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Mopaudguuuposanue rugporepmanbHbiM HAHOKpEMHE3eMOM

MaTtepuanos Ha OCHOBE LIEMEHTA

113y4eH0 BNNSHME HAHOYACTUL, KPEMHEe3eMa, NONYYeHHbIX U3 TMAPOTePMasibHbIX PACTBOPOB, COCPEAOTOYEHHbIX B MyTHOBCKOM MECTOPOXXAEHUM Ha
HOxHoii KamyaTke, Ha CBOWCTBA LEMEHTHO-NECYAHOr0 PacTBOpa M Tshxenoro 6eToHa. [ing 6onee adhdeKTUBHOIO pacnpeaeneHns Yactuy B 06beme
XKNOKOCTU NpUMeHANach ybTpasBykoBas 06paboTka pacTBOPOB. YCTAHOBEHO, YTO HAHOKPEMHE3EM, U3BJIEYEHHbIA U3 FMAPOTEPManbHOro pacTeopa

B (hOpMe 30151 N HAHOMOPOLLKA, aKTUBHO BAWAET HA MNIOTHOCTb — MOBLILIAET €€ 3a CHET 3an0NHEHNS MUKPONOP LIEMEHTHOr0 KaMHS [LOMONHUTENbHbIMM
HOBOOOPA30BAHWAMM, MOSTY4EHHbLIMU B PE3yINbTaTe akTUBHOMO B3aMOAENCTBUA NOPOLLKA, — CKOPOCTb HAbopa NPOYHOCTM B PaHHME CPOKW TBEPAEHMS,
KOHEYHY0 MPOYHOCTb NMPU CXKATUKN MATepUanoB Ha OCHOBE LiEMEeHTa B 3aBMCUMOCTW OT MacCOBOr0 NpoLieHTa BBefieHUs HaHojo6asku. Haubornee
BbIPOKEHHbI 9()(heKT HabntofaeTcs Npy BBEAEHUN AaHHON J06ABKM B nape ¢ Cynepnnactugomkatopom.
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Modification of Materials on the Basis of Cement with Hydrothermal Nano-Silica

The influence of silica nano-particles obtained from hydrothermal solutions concentrated at the Mutnovskoye deposit of the South Kamchatka on the properties of the cement-sand mor-
tar and heavy concrete has been studied. The ultra-sound treatment of the solution was used for more efficient distribution of particles in the liquid volume. It is established that the
nano-silica extracted from the hydrothermal solution in the form of sol and nano-powder actively influences on the density: improves it due to the filling of micro-pores of the cement
stone with additional newgrowths obtained as a result of active interaction of the powder; on the rate of strength gain at early stages of hardening; the ultimate strength when compress-
ing materials on the basis of cement, depending on the mass percent of the nano-additive introduction. The most pronounced effect is observed when introducing this additive paired

with a superplasticizer.
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Pa3BuTre HAHOTEXHOJIOTUI TO3BOJISIET PEIIUTb PsiI
Mpo0JIeM CTPOUTEILHOTO MaTepUaIOBEICHMS: TTIOBBIILICHUE
MMPOYHOCTH, TOJTOBEYHOCTH, CTOMKOCTH K HCTHPAHUIO,
KOPPO3MOHHOM CTOMKOCTH, YTO OOYCJIOBIMBAET SKCILTyaTa-
LIMOHHYIO HaJIeXXHOCTh CTPOUTEbHBIX KOHCTPYKIMi. B oc-
HOBHOM 3TO JOCTUTAeTCs 3 CUeT MOIUGUKALIUU CTPYKTYPbI
U CBOWCTB CYIIECTBYIOUIUX MaTepUaIoB WX U3NEIWA Ha-
HOYacTUIIaMU, BBOAMMBIMU B MX OOBEM WJIM Ha TOBEpPX-
HOCTHBIH cioit [1—6]. TeopeTruecKu 1 3KCIIEpUMEHTATLHO
YCTAHOBJIEHO, YTO JIYYIIIyI0 aKTUBHOCTh UMEET MOIU(DULIM-
poBaHHas Boja M3-3a U3MEHEHUS HOHHOTO COCTaBa, KOTO-
pblii BIusieT Ha mokasaTeab pH u apyrue mapametpsl [7].
B cBs131 ¢ TeM, YTO HAHOYACTHUIIBI UMEIOT OOJIBIIYIO TOBEPX-
HOCTHYIO DHEPTUI0, OHM CIIOCOOHBI K arjioMepaluu, mpu
9TOM pa3Mep arjioMepaToB MOXET JOCTUTaThb HECKOJIbKUX
mukpoMeTpoB [8§—13]. I1o 3Toit mpuunHe aKTyaJbHOM 3a-
Javeil IBysieTcs paBHOMEPHOE pacrpeie/ieHre U ae3arpera-
1IMS1 HAHOYACTHUIL B 00beMe BOIbI 3aTBOPEHMUSI.

