOYHOCTM MPU COKATUN B
3-AHeBHOM Bo3pacTe — AR; 1 B 28-AHEBHOM —
AR, NpY pa3HbIX KoNMyecTsax 4obasku Ha-
HokpeMHe3ema (B/Li=0,45)

Increment of the compression strength in
3-day-old — AR, and in 28-day-old — AR ¢
concretes with different quantities of
nanosilica added (W/C=0.45)

Table 2.

of the compression strength of 28-day-old concrete to
the compression strength of a 3-day-old concrete sample
without SiO, was R,4/R;=1.92, and of the sample with
this additive R,g/R;=1.34. Thus, at later age the curve of
gaining compression strength of the sample without
the silica additive came nearer to the curve of gaining
strength of the sample with the additive.

Table 2 demonstrates a relative increment of strength in
comparison with the control samples, which had equal W/C,
of 3-day-old and 28-day-old concretes with various quantity
of Si0, added. The table data testify to lowering of the
increment of strength of a concrete with the age growing.
Fig.3 demonstrates a relative increment of the compression
strength depending on the quantity of SiO, with W/C=0.45.

In general with account of the results of the experiments
of various researchers obtained by the authors of the article,
it is possible to point out, that the specific surface (S/m =
from 50 up to 500-1000) of SiO, nanoparticles is a decisive
factor for improvement of the mechanical characteristics
of a concrete, which contributes to activization of the
hydration of calcium silicates and formation of C-S-H
hydrates and changing of the nanostructure of C-S-H gel.
Application of the additive is justified by saving of cement
(up to 40 %), thinning of designs and shortening of the
readiness time of a concrete product.

Silica additive raises the speed of gaining strength,
while the relation R,g/R; becomes lower in comparison
with the control samples without a nanoadditive.

In a 3-day-old concrete the action of SiO, nanoadditive
becomes quite evident, beginning from consumption
of [Si0,]=0.05 mass %, and the strength R; increases
monotonously with an in-crease of consumption of a
nanoadditive up to 0.5 mass %. In a 28-day-old concrete
strength R,g does not depend much on the consumption
of [Si0,]=0.5-0.1 mass % (increment of 10-14 % with W/

[SiO,]. mac.%
[SiO,], mass %
0,5 63,0 13,8
0,25 39,0 10,0
0,1 38,8 13,6
0,05 20,0 0,45
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Puc.3. OmHocumeAbHOe npupaujeHue NpoyHocmu npu
oxamuu 8 3-0He8HOM 803pacme NpuU pa3HbIX KOAUYecmeax
dobasku SiO,. B/Li=0,45
Fig.3. A relative increment of the compression strength in
3-day-old concrete with different quantities of SiO, added.
W/C=0 45
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