Cornacio 'OCT ISO/TS 80004-1—2014 HaHOTEXHOJO-
TUS1 — COBOKYITHOCTh TEXHOJIOTUYECKUX METOIOB, TIPUMEHSIC-
MBIX JUTSl U3yYeHUsI, TPOEKTUPOBAHUSI M TIPOM3BOICTBA MaTe-
pUaJIOB, YCTPOMCTB U CUCTEM, BKITIOYAs IieJicHAPABICHHBII
KOHTPOJIb U YIIPAaBJICHUE CTPOCHUEM, M B3aMMOIEUCTBUS CO-
CTaBJISIIOLIUX UX OTACIbHBIX 2JIEMEHTOB HAHOIMAIIa30Ha.

B cBsI3u ¢ JOCTaTOYHO BBICOKOI CTOMMOCTBHIO HaHOI00a-
BOK MX TIPUMEHEHUE OTPaHUYEHO, UTO ITOATAIIKMBAET K HOBBIM

The development of nanotechnologies makes it possible
to solve a number of problems in building materials science:
increasing the strength, durability, abrasion resistance, cor-
rosion resistance, which determines the operational reliabil-
ity of building structures. This is mainly achieved by modify-
ing the structure and properties of existing materials or
products with nanoparticles introduced into their volume or
onto the surface layer [1—6]. It has been theoretically and
experimentally established that modified water has a better
activity due to a change in the ionic composition, which af-
fects pH and other parameters [7]. Due to the fact that
nanoparticles have a large surface energy, they are capable of
agglomeration, while the size of the agglomerates can reach
several micrometers [8—13]. For this reason, the actual prob-
lem is the uniform distribution and disaggregation of
nanoparticles in the volume of the water of mixing.

According to GOST ISO/TS 80004-1—2014, nanotech-
nology is a set of technological methods used to study, design
and manufacture materials, devices and systems including
purposeful control and management of the structure, and the
interaction of constituent elements of the nanodiaposone.

In connection with the increased cost of nanoadditives,
their use is limited, which pushes to new approaches to ob-
taining them. Such raw materials for the production of sols
and nanopowders SiO, are hydrothermal solutions. One of
the places where hydrothermal resources are concentrated is
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Puc. 1. Cxema ycTaHOBKM ANSi NONy4YeHWs BOAHbIX 30Niel KpemHedema ynbTpaduibTpaumen:
1 — oxnaxzeHve rmapoTepManbHOro cenapata B TeMIOOOMeHHMKax; 2 — MNONUKOHAEHCAUUst opTo-
KPEMHMEBOWN KMCNOTbI 1 POCT HacTUL, KPEMHE3eMa Npu onpenesieHHbIX TemnepaTtype v pH BoAbl;
3 - TpexcTynenvatoe ynbTpaduibTPaLMOHHOE KOHLEHTPMPOBAHNE HAaHOYACTUL, KPEMHE3EMA B rMAPO-
TepMasibHOW cpene (MembpaHHble GpUnbTpbI)

Fig. 1. Scheme of the plant for obtaining aqueous silica sols by ultrafiltration: 7 - cooling of
hydrothermal separates in heat exchangers; 2 — polycondensation of orthosilicic acid and growth of
silica particles at a certain temperature and pH of water; 3 — 3-step ultrafiltration concentration of silica
nanoparticles in a hydrothermal medium (membrane filters)
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Puc. 2. Cxema KprMoxMMmnyeckom yCTaHOBKM 419 MONy4eHUs HAaHOAMCNEPCHOro kpemMHe3ema: 1 —anna-
paTt Ans NoAroTOBKM BOOHOrO 30118; 2 — HACOC-003aTop; 3 — KPUOrpaHynaTop; 4 — TaHKep C XUOKUM
a30TOM; 5 — eMKOCTb AJ1f XpPaHEeHUs KPUOrpaHys; 6 — XON0ANSIbHUK NPOMBbILLIEHHbIR; 7 — cybnuma-
LIMOHHbIV CYLUMNbHBIM annaparT; 8 — wkad AN XpaHEHUS rOTOBOrO NPOAYKTa

Fig. 2. Scheme of a cryochemical plant for the production of nanodispersed silica: 7 — apparatus for
the preparation of water sol; 2 — pump-dispenser; 3 — Cryo-granulator; 4 — tanker with liquid nitrogen;

the Mutnovsky deposit in South
Kamchatka. This is a huge base for the
reproduction of this material.

The preparation of the silica sol
takes place in the following sequence:
from the separators of the geothermal
power plant, an aqueous medium con-
taining orthosilicic acid (H48104) at a
concentration of 600—800 mg/dm? was
sent to a reinforced concrete tank (cool-
er) where H,SiO4 was polycondensated
at 63°C to form particles Silica (SiO,).
After the cooler, the separator is fed to a
baromembrane ultrafiltration unit for
concentrating and obtaining a stable
aqueous silica sol. The scheme of the
plant for obtaining aqueous silica sols by
ultrafiltration is shown in fig. 1.

With the aid of cryochemical vacu-
um subliming, a nanodispersed powder
was obtained from the silica sol. The
scheme of the cryochemical plant for
obtaining nanodispersed silica is shown
in fig. 2.

Chemical composition of the pow-
der obtained by cryochemical vacuum
sublimation in % by mass: SiO, — 99.7;
Al,O; — 0.173; CaO — 0.034;
Na,0 — 0.034; K,0 — 0.069 [14—16].

When carrying out the research, the
following materials were used as the
main components: binder — Portland
cement (PC) according to
GOST 31108—-2003 corresponding to
the type of CEM I; large aggregate —
crushed stone of fraction 5—20 mm ac-
cording to GOST 8267-93; fine filler —
sand according to GOST 8736—2014.
Modifying substances: nanosilica pow-
der with specific surface Sper=156 m /g
and nanosilica sol, representmg opales-
cent liquid p= 1072 g/dm?, pH=9. 1
with a mass fraction of SiO,=115 g/dm?>.
And also, to improve the characteristics
of the mixture the following chemical
additives were used: a superplast1c1zer
solution with a density of 1099 g/dm
with a solids content of 219.8 g/dm?;
Complex additive “Relamix T2”
(TU 5870-002-14153664—04); Additive

5 - storage tank for cryogranules; 6 —
cabinet for the finished product

MOAXOMaM UX ToydeHHsl. Tak, ChIpbeBBIM MCTOYHUKAM TSI
MOJy4YeHUS 30JIeif U HAHOMOPOILIKOB SiO, SBJIAIOTCA TUAPO-
TepMaJIbHbIe PacTBOPBI. OIHUM U3 MECT, TIIe¢ COCPENOTOYCHBI
OTPOMHbIE KOJIMYECTBA THAPOTEPMATLHBIX PECYPCOB, SIBISIET-
cs1 MyTHOBcKoe MecTopoxaeHue Ha FOxHoi Kamuatke.

[TonmygeHre 307151 KpeMHe3eMa TIPOUCXOINT B CIIEAYIO-
TIe TT0CIe0BaTeILHOCTH: U3 CEMapaTopoB TeOTePMATbHON
SJIEKTPUYECKON CTAaHIIMA BOAHYIO Cpeay, COAePXKAIyio
oprokpemHueBylo kuciaory (H,SiO,) ¢ KoHueHTpauuei
600—800 Mr/nM>, HaNPaBISIIOT B XeJ1e300eTOHHBII pe3ep-
Byap (oxJamuTesb), rae npu 63°C mpoBOAST MOJUKOHICH-
cauuto H,SiO, ¢ obpazoBaHuem yactul kpeMHeseMa (Si0,).
IMoce oxmamuTenst cemapaT MOmalOT B GapoMeMOpaHHYIO
VABTPaPUIBTPAIMOHHYIO YCTAHOBKY ISl KOHIIEHTPUBAHMS
1 TIOJYyYeHUs] CTAOMJIIBHOTO BOIHOTO 30JIs1 KpeMmHe3eMma.
Cxema yCTaHOBKM ISl TTOJTYYEHMST BOTHBIX 30Jell KpeMHe-
3eMa yJabTpaduibTpaliueit mpeacTaBieHa Ha puc. 1.

C NOMOIIbIO KPUOXUMHUYECKOTO BaKyyMHOTO CYOJIMMU-
pPOBaHUST U3 30JIs1 KpeMHe3eMa ToTydaiu HaHOAUCTICPCHBI

_..-|_.r 'Jl'

industrial refrigerator; 7 — freeze drying apparatus; 8 — storage

is a superplasticizer from a series of
highly effective water-reducing ability of
polycarboxylates in the form of an aqueous solution — Slka
Visco Crete 5 New (SVC 5New) with a density of 1082 g/dm’,

a dry matter content of 412 mg/g.

The nanosilica powder was introduced into the aqueous
phase and uniform distribution of the powder particles in the
liquid volume was achieved by ultrasonic treatment. Then it
was poured into the cement-sand mixture, preparing the so-
lution. The solution was filled with nests of the standard form
— beams (40x40x160 mm), which was placed on a vibrating
table and compacted. After disintegration, the samples were
stored in baths with water; Compression strength tests were
performed at 3, 7 and 28 days of age.

The introduction of a silica nanopowder (NS) in the
amount of 0.0075 to 0.18 mass % of cement in a cement-sand
mixture changes the structure of the cement stone and leads
to a significant increase in the strength of cement samples
upon compression to 30—40% In comparison with control
samples without nano additives at the same age (Table 1). At
the same time, the introduction of silica nanoparticles also
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roponiok. CxeMa KpUOXUMUIECKOM YCTAHOBKU IS TTOJTyde-
HMSI HAHOZIMCIIEPCHOTO KpeMHe3eMa IMpecTaBieHa Ha puc. 2.

XUMMUYECKUIT COCTaB MOPOLIKA, MOJYYEeHHOTO KPUOXU-
MHWYECKUM BaKyyMHBIM CYOJIMMHUpOBaHHMeM, Mac. %:
SiO, — 99,7; Al,0; — 0,173; CaO — 0,034; Na,O — 0,034;
K,0 — 0,069 [14—16].

IIpu npoBeneHUN MCCIENOBAaHUI B Ka4eCTBE OCHOBHBIX
KOMIOHEHTOB MPUMEHSITUCH CJEIYIONIE MaTepUaTbl; BSIXKY-
mee — nopmianauemedT (ITL), mo TOCT 31108—2003 coot-
BercTBytownii Tuy LLEM [; kpynHbIil 3anonHuTEND — 1M1e-
6eHb ppakimu 5—20 mm mo TOCT 8267—93; meKkwuii 3armosn-
Hutenb — necok no F'OCT 8736—2014. Monuduimpyloiye
BelleCTBa: MOPOIIOK HAHOKPpEMHe3eMa C YIeIbHON IMOBEpX-
HOCTBIO Sppr=156 M2/ 1 30/Ib HAHOKPEMHEe3eMa, Pe/ICTaB-
JISTIOLIMIT CO6OI OMaTeCMPYIOLIYIO XIAKOCTb 0=1072 r/mm>,
pH=9,1, ¢ maccoBoii noneit SiO,=115 r/mM3. A Takxke ms
VAYYILICHUST XapaKTePUCTUK CMECH MCITOJIb30BAIMCh CIICIYIO-
e XUMUIeCKue T00aBKU: pactsop cynepriacTiudukaropa
CIT mnotHocTthio 1099 1/1M° ¢ comepkaHueM TBepAol (hasbl
219,8 r/mM% KommuekcHas nobGaBka «Pemamukc T2»
(TY 5870-002-14153664—04); mobaBka — cynepmiacTudu-
KaTop M3 CEPUU BHICOKO3((MEKTUBHBIX TI0 BOAOPEAYLIMPYIO-
el CrocOOHOCTU TOMKApOOKCUIIATOB B BUIE BOIHOIO
pactBopa Sika Visco Crete 5 New (SVC 5New) ¢ IIJIOTHOCTBIO
1082 r/nM?, comepskaHueM cyxoro Berectsa 412 mr/r.

Ilopolrok HaHOKpeMHe3eMa BBOAWIM B BOOHYIO a3y U
JIOOMBATMCH OMHOPOTHOTO pacpeesieH s YaCTULL TOPOIIIKa B
00BbeMe KUIKOCTH C TTOMOIIBIO YIIBTPa3ByKOBOW 0OPabOTKM.
3areM ee MPWIMBAIM K LIEMEHTHO-TIECUYAHOM CMECH, TPUTO-
TaBJIMBAsT PACTBOP. PacTBOpOM 3aroHsIM THe3Ma CTaHaapT-
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Fig. 4. Kinetics of strength testing by cement samples in relation to the
28-day age, mass % of cement: 7 — 0 (control); 2-0,0075; 3-0,04,4-0,18
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contributes to an increase in the rate of strength collection by
samples with nanoadditives (Fig. 3, 4).

The effectiveness of the sol of nanosilica was evaluated
by the strength index of the mortar. The tests were carried
out on mixtures with W/C=0.45. It was found that for equal
W/C and the amount of superplasticizer to be introduced,
the cone sediment was lower in solutions into which the
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KONMYecTBa BBEAEHHOrO HaHOOMCMNEePCHOro kpemHesema, mac. % oT
uemeHTa: 1 — 0 (KoHTpONbHEIN); 2 — 0,0075; 3-0,04; 4-0,18

Fig. 3. Compressive strength of the cement samples, depending on the
amount of nanosized silica, mass % of cement: 7 — 0 (control); 2 — 0,0075;
3-0,04;4-0,18
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Puc. 5. KuHetuka Ha6opa MPOYHOCTK NPU CXaTnn CTPOUTENIbHOIo PacTBO-
pa (B/LI=0,45): 1 — 1% CIT; 2 - 0,5% SiOy+1% CI

Fig. 5. Kinetics of a set of strength at compression of a mortar (W/C=0,45):
1 - 1% Superplasticizer; 2 - 0,5% SiO,+1% Superplasticizer
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Puc. 6. MNpoYHOCTHbIE XapakTepUCTMKN BETOHA NPY Pa3nnyHbIX nokasatensx B/LL: a — npu cxatuu; b — npu nsrnbe
Fig. 6. Strength characteristics of concrete for various indicators of W/C: a - when compressed; b — with bending
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HoW (opMbI (6anouku 40x40x160 Mm), Ta6nuua 1
KOTOPYIO YCTAHABIMBAIM Ha BHUOpALU- Table 1
1(')11;;;13?61\;11 ;;gg;go}gg;zgiggé}g%?g ]I; ::;_ HK MpOYHOCTL Npu C?KaTI/WI, MTla, B BO3pacTe
HaX C BOLOIL; MCIIBITAHMS HA IPOYHOCT, || LeMeHT, [ Tlecok, r | Bona, mn NS Compressive strength, MPa
MpU CKATUM TMPOBONWIM B 3-, 7- m | Cement.g | Sand,g fWater, ml r % 3yt 7cyt 28 ¢yt
28-IHEBHOM BO3pacTe. g 3 days 7 days 28 days

BBeneHue B cocTaB LIEMEHTHO-IIEC- 500 1500 200 - - 21,5 30,8 427
aHoM CMCECH HaHOIOpOIIKa KPEMHE- 499,96 | 1500 200 | 00375 | 0,0075 32,7 46,6 59,1
3ema (HK) B xomuuectse ot 0,0075 no
0,18% oT Macchl LIeMEHTa W3MEHSET 4998 1500 200 0.2 0,04 27,5 43,8 504
CTPYKTYPY LIEMEHTHOTO KaMHsI U TIpH- 499,1 1500 200 0,9 0,18 35,6 47,8 59
BOIUT K 3HAYUTEIHHOMY ITOBBILIEHUIO
IIPOYHOCTHU LIEMEHTHBIX 00Pa3LOB IIpU Ta6nuua 2
cxarum 10 30—40% no cpaBHEHUIO C Table 2
KOHTPOJIbHBIMU 00pa3namMu 6e3 HaHO-
no6aBKU B TOM e Boapacte (Tabi. 1). Pacxos matepuana Ha 1 m°
IIpu 3TOM BBOA HAHOYACTUL] KPEMHE- Consumption per 1 m®
3eMa CIIOCOOCTBYET M YBEJIMYEHUIO s < 5= = SVC 5New, %
CKOPOCTH HAGOPa IPOYHOCTH 00pasla- | = o| & 3 L22|Z_®© = é
MM ¢ HaHO06aBKaMu (puc. 3, 4). agl g Slce| &8s §’§ ol .- < 3

DPDEKTUBHOCTh AeicTBUA 3008 [ © < ‘Zg’ S % % g £l 3 g g § g £ | 5| Mac. %11l | Mac. %ot S0,
HaHOKpEMHE3eMa OLIEHUBAJIH IT0 TIPOY- 2|38(gg8s|cge® = | 22| ot cement of S0,
HOCTHBIM ITOKA3aTeJIsIM CTPOMTEIBHBIX c2z|8*8 oS
pactBopoB. VcrbITaHus POBOJMIN Ha Es 2 D5
cmecsix ¢ B/I1=0,45. Bwuio BhIsBIC-

1 350 225 - - -

HO, 4TO Npu paBHbIX B/II 1 Konuuect-
BE€ BBOJIMMOTO cynepIuiacTugukaropa 1 2 343 245,25 2 2,33 1,165
ocagka KOHyca ObUla HMXE B PacTBO- 3 343 400 400 220,55 2 2,58 1,29
pax, B KoTopele BBOAWIM 30ib SiO,, 2 350 917
T. €. XK1JKasi HaHOA00aBKa yMEeHbIlIana 2 _ _ _
MOABUXXHOCTb CMECU 1 TEM CaMbIM I10- 5 343 209,23 2 2,23 1,1

BBIILIAJIA TIPOYHOCTh (pHC. ).

Db dexTrBHOCTD BAMSAHMS 30451 Si0O, Ha MPOYHOCTHEIE
XapaKTEepUCTUKU OeTOHa OMpEeNeNsuiM Pas3aejbHO U CO-
BMECTHO ¢ cynepriactTiudukatopom. MccirenoBaHus moxa-
3a7u, uTo 1pu BBeAeHUU Si0, B konmvectse 0,01—0,1 mac. %
IMPOYHOCTH MPH CKATUH Bo3pocia Ha 15—22%. VcnibitaHust
OeToHa MpH BBeIeHUM HaHON00aBKU 304 SiO, B Konnye-
ctBe 0,3% OBUTH BBITIOJTHEHBI B ITape C CYMepIuIacTHhUKaTO-
poM «Pemamukc T2», KOTOpBIii BBOAWJICS B KOJUYECTBE
1 mac. % nipu B/II ot 0,5 mo 0,38. Pe3ynbTaThl JTaHHOTO HC-
cJe0BaHuUs MOKa3aliu, YTo AeicTBrue HaHOon00aBku Si0O, Ha
MPOYHOCTHBIE TOKa3aTeJd OeTOHA MPOSIBJSETCS CUJIbHEe
IpY HU3KKUX nokasarensx B/11 (puc. 6).

Takum obpazom, nipu cHukenuu B/LL ot 0,5 mo 0,39
MMPOYHOCTh OETOHA MPHU CKATUU BO3pOC/a MOYTH Ha 85%,
MMPOYHOCTh TIpu M3rube — Ha 31%. Ipu B/I1=0,38 3amec
MMeJT TIOBBIIIEHHYIO BSI3KOCTh, YTO OTPA3WJIOCh Ha ymno0o0-
YKJIaIbIBAEMOCTH CMECH, TIPU 3TOM IIPOYHOCTh MPU U3rnde
cHm3mIach 10 17,2%.

Bnusinue no6GaBKU 30151 HA PaBHOMOABUKHBIX CMECSIX
(B/11=0,61—0,71) oueHWBaNM MPH UCTBLITAHUSIX 0OpPaA3IIOB
6eTtoHa cienymoliero cocrasa: ueMeHT (ITL[ 550) — 345+ 5 kT;
IECOK KBapll-noyieBommnaToBelii — 400 KT; ITeCOK cTaHAapT-
HbIit kBapueBbili — 400 kr; medbeHs ppakuuu 5—20 MM —
1060 xr. 30/1b HAHOKpPEMHE3EMa BBOIMUJIACH B KOJIMYECTBE
2% oT Macchl ieMeHTa. PaBHOITOIBIKHOCTH CMECH o0ecTie-
yuBajach COOTBETCTBYIOLIEH J03UPOBKOW 100aBKU
SVC 5New, kotopas He nipeBbiiiana 2,6% oT Macchl LieMeH-
ta. OLIEHKY KayecTBa MOJIyJ4aeMoro 6eTOHA BBITIONHSUIM Ha
obpasuax-Kyoax pazmepamu 10x10x10 cMm.

O0beM 30181, HEOOXOAMMBIIA JJIs 3aMeca, PACCUMThIBATU
o popmyie 1:

V, = [LLxSi0,/100]/K,, (1)

rae Ll — pacxon uemeHra, r; SiO, —KOHLIEHTpaLMs KpeEMHeE-
sema, %; K, — conepxanue SiO, B 301e, r/am>.
CocTaBbl 0ETOHHBIX CMecel TIpeJCTaBIeHbI B Ta0JI. 2.
Pe3ynbTaThl WCHBITAHUA OETOHOB C MOOABKOU 30JIs
KpeMHe3eMa IpeACTaBIeHbI B Ta0JI. 3. AHAIN3 MOJTyYeHHBIX

SiO, sol was injected, that is the liquid nano-additive re-
duced the mobility of the mixture and thereby increased the
strength (Fig. 5).

The effectiveness of the effect of the SiO, sol on the
strength characteristics of concrete was determined sepa-
rately and together with a superplasticizer. Studies have
shown that when SiO, is introduced in an amount of 0.01 to
0.1 wt. % for cement, compression strength increased by
15—22%. Concrete tests with the addition of a 0.3% NaO ad-
dition of SiO, sol were performed in combination with the
superplasticizer “Relamix T2”, which was introduced in an
amount of 1 mass % by cement at W/C from 0.5 to 0.38. The
results of this study showed that the effect of the SiO, nano-
additive on the strength characteristics of concrete is more
pronounced at low W/C values (Fig. 6).

Hus, with a decrease in W/C from 0.5 to 0.39, the
strength of concrete under compression increased by almost
85%, bending strength by 31%. At W/C=0.38, the batch had
an increased viscosity, which affected the workability of the
mixture, while the bending strength decreased to 17.2%.

The effect of the addition of sol on equidistant mixtures
(W/C=0,61-0,71) was evaluated when testing concrete
samples of the following composition: cement (PC 550) —
345+5 kg; Sand quartz-feldspar — 400 kg; Sand standard
quartz — 400 kg; Crushed stone of the fraction 5—20 mm —
1060 kg. The sol of nanosilica was introduced in an amount
of 2% of the weight of the cement. The uniformity of the
mixture was ensured by the appropriate dosage of the
SVC 5New additive, which did not exceed 2.6% of the ce-
ment mass. Estimation of the quality of the resulting concrete
was carried out on samples of cubes with dimensions of
10x10x10 cm.

The volume of sol required for batching was calculated by
the formula 1:

Vot = [CxSi0,/100]/K,, (M

where C — consumption of cement, g; SiO, — defined by the
concentration of'silica, %; K, — 5102 content in the sol, g/dm>.
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HaHoTexHo.10rum B CTPOHUTE/IbCTBE

Ta6nuua 3
Table 3
No S0, % SVC 5New, mac. % MNOTHOCTb MpoyHOCTL Npm cxaTuu, MMa PaHHsi5 npoyHoCTb, %
Cepus | cocrasa 10y, % ot L SVC 5New, % B/LL | OK cm cmecw, kr/m® | Compressive strength, MPa (Ry/Rog) HOPM. XPaH.
. SiO,, % of - ; N
Series | Ne com- Cement orly o7 Si0, W/C | Slump,cm | The mlx-ture . 1 eyt 2cyT 28 cyt | Early strength, % (R4/Rgs)
position of Cement | of SiO, den-sity, kg/m® | 1day | 2days | 28 days normal storage
1* - - - 0,643 13 2345 6,8 12 26,6 26
12,7 19,8 33,6
1 2 2 2,33 1,165 | 0,715 10 2322 (+86%) | (+65%) | (+26%) 38
15,5 36,4
3 2 2,58 1,29 | 0,643 18-20 2320 (+128%) - (+37%) 43
4* - - - 0,62 16 2322 10,1 - 28,5 35
2 19,2 39,9
5 2 2,23 1,11 0,61 18 2335 (+90%) - (+40%) 48
Mpumeuyanue. * Coctasbl Ne 11 4 — KOHTPOSLHLIE, B CkOOKAX — KpUTEPUM SPOEKTUBHOCTU.
Note. * Compositions Ne 1 and 4 - control, in brackets — the performance criteria.

JIAHHBIX MO3BOJISIET CAEATh BbIBOJ, UTO 100aBKa 30J151 KpEM-
He3eMa B COYETaHUHU C CynepruiacTurKaTopoM MPUBOAUT K
YBEJWYEHUIO TIPOYHOCTH TIPH CXKaTK Ha 1-e ¢yt 1o 128%, k
28 cyT — 10 40% 1o cpaBHEHMIO ¢ 6e3000aBOYHBIMU COCTa-
Bamu. CenoBaTeIbHO, IPY MOAM(UKAIIMKY 6€TOHA HAHOIO-
0aBKOIi KpeMHe3eMa MPOUCXOIUT CTPYKTYPUPOBAaHUE MUHE-
pajbHOW MaTpUIlbl BSKyLEro. Takum o0pa3oM, TMIAPOKCULT
KaJblMsl, KOTOPbI 00pa3yeTcsl Ipu TBEpACHUM U THapaTa-
LIUM MUHEPAJIOB MOPTIAHAIIEMEHTHOTO KJIMHKEPA U He 00-

JIafaeT BSOKYIIMMU CBOMCTBAMM, MOXKHO CBSI3aTh B TUIPOCH-

JIUKATBI KaJIbIUsI, UCTIONB3YS 30JIb HAHOKpEMHEe3eMa.
JlaHHBIE WCCIeIOBAaHUIM TOBOPSIT O TMEPCHEKTUBHOCTH

HCMOJIb30BaHMS B KauecTBE HAHOMOAUDUKATOPOB 1IEMEHT-

HBIX CUCTEM TIOPOIIKOB U 30J1eil KpeMHe3eMa, MOJTyYeHHbIX

U3 TUIPOTEPMAIbHBIX PAaCTBOPOB. MexaHU3M JIeICTBUS Ha-

HOKpeMHe3eMa SIBJISIETCS] KOMIUIEKCHBIM, TaK KaK OH MOXKET

BBICTYIIaTh B KavyeCTBE HAMOJHUTENSI W CIIOCOOCTBOBAThH

CBSI3BIBAHMIO TIOPTJIAHAMTA, OOPAa30BBIBATH JAOMOTHUTEb-

HbIE LIEHTPBI KpUcTain3auuu. HaHokpeMHe3eM mpuHuMa-

€T yJacTHe B CBSI3bIBAHUU 0Opa3ylolleiicsi U3BECTH, MOBBI-

1IaeT TUIOTHOCTb YIMAKOBKM YAaCTHUIl CUCTEMbI U SIBJISIETCS

LIEHTPOM KPHCTAJUTU3AIMU THAPATHBIX HOBOOOPA30BaAHUIA.
TakuM 006pa3oM, TMAPOTEPMAJIbHBI HaHOKPEMHE3eM

OKa3bIBAET HA LIEMEHT TPOMHOE BO3ACHCTBUE — YCUJIMBAET

TMApAaTaluio, OJIOKUPYET MOPHI, T. €. CHUXKAeT BOIOIPOHUIIA-

€MOCTb, YBEJUWYMBAET KJEsIyl0 CHOCOOHOCTh. BBod 308

KpeMHe3eMa I03BOJISIeT TOBBICUTH ITPOYHOCTh ITPU CXKaTUU U

u3ruoe, cie0BaTeIbHO, U JOJTOBEYHOCTb U3IETUM.
BoiBobI.

1. HaHokpemHe3eM, M3BJI€UEHHBIN M3 TMAPOTEPMAIBHOIO
pacTBopa B (hopMe 30Ji1 1 HAHOIOPOIIIKA, AKTUBHO BJIMSI -
€T Ha MPOYHOCTb OETOHA MPU CXKaTUU U U3TUOE.

2. B cBsI3U ¢ BBICOKOI1 y/I€JIbHOI TTOBEPXHOCTHIO IMOPOIIKA
HaHOKpeMHe3eMa YacTUIIbl 00JIafaloT BHICOKOM XUMU-
YECKOM aKTUBHOCTBIO M, BBICTYITasi KaK HAHOHAITOJHU -
TEJIU, 3aTIOJHSIIOT MUKPOIIOPBI LIEMEHTHOTO KaMHSI, UTO
MPYUBOAUT K MOBBIIIEHUIO TJIOTHOCTU U MIPOYHOCTH.

3. HaHoyacTuiipl KpeMHe3eMa BIUSIIOT Ha MPOLECC THapa-
Tal1u, MOBBIIIAIOT CKOPOCTh HA00Opa MPOYHOCTU B paH-
HUE CPOKU T10 CPABHEHMIO C KOHTPOJIBHBIMU 00pa3liaMu.

4. JleiicTBue mo0GaBKU 30551 KpemHe3zema 3(hGheKTUBHEe
MPOSIBJISIETCS B TIape € CYNepIuiacTuMUKaTopoM.
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Compositions of concrete mixtures are presented in
Table 2.

Results of tests of concretes with the addition of silica sol are
presented in Table 3. Analysis of the experimental data allows
us to conclude that the addition of the silica sol in combination
with the superplasticizer leads to an increase in compressive
strength by 1 day to 128%, to 28 days to 40% in comparison
with the no-additives. Consequently, when the concrete is
modified with a nanoscale of silica, the mineral matrix of the
binder is structured. Thus, calcium hydroxide, which is formed
during hardening and hydration of minerals of Portland cement
clinker and does not have astringent properties, can be bound
to calcium hydrosilicates using a nanosilica sol.

The research data show the prospects of using nano-
modifiers of cement systems for powders and silica sols ob-
tained from hydrothermal solutions. The mechanism of ac-
tion of nanosilica is complex, since nanosilica can act as a
filler and promote the binding of portlandite, form additional
crystallization centers. Nanosilica participates in the binding
of formed lime, increases the packing density of the particles
of the system and is the center of crystallization of hydrate
neoplasms.

Thus, hydrothermal nanosilica exerts a threefold effect on
cement — strengthen hydration, block pores, that is, reduce
water permeability, increase the adhesive capacity. The in-
troduction of the silica sol makes it possible to increase the
compressive and bending strength, and consequently the
durability of the products.

Conclusions.

1. Nano-silica extracted from the hydrothermal solution in
the form of sol and nanopowder, actively affects the
strength of concrete during compression and bending.

2. Due to the high specific surface area of the nanosilica
powder, nanoparticles have high chemical activity, and,
acting as nanofillers, fill the micropores of the cement
stone, which leads to an increase in density and an in-
crease in strength.

3. The silica nanoparticles affect the hydration process, in-
crease the speed of durability in the early periods in com-
parison with the control samples.

4. The action of the silica sol addition is more effective in
pairing with the superplasticizer.
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